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ABSTRACT

Cellulase immobilization on solid supports is a revolutionary approach towards making cellulose hydrolysis economically
viable at the industrial scale. Immobilized cellulases have significant advantages in operation stability, reusability, and affinity
to the substrate over free enzymes. These advantages significantly reduce the enzyme usage, product contamination and allow
continuous or repeated-batch processing, which are critical to economic industrial biocatalysis. In this study, we applied sodium
alginate as a solid support in the immobilization of Aspergillus Niger cellulase. The model substrate used was carboxymethyl
cellulose (CMC). The influence of pH, temperature, and substrate concentration on the saccharification of CMC by free and
immobilized cellulase from A. niger were determined. Re-useability of the immobilized cellulase in the saccharification of CMC
was also examined. CMC hydrolysis by both free and immobilized 4. niger cellulase recorded highest yield at pH 6.0 and 3.0 with
10.9% and 8.5%, respectively. Optimal temperature for CMC hydrolysis by free and immobilized 4. niger cellulase was obtained
at 50°C and 40°C with 9.2% and 7.20% saccharification, respectively. Optimal saccharification of CMC by free and immobilized
cellulase from A. niger was obtained at 1.5% and 0.5% (w/v) substrate concentration with 23.32% and 11.39% saccharification,
respectively. Overall, immobilized cellulase systems enable higher catalytic productivity, lower enzyme cost, and improved process
robustness making cellulase immobilization a critical enabler in industrial-scale biomass valorization and biofuel production.

Keywords: Aspergillus Niger; Cellulase Immobilization, Sodium Alginate; Saccharification, Carboxymethyl cellu-
lose (CMC)

Introduction

Cellulose is a linear polysaccharide composed of
B-1,4-linked D-glucose units (Li et al., 2018), with
polymer chains ranging from hundreds to thousands
of glucose units (Jabeen and Atif, 2023). Due to its
abundance, availability and accessibility, cellulose
is often used in various industrial sectors as raw
materials for bio-processes. Cellulose is used in pulp,

doi.org/10.51459 /jostir.2025.1.Special-Issue.060

paper, textiles, packaging and biofuel industries (Aziz
et al., 2022). In the biofuel industry, cellulose serves
as limitless primary product that can be broken down
into fermenTable sugars used in the production of
biofuels. Pure cellulose exists in various forms such
as carboxymethyl cellulose (CMC) which are linear
polymers consisting of several glucose units held
together in highly crystalline microfibrils (Nasatto et
al., 2015). Pure cellulose are used in biotechlogy as
model substrates in the study of saccharification of
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cellulose to simple sugars for biofuel production.
Various methods are used in breaking down cellulose
into monomers of glucose; including acid or alkali
hydrolysis, chemical hydrolysis and biological
methods which involves the use of microbes such as
fungi or bacteria and enzymes. Enzymatic hydrolysis
has proven to be the most suiTable method among
other methods due to its higher conversion efficiency,
cost effectiveness and minimal by-product formation
(Amandio et al., 2023). Saccharification of cellulose
with the use of hydrolytic enzymes is achieved by
breaking the glycosidic bonds within the cellulose
structure to release fermenTable sugars (Zhao et al.,
2022).

Saccharification of cellulose occurs via a synergistic
cascade of three major cellulases namely:
Endoglucanase, exoglucanase and p-Glucosidases.
They work simultaneously by first cleaving the
internal glycosidic bonds to make available new
chain ends, thereafter removes glucose units from
cellulose chains terminal, and finally breaks the
cellobiose units into glucose monomers, mitigating
product inhibition and completing the saccharification
process (Contreras et al., 2020).

Saccharification of pure cellulosic substrates
is a canonical procedure in biotechnology and
bioengineering, both used as a model system to
study cellulolytic processes and as a reference to test
the effectiveness of cellulose to sugar conversion
reactions (Sun et al., 2018). Although commercially
available cellulase cocktails have been widely used,
free enzymes present considerable drawbacks such
as thermal and pH instability, product inhibition,
recovery and reuse difficulties, and high costs when
high turnover and enzyme recycling is necessary
to make the process economical (Khoshnevisan
et al., 2019). It is therefore imperative to study
immobilization of cellulase in order to overcome
limitations encountered with the use of free enzymes
(Seenuvan et al., 2020) and improve -cellulose
hydrolysis for biofuel production.

