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PEDEPAT

KBamidikamiitna poboTa mpucBsiueHa po3poOIri MPOMHCIOBOTO 0i0CHHTE3Y,
TEXHOJIOTIYHOI Ta amaparypHoi cxeM, BiTaMiHy Biz Propionibacterium shermanii,
mo 3xaTHUM cuHTe3yBatH A0 0,25 MI/T KITHH IUJIOBOTO MPOIYKTY.
[IpoananizyBaBIIM HAyKOBY JIITepaTypy, OyJ0 BH3HAYEHO HAWONTHUMAJIbHIIIUNA
MeToJT BUpoOHHUYoro Oiocuntesy. Bitamin Bi, BiamoBimae 3a cunte3 maitke 100
010JI0TTYHHUX MOJIEKYJ, BKIroYaroun HykieiHoBi kuciaotu JIHK 1 PHK, a yepes Hux
— 33 CUHTE3 BEJIMUE3HOI KIJIbKOCTI O1JIKIB.

Po3paxoBaHa INOTYKHICTh BHpOOHMITBAa cTaHOBUTH 0,546427 xr (408 m3
KyJbTypajbHOI piauHu) BiTaMiHy Biz 3a pik. TexHosoriuHa cxema Oi10CHHTE3Y
1laHKoOajIaMiHy BKJIIOYA€ JOMOMIXHI poOOTH (IMiIrOTOBKA aepaiifiHOTO MOBITPS,
CTEpHIII3allisl MOXUBHUX CEPEIOBUIN) Ta TEXHOJOTTYHUH Mporec (YoThupu cTaail
BHMPOIIBaHHs IIOCIBHOTO MaTepiaiy Ta 6iocuHTe3 y (epmentepi 06’ eMom 6,3 M 3
koedimieaToM 3anoBHeHHs 0,7). TexHosoris oTpuMaHHs BiTaMmiHy Bi, mepenbauae
KyJbTUBYBaHHS IMTMOUMHHUM O€3MEPEPBHUM CIIOCOOOM.

KBamidikamiitna poboTa CKIAQTa€TbCsi 31 BCTYyNy, 8 PpO3ILTIB, CIHUCKY
BUKOPUCTAHUX JDKEpes, TexHojioriyHoi cxemu (popmar Al, 1 apkym) Ta
anmaparypHoi cxemu (popmatr Al, 1 apkym). 3aranpHuii o0csir pobotu — 66
CTOPIHOK, 8 TabIuIIb.

Kuaw4oBi caoBa: Bitamin Bip, miankoOanamin, Propionibacterium

freudenreichii subsp. shermanii ATCC 13673, 6GiocunTes.



ABSTRACT

The qualification work is devoted to the development of industrial
biosynthesis, technological and hardware schemes, vitamin B12 Propionibacterium
shermanii, which is capable of synthesizing up to 0.25 mg/g of cells of the target
product. After analyzing the scientific literature, the most optimal method of
industrial biosynthesis was determined. Vitamin B12 is responsible for the synthesis
of almost 100 biological molecules, including nucleic acids DNA and RNA, and
through them - for the synthesis of a huge number of proteins.

The calculated production capacity i1s 0.546427 kg (408 m3 of culture fluid)
of vitamin B12 per year. The technological scheme of cyanocobalamin biosynthesis
includes auxiliary works (preparation of aeration air, sterilization of nutrient media)
and the technological process (four stages of growing seed material and biosynthesis
in a fermenter with a volume of 6.3 m3 with a filling factor of 0.7). The technology
for obtaining vitamin B12 involves deep continuous cultivation.

The qualification consists of an introduction, 8 chapters, a list of sources used,
a technological scheme (format A1, 1 sheet) and an apparatus scheme (format Al, 1
sheet). The total volume of the work is 63 pages, 8 tables.

Key words: vitamin B12, cyanocobalamin, Propionibacterium freudenreichii

subsp. shermanii ATCC 13673, biosynthesis
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BCTYII

Bitamin Bj, (kobamamid) - 11¢ BOJOPO3YMHHHUI BiTaMiH, 0 HAJIECKUTH 10
KJIaCy KOPWHOIMIB 32 CBOEK XIMIYHOIO OYIOBOIO CKIIAIA€THCSA 3 JBOX YAaCTHH:
KOOQIBTBMICHOT TOPQIpHHONOAIOHOI Ta HYKJICOTHIHOI CTPYKTYyp. B opranizmi
JIOMMHU BiH BUKOHYE Taki (QyHKIII SIK pO3MICTUICHHS METHIMaNoHUTy-KOA, sKwuii
YTBOPIOETHCS TpU MeTabomi3Mi aMiHOKHCIOT, Ta Oepe y4acTb y MpOAyKyBaHHI
MeTioHiHy. [Ipu HeocTaTHIN KUTBKOCTI KOOajgaMiHy B OpraHi3Mi MOXKE€ PO3BUBATHUCS
Taka XBopoOa sk Bi,-3anexHa anemis. [1]

AKTyajbHicTb. B opranismi jroneit Ta TBapuH BitamiH B, cuHTE3yeThCs
MIKpOQUIOPOIO KUIIIKIBHUKA Ta HAKOMUYYETHCS Y HEBEJIUKUX KIJTBKOCTSAX Y TEUIHII
Ta HUPKax, MOBHICTIO MOTpeda y I[bOMY BiTaMiHl HE 3a0€3MeUyEThCSl TAKUM YHHOM.
Tomy wyacTMHa sIKOi HE BHCTAua€ MOTpAIUIAE€ B OPraHi3M 3 1Xi TBaPUHHOTO
NOXOKEeHHsI. TakoK 3aBIFKU CBOiM XIMIYHIN CTPYKTYpl, & camMe HasBHICTIO 10HY
KOOQIBTy y MOJIeKYNi, KoOajlaMiH TEPEIIKO/Kae 3aCBOEHHIO IHIIMX BITaMiHIB
(manpukian, B; Ta Bg), a 3acBoeHHio BiTaMmiHy B, chpusie cnemiaabHui
DJIKOMPOTETH, 110 (hOpMY€E CTIMKUN 10 MENCUHY KOMILUIEKC, B HOpMIi BiH HasiBHUU Y
HUKHBOMY BIJJIUTI IUTYHKOBO-KHUIIIKOBOTO TPAakKTy. 3 BHINE CKa3aHOIO MOXHA
3pOOUTH BHUCHOBOK, IO y 0Oararbox Jtofel Moke OyTH BUSIBICHHM Ae(iluT
KoOalaMiHy, a HacaMIiepes] y TUX, XTO O0upae sk CociO KUTTS BEreTapiaHCTBO. [2]

Hedimur BiTamiHy B, Takok BHUHUKAaE BHACHIIOK HEMPABWIHLHOTO
CIIOKMBAHHS 1K1 Y XBOPHX, SKI CTPaKJIAIOTh BiJl HEIOIJaHHS, HAIIPUKIIAA y JIOACH
MOXMJIOTO BIKYy a00 MpH HAaAMIPHOMY BXHMBaHH1 ajkoroito. Cepen BHYTPILIHIX
CTaHIB, 10 MOXYTh MPU3BECTH JO HeCTaul koOallaMiHy BU3HAYalOTh HE3aTHICTh
BUBUIHHATH BiTaMmiH B, 3 Ioro TpancnoptHux OinkiB. Hampuknazn, ractpwur,
racTPEeKTOMIS Ta 3aCTOCYBaHHS AaHTAUUIIB MPU3BOIATH J0 3HUKEHHS CEKpelli
COJISTHOT KUCJIOTH, THM CaMHUM 3MEHIIYIOYH BUBLTHHEHHS BiTaMiHy B, 3 Xap4oBux
O1JIKIB.

Hecraya Bitaminy B, Moxke matu pi3HI HACHIAKU BiJI XPOHIYHOT BTOMHU JI0
JiereHepanli CHMHHOIO MO3KY, XOU BHUSIBJIEHHS y Mall€HTIB Ae(pIIUTY KoOalaMiHy
3a3BUYAll BUSIBISIETHCS YK€ MICIs BU3HAYCHHS y HUX aHewmii. CTaHH, CIpUYMHEH]
HECTA4Yer0 BiTaMIHy, MalOTh TpPHU BUHAUCHI HAMNPSIMKU: TeMaTOJOTIYHUH,
HEBPOJIOTIYHUNA Ta HEPBOBO-NICUXIATPIYHUN. Y MepuioMy BUIAIKY MOXYTh

HYXT BTEK 05.01.06 KP I13
3m | Apk Ne noxym. IMignuc JHata
Po3poGus Konoxuixosa 1. 1. JIT. Apk. Apkymris
IepesipuB | Crabuixos B.II. ‘ ‘ 8 66
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PO3BUHYTHUCSA TaKi CHUMITOMHM, SK HHM3bKHU TE€MOINIOOIH, TPOMOOIIMTOINEHIS; Y
JPyroMy — JIeTeHepallisi CHUHHOTO MO3KY, HETPUMAaHHS Ta €PeKTUIIbHA TUCYHKIIIS;
a y BUITQJIKy HEPBOBO-TICUXIaTPUYHUX PO3JIJIiB — XBopoOa AJbIreiimepa, Jenpecis
Ta MICHUX03.

3 yCchOro BHINE CKa3aHOTO MOKHa 3pOOUTH BHCHOBOK, IO Y CBITI ICHYE
notpeda y BUTOTOBJICHHI KOOallaMiHy Ta HOTO MOXITHUX, K1 OyIyTh 3pYUYHUMH JIJIs
MpUITMaHHS Ta JICTKO3aCBOIOBAaHMMU B OpraHizMi. [3]

HoBu3na kBasidikaniiiHoi po60TH € BUKOPUCTAHHS MIPOMIOHIOAKTEPIi 11
O0locuHTe3y BiTaMiHy Bj, 3 BUKOPHCTAaHHSM arpoNpOMMCIIOBUX 3aJIMIIKIB, PIJIKOTO
KHCIIOTHOTO OUIKOBOTO 3aJIMIIKy COi, SK HEAOPOTOro ajbTePHATHBHOTO
KYJBTYPaIbHOTO CEPENOBUIIA, 1110 HE MICTUTh MOXITHUX TBAPUHHOTO MOXOJKEHHSI.
VY MOBHICTIO POCIMHHOMY TOKMBHOMY cepenoBuilll Propionibacterium shermanii
3/1aTHI TPOAYKYBaTH BEJIMKY KUIbKICTH BitTaminy B, (0,25 mr/r wmitun). Li
pe3yJIbTaTH CB1IYaTh PO MOXKIIMBICTh BUPOOHUIITBA BiTaMiHy B, 114 3a10BOJICHHS
noTped MEeBHUX IPYIl HACENICHHS, OTHOYACHO 3HM)KYIOUM BUTPATH HAa BUPOOHUIITBO
I[OTO BKJIMBOTO BiTaMiHY. [4]



PO3/ILJI 1. XAPAKTEPUCTHUKA KIHIEBOI ITPOJTYKIIII
BUPOBHUILITBA

Biramin Bj; - 1me peuoBHHa, sIKy Ha3uBaIOThH LiaHKOOAIaMiHOM, XiMiYHA
dopmymna: Ce3HgsCoN 14O 14P ( 0-(5,6-muMeTnnOeH3nMia3on-2-i1)kodbamis mianin),
3 MOJIEKYJISIpHOIO Macoro 1355,4 r/moib.

OcHoBH1 ¢i3ionoriunl  ¢yHKiii Bitaminy Bl2: xodepment y cuHTtesi
HYKJIETHOBUX KHCJIOT, OUIKa Ta JimiAiB; Oepe ydacTb Y METUJIIOBAaHHI; MATPUMYE
erniTesialbHl KJIITUHH Ta HEPBOBY CHUCTeMYy (MieJliHOBa 000JIOHKA); Oepe yJacTh B
YTBOPEHHI €PUTPOLIMTIB, TPAHYJIOIUTIB, JIM(POIUTIB Ta MOHOIUTIB Y YEPBOHOMY
KICTKOBOMY MO3KY (epuTporioe3 Ta Jielikonoes). JloboBoro HopMoto BiTaimy B12 Ha
JI€Hb JUJIS IIOJAMHM € 2-3 MKT B 3aJI€)KHOCTI B1Jl Baru Ta CTaHy (HaIpuKJIaJ, BariTHICTh
y JKIHOK).

@Di3uKO-XIMIYHI BJIACTUBOCTI BiTaMiHy Bi,: Mae BUIVISJ TEMHO-YEPBOHUX
KpPHUCTaiB a00 YEPBOHOTO KPUCTAJIYHOTO MOPOIIKY Oe3 3amaxy. Po3unHseTscs y
BOJIl Ta €TaHOJI, HE PO3UUHSIETHCS y aleToHi. Temneparypa miuasiaeHHs Big 300°C.
[{iankoOaiaMiH TIrPOCKOIIYHA CIONyKa, TOMY 30epiraTd pe4oBHHY HEOOX1THO B
CYXOMY Ta MPOXOJIOAHOMY MicIii. [5]

3a mixxHapoHoto kinacudikaiiero ATC Bitamin B, BuzHauaetbest sk BO3BA:

B — KpoB Ta KpoBOTBOpHI Opranu

B03 — [IpoTtuanemiuHi npenaparu

B03B — Bitamin B, Ta domnieBa kuciora

BO3BA — Bitamin B, (ianko6anamin Ta aHayioru). [6]

[{iankoOanamiH Ma€ 10BOJII IIUPOKUNA CIIEKTP 3aCTOCYBaHHS. Y MEIUYHIN Ta
03/10pOBYIll cepl BUKOPUCTOBYETHCA IJsl JIKYBaHHSA pI3HUX THUMIB JediruTy
BiTaminy B,, Hanmpuknag s JIIKyBaHHS MErajoOJacTHOI aHeMii, aHeMmii,
CIIPUYMHEHOI OTPYEHHSIM, alJTACTUYHOI aHEMIi Ta JICHKOMEHIYHOTO TICUX03Y, pa3oM
13 3aCTOCYBaHHSIM IaHTOTEHOBOI KHCJOTH, MOKE 3amoOIrTH 3JI0SIKICHIN aHemii,
Jomomarae NONIMHaHHK Fe* 1 cekpewii LUIyHKOBOI KHUCJIOTH, TaKOX
BUKOPHUCTOBYETHCS ISl JIIKyBaHHS apTPUTY, Mapajiidy JUIIEBOrO HEpBa, HEBPAJTii
TPIAYaCTOro HepBa, TEMATUTy, Teprecy, acTMU Ta IHIIUX aJlepriid, aromigyHOro
JepMaTUTy, KpONHB’SIHKH, €K3eMU Ta OypcuTy, BiTaMiH B, Takox MOXHa
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BUKOPUCTOBYBATH JIJIsl JIIKYBaHHS HEPBO3HOCTI, JAPaTiBIMBOCTI, OE3COHHSI, BTpaTH
nam'siTi, Jenpecii.

HoBi mocmimkeHHsT TOKa3yloTh, 10 AeINUT BiTaMmiHy B, Takox Moxke
COPUYMHHUTH JCTPECiio, TMCHUXIYHE 3axBOproBaHHA. Bitamin B, He BHKIHKae
OTPY€HHS TIPY BHYTPITHLOBEHHOMY YH BHYTPIIIIHHOM SI30BOMY BBEJICHHI.

VY cinbebKorocnoaapehbkiil cepi BUKOPUCTOBYETHCS K J00aBKa JJ1 KOPMIB.
Bitamin B> MOXke CIpUsITH POCTY Ta pO3BUTKY JOMAIIHBOI MITHUII, Xy1001. O6poOKa
1KpH Ta MaJIbKiB pO3UMHOM BiTaMiHy By 17151 3011bIIeHHS CTIHKOCTI 10 O€H30Jy Ta
BXKMX METAJliB, a TaKOXK 3HWKEHHS CMEpPTHOCTi. Hapasi cBiTOBE BHPOOHHIITBO
BiTaMiHy B> B OCHOBHOMY BUKOPHCTOBYETHCS /Il KOPMOBOI POMUCIIOBOCTI.

VY cyuacHiii TPOMHUCIOBOCTI KOMIUIEKC BiTaMiHy Bi, 3 IHIIMMH pedoBUHAMU
4acTO BUKOPUCTOBYEThCA B KOcMeTHL. BiTaMiH B, Takok BUKOPUCTOBYETHCA TIPH
JerajoreHizamii IpyHTy, JUIsI 3aXHCTy HABKOJIUIIHBOTO CEPENOBUINA  Bij
3a0pyIHIOIOYMX PEUOBUH, Y MIOBEPXHEBUX BOJAX Bl OPraHIYHUX TaJIOTEHIIB. [5]
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PO3I1JI 2. OBI'PYHTYBAHHSA BUBOPY TA XAPAKTEPUCTUKA
BIOJIOTTYHOI'O A'EHTA

2.1 O0rpyHTyBaHHsI BUOOPY 0i0JIOTiYHOI0 areHTa Ta MOKUBHOTO
cepeaoBMINA VISl HOro KyJILTUBYBAHHS

Bitamin B, (a0 kobanamin) — 11e BOMOPO3YMHHUYN BITaMiH, [0 TPAE BAXKIIUBY
pOJIb Y KPOBOTBOPEHH1, (JOpMYyBaHHI Ta IMiITPUMaHHI HEPBOBOI CUCTEMHU Ta CUHTE31
JAHK. Bitamin B, € cki1alHOIO MOJIEKYJIOIO, IIIO CKJIQJAEThCS 3 TETPaIlipOJIOBOTO
KUIBIISI 3 aTOMOM KOOajbTy B IIEHTPI.

Haituacrime ayis 6iocuHTe3y BiTaminy B, BUKOPHCTOBYIOTH (haKyIbTaTUBHO
aHaepoOH1 OakTepii pony Propionibacterium, ajxe BOHH € O€3MEUHUMH. Y I[bOMY
BUIIAJIKy KYJIBTUBYBaHHS MPOXOAUTH y JIBa €Talu: aHaepoOHa Ta aepoOHa cTaiisl.
JI71s1 KyJIbTUBYBaHHST BAKOPUCTOBYIOTH TITFOKO30MiHEPATbHE CEPEIOBUIIIE, 10 CKIATY
SIKOTO BXOJISTh 10HU KOOAJIBTY, B SIKOCTI TOTIEPEHUKA I[ITTLOBOTO MPOIYTKY. [6]

Hanpuknan, mram P freudenreichii CICC 10019, KyabTUBYIOTH Ha
CepeAOBUIII 13 TIIOKO3010, TUriapodocdarom Kamito Ta XJIOpUCTUM KobOanbsToM. Ha
OCTaHHIX eTamnax (epMeHTarllii 30UIbIIYI0Th KOHIICHTPAIII0 MPOMIOHOBOT KUCIOTH
(o 20 mr/m). B Takomy Bumaiky 6axkTepist 37aTHa MPOIYKYBaTh 10 59 Mr/i BiTaMiny
Bis. [7]

[TpomyrienToM KobOanamiHy Moxe OyTH Takok Oakrepist Escherichia coli —
MIPOKapIOT, M0 € MPOAYIICHTOM JUIsl 0araThb0X XiMIYHHUX PEYOBUH. Y XOI1 €BOJIOIT
OakTepist BTpaThiia MOXJIMBICTh CAMOCTIMHO CHHTE3yBaTH BiTaMiH By, ame moxe
MPOAYKYBAaTH HOTO MUISIXOM BiHOBJICHHS, TAKMM YHHOM C€KOHOMHTH PECYypCH Ta
eHeprito. PekomOinanTHuil mTam E. coli Moxe TpoaykKyBatu BiTamidH B sik B
aHaepoOHUX, TaK 1 B apOOHMX YMOBax. 3aBIsKH ONTHUMI3allli yMOB KyJIbTHUBYBaHHS
CKOHCTpPYHOBaHMI 1ITaM cuHTe3ye 0au3bko 0,65 MKr/T koeHzumy B12. [8]

Takoxx BimoMO, IO, Hanpukiaa, Pseudomonas spp. 30aTHI TPOMHCIIOBO
BUPOOJISTH PI3HI OpraHiyHi CIIONYKH, BKIIto4atoun Bitamid B,. Cepen Pseudomonas
spp. wtamu P. aeruginosa ta P putida Oynu omucaHi SIK Kpaui MNPOIYLUEHTH
KoOanaMmiHy, ajie MaTOreHHICTh IMX IITaMiB YCKIJIAIHIOE iX BHUKOPHUCTAaHHS Y
dbapmareBTUUHIN Ta XapyoBili MPOMHUCIOBOCTI i morped mromuuu. L1 mramu
MOXYTh YCHIIIHO cuHTe3yBatu moHaj 200 r/n kobanaminy. OpHak OloCHUHTE3
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BiTaMiHy B, y IUX mITaMax € CKJIaJHUM Yepe3 TpuBaIui mporec GpepmenTarii (10
180 roauH), cKIaaHUM 1 BApTICHUM CKJIaJ CEPEIOBHINA Ta BIJCYTHICTh BIATOBITHUX
TCHETUYHUX METOIIB JJIS IIITAMOBOI 1H)KEHEPIi.

OcTaHHIM YacoM MOIIWPEHE BUBYCHHS OAaKTepid NJIsi BHUKOPUCTAHHS iX y
MIPOMHUCIIOBOMY BUPOOHHUIITBI HEOOX1AHMX peuoBuH. OnHIEI0 3 Takux € Bacillus
megaterium, Ha BiAMiHy Bin E. coli, onucanux Buine, B. megaterium He BUPOOIIIE
CHIOTOKCHHIB, TOB’S3aHUX 13 30BHINIHBOI0O MEMOpAHOIO, IO B TOE€THAHHI 3 i
3pOCTaHHSAM Ha PI3HOMaHITHUX BYIJICLEBUX JIXKepeax (HanpuKIial, CUpUuil IIiepuH
3 BUPOOHUIITBA 010IM3€JI10) Ta MPOCTUX CEPEAOBHUIIAX 3pOOMIIO 1i MPUIAATHOO IS
Xap4oBUX Ta (hapMaleBTUYHMX MpoueciB. s 6akTepis Moxe cuHTe3yBaTH a0 13
MKT/11 BiTamiHy Bis. [9]

Takox Oyno BHBYEHO CHHTE3 BiTamiHy Bj» reHeTMuHO MOAM(IKOBAHUM
mramoM Sinorhizobium meliloti, KynbTUBYBaHHsI OaKkTepii BIAOyBajgocs aepoOHUM
IUISIXOM Ha COJIbOBIA OCHOBI 3 JIOJaBaHHSAM TENTOHY, JPIAKIKOBOTO €KCTPAaKTy Ta
[JIIOKO3U. {7151 301MIbIIIEHHS. pOCTY Ta BUXOIY ILIIJILOBOTO MPOAYKTY, IO CEPEIOBHUIIA
noJaBainy O10TUH Ta aHTUOIOTHKHU. 3aBISKH LbOMY, S. meliloti MOXe TIPOLyKyBaTu
10 156 mr/n kobanaminy. [10]

3 ycbOro BHIIE CKa3aHOTO, MOXKHA 3pOOMTH BUCHOBOK, III0 BUKOPHCTaHHS
OaxTepiit pony Propionibacterium freudenreichii subsp. shermanii ATCC 1367 nns
CUHTE3Y KOOaJlaMIHy € HAUTOLIBHIIINM. 3aBISIKU TAKUM (PaKTaM siIKk HAUMpOCTI NN
CKJIaJ] TIO’)KMBHOTO CEPEJOBUINA, BIJHOCHO HETPUBAIMA 4Yac KYyJIbTHBYBAaHHS Ta
MPOCTUH TIpoliec pepMeHTallli, a TAKOXK JOCTYITHICTh Ta O€3MEUHICTh MPOAYIICHTA,
Ha BUXOJI MU MAa€MO JOCTATHIO KUIbKICTh LIJIBOBOTO MPOAYKTY (110 0,3 Mr/T), sikuid
MO>KHA BUKOPUCTOBYBATH JIJIsl TIOJATBIIHX ITIJICH.

