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Abstract

Lactic Acid Bacteria (LAB)-derived antimicrobial compounds are recognized as a promising
source of novel antimicrobial agents, particularly for the treatment of Methicillin-Resistant
Staphylococcus aureus (MRSA), where the mode of action and associated cellular effects
remain largely unexplored. This study aims to evaluate antibacterial activity of Limosilac-
tobacillus fermentum YTPPO5 isolated from pickled radish against MRSA. Upon the initial
antibacterial evaluations, it was found that strain YTPPO05 inhibited the growth of MRSA
isolates. Multiplex PCR identified multiple resistance genes in our MRSA strains, including
mecA, blaZ, and aacA genes, aligning with antibacterial susceptibility profiles determined by
the disc diffusion assay. An agar overlay assay showed that YTPP05 possessed antibacterial
potential, with the largest inhibition zone diameters of 40.83 £ 8.43 mm, while the inhibi-
tion zones of the Cell Free Supernatant (CFS) of YTPPO5 by an agar well diffusion were
27.16 £ 2.93 mm against the MRSA isolates. The minimum inhibitory concentration and
minimum bactericidal concentration of YTPP05-derived CFS were 125 mg/mL. Scanning
Electron Microscopy (SEM) demonstrated YTPPO5 extracts caused cell membrane disrup-
tion, bubble-like protrusion, and cell lysis. Collectively, this study highlights the anti-MRSA
potential of YTPP05 as an alternative antimicrobial agent for combating MRSA infections.

Keywords: MRSA; S. aureus; antibiotics; cell free supernatant; pickled radish

1. Introduction

Staphylococcus aureus (S. aureus) can be found ubiquitously on human skin, respiratory
mucosa, nasal cavities, and as a food-borne pathogen on contaminated foods [1]. S. aureus
is one of the pathogens that falls within the ESKAPE group of high-risk pathogens in the
development of multidrug resistance (MDR), comprising Enterococcus faecium, Staphylo-
coccus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and
Enterobacter spp. [2].
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Methicillin-Resistant S. aureus (MRSA) infections are prevalent in public healthcare
settings. Due to the rising incidence of MRSA infections, it has become a major cause of
various human diseases and poses a significant public health risk [3]. MRSA infections
range from mild to severe, causing a broad range of diseases from minor skin infections
to serious invasive infections affecting multiple body parts and organs [4]. MRSA has
been classified by the World Health Organization (WHO) in the “high-priority” pathogen
category, highlighting the urgent need for continuous research and development of effective
antimicrobial strategies to control rising resistance and widespread transmission [5]. MRSA
can be additionally classified into Hospital-Acquired MRSA (HA-MRSA) and Community-
Acquired MRSA (CA-MRSA) based on their infection settings. HA-MRSA is commonly
considered as a nosocomial infection that transmits among patients, health professionals,
and facilities [3], while CA-MRSA can be transmitted among healthy individuals across
all age groups in the community settings. Treatment of MRSA infections is considerably
challenging [6-8].

MRSA confers resistance to penicillin antibiotics by the production of additional
Penicillin-Binding Protein 2a (PBP2a), 3-lactamase, enhanced efflux pump activity, biofilm
formation, and alterations in cell wall function [9]. The PBP2a protein encoded by the mecA
gene is a predominant resistant mechanism that is responsible for methicillin resistance
due to its low affinity for 3-lactam antibiotics. In addition to PBP2a production, alterations
in cell wall structure and an increase in the thickness of the peptidoglycan layer further
reduces the susceptibility to antibiotics. Furthermore, increased activity of the efflux pump
systems contributes to MRSA resistance by actively expelling antibiotics from the cell,
thereby reducing intracellular drug concentrations [10].

Given these resistance mechanisms and the increasing prevalence of MRSA, the limita-
tions of and reduction in effective conventional antibiotics are evident, highlighting the
urgent need for alternative anti-MRSA agents. Several studies have identified and reported
that Lactic Acid Bacteria (LAB) isolated from fermented foods show a broad spectrum of
antimicrobial activity toward S. aureus, Listeria monocytogenes, Escherichia coli, and Salmonella
spp. [11-13]. Their antimicrobial activities are mediated by antimicrobial peptides (AMPs),
organic acids, hydrogen peroxides, and bacteriocins that can inhibit the growth of bacteria
through the acid environment, cellular damage, and predominantly membrane-targeting
mechanisms [14]. Unlike conventional antibiotics, secreted metabolites from LAB may
act synergistically with the antibiotics to resurrect the antibacterial activity, potentially
mitigating MRSA resistance mechanisms by enhancing antibiotic efficacy, interfering with
efflux pump function, and inhibiting biofilm formation [15,16].

Fermented vegetables harbor diverse LAB populations and represent a rich source of
strains with potential anti-MRSA activity [17]. Recent reclassification of lactobacilli based
on whole genome studies resulted in the description of 25 genera [18]. Limosilactobacil-
lus fermentum (L. fermentum) is recognized as a probiotic strain and its direct pathogen
antagonism is also widely reported [19]. For instance, L. fermentum 3872 produced the
bacteriocins BLF3872, which induced the S. aureus damage and caused the leakage of the
cellular components [20]. Purified metabolic extract of L. fermentum KAU0021 exhibited the
antibacterial and anti-biofilm properties at sub-MIC concentration in combating Candida
albicans and S. aureus in polymicrobial infections [21]. It has also been reported that isolated
L. fermentum TCUESCO1 inhibited the growth of S. aureus and decreased biofilm thickness
nearly fivefold [22].

However, the strain-specific nature of LABs on anti-MRSA activity remains poorly
understood. Although L. fermentum has been isolated from various fermented vegetables,
its inhibitory effects against MRSA and underlying cellular effects have not been fully
elucidated. Hence, this study aims to evaluate the anti-MRSA potential of the isolated

https:/ /doi.org/10.3390/foods15081431


https://doi.org/10.3390/foods15081431

Foods 2026, 15, 1431

30f16

LAB strains from the fermented radish, while investigating their effects on ultrastructural
characteristics of S. aureus. In addition, we also investigated the antibacterial potency of
Cell Free Supernatant (CFS) of L. fermentum YTPP05 against MRSA isolates. The possible
antibacterial mechanism of action was elucidated by Scanning Electron Microscope (SEM).

2. Materials and Methods
2.1. Materials

Five isolates of MRSA used in this study included S. aureus DMST 20646, DMST
4738, DMST 20649, DMST 20651, and DMST 20652, were obtained from the Department
of Medical Sciences, Ministry of Public Health, Nonthaburi, Thailand. A reference strain,
S. aureus ATCC 29213, was obtained from the American Type Culture Collection (ATCC;
Gaithersburg, MD, USA). All bacterial strains were handled and transferred in accordance
with standard biosafety guidelines and institutional regulations.

Mueller-Hinton broth (MHB), Mueller-Hinton agar (MHA), and de Man, Rogosa and
Sharpe (MRS) medium were purchased from HiMedia (Mumbeai, India) and prepared using
distilled water according to the manufacturer’s instructions. Commercial antibiotic discs,
including ampicillin, amoxicillin, cloxacillin, vancomycin, gentamicin, and tetracycline,
were obtained from Oxoid (Hampshire, England, UK) and used for antibiotic susceptibility
testing. Standard nisin was acquired from Sigma-Aldrich (Singapore Science Park II,
Singapore) and used as a reference antimicrobial agent for the SEM study.

