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AHHOTAIUA

.HCTy'lI/Ie OpraHU4YCCKUC COCAMHCHUA MPCACTABIAIOT MHTECPEC BO MHOIUX 001acTax. Cpe,[[I/I HHUX
AHAJIN3 MNPOAYKTOB IMNUTAHUA M ApOMATU3ATOPOB, HCCJICAOBAHUA oxpyxcaromef/i cpeabl U aTMOC(l)epLI,
IIPOMBITIJICHHOC TIPUMCEHCHUE, 0€e30MacHOCTh WU MECIWIIMHA U HAayKa O XH3HHU. XapaKTepI/ICTI/IKa ITUX
COCIMHEHHI B OCHOBHOM BBIIIOJIHSIIACH ITyTeM cOopa 00pas3iioB U aHalK3a 3a HpeeiiaMu IPEAIPUITHS C
IIOMOIIIBIO ra3oBoOH xpOMaTorpa(bm/I B COUYCTaHUU C MaCC-CHCKTpOMCTpI/Ieﬁ B Ka4€CTBEC 30J0TOIO
craraapTa. C 1ebio Onpeae/ICHUs XUMHUSCKOM IPUPOIbl META0OIUTOB KOHCOPIIMYMa aHTarOHUCTHYECKU
aKTHUBHBEIX MHUKpoopranm3moB Lacticaseibacillus paracasei Wf-2, Limosilactobacillus pontis Wf-6,
Lacticaseibacillus casei Wf-10, Lacticaseibacillus paracasei Wf-20 u Propionibacterium freudenreichii
P-8 Ob1 HUCCJICAOBAH CIICKTp JICTYyUYUX COC}.‘[I/IHCHI/Iﬁ KOHCOpLIMyMa C HPHUMCHCHHUEM ra3oBoit
xpoMarorpaduu ¢ Macc-CIEKTPOMETPUYIECKUM  JeTekTupoBanueM. OOHapy>KeHBI MeTaOOHTHI,
06J'Ia,£[aIOH.[I/Ie aHTI/I6aKTepI/IaJ'II>H0ﬁ n HpOTPIBOFpPI6KOBOﬁ AKTUBHOCTBIO — OPraHU4YCCKUC KUCIIOTHI,
ApOMATUYCCKUC KHUCJIOTHI (Hpe(i)eHOBaﬂ KHCJIOTA, FHI[pOKCI/I(l)eHI/IJIJ'IaKTaT, HprOJ’II/I,Z[OHKap6OHOBa$I
KHCJIOTAa U ITOJIMMOJIOYHAasA KI/ICHOTa), YKCYCHasd KHMCJIOTa U APYTHUE JICTYUUC BCUICCTBA, 4 UMCHHO JUALICTHII,
alleTOMH U JIp.

KiaroueBble cioBa: JICTY4YUC OpPraHUYCCKHUC COCAWHCHMH, MeTa60J’II/ITBI, ra3zoBas XpOMaTOFpa(l)I/IS{,
MacC-CIIEKTPOMETPHH.

B Hacrosimee Bpemsi pa3paboTka W HUCHOIb30BAaHUE MPOOMOTHYECKHX TPOAYKTOB B
AKBAKYyJbType HY)KHO ISl TIOAJEP>KaHUS 30POBbsl U 0Jaromnoiaydusi MHOTUX aKBaKyJIbTYpPHBIX
KUBOTHBIX. [I[poOnoTHYEeCKHE OaKTepuy HETOKCHYHBI, UX MOXKHO HCIOJB30BaTh B KadeCTBE
no0aBKM Il pocTa M pa3BUTUSA PBIO, a Takke B KayecTBE allbTEPHATHUBHOIO HCTOYHUKA
AHTUOMOTUKOB JUIsI YIYYIICHHS HCIOJIb30BaHUS KOpPMA, IMOBBIMICHUS CTPECCOYCTONYHBOCTH,
MMMYHHUTETA U YCTOWYUBOCTH K OO0JIE3HSIM, a TaKXkKe JUIs YIY4IIeHHs KauecTBa BOJIBI.

BonpmmHcTBO OakTepwii KMBYT B aKTHUBHBIX COOOIIECTBAX M MPOU3BOIAT OOJBIIOE
pazHooOpa3ue BTOPUYHBIX META0OIUTOB. DTH META0OIUTHI CIY>KAT CUTHAJIaMH, MOTEHIHATIBHO
YYaCTBYIONIMMH B KOHKYPEHIIMH, YTO TO3BOJISIET MHUKPOOPTaHW3MaM aJalTHPOBAThCS K
pasnmuuHbiM cTpeccam [1,2]. Beigensempie OakTepHsMH MOJEKYJIBl ¢ HU3KOM MOJICKYJISIPHOM
maccoit (<300 [la) u BeicokuMm naBierunem mapoB (0,01 kIla mpu 20°C) MoryT Jierko ucnapsrbes
MW TPOHUKATh YEpe3 TeTepOreHHbIE CMECH >KUIKOCTEHW, razoB W TBepabix BemecTB [3]. Ha
CETOJIHAIIHUN JIeHb u3BecTHBI Oosiee 1000 GakTepHUaabHBIX JICTYYHX COSTUHEHUM, HO 3TO MOXKET
ObITh TpyOOH HEMTOOIEHKOW pa3HOOOpa3us JIETYyYMX OPraHUYeCKHMX W HEOPTraHUYeCKHX
COeIMHEHUH, TpoaylupyemMbix Oakrepusimu [4,5]. OOHapyXeHUE U KOJMYECTBEHHAs OICHKA
netyunx opranuueckux coeauHeHui (JIOC), kak TpHUBICKATEIbHBIX WA OTTAJIKUBAIOITUX
3amaxoB W apoOMaroB, MPEICTaBISCT OONBINON HWHTEpeC ISl MHUIIEBBIX W KOCMETHYECKUX
ouomnporeccoB. JIOC Takke crocOOCTBYIOT CIIOCOOHOCTH OaKTEepUil B3aMMOJCHUCTBOBATH C HUX
coOCTBEHHOM cpenoii [6].

