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Summary

Experiments for determination of the influence of the freezing rate on the viability
preservation of brewery yeasts Saccharomyces cerevisiae were made. Six freezing
rates were studied (0.3, 0.6, 1.0, 10, 30 and 300°C x min’! ranging from 20°C to minus
196° C) and subsequent thawing at three different temperature values — 20, 27 and 37°C
was performed. It was established that the investigated strains 179, 181, 184 had

maximum preserved their viability by freezing rate of 0.6°Cxmin’ and subsequent

thawing in water bath at 37°C. These results are applied for cryogenic preservation of
brewery yeasts in the National Bank for Industrial Microorganisms and Cell Cultures

(NBIMCC).

Introduction

The freezing rate unconditionally has
influence on the survival of the treated yeast
suspensions [7+13]. The lack of particular,
confirming data concerning the relation between
the freezing and thawing rates and the
preservation of brewery yeasts of the species

Saccharomyces cerevisiae, as well as our own
investigations have provoked the necessity of
this study [2, 6, 11]. For this purpose a culture,
obtained by a combined method as previously
described [5] and protected with 10 % glycerol
(v/v), was used.

Materials and methods

Microorganisms. Industrial strains from the
collection of the National Bank for Industrial
Microorganisms and Cell Cultures (NBIMCC) with
numbers 179, 181, 184, used for brewery pro-
duction were studied.
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Nutrition medium. GPYA - glucosel0 g,
peptone 5.0 g, yeast extract 5.0 g, agar 20 g,
distilled water 1 |, pH 6.

Protective medium. Glycerol 10 % (v/v).

Package. Cryotubes with volume of 2 cm?,



in which 1 ml cell suspension is distributed.
Cultivation. The investigated strains were

grown at temperature 27°C in glass tubes with
GPYA medium. The concentration of the

inoculum was 1080ells/ml [5]. The well grown
for 72 hours on slope agar culture was poured
off with glycerol (10 %) as protective medium.
Freezing. Experiments with the protected
cell suspension were carried out, by which six
freezing rates had been applied. The samples
were frozen from 20°C to minus 80°C at rates
0.3, 0.6, and 1°C xmin" and to minus 196°C at
30°C x min™: at rates 10 and 30°C x min™" — from

20°C to minus 196°C; freezing at rate 300°C x min’
was performed by sinking in liquid nitrogen.
Ultracryostat (“Nicool”-France), supplied with a
writing and programmatic device for running
the process, and a low temperature refrigerator
ULT 1386-7-V12 (‘Rev-co”-USA) were used.
Assay of the concentration of cell
suspension and the survival of the strain
after preservation. Cell concentration was
determined by the indirect method by the limited

logarithmic dilutions and 0.1 ml were plated
on agar nutrition medium in petri dishes (g

100 mm). Assessment was made at the 72"

hour of cultivation at 27°C. By the counting
petri dishes with above 5 well-formed colonies,
but not more than 500 were used. The obtained
results were the average sums from the number
of the colony forming units (CFU) from three
dilutions in three repetitions. Determination of the
survival of the strain after preservation was made
according to the equation b/ax 100 = c %,
where a is the average number of the colonies
before preservation, b is the average number of
the colonies after preservation and c is the
survival of the culture in percentage.

Storage. The cryotubes were stored in
containers with liquid nitrogen “BT 55”
(“Airliquid” — France).

Thawing. Regimes of thawing were at
room temperature (20°C) and in a water bath
at temperature 27 and 37°C by vigorous

shaking of the cryotubes to the thoroughly
thawing of the samples.

Results and discussion

Freezing

The cryoprotected samples of the
studied brewery strains 179, 181 and 184 were
frozen at the indicated six rates. The curves

of freezing are showed in Fig. 1.

It was observed, that at rates to 1.0°C x min”

an overcooling in the range 3+6°C occurred.
This assures the subsequent spontaneous
crystallization in the whole volume. The last
one was detected as a sudden temperature
increasing to minus 2°C, a short arrest at
this temperature and subsequent uniformly
freezing.

After seven days of storage of the
described above variants of freezing of the
three strains, viability after thawing (37°C) was
tested. The results summarizing the influence
of the freezing rates on the survival of the
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strains from species S. cerevisiae are shown
in Table 1.

For describing the resistance of the yeast
strains by this study (Table 1) a curve with the
average values of the survival at every applied
freezing rate is drawn (Fig. 2).

The results obtained from these expe-
riments showed that more favorable were
these rates, at which the cell suspension had
gone through an overcooling stage, i.e. these
were the slower rates in the range 0.3+
1.0°C x min™". Survival was the highest by this
variant, which had been frozen at rate

0.6°C xmin', where an overcooling was

observed to minus 6°C. In the experiments,
by which the cells were frozen at rate

