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W3y4asu BIUsTHIE THOMOUYEBUHBI KaK aHTHOKCHIAHTA B 3alIUTHON Cpeie MPH INO(QUIH3aNU Ha XPaHEHHE THODUITU3UPOBAHHBIX
KyJbTYp XJIeO0oneKapHbIX APOXKed. THOMOUEBHHA JOCTOBEPHO YBEIUUMUBACT CPOK UX XPAHEHHS B )KU3HECTIOCOOHOM COCTOSHUY IIPU
temmneparype 4 u -10°C. IIpu Temneparype -25 u -75° C KOIU4ECTBO KHU3HECIIOCOOHBIX KIETOK U X CBOWCTBA HE U3MEHSUINCH.

Kniouegwie cnosa: pOXOKH, THOGUIU3AIMS, AaHTHOKCHUIAHTHI, XPaHCHHE.

BuB4anu BIUTHB TiIOCEYOBHMHHU 5K AHTHOKCHAAHTY B 3aXHCHOMY CEpEIOBHIII IpH JTiodiiizamii Ha 30epiranHs 1o ii30BaHUX KyIETYp
XJII0OTIEKapChKUX APk IKiB. [IpUCYTHICTh TIOCEUOBHHH TOCTOBIPHO 301NIBIIYE TEPMiH iX 30epiraHHs B )KUTTE3JATHOMY CTaHi IpU
temnepatypi 4 1-10°C. [Ipu remnepatypi -25 1 -75°C KiNbKICT )KUTTE3JATHAX KIIITHH 1 IX BIIACTHBOCTI HE 3MiHIOBAJIHCH.

Kniouosi cnoea: npix ki, miodinizaris, aHTHOKCHIAHTH, 30epiraHHs.

The effect of thiourea, as an antioxidant in cryoprotective medium under freeze-drying, on the baker’s yeast frozen-dried culture
storage, was studied. Thiourea statistically and significantly increases their storage term in a viable state under 4° and -10°C. A number
of viable cells and their properties remained unchanged under -25° and -75°C.

Key words: yeast, freeze-drying, antioxidants, storage.

JInopunuzanus — HanboIee YacTo UCIONb3YEMBII
B NMpaKTHKE cI0CcO0 KOHCEPBUPOBAHHS MHKPO-
OpTaHHU3MOB, YAOOHBIN AJIsI XpaHEHHS M TpaHC-
OpTUPOBKH [3,5,6]. OgHuM u3 Beayuux (GpakTopos,
OT KOTOPOT'O 3aBUCHUT KOJIMUYECTBO KHU3HECTIOCOOHBIX
MHUKPOOPIaHU3MOB, ABJISIETCA OCTaTOYHAS BIA)KHOCTB!
YeM OHa BBIIIE, TeM OO0JbIIe COXPaHHOCTh MUKPOOP-
TaHU3MOB, TEM KOPOUE€ CPOK MX XPaHEHHsI, 0COOEHHO
B BO3ymHOM cpene [1]. B atux ycnoBusax peanu-
3YIOTCSI OHOXUMHUYECKHUE MPOIECCHI C MaJIOl SHeprueit
aKTUBAallMU, B TOM YHCIIE TIEPEKHCHOE OKHCJICHHE, B
pe3yabTare KOTOPOTO HAaKaIUTMBAIOTCA MPOMYKTHI,
OKa3bIBaIOIINE OTPHULATEIbHOE BIUSHUE HA MUKpPO-
OpTaHU3MBI.

