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Influence of Storage of Probiotic Broth Culture Filtrates
on Their Antimicrobial Activity

Pedepat: Ha cborogHi eguHa edekTnuBHa TexHormnoris TpuBanoro 36epiraHHa meTaboniT-BMiCHUX NPOAYKTIB MikpOGHOro
NMOXO/PKEHHSI OCTATOYHO He po3pobrneHa. IHdopmalis Wwoao nepesar Ta AOUiINbHOCTI 3aCTOCYBaHHS TOrO UM TOro mMetoay 36epiraHHs
Takux MPOAYKTIB y HAayKOBUX MiTepaTypHUX AXxepenax BiACYyTHS. BU3HayeHHs onTuManbHWX yMOB [03BOMUTb YHMKATU BTpaTh
GionoriyHoi akTMBHOCTI MeTaboniTiB nig 4Yac 36epiraHHA sik Ha eTanax HayKoBWUX AOCHIAKEHb, Tak i HA BMPOOHMUTBI. Y poboTi
oTpuMyBanu metaboniTv WsiXoMm BioAiNeHHs Bi4 NPOAYLEHTIB 3a AOMNOMOro LEeHTpUdyryBaHHsa Ta dinbTpadii nicns KynbTUBYBaHHS
npo6GioTUKIB y piAKOMY NOXMBHOMY cepefoBuLli. [locnigxxeHo NpoTUMIKPOBOHY akTUBHICTb (pinbTpaTiB KynbTypanbHUX piguH
npo6ioTuKiB i3 Pi3HMMU NOCIBHMMU Jo3aMuy oapa3sy Micrst OTpUMaHHs Ta 36epiraHHs npoTtsrom 60 Ai6 y pigkoMy cTaHi 3a Temnepartypu
(4 £ 1)°C, y 3amopoxeHomy cTaHi npu (=23 + 1)°C Ta B nioginisoBaHoMy cTaHi 3a rinotepmiyHnx ymoB ((4 + 1)°C). BcTaHoBneHo,
wo 36epiraHHs ginbTpaTiB BynNbMOHHMX KynbTyp MpobioTuKiB y BMLLE3a3HaYeHUX YyMOBax He MpU3BOAUTb A0 CYTTEBOIO 3HMKEHHS
iXHbOI MPOTUMIKPOOHOT akTMBHOCTI. OTpMMaHi pesynstatu MoXyTb OyTVW BUKOPWCTaHI Nif Yac CTBOPEHHS KOMEePpLinHMX npenapariB
MeTabioTukiBs.

KnwouoBi cnoBa: npobiotuku, Lactobacillus rhamnosus GG, Saccharomyces boulardii, npogyktu meTtaboniamy, npoTuMikpobHa
aKTUBHICTb, 3aMOPOXYyBaHHS, niodinisauis.

Pedrepar: Ha cerogHslWHWIA AeHb eauHCTBEHHas 3(hEKTUBHASA TEXHOMNOMMS AMUTENILHOMO XpaHeHWsi MeTabonuT-codepxalymnx
NPOAYKTOB MUKPOBHOrO MPOUCXOXOEHUS OKOHYaTenbHO He paspaboTaHa. MHdopMauma o npeumyliectTsax v LenecoobpasHocTn
NPUMEHEHNS TOro UMM MHOTO METOAA XPaHEeHWs Takux NMPOAYKTOB B HayuYHbIX NUTEPATYPHbIX UCTOYHUKAxX oTcyTcTByeT. OnpeaenexHune
ONTUManbHbIX YCNOBUIA XpaHeHWs no3BonuT m3bexaTtb noTepn GUonornyeckon akTMBHOCTM MeTabonuToB NPU XpaHeHWU Kak Ha
aTanax Hay4HbIX WCCRefoBaHui, Tak v Ha npousBoAcTBe. B paboTe nonyyanu metabonuTbl NyTeM OTAENEHWUS OT MPOAYLEHTOB C
NMOMOLLbIO LIEeHTPUYrMpoBaHUS 1 UNbTPaLMK Nnocne KynsTUBMPOBaHUS NPOGUOTUKOB B XWUAKON nuTaTensHon cpeae. Vccneposanu
NPOTUBOMMUKPOGHYIO aKTUBHOCTb (OUNLTPATOB KYNbTyparbHbIX XMAKOCTEN NPOGUOTUKOB C pas3HbIMKU MOCEBHbIMW [03aMu cpasy
nocne Mony4yeHus N XxpaHeHns B TedyeHne 60 CyTOK B XWAKOM COCTOSIHUM npu Temnepatype (4 + 1)°C, B 3aMOPOXEHHOM COCTOSIHUM
npu (—23 + 1)°C n B NnModUNN3MpoBaHHOM COCTOSIHUM B ycnoBusax runotepmum ((4 = 1)°C). YcTtaHOBMNEHO, YTO XpaHeHne punbTpaToB
OYNbOHHbIX KynbTyp NMPOOMOTUKOB B BbILLEYMOMSIHYTbIX YCNOBUAX HE MPUBOAUT K CYLLECTBEHHOMY CHWXEHMWIO UMW noTepe npoTu-
BOMMWKPOOHOW aKTMBHOCTM MPOAYKTOB UX MeTabonuama. MonyyeHHble pe3ynbTaTbl MOryT ObiTb MCMOMb30BaHbI NMPU CO3AaHWUM
KOMMepYeckux npenapaTtoB MeTabuoTUKOB.

KnroueBble cnoBa: npobuotukn, Lactobacillus rhamnosus GG, Saccharomyces boulardii, npogykTbl MeTabonuama, NnpoTUBO-
MUKpPOGHas akTUBHOCTb, 3aMOpaxuBaHue, NMounusayms.

Abstract: Nowadays there is no standard efficient technology for long-term storage of metabolite-containing products of
microbial origin as well as no data about the advantages and expediency of using one or another method of storage for these
products. Determining the optimal storage conditions will prevent the loss of biological activity of metabolites during storage both for
scientific research and production. Metabolites were obtained by isolation from the producers by means of centrifugation and
filtration after culturing probiotics in a liquid nutrient medium. We studied antimicrobial activity of filtrates of probiotic culture liquids with
various inoculation doses right after obtaining and storage for 60 days in liquid, frozen and frozen-dried state at (4 £ 1)°C, (-23 + 1)°C
and under hypothermic conditions (4 + 1)°C, respectively. The storage of probiotic broth culture filtrates under the mentioned above
conditions did not result in a significant reduction of their antimicrobial activity. The obtained results can be used when developing
commercial metabiotics.

