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The origin of the word collagen is derived 
from the Greek words ‘colla’ meaning glue and 
‘gen’ meaning to produce. The term collagen 
was first used in history to describe connective 
tissue. Collagen is a  structural protein found in 
high amounts in all animals [1]. Collagen, which 
has become a  popular ingredient for an active 
and healthy lifestyle, is the most important of the 
structural proteins that make up the extracellular 
matrix. It is a long and fibrous protein synthesized 
by the human body and found in many organs of 
our body, consisting of about 30  % of the total 
protein mass of the body and 75 % of our skin. 

While collagen is produced by the body at 
a  young age, collagen production in the body 
decreases with increasing age. It has been reported 

that the collagen in our body is lost by 1 % every 
year after the age of 20. In its deficiency, skin 
wrinkles, ageing, bone and joint problems, bone 
resorption, serious health problems have been 
reported. Some clinical studies in specific popu-
lations, such as older adults with joint pain or 
athletes, have used daily doses of collagen hy-
drolysate such as 1.2 g or 10 g per day. However, 
these studies do not establish a  general intake 
recommendation for the overall adult population 
[2]. Collagen hydrolysate, which is a  functional 
ingredient, has recently started to be used as 
a  food supplement and added to foods and oth-
er products to provide functional properties; it 
has become a  popular ingredient used in food, 
cosmetics, biomedical, nutraceutical and phar-
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tional PRO and HYP content. The total PRO 
and HYP ratio of collagen may vary based on the 
source from which the collagen is obtained [7]. Gly 
allows for the close contact necessary for stability. 
Hydroxylation of proline and lysine residues is im-
portant for maintaining the structural integrity of 
the triple helix by hydrogen bonding. In addition, 
covalent cross-linking between collagen molecules 
further enhances its stability, making collagen 
essential for tissue strength [8]. 

Different collagen types and structure 
In vertebrates, 28 different types of collagens, 

consisting of at least 46 different polypeptide 
chains, have been identified [9]. The classifica-
tion of collagen depends on its three-dimension-
al organisation and structure, which includes 
network-forming collagens, fibril-forming 
collagens, FACIT collagens (Fibril-Associated 
Collagens with Interrupted Triple Helices), trans-
membrane collagens, anchoring fibrils, basement 
membrane collagens, multiplexin collagens, and 
microfibrillar collagens. All groups of colla
gens and their distribution in the body were 
summarised in Tab. 1. As is known, 80–90  % 
of the collagens in the body are Type I, Type II 
and Type III collagen. Different collagen types 
are found in very low amounts in specific organs 
such as the cornea, lung, heart muscle, basement 
membrane, intestinal mucosa [8].

Collagen biosynthesis  
and dietary source of collagen

Collagen biosynthesis is considered to be 
an  important process consisting of many stages, 
complex and involving many modifications. 
Collagen molecules are secreted from fibroblast 
cells and transformed into characteristic strands 
that provide the functional integrity of skin, bone, 
joints and tendons. During collagen biosynthesis, 
procollagen, a  biosynthetic starting material, is 
first formed in the human body. Procollagen is de-
graded by special enzymes to form collagen [10]. 

In order to regulate and increase collagen 
synthesis, various active substances and delivery 
systems that support skin self-renewal and the im-
provement of skin problems have been identified 
in experimental and clinical studies. The most in-
vestigated of these are vitamin C (ascorbic acid), 
vitamin A, oestrogens, retinoids, asiaticoside-
rich extracts, β-glucans, glycolic acids, liposomal 
systems and matrix metalloproteinase (MMP) 
inhibitors. In addition, in vitro fibroblast culture 
studies have examined several biological regula-
tors, including growth factors (such as transform-
ing growth factor-β) and peptide complexes (such 

maceutical fields. The global market for collagen 
has been propelled by increasing awareness of the 
health benefits of collagen hydrolysates. The use of 
collagen hydrolysates has gained importance due 
to their reported health effects in order to elimi-
nate the deficiencies and negativities that occur 
in our body as a result of the decrease in collagen 
synthesis and decreased quality with age. Collagen 
hydrolysate is supported as GRAS for its intended 
conditions of use based on FDA GRAS Notices 
for specific collagen-derived preparations (e.g., 
GRN No.  713); additionally, peptones (a  broad 
group of hydrolysed animal proteins) are affirmed 
as GRAS with the qualification that current good 
manufacturing practice (cGMP) must be upheld 
[3]. In addition, collagen hydrolysate, which is 
generally considered to have a low allergen risk, is 
suitable for use in foods according to the Turkish 
Food Codex (TFC) Communiqué on Supplemen-
tary Foods [4]. In spite of extremely low allergenic 
risk regarding the ingestion of collagen hydro-
lysates, certain caution is still appropriate, because 
rare cases of anaphylaxis can occur under some 
circumstances, as illustrated by Fujimoto et al. [5].

