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Abstract Species of Pleurotus have gained tremendous
interest due to its nutritional and various medicinal appli-
cations. The specific goals of this research work are to
evaluate the effects of different carbon and nitrogen sour-
ces for mycelial biomass, average growth rate and
exopolysaccharide (EPSs) production, estimation of total
carbohydrate content and antioxidant activities of EPSs and
determination of antibacterial properties of various extracts
of Pleurotus flabellatus. The starch (3.84 + 0.43 g/l and
0.55 £ 0.21 g/l/day) and peptone (1.57 £ 0.87 g/l and
0.22 £ 0.12 g/l/day) were the best (p < 0.05) carbon and
nitrogen sources, respectively, for better mycelial growth
and average growth rate of P. flabellatus, whereas EPSs
production was highest in sucrose (3.467 £ 0.96 g/l) and
beef extract (6.00 = 0.59 g/1). The highest amount of

Significance Statement Present findings revealed that starch and
peptone were the best carbon and nitrogen sources for better mycelial
growth and average growth rate of P. flabellatus, whereas EPS
production was higher in sucrose and beef extract. EPSs produced
from best carbon and nitrogen sources were found to be a significant
source of carbohydrate. EPSs of various carbon and nitrogen sources
have the potentiality to scavenge the free radicals, which will be
valuable source material for pharmaceutical industry. Present findings
also documented that the various extracts of P. flabellatus (EPSs,
broth and mycelia) has potent antibacterial activity against B. subtilis
and E. coli. The further work is still needed to explore the active
chemicals constituents of EPS and their various functional
relationships.
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carbohydrate from EPSs was observed in starch (3.39 mg/
100 g) and peptone (4.05 £ 0.08 mg/100 g) medium
(p < 0.05). The highest free radical scavenging activities
of EPSs were observed in glucose (83.80 £ 0.87%) and
calcium nitrate (89.01 £ 1.61%) at 16.0 mg/ml concen-
tration (p < 0.05). The broth extract of P. flabellatus
showed highest (p < 0.05) antibacterial activity against B.
subtilis, whereas EPSs extract showed lowest activity
against B. subtilis; meanwhile, all three types of extract did
not show activity against S. aureus. Therefore, more
research work is necessary to find out the active chemicals
constituents of EPSs and their functional relationships.

Keywords Bioactivities - Antibacterial -
Antioxidant activities - BSL medium - Polysaccharide

Abbreviations
EPS Exopolysaccharide

MCCT Mushroom culture collection tube
BSL Basal synthetic liquid
CMC Carboxymethyl cellulose

DW Dry weight

FRS Free radical scavenging
DPPH 1,1diphenyl-2-picrylhydrazyl
BHT Butylated hydroxytoluene
PDA Potato dextrose agar

SD Standard deviation

PCA Principal components analysis
EC Effective concentration
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Introduction

Exopolysaccharides (EPS) are produced by various
microorganisms particularly mushrooms due to their vari-
ous structural complexities [1] and have ability to fulfill
different tasks during the growth on natural substrates, such
as adhesion to surfaces, immobilization of secreted
enzymes and prevention of hyphae from dehydration and
increased residence time of nutrients inside the mucilage
[2]. Most of investigations on fungal polysaccharides were
mainly focused on higher basidiomycetes mushrooms as
these have great structural and functional properties which
in turn have diverse applications in industries, pharma-
ceuticals, food, etc [2]. Polysaccharides from mushrooms
are used as a tonic, promoting longevity and improving the
quality of life by possessing different medicinal properties
like free radical scavenging activity, superoxide radical
scavenging, reducing properties, lipid peroxidation inhibi-
tion, suppression of proliferation and oxidative stress, anti-
inflammatory activity, antiproliferative effects, immunos-
timulating, anti-tumor, hypoglycemic activities, biosys-
nthesis and increasing cell proliferation, etc [3]. On the
basis of the above discussion, the present work is carried
out to evaluate the effects of different carbon and nitrogen
sources for mycelial biomass, average growth rate of
mycelia and EPSs production from P. flabellatus. The
following works have been intended to work out during
this programme: (1) to estimate the total carbohydrate
content from EPSs produced by three carbon and nitrogen
sources, (2) to evaluate the antioxidant activity of EPSs
produced by three carbon and nitrogen sources, and (3) to
evaluate the antibacterial property of three different
extracts of mushroom against Gram-positive and Gram-
negative bacteria.

