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Nanotechnology being undoubtedly an uncut gem over the past few years has been in sighting as a new form of branch with its
vigorous discoveries which have led to its divergent evolution giving emergence not only in the pathway of knowledge but also
developing technological techniques. The constituting nanoparticles and its versatile properties with dynamic structures have
made a major breakthrough in the past few years for its role in biotechnology arising nanobiotechnology, antipollution,
renewable polymers, and its biomedical applications. Nanostructure composites forming nanomaterials on the basis of its
working are pectin, cellulose, lignin, hyaluronic acid, bacterial cellulose, Arabic gum, and bacterial biosurfactants. In the recent
years, it is seen that nanocomposites are giving promising results in medical technology incorporating with useful metal
nanoparticles such as silver nanoparticles (AgNPs), gold nanoparticles (AuNPs), diamond nanoparticles, zinc oxide (ZnO), and
titanium oxide (TiO). Some useful biomedical applications are in anticancerous, sunscreen, antiageing, and antitumorous. They
have shown to be nontoxic at a certain level. Nanoparticle composites have proven with right amount of doping, and
experienced techniques have given excellent results. Nanofibers of biodegradable poly(L-lactide) (PLLA)/poly(lactide-co-glycol
ide) (PLGA) compounds are used in drug delivery, folate redox-responsive chitosan nanoparticles (FTC-NPs) also as
anticancer drug delivery, and mesoporous silica nanoparticles-silver nanoparticles as a tissue growth in vivo processes. The
study of a biosynthetic pathway of therapeutic drugs is still much needed. Waste management of renewable nanopolymers are
an ultimate goal so that there are less haphazard elements towards the environment.

1. Introduction

As we approach to the recent times of our study with biolog-
ical environment, we observe that not only it provides us
with basic necessities but also classifying itself into produc-
ing different forms of nanocomposites with splendid attri-
butes and serving many purposes. These nanocomposites
aligned in the formation of polymers giving a spectrum of
scope. The fact that withholds with the nanocomposite’s
polymers is its unique way of matrix formation constituting
molecules (e.g., carbohydrates, colloids, and amino acids).
The importance of these colloids is not only subjected with

the formation of it but also in regard with sustainability.
Renewable polymers are the polymers composed of natural
product or the tendency of it converted into simpler poly-
mers that are unpolluting to the biological ecosystem, cease-
less resource of energy contributing a promising shelf life.
The polymers from renewable resources [1] include polysac-
charides, lignin, triglycerides, chitosan, and amino acids.
Some other renewable resources of nanocomposites mate-
rials including fibroin of spider, silkworm’s fibroin [2], and
nacre mother layer [3] of mollusks have an emerging contri-
bution towards renewable polymers; thus, these polymers
owing to its sustainability possessing compact matrix
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structure are established with other nanocomposite poly-
mers; the following physical attributes such as interfacial
tensile, layering of matrix, bonding energy, resistance under
pressure, elasticity, and fabrication are considered. In terms
of chemical versatility of nanostructure composites of the
renewable polymers, we see the 1D, 2D, and 3D [4] forms
and wavelength of electrons and photons [5], mitigating
damages at nanoscale level, stability, redox properties [6],
optical activity, and crystallinity [7]. On analyzing the phys-
ical and chemical versatility of the following nanocomposite
particles with technology and advanced resources, this can
be crafted by engineers and aid in the rapid production of
quality in the polymers. The metallic catalyzed nanoparticle
has its own different functions with respect to its contribut-
ing strategic properties. Some metallic catalyzed nanoparti-
cles are titanium (II) oxide (TiO) [8], zinc oxides (ZnO),
silica, iron oxides (Fe2O3), silver nanoparticles (AgNPs)
[9], gold nanoparticles (AuNPs) [10], diamond nanoparti-
cles [11], and noble nanostructured particles [12]. Zinc oxide
(ZnO) and titanium oxide (TiO) are known to be manufac-
tured worldwide with a contribution of 10,000 tons annually.
Zinc oxide (ZnO) and titanium oxide (TiO) own a photocat-
alytic attribute of cosmetics in sunscreen. Silver nanoparti-
cles (AgNPs) display the ability to cease microbes making
it a prerequisite quality for packaging (Figure 1). Gold nano-
particle (AuNPs) and its nanoscale reduce ageing and help
as an elixir of anti-inflammatory with blood circulation. Iron
oxide (Fe2O3) [13] nanoparticles are showcased as an
acceptable food colorant, and lastly, diamond nanoparticles
with antioxidizing and nontoxic levels with other nanocom-
posites enact as shielding agent against UV and oxidation.
During last year, major power cuts were observed all claim-
ing to the shortages of fossil resources (coals, crude oils, etc.)

and hikes in oil prices and commodity goods. Increasing
unlimited demand of consumption goods and other vital
resources is leading to scarcity of resources which are set
to be depleted in some years about time. There is a need to
combat with such crisis; thus, the vigorous conversion of
biomass materials into chemical materials has led to an
increasing demand in companies. This major breakthrough
from the past few years has not limited with an idea of con-
sumption, but with abroad spectrum in urge of biorefineries
with less wastage, materials are being mandated but execu-
tion is slow. During the esterification of glycerol with fatty
acids from plant oils of triglycerides [14] containing other
modification that led to increasing chances of new nano-
structured materials as shown in (Figure 2), this promising
nanostructure from such plant-based oils is manifested in
proving with different possibilities of matrices and functions.
They are not exclusively in narrow fundamental consump-
tion but a breakthrough of other applications too.

