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Lactic acid bacteria are the most important bacteria that have been used as
probiotic in food and feed industries. Due to their beneficial probiotic properties, research
for new lactic acid bacterial strains is still continued; the new strains which are more
tolerate to the stress conditions of the GIT, and have better probiotic properties than
existing strains. In the present study, a total of 50 isolates were isolated from mulberry
silage as a potential source for isolation of lactic acid bacteria. Based on the initial
identification using catalase test, gram staining and colony and cell morphology, 38
isolates which were most probably lactic acid bacteria were selected for in vitro acid and
bile tolerance tests. Of the 38 isolates, 34 were acid tolerance and 21 were bile tolerance.
Identification of 10 selected isolates, which exhibited better acid and bile tolerance than
the others, using 16S rRNA gene sequence analysis showed that all 10 isolates belonged to
the genus Lactobacillus including one L. pentosus, two L. farraginis, two L. brevis and
five L. acidipiscis. Results of studies on reduction of pH in the growth medium and
organic acid production profiles of the strains revealed that four selected Lactobacillus
strains (one strain from each species, namely L. farraginis ITA22, L. pentosus ITA23, L.
brevis ITA33 and L. acidipiscis ITA44) reduced the pH of their growth medium to the
levels of 3.2 to 4.1 during 24 h of incubation by production of organic acids, mainly lactic
acid (production of 187.27 to 433.41 mM) and acetic acid (production of 86.79 to 106.21
mM). Generally, the four isolated Lactobacillus strains showed good tolerance to acid
and bile salts, so they would probably be able to survive in the GIT, and they could be
considered as potential probiotic candidates for humans and animals. They produced
considerable amounts of organic acids, which could be a positive point toward their
antagonistic activity against pathogenic strains. However, further studies are needed to
investigate their probiotic properties including antimicrobial activity.
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The probiotic concept has been defined
by Fuller1 as “a live microbial feed supplement
which beneficially affects the host animal by
improving its intestinal microbial balance”. Lactic
acid bacteria (LAB) are Gram-positive bacteria2

which ferment carbohydrates into energy and lactic
acid3. They are the most important bacteria that
have been used as probiotic in food and feed
industries4-6. Lactic acid bacteria are known to have

probiotic properties such as cholesterol reduction7,
anticancer8, antioxidant activity9, and antimicrobial
activity by production of antimicrobial substances,
mainly organic acids, bacteriocins, and hydrogen
peroxide10. However, to release its probiotic
properties, an orally administered probiotic strain
has to be able to survive in the gastro-intestinal
tract (GIT) of the host by tolerate GIT’s stress
conditions, especially acidic pH and presence of
bile salts11. Because of their beneficial properties
there is a continues research for new probiotic
strains which are more tolerate in the GIT, with
better probiotic properties than existing ones.
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Mulberry (Morus alba) is
a genus of flowering plants in the
family Moraceae, growing wild or under cultivation
in many temperate world regions. It has high edible
biomass yield of 16-18 tons dry matter/ha/year, high
percentages of crude protein (15-25%) and high in
vitro dry matter digestibility (75-85%). Hence,
mulberry is considered as a good source for feeding
and supplementing ruminants12. This plant has
three months cutting intervals, so conserving it as
silage is a good way to avoid wasting of surplus in
the rainy season. Many potential probiotic strains
have been isolated from different sources such as
fermented animal-origin and plant-origin sources13,
suggesting that mulberry silage also could be
considered as a potential plant-origin source for
isolation of potential probiotic strains.

The aim of the present study was to
isolate and identify some LAB from mulberry silage
and characterize their survivability in the GIT.
Reduction in the pH of growth medium and organic
acid production by the selected isolates was also
investigated.

MATERIALS   AND  METHODS

Isolation of LAB
Lactic acid bacteria were isolated from

locally prepared Mulberry silage. To transfer the
bacteria from the solid sample into the solvent, 10
gram of silage was dissolved into 100 ml of
phosphate buffer saline (PBS, 8 g NaCl, 0.2 g KCl,
1.44 g Na

2
HPO

4
, 0.24 g KH

2
PO

4
 in 1 l distilled water,

pH 7.2) and shaken at 200 rpm for 10 min at room
temperature. Three replicate samples were prepared
and from each, tenfold serial dilutions (up to 10-7)
were prepared into dilution tubes containing PBS.
Of each dilution, 100 µl were spread-plated on de
Man, Rogosa and Sharpe (MRS) agar medium
(Merck, Germany). Plates were anaerobically
incubated at 37°C for 48h. After incubation, several
colonies which show typical morphology of LAB
were selected from each plate, and were purified
by three times sub-culturing on MRS agar plates.
The pure isolates were then stored in 20% (v/v)
glycerol at -80°C for future analysis.