2.2. Multiplex PCR

Multiplex PCR analysis was performed to genotypically detect MRSA-harboring
antibiotic resistance genes, including mecA, blaZ, and aacA, while the SAU (S. aureus-specific
gene) was employed as an internal control, in the following bacterial strains: MRSA DMST
20646, DMST 4738, DMST 20649, DMST 20651, and DMST 20652. A reference strain of S.
aureus ATCC 29213 was used as a non-antibiotic-resistant control strain. Primer sequences
used in the present study were as described in previous studies [23,24]. Overnight grown
bacterial cultures were collected for genomic DNA using commercially available bacterial
DNA extraction kits (Vivantis, Selangor, Malaysia). Multiplex PCR reactions were executed
in a total volume of 25 pL reaction using GoTaq® Green Master Mix (Promega Cooperation,
Madison, WI, USA), 0.5 uM each of primers, 100 ng of genomic DNA template, and
DNase free water. PCR amplification was carried out using a Bio-Rad T100 thermal cycler
(Hercules, CA, USA) with the following cycling conditions: initial denaturation at 95 °C for
5 min, followed by 30 cycles of 95 °C for 30 s, 60 °C for 30 s, and 72 °C for 1 min, and a final
extension at 72 °C for 5 min. PCR products were separated and analyzed with the 1.5%
agarose gel electrophoresis comprising SYBR Safe DNA staining dye (Invitrogen, Carlsbad,
CA, USA) at 100 V for 45 min. The amplified bands were visualized using a ChemiDoc
Touch Imaging System (Bio-Rad, Hercules, CA, USA) [25].

2.3. Antibiotic Susceptibility Profiles of MRSA Using a Disk Diffusion Assay

Antibiotic susceptibility of MRSA strains was evaluated using the disk diffusion
method according to the standard guideline described by the CLSI (Clinical Laboratory
Standards Institute) [26]. Briefly, overnight cultures were pelleted and suspended in 0.9%
normal saline solution and adjusted to a 0.5 McFarland standard equivalent. Subsequently,
the bacterial suspensions were spread evenly onto the Mueller-Hinton agar (MHA) plates
creating a confluent bacterial lawn. Antibiotic discs (10 pg ampicillin, 5 ng amoxicillin, 5 pg
cloxacillin, 30 pg vancomycin, 10 pg gentamicin, and 30 pg tetracycline) were aseptically
placed onto the inoculated agar surface. Following incubation at 37 °C for 24 h, the inhi-
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bition zone surrounding each antibiotic disc was measured [27]. Antibiotic susceptibility
was interpreted based on the CLSI breakpoints where applicable.

2.4. Isolation and ldentification of LAB from Pickled Radish

Pickled white radish samples were obtained from local markets in Chon Buri Province,
Thailand. Isolation of LAB was performed according to previously described methods with
slight modifications [13]. Briefly, the sample was chopped into small (1-4 mm) cubes and
homogenized into sterile normal saline, serially diluted, and 100 uL of the appropriate
dilution were evenly spread onto the LAB-specific MRS agar supplemented with 1% CaCOs.
Following this, the plates were incubated at 37 °C for 48 h. The distinct colonies were
chosen based on their unique LAB morphologies and screened by Gram staining.

The isolate having the highest inhibition zone diameter was chosen for species identi-
fication by 16S rRNA-specific PCR amplification using universal primers 27F and 1492R.
The PCR product was purified and sequenced. The nucleotide sequences were subjected
to the BLASTn tool at the National Center for Biotechnology Information (NCBI) website
(https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi, last accessed [06 Nov 2025]). The percent identity
is described in Section 3.

2.5. Agar Overlay Assay and Agar Diffusion Assay

L. fermentum YTPPO5 showed the highest antibacterial activity, and its activity against
MRSA isolates was further confirmed by an agar overlay assay. Briefly, a single colony
of L. fermentum YTPP05 was selected to culture in the MRS broth at 37 °C for 48 h. The
optical density of the bacterial suspension was spectrophotometrically adjusted to 0.1 at
a wavelength of 600 nm, and 5 pL of the suspension was spotted onto MRS agar plates.
Subsequently, the plates were incubated at 37 °C for 24 h to allow colony development and
antibacterial compound production. After incubation, the plates were overlaid with 0.7%
(w/v) soft Mueller-Hinton agar inoculated with 0.5 McFarland standard adjusted S. aureus
strains (approximately 1.5 x 108 CFU/mL). The overlaid plates were incubated at 37 °C for
24 h; the diameters of the inhibition zones surrounding the LAB colonies were measured.

For the agar well diffusion assay, CFS of YTPP05 was prepared from a 48 h grown
culture with cells removed by centrifugation at 6000 rpm. The supernatant was collected
and lyophilized to a dry powder, which was subsequently reconstituted in sterile distilled
water to achieve a final concentration of 500 mg/mL. To distinguish the antibacterial effect
on antimicrobial peptides from organic acids, the antibacterial activity of neutralized CFS
(pH 7) was assessed by an agar well diffusion assay. Antibacterial activity was assessed from
the overnight cultures of S. aureus strains, which were adjusted to a 0.5 McFarland standard
and uniformly spread onto MHA using a sterile cotton swab. Wells were aseptically
punched using a cork borer, and 40 pL of the reconstituted CFS was added to each well.
After the plates were incubated at 37 °C for 24 h, the inhibition zone diameters were
measured [28].

2.6. Antibacterial Activity Evaluation by MIC and MBC

Determination of MIC and MBC values provided a quantitative insight into the
potency and susceptibility of the antimicrobial agents. Based on the MIC and MBC results,
bacteriostatic and bactericidal effects could be distinguished. The lowest MIC values
demonstrate the greater antibacterial potency that can inhibit the growth whereas the
lowest MBC values indicate the concentration that can kill the bacteria. The ratio of
MBC/MIC is less than 4 (MBC/MIC < 4) and it is considered as bactericidal whereas
bacteriostatic is classified when the MBC/MIC ratio is greater than 4 (MBC/MIC > 4) [29].

The MIC of the YTPP05-derived CFS against MRSA strains was determined using the
microdilution method in accordance with the CLSI guidelines [30]. The CFS of YTPP05 was
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collected from an overnight grown culture and prepared at the required concentrations.
For the MIC values, overnight cultures of S. aureus were harvested, washed, and adjusted
to a 0.5 McFarland standard. The bacterial suspension was further diluted to obtain a
final concentration of 5 x 10 CFU/mL. Each well contained 200 pL consisting of 20 uL of
bacterial suspension added to 180 uL of cation-adjusted Mueller-Hinton broth (MHB) with
the addition of serially diluted CFS of YTPP05. The wells containing broth without antibac-
terial agents served as a negative and growth control. The plates were incubated at 37 °C
for a time range of 18-24 h and bacterial growth was assessed using a microplate reader
at a wavelength of 600 nm. The MIC value was determined as the lowest concentration
inhibiting the growth of bacteria compared to the untreated growth control.

MBC determination was performed with the 100 uL aliquots that were taken from
the wells showing no visible growth at or above the MIC. Then, the aliquots were spread
onto Mueller-Hinton agar and incubated at 37 °C for 24 h. MBC values were the lowest
concentration that showed no growing bacterial colonies [31].

2.7. SEM Analysis

For the SEM analysis, the samples were prepared with the minor modification of
the method reported by a previous study [32]. In brief, nisin and CFS of YTPP05 were
added to the log-phase-grown S. aureus. After 4 h of incubation, bacteria were collected by
centrifugation at 6000 rpm. Subsequently, bacterial pellets were collected and fixed with
2.5% (w/v) glutaraldehyde under cold conditions overnight. Samples were washed with
0.1 M phosphate-buffered saline (pH 7.2) 3 times prior to post-fixation with 1% osmium
tetroxide in PBS buffer for 2 h. Samples were washed 3 times and dehydrated using a
graded acetone series (20%, 40%, 60%, 80%, and twice at 100%). The cells were transferred
to a glass slide and air-dried. Prior to SEM analysis, samples were attached to the stubs
with carbon tape and gold coated.

