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PEDEPAT

[IpencraBiaeHO MPOESKT BUPOOHUIITBA EPUTPUTOIY Y BUTJISAL CYXUX KPUCTAIIIB
KYJbTUBYBAaHHSAM INTaMy JAPULKIKIB Pseudozyma tsukubaensis KN 75, sxuii
CHUHTE3Y€E Ha CEPEIOBUII 3 TIIFOK03010 245 T/1 1Miab0oBOTO Mpoaykry. Epurpuron
(EpUTPUT) — YOTUPUBYIJICHIEBUN IYKPOBUH CIHUPT, 110 BUKOPUCTOBYETHCS SIK
IIyKPO3aMiHHUK a00 cMakoBa J00aBKa y BHUPOOHHUIITBI MPOAYKIli 3I0POBOTO Ta
JTIETUIHOTO Xap4dyBaHHS, MPOIYKITIi IJIs M1a0ETUKIB, a TaKOXK B (hapMalleBTHUHIN
MIPOMHUCIIOBOCTI 1 KOcMeTousorii. Po3paxoBaHa MOTYKHICTh MOTO0 BHPOOHHIITBA
ctanoBUThL 306 M KyIbTypanbHOI piguau a6o 50 362 Kr KpUcTajiB Ha PiK.

TexHoJNIOTIYHUN  TpolleC  CKIAAAEThCA 3  JONOMDKHUX  (HIArOTOBKA
aepaliifHoro MOBITPs, MPUTOTYBaHHS Ta CTEPHIII3AIlis TMOXUBHUX CEPEIOBUIII,
PO3YMHY TJIIOKO3M IS MIJIKUBIIEHHS, PO3YMHY MIKPOEJIEMEHTIB, MIATOTOBKH CMOJI
Ta aKTUBOBAHOTO BYT1UIS JJIS KOJOHOK, MIJATOTOBKHU IMOBITPS MJIsi CYyIIApKd) Ta
OCHOBHMX pOOIT (BUPOIIYBaHHSA 1HOKYJATY B KOJI0AX Ha Kayallli, 1HOKYJSTOPI,
MOCIBHUX amaparax, BUpOOHUYOro 010CUHTE3Y, 30epiraHHs KyJlIbTypaabHOI pIIUHHU,
BIJITIJICHHST 610MacH, OUUIIIEHHS CyTIepHATAHTY, KOHIIEHTPYBAHHS Ta KpUCTaII3aIli,
BUJIIJIEHHSI KPUCTAIB €PUTPUTOITY, CYLIIHHS KPUCTAIIB €PUTPUTOITY, MMaKyBaHHS,
MapKyBaHHS Ta BiIBAHTa)KCHHSI, 3HEIITKOXKCHHSI BIZIXO/IIB).

JIuTuioMHMI TPOEKT BUKIaAeHu Ha 121 cTop. APyKOBAHOTO TEKCTY, MICTUTh
21 Ttabmuito, 9 PUCYHKIB 1 CKJIAMAEThCA 3 BCTYMY, JECATH PO3IUIIB, CHHUCKY
BUKOpHUCTaHO1 jdiTeparypu (63 mkepena) Ta rpadiuHoi yactuHu (3 KpecieHs
dopmary A0 ta 1 kpecinennst popmary A4).

Kaw4yoBi ciaoBa: eputputol, IyKpo3aMiHHUK, niabetr, Pseudozyma
tsukubaensis KN 75, miaroroBka aepamiifHOTO TMOBITPS, KPUCTAIH, aKTHBOBAHE

BYT'JLISI, KpUCTaJIi3allis, MOCIBHUN MaTepial, APKIKI.
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BCTYII

[lyxpoBuii miaber — 3aXBOPIOBaHHS, Ha sKe, 3a JaHUMU BcecBITHBOI
oprasizaiiii OXOpoOHH 310pOB’s, cTpaxkaae maixe 350 muH mozaeit (3 % HaceneHHs
3emmi). [lepenbaugaeTncs, mo g0 2030 p. 115 KUTBKICTh IEPEBUIIATH 552 MITH 0Ci0.

Ha picT 3axBOproBaHOCTI BIUIMBAIOTh TaKl YMHHUKH, [K: BIK; T€HETHYHA
CXWIBHICTD;, OXXUPIHHS, MaJIOPYXOMHUH CHOCIO JKUTTS; XPOHIYHI CTpecH Ta iH.
OCKIJIbKM TIPOTSATOM OCTaHHIX JECSATH POKIB 3HAYHO CKOPOTHIIMCH €HEPTOBUTPATH
ounbmocTi moaei (y 1,5-2 pasu), To i BiOyI0Cs 3pyIICHHS! pIBHOBAru B CUCTEMI
€eHepreTMyHa LIHHICTh palloHy/eHeproBUTpaTh. Yepes 11e y 6ararbox KpaiHax CBITY
cepilo3Ho mocTaja mpobiieMa OKUPIHHS Ta HAMIPHOI MAacH Tijla: HA HUX CTPaXIae
Big 30 1o 50 % Hacenenus [1].

BaxnuBe 3HaueHHs y npodiiakTuill Ta JIKyBaHHI IIyKPOBOTO aiabeTy Mae
xapuyBaHHs. JlieTMUHE XapuyyBaHHSA IMOBUHHO CHPHUSTH HOpMali3aiii OOMiHY
PEYOBHH, JIIKYBAaTH ¥ MOMEPEIKyBaTH 3arOCTPEHHSI XBOPOOHU.

AHani3 TeHAEHII PO3BUTKY CBITOBOTO PHUHKY MPOAYKTIB CBIIYUTH IPO
HIOpIYHE PO3UIUPEHHS ACOPTUMEHTY MPOAYKTIB 03I0POBUOTO XapuyBaHHs — Ha 40—
50 %. OgHak HbOro HE MOXkHA CKa3aTH PO Y KpaiHy, Hapa3l B TOProOBEIbHIN Mepexi
CIIOCTEPITAETHCS MaJIHM BUOIP MPOJIYKTIB CHEIIaTbHOTO MPU3HAUYCHHS.

Po3pobka mpoaykTiB XapuyBaHHS 13 TPUPOAHUMH ITiICOJOKYyBa4aMH Ta
IIyKPO3HWKYIOUMMH J00aBKaMU € aKTyalbHUM 1 TEPCIEKTUBHUM HAIPSIMOM
TEXHOJIOT1i BUPOOHUIITBA MTpoayKilii. bimbin Hixk 70 % XBOopUX Ha IyKpOBHii 11adeT
Ta JOJAed 3 TpoOJeMOI0 OXHUPIHHA BUKOPUCTOBYIOTH ITYKPO3aMIHHUKH 1
M1JICOJI0/PKYBaul B YUCTOMY BHTJISAII, 200 CIIOKHMBAIOTH 1X Y CKJIa/Il CHEIIITPOAYKIIIi.

VYkpaina HaneXuTh 10 HeOAraThb0X KpaiH, € KYJIbTUBYETHCS MPUPOTHHMA
IIYKPO3aMIHHUK — CTEBis, SIKa € HAAIMHOIO abTepHAaTHBOIO LyKpy [1]. Ane cepen
yCiX TepeBar, HasBHI 1 CYTTE€BI HEJOJNIKH, Ha $KI HaW4YacTille CKApXKUTHCS

CTIIO’KMBAY: CMaK 1 3arax TPaBH Ta OOMEKEHHSI 1010 KUIBKOCTI CTIOKUBAaHHS Ha

HYXT BTEK 04.01.15 KP I13

3MH. | Nuer Ne gokym. Mignuc | Darta

Po3pob. Jlozina B.€. Jlimepa | Apkyw ApKyuwis
lepesip. Kpaciubsko B.O. | | 6 121,

P Beryn s
OHCyIbmaH

H. KoHmp. Kadenpa BTM

Bameepo. TTupor T.II.




n00y. UyZ0BOIO ambTEpPHATUBOIO € IPUPOTHUN IYKPO3AMIHHUK — €PUTPUTOI, IKUN
Ma€ COJIOAKUI CMaK 1 BIICYTHICTH 3amaxy, Ta 3a pimeHasM JECFA (O6'ennanuit
Komiter Excneprie mo XapdoBum JloOaBkam) HOro MoKHa CHOXKHMBATH «0e€3
O0OMEKEHDY.

Eputpuron (epuTpur) — YOTUPUBYIJVICLEBUH I[yKPOBUH CHOUPT, IO
BUKOPHUCTOBYETHCS SIK I[yKpO3aMiHHHUK a00 cMakoBa J100aBKa y BHPOOHHUIITBI
OPOAYKIII 370pOBOTO Ta JIETUYHOTO XapuyBaHHS, a TaKOX MPOAYKILIT st
niabetukiB. Hepiako epuTpuT BUKOPUCTOBYIOTH Y hapMaleBTUYH1H MPOMUCIOBOCTI
JUIsT BUPOOHHULITBA CHUPOIIB, KyBaJbHUX TaOJETOK Ta IHIIMX MpPEenapaTiB aJis
MAacKyBaHHSI HENPUEMHOIO ab0 TIPKOrO0 CMaKy MEJMYHUX IpenapariB; 1 B
KOCMETOJIOT'11 1711 BUPOOHMIITBA 3yOHOI MACTH, OMOJIICKYBa4yiB POTOBOI MOPOKHUHU
Ta KpemiB. Cys4u 3 BUIIE 3a3HAYCHOTO €PUTPUTOII TIOBUHEH MaTH BUCOKHH CTYIIIHB
OUYUCTKH, TOMY micisihepMEeHTAIliiHI CTaAll BHUAUICHHS Ta OYMIIECHHS MaroTh
Ha/3BUYAHO Ba)JIMBE 1 BUpIIIAJIbHE 3HAYEHHS ISl OTPUMAHHS BUCOKOSIKICHOTO
IPOAYKTY.

MeTtorw nanoi poOOTH € TPOEKTYBAHHS JAUISTHKA BUPOOHUIITBA €PUTPUTOITY
npixmxkamu Pseudozyma tsukubaensis KN 75 3 #loro mojajabliuM BUIIJICHHSM,
OYHIICHHSM Ta TAKyBaHHSM B JIOW-TIaK KpadT MaKeTH.

AKTyaJbHicTh TeMH. [IpoMucioBe BUpOOHUIITBO EPUTPUTY 1 BUKOPUCTAHHS
HOro B AKOCTI O€3MEYHOr0 XapyoBOI'O IHTPEAIEHTA - 1€ HOBHM Oe3mporpamiHuii
TPEHJ, B XapuyoBik 1HIyCTpii. B moegHaHHI 3 MOBHOIO O€3MEKOI0 1 YMCICHHUMU
MO3UTUBAMHU EPUTPUTONI MOXKE PO3TISAATUCS B SKOCTI OJHOTO 3 HAMOUIbII
NEPCHEKTUBHUX BUJIIB IIYKPO3aMiHHUKIB B JaHUI Yac, 1 LHUIKOM MOXE CTaHOBUTH
Cepi03Hy KOHKYPEHII0 3BUYaifHOMY OypsSIKOBOTO / OUEPETSIHOMY LIYKpY.

HoBu3na. bionoriunuii arent P. tsukubaensis KN 75 xapakTepusyroTbCs
BHUCOKOIO TIPOYKTUBHICTIO (2,86 T/11/TO) Ta 3MaTHICTIO CHHTE3YBATH €PUTPUTON Y
BHUCOKHX KOHIIEHTpaIisax (245 /) [2]. MeToau BUIIICHHS 1 OUUIIIEHHS EPUTPUTOITY
Ta iX anapaTypHe o(OpMIICHHs Ha OCHOBI MONIYKY 1 IPYHTOBHOT'O aHaJII3y MaTEHTHOI
Ta HAYKOBOI1 JIITEpaTypH J1a€ 3MOTy OTPUMATH MAaKCUMaJIbHO OUUIICHHUH Ta SKICHUN

MPOYKT.



PO3ILJI 1
XAPAKTEPUCTUKA EPUTPUTOJY

Eputputon (epuTpuT) - 1€ YOTHPHUBYIJICHIEBHHA ITYKPOBHM CIHPT, TAKOXK
BIIOMUN SK TIONIOJ, SKUA YTBOPIOIOTHCS B Pe3yJbTaTli MPOIECIB TIAPOTI3Y
anpAeriiHOi a00 KETOHHOI IpyNMH B PI3HUX BYyIJIeBoAaX. BiH 3ycTpiyaeTbes sk
MeTabomiT abo 3amacHa peuoBMHA B MOPCHKUX BOJOPOCTAX Ta rpubax, a TaKOX €
CKJIQJIOBOIO Py 3BUYAHUX (PPYKTIB (IMHI, BUHOTPATY Ta TPyIIi), (hepMEHTOBAHUX
MPOJYKTax (COEBUI COYyC, KBACOJIA MICO), HAMosIX (Cake, BUHO Ta MUBO) [3].

Eputpur - cumerpuuna Mmonekyina (puc. 1. 1), 1o 1ICHye auiie B OAHIN GpopMi —

Me30-(hopmi.

Puc.1.1. XimiuHa CTPYKTYpa epUTPUTOJY

YT1BOpro€e 6e3BOIHI KpPHUCTAIU 3 MOMIpHOIO cosojikicTio 60-80% caxapo3sw,
Ma€e Jy>K€ HU3bKY TITPOCKOMNIYHICTH 1 Temneparypy muasieHHs 122°C. He mae
BIJIHOBIIOBJIBHUX KIHIIEBUX TPYII, 3aBISKH YOMY Ma€ 4yJOBY CTaOUIBHICTBH [0
BITUBY Temriepatyp (ctivikuii 7o 180°C 1 He mposiBisie peakiiii OypinHs Maiispa
(KoHAEHC AL MK aMIHOKHCIIOTaMHU 1 IlyKpaMH, sika B1J0YBa€ThCsI IPU HArpiBaHHI))
ta pH. IlopiBHSIHO 3 TPYIIOIO MOIOIB, K1 3apa3 BUKOPUCTOBYIOTHCS SIK 3aMIHHUKA
yKpy (copOiT, KCUIIT, MAHIT, JIJAKTUT 1 MalbTUT [4]), EpUTPUTON MAE HAUHUKIY
MOJIEKYJIsIpHY Macy 122,12 r/monb, 1m0 Hajgae HoMmy pi3HI BIACTHBOCTI, Takl K
O1BbIII BUCOKMA OCMOTHYHHUIN TUCK 1 HIDKYA aKTHMBHICTh BOJM B PO34nHI. TexXHIUHI

XapaKTEPUCTUKU EPUTPUTOITY HaBelleH1 B Tabnuii (Tadn. 1.1) [5].
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Tabnuys 1.1

TexniuHi XapaKTePUCTUKH EPUTPUTOTY

CucrematnuHa Ha3Ba 1,2,3,4-6yTanTeTpoO
C.A.S. HOMep 149-32-6
Monekynsipaa Maca 122,12 r/monb
XimiuHa Gopmyiia CsH 004
Jlianma3oH mIaBICHHS 119-123 °C
HIinbHiCTE 1,45 r/em?
Po3unHHICTD BinsHO po3unHHUM y Boi, ci1abo
PO3YMHHUY Y €TaHOJI1, HEPOIUMHHUH Y
J1eTUI0BOMY edipi

BnactuBocTi eputpury:

o Mae HaWHWK4y KanopiiHicTe 0-0,2 kan/r HOpIBHSHO 3 1HIIUMU
nostonamu (2 kam\r) [4, 5];

o OuTbllla YacTMHA EpPUTPUTY HE METabOJI3y€e€ThCd OPraHi3MoOM 1
BUBOJUTHCA 0€3 3MIHM pIBHS TJIOKO3M Ta 1HCYJIHY B KpOBl. 3aBISKH I
BJIACTUBOCTI €PUTPUTOJ MOKE€ BUKOPUCTOBYBATHUCS B CIIELIAI30BAHUX MPOYKTAX
XapuyBaHHS JIs 11a0€THKIB Ta JIFOACH 31 30MTKOBOIO Baroo [4, 5];

o JI€ SIK aHTUOKCUAAHT 1N VIVO 1 MOXKE CIPUSATH 3aXUCTY BIJl ypaKeHHS
CYJIMH, CHPUYUHEHOIO Tinepriikemiero [S];

o CTIAKMIA 10 MeTa00JIi3My TEPOPATHHUMHU OAKTEPISIMH 1 CIIPUSTIMBUIN
1151 3y0iB [4, 5];

° Ma€ YUCTHH COJIOJIKMH CMaK, HE Ma€ MICISICMaKky - IIe MOKpallye

BITUYTTS Y POTI Ta MacKye HenpueMH1 cMaku[4, 51;

° MPOSIBJISIE IIKaBl SAKICHI Ta KUIBKICHI CHHEprii 3 1HTEHCUBHUMH
M1JICO0/KyBauaMu (HAIMPUKIIA, IIYKpaJo3010, acmaptamowM, arecyibdamom-K)

abo cresiero. [5].
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IIpakTune 3acrocyBaHHsi. EpUTPUTON BUKOPHUCTOBYETHCA B Xap4doOBid
mpoMucIIoBOCTI [4, 5], kocMerosnorii Ta ¢dapmaneBtumi [4]. YV xap4doBiid ramysi
EpPUTPUT B OCHOBHOMY BUKOPHUCTOBYETHCS SIK IM1ICOJIOXKYBay, 100 30a1aHCyBaTH
TOTOBHIA MPOAYKT IO BiJHOIICHHIO 10 HOTO CEHCOPHUX XapaKTEPHUCTHK, TAKUX SIK
apoMar, KoJIip Ta TeKCTypa. EpuTpuTOn sK IYKpO3aMiHHHK MO>KHA 3HAWTH B
HaIosX, KyBaJbHINA T'yMIIi, IITOKOJa/, IIyKEpKax Ta XJa1000yI0uHUX BUpoOax [4].

[Tomonu 3a3BHYaii BUKOPHCTOBYIOTBHCS B Taly3l OCOOMCTOI TiTi€HH SK,
HalpuKiIaa, KOCMETOJOTIYHIM UM TyalleTHIH mpoaykuii. 3aBOsKd  CBOIH
3BOJIOXKYIOUIM (YHKIIII, a TAKOX MPUEMHOMY CMakKy, COJIOJIKOCTI 1 HEKaplOreHHI1N
BJIACTUBOCTI, EPUTPUTOJI MOKHA BUKOPUCTOBYBATH B SIKOCTI OCHOBH AJiA 3yOHOI
nactu (Hajae 3yOHMM MacTtaM HEOOXIJHY B'S3KICThb 1 BOJIOTICTb) Ta 3aCO0IB JIs
MOJIOCKaHHS poTa. KpiM TOro, eputrpuT y MNO€AHAHHI 3 KCWJIITOM MPUTHIYYE
YTBOpEHHs Kapiecy. Moro BKIIIOYAIOTh 5K JOMOMIKHY PEYOBHHY HPU BUPOOHUIITBI
TakKuX 3aco0iB, SK KpeMH, JOCBHOHH, 3aco0M Il MakisKy, mappymu Ta
Je3040paHTH [4].

VY (apmatieBTHYHIM Tay31 PUTPUTOT MOKHA BUKOPUCTOBYBATH B IIUPOKOMY
Jlana3oHl TBEPAUX 1 PIAKUX MPENapaTiB, BKIIOYAIOYM TPaHyJbOBaHI MOPOLIKH,
TaOJIETKHU, TOKPUTTSA JjIsl TAOJETOK, MACTHIIKH, JIIKAPChK1 ’KYBaJIbHI TYMKH, CUPOIIH.
Uepes cBOT BIACTHBOCTI, EPUTPUT K JOMOMINKHUMN 3aci0 Ma€e XOpoIry TeKy4ICTh 1
CTaOUIBHICTh, 110 POOUTH MOTO 17€aJbHUM HOCIEM ISl aKTUBIB y MAaKETHKax Ta
Karcynax. Bce Ouibllle aKTMBHUX I1HTPEMIEHTIB OTPUMYIOTh 3a JOTIOMOTOIO
010TEXHOJIOTTYHUX TMPOIIECIB, SIKI YaCTO TyKe €(EeKTUBHI, ajleé TAKOXK HaJA3BUYANHO
peakiiitHo3aaTHi. BukopucTaHHs epUTPUTY, 110 € HEPEAYKYIOUHUM IyKPOM, 3aMICTh
JAKTO3W, SKa € HAWOUIBII YacTO BUKOPUCTOBYBAaHMM (apMaleBTUUYHUM
EKCLIUITIEHTOM, 3a100Irae peakiiii Mi>XK aMiHOTPYIIaMHi aKTUBHOT'O Ta PEIyKYH4Oro
ykpy. ToMy JaKkT03a 4acTilie 3aMIHIOETHCSI ePUTPUTOIIOM [4].

lxepena opep:kaHHs Ta BHPOOHMKHM. /[[11 mIMpOKOMACIITaAOHOTO
BUPOOHUIITBA €PUTPUTY BBEACHI XiMIuHI Ta ()EPMEHTATHUBHI MPOIECU. XIMIYHO
MOske OyTH OTpUMAaHHI 3 TUATIBAETIAHOTO KPOXMAJIO MPU BUCOKHUX TEMIIEPATypax

y MPUCYTHOCTI KaTaii3atopa HIKeJo, aje el npolec He OyB 1HAyCTplaji30BaHUN
12



yepe3 Moro HU3bKy edexTuBHICT. HaToMicTh epUTpuTON BUPOOISETHCA
(dbepMEeHTATUBHUMH TIPOIECAMH 3 BUKOPUCTAHHSM MOJIOYHOKUCIUX OakTepii,
ocMOIIBHUX JIpLKIKIB  abo rpubiB  Aureobasidium, Candida, Moniliella,
Pseudozyma, Torula, Yarrowia [2, 6].

[IpoMHCIIOBO €pUTPUTON BUITYCKAETHCS JIMIIE KUIbKOMA KOMIMAHISIMU TIO
BChOMY CBITY, cepen sikux: Baolingbao Biotechnology ([deuxoy IIu, Kurait), Bolak
Corporation (Ceyn, IliBnenna Kopes), Cargill Food & Pharma Specialities
(Minneanodic, CIIIA), Jungbunzlauer (bazens, [Beitnapis), Mitsubishi Chemical
Corporation (Tokio, fAnonist) Ta O’Laughlin Corporation (TstHp1ziHb, Kutait) [7].
Ha nonuusx MaraswHiB 370pOBOTO XapuyBaHHsS MO)KHA MMOOAUYUTH E€PUTPUT BiA
takux komradiii: Herboveda «So Sweet» (Inaisa) [8], NKD Living «100% natural

Erythritol» (Benuko6putanis) [9], NOW Real Food «Erythritol» (CIIIA) [10].
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PO31J1 2
OBIPYHTYBAHHS BUBOPY TA XAPAKTEPUCTHUKA
BIOJIOI'TYHOTI'O ATEHTA

2.1. OOrpynTryBanHsi BHOOpPY OI0JIOTiYHOr0 AareHTa Ta MO KUBHOIO
cepeaoBUINA sl HOro KyJIbTUBYBAHHSA

Eputpuron oTpuMyrOTh MIKPOOHMMH METOJaMHU 3 BHUKOPUCTAHHAM
MEePEBaAXHO OCMOMUILHUX IPIKIDKIB, 3MaTHUX MEPEHOCUTH BUCOKHH OCMOTHYHUN
TUCK, Takux sk Pichia, Candida, Torulopsis, Trigonopsis, Moniliella,
Aureobasidium, Trichosporon spp., Torula, Trichosporonoides, Pseudozyma,
Yarrowia, [5, 11] Zygosaccharomyces, Zygopichia, Moniliella tomentosa,
Debaryomyces, Hansenula ta Ustilaginomycetes [3]. Takox epuTputon
BUPOOJISIIOTH MOJIOYHOKHUCHT OakTepii, a came Leuconostoc oenos, 10 YTBOPIOE
EPUTPUT 3 TIIFOKO3H [3].

Komep1iiiHO epuTpUTON OTPUMYIOTH 3 TJIIOKO3H, OJIEpKaHOi B pe3yJbTaTi
XiMIYHOTO a00 (EepPMEHTATUBHOIO TiAPOJI3y MIIEHUYHOTO Ta KYKYpPYI3SHOTO
KpOXMaJll0, 3 BUKOPUCTAHHAM MYTAaHTHUX IITaMmiB Aureobasidium sp. Ta
Pseudozyma tsukubaensis. 3aBIsku BUCOKIN ypO>KallHOCTI Ta MPOJYKTUBHOCTI B
IIPOMHUCIIOBUX MacllITabaXx BUPOOHMIITBA, EPUTPUT CIIYKUTh HEAOPOTUM BUXIAHUM
MaTepiaioM Juisi BApOOHUIITBA 1HITUX IYKpiB [3, 12].

depMEHTATUBHUHN TPOIIEC OTPUMAHHS EPUTPUTONY 3aJICKUTh BiJl 0araThox
dakTopiB: KOHIIEHTpallli TIIOKo3u, pH, KOHIEHTpalii pPO3YMHEHOTO KHCHIO,
TEeMIIepaTypy, OCMOTUYHOTO TUCKY CEPEIOBHINA, JHKEPEN a30Ty Ta ByTJelo [2, 5,
6, 11].

VY3aranpHeH! JaHi MOJAO0 CHUHTE3y EPUTPUTONY 3 BUKOPHUCTAHHSM PI3HUX
MPOAYLICHTIB HaBeACHO Yy Tabnuil (maba. 2.1).

HaiiBunuii mokasHUK CHUHTE3Y LUJIBOBOTO MPOAYKTY (eputpury) — 245 r/n

JOCSITAE€ThCS TIPU KYJIbTUBYBaHH1 APUKIKIB Pseudozyma tsukubaensis KN75.
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Bucoki moka3HUKY CUHTE3Y CIIOCTEPIraloThesl TakoxX Y Moniliella sp. N61188-12 ta
Torula sp.—189,4 r/n Ta 182 r/n BignmoBigHO. HaltHM 9a KOHIIEHTPAIIiSl ePUTPUTOTY
cnocrepiraetsest y Yarrowia lipolytica Wratislavia K1 (58,2 r/1), Tak camo sk 1
Buxia nmpoaykrty (38 %) [2, 11-13].

HaiinoBiie xyiabTUBYBaHHS crioctepiraetbes y Moniliella sp. N61188-12 —
249 ron. TpuBamicte KynbTUBYBaHHA Iorula sp. crtaHoButh 135 rom, 3
BUKOpucTaHHAM P. tsukubaensis KN75 — 85 ron, a Y. lipolytica Wratislavia K1 —
74,5 ron [2, 11-13].

[Ipore Taka MOpIBHSUIBHA XapaKTEPUCTHKA TEXHOJOTIYHO MpPOLECY (IIUB.
maba. 2.1) € HenocTaTHROI. TOMy Ha HACTYNMHOMY eTani BUOOpy O10J0TIYHOrO
areHTa MOpPIBHIOBAJIM BapTICTh MOKMBHUX CEPEIOBUIL, BUKOPHUCTOBYBAHUX ycCiMa
npoayuentamu (maoén. 2.2). Jlani, HaBenmeHi y Tabua. 2.2, 3acBiA4yIOTh, IO
cepenoBulle Ui KynbTuByBaHHS Y. lipolytica Wratislavia K1 e HaligemeBimm
cepen yCix 3arponoHoBaHuX. [[jis Toro, mob octaTtouyHo 00paTH Hale) eKTUBHIIITHI
O10JIOTIYHUI areHT po3paxyBajd YMOBHY BapTICTh | TI' IIIBOBOrO MPOAYKTY —
epurpurony (maoa. 2.3).

VY3aranpHUBIIM BCl J1aHi, MOXHa 3pOOMTH BHUCHOBOK, WIO JOIUIbHIIIE
BUKOPUCTOBYBAaTU [UJISl OJIEP’KaHHS EPUTPUTONY OCMOGDUIBbHI APDKIKI P
tsukubaensis KN75. Hezpaxkaroun Ha TpoXu OUIBIIMKA Mepioj KyJIbTUBYBaHHS (85
rojJl) Ta TPOXU JOPOKYE MOKUBHE cepenoBulle (BapTicTh 1 1 cepenoumia — 9,83
I'PH) MOPIBHSHO 3 KylbTypoto Y. lipolytica Wratislavia K1, koHIIeHTpaItis miJibOBOTo
MPOYKTY, CHHTE30BaHOTO P. tsukubaensis KN75, 3nauno Buina (245 r/n), a yMmoBHa
BapTicTh | T niboBoro npoaykty Hux4va (0,04 rpH/T).

[IponyKTUBHICTH O10CUHTE3Y EPUTPUTONY Y APDKIKIB P. tsukubaensis KNT5
€ B YOTHpHU pa3u BUIIOI MOpiBHAHO 3 Y. lipolytica Wratislavia K1 (2,86 1 0,78
r/11/TOJ BIATIOBIHO), OCKIJIBKY 3a 74,5 roJ KyJIbTUBYBaHHS OCTaHHI HAKOIMYYIOTh
58,2 T eputpury, Toai AK ocMobibHI APLKIKI P. tsukubaensis KN75 3a 85 rog —

245 r epuTpUTOIY.
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Tabnuys 2.1

IlopiBHANIbHA XapaKTEePUCTUKA MPOAYLEHTIB ePUTPUTOTY

BioJsioriunmii Cxuan IHoka3zHuku Tpusanicrs OcobauBocri JlitrepaTtypa
areHT MOKUBHOT0 CHHTe3Y npouecy, roj npouecy
cepeaoBHUIIA, I/JI (KOHIeHTpAaLis
€PUTPHUTO.LY;
BHUXiJ MPOAYKTY;
NPOAYKTHBHICTBH)

Torula sp. I'mroxo3a — 400, 182 1/m; 45,5 %; 135 [Tepioguune Lee J.-K., Ha S.-J., Kim S.-Y., Oh D.-K.
APUKILKOBHHA 1,35 r/n/rox KyIbTHBYBAHHA y >-TH Increased erythritol production in 7orula
excTpakT — 20, JITPOBOMY
¢biTuHOBA bepmentepi sp. with inositol and phytic acid.
KHCIIOTa . .
~0,00066 (0,5 Biotechnology Letters. 2001, 23: 497-500.
uM) doi: 10.1023/A:1010386500326.

Moniliella sp. I'moxo3a — 350, 189,4 r/mm; 48 %, 249 [Tepioguune Lin S.-J., Wen C.-Y., Wang P.-M., Huang

N61188-12 JPIKIKOBUN 0,8 r/n/rox KYJIbTUBYBAaHHS 3 J.-C., Wei C.-L., Chang J.-W., Chu W.-S.

excTpakt — 10 IpOOHUM
nijkuBieHHsaM micas | High-level production of erythritol by
137 ron

mutants of osmophilic Moniliella sp.
Process Biochemistry. 2010, 45: 973-979.
doi: 10.1016/j.procbio.2010.03.003.
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3axinuenus maon. 2.1

Y. lipolytica ['minepun —150, 58,2 r/m; 38 %, 74.5 [lepioguune Rywinska A., Tomaszewska L., Rymowicz
Wratislavia K1 | NH4Cl1 - 3, 0,78 r/n/ron KYJIbTHBYBAaHHS bifs) ) ) ) )
MgSO4x7H;0 — HOBHOLO. CLOSKIBANLLS W. Erythritol biosynthesis by Yarrowia
1, KH2PO4— 0,2, TIIEePUHY y | lipolytica yeast under various culture
JPDIIDKOBHH (bepmenTepi . > | conditions. African Journal of Microbiology
eKcTpakxT — 1 JIOTIATEBOKO MIIIAIIKOIO
Research. 2013, 7 (27): 3511-3516. doi:
10.5897/12.2272.
P.tsukubaensis | I'moxo3a —300, 245 r/m; 61 %; 2,86 85 [Tepioguune Jeya M., Lee K.-M., Tiwari M. K., Kim J.-S.,
KN'75 KYKYPYRIHE r/n/ron KYTILTHBYBAHHA * | Gunasekaran P., Kim S.-Y., et al. Isolation of
6opouHo— 15, JIpOOHUM
MnSO4x4H20 — 1/KUBJICHHSIM a novel high erythritol-producing
0,01, IMIIIXOM  IOCTIHHOIO

CuSO4x5H0 -2

momaBaHHs 68,31 1
pO3UHHY TTFOKO3H.
ITioKuBIEHHS
TJIFOKO3U  TIPOBOJIHIIH,
6 pasiB, koxkHi 12 rog
(dbepmenTarii JUTS
HiATPUMKH
KOHIICHTpaIIii
TJII0KO3U 225 1/71.

Pseudozyma tsukubaensis and scale-up of
erythritol fermentation to industrial level.
Microbiol Biotechnol. 2009, 83:225-231. doi:
10.1007/s00253-009-1871-5.
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Tabnuys 2.2

BapricTh KOMIIOHEHTIB MOKUBHOI0 CepeIOBUINA J1JIS POXYIEHTIB

€PUTPHUTOJLY
Biosioriuamnii | KommoneHT Hina Baprictb Jlirepatypa
are’Hr NMOKUBHOT0 | KOMIIOHEHTa, | kommoHentra | (1,2,3,4,5,
cepeaoBHINA, TPH/KT (rpa) Ha 1 a1 6,7, 8)*
r/a cepeoBHINA
Torula sp. I'1roko03a - 400 31,20 12,48 1
HpixmxoBuit 1100,00 22,00
eKCTpakKT - 20
diTrHOBa 4100,00 0,0027 3
KHUCJIOTa —
0,00066
Bapricts 1 1 cepenobuima — 34,48 rpu
Moniliella sp. | I'moko3a - 350 31,20 10,92 1
N61188-12 | JpixmxoBuid 1100,00 11,00 2
EKCTPaKT - 10
Bapricts 1 11 cepenoBuma — 21,92 rpu
Y. lipolytica | I'minepun - 150 39,00 5,85 4
Wratislavia K1 NH4Cl -3 21,00 0,63 2
MgSO4x7H,0 15,00 0,015 5
-1
KH,PO,4 0,2 1575,00 0,31 6
HpixmxoBuit 1100,00 1,1 2
EKCTPAKT- |
Bapricts 1 11 cepenoBuina — 7,9 rpH
P.tsukubaensis | I'moxoza —300 31,20 9,36 1
KN 75 KykypynzsHe 19,81 0,29 7
6oporHo — 15
MnS0O4%x4H,0 11,32 0,000113 7
—0,01
CuSO04x5H,0 92,50 0,18 9
-2

Bapricts 1 11 cepenoBuma — 9,83 rpu

Hpumirka.* —

[linm HaBegeHo cTaHoM Ha TpaBeHb 2021 p. 1.

https://www.systopt.com.ua/, 2. https://kiev.prom.ua, 3.
https://www.abcdef.com.ua, 4. https://novohim.com.ua/, 5. https://ahc.in.ua/, 6.
https://dnepr-market.com.ua, 7. https://russian.alibaba.com/, 8.

https://himfarminvest.com.ua.
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Tabnuys 2.3

YmoBHa BapTicTh 1 I' HiJIbOBOro NPOAYKTY (EPUTPUTO.TY) NPH

KyJabTuBYBaHHI Torula sp., Moniliella sp. N61188-12, Y. lipolytica Wratislavia

K1, P. tsukubaensis KN 75

Biosoriunmii | Bapricts 1 1 | KoHuen- YMoBHA Tpusajicts | [IpoxyxkTuB-
areHT cepeloBHIIA Tpauis BapTiCTh | KYJbTHBYBA HIiCTb,
, TPH epPUTPHUTO- 1r HHS$1, TO/A r/a/ron
ay, r/a HiJIbOBOTO
NPOAYKTY,
TPH/T
Torula sp. 34,48 182 0,19 135 1,35
Moniliella sp. 21,92 189,4 0,12 249 0,8
N61188-12
Y. lipolytica 7,9 58,2 0,14 74,5 0,78
Wratislavia K1
P. tsukubaensis 9,83 245 0,04 85 2,86
KN 75

2.2. Po3paxyHOK CKJIaay IOKUBHOIO Cepea0BHUIIA

TpuBamicts

KyJIbTUBYBaHHS 85

roa,

KOHIICHTpAIlis

EPUTPUTOIIY B

KyJIbTYpalbHIN PIAMHI CTAHOBUTH 245 T/11, a KOHILIEHTpallis 6iomacu — 25,2 1/11.

Po3paxynok emicmy 6 cepedosuuyi 0rxcepena 8y2ieueso2o HcueieHHA

Ilompebu ona cunmesy epumpumony. SIK JKEpeno BYTJICIIO 1Tl OJ1epyKaHHS

EpPUTPUTY BUKOPUCTOBYETHCS TIIFOKO3A.

Po3paxyemo,

CKUIBKH

BYIJICLIO MICTUTBCS

B 245 r

EpUTPUTOITY.

Monekynsipuna maca eputputy [C4sH0O4] ctanoButh 122. OTxe, y 122 1 eputputony

Mmictutbes 48 r KapOony, a B 245 r eputpury (48 x 245) / 122 = 96,4 T KapOony.

Jlam po3paxyemo, y CKIJTBKOX Irpamax IIIOKo3u Mictuthbes 96,4 T KapOony,

BpaxoBytoud, 1o BMicT Kapbony y rmoko3i crtaHoButbh 40 %. Otrxe, y 100 r

rioko3u Mictuthest 40 r KapOony, a 96,4 r Kapbony mictutees y (96,4 x 100) / 40

=241 r = 24 % TJII0KO3M.

BpaxoBytouu, 1110 ipy BUPOIIYBaHHI MIKPOOPTaHi3MiB Ha TJIIOKO31 OJU3BKO

40 % cyOcTpary okucHioeThes 10 CO; s ofepKaHHs eHeprii, HeOOX1MHOI s
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KOHCTPYKTHBHOTO MeTa00Ii3My, BMICT TJIFOKO3HM y CEPEIOBHIII CTaHOBUTHME (241
x 0,4)+ 241 =337,4 r/n =34 %.

Ilompebu ona cunme3sy 6iomacu. Y 6iomaci mictuthest 50 % KapOony, oTxe
BMicT KapOony y 25,2 r 6iomacu cranoButh 25,2 x 0,5 = 12,6 1. Llg KUIbKICT
Kap6ony micturbcs y (12,6 < 100) / 40 =31,5 r 1i1r0K03H.

BpaxoByroun 40% BTpar cyOCTpaTy Ha «XOJOCTE€ OKHCICHHS», IS
onepxkaHHs 25,2 r/n 6iomacu y cepenoBuiie HeooxigHo BHecTH (31,5 X 0,4) + 31,5
= 44,1 r/n riroko3u (44 %).

OTtxe, 3araibHUM BMICT TJIFOKO3U Y CEPEAOBUII, HEOOXIAHUHN Il CUHTE3Y
Oiomacu (25,2 r/n) Ta eputpurody (245 r/mn), cranoButh 337,4 + 44,1 =381,51/n =
38 %.

Po3paxynok emicmy 6 cepedosuuyi 0xcepena azomHozo Hcue1eHHA

Ilompebu ons cunmesy 6iomacu. llpumyctumo, 1o y 6iomaci mictutbest 10 %
Hitporeny.

Takum ynHOM, y 25,2 T 6i0Macu BMICT a30Ty CTaHOBUTH 2,52 T.

[IponylieHT epUTPUTONY AaCUMUIIOE SIK JIKEPENIO a30THOTO JKUBIICHHS
KYKYpY/3siHE OOPOILHO.

Po3paxyeMo KUTBKICTh KyKYPYA3ZSHOTO OOpOIIIHA, HEOOXITHY TSl OJIepIKaHHS
252 r/nm® Giomacu. KoHLEHTpawis IOCTYHHOro s OakTepili OpraHiuHOro
Hitporeny y KykypyazsitHomy OopomHi ctaHoBuTh 10 %. Orxe, y 15 1
KyKypya3siHoro 6opoirna mictutbes (10 x 15) /100 = 1,5 t Hitporeny.

Kinbkicte HiTporeny, HeoOxigHa /i1l CHHTE3y O10Macu CTaHOBUTH 2,25 1/11. 3
BpaxyBaHHsAM HiTporeHy, 10 MiCTUTBHCS B KYKYPYI35THOMY OOPOILIIH1, Y CEPEIOBHILIE
MOBUHHO OyTH BHECEHO N0AaTKOBO 2,25-1,5=0,75 r/a1 KyKypyA3sSHOTO OOpOIIIHA.

Po3paxyHnox cknady 2n0K03H020 RIOHCUENIOEATbHO20 POZUUHY

VY BUIIISII MIKUBIIIOBAIBHOTO PO3UMHY B CEPEIOBUILE HEOOXITHO BHECTH Y
MpoIIeCl KYyJIbTUBYBAHHS MPOyIIEHTa epuTpuToiy 321,5 r/i rimoko3u. TpuBaicTh
KyJIbTUBYBaHHS CTaHOBUTH 85 rox. [lpuitMeMo, 110 MiJKUBICHHS NOIAETHCS Y

cepenoBuile KoxkHi 12 rox. Toni KUIbKICTh MOPLIA MIIKUBIECHHS CTAaHOBUTH
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(85—12)/ 12 = 6. O1xe, 3 KOKHOIO MOPIIEIO MIKUBICHHS Y CEPEOBHILE TOBUHHO
BHOCHUTHCH 321,5 /6 = 53,6 1/11 TII0KO3H.

Inwi komnonenmu cepedosuuia

JlxepenaMy TakuX HEOOXITHHX JJISI POCTY MIKpOOPTaHi3MiB €JIEMEHTIB, SK
docdop, Marniii, Kanb1iit 1 DepyMm € KyKypya3siHe O0pOITHO.

Bapro 3ayBaxkut, 110 ciib KynpyMy BHOCUTBCS Y TOCUTh BEJTUKIN KIIBKOCTI
yepe3 Te, WI0 TMEPEeTBOPEHHS CyOCTpaTy B IIUIbOBUNA MPOIYKT EPUTPHUT-
MPOAYKYIOUUMU MIKpOOpraHi3MamMu B1JI0YBAETHCS 3a JIOTTIOMOT OO
neHto3opochaTtHoro nuisixy, 1 Kynpym BIJIMBae Ha aKTHBHICTH TOJIOBHOTO
dbepMeHTy - epuTpo30 peayKTasy, a TaKOoXX CTBOPIOE OCMOTHYHHUU THCK B
CEpEeZIOBUILI IO TOTO MOMEHTY, SK OyJe BHECEHa meplia MOpPILis i KUBJICHHS.
Ocrtarouno BB Kympymy Ha MexaHi3M MepeTBOpeHHsS MeHTo30¢ochaTHoro
IUIAXY Ta HOro peryyroBaHHS, a TakoXX (epMEHTH 3ajisHi B OioTpaHchopmariii
cyOcTpaTy y epuTpUTOII HE 3’ sCOBaHi [5].

HaBeneni Buiie po3paxyHKH MO0 CKIAAY MOXHUBHOTO CEPEIOBHUINA MOXKHA
noJaTH y BUTIIsII Tabmuii 2.4.

Tabnuysa 2.4

Ckia noKMBHOTO cepel0BHUINA ISl KYJbTHBYBAHHS NPOAYIEHTA

€PUTPHUTOJLY
Komnonentu Bwmicrt, 1/71
noxuBHOro | Cymapuuii | [TouaTkoBuit VY raroko3HOMY B onniit
cepesloBUIIa 1/HKUBITIOBATEHOMY opIIii
PO3UHHI T1JKUBJICHHS
I'mroko3a 381,5 60 321,5 53,6
Kykypynzsne 15,75 15,75 — —
OOpOITHO
MnSO4x4H,0 0,01 0,01 — —
CuSO4x5H,0 2 2 — —
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2.3.  Mopddosoro-kyastypaabHi  Ta  (izuko-0ioxiMiuHi  03HaKHM
0i0JIOriYHOr0 areHTa
Mopgponozo-kynomypanvui o3naku. JIpiKIKI 0a3uaioMINETH, KIITHHU

po3mipom 1,5 x 5,0 mxm (puc. 2.1) [3].

Puc. 2.1. Ckanywua ejekTpoHHa Mikpodororpadia P. tsukubaensis
KN75, 30inbmenns x 2500 [3]

[Ticns 3-nennoro 3pocranns Ha arapi Jlypii-beprani (LB) npu 25 © C komnonii
Oynu OJMCKy4YMMH, Bl OUIOTO J0 KPEMOBOTO KOJbOPY, KIITHHU OIYKJIl
KyJeno1i0H1, Aesiki cpepononiOHi. Y TBOPEHHS IUTIBKH HE CIIOCTEPIranoch [3].

Dizionozo-vioximiuni o3naku. P. tsukubaensis € ocModiTbHUM, 00JIITATHUM
aepoOoM. OnTumanbHa Temneparypa ta pH s pocty Ha Oynbiioni LB ckianaroTh
BianoBigHO 37°C Ta 6,0. 3a TUIIOM KUBJIEHHS — XE€MOOPTaHOreTepoTpod, Moxke
poctu 3a HasiBHOCTI 10% NaCl ta 5% rmroko3u [3].

[Tpoaykiist aminoinHUX 3'€IHaHBb 1 peakilii 3 Jla30HIEBUM CHUHIM B Oynu
HEeraTUBHUMU [3].

CeuoBuny He rigpomizye [3]. Llykpu He 30poKyro€. ACHUMIIIOE 1HO3HT.
Kpoxmanenonioni 3'enHanHss He yTBoproe. Kcuimosza B rigposiizaTax KJIITHH
BizcyTHs. [lepeBaxkae yoixinon Q-10 [14].

2.4. TakcoHOMIiYHMHE cTATYC 0i0JIOTIYHOIO0 areHTa

CyuacHa ((pinorenernuna) knacudikauis s P. tsukubaensis HaBeneHa

srigao nqanux BOLD [15].
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apcTtBO — Fungi

Bingnin — Basidiomycota
Knac — Ustilaginomycetes
[Mopsinox — Ustilaginales
Ponuna — Ustilaginaceae

Pin — Pseudozyma
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PO3/1J1 3
TEXHIKO-EKOHOMIYHE OBI'PYHTYBAHHS

3.1. Ilorpeday mijibOBOMY NPOAYKTI

B Vkpaini Bce Ounblie 3pocTae MOMUT Ha IyKpo3aMiHHUKU. HaTypanbHi Ta
CUHTETHYHI IIyKpPO3aMiHUKU HEe BUPOOJIAIOTH B YKpaiHi, a IMIIOPTYIOTh 3 KpaiH A3il
Ta €Bponu.

3BakaloyM Ha IIBUAKI TEMITH MPUPOCTY XBOPHUX Ha IYKPOBUH miabeT B
Vkpaini, a TakoX TEHJEHISI IMOCTIMHOTO 3pPOCTaHHSA I1HTEpPECY JO 370pOBOIO
XapyyBaHHS Ta CIIOPTY, MTOCTA€ MUTAHHS B MONTYKy Oe3MevHOi 3aMiHH IyKpy 0e3
IIKOJAW JJISl 3[I0POB’Sl, 3 HU3BKUM TJIIKEMIYHUM I1HJEKCOM, ajieé 31 30€peKeHUM
MOKa3HUKOM COJIOAKOCTI. TakuM MpOyKTOM € €pUTPHUTOJI, BiH 3aJ0BOJIBHSE yCIM

BHIIIC 3a3HAYCHUM BUMOTam (mabi. 3.1).

Tabnuys 3.1
IopiBHSIHHA MOKA3HHUKIB IYKPY Ta ePUTPUTOJLY
IIpoaykTr

Hyxop Epurpuron
[Toka3Huku
ConoaKicTh 100% 70%
I'mxemiununii iHIEKC 70 0
[HCYniHOBUY 1HIEKC 43 2
Kanopiitaictes (#a 100 r

3696,29 xkan 200kkai
MPOAYKTY)

3.2. Po3paxyHOK NOTYKHOCTi BUPOOHMITBA

B Vkpaini odiuiiino 3apeectpoBaHo 1,3 MiIH XBOpUX Ha LIyKpoBuUi aiader [1].
[IIo6 3aminuTu MOTpeOy MiabETUKIB y IYKpi MOTPIOHO pPO3paxyBaTH KUIBKICTh
EPUTPUTOJTY, 1110 OYyJI€ €KBIBAJIEHTHOIO IIYKPY IO COJIOJIKOCTI.

Tak stk ctanoMm Ha 2018 pik 1 oco6a cnoxkuBae 29,8 kr nykpy/pik [16],

HYXT BTEK 04.01.15 KP II3

3MH. | Nuer Ne gokym. Mignuc | Darta

P 6. Jlosina B.€. . Jlimepa | Apkyw ApPKyuwis
O3pO osna PO3 11 3. Texniko- pay o Al
Mepesip. Kpacinbko B.O. | | 22 24

KoHcynbmat €KOHOMIYHE OOTPYHTYBaHHS

H. Kormp. Kadenpa BTM

Bameepo. TTupor T.II.




HEOOX1IHO pO3paxyBaTd, fAKa KUIBKICTb EPUTPUTONY MOXKE HOro 3aMiHUTH,
BpPaxoByI0UH, 1o epuTpuT Mae 70% comomkocTi Iykpy, Tpeda Bupoossatu Ha 30%
oinbie, To6To: 29,8 +30%=38,74 Kr/pik.

He3paxaroum Ha TIOCTaBKM EpPUTPUTONY 3-32 KOPIAOHY, YKpaiHa Mae
pO3pOOUTH CBOE BJacHEe BHUPOOHUITBO. [ TOro, mo0 OIHUTH IIONUT Ha
EpUTPUTOJI, HA MEPIIMX eTanax BHPOOHUIITBA, BUTOTOBUMO TaKy KUIbKICTh
eputputy, 1006 3abe3neuntu 0,1% mroaeit XBopux Ha MYKPOBHiA iadeT B YKpaiHi:
1300000-0,001=1300 oci6. Omxe 1300 mrogelt B pik OYIyTh CIIOXKUBATH:
1300-38,74=50 362 KT epuUTpUTY.

OCKUTBKM €pUTPUT BUPOOJISETHCS 3a JOMOMOTOI JIPLKIXKIB, TO 3HAIOUU
CUHTE3yBaJbHy 3JAaTHICTh MPOAYLIEHTa, MOXEMO pPO3paxyBaTH KIJIbKICTh
KyJbTYpaJIbHOI PIAWHM, SIKY HEOOXIIHO OJEp)KaTH, 100 3a0e3MeYUTH XBOPUX
JII0JIeH Ha I[yKpOBHIA J1a0erT.

[IponyneHt eputputy — ocModuibHl ApixkmKl Pseudozyma tsukubaensis,
CUHTE3YIOTh 245 T epuTpuTONYy Ha 1 J1 KyJIBTYpajdbHOI PIJIMHU.

KinbkicTh KynbTypalnbHOT piIAMHHM, HEOOX1AHOI /i1t oTpumanHs 50 362 kr

CTAHOBUTb:
0,245 xr — lm; X =205 559 1 =205,6 M> KyIbTypaJbHOI PiAUHU
50362 kxr — X;

BpaxoByroun cymapHi BTpaTH UIJILOBOTO MNPOAYKTY NpPH BHILIEHHI Ta
ountieHHi (32,8 %) [17], HeoOXiIHO OTpUMATH TaKy KUIbKICTb KYJIbTYpajdbHOI
PLOVHHU:

Vip =205,6 /(1 - 0,328) =306 m*

3.3. Po3paxyHok 00’emy ¢epMeHTepa Ta KUIBKOCTI BHPOOHUYHUX
UKJIIB

Jlns 3ab6e3neuenns 0,1 % miabeTHKIB €pUTPUTOJIOM, TIOTPIOHO onepkaTH (3
BpaxXyBaHHAM BTpaT Ipu Buaiaenni) 306 m> Kynbrypansaoi pigunu (Vrm ).

