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ABSTRACT

Chitin and chitosan are linear polysaccharides, structurally similar to cellulose, and have a set of unique
characteristics such as biocompatibility, biodegradability to harmless products, non-toxicity, physiological
inertness, antibacterial properties, heavy metal ion chelation, gel-forming properties, and, hydrophilicity
and remarkable affinity to proteins. The motive of this review was to provide a literature review about
chitin and chitosan. And also gives scientific research information about the context. This review reveals
the chemistry of chitin and chitosan, various marine sources, different extraction methods and the
different applications of chitin and chitosan in the food and agriculture industry.
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INTRODUCTION

Chitin is a derivative of cellulose, which is a natural polysaccharide and is structurally the same as
cellulose’. Chitin is a linear polysaccharide, divided into chitin and chitosan monomers, the sources not
only from marine sources but also in some bacteria and fungus. Chitin and chitosan are said to be wastes
produced by processing units for seafood, such as crabs, shrimp, shrimp, crustaceans, etc. In the
beginning, they were only treated as waste on the seashore because they were biodegradable materials.
It still takes time to penetrate the soil, all of which will lead to unacceptable odour, green problems and
air pollution. After so much research and investigation, waste is transformed into economically valuable
products and applications®.

Chitin and chitosan are plentiful and sustainable polymers with excellent biodegradability,
biocompatibility, non-toxicity and adsorption characteristics. Chitin and chitosan also have good
properties, such as fat-blocking properties, antiviral, antimicrobial, antifungal and free-radical scavenging
activities®. Antioxidant activity in biomedical applications is used in wound healing, tissue engineering,
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stem cell technology, drug, gene delivery, etc’. Chitin is a biopolymer that can be transformed into
valuable products through different chemical processes, which can be used in various applications.
Products include hydrogels®. Hydrogel is a cross-linked hydrophilic polymer that is insoluble in water. They
have strong water absorption but maintain a clear structure.

Chitin and chitosan have been chemically and structurally modified to increase their solubility in common
organic solvents®. Chitin and chitosan are classified primarily into two types: These types are distinguished
by infrared and solid-state NMR spectroscopy, as well as X-ray diffraction’. There is an edible film known
forits pork preservation, which is mainly to prevent the growth of microorganisms and improve the quality
of canned food. Wax coatings are used for fruits and vegetables to prevent perishable foods from spoiling
and microbial attack. Wax coatings can cause serious health problems, such as cancer and digestive
problems in some people. As a solution to minimize the use of wax coatings on fruits and vegetables in
2009, Tripathi developed an edible antibacterial coating based on chitosan and Polyvinyl Alcohol (PVA)
and a proven and effective edible coating, suitable for minimally processed tomatoes and coating can be
considered a promising food packaging material. Hence, the need of the hour is to find the alternate and
nontoxic coating and packaging material for food and agricultural products.

Extraction of chitin and chitosan by using different methods: The deacetylation process is carried out
in 40% sodium hydroxide at 120°C for 13 hrs. The result of this treatment is 70% acetylated chitin.
About 60,00080,000 tons of chitin are produced from solid shellfish waste every year®. Many countries
such as India, Poland, Japan and Australia produce chitin commercially®. Waste from shellfish processing
units is generally considered useless material and piled upon these ashore. Which causes environmental
pollution? One of the key steps in chitin production is to extract chitin from natural resources (Fig. 1).
Chemical and physical traction methods have their advantages and disadvantages. Today, only a few
laboratories perform and track biological extraction™.

Chemical extraction: The first step in the chemical extraction process is to wash and clean the shells from
various sources and grind them to powder'". The chemical extraction process consists of three main steps
i.e., deproteinization, demineralization and discolouration.

Chemical food Biological
treatments Seafood waste treatments

Acids Demineralization Organic acids
treatment

Alkali Protease
treatment

Alkali Chitin
treatment deacetylase

Fig. 1: Formation of chitosan in flow formation
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Chemical deproteination: The main reagent range for deproteination is 0.125-5.0 M of NaOH. The
concentration can vary depending on the temperature and the time required to complete the process.
Sodium hydroxide also aids in the hydrolysis of biopolymers, molecular weight reduction and partial
deacetylation of chitin. It is the process of destroying protons from chemical bonds. Chemicals were used
in this chemical deproteinization process. Protein removal occurs during this process. Protein is removed
because some proteins can cause allergies in humans. Therefore, this process is considered an important
step. Different types of chemicals were used and applied to test the efficacy of deproteinization™.

