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HIGHLIGHTS

e The pickle strains exhibited high survival rates in gastric juice and bile salts.
e The isolates had antimicrobial activity against S. aureus and S. Typhimurium.
¢ No virulence genes or biogenic amine production were detected in any isolate.

e Several strains possessed the gad gene, indicating a capacity for GABA production.

Abstract: Pickles, fermented vegetable products, are a source of functionally important microorganisms. In
the present study, 360 lactic acid bacteria originating from traditional pickles in Tlrkiye were evaluated to
ascertain their probiotic, safety, and technological properties. Of these, nine were identified as
Lactiplantibacillus plantarum, three as Levilactobacillus brevis, and one as Lactiplantibacillus paraplantarum.
The 13 isolates demonstrated a survival rate of between 65.12% and 99.91% at 2 hours, and between
62.56% and 99.91% at 3 hours in simulated gastric juice. The isolates also exhibited tolerance to 3% bile
salts, with survival rates ranging from 98.15% to 132.17%. The isolates inhibited S. aureus ATCC 29213 and
S. Typhimurium RSHMB 95091. In addition, their auto-aggregation levels increased during the incubation
period. In addition, two L. plantarum strains exhibited strong bile salt hydrolysis activity, while the majority of
the strains demonstrated moderate bile salt hydrolysis activity. The isolates demonstrated resistance to
vancomycin, gentamicin, kanamycin and streptomycin, and susceptibility to erythromycin and
chloramphenicol. It was observed that none of the isolates possessed virulence genes or genes related to
biogenic amine production. In addition, L. plantarum strains were found to possess the gad gene, which is
responsible for the production of gamma amino butyric acid. The study concluded that probiotic properties
are strain-specific and that these strains are potential probiotic candidates.
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INTRODUCTION

Probiotics are live microorganisms that are beneficial to the host when they are consumed or
administered at appropriate doses. Among the microorganisms most commonly used as probiotics are
Lactobacillus and Bifidobacterium species, as well as Streptococcus, Enterococcus and Saccharomyces
species [1]. Two important properties of probiotics are tolerance to stomach acid and bile salts to survive
while passing through the digestive tract. Other characteristics that must be considered for a microorganism
to be considered a probiotic are the ability to adhere to the host's intestinal epithelial cells, colonize and
proliferate in the gut, not exhibiting pathogenic properties, balancing the intestinal flora, producing lactic acid
and being stable in the food matrix [2, 3]. Probiotics can exert antimicrobial effects by producing compounds
that act on pathogenic bacteria [4]. On the other hand, it has also been reported that probiotics are involved
in regulating the immune, respiratory and gastrointestinal functions of organisms [5]. They also provide
benefits such as reducing antibiotic side effects, lowering cholesterol, and alleviating anxiety symptoms [6-
8]. The increasing known benefits of probiotics have led researchers to investigate potential sources of
probiotics.

Traditional fermented products are considered as potential natural sources of probiotics. Lactobacillus
species are generally isolated from these products [9]. Microorganisms produce bioactive peptides during
fermentation, facilitate the digestion of the products and synthesize vitamins. In this way, it can benefit the
consumer by exhibiting antimicrobial, antioxidant, cholesterol-lowering, antidiarrhea, antidepression,
antihypertensive, antidiabetic, antiatherosclerotic and immunomodulatory/anti-inflammatory effects [10-14].
The fermentation process prevents food spoilage and allows it to be stored for a long time. Even perishable
vegetables can be preserved as nutritious food for a year or more because of this process [15]. Kimchi,
sauerkraut, tsukemono, achar and safur are examples of known fermented vegetable products. In Tirkiye,
plant-based fermented products are called “tursu” [16]. Pickles are produced by treating vegetables and fruits
with traditional processes such as anaerobic fermentation or acidification with vinegar [17]. The fact that
fermented vegetable products do not have a standardized content and vary according to climate and
geographical conditions may lead to increased microbial diversity in these products [16]. Therefore, such
products are attractive for the isolation of probiotic bacteria. In the present study, strains isolated from
traditionally produced pickles (tursu) in Turkiye were evaluated in terms of their probiotic and technological
properties.

MATERIAL AND METHODS
Strains, growth conditions and Isolation

The 53 pickle samples obtained from 23 different cities of Turkiye (between 2016 and 2017) were
aseptically transferred to the laboratory at 4 °C and analyzed immediately. The composition, origin, and
fermentation status of the pickle samples are given in supplementary Table S2 and Figure S1. To isolate
lactic acid bacteria (LAB), pickles were subjected to a serial decimal dilution procedure, and 0.1 mL of each
dilution was inoculated onto de Man, Rogosa and Sharpe agar (MRS, Merck) plates. Following 48 h of
anaerobic incubation at 37 °C, colonies with varying morphologies (size, shape, color, etc.) were tested for
catalase and Gram staining. For additional testing, 360 colonies that were determined to be both catalase-
negative and Gram-positive were chosen. A total of 13 isolates were selected for further testing based on
tolerance to simulated gastric juice and bile salts. In addition, the pathogens used for the antimicrobial activity
experiments, such as Escherichia coli (E. coli)y O157:H7, Staphylococcus aureus (S. aureus) ATCC 29213,
Salmonella Typhimurium (S. Typhimurium) RSHMB 95091, Bacillus cereus (B. cereus) ATCC 33019, and
Listeria monocytogenes (L. monocytogenes) ATCC 7644, were grown on brain heart infusion agar (BHIA,
Merck) at 37 °C for 24 h.

