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Lactic acid bacteria play a key role in human microecology and biotechnology — form organoleptic
characteristics of products, increase the nutritional, including biological value of functional foods.
Natural resistance to antibiotics is one of the important factors that determine the probiotic properties
of lacto- and bifidobacteria.

Aim. Study of the antibiotic resistance of functionally active probiotic cultures of «VIVO
probioyogurt» leaven to determine the possibility of using a fermented milk product, which is prepared
on its basis, during antibiotic therapy to maintain and restore normal intestinal microflora.

Methods. Pure cultures of lactic acid bacteria (LAB) were selected for the study: (Lactobacillus
delbrueckii ssp., L. acidophilus, L.casei, L. rhamnosus, L.paracasei, Streptococcus thermophilus,
Bifidobacterium lactis (2 strains), B. infantis), which are part of leaven ,,VIVO probioyogurt®“ the
quality of which is confirmed by certificates of the International Organization for Standardization ISO
9001: 2008, as well as ISO 22000: 2005. The method of the experiment consisted of the following
stages: preparation of nutrient media (,,Lactobacagar®, , Bifidoagar®“, glucose-peptone medium),
working solutions of antibiotics; working suspension of LAB; suspensions of cultures (lacto- and
bifidobacteria), cultivation LAB on elective nutrient media with the addition of antibiotics and
evaluation of research results. Determination of antibiotic resistance of LAB was performed by the
method of double dilutions.

Results. The use of this technique enabled to establish the minimum inhibitory concentration (MIC)
of antibiotics of different groups relative to the LAB. The results of the research were processed using
a licensed computer program Microsoft Excel.

Conclusions. Evaluation of the results of studies to determine the MIC of antibiotics —
benzylpenicillin, azithromycin, lincomycin, gentamicin sulfate, ceftriaxone, norfloxacin, amoxil,
streptomycin, tetracycline, erythromycin in relation to IBD; fermented milk product, which was
prepared on the basis of this starter culture, it was advisable to use during antibiotic therapy to restore
and maintain normal intestinal microflora.

Key words: antibiotic resistance, lactic acid bacteria, minimum inhibitory concentration, yeast,
probiotics.

In recent years, with the global environ-
mental problems exacerbated by pollution and
chemical preparations in wide use, human
microecology has been strongly disrupted. This
causes pathological changes in the digestive
and immune organ systems. The problem
became ever more urgent during the COVID-19
pandemics, as the doctors assign antibiotics to
treat pneumonia. Antibiotics are the choice
treatment for a suspected bacterial infection;
to protect the gut microbiome during such
therapy, it is recommended to use probiotics

or high-quality fermented dairy products,
which help the normal gut flora of the patients
recover [1-5].

Currently, the functional nutrition
is widely accepted, e. g., the systematic
consumption of foodstuffs exhibiting
regulatory effects on the human organism or
its specific systems and organs.

Functional nutrition foods include
products with governable properties
depending on the aim they are supposed to
serve. The foods to be regularly consumed by
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all population subgroups should support and
improve health. These foods should also lower
the risk of nutrition-related diseases through
constituent functional components that
efficiently moderate physiological functions
and metabolic reactions in the human organism
[6-10].

In 1984, Japan started the first State
project whose main goal was to create a system
of functional nutrition. In 1991, the system
was officially recognized by law as the Food for
specified health use (FOSHU). That was when
the concept of foodstuffs usable to support the
population’s health was developed [11-13].

The USA market for functional foods is the
largest, amounting to 35-50% by different
estimates. The high level of functional foods
consumption in the country is due to the liberal
nutritional law, market freedom, and the
public attention to the innovations in nutrition
and health protection.

In 1992, Ukraine and 159 other countries
of the world approved the World Declaration
and Plan of Action on Nutrition, committing to
prevent the chronic shortage of the necessary
vitamins, microelements, and other substances
in the people’s nourishment [11].

Nowadays, an unresolved problem is
introducing dairy products containing
probiotics apathogenic for the human body
but antagonistic to the relatively pathogenic
microbes and opportunistic infections. Such
properties help preserve and recover normal
gut microbiota [7-8]. The most common dairy
products are kefir, yogurts, bioyogurts,
ryazhenka, etc.

In 2020, Ukraine initiated the reform of
the school catering system. Several Ministries
(of Science and Education, of Economy, and
of Health) joined the task beginning with
comprehensively studying how the service was
provided. As a result, the Plan for Measures to
Reform School Catering (Cabinet of Ministers
Decree on August 5, 2020) was developed
and approved as part of the abovementioned
reforms; the schoolchildren’s daily menu
now should include 150 mL of a dairy product
(kefir, bioyogurt, or ryazhenka) [14].

