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METOAUKA CPABHUTEJIBHOI'O HOTEHHHOMETPUYECKOI'O
MHUKPOBUOJIOTUYECKOI'O AHAJIM3A CBOUCTB
PA3JIMYHBIX 2®UPHBIX MACEJI

B 3710i1 cTaTthe ommcaHa BHOBB pa3pabOTaHHAs METOJMKA MYJIbTHCEHCOPHOTO ITOTEHIIMOMETPHYECKOTO MUKPOOHO-
JIOTHYECKOTO TeCTUpOBaHM. MeToanka MpeaycMaTpuBacT MEpHOIUIecKyro (B mTaHHOM ciydae, dyepe3 0, 40, 80
u 120 muH) peructpanuio usmMeHeHuit pH, a Takxke pazHOCTEll NOTEHIMANOB MEXIY XJIOPCEPEOPSIHBIM 3IEKTPOIOM
CpaBHEHMsI M MHIUKATOPHBIMU CTAJILHBIM U JATYHHBIM 3JeKTpojaamu "1-ro poaa", XxapakTepHBIX I KHUJIKOM muTa-
TENBHOM cpelbl, HHKYOUpyeMoi B NPUCYTCTBUHU M B OTCYTCTBUE TeCcTHpYyeMbIX 00pa3ioB (TO) u xu3HecnocoOHBIX
TecTOBBIX MukpoopranuzmMoB (TM). Pazpaboranbl aBa NPUHLIMIHAAILHO HOBBIX MOTEHIIMOMETPUUYECKHX JaT4YHKa.
B kauectBe TM B 3T0i1 paboTe MCTIOIB30BAINCH MOJIOYHOKHCIHIBIE OakTepun. [losrydaemble TaHHBIE MTOJIBEPTajINCh
MareMaTudeckoil 00padoTke. C IMOMOIIBIO 3TOH METOJUKHM HaMH OBbLI MPOBEJCH CPABHUTENBHBIN aHAIN3 ONOJIOTH-
YECKOM aKTHBHOCTHU MPOMBIIUIEHHO MPOU3BOAMMBIX YIIIEKHUCIOTHBIX 9KCTPAKTOB B 3aBHCUMOCTH KakK OT BHJA pac-
THTEJIBHOTO CHIPBS, N3 KOTOPOTO 3TH 3KCTPAKTHI OBIIM MOJYYEHBI, TAK U OT UX KOHIICHTPAIINH, a TAK)Ke OT BPEMEHHU
BO3AEUCTBHS 3TUX 3KCcTpakToB Ha TM. Hamu BBesieH HOBBIH MapaMeTp, yUUTHIBAIOIINN JUHAMUKY U3MEHEHUs OHO-
noruueckoi aktuBHOCcTH TO B X0Je uX B3auMopencTBus ¢ TM. DTo uccienoBaHue MOATBEPAUIO OoJiee BHICOKYIO
9KCIPECCHOCTh, MHYOPMATHBHOCTh U SKOHOMUYHOCTb IPE/ICTAaBICHHON B JJAaHHON paboTe METOJUKH 10 CPABHEHUIO
Kak ¢ "KJIaCCUYECKUMHM BU3YaJIbHBIMU', TaK U C PaHEe HCII0JIb30BaBIIMMUCS HAMU HHCTPYMEHTANBHBIMU MUKPOOHO-
JOTUYECKUMHU METOJaMH, TPUMEHAEMbIMU KaK IIPH KOHTPOJIE KauecTBa YK€ CYIIECTBYIOIIECH, TaK M IIPH pa3padoTKe

HOBOM (hapMarieBTHIECKON U MHOM MPOLYKIINH, a TAK)KE HHIPEIUEHTOB U 100aBOK K HEH.

Knroueswie cnosa: MOTCHIIUOMETPUICCKOC 6I/IOTCCTMp0BaHI/Ie, Ml/IKpO6l/IOJ'IOFI/I‘IeCKOC TECTUPOBAHUEC, KOHTPOJIb

KadyecTBa, 3UpPHBIC Maciia, OMOIOTHYECKast aKTHBHOCTD

BBEJEHHUE

B nocnennee Bpems Bce OoJiee aKTyallbHOW CTaHO-
BUTCS Tpo0JieMa KOHTPOJII KadyecTBa pa3inyHOU
(hapmareBTUYECKOW, MUIIEBOH M WHOM MPOIYKIIHH,
B CHUCTEME KOTOPOTO0 Ba)KHYIO POJIb MIPAET OLIEHKa
OMOJIOTHYECKON aKTHBHOCTH TaKOW MpOmyKUuy. Takas
OLICHKA YaIlle BCETO OCYILIECTBISIETCS C MPUMEHEHUEM
MHOTOKJIETOUHBIX JIHOO OJHOKJIETOYHBIX TECTOBBIX
JKUBBIX OpraHu3MoB. lIpuyeM OHM HMCHOIB3YIOTCS HE
TOJIBKO Kak dKCIIpeccHas, JelieBas, JOCTyMHas U CTa-
TUCTUYECKH 3HauuMmas (B CHIYy MHOTOYHCIIEHHOCTH
TECTOBBIX KJIETOK M KOPOTKOT'O BPEMEHHW HX JKH3HH)
MOJIeJIb YEJIOBEYECKOTr0 OpraHu3Ma (IIycTh U J0CTaTOu-
HO JajeKkast OT IOJIHOW €My aJIeKBaTHOCTH), HO M Kak
MOJIeb TI0JIE3HOM MMKpPOOMOTHI UelOBEKa, a TaKkKe
MIPUPOTHON MUKPODIIOPHI, CIIOCOOHON BBI3BIBATH pa3-
JIMYHBIC 3a00JICBaHUS, CIIOCOOCTBOBAThH IOpYE MPO-
IyKIH U T.01. [1-5].

OpnHako OOJNBIIMHCTBO METOJOB MHKPOOHMOJIOTH-
YECKOI'0 TECTHPOBAHUS, NPUHSATHIX B HACTOSIIEE Bpe-
Ms B KaUeCTBE CTAHAAPTHBIX, BKIIOYAIOT B CE0s1 JIMIIb
BU3YaJIbHYIO OIICHKY BBDKHBAEMOCTH TECTOBBIX MHK-
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poopranmu3MoB (JINOO BEIMIMHBI 30HBI 33I€PKKH POC-
Ta KOJIOHUH 3THX MUKPOOpPraHu3MoB mocie 1-3 cyTok
WX WHKYOMpPOBaHHMs TpU 3aJaHHOM Temrmeparype
Ha TOBEPXHOCTH IUIOTHOM arapu3oBaHHOM TECTOBOU
Cpelbl) U TPEOYIOT JUIsi CBOETO NPOBEACHUS 3HAYU-
TENbHBIX 3aTpaT MaTepUaloB, a TaKKE BPEMEHHU
U Tpyda KBanu(UIMPOBAHHOTO IIepcoHaa, aaBas
B pe3yJNbTaTe JUIIb JOCTATOYHO CyOBEeKTUBHYIO, ""CTa-
TUYHYIO" U BapUATHUBHYIO HHPOPMAIUIO O JIETaIbHBIX
HapyLEeHNUAX JKU3HEAEATEIILHOCTH TECTOBBIX MHUKPO-
opraammoB (TM) [1-13]. B To BpeMsa kak HHCTPY-
MCHTAJIbHbIC METOABI MI/IKpO6I/IOJ'IOI‘I/I‘-ICCKOFO TECTHU-
poBaHHA (ONTHYECKHE, DIEKTPOXUMHYECKHE H T.II.)
MO3BOJISAIOT TIOJy4YaTh CYIISCTBEHHO 00Jiee 0ObEKTHB-
HBIE U JAETaJIbHBbIE JaHHbIE O OMOJOTMYECKON aKTUB-
HOCTH aHaJM3UPYEMBIX 00pa3loB, a TAKKE COKPATUTD
BpeMsl TECTUPOBaHUA (IO HECKOJBKHUX YacOB, BMECTO
cyTok) [14-22].

B cBoto ouepenp, 13 0OBEKTOB TAKOTO TECTHPOBA-
HUS Bce OOJIBILUI MHTEPEC B IOCIIEAHEE BPEMS BbI3bI-
BalOT pa3IMYHbIC PACTUTENbHBIC 3KCTPaKThl (PD), sB-
JSIIOINMECS] OJHUM U3 HambOoliee NpUeMIIEMbIX U pac-
MMPOCTPAHCHHBIX MCTOYHHUKOB 6I/IOJ'IOFI/I‘IGCKI/I aKTHB-
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Heix BemiectB (BAB) mpupomHoro mpoucxokaeHus,
CHOCOOCTBYIOIIUX HOPMaJIbHOMY Pa3BUTHIO M (PyHK-
LHUOHUPOBAHUIO KaK CAMOr0 4eJIOBEYECKOTO0 OpPraHu3-
Ma, TaK ¥ CUMOMOTHYECKH CBS3aHHOW C HUM IOJIe3-
HOW MHUKpPOOHOTHI JINOO YTHETEHHWIO BPEIHON IS de-
JIOBeKa MUKPO]IIOPHI, 00Iagast mpu 3TOM CYIIECTBEH-
HO MEHBILIMMH 10 HHTEHCUBHOCTH U LIMPOTE CHEKTpa
BO3JICHCTBHSI HA YEJIOBEYECKUM U HHBIE MHOIOKJIE-
TOYHBIE JKUBBIE OPTaHU3MBI MOOOYHBIMHU 3PQeKTamMu
[2,3,8,10, 13,23, 24].

