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Millions of tons of crustaceans are produced every year and consumed as protein-rich seafood but the shells and
other non-edible parts constituting about half the body mass are wasted. The crustacean shells are a prominent
source of polysaccharide (chitin) and protein. Chitosan, a de-acetylated form of chitin obtained from the crustacean
waste are used for a variety of medical applications. In recent times, it has also found use in food and paint
industries including marine antifouling coatings, due to its characteristic properties, like solubility in weak acids,
film-forming ability, pH-sensitivity, antifouling properties, biodegradability, and biocompatibility. Chitosan composite
coatings in food, paint and water treatment solutions have been developed. In food industries, chitosan-based
composite films and coatings are applied for prolonging the post-harvest life of fruits and vegetables, while anti-
corrosion and self-healing properties are mainly explored for antifouling applications in paints and metal ion

chelation and antifouling properties are useful for water treatment.

Crustacean waste Chitosan Nanocomposite Films or Coatings Antimicrobial activity

Anti-corrosion Antifouling Food preservation Fruits and vegetable Water Treatment

| 1. Introduction

Millions of tons of crustaceans such as crabs, shrimps, lobsters, and krill are consumed as protein-rich seafood
worldwide every year. The shells of the crustaceans and other non-edible parts which are about half the body
mass, a prominent source of chitin and protein, are generally discarded as waste. Although chitin is the second
largest natural polysaccharide on earth, after cellulose, it is not widely used for fabrication of products or as a food
commodity due to its insolubility in commonly used solvents [1,2]. Chitosan (CH) can be obtained commercially
from crustacean wastes and the cell walls of some fungi by the deacetylation of chitin [3,4,5]. The United States
Food and Drug Administration (USFDA) has recommended chitosan a GRAS (Generally Recognized as Safe)

material, which is increasingly attracting attention for potential applications in food, agriculture, and biomedicine.

Chitosan is a biopolymer and “hydrocolloid”. Although most hydrocolloids are neutral or negatively charged at
acidic pH, chitosan is charged positively due to the presence of highly reactive amino groups. Chitosan is not
extensively available in nature and is usually derived from chitin by the partial deacetylation in alkaline solutions at
elevated temperatures, which is a linear polysaccharide composed of N-acetyl, D-glucosamine, and D-glucosamine
units [6]. Chitosan has been used in food and paint applications owing to its superior characteristic properties, such

as degradability, solubility in weak acids, pH-sensitivity, film-forming property, biocompatibility, non-antigenic

https://encyclopedia.pub/entry/73 1/23



Non-Medical Applications of Chitosan Nanocomposite Coatings | Encyclopedia.pub

properties, absence of toxicity, and low-cost [7,8,9]. Moreover, because of its natural origin and multiple possible
applications, like preparation of biodegradable films, blends, coatings, composites, nanocomposites, etc., it has
attracted the attention of both the scientific community and industries, particularly involved in food and paints

applications (Eigure 1).1

Marine biofouling

Agriculture Water treatment Textiles industry

Figure 1. Wide ranging industrial applications of chitosan.

| 2. Chitosan and its Properties
2.1. Source and Extraction

Chitin is a linear homo-polysaccharide comprising of b-(1, 4)-linked N-acetyl-D-glucosamine units (Eigure 2). Chitin
is commonly present in invertebrates, such as crustacean shells or insect cuticles, as well as in the cell walls of
fungi, some mushroom envelopes, green algae, and yeasts [10,11,12]. Abdulwadud et al. reported that crustacean
shells usually contain 20—30% chitin, 30-40% proteins, 30—-50% calcium carbonate/phosphate, and some pigments
(astaxanthin, canthaxanthin, lutein, or B-carotene), which varies depending on the sources, or species of sources,
and harvesting seasons [13]. Chitosan has been extracted from shrimp shells [14,15,16,17], fish scales of Labeo
rohita [18], squid gladius (Loligo vulgaris) [19], locust waste [20], honey bees waste [21], fungus like Aspergillus
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niger [22], silkworm chrysalides [23], fishery waste [18], and blue crab (Callinectes sapidus) waste [24], amongst
others.
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Figure 2. Chemical structures of chitin and chitosan.

