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To minimize the usage of non-renewable resources and to maintain a sustainable environment, the
exploitation of green nanobiopolymers should be enhanced. Biopolymers are generally developed from
various microorganisms and plants in the specified condition. This review article discusses the current
advances and trends of biopolymers, particularly in the arena of nanotechnology. In addition, discussion
on various synthesis steps and structural characterization of green polymer materials like cellulose,
chitin, and lignin is also encompassed. This article aims to coordinate the most recent outputs and
possible future utilization of nanobiopolymers to the ecosystem with negligible effects by promoting the
utilities of polymeric materials like polycaprolactones, starch, and nanocellulose. Additionally, strategic

modification of cellulose into nanocellulose via rearrangement of the polymeric compound to serve
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Accepted 15th April 2023 various industrial and medical purposes has also been highlighted in the review. Specifically, the process

of nanoencapsulation and its advancements in terms of nutritional aspects was also presented. The

DOI: 10.1039/d2ra07707h potential utility of green nanobiopolymers is one of the best cost-effective alternatives concerning
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1 Introduction

Exhaustive green strategies should be framed to control envi-
ronmental pollution without affecting the natural resources.
Bionanoparticles are low cost, low toxic, and have high
mechanical properties, and are preferred for environmental
remediation. Blending green chemistry methods with nano-
technology is a holistic approach for attaining sustainability in
the future. The bionanocomposites can be used directly or
combined with metal oxides to treat hazardous pollutants and
salivated water.

The use of polymeric composites is growing widely.* These
novel polymeric composites have many advantages, like cus-
tomizable design and requirement-specific modification to
sustain the current scientific and industrial demands.>* Out of
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circular economy and thereby helps to maintain sustainability.

all the available polymers, hydrophobic (oil-based) polymers
effectively find their way into food packaging materials as they
have very little thickness, they are economic, and have extraor-
dinary chemical and mechanical properties."® Many hydro-
phobic polymer base packaging materials are conventionally
found and reused in most cases. The more vital assortment of
these materials is exploited, leading to environmental pollu-
tion.>* Controlling future concerns due to plastic waste and
petroleum sources prompts the formation of materials that are
innocuous and of better grade than the biological system
materials in present circumstances. Extensive research is being
done to synthesize bio-based compounds that can replace
polymers extracted from petroleum and allied compounds by
exploring eco-friendly products.'™ A distinct class of packaging
materials with biocompatible and essential components
provides an extra coating of flexible packaging materials and
adds to the beneficiary role of the material.>”® Though these
polymeric bio-materials are examined for exact use, scientists
are trying to address the issues that prevent their widespread
use in industry.?

Chipping away at these sorts of biopolymer properties can
regularly provoke advancements. Low creation levels, conten-
tion for food harvests, and higher costs are critical components
that could confine the overall usage of biopolymers in pack-
aging advancement. Likewise, experts strive to delimit the
mechanical properties and bio-based films. There are
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limitations to decisions for remaking the bar and packaging
equipment structure.* This review targets the recent develop-
ments of abundant biopolymers from natural and animal
sources, their preparation, their structural characteristics, and,
most significantly, their applications. Additionally, scientific
limitations and tasks encompassed with bionanopolymers will
also be deliberated. Further, it focuses on sources and processes
involved in synthesizing biopolymers, like pre-treatment, high-
pressure homogenization, and crushing. Followed by this, an
elaborate discussion about metal nanocomposites and nano-
encapsulation is included. Moreover, it may recommend inno-
vations that advance future scientific research suggestions to
mitigate the environmental burden. The nanobiopolymers are
promising potential materials due to their featured character-
istics like abundance, biodegradability, and non-toxicity. The
main purpose of this article is to inculcate budding researchers
to preserve the environment using biodegradable compounds.

2 Bionanopolymers

Biopolymers are chains of biomolecules composed of repeating
monomers, mainly covalently joined."” A collection of mate-
rials, mostly made from natural resources to delineate organ-
isms, crops, or even plants, is characterized by the articulation
“biopolymer. “Materials-based particles created from natural
resources such as vegetable oils, carbohydrates, lipids, saps,
proteins, amino acids, and so on are known as biopolymers.”*™*
In contrast to conventional polymers, which have a less complex
and irregular arrangement, biopolymers are complex sub-
atomic collections with 3D engineering frameworks.> It is
unquestionably essential to provide biopolymers with dynamic
atoms in vivo. Their position relies heavily on their predefined
shapes and organization. Biopolymers are categorized in
various ways, as indicated by different scales.>® Based on the
functional groups in the polymer chain, biopolymers are clas-
sified as polycarbonates, polysaccharides, polyamides, poly-
esters, and polyvinyls. These classes are additionally
characterized according to their source into various sub-cate-
gories.>* Based on the repeating unit, biopolymers are divided
into three classes: (i) polysaccharides, which are sugars, (ii)
proteins, which are amino acids; and (iii) nucleic acids, which
are nucleotides. Biopolymers are well-known for their roles as
bioplastics, biosurfactants, biocleansers, bioadhesives, bio-
flocculants, etc.®”

