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The intention of the study was evaluated for purification and characterization of exopolysaccharides from
Lactobacillus paracasei; was isolated from homemade Sauerkraut sample collected from Sivakasi, Tamil
Nadu, India, confirmed by biochemical and gene sequencing (16S rRNA). The purification and character-
ization of exopolysaccharides from candidate bacterium were studied on appearance, solubility of the
EPS, carbohydrate estimation, emulsifying activity, sulphate, protein, uronic acid content, FTIR, HPLC
and GC-MS analysis. The percentage of elemental carbon, (54.36%) hydrogen (21.74%), nitrogen (9.63%)
and sulphur content (18.03%) were recorded in exopolysaccharides. The emulsification index (E24) of
EPS was higher in toluene (79.20) and benzene (78.867) supplemented medium. FTIR spectrum of the
candidate bacterial EPS confirmed presence of sulphate compounds, carboxyl group, and hydrogen
bonded compounds etc. EPS exhibited 76.34% of Total Antioxidant Capacity (TAC), 71.15% of reducing
power, 68.65% of Hydrogen Peroxide scavenging activity and also 60.31% DPPH radical scavenging activ-
ity. The potential antioxidant properties observed in exopolysaccharides from Lactobacillus paracasei is
considered as valuable drugs.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Past few years, water soluble exopolysaccharides from
microbes have attracted more interest, because of various indus-
trial appliances (Bueno and Garcia-Cruz, 2006). Exopolysaccha-
rides from microbial origin are the long chain compounds
composed of various kinds of sugar units for their growth and
development. These substances are structurally & functionally
diversified on all taxa and secreted by bacteria into the external
environment (Dogsa et al., 2005). Bacterial exopolysaccharides
are the mixture of complex macromolecular polyelectrolyte sub-
stances with various molecular structural. They may be either
homopolymeric or heteropolymeric in composition and are diver-
sified with high molecular weight (Nwodo et al., 2012).

Microbial exopolysaccharides possess an important ecological
and physiological function in order to protect the microorganisms
from the unfavourable conditions. These substances are protect the
candidate bacterial cells against antimicrobial substances, desicca-
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tion, bacteriophages, osmotic stress, antibodies and alos it is neces-
sary to stick on the solid surface for biofilm formation (Vuyst et al.,
1998; Mata et al., 2006). Some of the previous literatures have
revealed the bacterial EPS are the best substances instead of gums
from plants origin because they are easily biodegradable, vulnera-
ble to climatic conditions and also to reduce the pollution from the
environment. In addition, bacterial EPS are frequently utilized as a
significant material for the processed foods as well as pharmaceu-
tical applications due to the presence of rheological (Philippis et al.,
1991; Roseiro et al., 1992).

The medicinal value of (antioxidant, anti-inflammatory and
antitumor) exopolysaccharides has been studied by various bacte-
rial strains. Thus, the therapeutic value of these bacterial
exopolysaccharide is more significant in the field of medicine to
find fine solutions to the various aspects (El-Newary et al., 2017).
Several literatures have revealed that the bacterial exopolysaccha-
rides (EPS) contribute to large number of biological active princi-
ples like antioxidant activity (Luo and Fang, 2008), immune
stimulating (Xu et al., 2008), antitumor (Tong et al., 2009), and
antiviral activity (Wang et al., 2007). The actual mechanism of rela-
tionship between the structure as well as function of EPS from the
Lactic Acid Bacteria origin, during the fermentation period is still
uncertain. Considering the importance of the above, the present
work is aimed to carry out the biomedical as well as therapeutic
application of exopolysaccharides from Lactobacillus paracasei.
2. Methods

2.1. Isolation and identification of bacteria

The homemade sauerkraut sample was collected from Sivakasi,
Tamil Nadu, India for isolation of the exopolysaccharide producing
candidate bacterial strain. The sample was processed within
30 min to plating in the De Man, Rogosa and Sharpe agar (MRS agar
media) in order to evaluate the EPS producing ability. Formation of
mucus like substances secreted by the candidate bacterial strain
indicate EPS positive signal after incubation and strain was single
streaked in the De Man, Rogosa and Sharpe agar (MRS agar plate)
for further experimental analysis. The ability of the candidate bac-
terial strain to spread in MRS media was noted for the release of
polysaccharide.

2.2. Molecular identification of candidate strain

The InstaGene TM Matrix genomic DNA isolation kit was used
to isolate the genomic DNA from the candidate EPS producing
strain. After the PCR amplification using specific primers, PCR
products were cleaned using PCR clean-up kit (Millipore). Then
sequencing was carried out by specific primers with the help of
ABI 3730xl sequencer (Applied Biosystems). Analysed genome
deposited to NCBI.