2.8. Statistical Analysis

All data from at least three independent experiments were reported as mean =+ Stan-
dard Deviation (SD). One-way analysis of variance (ANOVA) and the Tukey post hoc test
were used for the analysis of statistical differences, with p < 0.05. Data analysis was carried
out using GraphPad Prism (Version 10, GraphPad Software, San Diego, CA, USA).

3. Results and Discussion
3.1. Detection of Antibiotic Resistance Genes Using Multiplex PCR

The rise of MRSA is primarily mediated by mecA and blaZ genes and poses a serious
threat to public health globally [33]. Multiplex PCR allows for the rapid identification
of several antibacterial resistance genes in one reaction [23]. The multiplex PCR assay
identified mecA-encoded PBP2a and blaZ-encoded penicillinase in all five MRSA strains.
In addition, aacA-encoded aminoglycoside-modifying enzymes were detected in MRSA
DMST 20646, DMST 20649, DMST 20651, and DMST 20652 (Figure 1). No resistant genes
were detected in the reference strain.

The findings are consistent with previous studies reporting that mecA and blaZ genes
are the predominant resistance genes in MRSA [34]. In addition, aminoglycoside resistance
encoded by the aacA gene was detected in four DMST isolates. These results underscore the
co-occurrence of multiple resistance genes in individual strains, confirming the presence of
multidrug resistance [35].
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Figure 1. Multiplex PCR for the detection of antibiotic-resistant encoding genes (mecA, blaZ, aacA,
and SAU). The 1.5% agarose gel was used for PCR amplicons analysis.

3.2. Antibiotic Susceptibility Profile of MRSA Strains

Antibiotic susceptibility profiling is a fundamental approach for evaluating the re-
sistance behaviors of microorganisms. The disk diffusion method is among the most
commonly used techniques to assess susceptibility to different antimicrobial classes. Inhibi-
tion zone diameters represent the strain dependent efficacy and resistance levels.

Figure 2 demonstrates the variable inhibition zone diameters and expresses suscepti-
bility patterns across the tested strains. Ampicillin, amoxicillin, cloxacillin, and gentamycin

significantly reduced susceptibility in four DMST strains, while differences in the response
to vancomycin and tetracycline were also noted.
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Figure 2. Antibiotic susceptibility profile of S. aureus isolates. The values are expressed as diameter in
millimeter (mm) of mean =+ standard deviation (n = 3).

In contrast, S. aureus ATCC 29213 displayed the largest inhibition zone diameter, with
amoxicillin (37.6 + 0.5 mm) and ampicillin (35.6 & 2 mm) showing the highest activity.
The smaller inhibition zone diameters were observed for the remaining antibiotics. These

https://doi.org/10.3390/foods15081431


https://doi.org/10.3390/foods15081431

Foods 2026, 15, 1431

7 of 16

findings align with the previous studies describing variable antibiotic susceptibility among
clinical and reference S. aureus strains [36]. The absence of resistance genes in S. aureus
ATCC 29213, together with its higher susceptibility, supports the multiplex PCR assay
results and validates the use of these strains for evaluating the antibacterial activity of
LAB-derived compounds.

3.3. Isolation, Identification, and Morphological Analysis of Antibacterial-Producing LAB from
Pickled Radish

Screening of bacteria that produced antibacterial activity against MRSA is crucial for
the selection of promising candidates for subsequent antimicrobial evaluation. Therefore,
LAB were selectively isolated from pickled radish from the local market. Based on their
general colony morphologies, such as shape, color, size, and convexity, the L. fermentum
YTPPO5 strain was found to show the highest antibacterial potential against MRSA and
S. aureus isolates. Gram staining confirmed that the isolates were Gram-positive rods, as
illustrated in Figure 3.
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Figure 3. Microscopic morphologies of isolated strain L. fermentum YTPP05.

Identification based on 16S rRNA gene sequencing and BLAST analysis revealed 100%
sequence similarity with L. fermentum SL5-1 (GenBank accession number MN435802.1).

Fermented foods are a rich source of lactobacillus species. L. fermentum was shown
and confirmed as probiotic as well as having typical antimicrobial properties, such as the
production of bacteriocins [37]. A previous study reported that antimicrobial peptides
(AMPs) from L. fermentum RC-14 are shown to be effective in inhibiting the growth of S.
aureus [38]. Furthermore, class III bacteriocin-producing L. fermentum 3872 isolated from the
milk of breastfeeding women possessed antibacterial properties against antibiotic-resistant
S. aureus [20]. Overall, the isolated strain that had the strongest inhibition zone diameter
could be a promising candidate for inhibiting the growth of MRSA strains.

3.4. Agar Overlay and Agar Well Diffusion Assays

A total of five isolates of MRSA (DMST 20646, DMST 4738, DMST 20649, DMST 20651,
and DMST 20652) and one reference strain (ATCC 29213) were examined to determine the
antimicrobial properties of L. fermentum YTPP05. Among the antibacterial activity assays,
the agar overlay was applied to determine the antibacterial activity of L. fermentum YTPP05

https://doi.org/10.3390/foods15081431


https://doi.org/10.3390/foods15081431

Foods 2026, 15, 1431

8 of 16

A S
\;’:‘_/

DMST 20646

DMST 20651

grown on MRS agar and overlaid with soft agar containing the bacteria. The basic principle
of the agar overlay assay is a double-layer technique allowing the antimicrobial agents to
diffuse more and evenly from the bottom layers into the top agar layer [39]. Whereas the
agar well diffusion assay was employed for evaluating the antibacterial potency of CFS.
The antibacterial activity of L. fermentum YTPP05 determined by an agar overlay
technique demonstrated the high antibacterial potential of YTPP05 against all tested MRSA
and the reference strain, with no significant difference in inhibition zone diameters among
bacteria. MRSA DMST 20649 exhibited the largest inhibition zone (40.83 £ 8.43 mm), but
the overall inhibition pattern remained consistent. These results indicate that L. fermentum
YTPPO5 exhibits promising antibacterial activity against MRSA strains (Figure 4).

D
o
1

S
o
1

N
o
1

Clear Zone Diameter (mm)

DMST 20652 ATCC 29213
Figure 4. Antibacterial activity of L. fermentum YTPPO5 on (A) agar overlay assay and (B) inhibi-
tion zone diameters against the S. aureus isolates. Data are described as mean + S.D., one-way

ANOVA analysis with Tukey’s multiple comparison test (p < 0.05). The same letter “a” represents no
significant difference.

The agar well diffusion assay demonstrated the antibacterial activity of the CFS,
indicating the YTPPO5 secreted antimicrobial compounds. No significant differences were
observed among the tested bacteria (Figure 5). DMST 20646 and DMST 20651 demonstrated
inhibition zone diameters of 27.16 £ 2.93 mm and 27.00 £ 2.65 mm, respectively. The
inhibition patterns obtained from the agar well diffusion assay were consistent with those
observed in the agar overlay assay and further supported the potential of the CFS of L.
fermentum YTPPO5 as an antibacterial agent.