Po3paxyeMo, CKUIbKH KYJIbTYpaJbHOI PIAMHU MOTPIOHO OTPUMATH 3a IUKII

dbepmenTariii, abm po3paxyBaTH KUIBKICTh CTaJiii TPUTOTYBAHHS TIOCIBHOTO
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matepiany. [Ipuitmaemo kimbkicTh pobounx TpynoaniB (Tpm) 330, Toal KUIBKICT
npoAykTy Ha 100y (V1) cTaHOBUTHME:

Vi =Vri/Tpx = 306/330 = 0,93 m°.

Kinpkicts nmpoaykTy 3a nuki (Vkp) Oyae CTaHOBUTH:

Vkp = (K1-Va -Tud)/24 = (1,1- 0,93:95)/24 = 4 M*/uuk,

ne Tud — uki po6oTu hepMeHTepa, IKUil BKITIOYA€ TPUBATICTh BAPOOHUYOTO
6iocunTe3y (85 rom) Ta yac miaroroBku ¢gepmentepa go podoru (10 rom). K1 —
Koe(DIIieHT 3amnacy, 110 BpaXxOBye MOXIUBICTh HecTepriibHuX oneparii (K1 = 1,1 —
L,5).

[linroroBka (hepMeHTaTOpa BKIIIOUAE: MUTTS Ta O (2 o), IepeBipKa Ha
repMEeTUYHICTD (2 ToJ), cTepuiizaltis (2 rof), oxonokeHHs (1 Tox), 3aBaHTaKEHHS
cepenosumia (1,5 rox), 3aciB (0,5 roja), BUBaHTaXEHHS KyJIbTypasibHOI piauHu (1
roju).

4 M KynbrypanbHoi pigmanm (VIK) MOXHa OTpuMartd y (epMeHTepi,
reOMETPUYHUIN 00’ €M SIKOTO MAa€ CTAHOBUTH:

Vr = Vuk / Kzan = 4/0,65 = 6,2 m°, ne Kzanm =0,65 — koe]illicHT 3aII0BHEHHS
dbepMeHTepa.

Y nomatky 4 3HaXOIMMO HAMOMMXKYMK 32 TEOMETPUYHUM 00’€eMOM
depmenrep Vo = 6,3 M°.

Yr1ountoemo koedimient 3anoBHeHHss K3p = Vux/Vo = 4/6,3 = 0,63, 110 He
MIEPEBUIILYE 3aIaHOTO 3HAUYCHHSI.

3.4. Po3paxyHoOK KiJIbKOCTI CTaiil NiATOTOBKH MOCIBHOT0 MaTepiaxy

3a BUPOOHMYMIA LUK OTPUMYIOTE VKpP = 4 M> KyIbTYpalbHOI PiIUHMY.

[Ipu oxeprkaHHI KyJIbTypaJIbHOI PIIMHU MOTPIOHO BpaxyBaTH ii BTpaTH B
pe3yJbTaTi KparjieBUHOCY 4Yepe3 KOJICKTOP BIJANPallbOBAaHOTO TMOBITPS, SKi
cta"oBJATh Big 10 1o 15%.

OTxe, KITBKICTh TIOKUBHOTO CEPEOBUINA Ta TMOCIBHOTO MaTepially mepen
BUPOOHUYUM O10CMHTE30M CTAaHOBUTHUME:

Vpo6.1 = Vkp/(1-Ed) =4/ (1-0,15) = 4,7 M>, ne Ed — BTpaTn KyabTypaabHOi

PIIMHHU M1 Yac 010CUHTE3Y.
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BupoOHuunmii 6iocuHTE3 3A1HCHIOTL ¥ PepMeHTepi 3 podouuM 00’eMoM
Vpo6.1=4,7 M°.

IIpu BuOpanomy koedimienti 3anmoBHeHHsS Kzam = 0,65 po3paxoByrOTh
MO>KJIMBHI reomeTpuuHuid 00’eM (hepmentepa (V§), 10 CTAHOBUTS:

V¢ = Vpo6.1/Kzan = 4,7/0,65 = 7,2 M

I[TpuiiMaemMo HaHOIMKIMHI 32 00’ €eMOM cTaHmapTHUM GpepmenTtep Ved = 8 M,
Ta YTOUHIOEMO MPUHHATHUH paHilie KoedilieHT 3aI0OBHEHHS.

Kzaml= Vpo6.1/Ved =4,7/8 =0,59.

YTouHeHnil KoeillleHT 3aOBHEHHS MepedyBae y BUOPAHUX MexkaX, OTKE
reoMeTpuyHui 00’eM (hepMeHTEpa BUOPAHO BIPHO.

OckisibKH, B miporieci 6i0cuHTe3y Oye BHOCUTHUCS PO3UMH IS IM1IKUBIICHHS
(2,96 M), HeoOXimHO pO3paxyBaTH SKOro 00’cMy HeOOXigHuil (epMmeHTep 3
koedimienTom 3anoBHeHHs 0,65. Toi He0OX1HO B34TU (hepMEHTEP T€OMETPUUHUM
00’emom: 4,7+2,96=7,66 m>, 7,66/0,65 = 11,8 M*~12 M. YTouHroemo xoedimieHt
3anoBHeHHs: 7,66/12=0,64, oT:xxe reomeTpuuHuii 00’ eM pepmeHTepa 00paHo BipHO.

KinbkicTe mociBHOTO MaTepiany (103a) ais hepmentepa ctanoButh 10 % Bif
00’eMy TIO)KUBHOTO CEPEIOBHUIIIA.

Toni KiIMBKICTh TOXKUBHOTO CepeloBUIIa B hepMeHTepl Oyie CTAHOBUTH:

Vel =Vpoo6.1/(1+Xd)=4,7/ (1+0,1)=4,3 m*, ne X = 0,1 — 103a nociBHOTO
Marepiany ajisi pepMeHTepa.

KinbkicTe mociBHOrO Marepiany craHoButh Viiml = Vpob.1 — Vicl = 4,7-
43=0,4 v

Jis opepoxanns 0,4 M® iHOKyJIATY B OCIBHOMY amapari BpaxoBye€MO BTPaTH
B PE3yJIbTaTi KPAIUIEBUHOCY Yepe3 KOJEKTOp BIAMPAIbOBAHOTO TIOBITPS, K1
cta”HoBJIATH Bix 10 1o 15%.

Tomi KITBKICTh TIOKMBHOTO CEPEIOBUINA Ta IIOCIBHOTO Marepiaay B
MOCIBHOMY arapari CTAaHOBUTHUME:

Vpo6.2 = Viim1/(1-Ema) =0,4/(1-0,10) = 0,44 w°.

Kinpkicts mociBHOro wmatepiany (mo3a) craHoButh 10 % Big o0’emy

IIO’KMBHOT'O CEPEOBUIIIA.
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Tomi KUTBKICTh TIOXKMBHOTO CEPEIOBUINIA B TIOCIBHOMY amapari Oyne
CTaHOBUTH

Vinc2 = Vpo6.2/(1+Xma) = 0,44/(1+0,1) = 0,4 »* , ne Xna = 0,1 — no3a
1HOKYJISITY JUI ITOCIBHOTO amapary.

KinpkicTs mOCIBHOTO MaTepiady Jijis MOCIBHOTO anapaTy CTaHOBUTH

Vim2 = Vpo6.2 — Vie2 = 0,44-0,4 = 0,04 m> a6o 40 .

3 MOXKHa OflepKaTH g 4ac

Kinekicts iHOKYyNsATY Vpo0.2 = 0,44 M
KyJIbTUBYBAaHHSA JPDKIDKIB Yy TIOCIBHOMY amapari TE€OMETPUYHUM 00’ €MOM
Vna2=Vpo6.2/K3an = 0,44/0,65 = 0,68 m>. [IpuiiMmacmo HaWOIMKYIMI 32 00’ €MOM
Vim2 = Vpo6.2 — Vie2 = 0,44-0,4 = 0,04 m* a6o 40 .

Kinpkicts iHOKymary Vpo6.2 = 0,44 M’ Moxna omepxkaTw Imig uac
KyJIbTUBYBAaHHSA JPDK/DKIB Yy TIIOCIBHOMY amapari T€OMETPUYHUM 00’ €MOM
Vna2=Vpo6.2/Kzan = 0,44/0,65 = 0,68 m>. [IpuiiMacMo HalOIMK4IMI 332 00’ €MOM
cranpaptauii pepmentep Ved = 1 M>, yrounroemo npuitHsaTuii panie koeimieHT
3aIIOBHCHHS.

K31=Vpo06.2/ Ve = 0,44/1 = 0,44.

Jns opepxkanHst 40 71 TOCIBHOTO Martepiajly B 1HOKYJSITOPI BPaxXxOBYEMO
BTpaTH B pe3yJIbTaTl KPAIJIEBUHOCY Yepe3 KOJIEKTOP BIAMPAIbOBAHOTO MOBITPS, SIK1
cTaHoBJSITH Bi 10 10 15%.

Toai KUIBKICTh TOXXMBHOTI'O CEPEIOBHINA Ta MOCIBHOTO Marepially mepes
KyJIbTUBYBAHHSAM B 1HOKYJIITOP1 CTAHOBUTEME

Vpo6.3 = Viim2/(1-Ein) = 40/(1-0,10) = 44,4 7.

Kinbkicte mociBHOro marepiany (no3a) craHoButh 10 % Big 00’emy
MO’KUBHOTO CEPEIOBUIIIA.

Toai KUTBKICTh MOKUBHOTO CEPEAOBUIIA B IHOKYJISATOP1 Oyie:

Vie3 = Vpo6.3/(1+Xin) = 44,4/(1+0,1) = 40,4 n , ne Xia = 0,1 — mo3a
MOCIBHOTO MaTepialy JJis IHOKYJISATOpa.

KinekicTs mociBHOro Matepiaiia sl IHOKYJISTOpa CTaHOBUTh VIIM3 = Vpo0.3

~Vne3 = 44,4-404 =4 1.
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Kinpkicts iHOKymsATY Vp0o6.3 = 44,4 1 MOXHaA oOJepkaTd Iia yac
KyJIbTUBYBaHHA  JPDKIDKIB B IHOKYJISTOPI ~ TE€OMETPUYHUM  00’€MOM
Vin3=Vpo6.3/K3zan=44,4/0,65=68,3 n. IlpuitMaemo HaiOmMx4uuii 3a 00’ €MOM
crangapTHuil pepmentep Ved = 0,1 M°, yTo9HIOEMO NPUIHATHI paHime KoepilienT
3aIlIOBHEHHS

K31=Vpo0.3/Vcd = 44,4/100 = 0,44.

Hnsa opepxaHHs 4 1 TMOCIBHOTO MaTepialy B MaJoOMy I1HOKYJISTOPI
BPaXOBYEMO BTPATH B PE3YJIbTATI KPAILIEBUHOCY Y€PE3 KOJIEKTOP BIAMPAILOBAHOTO
MOBITPA, K1 CTaHOBJIATH BiJ 10 10 15%.

Toal KUIBKICTh TOXXHBHOT'O CEPEIOBHINA Ta MOCIBHOTO Marepially mepen
KyJIbTUBYBAHHSAM B MQJIOMY 1HOKYJIATOP1 CTAHOBUTHUME:

Vpo6.4 = Viim3/(1-Ein) =4/(1-0,10) = 4,4 7.

KinbkicTh mociBHOTO Martepiany (103a) i Majoro iHOKYJISITOpa CTAHOBUTD
10 % Big 06’ €My TTOKUBHOT'O CEPEJIOBHINA B MAJIOMY 1HOKYJISITOPI.

Tomi KIUTBKICTh TMOXHBHOTO CEPEAOBHINA B MajoMy 1HOKYJSITOpi Oyze
CTaHOBUTH

Vnc4 = Vpo6.4/(1+Xin) = 4,4/(1+0,1) =4 1, ge Xin = 0,10 —g03a nociBHOrO
Matepianty JJis iIHOKYJISTOpa.

KinbkicTh mociBHOTO MaTepiaty cTaHOBUTh ViIIM4 = Vpo06.4 — Viicd = 4,4 — 4
=04 .

Kinbkicte 1HOKYymATY Vpo0.4 = 44 1 MOXHaA OJepkaTd TiJ dYac
KyJIbTUBYBaHHS JPKIKIB B MAJIOMY 1HOKYJIATOP1 T€OMETPUYHUM 00’ €eMOM ViH4=
Vpo6.4/Kzan = 4,4/0,65 = 6,77 n. llpuitmaeMo HaiOmmxuuii 3a 00 e€MOM
cranaaptauid pepmentep Ved = 10 1, yTOUHIOEMO TIPUUHATHI paHilIe KOSIII€HT
3aIOBHEHHS

K31=Vpo06.4/ Ve =4,4/10 = 0,44.

KinbkicTh 1HOKYJSATY AJIs 3aCiBy Majoro iHokymnstopa Viim4 = 0,4 1 MoXkHa
OJIep)KaTu KyJIbTUBYBAaHHAM JPUKIKIB Yy Koibax Ha kavammi. Jlos 1mwsoro
BUKOPHUCTOBYIOTh KadajouHi kojou 00’emoM Vkonb = 750 mu Ta xoediieHTOM

3anoBHeHHS K3x=0,2.
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Tomi KUTBKICTh KOJIO IJIi OTPUMAaHHS TIOCIBHOTO Martepialy CTaHOBUTEME
Nkoisi6 = Viim3/(Vkon6 - K3kx) = 400/(750-0,2)=2,7.

Takum 4uHOM, JUTS OZIep>KaHHs TTOCIBHOTO MaTepialy HE0OX1THO 3 KadalovH1
KOJIOH.

Otxe, mporec oJepXk aHHS TMOCIBHOTO Marepiainy Uil 3a0e3neueHHs

6 6- . 6, 3 . .
BUPOOHMUYOTO O10CUHTE3Y EpUTPUTOITY Y pepMeHTepi 00’ eMoM § M~ 3 KoeDilliEHTOM
3anoBHEeHHs 0,65 OyJie MPOXOAUTH Y YOTUPH E€TAIIH.

Taxum unHOM, 3a pe3ysbTaTaMu PO3PAXYHKIB /17151 010CUHTE3Y €pUTPUTOITY P.
tsukubaensis IpUMaEMO 10 BCTAHOBJIEHHS OaUH (epMeHTEp 06°eMOoM 8 M, oquH
iHoKysATOp 06’€MOM 1 M>, otuH iHOKyIsITOp 06’ eMoM 0,10 M* i opuH iHOKYIATOP

9 9

06’ emom 0,01 m>.
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PO3 1T 4
BIOCHUHTE3 HIJIbOBOT'O TPOAYKTY

4.1. lllasixu kaTa00J1i3My PpoCcTOBOro cyocTpary y 0i0J10riYHOro areHra

P. tsukubaensis KN 75 sx mxepeno BYIVIEHIO MOYE€ BHKOPHUCTOBYBATH
IIII0K03Y, (DpyKTO3y, rajaakTo3y, MajbTO3y, Caxaposy, IEKCTPUHH, KpPOXMallb,
KYKYpYI3sTHUH KpoxXmalb, TJIIEpPUH Ta COE€BY oJiit0. HaliBuile BUPOOHUIITBO
CPUTPUTOITY JIOCSATAETHCS, KOJHU TII0K03a € JHKepesioM Byriiemnio. JlxepenoM a3oty
MOXYTb CIIYI'YBaTU: KyKypyJ3sitHE OOpOLIHO, CO€BE OOpOILIHO, KapTOIUISIHUN
MPOTEiH, IPIKIKOBUIA €KCTPAKT, IENTOH, COJIOJOBUI EKCTPAKT, SITIOBUYUNA €KCTPAKT
Ta TpuntoH. KykypyaszsHe OOpOIIHO BUSBUIOCS HAMKpAIIUM JHKEPEIOM a30Ty, Ha
JpyroMy MiCIl BHCTyNA€ IPLKIKOBUI eKkcTpakT [2]. 3a yMOB pOCTY Ha IJIIOKO31
(muB. maobn. 2.1) y wmramy P. tsukubaensis KN 75 ¢yHKIIOHY€e TIIKOMI3 Ta
nento3odochatnuit uukn (puc. 4.1). Cxemy wetabonizmy T1IOKo3un y P.

tsukubaensis KN 75 HaBeneHO 3a CIOPIAHEHUM opraHizmMoMm Y. lipolytica 3rimHO

nanux KEGG [18, 19].
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Puc. 4.1. llnsix kaTradoJizmy riioko3u y P. tsukubaensis KN 75
®epmentu: 1 — dochormokomyraza (KD.5.4.2.2); 2 — T1II0K030-6-
docdarizomepaza (Kd.5.3.1.9); 3 — 6-pochodpykrokinaza (Kd.2.7.1.11); 4 —
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rimoko30-0idocharanpaonaza  (KD.4.1.2.13); 5 —  rmiuepanpaerig-3-
docdaraerinporenaza (Kd.1.2.1.12); 6 — dpocdormineparkinaza (Kd.2.7.2.3): 7 —
dbochormineparmyraza (Kd.5.4.2.11); 8 — enonaza (Kd.4.2.1.11); 9 -
nipyBatkinaza (Kd.2.7.1.40).

4.2. biorpancdopmanisi pocToBOro cyocrpary y mijibOBuii MpoayKT

[Tix gac pocty P. tsukubaensis KN 75 3 BAKOpUCTaHHSIM TJIFOKO3H SIK JKeperia
BYTJICIIO, AHAIJIEPOTUYHUMHU PEAKITiSIMU, SKI 3a0€3MeYy0Th TOIMIOBHEHHSI BTpAT
iHTepMmeniaTiB ukiy TpukapooHoBux kucnot (L[TK) — nonepeanukiB 0iocuHTE3y
aMIHOKHUCJIOT, € KapOOKCwIoBaHHS  (ocdoeHonmipyBaTy 3a JOMOMOTOIO
dbochoenonmnipyBarkapookcunazu (KO 4.1.1.31) 3 yrBopeHHsIM OKcalloalleTatry Ta
KapOOKCHJIIOBAHHS MipyBaTy 3 YTPOBEHHSAM MallaTy 1 OKcajloaleTaTy IMiJl JIE0
manaraerigporesazun (K@ 1.1.1.39) Tta mipyBatkapOokcunazu (KO 6.4.1.1)
BIJIMTOBITHO.

Taki cmonyku sik mipyBaT Ta 3-Qocdorminepar, MonepeaHuKyd MipyBaTHOI
poavHu (ayia”iH, BajiH, JeiuuH), dochoeHomnmipyBar, OAUH 13 MOMNEPEIHUKIB
apOMaTUYHOI TPYMHU aMIHOKUCIIOT YTBOPIOIOTHCS 1] Yac KaTtaboJii3My pPOCTOBOTO
cyOcTpary.

[HUi momepenHUWKH apoMaTU4YHOI Tpymnu: eputpo3o-4-pochar Ta 5-
dbochopubo3un-1-mpodocdar (momepesHUK TICTHAWHY) YTBOPIOIOTBCS Y
nenro3odocharnomy 1ukiai. Epurpozo-4-bochar 1 docdhoenonmipyBar -
MOTIEPETHUKH (peHITalIaHIHY, TUPO3UHY Ta TpUNTO(DaHY.

AMIHOKHCIJIOTH acTiapTaTHOI POJIMHU (acmapTaT, acraparii, METIOH1H, TPEOHIH,
130JIeHILIMH) YTBOPIOKOTHCS 3 OKcaloalerary, sikui € intepmeaiarom [[TK.

AMIHOKHMCJIOTH TJIyTaMaTHO1 POJWHU (TJIyTaMart, TIyTaMiH, MPOJIiH, apriHiH)
YTBOPIOIOTHCA 3 2-okcoriyTapaty (iHtepmeniaty L[ TK).

['mroko3a 3a yuactio rekcokinazu (K® 2.7.1.1) nepeTBopro€ThCs Ha TITFOKO3Y-
6-docdar, sKa 3a TOMOMOIOK TIIHOK030-6-hochar aeriaporenazu (K® 1.1.1.49)
NepeTBOPIOETHCS Ha 6-hochoriokoHo-0-1akToH. 6-hocdormokonosakToHaza (KD
3.1.1.31) axkTuBye  mepeTBOpeHHS  6-(OCPOTrITIOKOHO-O-IaKTOHY B  6-

dbocdormokonat, skui mijg aiero 6-pocdormokonar aeriaporeHazu (KO 1.1.1.44)
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MEPETBOPIOETHCS B pulynno30-S-gocdar. Pubynozo-5-dhocdar, B cBoro depry 3a
JOTIOMOTOF0 proy030-5-hocdat i3omepaszu (KD 5.3.1.6) ra pubynozo-5-pocdar 3-
enimepazu (K® 5.1.3.1) nmeperBoproeTbcsi B pubo3y-5-docdar ta KCuimyaosy-5-
docdar BiamoBimHo. Pubo3a-5-dochar Ta Kcmmymnosa-S-pochar mig giero
TpaHcketonazu (KO 2.2.1.1) yTBOpiowTs riinepanpaeria-3-gocdar Ta
ceqorentysao3y-7-gocdar, BOHH 3a JIONMOMOTow TpaHcanpaoiazu (KO 2.2.1.2)
MEPETBOPIOIOTECA Ha (PpykT030-6-Pochar Ta eputposzo-4-docdar, ocTaHHS i
niero eputpo30-4-docdar kinazu (dpocdarazu) (KO 2.7.1.210) nepeTBoproeThes B
eputpo3y. KiHIleBOIo peakiii€lo € mepeTBOPEHHs epUTPO3H 3a IOTIOMOTOI0 €PUTPO30

penykrazu (K® 1.1.1.21) B eputpuron (puc. 4.2) [3, 5].
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Puc. 4.2. Cxema OioTpancpopmanii pocTtoBoro cyocrpary y HiJibOBHil
NPOAYKT

YMOBHI N03HAYEHHSI: —» OCHOBHHM HIISX O10CHHTE3Y; - --»aHAIIJICPOTUYHI1
peaxiii;

®epment: 1 — dochormokomyraza (Kd.5.4.2.2); 2 — T1I10K030-6-
docdarizomepaza (Kd.5.3.1.9); 3 — 6-pochodpykrokinaza (Kd.2.7.1.11); 4 —
roko30-0idocharanpuonaza (Kd.4.1.2.13); 5 -  ruinepanbaeria-3-
docdaraerinporenaza (Kd.1.2.1.12); 6 — ¢pocdormineparkinaza (Kd.2.7.2.3): 7 —
dbochormineparmyraza (Kd.5.4.2.11); 8 — enonaza (Kd.4.2.1.11); 9 -
nipyBatkinaza (K®.2.7.1.40); 10 — mipyBarnerigporenasa (K@ 1.2.1.51); 11 —
nutparcudTaza (Kd 2.3.3.1); 12 — akonitarrigparaza (Kd 4.2.1.3); 13 -
13ouutparaerigporenasa (KO 1.1.1.42); 14 — nqurigponinoamimaerigporenasu (K
1.8.1.4); 15 — cykuunin-KoA cunterasa, anbda-cyooaunuis (KO 6.2.1.5); 16 —
CYKIIMHAT/AETIporeHasa, I1uroxpoM b cybomunmis (K®1.3.54); 17 -
dbymapartrigparasza, kiac I (KD 4.2.1.2); 18 — manataeriaporenasa (K 1.1.1.37);
19 — pochoenonmipyBarkapookcunaza (KD 4.1.1.31); 20 — mipyBaTkapOOKcuiIaza
(K® 6.4.1.1); 21 — manataerigporenaza (K® 1.1.1.39); 22 — raroko30-6-pocdar
neriaporenasza (K® 1.1.1.49); 23 — 6-dbocdormokononakronasa (KO 3.1.1.31); 24
— 6-docdormokonar nerigporenaza (Kd 1.1.1.41); 25 — pubozo-5-pochar
13omepaza (KD 5.3.1.6); 26 — pubynozo-5-pocdar 3-emimepaza (KD 5.1.3.1); 27 —
tpaHckeronaza (K® 2.2.1.1); 28 — tpancanpaonaza (KO 2.2.1.2); 29 — eputpo3o-4-
dbochar kinaza (Ppocdaraza) (KO 2.7.1.210); 30 — eputpo3o peaykraza (KD
1.1.1.21).
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PO3A1JI 5
OBIPYHTYBAHHS BUBOPY TEXHOJIOI'TYHOI CXEMHA
BUPOBHULITBA EPUTPUTOJY

5.1. OOrpynryBaHHs ao(depMeHTALIHHUX NpouUeciB Ta BHPOOHHYOIO
OiocuHTE3y

OCKUIbKH ONTUMAJIBHOIO TEMIEPATypor0 JUIsl KYJbTUBYBAHHS aepoOHOro
mramy P. tsukubaensis KN 75 € 34°C, a ontumansHe 3HaueHHs pH 6,0, To
MO>KJIMBUM PU3UK KOHTaMiHaIlli CTOPOHHIMU Me30(DUIbHUMHU Ta HEUTPOPUILHUMU
MiKpoopraHizMamu. Lle 3yMoBIIt0O€ HEOOX1IHICTh 3a0€3MEUEHHS ACENITUYHUX YMOB
111 yac O10CUHTE3Y, YOI0 HEMOKJIUBO JOCSTTH MPU MOBEPXHEBOMY KYJIbTHBYBaHHI.

Jlns 3abe3neueHHs mpoliecy 010CHHTE3y HEOOXi1THOI YMOBOIO € aepallis Ta
nepeminryBanHs. [IIBUAKICTh epeMillyBaHHs peryJtoBalid B Alana3zoHi Big 500 1o
850 00/xB, 1100 MATPUMYBATH KOHIICHTPALIII0 PO3YMHEHOT0 KUCHIO OJn3bK0 30%.
[IBuakicTh aeparlii miaTpUMyBaiu Ha piBHI 1 00/XB.

VY 3B’3Ky 3 BUKJIQJICHUM BUIIE, KyJIbTUBYBaHHS P. tsukubaensis KN 75 nns
010CUHTE3y EPUTPUTY 3MIIHUCHIOIOTH TTTHOMHHUM CTIOCOOOM.

He3Baxatoun Ha cyTTeBI mepeBaru Oe3MEpEepBHOIO KyJIbTUBYBAHHS MeEpen
nepioIMyHuM, O10CHHTE3 €PUTPHUTOIY 3AINCHIOETHCS Y TEPIOAUYHOMY MPOIIECI.
OckisibKHU, JJIS TPUTOTYBAaHHS TIOKUBHOTO cepenoBuia HeoOximHo 381,5 r/x
IJIFOKO3M, a BEJIMKI KOHIIEHTpalli MOXYTh 3alIKOJUTH MIKPOOPTaHi3My, TO
BUKOPUCTOBYIOThH APOOHE MKUBJICHHS.

5.1.1. O0rpyHTyBaHHS €c1O0CO0Y KYJbTHBYBAHHSA Ta TUILY (pepMeHTEpa

1. YV mporieci KynbTUBYBaHHS MPOAYIIEHTa EPUTPUTONY HEOOX1THOIO YMOBOIO
€ aeparlisi Ta KOHTPOJb KOHIICHTpAIlli PO3YMHEHOTO0 KHUCHIO, TOMY (epMeHTep
MOBUHEH OyTH OCHAIIIEHUI aBTOMAaTUYHOIO TI0/1a4€t0 KUCHIO Ta aTIYUKOM pO,.

2. Jlns inTeHcudikaiii MacCOOOMIHHOTO TIPOIECY BHKOPUCTOBYEMO

MePEeMIITYIOUnid MPUCTPIiH 3 vacToToro obepranus 500-850 06/xB.
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3. Hna 3a0e3mneueHHs ontuMaibHOi Temmnepatypu B 34°C  ¢epmeHtep
OCHAIIYETHCS TATYUKOM TEMIIEPATyPH Ta COPOUKOIO.

4. Jlns miaTpUMaHHS CTajoi KOHIEHTpallli Iiroko3u (225 1/71) B mporiect
dbepmenTartii, HeoOXiTHO, MO0 PpepMeHTep OyB OCHAIIEHHI CUCTEMOTO JIOTATKOBOTO
M JKUBJICHHS.

3BakaloyM Ha BUIIE 3a3HaY€H1 YMOBH, TOLIBHO OyJie oOpatu hepMeHTep Bij

komrtanii Biorus (Pocis) [[IpombinieHHbIe dhepMeHTepbl OT KoMmanuu Biorus -

BIORUS (bio-rus.ru)]. /lana kommaHnis BHpOOJIi€ TPOMHCIIOBI OiopeakTopu Ha

3aMOBJICHHS 3 00paHUM 00’ €MOM.

Y ¢depmenTepax maHoro BUpPOOHHMKA € BCl HEOOXITHI IS KyJIbTHBYBAHHS
IpUKIKIB  KOMHNOHEHTH. BoHm ocHameni maraukamu: pOz2 (W11  KOHTPOJIO
KOHIIEHTpAIlil pO3YMHEHOT0 KUCHIO), pH, Temneparypu. Takoxk MaloTh aBTOMATUYHY
nojayy KHUCHIO 4epe3 (GUIbTpU, MOPT Ui BiOOpPY MpoO Ta CHUCTEMY KOHTPOIIIO
TEMIIepaTypHy, a y BEpXHil OOKOBif CTIHIII € CHCTeMa J0JaTKOBOTO ITiKUBJICHHS.
[IIBuakicte obepTanHs B naHoMmy (epmentepi nepembauena mo 1000 06/xB, mio
3aJT0BOJIHHSIE HAIIll BAUMOTH.

Otxe, misg TPOBEACHHS BUPOOHUYOTO OIOCHHTE3y, HEOOXITHO 3aMOBUTHU
BUPOOHUIITBO (hepMeHTEepa Ta MPUTOTyBATH PO3UHH TIIFOKO3H JUIS Mi/HPKUBIICHHS.

5.1.2. O0rpyHTyBaHHsI BUOOPY CTajil MIATOTOBKH aepaniiHOro moBiTps

JUist cMHTE3y €pUTPUTONY 3a IONOMOTOI0 APLKIKIB P. tsukubaensis KN 75
HEOOX1THOIO YMOBOIO € aepailis. ToMy BaKJIMBUM €TarioM MiATOTOBKYA BUPOOHUIITBA
€ CTaJlis MATOTOBKHU aepariitHoro moBiTPA.

CnouaTtky BinOyBaeThcs 3a0ip aTMOC(HEpPHOro MOBITPS 3a JAOMOMOTrOIO
MOBITPO30IpHUKA, Y SKOMY JUIsl TONEPEAHHOTO OYHUIICHHS TOBITPS Bif TpyoOux
YaCTOYOK MUJIY BCTAHOBIIOIOTHh CTIILHUKOBI (PUIBTPH, 1110 3aIIOBHEHHI METaJIEBOIO
CITKOIO YU CKJIOBOJIOKHOM. OOMpaeMo CTUTBHUKOBHUH (PIIBTP 3 APIOHOMOPHUCTOIO
METaJIeBOIO CITKOIO, [0 3/JaTHUH BIIOBIIOBATH YaCTHHKHU PO3MIPOM OUIBINE 2 MKM.

Taki QinbTpU MaKOTh TOBIUH CTPOK CIY>KOM Ta JIETKO OYMIIAIOTHCS.
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Jlns BUpPOOHMYOro OIOCHHTE3y Ta BHPOIIYBaHHS TIOCIBHOTO Marepiairy
MOBITPs HEOOX1THO CTEPUJII3yBaTH B J[Ba €TalH, 3a JOMOMOTOI0 MOMEPEeIHBOI Ta
OCTATOYHOI OYUCTKHU.

Jlna monepeanboi (rpy0oi) 0UMCTKH BUKOPUCTOBYIOTH TOJOBHUN (IIBTP Ha
OCHOB1 BOJIOKHHCTHX MaTepialliB, 110 3abe3nedyye O4YMCTKY MoBiTps Ha 95% 1
BCTAHOBIIIOETHCA Ha FOJIOBHOMY MOBITPSIHOMY KOJIEKTOP1 CTUCHYTOTO aepaiiiiHoro
NOBITPA B (hepMEHTALIIHHOMY 1IEXY.

B romoBuux (HaOuBHUX) iunbTpax AK  (QuUIbTpaliiiHI  MaTepiaiu
BUKOPUCTOBYIOTh: IEPXJIOPBIHUIIOBE, MOTIaKPUIOHITPUIBLHE BOJIOKHO, CKJIOBOJIOKHA
yu OazaibTOBl BOJOKHA [20], CHMHTETMYHI BOJIOKHA (JIaBCaH), aHTUMIKPOOHE
BICKO3HE BOJIOKHO, METaJIOKEpaMivHi MOPUCTI MaTepianu [21] Ta iH.

JHominsHo Oyne oOpatu  QuIbTp 31 CKIOBOJIOKHOM. CTpPYyKTypa martepiany
Taka, 0 y HaMpsSIMKYy PyXy MOBITPS JlaMETP BOJIOKOH 3MEHIIYETHCSA, a IIIJIBHICTD
YIIAKOBKU BOJIOKOH 301IbIIyeThCsS. Taka OyJoBa CKIOBOJIOKHA Ma€ IEpeBary B
NOPIBHSAHHI 3 I1HIIMMU HAOMBHUMHM MareplajJjaMud TaK SK YaCTHUHKU Iy
HAKOIMWYYIOThCS PIBHOMIPHO MO BCIM THuOMHI. 3amobirarouud mnepeardacHOMY
3a0pyHEHHIO MOBEPXHI (QUIBTPYIOUOro Marepiaiy 3 OOKy BXOAYy MOBITPS 1, SIK
HACJIZIOK, 30UIBIIYE MHJIO-EMKICTh 1 TEPMIH BUKOPHUCTAHHS camoro ¢iibTpa, a
TaKOX BIH MiJJIsiTae pererepartii [22].

JIJ1st 0CTaTO4YHOI OUMCTKU BUKOPUCTOBYIOTh 1HAMBIIyallbH1 (PIIIBTPU CTYIIHb
OYHUCTKH TOBITpA AKX 99,99 %, 110 BCTAHOBIIOIOTH O€3MOCEPEAHBO TEpe.
bhepMeHTEPOM.

JI1s TOHKOTO OYMIIEHHS 3aCTOCOBYIOTh 0a3alibTOBI BOJIOKHA, CUHTETHUYHI
BOJIOKHA, KapTOH, PTopormact, Tomuo [21]. JomiasHo Oyne oOpaTu iHAMBIAYyaIbHI
bineTpu 115 raziB BIO-X 11, siki mpencTapisitoTh COO0I0 KapTpUIKi 3 HEPIKABIIOUOT
CTaJTi, HAamOBHEH1 T1PO(POOHUM CEPEeIOBHUIIEM 13 BOJIOKOH OOPOCHIIIKATHOTO CKJIA.
®D1inbTpH TAKOTO TUITY Ta KOHCTPYKIIT 3AaTHI 3aTPUMYyBaTH 4YaCTUHKH po3MipoM 0,01
MKM 1 MalwTh TIJBHIICHY CTIHKICTh 10 TeMIeparypa, a TOMY MOXYTh

cTepuii3yBaTHcs mapom [23] .
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J17is miArOTOBKY MOBITPS B 1abopartopii Ta O0Kcax, A€ MPalioTh 3 OCIBHUM
MaTepiajgoM Ta IHOKYJISITOM, BCTAHOBITIOIOTE Y D-JTaMITH.

5.1.3. Bubip muiinux Ta ae3indikywuunx 3acodiB

Oorpynmyeannsn euodopy murouux 3acoois 0141 00pooI06aAHUX 00 EKMIEG

1) Mg mutts pepMentepiB, peaktopiB 3MmimryBadiB Ta YBC npornonyo
obpatu ne3iHdexuiHui 3aci6 «JlekaHaap», MIIOYMMH PEUYOBHUHAMHU SIKOTO €
mIyTapoBuil ampaerin y mexax 18,0-22,0 % Ta ankimguMeTHinOeH3UIaMOHIyM
ximopun y Mmexax 8,0-12,0 %. [lanmii 3aci® MoXKHa BHKOPHCTOBYBATH JIJIs
JOCTEpUITI3aliitHOT OUuCTKU 00naaHaHHg. PoOoui po3unnu «JlekaHTanby MaroTh
MUIHI BJIACTUBOCTI, HE BHUKJIMKAE KOpPO3ll MeTaniB, He (iKCye oOpraHiyHi
3a0py/IHEHHS Ha MOBEPXHAX 00’ €KTIB, 0OpE 3MUBAETHCS Ta HE 3aJUIIAE HATBOTY.
CrnekTp aHTUMIKpOOHOI J1i 3aco0y Ay»e€ IIMPOKHUi, BIH MPOSBIsSE OaKTEpULUAHI,
BIpYJIIHIHI, QYHTIIUAHUMEU Ta CIIOPOLIM/IHI BIIACTUBOCTI.

Konmentpariis ~ pobounx  po34yMHIB  Ta  Yac  €KCHO3WINI: I
npeactepuiizaiiitnoro ounmieHus — 0,5% -30x8; 1% -15 xB [24].

2) Jns MUTTS TiUIOTH, CTiH, OOJIaJHAHHS, BEHTWJIALII MOXKHa oOpaTu
«bioHom» - 3aci® ae3uH(IKYHOUMid 3 MHUHHUMH BJIACTUBOCTAMHU. SKuit
BUKOPUCTOBYETHCS JUIsl TIEPEACTEPUITIZAINHOTO OYUIIEHHS, OYHUIICHHS CUJIIBHO
3a0pyaHEHUX IIIJJIOT B II€XaX, OYHUIIEHHS Pi3HOTO TEXHOJOTIYHOIO OOJagHAHHS 3
AHTUKOPO31MHUX MaTepialiiB, a TAKOXK JUIsl MUTTS BeHTUJIALIIL. [[i'04010 pe4OBHHOIO
3aco0y € ankiaoeH3ocynb(hoHaT Hatpiro y Mexax 4,5-10,0%. «bioHom» BUSBIISE
3MOYYBaJIbH1, MUIHI, €MYJIbI'YIOUH BJIACTHBOCTI, MOBHICTIO PO3YMHSETHCSA Y BO/II,
no0pe MIHUTBCA Yy Tapsyiid Ta XOJIOAHIN BOJ1, YTBOPIOE CTIHKY CTaOUIbHY IiHY.
EdextuBHo mpamroe npu Hu3bkux KouieHtpaiisx (0,5-2%) y Bomi Oyap sKOi
YKOPCTKOCTI HaBITh 32 BIJICYTHOCTI rapsi4oi BoAu. BUKOPUCTOBYIOTH 3aci0 3rifHO 3
MB MO3 Vkpaiaun No206-2013 Big 12.04.2013. 30epiraHHsi HEBUKOPHUCTAHOTO
po0OOYOTro PO3UMHY JOMYCKAETHCS IpoTarom 14 mib [25].

3) Jlns MUTTS BIKOH, CTIH, IIIJJOTH, OOJaJHAHHS MOXHA TaKOX
3aCTOCOBYBATH 3aci0 MUIHHMI JTy>)KHUH TIHHUN 3 1e3iH(]ikyrounM edekToM Ha

ocHOBl akTuBHOrO xjopy «DISOVER SA4y. [liro4or0 peyOBHUHOIO SKOTO €
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rinoxyuoput HaTpito — 7%. KomGiHoBaHa st TyTiB Ta aKTUBHOTO XJIOPY 00YMOBIIIOE
aKTUBHE BHJIAJICHHS 3a0pyAHEHb. 3aCTOCOBYETHCS ISl OYHUIICHHS Ta Je31H(eKIi
CHUJIBLHO 3a0pyJHEHUX TIOBEPXOHb OOJaJHAHHS, CTiH, CTE€lb, MiJUIOTH, BIKOH,
JIOTTYCKAETHCSI BUKOPUCTAHHS B SKOCTI MPOQITAKTUIHOTO OYUIIICHHS BOJIOCTOKIB.

Konrmentpar po3BoasiTh 3 BOJIOK y criBBigHOIIEHHI 1:2-1:50 B 3anexHOCTI
B/l CTYIIE€HI 3a0pyIHEHHS, TeMrepaTrypa podouoro pozuuny 5-50°C, yac ekcro3uiii
20-30 xB; HE AO3BOJSAIOTH BUCUXAHHS PO3UMHY, MICJS aKTHUBAllli 3MUBAIOTh BOJIOIO,
AKa MA€ XapaKTEepPUCTUKU MUTHOI [26].

4)  Jlmg MUTTS TPUMINICHb, OOJIaJHAHHS Ta 1HBEHTApI0 TaKOXX MOXKHA
BukopuctoByBatu  «lIpoCaniTExcr». [lirounmMu  pedoBuHamMu  3acol0y  €:
aNKUTIUMeTHIIaMoHIN xiopua - 0,5%, nunenunauMetmiamoniit xmopua — 0,4%,
N,No6ic (3 —aminonpormmi) poxaemwiamin — 0,5%. Mae BucokoeheKkTUBHI
BIpYNIIHMIHI, OaKkTepuIuAHl, (QYHTIIUIHI Ta  CIOPOLMJHI  BIACTUBOCTI.
BukopucTOBYIOTH JIJ1s1 BC1X BUJIIB BOJIOTOTO MPUOUPAHHS Y TEINIOMY 200 XOJIOAHOMY
CTaHl, [OBEPXHEBO-aKTUBHI PEUYOBUHU 3 TOMIPHUM MIHOYTBOPEHHSAM
3a0€3MeuyloTh PETENIbHE 3MOYYBaHHS MOBEPXOHb AE31H(PIKYIOUUMU PEYOBUHAMU
pPO3YMHY Ta JI03BOJISIE OJHAKOBO JIETKO OOpOOJISITH SIK TOPU3OHTANbHI, TaK 1
BEepTUKAJIbHI TIOBepxHi. [licis BUCMXaHHS He MOTpedye BUAaleHHS. MoxinBa
00poOKa MOBEPXOHb OMPHUCKYBAYEM.

3aCTOCOBY€EThCS Y BUTJISAI1 BOAHOTO po3unHy Big 0,5 1o 2,5%. Jlns oOpobku
noBepxons (Ha 1 M?) moctathbo 0,1 1 1% posuuny [27].

[TopiBHSBILIM BHILE 3a3HAYEHI MHUIHI 3aCO0M MPOMOHYIO OOpaTH AJII MUTTS
dbepMeHTepIB, PEaKTOPIB-3MIITyBayiB Ta €MHOCTeH aAe3iHdeKIiiHuil 3aci0
«JlekaHanb», SKMM Ma€ TPU3HAYCHHS caMe JUIS MPEICTePUIII3aIliiHOrO MHTTS
oO0J1aTHAHHS.

JIJist MUTTSI TIOBEpXOHB, OOJIaIHAHHS, MIJJIOTH Ta CTIH MPOIMOHYI O0paTu
cepel JaHUX NPEACTAaBHHKIB 3aci0 Ae3iHGEKIIHHMA 3 MHHHOI 3JaTHICTIO
«IIpoCanitEkcmy», SKui NMIAXOAUTH JJIs YCIX THUIIB MaTepialiB MOBEPXOHb Ta HE

notpedye 3MUBAHHS.
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Oorpynmyeanna eubopy o0e3inghikyrouozo 3acody ona o06poodareanux
00°cxkmig

Jlns Toro, mo0 HE BUHHUKIM JE3pE3UCTEHTHI (OpPMHU MIKPOOPTaHI3MiB
MIPOTIOHYI0 00paTH JiBa Je31H(DIKYIOUMX PO3UHUHH, MO0 X MEPIOUIHO 3aMIHIOBATH
OJIVH Ha 1HIINHA.

[Tepmuii ne3indikyrouuit 3aci0, sIKUM s MporoHyo obpatu — «biomarmes».
JlitounMu pedoBHUHAMH JAHOTO 3ac00y €: 1ol (TeKCaMEeTHIICHTYaH1T) T1IpOXJIOPHUT
— 1,8%; ankin C12-18 aumernnOensmiamoniit xmopua — 9,0%. Pobodi pozunnm
3aco0y MaroTh rapHi MUIOU1, 1€30J0pYIOUl, 3MOUYBaJIbHI, EMYJIBI'YIOU1 BJIACTUBOCTI,
yCYBalOTh HENPHEMHI 3amaxyd, HE MOIIKOIKYIOTh BUPOOM Ta TIOBEPXHI 3
PI3HOMAHITHUX MartepiajiiB, JA00pe 3MHUBAIOTHCA 3 MOBEPXOHb, HE YTBOPIOIOTH
HaJIbOTY 1 IJISIM, HE (DIKCYIOTh OpraHiyHl 3a0py/IHEHHS, MAIOTh IPOJOHTOBaHY JiIO0.
3aci0 € He TOKCHYHUM, HE TOPIOYMM, BUOYXO- 1 MOXKEKOOE3MEeUYHUM, HE MICTUTH
OKHCJIIOBAYiB, I00pe PO3YMHHUHN y BOJI1, €KOJIOTTYHO OE3MEeYHUM, HE TPOBOKYE 1 HE
MOCWJIIOE BHUJUICHHS JIETKUX XIMIYHHUX PEYOBHMH 13 MOBEPXOHb Ta BHUPOOIB, IIO
nianarTecss o0podmi. Cepen HEMOJIKIB - HE CYMICHICTb 3 MHUJIAMH Ta
aHioHakTHBHUMU [TAP.

«biomarges»  BUKOPUCTOBYIOTH Ui AesiHdekiii  oOnagHaHHS — Ta
PI3HOMaHITHUX TTOBEPXOHB MPUMIIICHb. BUABIISE MIUPOKUI CIEKTP aHTUMIKPOOHOT
J1i: Mae OaKTEpUITUAH1, TYOCPKYIOIUIH1, CIOPOLIM/IHI, BIpYIiIUIHI, QYHTIHUIHI Ta
OBOIIM/IHI 1 JJAPBIITUAH] BIACTHBOCTI

Po6oui po3urHM BiAMOBIAHOT KOHIIEHTpPAIlli TOTYIOTh BIJMOBIIHO A0 TaOIHIIL,
Hanpukiaa, ;s 10 1 0,5% po3zunny HeoOximHO 50 MJI KOHIIEHTpATy (KOHILIEHTpAT
PO3YHMHSIOTH Y XOJOIHINA a00 TeruIii BoAl), yac ekcrosuinii 5 xB. Hopma Butpatu
poszuuny 50-100 Mi/M?, TepMiH IPUAATHOCTI PoGOUOro po3unny — 21 noba [28].

Hpyruii ne3indikyrounii 3aci0, KUl s MPONoHyt0 o0patu — «JlaHokcuHY.
JlitounMu pedoBHMHAMHU JAHOTO 3aco0y €: mepkapOoHar Hatpiro — 16,5%,
noui(rekcametuiienoiryanin)riapoxiopus — 0,45%. Poboui po3umHu He MaroTh
OKHUCITIOBAJILHUX BJIACTHUBOCTHM, MArOTh TapHI 3MOUYYBaJbHI, OUYHUIIAIOYl, MUIHI,

EeMYJIBIYIOU1, 3HEXKUPIOIOY1 Ta J€30/I0PYI0Ul BIACTUBOCTI, HU3bKE MIHOYTBOPEHHS,
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He (IKCYIOTh OpraHiuHi 3a0pyqHEeHHs, e(peKTHBHI Ais BUIAJIEHHS OIOIJIIBOK,
BUJAISIOTh OpPTraHiuHI Ta HEOpraHiuHi 3a0pynHeHHs, J00pe 3MHBAIOThCS, HE
3aJIMIIAIOTh HANBOTY 1 TUISIM, HE YIIKOJKYIOTh MaTepiajii MOBEPXOHb, YCYBAIOTh
HEIMPUEMHI 3amaxy, € He TOKCHYHUM 1 IOBHICTIO Olomerpanye. Hemomiku 3aco0y: He
NPUIATHUN SIS IHCTPYMEHTIB 3 JIATYHI, MiJll, @ TAKOK XpOMOAHUM Ta HIKEIhOBAHUX
IHCTPYMEHTIB 3 MEXaHIYHUMHU TOIIKO/HKECHHSAMH; HOTO PO3UYMHHM HE CYMICHI 3
anioHoaktuBHUMHU [IAP; ciig yHuUKaTH 3MIITyBaHHS 3 albJICTIAYTPUMYIOUHUMH
CIIOJTyKaMHU.

«/laHOKCHH» BUKOPHCTOBYIOTH JJII MOTOYHOI Ta 3aKIIOYHOI Ae31H(exuli
NOBEPXOHb Ta 00JIafHAHHA. BUSABIS€ MMPOKUI CHOEKTP aHTUMIKPOOHOI Aii: Mae
OaKTepUIMIHI, TYOEPKYJIONUIAHI, CHOPOIUAHI, BIPYTIUUIHI, (QYHTIIUAHI Ta
OBOITUHI1 1 JJApBILIU/IHI BIACTUBOCTI.

Po6oui po3unnn ne3iHdexiiiHoro 3acoly «JlaHOKCHH» TOTYIOTh MIJISIXOM
PO3YMHEHHSI HEOOX1THOI KIIBKOCTI 3aco0y y Boai mpu Temmepatypi 18-40°C
npoTaroM 15 XB, JUIsl TPUIIBHANICHHS PO3YMHEHHS IMOPOIIKY, PO3YMH JIEKIIbKa
pa3iB MePeMIlTyOTh. Y TOTOBOMY PO3YHHI MOKE 3aJTUIIUTUCS HEBEJIMKA KIJIBKICTh
HEPO3YMHHOI'O OCajy, SIKWA HE 3HUXKY HOro akTUBHOCTI, a € Oydepom, IO
3a0e3nedye Moro cTabiIbHICTh MPOTITroM 36 ToJ1 3 MOMEHTY MPUTOTYBAHHSI

Jisi  mpurotyBaHHsS ~poOOYMX  PO3YMHIB  BIAMOBIAHOI  KOHIIEHTpAIi
KOPHUCTYIOThCSl Tabnuuero, Hanpukian, aias Sin 0,5% po3unHy HeoOXxinHo 25 T
KOHLIEHTPATY, 4ac ekcrosuwii 5 x8. Hopma Butpatu posuuny 50-100 mu/m? [29].

