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Abstract

Pre-treatment technique of biomass for cellulose nanofiber isolation is very significant on its properties. Several
techniques have been used for pre-treatment of biomass, however much has not been done on the use of combined
pre-treatment for Cellulose Nanofibre (CNF) isolations. The use of enzymes has been attached to the extraction of
ethanol from biomass. In this study, a critical review of the application of combine mechanical-enzymes in isolation
of CNF was discussed. A parametric study of factors that influence the output of mechanical and enzymatic
hydrolysis was done with reference to previous work in this area. The review concluded by assessing the viability of

enzymatic hydrolysis in combination with other techniques for successful isolation of cellulose nanofibre
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Introduction

The purpose of pre-treatment is directed toward
removal of lignin and hemicellulose in the precursor
material. The removal makes the fibre less resistance
to fibre hydrolysis as these non-cellulosic materials
form a cover sheet for cellulosic content in plants.
Cellulose prepared from biomass also require these
processes to access its cellulosic content (—Kumar et
al. (2009). Several techniques have been established
for pre-treatments. Pre-treatments can either change
the physical and chemical structure of biomass in order
to enhance the rate of hydrolysis. Physical pre-
treatment is milling, grinding; while chemical pre-
treatment involves the use of mild acid, alkaline,
organic solvent and oxidising agent. Furthermore,
physical chemical process such as stem hydrolysis,
hydro thermolysis and wet oxidation can also be used
( Bhatnagar and Sain, 2005). Other pre-treatment
technique are electrical, ionic liquids and biological
(Janardhnan and Sain, 2011). The precursor material
determines the most effective of these pre-treatment
processes. Often times, the pre-treatment use is
determined by the composition of the biomass
precursor material. The efficiency of the technique is
also depended on the parameters such as
concentration, time and so on.

In the isolation of CNF, defibrillation of fibre is needed
with mechanical treatment. Mechanical pre-treatment is
not economical because it can damage the fibrils and
consumes energy. The energy consumed is proportional
to the effectiveness of the output from the mechanical
treatment, that is, higher yield, higher energy and vice
versa (Chinga-Carrasco, 2011). An improvement in the
pre-treatments process is the replacement of mechanical
treatment with chemical and enzymatic treatment.
These pre-treatments consumes lesser energy to as low
as 1000 kWh/ton for cellulosic fibres as against 20000 -
30000 kWh/ton in mechanical treatment (Alle ef al.,
2020). Several industrial preparation of nanocellulose
makes use of chemical pretreatment before mechanical
isolation using milling machine. However, calculated
chemical treatment (such as acid, alkaline, or enzymatic
hydrolysis) must be used so as not to damage the fibre.
The pre-treatment enables accessibility of cellulose in
the fibre (Luo and Wang, 2017).

Most plant precursor fibre is lignin, which prevent
access to the cellulose fibre because of its resistance to
hydrolysis. Figure 1 presents the schematic diagram of
pre-treatment processes and the parameters are
summarized in Table 1.

m https://doi.org/10.51459/futajeet 2022.16.1.416



Ojo and Olaiya /FUTA Journal of Engineering and Engineering Technology /16 (1), 105-112, 2022

Cellulose

Amorphous
region

Crystalline
region

—_—

L ]
.
s -
Pre-treatment °
« * ’
-

Hemicellulose

A

Figure 1: Schematic role of biomass pre-treatment (Kumar and Sekaran, 2014)

Table 1: Various Pre-treatment Process of Lignocellulosic Fibres (—Lavoine et al., 2012)

Pre-treatment Advantages Limitations
Biological
Enzyme-assisted Degrades lignin and Very low in rate of hydrolysis
hydrolysis hemicelluloses; low energy
requirements
Chemical Hydrolyzes hemicellulose to High cost; equipment corrosion;
Acid hydrolysis xylose and other sugars; alters formation of toxic substances
lignin structure
Alkaline hydrolysis Removes hemicelluloses and Long residence time required;
lignin; increases accessible irrecoverable  salts formed and
Ozonolysis surface area incorporated into biomass
Reduces lignin content; does not ~ Large amount of ozone required;
produce toxic residues formation of toxic substances
Organosolv Solvents need to be drained from the
Hydrolyzes lignin and reactor, evaporated, condensed; high
hemicelluloses cost
Mechanical Reduces cellulose crystallinity Power consumption usually higher
Grinding Increases accessible surface area;  than inherent biomass energy
Physicochemical cost-effective; does not cause Does not modify lignin or

