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Production of fungal cellulase was performed by the isolate of Penicillium
expansum MDFS2 on rice straw, rice bran, and wheat straw under solid-state
fermentation. The greatest potential growth was detected using rice bran as the
carbon source substrate. On the fifth day of fermentation, filter paperase,
carboxymethyl cellulase, and B-glucosidase obtained their maximal activities of
4.91 U/g substrate, 36.51 U/g substrate, and 12.21 U/g substrate, respectively. The
optimum temperature for filter paperase was reported at 40 °C, whereas
carboxymethyl cellulase and B-glucosidase were optimally active at 50 °C. Filter
paperase and carboxymethyl cellulase showed maximum activity at pH 5.0.
However, B-glucosidase proved to be maximally active at pH 6.0. According to the
thermal stability results, all the three components of the cellulolytic enzyme
complex proved to be less thermally resistant at 60 °C, as compared to 50 °C. f3-
glucosidase and carboxymethyl cellulase depicted the highest and the lowest
thermal resistance, respectively. B-glucosidase and filter paperase stored for one
week at -20 °C proved to be the most and least stable enzymes, respectively. It is
hoped that current research findings will help in the cost-effective production of
industrially important cellulases using agro-industrial by-products as fermentation

substrates.

1. Introduction

Cellulose, hemicellulose, and lignin are the
three major components of lignocellulosic
biomass. Cellulose contains the highest
percentage of biomass (Echreshzadeh et al.
2020). Lignocellulosic biomass, sustainable
carbon and energy sources, are currently the
substrates most frequently used for the growth of
lignocellulosic residues are potential fermentation
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substrates due to their abundance, low price, and
renewability. Cellulase, an essential enzyme in
industry, is produced using bacterial and fungal
fermentation. Cellulase is also used for the
bioconversion of agricultural residues into
biofuels and other value-added products (Chang
et al. 2011). Fungi are the most important group
of cellulase-producing microorganisms. The most
widely reported cellulase-producing fungi belong
to Trichoderma spp., Penicillium spp., and
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Aspergillus spp. (Chand et al. 2005; Rahnama et
al. 2013). Numerous studies have reported
Penicillium spp. as potential cellulase producers
(Gusakov and Sinitsyn, 2012). P. decumbens, P.
expansum, and P. digitatum are among the most
widely reported potential strains (Liu et al. 2011;
Qui et al. 2020; Cristina dos Santos et al. 2020).
Solid substrate cultivation is advantageous over
submerged fermentation as conditions are similar
to those found in nature, thus making it a more
effective technique for cellulase production as
compared to liquid fermentation (Kang et al.
2004; Singhania et al. 2009; Vu et al. 2009;
Singhania et al. 2010).

The objective of the present study was to
evaluate the possibility of the production of
cellulases from locally isolated P. expansum
MDFS2 using the major agricultural residues of
rice straw (RS), rice bran (RB), and wheat straw
(WS). The cellulases produced using the best
potential  growth  substrate ~ were  then
characterized in terms of optimum temperature
and pH as well as its thermal and storage
stability.

2. Materials and methods
2.1. Preparation of agricultural waste

The fermentation substrates were collected at
the end of the harvest season in September 2017.
The RS was obtained from a paddy field in the
Gilan Province, northern Iran. The WS was
obtained from a wheat farm in West Azerbaijan,
Iran, and the RB was purchased from a local
market in Urmia, West Azerbaijan, Iran. The
fermentation substrates were sun-dried and
ground using a 2 mm sieve. The substrates were
then stored in a cold room at 4 °C until use.

2.2. Inoculum preparation

P. expansum isolated from Forest Soil from
Mahabad Park, West Azerbaijan, Iran, was used
as the cellulase-producing microorganism. The
spores of the fungus were preserved in 30% (v/v)
glycerol at -80 °C. A Potato Dextrose Agar
(PDA) medium was utilized to reactivate the
spores. Prior to fermentation, a suspension of the
fungal spores was prepared by using sterilized
distilled water to wash the PDA agar surface on

the seventh day of fungal growth. Quantification
of the spores was performed using a
hemocytometer. The spores were inoculated at a
concentration of 1x10° spores mL™.

