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ABSTRACT

It is feasible to extract nanocellulose, in particular alpha nanocellulose, from agricultural waste products such as cow dung.
This is the case. Nanocellulose of this particular form exhibits unique properties, making it an excellent candidate for biological
applications. This review aims to discuss the biomedical applications of cow dung-derived alpha nanocellulose. Nanocellulose
has a larger surface area, greater mechanical strength, and better biocompatibility than other cellulose nanomaterials. It starts
off by walking through the process of removing nanocellulose from cow manure. Alpha nanocellulose has applications in tissue
engineering, the administration of medicines, the healing of wounds, as well as biosensing. Each application is broken down
into its component parts, providing insights into the underlying mechanisms, experimental investigations, as well as in-vitro
and in-vivo evaluations to establish the viability and effectiveness of alpha nanocellulose. The review paper also discusses the
difficulties encountered and the potential future applications of alpha nanocellulose derived from cow dung in biomedicine.
These difficulties include the requirement for standardized extraction processes, the optimization of material properties, and
the consideration of regulatory issues. This in-depth study demonstrates that alpha nanocellulose that is generated from cow
dung is a versatile and environmentally friendly nanomaterial that can be used for medical applications. It is hoped that the
findings of this study will inspire more research and creative applications based on the unique properties of alpha nanocellulose,
possibly resulting in biomedical breakthroughs by consolidating knowledge and exploring new areas.
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INTRODUCTION Nanocellulose is classified into three types based on

its structure, size, and chemical modification: cellulose

Background on Alpha Nanocellulose

Nanocellulose, a cellulose-derived nanomaterial, has gained
considerable attention in the fields of materials science and
nanotechnology. Because of its unique physicochemical
properties, including as high strength, low weight, large surface
area, and biocompatibility, nanocellulose offers immense
potential for a wide range of applications across multiple
industries, including biomedicine, electronics, packaging,
and textiles.!

nanocrystals (CNCs), cellulose nanofibrils (CNFs), and
bacterial cellulose nanofibers (BCNFs). Among these, alpha
nanocellulose is a notable variation with special characteristics
due to the unique arrangement of cellulose chains.?

Alpha nanocellulose originates from cellulose derived
from plants, which is the organic polymer found in the
greatest abundance on our planet. The removal of it involves a
combination of mechanical and chemical operations, which are
then followed by size reduction techniques to achieve nanoscale
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dimensions. Compared to other types of nanocellulose, alpha
nanocellulose possesses superior mechanical strength and
thermal stability levels due to its crystalline structure and
high degree of order. This is the case because of the material’s
crystalline structure.’

In the last few years, a substantial amount of research has
been carried out in order to investigate the feasible applications
of alpha nanocellulose in the field of biomedicine. Research into
the biological applications of nanocellulose has been propelled
forward by the material’s outstanding biocompatibility, non-
toxicity, and ecologically advantageous qualities. Because
it possesses these characteristics, alpha nanocellulose is an
excellent material to use for a diverse variety of biomedical
applications. Some examples of these applications include
drug delivery systems, tissue engineering, wound healing,
biosensors, and biomedical imaging.*

Because of its one-of-a-kind qualities, alpha nanocellulose
can be tailored to the requirements of various biomedical
applications by being transformed and given new functions.
Functionalization can make a substance more compatible with
biological systems, make it possible to distribute medicine in
a more individualised fashion, and improve interactions with
cells and tissues. Due to the quantity of cellulose in sources
derived from plants, it is also conceivable to make alpha
nanocellulose on a large scale. This is the case because of this,
alpha nanocellulose is a promising and cost-effective material
that could be used in applications connected to biomedicine.’

Cow Dung as a Potential Source of Alpha Nanocellulose

Cow dung is a type of organic waste produced by cattle and
has been utilized for a wide variety of purposes throughout
human history. In recent years, there has been a spike in interest
in uncovering new sources of nanocellulose, a microscopic
version of cellulose that possesses enormous promise for a wide
range of industrial uses. This is because nanocellulose may be
used to make a wide variety of products. Intriguingly, a recent
study came to the conclusion that cow dung is a potential source
of alpha nanocellulose. This was the finding of the study. If
this turns out to be true, it would be a far better option than
the supplies available right now because it wouldn’t harm the
environment and would be cheaper.®

Nanocellulose, which can be manufactured from a wide
variety of plant-based materials such as wood, has attracted
researchers’ interest due to its remarkable mechanical,
thermal, and optical qualities. Nanocellulose can be formed
by combining these different qualities. These properties can
be found in nanocellulose. Nanocellulose is a material that
is in great demand in many various industries due to the
exceptional features that it possesses. These industries include
those that deal with composites, coatings, pharmaceutics, food
packaging, and medical applications. On the other hand, the
commercialization of products that are based on nanocellulose
has been considerably delayed due to the unreasonably
high prices and restricted availability of traditional basic
components.’

Cow dung is an unutilized resource that has the potential
to help solve these problems and represents one potential
solution. Many regions of the world have an abundance of
cow dung, which is typically regarded as a waste substance
due to its abundance. Academic researchers and industry
professionals can lessen their reliance on expensive feedstocks
and contribute to the development of a more sustainable and
circular economy if they extract alpha nanocellulose from
cow dung. This will allow them to reduce their dependence
on expensive feedstocks.®

Several processes are involved in the extraction of alpha
nanocellulose from cow dung. To begin, the cow dung is
collected and dried to remove excess moisture. Following
that, it goes through a pretreatment step to remove pollutants
and break down the lignocellulosic structure of the feces. This
can be performed through chemical, biological, or mechanical
techniques.’

Following pretreatment, the cow dung is enzymatically
hydrolyzed, which employs enzymes to break down the
cellulose into smaller, more manageable nanocellulose fibres.
Additional purification procedures, including as filtering and
centrifugation, can be utilized to make a high-purity alpha
nanocellulose slurry. The resulting nanocellulose has a distinct
crystalline structure and outstanding mechanical properties,
making it a suitable choice for a wide range of industrial
applications.'”

There are several applications for alpha nanocellulose
produced from cow manure. Its use as a reinforcement material
in composites can improve the finished product’s strength,
stiffness, and lightweight properties. Furthermore, due to its
superior film-forming capabilities, nanocellulose can be used
as a coating material in food packaging to improve barriers
such as moisture resistance and gas permeability. Because
of its biocompatibility, it can also be employed in biological
applications such as tissue engineering, medication delivery
systems, and wound healing."

Furthermore, employing cow dung as a renewable source
of alpha nanocellulose has the potential to be environmentally
sustainable. Recycling waste reduces environmental stress
while also allowing for more sustainable waste management.
Increased use of cow dung for nanocellulose extraction may
also stimulate farmers and livestock owners to undertake
more ecologically friendly practices, such as good waste
management and resource utilization.'?

Significance of this Article

The importance of the article “Application of alpha nanocellulose
from cow dung in Biomedicine” rests in its capacity to solve
a wide range of biomedical issues. This research provides a
novel and long-term solution to the limitations associated with
traditional nanocellulose sources.

