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Viability of Bifidobacterium bifidum 1 Under Hypothermia,
Single and Repeated Freeze-Thaw Cycles

Pecpepar: [ocnigxkeHo XuTTe3gaTHiCTb OakTepii npobioTnyHoro wrtamy Bifidobacterium bifidum 1 3a BnnuBy rinotepmii, ogHo-
pa3oBOro Ta MOBTOPHUX LMKMIB 3aMOPOXYBaHHSA-BiATaBaHHA (TepMoOLUMKNIOBaHHS). 3pas3ku cycneHsi bidigobakrepii ogpasy nicns
BUAINeHHs abo nicns 4o6oBOro rinoTepmivyHOro 36epiraHHA 3aMopoXyBanu Tpboma criocobamu A0 KiHueBoi Temnepatypu (—23 + 1)
abo (—196 + 1)°C. lMicna noBinbHOro 3amopoXxyBaHHSA 3pa3kiB Ao (—23 + 1)°C cnocTepiranu BinbLui KinbkicHi BTpaTty bidinobakrepin,
HiK MICMSA LWBMAKOTO 3aMOPOXYBaHHS MPSIMUM 3aHYPEHHSAM Y Pigkui a3oT. 36epiraHHsA 3paskiB 3a rinoTEPMiYHMX YMOB Ta OQHOpPa3oBe
3aMOpPOXYBaHHS-BiATaBaHHSA CyNpPOBOAXYBaNMNCS 3HAYHWUM MPUrHiYeHHAM A060BOro npupocTy Giomacu GidinobakTepin i mMoCUneHHaM
YTBOPEHHSA HUMM GionniBok. [lecATMpas3oBe TEPMOLIMKITIOBAHHS Hanbinbll HECMPUATIINBAM AN BKMBAHHSA CMOCOOOM He NpU3BOAUIIO
0o 3arnbeni BCiX KMITUH y CyCneHsisx: xutTesgatHummn 3anuwanuca go 35% 6idigobakTepin. MokasHukun 3patHocTi BidigobakTepii
[0 HapollyBaHHs 6iomacu 36epiranucs Ha piBHi 35%, a 3paTHOCTI 4o GionniBKOYTBOpPEHHS — Ha piBHi 43,7—65,5% Big BignoBigHMX no-
Ka3HUKIB CBXKOBUAINEHNX KMiTUH.

KntouoBi cnoBa: 6GicinobakTepii, XUTTE30ATHICTb, 3aMOPOXYBaHHSA-BIATaBaHHs,, TEPMOLMKITIOBAHHSA, [060BMIA npupicT Giomacw,
6ionmniBKOYTBOPEHHS.

Abstract: The viability of bacteria of the Bifidobacterium bifidum 1 probiotic strain under hypothermia, single and repeated freeze-
thaw cycles (thermal cycling) was studied. Samples of bifidobacterial suspensions were frozen immediately after isolation or after
daily hypothermic storage in three ways to the final temperature of either (—23 + 1) or (=196 = 1)°C. After slow freezing of the samples
down to (-23 % 1) °C, bigger quantitative losses of bifidobacteria were observed if compared with those after rapid freezing by a direct
immersion into liquid nitrogen. Storage of the samples under hypothermia and a single freeze-thaw was accompanied with a strong
inhibition of the daily growth of bifidobacteria biomass and an increased formation of biofilms. Ten-fold thermal cycling in the most
unfavorable way for survival did not lead to the death of all cells in suspensions. Up to 35% of bifidobacteria remained viable. Indices
of the bifidobacteria ability to enhance biomass remained at the level of 35%, and the ability to form biofilm was kept at the level of

43.7-65.5% of the corresponding indices for freshly isolated cells.

Key words: bifidobacteria, viability, freeze-thaw, thermal cycling, daily biomass growth, biofilm formation

Bipinobakrepii — oHa 3 BaXJIMBHX CKJIAJI0BUX
MIKpOOHOT CHUIBHOTH KUIIIEYHHKA JIFOAUHU. BoHU
BiJIIrpalOTh OCHOBHY pOJIb Y 3a0e3IeueHHi KOJIOHi-
3aIiifHOT PE3NUCTEHTHOCTI CIM30BHX OOOJIOHOK, 30e-
peXeHHI Ta BiTHOBIEHHI MIKpOOHOTO OajaHCy KH-
MIEYHUKA, PO3BUTKY IMYHHOI CHCTEMH, MOMIYJIISIIIl
IMyHHOI BIATIOBiZi Ta B 1HIIMX XKUTTEBO BaXKJIMBHUX
(hiziomoriunux mporecax [8, 9].

Brpara 6idigobaxrepiii HEraTHBHO MO3HAYAETHCS
Ha 37I0pOB’1 JIOMUHU. 3 METOK BiJIHOBJICHHS 1X YH-
CEJIBHOCTI B OpPraHi3Mi JIFOIUHY TPAJUIIIHHO TPU3HA-
YaroTh NPOOIOTHYHI IITaMU y BUIVISAI (papMaleBTHY-
HUX 3ac00iB, Xap4OBUX JOMIIIOK 1 (pepMEHTOBaHUX
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Bifidobacteria are ones of the important com-
ponents of the human gut microbial community.
They play a major role in ensuring the coloniza-
tion resistance of mucous membranes, preservation
and restoration of intestinal microbial balance,
development of the immune system, modulation
of immune response and other vital physiological
processes [8, 9].

