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ABSTRACT

It has been shown that spontaneously synthesized Exopolysaccharides (EPS) are employed for
a variety of commercial uses. The kind of EPS generated by bacteria to defend themselves from
unsafe circumstances. Food additives as a natural supply of carbohydrates and proteins, bio-
emulsifiers, stabilizers, biosorbents, cosmetic preparations, anticancer agents, antioxidants, and
biologically active antimicrobials are all examples of how EPS is employed. Because EPS generated
by bacteria is at a significant commercial level, the current study focused on screening and isolating
EPS-producing organisms from the rhizosphere soil of various plants. Four EPS-producing bacteria
were isolated and investigated in this study. A medium to enhance EPS production from a Bacillus
species, soil isolate, H, was optimized. In order to identify functional groups, FTIR spectrophotometry
was employed. Furthermore, the presence of carbohydrates and proteins in EPS was detected
subjectively as well as quantitatively. Higher carbohydrate and protein concentrations, such as
23.66 and 15.19 mg/dL, were found in the EPS produced from isolates F and O, respectively. The
total protein content of isolate H, EPS was found to be 13.05 g/L. Finally, in presence of optimum
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conditions, isolate H produced 13.11 g/L of EPS.
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INTRODUCTION

At the industrial level, micro-organisms are used to
produce a variety of commercially relevant products.
(EPS), which high-
molecular-weight polymers and sugar residues, are

Exopolysaccharides include
among the diverse polysaccharides that micro-organisms

form. These include intracellular and structural
polysaccharides.l'"? Micro-organisms produce EPS in
their surrounding environment.”! It was discovered that
bacterial EPS is not utilised as an energy source by the
generating bacteria, but rather is produced to protect
the producer organisms from starvation as well as

severe pH, temperature, heavy metals, and antimicrobial
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compounds.*”! Exopolysaccharides are often made up

of carbohydrates as well as certain non-carbohydrate
components.l” In most cases, monosaccharides such
as glucose, galactose, and rhamnose are present.
N-acetylglucosamine,mannose, fructose,glucuronicacid,
and noncarbohydrate substituents such as phosphate,
acetyl, and glycerol are also found in a few situations.
1I'EPS are physiologically active, naturally occurring
polysaccharides with a unique mix of functional and
environmentally favourable qualities. Polysaccharides
found in nature have a unique combination of functional
and environmentally favourable qualities. Microbial EPSs
are classified into two types: homopolysaccharides and
heteropolysaccharides."”! They are naturally renewable,
harmless, and biodegradable. EPS occurs in a variety of
differentand frequently complicated chemical structures,
and it is believed that they provide self-protection
against antimicrobial chemicals. Because they serve as
thickeners, stabilisers, viscosifiers, emulsifiers, or gelling
agents, high molecular weight polysaccharides are
utilised as additives in the preparation of a wide range
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of food items.[**!""¥ They have also been shown to have
positive impacts on human health, such as cholesterol-
reducing and immunomodulating properties, as well as
antibacterial, anticancer, and antioxidant properties.!'*"*
Bacillus spp. may be isolated from the environment in
vast numbers, with each producing a varied amount and
level of polymer.” The concentration and type of EPS
generated by bacteria are affected by carbon supply,
nutritional status, growth phase, temperature, and other
variables.["” Because of the numerous uses and industrial
relevance of EPS, the present work was done to isolate
and screen EPS-producing bacteria from the soil as well
as optimize process parameters for its enhancement.
Furthermore, EPS and EPS-producing isolates were
characterised at a later stage of the investigation.

MATERIALS AND METHODS
Materials

Nutrient Broth, Minimal Broth, and Agar Powder were
procured from Hi-media Laboratories, India; Chemicals
Solvents and reagents were purchased from Merk, Sigma
Aldric, Fisher Scientific, and Fine Chem Industry, India.
All chemicals, reagents and solvents were of analytical,
assay grade as per standards.

