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Today, indigenous strains of Lactic Acid Bacteria (LAB) have gained
significant importance in the dairy industry. In addition to their inherent
adaptability to local environmental conditions, these strains possess
unique capabilities in producing desirable flavors and aromas essential
for the preparation of various fermented products. This research aimed to
investigate the probiotic, functional, safety, and biological characteristics
of the indigenous strain Lactobacillus helveticus C7303, isolated from
Khiki cheese. The evaluation included assessing its antioxidant
properties, gene expression profile, anti-biofilm features, resistance to
common therapeutic antibiotics, and antimicrobial characteristics against
bacterial pathogens. The strain demonstrated high levels of anti-adhesion
activity, showing 61.5% inhibition in the competition assay, 53.2% in
inhibition, and 30.5% in the displacement assay. L. helveticus C7303
exhibited strong antibacterial activity against several Gram-positive and
Gram-negative pathogens, including Staphylococcus aureus, Bacillus
cereus, Listeria monocytogenes, Escherichia coli, Salmonella enterica
serovar Typhimurium and Shigella dysenteriae. In the modified double-
layer culture method, the largest zone of inhibition was recorded for S.
aureus and L. monocytogenes, while the least effect was observed against
E. coli and S. Typhimurium. The MTT assay results confirmed that the
strain's Cell-Free Supernatant (CFS) caused a significant reduction in the
viability of cancer cells. The strain also showed high sensitivity to most
tested antibiotics; the largest zone of inhibition was observed for
Erythromycin (27.5 mm), and the lowest sensitivity was related to
Ampicillin (16.2 mm). Given the positive outcomes from the functional
and safety assays, L. helveticus C7303 shows promising potential for
utilization as a dairy starter and a functional probiotic with both
nutritional and therapeutic effects.
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1-Introduction

Characterized as Gram-positive, non-spore-
forming, and catalase-negative rods or
cocci, Lactic Acid Bacteria (LAB)
primarily synthesize lactic acid as their
major metabolic end-product through the
homofermentation or heterofermentation of
carbohydrates. Historically associated with
dairy niches, these microorganisms serve as
pivotal industrial agents in the fermentation
of dairy, meat, and vegetable matrices [1].
In food systems, LAB function either as
primary starter cultures responsible for
initial biochemical transformations or as
autochthonous non-starter microbiota that
refine the organoleptic and sensory profiles
during the secondary stages of maturation
[2,3].

Probiotics are diverse microorganisms
primarily dominated by the
Lactobacillaceae familyrecently
reclassified into 25 genera including
Lactobacillus and Lactiplantibacillus and
Bifidobacterium. Other functional genera

include  Enterococcus, Lactococcus,
Pediococcus, and Streptococcus
thermophilus.  Their  health-promoting
effects remain strictly strain-dependent,
requiring verified gastrointestinal
persistence [4].

It 1s a common taxonomic

oversimplification to equate all LAB with
probiotics. While the majority of
commercial probiotics are members of the
Lactobacillaceae family, probiotic
designation strictly necessitates the verified
capacity to withstand gastrointestinal
transit and achieve intestinal persistence.
Furthermore, = the  therapeutic  and
biochemical attributes of LAB are
exclusively strain-specific, meaning that
functional diversity is frequently observed
even among phylogenetically identical
strains [5]. Recently, indigenous LAB
isolates have garnered significant industrial
attention due to their superior adaptation to
local environmental stressors and their
unique metabolic repertoire for generating
distinctive aromas. Additionally, these
native strains often possess robust
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ecological advantages, including intrinsic
resistance to virulent bacteriophages and
potent  antagonistic  activity  against
competitors [6].

The bio-preservative efficacy of non-starter
LAB has been extensively documented,
stemming from the synergistic secretion of
organic acids, hydrogen peroxide, and
diverse bacteriocins [7, 8]. Within the
Lactobacillus genus, numerous species
have been identified for their ability to
suppress food spoilage indicators. This
inhibitory action is largely mediated by the
accumulation of organic acids, notably
lactic and phenyllactic acids, which lower
the local pH [9]. Moreover, the synthesis of
ribosomally-produced antimicrobial
peptides (bacteriocins) and bioactive
metabolites provides a sustainable strategy
for biological food preservation and shelf-
life extension [10].