Material and Methods
Sample Collection and Identification

The specimen (MCCT- PO1) was collected from Lake
Chowmuhani market, West Tripura, Northeast India. The
mushroom sample was identified by comparing the
descriptions with the work of Pegler [4] and some e-re-
sources. The mycelia of the studied fungus was obtained by
tissue culture method and maintained on Potato Dextrose
Agar (PDA) medium.
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Submerged Cultivation
Media Preparation

Mushroom mycelia were grown in Basal Synthetic Liquid
(BSL) medium for optimum biomass and EPS production.
The BSL Medium contained glucose (30 g/l), yeast extract
(2 g/l), peptone (2.5 g/l), MgSO4. 7H20 (0.5 g/l),
Ca(NO3)2 (0.5 g/1), (NH4)2S04 (0.25 g/1), KH2PO4
(0.25 g/l), FeCl3 (10 mg/l), ZnSO4 (0.1 mg/l), Inositol
(50 mg/1), Thiamine (100 pg/l), Biotin (50 pg/l), Folic acid
(100 pg/), CaCl2 (0.1 M in 5 ml/l) and distilled water (1 1)
[2].

Inoculums and Culture Medium Preparation

A small portion of the actively growing mycelium from an
agar slant of the test fungus was aseptically transferred to a
sterile 250-ml conical flask containing 50 ml of BSL
medium and was incubated on a shaking incubator
(120 rpm) at 25°C (£ 5°C) for 7 days in complete
darkness. After 7 days, the mycelial mat was aseptically
fragmented into small pieces with the help of a waring
blender. The fragmented mycelium was washed several
times with distilled water to remove any trace of adhering
medium and suspended in a phosphate buffer medium (pH-
5.5) for 24 h to overcome the shock encountered during
blending. An aliquot of 1 ml of the mycelia cell suspension
was used as the inoculum. Fungal biomass requirements
were determined by the mycelia dry weight method. Each
experiment was done in triplicates [2].

Utilization of Different Carbon Sources

The BSL medium with different carbon source was used
for this experiment. Seven carbon sources, namely maltose,
glucose, sucrose, starch, fructose, xylose and car-
boxymethyl cellulose (CMC), were evaluated separately to
the fermentation medium as a sole carbon source at 30 g/l
level. The basal medium that lacks any carbon compound
(0%) served as the control. The most suitable carbon
compound for yielding the highest biomass was selected as
optimum carbon sources. The culture flasks were inocu-
lated and incubated for 7 days at 25 °C on a shaker incu-
bator (120 rpm), and the initial pH value was 6.0 [2].

Utilization of Different Nitrogen Sources

This experiment was performed using the BSL medium,
but the control was without any nitrogen source. Different
sources of nitrogen (peptone, yeast extract, beef extract,
malt extract calcium nitrate, urea and ammonium sulfate)
were used separately as sole nitrogen source at 3 g/l level.
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The most favorable nitrogen source for yielding the highest
biomass was selected as best nitrogen source. The culture
flasks were inoculated and incubated for 7 days at 25 °C in
dark condition, and the initial pH value was 6.0 [2].

Analytical methods

Determination of Dry Cell Weight (DW) and Average
Growth Rate

For measurement of cells dry weight, the cells were
obtained by centrifuging a sample at 10,000 x g for
10 min, washing the precipitated cells for three times to a
constant weight and then drying the cells at 105 °C until
(maximum 12 h) a constant DW was obtained [2].

