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Abstract: To find out the antioxidant properties of exopolysaccharide producing Frateuriaaurentia.
Appearance and solubility of the EPS, Estimation of carbohydrate on bacterial EPS, Emulsifying activity,
Estimation of protein on bacterial EPS crude extract and sulphatecontant, HPLC, FTIR and  - Carotene
bleaching assay. The amount of sulphate present in the EPS crude extract of Frateuriaaurentia was estimated
0.312 ± 0.100mg/100ml  and  the  amount of protein estimated in EPS crude extract of Frateuriaaurentia was
0.108 ± 0.162mg/ 100ml. The emulsification index (E ) of EPS producing Frateuriaaurentia was higher in castor24

oil (82.67 ± 1.15) and neem oil (81.33 ± 1.5). FTIR spectroscopy of intact polysaccharides (EPS) showed the
presence of hydrogen bonded compounds, sulphate compounds, carboxyl group, etc., the broad and intense
band at 3315.41cm  was stretch vibration of hydroxyl group were assessed. The crude EPS extract was1

analysed with High performance Liquid chromatography system C18 column and also  -carotene bleaching
assay was performed. Exopolysaccharide producing Frateuriaaurentihave high antioxidant properties from
experimental evidences.
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INTRODUCTION explored to achieve polymeric structures with enhanced

Many microorganisms can synthesize alginate, gellanfucopol or galactopol) possess the
exopolysaccharides (EPSs) and excrete them out of cell capacity to establish physical and/or chemical
either as soluble or insoluble polymers. These EPSs not intermolecular interactions, which result in a cohesive
only can protect the microorganisms themselves, but also polymeric matrix that is able to form a film. Recent research
can be applied in many biotechnological applications, has focused on developing polymeric matrices with tuned
such as textile, pharmaceutical, cosmetics, food, metal properties (e.g. transparency, barrier and mechanical
mining, oil recovery and metal recovery. Common properties, biocompatibility or bioactivity) for several
microbial EPSs, such as xanthan and dextran, have been applications, namely edible coatings for food products
used as commercial products for many years. Because of and packaging purposes [3].
their novel properties, the bioactive microbial The ability of EPS to establish polymeric matrices
polysaccharides D-glucans and bacterial cellulose have enables there invitro manipulation to shape them as
been used for immune modulation and tumouristasis and structured materials (e.g. nanoparticles, scaffolds or
audio membranes. Thus, microbial EPSs have attracted hydrogels) that are adapted to specific biomedical
more attentions from scientific and industrial communities applications including drug delivery, imaging, tissue
[1]. engineering and wound dressings [4, 5].

The mixture of galactomanans (e.g. locust bean gum) Fucose is an example of a rare sugar that is difficult to
with xanthan is a well-known example of synergism that obtain, for which supply falls short of demand in the
results in the formation of a gel structure In addition, international  market.  Formulations  that contain fucose,
chemical modifications that change the nature of polymer as well  as  fucose  containing oligosaccharides, have
chain constituents and chemical reactions with other been  reported  to  have properties that potentiate their
biopolymers and crosslinking agents [2]. It has also been use, either in pharmaceuticals (e.g. as anticarcinogenic or

functionality. Some polysaccharides (e.g. bacterial
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anti-inflammatory   agents),   or   in   cosmetic  products with distilled water. 0.5 ml of 5% phenol was added to all
(as antiaging agents) [6]. Therefore, polysaccharides with the tubes followed by 2.5ml of 96% sulphuric acid. The
a high content of fucose (or other added value mixtures were shaken well and incubated for 10 minutes.
components), such as fucopol, can be seen as sources of The tubes were kept in a water bath at 30°C for 20 minutes
valuable chemicals. and the absorbance was read at 490nm.