VY3aranpHeH1 gaH1 moTpedu y ae33acobax HaBeaeHi y Taomuii S.1.
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Tabnuys 5.1
Opi€eHTOBHMI PO3PaXyHOK NOTPeOU B MUIHUX Ta Ae3iH(eKuiiHuX 32c00iB 11 e3iHdeKuii IOBepXoHb y

NPUMillIeHHAX, 00JIaTHAHHS, TOLLO

HH.O 1ia, o Jesindikyrounii 3acio )
miIsrae (i) Kpartnicts 06po6ok [ToTpebu y ne3zacobax, i (Kr)
nesindexii, M
& > Ha oany 06po0Ky
s | OO S2 | 23 sEv| E2e | & F| 2| zE| T8 §|
o o a, E = O = & S} 3} =y = S =z ) .
SRS & = Ha3ga T I E B o — =¢ =] S = T 3 3=
© O ) L \Q K < & = < E o] =2 aa = <
E = =9 » S 2 < T 85 5| &5 & T
= s 3 zed| A% | = = = = 3 =
= B = & S £ & &2 e g = S gl T
= s ~ =% =8| £E
Muiika
1 q)epMeHTgplB, 3 1,389 i Texanas 0.5 100 w1 i 6 7 159,345 i 43%5 526 138,5
peakTopis- M M M M
3minryBayis, YbC
Muiika
2 MPAMITICHIT, 450 264 | HpoCanitExcn 1 100 M1 3| 82 | 990 | 450mn | 450 M | 12,37 | 148,5
oOJIagHaHHS Ta
1HBEHTapIO
Je3indexiis
3 Oba/HARHS, 264 264 Bionarzes 0.5 100Mn | 3 | 82 | 990 | 225wmm | 225mn | 6,19 | 7425
MOBEPXOHb Ta
1HBEHTapIO
Je3indexiis
4 Sgg:é‘f::ﬁa 264 264 JlaHoKCHH 0,5 100mr | 3 | 82 | 990 | 225mn | 225mn | 6,19 | 7425
IHBEHTapIO
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5.1.4. Oco6aMBOCTI MIATOTOBKH TAa CTEPHJIi3allil MOKMBHOI0 Cepel10BHUILA

Jl5is BUpOOHNYOTO O610CUHTE3y BUKOPUCTOBYETHCS CEPEIOBHUIIE HACTYITHOTO
ckiany (r/1):

° I'1roK03a — 60;

o Kykypynzsine 6opormso — 15,75;

o MnSO4x4H,0 - 0,01;

o CuSO4x5H,0 - 2.

Bupobuuunii GiocMHTE3 3AiMCHIOETBCS Y (epmenTepi 0o6’emom 12 M 3
koedimienToM 3anoBHeHHs 0,65. ITiaroToBKa MOCIBHOrO Marepiany BiiOyBaeTbCs y
gotpu erany ( B Koabax Ha KadalKkax, y HOCIBHMX amaparax 06’emom 1 m3, 100 1
ta 10 x).

Crepuiizallilo  CepeloBUINa JJii BHUPOIIYBAaHHS IOCIBHOTO Marepiajly B
K0JI0axX Ha Kayajkax, 3 MOMEPEIHIM MO1JIOM Ha KOMIIO3UIIii, Oy/1eMO 3/11HCHIOBATH
B aBTOKJAaBl, OCKUIbKH Horo 00’em HeBenukuil (0,4 1); nns BUPOLIYBaHHS B
IHOKYJISITOpPl 1 TOCIBHUX armaparax IOXHBHE cepefoBuine Oyae MOAUICHO Ha
KOMITO3MINI Ta 3MIMCHEHa CTepuWiii3allisi y peakTopax-3MmilryBayax ado
OesnocepeHbO y CcaMUX arnaparax; Uil BUPOOHUYOro OIOCMHTE3Y IOXKHUBHE
CEpEeIOBUIIE MTOTIEPETHBHO FOTYIOTh Y pEaKTOP1-3MilllyBayl Ta MepeKadyoTh HACOCOM
Ha ctepumzanito 10 YbC-5.

Jist Toro, mo0 BU3HAYMTH CIOCIO MPUTOTYBAHHS JEIKMX KOMIIOHEHTIB
(MIKpOEJIEMEHTH) Ta BH3HAUUTHCS 3 HEOOXIAHUMHU Ji1 I[bOTO KOJOaMH 4YHu
30IpHHKaMH, PO3PAXYEMO KUIBKICTh TaKHMX KOMIIOHEHTIB, HEOOXIIHY st

MPUTOTYBAHHS CEPEOBUINA HA KOXKHY 3 YOTUPHOX CTafiil BUpOOHUITBA (mab.. 5.2).
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Tabnuys 5.2

Po3paxyHok BMicTy MiKpoe/ieMeHTIiB B Pi3HUX 00’€Max MOKUBHOTO

cepe0BHINA
O06’em cepenoBuIa, Ji Bwmict MikpoeneMeHTiB
MnSO4x4H,0 CuS0O4x5H,0
0.4 4 mr 0,81
4 40 mr 81
40,4 0,40 80,8 T
400 4r 800
4300 431 8,6 KT

Jani, HaBeseH1 y Ta0a. 5.2, cBiAYaTh, WO JJIA NEepIoi cTafll (BUPOILYBaHHS
IHOKYJIATY B K0J0ax 1 mociBHOMY amapari 00’emoM 10 1) HEOOX1AHO rOTyBaTH
3allaCHUM PO3YMH MIKPOEJIEMEHTIB, i1 PpElTH — MIKPOECJIEMEHTH MOXKHA
0e31mocepeIHbO BHOCUTH Y KOMITO3HIII1.

Hwxye HaBeneHO 0COOJMBOCTI MPUTOTYBAHHS 1 CTEPHIIIZAIli CepeOBHINA
JUTSI BUPOLTYBaHHS 1HOKYJSTY (4 cTajii) 1 BUpoOHUYOTO O10CUHTE3Y.

Ocoonueocmi niocomoeku i cmepunizauyii ROHCUGHO20 cepedosunla 0
00€pPHCAHHA THOKYTIANMY 8 KON0aX Ha Ka4aliKax

[IpoananizyBaBImM CKJIaJ TOXKMBHOTO CEpPEAOBHINA JJisi BUPOLLYyBaHHS P.
tsukubaensis KN 75, yMOBHO IIIUMO HOTO Ha TakKl KOMIO3MUINI (3aJ€KHO BIJ
peXUMy cTepuTi3allii):

Kommnosuiiss A: rioko3a, KyKypya3siHe OOpoUIHO (peXUM CTepHIIi3ali:
112°C, 30 xB).

Kykypynzsine 00poniHo nonepeaHbo CyCleHIyI0Th B XOJI0/IHIM BOJII B KOJIO1
Ha 750 M1, a TOTIM MOCTYIOBO HarpiBaroTh A0 Temneparypu 70-90°C, Ha BoasHIN
OaHi, 1 BUTPUMYIOTh mpu i Temneparypi npotsrom 20-30 xB. Ilicns 1mporo 1o
OJIEpKaHOI CyCIeH31i J0Aal0Th IITI0KO3Y Ta CTEPHIII3YIOTh B aBTOKJIABI.

OxkpemMO TOTYIOTHh 3amacHui po3uuH MikpoeneMeHTiB (MnSO4x4H,0,

CuS04x5H,0) 06’emom 100 mu (3 po3paxyHKy Ha BUKOPHCTAHHS B JABOX CTaisfX
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HiATOTOBKM MOCIBHOTO Matepiany). Po3umH MIKpOEIeMEHTIB CTEpUii3ylOTh B
aBTokusasi mpu 131°C npoTtsirom 40 xB.

Ocobnusocmi niozomoeku i cmepuiizayii NOMHCUBHO20 cepedosuuia 0.
GUPOUWLYBAHHA THOKYIAMY 8 MATOMY IHOKYIAMOPL

Crepuimizaiiiss 4 J1 MOXHUBHOTO CEpeAOBHUINA, HEOOXIMHOI Jisa Ii€l cTaii,
3IHCHIOETBCA B iHOKYJsATOpi 00°eMoM 0,01 M3, TOMy MM OTPUMYEMO HACTYITHHI
MIOJILJT TIOKUBHOTO CEPEIOBUIIA HA KOMIIO3HIII:

Kommo3suiisi A: riroko3a, KyKypya3siHe OOpouIHO (peXUM CTepHIIi3alli:
112°C, 30 xB).

Kykypynzsitne OOpOIIHO CYCHEHAYEThCS Ta 3aBaprOeTbCsl Yy PeaKkTopi-
3MilllyBayl, 1ajii TyJlu BHOCUTHCS TIIFOK03a, CYMIIIl IEPEMIIITYETHCS 1 TEPEeKAUy€EThCS
HAaCOCOM B 1HOKYJIATOP JUJISl CTEpUJII3aLlii.

Ocoonueocmi ni02omoeku i cmepunizayii ROHCUGHO20 cepedosunla 0.1
SUPOULYBAHHA IHOK)YJIANLY 8 NOCIBHUX anapamax

Crepumizaitist 40,4 1 ta 400 1 MOKUBHOTO CEpeAOBUIIA, HEOOX1THOT JIA i€l
craii, 3iiicHIOEThCS Y mociBHUX amapaTax 06’emom 0,1 M1 1 M® Binnosinno, mo
noTpedye nmepeckaaanHs KOMITO3UIliT TOKUBHOTO CEpEIOBHUIIA.

Kommo3suiiss A: riiroko3a, KyKypya3siHe OOpoITHO (pEeXHUM CTepHIIi3alli:
112°C, 30 xB).

Komnozumis b: MnSO4x4H,0, CuSO4x5H,0 (pexum crepumizarii: 131°C,
40 xB).

Kykypynzsitne OOpOIIHO CYCHEHAYEThCS Ta 3aBapIOETHCS Yy PeaKTopi-
3MIITyBayi, 1aJii Ty BHOCUTHCS TJII0K03a CyMIlll IEPEMIIITYETHCS, 1 IEPEKAUYEThCS
HACOCOM B TIOCIBHUH amapar JJis CTepuiizariii (s mociBHOro anapary oo’emom 0,1
M) Ta crepuimisyerhes GE3MOCEPENHBO B peakTopi-3MmimtyBadi (Uit IOCIBHOTO
amapary 06’emMom 1 m?).

Kowmmosutist b roryeTses 1 crepumizyerbes y Kosibax (111 TOCIBHOTO arapaTy
06’emom 0,1 M’) Ta y peakropi-3MilmmyBaui 3 IOZANBLIOK CTEPUITI3ALICIO Y

IOCIBHOMY amnapari (171 ociBHoro amapary 06’ emom 1 m°).
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Ocoonueocmi niozomoeku i cmepunizayii ROHCUBHO20 cepedosua 0
eUPOOHUY020 OioCuHme3y

J171s1 BUpOOHUYOTO 610CHMHTE3Y HEOOX1THO MPUTOTYBATH Ta MPOCTEPUITI3yBaTH
4 M cepenopuina. 1[06 MBUAKO JOCATHYTH CTEPUIBHOCTI, 3MEHIINTH BUTPATH
BOJY Ta Mapy, MOTPIOHUX JIA CTEpHii3aimii 1 He JOMYCTUTH ICTOTHUX 3MIH Ta
JECTPYKI[iT KOMIIOHEHTIB MOKMBHOTO CEPEIOBUILA JOIIbHIIIE BUKOPUCTAHHS
6e3nepepBHOTO crocody crepmiizarii B YBC-5.

B 30ipHuK, mo 3Haxoautbesa nepen YBC, momaeMo GOpOIIHO Ta XOJIOAHY
BOAY, IEPEMIILIYEMO Ta 3aBaPIOEMO OOPOIIHO MOCTYHOBO MIAHIMAIOUU TEMIIEPATYPY
10 80°C.

[licns 3aBaproBaHHS JOJAa€MO 1HIII KOMIIOHEHTH CEpPEIOBHUIA: BOJY,
roko3y, MnSO4x4H,0 ta CuSO4x5H,0, nepeminryeMo Ta HACOCOM MEPEKAYYyEMO
y TOIepeaHBO MPOCTEPHITI30BAHUM Pa3oM 13 BCi€r ycTaHOBKOIO 30ipHUK YBC Ta
npoBoguMo ctepuitizamito mpu 131°C. TpuBaiicTh MOBHOTO HUKIY CTEpHUIII3AIli
BCbOIO O0’€My TOXXHMBHOTO CEpPEAOBMINA JJii BUPOOHMYOI CTEpHIII3allii
(po3paxoBanmii yac pobotn YBC) ctanoButume 51,6 XB.

5.1.5. Oco0siuBOCTI MIATOTOBKM Ta CTEPHJIi3alii PO3YMHY IVIIOKO3H JIS
MiKUBJICHHS

Takox, y xoai BUpOOHWYOro OlOCHMHTE3Y, IS TOro, 100 3abe3meyuTu
MaKCUMaJIbHUI pIBEHb 010CUHTE3Y epUTPUTONY (245 r/11) HEOOX1IHO MIATPUMYBATH
KOHIICHTpAIi0 TJTFOKO3H Ha PiBHI 225 1/171.

Po3paxynox Kinokocmi nopuiii nioxcuenenns

VY BUrISA1 MITKUBIIOBAIIBHOTO PO3YMHY B CEPEAOBHILE HEOOX1THO BHECTH Y
mpolieci KyJIbTUBYBAaHHS MPOAYIIeHTa eputputony 321,5 /i1 rimoko3u. TpuBaiicTh
KyJIbTUBYBAaHHS CTaHOBUTH 85 roxa. IlpuitMmeMo, 10 MiTKUBICHHS IOMAETHCT Y
cepenoBuiie kKoxkHi 12 rox. Toml KITBKICTh MOPINN MiIKUBICHHS CTAHOBHTH
(85—12) / 12 = 6. OTxe, 3 KOKHOIO MOPIIEIO MIHKUBICHHS Y CEPEIOBHIIE TOBUHHO
BHOCUTHCH 321,5 / 6 = 53,6 I/J1 IIIIOKO3H.

Po3paxynok 00°’emy po3uuny 011 nioxcue1eHHA

Kinnesa xonuentpanis mkepena pyriemio Cy, = 225 r/n (xr/m?);
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[TouaTkoBa KOHLEHTpaLis mkepena Byriaento Cy, = 60 r/im (xr/m?);

Konuenrpanis po3unny mimpxusinenas Cy = 321,5 r/m (xkr/m3);

KinpKicTh eTariB mipKUBIEHHS h = 6.

CroyaTky HEOOXIIHO poO3paxyBaTH IMOYAaTKOBUN 00’€M KyJIbTypaJbHOI
PIIMHU 1 PO3UMHY ITIJKUBJICHHS (32 MPaBUIIOM XPeCTa):

321,5 96,5 — 3,86 4acTUH — MOYaTKOBE MOKUBHE CEPEAOBUIILIE.

225

60 165 — 6,6 9acTHH — PO3YHH ITIIPKUBJICHHS.

(321,5-225=96,5; 225-60=165)

CriBBIJTHOIIEHHS] TOYAaTKOBOTO 00’ €My KyJIbTYpPaldbHOI PIAMHU 10 POIUUHY
MKUBIIEHHS 3,86:6,6.

| yacTHA KyJIbTYypajabHOI PIIUHU CTAHOBUTH: Vpos/ (IOY.IL.C + PO3-H MITK.)
=4700/(3,86+6,6) = 4493 1, e Vpos = 4,7 M> = 4700 1.

06’ eM PO3YUHY MiKUBIEHHS Vi cyn. = 6,6:449.3 = 2965,4 11 =2,96 m°.

ITouaTkoBuii 00’€M KyJIbTypaiabHOI PIIUHU Vi = 3,86:449,3 = 17343 n =
1,734 m°.

Tenep pozpaxyemo 00’ €M po34rHY TiIKUBICHHS Ta Macy JKEpesia BYTJICIO
Ha OJIHOPA30Be 11 KUBIICHHS:

Vi = Vieeyn. / 1 =2965,4/6 = 4942 1= 0,494 v°.

My = Vi - Cx=0,494 - 321,5 = 158,8 k.

[TpoBoarMO nepeBipKy PO3paxyHKY 3a CyMapHOIO KIHIIEBOIO Macolo pKepena
BYTJICIIIO:

My = Vpos * Cc=4,7-225 =1057,5 k.

M= Viip. - Cat n - Ve Cc=1,734-60+ 6- 0,494-321,5=104,04 + 952,926=
1056,966 ~ 1057 xr.

OTxe, TEXHOJOTIYHA CXEeMa OKpIM CTaaiil MIATOTOBKH TOXXHUBHOTO
CepeoBUIIA, BKIIIOYAE TaKy J0JIATKOBY CTaJII0, IK IPUTOTYBAHHS Ta CTEPHUITI3allisl
PO3UMHY MIKPOEJIEMEHTIB /i1 BUPOIIYBaHHS MOCIBHOIO MaTepiajay B KoJi0ax Ha
Kayajkax Ta iHoKyssTopi 06 emom 0,01 M3,

Kpim Toro, HeoOXiIHO TIepe0aunTH:
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- peakTop-3MillyBay JJig TNPUTOTYBAHHS 1 CTEpPWII3Allil PO3YUHY IS
M1 KUBIIEHHS,

- peaxkTop-3MillyBay JjIs MpUroTyBaHHs kommo3uiii A: 5 i1, 50 1 ta 500 ;

- peaxTop-3MilIyBay AJisl IPUrOoTyBaHHS Komno3uiii b: 15 1.

5.2. O0rpyHTYBaHHS CTaAiil BUIIJICHHS | OUMIIEHHS HLIbOBOI0 NMPOAYKTY

KynbrypansHa pignHa MICTUTh, SK IUTBOBUN MPOJYKT — €PUTPHUTON, TakK 1
3JTUIITKA TIOKUBHOTO CEPEIOBUIIA, IPOAYKTH METa00III3My Ta APIKIHKOBY OioMacy.
BunisieHHs 1 O4MIIEHHS HUTHOBOTO MPOIYKTY BKIIIOUAE TaKi CTaIl:

1. Bigninenns 6iomacu

2. lonooOminHa xpomarorpadiss Ta OYMILNEHHS 1 3HEOApBIEHHS Ha

KOJIOHIII 3 aKTUBOBAaHUM BYT1JIJISIM

3. KoHileHTpyBaHHS Ta KpUCTaIi3allis
4. BinokpemiieHHsI KpUCTaJIiB €PUTPUTOTY
5. Cymuriaas

Buoip cnocooy eiooinenns diomacu

Ha nmanomy erami BigOyBaeTbcs BiIAUICHHS (IIBTpATy Bif APLKIKOBUX
KIITAH. s po3aineHHs piakoi Ta TBepAoi (a3 BHUKOPUCTOBYIOTH METOIHU
neHTpudyryBanus Ta cenapyBanHs. B marenti [17] mponoHyrOTs BUKOPUCTAHHS
HEHTpU(DYTYBaHHS, SKE MOBTOPIOETHCS TPU pa3u, 3 BUKOPHUCTAHHS LEHTpUyTU
tuny ge Jlaamsa. Jlanmi uedrpudyru MaoTh NpOAyKTUBHICTH 4-20 M>/rong Ta
3aTpuMytoTh 70-95% KITiTHH, 110 33/T0BOJIbHSIE BUMOT'aM BUPOOHUIITBA EPUTPUTOIY,
ane Juisl TOCSATHEHHS Takoi e(eKTUBHOCTI HEOOXITHO, 10 0OpOOIIIOBAHOTO OCaTy
J0aBaTU BUCOKOMOJICKYIISIpHI momienekTpotit [30].

IlenTpudyryBanHs Ma€ OCHOBHY I€peBary B MOPiBHSIHHI 3 IHITUMH METOIAMH
pO3aieHHsT — 30UIbLIEHHS €(QEeKTUBHOCTI Ta MPOJYKTUBHOCTI PO3AIICHHS,
MO>KJIMBICTh BHUJIAJICHHSI YaCTUHOK po3Mmipom a0 0,01 mxMm. [[o HemomikiB JaHOTO
IpoLEeCy MOXXKHA BIIHECTH: CKJIQJHICTh KOHCTPYKIIi Ta eKcCIuTyartallii, BHCOKa
BapTICTh Ta EHEPTOEMHICTh, HArPiBaHHS MIKPOOPTraHi3MiB, CKJIaIHICTh FrepMeTH3aIlli

Ta acentuku [21].
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3a CBO€IO CYTTIO CEMapaTOpH € BIACTINHUMU LIEHTpUPYTramu, ajie BHACIIOK
Ma€e BHCOKY €(EKTHUBHICTb, JIO3BOJISIE PO3JAUISTH CYCHEH31I0, [0 IOTaHo
biIbTpy€eThCA, IHTEHCU(IKYBATH BUAUICHHS Ta KOHIEHTPYBAHHS MIKPOOpPTaHi3MiB
Ta TBEPAUX YacTOK po3MipoM Ounbmie 0,5 MxM. [[o HETOMIKIB MOXHaA BIJHECTH
3HMKEHHS €PEKTUBHOCTI ITPH YTBOPEH1 BEIMKOI KIJILKOCTI ocany [21].

Jnsa BuaineHHs OloMacu JAPLKIKIB Kpalmle o0paTéd cemapartopu Ijs
KOHIIEHTPYBaHHS JPLKIXKOBOT MacH 1 BiIUIEHHS PuibTpaTy. [CHYI0TH cenapaTopu
Oe3nepepBHOI Ta nepioAM4HOiI A1i. Cenaparopu 6e3nepepBHOI /11 BAKOPUCTOBYIOTh
JUISL BIAJJIEHHS CyCHeH3ld 3 BwmicToM TBepaoi ¢aszu 1-10%, cemaparopu
nepioIMyHOI Ail MOAUIAIOTH Ha JIB1 Kareropii: 1) 3 BMicToM TBepoi (azu 1o 0,5%,
2) 3 BMicTOM TBepaoi (a3u 10 5% Ta NepioguYHUM CaMOBHUBAHTAXKEHHSIM OCady
[31]. Hns BigmiaeHHS APDKIDKOBOI OloMacHu BiJi CylepHATaHTy, IO MICTUTh
EpUTPUTOJI, Kpallie o0paTu cenaparop Oe3nepepBHOi Aii 3 BMICTOM TBep 101 dazu 1-
10%, 11e 3Ha4HO 3€KOHOMUTbH YaC BUBAHTAXKEHHS OCaay Ta CaMOr0 MPOIECY.

Buoip cnocooy eudinenns i ouuuwgeHHA epumpumaoJiy

3rigHo nateHTy [17] oTpuMmaHMil CynepHaTaHT, KU MICTUTb €PUTPUTO,
MOXHA OYHCTHTH IIepe]l KPHUCTAi3alli€l0 BUKOPHCTOBYIOUM JBa criocoou: 1)
10HOOOMiHHA XpomMartorpadis, a moTiM GUIBTPYBaHHS KP13b KOJIOHKY 3 aKTHBOBAHUM
BYTULIsIM; 2) XpomaTtorpadgiyHe poO3AUICHHS, 10HOOOMiHHA Xpomarorpadis,
Gb1IBTpYBaHHS KPi3b KOJIOHKY 3 aKTUBOBAHUM BYTLILIISIM.

[lepmnii crociO BKJIIOYA€E CHUIBHI cTafil ouMineHHs. JlJisi meminepamizarii
CylnepHaTaHTy BUKOPHUCTOBYIOTh 10HOOOMIHHY Xpomatorpadiro. loHOOOMIHHHMK
CKIAJAEThC 3 TPHOX KOJIOHOK HAMOBHEHUX HACTYIMHHUMH CcMojamu: 1)
CHWJIBHOKHUCIJIOIO KaTIOHOOOMIHHOIO CMOJIOH0; 2) Cia0O0JIyKHOIO aHIOHOOOMIHHOMO
CMOJIOI0;  3)  CWJIBHOKUCJIOI  KaTiOHOOOMIHHOIO  Ta  CHJIBHOJYXHOIO
aH10HOOOMIHHOIO cMoJiaMu [17].

Hpyruii cnoci® BiAPI3HAETHCS JIMIIE HASBHICTIO XpoMarorpadgigyHoro
PO3ALIEHHS, ajie sl [bOT0 HeOOX1JHE MonepeHeE KOHIIEHTPYBaHHS CYyIIEpHATAHTY,

JUIS. BUJAJIEHHsSI cojied Ta oJirocaxapuaiB. Ilicas cramli o4McTKM, Ha eTarli
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KpHUCTai3aiii, MBUIKICTh BUIAJICHHS aleTOiHy, 10 € HEOaKaHOK JOMIIIKOIO,
CTaHOBUTH 97%, Njst mepioro x crnoco0y — 91%. Ane B KiHIIEBOMY pe3yJbTaTi,
TICJIS BCIX CTaJ1M BUIIJICHHSI Ta OYUIIICHHS, OTPUMYEMO MEHIITY KIJIbKICTh KPUCTAJIIB
eputputoiy [17]. Tomy manwuii cioci0 € OUTBII JOBrOTPUBAINM, CHEPTOBUTPATHIM
Ta JOPOTOBAPTICHUM.

Jlns 3HeOapBJICHHS PO3YMHY Ta JOJATKOBOTO OYHIIEHHS BiJI MOOIYHHUX
OPOAYKTIB (hepMEeHTalii Y 1HIIMX JOMIMIOK, IO 3aJHIIWIMCS TMICHS 10HHOTO
OOMIHY J€eMIHEpaTi30BaHU CYIMEpPHATAHT IMPOIMYCKAIOTh Yepe3 KOJIOHKY 3
aKTUBOBAHHUM BYT1JUISIM.

Buoip cnocooy konuenmpyeanna ma Kkpucmanizauii

JJist yTBOPEHHS KPUCTAIIB €PUTPUTOIY, KOHIIEHTPYBAHHS Ta KPUCTAIII3AIlI0
npoBoAsTh npu Temmeparypi 50-100°C Tta 60-90°C BinmosigHo [17]. Ilpouec
KpHUCTai3aiii BIAPI3HAETHCS JHUIIE TUM, IO MICIs HArpiBaHHS PIAMHY MOCTYIIOBO
OXOJIO/DKYIOTh B TOMY camoMmy amaparti. [Ipononyto oOpaTu BumapHuii amapar Ta
KpHUCTAII3aTop, AK1 3’ €AHAH1 MOCI1IOBHO.

JIns1 KOHIEHTpYBaHHsI IPONOHYIO PO3IVISIHYTH: BUIIApHUU aniapara KectHepa,
KWW 3a3HAYCHUHN B MATEHTI, POTOPHO-ILJIIBKOBUI amapat Ta anapar 3 TpUMYyCOBOIO
UAPKYJISIIEFO.

Bunapuuii anapat KectHepa Mae Taki mepeBaru: maii TeMIiepaTypHi BTpaTH,
BEJIMKA IMIBUAKICTh PYXY IUTIBKHM PIAWHU, KA CIpUse XOpowii Temtonepenayi. o
HEJIOJIIKIB BIIHOCSATH BEJWKI Ta0apuTH amapary, YyTJIMBICTH JO HEPIBHOMIPHOT
nojavl poO3YMHY, CKJIQJHICTh OYMCTKM JIOBTMX TPYyOOK Ta Te, IO piAvHA
N1HIMA€EThCS 3HU3Y Bropy JuIlie ofauH pas [32].

PoTopHo 1m1iBKOBHIT anapat mMae psiji mepeBar: Ha HarpiBadi HE YTBOPIOETHCS
BIJIKJIAJICHHS TIpU Temreparypi BunaproBaHHsa 10 150°C; BUKOpUCTaHHS BETUKOI
PI3HHII TEMIIEPATyp MIXK IO TPiOUYOIO MAPOI0 Ta BUMAPIOBAEMUM PO3UYHUHOM, IIIO
JO3BOJISIE  TIOBHICTIO ~ 30€perTd  CKJIaJ TEPBUHHOTO  TMPOAYKTY; BHCOKa
TEIUIOHAIIPY)KEHICTh  TEIUIOOOMIHHOI TOBEpPXHI Ta HHU3bKAa METAJIOEMHICTD
KOHCTPYKIIi; ~ MOIYJBHICTh 1 TEXHOJOTIYHICTb  KOHCTPYKII;  BHUCOKHUH

€HEpPreTHYHUI MOTEHIlia]l BTOPUHHOI Mapu; Maluid yac rnepeOyBaHHS BUXITHOTO
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MPOJYKTY B amaparti Mpu HOTo BEPTHUKATLHOMY KOMIIOHYBAaHHI; BUCOKUW CTYIIHb
BunaproBanus [20]. Henoniku: He3HaYHa MOBEPXHsI HArpiBy, HasIBHICTH OOEPTaHHSA
poTopa (3HM)XEHHS €KOHOMIYHOCT1), HEPIBHOMIPHICTh 3a30py MIDX JIOaTKaMu Ta
KopoycoM [21].

[lepeBarn BuUMapHOro amapara 3 MPUMYCOBOIO ITUPKYJISALIEI0: BUCOKUMN
Koe(illieHT Teruionepeaadi, BIACYTHICTh 3a0pYJTHEHHS MOBEPXHI TEIIOOOMIHY,
TaKOX X MOKHA BUKOPUCTOBYBATH ITPH pOOOTI 3 MAJIOIO PI3HUIICIO TEMIIEPATYP MIXK
IPIIOYOI0 MAPOI0 T4 POZYMHOM 1 MPU BUIIAPIOBAHHI PO3UMHIB 3 BEJTUKOIO B’ SI3KICTIO,
LHUPKYJISLIS IPUPOJHUM CIIOCOOOM AKUX € CKIagHoro. Hemosmku nux anapartiB —
HEOOX1IHICTh €JIEKTPOEHEePrii 1yl poO0oTH Hacocy [33].

3BakaloyM Ha BCl TIEpPEeBarv Ta HEJOJIKU PO3TISHYTHX arapaTiB MPOMOHYIO
oOpaTH pOTOPHO-TUTIBKOBUI BHITAPIOBAY.

Y pOTOpHO-TUTIBKOBOMY BUIIAPHOMY amapari OuYuIleHa piiuHa, sSika MICTUTh
eputput, HarpiBaetbea 10 90°C. [1oTIM CKOHIEHTPOBAHUM PO3YUH MOCTYMHAE [0
OXOJIOJIPKYIOUOT0 KPUCTAII3aTOPa, /1€ MOCTYNOBO BIIOYBAETHCS OXOJIOKEHHS J10 4-
8°C Ta yTBOpEHHS KPUCTAJIIB.

B dKocTi 0OXOJOMKYBaJIbHUX KPHUCTATI3aTOPIB PO3IIISTHEMO: €MHICHHMA
KPHUCTAII3aTOP OXOJIOHKYBAIILHOTO THITY 3 COPOUYKOIO 1 MIMIAIKOI0, KPUCTAII3aTOP
0apOOTAXKHOTO TUITY, OXOJIO/KYBATBHUN KPUCTAJII3aTOP 31 CTPIYKOBOIO MIIMIAIKOIO
[34].

[lepeBarn €MHICHOTO KpHUCTai3aTopa: HEBEIHKI PO3MIPHU, MOKIHUBICTh
MPOBOAUTH TEPIOJUYHUM YU Oe3MepepBHUM MPOIECH, 3JaTHICTH POOOTH IIiJl
aTMOC(EpHUM THUCKOM YU IiJT BaKyymom [34].

Henomniku xpucramizatopa 6apO0TaXKHOTO TUITY: YTBOPEHHS MIapy MiHU HaJ
PO3YMHOM Ta 3apOCTaHHSA HacaJIku-0apOoTepa KpUCTaTaMH, SKi MEePeIKOIHKAIOTh
PO3MOILTY XOJIOTHOTO TIOBITPSI, IO MOJAEThCS [34].

OCHOBHI HEJOJIIKM KPHUCTaIi3aTopa 31 CTPIYKOBOIO MINIAIKOIW: HEBUCOKUN
Koe(]illleHT Terionepeaaydi, yTBOPEHHs BIAKJIAJEHb COJIEM Ha CTIHKax amapary,

HEOOX1THICTh IEPIOIUYHOTO OUHUIIEHHS, 3aiiMae Oarato miciis [34].
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3BakalouM Ha TMepeBard Ta HEAOJIKM TMPOMOHYI OOpaTH €MHICHHM
KPHUCTAIII3aTOP OXOJOIKYBAIBHOTO THUITY 3 COPOUKOIO 1 MIIIAIKOIO.

Bubip cnocooy euodinennsn uyinb06020 npoodykmy 3 KpucmaaivHoi cycnem3ii

Kpucranu eputpurony, siki BUNIagaroTh B 0ca]l HEOOX1THO 310patu, JIJIs IOTO
BUKOPHUCTOBYIOTh MeToJ dinpTpaltii. s diapTpalii HeBeIUKUX 00’€MIB PiauHU
BUKOPHUCTOBYIOTh HYT4Y-, APYK-(QIIBTPU Ta POTALIHO-BaKyyMH1 (PinbTpH, a s
¢inpTpamii BeaMkuX 00’€MiB — (QUIBTp-TipecH, MIIMIKOBI (inbTpH, OapabaHHI
BaKyyM-(UIBTPH, TOMIO.

[lepeBaru ¢inbTp-npeciB: 1)Bennka MOBEpXHs (PUIBTPYBaHHS HA OJIMHHULIIO
IUJIOI, SIKY 3aiiMae PuIbTp; 2) 3HAUHA pyIiIiiiHa cujia rpolecy (mepenaj TUCKY); 3)
MOJKJIMBICTh KOHTPOJIIO pOOOTH Ta BIIKIIOUEHHS OKPEMHX IUTUT; 4) mpocToTa Ta
HAJIMHICTh €KCIUTyaTalii 3aBIsSKH BIACYTHOCTI PyXOMHX 4acTuH. /[0 HEmOJiKIB
BITHOCATH: 1) pyuHe 00CiIyroByBaHHs; 2) HEJJOCTaTHRO ITIOBHA ITPOMHUBKA 0cafy; 3)
MIBUIKUANA 3HOC (DUIBTPYBAIBHOI TKAHUHH Yepe3 po300pKy QiabTpy 1 Horo podbotu
i1 THCKoM [33].

Jlo mepeBar MIMIKOBOTO (igbTpa BIAHOCATH: 1) MPOMUBAHHA OCady 3
MEHIIUMHU BUTpaTaMd BOAM; 2) MEHIIMA 3HOC TKaHWUHU; 3) JErKICTh
oOcinyroByBaHHs; 4) BelMKa NPOAYKTHUBHICTb Ha OJIMHUIIO (PUIBTPYBaIbHOT
MOBEPXHI BHACIIOK MIBUAMIOTO 30upaHHs (PUIBTpa, MPOMUBKHA Ta BUBAHTAKEHHS
ocamy. Hemomikamu e€: 1) cklagHICTh BUTOTOBJICHHSI Ta BHCOKa BapTICTh; 2)
CKJIQJIHICTh KOHTPOJIIO KIHIIEBOi TOBIIMHHU OCaJly Ha €JIEMEHTax; 3) HEeJ0CTaTHE
nepeMillyBaHHs CycneH3ii (JIMIIe NUIIXOM ii pelupKyJIsiii), BHACTIAOK [LOTO MPU
BENUKIM KOHIIEHTpauii TBepaoi ¢a3u B CycmneHsiii ocaj HEpPIBHOMIPHO
BIJIKJIAJIAE€THCSA, 10 TMOTIPIIyeE WOro TPOMHUBAaHHS; 4) CKJIAJHICTh 3aMiHU
¢bipTpyBasIbHOI TKaHUHHU [33].

[lepeBarn GapabanHOrO BakyyMm-QinbTpa: 1) yHiBepcaiabHICTH (IMIAXOAHUTH
JUIsT OOpOOKM PI3HOMAHITHUX CYCHEH31i); 2) MOXJIHMBICTh BUTOTOBJICHHS 13
MatepialiB, CTINKUX JIO arPECUBHUX CEPEIOBHIIL, 3) JIETKICTh 00CayroByBaHHs. J{o
HEOMIKIB BITHOCATH: 1) HEBenMKa mioma GpuIbTPyBaHHs Ta BUCOKA COOIBApTICTh;

2) CKJAJHICTh PETENIbHOI NMPOMUBKHM Ta CYIIKH OCaidy; 3) pO3MOALIbHA TOJOBKA
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BiJasieHa BiJ (QUIbTPYBAIbHOI MOBEPXHI, 110 TPU3BOAUTH JI0 3aTPUMKH (PLIBTPATy
Ta MPOMHUBHUX BOJ BcepeAnHi OapadaHy 1 YCKIaJHIOE iX okpeMe BuBeaeHHs [33].

[Ipononyro obpatu pinbTp-npec, AesaKi HOro HETOJIKU MOYKHA BHUIIPABUTU
oOpaBIIM  HAMBAaBTOMATHYHI YW aBTOMAaTW4YHI MOJEIl 3 aBTOMAaTUYHUM
BUBAHTOXEHHSIM OCaJy Ta pereHepaiiero ¢GuUIbTpyBabHOI TKaHuHM. [licis
BUBAHTKECHHS KPUCTAIIB EPUTPUTONY iX TPOMUBAIOTH BOJIOIO, B JEAKUX (PUILTP-
npecax QpuUIbTPYBaHHS CYIPOBOIKY€ETHCS MPOMUBAHHAM OCay.

Buoip cnocooby cywinna ma cywapku

JUIst cyniiHHSL KpUCTaliB €PUTPUTY BUKOPUCTOBYIOTh CYHIWJIbHI amapatd 3
KOHBEKTHUBHUM CIIOCOOOM MiABOAY Teria. [{isi CymiiHHS yKpy, KPUCTaIu SKOTO
ONMM3BKI 32 PO3MIPOM JIO0 KPHUCTAIIB EPUTPUTY BUKOPUCTOBYIOTH OapabaHHi
cymapkud. Takoxx g CyWIIHHA KPUCTAIIYHMX MPOAYKTIB 3aCTOCOBYIOTH
NEeploIMYHO MiI0Yl — KaMepHl Ta Oe3nepepBHO Aitodui — OapabaHHI, KOHBEEPHI
CTPIYKOBI, 1HIIII.

bapabanHi cymapku 3a0e3nedyroTh TJMOOKE BHCYLIYBaHHS CHITYYHX
MaTepianiB 4epe3 MOCTiHUI o0epTanbHUN pyXx OapabaHy, aje € TPOMI3JIKUMHU Ta
METAIOEMKUM. TakoX BapTO 3ayBaXKUTH, 0 TEMIIEpaTypa TEIUIOHOCIS Ha BXOJII —
90-95°C, na Buxoni — 60-65°C, Temnepatypa npoaykry — 30-40°C, a npu cymriHH1
epuTpuTONTy HeoOX1aHO miaTpumyBaTt 80°C .

KoHBeepHI CTPIYKOBI CyIIAPKU € TPOMIZJIKUMH Ta METAJIO- 1 EHEPrOEMKUMH,
ajyie ICHYIOTb KOMITAKTHI BapiaHTH, sIKI HE 3aliMarOTh 0araTo MicCIls, TAKOK BOHU
MalOTh BEJIHMKY MPOAYKTHUBHICTb, JIETKI B OOCIYrOBYBaHHI, MOXYTh 3a0€3M1E€UYUTH
CYILIIHHS BEJIMKOTO 00’€My MPOAYKTY, MalOTh JEKUIbKA 30H CYUIIHHS, SKI MOXHAa
peryJoBaTH.

KamepHi cymapku nai0Th 3MOTy HIATPUMYBATH MOCTIMHY TeMmeparypy B
KaMmepi, PIBHOMIPHO TPOTpiBaTH BeCh poOOuMit 00’€M Kamepw, MarOTh IMPOCTY
OynoBy. Jlo HEIOMIKIB MOYKHA BITHECTH MEPIOANYHICTH iX pOOOTH, BUTPATH TEIja
Ha MPOTrpiBaHHSA KaMepH MICIsl UKy BUBAHTAKEHHS-3aBaHTAKEHHS Ta CKJIAIHICTh

3aBaHTA)KCHHS/BUBAHTAKEHHS BEJIMKUX 00’ eMiB mpoaykry [21, 31].
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3BakalouM Ha BHILE 3a3HAUYEHI IMepeBard Ta HEAOMIKH JUIS CYIIIHHS
CPUTPUTOITY BapTO 0OPATU KOHBEEPHY CTPIUKOBY CYIIAPKY.

5.3. OOrpyHTyBaHHsl JAONOMIiKHHUX POOIT MIsi cTagil BHIIJIEHHS Ta
OYMILEHHS ePUTPUTOILY

Xapaxkmepucmuka i0H00OMIHHUX cMmoJ1. SIK 3rajyBaliocs BUILE B 10HHOMY
0oOMiH1 TPUHUMAIOTh Y4aCTh TPU PI3HOBUIN CMOJI:

1) cunpHOKMCTA KatioHooOMiHHA cMoua ("Diaion SKIB, H type" produced by
Mitsubishi Kasei Corp.) - BUCOKOMOPUCTUH CUIILHOKUCIUM KaTIOHIT, 10 Ma€ B
AKOCT1 (DYHKI[IOHAJIBHOI TPYNH CYJIb(OKUCIOTH, TAKOX MA€ BHILI IMEPEXPECHI
3B’S3KM Ta KOHTaKkTyrouy Iuionry mnoBepxHi. IlIupoko 3actocoByerbcst B
TEXHOJIOT1YHHUX MpOIlecaxX, TAKUX sIK O€3BOJIHA KaTaTITHYHA PeaKilis a0 BUIaJICHHS
KaTIOHY 3 HEMOJISIPHOTO PO3UMHHMKA, 1 B AKOCTI KaTaJli3aTOPIB ISl IPUIIBUIIIICHHS
peakiii ountienss [35, 36]. 3a ii gomoMoroto 13 GUIbTpaTy BUIAISIOTHCS KaTIOHH
Cu?" ta Mn*' Ta 3aMiHIOIOTHCS Ha i0HM BOIHIO;

2) cnabonyxxHa aHioHooOMmiHHa cmoia ("Diaion WA 30, OH type") — ue
BUCOKOIIOPUCTUM CIa00MYKHUW aHIOHIT, 110 Ma€ TPETHHHHM aMiH B SIKOCTI
(GyHKLIOHATBHOI Tpynu 3 BUCOKOK e(deKTUBHICTIO pereHepauii. [Hupoxo
3aCTOCOBYETHCSI, 0COOJMBO B Tally31 BUJAJICHHS OPTraHIYHUX PEUYOBUH, TOTIEPETHBOT
OoOpoOKHM CHpUX BOJ, IO MICTSITh OpraHiuHi 3a0pyAHEHHS, JOeioHI3aIli Ta
3HeOapBIIEHHI TiapoJizaTiB KpoxMmanto [35, 37]. 3a 1i 10MOMOrow BUIATSIOTHCS
3aJIMILIKH TTOKUBHOTO CEPEIOBUIIIA — TTIOKO3U 1 KYKYpyA35SHOT0 OOpOIIIHA;

3) cunbHOKHcIA kaTioHooOMiHHA ("'Diaion SKIB, H type") Ta cunbHOMYy)XHa
anioHooOMiHHa cmoia ("Diaion PA 408, OH type") - 1ie CuiIbHO MOPUCTUN TUI
CHWJIHHOJY>KHOI aHiOHO0OMiHHOT cmoiu I Tumy (aumeTnneTanoa aMoHiHHI TPYIIN),
o mae 4% nepexpecHux 3B’s3kiB. LlIupoko 3acTocoBYeETHCS, OCOONMMBO Yy ramysi
neMiHepamizaiii Ta 3HeOapBiICHHsS ITykpoBuX JikepiB [38]. 3a ii momomororo
Bunanstorbes anionn SO4% 3aminiooThes HAa OH'.

Iliozomoséxka i0HO0OMIHHUX CMON ma aKmMueoeamozo eyeiana. Jlis
10HOOOMIHHUX KOJOHOK CMOJIH TOTYIOTh AMHAMIYHUM criocodom. KaTioni cmonu

Hi,Z[FOTOBJII-OIOTB HAaCTYyIITHUM YHHOM: CIIOYATKy 1X 3aJMBaKOTh H’}ITI/IKpaTHI/IM
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00’€MOM HACHMYEHOTO PO3YMHY XJOPUIY HATPilO 1 3ajMIlaloTh Ha A00Yy IS
HaOyXaHHsI, MICHS [BOTO JEKAHTYIOTh PIAUHY Ta 3aIMBaOTh cMoau 1 M pozunHOM
NaOH Ta 3anumaiore Ha 2-3 TOAMHMU JUIsi BUMUBAHHS MIHEpPAJIbHUX JOMIIIOK.
OOpoOIeHy JTyromM KaTioOHy CMOJY IEPEHOCSATh M0 XpomaTorpadidyHol KOJOHKH,
yepe3 KoJoHKY nporyckaioTs 2M HCI 1o noBHOro BUTicHEHHs 13 cMoiiv 10HiB Fe3+.
B KkiHIIl mpoMHBaKOTh KaTiOHY CMOJY BOJIOIO JJIsi 1O30aBJICHHS BiJl HAJJIUIIKY
KHCJIOTH.

[TinroToBKa aHIOHOOOMIHHUX CMOJ BIAPI3HAETHCS JIUIIE MOCTIAOBHICTIO ii
00poOKHU JTyrom Ta KucioToro. Cnouatky 06po0ator0Ts 2M pozunnom HCI, a noTim
1M NaOH [39].

AxkTuBOBaHe Byruuis 3anuBaioTb 2M poszunHom HCl ta xum’arsars 2-3
TOJIMHU. SIKIIO pO3YMH KHUCIOTH 3a(hapOOBYETHCS, ONepaliio NOBTOPIOOTh. [loTiM
BYTULJISI TPOMMBAIOTH TUCTUILOBAHOIO BOJIOIO JI0 HEUTPAJIbHOT PeaKilii Ta J01at0Th
IM po3una NaOH, narote HactosTucs 8-10 roausd. Onepallito HOBTOPIOIOThH, SKIIO
po3uuH 3a0apBuBcs. OuunlleHe aKTUBOBAHE BYTULJIS IPOMHUBAIOTh Ta 30€pirarTh y
Tapi 3 JUCTHJIHOBAHOIO BOJIOKO 110 6 MicsiiB [40].

Iliocomoexka mennonocia 0aa cywapku. J[epeioMm Teria s CylapKu
MOXE CIIyT'yBaTh TMajauBO (Ma3yT, MNPUPOJHMI Tra3), map, rapsya Boja Ta
eJIeKTpoeHepTis. B KOHBEEpHUX CTPIUKOBUX CyIIapKaX TEMJIOHOCIEM € MOBITPS, SIKE
3a0upaeTbcsi 3 aTrMocdepH, QUIBTPYEThCSA, HArpiBaeThCs B Kalopudepi a0
TEeMIIepaTypH CYIIIHHS Ta MPOXOIUTH HAJl MOBEPXHEIO MaTepiaiy, 10 BUCYIIYEThHCS.
YactrHa BiIMPalbOBAHOTO TOBITPS MOKE 3MIIIYBATUCA 3 YMCTUM MOBITPSM Ta
3HOBY T10JIaBaTHCS JIO CYIIAPKH.

5.4. Tlipn0ip TeXHOJOriYHOTrO OO0JagHAHHA IJas micasipepMeHTALIITHIX
CTajliil 3 ypaxyBaHHSIM MaTepPiajibHUX MOTOKIB MO CTAXIAX

Buxinsi naui 11 migbopy TEXHOIOTIYHOTO 00JIaIHAHHS

a. 00’€eM KyJIbTypajIbHOI PiiMHK 3 OJHI€T pepMenTallii - Vi, = 7,66 M>;

b. KOHIIEHTpALis 1ia60B0oro Mpoaykry y KP C . = 245 r/n (=245 xr/m?)

c. xouuentrpanis 6iomacu 'y KP C gy = 25,2 r/n (=25,2 xr/m*) — ACB,
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d. BTpaTH Ha CTAisIX BUIUICHHS IIIJTLOBOTO MPOAYKTY CKIanarTh 32,8%:
II0YAaTKOBA KIJIbKICTH IIJILOBOTO MPOLYKTY, sika noctymnae 3 KP ckinanae 7,66 m>x245
kr/m> = 1876,7 kr; KiHI€Ba KiIbKIiCTH (3 ypaxyBaHHsaM 32,8% BTpaT) Ma€ CTAHOBUTH
1261,1 kr.