The main requirements to be met by the
probiotic preparations are bile tolerance,
temperature tolerance, antimicrobial activity,
and resistance to the most common antibiotics.
The list suggests that antibiotic resistance is a
major requirement for the microbial cultures
selected for the probiotics or the fermented
foods on their basis.

Many authors [14-22] have researched
lactic acid bacteria (LAB) strains and probiotic
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preparations. For example, Kitaevskaya [16]
established by the disk diffusion test that
pure LAB cultures (L. casei, L. fermentum,
L. acidophilum, L. brevis, etc.), except for
L. fermentum, are highly susceptible to
benzylpenicillin (for L. casei, the inhibition
zone was 24 mm). Also, three strains, of
L. casei, L. plantarum, and L. brevis, are
sensitive to lincomycin (for L. casei, the
inhibition zone is 3 mm). LAB cultures are
L. casei, L. fermentum and L. bavaricus.

Studying the genetics of the antibiotic
resistance of LAB, the authors of [16-18]
proved that LAB have chromosomal resistance
to many antibiotic substances depending on
the species and the strain. The genetic basis of
the phenomenon was confirmed to be a result
of either own DNA mutations or incorporation
of DNA of other microbes. The heredity of
LAB resistance to numerous antibiotics is a
consequence of mutations or determined by the
acquired plasmids [15].

The author of [17] used serial dilutions
to find out the MIC of antibiotics for
bifidobacteria. The bacteria were resistant
to third-generation antibiotics. The MIC for
ceftazidime and cefepime was approximately
4 pg/mL.

With this in mind, studying antibiotic
resistance of functionally active strains of
LAB, which promise a lot for producing a wide
range of fermented drinks, is an urgent task.

We aimed to study the resistance to
antibiotics of the functionally active probiotic
cultures of the “VIVO probioyogurt” starter to
find out whether the product based on it is a
valid choice to consume to support and recover
the gut microbiome during antibiotic therapy.

Materials and Methods

For this research, we chose pure cultures
of lactic acid bacteria (LAB) (Lactobacillus
delbrueckii ssp., L. acidophilus, L. casei,
L. rhamnosus, L. paracasei, Streptococcus
thermophiles, Bifidobacterium lactis, and
B.infantis), of which the “VIVO probioyogurt”
starter is composed. The starter (produced by
the Food Resources Institute of the National
Academy of Agrarian Sciences of Ukraine)
was selected as a source of the pure cultures
of lactobacilli and bifidobacteria because it
meets the European standards of quality,
certified by the International Organization
for Standardization (ISO 9001:2008 and ISO
22000:2005).

LAB were cultured on the Lactobacagar
selective culture medium, g/L: fermentative
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peptone — 15.0, glucose — 5.0, microbiological
agar — 10.0, sodium acetate — 4.0, yeast
extract — 2.8, potassium dihydrogen
phosphate — 1.5, ammonium citrate — 1.5,
magnesium chloride — 0.1, ascorbic acid —
0.04, manganese sulfate — 0.04, and distilled
water — 1.0 L, pH of 6.8-7.0. Bifidobacteria
were cultured on the Bifidoagar selective
medium, g/L: fermentative peptone — 2.3,
glucose — 7.5, yeast extract — 5.25, sodium
chloride — 5.0, lactose — 2.5, bacteriological
agar — 0.75, sodium acetate — 0.5, cysteine
hydrochloride — 0.5, ascorbic acid — 0.5,
magnesium chloride — 0.5, and distilled
water — 1.0 L, with pH of 6.8-7.0. The
cultures were kept for 48 hr at 37 °C. The
working bacterial suspension of the LAB was
prepared on the glucose-peptone accumulation
medium, g/L: peptone — 5, glucose — 10,
sodium chloride — 5, and distilled water —
1 L. The culture media were sterilized at
0.5 atm for 30 min.

We tested such antibiotics: benzylpeni-
cillin, azithromycin, lincomycin, gentamicin
sulfate, ceftriaxone, norfloxacin, amoxil,
streptomycin, tetracycline, erythromycin.

The working dilution of the antibiotics was
200 pg/mkL:

-Sample No. 1 — benzylpenicillin (Pen)
(produced at PJSC Kyivmedpreparat, Ukraine,
Kyiv);

+Sample No. 2 — azithromycin (Az) (PJSC
Chervona Zirka, Chemical & Pharmaceutical
Plant, Ukraine, Kharkiv);

- Sample No. 3 — lincomycin (Lin) (PJSC
Kyivmedpreparat, Ukraine, Kyiv);

- Sample No. 4 — gentamicin sulfate (Gen)
(Galychfarm, Ukraine, Lviv);

+Sample No. 5 — ceftriaxone (Cef) (PJSC
Kyivmedpreparat, Ukraine, Kyiv);

-Sample No. 6 — norfloxacin (Nor)
(Zdorovye LLC, Ukraine, Kharkiv);

«Sample No. 7 — amoxil (Am) (PJSC
Kyivmedpreparat, Ukraine, Kyiv);

« Sample No. 8 — streptomycin (Str) (PJSC
Kyivmedpreparat, Ukraine, Kyiv);

- Sample No. 9 — tetracycline (Tetr) (JSC
Vitaminy, Ukraine, Uman);

-Sample No. 10 — erythromycin (Er)
(PharmalLife LTD, Ukraine, Lviv).

