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The main reason for the presence of specific microbiota, particularly lactic
acid bacteria in dairy products made from raw milk, such as Lighvan cheese,
is the traditional methods of preparing these products. A large number of
these bacteria are probiotic microorganisms, and for example, many species
of Lactobacillus, Enterococcus and Pediococcus bacteria presented in foods
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have shown probiotic properties. In the current study, genus-specific PCR
detection for the Lactobacillus, Enterococcus, and Pediococcus genera was
used to confirm the isolates of lactic acid bacteria that had been
phenotypically isolated from 25 samples of traditional Lighvan cheese.
Subsequently, the probiotic properties of the isolates, including resistance in
simulated gastrointestinal tract conditions, antagonistic properties, auto-
aggregation and co-aggregation attributes, antibiotic resistance and
hemolytic activities of the selected strains were evaluated. Based on
biochemical and molecular detection tests, among the 84 selected strains, 58
isolates were identified as Lactobacillus (29 isolates), Enterococcus (18
isolates) and Pediococcus (11 isolates). Screening of these isolates for
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survival in human GI tract conditions showed that 26.1% of the isolates (14
isolates) had resistance levels above 50%. Also, nine isolates of the selected
strains showed potent antibacterial activity against Listeria monocytogenes
and Staphylococcus aureus, as well as Aspergillus flavus and Penicillium
citrinum molds. Moreover, based on the ability of auto-aggregation and co-
aggregation features, four isolates LS106, LS71, LS33 and LS6 (belonging
to Lactobacillus and Enterococcus genera) were selected. Finally, the
investigation of antibiotic resistance revealed the sensitivity of these isolates
to majority of the used antibiotics, so that all isolates were susceptible to
tetracycline and ampicillin. Also, not one of these four isolates exhibited
hemolytic properties. As a result, these isolates are recommended as suitable
candidates for usage in fermented food products, taking advantage of their
beneficial properties.
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1- Introduction

Consumption of fermented dairy products has a
major impact on consumer health because of the
presence of beneficial microbial flora and their
metabolites. Traditional techniques of preparing
dairy products manufactured from raw milk from
various animals including sheep, goats, and cows are
responsible for the presence of certain microbiota in
these products, which are typically belonging to the
lactic acid bacteria [1]. Research has demonstrated
that these beneficial bacteria can assist the food
industry in producing health-conscious goods by
producing metabolites such as organic acids,
hydrogen peroxide, and bioactive peptides such as
bacteriocins and bacteriocin-like substances [2].
Cheese is a high-protein, calcium, and phosphorus-
containing dairy product. The diverse methods used
to produce cheese, such as curdling, pressing, and
ripening, are what have caused various types of
cheese to arise [3]. One of the Iran's traditional
fermented dairy products is Lighvan cheese, which
is a type of starter-free, semi-hard cheese,
manufactured from a blend of sheep and goat milk
in the Lighvan village in Tabriz, Iran. The annual
cheese production in the Lighvan region exceeds
3,150 tons, and because of distinct flavor, it is the
most popular traditional Iranian cheese. The most
essential trait that distinguishes Lighvan cheese
from other similar products is the use of raw milk
without adding starter culture in its formulation [4].
Lactic acid bacteria (LAB) are a diverse group of
gram-positive, non-spore-forming  cocci/bacilli
categorized according to their morphological,
metabolic, and physiological traits. Their primary
metabolite is lactic acid, which is created through
carbohydrate fermentation [5]. These bacteria have
numerous applications in the food sector, as lactic
fermentation not only extends food shelf life but also
improves its organoleptic properties [6]. Lactic acid
bacteria are also the most common probiotic
microorganisms, with numerous Lactobacillus,
Enterococcus, Leuconostoc, and Pediococcus
bacteria found in food exhibiting probiotic
properties [7].

Due to the great importance of these bacteria, the
isolation and identification of novel species of these
bacteria from various food sources is of great
importance. Generally, identification of lactic acid
bacteria is performed based on various phenotypic
characteristics (cell morphology, growth conditions,
and carbohydrate fermentation pattern) [8], but these
methods do not provide clear classification results,
particularly when it comes to differentiating LABs
strains. Therefore, molecular methods, such as
sequencing of 16/23 S rRNA genes or genus- and
species-specific PCR tests, are used as an effective
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tool to identify this group of bacteria in fermented
foods [9]. Accordingly, several studies have been
conducted on the application of molecular
techniques to identify LAB isolates from various
foods [1, 10].

