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ABSTRACT
A basidiomycete, Fomitopsis feei (AY515327.1) was grown on Yeast extract Malt extract Broth medium (YEMB),
Malt Extract Broth (MEB) and YEMB amended with extracts prepared from six agricultural wastes namely, whey,
sugarcane bagasse, groundnut bran, rice bran, saw dust, dried stems of sweet sorghum individually and its
exopolysaccharide production, antibacterial, antifungal, antioxidant and enzymatic activities were assayed with
culture filtrates after 10 and 20 days of incubation. Exopolysaccharide production (6.6 g/lit.) was high in the
medium supplemented with the extract of sweet sorghum after 20 days of incubation. Maximum growth inhibition
zone (19mm) was observed on Escherichia coli with 10 days incubated culture medium supplemented with rice
bran. Ten days incubated culture medium supplemented with saw dust showed maximum conidial germination
inhibition (99.5%) of Curvularia lunata. Maximum antioxidant activity (93.5%) was observed with rice bran extract
containing culture medium after 10 days of incubation. Lignin peroxidase (302 U/ml) and lipase activities (7.4
µm) were high in cultures amended with rice bran extract in their 10 days of incubation. Laccase (142 U/ml) and
manganese peroxidase (40 U/ml) activities were high in the cultures amended with whey in their 10 and 20 days
of incubations respectively. These results could be useful for evaluating liquid media to enhance Fomitopsis feei
mycelial biomass and bio active substances.

KEY WORDS: Fomitopsis feei, antimicrobial, antioxidant, submerged culture, exopolysaccharide, agricultural
wastes
INTRODUCTION
The search for bioactivity namely, antimicrobial,
antifungal and antioxidant property has been
escalating in recent years due to the rise of drug resistant strains. Mushrooms have long been
attracting a great deal of interest in many years of
foods and biopharmaceuticals and are regarded
as popular or effective medicines used to treat
various human diseases [1,2]. Aiming at obtaining
bioactive compounds from mushrooms, several
researches have tried to cultivate medicinal
mushrooms in solid artificial media for fruit body
production rather than in submerged cultures for
mycelial extract. However, submerged cultures
have the potential for a higher mycelial production
in a shorter period of time within a reduced space
if compared to cultivation in solid media [3].
Cultivation of mushrooms on agricultural and
industrial wastes is useful for obtaining food
protein from such wastes and thus they can be
marshalled to aid in solving many problems of
global importance including protein shortages,
resources
recovery
and
environmental
management. Among the 140 species studied for
lignolytic
activity
and
exopolysaccharide
production
in our previous studies [4,5].
Fomitopsis feei shown good results, hence it was
selected for the present study. Fomitopsis feei, a
basidiomycete fungus belonging to the family of
Fomitopsidaceae, is common on dead hard wood
trees and burned wood. This basidiomycete was
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also used earlier for decolorizing synthetic dyes
[6].
The present work is carried out to establish
suitable media and growth conditions of
Fomitopsis feei in submerged culture using the
extracts of six different agricultural wastes to
determine the exopolysaccharide production,
antibacterial, antifungal, antioxidant and enzymatic
activities from its culture filtrate.
MATERIALS AND METHODS
Isolation and identification of fungus
The macrofungus was identified according to the
spore print and other morphological characters in
our laboratory from the wild fruit body of
Fomitopsis feei collected from Pakhal forest,
Warangal district, Andhra Pradesh, India. The
tentatively identified fungus was phylogenetically
confirmed by molecular analysis of D2 region of
28S rDNA as Fomitopsis feei (AY 515327.1) and
was maintained on malt extract agar slants at 4°C
and sub cultured for every two months.
Organisms used
Bacteria causing infectious diseases to both
animals and humans and food spoilage causing
fungal strains were tested for antimicrobial activity.
Bacillus subtilis (ATCC-6633), Staphylococcus
aureus (ATCC-29737), Micrococcus luteus (ATCC10054), Escherichia coli (ATCC-2343), Proteus

