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Abstract

To date, lactic acid bacteria (LAB) still become the most beneficial microorganisms due to their probiotic
potential and antimicrobial activities which able to inhibit the growth of spoilage microorganisms and
pathogenic bacteria, thus can maintain the quality and hygienic of the products or host health. In Indonesia,
fermented traditional foods such as tempoyak, bekasam, and sayur asin have been found to be the natural
habitat of probiotic LAB. In this study, mandai, the traditional fermented food made from the fermentation
of cempedak (Artocarpus champeden Spreng.) dami was explored. The aim of this research is to identify
probiotic potential Lactobacillus from mandai (a traditional fermented product from dami of Cempedak)
using the molecular technique (DNA fingerprinting). The methods used in this study include: screening
probiotic Lactobacillus and molecular identification of potential Lactobacillus. Based on probiotic
screening, 26 Lactobacillus isolates were categorized as acid tolerance and 17 isolates were considered as
bile salt tolerance bacteria. Fifteen Lactobacillus isolates demonstrated excellent inhibitory properties
against indicator bacteria. Due to DNA polymorphisms, all species and strains of Lactobacillus isolates were
difficult to be identified accurately, however, based on phylogenetic tree isolate A14 had the most similarity
with Lactobacillus vaccinostercus NRIC 0624. Isolate B30 had similarities with Lactobacillus harbinensis and
Lactobacillus perolens. Isolate F71 had similarities with Lactobacillus casei and Lactobacillus paracasei.
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1 Introduction

LAB are gram-positive bacteria, fastidious, generally non-sporing, catalase-negative, acid-tolerant, devoid
of cytochrome, non-respiring rod or cocci associated by their metabolic and physiological characteristics
and produce lactic acid as a major product of fermentative metabolism [1].

LAB has been used for the fermentation of food and feed products in industry as starter cultures [1],
contribute to flavor and increased shelflife of fermented food. Moreover, LAB prolongs shelflife and protect
foods from pathogenic microorganisms due to the production of metabolite such as lactic and acetic acids,
hydrogen peroxide, diacetyl, fatty acids, phenyl lactic and/or bacteriocins [2].

Because of their limited biosynthetic capabilities, LAB has complex nutritional components
requirements like carbohydrates, amino acids, peptides, fatty acid esters, and vitamins and must be
obtained from their habitats. Indonesia has plenty of local sources that contain these nutritional
requirements like sugar units (monomer of carbohydrate) and amino (protein), which, therefore should be
fitenvironments for LAB. In this study, the traditional fermented food which has been explored was mandai
which made from the fermentation of cempedak (Artocarpus champeden Spreng) dami. In Indonesia,
cempedak is commonly known in South Kalimantan (Banjarmasin), Sumatera, and West Java. The
fermented product of cempedak dami is called mandai, which is predicted to be a highly potential habitat
of LAB, particularly LAB with probiotic and antimicrobial properties. Mandai is made by immersing dami
(inner skin of cempedak) into brine water. Brine water often facilitates longer shelf life for the product and
leading to microbial selection and succession due to salt contained and also possibly become a good habitat
of LAB due to nutrition contained. In this study, the brine water will be used as a substrate for LAB.

Common LAB in fermented food which is used for probiotic preparations includes specific strains of
Lactobacilli. Lactobacillus are widespread in nature, and many species used in the food industry application.
They also distributed in various ecological niches throughout gastrointestinal and genital tracts and
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constitute an important part of the indigenous microflora of man and higher animals. They are rarely
associated with a gastrointestinal infection, and the strains are regarded as safe and non-pathogenic
microorganisms. Furthermore, they have often called as health promoters [3].

Generally, LAB are classified based on phenotypic and biochemical properties. Due to the fact that in
the routine identification of isolates, these properties may not be enough to identify a strain to a particular
species [3]. In this research, DNA fingerprinting is used to identify the strain of the most selective probiotic
potential LAB isolates. This fingerprinting result then able to determine the position of potential isolates
through phylogenetic tree construction thus can visualize the evolutionary relationship between species

[4].

2 Methods

2.1 Screening Probiotic Properties of Lactic Acid Bacteria (LAB)

2.1.1 Acid Tolerance

Cultures that have been prepared overnight were inoculated into MRS broth medium with pH of 7 and 3.
The pH adjustment of the medium was using HCl 1 M or NaOH 0.5 M. Bacterial growth was observed with
the enumerated viable colony at the 0, 1.5, and 3 hours using the pour plate method. Incubations were
conducted at 37° C for 48 hours [5, 6] modified.

2.1.2 Bile Salt Tolerance

Cultures that have been prepared overnight were inoculated into MRS broth medium containing bile salt
concentration of 0.3% and 0.5%. Bacterial growth was observed with the enumerated viable colony at the
0, 2 and 4 hours using the pour plate method. Incubations were conducted at 372 C for 48 hours [5, 6].

2.2 Detection of Antimicrobial Activity

2.2.1 Preparation of Culture

Overnight cultures which already inoculated into MRS broth medium were centrifuged at 6000 rpm for 10
minutes to separate the supernatant and cells. The culture cells (pellets) were added to 0.85% NaCl. The
solution then adjusted with McFarland tube number 5 [7]. One ml solution which contains each culture was
added into 100 ml MRS broth media then incubated for 24 hours at 37° C [8] modified.

2.2.2 Preparation of Cell-free Supernatant

The culture extracts were obtained from 24 hours cultures which have been grown in MRS broth. Sterile
cell-free supernatant was obtained by centrifugation (6000 rpm for 10 minutes). Detections of
antimicrobial activity were done using the agar well diffusion method by measuring the inhibition zone [9].