The beneficial features of probiotics include
increasing the bioavailability of nutrients,
modifying and modulating the microbial flora of the
digestive tract, antagonistic effects against
pathogenic bacteria, reducing serum cholesterol
levels, and preventing cancer [11]. To be effective,
probiotics must be resistant to the low pH and bile
salts in order to survive in the upper digestive tract
and then colonize by adhering to intestinal epithelial
cells [12]. Other key probiotic requirements of these
microorganisms include assuring consumer safety,
the most notable of which is the absence of
resistance to common therapeutic antibiotics [13].
Even though probiotic isolates from traditional
Iranian fermented foods have been the subject of
several studies in recent years [14,15], the search for
additional effective strains is still ongoing because
the microflora of these products can vary by region
due to seasonal conditions and other environmental
factors [16]. This supports the search for wild
isolates with probiotic potential in each
geographical region's fermented products. Given the
foregoing, the primary objective of the current study
is to isolate and identify the lactic acid bacteria
population in traditional Lighvan cheese, as well as
to establish the probiotic properties and safety
aspects of these isolates.

2- Materials and methods

2-1- Sample collection

This study was conducted in the winter of 1402 to
isolate and identify lactic acid bacteria from
traditional Lighvan cheese. For this, 25 samples of
traditional Lighvan cheese were randomly collected
from manufacturing sites in Lighvan village and
delivered on ice to the laboratory in Tabriz.

2-2- Isolation of lactic acid bacteria

For the initial isolation of lactic acid bacteria, their
phenotypic characteristics were used [17, 18]. This
was accomplished by adding one gram of cheese
sample to nine milliliters of sterile saline solution,
and then cultivating it on the surface of MRS agar
medium after preparation of ten-fold serial dilutions.
The plates were incubated for 24-72 hours at 30 and
42 °C and under anaerobic conditions to provide the
best growth conditions for mesophilic and
thermophilic bacteria. Five colonies with different
morphology were selected from each plate and after
confirming that the isolates were gram-positive and
catalase-negative, the phenotypic groups were
divided as follows.
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Arginine hydrolysis-positive ~ Lactobacillus
— Gas from glucose-positive

Arginine hydrolysis-negative ~ Leuconostoc

LAB isolates (gram-positive, catalase-negative)

Rod-shaped Lactobacillus

= Gas from glucose-negative

Growth in 10 and 45°C  Enterococcus
Spherical-shaped

Tetrads Pediococcus

Figurel. Differentiation scheme for lactic acid bacteria isolated from Lighvan cheese

2-3- Confirmation by molecular identification

Molecular identification of isolates was performed
following DNA extraction using an extraction kit
(Pouya Gene Azma-PD115-50, Iran). For this
purpose, a PCR reaction with a final volume of 25
puL containing: 10 ng/uL template DNA, 0.4 uM of
each genus-specific primer, 0.2 uM dNTP, 2 uM
MgCl2, 2.5 puLL PCR buffer, and one unit of Taq
DNA Polymerase was performed in a thermal cycler
(PTC 200 Waltham, USA). The thermal cycles used
for all primers included an initial denaturation of 5
min at 95°C and final cycle of the reaction mixtures
for 7 min at 72°C. 30 cycles of template denaturation

at 95°C for 45 s, primer annealing at 61°C for 50 s,
and elongation at 72°C for 1 min were carried out
for the Pediococcus-specific primer. 30 cycles were
performed using the touchdown method for the
primers specific to Lactobacillus and Enterococcus.
These cycles included denaturation at 95°C for 45 s,
primer annealing for 50 s from 59 to 56°C for the
Enterococcus-specific primer, and primer annealing
for 50 s from 59 to 52°C for the Lactobacillus-
specific primer, followed by primer extension at
72°C for 1 min. The sequences of the primers used
in this study are given in Table 1. The PCR product
was electrophoresed in a 1.5% gel agarose
containing ethidium bromide (Bio-Rad, USA).