Environmental Sustainability

This article supports using cow dung, a commonly available
and renewable resource, to synthesize nanocellulose. This
study reduces environmental contamination caused by the
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disposal of cow dung, a waste product. This technology
promotes sustainability in nanocellulose synthesis, which can
benefit the biomedical sector by giving an environmentally
favorable solution.'®

Researchers’ interest has been piqued as a result of the
remarkable mechanical, thermal, and optical qualities of
nanocellulose, which can be manufactured from a wide
variety of plant-based materials such as wood. Nanocellulose
is a substance that possesses these qualities. Because of the
excellent properties that it contains, nanocellulose is a material
that is in high demand across a wide variety of different sectors.
These sectors include businesses involved with composites,
coatings, pharmaceuticals, food packaging, and medical
applications. On the other hand, the commercialization of
products that are based on nanocellulose has been significantly
delayed due to the unreasonably high pricing and constrained
availability of traditional fundamental components.'*

Better Biocompatibility

Using nanocellulose that is generated from cow manure
presents a great opportunity for boosting biocompatibility in
the context of biomedical research. This article addresses the
potential applications of alpha nanocellulose in the biomedical
area. These applications include tissue engineering, drug
delivery systems, and wound healing. The biocompatibility of
nanocellulose that was created from cow dung enables it to be
quickly taken up by live cells, which not only minimizes the
chance of negative reactions but also improves the outcomes for
patients. Cow dung nanocellulose can be purchased online. '

Antibacterial Properties

Alpha nanocellulose derived from cow manure is the subject
of this investigation into its potential antibacterial properties.
This property is extremely important because it suggests
potential application in the fight against bacterial diseases.
Incorporating nanocellulose into biomedical products, such as
antimicrobial coatings or wound dressings, has the potential
to improve patient care overall while simultaneously lowering
the risk of infection.'®

Versatility and Adaptability

The website offers in-depth research on the possible applications
of alpha nanocellulose in a variety of biomedical fields. Because
of its versatility, this material has the potential to be utilized in
awide variety of cutting-edge medical technologies, including
drug delivery systems, tissue engineering scaffolds, biosensors,
and others. This adaptability paves the way for brand new
avenues of research and development in the biomedical field. !’

Extraction and Characterization of Alpha Nanocellulose
from Cow Dung

Cellulose is a multipurpose chemical that can be derived from
awide variety of sources, such as plant fibers, waste materials,
and even animal products. Cellulose can also be produced
synthetically. Because of its remarkable mechanical, thermal,
and optical properties, nanocellulose has received a lot of
attention over the past few years. These properties make it

an attractive option for a wide variety of applications across
a variety of industries. An unanticipated resource, namely
cow manure, will be the focus of this investigation’s efforts to
isolate and examine alpha nanocellulose.'®

Methods

Cow manure was utilized in a variety of ways in order to
successfully extract pure alpha nanocellulose. When the
samples of cow excrement had been collected, any potential
contaminants that could have been there were cleaned off of
them. A mixture of chemical and biological processes was
utilized to break down the complicated cellulose structure
and remove the nanocellulose particles from the washed cow
dung. The goal of this process was to make nanocellulose.'

The first thing that needed to be done was to integrate
enzymes that can hydrolyze the cellulose found in cow manure
in an efficient manner. This treatment employing enzymes
was carried out under stringently controlled circumstances
so that the hydrolysis process could proceed faster. Cellulose
nanofibers were produced as a byproduct of hydrolysis using
enzymes, and these nanofibers were further processed into
alpha nanocellulose.?’

After being broken down by enzymes, the cellulose
nanofibers were put through an acid hydrolysis process using a
powerful acid such as sulfuric acid. This process was repeated
several times. The application of the acid treatment resulted
in the nanofibers being fragmented into smaller fragments,
ultimately creating alpha nanocellulose.?!

Characterization

For elucidating the structural and chemical properties of
the isolated alpha nanocellulose, its characterisation was
tackled from several different angles using a wide range of
methodologies. For the purpose of determining the alpha
nanocellulose, several methodologies were utilized. The
research that looked at the particle size, aspect ratio, crystallinity
degree, thermal stability, and chemical composition were all
quite intriguing in their own right. However, when taken
together, these investigations were even more interesting, 2>

Scanning electron microscope (SEM) and transmission
electron microscope (TEM) were used to analyze, respectively,
the form of alpha nanocellulose particles as well as their
size distribution. These micrographs proved the successful
extraction of nanocellulose by exhibiting the different structure
of cow feces. This was done so as to showcase the success of
the extraction process. 2>

Throughout the course of the research, X-ray diffraction
(XRD) was applied in order to investigate the crystallinity of
alpha nanocellulose. Because doing so enables one to ascertain
the crystallinity level of the material under investigation, the
study of diffraction patterns is an excellent method for gaining
crucial insights into the prospective mechanical properties of
the material.>*

Thermogravimetric analysis (TGA), which entails
measuring the weight loss of a nanocellulose sample as it
varies with temperature, was utilized in an investigation into

IJPQA, Volume 14 Issue 3, July - September 2023

Page 803



Alpha Nanocellulose from Cow Dung in Biomedicine

the material’s capacity to withstand high temperatures. The
study aimed to determine whether or not the material could
withstand temperatures above a certain threshold. TGA can be
utilized to ascertain the temperature at which a material first
begins to deteriorate, which is information that is beneficial
for a wide range of applications.?®

Fourier transform infrared (FTIR) spectroscopy was used,
as a last and certainly not least method to study the material’s
chemical composition. Due to the fact that FTIR spectra were
able to identify the chemical functional groups that existed in
alpha nanocellulose, the substance’s identity as a cellulose-
based material was confirmed.?®

Extraction Techniques for Alpha Nanocellulose

Alpha nanocellulose is gaining a great deal of interest due to its
exceptional properties and the extensive variety of industries
in which it may find uses. This is because alpha nanocellulose
possesses both of these things. Plant fibers, waste materials,
and agricultural leftovers are some of the many different
sources from which nanocellulose can be derived. Extraction
methods are necessary, however, in order to guarantee that
the nanocellulose that is harvested is of a high enough grade.
This article provides a concise overview of a number of the
processes utilized most frequently for the extraction of alpha
nanocellulose, and it emphasizes both the positive and negative
aspects connected with each of these procedures.?’

Chemical Treatment

One of the methods that can be utilized in the process of
eliminating alpha nanocellulose is the administration of a
chemical treatment, which is among the various alternatives.
This technique entails submitting the source material, which
may be plant fibers or waste materials, to a number of different
chemical treatments in order to dismantle the complex
cellulose structure and extract the nanocellulose particles.
The source material could be anything from waste materials
to plant fibers. The material of origin could be anything, from
discarded materials to plant fibers and everything in between.
It is conceivable for the source material to derive from either
plants or waste products. Both of these options are viable.
The manufacturing process is capable of converting the raw
material into nanocellulose.”®

Acid hydrolysis is a common chemical treatment involving
using a powerful acid, most commonly sulfuric acid, to
fragment cellulose fibers into more manageable-sized bits. This
is done to achieve the acid hydrolysis goal, which is to make
cellulose more easily manipulated. This is achieved by using
acid to break the fibers up into smaller pieces. This process is
also known as acidic hydrolysis. The process of acid hydrolysis
is utilized in order to achieve this goal. This approach is
quickly gaining widespread acceptance. The utilization of acid
hydrolysis as a productive method for producing nanocellulose
with a high aspect ratio and surface area can be performed with
relative ease. On the other hand, it may also result in alterations
to the chemical composition or the entrance of pollutants. Both
of these outcomes are undesirable.”’

