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Abstract. Recently, possible co-application of probiotics and
antibiotics has been widely discussed. This form of combined therapy,
because of its commonly recognised advantage, is widely used to prevent
antibiotic-associated diarrhoea and induced dysbiosis. Due to the increased
application of lactobacilli as probiotics, EFSA has developed a number of
requirements concerning their safety and functionality. Every commercial
probiotic should be able to obtain the Qualified Presumption of Safety
status (QPS).Though QPS is a status attributed to species, individual
species differ greatly in their genome content, including those belonging to
the genus Lactobacillus. Infectious bacteria and strains that may possess
genes responsible for virulence or antibiotic resistance should not be used
lest pathogenic genes be passed on to other species. The human
gastrointestinal tract, due to the immense amount of bacteria and the close
contact between them, is a possible place for gene transfer. The main
hazard is the transfer of antibiotic resistance determinants from commensal
bacteria and the emergence of resistance to common microbial infections,
which can prevent successful antibiotic treatment. A condition of using
bacterial strains as probiotics is their safety, in particular, the absence of
antibiotic resistance determinants. The purpose of the work was to
determine the antibiotic sensitivity/resistance of lactobacilli isolated from
different sources in the Odesa region. By the disc diffusion method, it has
been determined how sensitive the 13 lactobacilli strains isolated from
auto-fermented  vegetables, raw meat, and newborn children’s
gastrointestinal tract are to 15 antibiotics with different mechanisms of
action. It has been established that the sensitivity/resistance depended on
the strain and specific antibiotic. An obvious feature of the strains under
study was their higher sensitivity to antibiotics that inhibited the synthesis
of protein and nucleic acids, as opposed to antibiotics that affected the
synthesis of the cell wall and cytoplasmic membrane. The results of the
comprehensive research have allowed selecting the Lactobacillus spp.
strains O1, B4, 175, M2, and M3 as the most promising for the creation of
probiotic preparations.
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determinant present in a candidate microorganism

Introduction. Formulation of the problem

Probiotics are defined as “live microorganisms

should be determined prior to approval for the QPS
status. So, antibiotic resistance per se is not a safety

which when administered in an adequate amount confer
health benefits to the host” (FAO/WHO, 2002) [1].
Alternatively, probiotics are defined as live microbial
feed supplements that beneficially affect the host animal
by improving its intestinal microbial balance [2].
Probiotics can be included in various types of food
products, medicines, nutritional supplements, etc.
Lactobacilli and bifidobacteria are most often used as
probiotics. One of the most important criteria for the
selection of bacterial strains to be used in the food
industry is their safety, in particular, the absence of
antibiotic resistance determinants. In Europe, according
to the Qualified Presumption of Safety (QPS) approach
established by the European Food Safety Authority
(EFSA, 2008), the nature of any antibiotic resistance
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issue: it only becomes such when there is a risk of
resistance transfer [3,4].

As components of products, supplements,
biological preparations, probiotics directly enter the
human and animal body that is why it is very important
to determine the level of resistance to antibiotics. This is
part of the safety assessment of microorganisms used as
probiotics [5].

Analysis of recent research and publications

Resistance of microorganisms to antimicrobial
drugs is a serious global risk for human health [6]. The
increased number of resistant microbes largely results
from the incorrect use of antimicrobial drugs in health
care and agriculture [7,8]. Moreover, there is now an

Volume 16 Issue 3/2022


http://creativecommons.org/licenses/by/4.0

bBionpouecu, 6iomexHonozis xap4oeux npodykmie, BAP / Biological processes, biotechnology of food products, BAS

opinion that resistance to antibiotics arises not only from
incorrect or excessive use, but can also be one of the
consequences of environmental pollution with harmful
substances [9].

