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Abstract: Optimization of cellulase production by thermophilic mould Myceliophthora thermophila BJTLRMDU3 
was studied in solid state fermentation. Myceliophthora thermophila produced maximum cellulase (45.81 U/g DMR) 
at substrate to moisture ratio of 1:3 with 5-d old inoculum at water activity 0.95, ammonium sulfate (0.5%) and PEG 
20000 (0.5%) at 45 °C using “one variable at a time” approach. Further supplementation of Tween-20 (0.5%) and 
K2HPO4 (0.25%) enhanced the cellulase production (56.06 U/g DMR) by M. thermophila in SSF. Optimization of 
saccharification by partially purified cellulase of M. thermophila (20 U), liberated maximum reducing sugars at pH 5.0 
(185.56 mg/g substrate) and 60 °C (190.83 mg/g substrate) after 24 h (203.91 mg/g substrate) from sodium carbonate 
pretreated rice straw as compared to untreated biomass. Liberated reducing sugars were higher in sodium carbonate 
pretreated rice straw than untreated rice straw.
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1. Introduction

Renewable biofuels have been emerged as an effective 
ecological and economical alternative in spite of conven-
tional fossil fuels nowadays [1-3]. In this view, lignocellulosic 
substrates i.e., agro-residues are highly preferred as potential 

and renewable carbon sources for biofuels due to release of 
various fermentable sugars after their hydrolysis. Utilization 
of agro-residues for valuable products at industrial scale 
somewhat decreases the problem of environment pollution 
due to their improper practice of disposal and open burning [2].  
Cellulolytic enzymes promote the breakdown of cellulosic 
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fraction of lignocellulose into monomeric (glucose) and ol-
igomeric sugars. Rice straw is generated in huge amount in 
India at the time of harvesting of rice crops, which is burnt 
in open fields due to lack of improper management system. 
This leads to increase in environmental pollution as well 
as causing health hazards [2]. Approximately 500 million 
tonnes of rice is produced worldwide. India ranks 2nd for 
rice production, produces ~ 105 million tonnes rice annually 
that generates ~ 160 million tonnes rice straw [4]. Therefore, 
utilization of rice straw as substrate for microbial growth and 
enzyme production is the right method for the management 
of agricultural residue. Furthermore, enzymatic hydrolysis 
of pretreated rice straw will be useful in the production of 
different value-added products such as biofuels, sugars, preb-
iotics and others [1,5].

Filamentous fungi play an important role in produc-
tion of lignocellulolytic enzymes at commercial scale as 
compared to bacteria [6,7]. Thermostable enzymes from fil-
amentous fungi especially in solid state fermentation (SSF) 
are gaining enormous importance at industrial scale as 
they are stable under adverse environmental conditions [6,8]. 
M. thermophila, a thermophillic mould effectively utilizes 
the lignocellulosic substrates for the production of ligno-
cellulolytic enzymes [5]. Fungal cellulolytic enzymes have 
a wide range of biotechnological applications in biomass 
refining, biofuels, food, paper and pulp and animal feed [9]. 
Hence, these microbes have been favoured as ideal candi-
date for enzymatic conversion of agricultural residues into 
sugars, which can be beneficially utilized for industrial ap-
plications. But the recalcitrant structure of lignocellulosic 
biomass demands a low cost, less energy utilizing, techni-
cally feasible and environment-benign pretreatment strat-
egy for lignocellulosics derived valuable products. Pre-
treatment usually modifies the lignocellulosic linkages to 
promote the liberation of sugars for respective biofuels [1].  
Alkaline pretreatment has emerged as a simple viable 
effective pretreatment that removes lignin for enhanced 
saccharification without removal of carbohydrates. Enzy-
matic saccharification releases various monomeric sugars, 
which can be fermented into valuable products i.e., bio-
fuels [10,11]. Present study reports the cellulase production 
by M. thermophila and its utility in saccharification of 
untreated and pretreated rice straw.