The loss of bifidobacteria negatively affects the
human health. To restore their number in human
body, the probiotic strains are traditionally prescribed
as pharmaceuticals, food additives and fermented

dairy products. A promising approach to correct the
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MOJIOYHUX MPOAYKTIB. llepcrieKTUBHMM MigXOAOM
70 KOpeKIii MIKpOEKOJOTiYHHX TOPYIICHb € BUKO-
pucTaHHs MeTabiOTHKIB. 3acTocyBaHHSI O10JIOTIYHO
AKTUBHUX CTPYKTYPHUX KOMIIOHEHTIB i MeTa0OIIITiB,
3aBISKH SIKHM TPOOIOTHKH Peali3yloTh CBOI KOpH-
cHI e(eKTH, IO3BOJISE IMIBUIAKO AOCIATTH Oa)KaHOTO
e(exTy, YHUKHYTH HETaTHBHHUX HACIIIKIB 1 MOO0IY-
HUX e(eKTiB, OB’ A3aHNX 13 BUKOPUCTAHHAM JKHBHX
kmiTuH [9, 11, 13].

CTpyKTypHI KOMIIOHEHTH 1 BHYTPIIIHBOKIITHH-
Hi MeTaboiiTH OakTepiadbHUX KIITHH MOXKHA OT-
pumaru pizaumu Metogamu [10]. OcranHi Bigpi3-
HSIOTbCS MK cO000I0 3a MPHUPOAOI0 PYHHIBHUX
YUHHUKIB, MEXaHI3MOM 1 TTMOWHOIO MOLIKOKECHHS
KIIITHH, 110 3yMOBIIOE€ OTPUMAaHHS PI3HHX 3a CKJIa-
JIOM KiHIIEBUX MPOAYKTiB. OCHOBHOIO NPUYHHOIO
pyWiHyBaHHA 1 3aru0ermi KIITHH IIJ Yac 3aMOpo-
KYBaHHS-BIATaBaHHA € IMOLIKODKEHHSI MEMOpaHHUX
CTPYKTYp KpHCTajJaMH JIbOAY Ta BHCOKMMH KOH-
LEHTPALiIMA BHYTPIIIHBO- 1 TMO3aKIITHHHUX PO3-
4yrHiB. BHECOK KOKHOTO 3 YMHHUKIB MOIIKOJKCHHSI
3aJeKUTh B IIBWJAKOCTI TEMIEpaTypHHUX 3MiH
Ta TUOY KiIiTHH [6]. YyTnmBicTh 1O 3aMOpOXKyBaH-
HS-BIATaBaHHS 3aJIGKUTh BiA BUAOBOI HaJeXK-
HOCTI, a3y pocTy, KOHIEHTpaLil KIITHH Ta CKIary
cepenoBuua [1, 7].

BararopazoBe wLUKIIYHE 3aMOPOXKYBaHHS-BiJI-
TaBaHHS MOJIOYHO-KHCIHMX OakTepid Moxke OyTH 3ac-
TOCOBaHE IS ONEpIKaHHsS CYCIIeH3il, 30aradeHux
010JTOTIYHO AKTUBHUMH PEYOBHHAMH 1 CIIOTYKaMH
0aKTepiaJbHOIO IMOXO[DKEHHS, a TAKOXK Ul CEJeK-
1ii CTIKUX 70 cTpecy OakTepiadbHUX KIITHH [4].

Merta poboTu — MOpIBHSHHS KiJIbKiCHOT 30epe-
KEHOCTi Oaktepiii mpodioTnuyHoro mramy Bifido-
bacterium bifidum 1 micns omgHOPa30BOrO Ta IOB-
TOPHHUX LHUKJIIB 3aMOpPOXXYBaHHS-BIATaBaHHS pi3-
HUMH CIIOCO0aMH Ta OLIHKA KUTTE3JATHOCT] KIITHH
micyisl  3aMOPOXKYBaHHS-BiATaBaHHS HalOUIbII He-
CIPUSITIMBUM JUISI BUKUBAHHS CLIOCOOOM.

Marepiaau Ta MmeToaH

Y HOoCHimKEHHSIX BUKOPHUCTOBYBAIN MPOOIOTHY-
Huii mtam B. bifidum 1 3 npenapary «bidigymbakre-
pun» («BiBo-AxTuBy, Ykpaina). Jliodinizar perinpa-
TyBaJld Ta KyNbTHUByBaiIu mpotiarom 20-24 roaux
3a Temneparypu (37 = 1)°C y TionIiKoJIeBOMY cepe-
nosumi («Biolife», Itamis). Ilicas mepeBipku umc-
TOTH KyJIBTYpU MIKpOOHY Macy TpHYi BigMHBajH
BiJ nokuBHOTO cepepoBuma 0,9%-mM po3unHOM Hart-
pito xsopuy. ['oTyBanm cycrieH3ito KIIiTHH i3 ONTHY-
Hoto ryctuHoro 10,0 oguHuis 3a mkanow Mak-dap-
nmaHaa y (i3ioNorivHOMY PO3YHHI HATPIO XJIOPHUITY
3a momoMororo aeHcuToMmeTpa «Densi-La-Meter»
(«Lachemay, UYexis). CycmeH3iro 3aMOpOKyBaIH
onpa3y Miclia OTpUMaHHS abo IMONepenHbOTo 30e-

microecological disorders is the use of metabolites.
The application of biologically active structural
components and metabolites, due to which pro-
biotics implement their beneficial effects, allows
to quickly achieve the desired effect, avoid the
negative consequences and side effects associated
with the use of living cells [9, 11, 13].

Structural components and intracellular meta-
bolites of bacterial cells can be obtained by different
techniques [10]. The latter differ in the nature
of destructive factors, mechanism and depth of
cell damage, resulting in various compositions
of the final products. The main cause of cell destruc-
tion and death during freeze-thawing is damage to
membrane structures by ice crystals and high con-
centrations of intracellular and extracellular solu-
tions. The contribution of each of the damage factors
depends on the rate of temperature changes and
cell type [6]. Freeze-thaw sensitivity depends on
species, growth phase, cell concentration and me-
dium composition [1, 7].