Chemical demineralization: The process of using sulphuric acid, hydrochloric acid, nitric acid, acetic acid,
formic acid and other acids to remove minerals such as calcium carbonate is called demineralization. This
is a full acid treatment. During the method of demineralization process, calcium carbonate breaks down
and turns into calcium chloride, which emits carbon dioxide™.

Decolouration: It is not common to do this only when there are indeed colours or pigments in the final
product. With the help of an organic acetone solvent, the pigment can be removed. The pigment can be
a carotenoid™.

Biological extraction: The chemical extraction process generally requires high energy and high cost to
purify chitin and can affect the physical and chemical properties of the chitin or the extracted product™.
To overcome all these problems, scientists have developed safe, environmentally friendly and cheaper
biological processes that can produce high-quality extraction products without negative effects, such as
without losing the physical and chemical properties of chitin and chitosan™.

To show that the biological extraction method is better, many comparative studies have been conducted
between chemical extraction and biological extraction in shrimp shells. There are two extraction methods
in the biological extraction process, enzymatic deproteinization and the Use of microbial fermentation'.

Enzymatic deproteination: The use of enzymes, such as the protease during periods of extraction of
Titina, is mainly carried out when the chitin is extracted from the marine debris. The main source of
proteolytic enzymes is plants, animals and some microorganisms'®. Several proteolytic enzymes were used,
such as trypsin, pepsin, papain, etc.

To remove the protein during the extraction of chitin. These enzymes help minimize the polymerization
of solution and deacetylation during the isolation of the chitin'’. Usually, they are applied for a
discouraging step or after a desalination step to improve the performance of these enzymes. Both raw
enzymes are extracted from visceral fish and the brute enzyme is relatively cheap than the purified
enzymes. Some bacteria are also sources of raw enzymes'’. Therefore, the use of protease enzymes in the
extraction of chitin is economical and low risk for the environment, since all products are naturally
obtained. Several studies are showing the advantage of the use of bacterial protease for the extraction
of chitin™.

A comparative study of the two processes shows that the efficiency of the enzymatic process is reduced
compared to chemical methods. Through enzymatic extraction, 510% of the protein will be retained after
deproteinization. To overcome this situation, NaOH was added to improve the purity of the final product.
Many studies have also shown that processes such as demineralization and deproteinization don't have
a significant impact on the performance of the final product.

Fermentation: Fermentation is used to remove proteins from the shells and enzymes are mainly used in
this process. The enzymes used in this process are very expensive, to overcome the situation of microbial
strains, microbial strains are the added. The microbial strains used can determine fermentation, such as
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one-stage, two-stage, continuous or co-fermentation’. The fermentation process can be divided into two
steps, such as lactic acid fermentation and non-lactic acid fermentation

Lactic acid fermentation: Bacterial species such as Lactobacillus are used for the fermentation of
crustacean shells. These bacteria produce proteases and lactic acid during fermentation. The change in
glucose produces lactic acid, which generally lowers the pH, thus reducing the growth of spoilage
microorganisms. The fertility of the fermentation process depends on several features, such as the number
of microorganisms, the microbial composition of the inoculant, the pH, the development and
concentration of the carbon source during the fermentation process, the temperature and the time
required to complete the process®.

Non-lactic acid fermentation: Except for the specious lactic acid-like fungi, bacteria like Pseudomonas,
Bacillus®® and Aspergillus®* are used for the fermentation of crustacean shells in non-lactic acid
fermentation.

Applications on agriculture and agriculture products: Chitin and chitosan are known for their
properties to protect plants and crops from harmful pathogens and insects. Both chitin and chitosan play
an inevitable role in the agricultural field. The main function of chitin and chitosan is the characteristics
of the seeds, allowing the growth of microbial insecticides, such as Trichoderma harzianum and P1, which
are reported to be active against leaf diseases.

Chitin is often mixed with other products to promote the growth of microorganisms such as T. harzianum
and partially inhibit the growth of certain pathogens, such as R. Solani. It has a dual role, such as
improving and allowing the production of suitable microorganisms and reducing the growth of unsuitable
microorganisms through true inhibition and greater population control®.