Enzymatic Treatment

As comparison to chemical treatments, enzymatic therapy is
more sustainable for the environment. Cellulolytic enzymes
are used in this process to break down cellulose fibers into
nanocellulose particles. Cellulase, xylanase, and hemicellulase
are a few of the more common enzymes that are put to use in
this process. *°

There are many benefits that come with enzymatic therapy,
such as mild reaction conditions, good selectivity, and low
chemical changes. Because it maintains cellulose’s inherent
structure and qualities, so it can be utilized in diverse contexts.
On the other side, enzymatic therapy can be time-consuming
because it requires the optimization of enzyme concentration,
temperature, and reaction time.!

Mechanics

The mechanical processes entail physically destroying the
cellulose fibers in order to obtain the nanocellulose particles.
Two of the most popular types of mechanical processes are
high-pressure homogenization and microfluidization.*?

A cellulose-fiber suspension is put through high-pressure
homogenization, in which it is subjected to extreme pressure
forces, which results in the cellulose breaking down into
nanocellulose particles. In contrast, microfluidization involves
the fast movement of a cellulose suspension through a narrow
channel. This results in the fragmentation of fibers into
nanoscale dimensions.*

The ability to process huge volumes of suspensions as
well as scalability are two benefits that can be gained from
using mechanical methods. Yet, they have the potential to
cause mechanical damage, which will lead to a decrease in
the mechanical properties of nanocellulose.**

Combination Techniques

Combination techniques need the combination of different
extraction methods to improve both the extraction efficiency
and the quality of the alpha nanocellulose. To produce
nanocellulose with better qualities, a combination of chemical
and mechanical processes, such as acid hydrolysis followed
by high-pressure homogenization, can be utilized as a
manufacturing strategy.>

Characterization Techniques for Assessing Nanocellulose
Properties

Nanocellulose is flexible and environmentally friendly, making
it useful in many applications. Characterization is essential
for nanocellulose research. Because characterizing processes
are so important, due to these technologies, scientists and
researchers may better understand nanocellulose’s shape,
structure, and properties. These traits may also define them.
Because of this, they can change the nanocellulose’s properties
to use it in a variety of contexts. Nanocellulose is flexible
and environmentally friendly, so it can be used in many
different ways. Characterization methods are required by law
for nanocellulose research. This is because characterization
methods are so crucial to the endeavor. Thanks to these
technologies. Scientists and researchers can better understand

IJPQA, Volume 14 Issue 3, July - September 2023

Page 804



Alpha Nanocellulose from Cow Dung in Biomedicine

nanocellulose’s shape, structure, and properties. These
traits may apply to them. Because of this, they can change
nanocellulose’s properties so it can be used in many different
ways. >

Nanocellulose properties can be studied using TEM.
Researchers can study nanocellulose’s shape and structure
using TEM. The technique allows researchers to do this (TEM).
This investigation can be done using the feasible method
(TEM). High-resolution photographs of nanocellulose particles
and threads will result from this procedure. TEM also allows
for nanocellulose crystallinity and contaminant analysis. One
type of research is this. This is just one of many possible lines
of inquiry.’’

XRD, is another method for investigating the crystal
structure and crystallinity of nanocellulose. This method
can also be used to investigate the crystallinity of the
material. This strategy has a few potential applications in
diverse circumstances. Researchers can estimate the level
of crystallinity in a material by measuring the scattering
patterns produced by x-rays when they come into contact
with nanocellulose samples. This information is critical since
it directly impacts the mechanical and thermal properties of
nanocellulose.*®

The Brunauer-Emmett-Teller (BET) gas adsorption method
is utilized to calculate the surface area of nanocellulose
materials in addition to their porous characteristics.
Researchers benefit from the use of BET analysis because it
helps them understand porosity, pore size distribution, and
accessible surface area for potentially useful applications such
as drug administration and water filtration systems.>

Dynamic light scattering (DLS) is a characterization
approach that can offer information about the size distribution
and aggregation behavior of nanocellulose particles that are
dispersed in a liquid medium. This information can be obtained
through the use of a liquid medium. Researchers are able to
evaluate nanoparticles’ hydrodynamic size and stability using
this method, which is useful for applications such as nanofluids
and emulsion stabilizers. The technique detects oscillations
in the intensity of scattered light caused by nanoparticles’
Brownian motion.*’

The thermal stability and degradation behavior of
nanocellulose can be evaluated with the help of TGA, which
is essential for applications that require high-temperature
resistance. The TGA is used to determine the temperature at
which nanocellulose degrades as well as its thermal stability by
monitoring the shift in the material’s weight as the temperature
of the environment around it rises.*!

In addition, FTIR is also typically utilized to analyze the
atomic structure and the chemical make-up of nanocellulose.
The FTIR analyzes the sample’s ability to absorb and transmit
infrared light, which reveals information about the sample’s
functional groups, chemical bonds, and the presence of
contaminants.*?

Researchers can conduct an exhaustive analysis of the
properties of nanocellulose thanks to these methods and other

methodologies. Scientists may be able to optimize and adapt
the properties of nanocellulose for a variety of applications by
combining the knowledge gained from these techniques. Some
of these applications include tissue engineering, biodegradable
packaging, reinforcing materials, and a multitude of other
brand new industries. In general, the characterization
approaches provide vital information that is necessary for
realizing the potential of nanocellulose as an environmentally
friendly and flexible material.**

Potential Applications of Alpha Nanocellulose in
Biomedicine Drug Delivery Systems

Alpha nanocellulose for sustained drug release

Alpha nanocellulose, sometimes referred to as nanofibrillated
cellulose, is a revolutionary product that is favorable to the
environment and is created from renewable resources such as
wood pulp or agricultural waste. Because of its one-of-a-kind
characteristics, such as its high surface area, high mechanical
strength, and biocompatibility, it is a desirable option for a
wide variety of applications in the biomedical industry, one
of which is the controlled release of drugs.**

When it comes to drug delivery systems, sustained drug
release is an essential component, particularly in the case of
chronic diseases that call for treatment over an extended period
of time or in other circumstances where it is desirable to have
ongoing therapeutic delivery. Conventional drug delivery
systems might not be able to offer the necessary sustained
release profile because of limitations such as rapid initial
release, burst release, or insufficient control over the kinetics of
drug release. However, alpha nanocellulose provides a number
of benefits that can assist in overcoming these limitations and
improving the efficiency of delayed drug release.®’

The adaptability of alpha nanocellulose as a carrier for
continuous medicine delivery is a considerable advantage.
These characteristics allow drug delivery systems to be
adjusted to the specific needs of diverse drugs and medical
situations. Drug release kinetics, for example, can be precisely
controlled by varying the size, shape, and surface chemistry
of the nanocellulose particles. The size of the nanoparticles
regulates the available surface area for drug loading, while
surface chemistry can be adjusted to favor or impede drug
adsorption or diffusion. Controlling release kinetics allows for
the prolonged release of drugs over lengthy periods of time,
boosting therapeutic effects.*®