Lactic acid bacteria play an important role in the
food industry as starters and probiotics. Antimicrobial
resistance is becoming more common, and the risk of
the spread of antibiotic resistance genes is increasing,
that is why it is important to consider beneficial bacteria
as a potential pool of transmissible antibiotic resistance
genes. The more so as fermented food contains a large
number of live bacteria and, therefore, is a favourable
environment for the transfer of genes, including
resistance genes [10]. This phenomenon is receiving
more and more attention, since lactic acid bacteria as a
potential reservoir of resistance genes can transmit them
to pathogenic bacteria. This leads to the dissemination of
antibiotic resistance among pathogens and makes it
more difficult to treat infections caused by these
bacteria. Importantly, many studies show that genes of
this kind can be transferred in both directions. Although
conjugation is the most common way of dissemination
of antibiotic resistance genes, transformation and
transduction may also play an important role in this
process, even greater than previously thought [11].

This makes it very important task to define
transmissible antibiotic resistance markers when
assessing the safety of lactic acid bacteria, since genes
determining resistance to some antimicrobial drugs (for
example, chloramphenicol, erythromycin, streptomycin,
tetracycline, and vancomycin) and located on mobile
genetic elements (plasmids or transposons) have already
been characterised in lactococci, lactobacilli, and
enterococci isolated from food [12]. However, the
transfer of antibiotic resistance genes from lactic acid
bacteria to bacteria of the resident microbiota of the
human gastrointestinal tract, and therefore to pathogenic
bacteria, has not been fully studied.

It should be emphasised that lactic acid bacteria can
have both natural and acquired resistance to
antimicrobial drugs [12]. For instance, Shao et al. [13]
demonstrated that two isolates of L. plantarum had
aaadA and ant(6) genes associated with streptomycin
resistance, and overexposure to this antibiotic sharply
increased the minimum inhibitory concentration and
increased cross-resistance to other antibiotics of this
class. On the other hand, it was reported that 6% of
strains isolated from some pharmaceutical and dairy
products from Egypt had tetracycline [tet(M)] and/or
erythromycin [erm(B)] resistance genes [14].A similar
study reported on the frequent occurrence of lactobacilli
resistant to vancomycin (58%), erythromycin (10.8%),
tetracycline  (4.3%), gentamicin  (48%), and
ciprofloxacin  (26%) in Turkish fermented dairy
products [15]. However, the studies conducted by Flores
and Mayo [16] revealed that no transfer of tetracycline
[tet(M)] and erythromycin [erm(B)] resistance genes
from S. thermophilus to L. delbrueckii was detected
during yogurt production and storage. Even though
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some publications confirm the transfer of resistance
determinants, the two most common resistance genes in
lactic acid bacteria are the tetracycline [tet(M)] and
erythromycin [erm(B)] resistance genes. These are
followed by CAT genes that encode chloramphenicol
resistance [17]. The wide range of potential applications
of lactic acid bacteria in industry and in human and
animal health care calls for their detailed investigation.
Antimicrobial resistance is considered an important
safety concern during their evaluation and approval as
probiotic cultures. On the other hand, the sensitivity of
the strains to the antibiotics recommended by the
European Food Safety Agency (EFSA) makes them safe
for direct use in the food industry, animal husbandry,
and agriculture [18].

The purpose of the work was to determine how
sensitive/resistant to antibiotics are lactobacilli isolated
from different sources in the Odesa region.

The objectives of the study were:

—to establish the sensitivity/resistance of the studied
lactobacilli to antibiotics by the discdiffusion method;

—to find out the resistance levels of the studied
lactobacilli;

—to select the Lactobacillus strains most promising
for the creation of probiotic preparations.

Research materials and methods

Thirteen lactobacilli strains isolated from different
ecological niches were used in experiments: from auto-
fermenting vegetables (Lactobacillus spp.B1, B3, B4,
B5, B6, O1), from raw meat (Lactobacillus spp. M1,
M2, M3, M6), and from newborn children’s digestive
tract (Lactobacillus spp. 146, 275,175). All the studied
Lactobacillus strains are stored in the museum of the
Department of  Microbiology, Virology, and
Biotechnology of Odesa I.I. Mechnikov National
University.