Sample collection

For the
rhizosphere soils from various crop fields in Satana

isolation of EPS-producing organisms,

(Maharashtra), such as sugarcane, pomegranate, and
maize, were collected in sterile containers and stored at
a low temperature.

Screening and isolation of

organisms

EPS-producing

1 gm of the collected soil was mixed with 99 mL of
saline and vertexed in order to isolate EPS producers
from rhizosphere soil. 1 mL of the suspension from
the flask was taken and serially diluted up to 10~ to 10°
using sterile saline blanks. Then 0.1 mL of suspension
was plated from a 10 dilution and spread over sterile
nutrient agar plates. The inoculated plates were
incubated at 26°C for 24 hr. The colonies of vatious
morphology were obtained after 24 hr. A mucoid and
fluffy appearance of the colonies was selected for
further study. Mucoid, fluffy colonies were screened out
and restreaked on other sterile nutrient agar plates and
slants for further use.

Maintenance of culture

The isolated organisms were streaked on sterile nutrient
agar slopes and, after incubation, these were kept in
the refrigerator at 4°C dll use. The cultures were sub-
cultured periodically.

Production of EPS

The method for EPS production utilized was previously
described.! The production of EPS was carried in
50 mL of the medium. The medium was used which
consisted of 10.0 g/L. of peptone, 3.00 g/L of yeast
extract, 5.00 g/L of NaCl, and a pH of 7£2. After
sterilization, the production medium was inoculated
with isolated organisms O, F, G, and H in their respective
flasks. The flasks were incubated at 26°C for 48 hr on an
orbital shaker at a speed of 110 rpm.['¥)

Extraction and purification of EPS

Centrifugation was used to separate the cells from
the production medium for 30 min at 5000 rpm. The
supernatant was then mixed in 1:2 with chilled ethanol,
which was then kept at 4°C for 14 hr.>'" Precipitated
material was separated by centrifugation at 4000 rpm
for 20 min. The pellet from the tubes was dried at 50°C
for 14 hr in a hot air oven." The weight of the pellet
was measured from each tube after drying, The higher
EPS-producing organisms were screened out on the
basis of their EPS production.

Identification and characterization

The morphological characteristics of each EPS-
producing organism were studied and recorded. The
characterization of each isolate was done by Gram’s
staining; further organisms were characterized by
capsule and endospore staining.

Biochemical characterization of isolates

The biochemical characterization of each isolate was
carried out."™ The tests for hydrolysis of starch and
gelatine were conducted."”” The IMVIC test, and other

biochemical tests were performed.!"

Characterization of EPS

For the characterization of EPS, total carbohydrates,
total
determined.” Total carbohydrates and proteins were

proteins, and other components were

determined as follows:

*  Hstimation of total carbohydrate
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*  The presence of total carbohydrates was estimated
by the Anthrone method."

* Estimation of total protein

* The total proteins present were estimated by the
Folin-Lowery method."

Thin Layer Chromatography (TLC)

The TLC for sugar detection was used as previously
reported!"” with some modifications. TLC was performed
using Merck Silica Gel 60 F,, sheets. The solvent
system containing n-butanol:propanol:water:acetic acid
(7:5:4:2) was used for sugars. The sugars were visualised
by spraying the solution of DPA:orthophosphoric acid,
and aniline. The TLC plates were dried in a hot air
oven for 4 min at 150° C. The sugars glucose, mannitol,
maltose, xylose, arabinose, and fructose were used as
standard sugars. For amino acids, TLC was performed
using solvent phase butanol:water:acetic acid (50:40:10).
The amino acids were detected by spraying of ninhydrin
reagent. They were then dried in a hot air oven for 4
min at 150° C. The valine, proline, histidine, cysteine,
glutamic acid, and serine were used as standard amino
acids.

