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Microorganisms are a good source of exopolysaccharides (EPS) which have been reported in
different microbial types including bacteria, fungi, and algae. Exopolysaccharides are mainly
known for high-value applications, and have received considerable research attention over
recent decades due to environmental and human compatibility. Among many biological
properties, they play an important role as free radical scavengers and antioxidants for the
prevention of oxidative damage in living organisms. In present investigation the antioxidant
properties of the EPS produced by an indigenous species of Penicillium has been evaluated in
vitro. The crude EPS obtained was purified by DEAE-52 and sephadex G-100, which resulted
in EPS as the major polysaccharide produced by Penicillium BMSP-7.The FTIR of the EPS
was performed to get the information regarding type of functional groups present in its
structure. The antioxidant properties analyzed in crude and purified EPS samples, revealed
the crude EPS as the more potential antioxidant as compared to the purified forms especially
the reducing power and the scavenging ability on superoxide radicals. Both these activities
were comparable with that of the standard (ascorbic acid).
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1. INTRODUCTION

The increasing significance of microbia exopolysaccharides
in industrial and medical applications necessitated the
exploration of newer organisms to study the interrelations
between metabolic pathways and exopolysaccharides
biosynthesis mechanism in order to control, enhance their
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microbial exopolysaccharides have achieved to be used
commercialy *. Microorganisms, especialy the fungi, are
well known to have an abundance of antioxidant compounds
like exopolysaccharides that have been shown to be effective
in removing reactive oxygen species (ROS) such as
superoxide, anions, hydrogen peroxide, and hydroxyl
radicals from the body. ROS are strongly associated with
cardiovascular disease, cancer and various
neurodegenerative disorders. The main sources of free
radicals are oxidation reactions of polyenoic fatty acids %
Antioxidants have become one among the most important
topics in human nutrition because of high concentrations of
free lipid radicals, both in food and in vivo after food
ingestion 3. Trauma faced by people these daysiis either in the
form of mental or physical stress due to the consumption of
noxious food and drugs which leads to oxidative stress in the
body. In normal aerobic respiration, reactive oxygen species
(ROS) are generated in the body after stimulation from
exogenous factors or a number of endogenous metabolic
processes *. Reactive species like hydroxyl radical,
superoxide anion and various lipid peroxides cause damage
by reacting with biomolecules °. These free radical-initiated
reactions are known to bring on a wide variety of
pathological effects, such as carcinogenesis, atherosclerosis,
DNA damage and degenerative processes associated with
ageing ® 7. Antioxidants are the agents capable of
neutralizing the deleterious effects of ROS®. To diminish the
damage to the human body, antioxidants are commonly used
in processed foods. Antioxidants could alleviate the
oxidative damage of a tissue indirectly by increasing natural
defenses of cell and directly by scavenging the free radical
species °. Synthetic antioxidants, such as butylated
hydroxytoluene (BHT) and butylated hydroxyanisole (BHA)
have been extensively developed and utilized in recent years.
However, the unwanted side effects caused by these
synthetic antioxidants are suspected to be responsible for
liver damage and carcinogenesis and other ailments * 1,
Thus, there is a need to exploit new natural sources of
antioxidants with low cytotoxic effect. In this regard a
number of exopolysaccharides  obtained  from
microorganisms have been found to possess potent
antioxidant activities. From past several decades fungi are of
immense interest because they are biologically rich in active
substances '  Exopolysaccharide is widely used
macromolecule in the fields of medicine and industry .
The exopolysaccharides obtained from microorganisms,
especially from fungi like Morchella crassipes, Cordy
cepssinensis and Aspergillus sp Y16 etc. have already been
reported to possess remarkable antioxidant activity ** > %,
Therefore, the objective of the present study was to
determine the in vitro antioxidant potentia of the
exopolysaccharides produced by an indigenously obtained
species of PenicilliumBMSP-7.