Genotypic identification

Genotypic identification of the pickle isolates was carried out by 16S-rRNA PCR using 8F and 1541R
primers (supplementary Table S1). Genomic DNA was extracted according to the instructions of the
commercial kit (EcoTech Biotechnology, Turkiye). The strains were genotypically identified by using
sequences of 16S-rRNA via the BLAST program in the National Center for Biotechnology Information (NCBI),
and 298% similarity rates were taken into consideration. On the other hand, two different primers specific to
Lactiplantibacillus plantarum (L. plantarum) and Levilactobacillus brevis (L. brevis) were used to check 16S-
rRNA PCR identification (supplementary Table S1). A phylogenetic tree was constructed based on the 16S
rRNA gene sequences of the lactic acid bacteria isolates. Sequences were aligned using the ClustalW
algorithm implemented in MEGA version 12 [18]. The neighbor-joining method was used to infer evolutionary
relationships, employing the Tamura-Nei model with a gamma distribution.
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Table 1. Genotypic identification results of the pickle isolates

Species-specific primers

Isolate 16S-rRNA Similarity in NCBI _
code identification result NCBI (%) sequence ID L. plantarum- L. brevis-
specific primer specific primer

ACC 54  Lactiplantibacillus 99.90 KM495885.1 ¥ ;
plantarum

ACC 55  Lactiplantibacilus 99.60 CP013130.1 i .
paraplantarum

ACC s  Lactiplantibacillus 100 0Q867335.1 ¥ ;
plantarum

ACC 57 Levilactobacillus brevis ~ 99.77 AF429456.1 - +

Acc s  Lactiplantibacillus 98.69 KJ459020.1 ¥ ;
plantarum

Accs9  Lactiplantibacillus 100 PP406740.1 ¥ ;
plantarum

AcCeo Lactiplantibacillus 100 PP406740.1 ¥ ;
plantarum

AcCei  Lactiplantibacillus 99.79 CP142769.1 ¥ ;
plantarum

ACC ez  Lactiplantibacillus 100 PP406740.1 ¥ ;
plantarum

Acc 63  Lactiplantibacillus 99.91 CP150141.1 ¥ ;
plantarum

ACC 64 Levilactobacillus brevis ~ 99.05 OR226754.1 - +

ACC 65 Levilactobacillus brevis ~ 99.89 MT640328.1 - +

ACCes Lactiplantibacillus 99.41 CP142771.1 ¥ ;
plantarum

In vitro probiotic properties

Tolerance to simulated gastric juice and bile salts

A simulated gastric juice solution was prepared with 0.5% NaCl (w/v, Merck) and 0.3% pepsin (w/v,
Merck), and its pH was adjusted to 3 with 1 N HCI (Merck) to determine the tolerance of the pickle isolates
to gastric juice. The overnight cultures in MRS broth (Merck) were centrifuged at 8000 x g for 10 min, and
the pellet was suspended in phosphate-buffered saline (PBS, pH 7.2) at a final concentration of 108 CFU mL"
" by a McFarland densitometer (DEN-1, Biosan). The suspension was subsequently mixed with the simulated
gastric juice (1:9) and incubated at 37 °C. The viability of the pickle isolates was determined by serial dilution
method after 2 and 3 h and calculated according to the following formula [19, 20]: percent survival (%)=(log
NT/log N0)x100, where NT represents viable cell counts in the simulated gastric juice/MRS broth containing
bile salts and NO represents viable cell counts added to the simulated gastric juice/MRS broth containing bile
salts.

In this study, the tolerance of the pickle isolates to bile salts was also determined according to the
methods of Kumari and coauthors [21], with slight modifications. The overnight cultures suspended in PBS
were added to MRS broth (Merck) containing bile salts (0.3%, w/v) (Merck) and incubated at 37 °C for 24 h.
At the end of the incubation, the viability of the pickle isolates was determined by serial dilution method and
calculated using the formula described above.

Antimicrobial activity against foodborne pathogens

This study aimed to screen the antimicrobial spectrum of pickle isolates against several pathogens,
including E. coli O157:H7, S. aureus ATCC 29213, S. Typhimurium RSHMB 95091, B. cereus ATCC 33019,
and L. monocytogenes ATCC 7644. For this purpose, fresh cultures on MRS agar (Merck) were inoculated
into MRS broth (Merck) and incubated at 37 °C for 18-24 h. At the end of the incubation, the broth was
centrifuged at 8000 x g at 4 °C for 10 min, and a cell-free supernatant (CFS) was obtained. Since many
components produced by microorganisms can cause antimicrobial effects, the CFS was subjected to different
treatments, such as neutralization (pH 6.5-7.0 with 5 N NaOH) (for elimination of acidity), heating (at 80 °C
for 10 min) (for elimination of microbial hydrogen peroxide), and enzyme addition, including proteinase K,
pepsin and trypsin (1 mg mL™") (for elimination of protein-like substances), to determine the source of
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antimicrobial activity. The CFS was then filled into wells with a zone diameter of 6 mm in BHIA covered with
the pathogens, and after incubation at 37 °C for 24 h, the antimicrobial effect was determined by the diameter
of the clear zone around the well [22].