We see that the polysaccharide are subdivided into
three nanomolecular structure in order to give the desired
result that was accomplished by interaction of two opposite
charge form, i.e., anionic and cationic polymer (Figure 2);
to form a polyelectrolyte complex, the amphiphilic polysac-
charide orients themselves to accomplish emulsions, and
the addition of crosslinkers unites into ionotropic gelation
per its activating function. Some drawbacks reported are
seen that all renewable polymers are not guaranteed biode-
gradable polymers even despite having biological nanocom-
posites. Secondly, there is not much improvisation with the
transportation to the target receptors or a pathway that has
been developed to transport the nanostructured polymers.
In this article, we will not be discussing much of micro-
structured particles.
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Figure 1: Representation of fluorescence “off” and “on” with the release of CPT from redox-responsive P(MACPTS-coMAGP) @AgNPs
nanoparticles. Reproduced from [73]. Chinese Chemical Letters (Elsevier).
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2. Historical Review of Nanostructure
Polymeric Material

Humans have previously utilized the natural concrete nano-
fibers more than 4500 years a long time ago. Based with the
synthetic chemical process, the ancient Egyptians also used
nanomaterials besides than 4000 years ago [16]. The synthe-
sized approximately ≈5nm diameter PbS nanoparticles were
used in hair dye [17]. In the 3rd century, Egyptians used sin-
tered mixture nanometer-sized glass and also ina quartz; the
“Egyptian blue” was the first synthetic pigment first used
and prepared by the Egyptians [18]. Egyptian blue consti-
tutes a mixture of CaCuSi4O10 and SiO2, i.e., mixture of glass
and quartz. On the basis of archaeological explorations, the
Egyptian blue used for decorative purposes has been
observed in the ancient period in the region of Mesopota-
mia, Egypt, and Greece. In the scientific arena, Michael Far-
aday scientifically first described nanoparticle preparation
and also initiated the history of nanomaterials in the year
1857. He also give out that the optical features of gold col-
loids, i.e., Au, are differing compared to their bulk. In the
year 1908, Mie explored that the metal colloids have a spe-
cific color, the reason behind their quantum size effects.
SiO2 nanoparticles were manufactured as derivative to car-
bon black for rubber strengthening in the year 1940s.
Nowadays, manufactured nanomaterials can significantly
enhance the features of bulk materials inside their conduc-
tivity, lightness, durability, and strength, and they can give a
very useful features such as antifreezing, antibacterial, self-
healing, and self-cleaning. In the medieval period, it was
found that the red- and yellow-colored stained glass was pro-
duced by Au and Ag nanoparticles approximately [19]. In the
9th century, Mesopotamians started using ceramics for
metallic luster ornament [20]. In the 19th century, a famous
Satsuma glass in Japan was produced. The adsorption prop-
erties of Cu nanoparticles are improved by brightening Sat-
suma glass with ruby color [21]. In the 5000BC, clay was
frequently used to bleach wools and cyprus in cloth [22].
Samsung introduced an antibacterial technology based on

Ag nanoparticle they used in air purifiers, vacuum cleaners,
washing machines, refrigerators, and air conditioners, stud-
ied in the year 2003 [23]. Nanoparticles are considerably used
in the production such as transparent layers used for heated
fillers in tires to enhance adhesion on the road and improve
the stiffness and window panes [24]. Mercedes-Benz studies
a series of production for both type of metallic and nonmetal-
lic paint finishes studies in the year 2003. TiO2 nanoparticles
are used in dye sensitization ability and in solar cells. In the
year 2012, Summer represents the first major commercial
use of dye-sensitized solar cells [25]. A series of product
approximately 1814 nanotechnology-based consumer prod-
ucts are commercially accessible in over 21 countries.

3. Nanostructured Natural
Renewable Polymers

3.1. Polysaccharide. Polysaccharide is one of the most versa-
tile and foremost compounds in the biological nature. Poly-
saccharide is in an abundant quantity and cosmopolitan.
Polysaccharide is one of the emerging nanocomposite poly-
mers and highly in demand than the synthetic polymers.
Their versatility is in terms of medical, industrial, economic,
cosmetic, and recreational activities; thus, with this trait,
they are harmonically aligned with the biological systematic
resulting in a biodegradable resource. These nanostructured
polymers are not only a good biodegradable resource but
also in developing an eco-friendly performance. On studying
the structural figure of the polysaccharide compounds, we
see interlinking functional groups that have a capacity of
forming noncovalent bonds with living and nonliving tissues
with its carboxyl, hydroxyl, and amino groups. This compact
raw structure of polysaccharides is being essentially involved
in the production of pure chemical substances for, e.g.,
polyaddition of bioethanol for ethylene glycol. When other
polysaccharides come into contact with hydrophobic and
hydrophilic parts, the insertion of polar groups towards the
hydrophobic part can result in a glucose backbone arrange-
ment, which may boost the amphiphilic character of the
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Figure 2: Diagramatic representation of formation of polysaccharide-based nanostructures. Reproduced from [15]. Copyright2020,
Molecules (MDPI).
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polysaccharide [26]. With the introduction of a polar group
through esterification in the polysaccharide nanocomposites,
it has expressed the hydroxyl groups [27]. With this process,
it has led to the improvement of polysaccharides with the
modular structure of cellulose and its derivatives [28, 29] as
in cellulose ethers (methylcellulose, carboxymethyl cellulose,
and hydroxypropyl cellulose) [30]. They have been a promising
nanocomposite for the industrial, medical, cosmetic (shampoos
and toothpastes), and lastly edibles (gelato manufacturing).

3.2. Lignin. Lignin nanocomposites are considered being in a
profound aggregate in nature. In recent years, lignin, the sec-
ond most prevalent biopolymer after cellulose, has attracted
a lot of attention. Every year, it is predicted that around
21011 tons of lignocellulosic biomass wastes are generated
worldwide, making lignin a readily available renewable phe-
nolic component. It has the potential to assist the shift from
a fossil-based to a biobased economy by supplanting syn-
thetic chemicals now generated from fossil resources because
it is already produced in side streams of pulp and biorefi-
neries. Because only around 40% of the lignin generated in
pulping processes is required to meet the processes’ internal
energy requirement, there is the potential to greatly increase
the quantity of lignin (Figure 3) used for material purposes,
while still maximizing the efficiency of all biomass compo-
nents should be expanding in terms of sustainability. Plants
are a major component for lignin about 15-30% of its bio-
mass apart from cellulose. So not only it is a considerate
material for the paper and cardboard industry but it also

provides a poor solvation rate with respect to aqueous solu-
tion; this is because of its lignin composition matrix. Dex-
tran (Figure 3) was originally derived from wine. Lignin
has a highly branched polyphenolic polyether comprising
of three structural monomers of 4 hydroxyl phenyl guanylyl
and syringyl (Figure 3) derivatives chained with the aromatic
and aliphatic ether with hyper branches (Figure 3) [31, 32].