Posnoain BTpat mo cragisfx ta migdip HeoOXiHOro 00JIaIHAHHSA HABEJEHO Y

tabmui 5.3.
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Tabnuys 5.3

Iix0ip obaxgHAHHS 3 BpAXyBAHHAM MaTepiajibHUX MOTOKIB MO CTAXIAX

KinpkicTh o cTagiax

Ne Ha3sga cranii (onmepamii) Marepiaibui Brparu, HeoOxinHe o01aqHaHHS
n/n NMOTOKH Ha cTaail Hapniinio (pazom Buiimio
32,8%)
TII 9. 30epiranHs KyJbTYPaJIbHOI PiIUHHU
1 TII 9. 36epiranns KP 7,66 m* - 7,66 > | 36ipauk KP 06’eMom 8 m°
KyJbTYpalbHOI PIIMHU (7660 1) (7660 )
TII 10. Bigaisienns 6iomacu
2 Cemnapatop notyxHictio 10
CynepHarant 6,82 m* M /ron (pospaxyHok Ha 41
TII 10.1. CenapyBanus 7,66 m* 0,84 M XB pOOOTH)
KyJIbTYPaIbHOI PITUHU (11%) 193 kr €mHicTh a8 OloMacu
Biomaca (7,66 M>x | 06’emom 1 M
25,2 xr/m°)
TII 11. BugisieHHs | OYHILIEHHS EPUTPHUTOJLY
3 TII 111 - T 113 CynepHaTanT 6,82 m* - - 36£pHI/IK 3cynepHaTaHTy
IoHooOMiHHa . . ” 00emom 8 M
xpomatorpacis JlemiHepanizoBaHuii - 0,14 M 6,68 > | Kosonku 06’emom 1116 1
CyHepHATaHT (2%)
4 | TII 11.4. OuniueHHs Ta 6,68 M 0,08 M 6,6 M° 36ipHuK OYUILIEHOTO
3HeOapBJICHHS HA OuunieHuit (1%) cymnepHaTaHTy o0’eMoM 8
KOJIOHIII 3 aKTUBOBaHUM CyNepHaTaHT M

BYTULISIM
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IIpooosocennus maban. 5.3

TII 12. KoHlleHTPYBaHHS Ta KPUCTAJI3allist

OuniueHuit 6,6 M> - - PoTopHo-1u1iBKOBU
TIT 12.1 KoHuenTpysass CyIepHATaHT BUTTAPHUN ' amapar
: IIPOTYKTUBHICTIO 450
(CTymiHb KOHIIEHTPYBaHHS o
Ki=3) 3 3 3 e
Konuentpar 2,2 m° (6,6/3) 0,066 m 2,134 | Oppa3y  momaeTbcs 10
(3%) KpHUCTaIizaropa
. Kpucraniuna 0,034 M 2,1 | Kpucramizatop  00’eMoM
TII 12.2. Kpucranizamis cycricHsis - (1.6%) S0
TII 13. BugijieHHsI KpUCTAJIIB €PUTPUTOJLY
Kpucraniuna 2,1 m°
.. CyCIeH31s
I 13.'1' Binninenns digpTpar 0,1 M* (2%) 3 30ipHUK dbiapTpary
KPUCTAJIIB €PUTPUTOITY Ha - 2 M 06" eMOM 2.5 3°
aBTOMaTHEggxy PirsTp- Bosnoruit - 1376,9 kr | ABTOMaTu4HHUIA b1abTp-
KPUCTATIYHHAM - npec 3 00’emoM kamepu 1,7
ocaj M
TII 14. CymiiHHsA KpuUCTAJIiB
Bosoruit 3 ypaxyBaHHSIM - -
KPUCTATIYHUMA 4,3% Bonoru —
TII 14.1. Cyuinas B ocan 1436,1 xr
KOHBEEPHIN CTPIUKOBIN (1376,9+4,3%)
Cymapii Bucymeni - 172,3 kr 1263,7 kr | KouBeepHna CTpiYKOBa
KpUCTAIIH (12%) cyllapka

(BogoricTh 3-5%)
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3akinuenusa maon. 5.3

TII 15. IlakyBaHHsI, MADKYBAHHS, BIIBAHTAKEHHS

[IMB 15.1. ®acyBanhs,
NaKyBaHHS, MApKyBaHHS
EPUTPUTOIIY Y TOM-TIAK
KpadT makeTu

Bucymieni kpucranu
(BogoricTh 3-5%)

1263,7 kr

Bix 06’emom 1 M3

YnakoBaHuii y 101-
nak kpadt makeru

EPUTPUT

2,6 KT
(0,2%)

1261,1 xr

dacyBanabHa MallliHa
MPOAYKTUBHICTIO 110 600-
1200 yri/rox

61




PO3JILI 6

CHELUAPIKALIS OBJIATHAHHS

Tabnuys 6.1

Cnenudgikainis 00J1aJHAHHA TIJIAHKHA JONOMIXKHUX POOIT, BUPOOHUYOT O

OiocuHTe3y Ta BUALICHHS | OUMIIIEHHSA €PUTPUTOY

IHo3u-
isd

HaiimenyBaHH#

Kijab-
KIiCTh

TexniuyHa XapakTepucTHKA
(BUPOOHUK)

I13-1
[13-2

[ToBiTpO36IpHUK

2

Bentunsaiitna mraxta Lindab. Matepian
— HeprkaBitoya ctanb. [IpoayKTHBHICTB 10
30000 M3/rog.

https://alpix.com.ua/catalog/lindab/vozdukhoraspredelenie
-i-regulirovanie-vozdukha/ventilyatsionnye-
shakhty/pryamougolnye-ventilyatsionnye-shaxty-sp/

OiIBTP
MONEPETHBOT
OYMCTKH IOBITPS

OinbTp Mapku OBII-3, dinsTpyrounii

Marepiai — meTtanena citka, E — 65-80 %.
https://electrovent.ru/ventilyaciya/filtry-dlya-
ventilyacii/filtry-gruboj-ochistki/filtr-vozdushnyj-
panelnyj-fvp-3/

Kommpecop

Kommnpecop JIIIAEP BK 20 EC.
[Moryxnicts 2,4 M*/xB. POG0UHM THCK 10
15 MIla.

https://xkz.com.ua/p1196991913-kompressor-vintovoj-
lider.html?utm_source=google xkz&utm_ medium=cpc&u
tm_campaign=cid_11567835790&utm_target=&utm_grou
p=gid_114414696202&utm_content=aid_478017924932&
placement=&utm_term

T-6

TermmooOMIHHUK-
OXOJIOKYBay

Tennooominnuk WHE 2050. [ToTyxHicTbh

190n/xB. Pobouwnii Tuck g0 2,5 MIla.

http://paskal.ua/ua/product/teploobmenik-whe-
2050 172.html

P-7

Pecusep

Pecusep PB 250 LlentppesepByapcepBHC
(Vxpaina). O6’em 250 1, HOMIHATBLHUM

trck 8 MIla. https://rezervuary.com/p1250221900-
vozduhosbornik-resiver-vozdushnyj.html

T-8

Temmoo0OMIHHUK-
HarpiBau

Tennooominauk SS300100A-P,
BUTOTOBJICHUH 3 atoMiHit0. [ToTyXHICT
35-140 n/xB. Po6ounii tuck 2,5-3,5 MI1a.

https://skr-hydraulic.com.ua/ru/vozdushnyy-
teploobmennik-ss100100a-p-5-40-lmincopy-3-
item?gclid=CjwKCAiAgIn9BRBOEiwAJ1SztQj4KVBc5
M7zFgqaTZ-
1vmorWOmNOx6ecqQocFtUINGbo6wVidf6QxoCCHUQ
AvD BwE

3MH.

Jlnet

Ne gokym.

Mignuc | Oata

HYXT BTEK 04.01.15 KP II3

Po3pob.

Jlosina B.€.

lMepesip.

Kpacinbko B.O.

KoHcynbmaH

H. KoHmp.

3ameepad

IMupor T.I1.

PO3IJI 6. Cnenudikariis
oOJragHaHHS

Jlimepa | Apkyw Apkyuwis
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https://alpix.com.ua/catalog/lindab/vozdukhoraspredelenie-i-regulirovanie-vozdukha/ventilyatsionnye-shakhty/pryamougolnye-ventilyatsionnye-shaxty-sp/
https://alpix.com.ua/catalog/lindab/vozdukhoraspredelenie-i-regulirovanie-vozdukha/ventilyatsionnye-shakhty/pryamougolnye-ventilyatsionnye-shaxty-sp/
https://alpix.com.ua/catalog/lindab/vozdukhoraspredelenie-i-regulirovanie-vozdukha/ventilyatsionnye-shakhty/pryamougolnye-ventilyatsionnye-shaxty-sp/
https://electrovent.ru/ventilyaciya/filtry-dlya-ventilyacii/filtry-gruboj-ochistki/filtr-vozdushnyj-panelnyj-fvp-3/
https://electrovent.ru/ventilyaciya/filtry-dlya-ventilyacii/filtry-gruboj-ochistki/filtr-vozdushnyj-panelnyj-fvp-3/
https://electrovent.ru/ventilyaciya/filtry-dlya-ventilyacii/filtry-gruboj-ochistki/filtr-vozdushnyj-panelnyj-fvp-3/
https://xkz.com.ua/p1196991913-kompressor-vintovoj-lider.html?utm_source=google_xkz&utm_medium=cpc&utm_campaign=cid_11567835790&utm_target=&utm_group=gid_114414696202&utm_content=aid_478017924932&placement=&utm_term
https://xkz.com.ua/p1196991913-kompressor-vintovoj-lider.html?utm_source=google_xkz&utm_medium=cpc&utm_campaign=cid_11567835790&utm_target=&utm_group=gid_114414696202&utm_content=aid_478017924932&placement=&utm_term
https://xkz.com.ua/p1196991913-kompressor-vintovoj-lider.html?utm_source=google_xkz&utm_medium=cpc&utm_campaign=cid_11567835790&utm_target=&utm_group=gid_114414696202&utm_content=aid_478017924932&placement=&utm_term
https://xkz.com.ua/p1196991913-kompressor-vintovoj-lider.html?utm_source=google_xkz&utm_medium=cpc&utm_campaign=cid_11567835790&utm_target=&utm_group=gid_114414696202&utm_content=aid_478017924932&placement=&utm_term
https://xkz.com.ua/p1196991913-kompressor-vintovoj-lider.html?utm_source=google_xkz&utm_medium=cpc&utm_campaign=cid_11567835790&utm_target=&utm_group=gid_114414696202&utm_content=aid_478017924932&placement=&utm_term
http://paskal.ua/ua/product/teploobmenik-whe-2050_172.html
http://paskal.ua/ua/product/teploobmenik-whe-2050_172.html
https://rezervuary.com/p1250221900-vozduhosbornik-resiver-vozdushnyj.html
https://rezervuary.com/p1250221900-vozduhosbornik-resiver-vozdushnyj.html
https://skr-hydraulic.com.ua/ru/vozdushnyy-teploobmennik-ss100100a-p-5-40-lmincopy-3-item?gclid=CjwKCAiAqJn9BRB0EiwAJ1SztQj4KVBc5M7zFgqaTZ-ivmorWOmNOx6ecqQocFtUlNGbo6wVidf6QxoCCHUQAvD_BwE
https://skr-hydraulic.com.ua/ru/vozdushnyy-teploobmennik-ss100100a-p-5-40-lmincopy-3-item?gclid=CjwKCAiAqJn9BRB0EiwAJ1SztQj4KVBc5M7zFgqaTZ-ivmorWOmNOx6ecqQocFtUlNGbo6wVidf6QxoCCHUQAvD_BwE
https://skr-hydraulic.com.ua/ru/vozdushnyy-teploobmennik-ss100100a-p-5-40-lmincopy-3-item?gclid=CjwKCAiAqJn9BRB0EiwAJ1SztQj4KVBc5M7zFgqaTZ-ivmorWOmNOx6ecqQocFtUlNGbo6wVidf6QxoCCHUQAvD_BwE
https://skr-hydraulic.com.ua/ru/vozdushnyy-teploobmennik-ss100100a-p-5-40-lmincopy-3-item?gclid=CjwKCAiAqJn9BRB0EiwAJ1SztQj4KVBc5M7zFgqaTZ-ivmorWOmNOx6ecqQocFtUlNGbo6wVidf6QxoCCHUQAvD_BwE
https://skr-hydraulic.com.ua/ru/vozdushnyy-teploobmennik-ss100100a-p-5-40-lmincopy-3-item?gclid=CjwKCAiAqJn9BRB0EiwAJ1SztQj4KVBc5M7zFgqaTZ-ivmorWOmNOx6ecqQocFtUlNGbo6wVidf6QxoCCHUQAvD_BwE
https://skr-hydraulic.com.ua/ru/vozdushnyy-teploobmennik-ss100100a-p-5-40-lmincopy-3-item?gclid=CjwKCAiAqJn9BRB0EiwAJ1SztQj4KVBc5M7zFgqaTZ-ivmorWOmNOx6ecqQocFtUlNGbo6wVidf6QxoCCHUQAvD_BwE

IIpoooesoicenns maoan. 6.1

d-9 OinbTp rpydoi 1 OinbTp Mapku OaC, GpiabTpyrounii
OUYUCTKH Marepiai — CKJIIOBOJIOKHO IIPOITyCKHA
3naTtHicTh 2440 M3 /ron, E — 90-95 %.
https://lazerps.ru/uslugi/filtry/filtry-fyas/
®d-10 OiIbTP TOHKOT 5 Oinbtp BIO-X 11, pinbrpyrounit
O-11 OYHUCTKHU Marepiall — BOJIOKHA OOPOCHUIIIKATHOTO
O-12 CKJIa, MaTepiall KOPIyCcy — HepKaBioua
®-13 ctayb, E —99,995%.
https://air-part.ru/product/filtr-dlja-gazov-bio-x-ii/
P-14 PeakTtop- 1 PeaxTop-3mimyBau «Kpacubiii OKTSOpb»;
3MIITyBay IS pobounii 06’em 6,3 M>; rabapuTHi
MPUTOTYBAHHS Ta po3mipu (Mm): d=1800, h=4800;
cTepuIi3aIlii OCHAIIEHUI COPOUYKOIO Ta
PO3UYHHY TJIIOKO3U MEePEMIIITYIOUUM ITPUCTPOEM — JIOMATEBOIO
JUIA TIJOKABIICHHS MIIIAJIKOIO, IIBUJIKICTh MIEPEMIIITYBAHHS
100 006./xB; MaTepian — HEpKaBiOYa
CTaJb.
https://tdredoctober.com/catalog/vertikalnye-
mehanicheskie-meshalki/lopastnaja-meshalka-v25-
63-m3.html
P-15 PeaxTop- 1 PeakTop-3minryBay po6ounm 06’eMoM 5
3MINTyBay st 71; TabapuTHi po3mipu (Mm): d=400,
IIPUTOTYBAaHHS Ta h=940; ocHarenuii COpOYKOIO Ta
cTepuiizamii TIePEMIIITYIOUUM TIPUCTPOEM — TypOIHHOIO
[JIFOKO3U Ta MIIIAIKOIO, IBUAKICTh IEPEMIIITYBaHHS
KYKYPYI35THOTO 25-2500 06./xB; matepiain - ctaynb AISI
OoporHa 316L.
https://promvit.com.ua/laboratornyj-reaktor-so-
vstroennym-gomogenizatorom-pod-davleniem-10-
bar/
H-16 Hacoc 12 Hacoc BiatieHTpoBuUii 3 MarHiTHOIO
H-17 BIJILIEHTPOBUI mydToro DM 06 (Itanis),
H-18 npoayKTuBHICTE 0,5 — 6,5 M>/To11.
H-19 I'epmeTrnununii Hacoc 3 MarHiTHOIO MyhTor DM 06 |
H-20 DEBEM (Iraiis)
H-21
H-22
H-23
H-24
H-25
H-26
H-27
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https://lazerps.ru/uslugi/filtry/filtry-fyas/
https://air-part.ru/product/filtr-dlja-gazov-bio-x-ii/
https://tdredoctober.com/catalog/vertikalnye-mehanicheskie-meshalki/lopastnaja-meshalka-v25-63-m3.html
https://tdredoctober.com/catalog/vertikalnye-mehanicheskie-meshalki/lopastnaja-meshalka-v25-63-m3.html
https://tdredoctober.com/catalog/vertikalnye-mehanicheskie-meshalki/lopastnaja-meshalka-v25-63-m3.html
https://promvit.com.ua/laboratornyj-reaktor-so-vstroennym-gomogenizatorom-pod-davleniem-10-bar/
https://promvit.com.ua/laboratornyj-reaktor-so-vstroennym-gomogenizatorom-pod-davleniem-10-bar/
https://promvit.com.ua/laboratornyj-reaktor-so-vstroennym-gomogenizatorom-pod-davleniem-10-bar/
https://www.debem.com.ua/ukr/nasos/nasosy_s_magnitnoj_muftoj/dm06/
https://www.debem.com.ua/ukr/nasos/nasosy_s_magnitnoj_muftoj/dm06/

IIpooosoicenns maon. 6.1

OP-28 depMeHTep depmentep, podounm 06’emom 10 11,
(1HOKYIATOD) rabaputHi po3mipu (MM): d=250; h=800;
06’emom 0,01 M° KOPITYC — HEprKaBitoya CTallb
316L;00manHaHuit COPOYKOIO Ta
MePEMIIIYIOUUM MPUCTPOEM — TypOIHHOIO
MIIIAJIKOIO 31 MBUAKICTH IEPEMIIITYBAHHS
25-1200 06./xB. Amapat obsmagHaHUH
JlaTYNKaMU KOHTPOJIIO TEMIIEPATYPH,
piBus pH, konnenTtparii CO; Ta
PO3YHMHEHOTO KUCHIO.
http://biofermenter.ru/pilotnyye-i-promyshlennyye-
fermentery-i-bioreaktory-ot-10-do-15000-1
P-29 PeaxTop- PeakTop-3mimyBay PCM-50, po6ounm
3MINTyBay IS 00’emom 50 J1; rabapuTHi po3Mipu (MM):
MPUTOTYBaHHS Ta d=655, h=1275; ocHamienuii COpouKOr0
CTepuII3allli Ta NEPEMIIIYIOUUM MPUCTPOEM —
TJIIOKO3HU Ta JIONIATEBOIO MINTAIKOIO 31 IMIBUJIKICTIO
KYKYPYZI35HOTO nepeminryBanss 10 300 00./xB.
OopolHa Marepian — ctanb AISI 316L.
http://promvit.ru/reaktor-mobilnyj-rsm-50-dlya-
prigotovleniya-rastvorov/
®P-30 depmenTtep ®epmentep PD-100. Pobounii 06’em 100
(mociBHUIMA 71; TabapuTHi po3mipu (Mm): d=700,
anapar) 00’eMom h=1600; xopmyc — crans AISI 316L;
0,1 m° NepeMIIIYIOUUid MPUCTPIi — TypOlHHA
MILIANKa 31 IBUJIKICTIO IEPEMIIITYBaHHS
200-500 06./xB, anapaT oOJiaTHAHUMA
COPOYKOIO Ta JaTYUKAMHU JIJI1 KOHTPOJIIO
TeMmrepaTypu, TUCKY, piBHs pH.
https://promvit.com.ua/reaktor-dlya-proizvodstva-
sredstv-zashhity-rabochim-obemom-100-1/
P-31 Peaxrop- PeaxTop-3mimyBay PB — 0,5; poGounm
3MINTyBay IS 06’emoM 500 11; rabapuTHi po3Mipu (MM):
MPUTOTYBaHHS Ta d=1185, h=2385; ocHaileHuii COPOYKOIO
cTepuiizarii Ta MEePEMINTYIOUUM TPUCTPOEM — PAMHOIO
TJIFOKO3U Ta MIIIAIKOIO 31 CKPEOKOM, IIBUIKICTh
KYKYPYI35HOTO nepeminryBanss 100 06./xB, matepian —
OoporrHa ctanb AISI 316L. https:/www.stroy-
union.ru/i_store/item_517262/smesiteli-reaktory-
tthohodnaya-meshalka.html
P-32 PeakTtop- Peakrop-3minryBau pobounm 06’emom 15

3MINTyBay IS
IPUTOTYBAaHHS Ta
cTepuiizarii
MI1IHOTO

71; TabaputHi po3mipu (Mmm): d=380,
h=500; ocHaleHuit COpoYKOI0 Ta
NEePEMIITYIOUUM MPUCTPOEM —
MIPOTIEJIEPHOIO MIMIAJIKO), MBUIAKICTh
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http://biofermenter.ru/pilotnyye-i-promyshlennyye-fermentery-i-bioreaktory-ot-10-do-15000-l
http://biofermenter.ru/pilotnyye-i-promyshlennyye-fermentery-i-bioreaktory-ot-10-do-15000-l
http://promvit.ru/reaktor-mobilnyj-rsm-50-dlya-prigotovleniya-rastvorov/
http://promvit.ru/reaktor-mobilnyj-rsm-50-dlya-prigotovleniya-rastvorov/
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rabochim-obemom-100-l/
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rabochim-obemom-100-l/
https://www.stroy-union.ru/i_store/item_517262/smesiteli-reaktory-tihohodnaya-meshalka.html
https://www.stroy-union.ru/i_store/item_517262/smesiteli-reaktory-tihohodnaya-meshalka.html
https://www.stroy-union.ru/i_store/item_517262/smesiteli-reaktory-tihohodnaya-meshalka.html

IIpooosocenns maoan. 6.1

KyTopocy Ta
cynbdary
MapraHIfio

(IDTerparinparty

nepeminryBanfs 10 200 00./xB; maTepian
- cranb AISI 316L.

https://khimmix.ua/himicheskie-
reaktory/laboratornyj-reaktor-15-1

®P-33

depmenTep
(mociBHMIMA
amapart) 00’ eMoM
1 M3

®depmenTtep Sysbiotech.; pobounit 06’em
1 M, raGapuTHi po3mipu (Mm): d=1000,
h=2000; ocHaleHH COPOUIKOIO Ta
JIOTIATEBOIO MIIIAJIKOIO, IBUJIKICTh
nepeminryBanss 10 1500 06./xB;
MaTepiai — HepskaBiroda ctaib 316L;
amapar o0JiaJHaHu{ JaTYUKaAMU PiBHSA,
MHU, TEMIIepaTypH, piBas pH,
KOHIIEHTpAIlll PO3UUHEHOTO KHCHIO.

https://en.sysbiotech.at/industrial-scale-bioreactor-
500-10001/

P-34

Peakrtop-
3MIITyBay IS
VBC

Peakrop-3minryBau «KpacHbiii OKTAOpHY;
pobounii 06’em 6,3 M>; rabapuTHi
po3mipu (Mmm): d=1800, h=4800;
OCHAILIEHUH COPOYKOIO Ta
NIEPEMIIITYFOUUM MTPUCTPOEM — JIOTTIATEBOIO
MIIIAIKOIO, IBUAKICTh IEPEMIIITYBaHHS
100 006./xB; MaTepian — HEpKaBitOya

CTallb.
https://tdredoctober.com/catalog/vertikalnye-

mehanicheskie-meshalki/lopastnaja-meshalka-v25-
63-m3.html

YBC-
35

VYcranoBka
Oe3nepepBHOL
crepuiizanii Sm’

Crepunizaniiina ycranopka UHT Inoxpa
(Icmanis). ['abaputHi po3MipH (MM):
5000%2000%2000. I[TpoayKTUBHICTH 5
M>/ro1. YCTaHOBKA CKIIAIA€ThCS 3
peakTopa-3MillyBaya, BUXpPOBOT'O HAacoOca,
HarpiBada €eMHICHOTO THUITYy, 3M1110BOTO
BUTpHUMYBaya Ta TEINIOOOMIHHUKA-
OXOJIO/IXKyBaua TUITY «TpyOa B TpyOi».
Marepian - HepxkaBiroda ctainb AISI
316L.

https://k-tep.com.ua/inoxpa-ispaniya/inoxpa-
sektor/kompleksnye-resheniya-pischa/964-
sterilizacionnaya-ustanovka.html

OP-36

depMmeHTep
BUPOOHUYNI

®depmentep Biorus; podounii 06’em 12
M*; raGaputhi po3mipu (Mm): d=2000,
h=5000; ocHameHnuii COPOYKOIO Ta
JIOITATEBOIO MIIIAIKOK0, IBUIKICTE
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https://khimmix.ua/himicheskie-reaktory/laboratornyj-reaktor-15-l
https://khimmix.ua/himicheskie-reaktory/laboratornyj-reaktor-15-l
https://en.sysbiotech.at/industrial-scale-bioreactor-500-1000l/
https://en.sysbiotech.at/industrial-scale-bioreactor-500-1000l/
https://tdredoctober.com/catalog/vertikalnye-mehanicheskie-meshalki/lopastnaja-meshalka-v25-63-m3.html
https://tdredoctober.com/catalog/vertikalnye-mehanicheskie-meshalki/lopastnaja-meshalka-v25-63-m3.html
https://tdredoctober.com/catalog/vertikalnye-mehanicheskie-meshalki/lopastnaja-meshalka-v25-63-m3.html
https://k-tep.com.ua/inoxpa-ispaniya/inoxpa-sektor/kompleksnye-resheniya-pischa/964-sterilizacionnaya-ustanovka.html
https://k-tep.com.ua/inoxpa-ispaniya/inoxpa-sektor/kompleksnye-resheniya-pischa/964-sterilizacionnaya-ustanovka.html
https://k-tep.com.ua/inoxpa-ispaniya/inoxpa-sektor/kompleksnye-resheniya-pischa/964-sterilizacionnaya-ustanovka.html

IIpooosoicenns maon. 6.1

nepeMinryBadHs — 10 850 00/xB,
Marepian — HepkaBitoua ctaib AlSI
316L; anapat ocHaIICHUN TaTYMKAMU
TeMreparypu, piBHs pH, miHwu,
KOHIIEHTpAIlli pPO3YMHEHOI0 KUCHIO Ta
KEepyBaHHS MIPOILIECAMH - KOHTPOJIEPOM
Siemens S7-200 Smart.

https://bio-rus.ru/oborudovanie/fermenteryi-i-
bioreaktoryi/promyishlennyie-fermenteryi-i-
bioreaktoryi-biorus%C2%AE/promyishlennyie-
fermenteryi.html

36-37

30ipHUK
KYJIbTYpaJIbHOT
PIIUHA

36ipHuK 06’ cMoM 8 M>, 0OIaHAHMI
COpPOYKOIO Ta MEPEMILIYIOUYUM TPUCTPOEM
— TypOIHHOIO MIIIAJIKOIO, IIBUAKICTH
mimaiku 10 300 00/xB, rabapuTH1
po3mipu (Mm): d=2000, h=5000.
https://www.alibaba.com/product-detail/8000L-
Industrial-Packed-Bed-

Reactor_60796479128.html?spm=a2700.7724857.no
rmal offer.d title.7ffe3264emVeKe

Cn-38

Cenaparop

Cenapatop Flottweg AC 1000,
MakcUMaJIbHUM 00’ eM Oapabana — 4 11,
MakcUMaJIbHUM 00’ eM ocany — 1,5 11,
noTyxHicTs 10 000 51/roa, MBUAKICTH
ob6epranss 10 12 000 06/xB.

https://www.flottweg.com/fileadmin/user_upload/dat
a/pdf-downloads/Separator-RU.pdf

c€-39

€MHICTD [UTA
0ioMacu

€MHICTb BEpTHKaJIbHA 3 POOOYUM
06’emom 1 M, Mmatepian — miacTuk
TPUIIAPOBUI, TAOAPUTHI pO3MipH (CM):
d=107, h=128.
https://europlast.ua/emkost-vertikalnaya-
trekhslojnaya-sinyaya-1000-litrov

30-40

30ipHUK
CyIIepHATaHTy

301pHUK 13 HEPKABIIOYOT CTAJII 3
COPOYKOI0, poOoumii 06°eM — 8 M°,
rabaputHi po3mipu (Mm): d=2000,

h=5000, po6ouwnii Trck 0,3 MlIla a6o

3anuinkoBuil He HIK4Ye 0,04 MITa.
https://tdredoctober.com/catalog/sborniki-
nerzhaveyushchiy/584.html
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https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi/promyishlennyie-fermenteryi-i-bioreaktoryi-biorus%C2%AE/promyishlennyie-fermenteryi.html
https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi/promyishlennyie-fermenteryi-i-bioreaktoryi-biorus%C2%AE/promyishlennyie-fermenteryi.html
https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi/promyishlennyie-fermenteryi-i-bioreaktoryi-biorus%C2%AE/promyishlennyie-fermenteryi.html
https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi/promyishlennyie-fermenteryi-i-bioreaktoryi-biorus%C2%AE/promyishlennyie-fermenteryi.html
https://www.alibaba.com/product-detail/8000L-Industrial-Packed-Bed-Reactor_60796479128.html?spm=a2700.7724857.normal_offer.d_title.7ffe3264emVeKe
https://www.alibaba.com/product-detail/8000L-Industrial-Packed-Bed-Reactor_60796479128.html?spm=a2700.7724857.normal_offer.d_title.7ffe3264emVeKe
https://www.alibaba.com/product-detail/8000L-Industrial-Packed-Bed-Reactor_60796479128.html?spm=a2700.7724857.normal_offer.d_title.7ffe3264emVeKe
https://www.alibaba.com/product-detail/8000L-Industrial-Packed-Bed-Reactor_60796479128.html?spm=a2700.7724857.normal_offer.d_title.7ffe3264emVeKe
https://www.flottweg.com/fileadmin/user_upload/data/pdf-downloads/Separator-RU.pdf
https://www.flottweg.com/fileadmin/user_upload/data/pdf-downloads/Separator-RU.pdf
https://europlast.ua/emkost-vertikalnaya-trekhslojnaya-sinyaya-1000-litrov
https://europlast.ua/emkost-vertikalnaya-trekhslojnaya-sinyaya-1000-litrov
https://tdredoctober.com/catalog/sborniki-nerzhaveyushchiy/584.html
https://tdredoctober.com/catalog/sborniki-nerzhaveyushchiy/584.html

IIpooosoicenns maon. 6.1

K-41
K-42
K-43
K-44

Komnouku

Kononku 4872 Wave Cyber 3akputoro
TUmy, rabapuTHi po3mipu (Mm): h = 2225,
d = 1227, 06’em xopmycy — 1675 1, 06’ em
3arpy3ku — 1116 1, poboua Temmneparypa
— 4-49°C, MakcUMaJIbHUN pOOOYHIi THCK

— 10 atm.
https://prom.ua/p885826434-korpus-filtra-
48h72.html?&primelead=0S4yMQ

36-45

30ipHUK
OYHIIICHOTO
CyIIepHATaHTy

301pHUK 13 HEPKABIIOYOT CTAII 3
COPOYKOI0, poOoUmii 06°eM — 8 M,
rabaputHi po3mipu (Mm): d=2000,

h=5000, po6ouwnii Trck 0,3 MlIla a6o

3anuikoBuii He HIK4Ye 0,04 MIIa.
https://tdredoctober.com/catalog/sborniki-
nerzhaveyushchiy/584.html

PIIB-
46

PoropHo-
IUTIBKOBUHA
BUITAPHUI amapaT

PoTopHO-1I1IBKOBUI BUITAPHUI anapaT
MPALIOIOYHHA TPH aTMOCHEPHOMY TUCKY,
MaKCUMaJIbHa IIoNa — 3 M-,
IPOIYKTUBHICTB — 450 KI/Toj, TUCK
Ipiroyoi mapu — 7 Kr/cM>, BATpaTh
rpitoyoi nmapu — 500 kr/rox.

https://www.oborud.info/product/jump.php?13927&c
=619

Kp-47

Kpucramnizarop

€MHICHUI OXOJIOMKYIOUNN BaAKYYyM-
kpuctanizarop GLFJ-50 3 copoukoro Ta
MILIANKOI, pobounit 00’ eM — 5000 i,
po6ounii Tuck —0,05-0,4 MITa
https://www.alibaba.com/product-detail/Industrial-
crystallization-tank-evaporative-crystallizer-

Vacuum_60757855663.html?spm=a2700.details.0.0.
23de22¢6BQjXDN

OI1-48

ABTOMAaTUYHUNA
binsTp-mIpec

Oinbrp-nipec «IIporpecc-KMIImy, mioma
noBepxHi QinbrpyBanns — 12,5-196 M2,
BMICT TBep/101 (a3u B cycnensii — 50-
1200 xr/m?, JIOITyCTHMA TOBIIIMHA OCay —
10-40 MM, TeMniepatypa cycrensii s
dbinpTpyBannas — 5-80°C.
http://www.pke.kz/cms/uploads/files/kmpm.pdf

36-49

30ipHUK
¢iapTpary

36ipaUK podounM 06’emom 2500 i1,
rabaputHi po3mipu (Mm): h = 2625, d =
1400, matepian — HEpKaBitOUYa CTaNb
AISI 316 L.

https://tdredoctober.com/catalog/sborniki-
nerzhaveyushchiy/583.html
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https://prom.ua/p885826434-korpus-filtra-48h72.html?&primelead=OS4yMQ
https://prom.ua/p885826434-korpus-filtra-48h72.html?&primelead=OS4yMQ
https://tdredoctober.com/catalog/sborniki-nerzhaveyushchiy/584.html
https://tdredoctober.com/catalog/sborniki-nerzhaveyushchiy/584.html
https://www.oborud.info/product/jump.php?13927&c=619
https://www.oborud.info/product/jump.php?13927&c=619
https://www.alibaba.com/product-detail/Industrial-crystallization-tank-evaporative-crystallizer-Vacuum_60757855663.html?spm=a2700.details.0.0.23de22c6BQjXDN
https://www.alibaba.com/product-detail/Industrial-crystallization-tank-evaporative-crystallizer-Vacuum_60757855663.html?spm=a2700.details.0.0.23de22c6BQjXDN
https://www.alibaba.com/product-detail/Industrial-crystallization-tank-evaporative-crystallizer-Vacuum_60757855663.html?spm=a2700.details.0.0.23de22c6BQjXDN
https://www.alibaba.com/product-detail/Industrial-crystallization-tank-evaporative-crystallizer-Vacuum_60757855663.html?spm=a2700.details.0.0.23de22c6BQjXDN
http://www.pke.kz/cms/uploads/files/kmpm.pdf
https://tdredoctober.com/catalog/sborniki-nerzhaveyushchiy/583.html
https://tdredoctober.com/catalog/sborniki-nerzhaveyushchiy/583.html

3akinuenus maon. 6.1

Ki-50

Kanopudep

Kanopudep BHII 113-202-02 (2-06),
poayKTHBHICTE 2500 M*/roa, pobounii

THCK He Ounbie 1,2 MI]a.
https://ventsistema.net/products/kalorifer-vnp-
teplonositel-par/#product _description_tab

C-51

Kongeepna
CTpPIYKOBA
CylIapkKa

Konseepna ctpiukosa cymapka [1/T5-1,
TemMIiepatypa B pobouiit 30Hi: 0-250°C,
IIUPUHA KOHBEEPHOT CTPIUKU — 620 MM,
HIBUJKICTh PyXy KOHBEEPHOI CTPIUKU
(M/XB) — peryJibOBaHa, HaBaHTAXEHHS Ha
1 M ctpiuku — He Oubiie 120 Kr, po3mip

pob6ouoi kamepu (Mm): 700x5000%320.
https://ua.all.biz/uk/susharka-konveerna-g8161966

c€-52

€MHICTD UIS
BHUCYILICHUX
KpHUCTaJiB

bin L1000, 06’emom 1000 11, maTepian —
Heprkasitoua ctanb AISI 316/304,
rabaputHi po3mipu (Mm): h = 1586, d =
510.

https://inoxpharm.ru/katalog-produkczii/farm-
biny/seria-l.html

[1K-53

ITigiiomua
KOJIOHA

ITimiioMHa KOJIOHA BaHTAXKOIIAHOMHICTIO
10 1000 xr 3 pyHKIisIMU 00epTaHHS
HABKOJIO BEPTUKAJIBHOI Ta
TOPU30HTAJIBHOI 0C1, MAKCUMaJIbHA
BHCOTA MigiloMy 2 M, MaTepiai —
HeprkaBitoua ctanb AISI 316.

https://promvit.com.ua/farmacevticheskaya-kolonna-
podemnaya-gruzopodemnostyu-500-kg-do-1000-kg/

OM-54

dacyBasibHa
MallluHa

ABToMaT 111 hacyBaHHS B JOM-TIAK
KpadT zip-MakeT 3 BaroBUM J103aTOPOM
A®D-35-J1-B, normyctumi Mexi 103yBaHHS
—50-1500 r, npoaykTuBHICTH — 10 600-
1200 yn/roj, MICTKICTh Mara3uHa MakeTiB
—250-300 miT.

https://packtech.com.ua/oborudovanie/fasovochnoe/a
vtomaty-poluavtomaty-serii-doj-pak/af-35-dpom
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https://ventsistema.net/products/kalorifer-vnp-teplonositel-par/#product_description_tab
https://ventsistema.net/products/kalorifer-vnp-teplonositel-par/#product_description_tab
https://ua.all.biz/uk/susharka-konveerna-g8161966
https://inoxpharm.ru/katalog-produkczii/farm-biny/seria-l.html
https://inoxpharm.ru/katalog-produkczii/farm-biny/seria-l.html
https://promvit.com.ua/farmacevticheskaya-kolonna-podemnaya-gruzopodemnostyu-500-kg-do-1000-kg/
https://promvit.com.ua/farmacevticheskaya-kolonna-podemnaya-gruzopodemnostyu-500-kg-do-1000-kg/
https://packtech.com.ua/oborudovanie/fasovochnoe/avtomaty-poluavtomaty-serii-doj-pak/af-35-dpom
https://packtech.com.ua/oborudovanie/fasovochnoe/avtomaty-poluavtomaty-serii-doj-pak/af-35-dpom

PO3A1J1 7
OIIMC TEXHOJIOI'TYHOI CXEMU BUPOEHUIITBA
EPUTPUTOJY

TexHosoriyHa cxema O1OCHMHTE3Y Ta BUJIUJICHHS 1 OYHIIEHHS E€PUTPUTOIY
BKJIIOYAE JIOTIOMDKHI poOOTH (TIATOTOBKA aeparliiHOro IMOBITPsI, MPUTrOTYBaHHS 1
CTEpWJIi3allisl TOKMBHHUX CEPENOBUI Ta PO3YMHY TIIOKO3U JJISA IIKUBICHHS,
MIJITOTOBKA CMOJI JIJI1 10HOOOMIHHOT XpomaTorpadii Ta MiAroTOBKa aKTHBOBAHOTO
BYTUIJIS, @ TAKOK MIATOTOBKA TEIJIOHOCIS JIS CYIIAPKK) Ta TEXHOJOTIYHUHN TIPOIIeC
(MAroTOBKa MOCIBHOTO Marepiany, OI0CHHTE3 LJIBOBOIO MPOIYKTY, BIIJILJIEHHS
OioMacu, OUMILIEHHS CyIEpPHATAHTY, KOHIIEHTPYBAHHS Ta KPUCTAII3aIlisl, BUIITICHHS
KPUCTAJIIB EPUTPUTONY Ta IX CYIIIHHS, a TAaKOX ITaKyBaHHS, MapKyBaHHS Ta
BIJIBAHTQKEHHS ). TE€XHOJOTIYHY cXeMy O010CHHTE3Yy HaBEJICHO Y IpadivHiil YaCTHHI.

JIP 1. Iliozomoeka aepauiiinozo nosimps

Jliist 3a0e3ne4eHHs] ONTUMAaIbHUX YMOB POCTY MIKpOOpraHi3My HEOOX1THOO
YMOBOIO € TIITPUMAaHHS KOHIICHTpAIlil pO3YMHEHOTO KUCHIO B CEPEIOBUII OJIU3BKO
30%. Tomy y mporeci KyJbTUBYBAHHS Ta BHUPOOHMYOrO OIOCHHTE3Y KYJbTypa
TpKIKIB P. tsukubaensis KN 75 aepyeTbes CTepUIbHUM TOBITPSIM.

J[P 1.1. 3a6ip ammocgheproco nosimps

OckiJIbKM HailOUIbIIa KUTBKICTh MIKPOOPIaHi3MiB, MUy, KOMax Ta TBapUH
3HAXOJUTHCS OIS TOBEPXHI 3€MITi, a 3 BUCOTOIO 1X KOHIIEHTpAIlIS 3MCHIIIYETHCS, TO
3a0ip MOBITPs pOOJIATH Ha BUCOTI ONM3BKO 2-3 M HajJ pIBHEM Aaxy OyniBiml 3a
JonoMororo nopiTpo3oipuuka (I13-1).

J[P 1.2. Ilonepeous ouucmxa nogimpsi

Ha wmiit cragii BiaOyBaeThCs MONEpPEAHE OUMIIEHHS MOBITPS Bl IpyOUX
gactouok muny (E = 65-80%) 3a momomoror CTUIBHUKOBOTO (ibTpa 3
JPIOHOTIOPHUCTOIO METANIEBOIO CiTKOIO (M-3).

I[P 1.3. CmucHeHnus nogimps

HYXT BTEK 04.01.15 KP I13

3MmH. | Nnct Ne gokym. Mignuc | Qata

Poapo('i Ho3i1'1a B.C. PO3 I[I 71 7. Omuc Jlimepa | Apkyw ApKyuwiis

lNepesip. Kpacinpko B.O. . . | | 67 121
TEXHOJIOT'TYHO1 CXEMU

KoHcynbmaH

H. Kormp. BUPOOHHLTBA CPUTPUTOILY Kadenpa BTM

3ameepO. IMupor T.I1.




JIJist CTUCHEHHS Ta HarHITaHHS TOBITPSI BUKOPUCTOBYIOTH Komripecop (K-5),
100 y mpoleci KyJIbTUBYBaHHS 3a0€3MEUUTH M0/Iavy MOBITPS Yepe3 BCIO CUCTEMY
OYMIIEeHHA y (pepMeHTepu U 1m00 miaTpumMyBaBcs HamymmkoBuil tuck 0,01-0,03
MIla.

P 1.4. Oxonooocenus nogimps ma U0AeHHs 80102U

3a pomomororo kommpecopa (K-5) moBiTps mogaeThecs 10 TEIIOOOMIHHUKA
(T-6) ne oxomomkyerbes no Ttemmeparypu 25°C. Ilotim y pecuBepi (P-7)
BiOyBaeThCs cTabumizaris Boiorocti nositps W=60-70%.

JIP 1.5. Haepisanns nogimpsi

B Tennoo6minnuky (T-8) moBiTps HarpiBaeTbes 0 TEMIEPATYpPH BUILOI Bij
TeMIiepaTypu KyiabTuBYBaHHs Ha 5-10°C, To0TO 110 39-44°C, 3 BonoricTio 40-50%.

P 1.6. Ouuwenns nogimps 6 20106HoMY Qinbmpi

[Topasnpliie ouMIlieHHs MOBITPA BiAOyBaeThesa B GILTPl TPyOOro OUMINECHHS
(®-9) 31 cknoBosiokHa. Ctyninb ounieHHs noBiTps E = 90-95%.

JIP 1.7. Ouuwernns nosimps 6 inougioyaivHomy gitempi

JUiss  3aKkiII0YHOrO  OYMILEHHS  MOBITpS  mepen  (pepMeHTepamu
BCTAHOBIIOIOTHCS (GUIBTPU 1HAMBIAyanbsHOrO ounieHHs (MP-10-13) 3 BoIOKOH
OOPCHITIKATHOTO CKJIa, CTYIIHb O4YHIIEeHHS SKUX E = 99,995%.

P 2. Ilpucomyeannsa ma cmepunizayisa po3uuHy 0111 ni0HCU61eHHA

P 2.1. [Ipucomysanns i cmepunizayis po3uumy uroKo3u 0as NiOHCUBTIeHHS

JIist IpUroTyBaHHs PO3YMHY 3 KOHLIEHTpALi€o rtoKko3u 321,5 r/1, HeoOX11HO
3BAKUTH Ha TEXHIYHUX Tepesax 953,4 Kr TIIIOKO3U 1 po3uuHUTH y 2965,4 1 BOAM.
CrepunisytoTs B peaktopi-aminryBadi (P-14) mpu Temneparypi 112°C 30 xB.

JIP 3. Ilpuzomyeanna ma cmepunizayia 3anaAcHO20 PO3YUHY
MIKpoenemenmie

/[P 3.1. I[lpucomysanus ma cmepunizayisi po34uHy coeu

Ha naGoparopuux Ttepesax 3BaxyioTh 44 mr MnSOsx4H,O Ta 8,8 T
CuSO4x5H,0, nepeHocaTh y MipHUH cTakaH Ta po3uuHsAl0Th y 100 mi Bomu.
AgtoknaByroTh nipu 131°C 40 xB.

/P 4. IlIpucomyeannsa ma cmepunizayia NOMCUGHUX CEPEO0sULY,
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I[P 4.1. Ilpucomysanusa i cmepunizayis NONMCUBHO20 Ccepedosuud OJisl
BUPOWYBAHHS THOKYIAMY 8 KOJOAX HA KAYAIKAX
Jlsis BUpOIYBaHHS 1HOKYJATY MOTpiOHO mpurotyBaHHs 0,4 1T MOKUBHOTO
cepenoBuia. /[xepenom BYIJIEHIO B CEPEAOBHILI € TIIOKO3a, JHKEPEIOM a30Ty —
KyKypya3sHe 6oporrHo. s miei craaii Heooxigno 0,36 1 nutHOI BoaH, 3 HUX 50
MJI /1€ Ha IPUTOTYBAHHS 3aIaCHOTO PO3YUHY COJICH.
BMicT KOMIIOHEHTIB [l IPUTOTYBAHHS CEPEIOBUIIA JIJIsi KaYaIOYHUX KOJIO
HaBEJICHO B maobn.7.1.
Tabnuys 7.1
Po3paxyHoOK BMICTY KOMIIOHEHTIB /1J151 IPUTOTYBAHHS Cepe0BHINA IS

KAYAJOYHHUX KO0JI0

Bwmict
KomnoneHt : KOMIIOHEHTA y O06’em
Konuentpariis, )
MMOKUBHOTO o/ 0,41 Kommo3uiiist | KoMo3uini,
cepeloBUIIA CepeIoBUIIIA, V,n
r
I'moko3a 60 24
Kyxypynssne 15,75 6,3 A 0,31
OOPOITHO
Bona 0,2797 ()
Konpaencar 0,04 (1) 0,04

JIP 4.1.1. [Ipueomysanns i cmepunizayis komnozuyii A

Ha TtexniuHux Tepe3ax 3BakylTh 6,3 T KyKypya3stHoro OopolHa i
MOMIIIat0Th B KoJIOy Ha 500 mi1. bopouiHo cycnienayoTs B XxonoaHii Boai (0,2797
J), @ TOTIM MOCTYIIOBO, HA BOJIsIHIN OaHi, HarpiBaoTh 10 Temneparypu 70-90°C , 1
BUTPUMYIOTh TIipH 11K Temnepatrypi npotsirom 20-30 xB. [loTim 3BaxytoTh 24 T
TJIFOKO3U Ta TIEPEHOCATh B KOJOY /10 KYKYpYA3SHOTro OOpOUIHA 1 CTEpUIII3YIOTh B
aBTokiasi rpu 112°C 30 xB.

I[P 4.2. Ilpucomysanus i cmepunizayis HNONCUBHO20 cepedosuua OJisl
inoxynamopa 06 emom 0,01 m°

JUis KyJIbTUBYBaHHS JIPLKIKIB B iHOKYATOpi 06°eMoM 0,01 M* HeoOXimHO

MMpUroTyBaTnu 4 71 NOKUBHOTO cepecaoBHrIa.
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BpaxoBytoun, 1mo s 3aciBy 1HOKYJSTOpa BHKOPUCTOBYIOTH PIIKUN
nociBHUM Marepian 06’emom 400 M1, 3arajgbHa KUIbKICTh BOJIU, SIKY HEOOXiJTHO
JoAaTH JJisl IPUTOTYBaHHS cepenoBuina — 3,6 1. 3 Hux 50 MJ1 MUTHOI BOAM HJEe Ha
MIPUTOTYBAHHS 3aIIaCHOTO PO3YHHY COJICH.

BMmicT KOMITIOHEHTIB i MPUTOTYBaHHS CEpPEOBHUINA JJIA 1HOKYJISATOpA
06’emom 0,01 M* HaBeneHo B maba.7.2.

Tabnuys 7.2

Po3paxyHoK BMICTY KOMIIOHEHTIB /1J1s1 IPUTOTYBAHHS Cepe0BUIIA IS

inoxkyasTopa 06’emom 0,01 3

Bwmict
KommoHneHT : KOMIIOHEHTa y 06’em
Konuentpars, i
MTOKUBHOTO o/ 4 n Komnosuiris | koMro3wuitii,
CepeloBHUIIa CepeOBHIIIA, b
r
I'moko3a 60 240
Kyxypynssne 15,75 63 A 3,55
OOpOITHO
Bona 3,247 (i)
Konpgencar 0,4 (m) 0,4

JIP 4.2.1. Ilpuecomysarnns i cmepunizayis komnozuyii A

Ha TexHiyHMX Tepe3ax 3BaxylTh 63 T KyKypya3sHOro OopoImiHa i
MOMIIIAIOTh B peakTop-3minryBay (P-15) Ha 5 1. BoporiHo cycreHyroTh B X0I0IH11
BO/1 (3,247 11), a MOTIM ITOCTYNOBO HArpiBaroTh 110 Temnepatypu 70-90°C, noaarouu
rIIyXy napy y COpouKy amnapary, 1 BATpUMYIOTb IIpH 111l Temneparypi npotsirom 20-
30 xB. [Ilotim 3BakyroTh 240 T TIIOKO3W Ta TMEPEHOCITh B PEAKTOP IO
KYKYpPYI35SHOTO OOpOIlIHA, YTBOPEHUW PO3UYMH CAMOIUIMHOM MEPEeHOCATh [0
iHoKyIsiTopa (®P-28) 1 crepunizyrors npu 112°C 30 xB.

I[P 4.3. Ilpucomysanus i cmepunizayis HNON*CUBHO20 cepedosuua OJisl
nocisnoeo anapama 06 ’emom 0,1 o

Jlis Ky IbTUBYBaHHS APIXKIDKIB B TOCIBHOMY arapaTi HeoOX11HO IPUTOTYBaTH
40,4 1 MOXMBHOTO CEepEAOBUINA. 3arajibHa KUIbKICTh BOJIH, SIKY HEOOXIJIHO J0/1aTh

—36,36 1.
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BMicT KOMIOHEHTIB /1715l IPUTOTYBAHHSI CEPEIOBUIIA AJIsl IIOCIBHOTO arapara
06’emom 0,1 m> HaBeneHo B mabn.7.3.

Tabnuys 7.3

Po3paxyHOK BMicTy KOMIIOHEHTIB /ISl IPUTOTYBAHHS cepeIoBHIIA s

nocisHoro amapary 06’emom 0,1 m*

Bwmict
KommonenT . | KOMITOHEHTa Y 006’em
Konuentparis, )
IMOKAUBHOT'O o/ 40,45 Kommno3uiiis | KoMIo3uiiii,
CepeloBHUIIA CEpeIOBHUIIIA, b
r
I'mroko3a 60 2424
Kyxypynssue 15,75 636 A 34,92
OOpOITHO
Boma 31,86 ()
Konpgencar 4 (1) 4
MnSO4x4H,0 0,01 0,40
CuSO4x5H,O 2 80,8 b 1,08
Bona 1 ()
Konnencar 0,4 (1) 0,4

JIP 4.3.1. [Ipueomysanns i cmepunizayis komnozuyii A

Ha texHiunumx Tepe3ax 3BakylTh 636 T KyKypya3sHOro OoOpoIiiHa i
MOMIIIAIOTh y peakTop-3MminryBad (P-29). boponiHo cycneHaytoTh B XOJ0AHIN BO/I1
(31,86 1), a mOTIM MOCTYMOBO HarpiBaroTh a0 Temrepatypu 70-90°C, momatoun
TIIyXy Tapy B COpOUKY amapary, i BATPUMYIOTh IIPH I1iii Temreparypi npotsirom 20-
30 xB. IloTiM 3BaxyroTh 2424 r TJIOKO3U Ta MEPEHOCATH A0 KYKYPYI3STHOTO
OopoItHa, yTBOPEHUH pO3UYMH CaMOILTMHOM TIepeAaroTh 0 MOCiBHOTO arapara (P®P-
30) i crepunizytors npu 112°C 30 xB.

JIP 4.3.2. [Ipuecomysanns i cmepunizayisi kKomnosuyii b

[ToTpiGHO MPUTOTYBATH PO3UMH MIKPOEIEMEHTIB, 7S LIbOTO 3BaXyt0oTh 0,4 T
MnS0O4x4H,0 Ta 80,8 r CuSO4x5H,0, nepeHocaTh y II0CKOI0HHY K00y 00’ eMOM
2 n1 Ta AO0AAIOTh | J MHUTHOI BOJM, MEPEMINMIYIOTH 10 TIOBHOTO PO3YMHEHHS
KoMItoHeHTiB. [licist 1poro coii crepuni3ytoTh B aBTokiasi npu 131°C 40 xa.

JIP 4.4. Ilpucomysanus i cmepunizayis HnOICUBHO20 cepedosuua OJisl

nocisnozo anapama 06 'emom 1 m’
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JUis KyJIbTUBYBaHHS APIXKIKIB B IOCIBHOMY anapaTi 06’eMoM 1 M* HeoOXiaHo
npurotyBaTd 400 JI MOXXHBHOTO CEpEIOBHUINA. 3arajbHa KiIbKICTh BOJH, SKY
HeoOXiaHO moaaTu — 360 1.

BMicT KOMITOHEHTIB [Tl IPUTOTYBaHHS CEpeIOBUIIA JIS TOCIBHOTO arapary
06’emom 1 M° HaBeneHO B mab. 7.4.
Tabnuys 7.4
Po3paxyHoOK BMiCTy KOMIIOHEHTIB /1JIs MPUTOTYBAHHSI CepeI0BHIIA IS

nocisHoro amapary 06’emom 1 m*

Bwmict
KomnoneHt : KOMIIOHEHTA y O06’em
Konuentpariis, )
MOKUBHOT'O o/ 4001 Kommno3uiis | KoMmo3uiiii,
cepeaoBuIIa CepeIoBUIIIA, b |
r
I'moko3a 60 24 xr
Kyxypynssre 15,75 6,3 kr A 3492
OOPOITHO
Boma 318,9 (n)
Konnencar 38 () 38
MnSO4x4H,0O 0,01 4
CuS0O4x5H,0 2 800 b 10,8
Bona 10 (1)
Konnencar 2 () 2

JIP 4.4.1. [Ipuecomysanns i cmepunizayis komnozuyii A

Ha TexHiyHMX Tepe3ax 3BakylTh 6,3 KI KyKypya3sHOro OopoIiHa i
NOMIIIAOTh B peakTop-3MinryBad (P-31). bopoiiHo cycnenaytoTh B X0JI01H1M BO1
(318,9 1), a moTiM MOCTYNOBO HarpiBaroTh a0 Temrepatypu 70-90°C, momatoun
TIIyXy Tapy B COpOUKY amapary, i BATPUMYIOTh MIPH IMiii Temmeparypi npoTsirom 20-
30 xB. IToTiM 3BaXKyt0Th 24 KT ITIOKO3H Ta MEPEHOCSTH A0 KYKYPYA3IHOT0 OOpOIIHA
1 creprnizyroTh nipu 112°C 30 xB.