2.3. Solid state fermentation

The production and collection of the enzyme
was performed in Erlenmeyer flasks (250 mL)
with cotton stoppers. Each flask contained one
gram of the substrate before being autoclaved.
The proper amount of Mandels medium (Mandels
et al. 1974) was added to each flask to adjust the
moisture content to 70% (w/v). Mandels medium
(1 L) contained: 1.4 g (NH4)2SO4, 2 g KH,PO,,
0.63 g urea, 0.3 g CaCl,, 0.3 g MgS0,.7H,0,
0.75 g peptone, 2 mL Tween 80, and 1 mL of
Trace elements: CoCl, (2.6x107%), FeSO, (5x10-
%), MnS04.H,0 (1.6x107%), ZnS0,.7H,0 (1.4x10-
%). Incubation of the inoculated flasks was
performed at 30 °C, and the production of the
enzyme was monitored over a period of eight
days. Thirty mL of 50 mM citrate buffer
(pH=4.8) was added to each flask in order to
extract the crude enzyme. The flask was then
agitated for 30 min at 150 rpm at 30 °C.
Centrifugation of the mixture was conducted at 4
°C, 1000xg for 10 min. The supernatant was
filtered and used immediately for the enzyme
activity assay. However, the supernatant was kept
at 4 °C unless an immediate cellulase activity
assay was possible.

2.4. Cellulase activity assay

The activity of the crude cellulase was assayed
according to the protocol described by Wood and
Bhat (Wood and Bhat 1988). The activity of the
cellulases was calculated and reported in the unit
of enzyme activity per gram dry fermented
substrate (U/g).

2.5. Characterization of the crude cellulase

The effects of temperature and pH on cellulase
activity were investigated. The enzyme thermal
stability was evaluated as well. The enzyme was
incubated at a temperature range of 40-90 °C, and
followed by the assay under the standard assay
conditions. Mcllvaine buffer solutions at a pH
range of 2.5-7.5 were used to study the effect of
pH. The crude cellulase enzyme activity was
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expressed as relative activity, which is a
percentage of the maximum activity. To evaluate
the crude cellulase thermal stability, 50 and 60 °C
were selected as incubation temperatures and the
residual enzyme activity, withdrawn periodically
at the time intervals of 30 min, 1 h, 2 h, and 3 h,
was assayed under standard assay conditions.
Thermal stability of the crude cellulase was
expressed as residual activity, which is a
percentage of the original activity. The stability
of the enzyme was also investigated after being
stored for 1 week at room temperature (25 °C), in
a refrigerator (4 °C), and in a freezer (-20 °C).

2. 6. Statistical analysis

All experiments were performed in triplicate.
The mean and standard deviation were calculated,
and a chart was plotted using Microsoft Excel®.
The data were analyzed by one-way analysis of
variance (ANOVA), and T-Tests (LSD) was used
to compare the difference of means among the
treatment groups. Differences of p < 0.05 were
considered significant.

3. Results and Discussion

3.1. Production of cellulase by P. expansum
MDFS2 from RS, RB, and WS

The substrate is a significant parameter to be
considered in the enhancement of microbial
cellulase production. A number of researches and
various comparative studies have been conducted
using various lignocellulosic waste to enhance
cellulolytic enzyme production (Deswal et al.
2011; Kumar et al. 2011; Philippoussis et al.
2011; Vincent et al. 2011; Rahnama et al. 2016;
Chaoyang et al. 2017; Imran et al. 2019).

In this study, cellulase production experiments
were performed using untreated agricultural
residues as the sole carbon sources. Along with
the growth of P. expansum MDFS2, the
cellulolytic enzyme was produced on the
untreated  agricultural-based  lignocellulosic
residues; RS, RB, and WS. Figure 1 presents the
production of filter paperase (FPase) by the
fungal isolate investigated over a period of eight
days. Maximal FPase activity was observed on
day 5 for all substrates. However, exoglucanase

activity was determined to be significantly higher
when RB was used as the sole carbon source
(4.91 U/g substrate) (p<0.05).
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Fig. 1. FPase activity of P. expansum MDFS2
from various agricultural residues used as SSF
substrate. Data are means of 3 replicatest
standard deviation. Error bars smaller than
symbols are not shown.