Given that probiotic functionality is
inherently genus- and strain-dependent, the
systemic characterization of novel isolates
remains critical. The present study was
designed to rigorously evaluate the
probiotic candidacy of a novel L. helveticus
C7303 strain isolated from traditional Khiki
cheese. Our investigation encompasses a
comprehensive safety assessment
(screening for biogenic amines, DNase, and
hemolytic activity), functional profiling
(antioxidant and cellular adhesion assays),

and an analysis of its antimicrobial
spectrum and virulence-related gene
expression  against key  pathogens,

including E. coli, S. aureus, B. subtilis, L.
monocytogenes, S. Typhimurium, and Sh.
dysenteriae.

2-Materials and Methods

2-1- Strain Anti-Adhesion Potential

In this study, the anti-adhesion effect of the
probiotic strain against S. aureus was
assessed using three conventional assays:
Competition, Inhibition, and Displacement.
Following the method established by Fallah
et al. (2018) [11], the Competition assay
was performed by simultaneously co-
inoculating Caco-2 cells with the probiotic
strain and S. aureus at an equal ratio (1:1).
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The mixture was then incubated for 1 hour
at 37 °C under 5% CO». After washing with
PBS and lysing the cells with 0.05% Triton
X-100, the number of adhered S. aureus
cells was calculated relative to the control.
In the Inhibition assay, Caco-2 cells were
first incubated with the probiotic strain for
1 h. Following washing with PBS, the cells
were then inoculated with S. aureus, and the
percentage of adhesion inhibition was

calculated based on Equation 1. For the
Displacement assay, S. aureus was first
added to the Caco-2 cells; after 1 h of
incubation, non-adherent bacteria were
removed. The probiotic strain was then
added to the wells and incubated again for
1 h. The reduction in the adhesion of S.
aureus in the presence of the tested strain

S.aureus Adhesion in the presence of L.helveticus

Inhibition=(1

2-2- Antimicrobial Activity

To determine the antimicrobial efficacy, the
experimental framework reported in our
prior study [12] was employed. Briefly, L.
helveticus C7303 was inoculated into MRS
broth and incubated for 28 h at 37 °C. To
obtain the cell-free supernatant (CFS), the
biomass was removed via centrifugation
(5000 rpm, 20 min, 4 °C), followed by
filtration through a 0.22 pm membrane. The
resulting CFS was lyophilized for
preservation and reconstituted in sterile
deionized water prior to experimental use.
The inhibitory spectrum was tested against
several clinical and foodborne pathogens:
E. coli, Sh. dysenteriae, S. Typhimurium, B.
cereus, L. monocytogenes, and S. aureus. In
the Disc Diffusion Assay (DDA), sterile
paper discs were impregnated with a
standardized volume of CFS and positioned
onto the surface of agar plates previously
seeded with the target pathogens.
Conversely, for the Well Diffusion Assay
(WDA), circular reservoirs were excised in
the agar and filled with specific aliquots of
the CFS. Then, the diameter of the clear
zones of inhibition was measured in
millimeters. Furthermore, the Modified
Double-Layer approach provided a deeper
insight into the inhibitory activity by
layering pathogenic suspensions in soft
agar over established probiotic colonies. To

quantify the potency, the Minimum
Inhibitory  Concentration (MIC) and
Minimum  Bactericidal  Concentration

(MBC) were determined through the

S. aureus Adhesion in the abcence of L.helveticus
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was recorded as the percentage of
displacement [11].

x100 Equation (1)
microplate  broth dilution technique,
identifying the lowest concentrations

required to inhibit visible growth and
achieve complete bacterial eradication,
respectively.

2-3- In vitro Cytotoxicity (MTT Assay)
The anti-proliferative effect of the CFS
against HeLa, MCF-7, and HT-29 cancer
cell lines was analyzed using the MTT
colorimetric technique [13, 14]. Cells were
seeded in 96-well plates (3x103 cells/well)
and cultured in DMEM supplemented with
10% FBS. Post-incubation (48 h, 37 °C, 5%
CO2), cells were exposed to a gradient of
CFS concentrations (0-500 mg/mL). After
24 h of treatment, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide
(MTT) was added to facilitate formazan
crystal formation over 4 h. These crystals
were subsequently solubilized in DMSO,
and the absorbance was measured at 570
nm. The results were expressed as the
percentage of viable cells relative to the
untreated control, and the IC50 values were
calculated.

