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PED®EPAT

KBamidikauiina poOoTa nprcBsIU€Ha IPOEKTYBAHHIO TEXHOJIOTI BUUICHHS
Ta OYMIIEHHS MPOIMIOHOBOT KHUCJOTH, SIK METa0OJITy TIC/sA KyJIbTUBYBAHHS
Propionibacterium  acidipropionici CGMCC  1.2232 ans  oTpuMaHHS
ne3nHPikyro4oro 3aco0y Ha OCHOBI 15% po34uHY MNPOMIOHOBOI KHUCJIOTH Y
¢dakoHax 3 nojieTriieHy Bucokoi mwibHocTi (HDPE) B xoMmIUiekTi 3 moMnoBumMu
J03aTopaMy 3 MEXaHI3MOM 3amoOiraHHs 3BOPOTHOTO BCMOKTYBaHHsA. B xomi
MOPIBHSHHS OIOCMHTETHYHOI 3JIaTHOCTI MIKPOOPTAHI3MIB BCTAaHOBWJIH, IO
HalKkpanmM O10J0TTIHUM areHTOM JJIsl CHHTE3Y MPOITIIOHOBO1 KHCJIOTH € mTaMm P.
acidipropionici CGMCC 1.2232, amxe BiH CHUHTE3y€ HaAWOUIbIE IUILOBOTO
MPOJYKTY — MPOIMIOHOBOT KUCJIOTH HA BITHOCHO JICIIEBOMY CEPEIOBHILIL, 110 SIBJISE
c00010 CUPOBATKY 3 JIAKTO3010.

Oprasiudi KHCJIOTH MOXYThb MaTH MPOTUMIKPOOHY A0 3aBASIKM CBOil
KUCJIOTHIN (DYHKIIii, a TAKOX CBOiM CTpYKTYypl. Tak, mporioHoBa KMUCIOTa POSIBIISE
NEPCIEKTUBHI aHTUMIKPOOHI BJIACTUBOCTI, II0 OOYMOBIIOE i1 BUKOPUCTAHHS Y
CKJIaf1 1e31H(PEKTaHTIB.

B X011 TeXHIKO-€KOHOMIYHOTO OOTpYHTYBaHHS OYyJI0 BCTAHOBJICHO, IO JIJIS
3a0e3neueHHs PiaHOT MoTpedu y Ae3iHdikyrouoMy 3aco0i Iji1 0OpOOKH IIIOI
45000 M 1 pa3 Ha Micsip HeoOXinHO 8100 Kr MPOIOHOBOT KHCIOTH.

TexHoNOrMHUN NMpOLEC BUAUIEHHS BKIIOYAE MPUTOTYBAHHS JOMOMDKHUX
PO3YMHIB, MHIATOTOBKY KyJbTYpalbHOI PIIMHH, a TaKOX CTajii BUAUICHHSA Ta
OUMILIEHHS] TPOIIOHOBOI KHUCJIOTH (BIIAUIEHHS OioMacu LEHTpU(YTyBaHHSM,
necopOmis mpomoHoBoi kuciaotu cymimmiro 1 M NaOH Tta 70% eranomny,
BITHOBJICHHS TPOIIOHATYy HATPll0 JO TPOIIOHOBOI KHCJIOTH, aaCcoOpPOIs
MPOITIOHOBOI KHMCJIOTH, KOHIIEHTPYBAHHS PO3YMHY MTPOTIOHOBOI KUCIIOTH BaKyyM-
BHUITAPIOBAHHSAM). TEXHOJOTTMHUN TMPOIEC OTPUMaHHS JE3H(IKYIOUOTO 3aco0y
BKJIFOUA€ OTPUMAHHS Je31H(IKYI0OUOr0 PO3YHHY IDIIXOM 3MIIIyBaHHS BCIX MOTO

CKJIaJJOBUX Ta (pacyBaHHs pO3YUHY Yy (hJIaKOHU 3 MOMIOBUMH J103aTOPAMH.



Kpamidikamniitna pobota ckiamgaeTbes 31 BCTymy, 9 po3AUIB Ta CIUCKY
BUKOpPHCTAHOI Jireparypu. B poOoti Bukopuctano 121 mireparypHux gxepen,
KUIbKICTh CTOPIHOK — 124. PoGoTa micTuth 8 TabsuUlilb, 6 PUCYHKIB.

Kuarwouosi ciioBa: ne3indikyroui 3acodu, Propionibacterium acidipropionici
CGMCC 1.2232, npomioHOBa KHCJIOTa, aHTUMIKPOOHI BJIACTUBOCTI, (hepMEeHTED,

Ol0OCHHTE3.

ABSTRACT

The qualified robot is dedicated to the design technology and purification of
propionic acid, as a metabolite after the cultivation of Propionibacterium
acidipropionici CGMCC 1.2232 for the extraction of a disinfectant based on 15%
propionic acid acids in bottles made of high density polyethylene (HDPE)
complete with pump dispensers with a valve release mechanism. In the course of
upgrading the biosynthetic production of microorganisms, it was found that the
strain of P. acidipropionici CGMCC 1.2232 is the most biological agent for the
synthesis of propionic acid, and it also synthesizes the largest amount of the target
product — propionic acid on a very cheap middle product, which is lactose whey.

Organic acids can have an antimicrobial effect due to their acidic function,
as well as their structure. Thus, propionic acid exhibits promising antimicrobial
properties, which makes it a popular choice among disinfectants.

During the technical and economical priming, it was established that in order
to meet the river demand for a disinfectant, 8100 kg of propionic acid is required to
treat an area of 45,000 m2 once a month.

The technological process includes the preparation of additional
components, the preparation of cultural raw materials, as well as the stages of
purification of propionic acid (biomas separation by centrifugation, desorption of
propionic acid adding 1 M NaOH and 70% ethanol, reducing sodium propionate to
propionic acid, adsorption of propionic acid, concentrating the solution propionic
acid vacuum evaporation). The technological process for extracting the disinfectant
agent includes extracting the disinfectant mixture by mixing all of its warehouses
and packaging it in bottles with pump dispensers.

The qualification of the work consists of the entry, 9 sections and a list of
relevant literature. The work contains 121 literary pieces, the number of pages —
124. The work includes 8 tables, 6 figures.

Keywords: disinfectants, Propionibacterium acidipropionici CGMCC
1.2232, propionic acid, antimicrobial power, fermenter, biosynthesis.
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BCTVYII

bakrepii pony Propionibacterium Oynu BHUIUIEHI Ta ONKMCaHI B MEPILIMA
TOJIOBMHI ABajUATOrO cTONiTTA Enyapaom dou dpoiinenpaiixom, Opi-Mencenom
1 Ban Hinem. 3a kiacudikaiiiero pin HaJICKUTh 10 Kiacy Actinobacteria, nopsaxky
Actinomycetales 1 ponunu Propionibacteriaceae. Yci xinacu4Hi Oaktepii poay
Propionibacterium ™arTh 31aTHICT, a0 (epMeHTalii, BOHM € OCHOBHHMH
JOKEpeNnaMH IIIHHUX MeTa0OoJITIB, TaKuX SK IMPOIMOHOBA KHUCJIOTa, BiTaMiH B,,
Oaktepionman, Tperamo3a Ta iHm [1, 2]. Cepem HaBeaeHUX METa0OJITIB
NEPCIEKTUBHICTh MPAKTUYHOTO BUKOPHUCTAHHS MPOSBISIE MPOIMIOHOBA KUCJIOTA,
OCKUTbKU JaHUN METa0OoJIT BOJIOJIE PSAIOM BIACTUBOCTEH, 110 OOYMOBIIOIOTH 11
3aCTOCYBaHHs y CKJIaJl aHTUMIKpOOHHUX 3ac001B.

Hapa3i mnpomioHOBa KHCJIOTa TEPEBAKHO BHUPOOJSETHCA — IUIIXOM
HapTOXIMIMHOTO cuHTE3y (>4 105 TOHH Ha pik) yepe3 EKOHOMIYHI acIIeKTH.
OpHak 3pocTarouuil pUHOK O10MTPOAYKTIB, 3pOCTaHHS I[iH Ha HaTy Ta mpobJiemMu 3
HABKOJIMIIIHIM CEPEJOBUIIEM MEPETBOPHIM OIOCHHTE3 HAa ONTUMAIbHUN BapiaHT,
0COOJMBO B paMKaxX KOHIIEMIi OlomepepoOKH 3 BUKOPUCTAHHSM BITHOBIIIOBAHO1
CHPOBHUHHU a00 MPOMUCJIOBUX BIIXOMIIB, TAKUX SK MATOKA, 3AIMIITKOBHH TIIIIEPHH 3
Ologm3ens, Ta IHIN TIEPCIEKTUBHI CcyOcTparnm i1 OIOCHMHTE3y BaKIMBHX
MeTaboJITIB NPEJACTaBHUKIB poay Propionibacterium [3, 4].

[IponioHOBY KUCJIOTY OJEPKYIOTh XIMIMHUM CUHTE30M 3 €THIEHY, OKCUAY
BYTJICIIO Ta Mapu a0 3 €TaHOJY Ta OKCHUY BYTJICIIO, BUKOPUCTOBYIOUHU B SIKOCTI
Karanizaropa Oopy tpudtopun [5]. OaHak XIMIYHUNA CHUHTE3 MPOMHUCIOBO
BaXUIMBHX CITOJIYK Hapa3i BIXOAUTh HA APYTUH TUIaH, OCKUIbKU 010 TEXHOJIOTTYHUHN
crocid OiocuHTE3y € OUIbII €KOJIOTIYHO Ta €KOHOMIYHO BUTITHUM. XIMIYHHM
CUHTE3 MPOMIOHOBOI KHUCIOTH MOTpPeOy€e MEBHUX PEareHTIB Ta KaTali3aTopiB, IO
30POXKYyE BHUPOOHHUIITBO, a OIOTEXHOJOTIMHUA METOJl XapaKTepPU3Y€EThCS

3HMKCHHUM BILITMBOM Ha HABKOJIMIIHE CCPCAOBHUIIC 3 OJHOYACHUM OTPpHUMAHHAM

HYXT BTEK 02.02.16 KP 113
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UThOBO1 KUCJIOTH.

Cepen mepeBar OIOTEXHOJIOTTYHOTO BHPOOHMIITBA MPOIMIOHOBOI KUCIOTH
BUJIVISIIOTH HACTYITHI:

® IHAMBIIYIbHI MIIAXOAUW Ta TEXHOJOTH OIOCHUHTE3Y, MOMJIUBICTh
pPEeryiIloBaHHS TPOILECY NULIXOM 3MiHH KPUTHUYHO BaKIMBHUX
mapameTpiB, 1O 3a0e3meuye e(EeKTUBHUN BHUXIT IPOIIOHOBOI
KHUCIIOTH,

® BUKOPUCTaHHS B SKOCTI CYOCTpariB BIIXOAU PIZBHOMAHITHUX
BUPOOHUITB, 10 XapaKTEPU3YETHCS EKOJIOTIYHICTIO  Ta
E€KOHOMIYHICTIO JIJISl TIIMPUEMCTBA;

® JJOCUTh 3HAYHAa KUIBKICTh MPOIMIOHOBOKUCIMX OakTepii CHUHTE3YeE
OJHOYACHO TIPOIMIOHOBY KHCJOTY 3 IHIIUMH I[HHAMH JJIS
MIPOMHUCIIOBOCTI MeTaboJIiTaMHu, M0 TaKOX MO3WUTHBHO BIUIMBAE Ha
EeKOHOMIUHY CKJIaJIOBY;

® QPOCTI METOAM BHUAUIEHHS Ta OYHUILICHHA MPOIIOHOBOI KHUCJIOTH
3aBASKU 1M 31aTHOCTI BUAUIITUCS Y KYJIbTYpPaIbHY PIIUHY.

[lpouiec ne3iHdeKiii € BaXIWBOIO AIIBHICTIO, TICHO TOB’S3aHOI0 3
BUJAICHHSIM  MIKpOOpPraHiBMIB y  cucteMax o0poOku.  TpaguiiiHux
ne3iH]iKyrounx 3aco0iB 9acTO HEAOCTATHBO I YHUKHEHHS PO3IMOBCHOIKCHHS
MAaTOTEHIB, OTXKe, IHHOBAIIMHI CTpaTerii 3He3apaXCHHS MAal0Th BHpIIIAIbHE
3HAUCHHS JIJIS IPOTHIl Tepeaadi maToreHHUX MIKpOOpraHizMiB [6].

Binomi KucinoTHi MMifHI 3ac00H, siIKi BUKOPUCTOBYIOTH y CIP-Muiiii fjis
MOMEPEAHLOr0  OOpOOJICHHS TEXHOJIOTMHOTO OOJagHaHHsA. BoHM MICTATH
nepeBaxHo opranigHi KUciaoTu C4-Ci; 3 000B’ I3KOBUM J10JaBaHHSI OKHCHIOBAYIB 3
BMICTOM TEPOKCHUIY BOJHIO, NEPOKCHKAPOOHOBOI KUCIOTH Ta iX cyMimed. Y
3ac00ax 13 BUKOPHUCTAHHSAM OPTaHMHUX KHUCJOT 3a3HA4Y€HI MOJIOYHA, OITOBA,
OKCHOIITOBa, JIMMOHHA, TJIIOTAMIHOBA, TJIyTaHOBA Ta TJIFOKOHOBA KHCJIOTH.
3a3HAYCHO, 10 KUIbKICTh KHUCIJIOTH B PO34YMHHI cTaHOBUTH Bim 0,25 mac.% 1 He
nepeuirye 10 mac.%, ane HalOUIBII peKOMEHIOBAaHI 13 BMICTOM KucioTu Bix 0,5

1o 1,5 mac.% [7].



OcTaHHI MOCHIKCHHS TOKa3ald, IO BBEACHHS OPraHIYHMX KHCJIOT 10
CKJIaay Ae3iH(]IKyIounxX 3ac00iB MOCHIIOE OAKTEPUIMIHY aKTUBHICTh OPTaHIuHUX
KHUCJIOT Ta eeKTUBHICTH 00POOKH [8§].

3BaKarouM Ha AaHTUMIKPOOHI BJIACTUBOCTI IPOMIOHOBOI KHUCJIOTH Ta
nepeBaru BUKOPUCTAHHA OPTAHIYHUX KUCJIOT B CKJIAAl Je31H(EKTaHTIB,
aKTyaJbHAM HampsIMKOM € po3poOka ckiany Ae3iHdikyrouoro 3aco0y 3

MIPOITIOHOBOIO KHCIIOTOTO.
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PO3ALJ 1. OI'JIsL A JITEPATYPHU
1.1. Poanb Oiomacu ta MmetaboJitiB 0akTepiii poay Propionibacterium y
(papmManeBTHUYHIN IPOMHCI0BOCTI

bakrepii pony Propionibacterium Oynu BHAUIEHI Ta ONHUCaHI B TEPIIid
TOJIOBHHI IBaAIATOr0 cToNiTTs Eyapaom don ®poiinenpaiixom, Opi-Mencerom
1 BaH Hinem. 3a kmacudikariiero pin HaISKUTh 10 Kiacy Actinobacteria, nopsaky
Actinomycetales 1 ponunau Propionibacteriaceae. Yci xnacudHi OakTepii poay
Propionibacterium wmawTh 37aTHICTH 10 (epMeHTallii, BOHH € OCHOBHHUMH
JOKEpeNnaMH IIIHHUX MeTa0OoJITIB, TaKuX SK TMPOIMNOHOBA KHUCJIOTa, BiTaMiH B,,
OaxkTepionuHM, Tperago3a Ta iumii [9].

Pin Propionibacterium HemoJaBHO TNepeKiacu(IKyBald Ha TPU TPYyNH
MIKpoOprauidMmiB: Propionibacterium 1 Acidipropionibacterium, sxi 3a3BUyait
MICTSTBCSI B MOJIOUHUX NPOAYKTax, 1 Cutibacterium, K1 3yCTpIlualOTbCsl Ha IKIP1
moaer Ta iHmmMX ccaBiiB. lle HecmopoHOCHI, (akylbTaTUBHI aHaepoOu Ta
NAMYKOIOI0HI TPaMITIO3UTUBHI OaKTepii.

Kpim mpomoHoBOi KHCIOTH Ta OAaKTEPIONUHIB, MPOIMOHOBI 0aKTEepii MalOTh
3ATHICTh 10 CHUHTE3Y €K30IoJlicaxapuIaiB 1 BiraMiHy B, Ta BUKOPUCTOBYIOTHCS K
MpOOIOTHYHMKA 3acid, OCKUIBKHM IIl INTaMHd MalTh CTaTyC 3arajlbHOBH3HAHOI
oesnexku — Generally recognized as safe (GRAS) i 31arHi BIkuBaTH B TpaBHOMY
TpakTti. [IpomioHOBa KHCIIOTa BioMa SIK IHTIOITOp pocTy Oararbox OakTepii i
JOPLKIKIB, a i1 BIUIMB SIK NpeOIiOTHKA Ha 3/J0pPOB’S JIOJAUHHU TaKOX MPUBEPHYB
NIEBHY yBary [2].

[IpomioHoBOKMCIT OakTepii TaKOX CTUMYJIOIOTh IMyHHY CHCTEMY Ta
OOMEXKYIOTh TPOTPECYBaHHS paKy, Xouya 3aiiHAA MeXaHi3M HE BHU3HAYEHO.
Buznaunnmm, mo MoJ09HI TPOTIOHOBI OakTepii 37aTHI 3amobiraTy HEGEKIsIM Ta
aJlepTisAM, CHPHUATH 3MINHCHHIO IMyHHOI CHUCTEMH Ta 3HWXKYBAaTH PH3HK pPakKy,

OCKUIbKH BOHH 3B’ A3YIOTh KaHIIEPOTEHHI CTIOJIYKH (MIKOTOKCHHU, POCIIMHHI

HYXT BTEK 02.02.16 KP 113
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JeKTUHU Ta Baxki Mmetanu). LkipHi mpomioHOBI OakTepii TeMOHCTPYIOTh
NoMi0HUIA TeHeTUYHUU 1 OIOXIMIMHUN MpodiUlb Ta 3HAWIUIM BUKOPUCTAHHS B
SAKOCTI TONEPEIHBOr0 JIKYBAaHHS MAlLlEHTIB 3 KOJOPEKTAIbHOK KapLUHOMOIO,
3aBASKH IMyHOCTUMYIIIOr0uoMYy edekty [10].

OcHOBHUMHM TpoOJieMaMU BUKOPHUCTAHHS MPOMIOHOKUCIIMX OakTepidl sK
«610(adpuk» 11 BUPOOHHUIITBA PEUYOBHH IS XIMIKO-(hapMaIieBTUIHOI Tajy3i €
MOBUIBHUH PICT MPEICTAaBHUKIB, CJIa0Ka CTIMKICTh 10 HU3bKOro pH Ta iHriOyBaHHS
mpoaykTy. B mireparypi mpeacTaBieHO BIiZOMOCTI, IO JUIA TOJOJAHHS ITAX
0OMEXKEeHh BUKOPHCTOBYBAIMCS PI3HI CTparerii, Takl SK eKCTpakIliiHa
dbepMeHTaIlisg, IMMOOLT3aIiA KITHH, TOCIIOBHE Ta IUKIYMHE TEpIOgUIHE
KyJIbTUBYBaHHA [2].

1.1.1. IlpomionoBa KucJ0TA
[IpomioHoBa KucjoTa Ta ii COJI Kajbllf0, K0 Ta aMOHII0 3HAXOJSTh

3aCTOCYBaHHS y (hapMareBTHIl, KOCMETHIN Ta CUIbCbKOMY TocroapcTBl. Hapasi
I OpraHiyHAa KHUCJIOTa TEPEBAKHO BHUPOOISETHCA MNIIIXOM HAPTOXIMIIHOTO
cuate3y (>4 105 ToHH Ha PIK) Yepe3 eKOHOMIUHI aciekTH. OJIHAK 3POCTaIOUHM
pPUHOK OIOTPOIYKTIB, 3pOCTaHHS I[iH Ha HadTy Ta MPOOJEMH 3 HABKOJHUIIHIM
CEpEIOBUILEM TEPETBOPUIM OIOCHMHTE3 Ha ONTUMAJIbHUN BapiaHT, 0COOJMBO B
paMKax KOHIeMNil 0ionepepoOKy 3 BAKOPUCTAHHIM BITHOBIIIOBAHOI CUPOBUHU 200
POMHMCIIOBUX BITXO/IB, TAKUX SIK IMAaTOKA, 3aJMIIKOBUH TIIEPUH 3 0ioau3ens, Ta
HII MEepCHeKTUBHI cyOcTpatd sl  OIOCHMHTE3y BaXJIMBHX META0OJITIB
MpeACTaBHUKIB poay Propionibacterium [4].
Birum3HsHu# Ta 3aK0pA0HHUN PUHOK IMPOIMOHOBOT KUCJIOTH MPEICTaBICHHUMA
mpenapaTamH, 10 MICTATh i1 moximHi [11].
MOI1A E IloxigHi MpoImoHOBOI KHCIOTH:
e MOI1A EO1 I6ynpoden
e MOIA EO02 Hanpokcen
e MOIA EO03 Kerompoden
e MOIA E09 ®nypbmpoden

e MOIA El14 [dexcuOynpoden
12



e MOIA E17 [dexkckeronpoden

e MOIA ES51 I6ynpoden, komOiHarii

e MOIA E52 Hampoxkcen 1 e3oMenpaz ot
e MOIA ES53 Keronpoden, komOiHartii

3rimno ATX xmacudikamii, rpyma MOIA mnpencTtaBieHa HECTEPOiIUMHU
MpOTU3aNaIbHUMU Ta MPOTUPEBMATUYHUMU 3aco0amu [11].

Ha cwroromni Hectepoigni mpotusananbHi 3acobu (HII33) mnocimaioth
JAUPYrOYl MO3UIlil 3a oOcAramMu crokuBaHHs HaceneHHsMm [12]. Tak, B ychoMy
cBiti Outbmie 30 MuH oci0 3mymieHl mocTiiHO mpuiiMati HII33, a 300 wmuH
CIIOKHMBAIOTh iX KOPOTKUMH Kypcamu. Y kpainax €sponu HI133 nocimaroTs mepime

MICIIe cepen JiKapchKkux 3ac00iB (JI3) mmst 3HATTS 601b0BOTO cHHApPOMY [12].

fo Jaransxa Yactxa y Kinekicts TH Kinewicts TH
s MHH KinekicTe TH sara.rt_hﬂlﬁ MOHOKOIANG- KOMOiHOBaHWX
| HN33 | wnekocTi TH, % HEHTHHE HIN33 HMN33

1 2 | 3 | 4 5 B
1 | Owenodeqar 24 21,2 72 12
2 MNapayeTaman | 50 | 12,6 20 30
3 | lGynpocen 47 118 41 B
4 | AueTwncaniyanosa mcnoTa 33 83 12 21
5 hMenokcrkam 31 7.8 31

6 | MeTamizon satpiio 23 5.8 12 1
T | Himecynig 23 58 18 5
B | Ketonpodoen 20 50 19 1
9 | KeToponax | 14 | 3,5 14

10 | fercxetonpodied | 11 | 28 11

11 | Auernodenar 8 2,0 g

12 | NopHOKCHKaM | 7 [ 1.8 T

13 | MipoKkcHkam 7 18 T

1 2 3 4 5 B
14 | Hanpoxcen 6 15 4 2
15 | IMgomeTauMm 5 13 5

16 | Uenekoxcul 5 13 5

17 | AexciynpodeH 3 0.8 3

18 | EtopukokcuG 3 0.8 3

19 | Megesamosa kcnoTa 3 0.8 3

20 | Pocpexaxcut 3 08 2 1
21 | TeHokcHKam 3 08 3

22 | MNponidenaso 2 0.5 2
23 | ETogonak 1 032 1

24 | Halymeton 1 0.3 1

25 | Oxcaugnpan 1 0,3 1

26 | MNapexoxcwb 1 0,3 1

27 | PeninbyTazon 1 0.2 1

28 | ®nyvpGinpodhen 1 0.3 1

Beworo 397 1000 306 91

Puc.1.1. Ctpyxrypa acoptumenty HII33 3a MibkHapo HUMU

HEMMAaTCHTOBAHMMHU Ta TOPIrOBCIbHUMU HaﬁMeHyBaHHHMH.
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Tenpenmiss  npeBamoBanHs  HII33  cepenq  HImMX — aHAIBICTHKIB
NpoCTeXYeEThCS 1 B YKpaiHi. [Ipenapatu nanoi rpynu MIMpoOKO BUKOPUCTOBYIOTHCS
JUIsL KyMIPYBaHHS MICISIONEpallftHOro 00J1t0, OO0 B HMXKHIA YacTUHI CIIMHH,
roJIOBHOTO 000, B ToMy umca mirpeHt Takoxx HII33 BimHOCATH A0 4ucia
HAMBOXJMBINMX  CUMOTOMAaTHUHUX  JI3,  sAKI  3aCTOCOBYIOTHCS  TIpH
PEBMATOJIOTIYHUX 3aXBOPIOBAHHSAX, 10 BU3HAYAETHCS XAPAKTEPHUM TUILKH JIS
NaHOi Tpynu TMpenapaTiB MO€JHAHHAM MPOTH3ANAIbHUX, AHAITETUYHUX 1
KapO3HIKYBAJIbHUX BIaCTUBOCTEM.

Haitbimpima  KUTBKICTR — TIperapariB,  3apeecTpOBaHWX B YKpaiHi,
npeacTaBieHa KpaiHaMu €BpOMU, 10 Yy CYKYMHOCTI ckinanae 45,3 % 3arajabHOro
ACOPTUMEHTY, Cepell SIKUX JIIUPYIoUl mo3uilii 3a oocsramu noctayanHs HII33
3aitmaroth Himeuunna (6,8%), Cnosenis (3,8 %), [lomsma (3,0 %), Ipnanmgis (2,8
%) Tta UIBeitapist (2,8 %). HeoOxinqHO 3a3HAYMTH, IO TIOCTATHHO BEJHUKY YACTKY
JI3 3aitmaroTh mpenapaTt HIIMChKOrO BHPOOHHUIITBA, IO CTaHOBUTH 15,9 %.
HaiimeHiry KUIbKICTh aCOPTHMEHTHHX TO3MIiHA (PapMaleBTUYHOMY PHHKY
Vkpainu npeacrasisitors €runer, Hopnauis ta Snowis, ski nocrauatots no 0,3%
HII33 iHo3emMHOTr0 BUpoOHUIITBA [12].

3a ganumu  JlepaBHOTO pEeCTpy JIKAapChKUX 3aco0iB, 3arajibHa
HOMEHKJIaTypa 3a-peectpoBanux B Ykpaini HII33 cknamae 397 Ttoprosux Has3B
npemnapariB 6e3 ypaxyBaHHsi ¢opM BUITyCKy. Pa3om 3 TuM BapTo BIIMITUTH, IO B
VYkpaini BUpoOJsieTbest Oau3bko 135 ToproBux HaliMEHyBaHb JOCIIIXKYBaHUX
npenapariB 3 ypaxyBaHHAM JIKapchbkux (opm, a 262 toprosi HazBu HII33

MpeACcTaBlieH1 3aKOPIOHHUMH BUpOOHMKamu [12].
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Puc.1.2. Po3nonin 3apeectpoBanux B Ykpaini HII33 3a kpainamu-
BUpoOHMKamu [12].

Ak Gaummo 3 puc. 1.2, HalOLIBIA YacTKa 3apeeCcTpOBaHUX B YKpaiHi
mpenapariB  MOXITHUX MPOMIOHOBOI KHCJIOTH HAJICKHTh camMe Tpernaparam
BITYUM3HSHOTO BHUPOOHMITBA. BMNOMOBMHY MeEHIE HAISKHUTh Mpenaparam
IHAIMCHKOTO MOXOIKEHHS.

BapTo BinmiTUTH, 110 3a3BMYail CUPOBHMHA i1 BUPOOHMIITBA JIKAPCHKUX
npenaparis Ha OCHOBI IMPOMIOHOBOI KHMCJIOTH Ta il MOXIIHUX Ma€ 3aKOpJIOHHE
MOXO/IKEHHSI Ta OTPUMYETHCS HUIIXOM XIMIUHOTO CHHTE3Y.

Kutaiicbki mocTavanbHUKH 3a3Ha4daroTh [13], mo mpomoHoBa KHCJIOTa
iXHBOTO BUPOOHHMIITBA MOXXe OyTH oTpuMmaHa 3 dopMalpAeriny Ta
MPOIIOHATBACTITY NMUIIXOM KOHJIEHCAIlll Ta peakmid okuciieHHs. I[IpomioHoBa
KHCJIOTAa KATACHKOTO TIOXOKEHHS SIBJISI€ COO0K0 OUTHI KPHCTAIYHHUI TTOPOIIIOK,

i1 BMiCT y cyOcTanItii ckinamae 6utbine 98% 3rimHo 13 cepTrudiKaToM BHUPOOHHUKA.
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et & MIndex {f#Standard
#MAAppearance B &fEREWhite crystal
ZE&8Content (%) =98
IK{sWater (%) <0.3
E=Melting Point (°C) =180
RisAsh (%) =0.03
¥ BEEResidue Formaldehyde (%) <0.03
E{EAcid Value (mgKOH/qg) 380.0-430.0
£{EHydroxyl Value (mgKOH/g) 810-860
$#%Fe3+ (PPM) =5
FK+ (PPM) <10
REE-= 2858875 Acetone-Et3NSolube Experiment BEEEE Transparent

Puc. 1.3. CepTudikar SsKoCTi Ha MPOMOHOBY KHCJIOTY KUTaHCHKOTO

nocradyajabHHUKA.

Jlana cupoBuHa nocradaeTbcs y 0apabanax dacyBanusam no 25 kr [13].

Takoxx Ha puHkKy IHAli HasgBHa 3HAYHA KUIBKICTh MOCTA4aJbHUKIB

MPOMIOHOBOI KHCJIOTH XIMIYHOTO TOXOKEHHS

[14]. TIpomioHoBa KHcCIIOTa

IpEACTaBIEHA Yy BUIJISJl CYXOro MOPOIIKY Ta PO3YMHIB, 3a MPU3HAYEHHSIM

HOZ[iJ'ISIGTBCH Ha CUPOBHHY, IPHU3HAYCHY JIA BI/IpO6HI/II_[TBa, Ta CTa”Haap THI 3pa3Ku

17151 1abopaToOpHUX JTOCHIIKEeHb. [HAIMChKI BUPOOHUKHA MOCTA4YalOTh MPOIMIOHOBY

kucioty (acyBarasM Bix 100 r 1o 200 kr, yuctoTa cyocTaHIli ckiagae Big 95% 1

nocsrae oubIne 99% [14].

Ha puc. 1.4 300paxeHo siki popMu mpenapariB MOXiTHUX MPOMIOHOBOT

KUCJIOTH HasIBHI HA BITYU3HAHOMY (PapMaIleBTUIHOMY PUHKY.

16




H TabneTuu

H PosumHu gng iH'eKLin

M Kancynw

H leni

M Cynosutopii

W Tabnetum wmnyyi

M MpaHynu ANA opanbHOro PO3YKUHY
H Epema

50,1 H Masi
 MOpPOLIKKM A1A OPANLHOTO POIHUHY

i Cnpel

H Cycnewxsii opanbHi

u Emynbreni

M [NnacTupu TpaHcaepManbHi
W Kannet

i Cuponw

13,1

W Cnpei HasanbHi
Puc. 1.4. Po3noain HII33 3a popmoto Bumycky [12].

CratucTudHi JaH1 00CATB BUpOOHUIITBA MpenapaTiB MOXITHUX MPOTIOHOBOT
KHUCIIOTH OOYMOBJIIOIOTH HEOOXITHICTH MPOIMIOHOBOI KHUCIOTH JJI BITYU3HSHOI
(bapManeBTUYHOT MPOMHUCIOBOCTI

[IpomioHOBY KUCHOTY OJEPKYIOTh XIMIYHUM CHHTE30M 3 €THJICHY, OKCUIY
BYTJICIIO Ta Mapu abo 3 €TaHOJy Ta OKCHUY BYTJIEII0, BAKOPUCTOBYIOUHU B SIKOCTI
Katanaropa Oopy Tpudropuna. Takoxk NPOMIOHOBY KHUCJIOTY OTPUMYIOTH 3
MPUPOHOTO Tazy. TakoX Isi KUCJIOTa BUCTYIAE MOOIMHUM MPOYKTOM Y POzl
nepeBuHU. OYUIIEHY MPOIMIOHOBY KUCIOTY OAEPKYIOTh 3 pomioHITpuiy [15].

OnHak XIMIYHMM CHHTE3 MPOMHUCIIOBO BKIMBHUX CIIOJIYK Hapasi BIIXOIUTh
Ha JPYTHil IIaH, OCKUIbKKM OIOTEXHOJIOTIYHHMM CTmoci0 OloCHHTE3y € OUuTbI
€KOJIOTTYHO Ta €KOHOMIYHO BUTIAHMM. XIMIMHUN CUHTE3 MPOMIOHOBOI KUCJIOTH
notpedye NMEBHUX PEAreHTIB Ta KaTali3aTopiB, IO 310D OXKYYye BUPOOHUIITBO, a
OI0TEXHOJIOTIYHUI METO]T XapaKTepU3YEThCS 3HIKEHUM BIUTMBOM Ha HABKOJIMIITHE
CepeIOBHUIIE 3 OJTHOYACHIUM OTPUMAHHSAM LUTLOBOT KUCJIOTH.

3arayibHi iepeBaru 010TEXHOJOTTYHUX BUPOOHMUIITB:

- MOXJIMBICTh OTPUMAHHS CHEHU(PIYHUX 1 YHIKATbHUX PUPOJHUX PEUOBUH,

YaCTUHY 3 SAKHUX IIC HC BAACTBCA OTPUMYBATH HIITAM NUIAX0OM,
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- TPOBEICHHA OIOTEXHOJIOTIYHUX TIPOICCIB MPH BITHOCHO HEBHUCOKHX
TEMIEpATypax 1 TUCKAX;

- BUCOKI IIBUJKOCTI POCTY 1 HAKOIIMUEHHS 010Macu Ta LUIbOBUX MPOAYKTIB;

- BUKODHUCTaHHS B SIKOCTI CHUPOBHMHM JICHIEBUX BIIXOAIB CUIBCHKOTO
rOCIO01apCTBa 1 MPOMUCIIOBOCTI;

- OIOTEXHOJIOTTUHI MPOIIECH 3a3BUYaAl €KOJIOTTUHI, Taf0Th MEHIIIE IIKIJIMBUX
BIIXO/IIB 1 OJIM3BK1 O IPHUPOTHUX TPOIIECIB;

- TEXHOJIOTIS Ta arapaTrypa 010 TeXHOJOTTYHUX BUPOOHHMIITB TIPOCTI, a TAKOXK
HETOPOT.

Cepen mepeBar OIOTEXHOJIOTIYHOTO BUPOOHUIITBA MPOIMIOHOBOI KHCJIOTH
BUJIVISIIOTH HACTYIIHI:
° HIUBITyaJIbHI ~ MIAXOAM Ta  TEXHOJIOTH  OIOCHHTE3y, MOJXKIIHUBICTh
pEryJIoBaHHSl TPOILECY LUIAXOM 3MIHM KPUTUYHO BAXKIMBUX MNapaMerpiB, IO
3abe3meuye ePeKTUBHUM BUXIT IPOIIIOHOBO1 KUCIIOTH;
o BUKOPHUCTAHHS B SIKOCTI CyOCTpaTiB BIIXOJW PI3HOMAHITHUX BUPOOHUIITB,
10 XapaKTEePU3YETHCS EKOJOTTIHICTIO Ta EKOHOMIUHICTIO JIJISI TANIPUEMCTBA;
o JIOCUTb 3HAYHA KUIbKICTh MPOIMIOHOBOKUCINX OAKTEPI CUHTE3Y€E OJTHOYACHO
IPOMIOHOBY KUCJIOTY 3 IHIIMMU LIIHHUMU JIJIsl IPOMMCIIOBOCTI META0OJIITaMHU, 1110
TaKO TIO3UTHUBHO BIUIMBAE HA EKOHOMIYHY CKIIAIOBY;
° MIPOCTI METOAW BUIUICHHS Ta OYMIIEHHS MPOIOHOBOT KUCJIOTH 3aBISKA 11
31aTHOCTI BUAUIITUCS Y KyJIbTYpaJbHY PIIUHY.

1.1.2. lliankoOaaaMiH
[liankobanamin (BitamiH Bj,) — ne A®I npupoaHoro mnOXomKEHHs,

CUHTE3Y€ThCsl OakTepisMu poay Propionibacterium. ®apmakonoriaHi edeKTu:
NPOTHAHEMIYHUNA, META0OJIYHUM, TenaronpoOTEKTOPHUM, HEHPONPOTEKTOPHUM,
TIMOX0JIECTEPUHEMIYHNN, pEIapaTUBHAM, aKTUBYE 3TOPTAIbHY CHCTEMY KpoBi. B
OpTaHi3MI, KA POCTE, CIPHSIE CHHTE3Y KHUPIB, Y JOPOCIOMY — iX YTHITI3aIIi.
3acTocyBaHHS: XpOHIUHI aHEMIl, 110 CYIPOBOIKYIOTbCS IedIIUTOM BiTaMiHy B ),
Mi€J103, TPaBMaTH4HI YIIKOJKEHHS Ta 3alalibHi Mpolecu nepudepruiHrux HEepBiB,
OOKOBUM aMIOTpO(MMHUNA CKJIEPO3, EHLE(ATOMIENT, PpO3CITHUNA CKIEpPO3,
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niabeTMYHa HeWpomarTisi, AUTIYUN 1epeOpanpbHUi mapaiid, xBopobOa JlayHa,
3aXBOPIOBAHHS MLIKIPH, TpaBMaTH4YHI MOLIKOJKEHHS KICTOK Ta CTaH IICJsA
XIpYpTi4HUX OTEepaLlii Ha OOPHO-PYXOBOMY anapari (Ipu raibMyBaHHI KICTKOBO1
KOHCOJIIaIii), TOCTpl Ta XPOHIMHI TEeNaTUTH, UUPO3 IMEYIHKK 1 MPOMEHEBa
xBopoOa, paaMKyJIiTH, MITPEH], Kay3airii, IUcTpodii y HEIOHOILIEHUX Ta
HOBOHAPOKCHUX JITEH TIC/II IepeHeceHuX Hbekiii [16].

[IpomioHoBokKCI OakTepii 371aTHI 10 €PEKTUBHOTO CUHTE3Y BitamiHy B ».
Biramin B, € BaxmBuM KO(DaKTOpOM y MeTabodi3Mi BYTJIEBOJIB, JIIiAIB,
AMIHOKHCJIOT 1 HYKJICTHOBHX KHCJOT. TakuM 4YHHOM, BITaMiH € Ba)KJIMBOIO
100aBKOIO 10 KOPMIB JJIsl TBAPUH 1 BAKOPUCTOBYETHCS B XIMIOTepaIllii, 30KpeMa,
JUIsl 3anoOiraHHsl mepHiio3Hoi aHemii. Jloci BitamiH B, BUpOOJSBCS NHUISIXOM
dbepMeHTallii B MPOMUCIOBUX MaciTabax, OCKUIbKM XIMIUHUN CHHTE3 BITaMIHY
Jy’Ke CKIIaAHUM. J{oBruil yac mpomioHOBOKHCII OaKTepii BUKOPUCTOBYBATUCS JIJIS
BUpOOHUITBA BiTaMiHy B;,. Hapasi nBi Tperunu Bitaminy B;, BupoOiseThcs
Pseudomonas denitrificans, a pemrra — Propionibacterium freudenreichii.
OCKUTbKH BiTaMiH, BUPOOJICHUH IBOMA BUIaMH, TTPOJAETHCS 32 0THAKOBOIO IIIHOTO,
nepeBard BUKOPHUCTAHHA TOTO UM IHIIOTO TPOIECY 3JAl0ThCS HE3HAYHUMHU.
[[IBuakicTh BUpOOHMITBA BiTaMiHy B;, cTaHoBuTh Oym3pko 20 Mr Ha TP
KyJbTYPH, y BHUIAIKy BUKOPHCTAHHS MPOMIOHOBOKHCIUX OakTepii UUTbOBUI
BITAMIH € BHYTPILIHbOUMTOIUIA3MATUYHUM, HA BIIMIHY Bl €K30T€HHOTO CIIOCO0Yy
OlocuHTE3y TnceBoMoHaxamu [17].

Tak, y po6ori [18] nocnimkyBany BIUIMB KOQEpMEHTallii Ha BMICT BITAMIHY
By, 1 MikpoOioOTTMHUH CKIaJ MIIEHUIHUX BUCIBOK. P. freudenreichii DSM 20271
BUKOPHUCTOBYBABCS SIK MPOIYLIEHT BiTaMiHy, ToAl sik Lactobacillus brevis ATCC
14869 OyB oOpanuii s 3a0e3redeHHss MIKpOOHOT O€3MEeKH BHUCIBKOBOTO TICTA.
PiBenr BiTaminy B, mocsar 357 £ 8 Hr/r cyxoi macu micms 1 gus pH-
KOHTPOJIbOBaHO1 (epMeHTallii 3 MOHOKYJIbTYpoto P. freudenreichii DSM 20271.
[Tin vac cnutbHOT pepmenTartii 3 L. brevis ATCC 14869 3a 1 nenp O0ys0 yTBOpeHO

Tpoxu MeHIIe BitaMiHy By, (255 + 31 Hr/r cyxoi Baru), cnoctepirajii €epeKTUBHE
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NPUTHIMEHHS] POCTY NpPENCTaBHUKIB poay Enterobacteriaceae 1 Bacillus cereus.
PiBens pH xoHTpoOmoBaim Ha piBHi 5,0, minrpumyBaim temneparypy 32°C.

VY nocmimxenHi [19] BuBUaBCs BIUIMB PIBHUX JOBXKHUH XBUJIb CBITJIAa Ha
HIBUJKICTh POCTY Ta CUHTE3y BIitaMiHy By, P. freudenreichii subsp. shermanii
DSM 20270. bynu oOpaHi 4epBOHI, 3€J€HI Ta CUHI CBITJIOMIONU, & BIICYTHICTh
CBITJIa BUKOPUCTOBYBAIIM SIK KOHTPOJIb. 3HAYEHHSI ONTUYHOI I'ycTUHH npu 600 HM
(OD600) mokazamu, mo mTam DSM 20270 kparie pocTe B yMoBax 3a0e31edeHHS
CHHBOTO cBITIAa. KpiM TOTO, B YMOBax CHHBOTO CBITHA P. freudenreichii subsp.
shermanii DSM 20270 maB TeHIEHIIF0 10 ORI BHCOKOT BUAKOCTIpocTy (0,332
rox’') i cuuTesy Biraminy B, — npu6au3Ho 10 MKI/MII y CTIMHHX BOJaxX TOdY, HDK
IpHU BIICYTHOCTI cBITNa. Tak, pe3yabTaTy TpaHCKpUMLii reHa cbiB nokaszamu, 1o
CUHE CBITJIO IHIYKYe CUHTE3 (epMEHTy CHHTe3y BIiTaMiHy Bi,. BupouryBanus
saiticaoBamy 72 roguan npu 30 °C.

VY nocmimxenni [20] Bu3HaueHO 0cOOIMBOCTI OlocuMHTE3y Bitaminy B,
NOTEHLINHOIO MPOOIOTHYHOIO OAKTEpIEI0 3 BUKOPHUCTAHHSIM arponpOMHCIOBHX
3QJIMIIKIB, PIIKOTO KUCIOTHOTO OUIKOBOTO 3aJMIIKY COi (BMICT ITykpiB 51,45 1/1)
K HEIOPOTOTr0 AIbTEPHATUBHOTO KYJIbTYPAILHOTO CEPEIOBUINA, 10 HE MICTUTH
MOXITHUX TBAPUHHOTO MOXOKEHHS. Y IIbOMY MTOBHICTIO POCIMHHOMY CEPEIOBHIII
xituau P. freudenreichii subsp. shermanii ATCC 13673 BupoOnsiii BUCOKI
KOHIeHTpalil Bitaminy B, (0,6 mr/r xiitun). KynbTUBYBaHHS TPOBOIUIM TIPH
30°C, 200 06/xB, pH 6,5. Kinetuka pocTy KIITUH Oyja po3/aUIeHa Ha JIBl CTaii,
CIoYaTky 72 roAuHH B aHaep001031, NoTiM 96 rouH B MIKpoaepoUIbHUX YMOBAX,
HIITPUMYIOUH MIBUIKICTh aepailii Ha piBH1 0,5 06/00/XB.

biocunte3 Bitaminy B, Ha BiIXojgax CMaXeHHS COHSIIHUKOBOI OJii SK
EKOHOMIYHO €(EKTUBHOTO 1 BITHOBIIOBAHOTO CYOCTpaTy AOCIIIWIN y cTarTi [21].
KimskicTe 4% Mac./00. oJii BUSBHIACS ONTUMAIBHOO JIJIT BUPOOHHUIITBA BITAMIHY
Bi,. CepenoBume, mo mictuth 35,56 mr/n JIMb, 14,69 mr/n CoCl,*6H,0, 5,82
mr/n FeSO,*7H,O Ta 11,41 wmr/n CaCl,*2H,0, 3abe3nedye MakcuUMalbHY
KOHLIEHTpauio Biraminy B, — 2,60 mr/a ipu 130 00/xB 1 remneparypi 30 °C miciis

BHUpOILIyBaHHsA npoTtarom 120 roaus.
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3 METOI0 ONTUMI3Allll CepeaOBHIIA JIJI1 BUPOOHUIITBA BiTaMiHy B, 13 cuporo
TIepuHy 1mramMamu  Propionibacterium  freudenreichii sp shermanii 0yIo
BUKOPUCTAHO JIBOETAIHE KYJbTUBYBaHHS [22]. P. freudenreichii sp. shermanii 1,
P. freudenreichii sp. shermanii 41 ta P. freudenreichii sp. shermanii 566
po3rsiga A cuHTe3y Bitaminy. Yepes 96 roaun poxaBamm 16 mr/m 5,6-
JTUMETHIIO0EH31IM11a301Ty, 3arajibHANA 4ac CTaHOBUB 168 roj, KUIbKICTh TIILEPUHY
cranoBmwia 10-40 r/n. Bpamoch mocArtd HaMBUIOI KOHIEHTpaIli BiraMiHy B,
3,867 mr/n 3a monomoroto P. freudenreichii sp. shermanii 1 mpu 30°C 1 pH 6,8.

ABTopamu po6otu [23] Bu3HaueHoO, mo P. freudenreichii subsp. shermanii
OLP-5 y mpoueci pocty mpoaykye 31,67 mr/n Bitaminy Bj,. Ilicns 72 rox
aHaepoOHOI 1HKyOallli MOXUBHE CEPENOBMILE, L0 MICTWIO 2 T/ TJIIOKO3H,
IHKyOyBamM npotarom 60 roa B aepoOHUX yMoBax 3a nepemiiryBanHs 200 00/xBs,
37°CtapH7.

Biramin B, mmpoko BUKOPUCTOBYETHCA Y (DapMakoJIOTTMHOMY CEKTOPI, JIE,
okpiM CN-koOanaMiH, TaKok BUPOOJISIOTHCS Ta PO3TOBCIOIKYIOTHCS 1HII (hOPMHU,
takl gk OH-koOamamin, Ado-koOamamiH 1 Met-koOangaMid, 3aBOSIKA 1X OUIBII
BHCOKOMY TIOTJIMHAaHHIO Ta OUIbII  CTIAKMM  PIBHAM Yy  CHPOBATIIL
dapMakoJIOTUHAA BiTaMiH B, mpeacTtaBneHnii y pBHHX (Popmax, TakuxX SK
Ha3aJlbHI cIpei, nepopaibHi Ta CYOJIHIBaIbHI IPOIYKTH Ta HABITH MPSAMI 1H €Ki
JUIsL JIIKYBaHHS TIEpHIIIO3HOT aHewmii, nedinuty B;,, oTpyeHHsS IiaHimamMmu Ta
3HIDKCHHS PIBHS TOMOIMCTEIHYy. € TakoX KUIbKa TBEP/DKEHb MIOJA0 HOTO
NO3UTUBHOTO BIUIMBY Ha MAalIEHTIB 13 XBOpP0OOOIO AsblreiiMepa Ta B SIKOCTI
CTUMYJIATOpA IMYHHOI CHCTEMH, XO4da JJs MIIATBEPKCHHS I[bOr0 MOTpPIOHI
JI0JIaTKOBI1 JOKa3u [24].

BpaxoBytouu pi3HOMaHITHI cIOCOOW BUKOPUCTAHHS Ta PUHKH, HE TUBHO, 10
3arajlbHe CBITOBE BHPOOHMIITBO Ta OOCSAT PHHKY BitamiHy B, HEyXWIHHO
3pOCTar0Th, X04a TOYHI CBITOB1 pUHKOB1 3HAYCHHS BAYKKO OTPUMATH Yepe3 AediuT
nocToBipHOi iH(popmarii. [IpoTe MokHA 3 YNEBHEHICTIO MPUITYCTHTH 3HAYHE
3pOCTaHHs 3araJlbHOr0 BHPOOHHMIITBA 3a OCTaHHI AecATWmTTs. Y 1989 pomi

3arajbHUNA 00CST BUPOOHUIITBA CTAHOBUB OJIM3HKO 3 TOHH HA PIK, a 70 2005 poky
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BiH yke 3pic 10 10 TOHH 1 MaB PUHKOBY BapTICTh MPHUOIN3HO 77 MUILMOHIB €BPO.
BupoOuunrso B Kurai B 2020 poui gocsirio 31,41 TOHH 3 pUHKOBOIO BapTICTIO
339,48 mubiioHiB nosapis CIIIA, ogHak ICHYIOTh MPOTHO3M, L0 PUHOK BITAMIHY
By, nocsrue 3arambHoi BapTocTi 410 minbiioniB mosiapie CIIIA mo 2027 poky.
[locTtyroBe 30UIbIIEHHS  YMCEIBLHOCTI JIUTHBOI'O  HACENEHHS, 3POCTaHHS
ATbTEPHATUBHHUX BEraHCHKUX 1 BEreTaplaHChKUX JIIET, a TAKOXK ACQIIUT MTPOTYKTIB
TBAPUHHOTO TOXO/DKCHHS € (paKTopamu, SIKl MOSCHIOITh Take Pi3Ke 3pOCTaHHS
PUHKY, a TaKOXX € TMPUYMHAMHU OYIKYBaHHA 3POCTaHHS PUHKY TNIpemapariB
IiaHoKoOaaMiny [24].

1.1.3. biomaca 0axrepiii pony Propionibacterium Tta ii npooioTHYHMH
MOTEeHLiaJI
B nmireparypi HaBeaeHO psAx  poOIT, MNPUCBIYEHUX JIOCIHIIKEHHIO

npoOIOTUYHUX  BJIACTUBOCTEW MPOMIOHOBOKUCIUX  Oakrepid. [ocmigHuku
aKIEHTYBAJIM yBary Ha TOMY, IO TakKi JOCJIIKEHHsS OyJIM 3yMOBJICHI BUCOKOIO
Xap4YOBOIO I[IHHICTIO Ta CIPUSTIMBOIO JTUHAMIKOIO CIIOKUBYOTO IOIMUTY HA TaKy
MIPOTYKITIFO.

Tak, T'omy6 b. 31 cmiBaBTOpamm [25] 3a3Ha4ymiM, IO ICHYE HHU3Ka POOIT
BIIHOCHO  HAsBHOCTI MNPOOIOTUYHMX  BJIACTUBOCTEH y pBHUX BUAIB
Propionibacterium, ane BU3HAHUM TMPOOIOTUKOM € JIMIIE OJWUH BUA —
Propionibacterium freudenreichii subsp. shermanii. HalilBaXJMBIIIUMU 3 HUX,
KpIM 3a3HAY€HOT0 BUIIE BUNY, € Propionibacterium acidipropionici, P. thoenii Ta
P. jensenii. Omxe, Oyno AOCHIKEHO cnocoOu cTuMymoBaHHS Oidinodraopu
NPOMIOHOBOKHUCIUMU OakTepiiMu npu (pepMeHTallii Mojoka 0e3 ydacTi HIIMX
MOJIOYHOKHCIMX OakTepiil. i bOro mpoBeeHO MOPIBHSUIBHUM aHaI3 BIUIMBY
KyJTbTHBOBAHUX CIIUTLHO MPOITIOHOBOKHUCIMX OakTepii Ha MpOOIOTHYHI ITaMu
OipimoOakTepiif, BHUPOIINYBAaHWX HA MIKPOOIOJOTIYHMNX CEpPEIOBHUINAX Ta B
KOpPOB’SYOMY MOJIOIII TMPHU BHUTOTOBJICHHI KHCJIOMOJIOYHOTO HAmoOl THUILY
npoctokBama. P. freudenreichii subsp. shermanii 5103 mHOykyBamu 96 ron.
@depMeHTaIllsi Ha  MIKpOOIOJOTTYHUX  CEPENOBUIAX TOKa3ajla  HasBHICTh

CTUMYJIIOBATLHOTO  €(PEeKTy MPOMIOHOBOKUCIMX  OakTepii Ha PO3BUTOK
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0ibinoOakrepiit. HaitOipImii BIUIMB BUSBICHO MPHU BUPOIIYBaHHI MOHOKYJIBTYP.
Y BuUmaakKy KynbTUBYBaHHA cymimi OipimobakTepid Ta MPOMIOHOBOKHCIUX
OakTepiii KMOBIPHO BUPAXKEHIIIUM € B3aEMHE CTUMYJIFOBAHHS.

[Ipu BUTOTOBIJIEHHI KHCIIOMOJIOYHOTO MPOAYKTY MPOIMIOHOBOKUCII OaKTepii
NOCWIWIIM PICT mramy Bifidobacterium animalis ssp. lactis BB-12 na 49 %, a
wiramy Bifidobacterium longum VKPM-1514 — na 39 %. Bukopuctanus P.
freudenreichii subsp. shermanii 5103 ngamo 3MOTy TakOX CKOPOTHTH dYac
yTBOpeHHs 3rycTka: 3 8.3 mo 7.0 rox qs mramy BB-12 13 7.5 mo 6.5 rox — ns
mramy VKPM-1514. Takum uwmHOM, Oy/lIO JOBEACHO TO3WTHBHUN BIUIUB
NPOMIOHOBOKHUCIMX OakTepiid Ha Oipinodopy OpH iX CIUTLHOMY KyJbTHBYBaHHI
[25].

Bunaxin, mo CTOCyeTbcsl CKIaay ICTIBHOI IUNBKA 3 MPOOIOTUKOM, IO
MICTUTh TPOMIOHOBOKHCIHI OakTepii, 3 sIBUBCS Yy BITUYM3HSHIN Jiteparypi B 2017
potii [26]. Januit BUHAX11 MOK€ BUKOPUCTOBYBATHCS 1L OJIEpKAHHS IPOAYKTIB 3
MIIBUIIICHOIO Xap4yOBOIO IIHHICTIO, @ TaKOX CIEMIAILHOTO 1 MPOGUIaKTUIHOTO
npu3HaueHHsA. Jlo Cckimamy TUTBKH BXOIWIM: KpOXMaidbh MOIM(DIKOBAHUN 3
BHUCOKOAMUIO3HUX COPTIB KyKypyasu — 0,5-5%, xenarun — 0,5-3%, rainepus 0,5-
2%, mpoOIOTHK, IO MICTUB psAl OakTepid, BKIMtodatouu P. freudenreichii — 0,5-
1,5%, a Takox Boga. P. freudenreichii 6yno oOpaHO 3BakarouW Ha Te, IO JTaHa
KyJIbTypa CTBOPIOE CEPEIOBHINE, B SKOMY POCTYTh OidimodakTepii, BUpoOse
NPOIMOHOBY 1 ONTOBY KHCIOTH, a TaKOX pEYOBUHH, aKTUBHI OO
eHTepoOaKTepiii, THWIbHUX OakTepid, TpudiB, Oepe ydacTb B (epMeHTalli
BYTJIEBOJIIB 1 BITAMIHOYTBOPEHHI, CIIPHUsIE€ 3aCBOEHHIO BiTaMiHy B».

Tak, y 3pa3ky xmba 3 TakuM MPOOIOTHKOM KUIbKICTh Me30(UIbHUX
acpoOHNMX 1 (aKyIbTATHBHO-aHACPOOHHUX MIKpOOpraHizmiB 6yna mmxue (3,3x10%),
Ha BiIMIHY BiI KOHTpONBHOTO 3paska, ge MA®AM 36imbmyBaBcs — 6,3x10°.
TakoX KUTbKICTh MOJIOYHOKHCIHMX OakTepidi B 3pa3ky mnpu 30epiraHHi BUpoOy,
00pO0JIEHOTO TOKPUTTSAM, IO MICTUTh NPOOIOTUK, 3MEHIIyBalach Ha [Ba

NOPSJKH, TaK K Ha MOBEPXHI XJ1i0a BIICYTHE )KUBUIIbHE cepeaoBuuie [26].
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[lpoGioTHYHMM  BIACTUBOCTAM Ta  OIOTEXHOJOTTUHOMY  IMOTEHIIATY
NpOMIOHOBOKHCINX OakTepid Oyna npucssiueHa ctarts JI.B. Kanpenbsuu ta JILA.
Kpynunpkoi [27]. ABTOpM PpO3TJIAHYJM JlaHI HAyKOBOI JITepaTypud MO0
GBIOJIOTMHUX Ta OIOXIMIYHUX BJIACTUBOCTEH MPOMIOHOBOKUCIUX OaKTepii,
30KpemMa mpo iX MeTaboJIuHy 3JaTHICT, OyTH B POJII MpEnapariB Ta MPOaYKTIB
npoOIOTUYHOTO TPHU3HAYEHHS TPU AUCOIOTUYHUX TMOPYMICHHAX ILUTYHKOBO -
KHIIKOBOTO TPaKTy. 30KpeMa, BaXJIWBY pOJb BIIIrParOTh aHTHOKCHJIAHTHI
dbepMeHTH, Taki SK CYINEePOKCHUAAMCMYyTa3a Ta Karajga3a, SKIi CHHTE3YIOTh
MpPEeACTaBHUKN poay Propionibacterium. 3arajomM TpOMOHOBOKHUCI OakTepii
BIIIrpalOTh BAXKJIMBY pOJb Yy MATpUMaHHI OalaHCcy MIKPOOHOI E€KOCHCTEMHU
JIOAVHU, TOMY aKTyalbHOK X pPO3poOKa NpOOIOTUYHUX NpenapaTiB HOBOTO
MOKOJIIHHS 3 BKJIIOUEHHSIM JIaHO1 OaKTepiabHOI KYJIbTYpH.

OxkpimM 11b0TO, B 0a31 mareHTIB YKpaiHu 3a ocTaHHI 10 pOKIB HAYYIOThCA
MIATEHTH, OPUCBSIYEHI  OJEPKaHHIO npoOIOTUYHUX  Mpenaparis 3
NPOMIOHOBOKHUCIUMHU OakTepiaMH y iX ckiaai [28-31].

Crnocib oaep>kaHHS MYIbTHIPOOIOTHKA “CUMOLUIAKT TIPOTICOK™ HABEIECHO Y
nateHTi [28]. Crmocid oxeprkaHHS MYJILTHNPOOIOTHKA Mependadae MpUroTyBaHHS
KUBHJILHOTO CEpPEJOBHINA HAa MOJOYHIA OCHOBI, KyJIbTHBYBaHHS KIIITHH
HOJIIBUIOBOT'O CUMO103Y, 10 CKJIay SIKOT'0 BXOASTh 0iimo0akTepii, MOJOYHOKHUCII
CTPENTOKOKH, JAKTOOAMIM BUAY, OLUTOBOKHUCII Ta MPOIMIOHOBOKUCII OakTepii
BUNiB P. freudenreichii ssp. shermanii 1 P. acidipropionici, BinaiuieHHs 6ioMacH,
3MILIyBaHHS i1 3 3aXMCHUM CepefoBHUIIEM 1 nakyBaHHs. [Ipouec KyabTUBYBaHHS
pOBOAWIM NPOTIrom 22 roaud npu Temneparypi 37 °C 1 pH 6,5.

Cnocid oaepkaHHS MYJbTUIPOOIOTHKA “‘CUMOUTIOKC”  MPEACTaBJICHO
[MupobokoBum 31 cmiBaBTopamu [29]. Ilpouec OyB iA€HTUYHUN OMUCAHOMY Y
MoTIepeaHIA POOOTI, MyJILTHIIPOOIOTHK MICTUB OakTepii poxy Propionibacterium,
miclisi  ojJepkaHHS Oiomacu i1 3mimryBaiM 3 OCHTOHITO-OJIMHUM  TEliEM.
Oco6mmBicTIO OyIJI0 BBEIEHHS 1O CKJIay IMOKUBHOTO CEpeOBHUIIA MIPOTY HACTHHS
JbOHY W MOPKBSIHOTO TIOpE, a 10 CKJIaAy OEHTOHITO-OJIMHOTO TEII0 - Maclo

amapaHTy, KaTiOHM WOJy, IIMHKY ¥ ceneHy. [HOKyJbOBaHE CepelnoBUIIE
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iHKyOyBarmm mipu Temmepatypi 35 °C npotsarom 24 ros. ['oToBHif MyIbTUTTPOOIOTHK
MicTHTb 2,2x10°/cM’ KWTTEQMUIBHAX KITHH HpoGioTHUHMX Gakrtepiit, 2 %
OeHTOHITY, | MKT/CM’ CEeJIeHy, 5 MKT/CM nony, 0,5 Mr/cm’ HUHKY, 2 % pub'ssyoro
xupy, 1,5 % omnii 3apoakiB meHuti i 1,5 % omnii amapanry.

Takoxx  Oyl0  JOCIUDKEHO  Crocid  BUPOOHMIITBA  JIKYBaJbHO-
MpO(DUIAKTUYHOTO  KUCJIOMOJIOUHOTO  Tpoaykty “maktiym” [30]. Cmocibd
BUPOOHMIITBA  JIKYBaIbHO-TPO(UIAKTUYHOTO  KHCJIOMOJIOYHOTO  MPOIYKTY
nependavgae HopMali3ario, TOMOTEHBAII0 Ta MAaCTEPHU3AIIIO0 MOJOYHOT CyMIII,
OXOJIOJKEHHS 0 TEMIEpaTypy 3aKBalllyBaHHs, BHECEHHS 3aKBACKH, 1[0 MICTHTh
Hab1p OakTepiil, 30kpema 1 mpomioHOBOKUCHL — P. freudenreichii shermanii BKIIM
B-7530.

OcoOnuBoCTI  onepkaHHS ~ OakTeplaibHOI  3aKkBacku  “‘Oipimonaxt”’
BCTAaHOBWJIM aBTOpH poOoTHu [31]. Jlo ckmamy OakTepiaabHOI 3aKBACKU 3aTydad
oipinodakrepii Bifidobacterium bifidum IMB B-7032, B. longum IMB B-7033,
B.adolescentis IMB B-7035 y cniBBinHoueHH1 1:1:1, TepModinbHI MOJOUYHOKHUCI
Streptococcus salivarius ssp. thermophilus IMB B- 7179, BKIIM B-7773, B-7774
y cuiBBimHOMmEHH1 1:1:1, Ta mpomoHoBOKHUCTI OakTepii P. freudenreichii ssp.
shermanii 1MB B-7290, 31 CHIBBIIHOIICHHAM MDK BuUgamMu Mikpodmopu 5:3:2.
[IpoBoaniM HakomMUeHHsI 6loMacu - CyMiCHE KyJbTHUBYBaHHS OidimoOakrepiil Ta
NpomOHOBOKHCINX OakTepid 3a temneparypu (37+1)°C mpotsarom (7+1) roa,
MICJISE 4YOTO BHOCWJIM TepMO(DUIbHI MOJIOYHOKHUCI OakTepii 1 KyJIbTUBYBAIM IIIE
(7£1) ron. B pe3ynpTaTi OTpUMyBaIM OakTepilalbHy 3aKBACKy, sika MICTUTh B 1 T
ne memme 1x10' xurTesmaraux Kiitna Gibinodakrepiit, 110" MomouHOKHCIMX
i 1x10° mpomionoBOKMCIMX GakTepiit [31].

