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Abstract. The paper is concerned with the search for inexpensive
alternative components of substrates of culture media for lactic acid
bacteria. To be used in the food industry more extensively, lactobacilli
should be produced in larger volumes. Bacteria-growing enterprises and
those manufacturing probiotic preparations are interested in non-
traditional components of growth media. However, it is quite a problem
to create a cheap growth medium, because lactobacilli are very
demanding of the content of certain components. Traditional culture
media can include up to 40 components (peptones, yeast and vegetable
extracts, vitamins, etc.). The research has proved that waste and by-
products of potato starch production (potato juice and juice-containing
water) can be used as components of a substrate to culture lactobacilli
on. The strain used in the research was Lactobacillus plantarum 8R-A3.
The growth kinetics of lactic acid bacteria has been analysed on
different vegetable extracts. Tomato and cabbage extracts were used as
traditional components of synthetic media to compare with. The
findings have shown that on a substrate from by-products of potato
starch production, after 96 hours of culturing at 37°C, the accumulation
of Lactobacillus plantarum biomass is 20g/l (on juice-containing water)
and 25g/l (on potato juice). Accumulation of bacteria wet weight has
also been confirmed by determining the kinematic viscosity of the
culture fluid. This parameter for potato juice after thermostatting was
6.77mm?/s, which was somewhat higher than the viscosity of the tomato
and cabbage extracts. It has been proved that by-products of potato
processing ensure sufficient growth of lactic acid bacteria biomass. On
the fourth day, the number of bacteria was 3-108CFU/cm®. It has been
shown how practical it is to use potato processing by-products as
growth media substrates in culturing lactic acid bacteria Lactobacillus
plantarum.

Key words: growth media, culturing, lactic acid bacteria,
Lactobacillus plantarum, food waste, starch production.

Introduction. Formulation of the problem

Lactic acid bacteria belong to the heterogenic group
of microorganisms. They include such genera as

Lactobacillus,  Streptococcus,  Pediococcus, and

People have used lactic acid bacteria (LAB) since
prehistoric times to make different foods. The progress of
agricultural microbiology and biotechnology has allowed a
wider range and a higher level of applications of these
microorganisms. In the food industry, lactic acid bacteria
are traditionally used to make fermented dairy products, to
bake bread, to preserve fruit and vegetables (sauerkraut,
pickled cucumbers, olives in brine), to obtain fermented
sausages and dried fish. Under certain conditions,
lactobacilli can synthesise various bioactive substances:
organic acids, vitamins, enzymes, etc. In agriculture, lactic
acid bacteria are very important in animal feed
preservation. For the above reasons, the lactobacilli
biomass market is but growing with years.
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Leuconostoc. Various species of bacteria, yet even strains
within the same species, can be quite different from each
other in their physiology and metabolic features. So it is
but natural to culture them using different growth media.
Creating a proper growth media for LAB is a topical and
difficult task. There is no universally applicable selective
medium to culture all types of lactic acid bacteria. That is
why MRS agar, a classic medium for lactobacilli (the
abbreviation stands for de Man, Rogosa & Sharpe) [1],
can be modified by changing the pH value, the
concentration of inhibiting agents, the duration and
temperature of culturing. However, it is a very hard task to
create a medium for LAB. Besides, compositions of
culture media often contain components that increase their
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cost. For large-scale production, one should search for the
optimal culture medium that requires small amounts of
raw materials. So today’s topical problem is finding and
manufacturing cheap components of growth media for
culturing lactic acid bacteria. A good alternative can be
plant-derived components that would allow developing
new growth media for LAB and improving the existing
ones.

Analysis of recent research and publications

Lactic acid bacteria are genetically diverse bacteria
that produce lactic acid, the main product of their
metabolism. They are gram-positive, catalase and
oxidase-negative bacteria. They never sporulate, move
spontaneously, and grow under anaerobic conditions [2].

