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10 | Oxopona ooexinns 17.05.21-20.05.21
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PEDEPAT

Jlana nurioMHa poOOTa MpPUCBAYEHA PO3POOJICHHIO TEXHOJIOTIUHOI CXEeMHU
OTPUMaHHS TIOPOIIKOMOAIOHOTO €-TIONITI3UHY mTaMoM Streptomyces albulus 1LS-
84, n1si BAKOPUCTAHHSI B SIKOCTI Xap4OBOT'O KOHCEPBAHTY.

3MaTHICTh [0 CHHTE3y &-TOJUT3WHY BUSBICHA Yy TMPEACTABHUKIB POy
Streptomyces, a TakoX Yy JAesSKUX IUTaMmiB poay Bacillus. Tlpote Hailikparii
CUHTE3yBaJbHI BIIACTUBOCTI Oynu puTamMaHHi mramy Streptomyces albulus 1.S-84
[10], ockiIbKK CUHTE3yBaB MAaKCUMAaIbHY KOHIIEHTpAIIO €-MOJUTI3UHY — 32,6 1/,
IIpU MIHIMaJIbHIM BapTOCTI MOXKUBHOTO CEpeOBHILA — 2,85 IpH/IL.

TexHosoris BHUPOOHMITBA E-MOJUII3UHY MICTUTh JOMNOMDKHI POOOTH
(MAroTOBKa aepauiiHOrO TMOBITPS, MPUTOTYBAHHS TUTPYBAJIBHUX arcHTIB,
NPUTOTYBaHHS TMI/DKUBJIIOIOUMX PO3YMHIB TJIIOKO3M Ta aMOHIA cylbdary,
NPUTOTYBAaHHS Ta CTEPHIII3allisl TMOXXHWBHOTO CEpEeNOBHUINA JJsi BHPOIIYBAaHHS
IIOCIBHOTO MaTepiaiy i 1 BUpoOHUIoro Giocuuresy y pepmentepi 06'emom 10 m?)
Ta TEXHOJIOTTYHUH MmpoI1iec (MAroTOBKa MOCIBHOTO MaTepiany, 610CHHTE3 I1JIbOBOTO
MPOJYKTY, BIAAUICHHS OlOMacu, JOOYMINCHHS BiA (JIOKYJ, BUAUICHHS &-
NOJIUTI3UHY, KOHUEHTPYBAaHHS, CYLIIHHS Ta TAKyBaHHS ).

JIUIJIOMHUM TPOEKT CKJIaJa€ThCsl 3 BCTYMY, AECATH PO3IUTB, CIHCKY
BUKOpHUCTaHO1 JiTeparypu (89 HaliMeHyBaHb), amapaTypHOi Ta TEXHOJIOTIYHOI
cxemu (4 nmucra dopmar Al), Ta cxemu aBromarusamii (1 juct dopmar Al).
3aranpHuii 06csr podoTH — 124 cTOpiHOK, 7 pUCYHKIB, 27 TaOIUIIb.

KuarwuoBi caoBa: Streptomyces albulus 1.S-84, e-noninizuH, enokosa,
KYKYpYA3SHUHN TIIOTEH, noaiaminokucioma, Streptomyces, biocunmes, UOLIEHHS,

ambepnim IRC-50, ionooominna copoyis.
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BCTYII

Ha crporogmimHidi JeHb BENUMKY yBary Jo0 cebe NpHUBEpTaIOTh
MOJTIaMIHOKHUCIIOTH, K1 € TPOMMCIIOBO BKJIMBUMU MIKPOOHMMH MeTaboIiTaMu
4yepe3 CBOi BJIACTUBOCTI.

e-Iloninizun, e-nom-L-ni3un (e-I1J1) BiAHOCUTD 10 KJ1acy MOJiaMiHOKHUCIIOT,
sKka ckiagaeTscs 3 25-30 zamumkiB L-mizuHy. 3a paxyHOK CBOiX YHIKaJIbHHX
BJIACTUBOCTEH JaHa CIOJIyKa MOXE 3aCTOCYBaTUCS Yy BUPOOHMIITBI JIIKAPCHKHUX
3ac001B JuIst 3a0e3MeyYeHHs] KpaIioi MPOHUKHOCTI aKTUBHOI CIIOJIYKH JIIKAPCHKOTO
3aco0y B kiiTuHU. [IpoTe ocHOBHY yBary gociiguukiB e-11JI mpuBepHyB 10 cebe 3a
pPaxyHOK CBO€i BHCOKOI aHTHUMIKPOOHOI aKTHMBHOCTI WIOJ0 IIMPOKOIO KIacy
MIKpOOPTaHi3MiB, B TOMY 4HCI1 1 30yAHUKIB XapuyoBUX OTpyeHb. MexaHi3Mm il
noJisirae B HacTymHOro, €-11J1 3a paxyHOK €neKTpOCTaTHYHUX CHIT acOpPOy€EThCS Ha
KJIITUHHIA TTOBEPXHI OaKTepii, 110 MPU3BOAUTH JO 3HATTS 30BHIIIHHOI MEMOpaHHU.
[le npu3BOAWUTH [0 HEPIBHOMIPHOMY pO3MOAULY UWUTOIUIa3MU, THUM CaMUM
CIpUSIIOUM PYWHYBaHHIO OakTepiaibHOI KIITHHU. BpaxoByrouw, M0 JaHHMA
MEXaHI3M i1 He MOKe MPU3BECTH JO0 PE3UCTEHTHOCTI 31 CTOPOHU MATOTEHIB, TOMY
JaHy PEYOBHHY PEKOMEHAYIOTh BHUKOPHUCTOBYBATH SIK TIPUPOJHIN XapdoBUU
KOHCepBaHT. [Ipu iboMy BapTO 3a3HAYMTH, IO BIJAMOBIIHO 0 JJAaHUX Y IIPaBIIIHHS 3
npoaoBosibeTBa 1 MeaukaMeHTiB CIIIA (Food and Drug Administration, FDA) e-1TJ1
Ma€ HU3bKY TOKCHYHICTh, € OC3MIEUHUM JIJIS JTFOJIMHH, OCKUTBKH BiH PO3IICTUIIOETHCS
710 J3MHY 1 HE CHIPUYUHSE HETATUBHOTO BILTUBY Ha 3/I0POB’S JIFOINHHU.

e-I11JI, TOTOBHUM YHHOM, OTPUMYIOTh IIIIXOM MIiKpOOHOTO cHHTE3y. OaHUM
31 mosaxiB peamsarii €-I1J1 € i#oro BHKOpHUCTaHHS Y SKOCTI TMPUPOTHOTO
KOHCEPBAHTY, SIKAW 3 YCIIXOM MO’K€ BUTICHHTH XIMIYHI Xap4yOBl KOHCEPBAHTU Ha

PUHKY Xap4OBOi MPOMUCIIOBOCTI.
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ITepeBaroro e-I1JI sk xapoBOro KOHCEpBaHTY € WOTO BHCOKAa aHTUMIKpPOOHA
aKTHBHICTh I10JI0 30YJTHUKIB TICYBaHHsSI IPOJAYKTIB 1 30yJHUKIB 3aXBOPIOBaHHS
JIOAWHHA, OKPIM TOTO JaHa MOJIaMIHOKHCIIOTA 3aXUIIAa€ XapyoBi MPOIYKTH HpU
[IbOMY HE€ 3MIHIOIYH iX (I3UKO-XIMIYHMX Ta OPraHOJENTUYHUX ITOKa3HUKIB
MIPOJIYKTIB.

Hosusznow pobomu € ontuMizaiisi Ta MaclmITaOyBaHHS 10 BUPOOHHYUX
00’eMiB, TEXHOJIOTii OJIEp>KaHHS E-TIONUII3UHY, SKHM CHHTE3Y€ThCS T1OpUIHUM
mramoM Streptomyces albulus 1.S-84 y xinbkocti 32,6 T/1 3 METOIO CTBOPEHHS
KOHKYPEHTHO CIIPOMOXKHOTO XapyoOBOTO KOHCEPBAHTY, KM 3a PaxyHOK CBOiX
VHIKQJIbBHUX BJIACTUBOCTEM 3MOKE€ BHTICHUTH XIMIYHI KOHCEPBAHTU 3 PHUHKY

Ykpainu.



PO3/1JI 1. XapakTepucTHKA HIILOBOI0 MPOAYKTY
1.1. ®i3uKo-xiMiYHi BJACTHBOCTI E-MOJIUIIZUHY

e-Ilominizun (e-I1JI) — momiamiHOKHCIIOTa MOHOMEpAMU SIKO1 € JI3UH, JE €-
amMiHOTpyIa OJHOTO JII3UHY 3’ €IHYEThCS 3 O.-KapOOHOBOIO TPYIIOIO 1HIIOTO JII3UHY
3a IONOMOI0I0 IENTUAHOTO 3B'A3KYy. J[aHa peyoBUHA PO3UYMHHA Y BOJI 1 € TEPMIYHO
CTabUIbHOIO, OCKUJIBKU BOJHI PO3UMHHU €-TIONUII3UHY MOKHA KU'stutu mipu 100 °C
ynpoaoBxk 30 xBuimH a6o aBTokiaByBatd npu 120 °C 20 XBWIMH 1 MPU IIbOMY
aMiHOKHCIIOTa He Oyne po3kiagatucsa. [IpoTe mNONUIIBMH MOXHA PO3KIACTH
(epMEHTaTUBHUM ILUISXOM JAi€l0 aMijas. 3ayBaxumo, 1o e-I11JI € HeTokcuuHOIO
CIOJIYKOIO, UMM 1 3yMOBJICHE il BUKOPHUCTAHHS y MEAMIMHI Ta (papMalieBTUYHIN
MIPOMHUCIIOBOCTI.

VY 2003 pori ynpaBiiHHIM 3 TIPOJOBOJIbCTBA 1 MeankaMmeHnTiB (FDA) Oyno
Bu3HaHO e-11JI sk Ge3neyHoro xap4oBoro g00aBkoro. €-I1JI — Takok € MO3UTHUBHO
3apsAAKEHOI0 MOJIEKYJIOIO, IKa MOKE YTBOPIOBATHU MOJIMEPHI KOMITJIEKCH 3 1HIIMMHU
aHIOHHUMH TOJIMEpaMH, SIKUA I[IHPOKO BUKOPUCTOBYETHCS B  Xap4doBiid
IIPOMHUCIIOBOCTI, K aHTUMIKpOOHa [100aBKa, Ta B MEIULMHI, JJISl TPAHCIOPTY
pedoBuH [1]. e-I1JI oTpuMYIOTH TUIBKU MIKPOOHHUM IILISIXOM SIK TTPOYKT OpOIHHS.

HaiiGinpmoro nommupenHs e-I11J1 HaOyB sk mpoTHUMIKpOOHUN 3aci0 MPOTH
MAaTOTEeHHUX Ta YMOBHO NATOTEHHUX JPLKIKIB, TpUOIB, TPAMIIOZUTUBHUX Ta
IPaMHETATUBHUX OaKTepiil, a TaKOX y KOMIUIEKCI 3 JIIKApChbKUMHU MpernapaTaMu
(JIIT) nyst moJiermeHHs TpPaHCIOPTY OCTaHHIX, Ta HOCIM T'€HIB Yy BUIJISAI T1APOTeiB
[2].

e-TlomimisuH, SK MPaBUIIO, YTBOPIOETHCS Y BUTJISAI TOMOIOMIMENTHAY 3
npubmuzHo 25-30 L-mizuaHuMEU 3anumkamu. XimigHa ¢opmyna (CsHi2N,O), ,

MosekyisipHa Maca 4700 r/Momb mipu cTyneHi noiimepusariii — 30.

HVYXT BTEK 04.01.06 KP 113
3MmH. |JIuct | Ne mokym. [Tinmuc | ara
Po3pob. JKonobko O.B. . JIiT. ApK. ApkyriB
Ilepesip. Crpoyvka O.1. POSIHH 1. | | 7 124
Koncynoman XapaKTepI/ICTI/IKa
H. Konump. HiHBOBOFO MPOAYKTY Ka(be,ﬂpa bTM
3ameepo. Iupoe T.I1.




Crpykrypny dopmyiy e-I1JI 306paxkeno Ha puc. 1.1.

NH, 1.

Puc.1.1. CtpykTypHa Qopmyna e-MoIiTi3uHY.

1.2. 3acTocyBaHHA €-NMOJIIJII3HHY B IPOMMCJIOBOCTI
dapMaKOKIHETHYHI  JOCHIPKEHHS  [OKa3aid, 1[0  &-TIOJIUII3UH  HE
HAKOIUYY€ETHCSI B OpraHi3Mi 1 Maike MOBHICTIO BHUBOJUTHCS Bke depe3 168 roj
nicas npuiioMy [3]. JlaHl TOCHIIKEHHS 3aCBIIUYIOTh NEPCIEKTUBA BUKOPUCTAHHS
JTAaHOT CTIONYKH SIK B Xap4OBiii, Tak 1 papMarieBTUIHIN TPOMHUCIOBOCTI.

B ocTanHe aecaTHmITTS OyJ0 IPOBEAECHO P JOCHIIKEHD, CIPSIMOBAHUX Ha
aHaii3 cep NPOMHCIOBOTO 3aCTOCYBAHHS €-TIOJILTI3UHY.

e-Ilonizun Moke OyTH BUKOPUCTAHUM SIK TPUPOAHUI aHTUMIKpOOHUI 3aci0
y BUPOOHMIITBI TPOIAYKTIB XapyyBaHHS. 3aBASKA BHUCOKIM aHTUMIKPOOHIN
aKTUBHOCTI €(eKTHBHA J03a € BIIHOCHO HU3BKOIO. J[0 TOrO * mMomaBaHHS &-
MOJIUTI3UHY HE BITMBA€ HA CMaK 1Ki, TOMY €-TOJUII3UH MOXE TOEIHYBAaTUCS 3
IHIIOI0 TKEH B SIKOCTI Xap4yoBoi go0aBku. KpiM 1bOro, MEpCEKTUBHUM €
3aCTOCYBaHHS €-TIONUTI3MHY Yy KOMIUIEKCI 3 JEKCTpAaHOM Ta B SIKOCTI
NBO(QYHKIIIOHAJBHOT XapuyoBOi J100ABKM, 10 BOJIOJIE €MYJbIYIOUMMHU Ta
aHTHOAKTEeplaTbHUMHU BJIACTUBOCTSAMH [3].

Sx Oyno 3a3HavyeHo BUIIE, €PEKTHBHUM € 3aCTOCYBaHHS JIIKAPCHKUX
npenapatiB 'y moeaHanHi 3 e-11JI, amke came I pedyoBHHA CIPHSIE KPAIOMY
MIPOHUKHEHHIO JIIKAPCHKOTO 3aco0y B KiiTuHY [4]. JlaHa BIAacTUBICTh 3yMOBJIEHA
TuM, 10 moBepxHs &-IIJI mae karioHHy (opMy aMiHOTpymH, came II€ MOXKE
TIOJICTTIIUTH TPAHCTIOPTYBAHHS MpeTapariB.

Hampuknan, MmetoTpekcat, aHTU(OJaTHUN areHT, MOKe OyTH CIOIYICHHH 3
€-TOJIII3UHOM 1 BUKOPUCTOBYBATHUCS NIJIsl JIIKYBaHHS JIEHKeMIi, CApKOMH Ta 1HIIUX
HEOIJIACTUYHUX 3aXBOPIOBAHbB. £-TIOJTI3UH TaKOX MOXE BUKOPHUCTOBYBATUCS AJIS

JIOCTaBKU BipyCHUX TeHiB. OCKITBKH €-TIOJIUTI3UH € HE TUTHKH BOJOPO3YMHHHUM Ta
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010pO3YMHUM, BIH TaKOX MOKE€ BUKOPHCTOBYBATHCS JJIS 3aMO0IraHHs Jerpaaarii
Hykiea3Hoi kon'toroBaHoi JIHK Tta 3 wmertoro miaBuimieHHS e(EeKTHUBHOCTI
tpancnopryBanHs JIHK B kmiTuHY-penumieHTa.

ITokazano, mo e-I1JI € edeKkTUBHMM TEHHHUM BEKTOPOM, HAMPHUKIA,

JAKTO3HO-TOJIIeTUIICHTIIKOb-TtonuTi3uHoBHH (Lac-PEG-PL) nepeBizuuk [5].
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PO31JI 2. O0rpyHTYBaHHSI BHOOPY Ta XapaKTepuCcTHKA 0i0JI0TiYHOI0 areHTa
2.1. O6rpyHTYBaHHSI BUOOPY 0i0JIOTIYHOI0 areHTa Ta MOKMBHOI0 CepeI0BHIIA
JJIS1 HOT0 KYJIbTHBYBAHHS

3aBISKH CBOIM BJIACTUBOCTSM £-TIONTI3UH Ta HOTO MOX1AHI MOXYTh HIHPOKO
3aCTOCOBYBATHUCS B PI3HUX raly3siX MPOMHUCIOBOCTI, CEpell AKUX XapyoBa, a TAKOXK
NpU BUTOTOBJICHHI €JICKTPOHHOI TPOMYKINi, Yy MEIUIMHI Ta Yy CKJIajIl
dbapmalleBTUUHUX MIpernapaTiB.

3BakaloyM Ha TMEPCHEKTUBHICTh BUKOPUCTAHHA JIaHOI CIOJNYKH Yy
MIPOMHUCIIOBOCTI aKTyaJIbHUM € TIOUIYKH BUCOKOMPOIYKTUBHUX MPOIYLIEHTIB &-
MOJIUTI3UHY, SIKI OyTyTh XapaKTepU3yBaTUC BUCOKOIO HIBUIKICTIO POCTY 1 BACOKOIO
KOHLIEHTpaui€eo yrBopeHoro €-I11J1 Ha BIAHOCHO AelIeBUX cepeOBHILAX.

Sk 3a3Ha4anoCch y po3aiii 1, e-MOIUT3UH CHHTE3YETHCS JIHUIIIE 3a IOTTOMOTOI0
MIKpOOPTraHi3MiB, BIEpIIe HOro O0yno cuHTe30BaHO B 1977 poui OakTepisiMu poay
Streptomyces. Ha cbOroHIIIHII A€Hb 31aTHICTb 10 CUHTE3Y €-IIOJIII3UHY BUSBIICHA
HE TUIbKU cepeJl IPEACTaBHUKIB pOLly Streptomyces, a TAKOXK y ACSIKUX IITaMIB POIY
Bacillus.

VY tabauii 2.1 HaBeeHO XapaKTepUCTUKY HANOIBII BIIOMUX MPOYIEHTIB €-
MOJTUTI3HHY.

Streptomyces albulus-PD-1-amtB — reHeTUHUHO-MOU(DIKOBAHUI ITAM, SIKUN
OyB cTBOpeHuil Ha ocHOBI S. albulus PD-1 nuisxom nepeHeceHHs TeHy amtB, 1110
BIJIIOBIAA€ 3a 30UIBIICHHS aKTUBHOCTI METAa0OIIYHUX IUISAX1B, SIK1 BIAMOBIIAIOTH 3a
MeTabomi3Mm amoHito. Illtam Bonmoaie Bucokumu nokasHukamu cunresy e-111 35,7
r/n, 1 Ma€ HEBEIWKY, TMOPIBHIHO 3 I1HIIUMHU MPOAYIEHTAMHU, TPHUBAIICTh

KyJbTUBYBaHHS [6].

HYXT BTEK 04.01.06 KP 13
3MmH. |JIuct | Ne moxym. ITigmuc Jara
Po3pob. Konooro O.B. . Jlit. Apk. Apky1iB
Hepesip. Cxpoysra O.1. Poznin 2. O6rpyHTYyBaHHS [ ] 10 124
Koncynsman BUOOpY Ta XapaKTEPUCTHUKA
H. Konmp. 010JI0T1YHOTO areHTa Kadbenpa BTM
3ameepo. Iupoe T.I1.
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[Ipote Streptomyces albulus M-Z18 , sikuii € IPUPOTHIM IIITAMOM, YTBOPIOE
3a3HA4YCHY IMOTi-aMIHOKHUCIIOTY Y IOCUTh BUCOKHUX KOHIIEHTpallisx 39,84 r/i1, ogHak
HOT0 HEeOJIKOM € 3HauYHa TPUBATICTh KYJbTUBYBaHHS — 192 roj, 110 Ha MOPSAIOK
BUIIE TIOPIBHSIHO 3 iHIMMU nipoaytieaTamu (96-120 roxn) [7].

Streptomyces diastatochromogenes 6#-7 — B MOpiBHAHHI 3 Streptomyces
albulus M-Z18 cuHTe3y€e MOPIBHSAHO HEBEJIMKI KITBKOCTI cuHTe30BaHoro &-11J1 25,5
r/n 3a 120 roa BUPOIyBaHHs JaHOTO IITaMy Ha CEPEIOBHIII 3 TIIIOK03010 [§].

Bacillus licheniformis PL26 — cunTe3ye HaiimeHnmny Kiabkictsb €-11J1 0,2 1/,
IpoTe HOro TMEepeBarold € BUKOPUCTAaHHA B SKOCTI CyOCTpary BIIXOIU
0101M3€TLHOI0 BUPOOHUIITBA — TEXHIYHUH TIilepuH [9].

Streptomyces albulus LS-84 — npupoHiit mram, sskui yrBoproe 110 32,6 1/ e-
MOJUTI3UHY 3a YMOBHM POCTY Ha CEPEAOBHUIIl 3 TIJIIOKO30I0 1 KYKYPYI3SHUM
riroTeHoMm [10].

3 naHux, HaBeJeHUX B Tabm.2.1, BapTo 3pOOMTH HACTYNMHUN BUCHOBOK:
BUKOPUCTaHHA IITaMiB Streptomyces diastatochromogenes ©6#-7 1 Bacillus
licheniformis PL26 sk OCHOBHMX NpPOAYLEHTIB €-MOJUII3UHY HE € JTOLIIBHUM,
ockibku mtaM S. diastatochromogenes 6#-7 BUKOPUCTOBYE TaKUil K€ POCTOBUM
cyOcTpaT sK 1 1HIII TPOJYIEHTH, aje YTBOPIOE Y MEHIIMX KUTbKOCTSAX I[LTHOBHM
npoaykT. Y cBow uepry, B. licheniformis PL26 BUKOpPUCTOBYE, SIK POCTOBUU
cyOcTpaT TeXHIYHUH TIILEPHUH, 110 € MepeBaroo, ajie cuuTesye npudanzno B 100
pa3iB meHte g-11J1 .

3a3HaumMo, 1110 JIsi BUOOPY KPaIoro MpoayIieHTa, JaHUX, HAaBEACHUX B TA0JI.
2.1, He pocratHbo. Hamami kputepieM NOpIBHSHHS OyJlIO OOpaHO BapTICTh
MOKMBHOT'O CEpEOBUILA AJISl KyJIbTUBYBAaHHS OOpaHUX O10JI0TTYHUX areHTIB.

VY Tabnumiii 2.2 HaBeIEHO BapTICTh KOMIIOHEHTIB MOKUBHOTO CEPEAOBUIIA JIJIsI

npoayueHTiB g-11J1.
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Tabnuys 2.1

IHopiBHSUIbHA XapPAKTEPUCTHKA NPOAYLEHTIB E-MOJIUII3HHY

Konuentpanis Yac .
CKJ1aJ NOKMBHOTO . Ocob0mBocTi .
IIpoayuent €-NOJLIIBUHY, | KyJbTHBYBaHHS, . Jlireparypa
cepeIoBHIA, I/ /1 ron npouecy 6iocuHTe3y
moko3a — 50: XuD., YaoH.,, Cao C., Xu Z., Li S.
(NH4)2S04 — 16. KYHBTHB}{BaHH’I B Enhancement of e-poly-I-lysine
iR IKOBHIL GKCTpaK’T _s: (hepmenTepi 06’ emom production by overexpressing the
Streptomyces MgSO; - 7H20 — 0,5; ’ Su(t= ?OOC, 200 ammonium transporter gene in
albulus-PD-1-amtB KoHPO,4 — 0.8: 7 35,7 168 00/x8.) IlinTpuManus Streptomyces albulus PD-1. Bioprocess
KH,PO, — 1 }) é AXKEPC/Ia BTJICIIO Ha and Biosystems Engineering. 2018,
FeSOys-7THa0 — 0.03: piHi 10 r/m (misxom 41(9): 1337-1345. doi:
7nS04-7H20 — 0.04, BHECEHHS [IIOKO3H) 10.1007/500449-018-1961-9.
K
(e };I:;:I:};Bsg,i LIS)M Chen X.S., Wang K.F., Zheng G.C.,
I'minepun/rroko3a — 60 5p ‘= 3p 0°C. 200 Gao Y., Mao Z.G. Preparation,
(NH4)2S04 -8 o/ m( H 4.0 0’ )11 characterization and antimicrobial
Streptomyces albulus | npixmkoBuil ekctpakt — 10 O0/XB, PHAUL.) P activity of e-poly- | -lysine with short
39,84 192 KOHIICHTpAIIii

M-Z18

KH2PO4 -5
MgSO4-7H20 -2
FeSO4-7H>0 - 0,1

TIF0K03M HUK4e 10
r/n BHOCcUThCS (800
I/71 TIIOKO3H, a00
1200 r/n Tinepoy)

chain length produced from glycerol by
Streptomyces albulus. Process
Biochemistry. 2018, 68: 22-29. doi:
10.1016/j.procbio.2018.03.001
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IIpoooesoicenns maoban. 2.1

I'mroxo3a — 50;
(NH4)2SO4 — 10;
JPIKIHKOBUN €KCTPAKT — J;

KynbTuByBaHHS B
dbepmentepi 06’ eMom
51 (t=30°C, pH

Guo F., Zheng H., Cheng Y., Song S.,
Zheng Z., Jia S. Medium optimization
for e-poly-L-lysine production by

. Streptomyces MgSO4 - 7TH,0 - 0,5; 4,00.) Buecenns Streptomyces diastatochromogenes
diastatochromogenes . 25,5 120 [IFOKO3HU K .
647 K>HPO4-3H,0 —0,8; OTATKOBOTO IKepena using response surface methodology.
KH2PO4 — 1,36; Letters in Applied Microbiology. 2018,
FeSO4-7H20 — 0,03; BYTJICLIO (BHOCATS 66(2): 124-131. doi:
ZnSO4-TH20 — 0,04 KOJIH PIBCHD TAIOKOSH 10.1111/1am. 12812,
crae HrwxauM 10 1/11)
Texniunuii rminepud — 20; Ky/IbTHBYBaHHS B Bhattacharya S., Dubey S., Singh P.,
(NH4)2S04 — 10; . Shrivastava A., Mishra S.
Bacillus JPIKIKOBUI EKCTPAKT — 5; Konbax Epnenmetiepa | Biopdegradable Polymeric Substances
MgSOs4 - 7TH,0 - 0,5; 0.2 96 06’emom 250 mu (t = | Produced by a Marine Bacterium from a
licheniformis PL26 K>HPO4 - 0,8; Surplus Stream of the Biodiesel
KH2PO4 — 1,36; 37°C, 220 00/xs, Industry. Bioengineering. 2016, 3(4):

FeSO4-7H,0 — 0,03;
ZnSO4-7TH20 — 0,04.

pH 8,9

10.3390/bioengineering3040034.

34. doi:
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3axinuenus maon. 2.1

Streptomyces albulus

LS-84

I'mroxo3a — 50;
(NH4)2SO4 — 10;
Kykypynssuunii
riroreH — 20;
MgSO4 - 7TH20 - 0,5;
KoHPO4 - 0,8;
KH>PO4 — 1,36;
FeSO4:7H,0 - 0,03;

ZnS04-TH20 — 0,04.

32,6

196

KynbTuBYyBaHHS B
dbepmentepi 06’ eMom
51 (t=30°C, pH 3,8)

Bnecenns
JOJITATKOBOTO JiKepesa
Byriewto (10 r/m micns

40 rox
KYJIbTUBYBaHHS KOXHI
20 ronuH) 1 pKepena
azoty (0,2-0,3 1/m)

Shu Li, Nan Wang, Zong-Jun Du,
Guan-Jun Chen. Intergeneric
Hybridization between Streptomyces
albulus and Bacillus subtilis Facilitates
Production of e-Poly-L-lysine from
Corn Starch Residues. Biotechnology
and Bioprocess Engineering. 2018, 23:
580-587. doi: 10.1007/s12257-018-
0253-1
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Tabnuys 2.2
BapTticTh KOMIIOHEHTIB MOKMBHOTO C€PEIOBHINA JIsl KYJIbTHBYBAHHS

Streptomyces albulus-PD-1-amtB, Streptomyces albulus M-7.18 ta Streptomyces
albulus 1.S-84

[ina Bapricth Jlxepeno
[TponyneHT Kowmonent noxusroro KOMITOHEHTa, | KoMIoHeHTa (TpH) | iHbopmarii (1,
CepeloBHUIIA, T/JT
TpH/KT Ha 111 cepenoBuia 2,3,4,5*
I'mroko3a — 50; 36 1,8 5
(NH4)>SO4 — 10; 46,65 0,467 2
JpKIDKOBUI €KCTPAKT — 5; 541,50 2,707 5
Streptomyces MgSO4 - 7TH20 - 0,5; 10,20 0,005 4
albulus-PD- K>HPO4 - 0,8; 177 0,141 5
I-amiB KH>PO4 — 1,36; 68,10 0,093 5
FeSO4-7H20 - 0,03; 3 0,0001 1
ZnSO4-7TH20 - 0,04. 80 0,0032 3
Baprictb 1 11 cepenoBumia — 5,22 rpH
rTIepuH/TIoKo3a — 60 36 2,16 5
(NH4)2S04 -8 46,65 0,373 2
Streptomyces JPIKIHKOBUN eKCTpakT — 10 541,50 5,415 5
albulus M- KH>PO4 -5 68,10 0,326 5
Z18 MgS04-7H,0 — 2 10,20 0,020 4
FeSO4-7H,0 - 0,1 3 0,0003 1
Bapricte 1 11 cepenopuiia — 8,30 rpH
raroko3a — 50; 36 1,8 5
(NH4)>SO4 — 10; 46,65 0,467 2
Kykypyassuuii rimoren — 20; 16,50 0,33 1
Streptomyces MgSO4 - 7TH,0 - 0,5; 10,20 0,005 4
albulus LS- KoHPO4 - 0,8; 177 0,141 5
84 KH>PO4 — 1,36; 68,10 0,093 5
FeSO4-7H20 - 0,03; 3 0,0001 1
ZnSO4-7TH20 - 0,04. 80 0,0032 3
Bapricte 1 1 cepenoBumia — 2,85 rpH

Ipumirka: * — Linu BkazaHo ctaHoMm Ha kBiteHb 2020 p. 1. https:/flagma.ua/, 2.
http://rushim.ru/, 3. https://prom.ua/, 4. https://him-component.com.ua/, 5.
https://www.sigmaaldrich.com/

3 nmaHuxX, HaBeACHWX B TaOm. 2.2, 3po3ymino, mo S. albulus 1S-84 mae

HalHWKYY BapTIiCTh | J1 MOKUBHOTO cepeioBuia 2,85 rpH, a BaApTICTh MOKUBHOTO



https://flagma.ua/
http://rushim.ru/
https://prom.ua/
https://him-component.com.ua/
https://www.sigmaaldrich.com/

cepenosuia s S. albulus M-Z18 1 S. albulus-PD-1-amtB 6inpmie y 2 1 3 pa3u
BIJIMTOBITHO, aJIe 1 ITUX JIAaHUX HE JTOCTATHRO JIJISi OCTATOYHOTO BHOOPY MPOIYIICHTA.
Jlns Toro, o0 MOBHICTh OyTH BIEBHEHUM, 110 OOpaHUM MIKPOOPTaHI3M €
KpammM O10JIOTIYHUM areHTOM, HEOOXiTHO po3paxyBaTH yYMOBHY BapTicTh 1 T
ITbOBOTO MPOAYKTY 1 KUTBKICTH yTBOpeHoro e-11J1 3a rogumny.
[TopiBusinug Baptocti 1 1 e-IUL v S. albulus 1.S-84, S. albulus M-Z18 Ta S.
albulus-PD-1-amtB naBeaeno B Tabmui 2.3.
Tabnuysa 2.3
YmoBHa BapTicTh 1 I HiJILOBOI0 NPOAYKTY €-MOJIIII3HHY NPH
KYJbTUBYBaHi Streptomyces albulus-PD-1-amtB, Streptomyces albulus M-7.18
Ta Streptomyces albulus 1.S-84

Kinpkictb
YMoBHa
. . ) ) YTBOPEHOTO
) . . | Bapricte 1 1 | Konuenrpauist | Bapricts 1 T Tpusancrs
Biosnoriunmii .. . €-
CEPENOBHINA, | E-TONUIIZUHY, IITHOBOTO | KYJIbTUBYBaHHS, ..
areHT TOJILTI3UHY
TpH WAl MPOJIYKTY, roJl
3a TOJIUHY,
IpH/T
r/ron
Streptomyces
albulus-PD- 5,22 35,7 0,14 168 0,21
1-amtB
Streptomyces
albulus M- 8,30 39,84 0,20 192 0,20
718
Streptomyces
albulus LS- 2,85 32,6 0,087 196 0,16
84

[TincymoByrouM BHILI€3a3HAYEHE MOXKHA 3pOOUTH BUCHOBOK, 110 S. albulus-
PD-1-amtB € nepcnekTuBHUM TIpoaynieHTOM &-11J1, OCKUIbKU yTBOPIOE HAHOUIBIITY
KUIBKICTh IIJILOBOTO MPOJAYKTY 3a TOJMHY, OJHAK I[bOTO HEIOCTAaTHBO, aJIKe
BapTiCTh | T LIILOBOrO MPOAYKTY JACLIO BHUIIA, Yy TMOPIBHSAHHI 3 1HIIUMHU
npoayueHTamu. Halikpany noka3Huku cuHTe3y 1 BaptocTi €-I1JI mpuramanni S.
albulus 1.S-84, a came HaliMeHIly yMOBHY BapTiCTh | T' IIUIbOBOTO HPOAYKTY 1
HaliBuIly KoHIeHTpailito e-11J1 3a ronuny, B Toit yac sk S. albulus M-Z18 cuntesye

MEHIIIE MOJII-aMIHOKHUCIIOTH 1 BapTICTh 11 BUIIIA.

18



OT1xe, B IKOCTI OCHOBHOTO TMPOAYLIEHTa €-TIOJIUII3KHY, JAOMILHO oOpatu S.
albulus 1.S-84, yepe3 BUCOKY KOHILEHTpAI[II0O CUHTE3Y JaHOT pEYOBUHU 1 HEBUCOKY
BapTICTh LILJILOBOTO MPOIYKTY B OPIBHAHHI 3 IHITUMH MPOIYIICHTAMHU.

2.2. Po3paxyHoOK CKJIaqy MOKMBHOTO Cepel0BHUINA

Busnauenns emicmy asomy

aHo:

(NH,),S0,= 10 r/x;

M((NH,),S0,) = 132 r/mois;

Ar(N,) = 28 r/M0b;

BincoTkoBe cIiBBIIHOIICHHS a30TY:

Ar(N;) x (NH,),S0, _ 28 x 10
M((NH,),S0,) 132

= 2,12

Takox BiZIOMO 110 B KYKYpYA3sSHOMY TIIOTEH1 BMICT a30Ty 10% To6TO 3 20
I/ MM OTPUMY€EMO 2 I/ a30TYy, OTKE€, CyMapHH BMICT a30Ty 2,12 +2 =4,12.
3HarouM Te, M0 B KIITHHI a30Ty 3HaxoauTbes 10% BiJ yciX KOMITIOHEHTIB,
TOMY 1100 Mi3HATHCS KOHIICHTpAIll0 OloMacu, OTpUMaHE 3HAYCHHS HEOOXiIHO
nepepaxyBaTH:
4,12 x 10 =41,21/n

OTXe, TEOPETUYHO MOJKJIMBAa KOHLEHTpalis OloMacu 3a a30TOM JOPIBHIOE
41,2 r/n.

Busnauenns emicmy gyeneyio
aHo:
C¢H1,04 =501/
M(CgH;1,04) = 180 r/mMOmB;
Ar(Cg) = 72 r/momnb;
BincoTkoBe criBBIAHOIICHHS BYTJICIIIO:

Ar(Cg) X CgH1205 72 X 50
M(C¢H;,0) 180

= 20

3HA4U T€, 10 B KJIITUHI BYIJIELIO 3HAX0IUTHCA 50% Bia yC1X KOMIIOHEHTIB
9 9

TOMYy 1100 Mi3HATHCS KOHIIEHTpaIlll0 OloMacH, OTpUMaHE 3HAYEHHS HEOOXiTHO
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nepepaxyBaTu:
20X 2 =40r/n

Toni TeopeTUUHO MOXIIMBUN BUXia 6i10MacH 3a ByrijeneM aopiBHioe 40 /.

3 HaBeJIEHUX BHUINE PO3PaxXyHKIB MOXHA CKa3aTH, IO BYTJICNh B JTAHOMY
CEpEAOBHII € JIMITYI0OUUM (akTopoM. TOOTO MpH CHOKMBAHHI BCHOTO BYTJICIIIO
PICT MIKpOOpraHi3MiB TPHUIMHUTHCA. A IIe O3Ha4ya€, M0 CEPEAOBHINE TAHOTO
KUTBKICHOTO CKJIa/ly BUKOPHUCTOBYBATH HEAOLLIBHO.

Jlns Toro, mo0 B CEpPENOBHUII HABEIECHOTO CKIAAy a30T BUKOPUCTABCS

MOBHOIO MIpPOI0, HEOOXITHO 30UIBIIMTH  KUJIBKICTh BHECEHOro Byriemto. [lio
. ) 5
KUIBKICTh MOKHA pO3paxyBaTy 3 Mponopilii. Byrieus BiTHOCUTHCS 10 a30Ty K 7

TOOTO BYTJIEII0O HEOOX1THO B 5 pa3iB OUIbIIIE:
4,12 x5=20,6 /1
Heo06xiaHo 20,6 r/11 ByrJieito Jjisi TOBHOIO BUKOPUCTAHHS a30Ty.
3a TOpOMNOPIEI0 MI3HAEMOCS CKUIBKM TOTPIOHO [0AaTH B CEPEIIOBUIIEC
TJIFOKO3U:
Ar(Ce) X CgH1206 72 XX
M(CgH1,0¢) 180
72 x X =180 x 20,6

¥ 180 x 20,6
B 72

J1J1st MTOBHOTO BUKOPUCTAHHS JKEpesa a30Ty B cepeioBuIlll mae 0ytu 51,5 r/n

= 20,6

=51,5r/n

IIIOKO3U. A OCKUTbKM Oyio 3agaHo 50 r/11, TO 10 i€l KUTBKOCTI MOTPiIOHO J0JaTu
e 1,5 /7.
2.3. Mop@os0ro-KyJabTypajibHi Ta i3iosoro-oioximiuni o3uaku Streptomyces
albulus

Mopgonozo-Kynomypanvni o3naxku.

Ha croroguimHii neHb 3arajibHOi MOP(OJIOTIYHOI XapaKTEPUCTUKU IS
Streptomyces albulus 1.S-84 Hemae ToOMy pO3IIsTHEMO MOP(OJIOro-KyJIbTYpalibHY
XapaKTepUCTHUKY JJIsl IPEACTaBHUKIB pony Streptomyces B uiomy. [IpencraBHuku

JIAHOT'O POJTY 11€ aepOOH1, TPaMITIO3UTUBHI HUTYACTI OaKTePii, sIK1 IPOYKYIOTh J00Ope
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po3BuHEHI BereTatuBHI ripu (miamerpom Big 0,5 mo 2,0 mxMm) 3 rimkamu. Bonm
YTBOPIOIOTH CKJIQHUM CyOCTpaTHUHN MITICITIH, SIKUA TOTTOMarae BUJIyYUTH OpPTaHiuHi
CIIOJIYKH 3 iX cyOcTpaTiB. Xoua MiIeii Ta MOBITPsHI Ti(H, 1[0 BUHUKAIOTh 3 HUX, €
PYXJIMBUAMHU, PYXJHMBICTh AOCATAEThCA posmnopomeHHsM crop [11]. Cmoposi
MOBEPXHI MOXYTh OYTH BOJOXaTUMH, TPYOMMH, TJAIKUMH, KOJOYUMU abo
O00pogaBYaACTUMM, Y JICSIKUX BUIB MOBITPSHI U CKIAAAIOTHCS 3 JOBTUX MPIMHUX
HUTOK. J[esiKi mTaMu yTBOPIOIOTH KOPOTKI JIAHITIOKKHU CIIOp Ha CyOCTpaTHUX Tidhax.

Di3i021020-0i0XIMIUHI 03HAKU.

JUist XapakTepucTuku (1310J10r0-010XIMIYHUX O3HAK po3risiHeMo S. albulus
436, AKuil TaKOX € MPOJYIIEHTOM g-ToNimi3uny. Pocte mipu 25-35 °C, ontumainbHa
temriepatypa pocty 30 °C. Komip cybcTpaTHOTrO Milemito, K MpaBHiio, OJi0
YKOBTUM, ajie SKIIO0 PICT BiAOYBAE€ThCS HAa TUPO3MHOBOMY arapi abo IIIIEpUHO-
acmapariHoBoMy arapi Koiiip OyJie >KOBTyBaTO-KOpuuHeBHM. [loBiTpsHMIT Minemii
XapaKTEepHU MPU POCTI HA TUPO3MHOBOMY arapl Ta ACSKUX IHIIUX TOMIOHUX
pOCTOBUX cCyOcTpaTax Ha BCIX IHIIMX HASBHICTh IMOBITPSIHOTO MILEIIO HE
CIIOCTEPIra€eThCs. 3pUTUiA CIOPYILOBAHUN MOBITPSIHUM MilIeIii 3a3BUUai ciporo ado

CIpyBaTO-KOPUYHEBOTO KOJIbOPY [12].

Puc.2.1. Enextponna mikpodotorpadis criop mramy No 346. Konroua moBepxHs
(x 10000).
2.4. TakcoHOMiuHMI cTaTyC 0i0JIOTIYHOIO areHTa
CyuacHa ((pinorenernuna) knacudikauis ans Streptomyce albulus 1.S-84

HaBejieHa 3rigHo apyroro BuaaHHs KepiBHuiirBa bepri 3 cuctematuku OakTepii
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[13].

Jlomen — Bacteria

Bigmin — Actinobacteria

Kiac — Actinobacteria

Ponuna — Streptomycetaceae

Pin — Streptomyces

Bun — Streptomyce albulus

tam - Streptomyce albulus 1.S-84
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PO31JI 3. TexHiko-eKOHOMiYHe OOIPYHTYBAHHS
3.1. IloTpeda y nisib0BOMY NPOAYKTi

e-Tlomimizun (e-I1JI) — momaminokucI0Ta, MOHOMEpaMH sIKO1 € i3uH. Lle
pUPOIHA XapyoBa J00aBKa 3 aHTUMIKPOOHUMU BIACTUBOCTSIMU, KA € €(HEKTUBHOIO
y 3a1o0iraHHi ICyBaHHIO MPOAYKTIB, HE € TOKCUYHOIO Ta HE BIUIMBAE HA CMAK 1 3amax
npoAyKTiB. OKpiM TOro JaHy CHOJYKY MOKHAa BHKOPHUCTOBYBATH SIK JOMOMDKHY
pPEUYOBHHY TpU (papMalleBTUIHOMY BHPOOHHIITBI, OCKIJIBKH 32 PaXyHOK KaTiOHHOT
dbopmu aMiHOTPYTH TTi€T TOTiaMiHOKUCIOTH, €-I11J1 3a6e3meuye kpare npOHUKHEHHS
JIKApChKOTro 3ac00y B KIIITUHU-MIILIEHI.

3.1.1 &-I1JI sk pyHTinUAHUI npenapar

Sx ¢ynrinua e-111 nposiise HaiiBuiLy iHTiOyrouy nito moao Penicillium
digitatum, Botrytis cinerea Ta iuuii [14, 15].

Penicillium digitatum — me30p1IbHUN TpUO, KU € HaWOLIbII MOIIUPEHUM
pYHHIBHUM 30yZHUKOM THUTTS LUTPYCOBUX (PYKTIB, TaK 3BAHOI 3€JIEHOI LBLJIIL.
[Ticnst 360py Bpoxato npubauzHo 90% BUPOOHUYWX BTpPAT CHPUYMHEHI JaHUM
MikpoopraHizmoMm [16]. He3Baxkaroun Ha 3aCTOCYBAHHSI CHHTETUYHUX (PYHTIIUIIB,
Kl Ha CHOTOJHINIHIA J€Hb € YK€ IMONIMPEHUMH, 3€JeHa I[BUIb 3aJIMIIAETHCS
OCHOBHOIO IPOOJIEMOIO IMIIOPTEPIB ITUTPYCOBUX, OCKIJIBKH JIOBOJUTHCS YacTO
3MIHIOBaTH CHHTE€TUYHI (QYHTIIUAM 3 METOK YHUKHEHHS PE3UCTEeHTHOCTI P.
digitatum no HuX. BpaxoByroun BUCOKUU PIBEHb 3apaK€HHS (PPYKTIB 30yTHHUKOM
3€JIEHO1 LIBUI1, Y BCbOMY CBIT1 3QJIMIIAETHCS HEBUPIIIEHUM MUTAHHS TPOJOBKEHHS
TepMiHy 30€piraHHs UUTPYCOBHUX MPOAYKTIB Ta MOUIYKH €(PEKTUBHUX METOIB

6opotsbu 3 P. digitatum.

HYXT BTEK 04.01.06 KP I13
3mH. |JIuct | Ne nokym. [Mignuc  |[lata
Po3pob6. JKonobko O.B. . JIit. ApK. Apxkymris
Ilepesip. Crpoyvka O.1. PO?’IHH 3. | | 21 124
Koncynoman TeXHiKoeKOHOMi‘-IHe
H. Koump. 06rPYHTyBaHHﬂ KadJeI[pa bTM
3ameepo. Iupoe T.I1.
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Buxopuctanas XiMIiYHMX (YHTIOUIIB Ma€ psSja HEAOJIKIB depe3 Te, IO
OUTBIIIICTh CUHTETUYHUX PEUOBUH HAJOBrO HE 3aTPUMYIOThCS HA PHHKY, TOMY
OUTBIIICT, 3 HUX HE Ma€ JOKa30BOI 0a3M CTOCOBHO O€3MEYHOCTI 1 BIUIMBY Ha
OpraHi3M JIIOJIMHU, TOOTO CIIOYKHMBAUa, a TAKOK HABKOJIMIITHE CEPEIOBUIIIE.

B po6Goti [14] BueHuMH OyJ0 OMHMCAaHO METOAMKY OOpPOOKH LHMTPYCOBUX
GPYKTIB in vivo 1 60poThou 3 P. digitatum. TakuM YMHOM €KCIIepeMEeHTaIbHUM
HUIXOM OYyJI0 BCTAHOBJICHO, 1[0 ONTHUMAJIBHOIO J03010, JJIs 3aXUCTY JIMMOHIB BiJ
ypaxkeHb, cnipuuuHeHux P. digitatum, € Buxopuctanus 20 ma po3uuny &-I1J1 3
KOHLIEHTpALI€0 aKTUBHOI pedoBUHHU 3,2 1/1. ToOTO 1151 0IHOTO PPYKTY HEOOXITHO
64 mr a6o 0,064 r e-111L

Bianosinno no nanux Jlep:xaBHOT (picKanbHOT CIYKOHU, IMIOPT HIUTPYCOBUX
B Ykpainy Ha 2018 pik Bcboro cranoBuB 337,87 ToH [17]. [TpuiiMmemo, 1110 po3uruHOM
e-IJI Oyne oOpoOmoBatucs 1% IMTPyCOBUX BiJ 3arajibHOi  KUIBKOCTI
IMIIOpTOBaHMX B YKpainy. Buxiani naHi juist po3paxyHKy piuHoi notpebu e-11J1
HaBeJIeHO B Taoi. 3.1.

Tabnuys 3.1

Buxigni nani 1ys1 po3paxyHky piuHoi norpedu B g-I1JL, nist nuTpycoBux

BincorkoBe IlepepaxyHok
.. . . [Mpu6au3zna .
. | ciBBiTHOIIEHHS BiICOTKIB B .. .. Heo0xigna
HutpycoBuii N ] Cepenniii | KiJIbKiCTBH ..
BpyKT o KiibKicTi TOHH BiJ osmip,r | (pyKris KiIbKICTH
124 3aBe3eHMX 3arajibHoi PO3MIP, pi,IIT ’ e-TIJI, mr
HUTPYCOBHUX KiJIBKOCTIi, TOH
AnenbcuH 35% 118,25 175 675714 43 245 696
Mangapua 37% 125,01 70T 1 785 857 114294 848
Jlumon 22% 74,33 120 619 416 39 642 624
['petindpyt 6% 20,27 450 T 45 044 2 882 816
Bceboro: 3126 031 200 065 984

3.1.2 Ilorpeda B &-11J1 1J11 BUKOPUCTAHHSA SIK XaPYOBOI'0 KOHCEPBAHTY
Ha choroaninHii eHb BEJIMKUM CETMEHT CLILCHKOTOCIIOAAPCHKOT MPOAYKITIT
AK B YKpaiHi, TaKk 1 y CBITI, CTa€ HIOPOKY HENPHUIATHUM YEpe3 HENpaBUIIbHE
30epiraHHsl Ta TOTIPUIEHHS CTaHy BHACHIIOK (EepPMEHTATUBHOI AaKTUBHOCTI
GbiTOnmaToreHHux MIKpOOpraHizmiB abo IHIIMMHU 30BHIIIHIMHU (akTopamu. B cBotO

yepry MikpoOHe 3a0pyIHEHHS MPOJYKTIB XapyyBaHHS MPU3BOJUTH JO CHANAXiB
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XapuoOBUX OTPYEHb Cepell CMOKWBadiB. TOMy 3 METOI 3amoOiraHHS Xap4yoBHX
OTPYEHb TMPOAYKTH TMOYaIH OOpOOJATH XIMIYHUMH KOHCEpPBAaHTaMH, SKi
30UIBIIYIOTh TEPMIH MPHAATHOCTI Ta TMPUTHIYYIOTh PO3BUTOK CTOPOHHBOI
MikpoOioTH. [IpoTe 3 KOKHUM POKOM CYCHUIBCTBO NMOYHMHAE TMEepeHMaTHCS 4yepes
BUKOPHUCTAHHS XIMIYHUX KOHCEPBAHTIB, K1 MOXKYTh OyTH TOKCHYHUMHU Ta MOXKYTh
MPOSBIIATA HeOaKaH1 €(h)eKTH Ha OPTaHi3M JIFOIMHH.

BpaxoByroun, 1o €-moyivii3uH € MPUPOJHBOIO CIOJIYKOI, HETOKCUYHOIO,
0€3MeUHOI0 Ta PO3KJIAIa€ThCS HA JI3UH, SIKUH € IUIKOBUTO Oe3neunumM, y 2004 pori
VYopasninas 3 npoxpoBoibcTBa 1 MeaukameHTiB CIJA  (Food and Drug
Administration — FDA) 3atBepauio €-PL sk Ge3neunuii xapuoBuil KOHCEPBAHT, a
HOTO 3acTOCyBaHHS, B CBOIO 4Yepry, IO3BOJHUTH 3MCHIIUTH Ha PUHKY YacTKy
XIMIYHUX KOHCEPBAHTIB.

Po3zenanemo oexinvka cghep 3acmocysanns e-PL.

1. BukopucTtanHs B MOPCBKUX IPOIYKTAX.

Mopchki TOpPOAYKTH IIBHAKO TICYFOTHCS BHACHIIOK OKHMCIICHHS JIMifiB
HEHACUYECHUX KUPHUX KUCJIOT, SIK1 KaTaJli3yl0ThCsl I0HAMHU METAJIIB Ta TeMaTUYHUMU
CHoJlyKaMHu. bibliie TOro, Ha SKiCTh MOPEMPOIYKTIB CEPHO3HO BILTMBAE MIKPOOHE
3a0py/IHEHHSI Ta B HACTYITHOMY DICT CTOPOHHBOI MIKpOOIOTH, a TaKOX BTpara
O1JIKOBO1 AaKTUBHOCTI MOPCHKHUX MPOIYKTIB.

B po6ori [18] 3a3naueno, 1o Bukopucranus €-PL 3 MOpCEKUME IPOTYKTaMH
MPU3BOJIUTH /10 NPUTHIYEHHS HACTYNMHHMX BHUIIB MIKpOOpraHi3miB Micrococcus
luteus, Bacillus cereus, 6aktepiit pony Pseudomonas, Bacillus subtilis, Salmonella,
Escherichia coli. Tlpote BapTO 3a3HAYuTH, IO JII KOXHOTO BHUIY pHOU
BUKOPUCTOBYEThCSI pi3HAa KoOHUEHTpaiis €-PL. O0poOka MOpPCHKUX NpPOIYKTIB
BiI0YBa€ThCSl OOMPUCKYBaHHAM a00 3aHYPEHHSM B PO34YMH 3 KoHLeHTpauieo 1000
— 5000 rpam Ha TOHY TPOAYKTY.

2. BukopucTtaHHs B M’ ICHUX ITPOAYKTaX.

UYepes oKUCIEHHS JMIAIB M’ SICHI TPOYKTH CTAIOTh YYJOBUM CEPEIOBHUIIIEM
JUTSl PO3BUTKY CTOPOHHBOT MIKpOO10TH, 1110 TPU3BOAUTH JI0 HEIPUEMHOTO 3aIaxy Ta

TIpKOro mpucMaky HOpoAykry. Escherichia coli O157: H7 BBaxaeTrbcs nyxe
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MOLIMPEHUM 1 HeOe3NeUHUM 30y THUKOM, SIKUW IPU3BOAUTD 10 XapuOBOT'O OTPYEHHS
HaBITh 32 HEBEJIMKOI KITbKOCTI 30y1HMKa. B X071 q0ChimKeHb, OMUCaHuX B pOOOTI
[19], 6yn0 BCTaHOBJIEHO, IO KOMILJIEKCHE BUKOPUCTaHHS HI3UHY Ta €-PL mposiisie
BHCOKY aHTUMIKPOOHY aKTUBHICTB 10 E. coli, B. subtilis S. aureus.

Takum uyunoM, &-I1J] Moke MpUTrHIYyBaTH PICT MATOTC€HHUX OakTepii TUM
CaMHUM 3MEHIIYIOYH BiJICOTOK 31MICOBAaHUX M’ SICHUX MPOAYKTIB Mij yac 30epiraHHs.
B po6oTi [20] BueHnMU 3a3HAYAETHCS, 10 ONITUMAJIBHI JO3H JIJIsl IPUTHIYEHHS POCTY
MIKpPOOPIaHi3MiB Ta IIPOJIOBKEHHS TEPMIHY 30epiraHHs M’ ICHUX IPoayKTiB € 0,125
r/kr Hizuny + 0,125 r/kr &I ta 0,5 r/kr e-11JI mans m’sica KypKu Ta COCHUCOK
BIJIIIOBIIHO.

3. BukopucTtanHs B MOJIOYHHUX TIPOJYKTaX.

Horypt € oqHIM 3 HAHMOMYJIAPHIIIAX MOJOYHHX TPOLYKTIB y BCHOMY CBiTi,
ajyie MOro 3aKUCIICHHSI, 10 CIPUYMHEHE aKTUBHICTIO Lactobacillus bulgaricus Tta
Streptococcus thermophiles BHACHIIOK OpOJiHHS, 3HAYHO CKOPOUYYE TEPMIH HOTO
30epiranHs. B po6ori [21] e-I1JI nomaBaiu B pi3HMX KOHUEHTpALIsAX 10 HOTypTOBOT
CyMillli, SIKy BUpPOOJISIIA Ta 1HOKyMtoBanu 3 L. bulgaricus ta S. thermophiles. Y
o0poOnenux e-I1JI rpymax nNOKa3HMKM KHUCIOTHOCTI HOTYpTy OyJIu 3HA4yHO
HKIIMH (p < 0,05) y MOPIBHSIHO 3 TOKa3HUKAMU KUCIIOTHOCTI Y KOHTPOJIL. 3pa3KH,
o0pobneni 0,005% e-I1JI mokazamu kpamry npodiJakTUKy KOHTaMIHAIi MiCis
3aKUCIICHHS MOTYpTy, HaWKpaluil cMmak, KOJip, BIIYYTTS B POTI Ta 30BHILIHIN
BUTJISI] YITPOJIOBXK 30€piraHHs B XOJOAMIBHUKY MPOTsroM 20 THIB.