O6napyxenue JIOC MUKPOOHOTO MPOUCXOKIACHUS SIBISICTCS aTbTEPHATUBHBIM MTOIXO0OM,
KOTOPBI TMOTCHIIMATLHO MOXET CTaTh HAJEKHBIM, OBICTPHIM M OTHOCHTEIHHO HEJOPOTUM
MeTooM quddepeHIani 1 HASHTU(GUKAIIMY MUKPOOPTaHW3MOB. Pa3nuuHble aHaIuTHYeCKHe
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METOJIbI TO3BOJISIOT OOHAPYXKUBATh U UACHTU(DHUIIMPOBATH JIETyUYHUE OPTaHMYECKHE COCTUHEHUS
[7]. Pacter o0OBEM B3HAHWI O HAJIWYUU M COCTABE JIETYYMX METAOOJIMTOB, BBIICISIEMBIX
OaktepusiMu U OpyrumMu MukpoOamu [8]. B coBpemennom mupe s obnapyxenus JIOC
UCIIOJIB3YIOT CIIEKTPOMETPUYECKUE METO/IBI.

B Hactosimee Bpemss MeTaboiwueckue MyTH OakTepuil moapoOHO uccienywrtes [9]. B
ocHoBHOM, mnosiBaeHre JIOC nomkHO OBITh CBSI3aHO C HM3BECTHBIM METAOOIMUYECKUM IYTEM.
Opnnako Ha mpou3BoacTBO Oaktepusimu JIOC Biusior ycnoBus ux pocra [10]. Hamm 3nanus o
nyTsX OakTepHalbHOrO MeTabonu3Ma |, clieoBaTenbHO, mpou3BojcTBa JIOC B pasmuyHBIX
YCIIOBUSAX B OpraHU3Me YeJIOBEKa BCE €Il€ OYEeHb OTPaHUYEHBI.

['azoBass xpomarorpadusi B couetanuun ¢ wmacc-cnektpomerpuein (I'X-MC) sBusercs
30710ThIM cTanaapTom obHapyxkenus JIOC [7]. [ X-MC obnanaer OonbmumMu 6a3aMu JaHHBIX JJIs
UACHTU(DUKAIIMN BEIIECTB U BO3MOXHOCTHIO pa3/ieieHUss M OJHO3HAYHOM HAEHTU(UKALUN
coequHenuil. IlomydyenHsle pe3ynabTaThl B oOnactu ompeneneHus OakrepuanbHbix JIOC ¢
noMouipto ['X-MC mnokazaii €ro OpUMEHHMOCTh i 3Tol 1enu. OIHAKo XHUMHYEeCcKas
uneatudukarms HensBecTHbIX JIOC HeBo3moxHa [11].

MarepuaJjbl 1 METOIBI

OmnpeneneHue coaep)KaHUS JETyYHUX COCIMHEHHH KOHCOpPIMYMa MOJIOYHOKHCIBIX H
IPOMMOHOBOKHUCITBIX OAKTEpUil MPOBOAMUIN METOAOM TBepaodasHoi MukposkcTpakiuuu (SPME)
U TIOCIIEAYIOUIeH Ta30BOil Xpomarorpadueil ¢ Macc-CleKTPOMETPUYECKHM JeTEKTHPOBAaHUEM
(I'X-MC). s mposenennst SPME 10 mut KynbTypallbHON KHUJIKOCTH KOHCOPIIMYMa IMTOMEIIAIH B
20-m11 Buany ¢ 3aBuHUYMBaroeiics kpoikoi (Agilent Technologies, Santa Clara, CA, CIIA) u
BoiiepkuBaM npu 30°C B Teuenue 30 MHUHYT AJIsI JOCTHXKEHUS PAaBHOBECHOTO COCTOSIHUS.
Jleryuue BemiecTBa B CBOOOHOM MPOCTPAHCTBE aacopoupoBan Ha BosiokHe SPME, nokpsiTom
85-mMMm kapOokcenoM/momuaumeTuicmiokcanoM (CAR/PDMS) (Supelco, Bellefonte, PA, CILA).

