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CHARACTERIZATION OF PROBIOTIC
PROPERTIES OF LACTIC ACID BACTERIA ISOLATED
FROM FERMENTED PLANT RAW MATERIALS

Search and application of effective probiotic microorganisms are of great scientific and practical importance for biotech-
nology and the food industry. Particular attention is drawn to lactic acid bacteria (LAB) isolated from fermented plant
raw materials, as a source of natural isolates with high adaptive potential. Further investigation of their properties opens
up prospects for the development of new plant-based functional products with probiotic properties. Aim. To isolate LAB
cultures from fermented vegetables and berries and to study their probiotic properties. Methods. LAB were isolated from
fermented plant raw materials (cabbage, cucumbers, cherries) by the method of serial dilutions followed by plating on
MRS agar medium. Species identification was carried out based on morphological characteristics, physiological and
biochemical tests, and carbohydrate fermentation profiles using the ABIS online service. Probiotic properties were evalu-
ated by: (a) resistance to low pH (pH 2.0) and bile (0.5%) in phosphate buffer; (b) antimicrobial activity (agar diffusion
method); (c) autoaggregation ability (measuring optical density at 600 nm); (d) enzymatic activity (amylolytic and pro-
teolytic); and (e) antibiotic resistance (disk diffusion method). Statistical analysis of the obtained results was performed
using Duncan’s test at a significance level of p < 0.05. Results. A total of 45 LAB cultures with similar colony and cell
morphology were isolated from different plant sources. Identification revealed that the isolates belonged to Lacticaseiba-
cillus rhamnosus, Lactiplantibacillus plantarum, and Lacticaseibacillus casei species. All cultures showed resistance to
acidic conditions (pH 2.0) and bile salts; however, the most stress-tolerant strain was Lpb. plantarum S2. No proteolytic
or amylolytic activities were observed in any of the strains. Antagonistic activity was detected against test cultures of
conditionally pathogenic bacteria such as B. subtilis, S. aureus, and E. coli. Antibiotic resistance to aminoglycosides,
glycopeptides, and polypeptides was identified, while sensitivity to chloramphenicol, tetracycline, erythromycin, and
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rifampicin was established. The cultures demonstrated high autoaggregation levels, with the highest observed after 24
hours for Lpb. plantarum S2. Conclusions. Lactic acid bacteria were isolated from fermented cabbage, cucumbers, and
cherries. The best results — high resistance to acidic conditions and bile salts, as well as antagonistic and autoaggregation
properties — were shown by the isolate Lactiplantibacillus plantarum S2.

Keywords: probiotics, stress tolerance, enzymatic activity, Lactobacillaceae, fermented vegetables, food products, bio-

technology.

According to numerous literature sources, lactic
acid bacteria (LAB) find wide application in var-
ious industries. In the pharmaceutical field, they
are mainly used as a basis for the development
of probiotic preparations with therapeutic and
preventive properties. In the food industry, LAB
serve as starter cultures (starters) during the pro-
duction of fermented dairy products, fermented
beverages, and other food items. In the biotech-
nological industry, they are used as effective pro-
ducers of lactic acid and other biologically active
metabolites (Abedin et al., 2023; Anumudu et
al., 2024). The fields of application of LAB rep-
resentatives vary depending on their taxonomic
position, physiological and biochemical charac-
teristics, and strain origin (Teneva-Angelova &
Beshkova, 2015).

It is known that some of the most typical
sources of LAB isolation are spontaneously fer-
mented dairy products of various origins (Abe-
din et al., 2023), raw milk (Teneva-Angelova &
Beshkova, 2015), cheeses (Abedin et al., 2023),
breast milk (Luz et al., 2021), etc. Other tradi-
tional sources include the gastrointestinal tract
(GIT) of vertebrate animals, particularly mam-
mals (Teneva-Angelova & Beshkova, 2015). Less
typical sources are considered to be sourdough
starters (Holubchyk et al., 2024), fermented bev-
erages (Khablenko et al., 2025), soil (Stephen &
Saleh, 2023), silage, and other plant material (Te-
neva-Angelova & Beshkova, 2015).

One of the current and promising research di-
rections regarding the sources of LAB isolation is
the use of fermented vegetables and berries. Tra-
ditionally, it is considered that the vast majority
of fermented vegetables exert beneficial effects
on consumer health, which is partly due to the

ISSN 1028-0987. Microbiological Journal. 2026. (1)

presence of vitamins and bacteria with probiotic
properties (n et al., 2023). Therefore, a compre-
hensive study of fermented vegetables and ber-
ries as sources of LAB may expand the spectrum
of new strains with diverse probiotic properties.

Thus, the aim of this work was to isolate LAB
cultures from fermented vegetables and berries
and to investigate their probiotic properties.

Materials and Methods

Isolation and identification of lactic acid
bacteria. Isolates were obtained from ferment-
ed vegetable (cabbage, cucumbers) and berry
(cherries) raw materials. Fermented cabbage was
prepared according to a traditional recipe in two
variants. In both cases, white cabbage (Brassica
oleracea var. capitata) was used. In the first vari-
ant (S1), the cabbage was finely chopped, poured
with warm boiled water (cabbage-to-water ratio
of 1:2 w/v), supplemented with 2% (w/v) NaCl,
and left at (22 + 2) °C for 4 days. After that, 1%
(w/v) sugar was added, mixed, and stored in a
refrigerator at (4 + 2) °C for 7 days. The second
variant (S2) involved adding finely chopped car-
rot (Daucus carota subsp. sativus) to cabbage at
a 1:10 w/w ratio, followed by the addition of 2%
(w/w) NaCl; the mixture was tightly packed into
a container, covered with a weight, and left for 30
days at (22 £ 2) °C. Fermented cucumbers (FC)
were prepared by soaking common cucumbers
(Cucumis sativus) in water for an extended pe-
riod of time (up to 2 hours). After soaking, the
cucumbers were placed in a container, supple-
mented with horseradish leaves (Armoracia rus-
ticana P.G. Gaertn., B. Mey. & Scherb), flower
heads and stems of dill (Anethum graveolens L.),
2% (w/v) NaCl, and warm boiled water. The
mixture was left for 3 days at (25 * 2) °C. Fer-
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mented cherries (C) were prepared by washing
sour cherries (Prunus cerasus L.), placing them
in a container, and adding sugar at a 1:2 w/w ra-
tio (sugar-to-berry weight). The mixture was left
for 14 days at (25 + 2) °C.