Tablel. Genus-specific primers used for the detection of LAB isolates from Lighvan cheese

Primers Primers Sequence (57-37) [:25 1(1;;;1 Reference
Lactobacillus genus-specific primers

LbLMA1-rev F: CTCAAAACTAAACAAAGTTTC 209 [V4]
R16-1 R: CTTGTACACACCGCCCGTCA

Enterococcus genus-specific primers

Entl F: TACTGACAAACCATTCATGATG 112 [Y+]
Ent2 R: AACTTCGTCACCAACGCGAAC

Pediococcus genus-specific primers

Pedio F F: GAACTCGTGTACGTTGAAAAGTGCTGA 701 Y]
Pedio R R: AGTGGAACTCCATGTGTAG

2-4- Investigation of probiotic properties

2-4-1- Resistance to simulated human GI tract
condition

To assess the viability of LAB isolates in simulated
human gastric juice, the simultaneous tolerance of
the strains to acid and pepsin (the pH of the
microbial suspension was adjusted to 2.5 and 3
mg/ml of pepsin was added to it) was investigated.
After one and three hours of incubation at 37°C
(considering the normal duration of food retention in
the human stomach), the samples were surface-
cultured on MRS agar medium, and the number of
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surviving  bacteria was  determined  [22].
Additionally, by inoculating fresh cell pellets of
LAB isolates in MRS broth containing 0.3% bile salt
(w/v) and 1 mg/ml pancreatin (pH = 8), the isolates'
resistance to conditions similar to those of the small
intestine was ascertained. After incubation for two
and four hours at 37°C (given the typical duration of
food retention in human gut), the surviving bacteria
were counted [22] and finally, the selected bacteria
that demonstrated greater resistance to bile and acid
were then employed for further work.
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2-4-2- Antagonistic effects

The well diffusion method was used to determine
the antibacterial activity of selected LAB isolates
against the gram-positive pathogenic bacteria
(Listeria  monocytogenes and  Staphylococcus
aureus) and two gram-negative indicator bacteria
Escherichia coli and Salmonella enterica [10]. First,
pathogenic bacteria were surface cultured on the
MRS agar and after 24 hours incubation, wells with
5 mm diameter were created in plates and 50 pl of
filtered (through a 0.2 um filter) fresh selected LAB
suspensions was added to each well. To do this, the
neutralized, catalase-treated filtrates (pH = 7.2) were
utilized. After overnight incubation of the plates at
37°C, clear inhibition zones with a diameter greater
than 10 mm were considered as strong antimicrobial
activity.

To investigate the antifungal activity, Aspergillus
flavus and Penicillium citrinum were used. For this,
PDA medium with concentrations of 10—-100% (v/v)
of filtered suspensions of LAB isolates was prepared
and a disc of the test fungi (by cutting a piece from
the outer edge of the fungal colony) with a diameter
of approximately 5 mm was seeded in its center. The
plates were incubated for one week at 25 °C and the
minimum inhibitory concentration (MIC) for each
mold was obtained. Then, the mycelial growth of
fungi (average of two perpendicular diameters) was
measured in the treated (T) and control (C) plates
and growth inhibition percentage (I) at this
concentration was calculated as follows [23].
I (%) =[(C-T)/C] = 100

2-4-3- Auto-aggregation and Co-aggregation
properties

These  properties  were  determined by
spectrophotometric method [24]. After incubation of
LAB isolates in MRS broth

(24 hours, 37°C) and preparation of half McFarland
standard bacterial suspension, the cell pellet was
harvested by twice centrifugation (5 minutes, 4°C at
3500 rpm) in Behsan, MC10 centrifuge and after
washing, resuspended in the same volume of
phosphate buffer. Then the resulting mixture was
vortexed and incubated at 37 °C for 4 h without
agitation. The aggregation percentage was obtained
using the following equation.