OCKUIbKU MPOOIOTUKH TEMOHCTPYIOTh PI3BHOMAHITHUNA CTIEKTP O10JOTTIHUX
(GYHKITA, BOHH € TIEPCIICKTHBHUM TEPaNeBTUYHUM JIOTIOMDKHHM 3acO00M IS
JIKyBaHHS ~ Ta/abo0  TpOoQUIaKTMKK  PBHUX  3aXBOPIOBaHb,  BKIIOYAIOUH
HeWpoaereHepaTHBHI PO3JIaIn, PaK, 0CTEONOPO3, CEPIEBO -CyAUHHI 3aXBOPIOBAHHS
Ta 3anajibHi 3aXBOproBaHHs. OCTaHHIMU pOKaMU MIPOOIOTUKU SIK OCHOBHI CUCTEMU

JO0CTaBKH1 JIIKIB TaKOK IMPUBCPTAOTL BCIIMKY yBArl'y, OCKUIbKH BOHHU 321663HGLIYIOTI>
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JTOJATKOBI TIEpeBarv, BKJIIOYAIOYM IHTIOYBaHHA KIITHHHOT aAre3i Ta I1HBa3il
NAaTOT€HHUX OPraHi3MIB, AHTUMIKPOOHY AaKTHUBHICTh 1 MOAYJSILIIO IMYHHOI
BIIMOBIAI rocrnojaps. 30KpemMa, BOHM MOXYTb OyTM €KOHOMIYHUM 1 HaJiiHUM
CIOCOOOM JIOCTaBKM MaKpPOMOJIEKYJI, TAKUX SIK pEKOMOIHAHTHI OUTKH, IUTOKIHU Ta
depmenTr. Takum YMHOM, MPOOIOTUKM MOKHA BHKOPHUCTOBYBATU HE TUIBKH SIK
e(eKTUBHI TepaneBTUYHI TOTIOMDKHI 3ac00M, ajie i K HOCI TOCTaBKH JIKIiB [32].

1.1.4. BypirrnHoBa KuCJI0Ta
BypurrnnoBa kucnoTa ta ii coil, IK MPOAYKTH OOMIHY PEUOBHH, BOJIOIIIOTH

MOTY)KHOIO 3aXHCHOIO €0 1 € CTUMYJISITOPAMHU BUPOOJICHHS IMYHITETY 1O HOBHUX
JUIsl OpraHidsMy WIKiJIMBUX pedoBUH. CyKIMHATOBMICHI JIKAPChKI MpenapaTu
NPU3HAYAIOTHCS 3 JIKYBIBHO-MPO(UIAKTUYHO METO y BUIJISl 3aMICHOT,
pEryJIror4oi 1 MOAYJIOIUYOI Teparii B KapJioJiorii, HEBPOJIOTIi, TernaToJorii.
Hatpito cykmuHat BXOOWUTH A0 CKJIaAy psja JIKapChKUX 3ac00IB Ha OCHOBI
aHTHOIOTHKIB Ta TIIFOKOKOPTUKOCTEpOimiB [33].

KwuTaiicpki BueH1 qocmiamim epeKTUBHE CIIUTbHE BUPOOHHUIITBO MTPOITIOHOBOT
KACJIOTH Ta OypmTHHOBOI KucaoTH Propionibacterium acidipropionici 3
BUKOPHUCTAHHAM TEXHOJIOTH po3auieHHs memOpan [34]. V cepemoBumm misa P.
acidipropionici CGMCC 1.2230 Oynu Taki KOMIOHEHTH: Triitoko3a 60 1/,
KyKypya3sauit jnikep — 41 /i, 4,6 rv/n KH,PO,. 3abe3neuyBamu temneparypy 30
°C, mepemimyBands 50 06/xB. Ilix yac KyJbTHBYBaHHS CTEPUIILHE MOBITPS HE
Oyno motpioHe, a pH KoHTpo/tOBaBCs Ha piBHI 6,5 NMUIIXOM aBTOMAaTHMYHOTO
nonaBanas NH;-H,O mporarom 180 roawH. 3aiicHIOBATM  IKUBIICHHS
r1r0k03010 (500 1/m). KoHmenTpaitii mpomioHOBO1 Ta OypIITHHOBOT KHCJIOT JOCSTIIN
62,22 + 2,32 ta 20,45+ 1,34 r/1 BinmoBixHO.

3narHicTh A0 OIOCHHTE3y MNPAKTUYHO IIHHUX KHUCJIOT MaB 1 mram P.
acidipropionici ATCC 4875 [35]. Tpu nocnigoBHI (epMeHTalii IpOBOIUIN
npoT1arom 70 TOUH 3 PEIUPKYIISAIIEI0 KIITHH Y YOTHPHOX OJTHOYACHO MPAIIOI0YUX
oiopeakropax, npu pH 6,5, 30°C 1 100 06/xB. P. acidipropionici ATCC 4875 0yB

31aTHUN BUPOOJIATH MPOMIOHOBY Ta OYypIUTUHOBY KUCIOTU 3 copOiry (10-80 r/m).
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KonnenTparis mpomoHOBOi KUCIOTH cTaHoBmiIa 39,5 + 5,2 1/n, a KUIBKICTH
OypitrHOBOi gocsrna 14,8 + 0,9 r/m.

OgHuM 3 [PIOPUTETHUX HANPSMKIB  Cy4acHO1 (PyHIAMEHTaIbHOI 1
MPaKTUYHOI MEIUIMHU € 3aCTOCYBaHHS JIKAPCHKUX 3acO0IB HAa OCHOBI
OypIITHHOBOI KHMCJIOTH Ta ii moxigHuX. bypurruHoBa kuciota (BK) ta ii com
(CyKImMHaATH) - BHYTPIIIHBOKIITHHHI METaOOJITH, BAXKJIMBI MPOMDKHI MPOIYKTH
OOMIHY J»XHBHX OpraHi3BMIB, IO NPUHAMAIOTh aKTHMBHY y4YacThb Yy TpoIlecax
KINTHHHOTO AuxaHHs. BmicT BK B mima3mi KpoBi JIOOWHA B HOPMi CTAaHOBHUTH Y
cepeqabomy 0,5 mr/100 My, BoHa mo0Ope BIUIMBAaE HAa OOMIH PEUOBHH, MIITPUMYE
JISITBHICTD €HIOKPUHHOT Ta HEPBOBOI CUCTEMH, IO TO0CTABJISIE KUCEHb TKAHUHAM,
NOKpaIlye 3aCBOIOBAHICTh MOKMBHUX PEUYOBUH, HOPMAI3ye€ pIBEHb MENIaTOPIB
3aMajeHHs TICTaMIHYy 1 CEpOTOHIHY, MIIBHILYE MIKPOLMPKYIALII0O B OpraHax i
TKaHWHaX 0e3 3MIHM cucTeMHOi remoauHamiku. Yepe3 aediuut BK B oprannmi
YTBOPIOIOTHCS BUTbHI PaJIUKaJM, 10 HEraTWBHO BIUIMBAE HA 3/I0pPOB’ Sl B IIUIOMY.
BypurruHoBa kuciota Ta ii coJil, SIK MPOAYKTH OOMIHY PEUOBHH, BOJIOIIOTH
MOTY)KHOIO 3aXHCHOIO JTIEI0 1 € CTUMYJIITOPAMH BHPOOJICHHS IMYHITETY 10 HOBHX
IS OpraHiBMYy MIKIIIMBAX pedoBUH. CyKIIMHATOBMICHI JIKapChKI Mpemapard
MPU3HAYAIOTHECS 3 JIKYBAIbHO-TIPO(UIAKTUYHOK METOK Y BHIJIAAI 3aMICHOI,
peryowyoi 1 MOAYMIOIUYOI Teparii B KapaioJiorii, HEBPOJOTii, remaroJiorii.
Harpito cykuuHat BXOAUTH N0 CKIAAy psija JIKapChbKUX 3ac00IB HA OCHOBI
aHTHOI0TUKIB Ta TIIFOKOKOPTUKOCTEPOiaiB [33].

BypmrtuHoBa kuciaoTa Ta i1 MOX|HI IIMPOKO 3aCTOCOBYIOTHCS ¥
BUIOTOBJIEHHI  METAa0OJIYHMX  MEIWKAMEHTO3HMX  3aco0iB, 10  MaloTh
AHTUOKCU/JIAHTHI Ta AaHTUTIMOKCUYHI BiacTUBOCTL OO0nacTi 3acTOCYBaHHS
npenapatie BK BenbMH p13HOMaHITHI 1 BKJIIOYAIOTh KapiOJIOTii0, HEBPOJOTIIO,
CHJIOKPHUHOJIOTTi, TOKCHUKOJIOTIIO 1 HAPKOJOTT0, HQEKIIMHI XBOPOOH, TeaIaTpiro,
BIIHOBHY MEIUIIMHY. JJOCUTh yCHIIIHO BUKOPUCTOBYIOTH 11l Ipenaparu B Xipyprii,
MyJbMOHOJIOTIH], TIe€MaToJIOTii, JEepMarojori, axKylmepcTBl, TIHEKOJIOTH Ta
€HJIOKPHUHOJIOT1l 0COOIMBO MpH JIIKYBAHHI YCKIIQJAHEHb IIyKpPOBOT'O I1a0€Ty, TaKUX

K CUHAPOM Jla0eTMYHOI KOMHM Ta CEHCOMOTOpHa NOJIHEBpomaria. Takuii
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IIMPOKKUA CIeKTp 3acTocyBaHHA BK o00ymoBieHo Oe3mocepeaHbo0 y4acTiO
CYKIIMHATa B MpOIlecaXx TKAHUHHOTO JUXaHHS 1 OKMCHOTO (ochOpHUIIOBaHHS B
MITOXOHJIPISIX, 3/IaTHICTh CYKIMHATa MiATPUMYBAaTH €HEPTOCUHTE3YIOUY 3JaTHICTh
KJIITUH B YMOBAX T'OKCII.

Came gedimuT CyKuuHaTa 3aBXIHU MPUBOIUTH 0 PO3BHUTKY TINOKCIi, 10
NOPYUICHHS CyOCTPaTHOI JaHKH B AUXAIbHOMY JIAHI[I031 MITOXOHAP1H [33].

Binomo, mo y npupogHUX yMOBaxX MNPOAYKIiS OYpPIITHHOBOI KHCJIOTH
BinOyBaeTbcsa B MITOXOHAPIAX (MX), 3 SKMX BOHA MPAKTHYHO HE BUXOIUTH
OCKUTbKA MUTTEBO BUKOPHUCTOBYEThCS 3a MicToM yTBOpeHHsA. [lo3za Mx, mosa
KJIITUHU, Ta Y KpOBOOOIry JlaHa CTOJyKa 3a3BUYail BiICcyTHA. BoHa 3’sBisieTbCs
no3a MX mpu TSXKKOMY aHaepo01031, NMpU TNIMOOKIM rinokcii ado mpu akTUBaLlil
CUCTEM BIITBOPEHHs OypIITHMHOBOI KHUCJOTH IPU OJHOYACHOMY raibMyBaHHI
dbepMeHTHOI cucTeMH ii OKHCIICHHS, B YMOBaX BHPXEHOTO EHEPTETUYHOIO
nedimuty. OTXe, perenTopHi peryatoBajibHI CHCTEMHU OPTraHi3MY OIIHIOIOTH TOSIBY
B KpOBOOOIYy JaHOi CIIOJIyKH, SIK CUTHAJl Ha Te, 10 BSKIACH JUISHII HE BUCTayae
CHEPTeTUYHUX pecypciB abo € KHMCHEBe rojiogyBaHHsa. OpraHi3aM pearye Ha IeH
CHUTHAJ BIITIOBITHUMH 3MIHAMH B CHCTEMax HEHPOEHIOKPHHHOI, TOPMOHAILHO1
peryJiiiii, MOMIMICHHAIM TeprudepudaHOTO KPOBOOOIrYy, MIABHINEHHSAM CHIH
CEpIICBUX CKOPOYEHB, MOJICTIICHHM BiIa4i KUCHIO OKCUTEMOTJI00IHOM 1 HU3KOIO
HIMX (PBIOJOTTMHUX Ta OIOXIMIMHHMX KOMIIEHCATOPHUX peakilii [36].

byno pocnimxeHo 3MiHM, SIKI BIIOYBAlOTHCS 3 (PYHKLIOHAJBHUM CTAaHOM
CIIOPTCMEHIB MiJ Yac TpUBAIMX (IBUYHUX HABAHTAXKEHb 32 PAXyHOK BXKMBAHHS
CYKIIMHATY Harpito. BcTaHOBJIEHO, IO KypCOBE 3aCTOCYBAHHS CYKIIMHATY HATPIiO
MaJ0  TO3UTUBHMA  edekT s MeTaboni3My,  IMTOAPXITEKTOHIKH 1
(GYHKIIOHATLHUX MOXJIMBOCTEM €pUTPOIMTIB, BiAMIYaNach BHUCOKa (Pi3UUHA
aKTUBHICTb 1 HU3bKa BTOMITFOBAHICTH [36].

B nmanuit wac mikapchki 3acoOu, IO MICTATh CYKIIMHATH, ICHYIOTH 1
3aCTOCOBYIOTHCS SIK B IIEpOpaibHiil, Tak 1 B mapeHtepanbHii popmax. bK ta HC sk
JIKapCchKi 3ac00M MOXKYTh 3aCTOCOBYBATHUCS B MOHOTEpAITii, a TAKOK B MOETHAHHI 3

HIMMH npenapataMyu. HaliOuibIna KUIbKICTh JIIKAPChKUX 3ac00IB 116 KOMOIHOBaHI
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CUCTEeMM, W0 CKJIAJAIOThCS 3 JIOMOMDKHUX pPEYOBHUH, $SKI JOMOBHIOIOTH,
NOTEHIIOIOTh  JIII0  aKTUBHUX (DapMalleBTUYHHMX IHTPEHIEHTIB, a TaKOX

NOKpallytoTh nepenocumicts JI3 [33].

1.1.5. Tperaso3za
[Hono Tperanosu, TO s CHOIyKa SIBIIsIE COO0I0 HEPEAYKYIOUUN JTUCaxapul,

0 CKJAJAEThCS 3 JABOX MOJIEKYJ TJIIOKO3U, MOE€AHAHUX o,0-1,1-3B’sa3koM. VY
dbapMareBTHYHIA Ta KOCMETHYHIA Taly3l Tperajgo3a 3HaHIia 3acTOCYBaHHS B
SKOCTI cTaluri3aTopa JHIIOCOM Ta 3BOJIOXKYBada. Y MEAMIMHI Tperaino3a
BUKOPHUCTOBYETHCS JIJIsl cTaOUTBAIll aHTHUTLI, aj] IOBAHTIB, ()EPMEHTIB Ta 3 METOIO
3aXUCTY KJITUH CCAaBLIB YNPOJOBXK CYOIIMAIIiHOTO BUCYITyBaHHS [37].

JlochmimkeHo, 1O MPOMIOHOBOKUCII Oakrepii € W e(eKTUBHUMU
OPOJYIIEHTAMH  Tperajio3n. Tperaigo3a € CTaOUIbHUM  HEBITHOBIIIOIOUUM
JUCAXapUIOM 13 PI3HOMAHITHUM 3aCTOCYBAHHSM, 115l p€YOBHHA IMPOKO MOIIMPEHA
B npupoal. Tperano3a HaKOMUUYETHCS B OaKTepialbHUX KJIITHHAX y BIANOBIAL Ha
CTPECOB1 YMOBH; TOMY MIKpOOHUI CHHTE3 BUKOPHUCTOBYIOTH JJII KOMEPIIMHOTO
BUPOOHMIITBA Tperaso3u. Panimie moBiHOMIISIOCS MPO MEIAWYHE BHUKOPHUCTAHHS
Tperajio3u [JJsl 3MEHILEHHA CHUMIITOMIB TaKUX 3aXBOPIOBaHb, SIK Xopes
XaHTIHITOHA Ta ocTeonopos [38, 39].

Tperanoza BHKOPHUCTOBYETHCS IS 3aXHCTy KIITHH Bil TeIUIa, XOJOIY,
OKHUCJIGHHS a00 3HEBOJHEHHS. bylo BCTaHOBJIEHO, IO TpErajo3a MOCHUIIIOE
ayrodarmtHy akTuUBHICTh. [loka3aHo, IO Tperajgo3a CIHpUSiE€ KITUHHOMY
BUBEJICHHIO MATOTEHHUX OUIKIB, TAaKUX SIK MYTAHTHHUW T€HTIHI'THH, O.-CUHYKJIEIH 1
T, sIKI OB’ s3aH1 3 xBopoOamm [lapkiHcona, AmpireiiMepa BignmoBigHO. OaHAK
OUTbIII JIETATPHOTO BHBYCHHS TOTPEOYE pOJb TpEerajo3d B KITHHHOMY
MeTabosi3M1  OUTKa-TmonepeHuKa amuloily, TOB’S3aHOTO0 3 XBOPOOOIO
AnburermMepa.

BcranoBieHo, 10 Tperajio3a Mae HYTPUIEBTHUHY LIHHICTh. BoHa BABMI
COJIOAIA 3a caxapoly, 3a0e3meuye BENHMKH 3amac eHeprii Ta BUKIMKAE ITyxKe
HU3bKY PEAKIlI0 Ha IHCYMH. PBHI MIIXO0AW 10 NPOMMCIOBOTO BUPOOHHUIITBA
Tperajao3u BKIIOUAIOTh SIK (PepMEHTAaTUBHE MEPETBOPEHHS, TaK 1 i1 HaKOMUYEHHS
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mig dac QepMeHTarii TJIFOKO3W 3 BUKOPHCTAHHAM APDKIKOBUX KITHH. Xoua
¢dbepMeHTaTUBHI METOAN € €(PEKTUBHUMH [Jisi BUPOOHHUIITBA TpEraio3u, OJHAK
MIKpOOHMI, 30KpeMa OakTepilalbHUI CUHTE3, € OUIbII NEPCHEKTUBHUM IMIIXOA0M
JIJIs1 KOMEpIHHOTo BUpoOHUITBa [38, 39].

ABtopu ctarti [40] MOBITOMWIM MPO 3AATHICTh KUIBKOX INTaMiB 3 POy
Propionibacterium TnpoayKyBaTH Tperajio3y 3 YHCTOTO Ta HEOYHUIIEHOTO
rinepuny. HaiiBumny konmeHTpamito Tperamo3u 195,04 mr/nm Oymo oTpumaHo
ICJI KyJIbTUBYBaHHS mTamy P. freundenreichii ssp. shermanii 1 y cepenoBui 3
8 % uucroro riuinepuny npu 30°C, pH 7 npotsirom 168 roauH.

[loxparieHHs: BUpOOHUIITBA TPETATI03H 3 BIIXOIB BUPOOHUIITBA 010 U3EITIO
3 BUKOPUCTAHHIM MyTaHTa P. freudenreichii subsp. shermanii B acpoOHUX yMOBax
nocimiguin 'y po6oti [41]. 3a ymoB aepauii npu 30% HacUYEHHS MOBITPSIM Ta
nepeminryBandss 200 o00/xB crnoxkuBasiocs npuOIM3HO 98 % HEOYHUIIEHOTO
TJIIEpUHY K cyocTpaTy. 3a BUKOPUCTAHHS BUXIIHOTO ITaMy OYJiO0 JOCSTHYTO
KOHIIGHTpaIlli Tperaigo3u 361 Mr/m, Toal sSK y MyTaHTHOMY InTtami P. shermanii
NCIM 5137 xutbKICTh Tperajgo3w cTaHoBwiaa 1,3 /1. 3 BUKOPUCTAHHSM CHPOTO
TJIEPUHY K CyOCTpaTy BAAIOCH JOCSATTH KOHIICHTPAII TpErajgo3u MpHOIM3HO
1,56 r/n 3a BuporryBands MyranTHoro mramy upu 30 °C, pH 6,8 ynpomosxk 24
TOJIVH .

Y iHmi crtarri OyJlo ONTUMI30BAHO BHUPOOHHUITBO TPETalo3U TpHU
3a0e3neueHHl KoHuUeHTpauii jgakro3u 20 r/m, temmnepatypi 30°C 1 MBHIKOCTI
nepemimryBadHs 100 obGeprtiB 3a xBwimHy [37]. 3a 1ux ymMoB OyB OTpUMaHUM
HaiBunmi Buxin Tperanos3u (595 mr/m). Ilpu kontpom pH Ha piBHI 7 Ta npu
JOJaBaHHI JIaKTO3W Yy KUbKOcTi 60 /1 ymponoBx 222 rojA KOHIIGHTpallis
Tperajgo3uW B KIHIl KyJIbTHBYBaHHA Itamy P. acidipropionici DSM 20273
nmocsiria 0,925 r/n.

AHAIOTH TpErajio3u JIEMOHCTPYIOTh BJIACTUBOCTI, $KI TMPEICTaBISAIOThH
HTepec i1 (papmaneBTUYHOT ramy3l. OCKUIbKM Tperajio3a € OCHOBHHUM
MeTa0oITOM JUIsl  MIKOOAKTepid, Je30KCH- abo0 a3uJONOXIIHI TPErajo3u

YTBOPIOIOTh I[IHHI CHOJIYKH JJIsl IPUTHIMEHHS POCTY MIKOOAKTEpiaIbHUX KIITUH
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abo ma mojanelIoro BuUsiBIeHH Mycobacterium tuberculosis, 30ynHuKa
TyOepKybo3y [42].

1.1.6. bakTepionunu
B ocranHl KUlbKa AECATWNIITH BEJIMKA yBara MNPHUAULIIACS BUJIUICHHIO,

XapaKTepUCTUIIl Ta MexaHBMy jii OakrtepionuHiB. bakrepionwam - 118
aHTHOAKTEepiaTbHI MenTuan abo OUIKH, M0 BUPOOJAIOTHCS IMMPOKUM CIIEKTPOM
MIKpOOpraHiBMiB.  bakTepionmau, 10 BHUPOOJSMIOTECS  MIKpOOpPTaHIi3MaMHU
Xap4y0BOTO MPU3HAYEHHS, TAKUMHU K MOJOYHOKHCII OaKTepii Ta MPOMIOHOBOKHUCI
Oakrtepii, CTAHOBIISATH OCOOJMBUH HTEpEC Yepe3 1X MOTEHIIIIHE 3aCTOCYBaHHS JJIs
KOHCEPBYBAaHHS  XapuoOBUX MPOJYKTIB. Xoya HHU3Ka OakTepiouuHIB 3
rpaMIO3UTUBHUX OakTepi Moka3ana BITHOCHO IIMPOKUHN IHTIOYyHOUHMIl CHEKTp,
OUIBIIICTh BXE€ JOCIIIKEHUX OaKTEpIOIMHIB Ma€ 3arajoM BY3bKUH [iarna3oH
aKTUBHOCTI [43].

Bimomo, mo mpobGiemMa BHHHKHEHHS Ta CTPIMKOTO TIOIIAPCHHS
aHTHOIOTUKOPE3MCTEHTHOCTI TATOTCHIB CTa€ Jeaalli CEPHO3HIMIOK BHACIITOK
3JIOBXKMBAHHS aHTUOIOTHKaMU. bakTepionmHn € e(PEKTUBHOIO albTEPHATUBOIO
aHTUOI0THKaM. bakrepunmnHuii MexaHi3BM  OaKTEpIOIMHIB B  OCHOBHOMY
JOKAIBY€EThCST B PELENnTopax, M0 3B S3yIOThCS HA MOBEPXHI OakTepid, a MOTIM
yepe3 MeMOpaHy, W0 BHKJIMKAE IMTOTOKCUYHICTH Oakrtepit. Kpim Toro,
OaKTeplONMHU € MAJIOTOKCUYHUMM TenTHaamMu abo OulkamMH, YyTIUBUMH [0
NpoTea3, TAKUM SIK TPUIICHH 1 eNcuH [44].

VY po0Ooti [45] HaBeneHO OYMINIEHHS Ta XapaKTEPUCTUKY MpOTMiOHIMHY F,
nepmoro  OakTeplonuHy, BHUAUICHOTO 3  Propionibacterium freudenreichii.
bakrepionma mpormioHiuHE F BOJIOAIB OaKTepUIIMIHOK aKTUBHICTIO JIMIIIE MPOTH
wramiB P. freudenreichii.

3 nBox mmramiB Propionibacterium thoenii 0yno BUAUICHO HOBHMA
Oakrepionud mix Ha3Boro mnpomioniquH T1. lleit OakrepionH He Mae
NOCTIAOBHOCTI, NMOAI0HOT a0 iHIMX OakrepionuHiB. [Ipomionmmu T1 nposBisiB

aHTUMIKpOOHY JII0 MPOTHU BCIX MPOTECTOBaHUX WTaMiB P. acidipropionici, P.
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thoenii Ta Propionibacterium jensenii, a Takox nipotu Lactobacillus sake NCDO
2714 [46].

ExcTparoBanuii 3 TBEpAOro cepeaoBHIAa OaKTepiOLMH, CUHTE30BAHUMN
mramoM  P.thoenii P127 (ATCC 4874), OyB IHTIOyHOUMM [JJIsl  JAESIKUX
rpaMHEraTUBHUX OakTepid, APDLKIKIB 1 LBUI, 10 00OYMOBIIIOE MEPCIEKTUBHICTh
HOTO BUKOPUCTaHHS y (papMarieBTUUHIN raimy3i [47].

1.2. bBioTexHoJ10risi OTPMMAHHSA MPONiOHOBOI KMCJIOTH NMPeICTABHUKAMH POAY
Propionibacterium
[IpomioHnoBokuc OakTepii pOOJIATH BaXJIMBHM BHECOK Y PO3BUTOK

dapmaneBTHUHOT ramy3i. 30KpeMa, IJOCHIIHUKM BBaXarOTh, L0 MPOIMIOHOBA
KHCJIOTa MOY€E MPUTHIYYBAaTH CUHTE3 MpOCTarjaHIuHIB. PapManeBTUUHI KOMIIaHii
3a3BUYail  BKJIIOYAIOTH  MPOIOHOBY  KUCJOTY, sSika €  MeTa0oJiToM
OPOMIOHOBOKHUCIIUX OakTepiii, B peUentypy CTEpOiAHMX 1 HECTEPOigHUX
NpoTH3aNaIbHUX MpenapariB. AcmipuH, 10ynpodeH Ta iHII Oe3pelenTypHi Ta
pelenTypHi NpoTU3anaibHl IpenapaTy 3a3BU4yail MICTITh IPOMIOHOBY KUCJIOTY SIK
erep. Y mii GopMi crmoiiyka TPHUEIHYETHCS N0 AKTHUBHUX IHTPEIIEHTIB JIKIB.
[aransaropu 3 GIFOTHKA30HOM, SIKI BHKOPHCTOBYIOTBCS TIPH PECIIPATOPHHUX
3aXBOPIOBAHHIX, 3a3BMYall MICTATh NPOMIOHOBY KHCJIOTy. Crojyka YacTo
CYHpPOBOJIXKY€E CTEPOIJIHI MpenapaTy, BKIIOUYar0Yu TecTocTepoH. Jlikapi 3a3Buuait
NpHU3HAYAIOTh Tpenapar MpoTU pakKy Ipyaed 1 3aMiCHOI rOpMOHAIbHOI Tepartii.
Jesiki koMOiHallll aHTUTICTAMIHHUX 1 MPOTUHAOPSIKOBUX 3aCO0IB TAKOXK MICTITh
JaHITIOKKHU TPOIIOHOBOT KUCJIOTH.

JlocmKeHHs MOKa3yloTh, 110 MPOITIOHOBA KHUCJIOTA BIUIMBAE HA KUTHKICTH
NPUIaTHUX JIJI1 BUKOPHUCTAHHS JIKIB, IO IUPKYIIIOIOTH B opradi3mi. be3 ereproi
rpynu piBeHb OararboX IIKIB JOCSATaE MKy B KpoBl. Yepe3 TEBHHMIA dac
KOHIICHTpAIIl JIKIB y KPOBI IMMBUAKO 3HMKYIOTHCS, OCKUIBKH OPTAaHI3M BHUBOJIUTH
npernapar. Y TO€IHaHHI 3 KHCJIOTOIO CTEpOiAM Ta IHIN JHKapChKi 3aco0u

3QJIMIIAIOTHCS B OpTraHi3M1 MPOTITOM OUTBII TPUBAIOTO TNepioay yacy [48].
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OTxe, poO3MITHEMO JAeTalbHIE OIOTEXHOJOTII0O OTPUMAaHHS TaKOTO
MIPOMHUCJIOBO BaXJIMBOTO MeTabodity Oaktepii pony Propionibacterium sk
IPOMIOHOBA KUCJIOTA.

Tak, Meror nociypkeHHs [49] Oyma olliHkKa BIUIMBY KOHTpoo pH Ha
BUPOOHUITBO OlOMacH, MPOIMIOHOBOI, OLTOBOI Ta MOJIOYHOI KHUCJOT IMpHU
nepioAUYHOMY KyJIbTUBYBaHHI 3 MIKUBJICHHSIM Propionibacterium freudenreichii
ssp. shermaniii Lactobacillus acidophilus. Illtam P. freudenreichii ssp. shermanii
DSM20270 xymsTUBYBaIM y cepeaoBHI 3 25 1 Memsicu Ta 350 M1 3HSKHPEHOTO
MoOJIOKa (MICTUTh ~ 23 T nakTo3u). KynbTHBYBaHHSA 3 MIXKUBJICHHSIM TPOBOIUIN
npotsirom 144 roaun nipu Temneparypi 30 °C, mimpKuBiIeHHs BiOyBanoch mmicist 36
TOJAMH BUPOILIyBaHHSI KOXHI 8 roauH 3 mnocTiiHor mBuakicTio 0,03 n/ron.
3nificHioBar  mipoBefieHHs KoHTpoiro pH gomaBannsm 1 H NaOH, a Ttakox
JTOCIKYBaIM Tipoliec 0e3 po3unHy Jayry. KiHIieBa KOHIIEHTpaIlis CUHTE30BaHUX
pedoBuH 3 KoHTposieM pH 1 6e3 Hboro Oyna HactymHoto (T/1): 6iomaca 6,22 1
13,76; nmpomionoBa kuciota 5,25 1 5,67; ouroBa kuciorta 5,86 1 6,33. Takox
JTOCHIIMIM CHHTE3 IllaHKOOaNMaMiHy — KIHIIeBa KOHIIGHTpaIllsl BitamiHy B, mpu
KoHTpoJii pH po3umHoM ayry cTaHoBuna 3,9 Mr/m, a 3a BincyTHOCTI KOHTporo pH
3HAUEHHsA KUTbKOCTI Bitaminy Oyino 0,05 mr/n. Takum 4WHOM, NOJaBaHHA YTy
MO3WTUBHO BIUIMBAIO Ha MIIBUIICHHS KUILKOCTI BITaMiHY, Y TOW 4ac K OUThII
KUTbKOCTI TIPOITIOHOBOT, OIITOBOT KUCJIOTH Ta 0ioMacH CriocTepiraim 6€3 KOHTPOJIIO
pH.

VY iHmM poOOTI TakOX MPEACTABICHO CMHOCIO OJAEpKaHHS MPOIIOHOBOI
KHCJIOTU y cepenoBui 3 jakTo30t0 [50]. CepenoBuine nis Propionibacterium
acidipropionici CGMCC 1.2232 roTyBaiu 3 CyXOi CHUPOBATKH, III0 MICTUTh
JakTo3y — >65% (Maca/o0’em) 1 6110k — >11% (Maca/o06’em). Po3unn cupoBaTku
I KyabTUBYBaHHS MICTUB 20% nakTo3u. JlocmimKyBanu TpaauIliiiHe TITHOWHHE
KyJbTUBYBaHHS Ta TMpollec 3 IMMOOUIBOBaHMMHU KiiTMHamMu. Tak, mpu
KYJIbTUBYBaHHI 3 MKUBJIEHHIM, Temmeparypi 32 °C npotsrom 250 roaun 3a pH

6,0 1 BMmicTy nakto3u 200 r/nm otpumamm 125 1/1 mpoOMIOHOBOI KUCIOTH. A 3a

33



AHAIOTTYHUX YMOB IPH KyJbTHBYBaHHI IMMOOUI30BaHUX KJITHH MmpoTsArom 220
TOJWH KUTBKICTh MPOIIOHOBOT KUCJIOTH cKiana 135 r/m.

B poOoti 2020 poky ajisi CHHTE3Y MPOMIOHOBOI KHUCJIOTH BUKOPUCTAIU
rigpoaar oMy cosogkoro copro [S1]. P. freudenreichii DSM 4902
KyJIbTUBYBaIU y cepeaoBuui 3 10 r/i IpoKIKOBOTO €KCTPaKTy, S I/J1 TPUNTUKA30-
coeBoro Oympitony, 0.25 r/m K,HPO, 0.05 r/mn MnSO,. TmponiBar xomy
COJIOJIKOTO COPro aojaBaimu y KutbkocTi 75 Ta 100%, mpu bOMy C MUHTE3yBATUCH
HaWBHII KUTLKOCTI mpotmioHoBoi kuciotu — 10,5 1 11,5 r/n. Ilig vac pepmenTarrii
TemIiepaTypy minrpuMmyBanu Ha piBHI 32 °C, pH minTtpumyBamu Ha piBHI 6,5 3a
nonomoroio 5 M po3uuny NaOH, a nepemiuryBanus niaTpuMmyBaiu Ha piBHi 100
00/XB.

[lepcrieKTUBHICTh BHUKOPUCTAHHS POCIMHHUX BIIXOIB ISl OTPUMAHHS
NpOMIOHOBOI KUCJIOTU Ta BitamiHy B, omucano y crarti [52]. P. freudenreichii
CICC 10019. Tigpomzar KyKypya3siHOro ctebia crepuwiiyBam mnpu 115 °C
npotssrom 20 XB 1 JoJaBanyd O CEPENOBHINA I MIATPUMKH IMOYaTKOBOI
korHneHntpami 30 r/m. [lpum mnpoBemeHH! MmKUBICHHS dYepe3 258 roa Oymo
cuHTe30BaHo 47,6 mr/n Bitaminy By, 1 91,4 /1 mpommioHOBOT KUCIIOTH BIAIIOBIAHO.
[IIBuaKICTH MOTOKY a30Ty Oyia BcTaHOBJEHA HA piBHI 0,1 11/XB, 00 TapaHTyBaTH
MPOXOKEHHS (hepMeHTallii B aHaepoOHuX ymoBax. Temmeparypa Oyna 30 °C, pH
aBTOMAaTUYHO KOHTPOJItOBaBcs Ha 7,0 nuisixom gojaBaHHsa 12% po3urHy amiaky.

B po6oTi[53] HaBeneHO pe3yabTaTH BUKOPUCTAHHS Tamy P. freudenreichii
T82 nnst epekTMBHOTO OIOCHHTE3Y MPOMIOHOBOI KHUCJOTH Ta OIITOBOi KHUCJIOTH B
CEepeloBUIll 3 EKCTPAKTOM SOJyYHMX BHMYAaBOK Ta CTIMHUX BOJ[ KapTOILIL
Haitbinpiie yrBOpeHHsI TpoTioHOBO1 KucjaoTu 14,54 /1 Oyno Ha cepenoBHiil 3
a0mygyHuMuy BudaBkamu (1 kr/m), npokmxoBuM ekctpaktoM (20 r/m), nenronoMm (10
r/m) micas 120 roaun. KynpTuByBanus nposoawiu roaus npu 37°C. Cepenopuiie
HerrpanzyBam 20% NaOH 3 iHTepBanioMm 24 roauHu. MakcumaibHY KUTBKICTB
ouroBoi kuciotu (5,01 r/1) oTpuUManK y cepenoBuIll 13 KapTOIUITHUMH CTIMHUMU

Bojamu (4%) micas 120 roauH.
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[lram P. acidipropionici ACT-1 npoaykyBaB>55 /1 NpOIIOHOBOI KUCIOTH
IpH KyJbTUBYBaHHI 3 ApoOHMM mimpkuBieHHsM 1pu 32°C mpotsrom 230 roaux
[54]. depmeHTallI0 TOCHKYBAIM NPOTITOM B CUHTETUYHOMY CEPEOBMUIIIL, 1110
MicTuio 10 /1 ApKIKOBOTO €KCTpakTy, S5 /1 Tpuntukasu, 0,25 r/n K,HPOy, 0,05
r/n MnSO,4 1 70-80 r/n Timoko3u; po3uuH Ay TiKuBieHHs MictuB 500 r/1
rioko3u. Takox poaaBamm 50 r/mn CaCO; ans pH 5,0.

['mmepuH Ta KapTOIUITHMM CIK SK JDKEPENO BYTJCHIO I Ol0CHHTE3Yy
MPOITIOHOBOT KHUCJIOTH BUKOpHUCTaTM aBTopu ctarti [55]. Ilpm KoHIEHTpamisax
riepuny 85 1 120 r/m 6yno orpumano 43,8 1 50,8 r/m mpoIMOHOBOT KUCIOTH
BinnoBinHO. P. acidipropionici DSM 4900 xynstuByBaym mipu 200 006/xB 1
ninTpumyBaimu temmnepatrypy 32°C npotsarom 500 roauH.

[HIIIl TOCHITHUKY BUKOPHUCTAIM CO€BY MENSCY JJIsl CUHTE3Y MPOIMIOHOBOL
KUCJIOTU [56]. 3a HasBHOCTI Memsiacu (BMICT IfykpiB 54,1 r/d), ApLKIKOBOTO
exctpakty (10 r/m) Ta TpunTukasu (5 r/a) KUIbKICTh HUTbOBOI KMCJIOTH CTAaHOBHIIA
21,9 r/n. PiBenp pH koHTpostoBasMm Ha piBHI 6,5 3a JHomomMoOroio KapoOoHaTy
kaibItiro (50 1/m), minTpuMyBamm Temneparypy 32°C npoTtsarom 4 mio.

BupoOHHIITBO IPOTIIOHOBOT KUCIIOTH AOCKYBAIH IIUITXOM 3aCTOCYBaHHS
PBHHUX CHUCTEM KyJbTUBYBaHHS, TAaKUX SK TEPIOJUYHE KyJIHTHBYBAHHS,
nepioiuyHe KyJIbTUBYBaHHA 3 TIHKUBICHHAM 1 Oe3nepepBHa (epMeHTallis.
[lepeBarun Ta HEMONIKM KOKHOTO METOAY OyiIM BUBYEHI 3 METOK BHUCOKOTO
BUPOOHUIITBA IPOMIOHOBOT KUCJIOTH MPU HU3BKUX BUTparax pecypcis [57].

@depMmeHTalli B NEPIOAUYHOMY  pEeXKUMI €  HaAWOUIbII — 4acTo
BUKOPHUCTOBYBAHOIO CUCTEMOIO JJIi BUPOOHMIITBA MPOIMIOHOBOI KHUCIJIOTH, MPHU
ILOMY ITpOIIEC BUPOOHUIITBA 3aiiMae 2 TkHIL. OCHOBHOIO MEPEUIKOI010 B MPOIIEC]
nepioAudHO1 ¢epMeHTallii € MOBUIbHUN pICT OakTepid 1 CHIbHE MPUTHIYCHHS
KIHIIEBOTO MpoAykTy. OjHak TmepiogudHe KyJIbTHBYBAHHSA JIO3BOJISIE JIETKO
KOHTPOJIFOBATH MPOLIEC.

[lepionuuHe KyJAbTHBYBaHHA 3 IMIKUBICHHSIM 3  EKCTPAaKTUBHUMU
MeMOpaHaMu Ta 0€3 HUX TaKO>K BUKOPUCTOBYBAJIOCS JJISl MiJBUILIEHHS IIBUIKOCTI

BI/IpO6HI/IL[TBa Ta 3araJIpHOTrO0 BHXOIY HpOl’IiOHOBOi KHCJIOTH. I[OI[aBaHHH
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IyKPOBMICHUX PEUOBHH Ta/a00 IHIIMX JHKEPET BYTJCIIO dYepe3 4acTi MPOMDKKU
yacy OyJno HalOUIbII MOUIMPEHOIO0 CTpaTeri€ro mypkubieHHsS. [loBinomiieHo, 1110
TaKy CHUCTEMY MOYXHa BUKOPHCTOBYBATH JJIi OJHOYACHOTO BHUPOOHUIITBA
MPOIIOHOBOT KUCJIOTHU Ta BITaMiHy By,.

[lokpameHa  NPOJYKTUBHICTH  HPOMIOHOBOI  KHUCIOTH  OOYMOBIIIOE
CKOHOMIYHICTh BUpOOHHUIITBA. He3Baxkaroun Ha 1€, TPOBEICHO Mo JOCIIKEHb
010 BUPOOHHUITBA TPOMIOHOBOI KHUCJIOTH 3 BHUKOPUCTAaHHSIM CHUCTEM
oe3nepepBHOi pepmenTartii. JlocimkeHo Oe3mepepBHE BUPOOHHUIITBO ITPOITIOHOBOT
KHUCIIOTH 13 CUPHOi cupoBaTKu. [loBimoMumm mpo BuXia MpomioHoBoOi kuciota 51%
1 54% (Ha OCHOBI KUIBKOCTI CIIOYKHTOI JIAKTO3HM) y MEpioandHii 1 Ge3mepepBHiii
cUCTEeMax BIIMOBIAHO. BuxXing mpomioHOBOI KHUCJIOTH B CHUCTEMI Oe3nepepBHOL
dbepMmenTartii 3 30epexeHHsIM KITHH gocsarHyB 70% [57].

Omxe, BUIMOBIIHA MONEPEIHs ajanTallis MIKpOOPTAHI3MIB 1 3aCTOCYBaHHS
MeTabOJIYHO CKOHCTPYHOBAHMX MYTAHTIB MOXE€ NPHU3BECTH 10 30UIbIICHHS
BUXOJy OloMacu Ta MPOMIOHOBOI KucCJIOTH. HaliBaxnuBimmmu (akropamu, 0
BIUTMBAIOTh HA BHPOOHHIITBO TMPOIMOHOBOI KHCJIOTH IMA dYac TJIMOWHHOTO
KyIbTHBYBaHHS, € TeMIieparypa Ta pH, siki 6e3mocepeIHp0 BIUIMBAIOTh HA PIBEHb

CUHTE3Y IUTHOBOTO MPOIYKTY.
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PO3I1J 2. TEXHIKO-EKOHOMIYHE OBI'PYHTYBAHHSA
BUPOBHULITBA CYBCTAHI JJ15 JE3IH®IKYIOUOT'O 3ACOBY
2.1. AnaJui3 papMaKoJIOTIYHHUX BJIACTUBOCTEH JAe3iH(]iKyr04oro 3acody 3
MPOMIOHOBOK KUCJIOTOXO

[IpomioHoBa KucjoTa Ta ii COJI KaJbllfO, KaJll0 Ta aMOHIIO 3HAXOASTh
3aCTOCYBaHHA y (hapMareBTHIl, KOCMETHII Ta CUIbCbKOMY TocroapcTBl. Hapasi
1 OpraHiyHa KHUCJIOTa TEPEBAKHO BHUPOOISETHCA MIIIXOM HAPTOXIMIIHOTO
cunaTe3y (>4 105 ToHH Ha pIK) yepe3 eKOHOMIYHI acTICKTH [4].

Crparerii, o0 BUKOPHUCTOBYIOTHCS JIJI1 00POTHOM 3 OaKTEePIIMH, BKITIOYAIOTh
BUKOPHUCTaHHA OiomuaiB y QopMi aHTHUCENTHKIB 1 AE3HQIKyrOUuX 3aco0iB.
Je3iHdikyroul 3aco0M  pEeryasipHO  BUKOPHUCTOBYIOTbCS Y  TBAPUHHUITBI,
BETEpPUHAPii, XapuoOBii MPOMHUCIOBOCTI (BKJIIOYAIOYM PECTOPAHMU), MEIUIIMHI Ta B
OyJIuMHKax CHOXKHMBAuiB 1 4acTO MICTATh PI3HOMAHITHI aKTHUBHI IHTPEIIEHTU B
KUIbKOX KoMOiHamisax. Buxopuctanns ne3iHpikyrounx 3aco0iB abo OiomuiB
MIPU3BEJIO 10 TIEPEXPECHOT PE3UCTEHTHOCTI 10 aHTUMIKPOOHUX 3ac001B. 3pOCTaHHS
MHOKWHHOI CTIHKOCTI TAaTOTEHIB BUKJIMKAE 3aHETIOKOEHHS SK Y MEIMITNHI, TaK 1y
BEeTEepUHAii, 1 AEIKl JOCITHUKA MPHUITYCKAIOTh, MO0 PE3UCTEHTHICTh OaKTepiid 10
OloIHIIB 3pOCTaE.

bazoBe  pO3yMiHHS ~ CHOPUMHATAMBOCTI MATOTEHHUX  OakTepii 10
ne31HpIKYI0UHNX 3aC00IB € TyKe BaOXIIMBUM, OCKUIbKU Je31H(IKYyI0d1 3aCO0H 4acToO
BUKOPHUCTOBYIOTHCSI JIUISI KOHTPOJIIO OaKTepIaIbHOTO 3apakeHHSA. Y JIKapHSX,
BETEPUHAPHUX KIIHIKAX, ¢epmMax, MOJOKO3aBO1aX, MEPepOOHUX MIAIPUEMCTBAX,
pecTopaHax 1 BJoMa CIIOXKHUBAYIB /11 00POTHOU 3 XBOPOOOTBOPHUMU OaKTEPIIMU
BUKOPHUCTOBYETHCS Psa NE3H(IKYIOUMX 3aco0iB, 10 CKIQJAIOThCS 3 PIBHUX
XJIOPUIB UYETBEPTUHHOTO aMmoHit0. HalBuimii piBeHb PE3UCTEHTHOCTI [0
ne3iH}iKyrounx 3aco0iB OyB /10 YCTBEPTHHHUX aMIHHUX JC3IHMIKYIOUHX 3ac00IB,

K1 BAKOPUCTOBYIOTHCS B PIBHUX TaTy3sX MPOMHUCIOBOCTI [58].
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OnHi€r0 3 MOKJIMBOCTEH ISl TOKCUKOJIOTIYHO MPUHHATHUX Je31H(IKYIOUNX
aKTUBHUX IHIPENIEHTIB € OpraHidH1 KUCIO0TU. OpraHidHi KUCJIOTH - LIe CepeaHi abo
c1a0Ki KapOOHOBI KMCJIOTH, 5IK1 MalOTh MPUHANMHI OJITHY KapOOKCUJIbHY TPYITy.

Ha nonmarok [0 aHTUMIKpOOHOTO eQeKTy, IHIIMMH MOKJIMBUMU
3aCTOCYBaHHSMH OPTaHIYHUX KHUCJIOT € BHUKOPHCTaHHS SK perynstopiB pH abo
100aBOK y, 30KpemMa, Ae31H(IKYIOUNX KOMITO3HUIIIX 1 aHTUCENTUKIB. 3aCTOCYBaHHS
3HAXOJWUTh SK BUIBHY KHCJIOTHY (OpMy, Tak 1 BIAMOBIAHY CUIb, MPU I[bOMY
CIICIIAIICTH B AaHIA Taly3l PO3yMIiOTh, IO OOHJIBI MOXYTh OYTH TEPETBOPEHI
odHA B OJHY. IHAWBiAyadbHI OpraHidHI KHCJOTH TIPOSBISIIOTE CIIAOKY
AHTUMIKPOOHY JiI0 y BUTJISIAI MPUTHIYEHHS POCTY crienupaanx 6akrepid. Takum
YUHOM, MiHIMaIbHa iHTIOytoua KoHmeHtpauisi (MIK) 9% onroBoi kucinotu Ha
Staphylococcus aureus CTaHOBUThL 72 TOJWHU €KCIO3MUIll, TOMY BOHa
BUKOPUCTOBYEThCSI SIK KOHCEPBAHT 1 XapudoBa jobOaBka. KpiM Toro, moisiouna
KHUCJIOTa IEeMOHCTPYE Ipu KoHIeHTpaitii 0,3% koedirieHT 3HmKeHHs > 5 log nys S.
aureus YOPOJOBX TPUBAIOCTI peakuid 72 roawmau. OnHak 1 JaHl He
MIITBEPKYIOTh  €PEKTUBHICTh TaKOTO 3acol0y 1mmogo OakTepid, a mwuie
BiT0OpakaroTh MEeBHI JJabopaTopHi pe3ynbTatu. KpiM TOro, HaBEIEHO 10 BUCOKUX
KOHIICHTpaIlli Ta/ab0 TpHWBaIMKA dYac JOCIDKECHHS aHTUMIKPOOHOI [Iii, o
0OyMOBIIIO€ BHUKOPUCTAHHS OPTaHIYHUX KHUCJIOT SK JAe3H(]IKYIOUNX aKTHUBHUX
IHCPEJIEHTIB €KOHOMIYHO 1 MPAaKTUYHO HEBUTUIHMM. SIK HACHIOK, HAa JIaHWUM
MOMEHT Ha PUHKY HEMa€ MPOAYKTIB i Ae31H(EKIIii MOBEPXOHb, Kl 0a3yIOThCS
BUKIIIOYHO HAa OPraHIYHUX KHUCJIOTaX 1 3YMOBIIOIOTH E€(PEKTHUBHE 3MEHILCHHS
OakTepiii, OPDKIKIB Ta HaBITh MIKOOAKTEpii MpPU 3aCTOCYBAHHI Y CY4YacHUX
BUPOOHUYMX YyMOBaX.

Kom0OiHaris KUlbKOX OpraHgHUX KUCJIOT TaKOXK SIBJISIE COO00 CHHEPTETHUHY
KOMIIO3HITIIO 3aBISKH 3a0€3IMeUeHHI0 KOMOIHOBAHOTO MEXaHI3MY JIii Ta MPOSIBIISE
TOCTaTHINA OaKTEpULIUIHUN EEKT.

OprasiuHi KUCJIOTH MOKYTb IPOSIBIISITU IPOTUMIKPOOHY JIFO 3aBASIKU CBOIM
KHUCJIOTHIM (YHKIIIi, a TakoK CBOill CTpykTypl BignoBinHO, >kKMpHa KHUCJIOTa 3

JIOBTUM JIQHIJIOTOM MOJKE€ TaKoX MaTh aHTUMIKpOOHUH e(eKT 3aBIsIKU CBOIN
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rimpodutbHIi 1 TiApodoOHI YacTHHI MOJIEKYJIM SIK TIOBEPXHEBO-aKTUBHOI
PEYOBHHHU, MOPIBHAHO 3 MMOBEPXHEBO-AaKTUBHUMH PEYOBHHAMHU, TOJI1 IK KUCJIOTA 3
KOPOTKAM JIAHITFOTOM MOYKE€ TIPOSIBIISITH CBOIO aKTUBHICTh, 3HIWKyHOUW pH.
KucnoTHicTh MOXKHA BU3HAUUTH 3a 3HaueHHsAM pKa. pKa (takox pKs) Binnosigae
BII’EMHOMY JIEKaJHOMY JIOTapuU(pMy KUCIOTHOI KOHCTaHTH Ks 1 cBIIUMUTH PO
MOJIOKEHHST PIBHOBAard KHUCJIOTH, sika pearye 3 Bojor. Takum ymHoM, pKa
CIY>KHTb MIPOIO CHJIM KUCJIOTU 3 HEBEJIMKUM 3HAUEHHSM JJII CHJIBHOI KHCJIOTH.
Tak, 3rimHO 3 BHHAX0J0M [59] B ckimazl Ae3iHGIKYIOY0TO 3ac00y 1 KOHIIEHTpaTy
ne3iHdikyrodoro 3aco0y SK aHTUMIKpOOHWN aKTHMBHUK IHTPETIEHT (aKTUBHHMA
KOMIIOHEHT) BUKOPHUCTOBYBAJIM BUKIIOYHO OPTaHIYHI KHUCIIOTH, IO MAalOTh
3HaueHHsa pKa Big 2 no 6, nepeBaxkHo 31 3HaueHHsM pKa Bin 3 1o 5 [59]. OTxe,
cepell BIacTUBOCTEHN Je31H(]iKyr0ouoro 3aco0y 3 MpPOMOHOBOK KUCIOTOK MOYHA
BUJIUIUTU HACTYIIHI;

1) BiACYTHICTh PE3UCTEHTHOCTI MaTOTEHIB A0 TaKOI PEUOBUHU;

2) TOKCHUKOJIOTIYHA MPUNHATHICT;

3) moxmuBICTh peryimii pH ne3iHdikyrodoro 3acody;

4) arTUMIKpOOHMI edekT [59].

ToMy Taki BIAaCTUBOCTI TMPOIMOHOBOI KHCJIOTH OOYMOBIIIOIOTH i
BUKOPDUCTaHHA y ckiaal ne3iHgexranty. Jle3mdexkrant OyaemMo BUPOOIATH Y
dbopmi pIIKOTO KOHIICHTPOBAHOTO PO3YHHY, 3TITHO MaTeHTy [59], po3dacoBaHoro
y IJIACTUKOBI ()JIAaKOHU 10 | JI, MIIACTUKOBI KAHICTPH 1O 5 JI.

OCHOBHI XapaKTEPUCTHKH J1€31HGEKIIIHOTO 3aC00Y: HAIBHICTh MPOIMIOHOBO1
KHCJIOTH K AaKTUBHOTO IHTpemieHTy 3abe3neuye  OaKTepUIMAHY  IFO;
AHTUMIKpOOHA aKTUBHICTh MPOTH HIUPOKOTO  CIEKTPY MIKpPOOPraH3MIB
JOCSATAETHCS 3a KOPOTKHM vac i 0€3 aKTUBHHX JOJAaTKOBUX IHTD €IEHTIB; HU3bKa
TOKCUYHICTh; XOpOIla CYMICHICTh 3 POOOYMMH TOBEPXHIMHU (METal, IUIACTHK,
OJTIMEPH).

Cdepu 3acToCcyBaHHSA: OUYMINEHHS Ta Je31H(EKIS MTPOMHUCIOBOTO Ta
MEIUYHOr0 OO0JaJIHAHHS, TEXHOJOTTYHUX MPUMIIIEHb, POOOYUX MOBEPXOHb HA

BUPOOHUITBAX XapyoBOi Ta PapMalieBTUYHOI IPOMHUCIOBOCTI
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2.2. O0rpyHTyBaHHSI BUOOPY (pOPMH BHILYCKY JIIKAPCHKOIO0 3ac00y

Jle3iHdekIiiiHI 3aX0ad - HEBII’ €MHAa CKJIaJ0Ba CHUCTEMHU IHQEKIIHHOTO
koHTposo. llomykn HOBUX Je3HQIKYOUMX 3aco0iB, SIKI MarwOTb BHUCOKY
e(EKTUBHICTh 1 HU3bKY TOKCUYHICTh BXKE€ J1aJIM CBOI pe3yJbTaT, TakKl 3aCO0U € 1B
Vkpaini. IX mmpoke 3acTocyBaHHS BHBOAUTH 3aXOAM 13 IONEPEIKEHHS i
JKyBaHHS 1HGEKI Ha HOBUM OUThII HAMIMHUN, Oe3MeuHi 1 ePEeKTUBHUI PIBEHBb
[60].

Haitmmpime 3acTocyBaHHS 3HAWNDIM XIMIYHI MeTOAu Jae3iH(ekmi. B 1x
OCHOBY TMOKJAQJICHO BUKOPHCTAaHHS PI3HUX XIMIYHUX PEUYOBHH, SIKI BOWBAIOTH
MIKPOOpPTaHI3MH Ha TIOBEpPXHI Ta BCEpeAWHI PBHUX OO0 €KTIB 1 MPEIMETIB
HABKOJIMIIHBOT'O CEPEOBUIIA.

3alie)kHO BII OCHOBHOI Jil040i pPEYOBHMHHU JAe3iH(}IKyIoUul 3aco0u
MOJIUIIIOTHCS HA JIEKUThbKa OCHOBHUX TPYIIL:

- TJIO1I0BMICH], y T. 4. XJIOPOBMICHI;

- aJBJETIMOBMICHI Ha OCHOBI TJIyTapOBOTO aIbJETiAy, (GopMaibaerimy,
aJTbJIETINy OypIITHHOBOT KUCJIOTH, TIOKCAIIO;

- OKHCHHMKM (KHMCHEBOBMICHI, NEpPOKCHJIAHTH, MEPOKCUCIIONYKH); -
CIIUPTOBMICHI; - ToBepxHeBo-akTuBHI pedoBuHU (IIAP), mo sxux Hamexarb
npernapary Ha OCHOB1 UeTBEPTUHHUX aMOHIeBUX crosryk (HAC);

- IpenapaTy Ha OCHOBI MOXIIHUX T'yaHIMHY; - KOMIO3HUIIIIHI IpenapaTy Ha
OCHOBI pI3HUX KJIaciB XIMIMHHUX CTIOJIYK.

3a KUIBKICTIO BUKOPUCTOBYBAaHUX TIIperapaTiB Ha MEpIIOMy MICII -
XJIOpOBMICHI 3aco00u. BoHu MatoTh pi3kuii 3amax, BACOKOTOKCHYHI, B3a€EMO/IIFOTH 3
0OpOOJIIOBAHMMHU TOBEPXHSIMHU Ta MarepiajiaMu, BUKIUKAIOTH KOPO3il0 MeETaiy,
HecTaOUTbHI, Y OUTBIIOCTI 3 HUX BIACYTHIN MUIHUM e(EKT, 110 10/1aTKOBO 3MYIIIy€E
BUKOPUCTOBYBATH MUITHI 3aco0u. Tako BOHU SABISIOTH pealbHy 3arpo3y IJIs
310pOB’S  TMEpPCOHalTy. 3BUYAMHO, CHOEKTp aHTUMIKpOOHOI  aKTHMBHOCTI
XJIOPOBMICHUX TIpenapariB IMIMPOKHUI, aje 3acTOCYBaHHS TAaKOrO0 TOKCHUYHOTO
areHra, sK XJop (HE Kaxydd Bxe TMpo (EeHOJ) BaKKO BHIIPABIATU

VHIBEpCAIBHICTIO HOTO Aii, TUM Oulble, 10 Oarato ITaMiB MaTOTEHHUX
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MIKPOOPTaHI3MIB TaBHO BUPOOMIIM PE3UCTEHTHICTh 10 XJIOPOBMICHUX IpenapariB
[60].

HailakTUBHIIIUMHU BITHOCHO BCIiX OO’€KTIB JJIs1 JE3HQEKI SBISIOTHCS
anmpaerigu. Ilpenapatu, MmO MICTATh TIyTapOBHM anbieriy (Oaruionua-pacaHT,
JeCKOTOH, cainekc, aBodopmin-3000) mpu X 3acTocyBaHHI MOTPEOYIOThH
JTOTPUMAaHHSI TEXHIKA O€3IEKH Ta 3aCTOCYBaHHS 3aC001B IHAUBITYAILHOTO 3aXUCTY
(ryMOB1 pyKaBHUYKH, pECHIpaTopd Ta 1H.), a TaKOXX HASBHICTh CIICHIAbLHAX
NPUMIIICHh 3 HAJICKHOIO BEHTWIAIIEIO a00 BUTSHKHUMH CHUCTEMaMH, TaK SK
aIBJICTIIM  MarOTh PBKHM 3amaxX, TOKCHUYHI, B JESIKUX BHITAJKaX MOXKYTh
B3AEMOJIISITH 3 PI3HUMH MaTepilajaMH.

EdexTuBHICTh 1 0€3NEUHICT, - OCHOBa BUOOpY 3aco0y anid ne3H(eKil
KOHKpETHUX 00’ €kTiB. Jle3H(eKIiiHI 3ac00U B TIri€HIMHOMY BITHOIIEHHI IOBUHHI
[60]:

B MaTy IMPOKHUI aHTUMIKPOOHUI CIIEKTp Jii;

B BOJIOJIITH HU3HKOIO TOKCUYHICTIO 1 AJIEPTEHHICTIO JJIs JIFOTUHMU;

B MaTH XOPOIITy PO3YHUHHICTh y BOJI1 200 JIETKO YTBOPIOBATH B HId CYCITCH3I,
eMYJIbCIi;

W JTSTH MIBHJIKO 1 B MaJMX KOHIICHTPAITIIIX;

m 3a0€3MeUnTH 3HE3apaKyBajbHY 0 HABITh MPHU HAIBHOCTI OpPraHIYHHUX
PEUOBHH, TaKHX, SIK KPOB, C€4a, MOKPOTHUHHS;

m OyTH JIOCTaTHBO CTIMKUMU NpU 30€pIiraHHi;

B HE MOUIKO/XKYBaTH 00pOOIOBaH1 MOBEPXHI;

W MaTH MHIifHI BJJACTUBOCTI,

m OyTd [€WeBUMHU 1 JOCTYMHUMH Y BUPOOHUIITBL, 3PYYHUMHU JJIs
TPaHCIIOPTYBaHHS 130epiraHHs;

m OyTH €KOJIOTTYHO 0E3MEeYHUMHU.

Jly»xe BaxIuBo, mo6 cydacHi ne3iH(eKiiH 3acoou 0y MaTOTOKCUIHUMU
(Hanexxamu 10 3 abo 4 Kiacy TOKCUYHUX PEUOBHH), L€ HAAACTh 3MOTY 30epertu
3I0pOB’Sl MIEPCOHATYy Ta PAllOHAIBHO BUKOPUCTOBYBAaTH PECYpPCH MiANPUEMCTBA
[60].
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Jlis 3pydHOTO BUKOPUCTAHHS AC3HQIKYIOUHUX 3acO0IB X BUPOOJAIOTH Y
¢dbopMi KOHIIEHTPOBAHUX PO3UHHIB, SIK1 CJIi7] PO3BECTH 10 HEOOXITHOT KOHIIEHTPAITi
Ta BUKOPHCTOBYBATU Yy BUIJISLAL poOOUYOro po3duuHy. BiinmoBigHO BUPOOHHUIITBO
Takux 3aco0IB nependavae pacyBaHHS y BUITIOBIIHY Tapy, IO BOJIOAIE CTIAKICTIO
110 Je31H(IKYI0U0oro 3aco0y Ta 3py4YHICTIO PU TPAHCTIOPTYBAHHI.

VY nauiif pobOTI pO3TIIAIAE€THCS BUKOPUCTAHHS MPOMIOHOBOT KUCJIOTH MICIIA
KynbTUBYBaHHSI Propionibacterium acidipropionici CGMCC 1.2232 B ckmiani

nesindexranty 00po6ku mwiomi 45000 M

1 pa3 ma wmicsme. Posrmsaemo
JeTabHIE sSKi GOPMHU BHUIYCKY Ae3iH(GEKTAaHTIB MPEACTaBICHI Ha PUHKY Ta 3

SAKUX MaTepialliB BUTOTOBJISIIOTH BIATIOBIIHY Tapy JJIsl TAKUX 3aCO01B.

2.2.1. O0rpynryBanHs ¢popMu BUIYCKY Ae3iH(pikyrouoro 3aco0y 3
MPOMIOHOBOK KUCJIOTOI)
HaifuacTiie BUKOPUCTOBYIOTHCS  XIMIUHI Je31H(IKYI0Ul 3acobu, Kl

BKIIIOYAIOTh IIMPOKUN CHEKTp MPOAYKTIB, KiIacU(pIKOBAaHUX 3a XIMIYHOIO
OPUPOJIOI0 IXHIX aKTHUBHUX IHTpelieHTB. IcHye moHan 275 pBHUX aKTUBHUX
IHTPEMIEHTIB, SIKI BUKOPUCTOBYIOTHCS SIK OCHOBHUN KOMIIOHEHT J€31H(IKYI0UOTro
3ac00y ab0 SK YacTMHa KOMOIHOBAHOTO CKIaay (HampuKIaa, MPOMYKTH, IO
MICTATh KUIbKa aKTHBHHUX IHTpenieHTiB). [IpoaykTu MOXKyTh mpojaBaTUCS Y
BUIJIS/II CEPBETOK, TOTOBUX JIO BHUKOPUCTaHHS, CcCIpeiB abo piiuH, abo
KOHLIEHTPOBAHMX PIIMH, MOPOUIKIB UM TabseToK [61].

Tak, Ha puHKY YKpaiHM IpeAcTaBiieHl Ae3H(IKYI0Ul CEPBETKH BUPOOHUKIB
«Exomab» (Ykpaina) [62], Portwest (Ipsiannis) [63]. BupoOHuku 3asBIsIOTh, 1110
JlaHl CEpPBETKM MalOTh IIMPOKUNA CHEKTP AHTUMIKPOOHOT AaKTMBHOCTI, MaroTh
XOpOIIly CYMICHICTh 3 PBHHMHU MarepiaiaMu, XapaKTepU3YyIOThbCS 3PYUHICTIO Ta
JETKICTIO y BHUKOpHCTaHHL. @dopma BHIYCKYy — CEpBETKH, IIPOCOYECHI
ne3iHdikyrounM po3umHOM. [lakyBaHHS — TepMETHYHA TOJIMEpHA EMHICTH 3
KPHIIKOIO, IO IMUTbHO 3aKkpuBae oTBip. OgHAK peKoMeH0BaHa IJioma 00pooKu
MOBEPXHI OJHIEI0 CEPBETKOIO 10 1 KB.M. [64], 110 0OMEKye BUKOPUCTAHHS TaKUX
ne3iH(IKyrounx 3aco01B Ha Benukux miomax. [loxioHi 3acodbu mictate 10 17%

CIIMpTY Yy CBOEMY CKJIaI[i —  HOKYMCHTAJIBHO Hi,I[TBepI[)KeHO HGI[OJ'IiKI/I
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BUKOPHUCTAHHSA CIIUPTIB 111 0OpOOKH MOBEPXOHB Ta 00JIaHAHHS, OCKUTBKHA CTIUPT
NOIIKOJIKY€E LUTICHICTh T'yMOBUX MarepiayiiB. CHHUPTH JIETKO3alMMHCTI, TOMY iX
noTpiOHO 30epiratd B MPOXOJOJAHOMY, 100p€ MNPOBITPIOBAHOMY MPUMIILEHHI.
BoHu Takox MBHIKO BUTIAPOBYIOTHCS, IO YCKIIATHIOE MTOJOBKEHHS Yacy BIUIUBY
Ha 00poOIIOBaHUit 00’ €KT [65].

