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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

OOrpyHTyBaHHS BHOOPY TeMM JOCJHIIKEHHA Ta Il aKTyaJabHicTh. Crnianaxu
rOCTpUX KHUINKOBUX 1HQEKIIH, CIPUYMHEH] MATOT€HHUMH MIKPOOpraHi3MamH,
CTBOPIOIOTH 3HAYHI MPOOJEMH ISl CHCTEMH OXOpPOHH 370POB’S Ta MPU3BOIAATH O
3HAYHUX CKOHOMIYHHX BTpaT y BchoMy cBiTi (AL-Mamun et al., 2018). 11i cnamaxu
CIIPUYMHEH] PI3HUMM MIKpOOpraHi3MaMH, BKIJIFOYAIOUW OakTepii, BIPYyCH, MaTOTCHHI
HAWOpOCTiI Ta rpulKH, SKI KOHTAMIHYIOTh MUTHY BOJY YU XapyoBl MPOIYKTH HA
pi3HUX eTanax BUPOOHHUIITBA, 00poOKHu Ta po3noscromkenns (Chakka et al., 2021; T.
Pyatkovskyy et al., 2016). Taki 30yaauku sik Salmonella spp., matoreHHi mramu
Escherichia coli, Listeria monocytogenes i Campylobacter spp., € omaumMu 3
HANMOMIMPEHIINX MPUYNH TOCTPUX KUIIKoBUX iHekuii (AL-Mamun et al., 2018). 1i
MIKpOOPraHi3MH MOKYTh PO3MHOXKYBATHCSI B PI3HOMaHITHUX CEPEJOBHILAX 1 YACTO
BUSBJISIOTh CTIMKICTh JI0 OaraTbOX CTPECOBUX (PAKTOpPIB, IO YCKIAIHIOE iX
1HaKTHBaL1l0. PO3yMIHHS NpPUPOAM MOLIMPEHHS LHMX 30yJHUKIB Ma€ BaXIIMBE
3HAYCHHS I PO3POOKM e(EeKTUBHHMX 3aXOJiB 1X I1HAKTHUBAIlll 3 TiABUIICHHSIM
0€3IeYHOCT1 XapuOBUX MPOIYKTIB 1 MUTHOI BOAM.

Tpanuiiitai TEpMIYHI METOIH, TaKI K TACTEPHU3AIlis Ta CTEPUITI3AIlis, BXKE JTABHO
€ HApDKHUM KaMEHEM MPOTOKOJIB OE3MeKH XapuoBHX IPOAYKTIB 3aBASKH iXHIM
e(eKTUBHOCTI B IHAKTHUBAIII] ITUPOKOTO CHEKTPY MIKIATUBUX MIKpoOpranizmiB. OHak
Il METOJM YacTO HETraTHBHO BIUIMBAIOTh HAa OPraHOJICTITHYHI Ta TIOXXKHUBHI SIKOCTI
XapyoBUX NPOAYKTIB. OCKUJIBKH CIIOKMBYMMA MOMUT HA CBIXK1 MPOAYKTH 3 MIHIMAJIBHOIO
00pOOKOI0 TMPOJOBKYE 3pOCTaTH, 3OLIBIIYETHCSA W IMOTpeda B aJbTePHATHUBHUX
MeToaX 00pOOKH, KI MOXKYTh 3a0€3M1€UYUTH MIKPOO10JI0TTYHY Oe31eKy 0€3 3HUKEHHS
skocTi xap4yoBux npoaykris (Khouryieh, 2021; Zhang et al., 2019).

Uucra Boa € HEOOXITHUM PECYpPCOM SIK JJIsI JIFOJICHKOT JKUTTENISUIBHOCTI, TaK 1
IS pi3HUX ranmy3ei npomucioBocti (Gomes et al., 2019; I’ sTkoBchkwmii et al., 2023).
[Tpuponani karactpodu, TeXHOTEHHI aBapii Ta BINCHKOBI JIii MOXXKYTh MaTH 3HAYHUH 1
3ryOHMI BIUIMB Ha SIKICTb BOAM ISl MELIKAHIIIB Y TAKMX 30HAX BHACHIIOK PYHHYBaHHS
1H(GPaACTPYKTYpH BOJOMOCTAaYaHHS Ta BOJOBIABEACHHS, BKJIIOYAIOYM BOJOOYMCHI
CIIOPY/IH, pO3MOILILYI CUCTEMH Ta KaHamizaliiui criopyau (Shumilova et al., 2023).
3a0e3neueHHs YMCTOO BOJIOI0 HIUBUILHUX, BIICBKOBUX, PATYBAIBHUKIB Ta BOJIOHTEPIB,
Kl 3HAaXONATHhCS Y 30HAX 13 3pPYWHOBAHOI IMBUIBHOIO 1HPPACTPYKTYpOIO, €
Haa3BuyaitHo BaxxmBuM (T. Pyatkovskyy et al., 2024).

Herepmiuni meToau 3’ saBuiucs K 6ararooOilsgioda albTepHATHBA 3BHUYAMHUM
TEPMIYHUM 00pOOKaM AJid 1HAKTHUBAI[ll MIKPOOPraHi3MiB y Xap4OBUX MPOJIYKTax Ta
Bozi (Ross et al., 2003; Sastry, 2016; Van Impe et al., 2018). 11i MmeToaM BKIIIOYAIOTh
00poOKy i Bucokum rigpoctatnunum Trckom (BI'T) (Bolumar et al., 2021; Gunther
et al., 2019; Torres & Velazquez, 2005), oOpoOKy MOMIpHHUM 4YH IMIYJIbCHUM
enextpuunum nosiem (ITETT, IEIT) (Buckow et al., 2013; Knorr et al., 2002; Mok et al.,
2022; Schottroff et al., 2019), onpominenHs ynabTpadioneroBum (YD) cBiTioM
(Cebrian et al., 2016; Schottroff et al., 2018), 06pobky yasTpazsykom (V3) (Fan et al.,
2019; Ko & Bai, 2022; Rastogi et al., 2007) ta 3acTocyBaHHs Ia3001i0HOTO 030HY
(Perry etal., 2019; Predmore et al., 2015; T. Pyatkovskyy et al., 2016) uu iioro BogHOIr0

3



posunny (Epelle et al.,, 2022; Khadre et al., 2001; Melanie et al., 2024). Bonu
MPOTIOHYIOTh MOTEHITIaM JJIsl €PEKTUBHOT IHAKTUBAIlIT MIKPOOPTaHi3MiB, 3 OJJHOYACHUM
30€peKCHHSIM CMaKy, TeKCTypH Ta MOXHUBHOI IIHHOCTI Xap4oBuX MmpoaykTiB (Rastogi
etal., 2007). Kpim Toro, HeTepMiuHi METOIM MOYKHA 3aCTOCOBYBATH JI0 PI3HOMAHITHUX
XapyoBUX Ta (apMaleBTUYHUX MaTpUllb, BI PIIMH O TBEPIAUX PEUOBUH, 110 POOUTH
iX yHIBepCaJIbHUMHU IHCTPYMEHTAMH B apceHall MEAWIMHH, dapmarlii Ta XapuoBoi
MIPOMUCIIOBOCTI IPOTHU OaKTEepiaIbHUX KOHTaAMIHAHTIB. JlesSKi 3 IIUX METO/IB MOXYTh
e(pEeKTUBHO 1HAKTUBYBAaTH MIKpOOpraHismMu Ta c(opmoBaHi HMMH OIOIUTIBKM Ha
MOBEPXHAX MEIWYHHX IHCTPpyMeHTIB Ta oOmaguands (Marino et al., 2018; M.
Murakami et al., 2021; Shao et al., 2020).

Ockibku MenuIMHA, (Qapmailisi Ta XapuyoBa MPOMUCIOBICTh MPOJOBXKYIOThH
BIIPOBA/DKYBATH 1HHOBAIlll, PO3YMIHHS Ta BHUKOPUCTAHHS IIMX HETEPMIYHUX
TEXHOJIOT1 MaTUMe BHpIIIabHE 3HAUEHHS IS OaKTepiojoriyHOi Oe3NMeKH y IuX
ray3sx.

3B'A30k poGoTM 3 HAYKOBHMH MporpaMaMi, IUJIaHAMH, TeMaMH.
Huceprartiitna poboTa BUKOHaHA 3T1/IHO TUIAHY HAYKOBO-AOCTIIHUX POOIT Kadempu
MIKpoOioJiorii, Bipycosiorii Ta iMyHOJoOrii TepHOMUIBCHKOTO HAI[lOHAIBHOTO
MeauyHoro yHiBepcutery imeni [. S. T'opGaueBchkoro MiHiCTEpcTBA OXOpPOHH
3I0pOB’A YKpaiHu, KpiM TOT0 AOCTIIXKEHHS] BUKOHYBAJIMCS Ha Kadeapi XapuoBUX HAYK
Ta TexHoJoriii YHiBepcurery mrary Oraiio, CIIIA (Department of Food Science and
Technology at the Ohio State University), kadenpi xapuoBoi, CUIbCbKOTOCITOAAPCHKOT
Ta 010JI0T14HOI 1HXeHepii YHiBepcuteTy mraty Oraito, CHIA (Department of Food,
Agricultural and Biological Engineering at the Ohio State University).

binbiry yacTuHy 1OCHII)KEHb BUKOHAHO M1J] Yac HayKoBoro craxxyBanHs (CIIA,
2012-2020 pp.) 3a rpantamu Bix United States Department of Agriculture, National
Institute of Food and Agriculture, Agriculture and Food Research Initiative (USDA
NIFA Grant No. 2009-51110-05902, USDA NIFA Grant No. 2014-70003-22357,
USDA NIFA Grant No. 2015-67017-23087) ta iHIMBIAyaIbHUMHU KOMEPIIMHUMU
rpantamu. Ha kadenpi MikpoO6iosiorii, BipycoJiorii Ta iMyHoJ0r1i TepHOMIbChKOro
HaIlIOHAJTBLHOTO MeIUYHOTO yHiBepcuTeTy iMeHi 1. 5. ['opbaueBchkoro MinicTepcTBa
OXOPOHU 370pOB’sl YKpaiHW JOCTIPKEHHS BUKOHYBAJIMCS Yy MeEXaxX IHIIIaTUBHOL
HAYKOBO-AOCHIAHOT poboTH «OcobnuBocTi  (HOpMyBaHHS  PE3UCTEHTHOCTI Yy
MPEJACTABHUKIB YMOBHO-TIATOTEHHOT (JJIOPM B YMOBaxX 370pOB’s 1 maToJiorii» Ne
nepkaHoi peectparii 0122U000035. JlucepTaHT € CIIiBBUKOHABIIEM JaHOT TEMH.

Merta gocai:KeHHsi: BIOCKOHAJIEHHS MPO(UIAKTUKH TOCTPUX KUIIKOBUX Ta
paHOBUX IH(PEKUIN NUIAXOM OOIPYHTYBaHHS €(PEKTUBHOCTI albTEPHATUBHUX METO/IIB
1HaKTUBaLlli MIKPOOpPraHi3MiB Ha OCHOBI KOMOIHYBaHHS HETEPMIYHHX 1 TEPMIYHHX
(bakTOpiB BILIUBY.

3aBIaHHA J0CTiKEHHS:

1.  BusnHauuTs (akTopH, SKi BIUIMBaIOTh HAa MpoHUKHEHHs EScherichia coliy
TKaHUHY JINCTKIB IIIAHATY.
2. BuBuutn wMoxiausocti iHaxktuBauii Escherichia coli O157:H7 wna

MOBEPXHI JUCTKIB IITTUHATY PIAKUMU Je31H(EKTaHTAMH.



3. JlocmiguTi  3aCTOCYBaHHS Ta3oMoOAIOHOTO0 O030HY JUIsl 1HAKTUBAIIii
Escherichia coli O157:H7 na moBepxHi Ta y TOBII JUCTKIB IIIMHHATY.

4, OOrpyHTyBaTH JAOLUIBHICT KOMOIHOBAaHOTO 3aCTOCYBaHHS PIAKUX Ta
ra3onofioHux aesiHgexranTiB A inaktuBanii Escherichia coli O157:H7.

5. OuiHuTH €(heKTUBHICTD EIEKTPOTITUIHOT OOpOOKH 1S 1e31H(EKIIIT BOAU
Ta JOCTIAUTH aHTUMIKPOOHI BJIACTUBOCTI OTPUMAHOI 030HOBAHOT BOIH.

6. Hocniantu epeKTUBHICTh 3HEIIKOKCHHS IpaM-HEeraTUBHUX OakTepii Ta
OAIMISIPHUX CTIOP TTIOMIPHHUM €JICKTPUYHUM TTOJIEM.

7. JloBeCTH MOXIJIHMBICTh MOHITOPUHTY 1HAKTUBAIlil OakTepii TiJ dYac
0OpOOKH BUCOKUM T1IpOCTATUYHUM TUCKOM Ha MpuKJiIaai Listeria innocua.

8. Jocniautu epekTuBHICTh KOMOIHAITT BUCOKOT'O T1IPOCTATUYHOTO TUCKY,
yIBTPa3BYKy Ta IMIYJILCHOTO €JIEKTPUYHOTO TOJIsl JyIs iHakTuBarii Listeria innocua.

9. OuinnTH e(heKTUBHICTH OOPOOKU BHCOKHUM T1IPOCTaTUYHUM THCKOM JJIS
inaktuBaii ciop Bacillus subtilis.

HaykoBa HOBHM3HA oJep:KaHHUX pe3yJbTaTiB. Y auceprauiiiHiii poOoTi
BIIEpIIIE JOBEJCHA MOKJIMBICTh OaKTepiaJbHOI KOHTaMiHAIlll KamMep BaKyyMHOTO
OXOJIO/PKEHHSI Ta IPOHUKHEHHsI OakTepidl B TOBILY JIMCTKIB 3€JIEHI MiJl Yac MpOLECcy
BaKyyMHOT'O OXOJIOJKEHHS. by BCTaHOBJIEH] MapaMeTpy MPOHUKHEHHS OaKkTepi Ta
PO3p00JICHI METOIM 1HAKTHBALIIl IHTEpHATI30BaHUX OaKTEpiH.

Brnepiie BcTaHOBiEHAa ONTUMalbHA KOMOIHAINS PIAKOrO Ta Tra3onoaioHOTrOo
ne3indeKTaHTiB, gKa 1aBaja aauTUBHUHN edekT inaktusaiii E. coli O157:H7.

Byna po3poOneHa Ta ycCHIIIHO 3aCTOCOBaHA HOBAa KOMOIHAIlis 3aCTOCYBaHHS
pigkoro aesiH(pEKTaHTa 3 HACTYIHOKI JOBIOCTPOKOBOIO OOPOOKOIO Ta30momiOHUM
O30HOM, sIKa IIBHJIKO 3MEHIIIyBaJIa KUIbKICTh eHTeporeMopariunoi E. coli O157:H7,
110 3HIKY€E PU3UK BUHUKHEHHS XapUYOBHX CIajaXxiB HaBITh MIPU BUCOKOMY BUX1THOMY
piBHI 3a0pyJHEHHS XapyoBOi CHPOBHMHM 31 30epekeHHSM O10JO0T1YHOI I[IHHOCTI
IPOJIYKIB.

JloBeieHHi1 JOBrOCTPOKOBHM €(EKT eNEeKTPOTITHYHOI OOpOOKU JIKEpeNbHOI
BOJM 13 BIICYTHICTIO OaKTep1aJbHOr0 POCTY UM 3MIHHM KOJIBOPY BOJU MPOTSATOM MICSLIS
micist 00poOKH, 110 3armobdirae pu3MKy BAHUKHEHHSI CTajlaXiB KUITKOBUX 1H(EKITINH TpH
TpUBajoMy 30epiraHHi NUTHOI Bogau. [IpogeMoHcTpoBaHa JieTanbHa Ta cyOJieTaabHa
i 030HOBAHOI BOJM (KOHILEHTpALlisd 030HY 10 4 MI/II) Ha KJIIHIYHI IITaMu S. aureus
ta E. coli.

[IponemoHcTpoBaHa e(QEKTUBHICT, KOMOIHALIi OOpOOKM cCycleH3li crop
B. subtilis momipaum enekrpuaamnm moiem mpu 300 B/cm 3 momipHOIO cyOIeTanbHOI0
TEPMIYHOIO O0pOOKOI0, sIKa MPU3BOAMIA JI0 MOMITHOTO 3MEHIIEHHS KOHIIEHTpaIlli
KUTTE3MATHUX Crop. Takok MOKa3aHo, 10 KOMOIHAIIS MOMIPHOTO €IEKTPUYHOTO
nosis (15,7 B/cm) Ta TepmiuHOo1 00po0KH TTpu Temmepatypi 55 °C, 3MEHIITy€ MOIMYJISII0
E. coli K12 Bcepenuni Kyps4ux s€lb Ta CIPHYUHSE CyOJIETANBHI MOIIKOKCHHS
OakTepiaIbHUX KITITHH.

Brnepiiie BCTaHOBJIEHO, 110 BUMIPIOBAHHS €JIEKTPOMPOBITHOCTI MpU 0O0poOIIi
cycnensii  Listeria innocua  BHCOKHMM  TiAPOCTaTHYHUM  THCKOM  MOJXKHA
BUKOPUCTOBYBATHU JJIsI MOHITOPUHTY CTYTICHs MOIIKOHKEHHS KIITUH. JloBeneHo, 110



OJlHOYacHa 00pOOKa BUCOKUM TiIPOCTATHUYHUM THCKOM Ta IMITYJIbCHUM €JIEKTPUIHUM
1oJieM 301IbIIIyBaJIa €JIeKTPOIIPOBIIHICTh HAWOUIbIIIE.

Brnepiie mokasano, 1mo Oararopa3oBa oOpoOka cycrensii crop B. subtilis
BHUCOKHM T1JPOCTaTUYHUM THCKOM Oysa OulbIl €()EeKTUBHOIO B iX 1HAKTHBAIlll, HIK
0JIHOpa30Ba 00poOKa TUCKOM MPOTATOM TAKOTO K 4acy.

IIpakTu4He 3HAYeHHS1 OJEPKAHHUX Ppe3yJbTaTiB TMOJIrae y po3poOii
YVHIKQJIbHUX IPOTOKOJIB KOMOIHOBAHOT'O 3aCTOCYBaHHS PIAKUX Ta Ta30Moi0HUX
ne31H(EKTaHTIB, BUCOKOTO T1IPOCTaTUYHOIO THUCKY Ta IMIYJIBCHOTO €JIEKTPUYHOTO
nosis. OTpuMaHH1 pe3yJbTaTH JA0OPATOPHUX Ta MIKPOOIONOTIYHUX JOCHIJKEHb €
HAyYKOBUM OOTPYHTYBaHHSIM MPAKTUYHOTO 3aCTOCYBAaHHS HETEPMIUHUX METOIIB
1HaKTHBAIlli OakTepii 4n OaKTepiaJbHUX CIIOP HA XapYOBHUX MPOAYKTAX Ta B PIAUHAX.

[Ipy  BHKOHaHHI  MIKPOOIOJOTIYHUX  JOCHIIXKEHb  aBTOPOM  BIIEpIIE
EKCIIEPUMEHTAIILHO OOTIPYHTOBAaHO 3aCTOCYBaHHS HOBOI TEXHIKA 1HOKYJISIIIi
MIKpOOpraHi3MiB — Ha Il pe3yjbTaTu aBTop oTpuMaB llaTeHT Ykpainu Ha KOpUCHY
mozenb (ITat. Ne155668).

OcHOBHI Marepiainy 1 MOJOXKEHHS IUCepTalliiiHOi poOOTH BIPOBAIKEHO B
HaBYaJIbHUM mpolec npoduibHUX Kadeap: xadeapu MikpoOioJorii, Bipycoaorii Ta
IMYHOJIOT1i 1 KadeApu 3arabHOI Tri€HU Ta eKoJIOTii TepHOMUTFCHKOTO HAI[IOHABHOTO
MeauuHoro yHiBepcuteTy imeHi . S. T'opGaueBchbkoro MiHICTEpCTBa OXOPOHU
3M0poB’sl YKpaiHHM), a TakoX B poboTy Oakrepionoriuaux paboparopii TOB
«Menuuna maboparopisi Ilanakes», KHII «TepHominbchka KOMyHallbHa MiChKa
nikapHs Ne2» ta 1Y «TepHONUIbCbKUI 00JaCHUIM LEHTP KOHTPOJIIO Ta MPOPLUIAKTUKU
XBOp0O MiHICTEpPCTBA OXOPOHU 37I0POB’ ST Y KpaiHm».

Ilyoaikanwii. HaykoBi Ta mnpakThuHi pe3yJapTaTH AMCEpTallii IOBHICTIO
BUKJIQJICHI B OIyOJIKOBAaHWX 3a TEMOIO JWcCepTamii mparsx. 3a Marepiaiamu
nucepralii onyoikoBaHo 50 HayKOBUX poOIT, 13 HUX 16 poOiT y HayKoBHX (haxOBUX
BUJIAaHHAX YKpaiHu, 12 y 3apyODKHUX HAYKOBUX >KypHaJlax, MPOIHJIEKCOBAaHUX B
MDKHApPOJHUX HayKoOMeTpuuHuX Oa3zax maHux Scopus 1 Web of Science, 21 Te3
JonoBied Ha BiTuM3HsAHUX (9) Ta 3akopaoHHUX (12) HaykoBUX KOoHpepeHmisx 1 1
naTeHT YKpaiHu Ha KOPUCHY MOJEIIb.

OO0csr Ta cTpykTypa aucepraiii. /J(ucepraiiiina pobora € kBamidikaiiiHow
HAYKOBOIO Mpallelo Ha MpaBax PyKOMUCY, BUKIaaeHa Ha 260 cTopiHKax ApyKOBAaHOTO
TekcTy. JucepTailisi ckiiaiaeTbcs 3 HACTYMHUX CTPYKTYPHHX €JIEMEHTIB: aHOTAIlli,
BCTYIy, OTJISIY JITEpaTypH, PO3AUTY MarepiaiiB Ta METOAIB TOCHIIKEHb, 7 PO3ALIIB
BJIACHUX JOCIIIJI)K€Hb, BHCHOBKIB, MEPENIKYy BUKOPUCTAHUX JDKEPENI Ta JOJaTKiB.
Cnucok BUKOpUCTaHOI JiTepaTypu BkiItouae 336 mosuiiid. Pobora mictuth 55
PHUCYHKIB 1 9 TabmuIh.

OCHOBHMUM 3MICT POEOTH
Orasa airepatrypu. B ornsal nmitepaTypu BHUCBITICHO Cy4YacHHM CTaH
BUKOPUCTAHHS HETEPMIYHUX METOIB 1HAKTUBAL[lT MIKPOOPIraHi3MiB Y PI3HUX Tally3sX.
[Tokazano MexaHI3MH MPOTHOAKTEPIATIbHOI Ail PIAKMX AHTUCENTUYHHMX 3ac00iB Ta
ne31H(EeKTaHTIB, 030HY (ra30mo/1i0HOT0, HOr0 BOJHOTO PO3YHHY Ta 030HOBAHUX OJI1H),



BHCOKOTO T1IPOCTATHYHOTO TUCKY, TOMIPHOTO Ta IMIYJIbCHOTO €IEKTPHUYHUX OB, a
TaKOX yJIbTPa3BYKY.