The antibiotics were diluted aseptically,
adding sterile distilled water. To determine
MIC, the following concentrations were
prepared and tested by adding to the
Lactobacagar and Bifidoagar culture media,
ng/mL: 100; 50; 25; 12.5; 6.25; 3.13; 1.56;
0.78. The range was chosen based on data in
the literature [15, 16,18].

In the bacteriological practice, two
methods to determine MIC of antibiotics are
the disk diffusion test and the serial dilution
one [19, 23]. The latter yields more accurate
quantitative data. Testing the LAB resistance
to antibiotics was done by the double dilution
method [19, 23]. The resistance to antibiotics
in this way is characterized by the substance’s
activity relative to the LAB. The method
allows establishing the MIC of the antibiotic
in the semi-liquid (Bifidoagar) and solid
(Lactobacagar) culture media.

To establish the LAB antibiotic resistance,
we prepared a homogeneous working
suspension based on the saline solution and the
“VIVO probioyogurt” starter: the contents of
the vial (0.5 g) were aseptically re-suspended
in 10 mL 0.85% NaCl. The suspension was
added to the two selective culture media to
obtain the lactobacilli and bifidobacteria from
the starter’s consortium, which is the common
practice [18]. For this, the biomaterial from
the selective culture media (Lactobacagar and
Bifidoagar) was transferred by a loop to test
tubes with the glucose-peptone medium and
cultured for 4-5 hr to obtain a 1:10° cell/mL
suspension. Cell density was standardized by
diluting the suspension with the medium or
the saline solution. The optical density was
measured using the DEN-1 densitometer,
for which the operating range is 0.0-6.0
McFarland Units [24].

The morphology of the isolated LAB was
studied by microscopy using the Microscope
Digital Eyepiece DCM-800 (8.0M pixels,
CMOS) at 1000x magnification after staining
the samples with methylene blue.

The results were treated using Microsoft
Excel software. The relative error meets
the P <0.05 condition. The bacteriological
parameters (LAB titers depending on the
antibiotic concentration) are presented on the
graphs logarithmically.

Results and Discussion

The probiotics market in Ukraine boasts
numerous starters for fermented dairy
products recommended for daily use. We
chose one, the “VIVO” starter (manufactured
in Ukraine) to determine whether the probiotic
yogurt is worthwhile in augmenting antibiotic
treatment.

To study the antibiotic resistance of the
probiotic cultures of the “VIVO probioyogurt”
starter, we tested not the individual strains but
the antibiotic sensitivity for the Lactobacillus
and Bifidobacterium genera since fermented
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dairy products are made from starters using
pure LAB cultures in symbiosis.

The obtained bacterial suspension was
identified and studied morphologically. The
microscopy results are presented in Fig. 1.

According to the studied morphological
features of the lactobacilli and bifidobacteria,
the species composition of the “VIVO
probioyogurt” was as stated: the rod-shaped
lactobacilli formed short chains either single or
paired, the bifidobacteria were Y- or V-shaped
rods. By using the standard double solution
method [19, 23], we found the MIC for such
antibiotics: benzylpenicillin, azithromycin,
lincomycin, gentamicin sulfate, ceftriaxone,
norfloxacin, amoxil, streptomycin,
tetracycline, erythromycin, for the lactobacilli
and bifidobacteria of the “VIVO probioyogurt”
starter (Table 1). The least antibiotic

concentration inhibiting LAB growth (visually
identified as no colony growing on the Petri
dishes and the test tubes containing the
culture medium remaining transparent) was
taken for the substance’s minimal inhibiting
concentration (MIC) for the studied cultures.
It fully inhibited LAB growth.

