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Abstract. To restore the biological and morphological properties of fastidious bacteria during lyophilization, one of which
is a type of streptococcus — bacteria of the genus Streptococcus, it is necessary to use expensive specialized nutrient media
that are limited in availability for laboratories. In this regard, the purpose of this study was to find the most effective
methods of preservation and recovery of fastidious microorganisms using the example of Streptococcus spp. The study was
performed by a bacteriological method. The isolates of Streptococcus spp., which had the property of alpha- or beta-haemolysis,
were selected for the study. The microorganisms were collected as a result of bacteriological research of pathological and
biological materials from 20 animals (10 dogs and 10 cats). Microorganisms were determined and counted using Vitek 2
compact, easySpiral, and Scan 500 systems. As a result, the effectiveness of using various combinations of nutrient media
for cryopreservation, freeze-drying, and further revitalization of cultures was proven. It was found that the most effective
medium for lyophilization is meat-peptone broth with the addition of 5% bovine blood serum, diluted 1:1 with Faibich’s
medium, and for recovery after lyophilization — meat-peptone broth with the addition of 5% blood serum cattle and 5%
glucose. With this combination, the concentration of viable cells corresponded to the limits of 1.7x10°-2.4x10° CFU/cm?®.
The use of other combinations of nutrient media for the revitalization of Streptococcus bacteria showed lower efficiency,
which corresponded to the concentration of viable cells within 1.2x10%-2.1x10° CFU/cm?®. The obtained results increase the
efficiency of the method of lyophilization of demanding cultures due to combination of non-selective nutrient media and
components available in laboratory practice
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Introduction

Bacteria of the genus Streptococcus spp. can cause various
diseases, ranging from mild skin infections to necrotizing
fasciitis, which can threaten the health of not only animals,
but also humans (Belstrom et al., 2021). This genus consists
of both commensal species that colonize the skin and nose,
as well as pathogenic and opportunistic strains that can be
isolated for various diseases: upper respiratory tract, pneu-
monia, meningitis, sepsis, otitis, ophthalmitis, hepatitis,
endometritis, and aerosacculitis (Weiser et al., 2018; Kim et al.,
2018; Chang et al., 2022).

Some types of streptococci are one of the main col-
onizers and normal flora of the oral cavity — Streptococcus
mitis and S. oralis, which protect it from inflammatory pro-
cesses by producing hydrogen peroxide, neutralizing acids,
and secreting antimicrobial compounds, competing with
opportunistic and pathogenic microorganisms. The com-
petitive properties of these bacteria open the possibility for
the use of cultures such as S. mitis and S. oralis in the bac-
teriotherapy of diseases in combination with antibacterial
preparations (Thurnheer & Belibasakis, 2018; Kim et al.,
2018; Park et al., 2020).

Streptococci are less common in the environment than
staphylococci (Belstrom et al., 2021). They are not resistant
to the influence of physical environmental factors, die quickly,
and are demanding to the cultivation conditions. There-
with, if cultivation and storage conditions are not observed,
bacteria lose their virulence, which reduces their scientific
value for researchers and practical use (Nasran et al., 2020).

Success in the commercialization of strains of
Streptococcus spp. as potential valuable agents for several
types of research largely depends on their preservation
technologies. Appropriate methods can maintain high cell
viability not only during the conservation process, but,
most importantly, during the long stay of these strains in
collections (Halim et al., 2017). Because these bacteria have
vulnerable characteristics, freeze-drying under vacuum is
often considered one of the best methods for preserving
cells (Bircher et al., 2018; Bodzen et al., 2020).

Freeze drying, or lyophilization, is a dehydration
process that stabilizes bacteria to maintain their long-term
viability until use. This process is often used for produc-
tion or valuable collection strains of bacteria (Bodzen et al.,
2021) and is the most efficient way of long-term storage of
microbial strains in collections. The quality of restoration
of biological and morphological properties of lyophilized
demanding bacteria directly depends on the culture me-
dia (Boey et al., 2022). The technological stress that occurs
during the freeze-drying process can cause cell damage
and, in some cases, their death (Bodzen et al., 2021). De-
hydration of cells caused by osmotic stress due to the ad-
dition of protective solutes and freezing itself is a source
of mechanical and structural stress on cells and cellular
components. During severe dehydration, the plasma mem-
brane can be permeabilized, which is often the cause of
cell death. Proceeding from this, the choice of an effective
protective environment to reduce the effects of the above
factors is a crucial step for effective lyophilization. For this
purpose, colloidal substances are used, which reduce the
temperature point at which water crystallization occurs.
This, in turn, extends the time for cooling the cells and
creates conditions for minimizing the negative effect of

ice crystals on these microbial cells. Another major step in
sublimation drying is rehydration, which precedes the use
of bacteria and affects both their survival and functionality
(Oslan et al., 2017; Bodzen et al., 2021).