Lactic acid bacteria are known as auxotrophic
organisms, so they are very fastidious about artificial
growth media. For successful culturing of a certain
species of microorganisms, its growth medium should
be as close to the natural conditions of this organism’s
existence and growth as possible. To culture bacteria of
the genus Lactobacillus, media are used that are rich in
nutrients (yeast extract, skimmed milk hydrolysate,
peptones, Tween 80) and in various salts (including
sodium acetate), and have a low pH (4.5-6.2) [3-7].
For their growth, most lactic acid bacteria need organic
nitrogen forms they cannot synthesise themselves
(such as soya peptones, peptones of animal
origin) [7-9]. A lot of LAB species in their
development depend on vitamins (especially of the B
group) [5,6]. This is why different extracts (like those
from yeast or maize) [8] and some other substances
added to a culture media have so big an effect on the
growth of these organisms. Usually, to culture
Lactobacillus bacteria, carbohydrates that contain
reducing agents are used as the source of carbon,
because lactic acid bacteria do not normally exhibit
amylolytic activity  and cannot  consume
polysaccharides. With glucose as the source of carbon,
substrate conversion is quite high (normally 95-98%).
There are studies proving that to culture lactic acid
bacteria, glucose can be replaced with different
hydrolysates and extracts of both plant and animal
origin [9].

Of all special growth media, the most commonly
used is MRS agar [1], which is rich in nutrients and
growth factors. It contains extracts from yeast and
beef, glucose, peptones, sodium acetate, ammonium
citrate, and Tween 80 (the source of fatty acids for the
metabolism of lactobacilli). Table 1 presents the
medium’s components and their quantities, its pH
being 6.2-6.4 [10].

MRS agar also proves useful when working with
probiotic lactobacilli, in particular, to isolate these
microorganisms from food products and natural
biotopes. However, this medium has some basic
disadvantages. One of them is its too complex
composition; another drawback is a number of
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components it includes too expensive to use on an
industrial scale [11-13].

Table 1 — Composition of the growth medium

MRS agar [10]

Components g/l
Yeast autolysate 5
Peptone 10
Glucose 20
Ammonium citrate 2
Sodium acetate 5
Proteose peptone 10
MgS04-7H20 0.1
MnSQO4-4H20 0.05
KoHPO4 2
Tween 80 1
Agar-agar 12

A review of publications on the topic has shown
that lactobacilli are demanding of the presence of
different nitrogen sources in a growth medium [14].
Traditionally, these are peptones, yeast extracts, by-
products of food industries, and agricultural waste.
However, they are quite expensive and make so the
media they are in. That is why it is so topical a task to
find alternative components to culture lactic acid
bacteria.

A by-product resulting from manufacture of dairy
foods (like cheese) is milk whey. It is rich in lactose,
soluble proteins, lipids, and minerals, and retains about
55% of the total nutrients of milk. In many countries,
by-products of the dairy industry are disposed of as
sewage, which is a serious environmental hazard. To
some extent, this problem has been solved by using
waste of cheese production (whey) and buttermilk as a
growth medium for lactobacilli [15,16]. However, the
processes of clarifying whey and separating proteins
involve extra expense.

Also, it was confirmed that sauerkraut juice used
as a growth medium component was effective for the
growth of bacteria Lactobacillus plantarum S1,
Lactobacillus plantarum ATCC 10241, Lactobacillus
acidophilus LB45, and Lactobacillus casei LB10 [17].
There is evidence that using fermentative cabbage
hydrolysate as the basis for growth media is effective,
too [18].

Studies show that if sweet potato (batata) extracts
are used as components of LAB culture media, the
result is better than it is with a standard MRS medium.
Besides carbohydrates, amino acids, vitamins, and
minerals bacteria need for development, batatas
contain  antioxidants, triglycerides, linoleic and
palmitic acids [19].

There is a lactobacilli culture medium that
includes a cabbage decoction, glucose, and additional
sources of nutrients: acid hydrolysate of slaughter
animals’ blood, autolysed yeast, and milk whey [20].
Another invention [21], which allows increasing the
selectivity of a growth medium and modifying its
production, is a medium for lactobacilli isolation that
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includes cabbage decoction, glucose, agar, and other
components. As additional nutrition sources providing
its selectivity, the medium contains milk whey,
autolysed yeast, and acetic acid.

Ukrainian researchers developed a growth medium
that allowed Lactobacillus plantarum to accumulate
cellular biomass and met its nutritional requirements.
The research dealt with maize extract and fodder yeast
lysate and hydrolysate and proved their effectiveness
as the main nitrogen sources [22].

Studies confirmed that peptones obtained from
cod’s inner organs and included in growth media could
perfectly maintain Lactobacillus plantarum biomass
accumulation [23].

