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Probiotic microorganisms are living non-pathogenic, non-toxigenic microorganisms that enter the intestine with food
and have a positive effect on the body, normalising the composition and biological activity of the microflora of the
digestive tract. Lactic acid bacteria of the genera Lactobacillus and Bifidobacterium occupy a prominent place among
the microorganisms that make up probiotics. The presence of these bacteria in the gastrointestinal tract provides an
antagonistic environment that is directed against pathogenic microorganisms and creates conditions for the growth and
development of beneficial bacteria. Bifidobacterium and Lactobacillus can enhance the absorption capacity of food
components, lactose tolerance, stabilise liver function by normalising bowel function and reducing blood ammonia levels.

Recently, the spectrum of microorganisms that exhibit antagonistic properties and have a favourable effect on the
vital activity of the organism has been expanding. Much attention is paid to propionic acid bacteria, which are part of
the microflora of various biotopes. Propionic acid bacteria synthesise vitamin B12, bifidogenic growth factors and
bacteriocins, have high adhesive and immunomodulatory properties, and their metabolites have antimutagenic effects. In
this study, we analysed the possibility of individual and joint cultivation of representatives of the genera
Propionibacterium, Lactobacillus and Bifidobacterium on unified media containing corn and yeast extracts. It was found
that these nutrient media are effective for monocultivation of propionic acid bacteria and lactobacilli. At the same time,
not only an increase in the optical density of propionic acid bacteria (3-fold), but also an increase in acid formation (2-
fold on average) was observed. The possibility of joint cultivation of lactic acid and propionic acid bacteria by creating
associations of two types was proved. The number of colonies of the studied microorganisms on selective nutrient media
after cocultivation in unified media of both types was determined, the highest survival rate was observed for
Propionibacterium. The antagonistic effect of both individual cultures and established associations against certain gram-
positive bacteria and microscopic fungi was recorded.

Keywords: Propionibacterium, Lactobacillus, Bifidobacterium, associations, cocultivation, unified nutrient medium.

Introduction. A probiotic is a functional food
ingredient in the form of microorganisms useful for
humans or animals (most often representatives of the
genera Bifidobacterium, Lactobacillus and associated
with them), which, when systematically consumed,
provides a beneficial effect on the body due to the
normalisation of the composition and/or increase in
the biological activity of the normal intestinal
microflora (Feng P. et.al., 2018; Amara A. A., Shibl
A. M., 2015). The relevance of the task of using
probiotics is confirmed by the high frequency of
dysbiotic disorders of the intestinal microbiocenaosis,
which are one of the most common causes of
maladaptation.

Probiotics act at three levels: in the intestinal
cavity (compete with pathogenic and opportunistic
microbiota); only at the level of the intestinal
epithelium (increase the effects of the protective
intestinal barrier); at the level of intestinal immunity
(have an immunomodulatory effect). The following
effects of probiotics are observed: participation in the
biochemical mechanisms of digestion and
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competition for food components with pathogens;
changes in local pH and other metabolic
characteristics of the internal environment;
production of bacteriocins; neutralisation of
superoxide radicals; stimulation of epithelial mucin
production; enhancement of intestinal barrier
function; competition with pathogens for adhesion;
modification of pathogenic toxins; stabilisation of the
microbial community (de Vos W. M. et.al, 2022;
Fukuda S. et.al., 2011).

At the same time, there is growing evidence that
the impact of symbiotic bacteria is not limited to the
gut, but can extend to other organs (Wieérs G. et.al.,
2020). To date, the exact mechanism of action of
probiotics remains undisclosed. It is likely that the
positive effect of probiotics is manifested through
several mechanisms.

