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Lactobacillus strains, particularly Lactobacillus helveticus, serve as
excellent candidates for dairy starter cultures and functional probiotics.
This suitability stems primarily from their robust capacity for
carbohydrate fermentation, efficient lactic acid production, and well-
documented health-promoting properties. The present study was designed
to characterize the probiotic, functional, and safety attributes of L.
helveticus C7303, an indigenous strain isolated from traditional Iranian
Khiki cheese. A comprehensive suite of evaluations was performed,
encompassing carbohydrate fermentation profiles, enzymatic activities,
and morph physiological properties. Furthermore, the strain's resilience
was tested under various stressors, including NaCl concentrations,
thermal fluctuations, acidic conditions, and simulated gastrointestinal
environments. Functional indicators, such as cell surface hydrophobicity,
auto-aggregation, co-aggregation with clinical pathogens, and cholesterol
assimilation, were also rigorously assessed. The results demonstrated that
L. helveticus C7303 effectively ferments essential dairy sugars including
lactose, galactose, glucose, and maltose while exhibiting potent [3-
galactosidase activity. The strain maintained favorable viability under
acidic stress. In the simulated gastrointestinal transit assays, survival rates
reached 70.3 £ 10.5% in simulated gastric juice (SGJ) and 85.2 =2.8% in
simulated intestinal fluid (SIF). Moreover, the isolate displayed high
surface hydrophobicity across multiple solvents, time-dependent auto-
aggregation, and robust co-aggregation with pathogens. Notably,
cholesterol assimilation reached 80.4% in the presence of 0.2% bile.
Given these promising functional and safety profiles, L. helveticus C7303
represents a high-potential candidate for use as a specialized dairy starter
culture and a therapeutic probiotic.
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1-Introduction

Probiotics are defined as  "live
microorganisms that, when administered in
adequate amounts, confer a health benefit
on the host." They have garnered significant
attention from global researchers and the
modern food industry [1]. According to the
FAO/WHO guidelines, probiotic
evaluation  requires a  systematic
framework. This includes accurate strain
identification, rigorous safety and efficacy
testing, and determining suitability for
functional foods [2].

Dairy products, especially cheese, are
recognized as excellent matrices for
probiotic survival during human digestion.
Their effectiveness stems from inherent
characteristics such as pH buffering
capacity, a protective semi-solid structure,
and the presence of fat globules [3, 4].
Consequently, traditional cheeses are
considered rich sources for isolating novel
Lactic Acid Bacteria (LAB) strains due to
their natural fermentation and diverse
microflora. Recent studies have identified
various Lactiplantibacillus and
Lacticaseibacillus species from traditional
cheeses in Iran, Mexico, and Ethiopia.
Many of these indigenous strains exhibit
remarkable acid and bile tolerance, potent
antibacterial activity, and notable safety
features [5, 6, 7].

The major taxonomic reclassification of the
Lactobacillus genus in 2020 redefined
many common probiotic species into new
genera. This shift highlights that accurate
molecular identification 1s now an
undeniable necessity for scientific rigor and
industrial standards [8]. Such precision
ensures that specific health benefits are
documented with scientific certainty.

The primary criteria for selecting a
potential probiotic include tolerance to
gastric acid and bile salts, adhesion to
intestinal epithelial cells, and broad-
spectrum antibacterial activity [2, 3, 4].
Recent reviews indicate that semi-hard and
hard cheeses provide a stable environment
for long-term survival due to their lower
moisture content [4]. However, safety

311

remains the foremost priority. The
European Food Safety Authority (EFSA)
emphasizes the need for meticulous strain-
level scrutiny via the Qualified
Presumption of Safety (QPS) framework
[9]. This often involves advanced whole-
genome sequencing to confirm the absence
of pathogenic traits. [10, 11].

L. helveticus 1s an industrially significant
LAB, used for decades as a primary starter
for high-value hard cheeses. This species
can produce bioactive peptides through the
intensive hydrolysis of milk proteins like
casein. These peptides offer physiological
effects, including antihypertensive activity,
immune regulation, and improved gut
health [3, 8].

Identifying new L. helveticus strains from
underexplored traditional sources adds to
the functional diversity of the species. This

provides an opportunity to introduce
indigenous strains with unique
technological and therapeutic traits.

Therefore, the present study aims to isolate
and molecularly identify the L. helveticus
C7303 strain from traditional Khiki cheese.

We  comprehensively  evaluated its
probiotic  traits, including acid/bile
resistance, cholesterol assimilation, and
adhesion potential.  Additionally, its

carbohydrate fermentation profile and
physiological properties were investigated
to determine its suitability for industrial and
clinical applications.

2-Materials and Methods

2-1- Isolation and Molecular
Identification of the Bacterial Strain

The present experimental research was
conducted in 2025 at the Food
Microbiology Laboratory within the
Faculty of Animal Science and Food
Industries at Khuzestan  Agricultural
Sciences and Natural Resources University.
The systematic isolation of the target
bacterium was carried out using the method
reported by Saboktakin et al. [12], with
minor  technical = modifications. A
representative Khiki cheese sample was
randomly collected from a local market and
immediately transferred to the laboratory
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under strictly maintained cold chain
conditions to preserve the microbial
integrity. A five-gram portion of the sample
was aseptically homogenized in 45 mL of a
sterile 0.1% peptone water solution,
followed by the preparation of a series of
decimal dilutions. These dilutions were
subsequently plated onto the selective MRS
Agar medium to encourage the growth of
lactic acid bacteria. After the primary
isolation, the resulting colonies were
subjected to preliminary phenotypic tests,
including Gram staining and the catalase
test. For precise molecular identification,
the selected strain was first incubated
overnight in liquid MRS medium to provide
sufficient biomass for downstream analysis.
Cells were harvested by high-speed
centrifugation, and their genomic DNA was
extracted using a specialized commercial
kit according to the manufacturer's
instructions. Subsequently, a Polymerase
Chain Reaction (PCR) was performed using
universal primers designed based on the
conserved region of the 16S rRNA gene in
a final volume of 25.15 pL in a thermal
cycler. The optimized thermal program
included: an initial denaturation step for 5
min at 95 °C; followed by 35 cycles of
denaturation (30 s at 94 °C), primer
annealing (30 s at 55 °C), and extension (2
min at 72 °C); and a final extension step for
10 min at 72 °C. The resulting PCR product
was then separated via agarose gel
electrophoresis (95 V for 45 min) and
visualized using a high-resolution gel
documentation  system. The results
confirmed that the selected isolate, which
exhibited Gram-positive and catalase-
negative characteristics, belongs to the
species L. helveticus C7303, showing over
99% similarity at the 16S rRNA gene
sequence  level  (Accession  code:
EU124655)

2-2- Evaluation of Carbohydrate
Fermentation

The strain's ability to utilize various sugars
was investigated using the API 50 CH kit
alongside the API 50 CHL medium
(bioM¢érieux, France). The Dbacterial
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suspension was prepared in the API 50
CHL medium containing the bromocresol
purple indicator and adjusted to a turbidity
of 2.0 McFarland. Subsequently, each
cupule of the API strip was filled with
100 uL  of the inoculum. To ensure
anaerobic conditions, a layer of sterile
mineral oil was added. The strips were
incubated at 37 °C for up to 48 h, and a
color change from purple to yellow was
recorded as a positive indication of
fermentation. Results were read at two
distinct time points (24 and 48 h), and the
intensity of the reactions was reported as
positive, weak, or negative. The final
fermentation profile was interpreted based
on the data provided by the apiweb™
bioMérieux database and compared with
reference patterns [13]

