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ABSTRACT The ability of Humicola fuscoatra MTCC 1409 to pretreat paddy straw for enhancing its digestibility and 
biogas production was investigated in this study. The potential of pretreatment of paddy straw was studied at 

regular intervals of 0, 5, 10, 15 and 20 days by determining the change in chemical composition of paddy straw like NDF, ADF, cellu-
lose, hemicellulose, lignin and silica. Results indicated that the pretreatment of paddy straw with culture for 10 days was appropriate 
for increasing paddy straw digestibility and biogas production. The pretreatment significantly reduced the concentrations of NDF, 
ADF, cellulose and hemicellulose in the paddy straw by 16.9, 5.5, 56.1 and 42.9 % respectively. Reducing sugars and hydrolysis rate 
also increased significantly with pretreatment. These results showed that Humicola fuscoatra is an efficient cellulolytic fungus which 
is capable of increasing paddy straw digestibility and hence biogas production increased by 27.7% within 10 days pretreatment. The 
microscopic structural changes were examined by scanning electron microscopy (SEM) under reasonable conditions.

INTRODUCTION
In the recent years, there has been an increased interest in the 
development of technologies for exploiting renewable energy 
sources such as biomass (especially energy crops) for energy/
power generation either directly or indirectly through various 
conversion routes (Kashyap et al. 2003). Anaerobic digestion 
is a biological process in which biodegradable biomass is de-
composed in the absence of oxygen by the sequential action of 
hydrolytic, acetogenic and methanogenic bacteria to produce 
biogas. Biogas is a mixture of CH4 (50-65%), CO2 (30-45%), H2 
(0-3%), N2 (1-5%), CO (0-0.3%), H2S (0.1-0.5%), O2 and water 
vapors (traces) (Pauss et al. 1987)

Paddy straw consists of cellulose (35-40%), hemi-cellulose (20-
24%), lignin (8-12%), ash (14-16%) and extractives (10-12%) 
which are associated with each other (Saha, 2003). Although, 
paddy straw has high cellulose content but the lignin complex 
and silica incrustation shields the microbial action for biogas 
production. Therefore, the paddy straw needs to be pretreated 
in order to enable cellulose to be more accessible to the micro-
bial/enzymatic attack. Microbial pretreatment employs the use 
of micro-organisms especially fungi such as Pleurotus ostreatus, 
P chrysosporium NRRL 6361, Ceriporiopsis subvermispora and 
Cyathus stercoreus (Gammal et al. 1998; Taniguchi et al. 2005). 
Thermophiles  are a good source of novel catalysts that are of 
great industrial interest. The thermophiles have more stable 
enzymes as compared to mesophiles (Li et al. 2005). Thermo-
philic enzymes are also active at low temperature. Thermo-
philes developed more rapidly to higher peaks as compared 
to mesophiles and stability of obligate thermophiles increased 
with process temperature. Enzymes synthesized by thermo-
philes and hyper-thermophiles are known as thermozymes. 
These enzymes are typically thermostable or resistant to irre-
versible inactivation at high temperature. Thermozymes can 
be used in several industrial processes, in which they replace 
mesophilic enzymes or chemicals. The main advantages of per-
forming process at higher temperature are reduced risk of mi-
crobial contamination, lower viscosity, improved transfer rates 
and improved solubility of substrates. Due to these multifarious 
potentialities, they appear to be nature- borne biotechnologists. 
No doubt, reports are available for biological pretreatment of 
paddy straw using mesophilic fungi; however there is negligible 
work done on pretreatement using thermophilic fungi. There-
fore, the present study was undertaken to optimize the condi-
tions for thermophilic fungal pretreatment of paddy straw by 
Humicola fuscoatra MTCC 1409 and to study the implications of 
enhanced paddy straw digestibility on biogas production. 

MATERIALS AND METHODS
Procurement of the materials

Paddy straw was procured from the research field of Punjab Ag-
ricultural University, Ludhiana after harvesting of the crop. The 
paddy straw was chopped to 3-4 cm with a chopping machine 
and was stored in polythene bags at room temperature. Micro-
bial culture of H. fuscoatra MTCC 1409, was procured from Insti-
tute of Microbial Technology, Chandigarh and was maintained 
on yeast peptone soluble starch (YPSS; yeast extract = 0.4%, 
soluble starch = 1.5%, K2HPO4 = 0.1%, MgSO4 = 0.1% & agar = 
2.0%) agar slants. The culture was stored in refrigerator after 
sub-culturing at monthly intervals. Digested cattle dung slurry 
was procured from a working biogas plant of School of Energy 
Studies for Agriculture, PAU, Ludhiana.