Jlns  BupoOHuYoro OiocwHTe3y Bitraminy B12  Propionibacterium
freudenreichii subsp. shermanii ATCC 13673 BHKOPHCTOBYEMO TMOYKHBHE
CepeoBUIIE HACTYITHOTO cKiaay (T/1):

5,6-mumernnoen3uminazon (DMBI) — 30;
CoCl; (xmopun xobansty) — 0,25;
C3HsCINO,S (muctein rigpoxmopun) — 1,2;
FeSO, (cynndar 3amiza (1)) — 0,03;

LAPRS (pigkuii KUCIOTHU 3aJTUIIOK O1JTKa COi)

13



Ixepenamu KapOoHy y cepemoBuIl BUCTYMAalOTh CTaxio3a, a JpKeperaMu
Hitporeny: LAPRS. [4]

2.2 Mopdoioro-kyJabTypaiabHi Ta i3ion0ro-00xXiMiyHi 03HAKHU
0i0JI0TiYHOT0 areHTa

Puc.2.1 Mikpockonisi Propionibacterium shermanii

Propionibacterium freudenreichii subsp. shermanii ATCC 1367 €
TPaMIO3UTHBHOIO OaxTepiero, Me30(]iTbHOTO, MIKpOaepOoTOJIEPAaHTHOIO,
HEPYXJIMBOIO, HECTIOPOYTBOPIOIOUOIO0, TIIICOMOP(HOIO Ta Me30(1IbHOI0 OaKTepi€lo,
sKa Ma€ HU3bKI NOTpEeOM B XapuyBaHHI Ta BM)KMBA€E B CYBOpPHX YMOBax. BoHu €
xeMoopraHorpoamu, 1 ixHIA MeTaloJI3M  XapaKTePU3YEThCS  3JIaTHICTIO
dbepMeHTyBaTH BYIJIEBOAM Ta OPTaHiuHI KUCJIOTH, TakKli K MOJIOYHA KHUCIIOTa, IO
CyMilIl MPOMIOHOBOI, OIITOBOT Ta stHTapHO1 KUCIOT 1 CO;, SIK OCHOBHUX KIHIEBHX
npoAyKTiB Merabomizmy. I[lpomioHiGakTepii MOBUIBHO POCTYTh, OCOOJIMBO Ha
TBepAOMYy cepeaoBuii. OnTuMaiabHa MIBUIKICTH iX POCTY BIIOYBA€ThCA TNpU
temrieparypi Big 25 no 37°C. Illo crocyerbes Mmopdoiorii, To 1€ maeoMophHU
NAJIUYKOMOAIOHUI MIKPOOPTaHI3M, SIKUH Ma€e TEHACHIIIO 10 arperaiiii, yTBOpIOIOYH

KJIACTEpH, 110 HAraayroTh KUTAChKI iepormidu (puc 2.1). [11]
Mopdororis Bapito€TbCs BiI MaJCHbKUX KOKIB 0 MAJIMYOK, aJie TAKOXK MOXKE
OyTH MOABIMHOI a00 HaBITh po3randykeHoro. [IpomioHibakTepii 4acTo rPyIyOThCS
y (opmi «kuTalicbkoro ieporiiday, ane TaKoK MOXYTh 3 SIBISTUCS TOOWHIII,
napamu abo po3TalloBaHUMH KOPOTKUMH JIaHIto)KKaMu. Kpim Toro, 6araro mramin
14



MOXYTh TPOAYKYBaTH HEKaICyJIbHI €K30MoJicaxapu/id, sIKI TaKoX Ha3UBaIOTh
«MO3aKJIITUHHUM CJI30My». Konu mpormioHoBi 6akTepii MatoTh popMy mieoMophHUX
NaJM4oK, BOHU MaioTh po3Mmipu 0,5+0,8 MM B aiamertpi i 1+5 MM B noBxuny. [12]

KnituaHa cTiHKa mpomioHiOaKTepi CKIaNaeTbCsl 3 MENTUIOTIIKAHY
(MypeiHy) 1 TOAATKOBOi MAaTpHIli, III0 MICTUThH IMOJicaxapuau, TCHX0€EBI KHUCIOTH
(rmimepunTelixoeBi  kucmotn) 1 Oimkm. Cyxa Maca  KIIITHHHOI — CTIHKH
npomioHiOakTepii  mpencrtaBiaeHa npubmmsHo 30% mentumormikany, 50%
nosnicaxapuaamu ta 20% OinkaMu Ta TeMXOo€eBUMHU KHcioTamu. Jluile 1Ba mraMu
MaloTh KPUCTAJIYHUN TOBEpXHEBMM Mmiap (S-m1ap) Ha JOAATKOBO JI0 3arajibHUX
KOMITOHEHTIB KTITHHHOI CTiHKK. KoliTHHHA CTiHKa TpomioHiOaKkTepii Mae
IMYHOCTHMYJTFOIOU1 BJIACTHBOCTI.

KmituaHl  Ji0iad  MICTSITh  BEUKY KUIBKICTh  12-METHIITETpaJIeKaHOBOT
KHCIIOTH Ta 13-MEeTWITeTpaZekaHOBOI KHUCIOTH Ta MEHIIY KUIbKICTh 14-
METHIITEKCAICKAaHOBOT ~ KUCJIOTH, TEHTAJCKaHOBOI KHCJIOTH, TeKCaJeKaHOBOT
KHCJIOTH, §-METWJIJIEKAaHOBOI KHUCJIOTH Ta 9-METUIAEKaHOBOI KHCIOTH. 12-
MeTtunrerpagekaHoBa KMCIOTa Ma€e HUK4YY Temreparypy IuiasieHHs (23°C), Hixk
13-metunrerpanekanoBa kuciora (51,8°C) 1 TaKuM YMHOM, UMOBIPHO, HIATPUMYE
HUTICHICTh MEMOpaHU MPU HU3BKINA TeMIiepaTypi.

Propionibacterium freudenreichii subsp. shermanii ATCC 1367 pocTyTh
NOBUIBHO 1 € BuOarmmBuM poxaoM. I1[o0 mocartu cramioHapHoi ¢asu pocty, iM
NOTPIOHO IIOHaMMeHIe 2 JHI B HacuueHoMy pimkomy cepenouii mpu 30°C i
noyaTkoBoMy pH 7. 36araueHe cepeioBHIIIe, SIK TPABUIIO, CKIIATAETHCS 3 OCHOBHOTO
JDKepena BYTIICII0, TaKOTO sIK JakTaT abo TIIIOKO03a, JPIKIHKOBOTO E€KCTPAKTy Ta
(dbepMeHTaTUBHOTO PO3LIEIJIEHHS O11Ka, HAPUKJIaA T1IpoJi3aT TPUIITOHY, IENTOHY
a0o kazeiny. [12]

[IpomioniOakrepii  aeporonepaHTHi. BoHM  BOJOMIIOTH  KaTanaszolo,
LUTOXpOMaMH, MEHaX1HOHaMH. BuTpumyroTs napuianbHuil THCK KHCHIO A0 300 MM
PT.CT., aJie 3a MPHUCYTHOCTI KUCHIO TTIEPEMUKAIOTh CBI MeTa00J113M Ha HaKOITMYEHHS
MIPOBUHOTPAHOI KUCIOTH. [12]

Propionibacterium freudenreichii subsp. shermanii ATCC 1367 3a3Buuait
BUPOIIYIOTh B aHaepoOHUX ab0 Mikpoaepo(diTbHUX YMOBaxX 1 BH3HAYAIOThH SK
aHaepo0iB. OHAK OCTaHHI TOCTIIHKEHHS TAKOXK MOBIIOMIISIOTH PO OKUCITIOBAIBHY
3JIaTHICTh 3 BUIBHUM KMCHEM Ha PI3HOMAHITHMX CyOcTparax y MpomioHOOaKTepil.
BianoBigHo, yci reHu, HEOOXiaHI JJis aepoOHOro AMXaHHS, HasBHI B reHOMi P.
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freudenreichii: renu, mo koayrots HAJIH-aeriaporenasy, cyKkiuuHaTIeT1IporeHasy,
koMIuieke 1uToxpomy, ATd-azy. [Ipu BUCOKMX KOHIEHTpAISIX KHCHIO CHHTE3
IIUTOXPOMY, a OTKE, 1 picT Propionibacterium freudenreichii subsp. shermanii ATCC
1367 npurniuytotbes. Ilepexin Bif aHaepoOHOT KylIbTypH A0 aepoOHOi BHKIHKAE
CIIOYKMBAHHS IMPOIIOHOBOT KUCJIOTH, 110 Oyna BHpOOJeHa B aHACpPOOHUX yMOBaX.
Taxwuii 3cyB OyB 3aCTOCOBaHMI JJIs MIABUILIEHHS BUXOy BUPOOHUIITBA BiTaMiHy B,
1 BuUpoOHuuTBa 1,4-Murinpokcu-2-HadToiftHOi KuciIoTH. B aHaepoOHHMX ymoOBax
aKIIENTOPOM €JIEKTPOHIB Yy Propionibacterium freudenreichii subsp. shermanii
ATCC 1367 moxe O6yTtu cynbdar, hymapar, HiTpaT, MeHax1HOH (BiTamiH K;) abo myn
JIBOBAJIGHTHOTO 3aJli3a Ta TYMIHOBOI KUCJIOTH B IpyHTI. [13]

[Ipomionibakrepii MoXyTh poctd B mianmasoni pH Bix 5,0 mo 8,0, ane
onTUMaabHUM aiana3oH pH - Bix 6,0 1o 7,5. 3pocTanHs aysxe mosuibHe npu pH 5,5.
Jleski mramu MOXKYTh pocTH ipu pH 4,5, ane BUpoOiaeHHs IpOIIOHOBOI Ta OLTOBOI
KUCJIOT IPUITUHSETHCS. [12]

Propionibacterium freudenreichii subsp. shermanii ATCC 13673 mae HU3bKI
noTpedu B XapuyBaHHI. BiH 37aTHMl CHHTE3yBaTH BCl aMIHOKHCIOTH. OTKe,
Propionibacterium freudenreichii subsp. shermanii ATCC 13673 moxe poctu Ha
CepelloBHUIIaX, 10 MICTATh BYIVICIh Ta Jxkepeno eHeprii, NHy sik mokepeno azory,
MIHEpaJdu Ta JesKi BiTamMiHU (IAHTOTEHAT, O10TUH, TiaMmiH). Propionibacterium
freudenreichii subsp. shermanii ATCC 13673 cunresye, 30kpemMa, BiTaMiH B
(kobanamin), kodaktop MetuaManoHuI-KoA-myTazu, aHaepoOHHM IIUISIXOM.
Bitamia B, Bke q1aBHO BUPOOISETHCS MMPOMHUCIOBUM IUISIXOM 1 € HaWCKIaHIIITAM
BITaMIHOM, CUHTE30BaHUM OakTepisimu. [13]

2.3 TakcoHOMIYHMH cTATyC 0i0JIOTIYHOIO areHTa
3a knacudikaiiero EitHcBopTa 6akTepii poxy Propionibacterium MaroTh Take

CHCTEeMaTU4yHe MoJIoKeHHS [ 14]:

Homen Eykarua

[{apcTBO Bacteria

Bignin Actinomycetota

Kiac Actinomycetes
[opsinok Propionibacteriales
Ponuna Propionibacteriaceae
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Pig Propionibacterium
Bun Propionibacterium shermanii

[TigBun Propionibacterium freudenreichii subsp. Shermanii
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PO311J 3. TEXHIKO-EKOHOMIYHE OBI'PYHTYBAHHAA
3.1. [loTpeda y niiboBOMY NMPOAYKTi

3axBOpIOBaHHS  BOJIOCCA €  BA@XIMBOIO  MEIMKO-COIIaJIbHOIO
po0JIeMOT0, KA MOB’sA3aHa 3 MTUPOKUM PO3MOBCIOKEHHSIM Ta 3HAYHUM BILTHBOM
Ha SIKICTb JKUTTS JIOJWHU. Y JAEPMATOJIOTIYHOI MPaKTHUIll «IpodiieMa BOJIOCCS»
BiJIirpa€e JOBOJII BEIUKY pOJb, BOHA CKIagae mpuOmm3Ho 4 % BiJ 3arajbHOl
KUTBKOCTI 3BepHEHb. [Ipobiiema ikyBaHHS BoJioccs, 0€3yMOBHO, BaXKJIMBa caMa T10
co01, aJie 3JI0pOB'st BOJIOCCS Ta KOT0 30BHIIIHIN BUTJIS MAIOTh 3HAUYEHHS, 1110 JJATIEKO
BUXOJUTh 3a paMKH MEAUIMHU 1 HABITh MPOCTO COIaIbHOI MCUXoJorii. Tibku
OloJioTiyHE 3HAYEHHS BOJIOCCS HE #I€ B JKOAHE MOPIBHAHHS 3 1X COIaJIbHO-
TICUXOJIOTTYHUAM 3HAYCHHSM JIIs JiioauHu [15].

BunananHs BoJIOCCS € MOLIMPEHOIO MPOOJIEMOIO, SIKYy MOKHA BHPIIIUTH,
BKJIFOUMBIIIM B CBIM paIlioH BITaMiHU Ta MiHEepajiu. AJIEKBaTHUI pPiBEHb BITAMIHIB 1
MIHEpAJIIB Ma€ BUpIIIAIbHE 3HAYEHHS IS HOPMAJIbHOTO PO3BUTKY Ta PoOOOTH
KIITHH. HecTada 1ux MoXKMBHUX PEYOBHH MOXKE MPHU3BECTH O BTPATH BOJIOCCS.
BaxxnuBo Matu 3HaHHS TPO KOHKPETHI BITAMIHM Ta MiHEpaH, SIKI MOXYTh
e(eKTHBHO OOPOTHCS 3 BTPATOIO BOJIOCCS, HE3BAXKAlOUM HA PO3YMHY BapTICTh i
JIETKY JIOCTYMHICTh 100aBOK. /IBoMa momupenuMu popMaMu BUTIAAIHHS BOJIOCCA €
aHAPOTCHHA aJIOTEIlis Ta TEIOTeHOBE BUNaAaHHsA. HenocTtaTHs KinbKiCTh OCHOBHUX
MOKMBHUX PEUYOBHH MOKE TPU3BECTU N0 TMepeayacHoro mocuBiHHA. [lokuBHI
MIKpOEJIEMEHTH BIJIIrPAlOTh BHUPIMIATIBHY POJb y MUK BOJOCSHOTO (POJIIKYJIa,
COPUSIIOYM KIITUHHOMY OOMIHY, OCOOJMBO B MATPUKCHUX KIITUHAX LHUOYIMHU

dodikyna, o MBHIKO AUIAThCs. [16].
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3 ypaxyBaHHSIM BUIIIE 3a3HAYEHOIO BApPTO 3BEPHYTH yBary Ha BUKOPHUCTaHHI
MIPEBEHTUBHUX 3aC001B JJIsI TTONEPEHKEHHS BUMTQIIHHS BOJIOCCS Ta iX JAOLUIBHICTb.
JominpanM € Bukopuctanns Bitamiau rpyn C , B (B1, B2, B6, B12), A, E, PP,
npenapaTty JUIs MOKpaIleHHs] MIKpOLUMPKYJIALIl, MIKpOEJIeMEHTH (TpernapaTy Mifl,
IIUHKY, 3aJi3a). € 4ucieHHl myOmiKatii, o BKa3yl0Th Ha BUCOKY €()EeKTHBHICTh Ta
IIPEBCHTHUBHICTD MPH MONIEPEKEHHI BHITaIiHHSA Bostoccs [17]. V mocmimkenHi [18]
MPOBOJMIIOCS BUBYEHHS BIUUMBY Jnedinuty BiTaminy B12 Ha BTparty Boisoccs.
[MamienTu He OTpUMyBaiu 700aBKH BiTaMiny B12 mpoTsirom nepioay JoCTiKEeHHS.
[TarieHTH 3 BTPATOO BOJIOCCS Majd HUXK4Yl 3Hau€HHs BiTaMmiHy B12 mopiBHSAHO 3
naiieHtaMu 0e3 Brpatu Bosoccs (243,04 mporu 337,41 ur/mm). Tomy
KOHCYJIbTYBaHHSI Ta KOPEKI[S [bOTO HEIOIIKY MOXe OyTh Npo]iIaKTUKOIO
BUMIAIiHHSA BoJioccs [19].

[{ianokobamamin  (Vit.B12)- €  kodepmentom  (depMeHTY
METIOHIHCHMHTA3H ¥, TAKMM YMHOM, BiAgmoBigae 3a cuHTe3 Maibke 100 OiomorigyHmux
MoJIeKyJ1, BKItouatoun HykieiHosi kucinotu JJHK 1 PHK, a yepe3 Hux — 3a cuntes
BEJIMYE3HOI KUIbKOCTI OunkiB. CHHTE3 HYKIEIHOBUX KHCIOT TaKOX €
byHIaMEHTAIBHUM TMIPOIIECOM, SIKUI BU3HAYAE SBUILE PO3ZMHOXKEHHS KIITHH. | came
y4acTb BiTamiHy B12 y BUpoOieHH1 HyKJIETHOBHX KUCIOT OJJTHO3HAYHO BKa3yeE Ha Te,
[0 BIH MOBUHEH BIJIITPa€ PoJib Y KUTTEAISUIBHOCTI BoJIOCsiHOTO (omikyna y (dasi
aHareHy, KOJM KJIITUHU 1HTEHCUBHO PO3MHOXYIOTHCS 1 BUPOOJIAIOTH JyXe Oarato
O1JIKIB, IO YTBOPIOKOTH 710 95% 00’eMy Bostocest [20].

Annporenernyna anomnerlisi (AGA), TakoX BiJoOMa SIK CTPYKTypOBaHe
BUIIAJIAHHS BOJIOCCA, € HAUTIOMIMPEHIITUM THIIOM aJIOMelii K y YOJIOBIKIB, TaK 1y
1HOK. [TonoBuHA BCiX 40JIOBIKIB cTpaxkaae Bij 50 poki, Toai sik 40% *KIHOK — 10
70 poxkis [21].

VY poboti O6yzie po3riasHyTHI cUHTE3 BiTaMiHy B12 st BUKOpucTaHHS

y JIKyBaJbHOMY KOCMETUYHOMY 3aC001, III0 BAKOPUCTOBYETHCS JJIs1 TPO(DPIITAKTUKA
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BUMNAAIHHA Bojoccs. 3a JaHuMu JlepkaBHOI CiayXOM CTAaTUCTHKKA YKpaiHM Ha
TepuTopii Hamoi Kpainu npamroe mnoHaa 300 BupoOHUKIB mapdyMepHO-
KocMeTHuHO1 npoaykiii [22]. Takoxx o6csiru BUpOOHHUIITBA KOCMETHYHO1 MPOAYKITiT
y 2018 pomi 3pocnu g0 24,1 TUC. T, 110 Maike y 2 pa3u NEPEBUIIYE aHATOTTYHUN
noka3Huk 2017 p. [22]. B Ykpaini 3aco0u 1o JOTIISIY 32 BOJOCCSAM € JIiiepaMu
pUHKY KOCMETHYHHUX 3aco0iB 1 3aiimaroTh Omm3bko 18%, oOcarm mpomaxis
JIKYBaJIbHOT KOCMETUKH JIJIsl BOJIOCCSI CTAHOBJIAITH OJUM3bKO 6%. 3aranom, B OCTaHHI
POKH CIOCTEPIraeThCsl CTPIMKE 3POCTAHHS YAaCTKHM PHUHKY KOCMETHMYHHUX 3aco0iB
BITYM3HIHOTO BHpOOHUKaA [23].

V¥ 3acobax juist JorysiAy 3a BojioccsiM BiTaMiH B12 BUKOPHUCTOBY€ETHCA
30BHIIIHBO. [3 MM MOXKYTh OyTH IPOOIEMH, OCKIIIBKHA PO3MIP MOJEKYJIH BITAMIHY
B12 nmocuth Benuki , mo yckiaaHwoe mpoiec Audysii yepes3 mkipy. [lokpaiiena
TpaHcepMalibHa TocTaBka B12 MoxIuBa 3a JOMOMOT0I0 YIBTParHyuKUX JIIMi JHUX
Be3uKyJ (TpaHchepcoM 1 erocom). Kinmbkicte B12, sika moTparisie B CUCTEMHUN
KPOBOTIK, MOX€ OyTH MaKCUMaJIbHO 301IbIIIeHA IUIIXOM CTBOPEHHSI MiKpOKaHAIIB
y poroBomy Iapi. TakuM YHMHOM, MOKJIMBICTH MICLIEBOTO JIKYBaHHSA ACHILUTY
BiTamiHy B12, yHUKa0uM HENOMIKIB MEPOPAIBHOTO Ta MAPEHTEPATHLHOTO IUIAXIB,
Terep 3HOBY BIJIKpUTA 3a IOMOMOTOIO ITUX HaHOHOCI1B. KpiM Toro, ciij 3a3HaunTH,
mo mnpemnapatu Bl2 Mo)Ha 3acTOCOBYBaTH MICIIEBO JJII MICIEBHUX IILJICH,
HaMpUKJIaI, U JIKyBaHHS aTOMIYHOTO IEPMAaTUTY Ta nicopiasy [24].

Jo3a BiTaminy Oy/ie 3MIHIOBATUCH 3QJIEKHO BIJ] CTaHy, ajie 3arajJbHUM
Jlara3oH MOXE TMOJIATaTH Y BUKOPUCTAHHI KOMMO3uIli, 1o mictuth Big 0,1 mo
10,0% 3a Baror Bitaminy B12. OcobnmBo OakaHui Jiama30H KOJHUBAETHCSA BiJ
npu6au3Ho 0,1 BaroBoro BijcoTKa a0 npudau3Ho 1,0 BaroBoro BiJICOTKA BiJIHOCHO
KOMITO3HIII.

CranmapTHi MIaMIyHI1 3TITHO 3 JIOCTIKEHHSIM MOXXYTh BKJIIOYATH:

BOJIy, JaypercyibdaTr amMmoHiio, Jaypwicyib(aT amoHilo, AucTeapar TIIIKOJIO,
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KOKOaMiJl Jiea, TMMETUKOH, JIUMOHHY KUCIIOTY, T1IPOKCHUJ HATPIIO, apoOMaTHU3aTop,
EANTA, xcunoncynbdoHar, XJIOpPHA aMOHIIO, METHUIXJIOPI30TIa30IIHOH Ta
METHIT130Tia301iHOH. [{f0 Oe3pernenTypHy KOMIIO3UIII0 MOAU(IKYBAIH IMIISIXOM
nonaBanHs Bitaminy B12 (1 mr ma 100 mu mamnyHto, T00TO ToM camuit 1% Bin
macwu) [25].

[IpoBenemMo po3paxyHOK TOTpEeOM Yy IIUIHOBOMY MPOAYKTI 3TiTHO
nanux Jlep>kaBHOI ciryk0u ctaTucTuku Ykpainu. 3a 2021 pik oOcar BUpOOHUIITBA
mamnyHiB ckiaB 1 065 876,5 man (10 658 765 ).

CratucTryH1 JJaHl PO BUPOOHUIITBO came JIKyBaJbHUX IIAMITyHIB 3a
2021 pik BiacyTHI. AJyie TPUCYTHI JaHl IIOJO 3apEECTPOBAHUX MEIUYHHX Ta
KOCMETUYHUX HIaMIYHIB JUJIS JIIKYBaHHS HAMMOIIUPEHIMIKNX MPOOJIEM 13 BOJIOCCSM.
Hanpuknan, nias mikyBaHHS ajomellii Ta BHUIAQJIHHSA BOJOCCS 3a YHI(PIKOBaHOIO
kinacudikamitnoro cuctemoro  ATC  (Anatomical Therapeutic Chemical)
chopmyBanu iHPOpMAaIIHHUN MacuB 13 4 TIKApChKUX MpenapaTiB (cerMeHT «JI3») 1
29 kocMmetuuHux (cermeHT «K3») [26]. s nmikyBaHHS ceOOpEHHOTO JEpPMaTUTY
1H(opMaIiiHui MacuB ckiagae i3 59 mikapcbkux 3aco0iB (cermeHT «JI3») Ta 28
KOCMETHYHUX 3aco0iB (cermeHT «K3») [27]. Jlyist G1abIIOCTi BUMAAKIB JTIKyBaHHS
CH peKoMeHIyeTbCS MICUEBE JIIKyBaHHSA, SKE€ BKJIOYAE MPOTUTPUOKOBI,
npoTHU3ananbHl Ta KepartoiiTuuHi npenapatd. Yactka mpenapariB JI3 DO1IA C
(IToxian1 iMiga3oity 1 Tpruaszody) B lepskaBHOMY peecTpi JIKapChKHUX 3aC001B Y CBOIO
yepry craHosutb 41 JI3 [28].