Repeated cycles of lactic acid bacteria freeze-
thaw can be used to obtain the suspensions enri-
ched with biologically active substances and com-
pounds of bacterial origin, as well as for the selection
of stress-resistant bacterial cells [4].

The aim of this research was to compare the
quantitative preservation of bacteria of the Bifi-
dobacterium bifidum 1 probiotic strain after single
and repeated freeze-thaw cycles in different ways
and to assess the viability of cells after free-
ze-thawing in the most unfavorable for survival
way.

Materials and methods

The studies utilized a probiotic strain of B. bi-
fidum 1 derived from the Bifidumbacterin drug
(Vivo-Active, Ukraine). The lyophilisate was rehy-
drated and cultured for 20-24 hrs at (37 = 1)°C in
thioglycollate medium (Biolife, Italy). After exa-
mining the culture purity, the microbial mass was
washed three times from the nutrient medium with
0.9% sodium chloride solution. A suspension of cells
with an optical density equivalent to 10.0 McFarland
standard in physiological sodium chloride solution
was prepared using a Densi-La-Meter densitometer
(Lachema, Czech Republic). The suspension was
frozen immediately after obtaining or pre-storage
under hypothermia (6 + 2) °C for 24 hrs. The microbial
suspension was frozen as follows: A — 50 ml samples
in flasks were frozen to a final temperature (—23 +
1) °C for four hours; B — 1.5 ml samples in cryovials
were frozen to the final temperature (-23 £+ 1)°C
for one hour; C — 4.5 ml samples in cryovials were
frozen by direct immersion into liquid nitrogen to
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piranHs 3a rinorepMidyHnx ymoB (6 + 2)°C ympo-
noBX 24 rtomuH. MikpoOHY CyCHeH3il0 3aMopo-
JKyBaJIM HACTYITHUMH Crioco0amu: A — 3pa3ku 00’e-
MoM 50 M1 y (hrakoHax 3aMOpPOKYBAIH 10 KiHIIEBOT
temneparypu (23 + 1)°C BOpoOmoOBXK YOTHPHOX
romuH; B — 3pasku o0’emom 1,5 mi y kpioamiryiax
3aMOpOKYBAJIM 10 KIiHIEBOi Temmeparypu (—23 =+
+ 1)°C ynpomomx romuau; C — 3pasku 00’ €MOM
4,5 M y Kpioammylax 3aMOpOXKYBAaJIU TPSMHUM
3aHYpeHHSIM Y PIIKUH a30T 10 KIiHLEBOi Temrie-
parypu (—196 = 1)°C, sixoi nocsranu 3a 2—3 XB.

3MiHy TeMmeparypu 3pa3Ka peecTpyBajlM LIs-
XOM 3alliCy TEPMOIPaMH 33 JOIOMOTOK Mib-KOHC-
TaHTaHOBOT TepMoTapH, 3adikcoBaHOi y HOTO MEHTpI
(puc. 1).

3amMoporkeHi 3pa3Ku BimirpiBaav Ha BOISHINA OaHi
3a temmeparypu (37 = 1)°C mo mOBHOTO BiaTaBaH-
Hs1. [{uknm 3aMopoXKyBaHHS-BiATaBaHHS 3/iHCHIOBA-
qu 1, 5 Ta 10 pa3sis.

Kinbkictb xutTe3nataux 0idinodakTepiii y 3pas-
Kax BU3HA4YaJll METOJIOM CEPIHHUX PO3BEICHb, SIKHH
nependadaB BuciB marepiany (1,0 mi1) 3 KOXKHOTO
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Puc. 1. Tepmorpamn 3amopoxyBaHHS 3paskiB cnocobamu
A, B 1a C.

Fig. 1. Thermograms of freezing samples by methods A,
B and C.

a final temperature (—196 + 1)°C, achieved in 2—3 mi-
nutes.

The change in temperature of the sample was
registered by the thermogram using a copper-con-
stantan thermocouple fixed in its center (Fig. 1).

Frozen samples were warmed in a water bath
at (37 £ 1)°C until complete thawing. Freeze-thaw
cycles were performed 1, 5 and 10 times.

The number of viable bifidobacteria in the samples
was determined by serial dilutions, which involved
the material inoculation (1.0 ml) from each dilution
(107! to 107'%) in parallel tubes with a high column
(9.0 ml) of bifidum medium (Farmaktiv, Ukraine),
culture inoculations for 72 hours at a temperature
of (37 = 1)°C and subsequent counting of the number
of colonies. The number of colony-forming units
(CFU) was expressed as decimal logarithm (Ig CFU /
ml). Quantitative losses of viable bacteria were
calculated by the formula:

(A—B)/A x 100%,

where A is the number of viable cells (Ig CFU / ml)
before freeze-thaw/ hypothermic storage, B — after
freeze-thaw/hypothermic storage.

Daily biomass gain (DBG) and biofilm formation
of B. bifidum were studied in sterile 96-well
polystyrene microtiter plates (Ltd Eximcargotrade,
Ukraine). Tryptic soy broth (HiMedia, India) and
bifidobacteria suspensions after freeze-thaw/ hypo-
thermic storage were added to the test wells in a
9:1 ratio. Tryptic soy broth and suspensions of
freshly isolated bifidobacteria in the same ratio
were added to the wells of the positive control.
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possenenns (Bim 107 mo 107'’) y mapanenbHi
poOipku 3 BHCOKUM CTOBIMYMKOM (9,0 mi) Oidi-
nym-cepenosuina («Papmaktusy, Ykpaina), KyJIbTh-
BYBaHHSM TIOCIBIB YNPOJIOBXK 72 TOAMH 3a TEMIIe-
parypu (37 £+ 1)°C Ta HaCTYIHUM TIipaxyHKOM
KUTBKOCTI KOJIOHIH. KIigbKiCTh KOJOHIEYTBOPIOIO-
qux ommaANb (KYO) Bupakamn B IECATKOBOMY
morapudmi (Ig KYO/mm). KinbkicHi BTpaTtd KHT-
TE3NATHUX OakTepii po3paxoByBaiu 3a (opmy-
JI0I0:

(A—B)/A x 100%,

ne A — KUTBKICTbh )uTTe3narHux kTl (g KYO/mo)
70 3aMOpOXKYBaHHS-BiATaBaHHS / TIMOTEPMiUYHOTO
30epiranns, B — micns 3amopoXyBaHHS-BiATaBaHH/
TinoTepMIYHOTO 30epiranHs.