2.1 Sources and synthesis of biopolymer

Biopolymers are plastic derived from environmentally friendly
biological sources.*” The presence of biopolymers in plants
suggests a bioeconomic prospect for their position. Typical
artificial polymers are mass-produced before being crafted with
the final objective of coherent assessment efforts. Microorgan-
isms play a significant role in forming biopolymers such as
polyesters, polysaccharides, and polyamides. The polymer's
composition was influenced by its proper attributions, number
of repeated units, and sub-nuclear heap.® The physical and
chemical properties of a collection of biopolymers fused with
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the assistance of living beings may be individually tailored to
the consistent therapy of microorganisms, making it appro-
priate for clinical applications such as medication movement
and tissue instrumentation.” Biopolymers produced by
microbes require immediate nourishment and constant moni-
toring of their surroundings. These are mechanically pro-
gressed by direct development or compound polymerization by
employing repetitive units appropriately produced via
maturing. Most biopolymers are biocompatible and biode-
gradable without adverse effects on natural systems. The prac-
tical approach for assembling biopolymers is typically
considered due to their specific resistance or as the limit
material.” It has been shown that these materials are frequently
contaminated by natural cycles, allowing them to be reabsorbed
in the environment.>'® By concentrating our attention, to
a greater extent, on biopolymers, we can accomplish a signifi-
cant reduction in CO, toxins while maintaining gratifying
progress.* Green development is an excellent feedstock for the
plastic age due to its high production and flexibility.>'® Green
advancement demonstrates the possibility of utilizing carbon
and destroying ozone-harming chemicals discharged from
many current industries. Green development-based plastics
have been a recently joined inclination in bioplastics in
connection to conventional methods of employing corn and
potato feedstocks as plastics.”’® Even though green
development-based polymers are still in the preliminary stages,
they will find uses in a broad range of activities once commer-
cialized. At the moment, microbial plastics are regarded as
a vital substance of polymeric material with promising
commercialization. They can modify fluid enhancement
parameters, exemplify materials, flocculate particles, and
produce emulsions and suspensions.*’

3 Green polymer materials and their
structural properties

Biopolymers find many applications in numerous fields and are
the most desirable biomaterials. Due to the polymer's design
and surface features, the biomaterials’ unique characteristics
may regulate diverse functions.”'® Polymer-based materials
formed from natural resources assist in producing functional
composites through economically viable and biologically safe
fuels."® A green polymer entity accepts a composite material
with a polymer/polymeric compound/biodegradable material
obtained unambiguously from a reliable source. That, in return,
provides a wide range of polymers with conventional biode-
gradability features and will replace regular oil-based
polymers.' Proteins, starch, chitin, and cellulose are typical
examples of polymers.' Furthermore, alternative green poly-
mers include regular flexible plastic (NR), corn-gathered poly-
lactic destructive (PLA), and bacterial production of
polyhydroxyalkanoates (PHA). In general, polymers such as
poly(a-hydroxy butyrate), poly(e-caprolactone), poly(vinyl
alcohol), poly(methyl methacrylate), poly(dimethylsiloxane),
PU, cellulose, silk, and others are employed for varied
applications.*?

© 2023 The Author(s). Published by the Royal Society of Chemistry
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3.1 Cellulose

Cellulose is obtained from abundant biopolymers and stable
sources.>'® Downy, hemp, and cotton are examples of solid
cellulose. Sugar belongs to the polysaccharide'* arrangement
because it comprises monomeric units of cellulose. Normal
cellulose (CgH;1005) introduces polysaccharides, in which
hundreds to thousands of 1-4 linked p-glucose units immedi-
ately solidify."*** Generally, plants have a usual cellulose
content of 33%.">"* Cotton and wood are among the plant-based
arrangement that is rich in cellulose. Cotton contains 90%
cellulose, while wood has half or more cellulose content than
cotton."" Despite cellulose, plant fibers contain specific parts
like lignin, hemicellulose, and gelatin. Since cellulose is an
abundant fundamental element in nature and has charming
properties, it is considered to satisfy the need for an eco-friendly
polymer with bioavailability.*>** Cellulose is insoluble in several
solvents, limiting its activation and use.** Recently, cellulose
strands have been considered a significant assist in thermo-
plastic polymer groupings. This is due to properties of cellulose
like low thickness, minimal wear resistance, a separated func-
tionalized surface, inexpensive nature, and vital resistivity."®
Compared to polymer grids stacked with inorganic fillers,
cellulose-derived polymer composites may be readily termi-
nated during the reuse framework.’*'* Despite these various
advantages, the use of cellulose fibre on a large scale is limited.
This problem is explained by the inability to get excellent spread
values in the polymer lattice.** It is important to note that
cellulose is a polysaccharide that contains glucose as its
monomeric unit. Fructose and galactose are present in primary
glucose isomers.'**

Glucose particles are connected throughout the cellulose
chain by glycosidic linkages, caused by a lack of hydrogen atoms
beginning with one monomer and continuing onto the
following and hydroxyl bundles in another monomeric unit.*” It
will promote the formation of microfibrils.* Intermolecular
hydrogen bonds hold together these microfibrils as they
approach fibrils. In cellulose homopolymer, p-anhydrous glu-
copyranose units are restricted by (1-4) glycosidic connections.
Glucose is called pyranose because it is a six-membered ring in
cellulose structure.” The phrase “basal cellulose” refers to
cellulose in two forms of glass-like design, cellulose I and
cellulose II. The biopolymer cellulose II is formed when cellu-
lose 1 is exposed to sodium hydroxide. There are more cellulose
structures outside type I and type II, such as cellulose III and IV.
Cellulose I is less persistent than other polymorphisms, but
cellulose II is the most difficult to produce.*®

Polymorphism is a property by which the compound is
accessible in multiple structures. Cellulose contains different
hydroxyl bonds, intramolecular and intermolecular hydrogen
bonds, provoking other coordinated arrangements.'®'” The
cellulose unit has six hydroxyl groups and three oxygen atoms.
There will now be many access points for modifications in the
ring, different cellulose units, and chain length. Cellulose
polymorphs are grouped into four types in general."”