For the isolation of LAB isolates, samples of
juice and crushed vegetable and berry raw materi-
als were collected under aseptic conditions. Pure
cultures were obtained by inoculating serial dilu-
tions using the pour plate method on MRS agar
medium prepared according to (Cai et al., 1999).
Incubation was carried out at 37 °C for 48 hours.

Phenotypic identification of strains was car-
ried out using standard morphological and
physiological-biochemical tests. Cell shape was
determined by microscopy; the appearance of
surface colonies — visually. There was also stud-
ied the ability to synthesize catalase; gelatin liq-
uefaction; ammonia production from arginine;
nitrate utilization; gas formation from glucose;
growth at 15 °C and 45 °C; ability to coagulate
milk at 15 °C, 20 °C, 25 °C, 30 °C, 37 °C, and 45
°C; ability to grow at pH 3.5, 4.0, 9.0, and 9.5, and
ability to grow at sodium chloride concentra-
tions of 1.5%, 3.0%, 6.5%, 10.0%, and 12.0%. The
maximum titratable acidity was determined by
inoculating 3% of a culture pre-grown in recon-
stituted milk at 37 °C for 24 hours into 100 mL
of reconstituted milk. Incubation was carried
out at 37 °C for 7 days. A sample (10 mL) was
diluted threefold and titrated with 0.1 N NaOH
until a light pink coloration appeared with phe-
nolphthalein (Julijana Tomovska et al., 2016).

For species identification, the ability of the
culture to ferment different carbohydrates was
evaluated: glucose, sucrose, lactose, maltose,
fructose, mannitol, glycerol, sorbitol, inositol,
mannose, galactose, raffinose, rhamnose, treha-
lose, ribose, gluconate, D-arabinose, D-xylose,
cellobiose, and melibiose. Cultivation was car-
ried out in medium containing 1% (v/v) carbo-
hydrates at 37 °C for 72 hours. The results were
assessed based on the color change of the medi-
um indicator (bromcresol purple). Species iden-
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tification was performed using the ABIS online
service according to (Similarity, %) and (Proba-
bility, %) indices.

Resistance to simulated gastrointestinal con-
ditions. The culture, pre-grown for 16 hours,
was centrifuged at 5000 rpm for 15 min, washed
twice with sterile phosphate buffer (pH 7.2), and
resuspended in phosphate buffer. The resulting
cell suspension was used to assess culture sur-
vival under low pH conditions simulating gastric
juice and in a bile solution simulating duodenal
conditions. Incubation in phosphate buffer at
pH 2.0, prepared according to (Fang et al., 2014)
, was carried out at 37 °C for 3 h. Survival was
evaluated by sampling and plating serial dilu-
tions on MRS agar at the following time inter-
vals: immediately after inoculation — 0 h, after
1.5 h, and after 3 h of incubation.

Resistance to bile and duodenal conditions
was evaluated using a 0.5% bile solution pre-
pared according to (Prabhurajeshwar & Chan-
drakanth, 2019). The washed cell suspension was
incubated at the same temperature for 5 h, with
sampling and plating of serial dilutions on MRS
agar at the following time intervals: 0, 3, and 5 h.

Enzymatic activity. Proteolytic activity of
the isolates was determined using the standard
method described by (Lim et al., 2019). Amylo-
lytic activity was determined according to Kag-
ambega et al. (2022).

Antimicrobial activity. To evaluate the an-
tagonistic activity of the isolates, 4 test cultures
of opportunistic pathogenic bacteria were used:
B. subtilis UCM B-901, E. coli UCM B-906, P.
aeruginosa UCM B-900, and S. aureus UCM
B-918, and 2 test cultures of yeasts of the genus
Candida: C. albicans UCM Y-1918 and C. utilis
UCM Y-984. Antimicrobial activity was assessed
using the agar diffusion method, according to
Hossain (2024). After 24 h of incubation, inhibi-
tion zones were measured in mm.

Antibiotic resistance. The Kirby—Bauer disk
diffusion method was used, according to Segawa
et al. (2020). To characterize the complete anti-
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biotic resistance profile, antimicrobial agents of
different groups were applied (antibiotic content
indicated in parentheses): benzylpenicillin (10
ug), ampicillin (10 pg), amoxiclav (30 pg), gen-
tamicin (10 pg), kanamycin (30 ug), streptomy-
cin (10 pg), erythromycin (15 pg), azithromycin
(15 pg), tetracycline (30 pg), vancomycin (30
ug), bacitracin (10 pg), polymyxin B (300 U), ri-
fampicin (5 pg), clindamycin (10 pg), ceftriaxone
(30 pg), ofloxacin (5 ug), and chloramphenicol
(30 pg). Cultures grown for 16 h in MRS medium
were suspended in phosphate buffer and adjusted
to the McFarland standard (0.5). A 0.1 mL ali-
quot of the resulting suspension was spread onto
MRS agar plates, after which antibiotic disks were
placed on the surface. The inoculated Petri dishes
with antibiotics were incubated at 37 °C for 48 h,
followed by measurement of the inhibition zone
diameters. The presence or absence of antibiotic
resistance was evaluated according to the stand-
ards described by (Charteris et al., 1998).
Autoaggregation. The autoaggregation prop-
erties of the strain were evaluated according to
(Collado et al., 2008), namely by washing the
culture once with phosphate buffer (pH 7.2) and
resuspending it in phosphate buffer to an optical
density at 600 nm of 0.5 + 0.05, which approxi-
mately corresponds to 108 CFU/mL. The suspen-
sion was then incubated at 37 °C for 24 h. At 4,
8, and 24 h intervals, samples were taken, and
the optical density at 600 nm was measured. The

percentage of autoaggregation was calculated us-
ing the following formula:

A= 1_M 100,

where A is the initial optical density and A, is
the optical density after the time interval.

Statistical analysis of results. All experiments
were carried out in three independent replicates.
Data are presented as mean + standard deviation
(SD). Statistical significance of differences be-
tween mean values was determined using Dun-
can’s test at a significance level of p < 0.05. Mean
values marked with the same letters did not dif-
fer statistically.

Results. Lactic acid bacteria were isolated
from all sources, with the number of isolates
from each source presented in Table 1.

The largest number of isolates was obtained
from fermented cabbage, with a total of 34
isolates for the first and second variants; ap-
proximately the same number of isolates was
obtained from fermented cucumbers and cher-
ries. The colony morphology of the isolates was
quite similar, with minor differences in color
and size. All isolates were catalase-negative and
Gram-positive, indicating their potential be-
longing to LAB. For all selected isolates from
each source, similar cell morphology was ob-
served, as shown in Figure 1.

Table 1. LAB isolates obtained from various fermented plant raw materials

Source of isolates Abbreviated Ngmber Form of surface colonies Gram Catalase
name of isolates staining

Fermented cabbage, variant 1 S1 26 Round with smooth edges, smooth surface,| + —
white color, 1—3 mm

Fermented cabbage, variant 2 S2 8 Round with smooth edges, smooth surface, + —
light cream color, 1—2 mm

Fermented cucumbers EC 6 Round with smooth edges, smooth surface,| + —
white color with a creamy shade, 2—3 mm

Fermented cherries C 5 Round with smooth edges, smooth surface,| + —
light cream color, 1—2 mm
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Fig. 1. Microphotographs of LAB isolates: a — S1; b — S2; ¢ — FC;d — C

All studied cultures are rod-shaped and form
chains, however, cultures S1 and S2 show a high-
er number of cells per chain, while FC and C
show fewer. The observed morphological fea-
tures confirm that the cultures belong to LAB,
in particular to the family Lactobacillaceae, for
which the formation of chains of rods of varying
lengths is typical.

To determine the species identity of the cul-
tures, a study on the phenotypic identification of
LAB was carried out. The results are presented
in Table 2.

The presented results indicate that all studied
isolates are capable of fermenting pentoses; neg-
ative results were obtained for CO, production
from glucose and ammonia production from

20

arginine, suggesting their affiliation with faculta-
tively heterofermentative LAB species. The abili-
ty to ferment milk at different temperatures fur-
ther confirms their classification as facultatively
heterofermentative LAB. Although the cultures
exhibit similar morphological and cultural char-
acteristics, differences were observed in carbohy-
drate fermentation profiles. Unlike the other iso-
lates, strain S1 was able to utilize rhamnose and
inositol. In contrast, isolates S2 and C showed
identical carbohydrate fermentation profiles,
which may indicate the same species affiliation.
According to the above morphological and
physiological-biochemical characteristics, an
analysis was performed using the ABIS online
system; the results are presented in Table 3.
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Table 2. Physiological and biochemical characteristics of the isolates

Isolates
Characteristic
S1 S2 FC C
Growth at temperatures 15°C + + + +
45°C + — + —
Threshold acidity, °T 207.68 +5.51 | 197.00 = 3.00 | 120.33 £4.51 | 188.35 +4.04
Growth on MRS with 1.5% + + + +
NaCl 3.0% + + + +
6.5 % + — +V —
10.0 % — — +W —
12.0 % — — — —
Ability to coagulate milk at 15°C — — — —
temperature 25°C + + + +
30°C + + + +
37°C + + + +
45°C + — — —
Growth in MRS at pH 3.5 + + + +
4.0 + + + +
9.0 +W +% +W +W
9.5 — +W — —
Gelatin liquefaction — — — —
CO, production from glucose — — — —
Ammonia formation from arginine — — — —
Nitrite reduction from nitrate — — — —
Fermentation of D-arabinose — — — —
carbohydrates Glucose + + + +
Galactose + + + +
Lactose + + + +
Sucrose + + + +
Fructose + + + +
Maltose + + + +
Mannitol + + + +
Glycerol — — — —
Sorbitol + + + +
Inositol +W — — —
Raffinose — — — —
Rhamnose + — — —
D-xylose — — — —
Ribose + + + +
Mannose + + + +
Trehalose + + + +
Melezitose + + + +
Melibiose — + — +
Cellobiose + + + +
Gluconate + — + —
+ — positive result; — — negative result; +" — weak positive result
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Fig. 2. Resistance of the studied cultures to acidic conditions
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Fig. 3. Resistance of cultures to 0.5% bile salt solution

Table 3. Results of phenotypic identification

Culture Species affiliation Similarity Probability
S1 Lacticaseibacillus rhamnosus 98.4 % 100 %
S2 Lactiplantibacillus plantarum 93.9 % 99.9 %
EC Lacticaseibacillus casei 92.5% 96.1 %
C Lactiplantibacillus plantarum 93.9 % 99.9 %
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Fig. 4. Proteolytic (a) and amylolytic (b) activities of the isolates, where 1 — S1, 2 —

S2,3—FC,4—C

According to the presented results, culture
S1, isolated from fermented cabbage, was iden-
tified as Lacticaseibacillus rhamnosus. Cultures
§2 and C were identified as Lactiplantibacillus
plantarum. Culture FC, isolated from fermented
cucumbers, was determined to be Lacticaseiba-
cillus casei.