Catalase test and Gram staining were used
to initial identification of the isolates. For Catalase
test, one drop of 3% hydrogen peroxide (Sigma,
USA) was dropped on the three randomly chosen

single colonies of each isolate on MRS agar plate.
Bubble forming on the colonies indicates that the
isolate is catalase positive and not LAB. However,
absence of gas bubbles indicated a negative
reaction14. Since LAB are Gram positive, the
isolates were tested for Gram stain to increase the
possibility of LAB in the selected samples. Only
catalase negative and Gram positive isolates were
selected for characterization of their survival in
the GIT15-16.
In vitro survival characterization of the isolates
Acid tolerance test

Tolerance to acidity was tested using
evaluation of the growth rate of the isolates after
exposure to pH 3 (acidic condition) and pH 7.2
(control) for 3 h. The method of Ehrmann et al.17

was followed with modifications. From overnight
culture of each isolate, 100 µl was inoculated into
10 ml of normal (pH 7.2, control) or acidic PBS
(adjusted to pH 3 using 5 M hydrochloric acid),
and anaerobically incubated at 37°C for 3 h.
Subsequently, 100 µl of each sample was cultivated
in the normal MRS broth and anaerobically
incubated at 37°C for 24 h. After that, the growth
rates of the tested isolates in MRS broth were
determined by reading the absorbance at 620 nm
using a spectrophotometer (Barnstead
International, USA).
Bile tolerance test

Bile tolerance of the isolates was tested
using their growth rate in 0.3% oxgall (Sigma, USA).
The method of Jacobsen et al.18 was followed with
modifications. From overnight culture of each
isolate, 100 µl was inoculated into 10 ml of MRS
broth (control) or MRS broth containing 0.3%
oxgall, and incubated anaerobically at 37°C for 4
hours. After that, for the growth rate determination,
the absorbances of the samples were read at 620
nm using a spectrophotometer (Barnstead
International, USA).
Identification of LAB

DNA from overnight culture of each
isolate was extracted using blood and tissue DNA
extraction kit from (QIAGEN, Germany) according
to the manufacturer’s instructions. The PCR
amplifications of 16S rRNA genes were carried out
using a GeneAmp 9600 PCR system
(Perkin-Elmer, US) with the 27F (5'-
AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-
GGTTACCTTGTTACGACTT-3') as the forward



J PURE APPL MICROBIO, 9(SPL. EDN.), NOVEMBER 2015.

445SHOKRYAZDAN et al.:  PROBIOTIC POTENTIAL OF LACTIC ACID BACTERIA

and reverse primers, respectively. The PCR
reaction was performed on a total volume of 50 µl
using the i-StarTaq™ DNA Polymerase kit
(iNtRON Biotechnology, Korea). Each reaction
included 1µl i-StarTaq™ DNA Polymerase (5 u/µl),
1 µl of each Primer (10 pmol/µl), 5 µl PCR buffer, 5µl
dNTP, 2 µl DNA samples and 35 µl deionised water.
The PCR reaction was carried out with the following
profile: initial hold at 94 °C for 5 minutes, 40 cycles
of denaturation at 94°C for 1 min, annealing at 58°C
for 40s, extension at 72 °C for 2 min, and final
extension period at 72 °C for 5 min. The PCR
products were purified using PCR purification kit
(iNtRON Biotechnology,Korea), and forward and
reverse DNA were sequenced (1st base Co.,
Malaysia). Forward and reverse sequences of each
isolate were aligned using Bioedit software,
version 7.0.9.019, and approximately 1400 bp
segment of the 16S rRNA gene of the isolates was
compared to strains in the National Center for
Biotechnology Information (NCBI) Blast Library
(http://blast.ncbi.nlm.nih.gov).

A phylogenetic tree was conducted based
on the 16S rRNA gene sequences analysis.
Evolutionary analyses were conducted in
MEGA520. The bootstrap consensus tree inferred
from 1000 replicates was taken to represent the
evolutionary history of the taxa analyzed21. The
analysis involved 23 nucleotide sequences.
Escherichia coli has been used as outgroup.
Branches corresponding to partitions reproduced
in less than 50% bootstrap replicates were
collapsed. The tree was obtained using the Close-
Neighbor-Interchange algorithm22 with search level
1 in which the initial trees were obtained with the
random addition of sequences (10 replicates). The
tree is drawn to scale with branch lengths
calculated using the average pathway method22

and in the units of the number of changes over the
whole sequence. All positions containing gaps and
missing data were eliminated. There were a total of
1300 positions in the final dataset.
Reduction of pH of the growth medium

