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Abstract

Background: The main purpose of the present study was to identify the qualified probiotic strains of traditional
sourdough and to find stable Lactobacillus strains with enhanced antibacterial/antagonistic activity and without
antibiotic resistance.

Methods: Sixteen strains were isolated from traditional sourdough and their susceptibility was evaluated toward
a number of different antibiotics. In addition, the isolated strains were assessed with respect to their probiotic
properties, antagonistic activity, and resistance to low pH, bile salt, different NaCl concentrations, and low
storage temperatures.

Results: Based on the results, although none of the strains had considerable antibiotic resistance, they showed
significant antagonistic activity against 6 different pathogens. Among the isolates, H3a and K3b were the most
resistant to low pH and bile salt (0.3%) and demonstrated most hydrophobicity, auto-aggregation, and co-
aggregation characteristics. It was also observed that the strains could produce strong biofilm and were viable
at 1%-10% NaCl concentrations, as well as at 4°C and -20°C. Finally, the sequencing results revealed that these
2 strains had the highest homology to Lactobacillus plantarum based on the 16S rRNA gene.

Conclusions: The present data confirmed the safety of Lactobacillus content of the traditional sourdough and the
unique probiotic properties of these strains.
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Introduction

Researchers believe that food plays an increasingly
important role in society with respect to disease
prevention and human well-being. For this reason, the
microbial aspects of food safety should seriously be taken
into consideration (1,2). Due to their essential role in
producing flavor and providing food preservation, lactic
acid bacteria (LAB, e.g., lactobacilli) are highly important
in fermented foods. It is found that the use of these bacteria
as probiotic starters leads to the production of stable
intestinal flora, competition with potentially harmful
bacteria, and the prevention of certain diseases (3-5). In
addition, these bacteria are considered as effective means
for enhancing food safety and stability due to consumers’
awareness and concern regarding chemical additives
(6). Further, LAB can act as an antagonist against some
pathogenic bacteria by producing various antimicrobial
compounds such as bacteriocins (7), organic acids,
hydrogen peroxide, carbon dioxide, and diacetyl (8,9).
Similatly, these diverse phylogenetic groups can be found
in a wide variety of natural media, including fermented
food products (e.g., yogurt, cheese, sauerkraut, coffee,
sausages, vegetables, sourdough, and kimchi), as well as

the normal flora of the mouth, gut and the vagina of the
mammals (10-12)

To confer health benefits, probiotics need to survive in
the gut and to attach and colonize the intestine. Therefore,
they must survive in the acidic conditions of the stomach,
as well as the acidic environment of some fermented
foods and tolerate bile salt in the small intestine for
colonization and metabolic activity (13). Furthermore, it
is very important that they can maintain their viability
during the production, processing, and storage of the
fermented products (14). On the other hand, the risk
of the transmission of antibiotic resistance genes to
pathogenic and commensal bacteria in the gut should
seriously be taken into consideration by using probiotics
in the foods (15—17). Thus, the antibiotic resistance of
different probiotic strains should be identified for safety
reasons.

Accordingly, the isolation, identification, and
characterization of native food born strains are regarded
as the most important issues of national food industries
given the importance of local foods and their striking role
in public health. Although there are different bacterial

species in sourdough, lactobacilli are the most abundant
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ones in this fermented food (10). Therefore, the present
study aimed to assess the antibiotic resistance and
antagonistic activity of native Lactobacillus strains with
potential probiotic properties isolated from traditional
sourdough of Kermanshah Province, West Iran. In
addition, the study focused on evaluating the stability
and growth rate of the isolated strains in sodium chloride
(1%-10% w:v), as well as the effect of storage temperature
of 4'C and -20°C on their growth rate.

Material and Methods

Materials

Mueller-Hilton Agar, Man Rogosa and Sharpe (MRS)
media agar/broth, Anaerocult A-strip, HCI, n-hexadecane,
and sodium chloride were purchased from Merck
Company (Germany). In addition, antibiotic disks, as well
as ethanol and acetic acid were obtained from the MAST
Group (Merseyside, UK) and Sigma Aldrich (Germany),
respectively. A genomic DNA extraction kit was procured
from Bioneer Company (South Korea) as well. Finally,

bile salt was purchased from Sigma Company (Oxgall,
USA).