W3BecTHO, 4TO B IpoLEcce XpaHEHUs] MUKpOOpTa-
HU3MOB NIPY HU3KHUX TEMIIEPATypax U MpPH HCIONb-
30BaHUU aHTHOKCUIAHTOB Ha dTAIax JUO(PHIN3aun
CHU)KAETCS aKTUBHOCTb HJIM OCTAHABJIUBAKOTCS
(hepMeHTAaTUBHBIE pEAKIUU U OKUCIHUTEIbHBIE
TIPOIIECCHI.

ens marHON pabOTHI — U3YUCHUE BIUSHUSI TEM-
nepaTypbl XpaHeHus B aTMocdepe Bo3ayxa U HEeKOTO-
PBIX aHTHOKCHIAHTOB Ha KOJTMYECTBO )KU3HECTIOCO0-
HBIX JINO(DUITM3UPOBAHHBIX APOACKEH.

Freeze-drying is the most frequent way used in
a practice for microorganism preservation, which is
suitable for storage and transportation [3,5,6]. The
residual humidity is one of the leading factors on
which depends a number of viable microorganisms:
the higher it is, the higher is the microorganism’
integrity, the shortest is their storage term, especially
in air [1]. Under these conditions the biochemical
processes with a low activation energy are realised,
including the peroxidation, resulting in the accu-
mulation of products with negative effect on
microorganisms.

It is known, that when storing microorganisms
under low temperatures and using antioxidants at
the stages of freeze-drying there is the activity
decrease or the enzyme reaction and oxidative pro-
cess stopping.

The aim of the work was to study the effect of
storage temperature in air atmosphere and some
antioxidants on the viable frozen-dried yeast amount.

Materials and methods
The investigation object was the race 608
S.cerevisiae baker’s yeast. The yeast were cultured
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Matepnaabl 1 meToAbI

OOBEKTOM HCCIEIOBaAHUS CIYXHUIH XJeOo-
MeKapHbIe APOAOKH S. cerevisiae pacvl 608. Ipoxokn
BeipamuBanu 48 u npu temuneparype 30°C Ha
CKOILIIEHHOH CyCJI0-arapoBOd Cpeje, MEepeBOAUIN B
KUIKYH nuratenbHyro cpeny YEPI m kynbtu-
BHUPOBAJIM B HEHW ¢ adpamueid 24 4 mo Havaia
cTarmoHapHoH (a3wl pocTa. 3aTeM KICTKH APOAOKEH
OCaXJlaJu LEeHTPU(YTHPOBAHUEM U MEPEBOAIIN B
3aMUTHYIO cpeny, coctosamyo u3 10% BomgHOTO
pactBopa MansTo3sl U 10% cyxoro 06e3:KUpEeHHOTO
MoOJIOKa. B kadecTBe aHTHMOKCHJIaHTa K cpeje
no0aBisin THoMoueBHUHY. CpenHsisi KOHIEHTpalysl
KJIETOK B CyCIeH3uu coctaBisuia 1x10% kiu/mir.

[IpuroToBIEHHYIO CYCIEH3UIO JPOXIKENH BHOCHIN
1o 1 MJ1 B IEHUIMIUTMHOBBIE (1akoHbL. JInodunmm3zanuro
Ipoxkeit mpoBoawm Ha ycranoBke Y3B-2 (CKTh ¢
OIT UIIKuK HAH VYkpaunsl, r.XapskoB). KorTpons
3a MPOIECCOM CYIIKH OCYIIECTBISUIH C ITOMOIIBIO
TepMonap (Meab-KOHCTAaHTaH), HaXOQAIIUXCS B
KOHTPOJILHOM 00pasIie U Ha MOJIKE.

O0pa3ipl oxJaxaaiu co ckopoctsio 0,5°C/MuH B
KaMmepe cyOnnManunoHHod cymku o -25°C. Jluo-
(uIM3aMIo MPOBOIIIN IPH OCTATOYHOM JIaBJICHUH B
kamepe 0,013-0,018 ITa. OcTatouHas BIaXHOCTh
00pa3uoB nocie TMoGuIn3anuy coctasisia 2-3%.