2. MATERIALSAND METHOD
Thefungal culture
The culture of Penicillium BMSP-7 was isolated from the
rhizospheric soil sample collected from the Panjab
University Campus, Chandigarh, India. The pure culture was
maintained on potato dextrose agar (PDA) slants and stored
at 4°C.
Exopolysaccharide Fer mentation & Extraction
The fermentation for exopolysaccharides production was
carried out as per Lima et al., 2008 and Misaki et al., 2009
17.18 in 200ml Richard’s fermentation broth in 500 ml flask
by inoculating with two mycelia discs(10mm diam.) of the
test fungus, Penicillium BMSP-7. The flasks were incubated
a 28+1°C under shaking at 150rpm for seven days. The
fermentation broth obtained after seven days of incubation
was first filtered with Whatman No. 1 filter paper to separate
the mycelial biomass and centrifuged at 10,000 rpm at 4°C
for 20 min. to remove mycelia remnants (if any) left after
filteration. The supernatant obtained after centrifugation was
mixed with 5% TCA for deproteinization and kept overnight
at 4°C. Next day the precipitated proteins were removed by
centrifuging the broth as mentioned above and the
supernatant was mixed with the 4 volume of ethanol
(supernatant: ethanol = 1:4 v/v) and kept overnight again at
4°C. Next day the crude pellets of exopolysaccharides
obtained after centrifugation was dialyzed against distilled
water, concentrated, lyophilized and expressed in g/l
Purification of Exopolysaccharides
Purification of crude exopolysaccharides was done by
DEAE-52 anion exchange chromatography and Sephadex G-
100 as perQiao et. al.,2009 *° . Crude exopolysaccharides
solution (10 mg/ml, 5 ml) was applied to a column of
DEAE-52 (2.6 x 30 cm), and the column was stepwise el uted
with 0.1, 0.3 and 0.5 M sodium chloride solutions at a flow
rate of 60 ml/h. Eluate (10 ml/tube) was collected and the
carbohydrates were determined by the phenol—-sulfuric acid
method (Dubois et. a., 1956). As results, two fractions of
polysaccharides (F-1 and F-2) were obtained, concentrated,
dialyzed and further purified through a column of Sephadex
G-100 (2.6 x 50 cm). The resultant major fraction (EPS) was
then concentrated, dialyzed and lyophilized for further study,
respectively.
FTIR spectroscopy of EPS
FTIR analysis of EPS was done by grinding 2mg of EPS
with 200mg of dry potassium bromide and then pressed into
almm pellet for recording FTIR spectra on FTIR infrared
spectrometer in the frequency range of 4000-400cm™.
Deter mination of antioxidant activitiesin vitro of EPS
Determination of reducing power
The reducing ability of EPS samples was determined as per
method of Liu et al., (2009) and Ozen (2010) with some
modifications %' %, 2.5ml of each test sample (0.05-1mg/ml)
prepared in distilled water was mixed with 2.5ml of 0.2 M
sodium phosphate buffer (pH 6.6) and 2.5ml of potassium
ferricyanide (1%, w/v) and incubated at 50°C for 20
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minutes. After incubation, 2.5ml of TCA (10%, w/v) was
mixed and the mixture was set to centrifugation at 5000 rpm
for 10 minutes. 5ml of upper layer was mixed with 0.5ml of
fresh FeCl; (0.1%, w/v), and absorbance was measured at
700 nm. Distilled water and ascorbic acid were used as the
blank and control, respectively. Higher absorbance indicates
greater reductive potential.

Determination of scavenging ability on superoxide
radical

The superoxide radical scavenging activity was investigated
by the method of Kong et al., (2010) and Liu et al., (2009)
with some modifications " #* . The superoxide anion was
generated in 3ml of 0.1 M sodium phosphate buffer (pH 7.4)
containing 156 pM [-nicotinamide adenine dinucleotide
(NADH), 52 uM nitroblue tetrazolium (NBT) and 20 uM
phenazinemethosulfate (PMS). 1ml of each test sample
(0.05-1mg/ml) was added and incubated at 25°C for 5
minutes. Distilled water and ascorbic acid were used as the
blank and control, respectively. The absorbance of the
mixture was measured at 560nm. The scavenging activity on
superoxide radical was determined as (%) = (1-Asmpie/ Abiank)
x 100.