Biological pretreatment of paddy straw
For the preparation of inoculum of Humicola fuscoatra MTCC 
1409, wheat grains were washed and boiled for 20-30 minutes. 
The excess water was drained off. The grains were then mixed 
with 2% gypsum (CaSO4) and 4% CaCO3 and dispensed into 
empty glucose bottles (250 g/bottle). The bottles were plugged 
and autoclaved for 90 minutes. After cooling, the bottles were 
inoculated with 5mm bits of 7-8 days old culture of H. fuscoatra 
MTCC 1409 and incubated at 50±2°C. The mycelium impreg-
nated grains were used to inoculate paddy straw. Chopped 
paddy straw was soaked in water overnight. The excess water 
was drained off, so as to have approximately 65-70% moisture 
content. It was then mixed with inoculum at 10% w/w ratio (i.e. 
25 g inoculum /250 g PS). After proper mixing, paddy straw was 
filled in polythene bags and incubated at 50±2°C for different 
times i.e. 0, 5, 10, 15 and 20 days, respectively. After the com-
pletion of required incubation, each set of treated paddy straw 
was removed and used to determining the change in chemical 
composition, dry matter loss, reducing sugars and hydrolysis 
rate of paddy straw. 

Chemical analysis
Dry matter (DM) loss was determined by difference between 
dry weight of sample before and after pretreatment and de-
scribed as percentage of initial weight of sample. Neutral de-
tergent fibre (NDF) and acid detergent fibre (ADF) were deter-
mined by the standard method of AOAC (2000). Hemicellulose 
content was estimated as the difference between NDF and ADF 
while cellulose, lignin and silica were estimated by acid deter-
gent lignin (ADL) as per standard procedure (AOAC, 2000).

Estimation of reducing sugars and hydrolysis rate
The total amount of reducing sugars was determined by 3, 5-di-
nitrosalicilic acid colorimetry (DNS method) (Ghose, 1987). 

Sample preparation: Total sugars were extracted from the 
sample as follows:
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Sample (0.1g) was taken in a beaker and 20 ml 80% alcohol was 
added in it. The beaker containing sample was kept on the boil-
ing water bath for 20 min. The samples were covered with a lid 
in order to avoid evaporation. After 20 min, the alcohol contain-
ing sugars was extracted. These steps were repeated 4-5 times 
with 80% and 70% alcohol, alternatively. All the aliquots of al-
cohol were collected and then evaporated by keeping the beaker 
containing alcohol extract on water bath at 80-100°C leaving 
behind the extracted sugars. The final volume was made 10 ml 
with distilled water.

Assay procedure
Duplicate test tubes containing 3ml sample and 3ml DNS rea-
gent were heated for 15 minutes in a boiling water bath. One ml 
Rochelle salt (sodium potassium tartarate) solution was added 
to each tube and the tubes were allowed to cool to room tem-
perature. O.D. was measured at 575nm using UV-VIS spectro-
photometer. A control was run simultaneously using 3ml dis-
tilled water. The glucose was used as a standard for the 
calibration of DNS reaction. The hydrolysis rate was calculated 
as follows: 

Biogas production
Biogas production experiments were carried out in glass biogas 
digesters of 2 litre capacity following single phase digestion and 
biogas produced was measured by water displacement method 
for a period of 35 days. The 250 g pretreated paddy straw was 
mixed with 250 ml of the digested cattle dung slurry and 100 g 
cattle dung and fed to the biogas digesters. These digesters were 
incubated at 40±2°C. A control was also run where untreated 
paddy straw was used instead of treated paddy straw. The ex-
periment was conducted in triplicate.

Scanning electron microscopy
The change in surface structures of pretreated paddy straw was 
observed by scanning electron microscopy (SEM). SEM of un-
treated (control) and pretreated paddy straw was done in Nano 
and Electron microscopy laboratory (NEML) at PAU, Ludhiana. 
For SEM, the paddy straw was dried in oven at 60°C for 24h. 
Dried samples were treated with 10% ethanol w/v, dried in air 
for 24hr and grind to powdered form. The samples were sticked 
carbon glue for inspection and were observed using scanning 
electron microscope at 10.8 mm and 2.5K magnification.

STATISTICAL ANALYSIS
The Standard error (SE at 5% level) and least significance differ-
ence (LSD at 5% level) were calculated for triplicate data.