2-3- Investigation of the Strain's
Morphological, Physiological, and
Biochemical Characteristics

To describe the phenotypic characteristics,
the strain was cultured on both solid and
liquid media. The key features, including
Gram staining, cellular morphology,
motility, and sporulation ability, were

systematically examined. Furthermore,
bacterial growth  under  different
environmental conditions including

varying NaCl concentrations (2%, 4%, and
6%) and a range of temperatures (25 °C, 30
°C, 37 °C, and 42 °C) was assessed. The
conventional biochemical tests employed
included: catalase, urease, oxidase, arginine
dihydrolase, gelatin hydrolysis, esculin
hydrolysis, and gas production from
glucose. These assays were performed
according to established standard methods
reported for lactic acid bacteria (LAB).
These assays were performed according to
standard methods reported for Lactic Acid
Bacteria and the results were confirmed
through three independent replicates for
reproducibility [14, 15].

2-4- Measurement of Enzymatic Activity
The enzymatic activities of the strain were
assessed semi-quantitatively using the API
ZYM kit (bioMérieux, France). For this
purpose, a bacterial suspension was
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prepared in a sterile saline solution (0.85%)
and adjusted to a concentration equivalent
to 0.5 McFarland. Each micro-cupule of the
strip was then filled with 65 pL of the
suspension. The strips were incubated in a
humid chamber at 37 °C for four hours.
Upon completion of the incubation, ZYM A
and ZYM B reagents were added to each
cupule, and the resulting color change was
recorded within five minutes. The intensity
of the color was compared against the API
ZYM standard scale and scored from 0 (no
activity) to 5 (very strong activity). To
enhance the accuracy and reproducibility of
the data, results were read independently by
two researchers. The obtained enzymatic
profile was subsequently matched with the
apiweb™ bioM¢érieux database to confirm
the strain’s identity [16]

2-5- Evaluation of Bile Resistance

The strain's ability to tolerate bile salts was
examined using a method similar to
previous reports in the literature. First, the
strain was grown in liquid MRS medium for
24 h at 37 °C under strictly anaerobic
conditions. Following incubation, the cells
were harvested by centrifugation and
resuspended in a sterile phosphate-buffered
solution. For the tolerance assay, 100 pL of
the suspension was plated onto MRS Agar
media containing varying concentrations of
bile salt (0.3%, 0.5%, and 0.7%). The plates
were incubated at 37 °C, and bacterial
viability was monitored at specific time
intervals of 0, 1, 2, and 3 h. An MRS
medium lacking bile salt was used as the
positive control to ensure baseline growth.
Results were reported as total colony counts
and expressed logarithmically in log
CFU/mL. This method was adapted with
minor modifications from reliable studies
focusing on evaluating bile tolerance in
Lactobacillus species [17].

2-6- Cell Surface Hydrophobicity Assay
The hydrophobicity of the cell surface was
evaluated using the method of Shivani et al.
[18] with slight modifications. An
overnight culture of the strain was prepared
in liquid MRS medium (37 °C for 1618 h).
Cells were harvested by centrifugation
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(6000 rpm for 12 min at 4 °C). The resulting
pellet was washed twice and resuspended in
sterile PBS, and its initial turbidity was
adjusted to approximately 0.6 at 600 nm
(A1). For the hydrophobicity measurement,
4 mL of the bacterial suspension was mixed
with 2 mL of each organic solvent including
xylene, toluene, and chloroform in separate
tubes. The samples were vortexed for 2 min
and then allowed to stand undisturbed for
one hour at room temperature to facilitate
phase separation. After separation, the
absorbance of the aqueous phase was
measured at 600 nm (Az). The percentage
of surface hydrophobicity was calculated
using Equation 1.

A-A
hydrophobicity%=[ A 2

]XIOO
1

2-7-  Auto-aggregation and  Co-
aggregation Assay

The strain's ability for auto-aggregation
was measured using a spectrophotometric
method based on the protocol established
by Ruiz-Ramos et al. [19]. For this assay, a
fresh bacterial suspension was prepared.
After vortexing for 10 s, the initial optical
density (OD;) was recorded at 600 nm. The
tubes were then incubated under stationary
conditions at 37 °C, with readings taken at
1, 2, 4, and 24 h. At each time point, the
final optical density (OD2) was recorded.
The percentage of auto-aggregation was
calculated using Equation 2. To measure
co-aggregation with pathogens, cultures of
the probiotic strain and six indicator
pathogenic microorganisms
Staphylococcus aureus, Escherichia coli,
Listeria ~ monocytogenes,  Salmonella
enterica serovar Typhimurium, Shigella
dysenteriae, and Bacillus cereus were
prepared under standard conditions. The
optical density of all suspensions was
adjusted to 0.5 at 600 nm. Each pathogen
suspension was then mixed in equal
proportions (3 mL of each) with the
probiotic strain and incubated at 37 °C for
2 h. Afterward, the optical density of the
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mixture (OD3) was recorded, and the
percentage  of  co-aggregation  was
calculated using Equation 3:

. 0OD;-OD:
Auto-aggregation %= [—] %100
OD;

Co-aggregation % = [(OD:+ OD2)/2 — ODs}/[( OD: + OD2)/2] x 100

)

where OD; and OD: represent the optical
density of the probiotic and the pathogen,
respectively, when measured individually,
and OD;3 is the optical density of the mixed
two-strain suspension.

2-8- Tolerance Assays

To assess tolerance to acidic conditions, a
bacterial suspension was prepared at an
approximate concentration of 108 CFU/mL
in a phosphate buffer adjusted to pH 2.5,
3.5, and 4.5. The samples were incubated at
37 °C for 0, 1, 2, and 3 h. The number of
viable bacteria was subsequently calculated
and reported as log CFU/mL [22]. To
investigate tolerance to simulated digestive
conditions, the studied strain was first
incubated in SGJ (pH adjusted to 2.5,
containing pepsin) for 2 h at 37 °C.
Following this, the cells were harvested,
washed, and resuspended SIF (pH 7.5,
containing 0.3% bile salt and pancreatin).
This suspension was further incubated for 4
h at 37 °C. Bacterial survival and viability
were determined at the end of the
incubation periods by counting colonies on
the appropriate culture medium and
reported as log CFU/mL [16, 20]

2-9- Cholesterol Assimilation

The capacity of the strain to reduce
cholesterol was evaluated according to the
method reported by Alizadeh-Behbahani et
al. [21], with slight modifications. For this
purpose, an MRS liquid medium was
prepared to contain polyoxyethylene-
cholesteryl sebacate and Oxgall (bile salt),
resulting in a final cholesterol concentration
of 100 pg/mL in the medium. To examine
the effect of the bile salt, the experiment
was conducted wunder two distinct
conditions: a medium containing 0.2%
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Equation (2)

Equation

(w/v) Oxgall and a medium without Oxgall.
Each medium was inoculated with 1% (v/v)
of the active bacterial culture and incubated
for 48 h at 37 °C under strictly anaerobic
conditions. Following incubation, the
cultures were centrifuged at 5000 x g for 20
min at 4 °C. The concentration of the
residual cholesterol in the supernatant was
measured using the CHOD-PAP enzymatic
cholesterol kit. The percentage of
cholesterol reduction was subsequently
determined using the standard calculation
method

2-10- Statistical Analysis

All experiments in this study were
performed in three independent biological
replicates, with three technical replicates
for each assay, to ensure maximum
reproducibility. Statistical analysis was
conducted using the SPSS software version
22. Duncan's multiple range test was
employed for post-hoc analysis, and a 95%
confidence level (p < 0.05) was used to
determine significant differences. Graphs
were plotted using Microsoft Excel 2016
software, and data are presented as mean +
standard deviation (SD).

