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In this study the effectiveness of chemical pretreatment on natural lignocelluloses
for enhanced production of cellulase by mutant fungal culture, Aspergillus niger was
investigated. Locally available agricultural feedstock’s namely rice bran, black gram
husk, groundnut shells, sawdust, sugarcane bagasse, red gram husk and dry leaves
were pretreated with hydrogen chloride, sodium hydroxide and hydrogen peroxide
chemicals with different concentrations. The cellulolytic activity of Aspergillus niger
was assessed by congo-red plate screening. The fungi genetically mutated with Ethyl
methane sulfapnate was produced higher titers of cellulases (Fpase 4.90IU, CMCase
1.6081IU, and B-glucosidase, 0.641U). The cellulolytic activity of fungal mutant grown
on NaOH pretreated lignocelluloses showed elevated levels of FPase (14.891U) and
CMCase (18.601U) on sugarcane bagasse and B-glucosidase activity (0.521U) on saw
dust respectively. Compared to acid and alkali treatment considerable hiper production
of cellulase (Fpase-20.46 CMCase-17.60, B-glucosidase 1.731U) was achieved
Aspergillus niger grown in medium sugarcane bagasse treated with 5% hydrogen
peroxide as substrate.
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Introduction

Long-term economic and environmental concerns have resulted in
a great amount of research in past couple of decades on renewable
source of liquid fuels to replace fossil fuels. The lignocellulosic
biomass is most abundant available organic source in the biosphere
mainly composed of cellulose, hemicellulose, and lignin that are
strongly intermeshed and chemically bonded by non-covalent
interactions via covalent crosslinkages.!? Cellulose-rich plant
biomass is one of the foreseeable and sustainable sources of fuel,
animal feed and feed stock for chemical synthesis.> The utilization
of cellulosic biomass continues to be a subject of worldwide interest
in view of fast depletion of our oil reserves and food shortages.*
Cellulose serves as a vast reservoir of glucose residues linked by
B-1, 4 glycosidic bonds. The major constituents of lignocellulosic
materials are cellulose, hemicellulose and lignin which make it very
hard for cellulolytic organisms to utilize this material. Therefore,
efficient pretreatment method is required to enhance enzymatic
sachharifiaction.” The ultimate goal of the pretreatment methods is
to remove lignin content from agricultural feedstock and to decrease
their cellulose crystallinity.® Many pretreatment methods have been
practiced over the years to in addition to this process, the cellulolytic
enzymes have also been exploited for commercial applications like
malting, wood processing, preparation of denim fabrics in textile
industries, maceration of protoplasts from plant tissues and de-
inking process in recycling of printed papers. But the saccharification
process has not reached to the level of commercialization in certain
applications pertaining to production of befouls. One of the primary
challenges for process commercialization is the development of cost-
effective pretreatment technologies for lignocellulosic feedstock’s.>¢7
Pretreatment is necessary to increase the accessibility of cellulose in

lignocellulosic biomass to facilitate enzymatic hydrolysis. In view
of biotechnological importance of cellulases, the present study was
focused on enhanced production of cellulases by genetically altered
fungal strain, Aspergillus niger grown on pretreated lignocellulosic
substrates in submerged fermentation.

Materials and methods

Microorganisms

The fungal culture, Aspergillus niger used in this study was
isolated from soil contaminated with effluents of cotton ginning mill
Narasimha et al.®

Screening of Aspergillus niger for cellulase production

The cellulolytic property of Aspergillus niger was primarily
screened by plate screening method. For this, Czapek-Dox agar
medium amended with 1% carboxy methyl cellulose (CMC) and the
plates were incubated for 3 days at 50°C in an oven. After incubation
plates were stained with 1% Congo-red solution, followed by
destaining with 1M NaCl solution for 15minutes.

Mutation studies

The spore suspension of the 4. niger was subjected to chemical
mutagen ethyl methane sulfonate (EMS) treatment. Four millilitre
of spore suspension was added to EMS solution (0.1mg/ml) and
the reaction was allowed to proceed. Two millilitres of this solution
was taken at different time intervals of 30, 60, 90,120,150,180 and
210minutes and centrifuged for 10min at 5000rpm centrifugation
(Thermo Scientific) and supernatant solution was decanted. Fungal
spores was washed with sterile water and resuspended in phosphate
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buffer. The samples were serially diluted in the same buffer and plated
on Czapek-Dox agar medium and incubated at room temperature.
After incubation mutant fungi was selected based on plates showing
less than 1% survival rate.

Preparation of fungal spore inoculum for cellulase
production

The mutant Aspergillus niger grown on Czapek-Dox agar slants at
room temperature for 7 days. Fungal spore inoculum density prepared
(2X10%spores) for cellulase production.