[Ipunyctumo, mo oOcsT JIKAPCHhKUX IIAMIyHIB CTaHOBHUTH 5% Bij
3arajbHOTO BUPOOHUIITBA IMIAMITYHIB Y ILJIOMY:

10 658 765 x 5% =532 938,25 n

BpaxoByemo, 110 Ha pUHKY 3aco0iB Ui JIIKYBaHHS Ta JOTJISAY 3a

BOJIOCCAM BeJIMKa KIJbKICTh IHIIUX MpenapariB, TOMy 3a0€3[e4uMO JIMIIE EeBHUI

B1JICOTOK BiJ] 3arajibHOi OTpedH, a came nmpuodauszHo 10%:
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532 938,25 x 10,25297% = 54642 kr
OTxe, B piK HEOOXiJIHO 3a0€3MEYUTH BUPOOHMIITBO JIIKYBaJIbHOTO
3ac00y y KUTbKOCTI 54642 Kkr. SIKI1I0 BpaxyBaTH BHUITYCK JIIKYBaJIbHOTO HIAMITYHIO Y
eMHOCTSX 1 11, 13 BUKkopucTaHHsaM BiTaminy o 10 mr (0,00001 xr) Ha KOXKHUM JITP,
TO MaeMoO piyHy mnoTrpedy y Bitamini B12 nns nikyBanHS Ta TpoQiIaKkTUKA

BUITQIIHHS BOJIOCCH:

0,00001 kr x 54 642 = 0,546427 xr

3.2. Po3paxyHOK NOTY:KHOCTi BUPOOHHMITBA
Propionibacterium freudenreichii subsp. shermanii ATCC 13673 npoaykye
0,25 wmr Bitaminy B12/r xmitun. 3a 72 roauHu BHPOOHWUYOTO KYJIHTHBYBAHHS
yYTBOPIOETBCA 7,5 T/11 GioMacu KJIITHH MPOAylieHTa. BiAmoBifHO, BUXOIUTH, IO
niciast BApOOHUYO1 pepMeHTAIl] MU OTPUMYEMO:
0,25 mr Bitaminy B12 —y 1 r 6iomacu x mr Bitaminy B12 —y 7,5 r 6iomacu
x=(7,5%0,25)/1=1,875 mr Bitaminy B12
[Mpu Buxoxi Bitaminy B12 y 1,875 wmr/m, a6o 0,001875 r/a i3
BpaxyBaHHSIM  TMOTPeOM  pPO3PAaxOBYEMO  HACTYNMHUW  HEOOXiMHMHA  00’€M
KYJIbTYpaJbHOI PIIMHU 32 PIK:
V «p. piu = 0,546427 / 0,001875 = 291,428 m®
I3 BpaxyBaHHSIM MOXKJIMBUX BTpaT y mpoiieci BupoOoHuITea (40%) maemo:
V cp. piu= 291,428 x 1,4 =408 m°
3.3. Po3paxyHoOK KiJIbKOCTI BUPOOHUYMX IUKJIIB JJI1 OTPUMAHHS PiYHOI
NnoTpedH MPOAYKTY i reOMeTPUYHOI0 00°eMy (pepMeHTEpPa
1. Po3paxyeMo KiIbKICTh KYJBTYPadbHOI PIAUHU, 10 HEOOXITHO OACpPKATH
3a OJMH MUK pepMeHTarlil (py TPUHHSATIN KUTBKOCTI TPy n0oaHIB — 340 THIB):
V=V / Ty =408/340 =12 M3

2. Toai KIIBKICTh MPOAYKTY 32 LIUKII:
22



Vi = (K1*V,*T)/24 = (1,1*1,2*80,5)/24 = 4,41 m3/uu,
ne Ty — LUK poObOoTH PepMeHTEpa, SIKUH BKIIIOYA€ TPUBAIICTh BUPOOHUUOTO
6iocunTtesy (72 rom) Ta 4yac miAroToBKH (hepmeHtepa mo podotH (8,5 rom). Ki —
Koe(illieHT 3amacy, 110 BpaxoBy€ MOXKIMBICTh HeCTepuiabHUX onepariit (K1 = 1,1 —
1,5).
3. Buznauaemo reomerpuunuii 06’eM hepMeHTepa:

V: =V /K, =4,41/0,7 = 6,3 >,

3 i3 koegiuienToM 3anoBHeHHs 0,7.

Ob6upaemo depmentep 06’emom 6,3 M
O06’eM KyJbTypaibHOI PIAMHU CTAaHOBUTD V , = 4,41 M3~ 45 M,
3.4. Po3paxyHOK KiJILKOCTI cTajiil MiAT0TOBKM MOCiBHOT0 MaTepiary
Bupobunue kynbTHBYBaHHS Propionibacterium freudenreichii - subsp.
shermanii ATCC 13673 nist onepaHHs BiTaMiny Bz 3ailicHIOI0TE Y hepMeHTepi

3

o0’eMoM 6,3 M 3 koedimienTom 3anoBHeHHs 0,7. Pobounii 06’eM depMmeHTepa

CTAaHOBUTE:
Vo5 = 6,3%0,7 = 4,5 M3,
KinbkicTh mociBHOro Marepiany (mo03a) craHoBuTh 10 % Bigx 00’emy

3 KyIbTypalbHOI piUHU

MOXKUBHOTO cepenoBuia. OTxe, IS OACpPKaHHA S5 M
NOTP10HO:
Vpos.1 = 4.5%0,1 = 0,45m° nocieHoro marepiany.
Taky KUIBKICTh I1HOKYJISITY MOXKHA OJIEpKaTh IiJl Yac KyJIbTUBYBaHHS
OakTepiii y mociBHOMy amaparti 06’emoM 1 M3 3 koediuienToM 3anosHenHs 0,7.
Jls 3aciBy nociBHoro amapaty (ogepxkanss 0,5 M KyIbTypaabHOI PiayvHK)
HEOoOX1/1HO:
Vpo52 = 0,45%0,1 = 45 51 mociBHOTrO MaTepiaiy.
Taky KUIBKICTh MOCIBHOTO MaTepialy MOXKHA OJepXaTH Yy IMpoleci

BUPOIIyBaHHs OakTepiil y mociBHOMY amapati o6’emoM 100 1 3 koedilieHTOM

3armoBHeHHS 0, 7.
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45 11 KyJIbTypaJIbHOI PIAMHU MOKHA OJIEPKATU 3 BUKOPUCTAHHAM
V6.3 = 45%0,1 = 4,5 1 nociBHOro Marepiaiy.

Taky KUIBKICTh TOCIBHOTO MaTepially MOXKHA OJEepXaTH y Mpoleci
BUPOIIyBaHHs OakTepii y mociBHOMY amapaTi o0’emom 10 1 3 koedirieHToM
3armoBHeHHS 0, 7.

4.5 1 KyIbTypalIbHOI PIIMHA MOXHA OJISP>KaTH 3 BUKOPUCTAHHSIM

Vpos.4 = 4,5%0,1 = 0,45 1 nociBHOTO MaTepiaiy.

Taky KUIBKICTh 1HOKYJIATY MOKHA OJIEp>KaTH KyJbTHUBYBaHHSIM OakTepiil y
Kojabax Ha kavanmi. OTXe, MpoleC OJEp)KaHHS TOCIBHOTO MaTepiany s
3a0e3nedeHHs] BUpoOHUYoro 01ocuHTe3y BitTamiHy Bip y depmenTepi 06’emom 6,3
M 3 koediniearom 3anosHeHHs 0,7 Oye IPOXOANUTH Y YOTUPH ETAIIH.

st onepxanus 0,45 1 MOCIBHOTO MaTepially BUKOPUCTOBYIOTh KadaJlo4Hi
koou o06’emom 750 mn Ta koedimienTom 3amoBHeHHA 0,2. KigbkicTe KoJ0

CTaHOBHUTHUMC:

N 450
Kon6 ™ 750 % 0,2

3.5 Cxema dioTpancdopmanii pocToBoro cyocrpary

= 3 KoJ16U

JIBomMa xapakTEepHUMH OCOOJMBOCTSIMU METa0OJI3My MPOIMIOHOOAKTEPIN €
nuki Byma-Bepkmana 1 mpHUCYTHICTP MYJIBTUMEPHOI TpaHCKapOOKCHUIIa3H, sKa
KaraJi3zye oOOpPOTHUM MepeHOC KapOOKCHIBHOT TpyIu Bl MeTHiIManoHu-KoA 1o
nmipyBary 3 yTBOpeHHsM mpomioHin-KoA 1 okcamoarnerary. [lepenecena
KapOOKCHIIbHA TpyIa He BUBUIBHIETHCS 1 He 0OMiHIO€ThCS 3 CO,, PO3UMHEHUM Y
CEepeNOBUII, 1 IIABJIEBOOITOBA KHUCJIOTA 3aBXKJAU YTBOPIOETHCS B KaTATITHUYHIN
kinbKocTi. Peakiii nukiny Byna-Bepkmana 060poTH1 ax 710 mipyBary.

[IpomioniOakrepiansHa D-nmakraraerigporeHasa i L-makraraerigporeHasa €
nepeBakHo (pepMEeHTaMU KIIITUHHOI CTIHKH, SIKi He BuMararoTb HA/JI gk xodaxTopy.
binburicTe mraMiB nIpomoHo0akTepiit MatoTh L-nakraraeriaporeHasy.
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Propionibacterium  freudenreichii  subsp.  shermanii ATCC 1367
BUKOPHCTOBY€E MOAM(IKOBAHHUMN MK TPUKAPOOHOBUX KHUCIIOT, OCKUIBKHA aKTUBHOCTI
2-KeTorTyTapaT/eriiporeHa3n He CIOCTEpirajiocs, aje MOBIIOMILSUIOCS TIPO
aKTUBHICTH 4-aMiHOOyTaHOAT-2-0KCOTTyTapar amiHoTpaHcdepasu. Kpim Toro, 1iei
IUKJI, IMOBIPHO, MPU3HAYEHUH /1J1s1 aHAOOITYHHUX TIPOLIECIB, a HE JIJISl eHEPreTUUHHUX
171, OCKUIBKM OCHOBHA YacTHHA €HEpTrii Moke OyTH OTpuMaHa 3 UKy Byna-
Bepkmana, 1 )K0IHHI KaTaOOJIYHUH MIJIAX, OKPIM MEPITOi TPETUHHU MOBOPOTY ITUKITY
TpUKapOOHOBUX KHUCJIOT, HE BUKOPUCTOBYEThbCS Propionibacterium freudenreichii
subsp. shermanii ATCC 1367 nyis po3kiagaHHs [UTpaTy Ha IIyTaMar.

BuyTpimHpoxmiTHHHAN 1 mo3akmiTuHHUN pH 1 cepeans xonuentpauis CO;
BIUIMBAIOTh HA HAKONMWYEHHS CYKIMHATYy IIiJ] 4Yac JakTaTHoi a0o BYIIEBOIHOI
dbepmenTanii  npomioHibakTepisiMu.  OCKUIBKM — TEPETBOPEHHS  MipyBaTy B
OKCaJIoaIeTar MOEAHYETHCS 3 YTBOPEHHSIM MPOMIOHATY, HAKOTIMUEHHS CYKIIMHATY
Mae BigOyBatucsa Jumie Oe3nocepenHbo 10  (ocdoeHonmipyBary —4depe3
dbocdoenonkapbokcurpanchochopmiiazy Ta oOkcaioanerar. Jpyrum Iuisixom
OlocMHTE3y  CyKUMHAry €  Karaboii3M  acmaprary 3a  JIOIOMOTOHO
BHYTPIIIHBOKIITUHHOIL acrapTa3u ado 3a JOMOMOIor0 aMiHOTpaHc(epasu.

[IpomioniGakrepii MmeTabomi13y0Th ByiieBoAM HuiixoM EMOaena-Meiieprogda
abo meHTo3odochaTtHuM mUIAXOM. Yci (gepmentu BusBieHi. [IpomioHibakTepii
CUHTE3YIOTh 1 30€piratoTh BYIJIEBO/HU, TAKI K IIIKOTEH 1 TPETaio3y, K ByIJICLEBHA
pe3eps.

OCHOBHMMH aMiHOKHCJIOTaMH, 1110 METa00II13yI0ThCS MPOITIOHI0aKTEPIsIMH, €
acmapariHoBa KHCJIOTa, DIIIMH, CEpUH 1 ajaHiH. [HIIOIO I[IKaBOIO OCOOIMBICTIO
MPOIIOHOOAKTEPIN € BUCOKUI BMICT noipocdaris, IK1 BUKOHYIOTh (DYHKIIIIO 3aracy
BHUCOKOCHEPTETUYHHX 3B’ SI3KIB 1 OEpyTh YUacCTh y KIJIbKOX O10XIMIYHHMX pPeaKIlisiX.

3 noyarky 1920-x pokiB BiTamiH B, BUPOOJISBCS MPOMUCIOBUM CIIOCOOOM
HUIIXOM ~ MIKpOOHOI  (epMeHTallii, BHUKOpPHCTOBYtouM BuAM Pseudomonas
denitrificans i1 Propionibacterium. [Ipupoanuii Bitamin B, moTiM nepeTBOproeTHCS
y dhopmMy HiaHOKOOaJaMiHy 3a JOIMOMOTOI XIMIYHHMX IMpoIeciB. TBapuHM Ta JIFOIU
NEPETBOPIOIOTh  I[laHOKOOANaMiH y MeTWiIKoOanaMiH, SKUA (YHKIIOHYE SIK
KO(EPMEHT NIJIsi KUTHBKOX META0OJIYHUX MepeTBOPEHb. [IpomMucioBe BUPOOHHUIITBO
Bitaminy B, Propionibacterium freudenreichii subsp. shermanii ATCC 1367 €
JBOCTaAIMHUM MporiecoM. 3 1 Kr 6iomMacu mpomioHOBUX OaKTepiit MOKHA OTPUMATH
10 300 r Bitaminy Bj,. [29]
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PO3/I1JI 4. OBTPYHTYBAHHS BUBOPY TEXHOJIOI'TYHOI
CXEMU
4.1 O0rpyHTyBaHHs clIOCO0y KYJIbTUBYBAHHS i1 TUIY (pepMeHTEpPA

IItam Propionibacterium freudenreichii subsp. shermanii ATCC 13673
BU3HAYAIOTh K (QakyapTaTUBHUN aHaepoO. Ha eramax, mijg yac AKux BiAOyBaeThCs
HapoIIeHHA OioMacu, Ay 3a0e3MedeHHs HAWIIBUIIIOIO pPOCTY, HEOOXIIHO
CTBOPUTH aHaepoOHI yMoBH. [[is 1poro QepMeHTep HEOOXITHO MPOIyBaTH
CTEpWJIBHUM a30TOM Ta 3a0e3medyyBaTu mnepeminryBanHsa 200 o6/xB. Ilig dac
OlocuHTe3y BiTaMiHy B12 cTBOpOIOTH MikpoaepodiibHi YMOBH, IPOJYyBalOuu
(epMeHTEp CTEPUIILHUM MOBITPSM, Y KOHIEHTpauii 0,5 mM>/roz.

IIItam Propionibacterium freudenreichii subsp. shermanii ATCC 13673
HAJICXKUTh JO ME30(UTIB, MPOT€ MAa€ BHUCOKY TEPMOCTIAKICTE 1 BUTPUMYE
KopoTkoyacHuid BrumB Temieparypu 70 °C (mo 20 cekynna). OnTuMalibHUMU
yMoBaMH 11 Moro pocrty € temneparypa 30 °C ta pH 6,5. Takuit pexxum cripuse
PO3BUTKY CTOPOHHIX MIKpOOpraHi3miB (Me30(u1iB, HEUTPOPiIiB, acpodiB), TOMY
KyJIbTUBYBAaHHS MOTpeOye CyBOpOi acCeNTHKH, BKIIOYHO 31 CTEPHIII3ALII€I0
00JIaIHaHHS, KOMYHIKaIli#, acpyrdoro moBiTps ta cepenopuiia. [30]

Bitamin B12, mo cuntesyerhcst Propionibacterium freudenreichii subsp.
shermanii ATCC 13673, € ek30MeTa0OJIiITOM, TOMY 3aCTOCOBYETHCS TJIHMOWHHUIA
METOJ KyIbTUBYBaHHS. Moro MakcumanbHa KoHieHnTpauis (0,25 Mr/r KimiTuh)
nocsiraeThes uepe3 96 ToiuH, 1110 O0IpyHTOBYE Oe3nepepBHUN Mpo1ec 010CUHTE3Y.

OT1xe, BUpoOHUIITBO BiTaminy B12 BinOyBaeThcs 6e3nepepBHUM MTHOUHHUM
METO/IOM B aHAEpOOHUX Ta MIKpOaepOopIIIbHUX YMOBAX 13 JOTPUMAHHSM ACETITHKHU.
depmeHTep IS MPOIECy MOBUHEH MaTH COPOYKY IS TMojaadi mapu, 6apoorep,
MIIIANIKy Ta JaTYUKH KOHTPOIIO TEMIIEPATypH, THCKY Ta PO3UYNHEHOTO KHCHIO.

Jns GiocunTesy BiTaminy B12 mu obupaemo depmenrtep 06’emo 6,3 w3
¢dipmu Shanghai Baoxing Bio-Engineering Equipment Co., 1o € ogHHM i3 HepIIuX
BUPOOHMKIB, IO CIEHIANI3YIOThCS Ha OlopeakTopax, KOHTpoJaepax OlompoIiecis, a
TaKOXX TOCTadaJibHUK OloimkeHepHux nociyr y Kutai 3 1993 poky. IlpoaykTu
BXBIO wmmpoko BHKOPUCTOBYIOTbCS B OCBITI, HAayKOBUX MJOCHIIKEHHSX, O10-

HYXT BTEK 05.01.06 KP I13
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BUPOOHUIITBI TOIIO y CBITI, 1 ChOTOAHI € TUcAYl npoaykTiB BXBIO, ski ineansHo
IPAITIOIOTh.

®epmentep Cover Lift Stainless Steel Fermenter Bioreactor BUrotosienuii 3
HeprkaBiouoil ctami. OcCHalleHW aBTOMATHU30BAaHOK CUCTEMOIO KOHTpoiito pH,
TEeMIepaTypy, PO3UMHEHOTO KHCHIO, THCKY Ta TepeMillyBaHHA. Mae migiioMHy
KPHUIIKY JUIS 3pYyYHOTO JIOCTYIy, CUCTeMYy aepallii 3 KOHTPOJEM IOTOKY Ta3iB,
cTepwiIbHI QUIbTpU Ta ceHcopu. [lpunmatHuili ans OG1I0TEXHOJOTIYHHUX MPOIIECIB,
TaKUX SIK KyJTbTUBYBaHHS OaKTEpiid, APIKIKIB Ta KIITUHHUX KYJIbTYP.

[TepemimnmyBaHHS 3IIHCHIOETBCS 32 JOTIOMOTOI0 Mar”iTHOI ab0 MexaHIYHOi
CHCTEMH MIIIIAJIOK 3 peryiiboBaHoro mBHAKICTIO (Bi7 50 1o 1000 06/xB). depmenTep
OCHAILIEHUW aBTOMAaTUYHUM KOHTpoJieM nojadi ra3iB (O2, COz, N2, moBiTps) yepe3
crepuwibHi  QuibTpu 0,2 MkM. Mae KOHTPOJIBLOBAaHY CHCTEMY HarpiBy Ta
oxonomkeHHs (10-80°C), aBToMaTHYHUII MOHITOPUHT Ta peryJitoBaHHs piBHs pH Ta
KOHHeHTpaIlii kucHio. Podounii tTuck 0,2—0,5 MITa. [41]

4.2 O0rpyHTYBaHHS CTail MIATOTOBKH aepaniiHOro moBiTpst

Propionibacterium freudenreichii subsp. shermanii ATCC 13673 €
aHAaepOOHUM OpPraHi3MOM, HAWIIBUAIIMKA MHPUPICT OlOMAacH OTPUMYEMO IPHU
aHaepoOHMX yMOBax, aje JiJisi BUPOOHMIITBA I[laHKOOalaMiHy HEOOX1THO CTBOPUTH
MikpoaepoiIbHI YMOBH, TOMY (epMEHTAIIHHUN TpoIec Ha eTari BUPOOHUYOTO
010CHUHTE3y, TPOBOJUTHCA 13 OE3MEePEePBHOIO MOJIAYECI0 CTEPHIIBHOTO aepariitHOro
noBITps Yepe3 6apooTep. TakuM YMHOM, OHIEIO 3 KITFOYOBHUX 33124 € 3a0e3MCUCHHS
JOCTATHBOI KUIBKOCTI CTEPUIILHOTO TOBITPSI 17151 aeparlii.

[Ipoiiec MiATOTOBKH CTEPUIBHOTO CTUCHEHOTO TOBITPs It Oi0peakTopiB
BKJIFOYAE TaKi eTamu:

1. 3a6ip atmocdepHoro moBitps: [loBiTps  3abupaeThcs
TypOOKOMITPECOPOM 4Yepe3 MIaxTy Ha BUCOTI 2—3 M BIJ HaWBHIIOI TOYKU
Ooynipmi. I{e 3MeHIlye KiIbKICTh MIKpOOpPTraHI3MIB, aj/pKe iX KOHIICHTpallis
3HUKYETHCS 13 MIJABUIIEHHSM BHUCOTH. J[JIsi 3aaHOrO BUpPOOHUIITBA 3a0ip
B110yBa€eThCs Ha BUCOTI 10 M.

2. [Tonepenne ounieHHs noBiTPs: 11oBITPs OUMIIAIOTH BiJl TUITY
Ta BEJIMKHUX YaCTOK 3a IOMOMOTOI0 (QIIBTPIB, MO0 3aXUCTUTH KOMIIPECOPH Ta
3HM3UTHU PiBEHb KOHTaMIHAIII].

3. CrtucHeHHs IOBITps: Y TypOOKOMIIpecopi MOBITPSI CTUCKAETHCS

10 0,35-0,5 MIla, mo cnpuuusnsie miaBuiieHHs Temmneparypu g0 120-250°C
1 3pOCTaHHS BOJIOTOBMICTY.
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4, Oxo0n0/1KEeHHS Ta  OCYIIEHHS: CrucHene MOBITPS
OXOJIOJDKYETBCA Y BOJSHOMY TEIJIOOOMIHHUKY, TICJIS 4YOTO BOJIOTa
BUJIAJISIETHCS Y KPAIIEBIIOBIIOBAYI.

5. Pecupep: IloBiTps HaIXOIWUTh y PECHBEP IS OCTATOYHOTO
BUJIAJICHHS BOJIOTH Ta CTa01Ii3a1lli TUCKY.

6. ®dinpTpyBaHHS TOJMOBHUMH iapTpamMu: [onoBHI QuUIBTpH,
pO3TalioBaHi Ha TOJIOBHOMY MOBITPSHOMY KOJEKTOP1, BUAAISAIOTH 10 98%
MIKpOOPTaHi3MiB.

7. dinpTpyBaHHA Ha 1HAWBIAyadbHUX (iabTpax: besmocepenHbo
nepea KOKHUM (EepPMEHTEPOM BCTAHOBIIOIOTHCS OAATKOBI (PimbTpH, sKi
3aTpuUMyr0Th 99,999% MikpoopraHi3miB.

BukoprcTaHHS BOJOKHUCTHUX 1 MOPUCTUX MaTepialiB IJisl OUUILEHHS NOBITPS
€ EKOHOMIYHO 1 TEXHOJOTIYHO BHIIPABJAHUM PIIICHHSIM, OCKUIBKH JO3BOJISIE
JOCSITTA CTyneHss 4ucToTh A0 99,9999%. YacTuHKM B TOBITPl OCAIKYHOTHCA
3aBJISIKY 1HEPIIHHOMY Ta TU(Y31HHOMY MEXaHI3MaM.

QunbTpU CTEPWII3YIOTh IUIAXOM HarpiBaHHs BOJIOTOKO Mapo0 IpH
temriepatypi 125-130°C, BUTpUMYIOUYHM iX MEBHUW Yac, MICJIS YOro BUCYIIYIOTH
rapsauM noBiTpsiM. [31]

4.3 OOrpyHTYBaHHS cNIOCO0Y MiITOTOBKHU Ta CTePUIIi3allii MOKUBHOIO
cepe1oBHIIA

Hns  BupoOHmYoro OiocmHTedy Bitraminy B12  Propionibacterium
freudenreichii subsp. shermanii ATCC 13673 BHKOPHCTOBYEMO TOXKUBHE
CepeNOBUIIE HACTYTHOTO cKiaay (T/1):

5,6-mumetmnoen3uminazon (DMBI) — 30;

CoCls (xmopun ko6anety) — 0,25;

C3HgCINO,S (uucrein rigpoxmopun) — 1,2;
FeSO, (cynbdar 3aimiza (I1)) — 0,03;

LAPRS (pigkuii KHCIOTHUH 3aJIMIIIOK O1JIKa COi)

Jlxepenamu KapOoHy y cepemoBuilll BUCTYIAIOTh CTaxios3a, a JDKEpeIaMu
Hitporeny: LAPRS. [4]
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4.3.1. Oco06,MBOCTI MiATOTOBKHU Ta CTePUIi3allii MoKUBHOTO
cepeIoBHINA JISI OIEP:KAHHS IHOKYJIATY B KOJI0AX HA KaYaJIKax

O06’eM cepenoBuIla Ha EpIIOMY eTari cTaHoBUTH 0,45 11, ToMy cTeputizailis
3MIACHIOETHCS B aBTOKJaBi. [loyKWBHE cepefoBHINE, B 3aJICXKHOCTI BiJ] PEXKHMY
CTepHITi3allii, JUIMMO Ha HACTYIHI KOMITO3HITIi:

Komnosuiist A: rimoko3a, IpikIKOBUN €KCTPAKT, HATPIO JIaKTaT, TBIH-80 Ta
nUCTeiHy rigpoxiaopuja. KoMIOHEHTH MHOMIIaloTh y KOJOYy 1 CTEpUIII3YIOTh B
aBTokiasi mpu Temneparypi 112 °C (tuck 0,05 MIla) ynipomosx 30 XB.

Komnozuiist b: MnSO;4 (cynbdat maprauniio), MgSO, (cynbdar martiio) ta
CoCls (xmopun xo6ansTy), FeSO4 (cymbdart 3amiza (). Comni momimarTts y Kooy
Ta CTepUJIi3yI0Th B aBTOKJIaB1 pu Temneparypi 131 °C, 0,15 MIla ynponosxk 40 xB.

4.3.2. Oco6,MBOCTI MIArOTOBKH i cTepuJizamii mno:KMBHOI0 cepeoBHINA
JJIs1 BUPOLIYBAHHA IHOKYJISITY B IOCIBHUX anaparax

Jpyrum etarnoM € BUpOLTyBaHHI IHOKYJISITY B HOCIBHOMY anapari 00’ emom 10
71 (06’eM moxkuBHOTO cepeaoBuina 45 ). s miaAroroBKy MOXXMBHOTO CEPEIOBUIIA
IPOBOAMMO CTEPUJIIZALII0 KOMIIOHEHTIB y KOJIOAaX B aBTOKJIABI y HACTYIHHX
KOMITO3UIISIX

Kommno3umist A: nucteiny riapoxiopul. KoMnoHeHTH moMilarwTh y Koily 1
CTEpUJII3YIOTh B aBTOKJIaB1 ipu Temriepatypi 112 °C (tuck 0,05 MIIa) yripomosxk 30
XB.