mirabilis (NCIM-2241), Enterobacter aerogens
(NCIM-5139), Curvularia lunata (KUCCC-C-12),
Aspergillus
terreus
(KUCCC-A-25),
and
Aspergillus fumigatus (KUCCC-A-9) were obtained
from the IMTECH, Chandigarh, NCIM, Pune and
Kakatiya University Culture Collection Centre
(KUCCC) respectively and were maintained on
nutrient agar and potato dextrose agar slants
respectively.
Preparation of extracts from agricultural
wastes
Ten grams of each shade dried agricultural wastes
namely, whey, sugarcane bagasse, groundnut
bran, rice bran, saw dust, dried stems of sweet
sorghum were mixed in 150 ml of distilled water
o
and extracted in autoclave at 121 C for 15 min.
After filtration, the supernatant obtained was used
for the preparation of media containing extracts of
agricultural wastes.
Preparation of media having extracts of
agricultural wastes
Ten milliliters of the filtrate of each agricultural
waste extract obtained was mixed with 40 ml of
YEMB individually.
Culture media
The following media were used (g/lit.): Malt
Extract Broth (MEB) medium (Malt extract 15,
Dipotassium hydrogen phosphate 1, Ammonium
chloride 1, 1N Citric acid 15 ml); YEMB medium
(Yeast extract 2, Calcium sulphate 1, Malt extract
10) along with the YEMB media having extracts of
agricultural wastes.
Inoculation and incubation
50 ml aliquots of each type of broths distributed in
100 ml Erlenmeyer flasks were sterilized and
inoculated with single 8 mm disk of mycelia from
the edge of Fomitopsis feei mat, grown on malt
extract agar for 7 days at 28°C and triplicates were
maintained. After incubation under still condition
o
at 28 C for 10 days and 20 days all these broths
were filtered and the filtrates were used to
determine
exopolysaccharide,
antibacterial,
antifungal, antioxidant and enzymatic studies.
Mycelial dry weight and Exopolysaccharide
(EPS) determination
The mycelial dry weight was measured after
repeated washing (with distilled water) of the
mycelial pellet, obtained after filtration and then
drying at 70°C for 15 min. To measure EPS,
filtrates collected were mixed with isopropanol (1:4
o
ratio), stirred vigorously, then left overnight at 4 C.
The precipitated EPS were centrifuged at 10,000
rpm for 15 min. and the supernatants were
discarded and pellet were dried and weighed for
the exopolysaccharide determination [7].
Antibacterial activity
Antibacterial activity was done by agar well
method. Six bacterial cultures were inoculated in
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nutrient broth tubes and incubated overnight.
Inocula of these cultures were standardized using
0.5 Mc Farland solution [8]. Nutrient agar plates
were spread with 100 µl of each inoculum by using
cotton swab and 100 µl of 10 and 20 days
incubated culture filtrates were added to 6 mm
wells, which were made by using sterile borer. All
o
plates were incubated at 37 C for 18 hrs.
Antifungal activity
Spore germination inhibition method [9] was
followed for antifungal activity. One millilitre of
conidial suspension of each type of pathogenic
fungal culture was placed on a slide and mixed
thoroughly with 1 ml each type of both 10 and 20
days incubated culture filtrate separately. Slides
o
were placed in a moist chamber at 25 C and were
observed under microscope after 24 hrs.
incubation and number of germinating spores were
recorded. Control was prepared using distilled
water instead of culture filtrate. Percentage of
germination inhibition was calculated using the
following formula:
Percentage of germination inhibition
No. of germination in treated
= 100 - -------------------------------------- × 100
No. of germination in control

Antioxidant activitiy
Antioxidant activity was performed [10] by mixing
1 ml of 0.5 mM 2,2 – diphenyl – 1 – picrylhydrazyl
(DPPH) radical solution in methanol with 3 ml of
each type of both 10 and 20 days incubated
culture filtrates. After incubation for 30 min. in the
dark, absorbance was read at 517 nm. The
control contained 1 ml of DPPH solution mixed
with 3 ml methanol. DPPH scavenging effect was
calculated using the following equation [11]:
A0 - A1
DPPH scavenging effect (%) = ----------- × 100
A0

