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ABSTRACT

Background and Objectives: Probiotics are live microorganisms, which show beneficial health effects on hosts once con-
sumed in sufficient amounts. LAB group can be isolated and characterized from traditional dairy sources. This study aimed
at isolating, identifying, and in vitro characterizing (low pH/high bile salt tolerance, antibacterial activity, and antibiotic
susceptibility) LAB strains from traditional Iranian dairy products.

Materials and Methods: Isolated strains were identified by Gram staining, catalase assay, and 3 molecular identification
methods; namely, (GTG) 5-PCR fingerprinting, ARDRA, and 16S rDNA gene sequencing.

Results: A total of 19 LAB strains belonging to 4 genera (Lactococcus, Leuconostoc, Lactobacillus and Enterococcus) were
identified.

Conclusion: The experiments revealed that L. plantarum 15HN, L. lactis subsp. cremoris 44L and E. mundtii 50H strains,
which were isolated from shiraz, cheese and shiraz, respectively, displayed a desirable tolerance to low pH and high bile salts,
favorable anti-pathogen activity, and acceptable antibiotic susceptibility; hence, they could be considered as novel probiotic
candidates and applied in the food industry.
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INTRODUCTION

Diverse traditional dairy products with health-en-
hancing benefits, such as improvement of nutrient
absorption, inactivation of toxins and anti-patho-
genic activities, are used worldwide (1). Traditional
dairy products, such as curd, tarkhineh, shiraz, yo-
gurt, and cheese, are produced in different countries,
particularly in Iran. Shiraz is a tasty and authentic
traditional dairy product in this region. It is prepared
out of buttermilk or yogurt with some herbal plants,
such as nigella and fennel. Meanwhile, tarkhineh
is a traditional cereal product made of a mixture of
fermented milk, yogurt, cooked vegetables (turnip)
with some grains such as cracked wheat. These dairy
products are consumed in this region and exported
to other regions, including Europe, as a result of in-
creasing demands (2).

Probiotics are microorganism’s active factors,
which show the beneficial impacts on the host health.
Probiotics significantly affect the bioavailability of
nutrients in the human body by facilitating the ab-
sorption of magnesium and calcium from milk pro-
teins, digesting lactose and producing folate and B
vitamins. Lactobacillus and Enterococcus species
are common lactic acid bacteria (Gram-positive and
non-toxic bacteria), which are usually consumed as
probiotics (3). Lactic acid bacteria (LAB) are gen-
erally recognized as safe microorganisms. Most of
probiotics include LAB group, which is isolated from
safe sources, such as fermented dairy products and
can be introduced as probiotics.

LAB grows under similar conditions. Thus, these
bacteria could not be identified and differentiated by
traditional phenotyping and biochemical methods,
such as sugar fermentation at a genus level, as these
techniques do not provide clear classification results.
Rapid, accurate, and practical molecular identifi-
cation techniques, such as 16S rDNA sequencing
and analyzing (4), specific gene sequencing, ribo-
typing with specific probes, Repetitive Bacterial
DNA Elements PCR (REP-PCR), Pulsed-Field Gel
Electrophoresis (PFGE), Denaturing Gradient Gel
Electrophoresis (DGGE), Randomly Amplified Poly-
morphic DNA (RAPD), and Amplified Ribosomal
DNA Restriction Analysis (ARDRA), have been de-
signed to identify isolated bacteria at genus, species,
or subspecies levels (5). However, when these meth-
ods are used individually, they fail to produce strong
clustering results at strain levels, thus, an effective
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combination of these techniques should be consid-
ered. Therefore, this study aimed at screening tradi-
tional dairy products of the west of Iran microbiota
to determine new strains with high probiotic capabil-
ity by employing important morphological and bio-
chemical assays with 3 molecular methods; namely,
16S rDNA sequencing, REP-PCR (GTG-PCR) and
ARDRA.

