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Summary. The quantitative changes in constituents of rice straw during differ-
ent stages of growth of the fungus Pleurotus flabellatus were investigated. Cel-
lulose, hemicellulose(s), lignin, total carbon and total nitrogen showed a con-
tinuous decrease from inoculation until the end of fruit body harvesting, whereas
free sugars, total ash and C/N ratio increased. As calculated on constant ash basis,
14 and 13.9% of cellulose, 6.6 and 7% of hemicellulose(s) and 4 and 1.5% of
lignin were decomposed during the mycelial growth and fructification respec-
tively. Total N decreased by 0.16 and 0.23% during the mycelial growth and
fructification respectively. The progressive breakdown of cellulose and hemi-
cellulose(s) was correlated to an apparent increase in the activities of celullase
and hemicellulase(s). The trend in development of cellulases and B-glucosidase
activities in the substrate during different stages of its growth was demonstrated.

Introduction

Pleurotus flabellatus (Berk & Br) Sacc. (Basidiomycetes) was isolated from the wood
of Ficus bengalensis in Mysore and its successful cultivation has been reported by Zakia
Bano and Srivastava (1962). This fungus is cultivated for its white attractive spathulate
edible fruit bodies of mild flavour. Besides Pleurotus ostreatus and Pleurotus sajor-caju
cultivated in India, P, flabellatus is also catching the commercial interest of mushroom
growers due to the simplicity of its cultivation and white attractive fruit bodies. It has
also been found that rice straw is the best and most economic substrate for the cultiva-
tion of P. flabellatus (Zakia Bano et al., 1978).

There are few reports related to the nutrition and chemical changes brought about
by Agaricus bisporus (Waksman and Nissen, 1932; Gerrits, 1968), Pleurotus florida
(Zadra%il, 1974) and P. sajor-caju (Kandaswamy and Ramaswamy, 1976) in the sub-
strate constituents during their growth. Toyama and Ogawa (1974) have studied the
production of cellulolytic and oxidising enzyme activities of P. ostreatus and P. cornu-
copiae along with many other wood rotters under various cultural conditions.
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As far as the authors know, no such data are available for changes during the growth
of P. flabellatus on rice straw. Hence, it was thought worthwhile to report a preliminary
examination of some of the chemical and biochemical changes brought about by this
fungus in rice straw constituents during different stages of its growth from inoculation
until the end of fruit body harvesting in the present study.

Materials and Methods

Culture Maintenance and Growth Conditions. Pure cultures of P. flabellatus isolated
from the fruit bodies cultivated during the last three years were maintained on malt
extract agar at 259C. Using these cultures, inoculum was prepared on wet chopped
(2—3 cm long) rice straw aseptically.

Preparation of Substrate. Rice straw (Oryza sativa) chopped to a length of 2—3 cm
was soaked in water (40 litres of water for every 2.5 kg dry chopped straw) at room
temperature (220—-289C) for 18 h. After draining away the excess water, every 3 kg of
the wet chopped straw containing 78% water was mixed with 100 g of a 3-month-old
inoculum and 25 g horse gram (Dolichos biflorus) powder (mill size ca. 0.5—~1 mm) and
filled into 150 gauge polyethylene bags (30 x 40 cm) with perforations (of 1 em diam.)
at intervals of 7 cm. The mouth of the bag was tied with a piece of thread. Eight such
replicates of the inoculated substrate were prepared starting with a dry weight straw
of 5 kg at a time. The inoculated substrate was incubated at an ambient temperature
of 220—280C and relative humidity of 55%—75%. The substrate showed an inside tem-
perature of 24°—3190C during the incubation period (mycelial growth). As primordia
started emerging from the polyethylene perforations the bags were cut open exposing
the straw substrates. The exposed blocks were watered heavily and yield noted on the
third day after primordia formation, The yield was expressed as g of fresh fruit bodies
(containing 90% water) produced kg1 dry straw. The experiment was repeated thrice.
Samples from the substrate collected at different stages of growth, before inocula-
tion (0 day), after inoculation (0 day), during mycelial growth (6th day), after mycelial
growth, i.e., when primordia were just formed (12th day), and after harvesting the fruit
bodies (15th day) were used in further investigations.