Marepianu Ta Meroam gocCaiAAKeHHsS. JOCHPKEHHS BHUKOHYBAJUCA Ha
Kadeapi Mikpoo610J10Tii, BipycoJorii Ta iMmyHousorii TepHONiIbCHhKOT0 HAI[IOHAIBHOTO
MeauyHoro yHiBepcutery iMmeHi I S. ['opOaueBcbkoro MiHicTepcTBa OXOpPOHU
310pOB’s YKpaiHu Ta kadeapi XapyoBHX HAYK Ta TEXHOJOTIH YHIBEPCUTETY INTATy
Oraiio, CIIA (Department of Food Science and Technology at the Ohio State
University), kadeapi xap4oBoi, CLIBCBKOTOCIIOAApChKOi Ta O10JI0TIYHOT iHXXEeHepil
VYuisepcutery mrary Oraito, CIIIA (Department of Food, Agricultural and Biological
Engineering at the Ohio State University). Kowmicieto 3 mnuranb Oi0eTHKH
TepHOMTBECHKOTO HaI[IOHATBHOTO MEJIUYHOTO YHIBEPCUTETY iMeH1
L. 5. TopOaueBcbkoro MiHicTepcTBa OXOPOHHM  3JI0pOB’S  YKpaiHM MOPYIIECHb
MOpaJTbHO-CTUYHUX HOPM TIiJI Yac MPOBEACHHS HAyKOBO-AOCIIAHOT poOOTH HE
BusiBiieHO (ipoTokosu Ne 77 Big 18 kBiTHs 2024 poky i Ne 84 Bix 20 ciunst 2026 poky).

JUisl eKCepUMEHTIB 3 Ta30MOJI0HMM 030HOM Ta PIAKMMH Je31H(EeKTaHTaMu
BukopucrtoByBaBcsi mram Escherichia coli O157:H7 ATCC 43889. [lyis dacTuHH
€KCIIEpPUMEHTIB 3 Ta30M0/II0HUM 030HOM Ta €KCIEPUMEHTIB 3 IHTepHaIi3alii OakTepii
y JIUCTS UIMUHATY MiJ JI€0 BaKyyMy BUKOPHCTOBYBAcs II€M JK€ IITaMm, a TaKOXK
nomatkoBo E. coli K12, Iram E. coli K12 Takok BHKOPHCTOBYBAaBCS IS
eKCIIEPUMEHTIB 3 00OPOOKOIO0 CHPUX KypAYUX SEIb MOMIPHUM €JIEKTPUYHUM IOJIEM.
J1J1sl eKCTIEpUMEHTIB 13 PO3MaJI0M 030HY Y BOJHOMY PO3UMHI BUKOPUCTOBYBAJIU IIITAMU
E. coli ATCC 25922 ta Staphylococcus aureus ATCC 6538 orpumani 3 KOJEKIIiT
KyabTyp JlabopaTopii MiKpOOI10OJIOTTYHHX Ta Mapa3uTONOTTYHUX JociimkeHs THMY.
JInst eKCriepuMEHTIB 3 BUCOKMM THUCKOM OyJio 00paHO HenmartoreHHuil mram Listeria
innocua ATCC 33090. JlonarkoBo BukopuctoByBam mram Bacillus subtilis 168.

st mepeBipku €dEKTHUBHOCTI 3HE3apa)K€HHST BOIM O30HOM Opaiu 3pa3Ku
BogonpoBigHOi (M. TepHoninb, Mikpopaiion «llenTp»), mxepensHoi (c. [Tai-
I'peunnChKi, TepHONMUIBCHKUM palioH) Ta BOAM BIAKpUTHX BOJONM (TepHOMIBCHKUI
cTaB). 3pa3Ku BOJU BIIOMpald y CTEpWIbHI ()JIAKOHU B JIEHb E€KCHEPUMEHTY Ta
JOCTaBJISIIA B TaOOPaTOPIIO.

IIpu migroToBIi A0 E€KCIEPHMEHTIB METII0 3amopokeHoi (mpu - 80 ° C)
KyJIbTYpH BIIHOBIIOBAIM Ha BiAMoBiIHOMY cepemoBuiui mpu 37 ° C. Bupomeny
KyJIbTYpy 30upaiiv 1neHTpudyryBanHsm, a ocaj pecycnenaysaiu B 0,1% menToHHiH
BOJI1 a00 CTEpWIIBHIN Je10H130BaH1i BO/I1, 3aJI€KHO BiJ] MOCTaBJIECHOTO 3aBaHHsL.

[Tpu poGoti i3 mramom Bacillus subtilis 168 cnopu akyparHo 3MmBamu 3
MOBEPXHI arapy CTEPUIIBLHOIO JI€10HI30BAaHOK BOJOK Ta BIAMHUBAIM Bij 3aJUIIKIB
CepeZIOBHINA HUIAXOM KUTHKOX LHUKIIB LEHTPU(PYTYBaHHS Ta PECyCICHIYBaHHS Y
CTEpHUJIbHIN JIC10H130BaHIi BOII.

KiIbKICTh MIKpOOpraHi3MiB y BCIX CYCIIEH3151X MEpPEBIPSIN METOJIOM CEpIMHHUX
PO3BEICHB 3 MOJIAJBITAM BUCIBAaHHSM Ha BIJMOBIIHI )KUBUJIbHI CEPEIOBHUIIA.

3pa3ku mmuHaTy 1no 5 r (mpuOJW3HO IMIICTh JUCTKIB) OyJM 1HOKYJbOBaH1 20
Kpariamu 1o 2,5 Mk (50 MK A OZHOTO 3paska) cycrensil kimitua E. coli, ms
OTPMMAaHHS [0YAaTKOBOI KOHILIEHTpalii Mikpoopranismis ~ 10’ KYO/T.



JUia 1HOKyJSLii Kypsdux f€lpb iX Kiaau Ha OiK, 1 B S€UHIA LIKapamyri
MIPOKOJIIOBAIM OTBIp MICJS 4Oro B OUTOK Ha TIMOWHY 4 MM Bij 30BHIIIHBOTO OOKY
mkapanynu BHocwm 10 mxin 9,5-10 1g KYO/r xniturnoi cycnensii E. coli K12,
YTBOPIOIOYM BUXIJHY KOHIIEHTpalito 0akTepiit Big 5,5 mo 6 Ig KYO/T.

BukopucroByBaiucs HacTynHi jae3iHpikyroui 3acodu: a) 200 mr/m po3uunHy
rimoxjoputy Hatpito; 0) 200 mr/m po3umHy rimoxjopury HaTpito 3 0,036 %
noAenuiacynbdary Harpito; B) Pro-San L, koMepIiiiHO IPUTOTOBICHHUI PO3YHH, IO
Mmictuthb 0,66 % mumonHoi kucimotH, 0,036 % nogenuicynbdary HaTPirO; Ta T') BOTHHMA
po3uun 0,66 % neByniHOBOi kucinotu 3 noxaBaHHsM 0,036 % momenmiicynbdary
Hatpito. Lli pinki ae3iHgikyroul 3aco00M OKPEMO HAHOCUJIM HA 1HOKYJIbOBAHY CTOPOHY
JUCTS MOJIOJIOTO IIMUHATY MPU KIMHATHIM TeMIeparypi 3a J0MOMOTOI0 KaxiOpoBaHOT
IUISIIKK 3 PO3MIIOBaueM. JIJ1 KOHTPOJIO 1HOKYJIbOBaHI 3pa3ku OONPUCKYBAIU
CTEpUJIbHOIO JICI0HI30BAaHOIO BOJOI0 Ta CTEPUIIBHOIO JCI0HI30BAHOIO BOJOI0 3
nonasanHsM 0,036 % nonenwicyibdary HaTpito.

VY nojanplmnX €KCIepUMEHTax ISl MOPIBHSAHHS PI3HUX METOJIB 3aCTOCYBaHHS
piakux ne3iHdikyrounx 3aco0iB BUKOpHCTOBYBaBcsi Pro-San L. Metonu HaneceHHs
nependavany pO3MUIICHHS, 3aHYpEeHHS Ta «CyXe» BaKyyMHE TPOCOYCHHS MpH
excrio3uilii mpotsiroM 30 xBriuH. /{151 00poOKHM 3aHypEeHHSAM 1HOKYJIBOBAHHUA MOJIOAHIA
mmuHAT Spinacia oleracea 3anyproBanu B Pro-San L i BurpumyBanu npotsrom 30
XBWJIMH 0€3 MepeMillyBaHHA. 3 METOI0 KOHTPOJIO 3pa3Ku 1HOKYJIHOBAHOTO IIMHUHATY
OOINpPHUCKYBAJIM CTEPHJIBHOIO JI€IOHI30BAHOI BOJAOIO Ta 3aHyproBaiu B Hei. s
00pOOKH CyXUM BaKyyMHHM MPOCOYCHHSIM 3pa3KH 1HOKYJIbOBAHOTO JIUCTSI MOJIOIOTO
MIMUHATY TOMINIAIA B TOPOXKHIA KOHTEHWHEpP 1 3acTOCOBYBalnu BakyyM. llicis
JNOCSTHEHHsI 11boBOro TUCKY (~800 Ila) koHTeliHep 31 LINMMHATOM 3alOBHIOBAIH
ne3inpikyrounM 3acobom npu 4°C yepes mosiypeTaHoBy TPYOKy, BaKyyM MOBLIBHO
CKUJIaJM 1 3pa30K BUTPUMYBAIM MPOTATOM IMOINEpeAHbO0 BU3HAaueHoro yacy (30
XBUJIMH).

JIJ1st TpUBAIOro0 €KCIEPUMEHTY BUKOPUCTOBYBAJIM JIMCTS MOJIOJOTO IIMUHATY,
BHUpoleHOro Ha wicii. Pro-San L posnumoBanu 32 pasu, oOpoOJieHl 3pa3ku
yIakoByBaJu 1 30epiranu oxonomkeHumu rpu 4°C npotsirom Tprox aHIB. [Ipodu mist
MIKpOO10JIOTIYHOTO aHaI3y BIIOMPATU IO THS.

Yci  eKCHepuMeHTH, fKI BKJIIOYalu 06p061<y O30HOM, MPOBOAMIUCH Y
BUIIEOIIMCAHOMY MUIOTHOMY  YCTaTKyBaHHI, sIK€ JO3BOJISIE  3aCTOCOBYBAaTH
ra3onoAi0HMK O30H ISl 3€JIEHUX JIMCTOBUX OBOYIB 1]l KOHTPOJIOBAHUMHU THCKOM,
TEMITEpaTypolO Ta MojJaueto ra3onoaioHoro o3ony. lle oOnagnanHs O6yno ocHaleHe
reHeparopom o3oHy CSF-7, migkmouenum o 6anony tuny K 13 99,6 % kucuHem Ta
MPUCTPOEM I TEPMIYHOTO PYHHYBaHHS O30HY.

Byno BuBueHo edexkTuBHICTh iHakTHBaIlii E. coli O157:H7 micns 3acrocyBaHHs
030HY 3a JIOTIOMOT'0I0 TPHOX PI3HUX MPOTOKOJIB: BBEJICHHS 030HY IIiJ] BAKYYMOM Ta
yTpUMaHHS HWOTO TMpU TUCKY HIDKYOMY 3a armocepnuii: «Bakyym, Oz (mix
BaKyyMOM)»; BBEJCHHS O30HY IiJi BaKyyMOM 3 HEralHUM IiJBUIICHHIM THCKY Yy
emHocti g0 69 klla: «Bakyym, O3 + 69 klla»; Ta 3acTocyBaHHS O030HY NpHU
aTMoc(EepHOMY THCKY 3 HACTYITHUM MiABUIIEHHSIM TUCKY 10 69 klla: «O3 (atm) + 69
k[la». ¥V Bcix BuUmagkax 4ac BIUIMBY O30HY Ha JIUCTS HIMUHATY OyB BCTAHOBJICHUM HA
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30 XB, a 3aBaHTAKEHHS EMKOCTI IITIMHATOM CTaHOBUJIO 26 I/M°. SIK KOHTPOJIb 3aMicTh
030HY BUKOPHUCTOBYBABCS KUCEHB: «Bakyym, Oy + 69 kllay.

J1Jis BUBYCHHSI BIUTMBY KUTBKOCTI JIUCTS IIMMHATY HA PO3KJIAIaHHS 030HY OYyII0
3aCTOCOBAHO IIPOTOKOJ 06po0KkHu «Bakyym, Oz + 69 kI1a» npu 1,5 r/m* 030HY Ta pi3HHX
PIBHSX 3aBAHTaKEHHS €MKOCTI IINMHATOM, MOYMHA0UH 3 26600 r/M° (MaKCUMAIbHO
MOKIJIMBE 3aBaHTAKEHH, 110 Bianosigae 7980 r mmunaTy B emkocti) 2600 /M3 (775 1
nuHATy y eMkocti), 260 r/m3 (78 r mmunaty y emkocti) Ta 26 r/m° (7,8 T IINKUHATY y
€MKOCT1). [HaKTHBaIil0O MIKPOOPraHi3MiB OIIHIOBAJIM LUISIXOM I1HOKYJISIIT 3pa3KiB
Macor ~ 5 T, IO BIJMOBIAAIO MIECTH JUCTKAM IIIMUHATY, SIKI PO3MIIIAINA BCEPEANHI
MOMDK HEIHOKYJIbOBAHOI'O JIMCTS IINUHATYy. Bimpasy micias oOpoOku, 1HOKYJIbOBaHI
3pa3ku 3a0upanucs s MiKpOO10JIOTTYHOTO aHaJi3Yy.

J1J11 BUBYCHHS BIUTMBY 3aCTOCYBAHHS BaKyyMy IiJ] 9ac OOpOOKH JTHUCTS IIMTUHATY
Ha IHTEpHANI3AI[II0 MIKPOOPTaHi3MiB y TOBIILY JIMCTKIB IHOKYJIBOBAHE JIUCTSI MOJIOAOTO
HIMUHATY OOpOOJIsSIM JIMIE BAaKYyMHUM OXOJOJDKEHHSM (TIOBEPHEHHS THUCKY
BCEpeANHI YCTaHOBKH 10 atMochepHoro BigOyBanocs mpu ~ 4 ° C), yacTuHy 3pa3KiB
TaKOX JOJATKOBO OOPOOJIANIM ra3onofioHuM 030HOM npH 1,5 /M3 3 migBUImEeHHAM
TUucKy 110 69 klla Ta BuTprMKoro npotsiroM 30 xBuiuH. [ToTiM npoBoauiacs 00podka
noBepxHi ymcta 1,2 % rinoximopurom Hatpito npoTsroM 30 cexkyna. Ilicis mporo
3pa3Ky MPOMUBAIU CTEPUIIHLHOIO JICI0OHI30BAHOIO BOJOIO JJI BUIAJICHHS 3aJUIIKIB
rinoXJIOPUTY HaTpiro Ta miggaBanu aii Y d-citna (260 um) mpotsarom 10 XBHIKMH Ha
KOXHY CTOpOHY. Jle3iH(eKIit0o TOBEpXHI MNEpeBIPSUIH, OOEPEKHO MPUTUCKAIOUYH
00poOJIeHe JTUCTS MOJIOIOTO MINKUHATY 10 OBEPXHI arapu3oBaHoro cepenosuia LB,
aki mi3Hime iHKyOyBanu npu 37 ° C mpotsrom 48 roauH. Jle3iHdekiito moBepxHi
BBOXallM €(EeKTUBHOIO, KOJM Ha I1HKYOOBaHMX 4YallKax HE CIOCTepIragocs
OakTepiaJbHOTO POCTY. B SKOCTI KOHTPOJIO 3arajbHy KUIBKICTH OakTepii,
1HOKYJIbOBAaHMX Ha TOBEPXH1 JIMCTKIB IIMHHATY, OLIHIOBAIM IUISXOM MiIpaxyHKY
KYO romMoreHizoBaHOro JHCTS MOJIOJOTO IIMUHATY 0€3 MomnepeaHboi o0poOKu
noBepxHi 1,2 % rinoxyiopuToM Hatpito Ta Y O-CBITIOM.

bynu mpoBeneHi €KCHNEpMMEHTH IJii BUBYCHHSI BIUIMBY 3pOIICHHS JIMCTKIB
IIMTMHATY BOJOI0 Ha €)eKTUBHICTh BUKOpUCTaHHs 030HY mpotH E. coli O157: H7. Cyxi
Ta 3polleHi (0OmpHCKaHI BOAOK 3 PYYHOro MOOYTOBOTO IyJbBepu3aTopa s
OTPUMaHHS IUTIBKM BOJM Ha IMOBEPXHI) 3pa3Kd 1HOKYJIHOBAHOTO JIMCTS MOJIOAOTO
wmnuHaty (26 r/M%) posmillyBand y Kamepi mopyd Ta 0OpoOIIsIM 030HOM 3a JABOMA
pI3HMMH TPOTOKOJIaMH. B oAHOMY BHMaAKy 3pa3Kd MiAgaBajl BaKyyMHOMY
OXOJIOJIPKEHHIO, @ 030H BBOJWIM Y BaKyyMi 3 HETrallHUM CTBOPEHHSM THUCKY y CHUCTEMI
no 69 klla «Bakyym, Oz + 69 klla», B iHIIOMY O030H 3acCTOCOBYBAaBCSl IIpH
aTMoc(hepHOMY THUCKY 3 OAANBIINM THCKOM 10 69 klla «O3 (atm) + 69 kIlay. Bigpasy
miciisg 00poOKH, 1HOKYJILOBaHI 3pa3Ku 3a0upanvcs A MiKpoOi10JOTTHHOTO aHai3Yy.

Byno orineHo ehekTUBHICTh 0OPOOKH 13 3aCTOCYBAaHHSIM HU3bKOI KOHIICHTpAITli
030HY MPOTATOM TPUBAJIOTO MEPIOLY Yacy (10 TPbOX THIB) OKPEMO Ta SK MOJajbIia
oOpoOka micisi O30HYBAaHHS MiJ Yac 3aCTOCYBAaHHA BAaKyyMHOT'O OXOJIO/JKEHHS
«Bakyym, Oz + 69 lla». [Ins mporo JOCHIIKEHHS BUKOPHUCTOBYBAJIOCS TE CaMe
MUJIOTHE YCTaTKyBaHHS, EMKICTh 0yJI0 MAaKCUMaJIbHO 3aBaHTaXXEHO MPoayKToMm (26 000
r/M%). O30H IPOITy CKAJIM YePe3 EMKICTh IIpH 2 11/XB, 4 © C, a KOHIEHTpaIlis 030HY BXOLY
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miarpumyBam npu 0,032, 0,106, 0,211 ta 0,528 r/m. KoHueHTpauioo 030HY
KOHTPOJIOBAIM 3a jomomoror o3oHomipa IN-2000, a B cepeauHi €MKOCTI ISt
NEepeBIPKA KOHIIEHTpalli 3pa3oK Ta30oBOl CyMillll MEpIOAUYHO BIAOMpaId 3a
nornomororo Hacocy Dia-Vac R101-FP-CA1. JIBa 3pa3ku 1HOKYJIHOBaHUX JIMCTKIB
HIOJIHA 3a0upanucs sl MIKpoO1OJOTIYHOTO MOHITOPUHTY. IHOKYJIbOBaH1 JIMCTKH
MOJIOZIOTO IMITMHATY (KOHTPOJIB) 30epiraiu B XoaoauiabHuKYy (ripu 4 © C) 1 aHami3yBaiu
OJIHOYACHO 31 3pa3kamu, 0OpPOOICHUMH O30HOM.

OO6poOKy BOAM EIEKTPOTI30M MPOBOJIWIN 33 JIOMOMOTOK KOMEPIIIHHUX
MOPTATUBHUX MPUIIAIIB 3 €JIEKTPOJIaMHU 3 J1aMaHTOBUM MOKPUTTSIM. J[Jisi mepeBipku
e(heKTUBHOCTI MpuUiIaay MPOBOJIUIN BUMIPIOBAHHS KOHIIEHTpAIlli O30HY SIK OJHOTO 3
MPOJIYKTIB €IEKTPOXIMIYHHUX MEPETBOPEHD MPHU EIEKTPOITi31.

KoHueHTpamito 030Hy y BOAl BUMIpIOBadud (OTOMETPUYHUM CIOCOOOM 3a
nornomororo (otomerpa PoolLab 1.0 3a IHTEHCHBHICTIO 3MIHH KOJBOPY y PEaKIii 3
N,N-mieTun-n-geninenaiaminy cynbdaroMm. sl OIIHKK pO3KJIaJaHHS O30HY B
MPHUCYTHOCTI OakTepiit 9 M cBi>kooOpoOseHoi Boau 3mimryBanu 3 1 mi cycrnensii S.
aureus ATCC 6538 (~8 Ig KYO/mmn). Iicns 3minryBaHHs 3pa3ku IeHTpUGyTyBalv pu
3000 06/xB mpoTsiroM 3 XBWUJIMH, [I00 BIIOKpEeMUTH OakTepianbHl KIITHHH, 1
BUMIPIOBAIM KOHIEHTPAIII0O O30Hy B OTPUMAHOMY CyINEpHATaHTi. [AeHTH4HI
BUMIPIOBAHHS TMPOBOAMIIM MapajielibHO, JOJal0ud J0 €JIEKTPOIITUYHO-00p00IeHOT
BOJM CTEPWIbHY AMCTUIBOBaHY BOAY 3aMiCTh OakTepiaidbHOI CyCHeH3li B SIKOCTI
KOHTpOJt0. DAaKTUYHUN Yac MK BIIOMpaHHSM 3pa3ka Ta OTPUMAHHS pe3yJbTaTy
BUMIPIOBAaHHSA CTAaHOBUB ~ 6 XBWJIMH, YMOBHO npuiimMaBca 3a 0 XBHIMH I
BiJI0OpakaHHS Ha rpadikax.

Minepanizauilo 3pa3kiB Boau BuMiproBanu konaykromerpom HI98301. s
[BOTO €JIEKTPOAN MPOMHUBAIHM JUCTUIHOBAHOIO BOAOIO MpU KIMHATHIN TeMmeparypi
(23 £ 1 °C) micas 94oro 3aHyprOBaIU y TOCTIIKYBaHUM 3pa30K BOJIH.

