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Isolation of Lactic Acid Bacteria (LAB) from various sources has previously
been carried out to obtain strains that produce high of exopolysaccharide (EPS).
Isolate K2, which was LAB isolated from longan (Dimocarpus longan) fruit, can
produce EPS. This study aimed to identify isolate K2, and evaluated the effect
of supplementation carbon sources (glucose, fructose, sucrose, and lactose) and
pH of media (4, 5, 6, 7, and 8) on EPS production. Isolate K2 was identified as
Weissella confusa molecularly based on 16S rDNA, the type of carbon source, and
the pH of media had significant effects (P<0.05) on EPS production. W. confusa
K2 produced EPS that was highest on media with the supplementation of sucrose
as a carbon source and produced the lowest EPS on lactose. The amount of EPS
produced by W. confusa K2 under alkaline was higher than under acidic, the
highest EPS of 47.703 g/L at pH 8 and the lowest EPS at pH 4 of 1.858 g/L. The
physical properties showed EPS has good solubility in water with the solubility
and Water Holding Capacity (WHC) at 40.533% and 354% respectively. Based
on Surface morphology of EPS with Scanning Electron Microscope (SEM)
analysis, the surface structure of EPS was a porous polymer matrix. Fourier
Transform Infrared Spectrophotometer (FTIR) results of EPS showed the
presence of absorption bands as characteristic of carbohydrates, such as the
presence of O-H, C-H, C=0, C=C, C-O-C groups, and glycosidic bonds.
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1. Introduction and pharmaceutical sector. LAB can produce various

kinds of EPS with different chemical structures

The use of biopolymers in various fields has
increased in recent years, led to the development of
research on the production of exopolysaccharides by
bacteria. Exopolysaccharide (EPS) is a high molecular
mass polymer with long chains produced through the
metabolic pathways of microorganisms (Wang et al.
2015) among other lactic acid bacteria (LAB). LAB is
EPS-producing bacteria that has attracted attention
because LAB is known as a safe microorganism
(GRAS-Generally Recognized As Safe) therefore, the
EPS is as safe as its metabolites (Feng et al. 2018).
Several LAB genera often used for EPS production are
Lactobacillus, Leuconostoc, Streptococcus, Weissella
and Lactococcus (Kavitake et al. 2020).

The diversity of EPS structures capable of being
produced by LAB has special attention in the food
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and physical characteristics, and this can affect its
application in the industry (Prete et al. 2021). Several
studies have shown that the benefits of EPS have a
promising future. EPS has very good health effects
including as an antioxidant, anticancer, antiviral,
anti-inflammatory, and also has the effect of lowering
cholesterol. EPS can also be used as a thickener,
stabilizer and emulsifier in the food industry (Nguyen
et al. 2020).

The EPS produced by LAB has 2 groups, namely
homofermentative (HoPS) and heterofermentative
(HePS). EPS with the HoPS structure consists of one
type of monosaccharide. The HoPS produced by
LAB consists of repeating units of monosaccharides.
HoPS can be classified into 2 groups, namely a-D-
glucan (dextran, mutant, reuteran, and alternan)
and fructans (levan and inulin) (Saadat et al. 2019).
HePS is EPS, which consists of several types of
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monomers. The type of HePS produced by LAB is
kefiran. BAL synthesizes EPS at different growth
phases depending on the media composition and
type of microorganism it produces. EPS biosynthesis
by bacteria is a complex process involving many
enzymes and regulatory proteins (Patel et al. 2012).
EPS biosynthesis in LAB occurs in two ways, namely
intracellular and extracellular. Homopolysaccharide
EPS is generally produced through extracellular
biosynthetic pathways, while heteropolysaccharide
EPS is synthesized through intracellular or
extracellular pathways (Angelin and Kavitha 2020).

EPS has an important role in controlling the
physicochemical characteristics of the cell surface
(Polak-Berecka et al. 2014). EPS is synthesized by
bacteria with various functions, including protecting
bacteria to survive under stressful conditions (Nguyen
et al. 2020). EPS production is generally considered
a response strategy used by microorganisms to
resist stress from the environment. The yield of EPS
production depends on many factors, such as the
cultivation condition, carbon source, C/N ratio, pH of
media, and cultivation time (Netrusov et al. 2023).