Generally, chitin is commercially extracted from the exoskeleton of crustaceans (crab and shrimp shells) by acid
treatments, followed by treatment with alkali to remove the calcium carbonates and proteins, respectively. The
extraction process includes three major steps: demineralization, deproteinization, and depigmentation/discoloration
(Eigure 3). The demineralization step comprises the elimination of calcium carbonate and calcium chloride, which
are the primary inorganic compounds in a crustacean’s exoskeleton. The digestion reaction is usually carried out in
dilute hydrochloric acid (HCI) solution followed by filtration, washing, and drying. The emission of carbon dioxide
(CO,) gas is a significant indicator of the removal of mineral contents from the materials. In the second step,
deproteinization is performed using an alkaline solution, such as dilute sodium hydroxide (NaOH), followed by
filtration, washing, and drying, similar to the first step, as described above. Proteins that are extracted from
crustacean waste shells during this process have found use in animal feed [25]. The final step,
depigmentation/discoloration, is a purification process during which color pigments such as astaxanthin and 3-
carotene are removed using organic and inorganic solvents, such as sodium hypochlorite, acetone, and hydrogen
peroxide, to obtain purified chitin [26]. The most common process for the deacetylation of chitin is the treatment
with concentrated sodium or potassium hydroxide solutions at elevated temperatures whereby the acetyl (-C,H30)
group gets removed from the polymer chain of chitin resulting in the formation of an amino (-NH,) group, thus

forming N-acetyl-glucosamine and D-glucosamine copolymer.
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Figure 3. Schematic representation of the steps followed during the preparation of chitosan from crustacean

wastes.

2.2. Physico-Chemical Properties of Chitosan
2.2.1. Degree of Deacetylation (DD)

The degree of deacetylation is one of the most significant chemical characteristics of chitosan determining the
content of free amino groups (-NH2) formed due to partial replacement of acetyl groups (-C2H3zO) resulting in a
copolymer of N-acetyl-glucosamine and D-glucosamine. Copolymers formed containing higher than 50% D-
glucosamine units are typically considered as chitosan, whereas copolymers with more than 50% N-acetyl-
glucosamine units are referred to as chitin. For chitosan, the percentage of D-glucosamine units are termed as the
degree of deacetylation (DD), whereas for chitin, the percentage of N-acetyl-glucosamine units are known as the
degree of acetylation (DA). The degree of deacetylation (DD) of chitosan (ratio of D-glucosamine to the sum of D-
glucosamine and N-acetyl D-glucosamine) provides an indication of the number of amino groups in the polymer
chains (e.g., D-glucosamine residues of 70% in deacetylated chitin corresponds to a deacetylation degree of 70%

and an acetylation degree of 30%).
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The deacetylation of chitin begins in the amorphous regions followed by the crystalline regions, through chemical
and biological (enzymatic) hydrolysis processes. Chemical treatment methods generally involve acidic or alkaline
treatments under a nitrogen environment, or by the addition of sodium borohydride to NaOH solutions, to avoid any
undesirable side reaction. Enzyme hydrolysis is environmentally friendly but is comparatively more expensive, thus
primarily limited to laboratory-scale experiments [27]. Researchers determine DD of chitosan using acid-base
titration [28], potentiometric titration [29], conductometric titration [30], *H-NMR spectroscopy [31,32], elemental
analysis [30], Fourier transform infrared (FTIR) spectroscopy [33], UV spectrophotometric analysis [34], capillary
zone electrophoresis [35], and Raman spectroscopy [36].

DD indicates the amount of amino groups in chitosan polymer, that affect the properties of chitosan, such as
charge, density, solubility, crystallinity, degradation behavior, mechanical, barrier, and thermal properties [37,38,39].
An increased percentage of amino groups in chitosan polymer makes it soluble in weak acids, a characteristic
difference from chitin. The amino groups in chitosan polymer, which is highly reactive, contribute towards its
versatility for utilization in industrial applications. Recently, Zhuang et al. investigated the effect of deacetylation
degree on mechanical and barrier properties of chitosan films with three different DD values, 81.0%, 88.1%, and
95.2%, wherein CH films with higher DD values (88.1% and 95.2%) were found to have better water barrier
property and tensile strength compared to films obtained with a chitosan of 81.0% DD value [37]. It has been
reported that the antimicrobial efficiency also improves with the increase in the DD of chitosan that is generally

attributed to the increase in the number of positive charges from the amine groups [39].
2.2.2. Molecular Weight (MW)

Molecular weight (MW) of chitosan also influences the physicochemical and antimicrobial properties. Chitosan is
categorized into three different forms: high molecular weight (HM-CH) chitosan, low molecular weight (LM-CH)
chitosan, and oligochitosan (O-CH, short-chained chitosan) [40]. Jongsri et al. reported the effect of molecular
weights on the coating ability of chitosan and the postharvest quality of mango fruit by using three different
molecular weights of chitosan, namely, high molecular weight chitosan (HM-CH: 360 kDa), medium molecular
weight chitosan (MM-CH: 270 kDa), and low molecular weight chitosan (LM-CH: 40 kDa) [41]. HM-CH coatings
were found to be effective in delaying the ripening of mango fruit by retaining the titratable acidity, fruit firmness,
and slowing down the rate of weight loss, ethylene production, and respiration. Additionally, HM-CH-coated fruits
exhibited no incidences of spoilage throughout the reported storage period of 16 days. More recently, Zhong et al.
evaluated the effect of MW on film-forming ability, electrostatic spraying atomization performances, and other film
characteristics. Chitosan films were prepared with different molecular weights of chitosan (MW 6.55 kDa, 12.93
kDa, and 47.70 kDa) using the electrostatic spraying (ES) technique [42]. The results indicate that with an increase
in the MW of chitosan, some film-forming solution properties, such as conductivity, viscosity, surface tension, and
contact angle, were raised due to the increase in the proportion of amine-groups and degrees of CH chain
entanglements. Moreover, with the increase in MW, water barrier property and tensile strength of CH films were
also found to improve. However, the antibacterial capacities of chitosan films against Escherichia coli and Listeria
innocua were inferior when higher MW chitosan-based coatings were applied [42]. High molecular weight chitosan