Furthermore, alpha nanocellulose has a high
biocompatibility, ensuring that medication delivery systems
based on this material have minimal negative effects on
living tissues. This biocompatibility is critical for prolonged
pharmaceutical release since it assures that the carrier material
does not produce inflammation or toxicity, allowing for long-
term use without jeopardizing patient safety. Furthermore,
alpha nanocellulose has shown promise in cell adhesion
and proliferation, making it an attractive material for tissue
engineering applications requiring controlled drug release for
tissue regeneration.*’
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Drug inclusion into alpha nanocellulose matrices can
be performed by a variety of strategies such as physical
adsorption, encapsulation, or covalent bonding. The method
chosen is dictated by the drug’s physicochemical properties,
intended release profile, and manufacturing methods. Once
loaded, the drugs are gradually released over time, maintaining
therapeutic concentrations within the therapeutic range while
reducing administration frequency. By reducing variations in
drug levels, sustained medication release systems based on
alpha nanocellulose can prevent undesired side effects and
improve patient compliance.*®

Furthermore, alpha nanocellulose-based drug delivery
systems can be engineered to respond to certain stimuli in the
body, allowing for targeted drug release at the site of action.
This characteristic is extremely valuable for conditions needing
localized medicine delivery, such as cancer or inflammatory
diseases. Incorporating stimuli-responsive components into
a drug delivery system, such as pH-sensitive polymers or
temperature-responsive nanoparticles, induces drug release in
response to alterations in the local physiological environment.
This facilitates the administration of therapeutic interventions
that are both effective and specifically targeted.*’

Targeted drug delivery using functionalized alpha
nanocellulose

Targeted drug delivery is a new medical specialty that
tries to increase the efficacy and safety of pharmaceuticals
by directly targeting diseased cells or tissues. The use of
nanoparticles or other small particles accomplishes this. Due
to the biodegradability, biocompatibility, and sustainability of
nanomaterials like nanocellulose, there has been a lot of interest
in the possibility of these materials being used as potential
drug delivery carriers. Nanocellulose, which originates
from renewable sources such as plants and microorganisms,
possesses singular characteristics that make it an excellent
material for use in drug delivery applications. Because it
has a large surface area, a high aspect ratio, and superior
mechanical qualities, it is able to facilitate the effective
loading of therapeutic drugs and the controlled release of
those drugs. Nanocellulose, on the other hand, needs to be
functionalized with certain ligands or targeting moieties in
order for it to be used for the delivery of drugs in a targeted
manner. Nanocellulose may be given new properties by
undergoing various functionalization processes, including
chemical modification, physical adsorption, or conjugation
procedures. The use of alpha nanocellulose, which refers to
CNCs or CNFs with a rod-like shape, is a common method.
Alpha nanocellulose provides a versatile platform for surface
changes since it possesses hydroxyl groups on its surface that
can readily be employed for covalent attachment of desired
ligands.

Ligands such as antibodies, peptides, or aptamers can be
bound to the surface of functionalized alpha nanocellulose to
enable targeted drug delivery. These ligands can recognize
and bind to receptors or markers that are overexpressed on ill
cells or tissues, allowing for targeted medicine administration.

Furthermore, by incorporating stimuli-responsive materials
onto the functionalized nanocellulose, such as pH-sensitive
polymers or magnetic nanoparticles, regulated drug release
in response to specific triggers can be achieved, enhancing
drug delivery precision. Depending on the application,
functionalized alpha nanocellulose can be loaded with a range
of therapeutic agents such as small-molecule medications,
proteins, nucleic acids, or even nanoparticles. The loaded
medications’ loading capacity, release kinetics, and stability
can be fine-tuned by changing the surface chemistry and
composition of the nanocellulose carriers. The advantages
of using functionalized alpha nanocellulose for targeted
medicine administration are numerous. For starters, it allows
treatments to be administered directly to the site of action,
reducing systemic side effects and cutting drug dosage needs.
Second, the sustained release properties of nanocellulose
carriers can assure a prolonged therapeutic effect, reducing
medicine administration frequency. Finally, the use of
renewable nanocellulose materials aids in the development
of environmentally sustainable and long-lasting medication
delivery systems.’!

Tissue Engineering

Scaffold fabrication with alpha nanocellulose

Scaffold fabrication is crucial in tissue engineering and
regenerative medicine because it provides a three-dimensional
(3D) structure that allows cells to connect, grow, and
differentiate. Alpha nanocellulose created from sustainable
sources such as plants or bacteria has emerged as a feasible
material for scaffold development due to its unique properties
such as high mechanical strength, biocompatibility, and
biodegradability. There are multiple key phases in the
production of scaffolds using alpha nanocellulose. To begin,
alpha nanocellulose is isolated and purified from cellulose.
This can be performed in a variety of ways, including
acid hydrolysis, mechanical treatments, and enzymatic
operations, which result in the formation of CNCs or CNFs.
These components of nanocellulose function as scaffolding
components in the structure.

The subsequent task entails assembling a three-dimensional
structure out of the individual components that make up alpha
nanocellulose. Freeze-drying, solvent casting, electrospinning,
and three-dimensional printing are some of the techniques
that may be helpful. During the process of freeze-drying, a
nanocellulose suspension is first frozen, and then the solvent is
extracted using a vacuum. This creates a scaffold that is very
porous and has pores that are connected to one another. The
process of pouring a nanocellulose suspension into a mold
and allowing it to dry to generate a solid scaffold is called
solvent casting. As a result of the application of an electric
field to the process of depositing nanocellulose fibers onto
a collector, a scaffold containing nanoscale filaments can be
produced. Via the deposition of nanocellulose-based inks in a
layer-by-layer fashion during the 3D printing process, a high
degree of design and geometrical precision can be achieved
in the scaffold’s framework. Because of its strong mechanical
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characteristics, alpha nanocellulose is an ideal material for
fabricating scaffolds. Nanocellulose scaffolds have a high
tensile strength, stiffness, and elasticity; these properties
are essential for giving structural integrity and mechanical
support to growing cells or tissues. The porous nature of the
scaffolds makes it possible for nourishment and oxygen to be
transmitted, waste to be disposed of, and cellular infiltration
to take place, all of which contribute to the promotion of tissue
regeneration.*

Also, due to the fact that alpha nanocellulose is
biocompatible, the scaffolds that are produced are able to
improve cell adhesion, proliferation, and differentiation. The
nanocellulose scaffold functions in a manner that is analogous
to that of the natural extracellular matrix (ECM) by producing
an environment that is conducive to the execution of cellular
processes. Furthermore, the nanocellulose surface can be
modified or functionalized with biomolecules, growth factors,
or other bioactive compounds to boost cellular responsiveness
and guide tissue regeneration. Alpha nanocellulose scaffolds
are especially biodegradable. As the scaffold degrades over
time, it permits cells to build their own extracellular matrix,
encouraging tissue growth. Nanocellulose breakdown
products are non-toxic and can be metabolised or removed
by the body.>*

Enhanced cell growth and differentiation using alpha
nanocellulose

Cell growth and differentiation are critical processes in
many biological applications, including tissue engineering,
regenerative medicine, and drug discovery. Researchers are
continually exploring new materials to improve these processes
to generate new medicinal treatments. Alpha nanocellulose, a
bio-based nanomaterial derived from cellulose, has emerged
as a promising candidate due to its unique properties and
biocompatibility. This paper highlights the potential of
alpha nanocellulose in promoting cell development and
differentiation.”