2.2.3 Detection of Antimicrobial Activity by Agar Well Diffusion Method

Prepared overnight of indicator pathogens (purchased from Pusat Antar Universitas, Universitas Gadjah
Mada, Yogyakarta) including Escherichia coli FNCC 0091 (IFO 3301), Listeria monocytogenes FNCC 0156,
Salmonella typhimurium FNCC 0050, inoculated in NA medium at 37 °C diluted with 0.85% NaCl solution
until the turbidity equal with McFarland tube number 3. 10 pl each of indicator bacteria then mixed with
10 ml NA. Three 7 mm of diameter holes at a similar distance were punched and filled with 20 pl of each
LAB cell-free supernatant. The Petri dishes were stored at 4 °C for 3 hours to support the diffusion of cell-
free supernatant into the medium. After that, the incubation was carried out for 24 hours at 37 °C. The
measurement of the clear zone was performed using a caliper. Positive results then recorded when the
zone of inhibition of at least 1 mm around the well [8].

2.3 Molecular Identification and Phylogenetic Construction
After selecting the bacterial cultures which have probiotic and antimicrobial properties, the molecular

identification of each bacterial isolate was done. This identification was conducted using DNA
fingerprinting by polymerase chain reaction (PCR), sequencing and phylogenetic construction using
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bioinformatics software. The whole assays of molecular identification were done in the Microbiology
Laboratory of Faculty of Agricultural, Gadjah Mada University, Yogyakarta.

2.3.1 DNA Extraction and Purification

To release DNA from cells, chemical or physical breakdown of cell walls, cell membranes and nuclear
membranes (in Eukaryote) is necessary. Molecules such as RNA, proteins, polysaccharides that prevent
PCR should be removed to purify DNA. There are many methods to extract DNA from microorganism i.e.
manual or classical method (Phenol-Chloroform, CTAB method), using commercially available kit
(ISOPLANT, DNeasy, etc), and direct method (direct PCR from the colony, DNA extraction by microwave
spore-suspension) [9].

2.3.2 Amplification of 16S rRNA Region by Polymerase Chain Reaction (PCR)

DNA is composed of two stranded nucleotide sequences. This conformation is stable under low
temperatures but breaks at high temperatures. PCR utilizes the change of chemical conformation of DNA
by simple up and down of temperature. Chemicals used in PCR reaction mainly PCR Buffer, MgClz, dNTPs,
Primers (forward and reverse), DNA polymerase, and template DNA. The amplification includes some
steps: (1) at room temperature, template DNA is double-strand and all primers and dNTPs are free, (2)
denaturation in which double-strand template DNA separated into two single strands at high temperature,
(3) annealing in which single stand DNAs are going to combine again with complementary strand during
low temperature. As primers are much abundant than template DNA, primers attach to the specific position
of the template DNA before template DNA combines with its partner strand, (4) extension in which DNA
polymerase synthesizes a new strand by incorporating complementary dNTPs one after another when the
temperature is appropriate. The temperature program consisted of an initial heat denaturation step of 95°
C for 3 minutes and then 30 cycles of 30 seconds at 95° C, 30 seconds at 55°C, and 1 minute at 72°C, followed
by 5 minutes at 72°C [9].

2.3.3 Visualization of PCR Products by Agarose Gel Electrophoresis

Agarose gel electrophoresis is widely used for DNA visualization. Because DNA has a negative electric
charge, they are attracted to a positive electrode during electrophoresis. In agarose gel, a small molecule
DNA moves faster to a positive electrode than large ones. Using this nature, DNA can be separated
depending on their molecular weight. A size standard marker was applied in one or both sides of the gel.
The electrophoresis then started in 100V for 20 minutes default. After finished, the gel then put under Ultra
Violet (UV) table and documented. The size of bands estimated by referring ladder marker [10]. Purified
16S rRNA gene then amplified using single cycle sequencing PCR, followed by direct sequencing using DNA
sequencer.

2.3.4 Phylogenetic Construction

The first step was trimming the 16S rRNA gene sequences data and assembling the sequences to obtain the
consensus sequence. After that, the homology search was done to find similar sequences. This homology
search was done using BLAST (web-based program to compare nucleotide (or protein) sequences to public
databases). Multiple alignments with the closest relatives were done by Clustal W using Mega software
version 7, to construct phylogenetic trees. Eventually, phylogenetic trees were drawn to know the
phylogenetic positions of isolates.

3 Results and Discussions

The fermentation of mandai was performed using 2 treatments with triplication. For the analysis, the
isolate codes used A, B, C for fermentation in 15 % ww-! of salt, and D, E, F for fermentation in 20% ww-1! of
salt. Lactic acid bacteria (LAB) obtained from the brine water of mandai were purified in MRS agar medium
supplemented with CaCOs. The screening found 26 isolates identified as Lactobacillus genera according to
Bergey’s Manual of Systematic Bacteriology.
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3.1 Screening Probiotic Properties

3.1.1 Acid Tolerance

The probiotic screening of LAB which obtained from the brine water of mandai, was done by analyzing the
ability of bacteria to grow (survive) under acid condition (low pH). The selection of acid tolerance bacteria
was conducted by culturing each isolate in a medium that has been modified to gastrointestinal pH (pH 3
& 7) and incubated for 2 - 3 hours [6]. From the result, all 26 isolates survived under low pH (pH 3) for 3
hours. Therefore, all 26 isolates were categorized as acid tolerance bacteria (Table 1).

According to Corcoran et al [10], acid tolerance properties of Lactobacilli are associated with the
presence of constant gradient between extracellular and cytoplasmic pH. Cellular functions are generally
inhibited when internal pH reaches the threshold value thus causing the cells to die. Gram-positive
organisms use the FoF1-ATPase mechanism as protection against acidic conditions. FoF1-ATPase induced at
low pH. The FoF1-ATPase is a multiple-subunit enzyme consist of a catalytic portion (F1) for ATP hydrolysis
incorporating the q, 8, v, §, € subunits and an integral membrane portion (Fo) for proton translocation
including a, b, c subunits, as a membranous channel. The role of FoFi-ATPase in organisms without
respiratory chain is to generate a proton motive force, via proton expulsion. As a result, FoF1-ATPase can
increase intracellular pH at low extracellular pH.