cannot pass through the bacterial membrane and hence, they stack on the cell surface, which may alter the

https://encyclopedia.pub/entry/73 5/23



Non-Medical Applications of Chitosan Nanocomposite Coatings | Encyclopedia.pub

membrane permeability affecting the transport of nutrients into the microbial cell membrane, resulting in cell lysis,
whereas chitosan with a lower molecular weight can proactively penetrate into the nuclei of a microorganism and
could bind with DNA, inhibiting synthesis of mMRNA and resulting in subsequent cell death [43,44]. No et al.
however, reported that the antimicrobial activity was higher for lower molecular weight chitosan with Gram-negative

bacteria, but not for Gram-positive bacteria, which is still an area of contention amongst researchers [45].
2.2.3. Solubility

Chitosan is a semi-crystalline polymer due to the strong inter- and intra-molecular hydrogen bonds. Solubility plays
a critical role in various applications of chitosan as it is readily soluble in dilute acidic solutions at pH < 6.0 but
insoluble in most organic solvents. The pKa value of primary amine groups of chitosan is ~6.3, and thus, under
acidic conditions, the amine groups are protonated, leading to repulsion between positively charged
macromolecular chains, which allow water molecules to diffuse in and solubilize the polymer. Chitosan precipitates
in solutions at pH > 6.0, limiting the use of chitosan in basic conditions. Derivatives of chitosan such as acyl-
chitosan [46], N-alkyl-chitosan [47], hydroxyalkyl-chitosan [48], PEG-chitosan [49], carboxymethyl chitosan acyl
thiourea [50], and TEMPO-laccase oxidized chitosan [51] have been synthesized to improve the solubility in water
over broader pH ranges. Water-soluble derivatives of chitosan have been reported to be effective in food, paints,
and water treatment applications [52,53,54].

2.3. Antimicrobial Properties

Allan and Hadwiger first reported the antifungal properties of chitosan and suggested that chitosan does not only
possess fungicidal properties but is also more effective on a wider range of fungi than chitin [55]. Since then,
several researchers have evaluated the antimicrobial nature of chitosan against different microorganisms and their
action mechanisms, but no clear consensus on the mechanism of antimicrobial activity of chitosan has yet been
reached [56,57,58,59,60]. Several mechanisms have been proposed to explain the antimicrobial properties of
chitosan. These include: (i) interactions between the positively charged amine groups of chitosan and the
negatively charged microbial cell membranes, leading to leakage of cellular constituents; (ii) activation of several
defence mechanisms in the host tissue by chitosan molecules acting as a water-binding agent and hindering
several enzymes by blocking their active centres; (iii) chitosan as a chelating agent, selectively binding metals and
then preventing the microbial growth; (iv) chitosan (high-molecular-weight) forms an impervious polymeric layer on
the cell surface that alters cell permeability and ultimately blocks the entry of nutrients into the cell; (v) penetration
of chitosan into microbial cytosol that may bind with DNA, resulting in alterations for the synthesis of mRNA and
proteins, mostly prevalent with low-molecular-weight chitosan; (vi) adsorption and flocculation of electro-negative

materials in the cell, hampering the physiological properties of microorganisms, triggering cell death.

The most widely accepted mechanisms for antimicrobial activity of chitosan is the interaction between the positively
charged amine groups of chitosan and the negatively charged microbial cell membranes. In acidic solutions (pH <
6.3) chitosan has a polycationic nature and the positively charged amino groups of chitosan interact with negatively
charged components on microbial cell membranes, causing extensive alterations to the cell surface and membrane