. -1 . .
1.0°Cxmin”" an overcooling to minus 3°C
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Fig. 1. Freezing rates (°C x min'1).
Table 1. Survival of S. cerevisiae strains frozen at different rates.
Freezing rate Strain CFU/mlI Survival (%)
o -1y | NBIMCC No
("Cxmin’) before freezing after freezing of the sample average value
179 4.4 x10° 23x10° 52.27
03 181 41 x10° 22x10° 53.66 52.59
184 5.4 x10° 28x10° 51.85
179 4.4x108 25x10° 56.85
06 181 41 x10° 23x10° 56.10 56.77
184 5.4 x10° 3.1 x108 57.41
179 4.4x10° 2.1 x10® 47.73
1.0 181 4.1 x10° 2.0x10° 48.78 46.98
184 5.4x10° 2.4x10° 44.44
179 4.4x10°8 15x10° 33.09
10 181 41 x10° 1.4x10° 34.15 33.86
184 5.4x10°8 6.4x10° 33.33
179 4.4x10° 4.4x10° 14.55
30 181 41x10° 58x10 14.15 14.38
184 5.4 x10° 7.8x10 14.44
179 4.4 x10° 41 x10° 9.32
300 181 41 x10° 38x10 9.27 9.28
184 5.4 x10° 5.0x 107 9.26
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Fig. 2 Influence of the freezing rate on the survival of S. cerevisiae.

was detected, followed by crystallization at
minus 2°C. We consider that the minimal
difference in the survival is due to the
different level of ice nuclei forming and their
subsequent increasing. By the thawing, at
the slowest from the studied rates

(0.3°C x min™), during the fall in the tem-

perature from 20°C to minus 6°C, it was
visually established that the cell suspension
precipitated in the cryotube. We suppose
that this could result in conglomeration of
the cells, which later form single colonies.

For the collection activities we accepted

freezing at rate 0.6°C x min".

Thawing

Comparative experiments were carried
out with the strains 179, 181 and 184, at
freezing rate 0.6°C x min™'. The samples were
thawed in three variants.

The achieved by this study data are
represented dif-
ferences regarding the survival of the frozen

in Table 2. No essential

cells were detected, after thawing in a water
bath at temperature 27°C and 37°C. Survival
was lower by thawing in air conditions.

The obtained data correspond with the
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recommended by foreign yeast collections
freezing regime [1, 4]. In our work we accept
that the samples should be thawed in a water
bath at 37°C, by vigorous shaking until tho-
roughly visual thawing have been observed.
The this
successfully applied by cryogenic pre-
servation of brewery yeast strains from the
NBIMCC -

0.6°C x min” and thawing in a water bath at a

results from study are

collection  of freezing at

temperature 37°C for 3 minutes.



Table 2. Survival of the three strains S. cerevisiae, after thawing at different temperatures

ATCC Preservation Methods: Freezing and
Freeze-drying, 1991. ATCC, Rockville, Mary-
land, 42.

Becker, M. E., A. |. Rapoport, 1987. Suppressing of
the cell viability, Riga: Zinatne, 240 (in Russian).
Catalogue of NBIMCC, 1995. Sofia: NBIMCC,
128.

CBS - 75 years culture collection, 1979. Delft:
CBS, 61.

Donev, T., Ts. Uzunova — Doneva, 2000-2002.
J. Culture Collection (Sofia), 3, 72-77.

Novik, G. I, N. I. Astapovich, N. G. Kadnikova,
N. E. Ryabaya, 1998. Microbiology, 67 (5), 637-
642 (in Russian).

Ruban, E. L., 1989. Appl. Biochem. Microbiol.,
25 (3), 291-301 (in Russian).

Sidyakina, T.M., 1985. Conservation of micro-

82

10.

1.

12.

13.

Temperature Strain CFU/ml Survival (%)

() NBIMEC No before freezing after freezing of the sample average value
179 4.4x10° 2.1 x10® 47.73

20 181 41 x10° 2.0x10° 48.78 48.22
184 54x10° 26x10® 48.15
179 4.4x10°8 2.4x10° 54.55

27 181 41 x10° 23x10° 56.10 55.40
184 5.4x10°8 3.0x10° 55.56
179 4.4x10° 25x10° 56.85

37 181 4.1x10° 2.3x10° 56.10 56.77
184 5.4x10° 3.1 x10® 57.41
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BINAHNE HA CKOPOCTTA HA 3AMPA3SABAHE BbPXY
NMPEXNBAEMOCTTA HA LLAMOBE SACCHAROMYCES
CEREVISIAE PN KOHCEPBWPAHE

LloHka Y3yHoBa—[oHeBa*, Togop [doHeB

Pe3iome

lMpoBegeHu ca onumu 3a onpegeasHe Ha BausHuemo Ha ckopocmma Ha
3ampassaBaHe Bbpxy 3anasBaHemo Ha xu3HeHocmma Ha nuBHu gpoxxgu om Bug
Saccharomyces cerevisiae. VIscaegBaHu ca wecm ckopocmu 3a 3ampassBaHe (0.3,
0.6, 1.0, 10, 30 u 300°C x mur™" om 20°C go muryc 196°C) u pasmpassBare npu mpu
memnepamypu — 20, 27 u 37°C. YcmaroBeHo e, ye uscregBaHume wamoBe 179, 181 u
184 3anasBam xusHeHocmma CU MakKCUMaAHO npu ckopocm 3a 3ampassBaHe
0.6°C x mur’ u pasmpassBare Ha BogHa 6arHs ¢ memnepamypa 37°C. Peayamamume
ce u3noA3Bam npu Kpuo2eHHomo KOoHcepBupaHe Ha nuBHU gpoxgu B8 HauuoHanHa
6aHKa 3a NPOMULIAEHU MUKPOOp2aHu3mu U kAembuHu kyamypu (HEINMKK).
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