Samples and Initial Isolation of Lactobacilli Bacteria
Sixteen samples of traditional sourdough were collected
in the Kermanshah province (West of Iran), Kermanshah
during 2017, and were transferred to Shahid Bahonar
University of Kerman, Kerman for further investigation.
First, 10 g of each sample was added to 90 mL of sterile
peptone water (1%) and homogenized for one minute
by vortex mixer. Next, 10 dilutions of each sample were
prepared in sterile peptone water and 100 pL of the
dilutions were spread on the MRS agar media, followed
by incubating for 48 hours at 37°C under anaerobic
condition in a jar with Anaerocult A-strip. After initial
tests, 16 gram-positive bacilli or coccobacilli and
catalase-negative bacteria were chosen to study their
most important probiotic criteria including antibiotic
resistance, antagonistic activity, resistance to low pH,
resistance to bile salt, biofilm formation, cell surface
hydrophobicity, auto-aggregation and co-aggregation,
and stability in storage conditions (18).

Antibiotic Resistance

In the present study, the antibiotic susceptibility of the
isolated strains was tested toward different antibiotics
including vancomycin (30 pg), penicillin (10 pg),
erythromycin (15 pg), tetracycline (30 pg), gentamycin
(10 pg), ceftriaxone (30 pg), imipenem (10 pg), oxacillin
(1 pg), amoxicillin (10 pg), chloramphenicol (30 pg),
and timethoprim/sulfamethoxazole (1.25/23.75 pg).
Briefly, the 0.5 McFarland suspensions of each 16 strains
were prepared from their overnight cultures. Next, the
suspensions were swabbed onto Mueller-Hinton agar

plates and the antibiotic discs were embedded carefully.
Then, the plates were incubated at the anaerobic condition
at 37°C for 24 hours. Subsequently, the diameters of
the inhibition zones of each disc were measured and
interpreted based on the guidelines of the Clinical
Laboratory Standards Institute (CLSI) (19).

Antagonistic Activity

The agar well diffusion assay was used to test the
antagonistic activity of the bacterial strains against 6
pathogen strains according to Khan and Kang (3). First,
the cultures of Lactobacillus strains, which were grown
overnight, were centrifuged at 9000 rpm for 15 minutes
at 4'C using the Hettich, Mikro 200R centrifuge (UK)
and the supernatant was filtered as well. Next, 107 CFU/
mL of the target bacteria (i.e., Escherichia coli PTCC1330,
Micrococcus  luteus PTCCI1110, Staphylococcus  aureus
PTCC1112, Bacillus subtilis PTCC1023, Enterococcus
Jaecalis  PTCC1237, and Listeria  monocytogenes
ATCC35152) were spread on the Mueller-Hilton Agar
plates. The wells were then made on the plates using a
clean and sterile borer, followed by placing 100 pL of the
supernatant of the isolated Lactobacillus strains inside the
wells and incubating the plates overnight at 37°C. Finally,
the diameter of the zone of inhibition was measured and
recorded in mm.

Resistance to Low pH

The resistance of the isolated strains to low pH was
evaluated by a commonly employed method according
to (20) with some modifications. First, the overnight
cultures were centrifuged and the pellets were washed, re-
suspended in peptone saline, and approximately 10® CFU/
mL of them were inoculated into MRS broth adjusted
to pH3 and 4 utdilizing HCI (1 N). During this stage,
MRS broth (pH=6.5) was applied as a control culture
medium. The cultures were next incubated at 37°C under
anaerobic conditions for 3 hours. Then, 50 pL of these
cultures were spread on MRS agar and incubated at 37°C
under anaerobic conditions for 24 hours. Eventually, the
number of live bacteria was counted as well.

Resistance to Bile Salt

To evaluate the resistance of the isolated strains to bile
salt, the overnight cultures of the bacterial strains were
centrifuged and their resultant pellets were washed and
resuspended in peptone saline. Then, approximately 10°
CFU/mL of the suspensions were inoculated into MRS
broth enriched with bile salt (0.3%, w/v). MRS broth
without the bile salt was employed as a control medium
in this step. After 3 hours of incubation at 37°C under
anaerobic conditions, 50 pL of the suspension was spread
on MRS agar and incubated at 37°C under anaerobic
conditions for a further 24 hours. The viability of the cells
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was finally determined using the colony count method.