Determination of hydroxyl radical scavenging activity
The method of Jin et al., (1996) and Liu et al., (2009) with
some modifications [23, 21] was used to determine the
hydroxyl radical scavenging activity. The hydroxyl anion
was generated in the mixture of 1ml of 0.75 mM 1,10-
phenanthroline, 1.5ml of 0.15 M sodium phosphate buffer
(pH 7.4), 1ml of 0.75 mM FeSO, and 1ml of H,O, (0.01%,
v/v). 1ml of each test sample (0.05-1mg/ml) was mixed and
incubated at 37°C for 30 minutes. Distilled water and
ascorbic acid were used as blank and control, respectively.
Finally absorbance was measured at 536nm. The scavenging
activity on hydroxyl radical was determined as (%) = (Asmple
- Apiank) /(Ao -Apiank) X 100, where Aq was the absorbance of
the distilled water instead of H,O, and sample in the assay
system.

Statistical analysis

Data were expressed as mean £+ SD. (n = 3). The
experimental data were subjected to an analysis of variance
(ANOVA) for a completely random design. Graph pad prism
(GPP Version 6.0) was used for the statistical analysis of the
experimental data The datistical differences were
considered significant at p < 0.05.

3. RESULTSAND DISCUSSION

Extraction and purification the exopolysaccharide

Crude exopolysaccharides obtained as a result of
fermentative production using an indigenous species of
Penicillium BMSP-7 was purified firstly by separating
through an anion-exchange chromatography. The DEAE-52
cellulose was used as an anion exchanger in the column from
which two independent elution peaks (F1 and F2) were
detected by the phenol-sulfuric acid assay (Fig.1a). Both the
fractions were collected, concentrated and subjected to gel

filtration chromatography using Sephadex G-100. As a
result, each fraction generated one single elution peak
termed EPS and EPSL, respectively (Fig. 1b & 1c). The
recovery rates of EPS and EPS1 were 50.0 % and 17.6%
respectively. The results indicated EPS as the major
polysaccharide produced by Penicillium BMSP-7 and thus it
was purified, dialyzed, concentrated, lyophilized and further
subjected to structure analysis by FTIR to get the
information regarding functional groups and evaluated for
their antioxidant efficiency against ascorbic acid.
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Fig 1: 1a) Stepwise elution curve of crude EPS on DEAE cellulose-52
column, confirming the presence of two different types of EPS peaks F1
& F2.Total 125 fractions were taken (25 each) with Phosphate buffer
saline, 0.1M, 0.3M, 0.5M, 0.7M NaCl; 1b & 1c): Elution curve of
exopolysaccharide fractions EPS and EPS1 obtained from F1 and F2
respectively on Sephadex G-100. EPS is the major EPS due to its high

recovery rate.

Fourier transforms- infrared (FTIR) analysis of EPS
The functional groups of the purified EPS were recorded at
the absorbance mode from 4000 to 400 cm™ which revealed
the presence of characteristic functiona groups (Fig 2). The
figure shows the IR spectra of EPS displaying intensity and
broad band at around 3430 cm™, assigned to the hydroxyl
groups (OH) stretching vibration. Signals at 2877 cm™ were
from the stretch vibration of CH group. Absorption bands at
1641 cm™* assigned to an NH bending, signal at 1521 cm™
assigned to NO group. A low intensity band at1456 cm™
signifies CH5 group. Signal at 1351 cm™* attributed to C-O-C
aryl alkyl asymmetrical group. Band at 1299 cm™ assigned
to esters. Signal at 952 cm™ shows CH, group and bands
from 675 to 870 cm™® attributed to aromatic CH bending. The
IR-spectrum, in our study, is in consistent with the results
reported previously like Xiong et al. 2010 and Lin and
Harichund 2011 ** %,
Antioxidant activitiesin vitro of EPS
Reducing power of EPS
The reducing power of a compound may serve as a
significant indicator of its potential antioxidant activity. In
the reducing power assay, the yellow colour of test solution
changes into various shades of green and blue colours
depending on the reducing power of antioxidant samples.
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Antioxidants are able to reduce Fe3+/ferricyanide complex
to its ferrous form. Therefore, Fe>+ can be monitored by
measuring the formation of Perl’s Prussian blue at 700 nm .
The result obtained were concentration-dependent that is
with the increase in concentration, the reducing power of the
test sample and ascorbic acid (control) aso increased
(Fig3a). At 1.2mg/ml, the reducing power of EPS was 0.911,
which is near to the value of control. The results indicate that
EPS have good reducing power and fulfill the requirement of
an antioxidant. The reason may be some interactions and
synergistic effects for antioxidant properties. It suggested
that reductone-associated and hydroxide groups of EPS from
Penicillium BMSP-2 can act as electron donors and can react
with free radicals to convert them to more stable products.

