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Hydrogels are hydrophilic polymer networks that absorb any kind of liquid including biological fluids. Natural polymers and their
derivatives along with synthetic polymers are used to form the hydrogels. Networks that constitute the hydrogels are created by the
crosslinking of either synthesized polymers starting from monomers or already developed polymers. Crosslinking can be de-
veloped either physically if secondary intermolecular forces are involved or chemically in which a covalent bond between
polymeric chains is created. Gelatins are natural driven protein polymers. One of the main biopolymers used for producing
hydrogels is gelatin. Gelatin has a very wide application other than hydrogels. In this review, hydrogels and their property and
synthesis mechanism, as well as their application in biomedical along with gelatin chemistry and application, are reviewed. Due to
its nonimmunogenicity, nontoxicity, low cost, and high availability gelatin-based hydrogels could find applications in drug
delivery carrier, bioink, transdermal therapy, wound healing, and tissue repair. *e beneficiation of gelatin can result in their
sustainable conversion into high-value biomaterials on the proviso of the existence or development of cost-effective, sustainable
technologies for converting this biopolymer into useful bioproducts.

1. Introduction

Hydrogels are 3dimensional polymeric units that can take in
and keep a huge amount of liquid and other biological fluids
by trapping them in their network [1, 2]. Hence, hydrogels
are imparted with hydrophilic functional groups such as
–NH2, –CONH, –COOH, and so on; their ability to absorb
water is very high [3]. *ese polymeric units can absorb
water from 10–20% (an arbitrary lower limit) up to thou-
sands of times their dry weight [4, 5].

Hydrogels can be made into different physical forms
based on the advantage they are intended to be used for such
as coatings for implants or catheters, membranes or sheets
for a reservoir in a transdermal drug delivery patch and
wound dressings, solid moulded forms to be used as soft
contact lenses and pressed powder particles to be used as
pills or capsules for oral ingestions [2]. *e most frequently
used synthesize techniques of hydrogel preparation are

photo(radical)-initiation system using photoinitiator and
crosslinker and the enzymatic crosslinking of functionalized
gelatin by which the first one provides good temporal and
spatial control on the process [6].

Gelatin is a clear and tasteless protein that has a rheo-
logical property of thermoreversible transformation between
sol and gel which has been widely utilized in food, phar-
maceutical, and photographic industries [7]. Generally, most
of the commercial gelatins can be obtained from skin, scale,
bones, ligament, and tendon of porcine or bovine [8]. *e
advantages of using gelatin are its abundance, high carbon
content, low price, biodegradability, and nontoxicity [9].

For gelatin-based hydrogels, their rheological properties
can be modified by altering the parameters like concen-
tration of photoinitiator and polymer and also the time for
exposure to ultraviolet light or the polymerization time and
level [10]. In this report, we review the possibilities of using
gelatin-based hydrogel in high-value applications. Since
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gelatins are rich sources of proteins and amino acids, we
believe that they are a valuable resource; their beneficiation
can result in their sustainable conversion into high-value
materials and products on the proviso of the existence or
development of cost-effective technologies for converting
this waste into useful products. *e chemical properties,
application, and source of gelatin and gelatin-based
hydrogels are also reviewed.

2. Medical Textiles

*e word medical textiles has been interpreted by different
scholars at different times. Some of the interpretations are
“Medical textiles are products that are used outside the body
and are usually not in contact with circulating blood or open
wounds; thus, a simple bandage, dressing, eye patch, fem-
inine hygiene product, diaper, an incontinence pad, sling,
gauze pad, finger cot, and external casting, brace, and
support [11].”

Medical textiles are located at the interfaces between
technical disciplines and life sciences. It comprises two
different aspects, on the one hand, representing the technical
aspect, including textile engineering, chemistry, and testing
and certification, and on the other, including the aspects of
life sciences like medicine, microbiology, and comfort or
strain [12]. Textiles are omnipresent when it comes to the
field of human hygiene and medical practice. Advanced
medical textiles are developing due to their growth and
improvement in the fields of bandaging and pressure gar-
ments, wound healing, and controlled-release, implantable
devices, medical devices [13].