Biofilm Formation

The biofilm formation was assessed using 96 well
microplates according to the method previously described
by our group (21) with some modifications. In the
beginning, 250 pL of fresh MRS broth containing 10°
CFU/mL of each of the isolated strains in the stationary
phase was distributed in the wells and then the plates were
incubated under the anaerobic condition at 30°C for 24
hours. After incubation, the medium was removed from
each well, and the plates were washed twice with 250 pL
of physiological saline solution to remove the free cells.
Next, 250 pL of 96% ethanol (v/v) was added to each
well to fix the formed biofilm. Then, the plates were dried
and stained by adding 200 pL crystal violet (2% v/v)
to each well and washing them twice after 30 minutes.
Subsequently, the stained biofilms were dissolved by
adding 200 pL acid acetic (33% v/v) and then the UV-
Vis absorbance of each well at 490 nm was determined
using a microplate reader (Bio-Rad Laboratories, Inc.,
USA). Three wells containing sterile MRS broth medium,
as well as a Staphylococcus aureus strain were considered as
negative controls and the positive control in each plate,
respectively.

Cell Surface Hydrophobicity

Bacterial adhesion to hydrocarbons was conducted
based on the method described by Todorov et al (22).
The isolated strains were anaerobically grown in MRS
broth at 37°C for 18 hours. Next, the culture media were
centrifuged (at 9000 rpm at 4'C for 6 minutes), and the
harvested cells were washed twice with quarter-strength
Ringer’s solution. The cells were then resuspended in the
same solution and their optical density (OD,, nm) was
measured using a spectrophotometer (JASCO V-670 UV-
VIS-NIR Spectrophotometer, Tokyo, Japan). Afterward, a
mixture of 1.5 mL n-hexadecane was added to 1.5 mL cell
suspension and vortexed for 2 minutes. Then, the mixture
was allowed to separate its phases for 30 minutes at room
temperature and the optical density (OD,,; nm) of 1 mL
of the aqueous phase was measured as well. In addition,
the experiment was performed in triplicate, followed by
determining the average optical density value. Finally, the
percentage of hydrophobicity was calculated as follow:
%Hydrophobicity = (A, — A)/A,) x100

where A and A are the absorbance values measured before
and after n-hexadecane extraction, respectively.

Auto-aggregation and Co-aggregation Assay

To measure the auto-aggregation ability of the strains, the
method reported by Khan and Kang was used with some
modifications (3). To this end, 107 cells/mL of overnight
cultures were centrifuged and then the pellets were washed
3 times with physiological saline solution, followed by

resuspending them in 2 mL of fresh physiological saline
solution. Next, the OD_
monitored after 0, 0.5, 1, 2, 3, 4, and 5 hours of incubation

nm of cell suspension was

at room temperature. Finally, the auto-aggregation ability
was expressed as an auto-aggregation percentage using the
following equation:

% Auto-aggregation=(1 — (A /A,

initial

)) x 100
where A and A, represent the absorbance at time t (i.e.,
0.5, 1,2, 3,4, and 5 hours) and time 0, respectively.

The co-aggregation of the isolated strains with
6 pathogens was also determined similar to auto-
aggregation. Briefly, the same volume of each Lacrobacillus
and pathogen strains were mixed and incubated at
room temperature for 5 hours and the co-aggregation
percentages were monitored after incubation according to
the previously described method (3).
The co-aggregation was calculated using the following
equation:
%Co-aggregation= ((OD . —OD )/ OD ., ) x100

OD

Tot

after the pairing of isolates and OD, denotes the OD of

value refers to the initial OD immediately
supernatant after 5 hours at room temperature.

Stability of Isolated Strains on Storage Conditions

In this study, 2 conditions of food storage were

investigated, including different NaCl concentrations and

low temperatures as follows.

e  The overnight cultures of the strains (approximately
108 CFU/mL) were inoculated in the MRS broth
containing 0, 1, 2, 4, 6, 8, 10, and 12% (w/v)
sodium chloride (NaCl). After 24 hours of anaerobic
incubation, the salt the tolerance of the strains was
determined by the colony countmethod (11)including
tolerance to simulated gastric juice and bile salts,
antimicrobial activity, antibiotic susceptibility and in
vitro aggregation. Based on their morphological and
biochemical characteristics, four potential probiotic
isolates (CS2, CS3, CS4, and CS7.

o  The overnight cultures of each strain (approximately
108 CFU/mL) in MRS broth were stored at 4'C and
-20°C. One mL samples stored at 4'C and -20°C were
diluted and cultured on MRS agar. Eventually, the
bacterial colonies were counted at the days of 1, 7,
14, 21, and 30 after 24 hours of incubation at 37°C
under anaerobic conditions (Figure 1).

