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ABSTRACT

The current work focuses on the isolation, characterization, and purification of an exopolysaccharide secreted by a 
novel bacterium isolated from dried anchovies. The bacterium was identified as Bacillus subtilis using 16S sequencing. 
B. subtilis in MRS medium produced exopolysaccharide (EPS), which gave a maximum yield of 1928 mg/L. The 
total molecular weight of the polysaccharide present was around 20 kDa. Fourier-transform infrared spectroscopy 
of the EPS displays the existence of methylene, carboxyl, and hydroxyl groups. Atomic force microscopy indicates 
a highly cross-linked structure with lumps. Scanning electron microscopy studies showed a coarse surface. The EPS 
also showed emulsification potential. This study shows that the EPS is a prospective candidate for further studies on 
their applications.

1. INTRODUCTION

Lactic acid bacteria (LAB) are a group of bacteria that are Gram-
positive and non-spore forming [1]. In recent years, LAB have 
attracted a lot of attention owing to their excellent probiotic functions, 
including the regulation of the intestinal barrier and promoting human 
health. Research indicates that the probiotic functions of LABS are 
related to their bacterial secretions [2]. Because microbes are capable 
of synthesizing functional secretory products and due to the presence 
of efficient technology available to purify the secreted products, 
microorganisms are preferred over plant and animal systems [3]. They 
can be produced in large quantities to meet the increasing demands of 
society. The feasibility of genetically modifying the microbial genome 
using strain improvement techniques has also increased the application 
and synthesis of microbial secretory products [4]. Exopolysaccharides 
(EPS) are one such secretory products that contribute to the beneficial 
properties of many probiotic bacteria [5,6]. EPS are long-chain polymers 
that are produced through metabolic pathways of microorganisms such 
as bacteria, fungi, and cyanobacteria [7]. Some LABs known for their 
ability to produce EPS are Lactobacillus, Lactococcus, Streptococcus, 
Leuconostoc, Pediococcus, and Enterococcus [1]. The beneficial 
roles of EPSs include immunomodulation [8], anti-biofilm [9], anti-
cancer properties [10], blood glucose regulation [11], and cholesterol-
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lowering abilities [12]. Several studies have also linked probiotic 
EPS with adhesion, colonization, and host-bacteria interactions [13]. 
The functions of EPSs are dependent on their molecular weight and 
monosaccharide composition [14], which, in turn, are dependent on 
factors such as pH, temperature, salt concentration, and carbon and 
nitrogen contents [6,15]. Different LAB species produce a wide 
variety of EPS, and several researchers have worked on isolation, 
identification, purification, and characterization of EPS from different 
strains of bacteria [16].

The structure-function relationship of EPS is still a major research 
topic. The current study evaluates the influence of salt concentration, 
pH, carbon sources, and nitrogen sources on the production of EPS. 
Research on the chemical structures and molecular arrangements of 
EPSs are important to establish their structure-function relationship. 
Hence, the study also evaluates the chemical composition of the 
obtained EPS using Fourier-transform infrared spectroscopy (FTIR)\
thermogravimetric analysis (TGA)-analysis, scanning electron 
microscopy-energy dispersive X-ray (SEM-EDX) and atomic force 
microscopy (AFM). The structural characterization of the isolated EPS 
was elucidated using FT-IR spectroscopy, and morphological analysis 
was performed using SEM and AFM.

2. MATERIALS AND METHODS

2.1. Isolation of the Bacteria and Extraction of EPS
The bacteria were isolated from dried anchovy fish, and 16S ribosomal 
RNA (16S rRNA) sequencing revealed the organism to be Bacillus 
subtilis (Accession number: MN960600) [17]. B. subtilis was cultured 
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in MRS medium (De Man-Rogosa-Sharpe Lactobacillus MRS broth 
granulated catalog number GM369) media and incubated at 37°C 
for 16  h. The broth was subjected to centrifugation at 8,000 RPM 
for 8 min at 4°C, and the supernatant collected was treated with cold 
ethanol in three times the volume and stored at 4°C overnight for EPS 
precipitation. The overnight culture was subjected to centrifugation at 
6000 rpm for 5 min at 4°C and the pellet was collected [18].