3-Results and Discussion

3-1- Evaluation of Carbohydrate
Fermentation

The results of the sugar fermentation assay
demonstrated that L. helveticus C7303 was
capable of fermenting a variety of sugars,
including D-ribose, D-galactose, D-
glucose, D-fructose, maltose, lactose, and
sucrose. Furthermore, it exhibited a weakly
positive  reaction toward trehalose,
melibiose, cellobiose, gentiobiose, and
starch; however, no metabolic activity was
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observed for the other tested carbohydrates
(Table 1). This relatively limited yet
specific fermentation pattern aligns with
characteristics previously reported for
specialized probiotic L. helveticus strains.

From an industrial perspective, the sugar
fermentation profile serves as a vital
screening indicator for selecting efficient
probiotic strains. Strains capable of
fermenting the major milk sugars, such as
lactose and maltose, typically exhibit
superior performance in dairy fermentation
processes, which can lead to reduced
ripening times, increased acidity, and
improved sensory attributes in fermented
products. A study by Fontana et al. [14] on
12 L. helveticus strains isolated from dairy
products showed that most strains were able
to ferment glucose, fructose, galactose, and
lactose, while no fermentation activity was
observed for mannitol and rhamnose—
findings that are consistent with our
observations. Similarly, Kido et al. [22]
reported that the ability to ferment sucrose
and maltose is a common differentiating
feature among probiotic L. helveticus
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strains of dairy origin. These collective
results indicate that the current strain
exhibits a carbohydrate metabolism pattern
similar to other strains isolated from dairy
products, a finding that is likely linked to its
evolutionary adaptation to lactose-rich
environments like milk. Conversely, the
strain's lack of ability to ferment sugars
such as mannose, mannitol, rhamnose, and
esculin is in agreement with the report by
Tropof et al. [23], who suggested that some
L. helveticus strains lack the necessary
genes for the metabolic pathways of
unconventional hexose sugars. This
specific ~ feature may suggest an
evolutionary selection bias toward the
utilization of dominant milk sugar sources
(primarily glucose and lactose). Overall, the
pattern observed in this study not only
confirms the validity of the strain's
identification as L. helveticus but also
suggests that its ability to ferment a
restricted range of sugars is likely
associated with its ecological fitness for
dairy environments and its ultimate
probiotic performance.
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Table 1. Carbohydrate fermentation profile of Lactobacillus helveticus C7303

No. Carbohydrate Result No. Carbohydrate Result No. Carbohydrate Result
0 Control - 17 Inositol - 34 Gentiobiose +
1 Glycerol - 18 D-Mannitol - 35 Turanose -
2 Erythritol - 19 D-Sorbitol - 36 L-Fucose -
3 D-Arabinose - 20 | Methyl-a-D-Mannoside - 37 D-Fucose -
4 L-Arabinose - 21 Methyl-a-D-Glucoside - 38 L-Arabitol -
5 D-Ribose + 22 N-Acetyl Glucosamine - 39 D-Arabitol -
6 D-Xylose - 23 Amygdalin - 40 Gluconate -
7 L-Xylose - 24 Arabinitol - 41 2-Ketogluconate -
8 D-Adonitol - 25 Esculin - 42 5-Ketogluconate -
9 Methyl-B-D-Xyloside - 26 Maltose + 43 Amylopectin -
10 D-Galactose + 27 Lactose + 44 Starch +
11 D-Glucose + 28 Melezitose - 45 Glycogen -
12 D-Fructose + 29 Sucrose + 46 Chitin -
13 D-Mannose - 30 Trehalose + 47 Cellulose -
14 L-Sorbose - 31 Inulin - 48 Pectin -
15 Rhamnose - 32 Melibiose + 49 Xylan -
16 Dulcitol - 33 Cellobiose + 50 Xylanase -

(+: positive, +: weak positive, —: negative)

3-2- Enzymatic Activity Profile

The enzymatic activity profile of the L.
helveticus C7303 strain was determined
using the API ZYM system (scored from 0
to 5). The highest activities observed were
associated  with  B-galactosidase, a-
glucosidase, and [-glucosidase. This
finding underscores the strain's potent
ability to degrade milk sugars, particularly
lactose and its derivatives (Figure 1). These
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results are consistent with the findings of
Zhao et al. [24], who reported that the
presence of strong glycosidase enzymes is
a  distinguishing feature of dairy
Lactobacillus strains and plays a crucial
role in their adaptation to lactose-rich
environments. Furthermore, aryl-amidase
activity was found to be low to moderate,
while general proteolytic enzymes, such as
trypsin and a-chymotrypsin, were notably
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absent. This pattern suggests that protein
degradation in this strain is primarily
mediated by membrane-bound proteinases
and specific peptidases, rather than by
general serum enzymes. This observation
aligns with previous reports by Griffiths et
al. [25] regarding the specialized
proteolytic system of L. helveticus. In
addition, moderate activity was observed
for both alkaline phosphatase and acid
phosphatase, mirroring the profile reported
for dairy lactobacilli in a study by Nemska
et al. [26]. From a clinical safety
perspective, the absolute absence of [3-

a-Glucosidase
B-Galactosidase
B-Glucosidase 3
Valine arylamidase
Alkaline phosphatase

glucuronidase activity is a significant
positive indicator. This enzyme has been
linked in some bacteria to the production of
carcinogenic and potentially harmful
metabolites in the gut; thus, its absence is a
key regulatory criterion for selecting safe
probiotic strains [27]. Collectively, this
comprehensive enzymatic profile suggests
that the L. helveticus C7303 strain
possesses the desired capacity for utilizing
milk sugars and exhibits a safe enzymatic
repertoire, positioning it as a viable
candidate for both probiotic applications
and the dairy industry.

Leucine arylamidase

o-Mannosidase

Acid phosphatase

Enzyme

Esterase (C4)
N-Acetyl-B-glucosaminidase
Cystine arylamidase
Esterase lipase (C8)
a-Chymotrypsin
a-Fucosidase

Lipase (C14)
B-Glucuronidase

Trypsin

0

1

2 Score 3 4

Figure 1. Enzymatic activity profile of L. helveticus C7303 determined using the API ZYM system (score 0-5).