Carboxymethy cellulase (CMCase) production
of the isolate was studied over a period of eight
days on RS, RB, and WS. The data is presented
in Figure 2. A comparison  between
endoglucanase production from RS, RB, and WS
shows that, like the FPase, the maximum
production of endoglucanase (36.51 Ulg
substrate) occurred on day 5 on RB and was
significantly higher (p<0.05) than that reported as
a result of fungal growth on WS. However, the
CMCase activity from RS (35.11 U/g substrate)
did not prove to be significantly different from
that obtained on RB (p>0.05).
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Fig. 2. CMCase activity of P. expansum MDFS2
from various agricultural residues used as SSF
substrate. Data are means of 3 replicatest
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standard deviation. Error bars smaller than
symbols are not shown.

A B-glucosidase (BGL) production profile was
also plotted over a period of eight days. A
comparison between BGL production by P.
expansum MDFS2 from RS, RB, and WS is
illustrated in Figure 3. Maximum production of
the fungal cellobiase occurred on day 5 on RB,
and the activity obtained (12.21 U/g substrate)
was significantly higher (p<0.05) than that
obtained when RS and WS were used as carbon
sources.
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Fig. 3. BGL activity of P. expansum MDFS2
from various agricultural residues used as SSF
substrate. Data are means of 3 replicatest
standard deviation. Error bars smaller than
symbols are not shown.

P. expansum MDFS2 grew fast on RB. This is
most likely due to the composition of bran. As
bran contains a high content of starch and protein,
it serves not only as a carbon source but also a
nitrogen source. Compared to cellulose and
hemicellulose, starch has proven to be easier to
degrade into simple carbohydrates for the growth
of the filamentous fungus Aspergillus fumigatus
N2 (Chaoyang et al. 2017). The production of
extracellular enzymes by filamentous fungi is
shown to be growth-rate associated, i.e., enzyme
production and the fungal growth occurs
simultaneously (Manning and Wood 1983;
Schrickx et al. 1993; Carlsen et al. 1996; Spohr et
al. 1998; Withers et al. 1998; Pedersen et al.
2000). In this study, RB was proved to be the

significantly most appropriate fermentation
substrate for the production of all the three major
components of the cellulolytic enzyme complex
(p<0.05), and resulted in cellulase at maximum
activity.

On the other hand, the enzymes’ expression
throughout the fermentation process is induced by
the carbon source compounds (Haltrich et al.
1996). Straw has a high cellulose and
hemicellulose content compared to RB, which
induces lignocellulolytic enzyme expression.
Therefore, the use of straw may be assumed to
produce higher lignocellulolytic enzyme activity
(Chaoyang et al. 2017). However, a number of
research findings have confirmed the suitability
of bran, compared to straw, as a fermentation
carbon source. According to Sarkar and Aikat
(2014), among a large number of cellulase-
producing Aspergillus species, most Aspergillus
species grow better on wheat bran than on wheat
or rice straw, although there are reports of A.
fumigatus strains preferring straw to bran
(Chaoyang et al. 2017).

Several researchers have utilized Penicillum as
the source of the enzyme for cellulase production
(Picart et al. 2007; Dutta et al. 2008; Karbone et
al. 2008; Das and Ghosh 2009; Qui et al. 2020;
Cristina dos Santos et al. 2020). Penicillia has
shown promise as cellulase producers and could
compete  with  Trichoderma for  biofuel
applications. Being rich in BGL, Penicillium may
even be superior to Trichoderma. It is believed
that a high level of BGL activity is essential for
rapid and complete conversion of cellobiose to
glucose. The accumulation of cellobiose, the
intermediate product of cellulose hydrolysis,
suppresses the overall cellulose hydrolysis
process (Gusakov et al. 2012). While RB is
generally regarded as a low-cost agricultural
waste with limited use, this study indicates that
RB can be applied as a cost-effective carbon
source in cellulase production by P. expansum
MDFS2.