Key words: probiotics, Lactobacillus rhamnosus GG, Saccharomyces boulardii, metabolic products, antimicrobial activity,
freezing, freeze-drying.
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OmHUM 13 OCHOBHHX MEXaHI3MiB i POOIOTHKIB €
AHTaroHiCTUYHA aKTUBHICTH IT0 BiTHOIIEHHIO /10 YMOB-
HO-TIATOT€HHUX Ta 0OJIraTHO-IaTOreHHUX MiKpOOp-
ra”izMmiB. BoHa peanisyeTbcst 3aBISIKK 31aTHOCTI IPooio-
THYHUX OaKTepii NpOAyKyBaTH METa0OJITH — OpraHiuHi
KHCJIOTH, KOPOTKOJIAHLIIOT OB KUPHI KUCIIOTH, TIEPEKUC
BOJIHIO, CIIUPTH Ta aHTHOAKTEpiajbHiI pEUOBHHHU O1J-
KOBO-TIENITUAHOT NPUPOAM (JTi301KM, OAKTEpiOLMHH
tomo) [8, 18, 21, 26]. OmHak HU3BKUI PIBEHb BUKH-
BaHH:A (20-40%) ex30reHHNX MPoOIOTHKIB Y MITYHKOBO-
KHUIITKOBOMY TPaKTi Malli€eHTa He JO03BOJISIE IM TTIOBHOIO
MIpOTO peasti3yBaTH BIaCHUH MPOOIOTHYHHIA MOTEHITiaIT
1 00yMOBITFO€ HEOOX1JHICTH 3aCTOCYBaHHS JTOIATKOBUX
3ac00iB TXHBOTO 3aXHCTy — KHUCIOTOCTIHKHUX KarcCyll
abo MikporopucTux HoOciiB (copOeHTiB) [5, 15, 20].
Kpim Toro, oqHouacHuii npuiioM mpodioTuKa Ta aHTHU-
010THKa MOXKIMBHH TIJIBKH 32 HAsIBHOCTI y mpoOio-
THUYHOTO MIKPOOPTraHi3My Pe3UCTEHTHOCTI 10 MPHU3HA-
YEHOTO aHTHOAKTepialbHOrO Ipenapary. Y 3B°s3Ky 3
UMM JIiIKyBaHHS MPOOIOTHYHUMH IpernapaTtaMyu Ha
OCHOBI JKHBHX OaKTepiii OB’ s13aHE 3 PU3HKOM PO3ITOB-
CIO/DKEHHS T€HIB aHTHO10THKOPE3UCTEHTHOCTI B MIKpO-
OioMi JFOMHY, 10 CYNIEPEYUTh BUMOTaM JiKapChKO1
6e3neku [25]. Beyneped mommpeHii Jymiii mpo Te, 1o
JMiKyBaHHS TPOOIOTHKAMU a0CONIOTHO OeslevHe, B
HAyKOBHUX JITEPATYPHHUX JDKEpellaX MOBiIOMIISEThCS
PO BUMAIKU BUHUKHEHHS CePHO3HUX MOOIUHIX edek-
TiB BHACIIIZIOK KIIITHHHOI mpooOioTukoTepartii [20]. 3ac-
TOCYBaHHS BUKJIIOYHO MeTa0o1iTiB OakTepiil — 6iomno-
rYHO aKTUBHUX PEUOBHUH, SIKi 320€3M€UyI0Th OCHOBHI
edekT MpoOiOTHKIB, 103BOJISIE yHUKHYTH HA3KU HEIO-
JKiB KJIITHHHOI Ipo0ioTHKOTepamnii Ta MOXKe po3Iisi-
JATHCS HE TUTBKY SIK 3aMiCHA Tepartisi pu auchiosax.
VY neskux BUMagKax MeTabioTuKy (MpoOioTHyHi mpe-
napar, siki MicTsITh METabOoJIITH IPOOIOTHKIB) MOXKYTh
CTaT! aJbTEePHATUBOIO aHTHOIoTHKaM [3, 16, 17, 20, 24].

3a3Bu4ail MeTaOoIiTH OTPUMYIOTH ITiJT 9acC KyJIbTH-
BYBaHHSI MPOOIOTHKA B PIJIKOMY IIO)KUBHOMY CEpeIo-
BHII[I 3 HACTYIHUM BIiJIUICHHSIM B1JI TIPOJYIICHTA
KyJBTYPaJIbHOI PIAMHH, IKUH MiCTUTB IPOLYKTH OOMIHY
[4,7,13,22]. OcTaHHi NpeACTaBISIOTH COO00 610MO-
JICKYNH, K1 MiJ BIUIMBOM Pi3HUX YMHHUKIB MOXYTb
3a3HaBaTH CTPYKTYPHHUX 3MiH, 110, Y CBOIO Yepry, pu-
BOJUTD 10 3MiH 010J10r14HOT akTUBHOCTI. OYeBUIHO,
IO T/ Yac JOCHIKEHHS 3pa3KiB oJpa3y Iicis ix
OJICpXKAHHS CIIOCTEPIraTUMEThCS MiHIMalbHA 3MiHA
010J10T1YHOT aKTUBHOCTI MeTaboJiTiB. OIHAK Ofpasy
MICJISE OTPUMAHHSI 3pa3KiB HE 32BN € MOXKIIUBICTb
OJIHOYACHOTO MTPOBEICHHS PI3HUX BHIIB JOCIIKEHb
a00 BUBUCHHSI BEJTUKOT KIJILKOCTI 3pa3KiB, SIKi MICTSITh
010JI0T1YHO aKTHBHI PEYOBHHHU. Y TaKUX BHIIAJKaX
nocrae norpeda y CTBOpEeHH1 ONTHMAaIbHUX YMOB JUIS
30epekeHHs 010JI0TTYHO aKTUBHOTO ITOTEHIIIAITY ITPO-
IykTiB MeTadoinizmMy. CTabiinbHICTh 01010T14HOT AaKTHB-
HOCTI IPOJTyKTiB MeTabO0Ii3My Ma€ BEIIMKE 3HAYCHHS
TaKOXK MPH BUPOOHUIITBI METabiOTHKIB, OCKIIBKH 3
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One of the main mechanisms of probiotic effect is
an antagonistic activity against the opportunistic and
obligatory pathogenic microorganisms. It is imple-
mented due to the capability of probiotic bacteria to
produce the metabolites, i. e. organic acids, short-chain
fatty acids, hydrogen peroxide, alcohols and antibac-
terial substances of protein-peptide origin (lysozyme,
bacteriocins, efc.) [6, 9, 11, 24]. Nevertheless, a low
survival (20—40%) of exogenous probiotics in patient’s
gastrointestinal tract does not allow them to fully im-
plement their own probiotic potential and necessitates
the use of additional means for their protection, such
as the acid-resistant capsules or microporous carriers
(sorbents) [19, 26, 27] In addition, a simultaneous
administration of probiotic and antibiotic is only pos-
sible if a probiotic microorganism is resistant to the
prescribed antibacterial drug. In this context the the-
rapy with the live bacteria-based probiotic drugs is
associated with the risk of spreading of antibiotic
resistance genes in human microbiome, contradicting
to the medical safety requirements [8]. In contrast to
the common belief that the therapy with probiotics is
completely safe, there are the reports about the cases
of severe side-effects due to cellular probiotic the-
rapy [26]. Application of bacterial metabolites only,
i. e. the biologically active substances, providing the
main effects of probiotics, enables to mitigate cer-
tain disadvantages of cell probiotic therapy and may
be considered not only as the substitution therapy
in dysbiosis. In some cases, the metabiotics (probiotic
drugs, containing probiotic metabolites) may be the
alternative to antibiotics [4, 7, 20, 23, 26].

Usually, the metabolites are obtained during pro-
biotic culturing in a liquid nutrient medium with a
subsequent isolation of culture liquid with the meta-
bolic products from a producer [5, 10, 17, 21]. These
include the biomolecules, which can be structurally
changed under the effect of various factors, that, in
turn, results in changes in biological activity. Obviou-
sly, the assessment of specimens right after obtai-
ning will show only the minimum change in biological
activity of metabolites. However, a simultaneous
performance of different researches or using a big
number of specimens, containing biologically active
substances, is not always possible just after specimen
obtaining. In these cases, there is a need in creating
the optimal conditions to preserve the biologically
active potential of metabolic products. The stability
of biological activity of metabolic products is of great
importance in production of metabiotics as well,
since they can be stored for a long time from the time
of their obtaining up to the intake by a patient. No-
wadays there is no standard technology for storage of
the metabolites either for scientific research or for
production of drugs containing the metabolites. The
technology of metabolite obtaining mostly determi-
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MOMEHTY OTPHMaHHS JIO BXKUBAHHS MAI[IEHTOM BOHH
MOXXYTh TIATaTH TpUBanomy 36epirannio. Hapasi
BIJICYTHSI €JIHA TEXHOJIOTis 30epiraHHs MeTa0oJIiTiB
SIK Ha €Tanax HayKOBUX JOCHiPKeHb, TaK i Ipu BUPOO-
HUIITBI MIperapaTiB Ha OCHOBI MeTa0oIiTiB. 31e011b-
LIOTr0 TEXHOJIOTiS OTPUMAaHHSI MeTa0oMiTiB BU3HAYAE
nojajbliuii crnocid 30epiranHs. SIKIO OTpUMaHHA
MIPOLYKTIB MeTabomni3My nepeadayae KOHIECHTPYBaH-
Ha (iIpTpaTy KyJIbTYpallbHOI PIAWHM MPOOioTHKA
nmio(iTPHIM BHCYIIYBaHHSM, TO MeTabOIITH 30epi-
raloTb y cyxoMy crtadi [4, 7]. B.A. HecuncnseB Ta
JLIL. Yncroxina [22] mponoHYIOTh 30epiraTu yibTpa-
(binpTpaTH KyabTypadbHUX PIAMH MICISA TEpMIYHOI
cTabiizamii y piJkoMy CTaHi. 3 METO 3a0e3eUeHHS
CTaOUIPHUX BIACTUBOCTEH PIAKMX METaOOJITHUX
poOIOTHKIB YIPOAOBK TPUBAJIOTO TEPMiHY A0 IXHBOTO
CKJIay NMPH BUPOOHHUILTBI BBOIATH cTabiTizaTopu Ta
koHcepBaHTU [3]. OnHak BBEACHHS AOJATKOBUX
XIMIYHHX CIIOJIYK JIO OTPEMaHUX METa0OJIiTIB Ha eTamnax
HAyKOBUX J0CIIJDKEHb € HEIPUHHATHUM, OCKUIBKH 1€
MOXE BILTMHYTH Ha pe3yJbTaTd. Y TaKOMY pa3i BUHU-
Ka€e HeoOX1JJHICTh 3aCTOCYBaHHS 1HIIUX CIIOCO01B 30e-
pexeHHs IXHIX MMOYaTKOBUX BiacTuBocTel. Ilopis-
HSUTBHI JIOCITIDKSHHS BILUTUBY PiI3HUX yMOB 30epiranHsi
Ha 010JIOTIYHY aKTHUBHICTH MPOJYKTIB METa0OJi3My
IpoOi10THKIB paHillle He IPOBOINIHCS.

