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Abstract:

Background/Introduction: Clean energy from renewable and dependable sources is in great demand around the
world. Cellulose is one of the most ubiquitous organic components often broken down by cellulase to produce bio-
fuels. Fungi that reside in the environment can be used to produce cellulase enzymes.

Methodology:  This  study  focused on  the  isolation,  identification,  and characterization  of  Phlebiopsis  sp.  from a
decaying tree trunk and exploring untreated and pretreated maize cobs, sugarcane bagasse, and rice husks as subs-
trates for cellulase production under solid state fermentation in sterilized bottles at 24°C room temperature in a dark
place. The crude enzyme collected after fermentation was used to carry out total cellulase (FPase), exoglucanase,
endoglucanase, and β-glucosidase activities.

Results: For the untreated substrates, Phlebiopsis sp. produced the highest endoglucanase when cultured on sugar-
cane  bagasse  at  74.3±0.27  IU/mL.  Pretreatment  of  maize  cobs  with  0.25M  NaOH  resulted  in  the  highest  exo-
glucanase and endoglucanase activity by Phlebiopsis sp. at 6.17±0.04 IU/mL and 25.1±0.61 IU/mL, respectively. The
overall  results showed that untreated substrates produced a higher cellulase activity than pre-treated substrates
except β-glucosidase activity. The yielded β-glucosidase activity by Phlebiopsis sp. was the highest when maize cobs
were pretreated with hot water at 118 ± 0.42 IU/mL and 0.1m HCL at 118 ± 0.44 Ul/mL.

Discussion: Phlebiopsis sp. effectively produced cellulases from agro-waste, with untreated sugarcane bagasse and
maize cobs yielding the highest activity. These findings support its potential for low-cost biofuel production and align
with existing research on fungal cellulases. Limited resources, however, constrained deeper analysis and broader
validation.

Conclusion: This study reveals that Phlebiopsis sp. is a cellulose-degrading fungus that can be used for cellulase
enzyme production.  Moreover,  maize cobs and sugarcane bagasse are good carbon sources for cellulase enzyme
production but  further analysis  should be done on the appropriate pretreatment methods to be used to increase
cellulase production.
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1. INTRODUCTION
Currently,  the  global  community’s  main  areas  of  con-

cern are the environment and energy. The increasing popu-
lation  across  the  world,  accompanied  by  rapid  industrial
growth,  has  escalated  the  demand  for  energy  [1].  The
extreme use of fossil fuels has motivated scientists to figure
out  other  alternative  sources  for  renewable  biofuel  pro-
duction  [2].  A  huge  amount  of  agricultural  waste  is  pro-
duced yearly, making it useful for the generation of cleaner
biofuels at an affordable cost [3].  Lignocellulosic Biomass
(LCB) consists of  energy-rich biopolymers capable of  con-
tributing  to  global  fuel  demands  in  a  renewable  and  sus-
tainable  manner  [4].  LCB  is  made  of  cellulose  (40-50%),
hemicelluloses  (15-20%),  and  lignin  (20-30%)  as  consti-
tuents of the plant cell wall organized in a convoluted non-
uniform three-dimensional structure [4]. The largest renew-
able  biological  compound  on  terrestrial  earth  is  cellulose
from the polysaccharide class of phytochemicals composed
of  linear  β-1,4-linked  D-glucopyranose  chains,  which  are
broken down by cellulases [5]. Fungi, bacteria, and proto-
zoa are the microorganisms known to break down cellulose,
hemicellulose,  and  lignin.  Fungi  degrade  lignocellulose
using a complex and effective mechanism, consisting of  a
collection of different enzymes [6]. The endo-β-1, 4-D-gluca-
nase mediates the breakdown of internal glycosidic bonds
of  respective  individual  cellulose  chains  resulting  in  the
exposure of cellulosic constituents of polysaccharide, which
can  then  be  processed  by  the  exo-β-1,  4-D-glucanase  into
two to four separate glucose units giving rise to disaccha-
rides including cellobioses. The final step of β-D glucosidase
activity results in the formation of D-glucose units via  the
hydrolysis of cellobiose [7].

There  has  been  an  increase  in  studies  in  relation  to
fungi  that  produce cellulases,  which could  be  used in  the
generation  of  chemical  feedstock  by  biotransformation  of
plant  and industrial  wastes  [8].  The cost  of  the cellulases
needed for biomass conversion is high since they make up a
significant portion of the overall process cost [9]. Therefore,
there  is  a  need  to  explore  sources  of  cheap  and  effective
cellulolytic enzymes critical for the production of biofuels,
most importantly, those capable of converting lignocellulose
into fermentable sugars [10].

The  creation  of  straightforward  pretreatment  tech-
niques  that  will  successfully  delignify  a  variety  of  ligno-
cellulosic biomass substrates is essential for the success of
cellulase enzyme manufacturing [11].  Since lignocellulosic
materials  differ  in  their  physico-chemical  properties,  it  is
essential to apply pretreatment techniques appropriate for
each  raw  material  used  for  producing  cellulases  [12].
Methods for chemical pretreatment include oxidative delig-
nification,  acid  or  alkaline  hydrolysis,  and  ozonolysis  [13,
14].  Cellulose  digestibility  is  increased  by  alkali  pretreat-
ments,  which  leads  to  lignin  solubilization  but  alkali  pre-
treatment exhibits minor cellulose and hemicellulose solubi-
lization than acid pretreatment [15]. A suitable reagent for
alkali  pretreatment  is  sodium  hydroxide.  Sodium  hydro-
xide's function is to break lignin by causing swelling, which
increases  cellulose's  internal  surface  and  decreases  crys-
tallinity and polymerization levels.  Enzyme production will
improve  with  the  removal  of  lignin  sites  which  render

cellulose inaccessible by key enzymes involved in its hydro-
lysis.  Initial  exposure  of  alkali  treatment  has  proven more
effective on agricultural residues compared to woody com-
ponents [16]. The main focus of this particular study was to
isolate and identify Phlebiopsis sp. and explore its cellulase
enzyme production by the utilization of the readily available
lignocellulose  substrates,  such  as  maize  cobs,  sugarcane
bagasse, and rice husks. Sustainable biofuel production from
lignocelluloses  on  an  industrial  scale  therefore,  directly
depends on the ability to produce this valuable enzyme from
the above, cheap and renewable raw sources. In this study,
the effect of incubation time in the production of cellulosic
enzymes was determined by the use of both untreated and
pre-treated rice husks, maize cobs, and sugarcane by solid-
state fermentation using Phlebiopsis sp.

2. METHODOLOGY

2.1. Collection of Samples
Wood  samples  from  different  tree  trunks  were  coll-

ected  from  a  forest  located  at  coordinates  1°15'26.0”S
36°44'53.2”  E  in  Nairobi,  Kenya.  The  total  number  of
samples collected was 20. The samples were ferried to the
study  site  laboratory  at  Kenyatta  University  at  the  Bio-
chemistry,  Microbiology,  and  Biotechnology  Department
and stored  under  25°C (normal  room temperature)  until
further processing.

2.2.  Preparation  of  1%  Carboxymethyl  Cellulose
(CMC) Agar

Carboxymethylcellulose agar was prepared according to
Legodi  et  al.,  [17]  by  adding  the  following  (g/L):  1.88  of
carboxymethyl cellulose, 1.0 of Glucose, 15 of Agar powder,
and  10ml  of  stock  solution  (1%  Congo  red).  The  final
solution was made up by the addition of 1 liter of distilled
water.  The  prepared  agar  medium  was  then  subjected  to
autoclaving at 121°C and pressure of 15 psi for 20 minutes,
after which 2.5 ml of gentamycin antibiotic (100 mg/L) was
added before dispensing the media into sterile plastic Petri
dishes [18].

2.3. Screening and Isolation of Cellulose-degrading
Fungi

The decomposing wood particles were sectioned into
1cm  pieces.  For  each  sample,  surface  sterilization  was
carried out using a 1% sodium hypochlorite solution for 1
minute.  The  sterilized  samples  were  then  rinsed  three
times with sterile distilled water and blot-dried with sterile
paper towels. The samples were then subsequently plated
on  0.188%  Carboxymethyl  cellulose  (CMC)  agar  media
supplemented  with  gentamycin  (100  mg/L)  to  prevent
bacterial  growth.  The  Petri  dishes  were  labeled,  sealed
with parafilm, and incubated at 25°C (room temperature).
Monitoring and recording of fungal growth on respective
plates  was  done  daily.  Emerging  colonies  were  sub-
cultured into CMC-Congo red media for isolation of cellu-
lose-degrading fungi. The isolated fungi that showed zones
of clearance on CMC agar were cellulase-producing fungi.
The  zone  of  clearance  was  due  to  the  hydrolysis  of
cellulose present in the agar plate by the cellulase enzyme
released by the fungi.
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2.5. Subculturing Cellulolytic Fungi
Pure  sample  cultures  with  zones  of  clearance  on  the

CMC agar plates were sub-cultured on other PDA plates.
The plates were incubated in a dark place at room tempe-
rature for 1 week to monitor fungal growth.