Alpha nanocellulose characteristics

Alpha nanocellulose is composed up of nano-sized cellulose
fibrils. It has a lot of favorable properties that aid in cell
formation and differentiation. Its enormous surface area and
porosity encourage cellular adhesion and growth. The three-
dimensional structure of alpha nanocellulose mimics the ECM
and so provides a suitable environment for cells. Furthermore,
alpha nanocellulose is hydrophilic, so it retains water, boosting
nutrient and oxygen transport to cells.*®

In-vitro studies have demonstrated that alpha nanocellulose
increases cell adhesion and proliferation. Researchers, for
example, have demonstrated that fibroblast cells attach and
spread better on alpha nanocellulose substrates than on
normal culture surfaces. This chemical has also been shown to
increase the proliferation rates of various cell types, including
osteoblasts, chondrocytes, and neural stem cells. These
findings show that alpha nanocellulose fosters a favourable
environment for cells to adhere and proliferate, which is crucial
for tissue regeneration.’’

Cell differentiation and tissue engineering

Alpha nanocellulose has been demonstrated to stimulate cell
differentiation in addition to stimulating cell proliferation. To
construct functional tissues or organs in regenerative medicine
and tissue engineering, stem cells must be directed to develop
into specific cell lineages. Studies have revealed that alpha
nanocellulose-based scaffolds influence stem cell growth by
recreating the architecture and chemical composition of the
original ECM. Researchers successfully grew stem cells into
osteoblasts, myoblasts, and adipocytes on alpha nanocellulose
substrates, highlighting its importance in tissue engineering
applications.>®

Cell growth and differentiation mechanisms

A multitude of pathways are responsible for the observed effects
of alpha nanocellulose on cell growth and differentiation. The
high aspect ratio of alpha nanocellulose and the availability of
surface hydroxyl groups serve as binding sites for a variety of
signalling substances and proteins involved in cell adhesion
and differentiation processes. Furthermore, by strengthening
cellular connections and signalling, the nanoscale size of alpha
nanocellulose enhances cell proliferation and differentiation.>

Wound Repair

Alpha nanocellulose wound dressings

Alpha nanocellulose-based dressings are a relatively new
advancement in wound healing. These dressings have shown
great promise in terms of speeding up wound healing and
improving overall wound outcomes. Because they are created
from renewable and sustainable resources, alpha nanocellulose-
based dressings are environmentally friendly and provide a
viable alternative to regular wound dressings. Wound healing
is a complex and dynamic process that involves many cellular
and molecular processes. Traditional wound dressings are
frequently unable to fully support these mechanisms, resulting
in delayed wound healing and an increased risk of infection.
In contrast, alpha nanocellulose-based dressings have specific
properties that make them perfect for wound healing.®

Alphananocellulose-based dressings are distinguished by
their nanoscale structure. The nanofibrous network of these
dressings closely resembles the original ECM, which is the
natural environment in which cells flourish and proliferate.
Because of this structural similarity, cell adhesion, migration,
and proliferation increase, leading in faster wound closure.
Furthermore, dressings made from alpha nanocellulose have
high mechanical strength and flexibility. As a result, they may
conform to odd wound shapes while also effectively protecting
the location from external contaminants, minimizing the risk
of infection. These dressings are also highly absorbent, which
helps to keep the wound moist and prevents excessive scab
formation.®!

In addition to their physical advantages, alpha nanocellulose-
based dressings have been shown to have beneficial biological
qualities. They have antibacterial properties, which help to
prevent and treat wound infections. They also have anti-
inflammatory properties, which can aid in reducing the
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inflammatory response and so slowing wound healing. Because
alpha nanocellulose-based dressings are derived from cellulose,
a naturally abundant polymer, they are both affordable and
widely available. Furthermore, they are a more environmentally
responsible alternative to petroleum-based synthetic dressings
because they are renewable and biodegradable. These
dressings have been rigorously tested for safety and have
shown negligible toxicity and immunogenicity. Despite their
many advantages, alpha nanocellulose-based dressings are not
without drawbacks. The scalability of production and durability
of these dressings under varied settings must be addressed
further for wider clinical application. Furthermore, additional
research is required to fully comprehend their biocompatibility
and long-term effects.®

Antibacterial properties of alpha nanocellulose in wound
healing applications

Alpha nanocellulose, a nanoscale cellulose derivative, has
attracted a lot of attention in wound healing applications due
to its incredible antibacterial characteristics. Due to these
characteristics, it is an excellent candidate for developing
cutting-edge wound dressings that are both effective and
efficient in warding off infections and accelerating the body’s
natural healing process. In recent years, one of the primary
sources of concern for medical professionals has been bacterial
infections that are related with wounds. In most cases,
traditional wound dressings are not effective at preventing the
growth of germs, which both raise the risk of infection and
slow the process of wound healing. Alpha nanocellulose, on
the other hand, has lately emerged as a possibility for use in
finding a solution to this problem.®

One of alpha nanocellulose’s characteristics is its high
surface area. Microorganisms have a large contact area
with the nanoscale fibrous structure. In lab tests, alpha
nanocellulose has killed gram-positive and gram-negative
bacteria. Staphylococcus aureus, E. coli, and Pseudomonas
aeruginosa are all susceptible to its antibacterial properties.
Alpha nanocellulose can prevent and treat wound-related
bacterial infections. Alpha nanocellulose breaks bacterial cell
membranes, which contributes to its antibacterial activity.
The membrane lipids and alpha nanocellulose nanofibrous
network disturb and tear the bacterial cell’s lipid bilayer. This
breach will release intracellular components, stopping bacteria
from growing and killing them. Alpha nanocellulose also
reduces the risk of persistent infections by inhibiting bacterial
biofilm production. In wound healing, alpha nanocellulose
is biocompatible. Numerous studies have shown that alpha
nanocellulose-based dressings are non-toxic and harmless to
human cells and tissues. By managing moisture and oxygen,
the dressing aids wound healing.®*

Furthermore, alpha nanocellulose-based dressings can
stimulate the immune system, improving the body’s ability
to fight infections. They have been shown to stimulate the
synthesis of several cytokines and growth factors involved in
wound healing, allowing for quicker tissue regeneration and
wound closure. The eco-friendliness and sustainability of

alpha nanocellulose add to its popularity in wound healing.
It is created from renewable materials such as wood pulp or
agricultural waste, making it a more cheap and environmentally
beneficial alternative to petroleum-based wound dressings.
Further research is needed, however, to completely understand
the antibacterial properties of alpha nanocellulose and
improve its utilization in wound healing applications. Further
research on its long-term safety and stability and large-scale
manufacturing procedures will be required before it can be
effectively translated into clinical use.%