RESULTS AND DISCUSSION
The results of various experiments conducted are discussed un-
der following sub heads:

Lignocellulose content
The effect of H. fuscoatra on lignocellulose content of paddy 
straw is shown in Table 1. Pretreatment have significant effect 
on acid detergent fibre (ADF), neutral detergent fibre (NDF), 
cellulose and hemicellulose contents of paddy straw (P ≤ 0.05) 
but not on lignin and silica. The results also suggested that, 10 
days pretreatment is most appropriate to achieve significant 
reduction of holocellulose by H. fuscoatra. Duration of pretreat-
ment has great importance in biological pretreatment of bio-
mass, as most of the white rot fungi have slow growth rate and 
need a long incubation period (Kirk & Moore, 1972). Long in-
cubation period is of disadvantage under field scale conditions 
because of limited space and also it is not economically feasible. 
On the other hand, long time incubation will increase the dry 
matter loss of pretreated sample. Results of this study show that 
H. fuscoatra have faster growth, thus 10 days pretreatment is 
sufficient for reduction in holocellulose content in the biomass. 
Based on the data of 10 days pretreatment, 37.6% of cellulose 
was degraded and only 18.7% of hemicellulose was degraded 
within same duration of pretreatment (Table 1). The 2 fold high 
degradation rate of cellulose than the hemicellulose is reflected 

by significantly higher degree of cellulolytic enzyme activity. 

Similar results were also observed by Zafar et al. (1980), who 
reported reduction in cellulose content after treatment of rice 
straw by Pleurotus sajor caju. Jafari et al. (2007)too reported 
decrease in hemicellulose, acid detergent fibre and neutral de-
tergent fibre after pretreatment of rice straw with Pleurotus spp. 

Dry matter (DM) loss, Reducing sugars and Hydrolysis rate
The effect of H. fuscoatra on DM loss, reducing sugars and hy-
drolysis rate are shown in Table 2. As discussed previously, 
based on lignocellulose degradability data, 10 days pretreat-
ment was sufficient for pretreatment of paddy straw using H. 
fuscoatra. At this incubation period, the DM loss was 13.47%, 
which is lower than that reported using white rot fungi (Jung 
et al. 1992; Jalc et al. 1998). One of the problems of biological 
pretreatment using white rot fungi is high dry matter loss, as a 
result of long incubation period. Jung et al. (1992) studied the 
effect of five white rot fungi (basidiomycetes) for quality im-
provement of oat straw. Although, 30 days of fermentation us-
ing Phanerochaete chrysosporium had shown ehnacement in in 
vitro digestibility, but 42.3% of dry matter lost due to required 
long incubation time. Jalc et al. (1998) reported 43.0% DM loss 
after pretreatment of wheat straw by Daedalea guercina (white 
rot fungus).

Pretreatment using H. fuscoatra had significant (P ≤ 0.05) effect 
on reducing sugar content of paddy straw (Table 2). Enhance-
ment of reducing sugar over a period of time was correlated 
with reduction of holocellulose content as described earlier. 
Zadrazil (1984) reported that cellulose and hemicellulose are 
converted to soluble sugars during the incubation. Enhancing 
the concentration of reducing sugars is an additional advantage 
besides the reduction of holocellulose in improving the quality 
of biomass through biological pretreatment because microor-
ganisms can easily utilize reducing sugars. 

The hydrolysis rate increased significantly (P ≤ 0.05) with in-
crease in pretreatment time (Table 2). The hydrolysis rate was 
9.7%, 20.9%, 35.8%, 41.4% and 42.4% for 0, 5, 10, 15 and 20 
days pretreatment, respectively. The result clearly showed that 
the increase of pretreatment period improved the removal 
rate of cellulose and hemicellulose and thereby enhanced the 
biodegradability of paddy straw as represented by the increase 
of hydrolysis rate. The reason is simple; disruption of barrier 
caused by hemicelluloses made cellulose more accessible to 
the microorganism and more easily converted into fermentable 
sugars.

Biogas production:
Results from Table 3 indicate that biogas production increased 
in 5 and 10 days pretreated paddy straw. A maximum of 27.7% 
biogas production was observed in 10 days pretreated straw. 
Petersson et al. (2007) too reported enhanced biogas produc-
tion with pretreatment. However, further increase in pretreat-
ment time led to a decrease of biogas production as 20 days 
pretreated straw reflected 25.6% decrease in biogas production 
as compared to control. The increase in biogas production is 
due to the increase in digestibility of paddy straw by increase of 
reducing sugars and breakage of bonds between cellulose and 
hemicellulose (Fox & Noike, 2004). Further reduction in biogas 
production can be correlated with the decrease in substrate, 
preferably cellulose, which is preferable source for methano-
gens.