Lignin nanocomposites (Figure 3) are considered being
in a profound aggregate in nature. Plants are a major com-
ponent for lignin about 15-30% of its biomass apart from
cellulose. So not only it is a considerate material for the
paper and cardboard industry but it also provides a poor sol-
vation rate with respect to aqueous solution; this is because
of its lignin composition matrix. Lignin (Figure 3) has a
highly branched polyphenolic polyether comprising of three
structural monomers of 4 hydroxyl phenyl guanylyl and syr-
ingyl derivatives chained with the aromatic and aliphatic
ether with hyper branches. It is an asymmetric matrix with
2% of lignosulphonate seen in promoters of adhering in
material allowing industrial manufacturers in making of
bricks, ceramics, fodder pods for livestock, pavement mate-
rials, and most importantly circulation of oil-seizing plat-
forms. Since lignin is an asymmetric compound, it was
found that with phenolic and aliphatic compounds on fur-
ther characterization using carbon nanotubes (2,4 toluene
diisocyanate), TDI tailed with polymer of propylene glycol
functions as chemical sensors.

Further, the hydroxyl groups of lignin films were altered
with poly(N-iso-propyl acrylamide) on using this technique
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Figure 3: Schematic representation of dextran as an example of a branched polysaccharide. Reproduced from [33]. Copyright 2014,
Frontiers in Chemistry.
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of atom transfer radical polymerization (ATRP) in a bathed
environment resulting in ion-sensing nanofibers [34]. In
order of carrying hydrophilic substances in lignin nano-
structured containers, it was observed with the creation of
a hollow nanocapsules by forming a boundary with polyad-
dition of lignin with TDI in reverse processing in minute
emulsion and carrying with dissolving the lignin derivative
in an organic solvent and water giving rise to a biodegrad-
able lignin nanocontainer which are able to transport hydro-
philic compound.

3.3. Pectin. This is the first most studied and investigated
polysaccharide. It is found mainly in the cell wall and middle
lamellae of some herbaceous plants such as the peels of cit-
rus fruits like lemon, kumquats, peels of apple pomace, sun-
flower depurating, and stems of broccoli, thus producing
white to light brown-colored powder. Pectin is a heteropoly-
saccharide constructed polymer of galacturonic acid and
rhamnose as its spine with connecting links with arabinose,
fucose, galactose, and xylose. This is a structural heteropoly-
saccharide having a main component composed of ∝−D
galacturonic acid and other sugar acids like D-galactose
and L arabinose residues [35]. The contributing characteris-
tics of nanoparticle size of pectin have degree of esterifica-
tion, methoxylation, and pH levels; it can be detected in
the diverse range of ~50 nm-850 nm. Pectin can be studied
on the basis of size, shape, and biocompatibility ensuing in
three reasonable classifications based on methoxylation of
pectin as high methoxylated pectin (HMP), low methoxy-
lated pectin (LMP), and amidated methoxy pectin (AMP).
High methoxylated pectin (HMP) having a degree of esterifi-
cation smaller than 50% and low methoxylated pectin (LMP)
having a degree of esterification greater than 50%. When
HMP is deesterified using ammonium ions, low methoxylated
amidated pectin (AMP) is formed having a DE greater than
25%. Due to its strong mucoadhesiveness, gelling capability,
and solubility in many pectin, nanoparticles (NPs) are used
in wound healing and oral medication administration natural
settings. As a counter to metallic nanoparticles, Birch and
Schiffman produced self-assembled polyelectrolyte complex
nanoparticles comprised of chitosan and pectin for the
treatment of persistent wounds caused by different lifestyle
conditions. Antibacterial, anti-inflammatory, and preferred
stability in pH ranges of 3.5 to 6.0 are provided by bioadhe-
sive and biodegradable polymeric nanoparticles such as chi-
tosan and pectin NPs, implying significant future potential
in wound healing.

It is considered to be a natural diet for human beings but
still insignificant with its nutritional amount. Isolated pectin
is found to have 30% of polysaccharide in them. Pectin
uniquely characterized with a thick gel like appearances is
mainly used in confectionaries such as jams, gelato, preser-
vative, and conserves on adding to concentrated solution.
Since pectin’s resource comes mainly from citrus, their
nanostructures are packed with vitamin C which is one most
crucial effective in the cosmetic industry. Heavy metal toxic-
ity, which can be caused by exposure to lead, mercury, arse-
nic, and other elements, has also been treated with pectin.
Some individuals feel that modified citrus pectin (MCP)

might aid in the excretion of harmful chemicals from the
body. However, there is a scarcity of neutral research to back
up such conclusions. Furthermore, due to pectin’s strong
mucoadhesive nature, all three citrus pectin specimens
showed similarities in their description investigations, and
we believe they are excellent carriers for oral administration
of hydrophobic drugs in regulated dose forms. We aim to
conduct comprehensive drug delivery research in the near
future using the created and well-characterized pectin nano-
particles. Pectin is indigestible to humans in its native condi-
tion. The nanostructure composite of pectin is isolated from
the technique of nanoemulsions that can prepare an aqueous
gel of sodium caseinate forming a multifunctional complex
electrolyte loaded with curcumin extract [36]; its unique
compact nanocomposite matrix has been a favorable model
for shampoos and lotions.

