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ARTICLE INFO ABSTRACT
Article history: One of the most abundant proteins formed in the human body is collagen.
Received 20 Oct 2021 It is responsible for the strength of body tissues in all cellular systems by
Revised 07 Feb 2022 establishing support networks. Collagen fibers are generally opaque and white,
Accepted 24 Oct 2022 due to this reason they are easily recognized in the tissues. Collagen fibers,
Online 07 Nov 2022 which are viscoelastic, have low extensibility and high tensile strength. The
Published 07 Nov 2022 isoelectric point is around pH 5.8. Collagen is widely used as it helps blood
coagulate, remodeling tissue. Although there are no known side effects, there
Keywords: is some concern about its role in inflammation, group-to-group variability,
Collagen types and possible disease transfection, given that animal-derived (natural) collagen
Physicochemical properties is used in many clinical applications. Not every protein is of equal value, so
Drinkable collagen not every collagen is of equal value. Thanks to its low molecular weight,
Collagen supplements hydrolyzed collagen is quickly digested by our body and enters our blood
Analytical method

circulation. According to study, the most suitable type of collagen is the one
in powder or liquid form for collagen peptides that can be easily absorbed
and used by our body. It is necessary to rely on the most appropriate analysis
technique to evaluate the quality feature. Techniques such as SEC, MS,
HPLC and NMR are used to characterize complex peptide mixtures. Classical
fibril-forming collagen includes collagen types I, II, III, V, and XI. These
collagenes are characterized by their ability to aggregate into highly oriented
supramolecular aggregates, forming fibrillar arrays with diameters between
25 and 400 nm. Being a natural protein and its technical characteristics, it
is expected that development and consumption of collagen hydrolyzate will
increase in the coming years. In this review, physical and chemical properties
of collagen, types, pharmacology properties, quantity determination methods
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1. INTRODUCTION pharmaceutical forms such as tablets, luqiud forms,

One of the most abundant proteins formed in the capsules, semisolid topical forms etc. In addition,

human body is collagen. It is responsible for the
strength of body tissues in all cellular systems by

collagen hydrolyzate has been shown to exhibit
properties such as antioxidant, antihypertensive

establishing support networks. Therefore, many
companies are making tremendous efforts to integrate
this biomolecule into many products in different
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activity, lipid lowering activity, as well as restorative
properties in damaged skin. It has also been proposed
in recent animal studies and human trials that oral
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administration of collagen or its hydrolysates has
beneficial effects on skin aging. The question of
whether collagen can be absorbed and moreover, in
what manner, must be explained in order to speculate
on the mechanism of the physiological effects.
It has been documented that the concentration of
hydroxyproline (Hyp) in human blood increased
dramatically and reached a maximum level after oral
ingestion of collagen hydrolysates within 0.5-2 h [1].
However, there is little data on the bioavailability
of collagen, a high molecular weight scleroprotein
(about 300 kDa) with a special triple helix structure
and an unbalanced amino acid profile [2] .

In addition, after oral ingestion of collagen
hydrolysates, many collagen peptides (Pro-Hyp,
Pro-Hyp-Gly, Ala-Hyp, Ala-Hyp-Gly, Ser-Hyp-Gly,
Leu-Hyp, lle-Hyp, Phe-Hyp, Hyp-Gly) have been
identified from the blood [3].

2. PHYSICOCHEMICAL PROPERTIES

Collagen fibers are generally opaque and white, due
to this reason they are easily recognized in the tissues.
Collagen fibers, which are viscoelastic, have low
extensibility and high tensile strength. The isoelectric
point is around pH 5.8 [4]. Based on the molecule’s
position in the human body, its chain link, and its
structure until now, it is divided into 26 different
species grouped into eight families. Classifications
may include fibril-forming, basement membrane,
microfibrillar, anchoring fibrils, hexagonal network,
discontinuous triple-helix [FACIT], transmembrane
and fibril-associated collagen with multiplexes.
A left-handed helical conformation is adopted by
each collagen chain, and the three strands intertwine
with a right-handed superhelical twist exhibiting
a molecular weight as high as ~ 300 kDa [5]. As a
natural polymer, collagen molecules appeared to
entangle and accumulate in solution, resulting in a
remarkable viscoelastic behaviour. For instance, the
storage modulus of collagen at 2.1% wt was 750 Pa
tested in oscillatory rheological measurements (at a
constant frequency of 1 Hz and a constant strain of
5%), while the storage modulus of poly(vinyl alcohol)
(2.1%) was only 0.2 Pa at the same experimental
conditions. Furthermore, the complex viscosity
values of collagen (0.8%) was 171.6 Pa s at 0.1 Hz,
far higher than that of hydroxypropyl methylcellulose
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(3.2 Pa s) [6]. Some physicochemical properties
of polymers have been found to be associated
with their aggregation behavior in solution, such
as optical properties, colloidal stability and tensile
strength [7]. It was therefore important to explore
the aggregation behavior of polymers in solutions to
provide some information on their use or processing.
As for the aggregation activity of collagen, several
studies have been performed. Shi et al., for instance,
examined collagen aggregation in acetic acid, using
the  3-methoxy-4’-N,N-dimethylamino
derivative intramolecular charge transfer compound
as a fluorescence probe and fluorescence polarization.
Collagen was thought to be self-associated in acid
aqueous solution by increasing its concentration
and its critical aggregation concentration (CAC)
was 0.5 mg/mL [8]. Wu et al. used the intrinsic
fluorescence of aromatic amino acid residues in the
collagen molecule to further analyze the aggregation
of collagen in the acid solution; and it has been
shown that collagen aggregates have occurred in
the range of 0.30 - 0.45 mg/mL, while the more
complex collagen aggregates have appeared in the
range of 0.75 - 1.05 mg/mL [9]. Collagen as a protein
was heat sensitive and would be denatured at a
temperature called denaturation temperature (T,) of
approximately 40°C. Interestingly, it was found that
the denaturation temperature of collagen decreased
with increased concentrations (5, 8, 12, 16 and 20 mg/
mL) suggesting that the molecular state of collagen
was different in collagen solutions with different
concentrations [10]. The reaction of the collagen
molecules to temperature was therefore closely
linked to the aggregation behavior of the collagen.
Since collagen-based materials were often used as
solutions or involved in the processing of collagen
solution, it was important to explain the relationship
between the aggregation behavior of the collagen
and the temperature. In the research to investigate
the aggregation behavior of the polymer, was studied
through fluorescence techniques including ultra-
sensitive differential scanning calorimeter (US-
DSC), atomic force microscopy (AFM) and intrinsic
fluorescence measurements and the use of external
fluorescence probe, pyrene. In this study, collagen
solutions at concentrations of 0.25, 0.50 and 1.0 mg/
mL were prepared by dissolving freeze-dried collagen
in 0.1 mol/L acetic acid solutions. In the present
work, researchers have mainly used fluorescence