[amoro hopmoro BUMycKy Ae3iH(EKTaHTIB € crpei. Tak, MPUKIaIoM JaHoi
rpymu 3aco6iB € 3acid aesiHdekmiianii «KBIKLIUI» 06’emom 1000 mm [66].
Bupobnuk «/lana Menikam», Ykpaina. Ckman 3aco0y: 1-npomnanony — 35%, 2-
npomnanony — 35%, amkumuMmerunoeH3mwiamoHiro xmopun —0,15%, HeoOximHI
dbyHKIioOHATBEHI J00aBKK, Boaa oumieHa — 10 100%. Dopma BUITyCKY pilHHA,
dopma ynakoBku chpeil. Cnpeir «KBIKIIWA/]» mninxoauts g1 Oaratbox
NOBEPXOHb, OKpPIM YYTJIMBUX 10 CHHUPTIB — (papOoBaHi, JIaKOBaHI MOBEPXHI,
BUTOTOBJICHI 3 aKpUJIOBOTO CKJIa, BITPWIILHOTO KaydyyKy, MOPEHOTO ayba TOIIO.
3aci0 BimHOCUTHCS 110 4 Kiacy HeOe3IeKH, OJHaK € Jerko3zaimuctuM. Hopma
BUTpaTHu 3aco0y ckimaaae 30-50 MIT/M.

3aci6 « AKACIIPE» ne3-3aci6 a71s HOBEPXOHB Ha OCHOBI CIIUPTY 06’ €MOM
1000 M1 TakoX € CIUPTOBMICHMM ne3iHdekTanToM [67]. BukopucToByeThCS Ha
MOBEPXHAX B OMCpAlfHUX TajaraX, BHJAUICHHAX IHTGHCHBHOI Teparii,
CTOMATOJIOTTYHOI Xipyprii Ta madoparopii. Ckian 3aco0y: 50% eranon, 10% 2-
nponanod, 0,05% nunenninuMerniaMoHiro xiopua. BupoOunuk Detro Healthcare
Kimya Sanayi A.S., Typeuunna. Cnoci0 3aCTOCYBaHHS: PO3IUJIMTA Ha BIICTaH1
30-40 cM Bix e31H(IKOBAHOT TOBEPXHI.

Je3indexmiiinuit 3acid Jlacent Pamin npencraBnenuid y ¢opmi cropero 250
M [68]. Ckman 3aco0y: BompomnuioBuil cupT - 62,0%, TiIyTapoBHl albaeTia -
0,15%, Boma oummiena - 1o 100%. 3aci6 JlacenT Pamig BimHOCUTBHCS 10 4 Kiacy
nebesmekn. Hopma Butparm  3acoby  30-40 wmuw/m’.  Jlammii  3acid €
BOTHEHEOE3MEUHNM, OOMEKEHO BUKOPUCTAHHSI MPU BKIIOYEHUX HArpiBaIbHUX
eJIEKTPOTIPIIaNax, MOOAM3y BIIKPUTOrO BOTHIO abo Harpitux Bumie 35-40°C

IMOBCPXOHD.
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Cepen tBepaux GopM Je31HPEKTAHTIB MPEICTABICHO MMOPOIIKH Ta TaOJICTKH.
Tax, mommpeHnM MopouKoBUM 3aco0oM € «Jlezaktun» [69]. Cxiazg 3aco0y, mac.
%: 1,3-nuxsnop-5,5-gumetwirinantoin  (auxiopantud) - 21,0-23,0 (airoua
peuyoBuHa); 5,5-numerwirinantoid - 12,4-16,4; nucneprarop - 9,0-12,0; aHioHH1
MOBEPXHEBO-aKTUBHI peUOBUHU - 3,2-5,0; iHTi01TOop Kopo3sii 10 10,0; HarmoBHIOBaY
no 100,0. Bupobnuk - TOB «Jlemana» (Ykpaina). Ilopomok Bim Oi10TO 10
JKOBTYBAaTOTO KOJIbOPY 3 TIOMIpHUM 3amaxoMm xiopy. Po3uwmnHHICTE y BOAl
craHOBHT, He MeHme 20 wmr/mm’. Bomai posummm «Jle3akTHHY» MPO30Di,
0e30apBHI, MarOTh CIIAOKMIA 3amax Xjopy. «/le3akTuH» HaNEKHWTh 10 MOMIPHO
HeOe3neyHux pedoBuH (3 kiac HeOe3mneku). PoOoul po3unHu 3ac00y roTyiOTh y
IpOMapKOBaHIi Tapi 3 OyAb-IKHX MaTepialliB, 3a BUHATKOM OLIMHKOBAHOTO 3ai3a,
IUITXOM PO3YUHEHHS Y BOJI1 IPH TepEMIlllyBaHHI IPOTATOM 1-2 XB.

3aci6 «bmanizac 300» macoro 1kr mae TabneroBany (opmy [70]. Cruan:
HaTpieBa CUTh IUXJIOP3OLIaHypoBOi KucaoTu - 80,52%. BupoOuuk «Lysoformy,
VYkpaina. 3rimHo 3 mapamerpaMu roctpoi TokcuaHocTi, «branigac 300» (3a ymoBHU
BBEJICHHS MOTO B ITUTYHOK) BITHOCHUTHCS IO TPETHOTO KJIACy MMOMIPHO HEOE3MEUHNX
peuoBuH. 3 1 Ganku Tabmerok oTpuMytoTh 3000 ;1 pobGouyoro po3uuny. Tepmin
30epiradHs TOTOBOTO0 pobOodoro po3uuHy 3aco0y «bmanimac 300» 6 mnHIB, ame
HEOJMIHHO B Tapl 3 UIUIbHO 3aKPUTOIO0 KPHUIIKOIO, OCKUIbKM 3acid IIBUIKO
PO3KIIAIAETHCS, 0 3yMOBIIIOE IOBTOPHE MPUTOTYBAHHS POOOUYOr0 PO3UUHY.

3pyuHoro dhopMoro Ae3iH(DIKyr0UrX 3aC00IB € pinki KoHIeHTpatu. Ha puHky
VYkpaiHu NpeacTaBiIeHO 3aco0u, L0 MICTATh Y CBOEMY CKIAAl pi3HI XIMIYHI
aktuBH1 pedoBuHU. «JIACEIIT 344-M» - nesndikyrounii 3acid 3 MHUWHUMU
BractuBocTsAMH BupoOHHMITBA TOB «Jlaboparopis antucentuxku» (TY Y 20.2-
3827992-001:2012), € mpo30poro piguHOO B 0€30apBHOT 10 )KOBTOTO KOJILOPY 13
ceruiyanM  3amaxom  [71]. Mictute y  AKOCTI AIFOYUX  PEUYOBUH:
noaenunodicnponiieaTpuaMia — 10 %, ankipmumeTIo eH3unaMoHii xmopug — 13,0
%, munemmauMerwiamoHnia xyuopull — 7,0 %; y SKOCTI JOTIOMDKHUX PEYOBUH —
HeiHoreHHl [IAP, kommuekcoyTBOproBau, IHri0OiTop KOpo3ili Ta  IHII

¢yukuionansHl 106aBku — 10 100%. 3acid «JIACEIIT 344-M» 3acTOCOBYETHCS
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TUTSI MUWKH, TIPOUIaKTUYHOT Je31H(eKIli Ta caHirapHoi 00poOKu Oy -IKMX BUIB
YCTaTKyBaHHS, I1HBEHTaplo, Tapu, BHUIOTOBJEHHMX 13 BCIX BHJIB MarepialiB,
JO3BOJICHUX JJIi BUKOPUCTAaHHA Ha MIUINPUEMCTBAX MTaxomnepepoOHOi
IPOMUCJIOBOCTI, MOBEPXOHb BHUPOOHMUYUX, CAHITAPHO-NOOYTOBUX 1 MIICOOHUX
MPUMIIIECHb, CAHITAPHO-TEXHIYHOTO OOJIaHaHHS, NPUOUPATILHOTO IHBEHTApIO,
TPAHCIIOPTY Ui TIEPEBE3CHHS T'OTOBOI MPOMYKINi, a TaKOX JIsi T€HEpaTbHHUX
npubupans Tomo. JlesmHdikyroumii 3acid «JIACEIIT 344-M» ymakoBaHuii B
OpUTIHAIBHY Tapy MIIMPHEMCTBA BUPOOHHWKA: Y MOJIMEPHI (IaKOHU a00 TUISIIKH
500 M, 1000 mim abo B mosieruneHoBl KaHicTpu 5 11, 10 1. Tepmin 30epiranas
3aco0y 3 pOKH 3 THS BUTOTOBJICHHS.

«BAHJIJIOJT A®» - ne3iHikyroumii 3acid0 BupoOHuuTBa komnasii BODE
Chemie GmbH (Himeuuuna) [72]. Cxnan 3aco0y: 1-nponanos — 45,0; 2-npornaHos
— 25,0; eranon — 4,7; 2-0yranoHn, Boaa — no 100,0. 3acid0 He mpu3HAYCHUM 11
ne3iH¢eKiii TOBEpXOHb, MOKPUTUX POZYMHHUMU Y CIIUPTAX JaKkaMu, 00’ €KTIB, 110
BUTOTOBJIEHI 13 aKPUJIOBOTO CKia (TJIEKCUTJIAC), HITPUIBHOTO Kay4dyKy Ta IHIIMX
MarepiaiiB, 9yTauBux 10 Aii crupTiB. 3acid « BAIIAJIJIOJN ADy 3a mapamerpamu
roCTpoi TOKCUYHOCTI IIPH BBEJCHHI B IIUTYHOK Ta HAaHECEHHI Ha MIKIPY HAJICKHUTH
10 MasioHeOe3neuyHux pedoBuH (4 kimac Hebesneku 3rigHo Bumor ['OCT 12.1.007).
KinbkicTe 3aco0y, 1110 HAHOCUTHCS Ha TIOBEPXHIO, HE MOBUHHA TiepeBuIIyBaru 50
mi/M* moBepxHi (B cepenmpoMy 30-40 Mi/M’), sKa Tmjumrae  o6po6ii.
BAIIMJIJIOJI A®» BumyckaroTh y miiacTUKOBuX ¢uiakonax mo 50 mui, 500 mo, 1
y IUIACTUKOBHMX KaHICTpax MO 5 J; y IUIACTUKOBUX Jbkkax mno 200 15 y
MJIACTUKOBHX KOHTeHepax 1o 640 1. Tepmin npumarHocTi 3aco0y — 5 pokiB. 3acid
HAJISKUTh JI0 JIETKO3aWMHUCTUX PO3YHUHIB. 30epiraTd B YMaKOBIl BUPOOHHUKA Yy
NPUMILICHHAX, M0 J00pe MPOBITPIOIOTHCS, 3aXUILEHUX Bif MPSMHUX COHSIYHHUX
IPOMEHIB NP Temneparypi He Buie +25°C, moaam Bix JKepel BOTHIO Ta Teria.

[IpoananizyBaBIIM CIIOKMBY1 BIACTUBOCTI KOKHOT (JOPMHU BUITYCKY HASIBHUX
B YKpaiHl Ae31H(QEKTaHTIB MOKHa MIICYMyBaTH, IO CEPBETKU Ta CIpPEl HE €
epeKTUBHUMU NpHU 0OpOOLIl BENUKHUX IUIOLI, MOPOLIKKA Ta TaOJETKH NOTPEOYIOTh

MPUTOTYBaHHS POOOYOTr0 PO3UYMHY, IO YCKIATHIOE pOOOTY 3 TakuMu (popmamu
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3ac00iB. HaitOuibil ONTUMAIbHUM € BUKOPUCTAHHS PIIKUX KOHIICHTPOBAHUX
3aco0iB Ha MANPUEMCTBAX (hapMaleBTUIHOT TPOMHCIOBOCTIL

OTxe, 3aIPONOHOBAHO BUITYCKATH J1€31H(EKTAHT 3 MPOMIOHOBOIO KUCIOTOIO
Propionibacterium  acidipropionici CGMCC 1.2232 'y ¢opMi piIKoro
KOHLIEHTpary KoHueHtpaiii 15%, 3a sikoi nocsiraerbesi epeKkTHBHA il TaHOTO
ne3iHdikyrodoro 3aco0y, 3rigHo [59].

2.2.2. O0rpyHTyBaHHSI BUOOPY IEPBHHHOI | BTOPMHHOI YIIAKOBKH
ne3iH}ikyr040ro 3aco0y 3 MPONMiOHOBOIO KUCJIOTOIO
Bubip ynakoBku (Tapu, MNaKyBaJbHUX MaTepialiB 1 3aKyMOPIOBAILHUX

3ac00iB) € CKJIQJIHUM TPOIIECOM, SIKUW 3aJICKHUTh BiM;

* BJIACTUBOCTEN YMaKOBYBaHOI (GOopMU;

* cTaHy arMoc(epH 1 MIKpOKIIMATy IPUMILIECHb;

* 3aXMCHHX BJIACTUBOCTEH Tapu a00 MaKyBaJIbHUX MaTEPialiB;

* BUpOOHNYMX (HaKTOPIB;

* TepMIHIB 30epiranHs npemnaparis [73].

Tapa 3 mnomiMepHUX wMmarepiadiB (MOJICTUPON OJIOKOBHA, MOJICTUPOI
yIapOCTIMKHUH, MOJIMPOIUICH, TMOMETHIEH HU3bKOTO TUCKY Ta 1H.) B OCTaHHI pOKH
HaOyBae Bce OUTBIIOTO MOMMpPEeHHs. Tapa, BUTOTOBJIEHA 3 TUIACTMAcC, Ma€e IiepeBaru
3a EKCIUTyaTallliHUMU BJIACTUBOCTAMH IE€PE] TapOl0, BUTOTOBJICHOK 3 IHILIUX
MarepiaiiB (CKJI0, mamip, KapToH, MeTaiu). Jlo HUX BITHOCATHCS: IOBIOBIUHICTb,
CTIAKICTh 10 aTMOC(EpPHOTO BIUIMBY, HU3bKA TEILUIOMPOBIIHICTh 1 TPOHUKHICTD,
XOpolla repMeTHYHICTG [73].

HapaxoBytots Onu3bko 150 BuaiB tutactmacu. s ojaepkaHHS TIEBHHUX
BJIACTUBOCTEM 10 iXHBOTO CKJIaAy BBOJATH 10 20 pBHUX H00aBOK, OUTBIIICTH 13
SKUX TOKCUYHI THIH TIaCTUKY 1 KOJAW JJIs HUX BU3Ha4YeH1 CIUTKOFO TIIaCTHKOBOT
npomucioBocti (SPI). Komm SPI 3actocoByroTh M1 TO3HA4YCHHS THUITY
MaKyBaJIbHOTO Marepiany. Taka mpakTuka € 000B’sI3KOBOIO B 0ararboX KpaiHax
[74].

1) Iomietunen tepedranar, PET ad6o IIET
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JloHenaBHa HOro BBaXadd OJIHUM 13 HaOE3MEUHINIMX THIIB IUIACTHKY.
[Ipote nocmimxenns BueHux €ponu ta CILIA nosenu, mo BiH mkigauBuid. [lig
JI€I0 BHCOKOI TeMIleparypd Ta COHSYHOI'O TPOMIHHA IUIACTUK TOYHUHAE
BUTIAPOBYBATUCS. BiH pO3UMHSAETHCA Y MPOJYKTI, HACUYYIOUN HOTO MIKIIMBUMU
pedoBUHaMU, OfHIEIO 3 sKuX € Oichenon A (BPA), mo BuaLIsIETbCS 3 MIACTHKY
npu Oararopa3oBoMy BHUKOpPHCTaHHI a00 YacTOMy MHTTI Takoi Tapu. BPA
CIIPUYHHSIE PO3BUTOK PaKy IpyeH, CEpIieBl 3aXBOPIOBAHHS, 11a0€T, 3aXBOPIOBAHHS
MEYIHKU ¥ TIOPYIICHHS penpoayKTuBHOI PyHKmii. [lel mmacTtuk mepepoOaseThes;
oima [IET-musamka — nwmre y 3amopi3pKiii 001acTi.

2) Iomietmen Bucokoi mutbHOCTI, PEHD (HDPE)

BukopucTOBYIOTh 1JIs1 BUTOTOBJICHHS IUBIIOK Ta MAKETIB Ui MOJOYHUX
IPOAYKTIB, KOCMETHUHHX 3aCO0IB (IIIaMITyH1), OJTHOPa30BOI0 NOCYy, KOHTEHHEPIB
JUISL 1K1, ICpallloK, PI3BHUX KOBMAUKIB Ta KPUILOK JJIS TUIAIIOK 1 (JIaKOHIB, MITHUX
rOCMOAPChKUX CYMOK, (pacyBaJIbHMX TMAKETIB 1 SAMIMKIB. Y MOOYTI MOMMPEHUHN Y
BUTJIII «IUTIBKW», IO JOOpPE PO3TIATYETHCS, — IMAaKyBaHHS TaJeT i3 HaNoOsIMH,
o0TOpTKa /10 MOOYTOBOT TEXHIKHA, TOHKA CaMOKJIeliHa Xap4uoBa TutiBka. [lakyBaHHS
3 TaKOTO THWITY TUIACTHUKY CTIMKE O Macell, KHCJOT, JIyTiB Ta IHIINX arpeCUBHHUX
peuoBuH. HDPE-tapa mae 10cTaTHRO BHCOKHH TEeMIEpAaTypHHUI JTiama3oH
excroryarani — Big —80° C mo +110° C. HDPE-BupoOu 6e3mnedHi 1j1st 310pOB’ s
moauuu. Lel miacTuk nepepooiseTbCs.

3) HomBmuxnopua, PVC abo I[1BX

Kanueporenu, 1mo MICTUTh L€ Marepiay, MOXYTh NpOHHKaTH B ixky. Lle
HANOUIbII OTPYHHMIA Ta HAHOUTHIT HEOE3NEUHUM 715 310pOB’ s BUJ riactMac. [Ipu
CTIATIOBaHHI MOJIBIHUIXJIOPUIY YTBOPIOIOTHCS BUCOKOTOKCHUYHI XJIOPOPTAHIUHI
CIIOJIYKH, & TICJIS IECSITH POKIB ciIy>kOu Bupoou 3 [IBX mounHaroTh caMOCTiitHO
BHJIUIITH TOKCHYHI CTIOJTYKH. L{e# rmacTuk He mep epoOIseThes.

4) Iomietmnen HU3bKOi mutbHOCTI, PELD (LDPE)

3 HBOTO BHUIOTOBJSIOTH PI3HI MaKyBalbHI MaTepiaid, NaKeTH s
cynepMmapketis, CD- ta DVD-aucku. Jlo 60-X pokiB MOBHICTIO 3aMIHUB LIETIO0(aH.

MapkyBannss LDPE wmokHa 3HallTH Ha BEIMKMX MOJIETUICHOBUX KYJIbKax
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(makerax) To1I0. Bin mosieTrieHy BHCOKOTO TUCKY BIIPI3HAETHCS TUM, IO TIOTAHO
pPO3TATYETbCA 1 NPU HaTATyBaHHI pBeThbes. CtaHoM Ha BecHy 2017 poky He
NpuiiMaBcs MyHKTaMU OpuiloMy BTopcupoBHHU. Lleit riacTuk nepepoOseTbes.

5) Ioninpomninen, PP abo I1I1

3 HBOrO BHUTOTOBISIFOTH Bipa, MOCYJ JJISi Tapsdux CTpaB, OJHOPA30Bi
TP ULIH, MIIIKH JJIS IYKPY, KOHTEHHEPH JIJISt 3aMOPOKYBaHHS IIPOIYKTIB, KPUIIIKH
IS TUIIIIOK, JHWCKW, TUIAIIKH JJI KETYYIB, €MHOCTI JJI1 HOTYPTIB, TPYOH,
oammepu. Llew mmactuk nepepoOiseTses [74].

6) Ilomictupomn, PS a6o I1C

3 HPOT'O BUTOTOBJIAIOTH OJTHOPA30BUN MOCY/, KOHTEHHEPH JUI 1K1, EMHOCTI
JUJISL MOTYPTIB, TUTSY1 ICPAIIKH, TEIJIO3OJISIIIMHI IUTUTH, JEKOPATUBHY TUTUTKY JJIS
CTeJll, TaKyBaJlbHI Talll JIJIsl MPOYKTIB y CcylepMapKeTax, (pacyBainbHI KOPOOKH AJisI
senb. Lei miactuk nepepooiseThes.

7) Inme, abo other

B 1m0 rpymy BXOASTH iHIIN BHAM IUIACTMAC, HaW4acTime — OaraToIrmapoBi
MakyHKd a00 MaKyHKH 13 CyMIll KUTbKOX BHJIIB IUIACTHKY. 3arajioM He
nepepoOserees [74].

OCKUIbKM HUTOBUH MPOAYKT SIBIsiE COOOK KOHIIEHTpPAT AE3IH(IKYI0UOTO
pPO3YMHY Ha OCHOBI MPOIIOHOBOI KHUCJIOTH, MEPBUHHE IaKyBaHHA Mae OYTH
NPENCTABJICHO LIUIBHUM MAaTeplalioM, SIKMi HE B3aEMOJIIITUME 3 KOHLICHTPAaTOM Ta
XapaKTepU3yBaTUMEThCA 3JATHICTIO JO TmepepoOku. Takum MarepiajoMm €
noJtieTuieH Bucokoi mutbHocTi (HDPE).

OTxe, KOHUEHTpAT Je31H(]IKyIo4oTro 3aco0y 3 MPOMIOHOBOIO KHCJIOTOIO
OymemMo BuMycKaTH y (uiakoHax Ta KaHicTpax o6’emom 1 i, 5 1 ta 10 1 3
MOJTIETHIIEHY BUCOKOT MIUTBHOCTI.

Jlnst 3a0e3medeHHsT CTEPHILHOCTI BMICTY HEOOXITHO IepeadadyuTH
BCTAHOBJICHHSI MEXAHIYHOTO J03aropa Ha (JIaKOHM Ta KaHICTpU. MexaHiuHi
MOMIIOBI J103aTOpHU 3a0€3MeuyloTh Oe3KpareiabHe TOUHE J03yBaHHS PEYOBHUH Ta
ririeHMHEe  nopuioHyBaHHsA. [lommoBuid  go3arop  A03BOJIIE  €KOHOMHO

BHKOPUCTOBYBATH Hi.TIBOBHfI IMPOJYKT. 3aBI[$IKI/I MO>KJIMBOCTI BCTAHOBJICHHS J03HU
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JOCATAETHCS TOYHICTh TO3yBaHHA HEOOXIMHOI KUTHKOCTI PITUHU JJIA TTO1JIbIIIOTO
i1 BukopucTtanss [75]. IlomnoBi go3aropu, 10 NpPEICTaBICHI HA 3aKOPJIOHHOMY
PUHKY, BUTOTOBJIEH] 3 BUCOKOSIKICHOTO TUIACTUKY [75-77].

Ha punky Ykpainu npeicTaBlieHO TUIACTUKOBI MOMIIOBI J03aTOPU PI3HUX
BupoOHUKIB — Fiab (Itamis) [78], Ximpeseps (Ykpaina) [79], Ecolab (€C) [80].

3 MeToro 3a0e3MeueHHs CTEPUIILHOCTI JIe31H(DEKTaHTy MOMIIOBUN HACOC Mae
MICTUTH MEXaHI3M, IO 3armo0irae 3B0poTHOMY BCMOKTYBaHHIO [80]. Takum amHOM,
s 30€peKEHHST CTEePUIBHOCTI JIE3IH(PEKTAaHTYy Ta 3PYYHOCTI BUKOPHCTAHHS
(bIaKkoHW Ta KaHICTPW OCHAIIYIOTh TMOMIIOBHMH J03aTOpaMH 3 MEXaHI3MOM
3arno0iraHHsi 3BOPOTHOTO BCMOKTYBAHHS.

[lakyBaHHS € Ba)XJIMBUM aCMEKTOM, OCKUIbKM BOHO 3a0e3mneuye Oe3neKy Ta
3aXUCT TOBapiB, a TaKOX BIUIMBAE HA MPE3EHTALIO NPOIYKUi Ta €)EeKTUBHICTDH
JOTICTUYHUX TipoleciB. OJHUM 3 KIIFOUOBUX €JIEMEHTIB IMaKyBaHHS € IUTIBKA
CTpeiu, sika € HEBII'€MHOI0 YACTHHOIO HAJIMHOTO YNaKOBYBAaHHS TOBApIB YU
npoaykiii. BupoOHHUYI MIINPUEMCTBA BUKOPUCTOBYIOTH CTPEWY IUTIBKY JUJISt
3abe3rmeueHHss O€3IeKH T Jac YIMaKOBKH TOTOBOI Mpoaykiii. BoHa gomomarae
3aXMCTUTHA TOBAPH BiJ MOIIKOJKEHb Ta 3a0pyAHEHD M Yac MaHITYJISIINA Ha JHI
BUPOOHMIITBA. 3aCTOCYBAHHS CTPEWU IUIBKH JI03BOJISAE MIABUIMTH e(DEKTUBHICTH
poOOTH, 3MEHINTH PU3UK TMOIIKOKCHh TOBapiB Ta 3a0e3MeuuTH iX SKICHE
30epiranns [81].

Tepmo30ikHa TUIIBKA — MAaKyBaIbHUI MaTtepiall, 110 BUKOPUCTOBYETbCS AJIs
NaKyBaHHsS TOBapiB METOJOM TepMMHOI ycanku. Il BrumBOM Temmeparypu
IUTIBKa CKOPOYYETHCA Y PO3MIPAX, HIUIbHO 00JIArae KaHicTpy 1 HaOyBae ii popmu
[82].

Cepen pI3HOMaHITHOCTI TEPMO30DKHUX IUTIBOK BUAUISIOTHCS JIBA OCHOBHHX
tunu: nomBiHuxIopuaHi (ITBX) ta momonedinosi (ITIOD).

[IBX miiBKa BUTOTOBIISIETHCS 3 TOMIBIHUIXJIOPHUAY, SKUH € TMJIACTHKOBUM
noiiMepoM. TIBX miiiBka BigoMa CBO€IO MIIHICTIO Ta CTIAKICTIO /IO 30BHIIIHIX
BIUIMBIB, TakWX $K BOJIOra, XIMIUHI PpPEYOBMHU Ta  YIbTpadIosieTOBE

BUIIPOMIHIOBaHHS. Lle poOuts ii yynoBMM BUOOPOM Ji TOBApiB, SIKI BUMAararoTh
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JIOBFOCTPOKOBOTO 3aXHCTy Ta 30epeKeHHS CBDKOCTL BoHa TakoX Mae BHUCOKY
IPO30pPICTh, IO JO3BOJSIE SICHO OAUUTH 3alaKOBaHUW MPOAYKT, IO OCOOIMBO
KOPUCHO I MPOJAaXy TOBapiB, SIKI NOTPEOYIOTh BI3yalbHOTO IMPEACTABJICHHS.
[1BX 1uiiBKa CIIPaBSIETHCS 3 YIAKOBKOKO TaKWX MPEAMETIB SIK TUIIIKHA, KOPOOKH,
KaHLEJISIPChKI TOBapH Ta 6arato HIIOro.

[IBX 1uriBka Ma€ BUCOKHWM CTYIIHb YCAJIKH NMPU HArpiBaHHI, 110 JT03BOJISIE
00epHYTH 3almakoBaHU MPEAMET MIUTLHO 10e3 ckimanok. Lle 3abe3meuye HamiiHUI
3aXMCT Bi MHITy, Opyay Ta MOIIKOKEHb T 9ac TpaHcrmopTyBaHHsA. OHaK, CIIiI
BpaxoByBaTH, 110 miiBka [IBX MicTUTH XJI0p, IKHMH € MIKIATHBOIO PEYOBUHOIO MPH
cnamoBadHl. Tomy BukopuctanHs [IBX muiiBku Hece MIKOMY 7SI €KOJIOTii
HaBKOJIMIIHLOTO cepenoBunia [83].

[TIO® muiBka BUTOTOBISIETHCS 3 MoJoJjieiHOBUX MarepianiB. Bona wmae
JesIKl YHIKaJIbHI XapaKTePUCTUKH, SIKI pOoOJsATh i MpUBaOJIMBUM BUOOPOM ISt
NICBHUX 3aBJIaHb.

[TO® mniBka OUTHIT THYYKa Ta enactTuuHa nopiBHsAHO 3 [IBX. Ile no3Bosse
il OXOIUTFOBATH TOBAapW IIUIBHIIIE Ta JICTIE aaNnTyBaTUCS 10 pB3HUX (HOpM Ta
po3MipiB. 3aBasiku ¢BOiH THYYKOCTI, [IOD mIiBKy TakoX Jieriie BUKOPHUCTOBYBATH
Ta CKJIaJIaTH, 10 EKOHOMUTH Yac Ta CIPOIIYE MPOIIEC YITaKOBKH.

[MO® miBka Mae HIWKYY TEMIEpaTypy CTUCHEHHS, IO O3HaJae, 110 BOHA
CKOpOUYy€eThCs 3a OUIbII HU3bKO1 TeMmeparypu nopiBHsaHo 3 [IBX. Lle no3Bosse
BukopucToByBath 110D 1UTBKY U1 TTAKyBaHHS TEIUIO CUPHHHSTIMBUX TOBApIB,
K1 MOKYTh OYTH MOIIKOJI>KEH1 3a BUCOKO1 Temneparypu. Kpim toro, [IO®D mniBka
Mae Kparly Tpo30piCTh MICIS YCaAKH, IO CTBOPIOE MPUBAOJMBHUI 30BHIIIHIN
BUTJISITT YNAaKOBKWA. BoHa 1imeanbHO MIAXOAWTHh JJi1 TAKyBaHHS MPOJIYKTIB
XapuyyBaHHsI, OCKUIbKU HE BIUIMBAE Ha IXHIO SKICTh Ta Oe3mneky [83].

Tepmo36ikHa miBka [IO® BuTpuMye MiIBUIIEHI MEXaHIYHI 1 KIIMATUYHI
HAaBaHTXKEHHS, MOPO3OTPHWBKA, 3aBAsKA OaraTomapoBii CTPYKTypi 30epirae
OCHOBHI CIIOKMBY1 BJACTUBOCTI MNP 3MEHILIEHH] 3arajbHOi TOBIIWHU TUTIBKH [82].

Orxe, Bka [TIO® € exonorHo 6e3neuHor0 anbTepHaruBoo [I1BX.
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Takum 4MHOM, BTOPMHHUM MaKyBaHHSM Je€31H(EKTaHTY 3 MPOIIOHOBOIO
kucnotorw Propionibacterium acidipropionici CGMCC 1.2232 € tepM030iKHa
IUIBKAa 3 MOJI0JIe(PHOBUX MarepiaiiB, IO XapaKTEPHU3YETbCS EKOJIOTITUHICTIO
BUKOPHUCTAHHA Ta 30€pEKEHHIO UTICHOCTI IEPBUHHOI YITAKOBKH.

2.3. O0rpyHTYBaHHA BUOOPY 0i0JIOTIYHOT0 AreHTYy JJISi OTPUMAHHSA
cyocTaHmii

VYci bakrepii poxy Propionibacterium maroTh 31aTHICTh 10 (epMeEHTaIlii Ta €
OCHOBHUMH JKEpellaMHd I[IHHAX METa0OJITIB, TaKuX SIK IPOITIOHOBA KHCIIOTA,
BiTaMiH B,, OakTepionuHau 1 Tperago3sa.

[IpomioHnoBokuc OakTepii pPOOJIATh BaXJIMBHM BHECOK Y PO3BUTOK
(dapmanieBTHYHOT Taimy3l. @PapManeBTUYHI KOMIIaHI 3a3BUYail  BKJIKOYAKOTh
MPOIIOHOBY KHUCJIOTY, SIka € MeTaboJIITOM TMPOMIOHOBOKUCINX OakTepiid, B
pelentypy CTEpOifHMX 1 HECTePOiHMX MNPOTH3ANAIbHUX  Mperaparib.
JlocmkeHHS TOKa3yloTh, IO MPOIMIOHOBA KHCJIOTAa BIUIMBAaE HAa KUIBKICTh
MPUIATHUX JIJI1 BUKOPUCTAHHS JIKIB, IO IUPKYIIOIOTH B OpraHidMi [84].

JloCMIHUKN BBaXarOTh, IO IPOINOHOBA KHCJIOTAa MOXKE MPUTHIMYBAaTH
CHHTE3 TIpocTarjaHauHiB. dapMaleBTHYHI KOMIIaHI 3a3BUYail BKJIIOYAIOThH
MIPOITIOHOBY KHCIIOTY, sSKa € MeTaboJIITOM TMPOIMOHOBOKUCINX OakTepid, B
peLenTypy CTePOITHUX 1 HECTEPOiAHUX MPOTU3ANAJIbHUX IMpenapariB. ACHIpHH,
i0yrpoden Ta iHII Oe3peUenTypHi Ta peUenTypHI MPOTU3aNalbHI Hpernaparu
3a3BUYail MICTSATh MPOMIOHOBY KHCJOTY SK eTep. Y I ¢dopmi crosyka
NPUETHYETHCS JO aKTUBHUX IHTPEIIEHTIB JIKIB. [Hramsatopu 3 GpaoTuKa3oHOM, sIKi
BUKOPHCTOBYIOTBCSI TIPH PECHIPAaTOPHHUX 3aXBOPIOBAHHSIX, 3a3BHYall MICTSIThH
NpoMmoHOBY KucioTy. Crojiyka 4YacTo CYINPOBOJIKYE CTEpOiNlHI Mperapary,
BKJIFOUAIOUM TecTocTepoH. Jlikapl 3a3BUYail MpU3HAYAIOTh Mpenapar NpoTy paKy
rpyzel 1 3aMiCHOI ropMoHalbHOI Teparii. Jleski koMOiHaIll aHTUTICTaMIHHUX 1
MPOTHHAOPSAKOBUX 3aCO0IB TAKOK MICTATH JIAHITFOKKH TPOTMIOHOBOT KUCTOTH [84].

ToMy TOLUIBHUM € JOCIIIKEHHS. METOIIB OJEPKaHHS MPOIMIOHOBOI KUCIIOTH.
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Omxe, 11 BUOOPY HAMKpAIIOro MPOAYIEHTA MPOIMIOHOBOI KUCJIOTH OYI0o
nigidpaHo TpbOX MOPOAYUEHTIB — Propionibacterium acidipropionici CGMCC
1.2232, P. acidipropionici DSM 49 ta P. acidipropionici ACT-1 [85-87].

3okpema, mram P. acidipropionici CGMCC 1.2232 € myrantHum [85].
[Iramu Escherichia coli DH5a Ta Escherichia coli IM109 BUKOpPUCTOBYBAJIU J1JIs
KJIOHYBaHHS, MUITPUMKH Ta pO3MHOXKeHHs mnazmia. Llram E. coli S17-1
BUKOPHUCTOBYBaM i niepeHeceHHs miasminaoi JIHK numxom xow’rorarmii 3 P.
acidipropionici CGMCC 1.2232.

Jlnst Hamekcmpecii reHa, 10 BIAMOBINAE 32 CUHTE3 IUIbOBOTO META0OJIITY,
noBHOpO3MipHu# TeH 3 P. acidipropionici CGMCC 1.2232 6yB amrutidhikoBaHHIA
3a JOMOMOrow TmoJjiMepa3Hoi JaHitoroBoi peakii (IIJIP) 3 BukopucTanHsM
reHomHoi JIHK sk MaTpuili Ta OJIroHyKJICOTUAHUX MTpaiiMepiB.

[Tpoayxt IUUIP niryBamu y Bektop pGEM-T Easy a5t cTBOpeHHs M1a3Miu
pGEM-otsAEX. [Tnasminy pGEM-otsAEX 3rogoM po3LIEmTioBaId 1 ()parMeHT,
0 MICTHTh IUIbOBUH T€H, BCTaBSUIM B CaWTH YOBHUKOBOTO BEKTOpa
pBRESP36A, orpumyroun mnazminy pBRESP36A-otsA. Onepxanuii MyTaHTHHI
IITaM BUKOPHUCTOBYBAIH JIJIT CHHTE3Y TPOIIIOHOBO1T KUCTIOTH [85].

[IpoayneHTIB TOPIBHIOBAIA 3a KUIBKICTIO CHHTE30BAHOTO MeETaboIITy,
4acoOM BHPOIIYBaHHS Ta CKJIAJOM TIOKUBHOTO CEpEe0BHUIIIA.

Omxe, 3 maHux tabimul 2.1 BUAHO, IO HalMEHIIE MPOIIOHOBOI KHCJIOTH
cuntesdye wraM P. acidipropionici ACT-1 npu pocTi Ha Melsicl, a HaWOUIbLIe
IIUTLOBO1 KMCJIOTH OTPpUMAIIK 3a BUpolyBaHHs P. acidipropionici CGMCC 1.2232
y CEpeIOBHIIl 13 CHPOBATKOIO, 10 MICTUTh JakTo3y. P. acidipropionici DSM 49
CHUHTE3yBaB Maibke yAB1d1 OUThInie KucaoTH, HDK mramM ACT-1, ane maixke yrpudi
mente, HbK mram CGMCC 1.2232 B cepenoBuii 3 TiinepuHoM. OHaK Ha OCHOBI
i€l iHdopMalrii 0OpaTH HAMKPAIIOro MpoAYyIeHTa He JOIUILHO, CIIT BUpaxyBaTH
BapTICTh KOYXHOTO TOKMBHOTO CEpPEOBUINA I BpaxyBaHHS EKOHOMIYHOL

OLUIBHOCTI — JTUB. Ta0I. 2.2.
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IopiBHsIUIbHA XapPAKTePUCTHKA IITAMIB MPONIOHOBOKUCJIUX OaKTePiil 1JI 0AeP:KAHHA NMPOMIOHOBOI KHCJI0TH

Tabnuysn 2.1

IIpoayuenT Cki1aa mokKuBHOIO KinbkicTh nponioHoBoi Oco0smmBocTi KyabTuByBaHHs | Jlireparypa
cepe0BHUIIA, I/ KHCJIOTH, T/
P. acidipropionici Cuposatka — 20% J1akro3u 125 Temneparypa 32 °C, pH 6,0, [85]
CGMCC 1.2232 (200) npu nepemintyBanHi 150 06/xB
Yac xyneruByBaHHs 250 rox

P. acidipropionici I'mmepun —120, 50,8 Temmeparypa 32 °C, gac 500 [86]
DSM 49 HpixmkoBuii ekctpakt — 10, ronnH, 200 06/xB

KoHPO4—-2.5,

KH,PO4—-1.5

Mucrein-HCI — 0.25
P. acidipropionici CoeBa mensica (BMICT IIyKpiB 21,9 Temneparypa 32 °C, 96 rox, [87]

ACT-1

54,1 t/n)

HpovxmkoBuii ekctpakt — 10,
Tpunrukasa — 5,
K>HPO4—-0.25,

MnSO4 — 0.05.

pH xoHTpoItOBanu Ha piBHI 6,5
3a JIOTIOMOTOI0 KapOoHaTy
kanbiio (50 r/m)
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Tabnuysn 2.2
BapricTh NoKUBHUX cepe0BHII /IJIs1 BUPOIIYBAHHS MPOXYIEHTIB

MPOIiOHOBOI KUCJIOTH

IMpoayuenr KoMmnoHeHT MOKHBHOTO Hina BapricTts dxepeno*
cepeaoBHILA, I/ KOMIIOHEHTAa, | KOMIIOHEHTA (IPH) (1,2,3,4,5)
TPH/KT Ha 1 71 cepegoBHIIA
P. acidipropionici | Jlakro3a — 200 35 7 1
CGMCC 1.2232
Bapricthb 1 J1 cepe1oBUIIIA CTAHOBUTDH — 7 T'PH.
P. acidipropionici | I'ninepun —120 82 9,84 2
DSM 49 HpokmroBuii ekctpakt — 10 1100 1,1 3
Ko,HPO4,-2.5 123 0,3 4
KH,PO4—-1.5 31 0,04 5
Hucre-HCI - 0.25 361 0,09 6
Bapricts 1 71 cepenoBuma cranosutb — 11,37 rpn
P. acidipropionici | CoeBawmensica (BMICT IIyKpiB 40 2,1 7
ACT-1 54,1 r/m)
JpioxmxoBuii ekctpakt — 10 1100 1,1 3
Tpuntukaza — 5 23 078,9 115,3 8
K>,HPO4—-0.25 123 0,03 4
MnSO4 — 0.05 43 0,002 9

Bapricts 1 71 cepenoBuma cranoButhb — 118,53 rpu

[Ipumitka: * — 1miHW HaBemeHo 3 ypaxyBaHHsAM [I/IB ctanom Ha rpyneHb
2022 p.:
1 — https://megachem.com.ua/ua/laktoza.html

2 — https://novohim.com.ua/ru/catalog/promyshlennaya-khimiya-i-
syre/glicerin/?gclid=Cj0KCQiA45qdBhD-ARIsAOHbVdE-
1zL.c50MGx97doDCnOiPQySuRNP XJfrbN4YnR -
ul_4B7THWkK69TMaApyBEALw_wcB

3 — https://prom.ua/p 1086437845-ekstrakt-drozhzhej.html

4 — https://prom.ua/p1514436596-ammonij-fosfornokislyj-

zameschennyj.html?&primelead=Mi4wOA
5 — https://soda.kiev.ua/ua/p18394377-kalij-fosfornokislyi-

zameschennyj.html
6 — https://soda.kiev.ua/p18862391-tsistein-gidrohlorid.html
7 — https://soda.kiev.ua/p376299698-patoka-krahmalnaya.html
8 — https://shop.hlr.ua/triptoza-dlya-mikrobiologii-1-kg-234176.html
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https://megachem.com.ua/ua/laktoza.html
https://novohim.com.ua/ru/catalog/promyshlennaya-khimiya-i-syre/glicerin/?gclid=Cj0KCQiA45qdBhD-ARIsAOHbVdE-rzLc5oMGx97doDCnOiPQy5uRNPXJfrbN4YnR-uT_4B7HWkK69TMaApyBEALw_wcB
https://novohim.com.ua/ru/catalog/promyshlennaya-khimiya-i-syre/glicerin/?gclid=Cj0KCQiA45qdBhD-ARIsAOHbVdE-rzLc5oMGx97doDCnOiPQy5uRNPXJfrbN4YnR-uT_4B7HWkK69TMaApyBEALw_wcB
https://novohim.com.ua/ru/catalog/promyshlennaya-khimiya-i-syre/glicerin/?gclid=Cj0KCQiA45qdBhD-ARIsAOHbVdE-rzLc5oMGx97doDCnOiPQy5uRNPXJfrbN4YnR-uT_4B7HWkK69TMaApyBEALw_wcB
https://novohim.com.ua/ru/catalog/promyshlennaya-khimiya-i-syre/glicerin/?gclid=Cj0KCQiA45qdBhD-ARIsAOHbVdE-rzLc5oMGx97doDCnOiPQy5uRNPXJfrbN4YnR-uT_4B7HWkK69TMaApyBEALw_wcB
https://prom.ua/p1086437845-ekstrakt-drozhzhej.html
https://prom.ua/p1514436596-ammonij-fosfornokislyj-zameschennyj.html?&primelead=Mi4wOA
https://prom.ua/p1514436596-ammonij-fosfornokislyj-zameschennyj.html?&primelead=Mi4wOA
https://soda.kiev.ua/ua/p18394377-kalij-fosfornokislyj-zameschennyj.html
https://soda.kiev.ua/ua/p18394377-kalij-fosfornokislyj-zameschennyj.html
https://soda.kiev.ua/p18862391-tsistein-gidrohlorid.html
https://soda.kiev.ua/p376299698-patoka-krahmalnaya.html
https://shop.hlr.ua/triptoza-dlya-mikrobiologii-1-kg-234176.html

9 — https://prom.ua/p47505427-sulfat-margantsa.html

OTxe, TOKUBHE CEPEAOBUIIE IS KyJIbTUBYBAHHS TIEPIIIOTO MPOIyIeHTa P.
acidipropionici CGMCC 1.2232 mae HaliMeHIIly BapTICTh 3a PaxyHOK TOTO, III0
BOHO CKJIQJIA€ThCS 13 CHPOBATKH, IO MICTUTH JIAKTO3Y. TPOXU JOPOKYUM €
cepenoBuile g BupolryBaHHS mramy DSM 49. OpHak HaWOUIBIIY IIIHY Mae
cepenosue 11 P. acidipropionici ACT-1 3a paxyHOK HasBHOCTI B HOTO CKJIaai
JOPOTOBAPTICHOTO KOMITOHEHTA.

Ha 3akmrouniii ctamii HEOOXITHO BHpaxyBaTH YMOBHY BapTiCTh 1 T
MPOITIOHOBOT KHUCJIOTH, CUHTEe30BaHOl 3a 1 rox. 3a manmmu Tabmwmmi 2.3, P.
acidipropionici DSM 49 cuHTe3ye HallMeHIlIe MPOMIOHOBOT KUCJIOTH 3a TOJAUHY, P.
acidipropionici ACT-1 — ynBiui Ou1blIe 3a nonepeaHii mram, a P. acidipropionici
CGMCC 1.2232 — y 5 pa3iB Bullle BIINOBiAHO. Takok yMOBHa BapTICTb
MPOIIIOHOBOT KUCIJIOTH, OJIEPKAHO1 IMICTIS KyJIbTUBYBaHHS mTamy P. acidipropionici
ACT-1, € HaliAOPOXKUOIO, IO CBITYUTH PO HEAOIUIbHICTh BUKOPUCTAHHS I[LOTO
MPOYIICHTA IS OJep>KaHHS IIUThOBOTO MPoaykTy. OOHparodn MbK JBOMA HITUMUA
OIOJOTTYHMMH areHTaMu, TiepeBary ciif Bimgatd mramy P. acidipropionici
CGMCC 1.2232, amke BIH CHHTE3y€ HAMOUIbIIE MPOIIOHOBOI KHCIOTH Ha
BITHOCHO JICIIICBOMY CEPEOBHIIIIL.

Tabnuysn 2.3
YMoBHa BapTicTh 1 T NPONMiOHOBOI KMCJIOTH NMPH KYJIbTUBYBAaHHI

NPOMIOHOBOKHUCJINX OaKTepii

IIpoayueHT Bapricts 1 1 KinbkicTs YMmoBHA Yac Konuenrpauis
cepelOBHMINA, | MNPONMIOHOBOI | BapricTh 1 I | KYJbTHBYBAHHA, KHCJIOTH,
I'PH KHCJIO0TH, I/J1 KHCJIOTH, rofg CHMHTE30BaHOI
TPH 3a roj, r/J
P. acidipropionici 7 125 0,056 250 0,5
CGMCC 1.2232
P. acidipropionici 11,37 50,8 0,22 500 0,1
DSM 49
P. acidipropionici 118,53 21,9 5,4 96 0,2
ACT-1
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TakuM 9MHOM, HAUKpanwWM O10JIOTIYHAM areHTOM JIJIsi CHHTE3Yy IPOTIOHOBOI
kuciotn € wram P. acidipropionici CGMCC 1.2232, angxe BIH CHHTE3YE
HaOUIbIlIE HUTbOBOIO MPOAYKTY Ha BIIHOCHO JIEIIEBOMY CEPENOBUIL, IO SBIISIE
c00010 CUPOBATKY 3 JIAKTO3010.

2.4. Po3paxyHok moTpeOu y cyOcTaHuil AJ1s1 BUILYCKY J€e3iH(pIKYI040r0o
3ac00y 3 NPOMIOHOBOK KHCJOTOK TAa PO3PAXYHOK PiYHOI MOTPeOH y
KYJbTYPAJbHIH PiAMHI 1JI 01ePKAHHSA PO3PAX0OBAHOI KUIBKOCTI cy0cTaHIii

BupoOuunTBo papmarieBTHIHUX MPOIYKTIB BpaxoBye 0e3iid (pakTopiB, 110
BILUTMBAIOTH Ha pOOOYIMPOIIECH, iX MBUIAKICTH Ta SKICTh. KpiM TOT0, HEOOXITHICTH
BiANoBiAHOCTI cTagmaptaM GMP Bumarae Bim ¢apManeBTUIHOTO MIIMPHEMCTBA
OPUAUIITH 0COOJIMBY YBary HaJlIeKHOMY PIBHIO KBaJTi(pIKallii.

OnHUM 13 €JIEMEHTIB HEOOXITHOI ONTHUMI3allli BUPOOHUYUX MPOLECIB JJIs
YKpaiHChbKUX (apMalleBTUYHUX MIUINPUEMCTB € TNpUOMpaHHA Ta Je3iH]eKiis
BUPOOHUYUX MTPUMILLIEHD [88].

VY nmaHoMy MpOEKTI PO3POOISIEMO TEXHOJIOTIO YHIKAIBHOTO Je31H(EeKTaHTy
Ha OCHOBI MPOIMOHOBOI KUCJOTH OI0TEXHOJIOTTYHOTO MOXOKEHHS, 10 MAa€ TakKi
nepeBaru — HASIBHICTh MPOIMOHOBOI KHCIOTH SK aKTUBHOTO IHTPEIIEHTY
3a0e3neuye OaKTEPUIUAHY OO, aHTUMIKPOOHA AKTUBHICTh MPOTH IIHPOKOTO
CIIEKTPY MIKPOOPTAaHI3MIB JOCSTAETHCS 3a KOPOTKHMM Yac nii 06e3 aKTHBHUX
JOJATKOBUX IHIPEIIEHTIB, HU3bKa TOKCUYHICTh, XOpOIIa CYMICHICTb 3 POOOYMMU
MOBEPXHAMH (METaJ, IUIACTHUK, TIOJIMEpPH); TOMY TMPOIOHYETHCS  HMOTO
BUKOPUCTAHHA JUUII OYHUINCHHS Ta Je3H(EKIls MNPOMHUCIOBOTO 0O0JaIHAHHS,
TEXHOJIOTIYHUX TMPUMIIIEHb, POOOYMX TOBEPXOHb Ha (PapMalEeBTUUHOMY
BUPOOHMIITRI.

HaitomxkarMu aHajoramMu 3a CKJIQZAOM, CHEKTPOM Jiii Ta e(EKTHBHICTIO €
npernapatd Ha OCHOBI ourToBOi KUCIOTH, C4-Cip KUPHUX KHCIOT Ta CYMIIICH
IpomiOHOBOI Ta MOJOYHOI KucioTu [59, 89], 1m0 BHUKOPHUCTOBYIOTHCS JJIsI
OYMINEHHS TMPOMHUCIOBOTO ab00 MEIUYHOTO OOJIaHAHHSA, ajJleé BOHU MAarOTh

HEIOJIKM — MPOSBISIIOTh AKTHBHICTH JIMLIE NPOTH OakTepiil, aKTUBHICTH LIOJ0
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HIMX MIKPOOPTaHBMIB He cmocTepiramack [59, 89]. Takux HemOMIKIB
1n030aBJIEHUI NpenapaTr Ha OCHOB1 IPOIIOHOBOI KUCIIOTH.

AT «Papmak» 3 2010 poky € minepoM papMalieBTUUHOTO PUHKY YKpaiHU Ta
OJIHUM 13 HalOUIbIIMX EKCIOPTEpIB JKapChKuxX 3aco0iB. «®Dapmak» Mae JBa
3aBoau y M. KuiB ta y M. Illoctka Cymchkoi 001acTL

Ha minnpuemMctBi QyHKIIOHYIOTh 25 BUPOOHUYUX AUIBHUIB. Y «Dapmaky
CTBOPEHHUIl TMOBHHM ULMKJI BUPOOHHMIITBA — B CHHTE3y KIACHYHUX Ta
oiotexHomoriyHnx A®I 10 BHUTOTOBIEHHS PIBHOMAHITHUX TOTOBHX JIKAPCHKUX
dbopM. BupoOHWYI TOTYKHOCTI, Ja0OPATOPHO-TEXHIYHUA KOMIUICKC KOMIIaHil
MalTh MDKHApOJHY cepTUdIKalilo Ta BIANOBIIAIOTH BUCOKUM BHMOTaM
eBpomneiicbkux ctanaaptis GMP [90].

ToMy 11 po3paxyHKy noTpedu y Jae31H(pIKYyIouoMy 3ac001 3 MPOIIOHOBOIO
KUCJIOTOI0 00uMpaemo 3aBoj kommanii «Papmax» y M. [lloctka Cymcrkoi oOmacTi.

3 ormsiAy Ha JIaHi PEECTPY PEKOHCTPYKI KOMIUIEKCY CIOPYHA, SKi
nepedyBaroTh y BiacHocTi BAT "®apmak" y m. Illoctka Cymcbkoi 0061acTi,
3arajbHa IUIONIA KOMIUIEKCY T BHPOOHWIITBO aKTUBHUX (DapMaleBTHYHUX
iHrpemicHTiB cKIamae 45 000 m° [91].

3rifHO IHCTPYKI JO 3acTOCYBaHHS Je3IH(QIKYIOUMX 3aco0iB, IO
OpecTaBieHl Ha pPHUHKY YKpaiHM, HOpMa BHUTpaTh poOOYOTO pPO3UYUHY
ne3ingikyrodoro 3acoby ckmamae 50-150 mu/m? [92]. TlpmitmMaeMo 3HaYCHHS
BUTpaTH poOoYOro po3uuHy ne3iHdikyrouoro 3aco0y 100 mu/mM?, OCKUIbKM Ha
pUHKY YKpaiHM HeMae aHaJloriB Je3H(pIKyIounx 3aco0iB 3 MPOMIOHOBOIO
KHCJIOTOI y CcKiajl Sk Oyno 3a3HaueHoO BHUIE, 0 JAe31H(EKTaHTIB Ha OCHOBI
OpraHiMHUX KHUCJIOT MaroreHHa MIKpogopa He PE3UCTEHTHA, TOMY PO3PaxXyHKH
OyzIeMo MpOBOAWUTH O€3 BpaxyBaHHS 3aMiHHU.

Po3paxyeMo HOpMY BUTpaTH 3acoby Ha 45 000 M ot kommiekcy [TAT
«Papmak»:

100 mu1 X 45 000 = 4 500 000 mx = 4 500 i
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OnuH pa3 Ha MiCSIIb 3AIMCHIOETHCS TeHepaibHe MpudupanHs (00poOKa CTiH,
migioryd, BikoH Tomo). Omke, piuHa moTpeba y nesiHpikyrouomy 3acobi 3
MPOTIOHOBOIO KUCJIOTOI CTAHOBUTHUME:

4500 1 X 12 =154 000 i

3a iHdopMalli€ro, HaBeAECHOIO y TIaTeHT1 [59], BMICT MpOMIOHOBOT KUCIIOTH Y
ne3iHdikyrouomy 3aco61 cTaHOBUTH 15%, 110 BinmoBimae 150 r Ha 1 11 3aco0y.

Toni wactka mpomoHoBoi kuciaotu y 54 000 1 gesiHdikyrouoro 3acoOy
CKJIQJIa€:

150 r X 54 000 1= 8 100 000 r = 8100 xr

Takum yuHOM, J1J1s1 3a0€31eYEHHs PIMHOT MOTpeOH y Ae3iH(pikyrouoMy 3aco01
st 06po6ku mwiom 45 000 M” 1 pa3 Ha Micsip HeoOxinHO 8100 KT IPOMOHOBOT
KUCJIOTH.

Tak, npu KyabTUBYBaHHI TaM Propionibacterium acidipropionici CGMCC
1.2232 cunte3ye 125 1/n1 mpomioHOBOT KHCIOTH. Toxl po3paxyeMo 00’ eM

KylbTypanbHO1 piguHu 17151 oTpuMaHHs 8100 Kr MpomoHOBOi KHCIOTH:
8100

—— = 64 800 n

0,125
Bpaxyemo cymapHi BTpaTu HUTLOBOTO MPOAYKTY Hpu BUpoOHHULTBI 15 % (5%
Ha erami aecop6uii cymimmmo 1 M NaOH Tta eranony, 5% Ha erami agcopOrrii
MPOIIOHOBOT KUCTOTH Ta 5% Ha eTari KOHIEHTPYBaHH: ), TO/I1 HEOOXITHUI 00’ €M
KyIbTYpalbHO1 piquHU OyIe:
Vi = 64 800 1/ (1-0,15) = 64 799 n

ITpuiiMaemo  KuibKicT poOoumx Ttpymoanis (T,,) 260. Toxi KUIbKIiCTH

npoAyKTy Ha 100y (V,) CTaHOBUTHME:
V= Vio/T,, = 64 799 /260 = 250 1
BuszHagaemMo KUTBKICTh BUPOOHUYUX IMKIIIB HA PIK:
Ny = Vip / (Vi % Tyy)/24) = 64 799 / ((250 x 256)/24) = 24 nukim,
ne T, — nuxi poboTn pepmenTepa (Muiika Ta orysig — 1,5 rox, nepesipka Ha

repMeTuuHicTh — 0,5 rox, mmirpiB Ta cTepwikaiis amapary — 1,5 Ton,
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oxoJiojkeHHs1 pepmentepa — 0,5 roj, 3aBaHTAKEHHS MOKUBHOTO CEPEIOBUIIA —
1,5 roa, 3aciB KyibTyporo — 0,5 rox ta ¢pepmenTartis — 250 ron).
IToTiM po3paxyeMO KUIBKICTh KyJbTYPaabHOI PIAMHU 38 OAMH MK, (Vi)
Vipr™ K1 XV X Ty /24 = 1,1 x 250 x 256 / 24 = 3000 1,
ne Kl— xoedimieHT 3amacy, 10 BpaxoBYE MOKJIMBICTb HECTEPUIbHUX
oTIepalrlii.
['eomerprunmii 06’em depmentepa miast orpuManas 3000 11 KyabTypaabHOT
pinuau 3 KoedirieaToM 3anmoBHEHHS (0,6 Ma€ CTAHOBUTH:
V, = Vipu/Kyan = 3000 /0,6 = 5000 1= 5 v,
ne K,,, — koedirieHT 3anoBHEeHHS hepMeHTepa.
Po3paxyHok KiJIBKOCTI cTaAiil OTPMMAHHSA NOCIBHOI0 MaTepiaay ajs
diocuuTe3y y depmentepi 5 M’
3a BUpOOHWYMI LMK OTPUMYIOTE V,, = 3000 11 KyIbTypanbHOI pIIMHA.
KinbKicTh TOXXWBHOTO CEpeAoBUINA Ta IOCIBHOTO Marepiay Tmepen
BUPOOHMYUM OIOCHHTE30M (3 ypaxyBaHHSIM BTpAT B PE3yJIbTaTi KParuieBUHOCY

yepe3 KOJIEKTOp BianpairoBanoro nosirps (10%)) ctanoButume:

Vep _ 3000
1-E; 1-0,1

Voos.1 = ~3333 1

ne E 4, — BTpaTi KyIbTypalbHOI PIIMHY M yac 610CHHTE3Y.

BupoOuuunii 6iocuHTe3 3AIMCHIOITh Y (hepMeHTepi 3 pobouum 00’ eMoM
Vipos.1 = 3333 1.

IIpu BuOpanomy koediuieHTi 3anoBHeHHs K,,, = 0,6 MoOXJIMBUI
reoMeTpudHui  00’em Qepmenrepa V,,; = 3333/0,6 = 555 n. Ilpuitmaemo
HalOmK4Mi 3a 00’ eMoM cTannapTHuii pepmenrep V,, = 5000 11 Ta yrouHIOEMO

NPUNHATHI paHilie KoeIeHT 3a0BHEHHS:

Vho6.1_ 3333
b= 2222 = 0,66
Vep 5000

K sam 1™

YTouHeHuit kKoeiieHT 3alOBHEHHS MepedyBae y BUOPAHUX MEXax.
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KimpkicTs mociBHOTO Matepiany mia ¢epmentepa ctaHoBuTh 10% Big
00’€My MOXKHMBHOTO CepeloBUINA. TOJ1 KUIBKICTh IOKMBHOI'O CEPENOBHILIA Y

(depmeHTep1 CTAHOBUTUME:

Vho6.1 _ 3333
Vo === = 3030 11
1+X¢) 1+0,1

ne X, — 103a IOCIBHOTO Marepiary 17 (hpepmMeHTepa.
KinpkicTh mociBHOTO Marepiainy sl (hepMeHTepa CTAaHOBUT:
Vit = Voot — Vier = 3333 — 3030 = 303 11
Po3paxyHok KUIBKOCTI MOCIBHOTO MaTepiay as iHokyasaTropa 500 g
Hns onpepxanns 303 1 mOCIBHOrO warepiaily KUIBKICTh TOKHBHOTO
CepeoBUIIAa Ta MOCIBHOTO Marepialy mepei, KyJIbTUBYBAaHHAM B IHOKYJIATOPI (3
ypaxyBaHHSIM BTpaT B  pe3yJdbTaTi KpalUIeBUHOCY 4epe3  KOJEKTOp

BIANIPAIlbOBAHOTO MOBITPSI) CTAHOBUTUME:

V. 303
Voos2= il = =336 1
1-E;,, 1-0,1

MoxmBuii TeoMeTpudHUil 00’eM iHOKymsTopa V;, = 336/0,6 = 560 m.
[IpuitmaemMo HalOMMK4YMK 3a 00’€MOM cTaHAapTHUHM HOKyssiTop Vi, = 500 1 Ta

YTOUYHIOEMO MPUNHATUN paHilie KOe()IEHT 3aI0BHEHHS:

Vbos.2_ 336
K zam2 =2 = 0967
VCiH 500

YTOouHeHul Koe(ILIEHT 3aI0BHEHHS NIepe0yBae y BUOpaHUX MEXKax.

KinbKicTh OKMBHOT'O CEPEOBUINA B IHOKYJISITOP1 CTAHOBUTHUME:

Vh06.2 336
o =S = =306 1
1+ X;,, 1401

Toml KUBKICTh TOCIBHOTO Marepiainy AJisl IHOKYJISTOpa CTAHOBUTB:
Ve = Vpos2 — Vi = 336 — 306= 30 11
Po3paxyHok KIBKOCTI MOCIBHOTO MaTepiaay aJd iHoKyJasTopa 50 ja
Hna onepxkanns 30 1 MOCIBHOTO Marepialy KUIBKICTh TOKHBHOTO
CepeoBHINAa Ta TOCIBHOTO MaTepialny mepel KyJIbTHBYBAaHHSM B IHOKYJIATOPI (3
ypaxyBaHHSIM  BTpaT B  pe3yibTari KpaluIeBUHOCY 4epe3  KOJEKTOp

BIATIPAIlbOBAHOTO MOBITPSI) CTAHOBUTHUME:
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V. 30
Vpo6.3= M2 — =333 1
1-E; 1-0,1

MosxmBuil TeoMeTpuuHUM 00’eM HOKymstopa V;, = 33,3/0,6 = 55,5
[TpuiiMmaemo HaWOMKUYMA 3a 00’ €MOM CTaHIAPTHUN HOKYIsITOp V5 = 50 1 Ta
YTOUHIOEMO TIPUUHATHI paHilie KOShITEHT 3aTOBHEHHS:

Vp06.3: 33,3

K a3 50

= 0,66

CiH
YTouneHuit KoeiieHT 3aMMOBHEHHS MepedyBae y BHOpaHUX MEKax.
KimbKicTh TOKMBHOTO CEPEIOBHINA B IHOKYIATOP1 CTAHOBUTHME:

_Ypo63 _ 333
1+ XiH 1+0,1

=30,3 1

nc3

Tosi KUTbKICTh TTOCIBHOTO Marepiay JJisl IHOKYJIATOPa CTAHOBUTH:
Vins = Vposs — Vs = 33,3 -30,3=3n
Po3paxyHok KiJIbKOCTI MOCIBHOT0 MaTepiaJry AJIs iIHOKYJIsiTOpa S JI
Jlna oaeprkanHs 3 J1 HOCIBHOTO Marepiany KUIbKICTh TOKUBHOTO CEPEAOBUIIA
Ta MOCIBHOTO Marepiaay nepes KyJbTUBYBAaHHSIM B HOKYJSTOPI (3 ypaxyBaHHSIM

BTpaT B pe3yJbTaTi KPAIJICBUHOCY 4Y€pe3 KOJIEKTOP BiANPaIbOBAHOTO IMOBITPS)

CTAaHOBUTHME:
Vima 3
Voooa=—1r = =3,31
po6.4 1_EiH 1-0,1 ’
MosxiBuil reomMeTpuuHUl 00°’eM 1HOKysiTopa V;, = 3,3/0,6 = 5,5 1

[Ipuiimaemo HailOmMx4Yui 3a 00’€MOM CTaHAAPTHUM 1HOKYJISITOp V5 = 5 71 Ta
YTOUYHIOEMO MPUNHATUN paHile KOeIiieHT 3aI0BHEHHS:

Vho6.4_ 3,3
poS-d_ 33 _ ) 66
VCiH

K zam4—

YTouHneHult koeiieHT 3amoBHEHHS MepedyBae y BUOpaHUX MEkKax.
KinbKicTh MOKMBHOTO CEPEIOBUINA B IHOKYJISITOP1 CTAHOBUTHME:

Vho6.4 3,3
=—F = =3n
1+ X, 1401

mc4

Toml KIBKICTh TOCIBHOTO Marepiainy i IHOKYJISTOPa CTAHOBUTD:
VHM4 = Vp06.4 - Vr[c4: 3,3 3= 0,3 1= 300 mx
Po3paxyHok KUIBKOCTI MOCIBHOI0 MaTepiaay IJs1 KA4aJ0YHUX KOJI0
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Jiis xynetuByBaHHsA 300 MJT HOKYJISITY BUKOPUCTOBYIOTh Kauajlo4yH1 KOJIOU
06’emom 750 M, mpuiimaemo koedirieHT 3amoBHeHHS K, = 0,2. Toxal KUTbKICTh

KOJIO CTAHOBUTHUME:

Vima 300
Negyg = ———— = = 2 KoJIOu
Vione X Kgx  750X0,2

Jlnsi KyJbTHBYBAaHHS TOCIBHOTO Marepialy B KOJI0aX Ha KadaJlkax CIIil
nepen0auYnTH HASIBHICTD 2 Ka4aJOYHHUX KOJIO.