JIP 4.4.2. [Ipucomysanns i cmepunizayisi Komnosuyii b

[ToTpiOHO MPUTOTYBATH PO3UYMH MIKPOEIEMEHTIB, /ISl IbOTO 3BaAXKYIOTh 4 T
MnSO4x4H,0 ta 800 r CuSO4x5H,0, nepenocsats y peakrop-3minryBau (P-32)

00’emoM 15 51, nogarots 10 J1 MUTHOT BOAM Ta BMUKAIOTh MEPEMIIITYIOUHI TPUCTPI
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JI0 TIOBHOTO PpO3YMHEHHS KOMIOHEHTIB. OTpUMaHWii pO3YMH CaMOILTMHOM
nepeHocsTh 10 nociBHoro amnapara (®P-33) ta crepunizyroTs npu 131°C 40 xs.

JIP 4.5. Ilpucomysanusa i cmepunizayis HNON*CUBHO20 cepedosuwya OJis
pepmenmepa 06 ’emom 12 m?

Jlnsg KynbTHBYBaHHS IPIKIKIB B (epMeHTEpi 06°eMoM 8 M> HEoOXimHO
npurotyBatd 4,3 M® IOXHMBHOTO CEPENOBHUINA. 3arajlbHa KiIbKiCTH BOIH, SKY
HeoOXx1aHo0 nogatu — 3870 1.

Xoya crepwitizallis MOXUBHOTO cepenopuina Oyae BimOyBatucs B YBC-5,
HEOOX1/THO MOMEPEIHBO 3aBAPUTH OOPOIITHO Y peakTopi-3MmiiryBadi (P-27) 06’emom
6,3 M, TOMy CEpEIOBHIIE MOALIAEMO HAa KOMIIO3HILI.

BMmicT KOMIOHEHTIB I TPUTOTYBaHHS CepeloBHINA sl (pepMeHTepy
00’emom 12 M® HaBeneno B mabn.7.5.

Tabnuys 7.5

P03paxyHOK BMiCTy KOMIIOHEHTIB AJIA TIPUTOTYBAHHA CepeaoBuIIA 1JIA

depmenTepy 06’emom 12 m*

Bwmict
KomnoneHT : KOMITOHCHTA Yy 06’em
Konuentpars, 3 )
MOKUBHOTO i 43 ™M Komno3uiiis | KoMmo3uiiii,
cepeoBUIIa CepeIOBHIIIA, b |
KI'
I'mroko3a 60 258
Kyxypynsine 15,75 67,7 A 3850
OOpOITHO
Bona 35243 ()
MnSO4*x4H,0 0,01 43 1
CuSO4x5H,0 2 8,0 b 20
Bona 20 ()
Konpgencar 430 (i) 430

I[P 4.5.1. Ilpueomysanns noscusnoco cepeoosuwya oas YbC

Ha TexHiuHuMX Tepe3ax 3BaxyloTb 67,7 Kr KyKypyIO3sHOro OopollHa 1
NOMIIIAOTh B peakTop-3MinryBad (P-34). bopoiiHo cycnenaytoTh B X0JI0/1HIi BOII
(3524,3 1), a moTiM TIOCTYIIOBO HarpiBaroTh 10 Temmeparypu 70-90°C, mogatoun
TIIyXy Mapy B COPOUKY amapary, 1 BATPUMYIOTh IIPH 11i TemrepaTypi npotsrom 20-

30 xB. IloTiM 3BaxyroTh 258 KI' TJIIOKO3M Ta MEPEHOCITh A0 KYKYpPYI3SHOTO
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6opomHa. [Ticis 1poro 10 yTBopeHoto cycrneH3ii BHOCATh 43 r MnSO4x4H,0 ta 8,6
kr CuSO4x5H;0, nomatote 20 1 NMUTHOI BOAM Ta BMHUKAIOTh MEPEMINTyHOUU
IPUCTPIi.

I[P 4.5.2. Cmepunizayis noxcusnozo cepedosuwya 8 YC

Hacocom (H-17) HectepwibHEe TMOXWBHE cepenoBuie (Big /P 4.5.1)
MepPeKavyr0Th Ha CTEPUIII3AINI0 0 YCTAaHOBKHU OesmepepBHOi crepmmzaliii (YBbC-
35), crepwizanio nNpoBoAAThH Ipu Temnepatypi 131°C, 3aranpHuii yac poboTH
YCTAHOBKHU CTaHOBUTH 51,6 XB.

AP S. IliaroroBKka ¢cM0J1 Ta aKTUBOBAHOI'0 BYTLJISA VISl KOJIOHOK

J11st i0HHOTO OOMiIHY BUKOPHUCTOBYIOTH TPH KOJIOHKH 3allOBHEH1 HACTYITHUMH
cMonamu: 1) CHJIBHOKHCIIOIO KaTioHOOOMiHHOIO (720,42 1), 2) cnaboiryXHOIO
aHi0HOOOMiHHOIO (720,42 1), 3) CUIBHOKHUCIIOI KaTioHOOOMiHHOIO (240,14 1) Ta
CWJIBHOJY>KHOIO aH1I0HOOOMiHHOIO (480,28 1), 4YeTBepTa KOJIOHKA 3alOBHEHA
akTUBOBaHUM ByruuisaMm (11,378 kr).

JIP 5.1. ITiocomoska cmon 015t iOHHO20 0OMIHY

JInsi 10HOOOMIHHHMX KOJIOHOK CMOJHM TOTYIOTh JUHAMIYHUM CIOCOOOM.
KaTioni cMmoiu MiArOTOBIIOIOTH HACTYITHMM YHHOM: CIIOYATKy iX 3aJMBarOTh
I’ ITHKPATHAUM 00’€MOM HAaCHYEHOTO PO3YMHY XJIOPUAY HATPIIO 1 3aJMIIAIOTHh Ha
n00y 1utst HaOyXaHHS, MICIIs [BOTO ACKAHTYIOTh PIIUHY Ta 3aJIUBAtOTh cMoau 1 M
po3zunHoM NaOH Ta 3amumaroTh Ha 2-3 TOOMHM Il BUMHUBAHHS MiHEPAIbHUX
nomiok. OOpoOJieHy JIyTOM KaTiOHY CMOJIy MEPEHOCSATh 10 XpomaTorpadidyHoi
KOJIOHKH, Yepe3 KoJIOHKY nponyckaroTb 2M HCl 10 moBHOTO BUTICHEHHS 13 CMOJIU
ioHiB Fe3+. B KiHII MpOMUBAaIOTH KaTIOHY CMOJY BOJOIO JJisi T030aBIICHHS BiJ
HaJUTUIIKY KHCIIOTH.

[TinroToBKa aHIOHOOOMIHHUX CMOJ BIAPI3HAETHCS JIMIIE IOCTITOBHICTIO ii
00poOku JTyrom Ta kucioTor. Croyarky 00po6storoTs 2M pozunHom HCl, a moTtim
1M NaOH [39].

I[P 5.2 Iliocomoska akmueo8aro2o 8y2inis

AxTuBOBaHe Byruuiga 3anuBaioTh 2M pozumHom HCl Ta xum’stsate 2-3
rOJIMHU. SIKIIO pO3YMH KUCIOTH 3a(hapOOBYETHCS, OMepallio MOBTOPIOOTh. [1oTiM
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BYTUIJISI TPOMHBAIOTH TUCTUILOBAHOIO BOIOIO 10 HEUTPAILHOT PeaKilii Ta J01at0Th
IM po3una NaOH, narote HactosTucs 8-10 roaud. Oneparliito HOBTOPIOIOTh, SKIIO
po3uunH 3a0apBuBcs. OunilieHe aKTUBOBaHE BYTULIS IPOMUBAIOTH Ta 30€pIiraroTh y
Tapi 3 JUCTHJILOBAHOIO BOJIOKO 110 6 MicsiiB [40].

P 6. ITiaroroBKa NOBITPSI AJIs1 CYHIAPKH

P 6.1 3a6ip ammocgeproco nogimpsi

OckiIbKM HaMOUIbINA KIJTBKICTh MIKPOOPIaHi3MiB, MUY, KOMax Ta TBapUH
3HAaXOJUTHCS OIS MOBEPXHI 3€MIIi, @ 3 BUCOTOIO 1X KOHIICHTpAIlisl 3SMEHIITY€ThCS, TO
3a0ip MOBITPs pOOJIATH HA BUCOTI ONM3BKO 2-3 M HajJ piBHEM JAaxy Oy.IBII 3a
JooMOororo noBiTpo3oipuuka (I13-2).

I[P 6.2 [lonepeous ouucmka nogimps

Ha mifi cragii BimOyBaeThCs MONEPEAHE OYMINCHHS TOBITPSA Bl TpyOHX
yactouok iy (E = 65-80%) 3a 10moMorow CTUIBHHKOBOTO (GiuIbTpa 3
JIpiOHOMOPHUCTOI0 METATIEBOIO CITKOIO (MD-4).

[P 6.3. Hacpisanns nosimpsi

[Ticnst oummieHHsT TOBITPs Toaaetrhesi a0 kamopudepa (Kia-50) nge BoHo
HarpiBa€eThCs Maporo 10 Temrepatypu 80°C Ta Moi€THCS 10 KOHBEEPHOT CTPIYKOBOT
cymapku (C-51).

TII 7. Iliozomoeka nocienozo mamepiay

TII 7.1. [Tiompumanms KoaekyiiHoi Kyaomypu

Konexuiliny xynetypy P. tsukubaensis KN 75 30epiratoTb B ammylax y
miodinizoBaHoMy ctadi npu 2-8°C.

TI1 7.2. Oodeporcarnns poboouoi Kyivmypu

[Ticns BIAKPUTTS aMITyul Tyau BHOCSTh ~(,3 MJI MOXXUBHOTO CEepeOBHUIIA
it periapatarii ((r/m): rmroko3a — 10, menToH — 5, ApLKIKOBUN €KCTpakT — 3,
COJIOJIOBHIA €KCTPAKT — 3) . BMICT aMImysii mepeMilnyoTh, IEPEHOCITh CTEPUITHLHOIO
MIMETKOI B MPOOIPKY 3 MOKUBHUM OYJIBHOHOM Ta iHKYOYI0Th Iipu 37°C mpoTarom
18-24 rog.

T11 7.3. O0eporcanns po6ouoi Kyibmypu 6 npooipkax
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[Ticns imkyOarii 13 moxkuBHOTO cepenoBumia (Bim 77/ 7.2) poOnsiTh BUCIB y
npoOipku 3 5 My poctoBoro cepeaopuiia ((r/100 mi): riroko3a — 20, IPILKIKOBUN
excTpakT — 1, MnSO4x4H,0 — 1 mr, CuSO4x5H,0 — 0,2) Ta iakyOyroTs ipu 30°C,
250 06/xB poTsirom 48 To.

TII 7.4. Bupowysanns Ky1bmypu 8 KoJl0ax Ha KayaiKax

JIJist BUpOIITYBaHHS PiKOTO TOCIBHOTO Marepiany y Koia0y o6’ emom 500 mu
13 270 mn xommo3uiii A (Bix [P 4.1.1) B acenTHYHHX yMOBax BHOCATH 50 mi
3aImacHOro po34nHy MikpoeneMeHTiB (Bix [P 3.1). IlepemimytoTs 1 pO3TUBaIOTh IO
130 mu1 B cTepuiibHI KayanoyHi koiadu 06’emom 250 mut.

B k05101 3 pO3IUTUM MOXUBHUM CEPEOBUIIEM BHOCSTH 5 MJI JAPIKIHKOBOI
cycnensii (Big 771 7.3). Konbu cTaBnsTh Ha Kadayiku Ta 1HKYOytoTh npu 30°C, 250
00/XB yIIpoa0BX 24 TO/I.

TII 7.5. Bupowysanns kynemypu 6 inoxyiasamopi o6 'emom 0,01 m’

JI71s1 BUPOIIYBaHHS PIKOTO MOCIBHOTO MaTepiany B 1HOKyJsaTop (PP-28) 31
CTepuiIbHOIO Kommosuilieo A (Big JP 4.2.1), BHocuthest 50 M1 3a11aCHOTO PO3YUHY
MikpoenemeHTiB (Bin [P 3.1). Yepes 3aciBHy koJi0y BHOCSATh 400 MJI MOCIBHOTO
matepiany (Big 771 7.4). Y mporieci KyJabTUBYBAaHHS IIBUIKICTh MEPEMINTyBaHHS
ctaHoBuTh 500 00/XB, TpUBANICTh KyJIbTUBYBaHHs 48 rox npu Temmepatypi 30°C.

TII 7.6. Bupowysanns kynemypu 6 nocisnomy anapami o6 'emom 0,1 m*

B nociBawmii anapat (®P-30) 3 npocTepuiiizoBaHoro komrosuiiiero A (Big [P
4.3.1), yepe3 3aciBHU npucTpid BHOCATHh | 11 komno3uuii b (Big 4P 4.3.2). Uepes
TpyOy NMepeTUCKYBaHHS MEPEKAYyIOTh 3 THOKYJISITOpa 4 J1 MOCIBHOTO Matepiaiy (Bij
TI1 7.5). Y nporeci KyJIbTUBYBaHHS HIBUAKICTH MepeMilTyBaHHsS cTaHOBUTH 500
00/XB i1 TMIATPUMAHHS KOHIIEHTpAIll PO3YMHEHOTO KHCHIO Oumbin 5%,
temneparypa 30°C, TpuBajicTh KyJIbTUBYBaHHS 48 ro.

TII 7.7. Bupowyeanns Kynemypu 6 nocienomy anapami o6 'emom 1 m’°

B nociBuwmit anapat (®P-33) 3 mpoctepuiiizoBanow kommnosuiliero b (Big P
4.4.2) nacocom (H-16) monarots 3 peakropa-3minryaua (P-31) 310 1 kommo3utii A
(Big AP 4.4.1). Uepes TpyOy NepeTUCKyBaHHS MEPEKAuyIOTh 3 IMOCIBHOTO arapara
40 1 mociBHoro matepiany (Big 71/ 7.6). Y mpolieci KyJIbTUBYBaHHS IIBHJKICTh
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nepeminryBadds  ctaHoBUTH 500 00/XB sl  TATpUMAaHHS — KOHIIGHTpAIlii
PO3YMHEHOT0 KUCHIO O11bi 5%, Temneparypa 30°C, TpuBaiicTh KyJabTUBYBaHHs 60
TO/I.

TII 8. biocunmes

TII 8.1. Bupobrnuue Ky1omugy8amms

Bupo6Huue KyJIbTHBYBaHHS 3IIHCHIOIOTEL y (pepMenTepi 06’emoM § mM> (M-
36) 3 po6ounm 06’emom 4,7 M. V (depMeHTED HPOCTEPHUITI30BAHE CEPENOBHILIE
NOTparuisie 3 ycraHoBKHU Oe3nepepBHoi ctepunizaii (YBC-35) (Bin /P 4.5.2). Uepes
TpyOy MNEpEeTUCKYBAaHHS MepeKauyroTh 3 MociBHoro amapara 400 1 MmOCIBHOTrO
matepiany (Big 771 7.7). Ilix yac pepmenTaiiiitHoro rmpoiiecy 6 pa3iB, MICIs KOXKHUX
12 ron xynsTuBYyBaHHA, HacocoM (H-18) nepekauyrots 494,2 1 po34nHY TIFOKO3U
(Big JP 2.1), nng mATpUMaHHS KOHIIEHTpalii TJIIOKO3M Ha piBHI 225 r1/1.
KynstuBytore mpu temmneparypi 34°C ta pH piBaum 5,5-6,0. IlBuakicts
nepeMinryBaHHsi ctaHoBuUTh 500-800 00/xB, 3 TMOCTIMHMM MIATPUMAHHSIM
KOHIIEHTpAIlli pO34MHEHOT0 KMCHIO Ha piBHI 20-30% mpoTsarom 85 rox.

KynbTuBYBaHHS TNPUIIUHSAIOTH 3a JOCSATHEHHS Y KyJbTypajbHIA piauHi
KOHIIGHTpAIlli epuTpuToTy Ta 6iomacu 245 ta 25,2 r/1 BiANOBIIHO.

TII 9.30epiranus KyJbTypaJbHOI PIAMHA

[Ticns 3aKiHYEHHS! KyJIbTUBYBaHHS, KyJbTypaJlbHa piAUHA BiJ BUPOOHUYOIO
dbepmentepa (PP-36) nacocom (H-19) nepexauyerbest 10 30ipHUKA KYJIbTYPaTbHOT
piauau (30-37) Ha 30epiranHs.

TII 10. Binainennst 6iomacu

TII. 10.1. Cenapysanns Ky1bmypaibHOi piOuHu

Jlis Biginenus Giomacu 7,66 M> KynbTypanbHOI piauau 3i 30ipauka (36-37)
Hacocom (H-20) mnomatote g0 cenapatopa (Cn-38) 3  aBTOMaTUYHUM
BUBAaHTAXEHHAM ocay Baroro 176,18 kr y emuicts (€-39) i Binsenenusm 6,82 m?
cynepHatanty y 30ipHuk (30-40). TpuBanicts cenapyBanus 41 xB.

TII 11. BugijieHH i OYUIIIEHHS ePUTPUTOTY

TII 11.1. lonoobminna xpomamozpagis Ha CUNIbHOKUCIIL KAMIOHOOOMIHHILL
cmoni "Diaion SKIB, H type"
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6,82 M cynepnaranry 3i 36ipauka (36-40) macocom (H-21) mogaerscs 10
ioHoOoOMiHHOT1 KoJIoHKH (K-41), sika momepeaHbO 3aBaHTa)XEHA ITiATOTOBJICHOIO
cmodoro (6i0 /[P 5.1). Ha it konoH1l BifOyBa€eThCSl BUIAICHHS 13 CylIepHATAHTY
katioHiB Cu?' i Mn?" Ta ix 3aMiHa Ha i0HU BOJHIO.

TII 11.2. lonoobominna xpomamozpaghis HA CAAOOAYHCHIU AHIOHOOOMIHHIL
cmoni "Diaion WA 30, OH type"

Bin xononku (K-41) nacocom (H-22) po3unH nepekadyetbes 10 koytoHku (K-
42), sika OTNePEeTHbO 3aBaHTaKEHA IMiITOTOBIEHOIO cMoJIoro (6i0 /[P 5.1). Ha mii
KOJIOHIII BiIOYBA€THCA BUJIAJICHHS 3QJIMIIIKIB TTOKMBHOI'O CEPEIOBUIIA — ITFOKO3H 1
KYKYPYII35THOTO OOpOIITHA.

TII 11.3. lonoobminna xpomamozpaghiss Ha CUNLHOKUCAIN KAMIOHOOOMIHHIN
cmoni "Diaion SKIB, H type" ma cunvnonysicniu anionoobminniti cmoni "Diaion PA
408, OH type"

Bin kononku (K-42) nacocom (H-23) po3unH nepekadyetbes 10 koyioHku (K-
43), sixa TomepeHbO 3aBaHTaXKEHa ITiITOTOBJICHO cMOJIor0 (8i0 /[P 5.1). Ha it
KOJIOHIII BiI0YBAa€ThCSl BUJAAIICHHS aHIOHIB SO.4* ta ix 3amina ava OH".

TII 11.4. Ouuwenna ma 3nebapaieHHs: Ha KOHYI 3 aKMUB0BAHUM BV2LLIAM

3 Biml OCTaHHBOI

JleminepamioBaHuii cynepHaTanT o0’eMmoM 6,68 M
10oHo0OMiHHOT KoJIOHKH (K-43) Hacocom (H-24) nmonmaetbest 1o kosionku (K-44) 3
MOTIEPETHBO MIATOTOBAaHUM aKTUBOBAHUM BYTULIAM (6i0 /[P 5.2). OpieHTOBHUM Yac
po6OTH KOJIOHOK — 56 XB. ITicas Hporo 6,6 M> OUMIIEHOTO CYIIEPHATAHTY MOAAETHCS
HacocoM (H-25) no 36ipHuKa oyuIieHOro cyneHaranry (30-45).

[To 3akiHUeHHIO TIPOIIECY, KPi3h BC1 KOJOHKH MPOITYCKAIOTh 3HECOJICHY BOY
JUUIS1 BUJTAJICHHS] COPOOBAHMX 10HIB 31 CMOJI Ta aKTUBOBAHOTO BYT1JLISL, SIK1 MTICJIS IT€T
oriepailii HarpaBJsIOTHCS Ha CTAliI0 MATOTOBKY (0o /[P 5).

TII 12. KoHnleHTpYBaHHS Ta KpUCTAJi3alia

TII 12.1. Konyenmpysannsi

31 30ipHuKa (30-45) Hacocom (H-26) ouunreHuii cynepHaTaHT MepeKavyroTh

JI0 pOTOpHO-IUTIBKOBOro BumnapHoro amapaty (PIIB-46). Ha miit craaii po3uuH

KOHIIEHTPYETHCS B TpU pa3u. Temmeparypa koHueHTpyBaHHs 90°C.
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TII 12.2. Kpucmanizayis

2,134 M® KOHIIEHTPOBAHOTO PO3YMHY BiJi POTOPHO-IUIIBKOBOIO BUIIAPHOIO
anapary (PIIB-46) oqpa3y cipsMOBY€ETBCSI O EMHICHOTO OXOJIOKYIOYOTO BaKyyM-
kpucranizaropa (Kp-47), ne KOHUEHTpaT MOCTYMOBO OXOJOKYyeThes 110 4-8°C,
npotarom 8 roi. B mpomeci kpucramizanii yrBoproetsca 2,1 M® kpucramivnoi
CyCITeH3Ii.

TII 13. BuaijieHHsI KpUCTAJIIB €PUTPUTOTY

TII 13.1. Bioodinenus Kpucmaiie epumpumony Ha a8momMamudHomy Qitomp-
npeci

3 kpuctamzatopa (Kp-47) nacocom (H-27) kpucrajiiyHa CycHeH3is
COpPSIMOBYETbCA /10 aBTOMAaTH4HOro (uibtp-npeca (PII-48) ne mnocnigoBHO
BiIOYBA€EThCS  BIIKAM, TMPOMHBAHHS, 3HOBY BIDKHMM, TMPOCYIIyBaHHA Ta
po3BaHTakeHHS 1376,9 kr kpuctamiB 0 BOYIOBaHOI €MHOCTI JUIsI OCady 3BIIKU
crpsAMoBYeThesa y Oynkep cymapku (C-51). 2 m® ¢ineTpary, Mo yTBOPIOCTHCS
CIPSIMOBY€ThCA 110 30ipHUKA (DitbTpaTy (36-49).

TII 14. CymiiHHsA KpucTajiB

TII 14.1. Cywinns 6 KOHBEEPHIL CMPIYKOBIU CYyuapyi

3 BOynoBaHoi eMHOCTI punbTp-mipeca (PI1-48) Hagxoauts 1436,1 KT Boorux
KpHUCTaIIB (3 BMICTOM BoJioru - 4,3%) Ha CcTajio CYIIIHHS, A€ BOHU NOTPAIUISIIOTh
710 KOHBEEPHOI cTpiukoBoi cymapku (C-51). Temnepatypa cymiaas 80°C.

TII 15. ITakyBaHHs, MAPKYBAHHS TA BiIBAHTAKCHHS

TIl 15.1. ®acysanus, nakyeawHs, MAapKY8AHHS epUmMpumony y O0oU-nax
Kpagm nakemu

3 KOHBEEPHOi CTPIUKOBOi cymapkd 1263,7 Kr BHCYHIEHUX KpHUCTaIIB
EPUTPUTOITY 3aBaHTAXYIOTH 10 OiHy (€-52), sikuii 3a JOMTOMOTOIO T HOMHOI KOJIOHU
(ITK-53) xpinuthes a0 dhacyBaabHOi Mamuau (PM-54) npoaykrusHicTio 600-1200
yn/rof, e BinOyBaeThecs (pacyBaHHs epUTPUTY Y HoM-nak kpadT naketu mo 200 r.

TII 16. 3HemIKOMKEeHHSA BiAX0aiB

TI1 16.1. 3newko0oicenns pioKux 8i0xo0ie 6upoOHUYmMaea
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Pimki Bigxoaw, IO YTBOPIOIOTHCS MM dYac CaHITAPHOI IMiJTOTOBKHU
BUPOOHMIITBA Ta MPOMHUBAHHS KOJIOHOK OYMITYIOThCS HAa ycTaHoBII «BIOTAL-T»,
mo ckimagaeTeess 3 TphoX SBR-peakTtopiB. OuuiieHa BojJa HAgXOIUTh B
KaHaTI3aliiiHy Mepexxy adbo Moxke OyTH BUKOPHUCTAaHA B TEXHIYHUX ITUISIX.

TII 16.2. 3newko0sicenHs meepoux 8i0x00ie aupoOHUYMEa

TBepai Binxoau, y BUIIISAL MaKyBaJIbHOT TapH, 10 YTBOPIOIOTHCS Ha CTaIIAX
CaHITapHOI MIATOTOBKM BUPOOHUIITBA Ta MPUTOTYBAHHS MOXUBHUX CEPEIOBHUI 1
PO3YMHY JUTSI ITKUBIICHHSI, TIEPEPOOISIOTHCS Ha CIICIali30BaHUX 3aBOIAX.

biomaca, 1o yTBOPIOETBHCS MICIs CENapyBaHHS BUKOPUCTOBYIOTh B SIKOCTI
KOpMOBOro Oika: I I[bOTO OioMacy NpPOMHBAIOTh, MIJAIOTH IUIA3MOIICY,
yIapIOIOTh T BUCYITYIOTb.

TII 16.3. 3Hewko0sHcen s 2a30N08IMPAHUX BIOX0OI8 BUPOOHUYMEA

I"azomomiOH1 BiAXOMW, IO YTBOPIOIOTHCS M Yac IIJATOTOBKU TMOCIBHOIO
Matepiany, O10CHHTE3y Ta CYUIIHHSA KPHUCTAJIB €PUTPUTONY MICTATh BYTJIEKUCIUN
ra3 Ta MEXaHi4H1 YaCTOYKH BHUCYIIIEHOTO €PUTPHUTOITY.

JUist yTumizanii ra30noBITPSIHUX BIAXOAIB, 110 MicsiTh CO2 BUKOPHUCTOBYIOTh
mamuHu Climeworks, siki yOBIIOIOTh, 30€piratoTh, 3MIITYIOTh JIOKCH]T BYTJICIIIO 3
BOJIOI0 Ta 3aKa4yIOTh TJIMOOKO ITiJI 3eMJIIO JJIsl IEPETBOPEHHS Y KaMiHb BHACIIIOK
IPUPOAHOI MiHEpai3allii.

VYrumizaniro ra3onoaiOHUX BIAXOIIB IICIS CYIIIHHS KPUCTAIIB 311MCHIOIOTh

B LIMKJIOHAX, JI¢ B1I0YBAETHCS OCIJJaHHS MEXAHIYHUX YaCTOUYOK.
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PO3/11 8

KOHTPOJIb BUPOBHULITBA EPUTPUTOJIY

8.1. Kapra nocrafiiiHOro KOHTPOJII0 J0)epMeHTANIITHMX NPOLeCiB

Tabnuys 8.1
Kapra nocragiiHOro KOHTPOJII0 0iOCHUHTE3y ePUTPHUTOY
Homep O0’ekT 3aco0m Ta Ilepioguunicre | HopmaTusHi
KOHTPOJILHOI KOHTPOJIIO i MeTOoaH nepeBipKu Ta 3HAYEHHS
TOYKM Ta HA3Ba | MOKA3HHK, 10 KOHTPOJII0 NOPAI0K BiI0OpYy | MOKA3HMKIB
craaii BU3HAYACTLCH npoo
Kr1.2 [ToBiTps Ha Manowmerp, ITicasa ounmenus | E = 65-80%,
Ilonepeons BHUXO/I 3 nepeBipka HOBITPA y PUIBTP1 | THUCK 3TiTHO
ouucmka ¢binbTpa, CTYyMmiHb CTYICHS nacropTry
nosimps OUUIIICHHS, OUHUIICHHS
Teperaj] TUCKIB MOBITPSI 3T1THO
nacnopty ¢GinbTpa
Kr1.3 Cryninb TexHiuHMMi ITicasa ctucHenns | P=0,01-0,03
Cmucnenns CTHUCHEHHS MaHOMETD, MOBITPS Mlla,
nogimpsi MOBITPS, TEPMOMETP t=220-
TeMmueparypa, 250°C
THCK
Kt 1.4 Oxonomkene TexHiuHUI Temnepatypy W=60-70%,
Oxonooorcenns HOBITPH, TEPMOMETD, BU3HAYAIOTh MiCIIs t=25°C
nosimps ma TeMIepaTypa. MICUXPOMETPUY- OXOJIOJDKEHHS
BUOANIEHHL [ToBiTps micis HUHI METOJ HOBITPS,
80102U BUIAJICHHS BOJIOTICTh
3aiiBO1 BOJIOTH BU3HAYAIOTH MIiCIHA
BHUJIAJICHHS 3aliBO1
BOJIOTH
Kr 1.5 Harpire nositps, TexHiuHU [Ticns narpiBanns | W=40-50%,
Haepisanns TeMIlepaTypa TEPMOMETP HOBITPS t=39-44°C
nogimpsi
Kr 1.6 Ouniene Manowmerp, [Ticns ouniennss | E = 90-95%
Ouuwenns MOBITPSI HA nepeBipka MOBITPSL Y PUIBTP1
nogimps 6 BUXO/I 3 CTYHEHS
20]I06HOMY ¢binpTpa, CTYIIHD OYHIIIEHHS
Qinompi OUUIIICHHS, MOBITPS 3T1THO
nepenaj THCKIB | macnopTy (iibTpa
Kr 1.7 Ouniene Iepesipka ITix gac E =99,995%
Ouuwenns TIOBITPS HA CTYICHS OYUIIECHHS
nogimps 8 BUXO/I 3 OYUILEHHS MOBITPS B
iHousioyanvHomy | GiTbTpa, CTYIIHD | TOBITPS 3T1THO IHIMB1TyaTbHOMY
Qinompi OUYMIICHHS nacnopry ¢igbTpa biapTpi
HYXT BTEK 04.01.15 KP I13
3mH. | Jluer Ne fokym. MNignuc | fara
Pospo(?‘. J103i}'1a B.€. PO3 I[I J8. KOHTpOJ'IB Jlimepa | Apkyw ApKyuwis
lepesip. Kpaciubsko B.O. | | 81 121
Korcynbmat BI/IpO6HI/II_ITBa CPUTPHUTOITY
H. KoHmp. Kadenpa BTM
Bameepo. TTupor T.II.




IIpooosocenns maobn. 8.1

KT, Km 2.1 Temneparypa, Tepmomertp, Temnepatypa t=112°C,
Ilpucomysanns i Jac, TOJUHHUK, BHU3HAYAETHCA 7=30 xB,
cmepunizayis CTEPWJIBHICTh | MIKpOOIiOJIOTiYHMM | Oe3MepepBHO MiJ | BiACYTHICTH
PO3UUHY KOHTPOJIb yac crepuiizauii, | mikpo6ioru
2NIOKO3U 0I5 MIKpOO10JIOTTYHHIA
RIONHCUBTEHHS KOHTPOJIb MiCIIs
cTeprti3altii
K, Km 3.1 Temnepatypa, Tepmomerp, Temmnepatypa t=131"°C,
Ilpucomyeanus i Jac, TOJIMHHUK, BU3HAYAETHCS T =40 xB,
cmepunizayis CTEPHMJIBHICTh | MIKpOOiOJNIOriuHuMi | Oe3nepepBHO Ml | BiACYTHICTh
PO3UUHY coTlel KOHTpPOJIb yac cTepuizaii, MIKpOOIOTH
MIiKpOO10JI0TUHHIA
KOHTPOJIb ITiCIIS
cTepui3anii
Kt, Km4.1.1, Kommno3uumis A Tepmomerp, Temneparypa t=112°C,
42.1,4.3.1, Temneparypa, TOJIMHHUK, BU3HAYAETHCS t=30 xB,
4.4.1 Jac, MIKpOOIOJIOriYHMH | 0€31epepBHO Ml | BiACYTHICTH
Ilpucomyeanusii | CTEPUIBHICTh KOHTPOJITb yac crepuiizanii, | mikpo6ioru
cmepunizayis MIKpOOi0JIOTTYHHIA
NONCUBHUX KOHTPOJIb MiCTIs
cepedosuy cTeprti3anii
Ilpucomyseanns i
cmepunizayis
Komnozuyii A
Kt, Km4.3.2, Kommnosnuis b Tepmomerp, Temneparypa t=131°C,
4.4.2 Temneparypa, TOJIMHHUK, BU3HAYAETHCS T =40 xB,
Ilpucomyeanms i qac, MIKpOOIOJIOriuHMH | O€3MepepBHO Ml | BiACYTHICTH
cmepunizayis CTEPWIHHICTh KOHTPOJIb yac cTepuizaii, MIKpOO10TH
NOJNCUBHUX MiKpOO10JI0T1UHHIHI
cepedosuy KOHTPOJIb MiCIs
Ilpucomyeanms i cTepuiizanii
cmepunizayis
xomnozuyii b
Kt, Km4.5.2, MoxuBHe Tepmomerp, Temmnepatypa t=131°C,
Ilpueomyeanns i cepeaoBuIe T'OJIMHHHK, BH3HAYAECTHCS T=56,4 xB,
cmepunizayis Temmepatypa, | MIKpOO1OJIOTIYHUM | OE3MEPEPBHO MiJ | BiACYTHICTH
NOJAHCUBHUX Jac, KOHTpPOJIb qac cTepuiizaiii, MIKpOOiOTH
cepedosuy CTEPWIBHICTh MIKpOO10TOTIHU I
Cmepunizayis KOHTPOJIb MiCTIs
NOJHCUBHO20 cTepuiizanii
cepedoguuia 8
Y5C
KT, Km 7.1 Koaexuiiina Tepmomertp, Mikpo6ionoriuamii | t=2-8 °C,
ITiompumannsa KYJbTYpa MiKpOOi0JIOTUHUI KOHTPOJIb BIJICYTHICTb
KONeKYItHOI Pseudozyma KOHTpPOJIb MIPOBOJATH KOKHI | CTOPOHHBOT
KYIbmypu tsukubaensis 3 MicsIiB MIKpOOiOTH
KN 75
Temneparypa,
MiKpoOioIoTigHa
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IIpooosocenns maobn. 8.1

YHCTOTA
KYJIbTYpH
Kt, Km 7.2 Koaexuiiina Tepmomerp, Mikpo6ionoriuynui t=37°C,
Odeporcanns KYyJbTypa MiKpOO10JI0TTYHUH KOHTPOJIIb T=18-24
pobouoi Pseudozyma KOHTpPOJIb IIPOBOJATH roj,
KyIbmypu Tsukubaensis KOXKHUX 8 roj1 BiJICYTHICTB
KN 75 CTOPOHHBOT
Temnepatypa, MiKpoOioTH
TPUBAJIICTh
BUPOIIyBaHHS,
MiKpoOiooriyHa
YHCTOTA
KYJIbTYpH
Kt, Km 7.3 Koaexuiiina Tepmomerp, Temmnepatypa t=30 °C,
Ooeporcanns KyJbTYypa TEXHIYHUI KOHTPOJIOETHCA 1 T =48 rox,
pobouoi Pseudozyma TOJIMHHUK, MIATPUMYETHCS, o =250
KyIbmypu 8 Tsukubaensis TEXHIYHUN HIBUJKICTh 00/XB,
npodipkax KN 75 TaxoMeTp, obepTaHHA BIJICYTHICTh
Temnepatypa, | MIKpOOIOJIOTIUYHUYM | HIATPUMYETHCS CTOPOHHBOI
TPUBAIICTD KOHTPOJIb aBTOMaTUYHO MiKpobioTn
BUPOIIYBaHHS, YIPOAOBK
gacToTa 00epTiB, BUPOIIYBaHHS,
MiKpoOiooriyHa MIKpOOi0JIOTTYHHIA
YHCTOTA KOHTPOITh
KYJIbTYpH MPOBOMSTH
KOXKHUX 8 T0J1
Kt, Km 7.4 ITociBHni Tepmomerp, Temneparypa t=30 °C,
Bupowysanns marepiaJ TEXHIYHUN KOHTPOJIIOETHCS 1 t=24ron,
KYIbMypu 8 Temmnepatypa, TOJUHHUK, HiATPUMYETHCS, o =250
KONOax Ha TPUBAJIICTh TEXHIYHUHN IIBUKICTh 00/xB,
Kauanxkax BUPOIIyBaHHS, TaXxoOMeTp, oOepTaHHs Xoiomacn =
4acToTa 00epTiB | HEHTPU(DYTYBaHHS | MIATPUMYETHCS 11,5 r/m,
KayJaJiku, Ta CyIIIHHS, aBTOMaTHYHO BiJICYTHICTh
KOHIICHTpAIlisl | MIKpOO10JIOTIYHUHN YIPOJOBXK CTOPOHHBOT
Oiomacw, KOHTPOJIb BHUPOIIYBaHHS, MiKpoGioTH
MiKpoOiooriuHa BUMIPIOBAHHS
YHCTOTA KOHIIEHTpaIlii
KYJIbTYpH 6iomacu Ta
MiKpOOi10JIOTUHU I
KOHTPOITh
MIPOBOMSTH
KOXKHHUX 8 ToJ]

Krt, Km 7.5 IociBumii Tepmomerp, Temnepatypa t=30 °C,
Bupowysanns marepiaJj TEXHIYHUH KOHTPOJIIOETHCS 1 t=48 rox,
KYIbmypu 8 Temmeparypa, TOJUHHUK, HiATPUMYEThCS, o =500
IHOKYIAMOPI TPUBAJIICTh TEXHIYHUHN IIBUIKICTh 00/xB,
06’emom 0,01 BHUPOIILYBaHHS, TaxoMeTp, obepTaHHS Xeiomaca = 15
M 4acToTa 00epTiB | HEHTPU(DYTYBaHHS | MIATPUMYETHCS r/m,

MIIITAIKH, Ta CYIIIHHS, aBTOMAaTHYHO BiJICYTHICTh
KOHIICHTpAIlisl | MiKpoOi0JIOTIYHUH YIPOJIOBK
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IIpooosocenns maobn. 8.1

6iomacw, KOHTPOJIb BUPOLIYBaHHS, CTOPOHHBOT
MikpoOiosoriuna (MiKpOCKOIT) BHUMIpIOBaHHS MiKpoOioTH
YHCTOTA KOHIEHTpaLii
KYJIbTYpH Oiomacu Ta
MIKPOO10JIOTTYHHI
KOHTPOJITb
POBOJSATH
KOXKHUX 8 roj1
Kt, Km 7.6 IMociBHMiA Tepmomerp, Temnepatypa t=30°C,
Bupowysanns Marepiaj TEeXHIYHUN KOHTPOJIIOETHCS 1 t=48 rox,
KYI6mypu 8 Temmnepatypa, TOJIMHHUK, HiATpUMY€EThCS, | o = 500 06/XB,
NOCIGHOMY TPHUBAIICTh TEXHIYHHUI MIBUIKICTH Xgiomacu = 15
anapami BUPOILIYBaHHS, TaxoOMeTp, o0epTaHHA r/m,
06 ’emom 0,1 m° | wactora 06epTiB | HeHTPUPYTyBAHHSA | MiATPUMYEThCS BiICYTHICTB
MiIIAJIKH, Ta CyILIHHS, aBTOMaTH4YHO CTOPOHHBOI
KOHIIEHTpAIlig | MIKpOOi0oJIOTT9HAN YIPOJIOBXK MiKpo6ioTH
Oiomacw, KOHTPOJIb BUPOILIYBaHHS,
MikpoOiosoriuna (MiKpOCKOIT) BUMIpIOBaHHS
YHCTOTA KOHIIEHTpaIii
KYJIbTypH Oiomacu Ta
MIKpOO10JIOTTYHHI
KOHTPOJITb
POBOJSTH
KOXKHUX 8 T0J1
Kt, Km 7.7 HociBamii Tepmomerp, Temneparypa t=30 °C,
Bupowysanns Mmarepiaj TeXHIYHUHN KOHTPOJTIOETHCH 1 t=60rox,
KYIbmypu 8 Temmnepatypa, TOJMHHUK, miATpUMYy€EThCs, | @ = 500 06/xB,
nOCiGHOMY TPUBAJICTh TeXHIYHUI MIBHIKICTH Xeiomacn = 17
anapami BUPOIIyBaHHS, TaxOMeTp, o0OepTaHHs r/m,
06’emom 1 M° | yactoTa 00epTiB | HeHTpU(YryBaHHS | MiATPUMYETHCS BiZICYTHICTB
MIILIAJIKH, Ta CyLIIHHS, aBTOMaTH4YHO CTOPOHHBOT
KOHIIEHTpaIlig | MIKpoO10JOTIYHUHN YIPOJOBXK MIiKpOoOioTH
6iomacu, KOHTPOJIb BUPOLIYBaHH,
MiKpoOioJoriuHa (MiKpOCKOI) KOHIIEHTPALII0
YUCTOTA 6iomacu
KYyJIbTYpHU BUMIPIOIOTH Ha 48
TOJIUHY
KYJIbTHBYBaHHS,
MiKpOOioJIOriuHUI
KOHTPOITh
MIPOBOJISATH
KOXKHHUX 8 ToJ]
Kt, Km, Kx 8.1 | KyabTypaabHa Tepmowmerp, Temneparypa, t=34°C,
Bupobnuue pinuna TeXHIYHUHN piBeHs pH, t=85roxn,
Kynremugysants | Temmeparypa, TOMHHUK, KOHIIEHTpALis pH = 5,5-6,0,
TPUBAJIICTh TEeXHIYHUN PO3YHMHEHOTO o =500 - 800
KyJIbTUBYBaHH, TaxoMeTp, KHCHIO 00/x8, DO =
piBens pH, HEeHTPU(DYTYBaHHS | KOHTPOJIIOETHCH 1 20-30%,
gacToTa 00epTiB Ta CyIIiHHS, MiITPUMYETHCS, Xeiomacu = 25,2
MIiIIaIKH, MIBUIKICTH /i,
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3akinuenus maon. 8.1

KOHIICHTpAITis meton BEPX, obepTaHHA Cepurpury = 245
Oiomacu, MIKpOOIOJIOTIYHUH | TiATpUMY€EThCS | T/1,
KOHIICHTpAITis KOHTPOJTb aBTOMATUYHO BIJICYTHICTh
EpPUTPUTOIY, (MiIKpOCKOT) YIPOJOBXK CTOPOHHBOT
MiKpOOioJIoTTYHa KYJIbTUBYBaHHS, | MIKp0OOioTH
4ICTOTA BHUMIpIOBaHHS
KYJIbTYpH, KOHIEHTpaLii
KOHIIEHTpAITis 6iomacwu i
EPUTPUTOIY EpPUTPUTOIY Ta
MiKpoOioJoriuHui
KOHTPOJIb
IPOBOSTH
KOXXHHUX 8 ToJ

8.2. Mikpo0ios1oriyHuii KOHTPOJIb

Mikpo0610JIOTIUHUNA KOHTPOJIb 3MIMCHIOIOTH JUIsI KOHTPOJIIO CTEPUIILHOCTI
MOKUBHUX CEPEAOBUII JIJIi BUPOIIYBaHHS 1HOKYJISITY Ta BUPOOHUYOTO O10CUHTE3Y
KIHIIEBOTO MPOAYKTY, a TAKOXK JIJIs MIATBEPIKEHHS YUCTOTH KyIbTYpaIbHOI PIIUHU
111 yac O10CMHTE3Y Ta MOCIBHOTO Matepiany 0e3MmocepeiHbO.

Koumponos  cmepunvnocmi  noxcuenozo  cepedosuuia. KoHTpob
3MIACHIOIOTh TIUISIXOM PO3CIBaHHS TNPOOM MPOCTEPUITI30BAHOTO TOKHUBHOTO
cepefoBuila Ha damku lleTpi 3 BIAMNOBIAHUM arapu3oBaHUM TOXKUBHUM
cepenoBuiieM: CA — mist BUSIBIEHHS TpUOiB 1 apixmkiB 1 MITA — st BUsSIBIEeHHS
OakTepiil, 13 moambIINM 1HKYOyBaHHsIM [41].

Buxonanus nocisis. 1lociBu 3a1icHIOIOTH HUIIXOM Bigoopy 0,1 mi 00’emy
npoOW CTEPHJIBHOIO TIIMETKOI0 1 HAHECEHHS 11 Ha IOBEPXHIO BIJIMOBIIHHUX
cTepuibHUX cepefoBulll. CycrneH3il0 PIBHOMIPHO PO3MOAUISIOTH MO TOBEPXHI
CEpEeIOBHUIIA 32 JOTIOMOTOI0 CTEPWIIbHOT 0aKTEePI0IOTIYHOI NETII 00 CTEPUIILHOTO
mmatenss Jpuranbebkoro. Yamku 3 TOCiBaMH TMOMIMIAIOTH Y TEPMOCTAT 3a
temrepatypu 32-34 °C npotsirom 1-2 116 qst MITA Ta ipu Temneparypi 24-26 °C
npotsarom 3-5 16 mrst CA. AHami3 ocCiBIB 3IMCHIOIOTh, IIOYNHAKYH 3 6-8 TOIUHH
[41].

BiacytHicTh MiKpo0Oi0TH Ha Yalikax 3 MOCIBAaMU CBIAYMUTH MPO AOTPUMAHHS

MPABUJIBHOTO PEXUMY CTEpUITi3allli MOKUBHUX CEPEOBHIL.
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Mikpobionoziunuit KoHmpoab yucmomu Kyapvmypu. 3I1HACHIOETBCS TBOMA
NUISIXaMu: TpPsSAMHM  BUCIB HA  arapu3oBaHl  TMOXHMBHI  CepeloBUINA 1
MIKpPOCKOITIFOBaHHSI.

[Ipsmuit  BHUCIB 3HIMCHIOETHCS TIOCIBOM KYJbTYpPaJbHOI PIAWHU 10
130J1bOBaHUX KOJIOHIM Ha yamku [letpi 3 M’sico—nentoHHUM arapom (MITA) nms
BUSIBJIICHHS OaKTEpiil, Ta rrroko30—kapromissauM arapom (I'KA) abo cycino—arapom
(CA) — rpu0iB Ta apixkiB [41].

MikpockomitoBaHHSI MPOBOJAATH 3 BUKOPUCTAHHSIM CBITJIOBOTO MIKPOCKOIMA
METOJIOM «po37aBiieHa» Kparura. Ha 3HexxupeHe mpenMeTHe CKIO 3a TOTIOMOTOIO
CTEPUIJIbHOT MIKpOO10JOTIYHOT METI1 HAHOCITh KPAIUIMHY KYJbTYPaJIbHOI PLAVHM 1
HAaKpUBAIOTh MOKPUBHHUM CKeJblleM. [IpOTHIIC)KHUM KIHIIEM TETII MPUTHCKAIOTh
MOKPUBHE CKJIO JIO MPEIMETHOIO Ta, 3a JOMOMOIol (UIbTYpBajIbHOTO Marepa,
BUJIAJISIIOTh HAJUIMINIOK PIAMHM, TPUKIIAJAI0YH MaIip M0 MEePUMETPY MOKPUBHOTO
ckia [42].

[lim wac MIKpPOCKOMIIOBaHHS TIpemnapary «pas3faBjieHa Kparwisy MOXKHA
nobauntu KMTUHU P. tsukubaensis KN-75. Knituau posmipom 1,5-5 MkwM,
HalKkpamie iX MOJXKHA OXapaKTepu3yBaTH SK THUIOBI ApDKMKI. KiithuHu Bijg
KylenomioHux a0  chepoiganbHuX  (QopM, pO3TAlIOBaHI  JIAHIIOXKKAMH,
CIIOCTEpIraeThcsi 0araToCTOPOHHE OpyHBbKYyBaHHs. baiicrocrnopu He yTBOPIOIOTH
[2].

Ha arapuzoBanux cepepoBumiax P. tsukubaensis yTBOPIOIOTH OJUCKYUl
KOJIOHIT BiJ] O1JI0TO 0 KPEMOBOTO KOJIbOPY [2] 3 HEHTPaJIbHOIO JIPIKIAKOBOIO
YaCTUHOIO 1 CyOCTpaTHUM Ta MOBITPSHUM MITIeNIieM 110 Kpato [14].

8.3. Iloka3zHuKM pocCTy I CHHTE3y HLIBOBOI0 NPOAYKTY

8.3.1. Konnenrpaiisi 6iomacu

VY crepunbHi nipoOipku s 1eHTpudyryBanHs Biadbuparots mo 10 mur (s
KyJbTYp BHUPOIICHUX B KOJOaX Ha Kadajakax), abo mo 20 ma (Wis KyJbTyp
BUPOIICHUX B (epMeHTepax) KyJbTYpPaIbHOI PIAMHU Yy Pi3HI MPOMDKKH YaCy
KyJbTUBYBaHHs. BiniOpani mpobu pianHu ueHtpudyryrors npu 5000 o6/xB

npoTarom S5 xB [43].
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Busznauenna konyenmpauii adconrwomno cyxoi oiomacu. J1jisi BABHAUCHHS
KOHIIEHTpaIlii 0ioMacu BiAneHTpU(YTroBaHl KIITUHH 30MparoTh (DUIBTPYBAHHSIM
Kpi3b MeMOpaHny 3 po3Mmipom mop 0,45 MKM, ABI4I IPOMHUBAIOTH AMCTUIHLOBAHOIO
BOJIOI0, 3BaXKYIOTh 1 BUCYIIYIOTh /10 TTOCTiiiHOT Baru npu 105°C [43].

8.3.2. KonueHTpauisi mijib0OBOro nNpoayKry

Bini6pani npo6u pinunu nentpudyrysaiu npu 3000 06/xB mpoTsrom 15 xs,
MOTIM CyIepHaTaHT (GuIbTpyBaiu yepe3 0,22 MKM IENI0JI03HO-alleTaTHUN (PUIBTP
(Sigma F-0139) Ta BUKOpHUCTOBYBAJIN IJIs BU3HAYCHHS KOHIIEHTpAIll EPUTPUTOITY
Ta BMICTy mkepena Kapbony 1 HitporeHny; ¢inbrpar nBa pasu po30aBisuid I
NpsIMUM BBEICHHSM B KOJIOHKY BEPX [44].

JUIsl KITbKICHOTO BU3HAYEHHS KOHIIEHTPALll €pUTPUTOY BUKOPUCTOBYBAIH
MeTOJ BHCOKOePeKTUBHOI piauHHOiI xpomartorpadii. [Ipunuun BEPX nonsrae B
PO3/1IeHI KOMIIOHEHTIB aHaJII30BaHUX 3pa3KiB B MOTOILl pyXOMOi (a3u 3a paxyHOK
PI3HHMX B3a€EMO3B’SI3KIB 3 COPOEHTaMU.

