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ABSTRACT: In this study, the neutral monosaccharide composition of the Extracellular Polysaccharide
(EPS), extracted from thermal Bacillus, was determined by Liquid Chromatography-Mass Spectrometry and
High Performance Liquid Chromatography. Our analysis indicated that the EPS consisted of rhamnose, mannose,
galactose, glucose, fructose, arabinose and xylose. In addition to the neutral sugars in the EPS, it also contained
230 mg protein/g EPS and 17.18 mg uronic acid /g EPS. The X-ray diffraction data indicated mainly of
amorphous nature (80 %) and the presence of chitin, chitosan, protein and calcite. Thermogravimetric analysis
curve showed that degradation of EPS takes place in three steps (13.38% at < 180 C. 45.62% at 180-500 C,
25.55% at > 500 oC) indicating moisture content and high content of carboxyl group, pyrolysis temperature
and decomposition of calcite crystals, respectively. Additionally, laboratory batch experiments were performed
characterize the effects of different natural organic acids, pH levels, temperatures and Cr(VI) concentrations
on microbial EPS production by Bacillus licheniformis B22. Our results indicate that organic acids caused
enhanced EPS release. Alginic acid was the most efficient organic acid at EPS production in B. licheniformis
B22. The optimum pH level was 6.0-7.0 and the highest EPS production was observed at 50 ºC for B.
licheniformis B22. In addition, EPS production increased with increased chromium in the growth medium due
to the toxic effect of Cr(VI) on cells. Maximum EPS production was observed when 150 mg/L Cr(VI) was
added to the medium.
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INTRODUCTION
Extracellular Polysaccharides (EPS) is a product of

cell lysis and adsorbed organic substance in wastewater
(Sheng et al., 2010). EPS, which is the essential part of
in microbial aggregates, aid in keeping these aggregates
together in a three-dimensional matrix (Sheng et al.,
2010). The EPS that released by bacteria have been
shown to serve multiple functions including the
promotion of the initial attachment of cells to solid
surfaces. The formation and maintenance of
microcolonies and mature biofilm structures; the durable
biofilm structure; water retention; the absorption of
exogenous organic compounds for the accumulation
of nutrients from the environment; and enhanced biofilm
resistance to environmental stresses and disinfectants
(Laspidou, & Rittmann, 2002; Czaczyk, & Myszka, 2007).
EPS also has an important function in the flocculation
of bacteria and it can be used as carbon and energy

sources in food shortages by microorganisms
(Sutherland, 2001; Zhang, & Bishop, 2003; Sheng et
al., 2005).

The major components of EPS are carbohydrates
and proteins (Sheng et al., 2010). Also, some inorganic
compounds, nucleic acids, uronic acids and lipids have
been found in EPS (Frolund et al., 1996; Dignac et al.,
1998; D’Abzac et al., 2010a; D’Abzac et al., 2010b).
The respective concentrations of these components
are significantly affected from extraction methods and
sludge origin of EPS (Sheng et al., 2010). It is reported
that the composition of the EPS obtained from different
microbial aggregates is heterogeneous (Wingender et
al., 1999). This situation is related to many factors,
such as extraction method, culture conditions,
processing parameters, analytical tool used, growth
phase and bioreactor type (Sheng et al., 2010; Nielsen,
& Jahn, 1999).
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Additionally, microbial EPSs include carboxylic,
phosphate, amine and hydroxylic functional groups
that are useful for interact with metal ions, e.g.,
chromium (Guibaud et al., 2008).  Proton and metal
binding ability of EPS varies with its composition
(Priester et al., 2006). Some researchers reported that
metal ion binding ability of EPS was related with
phosphate and carboxyl functional groups (Guibaud
et al., 2005; Tourney et al., 2009; Kantar et al., 2011).
For example, EPSs play an important role in Cr(VI)
tolerance and may also enhance Cr(VI) removal
according to  a study (Ozturk et al., 2009).