2.6.  Molecular  Identification  of  Lignocellulolytic
Fungi

2.6.1. Isolation of Genomic DNA
Extraction  of  the  total  genomic  DNA  was  done  from

plates  containing  pure  fungal  cultures  with  zones  of
clearing on CMC agar, which were then sub-cultured and
grown on PDA [20]. Sterile scalpels were used to extract
fungal mycelium and liquid nitrogen was used to grind it
to powder form with a mortar and pestle. Using a sterile
spatula,  about 300 mg of  the powder was transferred to
2ml sterile microcentrifuge tubes. To each tube, 400 µl of
the extraction buffer, which includes 3% CTAB, 100 mM
Tris-HCl (pH 7.5), 1.4 M NaCl, 20 mM EDTA (pH 8.0), 2%
polyvinylpyrrolidone, and 1% mercaptoethanol (pre-heated
to 65°C) was added. The microfuge tubes' contents were
well mixed before being incubated in a water bath at 65°C
for 45 minutes. The tube was cooled down to 25°C for 5
minutes  before  adding  400  mL  of  chloroform/isoamyl
alcohol (24:1 v/v) and let it to stand for 15 minutes at room
temperature. Centrifugation of the mixture was done for
15  minutes  at  13,200  RPM.  The  aqueous  layer  was
transferred to newly labeled 1.5 ml microcentrifuge tubes.
To  precipitate  the  genomic  DNA,  0.7  liters  of  ice-cold
isopropanol were added to the supernatant. The contents
of  the  tubes  were  mixed  by  inverting  them  twenty-five
times before incubating them at -20°C for three hours or
overnight. The contents of the tubes were centrifuged at
13,200 rpm. The pellets  were rinsed with 300 µL of  ice-
cold 70% ethanol and centrifuged at 13,000 rpm for one
minute. The surplus alcohol was removed, and the tubes
were  inverted  inside  a  lamina  flow  to  let  the  pellets  air
dry.  The dried pellets were re-suspended in 50 µL of TE
buffer [10 mM Tris-HCl (pH 7.5),  1 mM EDTA (pH 7.5)],
and  3  µL  of  RNase-A  (10  mg/mL)  was  added.  The  tubes
were incubated at 37°C for 30 minutes. The quality of the
extracted genomic DNA was assessed using 0.8% agarose
gel electrophoresis [21] and kept at -20°C for future use.

2.6.2. PCR Amplification
The 18S rRNA of internally transcribed fungal DNA sec-

tions  was  amplified  using  ITS4R  (TCCTCCGCTTATTGATA
TGC)  and  ITS86F  (GTGAATCATCGAATCTTTGAA)  primers
[22] in a PCR thermocycler. A 22 µL PCR reaction mixture
was employed, which included 10.6 µL of sterile ddH2O, 2
µL  of  forward  primer,  2  µL  of  reverse  primer,  4  µL  of
MyTaq buffer, 0.4 µL of MyTaq polymerase (Bioline, USA),
and  3  ng  of  template  DNA.  The  PCR  conditions  were  as
follows: 1 cycle of 95°C initial denaturation for 3 minutes;
35  cycles  of  95°C  denaturation  for  30  seconds,  55°C
annealing for 30 seconds, and 72°C extension for 1 minute;
1  cycle  of  72°C  final  extension  for  10  minutes;  and  a  4-
minute holding stage at 15°C.

2.6.3. PCR Products Resolution and Sequencing
The  PCR  products  were  separated  with  1.2%  agarose

gel electrophoresis. The gel electrophoresis was carried out
according to Babolhavaeji et al. [23]. 1.2 grams of agarose
were  mixed  into  100 mL of  TBE buffer  and heated  in  the
microwave for 30 seconds. 0.5 µg/mL of ethidium bromide
was  added  before  the  melted  agarose  was  poured  into  a
casting tray. The gel was put in a chamber containing TBE
buffer,  with  the  wells  near  the  negative  electrode  of  the
chamber. The gel was loaded with a 1kb DNA ladder dyed
in sybr green as a size reference. Sybr green was used as
the  loading  dye  and  the  gel  run  for  45  minutes  at  100V
before  the  results  were  viewed  under  UV  light.  The  PCR
products  were  sent  to  Macrogen  Inc.  (Netherlands)  for
sequencing  utilizing  the  Sanger  dideoxy  sequencing
method.

2.7.  Screening  of  Agro-wastes  as  Substrates  for
Cellulase Production

2.7.1. Experimental Design
A multifactorial experimental design was used to inves-

tigate  the  suitability  of  untreated  and  pretreated  maize
cobs, rice husks, and sugarcane bagasse for the production
of cellulase enzymes using Phlebiopsis sp. To ensure repeat-
ability, the tests were done in triplicates. The independent
factors for Phlebiopsis sp. cellulase enzyme synthesis were
the three substrates and four incubation time, whereas the
dependent variable was cellulolytic  enzymes (filter  paper,
endoglucanase, exoglucanase, and β-glucosidase).

2.7.2. Cellulosic Substrates
Sugarcane  bagasse,  maize  cobs,  and  rice  husks  were

screened for suitability for cellulase production under SSF.
The cellulosic substrates were ground using an electric mill
and sieved through a 2 mm sieve.

2.7.3. Fungal Inoculum
PDA liquid medium was made according to the techni-

que of Hasanini et al. [24], without the agar, as indicated in
2.4  above.  The  medium  was  sterilized  for  20  minutes  at
121°C and 15 pressure. The medium was transferred to ste-
rile  250  ml  conical  flasks.  In  each  sterile  flask,  50  mL  of
potato dextrose liquid medium was added. A sterile scalpel
was utilized to transfer pure Phlebiopsis sp. cultures grown
on PDA to the liquid medium. The liquid medium was cul-

2.4. Preparation of Potato-dextrose Agar (PDA)
For potato dextrose agar preparation, the protocol by

Westphal et al. [19] was used. Irish potatoes weighing 200
g were chopped into small sizable pieces and introduced
into a 1000 mL conical flask. The conical flask was filled
with 500ml of distilled water and covered with aluminum
foil.  The solution was boiled on a hotplate. After boiling,
the  broth  was  decanted  into  another  1000  mL  conical
flask. Twenty (20) g of dextrose was added to the broth.
Distilled  water  was  added  to  reach  1000ml  and  15  g  of
agar was added. The media was sterilized for 20 minutes
at 121°C, 15 psi. Gentamycin was added when the media
had  cooled  to  45°C  to  prevent  bacterial  growth  before
dispensing into sterile plastic petri dishes.
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tured  at  25°C  room temperature  on  a  shaker  at  150  rpm
[25] for one week while the fungi's growth was monitored.

2.7.4. Pretreatment of Cellulosic Substrates
For pre-treated substrates, 400 g of each of the subs-

trates was pre-treated with distilled water, 0.25 M NaOH,
0.1 M H2SO4,  and 0.1 M HCL at  a temperature of  121°C
and pressure 15 psi for 15 minutes thereafter; each subs-
trate was washed in running water until the pH was 7.0.

2.7.5. Solid State Fermentation
Ten  (10)  ml  of  Bushnell  Haas  medium  solution  (g/l)

[0.1 g of MgSO4.7H2O, 0.5 g of Na2HPO4, 0.5 g of KH2PO4,
0.5  g  of  NH4NO3,  0.05  g  of  FeCl3.  6H2O  and  0.02  g  of
CaCl2] were used as a wetting agent and added to 350 mL
bottles  with  5g  of  sugarcane  bagasse,  5g  of  rice  husks,
and 5 g of maize cobs before the bottles were autoclaved
at  a  temperature  of  121°C  and  pressure  15  psi  for  15
minutes  [26].  After  cooling,  substrates  were  inoculated
with a 2 ml inoculum containing 1 x 107 spores/ml, which
was  prepared  as  in  section  2.7.3  and  incubated  at  room
temperature.  Samples  were  taken  every  3  days  for  the
untreated substrates to determine the effect of incubation
time on cellulase enzyme production, while for pretreated
substrates  a  single  extraction was done after  12 days of
incubation at room temperature.