Cellulose I is more abundant in the environment.>* Atala
and Vanderhart, 1984, used NMR to describe cellulose and
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exposed that it exists in two forms, Io. and If."”*® The molecule
comprises a triclinic unit with a hydrogen limiting chain for
each unit cell, with similar van der Waal associations to cellu-
lose.’”® Each unit cell comprises two hydrogen limiting chains
and a monoclinic unit. These two forms of cellulose coexist, and
their rates alter depending on the kind of cellulose.*® Cellulose
obtained from crude organic entities (microbes, green growth)
has high cellulose Ia content, whereas cellulose obtained from
plants has low cellulose If content. Modifying cellulose Io in
particular solvents at 2600 °C to 2800 °C results in a more stable
cellulose IB."® The nanocellulose can be obtained in various
forms and shapes, namely cellulose nanofibrils I (CNFs) and
cellulose nanocrystals II (CNCs), shown in Fig. 1.

Cellulose II is more thermodynamically stable than cellulose
I. John Mercer designed the treatment procedure in 1844 to
convert cellulose I to IL.'***° The cellulose is treated with
a soluble base during the interaction at convergences of
approximately 17-20% w/v."”*®?° It prompts irritation of the
cellulose fiber when it shapes a space between the cellulose
atoms with no separation. During the interaction, cellulose
atoms' equivalent chain path is changed into equivalent reverse
chains. Another kind of degradation and recovery is the
conversion of cellulose I to cellulose I1.***° As the name indi-
cates, this cycle includes the complete breakdown of cellulose
and the recovery of cellulose strands. Several processes can
retrieve cellulose, including copper ammonium and N-methyl
morpholine N-oxide.** Phosphoric acidic recovery has been
used to account for the cellulose I to II transitions. The irre-
versible linkage between cellulose I and II indicates that cellu-
lose 1II is more thermodynamically stable.*

Cellulose III is found in two forms: aromatic salt of cellulose
I yield cellulose III, and antacid produces cellulose III. Yatz
immersed cellulose in a salts scheme in 1986 by converting it to
cellulose I1I and then degassing it.>* The conversion to cellulose
IIT is reversible, where the chain direction does not alter.
Cellulose 1V is formed during reverse change by treating cellu-
lose III with glycerol at high temperatures. Hermans and Wei-
dinger employed cellulose units in 1946 with the option of
converting cellulose strands to cellulose IV by treating them at
high temperatures with glycerol.>

3.1.1 Nanocellulose. One of the essential biodegradable
and stable microcomponents found in nature is nanocellulose.
Nanocellulose is fundamentally concerned with cellulose on
a nanoscale scale**** and has produced cellulose from wood,
plants, waste, and plant materials since the 1970s.>>** Turbach,
Snyder, and Sandberg effectively organized smaller-than-usual
fibrillated cellulose in 1970.

Whenever the plant cell divider exists, it produces some
disturbing effect; consequently, cellulose fibers changes.
Hence, the strands become nanofibrils (CNFs) or their micro-
fibril assemblies (CMFs), which range from 10 to 100 nm
depending upon their condensing point.>*?*° Standard
processes like homogenization, microfluidization, squashing,
cryo crushing, and ultrasonication will produce good-quality
cellulose nanofibrils and cellulose microfibrils. Nanocellulose
assembly entails several processes, including mechanical and
chemical treatments. These drugs enhance the distinct stable
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Fig. 1 Schematic representation of cellulosic fibres (Reproduced from ref. 19 with permission from Springer, copyright 2020).

linking of microfibrils found in normal cellulose.>**® The exact
phrases and the length of the phase define the kind and quality
of the final nanocellulose product. The duration of de-
coordinating beyond the crude material determines the extent
of the final nanocellulose.”*" There are at least one or two
extraction processes for the occurrence of nanofibrils. They are
regularly completed by mechanical means, for example,
smashing liquid nitrogen, cryo-crushing, high-pressure
homogenization, etc. Unique solvent bases and enzymatic
hydrolysis are used to nurture the advantage of hydroxyl
dynamic linkage before mechanical systems work on the inner
surface, change crystallization, and decrease cellulose hydrogen
bonds.

3.1.2 Pre-treatment for nanocellulose formation. Two
significant concerns often occur during the fibrillation stage,
particularly during mechanical fibrillation of cellulose, are (i)
fibril, when the slurry is drained off via the softening device,
and (ii) fibre connection.?®*' The suspension might contain
different feeds until the prevailing exfoliate of the cell dividers
happens. The motivation behind delivering nanofibers requires
massive energy assurance. In light of past logical investigations
to reduce interfibrillar hydrogen bonding, viable pre-treatment
decreases energy utilization. The pre-treatment strategies rely
upon the cellulose's source.** Proper pre-treatment of cellulose
filaments upholds quality, works on the inner surface, changes
crystallization, lessens energy concentration, and advances
nanocellulose formation.”> For instance, pre-treatment of
vegetables, harvests, organic products, and established mate-
rials can build the aggregate or restricted expulsion of non-
cellulose parts, for example, hemicellulose, lignin, and the
detachment of explicit filaments. Tunicate's pre-treatment

12414 | RSC Adv, 2023, 13, 1241112429

incorporates the partition of particular cellulose strands, the
expulsion of the protein network, and the division of layers.>**
Pre-treatment of green growth ordinarily assists with elimi-
nating the framework material of the green growth cell dividers;
however, pre-treatment of bacterial NCs is pointed toward
eliminating microorganisms and foreign substances from the
arrangement.** Pre-treatment is essential since it incorporates
the entire formation, crystallinity, and variety of the cellulose
and many of the highlights of the previously treated raw
material. Cell exfoliation is a pre-treatment technique that aids
in forming nano-sized strands. Pulping tactics, dying, primary
corrosive soluble treatment, enzymatic treatment, ionic fluids,
oxidation, and steam impact are unique pre-treatment
approaches.*** The fabrication technique used to synthesize
nano and micro-level lignin is shown in Fig. 2.