Lebeer et al [12] and Cotter and Hill [10] reported that amino acid decarboxylase is useful to control the
bacteria’s environment pH by consuming hydrogen ions as part of decarboxylation reaction. An example of
this is glutamate decarboxylase (GAD), which performed by combining an internalized amino acid
(glutamate) with a proton and exchanging the resultant product (y-aminobutyrate) for another amino acid
substrate. GAD system has positively associated with pH control of Gram-positive. After the intake of
glutamate by a specific transporter into the cell, the cytoplasmic decarboxylation process creates in the
consumption of a proton. The reaction product y-aminobutyrate is exported from the cell via an antiporter.
The result is an increase in intracellular pH due to the removal of hydrogen ions.

In acid tolerance assay, the incubation times used were 0, 1.5 and 3 hours. According to Yavuzdurmaz
[6], probiotic bacteria will enter the upper intestinal tract which contains bile. In this stage, bacteria strains
should be able to resist the digestion process. It is reported that time at the first entrance until release from
the stomach takes three hours. Strains should be resistant to stressful conditions while in the stomach (pH
1.5-3) at least during staying time in the stomach.

3.1.2 Bile Salt Tolerance

All isolates which able to survive under low pH (pH 3) for 3 hours were tested subsequently for the ability
to survive under bile conditions. The concentrates of bile salt used in this study are 0.3 % (w-v1) and 0.5
% (w - v'1), and the incubation time up to 4 hours [13]. In this study, 21 isolates were proceeded to bile salt
tolerance test due to the growth problem. From 21 isolates, 17 isolates were able to survive under bile
condition (0.3% w - vt and 0.5% w - v'! of bile salt) for 4 hours. Therefore, 17 isolates were considered as
highly bile salt tolerance bacteria (Table 2).

Seventeen isolates that have been identified as Lactobacillus genera are resistant to bile salt conditions.
According to Ruiz et al. [13] and Lebeer et al. [10], bile response is a multifactorial phenomenon involving a
variety of detoxification processes of bile and counteracting the elimination effect on bacterial structures.
Active efflux of bile acid/salts, bile salt hydrolysis and changes of cell membrane composition and cell wall
appear to be the most prevalent bile-specific mechanisms contributing bile resistance in Lactobacillus
genera. The active extrusion of bile acids and salts accumulated in the cytoplasm through the efflux pump
is a common bacterial mechanism to counteract the bile toxicity.

Ruiz et al. [13] and Lebeer et al. [10] also reported that among the different mechanisms released by
bacteria to counteract the elimination effect of bile, the activity of bile-salt hydrolases (BSHs) has been
proposed to provide protection through bile salt deconjugation. BSHs are generally intracellular enzymes
that catalyze the amide bond hydrolysis between the steroid moiety and amino acid side chain of bile acid.
BSHs belong to the cholylglycine hydrolase family and have been proposed to have evolved as an adaptation
to bile-containing environments. It catalyzes a reaction in which glycine and taurine are deconjugated from
bile salts and those unconjugated acids can be further metabolized by other gut bacteria.

In bile tolerance assay, the incubation times used were 0, 2 and 4 hours. According to Yavuzdurmaz [6],
intestinal bile concentration is known to be 0.3% (w - v-1) and the digestion time of food in the small
intestine is approximately 4 hours. Strains should be resistant to the stressful condition of the small
intestine at least during staying time.
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3.1.3 Antimicrobial Activity

From previous screening acid and bile salt tolerance, 15 isolates were chosen to perform the antimicrobial
activity assay. Based on the result, 15 isolates were able to inhibit the growth of all pathogenic bacteria.
From result of group A, B, and C, isolate A2 had the highest inhibition against L. monocytogenes (13.37+0.64
mm diameter of inhibition zone) and E. coli (12.03+0.11 mm diameter of inhibition zone) among other
isolates until 24 hours, while isolate B30 had the highest inhibition against S. typhimurium (9.00+1.73 mm
diameter of inhibition zone) among other isolates. From result of group D, E, and F, isolate F71 had the
highest inhibition against L. monocytogenes (10.73+1.48 mm diameter of inhibition zone), E. coli
(13.7320.55 mm diameter of inhibition zone), and S. typhimurium (6.40+2.33 mm diameter of inhibition
zone) among other isolates until 24 hours (Table 3).

Based on 15 isolates, three isolates were selected to be analyzed subsequently to species and strain level
using DNA fingerprinting. The phylogenetic constructions were used to determine phylogenetic relations
(phylogenetic position) of selected isolates among other LAB. The selection of isolates was done based on
a comparison of antimicrobial effectiveness against three pathogenic bacteria. From the result, isolates
A14,B30, and F71 were selected (Fig 1 - 3).

Table 1 The Ability of Lactic Acid Bacteria to Survive at Table 2 The Ability of Lactic Acid Bacteria to Survive at
pH3and7 0.3% and 0.5% of Bile Salt
Isolate pH3 pH 7 Isolate 0.3% 0.5%
0 1.5 3 0 hr 1.5 3 0 2 4 0 hr 2 4 hr
hr hr hr hr hr hr hr hr hr
A2 + + + + + + A2 + + + + + +
A3 + + + + + + A3 + + + + + +
A6 + + + + + + A6 + + + + + +
A13 + + + + + + Al13 + + + + + +
Al4 + + + + + + Al14 + + + + + +
A15 + + + + + + A15 + + + + + +
B20 + + + + + + B21 + + + + + +
B21 + + + + + + B26 + + + + + +
B26 + + + + + + B30 + + + + + +
B27 + + + + + + B82 + + + + + +
B28 + + + + + + C31 + + + + + +
B30 + + + + + + C32 + + + - - -
B82 + + + + + + D41 + + +
C31 + + + + + + D42 + + + + + +
C32 + + + + + + D45 + + + - - -
D41 + + + + + + D49 + + + + + +
D42 + + + + + + D50 + + + - - -
D44 + + + + + + E52 + + + + + +
D45 + + + + + + E55 + + + + + +
D49 + + + + + + F65 + + + + + +
D50 + + + + + + F71 + + + + + +
E51 + + + + + + Key: “+” =bacteria growing
E52 + + + + + + “~“= bacteria not growing
E55 + + + + + +
F65 + + + + + +
F71 + + + + + +
Key: “+” = bacteria growing