In previously studies, different species of
microorganisms have been assessed in terms of their
ability to produce EPS (Nicolaus et al., 2002; Leppard
et al., 2003; Guibaud et al., 2005; Nandal et al., 2005).
These studies showed that EPS formation is
significantly influenced by environmental factors such
as pH level, oxygen concentration, temperature,
medium composition, salt ion concentration or heavy
metal concentration. Some work in the literature also
showed that fungi, algae or bacteria cultures may
remove toxic heavy metals through their EPS molecules
(Ozdemir et al., 2003; Iyer et al., 2004; Guibaud et al.,
2005). For example, Priester et al. (Priester et al., 2006)
showed that chromium exposure to P. putida resulted
in elevated extracellular carbohydrates, protein, DNA,
and EPS sugars that were relatively enriched in N-
acetyl-glucosamine, rhamnose, glucose, and mannose.
Their results also provide evidence on Cr toxicity-
mediated cell lysis that is responsible for enhanced
EPS production. In a study with the cyanobacteria
strain Synechocystis sp. BASO672, Ozturk et al. (2009)
determined that toxic elements such as hexavalent
chromium induced the microbial EPS production. Kazy
et al. (Kazy et al., 2002) found that a Cu(II) resistant
Pseudomonas aeruginosa strain produced four times
the amount of EPS when Cu(II) was in the growth media.
In our previous work (Acar et al., 2011), we showed
that organic acids (e.g., alginic acid, galacturonic,
glucuronic acid) enhanced the microbial Cr(VI)
reduction rates by Bacillus licheniformis B22
bacterium. Despite the overwhelming evidence about
the positive effect of organic acids on bacterial Cr(VI)
reduction, little is known regarding the role of these
compounds on microbial EPS production and following
microbial Cr(VI) reduction.

This study was aimed to better understand the
composition of bacterial EPS and the effect of
environmental conditions such as different organic
acids, temperature, pH level and Cr(VI) concentration
on the production of EPS by thermal Bacillus. We also
investigated the total amount of uronic acid, which
plays an important role in metal binding. However, to
the best of our knowledge, there is not sufficient

information in the literature regarding the use of
thermophilic and/or thermotolerant strains for EPS
production. To date, it has not been clear whether these
organisms are likely to be useful sources of polymers.
Consequently, the main subject of our study was to
determine the structure of EPS and relationship
between Cr(VI) removal and EPS production in the
tested thermal bacterium.

MATERIALS & METHODS
All chemicals used in the study were reagent grade

or better. Water was supplied from a Human Power-
Pure water system in all experiments. Firstly, 2.829 g
K

2
Cr

2
O7 (294.19 g/mol) (Merck) was dissolved in 1 L

UV-water for preparation of Cr(VI) stock solution.
Secondly, chromium solution was filtered separately
and added to the media before experiments. D(+)-
glucuronic acid sodium salt monohydrate (C

6
H

9
NaO

7

H
2
O) (Merck), D(+) galacturonic acid monohydrate

(C
6
H

10
O

7
 H

2
O) (Sigma-Aldrich), (C

6
H

8
O

7
 H

2
O) (Merck)

and alginic acid sodium monohydrate (Sigma-Aldrich)
were used in the experiments as organic acids (ligands).

The B. licheniformis B22 strain was isolated from
the Pamukkale thermal region (Denizli), Turkey and was
previously identified and reported as a Cr(VI) resistant
bacterium (Acar et al., 2011). The bacterial culture was
inoculated in growth media Tryptic Soy Broth (TSB)
consisting of peptone from casein (17.0 g/L), peptone
from soymeal (3.0 g/L), glucose (2.5 g/L), NaCl (5.0 g/
L) and dipotassium hydrogen phosphate (2.5 g/L). The
culture was aerobically incubated at 40 ºC, 45 ºC or 50
ºC with constant shaking at 125 rpm. Culture growth
monitored by measuring the optical density (OD) at
600 nm. The culture suspension was prepared and
adjusted by comparing against 0.5 McFarland turbidity
standard tubes (1.5x108 cfu/mL) for all tests.