Mera nanoi poOOTH — OLIiHKA Ta TOPIBHSHHS IPOTH-
MiKpOOHOTO NoTeHLiay GiIbTpaTiB OyabHOHHUX KYIlb-
Typ npoOiotukis Lactobacillus rhamnosus GG ta
Saccharomyces boulardii 3a pi3HUX YMOB 30epiraHssi.

Marepianu Ta MeToaH

VY sikocTi MpoxyueHTiB MeTaboMiTIB y poOoTi Oyiu
BHUKOpHUCTaH1 rpubu Saccharomyces boulardii 3 mpo-
6iotnunoro npemnapaty «BULARDI®» («Schoneny,
[Beiinapis) Ta npobiotnynmii mwram Lactobacillus
rhamnosus GG 3 cumb6ioTuky «PREEMA®» («Scho-
neny). [IpoTuMikpoOHy aKTHBHICTH META0OJTITiB BUB-
YaJii Ha TECT-KyJIbTypax: HUPKYIIOIOUNX MITaMax,
SIKi 30epiraloThCst B KOJIEKLi1 MiKpoopraHi3zmis j1a0o-
paTopii npodinakTuku KpamwIMHHUX iHpexuii (1Y
«IMI HAMHY», Ykpaina) Ta pedepenc-mramax, OTpu-
MaHuX i3 My3eto mikpoopranizmis (1Y «IMI HAMH»)
(Staphylococcus epidermidis Ne558, Staphylococcus
aureus ATCC 25923, Corynebacterium xerosis Nedl,
Corynebacterium diphtheriae gravis tox™ Nell, Pseu-
domonas aeruginosa ATCC 27853). Mikpoopra-
HI3MH BUPOIIYBAJIM Ha CIIPUSITITMBUX JUISI HUX TIO>KHMBHHX
cepenoBumax: 1%-i MyKpoBUM M’ SICO-TICTITOHHHI
oyneiton (IMIIb), m’sico-nentonnuii arap (MIIA),
YKOBTKOBO-CcOTh0BHH arap (ZKCA), KpoB’stHO-TeIypH-
toBuii arap (KTA) [23]. CuHxpoHIi3allito KyJabTyp 3iHc-
HIOBAJIY LIJIIXOM BUTPUMKH B T1IIOTEPMIYHHUX YMOBaX

((4 £ 1)°C) ympomosx 30 xB [1].
Ompumannsa memadonimig. 13 1060BUX KyJIbTYp
MpOoOIOTHYHMX LITaMiB JIAKTOOAKTEepid Ta caxapomi-
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nes the further way of their storage. If the obtaining
of metabolic products involves the concentration of
probiotic culture liquid filtrate by freeze-drying, then
the metabolites will be stored in a dry state [5, 10].
V.A. Neschislyayev and L.P. Chistokhina [21] pro-
posed to store the ultrafiltrates of culture filtrates after
thermal stabilization in a liquid state. In order to pre-
serve the properties of liquid metabolic probiotics
for a long time, they are supplemented with stabilizers
and preservatives during their production [4]. Howe-
ver, the introduction of additional chemical compounds
to the obtained metabolites for research purposes is
unacceptable, since this may corrupt the obtained data.
In this case, there is a need to use the other ways
to preserve their initial properties. The effect of diffe-
rent storage conditions on biological activity of meta-
bolic products of probiotics have not been compa-
ratively studied previously.

This research was aimed to assess and compa-
re an antimicrobial potential of broth culture filtrates
of probiotics Lactobacillus rhamnosus GG and Sac-
charomyces boulardii under different storage con-
ditions.

Materials and methods

We used here the Saccharomyces boulardii iso-
lated from the probiotic product BULARDI® (Scho-
nen, Switzerland) and the probiotic strain Lactoba-
cillus rhamnosus GG from the symbiotic PREEMA®
(Schonen) as metabolite producers. An anti-microbial
activity of metabolites was studied in the test cultures,
i. e. the circulating strains, stored in the microorga-
nism collection of the laboratory for prevention of
droplet infections (Mechnikov Institute of Microbio-
logy and Immunology of the NAMS of Ukraine) and
the reference strains, obtained from the Museum of
Microorganisms (Mechnikov Institute of Microbio-
logy and Immunology of the NAMS of Ukraine)
(Staphylococcus epidermidis Ne558, Staphylo-coc-
cus aureus ATSC 25923, Corynebacterium xerosis
Ne41, Corynebacterium diphtheriae gravis tox™ Nell,
Pseudomonas aeruginosa ATSC 27853). Microor-
ganisms were grown in favorable nutrient media, 7. e.
1% sugar meat-peptone broth (sMPB), meat-peptone
agar (MPA), yolk-salt agar (YSA), blood-telurite
agar (BTA) [1]. The cultures were synchronized by
exposure under hypothermic conditions ((4 + 1)°C)
for 30 min [2].

Metabolite obtaining. Cell suspensions with op-
tical density of 1.0; 5.0; 10.0 McFarland standard
were prepared from the daily cultures of probiotic strains
of lactobacilli and Saccharomyces, then assessed
with Densi-La-Meter (Lachema, Czech Republic) de-
vice. The prepared suspensions were inoculated in
1% sMPB in 1:9 ratio. Probiotic microorganisms were
cultured within 48 hrs at (37 = 1)°C. Broth cultures
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LIETiB TOTYBAJIM CYCIEH311 KJIITHH 13 ONITUYHOIO T'YCTH-
Hoto 1,0; 5,0; 10,0 omuauIs 3a mrkanoro Mak®apiansa,
SIKY BUMIPIOBaJIX 32 JoroMororo npuiany «Densi-La-
Meter» («Lachemay, Yexist). [Ipurorosani cycnensii
iHOKymroBanu B 1%-1i utMI b y cniBBigHOMmIEHHi 1:9. Tpu-
BaJIiCTh KyJBTUBYBaHHS MPOOIOTHYHUX MIKpPOOPIaHi3-
MiB ckianana 48 roaun 3a temneparypu (37 = 1)°C.
Bynwitionni kyneTypu nenrpudyrysanu npu 1000g
yrponosxk 30 xB. CyriepHaranT GiTbTpyBaH 3a I0TIOMO-
TOI0 CTEPUITbHIX MeMOpaHHMX (DLITBTpaTiB 13 iaMeTpoM
mop 0,2 mxwm («Bmaginopy, Pocis).

3bepicanna memabonimig. PinpTpaT OyTEHOHHUX
KYJIBTYP IMPOOIOTHKIB 13 TOCIBHOIO 7103010 10 OUHUITH
3a mkanoro Max®@apnanga (CBIKOBUAINEHI) Micis
JOCTiKeHHS IXHBOT MPOTHUMIKPOOHOT aKTHBHOCTI
30epiranu npotsirom 60 ai0: y pigKkoMy cTaHi 3a TeM-
nepatypu (4 £ 1)°C (xonomoBe 30epiranss); y 3amo-
poxxeHomy ctani npu (—23 £ 1)°C (3amopoxkeHi); y
mioginmizoBaHoMy cTaHi 3a yMoB rinorepmii ((4 = 1)°C)
(sriodhimizoBani).