Komnoszumisi B: LAPRS. Jlo konuentpoBanoro LAPRS noxatores NaOH no
orpuManHsa pH 8, momaroTh TpUIICHH (A KaTaTITUYHOI Peakilii po3IIeTUICHHS
01n1KiB), 3anuiraroTh Ha 3 roA. [licns BigBeneHnoro yacy gonarots HCI, noBoxsan pH
10 6,5, Ta cTepuii3y0Th y K001 B aBToKIaBl npu Temneparypi 121 °C (tuck 0,05
MlIla) ynpomosx 15 xB.

Kommnosuiis b: CoCls (xnopuz kobanety), FeSO4 (cynbdar 3amiza (l1)). Comi
NOMIIIAIOTh Y KOJIOY Ta CTepUIIi3yI0Th B aBTOKIIABI npu temmnepatypi 131 °C, 0,15
MlIIa ynponosx 40 xB

TpetiM eTanoM € BUpOITYyBaHHS 1HOKYJISITY B OCIBHOMY anapari 06’ emom 0,1
M (06’ €M MOKUBHOTO cepenoBumia 45 i1). JJis miAroToBKY OKUBHOTO CEPEIOBHIIA
MPOBOJIMMO CTEpHITI3alLlio KoMIo3ulliid A,b Ta B y koi6ax B aBTOKIIaB1, TaK sik 00’ €M
HEBEJIMKUM:

Komnozumisi A: mucreiny riapoxsopua. [Iporec crepunizaiiii BigOyBaeThCs
y koj0ax B aBTokaBi. Ilicist mocsrueHHst Tucky ycepeausi anapary 0,05 Mlla 3a
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MOKa3HHKAaMU MaHOMETpa TMOYMHAIOTh BUIIIK dYacy cTepwm3amii. Ilporec
crepuiizariii Tpusae 30 xB rpu Temneparypi 112 °C..

Kommo3swurist B: LAPRS. Jlo xornearpoBanoro LAPRS nomatores NaOH no
orpuManHsa pH 8, momaroTh TpuricMH (U1 KaTadITUYHOI peakilii po3IIeTUICHHS
011K1B), 3anuiraroTh Ha 3 rof. [licns BingBenenoro yacy goaarots HCI, noBoasuu pH
10 6,5, Ta cTepmwi3yroTh y dhepmerTepi npu temmeparypi 121 °C (tuck 0,05 MIla)
yIpoIoBX 15 xB.

Kommno3sunis b: CoCls (xnopuz kobanety), FeSO4 (cynbdar 3amiza (I1)). Comi
MOMIIIAIOTh Y KOJIOY Ta CTepUIII3YIOTh B aBTOKJaB1 mpu Temnepatypi 131 °C, 0,15
MlIla ynponos:x 40 xB.

UeTBepTUM €TarioM € BUPOIIyBaHHS IHOKYJISTY B TOCIBHOMY arapari 00’ eMoM
1 M (06’em moxusHOro cepenosuma 450 ). Jlusd MiATOTOBKM MOXMBHOTO
CepeloBHUIIA IPOBOAUMO CTEPHITIZAIII0 KOMIIO3UIIIN y peaKTopax:

Kommo3sutist A: muctein. [licnst qocsirHeHHst TUCKY ycepenuHi anapary 0,05
MIla 3a moka3HMKaMu MaHOMETpa MOYMHAIOTH BIWIIK Yacy crepumizaiii. [Ipouec
crepuiizarii Tpusae 30 xB pu Temneparypi 112 °C..

Komnozumist B: LAPRS. Jlo konnientpoBanoro LAPRS noxatore NaOH 1o
orpuManHsa pH 8, momaroTh TpUIICHH (A KaTaTITUYHOI peakilii po3IIeTICHHS
011K1B), 3anuiiaroTh Ha 3 rof. [licns BigBenenoro yacy goaarots HCI, nooasiun pH
10 6,5, Ta cTepunizytoth y dhepmentepi npu temmeparypi 121 °C (tuck 0,05 MlIla)
yIOpOIOBXK 15 XB..

Kommosuttist b: CoCls (ximopun kobansty), FeSO4 (cynandar 3amiza (Il)). ITicas
JNOCSITHEHHS! THCKY ycepenuHi amapary 0,15 Mlla 3a nmoka3HukamMu MaHOMETpa
MOYMHAIOTh BIIIIK Yacy ctepwiizaiii. [Iporec crepumizaiii TpuBae 60 XB mpu
temneparypi 131 °C.

4.3.3. Oco0aMBOCTI MIATOTOBKM i cTepuUIi3anil MOXKUBHOIO Cepel0BUIIA
nJsi BUPOOHHYOro GiocunTesy y (pepmenTepi 06’cmom 6,3 m>
BupoOuwnumii 6iocunTes BinOysacThes y pepmenTepi 06’ emom 6,3 M (06’ em
noxkuBHoro cepenoBuma 4410 ). Jlns miArOTOBKM MOXKMBHOTO CEPENOBUILA
MIPOBOAMMO CTEPHITI3AIlII0 KOMITO3UIIINA Y peakTopax:

Komnoszutist A: nucrein. Ilicns nocsrHeHHst TUCKY ycepenudi amapary 0,05
MIla 3a moka3HMKaMu MaHOMETpa MOYMHAIOTH BIJIIK dacy crepumzalii. [Iporec
crepuiizariii TpuBae 30 xB pu Temneparypi 112 °C..
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Komnozumist I': 5,6-numerunoenzumigazon (DMBI). Ilicna nocsaraeHHs
TUCKY ycepenuHi amapary 0,8 MIla 3a mokazHUKaMu MaHOMETpPA MMOYNHAIOTH Bi/ITIK
yacy crepum3zaitii. [Ipomec crepumizamii TpuBae 30 xB ipu Temmeparypi 120 °C.

Kommosuttist b: CoCl; (xstopun kobansty), FeSO4 (cynndar 3amiza (Il)). ITicus
JOCSITHEHHSI THCKY ycepenuHi amapary 0,15 MIla 3a mokazHMKaMu MaHOMETpa
MOYMHAIOTH BIJUIIK uacy crtepuiizamii. [Ipomec crepumizanii TpuBae 60 xB mpu
temneparypi 131 °C.

Komnozumist B: LAPRS. Jlo konnientpoBanoro LAPRS nmoxatore NaOH 1o
orpuMmanHs pH 8, momaroTh TpUNCHH (I KaTaJiTUYHOI pPEeaKIii po3IIeTICHHS
O1n1KkiB), 3anmumaoTh Ha 3 rof. [licis BinBeneHoro yacy aoxarots HCI, noBoasun pH
10 6,5, Ta crepuiizyloTh y depmentepi npu temmneparypi 121 °C (tuck 0,05 MIla)
YIpOJIOBX 15 XB
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PO3J1J 5. CHELHHU®IKALIA OBJIA/ITHAHHSA

Tabnuys 5.1

IMo3nnisn

HaiiMmenyBaHHs

Kiabk
icTh

TexHiYHa XapaKTepHCTHKA

1

4

I-1

[TociBumit anapar 06’emom 10 1 1

Biostat Cplus 10 i
Marepian: Hepxasitoua ctaimb AISI 304, 316L,
OOopcHIIiKaTHE CKIIO;

IIBuakicts: 20—1500 06/xB;
Temmeparypuuii nianazon: 0—150 °C;
Po6ouwnii Tuck: Bix 0,5 no 2 6ap;
[Moty>xHicTe ABuryHa Mimanku: 800 Br;
Hassauit natuuk pH; 3akpurta TepMocTaTOBaHa
cHcTeMa 3 PEIUPKYIISLIHHIM HACOCOM,
TEMIO0OMIHHUKOM JUISI OXOJIOKEHHS /
HarpiBaHHS;
labapwurHi po3mipu, mm: 1900 x 1020 x 750.
[32]

[ociBuuii anapat 06’emom 100 i 1

Biopeakrop 06’emom 100 1
Bupo6nuk: Shanghai Ritai;
Marepian: SS316L, SS304;
Harunku: PH, DO, RPM, TEMP, FOAM,;
Po6ounii Tuck: 0,25 Mlla;
[IBuakicte: 50-400 00/xB;
[otyxwicTh aBUryHa Mimainku: 0,75-3 kBT;
Temmepatypuuii nianazon: 0-150 °C;
I"aGaputHi po3mipu, MM: BH. aiameTp 500 x
500.
[33]

BJI-3

O06’eMHO BaroBuii 03aTop IJist
nmociBHOro amnapary 06’emom 100 i

(BJI-3

Ta

12)

Jo3zarop BaroBui cuny4nx npoaykris F-5000
Marepian KopIrycy HepaBiroua cTajib
[Hiamazon 3BaxxyBanHs1, T 20-5000
[MpomykTHBHICTH, 3BaXKyBaHb / XB 3-10
To4HiCTh 3BaKYBaHHS, T + 2
[otyxHicth, kBT 0,3
Hamnpyra xwusnenss, B / I'n 220/50
I"aGaputhi po3mipu, MM 680 x 400 x 1300
[34]

3m

Apx

Ne nokym.
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Ilpooosoicenns maon. 5.1




P-12

Peakrop s miarorosku LAPRS

Ilpooosoicenns maon. 5.1

Peaxtop 06’eMom 6 M (i1 3aMOBJIEHHS Y
BHUPOOHHUKA)

Bupo6uuk: Labfirst Scientific Instruments
(shanghai) Co., Ltd.;
Martepian: HepkaBiroua ctainb AISI 316L;
Hotyxnicts nepemimysanus: 1,8 kBT;
[Buakicts obepranus: 500 06/xB;
I'aGapurhi po3mipu: 1800 x 2300.

[45]

H-13

Hacoc Bin peaktopy Jutst i rOTOBKH
LAPRS

2 (H-8
Ta H-
13)

MemOpanHMii THEBMAaTHYHUN Hacoc Y amada
NDP-20BST-PP
Bupobuuk: YAMADA,;
Martepian: Hepx. AISI 316;
Marepian mem6pan: PTFE;
[ponykruBHicTs: 6,2 M3/Tox;
[39]

BJI-14

Baroswuii 1o3arop i peaktopy Uit
migrorosku LAPRS

(BA-
10 Ta

14)

Jo3aTop BaroBuii aBTOMaTUYHUN ITHEKOBUI
JBII-3
Bupobnuk: Acsik LleHTp;
IIpoxykTuBHICTE: 25 KI/XB.
[otyxwnicte: 1000 Bt
T"abapuThi po3mipu, mm: 650 x 780 x 1300.
[42]
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3akinuennsa maon. 5.1

J-15 Jlo3aTop Boau 1Jis peakTopy s 2 (- Hozarop Bogu DOSAMAT 1P
niarorosku LAPRS 11 Ta ITponyxTusHicTH: 3,6 M3/ rogx;
J-15) Po6Gounii tuck: 10 Gap;
[MoryxHicte: 0,1 kBT;
I'abaputHi po3mipu, Mm: 16 x 12 x 22.
[43]
3-16 36ipauk mst 10-% HCI 06’emom 15 1t 1 30ipHuK 00’eMoM 15 11 (I1ig 3aMOBJICHHS)
Bupoouuk: Wise Master;
Marepian: Hepxasiroua ctanb AISI 316;
OcHanieHn# nepeMillyrouuM MPUCTPOEM;
Om1rioHaTBHO: MAITPiB 200 0X0JIOHKEHHS 110
MEBHOI TEeMIEpaTypH.
[44]
B/-17 00’ eMHO-BaroBuii 103aTop JJIs 2 Baroswii nozarop B/ICB-3
36ipuuka ast 10-% HCI (BO-7 Bupo6uuk: ABC Tech;
Ta Hiana3on 3BaxyBaHHS: 10 15 KT;
BJ- [MotyxHicte: 0.6 kKBT;
22) [IponykTuBHICTE: 6 MIT./XB;
I"abapurhi po3mipu, mm: 780 x 780 x 1780.
[46]
3-18 36ipauk ans 20-% NaOH 06’ emom 1 36ipauK 06’emom 10 1 (111 3aMOBJICHHS)
10 Bupobuuk: Wise Master;
Marepian: Hepxasiroua ctanb AISI 316;
OcHaieHu# mepeMilryro9uM IPUCTPOEM;
OnrioHa pHO: MAIrpiB 200 OXOIIOMKEHHS 10
MEBHOI TEMIIEPATYPH.
[44]
B/I-19 006’ eMHO-BaroBuit 103aTOP IS 2 Jlo3aTop BaroBuii CUIy4ux NpoaykriB F-
30ipauKa st 20-% NaOH (BA-3 5000
Ta Marepiai Kopirycy Hep»KaBiroua cTalb
B/I- Miana3on 3BaxyBanHs, T 20-5000
19) [IponyxTHuBHICTE, 3BaXKyBaHb / XB 3-10
TouHiCTh 3BaKyBaHHS, T + 2
[MoryxHicts, kBT 0,3
Hampyra xusnenns, B / 'y 220/50
I"abapurHi po3mipu, MM 680 x 400 x 1300
[34]
H-20 Hacoc Bin 36ipHuKa st 30ipauka st | 3 (H- Hacoc nepucranstiunnii MP-6118.12
10-% HCI 4, H- Bupo6uuk: Debem;
20, H- [IponykTuBHICTE — 10 226 A/TOT;
21) Po6ounii Tuck: 1o 1,4 6ap;
[MotyxHicte aBuryna: 0,09 xBr;
[35]
H-21 Hacoc Bin 30ipHuKa s 30ipuuka mist | 3 (H- Hacoc nepucranstiununit MP-6118.12
20-% NaOH 4, H- Bupobuuk: Debem;
20, H- [ponyxTHBHICTH — 110 226 JI/TOx;
21) Po6ounii Tuck: g0 1,4 6ap;

[oryxnicte aeuryna: 0,09 kBr;

[35]
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PO3/I1JI 6. OITUC TEXHOJOI'TYHOI CXEMHU

JIP 1. ITigroToBKa CTEPUIIBHOTO HITPOTEHY

JIP 1.1 BcranoBneHHs peaykropa Ha 0ajoH 13 HITPOTEHOM

Ha 6ayion 3 a30TOM BCTaHOBIIOETHCS PEAYKTOP 13 BUCOKOIO TOYHICTIO JIJISt
3abe3mnedyeHHs ctabiapHoro Tucky (0,5 MIla). Jlns 3abe3nedeHHs 3HMKEHHS TUCKY
a30Ty J10 OE3MEYHOT0 PiBHS JIJIS MTOAAIBIIIOI 0OPOOKH Ta Moj1a4yi B CUCTEMY.

JIP 1.2 Crepunizyroya QinbTparis

["a3 mpormyckaroTh yepe3 cTepuiiizyroul GpiasTpu 3 po3mipoM mop 0,2 MKM, sIKi
3aTPUMYIOTh MIKPOOPTaHi3MH.

JP 2. ITinroToBKa aepaiiiiHOro MoBITPSA

JIP 2.1. 3a01ip armocdepHOro moBITps

3a0ip aTrMoc@epHOro MOBITPsSI MPOBOAATH 3a JIONMOMOTOI0 BEPTHUKAIBHOL
TpyOH, 00J1aTHaHO1 OBITPO3a0IPHUKOM, po3TamoBaHuM Ha Bucoti H =10 m.

JIP 2.2. OuuiieHHs Bi rpyOMX JOMIIIOK

[Tonepenne ouuineHHS TOBITPS BiAOYBAETHCS 3a JOMOMOIOI0 TKAaHWHHOTO
¢binsTpa rpydoro ounineHHs, skuit 3ade3neuye epextuBHicTh E = 90% Tta 3arpumye
YaCTUHKHU J[1aMeTpOM MoHaJ 50 MKM.

JIP 2.3. KomripecitoBaHHS MOBITPS

Jlns 3a0e3neueHHs aepaltiii, oI0aHHs T1IPaBIIYHOTO TUCKY CTOBIIA P1AMHHU
B (pepMeHTEP1, MOAOJAHHS 1HIINX OMOPIB, a TAKOXK JJIS 3aJ0BOJIEHHS BUPOOHUUUX
noTpeo, MOBITPsI CTUCKAIOTH Y Kommpecopi. [Ipu nbomy BoHO HarpiBaeTbes 10 120—
200 °C, a tuck nocsrae 0,35 MlIa.

JIP 2.4. OxonomKeHHs MOBITPS Ta BUIAATIECHHS BOJOTH

Crucuene nositps (Bia AP 2.3) 0Xon01Ky0Th y TEMII00OMIHHUKY-0CYITyBayl
no temreparypu 25-30 °C, mo0 BHUIAIUTH HAIJIMIIKOBY BOJIOTY. 3aifBa BoJjoOra
YCYBA€ETHCS 32 JOTIOMOTOI0 PECUBEPa, IKUH TAKOX 3TIIAIIKY€ MyIbcallii MOBITPSIHOTO
MOTOKY, II0 MOXYTh HETaTUBHO BIUIMBaTH Ha pOOOTY HACTYMHUX (DUIBTPIB
ouuIieHHs. Bomoricts moBiTps miciisg 00poOku moBuHHA cTaHOBUTH 60—70%.

JIP 2.5. HarpiBa"Hs TOBITps
VY TennooOMiHHUKY TOBITPs NporpiBaeTbes 10 Temmneparypu 70-90 °C.

JP 2.6 Ouuniensst moBiTpst B GiabTpl
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[loBiTpss HAAXOAUTH HA TOJOBHUM (UIBTp, SAKUN 3aTpUMy€ YAaCTUHKHU
po3Mipom noHaj 1 MKM 13 epekTuBHICTIO OUHIeHHS 99%.

JIP 2.7. ®inpTpariis mOBITPS B iIHAUBIAyaIbHOMY (QUIBTPI

®inpTpanis MOBITPS B  IHAMBIAyaJIbHOMY (UIBTPI MHPOBOJUTHCS 3
edexruBHIcTIO E=99,999%, npu oMy 3aTpUMyIOTHCS YAaCTKH PO3MIpOM OijIbIle
0,2 MKM.

JIP 3 IlpurotyBaHHS i CTEpUIII3aLlis THTPYIOUUX areHTIB

P 3.1 ITpuroryBauus 10% pozuuny HCI qs miaroroBku LAPRS

VY 30ipHuk 3-16 o6’emom 15 51 uyepe3 006’emHO-BaroBuii no3zarop BJI-17
nojaroTh 7145 MI BOAM MUTHOI, BMHUKAIOTh MEPEMINIYIOUUNA MPUCTPIM 1 BHOCSATH
2647 mi 37 %-ro po3uuny HCI.

P 3.2 ITpuroryBanus 10% pozuuny NaOH misa migroroBku LAPRS

VY 361pHuK 00’emoM 15 11 yepe3 00’€MHO-BaroBuii A03atop nogawTs 979,2 r
kpuctaniyHoro NaOH, BHocsaTh 8812,8 MJI MUTHOT BOAM, BMUKAIOTh IEPEMILITYOUHANA
MPUCTPIH 10 MOBHOTO po3unHEHHs HaBakku NaOH

JP 3.3 ITpuroryBanusa 20% po3zunny HCI qist miakuciaeHHs: KyabTypanbHOi
piauHU

VY 36ipHUK 06’ eMoM 10 11 uepe3 00’ €MHO-BaroBUid 103aTop MOAArTh 2257 M
BOJIU TMUTHOI, BMUKAIOTh MEPEMIIITYIOUUA MPUCTPil 1 BHOCATH 2653 mu 37 %-ro
po3unny HCI.

P 3.4 ITpurotyBanss i ctepumizaiiis 20% pozunny NaOH m1st miamy>KHeHHS
KyJBTYpaIbHOI PITUHU

VY 306ipHuk 3-18 o0’emom 10 51 uyepe3 o06’emHO-BaroBuii no3zarop BJI-19
nonaroTh 982 1 kpuctaniynoro NaOH, BHoCcATh 3928 MJ1 MUTHOI BOAM, BMUKAIOTh
MEePEMIITYIOUUN MPUCTPi A0 MOBHOTO po3unHeHHs HaBaxku NaOH. Orpumanuit
PO3YMH JIYTY CTEpHIIZYIOTh Ipu Temmnepatypi 131°C, tucky 0,15 Mlla, ynpoaosx
50 xB.

JIP 4. IlpuroTyBaHHs Ta CTEpUITi3aIlisl TOKUBHUX CEPETOBHUIIL

JP 4.1 ITinrotoBka LAPRS.

JIP 4.1.1 Po3memnienns Oinkis. Y 36ipauk P-12 06’emom 6,3 M° HanuBarorh
4888,2 n xounentpoBanoro LAPRS wepe3 006’emuo-BaroBuii mosarop BJI-14
nonatoth 10% pozunn NaOH (miaroronenwnit y JIP 3.2) no orpumanus pH 8 ta
48,882 xr TpuncuHy (AJig KaTaJdiTHYHOI peakiii MpOTeosi3y), NEpPEeMIllyloTh Ta
3QJIMIIAIOTE HA 3 TO/.

P 4.1.2 Crepumizamis LAPRS. ITlicns BinBemeHOTo 4acy D0Jal0Th 4depes

00’emHo-BaroBuii jgozarop 10%-uit po3unn HCI (migroronenuit y AP 3.3),
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nepeMilyoTh, aoBoasun pH mo 6,5, ta crepwmizytore y peaktopi P-12 mpum
temreparypi 121 °C (tuck 0,1 MIIa) ynponosx 15 xB.

JIP 4.2. [linroToBKa MOKWBHOTO CEPEAOBHINA JIJIsI BUPOIYBaHHI IHOKYJIATY B
KOJI0aX Ha KayaJKax

Jlyiss BUpOIIyBaHHS 1HOKYJIATY HeoOXigHo mpurotyBatd 0,45 71 MOXHUBHOTO
cepenoBuia. J[XKeperoM BYIVIEIIO B CEPEIOBHINI € TJIIOKO3a, JHKEPEIOM a30Ty —
JPIKIHKOBUM eKCTpakT. BMicT koMnoHeHTIB amst mpurotyBanus 0,45 11 cepenoBuina
HaBeneHo B Ta0. 4.1.

Po3paxyHok BMicTy KOMIIOHEHTIB /151 npuroryBanus 0,45 ;1 cepenoBuina

Tabnuys 6.1
Bwmict
KomnoneHnt . | KOMIIOHEHTa O0’eMm
KoHuenTpariis, )
MMOKHUBHOI'O o y 0,45 n Kommo3uiist | KoMIo3uiiii,
CepenoBHUIIa CEpEIOBHIIIA, MIT
r
I'mroxo3a 20 9
TIP1KIKOBHIA 20 9
EKCTPaKT
NaC3I§;§§a(TI;anHO 13 5.85
A 250
TBI1H-80 0,1 0,045
H
CHNOaS 0,5 0,225
(umcTein)
docdarauit 6ydep
100 4
IM >
Bona 250
M
nSO;4 (cynbdar 0.02 0,009
MapraHIIio)
MgSO, (cynbdar
0,2 0,09
MarHiro) ’ ’ b 250
1
CoCl (xnoprx 0,015 0,007
KOOaJbTy)
Bona 250

JIP 4.2.1 TlpurotyBaHHS 1 CTepUIIi3aIlisi KOMITO3UIIT A
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Ha TexHIYHMX Barax 3BaXylTb 9 T IIIOKO3H, 9 T IPIKIKOBOTO €KCTPAKTY,
5,85 r Harpiro nakrary, 0,045 r t8iH-80, 45 Ma pocdarnoro Oydepa 1M Ta 0,225 r
mucteiny. HaBakky mnomimaroots y koiaby o6’emom 0,5 11, momuBaroth 250 wmu
JTUCTUIHOBAHOI BOAM. 3aKpUBAIOTh KOJOY BAaTHO-MAapJIeBOIO IMPOOKOK 1
CTEpUJII3YI0Th B aBTOKIaBl npu temmeparypi 112 °C (tuck 0,1 MIla) ynponosx 30
XB.

JIP 4.2.2 TlpurotyBaHHs 1 cTepui3allisa KoMno3utlii b.

Ha Topciitnux Barax 3Baxytotb 0,009 r MnSOy (cynbdar maprasniio), 0,09 r
MgSOs (cynsdar marniro) ta 0,007 r CoCl, (xnopun kxoOanbry). HaBaxkky
MOMINIAIOTh y Koa0y 06’ emom 400 M, nogarots 250 M1 BoJM MTUTHOI. 3aKPUBAIOThH
K0JIOY BaTHO-MapJIeBOIO MPOOKOIO 1 CTEPUITI3YIOTh B aBTOKJIaB1 IIpu Temreparypi 131
°C, 0,15 MIla ynponosx 40 xB.

JP 4.3 ITinroToBKa MOKUBHOTO CEPEIOBUILA JJIsI BUPOIYBAaHHI 1HOKYJIATY B
NoCiBHOMY amapati 06’emom 10 1

Jlist BUpOITYBaHHS 1HOKYJSTY HEOOXIHO MPUTOTYBaTd 4,5 J1 MOXUBHOTO
cepenoBuia. J[epenom ByINIENIO B CEPENOBUII € CTaxiosa, JHKEPeIoM a3zoTy —
LAPRS. BMicT KOMIOHEHTIB AJisl MPUTOTYBaHHS 4,5 1 cepenoBUIlla HABEICHO B
Tabn. 4.2.