flavone
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techniques to research the reaction of collagen
molecules to temperature. Collagen molecules have
been shown to be sensitive to temperature. As a
result, the stability of the collagen helix appeared to
decrease as the concentration of collagen increased.
It was also recognized that thermal denaturation
of collagen was an endothermic method. Thus the
thermal denaturation of collagen may be influenced
by the rate of heat transfer. Although many types
of collagen have been discovered: base membrane,
microfibrillar, anchoring fibrils, hexagonal mesh,
discontinuous triple helix [FACIT], the species most
commonly used for corrective purposes today are
also fibril-forming species. In the cosmetics industry,
collagen is a selectable raw material for cosmetic
formulations due to its availability, biocompatibility
and biodegradability [3]. Collagen hydrolysates
obtained from enzymatic hydrolysis of collagen
are a mixture of low molecular weight (LMW)
peptides [11]. Collagen is a high molecular weight
extracellular protein that is insoluble in water [12].
On the other hand, the mixture of peptides derived
from collagen digestion is highly water soluble and
active peptides can be detected in the bloodstream
and in the skin within a few minutes after oral
administration [13].

Types I, II and III, fibrill-forming collagens, form
structural networks that restrict tissue deformation
and provide a structure that defines tissue size and
shape. Collagen type I is associated with structural
fibrils greater than 100 nm in diameter, while
collagen type II and type III are associated with
fibrils of 10 and 30 nm in diameter, respectively. It is

well known biochemically that type I11 is less soluble
at pH acid than type I, because type III requires
lower concentrations of NaClI to ‘salt out of solution’
than Collagen type I. Physical properties of pepsin-
solubilized collagen types I, 11, III and V have been
calculated in 10°C acid solution. Results indicate
that collagen molecules of type I, IT and IIT undergo
a monomer-aggregate balance in solution, while
molecules of type V tend to attract each other but do
not undergo a similar monomer-aggregate balance.
Interstitial collagen monomers (types I, Il and III)
have molecular weights between (M,™ ) 280x10° and
289x 107, translational diffusion coefficients between
Dy (szs") )0.820 x 107 and 0.845 x 107 cm?s™! and
particle dispersion factors at an angle of 175.5° and
wavelength of 633 nm between (P(175.5°)) 0.430
and 0.460 [14].

The characteristic of the extracted collagen are given
in the Table 1. Although each of the three collagen
extracted according to Table 1 is the same color,
there are differences in other properties.

2.1. Collagen structure

Collagen is a complex molecule, the structure of
which has been revised over the years. Type IV
collagen with more flexible triple helix (Figure 1)
is combined in meshes confined to basic membranes
[15]. Microfibrillar type VI collagen is highly
disulfide crosslinked and contributes to a network
of beaded filaments intertwined with other collagen
fibrils. Fibril-associated collagen with discontinuous
triple helixes (FACITs) such as type IX, XII and XIV

Table 1. The table shows the collagen values by extracting the hydrogels in different molar acids. Each value is the mean

+ SD of three independent measurements.

Characteristics of hydrogels

Calf collagen

Fish collagen extracted Fish collagen extracted
with 0.5 M acetic acid with 0.1 M HCI

1. Appearance Translucent gelatinous White gelatinous White opaque

2. Color White-yellow White-yellow White-yellow

3. Humidity [%] 13.5+0.1 15.5£0.1 15.0+0.2

4. Dry matter [%] 1.75+0.02 1.55+0.04 1.2+0.03

5. Ash600-800°C [%] 1.5£0.1 0.74£0.2 0.8+0.2

6. Total nitrogen mg (Khieldal) [%] 16.5+0.1 10.9+0.2 8.8+0.3

7. Proteic substance [%] 90.5+0.2 86.5+0.1 78.5+0.3

8. pH 2.9+0.1 3.5+0.3 2.5+0.2

9. Collagen contact [%] 92.2+0.1 90.1+£0.2 82.3+0.4
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Figure 1. Triple helical structure of collagen [15].

collagen is the only one with large collagen fibrils.
They assemble into molecules and possibly play a
role in regulating the diameter of the collagen fibrils.
Collagen type VIII and X form hexagonal networks
while others (XII and XVII) encompass cell
membranes. These can be formed by three identical
chains (homotrimers) as in collagen type II, III,
VII, VIII, X and others, or by two or more different
chains (heterotrimers) such as collagen types I, 1V,
V, VI, IX XI [1].

According Figure 1, the creation of collagen starts
in the nucleus where different exons of a gene are
consubstantiated to generated messenger RNAs
(mRNAs) of diverse collagen kinds. Disulfide bonds
which assist to keep the properly chains aligned
to each other consubstantial the triple helix chains,
following which a molecule called procollagen is
formed.

