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ABSTRACT
This study was aimed to partially purify the exopolysaccharide (EPS) from the culture of Lactobacillus plantarum 
YML009 using ethanol precipitation method with a yield of 260 mg/L. Analytical evaluationby Bradford and Phenol-
sulphuric methods revealed the presence of 2.2% and 68.1% total protein and total sugar contents in partially 
purified EPS, respectively. Further, to confirm the biological potential, the EPS was evaluated for its antioxidant 
activity in various scavenging models including DPPH and nitrite radicals as well as reducing power ability. The 
partially purified EPS (5-40 mg/mL) displayed considerable amount of antioxidant efficacy on scavenging DPPH 
and nitrite radicals by 44.73%, and 43.93%, respectively. Moreover, EPS showed potentreducing power capacity 
along with total phenolic content 18.96 µg/mg of GAE.
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INTRODUCTION
A number of  exogenous sources in human 
body produce reactive oxygen species (ROS) 
with most biological significance and are 
considered potentially damaging transient 
chemical species.1 A number of  chronic 
human disorders including cancer, cardio- 
and cerebral-vascular diseases have been 
recognized due to the possible consequence 
of  ROS formation, and/or free radical dam-
age to lipid, protein and nucleic acid.2 A large 
number of  functional EPS producing LAB 
have been isolated from various fermented 
sources which have shown their potent abil-
ity to act as antioxidants, probiotics, choles-
terol lowering agents, and as a protecting 
agents against liver damage.3,4

Synthesis of  exopolysaccharides (EPSs) by 
lactic acid bacteria (LAB) is well known phe-
nomenon which exists as a cell-bound EPS, 
adhering closely to the bacterial surface, 
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and released EPS that releases into the sur-
rounding medium.4,5 The EPSs are associ-
ated with microbial cells protection against 
the adverse environments including desic-
cation, toxic materials and osmotic stress.4 
The EPSs are thought to play a significant 
role in the colonization of  LAB to various 
ecosystems by facilitating the colonization 
of  LAB to intestinal mucosa, thus enhance 
the immunity of  host.6 Now a days the 
EPSs are used as bio-thickeners due to their 
stabilizing, emulsifying or gelling properties 
especially in the food industry.4

Some of  the EPSs produced by LAB may 
confer health benefits such as immune-
modulatory, anti-tumor, anti-bio film and 
antioxidant activities.4,7 However, antioxi-
dant properties have particularly received 
huge attention due to the increasing number 
of  diseasesbeing caused by the formation 
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of  free radical and/or reactive oxygen species (ROS). 
Although synthetic antioxidants have proved effective-
ness, adversary side effects have raised severe concerns. 
Therefore, huge attention has been paid on the use 
of  antioxidants from natural resources such as LAB.7 
since EPSs from safe natural flora of  LAB may serve as 
potential substitutes to the synthetic antioxidants.
The LAB especially Lactobacillus plantarum YML009 have 
not been explored to the greater extents for their the 
rapeutic efficacy, hence, this can be considered first 
report on the extraction and partial purification of  
exopolysaccharide (EPS) from Lactobacillus plantarum 
YML009. The aim of  the present study was to isolate 
partially purified exopolysaccharide (EPS) from a probi-
otic LAB strain L.plantarum YML009, and to confirm its 
antioxidant potential in various scavenging models as a 
natural antioxidant.

MATERIALS AND METHODS

Microorganism and culture condition

The bacterial strain Lactobacillus plantarum YML009, pre-
viously isolated from Kimchi, a Korean traditional fer-
mented food, and was grown in MRS medium at 37oC 
for 24 h and maintained on MRS agar medium at 4oC. 
The nucleotide sequence was submitted in the Gene 
Bank with accession number KJ944300.