3.1.3 High-pressure = homogenization.  High-pressure
homogenization is one of the significant innovation technique
used for the lab-level creation of nanofibrils**** and CNFs.
Much of this cycle includes pushing the arrangement utilizing
a circle and a cylinder at raised pressures of 50-2000 MPa,**** or
another bulky network. The hole width relies upon the applied
strain and the thickness of the arrangement.** The subsequent
high-performance streaming speed diminishes the unique
strain force and the steady tension under the fluid stage. It
contributes to the formation of gas bubbles, which rupture as
the fluid exits the homogeneity hole under normal air
tension.**** This improves the development of gas bubbles,
which rupture again when the fluid leaves the homogeneity hole
under standard air tension.**** Gas bubble creation and the
rupture can create effects and depressions, setting off influ-
ences in the arrangement of cellulose. Critical pressure

© 2023 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2ra07707h

Open Access Article. Published on 20 April 2023. Downloaded on 11/8/2024 8:02:07 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Review

Water \vO

Acetylated lignin Self-assembly

solution in THF \i
Water ngmn solution in THF 1
( olloidally stable
Dialysis lignin particle
Q dispersions
.QO i
Water
i ” i ” i
\Water \ /

Lignin solution in aqueus organic solvent

Nanoprecipitation

View Article Online

RSC Advances

o Emulsion-phase
@ = polymenzanon
°c. °
Solvent Spherical
evaporation and wrinkled

from aerosol particles

Lignin solution
\_/
(e} e @
°Q
Lignin == > > O
suspension ~ | Sonication Nano- and

of emulsions

microcapsules

in water

Fig. 2 Methods of fabrication of lignin (Reproduced from ref. 33 with permission from John Wiley and Sons, copyright 2019).

decrease, high shear powers, and interparticle impact accom-
plish a deterioration in cellulose fiber size. The degree of
cellulose is still in the air concerning the scope of homogeni-
zation cycles and the increased strain.?***

3.1.4 Microfluidizer for micro liquefaction. Microfluidizer
is an additional advancement used to make cellulose nano-
fibrils or cellulose microfibrils. The microfluidizer operates at
a consistent frequency, whereas a homogenizer works at a reli-
able strain. The liquid-inclined design is routed through a z-
shaped chamber with a shear force of ref. 35 and 36. The strain
may be detected at a limit of 40000 psi, approximately
276 MPa.* Pre-selected microchannels are deliberately con-
structed inside the chamber, and the activity course is zoomed
to high speeds. When the slurry stream comes into contact with
wear-safe surfaces, it creates a critical impact force. Different
check valves engage slurry dispersion. After leaving the associ-
ation portion, it is transported to a hot exchanger. It is then re-
streamed into the system for additional movement or sent
according to an outer point during the accompanying action.
The procedure should be repeated several times to allow various
examined chambers to assemble the amount of fibrillation. The
course of action in the microfluidizer affects the morphology of
the extracted cellulose nanofibrils.*” They observed that the
point extension of nano fibrillar packs rises after 10-15 trade
cycles; however, excessive movement induced CNF buildup due
to the lengthy surface region and the significant number of
surface hydroxyl bundles.*

3.1.5 Crushing. The distressing framework is another
procedure for separating cellulose strands into nano-sized
fibers.*® During the distressing framework, the fiber fibrilla-
tion movement is ended by moving cellulose between a fixed
and a turning grindstone at about 1500 rpm, which gives shear
strain to the strands.** The fibrillation association in the
processor separates the cell division arrangement and the
nanoscale strands.*®* The distance between the plates, the
nature of the circular tunnels, and the feed count in the
processor influence the fibrillation intensity. A couple of runs
through the homogenizer have been recommended to produce

© 2023 The Author(s). Published by the Royal Society of Chemistry

fibrillated cellulose. Replacing and staying aware of circle
stones is counterproductive, as wood crush strands can dissolve
coarseness close to scratches.***® Regardless, the critical
advantage of processor movement is that it generally doesn't
require additional mechanical pre-treatment.*

3.1.6 Pounding. Cryocrushing is an excellent mechanical
fibrillation technique for cellulose. This cycle generates strands
with extensive lengths that change between 0.1 to 1 m. Water-
stirred cellulose fibres are typically chilled in liquid nitrogen
before being uniformly crushed.**** Because of the pressure
supplied by the ice stones, applying significant percussion
abilities to the frozen cellulose strands contributes to the
dissolution of the cell dividers. Cryo-crushed fibres can be
diffused and fairly disseminated in water using apparent
putrefaction.”” This method relates to various cellulose mate-
rials, with the fibre pre-treatment procedure before homogeni-
zation. The makers made nanofibers from soybean stock
through high-pressure fibrillation and cryo-crushing. TEM has
emphasized that nanofiber widths range from 50 to 100 nm.**
The nanofibers show excellent dispersion in acrylic emulsions
than in water. Regardless, cryo-crushing development offers
a low capacity and high energy cost.*?

3.1.7 High-intensity ultrasonication. Intense center ultra-
sonication is the most broadly perceived lab mechanical
therapy procedure for liquid conditions**** for cell agitating
impacts. This advancement produces possible cavitation, like
the chance of trials, expansion, and the breakdown of small gas
ascends after water particles control ultrasonic energy. The
accomplishment of ultrasound's hydrodynamic abilities
contributes to cellulose strand defibrillation.”* Several
researchers have examined the efficiency of focused energy
ultrasonication (HIUS) for separation nanofibers from various
cellulosic materials, like plain cellulose, microcrystalline
cellulose, crushed, fried banana strip, rice trash, and micro
fibrillated cellulose.**”**** The results show that fast mixing of
small and nanoscale strands can be achieved after ultra-
sonication of cellulose. The distances across the eliminated

RSC Adv, 2023, 13, 12411-12429 | 12415
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fibres range from 20 nm to a couple of microns, indicating that
some nanofibrils rise from the fibre.

