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Plant cell walls are composed primarily of cellulose, making it the most common
organic polymer on Earth. The utilization of microorganisms to convert cellulose into valuable
products has gained significant attention worldwide. This study aims to isolate novel cellulase-
producing microorganisms and investigate the influence of dietary and physicochemical factors
on cellulase production, as well as evaluate the potential applications of a selected isolated
strain. The Bacillus amyloliquefaciens strain was identified as the most efficient producer of
cellulase among various cellulase-producing bacterial strains isolated during the research. The
morphological and biochemical characteristics of this strain were characterized. To determine
the optimal conditions for cellulase production, various parameters such as raw substrates,
carbon sources, nitrogen sources, temperature, inoculum age, inoculum size, agitation rate,
incubation duration, and pH were investigated. The study found that sugarcane bagasse,
molasses, and paper pulp exhibited the highest cellulase production capacity, with respective
enzyme activities of 0.97, 0.98, and 0.88 IU/mL. Maximum cellulase production occurred at
a temperature of 37°C, an inoculum size of 2.5%, an inoculum age of 24 hours, an agitation
rate of 120 rpm, an incubation time of 48 hours, and a pH of 7 with 1% peptone. The Bacillus
amyloliquefaciens isolate was successfully applied to convert lignocellulosic waste into ethanol
and fermentable sugars through saccharification and fermentation of cellulose, demonstrating
its significant effectiveness. Bacillus amyloliquefaciens strain isolated in this study proved to
be a highly efficient producer of cellulase. The optimized production media led to improved
enzyme production, and the isolate showed promising results in the industrial application of
converting cellulosic waste into ethanol. The 16s rRNA sequencing confirmed the identity of
Bacillus amyloliquefaciens , which was deposited under the accession number MN081796 in
the NCBI database. In this study we discussed the possible low-cost, enzymatic pretreatment
methods of lignocellulosic material in order to use it as an efficient raw material for biofuel
production. These findings contribute to the understanding and potential utilization of cellulose
producing microorganisms in various biotechnological applications.
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Global attention has been drawn to using
renewable resources, particularly agricultural and
forest leftovers, due to rising energy demands.
Cellulose, starch, lignin, xylan, and pectin make
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up the majority. Because of their widespread
availability as alternate feedstock and energy
sources, these materials have garnered much
attention. The Indian government has invited
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research-driven proposals to advance the
development of agricultural waste management
without burning. In the past ten years, the Indian
government has devised a program known as
the “National Bioenergy Mission,” under which
attempts are made to meet most of the country’s
regular energy needs using bioenergy and other
renewable energy sources rather than fossil
fuels'. By developing various enzymes in various
environmental niches, many microbes can use
these materials as carbon and energy sources.
The most prevalent polysaccharide on earth is
cellulose. Most urban solid waste is composed of
cellulosic material, the most prevalent biomass
and carbon source on earth. The industry needs
Cellulase, and there is a big market for cheap
Cellulase. An enzyme called Cellulase helps to
hydrolyze cellulose®. Cellulases degrade cellulose
into monosaccharides like beta-glucose or shorter
polysaccharides. A few fungi, aerobic bacteria,
and anaerobic bacteria, including Bacillus subtilis
and B .amyloliquefaciens, are examples of
microorganisms with cellulolytic skill. Cellulolytic
bacteria were isolated and identified in urban waste
in the current analysis. Additionally, cellulolytic
enzymes are produced by microbes such bacteria,
fungi, and actinobacteria have a variety of uses
in agriculture, textiles, pulp and paper, food and
beverage, brewing and winemaking, detergent
production, and bioconversion for value-added
industrial products®*>. Samples of urban waste
are taken and plated on Carboxymethylcellulose
agar®. Much effort has gone into finding new
microorganisms that can produce cellulase
enzymes with higher particular activities and
performance.
Experimental section
Sample Collection and Screening for Cellulase
Producers