3. Hydrogels

Polymer hydrogels are materials made from natural and
synthetic polymers with viscoelastic properties and network
structure caused by crosslinker and the solvent, respectively
[14]. *ese polymers are hydrophilic, three-dimensional
crosslinked polymer systems capable of absorbing large
amounts of water or biological fluids between their poly-
meric chains to form aqueous semisolid/solid gel networks
[5]. Hydrogels could be solid, semisolid, or liquid (Figure 1).

Hydrogels are also known to be divided as gels which are
physical or “reversible” if molecular entanglements and/or
secondary forces play the principal role in forming the
linkage. Physical gels are often rescindable and it is
achievable to dissolve them by altering the environmental
conditions, such as pH and the ionic strength of solution or
temperature [1]. Examples of reversible hydrogels are
“ionotropic” hydrogels formed by the interaction between a
polyelectrolyte and an oppositely charged multivalent ion
and the polyelectrolyte complexes (complex coacervates)
formed by the interaction between two oppositely charged
polyelectrolytes [16]. In “permanent” or “chemical” gels, the
linkage of covalent bonds linking distinct macromolecular
chains can be attained by crosslinking polymers in the dry
state or solution. Because the crosslinking of the polymer
network prevents the dissolution of hydrogels in water, they
swell, which causes a direct increase in their volume [17].

*e swelling of a hydrogel is directly affected by water-
polymer interactions, which in turn are affected by the
hydrophilicity of polymers: the higher the polymer hydro-
philicity, the stronger the water-polymer interactions [18].
*e water in a hydrogel can be incorporated as free or bound
water. Free water is located at the outermost layer and can be
easily removed via mechanical compression or centrifuga-
tion. Water attached to the polymer chain is called bound
water and forms hydrogen bonds with polar groups of the
polymer [19].

Based on the properties and application, hydrogels can
be classified according to numerous ways and means [20].
*is classification depends on sources of hydrogels, method
of preparation, physical and chemical properties, ionic
charges, swelling nature, biodegradation rates, and their
nature of crosslinking [21]. Because the structure and
properties of hydrogels resemble the microenvironment of
many human body tissues, they have been broadly used in a
diverse range of biomedical applications such as tissue
engineering, wound dressing, drug delivery, and so on [22].

4. Classification of Hydrogels

Hydrogels can be classified based on different classification
bases. *e first one is that hydrogels can be classified
according to their source which is natural and synthetic [1].
Another classification of hydrogels is based on polymer
constituents. Based on this, hydrogels can be homopolymers
which are derived from a single species of monomer; co-
polymers consisted of two ormore distinct monomer species
with at least one hydrophilic component. Multipolymers, are
also called interpenetrating polymeric hydrogel (IPN), an
important class of hydrogels, which is made of two inde-
pendent crosslinked synthetic and/or natural polymer
components, confined in a network form. *e various
classification types are shown in Figure 2.

Advanced biomedical applications:
Regenerative medicine, tissue engineering, bio-nanotechnolgy,

environmental engineering, etc.

Soft tissue-like elastic, biodegradable, biocompatible,
nontoxic, stimuli responsible

Solid Semi-solid Liquid

Hydrogels

Physical properties

Figure 1: Physical nature of hydrogels (adapted from [15]).
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Another way to classify hydrogels is the cross-linkage
created by either it is physical or chemical. “Chemical” or
“permanent” hydrogels are categorized based on the pres-
ence of covalent bonds within the matrix. *ese bonds
control the degree of swelling of the hydrogel-based on their
polymer-water relationship and the degree of reticulation
taking place in the matrix. On the other hand, “physical” or
“temporary” hydrogels result from ionic bonding, hydrogen
bonding, physical interactions, or molecular entanglements,
which are reversible by application of force or environ-
mental changes. Hydrogels can also be classified based on
their responsiveness to environmental stimuli, which in
other words are called “Intelligent” or “smart” hydrogels.
*e environmental stimulus includes pH, light, temperature,
electric fields, solvent composition, pressure, sound, and
magnetic fields [2].

5. Environmental Sensitivity of Hydrogels

Hydrogels can be stimuli sensitive and respond to the
surrounding environment. Smart hydrogel systems with
various chemically and structurally responsive moieties
exhibit responsiveness to external stimuli including tem-
perature, pH, ionic concentration, light, magnetic fields,
electrical fields, and chemicals [2]. *ese are similar to
conventional hydrogels, except these gels may exhibit sig-
nificant volume changes in response to small changes in
these stimuli. *e potential response to these stimuli in-
volves changes in shape, volume, phase, and optical prop-
erties. *e stimuli-responsive volume change of the gels is a
result of many factors such as the type of monomers, hy-
drophilic-hydrophobic balance, crosslink density, osmotic
pressure, the conformation of chemical groups, etc. [23].