FTIR Spectroscopy analysis of EPS

The EPS was analyzed for the detection of functional
groups by Fourier transform infrared spectroscopy.
According to the reports, dry EPS was ground with KBr
powder and formed into pellets for FTIR spectroscopy
between 400 and 4000 cm™.["%)

Optimization of exopolysaccharide production

A minimal broth containing dipotassium phosphate
(KHPO,) - 7.0 g/L, monopotassium phosphate
KH,PO,) - 2.0 g/L, sodium citrate - 0.50 g/L,
magnesium sulphate - 0.10 g/L, ammonium sulphate
- 1.0 g/L, pH 7.0£0.2 was used for the optimization
study. The effect of the carbon and nitrogen sources
was studied.

Effect of carbon source on EPS production

To study the effect of carbon sources on EPS production,
different sugars were selected, such as glucose, sucrose,
lactose, maltose, and fructose, and included as sole
carbon sources in minimal broth (without carbon source)
at a concentration of 20 g/L, while the concentration
of nitrogen soutce, Ze¢., ammonium sulfate, was 10 g/L.
Isolates were inoculated into 150 mL Erlenmeyer flasks
containing 50 mL of production medium. The flasks
containing different carbon sources were inoculated
with 4% of inoculum. The flasks were initially incubated
at 26°C on an orbital shaker for 48 hr. After incubation,

the extraction and purification of EPS were carried out
from each flask as stated above.

Effect of organic nitrogen sources on EPS
production

To study the effect of nitrogen sources on EPS
production, different nitrogen sources were selected,
such as yeast extract, peptone, casein digest, and beef
extract, with a concentration of 10 g/L, while the
amount of the carbon source, e, glucose, 20 g/L
was included. Isolates were inoculated as stated in the
previous section in the production medium. The flasks
containing different nitrogen sources were inoculated
with 4% of inoculum. The flasks were incubated at
26°C on an orbital shaker for 48 hr. After incubation,
the extraction and purification of EPS were carried out
from each flask as stated above.

Effect of concentration carbon source on EPS
production

The best carbon source, glucose, was used at various
levels including 10, 20, 30, and 40 g/L to study the
impact of carbon source quantity on EPS synthesis,
while the best nitrogen source, peptone, was held
constant at 10 g/L. Isolates were inoculated into 50
mL of production medium as above. The flasks were
inoculated with 4 vol.% of inoculums. The flasks were
incubated for 48 hr at 26°C over an orbital shaker. After
incubation, the extraction and purification of EPS were
carried out from each flask as stated above.

Effect of organic nitrogen concentration on EPS
production

The best nitrogen source, peptone, was used at various
amounts to study the impact of nitrogen source level on
EPS synthesis, while the best carbon source amount was
held constant at 20 g/L. Isolates were inoculated into
the production medium as mentioned previously. The
flasks containing different concentrations of lactose
were inoculated with 4 vol.% of inoculums. The flasks
wete incubated at 26°C on a rotary shaker for 48 hr.
After incubation, the extraction and purification of EPS
were carried out from each flask as stated above.

Effect of temperature on EPS production

By first determining a temperature range, the impact of
temperature on the formation of EPS was examined.
The EPS production was conducted at 26, 30, 37 and
40°C. The impact of temperature was evaluated by
using optimal levels of the best carbon source, glucose,
and nitrogen source, peptone, ie., 20 and 10 g/L,
respectively. 4% v/v inoculum was used to inoculate
the production medium. The flasks were incubated for
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48 hr at 26, 30, 37 and 40°C, respectively, on an orbital
shaker. After incubation, the extraction and purification
of EPS were carried out from each flask as stated above.

Effect of pH on EPS production

The effect of pH on EPS production was evaluated by
selecting different pH. EPS production was conducted
at pH 6, 7, 8. The effect of pH was examined by
including optimized levels of the best carbon source,
glucose, and nitrogen source, peptone, ze, 20 and
10 g/L, respectively. By taking the same quantity of
production medium as stated previously and incubating
on a rotary shaker at 26°C for 48 hr. The extraction and
purification of exopolysaccharide was carried out from
each flask.

EPS production at optimized parameters

Finally, an experimentation was carried out with all
optimal conditions to evaluate the potential of EPS
production by isolating H.