l"azoxpomarorpaduieckuii aHaIu3 MPOBOAMIIN C UCTIOIB30BAHUEM Ia30BOr0 Xpomarorpada
7890, coemmHenHoro c¢ 5977A MSD wmacc-ciektpomerp (Agilent, Canta-Kmapa, CIIA).
UcnonbzoBanu konmonky DBWAXetr (30 M*0,25 MM, TonmuHa merku 0,25 MM, J&W Scientific
Inc., ®oncom, Kamudopums, CIHIA), a moaswkHON ¢a3zoi (ra3oM-HOCUTEIEM) OBUT TEIUi
(>99,995%, OpenoOypr-Texras, Poccust) co ckopocteio moroka 1,0 miu/mMuH. O0BeM UHBEKIIUU
coctaniisu1 0,5 MKJI pu COOTHOIIEHUH KOMITOHEHTOB 10:1, a 3aiepskka pacTBOPUTENS COCTABIISLIIA
1,5 mun. Temnepatypa neunt GC Obla yBenuueHa ¢ HauanbHOM Temmneparypsl 40°C o 200°C mpu
ckopoct 10 °C/muH. TemnepaTypsl WHXKEKTOpa M TnepeaatouHoil nuauu Owumu 250 u 280°C,
COOTBETCTBEHHO. Brimonneno oonapyxenne MC npu 70 5B ¢ auanazoHom mMacc CKaHHUpPOBAaHUS
m/z 34-550 a.e.m. JIs1 yripaBiieHus IpUOOPOM B 00paObOTKH Pe3yIbTaTOB HCITOIb30Baach Agilent
MSD ChemStation (Bepcust 1701EA). O6paboTka JaHHBIX BKJIIOYaja OINpEAeIIEHHE BPEMEHH
yIep>KUBaHUsI, TUIONIA/IeH MUKOB, a TaKXXe WACHTU(UKAIMIO TUKOB C MCIOIb30BaHUEM UX Macc-
CHEKTPOB. Macc-CreKTpbl HASHTH(PHUIMPOBAHBI C UCTIOIb30BaHNEM Oubinorek Wiley 7-e uznanue
u NIST’02. AHanu3 KyJabTypajdbHbIX CYNIEPHATAHTOB MPOBOAMIIM B TpeX 3k3emiuisapax. [lycTeie
OKCIIEPUMEHTHI MPOBOAWINCH B TPEX Pa3IMYHBIX pPEXKHMaxX: 3aroTOBKa BOJOKHA, 3aroTOBKA
nycToro (hprlakoHa M 3aroToBKa MUTATEIbHON cpeabl 0e3 Oakrepuit (MPC Oyason (TM Media,
Wnnns)). KanubpoBka ans ompeneneHus COJIep)KaHHWs YKCYCHOM KHCIOTHI B MOJIOKE Obuia
nocTpoeHa B auarazone ot 2 mr/mi g0 50 mr/mut. Koadgdunment koppensuun cocrasun 0,93. B
Ka4eCcTBE XO0JIOCTOr0 0Opasiia UCIOIb30BaH KUAKYI0 cpeny MPC.

Bce pesynbTarel ObUIM CPEIHUMH M3 TpPEX HE3aBUCHMBIX JKCIIEPUMEHTOB C TpeMs
napauieTbHBIMH MOBTOPEeHUsIMU (n=9). 11 OIleHKH Pe3yabTaTOB HCIIOIH30BAIUCH CTAaHAAPTHBIC
cratuctuyeckue Meroasl B Excel (Microsoft® Office 2010) ¢ ucmonb30BaHHEM KpUTEPHS
CrerogenTa. Paznuuus cuntanuch 1octoBepHbiMu rpu p<0,05.

Pe3yabTaThl M 00Cy:KIeHHE

HccnenoBanue ciekTpa JIETy4ruX COSTUHEHUHN TPOBOIMUIIHN Y IBYX BAPUAHTOB KOHCOPIIYMa!
1 obpaserr (S1) — KOHCOpIMYM TOJIBKO MOJOYHOKHCIIBIX Oaktepwuii Lacticaseibacillus paracasei
Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei Wf-10, Lacticaseibacillus
paracasei Wf-20; 2 o6pazern (S2) - KOHCOPIIMYM MOJOYHOKHCIIBIX W IPOMHOHOBOKHUCIIBIX
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6akrepuii Lacticaseibacillus paracasei Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus
casei Wf-10, Lacticaseibacillus paracasei Wf-20 u Propionibacterium freudenreichii P-8.
OnpeneneHne ColepKaHUs JICTYYUX COCIUHEHUN Yy KOHCOPIHMYMOB OaKTepHil MPOBOIMIN
MeTo0M TBepaodazHoi Mukpo3kcTpakiuu (SPME) u mocnenyromeit ra3oBoit xpomaTtorpaduei
¢ Macc-crekTpoMeTpudeckuM aerekrupoBanueM (I'X—MC).

Pe3ynbrarhl KaueCTBEHHOTO W KOJUYECTBEHHOTO OMPENENCHUS JIETYYHUX COEIMHEHUN
MOKa3aau Hanuuue 22 MPOTHBOMUKPOOHBIX COCAMHEHHN B OOOMX BapHaHTaX KOHCOPIIMYMOB
(Tabmuma 1), cpenu KOTOpBIX OOHAPYIKEHBI OPTAHNYECKUX KUCIOTHI M UX aHTUJIPUIbI, XHHOJIUHBI,
HACBHIILIEHHBIE KOPOTKO- U CPEIHELENOYCUHbIC >KUPHBIC KHUCIOTHI, KUPHBIC CIUPTHI, PHUPHL,
KETOHBI, aJIKaHbl U KapOTHMHOUABI. [Ipu 3TOM YUYHTHIBAINCh BCE COCIUHEHUSI C BEPOSITHOCTHIO
uneatudukanun Beime 60%. KoHTponbHbli o0pazen (cpema MPC) comepkan: AHOKCHI
yrieponaa; 1,4:3,6-muaHruapo-o-0-rIroKonupanos3y; TeNTUIOBIA dGUp OCH30HHONW KHUCIOTHI H
reKCaJIeKaHOBYIO KUCIIOTY.

