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Abstract

Banana is one of the primary fruits cultivated in Malaysia and currently decimated by the emergence of
adisease, known as banana blood disease (BBD) which caused by Ralstonia syzygii subsp. celebesensis
(Rsc). The BBD has significantly affected the yield and profits of the worldwide banana industry. To
date, various approaches including chemical and biological controls have been attempted to manage
this disease but none of them succeed in controlling the disease. The uses of lactic acid bacteria (LAB)
in managing plant diseases have been reported earlier but little information is available. Therefore,
this project is designed to identify and investigate potential plant-associated LAB as biological control
agent (BCA) against Rsc by using agar well diffusion method. The inhibition zones of each well were
observed after 72h and the isolated LAB that showed inhibition zones were proceed for molecular
characterization using PCR amplification followed by gel electrophoresis. The sequences were used for
phylogenetic analysis. In addition, each of the potential LAB were used to identify their morphological
characterizations and biochemical testing. Throughout the study, the highest inhibition zones of LAB
from kimchi and fermented milk achieved a diameter of 21.30 mm and 28.70 mm, respectively. Kimchi
isolates showed the highest similarity which is 97% as Lactiplantibacillus plantarum species. Among the
fermented milk isolates, the highest similarity which is 98% identified as Lacticaseibacillus paracasei.
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INTRODUCTION

Banana (Musa spp.) is one of the
premier, popular, commercial food crops that
has been regarded among the most significant
income source of Malaysia’s economy in agro-
based industry sector.! It was ranked as top 10
most produced commodities in Malaysia from
1994 to 2021, with an average production of
approximately 402,000 tonnes in a year.2 However,
the banana production in Malaysia was hampered
with the spread of banana blood disease (BBD)
which contributed a significant economic loss
in Malaysia, Southeast Asia producing countries
and beyond.? In Malaysia, the critical epidemic
of the bacterial wilt was first detected in Johor
in 2007 due to a massive flood and allow it
spread to whole Peninsular Malaysia.* According
to Food and Agriculture Organization of United
Nations,* the yield of bananas in Malaysia had
declined from 380,000 to 260,911 tonnes and
the cultivation areas was decreased from 25,000
ha to 22,719 ha in 2007. The main threat to the
reduction of banana production is possible due to
adverse environmental conditions which allowed
pathogens able to spread and eventually destroy
the banana farms.® The disease was then reported
in Sabah in 2016 and emerged in Sabah's different
districts between 2012 and 20137

Ralstonia syzygii subsp. celebesensis (Rsc),
a bacterial pathogen causal of the disease will
cause the flesh of bananas to rot and turn brown
(discoloration) and the leaves to wither.3 Rsc can be
transmitted through water, soil, farm equipment,
machinery, and insects.® The transmission by soil
and water and on farm tools allowed the pathogen
to enter host roots through natural openings or
wounds.*° Ralstonia often moves quickly to stem
tissues after colonizing the root xylem tissues
and infecting the roots of both susceptible and
resistant plants even through a minor wound.*
The complex xylem, which aids in transporting the
water to the entire plant, is made up of tracheids
(the dead cells) and parenchyma (the living cells).
With the help of xylem, exopolysaccharide, which
is a substance that is produced by Ralstonia, will
block the activity of the xylem and eventually
lead to the appearance of wilting in plants.*
Exopolysaccharide, a substances that produced by
Ralstonia helps in the movement and swimming

of T-3 secreted effector, and enzyme secretions
such as DNAases, cell wall-degrading enzymes,
and enzymes that detoxify reactive oxygen species,
eventually caused the blockage of xylem.'*!2
Therefore, when plants are starting to wilt, the
pathogen will start to move from the roots to the
soil and it caused Ralstonia to activate a range
of virulent factors to induce illness in different
infection phases.!?