Jist iboro BukopuctoByBayu: Boau BEPX, sik MoOUTbHY (hasy: aneToHITpuII
(75%) Ta Boy (25%) Ta KyNbTYypaibHy PIIMHY Ha pi3HUX eTanax pepmeHTarii [45].

IIpucomyeanus cmanoapmuux po3uunie

Bci etanonni crangaptu (xpomarorpadiunuii copt) Oynu npuadani y Merck
a6o Aldrich (Ongpiu, CIIA). CrangapTHUN pO3YMH TOTYBaIM MPH KOHIEHTPALIii
Biz1 100 1o 300 mpomisie, BUKOPUCTOBYIOYH MOOLIBHY a3y sik po3uyMHHUK [45].

IIpucomysanms 00cnioxHcy8anHux 3pasKie

BiniOpani npobu piavHU Ha pI3HUX eTamax ¢epMeHTallli HeHTpudyryBaiu
pu 3000 06/xB mpoTarom 15 xB, MOTIM cynepHaTaHT GuTbTpyBasin yepe3 0,22 MKM
nentosio3Ho-aneratHuit  GuibTp (Sigma F-0139), motim ¢iunbtpar nBa pasu
PO30aBIIsUH 11T TPSIMUM BBEICHHSIM B KOJIOHKY BEPX [44].

Amnaimi3z npoBoauBcsa B cuctemi Waters 515 HPLC, ocHamieHiii HacocoMm,
130KpaTUYHOIO CcHCTeMOI0 Ta JerektopoM 3anmomieHHs (RI (Waters 410)).
TemmnepaTypa Ha medi KOJIoHKH miaTpumyBanacs B 35°C, Butparu Hocis 0,8 mir/xB.
XpomarorpadiuHi aaHi Oynau 310paHi B nmporpamMHomy 3abesneueHHi Empower-2.

Cropnuuk Ultra Amino Column (Restek) (moBxuna croBmunka 150 wmwm,

89



BHYTpimHil miametrp 4.6 mMm, 3.0 MM po3mip uyactuHOK, 100 A° posmip mip).
Imxextop - Rheodyne (metis 20 mxo) [45].

8.3.3. KoHuenrpauis axxepesa Byrjiemro i a3ory

Busznauennsa emicmy oxcepena Kapoony

JIJisi BU3HAYEHHSI KOHLIEHTpAIi TJIIOKO3W OYyJl0 OOpaHO METOJ LIBUIKOIO
BusHaueHHs1 BEPX 3 pedpakmiitnum nerexkropom (RI) [44].

Meton BEPX 3acHoBaHMif Ha pO3MO/ILJII KOMIOHEHTIB CYMIIIIl MK PYXOMOIO
Ta HepyxoMmoio ¢azaMu, 3a pPaxXyHOK pI3HUX B3a€MO3B’SI3KIB 3 IOBEPXHEIO
copOeHTiB. PepakiiitHuii J€TEKTOP BCTAHOBIIIOIOTH JJISI BU3HAUYECHHS MOKA3HUKA
3aJIOMJICHHS aHAJII30BaHOT PEYOBUHU 110 BIIHOIIEHHIO 10 PO3YMHHHKA.

IIpucomysanus cmanoapmuux po3duHis

Sk craHpgapTHUI PO3YMH BUKOPUCTOBYBaiu Tioko3y (Sigma Chemical,
St.Louis, MO) [44].

JlocnipkyBaHH1 3pa3Kd TOTYBaJIM TaK caMo, SIK 1 JUIsl BU3HA4YCHHS
KOHIICHTpAIlli EPUTPUTOITY.

Ananmiz mpoBomwu npu  60°C 31 mBuAKICTIO TOTOKYy 0,6 MI/XB,
BUKOPUCTOBYIOUM 130kpatuynuii emtoeHT 3 0,01 M H,SO4 six pyxnuBy dasy Tta
CUJIIKaresb sk copOeHt. EmoeHT QinbTpyBamu nepes aHaiizoM, BUKOPUCTOBYIOUH
0,22 mxM HernmoHoBy MemOpany GV (Millipore, Bedford, MA). Cuctema BEPX
aBisia coboro cepiro Jasco (Easton, MD) LC-800, ocnameny nHacocom 880-PU Tta
nerektopoM 3amomsieHHs 830-RI. Jlani Oynu oTpuMmaHi 3a JOMOMOTOIO
xpoMmarorpadiunoro interparopa DP-700 (CarloErba, Minan, Itanis). 3pazku Oynu
BBEJICHI 3a JoroMororo kiamana 7125, ocnamenoro 20 mkn nerieto (Rheodyne,
Cotati, Kamidopnis) Ha Aminex FOA (Bio-Rad, Richmond, CA) katrioHOOOMIHHUKY
(H +) croBmuuk Ha ocHOBi cMmomu (100 x 7,8; 9 MKM) 3aXUIICHHUI CTOBITYUKOM 13
TOTO X MaTepiainy [44].

Busznauennsa emicmy oxcepena Himpozeny

Meron ¢opmonbHOoro THUTpyBaHHS (CepeHceHa BHUKOPUCTOBYETHCS IS
BU3HAUCHHs a30TYy BUIBHMX aMIHHMX TPyI aMiHOKHMCJIOT, MENTUIIB 1 OUIKIB B

nperaparax, a TakoxK aMIHHOTO a30Ty FiI[pOJ'IiBaTiB B IMOKMBHHUX CCPCAOBHUIIAX TJIA
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MIKpOOI0JIOT1UHUX aHami3iB. MeTo/a 3acHOBaHUIl Ha 3aXHCTi (OPMaIBAETIAOM MpU
pH 7,0 BUIbHUX aMIHOTPYII 1 TUTPYBAHHS PO3YMHOM JIYTY €KBIBaJEHTHOI KIJILKOCTI
KapOOKcHiIpbHUX  rpymn. lloyatrok 1  KiHENb  TUTPYBaHHA  BH3HAYAIOTh
MOTEHIIIOMETpUYHO [46].

PeaxtuBu: 1) matpiro rigpokcun (0,1 Mosb / 1) a00 pO34MH COJISTHOT KUCIIOTH
(0,1 moms / m); 2) Hatpito riapokcun 10% -it po3uun; 3) po3zunn dopmaiiny (40% -
i po3unH hopmanperiay) [46].

VY kon0y 06’emom 50 mut HamuBarOTH 10 MJT cCynepHATaHTY, IO MICTHTH 1,5 -
5,0 Mr aMiHHOTO @30Ty, 1 IOBOJISITh 3arajJbHUM 00'€eM JUCTUIILOBAHOIO BOJI010 710 20
M. Enexktpoau moreHiioMerpa 3aHyprOIOTh B JIOCIIKYBaHUM po3unH, pH sxoro
JOBOJIATH J10 3HaYeHHs 7,0 32 JOMOMOro po3uuHy Hatpito rigpokcuay (0,1 moms /
1) abo po3uuny cossinoi kucaotu (0,1 monb / 1) [46].

Jlo HEeWTpani30BaHOTO PO3UMHY JNOJAIOTh 2 MJI HEUTpasbHOro (hopmaiiny,
NEePEMIIIYIOTh 1, HE BUWMAIOYM €JIEKTPOJIU, TUTPYIOTh BMICT PO3UMHOM HATPIIO
rigpokcuny (0,1 momns / 1) mo pH 9,1. IIpoBoasTs nBa mapaneabHUX BUMIPIOBAHHS
[46].

KinpkicHu# BMICT aMIHHOTO a30Ty PO3PaXxOBYIOTh IO (OPMYJIi:

_V-K-1,4-100
- A-1000

A - KITBKICTB 3pa3ka (MJ1) B3ATOIO Ha aHaNI3;

» A€

100 - koedirieHT nepepaxyHKy MIJITPaMiB 1 BIICOTKY;

1000 — xoediiieHT epepaxyHKy MiTIrpaMiB y Tpamu [46].

8.4. [loka3zHMKM AKOCTI FTOTOBOI0 MPOAYKTY

Busnauenna konuyenmpauii yisib08020 npooyKmy

J111s BU3HAYCHHSI KOHIICHTpAIIil [IJThOBOTO MPOIYKTY BUKOPUCTOBYIOTH METO/T
plauHHOT XpomaTorpadii.

MobinbHa (a3za: neioHi30BaHa BOJA.

lIpucomysanusa cmanoapmuux ma 00CHIOHCYBAHUX 3DA3KIB

Jlnis aHanizy Ha 1abopaTOPHUX Tepe3ax 3BaXKYIOTh OJU3bKO 2 I CTAaHJAPTHOTO

EpPUTPUTOIY, TOMEPEIHHO BHUCYILIEHOTO y BakyyMHOMY ekcukaropi npu 70°C
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POJIOBXK 6 TOAMH, 3 TOUHICTIO 10 0,1 MT Ta mepeHocATh y MipHY K010y 06’ emom 50
MJI1. EpUTpUT pO3UMHSIOTH Ta JOBOJAATH 0 00’ €My JE€10HI30BaHOIO BOJOIO, MOTIM
PO3UMH NEPEMIITYIOTh Ta QUIBTPYIOTH uepe3 pasosuil GpisTp (0,45 MKM).

JlocnipKyBaHu# 3pa30K FOTYIOTh TaK CaMo, SIK 1 CTaHIapTHUH.

Jist  aHami3zy BHUKOPUCTOBYIOTH DIAKUNA XpoMarorpad BHCOKOTO THCKY,
OCHalIeHn Oe3IMIYyJIbCHUM HAcOCOM 3 TMOCTIMHOIO BUTPATOI0, Ta YYyTJIMBHUM
JIeTeKTopoM AudepeHIiiaibHoro mnokasHuka 3amomiieHHs RID-6A. Konosky
3alOBHIOIOTh CHJIBHOAIIOYOI0 KaTiOHOOOMIHHOIO cMOJiol0 BojHEeBO1 (omu (MCI
Gel-CKO8EH, Shodex KC-811), mo cknagaerbcss 3 MaKpOPETHKYJISIPHOTO
CyJb(OBAHOIO COMONIMEPY MOJICTHpPOIA Ta AMBIHLIOCH301a, 3MKUTOrO0 Ha 8%,
po3mip yacTok 9 MxM. Temneparypa kosionku 60°C. [HXEKTOp 3pa3Ky sBJIsIE COOO0I0
THII 3 (DIKCOBAHOIO METJICIO (PYYHOIO0 200 aBTOMATUYHOIO), 3JJaTHUI TOYHO BBOJIUTU
30 mxi. PobGoua Butpara 6mu3bko 0,5mMi1/XB. MakcuManbHUNA TUCK BCI€l CHCTEMH
6u3bKo 50 Kre/cm?.

Cnouatky xpomatorpadyroTs TpH mopiii mo 30 MKJI CTaHAAPTHOTO 3pa3Ky,
HiCsl IBOTO — JOCHTIKYBAaHOTO 3alUCYIOUM CEpEeIHI 3HAYCHHs IUIONI ITIKOB
eputputoity. [IporieHTHUN BMICT €pUTPUTOIY PO3PaXOBYIOTH 3a (GOpMyIIot0,%o:

Eputpuron = 100x(W/w)x(a/A),

ne W — ctanapTHUM 3pa3ok, T; W — JTOCIIKYBAaHUM 3pa3ok, T'; A — CEpeIHE
3HAYEHHS TUIOI] IMTIKiB CTAHIapTHOTO EPUTPUTOIY; a - CEPETHE 3HAUCHHS TUTOI] ITIKiB
JOCJTIIKYBaHOTO epuTpuTosy [47].

Mikpoobionoziuna yucmoma 20moeo2o npooyKmy

JIyist mepeBipku Ha MIKPOOIOJOTIYHY YHCTOTY BUKOPHUCTOBYIOTH YaIlTKOBHMA
METO/1, SKUH T03BOJIUTh 3IMCHUTH KUTbKICHUN MiJIpaxXyHOK Me30(IbHUX OakTepii
Ta TpuliB, AKi MOKYTh POCTH B a8pOOHUX YMOBAX.

Ilpucomyeanusn 3paskie. Jlns anHamizy BiAOuparOTh Ta 3BaxyroTh 10 T
JOCIIJIKYBAHOTO EPUTPUTONY Ta PO3UYMHSAIOTH MOro B 3a0ypepeHOMY pO3UuHI
xjopuay HaTpito-entoHy 3 pH 7,0. 3a3Buuaii TOTYIOTh OJIHE 3 IECATH PO3BEICHb.

Inubunnuii memoo. B yamku Iletpi giamerpoM 9 cM BHOCATH 1o 1M

JOCIIIJIKYBAHOTO 3pa3ka Ta 3anuBaroTh 15-20 M pIgKOro arapus3oBaHOIO
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CepeJIOBHILA, MIAXOMAUIOTO ISl KyJbTUBYBaHHS OakTepii (Hampukiai, Ka3eiH-
coeBuil TizmposizoBanuii arap, CASO arap — TpUNTHKa30-COEBUM arap) abo s
KyJIbTUBYBaHHS TpubOiB (Hampukman, cepemoBuiie Cabypo) TemmepaTyporo HeE
ounbie 45°C. Jlns K0KHOTO cepefioBHINA TOTYIOTh HE MeHIIe ABoX yamok [lerpi,
SK 1 17151 KOSKHOTO po3Be/ieHHA. [ 0TOBI1 yamiku 1HKyOyroTh npu Temmnepatypi 30-35°C
s Oaktepid Ta 20-25°C nmns rpubiB mpoTsrom 5 ai6. OOuparoTh Yallikd, sKi
BI/IMOBIAIOTh OJHOMY PO3BEJICHHIO Ta MAlOTh HaMOUIBITY KUJIbKICTH KoJIOH1H: 300
s G6akrepit ta 100 mms rpu6iB. Ilicna migpaxyHKy BUPaxoBYIOTh CEpEIHE
apu(pMeTHYHe 3HaYeHHs Ta BUpaxoBytoTh yuciao KYO/r.

llosepxnesuti memoo. IlpoBOAWTHCS aHAJOTIYHO TJIMOMHHOMY, aje
JOCII)KYBaHUM 3pa30K B KIJILKOCT1 1 MJT BHOCSTH Y yatiku [leTpi 3 Bxke 3aCTUTIIUM
BIIMOBITHUM cepefoBuliieM. [48, 49]

Tecm na nassnicmo kuwikosoi naruuxu. Jns tecty roryrots 100 mn CASO
arapy — TPUITHKA30-COEBOTO arapy, TOMOTEHE3YIOTh, PO3IUBAIOTH IO YallKaMm
[TeTpi, 1arOTh 3aCTUTHYTH Ta BHOCATH 1 MJI MPUTOTOBJIICHOTO 3pa3Ky, IHKyOYIOTh
npu 35-37°C npotsirom 18-48 roauH. 3a HAIBHOCTI POCTY, KYJbTYpYy MEPECIBAIOTH
Ha arap MakKonki Ta iHKyOytoTh mnpoTsiroMm 18-72 romun mnpu 35-37°C.
[T03UTUBHOIO PEAKITIEIO0 € PICT YEPBOHUX KOJOHIN I'paM HETAaTUBHUX MaJIMYOK. 3a
HEOOXITHOCTI MPOBOJATH JOJATKOBUM TECT-MIATBEPIKEHHS — NPOAYyKYyBaHHS
iHpomy [48, 50].

Tecm Ha HassHicmb canvbmoHnenu. JIjis anami3y BigouparoTh Ta 3BaxyroTh 10 T
JTOCIIKYBAaHOTO EPUTPUTONY Ta PO3UYUHAIOTH Horo B OynbitoHi MakKonki,
TOMOT€HE3YIOTh Ta 1IHKYOYIOTh TIpoTsaroM 18-24 rogun npu 35-37°C. [lepenocsts 1
MI 3pa3ky A0 10 MJ TeTpaTioHATHOTO >KOBYHOTO OYyJIbHOHY 3 OpHIIaHTOBUM
3eJIeHUM Ta 1HKYyOyroTh mpoTsaroMm 18-24 romun mpu 41-43°C. Ilicns iHkyOartii,
SKIIO HASBHUM PICT, KYJbTYpy TNEPECiBalOTh HA YaIllKH 3 JIAKTO30-CaXapO3HUM
arapoM 3 OpHJIIAaHTOBUM 3€JICHUM, KCUJI030-JII3MHOBUM JE30KCUXOJATHUM arapom
Ta JE€30KCUXOJAT-IIUTpaTHUM arapoM. Yamku iHKyOyioTh npu 35-37°C mpoTsrom
18-72 roauu. Ha npuCyTHICTh CabMOHEN CBIAYUTD PICT HACTYITHOTO BU]TY:

- Ha JI€30KCUXO0JaT-IUTPaTHOMY arapi yTBOpuiucs 6e306apBHi KOJIOHIT;
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- Ha KCHUJI030-J113MHOBOMY JI€30KCUXOJAaTHOMY arapi HasiBHI YepPBOHI KOJIOHIT
3/6€3 YOpPHHUX CEePIIICBHH;

- Ha JIAKTO30-CaXxapO3HOMY arapi 3 OpHWIIaHTOBHM 3€JICHUM YTBOPWIIHACS
MUJIK1, MPO30pi, OE3KOJBOPOBI a00 POKEBI YU HEMPO30p0-O0111 KOJOHII, YacTo
OTOYEH1 POKEBOIO a00 YEPBOHOIO 30HOIO.

[Tigo3pini KOJOHII MepeciBaloTh, BHUKOPUCTOBYIOYM TIMOMHHMMA Ta
MMOBEPXHEBHUI METOH, Y TPOOIPKH 3 TPUILYKPOBUM arapom 13 3aj1i30M Ta IHKYOYIOTb.
[Ipo HasABHICTH CAIBMOHEI CBITYUTH 3MiHA 3a0apBJICHHS CEPEIOBHUIIA 13 YEPBOHOTO
Ha >KOBTHUI NpU MMHUOWHHOMY MOCIBI Ta YTBOPEHHS CIPKOBOAHIO (HE 3aBkAM) [48,
50].

3aranpHa KUIBKICTh JKUTTE3JATHUX AaepoOHMX OakTepid He IOBHUHHA
nepesuirysaru 10° Gakrepiit Ta 10% rpubis Ha 1t epurpurony. Escherichia coli Ta
Salmonella noBuHH1 OyTH BiJICYTHI.

[Ipn BUKOpPUCTaHHI EPUTPUTONY i BUPOOHUIITBA MAPEHTEPATHHHUX
Jikapcbkux (opM, 3arajibHa KUIBKICTh JKUTTE3JATHUX aepoOiB HE MOBHUHHA
nepesuinysati 10? aus rpubis Ta Gakrepiii Ha 1 r eputpurony [48].

Busnauennsa eonozocmi 2omoeozo npooykmy

JIisi  BU3HAYEHHS BOJOTOCTI B TOTOBOMY TMPOAYKTI — EPUTPUTOIMI
BUKOPUCTOBYIOTH BOJIOTOMID.

[TpuHIMN 1ii BoJIoroMipa 3aCHOBaHHMM Ha 3HEBOJHEHHI 3pa3ka aHaJII30BaHOI
pPEUYOBHHM - O0'€KTYy BHUMIpIB MiJ Ji€l0 1HGPAYEPBOHOTO BUIPOMIHIOBAHHS 3
aBTOMAaTUYHUM Oe3MepepBHUM 3Ba)KyBaHHSM. BOJOTICTh MPOAYKTY MpPU IIHOMY
BU3HAYAETHCS K BIHOIICHHS MOYATKOBOT MacH HABAXXKH JO0 MAacCH HABAXKKU IMICIIA
BUCYIITYBaHHSI.

[Iporec BuUMIpy BKIIFOYA€ HACTYIHI OIEparlii: onepaTop po3MIILye HABAXKKY
eputpuToiry Baroto 10 r B KIOBETY Ta piBHOMIPHO PO3MOLISE 1i IO BChOMY 00’ €My
KioBeTH (miamerpom He Ounbine 100 mm). [loTiM mominnye ii B CyHmIMIBHY KaMmepy
BoJIoroMipa Ta 3Baxye. Ilicis 1boro BiOYBaeThCs aBTOMATHYHE BU3HAUYCHHS

BTPATU MacCH IiJ Ai€r0 iHhpauyepBOHOTO BUITPOMIHIOBAHHSI 1 IEPEPaAXyHOK B OJTMHUII
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BMICTY BOJIOTH, 3 ypaxyBaHHSIM IOYaTKOBOi Macu mpoOu. PesynpraTn anamizy

BUBOJISTHCA HA IUCIUICH Y BijicoTKax [S51].

95



PO3JILIT 9
ABTOMATH3ALIS JUISHKA BAPOGHULITBA EPUTPUTOJTY

9.1. AHaxi3 TeXHOJIOTIYHOI0 MNpouecy BHPOOHMYOI JUIAHKH 3

(popMyBaHHAM 3aBJAHHS HA PO3POOKY CHCTEMH ABTOMATH3ANII

Bix mnomnepeaHpoi TEXHOJOTIYHOI YCTAHOBKM — POTOPHO-ILIIBKOBOTO
BHMIIAPHOI'O amapaTa, 10 KpUCTajai3aTopa HaaxoauTh 2,134 M’ KOHIEHTPOBAHOIO
po3uuHy. Y KpHUCTaIi3aTopi BiIOYBAE€ThCS KPUCTANI3AIlisd 0X0JI0)KYBAIBHOTO THITY,
BHACIJIOK SIKO1 BiAOYBA€ThCSl YTBOPEHHS KPUCTAJIIB Ta MATKOBOTO PO3YMHY, IO B
CYKYIIHOCTI sBIIsiE OO0 KPUCTAIiYHy cycrensito 06’emom 2,1 m°. Jlami BoHa
HACOCOM  CIIPSIMOBYEThCS Ha  (UIBTp-TIpec, J€ BIAOYBAETbCS  PO3JLICHHS
KPUCTAIIYHOTO 0CaJly BiJl MATKOBOT'O PO3YUHY - QUIBTPATy, PiIbTpaT 30UpPaAETHCS Y

301pHUK QUIBTPATY, a OCaJ ]l O HACTYITHOI TEXHOJIOT1YHOI YCTAaHOBKHU.

Bix nonepennboi o nactymnHo1

TEXHOJIOTTYHOT TEXHOJIOT1YHO1
Bl,[[ TEH A
—>
n D1IBTP- 301pHHK
Kpucranisatop [ npec (bmpraT
j y
A
—

Puc.9.1. MamimHo-anapaTtypHa cXeMa Te€XHOJIOTIYHOI0 Mpolecy
B pesynbpraTi aHamizy TEXHOJOTIYHOTO MPOIECY 3pOO0JIeHI BUCHOBKH, IO
aBTOMATH3AIlisl IIBOTO TEXHOJIOTIYHOTO MPOIIECy MOBUHHA 3a0€3MeTyBaTH:
1. KoHTposnb 1 peryntoBaHHS TEeMIEPATypH Yy KPUCTATI3aTOPl IUIIXOM

3MIHM T0JIa4l TEMIIEPATYPH BOJIU BiJl CHCTEMHU BOJOTIOCTAYaHHS.

2. KoHTposib 32 piBHEM pIOAUHU Yy KpHUCTAII3aTOpl 3 CHUTHAJI3AIIED
JIOCSITHEHHSI BEPXHBOTO MTPUITYCTUMOTO PIBHSI 1 YITPaBJIiHHS KJIAMIAHOM T0J1a4l
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piauHU y 301pHUK.

3. YmpaBiiHHS HACOCOM MEpPEeKayku PIANHU («BBIMKHEHO», «BUMKHEHOY) 13

30ipHHKA Y (LIBTP-TIpEC.

4. KoHTpOJIb TUCKY B (PLIBTP-TIpECi MO MICITIO.

5. Kontponps 3a piBHeM piauHH Yy 30ipHHMKY (GUIBTpATy 3 CHUTHAIII3allI€r0

JIOCATHEHHSI BEPXHBOT'O MPHUITYCTUMOTO PIBHS 1 YIpPABIIHHA KJalmaHOM Mojayl

pIIMHM Y 301pHUK.

Tabnuys 9.1
3aBIaHHA HA PO3POOKY CHCTEeMH aBTOMATH3ANIl
Ne | Mamuna, [Tapamerp, [punyc- Bun Xapaktep 3acobu yn-
3.11 arperar, Micue Bigoopy THUME aBTOMATHU3aIll | KOHTPOJIIO YH paBJIiHHA Ta
YCTaHOBKA CUTHAITY 3HAYECHHS i YIpaBIiHHS KOHTPOJTIO,
rapamerpa peami3zarii
YOPABJISIFOYOT 1T
Bino6paxeHHsl, APM
KonTponb .
Kpucramiza | Temneparypa B peecTpanii onceparopa
1 P 1o AADAT 3-8°C BmuB Ha
p P PerymoBanns | Cra0imi3zartis BUTpATy
JIBOJISTHOT BOJH
BigoOpaxeunns APM
KoHntposns 7100P .
peectparist orepaTopa
PiBensn BB Ha
Kpucramza | xpuctamiyHol . mojaay
2 p P 50-60% 3axucT Bijg Aaty
-TOp CycITeH3i1 B ) KOHI[EHTPOBA-
. YrpaBiiHHS | IEPETIOBHCHHS
amapari . HOTO PO3YHHY
KpHUCTai3aTopal y
KPHUCTAIII3aToOP
Hacoc
rmoaaqi CraH Hacoc ITyck, symanka
1 IfI[HI/I3 moxayi pi I/Hzn : 3 APMa
PUIMHH At put Bimkueno/ : Pyune, oreparopa i
3 | kpucramiza 3 VYnpaBninus HCTAHIHHE KHOIIKA
TOpaHa | Kpucramizaropa| BAMKHCHO g H
b1IBTP- Ha QUIBTp-TIpec «Cromn» 1o
MICI[IO
npec
. He Oinpi )
PuibTp- . 6 c Bino6paxeHHs, APM
4 THCK 1O MICIIO KonTponb )
npec 1,6 MlIla peecTparis omnepaTropa
Bi AKECHHS APM
Konrpor HSEGCI:)T ae 151 ’ orepaTopa
301pHUK Pigen . P BHJII)I/IB I-Il)a
5 O1P ¢binpTpaTy B 80-90% 3axucT Bij
¢biapTpaty X . rnojavy
amapari Y1paBIliHHS | IEPETIOBHCHHS
; CycIeHsii y
30ipHUKa .
301pHUK
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9.2. Onuc cxeMu apToMaTu3ailii 3 cnenugikamicro 3acodiB apTomMaTu3amii

VY nepmomy KOHTYPi KOHTYpl aBTOMaTUYHOTO KOHTPOJIIO 1 YIpaBJIiHHSA, B
KpHUCTaIi3aTopi HEOOX1THO KOHTPOJIIOBATH 1 PETYIOBATH TEMIIEpaTypy, SKa Mae
npunyctumi Mexi 3-8°C. CnocTepexxeHHs 3a 3MiHOW nependadaeTbess Ha APMi
oriepaTopa-TexXHoJIora 31 30epekeHHIM (peecTpalli€ro) MUxX 3MiH B Horo apxisi. s
LIbOI'0 BUKOPUCTOBYIOTH TepMoMeTp onopy TCII-1288, sikuit BOy10BY€ETbCS B KOPITYC
KpucTamizaropa. [lanuii TepMoMeTp onopy mae poOouuii Jiarma3oH BHMipIOBAIBHUX
temriepatyp Big -50 mo +250°C. Mae kmac Ttounocti A [52]. g peryntoBaHHS
TeMmrepaTypu nependadaeTbes ii cTabuIi3alis Ha 3alaHOMY 3HAYEHHI 32 PaXyHOK
3MIHU BUTPATH JIOJISIHOI BOJIU, IO TIOJIAE€THCS B COPOUKY KpHUCTaIi3aTopa.

Y apyromy KOHTYPi aBTOMaTHUYHOI'O KOHTPOJIO 1 yNpaBIiHHSA, HEOOX1THO
KOHTPOJIIOBaTH PIBEHb PIIMHU B KPUCTANI3aTOpPl 3 CUTHAJI3AIEI0 JOCSITHEHHS
BEPXHBOT'O MIPUITYCTUMOTO PiBHS, sikUil Mae Mexi 50-60%, 1 yrpaBiiHHS KJIallaHOM
nojayl piguHu y kpucramizatop [53]. s mboro BUKOPUCTOBYIOTh TUCKPETHUN
natuvk piBHs CleverLevel LFFS 13 HepkaBiouoi cTaii, sSikMii BOYyJIOBYEThCS B
KOpPIyC KpucTajgizatopa 1 MOXE€ BHUKOPUCTOBYBAaTHUCS B  CEpPEIOBHIINAX
temriepaTyporo -40...+85°C [54]. Curnanizauis npo JOCITHEHHsS] BEPXHbOTO PiBHS
nependavaethcs HAa APMi onepaTopa-TexHosora.

Y TpeTrbOMY KOHTYPi aBTOMAaTHYHOT'O KOHTPOJIIO 1 YIPaBIiHHS, HEOOX1THO
YOPABJISTH pOOOTOIO JBUTYHA HAcOCy MOJayl KPHUCTANIYHOI CYCHEH3li 3
Kpucramizaropa g0 ¢uieTp-npeca. Jng 1poro mependadyeHo  yrpaBJIiHHS
BIMKHEHHSAM/BUMKHEHHSIM Hacocy 3 APMa onepatopa Ta aBapiiiHHE BIIKIIOYEHHS
Hacocy KHOMKOI «CToIm» po3TalioBaHOIO «I10 MICITHO» 0111 Hacoca [55].

VY 4yeTBepTOMY KOHTYPi aBTOMaTUYHOT'O KOHTPOJTIO 1 YIIPaBIIHHS, HEOOX1THO
KOHTPOJIIOBaTH THUCK KPUCTAIYHOI cycneH3ii B (UIbTp-Tipeci, SKU Mae
periaMeHToBaHe 3HadyeHHsS He Oumbmie 1,6 MIla. JIns 1bOoro BHKOPHUCTOBYIOTH
natynk TUCKy Danfoss MBS 1700 3 MmakcuManibHUM BUMIPIOBATLHUM THUCKOM 2,5
MIla. VYnpapnstouuii curHan 4-20MA  [56]. CroocrepexeHHs 3a 3MIHOIO
nependayvaeThesi Ha APMi oneparopa-TexHosora 31 30epexeHHsIM (peecTpartis) mux
3MiH B HOT'0 apxiBi.
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Y m’ATOMY KOHTYpPi aBTOMAaTUYHOT'O KOHTPOJIIO 1 yMpaBIiHHS, HEOOX1THO

KOHTPOJIIOBATH PIBEHb PIIMHU B 301pHUKY (PiIbTpaTy 3 CUTHAIIZAIIEI0 JOCSITHEHHS

BEPXHBOTO MPUITYCTUMOTO PiBHSA, KUl Mae Mexi 80-90%, 1 ynpaBiiHHS KIanaHOM

nogavl piavHM y 30ipHUK iasTpary [53].

I[J'ISI ObOTO BHKOPHUCTOBYIOTH

muckpetnuit gatunk piBHA CleverLevel LFFS 13 HepxkaBitouoi crami, sKdal

BOYJIOBY€ThCSI B KOpPITyC 30ipHUKA 1 MOKE€ BHUKOPHUCTOBYBATHUCA B CEpEIOBHUIIAX

temriepaTypoio -40...+85°C [54]. Curnanizalis Ipo JOCITHEHHS] BEPXHBOTO PiBHS

nependaydaeThesi Ha APMi oneparopa-TexHosora.

9.3. Cneundikauis 001a1HAHHS

Crnenudikauisa npuinagis

Tabnuys 9.2

Ne
[MO3MIT
3a
CXEMOIO0

HaiimeHnyBaHHS 1 TEXHIYHA XapaKTEPUCTUKA
BUPOOY

Tun, monenn

BupoOnuk

la

Tepmometp omopy d = 6 MM, pobounii fgiana3zox
temneparyp Bix -50 o +250°C, knac TOYHOCTI
A, IOKa3HUK TEIIOBOI 1HepIii He OibIe § c,
YMOBHUI TUCK BUMiptoBaHoro cepenonumia 0,4
MITa, maTepian 3aXuCHOL
apmarypu npeccMmarepuana Al'- 4B cranp
08X13 a6o 12X18H10T.

TCII-1288

«Crangapt-
M», Ykpaina

Knanan perymorounii, pobounii giana3ox
temrepatryp +5-260°C, maTepian Koprycy —
ctanb 20, MaKCUMaJIbHUM Nepenaj TUCKY Ha

kianaHi — 2MlIla.

KIICP 210

KIICP,
binopycs

2a, 4a

JlaTyuK piBHS, KOPITYC 13 HEP)KaBilOYOi CTall
AISI 304, xabenpauii Bxig M16 niaactuk ado
HiKeJIbOBaHa JIaTyHb, TEMIIEPATypa CEPEeIOBHILA
Ta 30epiranus Bix -40 qo +85°C, BoyoOTiCTh
HaBKOJIMIIIHBOTO cepeaoBuia <98%, kiac
3axucty IP67, maTepial KOHTaKTHOI YaCTHHH
[TEEK nepxagitoua crans AISI 316L (1.4404),
HIOPCTKICTh TIOBEPXOHb KOHTAKTHOI YacTHHH Ra
<0,8 mMxMm, THCK npouecy <100 Gap (cranmapr),
Hanpyra xuBjieHHs 12,5-36B nocriiiHoro
CTPYMY, MAaKCUMAaJIbHUI CTPYM HAaBaHTAKEHHS
35MA, Buxiguuii curHan PNP, NPN, push-pull;
3aTpuMKa BuxigHoro curnany 0,1 c, 6e3neka
cULus, Kinac 2, E365692.

CleverLevel
LFFS

Baumer,
[IBenapis

Knaman perymorounii, po6oumnii giama3ox
temreparyp +5-260°C, maTepian Kopiycy —

KIICP 210

KIICP,
binopycs
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3akinuenusa maon. 9.2

crainb 20, MakCUMaJIbHUI Niepenaj TUCKY Ha
kianani — 2MTla.

Hacoc BinneHTpoBHii 3 MArHITHOIO MY(TOIO,

M npoxyktusHicTs 0,5 — 6,5 M>/roj, pobounii DM 06 Debem,
. Itams
Jiamna3oH temneparyp +3-95°C
JlaT4MK TUCKY, MAaKCUMAJIBHUI BUMIPIOBATTBHUI
tuck 2,5 Mlla, remneparypa po6o4doro
3a cepenosuma Bix -40 no +85°C, CTyIiHb 3aXUCTy MBS1700 Danfoss,
IP65, Buximuuit curnan 4-20MA, gac peaxiii He Janis

6inbie 4 Mc, npuenHanss o tucky G4 A EN
837 a6o G'* A EN 837.
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PO3J1J1 10
OXOPOHA JOBKLJJISA

10.1. AHaJ1i3 TEXHOJIOTiYHOI CXeMH BUPOOHMIITBA WiJIbOBOI0 MPOIXYKTY HA
Micld eMicii TBepauX, piIKUX Ta ra3onoAi0OHuX BiAXoaiB

Texnonoriyna cxemMa G10CHMHTE3Yy €PUTPUTOIY BKIIIOUAE JAOMOMDKHI poOOTH
(caniTapHa MIATOTOBKAa BUPOOHHUIITBA, MPHUTOTYBAHHS 1 CTEPHIII3aIlsl MOKHUBHUX
CEpEIOBHIL, 3aMacHOrO0 PO3YMHY MIKPOEJIEMEHTIB Ta PO3UYMHY TJIIOKO3U JIJIst
M1JPKUBJICHHS, MIATOTOBKA CMOJI Ta AaKTUBOBAHOTO BYTUUIS JJIA KOJIOHOK) Ta
TEXHOJIOT1YHUHN Tporiec (MAroTOBKa MOCIBHOTO MaTepiairy 1 610CMHTE3 IIOBOTO
NPOAYKTY), @ TaKoX micisaepMeHTaliiHl cTaali (BUAUIEHHS Ta OYHIICHHS:
BIJITIJICHHS! 010MacH, OUMILICHHS CYyTIEpHATAHTY, KOHIIEHTPYBAHHS Ta KpUCTaTI3aIlis,
BUJIIJIEHHSI KPUCTAMIIB Ta 1X CYIIIHHS).

1) Canirapua mnigroroBka BupoOHuuTBa. Ha mii cranmii, npu
reHepalibHUX Ta IIOJACHHUX MPUOUPAHHSIX, BUKOPUCTOBYIOTHCS NE€3UHGEKITIHHUI
3aci0 «/lekananb» 1151 MUKMKH (DepMEHTEpiB, peaKTOPiB-3MilllyBaydiB Ta EMHOCTEH 1
3aci0 aesuH(pekiiaui 3 MuitHOIO 3aaTHICTIO «IIpoCaniTEkcmy s Muitku
MOBEPXOHb, 00IaIHAHHS Ta Tijory. Jlanuii 3acid He moTpeOye 3MUBaHHS, & OTKE
micis  OoOpoOKM MiAJIOTH, TOBEPXOHb Ta oOOJIaJlHAHHS, TPOMUBHUX BOJ
cnocrepiratuce He Oyne. Ilicis MutTs QepmeHTepiB, peakTOpiB 3MilllyBayiB Ta
emHocTed 3a gomomororo CIP-muiiku 3aco0oM «JlexaHanb» NpOMHBHA BOJa
HAJXOIUTh N0 KaHai3alli, a MUIOYMN 3aci0 MOBTOPHO BUKOPUCTOBYIOTH MPHU
HACTymHi 00poOmi. Jlns 3akmiounHoi ge3iH(exIi BUKOPUCTOBYIOTH 3aci0
«biomarne3» Ta «J/laHOKCHMH» (AKIIO CHOCTEPITa€ThCS SBHINE yTBOPCHHS
Ne3pe3UCTEHTHUX (QopM MikpoopraHizmiB). Tomy Ha 1l cramgii OyayTh
YTBOPIOBATUCS TBEPAl BIAXOAM Y BUTJISAII YIAKOBKH Bl MUMHMX Ta J1e31HPIKYIOUHX

po3uuHiB. OTXxe, dana cmaodis € micyem emicii piokux ma meepoux 8i0xo0is.
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2) IlpuroryBaHHA Ta cTepuJi3allisi PpO34YMHY AJs MiJKuBJeHHs. Ha
JTAaHOMY eTaIll B1I0OYBa€ThCS MPUTOTYBAaHHS Ta CTEPHUIII3AIlisl PO3UUHY TJIIOKO3U JIJIS
MHKUBJICHHS, KN TOAar0Th y (epmentep koxHi 12 rom mo 494 1 B xomi
BUPOOHMUYOTO OlocHHTE3y. Y BHUMNAAKYy HEBIANOBIAHOCTI JAHOTO PO3YHUHY
MOKa3HUKaM MIKpOOI10JIOTIYHOT YUCTOTH BIH B1IOPAKOBYETHCSH, 1 32 TaKHMX yYMOB
YTBOPIOIOTH PiIKi BiAxoau. Takoxk Ha 1aHOMY eTari OyayTh YTBOPIOBATUCS TBEP/l
BIJIXOJIM Y BUIJISAI YIAKOBKU BiJ TITIOKO3U. ToMmy, danuii eman € micyem emicii
meepoux 8i0x00i8, a GIOXO0U NIONCUBTIOIOYUO20 PO3YUHY HE BPAXOBYIOMbCA Y
3azanbHomy 00 'emi piOKUX 610X00i8.

3) IlpuroryBanHsi 1 crepWwii3amisi TOKMBHHUX CepeJOBHIN Ta
3allaCHOT0 PO3YMHY MiKpoejeMeHTiB. Ha 1ux cramisix MOXJIUMBE YTBOPEHHS
PIIKUX Ta TBEPAUX BiAXOIB, Y BUNAJAKY HEBIAMOBITHOCTI CHPOBUHH HOPMATHBHUM
BUMOTaM Ta TOKa3HHKaM, a00 HEBIAMOBIAHOCTI TMOKUBHHUX CEPEIOBHUI PIBHIO
acenTukd. TBepal BiAXoAH, 10 OyIyTh YTBOPIOBATHCS HA IMOCTIWHIA OCHOBI —
yHakoBKa BiJ] CHPOBUHU JUIsl IPUTOTYBAaHHS MOXUBHUX cepenoBuill. OTxke, dawi
cmadii € micyem emicii meepoux 8i0xodis.

4) IlinrroroBKa ¢M0J1 Ta aKTUBOBAHOI'0 BYTiJLJIs JAJI51 KOJIOHOK. Ha 11iif
CTaii BiI0yBAETHCS MiITOTOBKA CMOJI Ta aKTUBOBAHOTO BYTUILJIS IUJISIX 3aMOYYBaHHS
y PO3UMHAX XJIOPUAY HATPi0, TIAPOKCUAY HATPIIO Ta XJOPUAHOI KUCIOTU. Tomy
OyIyTh YTBOPIOBATHCS PIJAKI BIAXOIW, a TaKOX TBEPAl BIAXOAU y BHUIJISAIL
Tapu/ymakoBKH BiJ cUpoBUHU. OTXe, dana cmaodis € micyem emicii piokux ma
meepoux 8i0xo0is.

5) IiaroroBka mociBHoro marepiaiay. Ha ganomy erami oTpuMyeThCs
Ta 30UIBIIYETHCS B 00’€Mi MOCIBHUU MaTepial 3a pPaxyHOK KyJIbTHUBYBaHHS B
MOCIBHUX  amapatax pi3Horo o00’emy. OCKUIbKM — TIOCIBHUH — Martepiai
BUKOPHCTOBYETHCS JIJIS 3aCIBY BUPOOHHUOTO (DepMeHTepa, BIIXOIU BiJl OTPUMAHHS
MOCIBHOTO MaTepiany He BpaXxOBYIOThCS Y 3arajbHOMY 00’ €MI PIAKUX BIIXO/IIB.

Bapto Takox 3ayBa)XuTH, 110 MPOAYIIEHT EPUTPUTOTY OCMO(UIBHI JPIKIKI
Pseudozyma tsukubaensis KN 75 € aepobamu. [ BaxiIuMBUM eTamoMm iX
KyJIbTUBYBaHHS € aepallis, a, OTXKe, y MpoIeci YTBOPIOEThCS BEIUKUNA 00’ €M
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BINIPALIbOBAHOTO TOBITPsA. ToMy, danuii eman € micyem emicii 8e1uxKoeo 00 ’emy
2a30N08IMPAHUX 8I0X00I8.

6) BupoOuuumii OiocunrTe3. Ha 1iii craxii nependadaeTbCcsi yTBOPEHHS
BEJIUKOr0 00’€MYy KYyJIbTYPAJIbHOI PIAMHU Y K1 HAKOMUYYETHCSI €PUTPUTON. Alle,
3Ba)XAal0YM Ha Te, 10 MIcis O10CUHTE3Y KYJIbTYpalbHY PIAMHY CHPSIMOBYIOTH 10
30ipHUKa, 3B1IKM BOHA HAIXOIUTh HA CTa il BUIAUICHHS Ta OYUIIECHHS, PiIKi BIIXO0IN
Ha JaHii cTajii He BPaXxOBYIOThCA. TakoXK Ha JaHIA CTaili YTBOPIOIOTHCS BEJIMKI
00’emMu BIAIpaIibOBaHOTO MOBITPsL. ToOMy, dara cmadis € micyem emicii enuko2o
00 ’emy 2a30no8impsHUx 8i0xX00is.

7) Binginennss 6iomacum. Ha pganomy eram BinOyBaeThbcs BiAiICHHS
¢GiupTpaTy BII JPDKIKOBUX KIIITHH 3a JIONOMOTOKO cemaparopa. Y TBOPEHHI
CYNEpHATaHT, SKUH MICTUTh EPUTPUT CHPIMOBYETHCS HA TMOJAJBII CTaail
BUJIIJICHHSI Ta OYMIICHHS. BigxogoMm naHoro eramy € BifcenmapoBaHa JIpiXIKOBA
Maca. OTxe, Oanuil eman € micyem emicii meepoux 8i0xo0is.

8) BuaisieHns i ounmenns epurpuroiy. Ha nanux cramisx criodarky
BIJIOYBAETHCS IEMIHEpaii3allisl CylepHAaTaHTy, a MOTIM JTOJATKOBE OYMILEHHS BiJl
noOIYHUX BIAXOMIB (pepMeHTallii, Taki SIK areToid, abo iHmi aoMimku. Dinbrpar
YTBOPEHUI Ha IUX CTaAisIX CHPSIMOBYETHCS HA HACTYIHY CTaJil0 BUIJICHHS Ta
ountieHHs. [Ticiist 3aKkiHUeHHSI pOOOTH KOJIOHOK, KP13b HUX MPOIMYCKAIOTh 3HECOJICHY
BOY JUTsl BUAAJIICHHS cCOpOOBaHMX 10HIB. OTXKe, 0ani cmaodii € micyem emicii pioKux
8i0Xx0018.

9) KoHueHnTpyBaHHs Ta KpucTajgizanis. Ha oMy erami BigOyBaeThCs
HarpiBaHHs QinbTpaty 10 90°C y pOTOPHO-TIIIIBKOBOMY BUIIAPHOMY araparti Ta Horo
MOCTYIOBE OXOJIOJKEHHA 10 4-8°C BHOPOJOBX &8 TOA B OXOJOIKYHOUOMY
KpUCTamizaropi. YTBOPEHUN MATKOBUM PO3YHH CIPSIMOBYETHCS HA HACTYIHY
CTaIit0 BUJIJICHHS KpUCTaliB. ToMy, 8i0x00u Ha yux cmaodisax He 8paxo8yomuCsl.

10) Bwuainenns kpucrajiB. Ha 1iif craaii yTBopeHi KpucTaiu 301MpatoThCst
3a JIONOMOTOI0 aBTOMAaTUYHOTO (UIBTp-TIpeca, a GUIbTpaT BiIBOAUTHCS y 301pHUK 1
MOBEPTAETHCSI HA TOMEpeaHi cTaalli (OYMIEeHHS CcymnepHaTaHTy). ToMmy, 8idxoou

0ano20 emany He 8paxo8yrmuvCsl ) 3a2aibHOMY 00 €mi piOKUX 8I0X00i8 .
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11) Cywinns kpucragiB epurpuroiy. Ha miii cramii BigOyBaeTbcs
CYILIIHHS KpHCcTaliB eputputoiry npu 80°C y KOHBEEPHIM CTPIYKOBIN cymiapiii 10
OCTaTOYHOTO BMICTY BOJIOTH B TOTOBOMY MNpoaykKTi - 3-5%. Jlanuii mporec
CYNPOBOJIKYETHCS BIABEICHHSIM BIJINPAllbOBAHOTO TOBITPS, SIKE MICTUTh MEXaHIUH1
YaCTOYKM BiJI BUCYHIEHOTO epuTputy. OTxe, Odanuil eman € micyem emicii
2a30N00IOHUX 8I0X00IE.

10.2. ITepcrieKTUBH BIPOBAIKEHHSI CHCTEMH €K0JI0ri3amii BAPOOHUITBA

10.2.1. Cucrema 3HENIKOIKEHHS Ta YTIWIi3alil piikux BiaxoaiB

Murtts ¢pepmeHTaiitHoro o0aagHaHHs 3A1MCHIOIOTh PO3YMHOM «JlekaHaby
koHneHTpariiew 0,5%. OCKUIbKH, IPU MHUIl, 00JIaITHAHHS 3allOBHIOETHCS Ha 1/2,
TO1, 3arajdbHui 00’€M 00JaJHaHHS, IO MOTPeOye MUTTS 1, K HACIIAOK, 00’ €M
BigxomiB 3a omguH muka 63 780 / 2 = 31 890 n. Ockuibku, MHIHI 3aCO0H €
Oe3MeYHrMU 151 HABKOJIMIIIHBOTO CEPEIOBHIINA, TO MatoTh IV kitac HeOe3meKwu.

[lin dYac mIArOTOBKM CMOJ Ta AaKTUBOBAHOIO BYTULIA MJIsI KOJIOHOK
BUKOPHCTOBYIOTh PO3YMHU TIAPOKCHULY HATPiO, HATPIM XJIOpUIY Ta XJIOPHUIHY
KUCIOTY. OCKIIBKM Cepell IUX PO3YMHIB € 1 KHCIOTa 1 JIyI, TO BOHU OyayT
HEWUTpasizyBaTH OJIMH OJHOTO 3 YTBOPEHHSM HATPIM XJOpUIY Ta BOJH, a, OTXKE,
JIOJIATKOBOTO 3HENIKOPKEHHSI HE MOTPEOYIOTh 1 MOXKYTh YTHUJII3YBAaTHCS Pa3oM 3
yciMa piakuMu Biaxomamu. Ilicist 3akiHYeHHS CTaaii BUUJICHHS 1 OYHWIIEHHS
CPUTPHUTOITY, KOJOHKH IIPOMHBAIOTH 3HECOJCHOI BOJOI. OCKIIbKH, XIMIYHI
PEYOBHHM 11 TIATOTOBKM CMOJ Ta aKTUBOBAHOTO BYTULIS MICTATh JIYTH Ta
kuciotu, To MaroTh II-1II xitac HeOe3meku, a 3HECoJIEHa BoJia € OE3MEYHOI0 I
HABKOJIMIITHLOTO cepenoBuiia i mae [V kinac HeOe3nekwu.

VY3arajibHeHa XapakTepUCTUKA PIAKUX BIIXOIB HaBeaeHa y Tabmui 10.1.
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Tabnuys 10.1

XapakTepuCTHKA PIAKUX BiX0/iB Y BUPOOHUIITBI EPUTPHUTY

[TpubnuzHuit
Ha3zga , : :
. ) 00’€eM BIIXO/IB
CKJIaJI0BOI PedoBuHH, sIK1 BXOAATH JI0 a1 L Knac
plaKKIX CKJIJy BIIXOJIB H HeOe3IeKH
: : BUPOOHUIITBA
BIJIXO/IIB
(1)
[IIyTapOBUM alIbJIETI] y
0,5% po3unn Mexax 18,0-22,0 %,
70 P . o 31 890 v
«/lekananpy | aNKIIAMMETIIIOCH3MIIAMOHIYM
xjopup y mexax 8,0-12,0 %
Ximi4H1 HaTpI1# TIIPOKCHUI, HATPIN
P TIIPOXCIIL, HATD 2 000 TI-ITI
PEYOBUHU XJIOPUJI, XJIOPUJAHA KUCIIOTA
3aJUIIKHA TOKUBHOTO
cepeoBHIIa — TTIOKO3H 1
3HecoseHa PEAOBHII
BoA KYKYpYA3STHOTO OOpOIITHa, 4 000 v
kationu Cu?*, Mn?", aHioHH
SO42'
Ycboro: 37 890

Ymunizauia piokux eioxooie

OckiIbKu MUIOUMHA po3unH «JlexaHaaby MICTUTh y cBoemy ckiaai [TAP ta
anbJier1]], HeoOX1HO 3a0€3MeUnTH MHMOO0KY OYUCTKY CTIYHHMX BOJI, 1100 3MEHIIUTH
KOHIICHTpAI[il0 1HUX peuyoBHH. Tomy OIOJOTIYHE OYMIINEHHS CTIYHUX BOJ
BUPOOHUIITBA EPUTPUTONY 3ailicHIoeThess B ycraHoBii «BIOTAL-T», mio
ckiamaeTrbesi 3 TphoX SBR-peaktopiB. Ilpomec ouulleHHS CTIYHUX BOJ
B1JI0YBA€ETHCS 32 HACTYMHOIO cxemoto (puc. 10.1).