3TigHO pO3paxyHKIB, OTPUMAHHS IHOKYJAATY JJs1 OI0CHHTE3y IMPOMIOHOBOI
KHCIOTH y depMenTepi 06’eMoM 5 M 3 koeillieHToM 3anoBHeHHs 0,6 Gymemo

311MCHIOBATH Y YOTUPHU CTAIi.
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PO3ALJI 3. OBI'PYHTYBAHHSA ETAIIIB BUJAIVIEHHSA TA
OUYUCTKU CYBCTAHUII JJ151 OJEPKAHHSA IPOIMIOHOBOI
KHUCJIOTU

Crazii BUIUICHHS Ta OYHUIIICHHS MPOITIOHOBOT KUCJIOTH MalOTh Mepen0adnTi
OTpUMAaHHS IUILOBOI KHUCJIOTH O€3 MOOMHUX MNpOAYKTIB OlocuHTe3y. OTxe,
oJIep>KaHHs TIPOINIOHOBOI KHUCJIOTH BKJIIOYAE TaKl €Tald: BUIAUICHHS KIITHHHOI
OioMacu, BUIUICHHS IIPOITIOHOBOT KUCIIOTH 13 CYIIEPHATAHTY, JOOYHUIIICHHS €ITI0aTy
MIPOITIOHOBOT KHUCIIOTH, KOHIICHTpYBaHHSA [93, 94].

Binninenus KJIiTHHHOI 0ioMacH

Po3auieHHst KyabTypalbHOI PIIWHU HA TBEpAY 1 piaKy ¢a3u BUMarae
BEJIMKUX BUTPAT, OCKUIbKU MOB’ s13aHa 3 EPEPOOKOI0 BEIMKUX 00’ €MIB CYCIIEH31M.
Jns  mHTeHcudIKalii 1€l cTani 1 3HUKEHHS BTpaT IUIbOBOTO MPOIAYKTY
KyJIbTypaJbHy pPIIMHY TIepel pO3AUICHHSAM (a3, sK MpaBWio, MiAAaI0Th
CIeliaibHI 00poO0I1IL. B pe3ynbTari 3MIHIOETHCS CTPYKTYpa 0caay, 1o 3ade3rnevye
MakCUMallbHUM CTYIIHb TEpexXoay MpOAYKTY B Ty a3y, 3 skoi Horo npami
BUJIUIIIOTh, a TaKOX BHUIAJICHHS JOMIIIOK, SKI YCKIQJIHIOIOTh BHUIUICHHS
IIUTbOBOTO MPOAYKTY. 3aJIe)KHO BII BUMOT JO TOBHOTH BIIAUICHHS JHCTIEPCHOI
da3u 1 0COOMMBOCTEH KyJIbTYpalbHOI PITUHU JJIT PO3IUICHHS BHKOPHUCTOBYIOTH
npotecu GUIbTpalii, HeHTpUPyTryBaHHs, cenaparlii, piauie ¢roTarlii.

OubTpyBannsa. [lin QuUIbTpyBaHHSM pPO3YMIIOTH PO3AUICHHS TBEpAOi Ta
pinkoi a3 mig yac nepenyCcKaHHs CyCIeH31i Kpi3b MOPUCTY NEPEropoaKy (GuibTp).
VY BUpPOOHHUIITBAX, JI€ IIUTLOBUM IPOJAYKTOM € OJWH 3 META0OJIITIB, PO3UMHEHUH Y
KyJIbTypaJbHIA pIAMHI, JJs BIIOKpEMJICHHS KIITUH OloMacu HaldacTiie
BUKOPHUCTOBYIOTH PUIbTpyBaHHS. OCHOBHA XapaKTEPUCTHKA MPOLIECY — IIBUIKICTh
bubTpartii (KUTbKICTh (GUILTpATy, MO0 OTPUMYETHCA 3 OJWHHUIN (PUIBTPYHOUOT
MOBEPXHI B OJJUHHUIIIO "acy) [95].

OcamxyBaHHA (CEIUMEHTAITIs) - 1I€ TIPOIEC PO3IMAPYBAHHS TUCTIEPCHUX

HYXT BTEK 02.02.16 KP 113
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Pospob. CeMbo”Ofa LB, PO3/IJT 3. O6rpyHTYBaHHS €TaliB Jir. Apk. |} Apkymis
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AJI1 OACPIKaHHA MPOIMOHOBO1
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CHUCTEM T JI€I0 CHIN TSOKIHHS 1 BUIIUICHHS TUCTIEPCHOT (i3U y BUTIIII
ocany. IlIBuakicte ocamKyBaHHS OlOMacH 3 KyJbTypajdbHOI PIIMHM HE3HA4YHA 1
ckiagae 6mmsbko 10°-107 m/c [96].

JIns npuCcKOpEHHs POIIECY OCATKYBAHHS 3aCTOCOBYIOTh:

1) KoaryissHTH — pPEYOBHHHM, IO TEPEBOMASTh 3BaXYyBaHI YaCTOYKU B
arperaTHo-HEeCTIAKHUM CTaH;

2) GUOKYISAHTH — PEYOBHHM, IO CHPUSIOTH PYWHYBAHHIO KOJIOITHUX
CTPYKTYP 1 YTBOPEHHIO BEJIMKHX TLIACTIBIIIB;

B sxocTi koarymasHTIB 3aCTOCOBYIOTh 3a3BWYal KEJIAaTHH, PUOHUN KIICH,
Ka3€iH, K QIOKYISIHTA — METHIILIEIUTION03Y, MIEKTHH, albl1HAT HATPIIO TOIIO.

LentpudyryBanas — e po3no/ail HEOJHOPITHUX CUCTEM i/l BIUTUBOM TOJIS
BIILIGHTPOBUX cwi. [l neHtpudyryBaHHs 3aCTOCOBYIOTh LEHTPU(YTU PI3HUX
KOHCTpYKIK. IlenTpudyru, mo MarTh BUCOKUN (DaKTOp MOJUTY 1 OCHAIEH1
TapiyacTiM OapabaHOM, Ha3MBAaIOTh cemaparopamud. B MIKpoOioJoTyHIN
NPOMHCIIOBOCTI CEMaparopu € OJHUM 3 CaMHX pPO3MOBCIOIKEHUX THUIIIB
neaTpudyr. Cemaparopu A03BOJIIIOTh CKOHIIEHTPYBATH OCaa 10 BOJIOTOCTI 60-
90%.

B ocTtamHi pokm 3'IBMIMCS CICIiabHI TEPMETHYHI CemapaTopH, IIo
JI03BOJISIIOTh  BECTH MPOIEC CEMapyBaHHS B aBTOMATH30BAaHOMY PEXUMI,
ONTUMAJIBHO MIIIOpaHOMY JJIsI CHEHU(PIMHUX YMOB KOHKPETHUX KYJIbTypalbHHUX
PIIMH.

O6nacTb 3aCTOCYBaHHS LIEHTPUPYTYBAHHS

1. Buninennst 6ioMacu 3 KyJIbTypaldbHOI pITUHU (APDKIKI, OaKTepii, Tpuom).

2. BigauileHHS pBHUX [UIbOBUX MPOAYKTIB MIKPOOHOTO CHHTE3Y
(anTHO10THKH, (hepMEHTH, BITAMIHU TOIIIO).

3. [loain eMynbCii, 0 YTBOPIOIOTHCS TIPHU EKCTPaKItii [96].

Y crarti [97] omwmcaHo cmocid BiNAUICHHS KIITUHHOI OilomMacu 3
KyJIbTYpIbHOT PUIMHU JUIsI TOAAQIBIIMX CTaAli BUAUICHHS Ta OYHUILICHHS
IpOMIOHOBOI KUCIOTH. BinauieHHs: 6ioMacu NpoBOJSATh LUEHTPUPYTYBaHHSAM MIPU

12000 06/xB 3a kimHaTHOT Temmieparypu (25°C) mpotsirom 10 xB.
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Crnoci6 BinauteHHs1 6ioMacu JJIsl MOJATBIINX CTa/liil BUAUICHHS MPOMOHOBOT
KHUCIIOTH € MBUAKAM Ta pEKTUBHUM, TOMY OOUpaeMo IEHTpU(YTryBaHHS [IJIs
PO3AUIEHHS KYJIbTYPaJIbHOI PIIUHHU.

BuaineHHs mponmioHOBOI KUCJIOTH i3 CYyIIEPHATAHTY

JIns BUZIUIEHHS! IPOAYKTIB MIKDOOHOTO CHHTE3Y 3 HATUBHOTO PO3YHHY a00
O0loMacu B MPOMHUCIOBHUX yMOBax BHOIp METOJIIB OOMEKEHHUN 1 BU3HAYAETHCS
(GBUKO-XIMIYHAMH ~ BJIACTUBOCTSAMH IIUX MPOAYKTIB. Tak, 11 BUAUICHHS
MIPOMHCJIOBO IIIHHUX PEYOBHH BHUKOPHCTOBYIOTH C€KCTparyBaHHS, I0HOOOMIHHY
COpOIIif0, OCaIKEHHS NMPOAYKTY 3 HATHBHOTO PO3YHHY, COPOIFO 3 HATHBHOTO
PO3YMHY MaKpOTIOPUCTHUMH HEIOHOTEHHUMH COPOEHTaMH 1 eKCTPaKIIifo 3 6ioMacu
OpraHMHUM PO3YMHHUKOM [95].

OnHe 3 MPOBUIHMX MICIh B TEXHOJIOTIi BUAUICHHS O10JIOTTMHO aKTUBHUX
PEYOBHMH 3 HATHBHHUX PO3YHHIB 3aliMarOTh MPOIIECU eKCTparyBaHHs. PO3UnMHHUK,
pH cepenoBuia, cmiBBigHOIIEHHS (a3 ¥ IHIII yMOBHM MiIOMPalOTh Tak, MI00
KOHLIEHTPYBaTH IUIbOBUH MPOJYKT HE MEHIIE HDK Yy 2-5 pa3u, a TaKox
3a0€31MeYnTH BUCOKY BUOIPKOBICTH TIpoIieCcy. TaK, KO MPOIYKT, IO BUALIIETHCS,
€ KUCJIOTOIO, TO B KHCJIN BOMHINA (pa3i 3aMIIAIOTHCS MPAKTUYHO BC1 PEYOBHHM,
n00pe pPO3YMHHI Yy BOJI, OpTaHIYHI OCHOBH, a TaKOXX KHCJIOTH, CHJIBHINI, HDK
eKCTparoBaHa. SIKIIO BMICT HUTLOBOTO MPOJIYKTY B HATUBHOMY PO3UHHI 3a3BHYai
nocsrae 15...20%, To B eKcTpakTi BiH miiBUIILy€eTbCs 10 80...85%, ToOTO BHaeThCs
Binokpemutu Outbie 80% momimok. OQHAK CYTTEBUM HEIOJIKOM TaKOT'O METOIY
€ Te, 110 JOMIIIKH, SIKi MEPEUIIUTA B €KCTPAKT, K MpaBUiIo, OJU3bKI 32 XIMIYHOIO
CTPYKTYPOIO 10 IUTbOBOTO MPOJYKTY 11X BUAUIEHHSI MOXKe OyTH yckinagHeHe [95].

Meron ocamxerHs abo KpucTamizallii 3 HAITUBHUX PO3YHHIB 3aCTOCOBYETHCS
JUIS  BUIUICHHS pPEYOBHH, 3JIaTHUX YTBOPIOBATH 3 JCSIKUMHU pearcHTaMH
HEPO3YMHHI 3’ €qHAaHHA a00 KPHCTAT3yBaTUCS 3a IIEBHUX YMOB 3 BOJHOTO
cepenoBumia. OCHOBHUM YHHHUKOM, IO OOMEXKYE 3aCTOCYBaHHS MPOIECY
OCaPKCHHS OIOJIOTTYHO AKTUBHUX PEYOBHH 3 HATUBHOTO PO3YMHY, € HHU3bKa
KOHLIEHTpALlIsl LIMX PEYOBUH Y pO3unHax (3a3Buyail He Outbiie 1-2%). [Ipu npomy

3aJIMIIIKOBA KOHHGHTpaI_[iSI HiJIBOBOFO MNPOAYKTY B MATOYHOMY pOS‘-II/IHi HC IIOBUHHA
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nepepuinyBatu 0,1-0,2%, iHakie MOMITHO 3pOCTAalOTh BTpaTtu MPOAYKTy [95].
OpHak MeTOJ OCaXKEHHS 3HAWIIOB MPOMHUCIOBE 3aCTOCYBAaHHS Y BHUPOOHUIITBI
(dbepMEeHTIB 1 TETPAIMKIIHOBUX aHTHUOIOTHKIB, TOMY JUJISl BUJIUIEHHS MPOMIOHOBOI
KHUCJIOTU JIaHUM CTIOCIO HE MIXOIUTh.

ExcTparyBaHHs 1IbOBOTO MPOAYKTY OPraHIYHUM PO3YHMHHUKOM 3 OlOMacH
BUKOPUCTOBYIOTh Yy THX BHIIQJKaX, KOJH BIH HE PO3YHMHIETHCS Yy BOJHOMY
CepeIOBHIII 1 MICTUTHCS TOJJOBHUM YMHOM Yy TBepaid (pazi. [Ipoaykt ekcTparyroth
3 BOJIOTOI a00 BHUCYIIEHOI OioMacw, MIOWpArYu PO3YWHHHK, IO 3a0e3reduye
OTPUMAHHSA JIOCTaTHRO KOHIIGHTPOBAHOTO eKCTpakTy. [loTiM pO3YMHHUK
BUTIAPOBYIOTh 1 BUAUIIOTH IUIOBUM MPOIYKT 3 eKcTpakty [95]. Ockutbku
IPOMIOHOBA KUCJIOTA € €K30MEeTadO0JITOM, TOOTO BUAUISIETHCS Yy KYJIbTypallbHE
CepeloBUINA, TO METOJ EKCTparyBaHHs 3 OIOMacu TaKOXX HE MIIXOJUTh IS
BUJIUVICHHS TIPOTIOHOBOT KHUCJIOTH.

o0 10HOOOMIHHOT COPOITii, TO TaHUI CITOCIO 3a3BUYAM 3aCTOCOBYIOTh JIJIS
BUJIUICHHSI TPOJYKTIB OIOCHHTE3Y JIMILE 32 YMOBH YMMAaOi OOMIHHOT MICTKOCTI
copOeHTy 3a MUIbOBHM MpoaykroM (O0mm3pko 10 mMr-ekB Ha 1 r copOeHTy).
loHOOOMIHHY COPOIIIFO BUKOPUCTOBYIOTH JJISI BUIUIEHHS PEYOBHH, 1110 € JIOCTATHHO
CUJILHAMHM €JICKTPOJIITAaMH 1 THX, IO JIHUCOINIOIOTH Y BOJHOMY CEPEIOBHII 3
yTBOpEeHHsIM Oararo3apsannux ioHiB. [linGip copOeHTiB, yMOB copOIii 1 emrorii
3a0e3meuye BUCOKY CEJIEKTHBHICTH MPOLIECY 1 103BOJIIE€ KOHIIEHTPYBATH IIUTbOBHIA
npoaykT B 10 pa3iB 1 6ubiie. [oHOOOMIHHY COpOIIil0 3aCTOCOBYIOTh TAKOXK JJIsI
MOJAIBIIION0 OYMIINECHHA OIOJIOTIYHO aKTUBHUX PEYOBHUH, TMPOBOJSYM 32
JIOTIOMOTOI0  CTCIIATbHUX COPOEHTIB  JAeMIHepaIi3aIliio, HeHTpam3aiiro 1
o0e30apBieHHss po3uuHiB. [lepeBaru meroay 10HOOOMIHHOI COpOIii — MpocTOoTa
armapaTtypHoro o(OpMIIEHHS 1 BIICYTHICTh MOTPEOU B OPTAHIUHUX PO3UMHHUKAX,
HEJOJIKA — 3Ha4HA TPHUBAIICTH IPOIECY 1 HEOOXITHICTh pereHepariii CoOpOeHTIB
[95]. 3Baxaroum Ha 3a3HAuUEHI MepeBarv, METOJ I0HOOOMIHHOI copOmii €
JOUUIbHUM 11 BUAUIEHHS NPOMIOHOBOI KUCJIOTH 13 CYIIEpHATaHTY.

OTxe, HACTYITHUM €TarioM BUAUIEHHS MIPOMIOHOBOT KUCIIOTHU € MPOIYCKaHHS

CylepHaTaHTy 4Yepe3 I0HOOOMIHHI KOJIOHM [UJIi TPOBEACHHS  ancopOrii
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NPOMIOHOBOI KUCJOTH 3 10HOOOMIHHOT cMomH. [Ticist Hboro cMoy MpOMUBAIOTH
BOJI010, 1100 3MHUTH MTOOIYHI PEUOBUHMU.

AncopOiiis — 11e OpoIec NOTJIMHAHHS OJJHOT0 a00 JEKUTbKOX KOMITIOHEHTIB
LIUTbOBOIO NPOAYKTY 3 Ta30oBOi cyMmill abo pO3UHMHY TBEPAOID PEYOBHHOKO —
ancopoenToMm. [Iporiecu agcopOitii, sIK ¥ 1HII TPOIECH MacoTiepeaayi, BUOAruBl i
3a3BUYail 3BOPOTHI. 3aBISKH ILOMY CTa€ MOJKJIMBUM BHJIUICHHS TOTJIMHEHHX
PEUYOBHH 3 aJICOPOEHTY, TOOTO MTPOBEICHHS TIpoIiecy aecopOii [98].

Jlami 3aiCHIOIOTE AECOPOIIIF0 TPOIOHOBOT KUCIOTH 3 I0HOOOMIHHOT CMOJIH.

Tak, y mreparypi HaBeAeHO MeToj maecopOIii [93] 3 BUKOpHUCTaHHSIM
po3unHy 1 M rinpokcuay Hatpiro Ta 70% eTaHONy, BHECEHUX Y CIIBBIIHOIICHHI
40:60 BinmosigHO. IIpu 3acTOCyBaHHI aHUX PEYOBHUH B SIKOCTI €IIOEHTY €TaHOJI
MO>XKHa BUKOPHUCTOBYBAaTH IMOBTOPHO, IO € CYTTEBOIO IMEPEBArol0 MPOBEACHHS
TaKOro CIoco0y AecopOlil MPOIMIOHOBOT KUCTOTH. BHACTIIOK I[LOTO OTPUMYEMO
eJIl0aT, L0 MICTUTh CYMIII MPOMIOHOBOI KucioTh, 1 M rigpokcuiy Harpito,
€TUJIOBOT'O CIIUPTY Ta BOJIM.

JloouniieHHSI e1I0AaTy NPOMiOHOBOT KHCJI0TH

Omxe, mChs TPOBEACHHS JecopOIlii MPOIMOHOBOI KHCJIOTH Y PpPEaKTopi
MICTUTBCS TIPOITIOHOBA KUCJIOTA, TIIPOKCH]T HATPIFO, ETHJIOBHIA CITUPT Ta BOJA.

[Tpu necopOuii po3YMHOM 3 TIIPOKCHUAOM HATPIIO MOXKE YTBOPIOBATUCS
NPOIIOHAT HATPII0, TOMY Lieil MeTabOoJIT CIIi BITHOBUTH A0 MPOIMIOHOBOT KUCIOTH.
JIst BiTHOBJIEHHST TIPOTIIOHATY HATPIIO 10 MPOIMIOHOBOI KUCIIOTH Ta HEUTpasi3artii
TIIPOKCHUTY HATPIIO CJIifl BHECTH 1 M po34uH XJI0pUAHOT KUCTIOTH [99] y KUTBKOCTI,
eKBIBAICHTHIN KUTbKOCTI 1 M Tigpokcuay Harpito, KUl OyJ0 BUKOPUCTAHO TPHU
necopOrii UTboBOTO MPOAYKTY 13 cMom — 40% [93]. B pe3ynbrari HelTpanizartii
TIIPOKCUAY HATPil0 y CyMIN 3aJUIIMTHCS BOJA, HATPIFO XJOPHUA Ta BIACHE
MPOITIOHOBA KHUCJIOTA.

Cming Takox mpuOpard 3 OTPUMAHOI CYMIIN HATPIO XJIOPHUA IS
MOIAJIbIIOTO KOHLEHTPYBAHHS PO3UYHMHY MPOMIOHOBOT KHCIIOTH.

ToMy HOLUIBHUM € BUKOPUCTAHHS METOJly, 3a3HAYEHOTO B CTaTTi [94], 110

nepeadavyae MPOMYCKaHHS PO3YUHY 4Yepe3 10HOOOMIHHY CMOJIy TOJi(4-
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BIHUTMIPUANHY), Ha SIKi ancopOyeThcs mpomioHoBa kucjota. Cymim BOaU Ta
€TUJIOBOTO CIIUPTY 3MHUBAETHCS Ta HANPABJISAETHCS JIS1 pEreHEPYBaHHS €TAaHOJy Ta
fioro moBTOpHOTO BUKOpHUCTaHHS. Ilicms agcopOyBaHHS CMOJNY NPOMUBAIOTH
JICIOHI30BaHOI0 BOJIOK0 Ta TMPOBOJATH JecopOiriro aneroHoM. Ha Buxoi
OJIEPKYIOTh €ITF0aT, 10 MICTHTh MPOMIOHOBY KHUCIIOTY Ta alleTOH.
KoHueHTpyBaHHS
Ha macTynHiii cTamii moTpiOHO CKOHIIGHTPYBATH €IM0AT, IS IIbOTO MOYKHA
BHUKOPUCTOBYBAaTH TaKi METOJW: BHUITAPIOBAHHSA, MIKpOQUIbTpaIlisl, Iiaji3,
CIIEKTPO/Iiali3, 3BOPOTHUH ocmoc 1 ymbTpaduterpamis. s oOpaHHS METOIy
KOHIIEHTPYBaHHS PO3TIITHEMO TIepeBaru Ta HeIOJIIKHA ICHYFOUMX METOIIB.
Bunaproeanns — nipouiec yrBopeHHsl mapoBoi (azu, skl BiiOyBa€eTbCs B
ycii Macl pIIMHU i, TOJIOBHUM YMHOM, Ha MEXI MDK MapoBOI OyIbOAaIIKOo 1
pinuHOt0. BumaproBaHHS HacTae TpH TeMIEpaTypi KHITHHS, 3a SKOI THUCK
HAaCUMYEHOI Mapu PIIUMHU JIOPIBHIOE 30BHINIHbOMY TUCKY. [Ipoliec mapoyTBopeHHs
70 HACTAHHS MOMEHTY KHWITIHHS HAa3WBAaIOTh BHIIAPOBYBAaHHSM. BHmapioBaHHS €
TEIJIOBUM TIPOIECOM 1 HOTO BUKOPUCTOBYIOTH [IJIi 3HEBOJHEHHS PO3UMHIB,
CYCIIEH31d 3 METOI KOHIIeHTparii TBepAoi ¢a3m abo pPO3UYMHEHOI PEYOBHHH.
[lponiec BumaproBaHHS TPOBOASATH y BUMAPHUX amapaTax Pi3HOI KOHCTPYKILi.
Bunapni anapamu xnacugikyloTh 3a HACTYITHUMH O3HaKamu [95]:
» TIepiOAMYHICTb JIil;
» TUII TEIJIOHOCIS;
» MeToJ 00IrpiBYy;
» pO3TallyBaHHA 1 BUAY MOBEPXHI TEIIOOOMIHY (KOMITOHYBaHHSI W
KOHCTPYKIIiSl HTOBEPXH1 HarpiBaHH: );
» pO3TallyBaHHS POOOYOTr0 CEPEIOBHUIINA;
» pEXKUMY Ta KPATHOCTI HUPKYJIALI PO3UHHY.
[{1b0B1 MPOAYKTH MIKPOOHOTO CHUHTE3Y B OCHOBHOMY TEpMOJAOUIbHI Ta
JESKOK MIPOI0 MOXXYTh IHAaKTUBYBaTHCh Ipu Temmneparypax Buie 50...80 °C
npotsirom 5...15 xB. Tomy mnpoliecu BUMApIOBaHHS IMOBUHHI BIIOyBaTucs 3a

pexumiB, 1O 3a0e3MeuyroTh MIHIMAIbHI BTPAaTH LUILOBUX MPOJYKTIB BiA
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TEPMIYHOI IHaKTUBAL. J[JI51 KOKHOTO MPOAYKTY OI0CHHTE3Y, II0 KOHUIEHTPYETHCS,
yac mniepeOyBaHHS Yy BUIIAPHOMY amapary 3a BIINOBIIHOI TeMmIepaTypH
BU3HAYAETHCS JOCTITHUM HUiixoM. Ha mimcTaBl JOCHIIHUX AaHUX BUOUPAETHCA
BIINOBIIHA KOHCTPYKIiS BUMIAPHOTO amapary, o 3a0e3redyye ONTUMAIbHUN Yac
nepeOyBaHHS CEpEAOBUIIA B amapari NpU 33JaHii NPOAYKTUBHOCTI TpHU
MIHIMAIbHUX BUTpPaTax CHEPTii.

[Tpu BumaproBaHH1 sy KOHKPETHUX CEPEIOBHUII IPUHMAIOTHCS PUOIHM3HI
MaKCUMaJIbHI TeMIEpaTypu iXHbOTO HarpiBaHHsg. Tak, JJIs PO3YMHIB KHUCIIOT 0€3
BYTJICBO/IIB ONITUMAJILHOIO TemIieparypoto BumnapioBadss € 70...80 °C.

Ha puc. 3.1 mpencraBieHa cxema poOOOTH TOHKOIUTIBKOBOTO BaKyyM-

BUIIAPHOTO anapary 13 BUCXIIHOIO IUTBKOO [95].
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Puc. 3.1. Cxema TOHKOILTIBKOBOTO BaKyyM-BUIIapHOTO amapary [95].
CydyacHUM  HampsMOM  BHUKOPUCTaHHS  BHUIAPHUX  amapaTiB  JJId
KOHIIEHTPpYBaHHS po3urHiB BAP € BUKOpHCTaHHS pOTOPHO-IUTIBKOBOTO BUMIAPHUKA
(PIIB). PoTopHO-IUIIBKOBUI BHUIIAPHUK MOE MPAIIOBATH y MIKPOOIOIOTIYHINA

IPOMUCIIOBOCTI JJii BUpoOHMUTBA KOHuEHTpariB BAP. Ilpouec BigOyBaeThes
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3HAYHO IIBUAILIE, HDK B «TPAAUIIMHMX» BUIMAPHUKAX, 3 MEHIIUMHU
CHEPrOBUTpaTaMU Ta OUIbIIMM KOe(IilieHTOM BHUXOIy. €MHOCTI POTOPHO-

IUTIBKOBOT'O BUMAPHUKA BUTOTOBJISIFOTHCS HEP>KABIFOUOI CTaJIL.

Ha sunapoBanma
——

== Tpilova napa
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Puc. 3.2. Cxema poOOTH pOTOPHO-ILTIBKOBOTO BUNIapHUKA [95].

Jlng BigoKpeMIIeHHsl APIOHIIMX YaCTUHOK (AlaMeTpoM 2...5 MKM), a TaKOX
Il PO3JIUIGHHS PO3YMHIB BUKOPHUCTOBYIOTH MeMOpaHHI crmocoOu. Jlo Hux
HaJIeXKaTh MiKpoginempayia, Oiani3, enekmpooiani3, 360POMHUL  OCMOC 1
yvaempaginempayisi. OcCOONMMBICTIO BCIX IIMX METOJIB € 3aCTOCYBaHHS
HamBOPOHUKHMX MeMOpaH. IlepeBarm MeMOpaHHMX METOMIB PO3AUICHHS
OIOJIOTTYHUX CYCMEH3I 1 PO3YMHIB HACTYIMHI: BIICYTHICTh TEMIIEpaTypHHUX,
MEXaHIYHUX 1 XIMIYHMX [ Ha TPOAYKT, IO IMepepoOOSIEThCI; IPOCTOTA
armaparypHoro  oQopmiieHHs, BIICYTHICTb  PYXOMHX  JI€Talieil; HHM3bKa
CHEPTOEMHICTh TPOIIECY; MOKJIMBICTh 3a0€3MEUCHHS] TEPMETHYHOCTI 1 aCENTUKH
po1eCy.

['ooBHUM poOOYMM OpraHoM yabTpapuUIbTPAUIMHUX YCTAaHOBOK €
MeMOpaHH, OCHOBHI BHUMOTH JO SKUX HACTYIHI: BHCOKa TPOHUKHICTH 1
CEJIEKTUBHICTh; JICIICBU3HA; aHTUMIKpOOHA 1 TEMIoBa CTIMKICTh; BIACYTHICTb
bBUYHOT amcopOIlii OUTKOBMX MOJIEKYJ Ha MeMOpaHi, BICYTHICTh IHAKTUBYIOYO1
nii MeMOpaHu Ha epMEHTHUI KOMIUIEKC; TTOCTIMHICTh CBOIX XapaKTEPUCTHK [95].

Onnak Taki MeMOpaHHI CIIOCOOM OYMINCHHS Ta KOHIICHTPYBAaHHSI €
JOPOTOBAPTICHUMHU, aJ1KE MOTPEOYIOTh 3alTy4eHHsI 3HAYHOT KUTbKOCTI pecypcCiB s

peanizailii mporecy.
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HaifmpocTimmM Ta onTUMaTbHAM CTIOCOOOM KOHIIGHTPYBAHHS OUYMILECHOTO
CyMepHATaHTy KyJbTypajdbHOI PIAUHHU IS OTPUMAaHHS IMPOIIOHOBOI KHUCJIOTH €
BaKyyM-BUITapPIOBAHHS.

[IponioHoBa KHcIOTa Mae MOJEKYIIpHY macy 74,08 r / MOJIb 1 TYCTUHY
0,992 r/mn. IIpomioHoBa KucIOTA - 1€ ciadka kuciota, pKa skoi nmopisaioe 4,88.
Temneparypa 3amep3aHHs Ta KUIIHHA NP OMIOHOBOI KUCIOTH CTaHOBIATH -20,5 °C
ta +141,1 °C BigmoBigao [100]. ToMy mpomioHOBa KHCJIOTa BUTPUMYE TaKWAU
TEMITepaTypHUN PEXUM BUTIaptoBaHHA. OCKUIbKH MMICTISA (PUIBTPYBAHHS OTPUMYEMO
OYMINCHUA PO3YMH TMPOIMOHOBOI KHCIIOTH, CIIOCI0O BaKyyM-BHUITAPIOBAHHS
JO3BOJIUTH MIBUAKO BUAAIUTH 3alBY BOJIOTY, CKOHIICHTPYBABIIM MPOIYKT 10
HEOOX1THOT KOHLEHTpali 0€3 HEraTMBHOTO BIUIMBY Ha MOJIEKYJY IPOMIOHOBOI
KHUCJIOTH.

3a temmeparypu 80°C y mpolieci BUIAproBaHHs BinOyayThCs MiHIMaIbHi
BTpPaTH IUTLOBO1 OPTAaHIYHOT KHUCJOTH, BOJHOYAC MOYXHA JOCSITTH HEOOXITHOI
KOHIICHTpAIIil BOJIOTH 32 KOPOTKHUI Yac BUITAPIOBAHHS.

KonnentpyBanHs BifOyBaeThCs 0 KIHIICBOT KOHIIEHTpaIli Bojoru 16%.

Omxe, BUIUICHHS MPOTIOHOBOT KUCIIOTH TiependadaTiMe MPOBEACHHS TaKUX
OCHOBHUX CTaJIi:

1) BignuteHHss KIiTHHHOT OioMacH;
2) loHooOMiHHA copOIIis;
3) JoouuileHHs eloaTy NpOonioHOBOI KUCIIOTH;

4) KonHueHTpyBaHHs
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PO3 LT 4. IIABIP TEXHOJIOT'TYHOI'O OBJIA/ITHAHHA 3
BPAXYBAHHSM MATEPIAJIBHUX IIOTOKIB IO CTAAISIX
OTPUMAHHS IMPOMNIOHOBOI KUCJIOTU

Jam 3po0uMo po3paxyHOK 3 PO3IMOJUIOM BTpaT MO CTAAIAX Ta MiIOOpPOM
HEOOXITHOTO 00JIaIHAHHS ISl BUJUICHHS Ta OYHUIICHHS MPOIIOHOBOI KHUCJIOTH 3
OTPHMAaHHSM KOHIICHTPATY.

Buximmi gant:

e 00’eM KylbTypaJIbHOI piiMHH 3 oAHIel GepMenTanii - V,, = 3000 1;

e koHUeHTpauist npornioHoBoi kuciaotu y KP C . = 125 /i,

e koHreHrtpaiist 6iomacu y KP Cg, = 4,1 r/n— ACbH

® BTpATH Ha CTAIIX BUAUICHHS IUTbOBOTO MPOIYKTY CKIamaroTh 15%:

® [OYaTKOBA KUIBKICTh IUIbOBOTO MPOAYKTY, sika moctymae 3 KP
ckiagae 3000 nx125 r/n=375 kr. BpaxoByrouum 15% BTpar, 1o
BUHHUKATUMYTh Ha eramax gecopOuii cymimmmo 1 M NaOH ta 70%
€TaHOJy, aAcopOIli TPOMIOHOBOT KHCJIOTU Ta KOHIIGHTPYBAHHS,
KIHIIEBa KUTBKICTh IIUTbOBOTO MPOAYKTY, 110 OMPUMYEM bCA 3 OOHIET
epmenmauii, mae ctanosutu 441,1 kr.

Po3noain BTpar mo craaifax Ta maodip HEOOXITHOTO 00JIaTHAHHS HABEACHO Y

Tabym 4. 1.
HYXT BTEK 02.02.16 KP 113
3mu. jJIuct | Ne noxym. [Minmic | Jara
Po3pob. Cemvonosa I'.B. PO3/ILI 4. [in6ip TEXHOIOrTHOrO Jlir. Apx. | Apkymis
Ilepesip. Cmaposoiimosa C.O. 00JIaIHAHHS 3 BPaXyBaHHIM | | 12 S
Peyens. : : :
MaTEpIAJIbHUX MOTOKIB II0 CTaAIIX
1. Konmp. OTPYMaHHS MPOIIOHOBOT KHUCJIOTH Kagenpa BTM
3ameepo. Cmabnixos B.I1.




Tabnuys 4.1

Iin0ip TexHOJ0TIiYHOTO 00J1aTHAHHSA 3 BPaXyBAHHSAM MaTepiaJibHUX MOTOKIB MO CTAaHIfAX

Ne | Ha3pa cranuii (omepauii) | MaTepiajbHi IOTOKH KinbkicTh 1o cTamisix HeoOxigHe o01aqHaHHS
n/n Ha cTajuil Haniiinuio Brparu, Buiinuio
(Pazom
15%)
1 2 3 4 5 6 7
Bigniienus KJIiTHHHOI 0ioMacH
1 LentpudyryBanus KynbsTypansHa 3000 n - 3000 n 361paUK 00’ emom 3900 n
KYJIbTypaJIbHOT PIIUHU piivHa
biomaca 12,3 kr (3%4,1)- Lentpudyra
ACB, 3
ypaxyBaHHSIM 123 kr
90% BomorocTi
123 kr
CynepHaTtant 2877 n - 2877 n -
(3000-123) (mepenaeTbcs HA

10HOOOMIHHY KOJIOHKY)

TonooOmiHHa copOwist
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IIpooosorcenns maon. 4.1

HecopOuiis cyminmno 1
M NaOH ra etanomny

CyniepHaranT

2877 n

loHOOOMIHHA KOJIOHKA

Cwmoua

287, 7 n
(2877 n/10)
10 - HIBUAOKICTE
MIPOXOI>KEHHS
KYJIbTypaJIbHOI
PITMHU KPI3b
CMOJTy, 32 2 TOJ1

Emroent

1726,2
(287,7 1 X 3 nX
2 1oj)

MIBUIKICTD
necopOrii 3 1
EJIFOCHTY Ha 1 11
cmoimu3a l ron,
gac aecopOmii 2
roJ

361pauK 2000 1

Emroar

2877 n

143,8 1
(5%)

2733,2 1

(mepenaeThes oapasy Ha
BITHOBJIEHHS
MIPOITIOHATY)

JloouMIeHHSI €JII0AaTy MPOMiOHOBOI KHCJIOTH
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IIpooosorcenns maon. 4.1

Binnosnenns npomnionaty | Emoar 27332 n - - -
HATPIO 10 MPOIIOHOBOT (Ha BITHOBJICHHS )
KHCJIOTH 1 M po3uun 1 093,3 n - - 361pHuk 1200 i
XJIOPUHOT KUCIIOTH (2 733,2%
40/100)
Cymimn gyt agcopOril - - 3826,5 1 361paUK 4000 1
MPOIIOHOBOT KUCIIOTH (2 733,2+1 093,3)
Ancop6ris mpomionoBoi | Cymimr a1t aacopOi 3826,5 1 - - loHOOOMIHHA KOJTOHKA
KHCJIOTU MPOMIOHOBOT KUCIIOTU
Cmona 425,1 i - - -
(3826,51/ (37
X 3 ron))
MIBUIKICTD
amcopOrrii Ta
necopOmii 3 1
eJIFOCHTY Ha 1 11
cmonmu3a l ron,
gac necopOii 3
roj
AnieToH 12753 1 - - 361pauK 1400 1
(425,1 x 3)
Emoar 1093,3 n 54,6 n 1038,7 n 361pauK 1200 1
(5%)
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Bakinuenns maon. 4.1

OTpuMaHHS MOPOLIKY IPOIIOHOBOI KUCJIOTH

KonuentpyBanus

Emoar 1 038,7 n - - Bakyym-Bunapsa
YCTaHOBKA

[Topomoxk 419,1xr 22 xr 441,1 xr 361pHuK 00’ emom 500 11

MIPOITIOHOBOT KUCIIOTH (5%)
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PO3LJ 5. CIIEHHU®IKALISA OBJIAAHAHHA

VYV tabmuui 5.1 HaBeneHo crenU@IKalllo TEXHOJOTTMHOTO O00IaJHaHHS,

300pakE€HOTO Ha anaparypHIi cxeMl y Tpa(aHiii YaCTHUHI IPOEKTY.

Tabnuys 5.1.
Crnenugikanis TiTTHKYA BUIIJICHHS Ta 0OYMIICHHS POMIOHOBOI KHCJI0TH
Io3unis HaiimeHyBaHHA KinbkicTn TexHiYHa XapaKTepUCTHKA
1 2 3 4
Peaxrop Pfaudler-Balfour, monens XL-750
3115. PoGounii 06'em 3410 1 1 3aranbHU
3-1 36ipHuK 3,9 M° 1 06'em 3900 11.
Posmipu 1830 MM x 1180 mm.
Kommanist: «Perry Videx» (CILA) [101]
H-2
H-4
H-7
H-9 Baratoctyninuatuii Hacoc Packo Tumy
H-12 Hacoc 10 FMS B BHCOKOSKICHOT cTall.
H-14 [MpoaykruBHIicTE 60 M*/TOI.
H-16 Kowmmanis: «Dalgakiran» (Ykpaina) [102]
H-18
H-20
H-26
Hentpudyra ¢usrpyroua mapku 1/2DITI-
401K-04. IIpoaykrusHicts 300-500
-3 HenTpudyra 1 Kr/ron. MakcuMaibHa 4acToTa 00epTaHHs
1600 00/xB.
Kowmmanis: «CHIIO» (Ykpaina) [103]
s KormoBuit Barosuit nozarop B/I-1.
0O06’eM Oynkepa 60-240 n1. Jlianmazon
A-10 Hosarop 3 ,Z[(})];{yBE?HHﬂ 20-2000%.
ol Kommnanist: «PackTechy (Ykpaina) [104]
Peaktop-36ipHuK 2 M.
HIBuAKICTh TEepeMilllyBaHHS MilAJIKA 15
00/xB. Matepias: HepxkaBiro4ya ctaib 316.
3-6 36ipHuK 2 M 1 3oBHinH giamerp 1300 MM, 3aranbHa
Bucora 3700 mm.
Kommnanis: «Machineryline» (Ykpaina)
[105]
Ior0OOMIHHA KOJIOHA 31 CMOJIOKO,
IK-8 . npoaykruBHICTE S00 n/roquny.
IK-17 loro0bMiKa KoxOHA 2 KOMngHiﬁ}:]IifWenzhou Aowei Mac}l;inery
Co., Ltd» (Kurait) [106]
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Sakinuenns maon. 5.1

36ipauk 1,2 M

Peakrop 06’emom 1200 1. Matepiain —
ctanb AISI 316 L; ¢ropomnact (tedmon).
OO0naHaHUM SKIPHOIO MITIAJIKOIO,
HIIBUJIKICTh TepeMilryBaHHs 25-60 06/xB.
Hosxuna 1650 mm, mmpuna 1500 mwm,
Bucora 2930 mMm.

Kowmmanis: «[Ipomsiry (Ykpaina) [107]

3-13

36ipunk 4 M

Peaxtop 06’emoM 4 M°. Marepian —
HepxkaBiro4a craib. OOmagHaHUN PaMHOIO
Mimankor (60 00/XB) Ta MapoBOIO
COPOYKOIO.

Kommnanis: «HepBonuii JKoBTeHb»
(Ykpaina) [108]

BBV-21

Bakyym-BunapHa
YCTaHOBKa

Bakyym-Bumnapna ycranoBka. [IoTyxHICTh
116,5 xBr. [MpoxykrusHicTs 60 M>/106y.
I"abaputu 13000x5000x16000 mm.
Kommnanis: «PROM-NASOS» (Ykpaina)
[109]

3-22

36ipauK 500 i

Peaxrop 500 nirpiB. OcHOBHI po3mipu
1060x1679 mm. Marepian Hep)kaBiroua
xapyoBa ctanb AISI 304. I1IBuakicTh
nepemiilyBaHHs 24 06/xs.
Kommnanis: «Wise Master/Energy Saving
Soluions» (Ykpaina) [110]

3-25

36ipHHK 3,2 M°

Peaxrop 3 HepxkaBitouoi craii 316 06'emom
3200 nirpiB. 3oBHIIHIM miamerp 1390 MM,
Bucota 1760 mm. O6nanHanuit
MEPEMIIITYIOUUM TTPHUCTPOEM.
Kowmmanis: «COMQUIMA EUROPE»
(Icmmanis) [111]

AJl-27

ABTOMaTHYHUN
103aTop

ABTOMaTUYHHUH J103aTOP-YKYIOPIIMK
pinun Scaldopack Smartfiller.
[TpoyKTUBHICTH HAIIOBHEHHS Ta
ykynopku 10 oIuHHIE Tapu/XB, Aiana3oH
no3yBaHHs 25-6000 vt O6'em
HaKonmu4yBajbHOTO OyHKepa 50 1.
Kowmmanis: «KO3AK+» (Ykpaina) [112]
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PO3/IL1 6. OITUC TEXHOJOTITYHOI CXEMHU

TexHonormMHa cxeMa BUAUICHHS Ta OYMIICHHS IPOMIOHOBOI KUCJIOTH MICJIS
KyJIbTUBYBaHHSl Propionibacterium acidipropionici CGMCC 1.2232 nepenbauae
HIATOTOBKY KYJIbTYPAJIbHOI PIAMHM Ta CTajll BUJUICHHS 1 OUMILEHHS LUIbOBOTO
OPOAYKTY.

JP 1. Ilpuzomysanns 00nomincHux po3uuHie

I[P 1.1. IIpucomysannus pozuuny 1 M NaOH ma emanony

Y 306ipauk 3-6 3a gomomMoror go3atopa JI-5 momarore 28,8 KT
KPHUCTANIYHOTO TIIPOKCHUIY HATpiro 31 ckiany. [lomarots 720 i Boam mutHOT. Jls
MOBHOTO PO3YMHEHHS TIAPOKCHUIY HATPII0 BMHUKAIOTH MEPEMIITYIOUUNA TPUCTPIN
npu WBUAKOCTI 00epTiB 50 00/XB. 3a JONOMOTOK 00’ €MHO-BAaroBOro J103aTropa
nonarotb 1080 1 70% eraHoiry 31 CKJIaay, BMUKAIOTh MEPEMINIYIOUUNA MPUCTPIM.
OTpuMaHuii po34uH noaarTh 10 1771 4.1.

JIP 1.2. I[Ipucomyeanna 1 M HCI

VY 36ipauk 3-11 3a momomororo mo3aropa /[-10 momarots 40,15 xr HCI 31
cknany. Ilogatore 1100 1 Boau muTHOi. JIJisi TOBHOTO PO3YHMHEHHS BMHUKAIOTh
MEPEMIITYFOYUN MPUCTPIA Mpu MBUAKOCTI 00epTiB 50 00/xB. OTpUMaHHA pO3YHH
nonaroTh 0o 111 5.1.

TII 2. Iliozomoeka KynemypaibHoi pioutu

TII 2.1. 36epicanns Ky1omypaibHoi piouHu

Kynbrypaneny piguny 30epiraioth y 30ipHMKY 3-1 npu  KIMHaATHIA
temreparypi 25+1°C, mepioJMuHO BMHKAIOTH MEPEMINIYIOYMIA HPUCTPIA MpH
mBUAK0CTI 00epTiB 50 00/xB. KynbTypanbHy pinuHy O0ararocTymiH4aTUM HACOCOM
H-2 npoxyktuBHicTIO 60 M’/rof MOJA0Th 10 neHTpudyru LI-3.

TII 3. Biooinenns diomacu

TII 3.1. llenmpudghyeysanus KyiomypanibHoi piounu

Kynerypansny pinuny (Bin 771 2.1)3a nonomororo Hacoca H-2 nmogatots 10
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nearpudyru 1-3. llentpudyryBanns npoBoaste mpu 12000 o6/xB 3a
kiMHaTrHOT Temneparypu (25 °C) npotsrom 10 xB. CynepHaTaHT HalpaBJAOTh JI0
cramii 711 4.1.

TII 4. Ionooominna copouyisn

TII 4.1. Jlecopoyis cymiwuro 1 M NaOH ma emanony

B ionooOMminny kosony IK-8 BHocats 287,7 1 myxuoi cmomu ZGA330 [93].
2877 n cynepHaranTty Bin neHtpudyru 1{-3 3a momomoror 6aratocTymiH4aTOTO
Hacoca H-4 (Bix 777 3.1) monaroth Ha ioHOOOMiHHY KoJI0HY IK-8 31 mmBuakictio 10
J pO3YMHY Ha | JITp CMOJM, TPUBATICTh Npoliecy 2 roauan. 1 726,2 1 earoeHTy
(pozunn 1 M ringpokcuny Harpito Ta 70% eraHony y cmiBBigHOIIeHHI 40:60)
nojaaerbcs OararoctymniHuatuM HacocoM H-7 3130ipHuka 3-6 Bin /[P 1.1.

[IponymieHuit kpi3b cMOJy po3uuH Bin KoioHKH IK-8 momaeTscs Hacocom
H-9 y 36ipHuK 3-13 06’eMoM 4 M° 10 cTafil BITHOBICHHS MPOIOHATY HATPIO 0
MPOIMIOHOBOT KUCTIOTH. 70% €TaHOJ HAJAXOIUTh Ha pereHepyBaHHs 10 30IpHHUKA 3-
23 st TOBTOPHOTO MOTO BUKOPUCTAHHS.

TII 5. /loouuwennsa enroamy nponiono6oi Kuciomu

TII 5.1. Bionoenenwns nponionamy Hampiro 00 NPONioHOB0I KUCIOMU

Jo 306ipamka 3-13 3 emoarom Bim T/ 4.1 3a J0IOMOIOIO
OararoctyniHuatoro Hacoca H-12 momatots 1093,3 1 1 M po3uuny XJIOpHUIHOT
Kkuciaotu 31 30ipHuka 3-11 Big JP 2.1. BMUKaOTh HepeMillyrounii mpucTpii ta
nepeMinrytoTh npotaroM 10 XB npu mBUAKOCTI 00epTIB 60 00/XB.

Otpumana cymim 31 30ipHuka 3-13 OararoctymiHuatuM Hacocom H-14
MOJIAETHCSI HA CTAII0 aJCcopOIIil MpomoHoBOi kuciaotu 1o 177 5.2.

TII 5.2. Aocopbyis nponioHogoi Kuciomu

B ionooOminny xomnony IK-17 Buocate 425,1 1 cmomm momi(4-
BiHUTMpuaAnHY) DOWEX G-26 [94]. Cymim gy aacopO1ii mpomioHOBOT KUCTIOTH
31 30ipHuKa 3-13 GararoctymiHuatiM HacocoM H-14 nagxomuts Bim 771 5.1 Ha
ionHooOMmiHHy kosioHy IK-17. Ilicms amcopOyBaHHS TpPOBOIATH JAeCOPOIIi0
alleTOHOM. AIIETOH JIsl AecOopOLIii MPOMOHOBOI KUCJIOTH MOIal0Th Ha KoJioHy IK -

17 Bin 301pHUKa 3-15 Hacocom H-16.
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[pomec ancopOii Ta gecopOIlii MPOXOIUTH 31 MBUIAKICTIO 3 J1 po3unHY Ha 1
J cMOJIY 3a | ToJ, TPUBATICTh MPOLIECY CTAHOBUTH 3 TOJAUHH.

OTpumaHuii Ha BUXOJ1 €JIH0aT, 10 CKJIAJA€ThCS 3 alleTOHY Ta IPOMIOHOBOT
KHCJIOTH, OararocTymiHuyatuM HacocoM H-18 Haaxomuth no 30ipHuKa 3-19, ne
30epiraeTbCst 10 CTa/lii KOHIICHTPYBAHHS.

TII 6. Ompumanua nopowKy nponionoeoi Kuciomu

TII 6.1. Konyenmpyesanms

Emoar Bing 71/ 4.2 3a gomomMoror OaratocTymiH4atoro Hacoca H-20
MOCTyINa€ Ha BaKyyM-BUIapHy ycTaHOBKY BBY-21. BumaproBanus BinOyBa€TbCs
npotsirom 1 rox 3a temneparypu 80 °C no koHueHrtpauii Bosioru 16 % Bin
M04YaTKoBOTO 00’ eMy. [IopoIIOK MPOMOHOBOT KUCJIOTH BPYYHY BUBAHTAXKYETHC ST Y
MIKaTHY €MHICTb Ta BpY4YHY NEPEHOCHUTHCS 10 301pHUKa 3-22 06’ emom 500 .

TII 7. Ompumanus 0e3in@ikyrouozo 3acooy

TII 7.1. IIpuecomyeamms 0e3iHhikyou0eo po3uuHy

o 36ipauka 3-25 moxarote 700 1 Boau ouwnieHoi. [loTiM 3a qomomMoroxo
BaroBoro go3aropa J[-24 3BaxyrTh Ta mojarTh 382,2 Kr HaTpiro OeH3oary, 352,8
KI' mpornuieHriikoito, 441,1 xr npomioHOBOi Kuciaotu 31 30ipHuka 3-22 (Bin 711
6.1) Ta 44,1 xr apomaruzaropa. Bci KOMIOHEHTHM NOJAaIOTh JO30BaHO IIPH
nepemiiryBadHi B pexumi 50-100 o6/xB. [l mokpaieHHs pO3YUHEHHS
NPOMUICHIJIIKOIO 10 COPOYKHU pPEeaKTopa MOJAar0Th Hapy, TeMiieparypa pO3uuHy
ckmagae 30-35°C. OpienroBHO uepe3 1 roauHy Imicias IOCSTHEHHS IOBHOI
PO3YHMHHOCTI BCIX KOMIIOHEHTIB JIe31H(IKYIOUYNI pO3YHH 3a IOTIOMOTO0 Hacocy H-
26 moaar0Th Ha HACTYIHUM etan dacyBanus 111 7.2.

TII 7.2. ®acysanns de3ingixyrowoeo 3acody

31 ckiagy OTpUMYIOTH (JIaKOHHM Ta MOMIIOBI go3aropu. Bim TI1 7.1.
OJIEPKYIOThb NPUTOTOBAHUM Je31H(IKYounii po3unH. HamoBHEHHS (uakoHIB
3MIMCHIOIOTh HAa aBTOMAaruyHoMy pgo3aropt Ad-27 3 mnpoaykrtuBHICTIO 10
¢nakonB/xB. Ilicis 1bOro BpydHy 3IICHIOIOTH MapKyBaHHS MPOAYKLII,
NaKyBaHHsI Y BTOPUHHY YMAaKOBKY Ta I'PYINOBY Tapy. '0ToBa NMpoyKIlis MOCTyMHae

Ha CKJIa/.
81



PO3/ILJ1 7. KOHTPOJIb BUPOBHULITBA CYBCTAHLI AJ151 J13

1) Omme. bumii xpuctamuHuid ad0 TpaHyJIbOBaHUI MOPOLIOK 3 PIBKO
BIIUYTHUM CHEU(PIMHUM 3amaxom, 100pe po3unHHuid y BoAl [113].

2) Inentudikania. [Ipodomigroroka: 15 r mocmmxkyBaHoi cyOcTaHIil
po3BoaATh Yy 100 MIJI BOAM OUYHUIIEHOT, TIEPEMINITYIOTH JJO TOBHOTO PO3YHWHEHHS.

[Ipo6y 10 mn GuUILTPYIOTH Ta MPOBOMAATH 1MEHTU(DIKAIFO METOJI0M
BucokoeekTrBHOI  pigmHHOiI  Xxpomarorpadii (BEPX). VYV  Busnauensi
BHUKOPHUCTOBYIOTh perynboBanuii yabTpadioneroBuii (TUV) nerekrop. s
MPUTOTYBAaHHS CTaHAAPTHOTO PO3YHMHY peTenbHO BinMipsiore 10,07 Mk
CTaHIApTHOTO MaTepiary MpomioHOBOI KucaoTH (mubHICTH 0,993 r/mn npu 25 °C;
yuctota 99,5%), po3umHstoTe B 1 Mia BoaM ayisg npurotyBaHHa 10 mr/mi
OCHOBHOTO po34uHy. IlicTe poOOUMX CTaHAAPTHUX PO3ZUMHIB TOTYIOTh CEPITHUM
PO3BEIEHHIM 13 BUXIIHOTO PO3YMHY 3 KIHIIEBUMHM KOHILEHTpauisiMu 10 MKr/mu,
100 mir/mi, 200 mir/min, 500 mxr/mio, 1000 mxr/ma ta 2000 Mxr/muin. AHams
npoBosiTh Ha Waters Acquity Ultra Performance LC, ocHamienoro nucrnerdepom
Oiapaux po3uuHHUKIB 1 TUV perekropom (Waters, Milford, MA, USA).
CrarionapHoto ¢a3zoro Buctynae kojgonka Acquity UPLC BEH C18 (tBepaa daza
I BU3HAUCHHS  MPOIMOHOBOI  KHUCJIOTH—  BHCOKOMITHUH  CHJIKAresib
3amaTeHTOBaHOTO ckiany), 1,7 Mxm, 2,1 mm % 50 mm (Waters). Pyxoma daza mms
BU3HAUEHHS MPOMIOHOBOI KHCJIOTH SBJIAE c000r0 cymim 15 MM BoaHOro
docharnoro Oydpepa pH 2,1 1 aneronmrpwiry. EmoroBaHHS NOpOBOASATH
arieroHitpwioM (5%) mpotsirom 5 xBwimH. [IBUAKICTH MOTOKY CTaHOBUTH 0,2
MJI/XB, 00’€M IHXKEKIIli Ta JTOBXKWHA XBWII JETEKTyBaHHA — 2 MKI Ta 210 HM
BIIMIOBITHO, Temneparypa kojgoHku — 40 £ 5 °C [114].

3) pH (A®Y 2.2.3). pH nocmimkyBaHOTO 3pa3ka BH3HAYAIOTh
noTeHmioMerpudHo 3a Temmeparypu 20-25 °C. 3nadenns pH mae ctaHOBUTH HE

6imbue 3,9 [115].
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4) KonueHTpamiss mpomioHoBoi KucJa0TH. KOHIIGHTpaIlfo MpOmoHOBO1
kucaoty Bu3Hadaoth MeTo1oM BEPX (JASCO, Tokio, SInowis) Ha xpomarorpadi,
ocHamieHuMm nerekropom RI (ERC, Kaaryui, fnoHist) Ta IHTENEKTyalbHUM
aBrocamriuiepoM JASCO [55].

Herexktop mnokasHuka 3amomiienHs (RI), skuii TakoX Ha3UBAIOThH
nudepeHIliaIbHUM  pePpakTOMETPOM, BHUMIPIOE TMOKAa3HUK 3aJOMJICHHS, KOJH
CBITJIO TIPOXOJIUTH YePe3 KOMIPKY, III0 MICTUThH aHAMIT, Y MOPIBHIHHI 3 €TAJIOHHOIO
KOMIPKOTO, SIKa MICTUTh JIMIIIe PO3YUHHUK [116].

JletekTop mokazHWKa 3ajgomiieHHS RI  MicTuTe onTHuHY cuHcTEMY,
BCTAQHOBJIEHY B KOPIYCl 3 TOUHHMM PEryJIOBaHHSIM TEMIIEpaTypH, MO0 yCYHYTH
BILIMB 3MIH TEMIIEPATypU HABKOJMIIHLOTO cepeaoBuiia [55].

Po3auieHHsT crojayk OpoBOASATh Ha XpomarorpadiuHid KOJOHLI Aminex
HPX-87H, 3’ennaniii 13 3axucHO0 KojioHkOw (Biorad, Prmonn, KamidopHhis,
CIIA).

Pyxoma ¢daza - 5 wmM  H,SO,. Hepyxoma  daza -
TOJTIC TP OJTUBIHIIOCH30JIbHA CMOJIA.

TeMrepaTrypy KOJIOHKH MATPUMYIOTHR Ha piBHI 55°C 3a A0mOMOTORO
xpomarorpadigaoi medi (Shimadzu, Toxio, Amownist). 3pa3ku 3 OiopeakTopa
P030aBJISLITN BOJOIO0 BUCOKOOYHINEHOTO 1 MTKUCITIOBAIM CipYaHOi0 KUCI0TO 0 20%
(20 mx/mMn 3paszka), mMoTiM (PUILTPYIOTH uepe3 nojinpornuieHoBuid Guibtp 0,45
MKM. 50 MK 3pa3ka BBOJSTH B pyxomy ¢azy 5 MM H,SO, 31 mBuakictio 0,6
MJI/XB. Yac yTpUMaHHs JIJIsl TPOIIOHOBOI KUCIOTH CTaHOBUTH 17,3 [55].

5) AHTUMIKPOOHI BJIaCTHUBOCTI

UyTnuBICTh MIKPOOPTaHI3MIB BU3HAYAIOTh METOJIOM CEPIMHUX PO3BEACHD Y
pIIKOMY >KMBWJIBHOMY cepefoBulll. YyTIMBICTE KyJIbTYp 10 BOJHUX PO3YHHIB
BH3HAYalOTh BB3yalbHO dYepe3 16-18 roamH. bakrepiocTaTHdHy KOHIICHTPAIIIO
BCTAaHOBJIIOIOTh 32 CXEMOIO: KOHIIGHTpAIllf0 Ae3iH(EeKTaHTiB B mpoOipii 3
BIICYTHICTIO POCTY JOJAIOTh O KUTLKOCTI JAE3IH(EKTaHTIB B 1 MJI cepemoBuIla

NoAAJBIIOI MPOOIPKK, 1€ BIAMIMAIOTH PICT KyJAbTYpU 1 BUBOJSTH CEPEIHE
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apuMeTHIHE YHUCIIO, SKE IMOKa3ye MIHIMAIbHY KOHIIEHTPAIlO JIe3IH(EKTAHTIB
3aTpUMYIOUY pICT KyJabTyp [117].

Sk TecT-00’ €KTHU BUKOPUCTOBYIOTH IIMTKY, METAJI, IJIACTUK, LIETITY 1 1epPEeBO
po3mipom 10x10 cm. Ilepen HaHECEHHSIM TECT-KYJbTYp MOBEPXHI J1€31H(PIKYIOTH
NUIIXOM KUT'ITiHHA 5 XB. [licis mimcuxanHs, TecT-00’ €KT KJIaayTh TOPU30HTATHHO
1 MINETKOI HAaHOCATh 2-X MUNApAHY CYMIII KyJbTyp, IO BHUBYAIOTHCS, B3
po3paxyrky 0,5 cm’ Ha 100 cv’.

KynsTypr pIBHOMIPHO PO3TAaIIOBYIOTh MO IOBEPXHI CKIISTHUM IIIIATEIIEM,
MICYmyOTh mpu KiMHaTHIA Temmeparypi (18-20°C) 1 BigHOCHIA BOJIOTOCTI
noBitpss 50-60 %. IloTiM TecT-00’€KTH PO3KIANAIOTh TOPU3OHTAIBHO 1
BEPTUKAIBHO, IMINETKOI HAHOCATH BOJIHI PO3YMHU Je31H(EKTaHTy y KuibKkocTi 200
e’ /M. Jlocmimxyiots 0,5-1,0 Mr/am® po3uuHM mpemapary. Ilicis 3porieHHs,
MOBEPXHIO 3JIUIIAIOTH 10 TOBHOTO BUCHXAHHS.

KoHTponbHI TeCT-00’€KTH 3pOILIYIOTh CTEPUIIBOBAHOIO BOJOIPOBIIHOIO
BOJIOI0 B Tii *e KUIbKOCTL. KOHTposib edeKkTUBHOCTI Ae3iH(EKIi TPOBOIATH 3a
JIOTIOMOT'0I0 CTEPUIIBHOT'O BOJIOTOT'O TaMIIOHA. 3MHUBH 3 KOHTPOJIbHUX TIACTUHOK
nepea mociBoM po3BoasATh B 100 pa3iB 3 METOIO PIBHOMIPHOTO PO3IOIUICHHS
MIKpOOPTaH3BMIB y arapi, MPOBOASTh 3MIITyBaHHS ITOKHUBHOTO CEPEI0BHIIA.
BuciBu ButpuMyroTs B TepMmocTarti pu 37 °C, a HOTIM MiIpaxoBYIOTh KUILKICTH
KOJIOHIM, #KlI Bupocau Ha dvamkax Ilerpl. IloTiM BH3Ha4yalTh MIUIBHICTH
xoHTaminamii #a 100 cm’ 1 BIICOTOK 3HE3apayKEHHS.

Pe3ynbraTi po3paxoByrOTh 3a GOPMYIIOIO:

X=ax100/s,
Jie: @ — KUIbKICTh MIKPOOHHUX KIITHH 3 JOCIHIIXYBaHUX IUIACTHHOK; B —
KUIbKICTh MIKPOOHMX KJIITUH 3 KOHTPOJIbHUX IUIACTUHOK.
OTpumani 1aHi 00poOJIAIOTh CTATUCTUYHO 3a JonoMoroo merony dimepa-
CTbrofieHTa 3 ypaxyBaHHSIM CEpPEIHbOAPUPMETUYHUX BEJIMUYUH 11X CTATUCTUUHUX
NOMWJIOK, a Tako BHU3HAUEHHSAM BIPOTITHOI PBBHUIN MOKA3HUKIB, SIKI

MOPIBHIOIOTHCS. {7151 KOKHOTO JOCHIIKYBAHOTO MOKa3HUKA BU3HAYAIOTH CEPE/IHE
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apudmernane (M) 1 moxubKy cepennboro apudmernunoro (m). Biporimammu

BBKAIOTh BIIMIHHOCTI 3 PIBHEM 3HAYUMOCTI Outbiie Hik 95 % (p<0,05) [117].