«_ »

= bacteria not growing
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Table 3 Spectrum of Inhibition of Lactic Acid Bacteria

Zone of Inhibition (mm)

s Listeria monocytogenes Escherichia coli Salmonella typhimurium
= 6 hrs 12hrs 18hrs 24 hrs 6hrs 12hrs 18hrs 24hrs 6 hrs 12hrs 18 hrs 24 hrs
A2 18.87 17.87 14.57 13.37 16.23 13.73 13.43 12.03 14.10 4.77 4.03 2.73
+1.10 +0.32 +0.45 +0.64 +0.23 +1.18 +1.15 +0.12 +0.00 +0.58 +0.06 +0.64
A6 16.87 14.07 12.73 12.07 19.07 14.43 11.73 11.07 13.53 6.73 4.43 4.43
+1.25 +0.95 +1.10 +1.00 +1.00 +1.15 +0.64 +0.95 +2.23 +2.12 +1.15 +1.15
A13 17.07 13.00 9.40 8.07 17.07 14.07 12.77 11.40 12.83 7.73 4.77 5.07
+0.95 +0.10 +1.13 +1.67 +0.95 +1.05 +0.58 +0.61 +0.64 +0.55 +0.58 +0.06
Al4 14.77 12.07 9.77 8.87 15.10 1243 10.77 9.40 14.03 6.07 5.07 5.03
+1.15 +0.95 +1.15 +0.68 +1.00 +1.15 +0.58 +0.52 +0.06 +0.06 +0.06 +0.06
ALS 15.40 11.43 9.33 7.40 18.77 13.77 9.73 7.40 12.37 5.40 2.73 4.00
+1.13 +1.15 +1.53 +0.40 +1.53 +1.15 +1.97 +0.52 +0.64 +0.61 +0.55 +0.10
B21 13.73 10.43 8.10 7.03 18.03 14.07 12.10 10.77 14.70 8.43 5.43 4.47
+0.64 +0.58 +1.00 +1.00 +0.06 +1.05 +2.00 +1.53 +0.61 +0.58 +0.58 +0.55
B26 16.07 13.40 11.43 11.07 15.73 837 8.40 6.73 14.73 8.67 5.77 5.07
+1.79 +1.13 +0.58 +1.00 +0.55 +0.64 +2.52 +0.55 +1.18 +1.15 +1.15 +1.00
B30 14.77 11.07 10.17 9.70 2040 15.73 12.60 10.43 13.70 9.73 9.03 9.00
+0.58 +1.00 +0.76 +1.13 +0.61 +0.55 +0.87 +1.53 +1.64 +1.58 +1.67 +1.73
c32 15.43 12.40 11.86 7.66 1496 12.73 9.73 9.67 14.70 9.73 5.77 5.33
+0.58 +0.52 +0.12 +0.76 +0.96 +0.55 +0.55 +0.58 +1.21 +1.10 +1.15 +0.67
D45 13.07 10.00 9.00 8.10 1710 14.73 11.40 7.77 14.73 8.40 7.07 443
+2.00 +2.00 +1.00 +1.00 +1.73  1.10 +0.61 +0.58 +1.58 +2.14 +1.05 +0.58
D49 16.37 13.00 9.40 8.07 15.73 14.03 9.37 9.40 13.40 5.63 4.97 4.03
+0.55 +0.00 +0.52 +0.06 +1.48 +1.00 +0.55 +0.52 +0.52 +0.57 +0.91 +0.06
52 16.37 13.10 9.43 7.37 16.10 16.43 14.10 10.33 15.40 8.10 5.70 6.03
+0.64 +1.00 +2.52 +3.18 +1.00 +1.15 +1.00 +0.67 +0.52 +1.00 +0.52 +1.05
— 15.07 12.40 8.73 7.77 14.40 1043 9.07 7.37 14.97 10.07 3.77 3.10
+0.95 +0.61 +0.55 +0.58 +1.57 +1.53 +1.05 +0.64 +0.95 +1.05 +1.15 +0.00
F65 15.70 12.40 9.73 8.67 15.73 12.00 12.00 10.10 16.30 8.33 5.10 5.10
+1.04 +0.61 +0.64 +1.15 +0.55 +0.10 +0.10 +1.00 +0.53 +0.69 +0.00 +0.00
71 17.77 14.10 11.70 10.73 2443 19.43 15.60 13.73 15.43 10.07 7.43 6.40
+1.15 +1.00 +0.52 +1.48 +0.58 +0.58 +1.32 +0.55 +1.53 +0.95 +2.31 +2.34

3.2 Molecular Identification

The results of molecular identification on three selected isolates (A14, B30, and F71) in this study were
obtained as partial DNA sequences due to limited time and funding. Based on partial sequences, all
identified genus of Lactobacillus were confirmed. Isolate A14 had the most similarity with Lactobacillus
vaccinostercus NRIC 0624. Isolate B30 had similarities with Lactobacillus harbinensis and Lactobacillus
perolens. Isolate F71 had similarities with Lactobacillus casei and Lactobacillus paracasei (Fig. 1-3).
However, since all the sequences were partial, the certainty of sister groups (ingroup) in comparison with
outgroups were undetermined.