CO; explosion
compounds

formation of inhibitory

hemicelluloses

Pre-treatment techniques of plant fibres for cellulose
nanofibre isolation

Chemical Pre-treatment

The first application of chemical treatment before its
use in cellulose preparation is in paper making (4bral
etal.,2021). Chemical treatment has been proven to be
effective for lignin removal; termed delignification.
Chemical pre-treatment of lignocellulosic has been
traditionally used in pulp and paper industry for
delignification of cellulose. It is highly effective with

minimal supervision. It also has an advantage over
mechanical treatment because the energy consumed by
this technique is minimal and the formation of inhibitor
is also insignificant. The Pre-treatment of cellulose
precursor material is done using alkaline or bases. The
pre-treatment is done to remove the lignin content in
the precursor material ( Kumar et al, 2009). The
alkaline pre-treatment dissolves the hemicellulose,
lignin, and pectin from cellulosic fibres. The pre-
treatment is performed at room conditions for hours
(Zuluaga et al., 2009). The pre-treatment process is in
two steps pulping first and then bleaching. Basically,

m https://doi.org/10.51459/futajeet 2022.16.1.416



A Critical Review on Enzymatic Assisted Isolation of Cellulose Nanofibre From Plant Fibres

the objective of pulping is to remove lignin from raw
fibres. It is also called delignification, that is the lignin
is degraded and becomes soluble which is then washed
away with water (Oladele ez al. 2018)

There are several chemicals for the pre-treatment
processes; this includes sodium, calcium, potassium,
and ammonium hydroxide. = However, sodium
hydroxide is often used and it is called alkaline pre-
treatment (Ma et al., 2017). The obtained pulp fibre
after delignification has been reported with high
crystallinity.  Secondly, bleaching is employed to
remove other impurities in the cellulosic pulp fibres and
its dependent of the source of the cellulosic material.
Several chemicals have been used for the bleaching
process for example chlorine, hydrogen peroxide,
ozone or peracetic acid ( Thambiraj and Shankaran,
2017). Alkaline pre-treatment is very important in
cellulose preparation using enzymatic hydrolysis. The
effectiveness of hydrolysis process using enzymes is
depended significantly on the pre-treatment. The
presence of lignin has been reported to reduce the
effectiveness of the enzyme in the hydrolysis of the
precursor material to cellulose (Wang et al., 2017).

Chang and Holtzapple, (2000) concluded that there is
significance correlations between the lignin and
enzymatic digestibility. The authors reported that
effective delignification resulted in high digestibility
by the enzymes. The lignin presence was described to
cause barrier for the enzymes to have direct reaction on
the cellulosic material. Other impurities such as acetyl
group were also reported to reduce the enzymatic action

of'the raw fibre (—Kumar et al., 2009).

Physical Pre-treatment

Physical pre-treatment are non -mechanical pre-
treatment and they are used for breakdown of
lignocellulosic materials into fine particles (—Kumar et
al., 2009). Examples of physical pre-treatment are
steam or autohydrolysis, hydro-thermolysis, and wet
oxidation (Tribot et al., 2019). Apart from steam, pre-
treatment with liquid water is also done occasionally.
When liquid water is used, hydro-thermolysis, aqueous
or steam fractionation, aquasolv, and uncatalyzed
solvolysis are some of the terms used to describe this
form of pre-treatment (Kumar and Singh, 2008). In this
method, to keep the water in a liquid state, pre-
treatment is carried out at a high temperature and under
pressure (). At temperatures of 200-230 °C, the
residence time for this process is around 15 minutes.
During this process, roughly 40-60% of the total plant
fibre is dissolved, including 4-22% cellulose, 35-60%
lignin, and all hemicellulose. Since the lignocellulose
particles will break apart during the treatment process,
no size reduction of biomass is needed prior to hot water
pre-treatment. Pérez ef al. (2007) investigates the
effects of temperature (170 and 200 °C), solid

concentration [5% and 10% (w/v)], residence time (0
and 40 minutes), and reactor overpressure (30 bar) on
the pre-treatment of wheat straw. Solid compositions
and liquid fractions obtained after filtration, as well as
the solid fraction's susceptibility to enzymatic
hydrolysis using commercial celluloses enzyme, were
used to assess the efficacy of pre-treatment. The authors
discovered that temperature and time had an effect on
pre-treatment, and that increasing both temperature and
time increased enzyme hydrolysis yield (Espinosa et al.
,2019)