Bacteria for cellulase production were
isolated from soil samples collected from 6 different
regions of the Ahmedabad district, including the
garden area, fruit market, and vegetable market.
The soil sample was enriched by placing 100 g. of
soil sample and 1g. of cellulose powder in a sterile
beaker for a few days at room temperature. A small
amount of water was applied to the soil sample to
maintain moisture. After that, 1 gram of enriched
soil sample was inoculated into enrichment broth
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containing (g/1): cellulose-10, yeast extract-1,
peptone-5, CaCO,-2, and Nacl-2, which was
then shaken for 10 days at 200 rpm on a rotatory
shaker. The enriched soil sample was then serially
diluted and inoculated on Carboxymethyl Cellulose
(CMC) agar medium containing (g/): NaNO, -2,
K,HPO,-0.5,MgSO,.7H,0 0.2, MnSO,.H,0-0.02,
FeSO,.7H,0-0.02, CaCl,.2H,0-0.02, CMC-1 and
agar-2.0. After 24 h incubation at 37°C, Cellulose
degradation was demonstrated by creating a strong
hydrolysis region after pouring off the Congo red
solution and 1M NaCl for 15 minutes on plates’.
For additional research, the colony with the largest
zone width was preceded.
Identification of the Bacterial Strain

Different staining methods, as well as
biochemical and molecular techniques, were used
to classify the bacteria that had been isolated.
Sequencing of the Amplified 16s RNA Gene to
Identify the Isolated Bacteria

The amplified PCR product was purified
using a Helini DNA purification package, and the
PCR product was then commercially sequenced.
The collected sequence was blasted into the
NCBI database, and a phylogenetic analysis was
performed. The FASTA sequence was built using
the neighbor-joining (N-J) process.
Genomic DNA Isolation of the Bacterial Isolate

The above sequence was BLASTed against
established sequences in NCBI’s public libraries,
and the findings were shown as a phylogenetic tree.
Based on nucleotide homology and phylogenetic
analysis, the sample displayed a high degree
of resemblance to Bacillus amyloliquefaciens.
CLUSTAL W. performed a molecular phylogenetic
study using the Maximum Likelihood approach
for pectinase producers. The final dataset included
1434 locations and MEGA7 was used to run
evolutionary studies.
Sequences for Scanning Electron Microscopy
of Bacterial Strain

Bacterial isolates were fixed in 6%
buffered glutaraldehyde for 24 hours. Scanning
Electron Microscope photographs were obtained
from MediWave labs, Mumbai. The absolute ethyl
alcohol was acquired from Hayman Ltd., England.
The microbial identification by 16sTRNA was
conducted by Eurofins Genomics India Pvt Ltd.
Bangalore 560048, Karnataka, India.
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Optimization of Physico-Chemical Parameters
for Cellulase Production by Bacillus
ampyloliquefaciens

Any bacterial species’ ability to produce
pectinase can vary and be influenced by various
physicochemical factors. Different ratios of these
variables may impact the enzyme’s secretion. Hence,
in the current study, pectinase enzyme production
was optimized at various temperatures (28 to 60°C),
pH (6 to 12), different substrates(sugarcane, a paper
pulp, tea leftover, cassava rubbish, orange peels,
molasses, wheat cake, and agriculture residues),
carbon source(lactose, maltose, mannitol, sucrose,
glucose, fructose, cellulose, and starch), various
concentrations of nitrogen sources(peptone, beef
and yeast extract, casein, urea, potassium nitrate,
ammonium chloride, and ammonium sulfate)
different inoculum age(18 to 55 hrs.) and size(0.5
to 5%), incubation period(12 to 96 hours) and
agitation rate(50 to 300rpm). The experiment was
conducted in 250 ml Erlenmeyer flasks for cellulase
enzyme production with Berg’s mineral salts broth
medium as the production medium. After being
autoclaved for sterilization, flasks were cooled
down and infused with pure cultures of Bacillus
amyloliquefaciens obtained using selective media.
Production of Cellulase by Submerged
Fermentation (SMF)

Industrially important enzymes have
traditionally been obtained from submerged
fermentation (SMF) because of the case of handling
and greater control of environmental factors such
as temperature and pH® ® '°. The best initial pH,
temperature, time, nitrogen supply, age, inoculum
size, incubation period, agitation rate, and substrate
concentration for cellulase development were
determined. Free-flowing liquid substrates, such
as molasses and broth, are used in submerged
fermentation??. cellulase fermentation medium
comprising of peptonel.0g/L, yeast extract1.0g/L,
NaNO,2.0g/L, KH,PO,1.0g/L, MgSO,.7H,0 0.5g/L
and substrate 5.0 g/L was used for submerged
fermentation process. Following the sterilizing
procedure, flasks were cooled, sputter-coated
with pure cultures of Bacillus amyloliquefaciens,
and incubated for three days at 37 °C. The crude
enzyme source was the supernatant from the
centrifuged manufacturing medium.
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Cellulase assay by DNS method
(3,5-dinitrosalicylic acid)"!