Auto-aggregation and cell surface hydrophobicity

Fresh isolates grown in MRS broth (Merck) were centrifuged at 8000 x g at 4 °C for 10 min, and the
supernatant was removed. The pellet was then reconstituted with PBS, and the bacterial density was adjusted
to approximately 108 CFU mL™" with a McFarland densitometer (DEN-1, Biosan). The suspensions were
incubated at 37 °C for auto-aggregation, and the optical density at 600 nm (ODeoo) of the upper liquid phase
was measured by using a plate reader (Epoch, BioTek) at 2, 4, and 24 h. Auto-aggregation ability was
determined with the following formula: Auto-aggregation ability (%)=1-(At/A0)x100, where At represents the
ODeoo at 2, 4 or 24 h, AO represents the initial ODego [23].

On the other hand, the cell surface hydrophobicity of the pickle isolates was determined using the
hydrocarbon method. One millilitre of the bacterial suspension obtained by suspending the pellet with PBS
was added separately to 3 mL of xylene, toluene, or n-hexane. After vortexing for 60 s, the mixtures were
held at 25 °C for approximately 5 min. The ODego of the bottom liquid phase was measured with a plate reader
(Epoch, BioTek), and the cell surface hydrophobicity for xylene, toluene, and n-hexane was calculated
separately using the following formula: cell surface hydrophobicity (%)=1-(A1/A0)x100, where A1 represents
the ODeoo of the bottom liquid phase and AO represents the initial ODeoo [23].

Bile salt hydrolysis activity

To detect the bile salt hydrolysis (BSH) activity of the pickle isolates, 10 yL of the fresh bacterial
suspension in PBS was dropped on bile esculine agar (Condalab) and incubated at 37 °C for 24 h. BSH
activity was classified according to the dark brown zone diameters around the isolates: weak: <10 mm,
intermediate: 10-15 mm, strong: =215 mm [24].

Safety characteristics

Antibiotic resistance patterns

The antibiotic resistance and/or sensitivity patterns of the pickle isolates were determined via the disc
diffusion method using ampicillin (10 ug disc™), vancomycin (30 pg disc), gentamicin (10 ug disc™),
kanamycin (30 ug disc™), streptomycin (10 ug disc™), erythromycin (15 pg disc™), clindamycin (10 ug disc™),
tetracycline (30 ug disc™), and chloramphenicol (30 ug disc™). The fresh bacterial suspension in PBS was
spread on MRS agar (Merck) with sterile cotton swabs, and antibiotic discs were placed on them. After
incubation at 37 °C for 48-72 h, the antibiotic resistance and/or sensitivity patterns were classified according
to the diameter of the clear zone around the disc: resistant: <15 mm, intermediate: 15-20 mm, sensitive: 220
mm [25]. In addition, according to the number of antibiotics to which the isolates were resistant, the multiple
antibiotic resistance (MAR) index was also calculated using the following formula: MAR=a/b, where a
represents the number of antibiotics to which the isolate was resistant and b represents the total number of
antibiotics [26].

Presence of virulence genes

The virulence genes in the genomes of the pickle isolates were screened by PCR, which included gelE
(gelatinase), esp (enterococcal surface protein), efaAfs (Enterococcus faecalis specific endocarditis antigen),
cylA (cytolysin), hyl (hyaluronidase), asa (aggregation substance), ace (adhesion to collagen), and agg
(aggregation protein) (supplementary Table S1). The PCR mixture consisted of 12.5 yL of master mix
(Ampligon), 1 yL of genomic DNA, 1 pL of each primer, and 10.5 pL of PCR-grade H>O. The PCR products
were subsequently run on an agarose gel (1.5%, w/v) containing ethidium bromide (0.005%, v/v) and
visualized under ultraviolet light.

Presence of biogenic amine genes

Some genes responsible for biogenic amine production, including hdc (histidine decarboxylase), tdc
(tyrosine decarboxylase), Idc (lysine decarboxylase), and odc (ornithine decarboxylase) (supplementary
Table S1), were screened via PCR. Genomic DNA extraction, PCR mixing and PCR conditions were as
described above.
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Hemolytic and DNase activity

Hemolytic activity of the pickle isolates was detected on blood agar containing 5% (v/v) defibrinated
sheep blood and classified as -, a-, or Y-hemolytic according to the zone type around the colonies [27]. In
addition, the DNase activity of the pickle isolates was monitored on DNase agar (Merck) [28]. An overnight
culture on MRS agar (Merck) was inoculated into blood agar and DNase agar (Merck). After incubation at
37 °C for 24 h for hemolytic activity and at 37 °C for 48 h for DNase activity, the properties of the isolates were
evaluated according to the zone type around the colonies.