Isolation of Carbobydrates. Freeze dried samples (25 g each) of the substrates at dif-
ferent stages of growth mentioned above were taken in triplicates. The isolation of
carbohydrates, i.e., 70% alcohol soluble sugars, total hemicelluloases (A + B) and alkali
insolubles, was carried out as described by Wankhede and Tharanathan (1976). The
typical scheme of isolation of carbohydrates from one of the samples is given in Fig. 1.

Preparation of Enyzme Extract. Fresh substrate (25 g, ~75 to 80% moisture) was
taken in triplicates and homogenised in 250 ml of 50 mM sodium acetate buffer, pH
5.4, and filtered through muslin cloth. The fibrous residue (8 g) was collected. The
filtrate was clarified by centrifugation at 4000 g for 15 min and the volume made to
250 ml (C) with the same buffer. The fine residue left over after centrifugation (0.25 g)
was extracted with fresh amounts of the above buffer and the volume made to 50 ml
(R) after centrifuging for 15 min as above. The fibrous residue was also extracted,
centrifuged and the volume made to 150 ml (F) with the same buffer. The typical
scheme of extraction of enzyme is shown in Fig. 2. All operations were carried out

at 50 + 10C.
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Freeze dried rice straw substrate (25g)

extracted with 70% alcohol (250ml x 2)
filtered through muslin cloth and dried

1

Alcohol solubles (2.8¢) Alcohol insolubles (22.2g)

homogenised in 250m]
water, filtered through
cloth, clarified by
centrifugation at 4000g
for 15 min

Water solubles (1g) Water insolubles (21.2g)

extracted for 3h
twice in 10% NaOH
(COj3 free) under
N-—atmosphere and
filtered through cloth

| R

Filtrate Residue
Alkali solubles Alkali insolubles (11g)

pH adjusted to
7 with 50%
acetic acid
dialysed, dried
and hydrolysed

pH adjusted to 4.5 with 50%
acetic acid and centrifuged
at 4000 g for 15 min

[ —! by keeping in
72% ice cold
Residue (2.1g) Clear centrifugate H,S0, for 30
min followed
Pronase treatment by dilution to
(in 50mM PO, + 3 volumes 2 N and reflu-
buffer pH 7.5 at of ethanol xed for 6h
28°C for 24h) in boiling
water bath
Supernatant Residue Precipitate Supernatant
Carbohydrate
Concentrated| content by Concentrated .
to dryness phenol—-H,50, to dryness Hydrolysate  Acid
method resistant
residue
(0.92) Hemi- Hemi- (3.0g)* ‘
cellulose A cellulose B
(1.1g) (5.1g) Cellulose Lignin

g (g

Fig. 1. The isolation of carbohydrates from rice straw (before inoculation)
*Did not respond to phenol-H>504 test
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Mushroom bed sample
(25g of 75—80% H,0 content)

homogenised in 250ml
50mM sodium acetate
buffer pH 5.4

Homogenate

filtered through muslin cloth

] |

Fibrous residue (8g) Filtrate
extracted in
fresh amounts of centrifuged at
the above buffer, 4000g for 15 min
filtered and
centrifuged
Supernatant
F (150ml) Centrifugate Residue
C (250ml) (0.25g)
extracted in
the above
buffer and
centrifuged
Supernatant
R (50ml)

Fig. 2. Extraction and fractionation of enzymes from the fungal substrate

Enzyme Assays. Hemicellulase activity was assayed according to the method of Dekker
and Richards (1975) as described by Wankhede et al. (1977), using 0.5% of hemicellulose
B of rice straw as the substrate.

Carboxymethy] cellulase (CMC-ase) activity, cotton activity (C1) and filter paper
degrading (FPD) activity were estimated as described by Mandels and Weber (1969)
using carboxymethy] cellulose, absorbent cotton and Whatman No. 1 filter paper strips
(1 x 6 cm) respectively.