Enzyme immobilization is the confinement of

enzymes onto solid supports offering numerous
advantages such as reuseability, stability in the
presence of inhibitors and extreme condition of pH
and temperature (Bi¢ et al, 2022). Immobilization
methods include entrapment, physical adsorption,
covalent binding, cross-linking and encapsulation
(Spasojevic et al., 2019). Immobilization by
entrapment using sodium alginate as a solid support
is considered a more accessible technique since it
is rapid, cheap, easy, and can be conducted at mild
conditions (Weng et al., 2023). In this study, we
evaluated the use of Aspergillus Niger cellulase in its
free and immobilized form to hydrolyze CMC.

Materials and Methods

Commercial A. niger cellulase (0.8 U/mg),
carboxymethyl cellulose (CMC), methyl cellulose,
sodium alginate, calcium chloride, glucose, potassium
dihydrogen phosphate, dipotassium hydrogen
phosphate, dinitrosalicyclic acid, sodium hydroxide,
hydrochloric acid, sodium citrate, citric acid,
potassium sodium tartarate, tris-(hydroxymethyl)-
aminomethane, were purchased from Sigma-Aldrich
labor chemikallen, EC label C.0.0. Germany. All
other reagents used were of analytical grade.

Preparation of Pure Cellulase from Aspergillus
Niger

Commercial cellulase (1.18u/mg) from A.niger was
dissolved in 10 ml of 50 mM sodium citrate buffer
(pH 4.8).

Cellulase Immobilization

The entrapment method of cellulase immobilization
was carried out according to the method described
by Niladevi and Prema (2008), using sodium alginate
as the effective carrier material. The sodium alginate
solution (2.5 % w/v) was measured and put into a
1:1 proportion with cellulase and mixed thoroughly
by slight shaking in a rotary shaker. Beads were
produced by adding the viscous mixture of alginate
and cellulase dropwisely with the use of a 0.4-
mm diameter syringe into 0.2 M calcium chloride
solution with stirring. The beads were hardened in
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4°C for 2 h. The harvesting of the alginate beads was
done through filtration and the beads were washed
multiple times with distilled water until no cellulase
activity was observed in the washed water.

Cellulase Activity

Cellulase activity was measured following the
method described by Wood and Bhat (1998) with
slight modifications. 150ul of cellulase was reacted
with 450 ul of 1 % (w/v) CMC, (prepared in 50mM
sodium citrate buffer (pH 4.8)) and incubated at 40°C
for 20 minutes. For the immobilized cellulase, the
reaction consisted of 8 cellulase immobilized beads
(equivalent to the volume and activity of 150 ul free
cellulase) and 450 ul of substrate solution. Reaction
was stopped by adding 400 ul of dinitrosalicylic acid
(DNS) and reaction tubes were placed in water bath
at 100°C for 5 minutes. Absorbance was measured
at 575 nm against the blank (50 mM sodium acetate
buffer). A unit of CMCase activity was defined as 1
umole of liberated glucose released per minute under
standard assay condition.
Enzymatic = Saccharification
Cellulose (CMC)

Enzymatic hydrolysis of CMC was carried out
following the methods of Holtzapple et al. (1994)
with slight modification. CMC (2% w/v) was
dissolved in 10 ml buffer and mixed with 5ml cell-
free cellulase in a 50-ml Erlenmeyer flask. Sodium
azide (0.3 g/L) was added to inhibit microbial
contamination (Hendrix et al., 2019). The reaction
mixture for immobilized cellulase comprised 9.15
g of beads of immobilized cellulase of equivalent
volume and activity to 5 ml free cellulase and 2%
substrate solution. The enzymatic hydrolysis was
carried out for 2 h at 50°C in orbital incubator (150
rpm). After the saccharification period, the reaction
mixture was filtered with the use of 0.22um sterile
syringe filters to remove unhydrolyzed substrate and
glucose concentration of the filtrate was determined
according to standard procedure.