2.1.1. EPS purification
The culture was centrifuged at 12,000g for 20  min at 4°C. The 
supernatant was treated with different concentrations of trichloroacetic 
acid (TCA) (20–70%) and was held at 4°C to precipitate the proteins 
overnight. The pellet was discarded and the supernatant was treated 
with double the volume of chilled 95% (v/v) ethanol and stored at 
−20°C for 24 h in order to precipitate the polysaccharides. The sample 
was centrifuged at 10,000 g for 15 min at 4°C and the obtained EPS 
pellets were re-suspended in phosphate buffer. The carbohydrate 
content in the sample was estimated at 630  nm using the anthrone 
method using glucose as standard. The precipitated EPS was detected 
by SDS-PAGE and visualized using a silver staining procedure 
that was modified [19]. The samples were dialyzed using a dialysis 
membrane with 12-kDa cutoff. The dialyzed EPS was subsequently 
purified by Sephadex G75 chromatography [20].

2.2. Parameters Influencing Production of EPS
2.2.1. Effect of carbon source on EPS production
The bacteria were inoculated into different MRS minimal media 
containing 5% of dextrose, fructose, maltose, and xylose as the only 
carbon sources and were incubated for 24 h at 37°C. The overnight 
culture was subject to centrifugation at 6000 rpm for 5 min at 4°C, 
and the pellet was weighed after air drying. The supernatant was 
used for EPS precipitation using cold ethanol at 4°C overnight. 
Centrifugation at 10,000 rpm for 10 min at 4°C yielded EPS pellets 
that were collected and resuspended in 5 mL of sterile distilled water. 
Quantification of the obtained EPS was carried out by phenol-sulfuric 
acid assay [21].

2.2.2. Effect of nitrogen supplementation on EPS production
The bacteria were inoculated into MRS minimal media containing 
5% each of meat extract, yeast extract, ammonium chloride (NH4Cl) 
or ammonium sulfate ([NH₄]₂ SO₄) as the only nitrogen sources and 
was incubated at 37°C for 24 h. The overnight culture was subject to 
centrifugation at 6000 rpm for 5 min at 4°C, and the pellet was weighed 
after air drying. The supernatant was used for EPS precipitation using 
cold ethanol at 4°C overnight. Centrifugation at 10,000 rpm for 10 min 
at 4°C yielded EPS pellets that were collected and resuspended in 
5 mL of sterile distilled water. Quantification of EPS was carried out 
by the phenol-sulfuric acid method [21].

2.2.3. Effect of pH on EPS production
The bacteria were inoculated into MRS broth with pH ranging from 
4 to 10 and incubated at 37°C for 24  h. The overnight culture was 
subject to centrifugation at 6000 rpm for 5 min at 4°C, and the pellet 
was weighed after air drying. The supernatant was used for EPS 
precipitation using cold ethanol at 4°C overnight. Centrifugation at 
10,000 rpm for 10 min at 4°C yielded EPS pellets that were collected 
and resuspended in 5 mL of sterile distilled water. Quantification of 
EPS was carried out by phenol-sulfuric acid assay [22].

2.2.4. EPS production and the effect of sodium chloride (NaCl)
The bacteria were inoculated into MRS broth containing NaCl at 
concentrations ranging from 2% to 5% and incubated at 37°C for 48 h. 

EPS was precipitated as previously described and quantified using the 
phenol-sulfuric acid assay [23].

2.3. Characteristics of the Isolated EPS
2.3.1. FTIR analysis
FTIR was used to detect the major structural groups of the purified 
EPS (FTIR: Shimadzu IR Spirit-L, Detector: IRSpirit-L model: LiTa03 
detector). EPS was precipitated as previously described and pelleted 
by centrifugation at 10,000RPM for 10 min at 4°C. The pellets were 
further dried in a hot air oven at 90°C for a duration of 5 h. The dried 
EPS samples were analyzed for its chemical composition and physical 
state [16].