Auto-aggregation % = (Ar/Ag) x 100

Ar and Ao are respectively the final and initial absorbance
of the LAB isolate suspension, measured at 620 nm using
a spectrophotometer (Cecil-Aquarius, UK).
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To investigate the co-aggregation feature, after
preparing the bacterial suspensions using the
mentioned approach, equal volumes of LAB
suspension were mixed with each of Escherichia
coli and Salmonella enterica, vortexed and were left
to stand for 4 hours at 37°C. Finally, the co-
aggregation was calculated according to the
following equation.
Co-aggregation % = [(Ap + Ar)/2 — (Amix)/(Ap +
Ap)/2] x 100

Ap, AL and Amix are the absorbance of the pathogenic
bacteria suspension, LAB isolates and their mixture, after
4 hours of incubation at 620 nm, respectively.

2-4-4- Antibiotic resistance

The sensitivity of selected lactic acid bacteria to
common therapeutic antibiotics was determined by
the disk diffusion method [25]. For this purpose,
after preparing a lawn culture from a fresh
suspension of LAB isolates (equal to 0.5 McFarland
turbidity standard) on MRS agar medium, antibiotic
disks including vancomycin (30 ug), cefixime (5
pg), penicillin (10 units), clindamycin (2 pg),
tetracycline (30 pg), chloramphenicol (30 png),
ampicillin (10 pg), erythromycin (5 pg),
azithromycin (15 pg), gentamicin (10 pg), and
ceftriaxone (30 pg) prepared from PadtanTeb, Iran
were seeded on to the agar at proper distances apart.
The inhibition zone diameters (average of two
perpendicular diameters) of formed after 24 hours of
incubation at 37°C was recorded.

2-4-5- Hemolytic activity

LAB isolates were cultured in blood agar medium
containing 5% sheep blood and incubated (48 hours
at 37°C) to assess the hemolytic potency. Beta and
alpha hemolysis were defined by the development of
a clear hemolysis zone or formation of a green halo
surrounding the colonies, respectively [26].

3- Results and Discussion

3-1- Isolation of lactic acid bacteria

Following phenotypic tests, 84 (67.2%) of 125 white
or gray colonies isolated and purified from various
MRS agar plates were identified as Lactobacillus
(39 isolates), Enterococcus (25 isolates), and
Pediococcus (20 isolates) and assessed by PCR test
using particular primers for the bacterial genera
mentioned above. Finally, 58 isolates were
identified as Lactobacillus (29), Enterococcus (18),
and Pediococcus (11). Figure 1 depicts one of the gel
images of the molecular confirmation of LAB
isolates from Lighvan cheese samples.
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Figure2. Image of the 1.5% gel agarose (Invitrogen, G501802) of PCR products of Lighvan cheese isolates
using genus-specific primers for Lactobacillus, Enterococcus and Pediococcus genera described in Tablel. Lane
4: 1Kbp marker (Sinaclon SL 7051, Iran); Lane 17: 100bp marker (Sinaclon SL 7031, Iran); Lanes 1-3: positive
control for Lactobacillus plantarum (PTCC 1058), Pediococcus pentosaceus (ATCC 25744) and Enterococcus
faecalis (PTCC 1237); Lane 5-7: negative control (without template DNA); Lanes 8—16: DNA samples isolated

from Lighvan cheese.

Since lactic acid bacteria play a major role in the
ripening and preparation of various fermented foods,
it is of particular importance to incorporate these
bacteria, which also have probiotic features, in food
products to enhance consumer health [27].
However, because of their higher environmental
compatibility, probiotic bacteria found in regionally
specific fermented foods are of greater interest [28],
and accordingly, numerous studies have been
conducted to identify and introduce the LAB
bacterial population of various traditional Iranian
foods and evaluate their probiotic properties [5, 29].
In this context, various species of the genus
Lactobacillus  [30], Enterococcus [10], and
Pediococcus [31] with probiotic properties have
been previously isolated from Iranian fermented
foods.