Temperature-sensitive hydrogels are also called ther-
mals. *ese stimuli sensitive hydrogels can display changes
in their swelling behaviour of the network structure
according to the external environments [24]. *ere are two
basic classifications for temperature-sensitive hydrogels;
these are negative temperature and positive temperature

types of hydrogels. *e definition is that the negative
temperature is affected when the temperature is below or
higher than the lower critical solution temperature, whereas
the positive temperature type of hydrogels have reactions
towards the temperature ranges in relation to the upper
critical solution temperature [14].

pH-sensitive hydrogels are smart hydrogels that consist
of a gel structure that varies with a change in pH values. *e
pH-sensitive hydrogels expand or contract depending upon
the variation which occurs on the pH of the solutions [25].
*e magnetic field is another stimulus for hydrogels; the
application of the magnetic field causes a change in the pores
of the gel which thereby influences the swelling. *e high
strength magnetic field can also induce anisotropy in the
supramolecular materials, and the relative orientations oc-
cur in the network [26]. Electric field-responsive hydrogels
are polymers that swell, shrink, or bend in response to an
applied electric field. *ey are usually made of polyanions,
polycations, or amphoteric polyelectrolytes [27].

Light-responsive materials can respond to stimuli trig-
gered by the exposition to light sources such as UV, Vis, or
infrared. In the case of light-responsive hydrogels, light is a
particularly interesting stimulus to manipulate the proper-
ties of a hydrogel, as it is a remote stimulus that is easily
controlled. Common light-responsive materials are syn-
thesized by the addition of photosensitive groups [28].
Polymers with multiple responsive properties have also been
developed elegantly, combining two or more stimuli-re-
sponsive mechanisms [29]. *is can imply systems that can
respond simultaneously and independently to more than
one external stimulus, such as pH and temperatures, have
also been developed. An obvious approach would be to
copolymerize a temperature-sensitive element with a pH-
responsive one as interpenetrating networks [30].

6. Synthesis Mechanism of Hydrogels

*e process of synthesis in the hydrogel is implying the
mechanism used to implement the crosslinking and
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Figure 2: Classification of polymer hydrogels (adapted from [15]).
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polymerization. Crosslinking is the presence of bonding
within the chains of the polymer and intermolecular planar
of the molecules used to formulate the hydrogels which
prevent the dissolution of the chains before practical use
[31]. As a result of the crosslinking of the chains inside the
network, the physicochemical properties of the polymers
may exhibit changes. *ese changes will depend on the
degree of crosslinking and the degree of crystallinity. Some
of the results are the decrease in elasticity, viscosity, and
solubility due to the change in the flow property and rhe-
ology of the polymer and increase in the glass transition
temperature, strength, and toughness of the chains due to
the increase in the crosslinked points [20]. Different types of
hydrogel synthesis techniques have been applied, such as
ultraviolet stereolithographic, gamma radiations, physical,
chemical crosslinking, and two-photon polymerization.

6.1. Ultraviolet Stereolithography. Ultraviolet assisted syn-
thesis of hydrogels is a type of solution polymerization in which
reaction in the solution is assisted thermally by UV-irradiation.
*is specific method involves the formation of hydrogels based
on photo crosslinking which depends on the presence of
photosensitive functional groups. By linking a photosensitive
functional group to a polymer, it enables it to form cross-
linkages upon irradiation with light such as UV light [5].
Gelatin-based and other natural polymers based hydrogels can
be produced using this method of synthesis [10].

Photoinitiators are generally added to improve photo-
sensitivity and to initiate the polymer chains to form bridges
or crosslinks. At the same time, the natural polymers and the
crosslinker mix is exposed to UV light for the polymeri-
zation process. Depending on the absorbency peak of the
photoinitiator used, the LED wavelength which will be
exposed upon the polymer crosslinker mix will be different.
It usually varies from 280 nm to 400 nm. *is method is
easily accessible because the instrument can be accessed
easily [31].