By their susceptibility to antibiotics,
LAB can be graded susceptible (MIC does not
exceed 8 ng/mL), conditionally resistant, and
resistant. As for the antibiotic MIC of the
lactobacilli and bifidobacteria of the starter
(Table 1), the test tubes filled with the culture
medium were transparent, without visible
signs of opalescence. On the Petri dishes, the
antibiotics used in noted concentrations (Table
1) inhibited colony growth, characterizing the
MIC for these antibiotic groups. The results
show that the bacteria were most resistant to

Table 1. LAB sensitivity to various antibiotics, P < 0.05

S a;Inple Antibiotic Antibiotic MIC for the LAB, pg/mL
0. Lactobacilli Bifidobacteria
1 Pen 12.5 6.25
2 Az 6.25 25
3 Lin 3.13 6.25
4 Gen 6.25 25
5 Cef 50 50
6 Nor 50 25
7 Am 25 50
8 Str 100 100
9 Tetr 100 50
10 Er 25 25
a b

Fig. 1. Microscopy of the studied suspension samples, at 1 000x magnification:
a — lactobacilli; b — bifidobacteria
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streptomycin, tetracycline, erythromycin,
and ceftriaxone; the MIC for these antibiotics
were 25, 50 and, 100 ng/mL. The bacteria were
the least resistant to lincomycin, gentamicin
sulfate, and benzylpenicillin (MIC range
3.13-12.5 ng/mL). The bifidobacteria were
the most susceptible to benzylpenicillin
and lincomycin. The LAB titer in the
control samples (without antibiotics) was
1.5:10"CFU/mL (Ig = 7.17) for the lactobacilli
and 2:107 cells/mL (lg = 7.3) for bifidobacteria.

To compare and evaluate the results,
we studied the susceptibility of reference
strains of the lactobacilli and bifidobacteria
(L. lactis 4/1, L. casei 5/4, L. delbrueckii
39/2, L.acidophilus 31/2, L. plantarum
17/2, B.longum PXN 30, B. breve PXN 25,
B. bifidum PXN 23)) to the same antibiotics
(Table 2).

Table 2 shows the susceptibility of
reference LAB strains (L. lactis 4/1, L. casei
5/4, L. delbrueckii 39/2, L. acidophilus
31/2, L. plantarum 17/2, B. longum PXN
30, B. breve PXN 25, B. bifidum PXN 23) to
the following antibiotics: benzylpenicillin,
azithromycin, lincomycin, gentamicin
sulfate, ceftriaxone, norfloxacin, amoxil,
streptomycin, tetracycline, erythromycin. The
reference strains have the bacteria’s typical
physiological, morphological, and biochemical
properties. The studied reference strains of the
lactobacilli and bifidobacteria were the most
susceptible to benzylpenicillin (No.1) except for
L. casei 5/4. All the studied reference strains
of the lactobacilli were highly susceptible to
azithromycin (MIC 3.13; 6.25 pg/mL). The
most resistant to this antibiotic were the
reference strains of bifidobacteria B. longum

PXN 30, B. breve PXN 25, and B. bifidum
PXN 23, which to our thought, is caused by
antibiotic resistance genes. Many authors
[17, 18] consider the genus Bifidobacterium
to be naturally resistant to some antibiotics,
which is also confirmed by our results
(Tables 1, 2). Among the lactobacilli reference
strains, the most resistant to the tested
antibiotics was L. casei 5/4. L. lactis 4/1 was
the most sensitive among the lactobacilli
reference strains to the preparations
(benzylpenicillin (n 1), azithromycin (n 2),
lincomycin (n 3), ceftriaxone (n 5), and amoxil
(m 7)). Among the representatives of the
Bifidobacterium genus, the most resistant to
the tested antibiotics was B. lactis PXN 30,
sensitive to benzylpenicillin (No. 1).

A comparison of MIC values for the
lactobacilli and bifidobacteria of the “VIVO
probioyogurt” starter and the reference LAB
strains (L. lactis 4/1, L. casei 5/4, L. delbrueckii
39/2, L. acidophilus 31/2, L.plantarum
17/2, B. longum PXN 30, B. breve PXN 25,
and B. bifidum PXN 23) shows that the LAB
consortium of the starter is sufficiently
resistant to several antibiotic preparations
(Table 1). The MIC for the starter is comparable
to the MIC for the reference strains (Table 2).

We determined the numbers of LAB
cultured on Lactobacagar (Fig. 2) and
Bifidoagar (Fig. 3) at antibiotics concentra-
tions below the MIC (0.78 to 50 ng/mL). The
results are statistically significant at P <0.05.

The study results (Fig. 2) show that adding
antibiotics No. 5—10 (ceftriaxone, norfloxacin,
amoxil, streptomycin, tetracycline, ery-
thromycin) at 0.78-1.56 png/mL do not
significantly inhibit the lactobacilli compared

Table 2. Susceptibility of the LAB reference strains to various antibiotics, P < 0.05

MIC of the antibiotic (1-10) for the reference strains of lactobacilli
Strain and bifidobacteria, pg/mL