IIpu stom cpeaun PD B mocnemHee BpeMms Bce
OoJplllee TpPUMEHEHHE HaxomAT >(upHBIE Macia
(BdM), monmyuyaemble U3 Pa3IMYHOTO PACTUTEIBHOTO
CBIPbS. TAKMMH METOIAaMH, KaK XOJOJHBII WIN rops-
yui OTKHUM, AUCTUIIIANUNA, DKCTPArupoBaHuUC U T.II.
[25]. Ilpu 5TOM IUCTHIDISIMS C BOJSHBIM TIAPOM SIB-
JSieTCsl Ha CEro/IHAIIHME JIeHb Hauboliee pacmpocTpa-
HEHHBIM METOJIOM Tony4yeHust M. B To Bpems kak
XOJIOAHBIA OTXKHUM, XOTSI M Ja€T HAUMEHBIIUH BBIXOJ
KOHEYHOTO TMpPOAYKTa, OOeclevrnBaeT HaMOOJBIIYIO
OMOIOTHUYECKYI0 aKTUBHOCTh bBAB, wu3BIekaeMbIx
W3 UCXOJHOTO ChIpbs (JIy4llle BCETO COXpaHss Mep-
BUYHYIO W TIPOCTPAHCTBEHHYIO CTPYKTYpY O3THX CO-
enuHennit). [lpu sToM OonbmmHCTBO DHM conmepxar
BAB B 3HauuTEIbHO OOJIBIINX KOJIHMYECTBAX, HEKEIH
WHBIE BBl PACTUTEIBHBIX IKCTPAKTOB. Bcenenctaue
gero MHorue DPM 00namaloT SPKO BBIPAKEHHBIMH
MpeONOTHYECKUMH, aHTHMHUKPOOHBIMH, KOHCEPBH-
pyromumMu, aHTUOKCUAAHTHBIMH, apOMaTH3HUPYIOIIH-
MH, BKyCOBBIMU U APYIMMH CBoiicTBamMu. UTO mo3BO-
JISIeT UCTIONB30BaTh Takue D(PpM B KauecTBe HE TOJIBKO
N00aBOK PAa3NUYHON (YHKIIMOHANBHOCTH, HO W He-
PEIKO OCHOBHBIX AKTUBHBIX HHIPEANEHTOB, BXOMS-
X B COCTaB Pa3jiMyHON (hapMaIleBTUYCCKOU, THIIe-
BOH M MHOM Tipoaykuuy [3, 6, 8, 25-43].

IEJIN NCCIIEAOBAHUA

B cBs3u ¢ BhIIecka3zaHHBIM, IENBIO HACTOSIIETO
WCCIIEIOBAHUSA CTalla pa3paboTKa HOBOW AKCIIPECCHOM
WU JOCTYNHOW ISl IIAPOKOTO MPUMEHEHUS METOAUKH
WHCTPYMEHTAJIbHON OIEHKH OHOIIOrMYeCKON aKTHBHO-
CTH 00pa3loB pa3IMyHON (QapManeBTHUECKOU, MuIlle-
BOM M WHOW MIPOAYKIMH. A TaKXe TOCIEIYIoIIee ar-
poOupoBaHUE 3TOI METOOUKU B XOJE CPABHUTEILHOIO
aHaJIN3a C €€ IIOMOILBIO BIMSHUSA HA IMHAMUKY XKU3HEIEs-
TEJIHOCTH TUIWYHBIX TPEACTaBUTENEH MHMKPOOHOTHI

4yenoBeka 3(UPHBIX Macell, MPOMBIIIJIEHHO TOIydae-
MBIX M3 Pa3HbIX YacTEeil pa3HbIX PACTCHHI, B 3aBHCH-
MOCTH OT KOHILICHTPALIUX 3THX Macel, a TaKKe BpeMe-
HU UX Bo3aecicTBug Ha TM.

OKCIIEPUMEHTAJIbHAA YACTb

Mamepuanwv

B xauecTBe 00BEKTOB MCCIIEOBAHUS B dTOU pado-
Te ObUTH B35TH 00pa3ubl IGM, IPOMBIIUIEHHO MOTY-
YaeMbIX KPYIHBIM POCCHHCKHM  MPOU3BOJUTENIEM
00O "Muppomna" (Poccus, https://mirrolla.ru)
U3 CIEAYIOIIUX BUIOB PACTHTENBHOTO CHIPhS, IPUMe-
HUMOTO B (hapMaleBTUIECKOH, KOCMETHYECKOU, TIH-
LIEBOM 1 MHBIX OTPACIISIX HAPOIHOTO X035 CTBA!

1) kopHu OamaHa TOJICTONMUCTHOTO (KaMHEIOMKa,
Bergénia crassifolia);

2) macThs W CTEONMH
(Artemisia taurica);

3) xopuu uymcrorena Oonbmoro (Chelidonium
majus);

4) nucThs 3BKayNMITa IapoBugHOro (Eucalyptus
globulus Labill.);

5) TpaBa ¢uanku TpexusetHoit (Viola tricolor);

6)ceMeHa JIbHA OOBIKHOBEHHOTO (Linum  usita-
tissimum);

7) TpaBa 4epensl TpexpasnenvHoi (Bidens tripar-
tita);

8) oIk
marianum);

9) xopHU onyxa OonemIoro (Arctium lappa).

MOJBIHA  TaBPUYECKOH

pactoporu  nstHucTo  (Silybum

Crangapruzanuio O¢GM 1oj npuBeICHHBIMUA HOME-
paMy  OCYIIECTBISUIM  MeTomoM  uddepeHrarsHoi
cnekTpooTomMeTprn (Kak OMUCaHO, B YaCTHOCTH, B pa-
6otax [23, 24]) o conepkanuio B 5Tux IPpM (raBoHOH-
JIOB B IIepecyeTe Ha PyTHH (CM. TaO. 1).

1 aHanmu3a BIMSIHUS pa3HbIX KOHLIEHTpaUui Tec-
THpyeMblX OQM Ha IUHAMUKY >XM3HEIEATEeIbHOCTH
TM, ucxons u3 pe3ysbTaToOB YK€ MUMEBIIUXCS aBTOP-
CKMX HapabOTOK MO Pas3iUYHBIM CIocobaM HHCTPY-
MEHTaJILHOTO OuotectupoBanus [14—18, 20, 44-56],
ObUTa pa3paboTaHa crlexyromas METOJNKa MYJBTH-
CEHCOPHOT0 MNOTEHIIMOMETPUIECKOTO MUKPO-
OMOJIOTUYECKOr0 TECTUPOBAHUS.

Tao6a. 1. Coneprxanne GpraBoHONIOB (B MepecyeTe Ha PyTHH) B HCCIEAYeMBIX 3¢GHUpHBIX Macnax (IPM), macc.%

Homep DM
1 2 3 4 5 6 7 8 9
1.45 1.40 1.47 1.34 1.27 1.31 1.07 1.37 1.33

Tpumeuanue. OTHOCUTENbHAS OIINOKA ONpEENICHUS BCeX YKA3aHHBIX B TaOJIMIE 3HAYSHUH HaXOMWIACh B THANa30He

ot 10 10 20%.
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Memoouka usmepenuti

Jns xaxnod mapTum TecTupyeMmbix DPM Bbimo-
HSUJIU IO TpH cepuu usMmepenuid. [lepen Havamom Kax-
ol M3 HUX rortoBwin nurarenbHyio cpeny (I1C),
MIPEJICTABIISABIIYI0 COOOW CTEpWIIBHBIN BOJHBIA pac-
TBOp ¢ pH 7.2 + 0.2, conepxammii 20 r/1 GETKOBOTO
rujaposu3sata, 2 r/i NaCl, 10 r/n caxapossl, 5 1/1 rimo-
k0361 ¥ | /11 eryTuHa. !

3arem ykazannyto IIC 3aceBamu Lactobacillus
acidophilus ATCC 4356 (ABNSIOUIMMHECS THITHIHBIMA
NpPEACTABUTEISIMH MHUKPOOHMOTHI YelloBeKa) M HHKY-
Ouposaiu 6e3 nepemermuBanus npu 40 °C 110 Tex mop,
MOKa COZIep’KaHWe B JITOW cpele KU3HECTIOCOOHBIX
MHKPOOPraHu3MoB He jpocturamo 107 km/mn [Kie-
TOK/MII| (YTO OIEHMBAIM 1O yMeHbIIeHHIo pH cpems
Y YBEJIMUCHUIO €€ CBETOPACCESHHUS).