Reagents and chemicals

Glucose, trichloroacetic acid (TCA), sodium azide 
(NaN3) bovine serum albumin, 1,1-diphenyl-2-picryl 
hydrazyl (DPPH), Griess reagent, Folin-Ciocalteu 
reagent, nitro blue tetrazolium (NBT), ferric chloride, 

potassium ferricyanide, gallic acid, P-Nitrophenyl-α-D-
glucopyranoside, and standard antioxidant compound 
ascorbic acid were purchased from Sigma-Aldrich, St. 
Louis, MO, USA. Dialysis membranes (Mw cut-off  
8000–14,000 Da) were from Spectrum Laboratories Inc. 
(Rancho Dominguez, CA). All other reagents used were 
of  high analytical grade. Spectrophotometric measure-
ments were done using a 96-well micro-plate enzyme 
linked immunosorbent assay (ELISA) reader (Infinite 
M200, Teacan, Mannedorf, Switzerland).

Extraction, isolation and partial purification of 
exopolysaccharide (EPS)

Lactobacillus plantarum YML009 was cultured at 37oC 
for 32 h in MRS modified medium supplemented with 
10% glucose. After centrifugation, the supernatant was 
collected and added with final concentration of  14% 
trichloroacetic acid and left for homogenization in a 
shaker for 30-40 min followed by centrifugation at 8,000 
× g for 20 min at 4oC. The supernatant was then added 
to ethanol (four-fold volume of  supernatant) at 4oC for 
24 h, followed by centrifugation at 8000 × g at 4oC for 
20 min, resulting in the obtaining of  crude precipitate. 
Finally, the precipitate was dissolved in deionized water 
and dialyzed using Spectra/Por molecular porous tubu-
lar dialysis membrane for 24 h and lyophilized in a II 
Shin freeze dryer (Korea). The freeze-dried lyophilized 
powder of  L. plantarum YML009 considered to be par-
tially purified EPS, and was stored at -80oC before use.

Estimation of total protein content

The total protein content of  lyophilized exopolysac-
charide (EPS) isolated from L. plantarum YML009 was 
determined by the protein-dye binding method (Brad-
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ford method) using bovine serum albumin as the stan-
dard as described previously.8

Estimation of total sugar content

The total sugar content of  lyophilized exopolysaccha-
ride (EPS) isolated from L. plantarum YML009 was 
determined by phenol-sulfuric acid method using glu-
cose as the standard as described previously.9

Antioxidant efficacy

DPPH radical scavenging assay

The antioxidant activity of  partially purified EPS from 
L. plantarum YML009, based on the scavenging of  stable 
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical, was 
determined by the method as described previously.1 Dif-
ferent concentrations of  EPS (5-40 mg/mL) and ref-
erence compound ascorbic acid (25-200 μg/mL) were 
added to 0.004% methanolic solution of  DPPH (1:1) 
in a 96-well microplate. The mixture was incubated 
at 37°C in dark for 30 min with shaking at 150 rpm. 
Absorbance was recorded at 517 nm using the 96-well 
ELISA reader against a blank sample. All the tests were 
run in triplicate. The percent inhibition activity was cal-
culated using the formula.

Nitriteradical scavenging assay

The nitrite radical scavenging activity of  partially puri-
fied EPS from L. plantarum YML009 was determined 
using Griess reagent.10 Briefly, 1 mL of  EPS sample at 
various concentrations (5, 10, 20, 30 and 40 mg/mL) 
was mixed with 1 mL of  1 mM NaNO2 solution. Then, 
8 mL of  0.2 M citrate buffer (pH 3) was added to the 
mixture, followed by incubation at 37°C for 1 h in a 

water bath. After incubation, 1 mL of  reaction mixture 
was added to a mixture of  2 ml of  2% (v/v) acetic acid 
and 0.4 mL of  1% (v/v) Griess reagent. The mixture 
solution was then vigorously mixed and placed at room 
temperature for 15 min, after which the absorbance was 
measured at 520 nm. Ascorbic acid was used as a posi-
tive control at the concentration range of  50-500 μg/
mL. All the tests were performed in triplicate. The scav-
enging activity of  each sample or positive control was 
calculated by the following equation: 
Scavenging activity (%)={1 -(Absorbance of  treated sample - 
Absorbance of  sample or control)/ Absorbance of  control}×100