CTiuHi BOJAM HAAXOMAATHh B MpUHAMaNbHYy CiTKY (1), MiJ SKOK BCTaHOBJICHO
aepatop (2). Bin omHouacHo 3 aepaitieto peaktopa SBR-1 mpoBoauTh aepaiiito
CITKH, p0O30MBarO4YM TpyOl HEUHUCTOTH, IO 3HAXOMATHCS B HIW, 1 MEPEIIKOKAE i1
3abuBaHHIO. Boja, mo30aBiieHa Bij rpyOMX HEUHMCTOT, CTikae B peaktop SBR-1,
KYJIM TaKOX MOIa€Thes epiidtamu (3) 3BOPOTHUN aKTUBHUM My 3 peakTopiB SBR-
2 1 SBR-3. B SBR-1 cTiuHi B/t 4aCTKOBO 010JIOTIYHO OYHUIIYIOTHCS, MIIIAI0YUCH
0aratopa3zoBUM, HUKIIIYHO MTOBTOPIOBAHUM IIpOIIecaM aepailii 1 epeMilllyBaHHs IPU
nedinuTi MOBITPS, 3aBIASKA YOMY TYT TaKOX BIOYBa€ThCs IMpoLec AeHITpudikarii

MIPU HASIBHOCT1 HITPUTIB 1 HITPATIB, K1 HAIIMIIIN 31 3BOPOTHUM aKTUBHUM MYJIOM 3
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SBR-2 1 SBR-3, i 7erkookuciioBaHOi OpraHikd, IO HAIXOJUTh 13 CBIKUMHU
CTIYHMMU Bogamu [57].

Criyni Boau, 1o npoinun o6podky B SBR-1, neperikaroTh caMOIUIMBOM B
SBR-2, kyau Takox BIJJyBa€ThCsl peBEpCHUMHU epiiidpramu (4) mpu nepekayyBaHHI
MyJoBoi cymimni B SBR-3 mina (nmpu yrumizanii [TAP, ronoBHa nmpoGiema — Benuke
YTBOPCHHSI TiHH, SKE MPU BUKOPUCTAHHI BIAKPUTHX YCTAHOBOK MOYKE PO3HOCUTHUCS
MOBITPSIM Ta 3a0pyAHIOBATH HABKOJIMIIIHE CEepeAoBHINE), sika 3axuiae SBR-3 Bin
HEraTUBHOTO BIUIMBY canoHaTiB. B SBR-2, ananoriuno 1o SBR-1, mysnoa cymim
MIJJAEThCS 0araTopa3oBUM, IO IUKJIIYHO MOBTOPIOIOTHCS, MpoliecaM aeparii i
nepemintyBaHHs [57].

YactkoBo cTiuHi Bogu 3 SBR-2 nepekauyroThcsi peBepcHuMU epiaidramu (4)
B SBR-3, cTBOpIoouM npu 1bOMy aKyMYJTIOIOUHUM 00’ €M JJIsl IPUMHATTS 3aJIIOBUX
ckuaiB B SBR-1 1 SBR-2. B SBR-3 BifiOyBaeThCsl OKHMCIICHHS OPTaHiKH, 110 BaXKKO
OKHUCIIOEThCS, 1 HiTpUikamis. TyT MynoBa cyMill NIAAA€ThCS aepalli 3 HACTYITHUM
B1JCTOIOBAaHHSIM [57].

Ilepen BifkauyBaHHSAM OYMIIEHUX CTIYHUX BOJ BiJIOYBA€THCS BlJIKAUyBaHHS
HAJUTUIIIKOBOTO aKTUBHOTO Myny 3 SBR-3 B mMynoBuil KOJOIs3b 1 BiJKauyBaHHS
ocanry 3 TpeTuHHoOro BiactiiiHuka B SBR-3. MynoBa Boja 3 MyJnoBOTO KOJOJs3s
noBepraeTbes B SBR-1 [57].

[Ticnst 3aBepiieHHS UKITY BijcToroBaHHs B SBR-3 1 Bigkauku Ha JIHIIIKOBOTO
aKTUBHOTO MYJly, MPOBOJMUTHCS BIJIKAUKa OYMIIEHHMX CTiYHUX BoJ 3 SBR-3 B
TPEeTUHHUIN BIACTIHUK cudoHHUM epiiprom (6), a yucTa BOJa 3 TPETUHHOIO
BIJICTIMHHUKA HAJIXOJUTh B KaHAM3aIllHHY MEpeKy a00 Moxke OyTH BUKOPUCTaHA B

TeXHIYHUX X [57].
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a)

Mynosa PearTop SBR 1 PeanTop SBR 2 PeakTop SBR 3 TReTHHHIAR
EMHICTE BiE TIRHHK

P --I_pm;;‘; : m
1'I| H 3 @) !‘
2 g

) 7] ]

(2

Coy Cohy

=
0)
BiaxavyBaHHA u
TpeTuHHIA
HaanHWKoBOrS 1A \/ Ay
AKTHAHOID Myny = B BlacTiAHiK
Peakrop SER-3 | 5 | Biarik
& . \_‘ w 2. 5 _, '
7 Mynosa emnicre. | L &y - "
- ¥ 3)f § 5 Fi )
[ o 3 T
I = | |
| 7 4 i
i ] ] 32—
b 4 7" Peaxtop SBR-2
X y g
TR ol )_-' Lementno-niwana
T 3acunka
MoeepHeHHA ¥ Knno'u,ms
MYnoBoi BogK Peaktop SBR-1 san isoBeToHHWA

Puc. 10.1. IlpuHiiunoBa TexHoJIoriyHa (a) i rvianosa (0) cxeMa yCTAaHOBKH
«BIOTAL-T »

1 — npuiimMainbHa CiTKa; 2 — cucTeMa aepaiiii; 3 — epiidT peuupKyIsaIinauii; 4
— epmdT peBepcHHt; 5 — epaidT BIAKAYKK HAJJIMIIKOBOTO aKTUBHOTO MYJy; 6 —
epmidT cudonuuii; 7 — epaidT BiAKAUYKU 0caay 3 TPETUHHOTO BiJICTIMHUKA [57].

10.2.2. Cucrema 3HeIIKOAKEHHS Ta YTIWIi3auii TBepAUX BiAX0aiB

TBepal BIAXOIM, IO YTBOPIOIOTHCS HA CTAMisIX CaAHITApPHOI MiArOTOBKHU
BUPOOHUIITBA, IPUTOTYBAHHS MOKUBHUX CEPEIOBHIIL, MXKUBIIIOI0YOTO PO3YUHY Ta
MIJTOTOBKM KOMIIOHEHTIB ISl KOJOHOK TIPEJICTABIICHI MAaKyBaJIbHOIO Tapor MJis
MUIOUHX, Ae31HPIKYIOUMX 3ac001B, XIMIYHUX PEAreHTIB 1 KOMIIOHEHTIB MOKUBHOTO
cepenoBuma. [lmgmku 11 MUIOYUX, JE31H(PIKYIOUUX PO3YUHIB Ta XJIOPHUIHOT
KHCJIOTH BUTOTOBJIEHI 3 moJiieTuiieHy Bucokoi mibHocTi (HDPE), BoHu: nemesi,
Oe3mneyHi, CTIMKI J0 arpeCUBHUX PEUYOBHMH 1 BUCOKHUX TEMIIEpaTyp, Mil[HI Ta JIETK1 B
nepepo61i (HDPE-cmiTTst npobuthesi Ha crieniadbHUX YCTAHOBKAX, MICHS 4YOTO
I'paHyJi 3HOBY NEPEIIaBIsIOThCA B pi3HI BUpoOu) [58]. KoMIOHEHTH TTOKUBHOTO
CEpeIOBHUIIA Ta XIMIUHI PEareHTH MOCTABIISIOTHCS B MilTKax 3 nosinpomniieny (PP),
SKUH € CTINKAM 1 MOXKE TIEPEPOOIISITHCS 3a JJOTIOMOTOI0 METO/TIB JIUTTS TTiJT THCKOM,

MpecyBaHHs Ta eKCcTpy3ii [58].
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[Ticns BigmimenHs OioMacu B cemapaTtopl 3a ITUKI yTBOPIOEThCS 193 kr
JIpKIKOBOT Macu. OCKIIBKY MPOIYLIEHT EPUTPUTY - APIKIKI P. tsukubaensis KN
75 € Ge3neyHUMH IJiI1 HABKOJIMIIHHOTO CEPEAOBUIIA Ta KUTTS JIOACH 1 TBapuH, iX
BiHOCAT, 10 IV Kkiacy HeOe3meku. Y3arajibHEHa XapaKTepUCTHUKA TBEPAMX
B1/IXO/IIB HaBejieHa y Tabyumi 10.2.

Tabnuys 10.2

XapakTepuCcTHKA TBEPAMX BiAX0AiB Y BUPOOHUIITBI EPUTPUTOLY

HasBa ckinanoBoi PeuoBunu, ski [TpuGan3HMit Kiac uede3nexn
TBEPJIUX BIIXOMIB BXOJATH JI0 00’eM B1AXO0/IB Ha
CKJIaJly BIJIXO/IB 1 mukn
BUPOOHMIITBA (KT)
IImacTukoBa Tapa
P HDPE-2 —
JULA MHTOHHX [Momerunen
3ac001B 1 . 10,5 | Y
. BHCOKOI]
XJIOPUIHOI ; )
HIJIBHOCTI
KHACJIOTH
VYnakoBka s
KOMIIOHEHTIB PP-5 —
. . 0,58 v
[I0’KWBHOT'O MOTIITPOITICH
cepeoBHIIa
YnakoBka ai1s
KOMHOHeHIT[iB PP-5—
MOJTIIPOIIJICH 1,7 | AY
PO3UYHHY IS
MKUBJICHHS
YnakoBka misd
HaT iI‘/’IH PP-5—
: P HOJIIPOILIEH 0,18 vV
TIAPOKCHITY Ta
HaTPIi XJOopUIy
biomaca kynbTypu
HpixmxoBa maca | P. tsukubaensis 193 v
KN 75
Ycboro: 205,96

Ymunizauia meepoux eioxooie

JIist yTrimizanii TUIsimnoK BiJl MUIOYUX 3aCO01B 1 XJIOPUIHOT KUCIOTH, MIIIKIB
B1JI KOMITOHEHTIB TTOKMBHOTO CEPEOBUIIA, POZUUHY JJIS M1JPKUBJICHHS Ta XIMIYHUX
peareHTiB, iX MOMEPEIHHO COPTYIOTH Ta BIMPABISIOTH /10 MYHKTIB IEPEPOOKH.

Bigninena 6iomaca MICTUTh 3aJTUIIKK TTOKUBHOTO CEPEIOBHUIIA Ta I1ITHOBOTO

IMPOAYKTY — CPUTPHUTOITY, AJIC BCI I_Ii KOMITIOHCHTH HE CTAHOBJIATD 3arpO3u AJIsd JKHUTTS
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TBAapHH, a HaBMaKW, HAPUKIIAJ, 3JIHIIKA KyKYpYyI3sHOrOo OOpOIIHA € JIKepeaoM
aMIHOKHUCIIOT.

[Ipn BUPOOHMIITBI KOPMOBHX JPDKDKIB BHKOPUCTOBYIOTH AaCIOPOTEHHI
npixmki poaiB Candida 1 Torulopsis, sii Halle)KaTh 710 KJIacy HEJIOCKOHAJIUX TpUOiB
Fungi imperfecti (Deuteromycetes) [59]. Cunonimom wmrtamy P. tsukubaensis €
Candida tsukubaensis [60], ToMy, IpiKIKOBY Macy, sika 3aJIUITAIACS SIK TBEPIAHM
BIIXiI B TEXHOJOTII OJCpXaHHS EPUTPUTONY TICIsS CelMapyBaHHA MOXKHA
BUKOPHCTOBYBaTH B SIKOCTI KOpMoBoro Oinka. I[Iporec BHpoOHHUIITBA KOPMOBHX

JP1KIIKIB B1I0OYBA€ThCA 3a HACTYITHOIO cxeMoto (puc.10.2).

[pixaxkoea maca

' [NpomueanHa

i Inazmonic

Kopmoegi apixaxi

Puc 10.2. TexHosoriyHa cxeMa OTPMMaHHA KOPMOBMX JAPiaKIKiB

Cenapysannsi ma npomusants. Ilicns cemapyBaHHS IS BUIAUICHHS
CyINepHATaHTy, IO MICTUTh €PUTPUT, IPLKIKOBY Macy, JUIs MOJIMIICHHS SKOCTI
KOPMOBUX JIPLKIXKIB, IPOMUBAIOTH BOJI0IO [59].

Vnaprosauna ma naazmoniz. YmnaproBaHHS JIPLKIKOBOTO KOHIIGHTPATy
OPOBOAATH B OJHO- a00 JBYXKOPIYCHHX BaKyyM-BHIapHUX ycTaHoBkax. Ilepen
MO/Iauel0 B BUIAPHUM amapaT JOPIXKIKOBY CYCIEH31I0 MiJAl0Th IJIa3MOTI3y
(Tepmoni3), 1uist 9oro ii HarpiBaroTh 110 75-80°C B TETI000MIHHUKY-TIa3MOJTi3aTOP1
TIIyXOI0 Mapolo, SIKA MOAAETHCS B MIKTPYOHUIN MPOCTIP, 1 BATPUMYIOTh B €MHOCTI
npotsrom  30-40 xB. B pesynbrari 1iazMonidy  CycHeH3is  APDKIKIB

T 0MOF€Hi3y€TbCH, o0 IIO3MTHBHO BIIJIMBA€ Ha HOI[aJIBIHI/Iﬁ nponec ymnmaprOBaHHA

[59].
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Bunapuwmii amapar ckiamaeTbcs 3 BHHOCHOTO TpyO4yacToro mifirpiBada i
BUIApHUKa (cenaparopa). i1 BunaproBaHHs MOKYTbh BUKOPUCTOBYBATHUCS arapaTu
3 BUCXIJHUM 1 HE3X1JHUM IIOTOKOM [59].

[ITo6 30epertu BiTaminu B 610Maci IPIKIKIB, TEMIIEpaTypa Ipu yIaproBaHH1
HEe MOBMHHA TiepeBuIyBatu 85°C, TOMy ynaproBaHHsI MPOBOJSATH MiJl BAKYyMOM.
PexomeHmoBaHi TeMIiepaTypyd KHWITIHHS B JBYXKOPITYCHUX BHIAPHHUX amaparax
cknagatoth 80-83°C B nepuiomy 1 58-60°C y npyromy kopiryci [59].

[IpoyKTUBHICTH BAKyyM-BHITIAPHOI YCTAHOBKH B IIPOIIECI €KCILTyaTallii majae
BHACIIJIOK YTBOPEHHS HAKUITY Ha CTIHKax TpyOok BunapHuka. [lepioguuna ximiuHe
OUHUIIECHHSI YCTAHOBKU TMPOBOJUTHCS depe3 KoxkHi 24 roa podoTu 5% po3unmHOM
NaOH 1 yepe3 koxHi 72 rox - 3% po3zunnom HNO; [59].

Cywxa Opiscoicogoeo  rkouyenmpamy. Ilicna BumapHoi  yCTaHOBKHU
JTPLKIDKOBUN  KOHIEHTpAT MIJJAEThCS CYHIIHHIO 0 OTPUMaHHS TOBApHOTO
npoaykty 3 Bosiorictio 8-10% Ha 3aBojax BenMKOi MOTYXHOCTI 3aCTOCOBYIOTH
pPO3MUIIOBANIbHI  CyIIapKH. JIpDKIDKOBUN  KOHIEHTpAT TMepes MOoJadyero B
PO3MIWIIOBANIbHY CYIIapKy MPOMYCKAEThCS Yepe3 PUIbTpH, 100 BIJOKPEMUTH PiAKI
JIpKIKl Bix MexaHiuyHuX. [Ipu o6epTanH1 po3mruiroBada IpKIKOBUM KOHIICHTPAT
PO30PUBKYETHCS HA HAMAPIOHIIII Kparuii, K1 KOHTaKTYIOTh 3 TapsiYUM TETIJIOHOCIEM
1 BTpayarOTh BOJY. YTBOPIOETHCA CYyXHUW APLKIKOBUM MOPOILOK, SKHI Majgae Ha
KOHIYHE JIHO CYIIWJIBHOI  KaMepu, 3BIOKM  O€3MepepBHO  BUIAISETHCS
MTHEBMOTPAHCIOPTOM. BianpanpoBaHuil ra3-TE€IUIOHOCIM, HACHYEHHUH BOJIOIO,
BUXOJUTh 3 KAMEPH 1 MPOXOAUTh O0aTapero UKJIOHIB, /1€ BJIOBIIOETHCS BIIHECEHUN
MOPOILIOK APDKIKIB. 3a3Buuail 80-85% BHUCYIIEHUX APIXKIKIB OCIJA€ B CYIIMIIbHIN
kamepi, a 15-20% HeceTbCs 3 BiANPAIILOBAHUM TEIUIOHOCIEM 1 BIIOBIIIOETHCS B
UKJI0oHax [59].

Bapro 3ayBaxkutu, 1110 BTOPHMHHI Tra30moAiOH1, piiki Ta TBEPAl BIIXOIU Bij
BUPOOHMIITBA KOPMOBOI'O KOHIEHTPATY JPIKIKIB YTHUII3YIOTbCS pa3oM 3
BIJIXOJIaMH B1J1 BAPOOHUIITBA EPUTPUTOITY.

10.2.3. Cucrema 3HeIKOAKEeHHSI ra30MOBITPAHNX BUKU/IIB
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["a3omomiOHI BiAXOAM YTBOPIOIOTHCS Ha €Tanax BHUPOIILYBaHHS MOCIBHOTO
Matepianry, BUpOOHMUYOTO OI0CHMHTE3y Ta CYIIIHHS KPUCTAIIB €PUTPUTY. Y CKIai
ra3oMoBITPSHUX BIAXOJIB MICTATHCS MPOAYKTH OOMIHY — BYTJICKHCIHMA Tra3 Ta
MEXaHIYH1 YaCTOYKH BUCYIIEHOTO €PUTPUTY.

TpuBanicTs mpolecy OTpUMaHHA MOCIBHOTO MaTepiany ckiangae — 156 rox, a
BUpOOHUYOro OiocuHTesy — 85 rox. Jlms aepaiii MOXXUBHOTO CEpeIOBHILA
BUKOPUCTOBYIOTh CTUCHEHE aepalliifHe MOBITPS 31 MIBUAKICTIO aepaii — 1 1/xB. ¥V
BUPOOHUYOMY II€Xy BCTAHOBIIOIOTH 4 (QepMeHTepHu, TOMy NpHOIM3HUN 00’eM
BIIMPAIIbOBAHOTO MOBITPA CTAaHOBUTH 3X(60%156)+1x(60%x85) = 33 180 n (33,18
M.

Jlns po3paxyHKy o0O0’e€My BiANpalbOBaHOTO TOBITPS IMMiJ Yac CYIIHHS
KPUCTAJIB EpUTPUTY B KOHBEEPHINH CTPIUKOBIA Cymapili, MOpUAMaeMo, IO
MPOIYKTUBHICTh cymiapku ctaHoBUTh G=1200 Kr/rog 3 BUTPaATOIO CYIIMJIBHOTO
arenty - 20 000 m*/rox. Tpusamnicts cyminns 1436,1 xr epurpurony ckiazae 1,2 ron
(71,8 xB). OTxe, po3paxXyHKOBUM 00 €M CYIIMIBHOTO areHTy 1 BIAMOBIIHO 00’€M
BiIpanoBaHOro MOBITPs CTaHOBUTH: 1,2x20 000 = 24 000 M.

OckUIbKH epUTpUTOIN Ta Horo mpoayueHT P. tsukubaensis KN 75 mae knac
HeOesneku [V, To 1 ra3omoBITpsiHI BiAXOAM MaTUMYTh Kiac Hebesmeku [V.
VY3arajgpHeHa XapaKTepUCTUKA ra30MoBITPSHUX BIAXO/1B HaBeneHa y Tadmuui 10.3.

Tabnuys 10.3

XapaKkTepuCTHKA ra30M0BITPSIHUX BIAXOAiB Y BUPOOHUITBI EPUTPUTOJLY

Ha3ssa ckiagoBoi PeuoBunu, ski [Tpubnau3HMit Kinac nebe3nexu
ra30moJ10HuX BXOJATH JIO 00’eM B1AXO/IB Ha
B1/IXO/IIB CKJIaJly BIJIXO/1B 1 K
BUPOOHUIITBA (M)
BignpamnsoBane
HOBITPS MICIIS Byriekucnuii ras 33,18 1A%
dbepmenTartii
BignpamnsoBane MexaHiyHi
MOBITPSI THiCIIst YaCTOYKHU 24 000 v
CYIIIHHS BHCYIIICHOTO
KpUCTAIIIB ECPUTPUTOITY
Ycboro: 24 033,18

Ymunizayia zazonooionux 6ioxoois
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VYTumnizamiro ra3onoBITPSHUX BIIX0IB Ticis pepMenTaitii, siki MicTaTh COs,
MOKHa TMPOBECTU 3a JOMOMOIOI0 MPSIMOIrO YJIOBIIOBAaHHS MOBITPS - 1€ (opMma
BUJIAJICHHS BYTJIEKHCIIOTO Ta3y B MO€AHAHHI 31 30epiranusaM. [Ipsmy yrnoBiaroBaHHS
3nicHIOEThCS B MamuHax Climeworks, 1110 CKIagaroThCs 3 MOIYJIBHUX KOJICKTOPIB
CO2, skl MoOXkHa OO0’€IHYBaTU J/Jii CTBOPEHHS MAIMH OYyIb-SKOTO pPO3MIpY.
Mammnu npsmoro 3axorieHHs nmoBiTps Climeworks mparioroTb BHUKIIIOUHO Ha
MOHOBJIIOBAHUX JDKepesiax eHeprii abo eneprii 3 BiaxoxdiB. IIoBTOpHI BHKWIU
JIOKCUAY ByTJIEIo ckianaTh MeHie 10%. [Ipouec ouniieHHs BiAMpa-0BaHOTO
noBiTps, o MicTuTh CO2 BII0YBa€ThCS 32 HACTYITHOKO cxemoto (puc. 10.3) [6].

Byrnexkucnuii ra3 BUOIpKOBO BJIOBIIOETHCS B JIBOCTYMIHYACTOMY IPOIIECI.
CnoyaTky, B KOJIEKTOp, 3a JOMOMOT0I0 BEHTHIATOPA, BTATYETHCS MOBITPS, JIOKCU
BYTJICLIO BJIOBJIIOETHCS HA TIOBEPXHI BUCOKOCEJIEKTUBHOTO (PUIBTPYIOUOTO
Martepiany, SKUH 3HaXOJUThCS BCEpeIuHI KoyiekTopiB. Ilicias 3amoBHEHHS
(GLIBTPYIOUOro MaTepially KOJEKTOP 3aKPUBAETHCS 1 TEMIIEpATypa MiABUILYETHCS J10
80-100°C - mpu 1BOMY BHUAUISETbCS BYTJEKHCIWNA ra3. TakuM 4YUHOM MOXKHA
310paTu A1OKCUJ BYIJIEII0 BUCOKOI YUCTOTHU 1 KOHLEHTpaii [61].

ITotim, 3a pgomomoroto TexHoyorii Carbfix, ska 3abesneuye mpoIec
30epiranHs, BYTJEKUCIUNA ra3 3MIIIYEThCS 3 BOJIOIO 1 3aKAUYETHhCS TIIMOOKO T
3emiii0. B pe3ynbTaTi MpUPOIHOI MiHepami3ailii JIOKCHUJl BYIJICII0O BCTyNae B
peaxiiiro 3 6a3aabTOBOT MOPOJIOIO 1 Yepe3 KUTbKa POKIB MEPETBOPIOETHCS B KaMiHb.

Takum uynnoM, CO: BUAANSETHCS 3 TOBITPS 1 MOBEPTAETHCS B 3€MIIIO. 3a
JIOTIOMOTOI0 TAaKOTO MAITMHHOTO PIIICHHS MOXHA, TAKOXk, TOYHO BUMIPSATH, CKUTHKU

BYTJIEKUCIIOrO ra3y 0yJio BUIaJeHO 1 IepeTBOPEHO HAa KaMiHb [61].
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Climeworks

,.' _.3659‘)’,5,HEHE noeiTpa

[eoTepmMantHa
eNeKTpoCcTaHuWia

- . -
¥ = H L]
Binbue eif
EYTASKWCAOIO Tasy
NOEBITPA

lpyHTOBI BOAW

MiazemHa
HasansToBa
nopoaa

Carbfix

OPWBCA Ha

apB6oOHaTHI MiHepanu
800-2000 m nig semneto on
lapaua soaa PO WER

Puc 10.3. YTwiizanis BiInpanboOBaHOr0 TMOBITPSl, 10 MICTHTh
BYIJIEKUC/IHMH ra3

VY Tumnizauis ra30mnoBITPSHUX BIJIXOJIIB MICIHISI CYUIIHHS KPUCTAIIB €PUTPUTOITY
MOXHa 31IMCHUTH B HMKJIOHaX. [Ipoliec ouuIeHHs BiANPaIbOBAHOTO MOBITPS BiJl
YaCTOUYOK EPUTPUTY BIIOYBAETHCS 32 HACTYMHOO cxeMoto (puc. 10.4) [62].

[{uknoH, mif BIUIMBOM BIALEHTPOBOI CHUJIM, IO BUHHMKAE MpU OOEpTaHHI
MOBITPSHOTO TOTOKY B KOPITyCl amapary BiJIOKPEMIIIOE 3aBHCII YaCTHUHKHU
EPUTPUTONy 3 Ta3oBoro cepenoBuina. [loBITpSHUN TIOTIK BBOJUTHCS B
NWIOBJIOBIIOBaY 4epe3 mnarpyOok. OOepTainbHUM pyX 3MYIIye YacTHHKHU
MPUTUCKATUCH JIO CTIHOK ITUKJIOHY, BTPAyalouy MIBUKICTh BOHU CKOYYIOTHCS BHU3
1 4epe3 BIABIIHUN OTBIp MOTPAIUIAIOTH 0 OYHKEpa, € BIIOYBAETHCS X OCAPKEHHS
1 HakonrueHHs. OUUIIeHUI MOBITPSHUN MOTIK 3 [IEHTPAIbHOI 30HH TBUHTONOAI0HO
HiAHIMA€EThCS Bropy 1 yepe3 BUXJIONHY TPpyOy BUXOJUTHh Ha30BHI. ByHkep mpu Horo
HAKOMMYEHH1 PO3BAHTAXKYETHCS BiJl APIOHOKPUCTATIYHOTO €PUTPUTY Ta TTOJAETHCS

Ha eTan ¢acyBaHHS 1€ 3MIITYETHCS 3 EPUTPUTOIOM HOPMAIILHOTO po3Mipy [62].
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Puc. 10.4. TIpouec ounIIeHHs TA30NMOBITPSAHUX BiJAXO0IiB MiCJs CyIIiHHSA
KPHUCTAJIB ePUTPUTY

1 — BXi1HUI TATPYOOK; 2 — KOPITYC IIUKJIOHA; 3 — KOHYC; 4 — BIJIBIIHUN OTBID;
5 — OyHKep; 6 — cnyCKHHM naTpyOoK; 7 — BUXJIomHA TpyOa; 8 — 301pHUK «PABIIHKY;
9 — Bux1AHMI NaTpyOoK.

10.2.4. 3axoau m10/10 3MeHIIEHHSI 00’ €MIB BiIX01iB

3axoo0u ona 3ameHuieHHsA 00°€mie PIOKUX 8i0X00i6

Jlist 3MeHIIeHHsT 00’eMy BIANPaIlbOBAHOTO MHUIOUOTO 3aco0y «JlexaHamb
npornoHyio BuKopuctoByBatu CIP-muiiky, sika 3a0e3neuye €KOHOMiIO BOIU 1
MHIOUOTO 3ac00y, Ta Ja€ MOXJIMBICTh TOBTOPHO BUKOPUCTOBYBATH MHUIHHUI 3aci0
micyst Horo (GpiabTPyBaHHS.

3axoou ona 3ameHuieHHsa 00°€mie meepoux 6i0xo0ie

Jiist 3MeHIIeHHs1 00’ eMy TBEPAMX BIAXO/A1B MOXKHA 3aKYITOBYBAaTH HEOOXITHY
CUPOBHHY Yy OUIBIITINX 32 00’ €MOM YITaKOBKax Ta 00MpaTH MaKCUMAJILHO €KOJIOTTUHY
Tapy JJis TOro, oo 1 MokHa OYyJI0 TOBTOPHO MEPEPOOUTH.

3axoou 01 3MEeHUWEHHA 00°eMIE 2a30n00I0HUX 610X0016

114



BinmpansoBane ouuiieHe MOBITPS, SKE MICTUTh BYTJIEKHUCIHMNA Ta3 MOXKHA
3aCMOKTyBaTH BeHTWwiIsiTopamu, (MamuH Climeworks), axi ¢uterpyrots CO», a
TEILI0, M0 BUIIIISETHCS, MOCTABISETHCSA B TEIUTHIII IO TA3EMHOMY TPYOOTIPOBOY.
[ Teruui - He equne 3acTocyBanHs 411 CO,, HOTO TaKOK MOYKHA BUKOPUCTOBYBATH,
o6 poOutu TrazoBaHi Hamoi abo cTBoproBatH manuBo [63]. Jis 3meHIIEeHHS
ra3omnoBITPSHUX BHUKUAIB TMiAYac CYIIIHHSA IUJIBOBOTO MPOAYKTY MOXKHA
BUKOPHUCTOBYBATH O1IBII €KOHOMIYHI, IO BUTPATI CYIIUIBLHOTO areHTy, KOHBEEPHI

CTPIYKOBI CyIIapKH.
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Abstract This study iselated a novel erythritol-producing
yeast strain, which is capable of growth at high csmolanity.
Characteristics of the strain include asexual reproduction by
multlateral budding, absence of extracellular starch-like
compounds, and a negative Diazonium blue B color
reaction. Phylogenstic analysis based on the 268 DNA
sequence and physiological analysis indicated that the strain
belongs to the species Prewdonyma tsububaensis and has
been named P pswkubaensts KNTS, When B sukbaernsis
KNT35 was cultured aerobically in a fed-batch culture with
glucose as a catbon source, it produced 245 g/l of
erythritol, corresponding to 2.86 gLh productivity and
61% yield, the highest erythritol yield ever reported by an
erythritol-producing microorganism. Erythritol production
was scaled up from a laboratory scale (7 L fermenter) to
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pilot (300 Ly and plant (30,000 L) scales using the
dissolved oxygen as a scale-up parameter. Erythritol
production at the pilot and plant scales was similar to that
at the laboratory scale, indicating that the production of
ervthritol by P rswhbaensis KNT5 holds commercial
potential.

Keywords Dissolved oxygen - Erythritol- Fed-batch
culture - Peendozymea isuhbaensis - Seale-up production

Introduction

Polyols are a class of natural compounds that living things
require for growth, carbon storage, reductant recyeling, and
efficient carbon fixation (Phare et al. 1995) Erythritol, a
four-carbon polyol, is a naturally oceurring substance and is
widely diswibuted in nature (Goossen and Raper 1994).
Like most other polyols, it is a metzbolite or storage
compound in seaweed, mushrooms, and fruits. It is a
noncaloric and noncarieogenic sweetener that is safe for
diabetics (Munro et al. 1998), and it ccours frequently in
fermented food including wines, beers, and processed
vegetables such s soy sauce and oriental miso bean paste
(Shindoh et al. 1983a, b, 198%; Yoshida et al 1984).
Erythritol has the sweetness of @0-70% of sucrose in a 10%
{w'v) solution, and many countries have safely used it in
foods as a noncariogenic sweetener because of the inability
of the bacteria that cause dental caries to use ervthritol as a
substrate (Kim et al. 2000). Because ervthritol tastes sweet
but leaves no bitter aftertaste, its use improves the taste of
food in combination with intense sweeteners with a bitter
aftertaste, such as aspartame.

ﬂ Springer
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Chemical and fermentative processes have been intro-
duced for large-scale production of ervthritol. Ervthritol can
be synthesized from dialdehyde starch by chemical reaction
at high temperatures in the presence of a nickel catalyst
{Pfeifer et al. 1960). However, this process has not been
industrialized because of its low efficiency. Ervthritol also
can be produced by microbial fennentation using osmo-
philic veasts and some bacteria (Cunha et al. 1992; Ryu et
al. 2000; Seo et al. 2001; Lee et al. 2002). Eryvthritol was
found to be synthesized fiom ervthrose-3-phosphate, an
intermediate of the pentose phosphate cyele, by dephos-
phorylation followed by reduction of the resultant eryth-
rose. Erythrose reductase, catalyzing this last step, is well
known as a key enzyme for the biosynthesis of ervthritol
{Tokuoka et al. 1992; Lee et al. 2003).

Eryvthritol has been produced commercially using a
mutant of dureobasidium sp. that produced ervthritol with
a high yield of 44% (2/g) in a medium containing 0%
glucose (Ishizuka et al. 1989). Subsequently, much atten-
tion has focused on screening for ervthritol-producing
mictobes. A Tornda sp. was isolated from a 40% sucrose
solution (Kim et al. 2000), and supplemental Mn™ and
Cu*? (Lee et al. 2000) improved the erythritol production of
this strain to a 48.9% wyield. This is the highest reported
erythritel productivity and vield among ervthritol-produe-
ing microorganisms.

Recently, we isolated a high ervthritol-producing Prewu-
dozyma tacdubaensis strain and deposited it as B tswku-
baensts KOCM 10336 in the Korean Culture Collection of
Microorganisms (KOCM). We report here the character-
istics of this novel veast strain, which produces a high vield
of eryvthritol {(61% g/o) without producing by-products such
a8 ghycerol and ribitol. Further, we successfully scaled up
the fermentation ffom 7 to 30,000 L fermenters for the
industrial production of erythritol.

Materials and methods
Isolation of microorganism

Screening of erythritol-producing microorganisms was
performed as follows: The samples collected from a sludge
{Sorak Mountain, Korea) by the capillary tube method were
diluted in 0.9% (w/v) saline, plated on potato dextrose agar,
and the plates were incubated for 3 days. Morphologically
different colonies were inoculated into a 3 mL of the
growth medium containing 400 g/l plucose (Bioshop,
Canada) and 10 g/L veast extract (Bioshop, Canada) and
incubated for 5 days with agitation (200 rpm) at 30°C.
Initial screening of ervthritol-producing strains was per-
formed by paper chromatography to give 312 candidate
strains. The concentration of eryvthritol in the culture of

screened erythritol producers was determined by high-
performance liguid chromatogmphy (HPLC; Waters 510,
Milford, MaA, USA) and the strain that produced the highest
concentration of ervthritol was selectad.

265 rDNA sequence and phylopgenetic analysis

The D1/D2 domain of nuclear 268 rDNA was amplified and
sequenced using the forward primer ACCCG CTGAA
YTTAA GUAT AT and reverse primer CTCCT TGGTC
COTGT TTCAA GACGEH (Van der Auwera et al. 1994),
The amplified 265 rDNAs were purified using Wizard PCR
prep (Promega, USA). The nucleotide sequences were
determined with BigDwe terminator cycle sequencing kits
{PE Applied Biosystems, USA) following the manufacturer’s
instructions. The gel electrophoresis and data collection were
performed on an ABI 310 Genetic Analyzer (PE Applied
Biosystems). The sequences were proofread, edited, and
merged inte composite sequences using the PHYDIT
program (version 3.1 The 263 rDNA D1/D2 sequence of
the strain was aligned with other 268 rDNA sequences from
the monophyletic group including P tsukubaensis and
Ustilago trichophora using the Clustal X program.

Culture conditions

The growth medium consisted of 200 g/l glicose, 10 g/l
yeast extract, 10 mg/L. MnS0,4H20, and 2 g/L
CuS04.5H20. A single colony of B tsukubaensis KNTS
was inoculated into 5 mL of growth medium in a test tube
and incubated at 30°C, 250 rpm for 48 h. Five milliliters of
this seed culture was transferred into a 500-mL baffled flask
containing 100 mL growth medium and incubated at 30°C,
250 rpm for 24 h. This seed culture was then transferred
into a baffled flask or a fermenter. Flask experiments were
performed using 300-mL baffled flasks containing 100 mL
production medium at 34%C, 230 rpm for 120 h. The initial
pH of the production medium was adjusted to 5.5 and the
pH of the flask culture was not contrelled. In batch and fed-
batch culture, the carbon and nitrogen sources were 300 g/l
glicose and 13 g/l corn steep powder, respectively. Batch
culture in a fermenter was performed with 7 L jar
fermenters (KoBiotech Co.) containing 3 L production
medium. The working volume in a fed-batch culmre was
increased from 2.4 to 3.0 L by continuously feeding 0.6 L
of 0% glucose solution with a pump. Glucose feeding was
performed at 24 to 4% h of fermentation to maintain glucose
concentration of 225 g/L. The temperamre and pH of the
fermenter were controlled at 34°C and 3.5, respectively.
The agitation speed was adjusted in the range of 300 to
850 rpm, in order to maintain the dissolved oxygen
concentration (D0 above 5%. The aeration rate was kept
at 0.5 vwim during fermentation.
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Pilot- and plant-scale culture

For the 300-L fermentation, the seed cultures were prepared
as follows: The first seed culture was prepared in a 300-mL
baffled flask in the same manner as previeusly described.
For the second seed culture, the first seed of 50 mL was
inoculated to a 7-L fermenter containing 4 L of seed
medinm and cultivated for 60 h at 30°C with 500 rpm and
1.0 wwm. The second seed of 10 L, obtained from two 7-L
fermenters, was transferred to the 300-L fermenter (KoBio-
Tech Co., Ltd) containing 200 L of production medium
and followed by cultivation for 120 h at 34°C with 260-
480 rpm as the same wvelocity of impeller tip to 7-L
fermenter and 1.0 v

For the 20,000-L fermentation, the first and second seed
cultures were prepared in the same manner as described
previously. For the third seed culture, the second seed of
5 L was added to a 300-L fermenter containing 100 L of
seed medium. Then, the culture broth was cultivated for
4% hoat 30°C with 200 rpm and of 1.0 vvm. The third seed
of 100 L was transferred to the 5,000-L fermenter
{KoBioTech Co., Ltd.), containing 1,600 L of seed
medium. Then, the culture broth was cultivated for 48 h
at 30°C with 120 rpm and of 1.0 vwim. The fourth seed of
1,000 L was transferred to the 30,000-L fermenter contain-
ing 20,000 L of production medium and then cultivated for
120 h at 34°C with 110-170 rpm as the same velocity of
impeller tip to 7-L fermenter and 1.0 vvm.

Scanning electron microscopy

Samples were fixed for 2 h in a 2.53% parafbrmaldehyde—
glutaraldehyde mixture buffered with 0.1 M phosphate
{pH 7.2}, postfixed for 1 h in 1% osmium tetroxide in the
same buffer, dehwdrated in graded ethanol, and finally
substituted by isoamyl acetate. They were then dried under
05 using a critical point dryer (E3000, BioRad, Hercules,
CA, USA). Finally, the samples were sputtered with gold
using a coater (SC302, Polaron, West Sussex, UK) and
were observed under a scanning electron microscope (SEM
515, Philips, The Netherlands).

Analytical methods

The concentration of dissolved oxygen in the liquid phase
was monitored with an Ingold polarographic electrode. The
dry cell weight (DCW) was estimated from a calibration
curve derived from the relationship between absorbance at
600 nm and dry cell weight An ODgg of 1.0 was
equivalent to 400+21 mpg DOCW/L. Paper chromatography
was run in the descending direction on Whatman filter
paper no. 1, using an ethyl acetate2 -propanclwater (6:3:1)
solvent system. The concentrations of ervthritol, glucose,

and glyvcerol were determined by HPLC (Waters 310,
Milford, MA, USA) on a high performance carbohydrate
column coupled to a refractive index detector. The column
was eluted with distilled water at 30°C and a flow rate of
1.0 mL/min. The "*C-nuclear magnetic resonance (NMR)
spectrum of the product (2%, 1 mL solution) was measured
at 400 MHz (In D-0), 25°C, internal reference: 1 4-dioxane,
674 ppm) using a Jeol JNM-A400 NMR spectrometer. The
yields of ervthritol and other products were defined as
grams of product formed per gram of glucose and were
expressed in percentage.

Statistical analyses of fermentation kinetic profiles

GrraphPad Prism 3.0 version (GraphPad Software, Inc.) was
used for the modeling and statistical analysis of fermenta-
tion profiles. To evaluate the effect of scale on fermentation
performance, response profiles of biomass growth and
ervthritol production were compared between the 7- and
300-L scales and also between the 7- and 30,000-L scales.
Assuming no difference (the null hypothesis), one model
would adequately describe both sets of data for a given
response, and any observed differences would be purely
due to chance. However, if fermentation scale did have an
effect on performance (the alternative hypothesis), then
each set of data for a given response would be discrete and
separate models would be required to fit the two data sets.
The basis for this approach is described further by
Motulsky and Christopoulos (2003). F test was perfonmed
and the significance of each coefficient was determined
using / value, The P value is the probability of achieving a
difference as larpe as or larger than observed if the null
hypotheses (no effect of scale) were true. The F ratio was
computed from the ratio of the mean sum of squared
deviations of each group’s mean from the overall mean and
the mean sum of the squared deviations of each item from
that item’s group mean. 1fthe null hy pothesis is correct and
hence the effect of scale is insignificant, we expect / value
to be P=005F,

Results
Characteristics of the newly isolated veast strain

Among the 1,037 strains screened for ervthritol production,
21 strains were found to be ervthritol producers. One of
these strains, KINT3, produced ervthritol in an exceptionally
high concentration. The signals in the *C-NMR spectra of
the product were identical to those of authentic erythritol
{72.7 and 63.4 ppm). The morphological, cultural, and
physiological characteristics of the new strain were exam-
ined according to the method of Bamnett et al. (2000).
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Secanning electron microscopy revealed that the morpholo-
gy and size (1.5%3.0 pm) of the cells could best be
described as those of typical veast (Fig. 1) After 3 days
growth in Luria-Bertani {LB) agar at 25°C, the cells were
globose to sphercidal, glistening, and white to cream
colored. Multilateral budding was observed. No pellicle
was formed. Productions of amyloid compounds and the
Digzoniwm blue B reactions were negative. Urea was not
hydrolyzed. Sexual reproduction was not observed on 5%
malt extract agar, acetate agar, veast extract-malt extract
agar, corn meal agar, potato dextrose agar, or V8 agar. No
growth occurred in vitamin-free medium or in the presence
of 1% acetic acid. Weak growth cccurred on agar medinm
with 30% glucose, but not with 60% glucose. The culmre
grew in a medium with 10% (wi) NaCl plus 3% (w/h)
glucose. The optimum temperature and pH for growth in
LB broth were 37°C and 6.0, respectively.

Strain identification was further confirmed by 268 rDNA
sequence analysis according to the method of Kurtzman and
Robnett {1998). The 268 rDNA sequence of the strain was
found to be identical to that of 2 tackbaensis (Table 1). The
sequence was submitted to the GenBank with accession
number FI265706. This strain exhibited an ability to ferment
and assimilate various carbon sources similar to that of £
msudnehaensis (Boekhout 1995). Based on phylogenetic and
physiological amalyses, strain KN75 was identified as P
tsufrebaensis and was deposited with accession number
KCCM 10356 at the culture collection center.

Optimization of carbon and nitrogen sources for erythritol
production

Varous carbon and nitrogen sources were tested for max inmm
preduction ofervthritol by P isukubaensis KNTS. Among the
various carbon sources tested (glicose, fructose, palactose,
maltose, sucrose, dextrin, soluble starch, corn starch,

Fig. 1 Scanning clectron micrograph of B fsububaensis KNTS, The
soale bar is equal to 1 pm and the total original magnification is
=2 500

Table 1 Blast analysis of 265 rDMA of P fsububaersis KNTS

Spocics Accession mo. % [dentity
Prewdoryma tsukubaensis CBS GIE9T  AJ235297 100
Litilago trichophora MP 1TERE ATZI6141 QEAT7
Prewdoryma antarctica CBS 214837 AJZ235302 QRAT
Prewdoryma aphidis CBS 517.83T AT235303 QRAT
FPrewdozyma rupwlose CBS 1TOEET AT235300 Q83
Uistilapo affinis M.P. 692 AF133581 97.63
FPrewdoryma fis formata CTBS 6951T ATZ35304 Q762
Uitilape ruda HUW, 17782 ATZI6LID 97.54
Prewdozyma flocalosa CBS 167.88T  AJZ235299 Q745
Ustilapo averae GD 1292 ATZ3I6140 9728
Lstilage maudis NRRLY-1639 ATIISITS Q6.6
Lintilapo cynodontis MP 1E3E AFDDGEE] D648
Usrilego scitzminea WP 541 ATZI613R Q644
FPrewdozyma prolifica CBS 319.87T AT FTOR Q6.26
Listilago horda 1120 L0256 96,17

ghvcerol, and sovbean oil), ervthitol production was the
highest when glucose was used as a carbon source (Table 2).
Yarous nitrogen sowrces such as corn steep powder, soybean
flour, potato protein, veast exteact, peptone, malt extract, beef
extract, tryptone, and sovtone were also tested. Corn steep
powder was the best nitrogen source for ervthritol produc-
tion, and the next best was veast extract (Table 3). In a batch
culture in a flask, ervthitol production was the highest
(72 g/L)in a fermentation medium with 300 g/l of glucose
and 15 g/L of corn steep powder.

Optimization of cultivation temperature, pH, and DO
for eryvthritel production

Fed-batch culture was performed with an initial plocose
concentration of 300 g/l, because the batch culture at this
concentration exhibited the maxinmuen velumetric productivity

Table % Effect of varous carbon sources on cell growth and
crythritol production

Carbon DO Enythritol Erythritol ~ Erythritol
SOUTOC (] comcentration  yield productivity
(300 gL} (L) (/e %) (g/Lh)
Glucose 13521 134212 HT=4E 1492013
Fructose 152217 60772 215 DAT=0.08
Calactose 135212 TIE=G6T 259230 DE6=0.07
Mannose 14720 93391 a=41 1008
Sucrose 1416 10193 33E=35 0 1L13=002
Sorbose 20£1.3 39949 133215 DH=0.05
Glyceml B2=1.0 11314 3E=04 0 0132001
Lactose 25206 2.1=1.0 3004 0.10=0.01

All baffled flasks containing 100 mL of production medium wene
incubated at 34°C and 250 rpm for 120 h, Yeast extract (25.0 g'lL) was
used a3 a nitogen source. Each value represent the mean of triplicate
measurements and varied from the mean by not more than 15%
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Table 3 Effect of warious nitrogen sources on ccll growth and
erythritol production

Mitro gen Do Erythritol Erythritol ~ Erythrital
ESOUTCE gLl concentration  yield productivity
='L) =) 2, % (@Lh)
Yeast 13,5221 134=12 T4 R 149013
oxtract
(25.0)
Com stoep 125=1.1 149=16 49,753 165018
powder
(15.0)
Casamino 6.7=1.3 T54=0.6 25128 054 0,09
acid
(20003
Malt 104=1.2 5502 2B5£32 055011
cxtract
(24.3)
Boef 2713 Th1=84 25429 054 =010
otract
(19.5)
Peptone 6.3=1.0 504567 16.8=1.8 0.5620.06
(17.4)
Try ptone T.I=11 65875 21924 0.73 0,09
(20.0)

All flasks were incubated at 34°C and 200 rpm for 120 h. Glucose
(300 g'L) was used as a carbon sounce. The quantity of wsed nitrogen
spurce comesponds to nitrogen content of 25.0 g/l yeast extract. Each
value represents the mean of riplica measurements and varied from
the mean by not mone than 15%

of erythritel (2.98 g/L'h). Fermentation was carted out between
28°C and 36°C at pH 6.0, to maximize eryvthiitol production in
a 7-L fermenter. Although DOW produced was similar at
temperatures of 30°C and 34°C (pH 6.0), ervthritol concentra-
tion was the highest (197 g/L) at 34°C (Fig. 2a). From 28°C to
34°C, erythitol production improved gradually, but decreased
significantly at 36°C. Fermentation was carted out at pH
levels from 3.0 to 75 and at a temperature of 34°C, and the
maximuwm erythritol concentration (205 g/L) was obtained at
pH 6.0 (Fig 2b). Based on these results, the fermentation
mediwm’s pH and temperature were kept at 34°C and 6.0,
respectively, in all subsequent experiments.

We investigated the effect of DO on growth and max imwm
etythritol concenteation was investigated in a 7-L fermenter
{Fig. 2c) Initially, DO was not controdled, but after 36 h of
culture, DO was limited to 0=100, 10-200, 20308, and
30-40%% by adjusting the agitation speed. The DCW from
fermentation without DO control was 17.2 g/L after 36 h and
did not increase further. As DO increased to 3004, DCW
{25.2 g/Ly and ervthritol concentration (245 g/L) increased
significantly. When DO increased to 40%, however, ervth-
ritol concentration (190 g/L) decreased despite a similar
DCW (244 g/L). Ervthritol production was the highest at a
DO berween 2006 and 300%.
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Fip. 2 a Effect of cultivation temperature on cell growth and
crythritol production. Fermentation was performad ina 7-L fermenter
containing 3 L production medium for 120 h at pH 6.0, DO was
controlled betwoen 10%% and 20%4 b Effect of fermentation pH on cell
growth and erythritn] production. Formentation was performed  for
120 h at 34°%C. I was controlled between 10% and 207%%. ¢ Effoct of
DO on cell growth and erythritol production. Fermentatiom was
performmed for 120 h at 34°C. DOW (arde), erythritol concentration
(square), specific erythritol content { rizrgle)

Scale-up of erythritel production fom a laboratory scale
to pilot and plant scales

Production of ervthritol was scaled up from laboratory scale
{7-L fermenter) to pilot (300 L) and plant {50,000 L) scales.
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260 Table 5 Comparison of jar fermentation kinetic profiles to those
from pilot and plant scale fermentation at matched Fy, conditions
2B
200 200 Kinctic profile P valucs
= = (=
= 150 2 2 T s, T s,
wa
£ 200 S st WL 50,000 L
o £ E
3 100 E 0 ®  Biomass growth 0.52 038
100 “  Erythritol production 0.14 045
&0
5 P walues shown are from F tests on pairs of profiles for hiomass and
crythritol concenfration. The null hypothesis, which states that there is
"u :!ID o SD':' o no overall difference bebween each pair of profiles, is acceped if

Fermentation Time (hr)

Fig. 3 Profiles of DOCW and erythritol pmoduction at plant scale
(30,000 L fermenter) cultire with P fsdubaensis. DOW (arde),
crythritol concentration (sguare), glucose concentration (rriargle)

D0 was used as a scale-up parameter. During upscaling, the
DO value was maintained between 20% and 30% air
saturation without high shear forces. Based on the tip speed
of bench scale fermentation, all fermentation studies
emploved a constant tip speed of less than 5.02 mf. At
the pilot scale of fed-batch fermentation, the DCW and
erythritol concentration reached 23.5 and 237 g/, respec-
tively, after 85 h. At the plant scale (Fig. 3), the level of
glucose in the medium started to decline significantly after
18-24 h. Hence, to maintain a glueose concentration of
225 g/, plucose was fed at 24 to 48 h of fermentation,
which increased ervthritel production. The DCW and
ervthritol concenteation reached 22.8 and 241 g/L, respec-
tively, after 85 h, corresponding to a volumetric production
rate of 2.84 g/L/h (Table 4). The concentration of ervthritol
produced in the pilot and plant scales was similar

Table 5 lists the P values resulting from statistical
analyses of the effect of scale on biomass concentration
and erythritol preduction profiles. All profiles were
statistically similar at a significance level of 0,03,
indicating excellent agreement between all growth and
erythritol production.