MATERIALS AND METHODS

Sampling and isolation. A total of 200 samples of
traditional dairy products including cheese, yogurt,
curd, shiraz and tarkhineh from west of Iran were
prepared. Five grams of each dairy sample was sus-
pended in 2% w/v sodium citrate solution and ho-
mogenized using Stomacher 400 Circulator (Seward
Laboratory Systems Inc, USA) for 2 minutes. One
mL of the samples was added to 24 mL of MRS broth
(Merck, Germany) in anaerobic conditions contain-
ing 5% CO,. These diluted solutions (0.02 mL) were
spread on MRS agar plates (Merck, Germany) and
incubated for 48 hours. The single colonies on the
growth agar plate were selected and transferred to
15 mL of broth culture medium for 24 hours at 37°C.
The isolates were stored in 30% (w/v) glycerol and
10% (w/v) skim milk at -70°C for further assess-
ments (6).

16S rDNA fragment amplification and sequenc-
ing. In this study, 16S rDNA amplification and se-
quencing was performed based on methodology
described previously by Haghshenas et al. 2014

(.

ARDRA analysis. The, 16S rDNA amplified prod-
ucts were digested using Pst I restriction enzyme
(Fermentas, St. Leon-Rot, Germany) for 2 hours at
37°C. The digestion reaction contained 5 units of Pst
I enzyme, 2 pL of 10x buffer and 5 uL of PCR prod-
uct. The digested products were electrophoresed on
1.5% agarose gel at voltage of 70 V for 1 hour and
visualized by utilizing SYBR Green dye (DNA safe
stain, Tehran, Iran).

(GTG),-PCR fingerprinting and data analysis.
In this study, (GTG),-PCR amplification was per-
formed according to method described in previous
study (8).
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Low pH and high bile salt tolerance assessment.
The isolated strains were screened to select the cells
resistant to low pH condition according to Nami et
al. (9).

Resistant bacteria were determined based on high
bile concentration according to the method of Hagh-
shenas et al. 2016 (10).

Antimicrobial Activity. The modified well diffu-
sion method was used to determine the antibacterial
activities of isolated bacteria (7). Antibacterial ac-
tivity assessments were conducted against clinically
important human pathogens (Table 1). Based on the
diameter of the inhibition zone, anti-pathogen activ-
ities were divided into strong (diameter > 20 mm),
moderate (20 mm < diameter > 10 mm) and weak
(diameter < 10 mm) (11).

Antibiotic susceptibility. Disc diffusion method
was used to determine the antibiotic susceptibility of
each isolated strain. After spreading each strain in
anaerobic condition for 24 hours on Mueller-Hinton
agar plates, antibiotic disks (Padtan Teb Co., Teh-
ran, Iran) were placed on the plates using sterilized

forceps. These plates were incubated for 24 hours at
37°C. Next, the clear zones around each disc were
measured.

RESULTS

Morphological and biochemical assays. A total
of 92 hemispherical white or achromatic colonies
were grown on related culture media. Each colony
was separately propagated for further assessments.
Among these Gram-positive and catalase-negative
strains, 25 strains were isolated from cheese, 22 from
curd, 17 from yogurt, 16 from shiraz, and 12 from
tarkhineh.

Identification by 16S rDNA sequencing. The
PCR-amplified 1500 bp fragments of 16S rDNA
gene of the isolates were sequenced. Sequences were
blasted with the deposited sequences in GenBank.
Isolates with 99% to 100% homology were identified
by considering the threshold values of taxonomical
studies (97%) (12). These 19 strains belonged to 4
genera (Lactococcus, Leuconostoc, Lactobacillus,

Table 1. Sequencing results of 19 representative isolated LAB and their dairy origin and survival rates of isolated LAB after