SEM of untreated and treated paddy straw
Because a large fraction of holo-cellulose content was removed 
by pretreatment, there were some physical changes in the 
straw. For this reason, SEM pictures of pretreated and untreated 
paddy straw were produced. Fig.1 (a & b) showed the longitudi-
nal section of paddy straw before and after biological pretreat-
ment i.e. a) untreated paddy straw and b) paddy straw treated 
with Humicola fuscoatra MTCC 1409. The distinct changes in 
surface structure are visible in the basic tissue of paddy straw. 
The untreated paddy straw exhibited a rigid and highly compact 
structure whereas pretreated sample showed opening of the 
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holo-cellulose fibrils due to creation of pores of different sizes. 
Micro-fibrils were separated from initial connected structure 
and are fully exposed, thus increasing the external surface area 
and porosity of paddy straw. Similar results were also reported 
by Zhang and Cai (2008), who observed changes in histologi-
cal structures of rice straw after 2% NaOH treatment. Yu et al. 
(2009) reported that both morphological and structural char-
acteristics are changed due to organic polar substances and in-
organic silica partly dissolved which leaves higher surface area 
with more pores on acid treated plant residues.

CONCLUSION
So from the above studies, it is concluded that pretreatment of 
paddy straw by thermophilic fungus, H. fuscoatra MTCC 1409 
for a period of 10 days is advantageous for increasing paddy 
straw digestibility, which ultimately leads to increase in biogas 
production by 27.7%.
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Fig. 1: Scanning electron micrographs (SEM) of paddy straw 
before and after biological pretreatment, (a) longitudinal 
section of paddy straw before treatment, (b) longitudinal 
section of paddy straw after treatment with Humicola fus-
coatra MTCC 1409

Table 1: Effect of incubation time on lignocellulose composition of paddy straw (% of dry matter)

Pretreatment time 
(days) NDF ADF Hemicellulose Cellulose Lignin Silica

0 83.6 ± 0.95a 58.0 ± 0.82a 25.6 ± 0.85a 37.8 ± 0.49a 9.8 ± 0.66 9.2 ± 0.52
5 78.8 ± 1.22b 57.4 ± 1.16a 21.4 ± 0.79b 30.8 ± 0.62b 10.2 ± 0.41 9.6 ± 0.39
10 75.3 ± 1.14c 55.4 ± 1.08b 19.9 ± 0.68bc 23.6 ± 0.84c 10.7 ± 0.48 9.8 ± 0.44
15 71.9 ± 0.85d 53.8 ± 0.91c 18.1 ± 0.83cd 18.6 ± 0.39de 11.2± 0.61 10.1 ± 0.50
20 69.4 ± 1.06e 54.8 ± 1.01b 14.6 ± 0.78e 16.6 ± 0.75e 11.5 ± 0.64 10.4 ± 0.29
LSD 2.1 0.5 1.6 1.8 NS NS

LSD: least significance difference at 5% level (P ≤ 0.05); NS: non 
significant; a, b, c, d and e: indicating means within row differed 
significantly, ± values indicate per cent standard error for tripli-
cate data, 0 day: control or untreated paddy straw

Table 2: Effect of incubation time on dry matter loss, reduc-
ing sugar content and hydrolysis rate of paddy straw

Pretreatment 
time (days)

Dry matter 
loss (%)

Reducing 
sugars
(mg/g DM)

Hydrolysis 
rate
(%)

0 3.9 ± 0.11e 6.8 ± 0.95e 9.7 ± 0.56d

5 7.9 ± 0.15d 12.1 ± 1.22d 20.9 ± 0.66c

10 11.5 ± 0.11c 17.4 ± 1.14a 35.8 ± 0.63b

15 18.4 ± 0.16b 16.8 ± 0.85ab 41.4 ± 0.87a

20 22.6 ± 0.14a 14.7 ± 1.06c 42.4 ± 0.59a

LSD 2.1 0.5 0.8
 LSD: least significance difference at 5% level (P ≤ 0.05); a, b, c, d 
and e: indicating means within row differed significantly,

± values indicate per cent standard error for triplicate data, , 0 
day: control or untreated paddy straw

Table 3: Biogas production from H. fuscoatra pretreated paddy straw

Biogas
Pretreatment time (days)

LSD0 5 10 15 20
l/250g PS 42.6±2.21c 47.4±1.18b 58.9±1.06a 41.0±2.07c 31.8±1.03d

1.3
l/kg PS 170.4±12.6c 189.6±10.4b 235.6±11.9a 164.0±12.7c 127.2±11.8d

LSD: least significance difference at 5% level (P ≤ 0.05); a, b, c and d: indicating means within row differed significantly,

± values indicate per cent standard error for triplicate data, 0 day: control or untreated paddy straw
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