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Gelatin is a natural biopolymer that is intrinsically biocompatible and biodegradable, has low immunogenicity, and is
classified as Generally Recognized as Safe (GRAS) by the United States Food and Drug Administration (FDA). It consists
of an amphoteric polymer that is derived from collagen by alkaline-, acid-, or heat-based hydrolysis.
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| 1. Structure of Gelatin

Gelatin is a natural biopolymer that is intrinsically biocompatible and biodegradable, has low immunogenicity, and is
classified as Generally Recognized as Safe (GRAS) by the United States Food and Drug Administration (FDA) . It
consists of an amphoteric polymer that is derived from collagen by alkaline-, acid-, or heat-based hydrolysis 2. These
treatments cause the rupture of collagen’s structural organization, leading to the loss of its conformation to varying
extents. Therefore, as for collagen, the extraction sources (i.e., equine, bovine, porcine, ovine, fish) and tissues (i.e., skin,
tendon, scales, bone), and the animal age, besides the applied extraction procedures, represent all the parameters
influencing gelatin’s properties &l. Commercially, there are two types of gelatin, Type A and Type B. Type A cationic gelatin
results from the partial acid hydrolysis of collagen. During this treatment, the amide groups of glutamine and asparagine
are converted into carboxyl groups, resulting in the protein isoelectric point shift to higher values (pl = 7-9) 4. Type B
anionic gelatin derives from the alkali-based treatment of collagen. During the alkaline hydrolysis treatment, the partial
removal of the asparagine and glutamine amide groups occurs, with a consequent increase in the aspartic and glutamic
acid content 28, The consequent increase of the carboxyl groups makes Type B gelatin negatively charged, with a lower
isoelectric point (pl = 4.7-5.5) BIEIE, Accordingly, depending on the extraction process type and parameters, gelatin can
have different isoelectric points, which depend on the degree of dissociation of its free carboxyl and amino groups 120,

| 2. Properties

Generally, like collagen, gelatin is characterized by the repetition of the triplet (Gly-X-Y)n (Figure 1). One third of the chain
is made up of glycine, while another third is proline or hydroxyproline 111, The hydroxylation of proline and lysine residues
in 4-hydroxyproline and e-hydroxylysine, respectively, is a posttranslational modification, which is present almost
exclusively in collagen 22, Gelatin owns cationic and anionic groups along with hydrophobic groups approximatively in a
ratio of 1:1:1. Thus, about 13% of the polypeptide chain of gelatin consists of positively charged amino acid residues (i.e.,
mainly lysine and arginine residues), about 12% of negatively charged amino acid residues (i.e., mainly glutamic and
aspartic acid), and about 11% of hydrophobic residues (i.e., leucine, isoleucine, methionine, and valine) 11,
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Figure 1. Exemplary chemical structure of a fragment of gelatin a-chain characterized by the repetition of the triplet (Gly-
X-Y)n, where X and Y are usually proline an hydroxyproline, respectively.



The hydrolytic conversion of collagen breaks its polypeptide chains and natural structural organization. Therefore, gelatin
cannot be considered as a single chemical entity with a precise molecular weight, but it rather consists of mixtures of
polypeptide chains with different molecular weights that can fall in a specific range. Depending on the production process,
gelatin can be characterized by different types of chains (with variable molecular weights). In particular, they could be
found as (i) single a-chains of 80-125 kDa, (ii) two a-chains crosslinked in a covalent way (B-chains) of 160-250 kDa, or
(iii) three covalently crosslinked a-chains (y-chains) of 240-375 kDa (Figure 2) [2O13I14I15] Ge|atin’'s protein pattern can
be determined by several analytical techniqgues. Among them, electrophoresis and chromatography are the most-
commonly performed 18,
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Figure 2. Gelatin is a heterogeneous mixture of water-soluble proteins with different types of chains and molecular
weights depending on the production process.

Consequently, it is clear how the conformational organization of gelatin differs from that of the highly organized native
collagen depending on the denaturation degree of collagen. Advanced techniques can identify the extent of collagen
denaturation. Indeed, X-ray diffraction has shown a certain degree of fibril-like structures in gelatin, although these
structures are not comparable to the well-organized collagen networks 19, Depending on the concentration of gelatin and
the temperature and the energy required for the formation of secondary structures, the polypeptide chains of gelatin may
have different spatial arrangements and, thus, different interactions during gelling 2. As reported by Guo et al. 18, three
different orders of organization can be found (Figure 3). The first order is characterized by single a-chains. In the second
order, a-chains can form inter-chain or intra-chain interactions, creating a loop. Lastly, the third level of order can be
constituted by three different a-chains, or two a-chains, one of which creates a loop, or a single a-chain with two loops.
Single-looped helices can be found in diluted solutions, while non-looped helices are more commonly found in
concentrated solutions.
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Figure 3. The different types of gelatin chain organization.

