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ABSTRACT Lactobacillus species are used as probiotics to inhibit human pathogens because of their
ability to produce antimicrobial substances. However, when different kinds of antibiotics are used, the
antibiotic resistance of drug-resistant bacteria increases. In this study, lactic acid-producing bacteria
with antimicrobial activity were isolated and used as probiotics to inhibit six human pathogens, namely
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus cereus, Salmonella typhi,
and Shigella boydii. Nine bacterial isolates were obtained from the crude juice of sugar cane (Saccharum officinarum), strawberry (Fragaria ananassa), and fruit pulp of palm (Borassus flabellifer). Among
them, three bacterial isolates (S1 , SC, and PP) produced acid and clear zones around the colonies on
Glucose Yeast Extract media supplemented with calcium carbonate (GYC). These three bacterial strains
were then identified on the basis of colony morphology and using different biochemical tests. 16s rRNA
sequencing identified the indigenous lactic acid-producing bacteria S1 as Lactobacillus plantarum and
both isolates (SC and PP) as Leuconostoc mesenteroides. L. plantarum (S1 ) showed the best inhibition
zone (12 mm) on pathogens S. aureus, P. aeruginosa, and E. coli. Therefore, these lactic acid-producing
bacteria isolated from various fermented fruit juices in Myanmar shows potential for development as
probiotics.
© The Author(s) 2022. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION
Lactic acid bacteria (LAB) are widely distributed in various
kinds of milk, cereals, grains, meats and fishes, beer, wine,
fruits, pickled vegetables, and sourdough and can also be
found in water, soil, and sewage. These bacteria also live
in the mouth, intestinal tract, and vagina of humans and
some animals as part of their normal flora (Booney 2001).
In this research, LAB were isolated from natural sources in
Myanmar to assess their potential for industrial production.
Myanmar has a variety of fruits due to its different climate
zones.
LAB are classified as 33 genera belonging to the family of Lactobacillaceae and class Bacilli. Nowadays, the
main genera of LAB in food technology comprise Lactobacillus, Leuconostoc, Pediococcus, Streptococcus, Lactococcus,
Oenococcus, and Weisella.

spontaneous lactic acid fermentation are dominated by the
genera Leuconostoc and Weisella; however, the genus Lactobacillus successively replaces them at the later stages (Szutowska and Gwiazdowska 2021). Mesophilic temperatures
with an over limit of 40 °C are the best growth conditions
of these bacilli. In particular, the psychrophilic Lactobacilli
grow below 5 °C to 15 °C, and the thermophilic Lactobacilli
thrive in the upper limit of 55 °C (Booney 2001).
Osuntoki et al. (2008) pointed out that when different kinds of antibiotics are used, many antibiotic resistant
pathogens will emerge. Therefore, developing alternatives
to antibiotics is an urgent need. LAB can produce many
compounds, such as bacteriocins, phenyl lactic acid, peptides, ethanol, hydrogen peroxide, and fatty acids, and can
inhibit the growth of other microorganisms. Therefore,
LAB could be of interest in food biopreservation.

Many researchers examined several LAB strains isolated from dairy products, beverages, and decaying fruits.
Most Lactobacillus species are generally gram-positive,
catalase-negative, non-motile, and non-spore forming.
LAB colonies formed on agar media are usually small (2–5
mm) with entire margins, raised, convex, spherical, smooth,
glistening, off-white, and commonly opaque without pigment. LAB cells are usually ellipsoidal to long, often chain
to rod, and sometimes appear as coccobacilli. Fermentative
metabolism is obligately saccharoclastic. LAB can ferment
simple carbohydrates, such as glucose, sucrose, or galactose, to lactic acid. During fermentation, the first hours of

LAB including Lactobacillus species have potential antimicrobial activity and thus can be used to prevent food
spoilage and pathogen growth in humans and animals. LAB
can be used as probiotics for the prevention, control, and
treatment of diseases for health benefit and maintenance
(Osuntoki et al. 2008). These bacteria can also be applied to
overcome physical and chemical barriers, such as acid and
bile in the small intestine, because of their ability to produce beneficial fermentation products, such as short chain
fatty acids, vitamins, and enzymes (Anukam and Koyama
2007; Mabeku et al. 2020).
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carcinogenic, antimicrobial, immune enhancement effect,
increases insulin resistance, improves body weight gain
and digestion, reduces blood pressure, normalizes cholesterol (Mabeku et al. 2020).
This research focused on LAB that were isolated and
identified from indigenous fruits and then examined their
antimicrobial activity.

