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Abstract

The quest for environmental sustainability has induced an exploration for innovative, green
alternatives to indigenous substances. In order to propel sustainable advancement, this research
investigates the world of natural polymers, biodegradable compounds gotten from renewable reserves,
as assuring alternatives with the capacity to revolutionize industries. With emphasis on chitosan, this
study examines the properties, uses and challenges associated with the use of natural polymer. Chitosan
was produced by complete deacetylation of chitin from crustacean shells (snail shell). Fourier
Transformed Infrared Spectroscopy (FTIR) was used to characterize the chitosan produced. The FTIR
spectrum of chitosan had strong peaks observed at 3640.58cm due to O-H stretching, the bands at
1413.33cm-1 for C-H bending and the band at 1632cm-1 was assigned to N-H bending. Natural
polymers are considered useful in large collection of industries because of the inherent characteristics
they possess. These biodegradable substances help to restructure industrial terrains, encouraging a
transition towards greener alternatives that combines human innovation with suitability of the
universe.

Keywords: Chitosan, natural polymers, sustainable development, eco-friendly, industrial
transformation.

INTRODUCTION

The quest for environmental stability and the need for sustainable solutions to environmental
problems has resulted to the pursuit of eco-friendly alternatives. As the world combine in the
pursuit for greener practices, an amazing hope emerges from the depths of our natural
surroundings: natural polymers. These universal biodegradable combinations that originated
from the earth have the guarantee of changing the industrial terrain into harmony with the

*Author for Correspondence
B. C. Ehiwario, R. A. Kakudi, 1. E. Obukohwo, DUJOPAS 11 (3a): 276-289 2025 276


mailto:blessing.ehiwario@unidel.edu.ng

Unleashing Nature’s Potential to Revolutionize Nigeria’s Industries with Green Natural Polymers -Chitosan.

environment. In this era of ecological transformation, this article examined the fascinating
world of natural polymers. Discovering their ability to transform industries, promote
environmental sustainability and facilitate a glorious prospect for generations yet unborn.
Natural polymers are obtained naturally by addition polymerization or condensation
polymerization. Natural polymers can be known as polynucleotide (RNA, DNA), protein
(Silk, gelatin, collagen, fibrinogen, elastin), polysaccharides (Cellulose, amylase, chitin and
glycosaminoglycans.

Natural polymers are not only biodegradable, biocompatible and renewable, but also have
reactivity and various functional groups such as hydroxyl, amines carboxylic acid amines etc.
which are active sites for modification.

Biological systems which are responsible for performing a variety of crucial functions are
made up of natural polymers (Yu, 2009). Natural polymers such have proteins, nucleic acids
and polysaccharides are components of biological systems. Natural polymers and their
derivatives are used for many applications in various sectors of the economy, for instance in
the manufacture of textiles (Silva et al.,, 2021), as additives in food products, in the
manufacture of paper goods, in the formulation of nutraceuticals and functional foods (Zhao,
et al., 2018) and in biomedical fields (e.g., in cosmetics and drug delivery (Gradishar et al
2005).

Exploitation of natural polymers is favorable and can play a major role in the development of
advanced materials in the shape of films (Doppalapudi et al., 2015), membranes, coatings
hydrogels and micro and nanoparticle system (Yu, 2009).This property is inherent to their
natural abundance, renewability and intrinsic negative carbon footprint.

Recently, the trend towards greener and more sustainable practices is advancing with much
emphasis geared towards the exploitation of naturally occurring feedstock’s that can be
accessed without competing with natural food supplies (Zhang et al., 2019).

The objectives of this study are to examine the extraction, properties, industrial application
and challenges associated with the use of chitosan - a natural polymer.

Nigeria's industries are solely reliant on synthetic materials, which can have negative effects
on the environment, human health, and the economy. The country's rich biodiversity and
natural resources offer a promising alternative, but the potential of green natural polymers
remains largely unharnessed. The lack of exploration and utilization of these sustainable
materials hinders the development of eco-friendly industries, aggravates environmental
degradation, and limits economic growth. Therefore, there is a pressing need to investigate
and harness the potential of green natural polymers to revolutionize Nigeria's industries,
promoting sustainable development and reducing the country's environmental footprint.