Po3paxyHoOK BMiCTy KOMIIOHEHTIB /Il IPUTOTYBaHHA 4,5 J1 cepeoBuIna

Tabnuys 6.2
Bwmict
KommoneHT ) KOMITOHEHTA O0’eMm
Konnenrparis, )
MMOKHUBHOI'O o/ y4,5n Kommo3uiis | KoMOo3uiiii,
cepeoBuIIa CepeoBUIIIA, MII
r
CsHgCINO,S
(ucTeiny 1,2 5,4
T1APOXIIOPHU) A 50
Bona 50
CoCl; (xmopun 0.25 1,125
KOOQJIBTY)
b 50
FeSO4. (cynbdar 0,03 0.135
3aniza (1))
Bona 50
LAPRS 4900 B 4900

JIP 4.3.1 IlpurotyBaHHSs 1 CTepUITi3allisi KOMITO3HIIT A
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Ha TexHiuHHMX Barax 3BaXylTh 5,4 T HHUCTEIHY Tiapoxyopuay. Hapaxky
NOMIIIAIOTh y K010y 00’ emom 100 mut, monuBaroTs SO MI1 BOAM. 3aKpUBAIOTh KOJIOY
BaTHO-MapJIeBOIO0 MPOOKOIO 1 CTepUIIi3yI0Th B aBTOKIaBl mpu Temneparypi 112 °C
(tuck 0,1 MIla) ynponos:x 30 xB.

JP 4.3.2 [IpuroryBaHHs 1 cTeputizaliis koMrno3uilii b.

Ha Topciiinux Barax 3Baxyroth 0,135 r FeSO4 (cynndar 3amiza (1)) Ta 1,125
r CoCl2 (xmopua kobanbeTy). HaBakky momimarTh y konlOy o6’emom 100 wmur,
nonuBaloTh 50 M BOIM. 3aKpUBAaIOTh KOJOY BaTHO-MAapiieBOIO MPOOKOIO 1
CTEpUJII3YIOTh B aBTOKJaBI npu Temneparypi 131 °C, 0,15 MIIa ynponosxk 40 XxB.

JIP 4.4 TligroToBKa MOKUBHOTO CEPEIOBHUIIA JIsl BUPOIITYBAaHHI 1HOKYIIATY B
nociBHOMY arapari 06’emom 0,1 m3

Jlist BUpOIIyBaHHSL 1HOKYJIATY HEOOX1IHO MPUTOTyBaTH 45 1 TMOKHWBHOIO
cepenoBuia. JepemoM BYIVIEI0O B CEPENOBHILI € CTaxio3a, JHKEPEIoM a30Ty —
LAPRS. BMicT KOMITIOHEHTIB JIJIsl MPUTOTYBaHHS 45 J1 cepel0BHUIIA HABEACHO B Ta0JI.
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Po3paxyHok BMicTy KOMIIOHEHTIB Uil IPUTOTYBaHHA 45 J1 cepenoBuina

Tabnuys 6.3
Bwmict
Komnonent Kounentparis KOMIOHCHTA O0’eM KOMIIO3HUIIIT
II0’KUBHOTO H - /np A, y45n Komr. I L,
cepelioBUIIa cepeloBUIIA,
r
C3HsCINO,S
'(I_[I/ICTelHy 1,2 54 A 150 v
T1JIPOXJIOPH.)
Bona 150
Konnencar 15 Mo 15 Mo
CoClj; (xmopun 0.25 11.25
KOOQJIBTY)
FeSO, (cynndar 3amniza b 50 mn
0,03 1,35
(1))
Bona 50
Konnencar 5 M 5 M
LAPRS 44,8 n B 44,8
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JP 4.4.1. ITpurotyBanHs 1 crepuiizaiiisa komrno3uilii A. Ha TexHiuHuX Barax
3BaXYyIOTh 54 T 1ucreiny. HaBaxky momimarTs y koil0y o6’emom 300 wmui,
nonuBatoTh 150 mn Boau. 3akpuBaioTh Koj0y BaTHO-MapiieBOI MPOOKOIO 1
CTepUIII3YIOTh B aBTOKIIaB1 npu Temmeparypi 112 °C, 0,1 Mlla ynpogosx 30 xB.

JP 4.4.2 TlpuroryBanHs 1 crepuiizaiiis kommosuili b. Ha TexHiuaux Barax
3BakyI0Th 1,35 T FeSO, (cynbdar 3amiza (Il)) Ta 11,25 r CoCl; (xopux koOasTy).
HaBaxky nomimaiote y komby o6’emom 100 ™, momuBaote 50 M BOAM.
3akpuBalOTh KOJIOYy BaTHO-MapJeBOI MPOOKOIO 1 CTEpUIII3YIOTh B aBTOKJIABI MpHU
temreparypi 131 °C, 0,15 MIla ynponox 40 xB.

JIP 4.5 TlinroToBKa MOKMBHOTO CEPEIOBUIIA ISl BUPOIITYBaHHI 1HOKYJIATY B
nociBHOMY amnapari 06’ emom 1 m>

JIist BUpOIIyBaHHS 1HOKYJISITY HEO0OXigHO mpurotyBatu 450 J MOKHUBHOIO
cepeno Buma. /[keperomM BYIVIEIIO B CEPEAOBHIII € CTaxio3a, JKEPeIoM a30Ty —
LAPRS. BMict xoMnoHeHTIB [uisl npurotyBadHs 450 1 cepefoBHIla HABEAEHO B
Tabn. 4.4

Po3paxyHoOK BMiCTy KOMIIOHEHTIB Ui IPUIroTyBaHHs 450 i1

cepeaoBHUIIA
Tabnuys 6.4
Bwmict
KomnoneHnt . ,
KoHuenTpartiisi, | KOMIIOHEHTa y O0’eMm
MMOKHUBHOTO Kom.
/11 450 n KOMIIO3MIII1, J1
cepeoBuIIa
cepesioBUIIa, T
C3HgCINO,S
(uucTeiny 1,2 540
T1IPOXJIOPHU.) A 1500 nor
Bona 1500
Konnencar 150 mn 150 mn
CoCl; (xaopun 0,25 112.5
KOOQJIBTY)
: b 500 mn
FeSO, (cynndar 3amiza 0,03 135
(1)
Bona 500
Konpgencar 50 M 50 M
LAPRS 448 n B 448

JIP 4.5.1. [IpurotyBanHs 1 crepumizaitis kommosuinii A. Ha TexHiuHux Barax
3BaXy10Th 540 1 nucreiny. Hapaxky nmomimaroTts y koi0y 06’ emoM 3 11, 10JIMBaIOTh
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1500 mu1 Boau. 3akpuBaroTh KOOy BaTHO-MapJIeBOIO MPOOKOIO 1 CTEPUIIIZYIOTh B
aBTokusasi pu temmepatypi 112 °C, 0,1 MlIla ynponosx 30 xB.

JIP 4.5.2 TlpuroryBanus 1 crepuiizamis kommnosunii b. Ha Texuiyanx Barax
3BayI0Th 13.5 1 FeSO4 (cynbdar 3amiza (Il)) Ta 112.5 r CoCl; (xopux koOasTy).
Hapaxky momimiarots y konldy o6’emom 1 11, nomgarore 500 mur Boau. 3aKpHUBaIOTh
KOJI0y BaTHO-MapJIeBOIO MPOOKOIO 1 CTEPUITI3YIOTh B aBTOKJIaB1 Iipu Temrieparypi 131
°C, 0,15 MlIla ynponosx 40 xB.

JIP 4.6 [IlpuroryBaHHs TOXHUBHOTO CEpENOBUILNA JJII BHPOOHUYOIO
KyJIBTHBYBaHHS y (epMenTepi 06'emom 6,3 M (6300 1).

BupoGHuue KyJIbTHBYBaHHs IPOBOAATL y (epMeHTepi 00'eMoM 6,3 M>, s
qoro rotytoTh 4410 11 cepenoBuilia cKiIaay, HaBeJEHOTro y Taoi. 4.5.

Po3paxyHOK BMiCTy KOMIIOHEHTIB )i NPUroryBanus 4410 a

cepeoBHIIA
Tabauys 6.5
Bwmict
Kommonent Konuenrpariis KOMIOHCHTA O0’eM KOMIIO3HUIIIT
MOXKUBHOTO o/ | y4410n1 | Kom. I ’
CepenoBHUIIa CEpEIOBHIIIA,
T
C3HsCINO,S
. (uucTeiny 1,2 5292 A 15
T1IPOXJIOPHU.)
Bona 15000
Konnencar 1500 1,5
CoCls (xnopun 0,25 1102,5
KOOQJIBTY)
FeSO, (cynndar 3amiza 0,03 132.3 b 3
(1)
Bona 3000
Konnencar 300 0,3
5,6-
TUMETUIOEH3UM11a30]1 0,03 1323 r L5
(DMBI) ’
Bona 1500
Konpgencar 150 0,15
LAPRS 4390,5 n B 4390,5
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JP 4.6.1. IlpurotyBanHsa 1 crepuiizaiis koMmrno3uiii A. 5292 r mucreiny
riipoxJjopuay yepe3 00'emHo-BaroBuit no3atop BJI-10 3aBanTaxkytoTh y hepMeHTED
®-14. BinkpuBaroTh BEHTHIb ITO1a41 BOAU MUTHOI 1 Yepe3 00’ €MHO-BAaroBUiA 103aTOP
JI-11 momarots y 30ipaUK 15 1 Bomm. [licis mbOro MOYUHAIOTH MPOIEC CTePUITI3alii
MOJIa4uel0 TOCTPOi Mapu 4Yepe3 HIKHIN ciyck amapary. [licist JoCATHEHHS TUCKY
ycepeauni anapaty 0,1 Mlla 3a mokazHMKaMu MaHOMETpa MOYUHAIOTH BIJIJIIK Yacy
crepumizamii. [Ipouec crepumizanii TpuBae 30 xB mpu Temmneparypi 112 °C. ¥V
pyOaliky amapary Jyuisi SMEHIIIEHHS] €HEproBTpaT MOAAE€ThCs TIyXa mapa.

P 4.6.2. IlpuroryBanns kommo3uili I. Ha TexHiuHuX Barax 3BaxyoTth 132,3
r 5,6-muMernnOeH3uMinazony. HaBakky mowmimaroTe y kKoiaby o0’emom 3 1,
nonuBaloTh 1500 Ma Bomu. 3akpuBaroTh KOOy BaTHO-MapliieBOIO MPOOKOIO 1
CTEpUWJII3YIOTh B aBTOKJIaB1 npu temneparypi 120 °C, 0,3 MlIla ynponosx 30 xB.

JIP 4.6.3 IlpuroryBanss i crepuiizauis komno3uuli b. Ha TexHiunnx Barax
3BakyoTh 132,3 T FeSO4 (cympdar 3amiza (ll)) ta 1102,5 r CoClsy (xnopun
k00anbpTy). HaBaxkky momimmarTs y koilby 00’emoM 5 11, gonuBatots 3000 M1 BoaIu.
3akpuBarOTh KOJIOY BaTHO-MapJ€BOK MPOOKOIO 1 CTEPHUIII3YIOTh B aBTOKJIABI MpHU
temreparypi 131 °C, 0,15 MIla ynponosx 40 xB.

TII 5. ITigroToBKa MOCIBHOTO MaTepiaiy.

TII 5.1 BinHoBieHHSs 110(]11130BaHOT KYJIBTYypHU

Ho ammynu 3 n10(11130BaHOI0 KOJEKIIHHOI KYylIbTypoto Propionibacterium
freudenreichii subsp. shermanii ATCC 13673, mo 36epiranacs npu -80°C, 1onaroTth
1 M pinkoro RCM-cepenoBuinia, MpOKOITIOOYH TONKOK, Ta 3aIMIIal0Th Ha 10 XB
s peabcopOirii, nepemintytoth. Ilicist BiaBeaeHoro uacy 100 MK rotoBoi
cycreH3ii BHOCATh y poOipky 3 RCM-cepenoBuliieM Ta iHKyOyrOTh B aHAa€pOOHUX
ymoBax 1nipu 30°C npotsirom 72 roa B anaepobHomy 6okci. [Iporiec BinOyBaeThes B
CTPOTO aCEeNTUYHUX YMOBaX.

TII 5.2 OpnepxanHsi poOOUOT KYJABTYPH

3 BiAHOBJICHOI KyJIBTYypH BiouparoTh 100 MK, 32 JOTIOMOTOIO CTEPHUIIBHOTO
HITNPHUIIA, Ta BHOCATH Y HOBY TIPOOiIpKy 3 pinkum RCM-cepenoBuiiieM Ta iHKyOyIOTh
B aHaepoOHuX ymoBax mpu 30°C mpotsirom 72 roa B aHaepoOHOMY OOKCI, st
3abe3neueHHs crabiapbHOro pocty. [Iporiec BinOyBaeThcs B CTPOTO ACENTHYHUX
yMOBaX.

TII 5.3. BupoiiyBaHHs TOCIBHOTO Marepiajly B MpoOipKax.

3 OTpUMaHOi AaKTHUBHOI MpOOIpKOBOI KyAbTYpW BigOuparorb 1 wmu, 3a
JITOMOTOI0 CTEPHJIBHOTO IIIMPHUIA, Ta BHOCATH y HOBI MPOOIPKU 3 HOBUM DPIAKUM

RCM-cepenoBuiieM. TpuBaiicTe BUpoUlyBaHHS — 72 roA. 3acisHi TpoOipKu
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CTaBIIATh y aHaepoOHui Ookc 3 Temrmeparyporo 30 °C. KoHTposb 3a 4KCTOTOIO
KYJIBTYpH 3A1HCHIOIOTh MIKPOCKOITIFOBaHHSIM.

TII 5.4. BupotyBaHHsI TOCIBHOTO MaTepially B KOJI0ax Ha Kayajikax.

Y konby 06’emom 0,75 1 i3 250 M po3durMHY KOMIMO3UIli A B aCENTHYHUX
yMoBax BHOCATH 250 My po3uuny komno3utii b. IlepeMinrytoTs 1 po3JIMBaOTh 1O
100 M B I’SITh CTEPWIBHUX Ka4aJIOUHUX KoJO 00’eMom 750 mur. 3 mpolipok 3
pobouoio KyasTyporo Propionibacterium freudenreichii subsp. shermanii ATCC
13673, BupomieHoro Ha pigkomy RCM-cepenoBuii, BigOuparoTh mo 25 Mi, 3a
JIOTIOMOTOI0 CTEPUIILHOTO IINPHUIIA, Ta I0NAI0Th y KOJIOU. /{151 3aciBy ofHi€el Kon0u
BUKOPUCTOBYIOTh OakTepiajbHy CyCHeH3ii0, ofepkany 3 ofHiei mpobipku. Konbu
3aKpHUBAIOTh aHACpOOHMMHM TpoOKaMH. BupolilyBaHHS TMOCIBHOTO Mmarepiainy y
KOJI0aX Ha KadaJikax MPOBOJATH 32 HACTYMHUX yMOB: Temriepatypa — 30 °C, yactora
obeprannss — 50 00/xB, uyac BupolyBaHHsS — 72 rox. Ilicas BuponryBaHHs
KyJbTYpaldbHy PIAUHY 3 KOJIO NIEPEHOCITh Y CTEPHUIIbHY 3aCIBHY KOJIOY 00’ €MOM 4 1.

TII 5.5. BupotiryBaHHs KyJIbTYpH Y IHOKYJATOpi 06’ emom 10 1.

B inokynarop I-1 momarors 275,1 mul mpoCTEpUITI30BAHOI Ta OXOJOMKEHO1
KOMIO3UIIlI A, acenTHU4HO MepenarTh 2,5 M OXOJOKEHOro 10 KIMHATHOI
TEMIIEpaTypu CTEPUILHOTO po3uMHy kommosuilli b Ta ponuBatore 4726 wmi
cTrepuiibHOi kommo3uilli B. PiBens pH noxxuBHOTO cepenoBuilia KOHTPOIIOIOTH 32
nokazamu pH-meTpa 1, 32 HEOOX1THOCTI, IOBOAATH 110 3HaueHHs pH 6,5 momayero
crepuiibHOTO 20%-r0 pO3uMHy TiApOKcHUAay Hatpito (migrorosieHoro y [P 3.4)
TpyOONPOBONIOM Bcepenuny 1HOKyasTopa. [lociBHUI Marepian 13 3aCiBHOT KOJIOH,
JOTPUMYIOUHMCh TMpaBWJI  aCeNTUKH, NepeHocsaTh B  iHOKymsaTop. Ilpormec
KyJbTUBYBAHHS BEIyTh 3a HACTYNMHHMX YMOB: Temmeparypa — 30 °C, mBUAKICT
nepeminryBadas — 200 06/XB, 4ac BUPOITYyBaHHS — 72 TOJ, IiJl YaC BUPOIIYBAaHHS Y
THOKYJISITOPl CTEPUIIBHUM HITPOT€HOM MIATPUMYEThCSI HAJIMIIKOBUN THUCK — 0,02
MIIa.

TII 5.6. BupoiyBaHHs KylIbTypH y iHOKyisiTopi 00’ emom 0,1 m?.

B inokynsarop I-2 3a monmomororo 06’eMHO-BaroBoro ao3aropa BJI-3 nonatots
2,68 1 mpocTepusIi30BaHOT Ta OXOJOIKEHOT KOMMIO3UIIIl A, acCeNTUYHO NEepeaaroTh
47,295 5 OXONOMKEHOTO JI0 KIMHATHOI TEMIIEpaTypu CTEPHIBHOTO PO3YUHY
xommo3utii B ta 0,025 n oxomomxeHOi 10 KIMHATHOI TeMIlepaTypu CTEPHIHHOI
xommno3uiii b. Pisens pH nokuBHOTO cepenoBuilia KOHTPOIIIOKOTH 3a Tokazamu pH-
MeTpa 1, 3a HEOOX1THOCTI, TOBOMASThH 10 3HaueHHs1 pH 6,5 mogauero cTepusibHOTO
20%-ro po3unHYy TiApOKCUAY HaTpito (migrorosiaeHoro y JIP 3.4) tpybormpoBogom

BCEPEAMHY 1HOKYJSATOpa. 3aciB MNPOBOAMTHCS MEPETUCKYBAHHSIM CTEPUIILHUM
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HITPOT€HOM ITOCIBHOTO Marepiajly 3 1HOKyJIATopa 4epe3 TpyOy MepeTHCKaHHs 110
nociBHoro amapary. Ilpoliec Ky/lbTUBYBaHHSI BeAyThb 3a HACTyIHUX YMOB:
temrieparypa — 30 °C, mBuakicts nepeminryBanns — 200 00/xXB, 4ac BUPOIITYBaHHS
— 72 rox, miA Yac BHUPOIIYBAaHHS Yy I1HOKYJISATOPI CTEPUIBHUM HITPOT€HOM
MIATPUMY€EThCs HaaymmimkoBuil Tuck — 0,02 MITa.

TII 5.7. BupoliyBanHs KyJIbTypH y iHOKyJTOpi 00 emom 1 M3,

B inokymsrop [-6 depe3 06’emno-BaroBuii no3arop BJ/I-7 momatote 26,8 1
MIPOCTEPHUITIZ0BAHOI Ta OXOJIO/PKEHOT KOMITO3UIIIi A, aceNTHYHO nepenaroTh 472,95
J OXOJIOJIKEHOTO JI0 KIMHATHOI TEMIIEpaTypyu CTEPUIILHOTO PO3YMHY KOMITO3HIIIT B
ta 0,25 1 oXonmomkeHoi MO KIMHATHOI TeMIleparypu CTEpUIIbHOI Kommosuiii b.
Pienr pH moxuBHOTO cepenoBHIla KOHTPOJIIOIOTH 3a Moka3amu pH-merpa 1, 3a
HEOOX1JTHOCTI, JOBOIATH J10 3HaueHHS pH 6,5 momauero crepwmibHOro 20%-ro
pPO3UMHY TIOPOKCHIy Harpito (miaroroieHoro y [P 3.4) tpybomnpoBogom
BCEpENMHY 1HOKYJISATOpa. 3aciB MPOBOAMTHCA TEPETUCKYBAHHSIM CTEPHIIBHUM
HITPOTEHOM IOCIBHOTO Marepiaixy 3 1HOKYJSTOpa yepe3 TpyOy MEepeTUCKaHHS /10
nociBHoro amapary. Ilpouiec KyJabTHBYBaHHS BEOyTh 3a HACTYIMHHX YMOB:
temreparypa — 30 °C, mBuakicts nepeminryBants — 200 00/XB, yac BUpPOILYBaHHS
— 72 roam, miAg dYac BHUPOIIYBAaHHS Yy 1HOKYJSTOPI CTEPUIBHUM HITPOTEHOM
MIATPpUMY€EThCs HaammikoBuil Tuck — 0,02 MlITa.

TII 6. BupoOHu4€e KylnbTUBYBaHHS.

J1o 0X05IomKeHO1 10 KIMHATHOI TeMITepaTypH BiJl KOMITO3HIIT A y TTOCIBHOMY
amapari ®-9 o6'emom 6,3 M’, acenTMYHO IEpeKadyrOTh KOMIIO3MIiIO b, Ta 3a
JIOTIOMOTOI0 TIEPUCTAJIBFTUYHOTO Hacoca MEepeKadyloTh KOMIO3uIito B Tiei x
TeMIlepaTypH Ta A0BOAATH piBeHb pH 10 pH 6,5 cTepuiabHUM pO3UYMHOM T1APOKCUITY
Hatpito (migroroneHoro y JIP 3.4) depe3 TpyOompoBin. 3aciB MpOBOAUTHCS
NEPETUCKYBAaHHSAM CTEPWJIBHMM HITPOT€HOM IOCIBHOTO Marepiayly 3 1HOKYJISATOpa
yepe3 TpyOy mepeTrcKaHHs 10 MociBHOTO anapary. [Iporiec KynbTUBYBaHHS BEIYTh
3a HACTYMHUX yMOB: Temreparypa — 30 °C, mBuakicts nepeminryBanns — 200 06/xB,
yac BUPOIIYBaHHS — 72 TON, KOpeKiito piBHA pH BHOpPOMOBX KyIbTUBYBaHHS
IPOBOSATH 32 JOTIOMOI'O0 TUTPYIOUMX areHTiB (miarorosinenux y AP 3.4 ta /1P 3.3),
MiJ] 9ac BUPOIIYBAHHS Y IHOKYJSATOPI CTEPUIIBHUM HITPOTEHOM IMiATPUMYETHCS
HaamumkoBui Tuck — 0,02 MIla. Ilicns 72 rog KyasTUBYBaHHS Y MOCIBHUN amapar
noAaroTh crepuibHe noBitps (0,5 M*/roxm), aus 3a0esmedeHHs Mikpoaepo(iTbHUX
YMOB, aCTIETUYHO MEePEKadyIOTh CTEPHIIbHY KOMITO3UIif0 ' Ta KyJIbTUBYIOTH I1Ie 96
roa 3a TUMHU X yMOBaMH JO JIOCATHEHHS KOHIEHTparlii Oiomacu 7,5 /1, sKy

BU3HA4YalOTh BAarOBUM METOJIOM. BH3Hauar0Th KOHIIEHTpallil0 6ioMacu.
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OTpumaHy KyJabTypasibHY PIJIMHY MEPENAl0Th Jajil Ha OTPUMaHHS L1IbOBOTO
MPOAYKTY.
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PO311JI 7. KOHTPOJIb BUPOBHUIITBA
7.1 Kapra nocragiiiHoro KOHTpOJI0

Tabnuys 7.1
00’ekT . . .
3acobm Ta IepionnunicTh HopmaTusHi
KOHTPOJIIO T .
Ha3zga cranii MeToaH nepeBipku Ta 3HAYEHHS
MOKA3HHK, 1[0 .
KOHTPOJII0 Bindopy npod MOKA3HUKA
BH3HAYAEThCHA
Ilepesipka
NPagUIbHOCHI [Teperipka . .
pe TEA-CLJIb peBIpia [Micns KonmenTparis
ni020mosKu KOHIICHTpAIIii;
o ABCK, L MPUTOTYBaHHS pO34KHY
oesingixyouux . XIMIYHHUH o
KOHIICHTPALIiS po3UnHy CTaHOBUTH 5%
ma Muroyux METOJ
3acobig
Ilepesipka
npasuIbHOCHI ITepeBipka . .
P . PeBIpKa ITicns KonuenTpais
ni020mosKuU He3axTin, KOHIICHTpAIIii;
o . N MIPUTOTYBaHHS pO3UnHY
Oe3in@ixyouux KOHIICHTPALIiS XIMIYHHH o
po3dnHy cranoButb 0,2%
ma Muroyux METOJI
3acobis
. [Tepepipka
Ilepesipka DEBIPKa | .
. KOHLIEHTpAIlli, Konnenrparris
NPABUILHOCII .
NiOCOMOGKL Kanpuunopana TEeMIIepaTypu, [Micas PO3UHHY
o cona, TEPMOMETP MIPUTOTYBaHHS cTaHOBHTH 2%.
Oe3iH@ixyouux . N
KOHIICHTPALIiS TEXHIYHUH, po34nHy Temmneparypa
ma Muryux L s
. XIMIYHUA 20°C
3acobie
METOJ
Benrwii,
. . , . ITepen mouarkom
Ilepesipka na | wmicus 3’eqnanns, | llepeBipka THCKY, o6oTH Ta Tuck noBuHeH
2epmemuyHicmy TepPMETHYHICTh MaHOMETp, P JTIOPIBHIOBATH
MIPOBEACHHSAM
obnaonanms pobotu TOIMHHUK . 0,15-0,2 MIla
cTepuIizarii
o0JaTHaHHSI
[epesipka THCKY,
TeMIepaTypu
. OOGnagHanus, PaTypH, [lepen nouarkom _
Ilepesipka TeMIIEDATYDA MaHOMET] 06OTH T2 ITix Hac P=0,15 Mlla,
cmepunizayii cre Hniiui}i,pqac TEXHIYHHH, p POBEICHHAM t=125-130°C,
001a0OHAHHSA p S TEPMOMETP p S KYO=0
Crepurizarii o creputizanii
TEXHIYHUH,
TOJIMHHUK
KoMmosmmtis A Tuck BU3HaYa€THCS
H Oe3nepepBHO P=0,1 MIla, t=
Tuck Masowmertp, . o
Ilpuecomyesanns M1 yac 112°C
. S (Temmieparypa), TOIMHHUK, L _
i cmepunizayis . i . N cTeputi3zaIiii, 7=30 xB,
4ac MIKpOOi0TOTI9HIH . . . . . .
Komnosuyii A MiKpOOi0JIOTIYHHIA BiJICYTHICTh
BUTPHUMKH, KOHTPOJTb. . .
. KOHTPOJITh MiKpoOioTH
CTEpUIIbHICTh . .
TiCIIsL CTEpHITi3ari
HYXT BTEK 05.01.06 KP I13
3m | Apk Ne noxym. IMignuc JHata
Po3poGus Konoxuixosa 1. 1. JIT. Apk. Apkymris
IepesipuB | Crabuixos B.II. POBI[I.H 7. KOHTPOJIb ‘ ‘ 48 66
Penens. BUPOBHUIITBA
H. kontp. Kadenpa BTM

3atBepa.