3aMOpoKyBaHHS 3A1MCHIOBAIIN TTACUBHUM OXOJIO/I-
JKCHHSIM 3pa3KiB (iIbTpaTiB y MOPO3HMIBHIN KaMepi
xononuibHEKA «Samsung RB29FSRNDSA» («Sam-
sungy, [lisnenna Kopes) no remneparypu (—23 + 1)°C.
JliodinbHe BUCYIITYBaHHS IOCIIAHUX 3pa3KiB, IIOMiIIIe-
HUX Y IJIACTUKOBI (DIIaKOHN eMHICTIO 20 MIT, TIPOBOJIHIIH
Ha yctatkyBaHHI «Y3B-10» Bupoonunrsa CKTB i3
JB IIKiK HAH Ykpainu. ®naxonu 3i 3pa3kamu 0Xo-
JI0JDKYBaJIn Oe3MocepeHbo y cyomimManiiHii kamepi
y creliajibHUX allfoMiHieBuX kacetax. [Iponec miodini-
3awii ToYMHAaBCs NpH A0cATHEHH]I Temmepatypu —20°C
1 TpuBaB npotaroM 14—16 roguH npu cepeaHbOMY
TUCcKy B kKamepi 102 I1a. 3anumikoBa BoJOricTh 3pa3KiB
He nepesuiyBaia 5%. s 3a0e3neueHHs CTePUIThb-
HOCTI 3pa3KiB (IaKOHH TIepEeMilllyBali B IIAKy BaJIbHUI
OOKC T BIJIMBOM YNBETPadioaeToBOTO BUIIPOMIHIO-
BaHHs. JlioiibHO BUCYIIICHI 3pa3ku 30epiraiu y rep-
METHYHHMX IJIACTUKOBHX (iakoHax. [lepen nocimipxeH-
HSIM ITPOTUMIKPOOHOT aKTUBHOCTI 3aMOPO’KEH1 3pa3ku
PO3MOpPOXKYBaJIM Ha BOJSHIN OaHi 3a TemmepaTypu
(37 £ 1)°C no moBHoTO BinTaBaHHs. Perigparartito io-
¢i1130BaHUX 3pa3KiB MPOBOIMIN B ACEIITUYHUX YMO-
Bax MUISIXOM J10JJaBaHHs TUCTUIBOBAHOI BOAU HPOTS-
rom 10 xB, g0BOISYHM 00'€EM 3pa3Ka JI0 MOYATKOBOTO
3HAYCHHSI.

OinpTparu OyIbHOHHUX KYJIBTYp MPOOIOTHKIB 13
nociBHOIO 7103010 1 (A) Ta 5 (B) onuHUIE 3a MIKAI00
Maxk®apnasaa micias JOCTiHKEHHS iXHbOT TPOTUMIK-
poOHOT akTUBHOCTI 30epiraiu nporarom 60 1io y
3aMOpOKEHOMY cTaHi 3a Temreparypu (23 £ 1)°C.

Hocnioncenns npomumixpobnoi axmusnocmi
memabonimig. Axichuti memod. JlOCHiKEHHS TIPO-
BOJIMJIU y PIIKOMY cepeloBUIl ((PinbTpari KyibTy-
paNIbHOI PiIUHA TPOOIOTHKA) O1pa3y MiCIs OTPUMAHHS
Ta 30epiraHHs y BUIIe3a3HAYCHUX YMOBAX YIPOIOBK
60 mi0. JlocmiHi 3pa3ku OTPUMYBAIH IUISIXOM J0/1a-
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were centrifuged at 1000g for 30 min. The superna-
tant was filtered with the sterile membrane filters with
0.2 um pore diameter (Vladipor, Russia).

Metabolite storage. The filtrates of broth probiotic
cultures with the inoculation dose of 10 McFarland
standard (freshly isolated) after studying their antimic-
robial activity were stored for 60 days in a liquid state
at (4 + 1)°C (cold storage); in a frozen state at (—23 + 1)°C
(frozen); in a frozen-dried state under hypothermia
((4 £1)°C) (frozen-dried).

Freezing was performed with a passive cooling
of filtrated specimens in freezing chamber of refti-
gerator Samsung RB29FSRNDSA (Samsung, South
Korea) down to (-23 £ 1)°C. The experimental spe-
cimens were placed into 20 ml plastic flasks and fro-
zen-dried with the UZV-10 device, manufactured
by the Special Designing and Technical Bureau with
Experimental Unit at the Institute for Problems of
Cryobiology and Cryomedicine of the NAS of Uk-
raine. Flasks with the specimens were cooled direc-
tly in a sublimation chamber in the special alumi-
num cassettes. The freeze-drying started when the
temperature reached —20°C and lasted for 14-16 hrs
at an average chamber pressure of 102 Pa. The residual
humidity of specimens did not exceed 5%. To ensu-
re the specimen sterility the flasks were transferred
into the packaging box under ultraviolet radiation. The
frozen-dried samples were stored in the sealed plas-
tic flasks. Before analyzing the antimicrobial activity
the frozen specimens were thawed in a water bath
at (37 = 1)°C up to a complete thawing. The frozen-
dried specimens were rehydrated under aseptic con-
ditions via supplementing with distilled water wi-
thin 10 min, bringing the specimen volume up to its
initial value.

After studying antimicrobial activity the filtrates of
broth probiotic cultures with inoculation dose of 1 (A)
and 5 (B) McFarland standard were stored for 60 days
in a frozen state at (—23 = 1)°C.

Study of antimicrobial activity of metabolites.
Qualitative method. The research was carried out
in a liquid medium (filtrate of probiotic culture liquid)
right after obtaining and storage under the men-
tioned above conditions for 60 days. The experimen-
tal specimens were obtained via supplementing bac-
terial suspensions of test cultures of 1.0 McFarland
standard to the probiotic culture liquid filtrates in
the 1:9 ratio. The control samples contained the cor-
responding test culture and 1% sMPB. Experimental
and control specimens were incubated at (37 £ 1)°C
for 24 and 48 hrs. The medium turbidity testified to
the test culture growth. In the case if the medium
remained transparent, the following inoculation was
carried out to a solid nutrient medium: MPA, YSA
or BTA (depending on test culture). The presence of
growth on a solid nutrient medium indicated a bacte-
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BaHHS OaKTepiadbHUX CYyCTIEH31M TECT-KYJIBTYP 13 OIl-
TUYHOIO TycTrHOIO 1,0 3a mkanoo Mak®apnanaa 10
(biTbTpartiB KyNIbTypaqbHHUX PiAMH MPOOIOTHKIB y CIIB-
BigHomreHHi 1:9. KonTponbHi 3pa3ku MiCTHIM BiATO-
BifHy TecT-KynsTypy Ta 1% uMIIb. locniaHi Ta kKoHT-
PoJbHI 3pa3ku iHKyOyBasu 3a Temmneparypu (37 + 1)°C
npoTsiroM 24 ta 48 rogus. [lomyTHIHHS cepenoBHIIa
CBIAYMIIO MIPO PIiCT TECT-KYABTYPH. Y BUMAJKY, IKILIO
CEPEIOBHIIE 3ATHINATIOCS TTPO30PUM, BUCIB 13 HHOTO
3IICHIOBANIM Ha TBEpJie MOKUBHE CEPElOBUIIE —
MITA, XXCA a60 KTA (3anexHo BiJ] TECT-KYJIBTypPH).
HasiBHiCTB poCTy Ha TBEpIOMY ITOKHBHOMY CEPEIOBHIITI
CBiuMIIa po OaKTepiocTarnuHui eekt (iapTpary 1o
BiJTHOIIEHHIO JI0 TECT-KYJIBTYPH, a HOTO BiJICYTHICTb —
PO HOTo OAKTEPHUIIHIHY JIitO.

Kinvxicnuii memoo. IlpoTuMikpoOHYy aKTHUBHICTb
MeTa0OIIITIB OLIHIOBAJIH 3a [TOKA3HUKOM KIUIBKOCTI KUT-
Te34aTHUX MikpoopranizmiB tect-mramy (KYO) B
OJIMHUII 00’ €My (UTBTPaTiB Mmicis 1000BOT €KCITO3HIIIT.
JocigHi Ta KOHTPOJIBHI 3pa3Ky FOTYBaJIHU 32 JOIIOMO-
TOI0 AKiCHOTO MeTomy. Uepes 24 ToAMHY eKCITO3HIIIT 3
JOCITITHAX Ta KOHTPOJIBHUX 3pa3KiB TOTYBaJIH MOCITi-
JIOBHI PO3BEICHHSI, 3 SIKUX 3AiicHIOBanN BUCIB 0,1 M1
PIIUHYU HA TTIOBEPXHIO BIAMIOBITHOTO TBEP,IOTO MOKUB-
Horo cepenoBuina. [TociBu KyabTHBYBaJIH 3a TEMITEPa-
Typu (37 £1)°C. Uepes moly miapaxoByBau KITbKICTh
KOJIOHIH, SIKi BUPOCITH, Ta BU3HAYAIH KiTbKiCTh KYO B
OAMHHMLI 00’ €My JJOCITIIHOTO Marepiaiy, sIKy BUPaXKajn
B zecsiTkoBoMy Jorapudmi KYO/mi.

