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ABSTRACT

Probiotic microorganisms are live microorganisms, when administered in adequate amounts, confer a
health benefit. Most probiotic microorganisms generally belong to lactic acid bacteria. Therefore, this
study was aimed at finding lactic acid bacteria (LAB) having probiotic properties. Twelve isolates of LAB
isolated from four different Thai traditional fermented foods including Nham (fermented pork rind),
PlaSom (fermented fish), Kung Jom (fermented shrimp paste) and Mum (fermented ground beef) were
tested for their tolerance to acid and to bile salt, considering with important probiotic properties. It was
found that LAB isolate M2, isolated from Mum, was the most tolerant isolate to acid at pH 2 and to bile
salt at the concentration of 2%. Furthermore, the study showed that LAB isolate M2 had antimicrobial
ability against Escherichia coli O157 : H7 ATCC 43895 and Staphylococcus aureus ATCC 25923. Based on
16S rDNA sequence analysis and phylogenetic tree analysis, the LAB isolate M2 was found to be closely
related to Lactobacillus gasseri strain ATCC 33323 (accession number NR_075051.2). The LAB isolate
with probiotic properties obtained from this study can be further characterized in order to utilize it in
the future.
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INTRODUCTION

Microorganisms have been unintentionally
used as part of our diets, especially fermented
foods, for centuries. In 1907, Elie Metchnikoff,
a Russian Noble Prize Winner, discovered that
Bulgarian people, in the Caucasus Mountains,
who were over 100 years old had a fermented
yoghurt drink, containing Lactobacillus
bulgaricus, on a daily basis (Velikova et al.,
2018). In 1935, Yakult, the first commercial
drink containing a beneficial microorganism,
Lactobacillus casei Shirota, was introduced (Ou
et al., 2019). The term “probiotics”, meaning
“for life”, was first coined by Lilly and Stillwell
in 1965 to describe substances secreted by one
microorganisms stimulating growth of other
microorganisms (Kerry et al., 2018). Although
many definitions of probiotics have been
proposed, the internationally endorsed
definition of probiotics is proposed by FAO/WHO
in 2011 as “live microorganisms that, when
administered in adequate amounts, confer a
health benefit on the host” (Binda et al., 2020).
Most probiotic microorganisms belong to lactic
acid bacteria, especially Lactobacillus spp. and

Bifidobacterium spp. However, Enterococcus spp.
has not been considered as probiotics in some
countries because of their tendency to transfer
antibiotic resistance genes (Hanchi et al.,
2018). Besides lactic acid bacteria, other
microorganisms have been reported to have
probiotic properties including Bacillus sp.
(Mingmongkolchai and Panbangred, 2018),
Clostridium butyricum (Guo et al., 2020) and
yeast Saccharomyces boulardii (Sen and Mansell,
2020). To be able to exert their health benefit
in host bodies, probiotic microorganisms have
to be resistant to the gastric acid environment
and to bile salt in the small intestine (Li et al.,
2020). Therefore, these two properties are
commonly used as major criteria for selection
of probiotic microorganisms. Other criteria for
probiotics selection, such as having beneficial
immunological effect (Vitetta et al., 2018),
antimicrobial activity against pathogenic
microorganisms (Igbafe  et al. , 2020)
antioxidant activity (Wang et al., 2017) and
antimutagenic activity (Lee et al., 2020) are
applied only when certain probiotic properties
are required.
In this study, probiotic lactic acid bacteria were



isolated from various traditionally Thai
fermented foods. They were also examined for
their acid and bile salt tolerance. The selected
one with the most acid and bile salt tolerance
was tested for its antimicrobial activity against
pathogenic bacteria and identified using the
16S rDNA sequence analysis and phylogenetic
tree analysis.