The polysaccharides are believed to protect bacterial
cells from desiccation, penetration of toxic metals, Determination of Sulphate Content on Bacterial EPS
antibiotic, phagocytosis, phage attack and to produce Extract: Sulfate content in crude extract was determined
biofilms  [7].  Inrecent years, bacterial polysaccharides by the barium chloride gelatin method [11]. 0.1ml of the
have become an alternative of interest as sample (1mg/ml) was used for the estimation of sulphate
immunostimulatory, immunomodulatory, antitumor, content. Potassium sulphate (0.6 mg/ml) at various
antiviral, anti-inflammatory and antioxidant agents in concentrations was used as the standard. They were
various medical and pharmaceutical industries [8]. EPS taken in different test tubes and were compensated to
exhibited better activities which are similar to that of 0.2ml solution with hydrochloric acid. Then 3.8 ml of
commercial hydrocolloids. Both crude and purified EPS tricholoro acetic acid and 1.0ml of barium chloride gelatin
exhibited strong antioxidant potential by quenching solution were added and absorbance were measured at
hydroxyl and superoxide anion radicals. Antibiofilm 360nm after incubation for 15 min at room temperature and
activity by inhibition of Gram positive and Gram negative 0.2ml of hydrochloric acid solution was used as the blank
biofilm forming bacteria and Potential antioxidant activity and amount of sulphate was calculated.
and biofilm inhibiting property of EPS may lead to the
development of novel food grade adjuncts [9]. In this Estimation of Protein on Bacterial EPS Crude Extract:
study was mainly focused on exopolysaccharide The amount of protein present in bacterial extract was
producing bacterium Frateuriaaurentiaand amount of estimated by Lowry‘s method [12].
sulphate present in the EPS crude extract was estimated
and also  the  emulsification   index   and -carotene Emulsifying Activity: Emulsifying activity was measured
assay were studied. Further, the crude EPS extract was using a modified method [13]. In this method,
analysed with FTIR and High Performance Liquid hydrocarbon or oil was added to aqueous phase
Chromatography system for specific compounds for containing the exopolysaccharide (hydrocarbon:
medicinal uses. exopolysaccharide in a ratio of 3:2, v/v) and agitated

vigorously for 2 min on a cyclomixer. The oil, emulsion
MATERIALS AND METHODS and aqueous layers were measured at every 24 h interval

Appearance and Solubility of the EPS: The physical {(volume of the emulsion layer × total volume-1) × 100}.
properties of EPSs such as colour, smell, texture were The emulsion formed with toluene, benzene, xylene, triton
investigated, as well as its solubility in several solvents X 100, kerosene, gingili oil, coconut oil, neem oil, palm oil,
such as ethanol, ether and acetone. The EPS powder was castor oil, olive oil, diesel, petrol and groundnut oil, using
added into different solvents, mixed well and observed if 1mgml  EPS.
it was soluble.

Estimation of Carbohydrate on Bacterial EPS: The total EPS: The exopolysaccharide of bacteria was characterized
carbohydrate content was estimated by phenol sulphuric using  Fourier   transform   infrared   Spectrophotometer.
acid method proposed by [10]. 10mg of crude extract was IR spectroscopies of bacterial EPS along with standard,
dissolved in 5ml of 0.5N HCL and kept in a boiling water dextran sulphate were tested using Perkin – Elmer FT-IR
bath for 3 hours. The solution was then neutralized with instrument, which helped to analyse different sulphate,
sodium carbonate and the volume was made up to 10ml of carboxyl and hydroxyl groups of molecules [14]. One part
distilled water. 0.1ml and 0.2ml of the solution were used of extract was mixed with ninety parts of dried potassium
for the estimation of total carbohydrates. D-glucose bromide (KBr) separately and then compressed to prepare
(stock: 1mg/ml) was used as the standard. Various a salt disc of 3mm diameter. These discs were subjected to
concentrations of standard and test solutions were taken IR – spectrophotometer. The absorption was read
in different test tubes and the volume made up to 0.5ml between 400 and 4000 cm .

and an emulsification index (E) was calculated as the

1

Fourier Transform Infrared Spectroscopy Analysis of

1
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Agarose Gel Electrophoresis: The isolated crude samples were estimated by Lowry’s method. The amount of
(10µg) were subjected to electrophoresis on a 0.6% protein present in the EPS crude extract of
agarosegel [15]. This experiment helps to find out the Frateuriaaurentia was 107.99 ± 1.62 µg/ml. It was
nature of the isolated product. The presence of EPS was presented in Fig. 1.
analysed by electrophoresis, using two different buffer
systems such as acetate buffer (pH – 3.6) and carbonate Emulsification Activity: The emulsification index (E ) of
– bicarbonate buffer (pH – 9.2) for 1hr at 100v. After the EPS was higher in castor oil (82.67 ± 1.15) and neem oil
electrophoresis, the gel was then fixed with 0.1% N - Cetyl (81.33 ± 1.5). While the emulsification of EPS in case of
–N,  N,  N –  trimethyl  ammonium bromide for 12hours. kerosene (60.33 ± 1.15), diseal (60.33 ± 1.2), petrol (60.33 ±
The gel was then dried and stained with Toluidine blue 1.17) and coconut oil (60.33 ± 1.25) were significant, it was
solution. 0.1% toluidine in acetic acid, ethanol and water moderate to low in olive oil (56 ± 0.5), palm oil (52.0 ± 1.15),
in the ratio of (0.1:5:5 v/v). After staining, the gel was gingelly oil (40.67 ± 1.5), groundnut oil (40.67 ± 0.58) and
washed in destaining solution in acetic acid, ethanol and triton x 100 (40.67 ± 1.15). Very low emulsifying activity in
water in the ratio (0.1:5:5 v/v) and result was documented. toluene (24 ± 1.5) as shown in Fig. 2. The values are the