Tabmuuma 1 — CHekTp JIeTy4uxX coeIWHEHHH, oOpa3yeMbIX KOHCOPHHYMaMH OTOOpaHHBIX OaKTepHH,
00J1a1aoNMX aHTHOAKTEPHATBHBIMU U aHTH(YHTATbHBIMH CBOICTBAMHU

Jletyune coenunenus,% Bpewms Bepo- Obpasen (K;HCOPHHYM)'
Coxparen- yaepIKHUBa- SITHOCTE 2
HUSL, C HJICHTH- S1 S2
HOC XuMHuueckoe Ha3BaHUE rcarpm, % MKE MKBATIKE
Ha3BaHNE
1 2 3 4 5 6
YKCycHas KUCTOTA,
FA AHTUIPH]] C MyPaBbUHOM 71,17£2,15 | 65,08+0,04
N 1,75 81
KHCJI0TOM ((hopMuIanerar)
3,4-TuruIpoON30XUHOIUH, 1-
DHIMBM [3-MeToKCHOEH3MIT]-6- 6,59+0,15 6,8+0,19
METOKCH- 6,55 71
PA IIpornaHoBast KHCJIOTa 11,20 78 nd 1,86+0,03
PAM Hpomanosas kucyora, 2- 11,47 82 nd 1,97+0,09
METHJI-
3,4-Iuruapon30XuHOINH-7
DHIBM 1-6en3mn-6-MeTOKCH- 11,88 61 0,70+0,03 nd

BA byranoBas kucnora 12,23 76 nd 1,61+0,05

BAM byranosas kucnora, 3- 12,44 81 nd 1,68+0,05
METHII-

NN 2-HOHAHOH 13,72 68 0,64+0,04 0,7+0,06
MNE Mem“"“;‘g;;“““"“’m 18,83 70 0,98+0,15 | 1,1%0,11
UDN 2-yHIEKaHOJI 19,18 70 1,34+0,04 0,7+0,04
PDN Ilenranexan 22,53 66 nd 0,3+0,01
CDN Huknonexanon 24,33 73 nd 3,9+0,03
TDN 2-TpUJICKaHOH 24,64 82 1,30+0,08 1,1+0,09

CPDN IluknoneHnTaaeKkaHOH 29,19 70 1,67+0,05 1,0+0,07
TDNA TeTpazekaHoBas KHCIOTa 30,97 66 1,40£0,10 1,2+0,09
PDNA ITeHTaneKaHOBas KUCIIOTA 33,03 62 1,61+0,07 nd
dranesast KHCI0Ta, TenT-4-
PhAHIBE u1 1300y THIIOBBIH 3hup 34,89 72 nd 0,5:0,02
HDNA T'ekcazexaHoBast KMCIIOTa 35,02 90 8,36+0,12 7,6+0,11
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IIpogomkenne Tabnumebl 1

1 2 3 4 5 6
®dranesas KucioTa, 6-
PhABMHE | metumarent-2-un OyTHIOBBIMH 37,00 78 0,62+0,02 nd
a¢up
draseBas KUCIIOTa, TPUICII-

PhABTE 2-uH-1-un OyTHIIOBBIN 3up 37,01 68 nd 0,7+0,03
ODNA OKTazeKkaHoBas KUCII0Ta 38,79 74 2,23+0,06 1,2+0,05
SQ CxkBasien 48,80 72 1,40+0,03 1,0+0,04

BonbmMHCTBO JeTydyux coeauHeHut, 19 w3 22-x, OpoaylupyeTr CO3JaHHbIA HaMU
KOHCOPIIUYM MOJIOYHOKHUCIIBIX M TPOMMOHOBOKUCIBIX OakTepuii (oOpaszen S2), HEMHOTMM
MeHbIIIe, 14 u3 22-X COeTMHEHH 00pa3yeT KOHCOPIIMYM, COCTOSIINN TOJBKO U3 MOJIOYHOKUCITBIX
Oaktepuii (oopasen S1) (pucyHok 1).

Ab
NN

MNE UDN

TDN

S1 S2

CPDN TD PhAHIBE

BA

NA HDNA

PhABMHE

PhABTE

ODNA SQ

DHIMBM

Pucynok 1 — ConmeprkaHue JeTy4YHX BEIIECTB B 00pa3iax KoHcopuuyMmoB S1 u S2. A6OpeBuarypy
coeqMHEHNH cM. B Tabmuue 1

OOHapyXeHHBIC JIETy4YHue COCAMHEHUS MPUCYTCTBOBAIH JIMOO B 3HAYUTENBHBIX, JTUOO B
YMEPEHHBIX, JIN00 B HU3KUX KOHIEHTPALUAX, KaK TOKa3aHO Ha PUCYHKE 2, COOTBETCTBEHHO.

Tpu Hanbosee pacHpOCTPAHEHHBIX COEAMHEHHUS — CMEIIAHHBIA aHTUAPHUA YKCYCHOH H
MYpPaBbHHOMN KHCJIOT; XUHOJHH (2,3-0€H30MUPHINH) ¥ TaTbMUTHHOBAS (PUCYHOK 2) B 06pasie S1
cocraBumu B cymme 86,12%, a B oOpasue S2 — 79,48% oT oO0IIero KoJIM4YecTBa BCEX
0OHapyXEHHBIX MPOTUBOMUKPOOHBIX JETYUUX COCTUHEHHI.