Growth kinetics with the corresponding
pH reduction of the growth medium by four
selected LAB strains were determined. For this,
100 µl of overnight culture of each strain was
inoculated into 10 ml of MRS broth and incubated
anaerobically at 37°C for 2, 4, 8, 12 and 24 h. After
that, the growth of the strains in MRS broth were

determined by reading the absorbance at 620 nm
using a spectrophotometer (Barnstead
International, USA), and at the same time intervals,
pH of the samples were measured using a pH meter
(Comlab, UK).
Organic acid production profile

For determination of volatile fatty acids
(VFA) and non-VFA production by the isolated
LAB, 4 ml of overnight culture of each isolate in
MRS broth were centrifuged in 1500 × g for 10 min
at room temperature. Then 3 ml of supernatant fluid
were collected into 15 ml centrifuge tube and 600
µl of 24% (v/v) metaphosphoric acid was added.
The samples were kept for 24 h at room temperature.
The samples were then centrifuged in 1500 × g for
20 min at room temperature and 0.5 ml of
supernatant with 0.5 ml of internal standard (20
mM 4-methyl valeric acid) were transferred into 2
ml vials and were kept at 4°C pending for analysis
of VFA. Another 0.5 ml of supernatant was used
for detection of non-VFA (lactic and succinic acids)
using fumaric acid as internal standards. The
concentrations of VFA and non-VFA were
determined by gas chromatography (Agilent
Technologies, USA) with a flame ionization
detector (FID) and fused silica capillary column
(30 m × 25 µm, inside diameter).

RESULTS

In the present study, mulberry silage was
used to isolate some lactic acid bacteria as potential
probiotic strains. A total of 50 individual colonies
that showed typical characteristics of lactic acid
bacterial colonies, were picked from MRS agar
plates, subcultured and purified. After initial
identification by catalase test and gram staining,
only 38 isolates that were catalase negative and
gram positive were selected for acid tolerance test.
Of those 38 isolates, 34 strains were able to grow
in MRS broth after 3 h exposure to pH 3, and of
those, 23 isolates showing better acid tolerance
[at least 90% growth, in comparison with that of
the control (100%)] than the others were chosen
for bile tolerance study. Of the 23 isolates tested
for bile tolerance, 21 isolates were able to grow in
presence of 0.3% bile salt, and of those, only 10
isolates with higher bile tolerance [at least 50%
growth, in comparison with that of the control
(100%)] than the others were selected and
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identified using 16S rRNA gene sequences.
Results of acid and bile tolerance tests of

the 10 selected LAB are shown in Figure 1 and 2,
respectively. The results showed that all 10 selected
LAB had good acid and bile tolerance. In the acid
tolerance study, the growth of all 10 strains after 3
h exposure to acidic condition (pH 3) was similar
to their growth in normal condition. Furthermore,
results of acid tolerance test showed that out of 10

isolates, three isolates (ITA19, ITA 23 and ITA 44)
showed better growth after exposure to acidic
condition than the control condition. Although, in
bile tolerance study, none of the isolates showed
better growth in presence of 0.3 % oxgall than the
control condition, all the 10 isolates could grow (at
least 50% growth in comparison with the control)
in presence of 0.3% oxgall.

Fig. 1. Results of acid tolerance test of 10 selected
lactic acid bacterial isolates.

Fig. 2. Results of bile tolerance test of 10 selected lactic
acid bacterial isolates.

The results of identification of isolates
using 16 S rRNA gene sequences are shown in
Table 1. All the 10 isolated strains belonged to the
genus Lactobacillus including one isolate similar
to L. pentosus, two isolates similar to L. farraginis,
two isolates similar to L. brevis and five isolates
similar to L. acidipiscis. Since the results of
identification revealed that some of the isolated
strains were from the same species, we only chose

one strain from each species (total of four strains)
for further studies on organic acid production
profile. The 16S rRNA gene sequences of the four
selected Lactobacillus strains were deposited in
the GenBank database under the accession
numbers of KF297813 to KF297816 for isolates
ITA22, ITA23, ITA33 and ITA44, respectively
(Table 1).

Table 1. NCBI blast results of selected isolates

Isolate Accession Nearest matched Maximum Query Maximum
No. species from GenBank score coverage (%) identity (%)

ITA221 (1398bp) KF297813 Lactobacillus farraginis 2582 100 100
ITA23 (1390bp) KF297814 Lactobacillus pentosus 2567 100 100
ITA332 (1401bp) KF297815 Lactobacillus brevis 2588 100 100
ITA443 (1404bp) KF297816 Lactobacillus acidipiscis 2562 100 99

1Same as ITA15; 2Same as ITA38; 3Same as ITA6, ITA19, ITA34 and ITA39

A phylogenetic tree based on 16S rRNA
gene sequence analysis is shown in Figure 3. The
tree showes the phylogenetic relationships among
the 4 Lactobacillus strains isolated in the present
study and 18 Lactobacillus type strains obtained
from the GenBank. Escherichia coli was used as
outgroup. Strains ITA22, ITA23, ITA33 and ITA44

were monophyletic with L. farraginis (AB262732.1)
(bootstrap value of 100%), L. pentosus
(HM067026.1) (bootstrap value of 100%), L. brevis
(HM130535.1) (bootstrap value of 100%) and L.
acidipiscis (AB326356.1)(bootstrap value of 97%),
respectively.
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Growth kinetics and reduction of pH of the growth
medium

