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Abstract: Five organic supplements namely cotton seed meal (CSM), peanut  meal  (PM),  wheat  bran (WB),
rice bran (RB) and soybean meal (SBM) were supplemented to the wheat straw @ 10% and 20% (on dry weight
basis). Mycelial growth and enzyme activity of Lentinus edodes strain Le-S were recorded at periodic intervals
of 10 d upto 30 d. Maximum mycelial extension rate was obtained with 10% rice bran supplementation and with
20% wheat bran supplementation. CSM and SBM were also found to improve the yield,while a slow growth was
observed with PM. Activity of hemicellulases was higher than cellulases. Among the different cellulases;
carboxy-methyl cellulases (CMCase) activity was the highest followed by cellobiase (Cbase) and filter paper
(Fpase) activity. Similarly WB and CSM were found to improve the CMCase activity. Though RB was effective
in stimulating Cbase activity at early stages but maximum activity was observed on CSM and SBM. Fpase
activity was also better on SBM and RB supplementation. Supplementation with SBM resulted in maximum
xylanase  activity  followed  by  WB  and  CSM  that  were  at  par.  Laccase  activity  appeared  at  later  stages
(20-30 d after inoculation) and a very high activity was reported on unsupplemented and PM supplemented
wheat straw.

Key words: Cellulases  Laccase Lentinus edodes Lignocellulosics  Supplementation  Xylanase

INTRODUCTION conditions and agricultural residues available in India and

Mushrooms  are  biotechnologically  produced food commercial exploitation. Worldwide, the most popular
products  from  lignocellulosics,  the  economic value of basal ingredient used in synthetic formulation of
these has expanded all over the World in the last two substrate for the commercial production of L. edodes is
decades. Presently, Lentinus edodes (Shiitake) is the hardwood sawdust which is not a substrate of choice that
second most important cultivated mushroom in the World would find commercial acceptance in regions where
after Agaricus bisporus from standpoint of total sawdust is not easily available. The relative abundance of
production accounting for about 26 per cent of the total cereal straws especially wheat straw could be exploited for
world production of cultivated mushrooms. It is valued commercial production of this mushroom. Addition of
not for only its culinary characteristics, but also for its organic supplements to the substrate is a promising way
medicinal attributes [1]. Cultivation of this mushroom uses of getting higher mushroom yield as some supplements
a vast amount of lignocellulosic substrates in the largest raise the nutrient status of the substrate. 
wood-utilizing bioconversion process [2]. Shiitake is a The utilization of the insoluble lignocellulosic
white rot fungus, capable of decomposing all the substrates by edible mushrooms depends upon the
important structural component of wood, including both production of a wide array of lignocellulolytic enzymes by
cellulose  and  lignin  [3]. Despite sporadic research the fungal mycelium which is a crucial part of the
efforts to standardize its cultivation technology, this colonization process and is an important determinant of
mushroom has so far not been exploited for its commercial mushroom yield. Therefore, to exploit the potential of
production in India and there is no report of its cultivation locally available substrates like wheat straw for
under the Punjab conditions. Keeping in view the climatic production of shiitake, in vitro studies were carried out on

Punjab, there is an ample scope for its introduction and
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the effect of supplementation on mycelial growth and were estimated as glucose by using DNS method [9].
enzymes production of L. edodes during solid state Enzyme activity was expressed as µmol of sugar
fermentation of wheat straw. produced/min/gm of substrate. Laccase estimation was

MATERIALS AND METHODS enzyme activity was expressed as units/ml enzyme extract.

Culture  Maintenance  and  Inoculum  Preparation: RESULTS AND DISCUSSION
Culture of Lentinus edodes was procured from the culture
collection of National Research Center of Mushroom The  mycelial  extension  rate  of  L.  edodes  during
(NRCM), Solan and was maintained on Potato Dextrose the solid state fermentation of supplemented and
Agar (PDA) slants at 25±2°C by subculturing fortnightly. unsupplemented wheat straw substrate recorded
The culture was grown on the same medium in petriplates periodically at intervals of 10 days up to 30 days showed
and standard mycelial discs (5mm) were cut with the help that overall the lowest supplementation of 10% organic
of a cork borer and used for further supplementation supplement resulted in better mycelial extension compared
/enzyme studies. to unsupplemented wheat straw as well as the highest