VYci ekcriepuMeHTH MPOBOAMIM B YOTHUPHOX ITOB-
Topax. BuzHauaiu cepeqHi 3Ha4YeHHS OTPUMAHUX 11O~
Ka3HUKIB Ta iX CTaHAAapTHI MOXUOKU. 3HAYYLIICTh Pi3-
HUILl MK OTPUMAaHUMH MTOKa3HUKAMU BU3HAYAIH 3a
noroMoroto kputepito CterofieHTa. CTarucTuyy 00-
pOOKyY pe3ybTaTiB JOCTIKCHB 3/IIHCHIOBAJIH 3 BUKO-
pUcTaHHSM porpamuoro makety «Microsoft Excel 2010»
(«Microsofty, CILIA).

Pe3yabTatu Ta 00roBOpeHHA

Ha nepmomy erami excriepuMeHTalbHOI poOOTH
BUBYAJIY BILIMB YMOB 30epiranns ¢insrparis OyabHoH-
HUX KyJIBTYp IPOOi0THKIB 13 ociBHOIO 103010 10,0 oau-
HUIb 3a mKano Mak®apnanaa Ha IXHIO IPOTUMIK-
POOHY aKTUBHICTb 13 3aCTOCYBaHHSAM SIKICHOTO METOLY
ouinku. OOpana nociBHa f03a poOioTHKIB 3a0e3meuye
BHCOKY NPOTUMIKPOOHY aKTHUBHICTH (DUIBTPATIB, 1110
00yMOBIICHO HAKOTIMYCHHSIM Y KYJIBTYypaJIbHOMY Cepe-
JIOBHII[I META0OJIITIB 13 IPOTUMIKPOOHOIO JTIEI0 Y J1OC-
TaTHBbO BUCOKIH KOHIeHTpartii [9, 10].

Sk mokaszanu pe3ysibTaTH I0CIIHKCHb, (IIbTpaTu
48-rogmHHNX OyIBHOHHUX KYJBTYp JaKTOOaKTepin
0JIpa3y Micisi OTPUMAHHS BUSIBIISIOTh OAKTePULIUIHY
IO TI0 BiIHOIICHHIO JI0 YCiX 00paHUX TECT-KYIbTYp
(Tabm. 1). JocmimkeHHs: MPOTUMIKPOOHOT aKTHBHOCTI
(buTBTpaTIB, SIKI IEpeHecn 30epiraHHs y TiMoTepMITHIX
YMOBaX, 3aMOPOKEHOMY Ta JIi0(iTi30BaHOMY CTaHi,
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riostatic effect of the filtrate against the test culture, and
its total absence evidenced an antibacterial effect.

Quantitative method. An antimicrobial activity of
metabolites was assessed by the index of viable micro-
organism number of test strain (CFUs) per unit volume
of filtrates after daily exposure. Experimental and control
specimens were prepared using the qualitative method.
After a 24-hour exposure the studied and control speci-
mens were successively diluted, and 0.1 ml of liquid
was inoculated to the surface of corresponding solid
nutrient medium. The seeded samples were cultured
at (374 1)°C. One day later we calculated the number
of grown colonies and determined the number of CFUs
per unit volume of the studied material, expressed as
the common logarithm of CFUs/ml.

All the experiments were repeated 4 times. The
mean values of the obtained indices and their stan-
dard errors were determined. The significance of dif-
ference between the obtained indices was determined
using the Student’s t-test. The results were statisti-
cally processed with the Microsoft Excel 2010 soft-
ware (Microsoft, USA).

Results and discussion

At the first stage of research we studied the effect
of storage conditions of broth probiotic culture filtrates
with inoculation dose of 10.0 McFarland standard on
their antimicrobial activity using the qualitative method
for estimation. The selected inoculation dose for
probiotics provided a high antimicrobial activity of filt-
rates due to accumulation in the culture medium of
metabolites with antimicrobial effect in quite a high
concentration [13, 14].

Our findings demonstrated the filtrates of 28-hour
broth cultures of lactobacilli as manifesting an antibac-
terial effect against all the selected test cultures right
after obtaining (Table 1). The study of antimicrobial
activity of the filtrates, stored under hypothermic condi-
tions, in frozen and frozen-dried states demonstrated
the preservation of their antibacterial activity at the
level of filtrate activity prior to storage.

Filtrates of 48-hour broth cultures of Saccharo-
myces right after obtaining demonstrated a bacterios-
tatic effect on staphylococcal test cultures during 24-
and 48-hour exposures (Table 2). The growth of the
Pseudomonas aeruginosa culture was suppressed
during the first 24 hrs of exposure in freshly isola-
ted filtrate, being absent 48 hrs post exposure. An
antibacterial effect of filtrates against the corynebacteria
was observed both 24 and 48 hrs post exposures. We
established the fact that the storage under hypothermic
conditions, freezing and freeze-drying had no effect on
the nature of antimicrobial activity of broth culture filt-
rates of Saccharomyces against the selected test cultures.

The findings of the first research stage suggested the
metabolic products, associated with an antimicrobial
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Ta6nuua 1. Bnnve dinsrpatiB 48-roguHHmx BynbiioHHNX Kynetyp Lactobacillus rhamnosus GG, siki 36epiranucs
3a Pi3HNX YMOB, Ha XUTTE3OATHICTb TECT-KYNLTYP CTaiNOKOKIB, KOpUHEDAKTEPIl Ta CUHBOTHIHOT NanuyKmn

Table 1. Effect of 48-hour broth culture filtrates of Lactobacillus rhamnosus GG, stored under different conditions
on staphylococci, corynebacteria and Pseudomonas aeruginosa test culture viability

dinbTpaTy 6YNLAOHHUX KYNbTYP
Lactobacillus rhamnosus GG
Broth culture filtrates
Yac ekcnosuuii, of Lactobacillus rhamnosus GG
TecT-KynbTypu rogvHa uMrnb
Test cultures Exposure time, hr i i X sMPB
CaixoBugineHi . Lo .
i Micna xonogosoro . TNiodpinizoBaHi
dinbTpaTH ’ MicnAa 3amMopoXxKyBaHHA X
36epiraHHA R dinbTpaTH
Freshly Aft After freezing .
h er cold storage Freeze-dried
isolated
24 - - - - +
Staphylococcus
epidermidis
48 - - - - +
24 - - - - +
Staphylococcus
aureus
48 - - - - +
24 - - - - +
Corynebacterium
Xerosis
48 - - - - +
24 - - - - +
Corynebacterium
diphtheriae
48 - - - - +
24 - - - - +
Pseudomonas
aeruginosa
48 - - - - +

MpuUMITKN: «+» — piCT KynbTypW y piaKOMY i Ha TBEPOOMY MOXMBHMX CepedoBMLLAX; «—» — NMPUCYTHIN GakTepuLMOHUA edekT.

Note: «+» — culture growth in liquid and solid nutrient media; «—» — antibacterial effect.

MOKa3aJ10 30epeKEeHICTh IXHBOT OAKTEPULINIHOT AKTUB-
HOCTI Ha PiBHI aKTUBHOCTI (PiIbTpariB 10 30epiranusl.