2-4- Strain Antioxidant Activity

The antioxidant capacity of the CFS was
quantified using the DPPH and ABTS
radical scavenging protocols, along with a
linoleic acid peroxidation inhibition test.
For the DPPH assay [15], 1 mL of CFS was
reacted with 2 mL of methanolic DPPH
solution and maintained in total darkness
for 30 min. After centrifugation, the
absorbance was monitored at 517 nm.
Similarly, the ABTS radical was pre-
generated by reacting 7 mM potassium
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persulfate with 14 mM ABTS in a
phosphate buffer (pH 7.4(pH meter; Model
827, Metrohm AG, Herisau, Switzerland)) for
16 h [16]. This solution was adjusted to an
optical density (OD) of 0.70 = 0.01 at 734
nm before being mixed with the CFS. After
30 min, the scavenging activity was
calculated based on the reduction in

absorbance compared to the control
(Equation 2):
Scavenging Activity % =( 1 — i“L"";"
sample
%100
Equation (2)
2-5- Inhibition of Linoleic Acid
Peroxidation
The ability to inhibit linoleic acid

peroxidation was assessed using the
Thiobarbituric Acid (TBA) method, with
slight modifications [17]. The reaction
mixture was prepared containing 1 mL of
linoleic acid emulsion, 0.5 mL of PBS
buffer, 0.2 mL of 0.01% ferrous sulfate,
0.2 mL of 0.01% ascorbic acid, and 0.5 mL
of the CFS or the isolate culture. The
mixture was incubated for 12 hours at 37
°C. Following incubation, 2 mL of 0.8%
TBA solution, 0.2 mL of 4% trichloroacetic
acid (TCA), and 0.2 mL of butylated
hydroxytoluene (BHT) were added to the
mixture. Samples were then heated at 100
°C for 30 min. After cooling and extraction
with 2 mL of chloroform, the OD of the
upper phase was measured at a wavelength
of 532 nm. The percentage of peroxidation
inhibition was calculated relative to the
control.

2-6- Antibiotic Susceptibility Test

The antibiotic susceptibility of the strain
was evaluated using the Disc Diffusion
Assay according to the Clinical and
Laboratory Standards Institute (CLSI,
2023) guidelines. A fresh culture of the
strain was prepared in liquid MRS medium,
and after 18-24 h of incubation at 37 °C, the
cell density was adjusted to approximately
0.5 McFarland (equivalent to
10® CFU/mL). Subsequently, 100 uL of the
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bacterial suspension was spread uniformly
over the surface of sterile MRS agar plates.
After the surface dried, antibiotic discs
including Imipenem (10 pg), Ampicillin

(10 ng), Erythromycin (15 pg),
Ciprofloxacin (5 pg), Nalidixic acid
(30 ng), Nitrofurantoin (300 pg), and

Chloramphenicol (30 pg) were placed at
appropriate distances on the plate surface.
The plates were incubated for 24 h at 37 °C,
and the diameter of the growth inhibition
zones was measured with a digital caliper.
Results were interpreted as resistant,
sensitive, or intermediately susceptible
based on the CLSI standards.

2-7- Evaluation of Anti-Biofilm Activity
The transcriptional impact of the CFS on S.
aureus virulence and biofilm-associated
genes was analyzed via quantitative Real-
Time PCR (qRT-PCR), following the
protocol established by Rouhi et al. (2024)
with minor adjustments [13]. S. aureus
cultures were initially grown in Tryptic Soy
Broth (TSB) for 24 h at 37 °C, with the
inoculum density standardized to 105
CFU/mL. This suspension was
subsequently challenged with a sub-
inhibitory concentration (1/2 MIC) of the
CFS for an additional 24 h, while an
untreated control group was maintained in
parallel. Total RNA was isolated using the
TRIzol™  reagent (Thermo  Fisher
Scientific, USA), and its concentration and
quality were verified using a NanoDrop
spectrophotometer. For reverse
transcription, the SensiFAST™ cDNA
Synthesis Kit (Bioline, UK) was utilized to
convert purified RNA into ¢cDNA. The
qPCR amplification was conducted on a
PikoReal 96 system (Thermo Fisher
Scientific, USA) using SYBR™ Green
Master Mix. The amplification program
involved an initial denaturation step (95 °C,
5 min), followed by 45 cycles of 95 °C for
5 s (denaturation), 60 °C for 30 s
(annealing), and 72 °C for 30 s (extension).
Relative  transcript abundance  was
determined using the 2—AACT method,
with normalization against specific primers
as detailed in Table 1. All assays were
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executed in
reproducibility.
2-8- Gene Expression Analysis