In contrast, others remain on the fiber's external layer.**** As
a result, it provides massive width transfer to linked fibres. It
can also be noted that the ultrasonic treatment approach has
altered the apparent growth of some cellulose fibres.** These
changes depend on the type of cellulose sources; for example,
the crystallinity of cellulose increases for 100 percent pure
cellulose. Using HIUS treatment, the researchers investigated
the effects of distance from the test tip on temperature, fixation,
strength, adequacy, length, and the degree of fibrillation of
several cellulose strands.* They found that the long strands are
astoundingly low defibrillators and are the best fibers due to
their high strength and temperature. The high squash content
and the massive separation from the test to the estimating
utensil are not helpful for fibrosis.** A blending of HIUS and
HPH extends the homogeneity of nanofibers, but fibrillation
appears differently. The oxidized squash is used for HIUS
treatment,**** thereby improving the development of nano-
fibrils cellulose.

3.1.8 Destructive hydrolysis. To eliminate cellulose nano-
crystals, destructive hydrolysis of pure cellulose material can be
done under-regulated environment, time, and inert environ-
ment.*® For this explanation, mineral acids such as sulfuric
acid, hydrochloric, phosphoric, malic, hydrobromic, nitric, and
formic acid are employed.*>'”* Sulfuric acid is the most often
used for forming cellulose nanocrystals. During hydrolysis,
unclear sections of cellulose and interfibrillar connections are
hydrolyzed without disturbing the glassy nature of the nano-
crystalline material.*> The cellulose nanocrystal dispersal in
intense destructive is cleaned using water and by perpetual
centrifugation.

The nanocellulose can also be prepared from synthetic pre-
treatment processes like oxidative, enzymatic, and acid
hydrolysis.

3.2 Chitin

Chitin is a characteristic polymer commonly found in shells
and fish scales. Chitin was shown to be the most prevalent
polymer in nature after cellulose. Chitin and cellulose are both
members of the polysaccharide class. Chitin differs from
cellulose because it has an acetamide derivative rather than
a hydroxyl group. Crab and shrimp shell garbage from the
fishing industry contains 8-33 percent chitin polymer. Chitin
comprises monomer units of B-1,4-N-acetyl-p-glucosamine that
are aligned in a straight line, as seen in ref. 46 and 47. The
selection of shells is the first step in the separation of chitin. In
an ideal world, shells of comparable size are chosen. Tolerably
thin dividers make chitin recovery more useful for shrimp
shells.***” The subsequent stage in the technique is washing
and drying the shells after extensive crushing. A small portion
of shell fragments is eliminated with dilute hydrochloric acid to
remove calcium carbonate. The soluble base treatment removes
the protein, surrounded by other typical contaminations (20%
sodium hydroxide). The darkening, characteristic carotenoids
are extracted using ethanol in a disintegration technique.*”
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Chitin has biodegradability as well as antimicrobial properties.
Chitosan is insoluble in water and impervious to soluble bases,
acids, and various solvents.*** For the most part, chitin is used
in various applications, for instance, biosensors and prescrip-
tions. In the clinical field, chitin is used as a wound dressing
material. Chitin, a bioavailable, polyhydroxy polymer with good
optical properties, is used for coating metal particles.***

Chitin does not provide a hazy or scattered illustration.
Chitin and cellulose have outstanding characteristics. Chitin,
like chitosan, is not a water-soluble polymer but is easily dis-
solved in common solvents. Chitin is soluble in hexa-
fluoroacetone, hexafluoro isopropanol, and chloro alcohols,
including mineral acids.***** Chitin begins to deteriorate
before condensing due to the presence of hydrogen bonding. In
the microfibrillar structure of chitin, there is more possibility
fora protein network. The microfibrils' size was measured in the
2.5-2.8 nm range. Chitin is thixotropic and has a liquid glass-
like structure in the crab shell. Various researchers have
detected the glass-like arrangement of chitin from squid pens
and crab shells.*”®* Destructive hydrolysis is done using
hydrochloric acid to disengage the distinct regions of chitin. It
has been accounted that the chitin chooses its stimulating edge
in the polymer structure.

The development of chitin and chitosan has been investi-
gated in many research articles.>®** The precise kinds of chitin,
namely a-, B-chitin, depends upon the polymer chains'
arrangement and course of action.’® In their study of the ring
structure, the researchers discovered that A-chitin and B-chitin
derived from shrimp shells and squid pens exhibit relative
diffractograms in XRD analysis.>> XRD data of considerably
transparent models confirmed the glass-like growth of a- and b-
chitin.*> However, the glass-like boundaries for the two types of
chitins are exceptional. Each a-chitin unit cell contains two
reverse particles.>” Alternately, b-chitin has been represented to
have equivalent strategies per unit cell. Regardless of such
differentiations, the two kinds of chitin show a free clear unit
for the N-acetyl glycosyl utilitarian social occasion.*® Various
systems are available for the fundamental justification behind
investigating the physico-chemical properties of chitin and
chitosan.

XRD models for a-chitin obtained from various sources, such
as lobster and sagitta, revealed differences.>*** The diffraction
at the 110 plane was found on the exclusive cross-segment due
to a-chitin obtained from lobster; at this point, no comparable
a-chitin was obtained from Sagitta® at an equivalent peak
position. a-chitin from Sagittarius has been considered more
glass-like and appeared differently concerning a-chitin obtained
from lobster.* Thus, much thought ought to be paid to inves-
tigating the development of a-chitin to decide ambiguities.>
Nevertheless, the undeniable beneficial stone plan for b-chitin
is especially filed rather than specific issues associated with
unit cell limits. The precise arrangements of commercial chitin
and chitin removed from the blended beverage protein treat-
ment procedure were 97.9 and 81.0%, independently (design 26
= 16). Overall, it was seen that the crystallinity of chitin in
enzymatic treatment using Protease blended drink® was
reduced from 97.9% to 88.0% in commercial chitin. The degree
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of acetylation and crystallinity index plays a significant role in
determining the physical parameters of chitin, protease chitin,
alkali, and acid treatment chitin.