MATERIALS  AND  METHODS

Thai fermented foods used as sources of lactic
acid bacteria were Nham (fermented pork rind),
PlaSom (fermented fish), Kung Jom (fermented
shrimp paste) and Mum (fermented ground
beef). Twenty-five g of each food sample were
thoroughly mixed with 225 g of 0.85% (w/v) of
NaCl by a stomacher. The liquid part of the
mixture was 10-fold serially diluted in 0.85%
NaCl to obtain dilutions ranging from 10-1 to
10-6. One hundred ml of three different
dilutions (10-4, 10-5and 10-6) were spread on MRS
(de Man, Rogosa and Sharpe) agar supplement
with 1% (w/v) CaCO3. After incubation at 30oC
for 18 h, bacterial single colonies surrounding
with a clear zone were randomly selected. The
isolated lactic acid bacteria were subjected to
re-streaking on MRS agar to obtain pure
bacterial isolates which were further
examined by Gram staining and catalase test.
Twenty µl of 18 h culture of each LAB isolate
were inoculated in 2 ml of fresh MRS broth
adjusted pH to 2 and 7 (control). The LAB
cultures are incubated at 30oC for 6 h before
measuring their absorbance at the wavelength
of 600 nm. The results were shown as per cent
survival calculated from (absorbance of LAB
culture with pH 2/absorbance of LAB culture
with pH 7) x 100. The experiment was
performed in triplicate.
Twenty µl of 18 h culture of each LAB isolate
were inoculated in 2 ml of fresh MRS broth
supplemented with bile salt (2% w/v) and with
no bile salt. The LAB cultures were incubated
at 30oC for 6 h before  measuring their
absorbance at the wavelength of 600 nm. The
results are shown as per cent survival
calculated from (absorbance of LAB culture
with bile salt/absorbance of LAB culture with
no bile salt) x 100. The experiment was
performed in triplicate.

Study of antimicrobial activity of LAB against
pathogenic bacteria consisted of 2 steps
including the preparation of cell free culture
supernatant of LAB (LAB-CFCS) and the
detection of LAB-CFCS against pathogenic
bacteria, Escherichia coli O157 : H7 ATCC
43895 and Staphylococcus aureus ATCC 25923.
To prepare LAB-CFCS, each LAB was cultured
in MRS broth at 30°C for 18 h. The culture was
then centrifuged at 5,000 xg for 10 min. The
supernatant was collected and passed through
a 0.22-µm-pore-size sterile filter. The resulting
LAB-CFCS was kept at 4oC before use.
Antimicrobial activity of LAB-CFCS was
determined by swab paper disc assay. Each
indicator microorganism (E. coli O157 : H7
ATCC 43895 or S. aureus ATCC 25923) was
grown in BHI (Brain Heart Infusion) broth at
37oC for 18 h and then smeared onto BHI agar
by a sterile swab. A sterile paper disc (6 mm in
diameter) was placed onto the inoculated BHI
agar. Ten µl of the previously prepared LAB-
CFCS were dropped onto the paper disc. After
incubation at 37oC for 18 h, an inhibition zone
around the paper disc was observed. The
experiment was performed in triplicate.
The LAB isolate with the most acid and bile
salt tolerance was subjected to the bacterial
identification using 16S rDNA sequence
analysis. Genomic DNA of the LAB isolate was
extracted by using Genomic DNA Extraction
Kit Mini (RBC Bioscience, Taipei, Taiwan) and
used as template DNA for PCR amplification of
16S rDNA. Two primers used in this
experiment were FD1 (5’AGAGTTTGATCC
TGGCTCAG3’) and RP2 (5’ACGGCTACCTTGT
TACGACTT3’). The PCR condition consisted of
1 cycle of 94oC for 5 min, followed by 30 cycles
of 94oC for 1 min, 55oC for 1 min and 72oC for 1
min, and 1 cycle of 72oC for 7 min. The
nucleotide sequence of PCR product was
determined by BioDesign Co., Ltd.
(Pathumthani, Thailand) and compared with
the 16S rDNA sequences in the GenBank
database using the NCBI Blast program. It was
also subjected to multiple alignments using
Clustal W and phylogenetic analysis using
Neigbor-joining method. Evolutionary analyses
were conducted in MEGA 7.
The data (means±SD) were analyzed by one way
analysis of variance (ANOVA) followed by
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Tukey’s test to compare the means of all
treatments to the mean of every other
treatment in SPSS at P<0.05 levels.