3-3- Morphological, Physiological, and
Physicochemical Characteristics

Examination of the basic characteristics of
the L. helveticus C7303 strain revealed that
the bacterium is Gram-positive, rod-
shaped, non-motile, and non-spore-
forming. Notably, it lacked the enzymatic
activities of catalase, urease, and oxidase
(Table 2). Biochemical tests showed that
the strain was unable to hydrolyze gelatin
or esculin. Additionally, it did not produce
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gas from glucose and lacked arginine
dihydrolase activity. This phenotypic
pattern aligns consistently with the
established profile for L. helveticus. This
species is typically identified as Gram-
positive, facultatively anaerobic, and
catalase-negative bacilli [28, 29]. These
findings provide phenotypic validation for
the molecular identification results.



Zeinab Mousavi et al

Enhancing Food Quality through Probiotic ...

Table 2. Morphological, physiological features of L. helveticus C7303

Characteristics

Result

Morphology & physiology
Gram reaction
Cell shape
Motility
Spore formation
Catalase
Urease
Oxidase
Arginine dihydrolase
Gelatin hydrolysis
Esculin hydrolysis

Gas production from glucose

Positive (+)
Rod
Non-motile
Negative (—)
Negative (—)
Negative (—)
Negative (—)
Negative (—)
Negative (—)
Negative (—)

Negative (—)

Regarding growth under stress, the
evaluation of various sodium chloride
(NaCl) concentrations showed that the
strain exhibited favorable growth at 2% and
4% NaCl. However, a significant reduction
in viability occurred at the 6%
concentration. This suggests that L.
helveticus C7303 falls within the typical
salt tolerance range for dairy lactobacilli.
According to Vidyastovi et al. [30], most L.
helveticus strains grow well at 2% to 4%
salt but decline at higher levels.
Furthermore, temperature assessments
indicated that the highest growth rate was at
37 °C. Favorable growth was also observed
between 30 °C and 42 °C, while growth was
significantly inhibited at 25 °C (Table 3).
This pattern matches the facultatively
thermophilic nature of L. helveticus. As
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reported by Griffa et al. [29], this species
achieves optimal growth within the 37 °C to
42 °C range. Such a characteristic is
significant for industrial milk fermentation,
as most processes occur within this
temperature window. These combined
results demonstrate that L. helveticus
C7303 aligns with its species' standard
profile. Moreover, it exhibits desirable
technological traits, including salt tolerance
and an optimal growth range, ensuring its
effective utilization in fermented dairy
products.
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Table 3. Growth performance of L. helveticus C7303 under different NaCl concentrations and incubation
temperatures (ODsoo at 24 h, mean = SD)

Growth at different NaCl concentrations (ODsoo at 24 h)
2% NaCl 1.05+0.07
4% NaCl 0.92 +£0.06
6% NaCl 0.47 £0.08
Growth at different temperatures (°C) (ODeoo at 24 h)
25°C 0.78 £0.06
30°C 1.00 +0.07
37°C 1.15+0.08
42 °C 0.85+0.05

3-4- Bile Resistance

The bile tolerance assay showed a time-
dependent decrease in viable cells across all
concentrations during the 3 h incubation.
Notably, the highest survival rate occurred
in the 0.5% bile treatment (Figure 2). This
pattern indicates a gradual reduction in
viability. It reflects the intrinsic sensitivity
of the cells to the progressive accumulation
of bile acids. Bile stress reduces viability in
lactobacilli primarily due to the detergent
properties of bile acids. These acids disrupt
cell membrane integrity, alter permeability,
and cause the leakage of cytoplasmic
contents [31, 32]. However, the higher
survival at 0.5% concentration, compared
to 0.3% and 0.7%, may stem from induced
stress responses. Such responses often
upregulate protective genes, including bile
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salt hydrolase (BSH) [33, 34]. The presence
of BSH genes and bile-inducible operons in
L. helveticus is well-documented. These
factors play a critical role in conferring bile
resistance [14, 35]. Similar studies on L.
helveticus strains reported a gradual but
acceptable decrease in survival during bile
assays [36]. These findings align with our
results, where a continuous decline in the
viable population was observed. Noshad et
al. [37] also reported that lactobacilli from
traditional doogh showed stability in 0.5%
bile, showing relative resistance to bile
stress. Collectively, these results suggest
that the studied strain can traverse the bile
barrier in the small intestine. Survival in
bile is a fundamental criterion for probiotic
selection. It 1s a prerequisite for reaching
the colon to exert beneficial effects [38].
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Log CFU/mL

30.3%
00.5%
H20.7%

Time (h)

Figure 2. Survival of L. helveticus C7303 in the presence of different bile salt concentrations (0.3%, 0.5%, and
0.7%) during 3 h of incubation at 37 °C. Data are expressed as mean + SD (n=3). Different letters (a—c) indicate
significant differences (P<0.05) among samples.

3-5- Cell Surface Hydrophobicity

High hydrophobicity is considered an
important characteristic when selecting
probiotic strains, as initial adhesion to
epithelial cells is the fundamental first step
toward colonization and the elicitation of
beneficial effects [39, 40]. The results of
this study indicated that the L. helveticus
C7303 strain possessed relatively high
levels of cell surface hydrophobicity.
Figure 3  illustrates the varying
hydrophobicity values across different
solvents. These values signify a high
tendency of the cells to interact with the
non-polar phase, which is generally
regarded as an indicator of the potential
adhesion ability to the intestinal mucosa
and epithelium [41]. In various studies
concerning Lactobacillus species, values
exceeding 50% have typically been
classified as  high  hydrophobicity,
correlating with a greater adhesion capacity
to Caco-2 and HT-29 cell lines [42]. The
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values obtained in the current research fall
within this optimal range, suggesting that
the studied strain has a high potential for
adhesion to host cells based on its surface
characteristics.

Recent genomic investigations have also
indicated the presence of genes related to
surface-layer  proteins (S-layer) and
adhesins in some L. helveticus strains,
which can play a significant role in
enhancing hydrophobicity and interfacial
adhesion [14, 43]. Barzegar et al. [44]
reported that lactobacilli isolated from
traditional Iranian cheese exhibited high
hydrophobicity values, and this trait
showed a positive correlation with their
superior adhesion ability to Caco-2 cells.
Overall, these results confirm that the
studied strain is highly suitable in terms of
its surface properties for potential
application as a functional probiotic.
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Figure 3. Cell surface hydrophobicity (%) of L. helveticus C7303 toward three organic solvents (Xylene,
Toluene, and Chloroform). Data are expressed as mean + SD (n=3). Different letters (a—c) indicate significant
differences (P<0.05) among samples.

3-6-  Auto-aggregation and  Co-
aggregation Capacity

In the present study, the results for auto-
aggregation  demonstrated a  time-
dependent increasing trend (Figure 4),
rising from 20.1% at the first hour to
80.34% at 24 h. This increase in
spontaneous aggregation over time 1is
typically attributed to the gradual
expression of surface proteins and
polysaccharides that facilitate intercellular
interactions [45]. This phenomenon is a
crucial criterion in the selection of probiotic
strains, as increased auto-aggregation can
contribute  to  the  formation of
microcolonies and achieve more stable
colonization within the intestinal mucosa
[41]. Abushelebi et al. [42] reported similar
results in Lactobacillus strains isolated
from dairy products. Furthermore, a study
by Wang et al. [46] indicated that
Lactobacillus strains isolated from non-

321

dairy fermented environments exhibit
considerable auto-aggregation and co-
aggregation abilities, in addition to acid and
bile tolerance.