The type of carbon sources and the pH were among
themostimportantenvironmental parameterscritical
for the biosynthesis of EPS produced by bacteria (Ju
et al. 2022). The pH of the fermentation media was
one of the most critical environmental parameters
for Dbacterial exopolysaccharide biosynthesis,
changes in the pH of the media affect the production
of exopolysaccharides produced by bacteria and
their molecular weight (Ju et al. 2022). The optimum
pH for EPS production varies depending on the LAB
strain used and the culture conditions. Some studies
showed that there was a correlation between the pH
of the media and EPS production, low pH increased
EPS production (SliZova et al. 2015; Sanhueza et al.
2015; Nguyen et al. 2021), however, there were also
reported that low pH decreased EPS production
(Tayuan et al. 2011). Each LAB species requires a
type carbon source and specific of pH media stress
conditions to obtain the high yield of EPS, so these
two factors are very important to study in efforts to
increase the production EPS.

Isolate K2 was LAB isolated from longan
(Dimocarpus longan) fruit, which fermented
spontaneously in MRS media and was able to produce
EPS. EPS production by LAB from longan fruit has
not been reported therefore, it is necessary to study

the ability of K2 isolates to produce EPS. This study
aimed to identify isolate K2 and evaluated the effect
of adding carbon sources and pH of media on EPS
production, therefore the results of this study can be
used to determine the suitable of carbon source and
pH for the production of high-yield EPS. EPS was also
characterized by physico-chemical.

2. Materials and Methods

2.1. Morphological and Biochemical
Characteristics

Single colony of isolate K2 that has been grown
on de Man Rogosa and Sharpe (MRS) agar (Merck,
Germany) was observed based on morphological
characteristics, then was followed by a biochemical
characterization test based on Bergey's Manual
of Determinative Bacteriology (Holt et al. 1994)
including tests such as Gram-staining, catalase,
endospore, motility, production of (catalase, oxidase,
coagulase and urease), other biochemical tests and

carbohydrate fermentation.

2.2. Molecular Identification of EPS-Producing
Lactic Acid Bacteria (LAB)

Isolate K2 was grown for 48 hours on de Man
Rogosaand Sharpe (MRS)agar. DNAwasisolated using
a commercial DNA kit according to the instructions
for use. Suspension DNA was confirmed using 0.8%
(w/v) agarose gel electrophoresis. The DNA template
was amplified by polymerase chain reaction (PCR)
method with 16S rDNA using 27F primer (5~ AGA GTT
TGA TCM TGG CTC AG-3") and 1492R (5 TAC GGY TAC
CTT GTT ACG ACTT-3"). The obtained amplicon was
confirmed by 1.5% (w/v) agarose gel electrophoresis.
Nucleotide base sequences were analyzed using a
sequence scanner, BioEdit, and MEGA 6 software.
Results sequencing analyzed using the Basic Local
Alignment Search Tool (BLAST) was compared with
sequences at NCBI.

2.3. Inoculum Preparation

Isolate K2 was grown on MRS agar and incubated
at 30°C for 48 hours. Inoculum was prepared by
transferring several oses of culture into MRS broth
(Merck, Germany) and incubated at 30°C, 100 rpm
for 18 hours. The inoculum used for fermentation
had cell turbidity, namely optical density (OD) 0.5 at
a wavelength of 600 nm, equivalent to 10'° CFU/ml.
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2.4. Effect of Carbon Sources EPS
Production

1 ml of inoculum was added to 9 ml of
supplemented MRS media with different carbon
sources 10% (w/v). The carbon sources used were
glucose (Merck, Germany), fructose (Himedia,
India), sucrose (Phytotech, USA) and lactose (Merck,
Germany). MRS media without additional carbon
sources was used as control. Incubation was carried
out at room temperature (28°C+2°C), 100 rpm for 24
hours. Then isolation and quantification of EPS were
carried out.

on

2.5. Effect of pH on
Production

The effect of the initial pH of media on EPS
production was evaluated with pH variations (4, 5,
6, 7 and 8). 100 ml of MRS media supplemented with
10% (w/v) of sucrose was adjusted to the pH using HCI
2 N and NaOH 2 N before sterilization. The media was
added 5 mL of inoculum and then incubated at room
temperature (28°C+2°C), 100 rpm for 24 hours. Then
isolation and quantification of EPS were carried out.

Exopolysaccharide

2.6. EPS Isolation and Quantification

EPS extraction refers to Wang et al. (2015b)
and Adebayo-Tayo et al. (2018) with modification.
The fermented culture was heated at 100°C for 20
minutes, then 10% (v/v) TCA (Merck, Germany) was
added with a ratio of 1:1 and shaken for 30 minutes,
then centrifuged at 5,000xg for 15 minutes at 4°C.
The supernatant was removed and precipitated with
cold absolute ethanol (Merck, Germany) as much as
2 times the volume of fermented media and left for
24 hours at 4°C for EPS precipitation. The precipitate
of EPS was taken by centrifugation 5,000xg for 20
minutes at 4°C. The pellets obtained were dried at
60°C until the weight was constant, then the EPS was
weighed, and the yield was determined.