ITocne atoro momydeHnyr tectoByio cpeny (TC)
pazbaBmsuin B S pa3 crepwibhoit [1C, noBoaumu
mo pH 8.0 £ 0.1 (mobaBnerreM HEOOXOAUMOTO KOJIH-
yectBa 2 M BomHoro pactBopa KOH) u pasnuBaiu
mo wMeputensHbiM emkocTsM (ME), B kaxmyro
U3 KOTOPHIX (32 WCKIIIOYEHWEM TpeX '"KOHTPOIHHBIX"
UE) npeaBaputenbHO N00aBIsUIM HEOOXOAMMOE KO-
JIMYECTBO OJJHOTO U3 TECTUPYeMbIX DM — 1o ogHOMY
B 3 UE B mapamnens. Ilpu stom B kadectBe UE mc-
NOJIb30BAIM CTAHAAPTHBIE CTEKIISIHHBIE LIWJIMHAPHYE-
ckue 15 mut mpoOupKH.

Hanee Bce ynomsayteie ME naKyOHpOBamyu 0e3 me-
pememmBanus npu 40 +0.1°C B Teuyenue emie 2 4.
M Bo Bpems storo uHkyOupomanus y TC, conep-
skamuxest B kaxaou uz UE, ¢ uarepsanom 40 MmuH pe-
ructpupoBand pH, a Takke pazHOCTH NOTEHIMAIIOB
MEXIY XJIOpCepeOpsSHBIM 3JIEKTPOAOM CPaBHEHUS
W WHIUKATOPHBIMH XKelle3HbIM Ep. [MB] u naTyHHBIM
Ecyzn [MB] anextpomamu "1-ro poma'.

[pu sToM pH perucTprpoBain ¢ MOMOIIBI KOMOU-
HupoBaHHoro a3nekrpoma "DCK-10601/7" (Poccus),
HOZICOEIMHEHHOTO K OTHOMY U3 4 U3MEPHUTEIbHbIX Ka-
HasoB moHomepa "Okcnept-001-4.0.4"  (Poccus).
Torma kak Ere, W Ecyzn,  PETHCTPUPOBAIU
C TIOMOUIBIO TOJICOCMHSAEMBIX K €Ile 2 W3MEPUTEIb-
HBIM KaHaJaM TOTO € MOHOMEpa CIIELHUaIbHO H3I0-
TOBJICHHBIX aBTOPAMH 3TOW CTAThH JIATYMKOB, TIOTOOHBIX
KOMOWMHHPOBAaHHOMY penokc-anekTpoxy "OPII-105"
(Poccust), B KOTOpPOM TUIATHHHUPOBAaHHAS TIPOBOJIOKA,

! Mcnonb30BaHue NACTEPH30BAHHOTO MOJIOKa 1.5% KHpHO-
CTH B Ka4yecTBE aJbTepHATHBHI BbImeynoMsHyToi [1C ympo-
CTHIO OBl NPHUTOTOBIICHHE CpPEIbl M TOBBICHIO UYBCTBUTENb-
HOCTb aHam3a. OIHAKO 3TO YBENMUIUIO ObI BapHaTHBHOCTH [1C,
a CIIeJIoBaTeNIbHO, U OIIMOKY pe3yJIbTaToOB aHaIn3a (HECMOTPS
Ha HOPMHPOBKY Ha KOHTPOJIb); a Takke MoTpedoBajio Obl pe-
rynsapHoii 3akynku cBexxeit [1C mim xpaneHus ee B OOJBIINX
00BEMax B 3aMOPOKEHHOM BHJI€ BMECTO CyXOIO MOPOIIKA
NP TOHW)KEHHOW TeMIepaType XpaHEeHHS.
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BXOJUII[asi B COCTAB HMHIMKATOPHOIO 3JIEKTPOAa, 3ame-
HSJIaCh Ha MPOBOJIOKY, U3TOTOBJIEHHYIO U3 "ctanm 30"
(conmepskameit 98.75% Fe, 0.5% Mn, 0.2% Cr, 0.25%
Si n 0.3% C) nubo u3 naryau "JI63" (comepxameit
65% Cu u 38% Zn) (cMm. puc.).

[locme »sTOrO CTenmeHsp akTHBUpOBaHHS (+) JTUOO
uHrnOupoBaHus (—) >ku3HenestenbHocTn TM 3amaH-
HBIMH KOHIIEHTPAIUSIMHU TecTHpyeMbix DPM mocie
k MUH COBMECTHOIO WHKYOMpOBaHUS HCCIETyEMBbIX
TM u OpM B xuaxoit TC — ey, [%] — paccuuthi-
Banu 1o Gopmye:

Evk = (086 ng,k + ECuzn k +0.69 gFe,k) / 255, (1)

B KOTOPOM 3HAYEHUS BEIMYMH Eppk, Ecuznk M Efc OI-
peneNsIuCh OTAENBHO TO pe3ylbTaTaM H3MEpPEeHUM
pPH, Ecyza W Ep. ana TC, comepxkammxcss B WH-
kyoupyembix UE, mo gpopmyie:

gix=100(AYt; / AYc;—1), 2)

-

p
2

° L
\ Ve 3
2 4

Puc. Cxema naTduka Juii U3MEPEHUS PAa3HOCTU MOTEH-
L[HAJIOB MEXAY XJIOpCcepeOpsHBIM 3JIEKTPOJOM CpaBHe-
HUS ¥ MHIUKATOPHBIM 3J1eKTpooM "1-ro poma".

1 — Boansrif pactBop 2 M KCl; 2 — xopmyc xmopceped-
PSIHOTO 3JIEKTpOJa CpaBHEHHMS; 3 — cepeOpsiHasi POBO-
moka, mokpeiTas AgCl; 4 — "3meKTpOoTUTHYECKHHA
Ko4"; 5 — morpykaemas B aHAJU3UPYEMBI pacTBOp
4acTh CTAJIbHOW MM JIATYHHON MPOBOJIOKH, COCTaBIISIO-
e MHAMKATOPHBIN 3JEKTPOJ; 6 — BHEIIHSAA H30JIH-
pytomasi 000JI0YKa WHIUKATOPHOrO 3jekrpoxaa; 7, 8§ —
BHEIIIHHE BBIBOJBI JIEKTPOJAa CPAaBHEHHUS U MHIUKATOP-
HOTO JJIEKTPOJA, MOJAKIIOYAEMbIE 4Yepe3 CTaHAapTHBIN
pazbeM K MHUIMBOJIBTMETPY, BXOJAIIEMY B COCTaB
HOHOMEpPA WX UHOTO U3MEPUTEIBHOIO YCTPOUCTBA.
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rae uHaekc "i" yka3pIBaeT Ha MapaMeTp, 0 KOTOPOMY
npoBogunuck w3mepenust (pH, Ecyzn wm Ep),
a 3HaueHus BenuuuH AYt;, u AYc;, onpenensimch Kak
nu3MeHeHus 3Hauenuit storo mapamerpa TC (pH, Ecyz,
wm Er,), yCpeqHEeHHbIe 10 BBIOOpKe M3 N 00pasios
C OIMHAKOBBIMH KOHIEHTPALMSMH OJJHOTO M TOTO JKe
D¢}pM, mpomsormreamvie 3a £ MUH OT Hadala WHKyOHpO-
BaHus, Ui 00pa3toB B "TecToBbIX" (AYt) OO "KOH-
TpospHEIX" (AYc) VE.

Kpowme Toro, o hopmyiiam:

*:0.478[/’4()"‘0.358K80+0.188K120, (3)
=0.49 8])].[,40'*‘0.36 8p].[,30+0.158p].[,]20, (4)
ecuzn™ = 0.52 ecuzna0 T 0.28 ecuzngo +0.20 ecuzn 0. (5)

OIIpPENeIsUI CPEJHEB3BELICHHBIE 110 BPEMEHH HHKY-
oupoBanus ME cremenn aktuBupoBaHus (+) 1100 HMH-
rHOMpoBaHus (—) >kKu3HemesaTeNnbHOCTH L.acidophilus
3aJaHHBIMU KOHICHTPALUsIMUA TECTHpPYeMbIX (M,
YUUTHIBAIOIINE TUHAMUKY U3MEHEHUS OMOIOTUIECKOM
aKTUBHOCTU TecTHpyeMbix oOpasnoB (TO) B xome ux
B3aumoaeiicTeusa ¢ TM.

[Ipn 3TOM OmMOKH OmpeneneHus: KaKI0i U3 Be-
JTUYUH EpHk , ECuznk U EFek PACCUUTBHIBAINCH CTaH-
IapTHEIM  oOpa3oM (Kak OMNHCaHO, B YaCTHOCTH,
B paborax [57-59]) mo popmymnam

A =ton_10ik,

rae t,y 1 — Kpurepuid CThIOJIGHTA JUIS YPOBHS JJOCTO-
BepHoct o = 0.95 u uucnma creneHeidl CBOOOIBI
N—1 (B HameMm cimyqae N=3 X 3 =09),

a sz [ (8, kj — i,k)2 / (N_ 1)]1/2

1/149,,,{ _/81,kz//N
AUCTIEPCUA U MATCMATHUYCCKOC OXUIAHUC &;k. ITocme
Yero OIIMOKH OonpeaciiCHuA &y PACCYUTHIBAIIMCH

o popmyie:
AEK k= (086 Angyk + AgCuZn,k +0.69 AgFe,k) /2.55.