HocmimkerHss 1000BOTO TIPUPOCTYy Oiomach
(II1b) Ta OiommiBKOyTBOpeHHS B. bifidum mpoBo-
TN B CTEPWIBHHUX 90-IIyHKOBHX TIONICTUPOIH-
HUX MIKPOTUTpPYBaJbHUX TuTaHIeTax («Ekcimkap-
rotpeiin», Ykpaina). TpunTukazo-coeBuil OymbiOH
(«HiMedia», Inmisg) Ta cycnensii 0idimobaxrepiit
NIl 3aMOPOKYBaHHS-BIATaBaHHS / TIMOTEPMiYyHO-
ro 30epiraHHsi AojaBaJid B JOCIHiAHI JIyHKH Y CIIiB-
BimHOMmEHH] 9:1. ¥V JIyHKH MO3UTHBHOTO KOHTPOIIIO
BHOCHJIM TPHUNTHKA30-COEBUI OynbHOH 1 cycreH-
311 cBOKOBHAUIEHHX Oidimodakrepiii y Takomy K
cuiBBigHOmeHHI. JIyHKH HETaTHBHOTO KOHTPOJIIO
KIITHH He MicTwmm. [lnaHmier HakpWBaau KpPHII-
KOO Ta BHUTPUMYBajM B aHAEPOOHUX CTAaTUYHUX
ymoBax 3a temreparypu (37 + 1)°C npotsrom 24 ro-
muH. Ontuuny ryctuny (OI') BmicTy JyHOK BH-
MipoBani Tpu 578 HM 13 BUKOPUCTAHHSIM MiK-
porutanmeTHoro aHamizatopa «Lisa Scan EM»
(«Erba Lachema s.r.o.», Yexist). Ilicms Bumipro-
BaHHst OI' BMICTy JIyHOK IUTaHIIETH TPOAOBKYBAIH
BUTPUMYBAaTH 3a BUILE3a3HAYCHUX YMOB BIPOJOBXK
24 romgmH. 3pmatHicTh OidimoOakTepiid 10 OioruTiB-
KOYTBOPEHHS JOCIHIKYBaJdl 3TiAHO 3 METOIUKOIO,
onricaHoro panimie [3]. OOUncITIOBaIy IHASKCH TPHUT-
HivenHs / cramymsmii JAIIb 1 6iomriBKOyTBOpeH-
HSI.

ExcnepumenTu npoBogmmn Tpudi. Koxken 3pazox
JIOCIII/PKYBAJIM B I’ SITH NTOBTOpax. BusHavyanu cepe-
Hi 3HaUYEHHSI OTPUMAHUX MOKA3HUKIB 31 CTaHJapTHU-
MU BIAXWJIEHHIMH.

OTpumaHi AaHi CTaTHCTHYHO OOpoOIsIM 3a J10-
IIOMOTO0 TIporpamMHoro 3adesmneueHHs «Excel 2010»
(«Microsofty, CIIA). 3nilicaroBaim omHO(AKTOP-
HuH nucnepciiianii aHamiz (ANOVA) ta mopambiie
MHOKMHHE TIOpPIBHSHHS 3a [JOIIOMOTOIO0 KpHTe-
pito CrtpiomeHTa 3 TompaBkolo boudepponi. Bin-
MIHHOCTI MK OTPUMaHUMH TIOKa3HUKAMH BBa)KalH
CTaTUCTHYHO 3HauyImwMu mipu p < 0,05.

Wells did not contain negative cell control. The
plate was covered and kept under anaerobic
static conditions at (37 + 1)°C for 24 hours. The
optical density (OD) of the well contents was
measured at 578 nm using a ‘Lisa Scan EM’ mic-
roplate reader (Erba Lachema s.r.o., Czech Re-
public). After measuring the OD of the wells con-
tent, the plates continued to be maintained under
the above conditions for 24 hours. The ability of
bifidobacteria to biofilm formation was investigated
as described previously [3]. The DBG inhibition /
stimulation and biofilm formation values were cal-
culated.

The experiments were performed three times. Each
sample was examined in five replicates. The means
of the obtained indices with standard deviations
were determined.

The findings were statistically processed using
the software Excel 2010 (Microsoft, USA). One-
way analysis of variance (ANOVA) and subsequent
multiple comparisons were performed using the
Bonferroni-corrected Student’s t test. The differences
between the obtained indices were considered signi-
ficant at p < 0.05.

Results and discussion

At the first stage of this research the effect of
different freeze-thaw techniques on the content
of viable bifidobacteria in suspensions of freshly
isolated cells and the suspensions stored under
hypothermia was studied. The use of the tradi-
tional method of counting the number of CFU is
stipulated by the fact that culture ability, i. e. the
ability of cells to form colonies in a nutrient me-
dium, is an evidence of their viability [5]. The
findings presented in the Table 1 indicate the
dependence of the quantitative losses of bifidobac-
teria on the number of cycles and the method of
freezing-thawing of the suspension. The way A was
the least favorable for the survival of bifidobac-
teria, because the loss of wviable cells was the
largest. This value as a result of freeze-thaw of
the bifidobacteria, which were pre-stored during the
day under hypothermic conditions, did not differ
significantly from that of freshly isolated cells.
None of these ways of thermal cycling led to
the complete loss of viable cells. Therefore, the
resulting thermal cycling suspension consisted
of viable and dead bifidobacteria, cell debris and
contents released from the destroyed cells.