[Nocne okoHuanus MOGUIU3ALNH U PETUAPATALUH
00pa3IoB ONpeaessuId KOMUIEeCTBO KU3HECIOCOOHBIX
kiIeTok. OOpasIsl peruaApaTUPOBAIN T00ABICHHEM
JTUCTHJUTMPOBAHHOM BOJIBI JI0 HICXOIHOTO 00beMa pu
temmeparype 20°C. KonnuecTBo KU3HECITOCOOHBIX
KJIETOK JIPOXOKEH OTpeAesisiIi YalledHbIM METO0M
Koxa mo xonmmuecTBYy MaKpOKOJOHHUH, chopmu-
pOBaBIIMXCS Ha cycio-arape [4].

JInopunuzupoBaHHbIe 00pa3Lbl APOKKEH 3aKiia-
IBIBANTM HA XpaHEHUE MPHU Pa3HBIX TeMIIEPaTypPHBIX
ycnoBusAX. Jpoxxku, TMOQUIN3UPOBAaHHBIE B Mallb-
TO3HO-MOJIOYHOH cpene (cpena 1), ObUIM KOHTPOJIB-
HBIMH 00pa3naMu, ONMBITHBIMH — B MaJjbTO3HO-
MOJIOUHOH cpeze ¢ mobasneHueM 1% THOMOYEBUHEI
(cpena 2).

KonnuecTBo KJIETOK ¢ HEJETaIbHBIMU TOBPEXK-
JIEHHUSIMHA OTIPEIIISIIH 110 METOY aKTHBAILlK MeTa0o-
JINYECKHUX TpoIeccoB mpu Temmepatype 37°C.

Yactp 00pa3moB XpaHHWIach IPH TEMIIEpaTypax:
4,-10,-25u-70°C.

Craructuueckyro 00pabOTKy MOTYyYEHHBIX Pe3ylib-
TaTOB MPOBOIMIN OOLICHPHHATHIMU METOAAMH [2].

Pe3yAbTaTbl M 00CyXXAeHHe

YCTaHOBIIEHO, €CITH IPOXKIKH JINOPHITU3UPOBAINCH
B MaJIkTO3HO-MOJIOYHOM CPeJie U SKCIIO3UPOBAITHCH TIPH
temueparype 37 °C, To yxe yepes 4 JHS KOJIUIECTBO
KHU3HECTIOCOOHBIX KJIETOK CHUKAJIOCh Ha MOPSJIOK,
gepe3 12 mHeW — Ha 3 mopsaka, B KOHIIE IIEPBOTO
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for 48 hrs under 30°C on a sloping wort—agar
medium, transferred into the UERD liquid nutritive
medium and cultured in it with 24 hrs aeration up to
the stationary growth phase. Afterwards the yeast cells
were precipitated by centrifuging and removed into a
protective medium, consisted of 10% maltose aqueous
solution and 10% dried skimmed milk. Thiourea was
added to the medium as an antioxidant. An average
cell concentration in suspension made 1x108 cells/ml.

The prepared yeast suspension was transferred into
the penicillin flasks by 1 ml. The yeast freeze-drying
was carried out with UZV-2 device (Special Design &
Construction Bureau with Experimental Unit of the
Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine,
Kharkov). The control for freeze-drying process was
carried-out using the thermocouples (copper-
constantan), being in the control sample and on a shelf.

The samples were cooled down to -25°C with
0.5°C/min rate in a cryodesiccation chamber.
Freeze-drying was carried-out under 0.013-0.018 Pa
residual pressure in a chamber. The residual humidity
of the samples after freeze-drying made 2-3%.

After finishing the samples’ freeze-drying and
rehydration processes there was determined a number
of'viable cells. The samples were rehydrated by adding
a distilled water up to the initial volume under 20°C. A
number of viable yeast cell was determined using the
Koch’s dish method upon a number of macrocolonies,
formed on wort-agar [4].