2.3.2. TGA
TGA/DSC: Perkin Elmer STA 6000 equipment (Christ University, 
Bangalore, India) was used to determine the carbonization temperature. 
The samples were characterized under a nitrogen atmosphere in the 
range of 30−800°C [8].

2.3.3. SEM-EDX
The structure and morphology of non-purified EPS were analyzed 
using SEM-EDX: Jeol 6390 LA/OXFORD XMX N (CUSAT, Kochi, 
India) at an accelerating voltage of 0.5–30 kV. EDAX detector area 
was maintained at 30 mm2 [24].

2.3.4. AFM
The slides were exposed to a mixture of 15 mL of hydrochloric acid 
and 5 mL of nitric acid for 30 min. This was followed by a subsequent 
treatment with a mixture of sulfuric acid and hydrogen peroxide for a 
duration of 30 min. The slides were rinsed with double distilled water. 
About 30 𝜇L of the freshly prepared EPS sample was dropped and 
casted on the surface of a freshly cleaved mica disc sample carrier 
and was allowed to settle on the mica disc at room temperature. The 
samples were washed thrice with 100 µL of 0.22 µm filtered milliQ 
water for every 5  min and dried in a vacuum for 30  min at 37°C. 
Later, the AFM imaging was carried out using the peak force tapping 
principle in Bruker bioscope resolve via Peak Force Quantitative 
Nanomechanical Mapping mode. Imaging was done at a 0.9  Hz 
scanning rate with 256  samples per line using SCANASYST probe 
(Bruker) with a 5nm tip radius. Images were processed and analyzed 
using Nanoscope Analysis 1.8 software [25].

2.3.5. Emulsification assays
EPS fractions were dissolved in water to obtain a concentration of 
0.4  mg/mL. The emulsifying potential of EPS was determined by 
mixing the EPS with hydrocarbons such as olive oil, coconut oil, hexane, 
xylene, benzene, and paraffin oil (light) in a ratio 3:2. All the samples 
were mixed vigorously for 3 min and kept undisturbed for 3 days [7]. 
The volume of the emulsified layer was noted at 1 h, 24 h, 48 h and 72 h 
to calculate the emulsification index (EI) using the formula:

Volume of emulsified layer
Total volume

EI %= 100×

2.3.6. Anti-oxidant assays
(i)	 Total antioxidant capacity (TAC) of EPS
	 TAC was determined using an ascorbic acid standard. TAC 

reagents namely 0.6 M sulphuric acid, 28 mM sodium phosphate 
and 1% ammonium molybdate were added to the diluted EPS 
samples. The samples were incubated at 95°C for 10  min and 
brought to room temperature. Absorbance was measured at 
695 nm [26].
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(ii)	 Free radical scavenging assay
	 A working standard was prepared using ascorbic acid (1 mg/mL) 

following which 0.5  mL of the sample was diluted in 1  ml of 
distilled water and 0.625 mL of 1% potassium ferricyanide. The 
samples were incubated at 50℃ for 5 min. After the addition of 
10% TCA the sample was centrifuged at 3000 rpm for 10 min. 
300 μL of 0.1% FeCl3 was added to 1.8 mL of the supernatant 
diluted using 1.8 mL of distilled water. Further, the absorbance 
was recorded at 700 nm. An increase in absorbance indicates a 
higher reducing power [26].

2.3.7. Heavy metal binding ability of EPS
Heavy metal assimilation of EPS was determined [27] by adding 0.1 mg/
mL of EPS to heavy metal solutions of Fe (0.6 ppm), Cu (0.5 ppm), and 
Zn (0.4 ppm) and incubated overnight in dialysis bags with a 12 KDa 
cut-off. The EPS samples were collected from the dialysis tubes after 
24  h and acid-digested using concentrated nitric acid on a hot plate. 
The heat-digested samples were quantified for heavy metal assimilation 
by the EPS samples using Atomic Absorption Spectrophotometer 
(SHIMADZU, AA-6880) with measurement range 185-900nm, detector 
photomultiplier tube, optical double beam, and flame type air-C2H2.