1 2 3 4 5 6 7 8 9 10
L.lactis4/1 6.25 3.13 1.6 12.5 3.13 12.5 | 6.25 25 50 12.5
L.casei5/4 25 6.,25 6.25 6.25 50 50 25 100 100 25
L. delbrueckii 39/2 12.5 6.25 3.13 12.5 25 25 12.5 100 100 25
L. acidophilus 31/2 12.5 3.13 1.56 3.13 50 100 12.5 100 100 12.5
L. plantarum 17/2 6.25 6.25 6.25 3.13 12.5 12.5 | 12.5 50 50 12.5
B. lactis PXN 30 6.25 25 6.25 50 50 25 50 100 25 25
B. breve PXN 25 3.13 12.5 3.13 25 50 12.5 25 100 | 12.5 | 12.5
B. bifidum PXN 23 3.13 12.5 6.25 50 50 25 25 100 50 12.5
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Fig. 2. Lactobacilli numbers on Lactobacagar with antibiotics:
1 — benzylpenicillin; 2 — azithromycin; 3 — lincomycin; 4 — gentamicin sulfate;
5 — ceftriaxone; 6 — norfloxacin; 7 — amoxil; 8 — streptomycin; 9 — tetracycline; 10 — erythromycin

Fig. 3. The number of bifidobacteria on the Bifidoagar with antibiotics:
1 — benzylpenicillin; 2 — azithromycin; 3 — lincomycin; 4 — gentamicin sulfate;
5 — ceftriaxone; 6 — norfloxacin; 7 — amoxil; 8 — streptomycin; 9 — tetracycline; 10 — erythromycin

to the control (the change is within 8%).
A significantly lower lactobacilli titer
was seen at adding antibiotics No. 1, 5-10
(benzylpenicillin, ceftriaxone, norfloxacin,
amoxil, streptomycin, tetracycline,
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erythromycin) at 12.5 ng/mL and above.

The lactobacilli were most susceptible to
such antibiotics as lincomycin, gentamicin
sulfate, and azithromycin (MIC of
3.13-6.25 ug/mL).
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The bifidobacteria were most susceptible
to benzylpenicillin (No. 1), with MIC of 6.25
png/mL. At 0.78 pg/mL benzylpenicillin,
the bifidobacteria titer fell by 37%
compared to the control, while for all other
antibiotics, the titer decreased by 8% or less.
Experimentally, bifidobacteria are the most
resistant to streptomycin and tetracycline
(MIC 100 pg/mL), while for ceftriaxone,
norfloxacin, and amoxil, the MIC was
50 pgmL. Bifidobacteria were the most
sensitive to benzylpenicillin (No. 1) and
lincomycin (No. 3). If we compare the antibiotic
MIC for the lactobacilli and bifidobacteria, the
latter appear more resistant for the following
antibiotics: azithromycin (No. 2), lincomycin
(No. 3), gentamicin sulfate (No. 4), amoxil (No.
7). Notably, both bacteria groups are sensitive
to all tested antibiotics, although the MIC are
different.

The antibiotics’ effect (No. 1-10) on the
titer of the lactobacilli and bifidobacteria
compared to the control is shown in Fig. 4 and 5.

According to the presented results (Fig. 4),
adding benzylpenicillin (No. 1), azithromycin
(No. 2), ceftriaxone (No. 5), norfloxacin (No.
6), amoxil (No. 7), streptomycin (No. 8),
tetracycline (No. 9) and erythromycin (No.
10) to Lactobacagar at 0.78 ng/mL decreases
the bacteria titer by 2—-8% . For gentamicin
sulfate (No. 4), it was 11%, and for lincomycin
(No. 3) 28%.

At concentration of 1.56 pg/mL, the
decrease in titer below 8% was seen for
antibiotics No. 5-10. The lowest lactobacilli

titer was found for the antibiotic No. 3 —
lincomycin (58.3% compared to control).
For the media with antibiotics No. 5-10 at
313 ng/mlL, the lactobacilli decreased by 17-20%.

The concentration of 6.25 pg/mL was
found to be the MIC for antibiotics No. 2—4
(azithromycin, lincomycin, gentamicin sulfate).
In other samples with various antibiotics the
viable lactobacilli decreased by 18—68% .

The concentration of 12.5 ng/mL was the
MIC for benzylpenicillin, while for antibiotics
No. 5—-10 the lactobacilli decreased by 36—65% .

At 25 pg/mL, the number of viable
lactobacilli colonies decreased compared to
control by 40—50% for the following antibiotics:
No. 9 — tetracycline, No. 5 — ceftriaxone, No.
8 — streptomycin, No. 6 — norfloxacin.

Adding antibiotics to Bifidoagar (Fig. 5)
at 0.78 ng/mL decreased bifidobacteria
titer by 2—4% for samples No. 2—-10, and for
benzylpenicillin (No. 1), the bifidobacteria
titer decreased by 37%. At twice the
concentration (1.56 ng/mL), antibiotics No.
2—-8 inhibited the viable cell titer by 5.5-11%,
and benzylpenicillin did that by 47%.