2.3. Characterization of exopolysaccharides (EPS)

2.3.1. Estimation of carbohydrate
Different concentrations of test solutions (EPS) and 2 mg/ml of

D-glucose was employed as the standard. At 0.5 ml of phenol was
added along with 2.5 ml of 96% H2SO4 then incubated for 10 min.
After that it was kept in water bath (30 �C) for 20 min and OD was
measured at 490 nm (Dubois et al., 1956).

2.3.2. Determination of sulphate and protein
The crude extract of EPS was used to analyse the sulphate con-

tent. At 2 mg/ml of potassium sulphate was used as standard. The
solution made with 0.2 ml of HCl solution,
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3.8 ml of trichloroacetic acid and 1.0 ml of barium chloride gelatin-
solution were applied at room temperature and determined OD
at 360 nm (Lloyd et al., 1961). Simultaneously, the quantity of pro-
tein in bacterial extract (EPS) was estimated (Lowry et al. 1951).

2.3.3. Determination of uronic acid content
The carbazole reaction is the most satisfactory method for esti-

mating uronic acid quantification and glucuronolactone was used
as a standard (Bitter and Muir, 1962).

2.3.4. Emulsifying activity
Emulsification index of exopolysacchride was quantified by the

method of Cooper and Goldenberg (1987). Bacterial exopolysac-
charides containing aqueous phase is mixed with oil or hydrocar-
bon (In the hydrocarbon ratio: exopolysaccharide 3:2, v/v) and
mixed with cyclomixer for emulsifying action for 2 min. At 24
hrs once analyze was performed for oil, emulsion and aqueous lay-
ers and emulsification index (EI) was determined following for-
mula EI = height of the emulsion layer/total height � 100.

2.4. Fourier transform infrared spectroscopy analysis (FTIR)

FT-IR spectrum was measured on a Perkin Elmer 6X spectrom-
eter. About 100 mg of optical-grade KBr pellet was ground well
using mortar and pestle, from that known quantity of sample
was used. The sample was scanned for 16 times and collected
the scanning resolution of ±4 cm�1 for data.

2.5. HPLC analysis

The EPS extract was injected to HPLC (C18 column-LC–10VP
Shimadzu), it was eluted with dis�H2O at a flow rate of 1.0 ml/
min at 20 �C.

2.6. Gas Chromatographic-Mass spectrophotometric analysis (GC)

The partly filtered EPS extract was hydrolyzed with 4 N HCl for
2 hrs at 100 �C in nitrogen-flushed ampules prior to sealing. The
sample was concentrated by under reduced pressure at 40 �C. GC
was used to release sugar components from the hydrolysis of bac-
terial exopolysaccharides as their alditol acetates.

2.7. In vitro antioxidant activities

(i) Determination of TAC (Total Antioxidant Capacity) of EPS
At 0.3 ml of EPS extract with 3.0 ml reagent solution (0.6 M sul-

phuric acid, 28 mM sodium phosphate and 4 mM ammonium
molybdate) mixed and kept at 95 �C for 90 min. After incubation,
the mixture was read at 695 nm (Prieto et al., 1999).

(ii) Determination of reducing power

At 4 ml of the reaction mixture (consisting of EPS extract with
phosphate buffer and potassium ferricyanide 1% w/v) was incu-
bated at 50 �C for 20 min. TCA was then applied to bring an end
to the reaction (10% w/v). Subsequently, dis�H2O was applied to
the reaction mixture along with ferric chloride (0.1 percent w/v)
then read at 700 nm (Yamaguchi et al., 1998).

(iii) Hydrogen peroxide scavenging assay

At 2 ml (10 mM) hydrogen peroxide solution was made by
using the PBS at pH 7.4. Different concentrations of (1 ml) samples
viz., 100, 250, 500, 750 and 1000 lg was rapidly mixed with 2 ml of
H2O2; then incubate at 37 �C for 10 min and read at 230 nm (Gulcin
et al., 2004).
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(iv) DPPH free radical scavenging assay

At 3 ml of various concentrations of EPS extract (100, 250, 500,
750 and 1000 lg) was added into the 0.1 mmol�L�1 DPPH solution,
methanol and incubated for 10 min; then the absorbance was car-
ried out in 517 nm (Blois and Marsden, 1958).
3. Results

Based on the morphological, biochemical and molecular charac-
ters, the candidate bacterium was identified as Lactobacillus para-
casei and it was submitted in gene bank at NCBI (Accession
Number MH553152).
Fig. 2. Emulsification activity of Lactobacillus paracasei.