Fig 2. FTIR spectrum of EPS prgauced fromPenicilliumsp BM SP-7
showing the peaks of different functional groups which are present in
structure of purified EPS.

Scavenging ability on superoxide radicals

Superoxide radicals were generated in a PMS/NADH system
for being assayed in the reduction of NBT. Superoxide
radicals would play important roles in the formation of other
reactive oxygen species, such as hydrogen peroxide,
hydroxyl radical and single oxygen, which induce oxidative
damage in lipids, proteins and DNA 3. Fig. 3bshows the
scavenging effects of EPS and ascorbic acid (control) on the
superoxide radicals. At a concentration of 0.2mg/ml, the
scavenging effect of the EPS was 93.38%. The results were
concentration-dependent as it revealed, with the increase in
concentration the scavenging activity decreased. Scavenging
activity of control was lower than the test, which shows
remarkable result and EPS was found to exhibit stronger
scavenging activity on superoxide radical. Although
superoxide radical is relatively a weak oxidant in most
organisms, it could produce hydrogen peroxide and hydroxyl
radical through dismutation and other types of reaction and
is the source of free radicals formed in vivo. These results
indicate that EPS have strong scavenging activity on
superoxide radical.

Scavenging ability on hydroxyl radicals

Hydroxyl radical is considered to be a highly potent oxidant,
which react with most bio-macromolecules functioning in
living cells and induce severe damage to adjacent
biomolecules. Thus, removing hydroxyl radical is important
for antioxidant defense in cell or food systems *2. In present
investigation, the hydroxyl radical, generated by the Fenton

reaction in the system, was scavenged by the test EPS
produced by Penicillium BM SP-2. The scavenging effects of
EPS and ascorbic acid (control) as shown in Fig. 3c revealed
a moderate scavenging effect against hydroxyl radical and
were found directly proportional to the concentration of both
the EPS and the control. The maximum scavenging activities
of both the test EPS and the control at the maximum
concentration of 1.2mg/ml was found to be 69%, and 92%,
respectively.
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Fig 3: Antioxidant property of EPS obtained from Penicilliumsp
BM SP-7was determined by analyzing the followings: 3a: The reducing
power of EPS and Ascorbic acid (Control); 3b: Scavenging activity on
superoxide radical of EPS and Ascorbic acid (Control); 3c: Scavenging
activity on hydroxyl radical of EPS and Ascorbic acid (Control). Data
arepresented asmeans+ SD of triplicates

4. CONCLUSION

In present investigation on in vitro antioxidant activities of
the EPS obtained from an indigenous species of Penicillium
indicated a strong antioxidant property. The antioxidant
activity of EPS in terms of reducing power and the
scavenging activity on superoxide radical were found to be
comparable and even higher than the control (ascorbic acid)
respectively. It might be due to the interference of the
monosaccharide moiety and the molecular size of the pure
EPS which affected or enhanced the antioxidant activity.
The study is significant in two ways. Firstly, we have
reported the antioxidant activity of the EPS produced by a
tropical species of Penicillium and secondly, the activity was
observed at lower EPS concentrations, which may find
appropriate applications in food and pharmaceutical
industries and may be effective even at smaller doses.
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