3-2- Probiotic properties of isolates
3-2-1- Resistance to simulated human digestive
tract condition

Table 2 lists the LAB isolates that survived more
than 50% in simulated human stomach and intestine
conditions and were selected for further study.
Probiotic bacteria must be able to survive for 2-3
hours in human gastric juice (with a pH of about 3
and pepsin enzyme) and then safely pass through the
gut (with the presence of bile salts and digestive
enzymes such as pancreatin) within 4 hours to exert
their beneficial effects [32, 33]. Thus, the most
crucial and initial feature of a probiotics is thought
to be resistance to bile salts and acid. In the current
study, 26.1% of the LAB isolates that belonged to
the genera Lactobacillus, Enterococcus, and
Pediococcus demonstrated good resistance (above
50%) under simulated GI tract conditions. This
finding contrasts with other studies found that lactic
acid bacteria isolated from fermented dairy products
had a high survival rate (71-76%) [34, 35]. Also,
other researchers' reports of LAB isolates' lower
resistance to simulated human gastrointestinal
conditions are in line with the findings of the present
study [10, 36].

Table2. Survival of LAB isolates under artificial human Gl tract conditions

Survival Rate (%) after 3 h

Survival Rate (%) after 4

Isolates j Simulated Gastric juice ® h in Simulated gut juice LAB genus
LS6 68.68+0.92 51.65+1.13 Enterococcus
LS9 74.14+0.38 77.95+0.78 Lactobacillus
LS13 79.92+0.51 54.59+0.89 ND
LS17 66.98+1.14 53.34+0.34 Enterococcus
LS18 53.33+£0.97 54.93+0.72 Lactobacillus
LS33 61.82+0.48 56.39+0.31 Lactobacillus
LS37 72.23+0.41 75.37+0.43 Lactobacillus
LS50 51.20+0.43 47.42+0.76 ND
LS58 73.64+0.52 78.3920.42 Enterococcus
LS59 86.90+0.69 70.62+0.17 Enterococcus
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LS64 74.19+0.51
LS71 56.49+1.13
LS83 52.20+0.01
LS85 48.68+0.92
LS99 74.14+0.38
LS106 79.92+0.51
LS118 66.98+1.14

78.01+0.27 Pediococcus
54.63+0.55 Lactobacillus
58.04+0.48 ND
51.65+1.13 Pediococcus
77.95+0.78 Pediococcus
54.59+0.89 Enterococcus
53.34+0.34 Lactobacillus

Data are mean + standard deviation of three independent experiments.
2 phosphate-buffered saline solution (adjusted to pH 3) containing 3 mg mL™ pepsin.
®, PBS solution containing 0.3% bile salts and 1 mg mL* pancreatin.

3-2-2- Antagonistic effect

Nine and six of the 14 isolates selected in the
previous test, respectively, had substantial
inhibitory effects (with an inhibition zone greater
than 10 mm) against Staphylococcus aureus and
Listeria monocytogenes (Table 3). The isolates'
antimicrobial effects on gram-negative pathogens
were lower, with seven and five isolates,
respectively, displaying antimicrobial properties on
Escherichia coli and Salmonella enterica, and only
three and one LAB isolates providing an inhibition
zone larger than 10 mm (Table 3). This study
supports the findings of other researchers by

showing that lactic acid bacteria had greater
antibacterial effects on gram-positive bacteria than
on gram-negative pathogenic bacteria [34, 35]. The
antimicrobial effects of LABs are attributed to
various metabolites, such as acid, hydrogen
peroxide, or their bacteriocin [37]. Since filtered
LAB suspensions were examined in this work after
neutralization and catalase enzyme treatment, the
effects indicated can be attributed to bacteriocin
metabolites. Other studies have also pointed out the
role of these compounds in the LABs' antimicrobial
properties [2, 38].

Table3. Antibacterial effect of selected LAB isolates against indicator pathogens

Zone diameter (mm) around

Isolates  Salmonella enterica  Escherichia coli

Staphylococcus aureus  Listeria monocytogenes

(PTCC 1709) (PTCC 1276) (PTCC 1764) (PTCC 1163)

LS6 0 5.48+0.16 721%0.26 12.01=0.33
LS9 6.2620.06 17.47+0.23 12.64+0.28 16.50+0.21
LS17 0 0 0 0

LS18 0 0 11.26+0.05 10.5840.19
LS33 2.3040.17 13.59+0.19 21.58+0.20 20.49+0.14
LS37 0 8.540.09 0 13.43+0.18
LS58 0 0 0 2.64+0.21
LS59 12.3120.15 11.43%0.18 18.4120.20 22.24+0.23
LS64 0 0 0 7.2620.05
LS71 4.43%0.10 8.54+0.25 13.7120.19 18.3540.10
LS85 0 0 8.65+0.24 11.3020.17
LS99 0 0 0 4.53+0.24
LS106 0 0 16.38+0.15 15.5440.09
LS118 5.73+0.10 2.4620.10 0 0

Data are mean =+ standard deviation of three independent experiments.