2.7.6. Extraction of Crude Enzymes
In order to extract cellulolytic enzymes, 50 mL of 50 mM

citrate buffer pH 4.8 was added to the bottles. The bottles
were shaken and left for two hours to allow the enzymes to
extract into the buffer solution. After cheesecloth filtration,
the liquid extract from the bottles was centrifuged at 10,000
xg  for  10  minutes  at  25°C  room  temperature.  The  super-
natant was collected and stored -20°C for biochemical tests
of total cellulase (FPase), endoglucanase, exoglucanase, and
β-glucosidase enzyme activities.

2.8. Determination of Cellulase Activity

2.8.1. Preparation of Dinitrosalicylic Acid (DNS) and
Potassium Sodium Tartrate

Dinitrosalicylic  acid  (DNS)  solution  was  made  by  dis-
solving 10 g of 3,5-Dinitrosalicylic acid, 10 g of sodium hyd-
roxide, 2 g of phenol, and 0.5 g of sodium sulphite in 1000
mL of distilled water. To prevent light exposure, the solution
was  kept  in  a  dark  container  for  two  weeks.  Potassium
sodium  tartrate  solution  was  made  by  dissolving  400  g  of
potassium sodium tartrate in 1000 mL distilled water.

2.8.2. Filter Paper Assay
The  total  cellulase  activity  was  evaluated  in  triplicate

using the filter paper assay (FPA) technique [27]. The What-
man No. 1 filter paper was cut into 1cm × 6 cm strips, sub-
merged in 500 µL of 50 mM sodium citrate buffer pH 4.8 in
a  2ml  microcentrifuge  tube,  and  500  µL  aliquots  of  crude
enzyme extract  added [28].  After  an  hour  of  incubation at
50°C, the reducing sugars produced were measured using
the  Dinitrosalicylic  Acid  (DNS)  approach  [29].  To  halt  the
reaction,  add  700  µL  of  DNS  reagent,  then  immerse  the
tubes in boiling water for five minutes. After cooling to room

temperature, add 300 µL of Sodium Potassium Tartrate. The
amount of reducing sugars generated was measured using a
Jenway 6300 spectrophotometer at 540 nm. The amount of
reducing sugars released was determined using the glucose
standard curve. One U/mL of FPase represents the amount
of cellulase necessary to release 1 µmol of glucose equiva-
lents per minute.

2.8.3. Endoglucanase Assay
Endoglucanase  or  carboxymethylcellulase  (CMCase)

activity was determined in triplicates [30]. In 2mL micro-
centrifuge tubes, 500 µL of 1% CMC was added in 50mM
citrate buffer at pH 4.8 [31], followed by 500 µL of crude
enzyme  filtrate.  The  reaction  mixture  was  incubated  at
50°C for 30 minutes, and the reducing sugars generated
were  determined  using  the  DNS technique  [32].  To  halt
the reaction, 700 µL of DNS reagent was added. The tubes
were  then  submerged  in  boiling  water  for  five  minutes
before adding 300 µL of Sodium Potassium Tartrate. The
amount of reducing sugars generated was quantified using
a Jenway 6300 spectrophotometer at 540 nm, as described
in section 2.8.2. The amount of endoglucanase that rele-
ased  1  µmol  of  glucose  equivalents  per  minute  is  consi-
dered one unit of the enzyme.

2.8.4. Exoglucanase Assay
Microcrystalline cellulose (Avicel) (1.25%w/v) was sus-

pended in 100 mM Sodium acetate buffer (pH 4.8), which
acted  as  a  substrate.  Five  hundred  (500)  µL  of  Avicel
suspension solution was added into 2 mL microcentrifuge
tubes, and 500 µL of the enzyme extract was added, and
the reaction mixture was then incubated in a water bath at
50°C  for  two  hours.  The  amount  of  the  reducing  sugars
produced was resolved as in 2.8.2 using the DNS method
[33].  The  1  µmol  of  glucose  equivalents  per  minute  was
regarded as the amount produced by one unit of enzyme.

2.8.5. Beta-glucosidase Assay
Beta-glucosidase  enzyme  activity  was  determined  fol-

lowing  the  method  of  Fan  et  al.,  [34]  in  triplicates.  One
hundred  microliters  of  5  mM  p-nitropheny1-β-D-gluco-
pyranoside  (pNPG)  prepared  in  100  mM  sodium  acetate
buffer, pH 4.8, was mixed with 400 µL of 100 mM sodium
acetate  buffer,  pH  4.8  and  100  µL  of  the  crude  enzyme
filtrate. The mixture was subjected to incubation at 50°C for
15 minutes. The reaction was terminated by adding 800 µL
of 100 mM glycine buffer, pH 10.8 solution, and the release
of  p-nitrophenyl  was  quantified  at  420  nm  using  Jenway
6300 spectrophotometer [35].  The resulting p-nitrophenol
amount was determined using a standard curve of ρ-nitro-
phenol. The amount of β-glucosidase giving rise to 1µmol of
ρ-nitrophenol per minute was considered to be 1 IU/mL.

2.9. Data Management and Analysis
For  enzyme activity  absorbance data  reading was  con-

verted into International Units (IU) using glucose or p-nitro-
phenol  standard  curves  using  the  following  formulae  [18,
27]:

i.  International Units (IU) for FPase, Endoglucanase or
Exoglucanase
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Activity  =  ((Final  abs-c/m)  x  (df/sample  volume)  x
(1/time)  x  (1000/180.16))

ii. International Units (IU) for β-glucosidase= ((Final abs-
c/m) x (df/sample volume) x (1/time) x (1000/139.1))

Where c= intercept, m= slope obtained from glucose or
ρ-nitrophenol standard curves abs = absorbance value df =
dilution factor

The data was entered in an Excel  spreadsheet  and im-
ported into R-software version 3.5.1 (R. Core Team, 2018).
The data was first checked for agreement with parametric
assumption. Descriptive statistics were then calculated and
expressed as mean ± SEM. The effects of subs-trate, incu-
bation  time,  and  substrate  pretreatment  on  enzyme  pro-
duction  were  analyzed  using  one-way  ANOVA  at  p<0.005
significance level. Tukeys Post Hoc Test was used to deter-
mine  the  presence  or  absence  of  significant  differences
among treatment groups. Sequence similarity searches were
carried out using the BLAST nucleotide reference database

for molecular data analysis. Phylogenetic analysis and mul-
tiple  sequence  alignment  using  CLUSTAL  W  were  per-
formed  using  The  MEGA software  version  X  program [18,
36] and R version 3.3.2 statistical  software. Data was pre-
sented using tables and figures.

3. RESULTS

3.1.  Isolation and Screening of Fungal Cultures for
the Production of Cellulase

Phlebiopsis  sp.  showed  a  large  zone  of  clearance  on
CMC agar (Fig. 1) and was subcultured on PDA medium in
mass for use in the study.

3.2.  Genomic  DNA  Isolation,  Amplification  and
Sequencing

The DNA samples were amplified and the PCR results
were visualized as shown below (Fig. 2).

Fig. (1). (Phlebiopsis sp.) growing on CMC agar medium.

Fig. (2). Gel picture of amplified PCR products of Phlebiopsis sp. (310 bp) with 1Kb DNA Ladder in Sybr green-stained gel under UV
illumination.
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Fig. (3). Phylogenetic tree for C1-Phlebiopsis sp. isolate 310.

The isolated  fungus  was  identified  as  Phlebiopsis  sp.
(310 bp). Fig. (3) depicts the Neighbor-Joining approach,
which was used to determine the evolutionary history of
Phlebiopsis  sp.  The  Tamura  3-parameter  approach  was
used to compute evolutionary distances, which are expres-
sed as base substitutions per site. The first, second, third,
and  noncoding  codon  positions  were  all  included.  The
bootstrap consensus tree built from 500 iterations depicts
the  evolutionary  history  of  the  organisms  under  study.
Branches  from  partitions  that  have  been  replicated  in
fewer than half of the bootstrap replicates are collapsed.
Next  to  the  branches  are  the  percentages  of  duplicate
trees  in  which  the  related  species  grouped  in  the  boot-
strap test (500 repetitions) [18, 37].

3.3.  Effect  of  Incubation  Period  on  Cellulase
Production

The Phlebiopsis sp. produced cellulase differently as a
result of the incubation duration.