Measurement of Exopolysaccharide (EPS)

EPS of mushroom was determined by the slightly modified
method of Fang and Zhong [5]. For the determination of
EPS, after removal of mycelia by filtration, the fermenta-
tion filtrate was dialyzed and the crude EPS was precipi-
tated with addition of 95% (v/v) ethanol by four times of
volume and then separated by centrifugation (10,000 x g,
10 min). After washing three times with distilled water, the
insoluble components were suspended in 1 M NaOH at
60 °C (1 h) and then the content of EPS in supernatant was
measured by phenol-sulphuric acid method [2].

Carbohydrate Content of EPS

Total carbohydrate content was estimated by the method of
Hedge and Hofreiter [6].

Medicinal Properties
Mushroom Mycelia Extraction

Preparation of water extracts of EPSs of mushrooms was
done by slightly modified method of Mau et al. [7]. The
soluble EPSs (5 g) were extracted by grinding with 50 ml
of water with the help of pestle and mortar. After filtering
through Whatman No.4 filter paper, the mycelium was then
extracted twice with addition of 50 ml of water in each.
The water extract of EPSs was then directly used for
determination of antioxidant activity.

Free Radical Scavenging (FRS) Activity (DPPH)

Free radical scavenging (FRS) activity was measured by a
little bit modified method of Shimada et al. [8]. 4 ml dried
mushroom methanolic extract (0.25-16 mg/ml) was mixed
with 1 ml of (0.0002 M) methanolic solution containing

DPPH radical (Sigma). The mixture after shaking vigor-
ously was allowed to stand for half an hrs, and the absor-
bance was measured at 517 nm against a blank in a
spectrophotometer (Eppendorf AG 22331Hamburg). EC50
(mg/ml) is the valuable concentration at which DPPH
radical was scavenged by 50% (w/v) and was obtained by
interpolation from linear regression analysis. BHT and
ascorbic acid were used as a control. Inhibition of free
radical by DPPH in percent was calculated as follows:
Percentage of inhibition: [(A Blank — A Sample)/A
Blank] x 100, where A Blank and A Sample denote the
absorbance of control and test compound, respectively.

Submerged Cultivation for Determination
of Antibacterial Activities

Mushroom Mycelia Production

Pure culture of P. flabellatus was carried out in Potato
Dextrose Agar (PDA) medium. To study antibacterial
activity of mushroom mycelium was grown in sterile
conical flask (250 ml) containing 50 ml of BSL medium.
The medium was inoculated with disk of 6 mm diameter of
mushroom mycelia obtained from 6- to 8-day-old grown
culture on PDA plate. The growth was carried out under
stationary condition at 28 °C (Shaking Incubator: LSI
4018R). After 30-day incubation in the dark, the liquid
medium was filtered and the mycelium was separated from
the liquid [9].

Extraction of Mycelial

Preparation of methanolic extracts of mushroom was done
by slightly modified method of Mau et al. [7]. The dried
powdered mycelium (5 g) was extracted by grinding with
50 ml of methanol with the help of pestle and mortar. After
filtering through Whatman No.4 filter paper, the mycelium
was then extracted twice with addition of 50 ml of
methanol in each. The methanolic extract was then evap-
orated at 40 °C to dryness in rotary evaporator (Rotavap:
PBV- 7D). The dried extract was used directly for deter-
mination of antibacterial activities.

Extraction of Cultured Medium

Seven to eight day-old cultures on PDA of the fungus were
inoculated into BSL medium in Erlenmeyer flasks 250 ml,
followed by static condition and incubated for 30 days at
25 °C. The fermentation broth of fungi was filtered and the
filtrate was extracted three times with ethyl alcohol at room
temperature. Evaporation of the extracted solution was
done in a rotary evaporator [10], and it was used for
determination of antibacterial activity.
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Extraction of Exopolysaccharide

Equal volume of supernatant (mixture of sucrose and beef
extract) was mixed with three times volumes of absolute
ethanol and left for 24 h at 4 °C. The resulting precipitate
was then separated by centrifugation at 5000 rpm for 1/6 h
[1]. The dry weight of EPS was measured after drying at
70 °C for overnight to a constant weight [11]. The rest
amount of crude supernatant EPS was used in antimicrobial
assay. Yield percentage was calculated in relation to 20 g/l
initial sugar concentration.