To control bacterial wilt continuously
damaging the field of banana, several strategies
were investigated in the aspect of physical,
chemical, biological, and cultural methods.*
Pesticides such as algicide and fumigants show
positive impacts in controlling bacterial wilt and
the combination of chemicals successfully caused
a significant loss of the infected banana field from
72% to 100%.* However, this has not always
been the case. According to Edwards-Jones G,
the consequences of carelessly or without proper
knowledge in applying pesticide may result on
soil contamination which are able to persist in
the environment for many years and might be
hazardous to farmers.'* Although there are several
methods that have been applied including applying
pesticides, solarization and hot water treatment,
soil amendment, etc. but none of them are safe to
be applied in order to control the yield of bacteria
wilt.13

Instead, safer and security treatments
are required in controlling the disease. The key to
this study is using lactic acid bacteria (LAB) which
potentially act as a biological control agent (BCA)
in order to create a sustainable treatment against
BDB. The ability of LAB act as microbial biopesticides
that are beneficial microorganisms provides
the benefits by competing with pathogens.®
Numerous antimicrobial compounds, including
organic acids (lactic and phenyllactic acids),
diacetyl, hydrogen peroxide and bacteriocins that
produced by LAB strain create a relatively harsh
environment for any pathogens to survive.®’
However, acids have a major impact on biocontrol
abilities. As stated in the previous studies,'®* LAB
cultures or their supernatants have been applied
as BCAs in controlling on the plant diseases in chili,
tomato and cucumber caused by Colletotrichum
capsica, Fusarium oxysporum and Pythium
ultimum respectively. In addition, LAB strain
that isolated from fresh fruits and vegetables is
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proven that can reduce the growth infection of
phytopathogenic and spoilage bacteria and fungi
as Xanthomonas campestris, Erwinia carotovora,
Monilinia laxa, and Botrytis cinerea on apple
fruits.?° Furthermore, Hamed HA reported LAB
has its potential and shows significant impacts
in enhancing overall plant development as a
BCA for protection of tomato plants.? Lactic acid
bacteria are a promising bacterial group that has
the potential to suppress soil-borne diseases and
are able to promote plant growth development.®®
Therefore, the present investigation was designed
to identify and characterize phenotypically and
genotypically of the potential LAB. Also, this study
investigated the in vitro activity of the potential
plant-associated LAB as BCAs against Rsc of the
banana blood disease.

MATERIALS AND METHODS

Sampling and isolation of lactic acid bacteria

LAB were sampled and isolated from
kimchi (a type of Korean fermented vegetables),
grape and fermented dairy products. Samples
were taken aseptically and analyzed within 24
hours. de Man, Rogosa and Sharpe agar (MRS)
were used for the isolation of LAB. Each sample
was cleaned before being crushed using a
homogenizer. The crushed samples were mixed
with 0.75% NaCl solution. Serial dilutions of
the mixed solution (10 to 108-fold) were spread
directly onto the surface of MRS-agar plates.?? The
samples were incubated for 3 to 5 days at 28°C
(28 + 2°C). Colonies of acid-producing bacteria
were identified morphologically using Gram
staining and catalase test and were selected
randomly to purify the colonies by replating
them on the MRS agar plates. This procedure was
repeated several times using streaking method
until pure cultures were obtained. The pure
cultures of the LAB isolates were maintained in
MRS agar for subsequent use.

Morphological and biochemical characterization
of LAB

The biochemical tests of potential LAB
used for characterizations including pH tolerance
test, NaCl tolerance test and temperature
sensitivity test followed the methods as described
by Ayo-Omogie and Okorie.?

Gram staining

LAB colony was randomly selected from
the cultures and smeared on the slide. The smear
was then flooded with crystal violet for 60s and
washed off with distilled water and air-dried.
lodine was applied on the smear for 60s and
again washed with distilled water and allowed
to air dry. 95% alcohol was slowly added on the
smear until the staining run clear. The smear
was washed with distilled water and air-dried.
Counterstains with safranin was spilled slowly for
45s and washed off and air-dried. The bacteria
smear was then observed under light microscope
(Nikon Model Eclipse E100 LED MIV R) with 1000x
magnification to observe the shape and color. A
purple staining indicates Gram-positive while pink
staining indicates Gram-negative.?