Using CMC as a substrate, the DNS
approach was employed to assess the enzyme
activity of Cellulase. In a 0.1M acetate buffer with
a pH of 6.0, 0.5 ml of the crude enzyme and 0.5
ml of CMC are combined to create the reaction
mixture. It was then incubated for 10 minutes at 40
°C. After adding 1 ml of DNS reagent, the mixture
was cooked for 5 minutes at 90 °C. Rochelle’s salt,
one milliliter, was added to halt the reaction. At 595
nm, the absorbance was measured. The creation of
a standard graph was done using a standard glucose
solution. The quantity of enzyme that releases 1
mmol of glucose per minute was used to define
one unit of cellulase activity.

Partial cellulase enzyme purification
Ammonium Sulfate Precipitation

The crude enzyme solution was saturated
with solid ammonium sulfate in about 20 ml, and
the combination was then left overnight at 40°C to
precipitate. Through centrifugation, the precipitates
were recovered, and they were then dissolved in 10
ml of a 50 mM sodium acetate buffer with a pH of
5.5.

Dialysis method

After ammonium sulfate precipitation,
the enzyme recovered was dialyzed against
30mM sodium acetate buffer (pH 5.5) at 40C with
three different buffer modifications to achieve
partial purification. Enzyme activity and protein
concentration were assessed in the sample that had
only partially been purified.

Statistical Analysis

SPSS 16.0 was used to analyze the
collected data quantitatively. A mean and standard
variation are used to represent the data. (SD). There
was a p-value of 0.05 in the one-way ANOVA.
Application of B. amyloliquefaciens in
Conversion of Lignocellulossics into Ethanol
and Fermentable Sugars

The samples used in this analysis came
from ordinary garden soil, namely the interior part
of the rock, the rock surface, and grassland. At
4°C, these research samples were held aseptically
in sterilized plastic bags. These research samples
were serially diluted (10! to 10) before being
inoculated on sterile Petri dishes containing Luria



1058

Bertani stable medium (LB). The Petri dishes were
kept at 37°C for 3 to 5 days, depending on the speed
with which the bacteria grew. Purified bacteria were
grown in liquid media after development and stored
at -80°C in a 20% glycerol solution. The bacterial
research isolate was streaked on cellulose Congo
red agar medium to validate its ability to degrade
cellulose. Congo red dye is used as a cellulose
utilization predictor in the nutrient medium. The
appearance of Congo red discoloration identified
positive cellulose-degrading bacterial colonies.

The novel B. amyloliquefaciens isolate
produced a substantial amount of Cellulase, as
evidenced by the discoloration of Congo red dye.
Similar results have been obtained by Gupta et al.
and Hendricks ef al. 1995'% 13,
Bioethanol Production from the Cellulose
Saccharification and Fermentation using
Cellulase obtained from B. amyloliquefaciens

Reducing sugar was determined by
fermentation medium and fermentation medium
was analyzed by GC-MS to determine ethanol
concentration after the saccharification process.
Fermentable Sugars (Glucose) Production from
the Saccharification and Fermentation of the
Cellulose using new Cellulase obtained from B.
amyloliquefaciens

After ammonium sulfate precipitation
and dialysis, the culture supernatant of B.
amyloliquefaciens with cellulase activity was
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used to saccharify brewer spent grains (BSG) *.
Brewers’ spent grains usually contain 16.8-25.4
percent cellulose, 21.8-28.4 percent hemicellulose,
and 11.9-27.8% lignin. The raw material used in
this analysis has a very high cellulose content and
a very low lignin content.

Then pretreatment was given to BSG
with aqueous ammonia soaking in the current
analysis. In this experiment pre-treated biomass
of BSG was treated with cellulase extract (1.5
U g -1 of pretreated biomass) obtained from
B. amyloliquefaciens and incubated at specific
temperature and time intervals. For a comparative
study, 5.4 U g”1 of pretreated biomass of
commercial Trichoderma reesei cellulase was
used. After incubation cellulose, glucose and
ethanol yield was determined.