The abundance of nature provides resources that serve as the starting material of life through
sustainable invention. Among those unseen wonders lie natural polymers with complicated
molecular structures that can be curbed for various collections of application. These natural
polymers which originated from the renewable sources of plants and animals’ origin gives
variations from their synthetic equivalent that have left a memorable mark on our
environment. Natural polymer provides an open door for worlds of opportunities and
possibilities, where products generated by humans are reinvented into the ecological system.
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The glamour of natural polymers is exhibited not only in their ecological complexity, but also
in their incredible collection of properties. Ranging from cellulose’s strength challenging steel,
to chitins inherent antibacterial properties, these natural polymers provide an amazing
combination of qualities that have grasped the fantasy of innovators from all domains.
Whether in biodegradable packaging which discourses the plague of plastic waste or drug
delivery strategies that promotes efficiency in medicine reducing side effects. Natural
polymers existas nature’s harmony of sustainability, propelling industries towards a more
pleasant facet.

Nigeria plants and animals hold within them some hidden fortunes that can propel a
paradigm transformation in sustainable production. Ranging from cassava and yam, to
aquatic wastes, these natural resources provide the basis upon which we can create a future
characterized by ethical invention.

The incorporation of natural polymer into mainstream industries needs concerted
achievement in refining, extraction techniques, ensuring consistency and directing
competition with synthetic materials. This study will investigate how these simple materials
can be the motivation for a future where advancement coexists in harmony with our planet’s
transformation.

Studies to exploit biomaterials as an alternative to replace synthetic counterparts are still
unachieved. Chitin is a linear biopolymer formed of 2-acetamide-2-deoxi-d-glucopyranose
units linked by a (1, 4) glycosidic bond. As per previous studies, chitin differs from cellulose
in the presence of acetamide groups at C-Z positions. Depending upon the source, chitin is
found as two allomorphs (a and p), among which a chitin is copiously formed within the
exoskeleton of shellfish, especially from shrimps and crabs.(Abdou et al., 2008) Chitin and its
derivatives have unique physical, chemical, and biological properties to attest for their
application as immunostimulant, anticoagulant, enzyme inhibitory, antimicrobial, anticancer,
anticholesteremic, and wound-healing agent. They are also used as biosorbent materials in
absorbing metal ions from polluted water (Tran et al., 2015).

Chitosan, a biopolymer extracted from chitin, has extraordinary flexibility and offers credible
outcomes of chemical alterations. The ability of chitosan to be used for various applications in
pharmaceuticals, textiles, farming, beauty care products, food, and water treatment (Kim and
Yu, 2005) is due to its sustainability, biodegradability, biocompatibility, nontoxicity, and
adsorption potential.

Chitosan is extracted from chitin by hydrolysis of acetamide groups with concentrated NaOH
or KOH (40-50%) at temperatures above 100 °C (Abdou et al., 2008) through the process of
deacetylation (Lavall et al., 2007).

The pattern of transition toward sustainable and eco-friendly strategy has accelerated
investigation of alternative materials to propel industries ahead while alleviating
environmental influence. The emphasis on using green natural polymers as extreme
alternatives has gained significant awareness in Nigeria industrial terrain. Example is the use
of chemically modified chitosan in the adsorption of Cadmium and Nickel from aqueous
solution (Uche and Ehiwario, 2022). The potential of natural polymers in changing Nigeria
industries by nurturing sustainability, innovation and environmental improvement have been
proven by different sequence of research and development.
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Natural polymers, originated from renewable sources, are distinguished by their intrinsic eco-
friendliness and biodegradability. Cellulose, a fundamental element of plant cell walls,
provides an extraordinary mechanical strength and biocompatibility. Chitosan, derived from
marine and crustacean waste, offers unique properties such as biodegradability and
antibacterial activity. The imaginable applications of green natural polymers stretch across
multiple industries. In the packaging sector, the biodegradability properties of natural
polymers offer promise for replacing normal plastics. In pharmaceuticals, chitin by-products
like Chitosan, shows drug delivery potential enabling for controlled release and enhanced
therapeutic efficacy. Furthermore, the textile and fashion industry can benefit from protein
bases polymers that combine sustainability with aesthetics.