The use of probiotics in animal husbandry, in
particular in aquaculture, is of great importance
(Hasan K.N., Banerjee G., 2020). The industrial
artificial cultivation of aquatic organisms in closed
water supply systems with high planting density often

Biological systems. Vol.15. Is.1. 2023


mailto:l.vasina@chnu.edu.ua

provokes an increase in the level of organic water
pollution, as well as instability of dissolved oxygen
concentration and an increase in the number of
opportunistic bacteria in the entire hydroecosystem.
These factors lead to the development of stress in
animals with a subsequent decrease in their immunity
and loss of resistance to pathogens of various diseases
(Hoseinifar S. H. etal, 2018). The use of
antimicrobials for prevention and treatment is not
always effective. In addition, antibiotics often result
in a deficit of beneficial microflora, the gradual
development of pathogen resistance to the drug, and
a decrease in immune response. The negative impact
of these factors on the productivity of fish farms is
obvious (Wuertz S. etal., 2021), so the use of
probiotics is a significant modern alternative (Luna
G.M. et.al., 2022; Talwar C. et.al., 2018).

The range of microorganisms that can act as
probiotics is constantly expanding. In recent years,
representatives of the genus Propionibacterium have
attracted considerable attention. Classical (“lactic")
propionic acid bacteria (PAB) have unigque
immunomodulatory and antimutagenic properties,
they take root in the intestine and are able to reduce
the genotoxic effects of a number of chemical
compounds and UV rays (Deutsch S-M. et.al., 2017).
It is known that the positive role of propionic acid
bacteria is due to the production of propionic acid,
minor organic acids, bacteriocins and enzymes, as
well as the synthesis of large amounts of vitamin B12
(Piwowarek K. et.al., 2018). It is also worth noting
the ability of live Propionibacterium, as well as
Bifidobacterium, to biosorb heavy metals, which
effectively bind cadmium and lead in the presence of
food (Massoud R., Zoghi A., 2022; Halttunen T. et
al., 2008). The same applies to the decontamination
of cyanotoxins and mycotoxins, as well as the ability
of propionic acid bacteria to bind plant lectins that
cause harmful local and systemic reactions, including
inducing the proliferation of colon adenocarcinoma
cells (Zarate G., 2017). An important feature of
radiopharmaceuticals is their ability to form
bacteriocins, most of which are low molecular weight
proteins with a molecular weight of less than 10,000
Da (Faye T. et.al., 2011).

Representatives of various species of classical
propionic acid bacteria release proteins into the
environment, including reactivating factors that can
enhance or restore the viability of cells exposed to
stressors (ultraviolet light, ethanol, heavy metal ions,
heat). It is assumed that the mechanism of cell
reactivation is associated with the induction of the
synthesis of anti-stress  proteins,  primarily
chaperones. The bacterial adaptation is also
facilitated by the production of glycogen and
trehalose (R. Ruhal et.al., 2013).
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Propionic acid bacteria demonstrate in vitro
tolerance to gastrointestinal inhibitory factors. When
exposed to acids and bile salts, P. freudenreichii
expresses general stress proteins involved in the
cellular response to oxidative stress and DNA
damage. These results have been confirmed by in vivo
studies.  P. freudenreichii targets its genome
expression to use substrates available through the gut,
such as propanediol, gluconate and lactate, to
maintain its metabolism, which avoids starvation
during transit (Frohnmeyer E. etal., 2018). In
addition to the ability to withstand lytic stresses,
probiotic microorganisms must be preserved in the
digestive tract to interact with host cells and produce
the expected positive effects. The lifespan of
probiotics in the digestive tract depends on the
adhesion ability of the intestinal mucosa (in
radioactive waste, provided by S-layer proteins and
surface adhesins) and their growth rate.

All of the above indicates that propionic acid
bacteria and their metabolites are an important factor
in maintaining the balance of the microbial ecosystem
of a macroorganism. The unique beneficial properties
of PABs and their complete absence of toxicity argue
for their inclusion in therapeutic and prophylactic
agents for the protection and restoration of
microflora.

Therefore, the aim of the study was to investigate
the possibility of cocultivation of propionic acid and
lactic acid bacteria by creating associations on unified
complex media with corn and yeast extracts.