where,
A0 = The absorbance of control
A1 = The absorbance of sample
Enzymatic Studies
Extracellular laccase (EC 1.10.3.2) activity was
measured [12] by mixing 0.5 ml of distilled water,
1 ml of sodium acetate buffer (pH 4.5), 0.5 ml of
substrate solution (46mM guaiacol) to 0.5 ml of
culture filtrate and optical density of this mixture
was read at 440 nm up to 90 sec with 30 sec of
time interval. Lignin peroxidase activity (EC
1.11.1.14) was done [13] by same procedure of
laccase but 0.5 ml of hydrogen peroxide (30% w/v)
was added in addition to that mixture.
Managanese peroxidase activity was assayed [14]
using 0.5 ml of sodium tartarate (pH 5), 0.5 ml of
100 µM guaiacol, 1 ml of distilled water, 0.1 ml of
culture filtrate and 0.5 ml of hydrogen peroxide
containing reaction mixture by reading optical
density at 465 nm. For the above three enzymes
under evaluation, one activity unit was defined as

the amount of enzyme necessary to oxidize 1 µmol
of substrate per minute.
All these activities
determined were expressed in U/ml.

one micromole equivalent fatty acid per ml/min.

Lipase (EC 3.1.1.3) activity was measured by
universal titrimetric method [15, 16]. The oil –
water emulsion and enzyme extract (0.1 ml: 9.9
ml: 1 ml) was titrated against 0.1N sodium
hydroxide using phenolphthalein indicator.
A
blank (9.9 ml water: 0.1ml Tween 20: 1 ml
sterilized broth) was previously run to find the
standard deduction in titre value. The activity was
measured as amount of enzyme required liberating

The results of antibacterial (Table I), antioxidant
and antifungal (Table II), lignolytic enzyme
activities (Table III), lipase activity (Table IV), dry
weight, exopolysaccharide production and pH
(Table V) of Fomitopsis feei grown on different
agricultural waste extracts amended media were
presented with statistical representation i.e. mean,
standard deviation (SD), standard error (SE), tvalue and p-value.

RESULT AND DISCUSSION

Figure 1:Antimicrobial activity of filtrates of Fomitopsis feei grown in different agricultural waste extracts
amended media.
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a = Escherichia coli; b = Staphylococcus aureus; c = Enterobacter aerogens; d = Bacillus subtilis; e =
Micrococcus luteus; f = Proteus mirabilis.
Figure 1 and Table I showed the antibacterial
activity of Fomitopsis feei on Escherichia coli,
Staphylococcus aureus, Enterobacter aerogens,
Bacillus subtilis, Microcococcus luteus and Proteus
mirabilis. Culture filtrates of ten days incubated
rice bran extract containing medium showed good
antibacterial activity on all organisms viz.,
Enterobacter
aerogens,
Bacillus
subtilis,
Microcococcus luteus and Proteus mirabilis and
the highest inhibition zone of 19 mm on
Escherichia coli followed by 16 mm on
Staphylococcus aureus. The report on Lentinula
edodes also supported that rice bran may be good
source for the production of antimicrobial
metabolites [17].
Enterobacter aerogens was
inhibited by all types of extracts with both ten and
twenty days incubated samples. Among the
substrates tested for F. feei, sweet sorghum
extract containing medium was not suitable for
producing antibacterial substances against almost
all organisms. However, the results obtained were
totally different from both ten and twenty days
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hence further work is in progress to optimize the
condition for the better production of bioactive
compounds.
Figure 2 showed the microscopic observations of
spore germination inhibition by F. feei on
Curuvlaria lunata, Aspergillus terreus and
Aspergillus fumigatus. Culture filtrates of sawdust
extract containing medium showed best inhibition
of the germination of spores of Curvularia lunata.
Rice bran extract containing culture filtrates
showed good inhibition on all the three fungi. Ten
days incubated whey extract containing culture
filtrates showed maximum spore germination
inhibition of Aspergillus terreus. Twenty days
incubated sugarcane bagasse extract containing
medium and rice bran extract containing medium
incubated for both ten and twenty days showed
maximum spore germination inhibition of
Aspergillus
fumigatus
(98.5%).
Highest
antioxidant activity (93.5%) was recorded by ten
days incubated rice bran extract containing

medium and twenty days incubated YEMB
medium followed by (92.8%) sugarcane bagasse

extract containing, twenty days incubated medium
(Table II).