Various treatment systems, including sufficient
treatment time, strain, and temperature, have been tried
and produced to optimise these processes (Wang et al.,
2017). Since the properties of hydrothermolysis can be
regulated by temperature, pressure, and treatment time,
it's important to pick the right treatment system to
monitor the substances' decomposition route (Le
Troedec et al, 2008). As previously described,
separating lignin from cellulose in a single step is
difficult. As a result, a new method was proposed in
which alkaline pre-treatments were applied to
cellulosic bamboo fibres before high-pressure
enzymatic hydrolysis was used to remove lignin and
other impurities from the cellulosic bamboo fibres in
this study (Zuluaga et al., 2009).

Mechanical Pre-treatment

The most common mechanical pre-treatment methods
used in the defibrillation of the CNF include refining,
chip-out, homogenisation, microfluidisation, grinding,
cryochrushing, ultrasound, steam explosion,
electromagnetic or combined approaches (Jawaid and
Khalil, 2011). Due to their high energy consumption,
mechanical insulation approaches result in a major
reduction in output and fibre length. The biomass
characteristics and final particle size determine the
power and energy consumption for mechanical
comminution of lignocellulosic materials. Researchers
determined that the energy input for particle size
reduction in the range of 3-6 mm is less than 30 kWh per
tonne of biomass. In addition to inefficient fibre
disintegration, these techniques tend to harm the
structure of microfibrils by reducing both the degree of
crystallinity and the polymerization of cellulose (kumar
etal .,2009).

A method for treating cellulosic fibres using chemical
or enzymatic pre-treatment before mechanical isolation
is introduced to resolve this issue (Khalil ef al., 2012;
Chauhan, 2020). A technique that incorporates
chemical and mechanical treatment is known as chemo-
mechanical therapy (Fatah et al., 2014). According to
reports, chemo-mechanical pre-treatment of cellulosic
fibres lowered energy consumption from 30,000
kWh/ton to 1000 kWh/ton (Siro et al, 2011). A
combination of two or more mechanical isolation
processes, on the other hand, produced CNF with
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promising properties. Qing et al. (2013), discovered
that combining refining and microfluidization
processes produced standardised CNF with high
fibrillation in their study. In another study, Wang and
Cheng, (2009) discovered that combining high-
intensity ultrasonication with high-pressure
homogenization produced effective fibrillation and
uniform CNF. In addition, cryocrushing and refining
are often used in conjunction with homogenization to
improve the performance of the manufacturing
process.

Homogenization is the process of changing the
particle size of a material to achieve homogeneity.
Anything homogeneous is described as having the
same composition, structure, or personality. Other
words for homogenising include blending, mixing,
dispersing, disrupting, boiling, emulsifying, among
others. The three major classes are pressure
homogenization, ultrasonic pressure homogenization,
and mechanical homogenizer (Dharkhar, 2014).
Rotor-stator homogenizers and blade form
homogenizers are the two types of mechanical
homogenizers. The rotor-stator homogenizer disrupts

fibres with hydraulic, mechanical, and cavitation
shear. It's also known as high shear mechanical
dispersion (HSMD) or high shear homogenization,
and it necessitates high-energy sonic and ultrasonic
pressure gradients Cavitation happens when a solid
object moves through a rapidly flowing liquid. A
rapidly spinning rotor (blade) in a static head or tube
(stator) with slots or holes draws fibres up. Fibers are
thrown outward by centrifugal force in a pump and exit
through slots or holes. As the rotor spins at a high
speed, a combination of intense turbulence, scissor-
like mechanical shearing, and cavitation occurs within
the narrow gap between stator and rotor, rapidly
reducing fibre size. To put it in another way, HSMD is a
mechanical homogenization strategy that employs two
distinct mechanical behaviours. The cutting technique
shortens the fibres, while the shear force method frees
the microfibrils. The rotor-stator configuration and
size, rotor tip speed, initial sample size, medium
viscosity, processing time or flow rate, medium
volume, and sample concentration all influence the
homogenization process' performance (Dharkhar,
2014; Zhang et al, 2020). A schematic diagram of fibre
fibrillation using a rotor-stator homogenizer is shown
inFigure 2.