Chitosan is primarily considered a natural fertilizer, so it is also considered a natural defence of plants
against harmful pathogens, etc*. Chitosan is used primarily in the field of plant and crop protection to
protect against a variety of insects and pathogens. In 1990, research was conducted on chitosan products
used for plant protection, which targeted pathogens that cause root and harmful effects on crops and
plants during the growing and harvesting stages®.

They concluded that killing bacteria would hinder the growth of bacteria, but the mechanism is not yet
fully understood and research is still ongoing. Chitosan is an excellent antifungal agent due to its chelating
properties. Plants containing chitosan have a defensive effect on pathogens and infected fungi®®. All of
these can be concluded that chitosan can be used to control diseases in plants and is an excellent inducer.
Chitosan can be used as a biological fertilizer, used alone or in combination with other products and can
be used to control pathogens and pests that cause crop loss and damage plants during the growth stage
and post-harvest season?’.

Chitosan also has the effect of inhibiting viruses and other plant and crop infections. Chitosan can be used
in large quantities as biological pesticides and may not have any advisory effect on humans and other
animals. Chitosan uses the differences in the agricultural field as a root application agent, seed soaking
agent and sprays to control and inhibit the growth and invasion of pathogens and insects. It can also
prevent fungi that cause root and crop infections®’.

Chitin is also used to prevent and control the release of pesticides and pesticides after use, so chitosan
can be mixed or mixed with other products such as alginate, chewing gum and starch®. It is the most
common method to prevent or control the release of pesticides. Chitosan and its products are used in
many plant diseases (more than 60 diseases of various plants)®. The chitosan has a high inhibitory activity,
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also observed in several stages such as the mycelium, the formation of spores, the survival of the spore
and the germination and is also used to paint soy, cotton, cucumber, wheat, rice and other seeds can. It
can also improve the natural behaviour of the soils used for crops, such as plants, potatoes, soy, lettuce
and spinach. The plants can be used directly as liquid fertilizers®.

However, there are many disadvantages to the application and use of chitosan in agriculture, one of which
is the solubility and standardization of chitosan commercially available. The bioactivity of the chitosan is
based on different frames, such as the pH of the solution, the viscosity, the objective of the
microorganism, the concentration of chitosan, the degree of molecular weight and the degree of
acetylation®’. Different studies have been carried out on the antimicrobial activity of chitosan against
several microorganisms, such as bacteria, yeast, fungi and viruses®’. In general, most studies have
increased antimicrobial activity as the molecular weight decreases®. One other important problems that
limit the application of chitosan in agriculture are its water-soluble characteristics and some studies
remain on some of these problems and some of the applications and the application of chitosan in
agriculture®.

Applications on the food products: Chitosan or poly (3-(14) N-acetyl D-glucosamine is a very important
natural polysaccharide, which was first discovered in 1884. This biopolymer is synthesized by various living
organisms and is the most abundant natural fibre chitin polysaccharides. Chitin does not melt and almost
does not dissolve into different conformations during the transformation process. Its solubility is an
important issue in the development and characterization of chitin processing and use. Chitin as a whole
has more application, it becomes chitosan through deacetylation part under alkaline conditions’.

Changing the application of chitin and chitosan has resulted in several examples of drug delivery, wound
dressings or biofilms. The direct application of chitin in the food industry is impossible, which is why chitin
is converted to chitosan through different commercial chemical procedures. Not only in the food industry,
chitin and chitosan are also used in agriculture, medicine and the environment.

This is because chitin and chitosan have some chemical properties, such as insoluble in water, cationic
biopolymer behaviour and biological pH. Positive overall charge and easy to form gelatin. The reuse of
wastewater will increase the economic performance of the country, reduce poverty and reduce economic
sustainability. It also helps improve social well-being™.

Wastewater comes from various industries and processing units such as food, textile and vegetable oil
processing, as well as from domestic wastewater. It is an important part of environmental pollution. The
use of chitosan can reuse wastewater through different chemical procedures. In most companies that do
not have adequate treatment, this water is discharged into the water body as sewage®. Adsorption is the
adhesion or immobilization of molecules or the electrostatic combination of fluids and solid surfaces so
that inactive adsorbents of biological origin or natural products can be used to remove compounds, metal
ions or other materials and the removed biological materials and adsorbents can be used*®.