Lignocellulosic substrates: The lignocellulosic substrates,
ricebran, black gram, groundnut shells, peaseed husk, sawdust,
sugarcane bagasse, dry leaves, red gram were collected from rural
areas of Tirupati, Andhra Pradesh, India.

Acid treatment (HCI): The lignocellulosic substrates were soaked
individually in 0.1M HCI in the ratio 1:10 (W/V) for 60 minutes at
room temperature. The substrates were washed with distilled water
for removal of chemicals and autoclaved at 12°C for one hour. The
acid treated substrates were filtered for free of fibers and neutralized
by washing with dilute aqueous sodium hydroxide. The pre-treated
substrates were washed with double distilled water until the filtrate
becomes neutral. The substrates were dried at 60°C for 12h in hot air
oven and used for further studies.

Alkali treatment (NaOH): Lignocelluloses treated with 0.1M
NaOH solution in the ratio 1:10 (W/V) for 60minutes at room
temperature and the substrates were washed with distilled water,
autoclaved at 12°C for one hour. After incubation the treated substrates
were washed with double distilled water until the wash water turned
to become neutral pH. The substrates were dried at 60°C for 12h in
an oven.

Hydrogen peroxide treatment (H,O,): The lignocellulosics
were treated with hydrogen peroxide (H,0O,) with concentrations of 5
and 10 percentage respectively. The pH of the solution was adjusted
to 11.5 and stirred gently at room temperature 25°C for 20 hrs. The
contents were filtered and washed with distilled water until pH turns
to neutral. The treated samples were dried at 110°C for overnight in
an oven.

Cellulase assay

The pretreated lignocellulosic substrates were used as carbon
source for cellulase production by mutant fungal strain Asperrgillus
niger .The filter paperase, carboxymethyl cellulase and -glucosidasea
activities were assayed.”!’ Enzyme activities were expressed as units.
One unit of cellulase is corresponded to 1pmol of glucose released per
min by 1 ml of the culture broth.

Results and discussion

Selective and effective separation of fractions present in
lignocellulose biomass with pre-treatment is of great interest today.
The by-products obtained during hydrolysis of biomass may affect the
fermentation yield and also valuable sources are lost if other fractions
are partially hydrolyzed. Hence pre-treatment techniques either
with physical, chemical and biological methods are necessary. But
enzymes cannot effectively convert lignocelluloses to fermentable
sugars without chemical pre-treatment. Hence in this study cellulase
production with mutant 4.niger strain grown on chemically pretreated
lignocellulosic substrates was investigated.
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Screening of Aspergillus niger for cellulase production

Cellulolytic activity of fungal culture, Aspergillus niger was
determinated by congo-red agar plate screening assay. Formation of
a clear yellow colored zone around the fungal culture is an indication
of hydrolysis corboxy methyl cellulose by fungal culture (Figure 1).

Figure | Screening of cellulolytic activity of Aspergillus niger.

Cellulase production by wild and mutant Aspergillus
niger

Cellulase activity of wild and mutant fungal strains (GNEM1-
GNEM10) were shown in Figure 2. Among the ten EMS mutants,
GNEM, showed maximum Fpase 4.90 IU, CMCase 1.608 IU,
B-glucosidase 0.64 1U, which were 204% , 502% and 236% higher
than the parent strain activities respectively. This strain was used for
further studies.
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Figure 2 Cellulolytic activity of EMS (ethyl methane sulfonate) wild and
mutant Aspergillus niger.

Cellulase production by A.niger grown on alkali pre-
treated lignocelluloses

Alkali pre-treatment involves the application of alkaline solutions
like NaOH or KOH to remove lignin and a part of the hemicelluloses,
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and efficiently increase the accessibility of enzyme. The alkali pre-
treatment can result in a sharp increase in saccharification yields. This
study also evaluated the cellulolytic activity of EMS mutant (GNEM,)
on NaOH pretreated lignocelluloses (Figure 3). The mutant strain
GNEM; exihibited elevated levels of FPase (14.891U) and CMCase
(18.601U) on pretreated sugarcane bagasse in the medium. Maximum
B-glucosidase activity was observed (0.52IU) when saw dust as
carbon source. Earlier studies revealed that maximum cellulase was
obtained with NaOH treated rice straw and baggage.! Maximum
cellulase production was found in alkali-treated soybean hulls with
CMCase, FPase and B-glucosidase yields of 9.91+0.04, 6.20+0.13
and 5.69+0.29U/g, respectively.’> The cellulase yield was reached
maximum with Fpase, CMCase were 9.3, 8.5U/ml on 1% alkali
treated ricebran and B-glucosidase was 1.14U/ml on 0.5% treated
ricebran respectively.”® Similarly cellulase activity increased with
three times higher than the natural substrate using pretreated fiber.!>!*
The alkali treated saw dust yielded higher FPase (6.3U/ml), CMCase
(7.2U/ml) at 7-day incubation and rice bran produced -glucosidase
(1.04U/ml) at 21-day incubation.'
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Figure 3 Cellulolytic activity of A.niger grown on NaOH pretreated
lignocelluloses.