Identification of the Isolates
Molecular identification of the
probiotic was confirmed by the sequencing of 16S

selected strains as
rRNA. To extract bacterial genomic DNA, the genomic
DNA extraction kit (Bioneer Co., Korea) was used
based on the manufacturer’s instructions. Universal 16S
rRNA polymerase chain reaction (PCR) primers set
including U8F (5~ AGAGTTTGATCCTGGCTCAG-3’)
as the and U1390R

forward primer
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(5-GACGGGCGGTGTGTACAA-3’) as the reverse
primer were utilized to amplify 16S rRNA gene. The PCR
was accomplished in a total volume of 50 pL including 50
ng of genomic DNA, 1.25 units of Taqg DNA polymerase,
20 pmol of each primer, 19 PCR buffer and 200 pM of
each dN'TPs as the components. The PCR was performed
as the following: for 35 cycles with primary denaturing
for 3 minutes at 94'C, recurring denaturing for 30
seconds at 94'C, recombining in the double-stranded
form for 30 seconds at 58 C, and extension for 2 minutes
at 72°C with a final extension of 7 minutes at 72'C. Next,
PCR products were electrophoresed on agarose gel (1%)
and then the amplified 16S rRNA bands were purified
by DNA extraction kit. In addition, DNA sequencing
was directly conducted on both strands using a master
mix provided by Bioneer Company (South Korea). The
sequence data of 16S rRNA were then utilized for BLAST
((htep://www.ncbi.nlm.nih.gov/BLAST/)  analysis and
the neighbor-joining phylogenetic tree was made using
the Molecular Evolutionary Genetics Analysis Software,
version 4.0 (23).

Statistical Analyses

All experiments were conducted in triplicate and the
results were expressed as mean and standard deviation
(SD). The values in the tolerance test were compared
by one-way ANOVA and P values less than 0.05 were
considered as a significant difference.

Results

Initial Isolation of Lactobacilli Strains

Initially, 16 strains were isolated from the 16 collected
sourdough samples and were then studied with
regard to their colony morphology, gram staining,
and catalase production. Based on the results of this
section, 16 strains were selected for further studies,
including gram-positive bacilli/coccobacilli and catalase-
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negative. Figure 2 illustrates the purity and gram-positivity
of one of the isolated Bacillus strains.

Antibiotic Resistance Evaluation

The antibiotic resistance state of the isolated strains was
evaluated regarding the 11 common antibiotics and based
on the results, none of the isolated Lactobacillus strains
possessed considerable antibiotic resistance toward the
antibiotics. As shown in Table 1, the strains in the best
way were resistance to only 4 out of 11 tested antibiotics.
Vancomycin, oxacillin, and gentamicin were the most
inactive antibiotics against the strains, respectively.

Antagonistic Activity of the Isolates

The antagonistic activity of the isolated strains was
assessed against the 6 pathogenic bacteria. The evaluation
revealed that almost all of the strains inhibit the growth of
the pathogen. According to the results, 13 of the isolated
strains (81%) led to the inhibition zone with >20 mm
diameters. Further, the most antagonistic activity of the
strains was observed against L. monocytogenes ATCC
35152, and S. awureus PTCC 25923. Finally, H3a and
K3b strains had the highest inhibitory effect against all
pathogenic bacteria (Figure 3).