@inprparn 48-roqMHHUX OyIBHOHHHUX KYJIBTYD
caxapoMIilleTiB 0Jpa3y MicJs OTPUMaHHS BUSIBIISIOTH
OakTepioCcTaTHYHY AiI0 HAa TECT-KYJIBTYPH cTadiIoKo-
KiB poTsroM 24 ta 48 ronuHHOI eKkcro3wuilii (Tadm. 2).
Pict xynerypu Pseudomonas aeruginosa TpuUTHi-
YyETHCS MPOTITOM Mepmux 24 TOIAWH BUTPUMKH
y CBIXKOBHUJUIEHOMY (inbTpari Ta BiACYTHIH micis
48-roauHHOI ekcrmo3uiii. bakrepunuaHuii eext
(b1IBTpATIB 1O BiTHOLIEHHIO JI0 KOPHHEOAKTEPIl crioc-
TepiraeThes K uepes 24, Tax i micist 48 TOANH eKCTo-
3uIii. Y pe3ynbTari JOCIHiKEHb BCTAHOBIICHO, 1110
30epiranHs 3a rinoTepMIYHUX YMOB, 3aMOPOXKYBaHHS
Ta jio¢inizauis He BIUIMBAIOTh HA XapaKTep MPOTH-
MiKpOOHOT aKTUBHOCTI (iIbTparTiB OyJbHOHHUX KYJIb-
TYp caXxapOMIiLETiB 10 BITHOLLIEHHIO 10 0OPaHUX TECT-
KyJIBTYP.

OTprMaHi Ha TEPIIOMY €TarTi TOCIiKEHb Pe3yiIb-
TaTy CBiAaTh MPO TE, M0 MPOAYKTH METa0oIi3My, 3
SKMMHU OB’ 3y IOTh MPOTUMIKPOOHY aKTUBHICTH KYJTb-
TypaJbHOT piIMHA POOIOTHKIB, JTOOpE MEPEHOCSTH XO-
no1oBe 30epiranHs, 3aMOPOKYBaHHS-BIITaBaHHS Ta
modinpHe BUCyNTyBaHHs. [TiTBepHKEHHS TaKoi TyMKH

316

activity of culture probiotic liquid, to tolerate well a cold
storage, freeze-thawing and freeze-drying. This idea
was confirmed earlier by other researchers. For exam-
ple, proteins and peptides may be successfully stored
in frozen and frozen-dried states when keeping the
certain technological parameters (temperature and
time regimens for each stage of freeze-drying, freezing,
freeze-thawing, the minimum temperature of freezing,
medium composition, specimen volume efc.) [3, 16,
18,22]. So, quite a high level of antimicrobial potential
of the studied filtrates, stored under different condi-
tions, might result from a successful combination of the
optimal rate of freeze-thawing, cryoprotective properties
of freezing medium and low cryolabilty of biomolecu-
les with antimicrobial activity. However, the antimicro-
bial effect of filtrates was associated not only with the
substances of protein-peptide origin. The findings of
the first stage might be correctly interpreted only if
only considering the changes in biochemical composi-
tion of specimens during storage. Of note is the fact, that
the data of the first stage could be also explained by
an insufficient sensitivity of the qualitative method of
evaluation, i. e. impossibility of revealing the slight
differences between the antimicrobial potential of the
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Tabnuua 2. Bnnue dinstpatiB 48-roamHHnx BynbnoHHWX Kynbtyp Saccharomyces boulardii, siki 36epiranucs
3a Pi3HNX YMOB, Ha XUTTE3OATHICTb TECT-KYNLTYP CTadiNOKOKIB, KOpUHEDAKTEPI Ta CUHBOTHIHOT NanuyKmn

Table 2. Effect of 48-hour broth culture filtrates of Saccharomyces boulardii, stored under different conditions
on staphylococci, corynebacteria and Pseudomonas aeruginosa test culture viability

dinbTpaT 6YNbIUOHHUX RYNbTYP Saccharomyces boulardii
Hac Broth culture filtrates of Saccharomyces boulardii
ekcnosuuii,
TecT-KynbTypu romuHa uMInb
Test cultures Exposure CaixosupineHi MicnA xonoaosoro MicnA TNiodbinisosaHi sMPB
time, hr inbTpaTH 36epiraHHA 3aMOpOXKYBaHHA inbTpaTH
Freshly isolated After cold storage After freezing Freeze-dried
24 + + + + +
Staphylococcus
epidermidis
48 + + + + +
24 + + + + +
Staphylococcus
aureus
48 + + + + +
24 - - - - +
Corynebacterium
Xxerosis
48 - - - - +
24 - - - - +
Corynebacterium
diphtheriae
48 - - - - +
24 + + + + +
Pseudomonas
aeruginosa
48 - - - - +

MpuMmiTKN: «+» — piCT KyNbETYpW Y PiAKOMY i Ha TBEPOAOMY MOXMUBHMX CepefoBuLLax NMPUCYTHIN; «+» — NPUCYTHI BakTepiocTaTUYHUIA

eeKT; «—» — NPUCYTHIN BakTepuunaHuin edexT.

Note: «+» — culture growth in liquid and solid nutrient media; «+» — bacteriostatic effect; «—» — antibacterial effect.

MO>KHA 3HANTH y poOOTax iHIMIKX AOCTiAHUKIB. binku
Ta MENTHIN 32 YMOBH JOTPUMAaHHS MIEBHUX TEXHOJIO-
TIYHUX TapaMeTpiB (TeMIepaTypHi Ta 4aCOBI pEeXKUMHU
KOYKHOTO eTarty Jrioisizarii, 3aMopoKyBaHHS, PO3MO-
POXKyBaHHS, MiHIMaJIbHa TEMIIEpaTypa 3aMOPOKyBaHHS,
CKJIaJ] CepesoBHIa, 00’ €M 3pa3Ka TOIO) YCIIIIHO
30epiraloTh y 3aMOPOXKECHOMY Ta Ji0(1II30BaHOMY
cradi [2, 12, 14, 27]. To6T0, TOCTaTHHO BUCOKHIA PIBEHD
MPOTUMIKPOOHOTO MOTEHIIATY JTOCHTIKEHUX HAMU
¢inpTpartiB, sKi 30epiranucs 3a pisHUX YMOB, MOXeE
OyTH pe3yIbTaTOM BJIAJIOT0 MOEAHAHHS ONTUMAaIbHOT
LIBUAKOCTI 3aMOPOXKYBaHH:I Ta BiITaBaHHS, Kpio3axHc-
HUX BJIACTHBOCTEH CepepoBHILA 3aMOPOXKYBaHHS Ta
HU3bKOI KpiosabiibHOCTI 010MOJIEKYH 13 MPOTHMIK-
pob6Hot0 akTHBHICTIO. [ IpoTe mpoTuMikpoOHa 11ist PibT-
pariB MoB’s3aHa HE TUTbKU 3 PEYOBUHAMH O1IKOBO-
nenTuHo1 npupou. [IpaBuibHE TpaKTyBaHHS OTPUMA-
HUX Ha NEPIIOMY €Talll pe3yJIbTaTiB MOKIMBE TITbKN
3 ypaxyBaHHSIM 3MiH 610XiMI9HOTO CKJIaTy 3pa3KiB ITiJ
yac 30epiranss. HeoOxinHO BiAMITHTH, 110 pe3yIsTaTh
MIEPLIOTO eTaIly JA0CIiHPKEHb MOKHA MOSCHUTH TAKOX
HEIOCTAaTHBOIO Yy TIIMBICTIO SIKICHOTO METOY OLIIHKH,
SIKUUM HE 1€ MOKJIMBOCTI BUSIBUTU HE3HAYHI BIJIMIH-
HOCTI MK BEJIMUMHOIO IPOTUMIKPOOHOT0 OTEHIIaTy
JOCIiIKeHUX (QUIBTPaTiB HA T911 IXHBOT BUCOKOT IPOTHU-
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studied filtrates at the background of their high antimic-
robial activity due to the selected inoculation dose of
probiotics. We are planning to perform further experi-
ments using more sensitive research methods and
studying biochemical changes, which accompany the
filtrate storage under different conditions.