6.2. Redox Polymerization. Nithusha describes this method
of hydrogel synthesis technique as polymerization reactions
utilizing redox initiators, and producing free radicals
through oxidation-reduction is known as redox polymeri-
zation. Redox initiation is also called redox catalysis or redox
activation. *e main advantages of redox initiators are their
lower activation energy of the reaction, which results in a
radical formation at a wide range of temperatures, i.e., the
initiation reaction occurs relatively at lower temperatures
(0–50°C). Redox initiation has been widely employed in free-
radical polymerization. Redox initiators allow the poly-
merization or the hydrogel formation quickly at very low
temperatures [32]. *e schematic representation of the
synthesis of hydrogels by three-dimensional polymerization
is illustrated in Figure 3.

6.3. Gamma Radiation. Radiation processing is a very
convenient tool for imparting desirable effects in polymeric
materials, and it has been an area of enormous interest in the

last few decades. *e radiation polymerization is a chain
reaction in which a large number of chemical changes may
follow every single act of ionization or excitation. At present,
[10] say radiation-induced copolymerization has been
employed for crosslinking the polymeric structures instead
of using chemical methods. Since it does not require ad-
ditives, the generated structures are capable of sterilization
and free of carcinogenic materials. Hydrogels that are based
on natural polymers have been produced using this synthesis
technique for the last decades. In 2014, the synthesis of
gelatin-co-PVA copolymer using gamma-irradiation had
been studied by Kaur for wound dressing application and
had concluded that gamma-ray crosslinked gelatin-PVA
hydrogels could be a promising material for tissue engi-
neering applications; it can be useful in delivering drug or
nutrient or growth factors directly to the wound site by
putting a swab over the hydrogel without removing the
hydrogel from the wound site [33]. Figure 4 shows the
schematic representation of the mechanism of the synthesis
of hydrogels by the gamma-irradiation method.

6.4. Enzymatic. A new approach towards the formation of
hydrogels by applying enzyme-catalyzed crosslinking be-
tween polymer chains. Different types of enzymes are in-
volved including lysyl oxidase, plasma amine oxidase, and
phosphatases, papain, transglutaminase, and peroxidase [5].
*e enzymatic crosslinking is a biocompatible approach to
enhance the mechanical properties of gelatin hydrogels.
Akhtar et al. [31] stated that this method of synthesis had
been tried to apply functionalized glutaminyl groups with
tetrahydroxy PEG (PEG-Qa). *e aqueous solutions of
poly(lysine-co-phenylalanine) and the addition of trans-
glutaminase (PEG-Qa) and the addition of transglutaminase
resulted in the formation of PEG networks. Transgluta-
minase catalyzed reaction between the c-carboxamide group
of the PEG-Qa and the e-amine group of lysine resulted in
the formation of an amide bond [31]. *e schematic illus-
tration of enzymatic hydrogel synthesis technique ((a)
PEGA and peptide sequence conjugated onto microparticles

Water-soluble
monomer

Bifunctional
crosslinker

Polymerization

Purification and swelling
in water

Hydrogel

Figure 3: Schematic representation of the synthesis of hydrogels by
three-dimensional polymerization.
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and enzyme cleaved product and (b) PEGA hydrogel) is
shown in Figure 5.

6.5. Physical Bonding. Physical crosslinking is referred to as
the crosslinking of the polymer chains using physical bonding
(Figure 6). For natural polymers, it is possible to just mix the
polymer with water to form a gel with hydrogen bonding and
other physical bonding [36]. Physical gels can be further
classified as weak gels and strong physical gels. *e weak
physical gels contain the links that are reversible as they are
formed from temporary links between chains. *ese links
have the capability of continuously breaking and reforming,
and they have finite lifetimes. All of the interactions here in
physical crosslinking are reversible and can be disrupted by
changes in physical conditions or the application of stress.
Also, there is an absence of crosslinking agents and relative
ease of production as the macromolecules self-assemble
through noncovalent, secondary molecular interactions such
as hydrophobic, electrostatic, and H-bonding.

6.6. Interpenetrating Polymer Network (IPN). Figure 7 il-
lustrates a semi- and full interpenetrating polymer network.
Interpenetrating polymer network is considered as one of
the subcategories of polymer hydrogels. “For example,
considering polymers A and B, in the full IPN, the chains
from polymer A are crosslinked with each other, and chains
from polymer B are also crosslinked with each other, but
crosslinking among chains from polymers A and B is not
present. In the semi-IPN, the chains from polymer A are
crosslinked with each other, and chains from polymer B are
only physically entrapped therein” [37].