Figure 2: Microscopic observations of fungal spore germination inhibition by Fomitopsis feei.
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i Control of Curvularia lunata spores ii Inhibition of C.lunata spores by culture filtrate of ten days incubated
culture medium with saw dust extract iii Control Aspergillus terreus spores; iv Inhibition of A.terreus spores
by culture filtrate of ten days incubated culture medium with rice bran; v Control of Aspergillus fumigatus vi)
Inhibition of A.fumigatus spores by culture filtrate of twenty days incubated culture medium with sugarcane
bagasse.
Table I: Antibacterial activity of Fomitopsis feei (Inhibition zones in millimeter)
Agricultural Wastes
Days of incubation

B.s.(mm)
10
20

M.l.(mm)
10
20

S.a.(mm)
10
20

10

Whey

0

5

0

4

4

6

0

9

6

7

7

9

Sugarcanebagasse

0

0

0

0

7

0

0

4

7

5

9

4

Groundnut bran

0

0

0

0

3

0

0

0

0

2

7

1

Ricebran

13

3

10

5

16

7

12

7

19

6

14

8

YEMB

0

0

0

0

6

6

0

4

4

6

8

3

Sawdust
MEB

11
0

0
3

0
0

0
5

13
5

5
5

10
0

5
5

13
0

5
10

12
7

2
3

Sweet sorghum

P.m.(mm)
20

E.c.(mm)
20

10

E.a.(mm)
10
20

0

0

0

0

3

0

0

0

0

0

6

0

Mean

3.00

1.38

1.25

1.75

7.13

3.63

2.75

4.25

6.13

5.13

8.75

3.75

SD

5.58

2.00

3.54

2.43

4.82

3.07

5.12

3.11

6.88

3.04

2.82

3.20

SE

1.97

0.71

1.25

0.86

1.71

1.08

1.81

1.10

2.43

1.08

1.00

1.13

t-Value

0.77

0.32

2.02

0.7

0.376

3.32

P-Value
Result

>0.05
>0.05
<0.05
>0.05
>0.05
<0.01
Not
Not
Significant
Not significant
Not significant
Significant
significant
significant
B.s. = Bacillus subtilis (ATCC-6633); M.l.= Micrococcus luteus (ATCC-10054) ; S.a.= Staphylococcus aureus (ATCC29737) ; P.m.= Proteus mirabilis (NCIM-2241); E.c.= Escherichia coli ATCC-2343); E.a.= Enterobacter aerogens (NCIM5139); 0 = No activity.

Fomitopsis feei showed higher lignin peroxidase
activity among the lignolytic enzymes (Table III).
Culture filtrates of ten days incubated medium
containing saw dust extract given highest lignin
peroxidase activity (302 U/ml) followed by twenty
days incubated whey supplemented medium (280
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U/ml). Laccase activity was high with the culture
filtrate of twenty days incubated medium
containing whey. Manganese peroxidase activity
was less with this fungus compared to laccase
and lignin peroxidase activities and was high with
filtrates of ten days incubated whey (40 U/ml)

and twenty days incubated sugarcane (40 U/ml)
extracts containing media. Production of laccase
and lignin peroxidase was best in liquid medium

with this result compared to solid state
fermentation on Fomitopsis feei from our earlier
research [18].

Table II: Antioxidant and antifungal activities of Fomitopsis feei
Antioxidant (%)
Agricultural Wastes
Days of incubation
Whey
Sugarcanebagasse
Groundnut bran
Ricebran
YEMB
Sawdust
MEB
Sweet sorghum
Mean
SD
SE
t-Value
P-Value
Result

C.l.(%)

A.t.(%)

A.f.(%)

10
0
92
87
93.5
0
84.8
34.5

20
72.6
92.8
0
0
93.5
0
34.5

10
22.3
98.5
88.9
98
88
99.5
0

20
99
44
22.3
77.8
44.5
66.7
0

10
0
0
0
97.5
0
97
0

20
98.5
44
44.5
94.4
55.6
44.5
0

10
96
98
88
98.5
97.5
0
97

20
0
98.5
97.5
98.5
98
97.5
55.6

84.8
59.58
41.32
14.61

51.7
43.14
40.71
14.39

22
64.65
42.08
14.88

44.5
49.85
31.21
11.03

11.5
25.75
44.31
15.67

0
47.69
36.66
12.96

0
71.88
44.49
15.73

0
68.20
44.57
15.76

0.8
>0.05
Not significant

0.798
>0.05
Not significant

0.91
>0.05
Not significant

0.165
>0.06
Not significant

C.l. = Curvularia lunata (KUCCC-C-12) ; A.t. = Aspergillus terreus (KUCCC-A-25) ; A.f. = Aspergillus fumigatus (KUCCCA-9) ; 0 = No activity.