The potential of natural polymers in changing Nigeria industries lies in their inherent
potentials. These polymers provide solution to the continuous problem of plastic waste by
breaking down into harmless components upon disposals conforms with global efforts to
curtail pollution and plastic waste, assisting in transition to a more sustainable material.

Despite the promising potentials of natural products, the adoption of green natural polymer
is faced with several challenges. Some of these challenges include: Products variability which
arises from sourcing and extraction methods and can alter the consistency of material
(Muzzarelli, 2009). Another challenges is the scaling the changing of the size of production
inorder to produce much larger amount of the final product to meet industrial demand and
at the same time maintaining cost effectiveness poses logistical challenges. Nevertheless,
innovative techniques such as optimizing extraction processes, modeling natural polymers
for certain applications and partnering across sectors can help in addressing these challenges.

Despite the potential of chitosan to drive sustainable development and economic growth in
Nigeria, there is a lack of comprehensive research on the optimization of chitosan extraction
and processing from local sources, development of scalable and cost-effective production
methods, and exploration of novel applications tailored to Nigeria's industrial needs.
Furthermore, the impact of chitosan-based technologies on Nigeria's environment, economy,
and society remains understudied.

Green natural polymers possess the ability to change Nigeria’s industries by facilitating
sustainability and environmental accountability. The unique properties and applications of
green natural polymer offers a diverse strategy in dealing with environmental challenges,
promoting innovation and modifying industrial Products.

The novelty of using chitosan, a green natural polymer, to revolutionize Nigeria’s industries
lies in its potential to drive sustainable development, economic growth and environmental
protection. Chitosan’s biodegradable and renewable nature makes it an attractive solution for
various applications including H>O treatment, agriculture, pharmaceuticals and food
preservation. By utilizing chitosan’s unique properties, Nigeria can create new economic
opportunities, reduce plastic waste and promote eco-friendly practices, thereby contributing
to the country’s sustainable development goals.

This study will immensely contribute to the development of more effective and sustainable
chitosan-based solutions for various industries, including biomedical, pharmaceutical, and

environmental applications.

Materials and Methods
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The methodology of this study involves a logical approach to select extract, characterized and
evaluate the usefulness of green natural polymers, providing a detailed understanding of the
properties and possible applications. The choice of natural polymer is based on their
availability in Nigeria's abundant biodiversity and their potential for eco-friendly
alternatives. Chitosan was chosen for this study due to its unique properties and applicability
in various sectors of the economy.

1. Materials Selection and Collection
African giant snail shell (Archarchatina marginata) was collected from a local market
(Oyoko market) in Abavo, Ika South Local Government Area of Delta State, Nigeria. It
was washed, sun dried for two weeks and pulverized with grinding machine. The ground
shells were later sieved with a mesh sieve of about 425mm.The samples are collected from
various regions in Delta State Nigeria, ensuring representative diversity for subsequent
analysis.

2. Extraction Techniques
Extraction techniques were carefully selected to preserve the quality of the natural polymer
and ensure their suitability for industrial processes .

a. Extraction process for chitin involves deproteinization, demineralization,
decolouration and deacetylation.
b. Deproteination: 200g of the ground snail shell was added in a beaker and

deproteinated by heating it in 2.5L of 1.2m NaOH for 22 hours at a temperature of
809c with occasional stirring at intervals. The experiment was allowed to cool and
the excess NaOH solution was decanted. The residue was washed with plenty of
deionized H>O to neutral pH, air dried and weighed.