At 3.13 ng/mL benzylpenicillin, the sample
titer decreased by 63% compared to control.
For other tested samples (antibiotics No.
2-10), the titer decreased by 19-27%.

The concentration of 6.25 ng/mL was the
MIC for benzylpenicillin. For other antibiotics,
the bifidobacteria titer decreased by 31-49.3% .

12.5 ng/mL was the MIC for sample No. 10
(erythromycin); for samples No. 2-9, the
bacteria titer decreased by 37-63% .

Fig. 4. A comparison of lactobacilli titer (% ) of the control sample (medium without antibiotics)
o antibiotic-augmented medium samples:
1 — benzylpenicillin; 2 — azithromycin; 3 — lincomycin; 4 — gentamicin sulfate; 5 — ceftriaxone;
6 — norfloxacin; 7 — amoxil; 8 — streptomycin; 9 — tetracycline; 10 — erythromycin
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25 pg/mL was the MIC for samples No. 2—4
(azithromycin, lincomycin, and gentamicin
sulfate); for samples No. 5-9 the titer
decreased by 49.3-60.3%.

At 50 pg/mL streptomycin, the
bifidobacteria titer decreased by 65.8%
compared to control. This decrease was 65.3%
for the lactobacilli. The antibiotic’s MIC for
both groups was 100 pg/mL.

Natural resistance to antibiotics is an
essential factor determining the probiotic
properties of lactobacilli and bifidobacteria,
especially during antibiotic therapy. This is a
most urgent problem, as the lactobacilli and
bifidobacteria are included in the fermented
dairy products and preparations they are based
on. Thus, using the probiotic microbes for
starters to obtain fermented dairy products
for daily use or recommended during/
after antibiotic therapy would prevent the
concomitant intestine dysbacteriosis.

Comparing the MIC for antibiotics for
the two groups of microbes showed that the
bifidobacteria were more resistant than the
lactobacilli against the following antibiotics:
azithromycin, lincomycin, gentamicin sulfate,
amoxil. Notably, both the lactobacilli and the
bifidobacteria were susceptible to all studied
antibiotics but at different levels. The results
suggest that overall, the tested LAB cultures’

antibiotics susceptibility is either intermediate
(MIC above 8 pg/mL) for almost all tested
substances or slight (MIC not below 25 ng/mL)
for some of them (norfloxacin, ceftriaxone,
erythromycin, tetracycline, streptomycin), and
so using the functional fermented milk drinks
on their basis to support the gut microbiome is
a reasonable measure during antibiotic therapy.

Adding antibiotics at 0.78 and 1.56 ng/
mL to the culture medium somewhat lowered
the LAB titer (within 8% ), while the near-MIC
levels caused sharp declines in the lactobacilli
and bifidobacteria.

The results are well-correlated with the
literature [15—18]. According to the papers
[20, 21], a consortium of bifidobacteria and
lactobacilli was resistant to norfloxacin but
somewhat sensitive to azithromycin. The
high resistance to the tested antibiotic groups
was explained by LAB consortia as probiotics
as the more stable alternative to probiotic
monocultures.

The previous results [25, 26] for the
T™M “VIVO” starter for api-products-
enriched fermented milk drinks also proved
the possibility of obtaining concentrated
fermented milk starter for bread making,
particularly, for yeast-free bread products
based on the fermentation microflora of the
starter enriched with pure LAB cultures.

Fig. 5. Bifidobacteria titer (% ) of the control sample (without antibiotics)
and of the antibiotic-augmented samples:
1 — benzylpenicillin; 2 — azithromycin; 8 — lincomycin; 4 — gentamicin sulfate; 5 — ceftriaxone;
6 — norfloxacin; 7 — amoxil; 8 — streptomycin; 9 — tetracycline; 10 — erythromycin
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Conclusions

Today, popular functional products of
everyday consumption include fermented
milk drinks with live probiotics beneficial to
humans and antagonistic to the opportunistic
and pathogenic microbes, which restore the
gut microbiome during antibiotic therapy and
protect the normal microbial flora.

One of the main components of probiotic
cultures of the LAB is the resistance to various
antibiotic compounds.

We employed the double dilution test. The
bacteria were cultured on selective media,
Lactobacagar and Bifidoagar; the tested
antibiotics were common — benzylpenicillin,
azithromycin, lincomycin, gentamicin
sulfate, ceftriaxone, norfloxacin, amoxil,
streptomycin, tetracycline, and erythromyecin.

According to the results, the range of
the minimal inhibiting concentrations of
these substances for the probiotic cultures
of the “VIVO probioyogurt” starter is
3.13-100 pg/mL.