3. RESULTS AND DISCUSSION

3.1. EPS Purification
EPS recovery was found to be maximum in the 50% TCA fraction, and 
it was quantified to be 628 mg/L. The 50% TCA fraction represented 
the maximum EPS concentration as depicted in Figure 1. Hence this 
fraction was taken for further purification by dialysis. After 48 h of 
dialysis, the band number reduced to 2 major bands indicating partial 
purity in target EPS. The 48 h dialysate of TCA, 50% fraction, taken 
for column filtration by Sephadex G75 yielded 5 different fractions. 
Table 1 shows that fraction 4 after column chromatography yielded the 
highest EPS concentration of 1928 mg/L with the single band in the 
SDS page indicating homogeneity.

3.2. EPS Production and the Effect of Carbon Sources
Different carbon sources were tested for their ability to promote EPS 
production by B. subtilis. Figure 2a displays the influence of various 
sugars on EPS synthesis. Maximum EPS production of 20  mg/mL 
was detected when dextrose was used as the carbon source, followed 
by 17 mg/mL with fructose, and the lowest production of EPS was 
found when maltose (10 mg/mL) and xylose (12 mg/mL) were used. 
The increase in bacterial cell weight could not be correlated with 
enhanced EPS production. The sugars are used by EPS producing 
bacteria as carbon sources as they aid in the synthesis of EPS [28]. The 
sugars preferred by microorganisms’ change from species to species. 
Bacillus thermoantarcticus has shown mannose as its preferred 
carbon source [29]. When Streptococcus thermophilus ASCC 1275 
and Bacillus amyloliquifaciens were examined for sugar-associated 
changes in their EPS production, it was found that both bacteria were 
able to utilize three sugars, namely sucrose, glucose, and lactose, but 
the sugar that resulted in maximum EPS yield was sucrose [30,31].

3.3. EPS Production and the Effect of Nitrogen Sources
Various nitrogen sources were tested for their ability to promote EPS 
production by B. subtilis. Figure 2b shows the influence of nitrogen 
sources on EPS production. Maximum EPS production of 0.7  mg/
ml was observed when yeast extract and ammonium chloride were 
separately used as the nitrogen sources. This was followed by meat 
extract (0.6 mg/mL), and the lowest yield was seen when ammonium 

sulfate was used (0.4 mg/mL). The increase in bacterial cell weight 
could not be correlated with enhanced EPS production. Bacillus 
amyloliquefaciens BPRGS showed maximum EPS production in the 
presence of yeast extract [31], followed by the rest of the nitrogen 
sources. In Chryseobacterium indologenes MUT.2 highest production 
of EPS was achieved when glutamic acid was used as the nitrogen 
source [32]. As with carbon sources, different bacterial species prefer 
different nitrogen sources.

3.4. EPS Production and the Effect of NaCl
B. subtilis was grown at different concentrations of NaCl. Figure 2c 
displays the influence of NaCl on EPS production. The highest EPS 
production (9  mg/mL) was observed at 2% NaCl supplementation 
groups, followed by 3% NaCl which yielded 7 mg/mL and the lowest 
production of EPS was found to be at 4% (4 mg/mL) and 5% NaCl 
(6 mg/mL). There was no significant correlation between the production 
of EPS and the cell weight of the culture. The EPS production saw 
a sharp decline with an increase in salinity. It has been previously 
shown that NaCl at high concentrations can reduce EPS production 
in LAB [13,33]. Decreased production of EPS due to increased NaCl 
concentrations has been demonstrated previously in Lactobacillus 
helveticus ATCC 1580710 and Pediococcus parvulus 2.6.11 [13].

3.5. EPS Production and the Effect of pH
B. subtilis was grown within a pH range of 4–10. Figure 2d displays 
the effect of pH on EPS production. Maximum EPS production of 
0.8 mg/mL was seen at pH 4, followed by 0.73 mg/mL at pH6 and 
the lowest EPS production was found to be at pH 10 (0.28 mg/mL) 
and pH  7  (0.48  mg/mL). There was no correlation between EPS 
production and the cell weight of the culture. We observed that at pH 4 
EPS production was high even when the cell count was the lowest. 
In most of the situations, there was a decline in EPS production with 
the increase in pH except at pH 8. Bacteria use different mechanisms, 
such as the production of EPS to overcome stressful situations [34]. 
The increased production of EPS at pH  4 may be as a protective 
effect against the acidic environment. This was also witnessed when 
the strain Lactobacillus salivarius UCO_979C-1 showed that when 

Figure 1: Sodium dodecyl-sulfate polyacrylamide gel electrophoresis gel image 
of trichloroacetic acid (TCA) 50% fraction after dialysis and column filtration.