Some technological properties

Presence of gdh, gad and exopolysaccharide-encoding genes

In this study, the gdh and gad genes, which are responsible for glutamate production and the conversion
of glutamate to gamma-aminobutyric acid (GABA), respectively, were investigated by PCR with suitable
primers (supplementary Table S1). In addition, the presence of exopolysaccharide-encoding genes, including
epsA, epsB, gtf, and p-gtf, was also detected in the pickle isolates. Genomic DNA extraction, PCR mixing
and PCR conditions were as described above.

Proteolytic activity

The proteolytic activity of the pickle isolates was investigated using modified MRS agar (Merck)
containing skim milk (10%, v/v). Ten microliters of the overnight cultures suspended in PBS were added to
the modified medium and incubated at 37 °C for 48-72 h. At the end of the incubation, colonies representing
a clear zone were considered positive [29].

Statistical analysis

Each experiment was conducted in two biological replicates, and two technical replications were carried
out for each biological replicate. The obtained data are presented as meansztstandard deviations. Analysis
of variance (ANOVA) was used to determine significant differences between the isolates, and the differences
were classified by the Duncan test at p<0.05.

RESULTS AND DISCUSSION

Genotypic identification

In this study, thirteen pickle isolates were identified as potential probiotic candidates, and the results are
presented in Table 1. Nine isolates, including ACC 54, ACC 56, ACC 58, ACC 59, ACC 60, ACC 61, ACC
62, ACC 63, and ACC 66, were identified as L. plantarum with 98.69%-100% similarity, whereas three of
them, including ACC 57, ACC 64, and ACC 65, were identified as L. brevis with 99.05%-99.89% similarity.
On the other hand, one isolate (ACC 55) was identified as L. paraplantarum with 99.60% similarity. To support
the identification, species-specific PCR assays were also performed using primers specific to L. plantarum
and L. brevis. All isolates previously identified as L. plantarum or L. brevis produced the expected amplicons
with their respective primers (supplementary Figure S2). These primers are highly specific and do not bind
to non-target species. As expected, L. paraplantarum ACC55 did not yield a band with either primer set,
providing further evidence for its identity as L. paraplantarum.

The phylogenetic analysis based on 16S rRNA sequences (Figure 1) showed that strain ACC55
clustered within the L. plantarum clade. This result is consistent with the close evolutionary relationship
between L. plantarum and L. paraplantarum, which often leads to limited species-level resolution when using
16S rRNA gene sequencing alone. The absence of PCR amplification with L. plantarum-specific primers, in
combination with the phylogenetic proximity, supports the identification of ACC55 as L. paraplantarum.
Therefore, we recommend whole genome sequencing (WGS) as a future approach to enable high resolution
taxonomic classification and to explore genomic traits relevant to safety, functionality, and probiotic potential.

Although some studies reported the isolation of Enterococcus spp. [30-32], Leuconostoc spp. [31-33]
and even S. aureus, E. coli, Klebsiella spp., Salmonella spp., and Pseudomonas aeruginosa [32], the
predominant LAB in pickles are Lactobacillus spp. [31]. Moreover, Yu and coauthors [30] reported that
Lactobacillus spp. constituted 95.68% of the pickle microbiota, whereas L. plantarum and L. brevis constituted
43.78 and 12.97% of the microbiota, respectively. Similarly, genotypic identification of the thirteen isolates
used as potential probiotic candidates in the present study confirmed information about the predominant
microbiota in pickles.
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In vitro probiotic properties

Tolerance to simulated gastric juice and bile salts

The FAO/WHO underlines in the "Guidelines for the evaluation of probiotics in food" that probiotics
should have many properties, such as resistance to gastric acidity, bile acid resistance, adherence to human
epithelial cells, and antimicrobial activity against pathogens. Moreover, according to the report, tolerance to
the gastric environment and bile salts are the two most important qualifying criteria [34]. In this study, the
survival of the pickle isolates in simulated gastric juice and bile salts was investigated, and the results are
shown in Figure 2. All the isolates survived 65.12%-99.91% at 2 h and 62.56%-99.91% at 3 h in the simulated
gastric juice. Almost all the strains, except L. plantarum ACC 60 and ACC 63, had high survival rates after 2
h in simulated gastric juice (p<0.05). The tolerance of L. brevis ACC 57 (99.91%), ACC 65 (99.46%), and L.
plantarum ACC 66 (98.48%) to the gastric environment was greater than that of the other strains at 3 h
(p<0.05). Giler and coauthors [35] conducted a study in which the same simulated gastric conditions were
applied as in our study. Using Lacticaseibacillus casei ATCC 393, a well-known probiotic, this study found
that the resistance rate of this strain to the simulated gastric environment was 40.69%, which is notably lower
than that of our strains. On the other hand, the pickle isolates tolerated bile salts in the range of 98.15%-
132.17%, and L. brevis ACC 57 had the highest survival percentage (p<0.05). Similarly, Cetin [16], Dallal
and coauthors [36], Akmal and coauthors [37], and Zhao and coauthors [38] reported that L. plantarum and/or
L. brevis isolated from pickle samples had probiotic potential. The fact that many studies reported similar
results clearly indicates that the pickles are fermented products that is an important probiotic carrier.