Frozen-dried yeast samples were laid for storage
under different temperature conditions. The yeast,
frozen-dried in maltose-milk medium (medium 1) was
the control sample, that in maltose milk medium with
addition of 1% thiourea (medium 2) served as the
experimental one.

Cell number with non-lethal damages was
determined using the method of metabolic process
activation under 37°C. A part of samples was stored
under low temperatures: 4, -10, -25 and -70°C.

The results obtained were statistically processed
with traditionally used methods [2].

Results and discussion

It was established, that if yeast were frozen-dried
in maltose-milk medium and exposed under 37°C, even
in 4 days a number of viable cells was decreased by
one order, in 12 days by 3, to the end of the first month
by 6 and in 2 months all microorganisms died.

In the samples, frozen-dried with thiourea in all
observation terms a number of viable cells was
statistically and considerably higher, than in those
without thiourea. Starting from the 12%" day their
number in the samples with thiourea was by 2 orders
higher, than in those without it (Table 1).
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Tadauna 1. Biusinue cpe/ibl KOHCEPBUPOBAHHSI HA )KU3HECTIOCOOHOCTh TMO(MHIM3UPOBAHHBIX IPOXIKEH
S. cerevisiae B Ipouecce XpaHeHus 1npu Temmneparype 37°C

Table 1. Influence of preservation medium on the viability of S. cervisiae frozen-dried yeast
during storage under 37°C

KoanuecTBO >KM3HECIIOCOOHBIX KAETOK IOCAe XpaHeHud (1 Ma)
Number of viable cells after storage (in 1 ml)
Temneparypa 3amuTHag
xpanenust, °C cpeaa KoHTpoab 4 AHsT 8 AHen 12 pHent 1 mec
Temperature Protective Control 4 days 8 days 12 days 1 month
of storage,”C medium
x=*Sx x+Sx x=*+Sx x=+Sx x+Sx
KOHTPOAB 1TocAe 1 (1,69=0,27) x10%*
AMO(PUANZATINHT
Control after
freeze — drying 2 (2,35%0,34) x10%*
1 (2,8+£0,35)x107* | (1,1%0,32)x107* | (7,0%0,35)x10°% | (4,5==0,3)x10%*
37
2 (7,8+0,29)x107* (6,4%0,32)x107* (1,12+0,3)x10™* | (0,2+0,32)x10**

IIpumevannsn: X — cpegHee 3HaUEHUE; £ SX— CpeIHEKBaIpaTHIHOE OTKJIOHEHUE. JJ0CTOBEpHOCTh PacueToOB
95%. Cpena 1 — BogHBINH pacTBOp MaJIbTO3bI + CyXoe 00€3KMpPEHHOE MOJOKO; cpena 2 — cpexa 1 + 1%
THOMOYEBHHbBI; ¥ — YPOBEHb JOCTOBEPHOW BEPOSTHOCTH MEXIY CPEIHUMHU 3HAUYEHHUSMHU KOJIMYECTBA

YKM3HECTIOCOOHBIX KIIETOK MOcie THoQHiIn3auuu U nocie xpanenus; p<0,05.

Notes: x —average mean; + Sx — standard deviation. Statistical significance of calculations is 95%. Medium 1 —
an aqueous maltose solution + dried skimmed milk; medium 2 — medium 1 + 1% thiourea. * —level of statistical
and significant probability between average values of a number of viable cells after freeze-drying and after

storage; p<0.05.

Mecsia — Ha 6 MOPSAKOB, Yepe3 2 MeC BCe MUKPO-
OpTaHU3MBI TOTHOAIH .

B obpasiax, mmoGprim3upOBaHHBIX ¢ THOMOYEBHHOM,
BO BCE CPOKHM HAOIIONEHUS KOJIHUYECTBO >KU3HE-
CTIOCOOHBIX KJIETOK OBLIO JOCTOBEPHO BBIIIE, YEM B
o0pa3nax, THOPUIN3NPOBAHHBIX 0€3 THOMOUYEBUHEI.
Haumnas ¢ 12-ro gas1, BX KOJTUYECTBO B 00pasmax ¢
THOMOYEBHUHON OBUIO Ha 2 MOpPsSAKA BHIIIE, YEM B
o0pasuax, TMoGUIN3UPOBAHHBIX 0€3 THOMOYEBHHBI
(Tabm.1).