The effect of the CFS on the expression of
genes related to biofilm formation and
virulence in S. aureus was investigated
using the qRT-PCR technique, with slight
modifications to the method reported by
Rouhi et al. (2024) [13]. Initially, S. aureus
was cultured in Tryptic Soy Broth (TSB)
for 24 h at 37 °C, and the cell density was
adjusted to approximately 10° CFU/mL.
The bacterial suspension was then
incubated for another 24 h in the presence
of half the Minimum Inhibitory
Concentration (1/2 MIC) of the CFS, while
the control group was treated only with the
culture medium. Total RNA extraction was
performed using the TRIzol™ kit (Thermo
Fisher Scientific, USA), and the RNA

triplicate  to  ensure

concentration and purity were assessed
using a NanoDrop spectrophotometer.
cDNA synthesis was carried out from the
purified RNA using the SensiFAST™
cDNA Synthesis Kit (Bioline, UK). qPCR
reactions were run on a PikoReal 96
instrument (Thermo Fisher Scientific,
USA) using the SYBR™ Green Master Mix
reagent. The thermal cycling program
included initial denaturation at 95 °C for 5
min, followed by 45 cycles, each consisting
of: denaturation at 95 °C for 5 s, primer
annealing at 60 °C for 30 s, and extension
at 72 °C for 30 s. All reactions were
performed in triplicates, and Relative gene
expression changes were calculated using
the 2724CT method, and expression levels
were ultimately quantified via qRT-PCR
using specific primers (Table 1).

Table. 1. PCR Primers for S. aureus Virulence Gene Analysis

Gene Primer (sequence of primers (5'-3"))
icad Forward CTGGCGCAGTCAATACTATTTCGGGTGTCT
Reverse GACCTCCCAATGTTTCTGGAACCAACATCC
agr Forward TGATAATCCTTATGAGGT GCTT
Reverse CACTGTGACTCGTAACGAAAA
hla Forward GGTTTAGCCTGGCCTTCAGC
Reverse ACCAGTAACATTACCGTTGAATCCA
mecd Forward ACTGCTATCCACCCTCAAAC
Reverse CTGGTGAAGTTGTAATCTGG
spa Forward TAAAGACGATCCTTCGGTGAGC

Reverse CAGCAGTAGTGCCGTTTGCTT

2-9- Statistical Analysis

All experiments were performed in three
independent biological replicates and three
technical replicates. Statistical analysis was
conducted using the SPSS software version
22. The Duncan's Multiple Range Test was
used to compare means at a 95% confidence
level (P<0.05), and graphs were plotted
using Excel 2016 software.

3-Results and Discussion

3-1- Strain Anti-Adhesion Potential

One of the most important criteria for
selecting probiotic strains is their ability to
compete with and inhibit the adhesion of
pathogens to intestinal epithelial cells. This
capability is typically achieved through
three  main  pathways:  inhibition,
competition, and displacement. These
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processes act as a biological barrier, playing
a crucial role in reducing the colonization
of pathogenic agents and preventing
gastrointestinal infections [5, 19]. In the
current  study, the tested strain
demonstrated high levels of competitive
inhibition (Figure 1). These values indicate
that the strain effectively prevented
pathogen adhesion by rapidly occupying
surface receptors and forming stable
microcolonies. In comparison to similar
studies, Collado et al. (2008) [5] reported
that most Lactobacillus strains only
achieved inhibition levels above 50% in the
competition mode. Generally, the positive
correlation between auto-aggregation and
co-aggregation indices suggests that the
ability to form stable aggregates is an
important prerequisite for the competitive
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exclusion of pathogens [19]. Therefore, the
current results solidify the position of this

Displacemen

Inhibition

Competition

strain as a strong candidate for probiotic
applications.

o

10 20

40 50 60 70

Figure 1. Anti-adhesive potential of L. helveticus C7303 against S. aureus on Caco-2 epithelial cells. The anti-
infection activity was assessed using three distinct mechanistic approaches: competition, inhibition, and
displacement assays. Data are presented as mean percentages + standard deviation (SD) from three independent
experiments.