3.4. Arabic Gum. Arabic gum comes from the Acacia senegal
and Acacia seyal trees that are found in the dessert regions.
The Acacia tree is most commonly grown in water scarce
region and hot climate of African region. The productive
extraction of the nanopolymer gum resin is dependent with
the season, harvest time, life span of the tree, and most
importantly with the quality condition of the tree. The origin
of Arabic gum has been found to be one of the ancient times
dating back to 2650 BC as due to their viscous nature, they
were considered to be utilized in mummification of dead
bodies and prime source to protect food from decay. The
Arabic gum (Figure 4) nanobiopolymers consist of a cocktail
of carbohydrates (mainly D galactose and L arabinose unit)
(Figure 4) [37] and proteins (arabinogalactan protein com-
plex (AGP), arabinogalactan, and glycoprotein) (Figure 4)
[38]. The dual nature of Arabic gum both being hydrophilic
and hydrophobic has made it suitable for easily altering food
tastes with shielding and long-lasting amalgamative in food
quality products. Other source of Arabic gum such as
xanthan, gaur, and locust bean is being explored [39].

Likewise, the adsorbents’ exceptional regeneration and
recovery of the adsorbed species indicated that it may be
used for water filtration. The nanocomposite’s super-
paramagnetic nature, thermal stability, large surface area,
and porous structure made it a one-of-a-kind material for
wastewater treatment applications. Arabic gum possesses
several biological characteristics as an antioxidant in lipid
metabolism and in the treatment of a variety of disorders,
including diseases of the kidneys, the heart, and the gastroin-
testinal tract. Arabic gum is used in confectionery, bakery,
dairy, and beverage and as a preservative in the food sector.
A microencapsulating agent is a substance that may be used
to encapsulate. It is used as a stabilizer in dairy products.
Because Arabic gum contains a variety of amino acids, it
boosts antioxidant capability. Lysine, tyrosine, and histidine
are typically considered acid residues as biomolecules that
act as antioxidants.

The biological features include antioxidant qualities, an
influence of Arabic gum on renal function, blood glucose
concentration, intestinal absorption, Arabic gum breakdown
in the gut, lipid metabolism, tooth mineralization, and
hepatic macrophages, among others. Because Arabic gum
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contains a variety of amino acids, it boosts antioxidant capa-
bility. Arabic gum affects renal function via lowering blood
pressure and reducing concentration levels of creatinine
and urea nitrogen in diabetic nephropathy patients. Arabic
gum leads an effect on fasting blood glucose levels, and gly-
cosylated hemoglobin levels were both considerably lower:
HbAc1 as well as a considerable drop in blood pressure
and HbAc1 as well as a considerable decrease in blood uric
acid and total protein levels. The transport of water and elec-
trolytes from the intestinal lumen to the bloodstream is facil-
itated by Arabic gum. Intestinal bacteria may convert Arabic
gum to propionate, a short-chain fatty acid. Arabic gum is
rich in fiber that aids in weight loss and fat deposition. Ara-
bic gum is employed as a medication carrier in the pharma-
ceutical sector since it is nontoxic.

It is thought to be a biologically innocuous chemical.
Arabic gum possesses several biological characteristics as
an antioxidant in lipid metabolism and in the treatment of
a variety of disorders, including diseases of the kidneys, the
heart, and the gastrointestinal tract.

3.5. Starch. This nanopolymer composite mainly is a store
house of energy for plants. The nanocomposites matrix
structure comprise of linear poly(1,4−∝ −Dglucopyranose)
with branches of (1,6-∝-D-glucopyranose) (amylopectin)
(Figure 5) [40]. Starch is a heteropolysaccharide made up
of two types of macromolecules: linear amylase (which
makes up around 10–30% of the granule) and branching
amylopectin (which makes up the remaining 70–90% of
the granule). Amylose (Figure 5) is a linear polysaccharide
chain made up of d-glucose units joined by a (1,4)-glycosidic
bond with a polymer degree varying from 300 to 10,000.
Amylopectin (Figure 5) is a high-molecular-weight polymer
having an amylase spine that is connected together with
-(1,6) glycosidic linkages. The nanostructured composites
of starch are mainly obtained by conditioning the granules
using ultrasonication which has been one of the utmost fac-
tors for substituting with the fat or oil in edible oils. As
emulsion stabilizers, fat replacers, flexible films, carriers of
bioactive compounds, drug delivery, and adsorbents in sew-

age treatment or wastewater treatment, starch-based nano-
composites have a wide range of applications in food and
agriculture, packaging, biomedical, and environmental
remediation. Starch nanoparticles have an active surface area
of more than 300nm and are typically less than 300nm in
size. Starch nanoparticles, starch nanospheres, starch
micelles, starch vesicles, starch nanogels, and starch nanofibers
are examples of starch-based nanoparticles. Because of its
renewability, biodegradability, availability, eco-friendliness,
cheap cost, nontoxicity, high adsorptive capabilities, amena-
bility to numerous chemical changes, and cohesive film-
forming abilities, starch has received much interest. Through
the functional (hydroxyl) groups on the starch structure,
starch molecules can bond with heavy metal ions or pollut-
ants. Secondly, starch with a high amylopectin concentration
exhibits strong swelling capabilities, which are crucial in sorp-
tion applications. Carbohydrates have been utilized as reduc-
ing, stabilizing, and/or complexing agents in the majority of
reported studies. Due to the interactions between the individ-
ual constituents, starch-based hybrid materials show a range
of capabilities and/or novel properties, most of which are asso-
ciated with synergetic effects, and have been observed in envi-
ronmental remediation applications. Several starch-based
composites have been found to have a strong adsorption abil-
ity for heavy metals and dyes removal. Since starch comes
from a polysaccharide derivative, thus it is one of the govern-
ing factors for its versatility. However, starch in its pure or nat-
ural form has disadvantages such as poor processability, high
brittleness, retrogadability, high viscosity, low adsorption
capacity, and increased hydrophilicity or high water absorp-
tion capacity, which restricts its numerous environmental
uses. Starch is transformed physically (hydrothermal process-
ing (i.e. gelatinization)) or chemically (etherification, esterifi-
cation, crosslinking, grafting, oxidation, and enzymatic
hydrolysis) or a combination of these two processes to over-
come this challenge and generate water-insoluble polymers.
Polysaccharides include several reactive hydroxyl groups that
can be used for direct esterification, etherification, and other
chemical changes. This replacement has brought with the
manageable industrial wastes. These materials offer a realistic
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and cost-effective alternative to petroleum-based counterparts
in the fight against pollution. To eliminate different harmful
impurities such as heavy metals, organic contaminants, and
dye wastewater, starches are combined with metal NPs, metal
oxide NPs, zero-valet metals, CNTs, and other polymers as
reducing, stabilizing, and/or complexing agents. In African
countries, starch meals are one of their food resources in order
to combat with hunger, but still, this polysaccharide nanocom-
posite derivative is in the need of advancement due to their
lesser number of calories provided as compared to other food
resources.