Results of growth rate of four selected
Lactobacillus strains at 2, 4, 8, 12 and 24 h of
incubation are shown in Figure 4. Among the four
isolated Lactobacillus strains, L. pentosus ITA23
exhibited a more rapid growth from 2 to 8 h of
incubation which corresponded to its exponential
growth phase. However, in its stationary growth
phase it had a more gradual growth from 8 to 24 h
of incubation. The growth rates of L. farraginis
ITA22 and L.brevis ITA33 were almost similar with

an approximately constant rate of growth from 2 to
24 h of incubation. Lactobacillus acidipiscis
ITA44, however, showed a more rapid growth in
its exponential growth phase from 4 to 12 h of
incubation, while it had very little growth in its
stationary growth phase from 12 to 24 h of
incubation.

Figure 5 shows the reduction of pH levels
of growth medium (MRS broth) by four selected
Lactobacillus strains at 2, 4, 8, 12 and 24 h of
incubation. Lactobacillus farraginis ITA22 and
L. pentosus ITA23, reduced the pH of their growth

Fig. 3. phylogenetic tree conducted based on the 16S rRNA gene sequences analysis. The evolutionary history was
inferred using the Maximum Parsimony method. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches21. The analysis involved
23 nucleotide sequences. Escherichia coli has been used as outgroup. The scale is the branch lengths calculated
using the average pathway method (Nei and Kumar, 2000).
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media gradually from 4 to 12 h of incubation,
however, the reduction of pH by these two strains
was more rapid from 12 to 24 h of incubation. The
pH of their growth medium after 24 h of incubation
was 3.8 and 3.2, respectively. However, for the other
two isolated Lactobacillus strains (L.brevis ITA33
and L.acidipiscis ITA44) reduction in the pH of
growth medium was almost constant during the
whole incubation period. The pH of their growth
medium after 24 h of incubation was 4.1 and 3.7,
respectively.
Organic acid production profile

The profiles of organic acid production
of the four Lactobacillus strains are shown in Table
2. Lactic acid was the most produced organic acid
by the four Lactobacillus strains, followed by
acetic acid. The amounts of lactic acid produced
ranged from 433.41 (produced by L. acidipiscis

ITA44) to 187.28 (produced by L. brevis ITA33)
mM among the strains. However, 106.21 (produced
by L. farraginis ITA22) and 86.79 (produced by L.
brevis ITA33) mM, were the highest and lowest
amounts of acetic acid produced by the
Lactobacillus strains, respectively. Succinic acid
production varied widely among the Lactobacillus
strains. Lactobacillus farraginis ITA22, produce
high amount (39.27 mM) of succinic acid, while the
other tree Lactobacillus strains (L. pentosus ITA23,
L. brevis ITA33 and L. acidipiscis ITA44)
produced much lesser amounts of succinic acid
(4.68, 3.17 and 6.55, respectively). Other acids such
as propionic, isobutyric, butyric, valeric, isovaleric
and caproic acids were either not produced or
produced in trace amounts by the Lactobacillus
strains.

Table 2. VFA and non-VFA production by LAB isolates after 24 h growth on MRS broth

Lactobacillus strain Non-VFA (mM) VFA (mM)

L. farraginis ITA22 256.13 39.27 106.21 0.62 0.21 0.35 0.28 0.28 0.37
L. pentosus ITA23 533.97 4.68 91.14 0.97 0.16 0.14 0.2 ND 0.18
L. brevis ITA33 187.28 3.17 86.79 1.11 ND ND 0.18 0.18 ND
L. acidipiscis ITA44 433.41 6.55 92.88 1.01 ND ND 0.24 0.44 ND

ND, not detected
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Fig. 5. Reduction in pH of culture medium (MRS broth)
by selected Lactobacillus strains during 24 h of
incubation.

Fig. 4. Growth kinetics of selected Lactobacillus strains
during 24 h of incubation.
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DISCUSSION

In the present study, mulberry silage was
used to isolate some lactic acid bacteria as potential
probiotic strains. Lactic acid bacteria are the most
commonly used bacteria as probiotic in food and
feed industries4-6 and different strains of them has
already been isolated and characterizes as
probiotic, but there is still interest to search for
new strains which are more efficient than existing
ones. Efficiency and functional properties of every
probiotic strain is importantly depended on the
survival of the strain in the GIT of the host, and
the survival of the strain in the GIT, in turn, is
depended on the tolerance of the probiotic strain
to the stressful environment of the host’s GIT,
where acid and bile salts are present. Therefore,
tolerance to acid and bile is an important
requirement for a probiotic strain, and it is one of
the first criteria which is considered to select a
potential probiotic strain. That is why resistance
to gastric acidity and resistance to bile salt are the
two first in vitro assays that FAO/WHO23

suggested as essential in vitro tests for screening
and characterization of a potential probiotic strain,
and these two tests are applied to LAB prior to the
other selection criterion tests.