of Carboxymethyl

Estimation of Glucose Concentration during
Enzymatic Hydrolysis

Dinitrosalicylic acid method of glucose estimation
was used to determine the amount of glucose
released during enzyme hydrolysis (Miller, 1959).
The reaction mixture consist of 300 ul of the
supernatant and 700 ul of the dinitrosalicylic acid
(DNS) solution, these was boiled at 100°C in 5
minutes. The reaction mixture was cooled on water
and absorbance recorded at 575 nm. The quantity of
glucose released in the hydrolysis was determined
by the use of glucose standard curve and presented
in mg/mL. The percentage saccharification was
determined by following the equation of Mandels and
Sternberg (1976) as shown below: The percentage
saccharification was determined by converting
polysaccharide to monosaccharide in the presence of
water as shown by the following equation:

. a Reducing sugars (%)XO.Q %x100%
% Saccharification =

Initial substrate concentration (%) (l)
The factor 0.90 was used to convert polysaccharide to
monosaccharide accounting for water uptake during
hydrolysis.

Optimization of Enzymatic Saccharification of
Carboxymethyl cellulose (CMC)

Effect of pH on Enzymatic Saccharification of
CMC

The influence of varying (pH 3.0 Glycine-Hcl, pH 4-5
Sodium Citrate, pH 6-7 Pottasium Phosphate, pH 8-9
Tris-NaoH, and pH 10-11.0 Glycine NaoH) on the
saccharification of CMC was studied using free and
immobilized cellulase from 4. niger. Carboxymethyl
cellulose (2% w/v) was mixed with 5 ml of cell-free
cellulase in a 50 ml Erlenmeyer flask containing 10
ml buffers of varying pH (3.0 to 11.0). In order to
inhibit microbial contamination (0.3 g/L) sodium
azide was added to the reaction mixture (Hendrix et
al.,2019). The enzymatic saccharification was carried
out for 2 h at 50°C in orbital incubator (150 rpm).
For immobilized cellulase, the reaction comprised
9.15 g of immobilized cellulase beads equivalent to
the volume and activity to 5 ml cell-free cellulase,
and 2% substrate solution. After the saccharification
process, the unhydrolyzed substrate was filtered
with the use of 0.22 um sterile syringe filters, and
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glucose concentration of the filtrate was determined
according to standard procedure.

Effect of Temperature on Enzymatic
Saccharification of CMC

The influence of temperature (30 - 70°C) on
saccharification of CMC was studied using free and
immobilized cellulase from A. niger. CMC (2%
w/v) was mixed with 5 ml of cell-free cellulase in
a 50 ml Erlenmeyer flask containing 10 ml buffer
and 0.3 g/L of sodium azide was added to eliminate
contaminants by microbes (Hendrix et al., 2019). The
enzymatic saccharification was carried out for 2 h at
varying temperatures 30 to 70°C in orbital incubator
(150 rpm). For immobilized cellulase, the reaction
comprised 9.15 g of immobilized cellulase beads
equivalent to the volume and activity to 5 ml cell-
free cellulase, and 2% substrate solution. After the
saccharification process, the unhydrolyzed substrate
was filtered with the use of 0.22 um sterile syringe
filters, and glucose concentration of the filtrate was
determined according to standard procedure.

Effect of Substrate Concentration on Enzymatic
Saccharification of Celluloses

The influence of varying substrate concentration
(0.5% to 2.0% (w/v)) on saccharification of CMC was
studied using free and immobilized cellulase from
A. niger. CMC (0.5% - 2% w/v) was mixed with 5
ml of cell-free cellulase in a 50 ml Erlenmeyer flask
containing 25 ml buffers of optimum saccharification
pH of CMC, and sodium azide (0.3 g/L) was added
to eliminate microbial contamination (Hendrix
et al., 2019). The enzymatic saccharification was
carried out for 24 h at optimal temperature of CMC
hydrolysis, in orbital incubator (150 rpm). For
immobilized cellulase, the reaction comprised 9.15
g of immobilized cellulase beads equivalent to the
volume and activity to 5 ml cell-free cellulase, and
2% substrate solution. Samples were collected and
filtered using 0.22 um sterile syringe filters to remove
unhydrolyzed substrate and the glucose concentration
of filtrates were determined according to standard
procedure.