RESULTS
Screening and isolation of EPS-producing bacteria

As per reports, different crop fields were selected for
the collection of soil samples in the regions of Satana,
Nashik, India. Four EPS-producing bacteria were
isolated.

Characterization of EPS-producing isolates

The morphological characteristics of all four isolates
were studied. The isolates O and F were isolated from
the rhizosphere soil of pomegranate, and the organisms
G and H were isolated from the rhizosphere soil of
sugarcane and maize, respectively. All isolates form
colonies that atre about 5 mm in size. Isolate G formed
circular-shaped colonies, while others had irregular
shapes. The colonies had a sticky and smooth nature,
with a milky white color and raised elevation. The
colonies having a mucoid and fluffy appearance were

Isolate O Isolate F

Isolate G Isolate H

Figure 1: Colony morphology and Gram’s staining of EPS
producing isolates.

selected for the present study. The colony characters
and microscopic observations of isolates were studied
(Figure 1) and identified by studying their morphological
and biochemical characteristics. All four isolates, O,
E G, and H, were Gram-positive, motile, endospore-
forming, and capsulated. All isolated organisms were
unable to ferment sugars such as glucose, mannitol, and
arabinose, while all of them were detected as having the
ability to hydrolyze starch and gelatin. All Isolates O,
E G, and H were grown in the presence of 6.5% NaCl
and found to be capable of producing enzymes oxidase
and catalase but not nitrate reductase. According to the
morphological and biochemical characterization the
isolates O, G, H, and F belong to the genus Bacillus.
Further identification of isolates is awaited.

Production of EPS

The comparative account of EPS produced by isolates
O, F, G, and H is depicted in Figure 2. All isolates were
tested for EPS production primarily where isolate
namely O, F, G, and H produced 4, 4, 3 and 8.6 g/L of
EPS.

Characterization of exopolysaccharide

Estimation of total carbohydrates in EPS

10 -
8 =
—HE -
&6
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m
2 - '
0 T T T 1
O FisolatesG H

Figure 2: Comparative analysis EPS production by the
isolates.

Table 1: Comparative analysis of total
carbohydrates detected in EPS.

Isolate Amount of carbohydrates in EPS,
mg/100 mL
(¢} 15.33
F 23.66
G 12.0
H 12.66
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Table 2: Comparative analysis of total proteins
detected in EPS.

Isolate Amount of proteins in EPS, mg/100 mL
(0] 15.19
F 13.76
G 12.35
H 13.05

The amount of total carbohydrates in EPS produced
by isolated organisms were determined by the anthrone
method which is depicted in Table 1.

Estimation of total proteins in EPS

The number of total proteins in EPS produced by
isolated organisms were determined by the Folin-
Lowrey method which is summarized in Table 2.
Among the four isolates, a higher amount of total
carbohydrates, ze., 23.66 mg/100 mL, was detected in
the EPS produced by organism E The EPS produced
by organism F was also found to contain proteins
13.76 mg/100 mL. In the EPS produced by organism
O, we detected a higher content of proteins, ze.,
15.19 mg/100 mlL., as compated to other isolates F, G,
and H.

Thin Layer Chromatography (TLC)

A qualitative analysis by TLC of the EPS produced
by isolates was conducted. EPS produced by isolates
exhibited the presence of comparable spots with
reference amino acids and sugars.

FTIR analysis of EPS produced by isolates

FTIR spectroscopy between frequency ranges of
400-4000 cm™ was analyzed as previously described in
a research report.'! The detection of functional groups
in EPS was conducted by studying the FTIR spectrum
as follows:

Isolate G

The IR spectrum of isolate G (Figure 3) showed the
broad peak at region 1061.86 and 1128.41 cm’, which
is the region of alcohol group stretching hence, the
EPS sample may contain sugar group in pyranose form
components containing OH group.”” Absorption at
124414 cm™ suggests the presence of ester groups.
The absorption peak at 1458.25 cm™ indicates C= C of
arene group stretching. The sharp band at 1536.37 cm'
indicates there may be a presence of nitro (N-O) group
stretching. The peak region at 1686.82 cm™ strongly
suggests the presence of carbonyl and amide (C=0)
groups. The peak at 2933.85 cm™ indicates vibration of
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Figure 3: FTIR Spectrum of EPS produced by Isolate G.
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Figure 4: FTIR Spectrum of EPS produced by Isolate F.

the functional group alkane (C-H) group.'” The peak at
region 3095.86 cm™ suggests an alkene (=C-H) group.