The results of the in vitro acid and bile
tolerance tests very often predict the ability of the
strains to survive in the host’s body environment.
However, acid and bile tolerance is only important
for oral administration and may not be relevant for
other applications of probiotics24. In the present
study, assays of acid and bile tolerance of the
isolated strains was carried out in vitro. The use
of in vitro assays to initial assess of probiotic
properties of new potential probiotic strains and
select the most effective potential probiotic strains
prior to in vivo investigations is necessary because
the use of in vivo studies usually is time-
consuming and expensive17, 25. In addition, it is
suggested that adoption of proper criteria for the
in vitro selection of probiotic bacteria can result
in the isolation of strains capable of performing
effectively in the GIT26.

In this study, pH 3 and 0.3% bile salt were
used to assess the acid and bile tolerance of the
isolated strains, respectively. That is because the
pH in a human stomach containing food could
reach to about 4 27 and the normal concentration of

bile encountered in human intestine is about 0.3%
28. Many studies also considered pH 3 29-31 and
0.3% bile salt 18,29-30,32-34 to determine acid and bile
tolerance of probiotic strains, respectively.

The results of the present study showed
that among 38 tested isolates for acid tolerance, 34
isolates exhibited acid tolerance at pH 3 for 3 h,
which 23 of those considered as good tolerated
strains with at least 90% growth, in comparison
with that of the control (100%). Ehrmann et al. [17]
also reported that strains of L. reuteri, L. salivarius
and L. animalis were able to tolerate pH 3 for 4 h.
In a review by Charteris et al.35 also it is mentioned
that most of Lactobacillus species are able to
tolerate pH 4 for 1 h. Koll et al.30 suggested that
bacterial strains which could tolerate pH 3 would
be a good potential probiotic candidates for oral
usage.

Among 23 tested isolates for bile
tolerance in the present study, 21 strains were able
to tolerate 0.3% oxgall. Similarly, Jacobsen et al.
[18] have tested 42 strains of LAB for their tolerance
to 0.3% bile salt. They reported that 41 of 42 tested
LAB could tolerate bile at this concentration, while
Koll et al.30 have tested 67 LAB for their tolerance
to 0.3% bile salt, which all 67 strains showed
tolerance to this level of bile. Jin et al.36 also tested
12 strains of LAB for their tolerance to the same
percentage of bile salt and found that all the tested
strains were able to tolerate 0.3% of bile salt.

Since probiotic properties are strain
specific37 and extrapolation of the characteristics
of a certain strain to another strain, even if it
belongs to the same species, is not acceptable38,
only well-identified and -characterized strains
should be used as probiotic. FAO/WHO23

suggested that, every potential probiotic strain
most be correctly identified by the most current
and valid methodology for identification of
probiotic strains. Hence, in the present study, after
initial identification using catalase test, Gram
staining and colony and cell morphologies, 16S
rRNA gene sequence analysis has been used for
identification of the isolated strains. 16S rRNA gene
sequence analysis is an accurate, and reliable
genotypic method for bacterial identiûcation,
which deûnes taxonomical relationships among
bacterial strains39.

In the present study, among 21 isolates
showing bile tolerance, 10 strains exhibiting higher
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bile tolerance than the others [at least 50% growth,
in comparison with that of the control (100%)] were
selected for identification to generic and species
level using 16S rRNA gene sequences. The results
of the molecular technique revealed that, as
expected, the 10 selected strains were LAB, and
belonged to the genus Lactobacillus. Based on
the results of molecular identification some of the
10 isolated strains were from the same species, so
only one strain from each species, namely L.
farraginis ITA22, L. pentosus ITA23, L. brevis
ITA33 and L. acidipiscis ITA44, were considered
for further studies on organic acid production
profiles.

Antimicrobial activity of LAB is well
documented40-47 and it is attributed mostly to the
production of antimicrobial substances such as
organic acids, hydrogen peroxide and
bacteriocins48. Among these substances, the most
important ones are the organic acids. By production
of organic acids and subsequently reduction of
the pH level in the GIT, LAB are known to be able
to reduce the population of pathogens in the
intestine49. The toxic effects of organic acids
produced by LAB are attributed to the reduction
of intracellular pH and dissipation of the membrane
potential50. In the present study, the four selected
Lactobacillus strains reduced pH levels of their
growth medium to the levels of 3.2 to 4.1 during
the 24 h of incubation, which indicates on
production of organic acids by the strains. Similarly,
Boskey et al.51 reported that eight vaginal
Lactobacillus strains lowered the pH of their
growth medium to pH of 3.2–4.8.