Takoxx pocnipKyBalyd aHTUOakTepianbHy akTuBHICTH &-11JI momo L.
monocytogenes in vitro, a Takox in vivo [22]. B xo/i1 ekcriepuMeHTy in vivo 1 Mmr/mi
e-11JI po3noporryBanu Ha 3pa3ku CHpY, OMEPEIHBO 00pobIIeHi L. monocytogenes,
1 TOMINIAIOTh y CTEPUIIbHI MOMieTHIIeHOBI nmakeTu npu 4 125 °C na 15 anis. B xoni
JOCIIKEHHST OyJIo TTOKa3aHo, 1o 3a 00pooku cupy e-I11JI nmpurniuennas pocrty L.
monocytogenes crioctepiranocsi Heo30poeHum okoMm. Kpim toro, e-I1J1 He cyrTeBO
BIUTMHYB Ha 30BHIIIHIN BUTJISI CUPY, CMAK Ta 3arajbHy NPUHHITHICTE. Pe3ynbraTtn
nokaszanu, mo &-11JI Moxke He TUThKK 301TBITYBAaTH TEPMIH 30€piraHHs CUpy, aie i

30epiratu SKiCTh HOr0 OPraHOJICNTUYHUX MMOKA3HUKIB.
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B tabn. 3.2 HaBeaeHo BUXIAHI AaHl AJs po3paxyHKy motpedu B &-I1J1 ansa

BUKOPHUCTAHHS HOTO SIK Xap4OBOI'0 KOHCEPBAHTY 3 METOIO 3al00IraHHs MICYBaHHIO

XapyoBUX MPOAYKTIB.

Tabnuys 3.2

Buxinni nani 1 pospaxyHky piunoi norpedu e-I1JI B AK0oCTI KOHCEPBAaHTY

AJI5l Xap4O0BHX NPOAYKTIB

§ OntumanbHa B Vkpaini Heobxiana Jlireparypne
K . | O6podaroBaHuMi ao03a o JKepesio 1mo
aTeropis BHPOOJISAIOTH KlIbKiCTH
NPOAYKT 00po0KH &- . BUKOPHCTAHHIO
KUIBKICTh eI, r
ILJ1 NPOAYKTY
Imnopt
cBixoi abo | 22 537
OXOJIOKCHOL (T)
Mopeerd PrGa 1000-5000 rfx |—2HOH 78 732 000 [23]
NPOAYKTH Exkcnopt
¢ine pudbuTa | 3 707
1HIIIE M’SICO (T)
pub
Mosouni Cup 1 r/kr 128 000 T (2019) 128 000 000
MPONYKTH Horypt 0,005% 136 000 ToH. 6 800 000
0};%315}[” If 237 000 T. TywKH 4]
M’sicHi M’sco Kypku Y 388 000 1. yacTu Ha 78 125 000
0,125 r/xr &-
NPOIYKTH 1 Tymok (2019)
Cocucku 0,5 r/kr 230 000 1. (2019) 115 000 000
Bceboro 406 657 000

Bpaxosytoun, 110 €-I1J1 Oyae oOpobstucs nuii 1% npoayKTiB, HABECHUX B

tabn. 3.1 Ta Tabm 3.2, ToMy po3paxyHOK piuHOi moTryxkHocTi &-I1IJI mus

BUKOPUCTAaHHA MOTO K Xap4OBOT0 KOHCEPBAHTY, MPEACTABICHO y BUIJISIII CXEMHU

Ha puc. 3.1.
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3aranpHa KUTBKICTh
CIIOXKHUTO1 Xap40BOi
OpOIYyKIIii
(163 564 870 kr)

Kinbkicts e-I1J1

CymapHa KiJIbKiCTh
e-IUI
(4 068 570,65 1.)

Cup (1280001.) |12,  Cup(128071) Lo/kr | 1280000
MorouHa IpOAYKIIist
264 000 T. = »
y r) Porypr (136 0001) |L24| Horypr (13601) | 0.005 68 000 .
M’sico Kypku 1% M’sico Kypku 0,125 781 250 T.
M’sicHa IPOAYKIIList / (625 000 T.) g (6250 T.) '
(855000 1.)
T~ Cocuckn (230000 ) | L%, | Cocuckn (2 300 1.) O3 UKEy 1150 000
OPyKTH LUTPYCOBI Hutpycosi ppykTu Lutpycosi ppykTu
(337,870 1.) > MepepaxyHoK y 1 %: TepepaxyHoK y 0.064 2 000.65 T
KUIBbKICTh KUIBKICTh ' i
(3 126 031 mit.) (31260,31 mt.)
Mopcbka MpomyKIList Kinbkicts cBixoi abo | o Kinbkicts cBixkoi a60 | 3000 /1
> i °y o >  787320r.
(26 244 1.) OXOJIOKEHOT proHu OXOJIOJIKCHOT prOH
(26 244 1.) (262,44 1.)
CymapHa KijbKicTh KinbkicTs . Kinbkicts
e-IUT Streptomyces > Ky/bTypanbHoi piguau 30% BTpatu > KynsTypanbsHoi piguHu
albulus 1.S-84 32,6 (124 802,78 1) (178 289,68 1)

(4 068 570,65 1.)

Puc. 3.1. Y3aranbHeHa cxeMa pO3paxyHKy KyJbTypalbHOI PIAMHY 7151 O10CUHTE3Y -Tonumi3uny Streptomyces albulus LS-84
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3.2. Po3paxyHoOK NOTYKHOCTiI BUPOOHUITBA

JIJ1st moganbIux po3paxyHKiB cyMmyeMo aadi 3 Tadmui 3.1 1 tabmwmri 3.2, mis
00pOOKHU ITUTPYCOBUX JAOLUIbHIIIE MPUAHATH 1% BIiJ 3arajabHOI KUIBKOCTI, TOOTO
2 000,65 1, Ta 17151 BUKOPUCTAHHS B SIKOCTI KOHCEPBAHTY (11 MOPCHKUX, MOJOYHX
Ta M’SCHUX TPOJYKTIB) IOIUIBHO HpUHHATH 1% BiJI 3arajibHOi KUIBKOCTI, IIIO
ckianae 4 066 570 r, oTke 3arajibHa MoTpeda CKIIaae:

2 000,65+ 4 066 570 =4 068 570,65 r

Hany xiabkicTe &-I11J]1 MoxkHa OTpUMaTH NMpH KyJbTUBYBaHHI TiOpUIHOTO
mramy Streptomyces albulus 1.S-84, sxuii npoaykye 32,6 /1 1iei peuoBunu 3a 196
rogud [12]. Tomy nnst orpumanHs 4 068 570,65 r e-moniuni3uHy HEOOXiaHA

HACTYIHA KUIBKICTh KYJbTYPaJIbHOI P1AMHHU:

4068570,65
32.6

B = =124 802,78 n

BpaxoByroun cymapHi BTpaTH IIJILOBOTO MpoaykTy npu BuaiieHH1 (30%),

HEOOX1JTHO OTPUMATH TAKy KUIBKICTh KYJIbTYpaJbHOI P1IUHHU:

C= 2229278 _ 178 289,68 n

1-03
3.3. Po3paxyHoOK Kij1bKOCTI BUPOOHUYHX HHMKJIIB TAa TeOMETPUYHOI0 00’ €My
(pepmenTepa
Po3paxyeMo KITbKICTh KYJIbTYpalbHOI PIIMHU, SIKY HEOOXIJHO OTPUMATHU 32
UMK (pepMeHTalli, JUisl MOJANbIIOr0 PO3PAXYHKY KUIBKICTh CTaAll IPUTrOTYBaHHS
nociBHoro Marepiainy. [Ipuitmaemo kinbkicte podouux TpynoaHiB (Tp,) = 320, Toai

KUIBKICTh TPOAYKTY Ha 100y (V) CTaHOBUTHME:

C 178 289,68
V, = =-—"—""=55715n
Ton 320

Kinbkicth mpomykTy 3a Uk (Vy,) Oyae CTaHOBUTH:

. K1*Vg*Tu¢ __1,1+557,15%203

= 5 183,86 n/umki,
24 24

Viny

ae Ty — LUK poOOTH (pepMeHTepa, IKUN BKIIIOYAE TPUBAIICTh BUPOOHUYOTO
6iocunredy (196 rox) Ta yac miaroroBku epmentepa no poodoru (7 ron). K; —
Koe(dimieHT 3amacy, 1o BpaxoByE MOXJIHMBICTh HecTepmIbHUX omeparit K, = 1,1.
[linroToBka QepmenTepa BkIrOYae: MUTTS Ta orsia (1,5 rom), mepeBipka Ha

repmetruHicth (0,5 rom), mimirpiB amaparty (0,5 rom), crepwm3aris (1 rom),



oxonomkeras (0,5 rox), 3aBanTakeHHs cepenosumia (1,5 rox), 3acis (0,5 ron),
BHUBAHTAXECHHS KyJIbTypanbHOi pinunu (1 rox).
5 784,38 n xynbrypanbHOi piauHu (V) MOXKHA OTpUMaTH y QepMeHTepi,

TEOMETPUYHUHN 00’ €M SKOTO Ma€ CTAHOBUTH:

Vay __ 5183,86
Ksan 0.6

V.= = 8639,77 1,

ne Ksan — KoedirieHT 3armoBHeHHS (pepMeHTepa.

Haionmxkanii 3a reomeTpuaHUM 00’ eMoM depmentep V= 10 M>.

.. 14 5 183,86
Yrountoemo koedimieHT 3amoBHEHHI Ki,n = % = Toooo = 0,51, me
r

NEPEBUILYE 3aJlaHE 3HAUEHHSI, OT)KE JaHE 3HAUYEHHS 3aIMILAEMO HE3MIHHUM.
3.4. Po3paxyHoOK KiJIbKOCTI CTaiil HiATOTOBKH MOCIBHOI0 MaTepiary
3a BUpOOHUUUHN UK OTPUMYEMO Vi = 5 183,86 11 KynbTypanbHOI PiAMHH.
[Ipn onepkaHHI KyJIbTypajabHOI PIIMHHU BpPAXOBYEMO il BTpaTH B pPE3yJbTari
KpaIUIEBUHOCY 4Ye€pe3 KOJIEKTOp BIANpanboBaHOro noBiTps (E4), skl cTaHOBIATH
10%.
OT1xe, KUIBKICTh MOXKUBHOTO CEPEJOBUINA Ta MOCIBHOTO Martepially mepen

BUPOOHUYUM O10CMHTE30M CTAaHOBUTHUME:

Ve 518386
6L T —E, 1-01

= 5759,84 n

[Tpu BuOpanomy koedirtienTi 3anoBHeHHS K3, =0,6 po3paxoByeMO MOXKIIUBHIA

reoMeTpuuHuil 00’eM pepmentepa (Vy), IO CTAHOBUTD:

v, = st - 379984 _ 599,73
Kaan 0,6

[IpuiiMaeMo HaWOIMKUKI 332 06’ €MOM cTaHaapTHUM pepmentep Vi = 10 M,

Ta YTOYHIOEMO IPUIHATHI paHiiie KoeDilieHT 3aTOBHEHHS:

_ Vpos.a __5759,84
Ksan - -
Vo 10 000

= 0,57

Tak sk BUpoOHHMUMI OlocuHTE3 Oyne BiAOYyBaTUCh 3 JPOOHUM BHECEHHSAM
JoKepelia BYTJIeIi0 HE0O0X1THO IPOBECTH PO3PAXYHOK ITiIKUBICHHS.

Po3paxynok nioxcuenenns

KiHueBa KiIbKICTh KyJIbTypanbHOI piiuHu V, = 5 759,84 nnst 3pyuyHOCTI

pO3paxyHKy BizbMeMO 5 760 i
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Kinnesa xonuentpanis mrepena Byriemio C, = 360 r/i (kr/m?)

[TouaTkoBa KOHLEHTpamis mKepena Byremo C, = 51,5 r/m (xr/m®) aus
3pY4YHOCTI PO3PaxXyHKY Bi3bMeMO 52 1/71

Konuenrpanis po3unny mimxusiaedas Cx = 400 r/n (xr/m?)

KinpKicTh eTariB miHKUBICHHS N = §

360 r/n — 52 r/n =308 r/n

308 r/n/ 8 = 38,5 1/n1 32 0JTHE BHECEHHSI MiKUBIIOI0YOTO PO3UUHY

[ToxxuBHE cepemoBuile 6e3 mociBHoro marepiany 5760 /1,1 =5236 n

5,236 1 x 308 r/m x 100 /40 =4 031,72 n Boau HA MKUB POIUNH

5236—-4031,72 =1 204,28 ;1 BOAM HA MTOKUBHE CEPEIOBUIIIEC

52 t/n x 5,236 v/n x 100 / 40 = 680,68 1 BoAM HAa PO3YMH TJIIOKO3U B
MOKUBHOMY CEPEIOBUIIII

1 204,28 1 — 680,68 1 = 523,6 1 BoAM HA 1HII KOMIIOHEHTH B TIOKUBHOMY
CepeIOBHIII

KinpkicTts nociBHOro Marepiany misa gpepmenrepa (Egi) ctanoButs 10 % Bin
00’eMy TOXKMBHOTO cepenoBHia. ToAl KUIBKICTh TMOXKHBHOTO CEPEOBHUINA Y

dbepmenTepi Oyae CTAHOBUTH:

= Joov1 _ 575984 _ 593621 n

mel ™ 14Ep, 1401

KinbkicTh MOCIBHOTO MaTepiaity CTAaHOBUTS:
Vim1 = Vpos.a — Vier =5 759,84 — 5 236,21 = 523,63 11
Hnst onepxkanas 523,63 1 1HOKYJSATY Yy IMOCIBHOMY amapari BpaxOBYEMO
BTpaTU B PE3yJbTaTl KPAIUIEBUHOCY Ye€pe3 KOJEKTOp BIAMPaIlbOBAHOTO IMOBITPS
(E¢2), axi1 cranoBiate 10 %. KinbKicTh MOXXMBHOIO CEpEAOBHINA Ta IOCIBHOTO

MaTepiajly y MOCIBHOMY anaparti CTaHOBUTHME:

v Vw1 _ 523,63
P62 ™ 4 _Ey, T 1-01

= 581,81 x

[Ipu BuOpanomy koedimieHnTi 3amoBHeHHS K, = 0,6 po3paxoByemo

MO’KJIMBUI reOMETPUYHUNA 00’ €M 1HOKYsITOpa (V¢1), 110 CTAHOBUTH!

Vpo6.2 581,81
Vi = 222 = = 969,68 1
Kaan 0,6
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[IpuiiMaeMo HAMOIMKYKHI 32 00’ €MOM CTaHIAPTHUN IHOKYISTOP Vg1 = 1 M,

Ta YTOUHIOEMO MPUHHATUH paHilie KoedilieHT 3aIoOBHEHHS:

V106.2 581,81
Kian = s = = 0;58
Ver 1000

KinbkicTs nociBHOrO Matepiany ais iHokyisaropa (E¢s) cranosuts 10 % Bin
00’eMy TOXHMBHOTO cepenoBuima. Toi KUTBKICTh TOXKHBHOTO CEPEIOBHUINA Y

1HOKYJISATOP1 Oy/1e CTAaHOBUTH:

V1506.2 581,81
Vo, = oz _ — 52891 1
1+Ep; 140,11

KinpkicTh MOCIBHOTO MaTepialy CTAHOBUTD:
Vimz = Vpos2 = Viez = 581,81 — 528,91 = 52,9 1

Jlist onepkansst 52,9 11 IHOKYJATY y ITOCIBHOMY amapari BpaxOByeEMO BTPaTH
B PE3yJbTaTl KpPaIJIEBUHOCY Yepe3 KOJEKTop BiampansoBaHOro moBiTps (Eg¢3), ski
cTtaHOBIATh 10 %. KiTbKiCTh MOKUBHOTO CEpPEOBUILIA Ta MOCIBHOTO MaTepiany y

HOCiBHOMy anapaTi CTaHOBHUTHUMC:

v 52,9
Voos3 = = = 58,77 1
: 1-Ep  1-01

[Tpu BuOpanomy koedirtienTi 3anoBHeHHS K1, =0,6 po3paxoByeMO MOXKIIUBHIMA

reoMeTpuyHuil 00’eM 1HOKYIsATOpA (V¢)2), 10 CTAHOBUTE!

_ Vposs __ 5877
Kaan 0.6

=97,95n

[Tpuiimaemo HanOMMK4YMN 3a 00’€MOM CTaHAAPTHUM 1HOKYJIATOP Vo = 0,1

M>, Ta yTOYHIOEMO NPUHHATHH paHimie Koe(illieHT 3aII0BHEHHS:

Vpos.3 _ 58,77
K3an = S = = 0,58
Ver 100

KinpkicTh nociBHOrO Matepiany ais 1HokyssAaropa (Egs) cranoBurs 10 % Bin
00’eMy TIOXHMBHOTO cepenoBhia. Toal KUIBKICTh TOKMBHOTO CEPEIOBHUINA Y

1HOKYJIATOP1 OyJie CTAHOBUTH:

_ Vposz _ 5877
M3 T 14Epy 140,

= 53,42 n

KinbkicTh MOCIBHOTO MaTepialy CTaHOBUTH:

Viws = Voos.s — Vies = 58,77 — 53,42 = 5,35 1

s opgep:xanss 5,35 11 iHOKYJATY y MIOCIBHOMY arapaTti BpaxOBy€EMO BTpaTH

B PE3yJbTaTl KPAaIJIEBUHOCY Yepe3 KOJEKTOp BIANpanboBaHOTO MOBITPS (Eg4), K1
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ctaHoByATh 10 %. KibKiCTh MOXUBHOTO CEPENOBUINA Ta TMTOCIBHOTO MaTepiany y

MOCIBHOMY arapaTi CTAHOBUTHUME:

v Vim1 __ 535

= = =594 1
po6.4 1-Egy 1-01 ’

[Tpu BuGpanomy koedirienTi 3armoBHeHHS K;,,=0,6 po3paxoByeMO MOKIMBUN

reoMeTpu4Huil 06’eM iHOKyIsATOpa (V)2), IO CTAHOBUTD:

[Tpuitmaemo HalOMMKYMM 32 00’ €MOM CTaHAAPTHUH 1HOKYIATOP Vg3 = 0,01

M>, Ta yTOYHIOEMO NPUHHATHI paHilie Koe(illicHT 3aII0BHEHHS:

Vho6.4 5,94
Kgan = B = = 0,59
Ves 10

KinpkicTs mociBHOTO Matepiany ais 1HoKysAropa (Eg4) cranoButs 10 % Bin
00’eMy TOXXMBHOTO cepenoBHila. ToAl KUIbKICTh TMOXXHBHOTO CEpPElOBUINA Y

1HOKYJIATOP1 OyJi€ CTAHOBUTH:

lr p06 )
HC4

=54n

1+Ep, 1401
KinbkicTh MOCIBHOTO MaTepiaty CTAaHOBUTH:
Vima = Vpos.a — Viea = 5,94 — 5,4 = 0,54 1
KinbkicTh 1HOKYNATY AJisl 3aCiBY Majoro HOKyJsTopa Vopw = 0,54 1 MoxxkHa
oJepKatu KyJbTUBYBaHHAM S. albulus 1.S-84 y xonbax Ha xawami. s 1ip0r0
BUKOPUCTOBYEMO KayajouyHl KOJOU 00’e€MOM Vo = 750 M Ta koedimieHTOM
3anoBHeHHSI K, = 0,2.

Toni KUTBKICTh KOJIO JJ1s1 OTPUMAaHHS ITOCIBHOTO MaTepiaiy CTAHOBUT:

N = Vimz _ 540
V con6*Ksk 750%0,2

= 3,6

Takum 4uHOM, 111 OZIep>KaHHs TOCIBHOTO MaTepialy HE0OX1THO 4 Kauyalo4H1
KOJIOH.

Otxe, mporec oOjepKaHHS IOCIBHOTO Matepiainy s 3a0e3leueHHs
BUpoOHM4oro Oiocunresy &-IT y depmentepi 06’emom 10 M® 3 koedinicaTOM

3anoBHeHHs 0,6 BiI0yBaTUMEThLCA Y YOTHPHU eTanu (IuB. Tad. 3.3)
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Tabnuys 3.3

Y3araabHeHi JaHi pO3paxyHKY TeXHIK0-eKOHOMIYHOI0 OOIPYHTYBaHHA

. - N O00’em 00’em
I'eomeTprunmii KoediuienT | Poboumnii 00’em .
Ne cranii 00’em 3all0BHEHHH, | (epmMeHTepa, cz;z;z::;‘; D;I;Tc;;g(::";
depmenTepa,Vr, K;an, yacTka Vpos, J1 Vie, 11 ’ Vi, 1 ’
1 10 000 0,57 5 759,84 1 204,28 523,63
2 1 000 0,58 581,81 528,91 52,9
3 100 0,58 58,77 53,42 5,35
4 10 0,59 5,94 5,4 0,54
5 0,750 0,2 0,15 0,54 0,054
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PO3/1J1 4. BiocuHTe3 HIJILOBOT0 NPOAYKTY
4.1. lasixu kaTad0J1i3My pOoCcTOBOIro cyocTparty y 0i0JIOriYHOr0 areHra

PoctoBum cybctpatomM i1 OG10CHHTE3y €-TIONUIIBHUHY 3a JIOTIOMOTOIO
Streptomyces albulus 1L.S-84 € rmoko3a [10]. Cxemy meTabomizMy TIIOKO3U S.
albulus LS-84 y KEGG He HaBelileHO, TOMY PO3IJISTHEMO METa00J113M CHOPITHEHOTO
MikpoopraHizmy — Streptomyces albulus NK660 [26].

bazytounch Ha TakuxX MNPUIYHICHHS Ta BUKOPUCTOBYIOUM SK OCHOBY Jif
CTBOpPEHHS KaTabOMIYHOTO NUIIXY TIIIOKO3U KaTabOoMi3M ITyKpl — TIKOMI3 (IUIsIX
EmMOnena-Meeproda-Ilapnaca), mo npencrasienuit y Kyoto Encyclopedia of
Genes and Genomes s mramy S. albulus NK660, HaBonMMO cxeMy epeTBOPEHHS
roko3u (puc. 4.1).

I'moko3a 3a yuyacTio rmokokiHazu [Kd: 2.7.1.2 ] mepeTBOproeThbcs Ha
MIII0K03Y-6-pocdat, ne octanHd 3a 1ii Timoko30-6-hocdar i3omepazu (KD 5.3.1.9)
NEePETBOPIOETHCS HA PPYyKTO3Yy-6-hocdar.

dochodpykrokinaza (KD 2.7.1.11) aktuBye mneperBopeHHsT (PpyKTO3U-6-
dbochar y Ppykrozy-1,6-qudochar. depmenrtatuBHa nis dpykrozoaudocdar
anpnonasu (KO 4.1.2.13) na ¢ppykrosy-1,6-nudocdar 3ymoBItoe nepeTBopeHHs ii
Ha Tminepanbaeriy  3-pocdar Ta  giokcianeroHdocdar, SKAW M JIERO
Tpiozodocdatizomepazu (KO 5.3.1.1) mepeTBoproeThcs Ha riinepaabiaeriy 3-
dbocdar .

Jlo mopanblIoro Karabosi3mMy 3aKIOYaEThCs Tainepanbaeriy 3-gocdar, mig
niero rinepanbaeriadocdaraeriaporenazu (KO 1.2.1.12) BiH nepeTBOPIOETHCS Ha
riminepat 1,3-mudocdar, mo y cBoro uepry min giero gocdormineparkinazu (KD
2.7.2.3) nepexonuth y rmnepar 3-pocdar. His docdormueparmyrazu (KD
5.4.2.11) na rmuepar 3-pocdar 1HIYKye HOTO TEPETBOPECHHS Ha TUIEpar 2-

dbocdar.

HYXT BTEK 04.01.06 KP I13
3MmH. |Jluct | Ne moxym. ITigmuc Jara
Po3pob6. JKonobko O.B. JIit. ApK. Apkymris
Ilepesip. Crpoyvka O.1. POSIIiH 4. BiocunaTtes | | 33 124
Kowncynoman .
H. Konmp. UUIROBOTO HPOAYKTY Kadjezlpa bTM
3amesepo. Iupoe T.I1.
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[lin pmieto enonmazu (K® 4.2.1.11) rmiuepar 2-docdar mnepexoguTs y
docdoenonmipyBar. KiHieBow craji€ero NEpeTBOPEHHS € yTBOPEHHS MipyBaTy 3

dbochoenonmipysary mifg gieto mipyBarkinazu (KD 2.7.1.40).

I'moxo3a

1 ATID
v
I'moko30-6-ocdar

2
®pykT030-6-Pocdar
3 ‘l ATD
®pykro30-1,6-mudocdar
4]
['minepansaeria-3-hocdar o, Hiokcmanerongdocdar
5 ‘ 2HAJTH
1,3-Audocdorminepar
6

3-®ocdorminepar
7

2-®ocdorminepar
8

docdoenomnmipysa

9 ‘2AT® ,

[Tipysar

Puc 4.1. Karabomnizm raroko3u. Hnsx EmOnena-Meeitproga-Ilapaaca
®epmentu: 1- I'mokokinaza [K®D: 2.7.1.2 |; 2- I'moko30-6-docdarHa 13omepasza
[KD: 5.3.1.9 ]; 3-ATD-3anexna hochodpykrokinaza [KD: 2.7.1.11]; 4- OpykTo3a-
oichocdharna ampmonaza, kmac Il [Kd: 4.1.2.13 ]; 5- TDminepanpneriny 3-
dbocdarnerigporenaza [KD: 1.2.1.12 ]; 6- docdorminepar-kinaza [KD: 2.7.2.3 |; 7-
2,3-6ichocdorminepar3anexna (ochormmneparna myrtaza [Kd: 5.4.2.11 ]; 8-
Enomaza [Kd: 4.2.1.11 [; 9- IlipyBarkinaza [Kd: 2.7.1.40 1]; 10-
Tpiozodocdarizomepazu (KD 5.3.1.1).

4.2. Biorpancdopmanisa pocToBoro cyocrpary y mijibOBUil POAYKT

ITix gac pocty S. albulus NK660 3 BUKOPHUCTaHHSIM TJIFOKO3M SIK JHKepelia

BYIJICI[IO BHACJIOK KaTaOoJ3My TJIFOKO3W YTBOPIOETHCS MIPYBaAT, SIKMM Jayi 3a
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JIOTIOMT'O0 MPYBATAETIAPOTEHA3HU MTEPETBOPIOETHCS Ha areTi-KoA. [lani anerwn-
KoA 3anyuaerbes 10 nukiy TpukapOoHoBux kucioT (LITK).

Peaxuii neperBopenns B L[TK BinOyBaroThCs 32 HACTYITHUM IUISIXOM LIUTPAT,
130IIUTpaT, 2-OKcoriyTapar, CyknuHini-KoA, cykuunar, ¢ymapar, Maiar,
OKcajioareTar, 3 y4yacTi0 HacTynmHHX ¢epMeHTIB nutparcuHTtazu [Kd: 2.3.3.1 ],
akoHitat rigparazu [K®: 4.2.1.3 ], 13omurpataerigporenazu [Kd: 1.1.1.42 ], 2-
OKCOKHUCJIOTO (hepeqOoKCUH OKCHUIOpeayKTasu cyooauuanmi anbda [KD: 1.2.7.11 ],
oeTa-cy0ouHuII cykuuH11-KoA CUHTETA3U [KD: 6.2.1.5 1,
cykuunataeriyiporesazu [Kd: 1.3.5.1 ], dymaparrigparazu [KD: 4.2.1.2 | Ta
Manataerigporenasu [Kd: 1.1.1.37 ], BianoBigHO.

AHaIIepoTUYHUMHU pEaKiisiMU, SKI 3a0e3NeuyloTh TIOMOBHEHHS BTpAT
intepmeniariB [[TK — momepenHukiB O10CHMHTE3y aMiHOKHCIOT, MPH POCTI Ha
TJIFOKO031 € Peaxilii, siki KaHali3yloTh (hepMeHTU hochOoeHOIPYyBaT KapOOKCHUKIHA3A
[KD: 4.1.1.49 ], manarnerigporenasa (aexapookcumoBanus) [K®: 1.1.1.39 ] ta
nipyBat kapOokcuinaza [KD: 6.4.1.1 .

AcmiaprtaT, KU € aMiHOKHCJIOTOIO acmapTaTHOiI POJWHU, YTBOPIOETHCA 3
OKcaJioaleTary 3a 10noMororw acnapraraminorpancdepaszu [Kd: 2.6.1.1 ].

[Tin miero acmapratakinasu [K®: 2.7.2.4 | acnapTaT nmepeTBOPIOETLCS HaA 4-
docdo-L-acnapraT siKuii MogabIIe MEPETBOPIOETHCS HA acmapTaT OeTa-miBajIeri
3a y4acTio acnapTaT-HamiBanaeriaaeriaporesasu [Kd: 1.2.1.11].

4-T'inpokcu-terpariapoainikoninatHa cuHTaza [Kd: 4.3.3.7 ]| axTuBye
NepeTBOpeHHs  acmaprar Oera-miBajzaeriny Ha  (2S,4S)-4-rigpokcu-2,3,4,5-
TEeTPariIpOJIMKOIIHAT, SKUA Mg JAi€r0  4-T1IAPOKCU-TETPariApoAiniKoJiHaAT
penykraza [K®: 1.17.1.8 ] mepetBoproetbest Ha 2,3,4,5-TerpariapoaimikoiiHar.

Ham  peakuii  BigOyBalOThCA 32  HAacTymHUM  nuiixom  2,3.,4.5-
TeTpariipoaimkominar, N-CcyKiuHuI-2-L-aMmiHo-6-okcorentanmioat, N-CyKITUHII-
LL-2,6-miaminorenranaioar, LL-2,6-niaminorenTanioar, Me30-2,6-
JlaMiHOTeNTaHaloaT, JI3UH, 3a jJonoMorotr 2,3,4,5-terpariapomipujinfa-2,6-
nukapOokcunar  N-cyKIuHUITpaHcdepasu [KD: 2.3.1.117 1 N-
CYKIMHIIAlaMIHOMIIMeNaT  amiHoTpaHcdepasu  [KD:  2.6.1.17 ], 29-

cyknuHimiaminonimenaraecuuainazn  [K®:  3.5.1.18 ], ngiaminomimenaTHa
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emimepazu [Kd: 5.1.1.7 ], miaminomimenat-gexkapOokcunazu [Kd: 4.1.1.20 ],
BinoBiIHO. KiHIIEeBOIO cTajdi€ro mepeTBopeHHs € yrBopeHHs &-I1J1 3 misuny 3a
JIOTIOMOT OO TOJIIMEepU3allii sika BIIOYBAEThCS B €-TTO3UIII.

CxemaTtnuHe 300pakeHHS OloTpaHc@opmarllii TJIIOKO3HM B E-TOJUTI3UH Y

Streptomyces albulus naBenaeHo B 10JaTKy 1.
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PO31JI 5. O0rpyHTYBaHHSI BUOOPY TEXHOJIOTIYHOI CXeMH
5.1. O0rpyHTyBaHHA 10(pepMeHTALIHHUX MPOLECiB Ta BUPOOHUYOT0
OiocuHTE3y
5.1.1. O6rpyHTYyBaHHA clIOCO0Y Ky/JIbTUBYBAHHA i TUIY (pepMeHTEpa
5.1.1.1. O0rpyHTyBaHHs ClIOCO0Y Ky/JIbTHUBYBAHHSA

S. albulus 1.S-84 — mpencraBHUK pony Streptomyces, SIKAA Moxe OyTH
BUKOPUCTAHUU SIK TMOTEHIIaJbHUN MPOAYIEHT €-MOJUIBUHY I MPOMHUCIOBUX
uinei. Jlanuit Mikpooprauizm € Me30pIIbHUM aua0(piaoM, OCKIIBKHA ONTHMAalIbHA
temneparypa KyiaetuByBaHHs € 30 °C, a pH 3,8. Ha nouatky kynpTuByBaHHs pH
nepeOyBae Ha piBHI 6,8, ane Bxke uepe3 20 rox KyapTuByBaHHS pH 3HMXKYETHCS 110
no3Hauku 3,8. Xoua yMOBU BUPOIYBaHHS J1IaHOTO MPOAYLIEHTA € HECTIPUATIUBUMU
JUIst OLIBIIOCTI KOHTaMIHYKOUO1 MIKpOQIOpH, MPOTE sl YCYHEHHS MOXKJIMBOI
KOHTaMiHaIlii Mpolec KyJbTUBYBAaHHS MPOMOHYETHCS MPOBOAWTH B ACENITUYHHUX
YMOBAX.

HesBaxkaroun Ha Te 10, €-TIOJIUINI3MH € IToJi-aMiHokuciioTor, e-I1JI €
BTOPMHHUM METa0OJIITOM, II0 HAKOMUYYETHCS B CEPEIOBHINI KyJIbTUBYBAHHS Y
cTalioHapHii (a3i pocTy MOPOaylLEHTa, TOMY JUIsi BHUPOIINYBaHHS JaHOTO
MIKpOOpPTaHi3My JOUUIBHUM € 3aCTOCYBaHHS TJIMOMHHOTO KYyJIbTUBYBAHHS Y
NEePIOINYHOMY PEXHUMI.

S. albulus LS-84 € oGniratHuM aepobom, ToMy (epMeHTallisi TPOXOIUTh B
yMoOBax Oe3lepepBHOI IM0jJaul CTEPUIILHOTO TMOBITpS uepe3 OapOoTep 10
dbepMeHTaTOpa.

3a3HaunMo, 1110 AJI1 YTBOPEHHS Y BUCOKUX KOHIIEHTpALISIX 3a3HAYEHOT MOJI1-
aMIHOKHUCJIOTH B YMOBax BUpOOHUYOTO O1locuuTe3y S. albulus 1.S-84 HeoOXiagHUM €

BHECEHHS IM1PKUBIIIOIOUOT0 PO3UUHY.

HYXT BTEK 04.01.06 KP I13
3MmH. |JIuct | Ne mokym. IMigmuc | dara
Po3pob. JKonobro O.B. . JIiT. ApK. Apky1iiB
Ilepesip. Crpoyvka O.1. POB’HIH 5. O6I‘pYHT}"BaHEIH | | 37 124
Koncynoman BUOOPY TEXHOJOT14HOI
H. Konmp. CXEMH Kadenpa BTM
3ameepo. Tupoe T.I1.
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Orxe, niia kynbruByBaHHS S. albulus 1.S-84 3 MeTo0 OTprMaHHS BHUCOKOI
KOHIIEHTpAIli €-MOJIUIIB3UHY O0YyJ10 00paHO MepiouYHE KyIbTUBYBAHHS TTTUOMHHUM
crioco0oM mpu Oe3nepepBHiil aeparlii B aCENTUYHNX YMOBAX 3 M KUBJICHHSIM.

5.1.1.2. O0rpyHaTyBanusi BUOOpy (pepmenrTepa

IIpu BubGoOpi QepmenTepa BpaxoBYIOTh MOP(OJIOro-KyIbTypadbHI Ta
¢bi131070r0-010XIMIYHI OCOOJIMBOCTI IMITaMy MPOAYIEHTa, a TAaKOX EKOHOMIYHI
aCIeKTH MOTpeOU MPOTYKITii.

BusnauuBmm mo cunte3 e-I11J1 BigOyBaeTbcsi B aepoOHMX YMOBax, TO
BaXUJIMBE 3HAUEHHS JUIsl aepOOHOTO IPOLECY Mae cUCTeMa aepalii, HEOOX1IHUM €
BCTAHOBJIEHHs1 OapOoTtepa, sikuil 3a0e3neunTh Oe3nepepBHy MoAavy CTEPUIILHOTO
MOBITPS, a JJOJIATKOBE IMEPEMIITyBaHHS MIJBUIIUTE €(EKTUBHICTh MACOOOMIHHHUX
MPOIIECIB, IO MO3UTUBHO BIUIMHE HA TMOKA3HUKHU €(PEKTUBHOCTI KyJIbTUBYBaHHS
npoayleHta. bapOboTep BCTAHOBIIOETHCS TMiJ MIMIAIKOI, SIKa CTBOPIOE BUXPOBI
pyXd 1 THUM CcaMHUM PO3MOJIISE aepailiiiHe TOBITPS PIBHOMIPHO y TOBIII
CepeloBULIA.

OntumanpHOIO TeMmrnepaTyporo KynbTuByBaHHS € 30 °C, nns 3a0e3nedeHHs
CTaioi TeMIepaTypu KyJIbTUBYBaHHS (EPMEHTEP OCHAIIYETHCS COPOUYKOIO 1
JTATYNKOM TeMIIEpaTypH.

B NoXuBHOMY CepeloBUILI € KYKypYI3SIHUM TJIIOTEH, SKUW BUCTYIAE
MHOYTBOPIOIOYMM KOMIIOHEHTOM, JJIsi 3ar00IraHHs MOJKJIMBOTO YTBOPEHHS MiHU
OyJile BAKOPUCTOBYBATHCS XIMIUYHUM CITOCIO MHOTAaCiHHS.

Jlist koHTpomto piBHS pH KynbTypanbHOI piIMHUA (PEPMEHTEpP OCHAIIYETHCA
natyukom pH.

3BakalouM Ha Te, 10 paHille MU BUOpaJIU KyJIbTUBYBAHHS 3 IM1IKUBJICHHSAM,
TO HEOOXIJHUM € BCTAHOBJICHHS JaT4yuKa JJIsl MIIATPUMAHHS CTajoi KOHIIEHTpaIi
JpKepera BYTJISLIO.

OTtxe, BUOIp pepMeHTaIHHOTO 00JIaJHAHHS, ISl BAPOOHUYOTO O10CUHTE3Y,
3aJIeKUTh BiJl BUMOT, BCTAHOBJICHHUX JJI KYJIbTHUBYBaHHS OOPAaHOTo 010J0TTYHOTO

areHry.

40



5.1.2. O6rpyHTyBanHst BUOOPY cTail MIATOTOBKYU aepaliiiHOro NoBiTpsA
Streptomyces albulus 1.S-84 BupomyeThcs B aepoOOHUX YMOBaX, TOMY
HEOOX1THO Mepe10auyuTH CTaIII0 MiATOTOBKY aepallifHoro moBITpSI.
[TigroToBKa aepaiiiHOro MOBITPS Oyze 3A1MCHIOBATUCS B OKPEMUX OYHIBIISIX
(KoMITpecOpHUX BIIIIJICHHSX ), OCKIJIbKH BUTPATH MOBITPS OYIyTh BEJIUKI.
Cranii miAroOTOBKK aepaliiifHoro moBiTps:
e 3abip arMochepHOTO TOBITPS  3IIHCHIOIOTH 32  JOIMIOMOTOIO
BEPTHUKAIBHOI TPYOH 3 MOBITPsI3a0ipHUKOM y HakBuIii Touli H ~ 20
M (BUCOTa MOBEPXY — 7 M, KIJIbKICTh MIOBEPXiB — 2, BUCOTA MOBEPXIB —
14 M, pazoMm 3 kocuM naxom Oyaiemi (+3 m) — 17, BiaOip moBITps
NOBUHEH BiAOyBaTHCS Ha 2-3 METpU BHWINEC HAWBUIOI TOYKH), 1€

pOSMiIHCHe O6J'IaI[HaHHH I CTUCHCHHA Ta OUYHUIIICHHSA HOBiTpH;

® OYUIIEHHS MOBITps Bif mwiay (6 > 50 MKM) Ha TUIACKUX TKAHUHHUX

¢iapTpax rpyoboro OUMIIECHHS;

® CTHUCHEHHS TOBITPS B KOMIIpecopax abo TypOOMmOBITpOoAYyBKax (Ipu

IbOMY TIOBITPsI HarpiBaeThes 10 Temmeparypu 120 — 200°C);

® OXOJIOJKEHHS CTUCHEHOTO TIOBITPSI 10 TEMIIEPATYPU KTOUYKH POCKD) IS

KOHJICHCAIIli BOJIOTH;

® BUJAJICHHS KOHJIEHCOBAHOI BOJIOTH Ta MapiB MacTUIIA, 1110 MOTPAITUIH 3
KOMIIpECOpa, y pPEcUuBepl, KU Tak0oXk 3MEHIIYE MyJbcalii pyxy
HOBITPsI, SIKI MOXKYTh HEraTHMBHO BIUIMBATH HA POOOTY MOJAIBIIMX

(G1IBTPIB OUMIIEHHS TOBITPS;

e craliii3allisi THCKY Ta TeMIiepaTypu miairpiBanusm a0 45-50 °C maporo

y BIMOBITHUX TETUIOOOMIHHHUKAX;

® OUMILEHHS B OJIOBHUX €MHICHUX HAOMBHUX (DUIbTpaX, YCTAHOBIECHUX

no6m3y (hepMeHTalIHUX BiJTIICHB, CTYIIHD ounIneHHs E=95%;

® OUMILEHHS B IHAUBIAYyaIbHUX QUIbTpax (cTymiHb ouuctku E=99,99%),

YCTaHOBJIEHUX Ha (epMeHTepl, MOBITPA [0 SKUX TOJAETHCS
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0e3nmocepenHbO BiJ TOJOBHHX (PUIBTPIB dYepe3 TpyOompoBoaU

(KomexTopn).

5.1.3. Bu6ip MuiiHux Ta Ae3iHdikyro4ux 3acodis

Oorpynmyeannsn euoopy murouozo 3acody onsa 00poo60eanIbHuUX 00°ckmis.

B mpomeci 010TeXHOJIOTIYHOTO BUPOOHMIITBA BAXKIUBUM E€TallOM €
nepeadayeHHs Mpoiecy MUTTS OOJaJHAHHS, KOMYHIKall Ta Tapu, 3Ba)Kaloyu Ha
OCHOBHI BUMOTH 3a SIKUMU BUOUPAIOTh MHUIOY1 3aC00M, a caMe: MHUIOYa 3JaTHICTh Ta
1[1Ha PO3TJIIHEMO JEKIJIbKAa HACTYITHUX BapilaHTIB.

biomoit — pitoua peyoBHHA aNKIIOEH30JCYIb(GOHAT HATPiIO (CYIHGOHOM)
5,0% -8,0%, nyxHa mnporeasa (En3zum). BUKOpUCTOBYEThCA Uil MUTTS Ta
ne3iH(dEeKIs]  PI3HOMAHITHOTO  TEXHOJIOTIYHOrO  OOJagHAHHS, 1HBEHTapIO,
KOMYHiKaIiii 1 Tapu (0COOJMBO BIIMIHHO MHE CKJIOTapy) Ha MiANPUEMCTBAX
XapyoBO1 Ta MOJOYHOI MTPOMHMCIIOBOCTI, Ha MIJNPUEMCTBAX 3 BUPOOHHUIITBA IUBA,
AJIKOTOJIbHHX 1 0€3aIKOTOJIbHUX HaroiB. JloOpe po3unHAEThCS Y BOA1 (PO3UMHHICTD
He Mmenme 15 r/aM®); poGoui pozuumHu OGiomMor0 Oe30apBHi, HE YIIKOIKYIOTH
00poOoBaHi BUPOOM 1 MalOTh BUPAKEHI €MYJbIYIOUl 1 MUIOYI BJIACTHUBOCTSIMH,
JIETKO BUAANISIIOTH OUTKOBO-)KMPOBY IUIIBKY, JH0OpE 3MHUBAIOTHCS, HE 3aJIMINAIOYN
HaJIbOTy Ha 0OPOOJIFOBAHUX MMOBEPXHSIX.

Kayctuuna cona (inkuit Hatpiii - NaOH) — epexTuBHA AT MUTTS KUPHUX
MOBEPXHb, JJII MUTTS O1IKOBUX 3aJTUIIIKIB, 3AJIUIIKIB COJIEH YU MIKPOOPTaHI3MiB, Ta
MPOIYKTIB iX )KUTTEAIIbHOCTI. Heonikom € Te, 1110 KayCTU4HA CoAa € IIKIITUBOIO
st moauan (2 kmac Hebdesneku 3a 'OCT 12.1.007). Ilpu nmomamanHi Ha MIKIPY
BUKJIMKAE XiMIYHMN omik. [loapa3Hioe cin30BYy OOOJOHKY O4Yeill Ta BEpXHIX
TUXAIBHUX NUIAXiB. TOMYy MU HE peKOMEHIYEMO BUKOPHCTOBYBATH JJaHY PEYOBUHY
JUTSL MUTTS OOJIaTHaHHSI, 100 YHUKHYTH HEIIaCHUX BUMAAKIB [27].

KanbunHoBana coma — Mae BUTIIA O1JI0T0 Ap1OHOKPUCTAIIYHOTO MOPOILIKY,
SAKUW J10Ope PO3UYMHSETHCS Y BOAL. Y BOJAHUX PO3YMHAX KaJbIIMHOBAaHA COJa
YaCTKOBO PO3KJIAJAETHCS 3 YTBOPEHHSM IAKOTO JIyry Ta TiapokapOoHATy, sKi
3YMOBIIIOIOTh MUHI BIACTUBOCTI. BOHa € Oubil 0e3nmeyHot0 /11 BUKOpUCTaHHS (3

KJ1ac HeOe3nekn — nmomipHo Hebesmeuna peaoBuna 3a ['OCT 12.1.007). Came Tomy,
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MU ii 00MpaeMo y SKOCTI MHUIOYOTO 3aco0y mjisi (hepMEeHTAIIHHOTO 00 qHaAHHS.
Takox, 11 € O1TBIII EKOHOMIYHO BUT1IHHMA BapiaHT [27].

Oorpynmyeannsn euboopy O0e3inghikyrouo2o 3acody 0aa oo6pooda0eanIbHuUx
00’°cxkmis.

[Ile omHUM BaXJIMBUM €TalOM BHPOOHMIITBA IIpemapariB sKl OyIyTh
BUKOPHCTOBYBATHCH B IKOCT1 Xap4yoBOi J00aBKH 1€ BUOIp Je31H(]iKyr0ouoro 3acooy.
[Tig wac BuOOpY BapTO BpaxyBaTH IIO HEOOXIJHO 3aCTOCOBYBaTH Je31H(DiKyr0ul
3aco0M 3 1HTEpBAJOM B 2 THXKHI Ui 3amoOiraHHsS PO3BUTKY CTIMKHX IIITaMmiB
MIKpoopraHi3miB. Bupo6HunTso TpuBae 320 Tpy104HIB, 0T>Ke HEOOX1AHO Mmia10paTu
2 pI3HMX MUIOUMX 3ac00IB Il OOpOOJEHHS MOBEPXOHb. PO3risiHEMO AEKIIbKa
ne3iH(}iIKyoUnx 3aco0iB.

«TS WATER DEZ-330» — nyxHuit ae3iHdikyrouuit 3acid Ha OCHOBI
TINOXJIOPUTY  MICTUTh  KoHUeHTpauito 11,0-15,0% rimoxsmoputry  Hatpiro.
BukopuctoByeTbcsl g Ae3iH(PEKIIl NpUMIMIEHb (CTIHM, MAJIOTH TOMIO),
TEXHOJIOTIYHOTO OOJaJHaHHs, TPyOONpOBOAIB, Tapu Ta IHIIUX OO €KTIB Ha
nianpueMctBax. [lepeBaru qanoro 3aco0y MICTUTB cTab1113aTOP AKTUBHOTO XJIOPY,
BUSIBJISIE IIUPOKUH CHIEKTP €31H(DIKYIOUMX BIACTUBOCTEMN, JIETKO 3MUBAETHCA.

«KOBILHUJ ®OPTE» — airoua pedoBuHa nepekuc BojHIO 12,5%, MosiouHa
kucinota 12,5%, mae OaKTEpHIMIHI BJIACTUBOCTI BIJHOCHO HIMPOKOTO CIEKTPY
MIKpPOOPraHi3MiB, SIBJIsIE COOOK KOHIEHTPOBAHUM PO3UMH ISl JAe31HQEKIli Ta
OUUIIEHHSI TIOBEPXOHb, OOJIATHAHHS, amapaTrypu, MeOJiB, CaHITAPHO-TEXHIYHOTO
oOnagHaHHs, mpuOUpambHOTrO 1HBeHTapro. I[loBHicTIO Olopo3umHui. Cymimn
NEPEeKUCy BOJHIO 1 MOJIOYHOI KHUCJIOTH 3a0e3neuye BUPAXEHY AaKTUBHICTh
ne31H(pEeKTanTy.

«ITepexrc BOTHIO» — BIIHOCUTHCS A0 BUCOKOHEOE3MEUHUX PEUOBUH (2 Kiac
HeOesneku no 'OCT 12.1.007). Ilogpa3Hioe mikipy, CiIu30BY OOOJOHKY OdYeil Ta
BEPXHIX AUXATBHUX NULIXIB. TOMY, MU HE PEKOMEHIYEMO MOTO BUKOPHUCTOBYBATH
gk Ae31HdiKyr4Yuit 3aci0, ajke BiH HE BiAMOBIgae BUMoram [27].

Sk pe3ingikyroui 3acobu odbupaemo «ITS WATER DEZ-330» 1 « KOBILIJ]
OOPTEY.
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5.1.4. Oco0aMBOCTI MIATOTOBKH Ta CTEPUJIi3alii MOKMBHOTO CepPel0BHUIIA

MakcumanbHuil cuHTe3 g-nounizuny (32,6 r/a 3a 196 ron) mocsraeThes 3a
YMOB pOCTy TiOpumHoro mramy Streptomyces albulus 1.S-84 Ha cepemoBwii
HACTYMHOTO CKJIany, I/

I'mrokxo3a — 52;

(NH4)2SO4 - 10;

Kykypyazsauii rimoten — 20;

MgSO4x7H,0 —0,5;

K>,HPO,4 - 0,8;

KH,PO4 — 1,36;

FeSO4x7H20 - 0,03;

ZnSO4x7TH,0 — 0,04.

VY mporueci KynbTUBYBaHHS, mounHatoun 3 40 ropg, depe3 koxkHi 20 ron
3MIIHCHIOETHCS IpoOHE BHeCeHHs rioko3u 1 (NH4),SO4 10 KiHIIeBOi KOHIIEHTpAITii
360 r/m1 11 r/n BiANOBITHO.

BianoBinHO 10 po3paxyHKiB, HABEJEHUX B pO3/1i 3, BUpOOHUYUI O10CHHTE3
BinOyBacThcs B pepmenTepi 06’emom 10 M3, mo mictuts 4 931,4 M3 moxkuBHOTO
cepenoBUIa. [HOKYISAT OTPUMYIOTh Y YOTHPH €Tamu: y Koja0ax Ha Kadajkax Ta B
iHOKynaTopax 06’emom 10 1, 100 mi 1 m>.

[TosxuBHE cepefoBHINE /JIsi BUPOIILYBAaHHS IMOCIBHOTO MaTepialy MICTUTh 5
/1 Ip1A>KOBOTO aBTOJI13aTy, a 1] 4ac BUPOOHUYOTO O10CUHTE3Y B SIKOCTI JHKepelia
a30Ty BUKOPUCTOBYIOTh 20 I/71 KyKypyI3sTHOTO TJIIOTEHY.
5.1.4.1. Oco6MBOCTI MiATOTOBKH i CTEPUJII3ALil NOKUBHOIO CePeI0BUINA IJIsI

BHPOLIYBAHHS IHOKYJIATY B K0JI0AX Ha Ka4aJIKax

JIJisi BUpOIIyBaHHSI MOYATKOBOTO IOCIBHOTO MaTepially BUKOPHUCTOBYIOTH

CepeIOBHIIIE 3 HACTYITHUM CKJIaJIOM, T/JI:
e ['mroko3a—52;
o (NH4)>SO4— 10;
e JlpixmxoBuil aBTOJI3AT — 5;

L MgSO4 - TH,0 — 0,5;
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o K,HPO,-0.,8;

e KH,PO,-1,36;

e FeSO, 7H,0 —0,03;
e 7ZnSO4 7H,0 — 0,04.

Crepumizaiiis Oyne BigOyBaTHCS B aBTOKJIABI, 4Yepe3 HEBEIUMKUH 00°em
noxkuBHOTO cepenosuma (0,54 1), mpoaHai3yBaBIIM BUINE HABEACHE IMOXUBHE
CEpeNOBHIIE JITUMO MOr0 Ha HACTYMHI KOMIIO3HUINI, B 3aJI€KHOCTI BIJ] PEKUMY
CTepUJII3aIlii OKPEeMHUX HOT0 CKIIAJOBUX:

Komnosuyia A: rmoko3a, IpiKKOBUN aBTONI3aT (pekuM creprumszanii: 112
°C, 20 xB);

Komnoszuyia B: (NH4),SO4, MgSOs - 7TH,O, FeSO4 7H,O, ZnSO4-7H,O
(pexum crepuwmzanii: 131 °C, 40 xB);

Komnozuyia C: KH,PO4 KoHPO4 (pexum crepunizarii: 131 °C, 40 xB);

Po3unH TIIOKO3M 1 JOPLKIKOBOrO — aBTONi3aTy (kKommosuiis A) €
TepMOJIa01IILHUM 1 TTOTpeOdye M’sikoro pexxkumy crepuiizaiii. Coni kommosuiii B
CTEPWII3YIOTh PU CTAHIAPTHIM 111 cofiert Temmneparypi. Docharu (kommnoszuiiist C)
CTEPUIIIZYIOTh OKPEMO, 100 3a1100IrTH YTBOPEHHIO HEPO3UMHHUX (PochaTiB MarHio
Ta KaJIbIIIO.
5.1.4.2. Oco0.1MBOCTI MIATOTOBKH i CTepUIIi3alil NOKUBHOIO CepeIOBHINA 1JIA

BHPOLIYBAHHA iHOKYJISAITY B IOCIBHUX anaparax

Bupowyeanns inoxyniamy é nociesnomy anapami 06 ’emom 10 1.

Ha paniii ctazaii miAroToBKU MOCIBHOTO Marepiaigy HEOOX1IHO MPUTrOTYBATH
5,4 1 MOXHUBHOTO CEpeAOBUIA, TOMY AUTUMO MOro Ha HACTYNHI KOMIO3MIIi, B
3QJICKHOCTI BiJl pEKUMY CTEpUIII3allli OKPEeMUX HOro CKIIaI0BUX:

Komnosuyis A: rmoko3a, IpihXIKOBUN aBToMI3aT (pekuM ctepuiizaitii: 112
°C, 20 xB);

Komnosuyis B: (NH4),SO4, MgSOs - 7H,0, FeSO4 7H,0, ZnSO4-7H,0O
(pexum crepumzartii: 131 °C, 40 xB);

Komnoszuyis C: KH,PO4 KoHPO4 (pexxum crepunizamii: 131 °C, 40 xB);
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Po3unH riroko3W Ta APLKIHKOBOTO aBTOMI3AT (KOMITO3UINIO A) TOTYIOTH 1
CTEpUIII3yIOTh B aBTOKJIABI, y K001 00’eMoM 2 11 3a HacTynHUX pexkuMin: 112°C,
0,05 MIla ynpoaosx 30 xB.

Comi koMmo3utlii B cTepumi3yroTs npy CTaHIAPTHIN U1 COJIel TeMrepaTypi.
®dochatu (kommno3utiist C) CTEpUIIi3yIOTh OKpPeMO, 1100 3amoOirTé yTBOPEHHIO
HEpPO3YMHHUX (pocdaTiB MarHito Ta KaibIliIo.

Bupowysanns inoxynamy é nocisnomy anapami 06 ’emom 100 1.

Jlns i€l cranli HeoOXiIHO MPUTOTYBaTH 53,42 J1 MOKMBHOTO CEPEIOBHINA,
oAl KoMmo3uiii BigOyBaeTbea Ak 1 ansg 10 1 iHokynsTopa. Kommosumito A
TOTYIOTh 1 CTEpPWII3YyIOTh B OKpEMOMY peakTopi-3mimryBadi. Kommosuiito B
TOTYIOTh B OKPEMOMY 301pHUKY, a CTEPUIII3YIOTh B THOKYJISTOP1 (711 3MEHIICHHS
WMOBIPHOCTI KOHTaMiHallii), mpouec crepuiizaiii BigoyBaeTsesa npu pH 4,5, mo0
YHUKHYTH BHUNaJaHHsS ocaay. Jlisi 1boro cepenoBuille MiIKUCTIOTh 6%-M
PO3YMHOM XJIOPUHOI KUCIIOTH.