Lane summary: Lane 1: Ladder, Lane 2: Fraction TCA 50%, 
Lane 3: Fraction TCA 50% (48 h dialysate), Lane 4: Fraction 1 (0.5 mL/min), 

Lane 5: Fraction 2 (0.5 mL/min), Lane 6: Fraction 3 (0.5 mL/min), 
Lane 7: Fraction 4 (0.5 mL/min), Lane 8: Fraction 5 (0.5 mL/min).
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exposed to an acidic environment of pH 2 there was an increased EPS 
production [15].

3.6. Characteristics of the Isolated EPS
3.6.1. FTIR of EPS produced by the isolated bacteria
FTIR is a method that relies on the fact that the vibration of bonds 
occurs at their characteristic frequencies. This helps in detecting and 

characterizing covalent bonding and detecting functional groups. 
Figure 3 depicts the FTIR spectrum of the isolated EPS. EPS isolated 
were studied between the spectrum of 400 cm-1 and 4000 cm-1 in 
which numerous peaks from 3195.74 cm-1 to 561.18 cm-1 were 
identified. An absorption band seen in the region of 3195.74 cm−1 is 
indicative of a hydroxyl group and is associated with polyhydroxilic 
compounds [35-37]. Stretching in the 2911.58 cm−1 region is 

Figure 3: Fourier-transform infrared spectroscopy spectrum of purified exopolysaccharides of Bacillus subtilis in the range of 500–4000 cm−1.

Figure 2: The effects of (a) carbon sources (b) nitrogen sources (c) NaCl and (d) pH on the production of exopolysaccharides.
dc

ba

Table 1: Quantification of 50% fraction of trichloroacetic acid after dialysis and column filtration.

Sample Fractions OD at 630nm EPS conc.µg/0.5ml EPS conc.µg/ml EPS conc.mg/ltr

Fraction TCA 50% 
after 48 hours dialysis 
and column filtration

1 (0.5ml/min) 0.235 470 941 941

2 (0.5ml/min) 0.267 552 1103 1103

3 (0.5ml/min) 0.088 104 208 208

4 (0.5ml/min) 0.432 964 1928 1928

5 (0.5ml/min) 0.215 422 843 843
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characteristic of methyl and methylene groups because of the C-H 
stretching vibrations [38,39]. The region of 1640 cm−1 shows a band 
that is characteristic of the stretching vibrations of C=O group [16]. 
Vibrations around 981 cm-1 indicate the vibrations of the C-O-C 
glycoside link [40]. These results show that the extracted EPS was 
a polysaccharide as the infrared spectra displayed shows distinctive 
characteristics of polysaccharides.

3.6.2. Thermogravimetric analysis
Figure 4 shows a 3 Phase degradation where the 1st phase showcases 
the loss of moisture from a region of 50–150°C with a weight loss of 
8%. Similar observations of loss of weight were made in EPS from 
L. plantarum KF5 [41]. The EPS remained unstable and continued to 
lose weight with the increase in temperature (200–440°C). The second 
phase showed a major loss of mass (26%) due to unfolding and EPS 
depolymerization. The final stage of degradation was observed from 
750°C before, which the EPS were thermally stable at 500–640°C. The 
thermodynamic results state that EPS can be used as a high thermal 
tolerance product in various industries.