Lipase activity (Table IV) was more (7.4 µm) with
ten days incubated extract of rice bran containing
medium followed by ten days incubated extract of
saw dust containing medium (6.1 µm). Growth
(Table V) of mycelia increased remarkably with
incubation time and the highest mycelial growth
(9.6 g/lit.) was recorded in media supplemented
with the extract of whey after twenty days of
incubation. Since fungal organisms takes at least
5-6 days for adequate growth, the present study
was carried out for comparing the objectives for
ten and twenty days. During mycelial growth,
culture broth pH dropped from 4.0-6.0 to 2.0-3.0.
This low pH measured after mycelial growth may
indicate acid production by Fomitopsis feei.
Exopolysaccharide production (6.6 g/lit.) was high
in medium supplemented with the extract of sweet
sorghum after twenty days of incubation.
Production of exopolysaccharides by optimizing
the medium composition in submerged culture by
other white rot fungi was reported earlier from our
laboratory [19, 20].
Growth pattern of F.feei was compared both on
solid and on different submerged media [21]. The
production of extracellular polysaccharide (87%
glucose) was stimulated by wheat-straw on the
ligninolytic fungus Pleurotus eryngii grown in liquid
medium [22]. The liquid cultures of the white-rot
fungi Bjerkandera adusta and Phanerochaete
chrysosporium grown on wheat straw-containing
glucose–peptone–corn steep liquor medium
possessed significant levels of the pro-oxidant
activity [23]. Production of exopolysaccharides by
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optimizing the medium composition in submerged
culture was reported earlier from our laboratory.
Suspended cultures of white-rot fungus, Trametes
versicolor, supplemented with bagasse powder
showed a concentration dependent enhancement
in the ligninolytic enzymes activity in liquid shake
cultures [24]. The optimum pH is 3.5 and the
optimum temperature is 40°C for maximum
lignolytic enzymatic activity. Lignin peroxidase,
which is immunological and structural different
from manganese II dependent peroxidases, has
been shown to be able to oxidize a number of
important bonds in lignin. In recent years, agroresidues have been experimented for activity
enhancement of the ligninolytic enzymes of
various white-rot fungi [25]. The addition of
bagasse powder (1% w/v) in stationary liquid
cultures of Pleurotus ostreatus enhanced laccase
production by 6- fold on seventh day [26].
There were many reports concerning rice bran as
substrate for the production of many biological
compounds such as alpha amylase [27]. In liquid
basal medium, 1% (w/v) rice bran as a carbon
source was found to be the most efficient substrate
for laccase production compared to 1% (w/v)
glucose, wheat bran and rice straw meal. The
highest laccase productivity with rice bran in liquid
medium was 22 U/g substrate at 15 days
cultivation. This was 11 times higher than the
maximum activity obtained at thirty days on solid
substrate cultivation [28]. The increase growth of
Lentinus edodes mycelium on rice bran and wheat

bran supplemented wheat straw and high activity
of cellulose and xylanase enzymes in these
treatments suggest that such combinations could

be evaluated for cultivation of Lentinus edodes in
regions of the world where sawdust is not readily
available [29].