Zheng et al. [8], in a comprehensive
screening of 18 Lactobacillus strains,
reported that only three strains managed to
exceed 75% auto-aggregation capacity after
24 h. This observation suggests that the
current strain ranks at the level of selected
industrial strains in terms of its aggregative
potential. Moreover, the study by Grosso et
al. [47] demonstrated that surface-layer (S-
layer) proteins play a significant role in the
auto-aggregation of Lactobacillus strains;
specifically, the deletion or modification of
these proteins led to a drastic reduction in
aggregation capacity in dairy strains. These
results collectively confirm the importance
of surface factors in the aggregative
behavior of the bacterium.
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Figure 4. Auto-aggregation (%) of L. helveticus C7303 over time (1, 2, 4, and 24 h) at 37 °C. Data are expressed
as mean = SD (n=3). Different letters (a—c) indicate significant differences (P<0.05) among samples.

In the cell co-aggregation assay with
pathogenic bacteria, the studied strain
demonstrated high aggregation values,
particularly against S. aureus, B. cereus,
and L. monocytogenes (Figure 5). These
values were notably higher than the 30%-—
45% range reported in the study by Collado
et al. [48]. Co-aggregation with pathogens
can play a crucial role in preventing their
adhesion to host cells, as probiotic cells
interfere with the direct attachment of
pathogenic bacteria to the mucosa by
surrounding or entrapping the pathogenic
microorganisms [48]. This characteristic is
highly significant in terms of food safety
and the principle of competitive exclusion
within the intestinal habitat [49]. Cordoni et
al. [50] also highlighted the role of
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aggregative behaviors and adhesion to
epithelial cells in the competitive inhibition
of pathogens, demonstrating that strains
with  superior aggregation capacity
performed better in inhibiting the adhesion
of E. coli and S. aureus to Caco-2 cells. The
present results align with this perspective,
as the studied strain achieved co-
aggregation values exceeding 50% with
several clinically important pathogens. This
property is likely mediated by the
involvement of specific surface proteins
and polysaccharides, leading to the
formation of mixed microbial complexes.

Such strong co-aggregative potential
underscores the strain's ability to create a
biological barrier against pathogen
colonization.
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Figure 5. Co-aggregation (%) of L. helveticus C7303 with selected pathogenic bacteria. Data are expressed as
mean + SD (n=3). Different letters (a—f) indicate significant differences (P<0.05) among samples.

3-7- Tolerance Assay

The L. helveticus C7303, isolated from
Khiki cheese, demonstrated a considerable
capacity for tolerating acidic stress and
simulated digestive environments. In the
acid tolerance assay, the viable cell count
decreased from 8.70 log CFU/mL at pH 2.5
to 6.95 log CFU/mL over 3 h (Figure 6).
This marginal reduction across the pH 2.5—
3.5 range indicates a high-level acid
tolerance. Such results align with ranges
reported in classic screening studies of
Lactobacillus strains [14]. Furthermore, the
strain exhibited acceptable survival in both
SGJ and SIF over 4 h (Table 4). These
viability ranges are considered reference
tolerance levels for probiotic candidates
[2]. This profile is consistent with strain-
specific reports on L. helveticus. For
instance, the LHIO0 strain showed
appropriate tolerance to simulated digestive
fluids in previous genotypic and phenotypic
evaluations [51]. From a mechanistic
perspective, the resilience of the current
strain may be attributed to canonical acid
and bile stress responses. These include F1
FO-ATPase activity for proton extrusion
and the regulation of membrane lipid
composition. Additionally, the induction of
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acid shock proteins and bile salt hydrolase
(BSH) activity play critical roles. These
mechanisms are well-documented in L.
helveticus and other lactobacilli [14, 43,
52]. Aligned with these responses, factors
such as metabolizable sugars can enhance

survival in acidic environments. This
phenomenon has been systematically
demonstrated in various lactobacilli

(Corcoran et al., 2005).

The observed tolerance is comparable to the
survival ranges of commercial reference
strains, such as L. rhamnosus GG. In some
reports, the current strain presents
equivalent or superior performance.
However, protocol differences including
model, matrix, and duration must be
considered in the final interpretation [53,
54]. In summary, the acid data and survival
in SGJ and SIF suggest that the studied
strain can effectively navigate the upper
gastrointestinal  tract. This capacity,
coupled with its traditional dairy origin,
makes it a promising candidate for
functional dairy products. It warrants
further evaluations, including adhesion,
pathogen competition, and genomic safety
screening.
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Figure 6. Survival and acid tolerance of L. helveticus C7303 at varying pH levels (2.5, 3.5, and 4.5) over a3 h
period at 37 °C. Data are expressed as mean + SD (n=3). Different letters (a—c) indicate significant differences
(P<0.05) among samples.

Table 4. Survival of L. helveticus C7303 under simulated gastrointestinal conditions

Simulated condition pH Duration (h) Bile (%) Survival (%) + SD
Simulated gastric juice (SGJ) 2.5 2 - 70.10+£3.5
Simulated intestinal fluid (SIF) 7.5 4 0.3 8522+28

3-8- Cholesterol Assimilation

The present results demonstrated that the
indigenous L. helveticus C7303 strain
possesses a remarkable capacity for
reducing cholesterol. This ability is
significantly influenced by the presence of
bile salts. In the presence of 0.2% bile salt,
the strain left only 59.20 ng/mL remaining
from an initial 100 pg/mL concentration
after incubation (Table 5). This pattern
aligns with recognized mechanisms of
cholesterol reduction by LAB. A primary
mechanism involves the activity of the bile
salt hydrolase enzyme. This enzyme
facilitates the deconjugation of bile salts,
leading to the precipitation of free
cholesterol or its integration into the
cellular membrane [55]. This process is
enhanced by bile salt, explaining the
significant increase in cholesterol removal
observed under these conditions [56].
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Regarding the reduction scope, our findings
are consistent with data reported for
reference L. helveticus strains. For instance,
Hassan et al. [36] reported approximately
35% cholesterol removal for the LH10
strain in 0.2% bile, which dropped below
15% without bile. Furthermore, Levy et al.
[43] reported a 25%—45% reduction for
other indigenous dairy strains. These
findings are significant for both public
health and food technology. Elevated
cholesterol is a definitive risk factor for
atherosclerosis and cardiovascular diseases.
The use of probiotics to modulate lipid
profiles has shown promise in both human
and animal studies [57, 58]. Specifically, L.

helveticus 1s renowned for producing
angiotensin-converting enzyme (ACE)-
inhibitory peptides. These can

simultaneously modulate blood pressure
and cholesterol levels [59]. Therefore, the
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coexistence of digestive tolerance and
cholesterol reduction makes this strain a

multi-functional candidate for developing
indigenous functional dairy products.