Catalase test

One drop of 3% hydrogen peroxide (H,0,)
was dripped to LAB cultures on a glass slide to
perform catalase test. The test was evaluated by
the formation of oxygen bubbles which indicate
the bacteria able to produce catalase enzyme to
convert H,0, to water and oxygen.”

pH tolerance test

Each LAB culture was sub-cultured into
sterile MRS broth with the volume ratio 1 to 10
and incubated at 28°C + 2°C overnight. 1 mL of
overnight LAB cultures were then sub-cultured
into 9 mL of sterile MRS broth with different pH:
pH2, pH3 and pH4 and incubated at 28°C £ 2°C for
24h. MRS broth with different pH were prepared
using HCl and NaOH before autoclaved. After 24h
incubation, pH tolerance test was evaluated by
inoculating 10 pL of inoculum from each tube into
MRS agar using track plate method and incubated
at 28°C + 2°C for 48h. The presence and absent
growth of LAB on MRS agar indicated the ability
of the LAB to sustain in extreme pH conditions as
pH tolerant.?®

Sodium chloride (NaCl) tolerance test

The potential LAB culture suspensions
were inoculated into 10ml sterile MRS broth
with 4%, 5%, and 6% NaCl concentrations. The
suspensions were incubated at 28°C t 2°C for
48h and the suspensions were observed by visual
inspection and compared with the control. The
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broth with LAB cultures without NaCl acted as
positive control while the broth with additional
of NaCl but without LAB cultures acted as
negative control. The growth of LAB in varying
concentration of NaCl was examined using track
plate and incubated at 28°C + 2°C for 48h.%

Temperature sensitivity test

A single colony of each LAB cultures
were inoculated into 10ml sterile MRS broth
and incubated in a range of temperature 25°C =
2°C to 40°C £ 2°C to observe the ability of LAB in
different temperatures. The growth of LAB cultures
was observed by repeating track plate method
as mentioned beforehand to appoint isolates as
temperature tolerant.?

In vitro screening of antagonistic activity of
isolated lactic acid bacteria against Rsc

Pathogenic bacteria (Rsc) were acquired
through the collection of microorganisms from
Plant Pathology Laboratory, Horticulture Research
Centre, MARDI. Rsc were cultured on the Kelman’s
tetrazolium chloride (TZC) medium until the
exponential phase was reached.” Antagonistic
activities between potential LAB and Rsc were
tested through the agar well diffusion method. A
maximum of eight wells with a diameter of 7mm
were cut per plate using a 1mL sterile pipette tip
to ensure there are enough spaces to observe
the inhibition zone that produced by the LAB
isolates. Antagonistic bacteria (LAB isolates) were
cultured in MRS broth for overnight and 80 puL
of the bacteria suspensions (approximately 10°
CFU/mL) was added into each well.?¢ Sterile MRS
broth and kanamycin (0.128 mg/mL) were used as
negative and positive control, respectively. Each
treatment was performed in three replicates. The
plates were incubated at 28°C + 2°C for 72h, after
which the diameter of the growth inhibition zones
surrounding the wells were measured. Colonies
with inhibition zones and distinct morphologies
were randomly selected and sub-cultured on
MRS agar to acquire pure cultures for subsequent
investigations.