3 hincubation at pH 2.5 and 0.3% bile salts

Isolates Sequencing Results Actual Sequencing Dairy SR (%) SR (%)
Homology (%) Origen inpH 2.5 in high bile salt
10H2 Leuconostoc mesenteroides subsp. cremoris 99.4 yogurt 43 65
39C Enterococcus durans 100 yogurt 82 96
46Lac Lactobacillus paracasei subsp. paracasei 100 yogurt 76 92
11H Lactococcus lactis subsp. cremoris 100 yogurt 44 65
41Lac  Leuconostoc mesenteroides subsp. mesenteroides 99.6 curd 84 90
13C Enterococcus faecalis 99.3 curd 73 98
13H2 Lactococcus lactis subsp. lactis 100 curd 53 71
13H Lactococcus lactis subsp. lactis 100 curd 66 82
18H  Leuconostoc mesenteroides subsp. mesenteroides 99.8 tarkhineh 53 74
35C  Leuconostoc mesenteroides subsp. mesenteroides 99.2 tarkhineh 47 70
44Lac Lactococcus lactis subsp. lactis 99.5 cheese 85 94
44L Lactococcus lactis subsp. cremoris 100 cheese 81 95
2H2  Leuconostoc mesenteroides subsp. mesenteroides 99.7 cheese 61 80
19H2 Leuconostoc mesenteroides subsp. cremoris 100 cheese 55 77
SH Leuconostoc lactis 100 cheese 49 66
15H Leuconostoc lactis 99.3 shiraz 64 82
S50H Enterococcus mundtii 100 shiraz 78 98
50H2 Enterococcus mundtii 99.8 shiraz 51 70
15HN Lactobacillus plantarum 99.0 shiraz 71 88

SR: Survival Rate
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and Enterococcus) (Table 1). The maximum and Then, 6 isolated strains were grouped into Cluster
minimum LAB populations across the LAB isolates 1, 5 isolates into Cluster 2 and 8 isolates into Clus-
from 5 traditional dairy products (yogurt, cheese, ter 3. To predict and identify the members of each
curd, shiraz, and tarkhineh) belonged to Leuconostoc cluster, the 16S rDNA sequences of each candidate
(42%) and Lactobacillus (11%). strain in GenBank were selected according to the se-

quencing patterns virtually restricted using Pst I re-
Clustering by ARDRA. The amplified 16S rDNA striction enzyme in ApE A plasmid editor software.

from 19 isolated strains were restricted by Pst I re- Fig. 1 panel (A) demonstrates virtually restricted
striction enzyme. Three different restricted patterns patterns, which can be divided into 3 clusters. The
were observed after performing on 1.5% agarose first cluster includes Lactococcus and some Lacto-
gel. In the first pattern (Fig. 1, cluster I), Pst I en- bacillus species, such as L. paracasei. The second
zyme failed to restrict the amplified products and cluster comprises the Enterococcus genera and
only 1 fragment with approximately 1500 bp was some Lactobacillus species, such as L. plantarum
observed in the gel; 2 fragments with the sizes of and the third cluster covers Leuconostoc species.
650 and 850 bp were seen in the second pattern (Fig. Discrimination at the genus level was performed by
1. cluster II); and 2 fragments with the sizes of 350 comparing the experimental and virtually restricted

and 1150 bp were found in the third pattern (Fig. 1. patterns.

cluster III). The results revealed 1 restriction site; 3

distinct clusters were obtained by analyzing these Clustering by (GTG).-PCR. The GTG-prim-
polymorphic patterns with NTSYS-PC (Fig. 1 (B)). er yielded the lowest number of bands from 4 to a
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Fig. 1. The ARDERA analysis results. (A) the virtually cleaving pattern of standard bacteria species in GenBank as a reference
species by using the Pst I enzyme and (B) three distinct groups obtained by ARDRA clustering with higher homology to Lac-

tobacillus, Leuconostoc, Lactococcus and Enterococcus strains
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maximum of 16 visualized PCR products with an
average of 8. Polymorphic band patterns, ranging
from 300 bp to 4000 bp, were assessed using NT-
SYS-PC. The isolated strains were reanalyzed to
verify the reproducibility of the (GTG),-PCR finger-
printing. All strains provided the same band patterns
without qualitative differences as a result of missing
bands. However, differences in the band intensity of
several fingerprints were observed. Meanwhile, the
validation of clustering results was confirmed by
comparing with the 16S rDNA sequencing results
and ARDRA experimental/virtual band patterns
(Fig. 2).