3.2. Characterization of the crude cellulase by
P. expansum MDFS2 on RB

The optimal temperature for FPase was detected
at 40 °C, while, CMCase and BGL showed
maximal activities at 50 °C. When the enzyme-
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substrate mixture was kept for 1 h under standard
assay conditions, FPase activity dropped sharply
with increased temperature. However, CMCase
was maintained above 75% of the maximum
activity at 60 °C when the enzyme-substrate
mixture was kept for only 30 min. Although,
BGL remained 85% and 70% active at 70 °C and
80 °C, respectively (Fig. 4), the cellulases were
almost denatured at 90 °C.
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Fig.4. Effect of temperature on the activity of the
crude cellulase by P. expansum MDFS2 from RB
in SSF. Values are means of 3 replicates
tstandard deviation. Error bars smaller than
symbols are not shown.

The cellulolytic enzymes produced by P.
expansum MDFS2 were shown to be acidophile
and were quite active in a wide range of acidic
pH. FPase and CMCase showed optimally active
at pH 5.0. It was observed that a pH of 6.0 was
the optimum pH for BGL. FPase maintained
above 65% maximum activity at pH 4-6.
However, CMCase remained 80% active at pH
4.5-5.5, and BGL was above 80% active in a
broader pH range of 4.0-6.5 (Fig. 5).
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Fig. 5. Effect of pH on the activity of the crude
cellulase by P. expansum MDFS2 from RB in
SSF. Values are means of 3 replicates xstandard
deviation. Error bars smaller than symbols are not
shown.

The enzyme activity rapidly decreased with an
increase in temperature and a rise in enzyme
incubation time. However, no significant
reduction was observed in the FPase activity at 50
°C when the crude cellulase incubation time was
increased from 30 min to 2 h. Exoglucanase lost
90% of its original activity, and the enzyme was
almost denatured at 60 °C after 3 h. The CMCase
proved less thermally resistant and was almost
denatured at both 50 °C and 60 °C after 3 h. BGL
remained above 60% active at 50 °C after it was
incubated for 3 hours. However, BGL activity
dropped rapidly and was almost denatured at 60
°C (Fig. 6 a, b).
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Fig. 6. Thermostability of the crude cellulase by
P. expansum MDFS2 from RB in SSF at 50 °C
(@ and 60 °C (b). Values are means of 3
replicates * standard deviation. Error bars smaller
than symbols are not shown.
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The crude enzyme stored for one week at -20 °C
proved to be more stable, as compared to that
stored at 4 °C and 25 °C. As illustrated in Figure
7, BGL remained almost 100% active at -20 °C.
While, a reduction of 20% and 10% was observed
in the FPase and CMCase activities, respectively,
after one week of storage at -20 °C.
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Fig. 7. Effect of the storage temperature on the
activity of the crude cellulase by P. expansum
MDFS2 from RB in SSF. Values are means of 3
replicates + standard deviation. a: FPase b:
CMCase c: BGL. Error bars smaller than symbols
are not shown.

4. Conclusion

The aim of the present study was to investigate
the effect of the substrate on cellulase production.
Therefore, crude cellulase production was carried
out by an isolate of P. expansum MDFS2 using
rice straw, rice bran, and wheat straw, abundantly
found agricultural waste, under solid-state
fermentation. RB proved to be the most
promising growth substrate and a suitable
substrate for cellulase production. On day 5 of
fermentation, maximum production of the
cellulase was observed for FPase, CMCase, and
BG with their maximal activities of 4.91 Ul/g
substrate, 36.51 U/g substrate, and 12.21 Ulg
substrate, respectively. The optimum temperature
for FPase was 40 °C, while CMCase and BGL
revealed optimal activity at 50 °C. FPase and
CMCase revealed maximum activity at pH 5.0.
However, BGL proved to be maximally active at
pH 6.0. BGL and CMCase showed the highest
and the lowest thermal resistance, respectively.
BGL and FPase stored for one week at -20 °C
proved to be the most and the least stable,
respectively. Our results suggest the crude
cellulase capability for industrial use. The
findings of the current research will hopefully
contribute to the cost-effective production of
industrially important cellulases using agro-
industrial waste.
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