Molecular identification of colony

16S rRNA gene sequencing analysis was
performed by colony polymerase chain reaction
(PCR) and the potential LAB isolates were amplified

using the prokaryotic 16S ribosomal DNA universal
primers 27F (5’-AGAGTTTGATCCTGGCTCAG-3') and
1525R (5'- AAGGAGGTGATCCAGCCGCA-3’). Colony
amplification was performed in a total volume 20
pL containing 10 pL of master mix (KOD ONE™ PCR
Master Mix- Blue), 0.6 pL of 10 mM of each primer,
1 uL of genomic DNA and 7.8 uL of distilled water.
The PCR process was conducted as described by
Khoo et al.?” with the initial denaturation at 95°C
for 3 min, followed by 30 cycles of denaturation at
94°C for 10s, annealing at 55°C for 5s, elongation
at 72°C for 2s. A final extension at 72°C for
5min and 10°C for storage. The PCR products
were then analyzed using 2% of agarose gel.
Gel electrophoresis was conducted at 100 V for
30 min with the addition of Sybrsafe. The PCR
products that were obtained in gel electrophoresis
and compared with 1kbp plus DNA Ladder
(ThermoFisher Scientific®). The products were
then sent for DNA sequencing. Sequence data
were edited and analyzed by Bioedit and sequence
similarity searches were performed using the Basic
Local Alignment Search Tool (BLAST) programs
in the GenBank (NCBI). Phylogenetic tree was
constructed by Neighbor-Joining method using
ClustalW and MEGA Software as described by
Ennahar et al.® Grouping stability was calculated
by 1000 bootstrap.

RESULTS

Sampling and isolation of lactic acid bacteria
Three isolates from kimchi (KC-1, KC-2,
KC-3), grape (G-1, G-2, G-3) and fermented milk
(FM-1, FM-2, FM-3) were obtained from serial
dilution. Dilution of 10 to 108-fold were grown on
MRS agar which is the selective media for LAB.

Morphological and biochemical characterization
of LAB

Gram staining and catalase test acted
as preliminary tests for the characterization of
isolates to validate the identities of isolates as a
LAB. pH tolerance test, NaCl tolerance test, and
temperature sensitivity test served as tests for
the properties of LAB isolates. Morphological
characterizations including colony morphology
and cell morphology were observed using naked
eyes and under light microscope, respectively.
Table 1 shows all the isolated colony morphologies
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were consistent with the features of round shape,
slippery edge, convex elevation and yellowish
white in colour. In respect to the cell morphology
observation, LAB from kimchi and fermented milk
isolates were bacilli with rod shape while from
grape isolates cocci with spherical shape. Isolates
from kimchi and fermented milk revealed there
was no production of bubbles when added with
H,O, while, there was oxygen produced in all
isolates from grape.

According to the preliminary tests, the
results proved that isolates from kimchi and
fermented milk have the characteristics of LAB
while isolates from grape showed absence of LAB
properties. Hence, only isolates from kimchi and
fermented milk were further investigated. Table

2 shows the growth of the isolates in varying of
growth conditions. At extreme pH, only one out of
three kimchi isolates were able to withstand acidic
conditions with low pH level. Instead, there were
more fermented milk isolates (two out of three)
were able to grow in the extreme pH level. Most
of the isolates can withstand pH3.0 and pH4.0 but
only KC-2 cannot withstand in all acidic conditions.
With respect to salt tolerance, all isolates tolerated
and grew at NaCl concentration of 4-6%. As for
temperature sensitivity, fermented milk isolates
(FM-1, FM-2, and FM3) were a-ble to tolerate
at temperatures ranging from 25°C + 2°C to
40°C + 2°C, however kimchi isolates (KC-1, KC-2,
and KC-3) were not able to tolerate in 35°C £ 2°C
and 40°C £ 2°C.

Table 1. Morphological and biochemical characterization of LAB isolated from kimchi, grape and fermented milk

Sample Isolate Colony Morphology Cell Morphology Catalase
source Test
Type Color Edge Elevation Cell Gram
Shape Staining
Kimchi KC-1 Circle Yellowish white Smooth  Convex Bacilli (rod) Positive -
KC-2 Circle Yellowish white Smooth  Convex Bacilli (rod) Positive -
KC-3 Circle Yellowish white Smooth  Convex Bacilli (rod) Positive -
Grape G-1 Circle Yellowish white  Smooth  Convex Cocci Positive and +
(spherical) negative
G-2  Circle Yellowish white  Smooth  Convex Cocci Positive and +
(spherical) negative
G-3 Circle Yellowish white  Smooth Convex Cocci Positive and +
(spherical) negative
Fermented FM-1 Circle Yellowish white Smooth Convex Bacilli (rod) Positive -
Milk FM-2 Circle Yellowish white Smooth Convex Bacilli (rod) Positive -
FM-3 Circle Yellowish white  Smooth Convex Bacilli (rod) Positive -

