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Abstract. Melia S, Aritonang SN, Juliyarsi I, Kurnia YF, Rusdimansyah, Hernita VO. 2022. The screening of probiotic lactic acid bacteria
from honey of stingless bee from West Sumatra, Indonesia and using as starter culture. Biodiversitas 23: 6379-6385. This study aimed to
isolate probiotic lactic acid bacteria (LAB) from stingless bee honey (Galo-galo) and apply it as a starter culture. This research used
stingless bee honey (Galo-galo) from west Sumatra, Indonesia. There are 6 types of honey bees, namely Tetragonula sarawakensis (TS),
Tetragonula testaceitarsis (TT), Tetragonula minangkabau (MK), Tetrigona binghami (TB), Geniotrigona thoracica (TR) and
Heterotrigona itama (IT). The screening of probiotics was evaluated as the LAB isolates' ability to resist acid (pH 3), bile salts (Oxgall
0.5%), and antimicrobial activity against pathogenic bacteria. Based on the probiotic selection, the TB1 isolate from Tetrigona binghami
honey had an acid tolerance of 82.75%, bile salt tolerance of 94.44%, and the highest antimicrobial activity against pathogenic bacteria
with more excellent resistance than antibiotics. The identification with 16S rRNA showed that the TB1 bacterial isolate had 100%
similarity with Lactobacillus plantarum SN13TFurthermore, starter culture inoculated with 6% L.plantarum SN13T met the starter culture
parameters, with a pH of 4.7, titratable acidity of 1.46%, and lactic acid bacteria counts of 9.0 x 10° CFU/mL. L.plantarum SN13T is a
candidate probiotic bacteria isolated from the stingless bee honey (Tetrigona binghami). This bacteria has the potential to be developed

as a starter for fermented milk processing in the food industry.
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INTRODUCTION

In Indonesia, the stingless bee has vernacular names in
each region, such as Klanceng from Java, Teuweul from
Sunda, Galo-galo from Minang, West Sumatra, Merang or
Katappe from Mamasa, West Sulawesi, and Tannese from
Kaili, Central Sulawesi (Kahono et al. 2018). The stingless
bee, known as the Getah lebah in Indonesia, has a high
diversity of about 46 species distributed in several areas,
such as Sumatra and Kalimantan (Engel et al. 2019). There
are 18 stingless bee species were discovered at various
beekeeping and natural sites in West Sumatra (Herwina et
al. 2020). Then Herwina et al. (2021) explain that
Heterotrigona itama is the most popular species for
beekeeping, followed by Geniotrigona thoracica and
Tetragonula laeviceps, while T. minangkabau, T.
fuscobalteata, and T. testaceitarsis are the least popular. In
contrast to honey bees, nearly all species of stingless bees
could be transferred into hives, and they are unlikely to leave
or run. Meliponiculture is well-established in many nations
(Cortopassi-Laurino et al. 2006), and Indonesia has great
potential to exploit these species sustainably and fully.

Stingless bees produce several components such as wax,
propolis, honey, and pollen (Ajibola et al. 2012). Several
studies have shown that stingless bee honey has potential
therapeutic benefits in several contexts, including wound
healing, diabetes mellitus, eye disease, hypertension, fertility
defects, cancer, microbial infections, and irregular lipid

profiles (Zulkhairi Amin et al. 2018). Rosli et al. (2020)
explained in a previous study that Homotrigona fimbriata
honey has the highest antibacterial activity against five
bacteria: Serratia marcescens, Escherichia coli, Bacillus
subtilis, Alcaligenes faecalis, and Staphylococcus aureus.

It has been reported that stingless bee honey contains
various microorganisms, namely some eight bacterial
species, 71 families, 155 genera, and 70 species with
antimicrobial activity against pathogenic bacteria. One of
the dominant lactic acid bacteria found in almost all species
studied is Lactobacillus malefermentans. Thus, the presence
of lactic acid bacteria enhanced the ability of bee honey to
inhibit pathogenic bacteria without stinging can be expected
to expand the probiotic capabilities in daily life (Rosli et al.
2020).