Jlist aHamizy 3MiHU KOJIbopy 3pa3ku ¢poTtorpadysanu kamepamu Sony NEX 5n 3
00’extuBoM Sony 18-55 mm 1/3.5-5.6 (mucts mmunary) Ta Nikon D3200 3 06’ ekTuBOM
Nikon DX 18-55 mMm 1:3.5-5.6 (3pa3ku BOAM Y JOBIOTEPMIHOBOMY EKCIIEPHMEHTI).
Touna mepenaya KOIbOpPY AOcsArangacs ILIAXOM KaiaiOpyBaHnHs mo namitpu X-Rite
ColorChecker Passport 3a momomororo mporpamuoro 3abesrneuenns ColorChecker
Passport. 3miHM KOJBOpY 3pa3KiB aHami3yBajld Ha BHOpaHoMy kBaapati 10 x 10
TMIKCEJIIB 3a JOMIOMOTr'00 0E3KOIITOBHOTO OHJIAWH-TIporpaMHoro 3abe3nedyeHHs: Image
Color Extract, a oTpuMaHi 3Ha4y€HHS JOMIHYIOYOIO KOJIbOPY BHPAXKajd B CHUCTEMI
3ajaHHs KoibopiB Lab. [le mapamerp «L*» mo3Hadae cBiTiocmiTy, «a*» i «b*» — xourip,
NPUYOMY «@*» BKa3y€ Ha CITIBBIIHOIIICHHS 3€JICHOT 1 YePBOHOI CKJIaI0BOI KOJIbopy [(-
) — 3eneHui, (+) — YepBOHMIA], @ «b*» — CIIBBITHOIICHHS CHHBOI Ta YKOBTOT CKJIAIOBOT
[(-) — cumiid, (+) — xoBTHIA].

s oOpoOKM BHCOKMM TigpoctaTHuHuM TuckoM (BI'T) OakTepianbHOi
cycnensii Listeria innocua BHKOPHCTOBYBAJIM CHCTEMY TiJIPOCTATHYHOIO THUCKY,
po3paxoBaHy Ha ocsirHeHHs THUCKy 10 1034 MIla. O6poOky BI'T 3acTocoByBanu mpu
200 1 400 MIla. ¥V ekcrniepuMeHTax 3 BUMIPIOBAHHIM MPOBIIHOCTI MiJl Yac 0OpOOKH
BI'T 06po0ky nmpoBoauau ipu 300, 400 1 500 MITa npotsirom 0 Ta 60 XBUIHH.
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Jlns excnepuMmenTiB i3 crmopamu Bacillus subtilis y momieTmieHoBi maketu
BHOCMJIM 3 MIJI CYCIEeH3li CrHop, MaKeTH 3amnaroBajid 0e3 3alMIlaHHA OyJbOaliok
noBITPs. /[ MOHITOPHHIY TemiepaTypd AO OJHOTO 3 MAaKETIB MNPUKPIIUIIOBAJIM
tepmomnapy tuny K micis yoro 2 makeTu nomimaiu st 0OpoOKu y KaMepy BUCOKOTO
TUCKY. Temmeparypy 3pa3KiB peryiioBald MPOMyCKAIOYH Kpi3h KOXKYyX KaMepH
BHUCOKOT'O THUCKY MPOMIJICHTIIIKONIb BiAMOBIAHOI TemmepaTypu. OOpoOKy IPOBOIUIH
mpu 200 ta 500 MIla, 40 ta 60 ° C, ogaum 1ukiioM 10 XBUJIMH 4u 3 HUKIaMU 10 3
XBUJIMHU KOKEH.

Jlist BUMIPIOBAHHS €JIEKTPOINPOBITHOCTI y cycnensii mijg yac oOpoOku BI'T
cycnensiro Oakrepiii mramy Listeria innocua ATCC 33090 (~ 10'° KYO/mn)
TepPMETUYHO 3amaroBaiu 0e3 Oyip0aIiok MmoBiTps y 00poOHY KaMepy, 10 CKIIaganacs
3 KepaMiuHOi TpyOKH, Ha sKid OyJd BCTAHOBJIEHI JBa IUIATUHOBAHUX TUTAHOBUX
SJIEKTPOIU 5 X 8 MM, Ta 3 THYYKOTO IMOJIETUICHOBOTO MIIIEYKa, SIKUW 3a0e31euyBaB
nepeaady TUCKY /10 3pa3Ka.

[HakTuBario crop B. subtilis 3a 10moMorow MmoMipHOTO €IEKTPUYHOTO IMOJIS
(ITETT) mpoBOmMiM y CHEMiaJibHO BUTOTOBJICHIN CKISHIA Kamepl 1isi 0OpoOKu
(moBxkuHa 1,0 cm, 30BHIIHIN aiametp 1,1 cm 1 BHyTpimHIK aiametp 0,9 cM) 3 1BOMa
enekTpogamu niamerpom 0,9 cm. Enextpuune none mano 6e3nepepBHy hopmy XBHITI
3 HampyxeHicTio Ta yactotoro 300 B/cm ta 60,0 I'm BinmosigHo. CTpyM mojaBaBcs
OMIYHUM HarpiBaJbHUM FeHepaTopoM MoTyxHicTio 20 kBT, a 6axkana ¢opma curuamy
reHepyBajiacs (PyHKI[IOHAIbHUM T'€HEepaTOpOM, 3aIlyCKAIUH MepeMHUKad OO pHOTO
TPaH3UCTOPA 3 130JbOBAHUM 3aTBOPOM y T€HEPATOPI IJIs1 PO3PSAIKU KOHAeHcaTopa. s
KOXHOT 00poOku kamepy mnpomuBaiu 70% eTaHOJIOM 1 MPOMHUBAIU CTEPUIHHOIO
JUCTUIIHLOBAHOIO BOJIOIO, @ 3MIHY TemmnepatypH i yac oopooku [1EIT BumiproBanu 3a
JOTIOMOTOI0 TepMomapu Tumy T, po3MilleHuid y UeHTpi 00’eMy 3pa3ka Ta
MIIKTF0YeHn 10 070Ky 300py nanux Agilent, 34970A, mo npartoe 3 HP BenchLink
Data Logger. Ilix yac 00poOku Temneparypa 3pa3ka NiATpUMyBajacs Ha piBHI HUKYE
30 °C, 55 °C, 65 °C 1 75 °C uuisixoM 3aHypeHHS B OXOJIOJDKEHY BOJIIHY OaHio 3
BUKOPUCTAHHSIM MIHEPAJIbHOI OJIIi SIK 0XO0JIO[KYyBaya.

Jlist 0OpoOKM MOMIPHUM E€JIEKTPUYHHUM IOJIEM 1HOKYJIBOBAaHUX KYPSUHX SIEIh
BUKOPUCTOBYBAJIM CHCTEMY JUIsl OJHOYACHOI 3BHYANHOI TepMIYHOI OOpOOKH Ta
o0pobku IIEIL. [Ins TpamguimiiiHoi TepMidHOi OOpOOKM BHUKOPHCTOBYBAIM BEIHUKY
BOoAsiHY Oanro emkictio 19,3 . [Ins o6pobxu IIEIl BukopucToBYyBamm croeriaibHO
BUTOTOBJIEHY NMPOTOYHY KaMmepy 3 BOAO3IHMBOM. EnekTpoau po3mipom 8,9 X 9.3 cm
Oynu po3MiIIeH] MapaielbHO MOTOKY PIAWHM Ha BiJicTaHi 7,6 CM OAMH BiJ OAHOTO. Y
0 KaMepy MDK eJIeKTpOoJaMu MOMIIaIM 4YOTUpH Benuki siiug. [lomauy piavHu
3MidcHIOBaIM 3 Ounbmioi BoAsHOI OaHi o6’emom 19,3 1. BuxopuctoByBaiu
BOJIOIIPOBIJHY BOAY 3 €IEKTPOIpoBiaHIcTIO Npubiau3zHo 0,049 Cm/M, TemnepaTypy
NIATPUMYBaJIX Ha piBHI npubnu3Ho 55,5 °C. Pinuny nepekadyBaiu 3 OUTbIIOI BAHHU B
MEHIITYy 3a JIOTIOMOTOI0 MEPUCTATBTUYHOTO HAacoca 31 MBUIKICTIO MOTOKY 11,7 Mi/XB.
[Ticns Bxony B kamepy I1EII Bona 3amoBHIOBana MOPOXKHUHY A0 AOCATHEHHS BUCOTH
BOJIO3JIMBY, a TOTIM IIiJ] JTI€F0 CHJIM TSOKIHHS IOBepTasiacs 10 OUIBIIOI BOASHOI OaHI.
EnexTpuunuii cTpyM mojpaBalid Ha eNeKTpoau npu Harpys3i 120 B 3a gomomororo
Tpancpopmaropa mozaeni 7-2-53011-S, skuii monaBaB Hampyry Big Powerstat Tumy
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3PN116B, cTBoprotouu enekrpuyne nojue 15,7 B/cm 1 mpubauszuo 0,5 A ctpymy. s
0o0poOJIsIIM MPOTATOM 28 XBUIJIMH, a JIaHl 3alUCyBalMd 3 IHTEpBAJIOM B | XBUIIMHY.
O6poOky IIEIl mpoBoauiaum OAHOYACHO 31 3BHYAWHOIO TEPMIYHOI OOpPOOKOIO Yy
BOJIsIHIM O6aH1 (KOHTPOJIB).

O06poodky cycrensii Listeria innocua ATCC 33090 iMIyJIbCHUM €JIEKTPUYHUM
MojieM MpOBOAWIM 3a jomnomorow renepatropa OSU-4A, 10 kB, 100 A, saxwuii
3abes3neuye OIMOJISIPpHI MPSIMOKYTHI IMITYJIbCH. EQeKT IMIyJIbCHOTO €IeKTPUYHOTO
nosst (IEIT) BuBuaBcs B miamazoni 10-30 xB/cm, BuUKOpHCTOBYIOUM Cepi0 3 JBOX
OIMOJIAPHUX MPSIMOKYTHHUX IMITYJIbCIB TpUBATICTIO 10 MKC KOkeH. [ 0X0m01KeHHs
3pa3KiB JI0 MOYATKOBOI TeMIlepaTypH MICs KOXHOI cepii oOpoOku (miaBUIICHHS
temriepatypu 70 5 °C) Oynu nay3u Mk iMiyibcamu TpuBatictio 0,1-10 c.

Bbynu po3po6iieni aBi pizHi kamepu aiisa oopoOku IEIL, onHa nis BUKOpUCTaHHS
B ymoBax BI'T, a mpyra miast o6poOku mpu atmocepHomy TrcKy. OOuaBi Oymnu
OCHAIIIEH] TUIATUHOBAHUMH TUTAHOBUMH €JIEKTPOJAAMH JiaMeTpoM 8 MM. 3a30p MiX
€JIEKTPOJaMHU 3MIHIOBABCS B Mexax 3-10 MM 3anmexHo Bl Oa)kaHOT HANpPyKEHOCTI
SJIEKTPUYHOTO 1ojsi. TemnepaTypy 3pa3kiB BUMIPIOBAIU 3a JOIMOMOTOI0 TE€pMOIapH
tuny K ta Omoky 300py nanux Agilent 34970A. Ilpukinanena Hampyra Ta CTpyMm
KOHTPOJIIOBAIMCH Ha YOTUpHUKaHaIbHOMY ocituiorpadi Tektronix MSO4034.

O6pobky ynbTpazBykoM (¥Y3) MpoBOAMIIUA 3a JIOMOMOTOI0 YJIBTPa3BYKOBOTO
npouecopa Q500 noryxuictio 500 BT. ¥V Bcix ekcnepuMenTax BukopuctoBysaiu 0,5-
JTIOWMOBHI HAaKOHEUYHUK. SIK Kamepy njisi 0OpOOKH BUKOPHUCTOBYBAJIM IJIACTUKOBY
npoOipky poBxkuHOK0 100 MM 1 giamerpom 11 mm. Jljis BUMIpIOBaHHS TEMIIEpaTypu B
poOipky Oyna BBeneHa Tepmornapa tuny K. [lepen o6poOkoro B kamepy BHOCHIH 7
MJI 3pa3Kka 1 MOMIIanu B KpWKaHy BOAY s oxojo/xkeHHs. Komm Temmeparypa
nocsirna 5 °C, 30H7 3aHYPIOBAIM y CYCIEH3110, 1 00pOOKY YIBTPa3ByKOM IPOBOIIIH
npu uactoti 20 Kl 31 100% ammiiTynoro. VYiabTpa3ByK 3acTOCOBYBald B
IMITyJIbCHOMY PEKKMI, 1100 NIATPUMYBATH TeMIlepaTypy 3pa3ka Huxkue 35 °C. Huknu
BBIMKHEHHS Ta BHMKHEHHS BcTaHOBIOBaiuch Ha 1 ¢ ta 10 ¢ BimmosimHo. Ilicisa
00poOKHM 3pa3Ku MEepPEeHOCHJIMCS B CTEpWIbHI (DJIAakoHUM 1 sKi 30epiramucs mOpu
temrnieparypi 4 °C nmo wmikpobiomoriugoro gociimkeHHs. KokeH ekcrmepuMeHT
IPOBOJIMBCS IIOHAMEHIIIE TPUYl.

[TpoBonumocs omiHOBaHHs iHaKTHBarii Listeria innocua 3a momomoroio BI'T,
IEIT Ta V3, a Ttakox ix komoOinHamii. I[[o0 Bu3HAYMTH, YM MarOTh KOMOIHAIlIl
CUHEpPreTUYHl €(eKTH, KOXKHY OKpeMy OOpoOKy KOpUTYyBaJM Tak, 100 IHIpH
3aCTOCYBaHHI BOHA MPHBOAWJIA JO 3MEHIIEHHS OaKTepiaJibHOI KOHIICHTpaIlii Ha
nopsanok (3HemkomkeHHss 1 norapudpmy KYO Mikpoopranizmis). Baxkanocs, mio
CHUHEPTi3M Ma€ MiClle, KOJM 3arajbHa I1HAKTUBAIS TICIS JBOX PI3HUX 00pOOOK
nepeBuinyBasia gBa Jorapupmu  KVYO. bynu Bukopucrani Takl 0OpOOKH:
yAbTpa3ByKoBa 00poOka 3 monanbiiuM Bukopuctanusm BI'T (Y3—BI'T); BI'T 3
noaaneioo gieto yiabTpasByky (BI'T—VY3), IEII 3 nomansinoro 3acrocyBanusam BI'T
(IETI—-BI'T); BI'T 3 noganeium BukopuctanisMm [EIT (BI'T—IEII); onnouacHi IEIT
ta BI'T (IEII+BI'T). Ockinbku KOXXHa MOCHiJOBHAa OOpoOKa BHUMarajia pi3HOTO
oOJialHaHHS, TIEPEHECEHHs 3pa3Kka 3 OJiHiI€i 0OpOOHOI KaMepHu B IHIIY MPOBOIUIIOCS
npotsroM 5-10 xB. Y pa3zi ognouacHoro 3actocyBanHs [EIl ta BI'T, neoOxigHo Oymno
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npu3ynunaTu 3acrocyBanHs [EIT va 20 ¢ micns koKHOT mapu OIMONIAPHUX 1IMITYJIbCIB,
100 3pa30K OXOJOAMBCS J0 MOYATKOBOI TeMIlepaTypu (MaKCHUMallbHE IiIBUIICHHS
temriepatypu 5 © C). KoxeH ekcriepuMeHT POBOIMBCS IOHAHMEHIIIE TPUYi.

AHari3 O11Ka 3 OIIIMHXOHIHOBOIO KHCIIOTOI0 OYB BUKOPUCTAHUH JIJIsi BUBHAYCHHS
3arajbHO1 KOHLEHTpalli OlJIKa B pO3UMHI IHTAaKTHOI Ta 00po0bseHoi cycrnensii Listeria
innocua. 3pa3ku nentpudyrysanu npu 13322 x g npotsrom 10 XB, a cynepHaTanTu
miagaBaii  aHajaizy. Po3umHu pearyBaiiu 3 poOounm pearentom BCA 13
BUKOPHUCTAHHSM cTaHaapTtHoro mnpotokony (Walker, 1994). 3miny xonbopy 3pa3kiB
BHU3HAYAIIM 32 JOTOMOTroro criektpodoromerpa Thermo Spectronic Genesys 5 npu 562
HM.

JIJist OILIHKK TIONMIKOJKEHb HUTOIUIa3MAaTUYHOI MEMOpaHU BHKOPHCTOBYBAJIHU
dbapOyBanns OapBHukamu SYTO 9 Tta #oaua mpomigil0 3 HACTYMHOK OIIHKOIO
3a0apBieHHsT 00pobOsieHnx Ta HeoOpobmenux crmop. SYTO 9 mponmkae depes
MeMOpaHy, HE3aJICKHO BiJl TOro, OpraHi3M KUTTE3AaTHUN 4M Hi. [ mopiBHSIHHS,
Hoaua mOpomiil0 HE TMPOHUKAE 4Yepe3 IHTaKTHI MeMOpaHu 1 TOMYy MOXKe
BUKOPUCTOBYBAaTUCA $IK 1HJIMKATOP TMOIIKO/HKEHHS BHYTPINIHBOI MEMOpaHU TMpH
iHakTuBarii crnop. OO6poGseni [IEIlI Tta HeoOpoOneHni cmnopu ¢apOyBamu
bayopectienTHUMU OapBHMKamMu 15 MKkM #omaumy mpomigito 1 0,5 mxM SYTO 9
npoTsiroMm 15 xBuinH, a moTiM (doTrorpadyBaiu mifg KOH(POKAIbHUM JIa3epHUM
ckanyrounM  Mikpockoiom CLSM  Olympus BX61. [Jns  30ymxeHHs
BUKOPHCTOBYBABC Jlazep npu 488 HM, a BUMPOMIHIOBAHHS CIIOCTepiranocs mpu 528
HM Uit SYTO 9 1 645 um nns fionuny nponigito. g oTpuMaHHs 300pa)keHb Ta
aHaii3y IHTEHCHBHOCTI CHUTHQJIy BHUKOPHCTOBYBAJIM TMPOTpaMHE 3a0e3MeueHHs
Olympus DP Control.

Jia migpaxyHKy MIKpOOpraHi3MiB Ha/B JUCTI MMHHATY OOpoOieHi Ta
HeoOpoOJieH1 (KOHTPOJIbHI) 3pa3kh (~ 5 T) mnoMilaii B TOJIETHICHOBI
rOMOTEHI3alliiiHl MmakeTd 1 jAojaBaiiu 45 MJI menToHHOI BOoAu. BMicT makeriB
rOMOTCHI3yBaJid TpoTsirom 2 xB y romoreHizaropi STO-400 (Tekmar Inc.,
[unmuunari, Oraito, CIIIA). BMicT romoreHizaiiiiHux nakeTiB CepiiftHO PO3BOIUIIN Y
MIETITOHHIN BO1, amikBoTH 00’ emom 0,1 Mt iHokyroBainu Ha MacConkey arap (Difco,
Becton-Dickinson, Criapkc, Mepinena, CIIIA). HeinokynpoBaHi 3pa3ku 3aciBajiy Ha
TCA (Difco, Becton-Dickinson, Cnapkc, Mepinena, CIIA) nns Bu3HaueHHs
3arajJpHOTO MiKpoOHOro yucna. 3acigHi yamku Ilerpi iakyOyBamu mpu 37 ° C
MPOTATOM 24 TOJIUH.

JIist miapaxyHKy MIKpOOPTaHI3MIB y KypsSYuX SHISIX OCTaHHI po30MBaiiu Ta iX
BMICT TOMIIAJM Y TMOJIETUICHOBI TOMOTEHI3allliHI MakeTh 1 TOMOTEHI3yBaH
npoTsroM 2 xB y roMorenizaropi STO-400. OtpumaHy piAHy CEepiitHO pO3BOAUIH Y
MEeNTOHHIM BoAl 1 amikBoTH 00’emoM 0,1 My 3aciBaid Ha TOBEPXHIO YaIIOK 3
MacConkey arap ta Plate count agar.

3pa3ku cycrmensiii L. innocua mocimigoBHO PO3BOAMIM 1 BHUCIBajIM Ha JBa
cepenoBumia: HecenektuBHe cepenoBuiie TCAJIE (TpunTuyHuii coeBuil arap 3
nonasaHHsM 0,6 % IpixKIKOBOTO eKCcTpakTy) Ta cenektuBHe cepenouiie TCAJIE 3
nonasaHHsaM 5 % NaCl. Yamku [letpi inkyOyBanu npotsrom 48 rog npu 35 ° C.
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[TigpaxyHOK KIUIBKOCTI cHOp Yy o0OpoOiieHnX Ta HeoOpoOJieHuX 3pa3zkax
MIPOBOAMIIM 1HOKYJIAIIIEIO HA )KUBWIbHUM arap Nutrient agar ta iHkyoOarieto mpu 37 © C
npoTsroM 48 roauH 3 NOJAJIBIIMM MIAPAXyHKOM KOJIOHIM. 1100 BH3HAUMTH BIUIMB
[TETI Ta/ab6o nmoMipHOro HarpiBaHHs Ha copu B. subtilis, kinbkicTh IHTAKTHHX CIIOpH
BU3HAYAJIM METOJOM MIAPaxXyHKY KOJOHIM Ha yamkax o0 Ta micias oOpoOku. s
BU3HAYCHHS KIJILKOCTI TPOPOCIIUX CIIOP, 3Pa3KU MigaaBaan TepMiuHiin 00pooiri (80 °C
npoTsirom 30 XB), IHOKYJIFOBAJIM Ha KUBWJIBHUN arap 1 micis 1HKyOaIli mopiBHIOBAIU
31 3pa3kaMu, sKI He MiAgaBajiucs TepMidHii oOpoOii. KiabKicTe mpopocianx crop
BU3HAYAIM K PI3HUIIO Y KUTBKOCTI KOJIOHIH 3a TepMI4HOi 00poOKu Ta 6e3 Hel.

JInst miipaxyHKy KUIBKOCTI MIKPOOpPraHi3MiB y BOJI 3pa3ku oOpoOJjeHoi Ha
HEe0OpoOJIeHOT (KOHTPOJIb) BOJIU CEPIMHO PO3BOAMIIM y CTEpUIbLHOMY (i3po3umHi,
MICJs 4YOro ajikBOTH 3MIIIYBaJId 3 PO3TOILUIEHHMM Ta oxojomkeHum g0 50 °C
MOKMBHUM arapom. JIjis iporo mo 1 mi1 po3BeieHb Ta HEPO3BEACHHUX 3pa3KiB BHOCHIIH
y crepwibHl 4damku Ilerpi, momaBamu 10-12 mu posToruieHOro y BOAsSHIM OaHi
BiosanWB-4MS nmoXuBHOTO arapy Ta 3MillyBaJid iX MOXUTYBaHHSAM 4Yamiok. [licis
3acTUranHs arapy 4damku iHKyOyBanu mpu 30 °C mpotsrom 72 roj 3 HaCTYIHHUM
M1paxyHKOM KOJIOHIEYTBOpIOoUnX ouHuLb (KYO).