[lo 3aKkiHYeHHIO cTepuiIi3alli KOMIO3UIIN B IHOKYJISATOP MEPUCTATbTHYHUM
HACOCOM TI0JIat0Th KOMITO3HIII0 A 1 10BoAsATH pH 10 6,8 32 1OMOMOro0 BHECEHHS
6%-0T0 PO3YMHY HATPil T1IAPOKCUY.

Bupowysanns inoxynamy 6 nocienomy anapami 06 'emom 1 m>.

Jlnsa mocisaoro amapaTa 1 M> HeoOxigHo 528,91 11 OKUBHOTO CEpeOBHIIA,
MOJI1JT KOMITO3UIIIH BiAOyBaeThes sk 1 a1 100 1 mociBHOrO anapara.

Komnosuyia A: rmoko3a, IpiKIKOBUN aBTONI3aT (pekumM creprumizari: 112
°C, 20 xB);

KOMHOSML;BZ B: (NH4)2SO4, MgSO4 : 7H20, FCSO4'7HQO, ZHSO4'7H20,
KH,PO4 K;HPO, (peskum crepumizarii: 131 °C, 40 xB);

Kommno3uiiito A roTytoTh 1 CTEpUIII3yIOTh B OKPEMOMY PEAKTOPI-3MIIIyBayi.
Kowmrozuitito B roTyioTs B okpeMoMy 301pHHKY, a CTEPUITI3YIOTh B IHOKYJISITOPI (7151
3MEHIIICHHSI HMOBIPHOCT1 KOHTaMIHaIlii), poriec cTepuiizarlii BindyBaeThcs mpu pH
4,5, 100 YHUKHYTH BUMaAaHHs ocaxy. st IbOro cepeoBHIIE MIIKUCTIOTL 6%-

M PO3YMHOM XJIOPUIHOI KHCIIOTH.
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[To 3akiHYeHHIO cTepuIii3alili KOMIO3UIN B 1HOKYJISTOP MEPUCTATHTUYHUM
HACOCOM JI0JIal0Th KOMITO3UILIII0 A 1 10BoaaATh pH 1o 6,8 3a 10momMororo BHECEHHS
6%-0r0 pO34MHY HATPid TIAPOKCUTY.
5.1.4.3. Oco6.1uBOCTi MIATOTOBKM i cTepuIizanii MO’KUBHOTO Cepe0BHIA IS

BHPOOHHUYOr0 0iOCHMHTE3Y

Jlns i€l cranii HeoOxiaHo npuroTyBaTu 1 204,28 1 MOKUBHOTO CEPEIOBHIIIA.

Komnosuyia A: Tmoko3a, KyKypyI3sTHUN TTI0TeH (pekuM creprumisartii: 112
°C, 20 xB);

Komnosuyia B: (NH4),SOs, MgSO, - 7TH,0, FeSO4-7H,0, ZnSO4-7H,0,
KH,PO4, KoHPO4 (pesxkum crepumizaiii: 131 °C, 40 xB);

Komrmo3suiiito A roTyioTh 1 CTEpUIII3yIOTh B OKPEMOMY PEaKTOPI-3MilllyBayi,
CTHIOYaTKy BHOCSTH 1 3aBapIOIOTh KYKYPYA3SHUHN TTIOTEH, a MOTIM 10 HHOTO JJ0JIal0Th
rimoko3y. Kommosuiiro B roTyioTs B OkpeMoMy 30ipHUKY, a CTEPUII3YIOTH B
THOKYJISITOp1 (JUIsl 3MEHIIIEHHST WMOBIPHOCTI KOHTaMiHallii), MPOIEC CTepHIIi3alii
BiOyBaeTbcss npu pH 4,5, mo0 yHuKkHYTH BuUnajgaHHs ocany. s mporo
CEpEeIOBUIIE MIAKUCTIOITH 6%-M PO3YNHOM XJIOPUTHOT KUCIIOTH.

BupoObHuunii 6iocuHTe3 B1AOYBAa€ThCA 3 JAPOOHMM BHECEHHSIM PO3UUHY
TJIFOKO3U Ta aMOH1H Cynb(}aTy, TOMY MiKUBIIOBAIbHI PO3YMHHM TJIFOKO3U Ta aMOHIN
Cynb(dary TOTYeThCS Ta CTEPHII3YETbCS B OKPEMHX peaKTopax-3MillyBadax.

ITioKUBIIOBANEHMN PO3YMH TJIIOKO3HM TOTYIOTh B peakTopi 00’emMoM 5 m°
(1 612,7 xr rmroko3u 14 031,7 1 Boau). ['oToBUIA pO3UMH CTEPUITIZYIOTH B PEAKTOPI
npu 112°C ynpomosx 30 xB. Ilicns crepumizauii, nounHatoun 3 40 roauHw,
HKUBIIOIOYANA PO3UYMH KOXKHI 20 TOJ MEepUCTaIbTUYHUM HACOCOM IOJIA€THCS B
depmenTep 06’ emom 10 M>.

[Ti>xUBIIOBAIBHUN PO3UUH aMOHIN CyJib(aTy TOTYIOTh B peakTopi 00’ eMOM
100 11 (49,744 xr (NH4)2SO4 1 80 1 Boin). ['0TOBUM pO34YHH CTEPUITI3YIOTH B PEAKTOP1
npu 131°C ynponosx 40 xB. Buecenns pozuuny B ¢epmentep o6’emom 10 v
B1/10yBa€ThCSI aBTOMATUYHO, 32 JIOTIOMOT'OI0 IEPUCTATBTUYHOTO HACOCY.

5.1.4.4. O0rpynTyBaHHs1 BUOOpPY pPOo34uHiB 11 pery/suii pH Ta miHoracHuka
JUisi mpUroTyBaHHS MOXKMBHOTO CEPEIOBUINA HAa BUPOOHMYUN O10CHHTE3

HEOOXITHO TpoCTepuiIizyBaTh Kommosuilii 3 skux Oyme ckimamartucs [IC. [lns
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YHEMOXJIMBIICHHSI BUMNAAIHHA ocafiB ¢ocpopHux coneil Marnito, Pepymy Ta
Manrany, miJl 4ac HarpiBaHHs pO3YHMHY COJiell B amapari, HEoOXiIHO mepen
cTepuiiizailiero BHECTH 6 %-uil pO3YMH XJIOPUAHOI KHUCIOTH 1 BPAaXOBYIOYH IO
ontuMainbHuM pH it Hakonuuenns 6iomacu y S. albulus LS-84 3naxoautbes Ha
piBHI1 6,8, HEOOX1THO MEepe]T BHECEHHSIM MOCIBHOTO MaTepialy MiUTyKUTH ITOKHUBHE
CepeoBHIIIE 3a 10MTOMOror0 6 %-ro po3unny NaOH.

[Tix yac BUpoOHUYOTO OioCUHTE3Y piBeHb PH 3HIKY€ETHCSA HIKYE MMO3HAYKU
3.8. Ilpore omTumanbHuUM g cuHTe3y Oukinoi kinbkocti €-I1J1 € pH 3.8, a
BIIXWJICHHS BIJ ONTUMaJbHOTO piBHA pH BHJIMBae Ha pICT 1 CHUHTE3YBAJIbHY
akTuBHICTh &-I1JI, TOMy HEoOXiJHO aBTOMAaTU4YHO JoAaBaTH 25 %-uil PO3UHUHY
NH3><H20.

[ToxuBHE cepeoBHILE HA BUPOOHUYUI 010CMHTE3 MICTUTh IIHOYTBOPIOKOYHIA
KOMIIOHEHT, a caM€ KyKYypYA3SHUN TJIIOTEH, KU € B1IXOJOM IpPH BUPOOHUITBI
KYKYpPYI3sSHOTO Kpoxmaito. TakoX mMig Yac KyJbTUBYBaHHS BiIOyBa€ThCsA
IHTEHCHBHA aeparlis, TOMy HEOOX1JHO BUKOPUCTATH MEXaHIYHUUA ab0 XIMIYHUI
METO/1 MHOraciHHA. B AKOCT1 XIMIYHOTO cTOCO0Y MOKHA BUKOPUCTATH MIHOTACHUK
204 [28], sskuit BHOCUTBCS B MOXKUBHE cepesioBuIle 3 KOHIeHTpalieto Big 0,005 1o
0,01 %. B sxocTi MeXaHIYHOTO CHOCOOy BCTAaHOBIIOEMO Y BEpPXHINH 4YacTHHI
dbepMeHTepa MIlIaNKy, sIKa YCyBa€ MiHYy B pe3yJIbTaTi 3p130BUX 3yCHUIIb.

OTxe TeXHOJIOTIYHA CXeMa OKPIM CTafiil MArOTOBKM MOCIBHOTO Martepiamy,
BKJIFOYAE TaKi JIOJATKOBI CTaIii:

1) miaroroBka aepaiiifHOro MoOBITPs Ta OUUCTKA BIANPAIILOBAHOTO;

2) mpurotryBanHus 6% pozuuny HCl, ans miaKucieHHs cepenoBuIla Mpu
cTepuIi3alii Horo B mocisHOMy amapati 06 emom 100 i1, 1 M Ta 10 M3;

3) mpuroTyBaHHs Ta ctepwizaiist 6% po3unny NaOH, nns crabimizamii pH

CepeI0BHILIA NTepe/] MOYaTKOM KYJIbTHBYBAaHHS B IOCIBHOMY arapaTi 006’eMoM

100 11, 1 M* Ta 10 M?;

4) mpUroTyBaHHS Ta CTEPHIII3AIlS TIKUBIIOBAILHUX PO3YMHIB TIIOKO3U Ta
aMOHI1U cynb(dary sl BAPOOHUYIOro O1CUHTE3Y;
5) NpuroTyBaHHs IIHOTACHMKA JJisg 3aroOiraHHs IHOYTBOPEHHS IIJI Yac

BUPOOHUYOTO O10CHHTESY;
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6) 3aBaplOBaHHS KYKYPYI3SHOTO TUIFOTEHY, MEpe]l CTePUIII3aIli€l0 B YCTAHOBIII
Oe3mepepBHOI cTepuITi3aliii.
Tabnuys 5.1
Po3paxyHok BMicTy Ta 0CO0/TMBOCTi IPUTOTYBAHHSA PO3YHHIB Ta

cradiiizanii pH cepenoBuina

06" ent NaOH (6%) HCIl (6%)

O0’em, Oco0nuBICTH O0’em, Oco0IuBICTh
CEpEeIOBHUIIA, JT

MJT MIPUTOTYBaHHS MJT MIPUTOTYBaHHS

0,51 - - - -

5,07 - - - -

50,32 100,6 | y xon6i Ha 250 mur | 100,6 | y ko061 Ha 250 M

498,12 996,3 y K0J101 Ha 2 11 996,3 y K0J101 Ha 2 11
1 204,28 2408,6 | ypeaktopiSn |2408,6| ypeakropiS n

5.2. O0rpyHTYBaHHS CTaill BUAIJICHHS | OUMIIEHHS HLIbOBOI0 MPOAYKTY

OCKIUIBKH €-TIOJIUTI3UH € €K30MeTa0O0IITOM TO MEPIIUM €TarioM BUIICHHS Ta
OUYMILIEHHS NOJIAMHHOKHUCIOTH € BlIuieHHs Big Oiomacu. CpOoromHi € KuIbKa
TEXHOJIOTIM TMpU BUKOPUCTAHHI SKUX MOJKHA OTPUMATH E-TIOJUTI3WH, OTKE
PO3TIISTHEMO 1X.

3riIHO TEPIIOr0 METOJY SKUM OMUCYEThCS B MaTeHTI [29] BUIIJICGHHS Ta
OUHIICHHS BIJIOYBAETHCS 32 HACTYITHUM TPUHIIUIIOM:

e [loyaTKkOBMM €TamoM € PO3BEJACHHS KYJbTYPaJIbHOI PIIMHU 3a JIOMOMOTOIO
BOJIOTIPOBITHOT BOJIM Ta B MOAANIBIIOMY (1TITPYBaHHS 200 IEHTpUDYTyBaHHS
JUTSL BIJTUICHHS 010MacH 1 OTPUMAaHHS MPO30POTo CYINEePHATAHTY;

e [loTiM BUKOpPUCTOBY€ThCA yibTpadiibTpaliiiHa MeMOpaHHA CUCTEMa, s
BUJIAJICHHST BOJIOPO3UYMHHUX BHCOKOMOJIEKYJISIPHUX JTIOMIIIOK, 3 BiJICIKAHHIM
mostekyssipaoi macu Bume 1000 k/la, siki 3HaXOmATH y CyINepHATaHTI, B
MOJAJIBIIIOMY  TIepMear  yiabTpadiabTpamii HAAXOAUTh y TEPBUHHY
10HOOOMIHHY KOJIOHY [iJIsi  ajcopOIii &-MOJIII3UHY Ha CIa0OKUCIIM
kaTioHoOOMiHHINH cmoii amOepmiT IRC-50, qis BupasieHHST pEYOBUH SIK1
3QJTMIITIACH HA TIOBEPXHI CMOJIM Ta HE BCTYNWIHM 3 HEIO B PEAKII0 CMOITY
IPOMHUBAIOTH JICIOHI30BAHOIO BOJOIO, a JUIsl JecopOuii &-MoNiIi3uHy
BUKOPUCTOBYIOTh | M pO34YuH XJIOPUAHOI KHCJIOTH; €JIfoaT 30WUparoTh 3

49



NEPBUHHOI 10HOOOMIHHOT KOJIOHH 1 B MOJAAJIBIIOMY MOAAIOTHCS Y BTOPUHHY

10HOOOMIHHY KOJIOHY;

e OtpumaHa piJiMHA TICIsS BTOPUHHOI 10HOOOMIHHOI KOJIOHM HAJXOJIWUTh Ha
ynbTpadiIbTpaliiHy  YCTaHOBKY, AaKa BUKOPHUCTOBYETHCS TUTSE
KOHIICHTPYBAHHS PIAWHU Ta BIJCIKAHHS PEUYOBUH 3 MOJIEKYJISIPHOIO MAacolo
Buie 100 x/a;

e B mporeci amcopOiii €-moaUII3MHY Ha CJIa0OKHUCIINA CcMOJi BiIOyBa€eThCs
3a0apBJICHHS PO3YUHY, JJI1 OTPUMaHHS 3HEOApBJICHOI PIAMHM ii HArpiBalOTh
10 80 °C nmonaroth nipubianszHo 1% (mac./O0.) akTUBOBAHOIrO BYTLLIA, Ta
nepeMiIyroTh IpoTsroM 20 XB ;

e 3HeOapBiieHA piuHa, OTPUMAaHa Ha MONEPEeIHIN cTajlii HAIXOAUTh Ha BAKyyM
BUIIAPHY YCTAaHOBKY (TemImeparypa He MmoBHHHA mepesuiyBatu 60 °C) ne
KOHIICHTPYETHCS 10 BMICTY e-nodiizuny 10-30%;

e OTpumaHU KOHLIEHTPAT, CYLIATh 3a TOIIOMOTOK0 PO3INUIKOBAIBHOL CyIIapKH,
OTPUMYIOYH E-TTOJITI3HH.

B pe3ynbrati JaHOTO METOAY OTPUMYETHCS €-TIOJIUTIZUH 3 YUCTOTOIO 95,2%,
Tak K MoTrpedba Ha JMaHWi TPOJIYKT PO3IIIsiAaiach B XapyoOBiil MPOMUCIOBOCTI,
BHUCOKA CTYMiHb OYMIICHHS HE € HEOOXIJHOI YMOBOIO TOMY yepe3 Hee(eKTHBHI
CKOHOMIYHI BUTpaTH Ha MPOIEC OYMIICHHS, a caMe HEOOXITHICTh BCTAHOBIICHHSI
OUIBIIIOTO 32 TEOMETPUYHUM PO3MIPOM PEAKTOpa IJIsi PO3BEICHHS KYJIbTYypalbHOI
pILAMHY Tepe]T BIIIIICHHSIM 010MacH Ta MOXJIMBE BUKOPUCTOBYBaHHS IEHTPU(YTH,
sKa Ma€ BEJIMKI TabapuTH Ta BUCOKI BUTPATH €HEPTii HA MPUBIJ, BUKOPUCTAHHS
JTAHOT'O METOJy € HEJOIIbHUM.

B crari [30] omucaHO HAacTynmHy METOAMKY OYMILEHHS E-TIOJII3HUHY,
cXeMaTUyHe 300paKeHHs HaBeJeHO Ha puc 5.1.

Jlana MeToIuKa € HaWONTHUMAJBHIIIOW Yepe3 BIJICYTHICTh HEAOUIIBHHUX
BUTPAT HA MIPOIIEC OUUILICHHS, KUJIbKICHE 3HaUYC€HHS BTPAT MPOAYKTY 3a BECh MEPioJl
OYMIIECHHS CTaHOBUTh 25%, 10 € HalKpaluM pe3yiabTaToM, Ta YHUCTOTa
OTPUMAHOTO TPOAYKTY pubIu3HO 90,2%, 1110 3a0BOJBHSE CTYIIIHb OUUIIIEHHS JIJIS

Xap4OBOI'O KOHCCPBAHTY.
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DoKyIsIIIis o
Bigminenns

v OlomMacH BiJ

®inpTpanis ﬁ KYJIbTYPATbHOT

A 4

Vabrpadiabrpartis :> JloounmeHHs Bix

dbaoxyn

\ 4

[onooOMiHHa
xpomarorpadis

.

KoHuenTpyBanHs

'

CymuriaHs

Puc 5.1. CxemaTtnune 300pakeHHs BUIJICHHS Ta OYUIIICHHS €-TIOJTI3UHY.
OTtxe, mpoliec BUIJICHHS Ta OYUIIEHHS MOJ1aMIHOKUCIOTH MOXHA YMOBHO
MOJIJINTHU Ha JEKUIbKA €TalllB, a cCaMe:
Bigminenns 6iomacu B KyJIbTYpaabHOI PIAUHU;
JloouniieHHs QpiabTpary;
Buainenns e-nmoniiizuny;

KonueHTpyBaHHs;

A S

CymiHHS.
5.2.1. OOrpyHTyBaHHSI METOAY BiaAlIeHHA 0ioMacH Bil KYJbTypPaJbHOL
pinuHm.

B pesynprari BUpOOHWMYOTO OIOCHHTE3y €-TONUNBUHY MU OTPUMYEMO
KYJIbTypallbHy pimuHy 00’emoM 5,184 Mm?, 3 Bmicrom cyxoi Giomacu 41,2 r/m. 3
KUTBKOCTI cyXoi Olomacu Ta 3Bakaroud Ha Te 1o cuHre3 e-I1JI BinOyBaeTbes 3a
JIOTIOMOTOI0 CTPENTOMIIeTa, MOXKHA MPUITYCTUTH, IO KyJIbTypasibHa piAnHa OyJie
rycToro. Takox 3BayKaroud Ha T€ MO0 E-TOJUTI3UH € eK30MeTaboiToOM, TOOTO BiH
3HAXOJMUTHCS 1032 KIITHHOIO MIKPOOPraHi3My, IMEpUIMM €TanoM OYHUIIEHHS €

BIIIIJICHHS O10MaCH.
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Halinomupenimumu cnocobaMu  BiAUIeHHS OioMacu € (QUIbTpyBaHHS,
neHTpudyryBaHHs Ta cemapyBaHHs [31], mepeBarn Ta HEIOJIKH JaHUX METOIB

HaBeaeHO B Ta0uI 5.2.

Tabnuys 5.2
IopiBHsJIbHA XapaKTEePUCTHKA MeTOXIB BiliJIeHHs OioMacu
Cranis Meton IlepeBaru Henmouaixn
. 3MEHIIIEHHS
MOXJIMBICTH 3aCTOCYBaHHS .
. . HIBUJIKOCTI TIPOIIECY
KOHCTPYKLIN (iIbTPIB 3 .
) BHACIIIIOK
PO3BHHEHOIO (P1IBTPYBAIBHOIO
HAKOMUYEHHS 0caly
MTOBEPXHEIO; . o~
. Ha QiTBTpyBaTIBHIH
. MOJKJIUBICTh IIPOMHUBAHHS Ta .
QinbTpyBaHHS . ) MIepPEropo/IIIi;
BIJDKUMY 0cajy; €(peKTUBHICTh L
. HEOOX1IHICTh
MIPOLIECY MEHIIIE 3aJIeKUTh Bij ..
. HONepeHbOT
KOHIIEHTpallii 010Macu B
N 00poOKH
KYJIbTYpalbHIN PiIMHI @ TAKOXK ..
, ) .. KYJIbTYpaJIbHOT
B’SI3KOCT1 OCcTaHHBOT [31]. :
piaunu. [31]
CKJIQIHICTb
BHCOKA MPOAYKTHUBHICTIO MPOLIECY; | KOHCTPYKIii; BUCOKI
Binginenus KOMITAKTHICTh O0JIaAHAHHA, BHUMOTH JI0 TOYHOCTI
6ioMacu BIJICYTHICTB JOITOMI>KHOTO BUTOTOBJICHHS
enTpudyryBanns :
o0nagHaHHS; BY3JiB;
HIUPOKI MOXKIIMBOCTI MEXaH13aIlii Ta BHCOKI BUTpaTH
aBTOMaTH3auii npouecy [31]. eHeprii Ha NpUBI,
BHCOKa BapTicTh [31].
HEBEJIHKI BTPATU aKTUBHOT
PEYOBUHU; )
) : ) ) BEJIMKI BUTPATH
BiJICYTHICTh HEOOX1THOCTI eHEDL:
3aCTOCYBaHHS (DUIBTPYBaIbHUX SHepriL
HE MAXOOUTH JUIS
CenapyBaHHA 00aBOK; , :
) BHUCOKOB’SI3KHX PI1IUH
MO>KJIMBICTb aBTOMAaTH3alil; [31]
KOMITAKTHICTh 00 HAHHA; )
e(heKTUBHE TSl BIJIUICHHS
BETIMKHUX 3a po3Mipamu KiiTuH [31].

PosrignemMo O1abIn AeTalbHO JaHI METOAHW, 1 BU3HAYMMO SKHH 3 HHMX €
HaWOIBIIT EKOHOMIYHO BUTITHUM. 3BaKal0YM HA TE 110 B HAC KYJIbTYpaJibHA PlIUHA
OyJie TycTo0, 0JIpa3y MOKHa 3pOOUTH BUCHOBOK IO CEMapyBaHHSI ISl BIIAICHHS
Oilomacu He Takox MOXHA  BUKJIIOYUTH

17IXOTUTh. ozpazy

METO/T
neHTpudyryBanns, depe3 Te mo e-I11J1 € ek3omeTabomTOM BUKOPUCTAHHS JTAHOTO
METOMY ISl BIAJAUICHHS Ol0Mach HE € €KOHOMIYHO BUTIIHUM (HEOOXIJTHO TUIBKHU
BIIUIMTH Olomacy, pyHHYBaHHS KJIITHH HE TOTpiOHE oTke IeHTpudyra

BUKOPHCTOBYETHCS HE TTOBHOIO MIPOIO).
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QinpTpyBaHHS € OCHOBHHM CHOCOOOM  BimmijieHHs Oiomacu  BiJ
KyJbTypaJbHUX PIAMH. 3Ba)Kalouu Ha T€ IO OIOJOTIYHMM areHTOM BHUCTYIae S.
albulus LS-84 B nipotieci KyJIbTUBYBaHHS OyayTh YTBOPIOBATHCS JH00pe PO3BUHEHI
BeretatuBHi Tidu [11]. Po3rmsnyBim Mop¢oioriuHi 03HAKH Ta 3BAXKAIOUYH Ha TE 110
KyJbTypaJibHa piHa Oyje TycToro mepen (UIbTpyBaHHS HEOOXIHO IPOBECTH
nonepenHto o0pooky KP, HaliuacTiliie BUKOPUCTOBYIOTh PO3BEJICHHS 32 IOTTIOMOTOI0
JI0/TaBaHHS BOAM Ta (DIOKYIISIIIIO.

PosrnsinemMo (inbTpyBaHHA 3 TOMNEPEIHIM PO3BEIACHHSM KYJIbTYpaabHOL
PIIMHU 3a JOMOMOIOK0 BHECEHHS BEJIMKOI KUIBKOCTI BOJIM, Ta 3 BUKOPUCTAHHSIM
(GIBTPYBAILHUX MEPETOPOAOK 3 AlaMeTpoM nop 1 MkM. Sk 3a3Ha4a€eThCs B HATEHTI
[29], nns xkpamioro GuUIETpyBaHHS HEOOXITHO J0OAaBaTH 10 KYJIbTYPaJIbHOI PiIMHA
BOAY B YOTHPUKPATHOMY a00 BOCBMHUKpPAaTHOMY 00’€Mi, II0 B CBOI Yepry
nepeadayae MOMATKOBI BUTPATH HA BCTAHOBJICHHS 30ipHHMKA HabaraTto OiIBIIMX
00’emiB (00’eM KyJnbTypanbHOi pimuau 5,184 M3, B Halikpamomy Bumagku
HeoOxigHo nomatu 20,7 M° BOOM HUTHOI, OTXKE, Lie MpU3BEIE /10 HEOOXITHOCTI
BCTAHOBJICHHS MICJII BUPOOHUYOTO O10CHHTE3Y 30IpHUKA KYJIbTYPAIbHOI PiTUHU
00’ emom npubmu3zHo 30 M3).

Onokynsamiga e ¢Gi3UKO-XIMIYHUNA TMPOIEC 3JUIMAHHA JPIOHUX YaCTUHOK
JUCTIEPCHUX CHUCTEM B OUIBII BEJIWKI YACTUHKU MiJ BIUIMBOM CHJI 3YETUICHHS 3
YTBOPEHHSIM KOATyJIALIIIHUX CTPYKTYp, JaHUH MPOIIEC BiAOYBAETHCA 3a IOIIOMOT OO
BHECEHHsI ()JIOKYJISIHTIB 3 IJIABHUM TIEepeMillyBaHHSIM. YacTUHKH AucTiepcHOi (a3u
€ BEJIUKI MyXKi myxupul — (Quokynau [32], 3maTHI JO WIBUIKOTO OCiAaHHS a0o
cruimBaHHs [33]. B sKkocTi (IOKYNSIHTIB 4acTO 3aCTOCOBYIOTh CHHTETHYHI
MOJIIMEPHI MaTepiayid, 30KpeMa Mojiakpuiaamign. 3 HeopraHiYHUX (IIOKYJISHTIB
aKTHUBHO 3aCTOCOBYIOTH CHJIIKATHY KUCIOTY [34]. BukopuctoByrouu (Qiokyssiiito
SK METOJI MOMEePEIHhOI 0OPOOKU KYIbTYypalbHOI PIAMHN MU OTPUMAEMO 3TYIICHY
CYCIIEH3110 Ta OCBITJIEHY PiIUHY.

[IpoananizyBaBid ONKHCaHI BUIIE METOAW BIJICHHS OioMacu, MOMXEMO
JTIWTA 10 BHCHOBKY, IO HAWMONTHMAJBHIIIAM BapiaHTOM Oye BHUKOPHUCTAHHS
KOMOIHOBAHOTO METOJTY, SIKMM CKIJIAJJA€ThCS 3 MOMEPEAHBOI 00POOKH KYIbTYpaabHOT

PIAMHU 32 JOMOMOIOI0 BHECEHHS (IOKYISIHTAa Ta HACTYMHOI (iIbTpallii, OCKUIbKH
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Opu BUKOPHUCTAaHHI (UIOKYNIALl MH 3MOXKEMO T030yTHCS Hee()EeKTHUBHHX
E€KOHOMIYHHMX BHUTpaT Ha po3BeacHHs KP 3a momomMororo Benmmkoi KiTbKOCTI BOAM,
JIaHE PIIIEHHS € OUTBII JOITBHUM.

Jlnis oO6paHHs (IOKYIIOI0YOTO areHTa, MPOBeAeMO MOPIBHAHHSA (DIOKYISHTIB
AKI Ha CHOTOAHIIIHIA JICHb BHUKOPHUCTOBYIOTHCS JUISA arjioMeparii KJIITHH
Streptomyces B KyabTypaibHIA pimuHi. B Tabmuui 5.3 HaBeleHa MOpIBHsJIbHA

XapaKTePUCTHKA (PIIOKYJISAHTIB.

Tabnuys 5.3
IHopiBHSIJIbHA XapaKTEePUCTUKA (PJIOKYJISAHTIB
QDIOKYNIAHT Mikpoopranizm | Kinnesa KoHIeHTparllis OnTumarbmii Jliteparypa
Y. poop 10 [eHTpar piers pH paryp

[Tomakpunar Streptomyces

HaTPIIO albulus M-7Z18 800 mr/n L.> [30]
[oxixnopun Streptomyces
ATFOMIHIIO + PLonty 13,5Mma/n+ 1,2 /0 6,0 [35]

clavuligerus
NH.Cl

SIk 3a3HayanoCh paHinle MM OTpUMYyeMO 5,184 M’ KymbTypanbHOI pigHu,
PO3IJISTHYBIIY J1aH1 HaBeACH1 B TaOIuUIIl 5.3, MOYKHA TIMTH BUCHOBKY 1110 HAaKpaIuM
GIOKYISIHTOM € TOoMiakpuiaT HaTpilo, 4epe3 HaWMEHINy KIUIbKICTh TpH SKIA
YTBOPIOIOThCA (IIOKYJH, a came 4,15 kr, B TOH Yac SiK MOJIXJIOPHUIY ATIOMIHIIO 3
XJIOPUJIOM aMOHII0, SKUW CIYTY€ €JIEKTPOJIITOM JUIsl MiACUIICHHS N1 QJIOKYISHTY,
HeoOxiqHO 69,9 m + 6,2 kr. 3a3HaYMMO IO KIIBKICTIO KHUCJIOTH 1 JIyTy, SKi
BUKOPHCTOBYIOTHCS JIJIsI OTPUMAHHS ONTUMAJILHOTO piBHSA pH B MOpiBHSHHI MOXHA
3HEXTYBaTH, TaK SIK TIOYAaTKOBHM piBeHb pPH KymbTypalbHOI pIiMHUA TICISA
BUPOOHUYOTO O10CUHTE3Y CTAHOBUTH 3,8, 110 MPH PO3paxyHKaxX HE CUIIBLHO BILIMBAE
Ha pe3ynbTar.

[TincymoByroun BUIllEe HaBeleHYy 1HGOpMaIlilo, MPOLEC BIAMIICHHS 6ioMacu
BiJl KYJIbTYpajbHOI pIIMHU Oy/i€ BIIOYBaTUCh HACTYITHUM YHHOM.

Jlo xyneTypanbHoi pinuan 10aa0Th 27,43 16 M HCI muist mnoHmKkeHHs piBHS
pH 1o 1,5 (3HMXKEHHS 10 JAHOTO PIBHS MPHU3BOAUTHL A0 KaTiOHI3aIlli OUIBIIOCTI
O1KIB, 110 B CBOIO YEPry MPHU3BOAMUTH A0 JIErmoi B3aemojii 3 (JIOKYJISHTOM 3a
JIOTIOMOTOI0 €JIEKTPOCTATUYHOTO MPUTATAHHA) 1 MPU MOCTIHHOMY IepEeMIlIyBaHH1

(cmouatky 200 06/xB, BIPOAOBXK 2 XB, MOTIM 75 00/XB, BIPOMOBXK 3 XB) OTAOTh
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4,15 xr HaTpii momakpwiaty (JaHa KUTbKICTh BIJIMOBIa€ ONTHUMATBHIN KIHIIEBIN
koHreHTpariii 800 Mr/i, mpu MeHmId abo OUIBINN KOHIIEHTpalii (JIOKYyJIsHTa B
KyJIbTypaldbHI piIMHI MBUAKICTH (GIUIBTPYBaHHS 3MEHIIYEThCs). OTpuMaHMi
PO3UHH MepeKauyoTh Ha pinbTpariiiny yctaHoBky [30]. B sikocTi dinbTpariiinoi
YCTAHOBKH JOIUIbHIIIE OyJe BHUKOPHUCTOBYBAaTH MeMOpaHHMM ab0 KaMepHUU
(GuIpTp-nIpec, yepe3 BEIUKUN 00’€M KyJIbTYpalbHOI PIAMHHU SKHH HEOOXITHO
npodiIbTpyBaTH (BUKOPHUCTaHHS HYTY-PLIbTpa a00 ApyK-(DUIBTpa € HEAOIITBHUM
yepe3 Benukuil 00’eM KP ta 06’eMHO1 yacTku ocany).
5.2.2. loounienus ¢piibrpary

JoountieHHs GiibTpaTy BiJl GIIOKYI K1 TPOUIIUIHA KPi3b OpH QUILTP-TIpECY,
MOXHa JOCSITTH 3a JIONIOMOIOK) BUKOPUCTaHHS OapoMeMOpaHHUX MPOLECIB:
MikpodinbTpalii abo ynerpadinsTpartiii [31], nepeBaru Ta HEAOMIKH JAHUX METO/IIB
HaBejeHO B Tabmumi 5.4. OOuzaBa 1i mpouecH mnependayaroTh MPOIYCKaHHS
0OpoOIOBaHOI pIJIMHM Yepe3 IMOPHUCTI HaIMIBOPOHUKHI MeMOpaHu. BiaMiHHICTB
noJisirae Juiie B po3mipi mop memopasn: 0,1-10 Mxm B MikpodinbTpamii, 0,01-0,1
MKM B yJabTpadiiabTpamii. [Hakie Kaxydu, MIKpOQUIbTPalLl€l0 MOXKHA AOCIITH

JUIIe BiUIUICHHS (JIOKYJ, a TpH YIbTpadiabTpallii — 1€ W BIIYYUTH PO3UYHMHEHI

MAaKpOMOJICKYJIH.
Tabnuys 5.4
IHopiBHSUIbHA XapaKTEePUCTUKA METOAIB 100YUIIIeHHA PLIbTPATY
Cranis Meton IlepeBaru Henoaikn
HEMOJKJIUBICTh
. . . BUIIIA HIBUJIKICTh BUJTYYEHHS
Mikpodinbrpariist B ! yd
npouecy PO3YMHEHHNX
JloounitieHHs
) MaKpOMOJIEKYI
bibTpaTy
MOKHQ BHITYYHUTH .
. . . HIDKYA HIBUJIKICTh
VYnbrpadinerpartis PO3UMHEHI —
MaKpOMOJICKYIIH P Y

Otrxe, i ouuileHHS QUIbTpaTy 3 TONEpPeAHBOT CTali B JESIKUX
PO3YMHHUX PEYOBUH Ta (PIOKYN SKI MPOUNUIM Kpi3dh MeMOpaHy (uIbTp-mipecy
BUKOPUCTOBYIOTh yibTpadinasTpanito npu 0,1 — 0,15 Mlla na Bxomi. Tak sk
ylnbTpadinbTpaniiHa CUCTEMa BHKOPUCTOBYETHCS Ui KOHIEHTPYBaHHS Ta
OUMIIIEHHS BlJ BUCOKOMOJIEKYJSIPHMX PO3UYMHEHUX PEYOBHUH, 3B’SI30K MIXK

KJIITUHAMHU, SIKUA YTBOPIOE (PIIOKYJIM, HEOOXITHO 3pyHHYBAaTH Ta MPOBECTHU MPOIIEC
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3 BIJICIKQHHSM MOJIEKYJsipHOi Macu 5 k/la (3Bakarou Ha MaKCHUMAJIbHY
Mouekyisipay macy €-I1JI 4 700 r/mons). Sk 3a3Hayanoch BHINE YISl JIETIIOTO
arJoMepyBaHHs KJIITUH Ha CTajli (IOKYJAIil HEOOXiTHO 3MEHIIUTH piBeHb pH,
OT)Ke TIpH 30uIbIIeHH] piBHSA pH 3B’SA30K MIX KIITHHAMHU 3a JOTIOMOTOIO SIKOTO
dbopmytoTbest diiokynu Oyne pyhHyBaTuch. Tomy mnepen ynbTpaduIbTpalicro
HeoOX11HO 3011bpIKTH piBeHb pH 10 6,5 3a monomororo Baecenns 39,1 16 M NaOH.

B SIKOCTI bimpTpanifHoi CHUCTEMH TTOIIJIBHO BUKOPHUCTATH
ynbTpadinerpariiny ycraHoBky cepii TCB-Y®C BurotosieHoi Ha 3aMOBJICHHS B
'K «Baronmarin» 3 OpoJyKTHBHICTIO 5 M>/T0J] Ta BCTAHOBJIEHHAM (ilIbTPyBaIBLHUX
KaceT mpuadaHux B «Sartorius» 3 BiACIKaHHSM MOJIeKyJsapHOi Baru B 5 k/la [36].
Tak sx micns  Qinbrpanmii Mm  oTpuMyemMo npubmu3Ho 3,65 M°, mporec
ynbTpadinbTparliii 3aiime He Oubie ToguHu [37].

5.2.4. BuaijieHHs €-MOJILTI3HHY

[licns noounieHHs (PUIBTPATYy HEOOXIIHO BUAUIATU E-TOJLUII3UH, LBOTO
MOXHA JOCATTH 32 JJOIIOMOTOI0 BUKOPHUCTAHHS 10HOOOMIHHOT KOJIOHH.

3BakaloyM Ha XIMIUHY CTPYKTYPY €-TIONUII3UHY, HaWKpalUuM BapiaHTOM
10HOOOMIHHOT CMOJIH JIJIsl BUAQJICHHS €-TIOJUTI3UHY Oy/1e KaTiOHHUM Tut. J{anuii Tumn
CMOJIA Ma€ HACTYIMHUMN MPUHIUN Jii: B KApOOKCUIIbHINA TPYIi 10HOOOMIHHOT CMOJIH
3HAXOAMTHCS CIONyKa (P 3aMillieHHI KaTioH, Haiuactime H'), ska 3aminiyerbes
IIPU B3a€EMOJI1 3 PO3UMHOM Ha 10HU MOJIOHOTO 3apsify.

B crarti [38] npoBoauThCSI BU3HAYEHHST HAWKpaIoi KaTIOHOOOMIHHOT CMOJIH
JUTSL BUAUICHHS €-TIOJUTI3UHY. B pe3ynbTari eKcriepuMeHTIB HalKpallll MOKa3HUKU
posBIsIIOTH AB1 cmonu ambOepmiT IRC-50 tTa HZD-3B. [lopiBHioroun naHi cMOJIH,
Halikpaiior 0yae amOepmit IRC-50, Tak sik piBeHb aJcopOIlli 3HAXOAUTHCA MalKe
Ha OJIHAKOBOMY DiBHI, MEPEBAror0 JaHOI CMOJIM € HAWBUIIUI MOKAa3HUK J1eCOpOIIii
96%, o Ha 70 % Oinwiie Hixk y HZD-3B.

AMmOepmit IRC-50 ne cnabokuciuii, MOIIKAPOOHOBUM KHUCIOTHUM THI
KaTiOHOOOMIHHOT CMOJIH, SIKUH 3aCTOCOBY€ETHCS 7151 paKilioOHyBaHHS OUIKIB Ta Ma€e
ionny Gopmy H[39]. st oOpaHHs entoenTa HEOOXiAHO BpaXOBYBaTH i0HHY GOpMY

CMOJIU, €JIFOEHTOM MOYE CIYTyBaTH B HEBEJIMKUX KOHIIEHTpalisix po3unHu NaOH,
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HCI, NH;3*H,0. 3Baxatoun Ha 10HHY ¢opMy aHOTO amMOepIiTy B MPIOPUTETI BiH
Oyne mpuennyBatd H™ T1oOTO B sikocTi emoeHta Oyme Buctymatu HCL. Jlns
BUKOPHUCTAHHS 1HIINX €JIIOI0YNX PO3YMHIB MOMEPEIHHO HEOOX1THO 3aMIHUTH 10HHY
dbopMy, nanuii mpoiec BiAOYBAETHCS 3a TOTIOMOTOI0 MPOMHUBKU CMOJIA HACTYITHUM
MeTomoM: o0 3aminuT ioHHy dGopmy 3 H' ma Na® HeoOXigHO mpoMuTH ii B
HacTtynHoMmy Topsanky 6 M NaOH — 6 M HCI — 6 M NaOH, Takuii >xe camuii
npuaiun 1 aus NH3;*H,O. Tak sk 3MiHa €110I090TO PO3YMHY TPHU3BOIAUTH JI0
HEBEJIMKOTO 30UIBIIEHHS PiBHS JecopOIlii e-monum3uHy (Ha JAEKUIbKa BIJCOTKIB)
npoIec 3MiHHU 10HHOT (OPMHU HE € JOUUIBHUM Yepe3 HEoOXIJIHICTh 3aTpaTu
JOJJaTKOBUX KOLITIB HAa MPUTOTYBAHHS IPOMUBHUX PO3YHHIB.

Buxopucroytoun HCl B SKOCTI elrO€HTY HEOOXIIHO BHUKOPUCTOBYBATH
PO3YMHU 3 HU3BKOIO KOHIICHTpAIli€l0, Tak sk mpu 30u1bineHHI kKoHueHnTpaiii HCI
Oyze BinOyBaTHCh HeOakaHe BUITAIaHHA COJIEH 1110 MPU3BEAE 10 OUIBIINX 3aTPaT Ha
CTajli KOHIIeHTpyBaHHs. OnTuMaibHUM piBHEM KoHueHTpauii € 0,25 M HCI [30].

Takoyx 3Bakarouud Ha KOHCTAHTY JHCOIliallii KOpOOKCHIIBHOI IPYIIH B CMOJII,
saKka JopiBHIOE 3,9, mepen aacopOlier0 HeoOXiHO MiABUIIUTH piBeHb pH 1o 8,5
(130eseKTpryYHa TOYKa g-nodiIi3uny 9,0 mpu BuiioMy piBHi pH BiH Oye 3MiHIOBaTH
CBOIO TOJISIPHICTH), IO JO3BOJUTH 30UIBLIMTH PIBEHBb AHUCOLIALIl KapOOKCUIBLHOI
rpynu 1 Ipu3Bee A0 Kpalloi aacopOlii -MOIUTI3UHY.

OTtxe etan BuAUICHHS Oy/ie BiIOyBaTUCS HACTYITHUM YHMHOM:

®dinbTpar ynprpadinbrpari qoBoasts 10 pH 8,5 3a monomororo 6 M NaOH.
3roaom (UIbTpaT 3aBaHTAXYIOTh J10 KOJIOHH, 3anoBHeHOi amOepiity IRC-50. [Ticns
3aBaHTAXEHHS BUKOPUCTOBYIOTH JI€10HI30BaHy BOJY JAJISi IPOMUBAHHS CMOJIH 1 7S
emrotoBadHs e-11J1 3 ecmonu BukopuctoyroTh 0,25 M HCI.

[Ticnst mecopOrii &-MoONUIIBMHY 3 MEepMeaTy MU OTPUMYEMO 3a0apBJEHUN
pPO3UMH, KWW Tepel KOHLEHTPYBAaHHSAM Ta CYLIIHHSAM HEOOXIHO 3HEOapBUTH.
[lirMmeHTH B pO3YMHI 3a3BUYail 3 SBISIOTHCS BiJl KOMIIOHEHTIB MO>XHUBHOTO
cepefoBuIa, peakiii Masipa (mpu B3aEMOJii aMIHOKHUCIOT 3 PEayKyIOUUMHU
yKpaMH ]l BIUIMBOM TEMIIEPATypU YTBOPIOIOTHCS 3a0apBlieHI CIONYKA —
MEJIAaHOIIMHU) Ta B HACIIJIOK >KUTTEAISIIBHOCTI MiKpoopraHizaMmiB. OpHuM 13

KOMIIOHEHTIB MOKMBHOTO CEPEIOBUIIIA € KYKYPYI3SIHUI TIIOTEH, SIKUH Ma€e jKOBTE
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3a0apBlieHHS 1 B TMpOLECl KyJNbTUBYBAaHHA B KyJbTYpPaJlbHIA piauHI OyIyTh
3HAXOIUTHUCHh JKOBTI INrMeHTA. Ha ChOromHImIHIA [€Hb HaW4dacTimie gHS
3HeOapBIEHHSI PO3YMHIB BUKOPHUCTOBYIOTH MAKPOIOPHUCTI CMOJIM Ta aKTHBOBAHE
Byriyuig [40]. s nopiBHSHHS Bi3bMeMO Makponopucti cmoiu SX-8, DA201-D ta
aKTUBOBAHE BYT1JUIS.

B crarTi [40] exciepuMEHTaIbHUM IUIIXOM OYyJIO BU3HAYEHO ONMTHUMAJIbHI
YMOBH TIpU SIKUX PIBEHb aACOPOIIIl MIIrMEHTY € HAMBUIIMM, & BTPATH €-MOJILUTIZUHY
HallMEHIIIMMH, a caMe piBeHb pH, Temneparypy Ta MBHAKICTH 041 PO3YHHY, IS
nporecy 3HeOApBICHHS 3a JOMOMOTOI0 MaKpOMOPUCTHX CMOJI Ta aKTHBOBAHOTO
Byriuig. OnTUMabHI YMOBH HaBeJIeH1 B TaOIuIll 5.5.

Tabnuys 5.5
OnrumaJibHI YMOBH npouecy 3He0apBJIeHHS 1JISi MAKPONOPUCTUX CMOJI TA

AKTUBOBAHOI'0 ByFiJIJIH.

[IBuakicTh moxadi
. Temneparypa,
piBenb pH oC po3uuny, (1 1 po3unny Ha 1
J1 CMOJIM 32 TOJIUHY)
Makponopucra
cmojia SX—8 70 30 1.0
Makponopucra
cmona DA201-D 6,0 30 1.0
AKTHBO?ZII{;) ByrLLH 4,0 80 1 r AB na 100 M po3unny

Takox n7st OUIBII TOYHOTO TOPIBHSHHS PO3TISHEMO (Bi3WUYHI BIACTUBOCTI

JIAaHUX CMOJI, SIK1 HaBEeICHHI B Ta0muIi 5.6.

Tabnuys 5.6
@i3n4HI BJACTUBOCTI MAKPOIMOPUCTHX CMOJI
Makponopucra cMona IMuroma mioma nosepxui, M>/r | Cepeiii po3mip mop, HM
SX-8 100-120 28-30
DA201-D 600-800 5-7

[Ipomec amcopOrii mMrMeHTy Ha MaKpOTIOPUCTUX cMoJiaXx Oyze BigOyBaTHUChH
HACTYITHUM YHMHOM, €JTF0aT MPOIYCKAIOTh Yepe3 CMOJY 1 IPU MPOXOHKCHHI PO3UHHY
nirMeHT Oyze 3aTpuMyBaTHCh B Mopax cMmoiu. Jlanmii mpoiec BiAOyBaeThes 3a
PaxyHOK MO>KJIMBOCTI CMOJI MPOITYCKATH 1 aIcOpOyBaTH MOJICKYJIH TUIBKH TIEBHOTO

pO3MIpYy, 110 HE MEPEBUIITYIOTh PO3MIPH Mip JaHUX CMOIJL.
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PosrnsnyBmm nani HaBeneHi B ctari [41], a came 1o po3mip ApiOHHX
YaCTUHOK JKOBTOTO IMTMEHTY He mepeBuinye 40 HM, TEOPETHYHO MOXHA TIATH
BHCHOBKY II10 HaliKpaIil ajcopOIiifH1 BJIACTUBOCTI Ma€ MPOSBIATH MaKpOIIOPUCTa
cmona SX-8, uepes niametp nop 30 HM.

3a cBoimMu ajcopOIiiHUMU BiacTUBOCTAMH B cTaTi [40] Oyno mpakTUYHO
MOPIBHSHO MAaKpOMOPUCTY cMOdy SX-8 Ta akTUBOBaHE BYTLUISI, B pe3yJbTaTi
aKTUBOBAHE BYIUUISL Ma€ TMOKA3HUKH 3HEOApPBIEHHS Ta BTpPAT g-TOJIIZUHY
npubmmzao 78% Ta 10%, BIANMOBIAHO, a MAaKPOMOPHUCTA CMOJIA TPOSBIISE
aJIcopOIIiiTHI BIaCTUBOCTI MIrMEHTY Ha piBH1 83,9% 3 BTpaTtamu g-noninizuny 2,7%.

[IpoBiBIIM MOPIBHAHHS B BUIJISI aJCOPOLIIITHUX MOXKIIMBOCTEN PO3IIISTHEMO
SKUW 3 BWINC HaBEJECHUX BaplaHTIB 3HEOAPBIICHHS € HAWOUIBII E€KOHOMIYHO
BurigHuM. [licns npouecy necopOirii Mmu oTpumyemo 8 618 1 emroary, st 3py4HOCTI

3. Tak SK HaM HEOOXiTHO

PO3paxyHKIB Bi3bMEMO NpHUOJM3HE 3HA4YeHHS 8,6 M
3He0apBuTH 8,6 M PO3UMHY, 32 ONTHMAJILHMX YMOB HaM HeobximHo Oyne 1,73 w3
MakpornopucToi cMoiau SX—8 1 mpoliec 3HeOapBiIeHHs Oyae BiIOYyBaTUCh 5 TOAMH.
Ha nany KiJIbKICTh €Tr0aTy HeoOXiTHO Oy/ie T0AaTH 10 HbOTO 86 KI' aKTHBOBAHOTO
BYTULJIS Ta MIATPUMYBATH TeMiiepaTypy Ha piBHi 80 °C BriponoBx 30 XB, 1110 B CBOIO
4yepry MpU3Be/e 0 BEIMKUX TEIJIOBUX BTpaT. Takox MICis MPOBEIEHHS MPOIIECY
azcopO1ii MIrMeHTy 3a JOMOMOIr0oK aKTUBOBAHOTO BYTULISL 3HEOAPBICHUN PO3YMH
HeoOX1HO Oyzae mpodinbTpyBaTu mo 0 1mo30yTuch Big AB, skuii B momaabmioMy
miJie Ha pereHepario.

OTxe HaWKpanuM BapiaHTOM 3HEOApBJIICHHS €JI0ATy € BHUKOPHCTAHHS
MaKpOMOpUCTOi cMoJi SX—8, HEe3BaXKAr0YHM HA BEITUKY KIJTBKICTh HEOOX1THOT CMOJIA
B TMOpPIBHSHHI 3 AaKTUBOBAaHMM BYTULISAM, BOHA JIETIIE pPETCHEPYEThCS 1 €
0€3MeYHIIO0 U1l JOBKIJUIS, @ TAKOK Yepe3 MEHIII €EKOHOMIYH1 BUTPATH Ha MIITPIB
pO3YMHY B TMOPIBHSHHI 3 aKTUBOBAHUM BYTULISIM (ONTHMajbHA TEMIIEpaTypa
emoaTy nipu BukopuctanHi cmomm 30 °C, a mpu BHUKOPHUCTAaHHI aKTHBOBAHOTO
Byrumst 80 °C), BIACYTHICTD JOMOMIKHUX POOIT (MPH 3HEOAPBICHHI aKTHBOBAaHUM

BYTJUISIM PO3YUH HEOOX1THO MOMNEepeAHbO MPO(LILTPYBATH MEPE] BUKOPUCTAHHIM

B HACTYITHOMY €Tarll) Ta MEHIIUN piBEHb BTPAT €-MONUIIBHHY (2,7%).
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5.2.5. KoHueHTpyBaHHA

B TexHiuH1i Ta HAyKOBIN JITEpATYypl HE HABEJECHO BIACTUBOCTI E-MOJIUTI3UHY
10 BiJTHOIIIEHHIO J0 TeMIepaTypH, TOOTO MpH sIKid TeMmepaTypl BiH BTpayae CBOI
BJIACTUBOCTI, ajie 3Bakarouu Ha iHpopmarlito 3 crati [42] B IKiii HABOIUTHCS TE IO
e-11Jl He merpanye Ta He BTpayae JOBXKUHY MOJIMEPY MPU KU SITIHHI PO3UMHY 32
temneparypu 100 °C mpotsirom 30 xB Ta mpu aBTOKJIaByBaHHI 3a ymoB 120 °C
npotarom 20 XB, MOKHA JIIMTH 10 BACHOBKY IO BiH € TEpMOIa0UTLHOIO0 PEUOBHUHOIO.
MOXHAa  3JIHCHIOBaTH 3a  JIONIOMOTOIO

KoHuileHTpyBaHHS ~ pO34YMHIB

BUIApIOBaHHs abo ynbTpadunbrpanii [31]. [lopiBHsIIBHA XapaKTepuCTUKa METOAIB

KOHIIEHTPYBaHHS HaBeJieHa B Tabuui 5.7.

Tabnuys 5.7
HOpiBHﬂJIbHa XapaKTepHuCTHKA MeTOI[iB KOHICHTPYBAaHHA
Crapin Merton IlepeBaru Henoaikn
BHCOKHH CTYIiHb BUITIAPIOBAHHS,
. MOJKJIMBA YaCTKOBA
HU3bKA METAJIOEMHICTh . . .
1HaKTHUBALlis E-TTOJILTI3UHY
KOHCTPYKIIIi; . .
. . . BHACITIZIOK HATrpiBaHHS,
BHUCOKHI eHepreTHYHUN MOTeHIia N .
. notpeba B HaflHINA cucTeMi
BunaproBanus BTOPUHHOI T1apH; .
. . MiATPAMKH BaKyyMy;
MaJinii yac rnepe0yBaHHs BUX1THOTO .
. 3Ha4YH1 BUTPATH BOJH Ha
MPOAYKTY B arapari 3a : .
KOH/ICHCAIIIFO BOSHOT MMapw;
BEPTUKAJIBHOI'O KOMIIOHYBaHHS .
yuMalll BUTpaTH eHeprii [31].
KonuenTtpyBanus [31].
OJTHOYACHO 3 KOHIIEHTPYBAaHHSIM 3HUKEHHS IIBUKOCTI
B1JIOYBAETHCS TAKOXK 1 OUUIIEHHS MPOLECY YEpe3 SABUIIE
BiJl HU3bKOMOJIEKYJISIPHUX KOHIIEHTpaLitHO1
. . JTOMIIIIOK; [IOJIApU3ariii; HeoOX1IHICTh
VYabTpadineTparis S ’ . pH S
KOMIAKTHICTb 1 T€pPMETHYHICTb NepioIMYHOT 3aMiHH
oOJaiHaHHS; MeMOpaHu;
BIJICYTHICTh TEpMIYHOTO BIUIMBY Ha | BHCOKA BapTiCTh OOJIaJHAHHS
poaykT [31]. [31].

OCKUIbKM €-TIOJUTI3UH € TEepMOJaOUIbHOI0 PEYOBHHOI, CEpel METOIIB

BUIIApIOBaHHA )IOHiJ'IBHO POIINIAHYTH  JIMIIIC

BAKYYM-BUITAPIOBAHHS.

ITicns

3He0apBIIEHHS €II0aTy BPAXOBYIOUHM BTPATH, MH OTPUMYEMO 8,22 M> pO3UYMHY SAKHI
HEOOXiTHO BUTIApUTH. BpaxoByroun MakCHMallbHY TEMIIEpaTypy SKYy MU MOKEMO
BUKOPUCTOBYBATH TPH BUMAPIOBAHHI 1 KUTHBKOCTI MOYATKOBOTO PO3YHMHY JaHUMN
METOJl Tmepeadavyae BENUKY KUIBKICTh TEIUIOBUX BTpar. J[is 3MeHIeHHs

Hee(DeKTUBHUX €KOHOMIUYHUX BTPAT MPOLIEC KOHIIEHTPYBAHHS Kpalle MPOBOJAUTH Ha
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yIbTpadiabTpalliiHiil yCTAHOBII, TAaKOXX BPaxOBYIOUM MOXIIMBICTh IIiJ 4ac
KOHIICHTPYBAaHHSI OYMINEHHS BiJ HU3bKOMOJEKYJSIPHHX OMIIIOK, a came Bif
posunny 0,25 M HCI, saxuii BukopucTOBYBaBcs s enmrotoBaHHa e-11J1 B
HAJIJTUIITKOBHUX KIJIBKOCTSIX, YAbTpadUIbTPYBaHHS MOXKHA MPOBECTH 3 BiJICIKAHHSIM
MoJIeKyJsipHOi Macu 1 x/la, maHuii BapiaHT € HAHONTUMAJIBHIIIINM.