The purification of EPS from the bacteria was
performed according to the method of Hung et al.
(2005). %2 bacteria (B. licheniformis B22) were
inoculated into 1 L of TSB. After incubation, the
bacterial culture was centrifuged at 3500 rpm for 30
min. The extracellular polysaccharides obtained from
supernatant and pellet is defined as ‘dissolved EPS’
and ‘particulate EPS’ respectively. Finally, dissolved
and particulate EPS fractions obtained from B22 were
combined and freeze-dried for storage and analysis. A
part of freeze dried EPS was used for determination of
total protein, uronic acid, phosphorus and total
carbohydrate content and another portion of EPS were
used for High Performance Liquid Chromatography
(HPLC) and Liquid Chromatography-Mass
Spectrometry (LC-MS) analyses.

The total carbohydrate content of the freeze-dried
EPS was determined by the phenol sulfuric acid
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method. Glucose was used as standard for total
carbohydrate measuring (Southgate, 1976). The amount
of total protein was measured using a modified Lowry
method (Hartree, 2004). Total uronic acid
concentration in EPS was quantified by a
spectrophotometric method (Hung, & Santschi, 2001).
The phosphorus (P) content of the EPS was analyzed
via ICP-MS (Agilent 7500ce) at the Izmir Institute of
Technology. The monosaccharide composition of the
freeze-dried EPS was detected via LC-MS and HPLC.
LC-MS analysis of EPS was carried out at the Molecular
Biology Laboratory, Ege University. HPLC analysis of
EPS was carried out at the Central Laboratory,
Molecular Biology and Biotechnology R&D Centre,
Middle East Technical University.

X-ray diffraction (XRD) uses a fundamental
method in the development of many scientific fields
for determining various materials and allows
measurement spacings between layers of atoms or
atomic planes (d

hkl
) and determination of crystal

structure of an unknown material. In addition to
inorganic materials, this method also revealed the
structure and function of many biological molecules,
including vitamins, drugs, proteins and nucleic
acids such as DNA. X-ray diffraction (XRD) studies
were performed on the Bruker D8 Advance model XRD
with Ni filtered CuKα radiation ( = 1.54056 Å ), running
conditions of 40 mA, 40 kV, scan-speed 0.005°, time/
scan 0.1 sec and 0.2 mm slit using LynxEye detector at
Istanbul Technical University, Turkey. Diffraction peaks
were plotted as 2 value and diffracted X-rays were
calculated with Bragg’s law d =  / 2 Sin. Crystallinity
index [CI

XRD
 = peak areas of crystals / (peak areas of

crystals + peak area of amorphous peak)] can estimate
by means of areas of crystalline and amorphous peaks
(e.g., Alexander, 1969; Ricou, Pinel, & Juhasz, 2005).

Thermogravimetric analyses (TGA) were carried
out on a Perkin Elmer SII-Diamond TG-DTA
Instruments thermal analysis system in dinitrogen
atmospheres, applying a heating rate of 10 ºC min”1 in
a temperature range of 0–1000 ºC at Pamukkale
University, Denizli, Turkey. TGA is a method of thermal
analysis in which changes in physical and chemical
properties of materials measure as a function of
increasing temperature with constant heating rate. This
method is commonly used to determine selected
characteristics of materials that exhibit either mass loss
or gain due to decomposition, oxidation, or loss
of volatiles (such as moisture), and useful technique
for the study of polymeric materials.

Kinetic experiments were performed to determine
the EPS production rates by B. licheniformis B22, in
the growth medium with and without organic acid. The
250 mL flasks containing 100 mL growth medium with