RESULTS AND DISCUSSION

Screening and Identification of Bacterial Isolate

A cellulase-producing bacteria were
recovered from the soil sample after the primary
and secondary screening. The isolate was identified
as B. amyloliquefaciens based on its appearance,
biochemistry, and molecular characterization.
The sequence is available under the accession
number MNO081796 after being submitted to
NCBI. A phylogenetic tree is represented in
Figure 1. Bacillus amyloliquefaciens was studied

.

40— NR 112629.1
87 —— NR 112116.2

NR 027552.1
NR 075005.2

ss—— NR 041455.1
55 ——  NR 112685.1

47

NR 151897.1
NR 115325.1

2% — NR 113994.1
67 ———  NR 024696.1

Fig. 1. Maximum Likelihood Molecular Phylogenetic study of Isolate 1 reveals Bacillus amyloliquefaciens
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in detail for the cellulase production concerning
the development of low-cost and easily available
medium ingredients by submerged fermentation.
Production and Optimization of Bacterial
Cellulase

The optimization of cellulase using
bacterial species strain is used for the production
of cellulase at the optimum condition of different
parameters for industrial application ' '*. The
production medium was optimized for different
physicochemical parameters. Among raw
substrates molasses, sugarcane bagasse, and
paper pulp showed the highest cellulase activity
with 0.98+0.12, 0.9740.12, and 0.88+0.1U/ml,
respectively [Table 1]. One of the most cost-
effective sources for the manufacturing of enzymes
was discovered to be molasses'®!”. For commercial
cellulase fermentations, various biomass, such

as lignocellulosic material, paper waste, pulses,
cereals, straw, and bagasse, have been employed
as carbon sources'® 1%, Cellulase production was
higher at pH 7[Figure 2]. The pH range of 6.0-7.5
was previously found to yield the maximum degree
of Cellulase by cellulolytic bacteria'®%. Although
Cellulase from bacteria can be stable in neutral
to alkaline environments, Cellulase from fungi
is unstable in alkaline environments®'. Cellulase
activity was greater at a temperature of 37°C
[Figure 3]. However, the optimum temperature
for the synthesis of Cellulase may differ from one
bacterial species to another ' '%. In our study, the
cellulase activity of Bacillus amyloliquefaciens
NP1607 was higher after 48 hours of the incubation
period. During 48 hours of incubation, Persian Gulf
cellulolytic bacterial isolates produced Cellulase
at their highest levels®. However, depending on

Table 1. Effect of raw substrates on enzyme production

Raw substrates used Enzyme activity(U/ml) P value
cellulose
Sugarcane baggase 0.97+0.12 0.12
Paper waste 0.88+0.11 0.13
Cassava waste 0.55+0.06 0.05
Tea waste 0.47+0.05 0.12
Orange peel 0.58+0.07 0.19
Molassses 0.98+0.12 0.01
Wheat bran 0.56+0.12 0.17
Agricultural waste 0.32+0.08 0.15
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Fig. 2. Effect of pH on Enzyme activity. Error bar in the graph represents standard deviation of the mean value
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each strain’s qualities and environmental factors,
optimal cultivation duration is different . It was
observed that the cellulase activity of Bacillus
amyloliquefaciens NP1607 was showing high
value when The only sources of nitrogen utilized
were inorganic ones. In my study, ammonium
sulfate gives optimum enzyme activity among
other inorganic nitrogen sources. Similar findings
were also made by Kumar et al. and Kalogeris et
al. in their research 2. Bacillus amyloliquefaciens
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NP1607 gives good cellulase activity when using
glucose as a carbon source and peptone and yeast
extract as an organic nitrogen source. Agitation is
required in the submerged fermentation process. I
got best enzyme results at 120 rpm agitation rate.
Applications of B. amyloliquefaciens and its
Enzyme Extract

Due to the high expense of their utilization
methods, the majority of agricultural, industrial, and
municipal cellulosic wastes have been accumulating

Cellulase activity (U/ml)

== Cellulase activity
(U/ml)
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Fig. 3. Effect of temperature on Enzyme activity. Error bar in the graph represents standard deviation of the mean
value

Fig. 4. Cellulase activity of the research variant of
B. amyloliquefaciens(study strain) grown on a base
medium containing Congo red. The transparent zone
is a sign that B. amyloliquefaciens is degrading the
cellulose

or used inefficiently. The most prevalent polymer in
the planet is cellulose ». Therefore, it has become
economically advantageous to create methods for
efficiently treating and using cellulosic residues
as low-cost carbon sources. A crucial chance for
maximizing the benefits of biomass utilization
is provided by cellulases. Many scientists have
closely studied the cellulases made by fungus like
Aspergillus, Rhizopus, and Trichoderma species
30-35