Reuseability of Immobilized cellulase

The reuseability study of the immobilized cellulase
from A. niger cellulase was achieved through the
hydrolysis of CMC. The enzymatic hydrolysis of
CMC 0.5 % (w/v) in 50 mM Glycine-Hel buffer pH
3, was carried out for 4 h at 40°C in orbital incubator
(150 rpm). After each cycle of CMC hydrolysis,
the alginate beads were collected, washed with
distilled water and applied into a fresh solution of
carboxymethyl cellulose. The steps were repeated 3
times, and the activity estimated from the solution
after each cycle.

Statistical Analysis

All studies were done in triplicates and statistical
analysis (Mean = Standard Deviation) was evaluated
and plotted using Microsoft Excel (2007).

Results and Discussion

Optimization of Cellulose Saccharification by
Free and Calcium Alginate Entrapped Cellulase
from A. niger

Effect of pH on Saccharification of CMC

The effect of pH (3.0-11.0) on saccharification of
carboxymethyl cellulose (CMC) by both free and
immobilized cellulase from 4. niger was evaluated.
Carboxymethyl cellulose had optimal saccharification
at pH 6.0 and 3.0 with (10.91%) and (8.500%)
percentage saccharification, respectively. Percentage
saccharification of carboxymethyl cellulose at pH
3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0 had
10.5 and 8.50%, 10.50 and 8.10%, 10.60 and 8.10%,
10.90 and 7.60%, 10.50 and 8.30%, 10.40 and 5.20%,
10.10 and 4.20%, 10.60 and 4.50%, 9.50 and 4.30%,
respectively (Figure 1).

Saccharification of CMC by A. niger cellulase (free
and immobilized) was higher in the acidic region
with optimal saccharification values at pH 6 and 3,
respectively. It was observed that, the yield of CMC
hydrolysis by the immobilized cellulase stabilized
from the acidic pH 3.0 towards the neutral pH 7.0
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Figure 1: Effect of pH and on the saccharification
of CMC by free and immobilized cellulase from 4.
niger.

after which it declined (Figure 1). This result shows
that cellulase is highly dependent on pH for maximum
output, due to the influence of pH on both enzyme
structure and substrate interactions (Rejel et al.,
2020). This result agrees with a report by El-Gendi
et al. (2022) that, enzyme efficiency depends on the
structure, conformation and the correct ionization
states of key catalytic residues. As the pH shifts away
from the enzyme’s optimum, essential amino acids
in the active site may become improperly protonated
or deprotonated, disrupting catalysis and reducing
efficiency (Iyengar et al., 2022). Previous study
by Kakde and Aithal (2019), reported that 4. niger
derived cellulase exhibited its highest yield of filter-
paper degradation at pH 5.5. As the pH becomes
more alkaline, the enzyme tertiary structure might
be destabilized as a result of dissociated electrostatic
interactions and hydrogen bonds. Therefore,
denaturation or loss of binding affinity takes place,
and the efficiency of saccharification is decreased.
The stability of immobilized cellulase in the acidic
area during the hydrolysis of CMC indicates that
it can be used in industries to hydrolyze cellulosic
substrates that need acidic pH. A report by Ashkan et
al. (2023) revealed the ability of immobilized enzyme
to withstand higher acidic pH, and more temperatures

compared to free enzyme.