3.3.1.  Effect  of  Incubation  Period  on  Filter  Paper
Activity

Table 1 shows that Phlebiopsis sp. produced the maxi-
mum FPase production on sugarcane bagasse (35.3 ± 1.28
IU/mL)  on  day  3,  which  decreased  dramatically  on  day  6
and  subsequently  rose  on  days  9  and  12  to  comparable
levels on day 3. Maize cobs had the highest FPase activity
(33.4 ± 1.85 IU/mL) on the 3rd day of incubation, while rice
husks had a significantly higher FPase activity (23.7 ± 2.73

IU/mL) on the 12th day of incubation compared to the 3rd,
6th, and 9th days.

3.3.2.  Effect  of  Incubation  Time  on  Exoglucanase
Activity

According  to  Table  1,  Phlebiopsis  sp.  generated  the
most enzymes (12.3 ± 1.15 IU/mL) on sugarcane bagasse
on the third day, which was substantially greater than on
the  ninth  and  twelfth  days.  The  greatest  exoglucanase
activity in maize cobs was 7.55 ± 0.49 IU/mL on the 12th

day, which was not substantially different from the 6th and
9th days of incubation. On rice husks, the greatest exoglu-
canase activity of 5.96 ± 0.04 IU/mL was recorded on the
third  day,  which  was  only  slightly  greater  than  that
reported  on  the  sixth  day  of  incubation.

3.3.3.  Effect  of  Incubation  Time  on  Endoglucanase
Activity

Phlebiopsis sp. produced the most cellulase and endo-
glucanase activity on sugarcane bagasse on day 12 (74.3 ±
0.27 IU/mL) based on the data in Table 1, which was only
slightly higher than the 9th day. On day 3, maize cobs had
the maximum endoglucanase activity (59.6 ± 1.69 IU/mL),
which  was  substantially  greater  than  on  the  6th,  9th,  and
12th  days  of  incubation.  Rice  husks  showed considerably
increased endoglucanase activity (20.2 ± 4.07 IU/mL) on
the 12th day of incubation.
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3.3.4.  Effect  of  Incubation  Period  on  β-glucosidase
Activity

Table 1 indicates that Phlebiopsis sp. had the maximum
β-glucosidase activity (23.7 ± 1.86 IU/mL) on the third day
of incubation on sugarcane bagasse, which was only signi-
ficantly greater than that on the sixth day. The greatest β-
glucosidase activity in maize cobs was 22.8 ± 0.18 IU/mL,
with no significant difference seen between the 9th and 12th
days  of  incubation.  The  activity  of  β-glucosidase  on  rice
husks did not vary substantially between the third and ninth
days of incubation nor between the sixth and twelfth days.

3.4.  Effect  of  Substrate  Pretreatment  on  Cellulase
Production

The effect of pretreatment showed variation in cellulase
production by Phlebiopsis sp.

3.4.1.  Effect  of  Substrate  Pretreatment  on  Filter
Paper Activity

The highest filter activity, as shown in Table 2, was re-
corded  on  maize  cobs  pretreated  with  0.25  M  NaOH  of
10.7 ± 0.04 IU/mL for Phlebiopsis sp. Filter paper activi-
ties recorded for sugarcane bagasse pretreated with H2O,
0.1 M H2SO4, 0.1 M HCl and 0.25 M NaOH were not signi-
ficantly  different,  while  for  pretreated rice  husks,  FPase
was  low  and  did  not  differ  significantly  among  the  pre-
treatments.

3.4.2.  Effect  of  Substrate  Pretreatment  on
Exoglucanase Activity

For Phlebiopsis sp., Table 2 shows the highest exoglu-
canase activity recorded on sugarcane bagasse and maize
cobs  pretreated  with  0.25  M  NaOH  were  6.14  ±  0.06
IU/mL and 6.17 ± 0.04 IU/mL,  respectively.  The exoglu-
canase  activities  were  significantly  higher  than  exoglu-
canase activities recorded when the same substrates were

pretreated  with  hot  H2O,  0.1  M  H2SO4,  and  0.1  M  HCl.
Exoglucanase  activity  recorded  on  rice  husks  was  rela-
tively low and did not differ significantly among the pre-
treatments.

3.4.3.  Effect  of  Substrate  Pretreatment  on
Endoglucanase Activity

The highest endoglucanase activity for Phlebiopsis sp.
in Table 2 was recorded in maize cobs and sugarcane bag-
asse pretreated with 0.25 M NaOH at 25.1 ± 0.61 IU/mL
and  24.8  ±  0.97  IU/mL respectively.  The  endoglucanase
activities  were  significantly  higher  than  endoglucanase
activities  recorded  when  the  same  substrates  were
pretreated  with  hot  H2O,  0.1  M  H2SO4,  and  0.1  M  HCl.
Endoglucanase activity  recorded on rice husks was rela-
tively low and did not differ significantly among the pre-
treatments.

3.4.4.  Effect  of  Substrate  Pretreatment  on  β-
glucosidase Activity

β-glucosidase activity was exceptionally high among all
the  pretreated  substrates,  as  shown  in  Table  2.  The
highest  β-glucosidase  activity  for  Phlebiopsis  sp.  was
recorded on both sugarcane bagasse and maize cobs pre-
treated with hot H2O at 117 ± 2.52 IU/mL and 118±0.42
IU/mL  while  pretreated  rice  husks  with  0.1  M  H2SO4

recorded the highest β-glucosidase activity of 38.9± 4.95
IU/mL.

4. DISCUSSION
The study involved screening of Phlebiopsis sp. growing

on decaying wood from the Kangemi-Loresho area to inves-
tigate  if  they  had  the  potential  to  produce  cellulases.
Phlebiopsis sp. was identified using molecular techniques.
Phlebiopsis  sp. was evaluated on the extent of cellulolytic
enzyme production  using  untreated  and  pretreated  maize
cobs, sugarcane bagasse, and rice husks as substrates.

Table 1. Effect of the incubation period on cellulase activity.

Cellulase Activity Substrate
3 Days 6 Days 9 Days 12 Days

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

Filter Paper Activity
SB 35.3 ± 1.28aB 0bA 30.8 ± 0.79aC 30.6 ± 3.44aA

MC 33.4 ± 1.85aB 18.7 ± 2.27aB 22.0 ± 1.70aB 28.7 ± 4.00aA

RH 4.49 ± 1.26aA 0aA 12.1 ± 0.54bA 23.7 ± 2.73bcA

Exoglucanase Activity
SB 12.3 ± 1.15aB 10.9 ± 0.23abC 6.52 ± 0.76bA 7.41 ± 1.47bA
MC 5.13 ± 0.50aA 7.11 ± 1.08aB 6.70 ± 0.37aA 7.55 ± 0.49aA
RH 5.96 ± 0.04aA 0.09 ± 0.07bA 5.84 ± 0.45aA 5.59 ± 0.12aA

Endoglucanase Activity
SB 74.3 ± 0.27aC 66.3 ± 4.48aC 43.5 ±5.98bB 73.9 ± 0.63aC
MC 59.6 ± 1.69aB 48.6 ± 0.70bB 43.6 ± 2.20bB 45.1 ± 1.83bB
RH 6.72 ± 0.85aA 17.1 ± 1.64bA 4.18 ± 0.58aA 20.2 ± 4.07bA

β-glucosidase Activity
SB 23.7 ± 1.86aB 8.82 ± 1.01bA 18.3 ± 1.31aA 21.9 ± 1.52aB
MC 22.8 ± 0.18aB 9.77 ± 0.34bA 19.4 ± 0.19aA 18.2 ± 0.46aB
RH 15.7 ± 0.59aA 9.63 ± 1.32bA 16.6 ± 0.26aA 12.7 ± 1.29abA

Note:  Values  are  means  of  3  replicates  ±  SEM  and  are  expressed  as  IU/ml.  For  Phlebiopsis  sp.,  means  expressed  in  the  same  column  using  various
superscript capital letters are substantially different at p≤ 0.05. For each substrate, means expressed with distinct superscript small letters within the same
row show a significant difference at p ≤ 0.05. SB= Sugarcane bagasse, MC= Maize cobs and RH= Rice husk.
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Table 2. Effect of substrate pretreatment on cellulase production.