Bglucosidase activity was determined by the method of Wood (1968) using cellobiose
as the substrate and the glucose released after incubation was quantitated by the meth-
od of Dahlquist (1961).

One unit of activity of the hitherto described enzyme assays was defined as mg free
sugar released g-1 dry weight of the substrates at different stages of growth.

Aryl B-glucosidase activity was assayed as described by Petterson et al. (1963) using
p-nitrophenyl f-D-glucoside as the substrate and the unit of activity was defined as mg
p-nitrophenol! liberated g-1 dry weight of the substrate.

Analytical Methods. Total carbohydrates in 70% alcohol solubles and the hydrolysate
of the alkali insolubles in Fig. 1 were estimated by the method of Dubois et al. (1956).
Pentosan content was estimated according to the method of Cerning and Guilbot (1973).
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Direct estimation of cellulose was carried out according to Updegraff (1969). Ash,
crude protein (Total N x 6.25) and also the direct estimation of lignin were determined
by A.0.A.C. methods (1975). Protein, total reducing sugars and total carbohydrates
of the enzyme samples were estimated by the method of Lowry et al. (1951), Nelson
(1944) and Dubois et al. (1956) respectively.

Loss of Organic Matter. Direct dry weights of the substrate at different stages of fungal
growth were determined through knowledge of the net fresh weight and moisture con-
tent. Loss of organic matter was calculated as the percentage difference between the
dry weight of substrate during inoculation and that of other stages of the fungal growth.

Results and Discussion

The fungus Pleurotus flabellatus takes about 12 days to produce the primordia which
grow into mature fruit bodies in the next 3 days (fructification) at the experimental
conditions given in the text. Since there was a variation of yield from 300 g to 500 g
fresh fruit bodies (containing 90% water) kg1 dry straw, substrates that yielded 400 g
fresh fruit bodies kg1 dry straw were taken for all the analyses ‘after harvest of fruit
bodies,’ to ensure comparison among the analytical values obtained.

The direct analytical values of the substrate at different stages of growth for free
sugars, cellulose, hemicellulose(s), lignin, water solubles, total C, total N, C/N ratio and
total ash are given in Table 1a. These values give an idea of the percentage of these
components present at that particular moment, but do not give any information con-
cerning the increase or decrease of the components during the course of the fungal
growth. Further, the total ash was found to show a relative increase from inoculation
until the end of fruit body harvesting, because there was a constant utilization of organic
matter. However, the total amount of ash could be assumed to remain constant all the
time without forgetting that a fraction of it also entered into the developing fruit bodies.
Hence all the analytical values were converted on a constant ash basis and all percent-
ages expressed as percentages of the dry matter during inoculation (Table 1b).

Changes in Cellulose, Hemicellulose(s),and Lignin. 1t is evident from Table 1b, that
14.0% of cellulose and 6.6% of hemicellulose(s) were decomposed during the 12 day
mycelial growth. During the next 3 days of fructification, 13.9% of cellulose and 7.0%
of hemicellulose(s) were decomposed. These relative percentages of cellulose and hemi-
cellulose(s) decomposition during the two phases of growth imply that P. flabellatus
utilises cellulose preferentially over hemicellulose(s) and also indicate the rate of metab-
olic activity is high during the last 3 days of fruit body build up (fructification). The
above findings are in good agreement with the results reported by Gerrits (1968) for
A. bisporus, but contradict those of Kandaswamy and Ramaswamy (1976) where during
the growth of P. sajor-caju on rice straw, cellulose is reported to be actively utilised
during mycelial growth and during fructification its utilisation was negligible.