C. Decalcification: 180g of the deproteinated sample was put in 760ml of 0.7m
HCl in a beaker, to remove the calcium carbonate until the bubbling stopped. The
excess hydrochloric acid was decanted and the residue washed with deionized
water to a neutral PH, filtered and air-dried.

d. Decolouration: 150g of the decalcified sample was dispersed in 1.2L of 0.32%
solution of sodium hypochlorite (containing 12.5% of available chloride) in a
beaker for 30 mins, washed to neutral pH and air-dried to give chitin.

e. Deacetylation of chitin to produce chitosan:100g of the chitin was put into a
beaker and deacetylated with 1.3L of 50% NaOH (12.5m) at a temperature of 1210c
for 80mins, the excess NaOH solution was decanted. The residue was washed to
neutral pH with deionized H>O and air-dried to give chitosan powder (Ehiwario
et al., 2017).

f.

Characterization Methods
Extensive characterization was conducted to reveal the unique functional groups
present in chitosan which is obtained by complete deacetylation of chitin.

Results and Discussion
Extraction of Chitosan

An average of 40.13 + 1.25% of chitin was prepared from snail shell and the percent
yield of chitosan was 10.21 + 0.8% from 100 g of chitin.
Characterization of Chitosan
The harvested chitosan sample was subjected to FTIR by diligent blending with KBr and then
pressing the dried mixture to result in a homogeneous sample/KBr disk. Infrared spectra of
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KBr-supported chitosan were measured over the frequency range of 4000-400 cm-at a
resolution of 4 cm-! using a Perkins-Elmer spectrometer (Spectrum RX I, MA, USA). The DA
was determined in triplicate from FTIR(Rasti et al., 2017).

Fourier Transform Infrared Spectroscopy
Chitosan FTIR spectra showed sharp peaks at 564 cm-! (out-of-plane bending C-O), 711 cm-
! (out-of-plane bending NH), the band at 1082.70cm-!is assigned for (C-O-C stretching),

while the peaks at 873.00cm-, 855.07cm! and 712.51cm were assigned to CH> bending due
to pyranose ring.

The band at 1413.33cmfor (C-H bending) and 3640.58cm-! (~OH stretching). Vibrational
mode of amide C=O stretching was observed at 1604, 1598, and 1592 cm-1. The spectra were
also compared with the standard chitosan and correlations were observed in the spectra
(plate 1). Vibration patterns obtained from the FTIR spectrum indicate the functional groups
present such as carbon, nitrogen, and oxygen. The FTIR spectra formed characteristic bands
in the frequency range between 4000 and 400 cm-1.The characterization of chitosan with FTIR
yielded results similar to those obtained in the studies conducted earlier(Kaya et al., 2015).
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Plate 1: FTIR spectra of the chitosan extracted from Acharcartina marginata

By dealing with the extracted natural polymer’s properties, their potential applications,
challenges and implications, this section explains the importance of accepting these
alternatives to alleviate environmental impact and aid sustainability.

Figure 1: Structure of Chitosan.
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Sources of Chitosan

Chitosan, a copolymer of glucosamine and N-acetyl glucosamine which is derived from chitin.
Chitin on the other hand is found in the cell walls of mollusks, arthropods, some algae,
microorganisms, and some invertebrate animals. It is also found in mycelia and spores of
many fungi.

Properties of chitin and Chitosan

Most of the naturally occurring polysaccharides e.g., cellulose, dextrin, pectin, alginic acid,
agar, agarose, and carrageen are natural and acidic in nature, whereas chitin and chitosan are
examples of highly basic polysaccharides. Their properties include solubility in various
media, solution, viscosity, polyelectrolyte behavior, polyaxiality formation, ability to form
films, metal chelation’s, optical, and structural characteristics.

Although the B (1—4)-anhydroglucosidic bond of chitin is also present in cellulose the
characteristic properties of chitin/chitosan are not shared by cellulose. Chitin is highly
hydrophobic and is insoluble in water and most organic solvents. It is soluble in hexafluoro
isopropanol, hexafluoroacetone,and chloroalcohols in conjunction with aqueous solutions of
mineral acids and dimethylacetamide (DMAc) containing 5 per cent lithium chloride(LiCl)
(Dutta et al., 2002).