7. Polymers for Hydrogels

7.1. Synthetic Polymers. Synthetic polymers are man-made
polymers that are derived from petroleum oil. Synthetic
polymers are classified into four main categories from ap-
plication points of view. *ese are thermosets, thermo-
plastics, synthetic fibres, and elastomers. *ermoplastics
polymers are malleable and moldable at a certain temper-
ature and solidify upon cooling. Likewise, thermoset poly-
mers are similarly hard and cannot change their shape once

they are set; as a result of this, they are usually used in
adhesives. Synthetic fibres are made to solve problems re-
lated to animal fibres and natural plant fibres, and they are
made up of a large class of polymers [38]. Synthetic polymers
are hydrophobic, mechanically stronger, and chemically
strongly bonded and are chemically and mechanically
stronger when compared with natural polymers. *is im-
proved mechanical strength provides excellent durability to
the material by reducing the rate of its degradation.

“Synthetic polymeric hydrogels are generally three-dimen-
sional swollen networks of hydrophilic homopolymers or co-
polymers covalently or ionically crosslinked”. *e polymeric
hydrogel can be formed by several techniques; but, the most
common synthesis method is the polymerization of free-radical
vinyl monomers in the presence of swelling agents and bi-
functional crosslinking agents. *e polymer obtained with this
method is exciting in the sense that it shows both solid and
liquid-like properties. *e polymer formed contains more than
80% of water. However, it also shows solid-like properties owing
to the network formed by the crosslinking reaction, or more like
elastic solids in the sense that there exists a remembered ref-
erence configuration to which the hydrogel returns after being
deformed for a long time [39]. Due to its biocompatible nature,
nontoxicity, and high water-absorbing characteristics poly-
hydroxyethyl methacrylate (PHEM) has been applied in various
fields, mainly in the medical industry and PHEMwas one of the
revolutionary synthetic hydrogel polymers introduced by Laftah
et al. [14].

Due to its therapeutic actions in directing cellular
functions, such as differentiation and proliferation
polyethylene glycol (PEG) is the second most prevalent
polymer used for the synthesis of hydrogels in the field of
biomedical and pharmaceutical [40]. Polyamide gels are
another popular building block of synthetic polymer-
based hydrogels. *e polymerization occurs by imple-
menting ammonium persulfate and tetramethylethyle-
nediamine as a source of free radicals and as a catalyst,
respectively [41]. Polyvinyl alcohol (PVA) hydrogels are
synthesized from vinyl alcohol repeating unit which is a
synthetic polysaccharide. PVA-based hydrogels have
found many applications in medical applications such as
wound dressing, implantable devices, contact lenses, and
drug delivery devices [42].

Gamma-irradiation

Radiation-induced crosslinking MD/PAAc hydrogel Release of MD

Poly (acrylic acid) (PAAc)

Metronidazole (MD)

Figure 4: Schematic representation of the mechanism of the synthesis of hydrogels by the gamma-irradiation method.
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7.2. Natural Polymers. Biodegradable polymers have wide
applications in a variety of fields such as agriculture, food
industry, wastewater treatment, medicine, cosmetics, tissue
engineering, drug delivery and wound healing, packaging
industry, removal of heavy metals, and so on [43]. One of
the main advantages of natural polymers is that they
provide hydrogels that have the greatest biocompatibility,
as most of them are natural components of the Extracel-
lular Matrix (ECM). Figure 8 illustrates the different types

of natural polymers that could be used for the preparation
of hydrogel.

7.2.1. Polysaccharides-Based Polymers. Chitosan is consid-
ered as a biopolymer containing at least 60% D-glucosamine
waste (D-glucosamine and N-acetyl-D-glucosamine) and it
is a deacetylated form of chitin. While this biopolymer is not
widely present, it can be easily obtained from the deacety-
lation of the natural polymer chitin and is considered to be
the most abundant biopolymer after cellulose [45]. Chitosan
is another natural cationic copolymer that presents well deal
of interest for hydrogel structures. Chitosan-based hydrogels
are potentially engineering scaffolds to obtain tissue repair
achievements [46].