The apparent lignin content increase after the fruit body harvest shown in Table 1a
is due to the constant use of other organic constituents of rice straw and an increase
in the ash content. Calculating on equal ash basis as Gerrits (1968) has done, it was
found that lignin content decreased by 4% during the first 12 days of mycelial growth
and by 1.5% during the next 3 days of fructification (Table 1b). This demonstrates the
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Table 1a. Changes in rice straw constituents® (%) during growth of P, flabellatus

Stages of fungal growth
Rice straw
condtituents ?efore After During After After
inoculation inoculation  mycelial myecelial harvest of
growth growth fruit bodies
( 0day) (0 day) (6th day) (12th day) (15th day)
Total carbohydrates 634 63.0 60.4 58.2 52.1
‘;’fé'/:r:'b”h"l soluble 0.78 0.86 1.10 1.72 3.15
Pentosans 23.9 232 21.6 18.8 15.6
Z:tfl];ebm‘“eu"bse(s) 248 24.2 222 19.8 16.9
CelluloseP 28.0 27.5 23.8 19.0 10.0
Cellulose 36.2 355 32.1 24.2 12.1
Ligninb 12.0 12,0 14,0 12.6 16.5
Lignin 23.0 23.0 240 214 280
Water solublesb 15.2 16.0 18.2 212 27.1
Total carbon 254 25.2 24.2 23.3 20.8
Total nitrogen 0.63 0.62 0.58 0.52 0.37
C/N ratio 40.3 40.7 41.7 448 56.3
Total ash 11.0 11.0 11.8 124 17.6

4The above values are the mean of three replications on dry weight basis
DThe values were obtained by the fractionation procedure of Fig, 1

Table 1b. Changes in rice straw constituents ? (%) during the growth of P. flabellatus converted on

equal ash basis

Stages of fungal growth

Rice ftraw Before After During After After
constituents : ° ]
inoculation inoculation  mycelial mycelial harvest of
growth growth fruit bodies
(0 day) (0 day) (6th day) (12thday) (15thday)
Total carbohydrates 63.0 56.3 51.6 32.6
ZO% aleohol 0.86 1.00 1.53 1.97
oluble sugars
;:ji)hfﬁ:;‘g 24.2 207 17.6 10.6
Cellulose 35.5 29.9 21.5 7.6
Lignin 23.0 224 19.0 17.5
Water solubles 16.0 16.9 18.8 16.9
Total carbon 25.2 22.6 20.7 13.0
Total nitrogen 0.62 0.54 0.46 0.23
C/N ratio 40.7 41,9 45.0 56.5
Total ash 11.0 11.0 11.0 11.0
Loss of organic matter 0.0 7.0 10.0 36.0

2The above values are the mean of three replications on dry weight basis
bThe values were obtained by the fractionation procedure of Fig. 1
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lignoclastic property of P. flabellatus, a property also observed in P. florida (ZadraZil,
1974), P. ostreatus (Ulezlo et al., 1975) and P. sapidus (Daugulis and Bone, 1977). The
greater decomposition of lignin during my celial growth increases the accessibility of cel-
lulose for easy degradation during fructification and it is well known that lignin is a bar-
rier for the microbiological attack of cellulosic materials (Millett and Baker, 1975).

Changes in Total C, N and C/N Ratio. From the direct analytical values of Table 1a

it is observed that total C and total N showed a gradual decrease during the mycelial
growth but disappeared more rapidly during the formation of fruit bodies. Hence,

the C/N ratio also showed a gradual increase till the formation of primordia, and a sud-
den increase during fruit body formation. These results show some dissimilarities from
those of Gerrits (1968) on A. bisporus, Zadra¥%il (1974) on P, florida and Rangaswamy
et al. (1975) on P. sajorcaju who reported an increase in the N content of the sub-
strate during their growth (even after fruit body harvesting) and progressive decrease
of C/N ratio from inoculation until the end of fruit body harvesting.

The decrease in the N content by 0.08% during the first six days of mycelial growth
(Table 1b) may be due to such processes as deamination during the fungal metabolism
(while utilising proteins/amino acids from the substrate) and a similar decrease of 0.08%
N observed on the 12th day of incubation was possibly due to its incorporation into
the primordia which were being formed.