In the study of Ukrainian scientists Ushkalov et al.
(2021), who conducted studies on the lyophilization of
some pathogenic bacteria, also used the method of differ-
ent combinations of nutrient media to revitalize cultures,
namely a gram-positive coccal culture of S. aureus. There-
with, the highest productivity in reconstituted crops was
observed upon the use of heart-brain broth.

Haindl et al. (2022) investigated the effect of in vitro
freeze-drying on beneficial faecal microbiota for poten-
tial use in the treatment of gastrointestinal diseases. They
found that freeze-drying affects cell number, saturation,
diversity, and microbial composition, but these effects can
be reversible and disappear upon re-cultivation.

Nicco et al. (2020) investigated the effect of cryo-
preservation on the survival of gastric microflora using
various temperature conditions from -20°C to -196°C. High
survival of microorganisms was noted in the temperature
range from -70°C to -120°C.

Meneghel et al. (2017) described the effect of several
types of sugars on cell membrane stability during freez-
ing of cell cultures. The use of complex sugars resulted in
greater destruction of microbial walls than the use of mon-
osaccharides. Similar experimental study with comparable
results was performed by Vekeman et al. (2013), which also
involved the use of distinct types of sugars for cryopreser-
vation of nitrite-oxidizing bacteria.

The purpose of this study was to find the most ef-
fective and practical methods for long-term storage and
subsequent recovery of alpha- and beta-haemolytic strep-
tococci isolated from dogs and cats.

Materials and Methods

The study was conducted in 2020-2021 in the Ukrain-
ian Laboratory of Quality and Safety of Products of the
agro-industrial complex of the National University of Life
and Environmental Sciences of Ukraine and the bacterio-
logical laboratory of the Kyiv Regional Clinical Hospital.

The isolates of Streptococcus spp., which had the
property of alpha- or beta-haemolysis, were selected for
the study. The microorganisms were collected as a result
of bacteriological research of pathological and biological
materials from 20 animal patients (10 dogs and 10 cats) of
the “Multivet” Veterinary Clinic (Kyiv region).

Isolates of Streptococcus spp. was collected as fol-
lows: using a sterile cotton swab pre-moistened with a 0.2%
TWEEN 20 solution (Merck, Germany). Swabs with the se-
lected material were immersed in a test tube with Amies
transport medium (BioTesMed, Ukraine) and transported
to the bacteriological laboratory. The tampon material was
seeded on selective and differential diagnostic nutrient
media: 5% blood agar (GRASO, Poland) and meat-peptone
broth (HiMedia, India) with the addition of 5% glucose. The
inoculated cups were incubated in a thermostat at 37°C
for 24 hours. For further research, colonies were selected,
which, according to the results of bacterioscopy, were
formed by gram-positive coccal microflora. The final iden-
tification of microorganisms was carried out using a bac-
teriological analyser Vitek 2 compact (bioMérieux, France).
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Identified cultures of Streptococcus spp. underwent
the process of cryopreservation and subsequent sublimation
(Iyophilization) as follows: as a cryoprotectant, Faibich’s
protective medium was used (gelatine — 1%; sucrose — 10%,
distilled water — 89%) in a ratio of 1:1 with broth con-
taining 24-hour cultures of Streptococcus spp. Therewith,
meat-peptone broth (HiMedia, India) was used in two var-
iations: pure meat-peptone broth and meat-peptone broth
with the addition of 5% bovine blood serum to 95% of the
broth volume. Each test culture was packed with 1.0 cm?®
in bottles with a volume of 5 cm®. Before starting lyophili-
zation, three vials were selected from each experimental
batch to establish the typicality, uniformity, and concen-
tration of bacterial mass in the suspension (CFU/cm?). The
experimental cultures were cryopreserved in a Forma 700
Series freezer (Thermo Scientific, USA) at -70°C. An LP-3
machine (TelStar, Spain) was used to ensure the lyophilization
process. Lyophilization was performed at a deep vacuum
of 0.17 mbar and a condenser temperature at 45-50°C.