Cellulase Activity Substrate

H2O Treatment 121°C 0.1M H2SO4 Treatment
121°C

0.1M HCl Treatment
121°C

0.25M NaOH Treatment
121°C

12 Days 12 Days 12 Days 12 Days

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

Filter Paper Activity
SB 6.33 ± 0.31aC 7.11 ± 1.84aAB 7.98 ± 1.33aAB 7.66 ± 1.79aB
MC 4.74 ± 0.31aB 5.26 ± 0.45aA 5.21 ± 0.30aA 10.7 ± 0.04bB
RH 2.5 ± 0.07aA 2.01 ± 0.64aA 1.81 ± 0.44aA 2.86 ± 0.33aA

Exoglucanase Activity
SB 2.76 ± 0.22aC 0bA 2.80 ± 0.13aB 6.14 ± 0.06abB
MC 0.81 ± 0.15aB 0aA 1.97 ± 0.34bB 6.17 ± 0.04bcB
RH 0aA 0.03 ± 0.03aA 0aA 0.84 ± 0.01bA

Endoglucanase Activity
SB 11.6 ± 0.31aC 3.86 ± 0.49bA 14.0 ± 0.13aC 24.8 ± 0.97cB
MC 5.62 ± 0.59aB 4.31 ± 0.19aA 8.98 ± 0.29bB 25.1 ± 0.61cB
RH 2.87 ± 0.63aA 2.99 ± 0.38aA 1.58 ± 0.26aA 1.49 ± 0.18aA

β-glucosidase Activity
SB 117 ± 2.52aB 116 ± 0.93aB 117 ± 1.84aB 104 ± 2.21bC
MC 118 ± 0.42aB 114 ± 0.11bB 118 ± 0.44aB 95.5 ± 0.72abB
RH 33.2 ± 1.80aA 38.9 ± 4.95aA 38.7 ± 3.04aA 15.7 ± 2.28bA

Note:  Values  are  means  of  3  replicates  ±  SEM  and  are  expressed  as  IU/ml.  For  Phlebiopsis  sp.,  means  expressed  in  the  same  column  using  various
superscript capital letters are substantially different at p≤ 0.05. For each substrate, means expressed with distinct superscript small letters within the same
row show a significant difference at p ≤ 0.05. SB= Sugarcane bagasse, MC= Maize cobs and RH= Rice husk.

The  outcomes  reveal  that  utilizing  untreated  maize
cobs,  sugarcane  bagasse,  and  rice  husks  as  substrates,
Phlebiopsis sp. produced the entire set of enzymes for the
cellulase  system.  The  effect  of  time  of  incubation  on
untreated maize cobs, sugarcane bagasse, and rice husks as
substrates  for  cellulase  production  by  solid-state  fermen-
tation  was  significant  for  Phlebiopsis  sp.  Endoglucanase,
exoglucanase,  and  β-glucosidase  enzymes  are  required  to
work together for cellulase to successfully hydrolyze cellu-
lose  [38].  Each  of  these  enzymes  cannot  single-handedly
hydrolyze the complex crystalline cellulose efficiently, but if
they  work  synergistically  with  each  other  then  they  can
increase the rate of cellulose degradation significantly [39].

Cheap  and  readily  available  plant  biomass,  such  as
agro-waste, agro-industrial wastes, various types of grass,
cotton stalk, rice husks, maize cobs, nut cakes, sugarcane
bagasse,  fruit  pulp,  crop  residues,  and  many  others  [40],
can be used to produce cellulolytic enzymes for industrial
applications, including biofuel production. This study found
that  using untreated sugarcane bagasse as  a  substrate  in
solid-state  fermentation  resulted  in  the  highest  cellulase
production  [41].  Endoglucanase  enzyme  generated  by
Phlebiopsis  sp.  exhibited  the  maximum  activity  on  sugar-
cane  bagasse,  which  is  comparable  to  that  of  T.  reesei,
which revealed that the optimal incubation period for endo-
glucanase development on kallar grass [42]. Even when the
medium is the same, the optimal incubation period for endo-
glucanase activity differs depending on the substrate [43].
This  might  be  because  varied  macro-  and  micronutrient
depletions  in  the  fermentation  medium  throughout  time
stressed the fungi's physiology and led the endoglucanase
enzyme's secreting mechanism to become inactive [44].

Contrary to the performance of endoglucanase activity,
exoglucanase  activity  was  the  lowest  among  all  the  enzy-
mes, with the best-performing substrate in their production
being  sugarcane  bagasse.  These  results  were  similar  to
Kalsoom’s study on Trichoderma reesei, which showed that

the optimum day for exoglucanase production was day 4 on
kallar grass [40]. This variation in the incubation period for
exoglucanase and low production may be due to cellobiose
accumulation at different concentrations, causing feedback
inhibition [45].

Sugarcane  bagasse  was  the  best  substrate  for  filter
paper activity and β-glucosidase activity but was produced
in  low  levels  among  the  substrates  as  compared  to  the
other enzymes. β-glucosidase activity results are similar to
that  of  a  study  on  Trichoderma  reesei  by  Chandra,  who
observed  that  T.  reesei  has  a  poor  β-glucosidase  perfor-
mance  compared  to  the  other  cellulolytic  enzymes  [46].
This is contrary to studies performed on Aspergillus niger
whose outcome shows that it has excellent β-glucosidase
producing capabilities [47].

This  study  showed  that  the  endoglucanase,  exoglu-
canase,  and  β-glucosidase  enzymes  were  produced  by
Phlebiopsis  sp.  To  create  a  multi-enzyme  system  for
cellulose  hydrolysis,  all  of  the  cellulases  must  interact.
Additionally, coordination is needed for the production of
the  end  product  and  the  catalytic  movement  of  the
cellulose  chain  [48].  The  high  performance  of  endoglu-
canase  activity  may  have  affected  the  performance  of
exoglucanase  activity,  β-glucosidase  and  filter  paper
activity. Both endoglucanase and exoglucanase are major
parts  of  the  microbial  cellulose  degradation  system
because they both release cellobiose units from cellulose
chains [49]. The high activity of endoglucanase may have
led  to  cellobiose  accumulation,  which  caused  feedback
inhibition  thus  affecting  the  activity  of  exoglucanase,
FPase,  and  β-glucosidase  activities  [50].  These  results
indicate that low production of β-glucosidase can restrict
cellulase  activity  while  both  endoglucanase  and  exoglu-
canase  enzymes  play  a  vital  role  in  the  total  cellulase
activity  [51].
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Pretreatment is a key step in the biochemical conver-
sion of lignocellulosic materials into bioethanol because it
changes  the  composition  of  cellulosic  biomass,  allowing
enzymes  that  break  down  cellulose  into  fermentable
sugars [52] to access it more readily [53]. The substrates
were treated with hot water, 0.1 M sulphuric acid (H2SO4),
0.25 M sodium hydroxide (NaOH), and 0.1 M hydrochloric
acid (HCL) at 121ºC 15psi for 15 minutes. They were then
washed  with  distilled  water  to  achieve  a  neutral  pH.
Pretreated maize cobs, sugarcane bagasse, and rice husks
had  different  effects  on  Phlebiopsis  sp.  when  used  as
substrates  for  cellulase  enzyme  synthesis  via  solid-state
fermentation.  Pretreatment  with  0.25  M  NaOH  was  the
most  effective  for  cellulase  formation  because  it  caused
the  substrates  to  expand,  increasing  the  specific  area
while  decreasing  the  polymerization  and  crystallinity
ratios. This separated the structural links between lignin
and  carbohydrates,  resulting  in  a  modification  of  the
lignocellulose  structure  [54].

From the pretreated data, it is clear that pretreatment
only led to increased production of β-glucosidase activity. In
addition to this, maize cobs were the best-performing subs-
trates.  The  pretreatment  results  are  similar  to  that  of  A.
niger which has been the focus of many studies due to its
excellent  β-glucosidase  producing  properties  [55].  This
could be because the amorphous fraction of cellulose was
still  present  and,  therefore,  better  assimilation  of  Phle-
biopsis sp., unlike the pretreated sugarcane bagasse, which
may  have  lost  its  amorphous  fraction  of  cellulose.  This  is
what  may  have  also  resulted  in  poor  production  of  endo-
glucanase,  exoglucanase,  and filter  paper activity  [41].  In
addition to this, washing of pretreated sugarcane bagasse,
maize cobs, and rice husks, residual degradation products
like  phenolic  compounds  derived  from  the  hydrolysis  of
lignin during pretreatment, could have inhibited the fungi
growth  [41]  because  of  their  toxic  characteristics  to  the
metabolism  of  microorganisms  [41,  56].  Moreover,  the
study  [57]  showed  that  thermal,  acid  and  alkaline  pre-
treatments  released  high  concentrations  of  inhibitory-by
products  [41]  like  formic  acetic  acids  and  phenolic  com-
pounds in high concentrations, which inhibit fungi growth
during  fermentation  and  therefore  reduce  cellulase  pro-
duction.