Table III: Lignolytic enzyme activities of Fomitopsis feei
Agricultural Wastes
Days of incubation
Whey
Sugarcanebagasse
Groundnut bran
Ricebran
YEMB
Sawdust
MEB
Sweet sorghum
Mean
SD
SE
t-Value
P-Value
Result

Lac (U/ml)
10
20
8
142
6
22
2
0
66
58
2
6
130
4
8
28.25
46.38
16.40

4
28
0
32.50
48.40
17.11

Lig P (U/ml)
10
20
8
280
12
20
0
8
70
62
68
68

0.8
>0.05

302
94
0
174
6
0
58.25
88.25
102.70
95.72
36.31
33.84
0.604
>0.05

Not significant

Not significant

MnP (U/ml)
10
40
0
0
30
20
30
0
0
15.00
16.90
5.98

20
0
40
0
0
0

20
0
0
7.50
14.88
5.26
0.94
>0.05

Not significant

Lac = Laccase; Lig P = Lignin peroxidase; MnP = Manganese peroxidase; 0 = No activity.
Table IV: Lipase (Lip) activity of Fomitopsis feei
Agricultural Wastes
Days of incubation
Whey

Lip (µm)
10
1.5

20
1.4

Sugarcanebagasse
Groundnut bran
Ricebran
YEMB
Sawdust
MEB
Sweet sorghum
Mean

1.3
0.8
7.4
1.5
6.1
2
1.9
2.81

0.7
0.2
0.3
0.9
0.7
1
0.3
0.69

2.48
0.88

0.41
0.15

SD
SE
t-Value
P-Value
Result

Reports were there on the antimicrobial activity of
culture filtrates of growth media supplemented with
different agricultural wastes. Antimicrobial activity
of culture filtrates has also been recorded by
Lentinus edodes with different agricultural wastes
[30]. In the present study antimicrobial activity was
greater on gram negative bacteria than gram
positive bacteria. It could not support the results of
previous work in which mycelial-free culture of
Lentinus
edodes
[31]
exhibited
greater
antimicrobial effect against gram positive than
gram negative bacteria with Bacillus subtilis and
Staphylococcus aureus among the most highly
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2.54
<0.02
Significant

inhibited. It has been reported that [17] the highest
Bacillus subtilis growth inhibition was promoted by
filtrates of growth media supplemented with the
extracts of rice bran, vermiculture or molasses.
The antimicrobial activity of the culture fluid of
Lentinus edodes mycelium grown in submerged
liquid culture was tested against some common
bacterial species and Candida albicans [32].
Xylanase production by wild-type Aspergillus niger
ANL301, newly isolated from wood-waste, was
monitored at 24 hour intervals for a period of 168
hours
in media containing different carbon
sources such as oat-spelt xylan (Fluka) and three

agro-wastes i.e. sawdust, sugarcane pulp and

wheat bran [33].

Table V: Dryweight, exopolysaccharide (EPS) production and final Ph of Fomitopsis feei
Agricultural Wastes
Days of incubation
Whey
Sugarcanebagasse
Groundnut bran
Ricebran
YEMB
Sawdust
MEB
Sweet sorghum
Mean
SD
SE
t-Value
P-Value
Result

Dry weight(g/lit.)
10
0.8
3.8
3
2.8
3.2
3.2
3.4
3.4
2.95
0.92
0.32

20
9.6
4
3.8
4.2
4.4
4.2
6
3.8
5.00
1.99
0.70

2.64
<0.01
Significant

CONCLUSION
The results will be useful for evaluating liquid
media to enhance Fomitopsis feei mycelial
biomass and to evaluate substances of interest
produced by this fungus, such as antibacterial,
antifungal, antioxidant compounds and enzymes.
Since this basidiomycete showed good lignolytic
enzyme activities, this can be used in biobleaching
and dye reduction industries. Moreover, these
agricultural wastes are ecofriendly, very cheap,
easily extractable hence these extracts can be
used as media for the growth of microorganisms
comparing to cost effective synthetic media.
ACKNOWLEDGEMENT
Authors are very greatful to University Grants
Commission, New Delhi for providing financial
assistance.
REFERENCES
1. Lee K.H., Lee J.W., Han M.D., Jeong H., Kim
Y.I. and Oh D.W. (1994). Correlation between
antimcomplementary and antitumor activity of
crude polysaccharide from Ganoderma
lucidum IY009, Kor J Appl Micro Biotech
22:45-51.
2. Song Y., Okuda R., Wada N., Kishida E. and
Misaki A. (1985). Structure and antitumor
activities of the polysaccharide isolated from
fruiting body and the growing culture of
mycelium of Ganoderma lucidum. Agric Biol
Chem 49:2641-2653.
3. Chen Wei, Zhao Zhao, Chen Shi-Fei, Li
Yong-Quan. (2008). Optimization for the
production of exopolysaccharide from Fomes
fomentarius in submerged culture and its
antitumor effect in vitro. Biores Tech 99:31873194.