Preparation of Aqueous

Solution of the EPSs: 20 mg of the EPSs was dissolved in
1 ml of deionised water and prepared according to Akanni
et al. [12].

Antibacterial Activity
Test Microorganisms

Antimicrobial activity was tested against Staphylococcus
aureus (MTCC 96), Bacillus subtilis (MTCC 619) and
Escherichia coli (MTCC 40), procured from IMTECH
Chandigarh, India.

Evaluation of Antibacterial Activity

The antibacterial activities were evaluated by the disc
diffusion method [13]. To evaluate the antibacterial activ-
ity, bacteria were grown in liquid LB (Luria Bertani)
medium for 24 h and after this 100 pl bacterial cultures
were spread on Petri dishes containing solid LB medium.
The discs (4 mm diameter) were then impregnated with 10,
25 and 50 pl of various mushroom extracts (mycelial, broth
and EPSs extracts) and then placed on solid LB medium.

Statistical Analysis

All the calculations were done with the help of Past soft-
ware. All values were expressed as mean =+ standard
deviation (SD), and experiments were done in triplicate.
The experimental results were analyzed using one-way
ANOVA (analysis of variance) followed by Tukey’s Least
Significant Differences (LSD) to determine the least sig-
nificant difference at p < 0.05. Principal Components
Analysis (PCA) was done by using PAST software.
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Results and Discussion
Sample Collection and Identification

Mushroom sample was collected from Lake Chowmuhani
market (West Tripura District) of Tripura. On the basis of
morphological characters, mushroom was identified as P.
flabellatus (Berk. Br.) Sacc. Dry mushroom samples were
preserved in the Mycology and Plant Pathology laboratory,
Department of Botany, Tripura University, having the
accession tag as MCCT- PO1.

Submerged Cultivation
Effects of Different Carbon Sources

In order to identify a suitable carbon source for mycelial
biomass and EPS production, seven different carbon
sources (carbohydrates), i.e., maltose, glucose, sucrose,
starch, fructose, xylose and CMC, were used and without
carbon source were used as a control (Fig. 1a). The results
of cell growth, average growth rate and EPS production
under various carbon sources were compared in Fig. la,
where cell growth and average growth rate vary signifi-
cantly (p <0.05). The maximum mycelial yield
(3.84 + 0.43 g/1) and average growth rate (0.55 £ 0.21 g/
l/day) were obtained in starch medium after 7 days of
cultivation, which showed significance difference
(p < 0.05) from other carbon sources, but the highest
production of EPS (3.467 £ 0.96 g/l) was observed in
sucrose medium followed by maltose (2.69 4+ 0.51 g/1) and
glucose (2.06 = 1.78 g/l). Comparatively, good amount of
EPS (1.11 £ 0.59 g/l) was observed in control (without
carbon and nitrogen source) with less mycelial growth rate
(0.31 £ 0.05 g/1 and 0.04 &+ 0.01 g/).

Present findings observed that out of seven carbon
sources starch was the best carbon source for mycelial
yield and average growth rate of P. flabellatus, but the
highest production of EPS was observed in sucrose fol-
lowed by maltose and glucose. Previous findings revealed
that sucrose was the most suited carbon source for both
mycelial growth and EPS production in Cordyceps mili-
taris [14] while glucose for Phellinus gilvus [15], fructose
and maltose for Collybia maculate and Phellinus gilvus
[16]. Our finding also showed similarity with the finding of
Hamedi et al. [17] where starch was the suitable carbon
source for EPS and biomass production by Agaricus blazei.
According to our previous finding, the highest cell weight
and growth rate of Auricularia auricula-judae were
observed in glucose, but the highest production of EPS was
observed in starch as carbon source [2].
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Fig. 2 Showing PCA analysis of EPSs of carbon and nitrogen
sources: a Loadings of PC1 (Principal component) and PC2 of carbon
sources; b Screen plot, eigenvalues and % variance of the first three
PCs; ¢ Biplot of PC1 and PC2 for data of carbon sources in PCAl

Effects of Different Nitrogen Sources

The results of cell growth, average growth rate and EPS
production under various nitrogen sources were compared
in Fig. 1b. The maximum mycelial yield and average
growth rate of P. flabellatus were achieved significantly
(p < 0.05) by using peptone as nitrogen source, which
showed 1.57 £ 0.87 g/l and 0.22 + 0.12 g/l/day, respec-
tively. But EPS production was highest in beef extract
(6.00 & 0.59 g/1). From the above findings, it was evident
that peptone and beef extract were the most beneficial
nitrogen sources for mycelial growth and EPS production
of P. flabellatus and it showed significant difference from
other nitrogen sources.