After 6 months, pre-lyophilized cultures were revi-
talized using different combinations of nutrient media. For
this, the following combinations of nutrient media were

Figure 1. Alpha-haemolysis of S.equinius
isolate on blood agar

tested: pure meat-peptone broth; meat-peptone broth with
the addition of up to 95% of the broth volume of 5% bo-
vine blood serum; meat-peptone broth with the addition of
5% glucose to 95% of the broth volume; and meat-peptone
broth with the addition of 5% bovine serum and 5% glucose
to 90% of the broth volume. After 24 hours, the broth cul-
tures were tested for typicality, uniformity, and concentra-
tion of viable microbial cells (CFU/cm?®) by seeding on blood
agar using the easySpiral system (Interscience, France) and
counting on Scan 500 (Interscience, France).

Statistical analysis was performed in a Microsoft
Excel 2016 spreadsheet. The Online Epitools Epidemiolog-
ical Calculator was used to estimate the 95% confidence in-
terval (CI) (Epitools Epidemiological Calculators..., 2018).
P<0.05 was considered a statistically significant result.

Results and Discussion
During the study of pathological and biological materials
from 20 patient animals (10 dogs and 10 cats), 5 isolates of
Streptococcus spp. were isolated, which had alpha- (Fig. 1)
or beta-haemolysis (Fig. 2) and were used in further re-
search (Table 1).

Figure 2. Beta-haemolysis of S.agalactiae B
isolate on blood agar

Table 1. Place of isolation, type of haemolysis, and concentration of viable cells of isolates
of Streptococcus spp. under study

Indicator S. agalactiae A S. agalactiae B S. anginosus S. equinius S. pseudoporcinus
Place of isolation Wound (dog) Wound (cat) Mouth (dog) Oral cavity (cat) Nasal cavity (dog)
Type of haemolysis s s a a a
Concentration of < 108 . 108 109 109 109
viable cells, CFU/cm? 1.9 %10 4.9 x 10 1.6 x 10 1.7 x 10 1.8 x 10

Therewith, the isolates that were taken from the
pathological material (from the wound) had a positive
reaction to alpha-glucosidase, Ala-Phe-Pro arylamidase,
phosphatase and leucine arylamidase according to the
results of biochemical analysis on the Vitek 2 compact
system and were identified as S. agalactiae A, and S. aga-
lactiae B. An isolate taken from the pharynx of a healthy
animal was positive for D-amygdalin, arginine dihydro-
lase 1, Ala-Phe-Pro arylamidase, phosphatase and leucine
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arylamidase and was identified by the system as S. angino-
sus. An isolate taken from the oral cavity of a healthy ani-
mal showed a positive reaction to D-amygdalin, cyclodex-
trin, leucinarylamidase, and L-pyrrolidonyl-arylamidase
and was identified by the system as S. equinius. An isolate
taken from the nasal cavity of a healthy animal showed a
positive reaction to Ala-Phe-Pro arylamidase and leucine
arylamidase and was identified by the system as S. pseu-
doporcinus (Table 2).
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Table 2. Biological properties of the Streptococcus spp. isolates under study

Completed test S. agalactiae A

S. agalactiae B

S. anginosus S. equinius S. pseudoporcinus

D-amygdalin - -

+ + -

Phosphatidylinositol-
phospholipase C

D-xylose - -

Arginine dihydrolase 1 - -

beta-Galactosidase - -

alpha-Glucosidase + +

Ala-Phe-Pro
arylamidase

Cyclodestrin - =

L-aspartatarylamidase - -

beta-
Galactopyranosidase

alpha-Mannosidase - -

Phosphatase

Leucinarylamidase

L-Prolinarylamidase = =

beta-Glucuronidase - -

alpha-Galactosidase - -

L-Pyrrolidonyl-
arylamidase

Note: “+” - 95-100% positive reaction; “~” — 0-5% positive reaction

The isolates under study were cryopreserved and
then lyophilized using two different media. For 6 months,
freeze-driedcropswerestoredintherefrigeratorat+2—-+8°C.