Mae OyTH BIICYTHIM pIiCT KOJIOHIHA Ha yakax [lerpi.

Kapra nocraaiiHOro KOHTpOJI10

Tabnuysa 7.1
Hom ’€EKT IepioguynicTh HopmatuBHa
omep 00’¢ . 3aco6H Ta epio c op
KOHTPOJIbHOI KOHTPOJIIO i MeToxH nepeBipku Ta XapaKTe pUCTUKA
TOYKH Ta Ha3Ba NOKA3HUK, 0 KOHTDOIIIO NMOPA/IOK Bin0Opy | NMOKa3HUKA, 10
cTajii BH3HAYAETHCS P npood BH3HAYAETHCS
1 2 3 4 5
Krll [Ipotsarom ycsoro
[IpuroryBanus [BuaKiCTH Tepmomerp, P qac Y w=50 006/xB
po3unny 1 M nepeMilyBaHHs TaxXOMETP Hepei y - C=1M
NaOH Ta eranoiny p D
Krl2 [IBUAKICTH Tepmomerp, Hporirom yceoro w=50 006/xB
[IpuroryBanns 1 . qacy _
[IEpEMILIyBAHHS | TaxOMETP . C=1M
M HCI NepeMilllyBaHHs
Kr 2.1 Kyﬂ”.TﬁIa;“’Ha
30epiraHHs pyiHHa, Tepmomerp, Ilin gac t=25+1°C
. TeMmIeparypa, .
KyJlTbTYpaabHOT . TaxOMETP 30epiranas KP w=50 006/xB
. HIBUJIKICTh
pimuHI .
MepeMilllyBaHHsI
Kynsrypansna
Kt 3.1 iTuHa
Ilentpu (1)3 AHTS IHF; ﬂ KiC”H) Taxomerp, | Ilpotsrom yceoro | w= 12000 06/xB
J'III)aT aJIbHOT ne eMiHHIyBaHHﬂ TEPMOMETP, Hacy t=25°C
KYIRTYP p ’ Taiimep HEeHTpUDyryBaHHS T=10 xB
piIHI TeMIeparypa,
qac
CynepHartaHnr,
Kt 4.1
JecopGuis €JIIOCHT, Beranosmotots | v= 10 11 po3uuny
ccopon MBUAKICTh Ta Taitmep Ha MOYaTKy Ha | jrp cmonun
oy M TPUBAJICTh npoiec T=2 ro
NaOH Ta eranomny p " ponecy A
necopOirii
Kt 5.1
. Enroar,
BinnoBienus .
. TPUBAJICTh . [IpoTsirom ycboro _
MIPOMIOHATY . Taiimep, T=10 xB
. nepeMIlTyBaHHs, yacy
HATpItO 710 . TaxOMETP . w= 60 00/xB
i . HBUKICTh nepeMillyBaHHs
MPOMIOHOBOT )
00epTiB
KUCJIOTH
Cymimn amnst
Kr 5.2 ‘ asicopOIii, BeTaHOBILOMOTE V=3 Il pO34nHYy
AncopOris €JIIOEHT, . Ha 1 1 cmomnu 3a 1
. . . Taitmep Ha [10YaTKy
MPOITIOHOBOT HBUJIKICTh Ta roj
) nporecy _
KUCJIOTH TPUBAIICTh T=3 ron
necopOIri
Emroar, gac, N T=1rox
Kt 6.1 Taiimep, [IpoTsirom ycboro o
Konuen aHHS reMieparypa, TEPMOMETP gacy poOoTH t=380°C
ThyB BOJIOTICTb Y w= 16%
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Sakinuenns maon. 7.1

e3HpIKyroun it
VIO
Kt 7.1 pO34MH,
. o IIpotsarom ycsoro _
[IpuroryBanns TPUBAJIICTH Taiimep, qac T=1 ron
ne3H(IKYI0YOoT0 | MepeMilllyBaHHS, | TaXOMETp acy w= 50-100 06/xB
pO3UnHY HIBUKICTh TEPEMITYBATHA
00epTiB
K1 7.2 Jle3iHiKyrounii
QdacyBaHHs (g;;;:;} ABtomarnu- | IIpoTsrom yceoro N=10
Je3HIKYI0UOTO HOMHOB{ HUM 1o3aTop | 4acy acyBaHHs ¢u1akoHIB/XB
3aco0
Y J103aTOpH
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PO3/ILJ1 8. OB PYHTYBAHHS BUBOPY TEXHOJIOTTYHOI
CXEMU OJEPXKAHHSA AE3IHOIKYIOUOI'O 3ACOBY
8.1. Po3paxyHok piuHOI NOTYKHOCTi BUPpoOHUITBA JI3 Ta KinbKoCTI
cepiil Ha piK
KiIbKICTh LIUILOBOTO MHPOJYKTY, II0 OTPUMYETHCS 3 OJHIEI epMeHTallii,
cTaHoBUTH 441,1 k.
st po3paxyHkiB 6epemMo 00’eMm m03yBaHHS Je31H(IKYH0UOTO 3aco0y 1 1.
3rigHo crienrikalii Ha aBTOMATHYHUN J03arop-ykynopnmwk pinua Scaldopack
Smartfiller [112] , mpoayKTUBHICTh HAIOBHEHHS Ta YKYITOPKH ckiaaae 10 oauHUIB
Tapw/XB.
Axuo B 1 dnakoni ne3iHpikyrouoro pozunHy oocsrom 1 i micturbes 15%,

100TO 150 I = 0,15 KT MpomioHOBOT KUCIOTH, TO 441,] KI' KUCIIOTH MICTUTHCH V:

0,15 kr — 1 .
441,1 kr — X mir.
X= 2940 mr.

[lpy mpOAYKTHBHOCTI HANMOBHIOBAILHOI MammHu 10 OJWHUIL Tapw/XB Ta
BpaxyBaHHI 8-TogumHHOTO poOodyoro aHsa (mo gopiBHIoe 480 xB), 3a 1 UK
BinOyBaeThcsa HamoBHEHHs: Ny = 10 - 480 = 4800 ¢makoHiB 3 Ae3iHGIKYIOUUM
3aco0oMm.

KubkicTh BHPOOHMYMX I[MKIIB Ha pIK CcKi1agae 24, TOAl KUIBKICTh
BUTOTOBJICHUX (DJTAKOHIB 3 MPOIIOHOBOIO KHCIIOTOIO 32 PIK CKIIA/IAE:
Nynax =2940 - 24 = 70 560 .
Tomi KUTbKICTh Cepiil Ha PIK:
Neep = Nonax / Nie = 70 560 /4800 = 14 cepiii.
8.2. O0rpyHTyBaHHA BHOOPY KJIACIB YMCTOTH BUPOOHNYHUX NPUMIlIEHb

Iliocomoska npuminers

['eHepanbHe TPUOUPAHHS TPOBOATH MEPE OYATKOM BUPOOHHUOTO

HYXT BTEK 02.02.16 KP 113

3mu. |JIuct | Ne moxkym. ITigmc Jara
Pospob. CeMbOHOfa’a I'.B. PO3/IIJI 8. OGrpyHTyBaHHs BUGOPY JliT. Apk. | ApkymiiB
Hepesip. Cmaposoimosa C.O TEXHONOTIYHOI CXEMH OJIepyKaHHs | | 87 13

Peyens.

Je3iHpIKyH0Y0ro 3aco0y

H. Koump. Ka(i)e):[pa bTM

3ameepo.

Cmabmnixos B.11.




nporiecy, a MOJCHHE — mepel KOXKHOK pobouotro 3miHoto (1...3 pasu Ha
no0y). Ilicns oOpaxyBaHHS KUIBKOCTI HEOOXITHHX MPUOHpPaHb PO3PaXOBYIOTh
npuOJIM3HYy IUIolry OOpOOJIeHHS MUHWHUMHU Ta Je31H(IKYyIouMMH 3aco0amu,
BPaxOBYIOUU IUIOINLY MIIJIOTH BUPOOHMYOTO NPUMINICHHS Ta IUIOLLY CTIH Ha
Bucoty 2,5 m. Ilignory HeoOXiTHO MUTH Ta J1€31H(]IKYBaTh KOKHOTO JHS, CTIHH,
JBEpl Ta BIKHA HE PiAIIe OJHOTO pa3y Ha MicAlb. g 3HE3apaKeHHS MOBITPS
BUPOOHMYMX TPUMINIEH, Bl  MIKpOOPTraHBBMIB BUKOPHCTOBYIOTH  PI3HI
OaKTepUITUIHI TAMITH — JHKepenia yabTpagioJeTOBOTO BUITPOMiHIOBaHH. KUTbKICTH
1 TIOTYXXHICTh OaKTEPUIMAHUX JIAMII HEOOXITHO MIOMparh 13 PO3paxyHKy He
menme 2+0,5 BT HOTy)KHOCT] BUmpoMiHioBada Ha 1 M’ 06’ €My MPUMIIIEHHS IPH
npsAMOMY  OnpoMiHIoBaHHI Ta He Memme 1 Br/M® — Ui eKkpaHOBaHHX
OakTepUIMIHUX JIamIl. bakTepuiyaHi BUNPOMIHIOBa4l BMUKAOTh Ha 1...2 rof 1o
MOYaTKy poOOTH, KOJIM y TMPUMIIICHHI HeMae Jojae. OCKUIbKU YIIbTpadioneToBi
BUIIPOMIHIOBAY1 YTBOPIOIOTh Yy MOBITP1 TOKCHYHI MPOJIYKTH (030H, OKUCH a30TYy),
i 9ac iX poOOTH HEOOXITHO BMUKATH BEHTWIALIO. [lepioiMuHICTh BKIFOYEHHS
CTENIbOBUX OaKTepULMIHUX JaMll — 1 roa MiCAs KOXHOTO T'€HEPabHOTO
npudupanus [95].

Bubip oesingixyrouux 3acobis

Ha 6i0TexHO0TYHUX BUPOOHUIITBAX Y MPOIECci MacOBOT 0OPOOKH 3HAUHUX
00’eMiB 0OJlalHaHHS Ta IMOBEPXOHb, MPU OOPOOJEHHI MPUMIIECHb BIIAAIOThH
nepeBary JeleBUM 1 JOCTaTHbO €(heKTUBHUM JAe31H}iKyrounM 3acobam. OCHOBHA
MEeTa LBOr0 TMPOLECY — 3MEHIIEHHS KUIbKOCTI CTOPOHHBOI MiKpo(aopu Ha
NOBEPXHAX MpUMIlIeHb, 00nagHaHHs. Jle3iHdeKiis mpuBOaUTh, K MPaBUIIO, J0
3HWKEHHS PIBHA MIKpOOHOi koHTamiHalli Ha 40...60% Bim MOYaTKOBOTO BMICTY.
[lpu BuOOpPI ne3iH(IKYI0U0i PEYOBUHM HEOOXITHO BpaxXOBYBaTh HE TUIbKU Ii
OlOIMIHI BJIACTUBOCTI 1 CIEKTp MAii, a ¥ MOXJIMBY TOKCHYHICTH JIJI1 OpPraHi3MY
JIOIUHU.

CyuacHi BUMOTH A0 1€31H(DIKYIOUUX 3aC00IB BKIIOYAIOTh:

® NIMPOKUN CHEKTP aHTUMIKPOOHOI Aii;

e OaxkTepUIUIHUN eDeKT;
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® DPO3YMHHICTh y BOAL;
® BICYTHICTh MOIUIKOJXKYIOUOi Jii Ha 00pOOJIeHI MOBEPXHI;
® HH3bKa TOKCHUYHICTH Ta aJIEpTCHHICTb.

[Tpu BuOOPI MUMHOTO Ta JE€3H(IKYIOUOTO 3ac00y, HEOOXITHO BpaxOByBaTH
BapTICTh 3aCO0y Ta BHUTPATH HA OJWHUINIO OOPOOIFOBAHHS IUIOII BUPOOHUYIOTO
NPUMIIIEHHs, TOBEPXHi 061aHanHs. IIpuémsHo Ha 1 M” MOBEpXHI BUTPAYaeThCs
100 M1 poGo4yoro po34MHy MHUHHOrO 4M Je31H(IKyrouoro 3acoOy (3rigHo 3
METOJUYHUMU PEKOMEHAAIAMHU II0JI0 MIATOTOBKM BUPOOHUYMX MPUMIIICHD,
Hakaz MO3 Vkpainu Big 14.12.2001 Ne 502).

Jlna mnopiBHAHHA €(EKTUBHOCTI PBHUX JAe31HQIKYIOUHUX Mpernaparis
HaMIMpIIe BUKOPUCTOBYETbCS MeToN (eHonpHOro koedimienta. Meron
3aCHOBAHMM HA MMOPIBHSIHHI MPUTHIIYBAJILHOI i (heHOTy 1 KOHKPETHOTO 3aco0y Ha
PICT BU3HAYCHUX MIKpOOPTAHI3MIB B UITKO KOHTPOJHOBaHUX yMoOBax. [ Gperoy
epeKTHBHICTh NpuUMaeThCs 3a 1, a e(eKTUBHICTh BUKOPHUCTAHOTO 3aco0y
XapakTepu3yeTrbcsi  (peHoNbHUM  KoedimieHToM. Tak mepekuc BOJHIO Mae
dbenonpault koediient 0,01; xmopamin — 130 [95].

1lioecomosxa nogimps

[loBiTpsl, M0 MOJAETHCS B YUCTI MPUMILICHHS, MYCUTh OYTH CTEpUIIbHUM,
TOMY MEPIIOYEPTOBOTO 3HAYEHHsI Ha0yBae oro ouuIeHHs 1 ctepuizanis [117].

Jlns po3paxyHKy 1 BUOOpPY yCTaTKyBaHHS IPUHAMAIOTHCS Taki BUXITHI 1aHL:

- atMocdepHe MOBITPS MPEICTaBIsIE COO00 MOMIUCTIEPCHUN acpo30Jib 3
cepeHiM BMICTOM KOHTaMiHyiounx pedosuH 5+100 mr/m® (10° +10° wacTox/n).

JIJisi TEXHOJIOTIUHUX PO3PAXYHKIB MPUIMAIOTh MOYATKOBY KOHIICHTPAIIIFO
3a6pyaHeHb Ha piBHi 2000 YacTOK/M® 3 MiHIMATBHAM PO3MipoM 0,3 MKM.

[lomiaucnepcHICTh TOBITPSTHOTO ae€pO30JI0 OOYMOBJIIOE BUKOPHUCTAHHS
0araroCTyneHeBUX CUCTEM OUYHMCTKH.

Po3mip gactok 0,3 MKM € HaWOUTBIII CKJIQTHUM JIJI1 3aTPUMKH, TOMY BIH
BU3HAHUM PO3PAXyHKOBHM.

Bci Bimomi cmocoOu crepwmi3allii MOBITPS YMOBHO MOJIUISIOTHCS Ha JBi

Ipynu — BUJaneHHs a00 3HUILEHHS KOHTaMIHAHTIB.
89



Jns  crepwniaiiii MOBITPsl, IO TOMAETHCS B YHCTI MPHUMIIICHHS,
BUKOPHUCTOBYIOTh METOJU (DUTbTpYBaHHS, 1 00JIaAHAHHS MOBUHHO 330BOJBHITU
psly NPUHIIUIIIB!

- 3a0e31e4eHHs] HEOOXITHOTO PIBHA ACENTUKY;

- CKOHOMIYHICTB;

- aJIeKBATHICTh KOHTPOJIIO;

- TEXHOJIOTTYHICTH 00JIaTHAHHA

- MOKJIMBICTh CTEpHITI3aIlil 00JaJHAHHS 1 KOMYHIKAIIIH.

Hamexxna BupoOHHWYA MpaKTHKa Opi€EHTOBAaHA HA 3aCTOCYBAHHS CIICIIaTbHAX
CUCTEM OYHUCTKUA (CTepwii3allii), TMOBITPS 1 SKI BHUKOPUCTOBYIOTH IPHUHIUI
BUCOKOE(PEKTUBHOT (uIbTpawii, MOBITPS IO MOJAETHCS B NPUMILICHHA 3a
nonomororo HEPA ¢uetpiB (High Efficiency Particulate Air/Particle Absorption).

CnocobOu cTepuiBalii MOBITPSIHUX aepoO30JiB — MNPUHUUI 3aTPUMAaHHS
yacTuHOK B HEPA ¢uibTpax 3acHOBaHMI He Ha OOMEXKEHHI 3/1aTHOCTI YaCTUHOK
NPOHUKATH B MPOMDKKH MDK BOJIOKHaMU (KOJIM PO3MIPU OTBOPIB (UILTPY MEHILE
po3MipiB (GUTbTPOBAHMX YACTHHOK - “€eKT cuTa”, a B 3MiHI JIHIA MOBITPSHOTO
MOTOKY, KOJM €peKTH HEpIlii, 34erureHHs 1 1udy3ii € OCHOBHUMH 3 TOYKH 30Dy
3aTPUMKH KOHTaMIHAHTIB.

Y BinnmoBinHOCTI 3 eBponeiickkumu ctannaptamu EN 779, EN 1822 Ta
JACTY EN 1822-1-2001 ¢uteTpyBanbHi eIeMeHTH KIAacU(pIKYIOThCS Ha TPYNHU 1
KJIaCH 3aJIEKHO BiJl SIKOCTI PUIbTPYBaHHS (€PEKTUBHOCTI 200 MPOHUKHOCTI).

3rimHo 3 cTtaHgapToM (GUILTPYBAIbHI €JIEMEHTH MIAPO3AUIIIOTECS Ha Takl
TPyIH:

I'pyna G - ¢ueTpu rpy0doro ouuileHHs — QUIBTPU MONEPEAHBOT
ouucTtku(course dust filters);

I'pyna F - pubTpu ToHkoi ouncTku (fine dust filters);

I'pyna H - ¢pimstpu (High Efficiency Particular Airfilters) HEPA;

I'pyna U - ¢pubTpu (Ultra Low Penetration Air) ULPA.

OUIbTpyBaJIbHUM €IEMEHT MOBHUHEH OyTW BUPOOJEHMH 3 BIIMOBIIHUX

MaTepiaJIiB, 3AaTHUX BUTPUMATH 3BUYANHE KOPUCTYBAHHA Ta BIIJIMB TCMIICPATYPH,
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BOJIOTOCTI 1 KOPO3ii, AKI IMOBIpHO TpamsiroThCa. KoHCTpyKiis GimbTpiB MOBUHHA
BUTPUMYBaTH MEXaHIYHI HABaHTAXEHHS, fKI MOXYTb BIUIMBAaTH Ha (UIBTp B
npoieci oro excruryatauii [118].

OuibTpyBaJIbHUIN MaTepian HE MOBUHEH Mijl Yac MPOXOKEHHS Yepe3 HbOTO
MOTOKY MOBITPSI BUAUIATH MUJT @00 BOJIOKHA, SIK1 IIKIIJIMBO BILIMBAIOTH HA JIFOJUHY
(abo MexaHBBMHU).

Ha oCHOBI CKJIOBOJOKHUCTHUX QUIBTPYIOUUX MaTepialiB BUTOTOBJISIOTH
BHCOKOC(PEKTHBHI (PUIbTPU PIBHUX KOHCTPYKIIM: CemapaTopHi 3 HUTIHUMHU
cemapaTopamu; Oe3cemnapaTopHi; oxepkyBani mo Molding — 1 GFS-texnonorii Ta
1.

3 TOUYKHU 30py KOHCTPYKILI (DUIBTPU NPENCTABISAIOTh NPSIMOKYTHUIA KOPITYC 3
JIEpEBUHHO-IIAPYBATUX MaTepiaiiB, daHepu, Yd MeTaly, y SIKOMY TepMETHYHO
YCTaHOBIIIOEThCSL  QuUIbTpomakeT. B  okpemux Bumaakax (QyHKIi Kopmyca
BUKOHYIOTh 3MILIHEHI CTIHKUA (UTbTPOTIAKETY.

Bukopucrtanus ¢GpuibTpiB 3 GUIbTPYIOUMMH MaTepiaiaMyd Ha OCHOBI YJIbTpa —
1 MIKPOTOHKOTO CKJIOBOJIOKHA. BukopucTanHs y QUILTpYyOUOMY Marepiaii
CKIITHMX BOJIOKOH mgiamerpoM 0,25 — 1,0 MKM 103BOJIsI€, BapiliOIOUYH
CITIBBIAHOIIICHHS BMICTY BOJIOKOH pI3HOI TOBIIMHHU, OJICP)KYBaTH Marepiain
HeoOximHOT (10 99,999995 %) edeKTUBHOCTI, 3 ONTUMAILHUM OMOPOM IMOTOKY
HNOBITPS 1 L0 MAalTh BHCOKI €KCIUTyaTalliiHl XapakTEepUCTHKH, TaKl SK:
HErOPIOYiCTb, TEPMOCTIHKICTh, BHCOKOPO3BHHEHA (Bin 1 10 50 M°/r) mOBepXHS
BOJIOKOH 1, SIK HaC/IJOK, BUCOKA ITMJIOMICTKICTD.

[lpuknagom BoJIOKHUCTOTO (uibTpyBaibHOTO Marepiaty € DPCBY 1o
3aCTOCOBYETHCS Yy (UIbTpAX PBHUX KOHCTPYKIIA € IMapoM XaOTHYHO
PO3TAIlIOBAaHUX CKISTHUX BOJIOKOH 1 MA€ BUCOKY MOPUCTICTh, 3a0€3MEUyI0UU TUM
CaMHM BHCOKY IHJIO MICTKICTb.

Bukopuctanus B skocTi J100aBOK pPBHUX CHEMUBIUHAX MaTepiaiiB 1
J03BOJISIE HagaTH (DUIbTPYIOYOMY MaTepiairy creliaibHi BIaCTUBOCTI:

- T1IpO(POOHICTB;

- OAKTEpUIIUIHICTD;
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- CTIMKICTH 10 CTepHIIi3arlii;

- agcopOuiiiai BiaactuBocTi [118].

B ¢upTpax cenaparopHoi KOHCTPYKUIl (PUIBTPYHOUMI MaTepian MOKIIaJAeHUN
CKJIQJIKaMHM, 1 MDK CYCIIHIMHU IIapamMu BKJJIeHI ro(poBaHi cemaparopu 3
MOJIIMEPHOI TUTIBKH, Marepy ado amoMiHIEBOI (POJBIU, IO YTBOPSATh KaHAIM JJIs
noBITpsA. 3BUYaHO Taki PuUIbTpU MaroTh rauOuHy 150 MM, anme I YMCTHX
MPUMIIIEHb 13 TYpOYJEHTHHUM IOTOKOM 3aCTOCOBYIOTH (utbTpm TimOuHOMO 300
MM, 1110 MalOTh MOJIBOEHY MTPOAYKTUBHICTb.

[lepeBaramu Takux QUIBTPIB €. BHCOKAa JKOPCTKICTh OJEPKYBAHOTO
bimbTpomakeTy, MO M03BOJsE HOMY BUTpUMYBaTu 10-KpaTHI NepeBaHTaXEHHS, 1
AKICHA PIBHOMIPHICTh YKJIaJaHHs (QUIbTPYrOUOro Marepiaiy. Jlo HEAO0JIIKIB MOKHA
BIIHECTH BEIIUKY MOBEPXHIO KOHTYPY TepMeTH3allil 1 MOPIBHSIHO BEJUKY Macy.

B ¢ubTpax 3 HUTIHUM cemapaTopOM HUTKH, HAKJIECEH! Ha (PUIbTpYBAIbHY
NOJIOTHUHY, MICJS CKJIQJAaHHsS (QUIbTPOIAKETa, YTBOPSATh HEOOXITHUN 3a30p MIK
CKJIagkaMHu (GUILTPYIOYOro Marepiamy. Taka KOHCTPYKIlS 3a0e3redye BETuKy
MIUTBHICTh YKJIaJaHHS (DUIbTPYIOUOTO Marepiaiy, 0 J03BOJIIE€ 3HU3UTH TIHONHY
buteTpa.

[Tpu 3MeHImeHH1 TIIMOMHN (PUTbTpa 1 BUKIFOYEHHI cenaparopiB Maca GuibTpa
3HKyeTbcss Ha 30...35 % y TOpIBHSHHI 13 CEMapaTOPHOK KOHCTPYKIEI 3
OJIHAKOBUMU 3HaYEHHIMU e(PeKTUBHOCTI (GUIbTpaLlii i OOPy MOTOKY HOBITPSI.

Jlo HeoMIKIB TakuX (DUILTPIB BApTO BIIHECTH 3HIKEHY MEXAHIYHY MILHICTb
dbunbTpoNnakeTa, M0 BUMAra€ yCTaHOBKHM MIATPUMYIOUOi CITKH A (UIbTPIB, IO
MPaIOITh TPU MBHAKOCTI TOoTOKy BuIie 0,45 M/c 1 ripiury, y HOpPIBHSHHI 13
CenaparopHUMHU PIBHOMIPHICTh YKJIaJaHHS (QuibTpyrouoro wMarepiamy. Lle
JOCATAETHCSI 3MIHOIO CHIBBITHOIIEHHS BMICTY Yy QUIBTpyIOUOMY Martepiami
BOJIOKOH PIBHHX JllaMeTpiB, MPUUOMY B OaraTrorapoBux (PuIbTpyrounx Marepiaaax
BEJIMUMHA OINOPY TOBITPsA, MmO gocsiraerbesi, Ha 20..30 % HIWKYe, HIK B

OJIHOIIAPOBUX 32 PaXyHOK 3MeHIIIeHHs yncia aedektis [118].
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8.3. O0rpynTyBaHHs BUOOPY MIATOTOBKH NEPBUHHOI YIIAKOBKH

Bubip ymakoBku (Tapu, MNaKyBaJbHUX MaTepialiB 1 3aKyloOpIOBAIbHUX
3ac001B) € CKJIQJIHUM HPOLIECOM, SIKUW 3aJICKUTh BII:

* BJIACTUBOCTEN yIakOBYBaHOI (pOPMU;

* cTaHy arMoc(epH 1 MIKpOKITIMaTy IPUMILIECHb;

* 3aXMCHHX BJIACTUBOCTEH Tapu a00 MaKyBaJIbHUX MaTepiaiB;

* BUpOOHNYHX (DAKTOPIB;

* TepMiHIB 30epiranas mpemnaparis [73].

Tapa 3 momiMepHHUX MarepiaiiB (MOJICTHPOJ OJOKOBHM, MOJICTAPOT
yIapOCTIMKUH, MOMIMPONUIEH, MOJIETUIEH HU3bKOTO TUCKY Ta IH.) B OCTaHHI POKU
HaOyBae Bce OUIBIIOTO MommMpeHHs. Tapa, BUTOTOBIJIEHA 3 TUIACTMAC, Ma€ NIepeBaru
3a eKCIUTyaTallifHUMHU BJIACTHBOCTSIMHU TEpE]] TapOlO, BUTOTOBJICHOIO 3 IHIIMX
MarepiaiiB (CKJI0, mamip, KapToH, MeTaiu). JIo HUX BITHOCATHCS: IOBIOBIUHICT,
CTIAKICTh 10 aTMOC(EpHOTO BIUIMBY, HU3bKA TEIUIOMPOBIIHICTH 1 TPOHUKHICTD,
XOpolla repMeTHYHICTD [73].

HapaxoBytots Omm3pko 150 BumiB mmactMmacu. i omepskaHHS TICBHUX
BJIACTUBOCTEHM 10 iXHBOTO CKJIAAy BBOJATH 10 20 pBBHUX H00aBOK, OUTHIIICTH 13
SKAX TOKCUYHI THIH TJIaCTUKY 1 KOJAW JJI HUX BU3Ha4YeH1 CIUTKOO TIIaCTHKOBOT
npomuciioBocTi (SPI). Koam SPI 3acTocoByioTh /Ui MO3HAY€HHS THITY
naKyBalbHOro Marepianmy. Taka mpakTuka € 000B’sI3KOBOI0 B OaratboX KpaiHax
[74].

1) Iomietunen tepedranar, PET a6o I1IET

JloHenaBHa HOTO BBaXald OJHUM 13 HAOE3MEUHINIMX THUMIB IUIACTHKY.
[IpoTte nocmimxkenus BueHux €Bpomnu ta CIIA mosemu, mo BiH mkigmuBuid. [lig
JI€I0 BHCOKOI TeMIleparypd Ta COHSYHOT'O TIPOMIHHA IUIACTUK TIOYHMHAE
BHUITAPOBYBATHCS. BIH pO3YHHSIETHCS Y MPOAYKTI, HACHIYIOYH HOTO MIKIIMBUMU
pedoBuHAMU, OAHIEIO 3 AKkuX € Oichenon A (BPA), mo BUAUIAETBCS 3 MIIACTUKY
npu Oararopa3oBOMy BHUKOpPUCTaHHI a00 dYacTtoMy MUTTI Takoi Tapu. BPA

CIIPUYUHSIE PO3BUTOK PaKy rpyzeH, cepiieBl 3aXBOPIOBAHHS, 11a0€T, 3aXBOPIOBAHHS
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MIEYIHKA W TOPYIIeHHS penpoaykTuBHOI (yHkii. [lei mmacTuk mepepobiseTses;
outa [IET-ruamka — nume y 3anopi3bKiid 00J1acTi.

2) INomerunen Bucokoi msHOocTi, PEHD (HDPE)

BukopucTOBYIOTh 711 BUTOTOBJICHHS IUIIIOK Ta TMAKETIB JJII MOJIOYHHUX
IPOAYKTIB, KOCMETHUHHX 3aCO0IB (IIIaMITyHi), OJIHOPa30BOI0 OCYy, KOHTEHHEPIB
JUTSL 1K1, ICpallloK, PI3HUX KOBMAUKIB Ta KPUILOK JJIS TUIAIIOK 1 ()JIaKOHIB, MITHUX
TOCIOIAPCHKUX CYMOK, (pacyBalbHUX MAKETIB 1 AMMKIB. Y MOOYTI MOMMPEHUHN Y
BUTJISITII «TUTIBKEY, IO J00pE PO3TATYETHCS, — TMaKyBaHHS TalET 13 HAMOSMH,
o0TOpTKa /10 MOOYTOBOT TEXHIKHA, TOHKA CaMOKJIeliHa Xap4uoBa TutiBka. [lakyBaHHS
3 TaKOTO THUIY IUIACTUKY CTIMKE O Macell, KUCJOT, JyriB Ta IHIIMX arpeCUBHUX
peuoBuH. HDPE-tapa Mae n0CTaTHbO BHCOKMN TeMIIEpaTypHHUM Jlana3oH
excruryaraui — Big —80° C no +110° C. HDPE-BupoOu Oe3neuHi 1t 310pOB’s
moaunHu. Llel mnactuk nepepooIisieThes.

3) HNomBmuXIOopUa, PVC abo I[1BX

Kanueporenu, 1mo MICTUTh 1€l Marepiall, MOXYTb MPOHUKATH B ixky. Lle
HaHOUTLIIT OTPYHHUI Ta HAKOUTLIIT HEOe3NETHUH 11 310pOB s BU TiacTMac. [Ipu
CIJTFOBaHHI TOJIBIHUIXJIOPHUY YTBOPIOIOTHCS BUCOKOTOKCHYHI XJIOPOPTaHIUHI
CITOJIYKH, a TICJIS ASCATH POKIB Cayx0u BupoOu 3 [IBX mounHaroTh caMOCTIHHO
BUJIUIITH TOKCUYHI CTIOJTYKH. Lei mmacTuk He mepepoOIisieThes.

4) IMomerunen Hu3bkoi mutbHOCTI, PELD (LDPE)

3 HBOTO BHUIOTOBJSIOTh PI3HI MaKyBalbHI Marepiaiid, MaKeTH 1Jis
cynepMmapketis, CD- ta DVD-aucku. Jlo 60-X pokiB MOBHICTIO 3aMIHUB LI€JI0(aH.
MapkyBanns LDPE wmokHa 3HaliTH Ha BEIMKUX MOJIETUJICHOBUX KyJIbKax
(makerax) To1I0. Bix mosieTuiieHy BUCOKOTO TUCKY BIPI3HAETHCSA TUM, IO MOTaHO
pO3TATYEThCS 1 MpU HaTAryBaHHI pBeTbcsi. CtaHom Ha BecHy 2017 poky He
MPUHMAaBCS MyHKTaMH MPUHOMY BTOPCHPOBHUHU. Leit mumacTuk nepepoOseTbes.

5) Homimpomninen, PP a6o 111

3 HBOrO BHUTOTOBIISIIOTH BiIpa, MOCYA IJIsl TapsSyuX CTpaB, OJTHOPa3OBi

LINPULHI, MIIIKKU JUISI YKPY, KOHTEHHEPH JJIs1 3aMOPOKYBaHHSI POIYKTIB, KPUILIKA
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U1l TUAIIOK, JWCKH, TUIAIIKA IS KETYYIIB, €MHOCTI IS HOTYpPTIB, TpYOH,
6ammnepu. Lleit mmacTuk nepepoOaseThCs.

6) [omictupomn, PS a6o I1C

3 HBOT'O BUTOTOBJIAIOTH OJTHOPA30BUN TIOCY/, KOHTEHHEPH JUIA 1K1, EMHOCTI
JUIsL MOTYPTIB, JUTAYI ITPAIIKH, TEIUIO3OISAIINAHI TUIMTH, 1EKOPATUBHY TUIMTKY IS
CTeJll, TaKyBaJlbHI Talll JIJIsl MPOJIYKTIB y CylepMapkeTax, (pacyBaibHi KOPOOKH AJist
senpb. Led uracTuk mepepoOseThes.

7) Iamre, abo other

B 1m0 rpymy BXoAsATH IHIIN BUAM TUIACTMAC, HaWdJacTimie — OararomiapoBi
NaKyHKd a0o0 TAaKyHKd 13 CyMilll KUIbKOX BHUJAIB IUIACTUKY. 3arajioM He
nepepoosierbes [74].

OCKUIbKY NUTbOBUNA MPOAYKT SIBJISIE COOOK0 KOHIEHTpAT Je31H(IKYIH0UOoro
pPO3UKMHY Ha OCHOBI MPOIIOHOBOI KHUCJIOTH, IMEPBUHHE IaKyBaHHS Mae OYTH
NPECTABICHO MIUIbHUM MaTepiajioM, sIKHH He KOHTAaKTyBaTHUME 3 KOHIIEHTPATOM
Ta XapaKTEpHU3yBaTUMEThCS 3/ATHICTIO 10 TepepoOku. Takum wmarepiasiom €
noieTHiieH BUCOKoi mibHOCTI (HDPE).

OTmxe, KOHIIEHTpAT Ie3IH(IKYI0U4Ooro 3aco0y 3 MPOIMOHOBOK KHCIOTOIO
OymemMo BumycKaTH y (uakoHax Ta KaHicTpax o6’emom 1 1, 5 1 ta 10 1 3
HOJIIETUJICHY BUCOKOT IIUTBHOCTI.

Jiss  3a0e3rnedeHHs] CTEpUIIbHOCTI BMICTy HEOOXIZHO mependadyuTu
BCTAHOBJICHHSI MEXAHIYHOTO Jo03aropa Ha (JIAKOHM Ta KaHICTpU. MexaHIuHI
MOMITIOB1 J103aTOpH 3a0e3Meuyr0Th Oe3KpanelibHe TOYHE J03yBaHHS PEYOBHUH Ta
ririeHiMHe  mopiioHyBaHHs. [lommoBuii  103aTtop  J03BOJIIE  €KOHOMHO
BUKOPUCTOBYBATH IUTbOBUI MPOIYKT. 3aBISKH MOKIIMBOCTI BCTAHOBIICHHS J03U
JOCATAETHCS TOYHICTh JO3yBaHHS HEOOXITHOI KUTbKOCTI PITMHHM JJIS T10AJTBIIOTO
i1 BukopucTanusa [75]. IloMmoBi mo3aTopu, 1O TPEACTaBICHI Ha 3aKOPAOHHOMY
PUHKY, BUTOTOBJICHI 3 BUCOKOSIKICHOTO TUIACTUKY [75-77].

Ha punky YkpaiHu IpencTaBi€HO IUIACTUKOBI MOMIIOBI J03aTOPU PI3HUX

BupoOHUKIB — Fiab (Itamist) [78], Ximpeseps (Ykpaina) [79], Ecolab (€C) [80].
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3 MeTo10 3a0e3MeUeHHs CTEPUIbHOCTI J1e31H(EKTAaHTY TOMIIOBHI HACOC Ma€e
MICTUTH MEXaH3M, 10 3aroo6irac 3BOpOTHOMY BCMOKTyBaHHIO[80]. Takum urHOM,
ISl 30€peXEeHHs] CTEPUIIbHOCTI AEC3H(PEKTaHTy Ta 3PYYHOCTI BUKOPUCTAHHS
¢IakoHM Ta KaHICTPU OCHAIIYIOTh IMOMIIOBUMH JI03aTOpaMH 3 MEXaHI3MOM
3ano0OiraHHsl 3BOPOTHOTO BCMOKTYBaHHS.

8.4. O0rpyHTyBaHHs BUOOPY NIATOTOBKH BOJIH

B 3anexxHOCTI Bin XapakTepy KOHKPETHOTO BUPOOHHUIITBA ((popMHu TOTOBOI
MPOAYKINi) Ha (apMaleBTUIHOMY MIIIMPUEMCTBI MOXKYTh BHKOPHCTOBYBATHCS
pi3HI THIM Bou [118]:

- BO/JIa TTUTHA;

- BO/1a 3HECOJIEHA (JIeMIHEpaI30BaHa);

- BOJ1a ounilieHa (Aqua purificata) (qucTuiLOBaHa);

- BOJIa BUCOKOOYHIIICHA;

- BOJIa /IS 1H’ €Ki (Aqua pro ingectionibus) (amiporeHHa).

SKICTh KOXKHOTO THITY BOJM PErVIAMEHTYETHCS BIATIOBITHOIO HOPMATUBHOIO
JTOKyMEHTaIlier. JlocteMeHHa BIIMOBIIHF CTOCOBHO MOKA3HUKIB SKOCTI Ta BUOOPY
TexHoJorii mpeacrtasiaeHa B JIDOY onatok 1. Mororpadii:

«Bopa BucoxoouuiieHa» c. 306,

«Boma gus H'exuii» c. 307,

«Bona ounmena» c. 308. [118].

OCKUIbKY HUTbOBUN TPOAYKT SIBJISIE COOOI0 NE3H(IKYIOUUN PO3UMH, IS
WOTO TPUTrOTYBaHHsS CJIJ MATOTYBaTH BOJly OYHILIECHY, OCKUIbKM Ipenapar
3aCTOCOBYETHCS i OOPOOKH Ta MUTTSI MOBEPXOHb. TOMy BoJa SIK PO3YMHHUK
IUTLOBO1 CyOCTaHIIii HE Ma€ OyTH BUCOKOOUYHUILIEHOIO.

st BuboOpy oOmagHaHHS Ta YCTAaHOBOK JUIsl IIATOTOBKHA  BOJH
dbapmakoTnieitHOT SAKOCTI TOTPiOeH BUOIp crocoOy ouucTku. CydacHa MpakTHKa
BUPOOHUIITBA OpPIEHTOBAHA HA 3aCTOCYBaHHSI JBOX OCHOBHHX CHOCOOIB
BOJIOMIATOTOBKH Y BUIMOBIIHOCTI 3 SIKUMH BOJly OYHUIIEHY OTPUMYIOTh METOJI0M
JUCTWIALI  a00 MeMOpaHHOrO PO3JAUICHHS JEMIHEpai30BaHOI BOJU B

TUCTWISIIIAHUX anaparax pi3HUX KOHCTPYKIIA abo B 0apomMeMOpaHHUX arapaTax.
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Boga ouuriena — 1ie Bojia il MPUrOTYBaHHS JIKAPCHhKUX 3aCO0IB, KPIM THX,
Kl MAalOThb OYTH CTEPWIBHMMH i alipOTEHHUMH, SKIIO HEMA€E HIIMX 3a3HAYEHb 1
JI03BOJIIB KOMIIETEHTHOTO YIIOBHOBAXEHOTO OPTaHy.

Bony ouuilieHy 01epKyrOTh 13 BOJAU MUTHO1T TUCTUIISIIEI0, IOHHUM OOMIHOM
a00 OYyIb-SIKUM IHIIIMM TIX0XUM criocoooMm [118].

[lim yac BUpOOHMITBA 1 TOJANBIIOr0 30€pIraHHS HAJICKHUM YHUHOM
KOHTPOJIIOIOTh 1 BIICTEXKYIOTh 3arajlbHE YHCJIO JKUTTE3MATHUX acpOOHHUX
MIKpOOpTraHidMiB. J[JI1 IpoCTeKyBaHHS HECTIPUSTIIMBUX TEHACHITIA YCTaHOBIIIOIOTh
MIIX0XKY TMOMEPEKYBATbHY MEXKY 1 MIIX0XY MEXKY, IO BHMAara€ B)KHUBaHHS
3ax04iB. Y HOPMAJIbHHUX YMOBaxX MIIX0XKOK MEXKEI, 0 BHUMAarae B)KWBaHHS
3axoAiB, € BMICT 100 xuTTe31aTHUX aepoOHUX Mikpoopranimis (2.6.12) B 1 mu.
BusHaueHHs npoBOJSITE METOJAOM MEMOpaHHOi (uUIbTpallii, BUKOPUCTOBYIOUYHU
rycTe MOXXHUBHE cepeoBuile 5. [HkyOariro nmpoBoasTh npu Temneparypi Big 30 °C
no 35 °C mpotsrom 5 ni6. KinbkicTe 3paszka Juisi BUNIPOOYBaHHS BiOUpParOTh
3aJIeKHO BiI TiependadyBaHoro pesyabraty [118].

Bimomi cxemMu o4uINEHHS BOJH, MICTITh pI3HUN HaOIp eleMeHTIB (CTaii Ta
omeparlii) IMa y3arajbHEHy CXeMy OYHCTKH. YMOBHO TEXHOJIOTIYHY CXEMY
OYHMCTKH MOYHA PO3JIUIMTH Ha 2 OJIOKH:

- MiITOTOBKAa BOJAM JO OTPUMAaHHS TOTOBOTO MPOAYKTY (MEXaHIuHA
OYMCTKA, BUJIAJICHHA OPTAHIKM Ta XJOPY, YaCTKOBa JACIOHI3AIlsl —
oM’ SIKILICHHS );

- CTajali OTpPUMAaHHA TOTOBOTO TIPOAYKTY Ta 30epiraHHs BOJU
ouutenoi "in bulk" [118].

B mpoMuCIOBOCTI BHKOPUCTOBYIOTH TPH THUIOBI pillieHHS (HOpMyBaHHS

TEXHOJIOTTYHUX CXEM OTPHUMaHHS BOJM ouuIleHoi. HacTymHa cxema € HaiOUThII

OIITUMAJIbHOIO:

o rpy6a QuibTparis;

J NOM’ SIKIIICHHST BOJTH;
o bibTpallis yepe3 ByrulbHUN QUIBTP;
o ¢ibTparis yepes QUIbTP 3 1iaMETPOM OTBOPIB 3 MKM;
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o 3BOPOTHHNA 0CMOC

[Ipy unbOoMy He NOTPIOHO BEJMKI KaliTallbHI BUTPAaTU. YCTaTKyBaHHS HE
BHUMArae 4acTtoi pereHepauii. ExcrityaTaiiiiiHi BUTpaTh HEBUCOKI.

Boay ouumieny 30epiraloTb B 3aKpUTHX MICTKOCTSIX, BUTOTOBJICHHUX 3
MarepiaiiB, 1o 3a0e3MeuyroTh 30€peKEeHHsT BJACTUBOCTEH BOJAW B MEXaxX BUMOT
YUHHAX HOPMATUBHHX JOKYMEHTIB 1 IO 3aXHWINAlOTh 1ii Big KOHTaMIHAIII.
MarepiamamMmu  MICTKOCTI Jyis  30epiraHHS BOJM OYHINCHOI MOXYTh OyTH
nonponuieH TedaoH, HepxkaBiroda ctamb AIS1 316 abo iHII HEpTHI MaTepiaau
[118].

TakuM YMHOM, [JJs TPUTOTYBaHHS J1€3IH(]IKYIOUOTO PO3UMHY 3
MPOIIOHOBOIO KHUCJIOTOIO OyJAeMO MPOBOJUTH MIATOTOBKY Ta 30€piraHHs BOJU
OYMIIECHOI 3THO BUIIIEHABEIECHOT CXEMH.

8.5. Bu0ip TexHosoriyuaux cragiili Ta onmepauiii, 00J1aTHAHHSA

Ak Bxke Oymo 3ragaHo, 3 ojaHiei depmenTarii orpumyerbes 441,1 kr

npomioHOBOT KUCTOTH. SKiio B 1 11 Ae3iHdiIKyr0u0oro po3unHy mictuthes 15% 1iel

KUCIIOTH, TO1 441,1 KT KHCJIOTH MICTUTBCSI B TAKOMY 00Cs131 I€3PO3UHHY:

0,15kr—1n
441,1 xr— X1
X= 2940 .

Taky KUTbKICTh J1€31H(IKYIOUOTO 3aC00y 3 MPOIIOHOBOI KUCJIOTOK MOXKHA
IPUTOTYBATH B PeakTopi Ha 3,2 M.

Cnuparourch Ha J1aHi, ToJaHl B mareHTi [59], axuii Oyino B3ATO 3a OCHOBY
BUKOHAHHS JaHO1 KBamiiKaIifHoi poOOTH, 10 CKIaAy Ae33ac00y MPOTOHYEThCS
BBOJUTH Taki JOMOMDKHI PEYOBHHH SK HATPIF0 OCH30aT Ta MPOILUICHTJIIKOIb Y
kutbkocTi 13% Ta 12% BinmoBinHO. TakoXk Al yCYHEHHS HEMIPUEMHOTO 3amaxy
NPOIMIOHOBOT KUCJIOTH CJI IO CKJIaly BBECTH apoMaTu3arop.

3actocoByBani kopurentH 3amnaxy (K3) npuiinaro kimacudikyBaTté B TaKUM

yprHoM [118]:
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1. Ilpuponui K3, orpumani nusixom ¢GBUYHUX MEPETBOPEHb CUPOBUHU
POCJIMHHOTO i TBAPUHHOTO MOXOKeHHS (epipHi Maciia, KOHIIEHTPATH (PPYKTOBUX
COKIB).

2. K3, igeHTW4Hl TpUPOJHUM, BUAUIEHI 3 POCIMHHOI ab0 TBapHHHOI
CUPOBHUHU XIMIMHMM IUISIXOM a00 CHHTE30BaHI, ajie MOBHICTIO BIANOBIIAIOTH
pEYOBMHAM, IO MPHUCYTHI y NPUPOJHHUX MPOAYKTax (LHUTpaslb, CUHTETHYHUHN
MEHTOJI, BaHUTIH).

3. Cuarernuni K3, He imenTnuHi npupogauM (etwiBaHUTiH). CHHTETHYHI
K3, mo 3a3Budyail IMITyIOTh MPHPOMHI 3amaxd, y OUIBIIOCTI BHIAJKIB — IIe
xkoMmIuiekcu 3 50 — 60 croJtyk.

barato cnosiyk y 4MCTOMY BHIJISIA1 MAlOTh 3arax, 10 PI3KO BIAPI3HAETHCS
Bl TOr0, KOTPUA BHUXOJUTH MPH MIAMIIIYBAHHI 10 HUX IHIIMX apOMaTHYHHUX
pedoBuH. CymMmapHui 3amax JIKiIB Moxke OyTh OOyMOBJIEHHUW CUHEPTriBMOM abo
AHTarOHI3BMOM MDK 3amaxaMi BCIX IHTPEIIEHTIB, IO BXOATH 10 Horo ckiuany. K3
13 KBITKOBUM, NPSHUM 3amaxoM MOXYTb OyTHM BUKOPHUCTaH1 JJisi Tpernaparis
30BHIINIHBOTO 3aCTOCYyBaHHA. Pigki JKapchki (GOpMH YacTO MICTATh 3HAYHY
KUTbKICTh K3, SKl BBOASTHCS 3 METOIO CTOJIyYMTH BIITIHKH 3araxy abo BHECTH
BIATIHOK CBIKOCTI.

B ocranHi poku B psAl 3aKOPJOHHUX KpaiH NPOMOHYIOTHCS O
BUNIPOOYBaHHS HOBI KOPUT'CHTH 3araxy, NepeBaXHO CUHTETHYHI, 5IKi 4epe3 CBOIO
JIEIIEBU3HY MOCTYNOBO BUTICHSIOTh HaTypasibHi [118].

Tak, y ckmani ae3iHdpikyrodoro 3aco0y s pyk CTepwuliyM MICTUTHCS
apoMaruzarop «Opan PH 799867» [119], sikuii cripusie TOKPAIICHHIO CTIOKUBUYUX
BJIACTUBOCTEM I1bOro 3aco0y. ToMy sl BIOCKOHAJICHHS CKJaQy HAaIIoro
nesipekranty obepemMo came JaHWUW apoMaTH3aTop, SKWAW HIBEIIOBATUME
HEMPUEMHUN 3amax aKTUBHOI PEUOBHHH - MPOIMIOHOBOT KUCIOTH. ApOMaTH3aTop
Oyaemo BBOJIUTH y KiTbKOCTI 1,5%.

[Ticyia 3MilTyBaHHSI BCIX KOMIIOHEHTIB (BO/1a OYHUIIICHA, IPOIIOHOBA KUCJIOTA,

HaATpit0 OEH30aT, MPOMUICHIJIIKOJb, apOMaTU3aTOp) OTPUMAHUMN [e31HDIKYHOUHiA
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pPO3YMH HacocoM Oyjie MOJIaBaTUCh 0 MAIIMHU (DacyBaHHS, SKa 31CHIOBATUME
po3nHB Ae3iH(ekTaHTy 1o (rakoHaxX Ta KaHiCTpax.

Jng 1poro minniie aBToMaTUYHUN 103aTop-yKynopuwmk piguH Scaldopack
Smartfiller [112] , mpoAYKTUBHICTH HAMOBHEHHS Ta YKYNOpPKHU ckiagae 10 oquHULp
Tapu/xB, nianazoH ao3yBaHHs 25-6000 mu. O0'eM HakONMUUYyBaJIHLHOTO OYHKepa
CTaHOBUTH S50 JL.

[licms cramii  (dacyBaHHS TIPOAYKT TEpPEIalOTh HAa MapKyBaHHSA Ta

IIaKyBaHHA.

100



PO3ALJI 9. OIIUC JE3IHOIKYIOUOI'O 3ACOBY 3
MMPOINIOHOBOIO KUCJIOTOIO 3I'IJHO AHJI

®OPMA BHUIIYCKY: pinkuil KOHUEHTpaT y (akoHax Ta KaHICTpax
06’emoM 1 71, 5 11, 10 1 3 TOMIIOBUM 103aTOPOM.

OITUC: ipo3opuii 6e30apBHUIA pO3UHMH 0€3 BUIUMUX MEXaHIYHUX YaCTOK 3
XapaKTePHUM PI3KUM 3aMaxoM.

CKJUIA:

e Ji0Ya peYOBHHA: IPOTIOHOBA KKcioTa — 15%,
® JIONOMDKHI PEYOBMHHU: HaTplt0 O€H30aT, MNPOMNUICHTJIKOJb, BOJAA
OYMIICHA.

He3indikyroui koHueHTparu 3rimHO [114] MOXyTh MICTUTH JOMOMDKHI
comoOumBaropu Ta/abo perymsatopu pH Ta/abo moBepXxHEBO-aKTHBHI PEYOBHHHU.
BinnoBimHUME coMOOUTI3aTOpaMu € MOHO-H-TEKCHIIOBHM e(ip AICTHICHT KOO
(rekcunkap6iron) Ta/abo  1,2-mpomaHmion  (IPOMUICHTIIKOJNB), a  TaKOX
METHIIKapO1ToJ1, OyTUIKapOIT, MOHOCTHUIICHTJTIKOb.

['ekcunkapOiTon abo MPOMUICHIJIKONb MEPEBAKHO BUKOPUCTOBYIOTH MPH
cinabokuciomy pH y BoaHux ne3iHQikyrouux 3aco0ax 3a HasBHOCTI OeH30aTy
HaTpito. 3a BHUKOPUCTAHHS MPOMUICHTIIKOJAS B SIKOCTI COJOOUI3aTopa
CIIBBIIHOIIEHHS O€H30aTy HATPIO JO MPOMUICHIIIIKOI0 cTaHOBUTH 1:1,5 [114].

Takoxx M1 yCYHEHHS HEIMPUEMHOIO 3armaxy Ae3iH(EeKTaHTy 10 CKIaay
BBO/ISITH apPOMATU3aTOPH, IO MOKPAIIYIOTh MPOIEC HOr0 BUKOPUCTAHHS.

CDOEPA 3ACTOCYBAHHSI: s ne3indekii Ta 0JHOYACHOTO MUTTS
TEXHOJIOTTYHOTO o0J1aTHaHHS HA  TANpUEMCTBAX  (hapMareBTUIHO],
MIKpOOIOJIOTYHO1, Hap(ymMepHO-KOCMETHUYHO1, XapuoBOi Ta XapuomnepepoOHOi
POMHCIIOBOCTI.

CHHOCIb 3ACTOCYBAHHA: Jle3H(eKi0 MOpOBOIATh METOJ0M

SpOIICHHA abo MCTOAOM IIPOTHPAHHA ITOBCPXOHb CCPBCTKOIO, IO HACHYICHA

HYXT BTEK 02.02.16 KP 113

3vu. |Jlucr | Ne mokym. [igrmc Jlara
PLo3pob. Cenvonosa I B PO3/ILJT 9. Ommc ne3ingikyrouoro I Apx._J Apxymis
[lepesip. Cmaposoimosa C.O 3ac00Y 3 TIPOMIOHOBOIO KHCJIOTO0 [ 100 2
Peyens. .

srimHo AH/J] 1
H. Koump. Kadenpa bTM
3ameepo. Cmabnirxoe B.I1.




JIOCTaTHHOIO  KUTBKICTIO ~ 3aco0y, TIOBEpXHI BHPOOIB  MEIUIHOTO
MPU3HAYEHHS, MEIUYHOIO IHBEHTApIO, MPUMIIICHb, NMPEAMETIB OOJIaAHAHHS Ta
YCTaTKyBaHHSI 3pOIIYIOTh 3ac000M ab0 MPOTHUPAIOTh CEPBETKOI 3MOYEHOIO
3aco6om. [Ipr 06po0O11i 0 AHOMOMEHTHO BEJMKHUX ILJIOI] HOBEPXOHb Y IPUMILICHHI,
JUJISL ONTUMAIBHOTO YCIIXY Ae31H(EKITii, TmicIis 3pOIIeHHS TOMYyCKAeThbCsl HACTYITHE
IPOTHPAHHS YHCTOIO CEPBETKOIO.

JI71s1 pIBHOMIPHOTO PO3MMIICHHS 3ac00y MPUIATHI HACAIKA JJIsI PO3TTUIICHHS
10 ¢IakoHIB, MEXaHIYHUN po3mmmoBad. KiTbKICTh 3ac0o0y, 110 HAHOCHUTHCS Ha
MOBEPXHIO, HE MMOBMHHA TiepeBuIryBat 100 Mi/m?,

PoGoui po3umHmM nAe3HQIKYI0O4OTO 3ac00y 3 MPOMOHOBOIO KHUCIOTOIO
TOTYIOTh TM€pel BUKOPUCTAaHHSIM B CHEIAJIbHO BUAUIEHOMY MOCYJl IUIIXOM
PO3BEIEHHS BOAOIPOBITHOK BOJOK0 3 BUKOPUCTAHHIM 3ac001B HAUBITYaIbHOTO
3axucTy. Ilpu oMy HEOOXiTHO KOPHUCTYBATHUCh PO3paxyHKaMH, sSKi HaBEICHI B
Tabsmii 9.1.

Tabnuysa 9.1

[IpuroTyBanHs poOOYHX PO3UHMHIB AE3IHGIKYIOUOTO 3aC00Y 3 MPOIMOHOBOIO

KHUCJIOTOIO

KinpkicTh IHrpemieHTIB, HEOOXiTHA JIJIT MPUTOTYBAHHS

1 1 po6odoTO PO3UMHY 10 1 poGoyoro po3unHy

00'eM 3aco0y, M

00'eM BOJIH, MII

00'eM 3aco0y, M

00'eM BOJH, MII

2,5 997,5 25,0 9975,0
3,0 997.,0 30,0 9970,0
4,0 996,0 40,0 9 960,0

Po6oui po3uunu 36epirarote 15 110 3 MOMEHTY MPUTOTYBAaHHS 32 YMOBH
30epiraHHs y 3aKpUTHX €EMHOCTSIX [IPY KIMHATHIN TeMIieparypl.

OCOBJIMBOCTI BACTOCYBAHHSA

He nepemuBatu ne3iHpiKyrounii po3uuH JJs1 0OpOOKM pyK 13 OJHOTO
(dakoHa B IHIIMM, OCKUIBKH II€ MOXE CTaTH NMPUUYUHOIO 3a0pyaHEHHS 3ac00y. Y
BUIAJKY, KOJIM MEPETUBAHHIO 3aII00IITH HEMOKJIMBO, MPOLIEAYPY CHiA IPOBOAUTH
3 JOTPUMaHHSAM CTepUIbHOCTL [Ipy BUIagKOBOMY MpOJIMBAaHHI 3acid HEOOXITHO

HETraiHo 310paTH Ta PO3BECTH BEJTMKOIO KUIHKICTIO BOJIH, MPOBITPUTH MTPUMIITICHHS.
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KopuctyBarucsi enekTpuuyHMMHU TpUIaJaMU TUIbKHA TICIS MOBHOTO BHUCHUXAHHS
3aco0y.

3ACTEPEKEHHSA

Mo>1B1 ajepriuHi peakilii, NpOsIBU MOJAPA3HEHHS WIKIPU NPU MIIBUILICHINA
YYTJIMBOCTI 0 KOMIOHEHTIB 3aco0y. [Ipu BUmagkoBoMy MoTparuisiHHi 3ac00y B 04i
MOYJIMBE TOAPA3HEHHsS CJIM30BOiI OOOJIOHKH OYeH, MOTepIuioMy HEOOXITHO
MPOMUTHA OYl TMPOTOYHOIO BOJOIO MPOTATOM KUIbKOX XBHJIMH Ta OOOB’SI3KOBO
3BEPHYTHCS 10 JIKapsI.

YMOBU TA TEPMIH 35EPII'AHHS

36epiratu npu Temneparypi He Bumie 25 °C y MUIBHO 3aKpHTIi YIIaKOBIIL.
30epiraty y HEJOCTYIIHOMY Jisl Aired Micul. TepMIH MpUIAaTHOCTI — 3 POKH.

Cnenudikanisa Ha ae3iHQIKyr0YHMi 3aci0 3 MPONMIOHOBOI KUCJIOTOKO

Tabnuysn 9.2
Ne | Ha3zpa moka3HukKa JomycTumi mexi MeToa KOHTPOJIIO
1. | Omuc [Ipo3opuii 6e30apBHMI Bizyanbawmii, 3am.1
PO3YHMH 0€3 BUTUMHUX
MEXaHIYHUX 9aCTOK
XapakTepHUM PI3KAM
3armaxom
2. | 'yctuna Bin 0,90 no 1,10 r/mn ApeoMeTpu4HuH,
JIDY, 2.2.5, meton 2,
3a1.2, meron 1
06’ eMHO-
rpaBIMETPUYHUIM, 32
1.2, METOJT 2
3. |pH Bin 2,5 1o 4,5 [ToTeHITIOMETpUYHUIA,
JADY 2.2.3,3am. 3
4. | Inentudikariis Yac yrpumaHHs Ky Ha BEPX, 1®VY 2.2.29,
XpoMarorpami 3a1. 4
BUNIPOOYBAHOTO POZYUHY Ma€E
CIIIBITAATH 3 YaCOM
YTPUMaHHS MKy Ha
XpOoMaTorpami eTaloOHHOTO
PO3YUHY

103




IIpoooeoicennss maon. 9.2

5. | Konuenrparis
MPOITIOHOBOT KUCIIOTH

He menme 150 mr/1 mon

BEPX, J1®Y 2.2.29,
3a1l. 5

6. | AHTUMIKpOOHI
BJIACTUBOCTI

Mae OyTH BiICYTHII picT
KOJIOHIN Ha yamkax [lerpi

3am. 6

7. | O6'eM BMICTY OJIMHUII

He menme 1 1, 511, 10 11

OO0’ emumii, 3a11. 7,

dacyBaHHs mero 1
Barosuii, 3a1m. 7,
METO/1 2
8. | [TakyBanHs, ®dnakoHM a00 KaHICTPHU Bizyanpauii, 3a 1. 8
MapKyBaHHS MaroTh OyTH 0€3 30BHIIIHIX

nedeKTiB, MUIbHO 3aKpUTI, 3
ETUKETKAMH y BIAMIOBIIHOCTI
13 TpaduHAM MaKeTOM

9. | 30epiranHs

30epiratv mpu TeMIepaTypi
ne Buie 25 °C y misHo
3aKpUTIN YIaKOBIIi

10.| TepmiH npuaaTHOCTI

Tepmin npuaarHocTi 3 poku

1. Onuc

[Ipo3opuit Oe30apBHUN pO34YMH 0€3 BHINMHX

MeToau KOHTPOJIIO

XapaKTEPHUM PI3KUM 3aIIaxoM.

2. I'ycTuna

MEXAHIUHUX YaCTOK

BusHaueHHs1 TycTHHU npenapary (p,o) IPOBOASATH IpH Temieparypl 20+£2°C

OJHHM 3 HAaBCACHUX HHKYC MGTOI[iB.

Meron 1. 3a nonomoroto apeomerpy 3rigHo 3 JIDY, 2.2.5, meron 2.

Bunpo6oByBaHy piiuHy NOMIIAIOTh y LWJIIHAP 1 OpU TEMIEpaTypl pIIMHA

20°C 00epexHO ONMYyCKarOTh B HEl YUCTUN CyXUH apeoMeTp, Ha IIKall SKOTO

nependadeHa O4vikyBaHa BEIMYMHA T'yCTMHU. ApEoMETp HE BUITYCKalOTh 3 PYK,

JIOKM HE CTaHE OYEBHIHUM, 110 BIH IUIABAE; MPH IIbOMY HEOOXITHO CTEKHUTH, MO0

apeoMeTp HE TOPKaBCs CTIHOK 1 JHA IIIHApa. Bimimik mpoBoasTs uepe3 3-4 XB
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mic/isl 3aHypeHHS 3a MOJUIKOI0 Ha KAl apeoMeTpa, BIIMOBITHOK HIKHbOMY
MEHICKY p1IuHU (IpU BIIUIIKY OKO Ma€ OYTH Ha pIBHI MEHICKA).

Hpumimxku.

1. BusHadeHHS TyCTHHH CHJIBHOJIETKUX PpEYOBHH apeoOMETpOM HeE
JOTTYCKAETHCH.

2. Y BuUMaAKy BU3HAYCHHS TYCTHHH TEMHO3a0apBJICHUX PIIWH BIJIIK
MIPOBOJISATH 3a BEPXHIM MEHICKOM.

Meron 2. 3BaXyrOTh 3 TOYHICTIO O JIPYroi AECATKOBOI IMOJUIKH MIpHY
K0JI0y MicTKICTIO 50 a60 100 MJ1, HaITOBHIOIOTH MPEMAPATOM JI0 TO3HAYKH Ta 3HOBY

3BaXyIOTh. | yCTHHY Tpenapary p,o, I/MJ, BU3HA4aIOTh 3a (OPMYJIIOL0:

D, = (m, -m,)
20 V
2
m, - MacaIycToi KOJIOH, B TpaMax;
m; - Maca KoJOu 3 mpernaparoM , B rpamax;
V' - HOMIHaIbHUNA 00’ €M MIPHOT KOJIOU, MIL

3HadyeHHs rycTuHd Mae ctanoBuTH Bix 0,90 mo 1,10 r/mit.

3. pH

pH po3uuny BuMiprooTh noteHmiomerpudHo 3a JDdY 2.2.3 npu KiMHATHIi
temrepatypi 20-25°C 3riiHo 3 HCTPYKILIEIO 10 MpUaay.

3uauenns pH mae cranosutu Big 2,5 1o 4,5 [115].

4. InenTudikaunis

[IpoOy 10 ma PuibTpyIOTH Uepe3 mmpuieBuit GuibTp 3 po3mipom nop 0,22
MKM JIJII YCYHEHHSI MOJKJIMBHX MEXaHIYHMX YaCTOK Ta MPOBOJSATH 1MEeHTU(IKAITIO
MeToioM BHUcCOKoedekTuBHOI pimuHHOT Xxpomarorpadii (BEPX). ¥V Busnauensi
BHUKOPHCTOBYBAIIM peryiaboBanuid yibTpadioneroruit (TUV) aerexrop [114].