One of the primary limitations of this study was finan-
cial constraints, which influenced sample size and access to
advanced  laboratory  techniques.  Due  to  budgetary  res-
trictions, we were unable to include a larger sample popu-
lation, which may affect the generalizability of the findings.
Additionally, resource limitations constrained our ability to
conduct  more  comprehensive  analyses  using  high-cost
methodologies.  However,  we  mitigated  this  challenge  by
optimizing  available  resources,  prioritizing  key  experi-
mental  procedures,  and  leveraging  collaborations  with
other  institutions.  Future  studies  with  increased  funding
could  expand  on  these  findings  by  incorporating  larger
datasets  and  more  advanced  analytical  techniques.

CONCLUSION
This  study  has  shown  that  Phlebiopsis  sp.,  which  was

isolated from decaying wood,  is  a  cellulose-degrading fun-

gus that  can use sugarcane bagasse,  maize cobs,  and rice
husks as carbon sources for cellulase production. The high-
est cellulase production results for Phlebiopsis sp. were ob-
served when untreated sugarcane bagasse was used as the
carbon  source,  while  maize  cobs  were  the  most  preferred
carbon source for pretreatment. In addition to this, the best-
performing pretreatment method is 0.25 M NaOH for cellu-
lase enzyme production in the study, but there is a need to
look into other pretreatment methods because the untreated
carbon sources produced more cellulase enzymes than the
pretreated carbon sources except for β-glucosidase activity.

Future  research  should  focus  on  optimizing  pretreat-
ment conditions to enhance enzyme yields, investigating the
economic feasibility of large-scale cellulase production using
agricultural  waste,  and  assessing  the  potential  indus-trial
applications  of  Phlebiopsis  sp.  in  biofuel  production  and
other  biotechnological  processes.

AUTHORS’ CONTRIBUTIONS
The authors confirm their  contribution to the paper as

follows:  G.O.:  Study  conception  and  design;  E.M.K.:
Methodology;  C.I.J.,  R.O.:  Draft  manuscript.  All  authors
reviewed the results  and approved the final  version of  the
manuscript.

LIST OF ABBREVIATIONS

LCB = Lignocellulosic Biomass
CMC = Carboxymethyl cellulose
PDA = Preparation of Potato-dextrose Agar
DNS = Dinitrosalicylic acid
FPA = Filter Paper Assay
NaOH = Sodium Hydroxide

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

Not applicable.

HUMAN AND ANIMAL RIGHTS
Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS
The data is  available from me and will  be deposited to

Zenodo repository. The data supporting the findings of the
article  is  available  in  the  Zenodo  repository  at
https://doi.org/10.5281/zenodo.15422245 reference number
is 15422245.

FUNDING
The  study  was  partially  funded  by  my  funds  and

African  Development  Bank/Government  of  Kenya  grant
Number  MOHEST/HEST/31/2014-2015.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

https://doi.org/10.5281/zenodo.15422245


10   The Open Biotechnology Journal, 2025, Vol. 19 Jobita et al.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES
Farghali  M, Osman AI,  Mohamed IMA, et al.  Strategies to save[1]
energy in the context of the energy crisis: A review. Environ Chem
Lett 2023; 21(4): 2003-39.
http://dx.doi.org/10.1007/s10311-023-01591-5 PMID: 37362011
Shuba ES, Kifle D. Microalgae to biofuels: ‘Promising’ alternative[2]
and renewable energy, review. Renew Sustain Energy Rev 2018;
81: 743-55.
http://dx.doi.org/10.1016/j.rser.2017.08.042
Sikiru  S,  Abioye  KJ,  Adedayo  HB,  Adebukola  SY,  Soleimani  H,[3]
Anar  M.  Technology  projection  in  biofuel  production  using
agricultural waste materials as a source of energy sustainability:
A comprehensive review. Renew Sustain Energy Rev 2024; 200:
114535.
http://dx.doi.org/10.1016/j.rser.2024.114535
Singhvi  MS,  Gokhale  DV.  Lignocellulosic  biomass:  Hurdles  and[4]
challenges  in  its  valorization.  Appl  Microbiol  Biotechnol  2019;
103(23-24): 9305-20.
PMID: 31707441
Ferrand  L,  Vasco  F,  Gamboa‐Santos  J.  Bulk  and  specialty[5]
chemicals  from  plant  Cell  Wall  chemistry.  Lignocellulosic
Biorefining  Technologies.  Hoboken,  NJ:  Wiley  Online  Library
2020.
http://dx.doi.org/10.1002/9781119568858.ch2
Benocci T, Victoria M, Pontes A, Zhou M, Seiboth B, De Vries RP.[6]
Biotechnology  for  Biofuels  Regulators  of  plant  biomass
degradation  in  ascomycetous  fungi.  Biotechnol  Biofuels  2017;
2017: 1-25.
Badoni V, Rana GS, Dubey A, Verma AK. β‐Glucosidase production[7]
and  its  applications.  Microbial  enzymes:  Production.  Purificat
Indust Applicat 2025; 2: 437-76.
Carrillo-Nieves  D,  Saldarriaga-Hernandez  S,  Gutiérrez-Soto  G,[8]
Rostro-Alanis  M,  Hernández-Luna  C,  Alvarez  AJ.
Biotransformation  of  agro-industrial  waste  to  produce
lignocellulolytic  enzymes  and  bioethanol  with  a  zero  waste.
Biomass  Convers  Biorefin  2020;  12:  253-64.
http://dx.doi.org/10.1007/s13399-020-00738-6
Bhati N, Shreya , Sharma AK. Cost‐effective cellulase production,[9]
improvement  strategies,  and  future  challenges.  J  Food  Process
Eng 2021; 44(2): 13623.
http://dx.doi.org/10.1111/jfpe.13623
Adsul M, Sandhu SK, Singhania RR, Gupta R, Puri SK, Mathur A.[10]
Designing  a  cellulolytic  enzyme  cocktail  for  the  efficient  and
economical  conversion  of  lignocellulosic  biomass  to  biofuels.
Enzyme  Microb  Technol  2020;  133:  109442.
http://dx.doi.org/10.1016/j.enzmictec.2019.109442  PMID:
31874688
Reis CER, Libardi Junior N, Bento HBS, et al. Process strategies[11]
to  reduce  cellulase  enzyme  loading  for  renewable  sugar
production  in  biorefineries.  Chem  Eng  J  2023;  451:  138690.
http://dx.doi.org/10.1016/j.cej.2022.138690
Baksi  S,  Saha  D,  Saha  S,  Sarkar  U,  Basu  D,  Kuniyal  JC.  Pre-[12]
treatment of lignocellulosic biomass: Review of various physico-
chemical and biological methods influencing the extent of biomass
depolymerization.  Int  J  Environ  Sci  Technol  2023;  20(12):
13895-922.
http://dx.doi.org/10.1007/s13762-023-04838-4
Michelin  M,  de  Lourdes  TM,  Polizeli  M,  Ruzene  DS,  Silva  DP,[13]
Teixeira  JA.  Application  of  lignocelulosic  residues  in  the
production  of  cellulase  and  hemicellulases  from  fungi.  Fungal
Enzymes 2016; 31-64.
Perrone  OM,  Moretti  MMS,  Bordignon  SE,  et  al.  Improving[14]
cellulosic  ethanol  production  using  ozonolysis  and  acid  as  a
sugarcane  biomass  pretreatment  in  mild  conditions.  Bioresour
Technol Rep 2021; 13: 100628.