The experiment showed that the
bifidobacteria are the most susceptible to
benzylpenicillin (MIC 6.25 ng/mL). The most
resistant the lactobacilli and bifidobacteria
were to streptomycin, erythromyecin, amoxil,
and ceftriaxone (MIC 50-100 pg/mL). The
lactobacilli were the most susceptible to such
antibiotics as lincomycin, gentamicin sulfate,
and benzylpenicillin (MIC 3.13-12.5 ng/mkL).
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3 BAXKJIMBUX YNHHUKIB, I1T0 BUBHAYAIOTH MIPOOio-
TUYHI BJIACTUBOCTI JJaKTO- Ta 6i(himobarTepiii.

Mema. 3’sacyBaTu aHTHUOIOTHKOPE3UCTEHT-
HicTh PYHKIIIOHAJIBbHO-aKTUBHUX ITPOOiOTHUHUX
KyJabTyp 3akBacku « VIVO mpobiofiorypT» 3amasa
BCTAHOBJIEHHS JOIIJBHOCTI BXKUBAHHA KUCJIOMO-
JIOYHOTO IMPOAYKTY, BUTOTOBJIEHOTO Ha ii OCHOBI,
nig vac aHTubioTHKOTEpanii AMA TiIATPUMKHU Ta
BiTHOBJIEHHSI HOPMAaJIbHOI MiKpO(dIopu KHUIIKO-
BUKA.

Memodu. Ina nocaigxeHHa 0ya0 00paHO Uu-
CTi KyJBTYypU MOJIOUHOKUCHUX 6axkTepiit (MKB):
(Lactobacillus delbrueckii ssp., L. acidophilus,
L. casei, L. rhamnosus, L. paracasei, Streptococcus
thermophiles, Bifidobacterium lactis, B. infantis),
AKi BXOIATH [0 cKJany 3akBacku « VIVO mpobio-
Horypr», AKicTb AKOI miaTBepAKeHo cepTudika-
ramu MiskrnapongHuol opranisamii 3i cramgapTu-
samii ISO 9001:2008, a raxko:x ISO 22000:2005.
MeronuKa eKCIepUMEHTY CKJagajach i3 TAKUX
eTamiB: IPUTOTYBaHHS JKUBUJbHUX CEPEOBUIIL
(«JIakTobakarap», «Bipimoarap», riIr0K030-IeIl-
TOHHE CepeoBUIle), POOOUNX PO3UNHIB aHTUOiO-
TUKiB, pob6ouoi cycnensii MKB, cycnensii KyJib-
Typ (J1aKTO- Ta 6idhimodaKTepiit), KYJIbTUBYBAHHSA
MEKDB Ha e/IeKTUBHUX KUBUJILHUX CEPEIOBUIIAX
i3 mJomaBaHHAM aHTHOIOTHKIB Ta OIiHIOBAHHS pe-
3yJIbTATiB JOCHi:KeHb. BusHaueHHA aHnTubGioTH-
kopesucrentTHocTi MKB mpoBoamIN MeTOLOM TIO-
IOBIAHUX PO3BEEHb.

Pesynrvmamu. BukopucTaHHsa TaKOI MeTOOUKY
JIaJio 3BMOT'Y BCTAaHOBUTHU MiHIMaJIbHY iHTiOyBaJIbHY
koHureHTpario (MIK) anTubioTukis pisaux rpymn
crocoBuo MKB. PesyabTaTu gociigskeHb 06po0-
JIEHO 3a JOIIOMOTOIO JIiIleH30BaHOI KOMII I0Tep-
HOi mporpamu Microsoft Excel.

BucHosku. 3a pesyabTaTaMu OOCJTiIKeHDb 3
BusHauenua MIK anTubioTmkiB — OeHsuume-
HinuJIiH, asUTPOMIIINH, JiHKOMIIIMH, TeHTaMi-
NUHY cyabdar, me@TpiakcoH, HOpdJIOKCcaIUH,
aMOKCHJ, CTPEHNTOMIIIMH, TETPAIUKJiH, ePUT-
pominuua mozo MKB 6yso BCcTaHOBJIEHO, IO
JaKTo- Ta 6idimobakTepii 3akBacku « VIVO mpobi-
OHMOTYypPT» MOJKHA BiJHECTU IO YMOBHO PE3WCTEHT-
HUX NPOOIiOTUUYHUX KYJIBTYP; KMUCJIOMOJOUHUI
OPOAYKT, BUTOTOBJIEHUI HA OCHOBI ITiel 3aKBacKu,
IOIiJIbHO BUKOPUCTOBYBATH IIiJ uac aHMGiOTHUKO-
Teparrii 3aJ1d BiTHOBIeHHA MiKpoQJIopu KUIITKO-
BUKA.

Knawuoei cnosa: aHTUOIOTUKOPE3UCTEHTHICTD,
MoJiouHOKUCJHi OGakTepii, mimimanbuHa iHTiIOY-
BaJIbHA KOHIIEHTpPAIlid, 3aKBacKa, IIPo0ioTUKMU.