Supplementation Studies: Five different organic different organic supplements (cotton seed meal, peanut
supplements namely cotton seed meal (CSM), peanut meal meal, soybean meal, wheat bran and rice bran) the
(PM), soybean meal (SBM), wheat bran (WB) and rice maximum  linear  mycelial  growth  of 11.04 cm was
bran (RB) were supplemented to the wheat straw @ 10% obtained with 10% supplementation of RB that was at par
and 20% (dry weight basis). The supplemented wheat with WB (10.81 cm) after 30 days of incubation. CSM and
straw combinations and unsupplemented straw (control) SBM also improved the mycelial growth compared to
were moistened to 70% and filled in test tubes (20 x 2.5cm) unsupplemented straw while a slower mycelial extension
to 2/3  of its capacity and sterilized at 15 lbs for 20 mins. (3.60 cm) was observed with PM. The linear growthrd

Ten replicates were maintained for each treatment. The measurements of L. edodes on the supplemented wheat
tubes were cooled and aseptically inoculated with uniform straw indicated that RB/WB supplementation could
bits (5mm) of mycelial culture grown on potato dextrose possibly be used during the cultivation of this mushroom
agar. The tubes were incubated at 25±2°C and mycelial on wheat straw substrate.
extension was measured periodically upto 30 days. For The utilization of insoluble lignocellulosic substrates
measuring the lignocellulolytic enzyme potential of by edible mushrooms depends upon the production of
L.edodes grown on supplemented and unsupplemented enzymes (cellulases, hemicellulases, ligninases) that bring
wheat straw, the content of each tube was taken out in a about hydrolysis of the macro molecules of cellulose, 
beaker  and  enzyme  was  extracted  by   the  method  of
Smith et al. [4]. Three cellulolytic enzymes namely
exocellobiohydrolase (EC 3.2.1.91, 1,4-ß-D-glucan
cellobiohydrolase), endo-1,4-ß-D-glucanase (EC 3.2.1.4,
1,4-ß-D-glucan  glucanohydrolase)  and  ß-glucosidase
(EC 3.2.1.21, ß-D-glucoside glucohydrolase) were
estimated in the extracted sample. The endoglucanase
activity was measured by estimation of the reducing
sugars  released    during    incubation   of  carboxy-
methyl    cellulose    with    enzyme   extract   according  to
the method of Mandels et al. [5]. ß-glucosidase and
exocellobiohydrolase activities were measured by the
method of Toyama and Ogawa [6] and Mandels and
Sternberg [7], respectively using cellobiose and Whatman
filter paper as substrate. Xylanase activity was determined
by the procedure described by Bucht and Eriksson [8].
The reducing sugars liberated during the assay reaction

carried out according to the method of Turner [10] and

dose of 20% supplementation (Table 1). Among the five

Table 1: Effect of organic supplements on mycelial growth of Lentinus
edodes

Mycelial extension (cm)*
-----------------------------------------------------------

Supplements (rate %) 10 d 15 d 20 d 25 d 30 d

Cotton Seed Meal (10) 1.58 2.81 4.31 6.56 9.25
Cotton Seed Meal (20) 1.29 2.08 3.51 4.78 6.18
Peanut Meal (10) 0.76 1.95 3.05 3.43 4.05
Peanut Meal (20) 0.42 1.23 2.60 3.20 3.60
Soybean Meal (10) 1.71 3.12 4.82 6.72 9.40
Soybean Meal (20) 1.10 2.42 3.86 5.10 6.42
Wheat Bran (10) 2.86 4.29 5.56 7.24 9.30
Wheat Bran (20) 3.30 4.91 6.15 8.88 10.81
Rice Bran (10) 3.50 4.84 6.26 9.06 11.04
Rice Bran (20) 1.93 3.05 4.60 7.35 8.14
Control 1.05 2.31 3.75 5.80 8.01

* Mean of 10 replicates
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Fig. 1: Activity of cellulase enzmyes on wheat straw
supplemented with different brans/meals (A)
Carboxymethyl cellulase (B) Filter paper activity
(C) -glucosidase

hemicellulose and lignin components, respectively
thereby, librating low molecular weight nutrients [11].
Production of these enzymes by the fungal mycelium is a
crucial part of the colonization process and an important
determinant  of  mushroom yield [12]. The quantification
of lignocellulolytic enzymes produced by the L. edodes
mycelium during the growth on the supplemented straw
was carried out to provide a positive indication to the
potential  solid  state   fermentation   being   carried  out
by this fungus. All three cellulolytic enzymes namely;
endoglucanase, ß-glucosidase and exocellobiohydrolase
were detectable in the extract from the wheat straw with
different supplements. 