Collagen has been utilised in various fields, in-
cluding wound recovery, surface coating of medi-
cal devices and supplementation for skin health. 
Collagen supplements are an important compo-
nent in the fight against the effects of the ageing 
process, having the ability to heal skin damage and 
restore the rejuvenated and healthy appearance 
sought in the quest for beauty. This review article 
has been written to compile all types of collagens 
that have been well researched or are less popular 
and their relationship with physiological processes 
and diseases, especially ageing. 

Molecular and chemical structure of collagen 
The collagen triple helix was named ‘Madras 

Helix’ in 1954 by Kartha and Ramachandran 
based on fibre diffraction data. In 1955, Crick, 
North, Rich et al. organised this structure and 
presented the currently accepted triple helix struc-
ture [6]. The triple helical structure is comprised 
of three parallel left-handed polyproline II-type 
helices, characterised by a  repeating amino acid 
sequence generally written as (Gly-X-Y), where 
glycine (Gly) appears in every third position. The 
X and Y positions can often be proline and hy-
droxyproline amino acids. At the X and Y posi-
tions, any of the other 16 amino acids encoded by 
DNA can be present except tryptophan (TRP) and 
cysteine (CYS). Collagen contains approximately 
35 % glycine, 11 % alanine, 21 % proline (PRO), 
and 12  % hydroxyproline (HYP). Collagen is 
differentiated from other proteins by its propor-
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as copper tripeptide complexes), which can modu-
late collagen synthesis [11]. However, a  number 
of other experimental agents reported in the 
literature are not suitable for clinical or cosmetic 
use due to safety or toxicity concerns and are 
therefore beyond the scope of this review.

Dietary sources of collagen mostly come from 
animal-derived foods such as bone broth, chicken 
skin, fish, and specific cuts of meat rich in con-
nective tissues, like tendons and skin. These foods 
contain gelatine as a  form of collagen, which is 
derived from hydrolysis during cooking [9, 12]. 
Marine sources are considered a valuable collagen 
source because of their bioavailability and high 
levels of Type  I collagen, which is particularly 

beneficial for skin health [1]. Additionally, some 
plant-based foods are not rich in collagen but are 
rich in nutrients such as vitamin C that support 
collagen synthesis [13]. 

Commercial collagen sources  
and extraction methods

The most commonly used raw materials in 
commercial collagen extraction are cattle, pigs, 
fish, chickens and their skin, cartilage, bone and 
tendons. The hydrolysis of different collagen 
sources is summarised in Fig. 1. Due to the emer-
gence of diseases that pose a  threat to humans, 
such as foot-and-mouth disease (FMD), trans-
missible spongiform encephalopathy (TSE) and 

Tab. 1. Types of collagens in different structures and their distribution.

Groups of collagen Type Location in cells

Fibril-forming collagens I Skin, tendons, ligaments, bone structure

II Cartilage structure, nucleus pulposus, vitreous body

III Skin, reticular fibers

IV Hair, lung, cornea, placenta

XI Articular cartilage, vitreous body

Network-forming collagens VIII Endothelial cells

X Cartilage structure

FACIT collagens IX Cornea, cartilage structure, vitreous body

XII Tendons, perichondrium, ligaments

XIV Skin, tendons, placenta, lung

XIX Rhabdomyosarcoma cells

XX Embryonic skin, sternal cartilage, tendons

XXI Blood vessel wall

Transmembrane collagens XIII Skin, hair, endomysium

XVII Dermal - epidermal junctions

Anchoring fibrils VII Oral mucosa, skin

Basement membrane collagens IV Basement membrane

Microfibrillar collagens VI Skin, intervertebral disc, cartilage, placenta

Multiplexin collagens XV Kidney, fibroblasts, muscle cells

XVI Fibroblasts, amniotic fluid, keratinocytes

XVIII Lung, liver

Denaturation
Enzymatic 

action

Collagen with a triple 
helix structure

Denaturated
collagen

Hydrolysed 
collagen

Source for 
collagen

(pork, pig, fish, 
chicken, cow)

Fig. 1. Hydrolysis of different collagen sources.
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mad cow disease (BSE), and religious restrictions, 
researchers are looking for more reliable alterna-
tive sources of collagen.

The bones and skin of the pig are also sources 
of collagen. These sources are mainly used for in-
dustrial purposes. Adult pig dermis and small in-
testinal mucosa are used for tendon strengthening, 
plastic and reconstructive surgery, skin and wound 
healing [14]. Porcine collagen is similar to colla-
gen from humans, so the allergenicity is low [15]. 
Due to the risk of animal disease transmission and 
differences in beliefs, the consumption of colla-
gen hydrolysates obtained from pigs is restricted. 
Bones and skins of bovine animals such as cows, 
oxen, buffaloes and cattle are the main sources 
of industrial collagen. The use of collagen hydro-
lysates derived from by-products of bovine sources 
has disadvantages due to some health problems, 
such as the possibility of carrying FMD, TSE or 
BSE, and faith-based restrictions. Another reason 
for not using bovine collagen is that about 3 % of 
the population is allergic to it [15]. 