[Tony4yeHHble pe3ynbTaThl CBUAETENLCTBYIOT O
TOM, YTO TOJ BJIUSHUEM JTHOQWIN3ALUN B KIETKAX
pa3BUBAIOTCS HEJIETAJIbHBIE TIOBPEKACHUS, KOTOPBIE
penapupyIOTCs P UX IIEPEeBOIE B (GU3NOTIOTHIECKIE
yCIOBUS KynbTHBUpOBaHUsA. C MOMONIBIO THOMO-
4yeBUHBI y 50% KJIETOK HeleTaabHbIE TTOBPEXKICHUS
HE pa3BUBAIOTCS U OHU MEHEEe HHTEHCUBHO TpaHcdop-
MUPYIOTCS B JIETAIbHBIC.

C MoHMXEHHEM TeMIIepaTypbl XpaHEeHUs J0CTO-
BEPHO YBEJMYHBAIHNCHL CPOKH XpaHeHHs. Tak, B
oOpasnax, xpaHuUBIIKUXCA NpH Temneparype 4°C,
KOJINYECTBO KMU3HECHOCOOHBIX KJIETOK, JIHO(UIIHU-
3UPOBaHHBIX B Cpelle C THOMOYEBHUHOMN, OBUIO BBILIIE,
4yeM B o0pasuax, JHOPUIN3UPOBAHHEIX 0€3 THOMO-
YEeBHHBI, THOETb KIETOK OTMEYanach CIycts 6 mec.

[Ipu cHmxenuu temmnepaTtypsl 10 -10°C yepes
12 Mec XpaHEHHUS KOJHUYECTBO YKHU3HECIOCOOHBIX
KJIETOK 0€3 THOMOYEBHHBI CHIDKAJIOCh Ha 2 TIOPsi/IKa,
B TO BpeMsI Kak C THOMOYEBHHOM OBUIO JJOCTOBEPHO
BBIIIIE M YMEHBIIAIOCH B 2 pa3a B ipesenax 1 nopsiaka —
ot 2,35%10% mo 1,2%10%. B obpa3uax, auoduin-
3UPOBaHHBIX 0€3 THOMOYEBHHBI U XPaHUBIIUXCS TIPU
NMPOBJIEMbI
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The results obtained testify to the fact, that under
freeze-drying effect in cells there is the development
of non-lethal damages, which are repaired during their
transferring under physiological conditions of culturing.
There is no non-lethal damage development in 50% of
cells when using thiourea and they are less intensively
transformed into the lethal ones. With a decrease in
storage temperature there was a statistical and
significant augmentation of storage term. Thus, in the
samples, stored under 4°C the amount of viable cells,
frozen-dried in the medium with thiourea was higher,
than in those, frozen-dried without it, a cell death was
noted after 6 months.

During temperature decrease down to -10°C in
12 months of storage a number of viable thiourea-
free cells reduced by 2 orders, whereas it was
statistically and significantly higher with thiourea and
reduced in 2 times within the following order: from
2.35x10% to 1,2x108. In the frozen-dried thiourea-
free samples, stored under -25°C the viable cell
amount decreased by one order after 6 months of
storage, and under -70°C their number remained
without change during 1 year of observation.

In the samples frozen-dried with thiourea, stored
under -25 and -70°C the viable cell amount remained
without change during 12 months in comparison with
their content in those, rehydrated after freeze-drying
(Table 2).