barrier properties, leading to leakage of intracellular contents that results in cell death. Tyagi et al. have
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demonstrated this hypothesis through a mechanistic study of chitosan nanoparticles against Gram-positive
bacteria, S. aureus [56]. As chitosan has pKa ~6.3, in mildly acidic conditions it is protonated, leading to a
reduction in osmotic stability affecting membrane disruption that may efficiently lead to alterations in cell
permeability and leakage of intracellular contents, ultimately imbibing rupture of a cell. In addition, positively
charged chitosan may interact with negatively charged teichoic acids in the cell wall of gram-positive microbes
leading to the formation of small pores on the cell wall and subsequently leading to leakage of the intracellular
components [56]. Li et al. suggested that increased permeability of the outer membrane of Escherichia coli is the
primary reason for the antibacterial activity of chitosan against such Gram-negative bacteria. Increased
permeability leads to the release of cellular contents followed by cell lysis, as shown through microstructural

analysis using transmission electron microscopy (TEM) (Figure 4) [61].
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Figure 4. Transmission Electron Micrographs (TEM) of E. coli (a) treated with buffer and (b—d) chitosan of 50 kDa
molecular weight, (Reproduced with permission from [61], Copyright © 2010, Elsevier).

2.4. Self-Healing Properties

The ability of a material to heal or repair damages automatically or with some external stimulation independently is
called self-healing. Numerous polymeric materials with self-healing capabilities have been fabricated in recent
years [62,63,64,65]. Self-healing materials, being capable of forming reversible bonds or reactions in the networks,
enhance the durability of the materials. An example of chitosan-based self-healing materials that have attracted
attention are anticorrosion self-healing paints [66,67,68,69]. Despite significant achievements in the development

of chitosan-based self-healing materials, several challenges still need to be addressed for wider applications. An
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appropriate balance between mechanical strength, self-healing capacities, and mechanical robustness is required

for the fabrication of newly developed, chitosan-based, self-healing materials.

Applications of self-healing coatings include automotive refinish on the backside of smartphones to stop the
development of corrosion in scratches [70], etc. Due to excellent film-forming properties, superior adhesion to
metallic surfaces, and self-healing abilities, chitosan-based self-healing coatings have been effective in protecting
metal surfaces and metallic pieces [71,72]. Two main approaches have been pursued for corrosion protection in
self-healing coatings: (i) the fixing of defects by adding polymerizing agents in polymeric coating matrix and (ii) by
using corrosion inhibitors that can protect corroding areas [73]. In anti-corrosion paints, self-healing refers to both
dynamic care of the substrate and structural repair of the coatings, offering superior protecting ability and increased
longevity of the coating compared to other protective coatings [71]. Chitosan- and cerium (Ce)-based self-healing
coatings have been reported to protect aluminium alloy 2024 from corrosion [68,74]. 2-Mercaptobenzothiazole
(MBT) has been used as an effective corrosion inhibitor in chitosan-based coating for aluminium alloys 2024. The
study revealed that MBT has strong inhibiting ability and even after one week in a full immersion condition no
corrosion attack was reported [71]. In the study, the surface properties of the chitosan coatings were also improved
by chemical grafting using poly (ethylene-alt-maleic anhydride) (PEMA) and poly (maleic anhydride-alt-1-
octadecene) (PMAO) to increase its hydrophobicity, which is important for corrosion protection in atmospheric
conditions. Due to good wettability and adhesion properties it was argued that chitosan provides corrosion
protection, simultaneously working as a reservoir for the corrosion inhibitor which prevents the formation of pittings
on aluminium alloy. The grafting of chitosan at the coating/solution interface with PEMA and PMAO provided an
adequate hydrophobic effect, especially in the case of chitosan loaded with MBT, leading to the delay of ingress of
electrolyte towards the metal interface. The combination of active corrosion protection due to MBT and the surface
hydrophobicity conferred by grafting could be the reason behind the efficient protection from corrosion to aluminium
alloy 2024 [71].

| 3. Chitosan-Based Nanocomposites

Previously, many studies have reported chemical modification of chitosan either by coupling with small molecules
or grafting with polymers, for changing/improvement or better use of the intrinsic properties of chitosan. Chitosan
has been grafted with poly-lactide to form polymeric amphiphilic micelles [75] or polyethyleneimine (PEI) to form a
branched PEI-g-chitosan with lowered cytotoxicity but higher gene transfection efficiency compared to PEI [76].
More recently, chitosan-based nanocomposites have emerged, where both polymer and nanoparticles contribute to
the improvement or enhancement of specific properties. Dispersed nanomaterials contained in chitosan polymer
matrix not only improves the physical, mechanical, and thermal stability of chitosan but also endows the composite
with its intrinsic properties, such as high surface area or extraordinary physicochemical properties. Chitosan
nanocomposites formed between chitosan and metal/metal oxide, carbon, polymer, or clay materials via physical or

chemical interaction and their applications in food, paints, and environmental fields are summarized in Table 1.