RESULTS  AND  DISCUSSION

A total of 12 LAB isolates were obtained from
the isolation of LAB from Thai fermented food
on CaCO3 supplemented MRS agar. Among
them, three isolates were derived from each
food sample including Nham (N1-N3), PlaSom
(PS1-PS3), Kung Jom (KJ1-KJ3) and Mum (M1-
M3). Preliminary microbiological examination
revealed that all of them were Gram positive
and did not produce catalase. LAB isolates
from Nham and Mum were bacilli, whereas
those isolated from PlaSom and Kung Jom
were cocci.
LAB having a human origin or human strains
generally possessed essential characteristics
of probiotics which were acid and bile salt
tolerance because they could survive in low
pH condition of stomach and high
concentration of bile salt in small intestine.
However, this was not the case for those
derived from foods. Therefore, tests for these
characteristics are of necessity for the
selection of probiotics derived from foods.
Besides the essential characteristics of
probiotics, some probiotics may have one or
more of other characteristics, most of them
related to health promotion, such as
enhancing growth (Park et al., 2017),
preventing pathogenic bacteria to adhere to
intestinal epithelium (Kerry et al., 2018),
improving immune system (Vitetta et al.,
2018), producing antioxidants (Wang et al.,
2017) and preventing diseases of
gastrointestinal tract (Park et al., 2017).
The pH of human stomach varies from 2-4
depending on its function. When proteins get
to the stomach, it releases proteolytic enzyme,
called pepsin, and hydrochloric acid (HCl) to
aid in digestion (Martinsen et al., 2019). By
itself, HCl does not do the digestion work, but
pepsin that cleaves proteins work best in an
acidic environment or low pH. Therefore, LAB
being used as probiotics must survive in the
gastric acid environment. In this experiment,
all 12 isolated LAB were tested for their
tolerance at pH 2. The results are shown in
Table 1. The acid tolerance of LAB was

classified into three levels : high (% survival >
80%), moderate (% survival 50-80%) and low
(% survival < 50%). From Table 1, LAB with
high acid tolerance were N1 and M2, with
moderate acid tolerance were N2, N3, PS1, PS3,
KJ1, KJ2 and M1 and with low acid tolerance
were PS2, KJ3 and M3.
The human small intestine is the site where
lipids are digested. Lipid digestion is required
not only lipases but also bile as a lipid
emulsifier. Therefore, bacteria being used as
probiotics must be resistant to bile that is toxic
to many bacterial strains. In general, human
small intestine consists of 0.2-2% bile salt
depending on the individual and the type and
amount of food ingested (Hu et al., 2018). When
lipids are consumed, the concentration of bile
salt in small intestine increases up to 2% to
help lipid digestion. In this experiment, all 12
isolated LAB were tested for their tolerance to
2% bile salt. The results are shown in Table 2.
The bile salt tolerance of LAB was classified
into three levels : high (%  survival > 80%),
moderate (%  survival 50-80%) and low (%
survival < 50%). From Table 2, LAB with high
bile salt tolerance was M2, with moderate acid
tolerance were N1, N3, KJ1, KJ2 and KJ3 and
with low acid tolerance were N2, PS1, PS2, PS3,
M1 and M3.
Based on high acid and bile salt tolerance, the
LAB isolate M2 was selected for further

Table 1. Acid tolerance of lactic acid bacteria isolated
from fermented foods

LAB Per cent survival of Per cent survival
isolate each experiment in (Mean±SD)