To better contextualize the probiotic potential of the isolates, it was compared their characteristics with
those of well-established commercial probiotic strains. Lacticaseibacillus rhamnosus GG has been shown to
survive in highly acidic gastric environments for prolonged periods under in vitro conditions [39]. In one study,
free cells retained about 88% viability after simulated gastric treatment, and encapsulated cells survived even
better [40]. Similarly, Lactobacillus casei Shirota is known for its bile salt tolerance; in microencapsulation
studies, exposure to 3% bile salts still caused a drop in viability but demonstrated significant stress resilience
[41]. This study examined the survival of several isolates derived from pickles under simulated gastric
conditions, as well as their tolerance of bile salts. The results were comparable to, or even better than,
published values for commercial strains. This enables the potential probiotic capabilities of the strains to be
assessed more meaningfully. In future, this could be rigorously tested by conducting parallel experiments
with commercial strains.
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Figure 2. Survival percentage of the pickle isolates in the simulated gastric juice and MRS broth containing bile salts
(0.3%, wiv). All survival results are presented as the means * standard deviations. a-e show the significant differences
between the tolerances of the isolates to simulated gastric juice and bile salts.

Antimicrobial activity against foodborne pathogens

Antimicrobial activity against potentially pathogenic bacteria is an important criterion for probiotics
according to a report by the FAO/WHO [34]. In the present study, the antimicrobial spectra of the pickle
isolates against several pathogens, including E. coli O157:H7, S. aureus ATCC 29213, S. Typhimurium
RSHMB 95091, B. cereus ATCC 33019, and L. monocytogenes ATCC 7644, were determined and are
presented in Table 2. All the isolates inhibited S. aureus ATCC 29213 and S. Typhimurium RSHMB 95091,
similar to the studies by Monika and coauthors [42] and Zhao and coauthors [38]. In addition, L.
paraplantarum ACC 55, L. plantarum ACC 56, ACC 58, ACC 59, ACC 62, ACC 63, and ACC 66 had
antimicrobial activity against E. coli O157:H7, whereas L. plantarum ACC 60, ACC 61, ACC 62, ACC 63, and
ACC 66 had antimicrobial activity against B. cereus ATCC 33019, similar to the results of a study by Monika
and coauthors [42]. Moreover, Con and Karasu [43] reported that most L. plantarum strains isolated from
pickle samples inhibited E. coli. On the other hand, in another study, Lacticaseibacillus rhamnosus LGG
strain, a well-known probiotic strain with neutralized supernatant pH, also showed no antimicrobial effect
against E. coli ATCC 25922 [44]. In the present study, no isolates inhibited the growth of L. monocytogenes
ATCC 7644. The CFS was subjected to different treatments to determine the source of antimicrobial activity,
and the results clearly revealed that these antimicrobial activities were not due to hydrogen peroxide or
protein-like substances but rather to a decrease in pH resulting from microbial growth of the pickle isolates.
These results may explain why Lactobacillus spp. constitute the predominant lactic acid bacteria in pickles
[31].
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Auto-aggregation and cell surface hydrophobicity

The FAO/WHO reported that the ability of bacteria to aggregate with each other and to adhere to the
intestinal mucosa is important for their probiotic properties [34]. Therefore, in this study, the auto-aggregation
and cell surface hydrophobicity ability of the pickle isolates were determined, and the results are shown in
Figure 3. The auto-aggregation percentage of all the isolates increased during the incubation time. In addition,
L. plantarum ACC 58 (15.88%), ACC 59 (16.12%), ACC 60 (16.60%), and ACC 61 (15.28%) had higher auto-
aggregation percentages than the other combinations did at 2 h; L. plantarum ACC 59 (23.39%), ACC 62
(22.67%) at 4 h; and L. plantarum ACC 56 (42.41%), ACC 59 (42.89%), and ACC 62 (43.44%) at 24 h
(p<0.05). The auto-aggregation ability of L. plantarum AR113 isolated from traditional pickle samples was
6.63, 18.21, and 30.10% at 1, 3, and 5 h, respectively, as reported by Lin and coauthors [45], which is
consistent with the present findings. Our results showed that L. plantarum isolates had a greater aggregation
capacity than L. paraplantarum and L. brevis. This was supported by statistical analysis. The auto-
aggregation capacity of L. plantarum strains after 24 hours ranged from 32.15% to 43.44%. Mokhtari and
coauthors [46] found that L. plantarum strains from camel milk exhibited auto-aggregation rates between
18.86% and 76.94% after 24 hours of incubation. This suggests that the isolates evaluated in this study
possess moderate auto-aggregation ability. Hydrophobicity was detected in most of the pickle isolates
analyzed with xylene, toluene or n-hexane. Also, as demonstrated by PCA analysis, L. brevis ACC 57
exhibited the highest cell surface hydrophobicity in xylene, toluene and n-hexane, with values of 50.41%,
67.00% and 67.13%, respectively (p<0.05). On the other hand, L. plantarum ACC 54, ACC 61, ACC 63, L.
paraplantarum ACC 55, and L. brevis ACC 64 and ACC 65 did not exhibit cell surface hydrophobicity for any
hydrocarbon. Similarly, Niu and coauthors [47] reported that L. plantarum SK1305 strains isolated from
Korean green chili pickled pepper had 56.3% hydrophobicity to xylene and 23.6% auto-aggregation ability.
In addition, in the study by Akmal and coauthors [37], auto-aggregation and hydrophobicity of Lactobacillus
spp. isolated from traditional pickles were investigated, and it was determined that the nine isolates had
33.33-46.11% auto-aggregation ability at 18 h and 31.33-36.65% hydrophobicity to xylene. Since auto-
aggregation clusters similar species and hydrophobicity adheres to surfaces, these experiments are
recognized as important indicators of adhesion to the human intestine and aggregation [48]. In light of the
aforementioned evidence, the pickle isolates exhibit probiotic potential.