According to (GTG),-PCR fingerprinting results,
all isolates were grouped in 4 separated clusters (ge-
nus level) according to their respective taxonomic
designations. The first cluster was identified as En-
terococcus genus with 7 strains; the second cluster
was identified as Lactococcus genus with 8 strains;
Lactobacillus genus with 4 strains was classified as
the third cluster; and the last cluster was identified
as Leuconostoc genus with 11 strains. Moreover,
they were clearly grouped into well-separated clus-

(Enterococcus)
L latm su

(Lactococcus)

E wrans
wam
Emwxdm
a s PT(.'C;GH
I 237

e

foms

L. lactis subsp Lactis PTCC 1336
L. lacns subsp. Lactis 13H2
L. lactis subsp. Lactis I:H

ters representing single species. Four strains were
separated into a cluster representing L. mesenteroi-
des subsp. mesenteroides; 3 strains clustered with L.
lactis subsp. lactis; 2 strains matched E. mundltii, L.
lactis subsp. cremoris, L. mesenteroides subsp. cre-
moris and L. lactis; and 1 strain showed fingerprints
similar to E. durans, E. faecalis, L. plantarum and L.
paracasei subsp. paracasei. In short, discrimination
at the species level was performed by comparing the
(GTG),-PCR band patterns of isolates and reference
strains (Fig. 2).

Low pH and high bile salt tolerance assessment.
The survival rates of 19 isolated LAB strains after
3 hours of incubation at pH 2.5 are presented in Ta-
ble 1. Based on the results, all 19 selected strains re-
tained their viability even after 3 hours of exposure
to pH 2.5. Notably, a broad variation in survival was
observed at this condition. The moderate survival
rates, ranging from 71% to 76%, were observed in
Lactobacillus strains, whereas the survival rates of
Lactococcus and Leuconostoc strains ranged from
43% to 85%. Moreover, Enterococcus strains showed
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Fig. 2. Dendrogram generated after cluster analysis of the digitized (GTG),-PCR fingerprints of a total of 11 reference strains

and 19 LAB isolates. The dendrogram was constructed using the un-weighted pair-group method using arithmetic averages

with correlation levels expressed as percentage values of the Pearson correlation coefficient. ATCC: American Type Culture
Collection, Manassas, VA, USA; LMG: Laboratorium voor Microbiologie, Universiteit Gent, Gent, Belgium; PTCC: Persian
Type Culture Collection, Iranian Research Organization for Science and Technology (IROST), Tehran, Iran. T: type strain.
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high tolerance, ranging from 51% to 82%, to acidic
conditions. The strains with the most efficient toler-
ance to acidic conditions were L. lactis subsp. lac-
tis 44Lac, L. mesenteroides subsp. mesenteroides
41Lac, E. durans 39C, and L. lactis subsp. cremo-
ris 44L, with survival rates of 85%, 84%, 82% and
81%, respectively. Meanwhile, 8 out of 19 isolated
strains, showed high tolerance to acidic conditions
(survival rates > 70%); this tolerance was, howev-
er, strain specific. The survival rates of 19 isolated
LAB in 0.3% oxgall are displayed in Table 1. All the
isolated strains displayed high tolerance to bile salt
conditions, ranging from 6% to 25% higher than low
pH tolerance. Moreover, tolerance to a high bile salt
condition was also strain specific.

The survival rates of Lactobacillus strains ranged
from 88% to 92%, whereas the survival rates of
Lactococcus and Leuconostoc strains ranged from
65% to 95%. Enterococcus strains revealed high re-
sistance to high concentrations of bile salts, ranging
from 70% to 98%. Meanwhile, 8 out of 19 isolates
revealed high survival rates, with >86%, under high
bile conditions. The strains with the highest toler-
ance to 0.3% oxgall were E. mundtii S0H, E. faecalis
13C, and E. Durans 39C, with the survival rates of
98%, 98%, and 96%, respectively.

LACTIC ACID BACTERIA

Isolates 46Lac, 15HN, 41Lac, 44Lac, 44L, 13C,
50H, and 39C showed high survival rates under low
pH (>70%) and high bile conditions (>86%). Conse-
quently, these 8 strains were selected for further pro-
biotic analysis.

Antimicrobial Activity. Table 2 shows that 8§
isolated strains (L. paracasei 46Lac, L. plantarum
15HN, L. mesenteroides 41Lac, L. lactis 44Lac, L.
lactis 44L, E. faecalis 13C, E. mundtii 50H and E.
durans 39C) displayed significant anti-pathogenic
activities against indicator microorganisms.