VYnbtpadioneroBwuii JIETEKTOP TUV — €  peryJiboBaHUM
yabTpadioneroBuid/Bunumuid (Y O/BUAUMUI) TETEKTOP 13 TMOABIMHOIO JOBKUHOIO
XBWIL, SIKMA 3a0e3ledyye ONTUMAbHY JIHIAHICTh, PpO3JUIbHY 3JaTHICTH 1
yyTuBicTh 11 po3avieHHss UPLC®/Y®. BiH Mae 3anaTeHTOBaHY TEXHOJIOTIHO

CBITJIOBOJITHOT MPOTOYHOT KIOBETH, HU3BKHUI piBeHb IIyMy (6 MKA) 1 MIITPUMKY
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mBuAkocTi mepempadi ganux g0 80 I'm. TUV-merekrop MOKHA MIKIIOYATH
6e3mocepeaHbo 10 Mac-crekrpometpis [120].

JIng mpuroTyBaHHsl CTaHAAPTHOTO PO3UMHY peTesibHO BigMmipsum 10,07 mxn
CTaHIAPTHOTO Marepiainy MpPOIMIOHOBOI KUCJIOTH (LbHICTH 0,993 r/mit ipu 25 °C;
quctoTa 99,5%), po3unHsM B 1 MJT BOJIM BUCOKOOYHITICHOT JJIsl TpUroTyBaHHs 10
MI/MJ1 OCHOBHOTO po3uuHy. LllicTh po6ouMX CTaHIAPTHUX PO3YMHIB TOTYBAIU
CEepIMHUM PO3BEJICHHAM 13 BHUXITHOTO PO3YMHY 3 KIHIICBUMHU KOHIIEHTparismMu 10
MKkr/mi1, 100 mxr/mi, 200 mxr/mi, 500 mir/ma, 1000 mxr/mia ta 2000 MKr/miL
Ananiz mpoBoamwm Ha Waters Acquity Ultra Performance LC, ocnamenoro
nucrnerdepom OiHapHUX po3unHHMKIB 1 TUV gerekropom (Waters, Milford, MA,
USA). Cramionapaoro ¢azoro Buctynae kojonka Acquity UPLC BEH CI8
(TBepaa dasza s BUBHAYEHHS MPOMIOHOBOI KUCIOTH— BUCOKOMILIHUN CHJTIKAreb
3aMaTeHTOBAHOTO ckiany), 1,7 MM, 2,1 mm x 50 mm (Waters). Pyxoma ¢a3za as
BU3HAYEHHS IIPOINIOHOBOI KHCJOTH sBisie coboro cymim 15 MM BoagHOrO
docharnoro Oydepa pH 2,1 1 aneronirpuny. EmroroBaHHS TpOBOAMIN
arieroHiTpwioM (5%) mpotsarom 5 xBwimH. [lIBunakicte moToky ctaHoButh 0,2
MJI/XB, 00’€M IHXKEKIIli Ta JOBKWHA XBWJII JETEKTyBaHHA — 2 MKI Ta 210 HM
BIATIOBIAHO, TemIeparypa kojouku — 40 £ 5 °C [114].

Yac yTpuMaHHS MKy Ha XpoMarorpami BHUIPOOYBAHOTO PO3YHHY Mae
CITIBIIA/IaTH 3 YaCOM YTPUMAaHHs MKy Ha XpoMarorpami €TaJIoOHHOTO PO3YHUHY.

5. KoHueHTpauis nNponioHOBOI KUCJIOTH

Konuenrpaiiiro npomnioHoBoi kucyioTu BuzHauamu merogoM BEPX (JASCO,
Toxkio, Anonis) Ha xpomatorpadi, ocHamennm aerekropom RI (ERC, Kaparyui,
SAnownig) Ta HTENeKkTyanbHUM aBTocamiuiepom JASCO [55].

JHlerekrop mnokazHuka 3amomusieHHst (RI), skuii Takok Ha3MBaIOTh
nudepeHiaTbHIM  pepakKTOMETPOM, BHUMIPIOE TIOKAa3HUK 3aJOMJICHHS, KOJIA
CBITJIO MPOXOJHThH Uepe3 KOMIPKY, [0 MICTUTh aHAIIT, Y IOPIBHSIHHI 3 €TAJIOHHOIO

KOMIPKOIO, SIKa MICTUTh JIMILE pO3YMHHUK [116].
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JlerekTop moOKa3HUKA 3ajdoMjeHHS RI MICTUTH ONTHYHY CHCTEMY,
BCTAQHOBJICHY B KOPIIyCl 3 TOYHHUM PETryJIIOBaHHSIM TeMIepaTypH, 100 YCYHYTU
BILIMB 3MIH TEMIIEPATYpU HABKOJMIIHLOIO cepeaoBuia [55].

Po3auieHHsT cHOJIyK MPOBOJIMIM Ha XpomarorpadiuHii KoJIOHII Aminex
HPX-87H, 3’ennaniii 13 3axucHOr0 KojioHkow (Biorad, Prmonn, KamidopHhis,
CILA).

Pyxoma ¢daza - 5 wmM  H,SO,. Hepyxoma  daza -
TOJTIC TP OJTUBIHIIOCH30JIbHA CMOJIA.

TeMmeparypy KOJIOHKM MATpUMYyBaiM Ha piBHI 55°C 3a J0MOMOTOO
xpomarorpadigaoi medi (Shimadzu, Toxio, Amownit). 3pa3ku 3 OiopeakTopa
P030aBIIsLIIM BOAOO BUCOKOOYHIIEHOIO 1 MIKUCIIOBAIM CIPYaHOI0 KUCI0TOK0 20%
(20 mx/mMa 3paska), oTIM (UILTpYBaIM 4epe3 mosinpornuvieHoBuid Guibtp 0,45
MKM. 50 MK 3pa3ka BBOAWIM B pyxoMy ¢azy 5 MM H,SO, 31 mBuakictio 0,6
MJI/XB. Yac yTpUMaHHs JIJ1s1 TPOIIOHOBOI KUCJIOTH CTaHOBUB 17,3.

Konienrpaiiiss mpomioHOBOi KUCIOTH Mae CTaHOBUTH He MeHine 150 mr/l
MJI, 110 BIATIOBIZA€E BMICTY MPOIMIOHOBOI Kuciaotu 15% y nesHdikyrouomy 3acobi
[59].

6. AHTMMIKPOOHI BJ1aCTUBOCTI

YyTiauBICTh MIKPOOPTaHBMIB 10 J1€31HPEKTAHTY BU3HAYAIOTh METOJO0M
CEpIMHUX PO3BEACHb Y PLIKOMY KUBUJIBHOMY CepeloBHILl. UyTIUBICTh KYJIbTYp
0 BOJHMUX PO3YMHIB BHU3HA4YalOTh BByalbHO uepe3 16-18 roguH.
baktepiocTaTuyHy KOHLIEHTPALIK0 BCTAHOBIIIOIOTH 3a CXEMOIO: KOHIEHTPAIO
ne3iH(peKTaHTIB B TPOOIPIi 3 BIUICYTHICTIO POCTY JOJAI0Th 10 KUIBKOCTI
ne3iHgekTanTiB B 1 M cepenoBuilia MOJANbIIOT MPOOIPKH, € BIIMIYAIOTh PICT
KyJIbTYpH 1 BUBOJATH CEPEIHE apUPMETHUUHE YUCIIO, AKE MOKa3ye MIHIMaIbHY
KOHIIEHTPAIIIFO Ae31H(EKTaHTIB 3aTpUMYIOUY picT KynsTyp [117].

Sk TecT-00’ €KTU BUKOPUCTOBYIOTh IIUTKY, METAJI, MJIACTUK, LIETITY 1 1epPEBO
po3mipoM 10x10 cMm. Ilepen HaHECEHHAM TECT-KYJNbTYyp MOBEPXHI A€31H(IKYIOTH

NUIIXOM KUM'sITiHHA 5 XB. [licis mincuxanHs, TecT-00’ €KT KJIaayTh TOPU30HTATBHO
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1 MINEeTKOI0 HAHOCATh 2-X MUNIAPJHY CYMIII KyJIbTyp, LIO BHMBYAIOTHCS, B3
pospaxynky 0,5 cm’ Ha 100 cm’.

KynbTypu pIBHOMIPHO pO3TAalIOBYIOTH MO MOBEPXHI CKIISIHUM IIIATENEM,
OiICYHIyIOTh Npu KiMHATHIA Temmneparypl (18-20°C) 1 BIIHOCHIA BOJOTrOCTI
noBitpst  50-60 %. IloTiM TecT-00’€KTH pO3KIATAI0Th TOPU3OHTAILHO 1
BEPTUKAILHO, IMIMETKOI0 HAHOCSTH BOJIHI PO3YMHU Ae31H(EKTaHTy y KiTbKocTi 200
e’ /M . Jocmimkyors 0,5-1,0 mr/amM® posunHy mperapary. Llicist 3poIueHHs,
MOBEPXHIO 3AIUIIAIOTH 10 TOBHOTO BUCHXAHHS.

KonTposmbHi TecT-00’€KTH 3pOMIYIOTh CTEPHII30BAHOIO BOJIOMPOBITHOIO
BOJIOI0 B Ti ke KUTbKOCTL. KOHTposb eheKTUBHOCTI Ae3H(eKIIii TpoBOAsATh 3a
JOTIOMOTOI0 CTEPUIIBHOT'O BOJIOTOTO TAMIIOHA. 3MHUBH 3 KOHTPOJIbHUX TIACTHHOK
nepen nociBoM po3BoAATh B 100 pa3iB 3 METOI PIBHOMIPHOTO PO3MOAUICHHS
MIKPOOPTAHI3BMIB y arapi, MNPOBOJSTh 3MIIIYBAHHSA MOKUBHOTO CEpPEIOBHUIIA.
BuciBu BUTpUMYIOTH B TepmocTaTi npu 37 °C, a MOTIM MiIpaxoByIOTh KUIBKICTH
KOJIOHIA, #AKI BHpocian Ha yamkax llerpi. IloTiM Bu3HaA4alOTh MIUIBHICTH
xoHTaminani #a 100 cM’ i BiTcOTOK 3HE3apaKCHHS.

PesynbTatit po3paxoByroTh 3a (OPMYIIOLO:

X=ax100/e,

Je: a — KUIbKICTh MIKPOOHHX KJITHH 3 JOCIIKYBaHUX IUIACTUHOK;, B —
KUIbKICTh MIKPOOHUX KJIITUH 3 KOHTPOJIbHUX TUIACTUHOK.

OTpuMmaHi 1aHi 0OpPOOJIAIOTh CTATUCTUYHO 3a IOTIOMOTOI0 MeToy Dimepa-
CTprofieHTa 3 ypaxyBaHHSIM CepeaHbOapUMETHUHUX BEJTMYHH 11X CTATUCTUIHUX
NOMWJIOK, a TakoX BHU3HAUCHHSM BIPOTIMHOT pBBHMIN TMOKAa3HUKIB, SKI
HNOPIBHIOIOTHCS. 71 KOKHOTO TOCTIIKYBAaHOTO MOKa3HUKA BU3HAYAIOTh CEPEIHE
apudpmernyne (M) 1 moxubKy cepeaHboro apudpmernuHoro (m). Biporimaumu
BB@)XAIOTh BIIMIHHOCTI 3 PIBHEM 3HAUMMOCTI OuIbIne HIX 95 % (p<<0,05) [117].

Mae OyTH BiICYTHIM picT KOJIOHIHA Ha vamikax [lerpi.

7. O0'eM BMicTYy ofuHMLII (pacyBaHHS

Meron 1 [121].
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Merton 3acTocoBytoTh U1 00’ eMy (hacyBanns 100 mor; 500 mot ta 1 1.

Bwmict oaniei onununi acyBanns npu temmeparypi 20£2°C BUIMBAIOTH Y
MIpHUN TWIHAP JOCTaTHbOT MICTKOCTI, ajie¢ HE Oulbllle HDK 2,5 HOMIHAJILHOTO
00’ emy onuHuIl (pacyBaHHs, Ta GIKCYIOTh 00'eM Mpenapary y MIWIHIPI.

Meton 2 [121].

3BaXyIOTh OAUHUITIO (pacyBaHHS (Pa30M 3 €TUKETKOIO 1 KPUIIIKOI0) Ha Barax,
HalOUThIIIa MEXKa 3BaXYBAaHHS SKAX HE TEPEBHINYE Macy OJWHHUIN (pacyBaHHS
oumpine HoK y 10 pa3iB. BunmBaroTs 3aci0 y OyAb-sIKHIA MIAXO0 IS KOHTEHHED Ta
3BAXYIOTh ITyCTY OJMHMINO (pacyBaHHS (pa3oM 3 €TUKETKOIO 1 KPUIIIKOIO).

Po3paxoBytots 00’ eM (pacyBanHs y JiTpax 3a GopMyIIoro:

(m, —m,)

P2

V=

m; — Maca NOBHO1 OJIMHULII (paCyBaHHS, Y KT;

m, — Maca ImycToi ouHuIll (hacyBaHHs, Y KT;

P20 — TyCTUHA 3ac00y, Kr/11 (10opiBHIOE TyCTHHI 3aco0y y r/mi) npu 20 °C.

O06'em BMicTY oauHUIl (pacyBaHHS Mae Oyt He MeHie 1 7, 5 1, 10 1.

8. [lakyBaHHSs1, MAapPKyBaHHSI

BusHaueHHs 30BHIIHBOTO BUTJISAY IaKyBaHHS NPOBOJSTH Bi3yallbHO.
[IpaBUABHICT 3aKyNMOPIOBAHHS IEPEBIPSAIOTh MPOKPYYYBAHHSM KOBIIAYKa 13
CepENHIM 3YCHIUISIM.

®mnakonun ab0 KaHICTpU MaroTh OyTH 0€3 30BHIMHIX Ae(EeKTiB, MUILHO

3aKpUTI, 3 €TUKETKAMH Y BIIMOBIIHOCTI 13 rpa)lMHUM MAKETOM.
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https://prom.ua/ua/p1566448391-dezinfitsiruyuschie-salfetki-200.html?utm_source=google_pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa_50_sport_i_otdykh&gclid=CjwKCAjwjaWoBhAmEiwAXz8DBSHuyTemWZ1GcF5Lz62zgnICGnGMW_iGLRr9v3WBmVRspCu0gMNTzxoCw78QAvD_BwE%20%5d,%20Kerr%20(%D0%A1%D0%A8%D0%90)%20%5b%20%20%20https://newdental.com.ua/ua/p1430956070-caviwipes-kavi-vajps.html?source=merchant_center&gad=1&gclid=CjwKCAjwjaWoBhAmEiwAXz8DBbRMTxBqNhxE--0N2s4Wqc6_eHO6nd8Pg2KEgGqQEW9E4SOIksPnORoC0C4QAvD_BwE
https://prom.ua/ua/p1566448391-dezinfitsiruyuschie-salfetki-200.html?utm_source=google_pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa_50_sport_i_otdykh&gclid=CjwKCAjwjaWoBhAmEiwAXz8DBSHuyTemWZ1GcF5Lz62zgnICGnGMW_iGLRr9v3WBmVRspCu0gMNTzxoCw78QAvD_BwE%20%5d,%20Kerr%20(%D0%A1%D0%A8%D0%90)%20%5b%20%20%20https://newdental.com.ua/ua/p1430956070-caviwipes-kavi-vajps.html?source=merchant_center&gad=1&gclid=CjwKCAjwjaWoBhAmEiwAXz8DBbRMTxBqNhxE--0N2s4Wqc6_eHO6nd8Pg2KEgGqQEW9E4SOIksPnORoC0C4QAvD_BwE
https://prom.ua/ua/p1566448391-dezinfitsiruyuschie-salfetki-200.html?utm_source=google_pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa_50_sport_i_otdykh&gclid=CjwKCAjwjaWoBhAmEiwAXz8DBSHuyTemWZ1GcF5Lz62zgnICGnGMW_iGLRr9v3WBmVRspCu0gMNTzxoCw78QAvD_BwE%20%5d,%20Kerr%20(%D0%A1%D0%A8%D0%90)%20%5b%20%20%20https://newdental.com.ua/ua/p1430956070-caviwipes-kavi-vajps.html?source=merchant_center&gad=1&gclid=CjwKCAjwjaWoBhAmEiwAXz8DBbRMTxBqNhxE--0N2s4Wqc6_eHO6nd8Pg2KEgGqQEW9E4SOIksPnORoC0C4QAvD_BwE
https://prom.ua/ua/p1566448391-dezinfitsiruyuschie-salfetki-200.html?utm_source=google_pmax&utm_medium=cpc&utm_content=pmax&utm_campaign=Pmax_cpa_50_sport_i_otdykh&gclid=CjwKCAjwjaWoBhAmEiwAXz8DBSHuyTemWZ1GcF5Lz62zgnICGnGMW_iGLRr9v3WBmVRspCu0gMNTzxoCw78QAvD_BwE%20%5d,%20Kerr%20(%D0%A1%D0%A8%D0%90)%20%5b%20%20%20https://newdental.com.ua/ua/p1430956070-caviwipes-kavi-vajps.html?source=merchant_center&gad=1&gclid=CjwKCAjwjaWoBhAmEiwAXz8DBbRMTxBqNhxE--0N2s4Wqc6_eHO6nd8Pg2KEgGqQEW9E4SOIksPnORoC0C4QAvD_BwE
https://dezplus.com.ua/catalogue/disinfection/quick/Sani-Cloth_Active.html
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/disinfection-methods/chemical.html
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/disinfection-methods/chemical.html
https://danamedikal.com/gallery/%D0%86%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%86%D1%96%D1%8F%20%D0%9A%D0%B2%D1%96%D0%BA%D1%86%D0%B8%D0%B4%202020%20%D1%81%D0%BA%D0%B0%D0%BD.pdf
https://danamedikal.com/gallery/%D0%86%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%86%D1%96%D1%8F%20%D0%9A%D0%B2%D1%96%D0%BA%D1%86%D0%B8%D0%B4%202020%20%D1%81%D0%BA%D0%B0%D0%BD.pdf
https://danamedikal.com/gallery/%D0%86%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%86%D1%96%D1%8F%20%D0%9A%D0%B2%D1%96%D0%BA%D1%86%D0%B8%D0%B4%202020%20%D1%81%D0%BA%D0%B0%D0%BD.pdf
https://danamedikal.com/gallery/%D0%86%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%86%D1%96%D1%8F%20%D0%9A%D0%B2%D1%96%D0%BA%D1%86%D0%B8%D0%B4%202020%20%D1%81%D0%BA%D0%B0%D0%BD.pdf
https://www.dzo.com.ua/tenders/catalog/products/2445-MMMM-8680097101419-999999
https://www.dzo.com.ua/tenders/catalog/products/2445-MMMM-8680097101419-999999

VYxpaina) 3 wmero0 gesiHdekmii [EmexktponHuii pecypc] Pexum moctymy:
https://lasept.com.ua/sites/default/files/manuals/lasept rapid _metodvkazivki 2019
_0.pdf.

69. JHNE3AKTIH METO/JMWMYHI BKA3IBKMW (IHCTPYKLIA TIIO
3ACTOCYBAHHIO) [EnekTpoHHUMI pecypc] Pexxum JOCTYILY:

https://dezmed.com.ua/instruktsiia/item/dezaktin-metodicheskie-rekomendatsii-

instruktsiya-po-primeneniyu/ .

70. IHCTPYKIIA momo BukopucTtanHs 3aco0y Ae3iHdikyrouoro «bmanimac
300 (Blanidas 300)» 3 metoto ae3indekmii 00’ ekTiB [EnexTponnuii pecypc| Pexum
JNOCTYILY: https://dez.ck.ua/content/files/nstrukcja-shodo-vikoristannja-zasobu-z-
metou-deznfekc-obektv-86012177.pdf .

71. IHCTPYKIIA mono 3actocyBaHHs Ae31HDIKYIOUOTO 3aC00y 3 MUIHOIO
BnactuBicTio  «JIACEIIT 344-M» Ha mianpueMcTBax NTaxomnepepoOHOT
MIPOMHUCIIOBOCTI [EnekTpoHHuUi pecypc] Pexxum JTOCTYILY:

https://lasept.com.ua/sites/default/files/manuals/instrukciya lasept 344-

m_pticya.pdf .

72.  BAUHWUIOJN A® IHCTPYKLIA TIO 3ACTOCYBAHHIO
(METOAMYHI BKA3IBKW) [Emextponnuii pecypc] Pexum mgoctymy:
https://dezmed.com.ua/nstruktsiia/item/batsillol-af-instruktsiya-po-primeneniyu-

metodicheskie-ukazaniya/ .

73. Metoa. BKa3. 1Jisi caMOCT. poOOTH CTYACHTIB-OaKaiaBpiB 3 TUCITUILTIHU
«Meauune 1 (apManeBTUUHE TOBAPO3HABCTBO» CHEINAIBHOCTI «CecTpUHChKA
cnpaBay / ykman.: T. I. €pmonenko, A. B. Anekcanaposa, O. M. I'yOcbka —
Xapkis: XHMY, 2016. — 175 c.

74. MapkyBaHHS IUIaCTHKY: 110 HaM TpeOa 3Hatu [EnexTpoHHMIT pecypc]

Pexxum noctymy: https:/movadoba.com.ua/238406-markuvannya-plastyku-scho-

nam-treba-znaty.html .

75. Medichem Dosage Pump for Canister [Enextponnmii pecypc]| Pexxum

noctymy:  https://www.doccheckshop.eu/hygiene-disinfection/dosing-application-

aids/application-aids/5871/medichem-dosage-pump-for-canister .
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https://lasept.com.ua/sites/default/files/manuals/lasept_rapid_metodvkazivki_2019_0.pdf
https://lasept.com.ua/sites/default/files/manuals/lasept_rapid_metodvkazivki_2019_0.pdf
https://dezmed.com.ua/instruktsiia/item/dezaktin-metodicheskie-rekomendatsii-instruktsiya-po-primeneniyu/
https://dezmed.com.ua/instruktsiia/item/dezaktin-metodicheskie-rekomendatsii-instruktsiya-po-primeneniyu/
https://dez.ck.ua/content/files/nstrukcja-shodo-vikoristannja-zasobu-z-metou-deznfekc-obektv-86012177.pdf
https://dez.ck.ua/content/files/nstrukcja-shodo-vikoristannja-zasobu-z-metou-deznfekc-obektv-86012177.pdf
https://lasept.com.ua/sites/default/files/manuals/instrukciya_lasept_344-m_pticya.pdf
https://lasept.com.ua/sites/default/files/manuals/instrukciya_lasept_344-m_pticya.pdf
https://dezmed.com.ua/instruktsiia/item/batsillol-af-instruktsiya-po-primeneniyu-metodicheskie-ukazaniya/
https://dezmed.com.ua/instruktsiia/item/batsillol-af-instruktsiya-po-primeneniyu-metodicheskie-ukazaniya/
https://novadoba.com.ua/238406-markuvannya-plastyku-scho-nam-treba-znaty.html
https://novadoba.com.ua/238406-markuvannya-plastyku-scho-nam-treba-znaty.html
https://www.doccheckshop.eu/hygiene-disinfection/dosing-application-aids/application-aids/5871/medichem-dosage-pump-for-canister
https://www.doccheckshop.eu/hygiene-disinfection/dosing-application-aids/application-aids/5871/medichem-dosage-pump-for-canister

76. Plastic canister dosing pump, white [Enextponnuii pecypc] Pexum

noctymy:  https:/www.ampri.com/Plastic-canister-dosing-pump-white-buy-Pump-

for-dosing-disinfectant-canisters-with-30-ml-stroke-suitable-for-5-or-10-litre-

canisters-as-accessory./09996-DP-XL .
77. DOSING PUMP FOR 5L CANISTER [Enektponnuii pecypc| Pexum

JTOCTYIY: https://www.jbmcamp.com/en/products/dosing-pump-for-5l-canister-
14793.

78. baratopazoBuii mo3arop aist kanictpu, S000 ma [EnexTponnuii pecypc]
Pexxum moctymy: https://www.medtechnika.com.ua/ua/mnogorazovyj-dozator-dlja-

kanistry-5000-ml.html.

79. Jlozarop mommnoBuii 28\410 [Enekrponnuii pecypc] Pexum moctymy:
https://himrezerv.kiev.ua/ua/p 1668411324 -pompovyj-dozator-28410.html.

80. Jlozarop mikthoBuit Jlepmanoc [Enekrponnuii pecypc]| Pexum noctymy:

https://dezplus.com.ua/catalogue/containers-dispensers/metering_17.html .

81. ki cepu 3acTtocyBaHHs BUpOOHMYO1 cTpeid 1iiBku? [EnexkTpoHHMI

pecypc] Pexum  pmoctymy:  https://pan-box.com.ua/yaki-sfery-zastosuvannia-

vyrobnychoi-streich-plivky/ .

82. Tepmos6ikHa miBka [TIO® [Enekrponnuii pecypc| Pexxum noctymy:

https://terra-pack.ua/products/pof-termousadochnaya-
plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0
%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF %D0%BB%D1%96%
D0%B2%D0%BA%D0%B0%20%D0%9F % D0%9E%D0%A4%20(%D0%BF%D
0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0
%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93.%D0%BF%D1%80%D0
%BE%D0%BC%D0%B8%D1%81%D0%BB%D0%BE%D0%B2%D0%B8%D1
%85%20%D1%82%D0%BE%D0%B2%D0%B0%D1%80%D1%96%D0%B2%?2
0%D1%96%20%D1%85%D0%B0%D1%80%D1%87%D0%BE%D0%B2%D0%
B8%D1%85%20%D0%BF%D1%80%D0%BE%D0%B4%D1%83%D0%BA%DI
%82%D1%96%D0%B2.
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https://www.ampri.com/Plastic-canister-dosing-pump-white-buy-Pump-for-dosing-disinfectant-canisters-with-30-ml-stroke-suitable-for-5-or-10-litre-canisters-as-accessory./09996-DP-XL
https://www.ampri.com/Plastic-canister-dosing-pump-white-buy-Pump-for-dosing-disinfectant-canisters-with-30-ml-stroke-suitable-for-5-or-10-litre-canisters-as-accessory./09996-DP-XL
https://www.ampri.com/Plastic-canister-dosing-pump-white-buy-Pump-for-dosing-disinfectant-canisters-with-30-ml-stroke-suitable-for-5-or-10-litre-canisters-as-accessory./09996-DP-XL
https://www.jbmcamp.com/en/products/dosing-pump-for-5l-canister-14793
https://www.jbmcamp.com/en/products/dosing-pump-for-5l-canister-14793
https://www.medtechnika.com.ua/ua/mnogorazovyj-dozator-dlja-kanistry-5000-ml.html
https://www.medtechnika.com.ua/ua/mnogorazovyj-dozator-dlja-kanistry-5000-ml.html
https://himrezerv.kiev.ua/ua/p1668411324-pompovyj-dozator-28410.html
https://dezplus.com.ua/catalogue/containers-dispensers/metering_17.html
https://pan-box.com.ua/yaki-sfery-zastosuvannia-vyrobnychoi-streich-plivky/
https://pan-box.com.ua/yaki-sfery-zastosuvannia-vyrobnychoi-streich-plivky/
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%
https://terra-pack.ua/products/pof-termousadochnaya-plenka/#:~:text=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B7%D0%B1%D1%96%D0%B6%D0%BD%D0%B0%20%D0%BF%D0%BB%D1%96%D0%B2%D0%BA%D0%B0%20%D0%9F%D0%9E%D0%A4%20(%D0%BF%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%BE%D0%B2%D0%B0)%20%E2%80%93,%D0%BF%D1%80%D0%BE%D0%BC%

83. IopiBusaaHs Tepmo30bkHUX TLTBOK [IBX 1 [IO® [Enekrponnuii pecypc]

Pexxum poctymy: https:/skytechpolymer.com.ua/ua/sravnenie-termousadochnyh-

plyonok-pvh-i-pof.html .

84. What Are the Medical Uses of Propionic Acid? [Enexrponnuii pecypc]
Pexxum pnoctymy: https://www.thehealthboard.com/what-are-the-medical-uses-of-

propionic-acid.htm.

85. Jiang Ling, Cui Huaiyan, Zhu Liying, Hu Yi, Xu Xian, Li Shuang,
Huang He. Enhanced propionic acid production from whey lactose with
immobilized Propionibacterium acidipropionici and the role of trehalose synthesis
in acid tolerance. Green Chem. 2015, 17(1): 250-259. do1:10.1039/c4gc01256a.

86. Dishisha Tarek, Stdhl Ake, Lundmark Stefan, Hatti-Kaul Rajni. An
economical biorefinery process for propionic acid production from glycerol and
potato juice using high cell density fermentation. Bioresource Technology. 2013,
135: 504-512. doi:10.1016/j.biortech.2012.08.098.

87. Yang Hopen, Wang Zhongqiang, Lin Meng, Yang Shang-Tian.
Propionic acid production from soy molasses by Propionibacterium
acidipropionici : Fermentation kinetics and economic analysis. Bioresource
Technology. 2017. S096085241731979X—.do1:10.1016/j.biortech.2017.11.016.

88. Cucrtemu 30upaHHs Ta Ae31H(EKI YUCTUX MpUMIilieHb [EnekTpoHHui

pecypc] Pexum noctyny: https://kbt.com.ua/easy-mop

89. Patent WO0O2015036433A1. Antimicrobial composition. Frangois
Bougard, Pierre Stachura, Philippe Vanhelleputte, Héléene Loncin. 19.03.2015.

90. ®apmak. Ilpo xkommanito [EnekrpoHHUi pecypc] — pPEXHM TOCTYITY:

https://farmak.ua/about/.

91. AT "®OAPMAK" [EnekrpoHHuii pecypc] — pexKuM JTOCTYITY:

https://www.contractors.com.ua/ua/customer/481198

92. T'yacentr  [EnekTpoHHuUM  pecypc] —  pEKAM  JOCTYIY:
https://lysoform.ua/products/guasept/
93. Wang, P., Wang, Y., & Su, Z. (2012). Microbial production of propionic

acid with Propionibacterium freudenreichii using an anion exchanger-based n situ
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product recovery (ISPR) process with direct and indirect contact of cells. Applied
biochemistry and biotechnology, 166(4), 974-986. https://doi.org/10.1007/s12010-
011-9485-7.

94. Karp, Eric & Cywar, Robin & Manker, Lorenz & Saboe, Patrick &
Nimlos, Clarre & Salvachua, Davinia & Wang, Xiaoqing & Black, Brenna & Reed,
Michelle & Michener, Willam & Rorrer, Nicholas & Beckham, Gregg. (2018).

Post-Fermentation Recovery of Biobased Carboxylic Acids. ACS Sustamable
Chemistry & Engineering. 6. 10.1021/acssuschemeng.8b03703.

95. Kapmamr F0.B., Kpacmpko B.O. OcHOBH NpOEKTYyBaHHS
0l0TexHOJIOTTYHUX BHUPOOHUITB Enextponnmii pecypc: HaBu. mociOHuk. —
K.:HYXT, 2022. -373 c.

96. 3arasibHa OIOTEXHOJOTI : Kype JIEKUIA 11 37100yBadiB (KOPOTKOTO
nukiy) piBHa  Bumoi ocBitu  OINl  «biotexHosorii Ta  OlolHXEHEpia»
criemianbHOCTI 162 «bioTexHosorii Ta OloiHXKeHepisi» AeHHOi (popMu 3100yTTA
Buioi ocsitu / O. 1. Kapareea, O.1. FOneBuu. — Mukonais : MHAY, 2022. — 107
C.

97. Ahmadi, N., Khosravi-Darani, K., Zarean-Shahraki, S., Mortazavian, M.,
Mashayekh, S.M. (2015). Fed-Batch fermentation for propionic acetic and lactic
acid production. Orient J Chem, 31, 581-590.

98. 3AT'AJIbBHA BIOTEXHOJIOI'TA Metonnuni pekoMeHmami s
CaMOCTIHHOTO BHBYEHHS AWCIMIUIIHU 1 BUKOHAHHS J1a0OPATOPHO-MPAKTUIHHUX
pooIT cTyAeHTaMu JAE€HHOI (POpMHM HaBYaHHS HampsMy MAroToBku 6.051401-
"Bbiorexnomaorit"/ Yki:.. FOnesnu O.1. — Mukoaais, 2015. —157 c.

99. Propionic Acid Preparation from Protocol [Enextponnuii pecypc]
Pexum JOCTYILY:
https://www.scientificlabs.co.uk/handlers/libraryFiles.ashx?filename=Manuals_F

FLY1290 A.pdf.

100. Propionic Acid [Emextponnmii pecypc] Pexum goctymy:

https://pubchem.ncbi.nlm.nih.gov/compound/Propionic-Acid .
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101. 3410 JIITPIB, BHYTPIIHINA TUCK 4 BAPU, KOXYX 5/6 BAPIB,
KOPITYC PEAKTOPA PFAUDLER BALFOUR GLASS LINED [Enexkrponuuit
pecypc] Pexum noctymy: https:/perryvidex.eu/product/3410-ltr-fv-4-bar-int-5-6-
bar-jkt-no-agit-11059

102. BinmeHTpoB1 HACOCH JJIsl Xap4yoBOi 1 (hapMaIeBTUIHOT POMHUCIOBOCTI
[EnexTpoHHMI pecypc] Pexum NOCTYIY:

https://dalgakiran.ua/uk/products/vidcentrovi-nasosy-dlya-harchovoyi-i-

farmacevtychnovyi-promyslovosti/

103. Ilentpudyru bGubTpyrOUl 3 MyJbCYIOUYMM BHUBAHTAXKCHHSIM OCaIy
[EnekTpoHHMI pecypc] Pexum JNOCTYILY:

http://snpo.ua/produktsiva/tsentrifugi/tsentrifugi-filtruyuchi-z-pulsuyuchim-

vivantazhennyam-osadu/

104. BaroBuii no3arop cumyunx npoayktis B/[-1 [Enextponnuii pecypc]
Pexum  gocrtymy: https://pack-tech.com.ua/p936405033-vesovoj-dozator-
sypuchih.html?source=merchant _center&gclid=Cj0KCQjw3JanBhCPARIsAJpXT
x4]A0zXV1e0BAYOmMZjGxjgx4b3JcW_WkUz8c61fBRvzL. VBRtUnly3waArQhE
ALw_wcB .

105. Xumunueckuit peakrop REACTOR ACERO INOXIDABLE 316 2000
LITROS CON AGITACION Y MEDIA [Enexkrponnuii pecypc] Pexum goctymy:
https://machineryline.ua/ru/-/prodazha/himicheskie-reaktory/ REACTOR-ACERO-
INOXIDABLE-316-2000-LITROS-CON-AGITACION-Y-MEDIA--
23040417532718450800

106. Resin ion exchange column to produce Anthocyanin extractor complete

line [Enextponnuii pecypc] Pexum moctymy: https:/www.alibaba.com/product-

detail/R esin-ion-exchange-column-to-produce 60805352795.html

107. Peaktop misa nakoB qas Bojoc PC-1200 (Mcnonnenue Ex)

[Enextponnmii pecypc] Pexum moctymy: https:/promvit.com.ua/reaktor-1200-I-v-

1spolnenii-ex-vzryvozashhinnoe-ispolnenie/ .

108. Peakrop 3 Hepkasiiiku 4 M3 [Enektponnuii pecypc] Pexxum noctymy:
https://prom.ua/ua/p637928736-reaktor-nerzhaveijki.html .
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109. 12,6T Bakyym-BHIIapHa yCTaHOBKA KOHIICHTpaIlii criupTOBOi Oapau (4-
CTyIIeHI) /I CIHMPTOBOrO 3aBoay moTyxkHiCTIO 6000 mam cnupty Ha m00y

[EnexkTpoHHMit pecypc] Pexxum JOCTYIY: https://prom-

nasos.pro/ua/catalog/engineering/vacuum-evaporation-plants/12-6t-vakuum-

viparna-ustanovka-dlya-bardi-4-stupen-dlya-spirtovogo-zavodu-potuzhn-styu-
6000-dal-dobu

110. Peaktop xumudeckuit 500 51, QapmareBTHIECKHUMN,IPOMBIIUICHHBIMH,
304 wx BE3 naBnenmss [EnexktponHuit  pecypc] Pexum  goctymy:
https://prom.ua/p948372616-reaktor-himicheskij-500.html

111. USED STAINLESS STEEL 316 3200 LITRES REACTOR WITH
AGITATION AND HALF-COIL JACKET [Enexkrponnuii pecypc| Pexum

nocTymy: https:/comquima.com/en/products/reactors/1-000-4-999-1/used-stainless-

steel-316-3200-litres-reactor-with-agitation-and-half-coil-jacket-c 7694 .

112. ABromatnuHuil no3atop-ykynopumk pinuH Scaldopack Smartfiller
[Enextponnmii pecypc] — pexxum goctymy: https://kozakplus.ua/products/granule-

packaging-machines/smartfiller

113. Propionic Acid White Crystalline Powder [Enextponnmii pecypc] —

pexuM moctymy: https://www.echemi.com/produce/pr2104161118-propionic-acid-
white-crystalline-powder-saa6528752200-saa.html
114. Son, E., Kim, H. K., Kim, H. S., Kim, M. R., & Kim, D. S. (2017).

Quantification of propionic acid from Scutellaria baicalensis roots. Integrative
medicine research, 6(1), 93—96. https://doi.org/10.1016/1.imr.2016.11.003.
115. KUCJIOTA IIPOIIIOHOBA [EnektpoHHU#l pecypc| — pexum

nocTymy: https://www.pharmencyclopedia.com.ua/article/7183/kis lota-propionov
116. HPLC Refractive Index Detector (HPLC RI Detector) [Enextponnmii

pecypc] — pexum goctymy: https:/www.labcompare.com/Chemical-Analysis-
Equipment/514-HPLC-Refractive-Index-Detector-HPLC-RI-
Detector/#:~:text=A%?20refractive%20index%20(R1)%20detector.reference%20cel
1%20containing%20just%20solvent.
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117.  Heuwmnopenko O. JI. BwusHaueHHs  OakTepUIMAHUX  Ta
OaKTepiOCTAaTUIHUX BIACTUBOCTEH HOBOTO JAe3iH(iIKyrodoro npemnapary "Jlescan" /
O. JI. Heuunopenko, A. B. bepezoscokuii, T. I. ®@otina // BicHuk CyMcbKkoTO
HAIIOHAJILHOTO arpapHoro yHiBepcutery. Cepis : Berepunapna menununa. - 2018.
- Bum. 1. - C. 85-88.

118. YcraTtkyBaHHs acEeNTHUYHMX 1 HEACENTUYHUX BUPOOHUIITB JIIKAPCHKUX
3aco0B. KoHcmekT mekmii mia CTyAeHTB cremiambHocTi 133 “TamyseBe
MamuHOOYIyBaHHS»  criemianiBamis  «OOmagHanHs  dapManeBTUYHAX — Ta
OloTexHoJOTMHUX BUpOOHMITBY / VYkmam.: B.M. Tlopoasuncekuii, B.1O.
[Mn6eupkuit — K.: KIII im. Iropst Cikopeskoro, 2017. — 251c.

118. JInu L.B. [IpomucioBa TeXHOJIOTIA JIKapChKkux 3aco0iB [EnekTpoHHuI
pecypc]: KOHCTIEKT JIEKIIii JIJIst CTY/l. OCBITHBOT'O CTYIEHs OakajaaBp CIEHIAIbHOCTI
162 «bioTexHoorii Ta Ol0IHXKEHepis» JeH. Ta 3a04. ¢opm Hapy. / [.B. JIuu. — K.:
HYXT, 2017. — 323 c.

119. Crepusutiym po3uMH HalKIpHUN KaHicTpa 5 1 [EnextponHmii pecypc]

Pexum  goctymy:  https:/apteka911.ua/ua/shop/sterillium-r-n-nashkir-kanistra-51-

p59455
120. ACQUITY UPLC TUV Detector [Enextponnuii pecypc] Pexum

nocTymy: https:/www.waters.com/webassets/cms/support/docs/715004733rb.pdf .

121. HdepxaBua ®@apmakones Ykpainu : B 3 T. / JlepaBHe MIINIPUEMCTBO
«YKpaiHCbKUHM HayKOBHI (papMakoIelHUI LIEHTpP SIKOCTI TIKApChKUX 3aCO01BY. - 2-
e Bua. — XapkiB: JlepkaBHe MANPUEMCTBO «YKpaiHChKUN HAyKOBUM

bapmakoneifHU LIEHTP SIKOCTI JIIKapChKUX 3ac00iBy», 2014. - T. 1. - 1128 c.
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(57) ABSTRACT

The invention relates 1o an aqueous disinfectant for disin-
fecting inanimate surfaces, a concentrate for producing the
application solution, and the use of the disinfectant to
eliminate microorganisms. The combination of a plurality of
organic acids according to the invention is, surprisingly, a
synergistic composition and enables adequate germicidal
action. Swrprisingly. adequate microbicidal ellectiveness
against 4 broad spectrum of microorganisms can thereby be
achieved in a short exposure time without further active
ingredients.
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acid, propionic acid, tartaric acid, benzoic acid or mixtures
thereof. Tt is also possible to use the sodium and potassium
salts of the acids in order to buffer the pH of the solution.
Prelerence is given here (o sodium acetate and sodium
benzoate. Particularly preferably. the disinfectant according
to the invention contains a combination selected from acetic
acid, propionic acid, lactic acid, tartaric acid and sodium
benzoate and, more particularly, no sorbic acid and no
C6-C12 fatty acids are present.

Unless specified otherwise, all the concentrations speci-
fied for the organic acids are based in each case on 100%
acid. Prelerably, according (o the invention, the preparation
of the disinfectant compositions uses commercially avail-
able 90% lactic acid, 99% propionic acid, 99% (+)-tartaric
acid, 99% sodium benzoate and 100% acetic acid.

Instead of the free acid, the salt of an organic acid can also
be added to the disinfectant composition. This has the
advantage that the pH can be regulated without further pH

regulators. Moreover, there is the option of adding a strong 2

acid, for example hydrochloric acid or sulfuric acid. to
produce the free acid from a salt.

Tn the disinfectant according to the invention, the indi-
vidual components, il present, are preferably present in the
following amounts.

Lactic acid 0.05-3% by weight, preferably 0.5-1.5% by
weight

Tartaric acid 0.1-2% by weight, 0.5-1% by weight

Acetic acid 0.1-5% by weight, 0.5-3% by weight
Propionic acid (.1-5% by weight, 0.5-3% by weight
Sodium benzoate 0.1-2% by weight. 0.1-1% by weight
Sodium acetate 0.1-5% by weight, 0.2-1% by weight
Propylene glycol 0.1-3% by weight, 0.2-1% by weight
Hexyl carbito] 0.1-3% by weight, 0.2-1% by weight

The disinfectant according te the invention is preferably

present as a ready-to-use. aqueous solution for disinfection
(application solution). The application solution is prepared
by dilution of a disinfectant concentrate according to the
invention with water. In this case, the disinfectant according
to the invention contains preferably 0.1 to 10% by weight,
particularly preferably 0.5 to 8.0% by weight, further par-
ticularly prelerably 2.0 (o 6.0% by weight, ol'the concentrate
and water.
In one embodiment, the disinfectant according to the
invention consists of
0.1-10% by weight of at least two organic acids selected
from acetic acid, propionic acid, lactic acid and tartaric
acid or a combination of these,
0.1-10% by weight of sedium benzoate.
auxiliaries. for example surfactants. solubilizers and
water
wherein the components add up to 100% by weight.

According to the invention, the object is further achieved
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by a disinfectant concentrate for the preparation of the =

disinfectant according to the invention for the disinfection of
inanimate surfaces, containing
0.1-85% by weight of at least three organic acids or the
salts thereol selected from the group consisting of
acetic acid, propionic acid, tartaric acid, benzoic acid
and laclic acid.
a solvent, prelerably water, and
optionally solubilizers selected from glycols, glycol
ethers or a mixture thereol]
wherein the specified amounts are based in each case on the
total amount of the concentrate.
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In the disinfeclant concentrate according (o the invention,
the amount of each individual organic acid is preferably not
more than 50% by weight and the total amount of acids is not
more than 85% by weight.

In one embodiment, the disinlectant concentrate accord-
ing to the invention consists of

0.1-15% lactic acid.

0.1-530% by weight ol acetic acid,

0.1-50% by weight of propionic acid,

wherein the sum of acetic acid and propionic acid is

between 15% by weight and 60% by weight,

0-25% hy weight of sodium benzoate,

0-6% by weight of tartaric acid,

0-15% by weight of sodium acetate

optionally solvent and

optionally auxiliaries (disinfection additives) selected

from: pIT regulators, surfactants, solubilizers, corrosion
inhibitors, dyes, fragrances, complexing agents,
wherein the components add up te 100% by weight and
the total amount of acids is at least 21% by weight.

In a [urther preferred embodiment, the disinfectant con-
centrate according to the invention consists of

21-85% by weight of at least three organic acids selected

from

0.1-50% by weight of acetic acid,

0.1-50% by weight of propionic acid,

0.1-6% by weight of tartaric acid,

0.1-30% by weight of lactic acid and

0.1-15% by weight of sodium benzoate, —2-208% by
weight of solubilizer selected from hexyl carbitol,
propylene glycol. methyl carbitol, butyl carbitol,
monoethylene glycol or a combination of these and

water,
wherein the components add up to 100% by weight.

In a further embodiment, the disinfectant concentrate
according to the invention consists of

15-45% by weight of at least two organic acids selected

from acetic acid. propionic acid, lactic acid or a com-
bination of these,

6-13% by weight of sodium benzoate

auxiliaries. such as, for example, solubilizers and pH

regulators

water,
wherein the components add up o 100% by weight.

Preferably, the disinfectant according to the invention
contains as antimicrobial active ingredient the following
combinations of organic acids. wherein no further organic
acids are present:

Combination A: propionic acid, lactic acid, sodium benzoate
Combination B: propionic acid, lactic acid, acetic acid
Combination C: propionic acid, acetic acid, sodium benzo-
ate

Combination D: acetic acid, lactic acid, sodium benzoate
Combination E: propionic acid, lactic acid, acetic acid,
sodium benzoate

Combination [: tartaric acid, propionic acid, acctic acid,
lactic acid, sodium benzoate.

Particularly preferred embodiments of the concentrate
according to the invention are the [ollowing compositions:

Concentrates [%a] [%] [%] [%6] [*8]
Laetic acid 15 1
Tartaric acid 6

Acetic acid 15 &) 15 30 5
Propionic acid 15 15 15 30 15
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-continued

Concentrates %] [%] [%a] 6] [%]
Sodium benzoate 6 13 6 13
Sodium acetate

Propylene glycol 10 12 10 10 10
Hexyl catbiral 10 14 10 10 10
Demineralized water 29 31 44 13.5 46
Lincar alcohol cthoxylate™ 0.5

*Marlipal 1618/25, nonionic surfactant manufactured by Sasol Germany GmbEl

The disinfectant according to the invention preferably has
apH of 1.0 to 7.0, particulatly preferably =2.0-<6.0. The pH
can be adjusted by addition of low amounts of pH regulators,
such as strong bases or strong acids, for example sulfuric
acid, potassium hydroxide, sodium sulfite. Preferably, the
use of a pH regulator is dispensed with.

The disinfectant concentrates according to the invention
can contain, as auxiliaries, solubilizers and/or pH regulators
and/or surfactants. Suitable solubilizers are, for example,
diethylene glycol mone-n-hexyl ether (hexyl carbitel) and/
or 1,2-propanediol (propylene glycol), as well as methyl
carbitol, butyl carbitol, monocthylene glycol. Further aux-
iliaries, which are less preferred according te the invention,
are corrosion inhibitors, foam regulators, dispersants, dyes,
perfume or mixtires thereof.

Hexyl carbitol and/or propylene glycol are preferably
used at a weakly acidic pH in aqueous disinfectants con-
laining sodium benzoate. The quantity ratio of sodium
benzoate to hexyl carbitol is preferably between 4:1 and 1:4,
particularly preferably 3:1. If propylene glyvcol is used, the
quantity ratio ol sodium benzoate to propylene glycol is
between 4:1 and 1:4, particularly preferably 1:1.5. Particu-

larly preferably. the combination of hexyl carbitol with -

propylene glycol in the presence of sodium benzoate is in a
preferred ratio of sodium benzoate:hexyl carbitol:propylene
glycol=3/1/5 or 3/5/5. Further solubilizers which can be
used at pH<7.0 are: methyl carbitol, butyl carbitol, mono-
ethylene glycol and combinations of these.

Preferably, the disinfectants according to the invention
and the disinfectant concentrates according to the invention
conlain, as solubilizers, glycols selected from propylene
glycol and monoethylene glycol and/or glycol ethers
selected from methyl carbitol, butyl carbitol and hexyl
carbitol, particularly preferably a combination of propylene
glycol and hexyl carbitol.

Preferably, the disinfectants according to the invention
and the disinfectant concentrates according to the invention

contain, as sole antimicrobial active ingredient, organic 5o

acids and no further antimicrobial active ingredients. Par-
ticularly preferably, the disinfectants according to the inven-
tion contain no quaternary ammonium compounds, no alde-
hydes, no guanidines, no active chlorine, no amines, no

oxygen-releasing agents, no monohydric alecohols. no aro- 3

matic alcohols, no metal ions and no combinations of these
anlimicrobial active ingredients.

Surprisingly, it is possible using the disinfectant accord-
ing to the invention to already achieve, just through addition
of organic acids without further antimicrobial active ingre-
dients, a sufficient microbicidal efficacy against a broad
spectrum of microorganisms after two minutes, five minutes
or 15 minutes. Moreover, the combination of multiple
arganic acids that is in accordance with the invention
represents, surprisingly, a synergistic composition owing to
diflerently combined mechanisms of action and allows a
sufficient, pathogen-killing action.
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The list of organic acids suitable as active ingredients of
disinfection compositions comprises:
formic acid, ascorbic acid, benzoic acid, dehydroacetic acid,
acetic acid, fumaric acid, glycolic acid. lactic acid, mandelic
acid, phenylacetic acid, propionic acid, salicylic acid, tar-
taric acid, zine stearic acid, citric acid, present in each case
as [ree acid, salt and in any combination. prelerably acetic
acid, lactic acid, propionic acid, tartaric acid, sodium ben-
zoate/benzoic acid or mixtures thereof.

Preferably, the disinfectant concentrates according 1o the
invention contain organic acids having 2 to 8 carbon atoms,
preferably 3 to 7 carbon atoms.

In one embodiment, the disinfectants according to the
invention and the disinfectant concentrates according to the
imvention additionally contain nonionic surlactants, cationic
surfactants, amphoteric surfactants, or a combination of
these, and preferably no anionic surfactants.

There are many compounds which belong to the group of
organic acids and which can differ in structure and mode of
action. One way of characterizing organic acids is the degree
ol dissociation in the aqueous medium. The dissociation
constant of an organic acid (Ka) decreases with increasing
chain length; the acid dissociates more weakly.

Organic acids can have an antimicrobial action owing to
their acid function and their structure. Thus, a long-chain
fatty acid can, owing to its hydrophilic and hydrophobic
moicty, also have an antimicrobial character as surface-
active substance, comparable to surfactants, whereas a short-
chain acid can act through the lowering of pH. The acidity
can be deduced from the pKa value. The pKa corresponds to
the negative common logarithm of the acid constant Ka and
provides information about the equilibrium position of an
acld which reacts with water. The pKa therefore serves as a
measure of the strength of an acid, with a small value
meaning a strong acid.

Preferably, the disinfectant according, to the invention and
the disinfectant concentrate according Lo the invention com-
prise. as antimicrobial active ingredient (active component),
exclusively organic acids having a pKa between 2 and 6,
preferably having a pKa between 3 and 5.

The organic acids preferred according to the invention
have the following pKa values (at 20° C))
pKa tartaric acid: 3.04
pKa lactic acid: 3.87
pKa benzoic acid: 4.17
pKa acelic acid: 4.76
pKa propionic acid: 4.88.

Surprisingly, the organic acids in combination can be used
ellectively according 1o the invention against microorgan-
isms, since the following mechanisms of action apparently
accumulale synergistically:

(1) Action due to lowering of the pH through dissociation
of the organic acid. R—COOH+H,0—=R—COO™+
H,0*.

Reason: Each microorganism has its cardinal condi-
tions: if there is a change to these  for example the
pH—the growth rate decreases (up Lo inhibition).

(2) Action due to attachment of the acid anion to the cell
membrane of the microorganism. R COO —cell
wall/phospholipid membrane.

Reason: Disruption of cell proliferation and equilib-
rium concentration between intracellular and extra-
cellular space. According to one assumption, the
long-chain fatry-acid anions are positioned between
the phospholipid molecules and are, Irom a certain
concentration, statistically sulliciently close o one
another for them, owing to their COO™ groups. to
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push apart the membrane molecules and o thus
effectively contribule to the perforation of the cell
membrane.

(3) Intracellular action: The undissociated acid
(R—COOH) can. owing to an absent hydration shell, 5
pass through the cell wall of a microorganism more
easily than the corresponding anion. In the interior of
the organism, a relatively high pH prevails, resulting in
the acid activity being released—comparable to (1)—
and this leads to the denaturation of important proteins
and further unspecific reactions within the organism.

(4) Some aromatic carboxylic acids can act as depolariz-
ers via their redox potential, by, for example, being able
to inhibit ion channels of the cells and to thus lead to
a charge reversal.

During the preparation of the concentrates according to
the invention, a further unexpected effect was found. In the
presence of a relatively strong acid, sodium benzoate does
not exhibit any solubility in an aqueous, glycol-containing 2
solution. It is found that. surprisingly, sodium benzoate in
the presence of relatively weak acids can, even in the
presence ol a relatively strong acid and low pH values, be
dissolved without any problems to form a colorless and clear
composition. This is surprising, since the presence of a
relatively strong acid leads to a protonation of the benzoate,
resulting in the presence of the poorly water-soluble benzoic
acid. The presence of at least one relatively weak acid is
sufficient for bringing sodium benzoate into a stable, aque-
ous, colorless solution. 2

In a preferred embediment. the application solution con-
of

a) 0.45-10% by weight of at least one organic acid
selected from acetic acid, propionic acid or a combi-
nation of these,

b) 0.1-1% by weight selected from sodium benzoate or
sodium acetate or a combination of these,

¢) 0-2% by weight ol solubilizer selected [rom hexyl
carbitol and propylene glycol or a combination of these
and

d) water,
wherein at least 3 acids and/or the salts thereof (a) and

(b) are present.

In a further preferred embodiment, the application solu- 5
tion consists of

a) 0.45-10% by weight ol at least one organic acid
selected from acetic acid. propionic acid or a combi-
nation of these,

b) 0.1-1% by weight selected from sodium benzoate or
sodium acetate or a combination of these,

c) 0.1-1% by weight of lactic acid,

d) 0-2% by weight of solubilizer selected from hexyl
carbitol and propylene glycol or a combination of these

ra
<

35

1]

and 55
¢) water.
wherein the sum of
(a2}
%+(4~)Js<1,o, 60

Tn a preferred embodiment, the application solution con-
sists of
a) 0.45-10% by weight ol at least one organic acid &5
selected from acetic acid, propionic acid or a combi-
nation of these,

8

b) 0.1-1% by weight selected [rom sodium benzoate or
sodium acetate or a combination of these,

¢) 0.1-1% by weight of tartaric acid,

d) 0-2% by weight ol solubilizer selected [rom hexyl
carbitol and propylene glycol or a combination of these
and

e) water,

wherein the sum of (a)+(c) is <10.0.

In a preferred embodiment. the application solution con-

sists of

a) 0.45-10% by weight of at least one organic acid
selected [rom acetic acid. propionic acid or a combi-
nation of these,

b) 0.1-1% by weight selected from sodium benzoate or
sodium acetate or a combination of these,

¢) optionally 0.1-1% by weight of lactic acid,

d) optionally 0.1-1% by weight ol tartaric acid,

e) 0-2% by weight of solubilizer selected from hexyl
carbitol and propylene glycol or a combination of these
and

) water,

wherein the sum of

(a) e
i +ic)+(d)yis < 1.0

Preferably, the application solution of the disinfectant

o according to the invention contains organic acids in a

concentration of 0.1-10% by weight, particularly preferably
0.3-5.0% by weight.

More particularly, the sum of propionic acid, acetic acid,
lactic acid and tartaric acid in the application solution is
below 10% by weight.

Particularly prelerably, the organic acids in the applica-
tion solution mathematically meet the following conditions

(data in % by weight):

Acelic acid and/or propicnic acid - Tartaric acid + lactic acid

q
10 1 0

Acetic acid and/or propionic acid  Lactic acid
+

=1.0
10 1 =l

Acetic acid andfor propicnic acid 3 Tartaric acid
10 W

Tartaric acid + lactic acid 10

Lo

Surprisingly. the disinlectants according (o the invention
and the concentrates according to the invention exhibit, with
their combinations of organic acids, an antimicrobial effi-
cacy which goes far beyond an inhibition of growth, and can
be used for preparing effective disinfectants which already
exhibit after a fow minutes a complete reduction of bacteria,
yeasts and even mycobacleria (reduction by at least 4 logs
against yeasts and mycobacteria, at least 5 logs of bacteria).

The disinfectant concentrates according to the invention
and the disinfectants according to the invention are prefer-
ably used for the disinfection of inanimate surfaces, espe-
cially for the reduction (killing) of yeasts, especially of
Candida albicans, and/or reduction (killing) of bacteria,
especially of Staphyiococcus aureus. Preferably, the disin-
fectant concentrate or the disinlectant is used 1o bring about
at least a log 4 reduction with respect (0 Candida albicans
within 2 minutes in accordance with the “Standardmethoden
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der DGHM zur Priifung chemischer Desinfektionsver-
fahren” [Standard methods of the German Society for
Hygiene and Microbiology for testing chemical disinfection
methods] (version of 1 Sep. 2001) in the quantitative sus-
pension test. Further preferably, the disinfectant or the
coencentrate is used 1o bring aboul at least a log 5 reduction
with respect 1o Staphylococcus awreus within 2 minutes in
accordance with the “Standardmethoden der DGHM zur
Pritfung chemischer Desinfektionsverfahren”™ [Standard
methods of the German Society for ITygiene and Microbi- 10
ology for testing chemical disinfection methods] (version of
1 Sep. 2001) in the quantitative suspension test. Further
preferably, the disinfectant or the concentrate is used to
bring about at least a log 4 reduction with respect to
Mycobacterium terrae within 15 minutes, preferably within
10 minutes, further preferably within 5 minutes, particularly
preferably within 2 minutes, in accordance with the “Stan-
dardmethoden der DGIIM zur Priifung chemischer Desin-
fektionsverfahren” [Standard methods of the German Soci-
ety for Hygiene and Microbiology for testing chemical
disinlection methads] (version ol 1 Sep. 2001) in the quan-
titative suspension test.

’articularly preferably, the disinfectant or the concentrate
is used to bring about at least a log 4 reduction with respect
to Candida albicans within 2 minutes and at least a log 5 2
reduction with respect o Staphylococcus aureus within 2
minutes and at least a log 4 reduction with respect to
Mycobacterium terrae within 15 minutes, preferably within
10 minutes, [urther preferably within 5 minutes, particularly
preferably within 2 minutes. in accordance in each case with 30
the “Standardmethoden der DGHM zur Pritfung chemischer
Desinfektionsverfahren™ [Standard methods of the German
Society for Hygiene and Microbiology for testing chemical
fection methods] (version of 1 Sep. 2001) in the quan-
litative suspension test.

Particularly preferably, the disinfectant according to the
invention or the disinfectant concentrate according (o the
invention is used for the reduction of the microorganisms S.
aurens and C. albicans. The test for antimicrobial efficacy is
done especially at low organic load, i.e., in the presence of
0.03% albumin, but can also be done under high organic
load, i.e., in the presence of 0.3% albumin and 0.3% sheep
erythrocyles, the pathogen reduction necessary in accor-
dance with the DGHM or EN standard also being achieved

The disinfectant concentrate according to the invention
and the disinfectant according to the invention have the
advantage that they are suitable not only for the reduction of
the stated test pathogens M. zerrae, C. albicans and 8.
aureus, but also simultancously reduce other microorgan- s
isms, such as M. avium, E. coli, P. aeruginosa and E. hirae.
It is therefore possible to reduce a multitude of different
pathogens at the same time vsing just one disinfectant.

The disinfectants according to the invention and the
disinfectant concentrates according to the invention can be 55 Acetic acid
vsed in combination with a substrate (c.g., ready-to-use

Moreover, the liquid disinfectant can be used in the form
of a presoaked, appropriate support material for wipe dis-

another application aid. The disinlectant used according to
the invention is prelerably applied in the [orm ol a foam, ol
a liquid or in the form of a disinfectant-impregnated cloth,

US 11,134,680 B2
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TABLE 1

10

sponge or other application aid. Here, the disinfectant can be
brought directly to the surface to be treated, without further

Preparation of the Concentrates and Application Dilutions

Concentrates having the compositions specified in Tables
1 and 2 were prepared. The first preparation step involved
initially charging the water (if applicable) and the solubilizer
in a suitable vessel. In the next step, the organic acids were
added. It was found that combinations of liquid acids can he
added together without any solubility problems. When using
solid acids or the salts thereof, such as, for example, benzoic
acid, sodium benzoate, sodium acetate and tartaric acid,
there was in some cases a temporary turbidity of the solution
in combinations with the liquid acids. Moreover, there was
in some cases low heat generation in the case of combination
ol acid and salts, and it is for this reason that a slow addition
is advantageous. In the last step, surfactants were addition-
ally added, il applicable. Therealter, the composition was
stirred until a colorless, clear solution representing the
concentrate was formed. From the concentrates, application
solutions were prepared by dilution with water of standard-
ized hardness (WSH). These were tested for antimicrobial
eflicacy. The concentrations of the application solution are
specified in Tables 4 to 9 for the various measurement series.

A particular phenomenon is found in the preparation of
the disinfectant concentrates according to the invention: in
the presence ol a relatively strong acid, sodium benzoate
and/or benzoic acid exhibit no solubility in aqueous solution

35 Comparative Hxample A. It is found that, surprisingly,
sodium benzoate and/or benzoic acid in the presence of at
least one relatively weak acid can, even at low pII values. be
dissolved in aqueous solution without any major problems to
[orm a colorless and clear composition. Examples B, C and
H show that the presence of at least one relatively weak acid
is sufficient to bring sodium benzoate and/or benzoic acid
into a stable, aqueous. colorless solution, even in the pres-
ence of a relatively strong acid.

