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Abstract

Cellulase is the most important enzyme in the world enzyme market, which can be synthesized by growing fungi on ligno-
cellulosic substrates. In this study, cellulase was produced by using Trichoderma species. Twenty-three Trichoderma spe-
cies were isolated and screened out for their cellulase-producing ability. Selected species, Trichoderma reesei, was further
optimized on Leptochloa fusca, a perennial grass. For the higher production of enzyme, different culture conditions were
optimized in flask fermenters. Our study points out that overall cellulase production was highest as 1.165 IU/ml/min at 70%
moisture level, 120-h incubation period, 30 °C incubation temperature, 6 initial pH, 20% inoculum size, 0.3% NH,NO,
concentration and 0.3% concentration of surfactant (Tween 80), respectively. Under solid-state fermentation, the recovery
of the cellulase from fermented substrate was optimized which yielded 1.785 IU/ml/min. Among different solvents tested,
optimal extraction was attained by using citrate buffer. The optimal conditions for extraction were 90 min soaking time, 1:5
solid-to-solvent ratio, 140 revolution per minute agitation. It was detected that two washes were enough for maximum leach-
ing of the enzyme. Results specify the admirable scope of utilizing kallar grass for biosynthesis of cellulase in solid-state
fermentation employing Trichoderma reesei commercially.
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Introduction

The most abundant polysaccharide present on the earth is
cellulose. It is the major part of plant cell wall along with
lignin, hemicellulose and pectin. Nearly, 40% of plant part is
made up of cellulose. Although it is the most abundant car-
bon source, a few organisms have the ability to utilize it in
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efficient manners. Left over of the material from agro-wastes
is one of the causes of environmental pollution. Recycling
of these agro-wastes not only minimizes the risk of pollu-
tion but can also be used as an energy source and food for
the future. The use of cheaper carbon source will reduce
the overall production cost of enzyme or biofuel and make
the process environment friendly and economically viable
(Fernandes et al. 2009; Brijwani et al. 2010).

These lignocellulosic substrates can only be utilized by
those microorganisms which have the capability to produce
cellulytic enzymes. These enzymes are also referred as cellu-
lases (Chinedu and Okochi 2003). Cellulase is the 3rd most
important enzyme in the global enzyme market (Ilyas et al.
2013). Basically, it is not a single enzyme; it is the complex
of cellulose-degrading enzymes. It consists of endo 1, 4-f
glucanases, exo 1, 4-B-D glucanases and B-D glucosidases
(Pothiraj et al. 2006). These enzymes synergistically act on
the cellulosic substrates and convert the long biopolymer of
the cellulose into the reducing sugars by cleaving their p-1-4
glycosidic linkages (Ilyas et al. 2013).

There are many microorganisms which are able to pro-
duce the large amount of the cellulase enzymes. But only few
organisms have the ability to produce the cell-free cellulase
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enzyme which acts on the substrate in vitro condition effi-
ciently. Filamentous fungi are best in cellulase production
process, but few bacterias and some actinomycetes are also
used for this purpose. In cellulase-producing fungi, mostly
species of Trichoderma and Aspergillus are used (Ilyas et al.
2013). Nearly 20% of enzyme is produced from these organ-
isms. It is also reported that Trichoderma reesei is the most
used commercial organism for cellulase production (Murphy
and Horgan 2005; Pirzadah et al. 2014).

Solid substrates are reported best for providing nour-
ishing environment for the filamentous fungi. These fungi
can not only grow on their surface but also penetrate in the
substrate by their hyphae (Bisen and Sharma 2012). Cheap
and easily available substrates can be used for this purpose
such as agro-waste, agro industrial wastes, different grasses,
trimmings of lawns, cotton stalk, rice husk, coffee husk, nut
cakes, bagasse, fruit pulp, residues of the crops and many
more (Zhang et al. 2010).