Search for new raw material sources for LAB
culture media made it clear that fruit and vegetable
processing industries should become an object of
analysis, too. Waste of these industries includes 10—
25% of tomato and apple pomace and of cabbage
processing waste. Almost all of them are secondary
resources of raw materials, since they contain valuable
substances: vitamins, sugars, protein, microelements.

Ukraine is the world’s fourth potato producer. In
2019, the total harvest of potatoes was 20.27 m tons;
10,000 tons of potato starch was manufactured [24].
Potato is one of the main crops grown in Ukraine. Its
chemical composition depends on its variety, climate,
soil, and other growing conditions, and ranges widely.
As much as 5-6% of Ukrainian potatoes are processed
into starch [24]. In our country, there are four big-scale
enterprises that manufacture starch. They never stop
expanding their capacity, because the existing
manufacturing volumes are far below what Ukraine’s
home market needs — hence the increasing volumes of
by-products of potato processing. Fig. 1 shows a
process flow chart of obtaining starch from potatoes.
According to the chart, the main by-products of the
process are cellular fluid and juice-containing water.

In the technology of obtaining starch, centrifuging
the pulp of crushed potatoes provides up to 45% of
cellular juice containing 5.5-6.5% of dry matter [25].
When the pulp is washed, starch milk is obtained,
which is then dewatered, and in the course of this
process, juice-containing water is produced.
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Fig. 1. Process flow chart of obtaining wet potato starch [24]
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Its dry matter content can range 0.6-1%, depending
on the technological process. Its chemical composition
can vary, too, depending on the variety and the condition
of the potatoes processed (whether they are fresh, or frost-
damaged, etc.).

The chemical composition of potato processing
products includes more than 27% of nitrogen compounds.
Half of them are proteins that include all essential amino
acids. The nitrogen-free substances are starch (no less
than 5%), mineral substances (about 9-12%), sugars (up
to 20%). The biochemical composition of products
obtained from processing potatoes can be found in
literature, and is presented in Table 2.

Table 2 —Biochemical composition of products
obtained after processing potatoes into starch (%) [25]

Potato component
Composition Whole Cellular Juice-
tuber juice containing
water
Starch 18.5 6.8 5.6
Cellulose 1.15 0.15 0.18
Soluble sugars 5.0 7.1 4.9
Nitrogen
compounds 2.0 48.5 32.7
Minerals 1.0 5.8 16.3

Most enterprises do not use nutrients from juice-
containing water and direct it to settling basins for
purification. However, it can be quite costly for an
enterprise to purify wastewater completely. The most
commonly applied method of utilising juice-containing
water is evaporating it till its moisture content is 10%,
followed by using it to manufacture animal feed [25].
That is why utilisation of starch production waste is a
promising alternative, because it makes the production
process environment-friendly.

All the above proves that some growth medium
ingredients can be replaced, partly or completely, with
cheaper ones to grow Lactobacillus.

The purpose of this research is to study whether
waste and by-products of potato starch production can be
used as components of a culture medium for
Lactobacillus bacteria.

To achieve this purpose, it was necessary to attain the
following objectives:

— to compare the kinetics of LAB growth on different
vegetable extracts;

— to study the specific features of culturing LAB on
growth media based on by-products of processing
potatoes into starch.

Research materials and methods

Materials under study: potato (the cultivars Synyo-
oka and Bellarosa), cabbage (the cultivars Caporal F1
and Coronet), tomatoes (the cultivars Rio Grande and
Bobcat F1), vegetable extracts. For the experiments, 4
variants of test samples were used to culture LAB in. The
extracts were prepared as follows.
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Sample 1. 500 g of fresh white cabbage was ground
in a laboratory blender till the particle size was 2-5 mm.
Then, it was covered with tap water (in the ratio 1:2),
heated for 8-10 min at 100°C, cooled down to 35-40°C,
and filtered.

Sample 2. Juice-containing water from the potatoes
was obtained as follows. 500 g of the ground raw material
(particle size 1-2 mm) was covered with 1 litre of tap
water, heated for 8-10 min at 100°C, cooled down to 35—
40°C, and filtered.

Sample 3. The tomatoes were ground in a laboratory
blender till the size of the particles was
1-3 mm 500 g of the pulp was prepared in the same way
as Samples 1 and 2.

Sample 4. Potato juice was obtained as follows. The
potatoes were washed in running water, peeled, ground in
a blender (particle size 1-2 mm), and the pulp obtained
was crushed on a laboratory press.