Reducing power assay

The reducing power ability of  partially purified EPS 
from L. plantarum YML009 was determined according 
to the method as described previously with minor modi-
fications.1 Briefly, 1 mL of  EPS sample (5, 10, 20, 30 
and 40 mg/mL) or standard reagent (ascorbic acid as 
a positive control) at various concentrations (62.5, 125, 
250, 500 and 1,000 μg/mL) was mixed with 2.5 ml of  
0.2 M sodium phosphate buffer (pH 6.6) and 2.5 mL 
of  1% (w/v) potassium ferricyanide solution. Later, the 
mixture was incubated at 50°C in a water bath for 30 
min, mixed with 2.5 mL of  10% (w/v) trichloroace-
tic acid (TCA), and centrifuged at 3,000 xg for 10 min. 
Then, 250 μL of  supernatant was mixed with 250 μL 
of  DW, after which 500 μL of  0.1% (w/v) FeCl3 was 
added to the mixture. Ascorbic acid was used as a posi-
tive control at the concentration range of  65.5-1000 μg/
mL. The absorbance was measured at 700 nm. Higher 
absorbance indicated greater reducing power ability of  
the samples. All tests were run in triplicate.

Figure 1: Schematic representation of isolation of partially purified exopolysaccharide (EPS) from L. plantarumYML009
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Determination of total phenolic content

The total phenolic content of  partially purified EPS 
from L. plantarum YML009 was determined using 
a Folin-Ciocalteu reaction according to previously 
reported method.1 An aliquot (50 μL) of  EPS (100 
μg/mL) was mixed with 50 μL of  5% Folin-Ciocalteu 
reagent and the reaction mixture was incubated 25°C for 
5 min in dark followed by addition of  100 μL of  20% 
Na2CO3 solution. After incubation at room temperature 
for 20 min, the absorbance of  the developed blue col-
ored chromophore was measured at 730 nm against an 
appropriate blank solution. The total phenolic content 
was evaluated from a standard calibration curve of  gallic 
acid using the concentration range of  50-250 µg/mL, 
and the results were expressed as µg gallic acid/mg dry 
weight sample. All tests were run in triplicate.

Statistical analysis

All the data were expressed as mean ± standard devia-
tion of  three replicates. Tests of  significant differences 
were determined by one way ANOVA followed by Dun-
can’s test using SAS software (SAS 9.2, SAS Institute 
Inc., Cary, NC, USA). The values were considered to be 
significantly different at p<0.05.

RESULTS AND DISCUSSION

EXTRACTION AND PARTIAL PURIFICATION OF EPS
It is well known that Lactobacilli are useful microorgan-
isms in dairy technology, along with documented his-
tory of  use in foods. To date, a number of  LAB strains 
have been reported for their probiotic properties as 
well as health beneficial effects to human beings. This 
study was designed to provide important value to the 
field of  probiotics research, with a major objective to 
extract EPS from L. plantarum YML009, isolated from 
one of  the well-known Korean traditional fermented 
food Kimchi in order to investigate its health-promot-
ing capability, such as antioxidant effects.
It has also been reported that LAB produce a great vari-
ety of  EPSs with different chemical composition and 