Bile salt hydrolysis activity

According to a report by the FAO/WHO, BSH activity is one of the important properties of probiotics [34].
Therefore, in this study, the BSH activity of the pickle isolates was determined. As shown in Figure 4, most
of the strains, including L. plantarum ACC 54, ACC 59, ACC 60, ACC 61, ACC 62, and ACC 63 and L.
paraplantarum ACC 55, presented intermediate BSH activity. On the other hand, L. plantarum ACC 58 and
ACC 66 had strong BSH activity, whereas L. plantarum ACC 56, L. brevis ACC 57, ACC 64, and ACC 65
had weak/no BSH activity. The results clearly showed that BSH activity, an important probiotic criterion, could
be more common in pickle-derived L. plantarum strains than in L. brevis strains. Abudoleh and coauthors [49]
reported that L. plantarum strains had increased tolerance to intestinal conditions due to their BSH activity.
Moreover, in the study by Zeng and coauthors [50], all of the L. plantarum strains isolated from traditional
pickle samples exhibited BSH activity. Similarly, Paongphan and coauthors [51] reported that L.
paraplantarum MN and L. plantarum MN2 isolated from Tai fermented foods showed strong BSH activity.
The results of the above studies are consistent with those of the present study. In human metabolism, bile
salts are produced in the liver through the use of cholesterol. They play a vital role in the breakdown and
digestion of food. The deconjugation of bile salts by probiotics with BSH activity may be a significant factor
in the reduction in cholesterol levels, as this mechanism also functions in the inverse manner following
digestion [52]. Given the anticipated positive impact of probiotics on human health, the encouraging results
of in vitro studies on the beneficial effects of these isolates on health suggest that they could be considered
potential probiotic candidates.

Brazilian Archives of Biology and Technology. Vol.69: €26240325, 2026 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Aktas, H. et al. 9

Table 2. Antibacterial activity of the pickle isolates (zone diameter, mm)

E. coli O157:H7 S. aureus ATCC 29213 S. Typhimurium RSHMB B. cereus ATCC 33019 fr;onocytogenes
Strains 95091 ATCC 7644

pH E H pH E H pH E H pH E H pH E H
ACC 54 - - - - 23.0+1.4  22.0+2.8 - 19.0¢1.4  20.0£0.0 - - - - - -
ACC55 - 11.0¢1.4 11.0x14 - 25.0+1.4 25.0¢1.4 - 23.0+14 21.0x14 - - - - - -
ACC 56 - 10.0+1.4  9.5+0.7 - 28.0+0.0 27.0¢1.4 - 24.0+2.8 25.0¢1.4 - - - - - -
ACC 57 - - - - 19.0£1.4  19.0¢14 - 17.0+1.4  17.0x14 - - - - - -
ACC 58 - 9.0+1.4 9.0+1.4 - 27.0+1.4 27.0t14 - 25.0t1.4 24000 - - - - - -
ACC59 - 11.0¢1.4 11.0x14 - 27.0t14 27.0814 - 24.0+0.0 23.0¢1.4 - - - - - -
ACC60 - - - - 25.0+1.4  26.0+2.8 - 22.0+2.8 19.0t14 - 22.0+2.8 19.0+14 - - -
ACC 61 - - - - 25014 27.0t14 - 22.0+2.8 19.0t14 - 19.0£1.4  20.0+0.0 - - -
ACC62 - 10.0+1.4  11.0x14 - 29.0+1.4 27.0¢14 - 23.0+1.4  19.0x14 - 19.0+1.4  19.0¢14 - - -
ACC 63 - 11.0¢1.4 13.0x14 - 26.0+2.8 26.0£0.0 - 21.0+1.4  20.0£0.0 - 18.0+0.0 18.0+0.0 - - -
ACC 64 - - - - 17.0£1.4  16.0+2.8 - 17.0+1.4  17.0x14 - - - - - -
ACC 65 - - - - 20.0+0.0 19.0¢1.4 - 14.0+0.0 16.0+2.8 - - - - - -
ACC 66 - 9.0+1.4 7.0£1.4 - 27.0+1.4  26.0+2.8 - 22.0£¢0.0 22.0+0.0 - 17.0+1.4  15.0¢14 - - -

Abbreviations: pH; neutralization, E; enzyme addition (proteinase K, pepsin and trypsin), H; heating, -; no inhibition zone, E. coli; Escherichia coli, S. aureus; Staphylococcus
aureus, S. Typhimurium; Salmonella Typhimurium, B. cereus; Bacillus cereus, L. monocytogenes; Listeria monocytogenes. Values are represented as meantstandard deviation
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Figure 3. Auto-aggregation (A) and cell surface hydrophobicity (B) of the pickle isolates. All the results are presented
as the means + standard deviations. a-e show the significant differences between the isolates at p<0.05.
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Safety characteristics