As bacteria in the environment have huge varieties, the range and complexity of the techniques to be
used for identification purpose are highly confusing. However, the use of nucleotide sequence data from
16s rRNA gene has been considered to be the most suitable practice to identify and to determine the
phylogenetic relationship for all microorganisms. The reasons of using 16S rRNA gene for identification
purpose ie. occurrence of genes in all organisms performing same functions, the gene sequence is
conserved sufficiently which contain region that is conserved, variable and hyper-variable, and around
1500 bp of sequence size which relatively contains large enough information for identification and
phylogeny analysis. This molecular identification technique became popular after adequate deposition of
16s rRNA gene sequences in the database as well as the availability of suitable primers for gene
amplification [15]. Since all 16S rRNA sequences of selected isolates (A14, B30, and F71) were partial
sequences, similar species and strains were still undetermined. However, species with the most probability
to appear in phylogenetic tree were put to discussion.

Based on result, isolate A14 had the most similarity with Lactobacillus vaccinostercus NRIC 0624.
However, since the complete genome of isolate A14 was not obtained, the similarity to certain species and
strain could not fully understood. Therefore, all species which appear at the most number in phylogenetic
tree were examined in comparison with screening test results (morphological and physiological
characteristic) as well as the source of the isolate. Besides Lactobacillus vaccinostercus NRIC 0624, isolate
A14 had the probability to be similar to Lactobacillus suebicus. Lactobacillus vaccinostercus and
Lactobacillus suebicus are two species which included in Lactobacillus vaccinostercus group [16]. According

6
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to Vos et al. [17], Lactobacillus suebicus cells are rounded ends non-motile rods, single or pairs. Obligately
heterofermentative. The lowest limits for growth are 10° C and pH 2.8. The habitats for this species are
stored apple and pear mashes or fruit mashes. Lactobacillus vaccinostercus cells are rounded ends non-
motile rods. Occurred usually in pairs. Obligately heterofermentative. They grow in a range of 20—40° C
with pH 4.5-7.5 and the habitat for this species are cow dung. Based on the main characteristics of those
species, isolate A14 has more probability to close with Lactobacillus suebicus instead of Lactobacillus
vaccinostercus.

Isolate B30 had a similar condition with isolate A14. Due to incomplete genome of this isolate, the
similarity to certain species and strain could not be fully understood. Therefore, all species which appear
at the most number in phylogenetic tree will also be examined in comparison with screening test results
(morphological and physiological characteristic) as well as the source of the isolate. Lactobacillus
harbinensis and Lactobacillus perolens are two species included in Lactobacillus perolens group [16].
According to [17] (2009), Lactobacillus perolens cells are rounded ends non-motile rods, occurring as single,
in pairs, or in short chains. They can grow up to 42° C with an optimum growth temperature of 28-32° C
and no growth below 15° C. Optimum growth at pH 5.5-6.5. No growth below pH 3.7. Facultatively
heterofermentative, with habitats of spoiled soft drinks and brewery environment. According to Zou et al.
[18], Lactobacillus harbinensis cells are non-motile rods and are facultatively heterofermentative. They are
able to grow at 45° C with 3% NaCl, at pH range at 4.5 —8.0 but no growth at 5 or 50° C or at pH 3.0. These
species have been isolated formerly from traditional fermented vegetable “Suan Cai” from Northeastern
China.

According to Pisano et al. [19] and Sneath et al. [20], Lactobacillus plantarum is heterogeneous and
versatile species that can be found in a variety of environmental niches, including dairy, meat, vegetable or
plant fermentations as well as GI tract. The cells are rounded ends non-motile rods, straight, occurred as
single, in pairs or in short chains and are facultative heterofermentative. They are able to grow at 15° C and
some cells are able to grow at 45° C. Some strains are able to survive under low pH (up to 2.5). Some habitats
for this species are dairy products and environment, silage, sauerkraut, pickled vegetables, sourdough, cow
dung, human mouth, GI tract, stools, and sewage. Based on the main characteristics of those species, isolate
B30 has more probability to close with Lactobacillus harbinensis or Lactobacillus plantarum instead of
Lactobacillus perolens.

Like the other two isolates, the similarity to certain species and strain of isolate B30 could not be fully
understood due to incomplete genome of this isolate. Therefore, all species which appear at the most
number in phylogenetic tree will also be examined in comparison with screening test results
(morphological and physiological characteristic) as well as the source of the isolate. Lactobacillus casei and
Lactobacillus paracasei are two species which included in Lactobacillus casei group [16]. According to Vos
et al. [17], and Nezhad et al. [21], Lactobacillus casei cells are non-motile rods often with square ends and
tend to form chains. They are facultatively heterofermentative. They are able to grow at 15° C but not 45°
C with optimum growth pH range 4.0 — 6.5. The habitats for this species are milk, cheese and GI tract. While
Lactobacillus paracasei cells are rods, often with square ends, occurring singly or in chains and are
facultatively heterofermentative. They are able to grow at 10° C and 40° C. Some strains are able to grow at
5° C and 45° C. The habitats of this species are the same with Lactobacillus casei. Isolate F71 differs from
two previous isolates. Based on the characteristics and habitats of all probable species, F71 has less
similarity with either Lactobacillus casei or Lactobacillus paracasei, thus for further analysis, this isolate
needs verification on some screening test.

Based on molecular identification, most of Lactobacillus species were included in facultative
heterofermentative and thus, different from previous screening results. According to Salminen et al. [3],
genus Lactobacillus contains species that can be placed in three categories. The first category includes
obligately fermentative Lactobacilli, which means that sugars only fermented by glycolysis (Embden-
Meyerhof-Parnas pathway). The second category includes obligately heterofermentative, means that only
6-phosphogluconate/phosphohexoses (6-PG/PK) pathway available for sugar fermentation. The third
category includes Lactobacilli that hold the intermediate position. They resemble obligately
homofermentative LAB in which they have a constitutive fructose-1,6-diphosphate (FDP) aldolase
contributing in hexose fermentation by glycolysis. However, they also use 6-PG/PK pathway to metabolize
certain substrates. This third category Lactobacilli, therefore, termed as facultative heterofermentative.
The result of Lactobacillus species might be facultative heterofermentative since the carbon dioxide
production test could not determine this category of Lactobacillus very well.