Before inoculation, all the samples were sterilised for
15-20 min at 100°C.

The research involved using gram-positive rod-
shaped anaerobic nonsporulating lactic acid bacteria of
the strain Lactobacillus plantarum 8R-A3. A bottle with
the freeze-dried LAB strain was opened under aseptic
conditions, and 5ml of a medium was introduced. The
contents of the bottle was then dissolved and reinoculated
into flasks with the media under study. The lactobacilli
were cultured by deep inoculation in a thermostat (TS-
80M-2) at 37°C for 24 hours. The biomass accumulation
was regularly monitored. The proportion of the
microorganisms introduced into the growth media was
10°CFU/cm?.

The media were selected and optimised according to
the following criteria: pH of a media, thermal conditions,
quantity and weight of microbial cells after incubation.
The pH of the growth media was measured by standard
methods using a pH meter. The thermal condition of the
culture production was determined by the common
methods.

To measure the bacterial growth and biomass
accumulation, traditional methods were used, the same
ones as those normally used in a production environment:
measuring by the weight method and by the bacterial
optical density [26]. When using the weight method, the
culture fluid samples were selected, centrifuged, washed
with water on Schott glass filters, and dried at 110°C for 8
hours in a drying cabinet. The optical density of the
cultures was measured with a photocolourimeter KFK-2
at A=540 nm and with a 1.0 cm thick cuvette.

Lactobacilli were grown in the biotechnological
laboratory at the Bio-Engineering and Water Department,
Odessa National Academy of Food Technologies.

Results of the research and their discussion

The main by-products in potato starch production are
cellular juice and juice-containing water [25]. That is why
these secondary raw materials of starch production are the
ones we have suggested using as a component of a
lactobacilli growth medium.
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Table 3 — Correlation of the number of cells of lactic acid bacteria biomass
with the wet and dry weight of bacteria (cultured on classical MRS agar media)

Number of cells per 1cm® | Wet weight of Number of CFU in 1mg Dry weight of Number of CFU in 1mg
of the culture fluid LAB, mg/l of LAB wet weight LAB, mg/l of LAB dry weight
3:108 5970 5.2:107 335 9.5-108
2-108 4980 4.0-107 275 7.2-108

To compare the growth Kkinetics of LAB,
traditional components of synthetic growth media
(tomato and cabbage extracts) were used as
substrates [17-21].

To study the growth and activity of lactic acid
bacteria, a number of methods are used: direct count,
volumetric, by weight, by the optical density
(turbidity), as well as determining the culture fluid
viscosity. It is known what ratio is between the
turbidity of bacterial suspensions and the dry weight
of bacteria grown on classic media [27]. To achieve
the biomass concentration 30g/l, one needs to spend
60g of sugars to feed lactic acid bacteria. Thus, the
above-mentioned sugar content in the cellular juice
and juice-containing water allows achieving the cell
concentration 20-30g/l. Table 3 presents the
correlation of the number of LAB cells per 1 cm? with
dry and wet weight (mg/l).

Fig. 2 shows the result of Lactobacillus
plantarum biomass accumulation after culturing for
96 hours at 37°C on media of different composition.
The samples suggested (2 and 4) have shown that
LAB biomass accumulates far better than it does in
the samples using the traditional components of
synthetic growth media for lactic acid bacteria.

40 q

35 A
30 A
25
20 A

35
32
25
20
5 _ I
0 T T T T -1

15 4
10 A

Wet weight of microorganisms, g/l

Sample 1 Sample 2 Sample 3 Sample 4

Fig. 2. Comparison of accumulation
of Lactobacillus plantarum biomass

To provide proper conditions allowing
microorganisms to consume nutrients, growth media
must have the optimum concentration of hydrogen
ions (pH). The research considers how the pH of the
growth media samples (extracts) changes in the
course of LAB culturing. The findings are given in
Table 4. They indicate acid accumulation in the test
samples.
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The findings indicate the accumulation of lactic
acid in the samples under study. It has been
established that the substrate based on cellular juice
(Sample 4) is highly fermentable, as compared with
the tomato and cabbage extracts. The changes in the
pH in Samples 2 (juice-containng water) and 4
(potato juice) are due to different compositions of the
substrates.