Probiotics are living bacteria or other types of
microorganisms that, when consumed in enough amounts,
impose a wide variety of health benefits on the creatures that
consume them (Aarti et al. 2016). These bacteria have long
been associated with dairy products. This is because some of
the bacteria related to fermented dairy products also live in
various locations on the human body, such as the mouth,
gastrointestinal tract, etc. Most of the probiotic bacteria used
in commercial products are lactic acid bacteria, namely
species of the Lactobacillus and Bifidobacterium (Salminen
et al. 2004). Gram-positive bacteria, known as lactic acid
bacteria, can be found in the digestive tracts of humans and
ruminants. They are naturally present in these systems (Aarti
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et al. 2018). These microorganisms are essential in
preserving the microbial flora's delicate equilibrium (Aarti
et al. 2017; Kerry et al. 2018).

The bacteria obtained was used as a starter culture in
milk processing. Starter cultures are microorganisms that are
employed in the production of dairy products such as yogurt
and cheese. The microbes chosen for this purpose are
intended to produce the required results in the fermented
milk processing final product. When the starter culture is put
into milk, the features of the fermented milk produced are
more controlled.

Based on this background, a study was conducted to
select and identify lactic acid bacteria molecularly using the
16S rRNA method from West Sumatra, Indonesian stingless
bee honey, and its use as a starter culture. Furthermore, this
research is expected to add to the collection of probiotic
bacteria, particularly those from stingless honey bees, which
are commonly consumed for their health benefits and can be
developed as a fermented milk starter for the food industry.

MATERIALS AND METHODS

Sampling

Total six types of honey from stingless bee species from
West Sumatra, Indonesia, such as Tetragonula sarawakensis,
Heterotrigona itama, Tetragonula testaceitarsis, Tetragonula
minangkabau, Geniotrigona thoracica, Tetrigona binghami
were collected from stingless beekeeping at the Faculty of
Animal Science, Andalas University, Padang, Indonesia. All
honey samples were filtered and stored in bottles at room
temperature for further analysis.

Procedures
Isolation of lactic acid bacteria.

One mL of honey sample was added to 9 mL of De Man
Rogosa and Sharpe (MRS) broth into On MRS agar
(Neogen, USA), serial dilutions were made to a
concentration of 108 and the samples were incubated
anaerobically for 48 hrs at 37°C. A single colony was
selected randomly for other probiotic selection (Klingberg et
al. 2005).

Probiotic characterization
Test for acid tolerance

Total of 0.1 mL of LAB isolate was added to 10 mL of
pH 3.0 MRS broth, and the mixture was then incubated for
90 min. After incubation, serial plating of the dilution on
MRS agar was used to determine how many live bacteria
were present. By comparing LAB isolates on MRS agar
(NEOGEN, USA) for cells that survived after incubation at
pH 3.0 for 90 min, LAB viability to acid was estimated.
After 0 and 90 min of incubation, the survival rate (%) on
MRS agar was calculated using the plate count method
(Klingberg et al. 2005). Each determination was made in
duplicate. The formula (N/N0) x 100% was used to calculate
the survival rate (%) by comparing the number of bacteria
(N) after incubation to the number of surviving bacteria
(NO).
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Test for bile salts tolerance

It was carried out in acid-resistant conditions for viability
testing of LAB against bile salts (pH 3.0, 90 min). It was
inoculated into 10 mL of MRS broth with and without 0.3%
oxgall bile salt (Sigma, USA) and cultured for 8 hrs using as
little as 0.1 mL of the LAB isolate that had been incubated
for 24 hrs at 37°C. After 0 and 5 hrs of incubation, the rate
of survival (%) on MRS agar was calculated using the plate
count method Klingberg et al. (2005). The formula (N/NO)
X 100% was used to calculate the survival rate (%) by
comparing the number of bacteria (N) after incubation to the
number of surviving bacteria (NO).

Antimicrobial Activity test

Based on Davoodabadi et al. (2015) using the diffusion
method, the antimicrobial activity of the LAB isolate against
a number of enteropathogenic bacteria was evaluated.
Listeria monocytogenes VTO, Listeria monocytogenes,
Listeria innocua, Staphylococcus aureus, Salmonella,
Propionibacterium acnes, Pseudomonas sp., Klebsiella sp.,
Acinetobacter baumannii, and Escherichia coli. LAB
isolates were cultured overnight at 37°C for 24 hrs. Using
centrifugation, cell-free culture supernatant (CFCS) was
produced (10,000 g, 10 min). A 100 mL of CFCS was added
to an 8 mm diameter, perforated well on a Muller Hinton
agar plate, and incubated there for 18-24 hrs at 37°C. A clean
zone formed around the well provided was considered an
indicator of antimicrobial action, and its diameter was
determined.