Nx Kxomu4ecTBO BapbHpPOBAIO B 3aBUCHMOCTH OT INTAMMOBOTO COCTaBa HCCIIETyEeMOTO
KOHCOpIIMyMa U Kosiebanock ot 65,08% 10 72,2 % miist ykcycHol kucinoThI (acetic acid, anhydride
with formic acid); or 6,59 a0 6,8% - mis xunonuua 3,4-Dihydroisoquinoline, 1-[3-
methoxybenzyl]-6-methoxy-; or 7,6 no 8,36% - @it CpemHENENOYeyHOW TI'eKcaaeKaHOBOM
KUCTOTHl  (pucyHok 2A). TpuHamuate APYrux OPTaHUYECKUX JIETYYUX COCAMHECHUU
INPUCYTCTBOBAIIM B IMPOMEXYTOYHBIX YMEPEHHBIX KoJMyecTBax M cocrtaBimsiau 1,0-3,9% or
00I11ero KOJIM4ecTBa MPOTUBOMUKPOOHBIX coenuHeHui (pucyHok 2B). Hakonern, 6 coennHeHui
U3 TPYNI aJKaHOB, KETOHOB U 3(UPOB MPHUCYTCTBOBAIM B 0Oosiee HU3KUX KOHIIEHTPAIMIX
(pucynok 2C).

B nienom, kak rmokazaHo Ha pUCyHKeE 2, CpeIHeLIeNIOUYeYHbIE )KUPHBIE HACHIIIIEHHbBIE KUCIOThI
CoJIepKaIch B 00Jiee BRICOKUX KOHIIEHTPALUAX B KYJIbTYpaIbHOM KUIKOCTH KOHCOpImyma S1,
COCTOSIIEM TOJIbKO M3 MOIoUHOKUCTBIX OakTepuit (MKB). [Ipu aToMm, nmeHTamekaHoBasi KUCIOTa
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Obu1a oOHapyskeHa Tosibko B oopasue S1 (1,61%). A BOT KOPOTKOIIETIOUEUHbIE KUPHBIE KUCIOTHI
— npomnuoHOoBas kuciora win nponuoHat (1,8%), mzomacnsnas kucnora (1,97%), macngnas
kucnota win Oyrupar (1,61%), uzoBanepuanonas kuciota (1,68%), IpUCYTCTBOBAIM TOJIBKO B
obpasne S2 (xoncopumym MKDB u mponmoHoBokucibix Oaktepuit). CopepikaHue >XHPHBIX
CIHMPTOB TaKXe pa3Inyajoch B 3aBUCHMOCTH OT paccMaTpuMBacMOro KoHcopuumyma. Tak, 2-
Undecanol Obut ompeneneH B KyJbTYPaJIbHBIX KUIKOCTAX OOOMX KOHCOPIIMYMOB, OJHAKO, €ro
KoJIn4ecTBO B oOpasue Sl Obuio B 2 pasa Beime, yeMm B obpasue S2. Toraa kak, Cyclodecanol
MPUCYTCTBOBAJI TOJIBKO B 00paszie S2, mpuueM B JIOBOJIBHO 3HAYUMOM KojudectBe - 3,9%
(pucynok 1, pucynok 2B). Tonbko B 00pasie S2 Obut HaiijeH U ankal nentaaekad (PDN).

Paznuuarorcst 06pasiel S1, S2 u 1o copepKaHUIO CIOKHBIX 3PUPOB PTATCBON KUCIOTHI: B
oOpasue S1 onpeznenens! (raneBast KUCIOTA, 6-METUIATENT-2-1 OyTHIIOBBIH 2¢up; a B oOpasue S2
- (branmeBas KuCIOTa, renT-4-ui U300yTHUIIOBBIA hup U (ranmeBas KUCIOTa, TPUALI-2-UH-1-1
OyTunoBbIil 3¢up (pucynok 1). Cieqyer OTMETHTD, YTO KOJIMYECTBO 3TUX F(PUPOB OUEHH MAJIO U
IPUMEpPHO OJMHAKOBOE B 00oux KoHcopuuymax — 0,5-0,7% (pucynok 2 C), yTo MOrio 06l ObITH
CBSI3aHO C TIOTPEIIHOCTBIO METOAUKU (3arps3HEHUs OT Kpblmek BHai). OgHAaKo, Y4WThIBas
JIOCTaTOYHO BBICOKYIO BEPOSITHOCTh UX UJeHTUUKauu (68-78%), OTCYTCTBUE UX B KOHTpPOJIE U
HU3KOE CTaH/IapPTHOE OTKJIOHEHUE, 3TH 3(UPHI ObLIO PEIICHO YUYECTh B UCCIICIOBAHUH.

o
=1
[=}

80
60

40
HDNA
DHIMBM
0 FA

Kommectso coeHHennt, %o

18 B BAM
mBA

16
mPAM
14 mPA
12 msQ
m PDNA
PN = TDNA
m CPDN
I DN
S1

CDIN
UDN

KomecTso coe HHeHHH, %%

b
N

PhABTE
1,5 = PhAHIBE
1 | e
PDN
0,5 NN
o DHIEM
| s1 s2
Pucynok 2 — CpeiHre KOHIICHTPAIIUH OPTaHUYECKUX JICTYIUX COCIMHEHM B %0, 00pa3yeMble
KoHCopIyMaMu S1 1 S2 B BBICOKMX KOHIIEHTPAIUAIX — 00IbIIe 6% M0 MEHBIIICH Mepe AJIs OJTHOTO
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Metun-ketonsl 2-Nonanone (NN), 2-Tridecanone (TDN) u cyclopentadecanone (CPDN), a
takxe ckBayeH (SQ) mpucyTCTBYIOT B 000MX 0Opasiax B ymepeHHoM KonuuectBe — 0,64-1,67%
(pucyHOK 2).