Table 4 — Changes in the pH of the growth media
samples during culturing

Duration of culturing, T (hours) at

fjmgl'fr t=37°C, pH=5.5

0 22 | 48 | 72 | 9%
Sample1 | 540 | 433 | 420 | 3.60 | 3.40
Sample2 | 650 | 436 | 431 | 3.94 | 3.90
Sample3 | 6.30 | 400 | 400 | 380 | 3.70
Sample 4 | 550 | 419 | 4.00 | 3.70 | 3.50

The parameter indicating the growth of the
bacterial biomass during thermostatting is the
viscosity of the culture fluid [27]. This parameter has
been determined in the samples studied. Changes in it
are evidence of LAB biomass accumulation (Fig. 3).

Kinematic viscosity mni/sec

7, hours
- -e- -Sample 1 — o —Sample 2
—=— Sample 3 - -a- -Sample 4

Fig. 3. Changes in the culture fluid viscosity during
thermostatting

The culture liquids based on the tomato extract
and on the potato juice have almost the same
kinematic viscosity values. The lowest viscosity is
that of the sample based on the juice-containing water
from potatoes. Since search for cheap, high
production volume substrates to grow LAB on is a
promising approach, further studies focused on the
samples with the potato juice and juice-containing
water, which are by-products of starch production.
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The lactic acid bacteria growth on potato juice has
been analysed by the weight method. The data
obtained indicate that, compared to the traditional
growth media components, potato juice is effective,
too. This is clear from the increase of the biomass of
Lactobacillus plantarum (Fig. 4), which was 3-108
CFU/cm?® after 96 hours of culturing in a thermostat.

Cellular juice and juice-containing water differ in
their dry matter content, because at industrial
enterprises, pulp is washed with water many times.
Correspondingly, the bacteria biomass growth is
different. However, this did not have a considerable
effect on the wet weight accumulation in the lactic
acid bacteria Lactobacillus plantarum.

The Kkinetics of lactobacilli growth was
determined by measuring the optical density of the
solution, and the findings are shown in Fig. 5.

As early as on the second day, the biomass
increase slowed down. After 3.5 days, there was
practically no change in the kinetics of LAB growth.
After 96 hours of culturing, the final wet weight of
Lactobacillus plantarum was 20 g/l (on juice-
containing water) and 25 g/l (on potato juice).
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Fig. 4. Dependence of biomass accumulation
in Lactobacillus plantarum on the duration
of culturing
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Fig. 5. Kinetics of the growth of Lactobacillus plantarum
on cellular juice and on juice-containing water
(pH=6.5, t=37°C)