Due to their potential use in the textile
industry for bio stoning denim clothing to
produce softness in fabric and a faded appearance,
Cellulases have grown significantly in industrial
significance. Due to the use of Cellulase, we can
replace the customary industry practice of using
pumice stone®. Cellulase and pectinase are used
in the food business to clarify fruit and vegetable
juices, make fruit purees and nectars, and extract
olive oil.
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The main enzymes responsible for
converting lignocellulose into ethanol and
fermentable carbohydrates are called cellulases.
Enzymatic hydrolysis of polysaccharides produced
by biomass pretreatment with cellulases is
preferred for the transformation of lignocelluloses
into ethanol and fermentable sugars for fuel
generation. Cellulases have traditionally been
primarily obtained from filamentous fungus.
However, bacterial cellulases are most frequently
favored because of the benefits that bacteria offer
as a source of enzymes, including a faster growth
rate and the potential for easy engineering®’.

The results of our study standardization
revealed that the new B. amyloliquefaciens (study
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strain) cellulase activity has an apparent half-life
of 9 h at 50 °C; at 55 °C and 60 °C, half-lives of
6 h and 4.72 h were found, respectively. When
temperatures rise above 60 °C, the enzyme starts
to lose its function. With a half-life of five days at
pH4, pHS5, pH6 pH7, and pHS, the cellulase activity
of the research strain of B. amyloliquefaciens
exhibits extremely high stability over a wide pH
range.

The novel B. amyloliquefaciens (study
strain) isolate produced substantial amount
of Cellulase as evidenced by discoloration of
Congo red dye (Figure 4). Gupta et al. (2012) and
Hendricks et al. (2013) both achieved the same
findings'> 3.

l PR T

T
0.0 10.733

T
(min)

v

T T
32.199 42.932

Fig. 5. Chromatogram of the ethanol generated by B. amyloliquefaciens culture supernatant

Table 2. Results of saccharification with sigma enzymes — cellulase from Trichoderma reesei ATCC 26921 (5.4
U g-1 of pretreated biomass) and cellulase from B. amyloliquefaciens (study strain) (1.5 U g -1 of pretreated

biomass)
Composition Cellulose yield (%) Glucose yield (%) Ethanol yield (%)
24h. 48h. 72h. 24h. 48h. 72h. 24h. 48h. 72h.
cellulase from Trichoderma reesei ~ 35.5 48.5 523 329 412 515 355 485 523
ATCC 26921 (5.4 U g-1 of
pretreated biomass)
cellulase from B. amyloliquefaciens 36.7 792 912 446 636 798 367 792 912

(study strain) (1.5 U g-1 of
pretreated biomass)
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Synthesis of Bioethanol via Saccharification
and Fermentation of the Cellulose using new
Cellulase obtained from B. amyloliquefaciens
(Study Strain)

Before the saccharification procedure,
the fermentation medium’s reducing sugar content
was 0.32 g/L. The GC-MS measurement of the
fermentation medium revealed a 16.2 g/L ethanol
concentration [Figure 5].

The findings above demonstrated that

when B. amyloliquefaciens (the study strain) was
used to hydrolyze cellulose, there was a higher
concentration of ethanol. Cellulase enzymes’
enzymatic degradation is very substrate-specific.
According to a 2013 study, Caldicellulosiruptor
DIB 004C, a wild-type bacteria, can produce 3.5
g/L of ethanol at most *. According to a recent
research by Sato (1993), Clostridium thermocellum
produced 4 g/L of bioethanol *.
Fermentable Sugars (Glucose) Production
from the Cellulose Saccharification and
Fermentation using Cellulase Obtained from
B. amyloliquefaciens (Study Strain)

The findings of saccharifying the
pretreated BSG using a protein preparation of B.
amyloliquefaciens (study strain) endowed with
commercial cellulase activity (1.5 U gl pre-treated
biomass) are shown in the following table. The
commercial Cellulase from Trichoderma reesei
(Sigma) was used at the same dosage along
with the novel enzymatic activity discovered in
this study. It’s important to note that using the
enzyme preparation from the study strain of B.
amyloliquefaciens produced outcomes that were
comparable to those obtained with commercial
Cellulase from Trichoderma reesei (Sigma). After
a 48-hour hydrolysis reaction, the maximum
cellulose recovery for the study enzyme and the
commercial enzyme, respectively, was around
52.3% and 91%. Long incubation times had
no effect on the yield figures. It’s interesting to
note that using the cellulase preparation from
B. amyloliquefaciens (study strain) improved
the degradation of the glucose fraction, which
increased from 51.5 to 79.8% after 72 hours of
incubation. However, the majority of the cellulose
conversion in this instance was also finished in 48
hours [Table 2].