3.6. Bacterial Cellulose. Bacterial cellulose is one of the natu-
ral biopolymers. It withholds a unique structure of nanofiber
which are three-dimensional reticulated network matrix. In
1883, Brown discovered in Acetobacter xylinum andGluco-
nacetobacter xylinus aerobic conditions thriving in glucose
as carbon source. Bacterial cellulose can also be extracted
from Agrobacterium and Sarcinia ventriculi. Because of its
nanofibrillar matrix, bacterial cellulose is very biodegradable
and has excellent physicochemical qualities. Because of the
high level of natural purity, this substance demonstrates neg-
ligible toxicity in practically all applications, allowing this
dressing to be used directly. However, fungi, seaweed, and
some bacterial species may produce cellulose, most notably
the non-pathogenic, strictly aerobic, Gram-negative bacte-
rium Komagateibacter sp. (previously Acetobacter and Glu-
conacetobacter), with Komagateibacter xylinus being the
best researched species (K. xylinus). Bacterial cellulose has
features that are consistent in integrating macromolecular
and surface properties, which are important for clinical field
both in vivo and in vitro. Bacterial cellulose has since been
proven to be a promising new biomaterial for biomedical
use. As a result, the objective of this review is to summarize
and evaluate the most recent advancements and uses of bac-
terial cellulose in a biomedical environment, including the
bioengineered material and bacterial cellulose.

Bacterial cellulose is at the forefront of regenerative med-
icine, since it improves cellular adhesion, stimulates cell pro-
liferation, migration, and eventual differentiation, and
therefore speeds wound healing. Biomedical devices built
of bacterial cellulose have several advantages, including min-
imal toxicity and the capacity to keep wounds wet. The bac-
teria begin the manufacture of cellulose by passively
collecting glucose from the environment, which is subse-
quently isomerized from glucose-6-phosphate to glucose-1-
phosphate. The uridine diphosphate glucose, UDP-glucose,
is formed when this isomer interacts with uridine-5-
triphosphate (UTP). This UTP-glucose is subsequently con-
verted into linear 1,4 glucan chains by cellulose synthase A,
which is triggered by cyclic-di-GMP. The cellulose chains
are subsequently expelled by the bacteria through holes in
the cell wall. If the bacteria run out of glucose, it will switch
to the fructose pathway, which uses the same biochemical
pathways as the glucose pathway. A particular operon
termed bacterial cellulose synthesis ABCD (bcsABCD) that
was discovered in K. xylinus in 1999 modulates the meta-
bolic pathways. The first gene in the bcsABCD operon, bcsA,
is responsible for encoding cellulose synthase, the enzyme’s
catalytic component. The second gene, bcsB, is responsible
for the creation of a regulatory component located on cellu-
lose synthase that binds to c-di-GMP, which is very impor-
tant since this contact promotes the formation of cellulose.
The activities of bcsC and bcsD remain unknown; however,
it is thought that bcsC plays a role in the formation of holes
in the cell membrane, and the proteins encoded by these
genes are comparable to pore-forming proteins. K. xylinus
may grow in shallow containers with semidefined growth
media in a static incubator at 30°C for 7 to 14 days, after
which a thick pellicle of cellulose develops at the liquid sur-
face contact and is readily collected. Although this is the
most common technique of manufacturing BC, it has some
drawbacks, including cultivation time and expense. Further-
more, since the organisms are exposed to different growth
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environments, such as some being exposed to oxygen while
others are exposed to anaerobic conditions, and because of
changes in carbon supply gradients, cellulose synthesis
might be unequal. Bacterial cellulose has been in much use-
ful over plant cellulose due to it being in much greater quan-
tity than plant cellulose. It shows much profit with the terms
of cost-effective manufacturing, free from impurities, and
much wider scope than plant cellulose. The structural prop-
erty of bacterial cellulose aids in understanding the potential
uses and drawbacks of the composition in order to configure
the magnitude and way of production. Cellulose is made up
of linear homopolysaccharides connected by 1,4-glycosidic
connections (Figure 6) and conjugated by -d-glucose units
(Figure 6). This is due to the unique 3D structure of bacterial
cellulose, which accounts for its better physical qualities as
compared to vegetal cellulose. Bacterial cellulose fibrils, for
example, form extensive aggregate networks with an average
diameter of 1.5 nm, resulting in significantly increased sur-
face area, flexibility, elasticity, and tensile strength.

Following the successful production of cellulose exopoly-
saccharides, the linear chains of cellulose are organized into
10–15 polymer chains, resulting in nanofibers that are then
sequentially structured to produce microfibrils that are 100
times smaller than their vegetal counterparts. Microfibril
bundles are formed by bundling the microfibrils together
(Figure 6). Microfibril bundles are formed by bundling the
microfibrils together. The microfibril bundles are grouped
together to produce cellulose ribbons that are 3–4 nm thick
and 70–80 nm broad. These ribbons then randomly inter-
twine to produce a thick matrix of cellulose fibers, which is
formed by strong inter- and intrachemical interaction, prin-
cipally hydrogen bonding, that happens between consecutive
sheets of cellulose. This high amount of hydrogen bonding
also permits cavities to develop inside the cellulose, which
has an ionic charge that allows elements like silver ions to
be implanted into the material. This characteristic of cellu-
lose will enable manipulations such as loading the cellulose
with antibacterial compounds having an ionic charge aiming
at organisms causing harm. Bacterial cellulose has shown
flexibility with lipophilic molecules used in ice cream pro-
duction and gum as a lipid substitute, production in coconut
milk fermentation, and amalgamating constancy with an
increase in manufacturing.