http://dx.doi.org/10.1016/j.biteb.2021.100628
Xu  L,  Zhang  SJ,  Zhong  C,  Li  BZ,  Yuan  YJ.  Alkali-based[15]
pretreatment-facilitated  lignin  valorization:  A  review.  Ind  Eng
Chem Res 2020; 59(39): 16923-38.
Ibrahim  HH,  Bilsborrow  PE,  Phan  AN.  Intensification  of  pre-[16]
treatment and fractionation of  agricultural  residues.  Chem Eng
Process 2021; 159: 108231.
Legodi LM, La Grange D, Van Rensburg ELJ, Ncube I. Isolation of[17]
cellulose degrading fungi from decaying banana pseudostem and
strelitzia alba. Enzyme Res 2019; 2019: 1390890.
http://dx.doi.org/10.1155/2019/1390890
Kamande SM, Omwenga GI, Ngugi MP. Production of cellulases[18]
by Xylaria sp and Nemania sp using lignocellulose substrates for
bioethanol production from maize cobs. Amsterdam, Netherlands:
Elsevier 2024.
Westphal  KR,  Heidelbach  S,  Zeuner  EJ,  et  al.  The  effects  of[19]
different  potato  dextrose  agar  media  on  secondary  metabolite
production in Fusarium. Int J Food Microbiol 2021; 347: 109171.
PMID: 33872940
Akpomie OO, Okonkwo KE, Gbemre AC, et al.  Thermotolerance[20]
and  cellulolytic  activity  of  fungi  isolated  from  soils/waste
materials in the industrial region of Nigeria. Curr Microbiol 2021;
78(7): 2660-71.
PMID: 34002268
Bhuyan PM, Sandilya SP, Nath PK, Gandotra S, Subramanian S,[21]
Kardong  D.  Optimization  and  characterization  of  extracellular
cellulase  produced  by  Bacillus  pumilus  MGB05  isolated  from
midgut of muga silkworm (Antheraea assamensis Helfer). J Asia
Pac Entomol 2018; 21(4): 1171-81.
Munyasi  KM,  Omwenga  GI,  Mwamburi  FM.  Production  and[22]
characterization of cellulolytic enzymes by chaetomium globosum
for  biomass  saccharification  and  ethanol  production.  Discovery
2024; 60(334): e14d1425.
http://dx.doi.org/10.54905/disssi.v60i334.e14d1425
Babolhavaeji K, Shokoohizadeh L, Yavari M, Moradi A, Alikhani[23]
MY. Prevalence of shiga toxin-producing escherichia coli o157 and
non-o157 serogroups isolated from fresh raw beef meat samples
in  an  industrial  slaughterhouse.  Int  J  Microbiol  2021;  2021(1):
1978952.
PMID: 34956368
Hasanin MS, Hashem AH. Eco-friendly, economic fungal universal[24]
medium from watermelon peel waste. J Microbiol Methods 2020;
168: 105802.
PMID: 31809830
Khan MS,  Gao  J,  Munir  I,  et  al.  Characterization  of  endophytic[25]
fungi,  Acremonium  sp.,  from  lilium  davidii  and  analysis  of  its
antifungal  and  plant  growth-promoting  effects.  BioMed  Res  Int
2021; 2021(1): 9930210.
PMID: 34395628
Paulo  Silva  Monteiro  J,  Felipe  da  Silva  A,  Duarte  R,  Gianchi  A.[26]
Exploring  novel  fungal-bacterial  consortia  for  enhanced
petroleum hydrocarbon degradation. Toxics 2018; 12(12): 913.
http://dx.doi.org/10.3390/toxics12120913
Goukanapalle  PKR,  Kanderi  DK,  Rajoji  G,  Shanthi  Kumari  BS,[27]
Bontha  RR.  Optimization  of  cellulase  production  by  a  novel
endophytic fungus Pestalotiopsis microspora TKBRR isolated from
Thalakona forest. Cellulose 2020; 27(11): 6299-316.
http://dx.doi.org/10.1007/s10570-020-03220-8
THAKUR  R.  Studies  on  utilization  of  paddy  straw  for  compost[28]
preparation of button mushroom (* Agaricus bisporus*). Thesis,
University of Horticulture and Forestry 2024.
Zilda DS, Patantis G, Dewi AS, Khatulistiani TS, Sibero MT, Li J.[29]
Characterization of β-agarase produced by Alteromonas macleodii
BC7.1 and its oligosaccharide products. Case Stud Chem Environ
Eng 2024; 10: 100865.
http://dx.doi.org/10.1016/j.cscee.2024.100865
Kaur  G,  Taggar  MS,  Kalia  A,  Krishania  M,  Singh  A.  Fungal[30]
secretomes of Aspergillus terreus repertoires cultivated on native
and  acid/alkali  treated  paddy  straw  for  cellulase  and  xylanase
production. BioEnergy Res 2023; 17(1): 145-59.

http://dx.doi.org/10.1007/s10311-023-01591-5
http://www.ncbi.nlm.nih.gov/pubmed/37362011
http://dx.doi.org/10.1016/j.rser.2017.08.042
http://dx.doi.org/10.1016/j.rser.2024.114535
http://www.ncbi.nlm.nih.gov/pubmed/31707441
http://dx.doi.org/10.1002/9781119568858.ch2
http://dx.doi.org/10.1007/s13399-020-00738-6
http://dx.doi.org/10.1111/jfpe.13623
http://dx.doi.org/10.1016/j.enzmictec.2019.109442
http://www.ncbi.nlm.nih.gov/pubmed/31874688
http://dx.doi.org/10.1016/j.cej.2022.138690
http://dx.doi.org/10.1007/s13762-023-04838-4
http://dx.doi.org/10.1016/j.biteb.2021.100628
http://dx.doi.org/10.1155/2019/1390890
http://www.ncbi.nlm.nih.gov/pubmed/33872940
http://www.ncbi.nlm.nih.gov/pubmed/34002268
http://dx.doi.org/10.54905/disssi.v60i334.e14d1425
http://www.ncbi.nlm.nih.gov/pubmed/34956368
http://www.ncbi.nlm.nih.gov/pubmed/31809830
http://www.ncbi.nlm.nih.gov/pubmed/34395628
http://dx.doi.org/10.3390/toxics12120913
http://dx.doi.org/10.1007/s10570-020-03220-8
http://dx.doi.org/10.1016/j.cscee.2024.100865


Production of Cellulase Enzymes by Phlebiopsis sp. Cultured on Rice Husks 11

http://dx.doi.org/10.1007/s12155-023-10637-z
Thapa DS. Cultivation conditions for a moose (Alces alces) rumen[31]
bacterial  isolate  secreting  cellulases.  Thesis,  Inland  Norway
University  2018.
El-Shishtawy  RM,  Al  Angari  YM,  Alotaibi  MM,  Almulaiky  YQ.[32]
Novel  and  facile  colorimetric  detection  of  reducing  sugars  in
foods  via  in  situ  formed  gelatin-capped  silver  nanoparticles.
Polymers  2023;  15(5):  1086.
http://dx.doi.org/10.3390/polym15051086 PMID: 36904327
ALEMU  RK.  Reducing  sugar  recovery  from  water  hyacinth  for[33]
bioethanol production and parametric optimization. Thesis, Addis
Ababa Science And Technology University 2021.
Fan XH, Zhang XY, Zhang QA, Zhao WQ, Shi FF. Optimization of[34]
ultrasound  parameters  and  its  effect  on  the  properties  of  the
activity of beta-glucosidase in apricot kernels. Ultrason Sonochem
2019; 52: 468-76.
http://dx.doi.org/10.1016/j.ultsonch.2018.12.027 PMID: 30594520
Ciafardini  G,  Zullo  BA.  Microbiological  and  enzymatic  activity[35]
modulates the bitter taste reduction in decanted coratina olive oil.
Foods 2022; 11(6): 867.
http://dx.doi.org/10.3390/foods11060867 PMID: 35327288
Kumar  S,  Stecher  G,  Li  M,  Knyaz  C,  Tamura  K.  MEGA  X:[36]
Molecular  evolutionary  genetics  analysis  across  computing
platforms.  Mol  Biol  Evol  2018;  35(6):  1547-9.
http://dx.doi.org/10.1093/molbev/msy096 PMID: 29722887
Gao  B,  Chen  MX,  Li  XS,  et  al.  Ancestral  gene  duplications  in[37]
mosses characterized by integrated phylogenomic analyses. J Syst
Evol 2022; 60(1): 144-59.
http://dx.doi.org/10.1111/jse.12683
Nguyen KA, Wikee S, Lumyong S. Brief review: Lignocellulolytic[38]
enzymes  from  polypores  for  efficient  utilization  of  biomass.
Mycosphere  2018;  9(6):  1073-88.
http://dx.doi.org/10.5943/mycosphere/9/6/2
Sohail M, Barzkar N, Michaud P, et al. Cellulolytic and xylanolytic[39]
enzymes  from  yeasts:  Properties  and  industrial  applications.
Molecules  2022;  27(12):  3783.
PMID: 35744909
Kalsoom R, Ahmed S, Nadeem M, Chohan S, Abid M. Biosynthesis[40]
and  extraction  of  cellulase  produced  by  Trichoderma  on  agro-
wastes. Int J Environ Sci Technol 2019; 16(2): 921-8.
http://dx.doi.org/10.1007/s13762-018-1717-8
Salomão  GSB,  Agnezi  JC,  Paulino  LB,  et  al.  Production  of[41]
cellulases  by  solid  state  fermentation  using  natural  and
pretreated sugarcane bagasse with different fungi. Biocatal Agric
Biotechnol 2019; 17: 1-6.
http://dx.doi.org/10.1016/j.bcab.2018.10.019
Zubair A, Nadeem M, Shah AA, Nelofer R. Statistical optimization,[42]
production and characterization of cmcase from mutant bacillus
subtilis ML-1UVb. J Multidiscipl Appr Sci 2019; 1-8.
Soeka YS, Ilyas M. Ability of penicillium griseofulvum inacc f 14 in[43]
producing cellulase enzyme for composting media plant of white
oyster mushroom (Pleurotus Ostreatus Jacq. Ex Fr.) P. Kumm and
Ear  Mushrooms  (Auricularia  Auricula  J.).  IOP  Conf  Ser  Earth
Environ Sci 2018; 166(1)
Microbes  for  Agricultural  Productivity.  Soil  Microbiomes  for[44]
Sustainable  Agriculture:  Functional  Annotation.  Yadav  AN,  Ed.
Cham: Springer International Publishing 2021; pp. 407-69.
http://dx.doi.org/10.1007/978-3-030-73507-4_14