[IpencraBieHHbBIC YKCIICPUMEHTAIBHBIC JAHHBIC CBUICTEIBCTBYIOT O TOM, YTO OTOOPAHHBIH
HAMHU KOHCOPIIMYM MOJIOYHOKHUCIIBIX M MPOMMOHOBOKHUCIBIX OakTepuil mpoaylupyer Oolee
HMIMPOKHUN CIIEKTP aHTHMUKPOOHBIX META0OJIUTOB, IO CPABHEHHIO C KOHCOPIIMYMOM, COCTOSIIIEM
TOJILKO W3 JIAKTOOAIMIUI, W MOXXET OOOCHOBAaHHO CIY’)KUTh OCHOBOW I CO3JIaHUs
IPOOMOTHYECKOTO TIpenapaTa Juis ICHHBIX BUAOB PhIO B aKBaKyJIbTYpE.
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AKBAKYJIbTYPAJIATBI BAJIBIKTAPFA APHAJIFAH ITPOBUOTUKAJIBIK
KOHCOPIHMYMHBIH YHIKbII KOCBIVIBICTAPBIHBIH CITEKTPI

Tyiiin

Y IKBIII OpraHUKAIIBIK KOCBUTBICTAP KONTETSH canaiap/a KbI3bIFYIIbUTBIK Ty AbIpaabl. Oapra Taram
MEH apoMaTHh3aTopiaplbl Tajjay, KOpIIaraH OpTa MEH aTMOC(epaHbl 3epTTEylep, OHEPKICINTIK
KoJimanOamap, Kayirnci3aik HeMece MEeIUITHA KOHE oMip Typaisl FRUIBIMIAp Kipedi. by KockutbIcTapIsIH
cUTIaTTaMachl OIpIHII KE3eKTE alThIH CTAaHAAPT PETIHIEC MacC-CIIEKTPOMETPHUSIMEH OipIKTIpiITeH Ta3
XpomaTorpausChlH MaljaiaHa OTHIPHIN, aJlaHHAH THIC ChIHAMAJNAPABI Ay XOHE Taljiay apKbLIbl
opeiamaiael. Lactaseibacillus paracasei Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei
Wf-10, Lacticaseibacillus paracasei Wf-28 »xone Propionibacterium freudenreichii P-8, anraronmcrix
OenceHli MUKPOOPTaHU3MIIEP KOHCOPIIMYMBIHBIH META0ONUTTEPiHIH XUMHSIIBIK TAaOWFATBHIH aHBIKTAY
YIIiH. KOHCOPIIMYMHBIH  VIIKBIII  KOCBUIBICTAPBl ~ MacC-CIEKTPOMETPHUSUIBIK ~ aHBIKTAYMEH  ra3
XpoMaTtorpadusIChH KOJIJIaHy apKbUIBI 3epTTEN/Ii. AHTHOAKTepHAaIbl )KOHE 3eHI'e KapChl OeNICeH I Oap
MEeTa0ONHUTTEp TaOBUIIBI - OPTraHUKAIBIK KBIIIKBUIAAP, XOII HMIiCTi KBIIIKbUIAAp (TIpedeH KBIIKBLIHL,
TUAPOKCU(PECHUIUIAKTAT, TUPPOIUIOHKAPOOH KBIIIKBUIBI JKOHE TMOJHIAKT KBIIIKBIIbI), CIPKE KBIIIKHLIBI
JoHe 0acKka YIIKBIII 3aTTap, aTall alTKaH/a JUaIeTHII, alleTONH XKoHe T.0.

KinTTi ce3aep: yIIKbI opraHUKaIBIK KOCBUIBICTAp, META0OIUTTEp, ra3 XpOMaTOrpadusCchl, Macc-
CIIEKTPOMETPHSI.
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Abstract

Volatile organic compounds are of interest in many fields. These include food and flavor analysis,
environmental and atmospheric research, industrial applications, safety or medicine, and life sciences. The
characterization of these compounds was primarily performed by off-site sampling and analysis using gas
chromatography combined with mass spectrometry as the gold standard. In order to determine the chemical
nature of the metabolites of the consortium of antagonistically active microorganisms Lacticaseibacillus
paracasei Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei Wf-10, Lacticaseibacillus
paracasei Wf-20 and Propionibacterium freudenreichii P-8, the spectrum of volatile compounds of the
consortium was studied using gas chromatography with mass spectrometric detection. Metabolites with
antibacterial and antifungal activity were found - organic acids, aromatic acids (prefenic acid,
hydroxyphenyl lactate, pyrrolidonecarboxylic acid and polylactic acid), acetic acid and other volatile
substances, namely diacetyl, acetoin, etc.

Keywords: volatile organic compounds, metabolites, gas chromatography, mass spectrometry.
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Currently, the development and use of probiotic products in aquaculture is essential to the
health and well-being of many aquaculture animals. Probiotic bacteria are non-toxic and can be
used as a supplement for fish growth and development, and as an alternative source of antibiotics
to improve feed utilization, improve stress tolerance, immunity and disease resistance, and
improve water quality.

Most bacteria live in active communities and produce a wide variety of secondary
metabolites. These metabolites serve as signals potentially involved in competition, which allows
microorganisms to adapt to various stresses [1,2]. Molecules released by bacteria with low
molecular weight (<300 Da) and high vapor pressure (0.01 kPa at 20°C) can easily evaporate and
permeate through heterogeneous mixtures of liquids, gases, and solids [3]. To date, more than
1000 bacterial volatile compounds are known, but this may be a gross underestimation of the
diversity of volatile organic and inorganic compounds produced by bacteria [4,5]. The detection
and quantification of volatile organic compounds (VOC) as attractive or repulsive odors and
flavors is of great interest to food and cosmetic bioprocesses, VOC also contribute to the ability of
bacteria to interact with their own environment [6].