Antibiotic resistance patterns

The FAO/WHO reported that even probiotic microorganisms generally recognized as safe (GRAS), such
as Lactobacillus spp. and Bifidobacterium spp., should exhibit antibiotic resistance patterns [34]. Therefore,
in this study, the antibiotic resistance patterns of the pickle isolates were determined (Figure 5). All the
isolates were resistant to vancomycin, gentamycin, kanamycin and streptomycin, except L. brevis ACC 64
(intermediate to gentamycin). Since many Lactobacillus spp. are intrinsically resistant to vancomycin [53],
the obtained results were expected. On the other hand, in this study, all the pickle strains were sensitive to
erythromycin and chloramphenicol. Similarly, Zeng and coauthors [50] reported that L. plantarum isolates
from traditional pickles were sensitive to ampicillin, erythromycin, and chloramphenicol but resistant to
vancomycin. In addition, all L. brevis isolates used in this study were intermediate to ampicillin, as in the study
by Barzegar and coauthors [54], while the other strains were sensitive. The MAR index of L. brevis ACC 64
was 0.33, whereas those of L. plantarum ACC 54, ACC 56, ACC 58, ACC 59, ACC 60, ACC 61, ACC 62,
ACC 63, L. paraplantarum ACC 55, and L. brevis ACC 57 were 0.44. In addition, L. brevis ACC 65 and L.
plantarum ACC 66 had a MAR index of 0.56. Finally, the results revealed that the pickle isolates used in this
study were sensitive to most of the antibiotics except vancomycin, gentamycin, kanamycin, and streptomycin.
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Figure 5. Antibiotic resistance patterns of the pickle isolates. All the results are presented as the means + standard
deviations. The dark gray region represents resistance to antibiotics, the gray region represents intermediate resistance
to antibiotics, and the light gray region represents sensitivity to antibiotics. Amp; ampicillin (10 pg), Van; vancomycin
(30 pg), Gen; gentamycin (10 pg), Kan; kanamycin (30 ug), Str; streptomycin (10 pg), Ery; erythromycin (15 pg), Cli;
clindamycin (10 pg), Tet; tetracycline (30 pg), Cla; chloramphenicol (30 ug).

Presence of virulence genes

Since virulence genes are recognized as indicators of pathogenicity [55], the FAO/WHO has focused on
the importance of the absence of virulence genes in probiotics [34]. In this study, the presence of virulence
genes, including gelE, esp, efaAfs, cylA, hyl, asa, ace, and agg, in the genomes of the pickle isolates was
investigated (supplementary Table S1). The results revealed that the isolates did not possess any of these
virulence genes, as in the studies by Lu and coauthors [56] and Zeng and coauthors [50]. These results
indicated that the pickle isolates did not have harmful effects on human health and are safe.

Presence of biogenic amine genes

Biogenic amines are undesirable in foods because they can cause adverse effects on human health,
such as foodborne intoxication, when they are consumed in high amounts. In addition, some LAB are known
to be capable of producing biogenic amines such as histamine, tyramine, phenylethylamine and putrescine
[57]. Therefore, the presence of genes responsible for the production of biogenic amines, such as hdc, tdc,
Idc, and odc, in the pickle isolates was investigated. The results revealed that the genomic DNA from the
isolates did not contain these genes. Similarly, Anekella and Pérez-Diaz [58] reported that strains isolated
from pickle samples were not capable of producing biogenic amines. On the other hand, in the study by Alan
and coauthors [59], L. plantarum isolates from pickles produced three biogenic amines, including cadaverine,
putrescine, and histamine. These results suggest that there may be differences in the ability to produce
biogenic amines even within the same species.
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Hemolytic and DNase activity

In their report, the FAO/WHO indicated that there is a need to consider hemolytic activity when
determining probiotic properties [34]. It is thought that both hemolytic and DNase activities could be regarded
as virulence factors, which would make it particularly important to ascertain these activities [60]. In this study,
the hemolytic and DNase activities of the pickle isolates were investigated, and it was concluded that none
of the isolates had these activities, similar to the findings of Monika and coauthors [42] and Sharma and
coauthors [61].