In Pakistan large area of the land is barren due to salin-
ity. Salt tolerant grasses such as kallar grass can be grown
on this area. Kallar grass Leptochloa fusca L.Kunth is also
known as Diplachne fusca. It belongs to the family Poaceae
and a perennial summer-growing grass. Now a days this
grass is cultivated in different areas of Pakistan and India.
It has the c4 mechanism for the production of the cellu-
losic material, so it can survive in the alkaline conditions.
It also helps the soil condition to be better as it also has
the ability for nitrogen fixation. This grass can produce 50
tons biomass/hectare, so it can be used as the cheap carbon
source for the production of the different enzymes or bio-
fuel production. Grasses can be the best source of ligno-
cellulosic substrate for enzyme and biofuel production as
they have less ash content and high cellulosic content. But
the cost of transportation and handling should be overcome
(Kretschmer et al. 2012).

In solid-state fermentation, after production of enzyme
extraction is a significant step. Extraction means to leech
down the maximum amount of enzyme from the fermented
bran. So it is very important to select a proper solvent for
leaching out the product. According to the Pal and Khanum
(2010), best solvent is that which extracts maximum amount
of enzyme with minimum contact time at room tempera-
ture. Selection of solvent depends upon its cost, efficacy and
availability. It should reduce the cost of further downstream
processing.

Present study is based upon the hypothesis that by
optimizing the conditions of fermentation and extraction,
more quantity of cellulase can be obtained. So, in the year
2015-2016, an effort was made to utilize the kallar grass
for the production of cellulase by locally isolated spp. of
Trichoderma from Lahore and Multan (Pakistan). Evaluation
of different physio-chemical and nutritive parameters was
also done on their cellulase-producing ability. The current
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communication also deals with the efficiency of leaching of
the cellulase produced by Trichoderma reesei by using kallar
grass (Leptochloa fusca L.Kunth) as substrate.

Materials and methods
Collection and preparation of substrate

Three different types of agro-waste were used as the sub-
strate which were collected from different places. Cotton
residual plant was taken from a field near Manga Mandi
Lahore. Rice husk was taken from a rice factory in Sialkot,
and Leptochloa fusca commonly called as kallar grass was
collected from bank of River Ravi Lahore. These agro-
wastes were dried and then ground into powder form using
3-mm mesh. Then they were packed in polythene bags and
stored at ambient temperature for subsequent studies.

Isolation and identification of fungi

Different species of Trichoderma were isolated from canal
water, air, leaf litter and diseased samples of plants. From
canal water and agricultural soil samples, fungal colonies
were obtained by serial dilution method. While pieces of
rotten and disease fruit, leaf and wood samples were cut
into small pieces, surface-sterilized them with 1% sodium
hypochlorite and then kept on the potato dextrose agar
medium (PDA) for 5 days at 28 °C. By re-culturing, single
colony pure cultures were obtained. Colonial morphologi-
cal characteristic was observed for one week. Microscopic
identification of pure cultures was carried out by using the
identification key illustrated by Samuels and Hebbar (2015).

Plate screening assay of Trichoderma spp

Screening assay of isolated species of Trichoderma was
done with the method of Ariffin et al. (2008). Briefly, 1 pl
spores suspension of each fungus was inoculated in the well
made on the screening plates. These plates were made by
PDA supplemented with 2% (w/v) carboxymethylcellulose
(CMC). Then they were incubated at 29+ 1 °C for 48 h.
Then they were first stained with 1% Congo red stain for
15 min. and then distained by washing them with 1 M NaCl.
Formation of a clear zone around the colony represented
the synthesis of extra cellular cellulase by the tested fungal
isolate.

Selection of substrate
Three substrates such as Kallar grass, cotton stalk and

rice husk were used for the fermentation process with the
fungi selected from plate screen assay. First solid-state
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fermentation process was carried out under non-optimized
conditions. For this purpose, Sgm crushed substrates was
taken in the flask and moistened with the 5 ml of vogel’s
media and distilled water. Fermentation mixture was auto-
claved at 121 °C for 15 min at 80% initial moisture level.
Flasks containing fermentation mixture were left for cool-
ing down and inoculated with 1 ml of spore suspension of
selected Trichoderma sp. Then they were placed in incubator
for 7 days in static condition at 25 °C.