2. Materials and Methods

Rice straw was collected locally, washed and grinded 
to 1 mm to 3 mm using mixer grinder followed by drying 
at 50 °C before used as SSF substrate. 
Microorganism and culture conditions

Thermophilic mould M. thermophila BJTLRMDU3 
was taken from the culture collection of Laboratory of 

Bioprocess Technology, Department of Microbiology, 
Maharshi Dayanand University, Rohtak, Haryana. The 
mold was grown on Emerson’s YpSs [12] agar medium 
at 45 oC as described earlier [2,5] and the culture was 
maintained as YpSs slant and glycerol stocks at 4 °C  
and −20 °C respectively.
Optimization of culture conditions for cellulase 
production

Cellulase production by M. thermophila BJTLRM-
DU3 was optimized by “one variable at a time” approach 
in SSF. 5 g rice straw (in 250 mL flasks) at substrate to 
moisture ratio of 1:4 (pH 5.0) was autoclaved (121 °C, 
20 min) and incubated at 45 °C for 4 days under static 
conditions after inoculated with 4 day old fungal culture. 
Enzymes were extracted using distilled water (20 mL/g)  
having Tween 80 (0.1% v/v) at shaking conditions for 1 h. 
The filtered clear culture supernatant was used for cellu-
lase activity as described earlier [2,5].

Effect of various parameters such as different moistening 
ratio (1:3-1:7), inoculum age (3-6 days), water activity (0.85-
0.95), nitrogen sources (ammonium sulphate, ammonium 
nitrate, sodium nitrate, yeast extract, beef extract, and urea at 
0.5% w/v), PEGs (PEG 20000, PEG 8000 and PEG 400 at 
0.5% w/v), surfactants (SDS, Triton-X, Tween-80, Tween-60 
and Tween-20 at 0.5% w/v) and K2HPO4 concentrations 
(0.25%-1.50% w/v) were studied. 
Cellulase assay

Carboxymethyl cellulase (CMCase) assay was carried 
out using carboxymethyl cellulose (0.5% w/v) as substrate 
at 60 °C and pH 5.0 (0.1 M sodium acetate buffer) as de-
scribed earlier [2,3,5]. Reducing sugars were estimated using 
the dinitro salicyclic acid method [13]. One enzyme unit (IU) 
is considered as amount of enzyme required to liberate 1 
µmole of glucose per min under the assay conditions. The 
enzyme unit is expressed as unit per gram dry mouldy res-
idue (U/g DMR) in SSF.
Saccharification of untreated and pretreated rice straw 
using fungal cellulase 

Rice straw (solid loading of 10%) was pretreated with 
sodium carbonate (1% w/v) at 121 °C, 15 psi for 60 min 
followed by significant washing and dried overnight at  
50 °C. Saccharification of untreated and pretreated 
biomass was carried out by fungal (M. thermophila) 
cellulase (20 U/g) at various pH (3.0-7.0), temperatures 
(30 °C-60 °C) and time interval (0 h-48 h) at 60 °C under 
shaking (150 rpm) conditions. Centrifugation at 10,000 
rpm (11,200 × g) for 10 min was carried out to get the 
clear supernatant for estimation of reducing sugars.
Statistical analysis

All experiments were conducted in triplicates and their 
average values with standard deviation are considered. 
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One-way analysis of variance (ANOVA), and Student’s 
t-test were considered for data analysis. The values of p 
less than 0.05 were considered significant.

3. Results and Discussion

3.1 Optimization of Cellulase Production by M. 
thermophila BJTLRMDU3

Solid state fermentation is a favourable method for cul-
tivation of filamentous fungi for cellulase production, as 
it provides energy as well as physical support for mycelial 
growth [14]. Composition of moistening medium is an im-
portant factor for the growth of microorganism in SSF [15]. 
Low or high moisture level than optimum level reduces 
the enzyme production as high moisture limits the mini-
mal oxygen requirement of aerobic microorganisms that 
negatively affects the production of enzymes. Similarly, 
low moisture reduces the lignin solubility and swelling of 
substrate, resulting in severe water stress that decreases 
the nutrient transfer requires for growth of microorganism 
resulting in decreased production of enzymes [16,17]. Re-
sults indicated that M. thermophila produced maximum 
cellulase (26.01 ± 0.78 U/g DMR) at moistening ratio of 
1:3 using rice straw as substrate in SSF (Figure 1). Simi-
larly, S. thermophile produced maximum cellulase at 1:2.5 
moisture ratio using mixed substrate as substrate [5]. Jain 
et al. [18] reported maximum CMCase of 70.2 U/g at 1:3 
moisture ratio using wheat bran in SSF. In contrast, M. 
thermophila BJTLRMDU3 also supported high endoxyla-
nase production using 1:7 moistening ratio with rice straw 
as substrate in SSF [19]. 