The function of water and hydroxyproline (Hyp) in
the collagen stability mechanism remains debatable.
The purpose of this research was to consider at the
effects of Hyp and water on the molecular stability of
collagen. Four collagen-like peptide (CLP) models
were compared in terms of conformational energy
and hydrogen bonding types. The CLP1 model
represents a normal collagen structure without
water molecules, while the CLP2 model represents
a collagen structure that does not contain water and a
Hyp residue. CLPW1 and CLPW2 are models CLP1
and CLP2 with water molecules around them. The
total steric energy is listed as follows: CLP2> CLP1>
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CLPW2> CLPWI, indicating that CLPW1 is the
most stable collagen model. The effects of HYP and
bound water on collagen stability were investigated
using four CPL models in this study. Models
have slightly different angle values from some
of the studies previously published [16-19]. This
discrepancy may be due to the use of crystallographic
experiment data and the model optimization method
of geometry. This finding supports the fact that the
overall structure of the models is sufficiently suitable
for the study of the stability of collagen [20].

2.2. Biosynthesis of collagen

The biosynthesis of collagen starting with gene
transcription of the genes in the nucleus is a complex
multi-step process until the collagen heterotrimers
aggregate into large fibrils. Since most of our
knowledge of these mechanisms is based on fibril-
forming collagen, this discussion will mostly focus on
typelcollagen.Itis possible thatthe basic mechanisms
of triple helix formation and processing also apply
to other types of collagen. Regarding fibril collagen,
the most detailed research on collagen biosynthesis
has been conducted. The process is complex and
involves many
steps, all of which contribute to the structure and
biomechanical properties of the final fibrils. The
first event after the synthesis of procollagen chains
on ribosomes is their introduction into the rough
endoplasmic reticulum. They underwent a series of
post-translational modifications there, which led to
the assembly of procollagen molecules [21].

intracellular and extracellular

These steps include modification of proline
residues to hydroxyproline, modification of lysine
to hydroxylysine, N and O linked glycosylation,
trimerization, disulphide bond, prolyl -cis-trans
isomerization and triple spiral folding. The molecules
then pass through the Golgi network, where they
are packaged into secretory vesicles before being
exported to the extracellular matrix. Procollagen
processing occurs during or shortly after secretion,
and then the fibrils are assembled. Finally, the fibrils
are stabilized by the formation of covalent cross-
links [22].
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3. COLLAGEN TYPES

3.1. Collagen types L, II, I11, V and XI - fibril-
forming collagen

Classical fibril-forming collagen includes collagen
types I, II, III, V, and XI. These collagenes are
characterized by their ability to aggregate into
highly oriented supramolecular aggregates, forming
fibrillar arrays with diameters between 25 and 400
nm. In electron microscopy, fibrils are identified by
a characteristic banding pattern with a periodicity
of about 70 nm, based on a gradual arrangement
of individual collagen monomers . It is the type I
collagen that is the most widely found and studied
type of collagen. It makes up more than 90% of
organic bone mass and is the main collagen of
tendons, skin, ligaments, cornea and many interstitial
connective tissues, with the exception of very few
tissues such as hyaline cartilage, brain, and vitreous
body. Triple helical fibers are incorporated in the
composite in vivo, often containing either type III
collagen (in the skin and reticular fibers) or type V
collagen (in bone, tendon, cornea). In most organs,
and particularly in tendons and fascia, type I collagen
provides tensile stiffness and defines important
biomechanical properties in bone, particularly after
calcification, related to load bearing, tensile strength,
and torsional stiffness [23].

Fibril-forming type II collagen is the characteristic
and predominant component of hyaline cartilage.
However, it is also found in the vitreous body,
corneal epithelium, notochord, nucleus pulposus
of intervertebral discs and embryonic epithelium.
The triple helix of type II collagen consists of
a homotrimeric molecule similar in size and
biomechanical properties to type I collagen. Collagen
fibrils in cartilage represent heterofibrils containing
type XI and IX collagen that are expected to limit
the fibril diameter to about 15-50 nm and other non-
collagen proteins, in addition to dominant collagen
type II. Compared to type I collagen, type II collagen
chains show a higher hydroxylisine content as well
as glucosyl and galactosyl residues that mediate
interaction with proteoglycans, another typical
component of the highly hydrated hyaline cartilage
matrix. Type III collagen is homotrimary and is
widely distributed in tissues containing collagen
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type I except bone. It is an important component of
reticular fibers in the interstitial tissue of the lungs,
liver, dermis, spleen, and vessels. This homotrimeric
molecule also frequently contributes to mixed fibers
with type I collagen and is also abundant in elastic
tissues [24].

In type V and XI collagen, they form a heterotrimer
molecule. It is remarkable that only the degree of
glycosylation and hydroxylation differs from type
XTI collagen type II . Although not finally resolved,
there appears to be a combination between different
collagen types of V and XI chains in various tissues.
Thus, collagen types V and XI form a subfamily
within fibril-forming collagen, although they share
similar biochemical properties and functions with
other members of this family. As noted previously,
type V collagen typically forms heterofibrils
with type I and III collagen and contributes to the
organic bone matrix, the corneal stroma and the
interstitial matrix of the muscles, liver, lungs, and
placenta. Type XI collagen is distributed largely to
the articular cartilage by type II collagen. Because
the triple helix areas are immunologically masked
in the tissues, they are thought to be located in the
center of the fibrils rather than their surface. In the
“gut-sac” experiments in this study, peptides within
the MW range were detected from 1 kD to 10 kD
on the serosal side of the intestine after application
of gelatin hydrolysate, suggesting that gelatin is
also absorbed to some degree in a high molecular
form. In summary, this study demonstrates that
gelatin hydrolysate is absorbed from the intestine
and ideally deposited in cartilage. These findings
indicate that the specific amino acid and peptide
profile of gelatin could be responsible for previous
reports of the therapeutic effectiveness of oral gelatin
in musculoskeletal degenerative conditions [25].