[apamerps! pH, Ecyz, 1 Er. ObuH BEIOpaHBI HAMHA
JUISL OIICHKHU CTETNICHM aKTUBUPOBAHUS JIMOO WHIMOHMPO-
BaHUS KHU3HEHEATSTbHOCTH TM 3amaHHBIMH KOHIICH-
TpaipsiMu D¢GM, MOTOMY YTO, BO-TICPBBIX, 3HAYCHHS
STHX TIAPAMETPOB MATOKPHTHHHBI Kak K MPO3paiHo-
ctu TC?, Tak u k nonnoii cune TC®. Bo-Bropeix, pH,
Ecyzn 1 EFe JIOCTaTOYHO JIETKO M OBICTPO MOTYT OBITh
M3MEpEHBI C IOMOIIBIO BCETO JIUIIB OJJHOTO Tprudopa.
N B-Tperbux, 3HaYeHUs BENUYUH Ecyz, U Ep. Xapakrte-
pU3YIOT He TONbKO peaokc-noreHmuan TC (n3mepss-
IIUICS HaMH, B 4aCTHOCTH, B pabortax [49-51, 53—

2 B oT/MuMe OT HHTEHCHBHOCTH YIPYroro CBETOPACCEesTHHUS,
a Takke OOJIBIIMHCTBA IPYTHX ONTHYECKUX XaPAKTEPUCTHK
TC, u3MepsIBIINXCST HAMH, B YaCTHOCTH, B padoTax [14, 15,
17 44, 45, 47-52, 54, 56].

> B ormume ot AJIEKTPOIIPOBOTHOCTH, M3MEPSBILIEHCS Ha-
mu st TC, B wactHOCTH, B pabdorax [16, 51-56].

B. C. CUBMPLIEB u gp.

55]), Ho n Haymuue B TC pa3HbIX BUJIOB HOHOB, HE y4a-
CTBYIOIIMX  HENOCPEACTBEHHO B  OKUCIMTEJIBHO-
BOCCTaHOBUTENBHBIX B3aHMOACHCTBUAX B OCHOBHOU
xuakon ¢paze TC. * Tax, B 4aCTHOCTH, T10 pesynbraram
HaIlUX [PeIBapUTENbHBIX HCCIICIOBAHUN CTaJ'ILHOI/I
Fe-anextpon Gbl1 UyBCTBHTENEH K HOHAM Al Fe3+
Ni** u Cu®™, wmanouyscTBHTENeH K HoHam Ca®* 1 Mg?

5 HequCTBMTeJ]eH x nonam H', NH,", Na", K" u Zn™"
Torna xak J'IaTVHHLII/I CuZn- 3ne1<1})01[ OBLT quCTBnTe—
neH x wonam NH,', Na", K', Ca g, Zn*" n Cu**
A MAJIOYYBCTBUTEJEH K I/IOHaM H Al3+ F63+ 51
IIpu sTOoM cremyer OTMETUTS, I1T0, X0Ts B "Kiaccuye-
CKOH" TOTEHIMOMETPHH CTPEMSATCS TOCTUYh HAUOOIb-
mieil  CeNIeKTMBHOCTHM — M3MEPHUTEIBHOIO  AJIEKTpoIa
B OTHOHICHUM KOHKPETHBLIX BHJIOB MOHOB, IIPU ouorec-
THUPOBAHUM AHAJMTHKA, B MIEPBYIO OUYEPE/ib, HHTEPECYET
M3MeHeHHe o0miero xumuueckoro cocrasa TC (Bcnen-
CTBHE OCYIIECTBICHHUS TaM >KU3HENESITeIbHOCTH TM),
a "He conepkanns B TC Kakux-rO0 KOHKPETHBIX BHIOB
WOHOB. BcmenctBue uero mpu OMOTECTUPOBAHUM W3-
JIMIIHSS CEJIEKTUBHOCTH CEHCOPOB SABIISIETCS (PaKTOPOM,
HEraTHBHO CKa3bIBAIOMIMMCS Ha aJeKBaTHOCTH PE3yJlb-
TaTOB aHAJIM3A.

Koadumments! nipu ¢, ykasanuele B opmynax (1)
(4), O paccurTaHbI HA OCHOBAHUH HCXOTHON MaTPHUIIBI
3HAUeHHH &;; "METOJOM TJIABHBIX KOMIIOHEHT', TI03BO-
JIAIOIIMM CBECTH HAaHHBIC, MOJYYCHHBIC IJI1 HECKOJIb-
KHX "HE3aBHCHMBIX TepeMEeHHBIX" (B HAIlleM Cirydae
Eptik» ECuznk Y EFc k), K OJHOM NEpeMeHHOM (B HaILIEM CIIy-
qae ¢y ) ¢ norepeid meHee 10% ncxomHoi nH(popmary-
OHHOM Harpy3KH, aHAIOTHYHO TOMY, KaK 3TO JeNaloch
Hamu paHee B pabote [60].

Kpome Ttoro, nnms Bepudmkammm pa3paboTaHHOTO
HaMH ¥ TIPEACTAaBIEHHOTO B 3TOH paboTe MeToa MyJlb-
THUCEHCOPHOT'0 TMHAMUYECKOTO IMOTEHIIMOMETPHUYECKOTO
MI/IKpO6I/IOJ]OI‘I/I‘IeCKOF O TECTUPOBAHUA MBI JJIA KaXKI0I'O
13 TecTUpyeMbix D(pM aHaIOTHYHO BENWYHWHAM &) OT-
peacisuii TakiKE BCIMYHMHY &g C NPUMCHCHUEM CTaH-
naptHoit metoukw [ 1-13], mpemycmarpuBaromieii Bu3y-
aNbHBIA TOACYeT KoJoHWH L.acidophilus, BbIpocnx
nocyie 24 1 uaky6anm TM nipu 37 + 0.1 °C Ha mioTHOH
I1C B oTcyTCTBHE U B IPUCYTCTBUH MOOYEPENHO KaXKIIO-
ro u3 tectupyembix IPM. [lpu sTom BbiceBanue TM
Ha [IC mpoBomuioch Uit HECKOIBKUX IOCIIEI0BATENb-
HbIX pazBefeHnit TC (kax0e B HECKOJIBKO Mapasliesb-
HbIX "aimrek [lerpu). W mocne nHKyOarmmm oTOMpaich
TC U3 YINOMIHYTBIX pa3BC,Z[eHHI>'I, Ipr HUCIOJIB30BaHUN
KOTOpBIX Ha oAHOM yanike Ilerpu BeIpacTano He MeHee
10 n me 6onee 50 komonuit TM. Ilocie dero mosydeH-
HblE JJaHHBIE CTATUCTUUECKH 00OpabaThIBAIUCH TaK, Kak
OIMMCaHO, B YaCTHOCTH, B pabore [57]. A 3arem

4 Takux, Hanpumep, Kak Fe3+),< +e > Fe2+>K, B OTJIMYUE
oT reTepoq)ammx aHAJIOTOB TaKUX B3aI/IMO)IeI/ICTBI/II/I THTIA
Fe** x+3e > Fe® B, Tle uHaekcel "x" 1 "TB" 0003HAYAIOT
COOTBETCTBEHHO KUAKYIO U TBEPAYIO (1)a31,1.
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Ha OCHOBAHUM 3THX JAHHBIX MPOU3BOJIUIICS pacyeT 3Ha-
YEeHUH BEJIMYHH &g 110 opMyIie:

es= 100 (Nc - TKt) / (Nt - TKe; ) — 100,  (6)

rae Kt; u Kc; — xomuuectBa KosnoHud TM, BbIpOCHIMX
B i-i1 "TecToBoil" M "KOHTpONBHOW" Yamikax [lerpu, a M
u Nc — o0mpe KONMM4YecTBa YCpemHsSEMbIX 'TecTOBBIX'

1 "KOHTPOJBHBIX" Hamek [letpu.

PE3VJIBTATBI U X OBCYXJIEHUE

Hawubonee unTepecHble, Ha Halll B3IJIS, JaHHbIC, TI0-
JIy9eHHBIE OMWCAHHBIM BBIIIE CIIOCOOOM, TIPEICTABICHBI
B Ta0m. 2 u 3. VI3 HUX BUAHO, YTO C M3MEHEHHEM KOHIICH-
tparmit 9pM B TC — Crg — I0CTAaTOYHO CYIIECT-
BEHHO MOXET MEHSATHCS W XapakTep WX OuoJiornye-
ckoll aktuBHOCTH. Kpome Toro, pasHyro Ouosioruye-

CKYI0O AaKTHBHOCTb HMEJIN OSKCTPAKTHI,

TOJTY4YC€HHBIC

13 pa3HbIX YacTell pa3HbIX pacTeHuil. B wactHOCTH, 3TO
BH/IHO Ha IPHMEpE CPAaBHEHUS aHTUMHUKPOOHOH aKTHB-
HOocTH DM, NOTyYeHHBIX M3 CEMSH aHHCa OOBIKHO-
BeHHOTO (Pimpinella anisum) u KOXypbI TUIOIOB Jaii-
Mma (Citrus aurantiifolia), nas KOTOPBIX TIPH UX KOH-
nentpaiuu B TC (Crg), paBHO# 1 00.%, 3HaueHus &,
cocrabwm —79 £ 11 m —61 + 9% cooTBeTCTBEHHO
(Tabmn. 2, 9¢M 1 u 6).

