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Collagen Peptides — Source, Properties and Benefits
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Collagen peptides, oral ingested and topical administered, have positive effects on human health and beauty. These effects
of supplemented collagen peptides are based on their impact on human collagen, naturally found as one of the most
abundant proteins in the body. Human collagen is vital for the elasticity, flexibility and strength in skin, tendons and
ligaments, but also in the cornea, cartilage, bones, blood vessels, gut and more. Today, collagen peptides are increasingly
used as dietary supplement or active ingredient in nutraceuticals, functional foods and cosmetics. Collagen peptides are the
building blocks of the versatile high protein ingredient gelatin. Gelatin is a natural animal derived food ingredient and
traditionally used in human nutrition for hundreds of years. Collagen peptides, also called hydrolysed gelatin or collagen
hydrolysate, are soluble in water and show better bioavailability in the human body than gelatin. The diversity of possible
applications and innovations increased the interest in a wider variation of collagen peptides with diverse properties. Fish
derived collagen peptides received more attention in the recent past due to their favourable characteristics and less consumer
reservations compared to mammal-derived ingredients.

Since the 1950s, various studies report beneficial health and beauty effects of gelatin and collagen peptides. In the following
review we will give some background information and summarize recent studies on the positive effects of oral and topical
administered collagen peptides on human health and beauty.

Collagen, gelatin and collagen peptides shows a wider variety in amino acids and differs in the
) ) o amount of imino acids. These small modifications in the
Collagen is found in all connective tissue and accounts for fish gelatin composition might be the reason for the lower

25-35 %. of the whole-body protein con.tent. Co<l>ke.d melting point and weaker gel strength (Avena-Bustillos,
collagen is the well-known foodstuff gelatin. Gelatin is 2006; Karim, 2009). Gelatin is widely utilized ie. as
industrially extracted from collagen rich sources like : i

animal bones and skin. In that process, the structure of the
insoluble collagen is partly denatured by thermal
hydrolysis. Additional chemical or biochemical treatment
with acid, base or enzymes can be carried out to modify
the amino acid composition and functional properties of Collagen peptides are the building blocks of gelatin and
the extracted gelatin (Schrieber & Gareis, 2007). can be produced by enzymatic hydrolysis of gelatin, using
proteases. The specific properties of collagen peptides
make them available for utilization as ingredient and food
supplement in the form of drinks, tablets or powders, but
also in liquid cosmetic applications, crémes, sprays and
mousses (Thorkelsson et al., 2009). Hydrolysed collagen
peptides have usually a molecular weight between 0.3 and
8 kDa, depending on the extraction methodology and
processing. They are water-soluble, highly digestible,
easily absorbed and can be distributed in the human body

cqmposition in all gelatins. is .Very specific and the (Sibilla et. al, 2015). An even higher solubility show fish
primary structure (Gly-X-Y) is highly conserved (Kadler derived collagen peptides because of the low melting

et al., 2007). The amino acid composition in fish gelatin point especially of cold water fish collagens. This

gelling or binding agent, stabilizer, emulsifier and foam
former in food, cosmetic applications and other fields.
Furthermore, it is an important protein source and
contains eight out of the nine essential amino acids.

Beside the traditional bovine and porcine sources became
marine sources, especially fish a valuable raw material for
gelatin extraction (Silva et al., 2014). Fish gelatin is
available in high values from fish by-products (Arnesen
& Gildberg, 2006; Wasswa et al., 2007). Compared to
mammal gelatins it has slightly different physical and
chemical characteristics and is not in conflict with
religious restrictions (Karim et al., 2009). The amino acid
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characteristic make the cold water fish collagen peptides
attractive for use in certain applications like fluids. In oral
administered applications this property might e.g. make
chewing much more comfortable. Fish collagens also
have been shown to be a capable ingredient in topical
administered cosmetic applications (Chai et al, 2010;
Wang et al., 2008).

Food safety

Gelatin and collagen peptides, used in human nutrition
and cosmetics, are generally regarded as safe. In 1975
gave the FDA GRAS status to gelatin, due to the fact that
gelatin is hydrolysed collagen, an ingredient naturally
occurring in all animal derived foodstuff. Based on
international research results, both the World Health
Organization and European Commission for Health and
Consumer Protection have confirmed that collagen
peptides are safe.