3.6.3. SEM-EDX
SEM is a useful means to examine the surface morphology of 
molecules and can elucidate their physical properties [42]. The 
information generated about a sample is more when SEM is used in 
combination with energy-dispersive X-ray (EDX), as EDX generates 
information about the elemental composition of the sample [43]. The 
scanning electron micrographs under different magnifications and 
EDX analysis of isolated exopolysaccharide is presented in Figure 5. 
EPS of B. subtilis has a coarse surface and a three-dimensional 
structure with irregular lumps. The SEM analysis of EPS from a 
B. subtilis isolated from a marine source called EPSR4 revealed 
densely packed polysaccharide particles with a relatively high degree 
of porosity [44]. While SEM micrographs of B. subtilis strains were 
limited, SEMs from other species were available for comparison. 
The EPS from Streptococcus thermophilus strain CC30 was porous 
in nature with a web-like structure [45]. EPS from Lactobacillus 
fermentum CFR 2195 was highly compact and exhibited a flaky 
appearance [16]. An exopolysaccharide from Lactobacillus plantarum 
displayed a stable  3-dimensional porous structure [8]. The EPS 
of B. infantis shows a loose structure with relatively thinner and 
fragmented filaments and that of Bifidobacterium longum subsp. 
infantis CCUG 52486 displayed a porous web-like structure [42]. 
EPS-E8  secreted by Pediococcus pentosaceus has a rough surface, 
irregular reticular-like shape, and a near-spherical structure [24]. 
These results indicate that the structures of EPS vary from species 
to species, and the chemical composition of the polysaccharides is 
responsible for the visible physical changes. EDX analysis of the EPS 
showed carbon with oxygen, silicon, chlorine, magnesium, sodium, 
phosphorous, sulfur, chlorine, potassium, and calcium. Reports on the 
structure and elemental composition of the EPS synthesized by other 
B. subtilis were not found during our literature search.

3.6.4. AFM
AFM is a useful imaging tool that helps to characterize the 
morphological features of biological samples, such as expolysacchrides 
by providing three-dimensional views and structural details [46]. AFM 
analysis has helped to understand the nanoscale morphology of EPS 
better by providing high-resolution images of the EPS surface [47]. In 
the present study, AFM images of EPS showed a highly cross-linked 
polymerized structure with an average count of 35 particles per field 
and an average density of 1.4 µg/μm2 [Figure 6]. Its mean area was 

Figure 4: Thermogravimetric analysis analysis of the exopolysaccharides.

Figure 5: Scanning electron microscopy images and energy dispersive X-ray 
spectrum of purified exopolysaccharides of anchovies.

Wt%: Percentage by weight; atomic %: Percentage by atomic weight; 
O: Oxygen; Na: Sodium, Mg: Magnesium, Si: Silicon P: Phosphorous 

S: Sulphur Cl: chlorine K: Potassium Ca: Calcium.

Figure 6: Atomic force microscopic analysis of exopolysaccharides 
representing the topology in 2D (a) and 3D (b).

ba
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14877.319 nm2 (minimum 9536.74 nm2, maximum 7389.662 nm2). 
The average diameter of the molecules was observed to be at 134.75nm 
(minimum 110.193 nm, maximum 245.412 nm). AFM analysis of the 
EPS revealed spike-like lumps with an average height of 3.537  nm 
(minimum 1.962  nm and maximum 22.798  nm). The estimated 
maximum height of 22.78  nm is higher than the length of a single 
EPS chain (0.1–1  nm), indicating that EPS molecular chains intend 
to create polymeric clusters [48]. The presence of a rough surface 
morphology and topology is indicative of clustering and cross-linking 
of the polysaccharide chains. EPS of varied shapes and structures have 
been reported from other sources. AFM of ESPR4 from B. subtilis 
strain AG4 showed a great degree of crystallinity with significant 
porosity [44]. AFM images of EPS-E8 highlighted spherical clusters 
indicating molecular aggregation of polysaccharide chains [24]. AFM 
images of the CC30 EPS showed molecules tightly packed, suggesting 
that the CC30 EPS has a strong affinity for water molecules [45]. 
Images of the strain YW11 EPS presented tangled networks with 
spherical lumps [49].