Overall, the results of the molecular identification of three isolates were obtained as partial DNA
sequences. This condition, therefore, has made the bootstrap value of each isolate in phylogenetic tree low
consequently. Bootstrap value is defined as the percentage of appearance of a particular clade and usually
displayed at each node in phylogenetic tree [22]. According to Tokumasa [13], if an internal branch has a
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higher bootstrap value, the internal branch can be considered reliable (confident). Thus, the bootstrap
value can be used to measure the similarity of two taxa in the internal branch. Based on phylogenetic tree
results, isolate A14 and Lactobacillus vaccinostercus NRIC 0624 had the bootstrap value of 58%, which
means the reliability or similarity of A14 and Lactobacillus vaccinostercus NRIC 0624 is only 58%. While
isolate B30 had similarity with some Lactobacillus strains in bootstrap value of 65%. While isolate F71 had
similarity with some Lactobacillus strains in bootstrap value of 34% in the nearest node. According to
Lemey et al. [23], under normal circumstances, confidence can be given consideration to branches or groups
supported by more than 70% or 75%, while branches with support less than 70% should be treated with
caution. Therefore, the repetition of molecular identification is necessary to be done to ensure the species
and strain based on the full genome.

3 — ol 3201507 efINR. 042233 1) Lactobacilus vacemostercus strain MG 9215 165 ribosomal RNA sene partal sequence
gBA7R1048)cbAB212088 2| Lactobacils vaceinostercus gene for 165 (RNA partial sequence stramF(G2-3

i 104162134 dbAB218793 1 Lactobacilus vaccimostercus gene for 165 rbosemal RNA partal sequence stram YT 10271
104162138 db AB214797 1| Lactebacilhs vaccinostercus gene for 165 nbosemal RNA partial sequence stramYTT 10300
104162141 dbAB218800 1 Lactobacilus vaccimostercus gene for 165 rbosemal RNA partal sequence stram YT 10321
121581903 db AB289098 1| Lactobacills vaccinostercus gene for 165 tRNA partial sequence stra JCM 12184

o 1215821 14 dbAB289310 1 Lactobacilus vaccinostercus gene for 165 tRNA partial sequence straie JOM 1716

o 57307435 cbJAB6703 1 Lacobacils vaoioserers g for 165 A parlsequence st NRIC 1075 ATCC 33310 1CM 1716
a9 14047515 dbjLO0T1823 1| Lactobacilus vaceinostercus gene for 165 ribosomal RNA partial sequence srain JCM 1716
oS5394066 N3 1| Lacobacls vceiosterns il 165 VA gene s MT1

g6 1251344 refINR. 112541 1| Lactobacilus vaccinastercus strain NRIC 1075 165 ribosemal KNA gens partal sequence
636358571 11497 | Lackobacils vaceosteres tain DSM 20634 165 bosomal A gene part sequence
£{23304735]embl AT315640 1 Lactobacihs durtanis 165 (RNA pene strain LMG 19193

’— 997145 abl AF296647 1| Lactobacilus sp. SD32 165 smuall subuet rbosomal RNA gene partil sequence

Ald
N 2’5%[ 157907423 dbjAB362691.1| Lactobacils vaceimestercis gen for 165 tRNA partial sequence stra NRIC 0624
———— o 004125960(ablKU761840.1) Lactabacils susbicts strain BC20 165 ribosomal RNA gens partal sequence
siG365583201eTNR 14977 1| Lackbacilus subiws stain DSM 5007 165 sbosomal KNA e prtl sequence
gi43201464refINR. 042190.1| Lactobacills suebicus strain CECT 5917 165 sbosomal KNA gene complets sequence
90474071852, 1) Lachobacilus suebicus gene for 165 ribesomal RNA partal sequence strai JCM 9504
2301345262 oblEM362986.1 Lactobacilis suebicus strain T4M-MES39 165 ribosomal RNA gene partial sequence
26079785 ablGQA21888 1| Lactobacilhs suebicus strain CUPV221 165 ribosomal RNA gene partal sequence
295134888 sefNR. 114790.2| Lactobacills suebicus strain CCUG 32233 165 ribosomal RNA sene partal sequence
SiA0613129emblA306403 1| Lactbacils subins 163 A oen st CCUG 323
- SOS287631 e AMEPS764 2 Lactbacisplantaum para 165 cRNA gene sote 74,
100 5109287630 emblAMZ79761 | Lactobachs lntammpatl 165 VA gne e 5.

Fig. 1 The neighbor-joining tree showing the phylogenetic position of isolate A14 in the genus Lactobacillus based on 16S
rRNA partial gene sequences. Bar, 0.005 K-nuc.
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gidT8T39130 8 KC3T27391 Lactobaellus harbinensis strain CMM 168 nbosomal RNA gene partial sequence
21393136309 2b JODANTL.T Lactobacilus harbinensis strain LA114] 163 nbosomel RNA gene partial sequence
g4 1604336 s B4 36131 Lactobaelus harbinenss strain B22 163 rosomal RNA gene partal sequence
1J200423 e KFA18816.1 Lactobaedlus harbinensts strain FOMA 165 hosomal RNA gene parfal sequence
giBZ]’Hﬁﬁ]’i sbEROSIITAL { Lactohecls hbineoss st 21 163 hosomal RNA gene parial sequence
3205760 NR 010631 Eactobacdlus hrbinenss stain SRT1ONS 168 iosomal RNA pene prtl sequence
312321 e NR 11399, l Lactobactlus harbinensis stran NERC 100982 163 rbosomal RNA gene partiel sequence
o 061273315 g CKA99354.{ Lactoboctus sp.strainKM-) 168 ibosomal RNA pene prtl sequence
%i g 1BRB088 oy ABMMBMNG. Lastobaclus habinensis gene or 63 RNA parial sequence stain:TIAI
f _[ g ]’01 6E et V191671 Lactobacilus perolens 165 RNA genestrin 53