The increase in the degree of deacetylation of chitosan is related to a large number of amino groups,
which are the main absorption centre and the degree of acetylation and pH are the main factors affecting
the absorption capacity of chitosan®. Chitosan biopolymer is a biocompatible, non-allergenic and bio-
functional molecule, which has attracted widespread attention as a possible preservation method for foods
of natural origin®. Based on scientific procedures for the impact of multiple technologies on different food
categories, chitosan extracted from shrimp is recommended as GRAS (Genetically Recognized as Safe,
GRAS notification number: GRN000443)*. Chitosan is mainly used to increase the shelf life of bread by
observing the retrogradation of starch and preventing the growth of microorganisms. Use 0.5, 1.0
or 1.5% chitosan diluted in 1.0 ethanol to coat 493 kDa chitosan molecules in shelf-life baguettes.
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Their results show that chitosan is effective in coating 1% chitosan baguettes. Compared with the control
during storage, the barrier properties are less weight loss, hardening and regeneration at 25°C for 36 hrs.
Chitosan s derived from many biological waste products used in many energy-saving methods. Compared
to other biopolymers, chitosan is much cheaper.

Chitosan’s extraordinary properties have created an inevitable strong position in food packaging
applications. Deacetylation is the most commonly used and most economical method of extracting chitin
from chitosan. Chitosan is widely used to extend the life of food. The addition of Ca®" ions changes the
osmotic rate of CO, through the chitosan film, increasing the effective lifetime of the raw material of the
fruit, preparing a series of pictures of chitosan and preserving the preparation of glycerol. Corning with
a chitosan film by immersing it in a 1% polysaccharide solution containing 0.1°C + prevents changes in
the functional properties of the vegetable. In addition, the pellets are also useful for the preparation of
food packaging paper that acts as a suppressant of microbial growth*’. Chitosan is widely used in food
in the food industry because it is non-toxic to warm-blooded animals. Microcrystalline chitin is a special
kind of chitin, which has the characteristics of emulsification, excellent thickening and gelling agent and
can stabilize food. In most foods, chitosan is used as dietary fibre. The use of microcrystalline chitosan
reduces the problems associated with flavour, colour and shelf. Life from other fibre sources. Chitosan
plays an important role in the production of protein-enriched bread. And this does not add emulsifiers
and butter agents and other ingredients®.

Chitosan is incorporated in the production of poultry feed at a level of 0.5% decreasing the food
consumption ratio and increasing body weight by 12% in comparison with birds fed with 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 a similar but chitin-free diet.
Trials also showed that small amounts of chitin added to the diets of chicks and calves enabled the
animals to digest milk lactose through increased growth of specific intestinal bacteria®. These bacteria
prevent the growth of other types of organisms and produce the enzymes necessary to digest lactose.
Since some people and many animals are intolerant to lactose, this property may be very important. At
present, there is no comprehensive study on the metabolism of chitin and chitosan in the human body,
so the application of these polymers in the food processing industry needs to be further explored’. In
the last 30 years, the application of chitin and chitosan has come a long way. And based on the excellent
physical and chemical properties of chitin and chitosan, various investigations have been conducted *'.

CONCLUSION

The research efforts have increased the applications of marine debris and oligosaccharides such as chitin
and chitosan in various fields such as industry and biomedicine and these have been applied and used
successfully in chitin- and chitosan-based nanomaterial used in tissue engineering, drug delivery,
cancerdiagnostics and wound dressings. They are also used as edible packaging films and food coating
materials and have also proven to be a successful preservative, which can be used alone or in combination
with other preservatives. This review is expected to provide information on the use of marine debris (such
as chitin and chitosan) to discover new materials with new properties so that they can be used invaluable
applications.

SIGNIFICANCE STATEMENT

Chitin and chitosan are the chiefs, the most abundant natural polymers after cellulose, while they may
have diverse foundations, like exoskeletons of crustaceans, molluscs, insects and fungi, the major resource
for obtaining this polymer is the shell of crustaceans. Chitosans have shown effective for the production
of bioactive materials due to unmatched traits such as non-toxicity, biodegradability, chelating,
anticoagulant, antioxidant and antibacterial capabilities, as well as biocompatibility. This mini-review is
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focused on the main analytical techniques used for the development of chitosan nano-film, moreover, an

overview of the major applications of chitosan-based active food packaging systems is also discussed.
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