Isolate F

A peak region at 1125.51 em™ was visible in the spectra
of isolate F (Figure 4), which denotes the existence of
alcohol group C-O stretching, A possible amine (C-N)
group is indicated by the peak wavelength of 1160.23
cm’. A possible acid (C-O) group may be present, as
shown by the peak region at 1258.61 cm™. The arene
(C=C) group is three times more abundant, according
to the absorption peak at 1460.18 cm™. Nitro (NO,)
group members are represented by the peak region at
1540.23 cm’. Aldehyde and ketone (C=O) group
occurrence is suggested by the peak region at
1696.47 cm’.

Isolate H

The IR spectra of isolate H (Figure 5) revealed a
peak at 1061.86 and 1104.290 cm’, indicating the
presence of alcohol (C-O group). The peak regions at
124414 cm™ and 1321.30 cm’, respectively, cleatly
indicated the existence of amine (C-N) groups. The peak
at 1461.14 cm™ and 1544.08 cm™' shows that the arene
group has undergone C=C stretching. The presence of
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Figure 5: FTIR Spectrum of Exopolysaccharide produced by
Isolate H.
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Figure 6: Production of EPS using different carbon sources.

ester (C=0) groups was evident in the peak region at
1679.11 cm™. The signal at 2945.43 cm™ suggests that
an alkane (C-H) group may be present.'”! The aromatic
group’s C-H stretching is indicated by the peak region
at 3069.84 cm™.

Optimization of Exopolysaccharide Production
Effect of carbon source

Previously, sugars like glucose, galactose, fructose,
lactose, sucrose, and starch were employed to test
the effect of the ‘C’ supply on exopolysaccharide
production. The higher EPS-producing isolate
H was chosen for EPS production parameter
optimization. The glucose sugar was selected as the
best carbon source among the numerous sugars
offered in the production medium, with greater EPS
production of 3.2 g/L achieved when compared
to other carbon sources (Figure 6). Bacillus subtilis
produced the most EPS (10 g/L) in the presence of
2% glucose.®! Bacillus subtilis produced the most EPS
at 2% sucrose, 2.66 g EPS/L.I" Sucrose increased
EPS production in strain 96CJ10356.%)

Effect of nitrogen source

The influence of four ‘N’ sources, including peptone,
yeast extract, casein digest, and beef extract, were
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Figure 8: Production of EPS at different concentrations of
glucose.

studied for optimization. Among the different
nitrogen sources provided in the production medium,
peptone was detected as the best where an increased
1.6 g/L of exopolysaccharide was accomplished
(Figure 7). EPS synthesis in Psexdomonas aernginosa,
S. mutans, and B. subtilis is stimulated by nitrogen-free
media, according to previous research.”! Nitrogen
source yeast extract at 1% concentration yielded
the highest EPS output of 21.3 g/L in Bacillus

amyloliguefaciens BPRGS.IP!
Influence of carbon concentration of EPS production

The crude EPS concentration was obtained as depicted
in Figure 8. At 20 g/L of glucose concentration, the
crude EPS concentration was increased significantly.
The maximum EPS production was estimated, ize.,
2.2 g/L at glucose concentration of 20 g/L.

Effect of peptone

The crude EPS obtained was represented in Figure 9.
At 10 g/L of peptone concentration, the crude EPS
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Figure 9: Production of EPS at different concentrations of
peptone.

Table 3: Production of EPS at different temperatures

Temperature, °C EPS produced, g/L

26 0.8

30 0.4

37 0.4

40 0.3

pH EPS producing g/L
6 2.2
7 2
8 0.8

concentration was increased significantly. The maximum
EPS production was estimated, ze., 1.6 g/L.