The effect of simulated gastric juice on the via-
bility of the studied cultures is shown in Figure 2.

All cultures showed a slight decrease in viability
after 1 hour of incubation. The greatest decrease
was recorded for cultures S1 and S2 at 18.11%
and 14.87%, respectively. After 1.5 hours of in-
cubation, the lowest cell concentrations were ob-
served for cultures FC (5.05 + 0.04 CFU/mL) and
C (4.62 £ 0.06 CFU/mL). The final results indicate
the highest resistance to pH 2.0 for cultures S2
and FC, with CFU/mL counts of 3.77 + 0.02 and
3.77 + 0.02, respectively. Lower values were re-
corded for the other cultures, with overall changes
in CFU/mL relative to the initial value amounting
to 52.64% for S1 and 56.25% for C.

The study of the effect of bile on the investigat-
ed cultures is presented in Figure 3.

The effect of bile was observed during the
first 3-hour incubation. A significant decrease in
CFU/mL was detected for culture S1, by 6.56%
relative to the initial CFU/mL count, and for
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FC — by 3.97%. After 5-hour bile exposure, a
greater impact and changes in CFU/mL were
recorded, particularly for culture FC, down to
6.03 £ 0.05, and for C, down to 6.33 + 0.03. The
highest resistance was demonstrated by cul-
ture S2, for which the cell count decreased to
6.82 £ 0.04 CFU/mL.

The results of the study on the proteolytic and
amylolytic activity of the investigated LAB iso-
lates are presented in Figure 4.

According to the presented figures, the stud-
ied isolates did not exhibit enzymatic activity.
From Fig. 4 (a), the absence of clear proteolysis
zones around the colonies is evident; however,
white zones were observed, which may indicate
acid precipitation of casein. This suggests a lack
of proteolytic activity and active lactic acid syn-
thesis by the studied isolates. Amylolytic activ-
ity was also not detected, as no zones of color
change were observed, and the entire medium
retained a blue-violet coloration. The color of
the colonies may be due to pigmentation or to
iodine penetration into the colonies, which re-
sulted in a yellow coloration.

The results of the study on the antagonistic
activity of the cultures are presented in Table 4.

All cultures demonstrated antagonistic activ-
ity against the selected test cultures B. subtilis
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and S. aureus. The highest values were record-
ed for cultures S2, C, and FC. In both cases, no
significant differences were observed between
S2 and C with respect to B. subtilis, as well as
between S2 and FC with respect to S. aureus.
Against E. coli, the highest antimicrobial ac-

Table 4. Antagonistic activity of LAB isolates

tivity was detected for culture FC, amounting
to 10.23 + 0.25 mm of growth inhibition. Cul-
ture S1 did not demonstrate antagonistic activ-
ity against this pathogen. Cultures S2 and FC
did not exhibit antimicrobial activity against
P aeruginosa. None of the studied cultures

Growth inhibition zones, mm
Test strains
S1 S2 FC C
B. subtilis 6.47 + 0.50° 9.67 + 0.58? 6.43 + 0.40° 9.40 + 0.40°
E. coli 0.00 + 0.004 9.00 + 0.20° 10.23 £ 0.25* 6.40 + 0.40¢
P. aeruginosa 7.33 £0.58* 0.00 + 0.00¢ 5.27 +0.25° 0.00 + 0.00¢
S. aureus 9.50 + 0.50P 10.40 = 0.532 10.77 £ 0.252 7.40 £ 0.40¢
C. albicans 0.00 = 0.00? 0.00 = 0.00* 0.00 = 0.00? 0.00 = 0.00?
C. utilis 0.00 = 0.00* 0.00 = 0.00? 0.00 = 0.00* 0.00 = 0.00*
Table 5. Sensitivity of the studied cultures to antibiotics
Growth inhibition zones, mm
Group Antibiotic
S1 S2 FC C

Penicillins PEN 15 (R) 16 (R) 14 (R) 10 (R)

AMP 13 (MS) 19 (S) 11 (R) 11 (R)

AMC 20 (S) 21 (S) 19 (MS) 23 (S)
Aminoglycosides STR 0 (R) 10 (R) 0 (R) 0 (R)

GEN 0 (R) 0 (R) 0 (R) 0 (R)

KAN 0 (R) 0 (R) 0 (R) 0 (R)
Amphenicols CHL 29 (S) 32(S) 32(S) 30 (S)
Macrolides ERY 25 (S) 29 (S) 26 (S) 24 (S)

AZY 26 (nd) 27 (nd) 26 (nd) 24 (nd)
Tetracyclines TET 27 (S) 28 (S) 20 (S) 26 (S)
Glycopeptides VAN 0 (R) 0(R) 0(R) 0 (R)
Polypeptides BAC 8 (R) 12 (R) 0 (R) 10 (R)
Polymyxins POL 0 (R) 0 (R) 0(R) 0(R)
Rifamycins RIF 27 (S) 27 (S) 26 (S) 30 (S)
Lincosamides CLI 35 (nd) 39 (nd) 28 (nd) 30 (nd)
Cephalosporins CEF 19 (MS) 28 (S) 27 (S) 28 (S)
Quinolones OFL 14 (MS) 19 (S) 11 (R) 13 (R)

R — resistant; MS — moderately sensitive; S — sensitive; nd — not defined by the standard; PEN — penicillin,
AMP — ampicillin, AMC — amoxicillin, STR — streptomycin, GEN — gentamicin, KAN — kanamycin, CMP —
chloramphenicol, ERY — erythromycin, AZY — azithromycin, TET — tetracycline, VAN — vancomycin, BAC —
bacitracin, POL — polymyxin B, RIF — rifampicin, CLI — clindamycin, CEF — cephalosporin, OFL — ofloxacin.