[Ipu sTom cpenn nccnenoBanHbix DHM Hambomee
aKTHBHBIE aHTHMUKPOOHBIE CBOWMCTBA MPOSBUIH
3¢M, mosyuyeHHbIE M3 IIBETOB TBO3AMYHOIO JAEpeBa
(Syzygium aromaticum), TorJja Kak HarMeHEee aKTHB-
HbIC aHTUMUKPOOHBIE CBOMCTBA mposiBiin DPM, mo-
NydeHHblE W3 JIMCThEB OcTparoHa (Artemisia
dracunculus), nis kotopsix npu Crg = 1 00.% 3Have-
HuA &y* coctaBmum —83 + 13 u —52 + 8% coorBerct-
BeHHO (Tabi. 2, OpM 3 u 7).

Ta6a. 2. Crenenn MHruOMpoBaHus xuzHeaesTenbHocTH Lactobacillus acidophilus (ATCC 4356) npu
pa3HO# MPOJOIKUTENFHOCTH UX WHKYOUPOBAHUS B MPHUCYTCTBHU Pa3HbIX KonuuecTB DM, omperenss-
myecs 1o "craHaapTHOM BH3yalbHOH" (g5, %) M pa3paboTaHHOW MOTEHIHMOMETpHYECKOit (&), %) MeTo-
JIMKaM MHKPOGHOJIOTHIECKOTO TECTUPOBAHHUS

KonuenTpauus CreneHpb Homep DM
3¢oM WHTAOMPOBAHUS 1 5 3 4 3 6 7 g 9
Crg, 00.% e, %
Eva0 —87 | -84 | -89 | =79 | -63 | —66 | —57 | 73 | —68
Ev.80 74 | =72 | =76 | =68 | =52 | —56 | 47 | -63 | 58
: Er120 —64 | 64 | 67 | =60 | —44 | —45 | 40 | 55| 47
eyt 79 | =78 | -83 | =73 | -58 | —61 | 52 | -67 | —62
Eva0 50| 44| 48 | 41 | 26| -31|-23|-38| 32
&80 41|36 |38 |33 |-18 | 24| -16 | 30| —24
0.5 Er120 -35|-29|-32|-27|-14|-19 | -13 | 25| 20
ey 47| 40| 42| 37| -21]|-26|-19 |-34| =27
&s 42 | 36 | 38 |-33|-19 |24 |-17|-30| 24
Eva0 37| -32|-34|-29|-14|-20|-13 |-27| 20
0.1 Ev80 =31 |-25|-26|-24]|-11]|-16|-10 |-22| -17
EV.120 27 |-21|-22|-21| -9 |-14| -8 |-19| -14
ey* 34| 28 |-30|26|-12|-18 | -11 |24 | —19

Tpumeuanue. MeTomKy onpe/iesieHust 3HaYeHHI apaMeTpoB &, £, U gy, (Te k — MPOJIOIDKUTENBHOCTh UHKY-
OMpOBaHUS TECTOBOI Cpe/bl B MUHYTAaX), KaK U COOTBETCTBHE HOMEPOB DM KOHKPETHBIM BUJIaM PacTH-
TENBHOTO CHIPbS, HCIIOJIB30BAHHOTO JUIS UX IPUTOTOBJICHHMS, CM. B paszelie "DKcIepuMeHTaNnbHas 9acTh.
Crg (06.%) — ncxonnast KoHIEHTpawst OGpM B TecTOBOH cpese ¢ )KU3HECTIOCOOHBIMHI MUKPOOPTaHH3MaMH.
OTHOCHTEIBHAS OLIMOKA ONPE/ICIICHHS CTSTICHH HHIMOMPOBAHYIS UL BCEX, YKA3aHHBIX B Ta0J. 2 3HaUCHHH, HaXo-
nutachk B muanasone ot 50 1o 70% (s ) 6o ot 10 g0 20% (s e5*).
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Tabu1. 3. loctoBepHOCTS (P, %) KOPPENALUN MEX1y JTaHHBIMH, HOTYYEHHBIMU C IIOMOIIBIO
"cTaHAapTHOH BH3yal bHOW" (£5) M pa3pabOTaHHBIX ITOTEHIIMOMETPHYECKUX METOMK OIpe/erie-
HUS € 7151 BeeX TecTupoBanHbIX DGM mpu Crg = 0.5 00.%

JocToBepHOCTD ITokazarenu usmenenust onoaxtuHoctu TC
€40 | €v80 | €1,120 | €pH,120 | €CuZn,120 | €Fe 120 €pH* ecuzn™ | &
0
p, % 80 85 90 80 80 70 85 85 95

[Ipu 3TOM cilegyeT OTMETHThH YTO, BO-TIEPBBIX, Kak
Y CIIEIOBAJIO OYKU/IATh, C YMEHBIIICHUEM KOHIICHTPAITHIA
uccaenyeMbix DM B TeCTOBOW Cpeie yMeHbIIANach
W WX aHTUMHKpPOOHas aKTMBHOCTh. Tak, Hampumep,
3HaueHus &* y 9pM u3 ceMsH KapiaMoHa 3eJICHOTO0
(Elettaria cardamomum) u TOOETOB MOMOKECBEIBHHIKA
OOBIKHOBEHHOTO (Juniperus communis) COCTaBUIIU:
78 £ 11 u—-62+9% (mpu Crg = 1 06.%), 40 £ 6
n-27+4% (mpu Crg = 0.5 06.%), 28 £5u—-19+ 3%
(mpu Crg = 0.1 00.%) cooTBeTcTBeHHO (TadI. 2, DHM
2u9).

Bo-BroppIX, OMonoruueckas aKTHBHOCTh HCCIIe-
nyembix O(GM CyIIeCTBEHHO YMEHBIANIACh TaKKe
C YBEJMUYCHHEM BPEMEHHU MX B3aMMOJICHCTBHUS C Tec-
TOBBIMA MHKPOOPTaHHW3MaMH (CM. B TaOJI. 2 3HAYESHHUS
BETIMYWH &40, Eyg0 U Ey120 AL OTHUX U TeX ke DM
rpu oiHUX U TeX ke Crg), YTO OOBICHICTCS, BEPOST-
HO, KaK aJamnTanueld TECTOBBIX MHKPOOPTaHW3MOB
K MPHUCYTCTBHIO DPM, Tak U yMEHbIIIEHHEM C TEUCHU-
€M BPEMEHH aKTHBHOCTH M 00m1ero konmmdectsa bAB,
coJiepKaluxcs B uccienyeMbeix O¢GM, npuxoasimx-
CS HA OJIUH TECTOBBI MUKPOOpraHu3M.” TakuM oOpa-
30M, KpaTKOCpO4YHas OIEHKa OMOJIOTHYEeCKON aKTHB-
HOCTH TECTUPYEMBIX OOBEKTOB (TI0 COOTHOIIECHHIO
3HAYCHHUH &y49) CHOCOOCTBOBANA TIOBBIIIICHUIO HE
TOJIBKO SKCIPECCHOCTH aHaju3a, HO M €ro UyBCTBHU-
TEJIHHOCTH, TOT/Ia KaK JOJITOCPOYHBIE 3HAUCHHS aHa-
JIOTUYHBIX BETTMUYHUH (€)120) B OOJNbILEH CTENEHH KOP-
PENHUPOBAIU C pe3yIbTaTaMH aHaJN3a OMOJIOTHIECKOM
AKTHUBHOCTHU TeX )K€ TECTUPYEMBIX OOBEKTOB C MTOMO-
1160 "CTaHAAPTHON BU3YadbHOU'" METOAUKU UX MUK-
POOHOIOTHYECKOTO TeCTUpOBaHMS (cM. B Tabm. 3 moc-
TOBEPHOCTh P BEIUYUH Ey49, Eygo U Ey120). Vcxons
M3 49ero, 9To0bl 00EeCTIeYnTh BBICOKHE KaK UyBCTBH-
TENBHOCTh, TaK U JOCTOBEPHOCTh MHKPOOHOJIOTHYE-
CKOTO TECTHUPOBaHHS PacCMaTPHBAaEMBIM B ATOH paboTe
METOAOM, MBI Ul OLCHKH OWOJIOTHYECKOH aKTUBHO-
CTH TECTHPYEMBIX OOBEKTOB NMPEITOKUIA HUCIIONH30-
BaTh BENUYHMHY &, YUYUTHIBAIONIYI0  OOIIyIO
BPEMEHHYIO JWHAMHUKY HM3MEHEHHs MOKa3aHWH Tpex
pPa3HBIX TOTEHIIMOMETPHUYECKUX [ATYNKOB, 1O pas-

> [Ipruem MocreiHee UMeJo MECTO NOTOMY, 4TO ofliee Ko-
JIMYECTBO KJIETOK MUKPOOPTaHW3MOB BO BpeMs HMHKyOanuu
colepKallell MX TECTOBOH Cpefbl YBEIWYMBAJIOCH, TOTJA
KaK aKTUBHOCTh U oO1ee koiauuecTBo BAB, comepxkamux-
cs B uccrenyeMex OGM, B Xome MHKyOamuu copepikarien
UX TECTOBOH CpeJbl YMEHBIIAIUCE.