The neutralized CFS of L. fermentum YTPP05 exhibited antibacterial activity, but its
inhibition zone diameters were significantly lower than the crude CFS (Figure 6), indicating
CFS contains antimicrobial peptides. The results from an agar well diffusion suggest that
both antimicrobial peptide and organic acids, such as lactic acid and acetic acid, in the
CFS play an antimicrobial role against MRSA isolates. Our findings are consistent with
a previous study that organic acids produced by LAB had antimicrobial potential [40].
Previous studies of the agar well diffusion analysis of L. fermentum LAB-1 have reported the
strong inhibitory activity of the CFS of the isolated strain against 10 pathogens, including S.
aureus [12]. Several studies of the gene annotations of L. fermentum revealed the presence
of putative peptides such as endolysin A, endolysin, and epidermidin-like peptide. The
antimicrobial activity of L. fermentum is possibly related to the presence of the aforemen-
tioned antimicrobial peptide and organic acids, and this indicates that the organism is a
promising candidate as a novel antimicrobial producer [41,42].

https://doi.org/10.3390/foods15081431


https://doi.org/10.3390/foods15081431

Foods 2026, 15, 1431

9o0f 16

DMST 20651

(A)
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DMST 20652 ATCC 29213

Figure 5. Antibacterial activity of CFS of L. fermentum YTPP05 on (A) agar well assay and
(B) inhibition zone diameters against the S. aureus isolates. Data are reported as mean + S.D.,
one-way ANOVA analysis with Tukey’s multiple comparison test (p < 0.05). The same letter “a”
represents no significant difference.
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a3
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Figure 6. Antibacterial activity of neutralized CFS (pH 7) of L. fermentum YTPPO5 on (A) agar
well assay and (B) inhibition zone diameters against the S. aureus isolates. Data are reported as
mean + S.D., one-way ANOVA analysis with Tukey’s multiple comparison test (p < 0.05). The letters
“a, b, ¢” represent a significant difference.

3.5. MIC and MBC Determinations

The MIC and MBC values of CFS from YTPPO5 were assessed against six bacterial
isolates of S. aureus. The MIC of CFS of YIPP05 was 62.5 mg/mL, while MBC was
125 mg/mL across the tested strains (Table 1).

Previous studies of CFS from LAB isolates reported the MIC value of 50 mg/mL and
MBC value of >100 mg/mL regarding S. aureus DMST 2928 and demonstrated antibacterial
potency [43]. CFS from our isolated strain YTPP05 showed higher MIC and MBC concentra-
tions. These relatively higher concentrations of LAB-derived CFS may be attributed to the
complex and heterogeneous nature of antimicrobial components present in LAB-secreted
supernatants, as well as culture and pH conditions [44]. The concentration of metabolites
in CFS is directly related to bacterial growth conditions, initial inoculum effect, incubation
temperature, and pH. Variations in these conditions may significantly affect the contents
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of antimicrobial compounds [45]. In addition, the individual antimicrobial components
within the mixture are often relatively low in concentration, and higher quantities of CFS
are typically required to achieve bacteriostatic or bactericidal effects [46]. However, future
investigations should focus on the effect of culture conditions, such as culture time, temper-
ature, and pH, on the production of antibacterial compounds and antibacterial potential
of YTPPO5.

Table 1. MIC and MBC values of YTPP05-derived CFS on S. aureus isolates.

YTPPO5 (CFS)
Bacterial
Isolates MIC MBC
(mg/mL) (mg/mL)

MRSA DMST 20646 125 125
MRSA DMST 4738 125 125
MRSA DMST 20649 125 125
MRSA DMST 20651 125 125
MRSA DMST 20652 125 125

S. aureus ATCC 29213 * 62.5 125

* A reference strain for antimicrobial susceptivity testing.

In summary, the higher concentration of CFS that exerts bacteriostatic or bactericidal
activity is likely influenced by the total concentration of supernatant and initial cell density
of inoculum, which together determine the effective concentration of antimicrobial con-
stituents [47]. Overall, these results are consistent with previous studies and reflect the
complex nature of antimicrobial metabolites present in LAB-derived supernatants.

3.6. Scanning Electron Microscope (SEM)

LAB are present in various fermented foods derived from both animal and plant-based
products. It is well-established that the antibacterial activity of LAB is strain dependent,
and their efficacy differs depending on the sources [48,49]. Many studies have investigated
and supported the fact that LAB secrete antibacterial substances, including bacteriocins [50]
and organic acids [51]. Hence, we observed the antibacterial potential of the strain YTPP05
against S. aureus. The ultrastructural characteristics of S. aureus were visualized using
SEM. S. aureus was treated with CFS of YTPPO05 at a concentration of 0.5x and 1x MIC of
YTPP05-derived CFS with nisin as a positive control agent.

Nisin, a cationic polypeptide produced by Lactococcus lactis, at a concentration of
0.5x MIC was used as a positive control due to its antibacterial mechanisms of action by
disrupting bacterial cell membrane and interrupting cell wall biosynthesis [52]. It is a highly
potent antimicrobial agent against S. aureus and has been widely used for treating antibiotic-
resistant bacteria. S. aureus cells treated with nisin showed pronounced morphological
alterations, including cell envelope rupture, collapse, cell lysis, and the presence of cellular
debris (Figure 7c,d). Previous Transmission Electron Microscopy (TEM) studies similarly
reported nisin-induced membrane damage accompanied by chromosomal DNA damage
and cell shrinkage [53]. In the present study, nisin-treated cells also displayed cell lysis, loss
of membrane integrity, cell bursting, and reduced cell density compared with the control
group. These observations demonstrate that nisin induces extensive cellular damage,
whereas untreated cells maintain a normal morphology and structural integrity. Nisin has
been reported to inhibit bacterial growth and targets and binds to the lipid II precursor of
the cell wall, further disrupting peptidoglycan synthesis and causing leakage of cellular
contents [52].
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Figure 7. Scanning electron microscopic images of S. aureus DMST 20651 control and treated with
nisin: (a) untreated control—Mag 8000, (b) untreated control—Mag 20,000 %, (c) nisin—Mag 8000 %,
(d) nisin—Mag 20,000x, (e) 1x MIC YTPPO5—Mag 8000x, (f) 1x MIC YTPP05—Mag 20,000 x,
(g) 0.5x MIC YTPP05—Mag 8000 %, and (h) 0.5x MIC YTPP05—Mag 20,000 x. (Mag—Magnification).

The untreated control group exhibited smooth cell wall surfaces, intact structures, and
typical coccoid morphology, with cells evenly separated and arranged in small clusters,
indicating well-preserved cell envelope integrity (Figure 7a,b). Following treatment with 1 x
MIC of YTPPO5 CFS, S. aureus cells exhibited pronounced surface irregularities, including
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membrane blebbing, bubble-like protrusions, and localized swelling (Figure 7e,f). These
vesicular protrusions were thought to be associated with the formation of membrane-bound
structures called mesosomes and are usually formed under stress conditions, particularly
when cells are exposed to membrane damaging antimicrobial compounds [54]. Initially,
mesosome formation was assumed as an artifact resulting from fixation during microscopy
preparation [55].

However, later studies suggested that mesosome formation is related to antibiotic-
induced stress, as such structures are often observed in treated bacteria but are less fre-
quently detected in untreated cells [54]. This observation aligns with our finding that the
untreated control showed no bubble-like protrusions. Although the specific functions of
mesosomes remain unclear, they have been reported to have an association with cellular
remodeling under stress conditions. In addition, some studies have suggested that the
sizes of mesosomes are proportional to the accumulation of reactive oxygen species, such
as hydrogen peroxide, within bacterial cells [56].

Furthermore, cells tended to aggregate, with abnormal protrusions extending toward
neighboring cells. Similar surface protrusions and small cell clusters have been reported in
previous studies describing the early effects of rhodomyrtone exposure, which has been
characterized as a membrane-disrupting agent against S. aureus [57].

At 0.5x MIC of CFS of YTPPOS5, cells formed irregular clusters (Figure 7g,h), and
this agrees with the previous report of the growth inhibition of S. aureus by the strain L.
plantarum LR-14 obtained from Sichuan pickles [58]. A remarkable increase in bubble-like
protrusions on the cell surface was observed at 0.5x MIC, while these features were slightly
reduced with the 1x MIC treatment. Additionally, some cells exhibited complete rupture
and progressed to cell lysis. Similar findings were reported in studies from Korea, where
treatment with CFS of L. plantarum NIBR97 derived from kimchi substantially reduced S.
aureus populations and caused membrane lysis, likely mediated by antimicrobial peptides
such as plantaricin-5 [59].