Influence of temperature

The temperatures 26, 30, 37 and 40° C were selected for
optimization. In a recent work™! the best productivity
of EPS-R was found at temperatures ranging from 20
to 25° C. The temperature of 30°C was shown to be
optimal for the generation of EPS in Bacillus subtilis.”"
EPS was produced ze., 0.8, 0.4, 0.4 and 0.3 g/L at 20,
30, 37 and 40°C respectively (Table 3). A temperature
of 26°C detected best for organism H.

Influence of pH

The pH 6, 7, and 8 were selected for optimization. It
was discovered that the optimum range of pH for EPS
production in Alaligenes faecalis B14 strain 5 to 7. The
pH of 7.0 in Bacillus cerens KMS3-1 and 7.5 was shown
to be optimal for EPS formation.’””! The optimized
concentrations of “C”-glucose and “N”-peptone, 20
and 10 g/L, respectively, were used to study the impact
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of pH. At 26°C for 48 hr, the production process was
carried out in flasks on a rotary shaker. At pH 6, the
high productivity was attained. At pH 7 and pH 8, less
EPS was produced. The maximum yield of EPS was
2.2 g/L at pH 6 (Table 4).

Optimized parameters for EPS production

In the optimization study, glucose and peptone
were served as the best carbon and nitrogen sources,
respectively, for the production of EPS for isolate H.
A temperature of 26°C was found to be optimal for
organism H. The optimal production of EPS was
accomplished at pH 6. The optimization of parameters
for the EPS production of organism H was conducted
with promising outcomes. Optimized parameters are

depicted in Table 5.

EPS production at optimized parameters

Finally, an experiment with all optimized parameters was
designed to evaluate the potential of EPS production
by isolate H. EPS production was demonstrated by

Table 5: Optimized parameters for EPS production
for isolate H

Parameters Particulars
Carbon source Glucose
Nitrogen source Peptone
Concentration of carbon source, g/L 20
Concentration of nitrogen source, g/L 10
Temperature, °C 26
pH 6

Figure 10: EPS produced by isolate H at optimized
parameters.
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isolate H during the preliminary stage, ie, 8.6 g/L.
EPS production in isolate H considerably rose from
8.6 to 13.11 g/L (Figure 10) after optimization of
the parameters mentioned above. The highest total
EPS dry weight for B. licheniformis 2CS in M3 medium
was obtained to be 121 mgl*! The EPS production
exhibited by isolate, H was relatively higher e,
13.11 g/L as compated to initial production, which
implies the viability of optimization.

DISCUSSION

Micro-organisms fight themselves against adverse
environmental conditions in their natural habitat,
particularly through their extraordinary metabolic
systems. One method by which organisms make their
environment wet, encourage food absorption, enhance
metabolism, and defend themselves from external
factors including temperature, pH, antibiotics, and
predators is by the production of EPS.*'The absorption
at 1200-900 cm™!, generated by stretching vibrations of
C-C, C-O-C, and CO, may suggest a characteristic of
carbohydrates.'"* In the EPS of isolates, important
functional groups such as C-C, C=C, C-O, C-H, and
CO were discovered. The FTIR spectra of the polymer
indicated the presence of carboxyl groups, which might
operate as divalent cation binding sites.**"! Peaks were
also observed in FTIR tests for the presence of C-N and
C=0 groups, indicating the presence of amino acids
and polysaccharide bonds."! In FTIR investigations, the
presence of functional groups such as aromatic carbon,
aldehyde, and ketonic groups indicates the presence
of sugars. The optimization study was helpful in
determining the impact of various parameters on EPS
production. In the present investigation, crucial carbon
sources, Z¢., glucose and its significant concentration of
20 g/L, as well as nitrogen sources, i.c., peptone and
its level of 10 g/L, were identified as the best among
the different sources used in the study. This indicated
the maximum EPS production observed under any of
the conditions. At 26°C and pH 6, the highest amount
of EPS production was recorded. The optimization
analysis demonstrated the maximum amount of EPS
production from Bacillus species H, with a maximal
amount of 13.11 g/L detected as compared to
8.6 g/L during the preliminary stage. The most
significant approach one factor at a time was adopted
in most of the studies reported for optimization. >
The presence of 4.97% N was determined by elemental
analysis of Limmnothrix redeke: PUPCCC 116 EPS, and the
type of EPS generated by Limnothrix redekei PUPCCC
116 was disclosed as heteropolysaccharides containing