Figure 1.
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Figure 1. Effect of various moistening ratio on cellulase 
production by M.thermophila in SSF

Age of inoculum is also an important factor for mycelial 
growth, hence greatly affecting the enzyme production by 
fungus. Results indicated that M. thermophila produced 

maximum cellulase (42.69 ± 2.13 U/g DMR) when 
medium was inoculated with spore suspension 120 h old 
culture (Figure 2). Hemansi et al. [20] reported enhanced 
cellulase production (20.5 U/g) using 24 h old inoculum 
of Aspergillus niger RCKH-3 with wheat bran in SSF. Jain 
et al. [18] observed maximum CMCase i.e., 71.2 U/g with 
72 h old inoculum of Thermoascus aurantiacus RCKK 
using wheat bran as substrate in SSF. 
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Figure 2. Effect of various inoculum age on cellulase 
production by M.thermophila in SSF

Water activity of substrate has major effect on enzyme 
production as well as protein stability [15]. Results indicated 
that M. thermophila secreted maximum cellulase at aw 
of 0.95 (24.58 ± 0.73 U/g DMR) followed by a decline 
below this value (Figure 3). Similarly, S. thermophile 
also produced maximum cellulase at aw of 0.95 using 
combination of wheat straw and cotton oil cake [5]. Similar 
findings were observed by Dahiya and Singh [19] for high 
endoxylanase production at aw of 0.95 using rice straw in 
SSF. Sapna and Singh [15] found maximum phytase at aw 
of 0.95 by the mould A. oryzae SBS50 in SSF.
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Figure 3. Effect of different water activity on cellulase 
production by M.thermophila in SSF
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Among different nitrogen sources, the thermophilic 
mould produced maximum cellulase (45.81 ± 1.83 U/g 
DMR) using ammonium sulphate followed by ammonium 
nitrate (42.22 ± 1.68 U/g DMR) as nitrogen source (Table 
1). There was 28.75% increase in cellulase production 
than control. Ammonium sulphate is a favourable 
inorganic nitrogen source for high cellulase production 
by S. thermophile [5] and M. thermophila ATCC 42464 [21].  
M. thermophila ATCC 42464 also produced enhanced 
cellulase (5.25 FPU/g) after supplementation of 0.7% 
ammonium sulphate [22]. Similar results were achieved 
by M. thermophila M.7.7 using ammonium sulphate 
as nitrogen source [23]. Dahiya and Singh [19] observed 
enhanced endoxylanase by M. thermophila BJTLRMDU3 
using ammonium nitrate as nitrogen source.

Table 1. Effect of different culture parameters on cellulase 
production in SSF

Culture conditions Cellulase production (U/g DMR)

Nitrogen source (0.5%)

Control 32.79± 0.98

Ammonium sulfate 45.81± 1.83

Ammonium nitrate 42.22± 1.68

Sodium nitrate 14.51± 0.29

Beef extract 5.14± 0.10

Yeast extract 5.31± 0.11

Urea 9.94± 0.20

PEGs (0.5%) 

Control 31.43± 0.94

PEG 400 23.46± 0.70

PEG 8000 26.74± 0.80

PEG 20000 40.80± 1.22

PEG 4000 31.35± 0.94

Surfactants (0.5%)

Control 36.84± 1.10

SDS 29.25± 0.87

Triton-X 20.24± 0.60

Tween 20 48.24± 1.92

Tween 60 28.79± 0.86

Tween 80 22.82± 0.68

K2HPO4 concentration (%)