Optimization of factors affecting cellulase
production

At selected substrate, various process parameters were opti-
mized to obtain the maximum cellulase production. The plan
adopted for this was to determine the effect of a specific
parameter and integrate it at optimum level before standard-
izing the succeeding parameter. Moisture level is the key fac-
tor in SSF. So, different moisture levels such as 65, 70, 75,
80, 85 and 90% were used to optimize maximum production
of cellulase. Only quantity of distilled water was changed
but quantity of vogel’s media remains constant as 5 ml.
Best fermentation period was investigated by withdrawing
the fermented flasks after regular intervals of time from
72 to 216 h. Both organic (peptone, yeast extract, peptone,
malt extract and urea) and inorganic (NH,CI, (NH,),SO,,
NH,NO;, (NH,);PO,, NaNO;) nitrogen sources were used to
examine the suitable nitrogen source for enzyme production.
All nitrogen sources were used at concentration of 1% w/w
at pre-optimized conditions of incubation time and mois-
ture level. Different concentrations of best selected nitrogen
source were also optimized. The optimum pH was deter-
mined by adjusting the pH of the vogel’s media within the
range of 3.5-7.5. For investigating the impact of inoculum
size, different levels of inoculum 15, 20, 25, 30, 35 and 40%
were used in duplicate. For exploration of the effect of sur-
factants (Tween 20 and Tween 80) on synthesis of cellulase
enzyme, five different concentration levels as 0.1, 0.2, 0.3,
0.4, 0.5 of Tween 20 and Tween 80 were studied. They were
used in duplicate in pre-optimized conditions.

Enzyme extraction and assay

This process was conducted by soaking 5 g of fermented
substrate in 250-ml conical flask with a suitable solvent for
30-120 min. Then crude enzyme extract was squeezed out
through a cotton cloth. The clear extract was obtained after
centrifugation at 8,000 rpm for 20 min and then assayed for
cellulolytic activity. In this study, different parameters of
extraction were optimized such as selection of best solvent
and its ratio to the substrate, incubation time for soaking,
physical states of leaching and no. of washes. Three, three

replicates were used for each parameter in order to support
their validity.

Enzyme assay was performed according to Acharya et al.
(2008). The reducing sugar released in this process was
determined with DNS (3, 5-dinitrosalicylic acid) by spec-
trophotometer at 540 nm. One unit of enzyme activity can
be define as amount of reducing sugar released by the action
of enzyme per ml per minute in standard assay conditions.

Statistical analysis

The data were subjected to analysis of variance (ANOVA)
using Co-stat version 3.03 software. Differences among
means were analyzed through Duncan’s multiple range test
at significant level of p <0.05 (Steel et al. 1997).

Results and discussion
Selection of fungi and substrate

Twenty-three isolates of Trichoderma were obtained from
different sources and were identified as shown in Table 1.
Results of the screening plate assay reveal that Trichoderma
reesei was most potential cellulase-producing organism.
Out of three substrates used in the experiment, Kallar grass
showed the highest enzyme activity 0.158 U/ml than cotton
stalk 0.099 IU/ml and rice husk 0.0263 IU/ml. So Kallar
grass was selected as substrate for further studies. Previ-
ously, Rajoka (2004) also reported kallar grass as the best
substrate for the production of the cellulase by Cellulomonas
flavigena.