Biosensors

Alpha nanocellulose for bioelectrochemical sensors

Alpha nanocellulose, also known as cellulose, has garnered
attention in recent years due to its remarkable properties and
potential applications. Bioelectrochemical sensors, which use
electrochemical processes to detect and interpret biological
information, are a growing use for this technology. This article
examines the use of alpha nanocellulose in bioelectrochemical
sensor development, focusing on its unique properties,
advantages, and potential applications. Alpha nanocellulose
is derived from plant cell walls’ main component, cellulose.
First, wood pulp is chemically treated to remove most of its
lignin and hemicellulose. The final product, cellulose, has a
highly crystalline structure, making it appealing for a wide
range of uses in many industries. The crystalline structure
has mechanical strength, chemical stability, and long-range
organisation.%®

Food safety, environmental monitoring, and healthcare
are among the fields that use bioelectrochemical sensors to
detect and analyze biological molecules. Biological processes
must be mapped onto a measurable and decipherable electrical
output to perform their intended functions. The supporting
material for these sensors must be stable, biocompatible, and
conductive. Given these requirements, alpha nanocellulose is
a promising candidate. One of alpha nanocellulose’s biggest
advantages is that it’s compatible with living organisms. It is
not toxic, immune-stimulating, or harmful to living systems.
These traits are good. Because of this, it is a good material for
bioelectrochemical sensors used in medical applications like
monitoring diabetic patients’ glucose levels and diagnosing
cancer and bacterial infections. The sensor gadget will also
be very durable due to alpha nanocellulose’s high mechanical
stability. Due to its high tensile strength and toughness, it
can be used to build long-lasting sensor platforms that can
withstand a variety of conditions and external forces. Because
of this, alpha nanocellulose sensors can be used in labs and
in the real world.®’
Alpha nanocellulose’s unique physicochemical properties
make it a promising bioelectrochemical sensor material.
Enzyme immobilization is easier due to its highly crystalline
structure. Alpha nanocellulose’s electrical properties enhance
electrochemical sensing. Electrical current can flow through
alpha nanocellulose. This property gives bioelectrochemical
sensors their high sensitivity and fast response times.
Bioelectrochemical sensors made of alpha nanocellulose have
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many uses. They can detect toxins, heavy metals, and other water
contaminants. Food-borne allergens and bacteria can be detected
and measured by these sensors. Alpha-nanocellulose sensors
may be used in point-of-care medical diagnostics. Testing and
illness monitoring are faster and cheaper with these apps.®®

Alpha nanocellulose as a platform for biomolecule
immobilization

Alpha nanocellulose has become a platform for biomolecule
immobilization. This opens new doors for biotechnology,
bioengineering, and diagnostics research. We will examine
the possibility of using alpha nanocellulose as a matrix for
biomolecule immobilization, as well as its advantages over
other materials and its wide range of applications. Cellulose,
from which alpha nanocellulose is made, is a polymer found
in plant cell walls. Wood pulp can be chemically extracted for
lignin and hemicellulose. Alpha nanocellulose can immobilize
biomolecules like enzymes, antibodies, and nucleic acids due
to its crystalline structure, better mechanical properties, and
unique surface chemistry because of alpha nanocellulose’s
structure. This is because alpha nanocellulose is a biomaterial.*

Alpha nanocellulose’s large surface area makes it ideal for
immobilizing biomolecules. Alpha nanocellulose’s nanoscale
size makes it easier to access immobilized biomolecules, which
increases their target analyte interactions. Alpha nanocellulose
is ideal for biosensing applications because it improves
immobilized biomolecules’ responsiveness and performance.
Alpha nanocellulose is ideal for biological system applications
due to its high biocompatibility and low cytotoxicity. Alpha
nanocellulose creates a suitable and consistent environment for
enzymes in an immobilization matrix, preserving their activity
and functionality. Enzymatic biosensors and biocatalysis
require enzyme activity to detect and efficiently transform
chemicals accurately.”

Due to its unique physicochemical properties, alpha
nanocellulose is ideal for biomolecule immobilization. It forms
a strong scaffold due to its crystalline structure. Immobilized
biomolecules are more stable and durable, improving device
performance and shelf life. Alpha nanocellulose’s surface
chemistry can be altered by functionalizing or otherwise
altering it. Biomolecule immobilization can be controlled
more precisely. Chemical groups can be grafted onto alpha
nanocellulose. It interacts with covalent and non-covalent
biomolecules. This allows biomolecules to be immobilized
with high affinity and flexibility.”!

Alpha nanocellulose has many applications because it
can immobilize biomolecules. Biosensors made from alpha
nanocellulose can detect analytes in clinical, environmental, or
industrial samples. It can also be used in immobilized enzyme
reactors for continuous biocatalysis and drug delivery systems
for individualized medicine release. Alpha nanocellulose
systems could be used in diagnostics to immobilize biomarkers
or antibodies. This makes it possible to design sensitive and
specific diagnostic assays for diseases and infections. Alpha
nanocellulose can also be used in tissue engineering as a
scaffold to allow cells to multiply and tissue to regenerate.”

Biomedical Imaging Techniques

Alpha nanocellulose-based contrast agents for imaging
modalities

Alpha nanocellulose-based contrast agents for imaging modalities
are emerging as a promising alternative due to their one-of-a-
kind physicochemical features and biocompatibility. The use
of contrast chemicals is essential for enhancing the visibility
of tissues and assisting in the accurate diagnosis of a variety of
disorders. Conventional contrast agents, such as compounds based
on iodine, have drawbacks such as toxicity and a short imaging
duration. Because of this, the development of agents that are safer
and more effective is particularly important. Several other fields,
including biology, have taken an interest in nanocellulose since it
is a substance that can be replenished and breaks down naturally.
Alpha nanocellulose, commonly called cellulose nanocrystals
(CNC), is produced from cellulose fibers and possesses various
distinctive qualities that make it an excellent option for use
in contrast agents. These qualities include a high aspect ratio,
exceptional colloidal stability, biocompatibility, and customizable
surface chemistry that can easily be adjusted to satisfy the specific
requirements of various imaging modalities.”

One of the most notable advantages of contrast agents
based on alpha nanocellulose is their capacity to improve
photographs. CNCs have enhanced diffusion in tissues due
to their small size and wide surface area. This homogenous
dispersion adds to higher signal intensity and image quality,
resulting in greater diagnostic accuracy. Furthermore, the
surface hydroxyl groups on CNCs make it straightforward
to functionalize with various targeting moieties or imaging
probes. This modification allows for the precise localization of
contrast agents to the target location, boosting both sensitivity
and specificity. By conjugating targeting ligands, such as
antibodies or peptides, to the CNC surface, the contrast agents
can be steered towards specific cells or tissues, improving the
ability to identify and diagnose disorders at an early stage.”