Figure 2 shows the appearance of different types
of collagen under the microscope: A, fibril forming
(collagen type I) [26], B, basement membrane
(collagen type IV) [27], C, microfibrillar (collagen
type VI) [28], D, microscopy of the most common
collagen groups showing binding fibrils (collagen
type VI) [29], E, FACIT (collagen type XIII) [30], F,
transmembrane (collagen type XIII) [31, 32].
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Figure 2. Different types of collagen under the microscope: A, fibril forming (collagen type I) [26], B, basement membrane

(collagen type 1V) [27], C, microfibrillar (collagen type VI) [28], D, microscopy of the most common collagen groups showing
binding fibrils (collagen type VI) [29], E, FACIT (collagen type XIII) [30], F, transmembrane (collagen type XIII) [31, 32]

3.2. Collagen types IX, XII and XIV - The
FACIT collagen

Collagen types IX, XII, XIV, XVI, XIX and XX
belong to Fractured Triple-helix Fibril Associated
Collagen (FACIT collagenes) [33]. The structures
of these collagenes are characterized by “collagen
domains” interrupted by short non-helical areas, and
trimeric molecules are associated with the surfaces
of various fibrils. Collagen type IX is distributed
together with type II collagen in the cartilage and
vitreous body. Type IX collagen molecules are
periodically located in the antiparallel direction along
the surface of type II collagen fibrils. This interaction
is stabilized by cross links. In addition, collagen type
XVl is found in hyaline cartilage and skin. Type XII
and type XIV collagen are similar in structure. Both
molecules associate or coexist with type I collagen in
the skin, perichondrium, periosteum, tendons, lung,
liver, placenta and vessel walls [34].

According table 2 the collagen superfamily comprises
28 members numbered with Roman numerals in
vertebrates (I-XXVIII). The Table 2 includes some
members of the family. The common structural
feature of collagens is the presence of a triple helix
that can range from most of their structure (96%
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for collagen I) to less than 10% (collagen XII). As
described in the following discussion, the diversity
of the collagen family is further increased by the
existence of several a chains, several molecular
isoforms and supramolecular structures for a single
collagen type, and the use of alternative promoters
and alternative splicing.

4. IDENTIFICATION AND
QUANTIFICATION METHODS

It is necessary to rely on the most appropriate
analysis technique to evaluate the quality feature.
Techniques such as SEC, MS and NMR are
used to characterize complex peptide mixtures.
Size exclusion chromatography (SEC) is a well-
known technique widely used to determine the
polydispersity of collagen hydrolysates as a quality
feature [36]. The detailed SEC profile can identify
subtle differences and the acceptable range of
differences between batches to prove the consistency
of the manufacturing process. However, the most
advanced techniques such as mass spectrometry
(MS) and nuclear magnetic resonance (NMR) are
more sensitive and highly capable methods for
determining the composition and properties of
components found in complex mixtures [13]. DSC is
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Table 2. The collagen family [35].

The collagen family
Collagen type o Chains Molecular species
Collagen | al(l), a2(I) [al(T)]2, a2(1), [al(1)]3
Collagen II al(Il) [al(I)]3
Collagen III al(II0) [al(IID]3
Collagen IV al(IV), a2(IV), a3(1V), 04(IV), a5(1V), [al(IV)]2, [a5(IV)]2, a2(1V), a3(IV),
a6(IV) a4(IV), a5(1V), a6(IV)
Collagen V al(V), a2(V), a3(V), 04(V)a [al(V)]2, a2(V)
[al(V)]3
[al(V)]204(V)
Collagen VI al(VI), a2(VI), a3(VI), a4(VI), a5(VI),
a6(VI),
Collagen VII al(VID) [al(VID)]3
Collagen VIII al(VIII) [al(VIID)]2, a2(VII), al(VIII),
[a2(VIID)]2
[al(VIID)]3
[o2(VIID)]3

a well-developed analytical method used to measure
transitions in polymers and is typically used to study
collagen thermal stability [37].

In this study that Sonja Gamsjaeger et al. was to
validate Raman spectroscopic parameters describing
one of the major mineralizing type I trivalent
cross-links, namely pyridinoline (PYD). To this
end, a series of collagen cross-linked peptides with
known PYD content (as determined by the HPLC
analysis), human bone, porcine skin, predentin
and dentin animal model tissue were analyzed by
Raman microspectroscopy. The results of this study
indicate that it is possible to track the spectroscopic
analysis of PYD trivalent collagen cross-links in
mineralized tissues by Raman, exclusively through
the Raman band ~1660 wavenumbers. This enables
the determination of the relative PYD content in
undecalcified bone tissue with a spatial resolution of
~1 pm, thus enabling correlations with histological
and histomorphometric parameters. In conclusion,
the findings of the present study indicate that the
detection of the amide I underlying peak ~1660
cm' (based on the second derivative spectra) in
the Raman spectra indicates the presence of PYD
collagen cross-links in mineralized tissue samples;
in addition, the resolution area underlying the 1660
cm™! peak is significantly associated with the PYD
content and may therefore be used in analytics [38].
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In our review, we have summarized the studies on
collagen in Table 3. Some of the studies include
collagen, some of its dispersion products, and
some studies about collagen types. Identification,
characterization and quantification of collagen were
performed with the devices we specified. The purpose
and results of the studies indicated in Table 3 will
be helpful in guiding such future studies, especially
since there are few studies on quantification in the
studies.

5. PHARMACOLOGY

5.1. Mechanism of Action

As a result of its capacity to stop bleeding,
it to use as a hemostat or coagulation element.
Animal-derived (natural) collagen is used in many
clinical applications, but there is some concern
about its role in inflammation, group-to-group
variability, and possible disease transfection.
Some synthetic nanomaterials that can mimic their
properties have been developed to avoid immune
problems. Accordingly, collagen with the trade
name KOD™ was developed. KOD collagen,
anticoagulant fractions, can increase platelet
activation and adhesion. It also binds the platelets
of the form clots, activates them and promotes
healing without promoting inflammation [51].
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Gelatin is a heterogeneous mixture of polypeptides
formed by collagen hydrolysis. In addition to the
fact that gelatin hydrolysate is absorbed from
the intestine, an examination of the consistency
of gelatin absorption is of great importance. It is
generally believed that peptides are hydrolyzed in
the gastrointestinal tract prior to absorption so that
free amino acids primarily enter the circulation.
However there is ample evidence that peptides or
even macromolecules may also be absorbed intact.
Earlier investigations indicated that all peptides and
macromolecular proteins can be absorbed from the
intestine and maintain some biological function.