Chemical Properties of Chitosan

The chemical properties of chitosan are summarized below:

* Linear polyamine, * Reactive amino groups, ® Reactive hydroxyl groups available, ¢
Chelates many transitional metal ions.

Biological properties of chitosan:

* Biocompatible- Natural polymer, - Biodegradable to normal body constituents, - Safe and
non-toxic, * Binds to mammalian and microbial cells aggressively, ® Regenerative effect on
connective gum tissue, ®Accelerates the formation of osteoblast responsible for bone
formation, *Hemostatic, *Fungistatic, *Spermicidal, ®Antitumor, ¢Anticholesteremic,
Accelerates bone formation, * Central nervous system depressant, ®* Immunoadjuvant.

Applications of Chitosan

The study of the behaviour and chemical characteristics of lysozyme, an enzyme presents in
the human body fluids led to the origin in the interest in chitosan. It dissolves certain bacteria
by cleaving the chitinous material of the cell walls (Domard & Muzzarelli et al., 2000). A wide
variety of medical applications for chitin and chitin derivatives have been reported over the
last three decades. It has been suggested that chitosan may be used to inhibit fibroplasia in
wound healing and to promote tissue growth and differentiation in tissue culture (Li et al.,
2020).The poor solubility of chitin is the major limiting factor in its utilization and
investigation of its properties and structure. Despite these limitations, various applications of
chitin and modified chitins have been reported in the literature, e.g., as raw material for man-
made fibres (Lim and Hudson, 2003). Fibres made of chitin and chitosan are useful as
absorbable sutures and wound-dressing materials. These chitin sutures resist attack in bile,
urine and pancreatic juice, which are difficult with other absorbable sutures. It has been
claimed that wound dressings made of chitin and chitosan fibres44 accelerate the healing of
wounds by about 75 per cent. Apart from their applications in the medical field, chitin and
chitosan fibers have potential applications in wastewater treatment, where the removal of
heavy metal ions by chitosan through chelation has received much attention (Lim and
Hudson, 2003). Due to its physical and chemical properties, chitosan is widely used indifferent
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products and applications, ranging from pharmaceutical and cosmetic products to water
treatment and plant protection. In different applications, different properties of chitosan are
required. These properties change with, e.g., degree of acetylation and molecular weight as
well. Cosmetics Usually organic acids are used as good solvents for cosmetic applications. A
natural amino polysaccharide, chitosan can be encompassed in the class of hydrocolloids.
Chitin, chitosan and their derivatives offer uses in three areas of cosmetics: hair care, skincare,
and oral care. Chitosan and hair are complementary to each other owing to carry opposite
electrical charges: chitosan positive and hair negative. A clear solution that contains chitosan
forms a clear, elastic film on hair, thereby increasing its softness, smoothness, and mechanical
strength. The material can also form a gel when added to mixtures of alcohol and water.
Chitosan can be used in shampoos, rinses, permanent wave agents, hair colorants, styling
lotions, hairsprays, and hair tonics. Several derivatives of chitosan and chitin have potential
applications in hair care. They include glyceryl chitosan, an adduct of an oligomer of
hydrolyzed chitosan, n-hydroxypropyl chitosan, quaternary hydroxypropyl-substituted
chitosan, polyoxyalkylene chitosan, chitosan oligosaccharides, chitin sulphate, and
carboxymethyl chitin. Some derivatives of chitosan can form foam and create emulsifying
action and chitin powder can be used directly in shampoo. Chitosan and its derivatives have
two advantages that make it good candidate for skin care: one being their positive electrical
charge, and the another that the molecular weights of most chitosan products are so high that
they cannot penetrate the skin. Thus, e.g., chitosan can function as a moisturizer for skin.
Because of its lower costs, it might compete with hyaluronic acid in this application. Both
chitosan and chitin are already found in creams, pack material, lotions, nail enamel, nail
lacquers, foundation, eye shadow, lipstick, cleansing materials, and bath agents. Both, chitin
and chitosan, can be used in toothpaste, mouthwashes and chewing gum. They freshen the
breath and prevent the formation of plaque and tooth decay. Salts of chitosan, added to
toothpaste, mask the unpleasant taste of silicon oxide and bind powders so that they maintain
their granular shapes. Chitin can also be applied as a dental filler material and both chitin and
chitosan absorb Candida like thicans, a fungus that sticks to teeth, making them candidates to
clean false teeth.