JItst 1HOKYJISIIIIT CycrieH31i MIKpOOpraHi3MiB BUKOPUCTOBYBAIU CKIISIHI KYJIbKU
niametpoM ~ 3,7 mMm. Kynbku y kigbkocTi 20 MIT. HACcHUIAIMCS Y MPOOIPKU Tepen
CTepuIIi3alliel0 aBTOKJIaByBaHHSAM. [IpoBommnm cepiiiHi pO3BENEHHS CyCHEH31H 13
IHOKYJIsAIIEr0 amkBOoT o0’emom 100 MKJI Ha BIAMOBIAHI IIUIBHI CepeOBUINA Y
macTukoBux vamkax Ilerpi. Ilicnst 1boro crepmibHI KyJIbKH BUCHUTIANH y YAIIKH
[Tetpi, yamku 3aKpUBaIu KPUILIKAMH 1 IET€HBKO CTPYIIIYBajH 3 00Ky B Oik, 00epTarodu
IpU LOMY, JJI1 PIBHOMIPHOTO PO3MOBCIO/IKEHHSI 1HOKYJISTY 1O MOBEPXHI arapy.
[Ticast 1bOTrO KyJBKH MEpPEeMIIlyBall y KOHTEHHED 13 Je31H(PIKYIOUUM PO3ZUYUHOM IS
MOBTOPHOI'O BUKOPUCTAHHS.

Kiiniuauii matepian BigOMpanu BiJl MOPAaHEHUX BINCHKOBUX, MAIIEHTIB
[[IBeachKO-yKpaiHChbKOTO MeauyHOTO IeHTPY «Angelholmy, M. YepHisiii, Ykpaina (n
= 27) Ta TepHONILCHKOI 00JACHOI KJIIHIYHOI JiiKapHi, M. TepHoniib, Ykpaina (N =
284). 3pa3ku BUAUICHD 3 paH Ta YIIKOHKEHb 30Mpalii Ha CTEPUIIbHI BaTHI TAMIIOHU Ta
JOCTaB/IsUIM 'y TMpoOipKax i3 TpaHCIOPTHHM cepenoBuinem Amies (Jiangsu Huida
Medical Instruments Co., Ltd, fAupuen, Kurail) no maboparopii. Ilicns gocraBku
3pa3Ky BUCIBaJM Ha YaIIKW 3 KPOB’SIHUM arapom, >KOBTKOBO-CcOIb0BUM arapom (TOB
«Canimen-My», XapkiB, Ykpaina) ta arapom MacConkey (bioMérieux, Mapci-
1’ Eryans, @panis) 3 nogansiiow iHKyOarieo npu 37 °C npotsrom 24-48 roauH.
UyTnuBICTh BHUAUICHHX IITaMIB JI0 AHTUOIOTHKIB BU3HAYAJIM HAa ABTOMATHYHOMY
anamizatopi Vitek-2 Compact (bioMérieux, Mapci-n’Eryans, ®paniis) ta 3a
J0TIOMOT 010 MeToy auckoBoi nudysii Kipoi-bayepa.

Jlnst migpaxyHKy cyOJieTaabHO MOMIKOJKEHUX OakTepiii oOpoOsieHi 3pa3ku
IIOCJTIZIOBHO PO3BOJIMJIN 1 BUCIBAIM HAa TPUNITUYHUN coeBui arap 3 0,6 % apikKOBOTO
exctpakty (TCAJE) (Difco, Becton Dickinson, Cnapkc, Mepinena, CIIIA) Ta
cenektuBHe cepenoBuiie TCAJIE 3 nomaBamnsm 5 % NaCl. CyoOeranbhe
MOIIKO/KEHHS OaKTEepIMHUX KIIITUH OI[IHIOBAJIOCS 3a PI3HUIICIO MK IMOKa3HUKAaMH Ha
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aBox cepenoBumiax. Yamku [lerpi inkyOyBanu npotsirom 48 rox npu 35 © C. Bincotok
HOIIKO/KEHHS PO3Pax0BYyBaJl, BAKOPUCTOBYIOUM HACTYIIHE PIBHSHHSL:
(KyOTCA,Z[E - KyOTCA/:[E+Nacz) y
KYOrcaze

Bci ekcniepumenTu nmpoBoauau moHaiMmenie Tpudi. Kimpkicts KY O Bupaxanu
B Jorapu(MiuHUX 3HAUYCHHAX (AecsaTkoBuid nmorapudm 1g). I1pu po3paxyHky cepeaHix
BEJIMYMH B SIKOCTI MOXHUOKH BUKOPUCTOBYBAJIM CEPEHE KBaJIpaTUUHE BIAXWICHHS (M
+ sd). [{ns mepeBipku BHOIpKM HAa HOPMAJBHICTh PO3MOALTY BUKOPHUCTOBYBAIN TECT
[lamipo-Binka. [lepeBipKy piBHOCTI cepeHIX 3HAaYE€Hb Y IBOX BUOIPKAX MPOBOAMIIH 13
BUKOpHUCTaHHSIM t-kputepito CteiofeHTa. llopiBHAHHA MK KiIbKOMa TpyHamu
IPOBOAMIIM 32 JIOIOMOTOI0 OJHOCTOPOHHBOrO aucnepciiiHoro axamizy (ANOVA),
BUKOPUCTOBYIOUM IporpamHe 3a0e3nedyeHHs Statistica 8.0. Ilicns nporo Oys
MPOBEJICHUM IMOCT-XOK-aHali3 ThIOKI IS aHaMi3y BIAMIHHOCTI CEpEJHIX 3HA4YeHb.
BinminHocti ipu p < 0,05 BBakasivcs 3HAUYLUMHU.

Pe3yabTaT A0CaiTKeHHsI Ta IX aHAJi3 BUKIQJICHI y HACTYIIHUX 7 PO3JiIax
BIJIMOBIHO 10 OCHOBHUX HAIPSIMKIB HAYKOBUX PO3POOOK.

Po3nin 3. Inaktusanis Escherichia coli O157:H7 pinkumu ne3indexranramu.

VY po3aini mpeacTaBiIeHO Pe3yJIbTaTU TMOPIBHSUIBHOTO aHami3y €(PeKTUBHOCTI
JeKOHTaMiHaIii JiucTs mmuHaTy Spinacia oleracea, mryyHo iHokysiboBanoro E. coli
O157:H7, Ta BunuBy 00po0OKku Ha pupoHy eniditHy Mikpodaopy. JociaimkeHo aito
ne31H(IKyounx 3aco0iB (TMOXJIOpUTY Hatpito, Pro-San L, neByniHOBOI KuCIOTH 3
SDS) 3a pi3HUX METOJIB HaHECEHHS: PO3MUIICHHS, 3aHYPEHHS Ta CyXOro BaKyyMHOT'O
npocouyBaHHs. JloBeaeHo, IO BCl JAOCHIIKYBaHI 3aco0M TIpH  PO3MHUIICHHI
JICMOHCTPYIOTh CXO0KYy e(eKTUBHICTh (3HMKeHHs E. coli Ha 2,3-2,8 Ig KYO/r), npote
MEHIII J1€B1 TPOTU MPUPOIHOT GIIOPH Yepes3 sIBUIIEC IHTEpHAII3aIlil MIKPOOPTaHi3MiB Yy
CTpYKTYypy aucTa. HaliBumuii piBeHb 1HakTHBaILli Mikpoopranizmi (4,4 lg KYO/r)
JOCATHYTO METOJIOM 3aHypeHHs. BakyyMHe mpocodyBaHHS BHSBHJIOCS MEHII
€(pEeKTUBHUM 3a 3aHYpPEHHS Ta CIIPUYMHUIIO MOIIKOJKEHHSI TKaHUH. TaK0X OI[IHEHO
BIUIUB TPHUBAJIOCTI €KCIO3UIIIi Ha SIKICTh MPOIYKIIi: TOBEACHO, IO KOPOTKOYACHA
00poOka (110 1 ToIMHM) € OE3MEYHOO I OPTAHOJCITUYHUX BIIACTUBOCTEH IIITUHATY,
TOA1 SIK TPUBAJIMI KOHTAKT 13 J€31H(PEKTaHTAMH BUKJIMKA€E BTPATy Typropy Ta 3MiHY
KOJIbOPY JIUCTSL.

Po3nin 4. Inaktusaris Escherichia coli razononioauM 030HOM.

% IToImKOKEHUX KJAITUH = 100

VY 1poMy po37iTi HaBEACHO PE3yIbTaTH TOCHIKEHHS MPOIIECY IHTepHATi3aIlii
oaktepii E. coli K12 y TkamuHu nmctsa mmmHATy Spinacia oleracea mig vac
BaKyyMHOTO OXOJIO/DKCHHS. EKCiepuMeHTH MpoBOAMIIMCS 3a ABOX PiBHIB THCKY (0,6
klla ta 0,9 xIla) Ta 3 pi3HOIO MIBUJIKICTIO BITHOBJICHHS aTMOC(EPHOTO TUCKY (IIBUIKE
— 2,19 n/xB ta nosuibHe — 0,35 1/XB). BcTaHOBIEHO KPUTHUYHUI BIUIMB NapameTpiB
MPOIIECY Ta aHATOMIYHOI OY/TOBH JINCTKA HA CTYMiHb OakTepianbHoi iH(uIbTpattii. [Tpu
tucky 0,6 klla Ta mBHAKOMY BIJHOBJIEHHI THCKY iHTepHam3amisa (2,35 lg KYO/r)
criocTepiranacs Jidiie Ha adakcianbHIM (HWKHIN) CTOPOHI JMCTKA, IO TMOSCHIOETHCS
OuTbIIO KUTBKICTIO TpoauxiB. IlimBummenHs tucky no 0,9 klla mpu mBuAKOMY
BIJIHOBJICHH1 3a11001raJio MPOHUKHEHHIO OakTepiit 3 000X cTopiH. BogHouac nmoBiibHE
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BITHOBJICHHS THUCKY CIIPHUSUIO IHTEpHAJi3allii MIKpOOpraHi3MiB SIK 3 afaKCiaJlbHO1, TaK
13 abakcialbHOI CTOPIH He3alIeXHO Bija piBHA Bakyymy (0,6 abo 0,9 kI1a).

Bynu nokasaHi pe3yabTaTH MOPIBHUIBHOTO aHalli3y MeToAiB iHakTuBallii E. coli
O157:H7 na nucti mmuuaTy Spinacia oleracea i3 3acTocyBaHHSM ra3omoaiOHOTo
030HY. OIIHEHO BIUIMB Pi3HUX IPOTOKOJIB TUCKY, CTYIIEHS 3aBaHTAXCHHS KaMEpH Ta
HasIBHOCTI BOJIOTH Ha TOBEPXHI MpoayKTy. [lokazano, mo Halie(peKTHBHILTUM METOI0M
(imaktuBaiis 2,9 g KYO/T) € o30HyBaHHSI npu aTMOC(PEPHOMY TUCKY 3 TTOAAIBIINM
yoro minBumeHHsM a0 69 klla. 3acTocyBaHHS BakyymMy 3HUXKY€E €(QEKTHBHICTDH
00poOKHM CyxuxX 3pa3KiB uepe3 IHTepHadi3alilo OakTepil y TKaHUHMU JIUCTA, XO4a
caHiTapHa 00poOKa neped BaKyYyMHUM OXOJIOJKEHHSM PEKOMEHJIOBaHA SIK OLIbIIT
nieBa. CyTTEBUI BIUIUB Ma€ CITIBBITHOIICHHS MAacH MPOYKIlii 0 00'eMy 030HY: MPU
BHCOKOMY 3aBaHTaKEHH1 030H IIBUAKO PO3MAIA€ThCS, 3HIXKYIOUN PIBEHb 1HAKTHUBAILIIT
1o 1-2 1g KYO/r. Takox BUsIBIEHO, 1110 BOJIsSHA IIJIIBKA HA JIUCTI CTBOPIOE Oap'ep 1ist
030HY, MPOTE BaKyyMHa 0OpoOKa 3BOJIOKEHHMX 3pa3KiB MiJBHUINYE €(PEKTUBHICTH 3a
paxyHOK BUIApOBYBaHHSI HAIJTUIIIKY BOJIOTH.

Byno mocmimkeHo auHaMiky inaktuBamii E. coli O157:H7 na mucti Monomoro
mnuHaTy Spinacia oleracea mij aiero ra3omoaiOHOr0 030HY PI3HUX KOHIICHTpALlii B
yMOBaxX IMITOBaHOTO TpaHcnoptyBaHHs (mpotsarom 3 116 mipu 4 °C). [lopiBHIOBasIHCS
pexUMH Oe3mepepBHOI M01aul 030HY HU3bKOI KOHIICHTpAIlll Ta KOMOIHOBaH1 METOIU
00poOku. BcTaHOBIEHO TIpPsAMYy B3aJIEKHICTh €(PEKTUBHOCTI 3HE3apaKEHHS BIJ
KOHIIEHTpaIli o030Hy Ta 4acy ekcrno3uiii. Huspki nosu (0,032-0,106 1/m°)
3abe3neuyBasii 3HWKEeHHs mnonyssanii Ha ~1 1lg KYO/r, Tomi sK miJBUIICHHS
koHneHTparii g0 0,211 r/m* no3Boamno gocsarru iHakTuBarii 3,7 Ig KYO/r na tpertio
n00y. HaliBuiny eheKTUBHICTh MPOJEMOHCTPYBaja KOMOIHOBaHa 00pOoOKa (TToYaTKoOBa
«yAapHay» BUCOKa A03a 1,5 r/M? mia BakyyMoM 3 MOAQJIBUINM yTPUMAHHIM IPU HU3bKIN
koHneHtpaii 0,106 r/m®), sxa BusBuiIa CcuibHUN cuHepriunuii edekt. [Ipore,
TPUBAJIUI BIUIMB 030HY HETATUBHO MO3HAYHMBCS HA OPTaHOJENTUYHUX BIACTHBOCTSIX
HINUHaATy: 3adiKCOBaHO BTpATy TYpropy Ta 3HEOapBIICEHHS JHUCTS (3pOCTaHHS
MOKa3HUKa CBITI0CHIM L*), 1110 CBIIYUTH MPO BUCOKY UYTIUBICTh MOJIOJOTO IITTUHATY
710 OKUCHUKIB.

Poznin 5. 3acTocyBaHHsI piIKUX Ta Ta30MoA10HUX J1e31H(PEKTaHTIB y KOMOIHAIIIT
uts igaktusanii Escherichia coli O157:H7

Y po3muri  TPEeACTaBICHO  pe3yJibTaTH  JOCHIKEHHS  e€(PEeKTUBHOCTI
KOMOIHOBaHOI'O 3aCTOCYBaHHs pijikoro naesiHdexktanTty Pro-San L Ta ra3zomoaioHoro
o3oHy mus imaktuBanii E. coli O157:H7 wa mmwmuari. IlopiBHIoBaymmcs pi3Hi
MOCJIIJIOBHOCTI OOpOOKM (CHOYaTKy ras, MOTIM piJWHA, 1 HaBMaKu) Ta TPUBAIICTb
eKcro3uilii. BcTaHOBIEHO KpPUTHYHY pOJb MOCTIAOBHOCTI oOIeparliili: momnepeaHe
3aCTOCYBaHHS BaKyyMy 3 030HOM 3HI)KY€ €(EKTHUBHICTh MOAAIBIIOI OOPOOKH PIIKKM
3acobom (iHaktuBauis jaume 2,7 1lg KYO/r) udepe3 iHTepHamizamito Oaktepid y
TKkaHuHH. HaTomicTh, 3BOPOTHA MOCIIIOBHICTh, a caMe HaHeceHHs Pro-San L mepen
030HYBaHHSIM — 3a0€3Meuy€e CUHEPTTUHUHN e(DEeKT, JOCATal0un 3HUKEHHS MOIMYJIALil Ha
3,9 1g KYO/r (nmpu BUKOpUCTaHHI BaKyyMY).

Y  noBrorpuBanux ekcrnepuMeHTtax (3 10o0u) HaWBUIY €(GEKTUBHICTh
MIPOJIEMOHCTPYBAB OaraToeTamHuii MPOTOKOJ: crper Pro-San L + 30 xB 030HYyBaHHS
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BHCOKOI1 KOHIIeHTpawii + Oe3mepepBHa mojada 030HY HM3BbKOI KoHIeHTpamii. Lleit
MeTOJ A03BoJuB 3HM3UTH piBeHb E. coli O157:H7 nHmkue Mexi BUABICHHS,
MEPEBEPILMBIIN PE3YJIbTaTU OKpeMoro BukopuctanHs Pro-San L (4,9 1g KYO/r) Ta
130J1bOBaHUX 030HOBUX 0OPOOOK.

Kpim Toro Oyio npeacTaBieHoO aHalll3 BILUIUBY PI3HUX METOAIB JE€KOHTaMIHAILIli
Ha 30BHIIIHIA BWIJISI Ta TOBapHY SKICTh JHMCTSA MINMHATY Spinacia oleracea.
OuiHIOBAJIMCS 3MIHU TYypropy, KOJbOPY Ta CBITJIOCHJIM IICJIsI OOPOOKH 030HOM,
ne3indekrantom Pro-San L ta ix xomb6inaumii. J[oBeaeHo, mo TpuBaia i O30HY
BUKJIMKAE «BIIOUTIOBAHHS» JHUCTS (PICT MOKAa3HUKA CBITJIIOCHJIN) Ta BTPATy Typropy,
TOAl SIK TpUBaJIM KOHTAKT 3 Pro-San L mpu3BoauTh 10 MOSBU KOPUYHEBHX IUISIM
(HEeKpOo3y) y MICIIX CKyImueHHs piquHu. BomHouac, koporkodacHa excro3utist (30-60
XB) JIJIs1 000X areHTiB HE BUKJIMKAE BUIUMHUX 3MiH. BaXJIMBUM pe3ynbTaToOM € T€, 110
KoMOiHOBaHa 00poOka (Pro-San L + O30H) cnpHYWHSAE MEHIIE TONIKO/KEHb, HIK
KOKEeH MeTos okpeMo. lle MokHa MosicHUTH ABOoMa (haKTOpaMu: BHUIIAPOBYBAHHSIM
arpecrBHOI JMMOHHOI KHCJIOTH 111l 4aC BAKYyMHOTI'O €Taly Ta YTBOPEHHSIM 3aXHCHOI
IUTIBKM 3 TIOBEPXHEBO-aKTUBHHX peuoBUH (SDS), sika oOepiraena TKaHUHU Bij
OKHCIIIOBAJILHOI [T1i 030HY.

Po3znin 6. 3acTocyBaHHS 030HY JJI 3HE3apAKEHHS BOAU

VY po3nuti mpencTaBieHO pPe3yNbTaTH JOCTIKEHHS €(PEKTHBHOCTI METOIY
eJIEKTPOIII3Y MJiA JEKOHTaMiHallli BOAM PI3HOTO TOXOMKEHHSA: BOJOMPOBIIHOI,
JDKepenbHO1 Ta BOAM 3 BLAKpUTOiI Boaoimu (TepHonuibechbkuil craB). OIiHIOBaBCS
BILIMB TPUBAJIOCTI €J1eKTpoIi3y (2 Ta 5 XB) Ta AojaTKoBOi ekcno3uuii (5 ta 10 xB) Ha
3arajgpHe MikpoOHe umncio (3MY). BeranoBneno, 1o epeKTUBHICTh METOTy 00€pHEHO
NpOMNOpI[iiHA BUXIIHOMY pIBHIO 3a0pyJHEHHS Ta BMICTY OpraHIYHUX PEYOBHUH.
Bononposinna Boga Oynia 3He3apakeHa MPAKTUYHO MOBHICTIO. Y JDKEpenbHIN BOI
(Buximue 3MY ~2,7 Ig KYO/mn) nocsrayto 3amxeHHs Ha 2,0 g KYO/Mn, a npu
JI0IATKOBIM €KCHo3ullli — MOBHY efiMiHallio Oaktepiid. Jing Boau 3 Bomorimu (3MY
~3,8 Ig KYO/™mn) epextuBHicTh Oyia HaltHMKYOM0 (3HIKEeHHS Ha 0,9-1,2 1g KYO/mn),
II0 MOSICHIOETHCS IIBUAKUM PO3IaI0M 030HY Ta aKTUBHUX MPOAYKTIB €NEKTPOII3y U
B3a€EMOJIII 3 OpPTaHIYHUMH JOMIIIKaMu. TakoX 3adikcoBaHO YTBOPEHHS oOcaay Ta
3HUKEHHS PIBHA MiHepaiizamii oO0poOJieHuX 3pa3kiB, sKe OYJ0 CTaTUCTHYHO
3HAYYIIUM JAJIs1 JKEpeNbHOT Bou (3MeHIIeHHs 3 421 1o 388 mr/m).

Byno mocnimpkeHO KIHETHKY CIMOHTaHHOTO pO3Maay O30HY Yy BOJAl Ta BIUIMB
O30HYBaHHS Ha MIKpOOI0JIOT1YHY Ta OPraHOJIENTUYHY CTAOUIBHICTD JXKEPEIbHOI BOJU
npu TpuBaniomy 30epiransi (1 micsin). [lokazaHo, 1110 TeHepOBaHUN 030H JEMOHCTPYE
HETUIIOBO BHCOKY CTIMKICTh y PO3YMHI: IPU MOYATKOBUX KOHUEeHTpauisx 0,74 mr/n
(pexum 2 xB) Ta 1,72 mr/n (pexum 5 XB) foro ciiau BusiBsuHCS 10 3-1 Ta 4-1 1oou
BiAnoBiAHO. Lle cynmepeunTs JaHUM NpO MIBUAKUAN HAMIBPO3MAJ €IEKTPOIITUYHOIO
030Hy (10-40 xB), mpoTe y3ro[Ky€eThbCs 3 JOCIIKEHHSIMU O30HY, OTPUMAaHOTO 3a
HaHOOYJLOAIIKOBOIO TEXHOJOTI€0. Pe3yiabTaTi 30epiraHHs BOJU MPOTSATOM MICAILIS
MoKa3ajlyd JOCTOBIPHE 3pOCTaHHS MIKpo(JIOpu Ta TOsBa KOBTOTO OCany Y
HeoOpoOmeHoMy KoHTpomi. IIpm 00poOii mporsarom 2 xB Oyino 3adiKCOBaHO
MoBTOpHUM picT OGaktepiit (3 0,61 mo 1,92 Ig KYO/mi), npote 6€3 BUIUMHUX O3HAK
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ncyBanHs. [Ipu 06poO1i mpotsrom 5 ta 10 xB 306epiranacst CTepuiIbHICTh Ta TPO30PICTh
BOJIY TIPOTSATOM YChOT'O TEPMiHY 30epiraHHsl.