Crabnikos B.I1.




IIpoooeoicenns maon. 7.1

Kommnosuria b

THCK BU3HAYAETHCSA

6e3nepepBHO P=0,8 MIla, t=
Tuck Manowmertp, °pep o
Ilpucomysannsa T 9ac 120°C
. oo (Temmeparypa), TOAVMHHUK, L
i cmepunizayis . . o cTepuiizalii, 7=30xB,
yac MIiKpOOioTOTI9HIH . . D0 . .
Komnosuyii I’ MiKpOOi0JIOTIUHIHA BiJICYTHICTh
BUTPHUMKH, KOHTPOJTb. : .
. KOHTPOJIb MiKpoOioTH
CTepUIIbHICTh . L
icyis cTepuJIi3ali
Komriosumis B Tuck BU3HAYA€THCS
OesmepepBHO P=0,15Mlla, t=
Tuck Manowmertp, . o
Ipucomysannsa i 9ac 131°C
. S (Temmeparypa), TOAVMHHUK, L
i cmepunizayis . . o cTepuizaii, =40 xB,
yac MIKpOOioTOTI9HIH . . D0 . .
Komnosuyii b MiKpOOi0JIOTITHIHA BiJICYTHICTh
BUTPHUMKH, KOHTPOJTb. : .
. KOHTPOJIb MiKpoOioTH
CTepUIIbHICTH . L
IS cTepuJIi3ali
L Temneparypa i
ITociBHuit patyp
. IIBUJIKICTH
Mareplai, oOepTaHHA
TPUBAJICTh TonuuaNK P . t=30°C,t=72
Bupowysanna KOHTPOJIOIOTHCS 1
. BUPOILLyBaHHS, TEPMOMETP . rom,
nocieHoeo N M ATPAMYFOThCS
. TeMIIeparypa, TEXHIYHUH, ® =200 006/xB,
Mamepiany 8 aBTOMAaTUYIHO BECh . .
yacTtoTa TaxoMeTp, BiJICYTHICTh
Konbax Ha . . . .’ | dYac BUpOIIYBaHHS .
00epTiB Ka4anKku, | MiKpOOiOIOTIUHHHA . . CTOPOHHBOT
Kawankax . . . MIKpOCKOIIIOBaHHS . .
MikpoOionoriyaa KOHTPOJIb . MiKpoOioTH
— Ticns
Hucrota BUPOIILyBaHHS
KYIBTYp poriy
KYJIBTYPHU B KOJI0axX
IloxxuBHE
pH Bu3HauyaroTH
CepeoBHIIE B . .
. . TiCJIs 3MIITyBaHHS
THOKYJISITOPI, . .
o BCiX KOMIIOHEHTIB
MOCIBHUH
. MOKHUBHOTO
Marepiai,
. CepeoBHIIA B
TPHUBAJIICTh . .
BUPOLTYBaHHS Haruuk pH THOKYIIATOPI, pH=6,5
poriLy ’ p Temmeparypa 1 t=30°C,t=72
TeMIIeparypa, TOIIMHHUK .
HIBHJIKICTb rom,
4acToTa TEPMOMETP
Bupowysannsa . ST obepTaHHs ® = 200 06/xBs,
00epTiB MilllaJIKy, TEXHIYHUH, .
KYIbmypu 8 . . KOHTPOJTIOIOTHCS 1 Puamn=
. . KpaTHICTh Mojaavi TaXxoMETp, .
IHOKYIAMOpI . iATPUMYIOTHCS 0,02 MIla..
rasy, BUTpPATOMID, . .
N ABTOMAaTHYHO BECh BiJICYTHICTh
HaJUTHITKOBUHA MaHOMETp, .
. Yac BHPOIIyBaHHS CTOPOHHBOI
THCK, MiKpOCKOIL. . . . .
. . . MIKpOCKOIIFOBaHHS MIiKpOOioTH
MikpoOionoriyHa o
— B KIHIT
YUCTOTA potiec
KYJBTYpH P y
. BUPOITYBaHHS
MopdooriyHa
. . KYJIBTYPH B
BiJIIOBIIHICTh . .
T 1HOKyJISITOp1
OpraHi3mis.
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3akinuennsa maon. 7.1

pH BU3HAYarOTH i
oskuBHE PETYIIOIOTh
TTICTIS 3MINTyBaHHS
CepeIoBHIIE B Beix
epMeHTeEp1 )
KCbnET aﬂfﬂ,a KOMIIOHCHTIB pH=6,5
YABTYP MMOKUBHOIO t=30°C,t=72
plavHa, CcepeIoBHIIA B ron
Temmepatypa P >
T I/IBEJ'IiC}”IFIi ’ (dbepmeHTepi, ® = 200 00/xBs,
p Temmeparypa i Puapn.= 0,02
KYJbTUBYBAaHHS, Haruuk pH, IBHIKICTS MIa
qacToTa TOIMHHHUK 3
Senis i & oGepTaHHs V =0,5 m*/ron
00epTiB MIITIaNKH, TepMOMETP . ) .
. . . o KOHTPOJIFOIOTHCS 1 BiJICYTHICTh
Bupobnuue KpaTHICTh TIOaYi TEXHIYHUH, . -
M ATPAMYIOTHCS CTOPOHHBOT
KY/IbMUBY8AHHS rasy, TaxoMeTp, . .
Ny . aBTOMATHYHO MiKpOOiOTH,
HaIAIIKOBUI BUTpPATOMID, Beck 1ac Kiresa
THCK, MaHOMETD, .
) . . . BUPOILYBAaHHS KOHIIEHTpALlIS
MikpoOionoriuaa | wmikpockon, DEK BHPOIILYE HeHTpan
wcToTa MIKpOCKOIIIOBaHHS KJIITUH
KOHLCHT a,uisl — mijg yac Propionibacterium
miTIfH BHPOITYBaHHS freudenreichii
Provionibacterium KYJIBTYpH Y subsp. shermanii
P o dbepmenTepi ATCC13-7,51/n
freudenreichii BinGip mpo6
subsp. shermanii P IpOL |
ATCC 13 KyJIBTypajbHOI
piAMHU — KOXKHI 8
rom

7.2 Mikpo06ioioriynnii KOHTPOJIb CTEPUILHOCTI MOKUBHUX CepeT0BHIIL

KOHTpOJIb CTEPUITBHOCTI MOKUBHUX CEPEAOBUILL 3/IIMCHIOIOTH IIIIXOM BHUCIBY
npo0 MPOCTEPUIII30BAHOTO cepeloBUIlla Ha yamku IleTpi 3 BiAMOBIAHUMU
arapu3oBaHMMH TIOKMBHUMH cepenoBuiamu: Cycno-arap (CA) abo TiIroK030-
kaprorustauii arap (I'KA) — nnst BusiBjieHHst TpuliB 1 APDKIHKIB. M’ sico-nIeNTOHHUN
arap (MITA) — nnst BusiBnenHs 6akrepiid. IIpoBoasSTh MIKPOCKOIIFOBaHHS.

7.3 Mikpo0i0JI0TiYHUIT KOHTPOJIb YMCTOI KYJIbTYPH

Mikpo0610JIOTIYHUN KOHTPOJIb 3MIIMCHIOETHCS pO3CiBOM Ha dvamku [letpi 3
arapyu30BaHUMH CEPEJOBUIIAMH 1 MIKPOCKOITIIOBAHHSIM.

JUist mpoBeieHHsT MIKPOOIOJIOTTYHOTO KOHTPOJIIO BUKOPUCTOBYIOTH EKCHPEC
METOJT — MIKPOCKOMIIOBaHHS. MIKpOCKOMIIOBaHHS MPOBOASTh 3a JOIMOMOTOIO
CBITJIOBOTO MIKPOCKOIY, JUIsl 4Oro poOJATh Mpernapar «po3JaBi€Ha» Kparuis.
[Ipenapar «po3aaBieHa Kparish» roTyI0Th Ha 3HEKUPEHOMY MPEIMETHOMY CKJII, Ha
SIK€ HAaHOCATh MAJICHBKY KPAIUTiO KyJbTYpaiabHOI PIAMHU, HAKPUBAIOTH HAKPUBHUM
CKEJBIIEM TakK, MO0 mig HUM He OyJ0 MyXHUPIIB MOBITPSA, 1 PO3MIAIAIOTH 3
00’exTuBOM 40X, a TaKO’K MIKPOCKOIYIOTh IIpenapar 3 IMEpCiiHOI0 CUCTEMOIO.
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3a BIJICyTHOCTI Y 3pa3Ky CTOPOHHBLOI MIKpOOIOTH i 4ac MIKPOCKOITIFOBaHHS
MokHa MmoOaunt Kiaituau Propionibacterium freudenreichii subsp. shermanii
ATCC 13673 (puc. 5.1).

Puc. 7.1 Propionibacterium freudenreichii subsp. shermanii ATCC 13673y
CBITJIOBOMY MIKPOCKOITI

Propionibacterium freudenreichii subsp. shermanii ATCC 13673 MoxyTb
Matu GopMy KOPOTKUX a00 JOBrMX HUTOK. BOHM 4acTo po3TaiioByOThHCS MOOAUHIIL,
napamMu a00 y BUIVIAL JIAHIIOKKIB. [IpM MIKpOCKONMIYHOMY HOCHIIKEHHI BOHU
nobpe QapOyroTbest 3a MeTooM ['pama. BoHu mawoTh okpyriay ¢opmy, omykiy
MOBEPXHIO, IJ1aICHbKUI a00 351erKa 3epHUCTHI Kpail. Kouip KoJIoHI1# — )KOBTYBaTO-
KpeMoBHi. [47]

Kynomypanvuuti nocie ons eusnsienns Mikpoopearizmie

KynbrypanasHy piguHy BHCIBaIOTh 3a JOIMIOMOTO0 OAKTEp10JIOTiYHO1 TEeTIIl Ha
yamky [letpi 3 arapu3oBaHUMHM TMOXUBHUMHU CepeloBUIIAMU. [[1s BUSBIEHHS
OakTepiil BHUKOPHUCTOBYIOTh M’sico-menToHHuit arap (MIIA), a nns BUSBICHHS
JIpLKIKIB Ta TpubiB — cycno-arap (CA) abo rmroko3o-kaptorisinuid arap (I'KA).
[IpoBOIATH MIKPOCKOITIFOBAHHSI.

7.4 BuzHaueHHsI KOHIIEHTPALIl J)KepeJia BYIJIeH 0

Jl>kepenoM ByIJICIIO y CEPENOBHUIII BUCTYMNAE CTaxios3a, il KOHIICHTPAIIIO
JOpEYHO Oyae BU3HAYUTH 32 JIONIOMOIOK)  BHUCOKOE(EKTUBHOI  PIAMHHOI
xpomarorpadii (BEPX).

3pa3oK KylbTypalibHOTO cepenoBuiia neHtpudyryors npu 10 000 o6/xB
npotsiroM 10 XB s BUAAJIEHHS TBEPAUX YACTUHOK. OnepxaHWil CynepHaTaHT
G1pTpyIOTH Yepe3 MmeMOpaHHuid GinsTp (po3mip nop 0,22 MxM) 11715 3a0€3NeUeHHS
YUCTOTH MPOOH.

[oTyroTh  cepit0o  CTaHIApTHUX  PO3YHMHIB  CTaxio3d 3  BIJOMHUMH
xkoHueHTpauismu (10, 20, 50, 100 mr/mn). CtangapTi BUKOPUCTOBYIOTh AJ1 HOOYI0BU
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KaJ1iOpyBajabHOI KPUBO1, 3a SKOIO Mi3HIIIE BU3HAYAIOTh KOHIICHTPAIIIIO CTaxio3u y
JOCITIHKYBaHUX 3pa3Kax.

AHani3 mpoBOAATh HA aHIOHOOOMIHHIN KOJOHIN. Pyxomoro ¢azoro cymim
aIleTOHITPUITY Ta BOJM Yy CIIBBITHOMICHH] 75:25 (32 00’ €MOM), IBUAKICTH MIOTOKY -
1 mu/xB. Temmneparypa 30-40°C. Iuaukaropom Buctynae Y®-merekrop mpu
nosxuai xBwial 190-210 aMm. In’ exmiiiamii 00’ eM - 20 MKIL.

3pa3ok BBOIATH y XxpoMartorpad depe3 aBrocamruiep. [1ig miero pyxomoi dazu
KOMIIOHEHTH CyMiIlIi (30KpeMa, cTaxios3a) po3alISIOThCS y KOJIOHII Ha OCHOBI iXHBO1
MOJIAPHOCTI Ta B3aeMOii 3 Hepyxomoro (azoro. Curnan nerekropa (IKCyeThCs y
BUIVISIII  XpOMarorpamMu, J€ KOXKEH MK BIJMOBiAa€ TMEBHIM pedoBuHI. Yac
yTPUMYBaHHS JJIs CTaxi031 MOPiBHIOIOTH 13 4aCOM yTpUMYyBaHHs cTanaapTty. [lnomry
MKy, 10 BIJANOBIJa€ CTaxi031, BUMIPIOIOTh 1 BHU3HAYAIOTh KOHIICHTpAIlil0 3a
KaJliOpyBaJbHOIO KPUBOIO. [48]

7.5 BuzHaueHHs KOHIEHTPALII [zKepeJsia a30Ty

JlxepenoM a3zoTy y TOXHUBHOMY cepenoBuii Buctynae LAPRS. Jlns
BU3HAUEHHA HOro0 KOHIIEHTpAIll 3aCTOCOBYIOTh BHCOKOE(PEKTUBHY PIIUHHY
xpomarorpadito (BEPX) 3 BukopucraHHsM JeTeKTOpiB Ha oOcHOBI Y-
BUIIPOMIHIOBAHHSI MICJIS MOMIEPEIHBOI IepUBATH3AITL].

3pa3oK KynbTypallbHOTO cepenoBuia neHTpudyryors npu 10 000 o6/xB
npotsiroM 10—15 XB 111 BUaneHHs KJIITUH 1 HEPO3UUHHUX AoMiToK. CynepHaTraHT
bineTpytoTh yepe3 memOpanauit GuibTp (0,22 MKM) IJI YCYHEHHS 3aJIMIIKOBUX
YJaCTOK.

Jlns migBumieHHs: uyyTiauBocTi aHamizy LAPRS mimnmarote nepuBatuzanii (3
BUKOpHUCTaHHSIM opTodTaneBoro ampiaeriny (ODA), mo 103BOJsiE TIEPETBOPUTH
HOT0 y CHOJYKY, 34aTHY 10 Y®-IeTEeKTyBaHHS.

AHaJti3 TpoBOIUTHCS Ha 3BOpOTHHO(a3H1i kooHIi C18 (250 mm x 4,6 MM,
gacTku 5 MKM). Pyxomoro ¢azoro Buctynae 0,1%-uii po3unH TpudTOpOITOBOI
kuciotu (TOK) y Bozii Ta anieToHITpII y rpagieHTHOMY peskumi. [IIBUAKICTH MOTOKY
- 1 ma/xB, Temneparypa kosnoHku - 30°C. YD-gerekrop 3 1oBxkuHO1 XxBuii 210-220
oM. [#’exmiiauit 06’ em - 10-20 Mk

CranmapTd IUCTEIHY T1APOXJIOPUIY TOTYIOTh Y Jliara3oHi KoHIeHTparii 10—
100 mr/n i nmoOynoBU KamiOpyBaJlbHOI KpPUBOI. 3pa3oK KYJIbTYpPaJbHOIO
cepeioBUIIa BBOJATH y XpoMaTorpadiuny cucremy. ITicis po3ijieHHsS KOMIIOHEHTIB
cyMmimi y konoHIi ¢ikcyroTs xpomartorpamy. LAPRS inentudikyrors 3a yacom

YTPUMYBAHHS, SIKAA TOPIBHIOIOTH 31 CTAHJAPTHUM 3pa3koM. [[is KuIbKICHOTO
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BU3HAYCHHS IJIONLY MKy UCTEIHY TiAPOXIOPHUIY 31 3pa3ka MOPIBHIOIOTH 3 TJIOMICIO
MIKIB CTaHAAPTIB 32 IOIIOMOTOI0 KaliOpyBaabHOI KpUBOi. [49]

7.6 BuzHaueHHs1 KOHIeHTpalii Oiomacu

Propionibacterium freudenreichii subsp. shermanii ATCC 13673 cxunbHuit
JI0 YTBOPEHHS arioMepariB, TOMY KOHIIEHTpallito Oiomacu OyaemMo BHW3HA4YaTH
METOIOM BUMIPIOBaHHS CyX0i O10MacH.

3pa3oK KylnbTypallbHOTO cepenoBuila neHtpudyryors npu 10 000 o6/xB
POTAroM 5 XB, 00 po30uTu armomepaT. GUIBTPYIOTH 3pa30K yepe3 MeMOpaHHUN
¢biasTp 3 posmipom mop 0,45 MKM, monepaHbO (PUIBTp 3BaxyroTh. [lepeHocATh
bineTp y cymmmiibHy mady Ta BUCYIIYIOTh Ipu Temneparypi 105°C mo cranoro
MacoBOro 3HaueHHs. Lle 103BosIsie BUAAINTH BCIO BOJIOTY 3 OPraHIuHOTO MaTepialy.
[Ticns BucyuryBaHHs, OloMacy 3BaXylOTh Ha TOoYHUX Barax. OTpumaHy macy
BUKOPHCTOBYIOTh JJI PO3PaXyHKY KOHIEHTparllii 6iomacu. [50]

7.7 BuzHaueHHs KOHIEHTPALIl HUIbOBOTO MPOAYKTY

Bu3HaueHHs KOHLIEHTpalli LUIbOBOTO MPOAYKTY, a came IlaHKOOaJlaMiHy,
OyZeMO MPOBOAUTH 3a JTONOMOIOK BHCOKOE(EKTHBHOI PIAMHHOI Xpomatorpadii
(BEPX) 3 niomHO-MaTpU4HUM JETEKTOPOM.

Bin6uparors 20 M KyJIbTypaJIbHOTO CEpeloBUIa Ta UEHTPUPYIYIOTh IpU
3500 o6/xB mpotsrom 15 xB 3a Temmneparypu 4 °C nns BUAQJICHHS TBEPAHX
yacTuHOK. Onepskanuii cynepHaranT npomuBatoth 0,1 M gocdaraum Oydepom Ta
pecycnenaytoth y 20 mu ekctpakiiinoro oydepa (0,1 M dbocdaruuii Oydep, 0,1%
KCN). Ilicas uporo 3apo30k Mi1al0Th TEPMIYHIN eKCTpakuii npu remmneparypi 121
°C Ha 15 xB B aBrokiaBi. [lani ekcTpakt 3HOBY HeHTpUdyrywotsh (3500 o0/xB
npotsiroM 15 xB 3a Temneparypu 4 °C), BigOuparoTh CynepHaTaHT Ta QiIbTPYIOTh
yepe3 aleTrarientoao3Hl MmeMopanu 3 po3mipom mop 0,22 Mxm. Jlo mpoBeneHHs
aHajizy 3aMOpOXYIOTh npu -18 °C B TUIsIIKax, 110 HE MPOMYCKaTh CBITIO ( JJIs
YHUKHEHHSI JIerpajiaiiii).

[oTyroTh cepil0 CTaHZApPTHUX PO3YMHIB I1aHKOOAJIaMiHy 3 BIJOMHUMHU
koHueHTpauismu (0,25, 1, 2, 4, 5 mr/in). CtaH1apTi BUKOPUCTOBYIOTH JJ1s1 TOOYI0BU
KaliOpyBabHOT KpPWBOi, 3a SKOK TI3HINICE BU3HAYAIOTh KOHIICHTPAIIIIO
HiaHKOaJIaMiHy Y AOCTIIKYBaHUX 3pa3Kax.

AHani3 npoBoadTh Ha 00epHEHO-(a30Bii KoJMOHII. Pyxomoro ¢azoro cymimn
METaHOJy Ta BOJY y nmoyaTkoBoMy criBBigHoIeHH1 10:90 (32 06’eMoM), IIBUIIKICTh
notoky - 1 wmu/xB. Temmeparypa 30—40°C. ImgukatopoMm BHCTyIa€ Igi0THO-

MaTPUYHUNA JETEKTOP MPH NOBKUHI XBWIIL 361 HM.
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3pa30K KyJbTypaJbHOTO CEpeIOBUINA BBOAITH Y XpoMarorpadidyHy CUCTEMY.
[Ticns po3niyieHHS KOMIIOHEHTIB CYMIIIl y KOJIOHI (DIKCYIOTh XPOMAaTorpamy.
[{iankoOanamiH 1A€HTU(IKYIOTh 32 YacOM YTPUMYBaHHSA, SKHI TOPIBHIOIOTH 31
CTaHJAapPTHUM 3pa3KoM. J[J1sl KiIbKICHOTO BU3HAYEHHS TUIOILY MKy I[laHKOOaTaMiHy

31 3pa3Kka MOPIBHIOKOTH 3 TUIOIICIO MIKIB CTaHJIAPTIB 3a JOMOMOTOI0 KaliOpyBalbHOI
KpUBOIi. [4]
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PO311JI 8. OXOPOHA JOBKIJIJIA
8.1. AHaJii3 TeXHOJIOTiYHOI cCXeMH BUPOOHMITBA HJILOBOIO MPOAYKTY HA
Micu eMicii TBepAuX, PIIKHUX Ta ra3onoaiOHuX BiaXoaiB

[IpoanainizyBaBIM TEXHOJOTIYHY CXeMy, pOOMMO BHUCHOBOK MO0 BiIXOMiB
BUpOOHUIITBA. [0 razomnomgiOHMX BIAXOIB BIHOCHMO BIJINpallbOBaHE MOBITPS Ta
BIIMpaIlbOBAaHUN CTEPUIILHUM a30T, Tak sik Propionibacterium freudenreichii subsp.
shermanii ATCC 13673 € dakynsratuBHUM aHaepoOom. Hapomienuss 6omacu
B1I0yBa€ThCA 3a aHAaepOOHMX YMOB, a BjacHe OiocWHTEe3 BiTaminy Bl2 3a
MiKpoaepoIbHUX.

Jlo piAKuX BIJIXOIB BIAHOCHMO MUMHI Ta Ae3uH(pIKYIOUl 3ac00H, a came 5%-
ui posunn TEA-CUJIb ABCK, 0,2%-unii po3unn [le3aktiny, 2%-uil po34uH
KaJIBIIMHOBAHO1 cofau. Takok 110 pIAKUX BIAXOAIB BUPOOHMIITBA BIJHOCHUMO
CYNEPHATAHT, 10 yTBOPIOETHCS MICIA IEeHTPU(PYryBaHHS KyIbTYpaabHOI PIAMHHU.
Bin Moke MICTUTH 3aJIMIIKH MOXKUBHUX CEPENOBUI Ta 0ioMacu, MU BIJHOCHUMO
HOro 0 HU3bKOTO KJIacy HeOe3MeKH.