Table 5. Cholesterol reduction by L. helveticus C7303 in the presence and absence of bile

Condition Initial cholesterol (ng/mL) Residual cholesterol (ug/mL + SD) Reduction (%) £ SD
With 0.2% bile 100 59.20+3.5 40.80+£3.5
Without bile 100 82.10£3.2 17.90 £ 3.2

4-Conclusion

The indigenous strain L. helveticus C7303,
isolated from traditional Khiki cheese,

presents a comprehensive profile of
superior  probiotic and  industrial
characteristics. The strain demonstrated

significant resistance to acidic and bile
stresses and maintained its stability under
simulated  gastrointestinal ~ conditions,
indicating its high potential for traversing
the upper digestive tract and effectively
colonizing the human gut. Its specific
fermentation pattern for key dairy sugars,
coupled with the high activity of its
glycosidase = enzymes, confirm the
bacterium's natural adaptation to lactose-
rich environments, reinforcing its role in
optimizing commercial dairy fermentation

processes. Furthermore, surface
characteristics including high
hydrophobicity, considerable auto-

aggregation capacity, and effective co-
aggregation with pathogens highlight the
strain's ability to competitively exclude
harmful microorganisms and fortify the
intestinal mucosal barrier. Finally, the
remarkable cholesterol assimilation
capacity of L. helveticus C7303 positions it
as a promising multifunctional candidate
for developing indigenous functional dairy
products with both nutritional and
therapeutic benefits. Given its thermophilic
nature and NaCl tolerance, this strain is
particularly suited for application as an adjunct
probiotic culture in industrial-scale cheese
production. Moving forward, we plan to
conduct in-depth genomic safety evaluations,
including the screening for antibiotic resistance
genes and virulence factors, to fulfill regulatory
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safety requirements. Additionally, future in
vivo studies are warranted to confirm its health-
promoting effects and performance within a
complex biological system. Future genomic
mapping using Whole Genome Sequencing
(WGS) will further elucidate its functional
genetic architecture.

Data Availability

All data relevant to the study are included
in the article.

Contflict of Interest

The authors declare that they have no
known competing financial interests or
personal relationships that could have
appeared to influence the work reported in

this paper.

Funding Statement

Not applicable.

Authors Contributions

Zeinab Mousavi: Writing — review &
editing, Resources, Methodology,
Investigation. Behrooz Alizadeh
Behbahani: Writing — review & editing,
Supervision, Resources, Methodology,
Investigation, Conceptualization. Hossein

Jooyandeh & Morteza Taki: Writing —
original draft, Resources,
Methodology. Alireza Vasiee: Writing —
original draft, Methodology.

Ethical approval

This article does not involve any studies
with human or animal subjects.

Clinical trial number

not applicable

Declaration of generative Al and Al-
assisted technologies in the writing
process



Zeinab Mousavi et al

Enhancing Food Quality through Probiotic ...

During the preparation of this work the
authors used “Microsoft Copilot” in order
to paraphrase and grammatically check the
sentences. After using this tool/service, the
authors reviewed and edited the content as
needed and take full responsibility for the
content of the published article.
Acknowledgements

The authors express their sincere gratitude
to the Vice-chancellor for Research and
Technology of Agricultural Sciences and
Natural Resources University of Khuzestan
for their valuable support in conducting this
study.

5-References

[1] Hill, C., Guarner, F., Reid, G., Gibson, G.
R., Merenstein, D. J., Pot, B., Morelli, L.,
Canani, R. B., Flint, H. J., Salminen, S., Calder,
P. C., & Sanders, M. E. (2014). The International
Scientific Association for Probiotics and
Prebiotics consensus statement on the scope and
appropriate use of the term probiotic. Nature
reviews Gastroenterology & hepatology, 11(8),
506-514.

[2] FAO/WHO. (2002). Guidelines for the
Evaluation of Probiotics in Food. London,
Ontario: Joint FAO/WHO Working Group.

[3] Araujo, H. C. S., de Jesus, M. S., Sandes,
R. D. D, Leite Neta, M. T. S., & Narain, N.
(2023). Functional cheeses: updates on probiotic
preservation methods. Fermentation, 10(1), 8.

[4] Food and Agriculture Organization/World
Health Organization (FAO/WHO). (2002).
Guidelines for the evaluation of probiotics in
food. London & Ontario: FAO/WHO Working
Group.

[5] Castro-Lopez, C., Garcia-Galaz, A,
Garcia, H. S., Gonzalez-Cérdova, A. F., Vallejo-
Cordoba, B., & Hernandez-Mendoza, A. (2023).
Potential probiotic lactobacilli strains isolated
from artisanal Mexican Cocido cheese:
evidence-based biosafety and probiotic action-
related traits on in vitro tests. Braz J Microbiol,
54(3), 2137-2152.

[6] Tavallaei, O., Barghi, A., Nami, Y.,
Salehian, M., Sabbaghhadi, A., & Haghshenas,
B. (2025). Survivability, antimicrobial and
anticancer effects, and cytotoxicity of

326

Lactobacillus strains isolated from traditional
Iranian cheese. Scientific Reports, 15(1), 25449.

[7] Gizachew, S., & Engidawork, E. (2024).
Genomic Characterization of Lactiplantibacillus
plantarum Strains: Potential Probiotics from
Ethiopian Traditional Fermented Cottage
Cheese. Genes, 15(11), 1389.

[8] Zhang, W., Lai, S., Zhou, Z., Yang, J., Liu,
H., Zhong, Z., ... & Peng, G. (2022). Screening
and evaluation of lactic acid bacteria with
probiotic potential from local Holstein raw milk.
Frontiers in microbiology, 13, 918774.

[9] European Food Safety Authority (EFSA).
(2023). Update of the list of qualified
presumption of safety (QPS) recommended
microbiological agents. EFSA Journal, 21(2),
e07817.

[10] Bennett, P. M. (2008). Plasmid encoded
antibiotic resistance: acquisition and transfer of
antibiotic resistance genes in bacteria. British
Jjournal of pharmacology, 153(S1), S347-S357.

[11] Merenstein, D., Pot, B., Leyer, G,
Ouwehand, A. C., Preidis, G. A., Elkins, C. A.,
Hill, C., Lewis, Z. T., Shane, A. L., Zmora, N.,
Petrova, M. 1., Collado, M. C., Morelli, L.,
Montoya, G. A., Szajewska, H., Tancredi, D. J.,
& Sanders, M. E. (2023). Emerging issues in
probiotic safety: 2023 perspectives. Gut
microbes, 15(1), 2185034.

[12] Saboktakin-Rizi, M., Alizadeh Behbahani,
B., Hojjati, M., & Noshad, M. (2021).
Identification of Lactobacillus plantarum TW29-
1 isolated from Iranian fermented cereal-dairy
product (Yellow Zabol Kashk): probiotic
characteristics, antimicrobial activity and safety
evaluation. Journal of Food Measurement and
Characterization, 15(3), 2615-2624.

[13] Garcia-Cano, 1., Rocha-Mendoza, D.,
Ortega-Anaya, J., Wang, K., Kosmerl, E., &
Jiménez-Flores, R. (2019). Lactic acid bacteria
isolated from dairy products as potential
producers of lipolytic, proteolytic and
antibacterial proteins. Applied microbiology and
biotechnology, 103(13), 5243-5257.