Peptides formed by hydrolysis of a large molecule
of collagen can have great health benefits and can
enhance the skin’s properties. Using “gut sac”
studies, Oeser et al. studied the molecular weight
of hydrolyzed collagen consumed in the intestinal
tract. Techniques such as high-performance liquid
chromatography and sodium dodecyl sulfate
polyacrylamide gel electrophoresis have shown that
peptides in the 1-10 kDa molecular weight range can
be absorbed. In summary, this study demonstrates
that gelatin hydrolysate is absorbed from the intestine
and ideally deposited in cartilage. These findings
indicate that the specific amino acid and peptide
profile of gelatin could be responsible for previous
reports of the therapeutic effectiveness of oral gelatin
in musculoskeletal degenerative conditions [25].
Scientific research have shown that the first effect,
which is emphasized after absorption of collagen
hydrolyzate, is an antioxidant and the second effect
is biological activity. Collagen hydrolyzate is a
bioactive component that has the effect of improving
epidermis moisture content, preventing aging of the
skin and regenerating joints and connective tissues.
Collagen is digested by the enzyme collagenase
[52]. After oral intake, more than 90% of collagen
hydrolyzate is digested and quickly absorbed [53].
The digestion of collagen hydrolyzate has been
found to be healthy as a food product [54].

Iwai et al. showed that a large amount of hydrolyzed
collagen derived from hydroxyproline existed in the
blood of healthy human volunteers who ate, after
12 hours of fasting, cartilage hydrolyzed collagen,
chicken legs and porcine skin. After consumption of
collagen, the amount of hydroxyproline-containing
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peptides in the blood increased to a peak after 2 hours,
followed by a decrease to half the maximum level
at 4 hours after ingestion. A small peptide, proline-
hydroxyproline (Pro-Hyp), was detected in the blood
following ingestion of hydrolyzed collagen. The
amount of Pro-Hyp present in human plasma was
found to be 25-60 nmol/mL after ingestion of 9.4-23
g of hydrolyzed collagen. The higher levels of Pro-
Hyp found in blood may be partially explained by
the higher amount of Pro-Hyp in collagen. Studies by
Iwai et all5 indicate that Pro-Hyp may be considered
an indigestible peptide because more than 75% of
Pro-Hyp has been shown to remain in the blood for
24 hours after an in vitro human serum reaction [53].

Chen et al. have studied the effect of various
concentrations of hydrolyzed collagen extracted from
fish on fibroblasts and keratinocytes. They looked,
in particular, at the proliferation and development of
collagen. Collagen concentrations of 48-97 pg/mL
were found to result in optimal proliferation (191%)
[55].

Ohara et al. performed a single-blind crossover
analysis comparing the structure and quantity of
food-derived gelatin hydrolysates in human blood
from three collagen type I sources. Five stable
male volunteers ingested collagen type I gelatin
hydrolysate from fish scales, fish skin, or porcine
skin after 12 hours of fasting. Approximately 30 per
cent of hydroxyproline-containing peptides have
been found in the blood for a period of 24 hours [45].

There is however, significant evidence that peptides
can be hydrolyzed in the gastrointestinal tract until
they are consumed so that primarily free amino acids
can enter the circulation. Hydroxyproline is absorbed
in two ways, i.e. the combination of amino acid and
peptide [56].

The mechanism of absorption through the intestinal
membrane has been extensively studied. Epithelial
cells are critical sites for the absorption of various
nutrients. There are three ways in which the
intestinal transport of oligopeptides can take
place: PEPTI1-mediated transport of dipeptides
and tripeptides mediated by PEPT1 [57]; transport
of macromolecules such as proteins through the
transcytotic route [58]; and transport of peptide
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absorption through the passive intracellular route.
The complete role of these pathways in intestinal
oligopeptide absorption is not yet completely
understated [59].

Transcellular transmission of these peptides
through intestinal epithelial cells is a two-step
process involving the transport of peptides across
two different membranes, i.e. the absorption of
epithelial cells through the borderline membrane of
the brush and the absorption into the bloodstream
through the basolateral membrane. The first
stage is the introduction of hydrogen ion-coupled
peptide transporters, namely PEPT1 and PEPT2.
PEPT1 serves as an enantioselective transporter
of monovalent, polyvalent and neutral charged
peptides. Collagen-derived peptides (Pro-Hyp and
Glycine-Pro-Hyp) have been shown to be absorbed
through the PEPT]1 transporter [60].

Collagen peptides are digested and spread across
the body after ingestion. Watanabe-Kamiyama et al
examined the delivery of collagen peptides to the
skin and other tissues through an in vivo experiment
in which 14C-labelled proline or collagen peptides
were administered to Wistar rats. Radioactivity was
assessed in various tissues 0—6 hours after ingestion
of collagen peptides and 14 days afterwards. The
findings were very positive in terms of time spent
in the skin and showed that radioactivity stayed
elevated in the skin tissue for up to 14 days. This
shows the capacity of collagen peptides to penetrate
the skin of the dermis where their key advantage is
observed [61].

5.2. Absorption, distribution, metabolisation and
elimination

The first effect that is illustrated after absorption of
collagen hydrolyze has been shown by experimental
studies to be an antioxidant and the second to be
biological activity [62]. Studies show that CH is
detected in the portal vein and blood after oral
administration, and the peptides are absorbed from
the gut as larger peptides in vivo. Some studies show
that the peptide derived from CH is absorbed from the
gut after oral administration of CH and many tissues
can be reached with systemic administration. There is
some research on the absorption of collagen-derived
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tripeptides and their transport into the bloodstream
in their intact form. In these studies, studies have
shown that collagen tripeptide is rapidly absorbed
into the blood and transferred to tissues easily since
the collagen tripeptide’s average molecular weight
is far smaller than that of the conventional collagen
peptide. According to the results of the research, it
has been suggested that the application of collagen
as tripeptides enables the absorption of functional
peptides [63].