3.1. Chitosan-Metal/Metal Oxide
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A noble metal, such as silver, is an effective antimicrobial agent [77,78,79] and can be synthesized in situ in a
chitosan matrix due to the metal ion chelation capability of chitosan. Taking into account that silver nanoparticles
are well-known for their antimicrobial property, chitosan-silver nanocomposite coatings materials have been studied
on metal, glass, wood, etc., surfaces [80,81,82]. Metal oxide nanomaterials are commonly applied in the polymer
matrix as filler materials to enhance the antimicrobial and mechanical properties of the films and coatings, which
are mainly used in food packaging and food preservation applications [83,84,85,86]. Silica nanoparticles in
chitosan were reported to selectively absorb rare earth elements [87], while zinc oxide nanoparticles were reported
to photo-catalytically generate reactive oxygen species (ROS), leading to high anti-diatom and anti-bacterial
activities under sunlight [85,86].

3.2. Chitosan-Carbon Materials

Carbon-based nanomaterials, such as CNT, graphene, and graphene oxide have been well-studied. Incorporation
of graphene oxide into chitosan improves the mechanical properties of chitosan in addition to enhancing its
antimicrobial and pollutant removal abilities [88,89]. Chitosan has been applied to improve the solubility of CNT and

to reduce its toxicity for facilitating practical applications (Table 1) [90].

3.3. Chitosan-Polymer Mixture or Copolymer

Chitosan is often introduced to other types of polymers to form a mixture or copolymer in order to enhance the
properties for specific applications (Table 1). Attributed to the chemical reactivity of primary amine groups in
chitosan, polymers containing activated carboxyl groups can be covalently linked with chitosan, commonly
employing carbodiimide crosslinking reagents to form an amide bond between an amine and carboxyl group
[91,92]. For polymers containing abundant hydroxyl groups, such as cellulose, physical mixture/interaction with
chitosan is often used for the preparation of chitosan-cellulose hydrogels through simple Van der Waal interactions
without changing chemical structures[93]. Alternatively, chemical linking of polymers containing hydroxyl groups to
chitosan works by the activation of hydroxyl into imidazolyl carbamate intermediates, that react with primary amine
groups in chitosan to form N-alkyl carbamate linkages [94]. Since chitosan is a polycationic molecule, it can easily
interact with negatively charged electrolyte/polymers/particles through electrostatic interactions. For instance,
chitosan-nucleic acid nanoparticle complex can be formed by coacervation between the positively charged amine
groups and negatively charged phosphate groups in the nucleotide. Alginic acid/alginate, a natural polysaccharide,
has a similar chemical structure to chitosan but contains carboxylic instead of amine groups. Due to the opposite

charges, chitosan and alginate can easily form electrostatic complexes [95].
3.4. Chitosan-Clay Composites

Clay is finely grained soil mainly composed of metal oxides or hydroxides with traces of organic matters. Owing to
its small particle size (ca. 1 pym) and excellent colloidal properties, clay has been widely used in different
applications, such as for water purification, as an odor absorbent, and as a lubricant in construction industries.
Because of the structural characteristics, clay nanotubes and platelets can be used to load active agent to improve

the passive barrier performances of anticorrosive coating [96]. Due to the electrostatic interaction between chitosan
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and clay, the composites are normally combined through adsorption, gelation, or intercalation. In chitosan-clay
nanocomposites, clay exhibits its characteristic properties, such as absorption of specific species [97,98] or
hemostatic properties [99], while chitosan can provide a higher loading or the cross-linked chitosan network as a

support or scaffold for clay (Table 1).

Table 1. Examples of chitosan-based nanocomposites and their applications.

. Preparation
Chitosan Type of . o
. Name of Method of Form of Chitosan Specific Key/Enhanced o .
Molecular  Nanomaterials . . . o . Application Field Reference
. ) o _ Nanomaterial/Polymer/Clay Chitosan Nanocomposites  Application Properties
Weight/Viscosity in Composite .
Nanocomposite
Antibacterial
In situ Thin film activity Inactivation
100 kDa Metal Ag nanoparticles reduction on coating on against E. bacterial Antimicrobial 100
chitosan bandage coliand S. metabolism
aureus
Ag Sensitive in
Medium In situ nanoparticles Sensing of optical
molecular Metal Ag nanoparticles reduction on anchored on ammonia in absorption Environment [101
weight chitosan chitosan solution intensity and
particles wavelength
Anti-diatom
activity and
Medium o o antibacterial
Metal . . Thin film Antifouling o o .
molecular . ZnO nanoparticles Blending . . activity Anti-biofouling  [85,86]
) oxide coating prevention .
weight against the
marine
bacterium
Low Metal SiO, nanoparticles In situ Stober  Slurry packed in Adsorption High Environmental [87]
viscosity oxide method liquid of rare-earth adsorption
grown on chromatography elements efficiency,
chitosan (LC) column selectivity,
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Chitosan