In recent years, fish waste has been considered 
an alternative and reliable source for collagen 
hydrolysate extraction. Collagen extraction from 
animal origin is a  difficult, time-consuming and 
expensive process. Concerns about adverse in-
flammatory and immunological responses and 
the prevalence of various diseases causing health 
complications in land animals have led researchers 
to marine sources. Significant amounts of pro-
tein are reported to be present in fish waste. Fish 
skin, scales and fish bone are a  very good source 
of collagen. Inexpensive collagen hydrolysate can 
be provided by utilising these wastes [16]. Fish 
by-products are the source of Type I collagen, the 
most abundant protein in our body. The rate of ob-
taining collagen hydrolysate from fish by-products 
varies according to the production method, sea-
son and fish species. Fish-derived collagen hydro-
lysate can be used as an alternative raw material 
to bovine collagen hydrolysate. In this way, waste 
products that cannot be utilised as biowaste and 
which are largely encountered as environmental 
pollutants will be utilised, thus reducing environ-
mental pollution [17]. 

Chicken, rat tail tendon, kangaroo tail, duck 
feet and skin, bird feet are some of the collagen 
sources. Chicken feet are abundant sources of 
collagen. Studies on collagen extraction from poul-
try by-products are also available in the literature. 

Various extraction methods can be performed 
depending on the collagen sources. The method 
for collagen isolation consists of three steps: pre-
treatment, extraction and recovery. Collagen 
properties vary based on the raw material and 

extraction method. The most frequently used 
methods reported in the literature are acid extrac-
tion (ASC), enzymatic extraction and salt precipi-
tation. Ultrasound-assisted extractions (UAC), 
deep eutectic solvent (DES) and supercritical fluid 
(SF) extractions, which have been developed as 
alternatives to traditional methods and are called 
environmentally friendly methods, are extraction 
methods developed in recent years for collagen 
isolation [9, 12]. The product obtained by these 
methods is usually referred to as hydrolysed 
collagen (HC).

Amino acid composition, bioavailability  
and bioaccessibility of collagen hydrolysates

Collagen hydrolysate or collagen peptides are 
the lower molecular weight, water-soluble struc-
tures formed by the breakdown of large molecular 
weight collagen obtained from animal by-products 
such as bone and skin, usually by enzymatic or 
acidic extraction [9, 18]. High levels of Type  I 
collagen are obtained from by-products such as 
skin, tendon of fish, pig and bovine sources. The 
molecular weight of collagen peptides obtained 
from hydrolysis is quite low compared to native 
collagen (285–300 kDa). Low molecular weight is 
the factor that increases its functional properties 
such as antioxidant capacity, antimicrobial activ-
ity and higher bioavailability [19]. As mentioned 
earlier, hydrolysed collagen is obtained in the in-
dustry from by-products such as skin, bone, tendon 
from bovine, fish and porcine sources. Fish colla-
gen hydrolysate has been investigated as a source 
of mineral-chelating peptides with promising bio-
activity and bioavailability [20]. In addition, fish-
derived collagen hydrolysate has been incorporat-
ed into various functional foods and beverages in 
the literature, reflecting its favourable technologi-
cal and sensory properties compared with other 
sources [9, 21]. 

Collagen contains 19 different amino acids in 
its structure; it contains 8 of 9 the essential amino 
acids. Compared to other proteins, important 
amino acids such as proline and glycine are found 
in high amounts in collagen hydrolysate. Proline 
and hydroxyproline provide rigidity and strength 
to the collagen molecule. Hydroxyproline is the 
amino acid characteristic of collagen and deter-
mines the thermal stability of collagen. Hydroxy-
proline has many functions such as glycine synthe-
sis, repair of connective tissue and regulation of 
cellular activities [1]. The amino acid composition 
of fish, bovine and pork collagen is given in Tab. 2 
[22–24]. Considering these data, when the amino 
acid composition of food supplement products 
containing collagen hydrolysate is examined, it 
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will be seen that the amino acid compositions of 
bovine, fish and chicken source collagen hydro-
lysates differ.