structure, thus providing useful functional properties in 
food systems. 
The present research was designed to isolate and par-
tially purify the EPS from the culture of  L. plantarum 
YML009. Further, the antioxidant activity of  this par-
tially purified EPS was evaluated in terms of  it’s in vitro 
scavenging abilities on DPPH and nitrite radicals along 
with its reducing power ability. The most important a 
primary outcome of  the study was that selected culture 
of  LAB (L. plantarum YML009) was efficient producer 
of  EPS than other LAB studied till now. This study 
led to the isolation of  partially purified exopolysac-
charide (EPS) from a LAB strain L.plantarum YML009 
with a maximum yield of  260 mg/L on modified MRS 
medium supplemented with 10% glucose. Concerning 
this, YML009 LAB strain could be useful in industrial 
scale for producing EPS at cheaper cost by using indus-
trial MRS with glucose supplementation. A schematic 
presentation on the extraction, isolation and partial 
purification of  EPS from L. plantarum YML009 is pre-
sented in Figure 1. Although several other LAB have 
been found to produce EPS in different media compo-
sition11 the yield of  EPS has been dependent on various 
components of  growth medium especially carbohy-
drate/carbon sources in the medium. The glucose, lac-
tose, and fructose have been considered very frequently 
used carbon sources with increased EPS yields.11 Polak-
Berecka et al.11 found variations in the yields of  EPS 
from L. rhamnosus while using different carbon sources 
such as galactose, lactose, glucose and maltose with a 
yield of  81.08, 219.25, 130.08 and 37.37 mg/L, respec-
tively. Lactobacillus casei CG11 in basal minimum medium 
containing glucose and sucrose at concentrations of  
10 g/L resulted with EPS yield of  120 and 140 mg/L, 
respectivelyafter 48 h.12 Similarly Lactobacillus rhamnosus 
R in basal minimum medium supplemented with glu-
cose or lactose showed about 500 mg/Lof  EPS yield.13

Moreover, the EPS production by L. fermentum F6 
decreased to different levels during the late stationary 
phase which might be due to the production of  glycohy-
drolases that catalyzed the degradation of  polysaccha-
rides, resulting in decreased EPS yield.12,13 Degradation 
of  EPS production on prolonged incubation has been 
reported previously for other LAB strains14,15 Since 
regulation of  the EPS biosynthetic pathway in LAB is 
dependent on the carbohydrate/carbon sources added 
to the growth medium,11,16,17 supplementation of  these 
sources may result in the variations of  EPS recovery 
rate from different LAB strains.

Total protein content

In this assay, the partially purified EPS isolated from 
L.plantarum YML009 showed 2.26% of  total protein 

Table 1: Yields, total sugar and total protein contents 
of partially purified exopolysaccharide (EPS) synthe-
sized by Lactobacillus plantarum YML009 on modi-
fied MRS medium supplemented with 10% glucose 

as a carbon source

Carbon source EPS yield 
(mg/L)

Total sugar 
(%)

Total 
protein 

(%)
Glucose (10%) 260 68.1% 2.2%
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content when grown on glucose as carbon source in 
modified MRS growth medium (Table 1). The crude 
EPS isolated from Lactobacillus helveticus MB2-1 resulted 
in 3.08% of  total protein content.8 Also a lyophilized 
crude EPS from L. plantarum 301102S resulted with 
1.6% protein content.18 In addition, variations were 
observed in the EPS protein contents from L. rhamnosus 
while using galactose, lactose, glucose and maltose as 
carbon sources and the contents of  total protein were 
found to be 3.88%, 2.82%, 2.59% and 6.82%, respec-
tively.11 The purity of  the EPS is directly proportional 
to the protein contents present in the EPS. Previously 
a similar relationship on the protein contents present in 
the different EPSs isolated from various LAB strains 
has been reported on the purity of  the EPS.11

Total sugar content

In this assay, using phenol-sulfuric method, the EPS iso-
lated from L. plantarum YML009 displayed significant 
amount of  total sugar content. As presented in Table 
1, the partially purified EPS from L. plantarum YML009 
displayed 68.1% of  total sugar content with lesser pro-
tein impurities, which also positively correlate its useful-
ness for commercial purposes. As reported in previous 
reports, different LAB strains have been shown to dis-
play different amount of  total sugar content.8,18 EPS 
derived from L. helveticus MB2-1 displayed 71.68% of  
total sugar content in crude EPS.8 In addition, EPS from 
simple whey after fermentation by L.plantarum 301102S 
showed 81% total sugar content.18 Polak-Berecka et al.11 