B saxocti ynbTpadinabTpamiiHOi  YCTAHOBKH JOIUIBHO BUKOPHCTATH
ynbTpadinbTpaniiny ycranoBky cepii TCB-Y®C BUroToBieHoi Ha 3aMOBJICHHS B
I'K «Baroumann» 3 npoayKTiuBHicTIO 10 M*/ro/ Ta BCTaHOBJIEHHAM (iIbTPyBaIBHAX
KaceT mpuadaHux B «Sartorius» 3 BiACIKaHHSM MoJieKyJisapHoOi Baru B 1 x/la [36].
Tak sk micns 3HeOapBIEHHA MH OTPMMyEMO NpuOiIMsHo 8,22 M°, mporec
yinbTpadinbTpanii 3aiime He OutbLe ToguHu [37].

5.2.6. CymiHnas

[licast KOHLEHTPYBaHHS pO3YMHY OCTAHHBOIO CTAJI€l0 BHUJAUICHHS &-
MOJUTI3UHY € CYUIIHHS, OpuiiMaroun a0 yBaru, mo &-IIJI He BTpaudae cBOix
BractuBocTed npu Ttemneparypi 120 °C BnpomoBxk 20 XB, IJsi OTpUMAaHHS
MOPOIIKONOIIOHOTO MPOAYKTY MOXHA BUKOPHUCTOBYBATH CyOIIMallliiHE CYIIIHHS
ab0 pO3MWIIOBAJIBLHY CYIIApKy HE TMepeBulnyroun temnepatypy 120 °C.

[TopiBHsITEHA XapaKTEPUCTUKA TAaHUX METOJIIB CYIIIHHS HaBe/eHa B Tabmmii 5.8.

Tabnuys 5.8
IHopiBHsSIIbHA XapaKTEPUCTHKA METOAIB CyLUIiHHSA
Crapnis Meton IlepeBaru Henomikn
BHCOKA IIBUIKICTD ..
. HEOOXIIHICTE
CYILIHHS,
BCTAHOBIICHHS
He oTpeOyIoTh .
IOUKJIOHIB JJIA
TOYHOT'O
OYHIICHHS
3a0e3neyeHHs Ta .
PosmumroBansHe B1AITPpalibOBaHOT'O

BUTPHUMKHU IMOTOKY . .
IOBITPs B1 YaCTUHOK

TETUIOHOCIS; .
TBEpAOi pazu;
TeMmIeparypa .
) L BUOYXOHEOe3eUHICTh
Cymiinns TEIUIOHOCIS BIJTHOCHO [31]
HeBucoka [31].
30epeKeHHs
. 3a BUTpaTaMH €Heprii
MOJIEKYJISPHOT . ..
, MPAaKTUYHO PIBHOIIHHI
CTPYKTYpH Ta 00’ eMy N
CyGmimariiine BHUCYILIYBaHOTO )
. aTMOC(EepHOT0O THCKY,
marepiainy;
aJe Mpu oMy
XOpoIa

BUTPATH HA IOOYIOBY

JIMCTIEPCHICTB 1
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MTOPHCTICTh CyIIIapKH 3HAYHO BHIII
BHUCYIIEHOTO [31].
Marepiany [31].

PosrnsanyBmmm ganHi 3 Tabmumii 5.8, Ta Oepyud 10 yBaru 1Mo IICIs
KOHLIEHTPYBAaHHA MU OTpEMyeMO 1,48 M’ po3urHy Ta 3BaXKarOud MIO MHPOIEC
MiATOTOBKHU TOBITPST BiAOYBA€ThCsS Mepea BUPOOHUYMM Ol0OCHMHTE30M, TOOTO HE
MOTPIOHO MTOBTOPHE BCTAHOBJIEHHS arlapaTiB JjIs 3a00py Ta HarpiBaHHS MOBITPS,
ONITUMAJIbHUM BapiaHTOM Oyje BUKOPUCTAHHS PO3MUIIOBAILHOI CYIIAPKH 4Yepes3
HACTYMHI ()aKTOPH: Ha MPOIIEC CYIIIHHS Oy/ie 3aTpayeHO MEHIIIE Yacy B MOPIBHIHHI
3 cyOJiMalmiiHMM METOJOM; HE IMOTpiOHA MOoIepeaHs MiArOTOBKA 3aXUCHUX
PO3YMHIB; MICJIsS CYIIIHHS MH OTPHUMYEMO B)K€ TOTOBHI MNOPOUIKONOIIOHUMN
MPOAYKT, TpH CyOJiMaIlifHOMY HEOOX1JJHE BCTAaHOBJICHHS JPOOApKH IMiCIIA
CYILIHHS.

Omxe mporiec CymliHHS OyJe BiOyBaTHCh B PO3MIIIOBAIBHIN cymiapii 3
TEMIIEPATypOl0  CYIIWIbHOTO areHta He Bume 120 °C, oTpumaHui
MOPOIIKOTOIIOHNN TPOIYKT MOAAI0Th 1 30€epiraloTh B MEPECYBHUX EMHOCTAX
00’emom 200 kr.

5.2.7. IlakyBaHHS Ta MAPKYBaHHA.

3aKJIIOYHOI0 CTaJI€0 BUAUICHHS Ta ouuileHHs €-11JI € floro makyBaHHs Ta
MapkyBaHHs. [licnst mpouecy CyHmIiHHS MU OTPUMYEMO MOPOUIKOMOMIOHUN &-
MOJIUTI3UH, TaK sK 30epiraTd MOro MoXHa TpH KIMHATHUX TeMIeparypax Ta
3Ba)Kar04M Ha BIJICYTHICTb 1H(GOPMAIIis TTPO T€ 110 BiH BTpavya€e CBO1 BIACTUBOCTI MPH
KOHTAaKTi 3 COHIYHMMH MPOMCHSIMHU ONTHUMAJILHUM BapiaHTOM B SIKOCTI Tapu IS
naKkyBaHHS OyJ/ie TOJIETUJICHOBI IMAKETH, Yepe3 HEBEIUKY BapTICTh, 3PYUHICTh
CKCIUTyaTyBaHHS, TapHUM 3aXWCT BIiJ BOJOTM Ta MOXIIMBICTh HAHECCHHS
MapKyBaJbHUX 3HAKIB. Tak fIK MICIs MPOILECY CYUIIHHA MU OTpUMyemMo 122 Kr
MOPOIIKY 1 Oepydd 10 yBar Imo B SKOCTI XapuyOBOI'O0 KOHCEPBAHTY €-TOJIII3UH

HEOOX1IHO BHOCUTH B MaJluX 00’e€Max, JOULIbHO (hacyBaTH MPOIYKT B MAKETH IO

100 r.
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B sxocti (dacyBanbHO-TaKyBajgbHOI MAIIMHYM TIEPEBAry HAJa€EMO amapary
«[IUTIIAK» 3 mpoaykTuBHICT, 45 YNaKOBOK/XB Ta MaKCHUMaJbHUM 00’€MOM
MaKyBaHHA — 2 Kr [43].

[Ticns dacyBaHHS Ha TOTOBHHA MPOAYKT HAHOCSITH MApKyBaHHS, BKa3yIOTh
Ha3By TOBapy, JaTy BHUTOTOBJICHHS, HOMEp cepii Ta TEpMiH MPHUAATHOCTI,
MOJTICTUJICHOBI MMAKETH MOMIIIAIOTh B KAPTOHHI KOPOOKH, SIK1 CKJIaJIal0Th Ha IMaJieTu
1 HaMpaBJISIOTH Ha CKJIA].

5.3.00rpyHTYBaHHS JONOMIKHUX POOIT JJIM1 CTaAil BUIAIJICHHS TA OUMIIIEHHS
HLIBOBOTO MPOAYKTY

B npotieci BuiJIeHHS Ta OYMIIEHHS €-TIOJIUTI3MHY Ha CTaIisX BIIJIICHHS BiJl
Olomacu, JOOYHMIIEHHS Ta 10HOOOMIHHE BWJIUICHHS JJisi 3MEHIICHHS BTpaT Ta
MOKpAIICHHS MTOKA3HUKIB BUIJICHHS HEOOX1THOIO YMOBOIO € JIOBE/ICHHS MOKa3HUKIB
pH 1o ontumanpHUX. 3BaKalOYM Ha T€ M0 KOHIICHTPAIlll TUTPYBATHHUX arcHTIB HE
BITMBA€E HA KIHIIEBI MOKa3HUKHA YUCTOI MPOTYKIIIi SISl 3MEHIIICHHST T€OMETPUIHHIX
00’e€MIB peakTopiB, B SKUX JaHl pO3YMHU OyJayThb TOTYBAaTUCh, MOXKHA
BUKOPUCTOBYBAaTH BHILY KOHLEHTpALil0 HIK MH BHKOPHUCTOBYEMO B IEpioj
BUPOOHMYOTO CHUHTE3Y. 3Ba)KalOUM Ha METOJ BUIUICHHS €-TOJIUTI3MHY, a caMe
BUKOPHUCTAHHS KaTIOHOOOMIHHOI CMOJIH, JJIsI TIpoIiecy AecopOlii nepeadadaeThes
nonepenne npurotryBanHs 0,25 M po3unn HCI, npu 3017bIIeH] KOHIEHTpAIlii
CJIOEHTY BIAOYBa€eThbcsl HeOakaHE 30UIBIICHHS HABAHTAXKEHHS Ha MPOIIEC
KOHIIEHTPYBAaHHS.

Omxe mporec BUIIJICHHS Ta OYMINCHHS IMOBHHEH IepeadayaTd JOIMOMIXKHI
po0OOTH y BUIJISII IPUTOTYBAHHS TUTPYBAJIbHUX areHTIB, a CaMe:

e mpurotyBanHsa 6 M po3zuuny HCI (s minkucnenss nepen GIoKyIsIiero);
e npurotyBanHs 0,25 M po3zuuny HCI (anst necopOuii e-11J1 3 cmonm);
e mpurotyBanHsa 6 M po3unny NaOH (1151 mijuryXKeHHs repes] T00UUIIEHHSIM,

10HOOOMIHHOIO aICOPOIIIEI0 Ta 3HEOAPBICHHSIM)
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5.4. I1in6ip TeXHOJOTIYHOTO 00JIaTHAHHS A/ micasidpepMeHTAIHHUX CTAdINH 3
YPaxXyBaHHSAM MaTepiaJIbHUX MOTOKIB 10 CTaAifAX
Po3rasHyBIIIM MOKIUBI METOM BUIIICHHS Ta OYUIIICHHS £-TIOJIUTI3UHY OYIT0
TEOPETUYHO PO3PAXOBAHO KIIBKICTh PEaKTHBIB, HEOOXITHHUX Ha BECh MpOIIEC, Ta
niai0pano HeoOX11He 00IaHaHHS, JaH1 3HAYEHHS HaBeeHH1 B Ta0mili 5.9.
Buxigni ganxi:
1. O6’eM KynbTypalbHOI piauHu 3 oHi€ei pepMmenTarti - Vi, = 5,184 M,
2. Konnentpartis 6iomacu 'y KP =41,2 r/m;
3. Konnentparis miniboBoro npoaykry y KP = 32,6 r/n;
4. Brpatu Ha cTajisix BUAUICHHS Ta OYMIIEHHS LIJIBOBOTO MPOAYKTY CKIAJal0Th

30% (5 184 1 x 32,6 r/n = 168,998 xr — 30 % = 118,3 kr)
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Tabnuys 5.9

ITix0ip TexHOI0TiYHOTO0 00/ IaJHAHHS 3 BPAXYBAHHAM MaTepiaJIbHUX MOTOKIB IO CTAXIAX

KinskicTh o cragigax

Ne Ha3ga cranuii (onepaiii) Marepiasai B HeoOxinne od1annanus
n/n MOTOKH Ha cTajii Hanxiiiiio Tparu, Buiinwio
(Pazom 21%)
1 2 3 4 5 6 7
TII 8. 36epiranHs KyJ1bTYpPaJIbHOI PilMHH
30epira"Hs KyJbTypaabHOL 5,184m° 5,184 M* .
1 p piILEHI/I P KP (5 184 1) - (5 184 1) 36ipuuk KP 6,3 m>
TII 9. Binginennst 6iomacu
KP 5,184 v - - 36ipauk KP 6,3 m°
2 TII 9.1.Dnokysis QDIIOKYJISAHT 4,15 kr - -
6 M HCI 27,43 n - - Peakrop-3mimyBay 40 1
213,6 xr
Biomaca (3,184x41,2) i 14239 kr -
3 TIT 9.2. Ginsrparis 85 % MemOpanHuil puIbTp npe30
14239 3 06’eMoM kamepu 2,1 m
. 3 760,1 112,8 1
®dinbTpar (5 184-1 423.9) (3%) 36473 n
TII 10. loouuneHns Bia oKy ki npoinIn Kpizs Memopanu QiabTp-npecy
6 M NaOH 39,1 n - - Peakrop-3mimysau 100 si*
. . dinpTpar 3 686,4 1 36ipauK 4 m>
4 | TI1 10.1.YapTpadinsrpanis (3647,3 +39,1)
1 474,56 n
YapTpakoHUEHTpaT

(3 686,4 -2 211,84)
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YasTpadiasTpariiina

2211,84 n 265,44 n
[Tepmear (3 686.4 11— 40%) (12%) 1 946,4 n ycTaHoBKa .
’ MPOYKTUBHICTB 5 M’/TOJT
TII 11. BugisieHHs1 €-n0J1iJIi3UHY
6 M NaOH 8,251 - PeakTop-3mimryBau 100 i*
[Tepmear (1 1922;’—?;,; 5) 36ipHuK 2,5 M
325,71
ambepmit IRC-50 (1 954,65/6 ToOTO .
(1,5 n mepmeaty 1o 1 npouec oyzae - losoobminma Koxona
’ : 00’emom 400 i
J1 CMOJIH 32 TOJIUHY) BiOyBartucs 4
TOJIMHH)
JleioHi30BaHa Boda
TII 11.1. loHoOOMiHHA (17151 mpOMUBaHHS 7817 n
€KCTPaKIIisl E-MOJILII3UHY cMonu 6 mHa 1 7 (325,77 x 6 x 4) )
CMOJIN)
0,25 M HCI
(po3umH 15t
CITIOTOBAMHA & 0 120 % - Peaktop-3mimrysay 10 m°
MOJTUTI3UHY (325,7x 7 x 4)
7 nHa 1 1 cmonu 3a
TOJIMHY)
Emoar 9120 502 1 8618 1 36ipanK 10 M3
(5,5%)
TIT 11.2. 3ueGapscnns 6 M NaOH 37,1 n Peakrop-3mimysau 100 i*
eNroar
g Emroar 8 655,11 36ipauk 10 m*

(8618 +37,1)
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Makponopucra
cmona SX-8 (1 i
cMoim Ha 1 11
€JIFOCHTY 32 TOJMHY)

1731 n
(8 655,1/5)

IoHOOOMIHHA KOJIOHA
06’emom 2 M°

3HebapBIIeHUM 4328 nn . 3
po3UHH (5%) 82223 n 36ipauk 10 M
TII 12. KoHnleHTpyBaHHA
. VYnerpadinerparniiina
3He62§zﬁfIHHH 82223 n - - YCTaHOBKa
p npoayktusHicth 10 M3/ron
TII 12.1. 1 644,46 n 164,46 n . 3
ViprpadinsTparis VYapTpakoHIEHTpAT (8222.3 — 80%) (10%) 1480 n 30ipHUK 2,5 M
6 577,84 n
[Tepmear (82223 -
1 644,46)
TII 13. Cymiinns
Y pTpakoHIEHTpAT 1480 i - - 36ipuuk 1,6 M
. Bucymennii ¢-
TIT13.1. Cywinns MOJILTI3UH (BMICT (1 451321)8_1<9ro(y) (%2(,)/2 ) 125,8xr 36ipHuK 200 1
Bosioru 10%) ° °
IIMB 14. IlakyBanHs
Bucymennii ¢-
TTMB 14.1. dacysanns MOJILTI3UH (BMICT 125,8 xr
1. , o
MaKyBaHHS, MApKyBaHHS yBOJ'IOl"I/I > /‘j)
MTOPOIIKY IIJTHOBOTO TTAKOBATHn B dacyBanbHO-TIaKyBaJIbHA
POIYKT ITOJI1ETUIICHOBU I 3,8 122 kr MALIHES DO LVKIHBHICTE
POYKLY naket (mo 100 r) (3%) (1 220 ynakoBoKk) POAYK

1JIbOBUH MPOJTYKT

45yn/xB

*B TaHOMY peakTopi B110yBaeThcs MpUrotyBaHHs po3unHy 6 M NaOH Ha Bech npoliec BUIIJICHHS
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PO31JI 6. Cienndikanis o01aiHaHHA

Tabnuys 6.1

Crnenudikanisi 00,1aJHAHHSA TUISTHKH JONOMIKHUX PO0OIiT, BUPOOHNYOIO
OiocuHTe3y Ta micjasipepMeHTANIHHOI XiastHKN BUpoOHuuTBa g-11J1.

Io3uuis HaiimenyBaHHs KinbkicTh TexniyHa xapakTepucTHKA (BHPOOHHUK)
3-1 ToBiTposaGipHuK 1 ObnagHanwuit METAJIeBOIO CITKOIO JJIsl BUJAJICHHS
MeXaHIYHUX 3a0py/AHEHb
®OinpTp manensanii ®BI1-99-48-G4,
Dinbp rpyGoi 'q)iJIpryBaH.BHI/II‘;I MaTuepiaJI - X'iMBOJIOKHO
O-2 1 (momiectep), 3adikCOBaHMM HA CITII, 3HAXOIUTHCS B
OUYHCTKH ) .
paMiii 3 TOBIIUHOIO 48 MM; IPOYKTUBHICTH — 7600
m>/ron; E =90 % [44]
Kommpecop reuntoBuit Comprag F-3710;
IPOAYKTHBHICTB 5,5 M>/xB, po6ounii THck — 10 Gap,
K=3 Kommpecop ! ’ ra'\e/;;pmn: 1400*1000*1200 MM; TOTYKHICTb P
npusoxay — 37 kBt [45]
SO Ocymysaa RDX 65, npoxyxrusmicts 6,5 M>/XB,
T-4 1 poOounii THck 14 6ap, moTyxHICTh mpuBoay — 1,1
OXOJIO/IKyBau kBT [46]
Pecusep PB 6000/8, 06’eM — 6 M*, cTaib, po6ounii
PC-S Pecisep : trck — 0,8 MITa [47]
. Tennooominnuk AVS 160, rabaputu: 265x290x304
TennooOMiHHUK- . 3
T-6 Harpisau 1 MM; IPOJYKTHBHICTh 430 M’/TOJ, OLIMHKOBAaHA CTaJlb,
NOTYXHICTh 7,46 kBT [48]
®Oinbtp KomipkoBuil @PBK-3-592-592-(300/600)-6-
-7 DibTp rososHii 1 (F9);v (binLprBz.mLHH'ﬁ marepiai — Meltbvlown, )
3MIUTUHN Y BUTIISAI KOMIPOK, B OIIMHKOBAHINA paMmili;
npoaykTuBHicTh — 3400 M*/rox; E = 95 % [49]
®ineTp MKP-305%x305x78-H14, dpinsTpyBanbHuit
DL8 OutbTp 1 Matepiaj — MoJiecTep, 3MUTHI Y BUTTISAA1 KOMIPOK, B
1HIWBITyanbHUMA OIIMHKOBAaHIH pamili; Tioma GinsTpyBaHHsg — 2,6 M,
npoayktusHicth — 130 M3/rog; E = 99,995 % [50]
O06’em anapaty — 10 51; MmaTepias — HepKaBito4a
cranb 316L; moxens - BLBIO-10SJ; Bucora — 1600
MM, A0BxHHA — 890 MM; mmupuHa - 660;
1H-9 THoKyIATOp 1 ‘nepeMim‘yBaHH;[ 3a6ev3neqyeTLCﬂ MEXaHIYHOIO
MIIITANIKOI0; 00NIaHAHUN JAaTYNKAMU TEMIIEPaTypH,
TUCKY, pH, KUCHIO, MiHM, cTepUIbHUH BiA01p Mpod
3a0e3MeuyeThes CrielialbHUM MPoOOB1IOIpHUM
Kkyarmanom [51]*
HVYXT BTEK 04.01.06 KP 113
3MmH. |JIuct | Ne mokym. ITignuc Jata
Po3pob. JKonobko O.B. JIit. ApK. ApkyriB
Ilepesip. Cxpoyvra O.1. POBHiH 6. CHCHI/I(biKaHiﬂ | | 66 124
Koncynomanm
H. Konmp. 06HaﬂHaHH}I Kad)ezxpa bTM
3ameepo. Tupoe T.I1.
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Hacoc
MEePUCTATBTUIHU I

[TepucransTuunuii Hacoc Dynamik. MakcumansHui

H-10 | nns nepekauyBaHHS TUCK — 110 3 Oap, mpoayktuBHicTh 10 i/ron (5,4 1 3a
po3uuny Big [H-9 y 32,4 xB) [52]
iHokynsaTop IH-17
JA3-11 Jlo3aTop BaroBuii aBTOMaTUYHU. MiHIMalbHA MeXa
[3-13 | O6’eMHO-BaroBuit no3zyBanHs — 0,2 kr, MakcumanbHa — 50 kr. Po3mipu:
J13-20 J103aTOP 870*870*2100 mm; muckpeTHicTh Bimtiky 0.005 T.
J13-36 [53]
PeakTop-3milryBau Peakrtop cranbHMil eManboBaHUN O6’€MOM 10 n,
BUKOHaHMH Ha 3amoBJeHHs B «I'K €Bpoximmarn
JUTA TIPUTOTYBAHA K.O.» (Ykpaina); nosxuna — 420 mm; Bucora - 500
P-12 poésgzsliiiilgén ; MM; ITMPHHA — 350 MM; ocHaIIEHUI COPOUKOIO Ta
. MepeMilIyBaIbHUM MPUCTPOEM, IIBUIKICTD
APLAILKOBOTO nepeminryBands 100 00/XB; MOTYXHICTb JBUTYHA
cKeTpaKty 0,75 kB [54]
. PeakTop 3 HepxkaBiroua ctainb 316L 06’emom 5 i,
P-14 | PeaxTtop-3MminryBay .
P34 JUI5 POSUHHCHHS BUPOOHUK — TI/I“pI/IT, J1aMeTp 450‘MM, BHCOTa 1430
. MM; OCHAIICHUI COPOYKOIO Ta AKIPHOIO MIIIAIKOIO
P-35 pO3uYuHYy cosei [55]
@inetp MKP-305x610x78-H14, dinsTpyBanbHmii
BI-15 QinpTp marepian — nojiecrep, 3UMTUHN Y BUTIISII KOMIPOK, B
1HAWBIAYyaNbHUMA OIIMHKOBAaHI# pamili; rioma GinsTpyBaHus — 5,4 M,
npoaykTuBHicTh — 260 M>/rox; E = 99,995 % [50]
06’em amapaty — 100 11; maTepian — HepkaBito4ya
ctasb 316L; moaens - PO-100; BupoOHUK - T™M
ITPOMBMUT; Bucota — 1600 MM, mosxxuna — 1300
MM; mpuHa - 700; Butpumye tuck 1o — 0,3 Mlla;
IH-16 IHokynsTOp nepeMillyBaHHs 3a0e31euyeThesl TypOiHHOO
MILIAJIKOI0, HIBUAKICTH niepemitnyBanns 200-400
00/xB; 00n1aiHaHU{ AaTYMKaMu, TUCKY, pH, KuCHIO,
I1HU, CTEPUIIBHUIN B1J101p P00 3a0e3neuyeThes
crieniaJbHUM IpoOOBiA0IPHUM Ki1araHoM [56]
J3-17 | 06’emuo-sarosuii . .I[03aT0p BaroBuii aproMatnunuii JIBM-50.
3-28 11033TOp MinimanbsHa MesKa N03yBaHHSA — 5 Kr, MaKCcUMallbHa —
100 xr. Po3mipu: 1800x940x1950 mm. [57]
Peaxtop-smimysa O6’em anapaty — 100 11; MaTepian — HepkaBioya
P-18 JUTA TIPUTOTYBANHA ctasb 316L; yacTora 00epTaHHA AKIPHOT MIIIATIKU —
P-29 ! crepuizail 50 06/xB.; Butpumye Tuck — 0,6 MIla; miametp — 930
p-50 | POSTHIY [IOKOSHI MM, Bucota — 2800 MM; BUpOOJIeHHI Ha 3aMOBJICHHS
Ilpe ﬁﬁ;ﬁ;;?o B «['K €Bpoximmamnt K.O.» (Ykpaina) [54]
Hacoc
MEePUCTANBTUYHHUI [lepucranpTiunuii Hacoc MPC-6. 11IBuaxicTh
H-19 | nns nepexkauyBaHHS obepranHs 86 00/xB, mpoaykTHBHICTH 108 1/rox (67
po3uuny Big P-18 y n3a37,2 xB) [58]
iHokynaTop IH-24
Peaktop-3mimysay 06’em amapary — 50 1; maTepian — IjIepH(aB‘iIO‘—Ia
P21 JUI5 POSUMHCHHS crasb 316L; 4acroTa o0epTaHHs MarHiTHOI MillIaJIKK
posammy coreit — 50 06/xB.; miametp — 500 mm, Bucota — 1500 Mm;
BupoOHUK — BioTechno Group [59]
o2 Bimelﬂ;‘(’)‘;;ﬁ - Binuentposuii Hacoc BPS 25-4ESA-180;
HepeKadyBaHHs [MponyktuBHICTH 45 n/ron (37 n13a 49,3 xB) [60]
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po3uuny Big P-21y
iHoKyssiTop [H-24

OineTp MKP-457x457x78-H14, dinbTpyBansuuii

P1-23 ®inpTp MaTtepia — nojiectep, 3MMUTUN Y BUTIISA1I KOMIPOK, B
1HIUB1 Ty IbHU I OIIMHKOBAaHIM pamiii; miomia GpinpTpyBanus — 6,24 M,
npoxyktusHicts — 300 M>/rom; E = 99,995 % [50]
06’em amapary — 1 M°; MaTepian — HepsKkaBitoua
ctanb 316L; Bupoouuk - BUOTEXHO; Bucora —
3260 mmM, niametp - 1438; Burpumye tuck a0 — 0,3
MITa; nepemimyBaHHs 3a0e3Me4yeTHCI MEXaHIYHOKO
TH-24 InoxyssTop Mimamfow, H_I}]/S]i/IILKiCTb HepeMi}I;_IYBaHHSI 200-400
00/xB; 00aTHAHUI TaTYUKaMH, TUCKY, pH, KuCHIO,
MiHU, CTePUIIbHUH B1101p po0 3a0e3neuyeThes
CrieniajIbHUM Mpo0OoBi1I0IpHUM KitartanoM [61]*
Jo3atop BaroBuii aBTomatuunuii AJ1-2000-2BI11.
13-25 O0’eMHO-BaroBui MinimanbpHa Mexa n1o3yBanHs — 300 xr,
J103aTOp makcumaibHa — 2000 kr. Pozmipu: 1900*1400%3200
MM; JUCKPETHICTh BiUIIKY | Kr. [66]
Peaktop-3minryBau 06’em anapary — 5,0 M>; MaTepian — HepaBiloua
JUISL IPUTOTYBAaHHS ctanb 316L; yactora o6epTanHs TypOIHHOI MIIITAIKH
P-26 1 crepmizanii — 320 06/xB.; BuTpuMmye trck — 0,6 MIla; miameTp —
M >KUBIIIOBAIBHOT 2220 mm, Bucota — 4555 mm; Bupoouux — OO0
0 PO34YMHY IIOKO3U «13eprxunckxummani-Kommaexkr» [67]
Hacoc
NEPUCTAIBTUYHHN
IS TIepeKavyBaHHs
H-p7 | PO3THHY BUI P-26'y [lepucranpTiunuii Hacoc MS1. MakcumanbHuUl THCK
H-33 (1)ep mentep O-41, — 110 15 6ap, npoaykrusHicTs 7500 1/rox (4,0 m> 3a
.42 B P-32 y ®-41 ta 32 xB) [68]
IS TIepeKavyBaHHs
KYyJIbTYpalabHOI
piguan 3 ®-41 B P-
46
Hacoc
NEePUCTAIBTUYHHN [lepucransTrunuit Hacoc MP-8. IIBuakicTh
H-30 | nns nepexkauyBaHHS obepranHs 35 00/xB, mpoaykTuBHicTh 140 1/rox (80
po3uuny Big P-29 y n3a 34,3 xB) [69]
depmentep P-41
Jlozarop BaroBuii aBToMaTHuHuil. MiHiManpHa Mexa
1331 O0’eMHO-BaroBui no3yBaHHA — 120 kr, MmakcuManbHa — 400 K.
J103aTOp Pozmipu: 1260*1100*2650 MM; IUCKPETHICTD
BiTiKY 0.2 KT. [62]
Peakrop-3mimyBau 06’em anapary — 1,0 M>; MaTepian — HepskaBitoua
JUISl IPUTOTYBaHHS ctasb 316L; yactora 00epTaHHS AKIPHOT MIIIAJIKU —
P32 1 cTepuizanii 50 06/xB.; Burpumye THCK — 0,6 MIla; niametp —
PO3YMHY TJTFOKO3H 1 2630 mm, Bucota — 6000 Mmm; BupoOeHuii Ha
KYKYpYA35HOTO 3amoBiieHHs B «I'K €Bpoximmar K.O.» (Vkpaina)
TJTIOTEHY [63]
06’em anapary — 0,16 M>; MaTepian — HepskaBitoua
PeakTop-3minryBau cranb 316L; yactoTa oGepTaHHs AKIPHOT MIIIATKHA —
P-37 JUIS IPUTOTYBAHHS 50 06/xB.; Butpumye tuck — 0,6 MIla; niametp — 930

PO3UHHY COer

MM, BrcoTa — 2900 MM; BUpOOJICHHI Ha 3aMOBJICHHS
B «'K €Bpoximmam K.O.» (Vkpaina) [63]
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Hacoc
BIJILICHTPOBUH IS

Binuentposuii Hacoc BPS 32/12-220;

H-38 poliziz(;‘g;gg’; y [MpoaykTueHicTh 10 7000 n/rox [64]
B ®-41
OinpTp MKP-530x530x78-H14, dinsTpyBansuuii
PI-39 ®inpTp MaTtepia — nojiectep, 3MMUTUN Y BUTIISA1I KOMIPOK, B
1HIUB1 Ty IbHU I OIIMHKOBaHii pamili; miuoma GiaeTpyBanss — 8,4 M2,
npoayktusHicts — 400 M>/rox; E = 99,995 % [50]
. 30ipHUK cTaNbHUI eManboBaHuii 06’ emom 10 ;
30ipHuUK A 25% . .
3-40 POSUHHY amiadHof BI/IpO6J'I.CHI/II/I Ha SaMOBJ'IeHHS.I B «['K €Bp0X1MMa.H_I
BOH K.O.»; noxuna — 420 mm; mupuna — 350 mMm;
Bucota 370 mMm; [70]
06’em amapary — 10 m*; Matepian — HepkaBitoua
cranb 316L; BukoHanuii Ha 3aMoBJIeHHS B «I' K
E€ppoximman K.O.» (Ykpaina); Bucota — 5 800 mm,
niametp — 2 600; Butpumye THcK a0 — 0,6 Mlla;
O-41 depmeHTEp nepeMilryBaHHs 3a0€31eUy€eThCSl MEXaHIYHOIO
MIIIANKOIO, MIBUAKICTH nepemimryBanHs 200-400
00/xB; 00NaIHAHNI JaTYMKaMu, THCKY, pH, KuCHIO,
MiHU, CTePUIIbHUHN BinOip mpob 3abe3neuyeThes
crieniaTbHUM poOOoBiI0ipHUM KiaraHoM [63]
13- TpoMucouii MeM6paHHLII‘/'I.HaCOC J103aTop HCIS 1+ CST.
3 1103aTOp pizuH [TponykTuBHICTH 42 JI/TOJ, MiIXOIUTH IS
arpecuBHUX cepeaoBul [71].
. 006’em amapaty — 40,0 i1; MaTepias — Hep>kaBiroda
Peaktop-3minryBau . .
P44 I IPHOTYBAHHS craib 316L; BukoHanum Ha 3aMOBJICHHS B «'K
6 M posuuny HCI €BpoxiMMall K.Q.» (Yxpaina); Bucota — 680 MM,
niametp — 500. [63]
Jlo3aTop BaroBuii aBTOMaTuyHUi. MiHIMallbHA MEXKa
J3-45 OO0’ eMHO-BaroBHit no3yBanHs — 0,2 kr, MakcuMaibHa — 50 xr. Po3mipu:
113-49 J103aTOp 870*870*2100 mm; nuckpetHicTsh BiIiKy 0.005 T.
[53]
Peaxrop mist 06’em anapary — 6,3 M>; MaTepian — HepKaBiloua
30epiraHHs ctasb 316L; BuKoHaHMM Ha 3aMoBJIeHHS B «I'K
P_46 KYJIbTYpaJIbHOI €ppoximmair K.O.» (Ykpaina); Bucora — 5880 mm,
piavHU micas niametp - 2630; nepemilryBaHHs 3a0€3M€Uy€eThCS
BUPOOHUYOIO SAKIPHOIO MIIIAJIKOIO, HIBUAKICTh IIEPEMIIITYBaHHS
010CHHTE3Y 200 06/xB. [70]
Hacoc
BiJIIIEHTPOBUH st
H-47 IepeKavyyBaHHs Binuentposuit Hacoc JET150S PRIME;
H-52 | po3uuny Bix P-46 y [poaykrushicts 12 000 1/rox (5,6 M> 3a 28 xB) [72].
MOII-48;
Bing 3-51 B Y®-53
MPIL MeMGpaHHuii MembOpanHuit cbinLTp-'npec uM 150./30 - 1200x1200.
48 (insTp-pec Bucora — 2600 MM, maMegp - 2800; 06’eM Kamepu —
2,1 m° [73].
06’em amapary — 4,0 M°; MaTepian — HepkaBitoua
30ipHUK I cranb 316L; Bukonanuii Ha 3aMoBJIeHHS B «I' K
3.5 30epiraHHs €spoximmam K.O.» (Ykpaina); Bucota — 3250 mwm,
¢inbTpary micns niametp - 2250; nepeminryBaHHs 3a0€3M€Uy€ETHCS
¢binbTp mpecy SKIPHOIO MIIIAJIKOIO, IBUAKICTh EpEMIlIyBaHHS

200 06/x8. [70]
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VYanerpadinerpaniiina ycranoska TCB-Y®C-10.

V53 YasTpadiasTpariit [IpoaykTuBHicTh 5 M>/roz1, pobounii Tuck 0,15 MI]a,
Ha yCTaHOBKa Ta BCTAHOBJIICHHS YIbTPadUIbTPAIIHOT KACETH 3
BijcikanusaMm S5 xk/la. [36, 37]
30ipHUK IS
30epiraHHs 06’eM amapary — 2,5 M>; MaTepian — HepKaBiroua
nepMeary micis ctanb 316L; Bukonanuii Ha 3amoBiieHHs B «['K
3-54 yibTpadinbTpalii; €spoximmam K.O.» (Ykpaina); Bucota — 2740 mwm,
3-68 30epiraHHs niametp - 2030; nepeminryBaHHs 3a0€3M€Uy€ETHCS
YIIBTPAKOHIICHTPAT SIKIPHOIO MIIIAJIKOI0, IIBUIKICTh MEPEMIITyBaHHS
y micis 200 06/xB. [70]
yinbTpadinbTparii
Hacoc
H-55 | PYAHCHTPOBMM U BinmenTposuit nacoc JET150S PRIME;
H-69 p;iii‘;‘g;?g‘j . TpoaykTusHicts 4100 1/roa [74]
IK-59
13- TpomucioBuii Jo3yrounii Hacoc rmnycepHgﬁ DRP-18.
5 [IponykTuBHicTs 408 1/roa, NIAXOAUTH IS
56 7103aTOp p1AUH
arpecUBHUX cepenoBuIl [75].
06’em anapary — 10 M; MaTepian — HepskaBiloua
Peaktop-3mimysay cranb 316L; BukoHanuit Ha 3amoBiieHHs B «['K
€ppoximmain K.O.» (Ykpaina); Bucota — 6000 mwm,
P-57 JUTL TIPUTOTYBAHI niametp - 2800; Butpumye tuck 10 — 0,6 MIla;
0,25 M po3uuny . .
HCl MepeMillyBaHHs 3g6e3neqy€TLCH MEXaHIYHOIO
MIIIAJIKOO, MIBUAKICTH nepemimryBanHs 200-400
00/xB; [63]
H-58
H-60 . . .
H-62 ‘ Hacoc BigueHntpoBuii Hacoc LgEO 3.0; [IpoayKTUBHICTH 70
H-64 BIILIEHTPOBUU 18 m°/rox [76]
H-68
ToHOOGMiHHA IoHoOOMiIHHA KOJIOHA — IMTIHIAPHUYHOT (OpMHU
P BUTOTOBJICHA HA 3aMOBJICHHS B «ATOMPHEpromarn,
IK-59 ) Bucota — 2000 mm, miametp — 550 MM, BUCOTa
BHAVICHIA &2 3amoBHEHHS QiIBTPYBaNBHOTO mapy — 1200 mMm,
TOMUIBHIY HIBUJIKICTB JIiHIHHOTO (inbTpyBanHs 100 m/r. [77]
06’em anapary — 10,0 M>; Matepian — Hepkapiroua
3-61 30ipHUK I ctanb 316L; BukoHaHuii Ha 3amoBiieHHs B «['K
3-65 | 30epiraHHs enroaTy €ppoximmait K.O.» (Ykpaina); Bucora —4020 mwm,
noxuHa — 2700 mm; mmpuna — 2600 mm. [70]
JoHOOBMiHHA IoHOOOMIHHA KOJIOHA — WITIHIPUYHOT POpMHU
BUTOTOBJICHA HA 3aMOBJICHHS B «ATOMYHEpromarin,
IK-63 KOJIOHa JUTH Brucota — 4500 mMm, giametp — 900 MM, BucoTa
3HeOapBIECHHS .
emoary SaHOBI—.IeHH}I.Q)}J}LprBa{ILHOFO mapy — 2600 mwm,
HIBUJKICTB JIiHIHHOTO QuibTpyBanHs 100 m/r.[77]
VYanerpadinerpaniitna ycranoska TCB-Y®C-20.
V-67 VYabrpadinsTpaniit [poxyktusHicTs 10 M*/roz, pobounii Tuck 0,15 MIla
Ha YCTaHOBKa Ta BCTAHOBIIEHHS YIbTpadibTpaIiifHOl KaceTH 3
Biacikanausam 1 xJla. [36, 37]
301pHUK 115 06’em amapary — 1,6 M>; MaTepian — HepaBiroua
3-68 30epiraHHs ctasb 316L; BuKoHaHui Ha 3aMoBJIeHHs B «I'K
YJIBTPAKOHLICHTPAT €poximmant K.O.» (Ykpaina); Bucora — 1770 mm,
y micis niametp - 1650; mepeminryBaHHs 3a0€3MeqyETHCS
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ynbTpadinbTparii

SKIPHOIO MIIIAJIKOIO, IBUAKICTD EpEMilIyBaHHS
200 o6/xs. [70]

PC-70

PosmutroBannHa
cyliapka

PosnumoBansha cymapka DPSD-500 3
MIPOIYKTUBHICTIO 11O BUTIApeHiit Boyio3i 500
kr/rox.[78]

[TepecyBHa eMHICTB
JU1s 30epiraHHs

06’eM 36ipHHKa MIiHApHIHOT opmu — 0,2 M;

[e-71 . Marepian — HepKaBiroua cTajib; Bucota — 1300 mwm,
MOPOIIKOMOAIOHOT .
.. niametp — 500. [79]
0 €-TIOJUTI3UHY
dacyBalIbHO- ®dacyBanbHO-aKkyBasibHa MamuHa [IMTITAK.
OIIM- IaKyBaJbHA [TpoxyKTHBHICTD 45 ynakOBOK/XB, MAKCUMaJIbHUI
72 MallluHa 1714 00’eM TakyBaHHS — 2 KT, TaKyBaJIbHUNU MaTepiail —
HOPOILIKY MOJIIeTUIICHOBI MakeTu. [43]
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PO31JI 7. Onuc TeXHOJIOTiYHOI CXeMM.

TexHOMOTIYHA CXeMa BUPOOHHIITBA E-TIONLTI3NAY Oaktepismu S. albulus 1.S-84
BKJIIOYaE B cebe momoMikHI poOoTw (IMATOTOBKA 1 CTEpHUII3AIlS IOKHBHUX
CEpEelIOBHUILl, MPUTOTYBaHHS TUTPYBaJbHUX areHTIB, MPUTOTYBAHHS Ta CTEpHIII3allis
Mi/DKUBIIIOIOYUX PO3YMHIB) Ta TEXHOJOTIYHHM mporec (MiAroTOBKa IOCIBHOTO
Marepiaiy, 010CUHTE3 IIJILOBOTO MPOAYKTY, BIAUICHHS OloMacu, JOOUYHUIIECHHS BiJ
(oKyI, BUIICHHS €-TIONUTI3UHY, KOHIICHTPYBaHHSI, CYIIIHHA Ta aKyBaHHS).

TexHOMOTIYHA CXeMa BUPOOHHIITBA E-TIOLTI3UHY (CKIATAETHCS 3 IBOX YACTHH:
nepuia — aAopepMeHTaliifHl TPoIecH 1 BUpOOHUYUN O10CHUHTE3 Ta PYroi YaCTUHU B
AKIA TIO3HAYeHO MmicaaepMeHTallliiHI TPolecH) HaBeleHO Yy rpadiyHiii YacTHHI
MIPOCKTY.

/P 1. Iliozomoeka aepauyiiinozo nosimps

JIP 1.1. 3a0ip ammocgeprozo nogimps

3a61p atMocepHOTO MOBITPS 3A1MCHIOIOTH 3a IONMIOMOT0I0 BEPTUKAIBHOI TPYOH
3 noBitpe3abipuukoM ([13-1) y HaiiBumiiit Touri H = 20 m.

JIP 1.2. Ouucmka 6io 2pyoux 0omiuiox

[TonepenHiO OYUCTKY TOBITPS 3M1MCHIOIOTh HA TKAHUHHOMY (IIBTP1 rpyOOro
ounteHHs (P-2). Ounctka BiJ rpyOrX JOMINIOK MPOBOAUTHCS 3 ehekTuBHICTIO E =
90%, 3aTpUMYIOThCSI YaCTUHKH O > 50 MKM.

JIP 1.3. Komnpemiroeanna nogimps

Jlst 3a0e3nedeHHs: yMOB aeparlli Ta MoJ0JaHHs T1IPaBIIYHOTO THCKY CTOBIIA
piIMHU B (epMEHTEpI, IHIIMUX OTOPIB, a TAKOX JJISl IHIIUX MOTpeOd BUPOOHUIITBA,
noBITpsl cTUCKatoTh y kommpecopi (K-3), BinOyBaeThecs HarpiBanusa ao 120-200 °C,

THCK cTtaHoBUTH 1,0 MIIa.

HYXT BTEK 04.01.06 KP I13
3mH. |JIuct | No moxym. ITigmuc Jara
Po3pob. JKonooko O.B. JIiT. Apk. Apky1niB
Ilepesip. Crxpoyvka O.1. PO3I[iJI 7. Oouc | | 72 124
Kowncynomanm . .
. Kormp. TEXHOJIOT'TYHO1 CXEMU Ka d)eﬂpa BETM
3ameepo. Iupoe T.I1.
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JIP 1.4. Ox01005#cenna nogimpsa ma 6u0aieHHs 60102U

Crucuene noBiTps (6i0 /[P 1.3) HEOOXiIHO OXOJOJIUTH B TEIUIOOOMIHHUKY-
ocymyBaui (T-4) no temneparypu 25-30 °C juist BUaajneHHs HaJIMIIKOBOI BOJIOTH.
3aifBy BOJIOTY BUAAISIIOTH 3a JoroMororo pecuBepa (PC-5), ne ycyBaroTbes mymbcartii
PyXy MOBITPs, IO MOXYTh HETaTHMBHO BIUIMBAaTH Ha pOOOTY MOJANbIIUX (PUIHTPIB
OYUIICHHS MOBITPs. BosoricTs moBiTps mae ctaHoBuTH 60-70%.

JIP 1.5. Hazpieanns nosimps

[oBitps (6i0 /[P 1.4) narpiBatoTb 10 TemiepaTypu 45-50 °C y Tena000MiHHUKY-
HarpiBaui (T-6). Bonoricte noBitpst Mae ctraHoBUTH 50%.

JIP 1.6. Ouuwenns nogimps 6 20106HOMY Pinompi

Harpite mnositpst (6i0 /P 1.5) HaaxomuTh Ha TOJOBHUU QuibTp (D-7),
yCTaHOBJICHUN Ou1s1 pepmeHTaniiHux BiaauieHb. CTyNiHb OUYMILCHHS TMOBITPSI Mae
CTaHOBHUTH 95%.

JIP 1.7. Ouuwienna nogimps 6 iHOUgioyanvbHomy Qirbmpi

[ToBitps (6i0 [P 1.6) nonaerbes 0e3nocepeiHbO B iHAUBIAYya bH1 (hiibTpu (DI-
8, ®I-15, ®I-23, ®I-39) koxHOTO OGiopeakropa (0o T11 6.5, TIl 6.6, TI1 6.7, TII 7.1).
CryniHp KIHIEBOT OUMCTKH MOBITPsA cTaHOBUTH E = 99,995% ta KYO = 0.

JP 2. Ilpucomyeanna ma cmepuizauisa nin02aCHUKaQ

JIP 2.1. Cmepunizauia niHo2acHuka

Jlnst 3ano0iraHHs/3MEHILIEHHsT YTBOPEHHS MiHM OyleMO BHUKOPHUCTOBYBATH
niHoracHuk 204, siKMil BHOCUTHCSA B TOKHMBHE cepejpoBuilie B kKoHieHTparii 0,005 —
0,01 %. Jlns BupoOHMYOro O1OCMHTE3Y HEOOXITHO 523 MJI JaHOi PEUYOBHUHM.
Crepunizanis Oyae BinOyBatucs B aTokuasi mpu 112°C 30 xs.

JP 3. Ilpucomyeanna ma cmepunizayia mumpyeaibHUX a2eHmie

JIP 3.1. Ilpuzomyeannsa 6% po3uuny HCI

JIP 3.1.1. Ilpuzomyeannsa 6% pozuuny HCI 0ns niokucinennsa cepedosuuia 6
nocienomy anapami 06’emom 100 n

[Totpibno mpuroryBatu 100,6 mi po3unmHy 6%-i XJTOPUAHOT KHUCIOTH IS
MIIKUCIICHHS TOXKUBHOTO cepeoBuIia Ha crafii npurotyBanHs [1C B iHOKymsTOpI

00'emom 100 1.
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Jliig iboro B koa0y 06'eMom 250 M1 HanMBarOTh 83,3 MJI TUTHOI BOJH 1 10AAI0Th
npu MnocTidHoMy mnepemimryBaHHi 16,76 mun 36%-i HCI, BigmipsiHOoi MipHUM
mutiHapoM. Konly 3akprBaroTh BaTHO-MapJIeBOIO MPOOKOIO.

JIP 3.1.2. Ilpuzomyeannsa 6% po3zuuny HCI 0na niokucinenna cepedosuuia 6
nocienomy anapami 06’emom 1 m’

Jlna mpurotyBanHsa 996,3 mi 6%-1 XJIOpUIHOT KUCIOTH, B K00y 00'eMoM 2 1
BHOCATH 830,25 MJI MUTHOT BOJIM 1 AOJAIOTh IIPH MOCTIHHOMY nepeMinryBanHi 166,05
M 36%-1 HCI, BiAMIpsSiHOT MipHUM IUTIHAPOM.

JIP 3.1.3. Ilpucomyeanna 6% po3uuny HCI 0nsa niokucnennsa cepedosuuia 6
pepmenmepi 06°cmom 10 m’

Jns mpurotyBanss 2 408,6 mun 6%-i xynopuaHoi Kuciotu, B peakrtop (P-34)
o0'emoM 5 1 BHOcATh 2 007,2 My NUTHOI BOAM 1 JAOAAIOTH HPH MOCTIHHOMY
nepeminryBanti 401,4 mn 36%-1 HCI, BimMipsiHOT MIpHUM IMTIHAPOM.

JIP 3.2. Ilpuzomyseannsn 6% pozuuny NaOH

JIP 3.2.1. Ilpucomyeannsa i cmepunizauia 6% pozuuny NaOH o0na
NIOYHCHEHHA ROMHCUBHO20 Ccepedosua 6 nocieHomy anapami 06’emom 100 1

st mpurotyBanusa 100,6 Ma 6%-ro po3unHy HaTpiid TIAPOOKCUAY, SIKUW Oy1e
BUKOPUCTAaHUN Ha eTamax HeWrtpamizaiii cepepoBuimia npu npurotyBanHi [IC mms
IHOKYJISTY B IOCIBHOMY anapari 06’emom 100 71, Ha TEXHIYHUX Tepe3ax 3BaxuTu 6,03
r kpuctaigiyHoro NaOH. HaBaxky nmomiimarTs B K00y 06’emom 250 Ml 1 0/1aI0Th
100,6 Myt TUTHOT BO/IM 1 IEPEMIIITYIOThH 10 TOBHOTO PO3YMHEHHS, 3aKPUBAIOTh BATHO-
MapieBoto rpoodkoro. CtepunizyroTh B aBTokjasi mpu 131°C (0,15 MIla) Bopogosxk 40
XB.

JAP 3.2.2. Ilpuzomyeannsa i cmepunizauia 6% pozuuny NaOH o0Ona
RIONYICHEHHA ROJICUEHO20 CePed0sUuwa 6 nocienomy anapami 06’emom 1 m°

Jlist mpurotyBanHs 996,3 mi1 6%-T0 po3unHy HATPid TIAPOOKCUAY Ha Tepe3ax
3BaXyl0Th 59,8 T KpuCTamivyHOro inkoro HaTpy. HaBakky momimiaioTh B KOJIOY
00'eMoM 2 111 10o1a10Th 996,3 MIJI MTUTHOT BOJIH, TIEPEMIIITYIOTh /IO TOBHOTO PO3YMHEHHS,
3aKpUBAIOTh BATHO-MapiieBOI0 MpoOkoro. Ctepuizytoth B aBTokiasi mpu 131°C (0,15

MIIa) Boponiosxk 40 xB.
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JAP 3.2.3. Ilpucomyeannsa i cmepunizauia 6% pozuuny NaOH ona
RIONYIHCHEHHA ROICUBHO20 cepedosuna 6 hepmenmepi 06’ cmom 10 m*

st mpurotyBanHs 2 408,6 M 6%-ro po3unHy HaTpil T1IPOOKCHIY Ha Tepe3ax
3BaKyIOTh 144,5 T kpucrtaniunoro igkoro Hatpy. HaBaxxky nmomimaiots B peaktop (P-
35) o6'emom 5 1 1 momarorh 2 408,6 MJI MUTHOI BOJH, MEPEMIIIYIOTh O MOBHOIO
PO3YMHEHHS, 3aKPUBAIOTh BATHO-MAaPJICBOIO MPOOKOI0. CTEpUIII3yIOTh B PEaKTOPi MPU
131°C BrpoioBx 40 XxB.

JIP 3.3. Ilpuzomyeannsa 6 M pozuuny xnopuonoi kuciomu

B peaktop (P-44) 06’emom 40 1 BHOCATH 10,75 11 NUTHOI BOJM 1 32 IOIOMOTOIO
00’emHo-BaroBoro jao3atopa (I1/13-43) mongaroTh mpu MOCTIMHOMY MepeMillyBaHHI
16,68 1 36%-1 XTOpUAHOT KUCTIOTH.

JIP 3.4. Ilpuzomysanns 0,25 M po3uuny xaopuonoi kuciomu

B peaxrop (P-57) 06’emom 10 > BHOCATE 8 892 11 UTHOI BOAM i 33 JOIIOMOI OO
00’eMHO-BaroBoro no3aropa (I113-56) nonaroTh pu MOCTIHHOMY IepeMillyBaHH1 228
11 36%-1 XJIOpUAHOT KUCIIOTH.

JP 3.5. Ilpuzomysannsa 6 M po3uuny 2iopoxcudy Hampiio

3a normomMororw 00’eMHO-BaroBoro go3aropa (/13-49) B peakrop (P-50) 06’ emom
100 1 momimaroTs 20,26 KT KpUCTAIIYHOTO T1IAPOKCUAY HATPIIO 1 10Aat0Th 84,85 mi
MUTHOT BOJIM 1 MEPEMILITYIOTh A0 MOBHOTO PO3YMHEHHS.

JIP 4.Ilpucomyeannsa ma cmepuiizayisa ni0HcUG1106aAbHUX POZUUHIE.

AP 4.1. Ilpuzomysanna ma cmepunizayia nidHcuGI06AIbHOZ0 POZYUHY
2/II0KO3U

Jlist onepsxkanns 40 % po3unHy TIII0KO3H, yepe3 00’ eMHO BaroBuit go3atop (/13-
25), y peaktop 00’ emom 5 M> (P-26), mogarots 1 612,7 kr rimokosu i goparots 4 031,72
7 BoaM. JIjsl Kpamoro po3uyMHEHHS TJIIOKO3U y COPOUYKY 30ipHHMKA MOJAI0Th Tapsady
napy i HarpiBatoTh po3uuH 10 40 °C npu nepeminryBanHi 320 00/xB.

[ToTiM MPUTOTOBIEHUH PO3YUH CTEPUITI3YIOTh Y 30ipHUKY TIpH 112°C ynpomoBx
30 xB.

AP 4.2. Ilpucomyeannsa ma cmepunizauia NiOHCUGTIOEATLHO2Z0 DPOZYUHY

amomiiu cynvpamy
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Yepes 06’emuo BaroBuii go3arop (/13-28) y peaktop-3minryBay 06'emom 100
(P-29) nonatots 49,744 xr (NH4)>SO4 1 80 1 Boau, peakTop-3MilryBad 0OJIaHAHUMA
COpouKo10. 1715t Kpanoro po34rHEHHs COJI1 Y COPOUKY peaKkTopa MoIal0Th rapsay napy
1 HarpiBaroTh po3unH coi 10 40 °C npu nepeminryBanHi 50 00/xB.

[ToTiM NpUrOTOBIIEHUH PO3UMH CTEPUIIIZYIOTH ¥ peakTopi npu 131°C ynpoaoBx
40 xB.

JIP 5. Ilpucomyeanna ma cmepuiizauia NOHCUBHO20 cePedosunid.

JP 5.1. Ilpuzomyeannsa ma cmepunizauia NOMCUBHO20 Cepedosuwa 0Jis
BUPOUWLYBGAHH A THOK)JIAMY 6 KOJ10aX HA Ka4anui.

Jl71st BUpOITyBaHHS 1HOKYJIATY moTpioHO 540 mut moskuBHOTO cepenoButia (I1C).
BwmicTt xomnonenTiB aiig npurotryBanss [IC 00’ emom 540 mut HaBeneHo y Taou. 7.1.

JIP 5.1.1. IIpuzomyeanus i cmepunizauia komnouuyii A

Ha rtexniunmx Barax 3BaxyroTh 28,08 r riaoko3u Ta 2,7 T IpLKIKOBOTO
aBTOJI3aTy 1 moMimarTh B K00y 00'emom 100 mi. Joxarors 70,2 M MUTHOI BOJH 1
NEPEMINIYIOTh 10 PO3YMHEHHS TUIFOKO3M IICJSI YOTO 3aKPUBAIOTh BAaTHO-MapJI€BOIO
npo6koto. [Ticns nboro crepmi3yroTh B aBTokIaBi pu 112°C 30 xB.