24
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Fig. 5. Autoaggregation properties of the studied cultures

showed antagonistic activity against the oppor-
tunistic yeast strains C. albicans and C. utilis.

The sensitivity profiles of the studied isolates
to various antibacterial agents are presented in
Table 5.

All cultures exhibited resistance to antibi-
otics of the aminoglycoside, glycopeptide, and
polypeptide groups, which is characteristic of
most LAB (Georgieva et al., 2015). Sensitivity
was observed to chloramphenicol, tetracycline,
erythromycin, and rifampicin. Distinct results
among the cultures were observed for antibiot-
ics such as ampicillin, amoxiclav, ceftriaxone,
and ofloxacin.

The results of the autoaggregation study are
presented in Figure 5.

A general trend of increasing autoaggrega-
tion percentage was observed in all cultures with
longer incubation time. During the first 4 h of
incubation, the lowest autoaggregation value was
detected for culture FC — 17.24 + 1.44%, while
the highest was demonstrated by culture C —
23.88 + 1.18%. At 8 h, higher values were record-
ed for all studied cultures. The greatest changes
in autoaggregation at 8 h were observed for cul-
tures S2 (38.39 + 2.92%) and C (37.64 + 1.30%).
After 24 h, the highest value was found for cul-
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ture S2, reaching 68.16 £ 0.85%. The largest
changes relative to the 4-h value were 37.53% for
culture C and 36.43% for S1.

Discussion. The sources of LAB isolation
selected in this study are considered typical to
some extent, particularly fermented cabbage
and cucumbers (Bautista-Gallego et al., 2020;
Viridiana et al., 2018; Zhang et al., 2023). It is
known that the composition of the microbiota in
fermented vegetables varies depending on many
factors, including the raw material, its origin,
fermentation conditions, salt concentration, and
storage temperature of the fermented product
(Bautista-Gallego et al., 2020).

In the study by Zhang et al. (2023), high-
throughput sequencing of three naturally fer-
mented sauerkraut samples revealed a large
diversity of LAB, including species such as
Latilactobacillus sakei, Loigolactobacillus coryni-
formis subsp. torkens, Lactiplantibacillus plan-
tarum subsp. plantarum, and Secundilactobacil-
lus malefermentans. Touret et al. reported that,
among 114 isolated strains, 52% belonged to the
genus Lactobacillus spp. and 33% to Leuconostoc
spp. (Touret et al., 2018). The study by Pleng-
vidhya et al. (2007) using DNA fingerprinting
demonstrated the presence of species such as
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Leuconostoc citreum, Leuconostoc argentinum,
Lactobacillus  paraplantarum,  Lactobacillus
coryniformis, Weissella sp., Pediococcus pentosa-
ceus, and L. brevis in fermented cabbage samples
(Liu et al., 2022) reported the isolation of LAB
species from sauerkraut, including Lactobacillus
plantarum, Weissella viridescens, and Lactobacil-
lus brevis. Beganovi¢ et al. (2014) reported the
isolation of L. paraplantarum and L. brevis from
spontaneously fermented cabbage. Similar stud-
ies have reported the isolation of species such
as Levilactobacillus brevis (Fadare et al., 2023),
Lactiplantibacillus plantarum (Georgieva et al.,
2023; Xu et al., 2023), Pediococcus pentosaceus
(Georgieva et al., 2023), and Lactobacillus para-
casei (Shankar et al., 2021). The study by Yang et
al. (2010) reported the isolation of L. rhamnosus
from fermented cabbage.

In the case of fermented cucumbers, similar
to cabbage, a considerable species diversity of
LAB depending on the recipe, raw material, and
country of origin of the product has been report-
ed. To date, representatives such as Lactobacillus
crispatus (Anandharaj et al., 2015), L. plantarum,
L. fermentum, L. acidophilus, Leu. mesenteroides
(Wakil et al.,, 2014), and L. casei (Shafakatullah
& Chandra, 2015) have been isolated. The study
by Chen et al. (2012) indicated a high species
diversity of LAB in both the raw material (cu-
cumbers) and traditional fermented cucumbers,
with species such as Enterococcus casseliflavus,
Leuconostoc lactis, Leuconostoc mesenteroides,
Lactobacillus pentosus, Lactobacillus plantarum,
Lactobacillus paraplantarum, Lactococcus lactis
subsp. lactis, Weissella cibaria, and Weissella hel-
lenica being isolated.

Fermented berry raw materials, including
cherries, have been studied to a lesser extent, and
only a few publications report the presence of
LAB representatives. However, the study by Xu et
al. (2018) indicated the occurrence of Lactobacil-
lus representatives in fermented cherry juice. In
the work by Di Cagno et al. (2011), Lactobacillus
plantarum, Pediococcus acidilactici, Pediococcus
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pentosaceus, and Leuconostoc mesenteroides sub-
sp. mesenteroides were isolated from fermented
cherry juice.