Collagen peptide supplementation — Effect on health
and beauty

Today’s consumers care more about the nutritional value
of food products than before. They became demanding
regarding food quality and nutritional value of their
consumed foodstuff. A modern customer not only expect
food to fill up, it should add value to the customer’s well-
being. Nutraceuticals and so-called functional foods,
claiming health and beauty effects, were shown to have
obvious benefits for the consumer. The market for
functional foods has significantly increased in the recent
past (Leatherhead, 2013). Collagen peptides are ideally
suitable as dietary supplement and ingredient in modern
nutrition. Various beneficial health and beauty effects
have been reported (Zague, 2008; Wu, 2004).

To trust the positive effects of orally administered
collagen peptides, it has to make evidence that bioactive
collagen peptides can pass the body’s natural barrier and
reach the targeted tissue. Different scientific studies show
evidence for the bioavailability of collagen peptides after
oral intake.

Specific accumulation of labeled collagen peptides in
cartilage after oral administration was proven in a
scientific study already in the late 90’s (Oesser et. al,
1999). Other studies suggest that bioactive collagen
peptides and amino acids reach the blood stream and can
further be distributed throughout the body (Iwai et al.,
2005; Ohara et al., 2007). These findings provide strong
support for the research showing beneficial effects of
ingested collagen peptides in the human body.

Positive impact on human prettiness

The use of functional foods and nutraceuticals to maintain
and restore skin beauty has increased significantly in the
last 10 years. Promising results in preclinical and

bioavailability studies that investigated the effect of
collagen peptides on skin health promoted an increased
utilization of those peptides in functional foods (Zague,
2008). This trend led to even more studies and accurate
research in that field.

Collagen is the main component of the human skin. Type
I collagen, together with minor amounts of type III and
other collagens, are produced and organized in dermal
fibroblasts, the connective tissue cells in the dermis. The
collagen fibers provide structural support, elasticity and
help the skin to resist stretching (Sibilla et al., 2015;
Flaschmajer et al., 1990). Thicker collagen fibrils in
fibroblasts are considered as mechanically stronger than
fibrils with smaller diameter. Very early studies showed
that collagen biosynthesis can be activated by fibroblast
activation with food-derived collagen peptides in human
blood. (Postlethwaite et al., 1978; Parry et al., 1978).

Collagen hydrolysate treated test subjects showed a larger
diameter and higher density of collagen fibrils and a
higher fibroblast density, compared to a water and a
lactalbumin treated reference group. A collagen specific
effect is indicated since the alternative protein diet with
lactalbumin showed no significant changes in collagen
fibrils and fibroblasts (Matsuda et al., 2006). A collagen
specific effect on skin aging factors was shown in another
study. Skin aging results from degradation of structural
components, like collagen and elastin, and moisture loss
in the skin. The production of matrix metalloproteinases,
a group of enzymes that is capable of degrading structural
components of the extracellular matrix including collagen
and elastin, is inhibited after 4 weeks of a collagen
peptide diet. The results suggest that collagen hydrolysate
can stimulate anabolic processes and reduce aging-related
processes in the skin (Zague et al., 2011). The reduction
of wrinkles after 8 weeks of oral intake of collagen
peptides was investigated in a study with 114 healthy
female test subjects. The intake of the bioactive collagen
peptides promoted a significant reduction of eye wrinkle
volume in the test group compared to the placebo group
(Proksch et al., 2013).

A comprehensive study on the effect of oral collagen
peptide supplementation on skin aging included clinical
trials with Japanese and Caucasian women. The test
subjects took fish collagen peptides in the range from 2 to
5 kDa over a period of 8 or 12 weeks. The fish collagen
peptides were shown to increase the skin moisture level
by 12 % in a period of 8 weeks. A consistent increase in
the skin collagen density over 12 weeks of fish collagen
peptide ingestion was indicated by increased dermal
echogenicity. The test subjects were simultaneously
investigated for changes in the quality of their dermal
collagen network. Visual confocal microscopy analysis
showed larger collagen fragments in the epidermis of the
fish collagen treated test group compared to the placebo
group. Ex vivo studies support the results of the clinical
trials and showed an increased amount of water-binding
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glucosaminoglucans and collagen content in human skin
explants incubated with fish collagen peptides (Asserin et
al., 2015).

Collagen peptides protect skin and hair

The more conventional way to apply active compounds to
skin and hair is the topical administration. Manufacturers
in the cosmetic industry accumulated extensive
knowledge in the formulation of beauty products like
creams, mousses and sprays, containing active ingredients
(Zague, 2008). Collagen peptides are compatible in these
formulations and research demonstrates a positive impact
on skin and hair properties. (Gelita, 2016).