Reported variations in total sugar content from L. rham-
nosus while using galactose, lactose, glucose and malt-

Figure 2: DPPH radical scavenging activity of standard antioxidant compound ascorbic acid (a) and partially purified EPS (b) 
from L. plantarum YML009

Data are expressed as mean ± SD (n = 3). Values with different superscripts are significantly different (p< 0.05).

A

B
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ose as carbon sources which were found to be 96.12%, 
97.18%, 97.41% and 93.18%, respectively.

Antioxidant potential

In the natural environment, LAB derived EPS may pro-
tect the microbial cell against desiccation, phagocytosis, 
phage attack, antibiotics or toxic compounds and cellular 
recognition.19 Once we extracted and purified EPS, we 
need to evaluate its functional and physiological proper-
ties by which we can conclude where and in which way it 
can be used commercially. Here in this research, we ana-
lyzed the antioxidant potential of  this partially purified 
EPS in order to characterize its use either as food sup-
plementing agent or in direct drug delivery system. As a 
result, the partially purified EPS exhibited significantly 
higher antioxidant capacities in a dose-dependent man-
ner in various in vitro models. These results demonstrated 
that the EPS from L.plantarum YML009 has antioxidant 

effects that may involve scavenging of  reactive oxygen 
species (ROS), up-regulation of  enzymatic and non-
enzymatic antioxidant activities. It has been reported 
that LAB and their secondary products not only reduce 
the risk of  ROS accumulation but also degrade super-
oxide anion and hydrogen peroxide.20 Recently huge 
attention has been focused to evaluate the biological 
and therapeutic potential of  LAB derived EPSs to serve 
as natural antioxidantsas well as functional food supple-
ments.19,20 Polak-Berecka et al.11 reported antioxidant 
effects of  EPSs and assumed that the structure-func-
tion and composition relationship in EPSs biopolymers 
play a crucial role for their specific biological actions. 
Although several studies have shown the antioxidant 
potential of  microbial polysaccharides,21,22 very limited 
information is available concerning the mechanisms of  
the antioxidant action of  polysaccharides at molecular 

A

B

Figure 3: Nitrite radical scavenging activity of standard antioxidant compound ascorbic acid (a) and partially purified EPS (b) 
from L. plantarum YML009

Data are expressed as mean ± SD (n = 3). Values with different superscripts are significantly different (p< 0.05).
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level. In addition, EPS-producing Lactobacillus plantarum 
C88 isolated from Chinese fermented food was found 
to display free radical scavenging ability which may 
involve scavenging of  reactive oxygen species (ROS), 
up-regulation of  enzymatic and non-enzymatic anti-
oxidant activities, and inhibition of  lipid peroxidation.23 
Similarly strong and concentration-dependent antioxi-
dant activities of  LAB derived EPS have been reported 
in various antioxidant models in vitro8,24 Zhang et al.25 
also reported the strong antioxidant activity of  pure 
EPS isolated from Lactobacillus plantarum C88. While in 
the presented research work, we utilized partially puri-
fied EPS which was extracted by using industrial MRS 
supplemented with glucose with lost cost production 
efficacy and showed efficient antioxidant effect.
Moreover, since the EPS from L. plantarum YML009 
showed significant (<0.05) and concentration-depen-
dent antioxidant affects, it can be hypothesized that 
it can be used in food or medicine industry. In addi-
tion, when considering its usefulness in food industry, 
the partially purified EPS with efficient antioxidant 
potential will also work well in the form of  either food 

additive, preservative and food supplement. However, 
due to the low amount of  EPS produced by LAB, the 
use of  these substances as food-grade additives is still 
limited.26 Hence, while considering their application in 
drug delivery or medicine industry, we need to further 
improve the purity, stability and chemical characteriza-
tion as to specific applications of  these functional EPS 
could be determined. In addition, limitations have been 
encountered during EPS purification leading to very 
less recovery of  pure EPS making it difficult for utiliz-
ing at industrial scale up. Hence, this is to emphasis that 
partially purified EPS from L. plantarum YML009 in its 
present form could be of  sufficient use and practical 
applications at least in food industry but not in drug 
delivery system.