Aside from imaging capabilities, alpha nanocellulose-
based contrast agents offer outstanding biocompatibility and
toxicity profiles. CNCs’ biocompatibility means they cause
few adverse reactions or side effects, making them acceptable
for use in preclinical and clinical settings. Furthermore, due
of their biodegradability and compatibility with the body’s
natural processes, they are easily eliminated, minimizing the
risk of long-term buildup and related difficulties. The variety
of imaging modalities that alpha nanocellulose-based contrast
agents can be utilized with indicates their adaptability. These
contrast agents have been employed successfully in X-ray
computed tomography (CT), magnetic resonance imaging
(MRI), ultrasound imaging, and optical imaging. They are a
prospective option for the creation of multifunctional agents
capable of giving complete diagnostic information due to their
ability to improve visual contrast across multiple modalities.”

Surface-modified alpha nanocellulose nanoparticles for
targeted imaging

Surface-modified alpha nanocellulose nanoparticles have
recently sparked the interest of researchers as potential
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contrast agents for targeted imaging. These cellulose-derived
nanoparticles have distinct physicochemical properties
that make them appealing candidates for various imaging
modalities. By altering the surface of these nanoparticles,
it is feasible to boost their targeting capabilities as well as
their imaging specificity, which will allow for a disease
diagnosis that is more exact and precise. The capability of
surface-modified alpha nanocellulose nanoparticles to be
functionalized with particular ligands or targeting moieties is
one of the most significant advantages associated with the use
of these particles. These nanoparticles include hydroxyl groups
on their surfaces, which are easily modifiable and enable for the
attachment of a wide variety of molecules, including antibodies,
peptides, or tiny ligands. The nanoparticles can be directed to
certain cells, tissues, or even subcellular compartments as a
result of this functionalization, which improves the targeting
efficacy of the contrast agents.”®

This targeted method has several advantages in imaging
applications. By conjugating tailored ligands to the surface
of the nanoparticles, they can selectively connect to specific
biomarkers or receptors found on diseased cells. This ensures
that the nanoparticles agglomerate largely in the region of
interest, enhancing the contrast and sensitivity of the imaging
modality. As a result, imaging technology improves accuracy
and can aid in the early detection and diagnosis of illnesses,
allowing for faster therapy procedures. The modification
of the surface of alpha nanocellulose nanoparticles allows
for the incorporation of imaging probes or reporters. These
probes can be attached to the surface or encapsulated within
the nanoparticles, allowing several imaging modalities to be
utilized to see the targeted area at the same time. Fluorescent
dyes, for example, can be added to allow optical imaging, while
gadolinium-based contrast agents can be added to improve
MRI. This multifunctionality provides extensive information
about the targeted area, paving the way for more accurate
diagnosis and customized therapy.”’

Furthermore, due of their biocompatibility and low toxicity,
alpha nanocellulose nanoparticles are suited for biomedical
applications. Because they are made from a naturally occurring
material, these nanoparticles have low immunogenicity and
may be easily eliminated from the body, decreasing the
likelihood of side effects or long-term accumulation. This is
vital in the creation of contrast agents since safety concerns
are important considerations in therapeutic applications. It
should be highlighted that the surface modification of alpha
nanocellulose nanoparticles can be tailored to different imaging
modalities such as CT, ultrasound imaging, and molecular
imaging techniques. The behavior of nanoparticles in different
imaging modalities can be managed by customizing their
surface chemistry, size, and shape, allowing for very selective
and sensitive imaging techniques.”®

Challenges and Future Perspectives

Potential toxicity and biocompatibility concerns

Potential toxicity and biocompatibility concerns have emerged
as key components of biomedical research and development.

With the increased use of biomaterials and medical devices,
it is necessary to examine their influence on human health,
considering potential dangers and ensuring compatibility
with the human body. The possible toxicity of biomaterials
is a key concern that must be addressed. When a material
is introduced into the biological system, it has the ability to
either set off undesirable reactions or cause damage to living
tissues. Inflammation, immunological reactions, and even
systemic impacts are all examples of ways that toxicity can
present itself in the body. Before biomaterials can be used in
therapeutic applications, researchers have an obligation to
conduct exhaustive assessments of the possible toxicity of
those materials. It is also vital to evaluate the biocompatibility
of the biomaterial. The ability of a material to execute its
intended function without generating an undesirable immune
response or causing injury to neighboring tissues is what we
mean when we talk about its biocompatibility. It is required to
evaluate aspects such as the material’s mechanical properties,
its surface characteristics, and the possibility of harmful
chemical breakdown or leaching. The aim is to ensure that the
body easily tolerates the biomaterial and results in a minimum
number of negative side effects.””

Several in-vitro and in-vivo testing methods are used to
determine the toxicity and biocompatibility of biomaterials.
In-vitro research usually involves exposing cells to biomaterials
and monitoring their vitality, proliferation, and utility. Many
cell types, including immune cells, are used to study potential
immunological reactions. In-vivo testing, on the other hand,
entails introducing the biomaterial into animal models and
observing how the body reacts to its presence. These studies
provide crucial insights into the material’s biocompatibility
as well as potential toxicity issues in a complex biological
context. Histological examination, immunohistochemistry,
and biochemical assays are commonly employed to examine
tissue reactions and systemic consequences.®’

Regulatory agencies such as the United States Food and
Drug Administration (FDA) and the European Medicines
Agency (EMA) have established criteria and standards for
assessing the biocompatibility of biomaterials and medical
devices. These laws emphasize the importance of conducting
extensive toxicity and biocompatibility tests before clinical
use to ensure patient safety. Nanotechnology breakthroughs
have created new challenges in terms of potential toxicity and
biocompatibility issues. Nanomaterials offer unique properties
that make them appealing for a wide range of biomedical
applications. On the other hand, their diminutive size and
expanded surface area may have unintended effects on the
biological systems they interact with. Researchers are currently
developing standardized testing protocols for the toxicity and
biocompatibility of nanomaterials in order to assure that their
use will be both safe and effective.®!

Scale-up production and commercial viability

The economic viability and possibility for scaled-up production
of alpha nanocellulose for use in biomedical applications is
an emerging field of study that holds tremendous promise
for enhancing existing methods of patient care. Because of
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its unique characteristics, such as high mechanical strength,
biodegradability, biocompatibility, and environmental
friendliness, nanocellulose, a nanomaterial generated from
cellulose, has garnered significant attention in recent years.
Because of these features, it is a strong contender for diverse
biological applications, including drug delivery systems,
tissue engineering, wound healing biosensors, and others. The
cellulose fibres are broken down into nanoscale dimensions
either mechanically, chemically, or enzymatically during the
production of alpha nanocellulose. On the other hand, the
present challenge is to speed up the production process to
satisfy the need for large-scale commercial applications. To
ensure that alpha nanocellulose is readily available in a manner
that is both widespread and economically viable, it is essential
to develop a technique of production that is both cost-effective
and environmentally friendly.®?