Different complex media were found as good control of
the exo-biopolymer production and mycelial growth from
different mushrooms [2, 13], but we used only simple
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model; d Loadings of PC1 and PC2 of nitrogen sources; e Screen plot,
eigenvalues and % variance of the first three PCs; f Biplot of PC1 and
PC2 for data of nitrogen sources in PCA1 model

nitrogen source for EPS production. In our finding, it was
observed that out of seven nitrogen sources peptone was
the best nitrogen source for better mycelial yield and
average growth rate, but EPS production was highest in
beef extract followed by malt extract and yeast extract.
Among the different nitrogen sources, yeast extract was
suitable for the highest yield of EPS production in
Cordyceps jiangxiensis and Lyophyllum decastes [18]. The
maximum mycelial biomass and EPS production were
achieved in medium containing yeast and peptone extract
of Pleurotus citrinopileatus [19]. Different research find-
ings showed that in comparison with inorganic nitrogen
sources, organic nitrogen sources gave rise to relatively
higher mycelial growth and EPS production in G. lucidum
[5], which also positively correlated with our finding. But
in case of A. auricula-judae maximum biomass yield,
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average growth rate and EPS production were recorded in
urea as nitrogen source [2].

Total Carbohydrate Content of EPSs

In P. flabellatus the highest amount (3.39 mg/100 g) of
carbohydrate from EPS was observed in starch medium,
which varies significantly (p < 0.05) from glucose and
sucrose. Production of carbohydrate (mg/100 g) from EPS
of P. flabellatus is depicted in Fig. 1c. In case of nitrogen
sources the highest amount of carbohydrate content from
EPS was observed in the peptone (4.05 £ 0.08 mg/100 g)
medium, which showed significant (p < 0.05) difference
from malt extract and calcium nitrate. The mycelial bio-
mass and EPS production by using different carbon and
nitrogen sources are compared in Fig. lc.

Different concentrations (mg/ml)

In this study, highest EPSs production was observed in
sucrose and beef extract as a carbon and nitrogen sources,
whereas highest carbohydrate content was observed in
starch and peptone. As per the previous documentation, the
biosynthetic pathways of mushroom polysaccharides are
currently uncertain due to insufficient knowledge of rela-
tive enzymes and their roles in the pathways, which should
be demonstrated by gene cloning and genetic transforma-
tion and their different intermediate compounds and
enzymes were also responsible for various biological
activities [20]. Therefore, this may be the reason that the
differences in EPSs production and their various bioactiv-
ities were observed.

Hassan and Medany [21] reported that total carbohy-
drates content was found 85.17%, whereas our finding was
slightly different. Hassan et al. [22] reported that

@ Springer



588

S. Debnath et al.

Flammulina velutipes contained 74.85% of total carbohy-
drate extracted from EPSs. Our previous finding also
documented that highest amount of total carbohydrate of A.
auricula-judae from EPSs was obtained in medium con-
taining starch as a carbon source and the calcium nitrate as
a nitrogen source.

Principal Components Analysis (PCA) analysis

PCA was done by using PAST software. The components
A (mycelial growth) and C (EPSs products) were mainly
responsible for separating the M area and this variables are
the highest positive loadings on PC1 and PC2 (Fig. 2a—f).
This area was well known for components of A and C. The
PC1 and PC2 contributed most significantly for the sepa-
ration of R area, which was known for its growth-depen-
dent carbon and nitrogen sources (Fig. 2a—f).