[14] Fontana, A., Falasconi, 1., Molinari, P.,
Treu, L., Basile, A., Vezzi, A., ... & Morelli, L.
(2019). Genomic comparison of Lactobacillus
helveticus strains highlights probiotic potential.
Frontiers in Microbiology, 10, 1380.

[15] Zheng, J., Wittouck, S., Salvetti, E., Franz,
C. M., Harris, H. M., Mattarelli, P., ... & Lebeer,



Iranian journal of food science and industry

Number 171, Volume 23, May2026

S. (2020). 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. International journal of

systematic and evolutionary microbiology,
70(4), 2782-2858.
[16] Papadimitriou, K., Alegria, A., Bron, P. A.,

De Angelis, M., Gobbetti, M., Kleerebezem, M.,
... & Kok, J. (2016). Stress physiology of lactic
acid bacteria. Microbiology and Molecular
Biology Reviews, 80(3), 837-890.

[17] Ruiz, L., Margolles, A., & Sanchez, B.
(2013). Bile resistance mechanisms in
Lactobacillus and Bifidobacterium. Frontiers in
microbiology, 4, 396.

[18] Shivani, T. M., & Sathiavelu, M. (2024).
Probiotic evaluation, adherence capability and
safety assessment of Lactococcus lactis strain
isolated from an important herb “Murraya
koenigii”. Scientific Reports, 14(1), 15565.

[19] Ruiz-Ramirez, Y., Valadez-Blanco, R.,
Calderon-Garcia, C., Chikindas, M. L., & Ponce-
Alquicira, E. (2023). Probiotic and functional
potential of lactic acid bacteria isolated from
pulque and evaluation of their safety for food
applications. Frontiers in Microbiology, 14,
1241581.

[20] Vasiee, A., Falah, F., & Mortazavi, S. A.
(2022). Evaluation of probiotic potential of
autochthonous lactobacilli strains isolated from
Zabuli yellow kashk, an Iranian dairy product.
Journal of Applied Microbiology, 133(5), 3201-
3214.

[21] Behbahani, B. A., Jooyandeh, H., Vasiee,
A., & Zeraatpisheh, F. (2023). Evaluation of
anti-yeast metabolites produced by Lactobacillus
strains and their potential application as bio-
preservatives in traditional yogurt drink. Lwt,
188, 115428.

[22] Kido, Y., Maeno, S., Tanno, H., Kichise,
Y., Shiwa, Y., & Endo, A. (2021). Niche-
specific adaptation of Lactobacillus helveticus
strains isolated from malt whisky and dairy

fermentations.  Microbial — genomics, 7(4),
000560.
[23] Toropov, V., Demyanova, E., Shalaeva, O.,

Sitkin, S., & Vakhitov, T. (2020). Whole-
genome sequencing of Lactobacillus helveticus
D75 and D76 confirms safety and probiotic
potential. Microorganisms, 8(3), 329.

327

[24] Zhao, J., Zeng, X., Xi, Y., & Li, J. (2024).
Recent advances in the applications of
Lactobacillus helveticus in the fermentation of
plant-based beverages: A review. Trends in
Food Science & Technology, 147, 104427,

[25] Griffiths, M. W., & Tellez, A. M. (2013).
Lactobacillus helveticus: the proteolytic system.
Frontiers in Microbiology, 4, 30.

[26] Nemska, V., Logar, P., Rasheva, T,
Sholeva, Z., Georgieva, N., & Danova, S.
(2019). Functional characteristics of lactobacilli
from traditional Bulgarian fermented milk
products. Turkish Journal of Biology, 43(2),
148-153.

[27] Zhao, L., Zhang, Y., Liu, Y., Zhong, J., &
Zhang, D. (2023). Assessing the safety and
probiotic characteristics of Lacticaseibacillus
rhamnosus X253 via complete genome and
phenotype analysis. Microorganisms, 11(1),
140.

[28] Slattery, L., O’callaghan, J., Fitzgerald, G.
F., Beresford, T., & Ross, R. P. (2010). Invited
review: Lactobacillus helveticus—a
thermophilic dairy starter related to gut bacteria.
Journal of dairy science, 93(10), 4435-4454.

[29] Giraffa, G. (2012). Selection and design of
lactic acid bacteria probiotic  cultures.
Engineering in Life Sciences, 12(4), 391-398.

[30] Widyastuti, Y., Febrisiantosa, A., &
Tidona, F. (2021). Health-promoting properties
of lactobacilli in fermented dairy products.
Frontiers in Microbiology, 12, 673890.

[31] Begley, M., Gahan, C. G., & Hill, C.
(2005). The interaction between bacteria and
bile. FEMS microbiology reviews, 29(4), 625-
651.

[32] Bigge, R., Bunk, B., Rudolph, W. W.,
Gunzer, F., Coldewey, S. M., Riedel, T., &
Schréttner, P. (2022). Comparative study of
different diagnostic routine methods for the
identification of Acinetobacter radioresistens.
Microorganisms, 10(9), 1767.

[33] Agolino, G., Pino, A., Vaccalluzzo, A.,
Cristofolini, M., Solieri, L., Caggia, C., &
Randazzo, C. L. (2024). Bile salt hydrolase: The
complexity behind its mechanism in relation to
lowering-cholesterol  lactobacilli  probiotics.
Journal of Functional Foods, 120, 106357.

[34] O’Flaherty, S., Briner Crawley, A.,
Theriot, C. M., & Barrangou, R. (2018). The
Lactobacillus bile salt hydrolase repertoire



Zeinab Mousavi et al

Enhancing Food Quality through Probiotic ...

reveals niche-specific adaptation. MSphere,
3(3), 10-1128.

[35] IJiang, J., Hang, X., Zhang, M., Liu, X, Li,
D., & Yang, H. (2010). Diversity of bile salt
hydrolase activities in different lactobacilli
toward human bile salts. Annals of
Microbiology, 60(1), 81-88.

[36] Hassan, M. U., Nayab, H., Shafique, F.,
Williamson, M. P., Almansouri, T. S., Asim, N.,
... & Akbar, N. (2020). Probiotic properties of
Lactobacillus helveticus and Lactobacillus
plantarum isolated from traditional Pakistani
yoghurt. BioMed Research International,
2020(1), 8889198.

[37] Noshad, M., Alizadeh Behbahani, B., &
Hojjati, M. (2021). Investigation of probiotic and
technological characteristics of lactic acid
bacteria isolated from native Doogh of
Behbahan. Food Research Journal, 31(4), 169-
186.

[38] Chelladhurai, K., Ayyash, M., Turner, M.
S., & Kamal-Eldin, A. (2023). Lactobacillus
helveticus: Health effects, current applications,
and future trends in dairy fermentation. Trends
in Food Science & Technology, 136, 159-168.

[39] Behbahani, B. A., Noshad, M., Vasiee, A.,
& Briick, W. M. (2024). Probiotic Bacillus
strains inhibit growth, biofilm formation, and
virulence gene expression of Listeria
monocytogenes. Lwt, 191, 115596.