the certain organic acid concentration (1 g/L) were
inoculated with 2 mL cultures at the logarithmic phase.
All media were autoclaved at 121 ºC for 15 min before
use in EPS production experiments. Then cultures were
aerobically incubated at 40 ºC, 45 ºC and 50 ºC with
constant shaking at 125 rpm. Beginning immediately
after inoculation, samples were drawn at regular time
intervals (every 12/6 h), and analyzed for their total
carbohydrate content. We investigated the effects of
Cr(VI) on EPS production by the microorganism in the
absence or presence of organic acids (galactronic acid,
glucuronic acid and alginic acid) in a series of batch
kinetic experiments. The experiments were carried out
in a similar fashion as explained above, but contained
100 mg/L Cr(VI). Also, the growth of cells was routinely
monitored by spectrophotometer at 600 nm. The
experiments were carried out in duplicate. Additional
kinetic experiments were also performed to determine
the role of different pH (6.0, 7.0, 8.0), temperatures (40,
45 and 50 ºC) and initial Cr(VI) concentrations (100 and
150 mg/L) on EPS production by the B22 strain in
systems containing or not containing organic acids.
To determine the effect of pH values on EPS
production, the pH of the medium was set with 6 N HCl
and 6 N NaOH.

EPS was isolated by ethanol precipitation as
described in Frengova et al. (2000). Samples (1 mL)
were withdrawn (every 6 or 12 hours) and were first
boiled at 100 ºC for 10 min. After cooling, the samples
were treated with 17% (v/v) of 85% trichloracetic acid
solution and centrifuged. After removing the cells and
protein by centrifugation, the EPS was precipitated by
ethanol. The EPS was then recovered by centrifugation
at 14 000 rpm for 20 min at 4 ºC. The total carbohydrate
concentration (expressed as mg/L) was determined in
each sample by the phenol-sulfuric acid method
(Dubois et al., 1956). Glucose was used as the standard.

RESULTS & DISCUSSION
In the environment, organisms such as algae,

cyanobacteria and bacteria excrete extracellular acid
polysaccharides such as uronic acids for response to
high metal concentrations or food shortages (Hung, &
Santschi, 2001). Moreover, these polysaccharides play
an important role in heavy metal detoxification (Hung,
& Santschi, 2001). Due to their extensive heavy metal
binding capacities, EPSs are recommended as surface-
active decontamination agents (Pagnanelli et al., 2000).
The content and amount of EPS have been shown to
vary in several studies based on the particular bacterial
strain and type of metal exposure (Priester et al., 2006;
Aquino, & Stuckey, 2004). In general, proteins,
polysaccharides, lipids, nucleic acids and humic
substances are mainly found in EPS composition and
EPS is known to contain ionizable functional groups,
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such as hydroxylic, phosphoric, amino and carboxylic
groups (Liu, & Fang, 2002). In the present study,
bacterial EPS was extracted and characterized from
thermal isolate B. licheniformis B22, and EPS
production was investigated during its growth in batch
culture to understand its role in metal removal.

Our analysis of the biochemical composition of
EPS shows that carbohydrates and protein are the major
components of EPS with a concentration of 252 mg/g
and 230 mg/g, respectively. Despite this finding,
Phosphorus (P) and Uronic Acid (URA) content was
relatively low (21.17 and 17.18 mg/g, respectively; Table
1). Previous studies have also shown that carbohydrate
and protein were the essential components of the EPS
(Guibaud et al., 2011). On the other hand, the main
component of EPS purified from P. fluorescens Biovar
II was found to be uronic acid (Hung et al., 2005).

The monosaccharide composition of the bacterial
EPS extracted from B22 isolate was characterized and
quantified by LC-MS and HPLC; these results are
given in Table 2. Despite the use of freeze-dried EPS in
both analyses, the results were slightly different (Table
2). The presence of glucose in the EPS sample was
determined with both HPLC and LC-MS analysis.
Mannose, rhamnose, galactose, arabinose and xylose
could not be detected with HPLC analysis but they
could be determined by LC- MS. Ribose was not
detected with either type of analysis. On the other
hand, EPS of B. licheniformis B22 was composed
mainly of glucose (31.63%) and small amounts of
arabinose and xylose (1.49%).

Nicolaus et al. (Nicolaus et al., 2002) reported that
EPS produced by aeorobic thermophiles contains 81%
carbohydrate, 3% protein and 2% nucleic acid. In the

Table 1. Major composition of EPS produced by B. licheniformis B22.

Parametera

Isolate TCHO Protein URA Phosphorus
B22 252 230 17.18 21.77

Table 2. Monosaccharide composition of EPS produced by B. licheniformis B22.