2. MATERIALS AND METHODS
2.1 Sample preparation
For LAB isolation, fruits of sugar cane (Saccharum officinarum), strawberry (Fragaria ananassa), and fruit pulp of
palm (Borassus flabellifer) were purchased from Patheingyi
Township Market of Myanmar in March, 2019. First, the
ripe fruits were thoroughly washed with tap water and
then rinsed with purified water three times. Each fruit was
added with distilled water (1:2) and pulverized in a stomacher lab blender (Stomacher 400, England) until they dissolved completely as fruit juice. For the microbial growth
of the three fruit juices, glucose ethanol yeast extract (GEY)
broth was prepared by mixing 20 g of D-glucose (Himedia,
India), 50 ml of ethanol (BDH, and 10 g of yeast extract (Himedia, India) in 1000 ml of distilled water. In individual sterile conical flasks, 100 ml of each fruit juice and 100 ml of
GEY broth were incubated using rotary shaker (GEMMYCO,
YCW-012S) at 37 °C and 110 rpm for 5 days. The lids of conical flasks were loosened to inhibit bottle explosion due to
alcoholic fermentation. After 5 days, a turbid solution was
formed and was imaged for microbial growth.

2.2 Isolation and screening of lactic acid-producing bacteria (LAB)
After the 5-day incubation, 1 ml of fermented fruit juice
solution was streaked on GYC plates containing 10% glucose, 3% yeast extract, 2% agar, and 3% calcium carbonate.
The cultures were then incubated at 37 °C for 72 h (Klawpiyapamornkun et al. 2015). On the basis of the clear zone
formation surrounding the bacterial colonies, the isolated
colonies can be confirmed as a result of calcium carbonate
solubilization by the produced acids. Among the nine different bacterial colonies than grew on the GYC media, three
were acid-producing bacteria as indicated by their largest
clear zone formation. Colonies presenting a transparent
halo were also streaked for purity verification, and those
presenting the same morphology were cultured in sterile
deMan, Rogosa, and Sharpe (MRS) media (Oxoid, Hampshire, Thermo Fisher Scientific, UK). The plates were placed
in an incubator (Pol-EKO-APARATURA SP.J, Poland) at 37 °C
for 24 h.

et al. 2016). Sterile Lactobacilli MRS broth containing glycerol (1:4) was used to store the pure colonies at −80 °C for
future study.

2.3.1 Growth at different temperatures
The temperature tolerance of the bacterial isolates was
studied. In brief, 0.1 ml of each overnight culture was inoculated in tubes with 5 ml of MRS broth and bromocresol
purple as an indicator. The bacteria were incubated at different temperatures (15 °C, 25 °C, 30 °C, 37 °C, and 45 °C)
for 3 days. The growth of bacterial isolates was observed as
a color change from purple to yellow (Mabrouk et al. 2014).

2.3.2 Sugar fermentation test
The fermentation ability for some carbohydrates of the
bacterial isolates was determined by using peptone water
broth added with bromocresol purple (2% solution) as an indicator. In brief, 10 ml of peptone water was transferred to
an autoclavable test tube, which was then aseptically added
with 0.2 g of tested sugar. One colony of bacterial strain under examination was incubated at 37 °C for 10 days, and a
color change from purple to yellow was identified as a positive result (Booney 2001; Kavitha et al. 2016).

2.4 PCR amplification of isolated strains
The three bacterial isolates were subjected to PCR by
Nanning Gold Tech Biotechnology Co., Ltd., China using
the following forward and reverse primers: 27F of 5� AGAGTTTGATCCTGGCTCAG - 3� and 1492R of 5� TACGGYTACCTTGTTACGACTT - 3� were used for 16S rRNA gene
amplification. The 50 µl PCR reaction mixture consisted of
a small amount of DNA, 20 µl of 2× Phanta Max Master Mix,
1 µl each of the forward and reverse primers, and 18 µl of
ddH2O. The PCR reaction conditions were 95°C for 3 min,
35 cycles of 95 °C for 15 s, 56 °C for 15 s, and 72 °C for 30 s,
and a final extension of 72 °C for 5 min.

2.5 16S rRNA sequencing and phylogenetic analysis
16S rRNA sequencing analysis of bacterial isolates was conducted by matching them with the reference strains of
NCBI using BLAST tool. Afterward, phylogenetic analysis
was performed. The 16S rRNA gene sequences of the isolated bacterial strains were compared with the reference
sequences from NCBI database and then aligned by MUSCLE for phylogenetic analysis using MEGA 11 (Tamura et al.
2021) and maximum composite likelihood method (Kimura
1980). Bootstrap analysis was carried out using 1000 replications as previously described (Felsenstein 1985).