Some technological properties

Presence of gdh, gad and exopolysaccharide-encoding genes

GABA, which is converted from glutamate, is a bioactive compound that can be produced by
microorganisms and has highly promising bioactivity for human health as the main inhibitory neurotransmitter
[62]. Therefore, in this study, the presence of the gdh gene, which is responsible for glutamate production,
and the gad gene, which is responsible for the production of GABA from glutamate, was investigated in the
pickle isolates, and the results are presented in Table 3. None of the isolates had the gdh gene. On the other
hand, L. plantarum ACC 56, ACC 58, ACC 59, ACC 60, ACC 61, ACC 62, ACC 63, and ACC 66 had the gad
gene (supplementary Figure S2). All the isolates with the gad gene were L. plantarum. The results showed
that L. plantarum strains could have the potential to convert glutamate, naturally present in food or added
externally, into GABA. Similarly, some studies indicated that L. plantarum could be a suitable producer of
GABA [43, 63, 64]. Additionally, exopolysaccharides are important components for human health because of
their prebiotic properties and textural structure in fermented foods [65]. Unfortunately, the pickle isolates in
this study did not possess any exopolysaccharide production genes. These results suggested that the L.
plantarum isolates could have positive effects on health via the production of GABA, which is an important
neurotransmitter, although not by exopolysaccharide production. Although none of the isolates possessed
exopolysaccharides-encoding genes, this finding still provides important technological insight.
Exopolysaccharides produced by LAB are known to play a key role in improving rheological properties such
as viscosity, firmness, water-holding capacity, and syneresis control in fermented foods. In pickled
vegetables, exopolysaccharides-producing strains can enhance brine viscosity, contribute to a more stable
texture during storage, and improve mouthfeel and overall sensory perception [12]. Absence of the genes in
the isolates indicated that these strains may not contribute directly to such textural improvements during
fermentation. However, future studies involving different genes or whole genome sequencing may fully reveal
the exopolysaccharide production capabilities of these strains.

Table 3. Presence of gdh, gad and exopolysaccharide-encoding genes in genomic DNA of the pickle isolates
Exopolysaccharide-encoding genes

Strains gdh gad epsA epsB gtf p-gtf
ACC 54 - - - B ) )
ACC 55 - - - - i )
ACC 56 - + - B ) )
ACC 57 - - - B ) )
ACC 58 - + - B ) .
ACC 59 - + - B ) .
ACC 60 - + - B ) .
ACC 61 - + - B ) )
ACC 62 - + - B ) )
ACC 63 - + - - i )
ACC 64 - - - B B )
ACC 65 - - - B ) .
ACC 66 - + - B ) -
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Proteolytic activity

In fermented foods, LAB, especially those with proteolytic activity, breakdown proteins and increase the
functional properties of the products, which have antioxidant, antimicrobial, anti-inflammatory, and anticancer
effects [66]. In this study, the proteolytic activity of the pickle isolates was investigated. None of the isolates
exhibited proteolytic activity under the conditions tested; however, this result should be interpreted in the
context of LAB proteolysis characteristics. Proteolytic activity in LAB is highly substrate-dependent and
generally weak when evaluated on plate-based assays [67]. In food systems, especially dairy and vegetable
fermentations, proteolysis contributes to the generation of peptides and amino acids that improve flavor
complexity, aroma development, nutritional value, and functional properties such as antioxidant or
antihypertensive activity [66]. The lack of proteolytic activity in vitro does not necessarily exclude potential
activity in complex food matrices, where native proteins, minerals, and environmental factors may stimulate
enzyme expression. Additionally, more sensitive analytical methods (e.g., OPA assay, peptide profiling, or
proteomics-based approaches) may be required to detect low-level enzymatic activity. Thus, although
proteolytic capability was not detected in this study, the technological potential of the isolates should be
evaluated in real fermentation systems in future work.

Principal Component Analysis

Simulated gastric juice (2h, 3h) and bile salt tolerance, hydrophobicity, auto-aggregation, and BSH
activity of LAB were taken into consideration and analysed by PCA. R2X[1] and R2X[2] explained 75.2% the
total variance. The three groups were successfully distinguished by score scatter plot analysis (Figure 6A).
There was a clear separation between Group 2 (orange) and Group 3 (blue), suggesting they had distinct
characteristics along PC1.
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Figure 6. Principal component analysis of the pickle isolates. A) Score scatter plot B) Biplot. Abbreviations: SGJ 2h:
Simulated gastric juice tolerance at 2h, SGJ 3h: Simulated gastric juice tolerance at 3h, BST: Bile salt tolerance, BSH:
Bile salt hydrolase, 2h: Auto-aggregation at 29 h, 4h: Auto-aggregation at 4" h, 24h: Auto-aggregation at 24t h.

In addition, Group 1 (purple) is more dispersed, particularly L. plantarum ACC 56 and L. brevis ACC 57,
which could indicate greater variability. The PCA biplot (Figure 6B) showed that L. plantarum ACC 56 and L.
brevis ACC 57 clustered near toluene and xylene. This indicated that these strains had superior
hydrophobicity. L. plantarum ACC 58, ACC 59, ACC 60, ACC 61, and ACC 62 exhibited higher auto-

aggregation capacity at 24 h, 4 h and 2 h, suggesting a higher auto-aggregation potential compared to other
strains.

CONCLUSION

The continuous consumption of fermented products containing microorganisms with probiotic potential
and the discovery of their beneficial effects have increased interest in the study of microorganisms in
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fermented products. In the present study, the isolates obtained from traditional pickles (tursu) were found to
belong mostly to L. plantarum species, along with L. brevis and L. paraplantarum species. The results showed
that the isolates had good potential for use as probiotics in terms of in vitro probiotics, safety and some
technological properties. In conclusion, traditional pickles should be included in the human diet as a natural,
healthy, probiotic source in this age of increasing tendency toward processed foods. In the future, the
beneficial effects of probiotics can be further confirmed by the use of available isolates in vivo studies.
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