3.1. Characterization of EPS

At 226 mg of EPS from 100 ml of optional medium and while,
optimized medium showed 258 mg of EPS in 100 ml. Crude EPS
was successfully purified in DEAE cellulose using 1 M NaCl as elut-
ing agent. The quantity of carbohydrate, protein, sulfate and uron-
icacid were found to be 96.10 ± 0.2%, 58.3 ± 0.02%, 79.1 ± 0.5% and
31 ± 0.48% respectively from the EPS extract of candidate species
(Fig. 1).
3.2. Emulsification activity

Emulsification index (E24) of EPS extracts was higher in toluene
(79.20 ± 0.4) and benzene (78.86 ± 0.7) supplemented medium
from the candidate isolate L. paracasei. In addition, moderate value
was obtained in triton X 100 included medium (52 ± 7.2) followed
by coconut oil (51.33 ± 9.01). Least emulsifying activity was
observed in petrol (18.66 ± 4.16) substituted medium (Fig. 2).
3.3. FT-IR spectral analysis

FT-IR spectrum of exopolysaccharides from L. paracaseiis was
presented (Fig. 3). The strong peak at 3441.00 cm�1 explained
OAH stretching vibration (alkyl group) and it shows alcohols, phe-
nols even the signal at 2995.45 and 2650.19 cm�1 cleared the CAH
stretching vibration (Alkynes). The signal at 1645.28, 1581.63 and
1512.19 cm�1 contributed HAC medium stretching vibration. The
signal at 1274.95 cm�1 concluded a-CH3 bending. The signals at
796.60, 754.17 and 719.45 cm�1 revealed AOH bending in out of
plan. The signal at 675.09 cm�1 concerns CHA deformation while
the signals 597.93, 572.86 and 543.93 cm�1 designed ring forma-
tion for CAC stretching, that showed alkyl halides.
Fig. 1. Estimation of chemical constituents in EPS extract-Lactobacillus paracasei.
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3.4. HPLC analysis

EPS extract was studied in HPLC (C18 column) (Fig. 4). EPS
extract was subjected to determine the relative molecular mass
of candidate bacterial EPS with 5–10 min retention time. The reg-
istered peaks were 2.333 & 6.433 specified that neutral sugars and
monosaccharide (mannose, glucosamine, lyxose, rhamnose, ribose,
erythrose, glucuronic acid, galacturonic acid, glucose, galactose,
xylose and fucose).

3.5. GC-MS analysis

The purified EPS extract was subjected to GC-MS analysis
(Fig. 5). GC-MS of bacterial exopolysaccharide peaks were corre-
sponding to the presence of alpha-D-galactose (21.51%) and it
was recognized as a valuable product for the food industry.

3.6. Anti-oxidant assays

In the present study, the TAC of candidate bacterial EPS was
found to be 76.34 ± 0.12% (Fig. 6). During the period of study,
increasing the scavenging activity was registered while enhancing
the concentration of sample. At the same time, the reducing power
of the EPS increases when increasing concentration of the sample
and the highest obtained activity was 71.15 ± 0.18% (Fig. 7). The
hydrogen peroxide scavenging impact of the bacterial EPS was
68.65 ± 0.22% (Fig. 8). Concurrently, the DPPH scavenging activity
of bacterial EPS was 60.31 ± 0.09% % (Fig. 9).

3.7. Elemental analysis EPS

The chemical composition of EPS in L. paracasei was studied.
The percentage of elemental carbon, hydrogen, nitrogen and sulfur
content in EPS are presented in Table 1.

4. Discussion

In fermentation industry, lactic acid bacteria play a vital role
particularly they contribute flavour, texture, preservation of fer-
mented items and dairy products. The exopolysaccharide from
bacteria (lactic acid) received attention in biomedical applications.
Quite a lot of references have revealed the exopolysaccharides
from bacterial origin displayed bioactive principles for the protec-
tion purpose in various industries (Ohno et al., 2000; Vimala and
Lalithakumar, 2003; Bhaskar and Bhosle, 2005; Rawal et al., 2016).

In this report, polysaccharide producing bacteria was carried
out from the fermented sauerkraut to find out the biomedical as
well as therapeutic value. The MRS agar media was used to obtain



Fig. 3. FT-IR analysis of exopolysaccharides – Lactobacillus paracasei.