3.3 Lignin

Lignin is the second most abundant biopolymer on earth after
cellulose. It possess promising high-level properties, like high
antimicrobial activity, cancer prevention agent, low thickness,
excellent hardness, high carbon content, and photometric
properties.”* With such qualities, a broad examination
proposes changing over lignin into eco-friendly products.
Lignocellulosic materials contains cellulose, lignin, hemi-
cellulose, small amounts of wax, and water-solvent mixtures. In
standard filaments, the material's strength depends on nature
of cellulose, warm dampness assimilation, and biodegradation.
Despite its excellent properties, lignin is responsible for the
biodegradation of UV light.>* Because it is hydrophobic, it
prevents water from entering the phone panel and ensures
adequate water and supplement transmission in the phones.
Because of the phenylpropanoid monomer structure, lignin is
a cross-connected macromolecular substance.**** The sub-
atomic mass of lignin is estimated to range between 1000 and
20 000 g mol ™" when separated from diverse sources. Lignin has
a broad range of randomly arduous designs. It frequently
separates during extraction, making the polymerization rate
extremely difficult to assess, for example, in high crosslinking
polymers. The interaction and the source of lignin extraction,
such as hardwood/softwood/grass, determine the characteris-
tics of lignin.>**

Watkins et al. showed that the lignin processing procedure
affects the adhesive properties of mixed phenol-formaldehyde
glues.>** According to their findings, the properties of kraft
lignin-derived phenol-formaldehyde latex outperformed fume-
affected lignin-derived phenol-formaldehyde latex.>* This kraft
lignin prevalence is projected over high-thickness organiza-
tions; for example, hydrogen bonding between the parts of kraft
lignin and glass transition temperature (7g) is an essential
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Fig. 3 Structure of Starch.
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feature that controls the end product.*® Fig. 3 depicts the
hydrogen bond between lignin's stilbene and amylose.

The broad investigation has proclaimed that T, relies upon
how much polysaccharides and water are present in lignin and
its sub-atomic weight and action.**® Different synthetic cycles
are utilized to deal with lignin from various sources, and each
interaction enjoys explicit benefits and damages, and most
processes follow an acid or base-synergist device.*® In this
manner, lignin is subdivided into low sub-atomic weight
portions, and its properties are significantly impacted.”® In
addition, a few researchers have fostered another innovation for
handling lignin, the three primary cycles being sulfite, kraft,
and modern, alongside different cycles.>*” The sulfite interac-
tion is an acid-catalyzing process generally utilized in pulping,
including the a-ether linkage of lignin and the B-ether link.>**
In this technique, the response between free sulfuric acid and
lignin produces acidic lignosulfonate, which structures solvent
lignosulfonates with cations and separation of lignosulfonates
to deliver carbs.*®®” Making lignin is a by-product of the art
pulping process insoluble in solvents such as water.*

In contrast to other lignin, Kraft lignin contains many
phenolic groups.***” The number of phenolic groups increases
as the atomic mass of lignin decreases. The ionic strength,
temperature, and pH affect the solubility of kraft lignin in water
due to bond breaking.”” NaOH is widely used to produce wood
mash. Soft lignin has several characteristics: a high phenolic
and hydroxyl concentration, a relatively low glass transition
temperature (T,), and a low atomic weight. Bio-based lignin in
the PLA framework changes the rheological and thermo-
mechanical properties of poly lactic acid (PLA) compounds.
Lignin coating on CNCs increases the interfacial contact with
the PLA grid, resulting in the upgradation of properties, making
them suitable for end-user applications. Amalgams exhibit
a considerably larger capacity modulus (G') than clean PLA at all
levels of L-CNC in glass and rubber-treated sections in vigorous
mechanical tests.®® In the presence of L-CNC, a significant
improvement in the crystallization behavior of the PLA lattice
was also discovered.”®
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Several combinations with different lignin loadings into PLA
were achieved using ring-open polymerization of lactide on
chosen alkylated lignins. After mixing the copolymer with poly-
-lactide (PLLA), the electron spin interaction is employed to
construct a homogeneous nanofiber with a controlled fibre
measurement. The PLA-lignin compounds were studied using
three distinct cell types: PC12, human mesenchymal undiffer-
entiated organisms (MSCs), and human dermal fibroblasts
(HDFs). During mechanical property research, it was discovered
that the cleavage and strength of PLA/lignin composites are
several times more than that of pure PLA. DPPH testing evalu-
ated the cancer-prevention activity of PLA-lignin copolymers
and lignin-based nanofibers. Fine PLLA nanofibers have been
found to have limited cancer prevention mobility.** Indeed,
even after 72 hours, it achieved only 15.5 + 6.2% free severe
obstruction, much lower than lignin-containing nanofibers.
These lignin-based nanofibers are biomaterials to reduce
practical difficulties associated with tissue damage or oxidative
pressure. PLLA/PLA-lignin biocompatibility has been investi-
gated, and each of the three cell types exhibits reduced meta-
bolic movement on pure PLLA nanofibers due to the polyester-
initiated oxidative pressure.*®*® All lignin-containing nanofibers
had high cell expansion values, suggesting that cancer preven-
tion mobility increases cell feasibility. To reduce cell oxidative
pressure locally, such materials can be utilized as tissue-
designing platforms, as mentioned.” The cancer prevention
action of lignin-PCIA copolymers and their electrospun nano-
fibers were reassessed by DPPH testing. They demonstrated that
high lignin stacked copolymer displays high cancer prevention
properties. All PLLA/lignin-PCLA nanofibers also exhibit above
70% cancer prevention activity, allowing them to be used in
biomaterials and food packaging to solve oxidative pressure®®>’
concerns.