Table 3 presents the results of revitalization of cul-
tures after 6 months using pure meat-peptone broth be-
fore lyophilization without the addition of bovine blood
serum. Therewith, the survival rate of isolates compared

to the concentration of viable cells before lyophiliza-
tion using pure meat-peptone broth was 0.16-1.07%,
meat-peptone broth with the addition of 5% glucose -
0.46-1.68%, meat-peptone broth with the addition of 5%
bovine blood serum - 0.33-3.89%, meat-peptone broth
with the addition of 5% bovine blood serum and 5% glu-
cose — 1.05-5.26%.

Table 3. The concentration of viable cells of Streptococcus spp.,
restored with different nutrient media by lyophilization with pure meat-peptone broth

Concentration of viable cells after lyophilization, CFU/cm?
Revitalizati di
evitatization medim S. agalactiae A | S. agalactiae B S. anginosus S. equinius S. pseudoporcinus
Meat-peptone broth 1.7 x 10° 2.4 x10° 7.9 x 10° 5.8 x10° 3.0 x10°
- [ 3
NIEEPEA IS I e SOEAE g 1.2 % 108 1.7 % 108 1.6 x 100 2.0 % 10°
blood serum
_ o,
Meat-peptone broth + 5% 3.2 % 105 4.9 % 10° 8.1 % 10° 7.9 % 105 6.1 10°
glucose
- o,
BUEHEDEROI DG £ 1.0 x 10¢ 1.6 x 10¢ 2.1 % 10¢ 1.8 x 108 2.1 % 108
glucose + 5% bovine blood serum

Table 4 presents the results of revitalization using
meat-peptone broth with the addition of 5% bovine blood
serum before lyophilization. Therewith, the survival rate
of isolates compared with the concentration of viable cells
before lyophilization using pure meat-peptone broth was

0.25-1.04%, meat-peptone broth with the addition of 5%
glucose — 0.36-2.47%, meat-peptone broth with the addi-
tion of 5% bovine blood serum — 1.05-4.68%, meat-pep-
tone broth with the addition of 5% bovine blood serum
and 5% glucose — 1.17-8.94%.
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Table 4. The concentration of viable cells of Streptococcus spp. revitalized with different nutrient media
by lyophilization with meat-peptone broth with the addition of 5% bovine blood serum

Concentration of viable cultures after lyophilization, CFU/cm?

Revitalization medium
S. agalactiae A S. agalactiae B S. anginosus S. equinius S. pseudoporcinus
Meat-peptone broth 1.8 x 10° 5.1x10° 1.0 x 10° 7.7 x 10° 4.5x10°
Meat-peptone broth + s I A A -
+ 5% bovine blood serum 8.9 x 10 1.3x 10 1.9 x 10 1.8 x 10 2.1 x 10
Meat-peptone broth + 4.7 % 10° 5.5%10° 1.2410¢ 1.1¥10¢ 6.6°10°
+ 5% glucose
Meat-peptone broth +
+5% glucose + 5% 1.7 x 10° 1.9 x 10° 2.3 x 10° 2.0 x 10¢ 2.4 x 10¢
bovine blood serum

Cultures of Streptococcus spp. required special
cultivation conditions and complex nutrient media con-
taining blood or its serum. In turn, they were used for
cryopreservation, lyophilization, and subsequent revitali-
zation of these cultures.

Thus, in case of the cryopreservation procedure, the
most effective was the preliminary cultivation of cultures
of Streptococcus spp. with the addition of 5% bovine blood
serum to the broth. All cultures that were lyophilized with
the introduction of this nutrient medium showed a higher
survival rate (0.25-8.94%) compared to the use of pure
meat-peptone broth (0.16-5.26%) for revitalization in all
combinations of nutrient media (Table 4).

Using various combinations of nutrient media to
revitalize streptococci after lyophilization, the highest sur-
vival rates were obtained when using meat-peptone broth
with the addition of 5% glucose and 5% bovine blood serum
(1.17-8.94%) when lyophilizing meat-peptone broth with
the addition of 5% bovine blood serum. Other combina-
tions of nutrient media showed lower efficiency, in which
the recovery rate was lower (0.25-5.26%). This phenome-
non can be explained by the tenderness and fastidiousness
of streptococcal cultures, in which the use of additives that
enrich non-selective media with additional nutrients pro-
vides a higher probability of these cultures escaping subli-
mation. Therewith, the isolates under study stayed viable
during the use of all combinations of nutrient media.