Y

Figure 2. (A) A Streak Culture and the Morphology of Colonies
of One of the Isolated Strains (K3b); (B) Gram Staining of the K3b
Strain. Note. The purity and Gram-positivity of the Bacillus strain
are clear in this figure.
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Figure 1. Survival of H3a and K3b Strains in (A) Different NaCl Concentrations; (B) Low Storage Temperatures (4°C and -20°C)
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Table 1. Antibiotic Resistance Pattern of the Isolated Strains

Susceptibility (S), Resistance (R), and Intermediate (I)

S AN PEN AMX ERY TET GEN CRO SXT IPM CHL oXA
m3a R [ s s S s s S S > !
H3a R s s s s s s s s s R
SH1a R ! s s s ! s R S S R
H3b R | s s s R s S ! S A
SH2c R s s s s s R R s s R

D3 R s s s s s R S s s S
HE2a R s s s s s s s s s |
K10a R s s s s s s R s S s
Ald R R s s | s s S s s R
K3b R s s s s s s s s s S
H1b R R s s s R S s 5 S R
ML4d R ! s s s s R ! s s R
K11d R | s s s R S s s S R
V3a R | s s s R s s s s R
Kad R R s s s s s s s S R
K11b R s s s s s s S s S S

Note. Antibiotics: VAN, Vancomycin; PEN, Penicillin; AMX, Amoxicillin; ERY: Erythromycin; TET, Tetracycline; GEN, Gentamycin; CRO: Ceftriaxone;
SXT, Trimethoprim/Sulfamethoxazole; IPM: Imipenem; CHL, Chloramphenicol; OXA, Oxacillin.

Figure 3. Inhibitory Activity of K3b and H3a Strains Against (A) E.
coli; (B) S. aureus; (C) E. faecalis; (D) L. monocytogenes.

Tolerance to Low pH and Bile Salt

Resistance to the low pH (3 & 4) of the isolated strains and
bile salt (0.3%) was evaluated as well. Figure 4 displays the
average colony count of the strains in these pH values and
bile salt after 3 hours of exposure. The results indicate that
56.25% of the strains were resistant to pH =3 although
almost all strains were resistant to pH =4. Moreover, 75%
of the strains were resistant to bile salt. More precisely,

V3a, K10a, H3a, H3b, and K3b strains could particularly
survive and grow in both low pH and 0.3% bile salts.

Biofilm Formation

Biofilm formation was studied using the colorimetric
method and based on the results, all 16 strains considerably
produced biofilm compared to the control (S. aureus).
However, H3a and K3b strains could form stronger
biofilm compared to the control (Figure 5).

Cell Surface Hydrophobicity

Considering the results of previous tests, H3a and K3b
strains were selected for further study. Based on the surface
hydrophobicity studies of both strains, H3a and K3b
demonstrated 43% and 73% adhesion to n-hexadecane,
respectively. N-hexadecane was used as a polar solvent and
hydrophobic surface as well.

Aggregation Assay

The results of auto-aggregation and co-aggregation studies
are depicted in Figure 6. According to slide A, the auto-
aggregation of K3b (72%) during 5 hours of incubation
at room temperature was significantly more than that
of H3a (39%). In addition, the co-aggregate assessment
results (Figure 6B) revealed that the ability of the co-
aggregation of K3b with pathogens was more than that of
H3a. Further, the K3b strain showed the highest rate of
co-aggregation with S. awureus PTCC1112.
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Figure 4. The Average Colony Count of the Strains in the Low pH and Bile Salt After 3 Hours of Exposure

0.70
0.60
£
o 0.50
(=)
<
+ 0.40
[
(=}
€ 0.30
Eel
-
2 0.20
Ne]
o
0.10
0.00
Q%’b’b'b'b(.z“O‘O‘O‘Ob’bbb‘b'b'bb
TSI LT EIF TP EFE o
g).

strains

Figure 5. Biofilm Formation of the Isolated Strains in Comparison to the Biofilm Formation by S. aureus.

A B
——H3a -=-K3b W H3a mK3b
80 50
70 45
o= & 40
=J | —_—
9} X 35
50 +
% § 30
§ 40 - ‘go 25
% 30 % 20
© sTy]
& © 15
£ 20 o
2 O 10
10 5
0 : ‘ - : - 0
30 60 120 180 240 300 Lm S.a B.s
Time (minute) patogens

Figure 6. (A) Auto-aggregation of H3a and K3b Strains in a 5-hour Period; (B) Co-aggregation Percent of Strains with Different Pathogens. Note.
L. m: L. monocytogenes; S. a: S. aureus; E. f: E. faecalis; B. S: B. subtilis; E. c: E. coli; M. |: M. luteus.