Detection of VOC of microbial origin is an alternative approach that has the potential to
become a reliable, fast and relatively inexpensive method for differentiating and identifying
microorganisms. Various analytical methods make it possible to detect and identify volatile
organic compounds [7]. There is a growing body of knowledge about the presence and
composition of volatile metabolites released by bacteria and other microbes [8]. In the modern
world, spectrometric methods are used to detect VOC.

Currently, the metabolic pathways of bacteria are being studied in detail [9]. Basically, the
appearance of VOCs must be associated with a known metabolic pathway. However, the
production of VOCs by bacteria is affected by their growth conditions [10]. Our knowledge of the
pathways of bacterial metabolism and hence the production of VOCs under various conditions in
the human body is still very limited.

Gas chromatography combined with mass spectrometry (GC-MS) is the gold standard for
VOC detection [7]. GC-MS has large databases for substance identification and the ability to
separate and uniquely identify compounds. The results obtained in the field of determination of
bacterial VOC using GC-MS showed its applicability for this purpose. However, chemical
identification of unknown VOC is impossible [11].

Materials and methods

Determination of the content of volatile compounds of the consortium of lactic acid and
propionic acid bacteria was carried out by the method of solid phase microextraction (SPME) and
subsequent gas chromatography with mass spectrometric detection (GC-MS). For SPME, 10 ml
of consortium culture broth was placed in a 20 ml screw cap vial (Agilent Technologies, Santa
Clara, CA, USA) and kept at 30° C. for 30 minutes to reach equilibrium. Headspace volatiles were
adsorbed onto SPME fiber coated with 85 mm carboxene/polydimethylsiloxane (CAR/PDMS)
(Supelco, Bellefonte, PA, USA).

Gas chromatographic analysis was performed using a 7890 gas chromatograph connected to
a5977A MSD mass spectrometer (Agilent, Santa Clara, USA). A DBWAXetr column (30 mx0.25
mm, film thickness 0.25 um, J&W Scientific Inc., Folsom, CA, USA) was used, and the mobile
phase (carrier gas) was helium (>99.995%, Orenburg-Tekhgaz, Russia) with a flow rate of 1.0
ml/min. The injection volume was 0.5 ul at a 10:1 mixing ratio and the solvent retention was 1.5
minutes. The temperature of the GC oven was increased from an initial temperature of 40°C to
200°C at a rate of 10°C/min. The injector and transfer line temperatures were 250 and 280 °C,
respectively. MS was detected at 70 eV with a scan mass range m/z of 34-550 amu. An Agilent
MSD ChemStation (version 1701EA) was used to control the instrument and process the results.
Data processing included determination of retention times, peak areas, and identification of peaks
using their mass spectra. Mass spectra were identified using the Wiley 7th edition and NIST'02
libraries. Culture supernatants were analyzed in triplicate. Blank experiments were performed in
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three different modes: fiber preparation, empty vial preparation, and culture medium preparation
without bacteria (MRS broth (TM Media, India)). Calibration for determining the content of acetic
acid in milk was built in the range from 2 mg/ml to 50 mg/ml. The correlation coefficient was
0.93. The MRS liquid medium was used as a blank sample.

All results were the average of three independent experiments with three parallel repetitions
(n=9). The results were evaluated using standard statistical methods in Excel (Microsoft® Office
2010) using Student's t-test. Differences were considered significant at p<0.05.

Results and discussion

The study of the spectrum of volatile compounds was carried out in two variants of the
consortium: 1 sample (S1) - a consortium of only lactic acid bacteria Lacticaseibacillus paracasei
Wif-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei Wf-10, Lacticaseibacillus
paracasei Wf-20; 2 sample (S2) - a consortium of lactic and propionic acid bacteria
Lacticaseibacillus paracasei Wf-2, Limosilactobacillus pontis Wf-6, Lacticaseibacillus casei Wf-
10, Lacticaseibacillus paracasei Wf-20 and Propionibacterium freudenreichii P-8. The content of
volatile compounds in bacterial consortiums was determined by solid phase microextraction
(SPME) and subsequent gas chromatography with mass spectrometric detection (GC-MS).

The results of qualitative and quantitative determination of volatile compounds using
showed the presence of 22 antimicrobial compounds in both variants of consortiums (Table 1),
among which organic acids and their anhydrides, quinolines, saturated short- and medium-chain
fatty acids, fatty alcohols, esters, ketones, alkanes were found and carotenoids. In this case, all
compounds with a probability of identification above 60% were taken into account. The control
sample (MPC medium) contained: carbon dioxide; 1,4:3,6-dianhydro-a-d-glucopyranose, benzoic
acid heptyl ester and hexadecanoic acid.

Table 1 - Spectrum of volatile compounds formed by consortiums of selected bacteria with antibacterial
and antifungal properties
Volatile compounds, %