Tabnuysa 7.1

Kommno3umii crepuiiizanii KOMIIOHEHTIB [1JIsi BUPOLLYBAHHS MOCIBHOTO

Marepiajay B K0JI0aX HA Kavai

KinbkicTs 1
Komnonentn . 00’em
Bwmicr, NPUrOTYBAaHHSA
MOKUBHOTIO Komno3uuii | kommno3uiii,
r/a 540 ma
cepeIoBHINA MJI
cepeloBHINA, T
I'mroko3a 52 28,08
I[pl)KI[)K'OBI/II/I 5 2.7 Kommozuis 70,2
aBTOJII3aT A
Boga 70,2 (M)
MgSO,x7H,0 0,05 0,027
ZnSO4xT7H,0O 0,04 0,0216 KoMHo3mwis
FeSO4-7H,0O 0,03 0,0162 B I 235,8
(NH4),SO4 10 5,4
Bona 235,8 (M)
K,HPO, 0,8 0,432 K ;
KH,PO, 1,36 0,7344 OM“83H“ & 234
Bona 234 (mn)
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JP 5.1.2. IIpuzomyeanus i cmepunizauyia komnosuuyii B

Ha texniyHux Barax 3BaxxytoTh (T): 5,4 (NH4),S0O4, 0,027 MgS04x7H,0, 0,0216
ZnS0O4x7TH,0 1 0,0162 FeSO4-7H,0 1 nomimarTs B koyi0y 00'emom 1 1. JlomaroTh
235,8 M1 IUTHOT BOJM 1 MEPEMINIYIOTH 0 PO3UYMHEHHS COJIEH MiCs YOro 3aKpUBAIOTh
BaTHO-MapJieBoo mpoOkoro. CtepuiizytoTs y aBTokiasi mpu 131°C Bnpoaosxk 40 xB.

JIP 5.1.3. IIpucomyeannsn i cmepunizayia komnosuyii C

Ha texuiuamx Barax 3BaxyioTh (T): 0,432 K,HPO, 1 0,7344 KH,PO, i
OMIIIATh B k0JI0y 06'emom 500 mi. JlogaroTs 234 Ml MUTHOT BOAM 1 IEPEMIIITYIOTh
70 PO3YMHEHHS COJEH TMICIsI 4YOTOo 3aKpHUBAIOTh BaTHO-MapJiieBOIO IMPOOKOIO.
Crepunizytots y aBTokiasi rpu 131°C Bopojosxk 40 xB.

JAP 5.2. Ilpucomyeanns i cmepunizayia RHOMCUBHO20 cepedosuuia 0.
BUPOUWLYBGAHHA THOKYIAMY 6 nocieHomy anapami 00'emom 10 1

Jl1st oniep>kaHHs TOCIBHOTO MaTtepiaiy B MociBHOMY amaparti 06'emom 10 i1 (IH-
9), motpibHO mpuroTyBatd 5,4 J1 MOXKUBHOTO cepenoBuia. Jjisi 3aciBy 1aHOTO
1HOKYJIsITOpa MoTpiOHO BHecTH 540 MIT TOCIBHOTO MaTepiany. BMicT KOMIIOHEHTIB st
IPUTrOTYBaHHS 5,4 J1 cepeOBUIIA HABEICHO y Ta0d. 7.2.

Tabnuys 7.2
Kommno3uuii crepuitizanii KOMIIOHEHTIB 1/l BUPOLILYBAHHSA MOCIBHOTO

Marepiajay B iHOKyJATOpPi 00°emom 10 o1

KiabkicTs pis
Komnonentn . 00’em
Bwmicr, NPUrOTYBAaHHSA
MOKUBHOIO Kommno3uuii | kommo3uirii,
cepeIoBHINA rl sS4 J
pea m cepeaoBUINA, T
I'mroko3a 52 280,8
I[pl)KI[)K'OBI/II/I 5 27 Kommozuis 0.7
aBTOJII3aT A
Bona 0,7 (1)
MgSO,x7H,0 0,05 0,27
ZnSO4x7H,0O 0,04 0,216 KoMmosmLis
FeSO,-7H,0 0,03 0,162 B H 2.4
(NH4)>SOy4 10 54
Bona 2,35 ()
K,oHPO, 0,8 4,32 K ;
KH,PO, 1,36 7,344 OM“83H“ & 2,3
Bona 2,35 (n)
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JP 5.2.1. IIpuzomyeannsn i cmepunizauyia komnouyii A

Ha Ttexniunux Barax 3BaxyroTb 280,8 T riaoko3w Ta 27 T JIPIKIKOBOTO
aBTOJII3aTy 1 MOMIIIAIOTh y KO0y o0'eMoM 2 . [omatore 0,7 1 muTHOI BOAM 1
NEPEeMINIYIOTh /10 PO3YMHEHHS TIIOKO3M 1 JPLKIKOBOIO EKCTPAKTy IMICIs YOro
3aKpUBAIOTh BATHO-MapiieBOIO MpoOKoro. [icis 1boro CTepuili3ytoTh B aBTOKJIABI MIPH
112°C 30 xB.

JIP 5.2.2. IIpuzomyeanns i cmepunizauyia komnosuuyii B

Ha Texniunux Barax 3BaxyroTh (T): 54 (NH4)>SO4, 0,27 MgS0O4x7H,0, 0,216
ZnS04x7H,0 1 0,162 FeSO4-7H,0 1 noMimaroTts B koj0y ob0'eMom 5 1. Jlogatots 2.4
J1 TUTHOT BOJIM 1 IEPEMIIIYIOTh JI0 PO3YMHEHHSI COJIEH MICIs YOro 3aKpHUBaIOTh BaTHO-
MapieBoro mpookor. CtepunizyroTh y aBTokIaBi pu 131°C Bnpogosx 40 xB.

JIP 5.2.3. IIpuzomyeannsn i cmepunizauia komnosuuyii C

Ha Texniunux Barax 3Baxytots (T): 4,32 K,HPO4 1 7,344 KH,PO4 1 nominarots
B KoJIOy 00'emoMm 5 1. [{omaroTe 2,3 1 NUTHOI BOJAW 1 NEPEMIIIYIOTh 10 PO3UHMHEHHS
COJIEH IMICJIS YOTO 3aKPUBAIOTh BATHO-MaPJIEBOIO MPOOKOI0. CTEPUITI3YIOTh y aBTOKJIaBI
npu 131°C Bopogosx 40 xB.

JIP 5.3. Ilpucomyeanns i cmepunizayia RnOMCUBHO20 cepedosuuia 0
BUPOWYGAHHA THOKYIAMY 6 nocienomy anapami 06'emom 100 n

Jlnst oiepxaHHs MOCIBHOTO MaTepiaity B mociBHOMY amnapati 06'emom 100 i (IH-
17), notpi6HO ipurotyBatu 53,42 71 OKUBHOTO CEPEAOBUIIA. BMICT KOMITIOHEHTIB It
npuroTyBaHHs 53,42 1 cepenoBuila HaBeAeHO y Tabm. 7.3.

JIst 3aciBy AaHOTO 1HOKYJISITOpPA MOTPIOHO BHECTH 5,4 J1 MOCIBHOTO Martepiaiy.
3BakalouM Ha CTEPUIII3aII0 SKa BiAOYBAa€ThCSA TOCTPOIO TMAPOI0 Ta MPOXOIUTH Y
MOCIBHOMY amapaTi HeoOXximHo BpaxyBaTu koHaencat (10%) tomi o0'em Bojw,
NOTPIOHUH ISl MPUTOTYBAaHHA KoMIO3UIIil A 1 b, ctanoBuTh 48,57 11.

Tabnuys 7.3

Kommno3uiii crepusiizanii KOMIIOHEHTIB /111 BUPOLILYBAHHS MOCIBHOTO

Marepiajy B iHOKyJasTOpi 00’emom 100 o
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KinbkicTh as
KoMmnonenTn . 00’em
MO KUBHOIO Buicr, TIPUrOTYBAHHIH Komno3unii | komno3umii
cepeIoBHINA T/ 33,42 J ’
cepeoBHINA, T
I'mroko3a 52 2777,8
I[pi)KI[)K'OBI/II\/II 5 267.1 Kommosumis 6.32
aBTOJI13aT A
Bona 6,32 (1)
Konnencar 0,632 (1) 0,632
MgSO.,x7H,0 0,05 2,67
ZnSO4x7H,0O 0,04 2,14
FeSO4-7H,0O 0,03 1,603 KoMmo3HItis
(NH4),SO4 10 534,2 B 42,25
KoHPO, 0,8 42,74
KH,;PO,4 1,36 72,65
Bona 42,25 ()
Konpgencar 4,22 4,22

JIP 5.3.1. IIpuzomyeanns i cmepunizauyia komnouuyii A

Ha texHiuHux Barax 3BaxyroTh 2 777,8 T rioko3u Ta 267,1 T IpixkIKOBOTO
aBromi3aty. HaBakku momimaroTe y peakrop-3MimryBay od'emom (P-12) 10 11, yepes
00’emHO-BaroBuii qo3arop (/13-11) nomarots 6,32 1 Boau. J{s Kpamoro po3uynHeHHS
TJIFOKO3M 1 JAPIKPKOBOTO €KCTPAKTy y COPOUKY 30ipHHMKA MOMAIOTh Tapsady mapy i
HarpiBatoTh po3unH 10 40°C npu nepeminryBanHi 100 o0/xB.

Crepuizaliito mpoBoAsAThH O6e3nocepenubo y 30ipuuky mpu 112°C ynpogosx 30
XB.

JP 5.3.2. [Ipuzomyeanusn i cmepunizauyia komnosuuyii B

Ha Texniunmx Barax 3BaxyroTh (T): 534,2 (NH4),SOs, 2,67 MgSO4x7H,0, 2,14
ZnS0O4xTH,0, 1,603 FeSO4-7H,0, 42,74 K,HPO4 1 72,65 KH,PO4 1 momimarTs y
peaktop-3mintyBad 06’emom 5 11 (P-14), o0namHanmii COPOUYKOI0, 1 32 JOMOMOTOIO
00’eMHO-BaroBoro no3atopa (/1-13) nonarots 3,25 1 Boau. s kpaioro po3uynHeHHS
coJiel y cOpouKy 30ipHHKa MOJAI0Th rapsiay napy i HarpiBaroTh po3uuH cojeil. [lotim
po3unH monarTh y depmentep ob'emom 100 n (IH-16), obGmagnanuii copoykoro i
MIIIAJIKOIO, 1 ToAar0Th 39 11 BoAM, 10/1at0Th 6%-1il po3uuH CcoJsiHOI KucaoTH (Bix JIP
3.1.1) no nocsruenns pH 4,5. Crepuiizaiiito mpoBOAsSTH Oe3M0cepeHbO Y (hepMeHTepl

npu 131°C (0,15 MIIa) ynpoaosx 40 xB.
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AP 5.4. Ilpucomyeanns i cmepunizayisi ROMCUBHO20 cepedosuuia 0.
BUPOWYCARNA THOKYIAMY 6 nOCieHOMY anapami 00'emom 1 m°.

Jlns omep kaHHA IIOCIBHOTO MaTepiany B mociBHOMy amapaTti o6'emom 1 m> (IH-
24), notpiOHO mpurotyBatu 528,91 1 MOXKUBHOTO cepeloBUIla. BMiCT KOMIIOHEHTIB
U1 mpurotyBaHHs 528,91 11 cepenoBuIia HaBeaeHO y Tao. 7.4.

Jlnst 3aciBy MaHOTO 1HOKYyJIATOpa MOTPiOHO BHectH 53,42 1 TOCIBHOTO
MaTepiany. 3BakaloUM Ha CTepWIi3allilo siKa BiI0OYBAa€ThCA TOCTPOIO MApoI0 Ta
IPOXOJIUThH Y MOCIBHOMY arapaTi HeoOXiiHO BpaxyBaTu koHaeHcaT (10%) Toai 06'em
BOJM, MOTPIOHUI 1711 TpUTrOTyBaHHs KoMmo3uiii A 1 b, cranosuts 480,83 11.

Tabnuys 7.4

Kommno3uiii crepustizanii KOMIIOHEHTIB /151 BUPOLIYBAHHS MIOCIBHOTO

marepiaay B iHokyasTopi 06’emom 1 m?

KinekicTs ajs
Komnonentu . 00’em
MOKMBHOI'0 Buicr, NPHY O TYBAMIHH KoMnosuuii | KoMnmo3uuil
r/a 528,91 a ’
cepeIoBHINA I
cepeloBHINA, T
I'mroko3a 52 27 503,32
I[pl)l(;g(OBI/H/I 5 2 644,55 Kommnozumis 62.53
aBTOJI13aTy A
Bona 62,57 (1)
Konnencar 6,257 (i) 6,253
MgSO,x7H,0 0,05 26,45
ZnS0O4xTH,0 0,04 21,16
FeSO,4-7H,0 0,03 15,87 KoMmo3mIis
(NH,),SO, 10 5289, 1 5 H 418,3
K,;HPO,4 0,8 418,3
KH,PO4 1,36 719,32
Bona 418,67 ()
Konnencar 41,83 41,83

JIP 5.4.1. IlIpucomyeannsn i cmepunizayia komnozuyii A

Ha TexHiyHMX Barax 3BaxkytoTb 2 644,55 r npixmxoBoro apromiizary. HaBaxky
nomimaiTk y peaktop o6'emom 100 1 (P-18), yepe3 06’emuo-BaroBuii mo3arop (/13-
17) nomatore 27 503,32 r rmoko3u Ta 62,53 1 Boau. [ns kpalioro po3uMHEHHS
[JIIOKO3U 1 JAPIKIKOBOTO €KCTPAKTY y COPOYKY 30ipHHMKAa MOJAIOTh TapsAdy mapy 1

HarpiBaioTh po3unH A0 40°C npu nepeminryBanni 50 06/xB.
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Crepuizaliiro mpoBoAsThH Oe3nocepenabo y 30ipauky mpu 112°C ynpogosx 30
XB.

JIP 5.4.2. Ilpucomyeannsn i cmepunizayia komnosuyii B

Ha Texniuamx Barax 3BaxyroTh (T): 5 289,1 (NH4),SOs4, 26,45 MgSO4x7H,0,
21,16 ZnSO4x7H,0O, 15,87 FeSO47H,0, 418,3 K,HPO4 1 719,32 KH,POj4 1
NOMIIaTh y peaktop 06’emom 50 11 (P-21), o0nanHanuit COpOUKoOI0, 1 32 JOIOMOT OO
00’eMHO-BaroBoro no3aropa ([3-20) noparots 38,3 11 Boau. /{151 Kpanoro po3unHEHHS
CoJIeH y COpOUKyY 301pHHUKA MMOJIA0Th Tapsdy Mapy 1 HarpiBarTh po34uH coJiel. [ToTiM
PO34MH 3a IONOMOI0I0 BiALeHTpoBOro Hacoca (H-22) nonarots y pepmentep o0'eMom
1 > (IH-24) 3 copoukoro i Mimankor, i BHocATs 380 11 Boay, Mics J0AaI0Th 6%-Hii
pO34uMH coJiAHOi KucioTu (6i0 AP 3.1.2) no nocsruenns pH 4.,5. Crepunizaiiro
MpoBOJATH Oe3nocepennbo y pepmentepi ipu 131°C (0,15 MIla) ynponosxk 40 xB.

JAP 5.5. Ilpucomyeanns i cmepunizayisi HOMCUBHO20 cepedosumia 0.
eupobnuyozo diocunmesy S. albulus 1L.S-84 y pepmenmepi na 10 m*

Tl Bupob6HuUIOro 6iocunresy y pepmentepi 06’emom 10 m® (P-41), motpibHoO
npurotyBatd 5 236,21 1 MOXHUBHOTO cepeaoBHIa. BMICT KOMIOHEHTIB IS
npurotyBanHs 5 236,21 1 cepenoBuila HaBeJeHO y Tabd. 7.5.

Jlst 3aciBy nanoro ¢gpepMmeHTepa notpioHo BHecT 528,91 11 piAKOro MociBHOTO
Marepiany. 3BaKarouM Ha CTEPHIII3ALII0 TO)KMBHOTO CEPEIOBUINA, IKA BIOYBAETHCA Y
MOCIBHOMY amapari HeoOxigHo BpaxyBatu konaeHcatr (10%) Ta o0’em
M/HKUBIIIOIOYOTO  PO3YMHY TOJMI 00'€eM BOJW, TOTPIOHWUN MJii TPUTOTYBaHHS
kommo3uilii A 1 b, cranoButs 1 094,8 1.

P 5.5.1. IIpuzomyeannsa komno3uyii A

Uepes o6'emHo-Barosuit mo3zarop (/[3-31) momarots 104 724.2 r (abo 104,7242
KT') KyKypYA3SHOTO IIFOTEHY Y peakTop-3MiinyBad 06’ emom 1 M* (P-32), obnagHanuii
COpPOYKOI0, 1 Ao/at0Th 218,8 1 xomomnoi Boau. [licist boro TIIIOTEH PO3BaAPIOIOTH 3a
temriepatypu 70-90 °C Bnpogorx 30 XB, Mojaroyu MIyXy mapy y COpodky 30ipHHUKA.
ITotim 3a momomororo o6'eMHO-BaroBoro jgo3aropa (/[3-31) mo po3umH po3BapeHOTo
KYKYPYA3SHOTO TJIFOTEHY A0Aat0Th 272 282,9 r rimtoko3u ta BHOCATH 400 11 Bou. s

Kpalloro pO3YMHEHHS TJIOKO3M Y COPOYKY peakTopa MOJaloTh rapsdy mnapy i
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HarpiBatoTh po3uuH A0 40 °C mpu nepemintyBanHi 50 06/xB. Ctepuiizaiiiro mpoBOISTH
6e3nocepennbo y peakropi npu 112°C ynpongosxk 30 xB.
Tabnuys 7.5
Komno3uuii crepuitizanii KOMIIOHEHTIB 1JIs1 BHPOLYBAHHS MOCIBHOTO

marepiajay B iHOKyaTOpPi 00°cMom 10 m°

BwmicT
KommnonenTu . . 00’em
MOKUBHOI'O Konuenrpanis, | KOMIOHeHTIB Kommno3unisi | komno3umii
cepeltoBHIIa r/a y 5236,21 a i ’
InC, r
Kyxypynssnuii 20 104 724,2 .
TJIIOTCH Kommo3umist 618.8
I'mroko3a 52 272 2829 A ’
Bona 618.,8 (11)
Konpgencar 61,88 61,88
MgSO,x7H,0 0,05 261,81
ZnSO4x7H,0 0,04 209,45
FeSO4-7H,0O 0,03 157,09 KoMIO3HILis
(NH4),SO4 10 52 362,1 B 476
KoHPO, 0,8 4 188,97
KH,PO, 1,36 7 121,25
Bona 476
Konnencar 47,6 47,6

JIP 5.5.2. IlIpuzomyeannsn i cmepunizauia komnosuuyii B

Yepes 06'emH0-Barosuii 1ozarop ([13-36) y peakrop-3minrysad 06’ emom 0,16 v
(P-37), o6nagnanuii copoukoro, moparoTh (T): 52 362,1 (NH4),SO4, 261,81
MgSO04x7H,0, 209,45 ZnSO4sx7H,0O, 157,09 FeSO4 7H,O, 4 188,97 K,HPO,,
7 121,25 KH,PO4 Ta nopatots 106 1 Boau. s Kpaioro po34MHEHHS COJIEH Y COPOUKY
peakTopa MmoAaroTh rapsdy napy i HarpiBaroTh po3uuH a0 40 °C npu nepeMinryBaHH1
50 06/xB. IlotiM po3umH 3a gomOMOTO0 BianeHTpoBoro Hacoca (H-38) momarots y
depmentep o6'emom 10 M (D-41) 3 copoukoro i Mimankow, i BHOCATE 370 1 BoaH,
nicis 10AaTh 6%-uil po3urH COJSIHOT KUCIOTH (610 /[P 3.1.3) no nocsirnenus pH 4,5.
Crepumizaniro poBOsATh Oe3nocepenubo y ¢gepmentepi npu 131°C (0,15 MIlla)
ynpo1oBxk 40 xB.

TII 6. ITiocomoeka nocieno2o mamepiasy

TII 6.1. ITliompumannsa KoaeKyiiinoi Kyibmypu
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Konexuiitny kynbtypy S. albulus 1.S-84  30epiratoth y mpoOipkax Ha
CKOIlIeHOMY M’sico-nienToHHOMY arapi (MITA). IlepeciBu 311MCHIOIOTH KOXH1 3 MICSIII.
Bci po60TH 3 KOJIEKIIITHOIO KYJIBTYPOIO MPOBOASTH B CTPOrO ACENTUYHUX YMOBAX.

TII 6.2. Ooepotcannsa podouoi Kyavmypu

Konekiliny KyJabTypy, 1110 30epiraeThcsi B mpodipkax 3 cepenoBuiieM MIIA, B
ACEeNTUYHNX YMOBaX PO3CIBAIOThH METIICIO J0 130Jb0BAHUX KOJIOHIHM Ha yammkax [letpi 3
arapr3oBaHUM cepenoBulieM. Bupomrytots mpu temnepartypi 30°C ympomoBx 24 ros.

TI116.3. Bupowyeanns inoKyaamy Ha a2apu308anHux NOHCUBHUX CEPEO0SUULAX

[301p0BaH1 kom0OHIT (Bia 77/ 6.2) B aceNTUYHUX YMOBAaX MEPECIBAIOTH METIICIO Y
npoOipku 3 arapu3oBaHuM cepefoBuiieM MIIA (ogHa 130JIbOBaHA KOJIOHIA
BUKOPUCTOBYETHCS JIJIS 3aCIBY OJIHI€ET IPpoOipKM). B mpoOipku nepeciBaroTh 130J1b0BAHI
KOJIOHI1, III0 3HAXOAThCA Ha BijicTaHl He MeHlIe | cM. KynbTuBYIOTH B TEpMOCTATI ITPH
t =30 °C (24 ron).

TII 6.4. Bupouiysannsa nocieHo2o mamepiajiy 6 KOa10ax Ha KavyaaKax

VY konby 3 komnosutieo B (Bix [P 5.1.2), BHOCITH 66,3 M1 KOMIO3UIIT A (Bil
JIP 5.1.1)1221 mn xomnosuttii C (Big [P 5.1.3). Po3unH nepeMinnyroTh 1 pO3JIMBaOTh
o 127,5 M B 4OTUpH CTEpUIIbHI KayanoyHl Koiaou Ha 750 mi.

VY npobipky 3 pododoro Kynabryporo S. albulus LS-84, Bupomienoro vHa MIIA,
ACENTUYHO BHOCATH 5 MJI (P1310JI0TIHHOTO PO3YUHY, CYCIIEHAYIOTh KIIITUHH (3MHUBAIOTh
KYJbTYpPY), MINETKOIO BIAOUPAIOTH OJIEPHKAHY CYCIIEH31I0 KIITUH 1 BHOCATh Y KOJIOU 3
PO3JUTUM TOXKUBHUM cepenoBuieM. Jljis 3aciBy oaHiel KoiOM BUKOPHCTOBYIOTH
CYCIIEH3110 KJIITHH, OAepKaHy 3 OJIHI€I MPOOIPKH.

[IITam BupoIyt0Th Y K0J101 Ha Kavani (220 06/xB) mpu 30 °C yripoaoxk 24 ro.

[Ticns 3aBepIieHHST BUPOITYBaHHS 3A1MCHIOIOTH MIKPOO10JIOTTYHHI KOHTPOJIb B
KOXHIM 3 K010. B acenTuyHux yMoBax 1HOKYJSAT 3 4 KOJIO EPEHOCATh B CTEPUIIbHY
3aciBHY Kos0y 06’eMom 1 1.

TII 6.5. Bupowysannsa nocienozo mamepiajy 6 inokyaamopi 06'emom 10 1

B inokymsitop (IH-9) 06'emom 10 11 BHOCSTH KOMTIO3UIIIIO A 00'eMom 0,66 11 (Bi
JIP 5.2.1), xomnozurito B 06'emom 2,21 11 (Bix P 5.2.2) ta komno3umito C 06'eMom
2,2 n(Big AP 5.2.3).
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[Ticnss oO’enmHaHHS KOMITO3UIIIN, Yepe3 3aciBHY KOOy BHOCATH IMOCIBHUMN
marepian (Big 711 6.4).

KynpTuByBanHs 3aiiicHioOTh mpu temmeparypi 30°C ympomoBxk 24 rof,
Butpatu moBitps 1 1/(;1xB). Koxui 3-4 rom BimOuparoTh mpoOy 1 3MIMCHIOIOTH
MIKpOOI10JIOTIYHHIM KOHTPOJIb 1 BUBHAYAIOTh KOHIIEHTpaIlito 6iomacu (x=20-21 1/i).

TII 6.6. Bupowysannus nocienozo mamepiany 6 iHokyaamopi o6'emom 100 n

B nociBauit anapat (IH-17) o6’emom 100 11 3 mpocTepriIi3oBaHUM PO3UYNHOM
xommo3utlii B (Big /[P 5.3.2), camorinHo 3 peakTtopa (P-18) BHOCATH KOMIIO3HITIIO A
(Bix AP 5.3.1). 3a nornoMororo kKojaou BHOCATh 6%-uit po3unn NaOH niis nocarueHHs
ontumaiibHoro 3HauenHs pH 6,8 (Bin AP 3.2.1).

[licns uporo B TOCIBHUM amapaT IMOJal0Th 1HOKYJST (3a JOMOMOTOIO
nepuctanbTuuHoro Hacoca (H-10) Bix 717 6.5).

KynsTuByBanHs 3miiicHiOOTh Tpu temmeparypi 30°C ympomoBxk 24 rof,
Butpatu noBiTpst 1 1/(;1xB). Koxkui 3-4 ron BiaOuparoTh mpoOy 1 311MCHIOIOTH
MIKpOOI1OJIOTITYHUNA KOHTPOJIb MOCIBHOTO Marepialdy, BHU3HAYaIOTh KOHIIEHTpPAIliIo
6iomacu (x =20-21 1/n).

TII 6.7. Bupowyeanns nocienozo mamepiany 6 inokyaamopi oo'emom 1 m’

VY nociBamii amapart (IH-24) 3 crepunpHoo kommo3suiliero B 3a momomororo
nepuctanbTuuHoro Hacoca (H-19) BHocsats kommnosuiiito A (Big /[P 5.4.1) y KiUIbKOCTI
64,8 1. 3a pomomoror Kojaou BHOCATh 6%-uii po3unH NaOH myist nocsrHeHHs
ontuMaiibHOro 3Ha4YeHHs pH 6,8 (Bin AP 3.2.2).

[licnis 1poro B TOCIBHUM amaparT MOAAal0Th I1HOKYJST (4epe3 TpyOy
nepetuckyBanHs Bif 711 6.6).

KynsTuByBanus 3miiicHiOOTh Tipu temmeparypi 30°C ympomoBx 24 rog,
Butpatu mnoBitps 1 i/(;xB). KoxHi 3-4 rox BiaOMparoTh mpoOy 1 3A1MCHIOIOTH
MIKpOOI0JIOTTYHHI KOHTPOJIb TOCIBHOTO MaTepiayly., BU3HAYAIOTh KOHIICHTPAIIIIO
6iomacu (x =20-21 r/n).

TII 7. Bupoonuuuii 6iocunmes

TII 7.1. Bupoonuuuii 6iocunmes

V depmenrep ob'emom 10 m® (D-41) 3 kxommosmmicro B 3a momomororo

nepuctanbTuaHoro Hacocy (H-33) momatoTe crepuibHy Kommo3uilito A 00’emom
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680,68 1 (Big [P 5.5.1). Camormmuaom 3 peaktopa (P-35) BHOcaTh 6%-uii po3unH
NaOH nns nocsaruenns ontuManbHoro 3HadueHds pH 6,8 (Big AP 3.2.3). Ilicns uporo
yepes TpyOy nmepeTucKyBaHHs MOIa0Th MociBHUM Matepiai ( Bix 1771 6.7).

[Tig uwac BupoOHHMUOro OiocuHTe3y pH KynbTypaiabHOI PIAMHHU MOCTYIOBO
3HIDKYETHCS 1 Mpubian3Ho Ha 20 Toj KyJIbTUBYBaHHS Jocsrae no3Hauku pH = 3,8, Bechb
HACTyIHUI yac 010CMHTE3Y piBeHb pH miaTpuMyeThCs Ha JaH1 MO3HAYI T0JaBaHHIM
25 %-uM pO3YNHOM aMiadyHO1 BOJIM CAaMOILTUBOM 3 30ipHHKa 00’ eMoM 10 mitpiB (3-40).

YHpomoBK KyJIbTUBYBAaHHS KOHIICHTpALlSl TJIOKO3M 3HIKYETHCS, TOMY
nouynHarouu 3 40 roj 1 moTiM Yepe3 KoxkH1 20 roa KyJabTUBYBaHHs 3 peakTopa (P-26)
3a JIONOMOT 010 nepuctanbTuyHoro Hacoca (H-27) nonaerbes nimxusntoBanbHuit 40%-
W po3unH Tmioko3u (Big /[P 4.1) niuga TIATpUMAaHHS KOHIEHTpAllli TJIIOKO3U Y
KyJbTypaibHii piguHi = 10 /1 ynpoJoBk BChOT0 NPOLECY BUPOOHUYOTO O10CUHTESY.

VYV pasi 3HmwkeHHs KouHieHtpamii NH." y depMmeHnTep, 3a I0IOMOro0
nepuctanbtuuHoro Hacoca (H-30), aBToMaTHYHO TOAAETHCA MIIKUBIIOBATBHUN
po34rH aMoHi# cynbdaty (Bin /[P 4.2), nis Toro, mo0 miATpUMYBaTH KOHIICHTPAIIIIO
JpKepena azoty B mexax 0,2-0,3 1/

VY nporieci 610CUHTE3Y AJIs1 YHUKHEHHS IHOYTBOPEHHS, B PEpMEHTEp MOJAETHCS
XIMIYHUN THOTAaCHUK Ta BCTAHOBJIIOETHCS MEXAHIYHUM MIHOTACHUK (Y BEPXHIM
YacTUHI (pepMeHTepa BCTAHOBJICHA MIIIAJIKA, SIKA YCYBa€ IMIHY B PE3yJbTaTl 3p130BUX
3YCUJIb).

VY mporeci KynbTUBYBaHHSI KOXHI 12 T07 BiIOMparoTh MpoOU KyJIbTypalbHOT
PIIMHUA JJI1 BU3HAYCHHS KOHIIGHTpAIlli BYTJELI0, a30Ty, &-MOJUN3HHY Ta s
3/11IIICHEHHS MIKPOO10JI0TTYHOTO KOHTPOIIO.

KynbpTuBYy10TH 10 KOHIIEHTpAIlii GioMacH Ta KOHIIEHTpaIlii e-noiaizuny 41,2 r/n
1 32,6 v/n, BignosigHo, mpu Temmnepatypi 30°C ynpoaosxk 196 roa.

[Ticns 3aBepIieHHS KYJIbTUBYBAHHS KYJIbTYpaibHy PIAMHY MOJAIOTh B PEAKTOP
Ha 30epira”Hs.

TII 8. 30epicanna Ky1omypaivHoi piounu

TII 8.1. 30epizannsa KynomypanvHoi piouHu

KynerypaneHy piauHy Ticis BHUPOOHHYOTO OIOCHMHTE3Y 3a JOMOMOTOIO

nepuctanbTHaHOTO Hacoca (H-42) mogatots B peakTop-3minryBad (P-46) 06’ emom 6,3
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M, e BinOyBaeThes 36epiranns mpu temnepatypi 20 °C 10 moyarKky cTafiii BUIIICHHS
Ta OUMIIEHHS.

TI1 9. Bioodinenns diomacu

TII 9.1. @nokynauia

Jlo KynbTypaibHOI pIAMHH, sSKa 3HAXOAUTHCA B peakTopi-3mimryBadi (P-46)
00’emom 6,3 M>, camorumaOM (6i0 /[P 3.3) 3 peakropa (P-44) nmogarots 27,43 16 M
HCI nnsa nonmwxkenus pieas pH mo 1,5. IloTiM npu nocTiiiHOMy TnepeMillyBaHHI1, 3a
JOTIOMOTOI0 00’ eMHO-BaroBoro jno3aropa (/[3-45) momatote 4,15 kr momiakpumiaT
HATPilO, BIPOJOBXK MEPHIMX 2 XB IMBUIAKICTH nepeminryBanas 200 06/xB, a MOTIM
IIBUJIKICTh TIEPEMIIITYBAHHS MOHMKYETHCS 10 75 00/XB 1 B110YBa€THCS BIPOJIOBXK 3 XB.

TII 9.2. @inempauin

[IpoduiokynboBaHy KyJabTypaibHy piauny (6i0 TII 9.1) 3a JI0NMOMOToIO
BianeHTpoBoro Hacocy (H-47) mnomatote 10  dinbrp-npeca  (MODII-48).
[IpodinbTpoBaHuii PO3UMH HAAXOAUTh y 30ipHHMKy (3-51) o0’emom 4 M, ne
BiJI0yBa€ThCs 30€piraHHs 10 HACTYITHOTO eTaIy.

TII 10. /Joouuwennsa 6io ¢hiokyn

TII 10.1. Ynempaghinempauyisn

Ho dbinbrpary 06’emom 3 647,3 1 (8i0 T11 9.2) 3 peaktopa (P-50) camorinHoM
noaatoth 39,1 16 M NaOH (gio /[P 3.5) nuis 301nbs1enHs pisag pH g0 6,5. Otpumanuii
po3unH HacocoM (H-52) momaroTe Ha ynbTpadinbTpaniiiny yctanoBky (YP-53), nus
JIOOYHIICHHS BiJl BUCOKOMOJCKYJISIPHUX PO3YMHEHUX PEYOBHH SKI MPOUIILIA KPi3b
nopu ¢insTp-nipeca. B Moy ynpTpadiabTpailiitHoi yCTAHOBKH BiIOYBAETHCS MOLT
pPO34YMHY 3 BIACIKaHHSAM MoJiekyssapHoi macu 5 k/la nipu 0,1-0,15 MIla. Otpumanuit
nepMear HaAXoauTh B 301pHUK (3-54) ae BiaOyBaeThCs 30€piraHHs 10 BUKOPUCTAHHS
B HACTYITHOMY €Tarli.

TII 11. Buoinennsa &-noninizuny

TII 11.1. Ionooominna ekcmpakuia &noainizuny

B iono06MiHHY Konony (IK-59), BHOCATB 325,7 11 c1abOKUCII0T KaTIOHOOOMIHHOT
cmonu amOepnit IRC-50. 1o nepmeary (6i0 T11 10.1) B 30ipauk (3-54) camoriauHo
nonatth 8,25 1 6 M NaOH (6io AP 3.5) nns 30inbiienns piBus pH go 8,5. Iicus

BperymoBaHHs piBHA pH po3uun B kinbkocTi 1 954,65 11 3a nonomororo Hacoca (H-55)
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MOJIal0Th B 10HOOOMIHHY KOJIOHY (IO JOPIBHIOE MIBHAKOCTI 1,5 1 mepmeaty Ha 1 1
cMoiu 3a roauHy). Ilicias 3aBaHTakeHHS TmiepMeaTy B KOJIOHY, BilIOyBaeThCs
IIPOMHUBAHHS CMOJIH JIC10HI30BaHOIO BOJI010, BOJA B KUIBKOCTI 1 954,2 11 (6 1 BoAuH Ha
1 1 cmonm) mogaeThes 10 KoytoHU. [ToTiM 10 10HOOOMIHHOT KOJToHU 3 peaktopa (P-57)
Hacocom (H-58) momatots 2 279,9 1 0,25 M HCI nnsa emoroBannst €-11J1 3 cmomnwu (1o
JIOPIBHIOE MIBUAKOCTI 7 JI €MIOeHTY Ha 1 71 cMoiu 3a roauny). OTpumaHuil enroar
30epiraroth B 36ipauKY (3-61) 06’ eMom 10 >,

TII 11.2. 3nebapenennsa entoamy

B ionooOMinHy komnony (IK-63), BHOCsATE 1 731 11 Makponopuctoi cmoiu SX-8.
o emtoary (6io TI1 11.1) B 30ipuuk (3-61) camommmuaom noaatots 37,1 1 6 M NaOH
(6i0 /[P 3.5) nns 3601nbiienss piBaa pH no 7,0. [TotiM po3uun B kinpkocti 1 731 11 3a
normoMororw Hacoca (H-62) mopaioTh B KOJIOHY A€ BiH MPOXOJUTHh KPi3b CMOIY 1
3HEOapBIIOETHCS. 3HEOAPBICHUM PO3unH 3a Jonomororo Hacocy (H-64) nomaeTscs B
30ipHuK (3-65) 06’ emom 10 M.

TII 12. Konuenmpyeannsn

TII 12.1. Ynempadghinempauin

3uebapBiaeHuil po3unH o6’emom 8 222.3 1 (6io TII 11.2) 3 30ipHuka (3-65)
HacocoM (H-66) mnonmarote B yabTpadinbTpaiiiiny yctaHoBky (Y®-67), nus
KOHLIEHTPYBaHHS po3urHy. B Moaymi ynbTpaduibTpaniiHOl yCTAHOBKU B1OYBA€ETHCS
MOJIUT PO3YMHY 3 BiACIKaHHSAM MoJekyasipHoi macu 1 kx/la mpu 0,1-0,15 Mlla.
OTpuMaHMil KOHLIEHTPAT MOJA€ThCs B 301pHUK (3-68) 11 BiOyBaeThCs 30epiraHHs 110
BUKOPUCTAHHS B HACTYITHOMY €Tarll.

TII 13. Cywiinusa

TII 13.1. Cywiinna Kkonyenmpamy

KonnenTpar 06’ emoMm 1 480 11 (sio TI1 12.1) 3 36ipHuka (3-68) Hacocom (H-69)
N0JIa€Thes 10 po3nuiItoBalbHOI cymapku (PC-70), ne BigOyBaeTbcs HOT0 CyIIIHHS IPU
temriepatypt 120 °C. B sKoCTi CyIIMJIBHOTO areHTa BUCTYNAa€ Harpite MoBiTps, B
pe3ynbTaTi OTPUMYEMO TOTOBHI HAMIBIPOIYKT — MOPOIIKOMOMIOHUN €-TIOMITI3HH.
[Ticns 3aKiHYEHHS MPOLIECY CYILIIHHS MOPOILIOK MOAAETHCS B IepecyBHY eMHICTh (I1€-
71).

IIMB 14. Ilakyeanns ma mapKyeanHs
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IIMB 14.1. Ilakysannsa ma MapKy8aHH:A NOPOUWIKONOOIOHO20 E-NONINIZUHY

e-Ilomini3uH BUMTYCKAIOTh y BUTJISII TOPOLIKOMO11I0HOT peuoBUHHU 1 (pacyroTh 3a
JomoMororo (acyBaabHO-TIakyBaiabHO1 MamuHu (PIIM-72) y mosieTUaeHOBI MaKeTH
o 100 r. Ha roToBuil npoyKT HAHOCATHh MapKyBaHHsI, BKa3ylOTh HAa3BY TOBapy, JaTy
BUTOTOBJICHHS, HOMEp cepii Ta TEpPMIH MPUIATHOCTI, TOJIETHICHOBl TMaKEeTH
MOMIIIAIOTh B KAPTOHHI1 KOPOOKH, SIK1 CKJIa/Ial0Th HA MAJIETH 1 HAIIPABJISIIOTH HA CKJIaJ.

3B 15. 3newiko0xcenns 8ioxoois

3B 15.1. 3newko0sxcenns piokux 6ioxooie

3anumikyd TUTPYBajdbHUX po3uuHiB (Bin AP3.1.1, /IP3.1.2, /IP3.1.3, /IP3.2.1,
J[P3.2.2, JIP3.2.3, JP3.3, /[AP3.4, JIP3.5), ymempaxouyenmpam (8io TII110.1),
npoMuBHa Boja (6i0 T1111.1) ta nepmeat (6i0 T1112.1) yTuni3yroTh, HAMPABJIAIOYHA HA
OYKCHI CIIOPYH.

3B 15.2. 3neuiko0xcenna nosimpAHuUx 6i0x00ie

BianpanboBane MoBiTps, SIKE HAIXOIUTh Bl 1HOKYJISTOPIB, depmeHTepa (Bl
TII 6.5, TII 6.6, TII 6.7, TII 7.1) Ta po3muwitoBalbHOI cymapku (gio TI113.1)
BIJIMIPABJISIOTh Y CUCTEMU OUYHUIIICHHS TTOBITPSIHUX B1IXO/IB.

3B 15.3. 3newkooxcenus meepoux 6i0xooie

biomaca sika 3amummaerbesi micis GUIBTPYBAHHS KyJIbTypaidbHOI piavHU (8i0

TT19.2) HanpaBis€ThCs HA YTHITI3AIIIO.
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PO3/1JI 8. KoHTpoJib BUPOOHULITBA

8.1. Kapra nocragiiiHOro KOHTPOJII0 J0(pepMEeHTANIHHMX NIPOLIECIB

Kaprta KOHTPOJIbHUX TOYOK BUPOOHMITBA E-NMOJIITI3UHY

Tabnuys 8.1

Homep R . . .
.. O0’€KT KOHTPOJIIO Hepionnunicts | HopmaTusHi
KOHTPOJILHOI 3aco0u Ta MeTOAH .
Ta MOKA3HUK, 10 nepeBipku Ta 3HAYEHHA
TOYKH Ta KOHTPOJII0 .
BU3HAYAETHCH Bi0Opy npood MOKA3HHUKA
Ha3Ba cTail
1 2 3 4 5
Kr1.2 IToBiTpsa Ha BUXOI 3 Manomer
(biJ'IIIZT a rpy6oi nepeBipKa cT p’eH}I ficna oumctrn y E =90 %,
['pyGe pa rpyo PEBIp yn ¢binpTpi rpydOTrO | THUCK 3TiTHO
OYHUCTKH, CTYIIHb OYHMIICHHS 3T1THO
OYUIIICHHS . OYHNIICHHS Macropry
. OYHIIECHHS nacnopTy ¢iabTpa
TIOBITPSI
Kt 1.3 .
. [Ticns P =1 MlIla
CrucHeHe noBiTps, Manowmerp, _
KoMmmpecyBanHs | t=120-200
KommnpecyBanns | TemriiepaTypa, TUCK TEPMOMET] . R
) MOBITPS C
TIOBITPSI
Kt 1.4 .
OxomnomxenHe [Ticns
. Tepmomerp o
MOBITPS, N OXOJIOPKEHHS t=30°C
Oxo0I0KEeHHS TeXHIYHHUI .
. TeMIeparypa HOBITPS
TIOBITPSI
Kt 1.5 . .
[ToBiTps micns o .
o . [Mcuxpomerpuunnii | Ilicns BumaneHHs o
BUJaJICHHS 3alBOI1 o . W =60%
Bunanenus METOH 3alBO1 BOJIOTH
L BOJIOTH
3aifBOi BOJIOTH
Kt 1.6
Harpire nositps Tepmomer . .
. p P, PMOMETP ITicia HarpiBaHHA t=40°C
HarpiBanus TeMIeparypa TEXHIYHUHT
MOBITPS
Kt 1.7 .
. Manowmertp, [Ticns ouncrku
QUHIICHE MOBITPA, nepeBipka CTyneHs MOBITPSA
OuuieHHs B CTYIIHb OYUILEHHS, PERIP i Py E=95%
X OYHIICHHS 3T1THO TOJIOBHOMY
TOJIOBHOMY nepernaj THCKiB s . .
. . nacnopry ¢iabTpa ¢bibTpi
¢b1abTPI
Kt 1.8
. [Ticnsa ouncTkn
OunieHHs OuurieHe NoBiTps Hepesipka cryners MOBITPS B
) ) pA, OUHIIEHHS 3T1IHO . OBITP E =99,995%
TIOBITPS B CTYITIHb OYHIICHHS . IHUBITyaTbHOMY
. . nacnopTy ¢iabTpa . .
1HIUBITyaTbHIX ¢binpTpi
¢bimpTpax
HYXT BTEK 04.01.06 KP I13
3MmH. |JIuct | Ne mokym. ITignuc Jata
Po3pob6. JKonobko O.B. JIiT. ApK. ApkymriB
Ilepesip. Crpoyvka O.1. PO3I[iJI 8 KOHTpOHB | | 89 124
Koncynomanm 6
H_Konmp, BUpOOHUITEA Kabenpa BTM
3ameepo. Tupoe T.I1.
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IHOKYJIATY B

Kt 2.1. Temmepatypa t=112°C
IIpurorysanus ta . Tepmomerp, BU3HAYAETHCS _ ’
cTepuii3arisa Hixoracaak MaHOMET 0Oe3IepePBHO ITi p=0,05
b Temnepartypa, TUCK, P, PEPBIIO T MIIa,
MHOTaCHUKA . . TOJTUHHUK, yac crepuJiizaiiii,
4Jac, BIICYTHICTh . . . . . . . 7=30 xB,
. : MIKpOOIOJIOTTYHUN | MIKPOO1OJOTIYHH . )
. MIKpOO10TH . . BIJICYTHICTb
Crepunizariis KOHTPOJIb # KOHTPOJIb TICTs . .
. A MIKpOOiOTH
MiHOTacHUKa cTepuiizanii
Kx3.1.1,3.1.2.
IIpurorysanns ta
cTepuIii3anis )
P 1 [Ticns
TUTPYBAJIBHUX Po3uun HCI 0
. . MPUTOTYBaHHS c=6%
areHTiB Konuenrpariis
pO3uuHy
[IpuroryBanusa 6%
po3unny HCI
Kt, Kx, Km 3.2.1,
3.2.2,3.2.3. Temmnepatypa c=6% ,
[IpuroryBanHs Ta Po3yun NaOH Tepmomerp, BU3HAYAETHCS t=131°C,
cTeprTizaris Temmnepatypa, THUCK, MaHOMETP, Oe3nepepBHO i p=0,15
TUTPYBaJIbHUX 4ac, KOHIICHTpaIlis, TOJIUHHUK, yac crepwiizauii, | MIla, t=40
arcHTIB BIJICYTHICTh MIKpOOIOIOTITYHUN | MIKPOOIOJIOTIYHH XB,
MIKpOOiOTH KOHTPOJIb ! KOHTPOJIb HICIS | BiACYTHICTH
[TpuroryBanus 6% creputizanii MIKpOOiOTH
po3unHy NaOH
Kt, Km 4.1.
[IpuroryBanHus Ta
. Temnepatypa _ o
CTepuIII3alis t=112°C,
. Tepmomerp, BU3HAYAETHCS _
I1PKUBIIIOBAIBHUX |  PoO34MH riioko3u . p=0,05
. MaHOMETD, Oe3repepBHO i1
pO34YMHIB Temneparypa, TUCK, L MIIa,
. . TOJTUHHUK, yac crepuizaiiii,
4ac, BIJICYTHICTb . . . . ) . . T=20 xB,
. . MIKpOOI0JIOTIYHUN | MIKPOO1OJOTIYHU . .
[IpuroryBanns ta MIKpOO10TH . . BiJICYTHICTh
. KOHTPOJIb 1 KOHTpPOJIb MICTsS . .
CTepHIII3aLis A MiKpoOioTH
. cTepuIi3aIii
1K BITFOIOYOTO
PO34YUHY TITHOKO3U
Kt, Km 4.2.
[IpuroryBanHus Ta
CTEpHIII3aIlis Temnepatypa t=13]1°C
M1 /KUBITIOBATBHUX Po3unn amoHiit Tepmomerp, BU3HAYAETHCS p=0,15 ’
PO3YHNHIB cyabdary MaHOMETD, 6e3nepepBHO il MITa ’ 40
L T=
Temnepartypa, TUCK, TOJINHHUK, yac crepuiizaiiii, ’
. . . . o . : . XB
[IpuroryBanns Ta 4ac, BIZICYTHICTh MIKPOOIOJIOTIYHUI | MIKpOO10JIOTIYHU . .
. . . . . BIJICYTHICTh
CTepHIIi3alis MiKpoOiOTH KOHTPOJIb 1 KOHTPOJIb MICTs JCyTH
. A MIKpOO10TH
IT1 KU BITFOFOYOTO cTeprIi3aIii
PO3YHMHY aMOHIH
cynbdary
Kt, Km 5.1.1. Temneparypa t=112°C
[IpurotyBanHs Ta . Tepmomer BU3HAYAETHCA ’
p YBaHH; Komno3uuis A P P, . p=0,05
CTepHIII3aIis MaHOMETD, Oe3nepepBHO il
Temneparypa, TUCK, . MIlIa,
MTOKUBHOTO . . TOJINHHUK, yac cTepuiizarii,
4Jac, BIICYTHICTh . . . o . . . T =20 xB,
CepeloBHUILA JJIs . . MiKpOOi0oIOTT9HUI MiKpOO10JI0Ti4HA ) .
MiKpoOioTH . . BIJICYTHICTh
BUPOIIYBaHHS KOHTPOJIb 1 KOHTPOJIb MICHs . .
o MiKpoOioTH
cTeprIi3anii
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Koj0ax Ha
KaJaJkax
[IpuroryBanss i
CTepuIIi3alis
KoMmIo3umii A
Kr, Km 5.1.2.
[IpurotyBanHs Ta
CTepuIIi3alis
MIO’KUBHOTO Temneparypa {=131°C
CepeoBUILA AJIs . Tepmomertp, BU3HAYAETHCS ’
Kommno3uunis B . =0,15
BUPOILYBaHHS 1 MaHOMET Oe3nepepBHO IiJ p=L
3 —
: Temneparypa, THCK, .| MIla, t=40
IHOKYJIATY B . . TOJMHHUK, qac cTepuiizanii,
conGax na qac, BiJICYyTHICTh MikDO6: D e . XB,
. . pOO10JIOTriUHUM | MIKpOO10JIOTTYHU . .
MiKpoOi0TH . . BIJICYTHICTh
KaJaJikax KOHTPOJIb i KOHTPOJIb TiCIIs . )
A MIKpOO10TH
cTeputizanii
[TpuroryBanHs i
CTEpHITI3aIlis
Kommo3sutii B
K, Km 5.1.3.
[Ipurorysanns ta
CTEpHITI3aIlis
ITOKMBHOTO Temmeparypa t=13]1°C
9
cepeloBUINA IS . Tepmomerp, BHU3HAYAETHCS
Komnosuuisa C . =0,15
BUPOIIYBaHHS 5 MaHOMETP, 0e3nepepBHO i P=", B
. Temmnepatypa, THUCK, ... | MIla, 1=40
IHOKYJISTY B . . TOJIUHHUK, yac cTepuiizaiii,
coNGax ia 4ac, BiJICYyTHICTb MiKDO6: o {DOBi . XB,
. . pOOiONOTIUHNI | MiKpOOiOIOTIYHA . .
MIKpOO10TH . . BIJICYTHICTb
KayaJkax KOHTPOJIb i KOHTpPOJIb TicIis . .
S MiKpOoOioTH
cTepuiizarii
[TpuroryBanHs i
CTEpHIII3aIis
kommno3sutii C
K, Km 5.2.1.
[Ipurorysanns ta
cTepuIi3alis
MO’KUBHOTO Temneparypa t=112°C
CepeIoBHILA IS . Tepmomerp, BU3HAYAETHCS ’
Komno3unis A . =0,05
BUPOIIYBaHHS 5 MaHOMET 6e3mepepBHO IiJ p= b
. Temneparypa, TUCK, ’ L MIIa,
MOCIBHOTO . . TOJMHHUK, Yac cTepuIti3aiii, -
MATED] 4Jac, BIICYTHICTh iKDOGI . . DG . T =20 xB,
epiaiy B TiKDOGioTH Mikpobionoriunuit | Mikpobionoriunu | . L
1HOKYJISITOp1 p KOHTPOJIb 1 KOHTPOJIb MICHs JICYTH
N MIKpOO10TH
cTeputizanii
[IpuroryBanus 1
cTepuIi3alis
KoMmo3umii A
Kt, Km 5.2.2.
IIpurorysanus ta Temmeparypa t= 131 °C
cTepuIii3ais . Tepmomerp, BHU3HAYAETHCS ’
Kommno3uunis B . =0,15
MO>KUBHOTO TeMmenar 1:1 THCK MaHOMETP, 6e3nepepBHO IiJ er')la 1; — 40
cepeoBHUIIA IS qac ]I: mgp IinCTL ’ TOJIMHHUK, yac cTepuizarii, ;(B
BHPOILIYBAHHS ’. gT MiKpOO1OJIOTiYHUN | MIKpPOOi1OIOTIYHH . .
. MIKpOOi0TH . . BIJICYTHICTh
MIOCIBHOTO KOHTPOJIb 1 KOHTPOJIb MicCIIs 0Gio
. N M TH
MaTtepiaiy B cTepuitizanii p
1HOKYJATOpI1
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[IpuroryBanss i

CTepuIIi3alis

KomMno3uilii B

Kr, Km 5.2.3.

[IpurotyBanHs Ta

CTepuIIi3alis

MO>KUBHOTO Temnepatypa {=131°C

CepeOBUILA AJIs . Tepmomer BU3HAYAETHCS ’

BII)/I OIIlYBaHHS Kovmosumis C MEII)HOMCT > Oe3mnepepBHO Mif p=0,15
POTLyB Temneparypa, THCK, P, PEPBIIO T Mlla, t=40
MOCIBHOT'O . ) TOJIUHHUK, yac crepuJiizaiiii,

. gac, BiJICYyTHICTb . . D ) : . XB,

Marepiany B . . MIKpOOIOJIOTTYHUN | MIKPOOIOJOTIYHH . .

i . MIKpoOi0TH . . BIJICYTHICTh

THOKYJISITOP1 KOHTPOJIb # KOHTPOJIb TICTs . .

S MiKpoOioTH
cTepuiizarii

[TpuroryBanns i

CTEpHITI3aIis

kommo3utlii C

K, Km 5.3.1, 5.4.1.

[Ipurorysanns ta
CTEpHITI3aIis
MMOYKWBHOTO Temneparypa t=112°C

b

CepeoBHILA IS . Tepmomer BHU3HAYAETHCS _

BII)/I OIIlyBaHHS Kommnosuuist A MZIl)HOMeT p’ Oe3nepepBHO 1T p=0,05
POILYB Temneparypa, TUCK, P, PEPBHO Tl MIlIa,
MIOCIBHOTO . . TOJIUHHUK, Yac cTepuiizaiii,

. yac, BIACYTHICTb . . . . ) . . T=20xB,
Marepiaiy B . . MIKpOO10JIOTIYHUN | MIKPOO1OJOTIYHU . .
. . MIKpOO10TH . . BIJICYTHICTb
1HOKYISATOP1 KOHTPOJIb i KOHTPOJIb MICHs . .
A MIKpOOiOTH
cTepuIi3aIii

[TpuroryBanHs i

CTEpHIII3aIiA
KOMITO3UIIIT A

K, Km 5.3.2,5.4.2.