Optimization of physical parameters

All organisms need appropriate amount of water for their
survival and supreme performance. So the proper moisture
level of the substrate is one of the key factors in the solid-
state fermentation (SSF). It depends upon the requirements
of the microorganisms for better production of enzymes.
Experiment with different substrate moisture level was
carried out in flasks which were incubated at room tem-
perature for 7 days. Maximum cellulase production
0.1368 TU/ml/min was observed at the 70% moisture level
as represented in Fig. 1a. Same observations for Tricho-
derma reesei were reported by Latifian et al. (2007) who
reported that the moderate amount of water produces max-
imum cellulase, whereas low and high amounts of solvent
decrease the cellulase production. These types of results
were also detected by Toor and Ilyas (2014). Like avail-
ability of the moisture, the fermentation period also has a
great effect on enzyme production. Proper incubation time
was significant for enzyme production. Experiment was
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Table 1T iChU_derma sPecics i Source of isolation No. of Number of Tricho-  Trichoderma species Frequency of
isolated from different sources colonies derma isolated Trichoderma spp.
(%)
Agricultural soil 17 8 T. harzianum 25
T. koninjii 12.5
T. reesei 12.5
T. viride 25
T. psuedokoninjii 25
Canal water 13 5 T. aureoviride 40
T. hamatum 20
T. viride 20
Leaf litter and wood 12 6 T koninjii 16.67
T. harzianum 33.34
T. reesei 33.34
T. hamatum 16.67
Air mycoflora 20 4 T. viride 50
T. aureoviride 25
T. reesei 25
Total 62 23 7 37.09
A B
0.16 0.25 a
014 4 b ab 2 ab 1w 2
0.12 ¢ c 02 c
0.1 0.15 d d
0.08
£ 004 | o
£ oo | 0.05
g 0 - T T T T T 0 T T T T T
E 65 70 75 80 85 100 96 120 144 168 192 216
-‘E Moisture level (%0) Incubation period (hours)
g 14,C D
@ a
g 129 b 14
g 1 c g 12 ab ab 2 ab be
=08 - e e 1 C
0.6 0.8
0.6
04 1 0.4
0.2 4 02
0 - T T T 0 T T
25 30 35 40 45 50 4 5 6 7 8 9

Incubation Temperture (°C)

Initial pH of media

Fig. 1 Effect of physical factors on the cellulase production. a Moisture level, b incubation period, ¢ incubation temperature (d) pH of media.
The value with different letters shows the significant difference (P <0.05) determined by DMRT

carried out for the determination of optimum incubation
period for the Trichoderma reesei on kallar grass. It was
observed that at 120 h, the enzyme activity reached the
maximum (0.275 TU/ml/min) with 70% moisture level at
room temperature. After 120 h, the enzyme activity began
to decrease. Figure 1b describes that after 216 h enzyme
activity became 0.0991 IU/ml/min. This decrease in the
enzyme productivity may be due to the shortage of nutri-
ents or space in the fermentation media which lead to the

@ Springer

disturbance in cellulase-producing machinery of the fungi
or it may be due to the toxic effect of the fungal byproducts
or degradation of produced cellulase. Bilal et al. (2015)
also conduct an experiment for the investigation of the
incubation period required for Trichoderma reesei for cel-
lulase production. He indicated the same time as 120 h
best for cellulase production. Cellulolytic enzymes were
produced by Aspergillus phoenix at 120 h. incubation by
Dedavid e Silva et al. (2009).
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All organisms and chemicals are temperature-sensitive.
Fluctuations in temperature may lead to the death of fungi,
disturbance in enzyme production system or the degradation
of the produced enzyme. So it is necessary to define the opti-
mal temperature of fugal environment to produce maximum
cellulase. Figure 1c shows that optimum cellulase production
(1.165 TU/ml) was found at 30 °C with 70% moisture level
and 120 h of incubation time. It was apparent that when the
incubation temperature increased up to 30 °C, the enzyme
activity decreased. At 50 °C it became very less as 0.612 IU/
ml/min. Bilal et al. (2015) also point toward the same condi-
tions. He reported that cellulase and xylanase remain active
in range of 28-32 °C. Liu and Yang (2007) also confirm the
present study by observing the same temperature for Tricho-
derma koningii. Guowei et al. (2011) also reported the same
incubation temperature for Trichoderma reesei for cellulase
production. It was observed that fungus grows well and pro-
duces cellulase in slightly acidic conditions as that maximum
enzyme production 1.165 IU/ml/min was observed at pH 6
with pre-optimized conditions of incubation period, mois-
ture level and temperature. Further raise in pH resulted in a
lessening trend in production of enzyme. At pH 8 enzyme
production was 0.917 IU/ml/min. It was also described in
Fig. 1d. It was noticeable Liu and Yang (2007) also reported
that acidic conditions at pH 5 are best for CMCase produc-
tion. Toor and Ilyas (2014) also observed that low pH level is
best for the cellulase production by filamentous fungi. Bilal
et al. (2015) also reported that pH 5.5 of media gives mini-
mum cellulase and xylanase production. Fatokun et al. (2016)
also reported pH 6 for cellulase production.