Detection and Variation in the Activities of Carbobydrases. While assaying the hemi-
cellulase(s) and CMC-ase activities from all the 3 fractions of the enzyme preparation
viz. C, F, and R, it was found that most of the activity was concentrated in the C
fraction and hence this fraction was selected as a source of crude enzyme in all the
subsequent assays. Unless otherwise mentioned, the efficiency of the enzyme extrac-
tions in acetate buffer (50 mM) in the pH range of 4 to 6 indicated that the extractions
were very efficient at pH 5.4 and all the enzymes studied were stable at this pH.

As evident from Fig. 3, CMC-ase and hemicellulase activities showed a gradual in-
crease during mycelial growth and a steep increase during fructification and this can be
correlated to the simililar decrease in the amounts of the corresponding polysaccharides.
Also it was found that the activity of CMC-ase was always greater than hemicellulase at
any stage of the fungal growth and this is in consonance with higher amounts of cellulose
getting depleted from rice straw as compared to hemicellulose(s).

According to Reese et al. (1950), for the complete saccharification of crystalline
cellulose all the three essential enzymes of the cellulolytic complex, Cq, Cy and §-D-
glucosidase, are required. Hence, we studied here the trend in development of these en-
zymes during the different growth stages of the fungus. The results are shown in Fig. 4.
It was observed that Cq, Cy (Fig. 3) and FPD activities showed a progressive increase
throughout the growth period while B-Dglucosidase activity indicated an increase on
0 day followed by a decline but increased abruptly during later stages of the fungal
growth. Bglucosidase activity could also be assayed as aryl glucosidase.

Carbohydrases in the Inoculum. The 3-month-old fungal inoculum raised on chopped
straw under aseptic conditions did not show CMC-ase or hemicellulase activity, but con-
tained fairly high amounts of f-glucosidase activity. Also it had rich amounts of soluble
carbohydrates and reducing sugars (Table 2). The absence of polysaccharase system
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Fig. 3. Decomposition of cellulose (0———0) and hemicellulose(s) (6———) in the fungal substrate

correlated to apparent increase in the activities of carboxymethyl cellulase (0——0) and hemicel-
lulase(s) (#——s), during cultivation of P, flabellatus, Enzyme assays: 1 ml enzyme + 1 ml 0.5%
CMC + 2 ml 50 mM Na acetate buffer pH 4.8, incubated at 50°C for 30 min (CMC-ase). 1 ml en-
zyme + 1 ml 0.5% hemicellulose + 2 ml 50 mM Na acetate buffer pH 5.4 incubated at 370C for
60 min [hemicellulase(s)]

*4 h after inoculation

ENZYME ACTIVITY (Units ¢! dry substrate)

0 L 1 a
Oday* 6th day l!th day 15th day
! i
L MYCELIAL GROWTH- — = —— ——=—~ JlegucTiFicaTion -4

STAGES OF FUNGAL GROWTH

Fig. 4. Development of cotton activity (0——0), filter paper activity (4——2) and g-glucosidase
activity (0—0) in the P. flabellatus substrate. Assay conditions: 1 ml enzyme + 2 ml 50 mM
sodium acetate buffer pH 4.8, + 50 mg absorbent cotton incubated at 50°C for 24 h (0——o0).

+ 50 mg Whatman No. 1 filter paper strips, incubated at 500C for 60 min (2—2). +1 ml 0.04%
cellobiose in the above buffer incubated at 40°C for 20 min (3——D)

*4 h after inoculation
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Table 2. Carbohydrase activities in the inoculum and inoculated rice straw at O h,
after 2 h and 4 h of inoculation

Activity (units g1 dry substrate)

Carbohydrates
Inoculated rice straw
Inoculum
atOh after 2 h after 4 h
CMC-ase Nil Nil Nil 0.40
Hemicellulase(s) Nit Nil Nil 0.30
B-glucosidase 0.60 1,00 1.28 1,50
Aryl glucosidase 0.48 0.80 0.96 1.20
Toral reducing 1.60 0.10 0.116 0.124
sugars?
Total
40 6.40 6.720 7.200
carbohydrates? 14

%In the enzyme samples, as mg g'1 dry weight of the substrate

can possibly be due to the presence of good amounts of soluble carbohydrates and reduc-
ing sugars. This also provided indirect evidence that, at least for some period in the
3-month-old duration of inoculum preparation, the polysaccharase should have been
active enough to accumulate the estimated rich amounts of broken-down carbohydrates.
However, after about 4 h of inoculation, the inoculated rice straw started exhibiting
CMC-ase and hemicellulase(s) activities (Table 2). This shows the inductive nature of

the polysaccharases.