Molecular

Weight/Viscosity in Composite

190-310
kDa

300 kDa

N/A

N/A

50-190 kDa

Type of

Nanomaterials

Carbon

Carbon

Polymer

Clay

Clay

Name of

Nanomaterial/Polymer/Clay

Graphene oxide

Graphene oxide

low density poly-
ethylene (LDPE) film

Halloysite clay
nanotubes

Bentonite and sepiolite

Preparation
Method of
Chitosan

Nanocomposite

Cross-linking

Cross-linking

Grafting

Electrostatical
adsorption

Blend

Form of Chitosan
Nanocomposites

Thin film

Hydrogel

Coating

Coating

Thin film

Specific
Application

Antimicrobial
against E.
coliand B.

subtilis

Removal of
dyes and
metal ions

from water

Significant
changes in
surface
wettability

Anticorrosive
protective

Winemaking
application

Key/Enhanced

Application Field Reference

Properties

and

reusability

Improved
mechanical
and Antimicrobial
antimicrobial

properties

Tunable
surface
charge; .
o Environmental
efficient
removal of

pollutants

Improved
anti- o
. Antifouling
thrombogenic

properties

Improved
passive
barrier Environmental
protective and
self-healing

Enhanced Antimicrobial
immobilization
of protease

but negatively

(88]

(89]
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(28]

[97]
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20. Abdelmalek, B.E.; Sila, A.; Haddar, A.: Bougatef, A.; Ay a [ Chitin and chitosan from squid

metallic_and bimetallic nanoparticles have been yntheS|zed Al et . for metal ions uptake [106]. The
gladius: Biological actlvmes of chitosan and its appllcatlon as clarlfylng agent for apple juice. J.
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22. Nemtsey, S.V.; Zueva, O.Y.; Khismatullin, M.R.; Albuloy, A.l.; Varlamov, V.P. Isolation of Chitin and

Chitosan from Honeybees. Biochem. Microbiol. 2004, 40, 39-43.
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2BshiyerGanac ’e.*éh'\.é'o?sa'*rifzp‘?éév’.%@)i a%Wzs%lb"p'yArfé)&ﬁé‘%"&‘?u;%&%c HIR9Qy Qptimizauon of chitosan) of
oy O O S R S g e e N g e e QS YAl 208 e
adsorptE)n capacity of polypyrrole [107]. The selective adsorption properties of these composites were investigated

Zibr Blaulyes, e T.mBihyienatadyud.(MEancaiachite. piderdkiG),. &naratieArgtianidbaritesah @ad ehitongo red
(CRyrahdcacidrblezdkam) chisakgesgRoty aife2B06, &i#idd3wHa3kyl-containing functional groups from CS,

25 BAROAHED R a2, TE MR e YA L A LI B leal, B R SRS Ang adsrption
per{:%graa{]c eetqggﬁiglr? &f' ﬂl?ﬁg rggr%eeo %}nf %rlg%e svg?ctﬁﬁops%\ﬁ rSdrIﬁSb(iarg%or%{be'(Callinectes sapidus) waste
4231%#&%”&“88 aamqg gﬂwéggﬁrﬁsésSOsbeck) peel. J. Biol. Macromol. 2017, 98, 676—683.

26. Nguyen, T.T.; Barber, A.R.; Corbin, K.; Zhang, W. Lobster processing by-products as valuable
MapinGIQRIHRIF TS HEGEIRRIB P B Y REFREISAIS AL BYRIBAISed Ry REamiTa PRNER AV SidhTyarsS, and
ocezf\@i?[’ig’gbf\ny submerged, clean, and unprotected substrate are quickly colonized by microorganisms
(bacteria, diatoms, and unicellular eukaryotes) and later by larvae of invertebrates and spores of algae [109,110].

ZHioRURNASA i be KRN hatis RANSAANS AR e S U PR SOlIos AL RERRATAHONIR F0MMPyrag,
fuel BSHISuRBRES USJUOMOSN AR 15 01080 QYAMA0 CRRSRL SR ettt B YoM AR 1 the

ves%glg.’ Wozrﬁe\?vqgé, countries spend billions of US dollars in order to manage and prevent this problem [112].

28 riipi cdwifitelui B leeaiie ditif.e AdkdtabiocillesLthajglv)lpte Lehsivirgniextr dctidnT e régalawexdisicatibnon-
toxigradhidfheliag tezintstiane ofgsiitin reedeshitdstmsad. Bohawiapropest 2@ 8,pte0isiBdntifd@®g agent due to
its antimicrobial properties [113]. Plastic substrates coated with 2.5% chitosan si?nificantl reduced the settlement

29. Yuan, Y.; Chesnutt, B.M.; Haggard, W.O.; Bumgardner, J.D. Deacetylation of Chitosan: Material
of bryozoan Bugula neritina.compared to untreated substrates. Chitosan mixed with a_non-toxic paint base applied

haracterization and in vitro Evaluation via Albumin Adsorption and Pre-Osteoblastic Cell
to plastic substrates were found to protectl Hciré] bacterial fouling over one week of laboratory experiments [114].