[40] Rokana, N., Singh, B. P., Thakur, N.,
Sharma, C., Gulhane, R. D., & Panwar, H.
(2018). Screening of cell surface properties of
potential probiotic lactobacilli isolated from
human milk. Journal of Dairy Research, 85(3),
347-354.

[41] Piwat, S., Sophatha, B., & Teanpaisan, R.
(2015). An assessment of adhesion, aggregation
and surface charges of Lactobacillus strains

derived from the human oral cavity. Letters in
Applied Microbiology, 61(1), 98-105.

[42] Abushelaibi, A., Al-Mahadin, S., El-
Tarabily, K., Shah, N. P., & Ayyash, M. (2017).
Characterization of potential probiotic lactic acid
bacteria isolated from camel milk. LWT-food
Science and Technology, 79, 316-325.

[43] Liu, C, Xu, L., Chen, S., Wang, S., Lv, M.,
Dong, K., ... & Cao, Z. (2025). Whole-genome
sequencing and probiotic properties of
Lactobacillus helveticus KM7 isolated from the
gut of the Chinese honey bee (Apis cerana): A

promising exopolysaccharide-producing strain.
BMC microbiology, 25(1), 530.

[44] Barzegar, H., Alizadeh Behbahani, B., &
Falah, F. (2021). Safety, probiotic properties,
antimicrobial activity, and technological
performance of Lactobacillus strains isolated
from Iranian raw milk cheeses. Food Science &
Nutrition, 9(8), 4094-4107.

[45] Kos, B. V. Z. E., Suskovié, J., Vukovié, S.,
§impraga, M., Frece, J., & Matosi¢, S. (2003).
Adhesion and aggregation ability of probiotic
strain Lactobacillus acidophilus M92. Journal of
applied microbiology, 94(6), 981-987.

[46] Wang, Y., Jian, C., Salonen, A., Dong, M.,
& Yang, Z. (2023). Designing healthier bread
through the lens of the gut microbiota. Trends in
Food Science & Technology, 134, 13-28.

[47] Grosu-Tudor, S. S., Angelescu, I. R,
Brinzan, A., & Zamfir, M. (2023).
Characterization of S-layer proteins produced by
lactobacilli isolated from Romanian artisan
fermented products. Journal of Applied
Microbiology, 134(1), 1xac063.

[48] Collado, M. C., Meriluoto, J., & Salminen,
S. (2008). Adhesion and aggregation properties
of probiotic and pathogen strains. Furopean food
research and technology, 226(5), 1065-1073.

[49] Tuo, Y., Zhang, W., Zhang, L., Ai, L.,
Zhang, Y., Han, X., & Yi, H. (2013). Study of
probiotic potential of four wild Lactobacillus
rhamnosus strains. Anaerobe, 21, 22-27.

[50] Kardooni, Z., Alizadeh Behbahani, B.,
Jooyandeh, H., & Noshad, M. (2023). Assessing
Protection Mechanisms against Escherichia coli
by Analyzing Auto-and Co-Aggregation,
Adhesion Ability, Antagonistic Activity and
Safety Characteristics of Potentially Probiotic
Lactobacillus acidophilus B103. Nutrition and
food in health and disease, 10(1), 11-21.

[51] Du, Y., Xu, J, Li, J.,, & Wu, R. (2024).
Evaluation of Probiotic Properties and Safety of
Lactobacillus helveticus LH10 Derived from
Vinegar through Comprehensive Analysis of
Genotype and Phenotype. Microorganisms,
12(4), 831.

[52] Bron, P. A., Van Baarlen, P, &
Kleerebezem, M. (2012). Emerging molecular
insights into the interaction between probiotics
and the host intestinal mucosa. Nature Reviews
Microbiology, 10(1), 66-78.



VEv0 Cligeayl TV oy IV o ylecs LQ\ﬂl J\.\.o C‘L‘“’J(’j"\;‘d"‘“

Q\ﬂ\&\&échjl&dw

www.fsct.modares.ac.ir :dow Colw

&i.hjjg_‘;«.\& Jlae

o S iy ol 5 80 Shes sla S5 1CTI03 o pSisle o el s 555G (S Joily Gosb 51 18 kS )

&z

T res Lode TS e oy g e T Sl 3l S S se i

Q.)ﬂ udbw‘dtﬂa_}?wﬁ]ﬁcu;é))}wr}lﬁ eliijb‘&\.k'a @uﬂ}d.dl.) r}lﬁ SIS ag;ll.l.‘fr @L.p wv\-\.&ﬁ‘}f)l& n}Jf -)
‘;\u@,,-ﬁ»GL;”wuu;s(,}l“mbwm”mﬁ}jbjyx_yamu‘gwlﬁm}@),uséuw:uywu};’ -y

Olpl St

Olpl g abie w5 psle ohmgs o (ol 3lge CodS J 28 5 ml s 65 S -y

oS>

dlae Sl

a3 s Lol Y LUls s « Lactobacillus helveticus o, s« Lactobacillus slas s
oslital (gl orrlin oy (Slaky 3 o et aldaibid Sl H 5 SSY dol A g5 sk g S
oz e cnl Ga g e e (63 Shes S smsz 5 H) SSET saciS Olgse
5l «S 5 L. helveticus CT303 o g wp S5hsm 5 enl o83 Shos ( Ssmsn sba S
il o e ls ki Ghass 53 el 0l (g5l (Sl (e o SIS (S ey
5 SSdnid (S3dghosm Gl Sh e Pl Sl dashdan S e GUls oS Ll
o s dd(gilatnd Slao,nd 5 Gslho G (ol Il 3 4 Jood e (oland 505
opl pesdhe sy coslize glabes s NACT Calzres glachle s 55 A, gbe Shy . oolsS
o U5 5 W3S L s ramingt b 53800 ol 53 Shas (sl patls
3 S8 GaSVE Gy asle i g sladd Sl g opl (23S 15 anlllae 3550 JppdS
Gl Bl 03 s i ol 0L 1) Sl S Br oV Sl 5 U e e 55l
V070 0d g 3ludard odns 0 pnd 53 ool Olses ol g ilwnnd oIS (S 0y Oge3l 43 2 g o shlas
VW b (55 ST gl o (3158 L AO/Y  Y/A 0dlig3lader 035, 0 0d 45 5 VLN E
oo Ol ol BLE 1 LOSSL L (658 (razsion 5 Ol 4 dsly rezds ot cilizs adD 4l
SLogesl 5l ol Il 5 Cte bt 4y e b ey TAVE @ Lho LY a3 JgpdS
o Sl s ol e eslizad gl W sl L. helveticus CT303 (a5 65 ,Shes

Syl a8 J;_léQ_}b)sjé\qiﬂgl;lb_d;ﬂw&gﬁ)ﬁ&}.,\.«T)\S

Dl sl b
VEeg/2Q/Y :C,Jtijé @)U
VECEN /Y sl 06

VEEINNY 1 b sl

1S olds

dLactobacillus helveticus

S g

R

10.48311/fsct.2026.118240.82979

*

RGOy Prvy

B.alizadeh@asnrukh.ac.ir

329


http://www.fsct.modares.ac.ir/