Even though lignin and its derivative are versatile, the
production cost is higher than the conventional method. The
isolation of lignin in its original form is difficult; it will always
result in by-products.

3.4 Starch

Starch is a solid, biodegradable polymer with a low molecular
weight® and is the most widely available polymer after cellu-
lose.**® The fundamental starch sources are rice, wheat, pota-
toes, and corn. The US is accounted to be a world innovator in
starch synthesis. European nations add to worldwide starch
creation after the US. These two nations essentially create
a large portion of the world's carbs.®*** The regular search is
made of a nano-sized particle with a semi-glasslike design. It is
associated with the translucent lamellar areas related to one
another by amylopectin side chains, bringing about twofold
helixes.*"** Such twofold helixes are firmly stuffed, forming the
basis of the translucent space. In the amorphous system, the
starch particles have a unique chain structure, with a glass-like
system so that the starch atoms form a twofold helix state. The
amorphous and the crystal structures settle together, changing
the arrangement of a ring.*»*> Under optical and electron
microscopy, the presence of the ring structure which initiates
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the annular arrangement was seen. Circular granules dominate
the morphology of starch. The spherical starch granules’
diameter varies from 2 to 100 m, depending on the plant source.
Regardless of the source of the starch, the concentration was
constant and responded to 1.5 kg m ™ *,>6162

Amylose (Fig. 4), which is mostly straight or slightly extended
(1-4) - a-p-glucan has a molecular weight of 105 and 106 g
mol ', whereas amylopectin has a molecular weight in the
range of 10’ to 10° g mol 6% Amylopectin is an extended
polymer with a-(1-6) linkages that restrict the short length (1-4)
- o-p-glucan units. Most starch varieties contain 72-82%
amylose, whereas the amylopectin level is between 18 and
28%.%"% Morphologically, the amylopectin part looks glass-like
crystalline structure, and the amylose is amorphous or semi-
translucent. Consequently, amylose is soluble, while amylo-
pectin is insoluble. In industry, the steps used to remove starch
from plant roots include wet crushing, washing, and drying. A
white powder-like starch extracted from plant roots is classified
as “white flour.” If the white powder is synthetically treated with
chemicals, it will have extraordinary properties and is desig-
nated “altered starch”.**

Starch is divided into class A, class B, and class C. The
purpose of XRD analysis is to provide a long-term categorization
of starch granules based on three separate classifications.
Amylopectin chain length has been demonstrated to influence
starch biopolymer crystallization.®> The authors proposed
a model based on a twofold helix insistent on favoring class A
and B starches. It was observed that the redesigned feature of
the twofold helix structure causes advancement from class A to
class B and vice versa. It has been observed that each twofold
helix structure follows a firm action of A-type, which contains
water particles.®>® In class B, however, the pressure is more
open to admitting water particles in the significant holes
framed by the six double helixes. An XRD diffractogram® indi-
cates that, class C is the combination of class A and B. class C
starch is found in bean starch. According to researchers, class B,
and class C starch granules are broader than class A.** Distances
between classes B and C are between 400 and 500 nm, whereas
distances between types A and B are between 25 and 100 nm.
Several research articles describing the fundamental features of
C-class starch produced from pea seeds are available.®® Class C
starch contains more polymorphisms than A and B. Starch of
grades A and C has been considered more impervious to acid
hydrolysis than grades B.***® The amorphous and shortened
branch chains® of amylose and amylopectin account for their
translucent organization. In any case, parallel amylopectin
chains have not entirely settled, resulting in incomplete starch
crystallization.®® The proportion of amylose and amylopectin
relies upon the plant source utilized for extraction. The balance
additionally depends upon the stages engaged with the extrac-
tion cycle. Starch displays the most complicated structure that
can be known when characterized by a few degrees of
association.®®®

Starch gelatinization in water at low temperatures can be
used as an adhesive or a hardener. Because of its practical
problems, using starch on a cutting-edge scale is limited. These
typical limitations can be overcome by making suitable
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Fig. 4 Structure of amylose and amylopectin.

structural changes, including physical, substance, and enzy-
matic strategies.®**® Authentic treatments include heat treat-
ment, reinforcing, pre-gelatinization, high-strain treatment,
radiation, and sonication to remove wetness. Engineered
methods usually combine with other cross-interfacing reac-
tions, oxidation cycles, and hydrolysis under suitable condi-
tions.*>** A couple of dispersed transmissions have portrayed
the improvement of starch-based polymers to decrease natural
impacts and increase the extent of uses for biopolymers. The
two main qualities which make starch a remarkable biopolymer
is (i) the biodegradation of sugars and acids in water and soil
and (ii) the environmentally friendly properties.

Moreover, the exceptional properties of starch, like enzy-
matic changes, lead to the development of new capabilities for
starch.®**® Furthermore, crystallization and regressive of starch
chains alter thermo-mechanical characteristics.®® This kind of
limit doesn't satisfy the starch for the packaging application.
Though plasticizers can moderate some of the issues, it is
impossible to meet all the packaging requirements.®®

In another report, corn-based starch films were formed with
two specific kinds of soothing gums from Zataria multiflora
Boise and Menthapulazium plasticizers. Film properties were
improved through the emulsification association®®*, and an
improvement in the water-limiting property for films was
found. Despite some changes in physical and mechanical
properties, starch-based films are suitable for general pack-
aging applications.® For starch-based films to be applied in the
packaging industry,”® relative parameters and mechanical
properties appeared differently from plastics. As a result,
additional mechanical properties are necessary.®®*® Making
starch-based nanocomposites is the essential strategy for
reducing mechanical properties.