Materials and methods. Pure cultures of
microorganisms (kindly provided to us by employees
of the Institute of Microbiology and Virology named
after D.K. Zabolotny National Academy of Sciences
of Ukraine) and Propionibacterium, a culture isolated
by us, were used for research.

Bacteria were monocultivated: Lactobacillus in
MRS medium, Bifidobacterium in Blaurock medium,
and Propionibacterium in the medium proposed by us
(based on a thorough analysis of the component
composition of the medium used for
Propionibacterium cultivation), which contained
magnesium chloride, sodium citrate, potassium
phosphate, ascorbic acid, cobalt chloride, glucose,
and peptone.

Also, for individual and cocultivation, modified
unified media were used, which contained all the
necessary components to ensure the normal growth
and development of the studied microorganisms,
namely peptone - 10 g/l, sodium acetate - 15 g/I,
magnesium sulfate - 0.56 g/l, manganese sulfate -
0.12 g/l, potassium phosphate - 2 g/l, glucose - 15 g/I,
cysteine - 0.5 g/l, ascorbic acid - 0.2 g/I. In addition,
corn extract was added to one sample of the nutrient
medium, and yeast extract to the other. Their content
in both cases was the same.
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Cultivation was carried out at 37 °C in 250 ml
Erlenmeyer flasks, with a total working volume of 50
ml and an inoculum content of 10%.

The optical density of the cultures was assessed
using a photocolourimeter at 540 nm. The control was
the appropriate sterile culture medium.

The content of organic acids was determined by
the titrimetric method, taking into account that 1 ml
of 0.1 n NaOH corresponds to 0.009 g of lactic acid,
and 1 ml of 1 n NaOH corresponds to 0.06 g of
acetate.

To create an association of the first type, we used
inoculum of microorganisms grown on a unified
complex medium. The main fermentation process
lasted 24 hours at 37 °C. Unified nutrient media and
5% inocula of Propionibacterium, Bifidobacterium
and Lactobacillus cultures were added to 250 ml
Erlenmeyer flasks.

To create associations of the second type, each
individual culture was first grown on the appropriate
medium: Lactobacillus in MRS liquid nutrient
medium, Bifidobacterium in Blaurock liquid
medium, and Propionibacterium in modified
medium. Subsequently, the daily cultures were used
to create associations and co-culture in standardised
nutrient media. The cultivation conditions are
identical to those described above.

To test the \wviability of the studied
microorganisms, they were sown on selective
agarified nutrient media for each culture. Incubation
was performed overnight at 37 °C and the number of
colonies formed was counted.

The method of delayed antagonism was used to
assess the antagonistic properties of the studied
monocultures and associations. The culture medium
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microscopic  fungi - Rhodotorula  glutinis,
Rhodotorula minuta, Rhodotorula rubra,

Saccharomyces cerevisiae.

The results of the experimental data were
processed statistically using Microsoft Excel
software. The results were considered reliable at the
level of confidence p < 0.05 according to the Student's
criterion.

Results and discussion. At the first stage of
experimental studies, the development of probiotic
cultures was evaluated wunder conditions of
monocultivation in selective and unified nutrient
media. The experimental data showed the following
(Fig. 1): density indicators largely depend on both the
component composition of the nutrient medium and
the culture being grown; when growing
Lactobacillus, active development was recorded on
the standard medium and no significant difference in
indirect indicators of lactobacillus biomass
accumulation was recorded on both complex unified
media; representatives of the genus Bifidobacterium
demonstrated active growth on Blaurock medium,
while the amount of biomass formed on complex
media was significantly lower; the total biomass of
propionic acid bacteria in the selective medium was
insignificant, while in the complex unified media it
increased.