Recipes of concentrates A wo E in % by weight; A, D: comparative
examples; B, C, E: according (o the invention

infection, the support material being formed from a syn- 60 Ilexyl carbital
thetic plastic from the group consisting of polyester. poly-

polytetrafluoroethylene (PTFE), preferably polyester.
The support material is, for example, a cloth, a sponge or

A D
0 {compar- {compar-
isom) B & ison) E
Tactic acid 15.0 15.0 15.0 15.0 15.0
(90%)
Tartaric — — — — —
acid (100%)
15.00 15.00
(100%)
Propionic acid — 1500 — — —
Sedium benzoate 6.0 6.0 6.0 — —
Benzoic acid 6.0 6.0
Propylene glycol 10.0 100 10.0 10.0 10.0
10.0 10.0 10.0 10.0 10.0
Demineralized 52.0 44.0 44.0 59.0 44.0
water
polypropylene, Inscluble, Soluble, Soluble, Insoluble, Soluble,
two celor-  color- two color-
phases less, less, phases less,
clear clear clear

&
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Recipes
TABLE 2 a
Recipes of inventive concentrates 1 to 6 in %
by weight, Marlipal ® 1618/25: linear
alcohol ethoxylate, manufacturer Sasol Germany
Example 1 2 3 4 3 6
Lactic acid (90%) 15.0 12.0 30.0 1.0 14 15.0
Tartaric acid (100%) 14 20
Acetic acid (100%) 4.0 42.0 44.0 9.5 3.0
Propicnic acid 15.0 95 50 15.0
Sodium benzoate 6.0 6.0 6.0 0.3 0.4 6.0
Propylene glycol 00 160 100 04 04 100
Hexyl carbitel 10,0 10.0 10.0 0.4 0.4 100
Demineralized water 20.0 7.1 850 44.0
Marlipal ® 1618/25 0.4 04
pH regulators
pH 2.63 3.10 250 2320 223 35T
TABLE 2 b
Recipes of inventive concentrates 7 1o 12 in % by weight,
Dehydol ® 04 13EO: fatty alcohol C8 with approx.
4 mol EO. manufacturer BASE
Example 7 8 g 10 11 12
Lactic acid (90%) 15.0 15.0 1. — — 15
Tartaric acid (100%}
Acetic acid (100%) 15.0 40.0 — 15 3 40
Propicnic acid 15.0 15.0 400 15 30 15
Sodium benzoale 6.0 6.0 6.0 ] 6 6
Propylene glycol 10.0 10.0 6.0 10 10 10
Hexyl catbitel 10,0 10.0 6.0 10 10 10
Demineralized water 29.0 — 32.0 44 14 —
Dehydol ® 04 DEO 2 4.0 — — — 4
pH regulators — — — — — KOH
(50%)
pH 334 2.64 352 396 343 3.06
TABLE 2 ¢

Recipes of inventive concentrates 13 to 18 in % by weight,
Marlipal ® 1618/25: linear alcohol ethoxylate,
manufacturer Sasol (e rmany Ueh) dol ® 04 DEQ:

fatty alcohol C8 with approx. 4 mol EO. manufacturer BASF

Example 13 14 L5 L6 17 L8
Lactic acid (90%) 15 15 — 1 —
‘lartaric acid (100%}) [ — — — —
Acctic acid (100%) 13 40 13 18 5 30
Sodium acetate — — — — —
Propionic acid 13 15 15 15 15 30
Sodium benzoate 13 13 6
Propylene glycol 10 10 10 12 10 10
Hexyl carbitel 10 10 10 14 10 10
Demineralized water 44 3 35 31 46 13.5
Marlipal 161825 — — — — — 0.5
Dehydol ® (04 DEQ 4
pH regulators KOH KOH

(50%) (50%)
pH 212 225 231 441 461 343
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TABLE 3a

Recipes of noninventive
concentrates V1 to V3 in % by weight,
Dehydel ® 04 DEO: fatty alechol C8 with
approx. 4 mol KO, manufacmrer BASF
Lutensal & ON 110: nonionic surfactant with
branched C10 aleohol. manufacturer BAST

Example V1 V2 V3 v4 V3
Lactic acid (90%) 15 i 9 = s
Tartaric acid (100%) 48.5
Acetic acid (100%) — — — — —
Propionic acid — IS — — 97.0
Sodium benzoate 6 o
Propylene glycal 10 10 1.0 1.0 1.0
Hexyl carbitol 10 1] L0 Lo 1.0
Demineralized water 44 39 87.3 48.5 o~
Dechydol 04 DEO 1.0 1.0 1.0
Lutensol ON 110 135 — — — —
pH regulators
pH 3.75 4.55 1.83 0.62 190
TABLE 3b

Recipes of noninventive
concentrates V1 to V5 in % by weight,
Dehydel %@ 04 DEO: fatty alcohol C8 with

clurer BAST

Fxample Vo V7 V8 V9 V1o

Lactic acid (90%) b 6.0 2= = =
“Tartaric acid (100%) oy —

Acctic acid (100%) 5

Sodium acetate — — — — —
Propionic acid 15 15
Sodium benzoate 1.0 13
Propylene glycal 1.0 15 15 10 10
Hexyl carbitol - 15 13 10 10
Demineralized water 10 34 40 S0 52
Dehydol 14 DEO s 0 3 o -
pll regnlators — — — — —
pH 0.69 3.05 2.94 202 305

Testing [or Antimicrobial Eflicacy

The disinfectant according to the invention or the disin-
fectant concentrate according to the invention brings about
at least a log 4 reduction with respect to C. afbicans in
accordance with the “Standardmethoden der DGIIM zur
Prifung chemischer Desinfektionsverfahren” [Standard
methods of the German Society for Hygiene and Microbi-
ology lor testing chemical disinfection methods] (version of
1 Sep. 2001) in the quantitative suspension lest. The disin-
fectant concentrate according to the invention or the appli-
cation solution according to the invention brings about at
least a log 4 reduction with respect 1o C. afbicans and a log
S reduction with respect to S. aurens in less than 60 minutes
in accordance with the “Standardmethoden der DGHM zur
Priifung chemischer Desinfektionsverfahren”  [Standard
methods of the German Society for Hygiene and Microbi-
ology lor testing chemical disinlection methods] (version of
1 Sep. 2001) in the quantitative suspension test,

Besides the DGHM tests, there is also the option of testing
in accordance with Buropean Standard (EN) 13624 “Chemi-
cal disinfectants and antiseptics—Quantitative suspension
test for the evaluation of yeasticidal activity of chemical
disinfectants in the medical area—Test method and require-
ments (phase 2, step 1)7; in this case, the procedure and
evaluation is nearly identical (o the DGHM tests.

The [ollowing lables each show the log reduction with
respect to various test pathogens at various organic loads.
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Low organic load corresponds 1o the presence of 0.03%
albumin; high organic load corresponds to the presence of
0.3% albumin and 0.3% sheep erythrocytes.

B2

Candida albicans

14

TABLE 4b

Candida albicans

Reduction factors of x % application solutions with

B respect to Candida albicans, ar low orpanic load
TABLE 4a X
Organic
Reduction factors of x % application solutiens with respect — % dimin S 12 ol losd
to Candida albicans, at various organic loads 16 55 4.36 436 525 = TLow
10 17 4 <1.94 <1.94 2.20 — Low
Organic 5 3.85 9 £ g
Example % I3min 30 min  45min 60 min load 6 #6.42 2 =
1 2 — <192 <1.93 <193 Low
3 <193 4.46 =641 — Staphylococcus aureus
2 3 <79 <185 <1.63 — High 3
4 <179 226 =611 - TABLE 5
5 298 =633 >6.11
3 2 <1.92 <1.93 <1.93 Low Reduction factors of x % application solutions with respect
3 <193 247 4.03 to Staphviococeus aureis, at various organic loads
4 20 <176 <1.78 Low 20
A0 S04 2626 — : . " . Organic
5 20 o T % 15 min 30 min 45 min 60 min load
40 - 1 2 +7.21 >7.23 >7.22 Low
6 | 5.44 — Low 3 =7.21 »7.13 »7.22 o
4 6.44 — ) 1 <1.68 2.61 1.05 == High
5 56,44 25 3 =7.16 >7.15 >7.16 —
"4 i - T e P
B =7.23 - 7.2 ow
2 ot 3 A =721 — >7.23
2 chad o — 4 5 <163 <168 <170 Low
& 3 ok Low 20 547 = »7.18
4 >6.44 - 30 40  F1 >7.18
5 6. = D) 3 <1.63 =170 Low
Vi 3 <1.96 — Low 20 =718
4 2.04 40 >7.18
5 463 T [} 3 — Low
V2 3 <196 Low : _
.? 5.96 — 35 7 3 Low
5 6,44 i
14 3 2.98% Low 5 I
4 >6.44 — 8 3 Low
5 =6.44 s 4 e
V3 g - <156 Low g4 s -
10 — <156 Vi 4 i Lo,
V4 5 <1.56 Low : -
10 = <1.56 va 3 _ et
Vs 5 574 Low 4
10 — *6.04 , s —
V6 5 ase  tew ©9% 3 Lo
10 =6.04 p -
VI 2 - — High V3 5 <121 low
3 10 4.53
A% 2 — = High V4 5 >6.69 Low
3 50 10 =669
v 5 =6, W
10 3 R Low (- Gl
4. 481 e V6 5 6,69 Low
5 =638 — 10 >6.69
11 3 «1.90 — Low ' 2 == High
4 >6.38 — 55 3 = )
5 638 _ Va i 5 — High
V2 3 =190 ? LG, 10 3 387 125 e Low
£ L0 - 4 >7.22 5 _
5 <1.90 5 7.22 25
15 3 <1.75 — Low 11 3 6.74 5 — Low
60 4 732 5 o
4 <175 " - =
= 3 >7.22 25 -
2 <L \ 3 <174 5= Low
V1o 3 <175 - Low 4 <174 4 _
4 210 5 471 5
5 =523 — 13 3 =176 T Low
] 4 571 s —
5

b
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15
TABLE 3-continued

16
TABLE 8-continued

Reduction factors ol x % application solutions with respect

Reduction factors of x % application solutions with respect

to Staphylococeus aurens, at varions organic loads 1o Psend at varions organic loads
Organic 5 Organic
% 15 min 30 min 45 min 60 min load Yo 13 min 30 min 45 min 60 min load
15 3 <1.58 <1.50 <1.61 = Low Vi 5.49 - — High
4 5.16 =698 =709 2 =749
5 =106 =698 =709 V8 1 <2.01 High
Vi 3 <1.58 L8 319 = Low 10 2 <201 = =
4 415 =698 709
5 >7.06 =6.98 =709 —
14 3 405 477 . — Low Escherichia coli
4 7.03 >7.29 =7.29
TABLE 9
L5
Staphylococcus aureus Reduction factors of x % application solutions with respect
to Escherichia coli, at various organic loads
TABLE 6 Organic
- — - - %  1Smin 30 min ASmin 60 min load
Reduction factors of x % application solutions with respect. 20
10 Staphvlococcus gureus. at varigus organic loads 1 3 >7.24 =716 =7.19 — Low
4 =7.16 =719
Organic vi 1 5.26 @ % s High
% 2min 3 min 15 min 30 min load 5 =749 - .
Ve 1 <1.84 — — High
9 4 — 6,09 — — Low 2 3 <184
5 >6.09 .
16 5.5 5.05 5.49 5.75 — Low
Description of the Results:
i Eacietms The data of Comparative Examples V7 and V8 show that
HREODCCETIAEIIO8, the addition of 6% lactic acid 10 a concentrate used as 1%
20 application dilution, contains accordingly 0.06% lactic acid,
TABLE 7 3 2 e 3
have a sufficient efficacy with respect to Escherichia coli and
Reduction factors of x % application solutions with respect Pseudomonas acruginosa—even under high organic load.
to Mycobacterium terrae. ar various organic loads However, it is found that there is no discernible efficacy with
Organic 35 respect W0 Candida albicans, Mycobacterium terrae and
o Semin 45 min  60'min o " Staphylococcus aureus at this concentration. It is evident
that Staphylococcus auwrens and Candida albicans and
1 2 <2.66 <2.69 — Low . PR .
3 610 717 Mycobacteriim terrae are the limiting pathogens here.
4 >7.14 o A 3% test solution of Comparative Example V5 contains,
8 2 311 — Low 44 in application dilution, nearly 4.85% propionic acid and
3 - exhibits veasticidity after an exposure time of 60 minutes.
9 2 sy Low Moreover, it exhibits a sufficient efficacy with respect to
3 <2.66 = Staphvlococcus aureus in the case of an exposure time of 15
-7 5 i o ! :
7 f 2 _1;3 - - High minutes, The composition contains, as active substance,
3 <1.70 45 only propionic acid; in order to achieve better wetting of the
%] 2 High microorganisms, a low amount of solubilizer and nonionic
3 =3 surfactant is added. On the basis of the data from Compara-
ii : }_Z:Y tive Example V7 and V8, it can be ruled cut that the
5 solubilizer and the surfactant cause the antimicrobial effect.
15 3 — Low 50 According to the literature |S. Block: Disinfection, Ster-
- 5 ilisation, and Preservation; 4th edition; ISBN 0-8121-1364-
At : - L 0, pages 807 {I.]. propionic acid exhibits no eflicacy against
yeast—this is supposedly more likely to be counterproduc-
tive, since a multitude of yeasts metabolize propionic acid as
Pseudomonas aeruginosa ss nutrient. Moreover, there is supposedly poor efficacy against
bacteria, with the exception of Bacillus mesentericus. Analo-
TABLE & gous thereto is V6, an acetic acid compasition which com-
prises in test concentration nearly 4.85% acetic acid, and
Reduction factors of x % application solutions with respect also a low amount of nonionic surfactant and solubilizer.
— 1o Psendomonas aerngiuosa, al various organic loads 60 Although a sufficient eflicacy is found against Staphyviococ-
Orgiis cus aqureus after 15 minutes, this amount of acetic acid does
% 15 min 30 min 45 min 60 min load not indicate eflicacy with respect to Canrdida albicans.
Comparative Example V2 is a combination of 6% sodium
1 2 =7.01 =703 =7.06 Low o e s i L o)
3 >7.01 >7.05 ~7.06 benzoate and 15% propionic acid, which exhibits, as 4%
3 5 _ 701 5708 -7.06 i 65 application dilution, yeasticidal ellicacy aller 30 minutes. To
3 =7.01 =108 ~7.06 obtain a better solubility in water, there is a low amount of

solubilizer in the composition. It is not evident to a person
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skilled in the art that a 0.24% solution of sodium benzoate
exhibits a suficient yeasticidal efficacy in just 30 minutes.
According to the literature (WallhéuBer et. al; Praxis der
Sterilisation. Desinfektion, Antiseptik and Konservierung
[Practical sterilization, disinfection, antisepsis and preser-
vation]; ISBN 978-3-13-141121-1; pages 700 II.), an appli-
cation solution of 0.12% sodium benzoate acts microbicid-
ally in 72 hours with respect to C. albicans (MMC=>S log,
1200 pg/ml). It can be considered out of the question that a
doubling of the concentration from 0.12% to 0.24% leads to
a reduction in the exposure time from 72 h to 30 min (0.7%
of the exposure time). Moreover, according to the above-
cited literature, propionic acid shows no efficacy on Candida
albicans. Thus, a synergism with respect to Candida albi-
cans that comes about through use of the two carboxylic
acids sodium benzoate and propionic acid must be involved.
However, under the selected test conditions, this recipe does
not provide evidence of any eficacy with respect to Staphy-
/0(‘0('(‘?45 aurens.

The comparison of Comparative Example V2 with
Example 6 shows that the addition ol 15% lactic acid 1o the
concentrate, corresponding in the case of a 3% solution to a
concentration of 0.45%, brings about a significant improve-
ment in yeasticidity, as well as an efficacy with respect to
Stapiylococcus aureus. This confirms the presumption of
increasable synergism, since Comparative Examples V7 and
V8 do not make it evident that lactic acid contributes to an
efficacy with respect to S awrews or C. albicans. This
increase in ellicacy is surprising, since Comparative
Example V3 shows that an application solution containing
0.97% lactic acid has no eflicacy on Candida albicans and
insufficient efficacy with respect 1o 5. aureus. Moreover, this
assumption is confirmed by the comparison of V9 with
Example 15. Here, it is likewise found that the addition of

0.6% lactic acid in application solution 1o a composition :

containing an identical amount of propionic acid and acetic
acid brings aboul a signilicant increase in ellicacy on Staphy-
lOCOCL’HS auUreus.

The comparison of Comparative Example V2 with
Example 10 shows that the addition of 15% acetic acid to
sodium benzoate and propionic acid also brings about a
significant increase in efficacy on 8. aureus.

The comparison ol Example 10 with Example 11 shows
that further addition of acetic acid and propionic acid can,
moreover, increase even further the efficacy against S.
aureus: Ixample 10 shows, in the case of 3% application,
insufficient reduction of S. awrews within 30 minutes,
whereas Example 11 exhibits a reduction factor of RF>7
after just 15 min.

The comparison of Comparative Example V2 with Com-

parative Example V10 shows what ellect an increase in the
centent of sodium benzoate has. Although the sodium ben-
zoate concentration in Comparative Example 10 is more
than twice as high as in Comparative Example V2, there is

no improvement in the efficacy on Canrdida albicans, on the 55

contrary, there is a deterioration. This supports the presump-
tion of the synergistic composition due to the presence ol at
least three carboxylic acids. What is interesting about Com-
parative Hxample V2 and Comparative Example 10 is the
pIT of the composition. This is above the pKa value of
benzoic acid of 4.22. Therefore. it is possible to infer the
efficacy of sodium benzoate and not of benzoic acid.
Moreover, this becomes clear through the antimicrobial
data of Example 8 and Example 12, since what was per-
formed here was merely a pH correction and both recipes
exhibil the maximum reduction [actor against Mycobacte-
rium terrae at 3% and an exposure time of 15 minutes. The

=
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difference between the two reduction [actors, RF=7 in
relation to RI>S5, arises from different screenings, in which
the maximal possible reduction factors differed.

Recipe 12 corresponds in terms of the composition to
recipe 8, but was titrated with KOH (50%) to an elevated pH
of »5.0 in order to determine the influence ol pH on
antimicrobial eflicacy. Here. the consumption of KOH
(50%) was 12.0 g. Since the large amount of pH regulator
resulted in an increase in the total amount of the compositien
from 100 g to 112 g and this consequently leads to a
reduction in the proportion of the acids, the application
concentration was increased in order to have the same
amount of active organic acids in the respective test solu-
tions.

Composition 8, which has a native pH ol 2.64, corre-
sponds 10 a composition containing 100 g and was tested as
3% test solution. The pH-altered recipe 12 corresponds to
112 g and was consequently tested as 3.36% composition. In
arder to be able to show a better comparability between the
recipes and eflicacies, the converted data were, for recipe 12,
stated as 100 g ol concentrale and accordingly 3% test
concentrations.

Recipe 14 involved a native pH of 0.86; recipe 15
involved a native pIT of 1.57. In order to minimize any
influence on efficacy by deviating pH values, the pH values
were adjusted here by addition of KOH(50%) to pH 2.25 and
pLI2.31, respectively. In the case of recipe 14, the necessary
amount of for this pH was 1 g of KOH(50%); in the case of
recipe 15, this was just 0.8 g. The corresponding amount of
demineralized water was substituted in order to continue o
have 100 g of recipes. In order to be able to present a better
comparability in the overview, the recipe overview lists,
however, the amount as water, with a pII regulator being
noted.

The results ol Fxample 3 and Example 1 show that
substitution of 15% lactic acid with 15% propicnic acid can
achieve a significant increase i ellicacy on Candida albi-
cans. What is crucial here is that, as a result of this
substitution, altogether four acids are used and no longer just
three, though instead in higher amounts. This is also con-
firmed by Examples 6 and 7:

The addition of 15% acetic acid significantly increases
ellicacy again, as shown by the comparison ol the eflicacy
data of the Candida albicans screening. This increase in
efficacy 1s unexpected for a person skilled in the art and
confirms the synergism, since Comparative Ixample VG, a
significantly higher concentration of acetic acid in applica-
tion solution, exhibits no eflicacy with respect to Candida
albicans even al a relatively long exposure time.

The comparison of Example 14 and Example 8 demon-
strates Lthat the ellicacy synergism with [our acids leads to an
even better pathogen reduction than three acids. What is
involved here is a comparable composition differing only in
a proportion of 6% sodium benzoate or 6% water. Recipe 8,
which is based on four acids as active ingredients, achicves
the maximum reduction (RE>7) on Mycobacterium terrae
and Staphylococcus aureus within an exposure lime ol 15
minutes at 3% application concentration. By contrast, recipe
14 exhibits at this low concentration “merely” a reduction
factor of 4.95 on Mycobacterium terrae and insuflicient
eficacy on Staphylococcus aureus (RI'<5.0).

A comparison of recipe 7 with recipe 15 with efficacy data
on Candida albicans and Staphylococeus aureus confirms
the finding presented above.

Thus, the diflerence between the two recipes is merely the
6% benzoate and the resulling reduction factors ol recipe 7
containing acetic acid. propionic acid, lactic acid and
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sodium benzoate are significantly better than those ol recipe
15 conlaining acetic acid, propionic acid and lactic acid.
Although the acetic acid in Example 1 is, in comparison

with Example 7, increased from 15% to 44%., the absence ol

the 15% propionic acid appears 1o have the greater negative
influence on the efficacy with respect to Candida albicans.
Moreover, the propionic acid brings about a positive influ-
ence on solubility, as already described under “Preparation
of the concentrates and application dilutions”.

‘The results of Example 1, 8 and 9 show that, moreover,
the combinations of the acids used can achieve a sufficient
eflicacy against Myvcobacterium terrae.

Comparative Example V9 merely contains 15% propionic
acid and acetic acid and exhibits, only as 5% solution, a
sufficient efficacy with respect (o S. aureus after 45 minutes
and. up to 5%, no eficacy on Candida albicans 45 minutes.
Recipe 13 corresponds to the composition of Comparative
Example V9; however, 6% water was replaced here by

tartaric acid. The direct comparison of Example 13 with V9 2

on Staphylococcus aureus shows an increase in ellicacy due
to addition of tartaric acid to the existing combination.
The recipe o' V9 conlaining the two acids acetic acid and
propionic acid can, however, also be compared well with
Comparative Example V2: recipe V2, consisting of 15%
propionic acid and 6% sodinm benzoate, exhibits absolutely
no eflicacy with respect to S. aureus at 5% concentration and
exposure time of 45 minutes, but a sufficient efficacy with
respect to Candida albicans from 4% and 30 minutes. If,
then, these recipes, V9 and V2, are combined to form 15%
propionic acid, 15% acetic acid and 6% sodium benzoate,
corresponding o Example 10, a signilicanl increase in
eflicacy with respect 1o S. awreus is surprisingly found,
according to which just a 3% application dilution after an

exposure time of 45 minutes, or a 4% application dilution -

after 15 minutes, leads to a reduction factor of RI'>7.0. This
improvement is highly unexpected on the basis of the
individual results.

In this connection, it is also surprising that an increase in
the content of sodium benzoate from 6% to 13% in the
presence ol 15% propionic acid leads to a distinct increase
in efficacy with respect to Staphylococeus aureus.

Example 9, which already achieves a maximum pathogen
reduction on Staphvlococcus aureus after an exposure time
of 5 minutes, demonstrates that increasing the test concen-
trations can also achieve distinctly laster exposure limes.
Furthermore, recipe 16, consisting ol 15% acetic acid and
15% propionic acid and 13% sodium benzoate, shows that
a 5.5% application concentration can already achieve, after

an exposure time of 2 minutes, sufficient efficacy with 3

respect to Candida albicans and Staphylococcus aureus.
Moreover, this recipe shows that, as a result of the use ol the
corresponding acid salts, a good regulation of pH can be
used and the antimicrobial efficacy nevertheless remains
unchanged.

CONCLUSION

It was possible to show that synergic compositions con-
taining organic acids are possible, with the best antimicro-
bial efficacies being obtained in the case of compositions
containing at least three components.

On the basis of the ciled literature, it was not evident to
a person skilled in the art that it is possible using the stated
acids and concentrations (o prepare comprehensively and
sulliciently eflective disinfectants. What is particularly sur-
prising here is the efficacy against the pathogens which are

a
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in many cases limiting in disinfectants: Mycobacterium
terrae, Candida albicans and Staphylococcus aureus.

The invention claimed is:

1. An anti-bacterial and/or anti-yeast disinfectant for the
disinlection of bacleria and/or yeast on inanimale surlaces,
which disinfectant consists of:

0.1-10% by weight of acetic acid, propionic acid, tartaric

acid, and sodium benzoate,

water, and

optionally sclubilizers selected from glycols, glyeol
ethers or a mixture thereof,

wherein the specified amounts are based in each case on
the total amount of the disinfectant, and

wherein the disinfectant is eflective as an anti-bacterial
disinfectant against at least one bacteria and/or is
effective as an anti-yeast disinfectant against at least
one yeast.

2. The disinfectant of claim 1, which has a pH of 1.0 to

7.0.

3. The disinfectant of ¢laim 2, which has a pH of 2.0 10
6.0.

4. An anti-bacterial and/or anti-yeast disinfectant for the
disinfection of bacteria and/or yeast on inanimate surfaces,
which disinfectant consists of:

(a) 0.1-10% by weight of at least one organic acid selected
from acetic acid, propionic acid, or a combination of
these,

(b) 0.01-1% by weight of lactic acid,

(c) 0.01-10% by weight of sodium benzoate,

(d) 0-2% by weight of solubilizer selected from hexyl
carbitol, propylene glycol, methyl carbitol, butyl car-
bitol. monoethylene glycol, or a combination of these,
and

(e) water,
wherein the components add up to 100% by weight and

wherein the sum ol (a)+(b) is =1% by weighl when
(b)=0 or the sum of (a)+(b) is >0.1% by weight.

5. The disinfectant of claim 4, wherein the solubilizer is
hexyl carbitol and/or propylene glycol.

6. The disinfectant of claim 1, which is an aqueous
application solution containing 0.1 to 10% by weight of a
disinleclant concentrate and waler.

7. The disinfectant of claim 6, wherein the disinfectant is
an aqueous application solution containing (.5 to 8.0% by
weight of a disinfectant concentrate and water.

8. The disinfectant of claim 6, wherein the disinfectant is
an aqueous application solution containing 2.0 to 6.0% by
weight of a disinfectant concentrate and water.

9. A disinfectant concentrate for the preparation of a
disinlectant of claim 1, characterized in that the amount of
each individual organic acid in the concentrate is not more
than 50% by weight, and the total amount of acids is not
more than 85% by weight.

10. A disinfectant concentrate, which consists of?

0.1-15% by weight of lactic acid,

0.1-50% by weight ol acelic acid, and

0.1-50% by weight of propionic acid,

wherein the sum of acetic acid and propionic acid is
between 15% by weight and 60% by weight,

optionally 0.1-25% by weight of sodium benzoate,

optionally 0.1-6% by weight of tartaric acid,

optionally 0.1-15% by weight of sodium acetate,

optionally solvent, and

oplionally auxiliaries selected [rom: pH regulators, cor-
rosion inhibitors, solubilizers. surfactants, dyes, [ra-
grances, and complexing agents.
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wherein (he components of the concentrate add up 10 100%
by weight and the total amount of acids is at least 21% by
weight.
11. A disinfectant concentrate which consists of:
21-85% by weight of at least three organic acids selected
[rom (a) 0.1-50% by weight ol acetic acid, (b) 0.1-50%

by weight ol propionic acid. (¢) 0.1-6% by weight ol

tartaric acid, (d) 0.1-30% by weight of lactic acid, and
(e) 0.1-15% by weight of salt of benzoic acid,

2-20% by weight of solubilizer comprising hexyl carbitol,
propylene glycol, methyl carbitol, butyl carbitel, mono-
ethylene glycol or a combination of these, and

watet,

wherein the components add up to 100% by weight.

12. A supporl material, which has been presoaked with a
disinfectant of claim 1.

13. The support material of claim 12, which support
material is cloth.

14. The disinfectant of claim 1, wherein at least one
bacteria is mycobacteria.

15. The disinlectant ol claim 1, wherein the disinlectant
is effective as an anti-bacterial disinfectant against a myco-
bacteria, and against at least one of Staphylococcus aureus,
Escherichia coli, Pseudomonas aeruginosa, or Enterococ-
cus hirae.

16. The disinfectant of claim 15, wherein the disinfectant
is further cffective as an anti-yeast disinfectant against at
least one yeast.

17. The disinfectant of claim 1, which is anti-mycobac-
terial for the disinfection of mycobacteria on nanimate
surfaces.

18. An anti-bacterial and/or anti-yeast disinfectant for the
disinfection of bacteria and/or yeast on inanimate surfaces,
which disinfectant consists of

0.1-10% by weight ol at least two organic acids selected :

from acetic acid, propionic acid, lactic acid and tartaric
acid or a combination ol these,

0.1-10% by weight of sodium benzoate,

auxiliaries, and

walter,

wherein the components add up to 100% by weight.

wherein the specified amounts are based in each case on
the total amount of the disinlectant, and

wherein the disinfectant is effective as an anti-bacterial
disinfectant against at least one bacteria and/or is
effective as an anti-yeast disinfectant against at least
one yeast.

19. A method for disinfecting inanimate surfaces by

killing microbials selected from the group consisting of
Staphylococcus aureus, Mycobacterium terrae, Mycobacle- 50

rium avium, Escherichia coli, Pseudomonas aeruginosa,
Enterococcus hirae, and Candida albicans. comprising:
applving to an inanimate surface a disinfectant or a
disinfectant concentrate, and

allowing the disinfectant or disinfectant concentrate a s

minimum of 15 minutes to kill the microbials and cffect
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at least a log 4 reduction of the presence ol livi

microbials, as measured in accordance with the “Stan-

dardmethoden der DGHM zur Priifung chemischer

Desinfektionsverlahren.” which is translated as Stan-

dard methods ol the German Society lor Hygiene and

Microbiology for testing chemical disinfection meth-

ods, in the quantitative suspension test,

wherein the disinfectant consists of:

0.1-10% by weight of at least two organic acids
selected from acetic acid, propionic acid, lactic acid
and tartaric acid or a combination of these,

0.1-10% by weight of sodium benzoate,

water, and

optionally solubilizers sclected from glycols, glycol
ethers, or a mixture thereof,

wherein the specified amounts are based in each case on

the total amount of the disinfectant,

wherein the disinfectant is effective as an anti-bacterial

and/or anti-yeast disinfectant, and

wherein the disinfectant concentrate is the disinfectant

characterized in that the amount of each individual

organic acid in the concentrate is not more than 50% by
weight, and the total amount ol acids is not more than

85% by weight.

20. The method of claim 19 to disinfect yeast on inani-
mate surfaces, characterized in that the disinfectant or the
disinfectant concentrate brings about at least a log 4 reduc-
tion with respect to Candida albicans within 2 minutes in
accordance with the “Standardmethoden der DGHM zur
Priifung chemischer Desinfektionsverfahren,” which is
translated as Standard methods of the German Society for
Hyegiene and Microbiology for testing chemical disinfection
methods in the quantitative suspension test.

21. The method ol claim 19 to disinfect the bacteria
Staphylococcus aureus on inanimate surfaces, characterized
in that the disinfectant or the disinfectant concentrate brings
about at least a log 5 reduction with respect to Staphyio-
coccus aureus within 2 minutes in accordance with the
“Standardmethoden der DGHM zur Pritfung chemischer
Desinfektionsverfahren,” which is translated as Standard
methods of the German Society for Hygiene and Microbi-
ology for testing chemical disinfeclion methods, in the
quantitative suspension test.

22. The method of claim 19 to disinfect Mycobacterinum
ferrae on inanimate surfaces, characterized in that the dis-
infectant or the disinfectant concentrate brings about at least
a log 4 reduction with respect to Mycobacterium terrae
within 15 minutes in accordance with the “Standardmeth-
aden der DGHM zur Priifung chemischer Desinfektionsver-
faliren,” which is translated as Standard methods of the
German Society for Hygiene and Microbiology for testing
chemical disinfection methods, in the quantitative suspen-
sion test.
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etc.)5 Given the large proportion of production cost
associated with separations, it is important that scalable,
cost-effective methods are developed for the recovery of
carboxylic acids from fermentation broth and to that end
modifications and alternative approaches to the typical
sequence described above have been the subject of several

In this manuscript we report a modified sequence of
five steps, shown in Figure 1, for the recovery of neat
carboxylic acids from fermentation broth that, to our
knowledge, achieve the highest reported crystallization
yields for succinic acid and also produces good results for
the recovery of propionic acid. These steps include (1) broth
centrifugation and filtration (for cell, particulate, and
protein removal), (2) cation exchange (salt removal and
carbon treatment (color
removal), (4) non-thermal dewatering using a poly(4-
vinylpyridine) (PVP) resin, and (5) a final product recovery
step, which is chosen based on the physical properties of
the targeted acid. The key findings are that the order of
operations is critical to increasing the overall broth to
product yield. Specifically, cation exchange should be
performed first to lower the amount of activated carbon
required. This reduces waste and increases overall yield by
decreasing product loss to due adserption on the carbon.

1
- Post-fermentation recovery of bio-based carboxylic acids
4 Eric M. Karp*f, Robin M. Cywar™$, Lorenz P. Mankert, Patrick O. Saboet, Claire T. Nimlosts,
5 Davinia Salvachuaf, Xiaoqing Wang!s, Brenna A. Blackf, Michelle L. Reedt, William E. Michenerf,
6 Nicholas A. Rorrert, and Gregg T. Beckhamt
7
8 * Corresponding author: eric.karp@nrel.gov
9
10 T National Bioenergy Center, National Renewable Energy Laboratory, Golden CO 80401 USA
1
12 § Present address
13 R.M.C.: Department of Chemistry
14 Colorado State University, Fort Collins, CO, 80523
15
16 C.T.N.: Department of Chemical Engineering
17 Purdue University, West Lafayette, IN, 47907
12 Keywords: biochemicals, separations, carboxylic acid recovery, fermentation product recovery
20 Abstract: Carboxylic acids are common products produced from the bioconversion of renewable feedstocks. In these
21 processes the separation of the acid product from fermentation broth is the most energy and cost intensive unit
22 operation. Thus, the development of robust, scalable separations approaches that can be applied to a variety of
23 carboxylates is of critical importance to the development of processes that utilize carboxylic acids as platform
24 chemicals. Here we report a batch separations method that includes cell and particulate removal, cation exchange,
25 activated carbon treatment, dewatering with a polymer resin, and product recovery. This method is demonstrated on
2 two unique fermentation broths both derived from corn stover hydrolysate to separate neat succinic and propionic acid.
37 For succinic acid, a crystallization yield of 91% with a product purity of 99.93% was achieved. To our knowledge this is
28 the highest reported crystallization yield and purity for the recovery of succinic acid. Additionally, the method requires
29 approximately 50% less energy compared to standard evaporative crystallization approaches. For propionic acid, neat
liquid product was obtained with a distillation yield of 80% and purity of 98%. These excellent results achieved in terms
30 of yield and purity for succinic and propionic acid, two acids with widely different physical properties, from chemically
g; complex hydrolysate broth demonstrates the effective and robust nature of this appreach.
33
34 INTRODUCTION
35 Carboxylic acids are common chemicals that can be
36 produced Dbiologically from a variety of renewable
37 feedstocks such as carbohydrates, glycerol, and waste gases.
38 The relative ease of carboxylate production from microbes
39 has generated much interest in using them as a platform to
40 create a variety of renewable chemicals and fuels3 publications.*!
a1 Recently, this approach has yielded successful
4 demonstrations of producing renewable fuels and
43 commodity chemicals.*® Furthermore, the promising
trajectory of metabolic engineering and continued advances
A in large-scale bioprocess development have improved the
45 economic outlook of these processes and allowed industrial
46 operations to be developed for the production of targets
47 such as succinic and lactic acid. However, among the unit it : .
48 operations employed, the major cost driver is in the adidification), (3) activated
49 separation of the acid from dilute fermentation broth,
50 accounting for approximately 20-40% of the product cost.?
51 The typical method for carboxylic acid recovery is
52 dependent on the target acid produced. However the
53 sequence of steps involved generally includes some
54 combination of (1) filration (2) color removal (3) salt
breaking, (4) evaporative dewatering, and (5) neat product
gg recovery (chromatography, distillation, crystallization,
57
58
59
60 ACS Paragon Plls Environment
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The second key finding is that non-thermal dewatering in
lieu of evaporative dewatering is more energy efficient and
its selectivity towards acids results in a highly pure product.

We demonstrate this approach on two common acids
produced from the fermentation of sugars: succinic acid
and propionic acid. These acids form an excellent,
comparative case study because they have significantly
different physical properties, and the strains used to
produce them are heterofermentative, meaning that minor
acids are also present. Namely, succinic acid is a solid C4
di-acid at standard conditions with a solubility in water of
~100 g/L, while propionic acid is a liquid C3 mono-acid at
standard conditions that is completely miscible in water.
Due to the differences in physical properties of these target
acids, the final recovery step is different for each case.

For succinic acid, we employ a cold crystallization in
methanol achieving a crystallization yield of 1% and
colorless m‘ystals with a purity of 99.93%. To our
knowledge, these are the highest reported crystallization
yields and purities for the recovery of succinic acid from
fermentation broth.

For propionic acid, a spinning band distillation system
was used to recover propionic acid from the PVP elution

STEP 1 STEP 2

FILTRATION

Biological
Cultivation

DOWEX
G-26 resin

0.2 um 10 kDa

filter filter acid
+ water
-
cells + proteins cations
debris {Na*, Mg?*...)

ACIDIFICATION § COLOR REMOVAL

solvent (acetone). Recovered propionic acid was obtained
at a distillation yield of 80% and a purity of 98%.
Additionally, the separations methods that we report
here are the result of recovering these acids from corn
stover hydrolysate fermentations, which are inherently
more difficult broths to handle given the increased
chemical complexity of hydrolysates compared to
conducted  with sugars. The
demonstrated success of this approach on hydrolysate-
based fermentation broths indicates the robust nature of
this process and suggests that this method could likely
achieve improved results for fermentations with refined
substrates (glucose, sucrose, etc,). These results also
highlight the utility of these methods as important tools for
researchers operating at the bench scale and can be used to
enable research into downstream catalytic conversion of
these acids into value-added chemicals and fuels, as this

fermentations clean

field is growing 1‘apid1y. Lastly, we prov‘ide a discussion on

how these methods can be scaled for industrial

applications.

STEP 4

DEWATERING

-res o

STEP 5

RECOVERY

* CRYSTALLIZATION
+ acid » CHROMATOGRAPHY
=———p| + ESTERIFICATION
+ DISTILLATION
« ETC.
spent water +
carbon excess sugars

Fig. 1: [llustration of the five-step method for recovering carboxylic acids from fermentation broth. In step 1, broth is subjected to
centrifugation and filtration, first with a 0.2 pm filter then a 10 kDa filter to remove debris, cells, and protein. In step 2, the broth is
subjected to cation exchange to remove the cation from the salt and generate the free acid. In step 3, color-inducing compounds are
further removed through treatment with activated cartbon In step 4, water and excess sugars are removed via adsorption of the free
acids to a PVP resin. Finally, in step 5, the target acid is recovered in neat form by elution from the PVP resin with a polar solvent (e.g.
methanol, acetone, etc.) and recovered via a method tailored to the physical properties of the acid. Exemplary methods include

crystallization, chromatography, esterification, and distillation.

EXPERIMENTAL

Production of Cs-rich hydrolysate for succinic acid
production. The production of xylose-rich hydrolysate was
previously described by Salvachva et al. In brief, corn stover was
knife-milled and deacetylated with 0.4% (w/w) NaOH. After
deacetylation, the spent caustic liquor was drained from the vessel
and the solids were rinsed with water and subjected to a dilute acid
pretreatment with H.SO, (8 g H.SO,/kg biomass). Pretreated,
deacetylated solids were pressed to obtain the C5-hydrolysate. The

hydrolysate was neutralized with NaOH (10 N) and filter sterilized
for further succinic acid fermentations.

Production of C5/C6- hydrolysate for propionic acid
production. The preparation of C5-Cé-hydrolysate was previously
described by Wang et als In brief, corn stover was hammer-milled
and deacetylated using a diltte NaOH solution (0.4% w/w).
Following deacetylation, remaining solids were rinsed with water
and then mixed with dilute H,SO, solution to achieve a 0.8% (w/w)
acid concentration for dilute acid pretreatment. After
pretreatment, the slurry stream was neutralized and enzymatically

2
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hydrolyzed using Novozymes Cellic' CTecz. The soluble sugar
stream was separated from lignin solids, neutralized with NaOH
(10 N), and filter sterilized for further propionic acid fermentations.
The composition of each hydrolysate is shown in Table 1 below.

Hydrolysate composition

(/L)
Component Cs-rich C6/Cs
Glucose 13.60 8g.10
Xylose 99.00 56.70
Arabinose 6.60 7.80
Acetic acid 15.60 1.80
Furfural 3.80 0.90
HMF 176 014

Table 1 Composition of Cs-rich and Cs5/C6 corn stover
hydrolysates.

Microorganism and fermentation conditions to produce
succinic acid. Actinebacillus succinogenes 130Z (ATCC 55618) was
revived from glycerol stocks by inoculating 1 mL in 100 mL sterile
capped bottles containing 50 mL of Tryptic soy broth (TSB). Cells
were incubated for ~16 h at 37°C and 200 rpm and then transferred
into 0.5-L working volume BioStat-Q Plus fermentors with 300 mL
of TSB and 4% xylose at an initial OD;,, of 0.05 (seed culture). The
pH was controlled at 6.8 via supplementation of 4 N NaOH, the
temperature at 37°C, and the agitation at 300 rpm. CO. was
sparged at 0.03 vvm to ensure anaerobic fermentation and enhance
succinate yields.# After ~15 h of fermentation, cells were inoculated
in g different fermenters (0.5-L. working volume BioStat-Q) Plus)
with 300 mL of media at an initial OD of 0.1. The fermentation
media contained 6 g/L yeast extract, 10 g/L corn steep liquor (the
Iatter prepared as previously described by Salvachua et al.)®, 0.3
g/L Na,HPO,, 14 g/L NaH,PO,, 15 g/L K.HPO,, 14 g/L sodium
acetate, 1 g/L NaCl, 0.2 g/L MgCL-6H.0, and o.2 g/L CaCl.-2H.O,
and diluted Cs-hydrolysate to yield an initial sugar concentration
of 55 g/L of sugars. Fermentations were controlled at the same
conditions than the seed culture. Succinate titer (g/L) variability
among the nine biological replicates was £2.6%.

Microorganism and fermentation conditions to produce
propionic acid. P. acidipropionici ATCC 4875 was revived from
glycerol stocks by inoculating 1 mL into a 100 mL sealed serum
bottle containing 25 mL seed medium. Seed media consisted of 40
g/L glucose, 10 g/L yeast extract, 5 g/L tryptic soy broth, 0.48 g/L
K.HPO,, 0.98 g/L KH.PO,, and o.05 g/L MnSO,. After incubating
the cells at 30 °C for 48 h and 200 rpm, 1.5 mL cell culture was
transferred into a 250 mL serum bottle containing 100 mL fresh
seed medium for 40 h, at 30 °C, and 200 rpm. Cell pellets were then
collected through centrifugation at 6,000 x g for 10 min at 4 °C.
Cell pellets were re-suspended and inoculated into a 10 L
bioreactor (New Brumswick BioFlo®/CelliGen® 310 bioreactor,
Eppendorf) containing g.5 L fermentation medium at an initial
ODsoo of 0.6. The fermentation medium contained 13.g g/L yeast
extract, 0.48 g/L K.HPO,, 0.98 g/L KH.PO,, 0.05 g/L MnSO,, and
diluted C6/Cs corn stover hydrolysate to yield an initial sugar
concentration of 125 g/L (75.3 g/L glucose, 44.3 g/L xylose, and 6.5
g/L arabinose). The fermentation was conducted at 30°C with
constant agitation at 400 rpm. The pH was controlled at 6.0 by the
addition of 4 N NaOH. Anaerobic conditions were maintained by
sparging 01 vwwm N, in the medium during the fermentation
process.

Cell particulate and protein removal. 10 L of each broth was
centrifuged at 12,000 g for 30 mimites in 1 L centrifuge bottles
(ThermoFisher Scientific, Waltham MA). After 30 minutes a thick

ACS Sustainable Chemistry & Engineering

cell cake was formed and the liquid broth was decanted off of the
cake and vacuum filtered through a PTFE filter with a pore size of
0.2 pm (ThermoFisher Scientific Nalgene, Waltham MA). The
filter-sterilized broth was then filtered through a hollow fiber
cartridge filter with a 10 kDa pore size (GE Healthcare Bio-Sciences
Corp., Westborough MA) to remove proteins, After each filtration
the total mass of liquid was measured, and a 0.5 mL sample was
taken for analysis (see analytical methods below). The mass and
measured concentration from each step was used to determine the
yield ofacid after each separation step.

Cation exchange. DOWEX G-26 resin (Sigma-Aldrich, lot
#MEKBX1809V) was cleaned and pretreated by adding 600 g of dry
resin to a large beaker, which was covered with 10 wt.% sulfuric
acid and stirred for 1 hr. The resin and sulfuric acid solution was
then shuried into a1 L glass column with a glass frit at the base of
the column. 6 bed volumes (BV) of ultra high purity (UHP) water
were added and gravity drained rapidly through the resin bed using
a stopcock at the bottom of the column. The pH of the effluent
water was tested using pH paper and additional water was rinsed
through the column, if necessary, until the pH of the effluent water
was neutral. 200 mL of the wet resin was then removed from the
column and added to a large beaker and 1 L of filtered fermentation
broth was added to the beaker and stirred with the resin for 1 hr.
This batch exchange is necessary to release CO, gas from the broth
before it is passed through the column.

The pre-exchanged broth and resin was then poured on top of

the resin column and drained through at a rate of ~ 50 mL/min. As
the broth drained through the column additional water was added
ontop of the broth to ensure that the column did not run dry. The
black colored broth was collected as it eluted from the column.
Collection of the broth stopped when the black color of the eluent
disappeared.
The resin was regenerated by first rinsing the resin in the column
rapidly with 2 bed volumes of water. Next, 2 BV 10 wt.% sulfuric
acid was passed through the column at a rate of 40 mL/min. The
sulfuric acid was rinsed out of the column first with 1 BV of water
at a rate of 25 mL/min followed by rapidly rinsing the column with
6 bed volumes of water. The effluent water was confirmed to be of
neutral pH indicating the sulfiric acid had been fully removed
from the column.

Activated carbon treatment. For the data shown in Figure 2
(A) - (E), 1, 3, 5, 7 w/i% activated carbon (Sigma-Aldrich, lot
#MKBSgo39V) was added to 20 mL samples of broth that had been
ion exchanged and broth that had not been ion exchanged. The
mixtures were then stirred vigorously for 4 hours, The carbon was
removed via vacuum filtration through a o.2 pm PTFE filter. The
treated 20 mL samples were analyzed for color inducing impurities
as a function of carbon loading via the analytical methods
described below. From these results, the optimal carbon loadings
was determined and the entire 10 L of remaining broth was jon
exchanged and treated with 3 wt.% activated carbon for 4 hours.

Dewatering with poly(4-vinylpyridine) resin. The loading
capacity of the target acids, succinic and propionic acid, on the
PVP resin were determined by generating breakthrough curves
(Figures 3A and S4 A). For these experiments, 5 grams (~6 mL
wetted volume) of diy resin (Sigma-Aldrich Reillex 425, lot
#MKBRg8g6) was stirred in 200-proof ethanol for 20 minutes. The
ethanol was vacuum filtered off and the resin shurried into a 25 mL
burette in UHP water with a quartz wool plug at the base of the
column. The column was allowed to settle and then rinsed with 10
BV of UHP water. 5-6 BV of cation exchanged and activated carbon
treated broth was added on top of the resin and drained through at
a rate of 3 BV/hr (0.4 mL/min), a rate suggested by Kawabata et
al’s Effluent samples were taken at intervals between 0.3 - 0.6 BV
and analyzed for acid concentrations as described in the analytical
methods below. The breakthrough point was determined as the
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hydrolyzed using Novozymes Cellic' CTecz. The soluble sugar
stream was separated from lignin solids, neutralized with NaOH
(10 N), and filter sterilized for further propionic acid fermentations.
The composition of each hydrolysate is shown in Table 1 below.

Hydrolysate composition

(/L)
Component Cs-rich C6/Cs
Glucose 13.60 8g.10
Xylose 99.00 56.70
Arabinose 6.60 7.80
Acetic acid 15.60 1.80
Furfural 3.80 0.90
HMF 176 014

Table 1 Composition of Cs-rich and Cs5/C6 corn stover
hydrolysates.

Microorganism and fermentation conditions to produce
succinic acid. Actinebacillus succinogenes 130Z (ATCC 55618) was
revived from glycerol stocks by inoculating 1 mL in 100 mL sterile
capped bottles containing 50 mL of Tryptic soy broth (TSB). Cells
were incubated for ~16 h at 37°C and 200 rpm and then transferred
into 0.5-L working volume BioStat-Q Plus fermentors with 300 mL
of TSB and 4% xylose at an initial OD;,, of 0.05 (seed culture). The
pH was controlled at 6.8 via supplementation of 4 N NaOH, the
temperature at 37°C, and the agitation at 300 rpm. CO. was
sparged at 0.03 vvm to ensure anaerobic fermentation and enhance
succinate yields.# After ~15 h of fermentation, cells were inoculated
in g different fermenters (0.5-L. working volume BioStat-Q) Plus)
with 300 mL of media at an initial OD of 0.1. The fermentation
media contained 6 g/L yeast extract, 10 g/L corn steep liquor (the
Iatter prepared as previously described by Salvachua et al.)®, 0.3
g/L Na,HPO,, 14 g/L NaH,PO,, 15 g/L K.HPO,, 14 g/L sodium
acetate, 1 g/L NaCl, 0.2 g/L MgCL-6H.0, and o.2 g/L CaCl.-2H.O,
and diluted Cs-hydrolysate to yield an initial sugar concentration
of 55 g/L of sugars. Fermentations were controlled at the same
conditions than the seed culture. Succinate titer (g/L) variability
among the nine biological replicates was £2.6%.

Microorganism and fermentation conditions to produce
propionic acid. P. acidipropionici ATCC 4875 was revived from
glycerol stocks by inoculating 1 mL into a 100 mL sealed serum
bottle containing 25 mL seed medium. Seed media consisted of 40
g/L glucose, 10 g/L yeast extract, 5 g/L tryptic soy broth, 0.48 g/L
K.HPO,, 0.98 g/L KH.PO,, and o.05 g/L MnSO,. After incubating
the cells at 30 °C for 48 h and 200 rpm, 1.5 mL cell culture was
transferred into a 250 mL serum bottle containing 100 mL fresh
seed medium for 40 h, at 30 °C, and 200 rpm. Cell pellets were then
collected through centrifugation at 6,000 x g for 10 min at 4 °C.
Cell pellets were re-suspended and inoculated into a 10 L
bioreactor (New Brumswick BioFlo®/CelliGen® 310 bioreactor,
Eppendorf) containing g.5 L fermentation medium at an initial
ODsoo of 0.6. The fermentation medium contained 13.g g/L yeast
extract, 0.48 g/L K.HPO,, 0.98 g/L KH.PO,, 0.05 g/L MnSO,, and
diluted C6/Cs corn stover hydrolysate to yield an initial sugar
concentration of 125 g/L (75.3 g/L glucose, 44.3 g/L xylose, and 6.5
g/L arabinose). The fermentation was conducted at 30°C with
constant agitation at 400 rpm. The pH was controlled at 6.0 by the
addition of 4 N NaOH. Anaerobic conditions were maintained by
sparging 01 vwwm N, in the medium during the fermentation
process.

Cell particulate and protein removal. 10 L of each broth was
centrifuged at 12,000 g for 30 mimites in 1 L centrifuge bottles
(ThermoFisher Scientific, Waltham MA). After 30 minutes a thick
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cell cake was formed and the liquid broth was decanted off of the
cake and vacuum filtered through a PTFE filter with a pore size of
0.2 pm (ThermoFisher Scientific Nalgene, Waltham MA). The
filter-sterilized broth was then filtered through a hollow fiber
cartridge filter with a 10 kDa pore size (GE Healthcare Bio-Sciences
Corp., Westborough MA) to remove proteins, After each filtration
the total mass of liquid was measured, and a 0.5 mL sample was
taken for analysis (see analytical methods below). The mass and
measured concentration from each step was used to determine the
yield ofacid after each separation step.

Cation exchange. DOWEX G-26 resin (Sigma-Aldrich, lot
#MEKBX1809V) was cleaned and pretreated by adding 600 g of dry
resin to a large beaker, which was covered with 10 wt.% sulfuric
acid and stirred for 1 hr. The resin and sulfuric acid solution was
then shuried into a1 L glass column with a glass frit at the base of
the column. 6 bed volumes (BV) of ultra high purity (UHP) water
were added and gravity drained rapidly through the resin bed using
a stopcock at the bottom of the column. The pH of the effluent
water was tested using pH paper and additional water was rinsed
through the column, if necessary, until the pH of the effluent water
was neutral. 200 mL of the wet resin was then removed from the
column and added to a large beaker and 1 L of filtered fermentation
broth was added to the beaker and stirred with the resin for 1 hr.
This batch exchange is necessary to release CO, gas from the broth
before it is passed through the column.

The pre-exchanged broth and resin was then poured on top of

the resin column and drained through at a rate of ~ 50 mL/min. As
the broth drained through the column additional water was added
ontop of the broth to ensure that the column did not run dry. The
black colored broth was collected as it eluted from the column.
Collection of the broth stopped when the black color of the eluent
disappeared.
The resin was regenerated by first rinsing the resin in the column
rapidly with 2 bed volumes of water. Next, 2 BV 10 wt.% sulfuric
acid was passed through the column at a rate of 40 mL/min. The
sulfuric acid was rinsed out of the column first with 1 BV of water
at a rate of 25 mL/min followed by rapidly rinsing the column with
6 bed volumes of water. The effluent water was confirmed to be of
neutral pH indicating the sulfiric acid had been fully removed
from the column.

Activated carbon treatment. For the data shown in Figure 2
(A) - (E), 1, 3, 5, 7 w/i% activated carbon (Sigma-Aldrich, lot
#MKBSgo39V) was added to 20 mL samples of broth that had been
ion exchanged and broth that had not been ion exchanged. The
mixtures were then stirred vigorously for 4 hours, The carbon was
removed via vacuum filtration through a o.2 pm PTFE filter. The
treated 20 mL samples were analyzed for color inducing impurities
as a function of carbon loading via the analytical methods
described below. From these results, the optimal carbon loadings
was determined and the entire 10 L of remaining broth was jon
exchanged and treated with 3 wt.% activated carbon for 4 hours.

Dewatering with poly(4-vinylpyridine) resin. The loading
capacity of the target acids, succinic and propionic acid, on the
PVP resin were determined by generating breakthrough curves
(Figures 3A and S4 A). For these experiments, 5 grams (~6 mL
wetted volume) of diy resin (Sigma-Aldrich Reillex 425, lot
#MKBRg8g6) was stirred in 200-proof ethanol for 20 minutes. The
ethanol was vacuum filtered off and the resin shurried into a 25 mL
burette in UHP water with a quartz wool plug at the base of the
column. The column was allowed to settle and then rinsed with 10
BV of UHP water. 5-6 BV of cation exchanged and activated carbon
treated broth was added on top of the resin and drained through at
a rate of 3 BV/hr (0.4 mL/min), a rate suggested by Kawabata et
al’s Effluent samples were taken at intervals between 0.3 - 0.6 BV
and analyzed for acid concentrations as described in the analytical
methods below. The breakthrough point was determined as the
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hydrolyzed using Novozymes Cellic' CTecz. The soluble sugar
stream was separated from lignin solids, neutralized with NaOH
(10 N), and filter sterilized for further propionic acid fermentations.
The composition of each hydrolysate is shown in Table 1 below.

Hydrolysate composition

(/L)
Component Cs-rich C6/Cs
Glucose 13.60 8g.10
Xylose 99.00 56.70
Arabinose 6.60 7.80
Acetic acid 15.60 1.80
Furfural 3.80 0.90
HMF 176 014

Table 1 Composition of Cs-rich and Cs5/C6 corn stover
hydrolysates.

Microorganism and fermentation conditions to produce
succinic acid. Actinebacillus succinogenes 130Z (ATCC 55618) was
revived from glycerol stocks by inoculating 1 mL in 100 mL sterile
capped bottles containing 50 mL of Tryptic soy broth (TSB). Cells
were incubated for ~16 h at 37°C and 200 rpm and then transferred
into 0.5-L working volume BioStat-Q Plus fermentors with 300 mL
of TSB and 4% xylose at an initial OD;,, of 0.05 (seed culture). The
pH was controlled at 6.8 via supplementation of 4 N NaOH, the
temperature at 37°C, and the agitation at 300 rpm. CO. was
sparged at 0.03 vvm to ensure anaerobic fermentation and enhance
succinate yields.# After ~15 h of fermentation, cells were inoculated
in g different fermenters (0.5-L. working volume BioStat-Q) Plus)
with 300 mL of media at an initial OD of 0.1. The fermentation
media contained 6 g/L yeast extract, 10 g/L corn steep liquor (the
Iatter prepared as previously described by Salvachua et al.)®, 0.3
g/L Na,HPO,, 14 g/L NaH,PO,, 15 g/L K.HPO,, 14 g/L sodium
acetate, 1 g/L NaCl, 0.2 g/L MgCL-6H.0, and o.2 g/L CaCl.-2H.O,
and diluted Cs-hydrolysate to yield an initial sugar concentration
of 55 g/L of sugars. Fermentations were controlled at the same
conditions than the seed culture. Succinate titer (g/L) variability
among the nine biological replicates was £2.6%.

Microorganism and fermentation conditions to produce
propionic acid. P. acidipropionici ATCC 4875 was revived from
glycerol stocks by inoculating 1 mL into a 100 mL sealed serum
bottle containing 25 mL seed medium. Seed media consisted of 40
g/L glucose, 10 g/L yeast extract, 5 g/L tryptic soy broth, 0.48 g/L
K.HPO,, 0.98 g/L KH.PO,, and o.05 g/L MnSO,. After incubating
the cells at 30 °C for 48 h and 200 rpm, 1.5 mL cell culture was
transferred into a 250 mL serum bottle containing 100 mL fresh
seed medium for 40 h, at 30 °C, and 200 rpm. Cell pellets were then
collected through centrifugation at 6,000 x g for 10 min at 4 °C.
Cell pellets were re-suspended and inoculated into a 10 L
bioreactor (New Brumswick BioFlo®/CelliGen® 310 bioreactor,
Eppendorf) containing g.5 L fermentation medium at an initial
ODsoo of 0.6. The fermentation medium contained 13.g g/L yeast
extract, 0.48 g/L K.HPO,, 0.98 g/L KH.PO,, 0.05 g/L MnSO,, and
diluted C6/Cs corn stover hydrolysate to yield an initial sugar
concentration of 125 g/L (75.3 g/L glucose, 44.3 g/L xylose, and 6.5
g/L arabinose). The fermentation was conducted at 30°C with
constant agitation at 400 rpm. The pH was controlled at 6.0 by the
addition of 4 N NaOH. Anaerobic conditions were maintained by
sparging 01 vwwm N, in the medium during the fermentation
process.

Cell particulate and protein removal. 10 L of each broth was
centrifuged at 12,000 g for 30 mimites in 1 L centrifuge bottles
(ThermoFisher Scientific, Waltham MA). After 30 minutes a thick
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cell cake was formed and the liquid broth was decanted off of the
cake and vacuum filtered through a PTFE filter with a pore size of
0.2 pm (ThermoFisher Scientific Nalgene, Waltham MA). The
filter-sterilized broth was then filtered through a hollow fiber
cartridge filter with a 10 kDa pore size (GE Healthcare Bio-Sciences
Corp., Westborough MA) to remove proteins, After each filtration
the total mass of liquid was measured, and a 0.5 mL sample was
taken for analysis (see analytical methods below). The mass and
measured concentration from each step was used to determine the
yield ofacid after each separation step.

Cation exchange. DOWEX G-26 resin (Sigma-Aldrich, lot
#MEKBX1809V) was cleaned and pretreated by adding 600 g of dry
resin to a large beaker, which was covered with 10 wt.% sulfuric
acid and stirred for 1 hr. The resin and sulfuric acid solution was
then shuried into a1 L glass column with a glass frit at the base of
the column. 6 bed volumes (BV) of ultra high purity (UHP) water
were added and gravity drained rapidly through the resin bed using
a stopcock at the bottom of the column. The pH of the effluent
water was tested using pH paper and additional water was rinsed
through the column, if necessary, until the pH of the effluent water
was neutral. 200 mL of the wet resin was then removed from the
column and added to a large beaker and 1 L of filtered fermentation
broth was added to the beaker and stirred with the resin for 1 hr.
This batch exchange is necessary to release CO, gas from the broth
before it is passed through the column.

The pre-exchanged broth and resin was then poured on top of

the resin column and drained through at a rate of ~ 50 mL/min. As
the broth drained through the column additional water was added
ontop of the broth to ensure that the column did not run dry. The
black colored broth was collected as it eluted from the column.
Collection of the broth stopped when the black color of the eluent
disappeared.
The resin was regenerated by first rinsing the resin in the column
rapidly with 2 bed volumes of water. Next, 2 BV 10 wt.% sulfuric
acid was passed through the column at a rate of 40 mL/min. The
sulfuric acid was rinsed out of the column first with 1 BV of water
at a rate of 25 mL/min followed by rapidly rinsing the column with
6 bed volumes of water. The effluent water was confirmed to be of
neutral pH indicating the sulfiric acid had been fully removed
from the column.

Activated carbon treatment. For the data shown in Figure 2
(A) - (E), 1, 3, 5, 7 w/i% activated carbon (Sigma-Aldrich, lot
#MKBSgo39V) was added to 20 mL samples of broth that had been
ion exchanged and broth that had not been ion exchanged. The
mixtures were then stirred vigorously for 4 hours, The carbon was
removed via vacuum filtration through a o.2 pm PTFE filter. The
treated 20 mL samples were analyzed for color inducing impurities
as a function of carbon loading via the analytical methods
described below. From these results, the optimal carbon loadings
was determined and the entire 10 L of remaining broth was jon
exchanged and treated with 3 wt.% activated carbon for 4 hours.

Dewatering with poly(4-vinylpyridine) resin. The loading
capacity of the target acids, succinic and propionic acid, on the
PVP resin were determined by generating breakthrough curves
(Figures 3A and S4 A). For these experiments, 5 grams (~6 mL
wetted volume) of diy resin (Sigma-Aldrich Reillex 425, lot
#MKBRg8g6) was stirred in 200-proof ethanol for 20 minutes. The
ethanol was vacuum filtered off and the resin shurried into a 25 mL
burette in UHP water with a quartz wool plug at the base of the
column. The column was allowed to settle and then rinsed with 10
BV of UHP water. 5-6 BV of cation exchanged and activated carbon
treated broth was added on top of the resin and drained through at
a rate of 3 BV/hr (0.4 mL/min), a rate suggested by Kawabata et
al’s Effluent samples were taken at intervals between 0.3 - 0.6 BV
and analyzed for acid concentrations as described in the analytical
methods below. The breakthrough point was determined as the
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In Figure 2A, UV absorbance measurements at 280 nm
are shown for broth that has been treated with increasing
activated carbon loadings alone and for broth that has been
cation exchanged first and then treated with increasing
activated carbon loadings. The UV measurement at 280 nm
tracks the relative amount of aromatic components present
in the broth which contribute to the color. From Figure 24,
it is clear that the broth that is cation exchanged first
before activated carbon treatment exhibits a significantly
lower absorbance at 280 nm across all activated carbon
loadings. Even at 1 wt% activated carbon loading, the
cation exchanged broth exhibits an absorbance
measurement of 0.65 a.u. while the broth that has not been
cation exchanged exhibits an absorbance of 6.8,
approximately a 10-fold decrease in absorbance intensity at
280 nm is achieved by cation exchanging the succinic acid
broth before activated carbon treatment.

Succinic Acid Broth
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Figure 2: The color removal effect of treating succinic acid
fermentation broth with activated carbon compared to first cation
exchanging the broth then treating with activated carbon. (A) UV-
Vis measurement of fermentation broth treated with the two
procedures above. (B), (C) The percentage of furans remaining in
the broth, relative to the results in Table 2, following activated
carbon treatment (B) and following IX first before activated
catbon treatment (C). (D), (E) The percentage of aromatic
compounds following activated carbon treatment at various
loadings (D) and following IX first before activated carbon

treatment (E). (F) & (G) display an image the color differences in
the broths treated through both methods.

6
ACS Paragon Plus Environment

Page 6 of 17

144



00N W N =

QLGN IS e S P B Y WP U WENEENNNRIENNNS oo o s s o2 20
SOo®NOULRWN OOV NOO WRN SO0V UBEWN SOV NAOUNBEWUN SOVOENOUNEWN=O

ACS Sustainable Chemistry & Engineering

>

30
- Loading curve
S 251
- breakthrough
c ¥
o point
®OT succinic
I- .
= acid
8154
c
o
Q
£ 10 ¢
] Bl
3 acetic acid
£ sl

lactic acid
0
0.0 2.0 4.0 6.0 8.0

Bed valume (mL)

60
MeOH elution curve
50 +

& succinic acid

Concentration in MeOH (g/L)

0.0 1.0 2.0 3.0 4.0
Bed volume (mL)

Fig.3: (A) Loading curve for succinic acid broth passed through a 6 mL wetted bed volume of PVP resin (5 g dry bed mass of PVP). Here the
broth drained through the column was analyzed for the concentrations of major acidic components (acetic acid, lactic acid, and succinic
acid). The broth was collected in fractions and concentrations of each sample reported as bed volumes on the x-axis. (B) Elution curve of

the major acidic components desorbed from the resin using methanol.

Crystallization of smccinic acid. Table 3 below
summarizes reported crystallization yields and purities
from previous studies and our work. The separation
approach that is reported in this work is distinct from the
approaches summarized in Table 3 because succinic acid is
eluted from the PVP resin using methanol. Thus, the
arystallization of succinic acid occurs in a methanol solvent
rather than water. The benefit of using methanol as a
arystallization solvent is two-fold: (1) methanol can be
cooled to temperatures lower than that of water before
freezing, allowing succinic acid crystals to be driven out of
solution in very high yields, and (2) methanol requires less
energy to evaporate than water, thus, improving the energy
efficiency of an evaporative crystallization operation.
Accordingly, 1.5 L of wet methanol eluent from the PVP
resin containing ~22 g/L of succinic acid in methanol and
~-10 wt% water was evaporated to its saturation point
where small crystals began to form on the flask (-180 g/L)9.
The flask was then warmed slightly (~25-30°C) to fully
solubilize the succinic acid. Succinic acid was then
recovered through crystallization by submerging the flask
in a -40°C cold bath of acetonitrile and dry ice for 4 hours.

The crystals where recovered via vacuum filtration and
dried for 12 howrs in a vacuum oven (Figure S5). On a dry
mass basis, this crystallization procedure achieved a 91%
yield of succinic acid from the methanol solution and the
purity was determined via differential scanning calorimetry
(DSC) to be 99.93%. To our knowledge, these are the
highest crystallization yields and purities obtained
compared to other reported crystallization methods (Table
3).