In the present study, cultures belonging to L.
rhamnosus and L. plantarum species were iso-
lated from fermented cabbage samples, which
is consistent with the results mentioned above.
However, it should be noted that L. plantarum
and other LAB representatives are isolated much
more frequently compared to L. rhamnosus,
which has been reported in only one publication.
The low frequency of L. rhamnosus isolation may
be attributed to the characteristics of the raw ma-
terial and the fermentation recipe. The isolated
culture L. casei appears to be rather untypical for
cucumber fermentation, considering the studies
described above, which may indicate its autoch-
thonous nature. In the case of fermented cher-
ries, the culture isolated in our study belonged
to L. plantarum, which is in agreement with the
available research.

It is known that the beneficial properties of
fermented plant-based products are largely de-
termined by the presence of LAB, which usual-
ly possess various probiotic properties. The vast
majority of studies related to LAB isolation from
fermented products focus on investigating typi-
cal or specific probiotic traits of the isolates. In
this study, cultures belonging to L. rhamnosus,
L. casei, and L. plantarum species were isolated.
Their probiotic potential was assessed consider-
ing key criteria such as resistance to gastric juice,
bile salts, autoaggregation ability, antagonistic
activity, etc. The obtained results were compared
with data reported in the literature for the corre-
sponding species isolated from different sources,
including fermented plant materials, probiotic
preparations, and fermented dairy products.

It is known that the majority of Lactobacil-
laceae representatives, including L. rhamnosus,
L. plantarum, and L. casei, exhibit high survival
rates and resistance to gastrointestinal condi-
tions. In the study by Sharafi et al. (2014), high
survival rates after incubation at pH 2.0 were re-
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ported for cultures isolated from dairy sources.
For L. rhamnosus, survival rates varied by strain
from 60.22% to 69.78%; for L. plantarum —
from 40.11% to 77.23%; and for L. casei — from
56.98% to 70.02%. In the study Beganovi¢ et al.
(2014), L. plantarum strains isolated from fer-
mented cabbage showed variable survival under
simulated gastrointestinal conditions, with a re-
duction in CFU/mL to 6.40 for strain SF9, while
strain SF3 exhibited a pronounced decrease to
2.75 CFU/mL. Vitali et al. reported high stress
tolerance of L. plantarum strains to gastrointesti-
nal conditions (Vitali et al., 2012). These findings
indicate strain-specificity of this trait. Acid re-
sistance studies of L. casei after 2 h of incubation
at pH 1.5 demonstrated high survival of 99.9%,
as shown by Gaber et al. (2025). A significant
decrease in viability to 5.33 + 0.62 CFU/mL was
reported for L. rhamnosus GG ATCC 53103 af-
ter incubation at pH 2.0 for 30 min (Millette et
al., 2008). The L. casei strain isolated from fer-
mented cucumbers showed very low resistance
to pH 2.0 (below 5%) after 3 h of incubation
(Shafakatullah & Chandra, 2015). Based on the
reviewed publications, it can be concluded that
stress resistance, particularly to acidic pH values,
is determined by the physiological and biochem-
ical properties of the strains and is not associ-
ated with their sources of isolation. The results
obtained in the present study are consistent, with
survival values after 3 h of incubation at pH 2.0
indicating moderate survival rates (from 44.16%
for C to 50.61% for S2) of the studied cultures.
Similarly to the resistance to simulated gastric
juice conditions, the majority of LAB exhibit tol-
erance to various concentrations of bile salts. For
the L. plantarum strain isolated from fermented
vegetables, exposure to 0.5% bile salts resulted in
a significant decrease in viable counts to 10°—
10* CFU/mL (Grosu-Tudor & Zamfir, 2012). In
the case of the L. plantarum Z22 culture isolated
from plant material, survival reached 101.19%,
indicating no negative effect (Wang et al., 2024).
For the L. casei culture, lower resistance to 0.5%
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bile was observed, with survival decreasing to
75% after 90 h of incubation (Shafakatullah &
Chandra, 2015). In the study by Akmal et al.
(2022), strains of L. plantarum and L. paracasei
isolated from different pickles demonstrated re-
sistance to 0.3% and 0.5% bile; however, the in-
crease to 0.5% led to a reduction in culture sur-
vival. In the case of the L. rhamnosus GG strain,
a decrease in viability from 10.00 + 0.20 CFU/
mL to 6.34 £ 0.12 CFU/mL was reported upon
addition of 0.3% Oxgall; further increases in bile
concentration resulted in greater reductions in
culture viability (Tulumoglu et al., 2018). In the
present study, the highest bile tolerance was ob-
served for culture S2 (L. plantarum), with sur-
vival reaching 97.57% after 3 h. Other isolates
also demonstrated high survival rates, although
the L. casei culture was the least resistant, which
is consistent with the above-mentioned studies.
The enzymatic activity of LAB isolated from
various fermented plant materials, particularly
vegetables, has not been fully investigated. In the
study by Akmal et al. (2022), the majority of L.
paracasei strains isolated from traditional fer-
mented pickles did not exhibit amylolytic or pro-
teolytic activity. Proteolytic activity of LAB was
reported by Kagambega et al. (2022); the studied
cultures were isolated from fermented porridge.
Proteolytic activity has also been described for
strains of L. plantarum and P. acidilactici isolat-
ed from fermented cereal-based foods (Lim et
al., 2019). Amylolytic activity is observed rath-
er rarely and is characteristic only of the group
of amylolytic LAB. However, amylolytic activity
has been reported for certain strains of L. plan-
tarum (Hattingh et al., 2015; Songré-Ouattara
et al., 2008) and L. fermentum (Padmavathi et
al., 2018; Tatsinkou & Tave, 2013). The studied
isolates did not exhibit proteolytic or amylolytic
activity, which may be associated with both the
genetic characteristics of the cultures and their
sources of isolation, which lack starch-contain-
ing substrates and significant protein content
compared to cereal and dairy materials.
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Compared to enzymatic activity, the antago-
nistic properties of many LAB representatives
isolated from various plant substrates are rela-
tively well studied. In the study by Beganovi¢ et
al. (2014), L. plantarum cultures isolated from
fermented cabbage demonstrated strong inhi-
bition of the growth of such opportunistic mi-
croorganisms as S. aureus, Salmonella enterica,
B. subtilis, and B. cereus, although lower inhibi-
tion values were obtained for E. coli. Strains of L.
plantarum isolated from fermented cucumbers
also showed high antagonistic activity against B.
licheniformis, Serratia sp., B. cereus, and E. coli
(Wakil et al., 2014); the study also established the
influence of temperature and pH on the antag-
onistic properties of the examined strains. Sim-
ilarly, Vitali et al. (2012) reported antagonistic
activity of L. plantarum against E. coli and S. au-
reus. L. casei isolated from fermented cucumbers
exhibited antagonistic properties against S. au-
reus (inhibition zone 15—18 mm), P. aerugino-
sa, and E. coli (inhibition zone 10—14 mm), but
not against B. subtilis (Shafakatullah & Chandra,
2015). Comparable results were obtained for
cultures isolated from fermented dairy prod-
ucts, where antagonistic activity was observed in
L. plantarum, L. rhamnosus, and L. casei strains
against S. aureus, B. subtilis, B. cereus, P. aerugi-
nosa, and to a lesser extent against E. coli and K.
pneumoniae (Sharafi et al., 2014). High levels of
antagonistic activity were also reported for an L.
casei strain against S. aureus, B. subtilis, P. aerug-
inosa, E. coli, and C. albicans (Gaber et al., 2025).
Our findings are consistent with the aforemen-
tioned studies, particularly the results presented
by Beganovic¢ et al. (2014). The results regard-
ing the inhibition of Candida species growth
are variable. For instance, the study Yocheva et
al. (2024) reported no inhibition of C. albicans
growth by L. rhamnosus (dairy source), L. casei
(dairy source), or L. plantarum (plant source). In
contrast, Pithva et al. (2014) demonstrated the
ability of L. rhamnosus and L. casei strains iso-
lated from humans to inhibit the growth of C. al-
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bicans and C. tropicalis. Based on these findings,
it can be concluded that the source of isolation
influences antagonism against Candida spp., but
not against opportunistic pathogenic bacteria,
which was also confirmed in our study.