The results obtained coincide with the study of
Ukrainian scientists Ushkalov et al. (2021), which deter-
mined the effectiveness of various nutrient media in revi-
talizing cultures after lyophilization. The composition and
nutritional value of the media substantially affected the ef-
ficiency of revitalization of Iyophilized cultures. At the same
time, media with higher nutritional value were marked by a
large amount of CFU during revitalization after lyophiliza-
tion. It should also be noted that this study uses the most
common nutrient media and components in laboratory
practice, which increases the accessibility of this method.

The results of the study revealed some discrepancies
with the study of Haindl et al. (2022). In this study, cultures
of Streptococcus spp. almost did not alter their cultural and
morphological properties after lyophilization and main-
tained their scientific and practical qualities even from the
first reinoculation. This is primarily because unlike the re-
search methodology of R. Haindl et al. (2022), in this study
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single isolates of alpha- and beta-haemolytic streptococci
were used for lyophilization, rather than a pool of cultures.

The studies of Nasran et al. (2020) and Bodzen et al.
(2021) indicated that an increase in the colloid of the liquid
that is part of the cell walls of cultures contributes to a bet-
ter preservation of the viability of these cultures after the
lyophilization process, which is also followed in the pre-
sented study — the addition of glucose to nutrient media
increased the resistance of microbial cells to lyophilization
drying and ensured a higher percentage of their survival
compared to combinations of environments in which glucose
was not applied.

It is also important to note the studies of Oslan et
al. (2017) and Bircher et al. (2018), in which the results of the
study of different nutrient media for cryopreservationare pre-
sented. As in this study, it was shown that the use of a medium
with added sugars contributed to better preservation of mi-
croorganisms during their freezing, which is explained by the
lower destructive effect of water crystals on microbial cells.

Therewith, the studies of Boey et al. (2022) and
Vekeman et al. (2013), which used various types of complex
and simple sugars, found the destructive effect of com-
plex sugars on bacterial cell walls. The established fact is
explained by a violation of osmotic regulation of bacteria
during binding to cell wall molecules. At the same time, the
use of simple sugars, on the contrary, increased the resist-
ance of bacteria to cryopreservation. This coincides with
the results of the present study, where simple sugars were
used for cryopreservation. With this combination of glu-
cose-containing nutrient media, bacterial resistance, and
survival after the lyophilization process were higher than
using a combination of glucose-free nutrient media.

In the study of scientists Nicco et al. (2020) indicate
the optimal temperatures for cryopreservation of bacteria
using various freezing methods. At the same time, the pres-
ently described method in case of applying a temperature of
-70°C was characterized by obtaining the same limits on cul-
turesurvival thatthese scientists described intheirresearch.

Conclusions
The process of cryopreservation and subsequent lyophili-
zation causes a considerable load on the microbial cell. In
case of Streptococcus spp. cells, the greatest efficiency of
cryopreservation and lyophilization, in which the survival
of cultures was the highest, was obtained upon combination
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of meat-peptone broth with the addition of 5% bovine
blood serum with Faibich’s medium 1:1 for cryopreservation
and meat-peptone broth with the addition of 5% bovine
blood serum and 5% glucose for revitalization of cultures
after lyophilization.

The use of pure meat-peptone broth with Faibich’s
medium 1:1 compared to the use of meat-peptone broth
with the addition of 5% bovine serum before lyophilization
shows a lower percentage of survival of isolates of Strepto-
coccus spp. using all combinations of revitalization media.

The use of other combinations of nutrient media for
revitalization shows less efficiency but keeps a sufficient

number of colony-forming units for further practical appli-
cation of revitalized cultures.

To improve the efficiency of lyophilization and make
it more accessible to revitalize cultures that are demand-
ing on the composition of nutrient media and cultivation
conditions, it is possible to use cheaper available nutrient
media and components that are widely used in laboratory
practice.

In the future, it is planned to continue research on
identifying effective and practical methods for long-term
storage and subsequent revitalization of alpha- and beta-
haemolytic streptococci.
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EdeKTUBHICTh MOKMBHUX CepeIOBUIII A/ BiTHOBI€HHS
miodinizariB BMOArMMBMX MiKpoopraHizMiB Ha IpuKIaai Streptococcus spp.

Cepriit Onekcanaposu4 bostnHoBcbkuii!, Karepuna JleoHimisHa PygHeBa?

