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Hydrolyzed collagen (HC) is a group of peptides with low molecular weight (3—6 KDa) that can be obtained by
enzymatic action in acid or alkaline media at a specific incubation temperature. HC can be extracted from different
sources such as bovine or porcine. Recently research has shown good properties of the HC found in skin, scale,
and bones from marine sources. Type and source of extraction are the main factors that affect HC properties, such
as molecular weight of the peptide chain, solubility, and functional activity. HC is widely used in several industries

including food, pharmaceutical, cosmetic, biomedical, and leather industries.

hydrolyzed collagen peptide antioxidant activity denaturation hydrolysates

| 1. Introduction

Collagen is the most important protein produced by the human body, it is mainly formed by the amino acid glycine
(33%), proline and hydroxyproline (22%) (primary structure) in a triplex helix which is formed by three a chains.
Each alpha chain is composed for 1014 amino acids approximately with a molecular weight around 100 kDa.
These chains are coiled into a left-handed helix with three amino acids per turn (secondary structure). The chains
are twisted around each other into a triple helix to form a rigid structure (tertiary structure). The super helix
represents the basic collagen structure (quaternary structure). This collagen structure is very stable because of the
intramolecular hydrogen bonds between glycine in adjacent chains. The collagen molecule is formed for a triple
helical region and two nonhelical regions at either end of the helix structure with =300 kDa molecular weight, 280

nm in length, and 1.4 nm in diameter (L2131,

| 2. Hydrolyzed Collagen: Extraction and Properties
2.1. Extraction and Structure of Hydrolyzed Collagen

From Figure 1, it can be seen that denaturation of native collagen produces three o chains in their random coiled
form. It can be observed by thermal treatment of collagen above 40 °C. Once the chains are separated, the
hydrolysis is carried out by the action of proteolytic enzymes (alcalase, papain, pepsin, and others). The resulting
product is commonly called hydrolyzed collagen (HC). It is composed of small peptides with low molecular weight
3-6 KDa MR8, |ts solubility and functional activity (antioxidant, antimicrobial) are related to the type and degree
of hydrolysis as well as the type of enzyme used in the process BIEIILL  Angther type of hydrolysis is by use of
chemical products in acidic BII22I131114] (acetic acid, hydrochloric acid, and phosphoric acid) or alkaline media 13

(131 These two types of extraction are strongly corrosive and produce a high salt concentration in the final product
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after neutralization 18 Alternative methods of extraction consist in thermal treatment 2 or applying high
temperature and pressure to the protein. It includes subcritical water level (SCW) that exists at a temperature
between 100 and 374 °C and a pressure of less than 22 MPa 18]19],

Low molecular
weight peptides

Triple Denaturation

3-6 KDa

Figure 1. Denaturation of native collagen into small low-molecular-weight peptides.
2.2. Techniques for HC Molecular Weight Measurements

The determination of HC molecular weight is a difficult task because of its low molecular weight (Mw) which ranges
between 3 and 6 KDa. The most common technique used is SDS-PAGE (sodium dodecyl sulfate polyacrylamide
gel electrophoresis). It can separate proteins in the mass range of 1-100 KDa. The molecules are separated
according to their charge, the moving speed is related to the charge of the molecule. This method uses
polyacrylamide gels (PAGE—polyacrylamide gel electrophoresis) in the presence of the anionic detergent sodium
dodecyl sulfate (SDS). The gel polymerization of acrylamide monomers produces linear chains. By including
bisacrylamide, this formed a three-dimensional matrix of the gel. The size of the pores formed depends on the
concentration of acrylamide and the degree of crosslinking. The first gel is the staking gel, it is a low-concentration
gel (4%), and the second gel called resolving gel usually has a 10-12.5% concentration and is used to separate
proteins in the range of 1-100 KDa. Thus, varying the concentration of acrylamide and bisacrylamide in the gel

preparation results in different degrees of porosity and therefore different protein separation intervals [20][21][22]

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) is another technique
that helps to detect molecules in a large range of molecular weights. It is a technique where peptides are first
mixed with a large molar excess of a matrix compound such as DHB (2,5-dihydroxybenzoic acid) to ionize low-
molecular-weight peptides, next the matrix that carries the peptides is vaporized by laser radiation, and finally the
mass of vaporized peptides is determined from the ionic time-of-flight. However, the limitation of this technique is

that some peptide peaks fail to resolve in a single matrix [221(241(25]
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HPLC-MS/MS is a powerful tool not only for the identification, but also for quantification of peptides and proteins. It
is rather limited to the quantification of selected peptides of biological importance such as the quantification of

collagen. The quantification of collagen types is usually carried out by amino acid analysis [26127]128]
2.3. Hydrolyzed Collagen Properties

Native collagen properties are very different to those of hydrolyzed collagen as illustrated in Table 1. After
denaturation, the triple-helix structure of native collagen changes to a random coil form due to the dissociation of
the hydrogen bonds when collagen suffers hydrolysis. This treatment can break the bonds in the polypeptide chain
to obtain a large number of peptides. The molecular weight of collagen peptides obtained from hydrolysis is very
low (3—6 KDa) compared to that of its precursor native collagen (285-300 KDa). Enzymatic hydrolysis affects not
only the size of the peptides but also physicochemical and biological properties 2239, Vviscosity is one of the
physicochemical properties of collagen; the native form shows higher values due to stronger electrostatic repulsion
among the molecular chains even at low concentrations of collagen solution. However, its hydrolyzed form shows
very low viscosity no matter the concentration because of the low molecular weight of the small chain segments
81 Electrostatic properties of proteins such as the isoelectric point (pl) are important parameters which are related
to the proportion of acid amino residues and base amino residues in protein. Collagen is an amphoteric
macromolecule that possesses a pl value between 7 and 8. On the hydrolysis process, the pl value is shifted to
lower values between 3.68 and 5.7. This change will depend on the amino acid sequences and distribution of
amino acid residues according to the type or time of hydrolysis [2782I83I34] The composition and degree of
hydrolysis of collagen are factors that increase functional properties such as antioxidant capacity, antimicrobial
activity, and higher bioavailability. These properties are related mainly to the molecular weight value. It makes HC

to act as an electron donor to produce more stable products reacting with free radicals 22281,

Table 1. Properties of native and hydrolyzed collagen.

Type of Collagen

Properties Reference
Native Hydrolyzed
Molecular weight (Mw) ~300 KDa 3-6 KDa (27](30]
Isoelectric point (pl) 7.0-8.3 3.68-5.7 (34](37]
Viscosity High Low (0 Cp) [15](31]
Film formation Yes No (38][39]
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| 3. Hydrolyzed Collagen: Sources and Applications
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