Gelatin’s rheological properties (gel strength, viscosity) and thermal stability (melting and gelling temperature) define its
quality, in addition to basic physico-chemical characteristics (solubility, composition, transparency, color, smell, and taste)
(19 Gel strength is defined by the so-called “Bloom value” 29211221 and it was found to decrease when the pH value was
below 5 and above 9, while it remained almost constant in the pH range 5-9, with some variations 3. Thus, the
determination of the Bloom force is usually performed at pH values from 4.6 to 7.0 29 Another important physical
property of gelatin is its viscosity, which depends on concentration, temperature, and pH. Indeed, viscosity was found to



increase with polymer concentration and decrease with temperature and pH. Gelatin's thermal stability is another
important parameter that is influenced by several parameters such as polymer concentration, molecular weight
distribution, and Bloom value 23], However, gelatin’s melting point is usually found in the range 28-31 °C for mammal-
derived gelatin and in the range of 11-28 °C for fish-derived gelatin 22241 Generally, the gel strength, gelling, and melting
points of mammalian-derived gelatins have been revealed to be much higher than those of fish-derived gelatins. Indeed,
the typical gel strength, gelling point, and melting point temperatures for mammalian gelatins are found in the range 100—
300 Bloom, 20-25 °C and 28-31 °C, respectively, in comparison to fish gelatins’ values, which are about 70-270 Bloom,
8-25 °C and 11-28 °C, respectively 1924 As regards gelatin’s gelling time, its thermo-reversible gelation mechanism has
been extensively studied. It is known that, at low temperatures, gelatin chains undergo a conformational disordered—
ordered transition and are able to form thermo-reversible networks by the formation of hydrogen bonds 2328l |
particular, gelatins are found in the sol state at high temperatures (>40 °C) as single coils. Above a determined critical
concentration (usually about 1%), they are able to assemble into thermo-reversible gels with a disordered organization
when the temperature is cooled down below 30 °C 28127,

Thus, gelatin owns many advantages such as low cost, easy availability, biodegradability, and low immunogenicity,
besides high biocompatibility and intrinsic bioactivity 2128 thanks to the presence of specific arginine—glycine—aspartic
(RGD) sequences, which are able to promote cell adhesion 22, Moreover, being characterized by different functional
groups that are easily accessible for chemical modifications (such as coupling with crosslinkers or target ligands), gelatin
is widely used as a material for the manufacturing of substrates for a wide range of applications in the biomedical,
pharmaceutical, cosmetic, and food sectors B[31],

Indeed, gelatin is widely used in the food sector as a thickener (e.g., in sweets and jams), as a clarifying agent for drinks
(e.g., wine, beer, fruits, and vegetables juices), an emulsifier (e.g., confectionery products), a stabilizer (e.g., ice creams,
cream cheeses, and cottage cheese, as well as in food foams and salads), a texturizer, and a film former in coatings for
meat and confectioneries [2232][33][34]

As regards the cosmetic sector, gelatin is used as a gelling ingredient in various products (e.g., face creams, body lotions,
shampoos, hairsprays, sunscreens, and bath salts) for its moisturizing action 228l Moreover, its hydrolysates are used
for nutricosmetic applications thanks to their antiaging effect 7,

Although gelatin seems to be mainly utilized in the food sector, actually, it is mostly used in the pharmaceutical sector as
binder in the production of drugs 28], a stabilizer in vaccines B2, a material for the development of capsules and ointments
(491 5 matrix of implants and wound dressings (41, and for plasma expanders 42, Lastly, in the biomedical field, gelatin is
also used as a biomaterial for the development of DDSs and tissue engineering/regenerative medicine constructs 431, In
particular, gelatin has been revealed to be a good biomaterial for the manufacturing of DDSs thanks to its chemical
versatility. Its high suitability in several synthesis techniques has pointed out its potential as a carrier of many types of
bioactive compounds and its ability to tune and control the release kinetics of select drugs.
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