Table 4 Erythritol productions from various microong anisms

P=0.05

Discussion

Erythritol is of industrial interest as an alternative sweetener
because it has low calorie, insulin independent, and
noncariogenic (Roeper and Goossens 1993). The present
study identified a novel ervthritol-producing veast strain,
KMT3, as P tsufubaensis on the basis of physiological and
phylogenetic analysis. Erythritol productivity of 2 iswebn-
baensis KINTS was compared to that of other micro-
organisms that have been reported to produce high levels
of erythritol (Table 4). P sububaensis KNT3 exhibited the
highest erythritol vield (61%4) from glucose and the highest
volumetric productivity of ervthritel (286 g/L'h) vet
reported.

Previous researches (Hirata et al. 199%; Lin et al. 2001)
were focused mainly on erythritol-producing microorgan-
isms and on optimizing fermentation conditions in batch
culture. Hanjny et al. {1964) found that the veast-like
fungus Moniliella tomentosa var. pollinis produced ervth-
ritel in a medium containing 36% glucose, resulting in a
conversion vield of 46%. Adureobasidium sp. SN-124A
mutant and osmophilic veast Trichosporonoides sp. con-
verted glucose to ervthritol with 48% and 43% vields,
respectively (Ishizuka et al. 1980, Marina et al. 1993). In
this study, maximum erythritol production (245 g/L) with a
1% conversion vield from glucose was observed. Com-
pared to other reported envtheitol-producing strains, P

Microorganism Gilucose Erythritol g g (E-crythritol! Waorking Reference

(zL) (zL) (/L) g-glucose) waol. (L)
Aureabasidium sp. 400 175 1.82 044 5 [shizuka ot al. 1989
Manrilislla fomentosa var poliinis is7 133 079 037 5 Hanjry ot al. 1964
THickosporon sp. a0n 138 1.23 046 5 Park ¢t al 1998
Fod-hatch cultme 333 150 1.500 45
Tora sp. (fed-hatch cultune) 400 192 226 LEES 5 Oh et al. 2001
P tsukubasrsis (batch cultune) 400 243 1.65 a6l 50,000 This shady
P tsukubasrsis (fed-batch culture) 400 241 284 060 50,000 This shady

(= volumetric productivity of erythritol, Fag enythritol yicld form glucose
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tsufnbaensis KINTS can be a potential candidate for the
industrial production of ervthritol.

Atthe pilot (300 L) and plant (30,000 L) scales, the values
for DCW and final ervthritol production were similar to those
obtained at the laboratory seale (7 L) A statistical comparison
of the fermentation data obtained at different scales was also
performed with regard to kinetic profiles for cell growth and
erythritol production. This analysis examines the similarity of
data sets over the entive course of cell growth and clearly
indicates how well the jar fermentation results are reproduced
at large scales. In summary, we describe the isolation of a
novel erythitol-producing P ok ensis and the optimiza-
tion of culture conditions for P swmdaenss KNT 3, which
preduces the highest concentration of ervthritol. Among the
culture conditions tested for ervthritol production, DO was
the key factor affecting not only cell growth but also
erythritol production. Erythritol production was successfully
increased from the laboratory scale to the pilot and plant
scales. Our results indicate that the production of ervthritol
by P tswlabaensis KNTS holds commercial potential,
Further, optimization of the culture conditions, along with
the selection of mutants that show increased productivity,
should allow even higher levels of envthritol production and
contribute to improving the industrial production of erythritol
using biological processes.
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As reported in the previous paper, we screened 658 strains
Srown on various sources, such as pollen, honey, and high sugar
foods, and were able to isolate G high erythritol-producing microor-
ganisms [17]. One of these, Montliclla sp. 440, produces erythritol
with a 38.8% yield on media containing 30% glucose, In this study,
we mutated this strain and obtained a mutant with significantly
higher erythritol productivity. We also investigated the optimal
culture conditions for erythritol production in the mutant strains.

. Materials and methods
21, Moterlms

Yeast extract was purchased from DIFCO (Detroit, M1, USA) Comn steep lquor
was ohiained from Fon Men Coy, Ltd (TaoYuan, Taiwan ] All carbohydrates used for
substrates and ather chemicals used wiere reagent grade.

22 Migoorgarism and culiteation

Muoniliella sp. 440 was isolated from honey obtained from the Institute of Bee
Breading in Taiwan [ 17]. The standard cultivation was done by transferring single
colonies of the strain from plates to 10mL of media consisting of 30-50% glucose
and 1.0 weast extract (pH 5.5) in 50-ml flasks. The flasks were shaken (180 rpm) at
30+ for 5-6 days.

had the same profiles, with a maximal yield occurring at 30=°C,
Higher temperature {37 =) resulted in sharp decrease, not only in
erythritol yield, but also in growth, In the case of 440, the ery-
thritol yield decreased from 34.5% to 17.3% at 30=C and 37-C,
ME1188-12 showed a similar tendency with an even more sensitive
response to high temperature, Less than G erythritol was produced
at3r=C

To study the effect of pH on erythritol production, 440 and
ME1188-12 were cultured in 35% glucose media with pH values
ranging from 3.0 to 7.0 (Table 3). Strain 440 produced compa-
rable amounts of erythritol in the pH range of 4.0-7.0. Both the
maximal growth [Agsa, 74.0) and erythritol yield (39.3%) were
achieved at pH 4.0, However, the erythritol yield tended to decline
as the pH reached 3,0. On the other hand, erythritol yield from
ME1188-12 was not affected by pH, and ranged between 56,6% and
G03E

34, Production of erythritel in jar fermentors

34.1. Batch fermentation

In addition to the experiments performed in shake flasks, the
mutant strains, M42208-2 or MG1188-12, were cultured in 35% glu-
cose injar fermentors, Batch cultures in 5-L and 20-L jar fermentors
were carried out with strain 42208-2 at 35=C. The fermentation
took 120 h with a maximal erythritol production of 142 g/L at the
5-L scale, and 160 h with erythritol production of 160g/L at the
20-L scale, Filot plant scales of batch culture in jar fermentors at
scales of 250L and 2000L were carried out with strain N61188-
12 (Fig. 2), Because the conversion of erythritol from glucose by
MEG1188-12 is sensitive to external high temperatures, the cultural
temperature was decreased from 35=C to 30=C, The fermentation
took 205 h with a maximal erythritol production of 151.4 gL at the
250-L=cale, and 234 hwith erythritol production of 152.4 g/L at the
2000-L scale.

2.5 Hydrophoblc degree (HD)

HO measurements were performed in an assay modified from Emura et al.
|19]. The strains were incubated in Gy medium at 175 rpm and 30-C for 5-6 days.
After centrifugation, the cells were washed twice in 10mL of distilled water, and
resuspended in distilled water toAgss of about 0.6, Equal walumes of toluene were
added to the suspension, and then mixed to hamogeneity. The Ag values were
then measured after standing for 30min The HD value was calculated by the fol-
lowing formula: HD= 100 = (1 — &1, where I is the 4 absorbance of the sample
before toluene treatment and R is the Agsn absarbance of the sample after toluens
treatment.

26 Microscopy

rdorphological ohservations were made, as described below: strains 440 and
161 1E8-12 were cultivated ina medium containing 0% glucose and 1% yeast extract
at30+C for 5 days and observed on a DAS Mikroskaop LERCA DM FXGA light microscope
(Leica Microsystems, Germany L

2.7. Farmentation and enytfiitol production

Fermentation media contained 20-50% glucose and 1% yeast extract with a pH
of about 5. & flask containing S0mL of the culture medium was sterilized and
inoculated at 1% with an overnight culture. The cultures were incubated at 30+C and
200 rpm for & days. After centrifugation, the supematant was analyzed by HFLC

28 Froduction of envtferitol (n fermentors of various scales

342, Fed-batch cultures

To maximize total erythritol productivity, the initial conditions
for the batch culture stage were investigated. We selected 1% yeast
extract as the nitrogen source and 35% glucose as the carbon source,
A simple fed-batch fermentation of MG61188-12 was conducted in
an attempt to increase the production of erythritol. At this point,
48% of the glucose had been converted to erythritol. A solution of
J0E glucose, 1% yeast extract was pulse-fed at 137 h as shown in
Fig. 3. After the glucose feeding, the biomass increased slightly, and
the concentration of glycerol increased gradually in parallel with
the cell growth {data not shown), In this experiment, the concen-
tration of glucose was not maintained at a constant level; however,
the erythritol productivity (0.8 g/L/h) and conversion yield (48%)
remained at constant levels after glucose feeding, During the fer-
mentation, the pH of the medium generally decreasaed from 4.4 to
2.5 and stabilized at pH 2.5 from the middle stationary phase of
the fermentation. It is notable that the growth of the culture was
not affected by low pH, and these results imply that the growth
of MG1188-12 is acid-resistant during fermentation. In this study,
DO was not controlled. Initially, D0 was down to 45% after 15h
of cultivation, and decreased to 13% after 21 h further, but the cul-
ture growth (Agzp) increased significantly from 13.5t0 284, DO had
increased by 63% at 39h and then leveled off, as was detected by
the DO reading climbing to 43,0 and then remaining in the range
of G0.0-70,0until the end of experiment. Moreover, erythritol pro-
duction increased exponentially with a productivity of 1.44g/Ljh
between 39 h and 91 h of cultivation, Glucose was completely con-
sumed and the erythritol concentration in the medium reached
189.4g/Lby 240h

In other experiments, 4% corn steep liquor had been found to be
comparable to 1% Difco yeast extract as nitrogen source. In experi-
ments performed in a 250-L fed-batch fermentor, we replaced the
1% yeast extract with 1-4% corn steep liquid or 2% yeast power,
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Abstract

Of the vitamins tested. inositol was the most effective for erythritol production. To increase erythntol production
by Tornia sp., inositol and a related compound, ploytic acid (myeinositol hexaphosphate), were added to the culture
media. Erythritol production in the presence of phytic acid was greater than that in the presence of nositol,
due to the synerzistic effects of phosphate and mositol. Supplementation with phosphate and inositol increased
cell growth, erythritol production, and the activity of erythrose raductase in cells. Inositol was a more effectve
stimlator of cell growth and erythritel production than was phosphate.

Introduction

Erythritel is a four-carben polyol wsed as a foed
mngredient. Other polyols with similar properties mn-
clude wylitel, sorbitol, mannitel, malttol, lactitel, and
isomaltitol (Bilanx ef al 1991). Erythritel is a nat-
wrally ccourming substance that is widely distributed
in nature. [t is a metabolite or storage compounds in
seawead and fimgl, and is alse found in fruts, such
as melons, grapes, and pears. It occurs frequently in
fermented foods, mcluding wines and beers, and n
processed vege‘tables such as soy sauce and onental
miso bean paste (Goossen & Rnper 1994

Erythritol can be produced by microbial methods
using csmophilic veasts and some bacteria (Cmishi
1967, Cumha ef ad 1992, Acki e al 1993). It has
also been produced commercially vsing a mutant of
Avrechasidivm (Tshizuka e af. 1989, which was iso-
lated and developed in cooperative studies mvolving
Nikken Chemical and the National Research Institute
of Japan. The nmitant produces erythritel at a rate of
1.8 g 17! b1 with a 4% vield in 3 medivm containing
40% glucose.

In this study, Tondds sp. was isolated from a 40%
sucrese solution (Kim ef 2l 1999), and erythritol pro-
duction of the strain was improved with supplemented

Wn?t and Cult (Lee af ai 2000). The effect of vita-
mins on erythritol production has not previeusly been
studied; therefore, this study ivestigated the effects of
selected vitamin and related compound on erythritel
production.

Materials and methods

Microorgranism and media

Torsa sp. was isolated from a 40% sucrose solution
at Bolak Co., Osan, Eorea (Kim ef af 1999). The
growth medium consisted of 200 g glucose 1~ and
10 g veast extract 171 For flask cultures, the produc-
tion medium contained 200 g ghicose 171, 10 g yeast
extract 1!, and either vitamins or 3.0 mM KH2PO:
and/or 0.5 mM mositol or 0.3 M phytic acid (myo-
mositol hexaphosphate). For farmenter expenments,

the production medinm contained 400 g glucose 171,

20 g yeast extract 1~ and either 3.0 mM KHyPOs, or
both 0.5 mM mositol and 3.0 mM EH; PO, or (.5 mM
phytic acid. See Table 1 for the vitamin concentrations
(mg 1- 1y used.
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EH;POs and mositol, and a culture with phytic acid.
Glucose consumption and cell growth of the four cul-
tures are shown in Figure 1. The glucose consumption
rate of the confrol was slower than that of cultures
containing phosphate and inesitel. The glucose con-
sumption rates of culhmes containing either phosphate
and inesitol, or phytic acid were faster than thoss
of cultures containing phosphate alome. These results
suggest that mositol is a mere effective stimmlater of
glucose consimption rate than is phosphate. Glacose
was completely consumed in the eulture contammg
phytic acid first, and then at approximately the same
times in cultures containing phosphate, and both phos-
phate and mesitol. There were distinct differences
i cell growth between eultures containing mositol
and those without inesitel. The eulfures with inositel
had higher cell concentrations, suggesting that inositel
stimmlated the growth of fonula sp.

The presence of inositol and phytic acid markedly
enhanced erythritel production (Figure 2). The differ-
ences in erythritol production between cultures with
and without inositel were not large in the first 70 b
but became more marked after 70 b The final concen-
tration of erythrito]l produced from 400 g glicose 17
in the control cultire was 155 g 171 after 144 h The
concentration increased to 158 g 171 at 144 h with
supplemental EHaPO4, 178 g 17 at 135 h wath sup-
plemental KHPOy and imesitel, and 182 g 11 at
133 h with supplemental phytic acid The volumetnic
rate of erythritol production and the erythritol yield
from glucose were 1.03 g 17! h~! and 38.7% in the
confrol culture, respectively. The respective values in-
creased to 1.21 g 1! b1 and 39.5% with KE,PO.,
1.32 g 11 b1 and 44.5% with KHaPOy and inositol,

IIpooosoicenns 000.2

and 135 2171 h! and 45 3% with phytic acid. These
results suggest that inositol and phosphate stinmlate
cell growth and erythrite] preduction. Furthermore, in-
ositol 1s a mere effective stinmlator of cell growth and
erythritel production than is phesphate.
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Er].rt‘nritol is a natural compound of great interest in food production because of its very low caloric
value, lack of off-taste and lack of side-effects from the gastric system even when consumed with in
excess. In the present study, the effect of agitation rates from 500 to 1100 rev/imin on biomass and
erythritol production on glycerol media by an acetate-negative mutant of Yarrowia lipolytica Wratislavia
K1 in batch culture was studied. At a constant aeration rate of 0.36 vvm, the agitation rate between 500
and 900 rev/min was found suitable for efficient erythritol production. In the pure glycerol-containing
media the erythritol production of 40.7 g/l, comesponding to a 0.28 gfg yield, was achieved at 800
rev/imin. The application of crude glycerol at 800 rev/min and 0.6 vwm elicited an increase in erythritol
concentration to 58.2 g/l corresponding to a 0.38 g/g yield and a productivity of 0.78 g/lh.

Key words: Yarrowia fipolytica, erythritol, alycerol, agitation rate, asration rate.

Wratislavia K1 of ¥. lipolytica.

MATERIALS AND METHODS
Microorganism

Y. lipalytica Wratislavia K1 used in this study originated from the
yeast culture collection of the Department of Biotechnology and
Faood Microbiology, Wroclaw University of Environmental and Life
Seciences in Peland (Rywinska et al., 2010).

Culture preparation

The growth culiure was prepared as described by Tomaszewska et
al. (2012). An incculum of 0.2 | was introduced into a bioreactor
containing 1.8 | of the production medium which consisted of: 150 g
of glycerol, 3 g of NH:CI, 1 g of MgS04=xTH20, 0.2 g of KHzPO,, and
1 g of a yeast extract per liter of tap water. Unpurifiad crude glycerol
fram methyl ester preduction (3G BODDINS GmbH; Germany)

InG.). Statistical diferences at p < 0.05 were considered to be
significant.

RESULTS AND DISSCUSION

The effect of agitation rate in the range of 500 - 1100
revimin on the growth and ervthritol production by Y.
lipolytica Wratislavia K1 was investigated. The cells were
grown in the media containing pure or crude glycerol,
while pH was maintained at a constant value of 3.0.
Tahle 1 shows a comparison of total time of enythritol
production, biomass concentration and maximum specific
growth rate in dependence on the used agitation rate
value and kind of glycerol. In Figure 1 as the examples of
the time courses of glyceral consumption and hiomass
production during batch cultivations, the cultures conduc-
ted in the media with crude glycerol at 0.36 and 0.6 vvm

P T drmml Thammeal sssmm ammaeleadahs acvhacoiabead aidhiem
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Table 1. Comparison of the total cultivation time, maximal biomass concentration
and maximum specific growth rate (Wmy) during erythritol biosynthesis by Y. lipolyfica
Wratislavia K1 strain at various culture conditions

Agitation rate (revimin) Time {h) Biomass* (g/l) Mmax® (1/h)
Pure glycerol

so0’ 775 19.58% 0.14g9"
goa’ 735 18.8" 0.169%
700’ T4.5 191 0.170%*
gon’ 73.0 19 3% 0.177%
gon’ 77.0 19 .4 0.8
1000 79.0 20.2* 0.22"
1100° 755 20.3™" 0.217°
Crude glycerol

go0’ T 24.0° 0.152%
gon’ 75.5 25.0° 0.191™
g00° 745 24 .2° 0.21%
1000' 71.0 21.3° 0.197™

"Letters along the same column indicate the results of the Duncans test (FP<0.05); values
with shared alphabet lettars along the same column are not significantly different. "0.36
wurm; 0.8 v,

Table 2. Summary of agitation rate effects on erythritol production from ghycerol by Y. lipolytica Wratislavia K1.

Agitation rate Concentration (g/1) Yen Qer Jen
[revimin) Er:ﬂhr’ltol' Mannitol” Arabitol Citricacid (afg) {g/lh) [afgh)
Pure glycerol

500’ 39.5% 11.7" 79 1.2 0.26 0.51 0.026
go0° 36.8" 9.6 5.0 2.1 0.25 0.50 0.027
7o0! 35.0* 14.8% 56 1.8 0.26 0.51 0.027
aoo' 4078 15.1° 29 26 0.28 0.52 0.027
gpo’ 40.1" 12.0%" 3.1 0.4 0.27 0.52 0.027
1poo0° 370° 116" 4.8 1.6 0.24 0.47 0.023
1100° 33.1° 11.8% 32 2.1 0.21 D.44 0.022
Crude glycerol

&00' 42 0° 81" 2.1 27 0.27 0.59 0.025
goo’ 55.0° 4.3 19 31 0.37 0.73 0.029
s00° 5p.2" 71 22 3.2 0.38 0.78 0.032
1po0° 510 7.4™ 23 1.9 0.34 0.72 0.034

"Letters along the same column indicate the results of the Duncams test (P<0.05); values with shared alphabet letters dong the same
column are not significantly different. '0.36 vwm; 0.8 vwm
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Analytical Methods

To determine concentrations of dry biomass, substrate, and products, 10 mL of the fermentation
broth (2 times a day) was taken from the bioreactor. After centrifugation {(at 5000 rev min !
for 5min}, cells were harvested by filtration on 0.45-pm pore-size membranes, washed twice
with distilled water, and dried to a constant weight at 105°C. The supematant was determined
for contents of crythritol, mannitol, glycerol, and citric acid.

Concentrations of glycerol, erythritol, mannitol, and citric acid were determined by high-
performance liquid chromatography (HPLC: UltiMate 3000, Dionex, USA) on a carbohydrate
column (HyperREZ XP, Thermo Scientific, USA) coupled to an ultraviolet (UV; i=210nm)
and refractive index (RI) detector. The column was eluted with 25 mM of wifluoroacetic acid
at 65°C at a flow rate of 0.6 mL min~'. Polyols and citric acid were identified and quantified
with reference to authentic standards. The treatment diluted the sample by a factor of 10. The

Taylor & Francis
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A Simple High-Performance Liquid Chromatography
Method for the Analysis of Glucose, Glycerol, and

Methanol in a Bioprocess

Giuseppina Paola Parpinello* and Andrea Versari®

Dipartimento di Biotecnologie Agrarie ed Ambientali, Universita di Ancona, Via Brecce Bianche, 60130 - Ancona, lialy

A reliable high-performance liquid chromatography—refractive index
detection method for the simultaneous analysis of glucose,
meethanol, and glycerol in a bioprocess fermentation media using
direct injection is presented. The validation studies show a
satisfactory selectivity, linearity, accuracy, and recovery of the
method. The lowest concentration detectable for glucose and
methanol is 3.5 and 6.7 mg/100 mL, respectively. This method could
be an attractive choice for the analysis of these compounds not only
in fermentation media but also in biomedical and environmental
samples.

Introduction

Monitoring bioprocesses is fundamental in characterizing cel-
lular metabolism and controlling microbial performance and
productivity. In particular, the screening step for the characteri-
zation of microbial performance is time consuming and requires
fast, reliable, and inexpensive analysis. For that reason, different
chromatographic methods have recently been successfully
applied for the analysis of microbial substrates and end-products.
Gas chromatography is suitable for the analysis of carbohydrates
and sugar alcohols; however, derivatization is always necessary
(1). High-performance liquid chromatography (HPLC) is a well
established tool for the analysis of these compounds without
derivatization (2,3). In particular, cation-exchange resins are suit-
able for the analysis of carbohydrates and products of carbohy-
drate metabolism in fermentation mixtures (4).

In the present study, a fast HPLC method with refractive index
detection (RI) was developed for the simultaneous analysis of glu-
cose, methanol, and glycerol in complex media during the growth
of Hansenula polymorpha.

Experimental

Standards and sample preparation

Glucose, glycerol, and methanol were used as standards (Sigma
Chemical, St. Louis, MO). Peak identification was based on HPLC
retention times compared with those of selected standards and
confirmed by a spiking technigue. Quantitation was based on the
external standard method using calibration curves fitted by linear
regression analysis using Statistica 5.0 software (StatSoft, Tulsa,
OK). The calibration curves were obtained by plotting peak area
(mV/min) versus amount injected (range covered, 0.2-2 g100
mLJ.

Samples were centrifuged at 3000 x g for 15 min, and the
supernatant was filtered through a 0.22-pm cellulose—acetate
filter (Sigma F-0139); then, the filtrate was diluted two times
before direct injection into the HPLC.

Instrumentation

The HPLC system was a Jasco (Easton, MD) LC-800 series
equipped with an 880-PU pump and 830-RI refractive index
detector. Data were acquired using the chromatographic inte-
grator DP-T00 (Carlo Erba, Milano, Italy). Samples were injected
using a 7125 valve equipped with a 20-pL loop (Rheodyne, Cotati,
CA) on an Aminex FOA (Bio-Rad, Richmond, CA) cation-
exchange (H*) resin-based column (100 x 7.8-mmi.d.; 9 pm) pro-
tected with a guard column of the same material. The analysis
was performed at 60°C with a flow rate of 0.6 mL/min using iso-
cratic elution with 0.01M H;50; as a mobile phase. The eluent
was filtered prior to the analysis using 0.22-pm nylon GV mem-
brane (Millipore, Bedford, MA).

Cultures and media

Mutant strain AG2 and wild type strain L1 (control) were used
for this comparative study. Minimum medium contained 0.2%
Yeast Nitrogen Base (YNB) without amino acids (Difco Lab,
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HPLC method for quantitative estimation of polyhydric alcohols

and sugars in bio-glycerol production

S. P. Takle', M.H. Vohra?, S. V. Patil*
Vasantdada Sugar Institute, Manjari (Bk.), Tal. Haveli, Pune, 412307, India

The analysis was carried out in Waters 515 HPLC pump equipped with isocratic system and
Refractive Index (RI) detector. Chromatographic data were collected in Empower-2 software.
Instrument & chromatographic conditions:

Instrument : Waters - HPLLC
Column : Ultra Amino column (Restek)

(150 mm column length, 4.6 mm 1nside diameter,

3.0 um particle size, 100 A" pore size)

Injector : Rheodyne (20 pl. loop)

Column Oven : 35°C

Mobile Phase : Acetonitrile (75%0): Water (25%)
Carrier flow : 0.8 ml/min

Detector Temperature : 35°C

Detector : RI (Waters 410)

Injection volume : 20 ul
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HiTrporeny

YTBEPAKITAIO
PyxopomnTens OegepanbHOIl cayxObI
IO Hau30py B cepe 3aIIITHI IpaB
roTpednTenell 11 OIATOMOIYHIL MeTI0BEKa,
TTIaBHEII TOCYIAPCTESHHEI CaHIITAPHEIT
Bpad Pocciickoit @enepartin
I'T’. Onnmerko

18 auBapa 2008 ..
Jlara BBelIeHIIA: ¢ MOMEHTA YTBePIKISHIII

4.2. METOJIBI KOHTPOIIA. BITOJIOTIIUECKIIE IT
MITKPOBITOJIOTITUECKIIE @AKTOPEL

MeToIbI KOHTPOISA GAKTEPHOJIOTHIECKHX MHTATEILHLIX Cpel
MeTogHYecKHe YRAZAHAS

MYK 4.2.2316-08

6.9. Onpedenenue co0epHcaHiia AMIHAO020 a30Ma
gopmonsnsim mumposanuem

Omnpenenenne CoIep:KaHIA AMIIHHOIO Aa30Ta B IITATeNBHBEIX Cpeaax IIPOBOIAT METOZOM (hOPMOIBHOIO
TiTpoBadid. [IPIHINIT MeTOIa OCHOBAH Ha OmokipoBaHi Gopmansaeriaom mprl pH 7,0 cBOGOIHEIX aMITHOTPYIIIT
I THTPOBAHIII [IEN0YBI0 3KBIIBATEHTHOTO KOMIIMeCTBAa KapOOKCIUIBHBIX Tpymm. Hawamo 1 KOHeIl THTPOBAaHIA
OIIpeIeIAT MOTSHINIIOMET PITIS CKIL.

Peaxmueri: 1) watprg riaporer (0,1 Moms/1) LTI pacTBOp comMAHoil Kirenotsr (0,1 Moms/n);

2) matpira riapokend 10 %-11 pacTBop:

3) pactBop Qopmamnisa (40 %-ii pactBop dopmansaeriaa)® (FOCT 1625-75).

Xon onpeneTeHHdA

B ctakad BMecTIMOCTBIO 50 MI HaNIBaOT HeoOXOMIIMEIT 00beM (A) (nodzomoexa npod cm. npumeuarnua 1 u 2)
AHATIZIPYEMOTO pacTBOpa Ipemapara, comepikamero 1,5 - 5,0 MTI aMIIHHOTO a30Ta, II JOBOIAT 0OmIIl oObeM
IICTIUIIPOBAHHOI Bomoil mo 20 M. DIeKTpPOoIRl MOTEHINIOMETpa (ci. ompederexue pH) TOTPYXKAoOI B
HccaenyeMsIil pacTeop, pH KoToporo moBoxsr no 3HadeHisd 7,0 ¢ moMommio pacTBopa HaTpis ripokcrma (0,1
MOJIB/II) ILIII pacTBOpa colsHoIl KicnoTsl (0.1 Mome/m)**.

K HellTpanz0BaHHOMY pacTBOPY IT00ABIAIOT 2 MI HEIITpalbHOTO (opMaNiHa, TepeMeNIBaloT I, He BEIHIIMAg
3TeKTPOIEI, THIPYIOT COIEpIKIIMOe PAacTBOpoM HATpris riipokcnna (0,1 moms/n) mo pH 9,1%**. IIpopomar nBa
napasIelbHbIX I3MepeHII.

*Tlepen kasasm onpeneteEreM pH dopyamusa xosoaat 10 pH 7.0 10 %-M pacTBopoM HaTPHA THAPOKCHIA.
**B xXome OnpeaesIeH s eKTPOIbl J0LKHBI BCe BpeMA 0CTaBaTbes NOTPY/ReHHBIME B PacTBop.
**+[IpH THTPOBAHHH CIeTVeT HCIOTh30BATE DIOPETKY, BMECTHMOCTBIO 5 M1

Comep:kaHIle aMIIHHOTO a30Ta B IICCASIYeMOM IIpemapaTe B IpomeHTaxX (X) BBRMIICASIOT IO CISIVIOMIIIM
thopMyIaM.

J1a xeudxozo oopasya.
V-K-1,4-100

A-1000 A€

A - KoTIrIecTRO KILIKOTO 00paza (M), B3ATOrO Ha aHAMIIS;
100 - xo3dhbrimiieHT MepecyeTa MIDITITPAMMOB B IIPOIIEHTEL;
1000 - xo3¢uirireHT MepecyeTa MIUIIIITPAMMOB B TPaMMBI.

IIpameuanne 2:

- I74 ARHIKHEX THIPOTH3ATOR HH3KOH cTenern pacmremtesng (0,1 - 0,2 % aMHHHOTO 830Ta) «4d» = 3 MI;

- U714 JKHAIKHX THAPOIH3ATOR cpemHefi cTenenn pacmentenng (0.3 - 0.6 % aMuHHOTO a30Ta) «4» = 1 am;

- U714 JKHIKHX THIPOIH3ATOB BBICOKOH CTeleHH pacimeriterns (0.7 - 1.3 % aMHHHOTIO a30Ta) «4» = 0,5 M

- I714 ARHIKHX OHTATeIeHEX cped (0,08 - 0,14 % anuHHOTO a30Ta) «A» = 10 M

- U1 20MMOEDIX MIOTIHBIX A2aposhlX cped «A» = 3 MI Ipenaparta, PacIlTaBIeHHOrO B KHIAmeH BoIgHOH DaHe.
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Determine the amount of ergotamine base in the
chloroformic solution as follows: to 25.0 ml of the
solution add 50 ml of anhydrous acetic acid R and titrate
with .05 M perchloric acid, determining the end-point
potentiometrically (2.2.20).

1 ml of 0.05 M perchioric acid is equivalent to 29.08 mg
OE CHHHH.'-NHOE'

The specific optical rotation is = 154 to = 165, calculated from
the angle of rotation and the concentration of ergotamine
base.

Related substances. Examine by thindayer chromatography
(2.2.27), using a TLC silica gel G plate R. Prepare ihe
reference solulions and the fest solutions immediately
before use and in the order indicated below.

Reterence solution (a). Dissolve 10 mg of ergofamine
tartrate CRS in a mixture of 1 volume of mefhanol R and
9 volumes of methylene chloride R and dilute to 10.0 ml
with the same mixture of solvents.

01,/2005:1803
ERYTHRITOL
Erythritolum

_OH
o™ --OH
" H
H OH
C,H,0, M, 122.1
DEFINITION

(2R.385)Butanel,2,3 4tetrol (meso-erythritol).

Content: 96.0 per cent to 102.0 per cent (anhydrous
substance).

1516 See the information section on general monographs (cover pages)

EUROPEAN PHARMACOPOEIA 5.0

Erythritol

CHARACTERS

Appearance: white or almost white, crystalline powder or
free-flowing granules.

Solubility: freely soluble in water, very slightly soluble in
alcohol.

IDENTIFICATION

A. Melting point (2.2.74): 119 "C to 122 °C.

B. Infrared absorption spectrophotometry (2.2.24).
Comparison: erythrifol CRS.

TESTS

Appearance of solution. The solution is clear (2 2.7) and
colourless (2.2.2, Method IT).

Dissolve 5.0 g in water K and dilute to 50 m] with the same
solvent.

Conductivity (2.2.38): maximum 20 pS-cm™'.

Dissolve 20.0 g in carbon dioxide-free water B prepared

Fr_erri . F iAo LG |

Limits:

— any impurity: not more than the area of the principal
peak in the chromatogram obtained with reference
solution (b) (2.0 per cent),

— fofal: not more than the area of the principal peak in
the chromatogram obtained with reference solution (b)
(2.0 per cent),

— disregard limit: area of the principal peak in the
chromatogram obtained with reference solution (c)
(0.1 per cent).

Lead (2.4.18): maximum 0.5 ppm.
Water (2.5.12): maximum 0.5 per cent, determined on 1.00 g.

Microbial contamination. Total viable aerobic count
(2.6.12) not more than 10* bacteria and 10° fungi per gram,
determined by plate count. It complies with the tests for
Escherichia coli and Salmonella (2.6.13). 1If intended for
use in the manufacture of parenteral dosage forms, the total
viable aerobic count (2.6, 12) is not more than 10° bacteria
and 10 fungi per gram, determined by plate count.

Bacterial endotoxins (2.6, I4). If intended for use in
the manufacture of parenteral dosage forms without a
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ASSAY
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Determine the erythritol content of the sample by liquid chromatography.

Mobile phase
Deionized water

Standard Solution

Transfer about 2 g of Standard Erythritol, previously dried in a vacuum
desiccator at 70° for 6 hr and accurately weighed to the nearest 0.1 mg (W),
into a 50 ml volumetric flask, dissolve in and dilute to volume with deionized
water and mix. Filter the solution through a disposable 0.45 pm filter before
use in the ‘Procedure’.

(Standard Erythritol may be obtained from Cerestar, EBS Vilvoorde R&D
Centre, Centre of Fermentation Expertise, 84 Havenstraat, 1800 Vilvoorde,
Belgium; Mitsubishi Chemical Corporation, Speciality Chemicals Company,
Intermediate Chemicals Department, 5-2 Marunonchi 2-chome, Chiyodag-
ku, Tokyo 100-0005, Japan; or Nikken Chemicals Co., Ltd., Development
Department, Sumitomo-Tsukiji Bldg., No. 4-414, kTsukiji 5-chome, Chuo-ku,
Tokyo, 104-0045, Japan.

Assay
Prepare as directed for ‘Standard Solution’, using about 2 g of the sample,

previously dried in a vacuum desiccator at 70° for 6 h and accurately
weighed to the nearest 0.1 mg (w).

Chromatographic System

Use a high-pressure liquid chromatograph equipped with a constant-flow
pulseless pump and fitted with a sensitive differential refractive index
detector such as the RID-6A or equivalent. The column is packed with a
strong cation exchange resin in the hydrogen form, such as MCI Gel-
CKO8EH, Shodex KC-811 or equivalent, consisting of a macroreticular
sulfonated polystyrene-divinylbenzene copolymer, 8% crosslinked, 9 pm
particle size. The column temperature is 60°C. . The sample injector is
preferably of the fixed-loop type (manual or automatic), capable of
accurately injecting 30 pl. The integrator can be any modern data
acquisition system with recording and processing capabilities. The operating
flow rate is about 0.5 ml/min. The maximum pressure of the total system is
about 50 kgf/cm?.

System Start-up
Connect the injector outlet to the column inlet, and connect the column

outlet directly to waste. Activate the pump and elute the system at a flow
rate of 0.1 ml/min. Set the pressure limit control to about 15 kgfflcm2 above
the normal operating pressure. Increase the flow rate by increments of 0.1
ml/min up to the operating rate, and elute the column for 2 hours. Connect
the column outlet to the detector tube, flush both the reference and sample
cells for 30 min, and then zero the refractometer and adjust the sensitivity

System Suitability Test

The area responses of triplicate 30-pl injections of the Standard Solution
show a relative standard deviation (100 x standard deviation/mean peak
area) of not more than 1.0%.

Procedure

Chromatograph triplicate 30-pl portions of the Standard Solution and record
the mean of the erythrital peak areas as A. In a similar manner,
chromatograph triplicate 30-pl portions of the Assay Solution and record the
mean of the erythritol peak areas as a.

Calculate the percentage of erythritol in the sample by the formula:
% Erythritol = 100(W/w)(a/A).
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Jlooamok 9

CkaH-komisi 1xepesia, BAKOPUCTAHOIO I BU3HAYCHHS

MiKpO00i0/10TiYHOI YMCTOTH IrOTOBOI0 MPOAYKTY

2.6.12. MICROBIOLOGICAL
EXAMINATION OF NON-STERILE
PRODUCTS (TOTAL VIABLE
AEROBIC COUNT)

The tests described hereafter will allow quantitative
enumeration of mesophilic bacteria and fungi which may
grow under aerohic conditions.

The tests are designed primarily to determine whether

or not a substance that is the subject of 2 monograph in
the Pharmacopoeia complies with the microbiological
requitements specified in the monograph in question. When
used for such purposes follow the instructions given below,
including the number of samples to be taken and interpret
the results as stated below. The tests may also be used for
the test for Efficacy of aniimicrobial preservation (5.1.3)
a5 described in the Pharmacopoeia. They may furthermore
be used for monitoring raw material quality and may be
used in association with guidelines on Microbiological
greality of pharmacentical preparations (5. 1.4, When used
for such purposes, for example by a manufacturer for raw
miaterials and/or finished product monitoring or for process
validation, the conduct of the tests including the number of
samples to be taken and the interpretation of the results are
miatters for agreement between the manufacturer and the
competent authority.

LIASMES T .

(i} acceptable samples, i.e. samples contaming less than

m CFU (colony-forming units) per gram or millilitre, where
m is the limit specified in the relevant monograph;

{ii) marginal samples, i.e. with more than m CFU, but less
than 10m CFU per gram or millilitre;

(i1i} defective samples, ie. containing more than 10m CFU
per gram or millilitre.

Water-soluble products. [Mzzolve or dilute 10 g or

10 ml of the product to be examined in buffered sodium
chloride-peptone solution pH 7.0 or in another suitable
liquid. In general a ome in ten dilution is prepared. However,
the characteristics of the product, or the required sensitivity
may necessitate the use of other ratios. If the product is
known to have antimicrobial activity, an inactivating agent
may be added to the diluent. If necessary adjust the pH to
about pH T and prepare further serial tenfold dilutions using
the same diluent.

Mon-fatty products insoluble in water. Suspend 10 g or
10 ml of the product to be examined in buffered sodium
chloride-peptone solution pH 7.0 or in another suitable
liquid. In general a one in ten suspension is prepared,

but the characteristics of some products may necessitabe
the use of larger volumes. A suitable surface-active agent
such as 1 g1 of polysorbate 80 may be added to assist the
suspension of poorly wettable substances. If the product is
known to have antimicrobial activity, an inactivating agent

154 See the informtion section om general monographs (cover pages)

EUROPEAN PHARMACOPOELA 5.0

2,6.12. Total viable aevobic count

mizy be added to the diluent. If necessary adjust the pH to
about pH T and prepare further serial tenfold dilutions using
the same diluent.

Fatty products. Homogenize 10 g or 10 ml of the product to
be examined with not more than half its weight of sterile
polysorbate B0 or another suitable stetile surface-active
agent, heated if necessary to not more than 40 *C, in
exceptional cases to not more than 45 °C. Mix carefully
and if necessary maintain the temperature in a water-bath
or in an incubator. Add sufficient prewarmed buffered
sodium chloride-peptone solution pH 7.0 to make a one in
ten dilution of the original product. Mix carefully whilst
maintaining the temperature for the shortest ime necessary
for the formation of an emulsion and in any case for not
more than 30 min. Further serial tenfold dilutions may be
prepared using buffered sodium chloride-peptone solution
pH 7.0 containing a suitable concentration of sterile
polysorbate B0 or another sterile surface-active agent.

Transdermal patches. Remove the protective cover

sheets (*release liner™) of ten patches of the transdermal
preparation by using sterile forceps and place them, the
adhesive side upwards, on sterile glass or plastic trays. Cover
the adhesive surface with sterile gauze {or wovenHilter type

B e e L T B ey S )

When examining transdermal patches, filter 50 ml of
preparation A separately through each of two sterile filter
membranes. Place one membrane to agar medium B for
total aerobic microbial count, the other membrane to agar
medium C for the count of fungi.

PLATE-COUNT METHODS

a. Pour-plate method. Using Petri dishes 9 cm in diameter,
add to each dish 1 ml of the sample prepared as described
in the section Preparation of the sample and 15 m] to 20 ml
of a liquefied agar medium suitable for the cultivation of
bacteria (such as medium B), or 15 ml to 20 ml of a lquefied
agar medium suitable for the cultivation of fungi (such as
medium C) at not more than 45 °C. If larger Petri dishes are
used the amount of agar is increased accordingly. Prepare
for each medium at least two Petri dishes for each level

of dilution. Incubate the plates at 30 “C to 35 °C (20 *C

b 25 “C for fungi) for five days, unless a reliable count is
obtained in a shorter time. Select the plates corresponding
to ome dilution and showing the highest number of
colonies less than 300 (100 colonies for fungi). Take the
arithmetic average of the counts and calculate the number
of colonydorming units per gram or millilitre.

b Surfece-spread method. Using Petri dishes % cm in
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For the determination of TAMC, transfer one of the
membrane filters to the surface of casein soya bean digest
agar. For the determination of TYMC, transfer the other
membrane to the surface of Sabouraud-dextrose agar,
Incubate the plate of casein sova bean digest agar at

30-35 °C for 3-5 days and the plate of Sabouraud-dextrose
agar at 20-25 °C for 5-7 days. Calculate the number of CFU
per gram or per millilitre of product.

When examining transdermal patches, filter 10 per cent

of the volume of the preparation described under 4-5-1
separately through each of 2 sterile filter membranes.
Transfer one membrane to casein sova bean digest agar for
TAMC and the other membrane to Sabouraud-dextrose agar
for TYMC.

5-2-2. Plate-count methods
5-2-2-1. Pour-plate method.

Prepare the sample using a method that has been shown to be
suitable as described in section 4. Prepare for each medium
at least 2 Petri dishes for each level of dilution. Incubate the

e

Escherichia coli

Prepare the product to be examined as described in the
general method 2.6.12 and use 10 ml or the quantity
corresponding to 1 g or 1 ml to inoculate 100 ml of broth
medium A, homogenise and incubate at 35-37 °C for 18-48 h.
Shake the container, transfer 1 ml to 100 ml of broth
medium G and incubate at 43-45 °C for 18-24 h. Subculture
on plates of agar medium H at 35-37 °C for 18-72 h. Growth
of red, non-mucoid colonies of gram-negative rods indicates
the possible presence of E. coli. This is confirmed by
suitable biochemical tests, such as indole production. The
product passes the test if such colonies are not seen or if the
confirmatory hiochemical tests are negative.
Salmonella
Prepare the product to be examined as described in the
general method 2.6. 12, but using broth medium A in
place of buffered sodium chloride-peptone solution pH 7.0,
homogenise and incubate at 35-37 °C for 18-24 h. Transfer
1 ml of the enrichment culture to 10 ml of broth medium I
and incubate at 41-43 °C for 18-24 h. Subculture on at least
2 different agar media chosen from among agar medium J,
agar medium K and agar medium L. Incubate at 35-37 °C for
18-72 h. The probable presence of salmonellae is indicated
by the growth of cultures having the following appearance:
— agar medium J: well-developed, colourless colonies;
— agar medium K: well-developed, red colonies, with or
without black centres;

— agar medium L:small, transparent, colourless or pink or
opague-white colonies, often surrounded
by a pink or red zone.

IIpooosowcennsn 000. 9
01/2007:20613

2.6.13. MICROBIOLOGICAL
EXAMINATION OF NON-STERILE
PRODUCTS: TEST FOR SPECIFIED
MICRO-ORGANISMS

This general chapter presents 2 sets of tests. The 1¥ set gives
the reference methods for determining compliance with
monographs. Reference to this chapter in a monograph
therefore implies compliance with the 1¢ set of tests,
unless use of the 2" set of lests has been authorised. The
tests in the 2™ set also constitute official methods of the
European Pharmacopoeia and may be referred to as such,
notably in applications for marketing authorisation. It

is intended to replace the 1% set by the 2™ set once the
monographs concerned have been revised. The 2™ set
presents tests developed in co-operation with the Japanese
Pharmacopoeia and the United States Pharmacopeia to
achieve harmonised requirements.

gram-positive coccl surrounded by a clear zone indicate
the presence of S. aureus. Confirmation may be effected
by suitable biochemical tests such as the coagulase test
and the deoxyribonuclease test. The product passes the
test if colonies of the type described do not appear on agar
medium O or if the confirmatory hiochemical tests are
negative.

When testing transdermal patches, filter 50 ml of
preparation A as described in the general method 2.6.12
through a sterile filter membrane and place in 100 ml of
broth medium A and incubate at 35-37 °C for 18-48 h. After
incubation, spread on agar medium 0.

Nutritive and selective properties of the media and validity
of the test

The tests described hereafter must be performed at least on
each lot of dehydrated media.

Proceed as follows. Grow the following test strains
separately, in tubes containing suitable media such as those
indicated, at 30-35 °C for 1824 h:

such as ATCC 6538 (NCIMB 9518, CIP 4.83):
broth medium A;

such as ATCC 9027 (NCIMB 8626, CIP 82.118):
broth medium A;

such as ATCC 8739 (NCIMB 8545, CIP 53.126):
broth medium A;

Staphylococcus auréus
Pseudomonas aeruginosa
Escherichia coli

no strain number is recommended (a
salmonella not pathogenic for man, such as
Salmonells abony (NCTC 6017, CIP 80.39),
may also be used): broth medium A.

Salmonella typhimurivm

Dilute portions of each of the cultures using buffered
sodium chloride-peptone solution pH 7.0 to make test
suspensions containing about 1000 viable micro-organisms

General Notices (1) apply to all monographs and other texts

4405
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Jlooamok 10
CkaH-komist Jxxepesia, BAKOPUCTAHOIO /I BU3HAYEHHS BOJIOTOCTI B

roTOBOMY IPOAYKTi
OIMMCAHME THUTIA CPEJICTBA U3MEPEHHH

Bnaromeps! Tepmorpaeumerpiudeckie HH(ppakpacHsie MA-150

Hainavenune cpeacrea HiMepennii

Braromeps! Tepmorpaeumerpideckie naippakpacueie MA-150 (nanee — snaromepst) npeaHa-
THAYEHKI JUIS IKCIPECCHOIO HAMEPeHHs BIAKHOCTH MOHOINTHLIX, JIMCTOBLIX, ChITYYHX, NACTO0DPaIHbIX
MaTepHANIOB, BOJHBIX CYCIEH3HI # HEBOIHBIX KH/KOCTEI, a Takie CYXO0ro OCTaTKa No CrelHaibHo pas-
pabOTAHHEIM METOHKAM H3MEPEHHIL, periaMeHTHPOBAHHEIM HOPMATHBHLIMH JIOKYMEHTAMH.

Onuncanue cpeicrea wiMepeHnii

[Tpunumn gelicTBrg BIArOMepa OCHOBAH HA 00eIBOKHUBAHKMK 00PaA3LA AHATHIUPYEMOTO Be-
uiecTsa — o0beKTa M3IMepeHuii noj aeiicTBHeM HHMPAKPACHOrO M3NY4EHHA C ABTOMATHYECKHM He-
HPEPLIBHEIM BIBEIIMBAHUEM €0 MACCHL B IIPOLECCE CYIUKH H MHAMKALHEe! pesylibTaTa H3MepeHH.

KOHCTPYKTHBHO BIATOMED COCTOMT W3: HAIPEBATENLHOIO JIEMEHTA — KEPAMHYECKOI0 HCTOY-
HHKa HH{PAKPACHOIO HAIYYEHHS, BCTPOSHHOIO B KPBILKY CYIHMILHOH KaMmephl: BIBSLUMBANOLIETD
yerpolictea; Gnoka ynpasiesus, obpadoTEl 1 oToOPAKEHHS ¢ KNIKOKPHCTAUIMYECKHM JIMCILIEEM H
KIIABHATYPOR.

AHanu3 BBEINOJIHAETCH ABTOMATHYECKH NOJ YIPABIEHHEM NPOIrPAMMHOIO obecnedeHHs.
[Mpouece HaMepeHHs BKIOYAEST CIEIYIOMIKE ONEpalii: OIepaTop paiMewaer npody aHaIMIupyemo-
ro mareprana (B auanasone ot 0,1 go 150 r), pasHOMEPHO pacnpelelIeHHYI0 B KIOBETE (JMaMETPOM
He Donee 100 MuM), B CYIIMALHYIO KaMEpy, IOCIE YEro NPOMCXOANT BIBSLIHBAHKE, 4 3aTEM aBTOMA-
THYECKOE ONpelleneHle NoTepd Maccel noj AeficreueM MHPAKPACHOrO HITYYEHMA W NEpecHeT B
CAHMHHLEL COACPXAHNA BIIAIM, C YHETOM HAYAIBLHOI Macchl l'lpﬂﬁl':l. PEZ}-'J'[I:TRTH AHATH3a BbIBOAATCH
Ha aucnieii 1 MoryT ObITh Nepeiadsl Ha nepudepHiinbie yeTpoiicTsa.

Bo naromepe npeiycMoTpeHsl ClledyIOWHe eAHHALLL COIEPHaHHs BIari:

- Maccosas 1018 Blard (BIaXHOCTE) — OTHOWEHHE YOBUIM Macckl Npodkl K HAYANBHOM
Mmacce nposl, %o;

- Macca npo0sl, 1;

- Cyxoii ocratok — oTHOIEHHE YORUIM Macckl Npodkl K koHeuHoil Macce npobel, %o;

- Maccosoe OTHOLIEHHE BIArH — OTHOLIEHHE KOHEeYHOH Macchl npodbl Kk HAYANLHOI Macce
mpodel, %o;

= O0beMHan 10138 BIATY — OTHOLIEHHE YOBUTH MACCE! NPodkl K HAYANLHOMY 00BEMY, T/11.

Braromep umeer apa pemuMa Harpeea: craHaapTHeii n magsumii. [Ipn cranpaprHoMm pe-
AHUME HArPEBa NPeyCMOTPEHE CleVIOIHE KPHTEPUH OCTAHOBKH CYILKN:

= ABTOMATHYECKHIi;

- noayasromaruyeckuii (mr, %o);

- no spemenn (0,1 + 99,9 mun);

- PY4HOH.

Bunaromep umMeer 3HeproHe’aBHCHMYR) naMats Ha 20 nporpaMm cyuwkH, BCTPOESHHBIH HH-
tepipeiic RS232 nns nporokonuposaHus B cooTBeTCTBHN co cranaapramu GLP uw GMP ¢ soamom-
HOCTRIO NpPeIBAPHTENELHOH HACTPONKH (HOPMATOR /1A MEUATH PE3YNLTATOR AHANHIOB U NPOTOKOIH-
POBAHHA HCTHPOBKH TEMIIEPATYPh! HAIPEBA U BIBSIUUBAIOLLIErO YCTpOiicTBa.
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