Alginate is a naturally occurring anionic polymer ob-
tained from the extract of brown seaweeds and is produced
by two types of bacteria, Azotobacter and Pseudomonas.
Due to its ease of availability, biocompatibility, low cost, and
chemical composition, alginate hydrogels are ideal for
wound healing, tissue engineering application, drug delivery
carrier, biofilms, and encapsulation of therapeutic agents.
Alginate has been successfully used for the embedding and
transport of cells and therapeutic agents and, as a result, is
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the most investigated natural polymer for use in the en-
capsulation of living cells [41].

7.2.2. Protein-Based. Collagen is a natural polymer occur-
ring in natural extracellular matrices (ECM) frequently
synthesized from fibroblasts and osteoblasts. *e most used
form of collagen, collagen type I is obtained from various
tissues including skin and ligaments, through the use of
enzymatic and acidified processes. Because collagen is ob-
tained from ECM, it is very compatible with biomedical
applications [4]. Collagen-based hydrogels are limited in
applications because of the mechanical properties and rapid
degradability of collagen so improving the properties of this
polymer is unquestionable. Improving the properties is done

by either a hybrid combination of collagen with other
polymers or by altering the crosslinking density [43].

Gelatin is a protein that is obtained from animal sources
through thermal denaturation of type Ι collagen. Gelatin has
been a very common protein polymer for producing
hydrogels in a different application. Gelatin based hydrogels
can be produced in different approaches such as by modi-
fying the amino acid linkages of the polymer, by using
crosslinkers to improve the mechanical properties of the
polymer, by interpenetrating polymeric network and co-
polymerization with other natural and synthetic polymers,
or the polymer by itself.

Silk is a protein fibrous which has been used in textile
production 5000 years ago. Silk has different types according
to the source, but the silk from silkworm bombyx mori is the
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popular one. Silk is produced in the process called seri-
culture, where two types of protein materials are extracted
that is fibroin and sericin, where fibroin is used as spun
textile material and sericin is usually disposed of [47].
Hydrogels can be formed from reprocessed silkworm silk. A
study on the synthesis of hydrogel from silk protein sericin
and gelatin was made in a simple and cost-effective fabri-
cation technique without any chemical crosslinkers. *e
produced sericin-gelatin hydrogel possesses good swelling,
mechanical and thermal stability, adequate porosity, and
cytocompatibility with poor cell adhesion to use as a wound
dressing material [48].

7.2.3. Cellulose-Based Polymer. Cellulose is a common
biodegradable polymer found in plants [6]. Cellulose could
also be produced by using special bacteria (e.g., Acetobacter
xylinum). However, cellulose derived from bacterial mi-
crobes (BC) is chemically indistinguishable from plant
cellulose (PC), despite their unique and distinct macro-
molecular structures and physical characteristics. Biological
cellulose is purest than plant cellulose because plant cellulose
is mixed with other extraneous substances such as lignin,
pectin, and hemicellulose [49]. Derivatives of cellulose are
produced by acetylation, etherification, and esterification of
the hydroxyl group in the cellulose repeating unit. Cellulose
and its derivatives are readily biodegradable with bacteria,
fungi, and enzymes that are available around the environ-
ment, and besides, these are environmentally friendly [50].

8. Application of Hydrogels

Hydrogels have a very wide application area (Figure 9). But
most importantly, these materials find their importance in
biomedical and bioengineering. Medical textiles, which are
the basic core of the medicine, can be delivered in most cases
by using these hydrogels.*oughmedicine and health care do
need a lot of cautions like biocompatibility, biodegradability,
and other factors, still hydrogels, which are natural polymer-
based, especially gelatin-based ones, have a lot of significance.

8.1. Wound Dressing. Modern dressings are designed to
facilitate wound healing rather than just to cover it.*ere are
different types of advanced wound dressing, and all depend
on what they provide for the wound. *is classification
includes wound dressings that provide protection, wound
dressings with antimicrobial functions, wound dressings
that provide Autolytic debridement including films,
hydrogels, and hydrocolloids, and finally wound dressings
which provide chemical debridement [51]. Specific prop-
erties of hydrogels such as high surface area, absorbency
phenomenon, and variety in product forms are advanta-
geous properties of hydrogels, which makes using them in
wound dressing applications desirable [10].