Jlo TBepaux BIAXONIB BUPOOHHUIITBA HAJIEKUTH IJIACTUKOBA Tapa, B SKIH
30epiratoTbCss MHMHI Ta Ae3uH(]iKyodl 3aco0M Ta KOMIIOHEHTH TOKHBHHUX
CepeloBuIll. 3riIHO 3 HOPMAaTUBHUMU BHUMOTaMHU YKpaiHW, MiJNPUEMCTBA
VKJIQJal0Th YTOAM Ha ayTCOPCUHT 3HEIIKOJKEHHS TBEepAUX BiAXodiB. Taki
M1IPUEMCTBA TOBUHHI MaTy BIJMOBIIHY JIIIEH310 JUTsl 3I1IACHEHHS €T TISITBHOCTI.

HYXT BTEK 05.01.06 KP I13
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Micus emicii, 00’€MH Ta MIKIAJMBICTH BiIX0AiB, [0 YTBOPIOTHLCHA HA
NMPOEKTOBAHOMY BUPOOHUITBI

Tabnuys 8.1
PeyoBuHu,
Tun . . 0 BXOASTh Cranin Kuaac
. . Ha3Ba BigxoaiB - A A
BixxoaiB 10 CKJIAY | BUPOOHUIITBA | He0e3MeKH
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Y iiﬁ - 3AJTUIIKH p
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IInmacTukoBa Tapa
pa Tap TIE-
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8.2. Cucrema 3HEIIKOIKEHHS Ta YTHIi3alil piIkux BiaxoaiB

dinpTpallis € OMHUM 13 HAWBAXIIMBIIINX MPOIIECIB OUMINEHHS CTIYHUX BOJI.
[Ipn oumieHHI CTIYHUX BOJ OCHOBHOIO METO (QUIbTpalii € OTpUMaHHS
BHUCOKOSIKICHUX CTOKIB, TII00 TX MOXHA OYyJIO ITOBTOPHO BUKOPUCTOBYBATH ISl P13HUX
uinei. byap-skuil Tun (igbTpa 3 MPUKPIIUIEHOIO 010Macoi0 10 (PLIBTPYIOYOro
cepeoBUIIAa MOKHA BU3HAUUTHU SIK 010uIbTp. Lle Moxke OyTH KpariuHHUN (UIBTP
y CTaHIlli OYMIINEHHS CTIYHHUX BOJ, 200 TOPHU3OHTAIBHUN KaMm sSTHUH QUIBTP Yy
3a0pyITHEHOMY TOTOII1, a00 TpaHyILOBaHE AKTUBOBAHE BYTULIS UM MIIAHUHN (DiIBTP
y CTaHIlli OUMIIeHHS BOJAU. bioinbsTp yCHIITHO BUKOPUCTOBYETHCS ISl OUHUIIICHHS
MOBITPSI, BOJIM Ta CTIYHUX BOJ. HeszanexHo BiJ pI3HUX Ha3B, K1 3a3BUYAl J1alOTh
3JIEKHO BIJI PEXKUMY pOOOTH, OCHOBHUU MNpUHLHUI O10(UIBTpa OJHAKOBUM:
Olomerpanaiis 3a0pyIHIOIOUUX PEYOBUH MIKPOOpPraHi3MaMu, MPUKPIILIIEHUMH [0
GIIBTPYIOYOTO CEepelOBHUIIA.

ExonomiuyHa Ta edektBHA poO0Ta 610 1IBTPa 3HAYHOIO MIPOIO 3AJIEKUTD B1JT
XapaKTepUCTUK (PIIBTPYIOUOTO cepenoBuilia. JJis OunIleHHs] MEPBUHHUX CTIYHHUX
BOJ TPaBWIBHUM BHOOpPOM (PIIBTPYIOUOTO CepeoBHUINA MOXKE OyTH JOMEHHUMN
IJIaK, TPaHIT 400 CHHTETUYHE CEPEOBHIIE 3aJIEKHO BiJl 00’ €My CTIUHUX BOJI.

biodinbTpariss BKIOYaE MPOXOHKEHHS CTIYHUX BOJ 4epe3 (PuIbTpyrouuit
MaTepiall, Ha SKOMY POCTYTh MIKpOOPIaHi3Mu, 1110 0OPOOIISIIOTh OpPTaHiuH1 CIIONYKH,
Kl MICTATbCS B CTIYHMX Boaax. Llel mpoiiec MO)KHa MOPIBHATH 3 MPUPOJHUMU
010JIOTIYHUMU TIpOLIeCaMu, IO BiIOYBalOTHCS B MPUPOJIHUX EKOCHCTEMax, aje B
KOHTPOJIbOBAHUX YMOBaX.

OcHoBH1 etanu pobotu Giodinsrpa. [locTymieHHs CTIYHUX BOJ — CTIYHI
BOIM TIOJAIOTHCS Ha BEpXHiI piBeHb O010(UIbTpa, A€ BOHU PIBHOMIPHO
PO3NOAISIOTHCS MO BC1M MOBEPXHI PIBTPYrOuOro marepiaiy. [IpoxomxenHs uepes
GbinpTpyIOuMii MaTepian — BOJa PYXaEThCs dyepe3 Mopu (UIBLTPYIOUOro MaTepiary
(e Moxke OyTH TIICOK, TpaBiif, KepamiyHi ab0 TJIACTHKOBI eJeMeHTH). B mporeci
IbOTO MPOXO/KEHHSI OpraHiuHi 3a0pyqHIOBauYl 3aCBOIOIOTHCS MIKPOOpraHi3MaMu,
Kl 3HAXONAThCS HAa TOBEPXHI (QUIBTpyIOYMX MarepianiB. MeTrabomi3zm
MIKpOOPTaHi3MiB — MIKpOOpraHi3MH, 3a3BU4ail OakTepii Ta rpudu, po3KIaTal0Th
OpraHivHi CIONyKH (BYyIJielb, a30T, (pocdop), epeTBOPIOIOYH 1X HAa MEHIII HIK1IUBI
CHOJYKH, Taki K BOJAA, BYIICKUCIMM ra3 Ta 1HIII OPOAYKTH MeETaloIi3My.
BuBeneHHs OUMINICHUX BOJ — TICTIS MIPOXOKEHHS yepe3 010(piIsTp ourIeHa Boaa
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BUBOJIUTHCS B OUMILEHOMY BHIVISAL JIJISl TMOAAIBIIIOT0 BUKOPUCTAHHS a00 CKUIY B
NPUPOHI BogouMu. [51]

Jist OUUIIEHHS CTIYHUX BOA MH OOMPAEMO BHCOKOMPOIYKTHUBHUN MMACUBHHIA
010(IBTp, 110 CKIAAAETHCS 3 (PUIBTPYIOUOTO MaTepiaiy, Ha TOBEPXHI SKOTO POCTE
Oionoriuna 1utiBka. s miuiBka ckiagaeTbes 3 Pi3HUX MIKPOOPraHi3MiB, SIKi 3/1aTHI
MIOTJIMHATH 1 PO3KJIaJIaTH OpTaHivHi 3a0pyaHIOBaYl.

Ockisibku el 010 UIBTp Mpalloe MaCUBHO, JJIA HOro pobOTH He MOTpiOHE
JIOJITATKOBE €HepreTUyHe 3a0e3ledyeHHs], Take K Hacoc abo cucreMa aepailii. Bona
MOJIA€THCS B 010(pLIBTP 3a TOTTOMOTOI0 MTPUPOTHOTO TTOTOKY a00 3aBASKU TpaBiTarlii,
0 J03BOJISIE JIOCATTH €HEproeeKTUBHOCTI Ta MIHIMAJIBHUX BUTpar Ha
ekcruTyaranii. Takoxk OJHI€0 3 0COOIMBOCTEN BOTO TUITY 010(1IbTPa € HASBHICTD
010JIOT14YHOI TIJTIBKH, SIKa yTBOPIOETHCS HA TOBEPXH1 PLIBTPYr0UOro marepiany. Bona
CKJIQJAETHCS 3 PI3HUX BUIB MIKPOOPIraHi3MiB, K1 pO3KJIaIal0Th OPraHiuH1 CIIOTYKH
1 TOKCHYHI PEYOBMHM, IO 3HAXOMATHCS B CTIYHMX Bogax. biodinsrpu 3
010JIOTTYHUMU IUTIBKAMU € 1ykKe €(HEKTUBHUMH JJIs1 OYMILICHHS BOIH B1Jl OPraHIYHUX
3a0py/HEHb, TAKUX SK aMiaK, CIpKOBOJEHb, ()EHOJIM Ta 1HII TOKCHUHHU.

OnavH 3 HalOUIBII MONYISPHUX TUIIB O10(1IBTPIB, IKH BUKOPUCTOBYETHCS
JUTsl ounIIieHHs cTiyHuX Bosl — 11 ""Biokube" (puc.8.1). Le#t 610¢1abTp € npukiiagom
BHUCOKOMPOAYKTUBHOTO MACUBHOTO 010 1IbTpa, IKUii 31aTHUN €(HEKTUBHO OUYHIIIATH
BOJY 3a JIONOMOTOI0 010JI0T1YHOrO mporecy. Matepian (GpiasTpyrodoro ejieMeHTa:
rpaBiii a0 TIACTUKOBI €IEMEHTH, 110 TOKPUBAIOTHCS O10JIOTTYHOIO TUTIBKOIO. [52]
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Puc. 8.1 Biokube

8.3 Cucrema 3HeIKOIKEHHSA Ta YTHJII3alil TBepaAUX BiAX01iB

Jist ytumizaiii TBepAMX BIAXOAIB MH OyJIeMO BUKOPHUCTOBYBATH METOJ
yTHITI3alli 3 BAKOPUCTAHHSAM MOJIMEPBMICHUX BIAXO/IB K BTOPUHHOI CUpOBUHU. B
TaKOMY pa3i Maie MOBHICTIO BUKOPUCTOBYIOTHCS BC1 BIIACTUBOCTI MOTIMEPIB.

Crniouatky TBepi BIAXOAW MPOXOASATh COPTYBAHHA 32 BUX1THUMU MOJIIMEpamMu
iX MOAUISIIOTH HA BUJM, a 32 XapaKTEPUCTUKOIO MOJIMEPHUX BIXOMIB — HA TPYyIIH.
[Tepmoro cramiero mepepoOKHM TBEPAWX BIAXOAIB 3 BUKOPUCTAHHSIM BTOPUHHOI
CHUPOBHUHH € MOAPIOHIOBAHHS, JJIS SIKOTO BHUKOPHUCTOBYIOTH BAJIKOBI JpOOapKu Ta
nonpiOoHIoBawi. HacTymHOw cTajiero mepepoOKM € 3MillyBaHHS. besmepepBHe
3MIITyBaHHs 31HCHIOIOTH Ha BaJIbLAX Oe3nepepBHOi Aii. [TonpiOHEeH1 TBep/Il BIIXOAH
[IHEKOBUM TPAHCIIOPTEPOM MOAAIOTHCS Ha rapsuyy MHHKY, a Miclisg LbOTro Ha
Gbpukuiiiny Muiiky. Ilicns mpoMuBaHHS Ta BHUJAJIECHHS OCHOBHOI BOJIOTH BXKE
noJpiOHEeHa CHPOBHHA CYIIUTHCS Ta MOJAETHCS B €KCTPYAEP, AKUM (OPMY€E CTPEHTH,
IO TTICJIST OXOJIO/KEHHS MOAPIOHIOIOTHCS Ta B BUIIISAII TPAHYJI MOAAIOTHCS Y OyHKEp-
HarpoMa/KyBad. 3aJIe’KHO BiJl CKJIaly Ta CTaHy BUX1IHOI CHPOBHHH LS CXEMa MOXKE
OyTH 3MiHEHa.

biotexHonoriune BUpOOHUIITBO 3a3BUYail HE Ma€ BJIACHOTO OO HAHHS IS
yTum3aiii, o0pobiaeHHss a00 BHUIAJEHHS BIIXOMIB, TOAI JNOIJIBHUM € YKJIaJaHHS
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JIOTOBOPIB 13 MIANPUEMCTBOM, IO Ma€ JIIEH31F0 Ha 3IIWCHEHHS oOmepaiii 3

HeOe3neuHnuMH BiaxoaamMu. MikpoOHy OloMacy 3HHUIIYIOTH IIISXOM CIaFOBAHHS.
[53]

8.4. Cucrema 3HEeIIKOIKEHHS TA30MOBITPSIHUX BUKH/IIB

OuuieHHs Ta30MOBITPSIHUX BUKUIB OyZeMO MIPOBOIUTH (POTOKATATI TAYHUM
MetogoM. CyThb IBOTO METOJY IOJSATa€E y OKHUCJICHHI JOMIIIOK Ha TOBEPXHI
dboTokaramizaropa IiJi BIUIMBOM YJIbTPadioieTOBOro BUIPOMiHIOBaHHS (puc 8.2).
doToKaTaMITHYHI MPOIECH, IO MPOTIKAIOTh, JO3BOJISIIOTH BUPIIIUTH TPOOIEMY
PO3KJIaICHHS TOKCUYHUX OPTaHIYHUX Ta HEOPTaHIYHUX CITOMYK B Ta30BUX BUKHUIAX.

[Tnnoewit dumsTp

Harmiprisit doToraranizatop
BEeHTHUIATOP
Jlamna VO-A
Uucre ‘ N ‘ bpyane
MOBITPA ‘ e
AR TR
R SR T
\ et X

Puc. 8.2 Ouunienns noBiTpst POTOKATATITHIHUM METOIOM

Ha nosepxni TiO2 moxyTs Oytu okucieni 10 CO2 1 H20 npaktudHo Oyib-
K1 opraHiyHi croyku. bynb-saxuit oToKaTamiTHYHUN OYUIITyBad TOBITPS MICTUTD
NOpUCTUA HOCIA 13 HaHeceHMM Ti102, SKUH ONPOMIHIOETHCA CBITIOM Ta
pOAYBAa€eThbCcsl MOBITPsIM. OpraHiuyHi MOJEKYIM 13 MOTOKY aJacopOyroThCS Ha
MoBepXHi (poTokaramizaTtopa, IO HaHECEHWH Ha (OTOKATATITUYHUN GUIBTP, 1
OKUCIIIOIOTh J0 BYMJIEKUCIOTO razy 1 Boau Tin jgieto Y@D-citina. OuuiyBad
MOMIIIYIOTh Y 3aMKHYTHH TPOCTIp, TyIW X M0MaloTh aneToH. CrocTepekeHHs
BeAyTh 3a BTpatu aunetoHy 1 HakornuueHHs CO2. ®dakTuyHO (oTOoKaTami3 Jae
yHIKaJIbHY MOXJIUBICTh OKHUCIIOBAaTH OpPTaHiuHI CHOIYKH y M'sIKuX ymoBax. Hapasi
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dboTokaramiTuyH1 QIIBTPU BUITYCKAIOTh Taki BigoMi dipmu, sik "Toshiba", "Sharp",
"TOTO". [54]
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1 | INTRODUCTIOM

Vitamin B1Z deficiency still persists, mainly caused by low intake of animal food
praducts affecting wegetarians, vegans. and populations of underdeve loped countries.
In this study, we investigate the biosynthesis of vitamin B12 by potential probiotic
bacteriem using an agroindustry residue, the liquid acid protein residue of soybean
[LAPRS], as a low-cost, animal derivate-free alternative culture medivm. Cultwres of
Propianiboctenium freudenveichii subsp. shermanil ATCC 13673 growing in LAPRS for
vitamin B12 biosynthesis were studied using the Plackett-Burman experimental
approach, followed by a central composite design 27 to optimize the concentration
of significant varlables. We also performed a protealytic treatment of LAPRS and
evaluated the optimized-hydrolyzed mediom infleence on the microbial grawth and
rvetabolisrn in shaker flask and bioreactor experirsents. In this all-plant source
medium, P freudenreichil subsp. shermanii praduced high concentrations of cells and
high amounts of vitamin B12 (046 mgfg cells) after process optimization. These
results suggest the possibility of producing vitamin B12 by a potential probiotic bac-
terium in a very cheap, animal derivate-free medium to address the needs of spedific
papulation groups., at the same time reducing the production costs of this essential
witarrin.

KEEYWORDS
agroirdustry residues, bicprocess, liquid acid protesn residue of soybean, Propionibocterium
freudenreichi, vitamin B12

miood and behavsor, peychaosis, amd dementia.® Humars are unable to
synthesize cobalamin, obtaining this vitamin exchusively through diet.

Chack
updates

The vitamin B12 (cyanocobalamind, has the maost complex chemical
structure among witamirs. It & 3 cofactor of the snnymes [R]l-methyd
malonyl-Cof mutase (EC 549932 and methionine synthase
[EC 2.1.113), in the human organism. These enzymes have an impor-
tant role in the metaboliom of fatty acids and amano acids. The action
of methionine synthase s mdirectly assocated with DA 5\!11I:h|:n'5."
Becauss of this. vitesmin B12 defidency l=ads to the development of
megalohlastic anemia and neurological problems. such as changes in

Cobalamin deficiency ooowrs due to three main reasons® Problems
related to malabsception of this micronutrient™; low intake of food of
animal arigin®; gastrointestinal infections caused by micoorganismes
such as Helicobaoter pyiori.?

On the other hand. vegetarars, wegans, and populatiors of
underdevel oped countries with ireppropriate diets are also growps of
prople susceptible to dictary witamin B12 deficiency, even when no
clinical izsues are present® Several studiss howe been dewsloped in
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recent years aiming at offering alterrative sources of vitamin B12 to
meet the nutritional demands of thess papulations.** Food fortifica-
than is one of the alternatives to inorease the nutritional value of food
products and fo reduce the problems caused by the ok of mioro-
nutrients. inchuding vitamin B127 Ancther appraach that has been
researched is the direct addition of microonganisms. spedially lactic
acid bacteria. to foods, or through the fermentation of food itself
{food bicenrichmen].?

The most commonly used microorgansms to produoe vitamn
B12 are Pseudomonas denitrificons, Propionibocterium freudenreichi,
and Bocillus megaterium.® P. freudenreichii is particularly interesting for
fond applications due to its efficient B12 production. associated with
the fact that this is a Generally Recognized as Safe [GRAS) bacterium
by the USA Food and Drug Administration a,gi:nql.‘ Furthermore,
recent studies with P. frevdenreichii hawe shown that this bacterium
pressnts probiotic charachenstics, such as resistance to gastrointesti-
nal corditions, adhesion capacity on epithelial czlis, modulation of gut
microbicta, and immuncmodulation ' Thus, this potential prabictic
microosganism is a promising option for food bioenrichment with wita-
min Eilﬁl 11z

Another interesting factor regarding the use of this miooorgan-
ism i the possibility of producing vitamin B12 wsing altemative cul-
ture: media composed of agroindustry residues. These: substrates ane
avallable in huge amounts, hawve very low added wvaluwes, but are
nutriert-rich for microbial growth (carbotrydrates, proteins, and min-
erals. " One residue of particular interest in this cas= is the liquid
acid pratein residue of soybean [LAPRS], which is obtained as an efflu-
ent during the sovbean-izolated protein process (SIFL For instance,
one single industrial fadlity for SIP production generates approsi-
matety 50,000 m” of LAPRS monthby, "

The LAPRS & composed mainly of carbohydrates and proteins
and poses an extremsly high biochemical owygen  demand
(= 20000 mg Oy L4 Due o this. it carmot be disposed of directly
intp the ervironment, requiring an expersive effluent treatment,
which & economically undesimble.’” However, LAPRS has been
reported to be an effective growth medium to produce probiotic bac-
teria and their main product, the |actic acid '™ So far, there have been
no reports about vitamin B12 production using LAPRS.

Taking into consideration these aspects, we s=t an investigation
ta test the bicsynthesis of vitamin B12 by P. freudlenneich subsp. sher-
marid ATCC 13473 a GRAS bactevium, wsing LAPRS as oulbure
medium. The production of the vitamin was tested and optimized
using an experimental design. This approach could |ead to ane of the
sobe cases of wiktamin B12? production and wehiculstion n foods
completedy animal-free in its compasition

2 | MATERIAL AND METHODS
21 | Reagents and chemical standards

The analytical standard of vitamin B12 [cyanccobalamin] =99% of
purity was purchased from Merck (Darmstadt, Germaryl Mobile

phiazes used in the high performance liguid chromatography (HPLC)
were composed of Milli-0 water (Milipore System, EUA] and metha-
nol HPLC grade purchased from Merck [Darmstadt, Gemmanyl. Adl
other reagents used in this shudy were of analytical grade, obtained
firom Sigrna-Addrich (St Louss, Missouril

22 | Microorganisms and samples

The microanganism used was P frevsenneichi subsp. shermanii ATOC
13473, which is a commercial stramn purchased from André Toselio
Foundation (Campiras, SP, Brazl). The Bquid acid residue protein of
soybean [LAPRS) was kindly donated by the Dupont Compainy (Esbesa,
RS, Brazil & was collected, transported, and concentated as
described in the previous studies.””

23 | Chemical composition of LAPRS

The aralyses of total sugars, comprised mainly of stachyoss, sucrose,
raffinose. ghicose, galactose and fructose, and proteins of LAPRS
were caried aut following the Adoffo Lutz Institute Pratocols ™ bin-
erals |potssium, phosphorus, mangarese, magresium, sodivm, sulfur,
iron, calcium, and cobalt] were analyzed by atomic absorption spec-
trometry through direct evalation on optical emission spectrometer
ICP-0ES optima model 8300 [Perkdn Elmer, EUALY Osmotic pres-
e was measured using 2 water pressune csmometer squipment,
model Wapro 5,530 [Logan, EUA)LZ®

24 | Inocula and growth conditions
Thiz stock cells and preinocula for cultivations of P. freudenreichil werns
prepared wsing B12-free medium, which is Bl 2-free. The medium was
compased of Glucose, 20 gfL: yeast extract, 20 g/L; sodism lactate,
13 g/L; tween, 01 gfL; manganese sulfate, 0.02 g/L; magresium sul-
fate, 02 g/L; cysteine chioride, 0.5 g/L; cobalt chloride, 15 mg/il:
Syé-cimetindbercimidazole (DAED, 15 mg/L; phosphate buffer 1M,
100 mil/L, the pH adjusted to 4.5 before sterliztion (121°C, 15 man).
Cell groweth was performed in Erlermeyer flasks (50 ml] filled wath
27 ml LAPRS and purged with sterile nitrogen to promate anasmobic
conditiors. The flasks were inooulated with 10% wolume of a pre-
cutture joptical density [0D0]sc0=1) and the microorganizm was grawn
at 30°C, anaerchically, for 72 hr. After that, DMBI was added and the
fallowing 9é hr of growth was conductsd under microaerophilic con-
dition at 3 C and 180 rpm 3

25 | Influence of LAPRS supplementation on
witamin B12 biosynthesis

A Plackett-Burman espermental design was used to evaluate the
influence of LAPRS supplementation on witamin B12 biosynthesis by
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P. freudenreichii subsp. shermanil The experimental design was com-
pased by eight real variables and three dummy vanables tested in two
levels with three replicates in the central point to measure the experi-
mental error (Table 1) Al 12 independent experiments and the
extraction process were conducted as described by Hugenschmidt
et al*® and Mohammed et 2,** respectively.

26 |
LAPRS

Optimization of vitamin B12 biosynthesis in

After finding the significant variables on vitamin B12 biosynthesis, an
optimization experimental design was performed applying central
cmposihe&s'ulf.ﬂmduimmmmwdbymim
variables tested in two levels, two mdal points. and three replicates at
central point to measure the experimental error (Table 2). The eight
independent experiments were supplemented with ron sulfate
(30 mg/L) and DMBI (30 mg/L). The culture and extraction process
were conducted as describad by Hugenschmidt ot al* and Moham-
med et al® respactively.

27 | Growth kinetics of Propionibacterium
shermanii ATCC 13673 on optimized LAPRS

After data analysis of response surface generated by central compas-
ite design 2°, growth kinstics was performed under the best condi-
tions for B12 biosynthesis by P. freudenreichié subsp. shermanii. In this
expariment, LAPRS was supplemented with (in mg/Lk: Cobalt chloride,
DMBL 30 after 72 hr of growth. The culture process and extraction
were conducted as described by Hugenschmidt et al*™ and Moham-

med et al** respactively.

28 | Influence of LAPRS enzymatic treatment on
P. shermanii ATCC 13673 growth kinetic

The treatment of LAPRS medium with a proteciytic enzyme (Alkcalase)
was applied to avoid protesn precpitation that could make this

nitrogen source unavalable to P. shermanii. The pH of LAPRS was
adjusted to pH 8.5 with NaOH and the catalytic reaction was con-
ducted for 3 hr, 55°C, using 10 ml/L of Alcalase 24 L ([Novarymes,
Latin America, Brazill, following procedures described by Rech et al?*
After the enzymatic treatment. the pH of hydrolyzed LAPRS medium
was adjusted ta 6.5 and sterilized at 121°C, 15 min. The LAPRS
medium was supplemented with the same components described in
Section 2.7 and the microorganism growth conditions were kept the
same a5 described by Hugenschmidt et al >

29 | Growth kinetics of P. shermanii ATCC 13673
in stirred tank bioreactor

This experiment was camied out in 2 L stered tank bioreactors
(Biostat B, B. Braun Biotech Intemnational, Germany) operated with
135 L of LAPRS medium treated with Alicalase. The LAPRS medium
was steriized at 121°C, 15min in the bicreactor tank and, before
inocudating, it was purged with sterile nitrogen to promote anaerobic
conditions and supplemented with components described in Sec-
tion 2.7. Bioreactor cultures were inoculated with a volume of 10% of
cell suspension {concentration 10 0D, ABS 400 nm). Culture condi-
tions were 30°C, 200 rpm, and pH controlled at 6.5 by adding NaOH
5 M. Cell growth kinetics was divided in two stages, initially 72 hr
under anaerobiosis, followed by 94 hr under microacrophiic condi-
tions, by keeping aeration rate at 0.5 vwm.