Stability to NaCl and Low Temperature
The results of the growth and survival rate of the strains
under the different concentrations of NaCl, as a harsh

the strains at the storage temperatures of 4°C and -20°C
represented that K3b strain was more resistant than H3a
toward these temperatures (Figure 1B). The viability of

condition medium, showed that H3a and K3b strains were
significantly resistant to 1%-10% NaCl concentrations.
Contrarily, none of the strains could grow at 12% NaCl
concentration (Figure 1A). Evaluating the survival of

this strain decreased to 3x108 CFU/mL and 1.3x108
CFU/mL at 4°C and -20°C, respectively, after one month
of storage. H3a strain indicated partial survival at both
temperatures for 3 weeks. However, its growth at 4°C and
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-20°C reduced to 3x106 CFU/mL and 3x105 CFU/mL,
respectively.

Identification of the Isolates

The molecular identification of the 2 potent probiotic
strains (i.e., H3a and K3b) was determined by using the
information obtained from the sequencing of the 168
rRNA gene. Then, the phylogenetic tree was illustrated
with MEGA4 software. Based on the results, H3a and
K3b, which were identified as L. plantarum MZRF and
L. plantarum KHMZ showed 99-100% similarity with
L. plantarum WCFS1 and L. plantarum NBRC 15891,
respectively (Figure 7).

Discussion

Nowadays, the resistance of LAB to antibiotics has become
a very important issue. It is assumed that some of the
LAB may well transfer antibiotic resistance genes to other
bacteria through horizontal gene transfer in the human
gastrointestinal tract (24). The results of the present study
also confirmed that the isolated strains were resistant to
vancomycin, oxacillin, and gentamicin (Table 1), which is
in line with the results of some studies regarding resistance
to vancomycin and gentamicin (24,25). However,
thankfully, the majority of the strains are still sensitive to
the antibiotics, confirming the traditional sourdough as a

A 19 —— & Lb. plantarum. MZRF
LB. plantarum WCFS1.WCFS1(NR 075041.1)
L8. plantarum.CIP 103151(NR 104573.1)
Lb. pentosus.124-2(NR 029133.1)
Lb. pl JCM 1149(NR 115605.1)
Lb. koreensis.0CY 50(NR 116854.1)
Lb. brevis ATCC 367. ATCC 367(NR 075024.1)
Lb. parabrevis.LMG 11984(NR 042456.1)
Lb. senmaizukei.L13(NR 041584.1)
Lb. silage.IWT126(NR 114388.1)
Lb. oryzae.5G293(NR 114339.1)
Lb. suebicus.DSM 5007(NR 114977.1)
— Lb. saniviri.YIT 12363(NR 113289.1)

99 L— Lb. brantae.SLT1108(NR 125575.1)

— Lb. graminis.G90 (1){ NR 042438.1)
100 L— Lb. sakei.DSM 20017(NR 042443.1)
out group P. aeruginosa NBRC 12689 (NR 12689.1)

@ Lb. plantarum. KHMZ

Lb. plantarum.NBRC 15891(NR 112690.1)

Lb. plantarum.JCM 1149(NR 115605.1)

Lb. plantarum.CIP 103151(NR 104573.1)

Lb. plantarum.NRRL B-14768(NR 042394.1)

Lb. plantarum.NBRC 15891(NR 113338.1)

Lb. rapi.YIT 11204(NR 041659.1)

Lb. koreensis.DCY 50(NR 116854.1)

Lb. parabrevis.LMG 11984(NR 042456.1)

Lb. zymae.R-18615(NR 042241.1)

Lb. brevis ATCC 14869(NR 116238.1)

Lb. collinoides.JCM1123(NR 024645.1)
Lb. silage.IWT126(NR 114388.1)

- |T|: Lb. similisJCM 2765(NR 112645.1)

out group P. aeruginosa NBRC 12689(NR 1135990.1)

Figure 7. The Phylogenetic Tree Based on Partial 16S rDNA
Sequences Representing the Relationship of H3a, #Lb. plantarum
MZRF (A) With K3b, eLb. plantarum KHMZ (B) Strains With Other
Members of Lactobacillus spp. Note. The analysis was constructed
using the neighbor-joining method in MEGA4.

healthy source. It is worth mentioning that the sensitivity
of Lacrobacillus strains toward erythromycin, tetracycline,
ceftriaxone (26,27), and amoxicillin (28) was observed in
earlier studies as well.