Density indices were also evaluated for
associations. We did not find any significant
differences in all 4 cases studied.
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Fig. 1. Indicators of optical density under the conditions of mono- (4) and cocultivation (B) of Lactobacillus,

Bifidobacterium and Propionibacterium

Note: 1 — association in medium with corn extract (inoculum — uniform medium), 2 — association in medium with
corn extract (inoculum — elective medium), 3 — association in medium with yeast extract (inoculum — uniform medium),
4 —association in a medium with yeast extract (inoculum — elective medium)
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The results of the experimental studies showed
ambiguous trends in the formation of short-chain fatty
acids when bacteria were cultivated in different media
(Fig. 2). PAB and Lactobacillus converted the
substrate into organic acids more actively when
grown in unified media. The opposite patterns were
recorded for Bifidobacterium. The amount of lactate
produced by Bifidobacterium on unified media was
2.5-2.7 times lower on average compared to Blaurock
medium.

The  experimental data  indicate  that
Propionibacterium produced significantly more
acetate in complex media with corn and yeast
extracts, respectively, compared to the selective
medium. The amount of acetic acid produced by
bifidobacteria in the unified media was lower than in
the selective media. Representatives of the genus
Lactobacillus produced more acetate on complex
media compared to the selective medium (Fig. 2). It
is known that propionic acid bacteria fermentation
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produces mainly propionic and acetic acids, to a
lesser extent lactic and succinic acids, acetoin,
diacetyl, and other volatile aromatic compounds such
as dimethyl sulfide, acetaldehyde, propionic
aldehyde, ethanol, and propanol. The organic acids
synthesised by probiotic cultures — lactate, acetate
and, obviously, propionate — have a pronounced
antimicrobial effect against pathogenic
microorganisms and form a favourable pH
environment for autochthonous microorganisms.
During the development of Propionibacterium, the
ratio of propionic acid to acetic acid can vary widely,
usually calculated as 2:1.

The study of lactic acid content in the cultivation
of associations of two types showed no significant
differences. The unified medium with corn extract
was more efficient for the production of acetate by
microorganisms; it accumulated 1.25-2 times more
acetate than the medium containing yeast extract (Fig.
2).
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Fig. 2. Acetate content in the culture medium of the studied microorganisms

The assessment of the viability of microorganisms
showed that the survival rate of bifidobacteria in
unified media was reduced compared to
monocultures. On the contrary, the number of live
cells of propionic acid bacteria and lactobacilli in
complex dense media was higher.

There are literature data on the cocultivation of
P. freudenreichii and Bifidobacterium longum, which
is manifested in a sharp increase in the antagonistic
effect against such test microorganisms as
Micrococcus luteus and Staphylococcus aureus due
to the increased accumulation of organic acids in the
nutrient medium (Taniguchi M. etal., 1998).
According to our experimental studies, in general,
associations of probiotic bacteria have a significant
inhibitory effect on the development of test cultures
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compared to monocultures (Fig. 3). Among the
individual cultures, lactic acid bacteria were the most
active antagonists. Lactobacillus and
Bifidobacterium inhibited the growth of R. rubra,
C. glutamicum, M. luteus, while Propionibacterium
caused the appearance of significant lysis zones in
relation to M. luteus. The associations of both types

showed antagonism against 6 test cultures:
B. subtillis, R. glutinis, R. minuta, R. rubra,
C. glutamicum, M. luteus. Their effect on

Saccharomyces cerevisiae, Enterococcus faecalis,
Pseudomonas syringae was indifferent. The
development of R. glutinis was more effectively
inhibited by associations of the second type of
bacteria grown in the medium with yeast extract.
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Fig. 3. Antagonistic effect of Bifidobacterium (A) and associations of probiotic bacteria (B —association in medium
with corn extract (inoculate — uniform medium; C — association in medium with yeast extract (inoculum — uniform

medium)) on the development of test cultures

Note: 1— Micrococcus luteus, 2 — Enterococcus faecalis, 3 — Saccharomyces cerevisiae, 4 — Pseudomonas syringae,
5 — Bacillus subtilis, 6 — Rhodotorula glutinis, 7 — Rhodotorula minuta, 8 — Rhodotorula rubra, 9 — Corynebacterium

glutamicum

Thus, the unified nutrient media proved to be
effective for monocultures of propionic acid bacteria
and lactobacilli, as well as for associations created on
their basis. The associations of bacteria of the two
types grown on these nutrient media showed an active
antagonistic effect on a number of test cultures. The
creation of unified nutrient media is an alternative to
ready-made industrial media, which may not always
be available.