Thus, the slow freezing, which created the
conditions for the implementation of the ‘effects of
the solution’, was more unfavorable for the survival
of bifidobacteria. The results of our study are well
agreed with the data of other authors, i. e. rapid
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PesyabTaTn T2 00roBOpeHHA

Ha nepmomy erami JociifkKeHb BUBYAIH BILIUB
pi3HUX CIIOCOOIB 3aMOPOXKYBAaHHS-BIATaBaHHS Ha
BMICT JKHTTE€3AaTHUX OidimodakTepiil y cycreH3isx
CBDKOBUIGHUX KIITHH Ta CYCIIEH3ifX, SKi 30e-
piramucs 3a TINOTEPMIYHHX YMOB. 3acCTOCYBaHHSA
TPaOUIIITHOTO METOAY MiApaxyHKy KigpkocTi KYO
o0OyMOBIIEHE THM, IO KyIbTypaOenbHICTh (37aT-
HICTh KJITHH YTBOPIOBATH KOJOHIT B TOXXUBHOMY
CEPE/IOBHIIl) € JJOKAa30M iX KUTTe3MaTHOCTI [5]. Pe-
3yJABTaTH JIOCII/PKEHb, HABEICHI B TaOMMIN, CBIj-
YaTh MPO 3aJeKHICTh KUIbKICHUX BTpaTr Oidimobak-
Tepid BiA YKcIa MPOBENEHHX LMKIIB Ta CIOCOOY
3aMOpOXYBaHHs-BiATaBaHHs cycnensii. Haiimenmn

freezing or direct immersion into liquid nitrogen
provide minimal loss of bacteria viability [2, 4, 7].
The findings confirm that the damage of bacterial
cells is caused by osmotic imbalance rather than
the formation of intracellular ice.

Damage to frozen and thawed microorganisms,
first of all, is revealed by their impaired ability to
reproduce in a nutrient medium [1]. Therefore, at
the second stage of research, the ability of bifi-
dobacteria to increase the biomass and biofilm
formation after freeze-thaw was studied in the most
unfavorable way for survival.

Figure 2 shows the changes in the DBG of
bifidobacteria after daily hypothermic storage

Moka3HuKwM KinbKicHMX BTpaT B. bifidum nicns ogHOro Ta NOBTOPHMX LMKMIB 3aMOPOXYBaHHS-BiATaBaHHSA
Indices of quantitative losses of B. bifidum after single and repeated freeze-thaw cycles

KinbKicTb LUMKNIB 3aMOPOXKYBaHHA-BiATaBaHHA
Number of freezing-thaw cycles
1 5 10
Cnoci6 3aMopoKyBaHHA
Freezing method CB r CB r CB r
F H F H F H
BincoTok BTpayeHux KnituH, %
Percentage of lost cells, %
A 13,3 £ 3,7 16,1 = 0,6 54,2 + 2,2 51,56 + 3,5 64,6 + 3,4 62,7 £ 4,0
B 4,7 + 4,5 9,6 + 5,7 43,8 + 4,4 37,6 £ 1,2 53,0 + 1,3 50,9 + 5,6
Cc -2,9 + 4,3* 3,6 +6,2* 35,4 + 3,1* 32,9 + 2,6* 46,56 + 2,2* 43,8 + 3,2*

Mpumitkn: CB — cycneHsia cBixoBuaineHnx knituH; I — cycneHsis knitwH, wo 36epiranacst 3a rinoTepMiyHMX yMOB

BMPOAOBX 24 roguH; *
6om A, p <0,05.

— BIOMIHHOCTI 3HauvyLi BiQHOCHO MOKAa3HWKIB KiSIbKICHMX BTpPaT MiCrs 3aMOpPOXYBaHHSA CMOCO-

Notes: F — suspension of freshly isolated cells; H — cell suspension stored in hypothermic conditions during 24 hours;
* — differences are significant with respect to the indices of quantitative losses after freezing by method A, p < 0.05.

CIPUATIIMBAM [Tl BWO)KUBaHHS OidimoOaxTepiii BH-
SIBUBCS CIOCIO A, OCKUTBKH BTpaTa >KUTTE3TATHHUX
KIITHH Oyna HaiOinbpImoro. JlaHui MOKasHHWK y pe-
3yabTaTi  3aMOpOXKyBaHHS-BiATaBaHHSA Oidimodak-
TepiH, sIKi MmornepeHbpo 30epiraircs BIPOIOBK 00U
3a TINOTePMIYHMX YMOB, 3HA4yylle HE BiApi3HSB-
¢ BlJ Takoro CBLKOBUOUIEHHMX KiaiTHH. JKomeH 13
BKa3aHUX CIIOCOOIB TEPMOLMKIIIOBAHHS HE TpHU3-
BOOMB /IO TIOBHOI BTPAaTH JKWUTTE3AATHUX KIITHH.
OTxe, oTpuMaHa B pe3ylbTaTi TEPMOLMKIIOBAHHS
CYCHEH3is CKiIafaiacs 3 >KUTTE3NATHUX 1 MEPTBUX
0idimobaxrepili, KIITHHHOTO NeOpHCy Ta BUBLIbHE-
HOTO 31 3pyHHOBaHUX KJIITHH BMICTY.

TakuM YMHOM, TOBUIBHE 3aMOPOXYBaHHS, SIKE
CTBOPIOBAJIO YMOBH IS peaiizarmii «e(eKTiB po3-
YUHY», BHSBWIOCS OUIBII HECHPUSTIUBUM JIJIsI
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and freezing-thawing. The DBG inhibition index
after one-, five-, and ten-fold freeze-thaw cycles
for the suspensions of freshly isolated cells was
45.4; 54.5 and 65% respectively. After daily sto-
rage under hypothermic conditions, the DBG
suppression index was 13.2%. Pre-storage under
hypothermic conditions did not significantly affect
the DBG of bifidobacteria. Thus, the DBG inhibi-
tion index for these cells after one, five and ten
freeze-thaw cycles was 47.2; 59.7 and 64.9%, re-
spectively.