HPLC Analysis of EPS: The isolated crude both EPS were repetitions.
analysed with a high performance liquid chromatography
(HPLC) C18 system column (LC–10VP Shimadzu) and FTIR Analysis: IR spectroscopy of intact
eluted with distilled water at a flow rate of 1.0ml/min at polysaccharides (EPS) showed the presence of hydrogen
20°C. The separated components were monitored by a bonded compounds, possible acid or amine salt. The
refractive index detector. The EPS after being hydrolysed broad and intense band at 3315.41cm  was stretch
and derivatives with methanol was analysed for its sugar vibration of hydroxyl group. The signal at 3199.69cm
composition by HPLC. The column was calibrated with was attributed to the stretch vibration of the C-H bond.
different molecular mass standard and a standard curve The band at 1672.17cm  was attributed due to the
was then established. vibration of C=C. The band at 1542.95 was attributed due

-Carotene Bleaching Assay: In this assay, antioxidant 1458.08cm  was  due to the stretch (in ring) vibration of
capacity is determined by measuring the inhibition of the C-C linkages.  The  band  at 1400.22cm  was attributed
volatile organic compounds and the conjugated due  to  the  stretch vibration of O-H. In addition to that
dienehydroperoxides arising from linoleic acid oxidation the band at 1400cm  revealed that (1,3) –  – linkages.
[16]. The signal at 1336.58cm  was attributed due to the

RESULTS attributed due to the stretch vibration of C-O-C. The band

Appearance and Solubility of EPS: EPS crude extract is of C-Cl. The band at 750.26cm  was attributed due to the
light brown in colour and in the form of odourless. It is stretch vibration of C-Cl. The signal at 657.75cm  was
soluble in water but insoluble in ethanol and other organic attributed  due  to  the  bending  vibration  of  the  C-H.
solvents such as methanol, acetone and DMSO which The signal at 601.75cm  was due to the stretch vibration
accorded with the general properties of polysaccharide. of C-Br. The band at 464.81cm  was attributed due to the

Estimation of Chemical Constituents: The total
carbohydrate present in the crude extract of EPS was HPLC Analysis: The crude EPS extract was analysed with
estimated   by   phenol   sulphuric   acid   method   using High performance Liquid chromatography (HPLC) system
D- glucose as standard. The amount of carbohydrate C18 column. The obtained peaks indicate that neutral
present in the EPS crude extract of Frateuriaaurentia was sugars are present in our crude EPS extract.It was shown
395.01 ± 1.98 µg/ml. in Fig. 4.

The sulphate content in the EPS crude extract was
estimated by Barium chloride gelatin method. The amount Agarose Gel Electrophoresis: The exoploysaccharides
of sulphate present in the EPS crude extract was 312.2 ± extracted from Frateuriaaurentiawas structure of mobility
1.006 µg/ml. The protein content in EPS crude extracts checked by using agarose gel electrophoresis by applying

24

means ± standard deviations of three independent

1

1

1

to the stretching vibration of N-H. The signal at
1

1

1

1

stretch vibration of C-N. The band at 1122.49cm  was1

at 810.05cm  was attributed due to the vibration stretch1

1

1

1

1

vibration stretch of S-S. It was presented in Fig. 3.
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Fig. 1: Estimation of chemical constituents in EPS extract

Fig. 2: Emulsification indexes (E24) for EPS extract against various hydrocarbons/vegetables oils

Fig. 3: FTIR spectrum of EPS crude extract from Frateuriaaurentia

for two different pH buffer systems. The highest mobility DISCUSSION
was observed for pH value 9.2 –Carbonate –bicarbonate
buffer is shown in the Fig. 5a and5b. Dextran sulphate was In the present study the amount of sulphate present
used as a marker. in the EPS crude extract of Frateuriaaurentiawas

B-Carotene Bleaching Assay: AS the incubation time amount of protein estimated in EPS crude extract of
increases EPS bleaching activity also increases. The Frateuriaaurentia was 0.108 ± 0.162mg/ 100ml.Similarly
antioxidant activity of EPS crude extract from [17] reported that the protein was higher for B. subtilisin
Frateuriaaurentia was lower than that of ascorbic acid, sample  malt  medium,  whereas the optical density was
synthetic antioxidant (Fig. 6). 0.11 ± 0.07 mg/100ml. The present study the emulsification

estimated value was 0.312 ± 0.100mg/100ml and the
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Fig. 4: HPLC spectrum of EPS extract from Frateuriaaurentia

(a) (b) to low in kerosene (53 ± 0.3), castor oil (50 ± 3.5), rice oil

Fig. 5: (a). Acetate buffer (pH 3.6); (b). Carbonate of three independent repetitions[18]. EPS produced by
bicarbonate buffer (pH 9.2) Bacillus pumilus UW-02 have efficiently emulsified