Byno nocnmigxkeHO 3alIeKHICTh KOHUEHTpALli €JEKTPOIITUYHO T'€HEPOBAHOTO
030HY BiJ (I3UKO-XIMIYHMX BJIACTUBOCTEH BOJM Ta HASBHOCTI O10JOT1YHOTO
3a0pynHeHHs. [lopiBHIOBanmM TIpolleC HACHYECHHS O30HOM BOJOMPOBIAHOI Ta
JDKepebHOT BOJIM, a TAaKOXK KIHETHKY pO3Maay 030HY B mpucyTHOCTI S. aureus ATCC
6538. BcraHoBieHO, 10 y BOJOMPOBIAHIA BOJ1 TEHEpallisi 030HY BiIOYyBa€ThCS
edpexruHime (2,98 mr/n nporu 2,00 Mr/a y JpKepenbHii) 3aBASKH BUIIOMY PIBHIO
MiHepasi3allli, 0 MOKpally€e eJIeKTPONPOBIIHICTh, Ta MEHIIOMY BMICTY OpraHIYHUX
nomimiok. HatoMicTe y JKepenbHIM BOJII YaCTMHA T€HEPOBAHOTO O30HY MHUTTEBO
BUTPAYAEThCSI HAa  OKHCICHHS  NPHUPOAHOI  OpraHiku Ta  MIKpOQUIopH.
ExcrniepyuMeHTanbHO MIATBEPIXKEHO, M0 OakTepiaibHe 3a0pyJAHEHHS 3HA4YHO
MIPUCKOPIOE pO3Majl 030HY: 3a 60 XBUIIMH y CycrieH3ii 3 S. aureus KOHIIEHTPaIlisi 030HY
BIasia 10 2,69 Mr/mn, Toai K y KOHTPOJIbHIN (YMCTIi) BO/A1 BOHA 3ajMIaiacs Ha pPiBHI
3,52 mr/n. lle cBiAYMJIO MPO AKTHBHE CIOXUBAaHHS OKUCIIOBaya OaKTEpialbHUMU
KJIITHHAMM.

Poznin 7. MeauuHe 3acToCyBaHHSI 030HOBAHOI BOJIH

VY po3ain npoaHaii30BaHO BIUIMB BOJHOTO PO3YHHY 030HY Ha MOJIPE3UCTEHTHI
KJIIHIYHI IITaMd MIKpPOOPTaHi3MiB, BHUAUICHUX 3 paH BilcbkoBUX. JlOCIIKEHHS
MoKazajio, MO TomepenHs oO0poOka OakTepiii 030HOBAHOIO BOJOI BHUKIIMKAE
cyOmneTanbH1 MOIIKOKEHHS KIIITHH, SIK1 MPOSBIISIOTHCS Y BIIHOBIIEHHI Yy TIMBOCTI 70
aHTUO10THUKIB (30UIBIIEHHS 30H 3aTpuUMKU pocty B TecTi KipOi-bayepa). KinbkicHa
OITIHKA CyOJIeTAIbHUX MONTKOIKEHbD (3HMKEHHS POCTY Ha CETIEKTUBHOMY CEPEOBHIIII)
mTamiB S. aureus BusiBuiIa nmomkomxeHHs 89,19 % OaxkTepiaibHUX KIITHH micis 15 xB
06po6kwu. /s E. coli micis 15 xB 00poOku yacTka cy0IeTabHO MOIIKOHKEHUX KITITHH
csarnyna 98,57 %.

Kpim Toro y po3auii mpeacTaBi€HO pe3yJbTaTH KIIHIYHOTO 3aCTOCYBaHHS
EJIEKTPOJITUYHO O30HOBAHOI BOJM Y KOMIUIEKCHOMY JIIKyBaHHI 27 MaIll€eHTIB 3
OolioBUMH TpaBMamMu (MIHHO-BMOYXOBI paHM, OIKHM, OOMOpPOXKEHHsS) Ha 0a3i
meauyHoro 1eHTpy «Angelholm» (M. UYepniBmi). Y maimieHTIB mepeBaxaiu
MoHoiHpekmii (59 %), a ocHOBHUMHU 30yAHUKaMH OyJIM MOJIPE3UCTEHTH1 IITaMH
Acinetobacter baumannii (28,9 %) ta Staphylococcus aureus (20,0 %).

O30HOBaHa BOJa BUKOPHUCTOBYBAJACS SIK aJTOBAHTHA Tepamis JJIS 3pOIICHHS
paH mij yac MepeB'si30K Ta y MOEAHAHHI 3 Tepamieto HeraTUBHUM TUCKOM (NPWT),
30KpemMa I mpodinakTuku aHaepoOHoi iHdekIi. J[ms ckmagHuX raubOKHUX paH
3aCTOCOBYBAJIH IMITYJIbCHE IPOMHBAHHSI ITiJT BUCOKUM THCKOM. Pe3ynbTaru JTiKyBaHHS
MPOJIEMOHCTPYBAJIM BUCOKY KJIIHIYHY €(EKTHBHICTb METOAY, a caMe: CTUMYJIAIII0
pOCTY 370pOBOT TIpaHYJSALIAHOI TKAaHWHU, 3HUKEHHS PU3HKY BTOPUHHOIO
iH(pikyBaHHsA, 100 % nOpUKKBIIOBAHICTh WIKIPHUX TPAHCIUIAHTATIB (BIACYTHICTb
BIITOPTHEHHS), a TAKOX CIIIIHE 3aro€HHs 0€3 CEeNTUYHUX YCKJIAJHeHb Ha T
CUCTEMHO1 aHTUO10TUKOTEpaITii.

Poznin 8. 3HemKomKeHHS MIKpOOPraHi3MiB Ta OaKTEPiaIbHUX CTIOP MOMIPHUM
€JICKTPUYHUM T0JIEM CaMOCTIMHO Ta y KOMOIHaIlli 3 00pOOKOI0 Tra30noAI0HUM 030HOM
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Y posmimi  mochipkeHo BIUMB - moMipHOTO enektpuyHoro mons  (ITEIT)
Hanpyxenictio 300 B/cM y moenHaHH1 3 TOMIpHOIO TEpMidHOIO 00pooOKoro (55, 65, 75
°C) na inakTHBaIio Ta npopocranns criop Bacillus subtilis. Bcranosneno, mo okpeme
3aCTOCYBaHHS IMOMIPHOTO HarpiBaHHS HE BHKJIMKA€ 1HAKTHBAIlIl CIIOP, a CaMOCTIiHA
o0poOka IIEIl (mpu <30 °C) nemoHCcTpye He3HauHui edekT (3HMxkeHHs Ha 0,6 Ig
KYO/mn). Ognak komOiHOBaHa 00poOKa BUSBHWIIA BUPAKCHUN CUHEPTIYHHMN €(]EeKT,
KWW 3aJie’KaB BiJl TEMIIEpaTypH Ta yacy €KCIo3ullli. MakcumanbHa iHaKTUBaIis (2,5
lg KYO/mn) nocsarayra npu noennanti [1EIT ta remneparypu 75 °C mpotsrom 60
XBUJIMH.

Jnst 3’sicyBaHHS MeXaHi3My Jii (IHAKTUBALlS YW I1HAYKIIS MPOPOCTAHHS)
MpoBeIeHO TecTH 3 TepMiyHUM I1oKoM (80 °C) Ta KoH(DOKaIbHY JIa3epHY CKaHYIOUy
Mikpockomnito 3 6apsHukamu SYTO 9 Tta Hoaua nponiaito. BiicyTHICTh J01aTKOBOI
1HAKTHUBAIlIi TMICIs TEPMIYHOTO MIOKY Ta 3MiHa (hiryopecrieHIlii cmop i3 3e1eHoi Ha
yepBoHy cBigyaTh npo Te, mo [IEIl 3a moMmipHuUX Temmeparyp BHUKIUKAE MpsSIMe
HE3BOPOTHE MOUIKOXKEHHSI KOPTEKCY Ta BHYTPIIIHIX MEMOpaH, a HE CTUMYIIIOE
MPOPOCTAHHS CHOP.

Kpim Toro y posaini nociimkeHo edekruBHicTh iHakTHBarii E. coli K12 y cupux
AUISIX y mKapanymi 3a gomomoroto komOiHaiii [TEIT ta razomonioHOro 030HY mpu
temneparypax a0 55 °C. ITokazano, 1o 3actocyBanHs [1EIT 103BoJisie OCATTH 3HAYHO
BUIIOTO piBHSA iHakTHBamii (momarkoo 0,94 1g KYO/r) mopiBHSIHO 3 TpaaUIifHOO
TEPMIYHOIO 0OPOOKOIO TI€T 3K TEMIIEpATypPH MPHU OIIHII Ha CEJIEKTUBHOMY CEPEIOBHUIII
(MacConkey arap). Lle BigkpuBae nepcreKTUBY 3HUKEHHSI TEMIIEPATypH MacTepu3anii
senp Ha ~3 °C, M0 € KPUTHYHHUM I 30epekeHHs] (yHKIIOHATBbHUX BIACTUBOCTEH
oinka. [Tonepenns o6poOka razonoaiOHUM 030HOM y AaHiil KOH(DIrypailii He BUSIBUIA
OYIKyBaHOTO CHHEPT1YHOTO €(EKTY.

BaxxnuBum pe3ynbTaToM € BUSBICHHS (PEHOMEHY CyOJIeTaIbHUX MOIIKOKEHb:
Ha HecenekTuBHOMY cepenosuii (Plate count agar) pizauns mix ITEIT Ta TepmiuHORO
o0poOkoro Oyina BiacytHs. Lle cBiquuth mipo Te, mo 6aktepii micns [1EIT 36epiratots
3IaTHICTH JI0 BIIHOBJICHHS B 1JICAJIBHUX YMOBAX, MPOTE BTPAYaIOTh KUTTE3AATHICTh Ha
CEJIEKTUBHHUX CEPETOBUINAX.

Pozpin 9. 3HemKkopKeHHS MIKpOOPraHi3MiB Ta OaKTepiaIbHUX CIOP BUCOKUM
TIIPOCTATUYHUM THUCKOM, YJIBTPA3BYKOM, IMITYJILCHUM EJIEKTPHUYHUM TOJIEM Ta iX
KOMO1HaIlI€l0

Y po3nunl AOCHIKEHO  MOKJIMBICTh ~ BUKOPUCTAaHHS  BHUMIPIOBaHHS
SJICKTPOTIPOBIAHOCTI CycIieH3ii In Situ sik MeToy pealbHOTO Yacy JJisi MOHITOPHUHTY
iHakTuBamii Listeria innocua mix miero Bucokoro riapocrarnyHoro Tucky (BI'T).
Excniepumentu npoBoauincs y aianazoni Tuckis 300, 400 ta 500 MIla. Beranosneno,
mo nporec o0poOku BI'T cynpoBOIKyeTbCs 3pOCTaHHSIM  E€IEKTPOIPOBIAHOCTI
cepeloBUIla. BUSABIEHO KIIOYOBY BIAMIHHICTD Y JUHAMIL MIPOLIECY: Y OE3KIITUHHUX
pPO34YMHAX MPOBIAHICTH CTAOLTI3YETHCS MICIIS JOCSITHEHHS TEMJI0BOI PIBHOBATH, TO1 K
y OakTepialbHUX CYCHEH31IX BOHA MPOAOBXKYE 3pOCTATH MPOTATOM YChOro Mepioay
BUTPUMKH TMIiJi TUCKOM. lle sBHINE MOSCHIOEThCS OE3MEPEPBHOIO EKCY/IAIIEI0
BHYTPIITHBOKTITUHHUX €JIEKTPOJIITIB Uepe3 MOMIKOKeHI MeMOpaHu OaKkTepii.
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JloBenieHO MpSMUIN 3B’SI30K MIXK CTYIIEHEM 3POCTaHHS €JIEKTPOIPOBITHOCTI Ta
pPIBHEM JIETAIBHUX 1 CyOJeTalbHUX MOIIKO/KEeHb KIITUH. Lle 103BoJIsE OIiHIOBATH
e(eKTUBHICTh MIKpOOHOI 1HaKTHBalil Oe3mocepeaHbO MiJ Yac mpolecy 00poOKu
BHUCOKHM THCKOM, 0€3 HEOOX1THOCTI YEKaTH PE3yIbTaTiB MIKpPOO10JIOTIYHOTO TIOCIBY.

[IpencraBineHo MOPIBHAIBHMI aHAI3 eeKTUBHOCTI iHaKTHBaIii criop Bacillus
subtilis mig miexo BI'T y nBox pexumax: ogaopaszosomy (OP-BI'T, 10 xB 6e3mepepBHO)
Ta 6araropexxumuomMy/imnysibcHomy (BP-BI'T, 3 nuknum 13 3arainbHO0 BUTpUMKORO 10
xB). JlocmimxenHs nmpoBoammcs B Aiana3zoHi TrckiB 200-500 MITa mpu TemmniepaTypax
40 °C Tta 60 °C.

Bcranosneno, mo imnynscHuit pexuMm (bP-BI'T) € 3HauHO edexTuBHIIIUM 3a
Oe3rnepepBHUIl: MAaKCUMAJIbHUM PiBEHDb 1HaKTHBAIlIl focsrHyTo mipu 500 MIla ta 60 °C
- (5,8 £0,3) 1Ig KYO/™mn, o Ha 1,2 Ig Bume, Hix npu OP-BI'T. Tectu 3 nogarkoBum
tepMmigHUM 110KOM (80 °C) BUSBUIM, IO B 000X BUTAKAX BiIOYBAETHCS IHTCHCHBHE
IPOPOCTAHHS CHOP (THUCK CTUMYJIIOE MEPEX1]] CIIOpP Y BEreTaTUBHUM CTaH), 1[0 pOOUTH
ix uyTnuBuUMU 110 Temia. KoHgokanbHa Jla3epHa CKaHyro4a MIKpOCKOI1s 1ATBEPAMIIA,
mo o6podka BI'T mpusBoauTs 10 BTpaTH IUTICHOCTI MeMOpaH: cropu, 00pobIieHi B
iMysnbcHOMY pexkumi pu 60 °C, mMacoBo 3abapBiroBaiucs WOAUAOM MPOMiAil0 B
YepBOHM (IHAKTUBOBaH1) a00 OpaH)KeBUM (HEKUTTE3IATHI/TIepMeadTi30BaH1) KOMTip.

byno pochimkeHo edekTUBHICTh IHakTHBamii Listeria innocua muisxom
KOMO1HYBaHHSI BUCOKOT'O T1[pOCTaTHYHOTO TUCKY 3 IMITYJIbCHUM €JIEKTPUYHUM I10JEM
(IEIT) Ta ynbrpasBykoM (Y3). BcranoBineno, mo eQeKTUBHICTH KOMOIHOBaHUX
METO/11B KPUTUYHO 3aJIEKUTh B1Jl CIOCOOY MO€AHAHHS (0THOYACHO UM MOCIIA0BHO) Ta
MOPSIIKY 3aCTOCYBaHHS (PaKTOPIB:

1. BI'T Ta IEIIl: IlocnimoBHa 0O0poOka (He3aJaekHO BiJ YEProBOCTi) AAa€ JIUIIE
amutuBHUN edekt (~2 lg KYO/mi), OCKUTbKM 4Yac TEepPEeHECEeHHS 3pa3KiB
JI03BOJIAE€ KIITHHAM BigHOBUTHCS. HaTomicTh ogHOYacHa i 000X (akTopiB
3abe3neuye cuHepriunuit edexr (>3 lg KYO/miu) 3aBasku cymicHid il
MEXaHIYHOI'O Ta EJICKTPUYHOTO CTPECY Ha MEMOpaHH.

2. BI'T ta ¥3: Ilopsgok Mae BupimanbHe 3HadueHHA. O0OpoOka «Y3—BI'T» nae
JUIIEe aIUTUBHUYN PE3yNIbTAT, OCKUTBKH Y 3 Jli€ JOKAIBHO (KaBITAIlis) 1 3QJIUIIAE
YaCTHUHY TMOMYJAIll HeymKomkeHow. HailiedeKTUBHINIOW € TMOCTiOBHICTD
«BI'T-VY3» (cunepris, ~3 1g KYO/mn): THCK cyOneTaTbHO MOIIKOKYE BCIO
MOMYJIALIIO KIITUH, pOOJISTUM iX Bpa3IMBUMU JI0 MOJANBIIOIL A1l YIBTPa3BYKY.
AHai3 cynepHaTaHTy MOKa3aB BIACYTHICTb BUTOKY OLIKIB, IIONPU 3POCTAHHS

eJeKTporpoBigHOCTI. Ile CcBiquuTh MmMpo Te, MO YTBOPEHI MOpM B MeMOpaHax €
JOCTaTHIMMU [IJII BUXOJY €JEKTPOJITIB, ajie 3amMaduMu it Judy3ii BEJIMKUX
MaKpOMOJICKYI.

BUCHOBKH

Y nuceprallii HaBeIEHO TEOPETUYHE Yy3arajibHEHHsS 1 HOBE BUPIIICHHS
aKTyaJlbHOTO HAyKOBOTO 3aBJAaHHS I0J0 3aCTOCYBaHHS HETEPMIYHUX METOIB
1HAKTUBAIlli BET€TaTUBHHUX Ta CIOPOTBOPHUX MIKPOOPTaHi3MiB Ha MiJICTaBl OTPUMAHUX
pe3ynbTaTIB JOCIIKCHb.
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1. [Toxazano, mo OakTepiaJibHa KOHTAMIHAIlIA KamMep BaKyyMHOTO
OXOJIOJIPKCHHSI Ta IPOHUKHEHHSI OaKTepiil B TOBIY JIMCTKIB 3€JICHI MOXJIMBI MiJ] 4ac
MpOIECYy BAaKyyMHOTO OXOJIOJDKEHHS. bakTepii, po3TailloBaHi 30BHI Kamepu
BaKyyMHOT'O OXOJIOJDKEHHS, Y CYXOMY CTaHI MOXYTh TMEPEHOCUTUCA y BaKyyMHY
KaMmepy M MOIIMPIOBAaTUCSA BCEpEIUHI Hei MiJl yac CTajli BIJHOBIEHHS THUCKY [0
atMocdeproro. JloBeneHo, MmO y MeXax KaMepw KHUIIHHS BOJIOTOi OpraHIgHOL
PEYOBUHHU, CHPUIMHEHOT BAKYyMOM, MOYKE MOIIUPIOBATH KOHTAMIHAIIIIO Ha THIII MICIIs
KaMmepu. BcTaHoBieHO, 1m0 y Kamepl BaKyyMHOT'O OXOJIOJDKEHHS 1HTEpHAali3allis
oaktepiit g0 3 lg KYO/r y ToBuIy JHCTS 3€NeHi BiOYyBAa€ThCS IHTEHCHUBHIIIE MpPU
Hx4yoMy THUCKy (0,6 klla y mopiBHsiHHI 3 0,9 kxIla) Ta noBuibHImOMy (0,35 1/XB y
MOopiBHHHI 3 2,19 1I/XB) BITHOBJICHHIO THCKY 10 aTMOC(EPHOTO.

2. BcranoBneno, 1mo a8 JOCATHEHHS  €(PEKTUBHOCTI  PIAKOTO
ne3iH(iKy04d0ro 3ac00y, Horo MoTpiOHO 3aCTOCOBYBATH Y KITBKOCTI HE MEHIIIE HIXK 23
% Bia Baru JIMCTKIB mmuHaATy Spinacia oleracea i nmpu excno3uilii He MeHIne 30 XB.
BcranosiieHo, 1o Ae3iHdikyoul 3acoou 0ysu MeHI e()eKTUBHUMU MPOTH emiiTHOT
dbmopu nmcTKiB mmuHATY Spinacia oleracea mopiBHSAHO 3 1HOKYJIHOBaHHMH
MIKpOOpraHi3Mamu, J€MOHCTPYIOUYHM 3HUKEHHS KUTBKOCTI eniditHux Oakrepii Big 1,4
1o 1,7 Ig KYO/r npu nouyatkoBiii ix kiabkocTi 5,2 10 7,5 Ig KYO/r 3aBasku icHyBaHHIO
iHTepHaIi30BaHol momyJjsamii  mikpoopranizmis ((4,9 = 0,5) Ig KYO/r), mio
MIATBEPIPKCHO  EKCIIEPUMEHTAaMU 3 Je31H(EKIEr0 TMOBEPXHI JHUCTKIB. Tum
ne3iHGiKyr4oro 3aco0y He BIUTMBAB Ha epeKTHBHICTD iHakTUBaIlii E. coli O157:H7 na
aucTkax Spinacia oleracea 3a omMoOMOror OONPUCKYBaHHS, JalOud MPHOIU3HO
oJTHAaKOBUH pe3ynbTar (iHakTuBaiis 2,3-2,8 Ig KYO/r). BusHadeno, 1o 3acTocyBaHHs
ne3iHgikyrouoro 3acody Pro-San L, skuit mictuts 0,66 % numonnoi kucnotu ta 0,036
% nmonmenmncyibaty Harpito, s iHaktuBamii E. coli O157:H7 meTomom 3aHypeHHs
OyJ10 Haile(peKTUBHIIIMM MOPIBHSIHO 3 METOJOM BaKyyMHOI'O IPOCOYEHHS, TIPU SIKOMY
iHTepHaITi3alis OakTepili TMOCHIIIOBanacs, a TKaHWHA JUCTKIB Spinacia oleracea
nomkokyBaiacs: (3Hemkomkenas 4,4 Ig KYO/r ta 3,3 Ig KYO/r BiamnosigHo).
30utbleHHd yacy 1ii ae3iHgikyrouoro 3aco0y Pro-San L, gxuii MICTUB OpraHiuyHy
KHCJIOTY, 10 3 110 He miaBuiryBaio e¢heKTUBHOCTI me3iHdekiii (imaktuBamis ~ 4 Ig
KYO/r), npore mnpu3BOAMIO 0 MPOTPECYOYOro IOIIKO/DKEHHS JUCTS Spinacia
oleracea.

3. JoBeneno, mo eQpeKTHUBHICTh 3aCTOCYBaHHS Ta30IOI0HOTO O30HY
3aJiekalia BiJl CIIBBIAHOIICHHS! Macu MPOAYKTY JI0 ra30noAi0HOro 030Hy. binbiia maca
npoxykuii (26,6 kr/M®) cipruMHANA HOro MBKUINTY IEKOMIIO3HIIIO (10 5 XBHIIUH Bif
1,5 t/mM® o 0 r/ m®). Edexrupnicts razonomi6noro osony mporu E. coli O157:H7
301TBIITyBajIacs IMicisi BAKYYMHOTO OX0JopkeHHs (iHaktuBaris 2,5 g KYO/r mpotu
1,9 Ig KYO/r), sixe Buaaise piAMHy 3 MOBEPXHI MPOIYKTY Ta J03BOJISE ra30moI0HOMY
ne3iH(pEeKTaHTy MPOHUKHYTH TJHOIIC y MPOJWXHM Ta INIJIMHM Ha JIMCTKax Spinacia
oleracea. V Toii e yac mokaszaHo, 110 3aCTOCYBaHHS PiKUX Je3iH(DIKy0IrX 3ac00iB
HICJIsI BaKYyMHOTO OXOJIOJKEHHsI € MeHI epekTuBHUM (iHakTuBaiis 2,7 1g KYO/r)
HIXK 3aCTOCYBaHHS PiAKOTo jae3iH(pekranTa camoctiiHo (iHakTuBaiis 2,8 Ig KYO/r)
yepe3 I1HTepHaTi3allil0 1HOKYJbOBAaHMX OakTepii y TKaHWUHY TMPOAYKTY, fKa
BimOyBajacsi MiJl Yac TMpOIEeCy BaKyyMHOTO OXOJIOJKEHHs. BcTaHoBieHo, 10
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KopoTkouacHa o0poOka (30 XB) BHCOKOI KoHLEHTpamico o3ony (1,5 r/m) 3
MOJAJIBIIIOK TPUBAIOK OOpPOOKOI0 (10 TPHOX 110) HU3BKOI KOHIICHTPAIIEI0 O30HY
(0,106 r/m3) mana cunepriunuii eekt Ha inaktuBauito E. coli O157:H7 (inakTusanis
Ha 3,8 Ig KYO/r Ginbliiie Hixk npu TpuBaiiii 00poodiii 6e3 0ycTepHoi 00poOKH).