OMoTHMKAM — OJWH M3 BaXXHBIX (D)aKTOPOB, OIpe-
IeJSNIUX IPoONOTHYEeCKIIe CBOMCTBA JaKTO- U
oudumodbaxTepuii.

I[env. BoisicHUTH aHTUOMOTUKOPE3UCTEHT-
HOCTH (QYHKIIMOHAJIbHO-aKTUBHBIX IPOOUOTHUE-
CKUX KYJbTYP 3aKBacKu « VIVO» mpobuoiiorypr
JLJIsT YCTAHOBJIEHUA I1eJIecO00Pa3HOCTH yIoTpeb.ie-
HUA KMCJIOMOJIOUHOTO IPOAYKTa, U3TOTOBJICHHOTO
Ha ee OCHOBE, BO BpeMA aHTUOMOTUKOTEePATINH s
MO IePyKaHUA ¥ BOCCTAHOBJIEHUA HOPMAaJbHOM
MUKPOQJIOPHI KUIITEUHUKA.

Memodvl. [Ina ucciaefoBaHUS OBIIU BbI-
OpaHBI UYKWCTHIE KYJABTYPHlI MOJIOUYHOKUCJIBIX
6axrepuit (MKB): (Lactobacillus delbrueckii
ssp., L. acidophilus, L. casei, L. rhamnosus,
L. paracasei, Streptococcus thermophiles,
Bifidobacterium lactis, B. infantis), KOTopble BXO-
IAT B cocTaB 3aKkBacku «VIVO mpobuoiiorypt»,
KavyeCcTBO KOTOPOI IOATBEPIKAEHO cepTuduKaTa-
Mu MeXIyHapo HOM OPraHU3aIluy 10 CTaHJaPTH-
gamuu ISO 9001:2008, a raxsxe ISO 22000:2005.
MeTonuka sKcIiepmMeHTa COCTOSJa U3 CJIeny-
IOIUX 9TAlOB: IMPUTOTOBJIEHNE MUTATEIbLHBIX
cpen («JlakTobakarap», «Budugoarap», riamKo-
30-TIeTITOHHAA cpefla), paboYnX pacTBOPOB aHTH-
0uOTHMKOB, paboueii cycneusuu MKDB, cycmenauu
KyabTyp (J1akTo- u 6udugobarTepuit), KyJIbTHU-
BUPOBAaHUU aHTUOMOTHUKOB U OI[€HKE Pe3yJIbTaToB
uccaenoBanuii. OnpeneseHre aHTUONOTUKOPE3H-
creaTHOCT MKDB mIpoBOAMIIT METOIOM ABOMHBIX
pasbaBiieHUIA.

Pesyavmamor. Vicnmonb3oBaHue TaKOH Me-
TOAWKU TO3BOJIUJIO YCTAHOBUTH MUHUMAJIBHYIO
nHTHOUpyomnyo KoHmeutpanuio (MUK) antu-
6MOTUKOB pasHbIX rpynn B oTHolenuu MKB. Pe-
3yJILTATHI MCCJIEIOBAHU 00pabOTaHbBI C TTOMOIITHIO
JIUIeH3UPOBAHHON KOMIIbIOTEPHOU IPOTrPaMMBbI
Microsoft Excel.

Bbreoodvt. I1o pesyiabTaTaM HUCCIeLOBAHUN Ha
mpenmert onpegensennsa MUK aHTuO1oTHKOB — OeH-
BUJINEeHUIINIINH, a3UTPOMUIINH, JUHKOMUIIUH,
TeHTaMUIIMHA CcyJb(darT, me@TpruakcoH, HOPQPJIIOK-
CcaIuH, aMOKCUJI, CTPEIITOMUIINH, TeTPAITUKJINH,
spurpoMuIiiu orHocureabao MKB ycramosieno,
UTO JIAKTO- U OudugobaxkTepuu 3akBacku « VIVO
TPOOUOTOTYPT» MOYKHO OTHECTHU K YCJIOBHO Pe3u-
CTeHTHBIM NIPOOMOTHUYHBIM KyJbTypam. KucJio-
MOJIOUHBIN MPONYKT, M3TOTOBJIEHHBIA HA OCHOBE
9TO¥M 3aKBACKM, I1esieco00pPa3HO MCIIOJIb30BATh
IpY AaHUOMOTUKOTEPANIUU AJA BOCCTAHOBJIEHUS
MUKDPO(QJIOPEI KUIITeYHUKA.

Kniouesvle cnosa: aHTUONOTUKOPE3UCTEHTHOCTD,
MOJIOYHOKHUCJIbIE OaKTePUU, MUHUMAJIbHAS UHIH-
Oupymolasd KOHIeHTpAIud, 3aKBacKa, IpoOmo-
TUKH.
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