In our study we used crude enzyme and
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partially purified enzyme to perform industrial
applications. Considering how expensive
commercial cellulases are, it is currently
uneconomical to convert biomass to ethanol or
fermentation products using pure enzymes. A
microbial enzyme isolated from a natural ecosystem
possesses special qualities that may make them
suitable candidates for enhancing the efficiency
of biomass conversion into high-value products,
chemicals, and fuels. The study of the components
of cellulosic biomass and the natural sources of the
microbial enzymes that govern the efficiency of
biomass conversion, however, is still in its infancy
4041 There are still issues that need to be addressed,
so active study must be undertaken. Cellulosic
biomass is an important resource that can serve
as a substrate for the production of cellulases and
other metabolites with additional value. To increase
the mass production of bioethanol from cellulose,
it is crucial to further improve microorganism
abilities by introducing or altering traits like
tolerance to ethanol and inhibitors, hydrolysis of
cellulose/hemicellulose, thermotolerance, reduced
need for nutrient supplementation, and improved
sugars transport. The use of ethanol as a fuel for
transportation has the ability to help protect the
environment. The effective use of lignocellulose
is anticipated to help the bioethanol industry.

CONCLUSION

Cellulase producer Bacillus
amyloliquificiens was identified by 16s rRNA
sequencing as having been isolated from a
soil material. Production media was optimized
for better enzyme production and isolate was
applied for industrial application where we got
prominent results. The use of isolate Bacillus
amyloliquificiens in industry could have several
advantages, including a rapid rate of growth and the
capacity to secrete proteins extracellularly, which
are all traits of the Bacillus species. This study
has demonstrated the production of significant
quantity of ethanol from pre-treated BSG by
using cellulase from Bacillus amyloliquificiens.
More knowledge from these analyses will help
determine whether to use the entire organism for
industrial purposes, harvest the enzymes for use in
subsequent processes, or purify the gene to see if
it should be added to the genetic pool for protein
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engineering and directed evolutionary research to
create super enzymes.

ACKNOWLEDGEMENTS

This work was carried out at Parul institute

of applied science and research, Parul University.
I am very thankful to the management of Parul
University for supporting and providing necessary
requirements to complete my work.

Conflict of interests

Authors declare no conflict of interest

Funding sources

This study was not funded by any

government or private organization.

REFERENCES

Kothari R, Vathistha A, Singh H, Pathak V,
Tyagi V, Yadav B, Ashokkumar V & Singh
D, Assessment of Indian bioenergy policy for
sustainable environment and Its impact for rural
India: Strategic implementation and challenges,
Environmental Technology & Innovation 3
(2020).

Moohan J, Stewart S, Espinosa E, Rosal A,
Rodriguez A, Larraiieta E, Donnelly R &
Dominguez-Robles J, Cellulose nanofibers and
other biopolymers for biomedical Applications,
A review. Applied Sciences 1 (2020).

Kumar V, Mitra D, Rani A, Suyal DC, Gautam
BPS, Jain L, Soni R Bio-inoculants for
biodegradation and bioconversion of agro waste:
status and prospects. Bioremed Environ Pol
351-367 (2022). https://doi.org/10.1007/978-3-
030-86169-8 16

Lin L Bottom-up synthetic ecology study of
microbial consortia to enhance lignocellulose
bioconversion. Biotechnol Biofuel Bioprod
15(1):1-15 (2022) https://doi.org/10.1186/
s13068-022-02113-1

Shukor H, Jalil R, Shoparwe NF Bioconversion
of Malaysia renewable energy resources to
biobutanol. Malaysia Renewab Energ Bio-res
117-146 (2022). https://doi.org/10.1007/978-
981-16-9314-4_6 Springer, Singapore
Abraham A, Mathew A, Park H, Choi O, Sindhu
R, Parameswaran B, Pandey A, Park J & Sang
B, Pretreatment strategies for enhanced biogas
production from lignocellulosic biomass,
Bioresource technology, 4 (2020)