5.3. Absorption and Distribution

Collagen is long used in medicinal applications but
it is not well known the absorption mechanism.
Peptides are typically digested proteolytically in the
gastrointestinal tract until absorption. Nevertheless,
Oesser et al. suggested that collagen hydrolysate
administered orally can be absorbed from the bowels
and accumulated preferably in the cartilage tissue
by the mice [25]. We have previously stated that
after oral ingestion of collagen hydrolysates many
peptides derived from collagen can be detected in
human serum and plasma [53].

Collagen, the main macromolecule extracellular
matrix, is commonly used for medical purposes.
Examined by Kamiyama et al. the absorption process
of low molecular weight collagen hydrolysate
(LMW-CH) in rats and its effects on osteoporosis.
When applied to Wistar rats, LMW-CH rapidly
increased plasma radioactivity with ['*C] Proline
(Pro Group) or glycyl ["*C] prolyl-hydroxyproline
(CTp group). It was absorbed as LMW-CH peptide
in the blood of Wistar rats. In plasma and kidney,
glycyl-prolyl-prolyl  hydroxyproline  tripeptide
continued. In this study, researchers examined
the absorption, using radioactive tracers, of low-
weight molecular collagen hydrolysate (LMW-CH).
Researchers measured radioactive distribution in the
body and analyzed the plasma’s radioactive peptides.
Kamiyama et al. also examined whether LMW-CH is
spontaneously hypertensive to bone composition of
ovary-extracted (OVX) stroke-prone rats (SHRSPs).
Here researchers described new findings on the
mechanism of absorption and beneficial effects
of collagen hydrolyse on osteoporosis.Wistar rats
with either ["* C] proline (Pro group) or glycyl-[*
Clprolyl-hydroxyproline (CT group ), LMW-CH
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rapidly increased plasma radioactivity. LMW-
CH was absorbed into the blood of Wistar rats in
the peptide form. Glycyl-prolyl-hydroxyproline
tripeptide remained in the plasma and accumulated
in the kidney. In both groups, radio activity was
retained at a high level in the skin until 14 days
after administration. Additionally, the administration
of LMW-CH stroke-prone
spontancously hypertensive rats increased the
organic substance content and decreased the water
content of the left femur [61].

to ovariectomized

In the study by Sneha et al. examined that peptides
containing Hyp, such as Gly-Pro-Hyp (GPH) and
Pro-Hyp (PH), are more effectively absorbed and
hit a higher plasma level after oral administration
of CTP (collagen tripeptide) in rats than high
molecular weight collagen peptides (H-CP). GPH
and PH were found to be stable in gastrointestinal
fluid and rat plasma for 2 hours. The capacity of
GPH and PH to permeate biological membranes was
also investigated using an in vitro model of human
intestinal mucosa (Caco-2 cell monolayer) [64].

Anne J. et al. analyzed four collagen hydrolysates
in different matrices (solvent, TIM dialysate,
and human serum) using non-targeted LC-MS
to compare the state of the hydrolysates before
and after absorption, either in vitro or in vivo.
The (data) analytical workflow presented here is
particularly useful for investigating the behavior of
protein hydrolysates. Their structure is often highly
complex prior to ingestion, and during digestion and
absorption, hydrolysate components will be exposed
to many enzymes (with broad specificity) and
chemical hydrolysis. Many hydrolysate components
would be produced from precursors and degraded
at the same time, reducing the usefulness of
recording intermediate concentrations. Researchers
demonstrated how mixing non-targeted and targeted
data analysis can provide a general overview of the
data collection. [65].

According Table 4, lists the numerous kinds of
collagen, as well as their function and distribution in
various orodental tissues [66]. As can be seen from
the table 4, each of the 19 collagen types has different
characteristics. This difference was also seen in the
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distribution in orodental tissue. While many types
of collagen are dispersed in cartilage, bond, and
basal lamina, very few of them are distributed in cell
surface, pulp, and dentin.

5.4. Metabolization and Elimination

Unfortunately, little is known about the regulation
of collagen synthesis, secretion, deposition, and
turnover in connective tissues. Changes in the
cell environment are known to lead to changes in
collagen forms, and it is recognized that simple
changes such as an increase in ions of K+ will lead
to an increase in cell proliferation and extracellular
matrix synthesis [67].