+ production of oxygen; - without production of oxygen

Table 2. pH tolerance, sodium chloride tolerance and temperature tolerance tests of potential LAB isolates

Sample Isolate pH tolerance Growth in (NaCl) Growth at
2.0 3.0 4.0 4% 5% 6% 25°C  30°C 35°C 40°C
Kimchi KC-1 - + + + + + + + - -
KC-2 - - - + + + + + - -
KC-3 + + + + + + + + - -
Fermented FM-1 + + + + + + + + + +
Milk
FM-2 - + + + + + + + +
FM-3 + + + + + + + + + +

+ indicates presence of growth, - indicates absence of growth
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In vitro screening of antagonistic activity of LAB
against Rsc

Antagonistic activities between LAB
isolates and Rsc were observed through the
inhibition zones that produced by LAB isolates as
shown in Figure 1. From the normality test (p <
0.001), data was found not normally distributed.
Kruskal-Wallis Test (N=35) was applied to test
whether kimchi and fermented milk isolates

were came from the same distribution. The result
showed p < 0.001 among the samples and among
the isolates which indicates kimchi isolates and
fermented milk isolates were not originated from
the same distribution. Table 3 shows the mean
of triplicates and followed by standard deviation.
The data were then analyzed using Kruskal-Wallis
test as the data were not normally distributed.
Kruskal-Wallis test showed the result of p < 0.001.

Figure 1. Antagonistic activities between Rsc and isolates LAB from kimchi (i) and fermented milk (ii) through agar

well diffusion method

Table 3. In-vitro antagonistic test between Rsc and
isolates LAB via agar well diffusion method after 72 h

Sample Isolates  Diameter of Diameter of
inhibition control (mm)
zone (mm)
Kimchi KC-1 15.60 = 0.40
KC-2 21.30 + 0.24 23.40 + 0.93
KC-3  15.00 * 0.00
Fermented FM-1  25.70 = 0.37
Milk FM-2  26.30 + 0.49
FM-3  28.70 + 0.68

2 The diameter of the inhibition zone (mm) was measured as
twice from the middle point of wells to the inhibition zone
(the measurement of diameter = 2 times of radius). The values
are the means of five replications. Data presented in the table
indicates mean * standard deviation

Molecular characterization of the potential LAB
isolates

Gel electrophoresis in Figure 2 shows the
result of the bands of each DNA fragment which
indicates the molecular size of the DNA isolates.

The DNA marker that used in this experiment was
1kbp plus DNA Ladder (ThermoFisher Scientific®)
and act as a marker of molecular size of DNA
fragments. The amplified genomic DNA of kimchi
isolates (KC) were approximately 1500 bp, while
fermented milk isolates (FM) were slightly higher
than kimchi isolates (KC). The gene sequencing
was then processed using BLAST. Kimchi isolates
showed a similarity of 95% to 97% of identity with
Lactiplantibacillus plantarum, whereas fermented
milk isolates showed the similarity of 96% to 98%
identity with the species of Lacticaseibacillus
paracasei. The phylogenetic analysis conducted
using neighbour joining method is shown in
Figure 3. According to the phylogenetic tree that
shows in Figure 3, each of the potential LAB were
classified in different nodes and specifically in
different clades. KC-1, KC-2, and KC-3 showed that
three of the species are having the same clade
as L. plantarum, whereas FM-1, FM-2 and FM-3
showed that three of the species are having the
same clades as L. paracasei.
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M KC-1 KC-2 KC-3 FM-1 FM-2 FM-3