[Ipurorysanns ta
cTepuIi3alis
MOYKWBHOTO Temnepatypa t= 131 °C

CepeIoBHUILA IS . Tepmomer BU3HAYAETHCS ’
BIIQ/I Ii)m ]I;;.Hfllﬂ Kommnosuuis B M;_)HOMCT p, Oe3nepepBHO i p=0.I5

pory Temneparypa, TUCK, P, PEpBHO 11 Mlla, ©=40
MTOCIBHOTO . . TOJINHHUK, yac crepuJiizariii,
: gac, BiJICYyTHICTb . . D . : . XB,
Matepiany B . . MIKpOOIONOTTYHUN | MIKPOOIOIOTIYHH . .
. . MiKpoOiOTH . . BiJICYTHICTh
THOKYJISITOP1 KOHTPOJTh 1 KOHTPOJIb TICTIs . .
N MIKpOO10TH
cTepuizanii
[IpuroryBanus 1
cTepuIIi3alis
KoMro3uIlii B
Kt, Km 5.5.2.
[IpuroryBanHus Ta
. Temnepatypa _ o
CTepuIII3alis t=130 °C,
. Tepmomerp, BU3HAYAETHCS _
TI0YKUBHOTO Komnosuuis A : p=0,15
MaHOMETD, 6e3nepepBHO i
cepenoBua g | Temmeparypa, TUCK, R MIIa,
. . TOJTUHHUK, qac cTepuizaiii,
BUPOOHUYOTO 4ac, BIACYTHICTb . . . . . . . T=5-7 XB,
: . . MIKpOOI0JIOTTYHUN | MIKPOO1OJIOTIYHH ! .
OlocuHTE3Yy MIKpOOiOTH . . BIJICYTHICTh
KOHTPOJIb 1 KOHTPOJIb MICTs ! .
S MIKpOOIOTH
. cTepuiizarii
Crepunizaris
KoMmIo3umii A
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Koaekuiiina

KyJbTypa
Streptomyces
Temneparypa
albulus L.S-84 Jatuuk BH3Han:1€T}II£;1
Kt, Km 6.1 Mopdonoriuna t=4°C,
. S TEMIIEPATYPH, Oe3nepepBHO, . .
[TinTpuManHs OJIHOPITHICTb, . . . BIJICYTHICTh
IV . . TOJUHHUK MiKpOO10JIOT1YHU N
KOJIEKL[1HOT BiJICYTHICTb . X . . CTOPOHHBOI
N MIKpOO10JI0T1YHU I 1 KOHTPOJIb IPU . .
KYJIbTYypU CTOPOHHBOI . . | MIKpoOioTH.
. ) KOHTPOJIb nepeciBax KOxHi
MiKpo0ioTH, o
. . 3 micsi
BIJICYTHICTb
HEKOHTPOJIbOBAHUX
MyTalii
Konexkuiiina
KyJbTypa
Streptomyces
Temmeparypa
albulus L.S-84 patyp _apo
Krt, Km 6.2 . Jlatauk BHU3HAYAETHCA t=30"°C,
Mopdonoriuna
OnepxanHs ONHOPIAHICTS TeMnepaTypu, 6e3repepBHO, t=24rox,
po0oU0i KyIbTypH BiI[Cp HiCTE ’ TOAUMHHHUK, MIKpOOIOJIOTIYHH | BiJACYTHICTh
Ha arapu30BaHOMY oTo };THHLOT MiKpoOioJoTriuHui 1 KOHTPOJIb CTOPOHHBOI
CepeIOBHIIII ropon KOHTPOJIb IPOBOJATH KOXKHI | MIKpoOioTH
MiKpo0ioTH,
. ) 8 roanu
BIJICYTHICTb
HEKOHTPOJIbOBAHUX
MyTalii
Konexkuiiina
KyJbTYypa Temnepatypa
Kt, Km 6.3 Streptomyces Jatunx BU3HAYAE€THCS t=30 °C,
BuponiyBanus albulus 1.S-84 TeMIIepaTypH, Oe3nepepBHO, t=24rox,
KYyJIbTypHY Ha Temneparypa, T'OJINHHUK, MIKpOOIOJIOTIYHU | BiJICYTHICTh
pinkoMy TPUBAJICTD MiKpOO10JI0TYHUI 1 KOHTPOJIb CTOPOHHBOI
CEepEeIOBHUIIII BUPOIIYBAHHS, KOHTPOJIb IPOBOJIATH KOXKHI | MIKpOOioTH
MiKkpoOionoriuna 8 rouH
YHCTOTA KYJIBTYPH
Temmepatypa
IHociBHmii maTepiau BHU3HAYAIOTHCA 1 =30 °C
Kt, Km 6.4 Temneparypa, Tepmomerp, KOHTPOJIIOKOTBCS 4 ’
. t=24r0
BupontyBanns TPUBAJIICTh TOIMHHUK, 0e3nepepBHO, . O
. . D . : . BiJICYTHICTh
KYJIbTYPH B KOJIOax BHUPOIIYBaHHS, MIKpOOIONOTTYHUN | MIKPOOIOIOTIYHH ACYT .
. . . . CTOPOHHBOT
Ha Kavajikax MiKpoOioyoriyHa KOHTPOJIb 1 KOHTPOJIb opot!
. | MiIKpoOioTH
YHCTOTa KyJIbTypH MPOBOSTH KOXKHI
8 roguH
ociBuuii
. Temneparypa,
marepiaJ, .
Temneparypa JlaTumk HIBHAKICTR
T I/IBaHiC};L , TeMIepaTypu obepraii t=30°C,
Kt, KM, Kx 6.5 p patypu, BH3HAYAIOTHCH 1 t=24rox,
BUPOIIYBaHHS, TOJTMHHUK,
BupomyBanus . KOHTPOJIIOIOTHCS o =220
qacToTa 00epTiB TaxoMeTp,
KYJIbTYpH B . 6e3nepepBHO, 00/XB,
. . MiTITaJIKH, JATIUK . : : ) .
1HOKYNATOp1 . . ; . MIKpOOIOJIOTIUHHN | BiJCYTHICTH
, MikpoOioJoriuHa MiHOYTBOPEHHS, o N
o0’emom 10 11 1 KOHTPOJIb CTOPOHHBOT
YHCTOTa KYJIBTYPH, nmaTauk pH, . . ) .
. . MIKPOCKOIIIIOBaH | MiKpoOioTH
MopdoJoriuna MIiKpPOCKOII
. o HSM TPOBOJSTH
BIJIMOBIAHICTD .
. KOKHI § TOIUH
Oprasi3miB
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IociBHnii

MarepiaJ, Temneparypa, pH
Temneparypa 1 IBUKICTD
patypa, Jatuuk A t=30 °C,
TPUBAIICTD o0epTaHHA
TeMneparypu, . t=24rox,
Kt, KM, Kx 6.6 BUPOILLYBAHHS, BU3HAYAIOTHCS 1
. TFOJIMHHUK, o =220
BupouryBanus yacToTa 00epTiB KOHTPOJIOIOTHCS
KYJIBTYpH B MIIIAJIKH, PiBEHb TaxoMetp, Oe3nepepBHO 00/x8,
) YARTY ; i JaTUYUK . . L pH=16,8
1HOKYJISITOP1 pH, . MIKpOOi10JIOTTYHH ; .
, . X . MHOYTBOPEHHS, o BIJICYTHICTh
00’emom 100 1 MIKpOOi0JIoTriuHa 11 KOHTPOJIb .
natyuk pH, . . CTOPOHHBOI
YHCTOTA KYJbTYpPH, . MIKpPOCKOIIFOBaH . .
. MIKpPOCKOII MIKpoOi0TH
Mopooriyna HSM TIPOBOJSITH
BIJIMTOB1/THICTH KOXHI 8 TOIMH
MIKpOOpraHi3MiB
HociBanid
marepiaJ, Temnepatypa, pH
Temneparypa 1 IIBUKICTD
patypa, Hatunk A t=30 °C,
TPUBAJIICTH o0epTaHHs
TEMIIEpaTypH, . t=24ron,
Kt, Km, Kx 6.7 BHUPOIIYBaHHS, BU3HAYAIOTHC 1
. TOJIMHHUK, o =220
BupomyBanus qacToTa 00epTiB KOHTPOJTFOIOTHCS
KYJIbTypH B MIIIIAJIKH, PIBEHb TAXOMETD, Oe3repepBHO 00/xs,
KyneTypu's - P ATYUK ) PCPBHO, pH=16,8
THOKYJISATOP1 pH, . MiKpOOi0IOTYHA ; .
, 3 . . . MIHOYTBOPEHHS, o BIJICYTHICTh
o0’emoM 1 M MiKkpoOionoriuna 1l KOHTPOIIb .
natauk pH, . . CTOPOHHBOT
YUCTOTA KYJIbTYPH, ) MIKpPOCKOITIFOBaH . .
. MIKPOCKOII MIKpOO10TH
Moposoriuna HSIM TIPOBOJIATH
BIITOB1AHICTB KOXHI 8 roana
MIKpPOOPTaHi3MiB
KyabTypanbHa t=30 °C,
iTnHAa =196 ro
P ’ Temneparypa, pH &
Temnepatypa, . X o =220
: 1 IBHUJIKICTh
TPUBAJICTh Jatuuk 00/XB,
KYJIbTUBYBaHHS TeMIlepaTypu obeprans H=16,8
Kt, KM, Kx 7.1 L patypu, BU3HAYAIOTHCH 1 p ’
N yacTora 00epTiB TOJUHHUK, Crooxosu = 10
Bupobunuuit . . KOHTPOJIFOIOTHCS
MIIIAJIKH, PIBEHb TaxoMeTp, /1
mporec y . . Oe3nepepBHO,
) pH, piBeHb miHWU, aTYUK . ; . Cnua+ = 0,2
bepmenTepi . . . . MIKpOO10JI0T1YHU
, 3 MiKpoOiooriyHa MIHOYTBOPEHHS, o r/n
ob'emom 16 m YHCTOTa KYyJIbTypH natauk pH 11 KOHTPOIID C =
YARTYPH, ; Pt MiKPOCKOITIFOBaH STOTIBHIY
KOHIICHTpAIIIS €- MIKPOCKOII 32,6 1/7,
. HSIM TIPOBOJISATH : .
MOJLTI3UH . BiJICYTHICTh
y? KOXHI1 12 roanu ACYT o
KOHIISHTpAITis CTOPOHHBOT
6iomacu MIKpOO10TH

8.2. Mikpo0iosioriyHuii KOHTPOJIb

Mikpo6iosoTIYHNNA KOHTPOJIb 3AIMCHIOEThCA po3ciBoM Ha yamiku [letpi 3

arapyu3OBaHUM MOXKMBHUM CEpPEIOBHUIIEM 1 MIKPOCKOMitOBaHHS. MikpoOioJoTriuHuii

KOHTPOJIb BiIOYBAETHCS Y JIBa €TAMK: MEPITUNA eTal — MIKPOCKOTIFOBaHHS, a IPYTU —

BHCIB METOJIOM BUCHAXYIOUOI0 IITpHXa Ha yamku [letpi.

Mopdonoriunoi xapakrepuctuku ais S. albulus 1.S-84 Ha chOrOAHINIHINA ICHB

HEMAE,

ajle B cCTarTi

[80] ommcyroTbCs MOPQOJOTIUHI XapaKTEPUCTUKH JJIs

Mikpooprauizmy S. albulus 436, sskuii IposIBIsie CX0XK1 BIaCTUBOCTI 10 cuntesy e-11J1.
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3a3Bu4ail Ha BUPOOHUIITBI HEMAE TIOCTATHHO YacCy JIJIsl OUIKYBaHHS PEe3yJbTaTiB
MIKPOOHOT'O KOHTPOJIIO BHCIBOM Ha 4Yamiku Ilerpi, Tomy yacriiie BUKOPHUCTOBYIOTH
METOJ1 MiKPOCKOITIFOBAHHSI.

Yucroty BUNpPOOYBaHOI KYyJIbTYpH Ta ii MOPQOJOTii0 OLIHIOIOTH METOAOM
CBITJIOBOI MIKpoOcKormii. 3pijia cropa Mae emnincoiganbHy ¢GopMmy, 3 NPUOIUZHUM
po3mipom 1,2-1,5 MKM Ta TOT4aCTOIO TIOBEPXHEIO.

KynpTypansHy pimuHy po3CiBalOTh METICIO M0 1301hbOBAHUX KOJIOHIN Ha YAIIKH
ITerpi 3 M'sco-nentTonHuM arapom (MITA) s BUsiBIIeHHsI 6aKTepii 1 3 cyciao-arapomM
(CA) — nns rpubiB 1 JPIKIKIB.

VY nanHoi KyapTypu cyOCcTpaTHUN Millemii 0J11/10-)KOBTOTO Kobopy. [loBiTpsHuii
MILIENHA XapaKTEPHUI IPHU POCTI HA TAPO3MHOBOMY arapi Ta JESIKUX 1HIINX MOJI0OHMX
pPOCTOBUX CyOCTparax Ha BCIX IHIIUX HASBHICTh MOBITPSHOrO MILENII0 HE
CIIOCTEPITa€eThCS. 3pUIUN CIOPYJILOBAHUM MOBITPSIHUM MIIENii 3a3BU4ail ciporo abo
CIpyBaTO-KOPUYHEBOTO KOJIHOpY [80].

8.3. Iloka3HUKHM POCTY i CHHTE3y HUIHOBOI0 MPOAYKTY
8.3.1. BuzHaueHHs KOHIEeHTpPAaLii 6iomMacu

[Ticnst 3aBepuieHHs KylabTUBYBaHHA Miueni S. albulus LS-84 BigainsioTh
GIIBTpYBaHHSAM  KyJIbTYpajdbHOI — PIAMHMA.  3aJUIIKKA  MINENTiS  OCaIXKyHTh
uentpudyryBanusm 6000 g, 20 xB. Miuemiid BucymytoTh ynpoaosx 10 rox 3a
temriepatypu 100°C y BakyymHi# nieyl A0 MOCTiiHOT Bary. Ilicis BUCylyBaHHS Cyxy
6iomacy 3BaXKylOTh 1 mepepaxoBytoTh y 1/11 [30].

8.3.2. KoHuenrpauis uijib0BOro npoaykKry

KonnenTpartis €-I1J1 Bu3Hauaetses 3a gonomororo Meroay Itxaki [81]. Metony
ITxaki 0yB BuHakaeHuii B 1972 poiii, y X011 JOCJIIKEHb CIIPSIMOBaHUX Ha BU3HAYEHHS
BifmcoTka BUtbHUX JIHK-dhocharaux rpyn B xpomatusi (1,2) misxom ix 3B's13yBaHHSA 3
noiaizuHoM [82].

Ipunyun memody. Meton 0a3yeTbCsi Ha peakilii aHIOHHOTO OapBHUKA
MeTus0Boro nomapandeBoro (MII) 3 i3uHOM IpH TaKUX YMOBAX, IO CKJIATHUN 0caj
(re3B'szanuit MII) oriHOIOTE 0 a0COPOINIT CynepHaTaHTy.

Texnixa suxonanns. [IpoOy KyabTypallbHOI piuHA 00’ eMOM | MJI TOMITIAIOTh

y HEeHTpUPYXHY NpoOipKy, HEHTPUPYTYIOTh MPOTATOM 5 XB 32 4aCTOTH OOEpTaHHS
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2500 06/xB. 0,1 M1 cynepHaTaHTy J0Aar0Th A0 cymitii 1,9 mi docdarHnoro 6ydepa ta
2,0 MJ1 METHJIOBOIO MTOMapaH4Y€BOro PO3UMHYy B mpodipii o6’emom 15 M. Cywmim
CTPYIIYIOTh Ha Iekiikepi Brpo1oBxkK 30 xB. I1icis miboro cymimn neHTpudyryroTs 3a 400
g yrposioBXkK 15 xB. ONTHYHY TYCTUHY OTPUMAHOTO CYIIEPHATAHTY BUMIPIOIOTH TPH
nosxuHi xBuii 465 uM. Konuenrpartito e-11J1 o6uncmioroTs 3 kaniopyBaibHOI KPUBOT,
noOyI0BaHoi 3a cepiero cTaHAapTHUX po3uuHiB g-11J1.
8.3.3. Konuenrpauisi xxxepesia ByrJjiemio i a3ory

Konuenrpauniss mxepesna Byriemo. OCHOBHUM JKEPEIOM BYIVICIIO B
CEpEIOBHUILI KyJIbTHBYBaHHS € IIIOKO3a. KOHILIEHTpalio IIIOKO3M BH3HAYalOTh 3a
nonomororo 6ioceHcopa SBA-40C obnagHanuii enekTpojaMu Tiitoko3ookcuaasu [30].

Hiss 6iocencopHoro anamizatop SBA-40C 3acHoBaHa Ha 1MMOO1II30BaHOMY
(epMEeHTI K KIOUYOBOMY KOMIIOHEHTI, a IHTEJIEKTyaJlbHUH IHCTPYMEHT 3 JIBOMa
IHAEKCAaMH YNPABISAETHCS MIKPOKOMI'IOTEPOM. Y HBOTO € JBa €JeKTpoda Uis
010JIOT1YHOTO BUSBJICHHSI, BIH MOK€ BUKOPHUCTOBYBATH OJIMH 3Pa30K JJIsi OTPUMAHHS
pe3yJbTaTiB KUIBKICHOTO aHai3y JABOX PEUYOBHH OJIHOYACHO, IMICJIS BUMIPIOBaHHS
ABTOMATUYHO BIIOYBAETHCS IMKJI MPOMHUBAHHA, a TMOTIM TPOBOJUTHCS HACTYITHE
BUMIpIoBaHHA. Komn'torep MoXe aBTOMAaTUYHO KaliOpyBaTHCS JUIsl JOCSTHEHHS

TOYHMX KUIbKICHUX pe3yJbTaTiB BUMIPIOBaHb [83].

Puc.8.1. biouytnusuii ananizarop SBA-40C

[punuun podoru Gioanasizatropa SBA-40C. BukoHye KUIBKICHY OI[IHKY
JpKepesa ByTJelo (TI0K031) 3a JOMOMOT0I0 (pepMEHTAaTUBHOI peaKilii.
Ipunyun 0ii: iMMOO1LTI30BaHUN (epMEHT KaTalli3ye YTBOPEHHS TJIFOKOHOBOL

KHUCJIOTH, MIpYyBaTy Ta 1HIIMX MPOJAYKTIB 3 MEBHOTO CYOCTpaTy Ta yTBOPIOE MEPEKHC
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BOJHIO, SIKAW JaJll BIJHOBIIOETHCS HA aHOJI, 110 MPU3BOAUTH JO 301IBIICHHS CHUIIU
ctpyMy. CTpyM, SIKMil BUHMKAE 1] YaC BUMIPIOBAHHS, MPONMOPLIMHUI KOHIIEHTpaIlli
IIFOKO3W B 3pa3Ky. Komm’rorep 34MTye J1aHi 1 BUBOJAUTH KIJIBKICTh TOCTIIKYBaHOTO
3pa3ka.

Y BUpOOHUYIH MPAKTHUIIl PO3BEICHHS 3pa3ka MOYKHA PETYJIIOBATH BIJIIIOBIIHO /10
(GakTUYHOI cUTyallli, TAM CaMHUM JOJATKOBO MiJBUIIYIOUYM TOYHICTh BUSBICHHS Ta
aHaJli3y 3a J0IMOMOrow 0ioceHcopa.

Konnenrpauis mkepena azory. OCHOBHUM JDKEpPEJIOM a30Ty B CEPEIOBHUIII
KynbTuByBaHHS € (NH4),SO4. 3a3Hauumo, mo NHy -N B 0CHOBHOMY BH3HAYAETHCS 3a
J0TIOMOTOI0 KOJIOPUMETPUYHOTO METO/Y 3 BUKOpHUCTaHHAM peakTuBy Hecciepa [30].

Ilpunyun memoody. Meton 3acHOBaHWI Ha BJIACTUBOCTI peakTuBY Heccrepa
JaBaTH KOJbOPOBY PEAKIIIO 3 I0HAMH aMOHIIO.

Texnixa suxonanns. [IpoOy KyIbTypalIbHOI piIMHUA 00’ €MOM | MJT MOMIIIAIOTh
y HeHTpU(yXHY TpoOIpKy, HEHTPUDYTYIOTh OPOTIATOM 5 XB 32 4YaCTOTH OOEpTAHHS
2500 06/xB. 0,2 MJI CylepHaTaHTy MOMIIIAIOTh Y TIPOOIPKY 3 OOPOCHIIIKATHOTO CKJa
(25x200 mM) 3 1 Mt guctriiboBanoi Boau. [licis 1iporo qonarTs 0,5 T cipyaHOKUCIOTO
kaiito, 0,5 M po3uuny cynbdary pTyTi, 1 1,5 MJI KOHIEHTPOBAHOI CipYaHOI KUCIOTH.
Jlo maHOTO PO3UMHY JOMAIOTh CKIISIHY KYJIbKY 1 MOYMHAIOTH KUIT ITUTH YIIPo10BK 30
XBWIMH. HeoOX11HO MPpUAIUTH yBary 3amno0iraHHIO BUBLTbHEHHIO NApiB 3 MPOOIPKH.
[IpoOipku TPOXHU OXOJIOAXKYIOTh, @ PEYOBHHU 13 CTOPIH 3MUBAIOTh 3a JOIIOMOIOK0 5 MJI
TUCTIIIbOBaHOI BoaH. [Ticis mporo qonarTh 0,2 M1 IMHKOBOTO MUY /IS 3B’ SI3yBaHHSI
31 PTYTTIO, 1 CyMilll OOEPEXHO HArpiBarOTh MPOTATOM 2-3 XB MOKU HE Bi1IOYAETHCS
BUJMMO1 peakilii IMUHKY 3 po3unHOM. [10TIiM CcyMilll OXOJOMKYIOTh, MICS YOTO TPH
Oe3nepepBHOMY TMeEpeMilllyBaHHI J0Mal0Th 7,5 mu HaTpik Tiapokcumy. [IpoGipku
OXOJIO/DKYIOTh JIO KIMHATHOI TeMmiepaTypu 1 00°eM JA0BOJATH A0 15 mi
JUCTUIILOBAHOIO BOJIOIO.

VY npobipky 3 10 mi nuctriboBaHoi Boau JaoAar0Th 0,5 M MPUTOTOBAaHOTO
po3unHy. [IpobOipKy mOMImamTh y KPKaHy BOJIY NMPHOIU3HO HA 5 XBUJIMH, MOTIM
nonarTh 1,5 mu pearenty Heccrnepa. [IpoGipky 3aKkpuBarOTh KOPKOM 1 3aJIHINAIOTH Y
KpuXKaHid BojAl. [HTEHCHBHICTH KOJBOPY BHU3HAuUaeThcsd dYepe3 15 XB Ha

(GOoTOENEeKTPUUHOMY KOJOpUMETpi mpu AoBXkuHI xBuial 450 wM. Bwmict azory
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OLIHIOETHCS 32 CTAHIAPTHOIO0 KPUBOIO MK MOKa3aHHSIMHU KOJOPHUMETpa Ta BMICTOM
a30Ty, OTpPUMaHUMHU 00POOKOIO PSAY CTaHAAPTIB a30Ty, Bia 0 1o 1000 mr.

Maxkpoeusnauennsi azomy. SIKIIO BUABIEHO, IO BMICT a30Ty B 3pa3Ky
nepesuiye 750 Mr, TO TOUHICTh MIJBUIIYETHCS HUIIXOM PO3BEIACHHS MPUTOTOBAHOTO
po3unHy 1 o 1. IloBTOpHE BH3HAUEHHS KOJBOPOBOCTI JOCIIIKYBaHOI MHpoOU
OpOBOAATH Ha Apyrid mpobi ob'emom 0,5 M. Bmict a3oTy BH3HaudaeThcs 31
CTaHJapTHO1 KpUBOi [84].

8.4. Iloxka3HMKM SIKOCTi FOTOBOI0 MPOAYKTY

J1J1s1 KOHTPOJTIO TOTOBOT MOPOLIKOMOAI0HO1 CyOCTaHIi £-MOJIUTI3UHY TPOBOJSATH

Taki BUIOPOOYBaHHS: ONUC, 1IEHTU]IKALIS, KUIBKICHUM BMICT €-TIOJUII3UHY, BTpaTa

Macu IpH BUCYIIyBaHHI (Boaa), pH po3unHy Ta aHTUMIKpOOHA aKTUBHICTb.

Omnmuc.

['irpockoniyHMii HOPOLIOK CBITIO-OBTOT'O KOJIBOPY 3 TIPKyBaTUM CMakoM [85].

InenTudikamis.

HaBaxxky cyOcTaniiii e-nmonunizuny KutbkicTio 0,05 r po3unssiors y 5 mi 0,7 MM
O0ydepHoro pozunny Hatpito Gocdary (pH 6,9). OTpumanuii po34rH OUUIILYIOTh T'€Jlb-
dinpTpamiero Ha KOJIOHINI 31 cmojoro Sephadex G-25 fine (20*%1,5 cwm),
BukopuctoByroun 0,7 MM Oydepuuii po3unH Hatpio (ocdary sik emtoent. [Hami
CMYKKY 3 (UIbTpYBaJIbHOTO marnepy BMOUYIOTh y 0,2%-uil pO3YMH HIHTIIPUHY B
aleToH1 Ta BUCYIIYIOTH ii 3a Temrepatypu 80 °C. Ha BucymieHy cMy»X Ky HaHOCSATH
KpaIjIl0 OTPUMAHOTO €JI0aTy Ta (PIKCYIOTh HASBHICTh MOJUIIBUHY y PO3YMHI 32
YTBOPEHHSM ITypPITypOBOIr0 3a0apBiICHHS BHACIIIOK PEAKIIil MOIUII3UHY 3 HIHT1IPUHOM
[82].

KisIbKiCHHI BMICT &-IOJIUII3HHY.

BwMmicT e-monini3uHy BU3HAYAIOTh KOJOPUMETPUYHUM MeTonoM [86]. HaBaxky
cyOcTaHIIii KUTBKICTIO 5 MT PO3YMHSIOTH Y 10 MJT BOJIM OYHUIIICHOT (3 METOIO OTPUMAHHS
PO3UYMHY MOJIUTI3UHY KOHIIeHTpaliero 0,5 Mr/mit). 3 oTpUMaHOTO PO34YMHY BiAOMPAIOTH
0,1 mn y nentpudyxny npobipky, roaarwts 1,9 mi 0,1 MM docdartroro Oydepy (pH
6.6) ta 2,0 ma 0,1 MM po3urHy METHJIOBOIO MOMapaHYEBOIo. Y TBOPUTHCS OCal

(pe3ynbTaT peakiii MK KaTiOHaMW TMOJUII3MHY Ta aHIOHAMU METHJIOBOTO
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MOMapaH4YeBOro), AKUH BIIAUIAIOTH HeHTpUGyryBaHH M 3a 2500 06/XB mpOTIrom 5 XB.
Bu3zHayaioTh ONTUYHY TYCTUHY OTPUMAHOIO CYNEpHATAHTY Ha CIIEKTPO(POTOMETpi 32
TOBXUHU XBUI1 465 HM BigHocHO 0,1 MM po3uuny docdatHoro O6ydepy, micist 4oro
BHU3HAYAIOTh KOHILIEHTPAIlI0 €-TIOJUTI3UHY B 3pa3Ky 3a KaliOpyBaJIbHUM Tpadikom.
Bwmict e-noninizuny noBuHeH OyTu He MeHie 95% [85].

Brpara macu npu BUCyLIyBaHHI (B0oaa).

HaBaxky cyOcTaHIlii &-MONUI3HUHY Macor | T MOMINIAIOTh Yy MOMNEepPEaHbO
BUCYIICHUM 1 3BaKCHUH OIOKC (3 BIAKPUTOIO KPHUIIKOIO), BUCYIIYIOTh Y CYHIHJIbHIM
madi 3a temneparypu 100 °C go noctiitHoi mMacu. Jlam BIIKpUTHI OIOKC pa3oM 3
KPUIIKOI MOMIIIAIOTh B €KCUKATOP ISl OXOJIOMKEeHHsS Ha 50 XB, MICIsA 4Oro Horo
3aKpPUBAIOTh KPHIIKOIO, 3BAKYIOTh 1 OOYHCIIIOIOTH BTpAaTy Macu NpPHU BUCYITyBaHHI
[ADY, p. 2.2.32]. Brpata Macu npu BUCYIIYBaHHI HE Ma€ nepeBuiryBatu 5% [85].

Mikpo06iosioriuna yucrTora.

JocnimxeHHs: MiKpoO10J0TIYHOT YUCTOTU MPOBOAATH 3rifgHo 3 DY, p. 2.6.12.
KoHTpomooTe 3aranbHuii  BMICT aepoOHHUX 1 (aKyJIbTaTUBHO aHAEpPOOHUX
MikpoopraHi3miB B 1 r cyOcraniii. 10 r cyOcraniii monuni3uny po3uuHsoTs y 100 mi
OydepHoro po3uuny 3 HaTpito xjopuaom 1 nentonoM (pH 7,0), orpumyroun pobouuii
posuun. Y yamku Iletpi BHOCATH 15-20 M pO3IIaBICHOTO IMIJIBHOTO TOKHBHOIO
cepenoBuma MITA nna BusHaueHHs Oaxtepiii Ta cepegosumma Calypo s
BU3HAYECHHS TpUOIB 1 JAlOTh CEPEeNOBHILY 3acTUTHYTH. I[[iACylmIyroTh Yaliku B
tepmocTtari. 0,1 MJI OTPUMAHOTO PO3YMHY PO3MOAUISIOTH MO MOBEPXHI MOXHUBHOTO
cepenoBwuina mmareaeM [[puranbcpkoro. st KOKHOTO PO3BEACHHS BUKOPHUCTOBYIOTh
HE MEHIIIE IBOX Yallok [1eTpi 3 Ko)KHUM MOXKUBHUM cepefoBulieM. [TociBu iHKyOytOTh
3a remrepatypu Bix 30-35°C (20-25°C mns rpubiB) mpotarom m’atu 1i60. BinbuparoTs
Yaliku, BIJMOBIAHI OJHOMY PO3BEACHHIO, JJISI SKOTO KUJIbKICTh KOJOHINM Ha OJHIN
gammi [lerpi ve nepesunnye 300 mis 6axtepiit 1 100 — mst rpu6iB. OOUMCTIOIOTH
cepeqHe apudMeTHUHE 3HAUYCHHS 4YHCIAa KOJOHIM 1 BH3HA4YalOTh YHCIIO
KOJIOHIEYTBOPIOIOYHX OJUHUIE y rpami. B 1 r cyOcTanmii nomyckaerbes He Ginbime 10°

KJIiTHH GakTepiit i 10% KIiTHH MIKpOMILETIB i IPIXKIKIB.
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PO31JI 9. ABToOMaTu3anis JiJIAHKA BUPOOHUIITBA
9.1 AHaJti3 TEXHOJIOTIYHOT0 MPOIeCY BUPOOHUYOI JUISTHKY 3 (POPMYBAHHAM
3aBJaHHSI HA PO3PO0KY CHCTEeMH aBTOMATH3AIIIL

Jlns aBToMaru3amii 0OMpaEMO AUISHKY CYIIIHHS I[IJIbOBOTO TMPOAYKTY-
PO3MUITIOBAJIHE CYIITHHS.

[IIo6 oTpuMaTu &-MONUII3UH, SIKUA € MPOAYKTOM MeTabounizmy Streptomyces
albulus LS-84 Ba)XIMBOIO CTaAI€I0 € OTPUMAHHS CYXOTro MOPOIIKY. JJsi JocAreHHHs
JAHO1 METH ONTUMAJILHUM € BUKOPOUCTAHHS PO3MIIIOI0YOI CyIIapKu, ocKiIbku g-11J1
HE BTpayae CBOiX BiacTuBOCTel npu temmepatypi 120 °C Brpomosxk 20 XB.

Jns BUCYILITYBaHHS €-MOJIIBMHY KOHIEHTpaT o0’emoM 1480 1 3 30ipHHKA
00’emom 1,6 M’ mepekauyeTbCcs HACOCOM 0 PO3NMIIOBAILHOI CyHIADKH, €
BiJI0yBa€eThCs Horo cymriHHs npu temiepatypl 120 °C. B skocTi cymmIbHOTO arenra
BUCTYIIA€ HArpiTe MOBITPS, B pe3yibTaTl OTPUMYEMO TOTOBUM HAMIBIPOAYKT —
MOPOIMIKONOMIOHUN e-monuTi3uH. [licas 3akiHYeHHS MpOIeCy CYIIIHHA MOPOIIOK
MOJIA€THCS B TIEPECYBHY EMHICTb.

B pe3ynbrari aHamizy TEXHOJOTIYHOTO Mpolecy 3po0JeHl BHCHOBKH, IO
aBTOMAaTH3allisl TOBUHHA 3a0€31eUyBaTH:

1. KoHTpOJb 1 yripaBiiHHS 32 pIBHEM PIJIMHU Y 301pHUKY TPOMI>KHOTO TPOIYKTY
3 yIpaBIiHHAM oAaul piaAuHu y 30ipHUK 110 70 %.

2. YrpaBiiHHSI HACOCOM TMEPEKAYKU PITUHU («BKIIOUCHO», «BIAKIIOYEHOY) 13
301pHUKA Y PO3NIIIOIYY CYIIAPKY

3. KonTtpoinb TemmnepaTypu TEIJIOHOCIS Yy PO3MUIIIOIOUIN CyIapili Ha BXO[l B
KaMmepy Mo MiCIIHO.

4. KoHTpoIib 1 peryitoBaHHs TEMIEPATYPH B KaMepi y PO3MUIIOI0YIN CcymIapiii

[JIAXOM BIIJIMBY HAa BUTPATy IIapH.

HYXT BTEK 04.01.06 KP I13
3mH. fJIuct | Ne mokym. ITigmme Jara
Po3pob6. JKonobko O.B. JIiT. ApK. ApkyriB
[epesip. Crpoyora O.1 Po3ain 9. ABTomaTu3aiiis | | 100 122
Koncynomanm | Knumenxo O.M. .
1. Konmp. JUJISTHKA BUPOOHUIITBA Kadeapa BTM
3ameepo. Iupoe T.I1.
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3aB1aHHA HA PO3POOKY CHCTEeMH aBTOMATH3aNil

Taobnuus 9.1

3aco0u ynpaBaiHHA

. [Mpunycrum
MamuHa, arperar, IMapametp, micue o EHaZeHHH Bun Xapakrep KOHTPOJII0 Ta KOHTPOJIIO,
YCTaHOBKA Bif0Opy curaasy ADAMETDA aBTOMAaTH3aMil YM yIPaBJIiHHA peasizamii
P P YIPaBJIAKY0I il
Bino6paxxenns
: KonTpoiib 7106P . APM omneparopa
301pHUK PiBCHE DML B peecTparis
MPOMI>KHOT an ;) ;ITi 70% BB Ha mogauy
0 MPOJYKTY P YnpapniHHs ABTOMaTHUYHE KOHIICHTpATy B
301pHUK
BBiMmkHeHO/ : . 15 Ha IBUTYH HACOCY,
Hacoc Cran Hacocy YrnpaBmHHA Pyune, qucranmiiine A ABHTY y
< BUMKHEHO APM onepaTtopa
= Temmnepatypa
= : . Bino6paxxenns
g TEIUIOHOCIS Ha BXOJ1 B 105°C KonTpouib ﬂeefT ais ’ APM oneparopa
Z Kamepy peecip
s BinoOpaxenHs
= KonTpoub 7106P . APM onepatopa
g PosnuntoBa T . 120°C peecTpanis
e eMIieparypa B Kamepi
= JbHA C BruiuB Ha BUTpary
= PeryntoBanns Crabimizartis
= CyllIapka napu
[o2] .
< : BinoOpaskeHHs,
A [IBuakicTh 0O€pTaHHS 15 KonTpoib ﬂeefT ais APM onepatopa
PO3MIITIOI0YOTO PEECTp
THUC.00./XB . - [Tycx/3ynuHka
IIPUCTPOIO YnpasniHHA Jlucranmiiine
JIBUT'YHA
BinoOpaxxenHns
PosBanTax . . KonTpoib F100P . APM onepatopa
. [IIBuakicTh TTOMAY1 3 peectpariis
yBaJIbHI : 2000 m°/rox
IOBITPSA L. Brumis Ha nmogauy
IUKJIOHU PeryntoBanus Crabimizartis )
MOBITPS
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5. KoHTposb 1 ympaBimiHHS MIBUAKOCTI OOEPTaHHS PO3MIIIIOIOUOT0 IPUCTPOIO Y
PO3MIIIIOIOUIN CYIIapIll NUITXOM JIii Ha «ITyCK/3YIMHKa» JBUTYHA.

6. KoHTpoJib 1 perystoBaHHs IIBUKOCTI MOAa4l MOBITPS Y PO3BAHTAXKYBAJIbHUX
IIMKJIOHAX MIJISTXOM BIUTMBY Ha T10/1a4y MOBITPAI.

9.2 Onmc cxemMu aBpTOMAaTH3AIlII 3 cnenugikanico 3aco0iB aBroMaTu3anii

Y 1 KOHTYypi aBTOMAaTUYHOTO KOHTPOJIO 1 YIPABIIHHA B PO3MUIIOBAIBHIN
CylIapiii KOHTPOJIOETHCS 1 31CHIOETHCS YIIPABIIHHS PIBEHEM P1IMHU B amapaTi, SKUi
noBuHeH ctaHoBUTH 70 %. CrocTepekeHHs 3a 3MiHOIO 3AiMCHIOEThCS Ha APMi
OMepaTopa-TEXHOJIOTA 31 30€PEKEHHSIM 3MIH B apXiBI.

VYrpaBiiHHsL piBHEM PIIUHU 3/IIMCHIOETHCS 32 JIOMOMOTOI0 BIUIMBY Ha MOJauy
KOHLIEHTpATy B 301pHHUK.

VY 2 KoHTyp1 ympaBiiHHS poOOTOI0 JBUTYHA HAcocy 3/1MCHIOeThCS 3 APMa
oreparopa BKIIOUYEHHSM - BIJIKIIOYEHHSIM HAcocCiB. PydyHe ympaBmiHHS 3 mIMTa
MEepETBOPIOBAYIB BKJIIOUCHHSIM - BIAKIIOUEHHSIM HACOCIB Ta aBapiiiHE BIIKIIOUYCHHS
HACOCIB KHOIKOIO, PO3TAIIIOBAI0 «I10 MICIIO» 017151 Hacoca.

V¥ 3 KOHTYpI1 3A1HUCHIOETHCA KOHTPOJIb 1 PETYJIIOBAHHS TEMIIEpaTypy MapH, sSKa
Mae 3HaueHHs 105 °C. CnoctepexxkeHHs 3a 3MIHOIO mependadaerbcs Ha APMi
OTepaToOpa-TEXHOJIOTA 31 30€PEIKEHHSIM B apXiBi.

PerymtoBaHHsT TeMIiepaTypu He Tepen0adacThbcsl, TaTIYUK PO3TAIIOBAHHHA «IIO
MICLIO».

V¥ 4 koHTYp1 HEOOX1THO KOHTPOJIIOBATH Ta PETYIIIOBATH TEMIIEPATyPy MapH, sKa
Mae 3HaueHHs 120 °C. CrnoctepekeHHs 3a 3MIHOIO mnependadaerbcs Ha APMi
OTIepaTOpPa-TEXHOJIOTA 31 30E€PEIKECHHSIM B apXiBi.

Jlyst perymoBaHHS TeMIepaTypu nepeadadaeThes il cTabumizalis Ha 3a1aHOMY
3HAYEHHI 32 PaxXyHOK 3MIHU BUTPATH MapH.

BumiproBaHHs TeMIiepaTypu cepeloBHINa BiOyBaeThCcsl Oe3mepepBHO B Yaci B
MEBHOMY Jl1aMa30H1, JaTYMK PO3TAIIOBAHUMN «I10 MICITIOY.

VY 5 KOHTYp1 HEOOXITHO KOHTPOJIOBATH 1 YIPABJSATH IIBUJIKICTIO 0OepTaHHS
PO3IIITIOIOUOTO MPUCTPOIo 31 3HAYeHHAM 15 000 06/xB. CriocTepekeHHS 32 3MIHOIO

nepeadavaeTscsi Ha APMi onepaTopa-TexHosora 31 30€peKEeHHIM B apXiBi.
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VYropaBiiHHA 3A1MCHIOETbCA UCTAHIIIHO 3a pPaxyHOK IyCK/CTON JIBUTYHA,
JATYUK PO3TAMIOBAHUH «IIO MiCITIOY.
Y 6 KoHTYpi HEOOXITHO KOHTPOJIIOBATH Ta PEryJioBaTH IMIBHJKICTH IMOJaYi
' ' 2000 M3/ C ' 0
MOBITPA 31 3HAYECHHSIM Mm°/roa. CrocTepexeHHs 3a 3MIHOIO Tepe0avacThCsl Ha
APMi onepaTopa-TexHosora 31 30epeXeHHsIM B apXiBi.
PerymnroBanHsl MIBUAKICTIO MOJaYl MOBITPA NependadaeThesl 31ACHIOBATH 3a

JOTIOMOTOI0 BIUTMBY Ha Moaady moBiTps [87].
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Crnenudikauis npuiagis

Tabnuys 9.2

Ne Ne
. . . Tun
NpUKJIA | MO3uuii 32 IMapamerp HaiiMeHyBaHHsI | TeXHiYHA XapaKTEePUCTHKA BUPOOY Mo e.]';b Bupoonuk
oy CXeMOI0 a
1 2 3 4 5 6
MarHiTHOCTpaKIiHUI MOIIIABKOBUI JaTYMK PiBHS, MaTepiai: HepXKaBiroya CTab;
la nianazon BumiproBab 300-4000Mm, ryctuna 0,7kr/amM°, MakCMMalbHA 0Ty CTUMA NMT Kobold
temneparypa +70°C, makcuManbHuii gormyctumuii Tuck 106ap, min’ eqaanns G2,
1 PiBens pinuaU B aHAJIOTOBUH BUXIL
amapari EnexrponHeBMaTHYHHI TIEpeTBOPIOBaY, BXiHMIA curHal 4...20MA, BUXiIHUH CUTHAI
16 P p PETBOPIOBAt, BXIL » BUXUL 2713-WP Dwyer
20...100kIIa
MemOpaHuii BHKOHABYHA MEXaHi3M MPSMOi i1 3 THEBMAaTHYHUM TTO3UIIOHEPOM, MHWM200- .
1B o .. . IppoEnepro-Cuabd
ynpasisitodiil curaan 20...100k]1a, yMOBHUI X1 BUXITHOTO €JIeMEHTY 25MM 113
2 2a Cran Hacocy [Myckau marniTauii. Poboua Hanpyra 220 B. IIME 111 Lovato
Temneparypa N . . AV »
patyp CKISSHHUY PiTUHHANA TEPMOMETP, BIOpOCTiHKUi, poOoUe cepeoBHUIIe KEPOCHH, ITAO ,,Cxnonpubop”,
3 3a TEIJIOHOCIS Ha . . ] 0 ., . CII-B N
BXOJi B KAMEpY niamazol BumiptoBans: 0...200°C, nmin’eqnanns G1/2, knac tounocti 1,0 Ykpaina
4a CKISTHHHH PiIMHHUN TEpMOMETp, BiIOpPOCTIHKUH, poboUe cepeloBHIIE KEPOCHH, CIL-B IMAO ,,Cknomnpubop”,
nianazon suMiproBanb: 0...200°C, mix’exquanns G1/2, kinac Tounocri 1,0 Ykpaina
Temneparypa B | EnextpomHeBMaTW4HMI TIepeTBOPIOBAY, BXiqHUMA cUTHAN 4...20MA, BUXIJHHA CUTHAT
4 46 patyp P PETBOPIOBat, BXIA » BIXUA 2713-WP Dwyer
Kamepi 20...100xI1a
MemOpaHuii BHKOHABYHI MEXaHi3M MPSIMOT i1 3 MHEBMATUYHUM IO3HUIIOHEPOM, MHUM200- .
4B o . . . I'inpoEnepro-Cuab
ynpasysitodiil curaan 20...100k]1a, yMOBHUI X1 BUXIZHOTO eIEeMEHTY 25MM 113
IBunkicTb
obepTaHHs . Altivar “CB Anbrepa”
5 Sa YacToTHHH NEpETBOPIOBAY N
PO3IMIIOIOYOTO 71 M. Kuis
MPUCTPOIO
I'izgpocTraTuuHMil pOTOPHO-NOPIIHEBUI BUTPATOMIP 3 aHATIOTOBUM BUXOJIOM, MaTepia
BUTOTOBJIEHHSI JIATYHb, MEXKi B’A13KOCTi 5...100MM?/c, iana3on BUMipIoBaHb: 6-
6a YHE, MO B . A p DRZ Kobold
420n/rox, TouHicTh 1% BUMIPIOBAHOI BEIMYWHH, MAKCUMAJIbHA JIOITyCTUMA
6 [IBuakicTs temneparypa 10 80°C, makcumanbHuii gonycrumuii Tuck 406ap, min’exnanus G1/4
nojauyi moBiTps | EnexTpomHeBMaTHUYHUI ITEPETBOPIOBAY, BXigHUI curHai 4...20MA, BUXiJHUNA CUTHAT
66 A p p PETBOP A A 2713-WP Dwyer
20...100xI1a
MemOpaHuii BUKOHABYHIA MEXaHI3M MPSIMOT i1 3 MHEBMATUYHUM ITO3HIII0HEPOM MHUM200- .
6B p p A LUOHEPOM, I'iapoEnepro-Cuad

ynpasisitodii curnai 20...100xI1a, yMoBHHUH Xi BUXITHOTO €JIEMEHTY 25MM

113
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PO3I1JI 10. OxopoHa 10BKijLIA

10.1. AHaJ1i3 TEXHOJIOTIYHOI cXeMH BUPOOHMIUTBA HiJILOBOI0 MPOAYKTY HA

Miclsi eMicii TBepAUX, PiAKUX TA ra3onoaiOHMX BiAX0diB

TexHomor1g ofepKaHHA €-MOJIUTI3UHY BKJIIOYa€ B ce0e HaCTyIHI CTali:

1.

HodepMeHTarliiini JOMOMIXXHI poOOTH — MIATOTOBKA aepallitHOTO MOBITPS,
CaHiTapHa IMIArOTOBKAa BHPOOHHWIITBA, MPHUTOTYBAaHHSA Ta CTEpPUIII3AIlis:
MIHOTACHWKA, TUTPYBAJbHUX AareHTIB, MIJUKUBIIOBAIILHUX PO3YMHIB,
MO’KMBHOTO CEPEAOBHINA Ha CTAJII0 OTPUMAHHS ITOCIBHOTO MaTepialy Ta Ha
BUPOOHUYUN O10CHUHTE3 €-TIOJIITI3UHY.

depMeHTALITHUIT ~ TEXHOJIOTIYHUM Mpolec — OJEpkKaHHS IOCIBHOTO
Matepiany, 010CUHTE3 E-TOJIUTI3UHY.

[TicnsaepmenTaniiinuii  TexHosoriyHMi  mporec —  QuabTpamis  KP,
yinbTpadiibTparis, 10HOOOMIHHE BU/JILJICHHS, 3HeOApBIICHHS,
KOHIICHTPYBAHHS Ta CYIITiHHS.

1. MigroroBka aepauniiinoro momiTps. Ha manomy erami BinOyBaeThCs

MPUTOTYBaHHS aepallliHOTrO MOBITPA AJIs 3a0€3M€UEHHS ONITUMAIIBHUX YMOB POCTY

MIKpOOpTraHi3My, Ha CTaJisiX BHUPOUIYBaHHS MOCIBHOTO MaTepialy Ta MiJ 4ac

BUPOOHHUYOTO OlocWHTE3y. Pimkumu BigxomamMu Ha JJaHOMY €Talll € Boja sKa

BUKOPUCTOBYETHCS Ha OXOJIOPKEHHSI TOBITPSL MICIS KOMIIpEcopa, Ta KOHAEHCAT

KWW YTBOPIOETHCS TiJ1 YaC HArpiBaHHA MOBITPS Nepel roioBHUM GutbTpoM. Bomy

060pOTHy Ta KOHIACHCAT MM MOKCMO BHKOPHCTOBYBATH Ha HACTYIIHHX CTallaXx

TEXHOJIOTIYHOTO MPOIECY MOMY MU He 8DAX0BYEMO OAHI PIOUHU Y 3A2AIbHULL 00 €M

PIOKUX 8i0X00i8.

HVYXT BTEK 04.01.06 KP I13

3mH. |JIuct | No moxym. ITigmuc Jara

Po3pob. JKonooko O.B. JIiT. Apk. Apky1iiB
Ilepesip. Crpoyvka O.1. PO3I[iJI 10 OXOpOHa | | 105 124
Koncynomanm .

H. Koump. AOBKLILILSA Kad)e,upa bTM
3amesepo. Iupoe T.I1.
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2. CaniTapHa nmigroroBka BUpoOHMUTBAa. B manomy erami BigOyBaeThCs
MIOJICHHE 1 TEeHepajdbHE NPUOMPAHHS MPHUMIIIECHL 13 3aCTOCYBAaHHAM MHUIOUUX
3aco0iB «Kayctuuna coma» 1 «Koginua dopre». Ilicis o6poOku BianpaliboBaHi
MUIOY1 3aCO0M HamMpaBsAIOTH 10 KaHamizauii. MuUTTs obnagHaHHS BigOyBa€eThCs
HUPKYJSIIAHUM ~ CIOCOOOM 3 BUKOpPUCTaHHSIM 3aco0y «biomoit». Otxe,
nepeadavyaemo, 1o Oanull emam € micyem emicii piokux i0xoois.

3. lIpuroryBaHHs Ta crepuJisauisi miHoracHuka. J[anuii eran nependayae
CTEpUJII3AIliI0 MONEePEAHBO 3aKYIUIEHOTO MmHoracHuka «204», B aBTOKJIaBI, Mojja4a
niHOTacHUKa Oyze BimOyBaTUCA TUIBKM Ha CTaji0 BUpoOHHUYOTo OiocuHTe3y (BB),
yepes HasiBHICTh MIHOYTBOPIOIOUOI0 KOMIIOHEHTA B IOKMBHOMY cepeoBuiill Ha Bb.
Bioxoou ninoeacnuka ne 8paxogyemo y 3a2anvHomy 06’ emi pioKux 8ioxo0is.

4. IlpuroryBaHHsl Ta CTepHJi3alisd TUTPYBAJbHMX areHTiB. Ha npomy
eTarni BiI0yBa€ThCS MPUTOTYBAaHHS 6 % PO3YMHY XJIOPUTHOT KUCIIOTH JIJISl 3HH>KECHHS
piBast pH 1o 4, nepen crepuitizalii€ro KOMIO3UIIT 3 COJISIMU, Ta TPUTrOTYBaHHSI 6 %
PO34YMHY TJIPOKCUTY HATPIIO 1JI AOBEACHHS piBHS pH 10 onTUManbsHOTO, a caMe 10
7, mepen BHECEHHSIM TOCIBHOTO MaTepiany. Piikumu BigxoJaMy Ha JaHOMY €Tari
MOXYTh OYTH  TUTPYBaJIbHI PO3YMHM $IKI HE BIANOBIJAIOTH HOPMATHBHUM
MOKAa3HUKaM Ta HE 3aJ0BUIBHSIOTH PIBEHb AaCENTHUKHU. Bioxoou mumpyseaibHux
aA2eHmie He 8PAxX08YEMO Y 3a2aAlbHOMY 00 e€Mi pIOKUX 8i0X00i8.

S. IlpuroryBaHHs Ta cTepUJIi3anisa MiIKUBJIIOBAJTbHUX PO3YUHIB.

BinOyBaeTbcss MPUTOTYBaHHS MM1KUBIIOBAIBHUX PO3YMHIB TIIFOKO3M Ta
aMoH1i cynbdaty, mnsa apobHoro BHeceHHs mij 4yac Bb. IcHye MOXIuBiCThH
HEBIAMOBITHOCTI CUPOBUHHU 3asBJICHUM HOpPMaMm, Ta HEBIAMOBIAHICTE HOpMaM
aCeNTUKH, TPU MEPIIOMY 1 IPYTrOMY BapiaHTI MU MOXKEMO iX YCYHYTH, TOBIBIIN a00
3MEHIIMBIIM KOHLEHTPAIIl0 PEYOBUHM B PEAKTOPI 1 MPOBIBIIM MOBTOPHY
cTepuiizarito, BiAMoOBiMHO. Ha maHomy erami Bigxogamu SIBISIFOTBCS TBEPi
PEUYOBHMHH SIKI MPEACTABJICHI MaKyBaIbHUM MaTeplajoM BiJl CHPOBUHHU. Bioxoou
meepoux peyoeuH Nicis NPuecomy8aHHs NONMCUBHUX Cepedo8UlUy HE 8PAXOBYEMO Y
3a2a1bHOMY 00 emi meepoux 8ioxo0is, 60 Mu ix 6ydemo 8iOnpasIamu 8 NYHKm 30a4i

8MOPCUPOBUHU.
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6. IlpuroryBaHHsl Ta CcTepuWJi3alisg TMOKMBHOIO CepPeIOBHINA ISl
BHPOLIYBAHHS NMOCIBHOI0 MaTepiajy Ta Ha BUPOOHU4YHMii OiocuHTe3. Ha nanomy
eTamni BIAXOAaMU SIBISIOTHCS TBEPJl PEYOBUHU SIKI MPEACTABIICHI MaKyBaJbHUM
MaTepiaioM BiJl CHUPOBHHH. BioXoou meepoux peuosun nicis NpuecomyeaHHs
NOJACUBHUX CePedoBUUY HE BPAXOBYEMO Y 3A2AIbHOMY 00 €Mi maepoux 8i0x00is, 60
Mu ix 6yoemo 8iOnpasisimu 8 NyHKm 30a4i 6MopCcupoBUHUL.

7. IlinroroBka mociBHOro Mmarepianay. BinOyBaeTbcs HakomHUEHHS
MOCIBHOTO Martepiajly B TOCIBHMX amapaTtax. IlociBHUN Matepian mis 3aciBy
dbepMeHTEpa BUKOPUCTOBYETHCS IMOBHOIO MIPOIO TOMY BIIXOJIM BiJ MOCIBHOTO
Marepiaiay He BPaXOBYEMO.

[lin yac BuUpoOUTyBaHHS MOCIBHOTO MaTepiaiy BiJiOyBaeTbCA BEIUKUNA BUXIJ
BIIMPAIIbOBAHOTO TOBITPSA, TaK sIK Streptomyces albulus 1.S-84 € aepobom 1 s
KpaIlloro HaKOMU4YeHHs1 6ioMacu oMy HeoOXi1HO aepattis 111/(axxB). S. albulus LS-
84 € copOoyTBOPIOBAILHOIO OaKTEpi€r0, TOMY BIJINpallbOBaHE MOBITPsSI Ha BUXOJI
Oyne mictuTu OakTepianbHi criopu. Omowce nepedbauaemo, wo OaHuti eman €
micyem emicii 6eukux 00 emis 2a30n08iMpsHUX 810X00I8.

8. BupoOuuumnii 6iocunre3. Ha nanomy erami BilOyBa€ThCs HAKOTTMYECHHS
KP, 3 nmomanemum nepemimeHHsM B 30ipauk KP, pigki BiXo/iB Ha JaHOMY eTarli
HE BPaxOBYEMO, 4epe3 HakomuueHHs e-noiun3uny B KP, sky mu B momanbiioMmy
OyJeMO BUKOPHUCTOBYBaTH Ha TMiCAA(PEpMEHTALINHUX CTaIisIX TEXHOJOTTYHOTO
poLecy.

Sk 3a3Hayanoch BWINE HA JAHOMY €Tami BiAIpamboBaHEe MOBITps Oyje
3a0pyaHeHe criopamMu OakTepidd, OTXKe IMepeadayacMo, wo OaHulli eman € micyem
eMicii eenuKux 00 ’emie 2a3ono8IMpsHUX 8i10X00I8.

9. ®inbrpanis KP. Ha nanomy erami BigOyBaeTbcsl (DIIOKYIIOBaHHS
KyJbTYpaldbHOI PIAWHU JOJABAHHSM MOPOIIKONOAIOHOTO HATPIA MONIaKpUiIaATy 3
HACTYMHUM (QiIBTPYBAHHAM 1 30MpaHHAM MPOQiIHTPOBAHOI PIIMHA HAa HACTYIIHI
ctazii ounteHHs. [1ig yac GiIbTpyBaHHSAM BUAUISIETHCS BEJIMKA KIJTBKICTh MILIEIIO,
KU BITHOCUMO 10 TBepAuX BinxoniB. OTxke mepeadadaeMo, wo Ooanuti eman €

Micyem emicii genuxux 00’ emie meepoux 8i0x00is.
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10. Joounmenns ¢inbrpary. Yinbrpadinbrpamiiina MeMOpaHHa CHUCTEMa
BUKOPUCTOBYETHCSI JUIsl BHJAJCHHS BOJOPO3YMHHUX  BHCOKOMOJCKYJISIPHUX
JIOMIIIOK, SIK1 3HAXOIAThCS B PO iIbTpOBaHINA KyJIbTypaibHIN piguHi. B mporeci
yIbTpadiabTpalii 3alUIIA€ThCS BEIMKA KUIBKICTh YIBTPAKOHIEHTPATY, SAKHH MU
BIJIHOCHMO JI0 PiIKUX BiAXoiB. OTxe rnependadaemMo, wo Oanuil eman € micyem
eMicii pioKux 8i0xo0is.