We consider the storage in a frozen state to be the
most suitable method among the used ones to be applied
in future scientific researches. In contrast to the storage
under hypothermic conditions ((4 + 1)°C), this method
enables minimizing the damage of biomolecules by
reactive oxygen species and highly reactive compounds
ofradical nature and preserving them in a functionally
active state [ 12]. Freezing is simpler technological process,
consuming less time, and does not require special high-
value equipment, unlike freeze-drying. Therefore, at
the next stage of our research we studied the effect
of storage of probiotic broth culture filtrates right in a
frozen state on their antimicrobial properties. Taking
into account the fact that when applying the probiotic
inoculation dose of 10.0 McFarland standard, no diffe-
rence between an antimicrobial activity of freshly iso-
lated filtrates and those, stored in a frozen state, was
obtained, we decided to reduce the inoculation dose of
probiotic. We assumed the use of a lower inoculation
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Tabnuua 3. MNMpoTumikpobHa akTUBHICTL dinbTpaTiB 48-rognHHMX BYNbAOHHKX
Kynetyp Lactobacillus rhamnosus GG i3 nocisHoto gosoto 1 (A) Ta 5 (B) ognHuub
3a wWwkanot Mak®PapnaHga 4o Ta nicns 3amMopoXyBaHHst

Table 3. Antimicrobial activity of 48-hour broth culture filtrates of Lactobacillus

rhamnosus GG with inoculation dose of 1 (A) and 5 (B) McFarland
standard prior to and after freezing

MIKpOOHOI aKTUBHOCTI 3aBJISIKH
oOpaHiif mociBHIN 1031 Mpo6ioTH-
KiB. Y HOJaNbIIOMY MJIAHYETHCS
MIPOBEACHHS aHAJIOTIYHUX EKCIIe-
PHMIMEHTIB 13 BUKOPUCTAHHAM O1IbIL
YYTIUBUX METOMIB AOCITIIKEHHS
Ta BUBUCHHSAM O10XIMIYHHX 3MiH,
SIK1 CYHPOBOKYIOTh 30€piraHHs
(inpTpariB 3a pi3HUX YMOB.
Cepen 3acTOCOBaHUX Y pOOOTI
c1oco0iB HaOLTBII TPUHHATHUM

dinbTpaT 6YNLAOHHUX KYNbTYP
Lactobacillus rhamnosus GG
Broth culture filtrates

4 of Lactobacillus rhamnosus GG
ac

ekcnosuuii,
roguHa
Exposure
time, hr

nicnA 3aMopoXyBaHHA
after freeze-thawing

[0 3aMOpPOXKYBaHHA

. - uMIrb
prior to freezing

sMPB

TecT-kynbTypu
Test cultures

JUIA [TOAAJIBIIIONO BUKOPUCTaHHS HA
eTarnax HayKOBHX JTOCIiIKEHb MU
BBAKAEMO 30€piraHHs y 3aMopo-

A B A B

g, KYO/mn
Ilg CFUs/ml

eHomy ctani. Ha Binminy Big 30e-
piraHss B rinoTepMi4HUX yMOBax
((4 £ 1)°C) ueti criocib g03BOISIE

Staphylococcus
epidermidis

24 5,7 = 0,05 - 59 +0,01* - 9,9 = 0,02

3BECTH JI0 MiHIMyMY MOIIKO/KEH-
Hsl 610MOJIEKyNT aKTUBHUMH (POp-
MaMH KHCHIO 1 BUCOKOPEAKTHB-
HUMH CHOJIYKAMH PaJHKAIbHOT

Staphylococcus
aureus

24 6,2 + 0,1 - 6,6 = 0,05* - 9,8 £ 0,03

MIPUPOJIH Ta 30epertTH iX y QyHKITO0-
HaJIbHO aKTHBHOMY cTaHi [6]. YV
MOPIBHSAHHI 3 JTiodii3aIi€ero, 3aMo-

Corynebacterium
Xerosis

9,6 + 0,04

POXKYBaHHS — 1€ OUIBII MPOCTHH
TEXHOJIOTTYHUHN TIPOLEC, IKUH He
norpedye 6arato vacy i 3aissHHS

Corynebacterium
diphtheriae

24 - - - - 9,7 + 0,04

CIELiaJIbHOTO BUCOKOBAPTICHOTO
obOnagHanus. ToMy HacTymHUM
€TaroM Haroi poOOTH CTaJo BUB-
YeHHs BIUTUBY 30epiranHs QinpT-

Pseudomonas
aeruginosa

24 9,8 + 0,08

pariB OyIbHOHHUX KYyJIBTYp HpO-
010THKIB caMe y 3aMOpPOKCHOMY
CTaHl Ha iXHI IPOTUMIKPOOHI Bac-
TUBOCTI. 3Ba)Kal04H Ha Te, 1110 IPH
3aCTOCYBaHHI IIOCIBHOT 103U TIPO-
6iotukiB 10,0 oguHMIL 3a IIKa-
s010 Mak®apJiianja, MU HE OTpU-
MAaJIY Pi3HUII MIXK IIPOTUMIKPOO-
HOIO aKTUBHICTIO CBIKOBUAIJICHUX (IIBTPATIB Ta THX,
sKi 30epiranucs y 3aMOPOXXEHOMY CTaHi, OyJio BH-
pilIEHO 3MEHLIMTH TMOCIBHY 103y npobioTuka. Mu
MIPUIYCKAEMO, IO 3aCTOCYBAHHS MEHIIOI IMOCIBHOI
J103H 320€31Me9YNTh HAKOTTMYEHHS METa0O0MITIB Y KyiIb-
TypaJbHOMY CEpEIOBHII y MEHII KOHIIEHTpallii, a
OTKe, HID)KYY TIOYaTKOBY MPOTUMIKPOOHY aKTUBHICTh
(inpTpartiB 1 BUITy WMOBIPHICTD BUABICHHS 11 MOX-
JUBUX 3MiH y pe3ynbrari 30epiranus. I[lin gac Bu-
00Opy MOCIBHUX 103 MH Opi€HTYBaluCsl Ha poOOTH
iHmumx aBtopis [11, 19]. JIng ouiHku mpoTUMIKpOO-
HOT aKTHUBHOCTI (inbTpaTiB, OTPUMAHUX i3 3acCTO-
CYBaHHSIM 3a3Hau€HHUX IMOCIBHHUX 703, Oyl0 00paHO
KUIBKICHAH METOH, 3a AOIOMOTOIO SIKOTO MOXJIUBO
BUSIBUTH 3HIDKEHHS MPOTUMIKPOOHOI'O MOTEHLiaTy
(hinpTpaTiB y pe3ynbTaTi 30epiranas B 3aMOpOXKe-
HOMY CTaHi.
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MpumiTkK: npoTumikpobHa akTUBHICTb iNbTpaTiB, BU3HAYEHA KiNbKiCHUM METOAOM:
«—» — BiJCYTHICTb POCTY MiKPOOpPraHi3miB; * — BiMiHHOCTi CTaTUCTUYHO 3HaYyLLi BiIHOCHO
NoKasHWKIB 4O 3aMopoxyBaHHs; p < 0,05.

Note: an antimicrobial activity of filtrates was determined by quantitative method: «—» — no
microorganism growth; * — differences are statistically significant as compared to indices
before freezing; p < 0.05.

dose would ensure the accumulation of metabolites in
a culture medium at a lower concentration, and hence
a lower initial antimicrobial activity of filtrates and a
higher probability to reveal its possible changes due
to storage. When selecting the inoculation doses we
followed the investigations of other authors [15, 25].
In order to evaluate an antimicrobial activity of the
filtrates, obtained with applying the mentioned ino-
culation doses, we selected a quantitative method to
reveal the reduction of antimicrobial potential of
filtrates as a result of storage in a frozen state.

Thus, the next stage in our research was to study
the storage effect of probiotic broth culture filtrates
with inoculation doses of 1.0 (A) and 5.0 (B) McFarland
standard in a frozen state at (—23 = 1)°C on their anti-
microbial properties against the test cultures after daily
exposure using quantitative method of evaluation. Ac-

npo6nemMbl KpMOOMONOrMM U KPUOMEAULIMHDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 4, 2017



TakuM YMHOM, HaCTYTI-
HUM €TaroM Haioi po0o-
TH CTAJIO BUBYCHHS BIUTUBY
30epiranss (hiasTparis Oysb-

Ta6nuus 4. MNpotumikpobHa akTUBHICTE inbTpaTiB 48-rogMHHUX BYNBNOHHMX KynbTYp
Saccharomyces boulardi 3 nocisHoto go3oto 1 (A) Ta 5 (B) oanHMLb 3a LLKarnot
Mak®apnaHga o Ta nicns 3aMopOXyBaHHSI

Table 4. Antimicrobial activity of 48-hour broth culture filtrates of Saccharomyces boulardii
with inoculation dose of 1 (A) and 5 (B) McFarland standard prior to and after freezing

HOHHUX KYNbTYp npo0io-
THKIB 13 [IOCIBHUMH J03aMHA
1,0 (A) ta 5,0 (B) onmunwmIb
3a1ukanoro Mak®aprania
B 3aMOpPOKEHOMY CTaHi 3a
temriepatypu (23 + 1)°C
Ha TXHi MPOTUMIKPOOHI Bi1ac-
THUBOCTI IO BiTHOIIIEHHTO 10
TeCT-KYyJBTYp Micis 1000-
BOI €KCITO3HIII{ 3 3aCTOCY-