Organic acid production profiles of the
four Lactobacillus strains showed that lactic and
acetic acids, respectively, were the first and second
abundant acids produced by all the strains. Since
homofermentative Lactobacillus strains are known
to ferment carbohydrates into energy and lactic
acid3,52, and heterofermentative Lactobacillus
strains produces only 50% lactic acid and
considerable amounts of acetic acid52, it was
expected that these two acids were produced in
higher amounts by the Lactobacillus strains than
the other acids. Because of production of organic
acids by the four Lactobacillus strains isolated in
the present study, it is expected that they could
inhibit the growth of pathogenic strains, however,
further study on the antagonistic effects of the

strains should be conducted using different
pathogenic strains to verify the antimicrobial
activity of the strains.

CONCLUSION

The results of this in vitro  study,
indicated that among 38 isolated LAB from
mulberry silage, the four selected Lactobacillus
strains are able to survive in the GIT, and produce
considerable amounts of organic acids, which make
them to be considered as potential probiotic
candidates for humans and animals. However,
further studies are needed to characterize their
probiotic properties.

ACKNOWLEDGMENTS

The present study was supported by the
LRGS Fasa 1/2012 grant UPM/700-1/3/LRGS.

REFERENCES

1. R. Fuller, “Probiotics in man and animals”. The
Journal of applied bacteriology. 1989; 66, 365-
378.

2. L. J. Fooks, R. Fuller, and G. R. Gibson,
“Prebiotics, probiotics and human gut
microbiology”. International Dairy Journal.
1999; 9: 53-61.

3. J. Jay, “Fermentation and fermented dairy
products”. Modern food microbiology. 2000; 6:
113-130.

4. J. Collins, G. Thornton, and G. Sullivan,
“Selection of probiotic strains for human
applications”. International Dairy Journal.
1998; 8: 487-490.

5. E. Metchnikoff and I. Metchnikoff, “The
Prolongation of Life: Optimistic Studies”. 1,
Springer Publishing Company, 1908; 264.

6. J. Schrezenmeir and M. de Vrese, “Probiotics,
prebiotics, and synbiotics “approaching a
definition”. The American journal of clinical
nutrition. 2001; 73; 361-364.

7. D. O. Noh, S. H. Kim, and S. E. Gilliland,
“Incorporation of cholesterol into the cellular
membrane of Lactobacillus acidophilus ATCC
431211”. Journal of Dairy Science. 1997; 80:
3107-3113.

8. S. S. Choi, Y. Kim, K. S. Han, S. You, S. Oh, and
S. H. Kim, “Effects of Lactobacillus strains on
cancer cell proliferation and oxidative stress in
vitro”. Letters in Applied Microbiology. 2006;



J PURE APPL MICROBIO, 9(SPL. EDN.), NOVEMBER 2015.

451SHOKRYAZDAN et al.:  PROBIOTIC POTENTIAL OF LACTIC ACID BACTERIA

42: 452-458.
9. M. Ahotupa, M. Saxelin, and R. Korpela,

“Antioxidative properties of Lactobacillus GG”.
Nutrition Today. 1996; 31: 262-265.

10. E. Caplice and G. F. Fitzgerald, “Food
fermentations: role of microorganisms in food
production and preservation”. International
journal of food microbiology. 1999; 50: 131-
149.

11. E. Ronka, E. Malinen, M. Saarela, M. Rinta-
Koski, J. Aarnikunnas, and A. Palva, “Probiotic
and milk technological properties of
Lactobacillus brevis”. International Journal of
Food Microbiology. 2003; 83: 63-74.

12. F. Ojeda, I. Montejo, and G. Pérez,
“Conservation of mulberry as silage. 1. Effect
on nitrogenous compounds”. Agriculture and
Consumer Protection, 2002; 345.

13. M. Jamuna and K. Jeevaratnam, “Isolation and
characterization of lactobacilli from some
traditional fermented foods and evaluation of
the bacteriocins”. Journal of General and Applied
Microbiology. 2004; 50: 79-90.

14. R. M. Smibert, “Campylobacter”. R.E.
Buchanan and N.E. Gibbons. Williams and
Wilkins, 1974; 204-212.

15. U. Schillinger and F. K. Lucke, “Identification
of lactobacilli from meat and meat products”.
Food Microbiology. 4: 1987; 199-208.