15000bp —
10000bp —

3000bp —
2000bp —
1500bp —

1000bp —

850bp —

650bp —
550bp —

Figure 2. PCR amplification of kimchi (KC) and fermented milk (FM) isolates that produced inhibition zone against
Rsc with 27F and 1525R primers. M: 1 kb plus DNA ladder

FM-1

CP031785.1:904936-906410 Lacticaseibacillus paracasei strain 10266 chromosome complete genome
CP032637.1:3008356-3009830 Lacticaseibacillus paracasei strain ZFM54 chromosome complete genome
CP031785.1:885495-886970 Lacticaseibacillus paracasei strain 10266 chromosome complete genome
CP035563.1:919764-921233 Lacticaseibacillus paracasei strain SRCM103299 chromosome complete genome
CP038153.1:258962-260379 Lacticaseibacillus paracasei strain TCS chromosome complete genome
CP022954.1:913087-914504 Lacticaseibacillus paracasei subsp. paracasei strain IBB3423 chromosome complete genome
CP038153.1:884816-886233 Lacticaseibacillus paracasei strain TCS chromosome complete genome:
AP018392.1:946843-948260 Lactobacillus paracasei IJH-SONE68 DNA complete genome
CP041657.1:2151113-2152529 Lacticaseibacillus paracasei strain CBA3611 chromosome complete genome
FM-3

FM-2

CP023306.1:2883840-2885315 Lactiplantibacillus plantarum strain LLY-606 chromosome complete genome
CP048921.1:1943158-1944630 Lactiplantibacillus plantarum strain X7022 chromosome complete genome
CP046656.1:2383879-2385103 Lactiplantibacillus plantarum strain 123-17 chromosome complete genome
CP052065.1:2663613-2665082 Lacticaseibacillus paracasei strain 347-16 chromosome complete genome
CP052065.1:2013954-2015423 Lacticaseibacillus paracasei strain 347-16 chromosome complete genome
CP041657.1:803787-805256 Lacticaseibacillus paracasei strain CBA3611 chromosome complete genome
CP044361.1:2364331-2365805 Lacticaseibacillus paracasei strain TD 062 chromosome complete genome
CP044361.1:2095988-2097462 Lacticaseibacillus paracasei strain TD 062 chromosome complete genome
CP031785.1:1967519-1968993 Lacticaseibacillus paracasei strain 10266 chromosome complete genome
CP046262.1:481746-483221 Lactiplantibacillus plantarum strain KCCP11226 chromosome complete genome
CP053912.1:491320-492792 Lactiplantibacillus plantarum subsp. plantarum strain G1 chromosome complete genome

211 KC-3
14 |L CP046656.1:495342-496566 Lactiplantibacillus plantarum strain 123-17 chromosome complete genome
KC-2

10 AP019815.1:3224730-3226199 Lactobacillus plantarum SN13T DNA complete genome

CP048921.1:1062557-1064029 Lactiplantibacillus plantarum strain X7022 chromosome complete genome

17 1 KC-1

32 L CP053912.1:976059-977531 Lactiplantibacillus plantarum subsp. plantarum strain G1 chromosome complete genome
CP023306.1:496121-497596 Lactiplantibacillus plantarum strain LLY-606 chromosome complete genome

Figure 3. Phylogenetic trees based on Neighbour Joining method showing the relationship between isolates of L.
plantarum and L. paracasei identified in the present study with other retrieved sequences from NCBI. The species
details and NCBI accession number of each sequence were provided at the end of the node. Numbers above
branches indicate the bootstrap values. The information about the species and the NCBI accession number of each
sequence were presented at the end of the node. The bootstrap values are shown as numbers above the branches
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DISCUSSION