2.7. Estimation of Carbohydrate and Protein
Content of EPS

The total carbohydrate content of EPS was
determined by the phenol sulfuric acid method
(Dubois et al. 1956). The protein content in EPS was
estimated by the Folin-Lowry method (Lowry et al.
1951).

2.8. Solubility and Water Holding Capacity
(WHC)

Solubility was determined by making 25 mg/ml of
EPS solution in deionized water, stirring continuously
at 30°C for 24 hours, and centrifugation at 5,000xg
for 15 minutes. The supernatant was taken 0.5 ml and
added 3 times the volume of absolute ethanol. EPS
was recovered by centrifugation at 5,000xg for 15
minutes. The precipitate was dried at 60°C. Solubility
was calculated using the formula.

Total carbohydrate concentration
in supernatant

Solubility (%) = Dry weight of sample

x 100

Water holding capacity (WHC) was determined
by preparing 40 mg/ml EPS in deionized water and
mixing, then centrifuged at 5,000 rpm for 20 minutes.
The precipitate obtained was placed on filter paper
which had been weighed before to remove water that
was not bound by EPS. Then EPS was weighed and
WHC was calculated based on the formula described
previously (Sharma et al. 2020).

WHC (%) = Total sample weight after water absorption , ;,
Dry weight of sample

2.9. Surface morphology of EPS with Scanning
Electron Microscope (SEM)

The surface morphology of EPS was observed by
scanning electron microscopy. The EPS was fixed on
an aluminum stub and gold-sputtered before SEM
examination, maintaining an accelerated voltage of
10 kV (Farinazzo et al. 2019; Ma'unatin et al. 2022).

2.10. FourierTransform Infrared Spectrophotometer
(FTIR) of EPS Analysis

FTIR analysis was performed using the potassium
bromide pellet method. EPS was smoothed with KBr
and analyzed in the area of 4000-400 cm-'. The data
obtained through FTIR was in the form of certain
functional groups or bond types at certain wave
numbers (Adesulu-Dahunsi et al. 2018).

2.11. Statistical Analysis
The experiment was carried out with three
repetitions. The results of the EPS yield were analyzed
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using analysis of variance (ANOVA) and further testing
with Tukey’s post-hoc test using SPSS 23.0 for Windows
(IBM).

3. Results

3.1. Identification of Isolate K2

This strain was observed as Gram-positive rod-
shaped, endospore and catalase-negative, and non-
motile bacteria. Isolate K2 was a group of lactic acid
bacteria. Based on the results of the fermentation
test of carbohydrate compounds showed isolate K
fermented glucose, mannitol, Xylose, rhamnose,
sucrose, lactose, arabinosa, adonitol, raffinose, and
salicin. Morphological and biochemical characteristics of
isolate K2 are presented in Table 1. Isolate K2 produced
EPS qualitatively on MRS agar media supplemented
with sucrose (Figure 1C).

Isolate K2 was identified at the species level based on
16S rDNA. This study showed molecular identification
of K2 isolate based on 16S rDNA was obtained the DNA
amplicon had a size of 1,500 bp. Sequencing analysis
showed that the strain was phylogenetically closely
related to the genus Weissella. Blast analysis of 16S
rDNA sequences showed that isolate K had a maximum
similarity of 99% with Weissella confusa (Figure 2).

3.2. Effect of Carbon Sources on EPS Production
Based on the results of ANOVA showed that the type
of carbon source had a significant effect (P<0.05) on EPS

Table 1. Morphological and biochemical characteristics of
isolate K2

Characteristics

Culture characteristics
(color, shape, margins,
surface, elevation, colony
diameter)

Gram's reaction G+

Cell morphology rod

Endospore -

Motility -

Production from : -

Catalase -

Oxidase -

Coagulase -

Urease -

Biochemical Characteristics:

Nitrate -

H,S -

Indole -

Voges-Proskauer -

Citric -

gelatin -

Description: + = positive reaction; - = negative reaction

Results
circular, flat/entire, smooth,
convex, 2.19 mm

Table 1. Continued
Characteristics
Carbohydrate fermentation:
Glucose

mannitol

xylose

Rhamnose
sucrose

Lactose

Arabinose
Adonitol
Raffinose

Salicin

Starch hydrolysis
Casein hydrolysis

Results

+ + + + o+ o+

Description: + = positive reaction; - = negative reaction

Figure 1. (A) Colony of isolate K2, (B) Gram staining (1,000x
magnification), (C) EPS production by isolate K2
on agar media
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yield. Table 2 showed that supplementation of different
carbon sources on the MRS media caused differences in
EPS yield. The highest EPS yield was 13.103 g/L, which
was achieved by adding sucrose as a carbon source.
Other carbon sources, namely glucose, fructose, and
lactose, had no significant effect on the EPS yield,
however the addition of sucrose produced significant
EPS with other carbon sources. Supplementation of
carbon sources sequentially capable of producing EPS
from low to high was glucose, lactose, fructose and
sucrose. Sucrose was the best carbon source in EPS
production by W. confusa K2 from longan, so sucrose
was used as a source of sugar for further fermentation.

3.3. Effect of pH on
Production

EPS production by W. confusa K2 was increased by
evaluating the effect of initial pH using MRS media
with supplementation of sucrose 10% (w/v). The EPS
yield increased as the initial pH of the fermentation
media increased. Therefore, in acidic media conditions,
EPS decreased drastically (Table 3). Observations of
changes in the viscosity of the media after fermentation
visually showed that the higher the initial pH, the higher
the viscosity of the media, this is due to the higher
concentration of EPS formed. The initial pH of media had
a significant effect (P<0.05) on the EPS yield produced

Exopolysaccharide

a3e,| ISOlate K2
93%

95%

93%

920%

95%

91%

93%

—_
0.020
Figure 2. Phylogenetic tree of isolate K2 based on 16S rDNA

by W. confusa K2, where pH 8 showed the highest EPS
yield of 47.703 g/L and significantly different from the
other pH, while the lowest EPS was obtained at a low pH
of 4, which produces EPS of 1.858 g/L. Stress condition
media at pH 8 stimulated W. confusa K2 to synthesize
high EPS. Selected EPS obtained from pH 8 production
media was used for further analysis.

Table 2. Production of EPS with the addition of carbon

sources

Carbon sources EPS yield (g/L)
MRS (control) 0.7232
Glucose 11732
Fructose 1.8502

Sucrose 13.103°
Lactose 1.163?

Different letters show significant differences between
treatments (P<0.05)

Table 3. Production of EPS with pH variations

pH EPS yield (g/L)
1.8582
3.5072
21.217°
41.096¢
47.703¢

ifferent letters show significant differences between
treatments (P<0.05)

[cBEN e RO NN

=)

Weissella confusa strain 2996 MT611928.1

Weissella paramesenteroides strain 10874 MW092419.1

—~ Weissella cibaria strain BB2 MT786445.1

Weissella koreensis strain D1 KP792276.1

— —— Lactiplantibacillus plantarum strain CAU:5668 MF355337 .1

Lactobacillus delbrueckii subsp. bulgaricus strain MGB94-2 HM058319.1

Lactobacillus helveticus strain IMAUG0201 FJ915646.1

Lactobacillus gasseri strain DMBCT6 KM056281.1

Escherichia coli strain YB051 OP762966.1
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3.4. Physico-chemical Characteristics of EPS

The selected EPS comprised total carbohydrate and
protein 81.477% and 1.006% respectively. While the
solubility in water and WHC of EPS were 40.533% and
354% respectively. The physicochemical characteristics
of the selected EPS produced by W. confusa K2 are
presented in Table 4. The surface structure of EPS is
shown in the form of network as a matrix of porous
polymer (Figure 3B).

3.5. Functional Group Analysis of
Exopolysaccharides with FTIR Spectrophotometer

FTIR spectra analysis determined the main functional
groups and chemical bonds found in EPS. EPS produced
by LAB is a complex polysaccharide containing various
functional groups. The FT-IR spectrum of this EPS from
W. confusa K2 as shown in Figure 4 had peaks from
3427 to 418 cm'. The FTIR spectra of selected EPS in
this study observed that EPS had functional groups and
bond types characteristic of polysaccharide compounds,
including O-H, C-H, C=0, C-0-C, and a-1,6 glycosidic
groups. The EPS from W. confusa K2 was likely a dextran
type.