Antibiotic resistance was examined to assess
the safety of LAB cultures. The study by Begano-
vi¢ etal. (2014) reported that L. plantarum strains
were sensitive to antibiotics such as ampicillin,
azithromycin, erythromycin, chlorampheni-
col, rifampicin, and tetracycline, but resistant to
streptomycin and vancomycin. Similar results
were obtained in the study by Liu et al. (2022),
which are fully consistent with our findings. For
the L. casei strain, sensitivity to chlorampheni-
col, erythromycin, and penicillin was established
(Shafakatullah & Chandra, 2015). Different L.
rhamnosus strains show similar antibiotic suscep-
tibility profiles, with typical sensitivity to ampi-
cillin, amoxiclav, tetracycline, erythromycin, and
chloramphenicol, along with moderate sensitivi-
ty to ofloxacin (Coppola et al., 2005; Korhonen et
al,, 2010). These results align with those obtained
in our study and may indicate the intrinsic resist-
ance of strains to certain antibiotics.

For L. plantarum strains isolated from fer-
mented vegetables, autoaggregation values vary
considerably depending on the strain, ranging
from 24.73% to 75.98% (Liu et al., 2022). In the
study by (Holubchyk et al., 2025), the L. plan-
tarum strain isolated from maize sourdough
showed maximum values after 24 h, reaching
41.83 + 1.21%. (Collado et al., 2008) investigat-
ed the autoaggregation properties of probiotic
cultures L. plantarum Lp-115 — 76.4 + 8.3%; L.
rhamnosus GG — 61.3 + 10.1%; L. rhamnosus
LC-705 — 38.7 + 8.8%; L. casei Shirota — 40.4
* 3.2%. Another study (X. Chen et al., 2010) re-
ported consistent results for L. plantarum strains,
with the lowest value being 32.12 + 3.12% for L.
plantarum S3, and the highest 46.41 + 3.75% for
L. plantarum DJ201. In the case of L. casei and
L. rhamnosus cultures, similar results were ob-
served, with autoaggregation values not exceed-
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ing 50%. In our study, strain S2 showed the high-
est autoaggregation value, close to the results ob-
tained for strain Lp-115, while the other cultures
also demonstrated relatively high values, which
is consistent with the above-mentioned studies.
Conclusions. In the course of the study, lactic
acid bacteria belonging to the family Lactoba-
cillaceae were isolated from fermented cabbage,
cucumbers, and cherries, specifically strains of

S2 (Lpb. plantarum), which exhibited strong re-
sistance to acidic conditions and bile, as well as
pronounced antagonistic activity against path-
ogenic bacteria. The absence of proteolytic and
amylolytic activity in all investigated cultures in-
dicates the specificity of their enzymatic profile.
The isolated cultures possess a combination of
properties that may be utilized for the develop-
ment of probiotic formulations. Further research

should focus on the molecular characterization
and safety assessment of these strains.
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Lacticaseibacillus rhamnosus, Lactiplantibacil-
lus plantarum, and Lacticaseibacillus casei. All
cultures demonstrated high performance. The
strain with the most favorable properties was
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XAPAKTEPUCTUKA MTPOBIOTUYHUX BITACTUBOCTEV MOJTOYHOKVC/INX BAKTEPI,
BUAUIEHNVX 3 PEPMEHTOBAHIX POCIVMHHNX CMPOBMH