Apun K, Jong B, and Salleh M, Screening and
isolation of a cellulolytic and amylolytic Bacillus
from sago pith waste, Journal of General and

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Applied Microbiology, 46: 263-267 (2000).
Oh EJ, Jin YS Engineering of Saccharomyces
cerevisiae for efficient fermentation of cellulose.
FEMS Yeast Res 20(1):f0z089 (2020). https:/
doi.org/10.1093/femsyr/foz089

Mitri S, Salameh SJ, Khelfa A, Leonard E,
Maroun RG, Louka N, Koubaa M Valorization
of brewers’ spent grains: pretreatments and
fermentation, a review. Ferment §(2):50 (2022).
https://doi.org/10.3390/fermentation8020050
Intasit R, Khunrae P, Meeinkuirt W, Soontorngun
N Fungal pretreatments of Napier grass
and sugarcane leaves for high recovery of
lignocellulosic enzymes and methane production.
Ind Crop Prod 180:114706 (2022). https://doi.
org/10.1016/j.indcrop.2022.114706
Miller G, Use of dinitrosalicylic acid reagent
for determination of reducing sugar, Analytical
Chemistry, 31: 426-428 (1959).

Gupta P, samant K & sahu A, Isolation of
cellulose-degrading bacteria and determination
of their cellulolytic potential. International
journal of microbiology (2012).

Hendricks C, Doyle j & Hugley B, A new solid
medium for enumerating cellulose-utilizing
bacteria in soil, Appl. Environ. Microbiol, 61:
2016-2019 (1995).

Gad AM, Suleiman WB, El-Sheikh HH,
Elmezayen HA, Beltagy EA Characterization
of cellulase from Geotrichum candidum strain
Gadl approaching bioethanol production. Arab
J Sci Eng 1-14 (2022). https://doi.org/10.1007/
s13369-021-06391

Montes M, Cervantes M, Vasquez A, Aguilar
V, Garcia P, Del Castillo I Optimization of the
production of biogas in anaerobic digestion by
the addition of hydrolytic microorganisms. J
Environ Sci Eng 11:8-12 (2022). https://doi.
org/10.17265/2162-5298/2022.01.002
Prasanna H, Ramanjaneyulu G, Rajasekhar
Reddy B, Optimization of cellulase production
by Penicillium sp. Biotech, 6: 162 (2016) Doi:
10.1007/513205-016- 0483-x, PMID 28330234.
Saptarini N & Hadisoebroto G. The Activity of
cellulase Enzymes of Ganoderma applanatum
and Ganoderma tropicum, J Appl Pharm Sci., 7:
134 (2017)

Brijwani, K & Vadlani, P, Cellulolytic Enzymes
Production via Solid State Fermentation: Effect
of Pretreatment Methods on Physiochemical
Characteristics of Substrate, Enzyme Research
(2011) Article ID: 860134.

Belghith H, Ellouz-Chaabouni S & GargouriA.
Stabilization of Penicillium occitanis Cellulases
by Spray Drying in Presence of Maltodextrin,
Enzyme and Microbial Technology, 28: 253-



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

PATEL & PATEL, Biosci., Biotech. Res. Asia, Vol. 20(3), 1055-1064 (2023)

258 (2001). Http://dx.doi.org/10.1016/S0141-
0229(00)00322-7

Reczey K, Szengyel Z, Eklund R & Zacchi, G,
Cellulase Production by T. Reesei. Bioresource
Technology,; 57: 25-30 (1996). Http://dx.doi.
org/10.1016/0960-8524(96)00038-7

Heck, J., Hertz, P, & Ayub, M, Cellulase and
Xylanase Production by Isolated Amazon bacillus
Strains Using Soybean Industrial Residue Based
Solid-State Cultivation. Brazilian Journal of
Microbiology,; 33: 213- 218 (2002) Http://dx.doi.
org/10.1590/S1517-83822002000300005
Romero M, Aguado J, Gonzalez L. & Ladero,
M, Cellulase Production by Neurospora
crassa on Wheat Straw. Enzyme and Microbial
Technology, 25:244-250 (1999) Http://dx.doi.
org/10.1016/S0141-0229(99)00035-6

Samira M, Mohammad R, Gholamreza G,
Carboxymethyl cellulose and filter paperase
activity of new strains isolated from Persian Gulf,
Microbiology Journal,; 1: 8-16 (2011).