Molecular characterization using 16S rRNA gene
sequencing

The genomic DNA of bacteria was extracted using the
PrestoTM Mini gDNA bacteria kit (GBB100 Geneaid). The
isolated DNA was amplified at using 24F: S’ AGA GTT
TGA TGG CT 3"and 1541R: S’ AAG GAG GTG ATC CCG
CA 3'. The PCR procedure required 50 pl of water, bacteria
DNA, and DreamTag DNA polymerase (Thermo
Scientific). We began with a 3-minute pre-PCR. Total 35
cycles of 95°C for 30 seconds, 50°C for 30 seconds, and
72°C for 1 min 30 seconds. The further 10 min of post-PCR
were conducted at 72°C. The PCR results were loaded onto
1% agarose gel containing 5 g/mL of ethidium bromide. The
electrophoresis was done for 45 min in a 1X TBE (Tris
Borate EDTA) buffer. The bands were then seen on a UV
transilluminator (Vilber Lourmat) and recorded with an
Olympus SP 500-UZ digital camera with a UV filter
(Feliatra et al. 2019). Furthermore, using the Basic Local
Alignment Search Tool (BLAST)
(http://blast.ncbi.nlm.nih.gov/Blast.html), the sequencing
results were compared to known sequences in the GenBank
database.

The production of a starter culture

As much as 20% of skim milk and 0.05% of CMC
(Carboxy Methyl Cellulose) were added to the Erlenmeyer,
along with 100 mL of distilled water, and stirred using a
magnetic stirrer for 5 min at a speed of 1000 rpm during the
manufacture of fermented milk (Pato et al. 2019). The
homogeneous solution was then sterilized at 105°C for 10
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min and cooled to 37°C. The LAB isolates of as much as 3%,
4%, 5%, and 6% were entered into the skim milk and
incubated at 37°C for 15 hrs.

pH testing and titratable acidity

A digital pH meter measured the pH of yogurt samples
between 17°C and 20°C (Hanna Instruments). The titratable
acidity (lactic acid,%) was measured after mixing yogurt
samples, mixing distilled water of 10 mL, and titrating with
0.1 N NaOH that used a 0.5% phenolphthalein indicator. The
total dry matter of yogurt and milk samples was then
determined gravimetrically (Cakmakgi et al. 2012).

Calculation of total lactic acid bacteria

A total of 1 mL of material was mixed with 9 mL of
sterile peptone diluent (10% w/v). The appropriate dilutions
were then poured in duplicate onto MRS medium plates.
Samples were incubated for 48 hrs at 37°C (Othman et al.
2012).

Data analysis

All studies were performed in triplicate, one-way
analysis of variance (ANOVA) was used to evaluate
significant differences, SPSS software was used to run
Duncan's multiple range tests.

RESULTS AND DISCUSSION

Isolation of lactic acid bacteria

Six different types of honey from stingless bee species
were used to isolate and identify potentially probiotic lactic
acid bacteria. They are Tetragonula sarawakensis which
produced six isolates (TS1-TS6), Heterotrigona itama,
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testaceitarsis which vyielded four isolates (TT1-TT4),
Tetragonula minangkabau which produced three isolates
(MK1-MK3), Geniotrigona thoracica (TR1-TR3) and
Tetrigona binghami (TB1-TB3). The total isolates of lactic
acid bacteria from stingless bee honey were continued for
testing the characteristics of probiotic candidates that
consisted of 23 isolates (Figure 1). All isolates were Gram-
positive, catalase-negative, and cream-colored were homo
fermentative and heterofermentative.

It follows the opinion Salminen et al. (2004) that lactic
acid bacteria are Gram-positive, rod-shaped or round in
shape, facultatively anaerobic, non-sporulating, and create
lactic acid as the primary result of carbohydrate fermentation
(glucose). Added by Aritonang et al. (2017) and Aarti et al.
(2018), lactic acid bacteria (LAB) are Gram-positive and
naturally exist in the digestive tract of humans and
ruminants.