*values represented in the figure are mean of two separately conducted
experiments

Cellulase production by A.niger grown on acid pretrea-
ted lignocelluloses

Dilute acid pre-treatment predominantly affect hemicellulose with
little impact on lignin degradation. Acid pre-treatment will solubilize
the hemicellulose and makes the cellulose better accessible to
enzymes. Acid pre-treatment is usually carried out using mineral acids
like HCI and H,SO,. Following dilute acid treatment, the enzyme
cellulase is needed for hydrolysis of the remaining carbohydrates in
the treated biomass. The mutant strain (GNEM;) exhibited higher
titers of FPase (10.561U) on sugarane bagasse, whereas [3-glucosidase
(1.7601U) production on pea seed husk in current work. The CMCase
activity on pretreated saw dust is 11.4IU (Figure 4). Similar results
were made with Aspergillus fumigatus grown on HCl pretreated wheat
straw (Fpase-0.2371U/ml and CMCase-0.6741U/ml).'® Kshirsagar et
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al."” reported maximum reducing sugar yield (359mg/g dry biomass)
from dilute acid pretreated rice straw after 72 h enzymatic hydrolysis.
Cellulase production on modified wheat straw with 1% (v/v) sulfuric
acid, leading to 19.2U/g FPase from solid stage fermentations using
A. niger."® The exo (Fpase) and endo (CMCase) glucanases found to
be 0.089U/ml, and 1.023U/ml in medium contains groundnut shells
treated with HCI as substrate."

*values represented in the figure are mean of two separately
conducted experiments
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Figure 4 Cellulase production by mutant A.niger grown on IM HCI
pretreated lignocelluloses.

*values represented in the figure are mean of two separately conducted
experiments

Cellulase production by A.niger grown on H202 pre-
treated lignocelluloses

Oxidative pre-treatment involves the addition of an oxidising
compound, like hydrogen peroxide or peracetic acid, to the
biomass, which is suspended in water. This pre-treatment remove
the hemicellulose and lignin to increase the accessibility of the
cellulose. During oxidative pre-treatment electrophilic substitution,
displacement of side chains, cleavage of alkyl aryl ether linkages or the
oxidative cleavage of aromatic nuclei will take place® and solubilize
the lignin and loosen the lignocellulosic matrix to improve enzyme
digestibility.*' Cellulolytic activity of mutant strain (GNEM. ) on 5 and
10% hydrogen peroxide treated lignocelluloses was shown in Figure
5A & 5B. Compared to acid and alkali treatments, higher cellulase
activity obtained (Fpase-20.46 CMCase-17.60, B-glucosidase 1.731U)
in sugarcane bagasse, when treated with 5% H,O,. Similar reports
were made by Tkram et al.?? Filterpaperase, carboxy methyl cellulase
activities were found to be 5.82U/ml, 10.54U/ml respectively on
sugarcane bagasse treated with 5% hydrogen peroxide. Maximum
B-glucosidase activity 1.731U was measured on sawdust.

Lignocelluloses pretreated with 10% hydrogen peroxide resulted
in elevated levels of enzyme production by mutant Aspergillus niger
than the other pretreatments. The Fpase and p-glucosidase activities
were 24.561U/ml and 1.731U/ml respectively obtained on saw dust
and CMCase activity was 22.961U/ml on sugarcane bagasse.
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Figure 5A Cellulase production by A.niger grown on 10% H,O, pretreated
lignocelluloses.

*values represented in the figure are mean of two separately conducted
experiments
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Figure 5B Cellulase production by A.niger grown on 10% H,O, pretreated

lignocelluloses.

*values represented in the figure are mean of two separately conducted
experiments

Conclusion

The present study clearly indicates that pretreatment of
lignocelluloses with acid, alkali and peroxides enhanced the cellulase
production by mutant fungal strain Aspergillus niger. Various
lignocelluloses used in the study sugarcane bagassea and sawdust
pretreated with 10% hydrogen peroxide showed the highest titers of
cellulase production by mutant strain Aspergillus niger.
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