The results obtained testify to the fact that at
these stages of freeze-drying there is a damage in
the systems, controlling the activity of peroxidation
reaction course and free radical formation. As a
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Tadnuua 2. BiusHue cpebl KOHCEPBUPOBAHUS U TEMIIEPATYPhI XpaHEHHUS Ha )KU3HECTIOCOOHOCTD JTHO(MMIN3UPOBAHHBIX
Ipoxxxeit S. cerevisiae

Table 2. Influence of preservation medium and storage temperature on the viability of S. cervisiae frozen-dried yeast

KoanuecTBO JKU3HECIIOCOOHBIX KAETOK IOCAe XpaHeHus (1 Ma)
Number of viable cells after storage (in 1 ml)

Temmneparypa 3amuTHasg
xpanenus, °C cpead Konrpoan 1 mec 2 mec 3 mec 6 mec 12 mec
Temperature Protective Control 1 month 2 months 3 months 6 months 12 months
of storage,”C medium
X+SX X+SX X=+SX X+SX X+SX X+SX
KoHTpoAB mocae 1 (1,69=+0,27)x10%*
AMO(UAM3AI NN
Control after
freeze — drying 2 (2,35+0,34) x10%*
1 (8,97+0,27)x107* | (8,0+0,36)x107* (1,6%0,28)x10"*
4
2 (1,39%0,34)x10%* | (1,03%+0,33)%10%* | (6,8+0,31)x10"*
1 (9,7%+0,26)x10™* (3,22%+0,3)x107* (4,9%0,34) x100*
—10
2 (1,86+0,26) x10%* (1,92%+0,35)x10%* | (1,2=+0,31)x10%*
1 (9,7+0,32)x107* (6,8+0,34)x107*

—25

(2,170,3) x10%*

(2,15=0,32) x10%*

—70

(1,22:0,28) x10%*

(1,13£0,20) x10*

2

(2,33%0,3) x10%*

(2,470,36) x 108

IIpumeyanus: X — cpenHee 3HaUCHHE; + SX— CpeAHEKBaIpaTUYHOE OTKIOHeHue. JlocTtoBepHOCTH pacdeToB 95%. Cpena
1 — BoIHBII pacTBOpP MAJIBTO3BI + CyX0€ 00€3KMPEHHOE MOJIOKO; cpena 2 — cpena | + 1% THoMo4YeBHHBI; * — ypOBEHb
JIOCTOBEPHOM BEPOSTHOCTH MEXK/Ly CPETHIMHU 3HAUCHUSIMHU KOJTMYECTBA KU3HECIIOCOOHBIX KIETOK ITOCHE THODIITHU3AINN U

nocie xpanenust; p<0,05.

Notes: X —average mean; + SX — standard deviation. Statistical significance of calculations is 95%. Medium 1 —an aqueous
maltose solution + dried skimmed milk; medium 2 — medium 1 + 1% thiourea; * — level of statistical and significant
probability between average values of a number of viable cells after freeze-drying and after storage; p<0.05.

-25°C, KOIUYECTBO KU3HECIOCOOHEIX KIIETOK CHIKA-
J0ch Ha 1 MOPAAOK ciycTss 6 MeC XpaHEeHHs, a MpH
-70°C uX KOJHMYECTBO B 00paslax JOCTOBEPHO HE
HM3MEHSJIOCH B TeueHue 1 roma HaOIromeHus.

B oOpasnax, nuopuan3upoBaHHBIX ¢ THOMO-
YEeBUHOMW, XpaHUBILMXCS IPH TeMneparype -25 n-70°C,
KOJIMYECTBO KM3HECIIOCOOHBIX KIIETOK HE M3MEHSIOCH
B TeueHue 12 Mec 1o CpaBHEHHIO C UX COJICPKaHUEM
B 00pasiax, peruaApaTUPOBAHHBIX MOCIe JTHOPU-
nu3anuu (Tadn 2).