Effect of Temperature on Saccharification of CMC
The influence of temperature (30°C-70°C) on
saccharification of CMC by free and immobilized
cellulase of A. niger was determined. The best
saccharification of CMC was achieved atatemperature
of 50°C and 40°C with a saccharification of 9.26%
and 7.25% respectively. Percentage saccharification
of carboxymethyl cellulose at 30°C, 40°C, 50°C,
60°C, 70°C was 1.20 and 6.50%, 7.10 and 7.20%,
9.20 and 7.20%, 3.70 and 5.20%, 2.40 and 5.00%,
respectively (Figure 2). In the free or immobilized
form, temperature had a great impact on the
saccharification of CMC using the 4. niger cellulase.
The immobilized cellulase of 4. niger showed
maximum hydrolysis of CMC at 40°C and minimum
at 50 °C after which it decreased steadily with rise
in temperature. Interestingly, immobilized A. niger
cellulase still showed 69.06% of the saccharification
activity at 70°C as opposed to the free cellulase which
only showed 26.90% at the same temperature. One
can explain this behavior by the effect of calcium
alginate support on stabilization (Kalita and Sit,
2023). The support matrix containing the calcium
alginate may be what gives the enzyme its native
state protection against the effects of heat or loss of
its activity due to heat, and thus the enzyme increases
its catalytic ability. According to Li et al. (2019),
their research revealed that alginate beads confer a
rigid external framework to the cellulase molecules.
The properties of the immobilization matrix provide
improved thermal stability, limiting conformational
flexibility of the enzyme and assist in preserving the
active structure and retaining enzymatic activity at
different temperatures (Shah et al., 2008). A major
consideration that is relevant to the use of enzymes is
the capacity to maintain catalytic activity despite the
increased temperature, which is challenging when
using the free enzymes. The free enzyme’s active
site is easily exposed to denaturing effect such as
heat which drastically reduces its catalytic efficiency
unlike immobilized enzyme that is shielded by the
matrix (Zhang et al., 2016). Findings from this study
has revealed the benefits of immobilized cellulase
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over free cellulase, in its application across varying
temperatures.

Effect of Substrate Concentration on Enzymatic
Saccharification of CMC

CMC hydrolysis using free and immobilized A. niger
cellulase was optimum at 1.50 and 0.5% concentration
with 13.71% and 25.79% saccharification, respectively

Figure 2: Effect of Temperature on the saccharification
of CMC by free and immobilized cellulase from A.
niger.

(Figure 3). It was observed in this study that the rate
of CMC saccharification by immobilized cellulase
gradually decreased as the substrate concentration
increased. Contrary to this report, a study by Kalita
and Sit (2023) reported an increase in calcium alginate
immobilized cellulase activity at increased substrate
concentration during CMC hydrolysis. Another
report by Abraham et al. (2019) reported a rise CMC
hydrolysis at higher substrate concentration by both
form of cellulases. The lesser yield observed with
an increasing substrate concentration might be due
to steric hinderance, reduced enzyme flexibility and
diffusion. In addition, saturation of the immobilized
cellulase active site might hinder its accessibility to
higher substrate concentration (Homaei et al., 2013).
Also, the bead size, pore size, and enzyme loading per
bead might contribute to the limit in diffusion of the
substrate into the enzyme’s active site (Andriani et al.,
2012).

CMC hydrolysis by free cellulase showed minimal
increase in saccharication yield from 0.5% to 1.5%
substrate concentration after which it declined. It is
interesting to note that higher yield of CMC hydrolysis
by immobilized cellulase from A. niger was achieved
across the varying substrate concentration evaluated,
outscoring the result obtained by free cellulase. This
result might be attributed to the interaction and the
stabilizing effect of calcium alginate on cellulase
catalytic site (Weng et al, 2023). The enhanced
catalytic efficiency of immobilized cellulase over free
cellulase observed in CMC hydrolysis shows its ability
to overcome the rigorous challenges of enzymatic
hydrolysis such as high substrate loading. This result
ensures its robustness in industrial applications where
conversion of larger volume of cellulose is required.
Reuseability Study on Immobilized Cellulase
from A. niger

The A. niger immobilized cellulase was tested for
its residual activity for three consecutive cycles.
The immobilized cellulase activity in the first cycle

Figure 3: Effect of substrate concentration on the
saccharification of CMC by free and immobilized
cellulase from A. niger.

of CMC hydrolysis was considered 100% activity
(Figure 4). In this study, it was observed that the
residual activity of A. niger immobilized cellulase
upon CMC hydrolysis rapidly declined after the first
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cycle to about 57% in the second reused cycle, and
finally retained approximately 48% residual activity.