16. O. Kandler and N. Weiss, “Genus Lactobacillus”.
P.H.A. Sneath, et al. 2, Williams and Wilkins,
1986; 1208-1234.

17. M. A. Ehrmann, P. Kurzak, J. Bauer, and R. F.
Vogel, “Characterization of lactobacilli towards
their use as probiotic adjuncts in poultry”.
Journal of Applied Microbiology. 2002; 92, 966-
975.

18. C. N. Jacobsen, V. Rosenfeldt Nielsen, A. E.
Hayford, P. L. Moller, K. F. Michaelsen, A.
Parregaard, B. Sandstrom, M. Tvede, and M.
Jakobsen, “Screening of probiotic activities of
forty-seven strains of Lactobacillus spp. by in
vitro  techniques and evaluation of the
colonization ability of five selected strains in
humans”. Applied and Environmental
Microbiology. 1999; 65, 4949-4956.

19. T. A. Hall, “BioEdit: a user-friendly biological
sequence alignment editor and analysis program
for Windows 95/98/NT”. Nucleic Acids
Symposium Series. 1999; 41, 95-98.

20. K. Tamura, D. Peterson, N. Peterson, G. Stecher,
M. Nei, and S. Kumar, “MEGA5: molecular
evolutionary genetics analysis using maximum
likelihood, evolutionary distance, and maximum
parsimony methods”. Molecular Biology and
Evolution. 2011; 28, 2731-2739.

21. J. Felsenstein, “Confidence limits on
phylogenies: an approach using the bootstrap”.
Evolution. 1985; 39, 783-791.

22. M. Nei and S. Kumar, “Molecular evolution
and phylogenetics”. Oxford University Press,
352: 2000.

23. FAO/WHO, Guidelines for the evaluation of
probiotics in food: Report of a Joint FAO/WHO
working group on drafting guidelines for the
evaluation of probiotics in food. 2007, Food and
Agriculture Organization/World Health
Organization: London. p. 11.

24. A. C. Ouwehand, P. V. Kirjavainen, C. Shortt,
and S. Salminen, “Probiotics: mechanisms and
established effects”. International Dairy
Journal. 1999; 9, 43-52.

25. R. Nemcova, “Selection criteria of lactobacilli
for probiotic use”. Veterinarni Medicina. 1997;
42, 19-27.

26. C. Dunne, L. O’Mahony, L. Murphy, G.
Thornton, D. Morrissey, S. O’Halloran, M.
Feeney, S. Flynn, G. Fitzgerald, and C. Daly,
“In vitro selection criteria for probiotic bacteria
of human origin: correlation with in vivo
findings”. The American Journal of Clinical
Nutrition. 2001; 73, 386-392.

27. N. Berrada, J. F. Lemeland, G. Laroche, P.
Thouvenot, and M. Piaia, “Bifidobacterium from
fermented milks: survival during gastric transit”.
Journal of Dairy Science. 1991; 74, 409-413.

28. J. Sjovall, “On the concentration of bile acids in
the human intestine during absorption. Bile
acids and steroids 74.”. Acta Physiologica
Scandinavica. 1959; 46, 339-345.

29. R. P. K. Sahadeva, S. F. Leong, K. H. Chua, C.
H. Tan, H. Y. Chan, E. V. Tong, S. Y. W. Wong,
and H. K. Chan, “Survival of commercial
probiotic strains to pH and bile”. International
Food Research Journal. 2011; 18, 1515-1522.

30. P. Koll, R. Mandar, H. Marcotte, E. Leibur, M.
Mikelsaar, and L. Hammarstrom,
“Characterization of oral lactobacilli as potential
probiotics for oral health”. Oral Microbiology
and Immunology. 2008; 23, 139-147.

31. M. T. Liong and N. P. Shah, “Acid and bile
tolerance and cholesterol removal ability of
lactobacilli strains”. Journal of Dairy Science.
2005; 88, 55-66.

32. S. E. Gilliland, T. E. Staley, and L. J. Bush,
“Importance of bile tolerance of Lactobacillus
acidophilus used as a dietary adjunct”. Journal
of Dairy Science. 1984; 67, 3045-3051.

33. P. Boonkumklao, P. Kongthong, and A.
Assavanig, “Acid and bile tolerance of
Lactobacillus thermotolerans, a novel species
isolated from chicken feces”. Kasetsart Journal



J PURE APPL MICROBIO, 9(SPL. EDN.), NOVEMBER 2015.

452 SHOKRYAZDAN et al.:  PROBIOTIC POTENTIAL OF LACTIC ACID BACTERIA

- Natural Science. 2006; 40, 13-17.
34. S. Ruiz-Moyano, A. Martin, M. J. Benito, F. P.

Nevado, and M. de Guia Cordoba, “Screening
of lactic acid bacteria and bifidobacteria for
potential probiotic use in Iberian dry fermented
sausages”. Meat Science. 2008; 80, 715-721.