Starch is the primary component in starch crystallite,
nanocrystal, microcrystalline, and hydrolyzed starch.®®* All of

© 2023 The Author(s). Published by the Royal Society of Chemistry

them are glass-like structures and may be produced by hydro-
lysis. Depending on the crystallinity of sugars,*®* amylopectin
chains undergo distortion through the association process.
Since starch granules are typically made from hydrocarbons,
resulting in a nanocrystal structure.”” With starch synthesis in
base hydrolysis, the lower side extended areas and the
unspecified regions in the starch are separated.””’* Several
studies have determined whether sugars from various sources
may combine starch nanocrystals and amylose and how starch
will influence the final structure. Amylose content in different
sources, for instance, corn, wheat, and potato, showed no
differentiation in size. Ring sizes of the starch obtained from
natural sources with different amylose content are unique in
properties.”* Starch nanocrystals are expected to be created
from starch granules and performed by interrupting the adja-
cent starch semi-glasslike structure at temperatures below
gelatinization.””” Under these circumstances, the starch is
hydrolyzed and degraded into nanoscale glass-like forms.”
The hydrolysis temperature is not similar and lies between
35° and 45 °C. This low-temperature range prevents the gelati-
nization of the starch and the destruction of the starch.
Depending on the source and segment pattern of the starch,
different sizes and forms of starch nanocrystals can be
produced. Various starch sources, such as grain, custard,
potato, mung bean, and chicken peas, are employed in
destructive hydrolysis to coordinate starch nanocrystals.”” The
design and morphology of starch nanocrystals depend on
source type, crystallization process, nature of amylopectin, and
morphology. The morphological characteristics of starch
nanocrystals will be affected by the destructive hydrolysis of
collaboration of starch granules.”””* Various researchers’7®
have demonstrated the platelet-like shape of starch nano-
crystals using TEM analysis which has 5-7 nm thick plate-like
starch nanocrystals with widths varying from 15 to 40 nm; in
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some cases, multiple starch sources have resulted in nano-
crystals of varying sizes and forms.” Potato starch granules
ranging from 40 to 100 nm have been displayed from spherical
and grape-like nanocrystals.””® Much research has been carried
out to reduce the size of starch granules from the microscale to
the  nanoscale high-pressure = homogenization
processes.””*

Consequently, scientists observed that starch particle size
might be lowered from 3 to 6 m to 10-20 nm.”®’” This was only
achievable when the starch granules were homogenized at
a pressure of 20 ps.” Starch nanocrystals are utilized for the
formation of nanocomposites due to their outstanding prop-
erties, such as nanoscale platelet-like surface, high crystallinity,
low permeability level, and unyielding nature.””®

Experts report a method for getting normal flexible-based
nanocomposite upheld with starch nanocrystals from corn. A
few reports are available on ordinary versatile supported with
starch nanocrystals.” The mechanical and water block charac-
teristics of sorbitol-plasticized Pullan films incorporating waxy
maize flour nanocrystals are unsurpassed.®®’ Progression is
due to the strong bond between starch nanocrystals and poly-
mer lattice. Excellent results for starch nanocrystal-developed/
plasticized starch films using glycerol and sorbitol plasticizers
have been achieved. Various experts have observed that
reducing the starch nanocrystal content of the soy protein
network to less than 2% wt boosts the energetic modulus for
composite images. In any case, including starch nanocrystals in
the soy protein lattice lowered the break-at-break (%) value to
ref. 70-72. Experts from several domains demonstrated the
extraction and properties of starch nanocrystals from potato
sources. SEM and atomic power microscopy are used to explore
the formation and limits of nanocomposites (AFM).

The evaluation confirmed that the starch nanocrystals were
uniformly disseminated throughout the plastic. When versa-
tility is applied to plastic, homogeneous distribution of starch
nanocrystals occurs. The most frequent method for obtaining
starch nanocrystals is destructive hydrolysis. Intense movement
changes water-insoluble glass-like structures using the
destructive hydrolysis system into stable suspensions. The
destructive hydrolysis process has been practiced’®”* to modify
starch and its properties. Several approaches can convert starch
cells into nanocrystals, including destructive hydrolysis, enzy-
matic hydrolysis, and co-crystallization. Starch nanocrystals'
main properties, such as biodegradability, remarkable
mechanical capabilities, low thickness level, and low suscepti-
bility, make them excellent candidates for coupling with
conventional polymer composites. Because starch nanocrystals
are polar and hydrophilic, their dispersion level in non-polar
fluids is restricted. This results in the mishandling of the
starch nanocrystals and the hydrophobic polymers. Fortunately,
starch nanocrystals have open surfaces amenable to synthetic
derivation and joining processes, altering their surface hydro-
phobicity and engaging scattering in non-polar fluids.” Several
researchers have observed that lowering the surface energy of
starch nanocrystals leads them to seek to disperse in polymers.
The surface strength of starch nanocrystals enhances their
distribution level in the polymer grid.”»” It is now known that
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the hydroxyl packs in starch nanocrystals may be changed by
chemical processes.”

The size of the nanoparticles, the shaft form comparable to
cellulose, and the chitin and plate-like design for starch nano-
crystals are all determined by the polysaccharide source.””® The
formation of glass-like structures from nanofillers derived from
these polysaccharides may be an attractive solution for fabri-
cating bio-nanocomposites with high stiffness. Accordingly, the
security of packaged things from oxidation, high temperature,
and microorganisms can be achieved by using multi-layer
structures with different polymers, all of which add to express
limits.” The permeability speed of most vapor and gases
through a polymer material depends upon its engineered
nature and the physico-chemical properties of the vulnerable
particles.”

Further developing water-holding permeability and oxygen
vulnerability in composites/nanocomposites is critical for
pac