Conclusions. The use of modified unified nutrient
media containing corn and yeast extracts proved to be
suitable for the co-cultivation of the studied probiotic
microorganisms, as well as effective for the growth of

References:

1. Amara A. A., Shibl A. M. Role of Probiotics in health
improvement, infection control and disease treatment
and management. Journal of the Saudi Pharmaceutical
Society. 2015; 23(2): 107-
114. https://doi.org/10.1016/j.jsps.2013.07.001

2. de Vos W.M., Tilg H., Van Hul M., Cani P.D. Gut
microbiome and health: mechanistic insights. Gut.
2022; 71(5): 1020-1032.
https://doi.org/10.1136/gutjnl-2021-326789

3. Deutsch S-M., Mariadassou M., Nicolas P. et.al.
Identification of proteins involved in the anti-
inflammatory  properties of  Propionibacterium
freudenreichii by means of a multi-strain
study. Scientific  Reports.  2017; 7:  46409.
https://doi.org/10.1038/srep46409

4. Faye T., Holo H., Langsrud T. etal. The
unconventional antimicrobial peptides of the classical
propionibacteria. Appl Microbiol Biotechnol. 2011,
89(3): 549-54. https://doi.org/10.1007/s00253-010-
2967-7

5. Feng P., Ye Z., Kakade A etal. A review on gut
remediation of selected environmental contaminants:
possible roles of probiotics and gut microbiota.

36

propionic acid bacteria and lactobacilli. An increase
in the content of organic acids (lactate and acetate)
was recorded in the case of monoculturing
Propionibacterium and Lactobacillus when using
unified complex nutrient media. Individual cultures
of Lactobacillus, Bifidobacterium and
Propionibacterium were more active antagonists
against R. rubra, C. glutamicum, M. Luteus, B.
subtillis. The associations of both types showed a
high inhibitory effect against 6 test cultures studied:
B. subtillis, R. glutinis, R. minuta, R. rubra, C.
glutamicum, M. luteus.

Nutrients. 2018; 11(2): 22.
https://doi.org/10.3390/nu11010022.

6. Frohnmeyer E., Deptula P., Nyman T.A. etal.
Secretome profiling of Propionibacterium

freudenreichii reveals highly variable responses even
among the closely related strains.  Microb
Biotechnol. 2018; 11(3): 510-526.
https://doi.org/10.1111/1751-7915.13254

7. Fukuda S., Toh H., Hase K., Ohno H. Bifidobacteria
can protect from enteropathogenic infection through
production of acetate. Nature. 2011; 469(7331): 543—
547. https://doi.org/10.1038/nature09646

8. Halttunen T., Collado M. C., EI- Nezami H., Meriluoto
J., Salminen S. Combining strains of lactic acid bacteria
may reduce their toxin and heavy metal removal
efficiency from aqueous solution. Letters in applied
microbiology. 2008; 46(2): 160-165.
https://doi.org/10.1111/j.1472-765X.2007.02276.x

9. Hasan K.N., Banerjee G. Recent studies on probiotics
as beneficial mediator in aquaculture: a review. The
Journal of Basic and Applied Zoology. 2020; 81.
https://doi.org/10.1186/s41936-020-00190-y

10.Hoseinifar S. H., Sun Y. Z.,, Wang A., Zhou Z.
Probiotics as Means of Diseases Control in
Aquaculture, a Review of Current Knowledge and