Fig. 2: Changes in xylanase enzyme activity in
supplemented and unsupplemented wheat straw

The supplementation of different bran/meals resulted
not only in improved linear growth but also in higher
activity of cellulases in supplemented straw as compared
to the unsupplemented straw (control). Among the three
cellulases, CMCase activity was the highest followed by
Cbase and Fpase. Significant CMCase activity was
observed on 10  day and it increased with increasing inth

incubation upto the 30  day (Fig. 1). There was anth

exponential  increase  in  CMCase  activity  between  the
20  and 30  day. The activities of Cbase and FPase wereth th

comparatively lower on the 10  day. However significantth

activities could be quantified as the growth and solid
state fermentation of the straw progressed upto 30  day.th

Several extracellular enzymes of L. edodes have been
detected in sawdust based substrate including laccase,
peroxidases, cellulases, hemicellulases, proteases and
various glucosidases. Leatham [2] had reported that
utilization of lignocellulose by L. edodes depends on its
ability to synthesize hydrolytic and oxidative enzyme.
Ogha  et  al.  [13]  had correlated the growth of mycelium
of L. edodes and the production of fruit bodies
predominantly with the efficient utilization of the
lignocellulose  polymers  of  sawdust   based  substrate
by the extracellular enzymes.

The  xylanase  activity  was significantly enhanced
by the supplementation of wheat straw with different
brans/meals  as  compared  to  unsupplemented  straw
(Fig. 2). Substantial activity of xylanase could be
quantified even on the 10  day. The activity furtherth

increased with incubation and maximum activity was
obtained with SBM (10%) supplementation (5.85 IU/gm
substrate) which was at par with xylanase activity
obtained with CSM, WB and RB supplementation.
Supplementation of peanut meal (PM) did not result in
significant xylanase activity (2.35 IU/gm) compared to
control (1.72 IU/gm). 
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Fig. 3: Changes in laccase enzyme activity in Bioconversion of Cellulosic Substrates into Energy,
supplemented and unsupplemented wheat straw Chemical  and  Microbial protein, T.K. Ghosh (ed) Vol

Laccase activity was increased during the later stages 7. Mandels, M.D. and G. Sternberg, 1976. Recent
(20-30  days  after  inoculation)  of   colonization (Fig. 3). advances in cellulase technology. J. Ferment.
It  was  observed that the treatments which showed Technol., 54: 267-86.
higher cellulase and xylanase activities showed lower 8. Bucht, B. and K.E. Eriksson, 1968. Extracellular
laccase activity. Hence higher activity was seen on PM enzyme system utilized by the rot fungus Stereum
supplemented  wheat  straw  and  unsupplemented sanguinolentum for the breakdown of cellulose.
control. Laccase activity appeared at later stages as it is Arch. Biochem. Biophys., 124: 135-41. 
more firmly bound in the lignocellulosic complex 9. Miller, G.L., 1959. Use of dinitrosalicylic acid reagent
compared to cellulose and hemicellulose. for determination of reducing sugars. Annals Chem.,

Extracellular enzymes activities of laccase and 31: 426-28. 
cellulase investigated at various growth stages in 10. Turner, E.M., 1974. Phenol oxidase activity in relation
sawdust based substrate for L. edodes by Ogha et al. [13] to substrate and development stage in mushroom
has also revealed a clear relationship with fruit body Agaricus biporus. Trans. Br. Mycol. Soc., 63: 541-47.
formation. The increase growth of L. edodes mycelium on 11. Buswell, J.A., Y.J. Cai and S.T. Chang, 1993. Fungal-
rice bran and wheat bran supplemented wheat straw and and substrate-associated factors affecting the ability
high activity of cellulase and xylanase enzymes in these of individual mushroom species to utilize different
treatments  suggest  that   such   combinations  could  be lignocellulosic growth substrates. In: Mushroom
evaluated for cultivation of L. edodes in regions of the Biology and Mushroom Products. Vol 1., Eds.,
world where sawdust is not readily available. Chang, S.T., J.A. Buswell and S.W. Chiu. Chinese
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