Similarly, Kalita and Sit (2023) reported a sharp
decline in CMC hydrolysis by alginate entrapped
cellulase between the first and the second cycle;
and concluded that the immobilized cellulase might
have experienced a sudden heat shock that caused
the matrix pores to loosen up resulting in activity
loss. Previously, Li et al. (2019) reported 60.90%
of sodium alginate immobilized cellulase activity
after three cycles of CMC hydrolysis. Noticeably,
the cellulase entrapped calcium alginate beads
gradually melted and loosed shape after the third
cycle of CMC hydrolysis. This could be explained
by the fact that every cycle is followed by repeated
washes of the immobilized beads, which leads to
the leakage of cellulase and changes in the enzyme
structure, as well as the subsequent loss of residual
activity (Zhou et al., 2019; Rehman et al., 2013 et
al., 2013). This decrease in activity could also be
attributed to the frequent exposure of the substrate
to the immobilized cellulase active site leading to
alterations in the conformation of the active site
(Agrawal et al., 2020). Previous study by Abraham
et al. 2014 reported that, CMC hydrolysis was
sustained to approximately 70 % of its activity by
magnetic nano-particle immobilized cellulase until
the third cycle. Another study by Zhang et al. (2016)
stated that after the third cycle of CMC hydrolysis,
the activity of the silica gel immobilized cellulase
had reduced drastically to 58 % as compared to the
first cycle. A remarkable characteristic of enzyme
immobilization is its reuseability which limits
operational cost in processes that require enzyme
application. This study has revealed the potentials of
calcium alginate immobilized cellulase by A4. niger
as a useful technique for industrial applications in
cellulose bioconversion.

Conclusion

This study examined the effects of some parameters
on the saccharification efficiency of both free and
immobilized Aspergillus niger cellulase during the

Figure 4: Reuseability of 4. niger cellulase immobi-
lized on sodium alginate and its relative activity on
CMC hydrolysis

saccharification of CMC. Findings from this research
highlighted the importance of these parameters
in improving the process of cellulose conversion.
Remarkably, 4. niger cellulase in its immobilized
state performed better than free cellulase with respect
to catalytic efficiency on substrate concentration
study. The results reveal the possibilities of cellulase
immobilization as a promising and effective method
of cellulose hydrolysis in industries.

References

Abraham, R.E., Verma, M.L., Barrow, C.J. and Puri, M., 2014.
Suitability of magnetic nanoparticle immobilised cellulases
in enhancing enzymatic saccharification of pretreated hemp
biomass. Biotechnology for biofuels, 7(1), p.90.

Agrawal, D.C., Yadav, A., Kesarwani, R., Srivastava, O.N.
and Kayastha, A.M., 2020. Immobilization of fenugreek
B-amylase onto functionalized graphene quantum dots (GQDs)
using Box-Behnken design: Its biochemical, thermodynamic
and kinetic studies. International Journal of Biological
Macromolecules, 144, pp.170-182.

Amandio, M.S., Rocha, J.M. and Xavier, A.M., 2023. Enzymatic
hydrolysis strategies for cellulosic sugars production to obtain
bioethanol from eucalyptus globulus bark. Fermentation, 9(3),
p.241.

The Organization for Women in Science for the Developing World (OWSD) Nigeria National Chapter 7th Biennial
International Conference July 6 - 10, 2025 Special Issue: The Federal University of Technology, Akure (FUTA)

Olajuyigbe et al| 54



JOSTIR Publication 2025 | ISSN: 1118-3896

Special Issue December 2025 | 48-56

Journal of Science, Technology and Innovation Research

Andriani, D., Sunwoo, C., Ryu, H.W., Prasetya, B. and Park,
D.H., 2012. Immobilization of cellulase from newly isolated
strain Bacillus subtilis TD6 using calcium alginate as a support

material. Bioprocess and Biosystems Engineering, 35(1), pp.29-
33.

Ashkan, Z., Zahirinejad, S., Hemmati, R. and Dinari, A., 2023.
Alginate as Support Material in Enzyme Immobilization.
In Alginate Biomaterial:
Biomedical Engineering (pp. 327-360). Singapore: Springer
Nature Singapore.