Monosaccharide composition of EPS

Determined by LC-MS (µg/mL) Determined by HPLC (µg/mL)

Mannose Rhamnose
N-acetyl 
Glucose 
amine

Glucose
N-acetyl 

Galactose 
amine

Galactose
Arabinose     
+Xylose

Glucose+ 
Maltitol

Fructose
Sorbitol+
Ksilitol

5.89 2.73 6.4 13.54 1.15 12.45 0.64 22.8 21.7 20.3

Fig. 1. XRD pattern of EPS. Peak fitting analysis and peak areas of crystalline and amorphous phases were
calculated with WINFIT software program. XRD traces of chitin and chitosan were modified from Ifuku et al.

(2003) and Muzzarelli et al. (2004), respectively.
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same study, it was determined that the EPS was
composed of mannose, glucose, galactose, and
mannose-amine monomers by GC-MS analysis. The
XRD pattern of EPS produced by B. licheniformis B22
bacterium exhibits an extremely broad peak that
indicates mainly of amorphous nature. The detailed
decomposition of broad peak by using peak fitting
program (WINFIT by Krumm (1996)) show that a few
characteristic diffraction peaks indicating the presence
of chitin (10.91, 4.54, 3.36 Å ) chitosan (9.72, 4.54 Å )
and protein (3.94 Å ) as poorly crystalline (or semi-
crystalline) phases in addition to amorphous phase
(Fig. 1). Relatively narrow peak at 2 = 29.36 (3.04 Å )
with low intensity refers to minor amounts of calcite
(CaCO

3
). Crystallinity index (CI

XRD
) value of EPS was

determined as 0.20 (20 %) that indicates semi-crystalline
and amorphous phases are dominant (80 %).

TGA curve showed that degradation of EPS
obtained from B. licheniformis B22 takes place in three
steps. Initially 13.38% loss in the weight of EPS was
observed at approximately < 180 ºC, and then 45.62%
and 25.55% of degradation was observed between
180-500 ºC and > 500 ºC in second and third stages

respectively (Fig. 2). First stage, sixteen percent of
total EPS weight loss from 20 to 180 ºC, was recorded
due to moisture content and high content of
carboxyl group which increase the degradation level
at first stage related to bonding more water molecules
(Kumar et al., 2004). Second stage of degradation
(71.2%) was observed with maximum loss at 300 ºC
correspond to pyrolysis temperature of EPS. The
total weight loss of EPS occurred after 400 ºC. The
third stage at high temperatures (>500 ºC) should be
correspond to decomposition of calcite crystals as
stated by XRD data.

There have been a number of studies on EPS
production by Bacillus species (Larpin et al., 2002;
Binupriyaa et al., 2010; Liu et al., 2010; Chowdhury et
al., 2011). Carbon sources and growth conditions such
a temperature, pH, incubation time and the composition
of medium have been shown to affect EPS production
in bacteria (Larpin et al., 2002; Ký lý c, & Dö nmez, 2008).
Fig. 3 shows the influence of the different pH values
of the medium to the bacterial EPS production
containing 100 mg/L initial Cr(VI) and those not
containing any Cr(VI) at the 60th hours of incubation.

Fig.2. TGA curve of EPS with three degradation stages.

Fig. 3. Effect of different pH levels on EPS production by B. licheniformis B22 with and without 100 mg/L
Cr(VI) in TSB media at 60 hours of incubation (T: 40C).
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To determine a suitable pH value for the maximum EPS
production by live B. licheniformis B22 cells, pH 6.0,
7.0 and 8.0 were initially tested. The maximum EPS
production was obtained at pH 6.0 (90.43 mg/mL) and
7.0 (90.26 mg/mL) and decreased towards more alkaline
(pH 8.0; 47.16 mg/mL) conditions in the growth media
with and without Cr(VI). In addition, it seems that EPS
production was higher in Cr(VI) containing medium
than in medium without Cr(VI) at all pH values. Also,

in other strains it has been seen that EPS production
depends on pH (Ký lý c, & Dö nmez, 2008).  For instance,
Torres et al. (2012) stated that Enterobacter A47 strain
produced the most EPS at pH 7.0. Similarly, it has been
observed that the suitable pH level is 7.0 to obtain a
maximum EPS yield by P. aeruginosa (Ký lý c, & Dö nmez,
2008). In another study, the highest EPS production
by the Streptococcus phocae PI80 isolate was recorded
at pH 6.5 (Kanmani et al., 2011).