'AcmipanT. ORCID: https://orcid.org/0000-0002-4621-5192.
IepskaBHMIT HAYKOBO-KOHTPOJIBHUI IHCTUTYT 6iOTEXHOJIOTI] i IITaMiB MiKpoopraHi3Mis,
03151, Bysn. [loHerbKa, 30, M. Kuis, Ykpaina

2AcmipanT. ORCID: https://orcid.org/0000-0002-7834-233X.
KuiBcbka obacHa KJIiHiuHa JIikapHS,
04107, Byn. barroByTiBcbKa, 1, M. KniB, Ykpaina

Anorauis. [Ina BimHOBIeHHS Gionoriunux i MopdonoriyHuX BiIacTUBOCTel BMbGamMBUX GakTepiit mpu miodinisarii,
OMHUMM 3 SKUX € BUJ CTPEeNTOKOKM — OakTepii pomy Streptococcus, HeOOXiTHO 3aCTOCOBYBATM IOPOTOBapTiCHi
crieriasisoBaHi MOXMBHI cepeloBUINA, SIKi MAlOTh OOMEXEHY AOCTYIHICTh i JabopaTopiit. Y 3B’I3Ky 3 1M, METOIO
po6oTu 6ys0 BM3HAUEHHST Haile)eKTUBHIIIMX METOMiB 30epeskeHHs Ta BiJHOBJIEHHS BMOAIIMBMX MiKpOOpraHi3mMiB Ha
npuknani Streptococcus spp. HOCTimKeHHS] BUMKOHAaHe OaKTepioJoriuHuM MeTomoM. [Jist AOCTiIsKeHHS BimOupanucs
i3onsTu Streptococcus spp., sSIki Manu BAACTMBIiCTb 10 anbda- abo Gera-remormisy. 36ip MiKpoopraHi3miB MpoOBOAMIIN
y pe3ynbTaTi 6aKTepioIorivHOro AOCTIKEeHHS MaToIoTivyHoro i 6iomoriunoro matepianis Bix 20 TBapuH (10 cobak i 10
KOTiB). Bu3HaueHHs Ta MigpaXxyHOK MiKpOOpraHi3miB 37iiicHeHO 3a momomorow cucrem Vitek 2 compact, easySpiral i
Scan 500. Y pe3ynbTaTi MpOBeIeHNX JOCTiIKEHb OBeIeHO e(DeKTUBHICTh 3aCTOCYBAHHS Pi3HMX KOMOiHAIIii1 TTOKUBHUX
cepemoBMIII 1JIsI KpioKOHCepBallii, mioginizallii Ta mogasbIiIoro OXuBJIeHHs KyJIbTyp. BcTaHOBIIEHO, 1110 Halie PeKTUBHIIMM
cepemoBuIleM s Jiodinizallii € M’sIco-TIenToOHHUI OYy/IbiioOH 3 JOomaBaHHSAM 5 % cUpOBATKM KpOBi BeaMKOi poratoi
xymo6u, po3senennii 1 : 1 3 cepemosuiem daitbiva, a 1151 BigHOBIEHHS Tic/Is Jiodinisaiii — M’sco-TIenTOHHM GY/IbitoH
3 IOJaBaHHAM 5 % CMPOBATKM KpOBi Benukoi poraToi xymo6u i 5 % rmokosu. 3a Takoi KoMmbGiHaIlii KOHIIEHTpaIlis
SKUTTE3TATHUX KIITUH BifmoBimana mexkam Bif 1.7x106 mo 2.4x10° KYO/cm3. BUKOpMCTaHHS iHIIMX KOMOIHALIil TOKMBHIX
cepemoBUIIL /1T OKMBJIEHHS 6aKTepiit poxy Streptococcus BUSIBISIIIO MeHITY e(heKTUBHICTb, 10 BiIIOBiAaI0 KOHIIEHTpaIlii
SKUTTE3MATHUX KIITMH y AinasoHi Big 1.2x10° go 2.1x10° KYO/cm®. OTpuMaHi pe3yiabTaTy MiIBUINYIOTh e(eKTUBHICTDb
Mertony siodinmizarnii BUbarmMBMUX KyJIbTyp 3aBASKM BUKOPMUCTAHHIO KOMOiHAIl JOCTYITHMX Y 1a60pAaTOPHii MpakTuili
HeCeJIeKTUBHMUX MMOXUBHUX CEPEIOBUIL i KOMITOHEHTIB
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