The sensitivity/resistance of lactobacilli to
antibiotics was determined using a disc diffusion
method [6,10]. Fifteen antibiotics having different
mechanisms of action were used. Penicillins were
represented by benzylpenicillin (PEN — 1 million
IU/disc); cephalosporinsbycefazolin (CZ — 30 pg/disc),
cefuroxime (CFX- 30 pg/disc), ceftazidime (CAZ —
10 pg/disc), and cefixime (CFM - 5 pg/disc);
aminoglycosides bynetilmicin (NET — 30 pg/disc)
andstreptomycin (STR — 300 pg/disc); tetracyclines
bytetracycline (TET - 30 pg/disc); macrolides by

erythromycin  (ERY— 15 mg/disc); lincosamides
byclindamycin (CLN - 10 pg/disc);
phenicolsbychloramphenicol (CL - 30 pg/disc);

glycopeptides by vancomycin (VAN — 30 ug/disc);
fluoroquinolones byciprofloxacin(CIP — 5 pg/disc);
polymyxins bypolymyxin B (PMB — 300 IU/disc);and
rifampins byrifampicin (RIF — 5 pg/disc).

0.1 ml portions of suspensions of overnight broth
cultures of lactobacilli with the concentration
10" CFU/ml were inoculated on the surface of MRS agar
in Petri dishes. Discs were applied with sterile tweezers,
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placing no more than 7 discs per dish. Incubation was
carried out at 37°C for 24 hours. The results were
recorded by measuring (accurate within 1 mm) the
diameters of the growth inhibition zones around the
discs with antibiotics, focusing on the zone of complete
inhibition of visible growth. A microorganism strain was
considered highly resistant at an inhibition zone
diameter of 14 mm and smaller. If the diameter of the
zone of inhibition ranged 15 to 25 mm, the strain was
considered intermediate, if it was more than 25 mm,
susceptible [19].

The studies were performed in triplicate.
Statistical and graphical analysis of the results was
performed using the Microsoft Office Excel 2016
software.

Results of the research and their discussion

Probiotic strains of microorganisms belonging to
the species included in the EFSA QPS list (EFSA, 2012)

Table 1 — Diameters of the zones of inhibition of the lactobacilli strains due to the action of antibiotics, mm

are safe, and harmful effects of their use are very rare
and often due to individual characteristics [20].
Undoubtedly, a complete safety analysis begins with the
identification of the strain and determination of potential
risks in vitro [21]. In the previous studies, we identified
the isolated strains as representatives of the genus
Lactobacillus  and  revealed  their  probiotic
properties [22-25].  The  sensitivity/resistance  to
antibiotics depended on the strain studied and on the
antibiotic used. The relation to antibiotics, as well as
many other bacterial properties, is often strain-specific,
and the diameters of the zones of inhibition varied
widely (Table 1).

A strain of the microorganism was classified as
sensitive, intermediate, or resistant to each antibiotic
considered (Fig. 1). It should be noted that sensitivity to
antibiotics is not clearly dependent on the source of a
strain.