All of these processes include regulatory changes in
the forms of collagen synthesis, and these changes are
caused or triggered by changes in the environment of
mesenchymal cells or immature fibroblasts. Identical
variations arise in the formation of a cartilaginous
fracture callus, ectopic bone formation, and several
repair processes. The amount of collagen synthesized
has also been shown to be affected by a variety
of factors [68]. Ascorbate, for example, has been
shown to increase collagen synthesis with or without
an increase in prolyl hydroxylase activity [69].
Prostaglandins El and F1 induce collagen synthesis
in the skin and bone of chick embryos, and activated
macrophages release a soluble factor that stimulates
the synthesis of collagen and other proteins in
granulation tissues. Since these prostaglandins
are increased in inflammatory lesions, these
findings may help to explain why inflammation
stimulates collagen synthesis. Prostaglandin E2 is
a relatively specific inhibitor of collagen synthesis
by osteoblasts, according to numerous reports, and
other connective tissues produce one or more small
basic proteins that mimic hyaluronate production
but inhibit collagen production. Nonetheless, these
findings are all preliminary, and many more good
basic studies of the control of collagen transcription,
translation, and posttranslational modifications,
as well as the extracellular enzymes necessary for
collagen deposition, stabilization, and degradation
in all connective tissues, are urgently needed [70].
There are few studies on the metabolism and
elimination of collagen.
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Table 4.
Type of collagen Special features Distribution in orodental tisses
1 B ti t 1
Most abundant .one, dentin, cementum, tendon and
ligaments
I Heterofibril with IX and XI Cartilage
111 Pulp, bl Is, lymphoid ti
Most in elastic tissues ulp, b 09d Yesse s, lymphoid tissue and
embryonic tissue
v Interacts with laminin, integrin, nidogen .
Basal lamina
and type IV collagen
\% 1.Forms core of collagen I
Basal lamina, dentin, skin, blood vessels,
2.Binds to DNA, heparin sulfate, heparin, . .
: o periodontal ligament
thrombospondin and insiilin
VI Disulfid bonds Skin, ligamnet skin
VII Dimers in anchoring plagues Epithelium
VIII Endothelium
IX Associated with cartilage .
. Cartilage
glycosaminoglycans
XI Core of type I Cartilage
XII Abundant in connective tissue
XIIT T b domain and coll
ransglem rane comatt and cotlagenous Cell surface, focal adhesions, epidermis
domain.
X1V Abundant in connective tissue
XV Antiangiogenic factors Epithelium and Endothelium
XVI . Perineural endothelium epithelial basal
Interruptions present .
lamina, muscle
XVII Hydrophobic transmembrane Hemidesmosome
XVIII Antiangiogenic factors Epithelium and Endothelium
XIX Perineural endothelium epithelial basal
lamina, muscle
XX Tendon cartilage

The amino acid composition of collagen was
identified in this review, as well as the current state
of knowledge about the synthesis of its specific
amino acids, hydroxyproline and hydroxylysine.
When studying collagen or its metabolism in
the whole animal, the paper emphasizes the
importance of understanding the function of
histoarchitecture and interactions of collagen with
other compounds [71].

This analysis will discuss various basic steps in
collagen anabolism and catabolism as well as
the particular types of collagen found in the skin,
tendon, bone, blood vessels, cartilage, and cell
membranes and addresses illnesses linked to
excesive collagen accumulation leading to different
types of fibrosis [72].
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This analysis focuses on recent findings regarding
the function of proline (Pro) in collagen biosynthesis
and cellular metabolism. It seems apparent that one
of the primary substrates for collagen biosynthesis,
Pro, is needed for the formation of a collagen
molecule. The review raises the question of whether
Pro for collagen biosynthesis is synthesized “de
novo,” derived directly from degraded proteins,
or transformed from other amino acids. Recent
research found that extracellular Pro (added to
culture medium) had an important but minimal
effect on collagen biosynthesis in fibroblasts (the
primary collagen synthesized cells) cultured in the
presence of glutamine (Gln). Extracellular Pro, on
the other hand, significantly improved collagen
biosynthesis in cells cultured in Gln-free medium.
This study discusses the proposed mechanism of this
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method as well as the potential implications of this
understanding in the pharmacotherapy of connective
tissue diseases [73].

Proline and hydroxyproline, formed by the
breakdown of collagen, are important amino acids
(AAs) for cell structure and function. During the
life cycle, there are significant differences in proline
metabolism and requirements among vertebrate
animals. Proline, on the other hand, seems to be
a significant regulator of cell metabolism and
physiology, according to new research. In this
study, chemical structures and functions of proline
and hydroxyproline, developmental changes of
proline and hydroxyproline in body proteins and
physiological fluids, and proline metabolism are
studied [74].

Transepidermal elimination of abnormally stained
collagen bundles is seen on histopathological
analysis of the lesions. The cause of extrusion of
collagen through the epidermis is little known.
Several investigations have revealed that the removed
collagen is structurally normal; this suggests that
more subtle chemical changes are occurring that
are not compromising the structural integrity of
the collagen molecules. The immune system may
subsequently detect the changed collagen as alien,
and a humoral immune response may initiate the
process of transepidermal elimination [75].

5.5. Side Effects

Collagen is widely used as it helps blood coagulate,
remodeling tissue. Although there are no known
side effects, there is some concern about its role
in inflammation, group-to-group variability, and
possible disease transfection, given that animal-
derived (natural) collagen is used in many clinical
applications.  Products  containing  collagen
hydrolysates have been used for many years
without reporting serious side effects. However, it
is also important to realize that different collagen
hydrolyzate formulations are marketed and can exert
an unparalleled effect on safety. Also, safety was
evaluated in vitro using CaCo-2 and HepG2 cell
lines, which are routinely used in the pharmaceutical

industry to control drug toxicity [76].
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6. COLLAGEN PRODUCTS

6.1. Collagen Supplements

Not every protein is of equal value, so not
every collagen is of equal value. Thanks to its
low molecular weight, hydrolyzed collagen is
quickly digested by our body and enters our blood
circulation. According to study, the most suitable
type of collagen is the one in powder or liquid form
for collagen peptides that can be easily absorbed
and used by our body. When we ingest this type of
collagen via food, it reaches the bloodstream that
will be used by the body in a very short time. It has a
high bioavailability and is therefore the most favored
collagen in this type. In terms of bioavailability, the
collagen pill type provided in tablet or capsule form
is lower than the others. It is more difficult for the
collagen in the capsule to be digested in our stomach
and to completely enter the bloodstream. Collagen
capsules also have other disadvantages. Although it
may seem easy to use, it can actually be misleading.
You may need to swallow 10-20 of these capsules a
day to get the daily amount of collagen you need. In
addition to collagen, we also take into our bodies the
ingredients such as thickener and emulsifier used in
the production of these capsules [77].

Taking the collagen needed by our body only with
nutrition under normal conditions can cause various
digestive problems or weight problems. Collagen
sachet dosage form is prepared with the amount
of collagen needed with a formula that does not
contain any extra ingredients. It does not contain
any additives and is presented in a form that you
can easily add to your food and drinks. Another
advantage of collagen sachet products is that you can
easily consume it wherever you are at work, at home
or at school. Being in single-use packages creates
ease of use [78].