3.6.5. Emulsification assays
The emulsification property of biopolymers was determined by 
their ability to retain emulsions for some time [50]. EI of the EPS 
with hydrocarbons such as olive oil, coconut oil, hexane, xylene, 
benzene, and paraffin oil (light) are shown in Figure 7. EPS was able 
to stabilize emulsions with different hydrocarbons. The value was 
the highest for coconut oil, followed by olive oil, with a 72-h EI of 
44 and 21%, respectively. Reports on the emulsification activity of 
the EPS produced by B. subtilis species were not found. However, 
similar observations were seen in the case of biopolymers formed by 
other bacterial species. EPS produced by Bacillus megaterium RB-05 
showed maximum emulsification with coconut oil [51]. Emulsions 
prepared with EPS of Bifidobacterium longum subsp. Infantis and 
Bifidobacterium infantis also showed a high EI percentage in the 
presence of coconut oil along with orange oil and sunflower seed 
oil [42]. EPS from Leuconostoc mesenteroides strain SN-8 showed 
the best emulsification activity with peanut oil [7]. Since the extracted 
EPS showed good activity with coconut oil, it can be purified to be 
used as a potential bio-emulsifier with considerable activity when 
used along with coconut oil and olive oil. However, its use as a food 
additive needs to be ascertained.

3.6.6. Antioxidant assays
Tests that quantify the antioxidant effect in biological fluids are 
helpful in assessing the potentiality to resist oxidative damage [51]. 
TAC gives a measure of the free radical scavenging capacity of a test 
solution [52]. The ferric reducing ability of plasma is a type of indirect 
spectrophotometric TAC that works by determining the metal complex-
reducing ability of a sample [53]. The intensity of color produced by 
the end product is proportional to the antioxidant capacity [52]. The 
in vitro antioxidant activity of EPS was determined and compared with 
that of ascorbic acid in this study. The TAC of the EPS was found 
to be 47.95% which was lesser than that of ascorbic acid, indicating 
moderate antioxidant capacity. At the same time, the reducing power 
of the EPS was found to be 37.41667%. The antioxidant capacities of 
EPS-E8 of Pediococcus pentosaceus E8 were considerably less than 
ascorbic acid [24]. The EPS from Streptococcus thermophilus CC30 
was also reported to have moderate antioxidant activity [45]. Factors 
such as the methods of extraction and isolation, molecular weight and 
monosaccharide composition may affect the antioxidant activity of 
EPS. Some reports show that EPS with low molecular weight shows 
stronger antioxidant activities [8].

3.6.7. Heavy metal binding ability of EPS
Bacterial EPS have the ability to bind to heavy metals with 
different affinity and specificity [54]. The presence of 
ionizable functional groups such as hydroxyl and carboxyl 
may be responsible for the ability of EPS to bind to heavy 
metals [27]. This experiment examined the ability of the 
EPS to adsorb metals such as Fe, Cu and Zn. The highest 
adsorption was seen toward copper, followed by iron, as shown 
in Figure 8. The least activity was seen with zinc which is in 
accordance with the study on Pseudomonas stutzeri AS22 [27]. 
EPS from a non-pathogenic Pseudomonas veronii 2E strain 
adsorbed 82.8% of 1 mM Cu(II) in 96 h and was also able to 
desorb 73.2% of the adsorbed metal [55]. Comparable results 
were seen when EPS produced from nitrogen-limited glycerol/
ethanol-rich waste- water were used to examine the adsorption 
and subsequent desorption of copper with 99.9% adsorption 
and 86% desorption abilities [56]. These properties are useful 
in the field of bioremediation, especially in recovering and 
recycling metals from industrial wastes.

Figure 7: Emulsifying percentage of exopolysaccharides with different 
hydrocarbons.

Figure 8: Heavy metal assimilation by exopolysaccharides.
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4. CONCLUSION

The use of bacterial EPS is environmentally advantageous as they are 
hydrophilic, biodegradable, and non-toxic when compared to synthetic 
polymers [20,57]. These polysaccharides can be successfully used in 
the removing heavy metals from industrial wastes, oil recovery, and 
other remediation techniques [58]. B. subtilis produces an efficient 
quantity of EPS. The purified EPS can be a potential emulsifier. Future 
studies will focus on further analysis of its structure, biological roles, 
and possible use as a potential probiotic.
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