triplicate experiments

1 2 3

N 1 89.47 87.64 85.33 87.48±2.08a

N 2 52.53 55.27 50.04 52.61±2.62d

N 3 66.23 67.45 69.38 67.69±1.59c

PS1 81.95 80.51 77.11 79.86±2.49b

PS2 44.37 43.33 40.27 42.66±2.13e

PS3 55.88 50.54 52.23 52.88±2.73d

KJ1 69.57 65.08 67.43 67.36±2.25c

KJ2 67.53 62.29 68.77 66.20±3.44c

KJ3 47.68 45.36 43.12 45.39±2.28e

M1 69.17 72.76 65.34 69.09±3.71c

M2 86.36 88.31 83.72 86.13±2.30a

M3 39.29 35.52 38.66 37.82±2.02f

Mean values with different superscripts in a column
are significantly different at P<0.05.
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experiments which were antimicrobial
activity against pathogenic bacteria and
bacterial identification by 16S rDNA sequence
analysis.
When LAB isolate M1 was tested for its
antimicrobial activity against E. coli O157 : H7
ATCC 43895 or S. aureus ATCC 25923, it was
found that LAB isolate M2 was able to inhibit
both pathogenic bacteria. Since LAB had ability
to produce several antimicrobial substances
such as organic acids, hydrogen peroxide and
bacteriocins (Hernandez-Gonzalez et al., 2021),
further investigation is required to find out the
actual substance responsible for antimicrobial
activity of LAB isolate M2.
When genomic DNA of LAB isolate M2 was used
as template DNA for PCR amplification of 16S
rDNA, the obtained PCR product was about
1,496 bp in size. The nucleotide sequence of
the PCR product was compared to the known
bacterial 16S rDNA sequences in
GenBankdatabase using Blast program, it
showed 99% homology to 16S rDNA sequence
of Lactobacillus gasseri strain ATCC 33323
(accession number NR_075051.2). Thus, the
LAB isolate M2 was designated as L. gasseri
M2. This result was confirmed by phylogenetic
tree analysis showing that the LAB isolate M2
was closely related to L. gasseri (accession
number NR_075051.2; Fig. 1). Many strains of
Lactobacillus were previously reported to have

probiotic properties such as Lactobacillus
plantarum (Astuti et al., 2018; Zheng et al.,
2020), Lactobacillus johnsonii (Delley et al.,
2015), Lactobacillus acidophilus (Delley et al.,
2015; Vemuri et al., 2018), Lactobacillus
fermentum (Naghmouchi et al., 2020) and
Lactobacillus rhamnosus (Martin et al., 2019).
Furthermore, some of them have already used
in commercial products such as L. casei
Shirota (Ou et al., 2019), L. johnsonii (Delley et
al., 2015) and L. acidophilus (Vemuri et al.,
2018).

CONCLUSION

Lactobacillus gasseri M2 was LAB strain isolated
from Mum, Thai traditional fermented ground
beef. It had high survive rates in both acidic
(pH 2) condition and condition with high bile
salt concentration (2%). It also inhibited E. coli
O157 : H7 ATCC 43895 and S. aureus ATCC
25923. The LAB strain obtained from this study
had potential to be developed for being used as
a probiotic bacterium.
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Fig. 1. Phylogenetic tree based on neighbour-joining
method created with 16S rDNA sequences
of LAB isolate M2 and other species of lactic
acid bacteria. Values on nodes represent
percentage bootstraps out of 1000 bootstrap
samples; values less than 50% are not
shown. Scale bar represents the number of
mutations per sequence position.

Table 2. Bile salt tolerance of lactic acid bacteria isolated
from fermented foods

LAB Per cent survival of Per cent survival
isolate each experiment in (Mean±SD)

triplicate experiments

1 2 3

N 1 60.65 55.76 57.09 57.83±2.53c

N 2 47.40 45.02 43.33 45.25±2.05d

N 3 54.67 56.74 55.21 55.54±1.07c

PS1 48.55 42.79 45.36 45.57±2.89d

PS2 42.42 47.62 45.33 45.12±2.61d

PS3 45.86 46.64 43.90 45.46±1.41d

KJ1 73.89 70.55 68.32 70.92±2.80b

KJ2 58.28 55.54 54.95 56.26±1.78c

KJ3 70.27 68.66 71.22 70.05±1.29b

M1 33.58 35.18 30.02 32.93±2.64e

M2 82.96 80.51 84.29 82.59±1.91a

M3 23.91 25.82 20.07 23.27±2.93f

Mean values with different superscripts in a column
are significantly different at P<0.05.
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