Membrane damage appeared to be MIC-dependent, with extensive envelope disrup-
tion, such as bubble-like protrusions, observed at lower MIC concentrations. In contrast,
higher MIC concentrations predominantly induced a loss of membrane integrity and cell
death. Organic acids are generally present in LAB-derived CFS, which can reduce the envi-
ronmental pH and play a crucial role in contributing to antimicrobial activity by disrupting
membrane integrity [60]. The pH of CFS used in this study was approximately 6 at a stock
concentration of 500 mg/mL, which is within the tolerance range reported for S. aureus
(pH 4-9) [61]. Moreover, 0.5x and 1x MIC concentrations of CFS (62.5 and 125 mg/mL,
respectively) were used for SEM analysis and would be expected to exert less pH influence
on the pH of the culture. Therefore, the observed morphological alterations in the SEM
results are likely associated with antimicrobial metabolites present in the CFS.

Moreover, it is noteworthy that the antimicrobial activities of CFS and purified bac-
teriocins are fundamentally different. The positive control agent nisin is a purified and
well-characterized lantibiotic bacteriocin. The specific mechanism involves the pore for-
mation in bacterial cell membranes and the inhibition of cell wall biosynthesis [52]. In
contrast, CFS derived from LAB may comprise a complex mixture of antibacterial com-
pounds and secondary metabolites secreted during bacterial fermentation. CFS contained
several metabolites that are not only bacteriocin but also organic acids, such as lactic acid
and acetic acid; hydrogen peroxide; and other antimicrobial compounds [51].

Overall, SEM analysis revealed clear evidence that YTPP05 disrupts the membrane
integrity of S. aureus. These results demonstrate that antimicrobial substances produced by
the YTPPO05 strain can effectively inhibit MRSA, highlighting their potential as alternative
antimicrobial agents. However, this study did not investigate molecular mechanisms
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such as antimicrobial peptide identification, KEGG pathway analysis, or whole-genome
sequencing. Therefore, further studies focusing on genome-based analyses are required to
identify genes involved in the antibacterial mechanisms of YTPP05.

4. Conclusions

Taking all the data into account, L. fermentum YTPPO5 and its CFS exhibited a strong
inhibitory effect against MRSA. Multiplex PCR analysis identified mecA, blaZ, and aacA
genes in the MRSA isolates, aligning with antibacterial susceptibility testing by the disk
diffusion assay. These findings indicate that MRSA isolates used in this study are resistant
to multiple antibiotics. Our SEM observation demonstrated and strongly supported the
idea that the CFS of L. fermentum YTPPO5 inhibited MRSA strains through the disruption of
the bacterial cell membrane and cell wall. Our L. fermentum YTPP05 isolated from pickled
white radish could be a promising alternative antibacterial agent to combat pathogenic
MRSA strains. However, the identification of antibacterial compounds produced by L.
fermentum YTPPO5, optimization of pH on antibacterial compound production, and efficacy
and toxicity in animal and human models should be investigated further.

Author Contributions: Conceptualization, Y.T.; methodology, Y.T., PK., S.B. and N.P; validation, I.N.,
G.H. and K.S,; formal analysis, PP., CW.,, K.S., B.D. and Y.T.; investigation, P.P., PK., S.B. and N.P;
data curation, Y.T.; writing—original draft preparation, P.P. and H.H.W,; writing—review and editing,
PP,KS., SB., NP, LN, G.H., CW., B.D. and Y.T,; visualization, PP, HH.W. and B.D.; supervision,
G.H. and L.N,; project administration, Y.T.; funding acquisition, Y.T. All authors have read and agreed
to the published version of the manuscript.

Funding: This study was supported by a research grant for young researchers from the Research and
Development Fund, Burapha University (Grant number: YR2568/15).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding authors.

Acknowledgments: The authors gratefully acknowledge Supphachai Onnom and Jiratip Phonsuwan
for their kind assistance in shaping this research.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

CFS Cell Free Supernatant

MRSA  Methicillin-Resistant Staphylococcus aureus
LAB Lactic Acid Bacteria

PCR Polymerase Chain Reaction

MIC Minimum Inhibitory Concentration

MBC Minimum Bactericidal Concentration
SEM Scanning Electron Microscope

1.  Al-Bahry, S.N.; Mahmoud, 1.Y.; Al-Musharafi, S.K.; Sivakumar, N. Staphylococcus aureus Contamination during Food Preparation,
Processing and Handling. Int. |. Chem. Eng. Appl. 2014, 5, 388-392. [CrossRef]
2. Bereanu, A.-S.; Bereanu, R.; Mohor, C.; Vintila, B.I.; Codru, L.R.; Olteanu, C.; Sava, M. Prevalence of Infections and Antimicrobial

Resistance of ESKAPE Group Bacteria Isolated from Patients Admitted to the Intensive Care Unit of a County Emergency Hospital
in Romania. Antibiotics 2024, 13, 400. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/foods15081431


https://doi.org/10.7763/IJCEA.2014.V5.415
https://doi.org/10.3390/antibiotics13050400
https://www.ncbi.nlm.nih.gov/pubmed/38786129
https://doi.org/10.3390/foods15081431

Foods 2026, 15, 1431 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Tobin, E.H.; Jogu, P; Koirala, ]. Methicillin-Resistant Staphylococcus aureus. The Handbook of Zoonotic Diseases of Goats; CABI Books:
Oxfordshire, UK, 2024; pp. 202-207. ISBN 978-1-80062-283-8. [CrossRef]

Vuong, C.; Otto, M. Staphylococcus epidermidis infections. Microbes Infect. 2002, 4, 481-489. [CrossRef]

Sati, H.; Carrara, E.; Savoldi, A.; Hansen, P.; Garlasco, J.; Campagnaro, E.; Boccia, S.; Castillo-Polo, J.A.; Magrini, E.; Garcia-Vello,
P,; et al. The WHO Bacterial Priority Pathogens List 2024: A prioritisation study to guide research, development, and public
health strategies against antimicrobial resistance. Lancet Infect. Dis. 2025, 25, 1033. [CrossRef] [PubMed]

Holden, M.T.G.; Hsu, L.-Y.; Kurt, K.; Weinert, L.A.; Mather, A.E.; Harris, S.R.; Strommenger, B.; Layer, F.; Witte, W.; de Lencastre,
H.; et al. A genomic portrait of the emergence, evolution, and global spread of a methicillin-resistant Staphylococcus aureus
pandemic. Genome Res. 2013, 23, 653. [CrossRef] [PubMed]

Senok, A.; Somily, A.M.; Nassar, R.; Garaween, G.; Sing, G.K,; Miiller, E.; Reissig, A.; Gawlik, D.; Ehricht, R.; Monecke, S.
Emergence of novel methicillin-resistant Staphylococcus aureus strains in a tertiary care facility in Riyadh, Saudi Arabia. Infect.
Drug Resist. 2019, 12, 2739-2746. [CrossRef]

Chambers, H.F.; DeLeo, F.R. Waves of Resistance: Staphylococcus aureus in the Antibiotic Era. Nat. Rev. Microbiol. 2009, 7, 629.
[CrossRef]

Fergestad, M.E.; Stamsds, G.A.; Morales Angeles, D.; Salehian, Z.; Wasteson, Y.; Kjos, M. Penicillin-binding protein PBP2a
provides variable levels of protection toward different 3-lactams in Staphylococcus aureus RN4220. Microbiologyopen 2020, 9, e1057.
[CrossRef]

Abebe, A.A.; Birhanu, A.G. Methicillin Resistant Staphylococcus aureus: Molecular Mechanisms Underlying Drug Resistance
Development and Novel Strategies to Combat. Infect. Drug Resist. 2023, 16, 7641. [CrossRef]