25| JRAAS: 26, 18-26, 2011

EPS (g/lit.)
10
20
3.3
3.3
0
3.3
3.3
3.3
3.3
3.3
0
0
3.3
0
3.3
0
3.3
6.6
2.48
2.48
1.53
2.33
0.54
0.83
0.000045
>0.05
Not significant

Final pH
10
2.5
2.5
2.5
2.5
2.7
2
2.5
2.7

20
2.7
2.7
2.5
2
2
2.7
2.5
2.5

4. Vinaya Sagar Goud J., Jaya Prakash Goud
M. and
Singara Charya M.A. (2008).
Screening of macro fungi for lignin degrading
enzymes. Asian J Microbiol Biotech Env Sci
10:765-766.
5. Krishna Bolla, Syed Zeenat Shaheen,
Kandukuri Vasu and Singara Charya M. A.
(2009).
Screening
of
South
Indian
Basidiomycetes for the production of
exopolysaccharide
and
biomass
in
submerged culture. Nat Acad Sci Lett 32:99104.
6. Lyra E.S., Moreira K.A., Porto T.S., Carneiro
da Cunha M.N., Junior Paz F.B., Neto B.B.,
Lima – Filho J.L., Cavalcanti M.A.Q., Converti
A. and Porto A.L.P. (2009). Decolorization of
synthetic dyes by basidiomycetes isolated
from woods of the Atlantic Forest (PE), Brazil.
World J Microbiol Biotech 25:1499-1504.
7. William F Fett, John M Wells, Paola Cescutti
and Chandi Wijey. (1995). Identification of
exopolysaccharides produced by fluorescent
Pseudomonads associated with commercial
mushroom (Agaricus bisporus) production.
Appl Environ Microbiol 61: 513-517.
8. Lalitha M.K. (2005). Manual on antimicrobial
susceptibility testing. Assoc Med Microbiol
pp.3-41.
9. Song Ruiqing and Hongfang Ji. (2006).
Inhibitory effects of 8 toxic mushroom strains
on growth and germination of Alternaria
alternata. J Agric Technol 2:39-48.
10. Yigit D., Yigit N. and Mavi A. (2009).
Antioxidant and antimicrobial activities of
bitter and sweet apricot (Prunas armeniana
L.) Kernels. Braz J Med Biol Res 42: 346-352.
11. Mohamed Amal A., Khalil Ashraf A., Hossam
E.S.
EL-Beltagi.
(2009).
Chemical
compositions and antioxidant/ antimicrobial