3-2- Antimicrobial Activity

The antimicrobial efficacy of L. helveticus
C7303 was demonstrated by its robust
inhibition of several Gram-positive and
Gram-negative  pathogens,  primarily
attributed to the production of organic
acids, hydrogen peroxide, and bacteriocins
[19, 20]. Evaluation through multiple
methodologies including WDA, DDA, and
the Modified Double-Layer assay revealed
a consistent inhibitory pattern against S.
aureus, L. monocytogenes, E. coli, and Sh.
dysenteriae (Figures 2 and 3). Notably,
Gram-positive pathogens exhibited the
highest sensitivity, while the weakest
inhibition (least effect) was observed
against E. coli and S. Typhimurium. This
trend aligns with the findings of Kishilova
et al. (2024) and Alizadeh-Behbahani et al.
(2025), who reported that lactic acid
bacteria (LAB) supernatants significantly
reduce the microbial load of S. aureus and
L. monocytogenes compared to Gram-
negative bacteria [12].

The significantly higher activity of active
CFS (aCFS) compared to neutralized CFS
(nCFS) emphasizes the decisive role of
acidic metabolites and active growth-phase
secretions in pathogen suppression. The
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observed efficacy is significantly linked to
bacteriocinogeny, a key 'colonization
resistance' trait. To accurately detect these
proteinaceous compounds, CFS was
neutralized and catalase-treated,
confirming that inhibition persists beyond
organic acids. Bacteriocin production
provides a competitive advantage by
targeting pathogens like S. aureus without
disrupting the broader microbial ecology
[12]. Furthermore, the determined MIC
(16-128 mg/mL) and MBC values
reinforced the strain's potent killing effect
(Figure 4). These results are comparable to,
and in some cases exceed, the inhibitory
power reported for other indigenous Iranian
strains isolated from traditional cheeses
[21, 22]. Overall, these findings signify that
L. helveticus C7303 can effectively inhibit
foodborne and intestinal pathogens through
the production of antimicrobial compounds
acting 1in parallel with competitive
mechanisms. Such strong antimicrobial
traits, coupled with high survival in diverse
media, strengthen its position as a
promising candidate for industrial and
therapeutic probiotic applications.
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Figure 2. Antibacterial activity of L. helveticus C7303 cell-free supernatants (CFS) assessed by agar well
diffusion assay (DDA) and disc diffusion assay (WDA) against foodborne pathogens. Both active (aCFS) and
neutralized (nCFS) supernatants were tested. Data are shown as mean inhibition zone diameters (mm) = SD.

The Modified Double-Layer Culture
method also confirmed the presence of
potent inhibitory activity (Figure 3). In this
assay, the largest zone of inhibition was
obtained for S. aureus and L.
monocytogenes, while the  weakest
inhibition (least effect) E. coli and S.
Typhimurium. These results demonstrate
the high capability of the L. helveticus
C7303 strain to secrete antimicrobial
compounds that are diffusible within a solid
medium. Strong inhibitory characteristics
in solid media compared to liquid media
have also been affirmed in previous reports
[23].

Furthermore, the determined MIC and
MBC values indicated the high potency of

16
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12
1

1Z (MM)
[—]

(I
(I
]
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the strain's killing effect (Figure 4). The
MIC values for Gram-positive bacteria
(16 mg/mL) were substantially lower than
those  for  Gram-negative  bacteria
(128 mg/mL), and the MBC values
followed the same pattern. These findings
align with our previous observations [12],
where Gram-positive pathogens exhibited
significantly  higher susceptibility to
probiotic secretions compared to Gram-
negative bacteria. The reason for this is
likely the higher permeability of the cell
wall in Gram-positive bacteria, which
facilitates the quicker action of acidic and
bacteriocin-like compounds [5, 24].

Figure 3. The antibacterial activity of L. helveticus C7303 was assessed using the modified double layer method
against different pathogenic bacteria. Inhibition zone diameters (mm) are shown as mean = SD.
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Figure 4. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of L.
helveticus C7303 cell-free supernatant against the tested pathogenic strains, expressed as mg/mL.