Collagen peptides in the range of 0.6-12 kDa can adsorb
onto keratin structures like skin and hair. Larger
molecules bind stronger to those structures, but the water
solubility decreases with increasing size. Adsorbed
collagen peptides remain active on the skin surface for
hours and longer. This collagen peptide layer was shown
to bind moisture and contribute to an improved skin feel
(Schrieber & Gareis, 2007). Low molecular weight
fragments were shown to penetrate the upper layer of the
dermis and support the natural protective barrier in the
skin (Gelita, 2016). In a study with 62 human test subjects
were fish derived collagen peptides shown to have a
positive effect on the skin moisture content. The same
study documented the transdermal penetration ability of
those collagen peptides and show increased abilities for
fish collagen peptides in the range of 3.5-4.5 kDa (Chai et
al., 2010).

On hair, the collagen peptides also diffuse into the fibrous
hair cells. Used in hair styling and dying applications,
they protect against chemical damage (Schrieber &
Gareis, 2007). High molecular weight, but also smaller
collagen peptide fragments in a range from 1-3 kD were
shown to bind stronger especially on bleached or waved
hair structures (Mintz et al., 1991).

Added value for the musculoskeletal system

Products containing active collagen peptides have long
been marketed on the US and European pharmaceutical
and food markets. In Asia, mainly Japan, are collagen and
collagen peptides sold as active ingredient in diverse
functional food products. These products are used for
treatment, improvement or maintenance of the
musculoskeletal system (Wu et al., 2004). Many scientific
and preclinical studies show various positive effects on
tendon flexibility, ligaments stability, muscle and bone
integrity and bone metabolism.

The extracellular matrix of tendons and ligaments
contains predominantly fibrous collagen (70-80%). The
highly ordered collagen fibrils, fibers and fascicles are
responsible for the mechanical properties in the tendons
and ligaments. A higher collagen content was shown to
give more flexibility and stability to these components of

the musculoskeletal system (Rumian et al., 2007).
Specific collagen peptides, that can be oral administered,
were shown to induce significantly increased collagen
type I and III expression in fibroblasts from human
ligaments and tendons. The same study conclude that
therefore collagen peptides can be an option to treat and
prevent pathological changes in the ligaments and tendons
(Schunck and Oesser, 2013). The effect of collagen
peptide supplementation on muscle mass and strength was
investigated in a double blind randomized study with
elderly people with class 1 or II sarcopenia. The data
demonstrate that collagen peptide supplementation after
resistance training led to an increased muscle strength and
loss of fat mass. Collagen peptide supplementation was
also shown to perform superior compared to
supplementation with other protein sources (Zdzieblik et
al., 2015).

Type 1 collagen plays also an important role in bone
tissue. It provides not only elasticity and structure to the
bones, it is also related to key processes in bone
mineralization and metabolism (Marcus, 1996). The
ability of collagen peptides, orally administered in high
doses, to increase bone mass density and bone
mineralization, was considered in an animal model. The
study showed beneficial effects on bone integrity without
undesirable side effects in the matured test subjects (Wu
et al., 2004). Another study investigated the effect of
specific fish derived collagen peptides on collagen
expression, post-translational modification  and
mineralization in an osteoblastic cell culture. Fish
collagen peptides were shown to upregulate the gene
expression of collagen modifying enzymes, this effect led
to an increased collagen synthesis and positive effects on
collagen quality and  matrix mineralization in the
osteoblasts (Yamada et al., 2013).

Summary

Collagen peptides used in human nutrition and cosmetics
received increasingly attention, after preclinical assays
and bioavailability studies indicated positive health and
beauty effects. They are regarded as safe and are
applicable for topical and oral administered applications,
such as body, skin and hair care products, dietary
supplements, nutraceuticals and functional foods.
Collagen peptides were shown to pass the intestine, enter
the blood stream and be distributed to the targeted tissue
in the body. They form a protective layer on skin and hair,
where they prevent damage and moisture loss. The
current trend in the food market leads us to expect an
even greater interest in the collagen peptide field and even
more future research on the different benefits. Recent
research focusses much on the relative novel and
unexplored collagen peptides from fish. Fish collagens
have a slightly different amino acid composition with a
wider variety of amino acids. That causes distinct
properties and promise additional beneficial effects.
Further areas of applications can be expected.
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