(n=3)
Anti Lactobacillus sp.strains
biotic | 175 [ 275 | 146 | o1 | B1 | B3 | B4 | B5 [ B6 | MI | M2 | M3 | M6
Inhibitors of cell wall synthesis
11.33 | 11.33 12.33
PEN 0.00 173 | 2065 0.00 0.00 10.65 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
11.33 11.67 14.33
Ccz 0.00 0.00 0.00 0.00 1131 0.00 1065 0.00 0.00 131 0.00 0.00 | 0.00
CEX 18.67 | 20.33 | 27.67 | 21.00 | 25.33 | 23.33 | 22.67 | 26.67 | 25.67 | 23.33 | 20.00 | 19.33 | 22.33
+1.31 | £1.73 | £1.73 | +1.13 | +0.65 | £1.73 | +1.73 | +£0.65 | +0.65 | +1.73 | £1.13 | +0.65 | +0.65
16.33 | 19.00 | 14.00 14.33
CAZ | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1065 | 1113 | +1.13 0.00 0.00 1065
15.33 | 22.33
CFM | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1065 | +173 0.00 0.00 0.00 | 0.00
12.33 | 14.67 14.00
VAN 0.00 0.00 0.00 0.00 0.00 0.00 4065 | +1.31 0.00 0.00 0.00 0.00 4113
Inhibitors of CPM functions
17.67 21.33
PMB | 0.00 173 0.00 0.00 0.00 0.00 0.00 73 0.00 0.00 0.00 0.00 | 0.00
Inhibitors of protein synthesis
NET 14.67 | 16.67 | 18.67 | 12.33 | 13.67 | 12.67 | 16.00 | 12.33 | 16.00 | 21.00 | 11.67 | 13.00 | 16.00
+0.65 | +£0.65 | £1.31 | +0.65 | +0.65 | +1.31 | +1.13 | +£0.65 | +1.13 | +1.13 | £0.65 | +1.13 | +1.13
13.33 | 15.33 | 19.67 19.33 | 20.33 | 15.67 13.67
STR | 000 | 165 | 2065 | x1.73 | 200 | 000 | \q 73 | s931 | 2131 | 000 | 000 ) 000 1 ;25
TET 23.33 | 28.00 | 30.67 | 27.00 | 31.67 | 28.33 | 30.33 | 24.00 | 31.00 | 28.33 | 26.00 | 24.67 | 30.00
+1.73 | £1.13 | £1.73 | £1.13 | +£0.65 | £0.65 | +0.65 | £1.13 | £1.13 | +0.65 | £1.13 | £0.65 | +1.13
ERY 19.33 | 30.00 | 26.00 | 22.33 | 30.67 | 27.67 | 31.00 | 31.00 | 20.33 | 32.67 | 20.00 | 26.67 | 30.67
+0.65 | +£1.13 | £1.13 | +0.65 | +1.31 | £1.31 | +1.13 | £1.13 | +0.65 | +0.65 | £1.13 | +0.65 | +0.65
CLN 23.67 | 22.33 | 29.33 | 2433 | 19.33 | 17.00 | 21.33 | 17.67 | 22.00 | 25.67 | 21.33 | 25.67 | 31.67
+1.31 | £1.73 | £1.73 | +1.73 | +0.65 | £1.13 | +0.65 | +£1.31 | £1.13 | +1.31 | +0.65 | +0.65 | +0.65
cL 16.67 | 23.00 | 21.67 | 20.00 | 27.67 | 23.33 | 25.00 | 22.67 | 25.00 | 22.67 | 26.00 | 23.67 | 27.33
+1.73 | £1.13 | £1.73 | +1.13 | £0.65 | £1.73 | +1.13 | £1.31 | £1.13 | +0.65 | £1.13 | £1.31 | +1.73
Inhibitors of nucleic acid synthesis
cIp 17.33 | 21.33 | 24.00 | 20.67 | 22.67 | 22.33 | 21.00 | 19.33 | 21.00 | 25.67 | 19.33 | 21.00 | 26.33
+1.73 | £1.31 | £1.13 | +0.65 | £0.65 | £1.31 | +1.13 | £1.73 | £1.13 | +1.31 | £1.73 | +£1.13 | +£1.73
RIE 27.00 | 20.33 | 29.00 | 13.33 | 24.67 | 22.00 | 22.67 | 19.67 | 24.67 | 19.33 | 20.33 | 18.33 | 23.67
+1.13 | £1.73 | £1.13 | +1.73 | £1.31 | £1.13 | £1.31 | £0.65 | £1.31 | +1.73 | £1.73 | £0.65 | +1.31
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PEN — benzylpenicillin; CZ— cefazolin; CFX- cefuroxime; CAZ- ceftazidime; CFM- cefixime; VAN-vancomycin; PMB-
polymyxin; NET-netilmicin; STR— streptomycin; TET—tetracycline; ERY— erythromycin; CLN—clindamycin; CL—chloramphenicol; CIP —
ciprofloxacin; RIF — rifampicin.