After testing the tolerance of LAB isolates to bile salts,
it was found that 4 LAB isolates had resistance to bile salts
of 0.3% above 50%, namely isolates TS2, TS6, TB1, and
TR1 (Figure 2). Furthermore, the four isolates were tested
for antimicrobial activity against pathogenic bacteria,
namely  Listeria  monocytogenes VTO, Listeria
monocytogenes, Listeria innocua, Staphylococcus aureus,
Salmonella, Propionibacterium acnes, Pseudomonas,
Klebsiella, Acinetobacter baumannii, and Escherichia coli
(Table 1). All of these pathogenic bacteria were compared
with Kanamycin and Amphicylin antibiotics. Isolates TS2
and TB1 had antimicrobial activity against the above
pathogenic bacteria.

Based on the tolerance test to acid pH (pH 3) for 90 min,
0.3% bile salt for 5 hrs, and antibacterial activity against
pathogenic bacteria, the TB1 isolate with the highest activity
and potential as a probiotic candidate was obtained. The

which had four isolates (IT1-IT4), Tetragonula 'esults of isolate TB1 16S rRNA gene amplification via
polymerase chain reaction were obtained (Figure 3).
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Figure 1. Acid tolerance of lactic acid bacteria isolated from stingless bee
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Figure 2. Bile salt tolerance of lactic acid bacteria from stingless
bee
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Table 1. Antimicrobial activity of LAB isolates from stingless bee
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Figure 3. The amplification of the ribosomal RNA gene by PCR
with the primers 11492R and 27F (M = 1 kB DNA Ladder)

Zona bening (mm)

Sample

LM-VTO LM LA SA SN PA PS KL AB EC
TS2 9.7 8.9 12.4 8.8 19.7 9.3 13.1 14 19.3 18.7
TS6 11.8 8.7 0 6.2 251 9.9 10.9 12.7 15.4 18.3
TB1 18.9 111 9.3 10.2 26.9 10.2 13.2 12.7 12.9 10.5
TR1 15.1 7.6 10.5 0 253 0 8 18.3 16.8 9.9
Kanamycin 7.3 6.9 5.5 19.1 20.1 17.5 0 75 13.0 16.2
Ampicillin 0 5.95 0 0 17.1 0 8.6 10 0 0

Note: LM VTO: Listeria monocytogenes VTO, LM: Listeria monocytogenes, LA: Listeria innocua, SA: Staphylococcus aureus, SN:
Salmonella, PA: Propionibacterium acnes, PS: Pseudomonas, KL: Klebsiella, AB: Acinetobacter baumannii,EC: Escherichia coli

Tabel 2. pH, titratable acidity, and total lactic acid bacteria (LAB)
starter culture of L. plantarum SN13T

L. plantarum Total LAB (10°
ICie.leT pH TTA (%) CFU/mL()
3% 5.38°+0.22 1.172+£0.31 3.02+0.15
4% 5.37¢+0.17 1.282+0.11 5.2°+0.10
5% 5.226+0.35 1.34°+0.29 7.2¢+0.32
6% 4,782+0.10 1.46°+0.18 9.0¢+0.20

The pH value of starter culture of L. plantarum SN13T
ranges from 4.78 to 5.38. Adding L. plantarum, SN13T
decreased the pH of fermented milk significantly (P<0.01).
The pH of the starter culture decreases to 4.78 when the
presence of L. plantarum SN13T (6%) increases. The
decrease in pH is possible because L. plantarum SN13T
increases the synthesis of lactic acid, decreasing the pH
value. According to Table 2, the titratable acidity of the
starter culture ranged from 1.17 to 1.46 percent. Adding up
to 6% L. plantarum SN13T significantly enhanced the
starter culture's titratable acidity (P<0.01). Titratable acidity
is the quantity of lactic acid produced during fermentation
due to LAB's breakdown of lactose. The acidity of fermented
milk is induced by acid-forming bacteria, such as L.
plantarum SN13T. These bacteria can convert lactose into
lactic acid. Adding L. plantarum SN13T increased the
titratable acidity of fermented skim milk because the higher
the concentration of LAB, the greater the activity of lactic
acid bacteria in creating organic acids during fermentation,

leading to an increase in titratable acidity. The titratable
acidity of starter culture of L. plantarum SN13T ranged from
3.0 t0 9.0 10° CFU/mL, as shown in Table 2. Adding up to
6% L. plantarum SN13T raised the total lactic acid bacteria
in starter culture considerably (P<0.01). The quantity of
LAB populations in starter culture measures the product's
microbiological quality. Lactic acid bacteria are bacteria that
can ferment glucose into lactic acid.