Biological systems. Vol.15. Is.1. 2023


https://doi.org/10.1016%2Fj.jsps.2013.07.001
https://doi.org/10.1136%2Fgutjnl-2021-326789
https://pubmed.ncbi.nlm.nih.gov/?term=Faye+T&cauthor_id=21038096
https://pubmed.ncbi.nlm.nih.gov/?term=Holo+H&cauthor_id=21038096
https://pubmed.ncbi.nlm.nih.gov/?term=Langsrud+T&cauthor_id=21038096
https://pubmed.ncbi.nlm.nih.gov/?term=Frohnmeyer%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Deptula%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nyman%20TA%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5902329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5902329/
https://doi.org/10.1111%2F1751-7915.13254
https://doi.org/10.1038/nature09646
https://doi.org/10.1111/j.1472-765x.2007.02276.x
https://doi.org/10.1186/s41936-020-00190-y

Future Perspectives. Front Microbiol., 2018; 9: 2429,
https://doi.org/10.3389/fmich.2018.02429

11. Luna G.M., Quero G.M., Kokou F., Kormas K. Time to
integrate biotechnological approaches into fish gut
microbiome research. Curr Opin Biotechnol. 2022; 73:
121-127. https://doi.org/10.1016/j.copbio.2021.07.018

12. Massoud R., Zoghi A. Potential probiotic strains with
heavy metals and mycotoxins bioremoval capacity for
application in foodstuffs. J Appl Microbiol.
2022;133(3):1288-1307.
https://doi.org/10.1111/jam.15685

13. Piwowarek K., Lipinska E., Hac-Szymanczuk E. et.al.
Propionibacterium spp. — source of propionic acid,
vitamin B12, and other metabolites important for the
industry. Appl Microbiol Biotechnol. 2018; 102(2):
515-538. https://doi.org/10.1007/s00253-017-8616-7

14. Ruhal R., Kataria R., Choudhury B. Trends in bacterial
trehalose metabolism and significant nodes of
metabolic pathway in the direction of trehalose
accumulation. Microbial Biotechnology. 2013; 6(5):

16. Taniguchi M., Nakazawa H., Takeda O. Production of
a mixture of antimicrobial organic acids from lactose
by co-culture of Bifidobacterium longum and
Propionibacterium freudenreichii. Biosci Biotechnol
Biochem. 1998; 62(8): 1522-1527.
https://doi.org/10.1271/bbb.62.1522.

17. Wieérs G., Belkhir, L., Enaud R. et. al. How probiotics
affect the microbiota. Frontiers in cellular and
infection microbiology. 2020; 9: 454,
https://doi.org/10.3389/fcimb.2019.00454

18.Wauertz S., Schroeder A., Wanka K. M. Probiotics in
Fish Nutrition — Long-Standing Household Remedy or
Native Nutraceuticals? Water. 2021. 13(10): 1348.
https://doi.org/10.3390/w13101348

19.Zarate G, Saez G.D., Perez C. A. Dairy
propionibacteria prevent the proliferative effect of plant
lectins on SW480 cells and protect the metabolic
activity of the intestinal microbiota in vitro. Anaerobe.
2017, 44: 58-65.
https://doi.org/10.1016/j.anaerobe.2017.01.012.

493-502 https://doi.org/10.1111/1751-7915.12029

15. Talwar C., Nagar S., Lal R., Negi R. K. Fish gut
microbiome:  current approaches and future
perspectives. Indian J Microbiol. 2018; 58 (4): 397-
414, https://doi.org/10.1007/s12088-018-0760-y

CYMICHE KYJIbTUBYBAHHS NTPEJCTABHUKIB POAIB PROPIONIBACTERIUM,
LACTOBACILLUS, BIFIDOBACTERIUM HA YHI®IKOBAHUX CEPEJOBHUIIAX