Water Engineering

Due to its polycationic nature, chitosan can be used as flocculating agent. It can also act as
chelating agent, and heavy metals trapper(Zargar et al., 2015) used chitosan N-benzyl
sulphonate derivatives as sorbents for removal of metal ions in acidic medium.

Chitosan as an adsorbent is used to remove colour from dye house effluents (Dutta et al.,
2002). Considerable amounts of world production of chitin and chitosan and their derivatives
are used in wastewater treatment (Belgis, 2020). Chitosan molecules agglomerate largely
anionic wastes in solution to form precipitates and floe, hence it acts as a flocculent for
recycling of food processing waste. Chitosan can compete effectively with synthetic resins in
the capture of heavy metals from processing water. Chitin has been used to decontaminate
plutonium containing wastewater, and water containing methyl-mercuryacetate48, a
significant pollutant of wastewater from acetaldehyde production. Application of
chitosan/chitin mixture was found to remove arsenic from contaminated drinking water.
Chitosan has also been found effective in the removal of petroleum and petroleum products
from wastewater. The deacidifying ability of chitin is utilized in coffee industry and to clarify
the beverages such as wine, beer, and fruit juices. Regenerated chitin, chitosan, and other
chitinous membranes could be widely used for such processes as osmosis, reverse osmosis,
micro-filtration, desalination, dialysis, and hemodialysisis. Beds of flaked chitosan can also be
used for purification of potable water.
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Paper Industry

Biodegradable chitin and chitosan can strengthen recycled paper and increase the
environmental friendliness of packaging and other products. Chitosan is already involved in
the manufacture of paper because chitosan molecules greatly resemble those of cellulose the
main constituent of plant walls. It also saves chemical additives and increases output. Lastly
the paper produced with chitosan has a smoother surface and is more resistant to moisture.
Among other things, chitosan is of great value in the production of toilet paper and for
wrapping paper and cardboard. Hydroxymethyl chitin and other water-soluble derivatives
are useful end derivatives in paper making (Dutta et al, 2002). It can be used as a
biodegradable packaging material for food wrap and other products.

Textile Industry

Derivatives of chitin have been produced and used to impart antistatic and soil repellent
characteristics to the textiles. In textile industry, chitin can be used in printing and finishing
preparations, while the chitosan is able to remove dyes from dye processing effluents. Besides
these, chitin and chitosan both have made remarkable contribution to medical related textile
sutures, threads, and fibres (Li et al., 2020).

Food Processing

Use of chitosan in food industry is well known because it is not toxic for warm-blooded
animals. Microcrystalline chitin (MCC) shows good emulsifying properties, superior
thickening, and gelling agent for stabilizing foods. It is also used as a dietary fibre in baked
foods. The use of MCC solved some of the problems such as, flavour, colour, and shelf-life,
posed by other sources of fibre. It could be of special importance for manufacturing protein-
fortified bread, even without such ingredients as emulsifiers and shortenings. Chitin and
chitosan act as solid support for the entrapment of whole microbial, animal, or plant cell
immobilization. Chitin has been used in immobilization of enzymes. It can be used as a non-
absorbable carrier for highly concentrated food ingredients, e.g., (Food dyes and nutrients).
In India, incorporation of chitin in poultry feed at a level of 0.5 per cent decrease the food
consumption ratio and increases body weight by 12 per cent in comparison with birds fed a
chitin free diet. Similarly, nutritional studies in the US have shown that chicks fed on a diet
containing dried whey and chitin, utilized whey more efficiently and gained more weight
than those fed with similar but chitin free diet. Experimental testing showed that small
amounts of chitin added to the diets of chick sand calves enabled the animals to digest milk
lactose through increased growth of specific intestinal bacteria. These bacteria impede the
growth of othertypes of organisms and generate the enzyme required for lactose digestion.
This property may be of immense importance, since certain groups of human and many
animals have lactose intolerance. There is no complete study on the metabolism of chitin and
chitosan in the human body, therefore, the use of these polymers in food processing industries
still needs to be further explored (Dutta et al., 2002).