DPPH radical scavenging activity

The percentage inhibition of  DPPH radical scaveng-
ing capacity of  partially purified EPS from L. plantarum 
YML009 in comparison of  standard compound ascor-
bic has been shown in Figure 2. The DPPH free radi-
cal scavenging activity of  partially purified EPS at 5, 10, 

A

B
Figure 4: Reducing power ability of standard antioxidant compound ascorbic acid (a) and partially purified EPS (b) from L. 

plantarum YML009
Data are expressed as mean ± SD (n = 3). Values with different superscripts are significantly different (p< 0.05)
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20, 30 and 40 mg/mL was found to be 6.50%, 7.24%, 
17.42%, 28.84% and 44.73%, respectively. However, 
ascorbic acid at 25, 50, 100, 150 and 200 µg/mL dis-
played 10.03%, 22.07%, 47.58%, 71.64%, and 93.00% 
inhibitory effect on scavenging DPPH radical, respec-
tively (Figure 2). In this assay, the EPS showed dose-
dependent DPPH radical scavenging activity as did by 
standard compound. Similarly EPS from L. plantarum 
C88 also showed DPPH free radical scavenging activity 
in a dose-dependent manner.25 Xu et al.27 reported that 
the DPPH radical scavenging activity of  the EPS from 
Bifidobacterium animalis was as higher as ascorbic acid and 
was in dose-dependent manner. Li et al.8 Also reported 
dose-dependent DPPH free radical scavenging activ-
ity of  crude EPS from L. helveticus MB2-1. Significant 
activity may probably due to the presence of  other anti-
oxidant components in the crude EPS which may be 
proteins, peptides and microelements, there by exhibit 
potent antioxidant efficacy synergisticallyor by interact-
ing with other compounds present in the crude EPS.8 

Nitriteradical scavenging activity

As shown in the Figure 3, both partially purified EPS 
from L.plantarum YML009 and positive control showed 
significant nitrite radical scavenging activity in a con-
centration-dependent manner. In this assay, EPS caused 
a concentration-dependent inhibitory effect on nitrite 
radicals. The EPS (5, 10, 20, 30 and 40 mg/mL) and 
ascorbic acid (50, 100, 150, 200 and 500 µg/mL) at the 
tested concentration showed the inhibition of  nitrite 
radicals by (11.91%, 24.08%, 30.35%, 38.27% and 
43.93%) and (13.63%, 29.72%, 46.57%, 57.52% and 
91.19%), respectively (Figure 3). The radical scavenging 
activities of  EPS-producing LAB have been reviewed 
previously.28 

Reducing power activity

In this assay, EPS from L. plantarum YML009 at 5, 10, 
20, 30 and 40 mg/mL showed reducing power ability by 
0.06, 0.14, 0.39, 0.59 and 0.77, respectively (Figure 4). 
On the other hand, the reducing power ability of  stan-
dard drug ascorbic acid at 62.5, 125, 250, 500 and 1000 
µg/mL was found to be 0.45, 1.01, 1.39, 1.56 and 1.79, 
respectively (Figure 4). These results demonstrated that 
EPS had marked ferric ions (Fe3+) reducing ability along 
with electron donor properties for neutralizing free rad-
icals by forming stable products. Similarly, Liu and Pan29 

