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Summary. Various spent agro-residues obtained after
cultivation of the edible mushroom Pleurotus sajor-caju
were used in anaerobic digestors for production of bio-
gas. The changes that take place in the residues during
bioconversion were quantified in terms of composition
of cellulose, hemicellulose, lignin, carbon and nitrogen.
These “mycostraws” resulted in increased biogas pro-
duction over the untreated ones, which varied from
21.5% in the case of spent bagasse to 38.8% in the case
of spent paddy straw. The increased biogas generation
by the spent residues seems to be due to the increased
susceptibility to digestion and more favourable C/N
ratio of the residues.

Introduction

The efficiency of utilization of agro-residues in an
anaerobic digestion process is determined by their
overall digestibility. Lignin, which remains unutilized
during biogas generation, determines to a large extent
the digestibility of the residues. Single residues such as
cow manure and water hyacinth provide suboptimal
carbon/nitrogen ratios, restricting the availability of
several enzyme systems responsible for the degradation
of a variety of components present in the residues. The
use of mixed residues with favourable C/N ratios as
substrates has been reported to result in higher produc-
tion of biogas (Ghose and Das 1982).

Biologically pretreated straws with white rot fungi
such as Pleurotus sp. “florida” have been found to sig-
nificantly enhance the biogas yield (Mueller and
Troesch 1986). However the advantage gained in biogas
production seems to be offset by the reduction in the
amount of original straw on biological pretreatment.
Spent residues such as those obtained after cultivation
of edible mushrooms could be a better source of bio-
logically pretreated substrates for biogas production
(Bisaria et al. 1987a). Preliminary studies conducted in
the authors’ laboratory (Bisaria et al. 1983) have shown
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increased production of biogas from spent paddy and
guar straws obtained after cultivation of the edible mush-
room Pleurotus sajor-caju. The present work reports de-
tailed investigations on biogas generation from a num-
ber of spent agro-residues and from those residues
that were harvested during different stages of mush-
room growth.

Materials and methods

Culture. Pleurotus sajor-caju (Fr.) Singer, obtained form Forest
Research Institute, Dehradun, India, was used.

Substrates. Agricultural residues such as paddy straw (Oryza sati-
va), wheat straw (Triticum aestivum), bagasse (Saccharum officina-
rumy), guar straw (Cyamopsis tetragonoloba), bajra straw (Pennise-
tum typhoideum), sarkanda leaves (Saccharum munja), maize
straw (Zea mays) and jowar straw (Sorghum vulgare) were used.

Spawn. Spawn was prepared on unbroken wheat grains as de-
scribed by Pal and Thapa (1979).

Cultivation. The cultivation of P. sajor-caju on agro-residues was
carried out as described by Pal and Thapa (1979). The yield of
fruit bodies on dry and wet weight bases is reported elsewhere
(Bisaria et al. 1987b). The first flush of fruit bodies was harvested
after 23 days and that of the second and third flushes after 28 and
36 days, respectively.

Biogas production. Anaerobic digestion of residues for biogas pro-
duction was carried out in a 500-ml batch fermentor with small
side ports at 37° C and an initial pH of 6.8-6.9. The gas outlet port
was connected to a trap and a graduated cylinder. The bottles
were tightly sealed. Fifteen-day-old digested cattle manure (N
content=1.9%) was used as inoculum at the 10% level. The total
initial dry matter in the fermentor was 4%. Analysis of biogas was
done by a gas chromatograph using a Porapak column (Nucon
Engineers, New Delhi).

Analyses. Cellulose, hemicellulose and lignin content in the resi-
dues before and after mushroom growth were estimated by the
method of Datta (1981). Carbon and nitrogen were determined by
using a Perkin Elmer (Norwalk, Conn, USA) CHN Analyzer
model 2400.

Reproducibility. The results reported are the average of five repli-
cates. The variation in individual values was not more than 12%
from the average value.
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Results and discussion

After 36 days of mushroom growth, when the third
flush of fruit bodies had been harvested, the residues
were dried to determine the loss of organic matter and
analysed for their cellulose, hemicellulose and lignin
content (Table 1). These spent residues were used for
biogas production in the anaerobic digestors as de-
scribed in Materials and methods. The biogas produced
from untreated and spent residues during 15 days is
also given in Table 1.

It was found that maximum biogas production took
place on spent paddy straw (108 1/kg solids), presuma-
bly because of its highest delignification (41.7%). This
was followed by spent wheat straw on which biogas
production was 97.3 1/kg solids in spite of low delignif-
ication. Probably, spent wheat straw was rendered more
susceptible to digestion due to structural modifications
in the residue after growth of P. sajor-caju.

Sarkanda leaves, with minimum delignification
(13.4%) amongst the residues used, was found to yield
the lowest amount of biogas (65.0 1/kg solids). However
delignification is not the only criterion on which the
usefulness of biological pretreatment of different resi-

Table 1. Change in composition of agroresidues as a result of mu-

dues can be assessed. The reorganization of the physi-
cal structure of the residues as a result of fungal growth
could also contribute to the susceptibility or resistance
to the action of hydrolytic enzymes in the digestor. Sim-
ilar results have also been reported by Mueller and
Troesch (1986) on the use of biologically delignified
wheat straw for biogas production.