In addition to the high yields and purities, this approach
is more energy efficient than a arystallization operation that
occurs in water. In the above procedure, 1.32 L of methanol
was evaporated to generate the crystallization solution.
Using the heat capacity and latent heat of vaporization of
methanol this requires 1,321 k] of energy. In comparison, if
the aqueous acidified solution from Step 3 (Figure 1) was
evaporatively crystallized, it would require ~2,592 kJ of
energy. Thus, the dewatering  step
accomplished using the PVP resin allow for high yields and
purities on a single pass crystallization and requires ~50%
less energy compared to crystallization in the aqueous

solution from Step 3 (Figure 1).

l'lOl'l-tl'lel‘Illdl

Table 3: Succinic acid crystallization methods reported in the literature compared to the method reported in this work. Here,
activated carbon loadings used are listed along with crystallization yields and purities achieved. A brief description of the process used

in each reference is also given for comparison.

A.C*loading Crystallization

Substrate (w/v%) yield

Purity

Method Reference

Hydrolysate 3.0% 91%

99.93%

Filtration > cation EX > AC> PVP >

crystallization This work

8
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1
2
3
4 Glucose 12.5% 89.5% 99.0%  Filtration > AC > cation EX > crystallization 9
5 H,S0, acidification > Microfiltration >
o 0
6 Glucase N/A B AL Nanofiltration = crystallization 19
7 . . . .
Glucose 10.0% 85.4% Gegy  AaunEOULERtCHoR At O XA 11
8 vacuum distillation > crystallization
9
Glucose N/A 77.0% 99.9%  Filtration > electro dialysis > crystallization 20
10
1
Liquid-liquid extraction of byproduct acids >
[) o
:lé Glucose N/A 731% el HCI acidification > crystallization 2
14 : : - :
Glucase 20.0% 70.0% 90.0% Flltrz.atllon > AC > calcium succinate o 22
15 precipitation > jon exchange > crystallization
16 : : gl
Hydrolysate ~ 125% 45.0% ggge  omEnbpACEHElaadcon 23
17 crystallization
18 *AC = activated carbon
19
20 Lastly, it is critically important that the activated Table 3 highlight the importance in the order of operations
21 carbon loading used for color removal is held to a for maintaining high broth to product yields. Namely, the
22 minimum to maintain a high overall broth to product yield. use of cation exchange first before activated carbon
23 As discussed above, at an activated carbon treatment of 7 treatment in order to lower the amount of activated carbon
24 w/v% approximately 31% of the succinic acid product islost needed for color removal.
25 to adsorption on the carbon (Figure S2). In the succinic
acid recovery procedure demonstrated here, a 3 w/v% Recovery of propionic acid through distillation. 4 L of
26 y P 'y ol prop g
37 activated carbon treatment was used, losing 1% of the cation exchanged and activated carbon-treated propionic
28 initial product to adsorption on the carbon. Couple this loss acid broth was loaded onto PVP resin and eluted off with
29 with the % aystallization yield in methanol, acetone as described above. Acetone was removed from the
demonstrated above, and the overall broth to product yield eluent via rotoevaporation which left an 844 g solution
30 for succinic acid recovery from our procedure is 81%. composed of 14% propionic acid, 4% acetic acid, 6%
3 Reports in the literature for succinic acid recovery generally acetone, and 77% water. The propionic acid was recovered
32 do not list an overall broth-to-product yield, but rather with a 91% yield from this PVP desorption step. The
33 report a crystallization yield only (Table 3), making it significant amount of water remaining is the result of
34 difficult to compare overall yields. The exception is incomplete dewatering.4 It is likely that water trapped in
35 Reference 2, which reports an overall broth to product yield the pores of the resin was released into the acetone during
36 of 65%. Interestingly, Reference * also finds a succinic acid elution. Complete removal of the water is necessary before
37 recovery of §7.53% during a 10 w/v% treatment of activated distillation to avoid azeotrope formation with the propionic
38 carbon. This is drastically higher than the < 70% recovery acid* that would ultimately prevent recovery of pure
39 predicted from the results of this work shown in Figure propionic acid. Thus, to remove the remaining water, an
20 S2A. The much higher recovery of succinic acid during extraction using 1.4 L of dichloromethane (DCM) was
activated carbon treatment found in Reference ™ is likely performed. After extraction, the DCM phase was decanted
4 due to the activated carbon treatment occurring in the  and evaporated leaving a 105 g solution containing 75%
42 organic extractant (acetone and ammonium sulfate) instead propionic acid, 9% acetic acid, 9% water, and 8%
43 of water. In this solution, the affinity for succinic acid to the unidentified (likely acetone, see below). To remove the
44 carbon appears much lower than when activated carbon remaining water, 10 g of drying salts (Na,SO,) were added
45 treatment occurs in water. In all other studies reported in to the solution and removed via vacuum filtration. These
46 Table 3 activated carbon treatment occurs in aqueous incomplete dewatering during PVP elution is an
47 solutions. Thus, using the reported activated carbon unfortunate  reality ~when using batch column
loadings listed in those studies (Table 3) the lowest chromatogra at these bench scales. The further dryi
48 g grap ying
49 activated carbon loading used appears to be 10 w/v%. Even steps described above likely would not be needed with
50 at this loading, in water, well over 31% of the succinic acid continuous processing equipment discussed below. The
51 product would be lost to carbon adsorption (Figure S2A) dried solution was then distilled using a spinning band
and, accordingly one can expect overall broth-to-product system with 30 theoretical stages.
52 yields from those previous studies in Table 3 to be much
53 less than 70%. Thus, the results of this study and those in
54
55
56
57
58
59 9
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Fig. 4: (A) Vapor and liquid temperature as a function of the camulative distillate volume collected during distillation of the dried 87
mL propionic acid eluent. The fractions collected are labeled numerically towards to bottom of the graph. The volume of each fraction
is denoted between the dashed vertical lines. (B) Percent composition of each fraction determined by liquid chromatography (LC).

The vapor and liquid temperature traces during distillation
are displayed in Figure 4A as a function of the cumulative
distillate volume collected and dashed lines in Fig. 4A
represent the fractions collected. Fig. 4B displays the
percent composition of the collected fractions. In fraction 1,
approximately 70% of the mass of fraction # is
unidentified. However, this is likely acetone given that the
average vapor temperature of fraction 1 is 58°C which is
close to the boiling point of acetone (56°C). Subsequent
fractions 2 through 6 contain a mixture of acetic acid and
propionic acid, which is expected from a batch distillation
process. Fraction 7 contains pure propionic acid. After
distillation, fractions 4 through 7 were combined resulting
in a 98% pure propionic acid solution with a propionic acid
distillation yield of 80%.

The overall broth-to-product yield from this procedure
is 59%. Specifically, 94% of the original propionic acid was
recovered during the activated carbon treatment, 9o% was
recovered during the PVP adsorption and elution process,
87% was recovered after the extraction and drying steps,
and 80% was recovered from the dewatered solution during
the distillation operation.

In the literature, the method that is often reported for
propionic/acetic acid separation from fermentation broth is
liquid-liquid extraction of the two acids into an organic
phase containing a high molecular weight amine (e.g.
trioctylamine) solved in a hydrophobic alcohol (e.g. oleyl
alcohol).2® The carboxylic acids are extracted into the
organic phase through the formation of an ion pair with the
amine. After extraction, acetic and propionic acid can be
recovered by thermally breaking the ion-pair in the organic
phase via distillation. However, distillation of the organic
phase yields a mixture of propionic acid, acetic acid, and
some co-extracted water.> The subsequent separation of
these two compounds to recover neat propionic acid is a

ACS Parago

difficult separation to achieve and in the instances reported
in the literature propionic acid is not recovered as a neat
product. Thus, the yield and purity have not, to our
knowledge, been reported before and this prevents
comparison to the yields and purities that we report in this
manuscript.

DISCUSSION

The procedure described above yields excellent bench-scale
recovery yields and purity for the target carboxylic acids
from fermentation broth, including with non-target minor
acids from heterofermentative carboxylate mixtures, and
highlights the importance of the order of operations for
achieving high broth to product yields. Here we further
provide a discussion of how to scale and improve these
methods to continuous operations for industrial scale
application. In general, the five-step procedure outlined in
Fig. 1 remains the same, however specialized equipment is
needed to complete each operation at scale.®

The first step where cell and particulates are removed is
commonly achieved using tangential flow filtration with
ceramic membranes*® or by using rotating disc ceramic
membranes®® with pore sizes below 02 pm. Rotating
systems increase broth throughput by decreasing filter
fouling potential compared to the commonly used static
filters used at the bench scale. Furthermore, ceramic
membranes have several operational advantages. For
example, ceramic membranes are more hydrophilic than
polymer membranes, leading to less irreversible fouling, the
excellent chemical resistance of ceramic membranes
enables low pH operation, and the use of harsher cleaning
methods to restore the initial flux of the membrane. These
advantages lead to a longer membrane lifetime and less
downtime.3!
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The second step, is the acidification of the broth to a pH
below the pKa of the target carboxylic acid. Recent work
has shown this step is the most costly operation in the
downstream separation of bio-acids.* As such, some
industrial bio-acid processes are trending towards
development of microbes that operate in low pH
environments (e.g., for lactic acid®* and succinic acid?#). In
these low pH fermentations, the salt breaking step is not
needed in the downstream recovery operations. However,
most laboratory  level
fermentations still occur at a pH above the pK, of the target
acid and a salt breaking step is required.’:3% In the instance
when a salt breaking step is required at scale, cation
exchange is performed in continuous countercurrent cation
exchange system.37

Color removal via activated carbon in step three, is a
problematic step to implement at the industrial scale. As
discussed above, the use of activated carbon results in

fermentations and most

significant product loss from adsorption. To that end, in
this work we demonstrated the importance of cation
exchange first before activated carbon treatment to utilize
the color removal capacity of the resin and allow lower
loadings of activated carbon to be used. Here physical
adsorption of the color body to the hydrophobic polymer
backbone of the resin is likely the mechanism for color
removal.3® During regeneration of the resin with 10 wt.%
sulfuric acid the color bodies are washed off. In this work,
the same 600 g of resin was regenerated twenty times to
process the total 20 L of fermentation broth. We observed
no loss in performance throughout these regeneration
cycles.

Still, the 3 w/v% loading of activated carbon used in this
study resulted in a 1% loss of succinic acid and a 6% loss of
propionic acid during workup of the respective broths. This
renders the use of activated carbon as a color removal
option difficult to justify for industrial production.
Therefore, alternative decoloring methods that do not
result in product loss must be considered. Some alternative
methods include the use of anion exchange resins® as a
decoloring step before cation exchange, the pH swing
precipitation followed by bleaching described by Fruchey4
could also be higher yielding than activated carbon, and the
use of ultra and nanofiltration® also appears promising.
Studies are clearly needed in this area that focus on the
yield and effectiveness of alternative decoloring methods
compared to activated carbon.

Regarding the fourth step, dewatering using PVP
adsorption and elution (Step 4, Fig. 1) can be automated for
large scale processing using a Simulated Moving Bed
(SMB).+ However, modifications must be made to achieve
complete dewatering before elution occurs. For example, a
wash step of the resin bed using a hydrophobic liquid (e.g.
petroleum ether) could be used before the alcohol elution
to flush water out of the void volume in the resin bed. The
benefits of complete dewatering using an SMB with an
incorporated wash step to remove water are substantial. In
the case of this work, if complete dewatering was achieved
with PVP for the propionic acid broth the subsequent DCM
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extraction and drying salts would not be required. This
would result in the overall broth to product yield increasing
from 59% to 70%. Furthermore, recent work has shown
that the methanol eluent can be recovered from a SMB
operation using < 1% of the heating value of the carboxylic
acid.43

Beyond post cultivation separations operations, In-Situ
Product Recovery (ISPR) schemes may offer the next
generation technology to significantly lower separations
costs and time, while increasing fermentation titers,
productivities and yields.#5* These separation technologies
are a form of process intensification wherein the
extracellular product is separated in situ as it is produced in
the fermentation broth. This ameliorates end product
inhibition to the culture allowing for greater productivities
and titers in smaller fermentation volumes compared to a
batch process. However, these methods are more complex
to integrate at the bench scale, but their benefits higl’ﬂight
the importance of process intensification by combining
separations operations directly with the bioprocess. As
separations technology continues to advance ISPR will
likely see more use in lieu of multi-step post cultivation
operations for the production of bioproducts.

CONCLUSION

In this work, a method for separation of carboxylic acids
from fermentation broth is detailed that contains a
sequence of five steps. This method was applied to separate
succinic acid and propionic acid from their respective
broths. Overall broth to product yields were 81% for
succinic acid and 59% for propionic acid and the
importance of cation exchange first before activated carbon
treatment is detailed as a means to lower the required
amount of activated carbon needed and limit yield losses to
carbon adsorption. For succinic acid, a single pass
crystallization yield of g1% with a product purity of 99.93%
was achieved. To our knowledge these are the highest
yields and purities reported for the separation of succinic
acid from fermentation broth. For propionic acid,
distillation yields were 80% resulting in a product purity of
98%. The simplicity of this method presents itself well as a
method for researchers to recover carboxylic acids from
fermentation broths for bench-scale laboratory testing
However, clear opportunities exist for development of
alternative decoloring methods to activated carbon that are
higher yielding and for improving the dewatering efficiency
of PVP columns.
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Study of back extraction and hence regeneration of the acid from the loaded organic phase is essential
for the design of a complete reactive extraction process. In this paper, the backextraction of propionic
acid from the loaded organic phase (tri-n-octylamine (TOA)+diluent) was studied using different
techniques, like, temperature and diluent swing, using NaOH or trimethyl amine. It was found that
temperature swing regeneration could result in recovery as high as 88% of acid in two stages from
organic phase, TOA+MIBK. However, from TOA+alcohols, the recovery by this technique was average.
Diluent swing is not successful in efficiently recovering acid from the organic phases employed. NaOH,
in stoichiometric ratio, could completely recover the acid, but in the form of sodium propionate. The
100% acid recovery was accomplished using trimethylamine (TMA), when used in stoichiometric ratio
slightly higher than (1:1). Along with the complete recovery acid can be easily separated from TMA as
the base is volatile. Kinetics of backextraction of propionic acid using TMA was also studied and it was
found to be fast.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Propionic acid is widely used in processes, such as, in the
production of cellulose plastics; in the manufacture of ester
solvents, perfume bases; in food industries to suppress the growth
of mould and rope in breads and cakes; for the manufacture of
arthritic drugs, herbicides, plasticizers and as mould preventives
in silage and hay (Playne, 1985). Isolation of propionic acid from
dilute waste streams and fermentation broths is an economic
problem. The high solubility in water, renders traditional solvents
such as alcohols, ethers, esters and inert diluents (hexane,
n-heptane) etc., to be successfully employed for acid extraction.
The conventional method (calcium hydroxide precipitation),
includes addition of calcium hydroxide to form calcium salt of
propionic acid, to which sulphuric acid is added to liberate free
propionic acid (King and Tamada, 1990). This method of recovery
is expensive and unfriendly to environment, as it consumes a lot
of lime and sulfuric acid, and also generates calcium sulphate
sludge as solid waste.

Reactive extraction, using organophosphorous compounds,
tertiary and quaternary amine etc., is a successful technique for
the recovery of acid from dilute aqueous solutions. Out of the
above extractants, tertiary amines have proved to be most
successful in recovery of carboxylic acids from dilute solutions

* Corresponding author. Tel.: +91712 2801561.
E-mail addresses: amitkeshav2000@yahoo.coan (A. Keshav),
k_wasewar@rediffmail.com (K.L. Wasewar).

0009-2509/5 -see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ces.2010.01.010

(Keshav et al, 2008a-f; Uslu and inci, 2007; Wasewar and
Pangarkar, 2006).

Various aspects of reactive extraction, such as, influence of
type of extractant, acid concentrations, nature of the acid and
diluent, effect of extraction temperature, water co-extraction and
non idealities in both phases, were studied in literature. For the
complete design of reactive extraction process, it is essential to
study both the forward and backward steps. Extensive work on
the extraction of propionic acid using reactive extraction
technique was done by the authors; yet, very few literature and
effort have been made on the backextraction of propionic acid
from the loaded organic phases obtained in the first step.

Gu et al. (1998) studied reactive extraction of propionic acid
using Alamine 304-1 in 2-octanol, 1-dodecanol and Witcohol 85 NF
as diluents at various amine concentrations (0-100%) and found
extraction to be maximum at the amine concentration between
20% and 40%. Regeneration of acid from loaded organic phase by
distillation was also studied. For the understanding of equilibrium
characteristics and to search an efficient recovery system for
reactive extraction of propionic acid, tri-n-butyl phosphate (TBP) in
eight different diluents (1-dodecanol, benzene, toluene, heptane,
hexane, buty! acetate, petroleum ether, and paraffin liquid) (Keshav
et al, 2008b), tri-n-octylphosphine oxide (TOPO) in hexane (Keshav
et al, 2008c), tri-n-octyl amine (TOA) in different diluents
(n-heptane, petroleum ether, ethyl acetate and oleyl alcohol)
(Keshav et al., 2008d), TBP, TOA and Aliquat 336 in 1-octanol
(Keshav et al.,, 2008a), TBP, TOA and Aliquat 336 and their mixed
binary solutions in sunflower oil (Keshav et al., 2008e), Aliquat 336
in oleyl alcohol (Keshav et al., 2008f), were employed. Equilibrium
parameters, such as, distribution coefficients, loading ratio, degree
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of extraction and equilibrium complexation constants were
obtained. All these studies confirm that TOA is a better extractant
and in particular, with methyl-iso-butylketone (MIBK) and in
alcohols as diluents, the efficiency of the TOA, as an extractant, has
been markedly improved.

Results of authors work suggest that tri-n-octylamine is the best
extractant in the forward step of reactive extraction, ie., the
recovery of acid from aqueous phase. Regeneration of acid from the
loaded organic phase involves reversal of the reaction, to recover
the acid as a product phase and the acid free extractant for recycle.
The acid can be back extracted from loaded organic phase using
various regeneration techniques. In present paper, techniques such
as, using NaOH or trimethyl amine (TMA) and by temperature and
diluent swing were used for the regeneration of acid from the
loaded organic phase. Com parison among the various methods was
made and it was found that TMA is the best backextractant for
regeneration of the acid. In order to prove that the process is
successful on the commercial scale, kinetics of the process was also
studied and it was found that the kinetics is fast enough.

2. Theory

There are various methods available for the regeneration of the
carboxylic acid from the loaded organic phase.

(a) Using NaOH: In this method of backextraction, the loaded
organic phase was contacted with sodium hydroxide solution.
This method was suggested by Yabannavar and Wang (1991a)
who employed it for the back extraction of lactic acid from a
loaded organic phase (lactic acid+Alamine 336 +oleyl alcohol).

(b) Using HCl: This method was also suggested by Yabannavar and
Wang (1991b). Concentrated HCl was used to essentially
displace the lactic acid from the loaded organic phase (lactic
acid+Alamine 336 +oleyl alcohol). It was possible to regenerate
the solvent by distilling diluent in the dispersed organic phase.

(c) Temperature-swing regeneration: In this scheme, the extraction
has been carried out at relatively low temperature, producing
an acid-loaded organic extract and an aqueous raffinate
waste stream containing the unwanted feed components
(Tamada and King, 1990). During regeneration, the extract
was contacted with a fresh aqueous stream at a higher
temperature to produce an acid-laden aqueous product
stream and an acid-free organic phase. The concentration of
the acid achievable in this stream depends on the amount of
change in the extraction equilibrium between temperatures
and can be higher than that in the original aqueous feed
stream (Tamada and King, 1990).

(d) Using trimethyl amine (TMA): Poole and King (1991) investi-
gated the regeneration of lactic acid extracted in the organic
phase using a stronger volatile amine in aqueous phase. The
most obvious water-soluble, volatile base is ammonia. How-
ever, ammonia and both primary and secondary amines form
amides when they are heated in mixtures with carboxylic acids
(Mitchell and Reid, 1931; Poole and King, 1991; Streitwieser
and Heathcock, 1976). The amides are sufficiently stable so it is
difficult to reverse the process and recover the amine.

(e) Diluent swing regeneration: This is based on a shift of
the equilibrium distribution of acid from the aqueous phase
to the organic phase between forward and back extraction,
caused by a change in composition of the diluent with which
the extractant is mixed. This diluent composition swing
facilitates back extraction of acid into an aqueous product
phase. The composition of the acid-laden organic phase leaving
the extractor is altered, by either removal of the diluent or
addition of another diluent, to produce a solvent system that

promotes distribution of the acid to the aqueous phase. The
altered organic phase is contacted with a fresh aqueous stream
in the regenerator to produce the acid-laden aqueous product
and the acid-free solvent for recycle to the extractor (Tamada
and King, 1989). Adjustment of the diluent composition can
also occur before this solvent reenters the extractor.

3. Materials and methods
3.1. Materials

TOA (C24Hs1N) (98%, ACROS, India), a tertiary amine was used
as extractant. Propionic acid (CH;CH,;COOH; 99% purity; molar
mass 74.08; density 992kg/m*; Himedia, India) and diluents:
MIBK, 1-decanol, and 2-octanol were employed for the study.
Double distilled water was used to prepare the solutions of
various concentrations of propionic acid. Sodium hydroxide
(Ranbaxy India Ltd.), trimethyl amine (TMA; C3HoN, molar mass
59.11, assay 30% in water) and diluents hexane, petroleum ether
and toluene were used as back-extraction reagents. Mobile phase
for HPLC was composed of ammonium dihydrogen phosphate
(RFCL India Ltd.) solution in millipore water (RFCL India Ltd.).
Orthophosphoric acid (Ranbaxy India Ltd.) was used for pH
adjustment of mobile phase of HPLC.

3.2. Methods

Back extraction by temperature swing involved shaking of equal
volumes (20 ml) of loaded organic phase and water phases for 12 h
at 363 K in a water bath, followed by settling of the mixture for at
least 2 h at a same temperature. In diluent swing, the loaded organic
phase was first contacted with another diluent and then with water
for 12 h at 305 K. The aqueous phases, after the settling period of
2h, were titrated with NaOH solution to determine the acid
transferred. Backextraction by NaOH and TMA were carried out by
equilibrating known volumes (50ml each) of aqueous phase
(different concentrations of TMA) and propionic acid loaded organic
phase of known concentration in a temperature-controlled shaker
bath (305 K) for 24 h. The two phases were allowed to settle for 24 h
in a separating vessel for complete phase separation. Aqueous phase
acid concentration was determined by a high-pressure liquid
chromatography (HPLC) system (Waters 1523) consisting of a
binary pump, refractive index detector (Waters 2414) and dual 4
absorbance detector (Waters 2487). The sample was eluted by
0.1 kmol/m* aqueous ammonium dihydrogen phosphate solution
adjusted to pH 22 by an aqueous phosphoric acid solution
endowing at a rate of 0.0021/min in a reverse phase C-18 column
(4mm id. x150mm in length). Propionic acid was detected at
236 nm. The acid content in the organic phase was determined by a
mass balance. Few experiments were carried out in duplicate and
consistency was found within + 2%,

Kinetics experiments were carried out in 0.06516 m internal
diameter glass stirred cell with an effective interfacial area of
0.003333 m? The vessel was equipped with a stainless steel dual
four flat blade stirrer (diameter=0.048 m). Known volumes of
loaded organic solvent and TMA (aqueous phase) (100 ml each)
were taken and regeneration was carried out for a definite period
at T=305 K. Samples of aqueous phase were taken out at different
time intervals for analysis till it reaches equilibrium. It was found
that the equilibrium is established within 30 min. Aqueous phase
acid concentration was determined by HPLC. The acid content in
the organic phase was determined by mass balance. Few
experiments were repeated to check the consistency in the
results. The variation was found within + 2%
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of extraction and equilibrium complexation constants were
obtained. All these studies confirm that TOA is a better extractant
and in particular, with methyl-iso-butylketone (MIBK) and in
alcohols as diluents, the efficiency of the TOA, as an extractant, has
been markedly improved.

Results of authors work suggest that tri-n-octylamine is the best
extractant in the forward step of reactive extraction, ie., the
recovery of acid from aqueous phase. Regeneration of acid from the
loaded organic phase involves reversal of the reaction, to recover
the acid as a product phase and the acid free extractant for recycle.
The acid can be back extracted from loaded organic phase using
various regeneration techniques. In present paper, techniques such
as, using NaOH or trimethyl amine (TMA) and by temperature and
diluent swing were used for the regeneration of acid from the
loaded organic phase. Com parison among the various methods was
made and it was found that TMA is the best backextractant for
regeneration of the acid. In order to prove that the process is
successful on the commercial scale, kinetics of the process was also
studied and it was found that the kinetics is fast enough.

2. Theory

There are various methods available for the regeneration of the
carboxylic acid from the loaded organic phase.

(a) Using NaOH: In this method of backextraction, the loaded
organic phase was contacted with sodium hydroxide solution.
This method was suggested by Yabannavar and Wang (1991a)
who employed it for the back extraction of lactic acid from a
loaded organic phase (lactic acid+Alamine 336 +oleyl alcohol).

(b) Using HCl: This method was also suggested by Yabannavar and
Wang (1991b). Concentrated HCl was used to essentially
displace the lactic acid from the loaded organic phase (lactic
acid+Alamine 336 +oleyl alcohol). It was possible to regenerate
the solvent by distilling diluent in the dispersed organic phase.

(c) Temperature-swing regeneration: In this scheme, the extraction
has been carried out at relatively low temperature, producing
an acid-loaded organic extract and an aqueous raffinate
waste stream containing the unwanted feed components
(Tamada and King, 1990). During regeneration, the extract
was contacted with a fresh aqueous stream at a higher
temperature to produce an acid-laden aqueous product
stream and an acid-free organic phase. The concentration of
the acid achievable in this stream depends on the amount of
change in the extraction equilibrium between temperatures
and can be higher than that in the original aqueous feed
stream (Tamada and King, 1990).

(d) Using trimethyl amine (TMA): Poole and King (1991) investi-
gated the regeneration of lactic acid extracted in the organic
phase using a stronger volatile amine in aqueous phase. The
most obvious water-soluble, volatile base is ammonia. How-
ever, ammonia and both primary and secondary amines form
amides when they are heated in mixtures with carboxylic acids
(Mitchell and Reid, 1931; Poole and King, 1991; Streitwieser
and Heathcock, 1976). The amides are sufficiently stable so it is
difficult to reverse the process and recover the amine.

(e) Diluent swing regeneration: This is based on a shift of
the equilibrium distribution of acid from the aqueous phase
to the organic phase between forward and back extraction,
caused by a change in composition of the diluent with which
the extractant is mixed. This diluent composition swing
facilitates back extraction of acid into an aqueous product
phase. The composition of the acid-laden organic phase leaving
the extractor is altered, by either removal of the diluent or
addition of another diluent, to produce a solvent system that

promotes distribution of the acid to the aqueous phase. The
altered organic phase is contacted with a fresh aqueous stream
in the regenerator to produce the acid-laden aqueous product
and the acid-free solvent for recycle to the extractor (Tamada
and King, 1989). Adjustment of the diluent composition can
also occur before this solvent reenters the extractor.

3. Materials and methods
3.1. Materials

TOA (C24Hs1N) (98%, ACROS, India), a tertiary amine was used
as extractant. Propionic acid (CH;CH,;COOH; 99% purity; molar
mass 74.08; density 992kg/m*; Himedia, India) and diluents:
MIBK, 1-decanol, and 2-octanol were employed for the study.
Double distilled water was used to prepare the solutions of
various concentrations of propionic acid. Sodium hydroxide
(Ranbaxy India Ltd.), trimethyl amine (TMA; C3HoN, molar mass
59.11, assay 30% in water) and diluents hexane, petroleum ether
and toluene were used as back-extraction reagents. Mobile phase
for HPLC was composed of ammonium dihydrogen phosphate
(RFCL India Ltd.) solution in millipore water (RFCL India Ltd.).
Orthophosphoric acid (Ranbaxy India Ltd.) was used for pH
adjustment of mobile phase of HPLC.

3.2. Methods

Back extraction by temperature swing involved shaking of equal
volumes (20 ml) of loaded organic phase and water phases for 12 h
at 363 K in a water bath, followed by settling of the mixture for at
least 2 h at a same temperature. In diluent swing, the loaded organic
phase was first contacted with another diluent and then with water
for 12 h at 305 K. The aqueous phases, after the settling period of
2h, were titrated with NaOH solution to determine the acid
transferred. Backextraction by NaOH and TMA were carried out by
equilibrating known volumes (50ml each) of aqueous phase
(different concentrations of TMA) and propionic acid loaded organic
phase of known concentration in a temperature-controlled shaker
bath (305 K) for 24 h. The two phases were allowed to settle for 24 h
in a separating vessel for complete phase separation. Aqueous phase
acid concentration was determined by a high-pressure liquid
chromatography (HPLC) system (Waters 1523) consisting of a
binary pump, refractive index detector (Waters 2414) and dual 4
absorbance detector (Waters 2487). The sample was eluted by
0.1 kmol/m* aqueous ammonium dihydrogen phosphate solution
adjusted to pH 22 by an aqueous phosphoric acid solution
endowing at a rate of 0.0021/min in a reverse phase C-18 column
(4mm id. x150mm in length). Propionic acid was detected at
236 nm. The acid content in the organic phase was determined by a
mass balance. Few experiments were carried out in duplicate and
consistency was found within + 2%,

Kinetics experiments were carried out in 0.06516 m internal
diameter glass stirred cell with an effective interfacial area of
0.003333 m? The vessel was equipped with a stainless steel dual
four flat blade stirrer (diameter=0.048 m). Known volumes of
loaded organic solvent and TMA (aqueous phase) (100 ml each)
were taken and regeneration was carried out for a definite period
at T=305 K. Samples of aqueous phase were taken out at different
time intervals for analysis till it reaches equilibrium. It was found
that the equilibrium is established within 30 min. Aqueous phase
acid concentration was determined by HPLC. The acid content in
the organic phase was determined by mass balance. Few
experiments were repeated to check the consistency in the
results. The variation was found within + 2%
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regeneration scheme. Here, again, the regeneration scheme was
better for system TOA +MIBK, however, the results were lower than
the temperature swing regeneration scheme. Further, this process
has the disadvantage of diluting the extract stream and requiring
distillation of large amounts of solvent (after the regeneration) to
obtain the same shift in the active/inert diluent ratio. Another
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conclusion that was made in regeneration of acid from loaded
organic phase of TOA+MIBK was that at lower acid concentrations,
the regeneration was higher than that at higher acid concen-
trations. The similar results were observed by Tamada and
King (1990) who found that at low feed concentrations for the
succinic acid-Alamine 336-chloroform-heptane case, diluent swing
provides greater concentrating ability. %#Recovery as high as 65%
were found at lower acid concentrations in case of TOA in MIBK.

4.3. Using NaOH

Since the results of back-extraction from loaded organic
phases of TOA in both the alcohols (1-decanol and 2-octanol)
were nearly same, only 1-decanol was used in this study. Equal
volumes of aqueous solutions consisting of various concentrations
of NaOH (0.02-1.0 kmol/m?) were contacted with loaded organic
phases of TOA+1-decanol and TOA+MIBK with initial acid
concentration of 0.334 and 0.374 kmol/m? propionic acid respec-
tively. It was found that NaOH in molar ratio slightly higher than
the molar ratio of acid in organic phase was able to recover 100%
acid. Figs. 7 and 8 show the recovery against the ratio of [NaOH]/
[HA]o.ore: for recovery of acid from loaded organic phases of
TOA+1-decanol and TOA+MIBK. It can be seen that 100% recovery
of acid was obtained in both the case.

4.4. Using trimethylamine (TMA)

Equal volumes of aqueous solutions consisting of various
concentration of TMA (0.05-0.31 kmnl;‘m3) were contacted with
loaded organic phases of TOA+1-decanol and TOA+MIBK, with
initial acid concentration of 0.186 and 0.154 kmol/m* propionic
acid, respectively. It was found that TMA in molar ratio slightly
higher than the acid in organic phase was able to recover 100%
acid. Figs. 9 and 10 show the recovery against the ratio of TMA/
[HA]o.org for recovery of acid from loaded organic phases of
TOA+1-decanol and TOA+MIBK. It can be seen that 100% recovery
of acid was obtained in both the case.

5. Discussion of regeneration

Regeneration of propionic acid using HCI was not studied in
the present text owing to that HCl is highly corrosive. Further,
Yabannavar and Wang (1991b) suggested that the backextraction
of the free acid from Alamine 336/oleyl alcohol solution with
concentrated HCI, though result in fairly high recovery (83%), yet
the emulsion formed during the backextraction was very stable.
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Fig. 7. Recovery of propionic acid from loaded organic phase of TOA+1-decanol
using NaOH.
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Fig. 8. Recovery of propionic acid from loaded organic phase of TOA+MIBK using
NaOH.
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Fig. 9. Recovery of propionic acid from loaded organic phase of TOA+1-decanol
using TMA.
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Fig. 10. Recovery of propionic acid from loaded organic phase of TOA+MIBK using
TMA.

Back extraction of acid using NaOH resulted in 100% recovery
and is simple and cheap. However, the acid is recovered as sodium
propionate. Therefore, an appropriate acid (e.g., sulfuric acid) must
be added to return it to the free acid form. This approach has the
same drawbacks as the classical calcium precipitation process for
direct recovery from the aqueous feed. Both sulfuric acid and NaOH
are consumed, and a waste salt is formed, which requires disposal.

The advantage of regeneration technique using TMA is that it
avoids consumption of chemicals and creation of salt byproduct.
The aqueous base, which is volatile, enables thermal decomposi-
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tion of the acid-base complex in the aqueous backextract. The
decomposition forms carboxylic acid as a product and freebase as a
vapor that can be reabsorbed in water and recycled for reuse in
back-extraction. However, an important matter of concern is that
the organic phase, which is recycled to the fermentor, may contain
residual dissolved TMA, which can affect the bioactivity of the
enzyme, if acid is to be recovered from the fermentation broth.

Diluent swing regeneration involving more than one diluent
appears to be more complicated than the TMA approach, where
an easily removable volatile amine (TMA) is the only externally
introduced component. This process has the disadvantage of
diluting the extract stream and requiring distillation of large
amounts of solvent (after the regeneration) to obtain the same
shift in the active/inert diluent ratio.

Temperature swing regeneration process in not successful for
the regeneration of acid from loaded organic phases of TOA+
alcohols. However, it can be seen that if MIBK was used as diluent
the technique is successful. The only matter of concern in this case
is that, the temperature is to be raised to high degree for the
regeneration of the acid. This may be detrimental for some of the
carboxylic acid whose structure may get modified owing to heat.

Among all the methods studied for the regeneration of acid
from the loaded organic phases, it can be seen that backextraction
using TMA is a clean and efficient. Thus using TMA was suggested
as the best backextraction system. In order to successfully use this
regeneration scheme for the acid recovery, it is required to study
the kinetics of regeneration. The desire was that the kinetics
should be fast for efficient regeneration process.

6. Kinetics of regeneration of acid

Regeneration of acids from loaded organic phase using TMA
involves reaction between TMA in aqueous phase with propionic
acid in complexed form in the organic phase. Reaction regime
could be found from the experimental results (Doraiswamy and
Sharma, 1984). For discerning the controlling for irreversible
reactions, stirred cell was employed. Overall extraction rate is
determined by interfacial chemical kinetics and molecular
diffusion of components towards and away from interface. The
two resistances to transfer are by diffusion and chemical
complexation which is function of mode of contact and transport
properties of the components. The equilibrium complexation
reaction is reversible in nature. However, to avoid problems due
to reversibility only initial rate were considered for evaluation of
the kinetics. Plot of concentration versus time were drawn to
obtain the initial rate for various concentrations of acid and TMA
respectively. Initial rate was obtained by regression analysis
to find

d[HA],,
de

t—o0

This was divided by the total interfacial area (0.00333 m*) and
multiplied by volume of aqueous phase to obtain the specific rate
of reaction (Rs; kmolm s 1)

_ Vorg d[HA]
TOA dt | _,
Doraiswamy and Sharma (1984) classified mass transfer with
reaction into four regimes. Procedure for discerning reaction
mechanism using stirred cell was also stated. In order that the
process of backextraction to be fast, it was stated that rate of
reaction will depend on (m+1)/2th and n/2th power to the acid
and TMA concentration (where m and n are order with respect to
acid and TMA respectively). Further, there should be no effect of
speed of agitation and volume phase ratio on the process.

Ra (2)
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Figs. 11 and 12 represent the plot of Ra against the organic phase
acid concentration and initial TMA concentration, for regeneration of
propionic acid from loaded organic phases of TOA+2-octanol,
TOA+1-decanol and TOA+MIBK, respectively. In Fig. 12, loaded
organic phase propionic acid concentration was varied from
0.075-0.342 kmol/m*> for TOA+MIBK, 0.0936-0.370kmol/m> for
TOA+2-octanol and 0.0654-0.366 kmol/m® for TOA+1-decanol. A
regression analysis of the experimental data yield a straight line
through origin with unit slope, indicating the reaction to be first
order in propionic acid concentration for all the systems studied. To
determine order with respect to TMA concentration, TMA was varied
from 0.2 to 0.5kmol/m® in water for fixed acid concentrations of
loaded organic phase obtained by contacting 0.2 kmol/m?® propionic
acid by TOA in 2-octanol, 1-decanol and MIBK, respectively. As it can
be seen from Fig. 12, there is no effect of TMA concentration on the
rate of extraction from loaded organic phases from TOA+MIBK,
whereas in loaded organic phase from TOA in 1-decanol and
2-octanol, it was 0.7th and 1.6th order with respect to TMA. To
determine the regime in which the regeneration of propionic acid
using TMA falls, conditions given by Doraiswamy and Sharma
(1984) were checked. Fig. 13 show the effect of speed of stirring
(50-80rpm) on R, for fixed acid concentration of loaded organic
phase obtained by contacting 0.2 kmol/m?* propionic acid by TOA in
2-octanol, 1-decanol and MIBK, respectively and TMA concentration
of 0.5 kmol/m? in water. In the entire speed range, the liquid-liquid
interface was flat and thus interfacial area could be assumed equal
to the geometrical area. Ry was found to be independent of speed of
stirring. Effect of phase volume ratio on Ry was also presented

©2-octanol - gp117x RZ= 096
O1-decanol y=00122x R2=098
AMIBK  y=00141x R? =097

0 0005 001 0015 002 0025 003 0.035
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Fig. 11. Effect of propionic acid concentration in aqueous phase on specific rate of
extraction for regereneration of propionic acid from different loaded organic phases
[TMA concentration=0.5kmol/m*; speed of agitation=80rpm): < —2-octanol;
[J—1-decanol; A—MIBK.
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Fig. 12. Effect of TMA concentration on specific rate of extraction for regeneration of
propionic add from different loaded organic phases: < —2-octanol; [}—1-decanol;
AH—MIBK.

0.0005

0.0004 <© 2-octanol
& O 1-decanol
P:E 0.0003 - & MIBK
g —— =
< 0.0002 1 ~ X
o

0.0001 - — o T —

0 r T T T
40 50 60 70 80 90

speed of stirring (rpm)

Fig. 13. Effect of speed of stirring on specific rate of extraction for regeneration of
propionic acid from different loaded organic phases: ©-—2-octanol; [}—1-
decanol; A—MIBK.
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Fig. 14. Effect of volume phase ratios on specific rate of extraction for regeneration of
propionic acid from different loaded organic phases: ©—2-octanol; [J—1-decanol;
A—MIBK

(Fig. 14). Ra was plotted for various phase volume ratios (Vorg/Vaq:
volume of organic phase to volume of agueous phase), at constant
speed of stirring, for 0.5kmol/m®> TMA in water and acid
concentrations of loaded organic phase obtained by contacting
0.2 kmol/m® propionic acid by TOA in 2-octanol, 1-decanol and
MIBK, respectively. Again, Ry was found to be independent of
volume phase ratio. Thus the regeneration of propionic acid from
loaded organic phase is independent of hydrodynamics of the
system and thus is considered to be fast chemical reaction occurring
in the diffusion film ie. regime 3.

7. Conclusion

Backextraction of acid was studied using various techniques.
Temperature swing regeneration results in 32-35%, 25-35% and
66-88% recovery of acid from the loaded organic phases of TOA+2-
octanol; TOA+1-decanol and TOA+MIBK, respectively. Diluent
swing regeneration using 1:0.5 and 1:1 volume ratios of organic
and diluent phase resulted in 9.5%, ~8.3% and ~39.6% acid recovery
from acid-laden organic phases of TOA+2-octanol, TOA+1-decanol
and TOA+MIBK, respectively. Thus, efficiency of both the above two
method depends on the type of organic phase and in the studied
acid concentration, these methods were good for acid-laden organic
phases of TOA+MIBK. Both NaOH and trimethyl amine (TMA) could
result in 100% recovery of acid. However, it is advantages to use
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TMA, as the base is volatile, and acid can be easily generated by
applying heat. Kinetics of backextraction of acid using TMA in a
stirred cell was also studied. Method of discerning mechanism was
employed for the regime identification. In all the three loaded
organic phases it was found the reaction is fast

Notation

[HA] concentration of acid, kmol/m?

[HA*]  equilibrium concentration of acid in the organic phase,
kmol/m?

A interfacial area, m?

m order of reaction with respect to acid

n order of reaction with respect to extractant

Ra specific rate of extraction, kmol/m? s

t time, s

1% volume, m?

Subscripts

aq aqueous phase

org organic phase

0 initial

Abbreviations

MIBK  methy! isobutyl ketone
TOA tri-n-octyl amine
TMA tri-methylamine
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Abstract The recovery of an inhibiting product from a bioreactor soon after its
formation is an important issue in industrial bioprocess development. In the present
study, the potential of the anion exchanger-based in situ product recovery (ISPR)
technique for the biocatalytic production of propionic acid was discussed. The focus
of the current work was the selection of a suitable configuration of metabolically
active cells for application in propionic acid production. Accumulation of propionic
acid in fermentation broth caused feedback inhibition of the growth and biotransfor-
mation activity of Propionibacterium freudenreichii CICC 10019. Relevant product
inhibition kinetics was discussed, and the results showed that keeping the aqueous
propionic acid concentration below 10.02 gL' was an essential prerequisite for ISPR
process. A batch study, in which three ISPR configuration mode designs were
compared, was conducted. The comparison indicated that employing an external direct
mode had significant advantages over other modes in terms of increased productivity
and product yield, with a corresponding decrease in the number of downstream
processing steps, as well as in substrate consumption. The fed-batch culture using
an external direct mode for the continuous accumulation of propionic acid resulted in
a cumulative propionic acid concentration of 62.5 gL', with a corresponding product
yield of 0.78 g propionic acid/g glucose.
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Introduction

Propionic acid and its salts are widely used as anti-fungal agents in food [1], as additives in
animal feeds [2, 3], and as important thermoplastics in the plastic industry. Propionic acid
and its salts can be obtained either by chemical reactions, which are chiefly conducted
through the chemical synthesis of petroleum feedstocks or by fermentation using the bacteria
of the genera Propionibacterium [4].

Additionally, the production of propionic acid using a chemical method is unsat-
isfactory because it uses toxic reagents and requires a high energy input, making it an
environmentally unfriendly production process. Consequently, a great deal of interest
exists in the production of propionic acid using an attractive altemative, that is,
fermentation. However, low yield and inefficiency attributable to propionic acid
synthesis and inhibition of cell growth present problems. As a weak organic acid,
non-dissociated propionic acid can pass through the bacterial cell membrane into the
cytoplasm and release protons because of the intracellular alkaline environment. As a
result, the pH gradient across the bacterial cell membrane is disturbed, affecting
nutrient transfer and inhibiting cell growth and propionic acid synthesis [5, 6]. To
improve propionic acid synthesis and alleviate the inhibition of microbial growth, two
approaches using the in situ product recovery (ISPR) technique for propionic acid
fermentation [7-10] and production with propionic acid-tolerant bacteria obtained
through adaptive evolution [6, 11, 12] have been developed.

In the first method, several ISPR techniques in whole-cell biotechnology have been
developed during the last 20 years. A product may be removed from its host using five
possible primary techniques, namely evaporation, extraction, permeation, immobilization
(including ion-exchange adsorption), and precipitation. A variety of techniques are often
available for the removal of a specific product [ 13]. Among these techniques is ion-exchange
adsorption. lon-exchange adsorption is a mild technique suitable for capturing both high and
low molecular weight products. This technique has the potential to provide a simple and
robust process compared with other techniques, such as liquid-liquid extraction membrane
filtration with cell recycling and electrodialysis [14-17].

However, the successful application of an ISPR process does not depend solely on the
chosen separation technique but also on the configuration of the bioreactor/separation units,
the mode of contact between the microorganisms, and the separation phase that removes the
product from the vicinity of the cell. The in situ recovery of a product can occur either inside
the reactor (internal) or in an external loop. The contact between the microorganisms and the
product separation phase can be either direct or indirect. Thus, various ISPR configuration
modes can be assembled: conventional mode (a), internal direct mode (b), internal indirect
mode (c), and external direct mode (d) (Fig. 1). Previous studies have shown the various
possible modes of operation (continuous and batch) and the use of a separation unit outside
of the reactor or separation techniques that act right inside the bioreactor [9, 18, 19].
However, only few studies have focused on both the characteristics of different configu-
rations (internal or external) and the contact mode (direct or indirect) to date. Therefore, in
the batch case, the categorization of different ISPR configurations was studied by charac-
terizing the position of the in situ separation and the mode of contact between the cell and the
separation phase in the microbial propionic acid production process. Detailed product
inhibition studies revealed the necessity of implementing ISPR at an early stage, i.e., at
low product concentrations. The fed-batch case with an external direct mode led to a
cumulative propionic acid concentration of 62.5 gL', with a corresponding product yield
of 0.78 g propionic acid/g glucose.
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rations (internal or external) and the contact mode (direct or indirect) to date. Therefore, in
the batch case, the categorization of different ISPR configurations was studied by charac-
terizing the position of the in situ separation and the mode of contact between the cell and the
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low product concentrations. The fed-batch case with an external direct mode led to a
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at 25 °C was employed for the HPLC analysis. The mobile phase was a 0.02-M potassium
dihydrogen phosphate buffer solution/acetonitrile (pH 2.8, adjusted with phosphoric acid
solution) with 4% acetonitrile isocratic elution. Commercially available propionic acid was
used as an external standard.

Measurement of Cell Concentration

To measure the growth kinetics, cell concentrations were analyzed photometrically at
600 nm (OD 600 nm). Before measuring the cell concentrations, the 1-mL broth was
centrifuged at 10,000%g for 10 min, and the cell pellets were resuspended in 1 mL phosphate
buffer after the removal of the supematant. The error in the removal of the very small
fraction of glucose was negligible. The OD 600 nm values were converted into dry cell
weight (DCW) values using the following empirical equation based on the measurement of
11 different cell samples: DCW (g L™)=0D 600 nmx0.30; standard deviation=0.06. The
DCW was determined using the 5-mL liquid culture, as described by Mirata et al. [20].

Product Inhibition of Biotransformation and Growth

To investigate the growth-inhibiting effect of propionic acid on P. freudenreichii CICC
10019, the fermentation media were adjusted to seven different propionic acid concentra-
tions ranging from 0 to 30.04 gL' by adding respective aliquots of a highly concentrated
propionic acid solution. Subsequently, the medium (50 mL in 200 mL flasks each) was
inoculated with 10% (v/v) of a pre-culture grown overnight in the fermentation media and
incubated at 30 °C with static cultivation. For each concentration of propionic acid, the
maximum specific growth rate was determined through the differentiation of the growth
curves created by fitting the data points with a logistic growth model using a mathematical
analysis program (Origin, version 7.5, Microcal, Northampton, MA, USA). A linear math-
ematical model initially developed by Luong [21] for the product inhibition in ethanolic
fermentation was used to describe the decrease in the maximum specific growth rate versus
the increasing propionic acid concentration. The linear relationship is expressed by the

following formula:
p
Hrmax = Mmax 1 - _) (l)
“( P

where fi,. 18 the maximum specific growth rate of P. freudenreichii CICC 10019 in the
presence of propionic acid and fi,,,,q 1S the maximum specific growth rate in the absence of
propionic acid. p is the initial propionic acid concentration in the broth, and p,, is the
propionic acid concentration above which cells do not grow. The experimental data were
fitted through Eq. 1 using least squares regression (Origin 7.5).

Batch Culture with Different ISPR Configurations and Contact Modes

The selection of a proper ISPR process configuration and an appropriate contact mode
between the microbes and the separation phase must be considered a priori in the imple-
mentation of these techniques in biocatalytic processes. To accumulate highly concentrated
propionic acid, a batch culture of P. freudenreichii was conducted in a batch mode in three 7-L
bioreactors (NBS, USA) equipped with pH (Mettler Toledo) and temperature control. The
temperature was set at 30 °C with static cultivation. The basic configurations for the ISPR as

@ Springer

160



978 Appl Biochem Biotechnol (2012) 166:974-986

applied to the established techniques are shown in Fig. 1. The separation of the cells and
propionic acid was achieved by employing the following configurations: (a) A process without
ISPR operation was shown as a comparison; (b) an internal direct configuration, where the
fermentation broth was in contact with a second product-removing phase (resin ZGA330) that
was loaded periodically in the bioreactor; (¢) an internal indirect configuration, where the resin
ZGA330 was placed periodically in a mesh cylinder (length, 33 cm; diameter, 1.5 cm)
constructed from a stainless steel mesh grid and attached to the baffles of the bioreactor; or
(d) an external direct configuration, where the bioreactor liquid flows via a loop in contact with
the resin ZGA330 in an external unit. The quantity of assembled free resin was 40 g, and the
separation operations were incised simultaneously at 40-41, 64-65, and 88-89 h for the three
ISPR configurations (Fig. 1b—d). Specifically, the separation operations were conducted by
running the agitation with a rate at 150 rpm for b, ¢ and opening the external loop with a flux at
5 L/h for d (contact time between resin and microbes was about 45 min for all configurations).
Sampling and analysis of propionic acid and substrate concentration shall be conducted on a
regular basis throughout the fermentation process. The total concentration of propionic, acetic,
and succinic acid is the sum of concentrations ofthose in the fermentation broth and eluted from
the resin after fermentation.

Fed-Batch Culture with External Direct ISPR Process

The fed-batch culture with an external direct ISPR process was conducted in another identical
7-L bioreactor (NBS, USA) connecting a modified glassy chromatographic column (25 mm o.
d., length 500 mm, total volume 200 mL; purchased from Jinhua Co., Shanghai, China) by the
circulation of the culture with a peristaltic pump through the glassy column of the 40-g ZGA330
ion-exchange resin at 30 °C. The fermentation broth was pumped into the bottom ion-exchange
chromatographic column and was then pumped out from the top and retumed into the
bioreactor for circulation. The flux of the fermentation broth through the column was 5 L/h.
When the fermentation broth was pumped into the column, the propionic acid bound to the ion-
exchanger resin, releasing hydroxyl ions that maintained the pH of the fermentation broth.
Thus, propionic acid, the target product, is adsorbed by the resin and prevented to return to the
bioreactor for on-line separation. The resin was exchanged with 40 g of freshly impregnated
resin when an increased propionic acid concentration in the culture was observed.

The fed-batch culture process was conducted by adding a concentrated glucose solution
(600 gL ") to the culture when the nutrients were depleted to keep the concentration at
approximately 10 gL' (in pulse feeding approach), which is in contrast to the batch culture
with external direct ISPR process. For the external direct ISPR process, each charge of the
40-g ZGA330 resin saturated with propionic acid was placed in a separate column and was
first washed with 500 mL of recirculating water. After the separation of the water, the
propionic acid was eluted using a 200-mL 1-M sodium hydroxide solution, and the resin was
regenerated for reuse.

Results and Discussion
Inhibitory Effects of the Propionic Acid on P. freudenreichii CICC 10019
To gain a better understanding of'the impact of product inhibition on cell growth and product

yield, the impact of propionic acid on both growth and biotransformation performance was
systematically examined in two separate studies. To investigate the growth inhibition effect
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of propionic acid, the growth kinetics of the shaking flask cultures of the P. freudenreichii
CICC 10019 in the fermentation medium supplemented with increasing propionic acid
concentrations were determined (Fig. 2a). P. freudenreichii CICC 10019 had a lag phase
of up to 24 h, suggesting the induction of cellular adaptation mechanisms. After the
adaptation phase, low-level cell growth was still observed in the presence of the maximum
propionic acid concentration tested at 25.88 gL ™",

An analysis of the maximum specific growth rates, ji,,.., showed that the highest specific
growth rate was achieved by P. freudenreichii CICC 10019 in the absence of propionic acid,
that 1S, ftmax= ftmaxo=0.126 h'. The increasing concentration of propionic acid led to a linear
decrease in the relative maximum growth rates fimax/tmaxo (Fig. 2b). Based on a linear
regression with an empirical equation by Luong, which was originally developed for ethanol
inhibition in alcoholic fermentation, the critical inhibitory concentration was determined to
be 28.62 gL' propionic acid. This approximation was confirmed experimentally with a total
inhibition of growth of 30.04 gL ! propionic acid (Fig. 2a, b).

Fig. 2 a Growth kinetics and b a
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In a separate study, glucose biotransformation with P. freudenreichii CICC 10019 resting
cells in the presence of increasing concentrations of initially dosed propionic acid was
investigated (Fig. 3a). The maximum specific activities (in gram propionic acid formed
per gram DCW) derived from these product formation kinetics revealed an exponential
decrease with an increase in initial product concentration (Fig. 3b). Obviously, propionic
acid inhibits the biotransformation activity of P. freudenreichii CICC 10019 at low concen-
trations (>2 gL !). The data from the inhibition studies clearly illustrate that maintaining a
low level of aqueous propionic acid concentration (e.g., 10.02 gL ") by ISPR [22] is an
essential prerequisite to increase the productivity, product yield, and maximum propionic
acid concentration during glucose biotransformation.

Selecting a Suitable ISPR Mode for the Production of Propionic Acid

The ZGA330 resins were placed directly in the bioreactor (internal direct mode), inside a
mesh cylinder that was placed in the bioreactor (internal indirect mode), or in an external
fluidized bed (external direct mode) (Fig. 1). The external direct mode was combined with a
propionic acid back-extraction step to regenerate the resins. The ZGA330 resins were used
for the extraction of the propionic acid from the reaction suspension.
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The influence of different ISPR modes on propionic, acetic, and succinic acid
production in the batch culture are shown in Fig. 4a—d. In the internal direct mode,
the total propionic acid concentration reached 36.5 gL' at 120 h with an initial
glucose concentration of 60 gL™'. The total acetic and succinic acid concentrations
were 17.3 and 7.0 gL', respectively (Table 1). In this mode, the high final propionic
acid concentration was higher than that achieved in the internal indirect mode ( propionic acid
(PA)32 gL '; acetic acid (AA) 19 gL™'; succinic acid (SA) 8.4 gL ™!). However, this concen-
tration did not reach a level similar to that of the external direct mode (PA 44.1 gL '; AA243 ¢
L ';SA 11.6 gL "). This result implied that extraction capability was more powerful when cells
were directly in contact with a separate phase.

Propionic acid fermentation was a multi-product symbiotic system. Acetic and succinic
acids were accompanied with the propionic acid production in this work. Compared with the
internal direct mode, the acetic and succinic acid productivity increased slightly, which
corresponds to the propionic acid productivity a little decrease in the internal indirect mode.
However, in the internal indirect mode, there is a significant increase in the productivity of
these three acids. The theoretical mass ratio of propionic acid to acetic acid was 2:1 with
glucose as substrate [4]. But in this work, the proportion of propionic acid to acetic acid
decreased from 2.1 to 1.8. It was clear that the intermnal indirect mode fermentation could
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Fig. 4 Bioprocess kinetics of different configurations for propionic acid production. a Conventional fermen-
tation mode, b internal direct ISPR mode, ¢ internal indirect ISPR mode, and d external direct ISPR mode.
Initial glucose concentration was 60 gL', closed circle glucose concentration, closed square biomass (OD
600 nm), epen square aqueous propionic acid concentration (P4), open circle aqueous acetic acid concentra-
tion (44), and open triangle aqueous succinic acid concentration (S4)
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The influence of different ISPR modes on propionic, acetic, and succinic acid
production in the batch culture are shown in Fig. 4a—d. In the internal direct mode,
the total propionic acid concentration reached 36.5 gL' at 120 h with an initial
glucose concentration of 60 gL™'. The total acetic and succinic acid concentrations
were 17.3 and 7.0 gL', respectively (Table 1). In this mode, the high final propionic
acid concentration was higher than that achieved in the internal indirect mode ( propionic acid
(PA)32 gL '; acetic acid (AA) 19 gL™'; succinic acid (SA) 8.4 gL ™!). However, this concen-
tration did not reach a level similar to that of the external direct mode (PA 44.1 gL '; AA243 ¢
L ';SA 11.6 gL "). This result implied that extraction capability was more powerful when cells
were directly in contact with a separate phase.

Propionic acid fermentation was a multi-product symbiotic system. Acetic and succinic
acids were accompanied with the propionic acid production in this work. Compared with the
internal direct mode, the acetic and succinic acid productivity increased slightly, which
corresponds to the propionic acid productivity a little decrease in the internal indirect mode.
However, in the internal indirect mode, there is a significant increase in the productivity of
these three acids. The theoretical mass ratio of propionic acid to acetic acid was 2:1 with
glucose as substrate [4]. But in this work, the proportion of propionic acid to acetic acid
decreased from 2.1 to 1.8. It was clear that the intermnal indirect mode fermentation could
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Fig. 4 Bioprocess kinetics of different configurations for propionic acid production. a Conventional fermen-
tation mode, b internal direct ISPR mode, ¢ internal indirect ISPR mode, and d external direct ISPR mode.
Initial glucose concentration was 60 gL', closed circle glucose concentration, closed square biomass (OD
600 nm), epen square aqueous propionic acid concentration (P4), open circle aqueous acetic acid concentra-
tion (44), and open triangle aqueous succinic acid concentration (S4)
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membrane modules. This setup is relatively simple. However, fouling or clogging of the
membrane in perstraction, pervaporation, or electrodialysis processes has often been observed
when the cells were in direct contact with the membranes in ISPR configurations. Thus, this
configuration was not studied in the current work.

Fed-Batch Biotransformation of Glucose into Propionic Acid with the External Direct Mode

The fed-batch cultivation was performed in a bioreactor with an external direct mode for the
ISPR using a glassy chromatographic column of ZGA330 resin. Propionic acid was
extracted from the fermentation broth, and the resin was regenerated for reuse when needed.
The fermentations with P. freudenreichii CICC 10019 using an external loop showed that a
recirculation at 5 L/h did not affect the biomass formation kinetics negatively (data not
shown). To avoid nutrient-limiting conditions for the biotransformation into the liquid phase,
a high concentration of glucose solution (600 gL ') was directly fed into the culture
manually to maintain the glucose concentration in the broth at approximately 10 gL ™! in
the broth.

Before starting the glucose solution feed, cells were grown for 80 h in the fermentation
medium when the glucose concentration dropped below 10 gL ™'. The ISPR process was
started after 33 h by circulating the broth through the external loop when the culture reached
exponential growth (OD 600 nm of 16) and when 10 gL ™" propionic acid was produced
(Fig. 5a, b).

Subsequently, the peristaltic pump was switched off, resulting in an immediate reduction
in aqueous propionic acid concentration. The external loop was operated at intervals of about
15 h from 33 to 120 h. After 80 h, the culture attained a maximum OD 600 nm of
approximately 25 (DCW 6.8 gL '), whereas propionic acid concentration again slowly
increased to 10 gL ™" although the broth has recirculated four times. This product accumu-
lation suggested that the resin became saturated within 80 h of the ISPR bioprocess.

Afterward, 40 g of fresh ZGA330 resins was alternated to reactivate the circulation
system. The loaded resin was washed and eluted with 1 M NaOH/ethanol (40:60, v/v) to
recover the propionic acid. The propionic acid saturated by ZGA330 resin was washed,
eluted, regenerated, and balanced.

The increasing concentration of the inhibiting product in the broth reduced the metabolic
activity of the cells, as illustrated by the corresponding course of the fed glucose, with an
attenuation of glucose uptake arising between 40 and 70 h and an incipient increase in
glucose concentration between 80 and 100 h (Fig. 5b). This C-source consumption can be
interpreted as a cellular action to regenerate the cofactor needed for the ongoing enzymatic
precursor conversion efficiently [23].

As illustrated in Fig. 5a, the additive propionic concentration rose to a maximum value of
62.5 gL' after approximately 140 h. Therefore, the fed-batch culture presented in the
present work resulted in a 42% increase in final propionic acid concentration compared
with the batch culture approach (Table 2). In addition, the productivity within 140 h of
production was 0.45 g propionic acid/(L h), higher than the corresponding value calculated
for the batch culture process.

Compared with the batch culture process, the fed-batch process obtained a 16.8%
increase in biomass (DCW 6.8 vs. 6 gL"). However, a significantly higher consumption
of glucose was evident in the fed-batch process (80 vs. 60 gL "), experimentally suggesting
that the fed-batch process might have again precipitated the C-resource metabolism into the
route of propionic acid synthesis. Moreover, the yield of propionic acid reached 0.78 g
propionic acid/g glucose, much higher than the 0.35-g g ' theoretical yield of glucose [24].
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Fig. 5 External direct mode bio-
process kinetics for the produc-
tion of propionic acid with P
Sfreudenreichii CICC 10019 in a
fed-batch bioreactor coupled with
an anion exchanger-based ISPR.
Time courses of a aqueous pro-
pionic acid concentration in a
batch culture using an external
direct mode process (open
square) and aqueous propionic
acid concentration of fed-batch
culture using an external direct
mode process (closed square) and
b glucose concentration in a batch
culture using an external direct
mode process (open circle) and a
fed-batch culture using an exter-
nal direct mode process (closed
circle) are shown. Compared with
the batch culture using an external
direct mode process (open trian-
gle), the advantages of a fed-batch
culture using an external direct
mode process (closed triangle) in
terms of increasing cell density
(OD 600 nm) are shown (c).
Arrows indicate the initiation of
ISPR. Main cultivation was con-
ducted in a 7-L bioreactor with

5 L fermentation medium. After
inoculation with 10% (v/v) of a
pre-culture grown in a pre-culture
medium, the concentrated glucose
was fed to the culture twice
between 80 and 120 h to maintain
the nutrients at approximately

10 gL™!
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Table 2 Comparison of experiment results between a batch culture and a fed-batch culture that both use an
external direct mode

Culture  Glucose DCW  Propionic  Propionic acid ryso (2/2)
time (h) consumption® (g/L) (g/L) acid (g/L) productivity (g L' h™")
Batch culture 120 60 5.82 44.1 0.37 0.74
Fed-batch culture 140 80 6.8 62.5 0.45 0.78

“The consumption of substrate glucose in the ISPR process was 80 gL' including two periodical feeding in
all

Effects of External Direct Mode Process on Propionic Acid Fermentation

As illustrated in Table 2, the propionic acid concentration (62.5 gL ™" in 140 h) obtained with
external direct mode is lower than that obtained with immobilized cells in a fibrous-bed
bioreactor (106 gL' in 4 months) [25], but the cultures with immobilized cells required a
long cultivation time and showed low productivity (0.45 vs. 0.25 gL' h™"). The product
yield of propionic acid from substrate with external direct mode was markedly higher than
that of with other modes including with immobilized cells because this mode could
precipitate more glucose to produce propionic acid.

Propionic acid fermentation with glycerol as the carbon source has been extensively
studied [26]. Compared to glycerol as the carbon source, both cell growth and propionic acid
productivity were lower in glucose fermentation with batch or fed-batch mode.
However, when used in external direct mode, both cell growth (DCW 5.82
vs.4.76 gL ") and propionic acid productivity (0.45 vs. 0.20 gL' h™") were notably
promoted in this study.

Moreover, previous works have shown that extractive fermentation was effective in
increasing propionic acid production [7]; however, the application of extractive fermentation
is difficult at an industrial scale due to the high production costs [9]. The results in this study
emphasize the benefit of integrating a highly selective ISPR technique as it can dramatically
facilitate downstream processing by reducing the number of further purification steps needed
to obtain a product of high purity [27, 28].

Conclusions

The anion exchanger-based ISPR technique might be an attractive option for the production
of propionic acid, which employs whole cells as biocatalysts. However, the configuration of
the bioreactor/separation units and the mode of operation are crucial for the successful
implementation of this technique. The case study presented in the current research shows
that employing an external direct mode for the ISPR process in a typical whole-cell
catalyzed reaction can result in increased productivity and product yield, with minimal
substrate consumption and lower production costs compared with other conventional [ISPR
configuration processes. The current work proposes a model for the biotransformation of
glucose into other organic acids (e.g., succinic acid and lactic acid) because the efficient
combination of an aqueous organic two-liquid phase bioprocess with solid-phase product
recovery is demonstrated. Although the current study initiated the systematic development
of an anion exchanger-based ISPR processes, further research is required to elucidate the
different parameters and issues concerning this process. Finally, ISPR by ion exchange
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should be a common practice in the design and implementation of robust integrated
processes involving fermentation or biotransformation.
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