The DBG inhibition index after storage of bifi-
dobacteria under hypothermic conditions and a
single freeze-thaw was higher (13.2 and 45.4—
47.2%) than the quantitative cell loss rate (7 and
13.3-16.1%), determined the traditional CFU calcu-




BkuBaHHs Oidinodakrepiil. Pesymprat Hamoro
JNOCHIDKEHHST 100pe  Y3TOIUKYIOTbCS 3 JaHUMH
IHIIMX aBTOPIB: MIBUJIKE 3aMOPOXKYBaHHS a0 mpsiMe
3aHYpEeHHST B PIIKHHA a30T 3a0e3ledyroTh MiHi-
MaJbHI BTpAaTH JKUTTE3NATHOCTI Oakrepiit [2, 4, 7].
OTpumaHi pe3yabTaTd € MATBEPIHKEHHSIM TOTO, IO
TTOIIKO/KEHHST OaKTepiadbHUX KIITHH 3yMOBIICHE,
CKOpillle, OCMOTUYHMM AHCOATaHCOM, HIK (opmy-
BaHHSM BHYTPILIIHbOKJIITHHHOTO JIbOITY.

[Toiko/pkeHHsT MIKPOOPraHi3MiB, sIKi ITijiaBa-
JUCS 3aMOPOYKYBaHHIO-BiITABaHHIO, TEpII 3a BCE,
BUSIBJIIIOTH 338 TOPYIIEHHAM IX 3JaTHOCTI 10 PO3-
MHOKEHHsI Y TIO)KuBHOMY cepenoBuii [1]. Tomy Ha
JpYroMy eTarli JOCHiIKeHb BHBYAIHM 31aTHICTH Oi-
(hinmobakTepili 10 HapoIlyBaHHS OioMacH Ta OiOTLIiB-
KOYTBOPEHHSI MICJIs 3aMOPOXYBAaHHS-BiATaBaHHS
HaHOLTBIT HECTIPUATINBAM ISl BIDKHUBAHHS CIIOCO-
ooM.

Ha puc. 2 mpogemonctpoBano 3minu [AI1b 6idi-
nmobakTepiid micas JO0OOBOTO TIiMOTEPMIYHOTO 30e-
piraHHs Ta 3aMOpOXXyBaHHsS-BinTaBaHHsS. [HIEKC
npurnidenss JIBI1 micns omHo-, m’saTH- Ta aecs-
THUPA30BOTO 3aMOPOKYBaHHS-BIATABaHHS CYCHEH311
CBIKOBHMIIIEHUX KINTHH cTraHoBuB 454; 54,5 Tta
65% Bignosigno. Ilicast goGoBoro 30epiraHHs 3a
rimorepMiyHuX yMoOB iHAekc mnpurHiueHus IIb
oyB 13,2%. IlonepenHe 30epiranssi 3a rimorepmid-
HUX yMOB cyTTeBO He BrumBaio Ha JIIb 6i-
(hinobakTepili Ticis 3aMOpOXKYyBaHHS-BiJATaBaHHS.
Tak, iamexc mpurHideHHs JIIb 1mux KIITHH TIiCis
OITHOTO, TI'SITH Ta JECATH IHKIIB 3aMOPOXYBaHHSI-
BigTaBaHHs cra”HoBuB 47,2; 59,7 ta 64,9% Biamo-
B1IHO.

Innexc mnpurnivennss JIIb micns 30epiranss
0idimobaxTepiii 3a TIMOTEPMIYHUX YMOB Ta OIHO-
pPa3oBOro 3aMOpOXKYBaHHS-BiATABaHHS OyB BHUILUM
(13,2 Ta 45,4-47,2%), HDK TOKa3HUK KUIBKICHUX
Brpar kmituH (7 ta 13,3-16,1%), Bu3HaueHuit Tpa-
TUIIHHAM  MeTomoM TiapaxyHky KVYO, a micns
MOBTOPHUX  LMKJIIB  3aMOpPOXKYBaHHS-BiATaBaHHS
BiH BIJAIOBiIaB KUTBKICHUM BTpaTaMm KmiTHH. Omep-
JKaHl pe3yJbTaTH CBiMUaTh IMPO BHUCOKY 3IaTHICTH
KJIITHH, $KI 3QIHINAIACS JKUBUMH IICISI TEPMO-
OUKITIOBaHHS, J0 HapoIlyBaHHS OioMacu. 3a oOmu-
CaHMX YMOB CEKCIIEPUMEHTY OyB MOMIJIUBUM CTH-
myastopuuii BB Ha  JIIB  mocmimpkyBaHMX
KIITHH JEepHUBATiB MPOOIOTHKIB, SIKi BUBLILHUIUCS
y TO3aKJIITHHHE CepeJoBUIIE 31 3pyHHOBaHUX KIli-
THH TiCHs 3aMOpOXyBaHHS-BiaTaBaHHsA. CTUMYIs-
topuuit BrumB Ha JIIb B. bifidum Oe3xkmiTHHHUX
€KCTPAaKTIB, SKi MiCTATh JIEPUBATH IILOTO MiKpPOOPTaHi3-
My, OyB BUSIBJICHUI HaMu paHimie [3].