The unique structure of nanofiber encompasses hydroxyl
groups and crystalline structure with hydrogen bonds for
improved hydrophilicity and possible hydrophobicity owing
to its nanocrystal’s matrix [41]. It is seen that these nano-
crystals can interact with lipophilic molecules even without
a hydrophobic group.

3.7. Bacterial Biosurfactants. These are commonly known as
microbial surfactants; they are known to produce microor-
ganisms which are said to be in dual nature towards aqueous
medium being hydrophilic and hydrophobic. Some com-
monly known microbes are yeast, bacteria, and fungi. Bacte-
rial biosurfactants comprises of glycolipid, lipopeptides,
lipoproteins, fatty acids, polysaccharides, and phospholipids
[42]. The structural composition of a biosurfactant is a polar
hydrophobic tail with a polar head group linked with a car-
bon chain group. Agricultural production is negatively
impacted by changing climatic circumstances such as
increasing temperatures, unpredictable rainfall, and biotic
and abiotic stress factors. Agronomists, researchers, and
the scientific community are also concerned about the emer-
gence of new pests, pathogens, or plant diseases. Indeed, for
pathogen control or plant disease management, a bigger
population in both industrialized and developing nations
relies on chemical pesticides or agrochemicals. Yet, the pro-
longed and unrepresentative use of agrochemicals results in
hazardous chemical residues in food, poor nutritional qual-
ity, and the rise of pesticide-resistant diseases. Agrochemical
deposition also has an unfavorable impact on the texture,
nutritional quality, and natural microflora of the soil, as well
as causing environmental issues by damaging soil and water
habitats. In the last two decades, however, microorganisms
and their products have been widely used to improve agri-
cultural productivity and crop output, as well as to reduce
harmful and dangerous environmental pollutants. Microbes
are also preferred in numerous industries for sustainable
development and production due to their diverse nature,
simple production methods, cost-effectiveness, and minimal
or no hazardous influence on the surrounding environment.

Biosurfactants are one of the most recently discovered
microbially generated biomolecules, and they are widely
used as raw materials in the agriculture, waste management,
and pharmaceutical sectors for lubrication, wetting, and
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other activities. We observe that when these biosurfactants
aggregate, i.e., monomers (Figure 7), with each other, they
form a compact associate molecules or micelles (Figure 7)
at a particular temperature enough to activate and produce
the desired results.

The quality and quantity of biosurfactants, on the other
hand, are dependent on a number of elements, including
the kind of microbe, medium additives, substrate nature,
and many internal and external conditions during microbial
culture development. The fundamental procedure in the
synthesis of biosurfactants is the selection of microbial
strains. Therefore, during the exponential or stationary
phases of development, when nutritional levels are
restricted, biosurfactant production occurs either intracellu-
larly or extracellularly in the microbial strain. The composi-
tion of biosurfactants (Figure 7) is also influenced by the
source and separation tactics of microorganisms; for exam-
ple, a strain isolated from a polluted location is regarded a
good candidate for contaminant degradation. The idea
behind this is that the isolated bacterium may employ the
contamination as a food source. Biosurfactants (Figure 7)
also play a physiologic factor in improving the bioavailability
of hydrophobic molecules involved in cellular activation and
development processes, as well as facilitating the absorption
of carbon sources found in the soil. Indeed, the physiological
aspect of biosurfactant generation in a polluted site is
unknown, although it is thought to improve nutrient
absorption from hydrophobic substrates, biofilm develop-
ment, and cellular motility by lowering surface tension at
the phase boundary. During the study of biosurfactant mol-
ecules, quick and reliable methods for the isolation and
screening of microbial strains, as well as subsequent assess-
ment of their involvement in emulsification, lowering inter-
facial, or surface tension, are key aspects. Bushnell and Hass
discovered biosurfactants generated by the microorganisms
Corynebacterium simplex and Pseudomonas aeruginosa in
early 1941. Microbial growth depends on the presence of
carbon (C) and nitrogen (N) sources in the medium. In both

laboratory and large-scale industrial fermenters, the type,
quantity, and ratio of carbon and nitrogen in the medium
have a direct impact on microbial growth and biosurfactant
synthesis. Most research employed glucose, sucrose, and
glycerol as carbon and yeast extract, respectively, and
NaNO3, urea, and soya broth as a nitrogen source in the
medium. For example, for optimal biosurfactant formation,
an abundance of carbon sources and nitrogen limitation
are desired. For Pseudomonas species, for example, a C/N
ratio of 20 has been determined to be the most beneficial.
The most favorable use has been in the detergents, emulsi-
fiers, wetting, and foaming agents and also to promote solu-
bilization of hydrophobic substances [44].

3.8. Hyaluronic Acid. Hyaluronic acid (HA) (Figure 8) also
known as hyaluronan is a linear, negatively charged com-
prising of repeated structure of β-1,4 D glucuronic acid
and β-1,3-N-acetyl-D-glucosamine disaccharide units as
shown in Figure 8. Hyaluronic acid has been found to be a
cornerstone to beauty industry due its immense hydrophilic-
ity trait.

The nanostructured polyelectrolyte complex was modi-
fied with polycation chitosan and then used as an enveloping
agent towards menthol and eugenol to provide slow growth
of microbes. There is more work to be needed in the upcom-
ing days.

4. Biomedical Application

In the industrial arena, nanostructured polymeric mate-
rials can be used to improve a wide range of biological
applications including wound healing devices, pharmaco-
logical patches, glues, and drug carriers. Application of
vegetable oil-based polymeric materials can increase the
biodegradation of the material. Various biomedical appli-
cation essential materials range from soft to hard. In
human metabolism, both endogenous compounds such
as glycerol and sebacic acid in two monomers are found.