Collagen and its fractions have shown a major
function as valuable nutritional fibers and protein
source in composing human diets due to the features
of moisture absorption [79]. As human beings grow
older, the synthesis of collagen will decrease and the
tissues will become thinner, weaker and less flexible.
Collagen supplements are designed to protect users’
skin , hair , nails and body tissues. By attracting
fibroblasts that generate the synthesis of new
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collagen, the collagen metabolites assemble bone,
skin and ligaments. It develops the diameter and
cohesion of the dermal collagen fibers of collagen
fibrils in the dermis. The thickness, flexibility and
resilience of the tissues, as well as hydration, will
therefore be improved. The function of skin dermis
and epidermis may be advanced by collagen.By
increasing the capacity of the outermost skin layer
to absorb water. Skin tissue hydration is directly
related to smoothness and reduces wrinkling.
Supplementing collagen can increase lean muscle
gain, decrease recovery time, rebuild damaged joint
structure, and boost cardiovascular performance.
This is achieved by promoting natural creatine, an
essential amino acid in new muscle growth after
workouts, by collagen [80].

6.1.1. Liquid collagen

Luqiud collagen forms have similar properties to
powder collagen forms. Since it is a hydrolyzed
collagen supplement, its absorption is faster and
easier. However, collagen in liquid form contains
aroma. The majority of collagen supplements are
available in powder or liquid form, and they can
be flavored or unflavored. Many people prefer the
unflavored kind since it can be mixed into dishes and
beverages without altering the flavor. At the same
time, it is easy to consume in daily life as its portion
and mixture are ready.

6.1.2. Oral collagen in solid dosage forms

Powder form

Collagen supplements, which are in powder form,
are absorbed from the moment they enter the body,
before they reach the digestive system organs such as
stomach and intestines. In this way, higher efficiency
is obtained. Collagen supplements in powder form
are easier to use, they can be easily drunk by adding
them to coffee, water or the liquid you will consume.
One research, discovered that using oral collagen
supplements improved skin elasticity, hydration, and
collagen density [81].

Collagen tablets

Collagen tablets contain less hydrolyzed collagen
than liquid and powder forms. It also takes longer to
break down and absorb than other forms.
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6.2. Collagen as an additive to food

Collagens are used as food additives that enhance the
rheological properties of sausages and frankfurters,
as well as ensure sufficient quantities of animal
nutritional fibers. Technological and rheological
characteristics of meat containing raw material added
with collagen or its fractions may be enhanced. The
addition of collagen to liverwurst or paste increases
the consistency of the products and decreases the
rate of incidence of fat caps. Santana et al . ( 2011)
indicated that collagen fiber treated with heat has
a good potential for use as an emulsifier in the
application of food , especially in acidic products
[80].

6.3. Collagen in beverages

Collagen-infused beverages are another global
market development nowadays. Many goods, such as
soy collagen, cocoa collagen, cappuccino collagen,
collagen juice and bird nest drink with collagen, are
published by producers. Proposed a collagen-infused
energy drink to help promote the natural capacity of
the body to produce fatty tissues [82]. The collagen
drink usually claims to activate the body’s collagen
producing process , which in turn will promote the
tissues of the body and reduce the wrinkles and
sagging of the skin. As a consequence, the drink
“Vitagen Collagen” was developed to promote the
production of beneficial gut bacteria and profoundly
radiate beauty from outside the skin. In addition,
Avon has also developed the Avon Life Marine
Fish Peptide Collagen Drink, a groundbreaking
drink made from salmon fish skin, vitamin C and
fructooligosaccharides made from pure and high-
quality fish peptide collagen [80].

6.3.1. Coffee

With the growing popularity of collagen supplements
has come a slew of new trends, such as the addition
of collagen peptides to coffee. Many people believe
that this is an excellent method to get extra collagen
into their diets. Because of its neutral flavor, the
unflavored form may be simply added to meals and
beverages without dramatically altering their flavor.
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When it comes to adding collagen to coffee,
the biggest issue may be the influence of higher
temperatures on the supplement’s quality. Proteins
are generally denatured when exposed to high
temperatures or acidic and alkaline solutions,
resulting in a minor change in their structure.

This is significant because collagen peptides are
often produced by exposing animal skins to an acidic
or alkaline solution in order to release the collagen.
The hides are then boiled in water at temperatures
as high as 190°F (88°C) to extract more collagen
peptides. [83]

Even so, if collagen proteins are subjected to even
greater temperatures, a process known as degradation
can occur, further degrading the protein. At this time,
the protein may no longer work properly, rendering
the supplement ineffective.

One research found that when collagen proteins were
exposed to temperatures ranging from 302-788°F
(150-420°C), their initial breakdown occurred at
302°F (150°C) [84].

Coffee, on the other hand, is normally brewed at 195—
205°F (90-96°C) - a far lower temperature range.
As a result, as long as your coffee is below 3020F
(1500C) when you add your collagen supplement,
the powder’s quality should be unaffected [85].

7. CONCLUSION

In the food and beverage sectors, collagen has proved
to be a significant ingredient. Collagen has been used
as protein dietary supplements, meat processing
carriers, edible film and product coatings, and food
additives to enhance the consistency of products. In
addition, collagen can improve the product’s health
and nutritional value.

As an identity test of collagen hydrolysates, we took
advantage of the abilities of the analytical techniques
SEC, MS, and NMR to determine the characteristic
peptide patterns.
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Developing new functional food formulations using
collagen hydrolyzate and optimizing production
conditions technologically is critical for the food
industry. Studies have supported the beneficial
effects of collagen hydrolyzate on health and skin,
as well as high levels of bioavailability as a result
of oral intake of collagen hydrolyzate. Collagen
hydrolyzate has been identified in food , cosmetics,
photography, medicine and pharmacy for a broad
range of uses. Being a natural protein and its technical
characteristics, it is expected that development and
consumption of collagen hydrolyzate will increase in
the coming years.
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