Fig. 2a—f gives an overall view of the effect of different
carbon and nitrogen sources on mycelial growth, average
growth rate and EPSs with their significant differences by
the results of the principal component analysis. The carbon
and nitrogen sources which were closest to variables, i.e. A
(mycelial growth), B (average growth rate) and C (EPSs
products), are more important in producing effects while
those with same direction or slightly distant show positive
correlation. Glucose and starch are close to each other in
the multivariate space and this was somehow expected as
they play a similar role on three variables i.e. A (mycelial
growth), B (average growth rate) and C (EPSs products),
where fructose and xylose extracts were opposite to each
other. But the component C (EPSs products) showed no
significant difference from other carbon sources. On the
other hand, peptone was significantly different from
nitrogen sources the close to each other in case of variables
A (mycelial growth) and B (average growth rate) and it
was exact opposite of beef extract where highest EPS
production was observed. This analysis also showed that
urea and control were exact opposite to ammonium sulfate
and malt extract.

Medicinal properties
Free Radical Scavenging (FRS) Activity by DPPH Method

EPSs produced from higher carbon and nitrogen sources of P.
flabellatus showed varying scavenging ability. Among the
three carbon sources, highest free radical scavenging effect
was observed by glucose (83.80 + 0.87%) at 16.0 mg/ml
concentration, followed by sucrose (82.49 + 3.49%) at
16.0 mg/ml concentration and starch (79.89 4 2.43) at
8.0 mg/ml concentration, respectively (Fig. 3a). On the other
hand P. flabellatus showed highest free radical scavenging
effect on calcium nitrate (89.01 & 1.61%) at 16.0 mg/ml
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Table 1 Antibacterial activity of various extracts of P. flabellatus against three types of bacteria

Antibiotic

Exopolysaccharide extract

Antibiotic

Mycelial extract

Antibiotic

Broth extract

Samples extracts

100

25 50 100 10 25 50 100 10 25

10
Bacillus subtilis 20.75 £ 0.35a 22.5 £ 0.70a 20.25 + 0.35a 28.5 £ 0.00b 16.00 £ 0.00c 14.5 £ 0.00c 17.0 £ 0.00c 22.0 £ 0.00a 0 9.00 £ 1.41c 11.5 £ 2.12¢ 23.5 + 1.4la

Concentrations (pl/Disk)

Bacterial

strains

235+ 2.12a

12.0 £ 0.00b 25.0 £ 0.00a 0 O

8.5 + 0.00b

235 +2.12a 7.5 £+ 0.00b

0
0

Escherichia coli

17.0 + 0.00a

170 £ 0.00a 0 0

17.0 £ 0.00a 0

Staphylococcus

aureus

Values express as mean + SE of triplicate experiments and different alphabets differs significantly at p < 0.05 along the same nutritional components
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concentration, followed by malt extract (85.56 & 1.32%) and
peptone (85.38 £ 0.76) at 16.0 mg/ml concentration,
respectively (Fig. 3b). However, highest FRS activity of the
synthetic antioxidant (BHT) was 95.98% at 2.0 mg/ml con-
centration. Variations in FRS activities by various EPSs of
carbon and nitrogen sources from P. flabellatus are graphi-
cally represented in Fig. 3a and b. The highest free radical
scavenging activity of P. flabellatus was observed in glucose
and malt extract which were used as a carbon and nitrogen
sources and they showed significant differences from other
nutritional sources at the level of p < 0.05. The potent ECs,
values of EPSs were observed in all the nitrogen sources
peptone < malt extract < calcium nitrate at 1.16, 0.99 and
0.93 mg/ml concentrations, whereas carbon sources showed
sucrose < starch < glucose at 2.25, 2.03 and 1.19 mg/ml
concentrations.