3-3- Cytotoxicity

From a  safety perspective, the
innocuousness of a probiotic strain must be
based on standard frameworks, which
include the evaluation of virulence and
antibiotic resistance genes, hemolysis
assays, and clinical post-market evidence
[25]. In Europe, evaluations are often
conducted using the Qualified Presumption
of Safety framework, which is periodically
updated and assigns safety status to many
Lactobacillales [26, 27]. Beyond policy
documents, several recent laboratory
studies have demonstrated that combining
genomic/phenotypic evaluation with in vivo
and in vitro toxicity assays is a valid
approach for confirming the safety of dairy
strains [28, 29]. Our results align with these
frameworks, indicating that, in addition to

its efficacy, the studied strain meets the
expected safety indices for food-grade
probiotics (Table 2). In this study, the MTT
assay results revealed that the strain’s CFS
caused a significant reduction in the
viability of cancer cells. Abedi and Tafvizi
(2024) [30] showed that probiotic species’
supernatants decrease the viability of the
HT-29 and AGS cell lines while activating
apoptotic pathways. In another study,
Lactiplantibacillus plantarum caused a
dose-dependent reduction in HT-29 cell
proliferation in an in vitro model [31].
Furthermore, metabolites from indigenous
dairy strains isolated from local Behbahan
buttermilk showed no toxicity to human
cells, while simultaneously being able to
reduce the viability of cancer cells by 40—
60% [21].

Table 2. Cytotoxic effect of L. helveticus C7303 cell-free supernatant (CFS) against different cancer cell lines
expressed as [Cso values (mg/mL).

HT-29 (mg/mL
ICso (mg/mL)

Hela (mg/mL) MCF-7 (mg/mL)

46.00 + 1.3¢

52.5+1.6° 55.8+£1.7°
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Values are expressed as mean + SD. Different
superscript letters in the same column indicate
significant differences (p<0.05).

3-4- Strain Antioxidant Activity

Lactobacillus species can protect human
cells against oxidative stress by scavenging
free radicals [32]. In this research, the CFS
of the L. helveticus C7303 strain exhibited
significant antioxidant activity (Figure 5).
This level of activity suggests that the
studied strain possesses a considerable
ability to neutralize free radicals, an effect
likely stemming from the production of
antioxidant metabolites, including
bioactive peptides, organic acids, and
antioxidant enzymes like superoxide
dismutase (SOD) [33]. Zhao et al. (2024)
[34] demonstrated that the metabolites of L.

80 -
70 1
60

2 40 -
30 A
20 A
10 -

0 -

rhamnosus and L. plantarum strains,
isolated from fermented dairy products,
achieved 70% and 75% inhibition of the
ABTS radical and approximately 60%
inhibition of the DPPH radical,
respectively, which aligns with the activity
level observed in the current strain. They
reported that these effects resulted from the
production of antioxidant enzymes (such as
SOD) and bioactive peptides generated
during fermentation [34]. Given the known
role of oxidative stress in the pathogenesis
of many inflammatory and metabolic
diseases, these results indicate that L.
helveticus C7303 can be considered not
only for its classic probiotic traits but also
as a strain with high functional antioxidant
potential.

DPPH

ABTS

LPO Inhibition

Figure 5. Antioxidant activity of the cell-free supernatant of L. helveticus C7303, including the percentage of
DPPH and ABTS radical scavenging activity and inhibition of lipid peroxidation

3-5- Antibiotic Resistance

The assessment of antibiotic susceptibility
is a fundamental requirement for evaluating
the safety of probiotic strains, as the
presence of transferable resistance genes
can pose a risk of horizontal resistance
transfer to pathogens [25]. In this study, the
investigated strain demonstrated high
sensitivity to most of the tested antibiotics
(Figure 6). Specifically, the largest zone of
inhibition was recorded for Erythromycin
(27.5 mm), while the lowest degree of
sensitivity was observed for Ampicillin
(16.2 mm), although it remained within the
sensitive range. In a similar study, most

303

Lactobacillus strains isolated from dairy
products were reported to be sensitive to
Imipenem and Erythromycin but showed
relative resistance to Ampicillin. That study
also emphasized that the observed
resistance genes were  primarily
chromosomal and non-transferable, posing
no threat to safety. This pattern indicates
that intrinsic  resistance in  some
Lactobacilli is a recognized characteristic
that is typically not horizontally transmitted
[35]. The study by Floris et al. (2025) [36]
showed that Lactobacillus strains isolated
from traditional raw milk dairy products
exhibited resistance to certain antibiotics;
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however, the predominant resistances were
associated ~ with ~ Vancomycin  and
Tetracycline, while other antibiotics
showed desirable sensitivity. Similarly, the
report by Dach et al. (2023) [37] also noted
some resistances in food-grade and human-
derived Lactobacilli from Nigeria, but the
majority of strains maintained a sensitive
phenotype, and transferable resistance
genes were rarely detected. Based on these
findings and established biosafety criteria,
the resistance patterns of L. helveticus

30

25

C7303 appear to  be  intrinsic
(chromosomal) rather than acquired. While
resistance mediated by mobile genetic
elements poses a risk of horizontal transfer,
intrinsic resistance is a stable, non-
transferable trait. This characteristic offers
a functional advantage, as it allows the
probiotic to be co-administered with
specific antibiotic therapies to maintain gut
microbiota balance without the risk of
disseminating resistance genes.