Fig. 4. HPLC spectrum of EPS extract – Lactobacillus paracasei.
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the selected mucoid colonies that possess Gram negative rod shape
motile bacterium. The molecular identification (16S rRNA gene
sequencing) of candidate bacterium was done and confirmed as
Lactobacillus paracasei; it was submitted in gene bank at NCBI
(Accession Number MH553152). Correspondingly,
Bragadeeswaran et al. (2011) collected biofilm samples from stain-
less steel test panels for the separation of EPS producing bacterial
strain and were screened for presence of colony appearance as well
as morphological parameters (Levined, 1974). The screened bacte-
rial strains were identified by their colony morphology on nutrient
agar plate and completely characterized with HPLC. In the same
vein, Ozlem (2015) also reported that exopolysaccharide is a com-
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plex mixture of sugars that are expelled by bacteria to the outer
environment.

About 96.10 ± 0.2 mg/ml of carbohydrate content was found in
EPS extract of L. paracasei. The present study is in accordance to the
earlier report of Karuppiah et al. (2014), who found 78% of carbo-
hydrate content (neutral sugars) from Exiguo bacterium sp.. Fur-
thermore, De Philippis and Vincenzini (1998) noticed that
cyanobacterial strain from natural sources produced the
exopolysaccharide (carbohydrate content). Because the carbohy-
drate is the major element of the exopolysaccharide, it exhibits
more beneficial properties in medicine and food industry.



Fig. 5. GC–MS spectrum of EPS extract – Lactobacillus paracasei.

Fig. 6. Total antioxidant capacity of EPS – Lactobacillus paracasei.

T. Shankar, S. Palpperumal, D. Kathiresan et al. Saudi Journal of Biological Sciences 28 (2021) 2943–2950
In the present investigation, protein content of EPS extract of L.
paracaseiwas 58.3 ± 0.2 mg/ml at 1 ml concentration. This report is
endorsed by the earlier report of Vijayabaskar et al. (2011) who
stated the protein content of exopolysaccharide from Bacillus sub-
tilis was higher in malt supplemented medium. Several literatures
have quoted the functions and the metabolic activity of the EPS is
varied due to the occurrence of chemistry as well as its composi-
tion. When compared to proteins, the bacterial EPS has demon-
strated small amount of carbohydrate (TCHO) content as well as
C:N ratios of the polymer (Bejar et al., 1998; Guezennec et al.,
1998; Majumdar et al., 1999).
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The quantity of sulphate content (79.16 ± 0.5 mg/ml) in
exopolysaccharide was observed in L. paracasei. Similarly,
Bramhachari and Dubey (2006) who reported total sulfate was
lower than detection limits of carbohydrates present in the crude
extracts of Vibrio harveyi strain VB23. Also earlier report of Anita
et al. (2005) stated the 7% sulphate content in EPS was recorded
from Enterobacter cloacae. Bramhachari et al. (2007) quoted 2.3%
& 2.7% sulphate content in EPS from Vibrio furnissi and Marinobac-
ter sp. respectively.

In our study, uronic acid (31 ± 0.48%) was found in EPS from the
candidate isolate. The present study is in accordance with the pre-
vious studies of Anita et al. (2005) who record the 9.23% of uronic



Fig. 7. Reducing power of EPS -Lactobacillus paracasei.

Fig. 8. Hydrogen peroxide scavenging assay of EPS – Lactobacillus paracasei.
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content in EPS from Enterobacter cloacae. Bramhachari et al. (2007)
also stated the 16.5 & 17.6% uronic acid content was found in EPS
from Vibrio furnissi and Marinobacter sp. respectively. Gutnick and
Bach (2000) studied the uronic acid in EPS was used for bioreme-
diation of heavy metals and waste water treatment.

In our results, the emulsification index (E24) of EPS in the can-
didate bacterium L. paracasei was higher in toluene and benzene
supplemented medium. The Moderate value was observed in tri-
ton X 100 and coconut oil added medium. Results can be verified
by Kodali et al. (2009) who studied the emulsifying activity (E24)
of exopolysaccharide was utmost in xylene and sunflower oil
included medium and the moderate value was obtained in kero-
sene added medium.

In the present study, FT-IR spectrum of purified exopolysaccha-
rides of L. paracasei showed the strong peak at 3441.00 cm�1 that
explained OAH stretching vibration (alkyl group) and it shows
alcohols, phenols even the signal at 2995.45 and 2650.19 cm�1

cleared the CAH stretching vibration (Alkynes). The presence of
weak signals at 497.63, 464.84 and 426.27 cm�1 was correspond-
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ing to ring formation of EPS. The present study is identical to the
earlier report of Chowdhury et al. (2011) who reported the FT-IR
spectral analysis of EPS showed four bands at 3385, 2981, 1648
and 1423 cm�1 correspond to the stretching vibrations of AOH,
CAH, CAC, and symmetric bending of CH3, respectively. The absor-
bance frequency in the area of 1648 cm�1 also represented the car-
bonyl stretching band of amides.