Fig. 1. Resistance levels of the lactobacilliunder study

These results make it clear that lactobacilli are
more sensitive to antibiotics inhibiting the synthesis of
protein and nucleic acids than to those interfering with
the synthesis of the cell wall and cytoplasmic
membrane. Inhibitors of the synthesis of the cell wall
were represented by penicillins, cephalosporins, and
glycopeptides. Almost all lactobacilli proved highly
resistant to the antibiotics of these groups (with the
exception of cefuroxime).Moreover, in most cases,
active growth of lactobacilli was observed. According
to these publications [11,14,26], lactobacilli are usually
more sensitive to penicillin and more resistant to
cephalosporins.

Many gram-positive bacteria, including bacteria
of the genus Lactobacillus, are sensitive to vancomycin
in vivo because its action is associated with inhibition
of cell wall synthesis and changing of the permeability
of membranes and RNA synthesis. The vancomycin-
resistant phenotype of some lactobacilli perhaps is the
best to characterise the internal resistance of lactic acid
bacteria [27]. Vancomycin contacts precursors of
peptidoglycan from the cell wall of the cytoplasmic
membrane and binds to the D-alanine/D-alanine end of
the pentapeptide, preventing polymerisation of the
peptidoglycan precursors. In some species of lactic
acid bacteria, the terminal D-alanine end is replaced by
D-lactate or D-serine in the muramylpentapeptide. This
prevents binding of vancomycin, and, therefore, the
cell wall becomes resistant to the antibiotic.
Chromosomal mutations, which were also found in
lactobacilli, lead to the occurrence of phenotypes
resistant to antibiotics of various groups. However, the
risk of resistance transfer through chromosomal
mutations is low [20].

Eleven Lactobacillus strains were highly resistant
to polymyxin, an inhibitor of cytoplasmic membrane
functions, two strains were considered intermediate.
Other researchers, too, report about high resistance of
lactobacilli, in particular, Lactobacillus casei, to
polymyxin and vancomycin [4,13,27].
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On the other hand, lactobacilli are usually
sensitive to low concentrations of many protein
synthesis inhibitors, such as chloramphenicol,
macrolides, lincosamides, and tetracyclines, and their
resistance to aminoglycosides is often noted [28]. This
is confirmed by the results obtained (Table 1, Fig. 1).
The studied strains were sensitive to tetracycline,
erythromycin, clindamycin, and chloramphenicol, and
their effects are associated with inhibition of the
protein synthesis. The levels of resistance to these
antibiotics are rated as “intermediate” and
“susceptible,” depending on the strain. Most strains
were highly resistant to the aminoglycosides netilmicin
and streptomycin, the resistance to the latter being
greater.

Nucleic acid synthesis inhibitors in our
experiment were represented by fluoroquinolones
(ciprofloxacin) and rifampins (rifampicin). Pawar et al.
(2020) and Dobreva et al. (2020) in their publications
reported their findings on lactobacilli resistance to
quinolones (its mechanisms are related to internal
factors such as the cell wall structure, efflux features,
and permeability) and to rifampicin (resistance to it
may be the result of mutations) [4].In our investigation,
the lactobacilli strains, on the contrary, were sensitive
to antibiotics of these classes. In the case of rifampicin
this can be explained by the absence of mutations, and
the mechanism of sensitivity to ciprofloxacin requires
more detailed studies.