In this study, a total of six LAB
isolates obtained from different sources were
characterized morphologically and tested with
several biochemical assays. Morphological
identification was conducted based on colony
morphology and characteristics of cytology
(including cell type and Gram staining). All isolates
showed the same colony morphology which are
circle, yellowish white, smooth edge and convex. In
the respect of cell morphology, the shape of kimchi
and fermented milk were observed as bacillus
while grape isolates were observed as coccus.
The shape of LAB consists of cocci or bacillus form
which are circles and rods, respectively.? For the
Gram staining, kimchi and fermented milk isolates
were stained in purple as Gram-positive bacteria
while grape isolates stained with purple and
pink. According to Tripathi & Sapra, this situation,
called gram variable cells, might happen due to
evaluation using old cultures as degradation of
the peptidoglycan cell walls are susceptible to
older culture.*® Consequently, the gram-positive
cells show the characteristics as gram-negative or
gram variable cells.

LAB is a group of heterogenous bacteria
that share common characteristics such as
gram-positive, non-spore-forming, non-respiring,
and catalase negative bacteria.?" *? By referring
to Table 1, kimchi and fermented milk isolates
do not produce air bubbles while grape isolates
produce air bubbles when the colony was added
with H,O,. The formation of air bubbles indicates
the ability of LAB to produce catalase enzyme
which is able to break down H,0, to water (H,O)
and oxygen (0,).” In another word, LAB do not
produce cytochromes or catalase enzyme as they
are obligate anaerobes and thrive in the absence of
oxygen.® Thus, kimchi and fermented milk isolates
were displayed as LAB characteristics while grape
isolates do not. According to Khushboo et al., the
findings in a study in isolating LAB from pickle, milk,
curd and wheat dough found out that there are
18 isolates showed negative response to catalase
among 60 isolates and all of these isolates were
Gram-positive and did not produce spores.*

Biochemical test is an important test
in order to identify the ability of LAB and its

effectiveness. A low pH of medium is crucial in
ascertaining LAB capability to survive in extremely
high pH conditions. Referring to Table 2, KC-3, FM-
1, and FM-3 were thrive in extreme condition even
at pH 2, but KC-2 was not able to survive even at
pH 4. KC-1 and FM-2 can only withstand up to pH
3 acidic conditions. G-Alegria et al. highlighted that
these two LAB, L. plantarum and Oenococcus oeni
from wine, showed a growth performance at pH
3.2 with the presence of 13% of ethanol at 18°C.>

According to Schillinger et al., the
temperature range of LAB is highly varied and
categories as mesophiles.?! They typically grow
best between 20 and 40°C, reaching a maximum
temperature of 50°C, while certain lactobacilli,
such L. delbrueckii subsp. delbrueckii, may even
thrive at 55°C. In the present study, KC-1, KC-2,
and KC-3 were not able to grow well at 35°C
and above while FM-1, FM-2 and FM-3 can
survive. These results are supported by research
which proved there is possibility of LAB such as
Leuconostoc cremoris that is not able to grow at
40°C. L. cremoris which is a fermentative lactic acid
bacterium that is predominantly found in industrial
dairy fermentations.?*3®

All the six isolates revealed remarkable
salt tolerance even exposed to 6% of NaCl. The
tolerance of all isolates to high NaCl concentration
(4% to 6%) further supports the idea that they can
endure challenging circumstances. These results
are consistent with a previous study on screening
potential LAB as probiotic using antagonistic.®
The authors demonstrated LAB isolates from
curd could withstand 1-6% NaCl. LAB is also
categorized as halophiles bacteria in which it
is an extremophile that can survive in high salt
concentrations. Yacinnkaya and Kilic reported that
halophilic lactic acid bacteria (HLAB), particularly
in fish products, which need sodium chloride to
develop and can withstand high sodium chloride
concentrations up to 32% of NaCl.*’