8.2. Contact Lenses. Wichterle and Lim were the first to
describe a hydrogel as a synthetic biocompatible material
useful for contact lens applications which were based on

poly-2-hydroxyethyl methacrylate (PHEMA) in 1960 [51].
*emost important advances made on the aspects of contact
lenses are the development of silicone-based hydrogels.
*ese provide the property of higher oxygen permeability
which protects contact lens wearers especially those who
apply them in the night from “induced hypoxia on corneal
physiology” [52].

8.3. Drug Delivery Vehicles. Over the past decades, natural
polymers (biopolymers) have frequently been used as raw
materials for the design of efficient drug delivery systems.
Among the different drug delivery systems, hydrogels have
particular properties that let them be used as ideal drug
delivery systems which is the fact that they are similar to the
body’s tissues; they have high water content and rubbery
consistency [53]. Carrageenan and gelatin-based hydrogels
were prepared to apply as a topical drug delivery system.*e
developed gels were found to be smooth in texture, stable,
and hemocompatible in nature. *e drug-loaded gels
showed sufficient antimicrobial efficacy to be used as a
topical antimicrobial gel [54].

8.4. Tissue Engineering. Hydrogels are insoluble hydrophilic
polymer networks that are imparted with tissue-like me-
chanical property and high water content and to make them
highly compatible for scaffolds for implantation in empty
tubular nerve prosthesis or for direct injection at the lesion
site to enhance cell attachment and growth [42].

9. Gelatin

9.1. Chemistry and Resource. Gelatin is a natural driven
protein polymer that is obtained by the thermal denatur-
ation of collagen and it has widely been applied in industries
[7]. It is obtained from many resources such as animal
connective tissues, skin, bones, hides, chicken feet, and other
collagen-rich parts of animals [8, 55]. Gelatin from fish
sources is another source for gelatin accounting for about
1.5% of the total gelatin production which is increasing day
by day, showcasing the fact that the production of gelatin
from alternative nonmammalian sources had grown in
importance [56]. Gelatin is a multifunctional ingredient that
has long been used in the food industry as a gelling,
thickening, and film-forming agent, emulsifier, and stabi-
lizer [57]. Consumption of gelatin worldwide has been re-
ported to be 320,000 tons annually as of 2010 [58].

Type A gelatin is produced by acid processing of col-
lagenous raw material mostly using acidic chemical agents
such as hydrochloric acid, sulphuric acid, and so on; type B
gelatin is produced by alkaline or lime processing. Because it
is obtained from collagen by controlled partial hydrolysis
and does not exist in nature, gelatin is classified as a derived
protein [59]. Generally, thermal and chemical treatments are
involved during the production of gelatin in which three
steps are involved; these are raw material preparation, ex-
traction, and finally purification [58]. *e typical chemical
structure of gelatin is represented in Figure 10.
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9.2. Application of Gelatin in the Market

9.2.1. Food Products. *e production of food involves
adding many additives and ingredients in order to increase
food quality, taste, texture, and colour. Some of the addi-
tional ingredients include monosodium Glutamate (MSG),
dyes, gelatin, as an example [58]. Many lozenges, wafers, and
candy coatings contain up to 1% gelatin. In these instances,
gelatin decreases the dissolution rate. In meat products, such
as canned hams, various luncheon meats, corned beef,
chicken rolls, jellied beef, and other similar products; gelatin
can be used as a clarifying agent in guava juice for obtaining
a clear juice by removing the suspended particles [55, 59].

9.2.2. Pharmaceutical Applications. In pharmaceutical ap-
plications, gelatin has been found in wide ranges of appli-
cations such as capsule coats, binding tablets, and sponges
for treating wounds and also as a component for vitamin
formulations and cosmetics [8]. Capsule production using
gelatin involves a combination of gelatin with water or
aqueous polyhydric alcohols. Capsules are usually preferred
over tablets in administering medicine. Another type of
capsules that are elastic or soft is manufactured with a rotary

die from two plasticized gelatin sheets which form a sealed
capsule around the material being encapsulated [59].

10. Gelatin Based Hydrogels

Gelatin-based hydrogels are hydrogels that have the back-
bone of gelatin as the basic polymeric chains. Hydrogels
from protein-based resources are especially useful due to
their functional groups. Gelatin-based hydrogels, such as
gelatin by itself, combined with other natural and synthetic
polymers such as gelatin with alginate, gelatin with chitosan,
gelatin with hyaluronan, gelatin with fibrinogen, gelatin with
sericin, gelatin with alginate and fibrinogen, and gelatin with
alginate, fibrinogen, and hyaluronan, have unique features,
such as excellent biocompatibilities, rapid biodegradability,
and nonimmunogenicity, in medical applications [60].