JI. M. Bacina, H. A. lllTorpun

Ipobiomuuni mikpoopeauizmu — ye JHCUBI HENAMO2eHHI, HeMOKCUHO2EHHI MIKPOOP2aHiZMU, W0 HAOX00amb 6
KUWEYHUK 3 IDICer0 Ma NO3UMUBHO NIUBAIOMb HA OP2AHI3M, HOPMALIZYIOYU CKIAO I OI0N02TUHY aKMUSHICHb MIKpogaopu
mpasHozo mpaxmy. Monounokucni bakmepii poodie Lactobacillus ma Bifidobacterium nocioarome uinbne micye ceped
MIKDOOP2aHi3MI8, SKI 6X005imb 00 CKAady npobiomuxie. [Ipucymuicms Oanux baxmepiu y WityHKO80-KUWKOBOMY MPAKMI
3abe3neuye anmazoHicmuyne cepedosuuye, ke HanpasieHe NPomu NAMoO2eHHUX MiKpOOP2aAHI3Mi8, CINBOPIOE YMO8U OA
pocmy i po3sumky kopucHux baxkmepiti. Bifidobacterium, Lactobacillus 30amui nocunoeamu abcopOyitini Mo*CIu8ocmi
Xapuo8ux KOMHOHEHMIB, NEPEHOCUMICIb IAKMO3U, cmabinizysamu yHKYio newinku 3a paxyHox Hopmanizayii pobomu
KUWEYHUKA MA 3HUNICEHHS PIGHA AMIAK) 6 KPOGI.

OcmanHim 4acom po3uuproOcmvpCcsi CHeKmp MIKpOOp2aHizmie, wo GUABISAIOMb AHMALOHICMUYHI 61ACTIUBOCI MaA
YUHAML  CRPUAMAUGUI BNAUE HA JHCUMMEODIANbHICIY Opeanismy. 3Hauny ysazy npulinsioms HPONIOHOBOKUCIUM
baxkmepiim, AKi 6X00amb 00 cKAady Mikpogaopu pizHux biomonig opeanizmis. Ilponionogokucai bakmepii cunmesyomo
eimamin B12, 6igioocenni ¢axkmopu pocmy ma 6axkmepioyuHu, 60100II0OMb BUCOKUMU  AOLE3UGHUMU U
IMYHOMOOYTIOIOUUMYU GIACMUBOCTAMU, IX Memaboaimu BUAGIAIOMb aHmumymazenny Oito. Y pobomi npoananizysanu
MOACIUGICMb THOUBIOYATLHO2O MA CYMICHO20 KYIbMUBY8AHHs npedcmaesnukie podie Propionibacterium, Lactobacillus
ma Bifidobacterium na yHigixosanux cepedosuwjax, w0 MICMUaU KyKypyO3saHUNl ma OPINCONCOBUL eKCIMPAaKmiu.
Bcmanosneno, wo 0awni nodicusHi cepedosuiya € eqpekmusHumu 0Jisk MOHOKYIbMUBYBAHHS NPONIOHOBOKUCIUX Dakmepill
ma aakmobayun. Ilpu yvomy 6i03Hayanu He nuuie 30i1bUleHHS NOKASHUKIE ONMUYHOI 2YCMUHU RPONIOHOBOKUCIUX
baxmepiti (y 3 pasu), a ti NocuienHs KUCI0moymeopeHus (8 cepednvomy y 2 pasu). J{ogedeno Mouciugicms cymicHO20
KYAbMUBY8AHHS MOIOYHOKUCAUX A NRPONIOHOBOKUCIUX ODAKMePIll WIAXOM CIMBOpeHHa acoyiayili 08ox munis. Busnaueno
KITbKICMb KOAOHIU 00CTI0NCYBAHUX MIKDOOP2AHIZMIE HA eIeKMUBHUX NONCUBHUX CepedO8ULaX NICs KOKYIbMUBYBAHHS 6
VHIQIKOBAHUX Ccepedosuyax 000X Munie, HAUBUWA BUNCUBAHICMb GiOMiueHa Oasi Propionibacterium. 3agixcosano
AHMAZOHICMUYHUL GNIUG AK THOUBIOYILHUX KYJAbIYP, MAK [ CMEOPEHUX acoyiayii wyoo0o OKpemux zpamno3umuHux
baxkmepitl, MIKPOCKONIUHUX 2pudis.

Kmouosi cnosa: Propionibacterium, Lactobacillus, Bifidobacterium, acoyiayii, koxynemueyeanns, ynigikosani nosicueni

cepedosuuya.
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