One of the most important screenings
criteria for lactic acid bacteria that are efficient
and unique is their antimicrobial activity.*® The six
LAB potential isolates were examined to consider
their antimicrobial activity by modified agar-well
diffusion method. The outcome of antagonistic
effects of isolates were subjected against the
pathogen Rsc. All six LAB potential isolates
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showed inhibition zone against the Rsc which is
an indication that they possessed varying abilities
to exert antimicrobial effects on pathogens.?
This result revealed that all six isolates exhibited
the inhibition zones from the lowest 15.6 mm to
the highest 28.7 mm (Table 3). The current result
showed a consistent result in the previous study
as they assessed the antimicrobial reaction of L.
acidophilus and L. delbrueckii strains compared
to other isolated bacteria including Escherichia
coli, Staphylococcus aureus, Bacillus cereus, and
Salmonella typhimurium.® Their findings according
to the inhibition zones that produced by CM1 and
0S1 stains indicated that these strains had more
antibacterial activity when compared to other
bacteria, suggesting that they could be useful
as probiotics. Kruskal-Wallis test’s result shown
has rejected the null hypothesis which are “the
distribution of diameter of inhibition zone (mm)
is the same across categories of sample” and “the
distribution of diameter of inhibition zone (mm)
is the same across categories of isolates” as both
tests showed p < 0.001 which is not greater than
0.05, thus there is different between the different
categories. Sample indicates six different isolates
while categories of isolates indicate kimchi and
fermented milk. In comparison to kimchi isolates,
fermented milk isolates had a greater inhibition
against Rsc.

Amplified DNA size of 1500bp (Figure 2)
was observed in all 6 isolates and those isolates
were proceeded to nucleotide sequencing. Six
isolates were edited using Bioedit software
packaging, and the consensus sequences obtained
were blasted in NCBI. By using the reference
strains in NCBI, the BLAST findings showed that
kimchi isolates were matched with L. plantarum
while fermented milk isolates were matched with
L. paracasei and recognized as LAB. The analysis
of the genomes of the six isolates showed that all
of them have at least 95% and above similarities
to Lactiplantibacillus and Lacticaseibacillus,
respectively. These results are consistent with
the study conducted by Tilahun et al. in which
the tested 10 LAB were obtained only 92% to 98%
similarity to GenBank of NCBI. 10 bacterial isolates
were found to belong to the genera Lactobacillus,
Enterococcus, and genus Bacillus.3®

A phylogenetic tree constructed from
the alignment of the six isolates sequences

and the representative sequences from NCBI
database were used to create a Neighbour
Joining phylogenetic tree in MegaX. According
to the phylogenetic categorization, strains with
comparable sequences were clustered together
and probably considered of as close relatives.3®
Neighbour Joining phylogenetic tree based on
the isolated strains and their closest possible and
related species. Bootstrap values calculated for
100 replications.

This study has potential limitations. The
issue happened on grape isolates as observed as
Gram-variable can be troubleshooting as grape has
huge diversity of LAB as compared to other fruits.*
PCR amplification can be done after a proper DNA
extraction and purification to avoid unconfirmed
sequence bases in International Union of Pure and
Applied Chemistry (IUPAC) codes such as K as Keto
group indicates either G or T/U, M as aMino group
indicates Aor C, Ras purineindicates Aor G,and Y
as pYrimidine indicates C or T/U.* This study is also
extendable to obtain the antimicrobial substance
of LAB isolates which shows the compatibility of
the isolates against Rsc.

CONCLUSION

Gram-positive and catalase-negative
bacteria were indicates in the preliminary
screening of unknown isolates. Biochemical
testings were conducted for each isolate to
examine the ability of the LAB to grow in different
extreme conditions. Throughout the study, KC-1,
KC-2 and KC-3 were identified as L. plantarum
while FM-1, FM-2 and FM3 were identified as L.
paracasei. All isolates showed at least 95% of the
percentage of identities to the species. Based on
the antagonistic activity between isolated LAB and
Rsc in agar well diffusion, both L. plantarum and
L. paracasei were able to inhibit Rsc by showing
the highest inhibition zones which are 21.30 mm
and 28.70 mm, respectively. Therefore, this study
concludes that L. plantarum and L. paracasei were
able to control the in vitro growth of Rsc.
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