Of interest are the reports about the finding of
genes responsible for atypical antibiotic resistance
among lactobacilli. Chloramphenicol resistance genes
(cat;  chloramphenicol  acetyltransferase)  were
identified in L. acidophilus, L. delbrueckii subsp.
bulgaricus, and L. johnsonii, as well as in L. reuteri
and L. plantarum. Besides, erythromycin resistance
genes responsible for the phenotype of resistance to
macrolide, lincosamide, and streptogramin (MLS) were
detected and identified in some lactobacilli species.
However, the most common lactobacilli resistance
determinants found are tetracycline resistance genes,
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which are sometimes found in combination. To date, at
least 11 different tetracycline resistance genes have
been identified in lactobacilli, including genes
encoding ribosomal protective proteins and efflux
pumps. Genes of resistance to aminoglycosides and f3-
lactams were found far less often in lactobacilli [4,28].

It is important to note that many genetic
determinants of resistance are sometimes found in
potentially mobile elements, such as transposons and
plasmids, which can spread antibiotic resistance genes
mainly through conjugation mechanisms. Localisation
of these genes in the genome, their nucleotide
sequence, and analysis of the flanking regions
surrounding antibiotic resistance genes may be
important for understanding the process of acquisition
of these determinants, as well as their source or
origin [20]. Some of these genes were found to be
transferred in vitro between lactobacilli strains, as well
as from lactobacilli to various gram-positive bacteria,
including foodborne pathogens like
Staphylococcus [14]. On the other hand, lactobacilli
can get antibiotic resistance determinants from other
gram-positive bacteria [10]. In vitro studies were also
conducted in experimental animal models regarding
the potential risks associated with lactobacilli carrying
mobile determinants of antibiotic resistance [9]. In
general, the results obtained confirm the hypothesis of
a reservoir of resistance genes among intestinal

bacteria and their role in the dissemination of antibiotic
resistance. Currently, it is generally accepted that the
possibility of transfer is related to the genetic basis of
the resistance mechanism, that is, to whether the
resistance is natural, or acquired as a result of
chromosomal mutation(s), or acquired as a result of
horizontal gene transfer [1,4,9].