Agriculture.

Growth enhancing effects are found in seeds and grains treated with chitin due to its ability
to reduce the infestation of diseases Chitinous additions to the potting mixtures/soil resulted
in significant reduction in root knot worm infestations and suppression of fungal pathogens
(Wang and Zhuang, 2022).

Photography
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In colour photography, chitosan has been used as a fixing agent for the acid dyes in gelatin
and also acts as an aid to improve diffusion, an important step in developing photographs
(Dutta et al., 2002).

Chromatographic Separations

Chitin and chitosan find wide varieties of applications in chromatographic separations56. The
presence of free -NH2 groups, primary -OH group sand secondary -OH groups in chitosan
makes it a useful chromatographic support. Use of chitosan in thin layer chromatography for
separation of nucleic acids have also been reported (Park et al., 2007). They used chitosan as
an adsorbent material to solid phase- extraction of phenol and chlorophenols by using High-
Performance Liquid Chromatography (HPLC).

Solid State Batteries

The insolubility of chitosan in water, make it unable to take part alone in fabrication of solid-
state proton-conducting polymer batteries. Therefore, chitosan is dissolved in acetic acid to
produce ionic conductivity. The conductivity is due to the existence of proton in the acetic
acid solution. The transport of these protons is considered to occur through many micro voids
in polymer. Small dielectric constants from piezoelectric studies attributed the presence of
many micro voids in this polymer structure. The choice of a more suitable -electrode material
may produce a better battery system ( (Abdou et al., 2008))

Biomedical Applications of Chitosan

The design of artificial kidney systems has made possible repetitive hemodialysis and the
sustaining life of chronic kidney failure patients. Chitosan membranes have been proposed as
an artificial kidney membrane because of their suitable permeability and high tensile strength
(Shelma and Sharma, 2010). The most important part of artificial kidney is the semi permeable
membrane made from commercial regenerated cellulose and coprophage. Since the primary
action of the cellulose membrane is that of a sieve, there is little selectivity in the separation of
two closely related molecules. These novel membranes need to be developed for better control
of transport, ease of formability and inherent blood compatibility. A series of membranes
prepared from chitin and its derivatives improved dialysis properties. One of the most serious
problems of using these artificial membranes is surface induced thrombosis, where
heparization of blood is needed to prevent clotting, and people who are liable to internal
hemorrhage can be dialyzed only at great risk. Hence, these are the most challenging problem
still to be resolved in the development of membranes which are inherently blood compatible.
From this point of views, chitosan is hemostatic, i.e., causes clots.

Wound Healing/Wound Dressing

Chitosan has been found to have an acceleratory effect on wound healing/wound dressing
process. Regenerated chitin fibers, non-woven mats, sponges and films exhibit an increase in
wound healing by over 30 per cent. Chitin can also be used as a coating on normal biomedical
materials. Standard silk and catgut sutures coated with regenerated chitin or chitosan show
wound healing activities only slightly lower than the all-chitin fibres. Surgical gauze coated
with regenerated chitin demonstrates a substantially greater amount of activity than an
uncoated control group (Dutta et al., 2002).

Burn Treatment

Chitosan is a promising candidate for burn treatment. This is true since chitosan can form
tough, water-absorbent, biocompatible films. These films can be formed directly on the burn
by application of an aqueous solution of chitosan acetate. Another advantage of this type of
chitosan treatment is that it allows excellent oxygen permeability. This is important to prevent
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oxygen-deprivation of injured tissues. Additionally, chitosan films have the ability to absorb
water and are naturally degraded by body enzymes. This fact means that the chitosan needs
not be removed. In most injuries (and specially burns), removing the wound dressing can
cause damage to the injury site (Wang and Zhuang, 2022).