20
£
E 15
10
5
0

\\\

Figure 6. Effect of common antibiotics on the growth of L. helveticus C7303, expressed as mean inhibition zone
diameter (mm).

3-6- Gene Expression Analysis

The results from the analysis of virulence
gene  expression demonstrated that
treatment with the strain's CFS caused a
significant reduction in the expression of
key pathogenicity genes in S. aureus
compared to the control sample (Figure 7).
These findings indicate that the metabolites
secreted by L. helveticus C7303 are capable
of inhibiting the virulence activities of S.
aureus by  interfering  with  the
transcriptional regulation of these genes.
Recent studies have reported similar
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effects. Kash et al. (2023) [38] showed that
the supernatant of Lacticaseibacillus
rhamnosus and Lpb. plantarum strains led
to a significant decrease in the expression
of the mecA, icad, and hla genes in
Methicillin-Resistant S. aureus (MRSA),
which was accompanied by reduced biofilm
formation and  hemolytic  toxicity.
Furthermore, other studies suggest that
peptidic  metabolites  derived  from
Lactobacilli  can  downregulate  the
expression of agr and spa by inhibiting the
signaling pathway [33].
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Figure 7. Relative expression levels of S. aureus virulence genes in the untreated control and in the presence of
L. helveticus C7303.

3-7- Anti-Biofilm Activity Assessment

A significant reduction was observed in the
amount of biofilm formed by S. aureus in
both the initial and mature stages when
exposed to varying concentrations of the
treatment. In the initial biofilm stage, a
sharp  decrease was recorded at
concentrations near the MIC. Biofilm
formation was reduced from 100% in the
control to 53% at MIC, and further dropped
to 18.5% at 4MIC (Figure 8). A similar
trend was observed in the mature biofilm
stage; the residual biofilm amount
decreased from 100% in the control to 48%
at MIC and sharply declined to 16.5% at
AMIC (Figure 8). These results indicate that
the anti-biofilm effect of L. helveticus
C7303 is dose-dependent, with the efficacy
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of biofilm elimination increasing as the
concentration rises. In comparable studies,
it has been reported that the supernatant of
Lpb. plantarum caused a 70-80% reduction
in S. aureus biofilm formation at MIC and
achieved complete elimination at 4MIC.
Even sub-MIC concentrations are capable
of weakening the biofilm structure by
inhibiting the expression of biofilm-related
genes (icaA, sarA) [39, 40].

Beyond its probiotic potential, L. helveticus
C7303 shows significant promise as a
protective starter culture for the dairy
industry. Incorporating this strain into
fermented products at a target concentration
of 10% to 10® CFU/g could leverage its
potent antimicrobial and antioxidant
activities to enhance food safety and offer
functional health benefits to consumers.
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Figure 8. Antibiofilm activity of cell-free supernatant (CFS) of L. helveticus C7303 against the
biofilm formation ability of S. aureus at initial and mature biofilm formation statuses.

4-Conclusion

The indigenous strain L. helveticus C7303,
isolated from Khiki cheese, presents an
integrated profile of valuable probiotic and
industrial characteristics. The suppression
of virulence gene expression highlights the
strain’s ability to compete with harmful
microorganisms and support the intestinal
mucosal barrier. Results from the Modified
Double-Layer  Culture method also
confirmed potent inhibitory activity.
Furthermore, the anti-biofilm effect of the
strain was found to be dose-dependent, with
the efficiency of biofilm elimination
increasing with higher concentrations. The
MTT assay results demonstrated that the
strain’s CFS caused a significant reduction
in the viability of cancer cells. On the safety
and functionality fronts, evidence regarding
its antioxidant activity and the desirable
antibiotic sensitivity pattern indicates that
this strain is reliable, not only in terms of
performance but also from a safety
perspective. Although L. helveticus C7303
showed robust in vitro functional traits,
future in vivo trials are necessary to validate
its gastrointestinal survival, colonization,
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and health-promoting  effects under

complex biological conditions.
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