4, [Ipu KoMOiHYBaHHI PIAKUX Ta ra3onoAiOHUX JAe31H(EKTaHTIB Maiike y
BCIX BHUIIaJKaX CHocTepiranu epexT cinaliimii, HK aJuTUBHUNA. ATUTHUBHUN e(deKT
000x ne3iHdekTanTiB (Ta3onoAi0Hui 030H Ta piakuil Pro-San L) cocTepirany TiabKu
KOJIM 3a OOpOoOKOI piakuM Ae3iH(IKyIodMM 3aco000M CIITyBallo 3aCTOCYBaHHS
ra3ono1i0HOTO 030HY ITiJl YaC BAKYyMHOT'O OXOJIO/PKEHHSI MPOAYKIIii (iHakTuBarlis 3,9
lg KYO/r). [TigBuIiieHHs THCKY Yy €MHOCTI Juist 00poOku 10 68,9 klla mokpamryBaiio
e(EeKTUBHICTh, CHPUSIOYM TPOHUKHEHHIO Trazy g0 30ynHuka. [lokazano, 110
MOEHAHHS 3aCTOCYBAHHS PO3MWICHHS PIIKOro Je31H(PEKTaHTa 3 HACTYMHOIO
JIOBTOCTPOKOBOIO OOPOOKOIO Ta30mMOiOHMM 030HOM 3MEHINyBaJIO KiUTBbKICTh E. coOli
O157:H7 umxue piBus aetekiii (iHaktusailis moHan 6 1g KYO/mir) micns mepiioro
JIHSI 3aCTOCYBaHHS 1 MPU3BOJMIIO JO Kpalloro BUIJISAY JUCTKIB IIMUHATY, HIXK
JIOBIOCTPOKOBE 3aCTOCYBAaHHSI PIAKUX Ta ra3onomiOHux ne3iHdikyrounx 3aco0iB
okpemo (inaktuBariis 4,9 Ig KYO/r ta 4,7 Ig KYO/r BiamnoBiaHo).

d. 3acBigueHo, mo 06podka 500 M1 KepenbHOT BOJU MIUIIXOM €IIEKTPOITI3y
IPOTSATOM JIBOX 1 T1’SITH XBHJIMH YTBOPIOBAJIO BOAHI PO3YMHU 030HY 3 KOHIIEHTPALISIMU
0,74 ta 1,72 mr/n BignoBigHo. BcranoBieHo, Mo e()EeKTUBHICTD Ae3iHGEKIT BOAH
00poOIIl eEeKTPOJII30M 3ajieXkaa BiJl BUX1HOT KOHIICHTpAIlil MIKpOOPTraHi3MiB Y BOJIi
Ta TPUBAJIOCTI X KOHTAKTYy 3 O30HOM Ta aKTUBHUMH (opmamu KHCHIO. HaitmeHrn
3a0pyaHeHa Mikpoopraizmamu (1o 1,5 Ig KYO/mi) BomomposimHa Boja Oyia
TIOBHICTIO oumIleHa. J[kepenbHy BOIy, 1o MicTwia B cepennbomy 2,7 1g KYO/ma,
Oy70 eexkTUBHO Ae31H(PIKOBAHO 3a TOMTOMOTOI0 5-XBHJIMHHOT 00POOKH 3 T0JaTKOBOIO
5-XBHJIMHHOIO CKCIO3MINI€0. Y BOJI, OTPMMaHii 3 BiAKpUTOi Bomoimu, i3 3,8 Ig
KYO/mn, He Bnanocs HelUTpanizyBaTy BCl HasiBHI B Hiil Oaktepii. [Ticist S5-XxBunuHHOI
00poOKku Ta mogarkoBoi 10-XBHIMHHOI eKkcmo3uilii Oyino 3Hemkomkeno 1,9 Ig
KYO/m. Iicns 06poOku eneKTpOoTITHYHO-030HOBAHOO BOIOKO (0 4 MI/JT) KITHIYHUX
mramiB S. aureus ta E. coli mporsrom 15 XBuaMH BUSABISUTM CyOseTanbHi
MOIIKO/>)KEHHS OaKTepiaJbHUX KITHH y IMX KyaeTypax. Jo 89,2 % nomynsuii S.
aureus ta 10 98,6 % E. coli 6ymu cybneTaibHO MOIIKOPKCHUMA. BukoprcTanHs Takoi
BOAM TIpU OOpOOIIl XIPpypriyHUX paH CHPHUSIIO X 3aro€eHHI0 0€3 BIATOPTEHHS
ayTOTPAHCIUIAHTATIB.

6. [Tokazano, mo oOpoOka cycnen3ii cmnop B. subtilis momipauMm
enekTpuuHuM nosiem (300 B/cM) y moeiHaHHI 3 TOMIPHOIO Cy0JIETaIbHOK TEPMIUYHOIO
o0pobkoro (55, 65 1 75 °C) Moxke mMpU3BECTH JO TOMITHOTO 3MEHIICHHS iX
KoHIeHTpaIlli. O6poOKo0 MOMIPHUM €IEKTPUUHUM IOJeM IpoTiIroM 60 XBUIMH OyII0
HerTpanmizoBano 0,6 g KYO/mn npu mouaTkoBidi KoHIeHTparii cycrnensii ~ 7 g
KYO/mn. 3a nonmoMororo Takoi % oOpoOKH y MOeAHAHH] 3 TEPMIYHOIO 00pOOKOIO MpH
55, 65 1 75 °C inaktuBoBano 1,8 Ig KYO/ma, 2,0 Ig KYO/ma ta 2,5 Ig KYO/mn
BiMoOBiAHO. BeTanoBeHo, 1110 00poOKka MOMIpHUM elleKTpuaHUM 1ojieM (15,7 B/cm)
npu Temmeparypi 55 °C cupux Kypsdymx se€ib, iHOKyJapoBanux E. coli K12,
3MEHIyBaJla MOMYJIAIi0 MIKpOOPTraHi3MIB BCEpeIuHI f€llb Ta CHPUYUHSIA
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cyOieTanbH1 MOIMIKOMKEHHs OakTeplanbHUX KITHH. [Ipy movyaTtkoBiil KOHIEHTpaIlii
nonyJsiii 5,5-6 g KYO/r taka 00po6ka 3uemkopkyBana ~ 4,4 1g KYO/r, mo Ha 0,9
lg KYO/r GisibIiie mopiBHSHO 3 TEPMIYHOIO 00poOKoro mpu 55 °C y BojsHIM OaHi.

7. Brnepiie noBesieHo, 1110 BUMIPIOBAHHS €JEKTPONPOBITHOCTI IPH 00poOIIi
cycrensii Listeria innocua Bucokum rigpoctatuaauM tuckoMm (300, 400, 500 Mlla)
MOXHa BHUKOPUCTOBYBATH [JI1 MOHITOPUHTY CTYNEHS TOMIKO/HKCHHS KJIITHH.
PesynpTaTn pobOTH 3acBiAYMIIM, IO €JIEKTPOIMPOBIIHICTE OaKTEpiaJIbHOI CycrHeH31l
3pocTae 31 30UIBIIEHHAM KUIBKOCTI JIETAIBHO YIIKOJKEHHX KIITHH. 3OUTBIICHHS
SJICKTPOIPOBIHOCTI Mij] Yac IUKITY CKHJIAHHS TUCKY HE CIIOCTEpIrajiu, IO CBIIUHIIO
npo Te, IO MOIIKO/KEHHs KIIiTHH Listeria innocua, B ocHOBHOMY, BifOyBasiocs mij
qac MepioiB MiBUILIEHHS TUCKY Ta HOTO yTPUMAaHHS.

8.  BcranomieHo, mo edekTuBHICTH 00poOKkH cycrensii Listeria innocua
IMIIYJIBCHUM €JIEKTPUYHUM TIOJIEM 3ajiekajia BiJl MOro Hampy>KeHOCT1 3 BUIIOIO
IIBUJIKICTIO 1HAKTHUBAIlli Mpu BuUIid Hampysi. [locnmimoBHO 3acTocoBaHi 00poOKHU
BUCOKHUM TrigpoctaTHdyHUM TUCKOoM (200 ta 400 MIla) Ta iMIyIbCHUM €JIEKTPUIYHUM
nosiem (10-30 kB/cM) mipoieMOHCTpYBalv NEPEBAKHO aAUTUBHI €(eKTH (IHaKTUBALIIS
~ 2 lg KYO/mn). OnHak npu 0IHOYaCHOMY 3aCTOCYBaHHI BUCOKOT'O TiAPOCTATHYHOTO
TUCKY 1 IMITYyJIBCHOTO €JIEKTPUYHOTO TIOJSI CIIOCTEPITaid CHUHEPTriuHUM e(eKT
(imakTuBanis monan 3 Ig KYO/min). OanoyacHa oOpoOKa BUCOKHM TiIpOCTAaTHYHUM
TUCKOM Ta IMIYJbCHUM €JIEKTPUYHUM II0JeM 30UIblIyBalia €IeKTPOIPOBIIHICT
HaNOIbIIIE, 0 CBIAYUIIO PO HAMOUTHIINN BUTIK BHYTPIITHBOKIITUHHUAX HEOUTKOBUX
KoMItoHeHTIB. KoMOiHanii 0OpoOOK BUCOKMM Ti1IPOCTATUYHUM THUCKOM 1 OOpOOKH
yJIBTPa3ByKOM IIPOJIEMOHCTPYBaJIM cuHepTiuHui eekr (iHakTuBaris ~ 3 1g KYO/mn),
KOJIM 3a OOpOOKOIO BHMCOKMM TIAPOCTAaTUYHUM THUCKOM HPOBOAMIM OOpPOOKOIO
yIBTPa3BYKOM, aje aauTuBHUMN edekt (iHakTuBamis ~ 2 1g KYO/mi), komu 06poOka
yIIBTPa3BYKOM IMepeayBajia 00poOIli BACOKHM TiAPOCTATUYHUM THCKOM.

Q. [linTBepmxeHo, mo Oararopa3oBa OOpoOka CycHeH3ii CIop BHUCOKUM
rIpOCTATUYHUM THCKOM Oyiia Oiibii ehekTHBHOIO B iHakTHBaIlil criop B. subtilis, Hix
fioro oiHOpa3oBa 00pPOOKA MPOTIATrOM TaKOTro X yacy. HaiOinpIoi inakTuBariii y 5,8 1g
KYO/mn (Bix mouatkoBoi ~ 7 Ig KYO/min) Oyno mocsrayto npu 500 MIla ta 60 °C
IPOTATOM TPHOX IMKJIIB 1O 3 XBUIUHU KoxkeH. OHOopa3oBa 00podka mpu 500 MIla ta
60 °C mpotsirom 10 xBuiamH no3Bosmia iHaktuByBaTH Ha 1,2 1g KYO/Mir mente.
JloBeneHo, 110 iHTEeHCHBHIIIA iHakTHBaIlis crop B. subtilis mpu 6araropasosiit 06po0OiIi
BHUCOKHM TAPOCTaTUYHUM THCKOM HE MOB’s3aHa 3 IHAKTUBALIIEO JIITHYHUX (DEPMEHTIB
KOPTEKCY UM JIeTpajiallicl0 MajiX KHUCJIOTOPO3YMHHUX OUIKIB, a CHOpHYMHEHA
MEXaHIYHUM pYHHYBaHHSAM OOOJIOHKHU CIIOPU Ta HUTOIIA3MaTUYHOI MEMOpaHHU.

KimouoBi cioBa: inaktuBaiis mikpoopranizmis, Escherichia coli, Bacillus
subtilis, Listeria innocua, Staphylococcus aureus, enmocrnopu, Ae3iH(EKTaHTH, 030H,
BUCOKHH T1IPOCTATUYHUN THUCK, TIOMIpHE €JIEKTPUYHE TOJIE, IMITYJIbCHE €IEKTPUYHE
T0JIe, YIIBTPa3BYK
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GENERAL CHARACTERISTICS OF THE WORK

Substantiation of the choice of research topic and relevance. Outbreaks of
acute intestinal infections caused by pathogenic microorganisms pose significant
challenges to healthcare systems and result in substantial economic losses worldwide
(AL-Mamun et al., 2018). These outbreaks are caused by various microorganisms,
including bacteria, viruses, pathogenic protozoa, and fungi, which contaminate
drinking water or food products at various stages of production, processing, and
distribution (Chakka et al., 2021; T. Pyatkovskyy et al., 2016). Pathogens such as
Salmonella spp., pathogenic strains of Escherichia coli, Listeria monocytogenes, and
Campylobacter spp. are among the most common causes of acute intestinal infections
(AL-Mamun et al., 2018). These microorganisms can multiply in a variety of
environments and often exhibit resistance to many stress factors, which complicates
their inactivation. Understanding the nature of the spread of these pathogens is crucial
for developing effective inactivation measures to enhance the safety of food products
and drinking water.

Traditional thermal methods, such as pasteurization and sterilization, have long
been the cornerstone of food safety protocols due to their effectiveness in inactivating
a wide range of harmful microorganisms. However, these methods often have a
negative impact on the organoleptic and nutritional qualities of food products. As
consumer demand for fresh, minimally processed foods continues to grow, so does the
need for alternative processing methods that can ensure microbiological safety without
compromising food quality (Khouryieh, 2021; Zhang et al., 2019).

Clean water is an essential resource for both human life and various industrial
sectors (Gomes et al., 2019; Pyatkovsky et al., 2023). Natural disasters, man-made
accidents, and military operations can have a significant and devastating impact on
water quality for residents in such areas due to the destruction of water supply and
wastewater infrastructure, including water treatment facilities, distribution systems,
and sewage facilities (Shumilova et al., 2023). Providing clean water to civilians,
military personnel, rescue workers, and volunteers in areas with destroyed civilian
infrastructure is of utmost importance (T. Pyatkovskyy et al., 2024).

Non-thermal methods have emerged as a promising alternative to conventional
thermal treatments for the inactivation of microorganisms in food products and water
(Ross et al., 2003; Sastry, 2016; Van Impe et al., 2018). These methods include high
hydrostatic pressure (HHP) treatment (Bolumar et al., 2021; Gunther et al., 2019;
Torres & Velazquez, 2005), treatment with moderate or pulsed electric fields (MEF,
PEF) (Buckow etal., 2013; Knorr et al., 2002; Mok et al., 2022; Schottroff et al., 2019),
ultraviolet (UV) light irradiation (Cebrian et al., 2016; Schottroff et al., 2018),
ultrasound (US) treatment (Fan et al., 2019; Ko & Bai, 2022; Rastogi et al., 2007), and
the application of gaseous ozone (Perry et al., 2019; Predmore et al., 2015; T.
Pyatkovskyy et al., 2016) or its aqueous solution (Epelle et al., 2022; Khadre et al.,
2001; Melanie et al., 2024). These methods offer the potential for effective inactivation
of microorganisms while preserving the taste, texture, and nutritional value of food
products (Rastogi et al., 2007). Furthermore, non-thermal methods can be applied to a
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variety of food and pharmaceutical matrices, ranging from liquids to solids, making
them versatile tools in the arsenal of medicine, pharmacy, and the food industry against
bacterial contaminants. Some of these methods can effectively inactivate
microorganisms and the biofilms they form on the surfaces of medical instruments and
equipment (Marino et al., 2018; M. Murakami et al., 2021; Shao et al., 2020).

As the medical, pharmaceutical, and food industries continue to innovate,
understanding and utilizing these non-thermal technologies will be crucial for
microbiological safety in these sectors.

The connection of work with scientific programs, plans, topics. This
dissertation was completed in accordance with the research plan of the Department of
Microbiology, Virology, and Immunology at I. Horbachevsky Ternopil National
Medical University of the Ministry of Health of Ukraine. In addition, research was
conducted at the Department of Food Science and Technology at The Ohio State
University, USA, and the Department of Food, Agricultural, and Biological
Engineering at The Ohio State University, USA.

Most of the research was conducted during a research internship (USA, 2012—
2020) funded by grants from the United States Department of Agriculture, National
Institute of Food and Agriculture, Agriculture and Food Research Initiative (USDA
NIFA Grant No. 2009-51110-05902, USDA NIFA Grant No. 2014-70003-22357,
USDA NIFA Grant No. 2015-67017-23087) and individual commercial grants. At the
Department of Microbiology, Virology, and Immunology of the I. Horbachevsky of
the Ministry of Health of Ukraine, the research was conducted as part of the
independent research project “Features of Resistance Formation in Representatives of
Conditionally Pathogenic Flora under Conditions of Health and Pathology” (State
Registration No. 0122U000035). The dissertation author is a co-investigator on this
project.

Aim of the study: the improvement of preventive measures against acute
intestinal and wound infections by demonstrating the effectiveness of alternative
methods for inactivating microorganisms through the combination of non-thermal and
thermal factors.

Research objectives:

1. To identify the factors influencing the penetration of Escherichia coli into
spinach leaf tissue.

2. Toinvestigate the potential for inactivating Escherichia coli O157:H7 on
the surface of spinach leaves using liquid disinfectants.

3. Investigate the use of gaseous ozone to inactivate Escherichia coli
0157:H7 on the surface and within the thickness of spinach leaves.

4.  Justify the feasibility of the combined use of liquid and gaseous
disinfectants to inactivate Escherichia coli O157:H7.

5. Evaluate the effectiveness of electrolytic treatment for water disinfection
and investigate the antimicrobial properties of the resulting ozonated water.

6. Investigate the effectiveness of inactivating Gram-negative bacteria and
bacterial spores using a moderate electric field.
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7. Demonstrate the feasibility of monitoring bacterial inactivation during
high hydrostatic pressure treatment using Listeria innocua as an example.

8. Investigate the effectiveness of a combination of high hydrostatic
pressure, ultrasound, and a pulsed electric field for the inactivation of Listeria innocua.

Q. Evaluate the effectiveness of high hydrostatic pressure treatment for the
inactivation of Bacillus subtilis spores.

Scientific novelty of the results obtained. This dissertation is the first to
demonstrate the possibility of bacterial contamination of vacuum cooling chambers
and the penetration of bacteria into the thickness of leafy greens during the vacuum
cooling process. The parameters of bacterial penetration were established, and methods
for inactivating internalized bacteria were developed.

For the first time, an optimal combination of liquid and gaseous disinfectants
was established, which produced an additive inactivation effect against E. coli
O157:H7.

A new combination of liquid disinfectant application followed by long-term
treatment with gaseous ozone was developed and successfully applied, which rapidly
reduced the number of enterohemorrhagic E. coli O157: H7, thereby reducing the risk
of foodborne outbreaks even at high initial contamination levels of food raw materials
while preserving the biological value of the products.

The long-term effect of electrolytic treatment of spring water was demonstrated,
with no bacterial growth or change in water color for one month after treatment, thereby
preventing the risk of intestinal infection outbreaks during long-term storage of
drinking water. The lethal and sublethal effects of ozonated water (0zone concentration
up to 4 mg/L) on clinical strains of S. aureus and E. coli have been demonstrated.

The effectiveness of combining treatment of a B. subtilis spore suspension with
a moderate electric field at 300 V/cm and moderate sublethal heat treatment was
demonstrated, resulting in a significant reduction in the concentration of viable spores.
It was also shown that the combination of a moderate electric field (15.7 V/cm) and
heat treatment at 55 °C reduces the population of E. coli K12 inside chicken eggs and
causes sublethal damage to bacterial cells.

It was established for the first time that measuring electrical conductivity during
the treatment of a Listeria innocua suspension with high hydrostatic pressure can be
used to monitor the degree of cell damage. It was demonstrated that simultaneous
treatment with high hydrostatic pressure and a pulsed electric field increased electrical
conductivity the most.

It has been shown for the first time that repeated treatment of a B. subtilis spore
suspension with high hydrostatic pressure was more effective in inactivating the spores
than a single treatment with pressure for the same duration.

The practical significance of the results obtained lies in the development of
unique protocols for the combined use of liquid and gaseous disinfectants, high
hydrostatic pressure, and a pulsed electric field. The results of laboratory and
microbiological studies provide scientific justification for the practical application of
non-thermal methods for inactivating bacteria or bacterial spores on food products and
in liquids.
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While conducting microbiological studies, the author experimentally
substantiated for the first time the application of a new technique for inoculating
microorganisms—for these results, the author received a Ukrainian Utility Model
Patent (Pat. No. 155668).

The main materials and provisions of the dissertation have been implemented
into the educational process of the relevant departments: the Department of
Microbiology, Virology, and Immunology and the Department of General Hygiene and
Ecology of the I. Horbachevsky Ternopil National Medical University of the Ministry
of Health of Ukraine), as well as in the work of the bacteriological laboratories of
Panakeya Medical Laboratory LLC, Ternopil Municipal Hospital No. 2, and the State
Institution “Ternopil Regional Center for Disease Control and Prevention of the
Ministry of Health of Ukraine”.

Publications. The scientific and practical findings of the dissertation are fully
presented in the works published on the dissertation topic. Based on the dissertation,
50 scientific papers have been published, including 16 in Ukrainian scientific journals,
12 in foreign scientific journals indexed in the international scientometric databases
Scopus and Web of Science, 21 abstracts of reports at domestic (9) and international
(12) scientific conferences, and 1 Ukrainian patent for a utility model.

Scope and structure of the dissertation. The dissertation is a qualifying
scientific work in the form of a manuscript, comprising 260 pages of printed text. The
dissertation consists of the following structural elements: an abstract, an introduction,
a literature review, a section on research materials and methods, 7 chapters of original
research, conclusions, a list of references, and appendices. The list of references
includes 336 items. The work contains 55 figures and 9 tables.

MAIN CONTENT OF THE DISSERTATION

Literature review. The literature review examines the current state of the use
of non-thermal methods for inactivating microorganisms in various fields. It describes
the mechanisms of antibacterial action of liquid antiseptics and disinfectants, ozone
(gaseous, its aqueous solution, and ozonated oils), high hydrostatic pressure, moderate
and pulsed electric fields, as well as ultrasound.

Materials and Methods. The study was conducted at the Department of
Microbiology, Virology, and Immunology of the I. Horbachevsky Ternopil National
Medical University of the Ministry of Health of Ukraine, the Department of Food
Science and Technology at The Ohio State University, and the Department of Food,
Agricultural, and Biological Engineering at The Ohio State University. The Bioethics
Committee of the I. Horbachevsky Ternopil National Medical University of the
Ministry of Health of Ukraine found no violations of moral and ethical standards during
the conduct of the research (Minutes No. 77 of April 18, 2024, and No. 84 dated
January 20, 2026).