Single molecule or
biosurfactant monomers
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Associate molecules or micelles

Figure 7: Critical micelle formation (CMC) and combination of micelles with other biosurfactant monomers. Reproduced from [43].
Copyright 2021, Antioxidants (MDPI).
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Cis platinum and paclitaxel exhibit localized antitumor
agent delivery [45–48]. Similarly, polymers were utilized
for controlled release of peptide drugs and protein [49].
Treatment of osteomyelitis is used in the delivery of gentami-
cin sulphate and used in delivery of local anesthetics [50]. On
the other hand, the harder materials such as polyurethane
polymeric soya bean oil polystyrene membranes system are
mainly based on the sunflower oils and soya bean. They were
exploring for tissue engineering showing encouraging prolif-
eration and cell adherence (Figure 9). Various examples of
physioresponsive nanomaterials and their biomedical appli-
cations are reported in Table 1. Several examples of
chemical-responsive nanomaterials and their biomedical
applications are discussed in Table 2. Several examples of
biological-responsive nanomaterials and their biomedical
applications are discussed in Table 3. Various research
papers such as dual and multiresponsive nanomaterials and
their biomedical applications are reported in Table 4.

For monitoring the release of anticancer drugs, a drug
carrier system based on the redox-responsive P[(2-
((camptothecin)-oxy)ethyl) disulfanyl)ethylmethacrylate)-
co-(2-(D-galactose)methylmethacrylate)] (P(MACPTS-co-
MAGP)) and AgNPs has been developed. The anticancer
medication camptothecin (CPT) is bound to the surface of
AgNPs through a redox-sensitive disulfide bond on the
side chain of P(MACPTS-coMAGP) (Figure 1). Reversible
addition-fragmentation chain transfer (RAFT) polymeriza-
tion of monomers of 2-(D-galactose) methylmethacrylate)
(MAGP) and 2-(2-((camptothecin)-oxy)ethyl)disulfanyl)
ethylmethacrylate) (MACPTS) coupling with CPT yielded
P(MACPTS-coMAGP). MAGP units with a D-galactose
structure have a high biocompatibility and are commonly
employed in medicine. Disulfide bonds, a well-known
redox-responsive structure, have long been used in drug
delivery systems to stimulate drug release. Additionally,
disulphide bonds have a strong interaction with metal nano-
particles, allowing them to easily bind to their surfaces. As a
result, the distance between CPT and AgNPs is near enough
to meet the requirements. The NSET effect causes CPT fluo-
rescence to be suppressed (“off”).When a reducing agent,
such as glutathione, is present (GSH), because of this, the
CPT molecule is released from the hybrid nanoparticles.
The disulfide link is cleaved, allowing the disulfide bond to
be recovered: CPT fluorescence (“on” state). As a result, the
stimulus-responsive system anticancer medicine delivery
and monitoring are both possible with a complicated system.
CPT is released when the fluorescence “turn-on” signal of
CPT is activated (as seen in Figure 1).

5. Conclusion and Future Prospects

The promising era of science and technology has led to the
fact that some trustworthy natural nanostructured polymers
are in the aim of being biodegradable and sustaining in
nature. Natural nanostructured derivative polymers have
proven its capacity of overtaking the synthetic polymers.
There has been environmentally favored unsheathing
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techniques, and emulsifying polysaccharides have proven to
be cost reliable in terms of isolation of a nanopolymer
matrix from biopolymers. Nanostructured natural polymers

have expressed in synthesizing different biopolymers to
some useful chemical structures. Since polysaccharide are
available in bulk, it is seen that there is maximum

Table 1: Various examples of physioresponsive nanomaterials and their biomedical applications.

Sr. no. Nanomaterials Application References

1. 3D collagen hydrogel Directed neuronal regeneration [52]

2. Fe3 O4/MePEG-PLA nanocapsules MRI [53]

3. Ruthenium-containing block copolymer poly-Ru nanoparticles
In vivo photodynamic therapy and

photochemotherapy
[54]

4. Poly(ethylene glycol) PEG Switchable fluorescent probes [55]

5. Fe3O4/polyaniline Fe3O4/PANI Fe3O4/polyaniline Fe3O4/PANI [56]

6. Polyaniline/gold nanocomposite PANI/AuNCs Immunosensor detection of chronic kidney disease [57]

7.
Poly(catechol)/graphene

Oxide/graphene sheet suspension/AuNP/pol/gr/GCEs
DNA biosensor/electrochemical biosensors/

lymphoblastic leukemia
[58]

8. Gold nanoparticles
Drug delivery, photothermal platform, and skin

wound healing
[59]

9.
Nanofibers of biodegradable poly(L-lactide) (PLLA)/poly(lactide-

co-glycolide) (PLGA)
Drug delivery [60]

10. PMASH magnetic nanocapsules Tumor therapy [61]

11.
Polyaniline, poly(3,4-ethylenedioxythiophene) PANIP, and

PEDOT
Neural prostheses [62]

Table. 2: Various examples of chemical-responsive nanomaterials and their biomedical applications.

Sr. no. Nanomaterials Application References

1.
Octasulfonate-modified zinc (II) phthalocyanine (ZnPcS8)

and layered double hydroxide (LDH)
Theranostics [63]

2. P(MACPTS-co-MAGP)@AgNPs nanoparticles/P(MACPTS-co-MAGP)@AgNPs Drug release [64]

3. Folate redox-responsive chitosan nanoparticles FTC-NPs Anticancer drug delivery [65]

4. Hyaluronic acid-functionalized nanoparticles/(HACSLA-NPs) Breast cancer therapy [66]

5. PEGylated redox-responsive nanoscale COFs (denoted F68@SS-COFs) Cancer therapy [67]

6. Hybrid nanotransistor
Receptor-mediated endocytosis

in tumor cells
[68]

7. Melanin-like nanoparticles Photoacoustic imaging of tumors [69]

8. PEG-Ag NPs Antibacterial, wound healing [70]

9. Poly(ethylene glycol) Prodrug for breast cancer cells [71]

10. AgNPs hybrid nanoparticles Drug delivery [72]

Table. 3: Various examples of biological-responsive nanomaterials and their biomedical applications.