The carbon and nitrogen content of the residues
(untreated and spent) were determined to see if the C/
N ratios had been altered in the spent residues during
the bioconversion process. The results indicate that the
C/N ratios had changed from about 80 to 20 as a result
of mushroom growth during 36 days (Table 1), which
was partly due to the loss of organic matter. Another
factor which contributed to the lower C/N ratios was
an increase in the absolute amount of nitrogen as a re-
sult of bioconversion of residues due to mushroom
growth. The total amount of nitrogen in the paddy
straw, for example, just after inoculation with wheat
spawn was 0.8%, which included the nitrogen contrib-
uted by the spawn (nitrogen content of wheat
spawn =3.68%). The nitrogen content of the biocon-
verted paddy straw was 1.46% after taking into account
the weight loss (36%) of the substrate (or 2.08% without

shroom growth and production of biogas on untreated and spent residues

Agro-residue Composition of C/N? Biogas® Increase in
ratio produced biogas
Cellulose Hemi- Lignin in 15 days production
(%) cellulose (%) (I/kg (%)
(%) total :
solids)
Paddy straw
Untreated 34.5 25.0 16.8 80.8 71.5 —
Spent 27.0 21.1 9.8 19.8 107.8 38.8
Wheat straw
Untreated 30.7 26.1 12.9 84.1 72.3 —
Spent 21.8 21.9 10.2 20.9 97.3 347
Guar straw
Untreated 28.1 23.1 16.2 88.3 70.4 —
Spent 19.9 18.1 11.9 21.6 92.3 31.1
Bajra straw
Untreated 30.0 26.0 15.1 76.5 65.4 —
Spent 19.5 19.0 10.1 214 82.5 26.1
Jowar straw
Untreated 28.2 22.0 15.1 71.5 61.4 —
Spent 171 16.0 11.0 21.3 81.3 324
Maize straw
Untreated 31.8 28.1 13.0 83.4 61.3 —
Spent 23.1 22.0 10.0 22.8 82.0 33.7
Bagasse .
Untreated 32.7 22.0 14.0 89.5 58.7 —
Spent 26.1 18.0 11.0 22.0 76.2 29.8
Sarkanda leaves
Untreated 30.0 28.6 20.9 86.7 53.5 _
Spent 22.8 20.3 18.1 24.5 65.0 21.5

2 Carbon content of untreated and spent paddy straw was 38.8% and 41.3%, respectively, and the nitrogen content 0.43% and 2.08%,

respectively

> Methane content of biogas produced from untreated paddy straw was 60% and that from spent paddy straw was 64%



accounting for weight loss). There was thus an increase
in nitrogen content to the extent of 18.3 mg/g loss of
organic matter.

The increase in nitrogen content of the biocon-
verted residues was found to be due to the presence of
certain bacteria such as those belonging to Group I1I of
Clostridium spp. Pleurotus sajor-caju did not fix nitro-
gen, as confirmed by the acetylene reduction test for ni-
trogenase activity, The increase in nitrogen content of
cellulosic residues due to participation of nitrogen-fix-
ing bacteria is substantiated by the results of several
workers (Lynch and Harper 1983; Halsall and Gibson
1985) who have shown that co-cultures of cellulolytic
fungi such as Penicillium corylophilum and Cellulomonas
geladia and nitrogen-fixing bacteria such as Clostridium
butyricum and Azospirillum brasilense can coexist and
effect substantial increases in the rate of substrate de-
composition.

The effect of C/N ratio on biogas production was
also studied by supplementing the untreated paddy-
and wheat-straws with ammonium nitrate and using
them for biogas generation. It was observed that an op-
timum C/N ratio of about 15-20 and 20-25 is required
for paddy- and wheat-straw, respectively, for maximum
generation of biogas (results not shown). Since the C/N
ratios reached in spent paddy- and wheat-straws as a
result of mushroom growth were close to these opti-
mum ranges, it is clear that these two spent residues
were better substrates for biogas generation, although
the nature of the nitrogen in spent residues is different
from that of ammonium nitrate.

Further experiments were conducted to investigate
whether the residues from different stages of growth of
the mushroom could result in higher production of bio-
gas. Thus the residues obtained after harvesting the
first, second and third flush of fruit bodies were used
for biogas generation. For all the residues used, it was
observed that the biogas production increased with the
time of bioconversion. However, the rate of increase of
biogas production decreased when spent residues after
36 days of mushroom growth were used compared to
those used after 28 days of growth. It therefore seems
that the maximum changes in terms of overall increased
susceptibility of residues took place during the first 28
days of mushroom growth, and especially between the
first and second harvests of fruit bodies.

There seems to be only one report on the use of bio-
logically pretreated residues for biogas production
(Mueller and Troesch 1986). Using a mixture of wheat
straw pretreated by the oyster mushroom Pleurotus sp.
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“florida” and manure in a ratio of 1:2, the biogas yield
increased by about 30%. These results were extended to
conclude that the “myco-straws” can yield double the
biogas compared with that on untreated straw on the
basis of its content in the total substrate (i.e. 33% of to-
tal dry matter) (Mueller and Troesch 1986). However, if
one takes into account the loss of dry matter during a
long 90-day bioconversion of wheat straw by Pleurotus
sp. “florida” (which was 42.5%), there was hardly any
net gain in the production of biogas by using this
“myco-straw” over that of untreated straw. Thus, the
specific application of fungal treatment to get more sus-
ceptible straw for biogas production does not seem to
be a viable proposition.

The results reported in this paper are significant in
the sense that one can use the straws for mushroom cul-
tivation, which is already an economically viable pro-
cess, and in addition dispose of the spent residues in an
environmentally safe way to obtain a useful by-product
in the form of biogas.
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