[Torryk Ta 3acTocyBaHH: epeKTUBHUX IPOOIOTUYHNX MIKPOOPraHi3MiB MAIOTh Be/lMKe HAyKOBe Ta IPAKTUIHE 3HA-
YeHHs1 /151 6i0TexHOIOorii Ta Xap4oBoi mpomucioBocTi. OcobmuBa yBara mpuAIAETHCS MOTOYHOKICINM GaKTepisim
(MKB), Bupinennm i3 ¢pepMeHTOBAHOI POCIMHHOI CUPOBUHH, K [Kepey MPUPOFHIX 130/IATIB i3 BUCOKVUM ajjal-
TMBHUM HoTeHLiaoM. [lofanbie gocmifpkeHH IXHIX BIACTUBOCTEl BiJKpUBa€e MepCIEKTUBY /I PO3POOKM HO-
BUX (YHKIIOHAJIPHMX IIPOAYKTIB POCIMHHOIO IOXOKEHH 3 IPOOIOTMYHMMIY BIacTUBOCTAMU. MeTa. Bupinutu
KY/IBTYPU MOJIOYHOKMCIUX OaKTepill i3 pepMeHTOBaHUX OBOYIB Ta ATif i KOCTiANTY IXHI IPOOIOTHYHI BIaCTUBOCTI.
Meromu. Monounokucni 6akTepil BUfinAm 3 pepMeHTOBAHOI POCIVHHOI CMPOBMHU (KAIyCTH, OTipKiB, BUIIHI)
METOZOM TIOCTIIIOBHUX PO3BeleHb 3 MOAa/NbIINM BUCiBaHHAM Ha arap MRS. BusHaueHHs BUfiB 37ilicCHIOBaNM Ha
0CHOBI MOpP(OTIOriYHNX 03HAK, (isionoriynux i GioxiMiyHMX TeCTiB, a Takox MpodiniB depMeHTaLil BYITeBOAIB
i3 BuKOpucTaHHAM OHIaiH-cepBicy ABIS. ITpo6ioTuyHi BTacTMBOCTI OLIHIOBAaNM 3a TaKMMU ITOKa3HMKaMu: (a)
crifikicTs o Hnsbkoro pH (pH 2.0) Ta >xoBdi (0.5 %) y dpocdarHOMY Oydepi; (6) aHTMMIKpOOHA aKTUBHICTD (Me-
top Andysii B arapi); (B) 3maTHICTb Ko aBToarperalii (BUMiplOBaHHsA ONTUYHOI WiibHOCTI mpu 600 HM); (T) dep-
MEHTATMBHOI aKTMBHOCTI (aMiJIONITUYHOI Ta IPOTEOMTHYHOI); Ta (J) CTIMKOCTI 10 aHTUOIOTUKIB (METO/ JMCKOBOI
mn¢ysii). CraTUCTUYHNIT aHaIi3 OTPUMAHUX Pe3y/IbTaTiB IPOBOAMIN 3a OIIOMOroIo TecTy JlyHKaHa Ha piBHi 3Ha-
gymocTi p < 0.05. PesynpraTn. 3 pisHUX pOCIMHHUX IKepesT O0yI0 BUAIIEHO 3arajioM 45 KY/IbTyp MOTOYHOKVCIUX
6akTepiit i3 cx0XK0I0 MOPQOIOTIE0 KOMOHII Ta KIiTHH. [neHTndikaiis mokasana, 1o i30/1ATH HaTeXanu 10 BU/IB
Lacticaseibacillus rhamnosus, Lactiplantibacillus plantarum ta Lacticaseibacillus casei. Yci KyIbTypu BUSIB/SUIN CTiit-
KicTb 0 Kucnux ymoB (pH 2,0) Ta )KOBYHMX COJIell; OfHAK HAOUIBII CTpecoCTiikuM mtamoM 6yB Lpb. plantarum
S2.Y xopHoro 3i mTaMiB He OY/I0 BMSAB/IEHO IIPOTEOMITYHOI 260 aMiTOMITMYHOI aKTUBHOCTI. BusABIeHo aHTHMI-
KPOOHY aKTMBHICTb IIOJ0 TeCTOBUX KY/IBTYP YMOBHO-IIATOTeHHMX OaKTepiit, Takux sK B. subtilis, S. aureus, E. coli.
D pesucTeHTHICTD O aMiHOIIIKO3MAIB, IIIKOIENITU IB Ta HOMIIeNTUAIB, TOA] AK Yy T/IUBICTh KO XnopaMdenikony,
TeTPaLMKIIHY, epUTPOMILMHY Ta pudaMIIinyHy Oyla minTBepixeHa. Kynsrypu neMoHCTpyBamu BUCOKUIT piBeHb
aBToarperaril, HaMBUIWIT 3 SIKUX OyB 3adikcoBaumit yepes 24 ropuun gt Lpb. plantarum S2. BucHosku. 3 ¢ep-
MEHTOBAHOI KaIlyCTH, OTipKiB Ta BUIIHI O6y/I0 BUAINIEHO MOTOYHOKMCTI GakTepii. Haitkpauyi pesynpraTu — BucOKa
CTIMIKICTD JJO KMCIMX YMOB Ta YKOBYHUX COJIEN, a TAKOXX aHTAarOHICTMYHI Ta aBTOArperauiiiii BIacTMBOCTi — IIPO-
IeMOHCTpYBasB i30T Lactiplantibacillus plantarum S2.

Kntouosi cnosa: npobiomuxu, cmpecocmitixicmy, gepmenmamusna akmuenicmo, Lactobacillaceae, gpepmenmosani
080ui, xapuosi NPooyKmu, 6iomexHoN0zis.
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