Also, analysis of the impact of various
concentrations of the filtered suspension of 14
selected LAB isolates on the suppression of
Aspergillus  flavus and  Penicillium  citrinum
colonies' radial growth revealed that all isolates,
except for three (LS18, LS64, and LS99), had
possessed antifungal effects. Table 4 depicts the
minimum inhibitory concentration (MIC) of each

mold and the inhibition percentages of the selected
isolates at this concentration. To date, the antifungal
activities of different bacteria including LABs have
been established against a wide spectrum of molds
[39, 40, 41]. Even the application of Lactobacillus
plantarum antifungal substances as fungicides
against plant pathogenic molds has been stablished
[23].

Table4. Antifungal effect of selected LAB isolates against indicator molds

Growth inhibition (%) of

Growth inhibition (%) of

Isolates MIC (%) Aspergillus flavus MIC (%) Penicillium citrinum
(PTCC 5004) (PTCC 5304)

LS6 30 14+0.10 30 24+0.04

LS9 40 10+0.09 50 9+0.55
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LS17 70 16+0.22
LS18 - -

LS33 20 21+0.25
LS37 100 15+0.30
LS58 60 25+0.17
LS59 30 21+0.48
LS64 - -

LS71 20 27+0.07
LS85 40 23+0.53
LS99 - -

LS106 20 20+0.11
LS118 100 9+0.40

70 13+0.36
20 29+0.30
70 24+0.34
40 10+0.20
30 22+0.11
20 25+0.06
30 18+0.65
30 31+0.23
100 11+0.30

Data for growth inhibition (%) are mean + standard deviation of three independent experiments.

3-2-3- Auto-aggregation and Co-aggregation
properties

The results of the ability of selected LAB isolates to
auto-aggregation and  co-aggregation  with
Escherichia coli and Salmonella enterica, are shown
in Table 5. Accordingly, auto-aggregation,
aggregation with  Salmonella  enterica, and
aggregation with FEscherichia coli ranged from
21.22 to 60.78, 31.49 to 33.88, and 30.14 to 07.80,
respectively. The isolates selected for further
experiments were those whose results were recorded
above 50%. Bacterial aggregation, which

contributes to their adhesion and colonization in gut
epithelial cells, is regarded as one of the most
significant and vital capabilities of a probiotic
bacterium [42], and thus has been taken into account
in the majority of studies investigating the probiotic
properties of LAB bacteria [10,12]. Furthermore, it
is believed that probiotics' ability to attach to
pathogenic bacteria in the intestine can stop them
from adhering to the epithelial cells, acting as a
defense mechanism against the pathogens' invasion
into the gut epithelium [5].

Table5. Aggregation activities of selected LAB isolates

Auto-aggregation

Co-aggregation (%) with

Isolates (%) E. coli S. enterica
LS6 78.60+0.49 88.3310.18 80.07+0.35
LS9 38.46+0.13 40.3010.22 50.85+0.40

LS18 40.2610.24 36.4910.66 39.57+0.59
LS33 79.531£0.45 59.4610.36 69.19+0.54
LS37 51.43+0.30 44.46%0.24 30.14+0.39
LS59 21.22+0.39 31.4940.49 42.4410.61
LS71 67.57+0.41 87.52+1.33 70.86+0.10
LS85 40.7810.51 47.87+0.20 35.75+0.40
LS106 56.52+0.37 76.651£0.52 70.43+0.19

Data are mean + standard deviation of three independent experiments.