Lactobacillus species, particularly L. plantarum
15HN, showed the most efficient antagonistic activi-
ty and inhibited the growth of 13 indicator pathogens
among the isolated bacteria. Meanwhile, L. lactis
44L and E. mundtii S0H exhibited an overall good
antagonistic activity and inhibited the growth of in-
dicator pathogens.

Antibiotic susceptibility. The antibiotic suscep-
tibility results of 8 isolated LAB against clinically
important antibiotics are presented in Table 3. Based
on our findings, all 8§ isolated bacteria were sensitive
or semi-sensitive to tetracycline and clindamycin.
Lactobacillus and Enterococcus strains generally

Table 2. The inhibitory effect of isolated strains against pathogenic microorganisms

Diameter of inhibition zone (mm)

Pathogens 46Lac 1SHN 41Lac 44Lac 44L 13C S0H 39C
P. aeruginosa 12.3+1.2 11.3£0.3 0.0+0.0 0.0+0.0 14.0£1.0  15340.7 16.7£0.3  15.0£0.6
C. albicans 0.0+0.0 10.0+0.0 0.0+0.0 0.0+0.0 10.3+£0.3 0.0+0.0 13.0£0.0  0.0+0.0
S. marcesens 11.7+0.3 17.3+0.0 0.0+0.0 12312 15.7¢03  13.0£0.6  14.0+1.0  11.0+0.0
E. faecalis 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 12.0£0.0  0.0+£0.0 12.3+¢1.2  0.0£0.0
S. saprophyticus 0.0+0.0 11.3+£0.7 13.3+0.3 0.0+0.0 0.0+0.0 14.0£0.6  0.0+0.0 0.0+0.0
S. mutans 12.0+0.0 17.3+£0.6 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 12.3£1.2
E. coli (0157) 14.7+1.2 10.0+0.0 0.0+0.0 12.0£0.6  12.0£1.0  0.0+0.0 13.3£0.3  12.0+0.0
S. typhimurium 0.0+0.0 12.3+1.2 0.0+0.0 0.0+0.0 11.341.2 0.0+0.0 13.3+0.3 0.0+0.0
S. aureus 0.0+0.0 11.7£0.3 0.0+0.0 0.0+0.0 14.7+0.3 0.0+0.0 13.0+£0.0  13.7+1.2
E. coli (026) 0.0+0.0 12.34£0.7 0.0+0.0 13.741.2  13.3+0.6  0.0+0.0 15.7+0.3 0.0+0.0
B. cereus 0.0+0.0 10.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
L. monocytogenes 0.0+0.0 13.7+0.9 0.0+0.0 0.0+0.0 15.7+£0.7 0.0+0.0 17.0+0.0 0.0+0.0
K. pneumoniae 13.3+£0.7 12.0£0.6 0.0+0.0 12.7¢0.3  12.34£0.7  12.7¢1.2  133%1.2  13.0£1.0
S. flexneri 11.0+0.0 12.0+0.0 0.0+0.0 0.0+0.0 11.0+0.0  11.0+0.0  14.0£0.6  11.3x0.7

Notes: values are mean =+ standard error

S (strong » >20 mm), M (moderate #»<20 mm and >10 mm), and W (weak <10 mm)
46Lac: (L. paracasei subsp. paracasei); 15SHN: (L. plantarum); 41Lac: (L. mesenteroides subsp. mesenteroides); 44Lac: L.
lactis subsp. lactis); 44L (L. lactis subsp. cremoris); 13C (E. faecalis); SOH (E. mundtii); 39C (E. durans).
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Table 3. Antibiotic susceptibility of isolated LAB against the high consumption antibiotics by disc diffusion assay

Isolated Strains

Diameter of inhibition zone (mm)

C TE

L. paracasei subsp. paracasei 46Lac 308 30S

L. plantarum 15HN 208 20S

L. mesenteroides subsp. mesenteroides 41Lac 23S 238
L. lactis subsp. lactis 44Lac 288 28S

L. lactis subsp. cremoris 44L 141 141

E. faecalis 13C OR OR

E. mundtii 50H 18S 18S

E. durans 39C 228 228

ER AM GE cC SLX P \%

30S 308 308 308 308 30S 308
208 208 208 208 208 20S 208
238 238 238 23S 238 23S 23S
288 288 288 288 28S 288  28S

141 141 141 141 141 141 141
OR OR OR OR OR OR OR
18S 18S 18S 18S 188 18S 18S
228 228 228 228 228 228 228

C: chloramphenicol; TE: tetracycline; ER: erythromycin; AM: Ampicillin; GE: gentamycin; CC: clindamycin; SLX: sulfame-

thoxazol; P: penicillin; V: vancomycin

Erythromycin results based on R <13 mm; I: 13-23 mm; S>23 mm.