Drug Delivery Strategies and

Aziz, T., Farid, A., Haq, F., Kiran, M., Ullah, A., Zhang,
K., Li, C., Ghazanfar, S., Sun, H., Ullah, R. and Ali, A.,
2022. A review on the modification of cellulose and its
applications. Polymers, 14(15), p.3206.

Bié, J., Sepodes, B., Fernandes, P.C. and Ribeiro, M.H.,
2022. Enzyme immobilization and co-immobilization: main
framework, advances and some applications. Processes, 10(3),
p.494.

Burah, B., Mai, A.B., Milala, M.A. and Abbas M.I., 2018.
Isolation, Production and Optimization of Cellulase from a
Combination of Aspergillus Niger and Trichoderma Viride
Isolated from Decaying Wood. International Journal of
Biochemistry and Physiology, 3(4): 000139.

Contreras, F., Pramanik, S., M. Rozhkova, A., N. Zorov,
I., Korotkova, O., P. Sinitsyn, A., Schwaneberg, U. and D.
Davari, M., 2020. Engineering robust cellulases for tailored
lignocellulosic degradation cocktails. International journal of
molecular sciences, 21(5), p.1589.

El-Gendi, H., Saleh, A.K., Badierah, R., Redwan, E.M., El-
Maradny, Y.A. and El-Fakharany, E.M., 2021. A comprehensive
insight into fungal enzymes: structure, classification, and their
role in mankind’s challenges. Journal of Fungi, 8(1), p.23.

Hendrix, K., Bleyen, N., Mennecart, T., Bruggeman, C. and
Valcke, E., 2019. Sodium azide used as microbial inhibitor
caused unwanted by-products in anaerobic geochemical
studies. Applied Geochemistry, 107, pp.120-130.

Holtzapple, M.T., Ripley, E.P. and Nikolaou, M., 1994.
Saccharification, fermentation, and protein recovery from low-

temperature AFEX-treated coastal bermudagrass. Biotechnology
and bioengineering, 44(9), pp.1122-1131.

Iyengar, S.M., Barnsley, K.K., Xu, R., Prystupa, A. and
Ondrechen, M.J., 2022. Electrostatic fingerprints of catalytically
active amino acids in enzymes. Protein Science, 31(5), p.e4291.

Jabeen, N. and Atif, M., 2024. Polysaccharides based
biopolymers for biomedical applications: A review. Polymers
for Advanced Technologies, 35(1), p.6203.

Kalita, B.J. and Sit, N., 2024. Characterization of cellulase
immobilized by different methods of entrapment and its

application for carrot juice extraction. Food Science and
Biotechnology, 33(5), pp.1163-1175.

Li, Y., Wang, J., Liu, X. and Zhang, S.,2018. Towards a molecular
understanding of cellulose dissolution in ionic liquids: Anion/
cation effect, synergistic mechanism and physicochemical
aspects. Chemical science, 9(17), pp.4027-4043.

Mandels, M. and Sternberg, D.J.J.LE.T., 1976. Recent advances
in cellulase technology. Hakko Kogaku Zasshi,;(Japan), 54(4).
Miller, G.L., 1959. Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Analytical chemistry, 31(3),
pp-426-428.

Nasatto, P.L., Pignon, F., Silveira, J.L., Duarte, M.E.R., Noseda,
M.D. and Rinaudo, M., 2015. Methylcellulose, a cellulose
derivative with original physical properties and extended
applications. Polymers, 7(5), pp.777-803.

Niladevi, K.N. and Prema, P., 2008. Immobilization of
laccase from Streptomyces psammoticus and its application
in phenol removal using packed bed reactor. World Journal of
Microbiology and Biotechnology, 24(7), pp.1215-1222.

Pooja R., and Shiva C. A. (2019). Potential of agricultural waste
residues as a novel media for the growth of Aspergillus niger
for cellulase production. Dnyanopasak Research Journal V1 11
Mar

Rehman, H.U., Aman, A., Silipo, A., Qader, S.A.U., Molinaro,
A. and Ansari, A., 2013. Degradation of complex carbohydrate:
immobilization of pectinase from Bacillus licheniformis
KIBGE-IB21 using calcium alginate as a support. Food
chemistry, 139(1-4), pp.1081-1086.