Lane 1 and 2 – EPS crude extract; Lane 3 – Dextran aliphatic and aromatic hydrocarbons and vegetable oils.
sulphate Index values were in higher side for coconut oil (77±2.0),

Fig. 6: B-carotene bleaching assay hydrogen bonded compounds, sulphate compounds,

index (E ) of EPS producing Frateuriaaurentia was 3315.41cm  was stretch vibration of hydroxyl group. The24

higher in castor oil (82.67 ± 1.15) and neem oil (81.33 ± 1.5). signal at 3199.69cm  was attributed to the stretch
While  the  emulsification  of EPS in case of kerosene vibration of the C-H bond. The band at 1672.17cm  was
(60.33 ± 1.15), diesel (60.33 ± 1.2), petrol (60.33 ± 1.17) and attributed due to the vibration of C=C. The band at
coconut oil (60.33 ± 1.25) were significant effect. It was 1542.95 was attributed due to the stretching vibration of
moderate to low in olive oil (56 ± 0.5), palm oil (52.0 ± 1.15), N-H.  The  signal  at  1458.08 cm  was  due  to  the stretch

gingelly oil (40.67 ± 1.5), groundnut oil (40.67 ± 0.58) and
triton x 100 (40.67 ± 1.15). Very low emulsifying activity in
toluene (24 ± 1.5) the values are the means value ±
standard  deviations  of  three independent repetitions.
The emulsification index (E ) of EPS was higher in xylene24

(76 ± 2.0) and sunflower oil (70 ± 2.0). While the
emulsification of EPS in case of mustard oil (62 ± 2.8),
soyabean oil (62 ± 2.2), were significant, it was moderate

(41 ± 1.9), The values are the means ± standard deviations

mustard oil (75±2.2) and xylene (71±2.5); significant for
other hydrocarbons except for diesel (57±1.5), which was
in lower side and also this study revealed that the
emulsion indices were high in alkaline pH rather than in
acidic, although stability of emulsions were quite similar
in both acidic and alkaline pH except in high
concentrations EPS showed as high as 92±2.4 E24 index
value  for  coconut  oil  with  5 mgml  concentration [19].1

In the present study reveals that the IR spectroscopy of
intact polysaccharides (EPS) showed the presence of

carboxyl group, etc., the broad and intense band at
1

1

1

1
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(in ring) vibration of C-C linkages. The band at polysaccharides from dissolved EPS from amphora sp.,
1400.22cm  was attributed due to the stretch vibration of determination of neutral sugars from the polysaccharides1

O-H. In addition to that the band at 1400cm  revealed [20]. The EPS is composed of glucose, mannose, xylose,1

that (1, 3) –  – linkages. The signal at 1336.58cm  was arabinose  and  N-acetyl  glucosamine   monomer   units.1

attributed due to the stretch vibration of C-N. The band at In terms of peak area, glucose and mannose were present
1122.49cm  was attributed due to the stretch vibration of as  major  constituents,  whereas,  xylose,  arabinose and1

C-O-C.  T he band at 810.05cm  was attributed due to the N-acetyl glucosamine were as the minors.In the present1

vibration stretch of C-Cl. The band at 750.26cm  was study the incubation time increases and EPS bleaching1

attributed due to the stretch vibration of C-Cl. The signal activity also increase [19]. Similarly, [21] observed that the
at 657.75cm  was attributed due to the bending vibration antioxidant activity of EPS crude extract from1

of the C-H. The signal at 601.75cm  was due to the Pleurotusostreatus was lower than that of ascorbic acid1

stretch vibration of C-Br. The band at 464.81cm  was and synthetic antioxidant. The antioxidant activity of EPS1

attributed due to the vibration stretch of S-S. crude extract from Pleurotusostreatus was higher than
FTIR spectrum of the EPS indicating the major that of BHT (Butylatedhydroxytoluene) synthetic

functional groups and the chemical bonds. The broad antioxidant.
peak at 3301 cm  was OH stretching peak, the carbonyl1

(C=O) stretching  was at 1640 cm , the peak between CONCLUSIONS1

2800 and 3000 cm  was C-H stretching peak. Absorption1

at 1010 cm  was typical for D - glucose in pyranose form Frateuriaaurentia to be considered as effective1

and 863 cm  was indicative index of  -glycosidic linkage strain for production of exopolysaccharides. It can be1

between  individual  glycosyl  residues  existed  in  EPS. applied in many biotechnological applications, such as
In the anomeric region (950–700 cm ), the textile, pharmaceutical, cosmetics, food, metal mining, oil1

polysaccharides exhibited the obvious characteristic recovery and metal recovery.
absorption at 812 cm  corresponding to the existence of1
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