Gentamycin results based on R <6 mm; I: 7-9 mm; S>10 mm.

Vancomycin results based on R <12 mm; [: 12-13 mm; S>13 mm.

I: intermediate (zone diameter, 12.5-17.4mm); R: resistant (zone diameter, <12.4mm); S: susceptible (zone diameter, >17.5).

displayed the highest susceptibility to the majority of
antibiotics. Moreover, L. paracasei subsp. paracasei
46Lac and E. durans 39C, which were isolated from
yogurt, displayed the best results and were sensitive
or semi-sensitive to all antibiotics. On the other hand,
isolated E. faecalis 13C from curd, resistance to 5
antibiotics (erythromycin, ampicillin, vancomycin,
chloramphenicol and penicillin), was the most resis-
tant isolate. The maximum resistance to vancomycin
was observed among the isolates.

DISCUSSION

Based on FAO/WHO guidelines, analyzing and iden-
tifying probiotic microorganisms with 16S rDNA pat-
terns can be considered as an accessible, cost-effec-
tive and suitable technique compared with other costly
and time-consuming molecular techniques (13). This
technique has also been utilized as an effective meth-
od to analyze and isolate lactic acid bacteria and acetic
acid bacteria in Lactobacillus, Leuconostoc and Ace-
tobacter genera, which were isolated from fermented
dairy products (14). However, based on the results
and in comparison with the deposited sequences in
GeneBank of NCBI site, the homology levels among
some strains in LAB group (L. lactis subsp. lactis
13H2 and L. lactis subsp. lactis 13H) are suggested
to be more than 99% (15). This indicates that the 16S
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rDNA sequencing technique is not validated or suffi-
cient enough for discrimination at strain levels. For
differentiation at strain level, the sequencing results
were compared with (GTG),-PCR band patterns and
ARDRA results.

On the other hand, ARDRA is an accurate and rap-
id technique that can be used to differentiate isolates
at a genus level. In this method, different restriction
enzymes, such as Bfa 1, Mse 1, Fse 1 and Alu 1, were
previously used to distinguish between LAB and
acetic acid bacteria (16). Contrary to our results, the
discrimination power of ARDRA was very low. This
technique cannot generate reliable discriminative re-
sults, even at the genus level of some closely related
genera such as Lactococcus.

Meanwhile, (GTG),-PCR fingerprinting method with
a high ability power can be used to form clearly distin-
guishable patterns. (GTG).-PCR fingerprinting is an
effective method to analyze lactic acid bacteria/ace-
tic acid bacteria isolated from fermented dairy prod-
ucts (14). This method is also more reproducible than
RAPD because higher annealing temperatures and
longer primers are used in the former than in the latter.
The high discriminative power of (GTG),-PCR finger-
printing on some bacterial species, such as Salmonel-
la and E. coli strains, has been previously reported in
different studies (17). However, it requires a large col-
lection of reference strains, which makes it laborious
and costly (14). Due to the low variety of reference

http://ijm.tums.ac.ir



strains in LAB group (18), they were selected based
on sequencing results. Moreover, in this study, due
to the low genetic similarity levels and high diversity
(different genera in LAB group), the banding patterns
were not solely discriminative. Then, the validation of
(GTG),-PCR fingerprinting method was verified by
comparing (GTG),-PCR clustering results with AR-
DRA experimental/virtual band patterns (Fig. 1) and
16S rDNA sequencing results (Table 1). These 19 sep-
arated band patterns verified that each isolate belongs
to different LAB strains. Meanwhile, results from
combined 16S rDNA sequencing with (GTG),-PCR
results revealed that all 19 isolates from Iranian dairy
products were well-characterized and identified un-
til the strain level by 16S rDNA sequencing method
(Fig. 2). However, this result could not be achieved
when only 1 technique was used. Our findings con-
firmed that this combined method can be used as an
accessible, low-cost and suitable technique to identify
lactic acid bacteria from dairy products until the strain
level.