Table 4. Physico-chemical characteristics of EPS
Characteristics EPS

Color and texture Light brown and
crystalline

Total carbohydrate (%) 81.477

Protein (%) 1.006

Solubility in water Soluble

Solubility (%) 40.533

WHC (%) 354

4. Discussion

Identification of isolate K2 showed general
characteristics as a group of lactic acid bacteria
namely Gram-positive, catalase, and endospore-
negative. Isolate K2 isolated from this longan fruit
was identified molecularly as Weissella confusa. Based
on EPS production, W. confusa K2 could use different
carbon sources with different stimulating effects on
EPS production. The highest EPS yield was obtained
in addition to sucrose. The addition of glucose causes
a slight increase in production EPS when compared
to the control, namely MRS which contains 20 g/L
glucose, the high glucose content in the media does
not affect to EPS yield. Glucose and fructose are
monosaccharides that play a role in the glycolytic and
pentose phosphate pathways. Besides that, another
type of disaccharide sugar, lactose, produced smaller
EPS when compared to sucrose. This study showed
differences in carbon sources have different effects on
the catabolic expression of metabolite. This result was
similar to reported by Adesulu-Dahunsi et al. (2018)
that W. confusa produced the highest EPS in addition
to sucrose carbon source than glucose, lactose, and
galactose. This study also supported that W. confusa
could produce high EPS when using sucrose as a
carbon source.

The initial pH of media under acidic and alkaline
conditions caused significant differences in EPS
production by W. confusa K2. Acidic media decreased
EPS yield, while in alkaline media, EPS increased
Drastically. This study showed EPS production depends

Figure 3. (A) EPS product and (B) surface morphology of EPS from W. confusa K2 (2,500x magnification)
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Figure 4. FTIR spectra of EPS produced by W. confusa K2

on the initial pH of media. The lowest EPS yield at pH 4,
this was presumably because the high level of acidity
of the media caused acid stress in the cells, whereas
at pH 8 produced the highest of EPS. The results of
previous studies similar to this study have also been
reported. The highest EPS production by Weissella
sp. of 8.65 g/L was achieved in culture with an initial
pH of 7.0 (Tayuan et al. 2011). In addition, previous
studies also reported that W. confusa strain produced
the highest EPS in acidic media, including Dubey
and Jeevaratnam (2015) reported that W. confusa
AJ53 produced the highest EPS of 1.29 g/L at pH 6.5,
W. confusa MD1 produced the highest EPS, namely
10.07 g/L at pH 6.5 (Lakra et al. 2020). W. confusa K2
produced a high EPS of 47.703 g/L therefore this study
reported that W. confusa K2 as a strain isolated from
longan fruit, had good potential for EPS production.
The FTIR results on EPS showed that there was
extensive stretching in the region of 3427 cm™
which indicates the presence of abundant O-H strain
vibrations, this was the characteristic absorption
band carbohydrate ring and was responsible for the
solubility of EPS in water (Wang et al. 2010). Weak
spectra at 2933 cm! associated with C-H stretching
vibrations. Spectra in the region of 1666 cm™' was the
stretching characteristic of C=0 and carboxyl, which
showed aldehyde, absorption band 1456 cm' indicated

aromatic (Adebayo-Tayo et al. 2018), presence covalent
bond of C-O-C at 1153 cm (Ma'unatin et al. 2022),
absorption band 754 cm-1 indicated the presence of
glycosidic bonds of polysaccharide (Saravanan and
Shetty 2016). FTIR spectrum analysis revealed that EPS
was a complex polysaccharide structure containing
different functional groups.

EPS produced by W. confusa K2 was able to dissolve
in water and the good of WHC namely 40.533% and
354%, respectively. These properties were related to
the permeable structure of the polymer chain, which
retain large amounts of water through hydrogen
bonds. According to Tingirikari et al. (2014) W. cibaria
JAG8 produced dextran, which had water soluble
index of 24.5% and WHC of 352%. The good solubility
and water-holding capacity of EPS in this study made
it possible for applications in food products, such as
water-binding agents and stabilizers.

Observation using SEM showed the three-
dimensional morphology and surface structure of
EPS so that it helped in understanding its physical
properties. Based on the surface morphology of EPS
confirmed that the surface structure showed porous
network caused it had good hydrophilicity which
correlated with the high solubility and WHC of this
EPS. EPS which was soluble in water with good WHC,
this was related to the matrix structure porous which
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could hold large amounts of water through hydrogen
bonds (Zhou et al. 2017). The surface of the EPS in
this study was similar to the dextran produced by
Leuc. pseudomesenteroides JF17 which was porous
(Farinazzo et al. 2019), Dextran N7 produced by
Leuconostoc mesenteroides N7 exhibited a porous
surface structure (Ma'unatin et al. 2022). The potential
of W. confusa isolated from longan (D. longan) fruit
on EPS production has not been reported. Based on
the results of this study, an increase in the pH of the
media in alkaline conditions and the presence of
sucrose stimulated high EPS production. This study
was expected to provide information if W. confusa K2
from longan (D. longan) fruit produced high EPS and
can be considered if used for production of EPS on a
larger scale.
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