Figure 2. Schematic diagram of fiber fibrillation by Ultra Turrax rotor-stator
homogenizer (Cole-Parmer, 2016)

Cellulosic fibre is disintegrated in this process,
resulting in smaller fibre dimensions and the liberation
of microfibrils. HSMD can generate CNF in small
(gram-scale) and large (kilogram-scale) quantities,
depending on the equipment, condition, and method
used. The Ultra Turrax high-speed dispersing unit is a
gram-scale HSMD that is designed for batch-wise
operation with a limited inlet volume amount. The kg-
scale equipment, on the other hand, was created for
industrial use. The Ultra Turrax high-speed dispersing
machine consists of a dispersing chamber with a ring
generator and a chamber volume. Since viscosity tends
to rise during the disintegration process, a pulp with a
very low consistency is needed to ensure proper

mixing. Zhao et al. (2013) used a simple,
environmentally friendly mechanical refining pre-
treatment with high shear homogenization method to
successfully extract CNF with high crystallinity and
low thermal stability from dry softwood pulp. A
possible novel nanopaper with high optical
transparency for advanced applications has been
developed. Some researchers have used mechanical
disintegration in the fabrication of nanocomposites,
especially at the laboratory scale. It acts as a dispersion
mechanism, allowing the polymer matrix and
nanofibers to disperse more evenly (Hedayati et al,
2011; Sehaqui et al,2012).

Clogging, on the other hand, is a common problem that
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takes time to fix because long fibres clog the system
because of small slots or holes that must be
disassembled and cleaned. As a result, the fibre size
must be decreased before going through the
homogenizer to prevent stacking the small slots. Prior
to the homogenization process, pre-treatments and a
combination of chemical and mechanical treatment are
needed. Researchers combined mechanical pre-
treatments such as refining (Muhamad ef al, 2019),
cryocrushing (Kam et al/,2019), enzyme (Martelli-Tosi
etal,2016), and chemical pre-treatments(Alemdar and
Sain, 2008) to minimise the size of fission products. To
manufacture CNF with diameters ranging from 10-90
nm from kenaf bast fibres, Jonoobi ef al. (2011) used a
combination of pulping and bleaching as a chemical
pre-treatment when grinding and cryocrushing as a
mechanical pre-treatment before homogenization.
They have used a grinding pre-treatment on the kenaf
stem and core to produce CNF with widths of 15-80 nm
and 20-25 nm, respectively, from the kenaf stem and
core.

Application of Cellulose Nanofibre Based

Nanocomposites

Previously, composites were created by mixing
natural fibre with a petroleum-based polymer. Bio-
derived polymer and petroleum-based polymer were
used to create green composites. Bio-based material
was integrated into a petroleum-based polymer to
increase biodegradability. The creation and application
of nanocomposites made of nano-sized fibres and
microfibrils derived from natural fibre are currently
thriving in biocomposites research. Completely green
nanocomposites are emerging due to green technology
being a serious field of research that is gaining
increasing attention from both industries and academic
affiliations(Ramesh et al, 2017). Green composites are
a unique choice for pulp and paper, food processing,
automotive, coatings, construction, furniture, medical
and pharmacy, cosmetics, and electrical and electronic
industries since they are manufactured from renewable
agricultural products. Natural fibres and recycled
materials have recently gained popularity in these
fields due to their low cost, light weight, sustainability,
and ability to reduce hazardous waste (Ramesh et al,
2017; Sulaiman et al, 2018; Sudesh and Iwata, 2008).

Nanofibre is commonly used as a reinforcement in
several applications, including hard composites and
thin films (Abdul Khalil et al, 2020; Eichhorn et al,
2010). As a result, it is used in almost every industry,
from construction materials to food packaging. A wide
range of products are made with CNF and
nanocrystalline cellulose (NCC) reinforced polymer
matrices. Film and flexible packaging, compostable
alternatives to plastic film, high-quality paper and
sheets, super-strong pulp, strong tissue, mineral paper,
wood fibre composites, and wood panels are among
CNF's products (Cherian et al,2011). The properties of

iridescent NCC films include plastics, deposition on
glass, cosmetics, architectural industries, inks,
protection paper, varnishes and coatings, thermal
barriers, ultraviolet reflectance, infrared reflectance,
and ultraviolet barriers(Huq et al,2012).