35. W. P. Charteris, P. M. Kelly, L. Morelli, and J.
K. Collins, “Development and application of an
in vitro methodology to determine the transit
tolerance of potentially probiotic Lactobacillus
and Bifidobacterium species in the upper human
gastrointestinal tract”. Journal of Applied
Microbiology. 1998; 84, 759-768.

36. L. Z. Jin, Y. W. Ho, N. Abdullah, and S. Jalaludin,
“Acid and bile tolerance of Lactobacillus isolated
from chicken intestine”. Letters in Applied
Microbiology. 1998; 27, 183-185.

37. S. K. Dash, “Selection criteria for probiotics”.
International Journal of Systematic Bacteriology.
1980; 30, 225-420.

38. R. D. Berg, “Probiotics, prebiotics or
conbiotics?.”. Trends in Microbiology. 1998; 6,
89-92.

39. C. A. Petti, C. R. Polage, and P. Schreckenberger,
“The role of 16S rRNA gene sequencing in
identification of microorganisms misidentified
by conventional methods”. Journal of Clinical
Microbiology. 2005; 43, 6123-6125.

40. A. Mezaini, N. E. Chihib, A. Dilmi Bouras, N.
Nedjar-Arroume, and J. P. Hornez,
“Antibacterial activity of some lactic acid
bacteria isolated from an Algerian dairy product”.
Journal of Environmental and Public Health.
2009; 1, 1-6.

41. S. A. Liasi, T. I. Azmi, M. D. Hassan, M.
Shuhaimi, M. Rosfarizan, and A. B. Ariff,
“Antimicrobial activity and antibiotic sensitivity
of three isolates of lactic acid bacteria from
fermented fish product, Budu”. Malaysian
Journal of Microbiology. 2009; 5, 33-37.

42. S. Sirilun, C. Chaiyasut, D. Kantachote, and P.
Luxananil, “Characterisation of non human origin
probiotic Lactobacillus plantarum with
cholesterol-lowering property”. African Journal
of Microbiology Research. 2010; 4, 994-1000.

43. M. H. Coconnier-Polter, L. L. M. Vanessa, and
A. L. Servin, “A Lactobacillus acidophilus strain
of human gastrointestinal microbiota origin
elicits killing of enterovirulent Salmonella

enterica serovar Typhimurium by triggering
lethal bacterial membrane damage”. Applied and
Environmental Microbiology. 2005; 71, 6115-
6120.

44. M. F. Fernandez, S. Boris, and C. Barbes,
“Probiotic properties of human lactobacilli
strains to be used in the gastrointestinal tract”.
Journal of Applied Microbiology. 2003; 94, 449-
455.

45. P. Lonkar, S. D. Harne, D. Kalorey, and N. V.
Kurkure, “Isolation, in vitro antibacterial
activity, bacterial sensitivity and plasmid profile
of Lactobacilli”. Asian - Australasian Journal of
Animal sciences. 2005; 18, 1336-1342.

46. R. Majidzadeh Heravi, H. Kermanshahi, M.
Sankian, M. R. Nassiri, A. Heravi Moussavi, L.
Roozbeh Nasiraii, and A. R. Varasteh, “Screening
of lactobacilli bacteria isolated from
gastrointestinal tract of broiler chickens for their
use as probiotic”. African Journal of
Microbiology Research. 2011; 5, 1858-1868.

47. S. B. Gaudana, A. S. Dhanani, and T. Bagchi,
“Probiotic attributes of Lactobacillus strains
isolated from food and of human origin”. British
Journal of Nutrition. 2010; 103, 1620-1628.

48. J. Suskovic, K. Blazenka, J. Beganovic, A. L.
Pavunc, K. Habjanic, and S. Matosic,
“Antimicrobial Activity - The most important
property of probiotic and starter lactic acid
bacteria”. Food Technology and Biotechnology.
2010; 48, 296-307.

49. A. Aroutcheva, D. Gariti, M. Simon, S. Shott, J.
Faro, J. A. Simoes, A. Gurguis, and S. Faro,
“Defense factors of vaginal lactobacilli”.
American Journal of Obstetrics and Gynecology.
2001; 185, 375-379.

50. E. R. Kashket, “Bioenergetics of lactic acid
bacteria: cytoplasmic pH and osmotolerance”.
FEMS Microbiology Letters. 1987; 46, 233-244.

51. E. Boskey, K. Telsch, K. Whaley, T. Moench,
and R. Cone, “Acid production by vaginal flora
in vitro is consistent with the rate and extent of
vaginal acidification”. Infection And Immunity.
1999; 67, 5170-5175.

52. G. Reddy, M. Altaf, B. J. Naveena, M.
Venkateshwar, and E. V. Kumar, “Amylolytic
bacterial lactic acid fermentation”. Biotechnology
Advances. 2008; 26, 22-34.