Discussion

The primary host conditions that a probiotic strain must
survive to exert its probiotic impact on the host are stomach
acidity and bile component concentration in the proximal
intestinal (Ketema et al. 2009). Probiotics must survive the
really acidic stomach in order to reach the intestines and
provide suitable living conditions (Yadav Nisha et al. 2013).
Therefore, evaluating the tolerance of probiotic lactic acid
bacteria isolates is necessary to stimulate gastric juice.

It has been shown that probiotic bacteria can endure a pH
3 environment for 2.5 hrs. Because instabilities made it
difficult for bacteria to survive in the stomach during transit,
resistance to low pH was an essential selection requirement
for probiotic strains (Wu et al. 2011). There were 23 isolates
of lactic acid bacteria from 6 species of stingless bee honey
that were tested for resistance to acidic conditions (pH3) for
90 min (Figure 1). Of the 23 LAB isolates, there were 7
isolates that had resistance to pH 3 above 50%, namely TS2
59.01%, TS6 85.29%, TT1 52.00%, TT3 65.62%, TR1
85.70%, TR3 53.84% and TB1 82.75%. So almost 70% of
these LAB isolates have resistance to acid conditions below
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50%. According to Ketema et al. (2009), 44.4% of LAB
isolates isolated from Wakalim (fermented beef sausage)
were resistant to pH 3 for 3 hrs. Ramadhanti et al. (2021)
found that Lactobacillus fermentum has resistance to pH 3.
Furthermore Pratama et al. (2021) and Shafakatullah and
Chandra (2014) respectively found Lactobacillus brevis and
lactobacillus rhamnosus are resistant to pH 3. Added by
Abiad et al. (2022), the lactobacilli genus from Anbaris-
traditional Lebanese fermented dairy products is resistant to
pH 3 and 5. Later Zhang et al. (2020), in their research,
found L. plantarum LP049 had viability at pH 3, reaching 92
1 4.2%.

The decrease in a bacterial population at low pH (pH 3)
is caused by the influence of hydrochloric acid that affects
cell biomolecules, DNA, proteins, and fatty acids. Probiotic
LAB is capable of traversing the human gastrointestinal
tract, as well as the saliva (pH 6.5-7.5), upper stomach (pH
4.0-6.5), lower stomach (pH 1.5-4.0), and intestinal (pH 4.0-
7.0 (Fallingborg 1999). Consequently, it gives the product
beneficial health effects. This will enable the bacteria to
thrive, proliferate, and produce the essential positive effects
in the digestive tract, recreating the lactic acid microflora
responsible for the body's immune system (Usman and
Hosono 1999). In addition to surviving acidic conditions in
the stomach, probiotics must also be capable of living in
intestine bile salts to exert their therapeutic effects (Yang et
al. 2020), because bile salts and pancreatin can contribute to
adverse conditions in the small intestine. Probiotics must be
able to adapt to high concentrations of bile salts (Mulaw et
al. 2019).

Based on the LAB isolates resistance to gastric acid
conditions (pH 3) above 50%, seven isolates continued for
resistance testing to 0.3% bile salts, namely TS1, TS6, TR1,
TR3, TB1, TT1, and TT3 (Figure 2). The respective values
are 92.59%, 76.74%, 60.52%, 26.53%, 94.44%, 32.5% and
18.18%. In a previous study Pratama et al. (2021), LAB
isolates with resistance to bile salts of 0.3% and 0.5% were
60.5% and 34.9%, respectively. Furthermore Yang et al.
(2020) explained that L. rhamnosus CG, P. pentosaceus
SC28, and L. brevis KU15151 had tolerance to 0.3% bile
salt, 101.83%, 100.05%, and 97.96% respectively. These
results were almost the same as research Mulaw et al.
(2019), which isolated LAB from traditional Euthopia food
and had a bile salt resistance of 0.3% above 90%. Likewise
Zhang et al. (2020). L. plantarum LP049 showed strong
tolerance to bile salts (0.25%) with a survival rate of 93.3 £
2, followed by L. brevis LB0112 (90 £ 4.3%).