[MonydeHHbIE pe3ynbTaThl CBHACTEIBCTBYIOT O
TOM, YTO Ha 3Tanax JUO(PHIN3aluu TOBPEKIAAIOTCS
CHUCTEMBI, KOHTPOJIUPYIONINE aKTUBHOCTh TEYCHUS
peaKIMu MepeKHCHOTrO OKHUCICHUS U 00pa3oBaHUA
CBOOOHBIX PaUKaioB. B pe3yibrare 3THX MPOIECCOB
Ha dTarax XpaHeHHus JTHOGUITH3UPOBAHHBIX 00Pa3II0B
[IPH YMEPEHHO HU3KUX TEMIIEpaTypax 4acTh KIETOK
norubaetr. C IMOMOIIBI0O THOMOYEBHUHBI JOCTUIACTCS
3aIUTa dTUX CHCTEM U IIPOIIECCOB Y YaCTH KIIETOK, B
pe3yibTaTe 3TOr0 IMPU YMEPEHHO HU3KUX TeMIIe-
paTtypax coxpasseTcs 0oJyiee BBICOKMH MPOIEHT
JKU3HECIOCOOHBIX KIIeTOK. He MeHee BakHOI
MPUYHHON TUOeny JTHOQUIN3UPOBAHHBIX KJIETOK B
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result of these processes at the stages of frozen-
dried sample storage under moderately low
temperatures there is a death in a part of cells. Using
thiourea we achieve the protection for these systems
and processes in some cells, resulting in the
preservation of higher percentage of viable cells under
moderately low temperatures. Biochemical processes
with a low activation energy, resulting in the
accumulation of intermediate products with a negative
effect on cells right up to their death, are quite important
reason of frozen-dried cell death during storage under
moderately low temperatures. The inhibition of
processes under -25° and -70°C contributes to the
prolongation of culture storage terms in a viable state
under these temperatures.

Conclusions

The results obtained stipulate the expediency to
use the antioxidants in cryoprotective media before
freeze-drying and when storing the frozen-dried
samples under the temperature, higher than -25°C.
Under lower temperatures the inhibition of main
biological processes occurs, that allows to maintain
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MIPOLIECCe XPAaHEHMSI IIPU yMEPEHHO HU3KUX TeMITepa-
Typax SBJISIOTCS OMOXUMHYECKHE TPOIIECCHI C MATION
JHEpPTHEN aKTHBallMHU, B Pe3yJbTaTe 4Yero Hakal-
JIMBAIOTCS IPOMEXKYTOUYHBIE TPOAYKTHI, OTPULIATEIEHO
BIUSIOIMIME Ha KJIETKH BIJIOTH OO UX THOENH.
Wurubuims npoueccos npu Temmeparype -25 u -70°C
CIOCOOCTBYET MPOIJICHHUIO CPOKOB XpaHEHUS KYJIBTYP B
KHM3HECTIOCOOHOM COCTOSTHHUM IIPU 3TUX TEMIIEpaTypax.

BbiBOADI

[Mony4yeHHbIie pe3yNbTaThl 00YCIOBIUBAIOT IIelie-
c000pa3HOCTh MCTIOJIB30BAHUS AaHTHOKCHIAHTOB B
3aIIUTHBIX Cpefax mepexa auoduin3anueil u mnpu
XpaHEeHUH THOQUIN3UPOBAHHBIX 00pa3IOB MpHU
temnepatype Boie -25°C. [Ipu Gonee HU3KUX
TEeMIIepaTypax MHTHOUPYIOTCS OCHOBHBIE OHOIIO-
TUYECKHE MPOLECCHI, YTO MO3BOJSAET COXPAHSITh
KOJIMYECTBO KHU3HECIOCOOHBIX KJIETOK B TEUECHHE ToJa
Ha UCXOAHOM YPOBHE B 00pa3iax IMo(QHUIM3UPOBAHHBIX
JOPOXOKEH, CoAepKalliX THOMOUYEBUHY U 0e3 Hee.
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