The present report on purified EPS extract from the candidate
isolate L. paracasei was analysed by HPLC (C18 column). The
recorded peak in HPLC was 2.237 & 6.433 and the peak value indi-
cates presence of neutral sugars and monosaccharide. Similarly,
Zhang et al. (2008) stated the polysaccharides content of dissolved
EPS from Amphora sp. was studied with HPLC for existing neutral
sugars from the polysaccharides.

GC-MS report of exopolysaccharide from the candidate isolate
was obtained corresponding to the presence of (21.51%) alpha-D-
Galactose, recognized as a valuable product for the food industry.
Similarly, Ruas-Madiedo et al. (2010) reported that exopolysaccha-
rides from Lactobacillus and Bifidobacterium strains subjected to



Fig. 9. DPPH free radical scavenging activity of EPS – Lactobacillus paracasei.

Table 1
Elemental analysis of EPS.

Carbon (%) Hydrogen (%) Nitrogen (%) Sulfur (%)

54.36 21.74 9.63 18.03

T. Shankar, S. Palpperumal, D. Kathiresan et al. Saudi Journal of Biological Sciences 28 (2021) 2943–2950
GC- MS analysis. The peaks showed the presence of glucose, galac-
tose, rhamnose. Mahendran et al. (2013) stated that crude extract
of EPS from Lysinibacillus fusiformis was subjected to GC-MS analy-
sis and found 1-methyl-2-formylimida-zole (47.95%) was major
content. Ibarburu et al. (2006) quoted the sugar composition of
crude exopolysaccharide was studied by GC-MS of the TMS methyl
glycosides and the major polysaccharide (2-substituted- (1–3)-b-
d-glucan).

In our study, the TAC of the exopolysaccharide was calculated
and found to be 76.34 ± 0.12%. Likewise, Mahendran et al. (2013)
noticed the TAC of EPS in L. fusiformis confirmed in malt supple-
mented medium (80.13 ± 0.26%). Oktay et al. (2003) suggested that
the reducing power of a biochemical matter considerably associate
with antioxidant principles. Yang et al. (2015) reported that reduc-
ing activity of EPS in B. amyloliquefaciens C-1 was 76%. Our report
also is similar with the above-mentioned reports which suggest
the reducing power of EPS was 71.15 ± 0.18% when compared with
standard compound.

The hydroxyl free radical scavenging results of the exopolysac-
charide in the potent isolate of B. amyloliquefaciens was 89.75 ± 2.
68%. The bacterial exopolysaccharides have free radical scavenging
abilities on both DPPH radicals and hydroxyl radicals with various
bioactivities viz, prevention of chain initiation, decomposition of
peroxides (Zhao et al., 2018; Wang et al., 2017). The previous find-
ings are in accordance with our reports which reveal the H2O2 free
radical scavenging results of EPS from the candidate isolate was 68.
65 ± 0.22%. An evaluation of H2O2 scavenging results is one among
the significant techniques for determining the results of antioxi-
dants to decrease the level of pro-oxidants (Czochra and
Widensk, 2002).

The production of exopolysaccharide exhibited DPPH activity of
63.5% at 10 mg/ml and 48.9% at 4 mg/ml, for Enterococcus faecium
BDU7 and Weissella cibaria GA44 respectively (Abdhul et al., 2014;
Adesulu-Dahunsi et al., 2018). The lower molecular mass of the
bacterial exopolysaccharide could be a suitable factor for maxi-
mum antioxidant activities (Huang et al., 2013). The above-
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mentioned result is in accordance with our result which reveals
the total antioxidant activity of the candidate isolate (60.31 ± 0.0
9%).

5. Conclusion

In this research, exopolysaccharide from L. paracasei was puri-
fied and characterized. Presence of alkyl group was confirmed
through FTIR analysis. Presence of neutral sugars and monosaccha-
ride were confirmed through HPLC analysis. Presence of (21.51%)
alpha-D-Galactose was confirmed through GC-MS analysis. Our
findings have believed that EPS from the candidate isolate shows
a significant bioactive compound used for the development of
novel antibiotics which can be an alternative to the existing chem-
ical antibiotic and antioxidant therapy.
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