Sr. no. Nanomaterial Application References

1. (CMCS-PBA-LV) NPs/liposomal nanoparticles Oral administration of insulin [74]

2.
ATP-ag nanoparticles/chitosan-based

multifunctional nanocarriers
Participate in signal transduction and protein activity [75]

3. Silver nanoparticles Therapeutic delivery [76]

4. Mesoporous silica nanoparticles-silver nanoparticles Tissue growth in vivo process [77]

5. Hyaluronic acid- (HA-) coated calcium carbonate NP Oral insulin delivery [78]

6. Chitosan/poly(gamma-glutamic acid) nanoparticles Oral insulin delivery [79]

7. Boronic acid-derived polymers Drug delivery [80]

8. ATP-Ag nanoparticles Participate in signal transduction and protein activity [81]
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productivity and chemical composition of material from it.
However, the setback is all given. In conclusion, all three cit-
rus pectin samples depicted similarity in their characteriza-
tion studies, and because of the high mucoadhesive nature
of pectin, we believe them to be suitable carriers for oral
delivery of hydrophobic drug in controlled dosage forms.
We plan to conduct a detailed drug delivery studies in the
near future based on the developed and well-characterized
pectin nanoparticles. The dissolving rate of lignin and also
pectin has proven to be challenging. As a result, there is less
nutritional content and a less agitated digestive system,
which can lead to major health problems if consumed on a
regular basis without medical supervision. Modified citrus
pectin (MCP), a modified kind of pectin, on the other hand,
has properties that make it digestible. Pectin might be useful
in cancer therapy. MCP seemed to slow prostate cancer
development. Pectin needs advancement in terms of biode-
gradability in order to sustain the biological environment.
Before any judgments concerning MCP’s potential as an
anticancer drug can be reached, larger, better-designed
research are required. In environmental remediation,
starch-based materials offer a more cost-effective and envi-
ronmentally benign alternative to petroleum-based poly-
mers. Though starch is an organic nanomaterial with
several features such as renewability, biodegradability, abun-
dance, eco-friendliness, cheap cost, nontoxic, weak barrier,
and mechanical qualities, raw starch has poor processability,
high brittleness, and high hydrophilicity. As a result, physi-
cal and/or chemical processes such as gelatinization, etheri-
fication, esterification, crosslinking, grafting, oxidation, and
enzymatic hydrolysis are used to modify starch, while the
physical qualities of gum Arabic are affected by tree age
and processing circumstances. Moisture, total ash, volatile
matter, and other quality characteristics have been devel-
oped internal power. Because Arabic gum contains a variety
of amino acids, it boosts antioxidant capability. Arabic gum
is employed as a medication carrier in the pharmaceutical
sector since it is nontoxic. It is thought to be a biologically

innocuous chemical. Starch-based materials contain a wide
range of functions and/or unique characteristics, which are
mostly linked to synergetic effects and have been docu-
mented in environmental remediation applications. Various
natural starch sources, green nanomaterial production, recy-
clability, and the toxicity effect of nanowaste should all be
explored in future studies. For commercial use, ongoing
research of biodegradable starch-based hybrids and nano-
materials emphasizing on new functional materials, process-
ing technology, and cost reduction is required. Bacterial
cellulose has been recognized as a highly adaptable material
for producing medically relevant materials such as wound
dressings, composites, dental grafts, and gels, all of which
have unique properties that are well matched to their func-
tions. Furthermore, bacterial cellulose biomaterials have
been studied for use in a variety of biomedical applications,
including the production of wound dressings for mild to
severe wounds. These investigations are ongoing. Bacterial
biosurfactants have a long history of helpful compatibility
in terms of physical, chemical, and biological applications,
making them an excellent choice for multifunctional nano-
polymer composites. Bacteria are global; thus, studying these
nanocomposites is easier. Biosurfactant chemicals require
extensive investigation in order to develop new antibacterial,
antioxidant, and antiproliferative agents. This is not only
economical, but it also protects the body from the sub-
stance’s hazardous effects. Biosurfactant-based cancer ther-
apy and drug delivery, on the other hand, require further
investigation for the treatment of chronic disorders. Despite
advancements in technology and raw materials, biosurfac-
tants’ high manufacturing costs and low yield continue to
be a challenge to overcome. Furthermore, none of these
alternatives has yet to adequately address all of the issues
that have arisen. The maximum propagation of natural
nanostructured biopolymers with the new rising technology
is still not being able to quantify its amount with the rapid
on-going demands which is also challenging. When looking
at the quality of the nanostructured biopolymer, the quantity

Table 4: Examples of dual and multiresponsive nanomaterials and their biomedical applications.

Sr. no. Nanomaterial Application References

1. (LAE-co-PGDE-co-Lys) core-crosslinked nanocarrier Anticancer drug delivery [82]

2. Nanogels based on alginate and cystamine Anticancer drug delivery [83]

3. Poly(ethylene glycol) nanoparticles PLL-ICG
Photothermal and

photodynamic therapy
[84]

4. Histidine-4 polyamidoamine dendrimer Nanocarrier Anticancer drug delivery [85]

5. Poly(NIPAM) nanogel @ Fe3O4 NPs Anticancer drug delivery [86]

6. Silica-coated mesoporous carbon nanocomposite (MCN@Si)
Chemophotothermal
therapy of tumor

[87]

7. Magnetic nanoparticles MFNPs
Targeting, drug delivery,

and MR
[88]

8. 2-hydroxyethylmethacrylate (HEMA)/N,N ′-bis(acryloyl)cystamine
(BACy)/poly(N-isopropylacrylamide) (PNIPAM)/methacrylic acid (MAA)

Drug delivery [89]

9. Poly(ethylene oxide, 2-(diethylamino)ethyl methacrylate Drug release [90]

10.
Six-arm star-shaped amphiphilic copolymer with poly(caprolactone)-bpoly(acrylic

acid)-b-poly(poly(ethylene glycol) methyl ether methacrylate)
Anticancer drug delivery [15]
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trait becomes underestimated which is also proven to be one
of the major setbacks. There is still research and still oppor-
tunities of more research to be conducted. The future of
nanomaterials is very bright, and it beckons all the areas of
modern science.
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