11. IoHooOMiHHe BHU/IITEHHS.

ITepmeat micnsa yapTpadiibTpallii HAAXOAUTh B 10HOOOMIHHY KOJIOHY JIJIst
a7copOI1ii €-TOJITI3MHY HAa KaTIOHOOOMIHHIM CMOJI1, ITOTIM JJISI BUJIaJICHHSI JJOMIIIIOK
BUKOPHUCTOBYIOTH JICIOHI30BaHY BOJIy B BEIMKHMX 00’€emax, a g JecopOrri
BUKOpUCTOBYIOTh 0,25 M po3unn HCI, enroar sikuil OTpUMYIOTh HAIPABJISIIOTH Ha
HACTYMHY CTajlil0 ounileHHd. Ha maHnoMmy erami BUAUISIETHCS MPOMHMBHA BOJA B
3HAYHUX 00’€Max, TOMYy nepeddauaemo wo OaHUuill eman € micyem emicii pioKux
8i0X00i8.

12. 3ne0apBieHHS.

Enroat 3 nonepeaHboi cTall HalpaBisiOTh B APYTy I0HOOOMIHHY KOJIOHY, SIKa
3aIllOBHEHA MaKPOIIOPUCTOI CMOJIOIO, Yepe3 Ky PO3YMH MPOXOJUTH 1 Ha CMOJI
3aTPUMYIOThCA MIrMeHTH. Ha BUX0/11i MU OTpUMYy€eEMO 3HEOApBIICHUI PO3UMH KUl B
MOTAJIBIIIOMY HAIMpaBIIIEMO Ha KOHIICHTPYBaHHSA. B mporieci 3HeOapBIeHHS HE
YTBOPIOETHCS BIAXOIB, TOMY MH He 8PAXO8VEMO )y 3A2aNbHOMY 00’emi 8i0x00i8
oanuii eman.

13. KoHueHTpyBaHHH.

beszbapBHa piguHa, OoTprMaHa Ha CTafli 3HEOAPBJICHHS, HAIXOJIUTh Ha
yibTpadUIbTpaLliiHy YCTAHOBKY JI€ B1I0YBA€ThCS BIJICIKAHHS MOJIEKYJISPHOT Macu
menie 1 k/la, a came Bi1OyBaeThCsl BIAAUICHHS BEJIUKOI KIJTBKOCTI €IIOCHTY SIKUN
BUKOPUCTOBYBaBCS Ha CTajlli 10HOOOMIHHOTO BHAUIEHHA. Ha naHomy erarmi
B110yBa€ThCSl BUJUICHHS BEJIMKOI KUIBKOCTI MepMeary, ToMy nepeadadyaeMo, uo

OaHull eman € micyem emicii piokux 8i0xo0ia.
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14. Cyminns.

Konnentpar, oTpuMmanuii Ha TONEpeIHINd CTaii, CylaTh PO3NUIIOBATIHLHOIO
CYILIAPKOIO, 10 BMICTY CYXHUX PEYOBUH B TOTOBOMY NpPOAYKTI He MeHue 95%. B
MpoIieci CYIIIHHS BIMOYBA€ThCS BHUIUICHHS BEJIHMKOI KUTBKOCTI BiAMPaIlbOBAHOTO
HOBITPSA, IKANA MICTUTH a€p0O30Jb 3 MEXaHIYHUMH YaCTKaMU CYXOTO €-TIOJUTI3UHY.
Tomy nepenbdavaemo, wo danutl eman € micyem emicii 2a30n00iOHUX 8i0X00i8.

15. ITakyBaHHSI Ta MAPKYBaHHS.

3aKIIOYHOI0  CTaJl€l0 BHUPOOHUIITBA  €-TOJUI3HMHY, 1€ MaKyBaHHS
MOPOIIKOTO11I0HOT popMu B mosieTusieHoB1 naketu o 100 r. B mpotieci nakyBaHHs
BIIXOJIM Mail’Ke HE BUAULSIIOTHCS, TOMY 8i0X00U HA OAHIll cMAOdii He 8PAX0BYEMO Y
3a2anbHOMy 00 ' emi 8i0X0018.

10.2 ITepcnieKTHBY BIPOBAIKEHHS CHCTEMH €K0JI0Ti3anil BUPOOHUIITBA
10.2.1. Cucrema 3HeIIKOIKEHHS Ta YTWIi3alil piAKuX BiaxoaiB

B nmporeci BHAUIEHHS Ta OYHMINCHHS BiJIOYBAa€ThCS BHUIIJICHHS BEJIMKOT
KUIBKOCT1 PIAKHMX BIJIXOJIB, a caMme: YJbTPAKOHIIEHTPAT Ha €Tarl JOOYHUIICHHS
dinsTpary npubIM3HO 3 M*; MPOMKMBHA BOJA Ha €Talli I0HOOOMIHHOTO BUILIEHHS 3a
1 BUpOOHMYMI UMK BUALIAETbCA 15 M3, Ta micis KOHIEHTPYBaHHS BilOyBacThCS
BUIJICHHS BEJIMKKMX 00 €MiB mepmeaty npubmmsHo 13 m>,

Tabnuys 10.1.

XapakrepucTHKA PiIKUX BiIX0AiB Y BUPOOHULTBI E-MOJIII3UHY

Ha3Ba ckiagoBoi PeuoBuHH, IKi BXOAATH 10 Ipu6au3nnii 06’eM BixxoaiB Kunac
piakuXx Biaxonis CKJIALY BiAX0niB Ha 1 nMKJ BUPOOHMITBA, 1 | HeOe3leKH
YIIbTpaKkOHIIEHTpAT - 3000 \Y
IIpomuBHa BOJa - 15000 v
ITepmear - 13 000 1\Y
IIpubausnmii 00’emM npuiiMmemo: 31000
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CTiuHi BOJM MOKHA OYMIIYBAaTH HACTYITHUM CriocoOom [88]:
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Puc 10.1. CxemaTnuHe 300paKeHHs OYUIIICHHS CTIYHUX BOJI.

CriuH1 BOJY HAAXOAATH JI0 IEPBUHHOTO OcBiTitOBaya (711), ne po3auisitoTbest
Ha JiBa OTOKHU — 3 HU3bKUM BMICTOM TBEPAMX YACTHHOK 13 BUCOKUM. [10Tik 3 Masioro
KUIBKICTIO YAaCTHHOK TpsiMye 10 OiocopOruiiiHoro TeHka (712), me 3mimryerbes 3
aKTUBHHUM MYJIOM, IICJI YOTO YTBOPEHA CyMIII HAAXOAUTh Ha cenapatop (714) nis
BIJITIJICHHST BO/IM (SIKa B MOJATBIIOMY MPOXOJIUThH Yepe3 MeMOpaHHUN OlopeakTop
718) Bl aKTUBHOTO MYJTy, IO PO3AUISETHCS HA JBA MOTOKU: MEHILIA YAaCTHHA /i€ B
aepoteHk (716) 1 motimM noBepTaeThcs B OiocopOIiiiHuil TeHK 712 (TakuM 4MHOM
3a0€3Meuy€eThCS YaCTKOBA PEIUPKYJIALIS aKTUBHOTO MyIy); OUiIbllIa YacTHUHA
npsaMye A0 3rymyBada wmyny (724) nus KOHUEHTPYBAaHHS  OCTaHHBOTO.
CKOHIICHTpOBaHWU aKTUBHUN MYJ HAJXOAWTHh B aHaepoOHuii maimkecrep (722),
Ky TaKO CIPSIMOBYIOThCSI KOHIIEHTPOBaH1 BOAM BiJl ocBiTitoBava 711. [{ani Boga
3 aKTUBHMM MYJIOM YaCTKOBO PELMPKYJIIOE B a€pOTEHK 716, a 4aCTMHA aKTUBHOTO
myiy Bunansetscs (730). B anaepobHOMY naiimpkecTepi TakoK BiIOYBa€ThCS CHHTES
MeTaHy, IKU/ MO’KHA BUKOPHUCTATH Ha MOTPeOU BUPOOHHIITBA SK JDKEPETO SHEePrii.

10.2.2. Cucrema 3HEHIKOMKEHHA Ta yTHJIi3alil TBepAUX BIAXO0IiB

TBepauMu BiAX0AaMU JaHOTO TEXHOJOTIYHOIO MPOLECY € MaKyBajbHa Tapa
Ta Miuemid micas (QuUIbTpyBaHHS KyJnbTypaibHOI piauHu. [lakyBanbHy Tapy B
pPO3paxyHOK 00’ €MIB TBEPAUX BIAXOIIB HE BpaXOBYEMO U€pe3 TE [0 MU ii COPTYEMO
1 BIITIPABISIEMO B MIYHKT 371a4l BTOPCUPOBUHH.

[Ticnst ginpTparliii KyJIbTypaabHOI PIUHN 3AIMIIAETHCS MILIENIH Y KITBKOCTI:

(5184 x41,2) /0,2 =1423,9 kr.
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Tabnuys 10.2.

XapakTepuCcTHKa TBEPAMX BiAXO0AIiB Y BUPOOHHMUTBI €-MOJIUII3HHY

Ha3Ba ckiagoBoi PevoBuHU, AKi BXOAATH 10 [pu6au3nmii 06’em BigxoaiB Kaac

ra3onoaioHux Bigxoxais CKJIAy BiIX0/iB Ha 1 HUKJ BUPOOHUIITBA, KI' | He0e3nmeKun

MinemaibHa Maca

biomaca kyneTypu

Streptomyces albulus 1.S-84 1423,9 1A%

Hpuban3nmii 00’eM npuiitMeMo: 1424 kr

Ymunizauia meepoux 6ioxodis.

[TpuiiHsaBIIK 0 yBaru 1o MpUOIU3HUN 00’€M TBEpPAMX BIIXOJIB CKJIAJa€
Mmaibke 1,5 M°, 1 11e Bostora 6iomaca, MOKHA 3a3HAYMTH 110 HEOOXiIHICTh B 3MEHIIEH]
KUIBKOCTI ~ TBEPAUX  BIAXOAIB  BIACYTHA. MinemiaabHi  BIAXOAM  MOXHA
BUKOPHCTOBYBATH B SIKOCTI KOMIIOCTY, Oiomaca Streptomyces albulus 1.S-84 mae 1V
KJIac HeOE3MeKN TOMY BOHA HEIIIKIJTUBA JIJI1 HABKOJUIITHLOTO CEPEIOBHUIIIA.

10.2.3. Cucrema 3HeIKOAKeHHSI Ira30MOBITPIHMX BUKHUAIB

Po3paxynok 00’emie 6i0xo0is.

lNazomomiOH1 BiAXOAM YTBOPIOIOTHCA HA HACTYIMHUX e€Tamax: MiAroToBKa
MOCIBHOTO MaTepiajly, BHpPOOHMYMI OIOCHHTE3 Ta CYIIHHS €-MOJUII3UHY.
["a3omoAiOH1 BIIXOM B CBOEMY CKJIaJl MalOTh aepo30Jib OaKTEepiaJIbHUX CIOpP Ta
BYIJIEKUCIIAN ra3.

[Ipotec oTpuMaHHS TIOCIBHOTO MaTepiany BigOyBaeTbcs 24 104, a
BUpOOHMUMK OlocuHTe3 — 196 roa. Aepaiis BiIOyBa€TbCsS TMOMEPEIHBO
MITOTOBJICHUM CTEPUIILHUM MOBITPSIM 31 mBHAKICTIO 1 11/xB. [Ipoiiec oTpumanHs
MOCIBHOTO MaTepiaily BiiOyBaeThcs B 3 iHOKyJssTopax 06’emom 10 11, 100 1 ta 1 000
1. Bupobuuunii 6iocunres BinOyBacThes B pepmenTepi 06’ emom 10 m.

006’ eM BiampalroBaHoro noBiTpst B 10 1 IHOKYIISATOPI:

5,94 n xynprypanbHOi pimguau X 1 1/(1xxB) % 24 rox x 60 =8 554 n

00’ em Biamparb0BaHOro moBiTPs B 100 1 IHOKYIIATODI:

58,77 n kynbTypasbHOI piguHA X 1 1/(J1xxB) x 24 rox x 60 = 84 629 n

00’ em BiampanboBaHoro mosiTtps B 1 000 1 1IHOKYIISTODI:

581,81 1 kyabTypasibHOI piuHM X 1 11/(71xxB) x 24 rog x 60 = 837 806 n

06’ eM BiaIpambpoBaHOro moBiTps B 10 M° hepMeHTEDI:
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5 759,8 1 kynbTypanbHOi piguau X 1 1/(1xxB) x 196 rox x 60 = 67 735 248 n

Otxe 3aralbHMM 00’€M BIJNPallbOBAHOTO TOBITPs Oyne 68 666 237 1

npuiiMeMo 68 666 m°.

CymrinHst BiIOYBa€ThCsl 3a JIONMOMOTOIO PO3MUIIOBAIBHOI CYIIApKH 3

npoayktusHicTIO 0,5 M>/rox 3 BTpaToro cymmnsHoro aredra 0,4 yi/c. TpuBamicTh

cyminHs 1 480 11 po3unHy 3 €-MOJUTIBUHOM cKiajae npubau3Ho 3 roa. OTxe 00’ em

BIIMPAIIbOBAHOTO MOBITPsI CTAaHOBUTH 3 x 60 x (0,4 x 60) =4 320 5.

Tak sk npoayueHT e-noauni3uny Ta caM e-11J1 HanexuTs 1o knacy Oe3neku

BLS-1, To razomnoaiOHi BiAX0au MaTUMyTh Kiac HeOesneku — V. Y3arambHeHa

XapaKTEePUCTHKA Ta30M01I0HMX BIAXOAIB HaBeeHa y Tanuul 10.3.

Tabnuysa 10.3.

XapaxkrepucTHKA ra3onoaiOHMX BiIX0AiB Y BUPOOHUUTBI E-1OJIIII3MHY

Ha3Ba ckiagoBoi PeuoBuHH, IKi BXOAATH 10 IMpudau3nnii 06’em Bigxonain Kanac
ra3onoi0OHMX BiAX0iB CKJIALY BiAX01iB Ha 1 nMKJ BUPOOHMITBA, 1 | HeOe3leKH
BianpanpoBaHe moBiTps Byrnekucnuii ras, aepo3oJib 68 666 v

micys pepMeHTamii OakTepialbHUX CIOP
BignparisoBane nmoBitTpst | Aepo30Jib MEXaHIYHUX YaCTOK BiJ 4320 1 v

ICJIS CYIIIHHS cyxoro g-I1JI
Ipubau3Huii 06°em npuiiMemo: 68 671 m*

BianpanpboBane mNOBITPS MOKHAa OYMIIYBaTH 3a JOMOMOTOI0 OYHMIyBaya

MOBITPS 3 BUKOPUCTaHHSIM YIbTpadioieTOBUM MPOMEHIB (300pakeHHs Ha PHC

10.2.) [89], sixuii mpaltoe HACTYITHUM CHIOCOOOM:
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S |

Puc.10.2.OuuniyBaya noBiTps 3 BAKOPUCTAHHAM YJIbTpa(1071€TOBUM MPOMEHIB

[ToBiTpss HaaxoauTh uepe3 Bxig 112 3a momomororo BeHTwisropa 130 B
kamepy ouunieHHs 20 (cknamaetbea 3 Jxkepena  Y@®-npomeniB 210 1
binpTpyBasibHOTO Bimaury 220, 10 ckiamy sSKOro BXoAsATh (orokaramizarop 222 i
BrnacHe QuibTp 224), ne mianaeTbcs BIUITMBY Y D-BUMPOMIHIOBAHHS, MICIS YOTO
notparuisie Ha QotokaTtanizatop 222 (CKIATA€ThCsl 3 OKCHUIIB TUTaHY, ITUHKY,
BoJIb(pamy) ansa Toro, mob enexkTponu (iHaykoBaHi Yd-mpomeHsiMH) Ha HOTO
MOBEPXHI MpopearyBajJii 3 KUCHEM, YTBOPUBILIM MEPOKCUIM JIA PO3KIATaHHS
OpraHIYHUX CHOJYK (0 BYIVIEKUCIOrOo rasy Ta BOJW) 1 3HHUILCHHS KIITHH
MikpoopraHi3miB. [licist karamizaTopa MoOBITPs MPOXOIUTh depe3 GinsTp 224, ne
BUJTYYAIOThCS 3AJIMILKN 3pYHHOBAaHUX KIITHH, 1 BUXOAWTH 4epe3 oTBopu 114 B
aTMocdepy.

10.2.4. 3axoau 11010 3MeHIIEeHHS 00’ €MIB BiIX01iB

[Ilo 6 3MeHIUTH 00’€M BIAPAILOBAHOIO MHUIOUOTO 3aCO0y MOXKHA 3aMiCTh
HUPKYJSIAHOTO METONy MUMKU o0nagHaHb BUKopucToByBaTH CIP-mumiiky, sika
MOKE€ BHKOPHCTOBYBATH IOBTOPHO BHUKOPUCTAHMWA MHUIOUMM 3aci® micis HOro

GbUIbTpyBaHHS.
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http://www.sartorius-sd.com.ua/index.php/%D1%82%D0%B0%D0%BD%D0%B3%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F-%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D1%8F-crossflow/%D0%BA%D0%B0%D1%81%D1%81%D0%B5%D1%82%D0%BD%D1%8B%D0%B5-%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D1%8B-%D0%B4%D0%BB%D1%8F-%D1%82%D0%B0%D0%BD%D0%B3%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9-%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8/%D0%BA%D0%B0%D1%81%D1%81%D0%B5%D1%82%D1%8B-sartocon-pesu-%D0%B4%D0%BB%D1%8F-%D1%83%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8.html
http://www.sartorius-sd.com.ua/index.php/%D1%82%D0%B0%D0%BD%D0%B3%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F-%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D1%8F-crossflow/%D0%BA%D0%B0%D1%81%D1%81%D0%B5%D1%82%D0%BD%D1%8B%D0%B5-%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D1%8B-%D0%B4%D0%BB%D1%8F-%D1%82%D0%B0%D0%BD%D0%B3%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B9-%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8/%D0%BA%D0%B0%D1%81%D1%81%D0%B5%D1%82%D1%8B-sartocon-pesu-%D0%B4%D0%BB%D1%8F-%D1%83%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8.html
http://www.vagonmash.ru/products/water/preparing/5/
https://www.azom.com/article.aspx?ArticleID=20205

43. BeptukanbHbiii  ¢dacoBouHO-ymakoBouHbi aBToMar «I[IUTITAK»
[EnexTpoHHMIA pecypc] // Pexum JOCTYITY:

https://taurasfenix.com/oborudovanie/dlya-fasovki-sypuchikh-produktov/pitpak/

44. OunbTp BO3AYWIHBIA NI BeHTWIsUMUA naHenbHbil (OBII, OAII, BII)
rpyooii ounctku G2, G3, G4, G5 u3 xum BonokHa [ Enekrponnuii pecypc] // Pexum

noctymy: https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-

ventilyacii/gruboy-ochistki/klass-g4-eud/filtr-vozdushnyj-panelnyj-fvp-fyap-vp-

klass-ochistki-g2-g5-iz-him-volokna/#tabs-tehnicheskie harakteristiki

45. BunroBoii kommpeccop Comprag F-3710 [Enextponnuit pecypc| //
Pexxum noctymy: https://www.compressortyt.ru/stanciya/kompr/vintovye/comprag/

£-3710/

46. Ocymurens rdx-65 [Enexktponnuit pecypc]| // Pexum pocrtymy:
https://kms-market.com.ua/p504451339-osushitel-rdx.html

47. PecuBep mis xommpeccopa Ha 6000 nutpoB 8 Oap BEpTHKAILHBIM

[Enextponnuii pecypc| // Pexxum poctymy: https://drobesfera.ru/product/resiver-

dlya-kompressora-na-6000-litrov-8-bar-vertikalnyy

48. BopsHoi xaHanbHbIM HarpeBatenb AVS 160 [Enexktponnuii pecypce] //

Pexxum moctymy: https://www.realvent.ru/catalog/ventilyaciya/teploobmenniki/vod

yvanye-nagrevateli/salda/avs-160-71372/

49. ®unbtp Bo3ayuHbii kapManHbii ®BK (DsK) Tonkoi ounctku F5-F9 na

nenre  [EmexkTponnmit  pecypc] //  Pexum  poctrymy:  https:/www.el-

vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/tonkoy-

ochistki/klass-19-eu9/filtr-vozdushnyj-karmannvyj-fvk-fyak-tonkoj-ochistki-f5-19-

na-lente/
50. ®unbTp Bo3ayiIHBIN abcomoTHOM ouncTku HEPA MKP: knacc ounctku
HI11, H13, H14, uena, ¢dorto, xapakrepuctuku [Enexrponnuii pecypc] // Pexum

noctymy: https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-

ventilyacii/filtry-absolyutnoj-

ochistki/filtr vozdushnyj_absolyutnoj ochistki_hepa mkr klass ochistki h11 hl
3 _hl4/
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https://taurasfenix.com/oborudovanie/dlya-fasovki-sypuchikh-produktov/pitpak/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/gruboy-ochistki/klass-g4-eu4/filtr-vozdushnyj-panelnyj-fvp-fyap-vp-klass-ochistki-g2-g5-iz-him-volokna/#tabs-tehnicheskie_harakteristiki
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/gruboy-ochistki/klass-g4-eu4/filtr-vozdushnyj-panelnyj-fvp-fyap-vp-klass-ochistki-g2-g5-iz-him-volokna/#tabs-tehnicheskie_harakteristiki
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/gruboy-ochistki/klass-g4-eu4/filtr-vozdushnyj-panelnyj-fvp-fyap-vp-klass-ochistki-g2-g5-iz-him-volokna/#tabs-tehnicheskie_harakteristiki
https://www.compressortyt.ru/stanciya/kompr/vintovye/comprag/f-3710/
https://www.compressortyt.ru/stanciya/kompr/vintovye/comprag/f-3710/
https://kms-market.com.ua/p504451339-osushitel-rdx.html
https://drobesfera.ru/product/resiver-dlya-kompressora-na-6000-litrov-8-bar-vertikalnyy
https://drobesfera.ru/product/resiver-dlya-kompressora-na-6000-litrov-8-bar-vertikalnyy
https://www.realvent.ru/catalog/ventilyaciya/teploobmenniki/vodyanye-nagrevateli/salda/avs-160-71372/
https://www.realvent.ru/catalog/ventilyaciya/teploobmenniki/vodyanye-nagrevateli/salda/avs-160-71372/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/tonkoy-ochistki/klass-f9-eu9/filtr-vozdushnyj-karmannyj-fvk-fyak-tonkoj-ochistki-f5-f9-na-lente/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/tonkoy-ochistki/klass-f9-eu9/filtr-vozdushnyj-karmannyj-fvk-fyak-tonkoj-ochistki-f5-f9-na-lente/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/tonkoy-ochistki/klass-f9-eu9/filtr-vozdushnyj-karmannyj-fvk-fyak-tonkoj-ochistki-f5-f9-na-lente/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/tonkoy-ochistki/klass-f9-eu9/filtr-vozdushnyj-karmannyj-fvk-fyak-tonkoj-ochistki-f5-f9-na-lente/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/filtry-absolyutnoj-ochistki/filtr_vozdushnyj_absolyutnoj_ochistki_hepa_mkr_klass_ochistki_h11_h13_h14/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/filtry-absolyutnoj-ochistki/filtr_vozdushnyj_absolyutnoj_ochistki_hepa_mkr_klass_ochistki_h11_h13_h14/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/filtry-absolyutnoj-ochistki/filtr_vozdushnyj_absolyutnoj_ochistki_hepa_mkr_klass_ochistki_h11_h13_h14/
https://www.el-vent.ru/ventilyaciya-i-kondicionirovanie/filtry-dlya-ventilyacii/filtry-absolyutnoj-ochistki/filtr_vozdushnyj_absolyutnoj_ochistki_hepa_mkr_klass_ochistki_h11_h13_h14/

51. ®epMeHTEpBI U3 HEPHKABEIOLIEH CTAIM C MEXaHUYECKOW Memankoil ot 10
o 1000 nmutpoB m Gonee [Enexrponnmii pecypc] // Pexum moctymy: https://bio-

rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi-(laboratornyie-i-

promyishlennyie)/promyishlennyie-fermenteryi-i-bioreaktoryi-(-kitaj)/fermenteryi-

1z-nerzhavevyushhej-stali-s-mexanicheskoj-meshalkoj-ot-10-do-1000-litrov-i-

bolee.html

52. Ilepucranstuueckuit Hacoc Dynamik [Enextponnuit pecypc] // Pexum
noctymy: http://logrus.ua/ru/peristaltic-pump-dynamik/

53. JO3ATOP CUITYUUX MATEPIAJIIB 0,6 KYb. M [EnexrponHwmii

pecypc] // Pexxum mpoctymy: https://artmash.ua/category/dozatory?utm_source=goo
gle&utm_medium=cpc&keyword=%2B%D0%B2%D0%B0%D0%B3%D0%BE%
D0%B2%D0%B8%D0%B9%20%2B%D0%B4%D0%BE%D0%B7%D0%B0%D
1%82%D0%BE%D1%80&utm_campaign=%D0%B4%D0%BE%D0%B7%D0%
B0%D1%82%D0%BE%D1%80_%D1%83%D0%BA%D1%80&gclid=CjwKCA1
A2039BRBjEiwApB2IkoL.7YZVDQaZBCijZ1cSRCfVLsszsHp3nz.Ic2GiFSTHO
FqvEJb6ny6RoCBKAQAvVD BwE

54.  Anmaparsl  CTajdbHbIE  SMAJUMPOBAHHBIE C  MEXAHUYECKUM
nepeMeNIMBaroIM ycTpoiictBoM [Enexkrponnuit pecypc]| // Pexum moctymy:

http://euromash.kiev.ua/ru/aparati_emal_mehanicheskim_perem_ustroystvom_ru.p

hp
55. Peaktop nmaboparopubiii [Enextponnmii pecypc| // Pexum moctyrmy:

https://tirit.org/reactor_him/lab_steel gomo.php

56. Peaktop-pepmentep PD-100 nmsa OuOJIOTMYECKHX TIpenapaToB

[Enextponnmii pecypc] // Pexxum poctymy: https://promvit.com.ua/reaktor-dlya-

proizvodstva-sredstv-zashhity-rabochim-obemom-100-1/

57. Barogiit go3arop JIBM-50 [Enextponnuii pecypc] // Pexum moctymy:

https://foodbay.com/uk/minsk/search/upakovochnoje-oborudovanije/fasovochno-

upakovochnyje-avtomaty/dozatory/vesovoj-dozator-dvim-50-23714 .html

58. IlepucranpTiueckue Hacockl - MPC [Enextponnuit pecypc] // Pexum

noctymy: http://www.kolossal.com.ua/index.php?page=production&id=17&sid=47
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https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi-(laboratornyie-i-promyishlennyie)/promyishlennyie-fermenteryi-i-bioreaktoryi-(-kitaj)/fermenteryi-iz-nerzhaveyushhej-stali-s-mexanicheskoj-meshalkoj-ot-10-do-1000-litrov-i-bolee.html
https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi-(laboratornyie-i-promyishlennyie)/promyishlennyie-fermenteryi-i-bioreaktoryi-(-kitaj)/fermenteryi-iz-nerzhaveyushhej-stali-s-mexanicheskoj-meshalkoj-ot-10-do-1000-litrov-i-bolee.html
https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi-(laboratornyie-i-promyishlennyie)/promyishlennyie-fermenteryi-i-bioreaktoryi-(-kitaj)/fermenteryi-iz-nerzhaveyushhej-stali-s-mexanicheskoj-meshalkoj-ot-10-do-1000-litrov-i-bolee.html
https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi-(laboratornyie-i-promyishlennyie)/promyishlennyie-fermenteryi-i-bioreaktoryi-(-kitaj)/fermenteryi-iz-nerzhaveyushhej-stali-s-mexanicheskoj-meshalkoj-ot-10-do-1000-litrov-i-bolee.html
https://bio-rus.ru/oborudovanie/fermenteryi-i-bioreaktoryi-(laboratornyie-i-promyishlennyie)/promyishlennyie-fermenteryi-i-bioreaktoryi-(-kitaj)/fermenteryi-iz-nerzhaveyushhej-stali-s-mexanicheskoj-meshalkoj-ot-10-do-1000-litrov-i-bolee.html
http://logrus.ua/ru/peristaltic-pump-dynamik/
https://artmash.ua/category/dozatory?utm_source=google&utm_medium=cpc&keyword=%2B%D0%B2%D0%B0%D0%B3%D0%BE%D0%B2%D0%B8%D0%B9%20%2B%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80&utm_campaign=%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%83%D0%BA%D1%80&gclid=CjwKCAiA2O39BRBjEiwApB2IkoL7YZVDQaZBCjZ1cSRCfVLsszsHp3nzLIc2GiFSTHOFqvEJb6ny6RoCBKAQAvD_BwE
https://artmash.ua/category/dozatory?utm_source=google&utm_medium=cpc&keyword=%2B%D0%B2%D0%B0%D0%B3%D0%BE%D0%B2%D0%B8%D0%B9%20%2B%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80&utm_campaign=%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%83%D0%BA%D1%80&gclid=CjwKCAiA2O39BRBjEiwApB2IkoL7YZVDQaZBCjZ1cSRCfVLsszsHp3nzLIc2GiFSTHOFqvEJb6ny6RoCBKAQAvD_BwE
https://artmash.ua/category/dozatory?utm_source=google&utm_medium=cpc&keyword=%2B%D0%B2%D0%B0%D0%B3%D0%BE%D0%B2%D0%B8%D0%B9%20%2B%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80&utm_campaign=%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%83%D0%BA%D1%80&gclid=CjwKCAiA2O39BRBjEiwApB2IkoL7YZVDQaZBCjZ1cSRCfVLsszsHp3nzLIc2GiFSTHOFqvEJb6ny6RoCBKAQAvD_BwE
https://artmash.ua/category/dozatory?utm_source=google&utm_medium=cpc&keyword=%2B%D0%B2%D0%B0%D0%B3%D0%BE%D0%B2%D0%B8%D0%B9%20%2B%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80&utm_campaign=%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%83%D0%BA%D1%80&gclid=CjwKCAiA2O39BRBjEiwApB2IkoL7YZVDQaZBCjZ1cSRCfVLsszsHp3nzLIc2GiFSTHOFqvEJb6ny6RoCBKAQAvD_BwE
https://artmash.ua/category/dozatory?utm_source=google&utm_medium=cpc&keyword=%2B%D0%B2%D0%B0%D0%B3%D0%BE%D0%B2%D0%B8%D0%B9%20%2B%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80&utm_campaign=%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%83%D0%BA%D1%80&gclid=CjwKCAiA2O39BRBjEiwApB2IkoL7YZVDQaZBCjZ1cSRCfVLsszsHp3nzLIc2GiFSTHOFqvEJb6ny6RoCBKAQAvD_BwE
https://artmash.ua/category/dozatory?utm_source=google&utm_medium=cpc&keyword=%2B%D0%B2%D0%B0%D0%B3%D0%BE%D0%B2%D0%B8%D0%B9%20%2B%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80&utm_campaign=%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%83%D0%BA%D1%80&gclid=CjwKCAiA2O39BRBjEiwApB2IkoL7YZVDQaZBCjZ1cSRCfVLsszsHp3nzLIc2GiFSTHOFqvEJb6ny6RoCBKAQAvD_BwE
https://artmash.ua/category/dozatory?utm_source=google&utm_medium=cpc&keyword=%2B%D0%B2%D0%B0%D0%B3%D0%BE%D0%B2%D0%B8%D0%B9%20%2B%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80&utm_campaign=%D0%B4%D0%BE%D0%B7%D0%B0%D1%82%D0%BE%D1%80_%D1%83%D0%BA%D1%80&gclid=CjwKCAiA2O39BRBjEiwApB2IkoL7YZVDQaZBCjZ1cSRCfVLsszsHp3nzLIc2GiFSTHOFqvEJb6ny6RoCBKAQAvD_BwE
http://euromash.kiev.ua/ru/aparati_emal_mehanicheskim_perem_ustroystvom_ru.php
http://euromash.kiev.ua/ru/aparati_emal_mehanicheskim_perem_ustroystvom_ru.php
https://tirit.org/reactor_him/lab_steel_gomo.php
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rabochim-obemom-100-l/
https://promvit.com.ua/reaktor-dlya-proizvodstva-sredstv-zashhity-rabochim-obemom-100-l/
https://foodbay.com/uk/minsk/search/upakovochnoje-oborudovanije/fasovochno-upakovochnyje-avtomaty/dozatory/vesovoj-dozator-dvm-50-23714.html
https://foodbay.com/uk/minsk/search/upakovochnoje-oborudovanije/fasovochno-upakovochnyje-avtomaty/dozatory/vesovoj-dozator-dvm-50-23714.html
http://www.kolossal.com.ua/index.php?page=production&id=17&sid=47

59. Peaktop ¢ memankou 50 1 [Enexktponnuii pecypc] / Pexum moctyry:

https://biotechno.ru/catalog/emkosti-i-rezervuary/reaktor-s-meshalkoy-50-1/

60. Hupkynsauiitauit Hacoc Hacocei+ BPS 25-4ESA-180, npuennyBaibHU
KOMITJICKT (A) [EnexTponnmii pecypc] /l Pexum JOCTYIIY:

https://f.ua/ua/nasosiy/bps-25-4esa-180.html

61. Ilpomeimuiennsii pepmentep 1000-2000 1 [Enextponnwuit pecypc] //

Pexum JOCTYITY: https://biotechno.ru/catalog/fermentyery/promyshlennyy-

fermenter-biotechno-obemom-1000-2000-1/

62. JlozaTop BeCOBOM aBTOMATUYECKHM JJIsi JO3UPOBAHUS  BOJBI.
[ EmexTpoHHMIA pecypc] // Pexum JOCTYITY:

https://vesmaster.com.ua/images/dozators/doz5.html

63. PeakTOpbl XMMHUYECKHE C IEPEMEIINBAIOIINM YCTPONCTBOM
[Enextponnuii pecypc] // Pexxum gocryny:
http://euromash.kiev.ua/ua/aparati_emal _mehanicheskim_perem _ustroystvom ua.

php

64. Hupkynsuiinuit Hacoc Hacocki+ BPS 32/12-220 + raiika [ EnektpoHHuit
pecypc] // Pexum nmoctymy: https://fua/ua/nasosiy/bps-32-12-220-043-gayka-up-
4.html

65. Crepunu3almoOHHbBIE CHCTEMBI HETIPEPBIBHOTO NEUCTBUSA | EIEKTpOHHUM
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Kh Citrate cycle (TCA cycle) - Streptomyces albulus NK660
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Alanine, aspartate and glutamate metabolism - Streptomyces albulus NK660
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Abstract Intergeneric hybridization between S.albulus
and B. subtilis to produce e-poly-L-lysine (g-PL) from corn
starch residues (CSR) was investigated in this study. One
hybrid, designated S. a/bulus LS-84, which incorporated
the protease gene from B. subtilis, could effectively utilize
the protein in CSR as a nifrogen source. In fed-batch
fermentation, LS-84 produced 32.6 g/L e-PL in the presence
of 20 g/L. CSR. This was an increase of 256.1% compared
to that of the parent strain S albufus LS-01. The rapid
hydrolysis of CSR by protease caused rapid growth for LS-
84, which allowed higher respiratory activity. As a result,
activities of several key enzymes in LS-84 were higher
than those in LS-01; additionally, the content of several
intracellular amino acids, such as Asp, Glu, and Arg, was
also much higher in LS-84. Therefore, intergeneric hybridi-
zation between S. albulus and B. subtilis to produce e-PL
from CSR is an economical method for effective utilization
of waste resources.

Keywords: e-poly-L-lysine, com starch residues, intergeneric
hybridization

ShuLi"

College of Marine Science, Shandong University (Weihai), Weihai
264209, China

Tel: +86-06315688199; Fax: +86-063 15688303

E-mail: lishu201 6@sdu.edu.cn

Nan Wang
Weihai Food and Drug Administration, Testing Center, Weihai 264210,
China

Zong-Jun Du, Guan-Jun Chen

College of Marine Science, Shandong University (Weihai), Weihai
264209, China

@ Springer

1. Introduction

e-poly-L-lysine (e-PL) is a new food preservative, and is
produced by Streptonnces [1]. Due to its highly effective
bacteriostatic effect and safety for humans, &-PL has become
popular in the food processing industry [2]. In recent
years, some researchers have focused on growth medium
optimization for e-PL fermentation, with the primary goal
of adopting low costs for the carbon and nitrogen sources,
which can then reduce the production cost. The most
commonly used carbon sources in &-PL production include
glucose and glycerol [3-5]. Low-cost cane molasses has
been reported to be used for economical production of &-
PL as well [6]. For a nitrogen source, expensive yeast extract
and beef extract can produce a high yield of e-PL [5,7];
however, the hydrolysate of Strepromyces cells (HSC) was
recently reported as a low-cost, altemative raw material for
&-PL production [6].

The largest by-product generated from the glucose
production process in the starch industry is corn starch
residues (CSR), of which the composition is 50% insoluble
protein and 45% diatomite. CSR was intended to be a high
quality ingredient for animal feed, but owing to the high
concentration of diatomite it is usually used as fertilizer in
farmland, which is a serious waste of resources. At present,
there is no economical way to isolate protein from CSR, so
we hypothesized that CSR could possibly be a nitrogen
source for &-PL production by S. albulus hydrolysis. Our
previous research had found that S albulus prefers to
directly uptake soluble nitrogen from sources such as yeast
extract and beef extract. Unfortunately, we found that it
could not effectively hydrolyze the insoluble protein in
CSR because of the low activity of extracellular proteases,
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which became the barrier for utilization of waste resources.
Bacillus subtilis is an industrial strain commonly used
today to produce protease. For example, it can be used
for fermentation of soybean meal. Therefore, combining
protease synthesis from B. subtilis with S. albulus was
possibly a new strategy for e-PL production from CSR. In
this research, an intergeneric hybridization between S. albulus
and B. subtilis was investigated to verify this theory. Through
protoplast fusion, one hybrid designated S. albulus LS-84
was selected, based on proteolytic rings. This hybrid had
protease activity as high as 345.4 U/ml, which is 7.6-fold
higher than the parent strain. Furthermore, S. albulus LS-
84 produced &-PL at 32.6 g/L in the presence of 20 g/L
CSR in fed-batch fermentation. To our knowledge, this is
the first report of e-PL production from CSR by intergeneric
hybridization between S. albulus and B. subtilis.

2. Materials and Methods

2.1. Microorganism and chemicals

S. albutus LS-01 was a mutant derived from an antibiotic-
resistant mutation as described previously [5.8]. B. subiilis
310A and CSR were obtained from Xiwang Group Company
(Zouping, PR China). Chemical reagents that were used for
enzyme activities detection, such aslysozyme, ATP, ADP,
NADH, NADP, acetyl CoA, 6-phosphate dehydrogenase,
etc., were purchased from Sigma (USA) and Sinopharm
Chemical Reagent Co. Ltd (China). All other chemicals
used in this work were of analytical grade.

2.2, Medium and culture conditions

BTN solid medium was as described previously [9]. B. subtilis
and spores of S. albulus were spread on BTN agar plates
for incubation at 30°C for 3 days and 7 days, respectively.
Regeneration medium (RM) was as described previously
[10]. Protoplasts of S. albulus and B. subtilis grew on RM
agar plates and generated spores after incubation for 10 days
under 30°C. Spores of S. albulus were inoculated in M3G
medium [10] and incubated at 30°C on a rotating shaker.
After 24 h of incubation, fermentation broth was obtained
as the seed culture. Fermentation medium was the same as
MB3G, but with the modification that 20 g/L of CSR replaced
5 g/L of yeast extract.

2.3. Protoplast preparation and protoplast fusion

Protoplast preparation was as described previously [10]
with some modification. M3G medium was inoculated with
B. subtilis and spores of S. albulus. After 24 h of incubation,
cells of each strain were harvested by centrifugation at
4,000xg, and then were washed with PB buffer twice. The
cell suspension was exposed to a 5 mg/ml lysozyme solution

for 1.5 h at 30°C. The protoplast formation was observed
by light microscope (Sigma, USA). After there were no
residual mycelia visible, protoplasts of both strains were
centrifuged at 4,000%g to remove the lysozyme, and then
suspended in PB buffer. For B. subtilis, the protoplasts
were exposed to a temperature of 70°C for inactivation, and
complete inactivation was verified after 30 min because
there is no colony growth on RM agar plates after cultivation
for 7 days. Protoplasts of S.a/bulus were maintained alive.
Protoplasts of both strains were mixed together and fused
by 40% aseptic PEG6000. After gentle shaking for 15 min
at 40°C, the suspension of fused strains was diluted with
PB buffer and amplified on RM agar plates for 10 days.

2.4. PCR amplification

The bacterial genome was extracted by a test kit (Sangon
Biotech Co., Ltd.). PCR primers for 165 rDNA amplification
were as follows: forward primer, 5’-CGTGCTTAACAC
ATGCAAGTCGAAC-3"; reverse primer, 5-AGCAAT
GCTGATCTGCGATTACTAG-3". The primers used for
amplification of the specific protease gene in B.subtilis
were as follows: forward primer, 5’-GGGGGATTTATT
GTGGGTTT-3"; reverse primer, 5’-TACAATCCGACA
GCATTCCA-3". Primers were designed according to the
protease gene sequence of DQ983789 in GenBank.

2.5. Fed-batch fermentation

Fed-batch fermentation was carried out in a 5-L stired-tank
bioreactor (Shanghai Baoxing Bio-engineering Equipment
Co., Ltd., China). Aseptic fermentation medium (3.2L)
was inoculated with 240 ml of seed culture. The initial pH
was adjusted to 6.8 with NH;'H,0. The dissolved oxygen
(DO) was kept at 10% by the automatic control of the stirrer
speed. The change of pH during cultivation was detected
by a pH electrode, and NH;-H,O solution was added
automatically to maintain the pH at 3.8. The residual
glucose was maintained at 10 g/L by automatically pulsed
sterile glucose that was added to the culture medium by a
peristaltic pump. NH; -N concentration was maintained at
0.2-0.3 g/L by the addition of an aseptic (NH,)-SO, solution
at a concentration of 600 g/L.

2.6. Analytical methods

Dry cell weight (DCW) was determined by harvesting
fermentation broth, filtering the mycelia and drying at
100°C for 10 h.The glucose concentration was determined
by a biosensor analyzer SBA-40C (Shandong Academy
of Sciences). e-PL concentration was determined by the
procedure described by Kahar [3]. NH,-N was analyzed
by means of a colorimetric method using Nessler reagent.
Respiratory activity of S. albulus was determined by CTC
staining and viability staining [8]. Intracellular amino acid
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level was determined by harvesting the culture sample,
treating it in TCA solution, heating in boiling water for
30min, and detecting with an amino acid analyzer
(MembraPure GmbH). Enzyme activities of hexokinase
(HK), phosphoenolpyruvate carboxylase (PEPC), asparto-
kinase (AK), citratesynthase (CS) and e-PL synthetase
(Pls) were measured according to Hamano, Murmu, Wang,
etc. respectively [8,11,12].

3. Results and Discussion

3.1. Protoplast fusion and hybrids screening

Yeast extract is the best organic nitrogen source for
S. albulus LS-01. With this source, as much as 60 g/L of
e-PL can be obtained using M3G medium in fed-batch
fermentation [8]. However, S. albulus LS-01 cannot effec-
tively hydrolyze the insoluble protein in CSR because of
the low activity of extracellular proteases, so only 11.4 g/l
of &-PL could be obtained with CSR. B. subtilis 310A,
which is usually used for commercial protease production,
has strong hydrolysis activity on extracellular proteins.
Therefore, combining protease synthesis by a B. subtilis
gene expressed by S. albulus was first investigated in this
study. After protoplast preparation, these two strains were
fused by PEG6000. Protoplast fusion is an efficient breeding
technique, which is characterized by its non-reliance on the
homology of the microorganisms; therefore, recombination
can be extended to interspecies or even inter-genera
crossings. For example, intergeneric hybridization is possible
between Monascus anka and Aspergillus oryvzae [13] or
Lactobacillus delbrueckii and Bacillus amyloliquefaciens
[14].

The process of protoplast fusion can be observed by an
optical microscope as shown in Fig. 1. Protoplasts first
colocalize under the influence of PEG and then cell fusion
gradually completes due to the fluidity of the cell membrane.
Through a microscope, protoplast fusion can be clearly
seen, including two-cell fusion, three-cell, and multiple-cell
fusion. Among these hybridizations, protoplast fusion may
occur between S. albulus species, or between B. subtilis
species, or between these two genera. Because a prokaryotic
microorganism has no nucleus, chromosome hybridization
can be easily carried out after membrane fusion. Infrequently,
fusion of the entire genomes took place, forming diploids
or polyploids [13]; most often, fusion took place as a
partial genetic recombination; and a few protoplasts could
not be fused, forming only heterokaryons [15].

To easily distinguish the target recombinants of S, albulus
from other hybrids based on proteolytic rings, protoplasts
of B. subtilis were inactivated by heat; with this method,
their chromosomes remain active [15] and are able to fuse
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Fig. 1. Protoplast fusion between S. albulus and B. subtilis under
induction of PEG600. Two-cell fusion, three-cell, four-cell, and
multiple-cell fusion can be clearly seen. Photographs were obtained
by a microscope.

A

Fig. 2. B. subtilis protoplasts inactivated by heat were able to fuse
with live ones of S. albulus, forming active hybrids which could
secrete protease and generate proteolytic rings. A: S albulus LS-01
could not generate proteolytic rings on RM plates; B: Recombinants
of 8. albulus could generate proteolytic rings on RM plates.

with live protoplasts of S. albulus, generating active hybrids
which can secrete protease and generate proteolytic rings
on RM plates (Fig. 2). By this screening method, five
recombinants of S, albulus, with larger proteolytic rings,
were selected. One hybrid, designated S. afbulus 1.S-84,
was shown through testing to be the strain that could most
rapidly hydrolyze the protein in CSR as a nitrogen source.
Furthermore, S. albulus LS-84 was subsequently proven to
be genetically stable in eight continuous generations of
subcultures (data not shown).

3.2. Specific protease gene and 16S rDNA amplification
16S rDNA sequencesof recombinant S. albulus LS-84,
B. subtilis 310A, and S. albulus LS-01 were analyzed to
compare their homology by amplifying the 168 rDNA
with common primers for bacteria (Fig. 3B). After genetic
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Fig. 3. PCR fingerprints of specific protease gene and 165 rDNA
genes. A: fingerprints of specific protease gene; B: fingerprints of
165 rDNA genes; M: DNA Marker; 0: the parental strain S. albulus
LS-01; 1: the recombinant 8. albulus LS-84; 2: the parental strain
B. subtilis 310A.

sequencing, complete 16S rDNA gene sequences of the
above strains were detected as 1524 bp, 1485bp, and
1422 bp, respectively (data not shown). Using the BLAST
program in NCBI, sequence identity between S. albulus
LS-84 and S. albulus LS-01 was 99.8% while between
S. albulus LS-84 and B. subtilis 310A it was 75.6%. This
result suggested that the recombinant S albulus LS-84
essentially belongs to the S. albulus species. For detection
of the specific protease gene from B. subtilis, primers were
designed according to the protease gene sequence of
DQ983789 in GenBank and PCR fingerprints are shown in
Fig. 3A. Clearly, the recombinant S. albulus LS-84 was
positive for the protease gene, while the parental strain
S. albulus LS-01 was negative; this was direct evidence for
successful intergeneric hybridization between S. albulus
and B. subtilis.

3.3. Fed-batch fermentation of S. albulus using CSR as
organic nitrogen source

To test the e-PL productivity of S. albulus utilizing CSR as
an organic nitrogen source, characterization of LS-84 and
LS-01 for fed-batch fermentation was investigated in a 5-L
fermentation tank, containing 20 g/LL of CSR. Fig. 4 shows
the time profiles of fed-batch fermentations with CSR for
these two strains.

For the parent strain S. albulus LS-01, the activity of
extracellular proteases sustained downtun during the
period of fermentation and the highest activity was only
16.4 U/ml (Fig. 4A). While for the recombinant S. albulus
LS-84, the situation was greatly improved. Protease activity
was raised rapidly to 58.6 U/ml at 40 h and then improved
continuously to 76.5 U/ml at 140 h, which was 4.2-fold
higher than the parent strain. This result proved the success
that S. albulus LS-84 could express the protease gene from
B. subtilis through intergeneric hybridization. Extracellular

concentration of total amino acids (TAA) in fermentation
broth was also investigated for comparison (Fig.4B).
Owing to the high protease activity of S. a/bufus LS-84, the
CSR was able to be effectively degraded into amino acids
and provided organic nitrogen source for normal growth of
S. albulus LS-84. An interesting fact was that, the initial
protein content in fermentation broth was 10 g/L, while
TAA concentration was never more than 1.8 g/L during the
fermentation period. This suggested that there was no need
for S. albulus LS-84 to secrete enough protease to degrade
all the proteins, as long as they could maintain the normal
growth. Otherwise, situation of substrate inhibition may
be occurred because of the excess amino acid. However,
TAA concentration for S. albulus LS-01 was far less than
LS-84 owing to its low protease activity, only 0.1-0.2 g/L.
Obviously, such a low concentration of nitrogen source
would affect the growth of strain.

For the parent strain, S. albulus LS-01, owing to the low
activity of extracellular proteases, biomass growth was
very slow because it lacks sufficient nutrition from CSR.
Therefore, the final DCW obtained was 17.5 g/LL (Fig. 4F).
In fact, slow growth of the microorganism was consistent
with slow glucose consumption: only 450 g of glucose was
consumed in total during the fermentation period. Correlating
to the growth of biomass, e-PL production exhibited the
same trend and reached only 11.4 g/L. at the end of the
fermentation (Fig. 4G). This result showed that it is not
economical to produce &-PL from CSR without high
activity protease. For the recombinant 8. a/bulus LS-84, the
situation was completely different, as was our expectation.
S. albufus 1S-84 effectively utilize the protein as a nitrogen
source and exhibited nommal growth and metabolism
compared to S. albulus LS-01 (Fig. 4F); this is additional
evidence of intergeneric hybridization between S. albulus
and B. subtilis. Both glucose and NH*-N consumption
were promoted in LS-84, as determined from the feeding
rate. Glucose feeding started at 40 h for LS-84, which is
advanced 20 h compared to LS-01 (Fig. 4D). Finally, 1150 g
of glucose was consumed in total during the fermentation
period, 2.55-fold greater than the control. Similarly, the
amount of (NH,),SO, feeding in LS-84 was 196% more
than LS-01 (Fig. 4E). The NH*-N form is the most effective
inorganic nitrogen source for e-PL production, and can
combine with oxaloacetate to generate the precursor,
L-lysine [16]. Most striking was that e-PL production and
cell growth rates in L.S-84 were also accelerated during the
feeding phase of fed-batch fermentation. As a result, e-PL
production and biomass reached 32.6 g/l and 41.2 g/L
respectively at 196 h, which was an increase of 185.6%
and 135.8%, respectively, compared to the control (Fig. 4G).
This result showed that, through intergeneric hybridization
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between S. albulus and B. subtilis, the hybrid S. albulus
LS-84 could effectively utilize the CSR for e-PL production,
and therefore the fermentation costs were also reduced.

3.4. Comparison for respiratory activity of S. albulus
To determine the respiratory activity of S. albulus for e-PL
production from CSR, the methods of CTC staining and
viability staining were employed in this study [8]. At the
preliminary stage of fermentation (30 h), dead mycelia (red
fluorescence) of S. albulus LS-01 began to appear in the
pellets (Fig. 5B), but there were fewer dead than live
mycelia (green fluorescence). While for S. albulus LS-84,
pellets with loose interior structure were observed and
there were nearly zero dead mycelia (Fig. 5A). During
fermentation, the number of dead mycelia inpellets increased
in both LS-01 and LS-84, though differences were still
obvious. At 120 h, pellets in LS-84 were small with an
even smaller inner core of dead mycelia, while large pellets
with a dense layer were formed in LS-01 (Fig. 5), suggesting
that only the peripheral myceliahas respiratory activity.
Actually, filamentous bacteria such as Strepromyces exhibit
diverse morphology in submerged cultivation, ranging

A(120 h)|

Fig. 5. Determination of the respiratory activity for S. albulus.
(A): S albulus 1L.S-84; (B): S albulus 1LS-01. Green fluorescence
represents live mycelia and red fluorescence represents dead mycelia.

from dispersed mycelia to dense pellets. Morphology is
dependent on strain physiology, culture conditions and
process parameters. Furthermore, production performance
and morphology have been observed to be closely related.
In recent years, some researchers employed inorganic
microparticles such as tale, aluminum oxide and titanium
silicate oxide in the fermentation broth targeted control of
microorganism morphology [17,18]. For example, Ren et
al. investigated the effects of talc microparticles on mycelia
morphology and &-PL production by Streptomyces sp. M-
Z£18, and found that talc microparticles caused a decrease
of pellet diameter, meanwhile improved the e-PL production
by 50.3%, compared to the control [19]. And in this
research, the main composition of CSR is 50% protein and
45%, in which the diatomite played a role as talc
microparticles. In the presence of diatomite microparticles,
small pellets of S. albulus LS-84 were obtained. As is
known, small pellets occupied high specific surface area as
well as the loose interior structure, which will facilitate the
transfer of oxygen and nutrients from medium to mycelia.
Thus, mycelia in the small pellets occupied higher activity.
Consequently, glucose and NH,"-N consumptions, cell
growth and e-PL production were enhanced with CSR
supplementary. Moreover, &-PL production is a high energy
consuming process, the adequate oxygen and nutrient supply
will provide more ATP and precursors for the enhancing of
&-PL production and cell growth.

3.5. Comparison for enzyme activities in S. albulus

In Streptomyces synthesis of e-PL, several enzymes are
considered the key enzymes, including HK, PEPC, AK,
CS, and Pls [6,8]. Therefore, activities of these enzymes
were measured at 120h of fed-batch fermentation for
comparison. All the above enzyme activities in 8. albulus
LS-84 were higher than those in S. a/bulus LS-01 (Table 1).
HK is the key enzyme in the glycolytic pathway and its
activity in LS-84 was 1.37-fold higher than in LS-01, which
was responsible for the more rapid glucose consumption.
CS is one of the key enzymes in the TCA cycle and
responsible for the first step of catalytic reaction; activity in
S. albulus LS-84 showed a 1.75-fold improvement over
S. albulus LS-01, indicating an enhanced flux of the TCA
cycle. This result had also been supported by another e-PL-
producing strain, USE-51: addition of external citric acid
into the medium was reported to result in a significant

Table 1. Comparison for enzyme activities in S. albulus in fed-batch fermentation at 120 h. Three replicates were performed for each

measurement
Strains HK (U/mg) PEPC (U/mg) AK (U/mg) CS (U/mg) Pls (U/mg)
S. albulus LS-84 253.7 £ 19.5 1762 £ 15.7 26.4 + 3.2 283 £ 2.6 873457
S. albulus LS-01 1842 + 14.6 113.7 £ 16.9 14.1+26 163+ 1.6 50.2 £ 46
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5. albulus 1.5-01
B 5. albulus 1.5-84

Arg Glu Asp Lys Ser Gly
Intracellular amino acids

Fig. 6. Comparison for intracellular amino acids in S. albulus in
fed-batch fermentation at 120 h. Three replicates were performed
for each measurement.

increase of e-PL production [4]. In bacteria, L-lysine is
mainly synthesized in the diaminopimelic acid (DPA)
pathway. DPA is formed via aspartic acid produced by
combining oxaloacetate (OXA) with NH, -N as the nitrogen
source, and AK is the key enzyme utilized. The carbon
dioxide fixation reaction in bacteria is another source of
OXA, because PEPC catalyzes the reaction from PEP to
OXA [20]. Therefore, the higher enzyme activities of AK
and PEPC in §. albulus LS-84 lead to a greater use of the
DPA pathway. The polyreaction from L-lysine to £-PL is
catalyzed by Pls; consequently, this activity was 87.3 U/mg
in S. albulus LS-84, which is 74.2% higher than that in
S. albulus LS-01. This result supports the earlier indication
that S. albulus 1LS-84 has a stronger respiratory activity
than what is found S. a/bulus LS-01.