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

activities of Kaff maryam (Anastatica
hierochuntica) and doum palm (Hyphaene
thebaica) cultivated in Egypt. Biyoloji Bilimleri
Arashrma Dergisi 2:71-79.
Coll M.P., Fernandez – Abalos J.M.,
Villanueva J.R., Santamaria R., Perez P.
(1993). Purification and characterization of
phenoloxidase (Laccase) from the lignin –
degrading basidiomycete PM I (CECT 2971).
Appl Environ Microbiol 59:2607-2613.
Sarakanen S., Razal R.A., Piccariello T.,
Yamamoto E. and Lewis N.G. (1999). Lignin
Peroxidase: Toward a classification of its role
in vivo. J Biol Chem 266:3636-3643.
Parzeznski A., Hynn V.B. and Crawford R.L.
(1986). Comparision of lignin I and
peroxidase M2 from the white rot fungus
Phanerochete chrysosporium. Arch Biochem
Biophys 244:750-765.
Pratyoosh Shukla, Gupta Kshitiz. (2007).
Ecological screening for lipolytic molds and
process optimization for lipase production
from Rhizopus oryzae KG-5. J App Sci
Environ Sanit 2:35-42.
Cardenas J., Alvarez E., de Castro Alvarez
M.S., Sanchez – Montero J.M., Valmaseda
M., Elson S.W. and Sinisterra J.V. (2001).
Screening and catalytic activity in organic
synthesis of novel fungal and yeast lipase. J
Mol Cataly B Enz 14:111-123.
Regina Hiroko Hassegawa, Maria Catarina
Megumi Kascya and Maria Cristina Dantas
Vanetti. (2005). Growth and antibacterial
activity of Lentinula edodes in liquid media
supplemented with agricultural wastes. Electr
J Biotech 8:212-217.
S. V. S. S. S. L. Hima Bindu N. and Singara
Charya M.A. (2010). Enzymatic profile of
Fomitopsis feei AY515327.1 under solid state
fermentation. National Acad Sci Let 33:235239.
Krishna Bolla, Syed Zeenat Shaheen,
Kandukuri Vasu and Singara Charya M. A.
(2008). Effect of oils on the production of
exopolysaccharides and mycelial biomass in
submerged
culture
of
Schizophyllum
commune. African J Microbiol Res 2:349-352.
Krishna Bolla, Gopinath B. V., Syed Zeenat
Shaheen and Singara Charya M. A.. (2010).
Optimization of carbon and nitrogen sources
of submerged culture process for the
production of mycelial biomass and
exopolysaccharides by Trametes versicolor.
Int J Biotech Mol Biol Res 1:5-21.
Nipaporn Armussa and Sanoamuang Niwat.
(2005). Mycelium growth characteristics of
shelf fungus on different synthetic media.
KKU Res J 10:311-321.
Barrasa J.M., Gutie´rrez A., Escaso V.,
Guille´N., Marti´nez M.J. and Marti´nez A.T.
(1998). Electron and fluorescence microscopy
of extracellular glucan and aryl-alcohol
oxidase during wheat-straw degradation by

26 | JRAAS: 26, 18-26, 2011

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pleurotus eryngii. Appl Environ Microbiol
64:325–332.
Kapich A.N., Priorb B.A., Lundella T. and
Hatakkaa A. (2005). A rapid method to
quantify pro-oxidant activity in cultures of
wood-decaying white-rot fungi. J Microbio
Meth 61:261– 271.
Hossain Sk Masud and Anantharaman N.
(2006). Activity enhancement of ligninolytic
enzyme of Trametes versicolor with bagasse
powder. Afri J Biotechnol 5:89-194.
Ardon O., Kerem Z. and Hadar Y. (1998).
Enhancement of lignin degradation and
lacasse activity in Pleurotus ostreatus by
cotton stalk extract. Can J Microbiol 44:676680.
Soma Sen, Singh P.P., Rathore V.S. and Ben
M.J. (2004). Pereira, Sugarcane bagasse
improves the activity of ligninolytic enzymes
and decolourization of dyes by the white-rot
fungus Pleurotus ostreatus. J Sci Ind Res
63:739-746.
Ikramul H., Hamad A., Javed I. and Qadeer
M.A. (2003). Production of alpha amylase by
Bacillus licheniformis using as economical
medium. Biores Tech 83:57-61.
Chawachart N., Khanongnuch C., Watanabe
T. and Lumyong S. (2004). Rice bran as an
efficient substrate for laccase production from
thermotolerant
basidiomycete
Coriolus
versicolor strain RC3. Fung Divers 15:23-32.
Shammi Kapoor, Pardeep K Khanna and
Priya
Katyal.
(2009).
Effect
of
supplementation of wheat straw on growth
and lignocellulolytic enzyme potential of
Lentinus edodes. World J Agri Sci 5:328-331.
Komemushi S., Yamamoto Y. and Fujita T.
(1995). Antimicrobial substance produced by
Lentinus edodes. J Antibact Antifung Agents
23:81-86.
Ishiwaka N.K., Kascya M.C.M. and Venetti
M.C.D. (2001). Antibacterial activity of
Lentinula edodes. Braz J Microbiol 32:206210.
Hatavani Nora. (2001). Antibacterial effect of
the culture fluid of Lentinus edodes mycelium
grown in submerged liquid culture. Inter J
Antimic Agents 17:1-74.
Okafor U.A., Okochi V.I., Onyegeme-okerenta
B.M. and Nwodo-Chinedu S. (2007).
Xylanase production by Aspergillus niger ANL
301 using agro – wastes. Afric J Biotech
6:1710-1714.