Researchers are experimenting with various approaches
and tactics to achieve scale-up production. One technique
comprises improving the cellulose hydrolysis process through
the application of innovative technologies such as high-pressure
homogenization, ultrasonication, or enzymatic hydrolysis.
These technologies attempt to increase manufacturing
efficiency and scalability while keeping the needed properties
of nanocellulose. Furthermore, raw material selection is crucial
for commercial viability. Nanocellulose is produced mostly
from renewable sources such as wood pulp, agricultural waste,
or bacterial cellulose, decreasing its environmental impact.
On the other hand, researchers are continually investigating
alternate sources and formulating long-term strategies to
ensure a steady supply of raw materials.®*

Production must first be ramped up to prove the commercial
viability of alpha nanocellulose in biomedical applications. This
demands extensive research and development, including testing
for safety, biocompatibility, and performance in a range of
biological systems. To use alpha nanocellulose in biomedicine
in a safe and ethical manner, the required regulatory approvals
and limits must be obtained. Collaboration between regulatory
authorities, industry, and academic institutions is critically
required to rapidly commercialize alpha nanocellulose in
biomedicine. This collaboration has the potential to improve
knowledge transmission, technical competence transfer,
and the development of guidelines and standards to assure
safety, efficacy, and quality control. Alpha nanocellulose’s
commercialization has the potential to totally transform
the biomedical business. This is because it will enable the
development of cutting-edge drug delivery systems capable of
both targeted and sustained release, improve the effectiveness
of tissue engineering for regenerative medicine, and hasten
the healing process. Furthermore, biosensors based on
nanocellulose have the ability to detect diseases at an early
stage and with high accuracy, resulting in more personalized
treatment and better patient outcomes.**

Regulatory considerations for biomedical applications

Regulatory issues must be addressed for the effective
development and commercialization of alpha nanocellulose

for use in biological applications. In order to assure the
safety, efficacy, and ethical use of alpha nanocellulose as a
nanomaterial, it is critical to traverse the regulatory landscape.
This nanomaterial has a lot of potential in biological fields
like medication delivery, tissue engineering, wound healing,
and biosensors. One of the most critical issues at the moment
is determining whether or not alpha nanocellulose is safe
and biocompatible. Before nanoparticles can be employed,
regulatory organizations must thoroughly study their potential
toxicological effects as well as any adverse reactions they may
cause in the human body. This entails conducting extensive
research to better understand nanoparticle interactions with
cells, tissues, and other biological systems. This research look
into things like nanoparticle size, surface charge, and stability,
which all have the potential to impact the biocompatibility and
toxicity of nanomaterials.®®

Furthermore, regulatory bodies demand that alpha
nanocellulose be thoroughly evaluated in terms of its stability,
propensity for degradation, and the possibility of the release of
dangerous chemicals. It is necessary to identify and examine
probable degradation products and pollutants in order to
guarantee that there will not be any adverse effects on patients
or the environment. Extensive testing and characterization
are required to evaluate alpha nanocellulose for its viability
and safety as a material for use in biomedical applications.
The formulation of suitable norms and standards for the
manufacture, storage, and distribution of biomedical products
based on alpha nanocellulose is an additional significant
challenge that needs to be tackled. Regulatory organizations
may require enterprises to utilize good manufacturing practices
(GMP) or other quality management systems to assure the
finished products’ uniformity, reliability, and reproducibility.
These suggestions ensure that the nanomaterials meet the
required quality standards, minimize variability, and ensure
patient safety.5

Furthermore, regulatory agencies may require extensive
information on the performance and efficacy of alpha
nanocellulose-based biomedical goods. To demonstrate these
substances’ medicinal or diagnostic potential, extensive
preclinical and clinical trials must be conducted. This research
demonstrates the benefits and use of alpha nanocellulose
in meeting specific biomedical demands and providing
the framework for regulatory approvals. Researchers,
manufacturers, and regulatory bodies must create collaboration
and mutual understanding to navigate the complex regulatory
landscape. Open communication and knowledge sharing
among stakeholders are crucial to ensure regulatory
compliance, facilitate technology transfer, and accelerate the
translation of alpha nanocellulose-based discoveries into viable
biomedical applications.®’

Novel approaches and future prospects for alpha
nanocellulose research

Nanocellulose has emerged as a possible nanomaterial in
recent years due to its distinct properties and numerous
applications. Alpha nanocellulose, in particular, has piqued
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the interest of researchers due to its biocompatibility, high
mechanical strength, and excellent optical properties. Without
plagiarising, this report underlines new approaches and future
research potential in the realm of alpha nanocellulose.To
begin, one of the unique techniques in alpha nanocellulose
research is the development of sustainable extraction
technologies. Harsh chemical procedures have traditionally
been utilized to remove nanocellulose from cellulose fibers.
However, these technologies are energy-intensive, hazardous
to the environment, and provide low yields. Researchers are
currently focusing on effective and environmentally friendly
extraction procedures such as enzymatic hydrolysis, acid
hydrolysis, and mechanical treatments. These methods boost
alpha nanocellulose yield and preserve its unique properties.®®

Another novel approach is the modification and
functionalization of alpha nanocellulose. Surface chemistry
of nanocellulose can be altered to introduce desirable properties
and increase compatibility with diverse matrices. In order
to endow nanocellulose surfaces with a variety of activities,
various functionalization techniques, including carboxylation,
esterification, silanization, and grafting, have been put to
use. This makes it possible to build nanocomposites with
specific properties and to use alpha nanocellulose in a variety
of applications, such as materials for packaging, electronic
devices, and biomedical devices, among others.®

In addition, the prospects for research into alpha
nanocellulose in the years to come are extremely encouraging.
Alpha nanocellulose offers significant promise for usage in
biomedical applications due to the biocompatibility of the
material. Its application in tissue engineering scaffolds, drug
delivery systems, and wound healing devices as a strengthening
agent is possible. Furthermore, because alpha nanocellulose has
good mechanical properties, it is well suited for manufacturing
lightweight and high-strength materials like composites
for the automotive and aerospace industries. Its excellent
optical properties are ideal for optical devices and displays.
Characterization technologies are expected to aid alpha
nanocellulose research. Nanocellulose’s structure, shape, and
properties can be examined using atomic force, transmission
electron, and X-ray diffraction. As these methods improve,
researchers will understand how alpha nanocellulose works
at the nanoscale and be able to better control its properties.”®

CONCLUSION

Alpha nanocellulose is a material that is biocompatible
in addition to being biodegradable, and it possesses the
potential to have applications in the field of biomedicine. It is
a viable alternative for drug delivery because it encourages
cell adhesion and development thanks to its porous three-
dimensional structure, high surface area-to-volume ratio, and
high surface area-to-volume ratio. Additionally, it has a high
surface area-to-volume ratio. Alpha nanocellulose may also
be used in the production of bioactive coatings for medical
implants. These coatings have the potential to reduce the
risk of the implants being rejected or causing inflammation

in the body. It is possible that cow dung, which is a plentiful
agricultural byproduct that is not difficult to obtain, could
be used as a replacement for alpha nanocellulose, which is
a nanomaterial that possesses high strength, low density,
mechanical stability, and biodegradability. This is because
alpha nanocellulose is a nanomaterial that possesses these
characteristics. Investigations are still being carried out to
determine whether or not it is feasible to make use of this
alternative. The possibility exists that cow dung could be used
in the production of fertilizer instead of alpha-lulose, which
would benefit the whole agricultural industry. Nevertheless,
there are still challenges to be conquered, such as improving the
material’s mechanical properties and manufacturing processes
and ensuring that it will remain stable over the long term in
biological environments. These are just some of the obstacles
that need to be overcome.
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