TB1 isolates had the highest inhibition value than TS2
isolates against pathogenic bacteria except for L. innocua
(LA), Klebsiella (KL), and Acinetobacter baumannii (AB).
Furthermore, when compared with the control, namely the
antibiotic kanamycin, TB1 had higher activity against
pathogenic bacteria except for Staphylococcus aureus (SA)
and Acinetobacter baumannii (AB). In contrast, compared
to ampicillin, isolate TB1 had better activity than all
pathogenic bacteria (Table 1). Antimicrobial activity varied
among LAB isolates against pathogenic bacteria.
Lactobacilli are  Gram-positive, non-spore-forming,
fermenting various sugars into organic acids. Some strains
of lactobacilli produce lactic acid. Low pH values affect the
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growth of other bacteria (Zhang et al. 2020). According to a
prior study, the production of H»O, during metabolic
activities reduces the growth of pathogenic microorganisms
significantly (llavenil et al. 2016). Certain lactobacilli are
responsible for producing compounds like bacteriocins,
which prevent the growth of bacteria of pathogens and are
widely utilized in the food preservation industry (Zhao et al.
2016). In addition to this, a research Melia et al. (2017)
reported that L. fermentum isolated from buffalo milk could
inhibit the growth of L. monocytogenes. Further added by
Melia et al. (2019), the lactic acid bacterium Pediococcus
acidilactici BKO1 isolated from Bekasam had inhibitory
power against E. coli O157:H7, S. aureus, and L.
monocytogenes. Then in the research of Aritonang et al.
(2022), Lactobacillus casei strain HDS-01, isolated from
Dadih, was able to inhibit Escherichia coli O157:H7, L.
monocytogenes, and S. aureus.

Based on molecular identification with 16S rRNA gene
sequencing and according to phylogenetic trees created from
analyses of sequences of 16S rRNA genes, it was obtained
that the TB1 isolate had a 100% match with Lactobacillus
plantarum SN13T. The strain of Lactobacillus plantarum
SN13T, isolated from banana leaves, can potentially change
the build of the gut microbes and improve liver function in
patients with mild liver disease (Higashikawa et al. 2020).

According to Costa et al. (2016), organic acids produced
by lactose fermentation by lactic acid bacteria are converted
to glucose and galactose, resulting in a reduction in pH.
Moreover, according to Dianasaril et al. (2018), a high
concentration of lactic acid will lower the pH, resulting in a
sour flavor in fermented milk. The value of fermentation
increases the titrated acidity, resulting in a reduction in pH.
Lactic acid bacteria will utilize the existing carbohydrates to
produce lactic acid, resulting in a fall in pH and an increase
in acidity.

The pH of the research results is lower than that of
fermented whey products with Pediococcus acidilactici
(Melia et al. 2021) but higher than the study of Susmiati et
al. (2022), namely pH 3.57 - 4.23, where fermented milk L.
pentosus HBUAS53657 was made from buffalo milk. On
the other hand, the pH in this study is almost the same as that
of yogurt using Lactobacillus plantarum strain 1.1623,
which is 4.85-5.51 (Riftyan et al. 2022). According to Wu et
al. (2011), lactic acid bacterial fermentation produces
organic acids that can reduce pH. This is supported by the
opinion Shahein et al. (2022) that lactic acid bacteria culture
from fermented milk converts lactose to lactic acid.

In fermented skim milk, an increased quantity of lactic
acid bacteria causes a fall in pH and a rise in titratable
acidity. According to the opinion Sebastian et al. (2018),
there is a correlation between the decrease in pH and the
increase in titratable acidity during fermentation. A rise in
the number of lactic acid bacteria increased titratable acidity,
which produced a reduction in pH. The total LAB results
from this investigation are nearly identical (Melia et al.
2022). According to Najgebauer-Lejko (2014), the effect of
probiotics on health is realized when there are between 10°
and 10° CFU/mL of lactic acid bacteria.

In conclusion, based on the probiatic selection from 23
LAB isolates, isolate TB1 from Tetrigona binghami honey
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had an acid tolerance of 82.75%, bile salt tolerance of
94.44%, and the highest antimicrobial activity against
pathogenic bacteria with more excellent resistance than
antibiotics. So it can be said that the TB1 isolate had the
potential as a probiotic candidate which is then identified
with 16S rRNA. The results of identification with 16S rRNA
showed that the TB1 isolate had 100% similarity with
Lactobacillus plantarum SN13T. Furthermore, fermented
milk produced by inoculating 6% L.plantarum SN13T with
a pH of 4.7, titratable acidity of 1.46%, and lactic acid
bacteria counts of 9.0 x 10° CFU/mL met the criteria for
probiotic fermented milk.
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