*ese gelatin-based hydrogels are used in the manu-
facture of contact lenses, matrices for tissue engineering, and
drug delivery systems. Developing new uses for gelatin-
based hydrogels is another important area of academic re-
search. Gelatin-based hydrogels can be produced chemically
modifying the gelatin, or it can be just employing the gelatin
with crosslinkers and so on [53].
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10.1. Application of Gelatin-Based Hydrogels for Medical
Textile. Hydrogels formed from hydrophilic components
are three-dimensional, porous, and an interpenetrating
polymeric network comprising large amounts of biological
fluids keeping their structure stable at physiological pH and
temperature. *e high affinity of hydrogel for water gives
hydrogels a similar physical property with living tissues,
such as low interfacial tension and compactness with
aqueous media [61]. Due to their effective control over
swelling kinetics and high water holding capacity, hydrogels
are extremely used in biomedical applications. “*e self-
healing and in situ forming hydrogels are very important
from a biomedical point of view as it can provide a means for
simple, custom-made diagnostics” [62, 63]. Different types
of biopolymers could be used as a raw material for hydrogel
preparation [64–66].

Gelatin-based hydrogels have stimuli-responsive prop-
erties such as thermoresponsive and stimuli-responsive
showing the sol-gel transition to the body temperature of
humans that is compatible with human tissue. Due to these
properties, gelatin based hydrogels have various applications
in drug delivery, tissue engineering, and medical textiles
[67]. *ermally crosslinked gelatin-based hydrogels can also
be used in the manufacturing of composite living fibre,
which is made by synthetic polymer as a core material and
hydrogel layers having a living cell as a coating material.*is
new and advanced textile material can be used for the
biofabrication of fibrous scaffolds applied in tissue engi-
neering [64, 68].

Currently, textile applications of gelatin-based hydrogels
are started in drug delivery systems where transdermal drug
transport was successfully attained and thermoresponsive
gelatin-based hydrogels are effectively forming drug trans-
port systems for textile applications [69, 70]. Textile-based
transdermal therapy with drug-loaded gelatin-based
hydrogel is becoming effective in the skincare of human
beings [64]. *e functionalized textiles coated with gelatin-
based hydrogel (stimuli-responsive) can balance a body
temperature by controlling the moisture on the skin and
provides comfort for the users of smart textile [67, 70].

Bioink is the backbone of three-dimensional bioprinting
and is composed of a mixture of cells, biomaterials, and
bioactive molecules, in a liquid, pregel solution that creates
the printed article into a 3D scaffold or onto a surface.
Gelatin-based hydrogels are widely used as bioinks. Meth-
acrylamide modified gelatin (GelMA) has recently gained
increasing attention, mainly in the field of biomedical ap-
plications [32]. Besides, the gelatin-based hydrogel is used in
wound healing function in different forms like patch, gel,
ointment, etc. It keeps the wounded area moist and speeds
up the healing process by absorbing exudates while main-
taining the products of tissue repair, including lysosomes
and growth factors in contact with the wounded area [10].

11. Conclusion

Medical textiles are textile materials that assist the medicine
and healthcare industry. Hydrogels are polymers that are
insoluble, crosslinked, hydrophilic, and three-dimensional

networks, and they exhibit the ability to absorb a high
amount of liquids. Classification of hydrogels can be based
on their source, crosslinking, number of polymers, envi-
ronmental sensitivity, and others which most of them has
been reviewed in this paper. Hydrogels that are natural
polymers based have a greater advantage of biocompati-
bility, degradability, and nontoxicity. Gelatin is a natural
polymer which is a derivative of collagen and can be sourced
from protein-containing part of the animal body including
skin, bones, connective tissues, chicken feet, fish scales, and
insects. Gelatin based hydrogels have been employed in
biomedical and medical textile as gelatin has the property of
nonimmunogenicity, nontoxicity, low cost, and high
availability. In general, gelatin-based hydrogel could find
applications in drug delivery carrier, bioink, transdermal
therapy, wound healing, and tissue repair.
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