ZrEfNR 0560 I Lactobaetlus perolens stran LI%2 165 rbosomal RNA gene partiel sequence

e,

— g182]']’466]'0 a KROSUT0. Lactobacthu peroens stain 09168 bosomal RNA gene prtl sequence
f5| g NA%3627 g HMBN0A.N Lactobactlus shamnosus strain LB 165 rbosomal RNA gene partal sequence
" _[ 21363799361 dby ABGN232.1 Lactobaelus perolens gens for 168 RNA partal sequence straire JCM 647
g136 TOR360 dby ABGN31. l Lactobactlus perolens gens for 165 RNA partal sequence strain: JCM 3646

311042782404 g RU33162.1 Lactobactlus saket strain SN31 165 nbosomal RNA gene partal sequence
98 — 63656035 e NR 1164111 Lactobacilos bimehiens st DCY31 165 svosomal RNA g prtiel sequence

3

L gi 06 ngU]’iB]’M { Lactobects spp. HumL 3 165 hosomal RNA gene parfal sequence
97 — 136639028 2 KI5 Lactshacilus bres strain D20 168 bosomal RNA gene parial sequence
1 988119 20 KCE36331.1 Lactobaetlus brevis strain RU2G302 163 nbosomal RNA gens partil sequence
65168755 g 5269081 Lactobaeilusplantarum st HT-WOLB1 165 shosomal RNA gene partiel squence
97— i 014004 b KPOBLTSL Lactohaclus plastarum st KCC-35 168 osomal RNA gxne partal sequence
21 TTOU14022 s KPOOUTA9.T Lactobaetlus plantarum strain KCC-33 16 nbosomal RNA gane partial sequence
21036639266 b KU1 Lactobacilus plantarum strain T9 165 nbosomal RNA gene partial sequencs
i OBATI g TRA996481 Lactobaeilusplatarum st 65 168 hosomal RNA gene pari sequence
_[ s 036692 s KUS01255 1 Lactobactus lantarm st T4 163 mosomel RNA sene partal sequence

o 001961180 o TTMA052.1 Lactobaeilus pentosus st CUCTLD 165 sosomal RNA gene partil sequence

6582005 KBAD3152.1 Lactobacihs pantarm st 53 168 iosomal RNA gene pari sequence
o TOSYS085 g JOLAA5U.1 Eactobaeilus platarum st () 168 osomal RNA gene partil sequence
s 0663927 s KIS0 1 Lacobactus lantarm stain Y19 165 osoma RNA zens paril sequence
g 1036639218 b KUMA Lactobaelus plantarum strai D10 165 nbosomal RNA gene parial sequence
15— gi33303407dof ARSARIAT Lactobacilus pentosus gene for 163 ANA prtl sequence strain TU6

— ot S3E21L3 b KUBS1981 Lactobaeihus retes sain RA25 168 bosomal RNA gene parta sequence

e,

9 — UMD HECSENL Lactobacius reter stain M1 168 shosomal RNA g prtil sequence
— @38 TS T gbJOTTIOT3N Lactobacilus case strein T16 165 nbosomal RNA gene parid sequence

L g T035383 g JO46520. Latobacdhusshamnosus st Lo 168 osomal RNA gene paril sequence
0520074 A0 Lactobeethus brevi strain FDRSD 165 eosomal RNA gene partiel sequence

Fig. 2 The neighbor-joining tree showing the phylogenetic position of isolate B30
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4 — n91447374 oh ERE12223 1| Lactobaeilles chamageys stratn EFC2] 168 stbosomal BNA sana parttal saquanes
o1 752663803 s EM3TT187 1| Lactohanilus chamaoeys 168 sibosomal RNA sona partial saquene
ot TRA343442 hREOS010 1) Lastohacilles thamageus strain LEAS 168 sibocomal RNA mana partial saquence
o1 731918304 shEM316030.]| Lactohactllus paraeasat steain K113 188 ribocomal RNA r2ns partil saquance
oi043311480 b FRA1A160.]| Lactobacillus parana;a strain KF] 168 sibosomal BNA san partial szquancs
oi930136688 KR 133350 ]| Lactohacilhis easat stsan EI-3.1 165 ribocomal BNA sena parttal saquanca
of 101822747 KT 737231, | Lantobacilus easal strain S233L6 168 sibosomal RNA sana partial saqranea
ot 23010137 b EM49T307 1| Lactehaeiles chamngeys stratn KLART 168 stbosomal BNA sana partial saquenes
o 4233383 ob KM 30168 1| Lantobaeills easat steain LK 168 sibosemal BNA s2na pactial saquanes
1931262385 shETH3981.1| Lactobaetlls thamnoses strain HFIED 168 stbosomal BNA sana eomplatasaquance
o1 43230830 shEM407314. ]| Lactobantles eas strain palls renrka 143 163 stbosomal RNA sans partial saquencs
oi982326823 sbKU218333.]| Lactobaeilus hebvatious strain NCIM 2383 168 ibosomal RNA se0a partial saquenes
ot 1021143283 sbKUR13037.1| Lactehactlus paranasat strain TP] 165 sibosomal BNA reaa partual saquanea
o 87411231 shEROG0693.1) Lactohasilles shamagsus strain NE2 168 ribocomal RNA zns partial saquance
ot 1021145307 sbKU31 3079 1| Lactohandlis paraeazat steain PNB 168 stbosomal RNA sna partial saquanea
o1 731384181 sh KP163841.1| Laetohacilhus pacana;a strain D3 168 sibosomal BNA w2 partial szquonea
ot 1021143320 sbKUR13092.1| Lactobactlus paracass strain C04 163 stbosnmal FNA sana partial saquenca
ot 731916440 b KM313643.]| Lactobantlles shamaoses stratn CSL2 165 sibosomal BNA rena partial saquanes
oy 1021145342 sbKU31 3069 1| Lactohaedlus paraeasat steain FSR 18 sibosomal RNA w2 partial szquanca
o H4233482 b EM330174.]| Lactobantles shamaoses steain 73 168 stbosomal RNA sans partial saquencs
— a8 T369070] b KU366370.]| Lactobarilvs thamnossatrain D3] 165 sibosomal PNA sen2 partial saquanea
3 — 202710 shREI96TD.]| Lactobacils shamagetsstrain SNG 168 ibooomal RNA sen partal saqrene
— o 1028863868 sbEU3B7808.1] Laetchaeites easal shrain HB4 185 ribosomal ENA ro0 partial soquenea