Control 26.71± 0.80

0.25 56.06± 2.24

0.5 52.0± 2.08

1.0 42.30± 1.69

1.5 39.0± 1.17

Cellulase production was further studied using rice 
straw supplemented with polyethylene glycols (PEGs) 
of different molecular weights. Addition of PEGs not 

only reduced the protein adsorption but also decreased 
the adsorption of enzyme on lignin surface, resulting in 
enhanced cellulase production [24]. Another positive effect 
of PEG addition is to prevent the unproductive binding of 
various enzymes such as cellulase on lignin by forming 
a protective PEG layer on lignin surface via hydrogen 
bonding with exposed phenolic hydroxyl groups of lignin. 
Among the different PEGs used, supplementation of PEG-
20000 resulted in maximum cellulase production (40.80 
± 1.22 U/g) by M. thermophila in optimized medium 
(Table 1). Aspergillus niger RCKH-3 produced maximum 
amount of cellulase (20.5 U/g) by supplementation of 
PEG 8000 to wheat bran medium in SSF [20]. Jain et al. [18]  
reported 67 U/g of cellulase by thermophilic fungus 
Thermoascus aurantiacus RCKK after addition of PEG-
4000 as compared to others. 

Surfactants enhance the microbes cell wall’s permea-
bility as well as stimulate the releasing of respective cell-
bound enzymes in medium, resulting in enhanced produc-
tion of enzymes [19,25]. Surfactants usually stimulate the 
water penetration into solid matrix, thus increases the re-
quired surface area for optimum growth of microorganism 
as well as promote the releasing of protein in respective 
medium [26]. Among all surfactants used in present study, 
Tween-20 supplementation enhanced the cellulase produc-
tion (48.24 ± 1.92 U/g DMR) by M. thermophila in SSF 
(Table 1). Addition of Tween 20 showed 24.32% higher 
cellulase production as compared to control. A thermo-
philic S.thermophile produced enhanced cellulase utilizing 
Tween-80 in SSF [5]. Similarly enhanced cellulase produc-
tion was reported by Bala and Singh [6] using Tween-80. 
Jain and Jain [27] reported enhanced cellulase production 
by A. niger using Tween 80 in optimized medium. Dahiya 
and Singh [19] reported enhancement in endoxylanase pro-
duction M. thermophila BJTLRMDU3 using Tween 80. 

Phosphorus plays an important role in microbial pro-
duction of metabolites [28,29]. Results indicated that supple-
mentation of K2HPO4 enhanced the cellulase production 
(56.06 ± 2.24U/g DMR) by M. thermophila BJTLRMDU3 
in SSF (Table 1). Similar results were observed by Bala 
and Singh [6] using cane molasses medium. Salihu et al. [30]  
and Bibi et al. [29] found increment in endoxylanase 
production by supplementation of K2HPO4 in medium.

3.2 Saccharification of Untreated and Pretreated 
Rice Straw Using Fungal Cellulase

Rice straw is considered as an attractive promising 
substrate for microbial growth as well as production of 
value-added products due to its abundant availability. 
But the recalcitrant properties of rice straw demand an 
ideal pretreatment strategy to enhance the enzymatic ac-
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cessibility to cellulose. In view of this, sodium carbonate 
pretreatment is preferred nowadays as its alkaline and 
deacetylating properties enhance the delignification, hence 
resulting in effective saccharification [2]. Reaction pH 
plays a significant role in forming relevant complex be-
tween enzyme and substrate, hence highly affects the en-
zymatic hydrolysis [31]. In the present study, it was found 
that maximum liberation of reducing sugars was observed 
at pH 5.0 in both untreated (50.00 ± 1.5 mg/g substrate) 
and sodium carbonate pretreated biomass (185.56 ±  
9.27 mg/g substrate) using fungal (M. thermophila) cel-
lulase (20 U/g) (Table 2). Liberation of reducing sugars 
declined at lower or higher pH than 5.0. This is due to 
the facts that cellulase of the mould is optimally active 
at pH 5.0. Previous reported studies also favoured acidic 
conditions for enhanced saccharification using different 
lignocellulosic residues [2,31,32]. Pretreatment of whole rice 
waste biomass with sodium carbonate followed by sac-
charification with 30 FPU/g at pH 5.0 liberated 352 mg/g  
reducing sugars [32]. Jin et al. [33] also reported enhanced 
saccharification in pretreated biomass at pH 4.8. Similar 
results were observed by Kahar [34] at pH 4.8 utilizing mi-
crobial cellulases.