Optimization of chemical parameters

To sustain life, fungi need different nutrients. These com-
pounds not only stimulate the fungal growth and reproduction
but also have some effect on the production of the enzymes
and metabolites. Different organic (malt extract, yeast extract,
peptone, tryptone and urea) and inorganic (ammonium chlo-
ride, ammonium sulfate, ammonium nitrate, ammonium
phosphate and sodium nitrate) compounds were added to the
culture media to measure their effect on cellulase production
at pre-optimized physical parameters. Figure 2a, b depicts
that supplementation with different nitrogen sources stimu-
lates the cellulase-producing ability in the fungi. All exam-
ined compounds except urea stimulated the growth and cellu-
lase production. The inorganic compounds stimulated higher
cellulase yields compared with organic compounds. It may
be due to the rapid mode of action of inorganic compounds.
Among the organic compounds, the highest cellulase pro-
duction 0.275 IU/ml/min was obtained with tryptone and in
inorganic sources ammonium nitrate gives the best cellulase
production which is 0.673 IU/ml/min. The results are also
in close conformity to Singhania et al. (2006) who reported

maximum CMCase production at 7 pH, 35 °C of incubation
temperature and NH,NOj as nitrogen source. NaNO;, KNO;
and NH,NO; were the best sources for cellulase production
reported by Rajoka (2004).

Further Trichoderma reesei was grown in the presence of
different NH,NO; concentrations (0.1-0.6%; w/w). Higher
cellulase production was obtained at all tested concentra-
tions. But the superlative enzyme production was obtained
with 0.3%. Further increase in concentration does not have
any significant effect on cellulase production as shown in
Fig. 2c. This may be due to saturation of the media at 0.3%
with nitrogen source. Further increase leads to the decreased
production of enzyme, as it becomes the toxic to fungi. The
effect of spores per milliliter of suspension on the production
of cellulase was also studied. The maximum production of
cellulase 1.165 IU/ml/min was observed at 20% inoculums
size. Further increase in the conc. of inoculum decreases the
production of enzyme as shown in Fig. 2d. Enzyme produc-
tion became 1.117 IU/ml/min at 40% inoculum size. Ilyas
et al. (2012) also reported that 20% of inoculum and 0.2%
concentration of inorganic nitrogen source are enough for
cellulase production by using A. terreus. Alam et al. (2005)
reported that the higher size of inoculums size is (20-25%).

The effect of surfactants was inspected by providing dif-
ferent concentrations of them to the growth medium in dif-
ferent concentrations. The results in Fig. 2e, f reveal that
Tween 80 increases the cellulase production more than
Tween 20. The highest cellulase yield 1.073 IU/ml/min
was obtained in medium containing (0.4%) Tween 20 and
1.118 IU/ml/min in medium containing (0.3%) of Tween 80.
These are in similarity to the results of the Pardo (1996) and
Gashe (1992) who observed that 0.1% and 0.2% of Tween
80 concentration in medium is best for enhanced cellulase
production, respectively. Basically Tween 80 reduces the
pallet formation in the media. The factors which reduce the
pallet formation ultimately increase the cellulase production
as fungus becomes more active in degradation of cellulose.