TABLE 2 Variables and leveds of central composite design 2° to
test supplementation of LAPRS as substrate to synthesize vitamin

812 by Propionibac freudenreichi subsp. sh
Real varbbies
~141 50 25
-1 79.08 52624
4] 150 1200
1 22092 187376
141 250 21%

Abbreviation: LAPRS, liquid acid protein residue of soybean

TABLE 1 Varables and levels of the Plackett-Burman experimental design to test supplementation of LAPRS as substrate to synthesize

vitamin B12 by Propionibacterium freudenveichii subsp. shermanii

Real variables

extract Tryptone  phasphate chioride phasphate add chioride oMal
-1 Q (1] 0 0 0 4] Q o
o 5 s 25 220 15 15 15 15
1 10 10 s 500 20 20 20 30

Abbreviations: DMBL § 6-dmmethyibenzimicazole: LAPRS, liquid acid pr
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210 | Vitamin B12 analysis

A volume of 20 mil of fermentsd medium was centrifuged [(4-C, 3,500 g,
15 minj, the cellular pallet was washed using phosphate buffer (011 M,
pH 7] and resuspended in 20 mil of sxtraction buffer (phosphats 0.1 b;
KICM, .15 weeightt fraction; pH 4.5). Extracts were placed in amber boi-
tes and frozen [=18°C) unkill the esfraction process. The extraction was
performed using wet heat (121°C, 15 min) in autodave [Phoenio: Brazl].
After this process, the extract was centrifuged and the supsmatant was
callect=d, filtered through acetate collulose membranes (0L22 pm) and
frozen = 18-Chuntil HPLC- DWALY anabysis.

The B2 guantification was performed by HPLC [Shimadzu,
Kyoto, Japan) eguippsd with pumps (LC-20 AD), aufo-sampler
[SIL-208), C18 column Shimadzu (4.6 mmx 250 mm, 5 @m particke
size], aven [CTO-204), and diode array detector [SPO-M208) Chro-
matographic nuns were performed using gradient elution of water:
Methanal and chromatograms were processed at 341 nm.™

A validation process was performed to enswre the reliabilty of
results through analysis of perfformance parameters Bos linsarity
[RY > 990 limit of detection (007 mg/Ll, Emit of guantification
1021 mg/L) These parameters were obtained from five independent
analytical curves of cyanocohalamin standard §0.25-5 mg/L].

211 | PBiomassand organic acids analyses

Biomass was gravimetrically measured and defired as dry weight cells,
whereas the corcenbation of organic acids was aralyzed by
HPLC (Shimadzu, Kycte. Japan) equipped with pumps (LC-20 AD],
auto-sampler (SIL-204), refractive index detector [RID-104), and
Bio-Rad HPX-B7H column (300 x 78 mm and 5 pm particle sire].
Chromatagraphic rurs were performed with H;50, 5 mM solution as
mobile phase, rate flow of 0.8 ml/min, oven temperature set at 45°C
and 20 @ of injection walume**

212 | Statistical analysis
Statistical analysis (analysis of wariance) of experimental design was
performed using softeare Statistica 1000 (StatSoft, ELA)L For ather
statestical analyses, Microsoft Excel 3040 was used.

3 | RESULTS AND DISCUSSION

31 | Chemical composition of LAPRS

Thee conoentrarte LAPRS showed high content of sugars {51 g/L) (Table 33
A qualitative profie of sugars was defined in the HPLC-RID system. We
fiound that stachwose. mffincss, and sucrose an= the main carbohydaiesin
LAPRS followed by smaler amounts of gucose, galactose. and fructoss
|[Figure 51]. The presence of these sugars & the characterstic of soybean
by-products ard has been reportsd in previous words **

TABLE 3  Physicochemical charactesistics of LAPRS
{ooncentrated to 35% of its onginal volume in the sampling point at
factory]

Parameter esule:

BH 4,60 £ 021
Total sugars [g/L1* 51,45 £ 339
Lactic achd {g/L) 127 +012
Proteins {g/Li 12,00 + 002
Minerals img/L)

Potassium (K] SATALS £ 04
Sodium (Ma) 20568 £ 021
Calcium {Ca) 19669 £ 034
Phosphones [F) L2723 +043
Saitur () 20837 £ 041
Magnesiam (Mgl IM0.05 £ DET
Manganess [MMn] 4,33 £ 054
fron [Feh 175 £ 044
Cobalt (i) [und

Camatic pressure (menol/kg) 500 & 205

Abireviation: LAPRS, bauld acid protein resldue of sovibean.

“Sugars identified by HPLE were: Stachwose, raffinose, sucrose. ghimss,
galactose. and fructose [Figure 51 The amount of each sugar, indiddually,
was niod determimedl

*Mot detected [lierit of detection for cobalt lons wees 0.0003 rnq.'u.

Protein content of concentrated LAPRS (12 g/L) is interesting for
bicprocess. This protein s compassd mainly of low-weght soy pro-
tesins that wemre not recoreesnsd in the precipitation process of soybean
profein isolation.'” Howevar, soybean probsins are onown o have 3
low content of cystsine amino acids, which i important to mionobial
el ular structures production.® Thereby, the influence of supplemen-
tation of LAPRS with this specific amino acd was performed in our
study.

Ancther interesting result is that several minerals necessary to
support micrabial growth such 25 phasphorous, ron, and calcium wene
fourd n the LAPRS compasition. In conbrast. we noted the absence
of cabalt ion, which is essential for witamin B12 biosynthesis. ™ Thene-
fiore, the influence of cobalt supplsmentaton of LAPRS was also eval-
uated in this wark.

The camotic pressure of comcerirated LAPRS was bow, thus con-
sidered suitable to enable microbial growth ™ The low pH of LAPRS
was expected because, during the soybean coagulation process, acid
is used to promate protein precipitation.’” requiring that the pH of
LAPRS should be adjusted (4.5) before sach growth experiment.

32 | Influence of LAPRS supplementation on B12
biosynthesis by P. freudenreichii
Thiz experimental design mabrix and the results of vitamin B12 biosyn-

thesis by P. freudenveichil subsp. shermanii ATCC 13473 are presented
in Table 4. The highest vitamin B12 spedfic yield was achieved in
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expariment B where the specific yield reached 0.2% mg/g cell Cobalt
chioride and DMBI were the significant variables and both showed
pasitive effects [Table 5

The avadability of cobalt chloride ions in the culture mediom is
eszential to vitamin B12 bicsynthesis because it is a central component
of the cominaid ring. ™ Therefore, we run an addiSonal experimentation
to optimize the cobalt dhlonde concentrabon supplemented in LAPRS.

DBl is also a struchural modety of active forms of vitamin B12,
linked @ an inferior kgand to the cobalt ion. P. frevdenreichii carry the
gere BluB/CobT2, necessary to DMBI synthesis in the pressnce of
flawin mononudsatide and molecular ooygen ™ However, supplemen-
tatson of the cufture mediom with DMBI has besn reported to pro-
miote vitamin B12 bicsynthesss, 25 we albo obssrved n Mm.ﬂ'f.m

It is important to observe that under the conditions of experment
12 (no supplsmentation), vitamin B12 was not detected (Table 4). The
corcentration of DB often added to culture media ranges from 0.9
to 30 mg/L, which are low concentrations because it pres=nis low
water schubility and is possibly tosic to microbial celis 477 We set the
concentration aof DMBI at fts highest tested leved, 30 mg/L.

east extract and trypions were evaluated as extra sources of
prot=in ard minerals. They exerted effect on biomass production but
did not show positive effects on vitamin B12 specific yisld (Table 5L
Finally, glutamic acid supplemnentation did ot produce a significant
effect on the biosymthesis of vitamin B12. Becauss this biosynthesss is
strain-dependent. it is possible that the strain used in our work did
rot metabolire glutamic acid as a substrate in the C5-pathway to pro-
duce amirolevulinic acd. Therefore, these supplements were not
included in medium compesition faor the next experiments. Conceming
iron subfate and cysteine chiorde supplementations, although these

compounds were abke to produce pasitive effects on vitamin 812 bio-
synthesiz. thess effects were mot statistically significant. However, it
is known that soybean proteins are deficient in cysteine ™ thus the
cysteine chioride was evaluated again in the contral composibe design
2, and iron sulfate was included ard foosd at its highest level (30 mg/
L} tested im the Plackett-Burman, in the next sxpemsments.

33 | Central composite design 2°

The surface response geresated by the central mmpuﬁedesignﬂ‘”'ﬂ
pressnted in Figure 1. Cobalt chioride showed positive effects in all

TABLE 5§ Effect of independent variables on vitamin B12

bicrrynthesis by Propi teritem frevcenreichi subsp. st il
Warlabie Effect pwalue
Yeast entract 015 &8T5
Tryptone =042 1354
Potzschim phosphate mo12 A3
Cysteine chioride 0038 1637
Iran sultate: 0045 JA11E
Glutamic add B Tal ) AT
Cobait chiodde* OBS 0135
GMER L1 Tajrd a%1

Mate: SE = D.O24160; R¥ = BI7E
DB, 5 il matiy ke
*Statistically sigrificant at $5% of confidence.

TABLE4 Experimental matnx of Plackett-Burman design and the experimental results testing supplementation of LAPRS as substrabe to
synthesize vitaman B12 by Propionibactenum frevdenreichi subsp. shermaris

Coded warlables
Ewperiment X1 X2 X3 X4 HE  ME  XT
1 1 =1 , IR, TR [ | 1
2 1 s . | 1 =1 =1 =i
E] =1 1 1 -1 1 =1 =1
4 B | 1 B | i -i
] 1 s I | 1 s I | 1
& 1 1 -1 1 1 -1
7 =1 1 1 Q1 1 1
B =1 =1 1 1 i 1
] =1 =1 =1 1 1 s R |
10 1 =4 1 -1 1 1 1
11 =i i =4 =8 = 1
12 =1 =4 a4 - 4 4 -1
13 o 1] o o 1] o o
14 [ a o [ a o [
1% L] a o L] a o L]

M8 VIl W2 V2 Blomassig/l]  Vitamin 812 {mg/g]
1 1 =1 1 752 [l
1 1 1 =1 Bz 0.0E

-1 1 1 1 04 ao?

=1 =1 1 1 T acs

=1 -1 =1 1 B12 ai17
1 =1 =1 =1 .84 a0y
=1 1 =1 =1 59 a1
.| =1 1 =1 344 axy
1 1 =1 1 156 a1y
=1 1 1 =1 T8 Q13
1 =1 1 1 8.2 ai?

-1 -1 -1 -1 3134 [l ]
a o o o B35 a1y
a o o 0o Bl 19
a o o o ) a1

Abbrevations BiMBL 5, 4-dimethyenaimi dazole; LAPRS, Bguid add protein residue of soybean: X1, yeast extract; X2, tryptone:; X3, potassiem phosphate;
%4, cysteine chioride: X5, iron sulfate |; X8, ghutamic ackd: X7, cobalt chioride; X8, DMBL V11, V12, Vi3 are inert varlables of design,
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tested conoentrations. Cysteine dhioride negatively affected vitamin
B12 biosynthesis at concentrations ranging from 500 to 1,800 mg/L.
The =ffect of cobalt chionide (4] and cysteine chioride (B) on vitamin
B12 specific yield can be comelated as in Eguation 1:

Vitamin B1:2 = 0387 + 00084 + D.O0ZAT - 0L.00EA - 0.0848% + 0.01588
(1)

The model shaws a high cosfficent of determinaticn (7 = %611)
and more than $0% of the results on vitamin B12 specific yield =
explained by this equation. Based on this, a vitamin B12 specific yield
of 0L43 mg/g cell could be achieved supplementing the LAPRS with
250 mg/L of cobalt chloride and 1,200 mg/L of cyst=ine chioride We
performed the exper under the cptimized conditions, cbtaining
047 mg of vitamin B12 per gram of dry cell, in accordance with the
values predicted by the model.

34 | Growth kinetics in optimized LAPRS

#After establishing the best medium compaosition and culture condi-
tions for vitamin B12 bicesynthesis, we run a complete growth kinetics
in shaker flasks and results are presented in Figure 220 Inoowr experi-
menits, we detected vitamin B12 after 72 br of growth, the endpaint
of araerchic growth, and proceeded to the macd mum specific yield of
approcmately (Lé mg/g at 144 br of cultivation.

The bioprocess to obtaen witamen B12 by bacteria of
Fropionibacterivm genus i usually divided into two stages. First,
the microorganism is grown under anaerobiosis for approcdmatehy

FIGURE 1 Response surface of central compasite design 2 with
cobalt chioride and cysteine chioride a5 experimental varables of the
test of supplementation of LAPRS as substrate to symthesize vigamin
B12 by Propioniboctenm freudenreichi subsp. st m LAPRS,

Bquid acid protein residue of soybean

72 hr to produce the vitaman B12 precursors. Then, in the sscond
stage, DBl is added to medium and the process is conducted
urder microaerophilic conditions. This step =nables DMBI attsch-
ment on the cobinamide structure and then the vitamin B12 bio-
synithesis i complebed. ™

O results comparsd well with previous reports for vitamin B12
production on synthetic and altemative media. Wang et a* run batch
and fed-hatch processes using P. freudenssichii CIOC 10019, inoa sym-
thetic media using glucose (40 g/L) as carbon source, obtaining 0.41
and (.54 mg/g, respectively at 140 hr. Chamiagain =t al.n reported
productions of vitamin B12 by 27 strains of P. frewcenneichi, which
weere cultivated in whey permeate, values of wvitamin obtained ranged
from 002 to 025 mg'g- In one of the best results reported, Wang
et al™ devised a glycerol/glucose cofermentation in a fed-batch pro-
cess o biosymihesine vitamin B12 by P freudenreichil CCC 10049,
obtaining (.72 mg/g after 258 hr of cultivation. These results suggest
that several varables on media formulation and cultivation forms
highly impact the vitamin bicsynthesis.
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FIGURE 2 Growth kinetics of Propionibacterium freudenreichii
subrsp. shermanii ATCC 13473 in shaker flasdes with supplemented
LAPRS medismn at 30-C, 72 hr anaerchic and 98 hr microa=rophilic
conditions {180 rpm). (a] Yitamin B12 [«), pH [, and biomass (W
|k} total sugars (=1 lactic aod (V], propsonic acid (A}, and acetic acid
. Results represert the mean of duplicates. LAPRS, Bquid acid
protein residue of sovbean
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Propionibacterium =p. are recognized for their ability to a y ible for vitamin B12 bi hesis”” 2 condition we
variety of carbon sources, specially lactic acd, which is easily assimi- adopted in the bioreactor experiments.

lated by these microorganisms?*? Figure 2b shows the kinetic
parameters of biomass farmation, and sugar and organic acid concen-
trations during cultivation. P. freudenreichi ATCC 13673 consumed
lactic acid present in LAPRS medausm culture. It consumed approsd-
mately 30% of available carbohydrates. Simidar sugar consumption
profile has been reported for cultures of P. freudenreichi subsp. sher-
manii TE2 in madia containing sucrose as carbon source, in which
mhutdy27%dmmcmnd”&mnihm
mast abundant carbohydrate in the LAPRS and it can explain the low

sugar ion and reduced bé production (1,62 g/L) in this
expeasiment.

The production of propionic and acetic acids, ratios around 2-1, is
characteristic of P. freudenreichii b ibolism.* The culture

pH decreased steadily along the cultivation process and reached the
lowest value (4.4) at 96 hr of culture process. P. freudenveichii subsp.
shermanii is inhibited at pH 4.5 or lower, as obsarved in cur study and
corroborated by other reports in the iterature ** Controlling the pH
around neutrality is essential to cbtain the maximum activity of
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FIGURE 3 Growth kinetics of Propionibacterium freudenreichi
subsp. shermanii ATCC 13473 in shaker flasks with enzymatic
pretreated LAPRS medium, at 30°C, 72 hr anaerobic and 98 hr
microaerophilic conditions (180 rpml. (a) Vitamin B12 (L pH (1), and
biomass (l); (b total sugars (<), ctic acd (V), propionic acd (A), and
acetic acid (@) Results represent the mean of duplicates. LAPRS,
liquid acid protein residue of soybean

35 | Influence of LAPRS enzymatic pre-treatment
on P. shermanii ATCC 13673 growth kinetics

The growth kinetics of P. shermani ATCC 13473 in medium LAPRS
after ymats with Al depicted in Figure Jab,
showed enhanced production of metaboltes. The b accumua
tion increased from 1.8 to 2.4 g/L and higher propionic and acetic acid
production was observed (4.6 and 3.3 g/L, respectively). However, the
specfic yields and productivity of vitamin 812 (058 and
001 mgL~* hr! respectively) were similar to the condition without
hrydrolysis. # is known that & ing the of nitrogen source
in the medium culture of P. freudenreichi can increase biomass and
organic acids production.” However, it might not affect directly the
biosynthesis of vitamin B12 as we noticed in the I i

experiments (Table 5). In addition of improving the blomass and
metabolites production, LAPRS with Akalase = ial to
enable the bioreactor experiments b it avoids proted i

tion. Therefore, we kept the encymatic treatment for the next
experiments.

3.6 | Bioreactor kinetics of P. shermanii ATCC
13673 cultures

Figure 4 depicts the i of bi b Itivations of P. sher-
manit ATCC 13673, in which pH was controlled. Results shaw higher
biomass formation {>8 g/L) and sugar consumption (>60%] in relation
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FIGURE 4 Growth kinetics of Propionib ium freudenreichi

subsp. shermani ATCC 13473 in 2 L bioreactor with enzymatic
pretreated LAPRS medium, 20-C, 200 rpm, 72 hr anaerobic and 98 hr
microaerophilic conditions (aeration rate = 0.5 vwm). Vitamin 812 (x)L
biomass (i total sugars {<), bactic acid (V). propionic acid {A), and
acetic acid (@). Results represent the mean of duplicates. LAPRS,
liquad acid protein residue of soybean
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to the shaker cultivations (average of 2 g/L and 30%, respectively].
The maximum concentrations of propionic acd (8.14 g/fL) and acetic
acd [14.85 g/L) were betwesn 2 and S-folds. respectively, compared
to shaker cultivations. Witamin B12 productivity was increased 2-folds
{from 001 to 0.02 mg L~* e~ in the bioreactor cultivation. Although
high aeration rates can inhibit Propicnibocterium growth, it has been
shaown that supplying ouygen at low concentrations can increase bia-
mass yiskds, This bact=rium has some components on its eleciron
trarsport system, such as heme ereymes and oytochromes b and ¢,
which are present in the respiratory system of aerobe miocroorganismes.
Because of thess comporents, P. shermonii can wse low concentra-
tions of axygen present in the medium to obtain en=rgy and producs
I —

In general, the axygen supply to P. shermani cultures will have
more pronounced effect on biomass than on vitemin B12 formation.
For instance, maintaining the volumetric cooygen transfer cosfficent
fkal of 1vhr, which iz a low walue, in batch culhwes of
P. freudenreichii COB10015 growing in symithetic medium containing
B gL of glcoss and 100 g/l of com step lguor as major compa-
nemts, af 35°C for 72 br, producsd similar amounts of biomass
{125 g/L), propionic acd (7.0 g/L), acetic acid {13.5 g/L). and vitamin
B12 specific yisids {02 mg/g) as cbtained in our wark ™

The refatively high production of acetic acid is another character-
istic of P. freudenreichi metabolism under aerohic metabaolism. ™ The
progionic acikd produced under the anasrobe phass is completely
converted to pyruvate in pressnce of dissolved axygen. Then, the
penerated pynrvate is axidizsd to acetic acid, inoreasing its concentra-
than, as we noticed in our work*? In the bioreactor cubture, the pH
was automatically controlled at 4.5, which has been reported as an
impartant factor for best Propionibacterium growdth™ and vitamin B12
bicsynthesis. "

4 | CONCLUSION

The L with P. frevcenneichi subsp. sh i ATCC 13473
have shown that this strain was able to biosymthesize considerabls
amounts af vitamin B12 on LAPRS medium, even comparable to
reports an the Fterature in oltures using synthetic media. in addition,
applying an enzymatic pretreatment in the LAPRS medium to break-
down proteins and nunning batch bioreactors cubhures, we could
incresse biomass concentration and vitamin B12 biosymthesis up to
fourfold amd teeofold, respectively. This is the first report evaluating
this animal component-free, LAPRS a5 a medium culbure to produce

B12 by P. freudenreichi subsp. shermani, There & a great
potential of applying the biomass obtained in this bioprocess in order
to produce a cheap sowrce of vitamin B12 to bicenriched food prod-
ucts a5 an akermnative for a renevable and animal component-fres
procEss.

ACKNOWLEDGMEMNTS
Thiz wark was supported by prants from Brazdian Coordenacaa de
Aperfeipoamento de Pessoal de Mivel Superior ([CAPES, Firance Code

001), and grants from Consslho Nadonal de Deseralvimento
Cientifice = Tecnoldgico (CMPg, grant 442514/2004-2 for the
comesponding author), and from Furdacao de= Amparc 3 Pesquisa do
Estado do Rio Grands do Sul [FAPERGS, grant 18/2551-0000495-2
fiar the comesponding and the second authars).

QRCID
Marco Anténio Zdchia Ayub (B https:// orcid org/D000-0003-44 10-
k]

REFEREMCES

1 Hieksn MU, Rasmussen MAE Andersen CBF, Mo E, Mosstrup SK.
Witamin B12 transport from Food to the body's cells—a sophisticated,
multistep pathway. Nat Rev Gastroentersl Hepotol, 20129345382
hittps://dolorg 101038/ nrgastra 2012 786

2 Green R Vitamin B132 deficiency from the perspective of & practicing

Blood. 2007129 2603-2412 hbtpss//dolorg/ 10 1182
Eibond - 3016~ 10-557 184 In.

A Mol R, Davis B. Iron, vitamin B12 and folate. Medicne, 201745178
203, https/'dolorg/ 10 1018/ mpmed 201 7.0 007

4 Garod MG, Buchholr BA, Miller IW, Haack KW, Green B, Allen LH.
Witamin B12 added as a fortificant to flowr retains high bloavalablicy
when baled in bread. Mool Inctnee Methods Plys Ries. 20094 38:134-
140, https://dol org/ 10 1014/ Lnimb 201 805,042

5 Taranto MP, Vera JL, Hugenholtz J, de Valdez GF, Sesma F. Lacioba-
cllus reuteri CRLLI0PE procuces cobalaming J Bocterol 2003185
S843-5547. hittps://dol org/ 10 1128/18.185 18 5523,

& Xie C, Coda R, Chamiagain B, et al in sty fortification of vitamin 812

i whaeat foar and wieat bran by kan with Pr um
freusenreichd. | Cerssl S0l 2008:81:133-139  hitpefdolomg/10.
105 jox SO18.05.002

7. allen L Benokst B, Dary O, Hurel R, Guidelioes on food Fortification
wilth micronutrients. Geneva, Switzerland: World Health Organi zation:
200%:1:3-30.

8 de Albuguerque MAC, Bedank R Vidra AD, LeBlanc WG, Saad SMIL.
Supplementation with frult and chaa  sovbean  by-products
andamaranthflour imcreases the folate production by starter and pro-
bikathc culttures. in § Food Microbiol, 3016; 28424 -32. hitpe/ dolorg?

100, 10 &/ [Fondmicra 201607008
9. Vandamme El Revuelta U indusiiel Biotechnodogy of ‘itomdns,
Hiopi ruls, onid Ant ! b i Wiy 2008

10, Rabah H, do Carma R Lulz F, Jan G. Dairy proplonibacteriac wersatile
pobiotics.  Microorgemisms. 2007 501-17.  hitpss/sdolorg/ 10 3390+
msSO2000a

miCrnorganis X

11. Chamiagain B. Fermentation Fortification of Active Vitamin B12 ks Food
Mgtrices Using Froponiboctedum freudenreidhl: Amabysts, Procuction
and Stoblity. PR Theds, Helinkd, Finkind: University of Hedsinki:
H01é. btk Som i AURM:ISEM-S TE-981-51-2 7532

12. Huperschmidt 5, Scwwenninger Sk, Lacrolk C. Conourrent high pro-
duction of natural folate and vitamin B12 using a co-culture process
with lactobacili=  plantanem  SM39  and  Proplonibocterium
frewdenreichd DF 13 Process Blochem. 201145051 1063-1070. htps: s
diod,ong, 10, 100 &y prochin 201100021

13, Hafarajolizh H, Mokhtaranl B, Mortaheb H. Afaghl & Vikamin B12
blosynthesks over waste friing sunflower oll 2 a cost effective and
reniewabke sbwtrate. J Food Sol Techmol. 201 5;52-3273-3282. hitps:/¥
diod.ong 10, 1007 /51319700 4- 1383 -x.

14. Kodmider A Biakas W, Kublzk P, Dvozdeywicka A Craczyk K. Vitamin
B1Z production from  crude glyoenol by Froplonibocherium
frevdenreichd S5p. shermand: cptimization of medium composition
through statistical experimental designs. Bioremour Technol 3012;106c
128-133. hitps//dolorg 102018/ blortech 2011.11.0%4,

75