Rojel, N., Kari, J., Serensen, T.H., Borch, K. and Westh,
P., 2020. pH profiles of cellulases depend on the substrate
and architecture of the binding region. Biotechnology and

The Organization for Women in Science for the Developing World (OWSD) Nigeria National Chapter 7th Biennial
International Conference July 6 - 10, 2025 Special Issue: The Federal University of Technology, Akure (FUTA)

Olajuyigbe et al| 55



JOSTIR Publication 2025 | ISSN: 1118-3896

Special Issue December 2025 | 48-56

Journal of Science, Technology and Innovation Research

Bioengineering, 117(2), pp.382-391.

Seenuvasan, M., Kumar, K.S., Kumar, A. and Parthiban,
R., 2020. Review on surface modification of nanocarriers to
overcome diffusion limitations: An enzyme immobilization
aspect. Biochemical engineering journal, 158, p.107574.

Shah, P., Sridevi, N., Prabhune, A. and Ramaswamy, V.,
2008. Structural features of Penicillin acylase adsorption on
APTES functionalized SBA-15. Microporous and Mesoporous
Materials, 116(1-3), pp.157-165.

Sojitra, U.V.,Nadar, S.S. and Rathod, V.K.,2017. Immobilization
of pectinase onto chitosan magnetic nanoparticles by

macromolecular cross-linker. Carbohydrate polymers, 157,
pp.677-685.

Spasojevic, M., Prodanovic, O., Pantic, N., Popovic, N., Balaz,
AM. and Prodanovic, R., 2019. The enzyme immobilization:
carriers and immobilization methods. Journal of Engineering &
Processing Management, 11(2), pp.89-105.

Spinelli, D., Fatarella, E., Di Michele, A. and Pogni, R,
2013. Immobilization of fungal (Trametes versicolor)
laccase onto Amberlite IR-120 H beads: optimization and
characterization. Process Biochemistry, 48(2), pp.218-223.

Sun, F., Mukasekuru, M.R., Chen, D., Wei, Y., Han, L., Lin, X.
and Fang, X., 2018. Determination of Cellulase Activities and
Model for Lignocellulose Saccharification. Fungal Cellulolytic
Enzymes: Microbial Production and Application, pp.223-238.

Weng, Y., Yang, G., Li, Y., Xu, L., Chen, X., Song, H. and
Zhao, C.X., 2023. Alginate-based materials for enzyme
encapsulation. Advances in colloid and interface science, 318,
p-102957.

Wood, T. M., and Bhat, K. M., 1998. Method for measuring
cellulose activities. In: Wood, W.A., Kellogg, J. A. (eds)
Methods in Enzymology, Cellulose and Hemicellulose, vol 160.
Academic.

Yilun, W., Guangze, Y., Yang, L., Letao, X., Xiaojing, C.,
Hao, S. and ChunXia, Z. (2023). Alginate-based materials
for enzyme encapsulation. Advances in Colloid and Interface
Science, 318:102957

Zhang, D., Hegab, H.E., Lvov, Y., Dale Snow, L. and
Palmer, J., 2016. Immobilization of cellulase on a silica

gel substrate modified using a 3-APTES self-assembled
monolayer. SpringerPlus, 5(1), p.48.

Zhao, H., Li, C.F,, Yu, X., Zhong, N., Hu, Z.Y., Li, Y., Larter,
S., Kibria, M.G. and Hu, J., 2022. Mechanistic understanding of
cellulose B-1, 4-glycosidic cleavage via photocatalysis. Applied
Catalysis B: Environmental, 302, p.120872.

Zhou, M., Ju, X., Zhou, Z., Yan, L., Chen, J., Yao, X., Xu, X.
and Li, L.Z., 2019. Development of an immobilized cellulase
system based on metal—organic frameworks for improving ionic
liquid tolerance and in situ saccharification of bagasse. ACS
Sustainable Chemistry & Engineering, 7(23), pp.19185-19193.

The Organization for Women in Science for the Developing World (OWSD) Nigeria National Chapter 7th Biennial
International Conference July 6 - 10, 2025 Special Issue: The Federal University of Technology, Akure (FUTA)

Olajuyigbe et al| 56