Conclusion

The paper analyses the prospects of using food
production waste as cheap components of growth
media to culture lactic acid bacteria on. Based on the
literature analysed and on the theoretical material
summed up, the by-products of potato processing
(cellular juice and juice-containing water) were
selected to be used as components of culture media for
bacteria of the genus Lactobacillus. The Kinetics of
lactic acid bacteria growth on different vegetable
extracts has been compared. It has been proved that
quite a lot of juice-containing water to be utilised by a
starch-processing plant, can also be effectively used in
creating culture media for Lactobacillus plantarum.
The accumulation of wet biomass of Lactobacillus
plantarum on juice-containing water and on potato
juice after 96 hours of culturing, was, respectively,
20g/l and 25¢g/l, with the number of bacteria
3-108CFU/cm®. The research results prove that using
by-products of potato starch production can be a good
alternative when developing the optimal composition
of culture media for lactic acid bacteria of the genus
Lactobacillus.
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AHoranisi. CraTTIO NPHUCBAYEHO IIOLIYKY JEIIEBHX AIbTEPHATUBHUX KOMIIOHEHTIB [UI1 CyOCTpAaTiB I KUBHIBHHX
CepeIoBUIL MPU KyJIbTHBYBaHHI MOJIOYHOKHCIHX Oakrepiit. [llupoke 3acTocyBaHHs JaKTOOAKTEpiil B Xap4oBiil MPOMHUCIOBOCTI
noTpedye 30inbleHHs 00’ eMiB X BUpoOHUITBA. [liApreMcTBa, SKi BUPOLIYIOTh MOJOYHOKHUCHI OaKTepii, a TAKOXK BUPOOIISIIOTH
mpo0ioTHYHI mperapaTy 3allikaBieHi B BHKOPHUCTaHHI HETPAJULIMHMX KOMIIOHEHTIB >KMBWIbHUX cepenoBuil. CKiIaaHiCTh
CTBOPEHHS JICHICBUX JKMBWIBHHX CEPEIOBHI OOYMOBJIEHA THM, IO JIAKTOOAKTepii Iy)Ke BUMOIJIMBI 10 BMICTYy OKPEMHX
KOMIOHEeHTiB. TpaauiiiiiHi cepefoBHIa Uil KyJIbTHBYBAaHHS MOXYTh MICTUTH 10 40 KOMIIOHEHTIB (TIENTOHH, APDKIDKOBI Ta
OBOYEBI €KCTPAKTH, BiTaMiHH, TOLIO). J[OBEJEHO MOXIMBICTH BUKOPUCTAHHS BiJXOMAIB Ta MOOIYHUX MPOIYKTIB BUPOOHHIITBA
KapTOIUITHOTO KPOXMAIO SIK KOMIIOHEHTa CyOCTparTiB Ul Ky/IbTHBYBaHHs JIAKTOOAKTepiil. Y poOOTI BUKOPHUCTOBYBAIH ILTAM
Lactobacillus plantarum 8R-A3. TIposeneHo aHasi3 KiIHETHKH POCTY MOJIOYHOKHCIIMX OAKTEpiii HA PI3HUX OBOYEBHMX E€KCTPAKTAX.
EKcrpakTtd TOMATiB Ta KallyCTH BHKOPHMCTOBYBAJIM SIK TPAJHLIiHHI KOMIIOHEHTH CHHTETHYHMX CEPEIOBHIL I MOPIiBHSHHSL
TMoka3zaHo, 1o Ha cyocTpaTi 3 MOGIYHKX MPOIYKTIB BAPOOHHIITBA KAPTOILUISIHONO KPOXMaTio, HakormuueHHs 6iomacu Lactobacillus
plantarum mpu KyneTHBYBaHHI mporsrom 96 roauH 3a Temmneparypu 37°C ckiamae 20 r/n (Ha cokoBid Bomi) Ta 25 r/n (Ha
KapTOIUITHOMY colli). EdeKkTHBHICTh BHKOpPUCTaHHS MOOIYHMX MPOAYKTIB BUPOOHUIITBA KAPTOILUIIHONO KPOXMATIO Yy SIKOTI
KOMIIOHEHTIB JKMBHIIBHOTO CEPEeIOBHIIIA i ITBEPHKSHO BU3HAYSHHIM KiHEMATUYHOI B’I3KOCTI KYJIbTYpaIbHOI PiMHY, SIKA CKIIaia
J71s KApTOILIAHOrO COKY 6,77MM%/C IMicyIs TepMOCTATYBaHHS, 110 JIEIIO BHUIIE 3a B’SI3KiCTh TOMATHOIO Ta KAITyCTSHOIO eKCTPAKTIB.
OCKUTBKH KPOXMAJIENaTOKOBE BHUPOOHMIITBO 32 CBOIMH 00’€MaMH 3pOCTa€ KOXXHOrO POKY, BIIIMOBIIHO 3pOCTAa€ i KiIbKICTH
MoOIYHUX TPOMYKTIB TMepepoOKH Kaprorwn. Tomy, Hazmami Oyno 3amporoHOBAaHO KAapTOIUITHAKA CIK Ta COKOBY BOLY SIK
aJbTepHATHUBY TPAIULIHHUM cyOcTpaTaM. [linTBeppkeHo, M0 BTOPUHHI MPOAYKTH MEPEPOOKH KapTOIli 3a0e3medytoTh IPHUpPIiCT
6ioMacH MONOYHOKMCITMX GakTepiii B JoCTaTHill KinbkocTi. Ha weTepTy mo6y KinbkicTh Gakrepiit ckmana 3108 KYO/em®,
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OOTpYHTOBAHO JIOLITBHICTh BUKOPHCTAHHS BTOPUHHHX HPOIYKTIB ITepepOOKH KapTOILTi SIK CyOCTpaTiB KUBHJIBHHUX CEPEIOBHII
pH KYJIBTHBYBAaHHI MOJIOYHOKUCITHX OakTepiit poxy Lactobacillus plantarum.

Kutio4oBi ci10Ba: *UBWIBHI CepeIOBHINA, KYIbTHBYBAaHHS, MOIOYHOKHMCI Oakrepii, Lactobacillus plantarum, Bigxomu
XapUOBHX BUPOOHHIITB, BUPOOHHIITBO KPOXMAIIO.
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