Thuy, T.T.D,; Lu, H.E; Bregente, C.].B.; Huang, F.C.A.; Tu, P-C.; Kao, C.Y. Characterization of the broad-spectrum antibacterial
activity of bacteriocin-like inhibitory substance-producing probiotics isolated from fermented foods. BMC Microbiol. 2024, 24, 85.
[CrossRef]

Hossain, T.J.; Mozumder, H.A.; Ali, F.; Akther, K. Inhibition of Pathogenic Microbes by the Lactic Acid Bacteria Limosilactobacillus
fermentum Strain LAB-1 and Levilactobacillus brevis Strain LAB-5 Isolated from the Dairy Beverage Borhani. Curr. Res. Nutr. Food
Sci. . 2022, 10, 928-939. [CrossRef]

Xiao, P; Huang, Y.; Yang, W.; Zhang, B.; Quan, X. Screening lactic acid bacteria with high yielding-acid capacity from pickled tea
for their potential uses of inoculating to ferment tea products. J. Food Sci. Technol. 2015, 52, 6727—-6734. [CrossRef] [PubMed]
Vieco-Saiz, N.; Belguesmia, Y.; Raspoet, R.; Auclair, E.; Gancel, F.; Kempf, I; Drider, D. Benefits and Inputs From Lactic Acid
Bacteria and Their Bacteriocins as Alternatives to Antibiotic Growth Promoters During Food-Animal Production. Front. Microbiol.
2019, 10, 57. [CrossRef] [PubMed]

Chen, X; Bai, H.; Mo, W.; Zheng, X.; Chen, H.; Yin, Y.; Liao, Y.; Chen, Z.; Shi, Q.; Zuo, Z.; et al. Lactic Acid Bacteria Bacteriocins:
Safe and Effective Antimicrobial Agents. Int. J. Mol. Sci. 2025, 26, 4124. [CrossRef] [PubMed]

Jurado, R; Jara, J.; Aragén, A.; Hernando, N.; Rodriguez, ] M.; Ferndndez, L.; Orgaz, B. Activity of lactic acid bacteria against
biofilms formed by Staphylococcus aureus strains involved in acute mastitis. Sci. Rep. 2025, 15, 39980. [CrossRef]

Bisht, V.; Das, B.; Hussain, A.; Kumar, V.; Navani, N.K. Understanding of probiotic origin antimicrobial peptides: A sustainable
approach ensuring food safety. NPJ Sci. Food 2024, 8, 67. [CrossRef]

Zheng, ].; Wittouck, S.; Salvetti, E.; Franz, C.M.A.P,; Harris, H.M.B.; Mattarelli, P.; O'Toole, PW.; Pot, B.; Vandamme, P.; Walter, J.;
et al. A taxonomic note on the genus Lactobacillus: Description of 23 novel genera, emended description of the genus Lactobacillus
beijerinck 1901, and union of Lactobacillaceae and Leuconostocaceae. Int. J. Syst. Evol. Microbiol. 2020, 70, 2782-2858. [CrossRef]
Hill, C.; Guarner, F,; Reid, G.; Gibson, G.R.; Merenstein, D.].; Pot, B.; Morelli, L.; Canani, R.B.; Flint, H.].; Salminen, S.; et al. The
international scientific association for probiotics and prebiotics consensus statement on the scope and appropriate use of the term
probiotic. Nat. Rev. Gastroenterol. Hepatol. 2014, 11, 506-514. [CrossRef]

Abramov, VM,; Kosareyv, 1.V.; Machulin, A.V,; Priputnevich, T.V.; Deryusheva, E.I,; Nemashkalova, E.L.; Chikileva, 1.O.; Abashina,
T.N.; Panin, A.N.; Melnikov, V.G.; et al. Limosilactobacillus fermentum 3872 That Produces Class III Bacteriocin Forms Co-Aggregates
with the Antibiotic-Resistant Staphylococcus aureus Strains and Induces Their Lethal Damage. Antibiotics 2023, 12, 471. [CrossRef]
Rather, L.A.; Wani, M.Y,; Kamli, M.R,; Sabir, ].5.M.; Hakeem, K.R.; Firoz, A.; Park, Y.H.; Hor, Y.Y. Limosilactobacillus fermentum
KAU0021 Abrogates Mono- and Polymicrobial Biofilms Formed by Candida albicans and Staphylococcus aureus. Pharmaceutics 2023,
15,1079. [CrossRef]

Melo, T.A.; dos Santos, T.F.; de Almeida, M.E.; Junior, L.A.G.F; Andrade, E.F.,; Rezende, R.P.; Marques, L.M.; Romano, C.C.
Inhibition of Staphylococcus aureus biofilm by Lactobacillus isolated from fine cocoa. BMC Microbiol. 2016, 16, 250. [CrossRef]
[PubMed]

Strommenger, B.; Kettlitz, C.; Werner, G.; Witte, W. Multiplex PCR Assay for Simultaneous Detection of Nine Clinically Relevant
Antibiotic Resistance Genes in Staphylococcus aureus. J. Clin. Microbiol. 2003, 41, 4089. [CrossRef] [PubMed]

Gan, T.; Shu, G.; Fu, H,; Yan, Q.; Zhang, W.; Tang, H.; Yin, L.; Zhao, L.; Lin, J. Antimicrobial resistance and genotyping of
Staphylococcus aureus obtained from food animals in Sichuan Province, China. BMC Vet. Res. 2021, 17, 177. [CrossRef] [PubMed]

https://doi.org/10.3390/foods15081431


https://doi.org/10.1079/9781800622852.0016
https://doi.org/10.1016/S1286-4579(02)01563-0
https://doi.org/10.1016/S1473-3099(25)00118-5
https://www.ncbi.nlm.nih.gov/pubmed/40245910
https://doi.org/10.1101/gr.147710.112
https://www.ncbi.nlm.nih.gov/pubmed/23299977
https://doi.org/10.2147/IDR.S218870
https://doi.org/10.1038/nrmicro2200
https://doi.org/10.1002/mbo3.1057
https://doi.org/10.2147/IDR.S428103
https://doi.org/10.1186/s12866-024-03245-0
https://doi.org/10.12944/CRNFSJ.10.3.10
https://doi.org/10.1007/s13197-015-1803-6
https://www.ncbi.nlm.nih.gov/pubmed/26396422
https://doi.org/10.3389/fmicb.2019.00057
https://www.ncbi.nlm.nih.gov/pubmed/30804896
https://doi.org/10.3390/ijms26094124
https://www.ncbi.nlm.nih.gov/pubmed/40362364
https://doi.org/10.1038/s41598-025-23671-y
https://doi.org/10.1038/s41538-024-00304-8
https://doi.org/10.1099/ijsem.0.004107
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.3390/antibiotics12030471
https://doi.org/10.3390/pharmaceutics15041079
https://doi.org/10.1186/s12866-016-0871-8
https://www.ncbi.nlm.nih.gov/pubmed/27793096
https://doi.org/10.1128/JCM.41.9.4089-4094.2003
https://www.ncbi.nlm.nih.gov/pubmed/12958230
https://doi.org/10.1186/s12917-021-02884-z
https://www.ncbi.nlm.nih.gov/pubmed/33902574
https://doi.org/10.3390/foods15081431

Foods 2026, 15, 1431 15 of 16

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Teethaisong, Y.; Nakouti, I.; Evans, K.; Eumkeb, G.; Hobbs, G. Nitro-Carba test, a novel and simple chromogenic phenotypic
method for rapid screening of carbapenemase-producing Enterobacteriaceae. . Glob. Antimicrob. Resist. 2019, 18, 22-25. [CrossRef]
Hudzicki, ]. Kirby-Bauer Disk Diffusion Susceptibility Test Protocol. Available online: https://asm.org/protocols/kirby-bauer-
disk-diffusion-susceptibility-test-pro (accessed on 10 February 2026).