also observed the reductive activities of  EPS extracted 
from L. paracasei NTU 101 and L. plantarum NTU 102 
using K3Fe(CN)6 reduction method and demonstrated 
potential reducing power activity.
In addition, concerning previously reported hypoth-
esis on reducing power ability and facts on functional 
properties of  LAB strains such as L.plantarum NTU 102 

also induced superoxide dismutase (SOD) and pheno-
loxidase (PO) activities as an immune response in Litope-
naeus vannamei. Soy-skim milk fermented with L. paracasei 
subsp. paracasei 101 or L. plantarum NTU 102 is useful 
for the prevention of  acute gastric ulcers induced by 
pylorus ligation significantly enhances SOD based anti-
oxidant activity.30 In addition, heat-killed cells and cyto-
plasmic fractions from these Lactobacillus strains also 
had inhibitory effects on cancer cell lines and antioxi-
dant activities in vitro.29 It has also been analyzed that not 
only these EPS used in the food industry, but they have 
also been reported to possess anti-inflammatory, anti-
oxidant, and immunomodulatory activities.31 In recent 
years, the current research in the antioxidant properties 
of  LAB has been hypothesized on the basis that LAB 
strains and their metabolic products not only reduce 
the risk of  ROS accumulation through food ingestion 
but also degrade superoxide anion and hydrogen perox-
ide. Recently Kishk et al.20 also focused on antioxidant 
extracellular polysaccharides with potential applications 
in the food industry. Here after, based on all the above 
mentioned prior hypothesis, we confirmed the strong 
antioxidant potential of  low cost partially purified EPS 
from L. plantarum YML009.

Total phenolic content

The influence of  phenolic content on the antioxidant 
capacity of  LAB-based compounds has been demon-
strated previously.4 Interestingly, the EPS from L. plan-
tarum YML009 showed 18.96 µg/mg of  GAE of  total 
phenolic content. Previously it has been confirmed that 
polyphenolic compounds of  LAB have marked antioxi-
dant potential.4 The antioxidant capacity of  LAB can 
becorrelated the active phenolic compounds present in 
crude EPS such as other protein or peptide compounds. 
Phenolic compounds can donate hydrogen atom to free 
radicals and thus break the chain reaction of  lipid per-
oxidation and prevent from oxidative deterioration.32 
High potential of  phenolic compounds to scavenge free 
radicals may be explained by their polyhydroxyl groups.29 
Moreover, phenolic compounds contribute directly to 
antioxidative action and inhibit lipid peroxidation.32