2.3 Examination of lactic acid-producing bacteria (LAB)

2.6 Analysis of the antimicrobial activity of Lactobacillus
species

Bacterial isolates were morphologically examined with
Gram’s staining method under a 1000× microscope. The
color, size, shape, and elevation of colonies were also identified. In brief, 3% H2 O2 solution was dropwise added to
an overnight fresh culture of bacterial isolates on the surface of glass slide. Catalase positivity or negativity was detected according to the presence of gas bubbles from the
surface of the isolated culture (Hossain et al. 2016; Kandasamy et al. 2017). Biochemical tests on motility analysis, indole, methyl red, Voges–Proskauer, citrate, and sugar
fermentation were also conducted (Booney 2001; Kavitha

Agar well diffusion was used to detect the antibacterial activity of bacterial isolates (Casla et al. 1996; Sumathi 2012).
The antimicrobial activities of three isolated LAB were
tested using cell-free neutralized supernatants against six
indicator pathogenic strains. MRS broth was used to incubate the isolated LAB at 37 °C for 72 h. For the preparation of cell-free supernatants, centrifuge tubes (15 ml)
were used to centrifuge the aliquots of overnight culture
broth at 8000 rpm for 10 min. After centrifugation, the
supernatants were filtered using Whatman cellulose acetate filter (0.2 μm) to remove residual cells. The super-
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TABLE 1. Summary of Biochemical Test Results of Lactic Acid-Producing
Bacteria.
Isolate strains

(a) S1 on GYC

(b) SC on GYC

Characteristics

S1

SC

PP

Gram stain

+

+

+

Catalase

-

-

-

Motility

-

-

-

Indole

-

-

-

Methyl red

-

-

-

Voges–Proskauer

-

-

-

Citrate utilization

-

-

-

-

Growth at different temperature

(c) PP on GYC

FIGURE 1. Isolated acid-producing bacteria (a) S1 , (b) SC, and (c) PP on
GYC agar with calcium carbonate

natants of the three bacterial isolates were used to determine their antibacterial activity. In this experiment, laboratory strains of Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus cereus, Salmonella typhi,
and Shigella boydii provided by the Biotechnology department, Mandalay Technological University, Myanmar were
employed as test pathogens (gram-positive and -negative).
Fresh cultures of the six tested pathogenic strains were
prepared using Mueller–Hinton broth. The fresh cultured
broth inoculum (0.1 ml) was swabbed onto Mueller–Hinton
agar plates. Afterward, 8 mm wells were created and filled
up with 50 μl aliquots of the cell-free supernatants of the
three bacterial isolates using a micropipette. One well in
each plate was filled up with 25 μg/ml antibiotic (ampicillin)
as a positive control (C+ ). After 24 h of incubation at 37 °C,
the petri dishes were checked. Clear zone formation was
measured in (mm) diameter for antimicrobial activity.

3. RESULTS AND DISCUSSION
3.1 Screening of lactic acid-producing bacteria
Nine bacteria were isolated from the fermented crude juice
of sugar cane (Saccharum officinarum), strawberry (Fragaria ananassa), and fruit pulp of palm (Borassus flabellifer).
Among which, only three isolated bacteria can produce acid
upon screening on the GYC media (Klawpiyapamornkun
et al. 2015). A large clear zone formation on the GYC media indicates a high acid production. Large halo zone formations were found for all isolates, indicating that they all
produced acid in high amounts (Figure 1).

3.2 Physiochemical examination of lactic acid-producing
bacteria
LAB were successfully isolated from the three fermented
fruit juices. These three isolates were initially distinguished
according to their cultural, morphological, physiological,
and biochemical characteristics (Booney 2001; Kavitha et al.
2016). In terms of their appearance on MRS agar plates,
ASEAN J SCI TECHNOL DEV 39(1): 7–12

15 °C

-

-

25 °C

-

-

-

30 °C

+

+

+

37 °C

++

++

++

45 °C

-

-

-

Glucose

+

+

+

Galactose

+

+

+

Lactose

+

+

+

Maltose

+

+

+

Mannose

+

+

+

Raffinose

+

+

+

Sucrose

+

+

+

Fructose

+

+

+

Xylose

+

+

+

Sugar fermentation

(++): high growth, (+): growth, (-): no growth.

S1 was smooth, circular, and raised and had an off-white
color, and PP and SC were rough, small, and spheroidal in
shape and had a cream color. For biochemical characterization, the three isolates (S1 , SC, and PP) were gram-positive
and non-motile and showed negative results for catalase,
indole, methyl red, Voges–Proskauer, and citrate (PANCHENIAK and SOCCOL 2005).
Sugar fermentation test was conducted find out which
kinds of sugar can be fermented by the bacterial isolates.
All the three isolates (S1, SC, and PP) were able to ferment all
the sugars tested (lactose, sucrose, glucose, maltose, galactose, mannose, raffinose, fructose, and xylose). In the temperature tolerance test, all the bacterial strains exhibited
moderate growth at 30 °C, and all the isolates grew well at
37 °C (Mabrouk et al. 2014). The overall data are summarized in Table 1.