Muangpat, P.; Meesil, W.; Ngoenkam, J.; Teethaisong, Y.; Thummeepak, R.; Sitthisak, S.; Tandhavanant, S.; Chantratita, N.; Bode,
H.B.; Vitta, A.; et al. Genome analysis of secondary metabolite biosynthetic gene clusters of Photorhabdus akhurstii subsp. akhurstii
and its antibacterial activity against antibiotic-resistant bacteria. PLoS ONE 2022, 17, e0274956. [CrossRef]

Teethaisong, Y.; Sirichaiwetchakoon, K.; Krittanan, P.; Pornjirawittayakul, P.; Nusuwan, S.; Dunkhunthod, B.; Sookjumrus, P;
Nakouti, I.; Hobbs, G.; Eumkeb, G. Detection of Carbapenemase Producers and Inhibitory Activity of Pediococcus pentosaceus
YTPP 02 against Carbapenemase-Producing Bacteria. Trends Sci. 2024, 22, 8766. [CrossRef]

Pankey, G.A.; Sabath, L.D. Clinical relevance of bacteriostatic versus bactericidal mechanisms of action in the treatment of
Gram-positive bacterial infections. Clin. Infect. Dis. 2004, 38, 864-870. [CrossRef]

Lewis, ].S., II, Amy Mathers, E]J.; April Bobenchik, D.M.; Alexandra Lynn Bryson, D.; Shelley Campeau, D.; Sharon Cullen, D.K,;
Tanis Dingle, R.; German Esparza, F.; Humphries, RM.; Thomas Kirn, F]J.; et al. CLSI M100-Ed35 January 2025 Replaces CLSI
M100-Ed34 Performance Standards for Antimicrobial Susceptibility Testing; CLSI: Wayne, PA, USA, 2021; ISBN 9781684402625.
Rukayadi, Y.; Lee, K.; Han, S.; Yong, D.; Hwang, J.-K. In Vitro Activities of Panduratin A against Clinical Staphylococcus Strains.
Antimicrob. Agents Chemother. 2009, 53, 4529-4532. [CrossRef]

Apinundecha, C.; Teethaisong, Y.; Suknasang, S.; Ayamuang, 1.O.; Eumkeb, G. Synergistic Interaction between Boesenbergia
rotunda (L.) Mansf. Essential Oil and Cloxacillin on Methicillin-Resistant Staphylococcus aureus (MRSA) Inhibition. Evid. Based
Complement. Altern. Med. 2023, 11, 3453273. [CrossRef]

Li, J.; Cheng, F; Wei, X.; Bai, Y.; Wang, Q.; Li, B.; Zhou, Y.; Zhai, B.; Zhou, X.; Wang, W.; et al. Methicillin-Resistant Staphylococcus
aureus (MRSA): Resistance, Prevalence, and Coping Strategies. Antibiotics 2025, 14, 771. [CrossRef]

Lade, H.; Kim, J.S. Molecular Determinants of 3-Lactam Resistance in Methicillin-Resistant Staphylococcus aureus (MRSA): An
Updated Review. Antibiotics 2023, 12, 1362. [CrossRef] [PubMed]

Choi, SM.,; Kim, S.H.; Kim, HJ.; Lee, D.G.; Choi, ].H.; Yoo, J.H.; Kang, ]. H.; Shin, W.S.; Kang, M.W. Multiplex PCR for the
Detection of Genes Encoding Aminoglycoside Modifying Enzymes and Methicillin Resistance among Staphylococcus Species. J.
Korean Med. Sci. 2003, 18, 631-636. [CrossRef] [PubMed]

Nwankwo, E.O.; Nasiru, M.S. Antibiotic sensitivity pattern of Staphylococcus aureus from clinical isolates in a tertiary health
institution in Kano, Northwestern Nigeria. Pan Afr. Med. J. 2011, 8, 4. [CrossRef] [PubMed]

Kawai, T.; Ohshima, T.; Tanaka, T.; Ikawa, S.; Tani, A.; Inazumi, N.; Shin, R.; Itoh, Y.; Meyer, K.; Maeda, N. Limosilactobacillus
(Lactobacillus) fermentum ALALQ20, a Probiotic Candidate Bacterium, Produces a Cyclic Dipeptide That Suppresses the Periodontal
Pathogens Porphyromonas gingivalis and Prevotella intermedia. Front. Cell Infect. Microbiol. 2022, 12, 804334. [CrossRef]

Bing, S.G.; Kim, J.; Reid, G.; Cadieux, P.; Howard, J.C. Lactobacillus fermentum RC-14 inhibits Staphylococcus aureus infection of
surgical implants in rats. J. Infect. Dis. 2002, 185, 1369-1372. [CrossRef]

Hockett, K.L.; Baltrus, D.A. Use of the Soft-agar Overlay Technique to Screen for Bacterially Produced Inhibitory Compounds. J.
Vis. Exp. 2017, 119, 55064. [CrossRef]

Jahedi, S.; Pashangeh, S. Bioactivities of postbiotics in food applications: A review. Iran. J. Microbiol. 2025, 17, 348. [CrossRef]
Pavlova, A.S.; Ozhegov, G.D.; Arapidi, G.P,; Butenko, 1.O.; Fomin, E.S.; Alemasov, N.A.; Afonnikov, D.A.; Yarullina, D.R.; Ivanov,
V.T.; Govorun, V.M,; et al. Identification of Antimicrobial Peptides from Novel Lactobacillus fermentum Strain. Protein J. 2020, 39,
73-84. [CrossRef]

Ozhegov, G.D,; Pavlova, A.S.; Zhuravleva, D.E.; Gogoleva, N.E.; Shagimardanova, E.I; Markelova, M.L; Yarullina, D.; Kayumov,
A. Whole genome sequence data of Lactobacillus fermentum HFDI1, the producer of antibacterial peptides. Data Brief. 2020, 32,
106105. [CrossRef]

Sornsenee, P.; Chatatikun, M.; Mitsuwan, W.; Kongpol, K.; Kooltheat, N.; Sohbenalee, S.; Pruksaphanrat, S.; Mudpan, A.;
Romyasamit, C. Lyophilized cell-free supernatants of Lactobacillus isolates exhibited antibiofilm, antioxidant, and reduces nitric
oxide activity in lipopolysaccharide- stimulated RAW 264.7 cells. Peer] 2021, 9, €12586. [CrossRef]

Rocchetti, M.T.; Russo, P.; Capozzi, V.; Drider, D.; Spano, G.; Fiocco, D. Bioprospecting Antimicrobials from Lactiplantibacillus
plantarum: Key Factors Underlying Its Probiotic Action. Int. J. Mol. Sci. 2021, 22, 12076. [CrossRef] [PubMed]

Scillato, M.; Spitale, A.; Mongelli, G.; Privitera, G.F; Mangano, K.; Cianci, A.; Stefani, S.; Santagati, M. Antimicrobial properties of
Lactobacillus cell-free supernatants against multidrug-resistant urogenital pathogens. Microbiologyopen 2021, 10, e1173. [CrossRef]
[PubMed]