Cultures. Materials 2011, 4, 1399 . _ _ _ _ _
Chitosan incorporated into a sﬂlcon-polyurethane marine paint was exposed to biofouling for over two months in

3ébidisevater @han, kxpdiipads \derAdneialitearspeteriipnetiaditiaioamatboehiasthe Waternynaiicndgef
actidaangiyedntedegreenabshidaradnniyis sz abtdy Abilcdddensities of micro-fouling on the surface of a
SETHEILHRE S 19 PEIRTRT RTIBHIBILRANRS R SNIBRT M S880h TN YRR RadbHS
founy Haak JBR PATHSH e Ol SU LU AT CRAMUA LR BUPRO A HENRAR L8ITR YR NG it ARt N faces
a”de]’é?ﬁ éﬂr@yaﬂgﬁ;gfgfﬁggwﬁabg fg&ﬂ(,j Qgﬁj_r%ﬁg'coated with copper-based antifouling paints, suggesting

that chitosan-based coatings have a minimal negative impact on marine communities [115].
32. Kasaai, M.R. Determination of the degree of N-acetylation for chitin and chitosan by various NMR

Fe\f PESSEASENPY 406 RBIALIASH AHREEM WO YaNop4Hifled th SddrBlifcrease antifouling properties and stability
4 TRUHR SRR cRafinase i 8 SoRBIBIE RSN SiAmo OO EHara GERSA A
ch|tgﬁanrﬁg%t||8%§cgl|088Hg@*o”ﬁnﬁcg%?pﬁ}fscf}% & i@%%dpﬁd_ yyth silver nanoparticles were found to be

effective against E. coli and Bacillus bacteria and thus it was proposed that these “green” films can be used as
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berahitin fanthe itkgsatatitsing hivfiane s peatthscams Emlggmoﬁé)(pﬂ,_]' 1T Bf NO-chitosan coating was
R f%%so""v”.ca'§”%e?e?%ei%‘é’l?’or?yo”fe{ﬁé“&eé‘r%gno L SISO A Of CAItiRERd" hHSS4rRY A

pol)(r%le?gelg de o Sutsa%smv/vaetrlt\e/ éef’f\/j 8?}1nsé bg Frla nbga(?gra}%ryze&(geﬂglgnts and agamst biofouling in statlc f|eId

experlments in the Mediterranean sea, showing promlsmg antIfouImg activities [118].
36. Wu, C.; Kao, C.Y.; Tseng, S.-Y.; Chen, K.C.; Chen, S.-F. Determination of the degree of

deacetylation of chitosan by capillary zone electrophoresis. Polym. 2014, 111, 236-244.

Hrt A3 hkin %ﬂ‘é%ash%wvé’t%‘#gaém.bact /ok8a e DF eéI" g O ACehation dearee Mieria was
chitosa usmrg Raman sg F sco yActa Part A Mol 8m|o| Spectrgsc. 2015, 134, 114-120.
found to reduce niore significant an 8am negative bacteria. ulose” membranes with smaéller pore sizes,
3Bhén, Modiie WithEifgiots obente vrdgian degieevadrd danedyiathaneainth racde canabawigdt aaivity against
graenpolstiyenstapoperties/sfachiicsand Jrddahelyttiosom abo/204ctedB[1268-FbrRard osmosis (FO) membrane

ith chi h I f ff
P A DN RSB P e TR RNt GR BLar PRI DRYEE S SR8 Fe e I
fouli [ I I f h chi
ou Ir%anejgfélg{} o aat%nsaéerzal)rllmabtoerg orﬁYqu)éPeifl(r)noe&t(Sjcg % h E(Ijlfgngfmé%g gis surfaces coated with chitosan
nanocoatlngs were able to prevent the adsorption of proteins and biofilm formation by S. aureus wherein the

AehtihgT efe@lARLs Foling ReSePent BASR oot dibiAesE 248y, BhBRERAbL dielBSIMaNRPRHR BAN)
holBAtifiBeR mbhaidassKuferd iegbgtionofitinenst bipasiMermaisisdsiton Rlask E9LRNIAPBacilus
sutfisNasHs AN sl AinshiteapIP YIRS RINE AT RaGHRHshOTRIRASRSFORIIAY . BPBIYE A fltasion
meﬁvb%‘s“%thesized by blending O-carboxymethyl chitosan (O-CMC) and iron oxide (FesO,) nanoparticles

Areieclaund, e phiernsidarapyrbioher cresdlvhaReimsalicns b bied HaiBY SN SR LRV BRS
mepgwﬁgér[s%igI@dp%g(anes prepared using O-CMC and silver nanoparticles were found to prevent protein

fouling as well as a good antibacterial property towards E. coli and S. aureus [125].
42. Jongsri, P.; Wangsomboondee, T.; Rojsitthisak, P.; Seraypheap, K. Effect of molecular weights of

chitosan coating on postharvest quality and physicochemical characteristics of mango fruit. LWT
2016, 73, 28-36.