protein moieties in prior work.” Gellan generated by
S. paucimobilis is gaining attention because of its unusual
characteristic of creating thermo-reversible gels, and it
has significant economic promise in food, medicines,
and, most notably, environmental bioremediation.””
Previously reported that bagasse produced the most
EPS (13.17 g/1) after 120 hr in pH 7 media with a 10%
inoculum size and 30°C incubation.’'! At 30°C and
pH 7, where glucose and yeast extract were found to
be the best carbon and nitrogen sources, respectively,
for EPS production in the previous report.” Soil
isolates belonging to the alpha proteobacterium group
produced optimal EPS at 7.5 pH and 30°C.% In 48 hr
of fed-batch cultivation, as much as 54 g/L of EPS
was obtained at a yield of 63% (g EPS/g suctrose)
at 7.5 pH.P! In literature report, Bacillus aerophilus
k1 produced optimal EPS at pH 7, 30°C, and 72 hr
of incubation in the presence of yeast extract and
sucrose.” Similatly, Glucose was evaluated best carbon
source for EPS formation in A/kalibacillus sp.”* Bacterial
exopolysaccharides (EPS) are a group of carbohydrate
polymers that are secreted into the extracellular
environmentand are incredibly varied.”* Polysaccharides
produced by microbes have received the most attention
because they aid in triggering immunological processes.
Bl As noted in eatlier sections, EPS is mostly composed
of sugars, giving them a clinginglook, and they play a key
part in a variety of functions. Because of its beneficial
qualities, EPS has frequently been employed in the
manufacture of textiles as a binding agent with dyes or
hydrogels.”! Understanding the biosynthetic pathways
and processes might help optimize EPS synthesis and
improve product quality and characteristics.

CONCLUSION

We tested the ability of four rhizosphere soil isolates
to produce EPS. It was evaluated that peptone (1%)
and glucose (2%) were the optimal carbon and nitrogen
sources for EPS synthesis. The optimal physical
conditions for EPS synthesis were 26°C and pH 6. EPS
analysis reveals that the exopolysaccharide generated
by isolates O, F, G, and H comprises proteins and
carbohydrates. Although additional research is needed,
FTIR investigations suggest that EPS may contain
heteropolysaccharides. Isolate H produced the most
EPS of the four isolates, stating the necessity of scale-up
studies and would serve for EPS production, which
may be applicable for many uses as noted in the study’s
introduction. The optimization study’s importance is
highlighted by the fact that isolate H optimized EPS
production, which was 13.11 g/L, was significantly
higher than initial production.
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ABBREVIATIONS

hr: hour; rpm: revolutions per minute; min: minute;
IMViC: I: Indole test; M: Methyle Red test; V: Voges-
Proskauer test; C: Citrate utilization test; TLC: Thin
layer chromatography; DPA: Diphenylamine; FTIR:
Fourier-transform infrared spectroscopy; ‘N’: Nitrogen
source; ‘C’: Carbon source.

SUMMARY

The EPS production in isolates of Bacillus species is
summarised in the current work. The optimization
study's importance is highlichted by the fact that
isolate H optimized EPS production, which was 13.11
g/L, was significantly higher than initial production.
It was evaluated that peptone (1%) and glucose (2%)
were the optimal carbon and nitrogen sources for EPS
production. The optimal paramenters for EPS synthesis
were 26° C and pH 6. Despite the fact that more
investigation is required, scale-up studies are essential
for EPS production and may be useful for a wide range
of commercial applications.
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