3-2-4- Antibiotic resistance

Table 6 shows the susceptibility of selected LAB
isolates to 11 commonly used antibiotics. Overall,
the isolates showed high susceptibility to the
antibiotics used, with all isolates being sensitive to
tetracycline and ampicillin. Resistance of 4 isolates
to clindamycin and 3 isolates to both vancomycin
and ceftriaxone was also recorded as the highest
antibiotic resistance of the isolates. The resistance of
LAB isolates to vancomycin in present study is
consistent with prior research indicating that many
Lactobacillus species are highly resistant to
vancomycin [41]. Contrary to our findings, Kouhi et
al. (2022) reported that none of the enterococci

isolated from Motal cheese were resistant to
vancomycin. The susceptibility of probiotic
microorganisms to typical medicinal antibiotics is
significant in two respects. First, certain LAB
bacteria, such as enterococci, are suspected of being
harmful; vancomycin-resistant enterococci, for
instance, are one of the major problems in the field
of hospital infections [43]. Furthermore, the need to
evaluate and ensure probiotics' susceptibility to
common clinical antibiotics is underscored by the
potential for horizontal gene transfer (HGT) of
antibiotic resistance between probiotics and other
gastrointestinal tract bacteria, including pathogenic
bacteria [44].

Table6. Antibiotic resistance in selected LAB isolates

Antibiotics Inhibition zone diameter (mm) for LAB isolates
LS106 LS71 LS33 LS6
Vancomycin 13.5+#0.36 (R) 10.6+0.11 (R)  15.4+0.08 (I) 7.3£0.09 (R)
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Cefixime 15.5+0.14 (R)
Penicillin 30.6+0.36 (S)
Clindamycin 0 (R)

Tetracycline 31.340.11 (S)
Chloramphenicol 22.1+0.38 (S)
Ampicillin 25.240.39 (S)
Erythromycin 26.4+0.22 (S)
Azithromycin 13.4+0.08 (D)
Gentamicin 18.740.09 (S)
Ceftriaxone 4.3£0.06 (R)

27.4+0.14 (S)
29.4+0.08 (S)
10.840.09 (R)
25.540.15 (S)
26.5+0.18 (S)
27.4+0.14 (S)
20.7+0.33 (I)
23.5+£0.21 (S)
18.5+0.13 (S)
28.340.28 (S)

18.140.05 (S)
27.340.16 (I)
0 (R)
23.4+0.09 (S)
18.6+0.15 (I)
18.5+0.14 (S)
24.3£0.22 (S)
13.7+0.08 (I)
17.4+0.08 (S)
21.240.16 (R)

16.3+0.09 (S)
31.1+0.17 (S)
0 (R)
29.3+0.15 (S)
29.4+0.23 (S)
22.3+0.14 (S)
21.340.39 (S)
17.4+0.09 (I)
14.5+0.06 (I)
15.140.19 (R)

Data are mean + standard deviation of three independent experiments.
(1) indicates intermediate sensitivity (R) resistance and (S) susceptibility to the antibiotics based on CLSI, 2018 guideline.

3-2-5- Hemolytic activity

The evaluation of the hemolytic activity of four
selected isolates (LS106, LS71, LS33, and LS6)
revealed that none of them formed a clear or green
hemolytic halo and thus lacked alpha or beta
hemolysis. The absence of hemolysis, which
prevents intestinal epithelium from being destroyed
and renders them wvulnerable to the entry and
colonization of harmful bacteria, is one of the key
characteristics pertaining to the safety of probiotic
bacteria (26). Similar to the present study, other
researches on lactic acid bacteria isolated from
fermented foods have also found no evidence of
hemolysis [5, 45].

4- Conclusion

Two strains of the Enterococcus genus LS106 and
LS6), and two Lactobacillus strains (LS71, LS33)
that were isolated from Lighvan cheese
demonstrated in the present study had the ability to
survive in simulated human gastrointestinal
conditions. Also, these isolates had other probiotic
properties such as antimicrobial activity and
accumulation and colonization in the intestine.
Thus, these isolates can be suitable choices for use
in food products and benefit from their health-
promoting properties, due to the lack of hemolytic
activity and sensitivity to widely used therapeutic
antibiotics. Evaluation of the presence of virulence
factor genes, particularly in Enterococcus isolates,
and conducting in-vivo experiments on animal
models to further guarantee their safety are
recommended for future studies.
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