Fig. 4. Effect of different organic acids (1 g/L) on EPS production by B. licheniformis B22 and cell growth
curves with and without 100 mg/L Cr(VI) at 40æ %C, pH 7.0. A; TSB media B; Galactronic acid (GAL)
containing media, C; Glucuronic acid (GUL) containing media, D; Alginic acid (ALG) containing media.

Fig. 5. Effect of different temperatures on EPS production by B. licheniformis B22 with and without
100 mg/L Cr(VI) in the presence of 1 g/L alginic acid or glucuronic acid at 60 hours of incubation

(pH 7.0).
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The effects of organic acids such as galacturonic
acid, glucuronic acid and alginic acid on EPS
production by B. licheniformis B22 were assessed;
results are shown in Fig. 4. These experiments were
carried out at pH 7.0 for B22 bacteria based on the pH
data given above. The samples were taken at different
incubation times and their total EPS contents were
analyzed. Bacterial EPS production enhanced
significantly by adding organic acids compared to the
culture system containing only the growth medium.
We also found that the type of organic acid used in
the study, considerable effect the EPS production rate
of the bacteria. While the greatest EPS production in
the control (without organic acids) occurred at 60 hours
both with and without Cr(VI), the greatest EPS
production occurred at 48 hours in the presence of the
organic acids (Fig. 4(A-D)). In general, we also found
higher EPS production in Cr(VI) containing media
compared media lacking Cr(VI). However, this does not
show that the EPS has better property. The composition
of produced EPS could be different under different
culture conditions. It is known that the production of
EPS takes place because of cellular stress. Therefore,
as expected, adding Cr(VI) to the growth media
increased bacterial EPS production. This result was
clearly observed in galactronic acid containing medium
(Fig. 4(B)). When comparing the effects of the different
organic acids on EPS production by B22 bacteria, the
maximum EPS production (at 48 hours) was observed
in bacteria grown in alginic acid containing medium
(with Cr(VI): 247.07 mg/L; without Cr(VI): 223.71 mg/
L). The lowest EPS production was observed in
glucuronic acid containing medium (with Cr(VI): 134.74
mg/L; without Cr(VI): 95.11 mg/L) (Fig. 4(C)).

In general, bacterial EPS production showed
differences when the bacteria were grown in the
presence of various types of organic acids due to the
structural differences between the organic acids. The
inclusion of alginic acid in the culture medium may
have been stressful for the cells, thereby resulting in
increased EPS production. After adding alginic acid
into growth medium, the EPS production by the B22
strain increased more than 100%. In one previous study
of the exopolysaccaride production potential of the
thermophilic bacteria, while carbon sources such as
trehalose, galactose and glucose were found to
stimulate EPS production of the 4008 strain, the addition
of trehalose as sole carbon source increased EPS
production in the 4009 strain by almost 1000-fold
(Nicolaus et al., 2002). With the aim of determining the
effect of temperature and chromium concentration on
EPS production, B22 bacteria were inoculated into the
TSB medium containing alginic acid or glucuronic acid
in the absence or presence of Cr(VI). As shown in Fig.
5, EPS production by B. licheniformis B22 generally