The knowledge of  the relationship between EPS com-
position and its physical and health-promoting prop-
erties can increase the range of  biopolymers with 
desirable functions. The partially purified EPS from 
L. plantarum YML009 could be used as a strong anti-
oxidant additive or it can be used in antioxidant herbal 
formulations with enhanced biological and functional 
properties along with its probiotic effect. Moreover, to 
increase the novelty and popularity of  EPS producing 
LAB strain, L. plantarum YML009 can be used as a com-
plex starter cultures containing other probiotic strains, 
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which may exhibit potent health-promoting character-
istics. Since the partially purified EPS from L.plantarum 
YML009 exhibited strong antioxidant effect thus it can 
be assumed that it may improve the quality of  dairy 
products such as yogurt and cheese and also can be 
used as a biofilm protector in dairy industry. Since LAB 
and their byproducts are considered GRAS, the partially 
purified EPS from L. plantarum YML009 can be used as 
directly in its crude powdered form in food cooking as 
a thickening agent with antioxidant potential for daily 
health supplement.
The industrial applications of  LAB based EPS are lim-
ited due to higher production cost and lower recovery 
processes. Such higher EPS producing strains can be 
explored to resolve the cost related problem. In future, 
there is a need for collaborative research with molecular 
biologists and chemical nature of  the isolated and par-
tially purified EPS from L. plantarum YML009 in order 
to get information regarding the type of  EPS isolated, 
its gene expression, and biological synthesis in LAB 
cells which may lead to enhanced production of  func-
tional EPS with high recovery rate. Although great deal 
of  information are available on genetic biosynthesis of  
EPSs from LAB, exact biosynthetic mechanism for EPS 
production in various LAB is not known. However, it 
is thought that EPS subunits are transported across the 
membrane by either proton motive forces33 or translo-
cated from lactobacillus bacterial membrane embedded 
lipid carriers by a translocase enzyme.34 Biosynthesis of  
polysaccharides is considered to be energy dependent, 
requiring one mole of  ATP for the conversion of  each 
hexose substrate molecule to hexose phosphate and a 
further high-energy phosphate bond is needed for the 
synthesis of  each sugar nucleotide. Hence, with the use 
of  molecular techniques such as study of  gene expres-
sion in important LAB, it might be possible to overcome 
the down-stream production of  biological and functional 
EPSs. Also elaborative work on partially purified EPS 
from L. plantarum YML009 in order to achieve better 
understanding regarding its unique chemical structure, 
that how these sugar moieties are structurally attached 
to the proteins of  the bacterium may provide innova-
tive information on its industrial use in various industries 
including food, medical, cosmetics, pharmaceutical, and 
dairy products and could be as a more acceptable and 
preferred approach to many additives.
In our research work, we explored to produce cost 
effective and partially purified EPS from L. plantarum 
YML009 with significant antioxidant potential suggest-
ing it to be an alternative as a food additives or preser-
vatives. However, in future, the partially purified EPS 
from L. plantarum YML009 could be of  use in various 

clinical therapies for the treatment of  various chronic 
diseases such as cancer and diabetes as also evident by 
others.35,36 Research can also be elaborated on human 
trials since most of  the LAB based compounds are 
known as GRAS. Hence, this partially purified may also 
prove its usefulness in drug discovery sector.

CONCLUSION

In this study, a partially purified exopolysaccharide 
(EPS) was isolated from L. plantarum YML009. The 
basic component analysis of  partially purified EPS 
including total protein and sugar contents conferred it 
to be a significant producer of  good quality of  EPS. 
Moreover, the partially purified EPS demonstrated a 
considerable amount of  phenolic compounds as well as 
antioxidant efficacy in vitro. Natural antioxidants protect 
the living system from oxidative stress and associated 
degenerative diseases therefore LAB-based natural anti-
oxidants may play an important role against oxidative 
damage caused by free radicals. The antioxidant efficacy 
of  EPS makes it to be a molecule of  choice for using in 
health-care system to serve as potent antioxidantagent. 
The present research utilized partially purified EPS from 
L. plantarum YML009 which showed significant anti-
oxidant potential. Although at the used concentrations, 
the partially purified EPS from L. plantarum YML009, 
which showed maximum antioxidant potential in the 
range of  45-70% in all tested in vitro models, some other 
reports on purified EPS from other LAS strains showed 
similar antioxidant effect at lesser concentration. Based 
on these findings, controversies could be raised on the 
application of  using purified or partially purified EPS 
which might exert more profound effect, specifically 
when using it in drug delivery system. However, this has 
to be confirmed in vivo before raising such hypothesis. 
Therefore, concerning thesecontroversial evidences, 
we further need to evaluate the industrial usefulness of  
both purified and partially purified EPS from L. planta-
rum YML009. Further in-depth studies will focus on the 
purification of  L. plantarum YML009-drevised EPS in 
order to confirm its precise mode of  action in vivo.
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SUMMARY
•	 A partially purified exopolysaccharide was isolated from a probiotic strain Lactobacillus plantarum YML009.
•	 The partially purified exopolysaccharide showed 2.2%% and 68.1% total protein and total sugar contents, 

respectively.
•	 The partially purified exopolysaccharide exhibited potent antioxidant activities in various scavenging models.
•	 The partially purified exopolysaccharide also showed 18.96 µg/mg of GAE of phenolic content.
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