Artificial Skin

The effect of treatment with chitosan and saline solution on healing and fibroplasia of wounds
made by scalpel insertions in skin and subcutaneous tissue in the abdominal surface of dogs
have been reported1.The design for artificial skin, applicable to long-term chronic use focuses
on a non antigenic membrane which performs as a biodegradable template for the synthesis
of neo dermal tissue (Bumgardner et al., 2003). It appears that chitosan polysaccharides having
structural characteristics similar to glucosamine glycans can be considered for developing
such substratum for skin replacement. Nowadays the investigation on brain-scale damage,
plastic skin surgery is being made by the use of chitosan.

Ophthalmology

Chitosan has replaced the synthetic polymers in ophthalmological applications. Chitosan
possesses all the characteristics required for an ideal contact lens; optical clarity, mechanical
stability, sufficient optical correction, gas permeability, partially towards oxygen, wettability,
and immunologically compatibility. Contact lenses are made from partially depolymerized
and purified squid pen chitosan by spin casting technology, and these contact lenses are clear,
tough, and possess other required physical properties such as, modulus, tensile strength, tear
strength, elongation, water content, and oxygen permeability. Antimicrobial and wound
healing properties of chitosan along with excellent film forming capability make chitosan
suitable for development of ocular bandage lens (Jin et al.,, 2004). Despite the medical
applications of chitin/chitosan described above, they are still utilized in the pharmaceutical
field (Onishi et al., 2007). It is already known that compounds having a molecular weight
lower than2900 pass through membranes derived from chitosan. Since chitin and chitosan do
not cause any biological hazard and are inexpensive, these polymers might be suitable for use
in the preparation of dosage forms of commercial drugs (Frigaard et al., 2022)Controlled
release technology emerged during the 1980s as a commercially sound methodology. The
achievement of predictable and reproducible release of an agent into a specific environment
over an extended period of time has many significant merits. The most significant merit would
be to create a desired environment with optimal response, minimum side effect and prolonged
efficacy. This is a relatively new technology and requires an interdisciplinary scientific
approach. Chitin/chitosan-controlled delivery systems are at developing stage and being
used for a wide variety of reagents in several environments (Bernardo et al., 2003).

Challenges Associated with the use of chitosan.

Chitosan, a natural polymer which is derived from chitin, has gained great attention due to
its potential applications in numerous fields. However, its use is associated with several
drawbacks:

1. Variability in Properties

Depending on the source and extraction method, Chitosan's properties, such as molecular
weight, degree of deacetylation, and purity, can vary (Kumar, 2000). This variability can affect
its performance and reproducibility in applications.

2. Limited Solubility
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The solubility of chitosan in acidic solutions, limit its use in certain applications (Rinaudo,
2006). This limited solubility can also make it challenging to process and formulate chitosan-
based products.

3. Instability

Chitosan can degrade over time due to the enzymatic or chemical hydrolysis of chitosan
makes it degrade with time and this can affect its stability and shelf life (Muzzarelli, 2009).
This instability of chitosan poses problem in applications where chitosan is used as a
biomaterial or in drug delivery systems.

4. Immunogenicity

The ability of Chitosan to stimulate an immune response, can be a concern in biomedical
applications (Kean and Thanou, 2010). This immunogenicity can affect the biocompatibility
and efficacy of chitosan-based products.

5. Scalability and Cost

Large-scale production of high-quality chitosan can be challenging and expensive (Younes
and Rinaudo, 2015). This can limit the widespread adoption of chitosan-based products.

CONCLUSION

It is chitin and chitosan which can readily be derivatized by utilizing the reactivity of the
primary amino group and the primary and secondary hydroxyl groups. Because of these
functional groups present in chitosan, its applications can be diversified in numerous fields. .
In this study, an attempt has been made to increase the understanding on the extraction,
properties, characterization and industrial applications of chitosan which will help to
revolutionize Nigeria’s industrial landscape.
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