Table 2. Optimization of saccharification using various 
parameters for enhanced liberation of reducing sugars

Conditions Reducing sugars (mg/g substrate)

pH Untreated rice straw
Sodium carbonate 

pretreated rice straw

3.0 37.25± 1.11 144.95± 8.69

4.0 40.37± 1.21 152.47± 7.62

5.0 50.00 ± 1.50 185.56± 12.98

6.0 46.75± 1.40 174.28± 10.45

7.0 44.71± 1.34 136.52± 6.82

Temperature (°C)

30 32.91± 0.98 113.21± 5.66

40 37.12± 1.11 157.73± 7.88

50 44.29± 1.32 173.68± 8.68

60 47.59± 1.42 190.83± 11.44

Incubation time (h)

3 17.36± 0.52 71.09± 2.84

6 40.75± 1.22 142.84± 8.57

12 64.44± 1.93 175.78±10.54

24 180.75± 10.8 203.91±12.23

36 109.93± 5.45 194.59± 11.67

48 94.04± 3.76 169.16± 10.14

Saccharification was further carried out by fungal 
cellulase (20 U) at pH 5.0 at different temperatures (30 °C- 
60 °C). It was found that enhanced saccharification i.e., 
190.83 ± 9.54 mg/g substrate observed at 60  °C in so-

dium carbonate pretreated biomass as compared to un-
treated biomass (47.59 ± 1.42 mg/g substrate) (Table 2). 
Alrumann [31] also reported enhanced saccharification of 
alkaline pretreated cellulosic date palm wastes at 60 °C.  
However, Khaleghian et al. [35] reported maximum liber-
ation of reducing sugars in sodium carbonate pretreated 
rice straw at 45 °C. Similar results were observed by Sale-
hi et al. [36] for enhanced liberated sugars at 45 °C. 

Furthermore, enzymatic hydrolysis of untreated and 
pretreated rice straw was carried out at different time 
intervals and maximum liberation of reducing sugars 
was attained in pretreated biomass after 24 h (203.91 ±  
10.19 mg/g substrate) that was 1.12-fold more as compared 
to untreated biomass (180.75 ± 9.03 mg/g substrate), fol-
lowed by decline afterwards that might be due to either de-
cline in enzymatic activity or inhibitory or negative effect 
of released reducing sugars on enzymatic hydrolysis [31]  
shown in (Table 2). Ashoor and Sukumaran [37] reported 
maximum liberation of reducing sugars in alkali pretreat-
ed rice straw after 48 h. Similar results were reported by 
Prasad et al. [38] in alkali pretreated rice straw after 48 h. 
In contrast, Shen et al. [39] found enhanced saccharification 
after 72 h in sodium carbonate pretreated rice straw. Sim-
ilarly, enzymatic hydrolysis of NaOH pretreated triticale 
straw, resulted in liberation of 184.0 mg/g sugars after  
8 h [40]. A comparison of saccharification of alkaline pre-
treatment of rice straw is given in Table 3.

Table 3. A comparative analysis of alkaline pretreatment 
of rice straw carried out for enhanced saccharification

Alkaline 
pretreatment

Saccharification 
conditions

Reducing 
sugars (mg/g)

References

Sodium hydroxide 
(4%)

pH 5.0, 50 °C 
for 48 h

265.95 [41]

Sodium perborate 
(2%)

pH 4.8, 55 °C 
for 72 h

174.4 [42]

Sodium hydroxide 
(1M)

pH 4.8, 30 °C 
for 96 h

135.2 [43]

Sodium hydroxide 
(4%)

pH 5.0, 60 °C 
for 6 h.

145.78 [44]

Sodium carbonate 
(1%)

pH 5.0, 60 °C 
for 24 h

203.91
Present 
study

4. Conclusions

Thermophilic mould M. thermophila BJTLRMDU3 
produced cellulase in SSF using rice straw. Approximately 
2.15-fold increment in cellulase production was observed 
after optimization by “one variable at a time approach” in 
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SSF. Maximum saccharification by fungal cellulase was 
observed in sodium carbonate pretreated rice straw as 
compared to untreated one at pH 5.0 and 60 °C after 24 h 
using enzyme dose of 20 U/g substrate. Utilization of rice 
straw as substrate for high cellulase production followed 
by it saccharification using cellulase revealed the signif-
icance of research work in mitigation of environmental 
pollution and management of agricultural solid waste. 
Hence, the cellulase enzyme produced in present study 
can be effectively utilized in bioprocess industries for var-
ious value-added products i.e., biofuels and other.
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