The Escherichia coli O157:H7 ATCC 43889 strain was used for experiments
with gaseous ozone and liquid disinfectants. For some of the experiments with gaseous
ozone and experiments on the internalization of bacteria into spinach leaves under
vacuum, the same strain was used, as well as E. coli K12. The E. coli K12 strain was
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also used for experiments involving the treatment of raw chicken eggs with a moderate
electric field. For experiments on ozone decomposition in an aqueous solution, the
strains E. coli ATCC 25922 and Staphylococcus aureus ATCC 6538, obtained from
the culture collection of the Laboratory of Microbiological and Parasitological
Research at Ternopil National Medical University, were used. For high-pressure
experiments, the non-pathogenic strain Listeria innocua ATCC 33090 was selected.
Additionally, the strain Bacillus subtilis 168 was used.

To verify the effectiveness of water disinfection with ozone, samples were taken
of tap water (Ternopil city, “Center” neighborhood), spring water (the village of Hai-
Hrechynski, Ternopil district), and water from open bodies of water (Ternopil Pond).
Water samples were collected in sterile vials on the day of the experiment and delivered
to the laboratory.

In preparation for the experiments, a loop of frozen (at -80 °C) culture was
revived on the appropriate medium at 37 °C. The grown culture was harvested by
centrifugation, and the pellet was resuspended in 0.1% peptone water or sterile
deionized water, depending on the task.

When working with Bacillus subtilis strain 168, the spores were gently washed
off the agar surface with sterile deionized water and rinsed to remove any remaining
medium through several cycles of centrifugation and resuspension in sterile deionized
water.

The number of microorganisms in all suspensions was determined by serial
dilution followed by plating onto appropriate culture media.

Spinach samples weighing 5 g each (approximately six leaves) were inoculated
with 20 drops of 2.5 uL each (50 uL per sample) of E. coli cell suspension to achieve
an initial microorganism concentration of ~10” CFU/g.

To inoculate chicken eggs, they were placed on their sides, and a hole was
pierced in the eggshell; then, 10 uL of'a 9.5-10 log CFU/g E. coli K12 cell suspension
was introduced into the egg white to a depth of 4 mm from the outer side of the shell,
resulting in an initial bacterial concentration of 5.5 to 6 log CFU/qg.

The following disinfectants were used: a) a 200 mg/L solution of sodium
hypochlorite; b) a 200 mg/L solution of sodium hypochlorite containing 0.036%
sodium dodecyl sulfate; c) Pro-San L, a commercially prepared solution containing
0.66% citric acid and 0.036% sodium dodecyl sulfate; and d) an aqueous solution of
0.66% levulinic acid with the addition of 0.036% sodium dodecyl sulfate. These liquid
disinfectants were applied separately to the inoculated side of young spinach leaves at
room temperature using a calibrated spray bottle. For control, inoculated samples were
sprayed with sterile deionized water and sterile deionized water with the addition of
0.036% sodium dodecyl sulfate.

In subsequent experiments, Pro-San L was used to compare different methods of
applying liquid disinfectants. The application methods included spraying, immersion,
and “dry” vacuum impregnation, with an exposure time of 30 minutes. For immersion
treatment, inoculated young spinach (Spinacia oleracea) was immersed in Pro-San L
and held for 30 minutes without agitation. For control purposes, samples of inoculated
spinach were sprayed with sterile deionized water and immersed in it. For dry vacuum
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impregnation treatment, samples of inoculated young spinach leaves were placed in an
empty container and vacuumed. Once the target pressure (~800 Pa) was reached, the
container with spinach was filled with the disinfectant at 4°C through a polyurethane
tube, the vacuum was slowly released, and the sample was held for a predetermined
time (30 minutes).

For the long-term experiment, leaves of young spinach grown on-site were used.
Pro-San L was sprayed 32 times; the treated samples were packaged and stored
refrigerated at 4°C for three days. Samples for microbiological analysis were collected
daily.

All experiments involving ozone treatment were conducted using the pilot-scale
equipment described above, which allows for the application of gaseous ozone to leafy
green vegetables under controlled conditions of pressure, temperature, and gaseous
ozone flow. This equipment was equipped with a CSF-7 ozone generator connected to
a Type K cylinder containing 99.6% oxygen and a device for the thermal destruction
of ozone.

The efficacy of E. coli O157:H7 inactivation following ozone treatment was
studied using three different protocols: introducing ozone under vacuum and
maintaining it at a pressure below atmospheric pressure: “Vacuum, O3 (under
vacuum)”; ozone introduction under vacuum with an immediate increase in pressure
in the chamber to 69 kPa: “Vacuum, O3 + 69 kPa”; and ozone application at
atmospheric pressure followed by an increase in pressure to 69 kPa: “O3 (atm) + 69
kPa”. In all cases, the duration of ozone exposure on spinach leaves was set at 30 min,
and the spinach loading in the chamber was 26 g/m3. Oxygen was used as a control
instead of ozone: “Vacuum, O2 + 69 kPa.”

To study the effect of the amount of spinach leaves on ozone decomposition, the
“Vacuum, O3 + 69 kPa” treatment protocol was used at 1.5 g/m? of ozone and various
spinach loading levels, starting from 26,600 g/m3 (maximum possible loading,
corresponding to 7,980 g of spinach in the vessel) to 2,600 g/m? (775 g of spinach in
the vessel), 260 g/m?3 (78 g of spinach in the container), and 26 g/m?3 (7.8 g of spinach
in the container). Microorganism inactivation was assessed by inoculating samples
weighing ~5 g, corresponding to six spinach leaves, which were placed inside among
uninoculated spinach leaves. Immediately after treatment, the inoculated samples were
collected for microbiological analysis.

To study the effect of vacuum treatment during spinach leaf processing on the
internalization of microorganisms into the leaf tissue, inoculated young spinach leaves
were treated only with vacuum cooling (the pressure inside the chamber was returned
to atmospheric levels at ~4 °C); some of the samples were also additionally treated
with gaseous ozone at 1.5 g/m3 with the pressure increased to 69 kPa and held for 30
minutes. The leaf surfaces were then treated with 1.2% sodium hypochlorite for 30
seconds. Afterward, the samples were rinsed with sterile deionized water to remove
residual sodium hypochlorite and exposed to UV light (260 nm) for 10 minutes on each
side. Surface disinfection was verified by gently pressing the treated young spinach
leaves against the surface of LB agar, which was later incubated at 37 °C for 48 hours.
Surface disinfection was considered effective when no bacterial growth was observed
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on the incubated plates. As a control, the total number of bacteria inoculated onto the
spinach leaf surfaces was assessed by counting the CFU of homogenized young
spinach leaves without prior surface treatment with 1.2% sodium hypochlorite and UV
light.

Experiments were conducted to study the effect of watering spinach leaves on
the efficacy of ozone against E. coli O157:H7. Dry and irrigated (sprayed with water
from a household spray bottle to create a water film on the surface) samples of
inoculated young spinach leaves (26 g/m?3) were placed side by side in a chamber and
treated with ozone according to two different protocols. In one case, the samples were
subjected to vacuum cooling, and ozone was introduced under vacuum with immediate
pressurization of the system to 69 kPa (“Vacuum, O3 + 69 kPa”); in the other, ozone
was applied at atmospheric pressure followed by a pressure of up to 69 kPa (*O3 (atm)
+ 69 kPa”). Immediately after treatment, the inoculated samples were collected for
microbiological analysis.

The effectiveness of treatment using low-concentration ozone over an extended
period (up to three days) was evaluated both on its own and as a follow-up treatment
after ozonation during the “Vacuum, O3 + 69 kPa” vacuum cooling process. The same
pilot equipment was used for this study, and the vessel was loaded to maximum
capacity with the product (26,000 g/m?3). Ozone was passed through the vessel at a flow
rate of 2 L/min at 4 °C, and the inlet ozone concentration was maintained at 0.032,
0.106, 0.211, and 0.528 g/m3. Ozone concentration was monitored using an IN-2000
ozonometer, and inside the vessel, a sample of the gas mixture was periodically
collected using a Dia-Vac R101-FP-CA1 pump to verify the concentration. Two
samples of inoculated leaves were collected daily for microbiological monitoring.
Inoculated young spinach leaves (control) were stored in a refrigerator (at 4 °C) and
analyzed simultaneously with the ozone-treated samples.

Water treatment by electrolysis was performed using commercial portable
devices with diamond-coated electrodes. To verify the device’s effectiveness,
measurements of ozone concentration (one of the products of electrochemical reactions
during electrolysis) were conducted.

The ozone concentration in water was measured photometrically using a
PoolLab 1.0 photometer based on the intensity of the color change in a reaction with
N,N-diethyl-p-phenylenediamine sulfate. To assess ozone decomposition in the
presence of bacteria, 9 mL of freshly treated water was mixed with 1 mL of a
suspension of S. aureus ATCC 6538 (~8 log CFU/mL). After mixing, the samples were
centrifuged at 3000 rpm for 3 minutes to separate the bacterial cells, and the ozone
concentration in the resulting supernatant was measured. Identical measurements were
performed in parallel, adding sterile distilled water to the electrolytically treated water
instead of the bacterial suspension as a control. The actual time between sample
collection and obtaining the measurement result was ~6 minutes; this was
conventionally taken as O minutes for plotting on graphs.

The mineralization of the water samples was measured using a HI98301
conductivity meter. To do this, the electrodes were rinsed with distilled water at room
temperature (23 = 1 °C) and then immersed in the water sample under study.
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To analyze color changes, samples were photographed using a Sony NEX 5n
camera with a Sony 18-55 mm f/3.5-5.6 lens (spinach leaves) and a Nikon D3200
camera with a Nikon DX 18-55 mm 1:3.5-5.6 lens (water samples in the long-term
experiment). Accurate color reproduction was achieved by calibrating to the X-Rite
ColorChecker Passport palette using ColorChecker Passport software. Color changes
in the samples were analyzed in a selected 10 x 10 pixel square using the free online
software Image Color Extract, and the resulting dominant color values were expressed
in the Lab color space. Where the “L*” parameter denotes lightness, “a*” and “b*”
denote color, with “a*” indicating the ratio of the green and red color components [(-)
— green, (+) — red], and “b*” denotes the ratio of the blue and yellow components [(-)
— blue, (+) — yellow].

To treat a bacterial suspension of Listeria innocua with high hydrostatic pressure
(HHP), a hydrostatic pressure system capable of reaching pressures up to 1034 MPa
was used. HHP treatment was applied at 200 and 400 MPa. In experiments involving
conductivity measurements during HHP treatment, the treatment was conducted at 300,
400, and 500 MPa for 0 and 60 minutes.

For experiments with Bacillus subtilis spores, 3 mL of spore suspension was
placed into polyethylene bags, which were sealed without leaving any air bubbles. To
monitor the temperature, a Type K thermocouple was attached to one of the bags, after
which the two bags were placed in a high-pressure chamber for treatment. The
temperature of the samples was regulated by passing propylene glycol of the
appropriate temperature through the high-pressure chamber jacket. Treatment was
performed at 200 and 500 MPa, 40 and 60 °C, in a single 10-minute cycle or three
cycles of 3 minutes each.

To measure electrical conductivity in the suspension during HHP treatment, a
suspension of Listeria innocua ATCC 33090 (~10' CFU/mL) was hermetically sealed
without air bubbles into a treatment chamber consisting of a ceramic tube equipped
with two 5 x 8 mm platinum-coated titanium electrodes and a flexible polyethylene
bag that ensured pressure transmission to the sample.

Inactivation of B. subtilis spores using a moderate electric field (MEF) was
performed in a specially fabricated glass treatment chamber (length 1.0 cm, outer
diameter 1.1 cm, and inner diameter 0.9 cm) equipped with two electrodes, each 0.9
cm in diameter. The electric field had a continuous waveform with an intensity of 300
V/cm and a frequency of 60.0 Hz, respectively. The current was supplied by a 20-kW
ohmic heating generator, and the desired signal shape was generated by a function
generator, triggering an insulated-gate bipolar transistor switch in the generator to
discharge the capacitor. For each treatment, the chamber was flushed with 70% ethanol
and rinsed with sterile distilled water, and the temperature change during EIP treatment
was measured using a Type T thermocouple placed at the center of the sample volume
and connected to an Agilent 34970A data acquisition unit operating with HP
BenchLink Data Logger. During treatment, the sample temperature was maintained
below 30 °C, 55 °C, 65 °C, and 75 °C by immersion in a chilled water bath using
mineral oil as a coolant.
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A system capable of simultaneous conventional heat treatment and PEF
treatment was used to treat inoculated chicken eggs with a moderate electric field. A
large water bath with a capacity of 19.3 L was used for conventional heat treatment. A
specially designed flow-through chamber with a water drain was used for PEF
treatment. Electrodes measuring 8.9 x 9.3 cm were placed parallel to the liquid flow at
a distance of 7.6 cm from each other. Four large eggs were placed in this chamber
between the electrodes. The liquid was supplied from a larger 19.3-liter water bath.
Tap water with an electrical conductivity of approximately 0.049 S/m was used, and
the temperature was maintained at approximately 55.5 °C. The liquid was pumped from
the larger bath to the smaller one using a peristaltic pump at a flow rate of 11.7 mL/min.
After entering the PEF chamber, the water filled the cavity until it reached the overflow
level, and then returned to the larger water bath under the action of gravity. An electric
current was applied to the electrodes at a voltage of 120 V using a model 7-2-53011-S
transformer, which supplied voltage from a Powerstat type 3PN116B, creating an
electric field of 15.7 VV/cm and a current of approximately 0.5 A. The eggs were treated
for 28 minutes, and data were recorded at 1-minute intervals. PEF treatment was
performed simultaneously with conventional thermal treatment in a water bath
(control).

The Listeria innocua ATCC 33090 suspension was treated with a pulsed electric
field using an OSU-4A generator (10 kV, 100 A), which generates bipolar rectangular
pulses. The effect of the pulsed electric field (PEF) was studied in the range of 10-30
kV/cm, using a series of two bipolar rectangular pulses, each lasting 10 ps. To cool the
samples to their initial temperature after each treatment series (temperature increase to
5 °C), there were pauses between pulses lasting 0.1-10 s.

Two different chambers were developed for PEF treatment, one for use under
high-temperature and high-pressure (HT-HP) conditions, and the other for treatment at
atmospheric pressure. Both were equipped with platinum-coated titanium electrodes
with a diameter of 8 mm. The gap between the electrodes varied between 3 and 10 mm
depending on the desired electric field strength. The temperature of the samples was
measured using a Type K thermocouple and an Agilent 34970A data acquisition unit.
The applied voltage and current were monitored on a Tektronix MS04034 four-
channel oscilloscope.

Ultrasonic treatment (UT) was performed using a 500-watt Q500 ultrasonic
processor. A 0.5-inch transducer was used in all experiments. A plastic tube 100 mm
long and 11 mm in diameter was used as the treatment chamber. A Type K
thermocouple was inserted into the tube to measure the temperature. Before treatment,
7 mL of the sample was added to the chamber and placed in ice water to cool. When
the temperature reached 5 °C, the probe was immersed in the suspension, and ultrasonic
treatment was performed at a frequency of 20 kHz with 100% amplitude. Ultrasound
was applied in pulse mode to maintain the sample temperature below 35 °C. The on
and off cycles were set to 1 s and 10 s, respectively. After treatment, the samples were
transferred to sterile vials and stored at 4 °C until microbiological analysis. Each
experiment was conducted at least three times.
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The inactivation of Listeria innocua was evaluated using HHP, PEF, and US, as
well as combinations thereof. To determine whether the combinations had synergistic
effects, each individual treatment was adjusted so that, when applied, it resulted in a
one-order-of-magnitude reduction in bacterial concentration (inactivation of 1 log CFU
of microorganisms). Synergy was considered to be present when the total inactivation
after two different treatments exceeded two logarithms of CFU. The following
treatments were used: ultrasonic treatment followed by HHP (US—HHP); HHP
followed by ultrasonic treatment (HHP—US); PEF followed by HHP (PEF—HHP);
HHP followed by PEF (HHP— PEF); simultaneous PEF and HHP (PEF+HHP). Since
each sequential treatment required different equipment, transferring the sample from
one treatment chamber to another took 5-10 minutes. In the case of simultaneous
application of PEF and VGT, it was necessary to suspend the application of PEF for
20 s after each pair of bipolar pulses to allow the sample to cool to its initial temperature
(maximum temperature increase of 5 °C). Each experiment was performed at least
three times.

Protein analysis using bicinchoninic acid was used to determine the total protein
concentration in solutions of intact and treated Listeria innocua suspensions. Samples
were centrifuged at 13,322 x g for 10 minutes, and the supernatants were analyzed.
The solutions were reacted with BCA working reagent using a standard protocol
(Walker, 1994). The color change of the samples was determined using a Thermo
Spectronic Genesys 5 spectrophotometer at 562 nm.

To assess cytoplasmic membrane damage, staining with SYTO 9 and propidium
iodide was used, followed by evaluation of the coloration of treated and untreated
spores. SYTO 9 penetrates the membrane regardless of whether the organism is viable
or not. By comparison, propidium iodide does not penetrate intact membranes and can
therefore be used as an indicator of inner membrane damage during spore inactivation.
Treated PEP and untreated spores were stained with 15 uM propidium iodide and 0.5
uM SYTO 9 for 15 minutes, then imaged using an Olympus BX61 confocal laser
scanning microscope (CLSM). A 488 nm laser was used for excitation, and emission
was observed at 528 nm for SYTO 9 and 645 nm for propidium iodide. Olympus DP
Control software was used to acquire images and analyze signal intensity.

To count microorganisms on/in spinach leaves, treated and untreated (control)
samples (~5 g) were placed in plastic homogenization bags and 45 mL of peptone water
was added. The contents of the bags were homogenized for 2 min in an STO-400
homogenizer (Tekmar Inc., Cincinnati, Ohio, USA). The contents of the
homogenization bags were serially diluted in peptone water, and aliquots of 0.1 mL
were inoculated onto MacConkey agar (Difco, Becton-Dickinson, Sparks, Maryland,
USA). Uninoculated samples were inoculated onto TSA (Difco, Becton-Dickinson,
Sparks, Maryland, USA) to determine the total microbial count. The inoculated Petri
dishes were incubated at 37 °C for 24 hours.

To count microorganisms in chicken eggs, the eggs were broken, and their
contents were placed in plastic homogenization bags and homogenized for 2 minutes
in an STO-400 homogenizer. The resulting liquid was serially diluted in peptone water,
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and aliquots of 0.1 mL were inoculated onto the surface of plates containing
MacConkey agar and Plate Count Agar.

Samples of L. innocua suspensions were serially diluted and inoculated onto two
media: non-selective TSAYE (tryptic soy agar with 0.6% yeast extract) and selective
TSAYE with 5% NacCl. Petri dishes were incubated for 48 hours at 35 °C.

The number of spores in treated and untreated samples was determined by
inoculating them onto nutrient agar and incubating at 37 °C for 48 hours, followed by
colony counting. To determine the effect of PEF and/or moderate heating on B. subtilis
spores, the number of intact spores was determined by counting colonies on plates
before and after treatment. To determine the number of germinated spores, samples
were subjected to heat treatment (80 °C for 30 min), inoculated onto nutrient agar, and
after incubation, compared with samples that were not subjected to heat treatment. The
number of germinated spores was determined as the difference in the number of
colonies with and without heat treatment.

To count the number of microorganisms in water, samples of treated and
untreated (control) water were serially diluted in sterile saline, after which aliquots
were mixed with nutrient agar that had been melted and cooled to 50 °C. To do this, 1
mL of the dilutions and undiluted samples were added to sterile Petri dishes, 10-12 mL
of BiosanWB-4MS nutrient agar melted in a water bath was added, and the mixtures
were combined by gently shaking the dishes. After the agar solidified, the dishes were
incubated at 30 °C for 72 hours, followed by a count of colony-forming units (CFU).

Glass beads with a diameter of approximately 3.7 mm were used to inoculate the
microbial suspension. Twenty beads were placed in test tubes prior to autoclave
sterilization. Serial dilutions of the suspensions were performed by inoculating aliquots
of 100 pL into appropriate solid media in plastic Petri dishes. Afterward, the sterile
beads were poured into the Petri dishes, which were then covered with lids and gently
shaken from side to side while rotating to ensure even distribution of the inoculum
across the agar surface. The beads were subsequently transferred to a container with a
disinfectant solution for reuse.

Clinical samples were collected from wounded military personnel and patients
at the Swedish-Ukrainian Medical Center “Angelholm” in Chernivtsi, Ukraine (n =
27), and at the Ternopil Regional Clinical Hospital in Ternopil, Ukraine (n = 284).
Samples of secretions from wounds and injuries were collected on sterile cotton swabs
and transported to the laboratory in tubes containing Amies transport medium (Jiangsu
Huida Medical Instruments Co., Ltd, Yancheng, China). Upon delivery, the samples
were inoculated onto plates containing blood agar, egg yolk-saline agar (Sanimed-M
LLC, Kharkiv, Ukraine), and MacConkey agar (bioMérieux, Marsy-I’Etoile, France),
followed by incubation at 37 °C for 24-48 hours. The antibiotic susceptibility of the
isolated strains was determined using the Vitek-2 Compact automated analyzer
(bioMérieux, Marcy-I’Etoile, France) and the Kirby-Bauer disk diffusion method.

To count sublethally damaged bacteria, the processed samples were serially
diluted and inoculated onto tryptic soy agar with 0.6% yeast extract (TSAYE) (Difco,
Becton Dickinson, Sparks, Maryland, USA) and selective TSAYE medium
supplemented with 5% NaCl. Sublethal damage to bacterial cells was assessed by the
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difference in counts between the two media. Petri dishes were incubated for 48 hours
at 35 °C. The percentage of damage was calculated using the following equation:
(CFUrsayE — CFUTsAYE+Nacl) »
CFUrsave

All experiments were conducted at least three times. The number of standard
deviations was expressed in logarithmic values (decimal logarithm Ig). When
calculating mean values, the standard deviation (M + sd) was used as the margin of
error. The Shapiro-Wilk test was used to check the sample for normality of distribution.
The equality of means between two samples was tested using Student’s t-test.
Comparisons between several groups were performed using one-way analysis of
variance (ANOVA) with Statistica 8.0 software. This was followed by a post-hoc
Tukey test to analyze differences in means. Differences at p < 0.05 were considered
significant.

The results of the study and their analysis are presented in the following 7
sections in accordance with the main areas of scientific development.

Chapter 3. Inactivation of Escherichia coli O157:H7 by Liquid Disinfectants.

This chapter presents the results of a comparative analysis of the
decontamination efficacy of Spinacia oleracea spinach leaves artificially inoculated
with E. coli O157:H7, as well as the effect of treatment on the natural epiphytic
microflora. The action of disinfectants (sodium hypochlorite, Pro-San L, levulinic acid
with SDS) was studied using various application methods: spraying, immersion, and
dry vacuum impregnation. It was demonstrated that all tested agents exhibit similar
efficacy when sprayed (reduction of E. coli by 2.3-2.8 log CFU/qg); however, they are
less effective against the natural flora due to the internalization of microorganisms into
the leaf structure. The highest level of microorganism inactivation (4.4 log CFU/g) was
achieved by the immersion method. Vacuum impregnation proved less effective than
immersion and caused tissue damage. The effect of exposure duration on product
quality was also evaluated: it was demonstrated that short-term treatment (up to 1 hour)
is safe for the organoleptic properties of spinach, whereas prolonged contact with
disinfectants causes loss of turgor and discoloration of the leaves.