HOMY OILICHUBAIOIIUX (PU3HUKO-XUMHUYECKHH COCTaB
TecToBod cpenabl (cMm. ¢dopmynsl (1)—(5) u3 pazmena
"DKCHepUMEHTaIbHAS YacTh" U Ta0I. 3).

B-Tpetbux, Bce TecTHpyeMmble B 3TOW padoTe 3KC-
TPaKThl MPOSIBISUIA CYIIECTBEHHBIH aHTUMUKPOOHBIT
apdexr (¢ &* < —50%) npu HX KOHLEHTpaLUH
B TecToBOH cpene Oombine 1 00.% (cm. Tadi. 2). B To
BpEMs KaK TaKOH, HAIPUMEpP, IIMPOKO UCIIOJIb3YEMBIN
CUHTETUYECKUM AHTUCENTUK LIMPOKOr0 CHEKTpa Aeh-
CTBUSI, KaK XJIOprekcuauH Ourmokonat (XI'0I'), mpu
TECTUPOBAHUU €r0 MO METOAUKE, aHAIOTMYHOM OIH-
CaHHOM BBIIE B paznene "DKCIepUMEHTaIbHAs
gacTp", yxe Tpu KoHIeHTparmsx XI['6I' B TecToBoi
cpexe, paBHbix 0.0001 1 0.001 06.%, nemoHCcTpUpOBaN
B oTHomreHun L.acidophilus 3Hauenus &,*, paBHBbIC
—41 + 8% u —89 + 13% (uero, BIpoyeM, U CIEIOBAIO
oXuaath, Tockonbky XI'OI' He npenHa3HaueH st
BHYTPEHHET0 HpuMeHeHus). Mcxons u3 4ero, MOXHO
3aKJIFOUMTh, YTO MPEACTaBJIeHHas B 3TOH padoTe MeTo-
IUKa  MYJIBTHCEHCOPHOTO  ITOTCHLHOMETPUYECKOTO
MHUKPOOHOJIOTHYECKOTO TECTUPOBAHHUS MOXKET OBITh
WCIIONIb30BaHa ISl OLEHKH OMOJIOrMYEeCKOW aKTHBHO-
CTH HE TOJBKO PACTUTEIBHBIX 3KCTPAKTOB, HO M MHO-
THX JPYTUX TpenapaTroB M MaTepHaioB (B TOM 4HUCIE
HCKYCCTBEHHO CHTE3UPOBAHHBIX).

BBIBOJIbI

Takum 00pa3oM, Mbl YOEUIHCH, YTO TPEACTaBICH-
HBIA B 3TOH paboTe METOA MYJIbTHCEHCOPHOTO TTOTEeH-
HUOMETPUYECKOTO MHKPOOHOJIOTHYECKOTO TECTHPO-
BaHUS C TIOCIIEAYIOIIE MaTeMaTHYecKo 00paboTKon
HOJTy4aeMBbIX JaHHBIX MO3BOJISIET CYLIECTBEHHO Oosee
9KCIIPECCHO, OOBEKTUBHO W WHPOPMATHBHO, Y€M IpH
WCIIONIb30BaHUM "CTaHJAPTHBIX BU3YaJTbHBIX' METO-
JIOB  MHKpPOOHOJIOTMYECKOTO TECTUPOBAHHS, OICHH-
BaTh BIMSHHE HA JUHAMHUKY >KU3HEHHOW aKTUBHOCTH
BBIOPaHHBIX MHKPOOPTaHM3MOB Pa3IMYHBIX XHMHYE-
CKkMx coenuHeHMi (BKmoydas BAB, skctparmpyemsie
W3 Pa3INYHOTO PACTUTENHHOTO CHIPHSI).

Kpome Toro, mpexncraBieHHas 34€Ch METOIHMKA
M0 CPaBHEHHWIO CO CTaHAAPTHBIMH METOAAMH MHUKpPO-
OMOJOrNYeCKOro TECTUPOBAHMS CYIECTBEHHO MEHEe
MaTepuajoeMKa M TpPyNOE€MKa, a Takxke Ipe-
JOCTaBIISICT OOJIbIIE BO3MOXKHOCTEH sl aBTOMATH3a-
UM [IpoIiecca aHalu3a.
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[MomuMmo 3TOTrO, MPEUIOKEHHBIH B 3TOH padoTe
METOA MYJIbTHCEHCOPHOIO HOTEHIHOMETPUYECKOTO
MHUKPOOHOJIOrMYECKOr0 TECTUPOBAHUS JaKe 110 CpaB-
HEHHIO C TIOCJICHUMH U3 paHee pa3paboTaHHBIX HAMH
MHCTPYMEHTAJIBHBIX METOAOB MUKPOOHOJIOTHYECKOTO
TECTUPOBAHMUS, OIMCAHHBIX B paboTax [54-56], mo3Bomi
HOBBICUTH SKCIIPECCHOCTh, YYBCTBHTEIBHOCTH M JOCTO-
BEPHOCTh aHajm3a (2 4 Ha OAMH aHaJh3 BMECTO OT 3
no 6 4 panee u 95% nmocrosepHOCTh BMecTO OT 80
10 90% panee), a TakxKe YNPOCTUTh U YACUIEBUTH
aHaliM3 3a CYeT BO3MOXKHOCTH €r0 OCYIICCTBIICHHS
C MHCIIOJB30BAaHHUEM BCETO0 OJHOI'O HM3MEPHUTEIHHOTO
0Ji0Ka MOHOMEpa.

Bce aT0 memaer mpencraBieHHYI0 B 3TOM padore
METONKY OoJiee NOCTYMHOW MJisl IIUPOKOro IpH-
MEHEHHSI B CPaBHEHMHU C PaHee HCIOJIb3YyeMbIMH MUK-
pobOuonorndeckuMu MetogaMu. [lpuyeM HeE TOIBKO
B IUIAaHEC TCCTHUPOBAHUA 6I/IOJ'IOI‘I/I‘-ICCKOI‘/'I AKTUBHOCTH
HOBOW (DapMarieBTHYECKOW, MUIIEBOH W WHOW Ipo-
AYKIIMK, HO W B IIJIAHEC MOHUTOPHHIA aHAJIOTUYHOM
NPOAYKLUH, YK€ JOIYILIEHHOM K MacCOBOMY IpHUMEHe-
HHUIO, C LCJIBbKO BbISABIICHUS HCI[O6pOKa‘-IeCTBCHHI)IX,
00 YCIEBIINX HCTIOPTUTHCS €€ 00pa3IoB.
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The paper describes a novel method of potentiometric microbiological testing, which involves periodic (in
this case, every 40 minutes) recording of changes in pH, as well as potential differences between the silver chlo-
ride reference electrode and the indicator iron and brass "first-kind" electrodes (for which we have developed
two fundamentally new potentiometric sensors), characteristic of the liquid nutrient medium incubated in the
presence and absence of the test samples and viable test microorganisms (TM, as which in this work we used
lactic acid bacteria, which are typical representatives of human and natural microflora) followed by mathemati-
cal processing of the obtained data. Using this method, we conducted a comparative analysis of the biological
activity of industrially produced carbon dioxide extracts, depending on both the type of plant material from
which these extracts were obtained and concentrations of these extracts, as well as the time of their exposure to
TM (for which, among other things, we introduced a new parameter that takes into account the dynamics of
changes in the biological activity of the tested samples during their interaction with TM). This study confirmed
the higher expressivity, information content and cost-effectiveness of the method presented in this work in com-
parison with both classical "visual" and previously used instrumental microbiological methods, applied both in
quality control of existing and in the development of new pharmaceutical and other products, as well as ingre-
dients and additives to it.

Keywords: potentiometric biotesting, microbiological testing, quality control, essential oils, biological activity
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INTRODUCTION

Recently, the problem of quality control of various
pharmaceutical, food, and other products has become
increasingly pressing. In this system, assessing the bi-
ological activity of such products plays a crucial role.
Such assessment is most often carried out using multi-
cellular or single-cell test organisms. They are used
not only as a rapid, inexpensive, accessible, and statis-
tically significant (due to the large number of test cells
and their short lifespan) model of the human body (al-
beit far from fully adequate), but also as a model of
beneficial human microbiota, as well as natural micro-
flora capable of causing various diseases, contributing
to product spoilage, etc. [1-5].

However, most microbiological testing methods
currently accepted as standard involve only a visual
assessment of the viability of test microorganisms (or
the size of the growth inhibition zone of colonies of
these microorganisms after 1-3 days of incubation at
a given temperature on the surface of a dense agar test
medium) and require significant expenditure of mate-
rials, as well as the time and labor of qualified per-
sonnel, resulting in only fairly subjective, "static," and
variable information on lethal disruptions in the vital
activity of test microorganisms (TM) [1-13]. Instru-
mental methods of microbiological testing (optical,
electrochemical, etc.) allow for the acquisition of sig-
nificantly more objective and detailed data on the bio-
logical activity of analyzed samples, as well as a re-
duction in testing time (to several hours instead of
a day) [14-22].