Different EPS productions with different biological
activities by macrofungi through submerged cultures were
reported by various researchers from different parts of the
world [1, 2, 14, 15, 17]. Thai and Keawsompong [23]
reported that the EPS of Tricholoma crassum increased
DPPH scavenging activity rate from 32.80 to 57.54% at
100 to 500 mg/l concentration. Our finding also revealed
that inhibition percentage of EPS was much lower than that
of standard, which showed similarity with other findings

Fig. 4 Antibacterial activities
of different mushroom extracts
of P. flabellatus. a broth extract
of against B. subtilis, b and c:
mycelial extract against E. coli
and B. subtilis and d: EPS
against B. subtilis

[23, 24]. According to Xiao et al. [24] the polysaccharide
fractions of cultured Cordyceps taii showed moderate
activities against the DPPH radicals and their scavenging
abilities were increased with increased doses ranging from
0.5 to 8.0 mg/ml concentration. The ECso value of EPS
from T. crassum for DPPH radical scavenging activity was
338 mg/l [23], whereas Xiao et al. [24] reported that the
DPPH scavenging abilities of alkali-soluble crude
polysaccharide and alkali-soluble refined polysaccharide
with ECs, values of 9.8 mg/ml and 13.6 mg/ml concen-
trations, respectively, were significantly lower to the syn-
thetic Thiourea (ECsq = 3.03 mg/ml). Both the findings
showed slightly divergence with our findings.

Antibacterial Activities

Three types of extract of P. flabellatus showed moderate
inhibition against B. subtilis, E. coli and S. aureus in
comparison with positive control. Highest zone of inhibi-
tion was observed in broth extract of P. flabellatus against
B. subtilis, whereas EPSs extract showed lowest activity
against B. subtilis. All three types of extract showed no
activity against S. aureus. Different extracts of P. flabel-
latus inhibited the growth of three bacterial strains which
are mentioned in Table 1 and presented in Fig. 4.
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Present observation revealed that all three types of
extract showed positive response against gram-positive
bacteria in comparison with gram-negative one; however
mycelial extract of P. flabellatus showed potent antibac-
terial activity against gram-negative bacteria. Previous
findings also suggested that antimicrobial activities against
gram-negative bacteria were much less common than
against gram-positive [25].

The exopolysaccharides are contextually limited to all
forms of polysaccharides synthesized and secreted into
external environment in shaking condition which may
remain loosely attached to the surface or completely
detached. [1, 2] As more oxygen was added by agitation
into the medium, there was more synthesis of EPS. Meade
et al. [26] confirmed that aeration was necessary for EPS
production, whereas Torino et al. [27] stated that agitation
does not influence growth or EPS production markedly; it
might, however, affect viscosity probably breaking
some molecular associations among the EPS, the bacterial
surface as well as certain medium components. Therefore,
it might be the reason that broth extract of P. flabellatus
was more effective against bacterial strains as compared to
EPSs extract. Suay et al. [28] showed that extracts from
mycelial cultures of Lepista nuda, Polyporus arcularius
and several Ganoderma species have potent antibacterial
activity. Younis et al. [29] documented that the extracts
from cultural broth had the lowest antimicrobial activity
and possible reason behind this might be that the active
antimicrobial components may not be of secretive nature.
They also reported that the water extracts from the fruiting
bodies and broth of P. ostreatus had much higher
antibacterial activities against gram-negative and gram-
positive bacteria in comparison with the ethanol and
methanol extracts. According to Ozdal et al. [30], mycelia
extracts from P. eryngii, P. sajor-caju, P. citrinopileatus,
P. ostreatus and P. florida showed the antibacterial
potentiality against both the gram-negative and gram-pos-
itive bacteria.

Conclusion

Present findings revealed that starch and peptone were the
best carbon and nitrogen sources for better mycelial growth
and average growth rate of P. flabellatus, whereas EPS
production was higher in sucrose and beef extract. EPSs
produced from best carbon and nitrogen sources were
found to be a significant source of carbohydrate. EPSs of
various carbon and nitrogen sources have the potentiality to
scavenge the free radicals, which will be valuable source
material for pharmaceutical industry. Present findings also
documented that the various extracts of P. flabellatus
(EPSs, broth and mycelia) have antibacterial activity

@ Springer

against B. subtilis and E. coli. The further a lot more work
is required to explore the active chemicals constituents of
EPS and their various functional relationships.
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