4% %h%ﬁ&,lt(l‘gﬁulasr)%?es'e n W FZHABS \?“que ?gle mol?ecalar weight on the properties of chitosan

Durﬁ%@%cpstﬁgr@ées tre{erggo% %trq%snt s oréJ ray'rréght%(r:ct%geu ?frwtglgr% v%%%%b?esgu 7rgg%Suallty deteriorations
e, thke Wariolia, Bgsickigy, Weattidkimand!, iRudessEpoksdy, as. ;Patfiard:st Ansipiigiobialeiingty ethylene
prodgetiost d0d dboenecpethdyeses iy sioitseat tepadpracsr diethofndiffeesat by dhecsHepwgightsntivvment,
i.e. Roowedaiufe chyasn20dridiy, HeBighe3hat lead to loss of water, texture, color, and nutrients of the produce

|12 f127] Mlcroblolog|cal ?__ponage leads tq postharvest losses of about 15% to 50% of fruits and vegetables
on antimicrobial act|V|t¥ of chitosan with different molecular weights.

pro%L(l)cle?nworldmde !128! In developmg countries, the percenta

of appr)(/)prlate technofogles for postharvest storage of fruits and vegetables. The physiological, biochemical, and

AénNenrektal Radkgds Yrohes hdhidWieyersosinBriktipasivjéakastiviie tichitpsansicbeliosamages in
the GU@RIERSIW i tbAiiRsie Bb MR RsWaIgkESd s threachMiGredt @ odd e inldivestieapplication of synthetic

AENERREISR MGGTR, B PR HSSifiE A S HISE AP S R AL I PE B &1 Br Th SR iy chemical
res'(%'FCSu?ﬂ Hum&e%t&%@yl @Hg%r& @T,%i‘g@e—%‘f tag development of pathogen resistance have led

global scientific research towards the development of alternative strategies for the preservation of fresh produce
[129].

ges of product losses are quite high due to a lack

https://encyclopedia.pub/entry/73 15/23



Non-Medical Applications of Chitosan Nanocomposite Coatings | Encyclopedia.pub

4ha ppMatibo g ahatialgy dymBErqbpGly Reepisastio filoE MndNcdditnigs etin jo @h tosace vidagen@eehtly gained
intedarfoa tie shiifith raatingi@adl dastierbhlyed 20 thdi6 Sin8larfAihctions to those of conventional protection
43, FR R DU S8 NSRRI SRt B oL SRS G IS e
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Sthil@M adiiidSIMB D145 4 318y M.-K.; Nah, J.-W. Preparation and spectroscopic characterization
of methoxy poly(ethylene glycol)-grafted water-soluble chitosan. Res. 2008, 343, 282—-289.

5‘1357ror'1°a?rﬁ'e‘89h‘%'='/i%‘§ El-Ghany, N.A. Preparation and antimicrobial activity of some carboxymethyl

on&tesamanyldhigriea - 98sivaivaSInduiRls NMRGQMd 20 1%evefbpkefiswl $88kaging techniques capable
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the most innovative and promising active packaging systems developed over the last decade, for inhibiting
Sidhchial ofSia% SR Kltan 1S Al O R P R AR M e Fof QRanRO iy alojnate gel
and its affinity characteristic toward multivalent metal ion. Technol. Innov. 2019, 13, 340-345.
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three-fold (3P): performance, processing, and price. Performance and processing related problems are universal to
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water-soIHbLe chitosan to shrlmg fol'. cguallt(y retention. LWT 2016, 74, 571-579. . . )
temperature, Ign gas-vapor barrier properties, and poor resistance to harsh prdcessmg operatlons limit extensive
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materials, such as clay (e.g., montmorillonite, attapulgite), natural antimicrobial agents (e.g., nisin), metal (e.g.,
S &ingol), Sridemetti @i M-zl dxide- (&i®), RisniuRaskedidid (Rtept rhalapyd-aniasaBbial activity,
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ancb§§g%rgglus niger with 100% sterilization achieved within 12 h [131]. The composite film could successfully

protect red grapes from microbial infection thus enhancing their shelf-life (Figure 5).
60. Tamara, F.; Lin, C.; Mi, F.-L.; Ho, Y.-C. Antibacterial Effects of Chitosan/Cationic Peptide

Nanoparticles. Nanomaterials 2018, 8, 88.
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