Health-improving effects of probiotics include re-
sistance to gastrointestinal acid and bile, having high
anti-microbial activities and susceptibility against an-
tibiotics. Therefore, probiotic characterization must
be performed through standard in vitro experiments.

Probiotic strains must tolerate inverse conditions
(ie, low pH [pH 2.0 to pH 3.0] and high bile salts
[0.3% (w/v)]) for a minimum of 90 minutes (19).
In this study, 8 out of 19 isolated strains displayed
high survival rates under low pH (>71 %) and high
bile salt conditions (>88%). However, Enterococcus
strains showed better low pH tolerance than others.
This high tolerance capability is related to the bilayer
membrane structure, which enables easy tolerance of
inverse conditions (19). These results are in contrast
with other studies that found that Lactobacillus strains
tolerate inverse conditions better than other genera
among LAB isolates.

The effects of bile salts on bacterial probiotic cells
differed under acidic conditions. The resistance of
probiotics to bile salts can be unpredictable and higher
than that of the acid tolerance patterns (20). Similar to
our findings, the results in other studies have revealed
that Enterococcus strains are more tolerant to high bile
salt conditions than other LAB strains (21).

Lactobacillus and Enterococcus strains, in com-
parison with other isolated bacteria, displayed better
anti-pathogenic activity. Our findings were support-
ed by evidence showing the high anti-microbial ac-
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tivities of Lactobacillus and Enterococcus strains on
diverse pathogenesis due to secretion of bacteriocins,
biosurfactants, H,O,, and organic acids (22). More-
over, Gram-negative pathogens, such as S. marcesens
(PTCC 1187) and K. pneumoniae (PTCC 1053), were
more sensitive than Gram-positive pathogens, such as
B. cereus subsp. kenyae (PTCC 1539) and E. faecalis
(PTCC 1394) (Tables 2).

The sensitivity of probiotics to conventional antibi-
otics is a fundamental health-promoting characteristic.
The overuse of antibiotics can spread resistance genes
across a region and transfer these genes to other mi-
crobial communities (23).

All isolates were sensitive or semi-sensitive to tetra-
cycline and clindamycin, hence, these antibiotics can
be used in their selective growth media but re-estab-
lishment of probiotic balance in the gut tract must be
considered after tetracycline and clindamycin treat-
ment. The sensitivity to these antibiotics probability
was due to limited usage of antibiotics in the rural area
of Iran (Kermanshah province). The high resistance to
tetracycline among the probiotic bacteria was reported
by other researches. On the other hand, in spite of lim-
ited reports on clindamycin resistance genes among
probiotics (24), these resistance genes can be easily
transferred to the pathogenic strains, such as S. au-
reus (25). The maximum resistance was observed for
vancomycin and a similar result was also observed by
other researches. Vancomycin is one of the last antibi-
otics, which is highly effective against clinical infec-
tions caused by multidrug-resistant pathogens; thus,
resistance against vancomycin is critical among pro-
biotics. However, the specific isolated LAB including
strains of L. paracasei subsp. paracasei 46Lac, L. lac-
tis subsp. lactis 44Lac, L. lactis subsp. cremoris 44L,
E. mundtii 50H and E. durans 39C were sensitive to
vancomycin.

CONCLUSION

The combination of (GTG),-PCR fingerprinting
method and ARDRA and the 16S rDNA gene se-
quencing with high discriminative power can be used
as an effective, low-cost and rapid alternative to iden-
tify and differentiate dairy and non-dairy-associated
LAB. Findings indicated that L. plantarum 15HN, L.
lactis subsp. cremoris 44L and E. mundtii 5S0H strains,
which were isolated from shiraz, cheese and shiraz,
respectively, displayed a desirable tolerance to low pH
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and high bile salts, favorable anti-pathogen activity,
and acceptable antibiotic susceptibility; hence, these
bacteria may be used as probiotics.
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