Sk mokazaHo Ha puc. 3, 30epiraHHs CycreH3il
OidimobakTepiii 3a TIMOTEPMIYHUX YMOB YIPOIOBXK
n0o0W 3HAYHO TMiABUINYBAJO iX 3AaTHICTE A0 0i0-
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lating, and after repeated freezing-thaw cycles,
it corresponded to the quantitative loss of cells.
The obtained results indicate a high ability of
cells that survived after thermal cycling to increase
biomass. Under the described experimental con-
ditions, it was possible to stimulate the DBG
of the studied cells of probiotic derivatives, which
were released into the extracellular environment
from the destroyed cells after freeze-thaw. Sti-
mulatory effect on DBG of B. bifidum cell-free
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Control

KinbKicTb LMKMIB 3aMOPOXyBaHHSA-BIATaBaHHSA
cycneHsin

Number of freeze-thaw cycles of suspensions

Puc. 2. Jo6osui npupict 6iomacu ceixoBuAaineHnx Bidi-
pobakTepii (m) i GakTtepini, ski 36epiranucs BNPOOOBX
24 rogvH 3a rinotepmivyHux ymoB (), 4O Ta Nicrsi 0QHOro
abo MOBTOPHMX LMKMIB 3aMOPOXyBaHHSA-BiATaBaHHA CMoO-
cobom A. BigMiHHOCTI 3Hauvylli BIiQHOCHO MOKa3HWKIB
nponigpepaTtnBHOi aKTUBHOCTI KNiTUH KOHTPOMNbHUX Fpymn:
* — cBDKOBMAINEHMX KNiTWH; # — KniTWMH, ski 36epiranu-
Cs1 BNIPOJOBX 24 rogunH 3a rinotepmidHmx ymos, p < 0,05.

Fig. 2. Daily increase in biomass of freshly isolated (m)
and stored during 24 hours under hypothermic conditions
(O) bifidobacteria before and after single or repeated
freeze-thaw cycles by method A. The differences are
significant with respect to the indices of proliferative
activity of cells of control groups: * — freshly isolated; # —
stored during 24 hours under hypothermic conditions (H),
p <0.05.

extracts containing derivatives of this microorga-
nism was found by us earlier [3].

As Fig. 3 shows, the bifidobacteria suspension
storage under hypothermic conditions during the
day significantly increased their ability to form
biofilms, while the stimulation index was 165.2%.
After a single freeze-thaw, the ability of biofilm
formation of freshly isolated cells increased by
96%, and the cells stored under hypothermic con-
ditions did by 85.2%. This rate in suspensions sub-
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IUTIBKOYTBOPEHHS, NMPH LBOMY 1HJCKC CTHMYJISLIi
craHoBuB 165,2%. Ilicast omHOPa30BOrO 3aMOPOXKY-
BaHHA-BiATaBaHHS 37aTHICTH 10 OlOMIIBKOYTBOpPEH-
Hsl CBDKOBH/IUICHUX KJIITHH MifBUIyBasacs Ha 96%,
a KIITHH, K1 30epiramucs 3a TimoTepMidHIX YMOB, —
Ha 85,2%. [laHnil NMOKa3HUK y CyCIIEH3isX, SKi Mif-
Jaly I'STH LMKIaM 3aMOPOXKYBAaHHS-BiITaBaHHS,
CyTTE€BO HE BIIPI3HABCSA BiJ TaKOTO y CYCIICH3IiMX
CBDKOBUIUIEHUX OakTepii 1 OyB mMOMIpHUM, He-
3B)KAIOYM HA 3HAYHI KUIBKICHI BTpaTH KIITHH
(51,5-54,2%). biommiBkoyTBOpeHHs 0idimodakTepiit
micIsl  JIeCSATUPA30BOTO TEPMOLMKIIIOBAHHSI CTaBaJIo
craOKKM, aJie 1HJEeKC MPUTHIYCHHs! O10TUIIBKOYTBOPEH-
Hs1 OyB zmemo HkauM (56,3%), HiX KiNbKICHI BTpaTH
KiithH (62,7-64,6%). OTpuMaHni JaHi cBimyath mpo
Te, mo 30epiraHHs 3pa3KiB 3a TIIOTEPMIYHUX YMOB,
OIHOPA30BE Ta IOBTOPHE 3aMOPOKyBaHHS-BiITaBaH-
HS CTUMYIIOIOTH OlOTUTIBKOYyTBOpeHHA  Oidhimobak-
Tepi.

IlinBumenHs 3matHOCTI Oidimodakrepiit 1o 0Oio-
IUTIBKOYTBOPEHHST MO)KHA TIOSICHUTH  (Di3UKO-Xi-
MIYHUMH 3MiHAMH KJITHHHHX TTOBEPXOHb 1 (YHK-
[IOHYBaHHS PETYISTOPHUX CUTHAJIBHUX CHCTEM
[12]. Taki nepeOynoBu Mormu BifOyBaTHCS SIK 3a
BIUIUBY (Di3MKO-XIMIYHUX YHHHHUKIB 3aMOPOXKY-
BaHHA-BIATaBaHHA, TaK 1 CTPYKTYPHUX KOMIIOHEHTIB
Ta BHYTPIIIHBOKIITHHHUX META0OMITIB IOLIKO-
JKEHHX MPOOIOTHYHUX KIITHH, TPHCYTHIX y Ce-
PEIOBHUII KyJbTUBYBaHHS 1 3JaTHUX CTUMYJIIOBATH
maHuii nporiec [3]. 3’AcyBaHHA MEXaHi3My CTHMY-
na1ii  OlOTUTIBKOYTBOPEHHSI MOTPeOye OKPEMOTo
JOCIIJKEHHS.