Yac
ekcnosuuii,
roavMHa
Exposure
time, hr

TecT-KynbTypu
Test cultures

dinbTpaTV 6YNBAOHHUX KYNbTYpP
Saccharomyces boulardii
Broth culture filtrates
of Saccharomyces boulardii

uMnb
10 3aMOpPOXKYBaHHA sMPB

prior to freezing

nicnA 3aMopoXyBaHHA
after freeze-thawing

A B A B

g, KYO/mn
Ilg CFUs/ml

BaHHSIM KUTbKICHOTO METOTY
OLIHKH. 3TiZHO 3 pe3yJbTa-
TaMH, TIPEACTaBICHUMH Yy

Staphylococcus
; - 24
epidermidis

79+002|73+009| 81=+0,1* | 75=x0,07*| 99 +0,02

Ta0J1. 3, CBIKOBHIIJIEH] Ta
po3MopokeHi (inbTparu
OyIbHOHHUX KYJBTY JIaK-

Staphylococcus 24
aureus

79+002|73+x009| 81=x0,1* | 75=x0,07*| 99 +0,02

ToOaKTepiii, OTpUMaHi 3 BU-
KOPHCTaHHSAM 000X MOCIB-
HUX J103, BHSBIISIOTH Oak-

Corynebacterium 24
Xerosis

9,6 £ 0,04

TEPULIUHY aKTUBHICTb 110
BiJHOIIICHHIO 7O KOpHHE-
OakTepiil Ta CHHBOTHIHHOT

Corynebacterium 24
diphtheriae

9,7 £ 0,04

NaTMYKy. bakrepuiwHa mist
¢inbrparis nakTodaKkTepii
IO BiIHOIIEHHIO 710 cTadi-

Pseudomonas 24
aeruginosa

7,7 = 0,02 7,5 = 0,1 79 £001*| 78 £0,01*| 9,8 £ 0,08

JIOKOKIB CIIOCTEPIra€eThCs
(sIK 110, TaK i ITicJIs 3aMOPO-
JKyBaHHS) TIJIBKU T 4ac
3aCTOCYBaHHS [IOCIBHOI J0-
3u 5 oguaMIp (B) 3a mika-
noro Mak®apmanna. OisT-
paty 3 MOCIBHOIO J03010
1,0 oguamITs (A) 32 IKAI010
Max®apnanza MatoTh OakTepioCcTaTUUHY IO Ha CTa-
¢inokoku. KijbKicHI MOKa3HUKHM )KUTTE3NATHOCTI TECT-
KyJIbTYp cTa(iloKOKiB micis A000BOi eKcro3uMii y
po3MOpokeHHX (hiTbTpaTax A € 3HAIYIIEC BUIIAMU, HIXK
y CBKOBHAUIEHUX (LIbTpaTax A, ajie 3HaXOIAThCS Y
MeXKax OJTHOTO TOPSIIKY.

BakrepuiyiHa akTuBHICTH PiIBTPATIB OyIBIHOHHIX
KYJIBTYp CaxapoMIIeTiB 0 BiTHOIIEHHIO 10 KOPHHE-
OakTepiil micig 3aMOPOKyBaHHSI-PO3MOPOKYBAHHS
30epiraeThCs HE3aJIeKHO Bifl IOCIBHOT 71031 (Ta0II. 4).
BakrepioctaTnyna 1ist MeTaboIIITIB cCaxapoMILETiB 110
BiJIHOIIIEHHIO /10 CTa(piIOKOKIB Ta CHHBOTHIMHOT I1a-
JIMYKKA TPU 3aCTOCYBaHHI 000X MOCIBHHUX 1103 Micis
MIEPEHECEHOT0 3aMOPOKYBaHHS TaKOXK 30€piraeThCsl.
[Toka3HMKH KUTTE3NATHOCTI TECT-KYJIBTYp cradiio-
KOKIB 1 IICEBIOMOHA]T IICIIS €KCIO3UIIIl ¥ pO3MOpPO-
xeHuX (inpTpatax caxapominertiB A i B € 3nauymie
BUIIMMH Y TTOPIBHSIHHI 3 BiIIOBIAHIMH TOKa3HUKAMHU
ITICJIS eKCITO3MIIIT Y CBIXKOBHIUICHUX (istbTparax. O HaK

ing; p < 0.05.
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Mpumitkn: MpoTumikpobHa aKkTUBHICTb inNbTPaTIB, BU3HAYEHA KiNbKICHUM METOOOM: «—» —
BiCYTHICTb POCTY MIKpPOOPraHi3MmiB;
00 3amopoxyBaHHs; p < 0,05.

Note: An antimicrobial activity of filtrates was determined by quantitative method: «—» — no micro-
organism growth; * — differences are statistically significant as compared to indices before freez-

*

— BiOMIHHOCTI CTaTUCTUYHO 3HAYYLLi BiGHOCHO MOKa3HWKIB

cording to the findings presented in Table 3, the freshly
isolated and frozen-thawed filtrates of lactobacilli
broth cultures, obtained using both inoculation doses,
demonstrated an antibacterial activity against coryne-
bacteria and Pseudomonas aeruginosa. Antibacterial
effect of lactobacilli filtrate against staphylococci was
observed (both prior to and after freezing) only when
applying the inoculation dose 5 (B) McFarland stan-
dard. The filtrates with inoculation dose 1.0 (A) McFar-
land standard had a bacteriostatic effect on Staphylo-
cocci. Quantitative indices of staphylococcal test culture
viability after daily exposure in frozen-thawed filt-
rates A were significantly higher vs. freshly-isolated
filtrates A, but were within the same order.

An antibacterial activity of broth cultures filtrates
of Saccharomyces against the corynebacteria after
freeze-thawing was kept regardless of inoculation
dose (Tabl. 4). Bacteriostatic effect of Saccharomyces
metabolites against Staphylococci and Pseudomonas
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BKITUBHM € T€, 110 Pi3HUIISI MiXK KUTBKICHUMH TTOKa3-
HHAKAMU KXUTTE3AATHOCTI TECT-KYIBTYP MICIS €KCII0-
3ULi1 y CBKOBHALIEHUX Ta PO3MOPOXKEHUX (iIBTpaTax
€ HEBEJIMKOIO: BOHA CTAHOBUThH 3HAYHO MEHIIE, HIK
OJIUH TIOPSIIOK.

BucnoBknu

Otpumani pe3yiasTaTd CBig4aTh Mpo Te, 10 J0-
CcITiKeH1 criocoOu 30epiranus GiuIbTpaTiB OyIbHOHHNX
KyJIBTYp POOIOTHKIB yIIPOJOBK OOPAHOTO IHTEPBAITY
Yyacy He MalOTh 3HAYHOTO BIUIMBY Ha MPOTUMIKPOOHI
BJIACTHBOCTI MPOAYKTIB IXHBOTO MeTabomizMy. Tomy
3a HEOOXIHOCTI Ta HASBHOCTI BIAMOBIAHOIO TEXHIY-
HOTO OCHAITICHHSI Oy/Tb-SIKHH 13 BUIIIE3a3HAYCHIX CIIO-
co0iB 30epiranns QineTpariB Moxe OyTH 3acTOCO-
BaHUIl 06€3 pU3UKY CYTTEBOTO 3HIKEHHs a00 BTpaTH
HUMU OPOTUMIKPOOHOT aKTHBHOCTI.
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aeruginosa when applying both inoculation doses post
freezing was also preserved. The viability indices of
staphylococcal and pseudomonad test cultures after
exposure in frozen-thawed filtrates of Saccharomyces
A and B were significantly higher as compared to the
corresponding indices after exposure in freshly-isolated
filtrates. Nevertheless, of importance was the fact that
the difference between quantitative indices of test
culture viability after exposure in freshly-isolated and
frozen-thawed filtrates was low, i. e. much lower than
one order.

Conclusions

Our findings testified to the fact that the studied
storage methods for the probiotic broth culture filtrates
during the selected time interval had no significant
effect on antimicrobial properties of their metabolic
products. So, any of the mentioned above ways for
filtrate storage may be used with no risk of signifi-
cant decrease or loss by them of antimicrobial acti-
vity, if necessary and where an appropriate technical
equipment is available.
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