Conclusion

Thus, the research conducted is part of the
assessment of the safety of lactobacilli strains isolated
from various sources in the Odesa region. EFSA
requires that every strain intended for human/animal
consumption should be tested for antibiotic
resistance [11].It has been demonstrated that the
investigated Lactobacillus spp. strains B1, B3, B4, B5,
B6, 01, M1, M2, M3, M6, 146, 275, 175 showed
variable sensitivity/resistance to antibiotics. Antibiotic
resistance in lactic acid bacteria, in particular
lactobacilli, can result from the often-uncontrolled use
of antibiotics in everyday life. Detection of antibiotic
resistance is one of the main criteria for selection of
strains as possible probiotics. Based on the data
obtained and the results of previous studies [10,19,22-
25], the Lactobacillus spp. Strains O1, B4, 175, M2,
and M3 were selected as the most promising for the
creation of probiotic preparations.
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Anotanisg. OcTaHHIM 9acOM IIHMPOKO OOTOBOPIOETHCS MOXKIMBE CIUIBHE 3aCTOCYBaHHA MPOOIOTHKIB i aHTHOIOTHKIB.
IlepeBara Takoi ¢opmu KOMOiHOBaHOI Tepamii BH3HaHA 1 MIMPOKO BHUKOPHCTOBYEThCA IS NPOQIUIAKTHKA
aHTHO10THKOACOIIHOBaHOI [iapel Ta 1HIYKOBaHOTO AHCOAKTEpio3y. Y 3B’s3KYy 31 30UIBIICHHSIM 3aCTOCYBaHHS JIAKTOOaKTepiit
sk npobiotukiB, EFSA po3pobuno psa Bumor mozo ix Oesmexu Ta ¢yHkuioHambHOCTI. KoxxeH komepuiitHuii nmpoGioTHk
MOBUHEH MaTH MOXIIMBICTb OTPHUMATH cTaTyc KBaidikoBanoi npesymnuii 6esnexu (QPS). Hespaxaroun Ha Te, mo QPS €
CTaTycoOM, SIKMH HPUINCYETbCS BHIY, BMICT T€HOMY 3HAYHO BiJpi3HSETHCS MK BHAAMH, BKIIOYHO Yy NPEACTABHHUKIB POJIY
Lactobacillus. Bakrepii — 30yquukr iHQEKUiHIX 3aXBOPIOBaHb Ta LITAMH, SKi MOXYTh BOJIOAITH F€HAMH BipyJIEHTHOCTI abo
CTIMKOCTI 0 aHTHOIOTHKIB, HE MOBHHHI BHKOPHCTOBYBATHCS YEpE3pU3UK Iepeladi T'eHiB MAaTOTEHHOCTI 1HIINM BHUIAM.
LITyHKOBO-KUIIKOBHI TPaKT JIOIMHH, 3aBASKH BEIMUYE3HIH KUTBKOCTI OaKTepii 1 TICHOMY KOHTaKTY MK HUMH, € MOKIIBHIM
MicieM s epenadi reHiB. OCHOBHOIO HeOE3IEKOI0 € mepeaada JeTepMiHaHT Pe3UCTEHTHOCTI 10 aHTHOIOTHKIB Bi OakTepiii-
KOMEHCAJIiB 1 OsIBa aHTHOI0THKOPE3UCTEHTHOCTI, IO MEPEeIIKOKae YCIIMIHOMY JTiKyBaHHIO aHTHOioTHKaMu. OHI€IO i3 yMOB
BUKOPHUCTAHHI IITaMiB GakTepiil sik MpoOiOTHKIB € 1X OE3MEeYHICTh, Y TOMY YHCII BiACYTHICTBJCTEPMIHAHT PE3UCTEHTHOCTI 10
aHTUOIOTHKIB. MeTolo poOoTH OyJa0 BHU3HAYHUTH YYTJIUBICTH/PE3UCTEHTHICTH 0 AHTHOIOTHKIB JAaKTOOAIWI, BHUIIICHUX i3
pi3uux mkepen Oxecbkoro perioHy. BinHomenns 13 mramiB nakTo0amui, BUIICHUX i3 aBTOEpMEHTOBaHUX OBOYIB, M’ ICHOT
CHPOBHHH 1 IITYHKOBO-KUIIIKOBOTO TPAaKTy HOBOHAPO/DKEHHX JiTeil 10 15 aHTHOIOTHKIB 3 Pi3HUM MEXaHi3MOM Jii BU3HAYaIN
JUCKO-Tu(y3iHIM MeTon0M.BUsIBICHO, 10 4yTIHBICTH/PE3UCTEHTHICTD 3alie)Kaja BiJ IITaMy i KOHKPETHOTO aHTHOIOTHKY.
O4YeBUIHOI O3HAKOK JOCHIHDKEHNMX IITaMiB Oyjia BHINA YYTIHMBICTH JO aHTHOIOTHKIB, IO NPHTHIUYIOTH CHHTE3 Oilka i
HYKJICTHOBHX KHCJIOT, Ha NPOTUBAry aHTHOIOTHKaM, IO BIUIMBAIOTh HA CHHTE3 KJIITHHHOI CTIHKH 1 IMTOIUIa3MATHYHOL
MeMOpaHu. 3a pe3yabpTataMi KOMIUIEKCHHX JOCTiIKeHb Oyno Bigibpano mramu mramulactobacillusspp. O1, B4, 175, M2 ta
M3 sk HaHOIIBII MEPCIEKTUBHI U CTBOPEHHS MPOOIOTHYHUX MPETapaTiB.

KurouoBi ciioBa: npo6ioTrky, TakToOANMIN, aHTHO10THKOPE3UCTEHTHICTh/ 9y TIHBICTS.
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