Soleymani, F.; Rahimi, H.R.; Farsiani, H.; Jalili, A. Antimicrobial Activity of Chitosan Scaffold Loaded with Soluble Factors of
Different Probiotic Strains Against Multidrug Resistant Pseudomonas aeruginosa. Iran. |. Biotechnol. 2024, 22, e3612. [CrossRef]
[PubMed]

https://doi.org/10.3390/foods15081431


https://doi.org/10.1016/j.jgar.2019.01.012
https://asm.org/protocols/kirby-bauer-disk-diffusion-susceptibility-test-pro
https://asm.org/protocols/kirby-bauer-disk-diffusion-susceptibility-test-pro
https://doi.org/10.1371/journal.pone.0274956
https://doi.org/10.48048/tis.2024.8766
https://doi.org/10.1086/381972
https://doi.org/10.1128/AAC.00624-09
https://doi.org/10.1155/2023/3453273
https://doi.org/10.3390/antibiotics14080771
https://doi.org/10.3390/antibiotics12091362
https://www.ncbi.nlm.nih.gov/pubmed/37760659
https://doi.org/10.3346/jkms.2003.18.5.631
https://www.ncbi.nlm.nih.gov/pubmed/14555812
https://doi.org/10.4314/pamj.v8i1.71050
https://www.ncbi.nlm.nih.gov/pubmed/22121413
https://doi.org/10.3389/fcimb.2022.804334
https://doi.org/10.1086/340126
https://doi.org/10.3791/55064
https://doi.org/10.18502/ijm.v17i3.18816
https://doi.org/10.1007/s10930-019-09879-8
https://doi.org/10.1016/j.dib.2020.106105
https://doi.org/10.7717/peerj.12586
https://doi.org/10.3390/ijms222112076
https://www.ncbi.nlm.nih.gov/pubmed/34769500
https://doi.org/10.1002/mbo3.1173
https://www.ncbi.nlm.nih.gov/pubmed/33970542
https://doi.org/10.30498/IJB.2024.381455.3612
https://www.ncbi.nlm.nih.gov/pubmed/38827340
https://doi.org/10.3390/foods15081431

Foods 2026, 15, 1431 16 of 16

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Loffredo, M.R,; Savini, F.,; Bobone, S.; Casciaro, B.; Franzyk, H.; Mangoni, M.L.; Stella, L. Inoculum effect of antimicrobial peptides.
Natl. Acad. Sci. 2021, 118, €2014364118. [CrossRef]

Tsujikawa, Y.; Yamamoto, J.; Naito, M.; Sakane, I. Source-dependent antimicrobial activity of plant-derived lactic acid bacteria
against periodontal pathogens. Biosci. Microbiota Food Health 2026. [CrossRef]

Mohammed, S.; Ozdemir, N.; Hilmi Con, A. Evaluation of functional properties of lactic acid bacteria isolated from traditional
cheese. Meas. Food 2024, 14, 100171. [CrossRef]

Darbandi, A.; Asadi, A.; Mahdizade Ari, M.; Ohadi, E.; Talebi, M.; Halaj Zadeh, M.; Emamie, A.D.; Ghanavati, R.; Kakanj, M.
Bacteriocins: Properties and potential use as antimicrobials. J. Clin. Lab. Anal. 2021, 36, €24093. [CrossRef]

Mani-Lépez, E.; Arrioja-Bretén, D.; Lépez-Malo, A. The impacts of antimicrobial and antifungal activity of cell-free supernatants
from lactic acid bacteria in vitro and foods. Compr. Rev. Food Sci. Food Saf. 2022, 21, 604-641. [CrossRef]

Shin, ].M.; Gwak, ].W.; Kamarajan, P.; Fenno, J.C.; Rickard, A.H.; Kapila, Y.L. Biomedical Applications of Nisin. J. Appl. Microbiol.
2016, 120, 1449. [CrossRef]

Jensen, C.; Li, H.; Vestergaard, M.; Dalsgaard, A.; Frees, D.; Leisner, ].J. Nisin Damages the Septal Membrane and Triggers DNA
Condensation in Methicillin-Resistant Staphylococcus aureus. Front. Microbiol. 2020, 11, 524279. [CrossRef]

Raj, S.; Omar, B.; Hamidah, T.; Suhana, A.; Asiha, N. Mesosomes are a definite event in antibiotic-treated Staphylococcus aureus
ATCC 25923. Trop. Biomed. 2007, 24, 105-109. [PubMed]

Li, X;; Yang, L.P,; Zhu, W.X,; Pang, X.Y.; Feng, H.Q. Mesosomes, unique membranous structures in bacteria. Adv. Mat. Res. 2014,
894, 316-320. [CrossRef]

Li, X.; Tang, Z.; Pang, X.; Zhang, M.; Liu, Y. Mesosomes Associated with Hydrogen Peroxide in Bacteria. Microbiology 2017, 86,
692-697. [CrossRef]

Sianglum, W.; Saeloh, D.; Tongtawe, P.; Wootipoom, N.; Indrawattana, N.; Voravuthikunchai, S.P. Early effects of rhodomyrtone
on membrane integrity in methicillin-resistant Staphylococcus aureus. Microb. Drug Resist. 2018, 24, 882-889. [CrossRef]

Yang, S.; Liu, L.; Wang, J.; Guo, S.; Liu, G.; Chen, X.; Deng, X.; Tu, M,; Tao, Y.; Rao, Y. Antimicrobial activity against Staphylococcus
aureus and genome features of Lactiplantibacillus plantarum LR-14 from Sichuan pickles. Arch. Microbiol. 2022, 204, 637. [CrossRef]
Kim, S.W.,; Kang, S.I; Shin, D.H.; Oh, S.Y.; Lee, C.W.,; Yang, Y.; Son, YK,; Yang, H.-S.; Lee, B.-H.; An, H.-].; et al. Potential of
Cell-Free Supernatant from Lactobacillus plantarum NIBR97, Including Novel Bacteriocins, as a Natural Alternative to Chemical
Disinfectants. Pharmaceuticals 2020, 13, 266. [CrossRef]

Ji, Q.-Y,; Wang, W.; Yan, H.; Qu, H,; Liu, Y,; Qian, Y.; Gu, R. The Effect of Different Organic Acids and Their Combination on the
Cell Barrier and Biofilm of Escherichia coli. Foods 2023, 12, 3011. [CrossRef] [PubMed]

Medved'ova, A.; Valik, L. Staphylococcus aureus: Characterisation and Quantitative Growth Description in Milk and Artisanal
Raw Milk Cheese Production. In Structure and Function of Food Engineering; InTech: Alexandria, Egypt, 2012. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/foods15081431


https://doi.org/10.1073/pnas.2014364118
https://doi.org/10.12938/bmfh.2025-055
https://doi.org/10.1016/j.meafoo.2024.100171
https://doi.org/10.1002/jcla.24093
https://doi.org/10.1111/1541-4337.12872
https://doi.org/10.1111/jam.13033
https://doi.org/10.3389/fmicb.2020.01007
https://pubmed.ncbi.nlm.nih.gov/17568383
https://doi.org/10.4028/www.scientific.net/AMR.894.316
https://doi.org/10.1134/S0026261717060108
https://doi.org/10.1089/mdr.2016.0294
https://doi.org/10.1007/s00203-022-03232-x
https://doi.org/10.3390/ph13100266
https://doi.org/10.3390/foods12163011
https://www.ncbi.nlm.nih.gov/pubmed/37628010
https://doi.org/10.5772/48175
https://doi.org/10.3390/foods15081431

	Introduction 
	Materials and Methods 
	Materials 
	Multiplex PCR 
	Antibiotic Susceptibility Profiles of MRSA Using a Disk Diffusion Assay 
	Isolation and Identification of LAB from Pickled Radish 
	Agar Overlay Assay and Agar Diffusion Assay 
	Antibacterial Activity Evaluation by MIC and MBC 
	SEM Analysis 
	Statistical Analysis 

	Results and Discussion 
	Detection of Antibiotic Resistance Genes Using Multiplex PCR 
	Antibiotic Susceptibility Profile of MRSA Strains 
	Isolation, Identification, and Morphological Analysis of Antibacterial-Producing LAB from Pickled Radish 
	Agar Overlay and Agar Well Diffusion Assays 
	MIC and MBC Determinations 
	Scanning Electron Microscope (SEM) 

	Conclusions 
	References