Anetwork of intertwined nanofibrils with a high aspect

ratio and random surface nanofibril orientation makes
up cellulose nanopaper. It has become a common
commodity in nanotechnology applications due to its
ability to customise porosity, high durability, and
resource renewability (Henrikson er al, 2008).
Nanopapers are lightweight, transparent, and foldable
(Sehaqui et al, 2012). The high strength of nano papers
is greater fibril strength, high inter-fibril adhesion
properties, and uniform distribution defects (Henrikson
et al, 2008). Nanopapers are an ideal substrate for
continuous roll-to-roll processing in the manufacture of
electronic devices, and they may take the place of
expensive batch glass processing. Nano paper, unlike
glass, has a high heat-transfer capability and is
transparent due to its tightly packed structure and
minimal space between fibres, which prevents light
scattering(Sehaqui ef a/, 2012). Furthermore, Yousefi et
al. (2013) discovered that it outperforms micro paper in
barrier properties, tensile strength, and modulus of
elasticity. Nano paper has applications in packaging,
loudspeaker membranes, battery membranes, and
biomedical applications.

Product protection, shelf-life extension, cost-
efficiency, customer convenience, and environmental
issues are major concerns regarding food packaging. To
avoid food degradation, researchers are developing
potential materials with suitable mechanical properties
and the ability to provide an adequate barrier to oxygen,
water vapour, light, microorganisms, and other
pollutants (Tang et al, 2012). CNF was found to
contribute to the impermeability of films when
prepared to an acceptable thickness, which is essential
in food packaging (Hermawan ez a/, 2019). On the other
hand, microfibrillated cellulose (MFC) has emerged as
a potential packaging material reinforcement due to its
combination of water barriers and mechanical
properties (Hermawan et al, 2019; Chinga-Carrasco,
2011).

CNF has found applications in biomedical sciences due
to its excellent mechanical, porosity, and rheological
properties (Abdul Khalil et al, 2020). It is used in the
development of artificial ligaments and tendons. It's
also been used as a reinforcement in developing
collagen implantable scaffolds (Khalil et al, 2020).
Zhang et al. (2019) developed biocomposite hydrogels
reinforced carboxymethylated CNF to replace nucleus
pulposus in intervertebral discs. CNF reinforced
polyurethane matrices for implantable applications
have also been developed by Cherian et al. (2011) used
native CNF hydrogel as a scaffold for 3D cell cultures.
At the same time, Shimotoyodome et al. (2011)
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examined the effect of CNF intake on postprandial
blood metabolic variables. According to recent
biomedical research, CNF can also be used as a filler in
thin films for tablet processing(Kolakovic e al,2012).

Several researchers looked at other applications, such
as transparent films for coating industries, electronic
devices, and excellent barrier properties (Sharma et al,
019). MFC, for example, has recently been tested in
printing applications and found to increase print quality
and ink density when used as a coating agent (Luu et al,
2011). The overall performance of nanocomposites is
influenced by the properties of nanocellulose as
reinforcement material and the interaction between
nanocellulose and the polymer matrix (Murphy and
Collins, 2018). Mechanical, thermal, and optical
properties of CNF nanocomposites are the most
expected changes in performance. CNF
nanocomposites' proper processing, combined with
their high mechanical properties and wide surface area,
allows for forming a dense hydrogen bonding network.
The formation of hydrogen bonding is one of the most
important factors irresponsible for strength in materials
intended for the production of scaffold and packaging
applications mentioned above(Luuetal, 2011).

Conclusion

This study has critically examined different methods of
pre-treatment of biomass to obtain functional cellulose
nanofibre. These pre-treatment techniques have been
shown to be mutually exclusive and -effective.
Incorporating cellulose nanofibre in biocomposites for
various applications is on the increase. The enormous
increase in biocomposite properties with the addition of
cellulose nanofibre has resulted in increased demand.
This has resulted in its high cost, which can be reduced
if extracted from waste. Furthermore, the valorisation
of biomass waste is of significant importance to combat
pollution globally. The techniques reviewed can be
applied in the industrial production of cellulose
nanofibre from waste. The continuous use of waste in
the production of functional material will lead to a long-
term reduction in land and marine pollution.
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