Pesynprat  mocCHiKEHHS BKa3ylOTh HAa MOX-
JMBICTh 3aCTOCYBAaHHSI TEPMOLMKIIOBAHHS 3 METOIO
OTpUMaHHS O10JIOTTYHO AaKTHBHHX JICPUBATIB IPO-
O0loTHYHHMX OaKTepidd, JO3BOJSIOTH OLIHUTU BTPATH
Ta CTYNiHb NOWIKO[KeHHA Oidigodakrepiid micis
OZJHOPA30BOT0 Ta TOBTOPHUX LHKIIB 3aMOPOXY-
BaHHS-BIITaBaHHS PI3HUMHU CHIOcO0aMu. Y TOJalIb-
[IOMY IJIAHY€ETHCSI JOCTITUTH KOMIIOHEHTHUN CKJIaj
MO3aKJIITHHHOTO CEPEIOBUILA CYCIICH31H, OTpUMaHuX
y Pe3yJIbTaTi TEPMOLUKITIOBAHHSL.

BucHoBku

1. BcranoBneno, mo crnocoOu 3aMOpOKyBaH-
HS-BIJITABaHHS 3 TOBUILHUM 3aMOPOXKYBaHHSM [0
KiHneBoi temmeparypu (—23 + 1)°C copu4uHSIOTH
OlnmpIi KibKicHI BTpaTn 0idinoOakrepiid, HIX CIO-
ci0 MIBUAKOTO 3aMOpOKYBaHHS 10 KiHIIEBOI TeMIie-
parypu (—196 £ 1)°C npsiMuM 3aHYpEHHSIM Y PiIKUi
a3oT.

2. 30epiranHs 3a TINOTEPMIYHHX YMOB Ta OIHO-
pa3oBe 3aMOpOXKYBaHHS-BIATaBaHHS CYHNPOBOIXKY-
FOTBCS 3HAUHUM TMPUTHIYCHHSIM JO0OBOTO MPHPOCTY
OidhimobaxTepiil 1 TOCHICHHSIM YTBOPCHHS HIMH 0i0-
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CycreHsin
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Puc. 3. BionniBkoyTBOpeHHs cBixoBuaineHnx 6Gicinobak-
Tepin (M) i 6akTepin, Wo 30epiranucsa BNPoaoBX 24 roguH
3a rinotepMiyHMx ymoB (O), A0 Ta nicna ogHoro abo no-
BTOPHMX LMKIIB 3aMOpPOXYBaHHS-BiATaBaHHA crnocobom
A. BigmiHHOCTI 3Hauywli BiQHOCHO MOKa3HWKIB GionmniBko-
YTBOPEHHSA KNITUH KOHTPOMbHMX Pyn: * — CBIKOBUAINEHNX
KNiTUH; # — KNiTWUH, Wwo 36epiranucs BNpoaoBX 24 roguH
3a rinotepmivyHnx ymos, p < 0,05.

Fig. 3. The biofilm formation by freshly prepared (m) and
stored during 24 hour under hypothermic conditions (0O0)
bifidobacteria before and after single or repeated freeze-
thaw cycles by method A. The differences are signifi-
cant with respect to the indices of biofilm formation
by cells of control groups: * — freshly isolated (F); # — sto-
red during 24 hours under hypothermic conditions (H),
p <0.05.

jected to five freeze-thaw cycles did not differ signi-
ficantly from that in the suspensions of freshly
isolated bacteria and was moderate, despite significant
quantitative cell losses (51.5-54.2%). The biofilm
formation of bifidobacteria became weak after ten
thermal cycles, but the index of biofilm inhibition
was slightly lower (56.3%) if compared with the
quantitative loss of cells (62.7-64.6%). The obtained
data indicate that storage of samples under hypo-
thermic conditions, single and repeated freeze-
thawing stimulate the biofilm formation of bifi-
dobacteria.

The increase in the ability of bifidobacteria
to biofilm formation can be explained with phy-
sicochemical changes in cell surfaces and the func-
tioning of regulatory signaling systems [12]. Such
rearrangements could occur under the influence of
the freeze-thaw physicochemical factors, as well as
structural components and intracellular metabolites
of damaged probiotic cells present in the culture
medium and able to stimulate this process [3].
The mechanism of biofilm stimulation needs to be
elucidated.
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wriBok. OepkaHi JaHi CBiT4aTh MpO Te, IO 3a3Ha-
YeHI yYMOBH CIPHUSIOTH mepexony Oidimobaxrepiit
Bil MJIAHKTOHHOI A0 OiomiBKoBOi ¢Gopmu icHY-
BaHHSI.

3. HecsTtupa3oBe 3aMOpOKYyBaHHS-BiATaBaHHS
(TEepMOITMKITIOBAHHS ) HE MMPU3BOAWUTH JO BTPATH BCiX
JKUTTE3NATHUX KIITHH Yy cycrneHs3isax. bidimodak-
Tepil MCIsI TEPMOITUKIIOBAHHS XapaKTePU3YIOTHCS
30epeKEHOI0 3[aTHICTIO JI0 HApOIyBaHHS OioMacH
Ta YTBOPEHHS Oi0ILTIBOK.
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The results of this study indicate the possi-
bility of using thermal cycling to obtain biologi-
cally active derivatives of probiotic bacteria, enable
to assess the loss and degree of damage to bifi-
dobacteria after single and repeated freeze-thaw
cycles in different ways. In the future it is planned
to investigate the component composition of the
extracellular medium of the suspensions obtained
by thermal cycling.

Conclusions

1. The freeze and thaw techniques involving the
slow freezing down to the final temperature (-23 +
1)°C were established to cause bigger quantitative
losses of bifidobacteria than the one with rapid
freezing down to the final temperature (—196 + 1)°C
by a direct immersion into liquid nitrogen.

2. Storage under hypothermic conditions and
one-time freeze-thaw are accompanied by a signifi-
cant inhibition of the daily growth of bifidobacteria
and increased formation of biofilms. The obtained
data indicate that these conditions promote the
transition of bifidobacteria from planktonic to biofilm
form of existence.

3. Ten-fold freeze-thaw (thermal cycling) does
not lead to the loss of all viable cells in suspensions.
Bifidobacteria after thermal cycling are characterized
with the preserved ability to increase the biomass and
to form biofilms.
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