In turn, among the objects of such testing, various
plant extracts (PE) have recently attracted increasing
interest. They are one of the most acceptable and
widespread sources of biologically active substances
(BAS) of natural origin, promoting the normal devel-
opment and functioning of both the human body itself
and the beneficial microbiota symbiotically associated
with it, or the suppression of microflora harmful to
humans, while having significantly lower side effects
in intensity and breadth of the spectrum of impact on
humans and other multicellular living organisms [2, 3,
8,10, 13, 23, 24].

Among REs, essential oils (EOs) obtained from
various plant materials using methods such as cold or
hot pressing, distillation, extraction, etc. have recently
found increasing use [25]. Steam distillation is cur-
rently the most common method for obtaining EOs.
Cold pressing, while yielding the lowest amount of
the final product, ensures the highest biological activi-
ty of the biologically active substances extracted from
the source material (best preserving the primary and
spatial structure of these compounds). Most EOs con-
tain significantly higher quantities of biologically ac-
tive substances than other types of plant extracts. As
a result, many EOs possess pronounced prebiotic, an-

timicrobial, preservative, antioxidant, aromatic, fla-
voring, and other properties. This allows such essen-
tial oils to be used not only as additives having vari-
ous functionalities, but also often as the main active
ingredients in various pharmaceutical, food, and other
products [3, 6, 8, 25-43].

RESEARCH OBJECTIVES

In light of the above, the aim of this study was to
develop a new, rapid, and widely applicable instru-
mental method for assessing the biological activity of
samples of various pharmaceutical, food, and other
products. This method was also subsequently tested
through a comparative analysis of the effect of essen-
tial oils, industrially obtained from different parts of
various plants, on the vital activity dynamics of typi-
cal representatives of the human microbiota, depend-
ing on the concentration of these oils and the time of
their exposure to TM.

EXPERIMENTAL SECTION

Materials

The subjects of this study were samples of EOs in-
dustrially produced by a major Russian manufacturer,
Mirrolla LLC (Russia, https://mirrolla.ru) from the
following types of plant materials used in the pharma-
ceutical, cosmetic, food, and other industries:

1) bergenia crassifolia roots (saxifrage, Bergénia
crassifolia);

2) Artemisia taurica leaves and stems;

3) Chelidonium majus roots;

4) eucalyptus globulus leaves (Eucalyptus globulus
Labill.),

5) wild pansy herb (Viola tricolor),

6) flaxseed herb (Linum usitatissimum);

7) three-part Bidens herb (Bidens tripartita),

8) milk thistle fruits (Silybum marianum);

9) burdock roots (Arctium lappa).

Standardization of the EOs under the given num-
bers was carried out by differential spectrophotometry
(as described, in particular, in [23, 24]) based on the
flavonoid content in these EOs, calculated as rutin
(see Tab. 1).

Tab. 1, Content of flavonoids (in terms of rutin) in
the studied essential oils (Eo), wt.%.

Note: The relative error in determining all values in-
dicated in the table was in the range from 10 to 20%

To analyze the influence of tested EOs various
concentrations on the dynamics of the TM vital activi-
ty, according to the results of the author’s existing



developments in various methods of instrumental bio-
testing [14—18, 20, 44-56], the following methodolo-
gy of multisensory potentiometric microbiological
testing was developed.

Measurement methodology

Three series of measurements were performed for
each batch of tested EOs. Before each series, a nu-
trient medium (NM) was prepared. This nutrient me-
dium consisted of a sterile aqueous solution with a pH
of 7.2 £ 0.2, containing 20 g/L protein hydrolysate,
2 g/LL NaCl, 10 g/L sucrose, 5 g/L glucose, and 1 g/L
lecithinx.'

The NM was then inoculated with Lactobacillus
acidophilus ATCC 4356 (typical representatives of
the human microbiota) and incubated without stirring
at 40 °C until the viable microbial count reached
107 cells/mL (as assessed by a decrease in the pH of
the medium and an increase in its light scattering).

The resulting test medium (TMed) was then di-
luted 5-fold with sterile NM, adjusted to a pH of
8.0 £ 0.1 (by adding the required amount of 2 M
aqueous potassium hydroxide solution), and poured
into measuring containers (MCs). Each of these (ex-
cept for the three "reference" MCs) was pre-mixed
with the required amount of one of the tested EOs—
one per 3 MCs in parallel. Standard 15 ml glass cylin-
drical tubes were used as MCs.

All of the aforementioned MCs were then incu-
bated without stirring at 40 + 0.1 °C for another
2 hours. During this incubation, the pH of the TM
contained in each MC was recorded at 40-minute in-
tervals, as well as the potential difference between the
silver chloride reference electrode and the indicator
iron (Er. [mV] and brass (Ec,z, [mV]) electrodes of
the "first type".

The pH was recorded using an ESK-10601/7 com-
bination electrode (Russia), connected to one of the 4
measuring channels of an Expert-001-4.0.4 ion meter
(Russia). While Eg. and Ecz, were recorded using
sensors specially made by the authors of this article.
The sensors were similar to the combined redox elec-
trode "ERP-105" (Russia), connected to two more
measuring channels of the same ion meter, in which
the platinized wire included in the indicator electrode
was replaced by a wire made of steel 30 (containing

! Using pasteurized milk with 1.5% fat as an alternative to the
aforementioned NM would simplify the medium preparation
and increase the sensitivity of the assay. However, this would
increase the variability of the NM and, consequently, the error
in the assay results (despite normalization to the control). It
would also require regular procurement of fresh pasteurized
milk or storing it in large quantities frozen instead of as a dry
powder at a lower storage temperature.

98.75% Fe, 0.5% Mn, 0.2% Cr, 0.25% Si and 0.3% C)
or brass L63 (containing 65% Cu and 38% Zn) (see

Fig.).

Fig. Layout of a sensor for measuring the potential
difference between a silver chloride reference elec-
trode and a type 1 indicator electrode.

1 — 2 M KCI aqueous solution; 2 — silver chloride
reference electrode body; 3 — AgCl-coated silver
wire; 4 — "electrolytic key"; 5 — immersed in the so-
lution section of the steel or brass wire that constitutes
the indicator electrode; 6 — outer insulating shell of
the indicator electrode; 7, 8 — external terminals of
the reference and indicator electrodes, connected via
a standard connector to a millivoltmeter included in
the ion meter or other measuring device

After this, the degree of activation (+) or inhibition
(-) of the vital activity of TM by given concentrations
of the tested EOs after £ min of combined incubation
of the studied TM and EO in a liquid TM — gy, [%]
— was calculated using the formula:

Evk = (086 EpH k + ECuzn k +0.69 gFe,k) / 255, (1)

in which the values of e, Ecuznx and ege; wWere de-
termined separately based on the results of measure-
ments of pH, Ec.z, and Ef. for the TMed contained in
the incubated MC, using the formula:

Eik = IOO(AYt,k /AYC,"]{— 1 ), (2)

where the index i indicates the parameter according to
which measurements were taken (pH, Ecuz, or Ere),
and the values of Alt;, and AYc;, were determined as
changes in the TM parameter values (pH, Ecyz, or
Er), averaged over a set of N samples with the same
concentrations of the same EOs, which occurred with-
in k minutes from the start of incubation, for samples
in the "test" (AX?t) or "reference" (AYc) MC.
In addition, according to the formulas:

ep* =047 8V,40+0-35 8[43()'*‘0-1881/,120’ (3)
epr™ = 0.49 £p11.4 01 0.36 £p11.50 T 0.15 120, 4)
gCuZn* = 052 gCuZn,40 + 028 gCuZn,SO + 020 gCuZn,lZO. (5)

the MC average incubation time-weighted degrees of
activation (+) or inhibition (-) of L. acidophilus activi-
ty using given concentrations of the tested EfMs were
determined, taking into account the dynamics of
changes in the biological activity of the tested samples
(TS) during their interaction with the TM.

In this case, the errors in determining each of the
quantities epmx , Ecuzns and epex were calculated in a
standard manner (as described, in particular, in [57-
59]) using the formulas

Ag; =ty n_ 1O,



where t,y | is the Student’s t-test for a confidence
level of a = 0.95 and the number of degrees of free-

dom N—1 (in our case, N=3 x 3 =9),
a6, =[Z(en; — 0 / (N—1)]"
nu 01',/( = Z.fgi,kzl'/N_

the variance and mathematical expectation ¢;;.. The er-
rors in gy determination were then calculated using the
formula:

Ay 1 = (0.86 Agys + Abcuzni +0.69 Aeper) / 2.55.