Probability Sample (consortium), %

— Retention - -
Abbreviatio . . of identi- S1 S2
n Chemical name Ume s 1 fication, % LAB | LAB+PAB
1 2 3 4 5 6
Acetic acid, anhydride with
FA formic acid (Forr)wlwyl acetate) 1,75 81 71,17%2,15 | 65,08+0,04
3,4-Dihydroisoquinoline, 1-
DHIMBM [3-methoxybenzyl]-6- 6,59+0,15 6,8+0,19
methoxy- 6,55 71
PA Propanoic acid 11,20 78 nd 1,86+0,03
PAM Propanoic acid, 2-methyl- 11,47 82 nd 1,97+0,09
3,4-Dihydroisoquinolin-7-ol,
DHIBM 1-benzyl-6-methoxy- 11,88 61 0,70+0,03 nd
BA Butanoic acid 12,23 76 nd 1,61+0,05
BAM Butanoic acid, 3-methyl- 12,44 81 nd 1,68+0,05
NN 2-Nonanone 13,72 68 0,64+0,04 0,7+0,06
MNE Methyl nonyl ether 18,83 70 0,98+0,15 1,1+0,11
UDN 2-Undecanol 19,18 70 1,34+0,04 0,7+0,04
PDN Pentadecane 22,53 66 nd 0,3+0,01
CDN Cyclodecanol 24,33 73 nd 3,9+0,03
TDN 2-Tridecanone 24,64 82 1,30+0,08 1,1+0,09
CPDN Cyclopentadecanone 29,19 70 1,67+0,05 1,0+0,07
TDNA Tetradecanoic acid 30,97 66 1,40+0,10 1,2+0,09
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Table 1 continued

1 2 3 4 5 6
PDNA Pentadecanoic acid 33,03 62 1,61+0,07 Nd
Phthalic acid, hept-4-yl
PhAHIBE isobutyl ester 34,89 72 nd 0,5+0,02
HDNA Hexadecanoic acid 35,02 90 8,36+0,12 7,61£0,11
Phthalic acid, butyl 6-
PhABMHE methylhept-2-yl ester 37,00 78 0,62+0,02 nd
Phthalic acid, butyl tridec-2-
PhABTE yn-1-yl ester 37.01 68 nd 0,7+0,03
ODNA Octadecanoic acid 38,79 74 2,23+0,06 1,2+0,05
SQ Squalene 48,80 72 1,40+0,03 1,0+0,04

Most of the volatile compounds, 19 out of 22, are produced by the consortium of lactic acid
and propionic acid bacteria we created (sample S2), a little less, 14 out of 22 compounds form a
consortium consisting only of lactic acid bacteria (sample S1) (Figure 1).

Ab
NN

MNE UDN

TDN

S1 S2

CPDN TD PhAHIBE

BA

NA  HDNA

PhABMHE

PhABTE

ODNA SQ

DHIMBM

Figure 1 - The content of volatile substances in the samples of consortiums S1 and S2. See table 1 for
compound abbreviation.

The detected volatile compounds were present in either significant or moderate or low
concentrations, as shown in Figure 2, respectively.

The three most common compounds are mixed anhydride of acetic and formic acids;
quinoline (2,3-benzopyridine) and palmitic (Figure 2) in sample S1 amounted to a total of 86.12%,
and in sample S2 - 79.48% of the total amount of all detected antimicrobial volatile compounds.
Their number varied depending on the strain composition of the studied consortium and ranged
from 65.08% to 72.2% for acetic acid (acetic acid, anhydride with formic acid); 6.59 to 6.8% for
quinoline 3,4-Dihydroisoquinoline, 1-[3-methoxybenzyl]-6-methoxy-; 7.6 to 8.36% for medium
chain hexadecanoic acid (Figure 2A).

Thirteen other organic volatile compounds were present in intermediate moderate amounts
and ranged from 1.0-3.9% of the total antimicrobial compounds (Figure 2B). Finally, 6 compounds
from the groups of alkanes, ketones and ethers were present at lower concentrations (Figure 2C).

In general, as shown in Figure 2, medium chain saturated fatty acids were at higher
concentrations in the culture broth of the consortium S1, consisting only of lactic acid
bacteria(LAB). At the same time, pentadecanoic acid was found only in sample S1 (1.61%). But
short-chain fatty acids - propionic acid or propionate (1.8%), isobutyric acid (1.97%), butyric acid
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or butyrate (1.61%), isovaleric acid (1.68%) were present only in the sample S2 (consortium of
LAB and propionic acid bacteria). The content of fatty alcohols also differed depending on the
considered consortium. Thus, 2-Undecanol was determined in the culture liquids of both
consortiums, however, its amount in sample S1 was 2 times higher than in sample S2. Whereas,
Cyclodecanol was present only in sample S2, and in a rather significant amount - 3.9% (Figure 1,
Figure 2B). The alkane pentadecane (PDN) was found only in sample S2.

Samples S1 and S2 also differ in the content of phthalic acid esters phthalic acid, butyl 6-
methylhept-2-yl ester, was determined in sample S1; and in sample S2, phthalic acid, hept-4-yl
isobutyl ester u phthalic acid, butyl tridec-2-yn-1-yl ester (Figure 1). It should be noted that the
amount of these esters is very small and approximately the same in both consortiums - 0.5-0.7%
(Figure 2 C), which could be due to the error of the method (contamination from vial caps).
However, given the rather high probability of their identification (68-78%), their absence in the
control and the low standard deviation, it was decided to take these ethers into account in the study.
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Figure 2 - Average concentrations of organic volatile compounds in%, formed by consortiums S1 and S2
in high concentrations - more than 6% for at least one compound in the sample (A), in average - from 1 to
4% for at least one compound in sample (B), in low - less than 1% for at least one compound in the
sample (C). Abbreviations are given in Table 1.
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The methyl ketones 2-Nonanone (NN), 2-Tridecanone (TDN) and cyclopentadecanone
(CPDN), as well as squalene (SQ) are present in both samples in a moderate amount - 0.64-1.67%
(Figure 2).

The presented experimental data indicate that the consortium of lactic acid and propionic
acid bacteria selected by us produces a wider range of antimicrobial metabolites compared to the
consortium consisting only of lactobacilli, and can reasonably serve as the basis for creating a
probiotic preparation for valuable fish species in aquaculture.
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