3.2.1 16S rRNA sequencing and phylogenetic identification of lactic acid-producing bacteria
16S rRNA sequencing revealed that the nucleotide
sequence of isolate S1 (GenBank accession number:
MZ619093) showed pairwise similarity to that of Lactobacillus plantarum strain CIP103151. Therefore, isolate
S1 (MZ619093) was closely related to L. plantarum strain
CIP103151 and named as L. plantarum S1 (MZ619093). The
nearly complete length 16S rRNA gene sequences for
isolates PP and SC were named as MZ619092 and MZ619141,
respectively.
9

FIGURE 2. Evolutionary analysis of S1 , SC, and PP

FIGURE 3. Antibacterial activities of the three selected lactic acid bacterial strains against pathogens

The phylogenetic tree based on 16S rRNA gene sequences from GenBank showed that strains PP and SC were
clustered with Leuconostoc mesenteroides ATCC8293 and
hence were named as L. mesenteroides PP (MZ619092) and L.
mesenteroides SC (MZ619141), respectively. Figure 2 shows
the phylogenetic tree.
The maximum likelihood method and Tamura–Nei
model (Tamura and Nei 1993) were used to infer the evolutionary history of the isolates. Bootstrap with 1000 replicates (Felsenstein 1985) was used to represent the analyzed
taxa. Less than 50% bootstrap replicates in corresponding branches to partitions had collapsed. For the 17 nucleotide sequences involved in this analysis, only 1604 positions were included in the final dataset.

3.3 Antibacterial activity of LAB
The antibacterial activity of LAB were examined using agar
well diffusion. The results showed that the supernatants of
the three LAB (one L. plantarum and two L. mesenteroides)
produced inhibition zones against the six tested pathogens.
The inhibition effects of the cell-free supernatants against
the six pathogens are presented in Figure 3.
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The isolated L. plantarum (MZ619093) produced the
maximum inhibition zone (12 mm) against E. coli, P. aeruginosa, and S. aureus and the smallest clear zone (11 mm)
against B. cereus, S. boydii, and S. typhi after 72 h of incubation.
The isolated L. mesenteroides (MZ619141) produced the
largest inhibitory zone (11 mm) against P. aeruginosa and S.
aureus and the smallest zone (9 mm) against E. coli and S.
typhi after 72 h of incubation.
The isolated L. mesenteroides (MZ619092) produced the
largest inhibitory zone (11 mm) against B. cereus and S. aureus and the smallest (9 mm) against E. coli and S. boydii.
The two main strains, Bifidobacteria and Lactobacillus,
are commonly used in commercial products. Commercial probiotics are usually used for a wide range of conditions, such as health benefits, industrial usage, and food.
In this study, the antimicrobial activity of the isolated L.
plantarum (MZ619093), L. mesenteroides (MZ619141), and L.
mesenteroides (MZ619092) strains was examined.
Similarly, Shokryazdan et al. (2014) reported the antibacterial activities of L. mesenteroides. Osuntoki et al.
(2008) isolated Lactobacillus spp. from fermented dairy
Than et al.

products and found their small range of antibacterial activity (4–5 mm) against E. coli, Salmonella typhimurium, and
Listeria monocytogenes. By comparison, the isolates of the
present study had a higher antimicrobial activity than those
in the above works.
Djadouni and Kihal (2012) isolated LBbb0141 strain
from cow milk and found that it inhibited some kinds of
pathogens in the range of 0–14 mm and especially showed
maximum inhibition against Listeria ivanovii.
Other
pathogens in their study included E. coli, Pseudomonas sp.,
S. typhimurium, Salmonella para-typhimurium B, Clostidium sp., S. aureus, Streptococcus sp., B. megaterium (ID
07817), and B. megaterium (ID 07818). The isolates of the
present study (one L. plantarum and two L. mesenteroides)
have an almost similar antimicrobial capability to LBbb0141
strain.

4. CONCLUSIONS
Three acid-producing bacteria were isolated from different
fermented fruit juices from Myanmar. 16s rRNA sequencing revealed that L. plantarum MZ619093, L. mesenteroides
MZ619141, and L. mesenteroides MZ619092 have high similarities with L. plantarum CIP103151 and L. mesenteroides
ATCC8293. Therefore, these strains (one L. plantarum and
two L. mesenteroides) were LAB. In addition, these isolates
exhibited good antimicrobial activity against the six tested
pathogens in the range of 9–12 mm. Therefore, these L.
plantarum and L. mesenteroides strains could be potentially
used for industrial application. In vivo tests are recommended to validate the efficacy of their application in living
hosts.
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