increased with an increase in temperature in both
alginic acid and glucuronic acid containing media. EPS
production at 50 ºC was higher than that at 40 ºC and
45 ºC. In alginic acid-containing growth medium (with
100 mg/L Cr(VI)),  EPS production by the B22 bacteria
increased by a rate of 169% at 45 ºC and 235% at 50 ºC
compared to 40 ºC. In glucuronic acid containing
medium (with 100 mg/L Cr(VI)), EPS production by B22
bacterium increased at 45 ºC and 50 ºC by the rate of
112% and 127% respectively, compared to 40 ºC. These
results indicate that EPS production at 50 ºC was
distinctly higher than that at 40 ºC and 45 ºC by B.
licheniformis B22 bacterium. These findings could
explain why the colonies at 50 ºC were more mucoidal.
However, it was reported that Enterobacter A47 had
produced the maximum EPS at 30 ºC (Torres et al., 2012)
and by Streptococcus phocae PI80 at 35 ºC (Kanmani
et al., 2011). In addition, we found in previous studies
that the greatest rate of Cr(VI) reduction by B22 bacteria
occurred at 50 ºC (Acar et al., 2011). In the present
study, the greatest Cr(VI) reduction and enhanced EPS
release was corrected each other at the high
temperature. As a result, we can conclude that under
stress conditions, the bacteria increase EPS production,
and the EPS molecules produced by the bacteria help
reduce the Cr(VI) concentration.

Also, Chromium (VI) has been shown to be a toxic
substance that may lead to the production of microbial
exudates, e.g., EPS. The formation of EPS protects the
cells from the toxic effect of chromium (Aquino, &
Stuckey, 2004; Sheng et al., 2005; Ký lý c, & Dö nmez,
2008). All of our studies on the effects of organic acids,
temperature and pH on EPS production were conducted
in growth media with and without Cr(VI). We found
that EPS production was higher in growth media
containing Cr(VI). Fig. 6 shows the effects of the initial
Cr(VI) concentration on microbial EPS production by
B. licheniformis B22 in the absence or presence of
alginic acid or glucuronic acid, which had the greatest
and the lowest effect on EPS production of B22 strain,
respectively. According to Fig. 6, EPS production was
similar for bacteria grown in media with 100 mg/L Cr(VI)
and without Cr(VI). However, we observed that Cr(VI)
clearly increased the EPS production of B22 bacteria
in growth medium containing 150 mg/L Cr(VI) and
alginic acid (366.33 mg/L). In TSB medium not
containing any organic acids, 150 mg/L Cr(VI)
increased EPS production 363%. Similar results were
observed in alginic acid and glucuronic acid containing
media (130% and 125%, respectively). As a result, the
EPS production of B. licheniformis B22 cells increased
approximately 2- to 3-fold when exposed to 150 mg/L
Cr(VI). Similar results have been reported in literature
(Fang et al., 2002; Aquino, & Stuckey, 2004).

Int. J. Environ. Res., 9(3):1107-1116, Summer 2015
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Additionally, in order to obtain maximum EPS
production yield, finally a set of experiment was
established at optimal conditions. The optimal
conditions at which B. licheniformis B22 bacterium
produced maximum EPS were determined as 50 °C, pH
7.0 and alginic acid containing media with 150 mg/L Cr(VI).
Under these conditions, maximum EPS production was
performed at 30th hours of incubation and 667.83 mg/L
EPS was produced by the bacterium (Fig. 7).

CONCLUSIONS
The use of thermophilic bacteria for EPS

production is not to be deeply investigated. We have
demonstrated EPS production of thermal isolate B.
licheniformis B22 comprehensively in terms of
monomer composition, characterization and the effect
of environmental conditions. The EPS produced by
thermal isolate have mainly composed of glucose. In
addition, the XRD and TGA data showed EPS was
mainly of amorphous nature and contained chitin,

Fig. 6. Effect of initial chromium concentration on EPS production by B. licheniformis B22 in the absence and
presence of 1 g/L alginic acid and glucuronic acid at 60 hours of incubation (T: 40 °C, pH 7.0).

Fig. 7. EPS production by B. licheniformis B22 at optimum conditions (T: 50 °C, pH 7.0, 150 mg/L Cr(VI) and 1
g/L alginic acid.

chitosan, protein and calcite. For the highest EPS
production the optimum pH level was 6.0-7.0 and it
was highly affected by the increasing temperatures,
Cr(VI) concentrations and present of organic acids. A
positive correlation was determined between Cr(VI)
toxicity and EPS production.
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