Changes in Dry Weight of the Starting Substrate and Biomass Produced. Keeping the
DWS (dry weight of starting substrate) as 100%, after the harvest of fruir bodies the
initial mass was reduced to 64%. That about 4% of the dry weight straw was converted
into fruit bodies (400 g fresh fruit bodies, containing 90% water, kg‘1 dry straw) and
the rest of the matter disappeared (i.e., 32%) should account for the products like H20,
CO2, etc., thrown out during the fungal metabolism.

To conclude, P, flabellatus utilised more nitrogen during fruit body formation and
a proper supply of the right nitrogen source to the substrate at this stage (i.e., at pri-
mordia formation) should help to increase the yield. The spent straw was rich in soluble
carbohydrates and lignin. It had also a fairly high polysaccharase activity which can be
used further for the saccharification of cellulosic wastes (e.g., paper or cotton wastes)
and the production of single cell proteins therefrom.
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these studies.



134 S. Rajarathnam et al.

References

Cerning J, Guilbot A (197 3) Cereal Chem 50:176—~184

Dahlquist A (1961) Biochem J 80:547—551

Daugulis AJ, Bone DH (1977) Submerged cultivation of edible white-rot fungi on tree
bark. Eur J Appl Microbiol 4:159—-168

Dekker RFH, Richards GN (1975) Carbohydr Res 39:97—-114

Dubois M, Gilles KA, Hamilton JK, Reben PA, Smith F (1956) Anal Chem 28:350—356

Gerrits JPG (1968) Mushroom Sci VI1:111-126

Kandaswamy TK, Ramaswamy K (1976) Proceedings of the 1st Symposium on survey
and cultivation of edible mushrooms in India. 11:81—-85

Lowry OH, Rosenbrough NJ, Farr AO, Randall JJ (1951) J Biol Chem 193:265-275

Mandels M, Weber J (1969) Cellulases and their applications. Am Chem Soc, Washington,
DC, Adv Chem Ser 95:393

Millett MA, Baker AJ (1975) In: Wilke CR (ed) Cellulose as a chemical and energy
resource. Biotechnol Bioeng Symp 5:193-219

Nelson N (1944) J Biol Chem 153:375—386

Official methods of Analysis. A.0.A.C., Washington DC, 1975, 12th edn.

Petterson G, Cowling EB, Porath J (1963) Biochem Biophys Acta 67:1—-8

Rangaswamy G, Kandaswamy TK, Ramaswamy K (1975) Curr Sci 44:403—404

Reese ET, Sin RGH, Levinson HS (1950) J Bacteriol 59:485—495

Toyama N, Ogawa K (1974) Part I. Mushroom Sci 1X:745-760

Ulezlo TV, Uporova Feniksova RV (1975) Prikl Biokhim Mikrobiol 11:535—538

Updegraff DM (1969) Anal Chem 32:420—424

Waksman SA, Nissen W (1932) Am ] Bot 19:514--537

Wankhede DB, Tharanathan RN (1976) J Agric Food Chem 24:655—-659

Wankhede DB, Saroja R, Raghavendra Rao MR (1977} J Sci Food Agric 28:167—172

Wood TM (1968) Biochem J 115:457—464

Zadra%il F (1974) Part I. Mushroom Sci IX:621—652

Zakia Bano, Srivastava HC (1962) Food Sci 11:363—-365

Zakia Bano, Rajarathnam S, Nagaraja N (1978) Mushroom Sci X:(in press)

Received January 23, 1979