Optimization of different extraction parameters
for cellulase enzyme

The efficiency of extraction process is most critical thing in
recovery of the enzyme from the fermented bran. Extraction
is a process in which solute is recovered from the solid bio-
mass by using suitable solvent. So, selection of an appropriate
solvent, solid-to-solvent ratio, contact time, physical state of
extraction and no. of washes used for enzyme extraction are
all key factors. Among the different chosen solvents, 0.1 M
citrate buffer (pH 4.6) served as the best leachate in extract-
ing cellulase 1.474 IU/ml/min from the fermented Kallar
grass as shown in Fig. 3a. Therefore, subsequent optimiza-
tion experiments were carried out only with citrate buffer. As
in SSF system, free flowing amount of solvent is limited. So
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for the extraction of enzyme sufficient amount of the solvent
is required. If the amount of solvent is less, then recovery
of enzyme becomes hard because less amount of solvent is
availed to penetrate in the solid mass to leech out the enzyme.
In other hand, if the large amount of the solvent is used, then
the leachates become very dilute and extra efforts are required
to make it concentrated for further processing. So it is neces-
sary to maintain the product in a concentrated form to achieve
the highest leaching efficiency. To optimize the best ratio
between solid and solvent, four ratios were used 1:5, 1:10,
1:15 and 1:20. The results are represented in Fig. 3b. At the
solid-to-solvent ratio of 1:5, 25 mL solvent was best for the
extraction of enzyme from 5 g of fermented substrate. Enzyme
activity was decreased when higher volume of the solvent
used for extraction due to dilution factor. Similar results were
depicted by Chandra et al. (2010) in extraction process of
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Fpase from fermented bran of Aspergillus niger. After selec-
tion of suitable substrates and its volume, contact time of solid
to solvent should also be optimized. In this study, incubation
time period was varied from 30 to 150 min. But 90 min incu-
bation time of solvent and solid achieved maximum recovery
of cellulase, and thereafter no valuable effect on the enzyme
extraction was observed and described in Fig. 3c. Further
increase in the contact time slightly decreased the leaching
of the enzyme. This decrease is may be due to inactivation of
the enzyme. In leaching of enzyme, conditions (stationary and
shaking) are also very important.

The results in Fig. 3d also showed that all shaking condi-
tions were more effective for the leaching practice then the
stationary 1.54 IU/ml/min. Among the shaking condition,
optimum enzyme was extracted at 140 rpm 1.776 1U/ml/
min.



International Journal of Environmental Science and Technology (2019) 16:921-928 927

A
5 .
1.2 1 b b
1 4
0.8
0.6
0.4
0.2
0 - T T T
Distwater 0.1 M acetate 0.1M citrate 0.1 M
buffer buffer phospahte
Solvents buffer
C
1.7 1

1.68 A
1.66
1.64 1
1.62 1
1.6 1

Enzyme activity IU/ml/min

n

Extraction time (Mins)

1.8 A
1.6 A
1.4 1

No. of Washes

Fig. 3 Represents the factors affecting the extraction process of cellu-
lase from the fermented bran of Kallar Grass a different solvent used,
b ratio of selected solvent to the solid substrate, ¢ time, d agitation

It can be easily defensible as on agitation, fermented
substrate distributed evenly in the solvent, so reduction in
concentration polarization resulted. Among the shaking
condition optimum enzyme was extracted at 140 rpm. But
there is not much difference between the 120 and 140 rpm.
In earlier experiments, cellulase extraction process was car-
ried out by a single wash with the solvent. For the deter-
mination, whether a single wash is enough for completely
recover the enzyme or not, 2nd, 3rd and 4th no. of washes
were done. It was done with the fermented substrate col-
lected from the previous wash by adding fresh solvent.
Results indicate that the enzyme recovery was maximum in
the first two washings only as shown in Fig. 3e. First wash
was more effective which gave 1.785 IU/ml/min, while the
last wash only contained 0.61 IU/ml enzyme.
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These studies are also supported by different workers.
The use of citrate buffer for 1 h at room temperature is
also reported for the leaching of enzyme cellulase by Fadel
(2000). Chandra et al. (2010) also reported distal water
as the best solvent for the extraction of B-endoglucanase
when use for 30 min, at 1:4 ratio of solid to solvent. Pirota
et al. (2013) have also shown that a single wash was
enough to provide effective endoglucanase recovery.

Conclusion
This study revealed that environment is full of beneficial

microorganisms. By plate screen method, we can guess
their cellulolytic ability and then can further use them on
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different cheap and abundantly available substrates such as
kallar grass. Kallar grass has great potential to be used as
carbon source in the SSF. This also resolve the environmen-
tal problem by using grass as lignocellulosic substrate which
otherwise becomes the agro-wastes. Production of cellu-
lase by Trichoderma reesei can be significantly enhanced
by optimizing different physio-chemical and nutritional
conditions. Due to optimization, biosynthesis of cellulase
becomes the cost-effective process and can further be used
for producing the economical biofuel on commercial basis.
After production, leaching of enzyme is also very critical
step. Effective leaching makes the further studies more con-
venient and effective. Further investigations on large scale
are required to make this study fruitful and beneficial.
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