3.6. Comparison for intracellular amino acids in
S. albulus LS-84

Activities of several key enzymes for S. albulus 1S-84
proved to be higher than those in 8. albulus LS-01 (Table 1),
indicating a more active metabolism in the hybrid.
Therefore, concentrations of infracellular amino acids in
S. albulus were investigated for comparison. Some amino
acids exhibiting a distinct difference are shown in Fig. 6,
including Arg, Glu, Asp, Lys, Ser, and Gly; for these amino
acids, concentrations in LS-84 were 54.4%—-91.7% higher
than in LS-01. Arg was found in the highest proportion
among all intracellular amino acids. In bacteria, Arg can be
converted into NH; and ATP under the catalytic action by
the ADI system, while NH; can neutralize the H™, and ATP
provides energy for H-ATPase [21]. This result is consistent
with the fact that e-PL fermentation must depend on an
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acidic environment (pH 3.5-4.0). The increase of intra-
cellular Asp and Glu content also strengthened the synthesis
of e-PL, because Asp is the precursor of Lys in the DPA
pathway, while Glu provides -NH, for Lys synthesis [22].
As a result, the intracellular Lys in LS-84 at 77.8% higher
than that of LS-01 directly enhanced the e-PL productivity.
Additionally, concentrations of Ser and Gly in LS-84 were
also higher than in LS-01, suggesting that these two amino
acids might be relevant to higher e-PL production. However,
the detailed mechanism for this needs further study.

4. Conclusion

In this research, an intergeneric hybridization between
8. albufus and B. subtilis for e-PL production from com
starch residues was investigated for the first time. Through
protoplast fusion, one hybrid designated S. albulus L.S-84
was obtained that contained the protease gene from
B. subtilis, which could effectively utilize the protein in
CSR as a nitrogen source. In fed-batch fermentation, LS-84
produced 32.6 g/L e-PL in the presence of 20 g/ CSR,
which was an increase of 256.1% compared to the parent
strain S. albulus LS-01.The rapid hydrolysis of CSR by the
protease caused rapid growth for LS-84, which provided
higher respiratory activity. As a result, activities of several
key enzymes in LS-84 were higher than those in LS-01;
furthermore, content of intracellular amino acids such as Asp,
Glu, and Arg were also much higher in LS-84. Therefore,
intergeneric hybridization between S. albulus and B. subtilis
for &-PL production from CSR is an economical method
for effective utilization of waste resources.
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Abstract

The antibacterial polymer e-poly-L-lysine (e-PL) has been widely used as a safe food preservative. As the synthesis of
e-PL requires a rich supply of nitrogen, the efficiency of nitrogen translocation and utilization is extremely important. The
objective of this study was to improve the production of e-PL by overexpressing the ammonium transporter gene amtB in
Streptomyces albulus PD-1. Using the recombinant bacteria, the optimum carbon-to-nitrogen ratio in the synthesis stage of
fermentation increased from 3 to 4.71, compared with that obtained using the wild-type strain, and the utilization efficiency
of ammonium was improved too. Ultimately, the production of e-PL increased from 22.7 to 35.7 g/L. upon fed-batch cultiva-
tion in a 5 L bioreactor. Determination of the expression of the genes and enzymes associated with ammonium metabolism
and e-PL synthesis revealed that the overexpression of amtB in S. albulus PD-1 enhanced e-PL biosynthesis by increasing
the activity of the corresponding metabolic pathways. To the best of our knowledge, this is the first report on enhancing e-PL

production by overexpression of the amtB gene in an e-PL-producing strain.

Keywords e-poly-L-lysine - Nitrogen source - Ammonium transporter - Streptomyces albulus PD-1

Introduction

The biopolymer e-poly-L-lysine (e-PL) is composed
of 25-35 vr-lysine residues with linkages between the
a-carboxyl and e-amino groups [1]. It is mainly produced
by the members of the family Streptomycetaceae [2, 3].
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e-PL is regarded as safe for human consumption owing to
its broad-spectrum antimicrobial properties, water solubil-
ity, thermal stability, and non-toxicity [4]. As such, e-PL has
been approved as a food preservative in Japan, Korea, the
United States and China [5, 6]. Furthermore, because it is
biocompatible and biodegradable, e-PL and its derivatives
have been widely used as emulsifiers, biodegradable fibers,
high-strength hydrogels, drug carriers, and biochips [7-9].
For example, recent studies demonstrate that the e-PL-based
hydrogels can be easily integrated into biological tissues,
thus serving as wound dressings [10].

Nitrogen is a constituent element of cellular components
such as proteins, nucleic acids and several cofactors [11]. Tt
also regulates primary and secondary metabolism in differ-
ent bacteria, including Strepromyces [12-14]. e-PL is synthe-
sized from L-lysine monomers by a non-ribosomal peptide
synthetase, and the polymerization process requires a large
amount of L-lysine, which acts as the direct precursor. The sup-
ply of a sufficient amount of nitrogen is essential for e-PL fer-
mentation, because each L-lysine molecule contains two nitro-
gen atoms, although most of the other amino acids have only
one. Among the many nitrogen sources, inorganic (NH,),SO,
was found to have a strong positive effect on e-PL production
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[4, 15]. Furthermore, some organic nitrogen sources, such as
yeast extract and beef extract, were found to contribute to the
production of e-PL by promoting cell growth [16, 17]. How-
ever, the excessively high nitrogen concentrations affect both
the synthesis of enzymes involved in primary and secondary
metabolism, as well as the utilization of different nitrogen
sources from the fermentation medium [18]. To alleviate its
negative effects, the residual nitrogen concentration is often
maintained at a suitable level using fed-batch fermentation
strategies [19]. With the development of molecular biotech-
nology, it has become possible to increase the utilization effi-
ciency of nitrogen sources through genetic manipulation [20].

Ammonium transport proceeds in two ways, via free diffu-
sion in the form of NH; gas and active transport in the form of
the NH,* cation. When NH; diffusion across the membrane is
limited during metabolism, the ammonium transporter amiB is
expressed to facilitate the transport of NH,* from the extracel-
lular environment into the cells [12, 21]. Because e-PL is syn-
thesized under acidic conditions of pH 4.0 in the fermentation
process [22], ammonia primarily exists in the form of NH,*
ions in the fermentation broth. Therefore, NH,* ions enter the
cell primarily through the ammonium transporter, providing
a nitrogen source for cell growth and e-PL synthesis. Several
studies have demonstrated that increasing the expression of
genes related to nitrogen transport can significantly enhance
the production of many valuable compounds. For example,
Sindelar et al. improved L-lysine production by overexpressing
the amtA-ocd-soxA operon in Corynebacterium glutamicum
[23]. Similarly, Meng et al. enhanced the synthesis of antibi-
otics via heterologous expression of nitrate/nitrite transporter
genes in actinomycetes [24]. Judging by the findings of these
studies, the question whether the overexpression of amrB in S.
albulus PD-1 can be used to produce more e-PL remains of
great significance.

In this study, the amiB gene was overexpressed using dif-
ferent promoters in S. albulus PD-1 to investigate its effect
on &-PL production. The fermentation results showed a sig-
nificant increase in the production of e-PL. Furthermore,
to elucidate the effects of amtB in §. albulus PD-1, we ana-
lyzed the transcriptional level and enzyme activity of e-PL
synthetase and proteins related to nitrogen absorption and
assimilation. The findings of this study, thus, broaden our
understanding of nitrogen metabolism in S. albulus PD-1,
and provide an efficient fermentation strategy to improve the
industrial fermentation of e-PL.

Materials and methods
Strains and plasmids

The e-PL producer S. albulus PD-1 has been deposited in
the China Center for Type Culture Collection (Accession

@ Springer

No. M2011043). Escherichia coli DH5a (Tiangen Bio-
tech CO., Beijing, China) was used as the host strain for
maintenance and propagation of plasmids. Escherichia coli
ET12567 (pUZ8002) [25] was used as the non-methylating
plasmid donor strain for intergeneric conjugation with S.
albulus PD-1. The chromosomally integrated shuttle vector
(E. colilStreptomyces), pSET152, which can integrate spe-
cifically into the artB sites on the Streptomyces chromosome
via integrase-attp-directed site-specific recombination, was
used for overexpression of amtB.

Culture media

The Luria-Bertani (LB) medium for E. coli strains com-
prised 10 g/L tryptone, 5 g/L yeast extract, and 10 g/L. NaCl;
solid medium was produced by adding 20 g/L. agar. Manni-
tol-soy flour (MS) agar medium comprising 20 g/L. mannitol,
20 g/L soy flour, 40 mM MgCl, and 20 g/L agar was used
for intergeneric conjugation. Medium 3G (M3G) that was
used for fermentation consisted of 50 g/L. glucose, 10 g/L.
(NH,),80,, 5 g/L yeast extract, 0.5 g/l MgSO,-7H,0,
0.8 /L. K,HPO,, 1.36 g/L. KH,PO, 0.03 ¢/ FeSO,-7H,0,
0.04 g/LL and ZnSO,-7H,0. When required, antibiotics were
used at the following concentrations: 30 ug/mL apramycin,
25 ug/mL kanamycin, 25 ug/mL chloramphenicol and 25 ug/
mL nalidixic acid.

Molecular manipulations

For the construction of amtB overexpression plasmids, the
strong promoter PermE* and the original promoter (P,,,,5)
of amtB were compared (Fig. 1). The nucleotide sequences
of amiB gene and amtB gene with P, were amplified from
genomic DNA of S. albulus PD-1 using the primers amiB-
FlamtB-R and amtB-F’famtB-R, respectively. The promoter
ermE* was amplified from plasmid pIB139 using the prim-
ers PermE*-F/PermE*-R. The resulting PCR products were
inserted into the vector backbone pSET 152 which had been
digested with the corresponding enzymes to create plas-
mids pSET152-PermE*-amtB and pSET152-P ,,, s-amtB by
seamless cloning [26]. The resulting recombinant vectors
were introduced into E. coli ET12567 and then transferred
into 8. albulus PD-1 by intergeneric conjugation. All the
constructed plasmids were verified by restriction enzyme
digestion and DNA sequencing. The manipulations were
conducted as described before with some modifications
[27]. Furthermore, to investigate the effect of pSET152 on
e-PL biosynthesis, the empty plasmid pSET152 was also
integrated into the S. albulus PD-1 genome, generating S.
albulus PD-1-pSET152. The corresponding primers are
listed in Table 1.
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Fig.1 a Construction of recombinant expression vectors. b Con- P gramtBiXbal; 2: pSETI52-P,, ;-amtB/Xbal + BamHI;
firmation of recombinant plasmids by restriction enzyme diges- 3 pSET152-PermE*-amtB/Xbal: 4 pSET152-P, -

tion. Marker: DNA molecular weight standard; 1: pSET152-

Shake flask two-stage culture

Firstly, cells were cultured 24 h in M3G medium at 30 °C and
200 rpm. The resulting seed cultures were used to inoculate the
second stage medium at 10% (v/v), after which fermentation
was conducted at 30 °C and 200 rpm for 7 days. In the second
stage, the glucose concentration was kept constant at 10 g/L,
and the nitrogen content in (NH,),SO, were controlled at 0.2,
0.3,0.4,0.5, 1 g/L, 1.5 and 2, respectively. The carbon nitrogen
ratio (C/N) (mol/mol) was varied from 23, 16.5, 11.5, 9.17,
4.71, 3 and 2.36 by calculation of the carbon nitrogen ratio for-
mula, respectively. The concentration of NH,"-N was deter-
mined according to Zhou et al. [28]. The standard solution of

amtBiXbal + BamH]1

ammonium was diluted with water to different concentrations
and their absorbance determined separately after indophe-
nol blue reaction for 35 min to generate a standard curve of
NH,*-N concentrations. The content of carbon and nitrogen
in the fermentation broth was based on the initial concentration
of glucose and ammonium nitrogen (Cg, and Cyy* ). The
carbon-to-nitrogen ratio (mol/mol) was calculated according
to the following formula

C
C

~ (Cgu x6)/180
* (Cos ) /14

carbon

£
s =

nitrogon

Table 1 Primers used in

. X Primer DNA sequence (5-3")
plasmid construction and qRT-
PCR analysis amtB-F GGATCCAGTGAACCTCTCAGGTTCCGATG
amtB-R GCGCGGCCGCGGATCCCTACTTCTGCCGCTTGTAGAAGG (BamHI)
amtB-F GCAGGTCGACICTAGATTGCATACCGGCCGCT (Xbal)
PermE*-F GCAGGTCGACTCTAGAATGCATGCGAGTGTCCGT (Xbal)
PermE*-R AGGTTCACTGGATCCTACCAACCGGCAC
amtB F: ATCCTCAAGAAGCTCACCGA
R: GACGAACAGCTCGAAGCC
gdh F: AGACCTTCATCTCGGGTCTG
R: GAGGTAGGTGTCGTCCTCGT
glnA F: TACTTCCTCGACACCGTCCT
R: AGGAGGACATCGCGTAGC
ask F: GAGTTCGACATGCTGCTGAC
R: ACGGAGTCAGTGATCACACC
pls F: CGGATTCGTCCAACTCCT
R: GACGATGATCAGCCACCA
hrdB F: CGACTACACCAAGGGCTACA

R: TTGTTGATGACCTCGACCAT
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Fig.4 Comparison of fermentation process parameters in a 5 L bioreactor.

of a-ketoglutaric acid could promote the TCA cycle at the
same time, providing carbon for L-lysine synthesis [50]. Ulti-
mately, these metabolic changes led to an increase of e-PL
production.

In addition, another assimilation system was investigated
by measuring the transcription level of the GS gene (ginA). It
was found to be increased 1.2 times (Fig. 5a) and its enzyme
activity accordingly increased from 1.45 to 1.92 U/mg pro-
tein (Fig. 5b). Glutamine functions as a nitrogen donor in
the synthesis of carbamoyl phosphate, histidine, purines, and
glucosamine-6-phosphate, a precursor of peptidoglycan [51].
Therefore, the stronger GS activity promoted the synthesis
of more glutamine, which could have improved the growth
of the bacteria. By contrast, the transcriptional level of the
GOGAT gene (g/tB) and its enzyme activity were almost
unchanged (Fig. 5a, b), which also proved that the GOGAT
system does not play an important role at high nitrogen con-
centrations [12].

Further investigations of the key enzymes in the e-PL
synthesis pathway were also conducted. The transcription
level of the aspartate kinase gene (ask) was found to be
increased 1.4 times (Fig. 5a) and its enzyme activity accord-
ingly increased from 37.45 to 52 U/mg protein (Fig. 5b). As
the key enzyme of the diaminopimelic acid pathway (DAP),
the increase of ask activity indicated that more L-lysine was
used for the synthesis of e-PL [19]. Furthermore, the tran-
scription level of the e-PL synthetase gene (pls) was found
to be increased 1.6 times (Fig. 5a) and the enzyme activity
increased from 59.87 to 73.5 U/mg protein (Fig. 5b). These

S.atbulus-PD-1-amtB

~15} \

S.atbulus-PD-1

2,01

Specific e-PL production rate {x 10

I 1 L 1 !
(1] 24 48 T2 96 120 144 168
Culture time (h)

0.0

a Specific cell growth rate. b Specific e-PL production rate

results suggested that amtB overexpression has a profound
effect not only on ammonium assimilation but also on e-PL
biosynthesis. In conclusion, the overexpression of amtB
strengthened the transport of ammonium, thereby promot-
ing its assimilation, which in turn resulted in intracellular
accumulation of L-lysine and increased the yield of e-PL.
Nevertheless, the specific relationship between nitrogen
metabolism and the e-PL synthesis pathway is still unclear
and further studies are needed.

Conclusions

In this study, the amtB gene was successfully overexpressed
by increasing its transcriptional level in the e-PL-producing
strain 8. albulus PD-1 for the first time. Consequently, the
production of e-PL increased from 22.7 to 35.7 g/L in fed-
batch culture in a 5 L bioreactor. The analysis of transcrip-
tional and enzyme activity levels showed that the strain’s
ammonium absorption and assimilation abilities were
enhanced, which promoted the e-PL synthesis pathway.
Therefore, this study deepens our understanding of nitro-
gen utilization in the e-PL-producing strain S. albulus PD-1,
and will provide the basis for improving the production of
biochemicals in other actinomycetes by rational engineering.
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Food preservative

e-Poly-1-lysine (e-PL) serves as a biological preservative in food industry for many years in several countries.
However, the naturally occurring e-PL with the chain length of 25-35 1-lysine residuals exhibits bitter taste.
Thus, the decrease of chain length at an appropriate range has become very critical for the wide application of e-
PL. Herein, we proposed an efficient strategy for the short chain e-PL production with the high yield (39.84 g/L),
high purity (98.81%) and high recovery ratio (72.59%) by fed-batch fermentation using glycerol as carbon
source. The short chain e-PL with 8-32 1-lysine residuals showed different secondary structures and better an-

timicrobial activity towards yeast than naturally occurring one. As a result, a simple, low-cost and safe strategy
for high-level production of short chain &-PL was developed, which may enlarge the application of e-PL in the

food industry.

1. Introduction

e-Poly-t-lysine (e-PL) is a unique homo-poly(amino acid), produced
by various Streptomycetaceae bacteria and some Bacillus as well as a few
filamentous fungi as a secondary metabolite [1-3]. The typical e-PL is
generally composed of 25-35 v-lysine residuals linked by e-amino and
a-carboxyl groups with a molecular weight range from 3200 to
4500 Da. It has a wide antimicrobial spectrum of microorganisms, in-
cluding Gram-positive and Gram-negative bacteria, yeast and fungi,
which is mainly attributed to its isopeptide bond and multi-amino
groups [4]. Notably, e-PL strongly inhibits many foodborne pathogens
such as Escherichia coli 0157:H7 [5], Listeria monocytogenes [6], Sta-
phylococcus aureus [7]. Moreover, the compound is biodegradable,
water-soluble, thermal-stable and non-toxic [8]. Therefore, the e-PL is
identified as a generally recognized as safe (GRAS) for use in food in-
dustry as an antimicrobial agent by the US Food and Drug Adminis-
tration [9]. Currently, it is allowed to be used in Japan (1980s), South
Korea (1990s), United States (2004), and China (2014) as a biclogical
preservative in food industry [10].

As an emerging food preservative, e-PL exhibits more advantages
than conventional preservatives. Compared with chemically synthe-
sized preservatives, such as potassium sorbate, sodium benzoate and
nitrite, e-PL shows high safety and environmental friendly properties.
For these plant or animal tissue derived preservatives, such as pectin,
protamine and propolis, e-PL shows low cost and high stability. For the
same origin of microbial preservatives, such as nisin and natamyein, e-

* Corresponding authors.
E-mail addresses: chenxs

https.//doi.org/10.1016/].procbio.2018.03.001

PL has a wider usage pH ranges and high water solubility as well as
broad antimicrobial spectrum. Thus, e-PL is an ideal food preservative
with more advantages than traditional ones.

Actually, the antimicrobial activity of e-PL is primarily depended on
its chain length. It is reported that e-PL with less than 9 v-lysine residues
is known to have no antimicrobial activity [11]. However, naturally
occurring e-PL with 25-35 1-lysine residues exhibits unpleasant bitter
taste, which would limit its application in food industry [12]. Thus, the
controlling of e-PL at an appropriate chain length has an important
significance for its wide application. At present, four strategies have
been employed to produce the short chain e-PL. Since each e-PL-pro-
ducing strain produces e-PL with different chain length, such as S. al-
bulus NBRC14147 with 3.2-4.5 kDa [2]; Streptomyces sp. USE-51 with
2.3 kDa [13]; Kitasatospora sp. PL6-3 with 5kDa [14], it is ideal to di-
rectly screen strain with short chain e-PL producing from environment.
However, the high-yield production of e-PL consisting of 5-20 1-lysine
residues only reached 4.5 g/L [15], indicating it has a long way to use
this strain in industry. The second strategy is addition of aliphatic short
chain polyols or sulfated f-cyclodextrin into culture during fermenta-
tion. It was found pentamethylene glycol could effectively regulate the
chain length of £-PL [16], and polyanionic sulfated B-cyclodextrin was
successfully reduced the molecular weight of e-PL from 3.5 to 4.5 kDa
(27-35 mer) to less than 2.5kDa (~19 mer) [17]. These satisfactory
results represented the strategies are promising, but the majority of
multi-hydroxyl compounds are difficultly applied in industry in terms
of food safety. In respect to the third strategy, the Hamano group
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proposed the shortening of e-PL chain length by e-PL-synthetase en-
gineering through linker regions mutagenesis [18]. Unfortunately, the
short chain e-PL production of variants is too low and the mechanism is
not fully understood. In the previous study, we have prepared the short
chain e-PL from the naturally occurring e-PL by the e-PL-degrading
enzyme, which is an endo-type protease and purified from S. albulus M-
218 [19]. Although this method has successfully achieved the pre-
paration of short chain e-PL as the fourth strategy, it is difficult to en-
sure the consistency of chain length distribution among different bat-
ches. Moreover, the cost of enzyme preparation is very high and
inefficient. Therefore, there is still a lack of effective method to prepare
e-PL with short chain length, especially in a large amount.

It was reported short-chain aliphatic polyols could inhibit i-lysine
polymerization wvia esterification and produce short chain e-PL.
However, glycerol, one of polyols with high food safety and low cost,
was approved non-efficient in the production of e-PL with short chain
length [16]. In this study, we carried out short chain e-PL preparation in
large amount from glycerol by S. albulus M-Z18, and the characteristics
of chain length distribution, secondary structure and antimicrobial ac-
tivity of the short chain e-PL were also investigated.

2. Materials and methods
2.1. Strain and medium

Streptomyces albulus M-Z18 was used for e-PL production and pre-
served in our lab. The spores of 8. albulus M-Z18 were preparation and
maintained on the modified Bennett’s agar slant, which contained (per
liter): glucose, 10 g; beef extract, 1 g; polypepton, 2 g yeast extract, 1 g;
and agar, 18g, the pH adjusted to 7.0 with 2M NaOH before ster-
ilization. The M3G medium was used for seed cultivation, which
composed of (per liter): glucose, 50g; yeast extract, 5g (NH,).S0,,
10g K,HPO,3H,0, 08g KHPO, 136g MgS0.7H,0, 0.5
ZnS0,'7H,0, 0.04 g; FeS0,7H,0, 0.03 g, the pH adjusted to 6.8 with
2M NaOH solution before sterilization. Fermentation medium was
developed in our previous study [20] and made some modification used
for e-PL production, which contained (per liter): glycerol/glucose 60 g,
(NH,),SO, 8g, yeast extract 10g, KH,PO, 5g MgSO.7H,0 2g,
FeS0,7H,0 0.1 g, the pH adjusted to 6.8 with NH,OH solution (24%,
w/v) after sterilization.

Escherichia coli CICIM BO0013, Bacillus subtilis CICIM B0629,
Micrococcus tetragenus CICIM B0126, Staphylococcus cremoris CICIM
B1294, Saccharomyces cerevisize CICIM Y0086, Pichia pastoris CICIM
Y0154, Torulopsis globosa CICIM Y1017, Aspergillus niger CIFIM FO015
Aspergillus oryzae CICIM F1005, Penicillium chrysogenum CICIM F0058
were used for antimicrobial test and gifted from China University
Industrial Microbial Resources and Information Center (CICIM),
Jiangnan University. The LB medium was used for the growth of E. coli
CICIM B0013, B. subtilis CICIM B0629, M. tetragenus CICIM B0126, S.
cremoris CICIM B1294, which contained (per liter): NaCl, 10g; tryp-
tone, 10 g; veast extract, 5 g; the pH adjusted to 7.2-7.4 with 2 M NaOH
before sterilization. YPD medium was used for the growth of 8. cerevi-
siae CICIM Y0086, P. pastoris CICIM Y0154, Torulopsis globosa CICIM
Y1017, which contained (per liter): yeast extract 10 g peptone 20g;
glucose 20 g. The PDA medium was used for the growth of A. niger
CIFIM F0015, Aspergillus oryzae CICIM F1005, Penicillium chrysogenum
CICIM F0058, which contained (per liter): glucose, 20 g; potato juice,
200 g; natural pH.

All the media were sterilized in an autoclave at 121 °C for 20 min. In
addition, glucose was autoclaved separately and mixed together prior
to use in each case. All chemicals, except organic nitrogen source (beef
extract, yeast extract, polypepton, tryptone, peptone are in biochemical
grade), were used in analytical grade and purchased from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China).
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2.2. Preparation of e-PL-contained fermentation broth

In our previous study, a pH control strategy, pH shock, was devel-
oped in fed-batch fermentation for the overproduction of e-PL by S.
albulus M-Z218 [21]. Though a high production of e-PL was obtained
(54.7g/L), a large amount of biomass (76.35g/L) and a low yield
(8.6%) hurt its economy. It would also not be beneficial to separation
and purification of the e-PL from that culture broth. To reduce the high
biomass, sole organic nitrogen source (yeast extract) was used to re-
place of the mixed organic nitrogen source (fish meal and comn syrup) as
shown in the above medium component, and other conditions were as
following:

Aliquot 0.1mL spore suspension (2 x 10° spores/mL) was in-
oculated into a 500 mL flask containing 80 mL M3G medium and in-
cubated at 30 °C on a rotary shaker with 200 rpm for 24 h. After the
adjustment of temperature, aeration rate, agitation speed and initial pH
at 30°C, 0.5vvm, 200rpm, 6.80, respectively, this culture with ap-
proximately 300mL volume was transferred as seed into a 5-L fer-
menter (Biotech-5BG, Baoxing Bio-Engineering Equipment Co., Ltd.,
Shanghai, China) contained 3.2L fermentation medium. In the process
of fermentation, the pH shock strategy was adopted: when the pH was
naturally declined from the initial 6.80-5.00, maintained pH 5.00 for
10h by automatic addition NH,OH (12.5%, w/v), then allowed pH
dropping naturally for 12h, finally restoring pH to 4.00 and kept it
constant until the end of fermentation. Dissolved oxygen (DO) was set
above 30% of air saturation before pH declined to 4.00 and above 20%
of air saturation afterwards, which was controlled by adjusting agita-
tion during fermentation before the agitation reaching the maximum
speed. When agitation reached to 800 rpm, aeration rate was then
manually increased in the stepwise of 0.5 vvm with a range of 0.5-2.0
vvm. During the fermentation, pH and DO were monitored online by pH
and DO electrodes, respectively (K8S-225 and InPro6800, Mettler
Toledo, Greifensee, Switzerland). When the concentration of glucose or
glycerol was low than 10 g/L, sterilized glucose (800g/L) or glycerol
(1200 g/L) solution were automatically added by peristaltic pump to
maintain their concentrations at about 10 g/L. When residual ammonia
nitrogen (NH, * -N) was low than 0.5 g/L, sterilized (NH,),SO0, solution
(600 g/L) was fed and maintained its concentration until the end of
fermentation.

After 192 h fed-batch fermentation, about 5.0 L fermentation broth
was harvested, which mainly contained (g/L): e-PL, —39; mycelia (dry
cell weight), ~50; inorganic ions (Na*, NH,*, K*, Ca**, Mg*®*, €1~
1.15, 80,77), ~14; amino acids, ~ 1; protein, ~2; organic acids, ~3;
residual carbon source, ~5; and etc.

2.3. Separation and purification of ¢-PL from fermentation broth

In our previous work, a successive process for separation and pur-
ification of e-PL from fermentation broth including flocculation, filtra-
tion, ultrafiltration, ion-exchange chromatography, and decoloration
was developed [22]. Finally, the purity and recovery of e-PL reached
90.2% and 75.0%, respectively. Although the purity of e-PL had en-
hanced by 4.88-fold than the original, it was also below the standard
requirement ( > 95%). To further improve the purity of e-PL, the de-
veloped process was modified as following: (1) flocculation and filtra-
tion operations were replaced by dilution and centrifugation for the
removal of high biomass from fermentation broth in order to reduce the
hydrochloric acid addition and decrease the subsequent desalination
operation load; (2) active carbon was replaced of macroporous resin for
decoloration to simplified operation. The detailed process of &-PL se-
paration and purification from fermentation broth was as following:

The 1.0 L fermentation broth with about 30% (v/v) wet mycelia was
centrifuged at 5000g for 15 min, and repeatedly washed precipitate 3
times with 500 mL deionized water in each. A total 2.0L of cell-free
supernatant was withdrawn for the ultrafiltration with the cutoff mo-
lecular weight of 30 kDa membrane (0.1 m®) using a Pellicon 2 mini
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€-Poly-L-lysine (€-PL) has been widely used in the food industry as a biological preservative like Nissin
and natamycin for many years. However, few studies have focused on the separation and purification of e-
PL from fermentation broth. In the present study, a successive process for €-PLseparation and purification
from fermentation broth was proposed, and two key operation units of solid-liquid separation and ion-
exchange chromatography were systematically investigated. Solid-liquid separation was successfully
achieved by filtration for fermentation broth flocculated by the addition of 800 mg/Lsodium polyacrylate

I:f‘g:;:i_ﬂl_j;sme at pH 1.5. The adsorption and desorption of €-PL on Amberlite IRC-50 resin were optimized, and the
Flocculation optimal conditions are as follows: initial €-PL concentration of 15g/L, pH 8.5, and a flow rate of 1.5

bed volume (BV)/h for adsorption; 0.25M HCl and a flow rate of 7.0BV/h for desorption. On the basis
of the above results and those from our previous studies, a successive process including flocculation,
filtration, ultrafiltration, ion-exchange chromatography, and decoloration was employed to extract e-PL
from fermentation broth; 902% purity was attained with 75% recovery. This is the first report on the
separation and purification of €-PL from fermentation broth containing a high concentration of €-PL,
which will provide guidance for its industrial manufacture.

lon-exchange chromatography
Fermentation broth
Biological food preservative

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

€-Poly-1-lysine (e-PL) is a homo-poly-amino acid produced by
certain strains of Actinomycetes and Bacillus as an extracellular
secondary metabolite [1], and strongly inhibits many foodborne
pathogens such as Escherichia coli 0157:H7 [2], Listeria monocyto-
genes [3], Staphylococcus aureus [4], and Saccharomyces cerevisiae
[5]. Moreover, it is water soluble, biodegradable, stable, and has a
low level of toxicity [6,7]. €-PL has been utilized as a food preser-
vative in meat and fish sushi (1-5mg/g), rice, cooked vegetables
(0.01-0.5 mg/g), and other foods in Japan since the 1990s [1]. The
US Food and Drug Administration authorized the use of €-PL as
generally recognized as safe (GRAS) at levels of up to 50 mg/kg in
food (GRAS 135) in 2003 [8]. Recently, China has declared that e-
PL is allowed to be added to food as a preservative in the range of
0.15-0.5 g/kg.

As a biological fermentation product, there are two issues
that are of concern to researchers. The first is how to achieve
the target product accumulation in larger in the fermentation
broth. In the past few decades, much attention has been paid to

# Corresponding author. Fax: +0086 510 85918279.
E-mail address: chenxs@jiangnan.edu.cn (X-S. Chen).

http://dx.doi.org/10.1016/j.procbio.2015.11.010
1359-5113/© 2015 Elsevier Ltd. All rights reserved.

improving e-PL production, including high producer strain screen-
ing and mutagenesis [9,10], nutrition component optimization
[11-13], and bioprocess regulation [14-18], etc. To date, several
Streptomyces strains have attained €-PL production over 30g/L,
with a maximum of 48.3 g/L. The second issue is how to recover
the target product from the complex fermentation broth with high
purity, high recovery, and low costinput. Shima and Sakai were the
first to investigate the use of cation ion-exchange adsorption, active
carbon decoloration, organic solvent precipitation, and gel chro-
matography for €-PL purification for the structural characterization
of the first e-PL-producing strain found [19]. Since the publica-
tion of their report, there has been no further literature on e-PL
purification over the next 30 years. Until recently, an ultrafiltration
technique with 2 and 5 kDa cutoff molecular weight membranes
has been used to prepare €-PL with different molecular weight
distributions from the raw material of €-PL hydrochloride [20].
Bankar et al. [21] systematically investigated the purification of
€-PL from fermentation broth using cation exchange chromatog-
raphy, ultrafiltration, solvent precipitation, and gel permeation
chromatography, achieving the highest €-PL purity and yield thus
far, at 97.58% and 90.42%, respectively. However, the treatment
fermentation broth only contained 2 g/L €-PL, and there is a big
discrepancy between this amount and those in actual industrial
production. Compared with the firstissue, few studies have focused

Please cite this article in press as: X.-S. Chen, et al,, Separation and purification of €-poly-L-lysine from fermentation broth, Process
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on the separation and purification of €-PL due to the complex-
ity of this heterogeneous system, which contains microbial cells,
metabolites, pigments, and colloidal matrix, etc. In fact, the cost of
recovery of the microbial product from the broth is a significant
part of the total production cost of the product.

In our previous studies, we mutated a high-yield €-PL pro-
duction strain [22], optimized media components [23-25], and
developed pH control strategies [26,27] for the efficient production
of e-PL. Furthermore, we also investigated the use of a macrop-
orous resin for the removal of pigments from fermentation broth,
and optimized the dynamic adsorption conditions, finally achiev-
ing a decoloration ratio of 83.9% with a €-PL recovery ratio of
97.3% [28]. On the basis of the above, the present study was
aimed at providing a potential industrial route for €-PL separa-
tion and purification from fermentation broth containing a high
concentration of €-PL (30g/L). Flocculation and filtration were
employed for solid-liquid separation, and the filtrate was then pro-
cessed by successive application of ultrafiltration (30 kDa), cation
exchange chromatography, decoloration with a macroporousresin,
and a final ultrafiltration step (1kDa). Meanwhile, the parame-
ters of protein removal ratio, e-PL loss ratio, and €-PL purity were
evaluated in every operation unit, and the purified product was
analyzed by high-performance liquid chromategraphy (HPLC) and
characterized using matrix-assisted laser desorptionfionization
time-of-flight/mass spectrometry (MALDI-TOF-MS).

2. Materials and methods
2.1. Chemicals and equipments

Sodium polyacrylate (Anion, molecular weight of 1 x 107 Da)
was purchased from Sinopharm Chemical Reagent Co., Ltd. (Shang-
hai, China). Amberlite IRC-50 and macroporous resin SX-8 were
provided by Rohm and Haas Company (Philadelphia, PA) and
Suqing Water Treatment Engineering Group (Jiangsu, China),
respectively. Media components used for €-PL fermentation were
all in analytical grade, beside glucose and yeast extract as well
as beef extract, which were purchased from Sinopharm Chemi-
cal Reagent Co,, Ltd. (Shanghai, China). Standard €-PL sample was
provided by Zhejiang Silver-Elephant Bio-engineering Co., Ltd.,
(Tiantai, China) with 95% purity. A0.17 m? filter with 10 frames was
customized in Yongsheng Co., Ltd. (Haining, Zhengjiang, China).
Pellicon 2 mini ultrafiltration system (0.1 m?) with two membrane
packages (30kDa and 1 kDa) was purchased from Merck Millipore
(Billerica, MA, USA).

2.2. Preparation of €-PL fermentation broth [25]

Streptomyces albulus M-Z18 (formally named Streptomyces sp.
M-Z18) was used for €-PL fermentation and preserved in our lab.
The seed medium was composed of (g/L): glucose, 50; yeast extract,
5; (NH4);504, 10; KH,PO4, 1.36; K;HPO,, 0.8; MgS0,-7H,0, 0.5;
ZnS0,-7H,0, 0.04; FeSO,-7H,0, 0.03, pH 6.8. The fermentation
medium was composed of (g/L): glycerol 60; beef extract 5;
MgS0,4-7H;0 0.5;KH,PO; 0.13; Na;HPO,-12H,0 0.14, pH 638.
The fed-batch fermentation was carried out in a 5-L fermen-
tor (BIOTECH-5BG, Baoxing Bio-Engineering Equipment Co., Ltd.,
Shanghai, China) with a 3.5-L work volume using a two-stage pH
control strategy at 30°C and 200-800rpm. In the feeding stage
fermentation, sterilized 100% glycerol was automatically added
by peristaltic pump to maintain the concentration of glycerol in
broth at about 10g/L. Residual ammonia nitrogen (NH4*-N) was
maintained at about 0.5g/L by feeding 600 g/L sterilized (NH, ), SO,
solution just as the feeding of glycerol. When the consumption rate
of glycerol decreased significantly, the e-PL fed-batch fermentation

was stopped. The fermentation broth contained: 30g/L €-PL, wet
mycelium volume 30% (v/v), protein 2.0-3.0g/L, residual carbon
source glycerol 5-12 g/L, residual NH4* concentration 1.0-2.0g/L,
and residual SO,2- concentration 0.5-1.0g/L. In this study, all the
following operations for €-PL purification were carried out at room
temperature.

2.3. Solid-liguid separation of fermentation broth by flocculation

Flocculation can be used to aggregate cells to increase the effec-
tive “particle” size and hence easy sedimentation, centrifugation
and filtration [29]. In the present study, an anionic polymer floc-
culant sodium polyacrylate has been chosen to aggregate S. albulus
M-Z18 mycelium, and effects of different pHs and flocculant doses
on flocculation have been evaluated.

To investigate the influence of pH on flocculation, fermentation
broth was adjusted in the range of pH 1.0-pH 12.0 in presence
of 800 mg/L sodium polyacrylate. However, floc was apparently
formed at below pH 3.0. Thus, we focused on the flocculation in
the range of pH 0.5-pH 2.5 in the presence of 800 mg/L sodium
polyacrylate. A 100 mL fresh fermentation broth contained 30 g/L
€-PL was added to a 250 mL breaker. After adjusting the broth pH
frominitial 4.1to0 2.5,2.0, 1.5, 1.0 and 0.5 with 6 M HCI, respectively,
67 mLsodium polyacrylate mother liquid (2 g/L) was supplemented
to those different pHs fermentation broth. Subsequently, a rapid
stirring (200 rpm) was implemented for 2 min to promote full con-
tact between the flocculant and mycelium, and then slow stirring
(75 rpm) for 3 min was maintained for floc growth. Instead of floc-
culant, 67 mL deionized water was added to the same volume fresh
fermentation broth without pH adjustment (pH 4.10) as control.
After flocculation, the suspension was filtered by filter paper (&
7 cm) under 0.05 MPa vacuum. During the process of filtration, the
filtration time t (min) was defined as the time length between the
first and last droplet (the last droplet defined as no droplet was
formed in 20 s), and the filtration rate Q (L/m? h—') was calculated
by the following equation:

v

Q:txs

where Vis the total volume of filtrate (L), t is the filtration time (h),
S is the area of filter paper (3.85 x 10-3 m?).

In order to investigate flocculant dose on flocculation, the pH of
fresh fermentation broth was firstly adjusted to pH 1.5 with addi-
tion of 6MHCI. Then, 67 mL different concentrations of sodium
polyacrylate mother liquid were supplemented to the 100mL
fermentation broth in 250 mL breaker, and achieved the final floc-
culant dose at 600, 800, 1000, 1200 and 1400mg/L, respectively.
Instead of flocculant, 67 mL deionized water was added to the same
volume fresh fermentation broth with pH adjustment to pH 1.5 as
control. Similarly, a rapid stirring (200 rpm) was implemented for
2min and slow stirring (75rpm) for 3 min. After flocculation, the
suspension was alsofiltered by filter paper under 0.05 MPavacuum.
The filtration time and filtration rate were calculated as the above
mentioned.

2.4. Optimization of €-PL adsorption and desorption conditions
on resin by dynamic experiment

Itis known that the molecular weight of e-PL distributes in the
range of 2500-4500 Da, showing it is a mixture product. Thus, it is
difficult to separate it from impurities only depended on molecu-
lar weight difference. However, €-PL has many free amino groups,
which can be used by ion-exchange resin and achieve €-PL purifica-
tion. In this study, the adsorption and desorption condition of €-PL
on Amberlite IRC-50 has been evaluated.

Please cite this article in press as: X.-S. Chen, et al., Separation and purification of €-poly-L-lysine from fermentation broth, Process
Biochem (2015), http://dx.doi.org/10.1016/j.procbio.2015.11.010

146



G Model
PRBI-10556; No.of Pages8

X.-S. Chen et al. / Process Biochemistry xxx (2015) xxx-xxx 3

Table 1
Orthogonal experiment factors and levels.

Level A, €-PL concentration (gL ') B,pH C, Flow rate (Bv h!)
1 30 6.0 15
2 20 8.0 3.0
3 15 85 5.0
4 10 9.0 7.0

In order to optimize the best condition for €-PL adsorp-
tion on Amberlite IRC-50, adsorption capacity was chosen as
the index. The 4 orthogonal experiment design was used to
obtain the optimal adsorption conditions, i.e., uploading e-PL
concentration, pH, uploading flow rate. The factors and levels
were shown in Table 1. 70g IRC-50 resin was pretreated by
1 MHCI-1 MNaOH-1MHCI and deionized water, and then filled in
a glass column (40 mm x 300 mm). The uploading conditions were
referred to Table 2, When the effluent was mixed with Dragendorff
reagent and produced apparent precipitation, loading operation is
stopped. The adsorption capacity (g, mg €-PL/g resin) of €-PL on
Amberlite IRC-50 was calculated by the following equation:

_GxW
W

where C,is the uploading €-PL concentration (g/L), V; is the upload-
ing volume (L), W is the dry weight of Amberlite IRC-50 (g).

To develop an efficient desorption strategy, different HCI con-
centrations (0.1 M, 0.25M, 0.5M) at different elution flow rates
(4.0BV/h, 7.0BV/h, 9.0 BV/h) were employed to treat IRC-50 resin
saturated with €-PL under the above optimal adsorption condi-
tions after 5 BV deionized water washing. The elution operation
is ended when no precipitation formation in the effluent mixing
with Dragendorff reagent. €-PL desorption ratio as well as the final
pH and e-PLconcentration in the eluent were employed to evaluate
the best desorption condition. The €-PL desorption ratio (D, %) was
calculated by the following equation:

G xV,
Dfmxlﬂﬂ%

where G, is the e-PL concentration in eluent (g/L), V; is the volume
of eluent (L).

Table 2
Effect of sample conditions on adsorption capacity of €-PL on Amberlite IRC-50.

2.5. Separation and purification of €-PL from fermentation broth

On the basis of the present study and our previous investiga-
tion on decoloration and ultrafiltration, we proposed a route for
€-PL purification from fermentation broth, shown in Fig. 1. The
flow chart was divided into five parts and the specific operation
parameters in each unit are described as followed:

Operation unit 1: About 3.5L fresh fermentation broth was
adjusted to pH 1.5 using 6 M HCl. Then, 2 g/L sodium polyacrylate
mother liquid was added to the broth with the final concentration
at ~800 mg/L accompanying with a rapid stirring (200 rpm, 2 min)
and a slow stirring (75 rpm, 3 min). Finally, the flocculated broth
was pumped to a frame filter (0.17 m?) equipped with 10 frames
and microfiltration membrane(pore size 1 um)at 0.1 MPa pressure.

Operation unit 2: The filtrate was adjusted pH to 6.5 with
6 MNaOH. Then, ultrafiltration with the cutoff molecular weight
of 30 kDa membrane (0.1 m?) was used to removal some soluble
macromolecules impurities under 0.10 0.15 MPa inlet pressure.

Operation unit 3: The ultrafiltration filtrate was adjusted pH to
8.5 with 6 M NaOH, and maintained e-PL concentration in ultra-
filtration filtrate at about 15 g/L through diluting or concentrating
operation. Subsequently, 300 mL filtrate was uploaded at 1.5BV/h
to the column (40 mm x 300 mm) filled with 100 mL Amberlite
IRC-50. After loading, 4-6BV deionized water was employed for
washing resin, and 0.25 M HCI had been used to elute €-PL from
resin at 7.0 BV/h.

Operation unit 4: The elution was adjusted pH to 7.0 with
6 MNaOH, and diluted €-PL concentration to about 7 g/L. Then, the
elution was uploaded at 1.0BV/h to the column (40 mm x 300 mm)
filled with 100 mL macroporous resin SX-8.

Operation unit 5: The effluent was concentrated by ultrafiltra-
tion with the cutoff molecularweight of 1.0 kDa membrane (0.1 m?)
at 0.1 MPa inlet pressure. When the volume of the above solution
was reduced to 100mL, 200 mLdeionized waterwas supplemented
and continued to ultrafiltration operation for three times.

Subsequently, the above desalinized solution was further con-
centrated with rotary evaporator to about 20 mL under 0.05MPa
and 50 °C. The solid €-PL sample was obtained by freeze drying. In
each operation unit, samples with approximately 0.1 g solid sub-
stance was taken out and freeze dried, and used to determine the
content of protein and €-PL for calculating the protein removal
ratio, €-PL loss ratio and €-PL purity.

Groups Factors Adsorption capacity (mgg-') Groups Factors Adsorption capacity (mgg-')
A B A B C

1 1 1 1 3124 £ 1.36 9 3 1 3 17.16 £ 0.21

2 1 2 2 29.73 £ 0.83 10 3 2 4 16.18 = 0.07

3 1 3 3 2415 + 0.62 11 3 3 1 12794 + 236

4 1 4 4 21.77 £ 091 12 3 4 2 36.28 + 0.86

5 2 1 2 19.60 = 0.39 13 4 1 4 13.61 £ 0.10

6 2 2 1 3533 £ 0.12 14 4 2 3 15.36 = 0.31

7 2 3. 4 19.65 + 0.25 15 4 3 2 2922 + 0.11

8 2 4 3 20.39 £ 0.37 16 4 4 1 113.81 + 1.96

K1 106.89 8161 30832

K2 94.97 96.60 114.83

K3 197.56 20096 77.06

K4 172.00 192.25 7121

R 25.65 2983 59.27

Primary relations C=>B > A
Optimal combinations A3 B3C1

K1-K4: sums of adsorption capacity of €-PL on resin at levels of 1-4, respectively. R (range)=(the maximum K value—the minimum Kvalue)/3. Primary relations: the sequence
of influencing magnitude for €-PL adsorption capacity, i.e., Flow rate > pH > €-PL concentration. The optimal combinations: the initial €-PL concentration at 15 g/L uploading

at pH 8.5 with 1.5BV/h flow rate.
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Fig. 1. Scheme of €-PL separation and purification from fermentation broth.(1) Fresh fermentation broth; (2} 6 M HCI; (3} 6 M NaOH; (4) 1MHCI; (5) deionized water; (6)

1M NaOH; (7) 0.25 MHCI; (8) 40% aqueous ethanol.

2.6. Analytical methods

The concentration of €-PL was determined using methyl orange
precipitation method [30]. In brief, an equal volume of sample with
0.06-0.12g/Le-PLdiluted with 0.07 mM phosphate buffer(pH 6.90)
and 0.7 mM methy] orange solution were mixed together, which
reacted at 30 °C with shaking for 30 min. The interaction of cationic
€-PLwith anionic methyl orange in the mixture led to form awater-
insoluble complex, the €-PL concentration can be estimated from
the absorbance at 465 nm of the methyl orange remaining in the
supernatant solution through standard curve calculation.

The protein concentrations were determined using the Bradford
protein assay kit with bovine serum albumin (BSA) as the standard
131}

€-PL was analyzed by HPLC (Chromaster, Hitachi, Japan)
equipped with an ODS-120T column (4.6 mm x 250 mm; Tosho
Co., Ltd., Tokyo) and a UV spectrophotometer detector (Chromas-
ter, Hitachi, Japan). The mobile phase was 10mMK;HPO4 and
10mM Na,; S0, aqueous solution (pH 3.4 adjusted by H; PO, ): ace-
tonitrile {23:2, v/v) at a flow rate of 0.4 mL/min. The operating
conditions were as follows: monitoring wavelength, 215 nm; injec-
tion volume, 100 pL; column temperature, 30°C,

€-PL was characterized by MALDI-TOF-MS (Autoflex 2, Bruker
Daltonics Inc., USA) and 2,5-dihydroxybenzoic acid was used as a
matrix.

3. Results and discussion

3.1. Separation of mycelium from €-PL fermentation broth by
flocculation

Solid-liquid separation is one of the most important steps when
recovering biotechnological products from fermentation broth.
€-PL is generally produced by extraction and purification from
filamentous Streptomyces fermentation broth, which is highly vis-
cous, with a high wet mycelium content (30%, v/v). Separation via
centrifugation is costly, and flocculation is a good alternative in
the industrial process of cell removal from fermentation broth via
polyelectrolyte addition due to its lower cost and larger capacity.
Flocculation can aggregate cell debris and protein contaminants
into larger flocs, thereby decreasing broth viscosity, as well as
simplifying solid-liquid separation [32]. Sodium polyacrylate was
selected as a suitable flocculant based on a preliminary experiment
in which dozens of potential flocculants were tested. The effects of
pH and sodium polyacrylate dose on the filtration parameters are
shown in Figs. 2 and 3.

As illustrated in Fig. 2, the filtration time was significantly
reduced with a decrease in pH from 4.1 (control) to 1.5; however,
the filtration time remained stable when the pH dropped below 1.5.

0 120
0 I:]ﬁumhnn time
(/] filtration rate 7 7

400 |- ’H 7 e
7 -
5 300 ’ '_ = NE
£ Z 7 =
= 7 g
S omf ’ e E
= 7 2
Bl ? Az =

oozl E .oV .,
4.1 25 20 L5 1.0 0.5
pH value

Fig. 2. Effect of pH on filtration parameters at the addition of 800 mg/L sodium
polyacrylate.

Notably, the filtration rate appeared to be enhanced with decreas-
ing pH, and the maximum filtration rate reached 114.7L/m? h-!
at pH 1.5; thereafter, the filtration rate remained relatively stable.
Thus, adjustment of the fermentation broth pH to 1.5 may optimize
filtration. In fact, in this extremely low pH environment, Strepto-
myces cells were cationized, and agglomerated together easily with
the help of the anionized sodium polyacrylate.

The effect of different doses of sodium polyacrylate on the fer-
mentation broth filtration parameters at pH 1.5 is exhibited in
Fig. 3, which shows that the filtration rate was positively cor-
related with the flocculant concentration from 0 to 800 mg/L.
However, the filtration rate decreased rapidly when the flocculant
concentration rose above 800 mg/L, indicating that additional floc-
culant supplemented would decrease filtration efficiency (Fig. 3A).
This phenomenon is similar to that of the y-aminobutyric acid-
producing Enterococcus raffinosus, which is separated from the
fermentation broth by chitosan flocculation [33]. Fig. 3B presents
the process of different concentrations of flocculant added to the
fermentation broth. The figure shows that the flocs appeared at
a concentration of 400 mg/L, were clearly formed at 600 mg/L,
and sedimented out at 800 mg/L, which confirms that the dose of
800 mg/L sodium polyacrylate is sufficient for flocculation.

3.2. Adsorption and desorption of €-PL on Amberlite IRC-50 resin

€-PLis a polyamino polymer containing 25-35 side chainamino
groups that has an isoelectric point of about 9.0. The usage of ion-
exchange principles to separate €-PL from impurities dependenton
charge differences in specific pH environments is reasonable. Shima
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and Sakai [ 19] first tried to purify €-PL on a cation resin Amberlite
IRC-50, and more recently, Bankar et al. [21] also employed this
resin for €-PL separation from fermentation broth. However, the
optimal conditions for e-PL adsorption and desorption on Amber-
lite IRC-50 have not yet been evaluated.

In our preliminary experiment, Amberlite IRC-50 was confirmed
to be the best resin for e-PL purification through screening of
dozens of weak cation resins by static tests. To investigate the most
important adsorption parameters, i.e., €-PL concentration, pH, and
flow rate, on resin adsorption capacity, 4° orthogonal experiments
were designed, and the results are shown in Table 2. The results
showed thatthe flow rate had the largest influence on €-PL adsorp-
tion capacity, followed by pH, and then e-PL concentration. The
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loading flow rate is the biggest determinant of the contact time
between the resin and solution [34]. Thus, the optimal loading con-
ditions for efficient €-PL adsorption on the Amberlite IRC-50 were:
initial e-PL concentration of 15 g/L, pH 8.5, and flow rate of 1.5 BV/h.
Finally, the highest adsorption capacity of the €-PL on the resin
reached 127.94 mg/g.

€-PL hydrochloride is the main product formed; thus,
hydrochloric acid is usually used as the eluent. Fig. 4 shows the
effects of different concentrations of hydrochloric acid at different
flow rates on the €-PL desorption parameters. The figure shows
that a e-PL desorption ratio of >93% was achieved at the tested HCl
concentrations regardless of the flow rate, suggesting that HCl is
an efficient eluent for desorbing e-PL from the Amberlite IRC-50.
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Fig. 4. Effect of flow rate on elution parameters using 0.1 MHCI(A), 0.25 M HCI (B) and 0.5 MHCI (C).
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The final e-PL concentrations in the eluent rose with increasing HCI
concentration at each tested flow rate; however, the €-PL concen-
tration decreased with increasing flow rates in each HCI solution.
Unfortunately, since the final pH drops with increasing HCl con-
centration, more alkaline solution is thus needed for neutralization,
resulting in high levels of salt production, which could increase the
subsequent desalting load. The resin volume reduced dramatically
when a highly concentrated HCl solution was used as the eluent;
this phenomenon was most evident at 0.5 M HCl. Taken together, an
HCl concentration of 0.25M and a flow rate of 7.0 BV/h were chosen
as the optimal elution conditions, which achieved the maximum e-
PL desorption rate of 98.1% and the highest €-PL concentration at
10.2g/L, as well as a higher pH of 1.1.

3.3. Separation and purification of €-PL from the fermentation
broth

Based on the above optimizations, and combined with the previ-
ously developed macroporous resin decoloration method [ 28] and
the ultrafiltration method introduced, we proposed a strategy for
€-PL separation and purification from the fermentation broth. This
strategy was divided into five operation units and its scheme is
shown in Fig. 1; the purification process parameters are illustrated
in Fig. 5.

As shown in Fig. 5a, flocculation could remove 70% of the pro-
tein from the fermentation broth through electrostatic attraction,
demonstrating that the majority of the protein can be cationized
at pH 1.5 and easily interacts with sodium polyacrylate. Ultrafiltra-
tion with 30kDa and 1 kDa cutoff molecular weights removed 40%
and 50% of the protein or peptides in the fractions, respectively.
Macroporous resin decoloration removed 30% of the protein in the
fractions. However, the ion-exchange process only removed 10%
of the protein in the fractions, showing that the cationized protein

had already been removed by the flocculant. Fig. 5b demonstrates
that the 30 kDa ultrafiltration process resulted in the highest €-PL
loss rate (12%), which may be due to the €-PL and the proteins
being trapped together and removed by ultrafiltration in a con-
centrated solution. It is noteworthy that the rates of €-PL loss in
the other processes were less than 5%. Fig. 5¢ illustrates that ion
exchange and 1 kDa ultrafiltration are the main steps for enhanc-
ing €-PL purity. In fact, ion exchange could remove non-ionizing
and negative charge substances at pH 8.5, and 1 kDa ultrafiltration
could remove much of the salt derived from the iterative pH adjust-
ment. As a result, the final e-PL product attained a purity of 90.2%,
which was 4.88-fold that of the flocculation filtrate sample, while
the recovery yield reached 75%. Further, HPLC analysis showed that
the purified €-PL sample achieved 91.8% purity and exhibited the
same chromatogram shape as that of the e-PL standard (Fig. 6A).
Mass spectracharacterization showed that the purified e-PLsample
had a wide polymerization degree distribution; the main polymer-
ization was a 26-mer, which is five lysine residuals less than the
standard e-PL. This may be due to differences in the €-PL producer
strain [35] and/or carbon source [36].

4. Conclusion

In this study, routine technologies such as flocculation, ion-
exchange chromatography, macroporous resin decoloration, and
ultrafiltration were successively applied in the separation and
purification of €-PL from fermentation broth. To our knowledge,
this is the first study on the removal of high content wet mycelium
from e-PL fermentation broth by flocculation with sodium poly-
acrylate. Moreover, the adsorption and desorption of €-PL on
Amberlite IRC-50 resin were optimized. Finally, a scheme of €-PL
separation and purification from fermentation broth was proposed,
achieving 90.2% purity with 75% recovery. The results presented
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Fig. 6. HPLC chromatograms (A) and MALDI-TOF-MS spectra (B) of the standard €-PL and purified €-PL product. Degree of €-PL polymerization in mass spectra is calculated

by the equation: (M/Z-18.02)/128.17.

here suggest that the scheme will have a guiding influence on the
separation and purification of e-PL from industrial fermentation
broth.
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