Chapter 4. Inactivation of Escherichia coli by gaseous ozone.

This section presents the results of a study on the internalization of E. coli K12
bacteria into the leaf tissue of Spinacia oleracea spinach during vacuum cooling.
Experiments were conducted at two pressure levels (0.6 kPa and 0.9 kPa) and with
different rates of atmospheric pressure recovery (rapid - 2.19 L/min and slow - 0.35
L/min). A critical influence of process parameters and leaf anatomy on the degree of
bacterial infiltration was established. At a pressure of 0.6 kPa and rapid pressure
recovery, internalization (2.35 log CFU/g) was observed only on the abaxial (lower)
side of the leaf, which is explained by the greater number of stomata. Increasing the
pressure to 0.9 kPa with rapid recovery prevented bacterial penetration from both sides.
At the same time, slow pressure recovery facilitated the internalization of
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microorganisms from both the adaxial and abaxial sides, regardless of the vacuum level
(0.6 or 0.9 kPa).

The results of a comparative analysis of methods for inactivating E. coli
0157:H7 on Spinacia oleracea spinach leaves using gaseous 0zone were presented.
The effects of different pressure protocols, chamber loading levels, and the presence
of moisture on the product surface were evaluated. It was shown that the most effective
method (inactivation of 2.9 log CFU/g) is ozonation at atmospheric pressure followed
by an increase to 69 kPa. The use of vacuum reduces the effectiveness of treating dry
samples due to the internalization of bacteria into leaf tissues, although sanitization
prior to vacuum cooling is recommended as more effective. The ratio of product mass
to ozone volume has a significant effect: at high loading, ozone rapidly decomposes,
reducing the inactivation level to 1-2 log CFU/g. It was also found that a water film on
the leaves creates a barrier to ozone; however, vacuum treatment of moistened samples
increases efficiency by evaporating excess moisture.

The dynamics of E. coli O157:H7 inactivation on the leaves of young spinach
(Spinacia oleracea) were studied under the influence of gaseous ozone at various
concentrations under simulated transport conditions (for 3 days at 4 °C). Continuous
low-concentration ozone supply regimes were compared with combined treatment
methods. A direct dependence of disinfection efficiency on ozone concentration and
exposure time was established. Low doses (0.032-0.106 g/m?3) resulted in a reduction
in population of ~1 log CFU/g, whereas increasing the concentration to 0.211 g/m?3
allowed for inactivation of 3.7 log CFU/g by the third day. The highest efficacy was
demonstrated by combined treatment (an initial “shock” high dose of 1.5 g/m3 under
vacuum followed by maintenance at a low concentration of 0.106 g/ms3), which
exhibited a strong synergistic effect. However, prolonged exposure to 0zone negatively
affected the organoleptic properties of spinach: a loss of turgor and discoloration of the
leaves (increase in the L* lightness value) were observed, indicating the high
sensitivity of young spinach to oxidizing agents.

Chapter 5. Combined Use of Liquid and Gaseous Disinfectants for the
Inactivation of Escherichia coli O157:H7

This section presents the results of a study on the effectiveness of the combined
use of the liquid disinfectant Pro-San L and gaseous ozone for the inactivation of E. coli
0157:H7 on spinach. Different treatment sequences (gas first, then liquid, and vice
versa) and exposure durations were compared. The critical role of the sequence of
operations was established: prior application of vacuum with ozone reduces the
effectiveness of subsequent treatment with the liquid agent (inactivation of only 2.7
log CFU/qg) due to the internalization of bacteria into the tissue. In contrast, the reverse
sequence—namely, applying Pro-San L before ozonation—provides a synergistic
effect, achieving a population reduction of 3.9 log CFU/g (when using vacuum).

In long-term experiments (3 days), the multi-step protocol demonstrated the
highest efficacy: Pro-San L spray + 30 min of high-concentration ozonation +
continuous low-concentration ozone supply. This method reduced E. coli O157:H7
levels below the limit of detection, outperforming the results of using Pro-San L alone
(4.9 log CFU/g) and isolated ozone treatments.
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In addition, an analysis was presented of the effects of various decontamination
methods on the appearance and market quality of Spinacia oleracea spinach leaves.
Changes in turgor, color, and light reflectance were evaluated following treatment with
ozone, the disinfectant Pro-San L, and a combination of the two. It was demonstrated
that prolonged exposure to ozone causes “bleaching” of the leaves (increased light
reflectance) and loss of turgor, whereas prolonged contact with Pro-San L leads to the
appearance of brown spots (necrosis) in areas of fluid accumulation. At the same time,
short-term exposure (30-60 min) to both agents does not cause visible changes. An
important finding is that combined treatment (Pro-San L + Ozone) causes less damage
than each method alone. This can be explained by two factors: the evaporation of
aggressive citric acid during the vacuum stage and the formation of a protective film
of surfactants (SDS), which shielded the tissues from the oxidative action of ozone.

Chapter 6. Application of Ozone for Water Disinfection

This section presents the results of a study on the effectiveness of electrolysis
for decontaminating water from various sources: tap water, spring water, and water
from an open reservoir (Ternopil Pond). The effect of electrolysis duration (2 and 5
min) and additional exposure (5 and 10 min) on the total microbial count (TMC) was
evaluated. It was found that the method’s effectiveness is inversely proportional to the
initial contamination level and organic matter content. Tap water was disinfected
almost completely. In spring water (initial TMC ~2.7 log CFU/mL), a reduction of 2.0
log CFU/mL was achieved, and with additional exposure, complete elimination of
bacteria was achieved. For water from a reservoir (initial COD ~3.8 log CFU/mL), the
efficiency was the lowest (a reduction of 0.9-1.2 log CFU/mL), which is explained by
the rapid decomposition of ozone and active electrolysis products upon interaction with
organic impurities. Sediment formation and a decrease in the mineralization level of
the treated samples were also observed, which was statistically significant for spring
water (a decrease from 421 to 388 mg/L).

The kinetics of spontaneous ozone decomposition in water and the effect of
ozonation on the microbiological and organoleptic stability of spring water during
long-term storage (1 month) were investigated. It was shown that the generated ozone
exhibits unusually high stability in solution: at initial concentrations of 0.74 mg/L (2-
minute mode) and 1.72 mg/L (5-minute mode), traces of it were detected up to the 3rd
and 4th days, respectively. This contradicts data on the rapid half-life of electrolytic
ozone (10-40 min), but is consistent with studies of ozone produced using nanobubble
technology. Results from storing water for one month showed a significant increase in
microflora and the appearance of a yellow precipitate in the untreated control. During
2-minute treatment, a recurrence of bacterial growth was observed (from 0.61 to 1.92
log CFU/mL), but without visible signs of spoilage. During 5- and 10-minute
treatments, the water remained sterile and clear throughout the entire storage period.

The dependence of the concentration of electrolytically generated ozone on the
physicochemical properties of water and the presence of biological contamination was
investigated. The ozone saturation process of tap water and spring water was compared,
as well as the kinetics of ozone decomposition in the presence of S. aureus ATCC
6538. It was found that ozone generation is more efficient in tap water (2.98 mg/L vs.
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2.00 mg/L in spring water) due to a higher level of mineralization, which improves
electrical conductivity, and a lower content of organic impurities. In contrast, in spring
water, part of the generated ozone is instantly consumed by the oxidation of natural
organic matter and microflora. It has been experimentally confirmed that bacterial
contamination significantly accelerates ozone decomposition: within 60 minutes in a
suspension with S. aureus, the ozone concentration dropped to 2.69 mg/L, whereas in
the control (clean) water it remained at 3.52 mg/L. This indicated active consumption
of the oxidizing agent by bacterial cells.

Chapter 7. Medical Applications of Ozonated Water

This section analyzes the effect of an agueous ozone solution on multidrug-
resistant clinical strains of microorganisms isolated from military personnel’s wounds.
The study showed that pretreatment of bacteria with ozonated water causes sublethal
damage to cells, which manifests as restored sensitivity to antibiotics (increased zones
of growth inhibition in the Kirby-Bauer test). A quantitative assessment of sublethal
damage (reduced growth on selective media) in S. aureus strains revealed damage to
89.19% of bacterial cells after 15 minutes of treatment. For E. coli, the proportion of
subletally damaged cells reached 98.57% after 15 minutes of treatment.

In addition, this section presents the results of the clinical application of
electrolytically ozonated water in the comprehensive treatment of 27 patients with
combat injuries (mine-blast wounds, burns, frostbite) at the Angelholm Medical Center
(Chernivtsi). Monoinfections predominated among patients (59%), and the main
pathogens were multidrug-resistant strains of Acinetobacter baumannii (28.9%) and
Staphylococcus aureus (20.0%).

Ozonated water was used as an adjunctive therapy for wound irrigation during
dressing changes and in combination with negative pressure wound therapy (NPWT),
particularly for the prevention of anaerobic infection. For complex deep wounds, high-
pressure pulsed irrigation was employed. The treatment results demonstrated the
method’s high clinical efficacy, namely: stimulation of healthy granulation tissue
growth, reduced risk of secondary infection, 100% survival rate of skin grafts (no
rejection), as well as rapid healing without septic complications against the background
of systemic antibiotic therapy.

Chapter 8. Inactivation of microorganisms and bacterial spores by a moderate
electric field alone and in combination with gaseous ozone treatment

This chapter investigates the effect of a moderate electric field (MEF) with an
intensity of 300 VV/cm in combination with moderate heat treatment (55, 65, 75 °C) on
the inactivation and germination of Bacillus subtilis spores. It was found that moderate
heating alone does not inactivate spores, and MEF treatment alone (at <30 °C) has a
negligible effect (a reduction of 0.6 log CFU/mL). However, combined treatment
revealed a pronounced synergistic effect that depended on temperature and exposure
time. Maximum inactivation (2.5 log CFU/mL) was achieved by combining MEF with
a temperature of 75 °C for 60 minutes.

To elucidate the mechanism of action (inactivation or induction of germination),
thermal shock tests (80 °C) and confocal laser scanning microscopy using SYTO 9 and
propidium iodide dyes were performed. The absence of additional inactivation after
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thermal shock and the change in spore fluorescence from green to red indicate that
MEF at moderate temperatures causes direct irreversible damage to the cortex and
internal membranes, rather than stimulating spore germination.

In addition, this section investigates the effectiveness of inactivating E. coli K12
in raw eggs in the shell using a combination of MEF and gaseous ozone at temperatures
up to 55 °C. It was shown that the use of MEF allows for a significantly higher level
of inactivation (an additional 0.94 log CFU/g) compared to traditional heat treatment
at the same temperature when evaluated on a selective medium (MacConkey agar).
This opens up the possibility of reducing the pasteurization temperature of eggs by ~3
°C, which is critical for preserving the functional properties of the protein. Pretreatment
with gaseous ozone in this configuration did not reveal the expected synergistic effect.

An important result is the detection of the phenomenon of sublethal damage: on
a non-selective medium (Plate Count Agar), there was no difference between MEF and
heat treatment. This indicates that bacteria retain the ability to recover under ideal
conditions after MEF, but lose viability on selective media.

Chapter 9. Inactivation of microorganisms and bacterial spores using high
hydrostatic pressure, ultrasound, pulsed electric fields, and combinations thereof

This chapter investigates the possibility of using in situ measurement of
suspension electrical conductivity as a real-time method for monitoring the inactivation
of Listeria innocua under high hydrostatic pressure (HHP). Experiments were
conducted at pressures of 300, 400, and 500 MPa. It was found that the HHP treatment
process is accompanied by an increase in the electrical conductivity of the medium. A
key difference in the dynamics of the process was identified: in cell-free solutions,
conductivity stabilizes after thermal equilibrium is reached, whereas in bacterial
suspensions, it continues to increase throughout the entire period of exposure to
pressure. This phenomenon is explained by the continuous exudation of intracellular
electrolytes through damaged bacterial membranes.

A direct correlation has been demonstrated between the degree of increase in
electrical conductivity and the level of lethal and sublethal cell damage. This allows
for the assessment of microbial inactivation efficiency directly during the high-pressure
treatment process, without the need to wait for microbiological culture results.

A comparative analysis of the inactivation efficiency of Bacillus subtilis spores
under HHP in two modes is presented: single-pass (SP-HHP, 10 min continuously) and
multi-pass/pulsed (MP-HHP, 3 cycles with a total exposure time of 10 min). The
studies were conducted in the pressure range of 200-500 MPa at temperatures of 40 °C
and 60 °C.

It has been established that the pulsed mode (MP-HHP) is significantly more
effective than the continuous mode: the maximum inactivation level was achieved at
500 MPa and 60 °C - (5.8 £ 0.3) log CFU/mL, which is 1.2 log higher than with the
continuous HHP. Tests with additional thermal shock (80 °C) revealed that in both
cases, intense spore germination occurs (pressure stimulates the transition of spores to
the vegetative state), making them sensitive to heat. Confocal laser scanning
microscopy confirmed that HHP treatment leads to loss of membrane integrity: spores
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treated in pulse mode at 60 °C were extensively stained by propidium iodide in red
(inactivated) or orange (non-viable/permeabilized) color.

The efficacy of Listeria innocua inactivation was investigated by combining
high hydrostatic pressure with a pulsed electric field (PEF) and ultrasound (US). It was
found that the efficacy of the combined methods critically depends on the mode of
combination (simultaneous or sequential) and the order of application of the factors:

1. HHP and PEF: Sequential treatment (regardless of order) yields only an additive
effect (~2 log CFU/mL), as the time required to transfer samples allows the cells
to recover. In contrast, the simultaneous action of both factors provides a
synergistic effect (>3 Ig CFU/ml) due to the combined action of mechanical and
electrical stress on the membranes.

2. HHP and US: The order is critical. Treating with “US—HHP” yields only an
additive effect, since US acts locally (cavitation) and leaves part of the
population unharmed. The most effective sequence is “HHP—US” (synergy, ~3
Ig CFU/mL): the pressure subletally damages the entire cell population, making
them vulnerable to subsequent ultrasound treatment.

Analysis of the supernatant showed no protein leakage, despite an increase in
electrical conductivity. This indicates that the pores formed in the membranes are large
enough for electrolytes to escape but too small for the diffusion of large
macromolecules.

CONCLUSIONS

The dissertation presents a theoretical synthesis and a novel solution to a
pressing scientific problem concerning the application of non-thermal methods for the
inactivation of vegetative and spore-forming microorganisms, based on the results of
the research conducted.

1. It is shown that bacterial contamination of vacuum cooling chambers and
the penetration of bacteria into the thickness of leafy greens are possible during the
vacuum cooling process. Bacteria located outside the vacuum cooling chamber, in a
dry state, can be carried into the vacuum chamber and spread inside it during the stage
of pressure restoration to atmospheric levels. It has been proven that within the
chamber, the boiling of moist organic matter caused by the vacuum can spread
contamination to other parts of the chamber. It has been established that in a vacuum
cooling chamber, the internalization of bacteria up to 3 log CFU/g into the thickness of
the green leaves occurs more intensively at lower pressure (0.6 kPa compared to 0.9
kPa) and a slower (0.35 L/min compared to 2.19 L/min) return to atmospheric pressure.

2. It was found that, for a liquid disinfectant to be effective, it must be applied
in an amount of at least 23% of the weight of the Spinacia oleracea spinach leaves and
left to act for at least 30 minutes. It was found that disinfectants were less effective
against the epiphytic flora of Spinacia oleracea spinach leaves compared to inoculated
microorganisms, showing a reduction in the number of epiphytic bacteria from 1.4 to
1.7 log CFU/g from an initial count of 5.2 to 7.5 log CFU/g due to the presence of an
internalized microorganism population ((4.9 £ 0.5) log CFU/g), as confirmed by

50



experiments involving leaf surface disinfection. The type of disinfectant did not affect
the efficacy of E. coli O157:H7 inactivation on Spinacia oleracea leaves via spraying,
yielding approximately the same result (inactivation of 2.3-2.8 log CFU/g). It was
determined that the use of the disinfectant Pro-San L, containing 0.66% citric acid and
0.036% sodium dodecyl sulfate, for the inactivation of E. coli O157:H7 by the
immersion method was the most effective compared to the vacuum impregnation
method, in which bacterial internalization was enhanced and the leaf tissue of Spinacia
oleracea was damaged: (inactivation of 4.4 log CFU/g and 3.3 log CFU/qg,
respectively). Extending the exposure time of the Pro-San L disinfectant, which
contained organic acid, to 3 days did not increase disinfection efficacy (inactivation ~
4 log CFU/Qg), but led to progressive damage to Spinacia oleracea leaves.

3. It was demonstrated that the effectiveness of gaseous ozone depended on
the mass ratio of the product to gaseous ozone. A higher product mass (26.6 kg/m?)
resulted in its faster decomposition (within 5 minutes from 1.5 g/m3 to 0 g/m8). The
effectiveness of gaseous ozone against E. coli O157:H7 increased after vacuum cooling
(inactivation of 2.5 log CFU/qg versus 1.9 log CFU/g), which removes liquid from the
product’s surface and allows the gaseous disinfectant to penetrate deeper into the
stomata and crevices on the leaves of Spinacia oleracea. At the same time, it was
shown that the use of liquid disinfectants after vacuum cooling is less effective
(inactivation of 2.7 log CFU/g) than the use of a liquid disinfectant alone (inactivation
of 2.8 log CFU/g) due to the internalization of inoculated bacteria into the product
tissue, which occurred during the vacuum cooling process. It was found that short-term
treatment (30 min) with a high concentration of ozone (1.5 g/m3) followed by
prolonged treatment (up to three days) with a low concentration of ozone (0.106 g/m?3)
had a synergistic effect on the inactivation of E. coli O157:H7 (inactivation by 3.8 log
CFU/g more than with prolonged treatment without booster treatment).

4. When liquid and gaseous disinfectants were combined, the effect observed
was weaker than the additive effect in almost all cases. An additive effect of both
disinfectants (gaseous ozone and liquid Pro-San L) was observed only when treatment
with the liquid disinfectant was followed by the application of gaseous ozone during
vacuum cooling of the product (inactivation of 3.9 log CFU/qg). Increasing the pressure
in the treatment chamber to 68.9 kPa improved efficacy by facilitating gas penetration
to the pathogen. It was shown that the combination of liquid disinfectant spraying
followed by long-term treatment with gaseous ozone reduced the number of E. coli
0157:H7 below the detection limit (inactivation of over 6 log CFU/mL) after the first
day of application and resulted in better-looking spinach leaves than the long-term use
of liquid and gaseous disinfectants separately (inactivation of 4.9 log CFU/g and 4.7
log CFU/g, respectively).

5. It was found that treating 500 mL of spring water by electrolysis for two
and five minutes produced agqueous ozone solutions with concentrations of 0.74 and
1.72 mg/L, respectively. It was established that the effectiveness of water disinfection
by electrolysis depended on the initial concentration of microorganisms in the water
and the duration of their contact with ozone and active oxygen species. Tap water with
the lowest microbial contamination (up to 1.5 log CFU/ml) was completely purified.

o1



Spring water, containing an average of 2.7 log CFU/mL, was effectively disinfected
using a 5-minute treatment with an additional 5-minute exposure. In water obtained
from an open reservoir, with 3.8 log CFU/mL, it was not possible to neutralize all the
bacteria present in it. After a 5-minute treatment and an additional 10-minute exposure,
1.9 log CFU/mL were inactivated. After treatment with electrolytically ozonated water
(up to 4 mg/L) for 15 minutes, sublethal damage to bacterial cells was observed in
clinical strains of S. aureus and E. coli. Up to 89.2% of the S. aureus population and
up to 98.6% of E. coli were subletally damaged. The use of such water in the treatment
of surgical wounds promoted their healing without rejection of autografts.

6. It has been shown that treating a suspension of B. subtilis spores with a
moderate electric field (300 V/cm) in combination with moderate sublethal heat
treatment (55, 65, and 75 °C) can lead to a significant reduction in their concentration.
Treatment with a moderate electric field for 60 minutes neutralized 0.6 log CFU/mL at
an initial suspension concentration of ~7 log CFU/mL. Using the same treatment in
combination with heat treatment at 55, 65, and 75 °C, 1.8 log CFU/mL, 2.0 log
CFU/mL, and 2.5 log CFU/mL were inactivated, respectively. It was found that
treatment with a moderate electric field (15.7 V/cm) at 55 °C of raw chicken eggs
inoculated with E. coli K12 reduced the microbial population inside the eggs and
caused sublethal damage to bacterial cells. At an initial population concentration of
5.5-6 log CFU/g, such treatment inactivated ~4.4 log CFU/g, which is 0.9 log CFU/qg
more compared to thermal treatment at 55 °C in a water bath.

7. It has been demonstrated for the first time that measuring electrical
conductivity during the treatment of a Listeria innocua suspension with high
hydrostatic pressure (300, 400, 500 MPa) can be used to monitor the extent of cell
damage. The results of the study showed that the electrical conductivity of the bacterial
suspension increases with an increase in the number of fatally damaged cells. No
increase in electrical conductivity was observed during the pressure release cycle,
indicating that damage to Listeria innocua cells occurred mainly during periods of
pressure increase and maintenance.

8. It was found that the effectiveness of treating a Listeria innocua
suspension with a pulsed electric field depended on the field strength, with higher
inactivation rates observed at higher voltages. Sequential treatments with high
hydrostatic pressure (200 and 400 MPa) and a pulsed electric field (10-30 kV/cm)
demonstrated predominantly additive effects (inactivation of ~2 log CFU/mL).
However, a synergistic effect was observed with the simultaneous application of high
hydrostatic pressure and a pulsed electric field (inactivation exceeding 3 log CFU/mL).
Simultaneous treatment with high hydrostatic pressure and a pulsed electric field
increased electrical conductivity the most, indicating the greatest leakage of
intracellular non-protein components. Combinations of high hydrostatic pressure and
ultrasound treatments demonstrated a synergistic effect (inactivation of ~3 log
CFU/mL) when ultrasound treatment followed high hydrostatic pressure treatment, but
an additive effect (inactivation of ~2 log CFU/mL) when ultrasonic treatment preceded
high-pressure treatment.
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Q. It was confirmed that repeated treatment of the spore suspension with high
hydrostatic pressure was more effective in inactivating B. subtilis spores than a single
treatment of the same duration. The greatest inactivation, at 5.8 log CFU/mL (from an
initial ~7 log CFU/mL), was achieved at 500 MPa and 60 °C over three cycles of 3
minutes each. A single treatment at 500 MPa and 60 °C for 10 minutes resulted in 1.2
log CFU/mL less inactivation. It has been demonstrated that the more intense
inactivation of B. subtilis spores during repeated treatment with high hydrostatic
pressure is not associated with the inactivation of lytic enzymes in the cortex or the
degradation of small acid-soluble proteins, but is caused by mechanical destruction of
the spore coat and cytoplasmic membrane.

Keywords: inactivation of microorganisms, Escherichia coli, Bacillus subtilis,

Listeria innocua, Staphylococcus aureus, endospores, disinfectants, ozone, high
hydrostatic pressure, moderate electric field, pulsed electric field, ultrasound.
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