We chose the pH, Ec.z,, and Eg. parameters to as-
sess the degree of activation or inhibition of TM activ-
ity by given EO concentrations because, firstly, the
values of these parameters are relatively uncritical to
both the transparency of the TMed® and the ionic
strength of the TMed’. Secondly, pH, Ecyz,, and Eg.
can be measured quickly and easily using just one de-
vice. Thirdly, the values of Ec,z, and Eg. characterize
not only the redox potential of the TMed (measured
by us, in particular, in [49-51, 53-55]), but also the
presence of various types of ions in the TMed that are
not directly involved in the redox interactions in the
main liquid phase of the TMed.* Thus, in particular,
according to the results of our prel1m1nary stud1es the
steel Fe electrode was sensrtrve to Al *, Ni**, and
Cu”" ions, insensitive to Ca*" and Mg 1ons and 1nsen—
sitive to H+ NH,", Na", K" and Zn"" ions. The brass
CuZn electrode was sensmve to NH,", Na*, K', Ca 2
Mg®*, Zn*, and Cu®" ions and insensitive to H" Al3+
Fe™*, and Ni*" ions. It should be noted that, although

classrcal" potentiometry strives to achieve the highest
selectivity of the measuring electrode with respect to
specific ion types, in bioassays, the analyst is primari-
ly interested in changes in the overall chemical com-
position of the TMed (due to the activity of the TM
there), rather than the content of any specific ion types
in the TMed. Therefore, in bioassays, excessive sensor
selectivity is a factor that negatively impacts the valid-
ity of analytical results.

The coefficients for ¢;,, indicated in formulas (1)—
(4), were calculated on the basis of the initial matrix
of values of ¢;; using the principal component analy-
sis, which allows us to reduce the data obtained for
several “independent variables” (in our case &py ,
ecuznk and &gey) to one variable (in our case €V ) with a

% In contrast to the intensity of elastic light scattering, as
well as most other optical characteristics of the vehicle,
measured by us, in particular, in the works [14, 15, 17, 44,
45, 47-52, 54, 56].

3 In contrast to the electrical conductivity measured by us
for TMed, in particular, in works [16, 51 —56].
* Such as, for example, Fe** xte> Fe?* %, 1n contrast to he-
terophase analogs of such 1nteract1ons like Fe'' + 3¢ >
Fe® T8, Where the indices "x" and "TB" denote the liquid and
solid phases, respectively.

loss of less than 10% of the initial information load,
similar to how we did this earlier in [60].

In addition, to verify the multisensory dynamic po-
tentiometric microbiological testing method devel-
oped by us and presented in this work, we determined
the g5 value for each of the tested EOs, similar to the
ey values, using a standard technique [1-13]. This in-
volves visually counting L. acidophilus colonies that
grew after 24 h of incubation of TM at 37 + 0.1 °C on
a dense NM in the absence and presence of each of
the tested EQ, in turn. In this case, TMs were seeded
on the NM for several successive dilutions of
the TMed (each in several parallel Petri dishes). After
incubation, those dilutions were selected that yielded
at least 10 and no more than 50 TM colonies growing
on a single Petri dish. The obtained data were then
statistically processed as described, in particular, in
[57]. Then, based on these data, the &5 values were
calculated using the formula:

es= 100 (Ve - =Kt) / (Nt - £Kc; ) — 100, (6)

where Kt; and Kc; are the numbers of TM colonies
grown in the i-th "test" and reference Petri dishes, and
M and Nc are the total numbers of the averaged "test"
and "reference" Petri dishes.

RESULTS AND DISCUSSION

In our opinion, the most interesting data obtained
using the method described above are presented in
Tabs. 2 and 3. These tables demonstrate that the na-
ture of biological activity can change significantly
with changes in the concentration of essential miner-
als Crg in the TMed.

Tab. 2. Determined by the "standard visual”" (€S, %)
and developed potentiometric (¢V, %) methods of
microbiological testing degrees of inhibition of the
vital activity of Lactobacillus acidophilus (ATCC
4356) at different durations of their incubation in the
presence of different amounts of EO,

Note: The methodology for determining the values of
the parameters &g, £/, and &y, (where £ is the test me-
dium incubation time in minutes), and the correspon-
dence of the EO numbers to the specific types of
plant material used for their preparation, are given in
the Experimental section. Crg (vol.%) is the initial
concentration of EO in the test medium with viable
microorganisms. The relative error in determining the
degree of inhibition for all values indicated in Tab. 2
ranged from 50 to 70% (for &) or from 10 to 20% (for
& V*).

Furthermore, extracts obtained from different parts
of different plants had different biological activities.
This is particularly evident in the comparison of the



antimicrobial activity of essential minerals obtained
from anise seeds (Pimpinella anisum) and lime peel
(Citrus aurantiifolia). At a concentration of 1 vol% in
the TMed (Crg), the &* values were —79 + 11 and
—61 £ 9%, respectively (Tab. 2, EOs 1 and 6).

Tab. 3. Reliability (p, %) of the correlation between
the data obtained using the "standard visual" (e5) and
the developed potentiometric methods for determining
¢ for all tested EO at Crg = 0.5 vol.%

Moreover, among the studied EOs, the most active
antimicrobial properties were shown by EOs obtained
from clove tree flowers (Syzygium aromaticum), while
the least active antimicrobial properties were shown
by EOs obtained from the leaves of tarragon (Artemi-
sia dracunculus), for which the ¢* values were
—83 £ 13 and —52 + 8%, respectively at Crg = 1 vol.%
(Tab. 2, EOs 3 and 7).

It should be noted that, firstly, as expected, with
decreasing concentrations of the studied EOs in the
test medium, their antimicrobial activity also de-
creased. For example, the ¢,* values for EOs from
green cardamom (Elettaria cardamomum) seeds and
common juniper (Juniperus communis) shoots were:
—78 £ 11 and —62 £ 9% (at Crg = 1 vol.%), 40 £ 6
and 27 £ 4% (at Crg = 0.5 vol.%), -28 £ 5 and
—19 £ 3% (at Crg = 0.1 vol.%), respectively (Tab. 2,
EOs 2 and 9).

Secondly, the biological activity of the studied EOs
also significantly decreased with an increase in the
time of their interaction with the test microorganisms
(see Tab. 2 for the values of &y49, €150, and &y for
the same EOs at the same Cyg), which is likely ex-
plained by both the adaptation of the test microorgan-
isms to the presence of the EOs and a decrease in the
activity and total amount of biologically active sub-
stances contained in the studied EOs per test microor-
ganism over time.” Thus, the short-term assessment of
the biological activity of the test objects (based on the
ratio of &y 49 values) contributed to an increase not on-
ly in the rapidity of the analysis but also in its sensi-
tivity, whereas the long-term values of similar quanti-
ties (ey120€) correlated to a greater extent with the re-
sults of the analysis of the biological activity of the
same test objects using the “standard visual” method
of their microbiological testing (see Tab. 3 for the re-
liability of the p values of &40, €30 and &y.159). There-
fore, to ensure both high sensitivity and reliability of
microbiological testing using the method considered

> Moreover, the latter took place because the total number
of microorganism cells increased during the incubation of
the test medium containing them, while the activity and to-
tal number of BASs contained in the studied EOs decreased
during the incubation of the test medium containing them.

in this study, we proposed utilizing the ¢,* value to
assess the biological activity of the test objects. This
value takes into account the overall time dynamics of
changes in the readings of three different potentiome-
tric sensors, which evaluate the physicochemical
composition of the test medium differently (see for-
mulas (1)—(5) in the Experimental section and Tab. 3).

Thirdly, all extracts tested in this study exhibited
a significant antimicrobial effect (with &,* <-50%) at
concentrations in the test medium greater than 1 vol.%
(see Tab. 2). While such a widely used synthetic
broad-spectrum antiseptic as chlorhexidine bigluco-
nate (CHG), when tested using a method similar to
that described above in the Experimental section, al-
ready at CHG concentrations in the test medium equal
to 0.0001 and 0.001 vol.%, demonstrated &,* values
of -41 + 8 and -89 + 13% against L. acidophilus
(which, however, was to be expected, since CHG is
not intended for internal use). Based on this, it can be
concluded that the multisensory potentiometric mi-
crobiological testing method presented in this work
can be used to evaluate the biological activity of not
only plant extracts, but also many other preparations
and materials (including artificially synthesized ones).

CONCLUSIONS

Thus, we have established that the presented me-
thod of multisensory potentiometric microbiological
testing, followed by mathematical processing of the
obtained data, allows for a significantly more rapid,
objective, and informative assessment of the impact of
various chemical compounds (including biologically
active substances extracted from various plant mate-
rials) on the dynamics of vital activity of selected mi-
croorganisms than when using "standard visual" mi-
crobiological testing methods,

Furthermore, the methodology presented here is
significantly less material- and labor-intensive than
standard microbiological testing methods and also of-
fers greater opportunities for automating the analysis
process.

The multisensor potentiometric microbiological
testing method proposed in this work, even in compar-
ison with the latest instrumental microbiological test-
ing methods developed by us previously, described in
[54-56], allowed us to increase the speed, sensitivity,
and reliability of the analysis (2 h per analysis instead
of 3 to 6 h previously, and 95% reliability instead of
80 to 90% previously), as well as simplify and reduce
the cost of the analysis due to the possibility of its im-
plementation using only a single ion meter measuring
unit.

All this makes the method presented in this work
more accessible for widespread use compared to pre-
viously employed microbiological methods. Not only
for testing the biological activity of new pharmaceuti-



cal, food, and other products but also for monitoring achieve the goal of identifying substandard or spoiled
similar products already approved for mass use to samples.