L 927826243 b ERO33TT. 1| Laetobaniles esat strasn 14CKT 165 ribocomal BNA sena partial saqenea
i o 1DBAA3065 shEU38 T80%.1| Lantobacilus easal strain FHT 163 siboscmal RNA 7200 partial saquanca

o1 874380444 b FRA38830.1| Laetobacillis paracasai strain IMAUT163T 168 sibosomal FNA vzna parltal szqrenes

! LE 914247376 sbERAL2I) 1| Lantohacllis easat stratn BECH 168 sibosomal PNA rena parttal saqranca

4

9604100 W) shER263314.1) Lactohacilles easat stratn F388 165 sibosomal FNA rana partial squanca
— ot 1028663800 sbEU387810.1| Lactohaeitus paeeasai ohrain L3 16 sibosomal FNA sene partial saquanea
¢ — nBOM6E31T b KPRART1L.]| Lactobaeils paracasaietrain [HA 168 ibosomal ENA r2n2 partil equenes
— ot 126963815 shEM433381. 1| Lactehactlus paraeasat steain KNI9 168 ribocomal RNA zns partil saquance
ot 139337911 shEX064243.1| Lactohactlus shamnnges strain S 165 sibosomal BNA r=na partial saquanes
— ! LE o1 T313841 70 b KP163839 1| Laetohacilles easat shrain T2 168 sibosomal RNA rena partial szquenca
1 o 1039673907 sbKX426043.1| Lactehactlus shamnnges strain BM2 168 stbocomal RNA rana partal saquencs
L oi 930138698 sbKR 133400 1| Lactobarilhis casat stsain Y1-2 4 168 ribosomal RNA sana partial saquanca
3 — 101373317 499336, Lactobaeitus sp. stsain 13-2 168 ribosomul RNA sena partial saquanca
! L nB23203495 b ERT32303 1| Lantobacilles easat steain NKD 168 ibocomal FNA rona partial saquanes
o1 IA1273318 shEXA9337 1| Lantobacdlus sp. stran KL-1-1 168 stbosomal RNA r2na partial saquenca
ot 186343449 b RE0S012 7 1) Lactohacilles thamagsus strain LEAND 168 siboscmal FNA rane partial saquanca
oy 1062304200 sbENE22T03. 1| Lactobaedles easet steain hoth-] 168 sibosomal BNA s2na partial szquanes
ot 1139873048 sbKX426043.1| Lactobandlus ea:a stratn CU 168 ibosomal BNA sea parttal saqenca
ot 1041798730 &y LC164738 ]| Lactobamllus paracasal sena for 165 stbosomal RNA partial saquanea strain; LC1Y
ot 02TTRA04] b ER34684.1| Laetohacilles shamaoses strain PolGERS® 165 sibosomal RNA sena partial saquenca
oi032343736 ey LOO96209.1| Lantohacilius paranasa subsp. paracasat wana for 168 sibosomal BNA pactial saqanes shrain: JCM 8130
92782627 shERI53311 ]| Lactobamlles easat stran 6LARR 165 ibosomal BNA sana parhial saqranes
ot 18831 shRED16392. 1| Lantohacillis pasacasat strain §6 168 stbosomal FNA rana partial saquanca
o1 139337912 sbRX064249.1| Lactobacdlus sp. St 168 ribosomal RNA rena partial saquenca
o 1021143316 sbKU313088 1| Lactobaedlus paraeazat steain FCT 168 sibosomal RNA sana partial szquonea
oi B18946920 s K73 1| Lactobarilhis casat steain F-14p 163 ribosomal RNA sana partial saqanca
ot 573780753 b RF243346 1| Lactohanillis easat strain PAS] 168 ibosomal RNA vena partial saquenea
o1 234034403 ob COIR039. 1| Laetohacilhus easa sheain FI33 168 ibosomal RNA eona partial saquene
F1l

Fig. 3 The neighbor-joining tree showing the phylogenetic position of isolate F71 in the genus Lactobacillus based on 16S rRNA
partial gene sequences. Bar, 0.005 K-nuc
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4 Conclusions

Lactic Acid Bacteria (LAB) from mandai which was fermented with 15% w - w1 salt found 17 isolates and
20% w - w salt found 24 isolates. Based on screening, 26 isolates from mandai were identified as
Lactobacillus genus. Based on probiotic screening, 26 Lactobacillus isolates are categorized as acid
tolerance while 17 isolates are categorized as bile salt tolerance. Based on the antimicrobial test, 15 isolates
are able to produce antimicrobial substances demonstrated by the ability to inhibit the growth of indicator
pathogens (Listeria monocytogenes, Escherichia coli, and Salmonella typhimurium). All genus Lactobacillus
which screened from mandai have probiotic potential which indicated by the ability to survive in stress
conditions (acid and bile), and the ability to produce antimicrobial substances that can inhibit the growth
of indicator pathogens in vitro. Based on partial sequences, all identified genus of Lactobacillus were
confirmed. Isolate A14 had the most similarity with Lactobacillus vaccinostercus NRIC 0624. Isolate B30
had similarities with Lactobacillus harbinensis and Lactobacillus perolens. Isolate F71 had similarities with
Lactobacillus casei and Lactobacillus paracasei.
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