Razzaq  M.  Feedback  inhibition  of  cellulolytic  enzymes  during[45]
saccharification  of  cellulosic  biomass  in  order  to  enhance  the
productivity. Pure Appl Biol 2018; 7(3)
http://dx.doi.org/10.19045/bspab.2018.700124
Li  YH,  Zhang  XY,  Zhang  F,  et  al.  Optimization  of  cellulolytic[46]
enzyme components through engineering Trichoderma reesei and
on-site  fermentation  using  the  soluble  inducer  for  cellulosic
ethanol  production  from corn  stover.  Biotechnol  Biofuels  2018;
11(1): 49.
http://dx.doi.org/10.1186/s13068-018-1048-5 PMID: 29483942
Yepes  C,  Estévez  J,  Arroyo  M,  Ladero  M.  Immobilization  of  an[47]
industrial β-glucosidase from aspergillus fumigatus and its use for
cellobiose hydrolysis. Processes 2022; 10(6): 1-5.
Hassan NS,  Jalil  AA,  Hitam CNC,  Vo DVN,  Nabgan W.  Biofuels[48]
and  renewable  chemicals  production  by  catalytic  pyrolysis  of
cellulose: A review. Environ Chem Lett 2020; 18(5): 1625-48.
http://dx.doi.org/10.1007/s10311-020-01040-7
Li  X,  Xia  J,  Zhu  X,  Bilal  M,  Tan  Z,  Shi  H.  Construction  and[49]
characterization  of  bifunctional  cellulases:  Caldicellulosiruptor-
sourced  endoglucanase,  CBM,  and  exoglucanase  for  efficient
degradation of lignocellulose. Biochem Eng J 2019; 151: 107363.
Zhang X, Chen X, Li S, et al. Mechanism of differential expression[50]
of  β-glucosidase  genes  in  functional  microbial  communities  in
response  to  carbon  catabolite  repression.  Biotechnol  Biofuels
Bioprod 2022; 15(1): 3.
http://dx.doi.org/10.1186/s13068-021-02101-x PMID: 35418139
Xia J, Yu Y, Chen H, Zhou J, Tan Z, He S. Improved lignocellulose[51]
degradation efficiency by fusion of β-glucosidase, exoglucanase,
and  carbohydrate-binding  module  from  caldicellulosiruptor
saccharolyticus.  BioResources  2019;  14(3):  6767-80.
http://dx.doi.org/10.15376/biores.14.3.6767-6780
Payne CM, Knott BC, Mayes HB, et al. Fungal cellulases. Chem[52]
Rev 2015; 115(3): 1308-448.
PMID: 25629559
Dahiya  M,  Goyal  S.  Pretreatment  of  lignocellulosic  biomass  for[53]
bioethanol production: A brief review. research & reviews. J Agric
Sci Technol 2018; 5(2): 1-7.
Kucharska  K,  Rybarczyk  P,  Hołowacz  I,  Łukajtis  R,  Glinka  M,[54]
Kamiński  M.  Pretreatment  of  lignocellulosic  materials  as
substrates  for  fermentation processes.  Molecules  2018;  23(11):
1-32.
PMID: 30423814
Ferdeș M, Dincă MN, Moiceanu G, Zăbavă B. Microorganisms and[55]
enzymes used in the biological pretreatment of the substrate to
enhance biogas production: A review. Sustainability 2020; 12(17):
1-8.
Lv X, Xiong C, Li S, et al. Vacuum-assisted alkaline pretreatment[56]
as an innovative approach for enhancing fermentable sugar yield
and  decreasing  inhibitor  production  of  sugarcane  bagasse.
Bioresour  Technol  2017;  239:  402-11.
PMID: 28538197
Bolado-Rodríguez  S,  Toquero  C,  Martín-Juárez  J,  Travaini  R,[57]
García-Encina PA. Effect of thermal, acid, alkaline and alkaline-
peroxide pretreatments on the biochemical methane potential and
kinetics of the anaerobic digestion of wheat straw and sugarcane
bagasse. Bioresour Technol 2016; 201: 182-90.
PMID: 26642223

http://dx.doi.org/10.1007/s12155-023-10637-z
http://dx.doi.org/10.3390/polym15051086
http://www.ncbi.nlm.nih.gov/pubmed/36904327
http://dx.doi.org/10.1016/j.ultsonch.2018.12.027
http://www.ncbi.nlm.nih.gov/pubmed/30594520
http://dx.doi.org/10.3390/foods11060867
http://www.ncbi.nlm.nih.gov/pubmed/35327288
http://dx.doi.org/10.1093/molbev/msy096
http://www.ncbi.nlm.nih.gov/pubmed/29722887
http://dx.doi.org/10.1111/jse.12683
http://dx.doi.org/10.5943/mycosphere/9/6/2
http://www.ncbi.nlm.nih.gov/pubmed/35744909
http://dx.doi.org/10.1007/s13762-018-1717-8
http://dx.doi.org/10.1016/j.bcab.2018.10.019
http://dx.doi.org/10.1007/978-3-030-73507-4_14
http://dx.doi.org/10.19045/bspab.2018.700124
http://dx.doi.org/10.1186/s13068-018-1048-5
http://www.ncbi.nlm.nih.gov/pubmed/29483942
http://dx.doi.org/10.1007/s10311-020-01040-7
http://dx.doi.org/10.1186/s13068-021-02101-x
http://www.ncbi.nlm.nih.gov/pubmed/35418139
http://dx.doi.org/10.15376/biores.14.3.6767-6780
http://www.ncbi.nlm.nih.gov/pubmed/25629559
http://www.ncbi.nlm.nih.gov/pubmed/30423814
http://www.ncbi.nlm.nih.gov/pubmed/28538197
http://www.ncbi.nlm.nih.gov/pubmed/26642223

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. METHODOLOGY
	2.1. Collection of Samples
	2.2. Preparation of 1% Carboxymethyl Cellulose (CMC) Agar
	2.3. Screening and Isolation of Cellulose-degrading Fungi
	2.4. Preparation of Potato-dextrose Agar (PDA)
	2.5. Subculturing Cellulolytic Fungi
	2.6. Molecular Identification of Lignocellulolytic Fungi
	2.6.1. Isolation of Genomic DNA
	2.6.2. PCR Amplification
	2.6.3. PCR Products Resolution and Sequencing

	2.7. Screening of Agro-wastes as Substrates for Cellulase Production
	2.7.1. Experimental Design
	2.7.2. Cellulosic Substrates
	2.7.3. Fungal Inoculum
	2.7.4. Pretreatment of Cellulosic Substrates
	2.7.5. Solid State Fermentation
	2.7.6. Extraction of Crude Enzymes

	2.8. Determination of Cellulase Activity
	2.8.1. Preparation of Dinitrosalicylic Acid (DNS) and Potassium Sodium Tartrate
	2.8.2. Filter Paper Assay
	2.8.3. Endoglucanase Assay
	2.8.4. Exoglucanase Assay
	2.8.5. Beta-glucosidase Assay

	2.9. Data Management and Analysis

	3. RESULTS
	3.1. Isolation and Screening of Fungal Cultures for the Production of Cellulase
	3.2. Genomic DNA Isolation, Amplification and Sequencing
	3.3. Effect of Incubation Period on Cellulase Production
	3.3.1. Effect of Incubation Period on Filter Paper Activity
	3.3.2. Effect of Incubation Time on Exoglucanase Activity
	3.3.3. Effect of Incubation Time on Endoglucanase Activity
	3.3.4. Effect of Incubation Period on β-glucosidase Activity

	3.4. Effect of Substrate Pretreatment on Cellulase Production
	3.4.1. Effect of Substrate Pretreatment on Filter Paper Activity
	3.4.2. Effect of Substrate Pretreatment on Exoglucanase Activity
	3.4.3. Effect of Substrate Pretreatment on Endoglucanase Activity
	3.4.4. Effect of Substrate Pretreatment on β-glucosidase Activity


	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