Bajaj B, Pangotra H, Wani M, Sharma P & Sharma
A, Partial purification and characterization of a
highly thermostable and ph stable endoglucanase
from a newly isolated Bacillus strain M-9, Indian
J Chem Technol, 16: 382-387 (2009).
Immanuel G, Dhanusha R, Prema P, Palavesam
A. Effect of different growth parameters on
endoglucanase enzyme activity by bacteria
isolated from coir retting effluents of estuarine
environment, Int J Environ Sci Technol, 3: 25-34
(20006).

Rahman Z, Shida Y, Furukawa T, Suzuki Y &
Okada H, Application of Trichoderma reesei
cellulase and xylanase promoters through
homologous recombination for enhanced
production of extracellular beta-glucosidase
I, Biosci Biotechnol Biochem, 73: 1083-1089
(2009).

Kumar D, Ashfaque M, Muthukumar M, Singh
M, & Garg N, Production and characterization
of carboxymethyl cellulase from Paenibacillus
polymyxa using mango peel as substrate, Journal
of environmentalbiology, 33: 81-84 (2012)
Kalogeris E, Christakopoulos P & Katapodis
P, Production and characterization of cellulolytic
enzymes from the thermophilic fungus
Thermoascus aurantiacus under solid state
cultivation of agricultural wastes, Process
Biochemistry,; 38: 1099—-1104 (2003).

Esa F, Tasirin S & Rahman N, Overview of
bacterial cellulose production and application,
Agriculture and agricultural science procedia,
2:113-119 (2014)

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

1064

Kang S, Park Y, Lee J, Hong S & kim S,
Production of cellulases and hemicellulases
by aspergillus niger kk2 from lignocellulosic
biomass, Bioresource technology, 91: 153-156
(2004).

Sohail M, Siddiqi R, Ahmad A & khan s,
Cellulase production from aspergillus niger
ms82: effect of temperature and pH, New
biotechnology, 25: 437-441 (2009).

Amadioha A, Production of cellulolytic
enzymes by rhizopus oryzae in culture and
rhizopus-infected tissues of potato tubers,
Mycologia, 85: 574-578 (1993).

Goulart A, Carmona E & Monti R, Partial
purification and properties of cellulase-free
alkaline xylanase produced by rhizopus stolonifer
in solid-state fermentation, Brazilian archives of
biology and technology, 48: 327-333 (2005).
Beldman G, Searle van, Leeuwen M, Rombouts
f. & voragen, F, The cellulase of trichoderma
viride: purification, characterization and
comparison of all detectable endoglucanases,
exoglucanases and a glucosidases, European
journal of biochemistry, 146: 301-308 (1985).
Montenecourt B, Trichoderma reesei cellulases.
Trends in biotechnology, 1: 156-161 (1983).

Mojsov K, Microbial cellulases and their
applications in textile processing. International
journal of marketing and technology (ijmt), 2:
12-29 (2012).

Singh, R, kumar M, Mittal A & mehta P,
Microbial cellulases in industrial applications.
Annals of applied bio-sciences, 3: 23-29 (2016).

Svetlitchnyi V , Kensch O, Falkenhan D,
Korseska S, Lippert N, Prinz M, Sassi J,
Schickor A & curvers S, Single-step ethanol
production from lignocellulose using novel
extremely thermophilic bacteria, Biotechnology
for biofuels, 6: 31 (2013).

Sato K, Tomita M, Yonemura S, Goto S, Sekine
k, Okuma E, Takagi Y, Hon-nami, K. & Saikit T.
Characterization of and ethanol hyper-production
by clostridium thermocellum, Bioscience,
biotechnology, and biochemistry, 57: 2116-2121
(1993).

Haile S, Ayele A Pectinase from microorganisms
and its industrial applications. Sci World J 11:20
(2022). https://doi.org/10.1155/2022/1881305
Mukherjee A, Patra BR, Pattnaik F, Okolie
JA, Sonil N, Dalai AK Biomethane production
through anaerobic digestion of lignocellulosic
biomass and organic wastes. Biomethane. 61-92
(2022). https://doi.org/10.3390/en15082940