Although the antimicrobial activity of the probiotics
against pathogenic bacteria was previously reported in
the literature (9,29,30), the strains isolated in the present
study demonstrated a special activity. The likelihood of
this activity is high in producing various antimicrobial
compounds, including sugar catabolites such as organic
acids (i.e., lactic and acetic acids), fat and amino acid
metabolites like fatty acids, phenyl lactic acid, and
OH-phenyl lactic acid, as well as low-molecular-mass
compounds such as hydrogen peroxide (H,0,), carbon
dioxide (CO,), diacetyl (2,3-butanedione), and high-
molecular-mass compounds such as bacteriocins (25).

The viability and survival during transit through the
stomach and the upper part of the intestinal tract are
considered as the most important indexes of a potent
probiotic (31). According to evidence, the acid tolerance
of LAB depends on the pH profile of H*-ATPase and the
composition of the cytoplasmic membrane heavily relies
on the type of bacteria, the type of growth media, and
the conditions of their incubation (32). Furthermore,
tolerance to bile salts is considered to be important for
the colonization and metabolic activity of bacteria in the
small intestine of the host. In addition, the bile resistance
of some strains is due to the presence of bile salt hydrolase
enzyme which hydrolyzes the conjugated bile in order to
reduce its toxic effect (33). Our study showed that H3a
and K3b strains were resistant to the low pH values and
the employed bile salt condition so that their survival was
more than 90% in the environment which was similar to
gastric juice. Previous studies have similarly indicated that
different isolated Lactobacillus strains were resistant to low
pH and bile salt (13,20,34).

Likewise, adhesion is regarded as a complex process that
involves non-specific (hydrophobicity) and specific ligand-
receptor mechanisms (35). Further, biofilm is known as a
microbial adherent structure and is associated with some
diseases. In contrast, a beneficial biofilm of Lactobacilli
probably plays a protective role in the gastrointestinal tract
(6). Recent studies have reported that biofilm formation
and its properties in Lactobacillus strains depend on the
strain, the composition of the growth medium, and
growth conditions (8,36). In the present study, it was
observed that various Lactobacillus strains formed biofilms
with different densities, which is in agreement with the
results of previous research (37). However, H3a and K3b
strains could form stronger biofilms.

Bacteria can adhere to either similar bacteria (auto-
aggregation) or genetically different strains  (co-
aggregation) through the aggregation process. This process
may play a significant role in eliminating the pathogens
from the human gut (22,25). Collado et al found that
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bacterial surface characteristics and their adhesion ability
to hydrocarbons correlate with their aggregation abilities
(35). On the other hand, earlier studies revealed that
cell surface hydrophobicity depends on the presence of
(glycol) proteinaceous material at the bacterial surface
(26,35,38). Our results demonstrated that K3b not
only shows the highest adhesion to hydrocarbons but
also higher aggregation ability (auto-aggregation and co-
aggregation) compared to the other tested strains.
Storage conditions such as salt concentrations and low
temperature in the food industry are important for food
quality maintenance and the survivability of probiotics. In
some countries, different concentrations of NaCl (1-10%
w/v) are used as a preservative in fermented food (e.g.,
cheese, pickles, and sourdough). However, probiotics
should be durable in high NaCl concentrations in food
due to the inhibitory effect of NaCl on some bacteria
(11,14)including tolerance to simulated gastric juice and
bile salts, antimicrobial activity, antibiotic susceptibility
and in vitro aggregation. Based on their morphological
and biochemical characteristics, four potential probiotic
isolates (CS2, CS3, CS4, and CS7. In the current study,
H3a and K3b strains could survive at 1-10% NaCl
concentrations. It was also detected that the K3b strain
was more viable than H3a in low storage temperatures. In
a similar study, Wang et al. concluded that 3 Lactobacillus
strains considerably survived after 21 days of storage at

4C (18).

Conclusions

The results of the present research showed that the native
Lactobacillus strains isolated from traditional sourdough
have a good situation regarding their antibiotic resistance.
It implies that they not only are highly sensitive to a
great number of antibiotics but have also an incredible
antagonistic activity. Furthermore, they have a potent
probiotic potential, can survive at 10% NaCl and low
temperatures and can form a strong biofilm. Moreover,
the strains are capable of aggregating with pathogen
strains. Finally, these strains are proper candidates and,
undoubtedly, can be used at industrial levels.
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