Before discussing the bioaccessibility and bio-
availability of collagen hydrolysates, it is necessary 
to emphasise the difference between these two 
terms. The concept of bioaccessibility is defined 
as the dissolution of nutrients after digestion and 
making them accessible for intestinal absorption. 
In general, food components that are not released 
from the food matrix and do not show the ability 
to pass through the intestinal barrier are not bio-
accessible. Bioavailability describes the amount 
of nutrients or components that are actually ab-
sorbed, distributed to tissues, metabolised and 
excreted by the body. Bioavailability is also ex-
pressed as the rate of absorption and participation 
in metabolic activities and the amount of distribu-
tion to tissues [25]. In studies on bioavailability 
and bioaccessibility, in vivo or in vitro methods 
are generally used to determine the bioaccessi-
bility and therefore bioavailability of nutrients. 
These in vivo studies are ethically problematic, 
time-consuming, intensive, costly, complex and 
limited in the number of samples analysed. In vitro 
methods, on the other hand, allow a large number 
of samples to be analysed in a simple, economical, 
rapid and reproducible manner [26].

When collagen is consumed in the form of 
a natural protein, it is converted into smaller mo-
lecular weight peptides by the enzymes in the di-
gestive tract of the stomach and small intestine to 
become small peptides or free amino acids. They 
are then absorbed by the intestine in the form of 
peptides, free amino acids and di- or tripeptides. 
Comparing collagen hydrolysate with the collagen 
molecule, collagen hydrolysate is easily digested 
by the body and has high absorption compared 
to the collagen molecule due to the reduction 
of collagen hydrolysate to low molecular weight 
in the enzymatic production process [27]. It has 
been revealed that marine collagen hydrolysate is 
biologically present in connective tissue 4  hours 
after consumption, and 90 % of it is digested. It is 
known from in vitro and in vivo studies that more 
than 90  % of collagen hydrolysates are digested 
and rapidly absorbed after oral intake [28]. In 
bioavailability studies, it is important to confirm 
in vitro findings with in vivo findings. In a  study 
conducted in 2015 [29], it was observed that the 
hydroxyproline amino acid had the closest value 
in the correlation curve of the increasing amino 
acid amount in blood plasma against collagen con-
tent after the oral intake of collagen hydrolysate. 
Therefore, hydroxyproline amino acid is suitable 
for the evaluation of the bioaccessibility of colla

gen hydrolysate. In 2007, in a  clinical study on 
five healthy male volunteers [30], the amount and 
structure of hydroxyproline in human blood after 
oral consumption of Type  I gelatine hydrolysates 
derived from fish scale, fish skin or pork skin after 
12  hours of fasting were investigated. Over a  24-
hour period, the amount of hydroxyproline-con-
taining peptides constituted approximately 30  % 
of the total amount of hydroxyproline detected. 
They concluded that the amount and structure 
of hydroxyproline-containing peptides in human 
blood after oral administration of gelatine hydro-
lysates vary depending on the gelatine source and 
that the source affects bioavailability. The amount 
of hydroxyproline-containing peptides varied 
according to the gelatine source, and proline-
hydroxyproline was the main peptide in human 
blood plasma after oral administration of collagen 
hydrolysate [30]. In another study [21], 5 different 
ratios of collagen hydrolysate (1, 1.5, 2, 2.5 and 
3 %) were added to beverages prepared from fruit 
juices with 4 different ingredients (100 % orange, 
orange-white grape, apple and apple-white grape). 
Enzymatically derived collagen hydrolysate from 
fish was used as collagen hydrolysate. The study 
shows that the bioaccessibility of hydrolysed 
collagen examined through the in vitro gastroin-
testinal digestion model is very high. According 
to the bioaccessibility results evaluated after the 

Tab. 2. Amino acid composition 
of fish, bovine and pork collagen hydrolysates.

Collagen hydrolysate

Fish 
[23]

Bovine 
[22]

Pork 
[24]

Amino acids [g·kg-1]

Glycine 236 225 234

Alanine 118 86 89

Proline 110 128 130

Glutamic acid + glutamine 102 70 101

Hydroxyproline 89 102 113

Arginine 79 74 79

Aspartic acid + asparagine 56 53 55

Serine 35 34 33

Threonine 33 23 17

Lysine 32 35 36

Leucine 29 30 27

Valine 24 19 23

Phenylalanine 17 20 19

Isoleucine 14 13 12

Histidine 11 6 7
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in vitro digestion procedure, among the beverages 
to which hydrolysed collagen was added at a con-
centration of 2.5 %, the bioaccessibility of orange 
(95.4 %) and apple juice (90.7 %) beverages was 
higher, while the addition of grape juice reduced 
this value to 83.4 % and 86.3 % for orange-grape 
juice and apple-grape juice mixtures, respectively. 
The decrease in bioaccessibility is attributed to the 
ability of phenolic compounds in white grape juice 
to directly or indirectly reduce the digestibility of 
protein [21]. 

As a  result, the factors affecting bioaccessibil-
ity and bioavailability include person-dependent 
factors, the source from which the collagen hy-
drolysates contained in food supplements are ob-
tained, the production method and the processes 
to which they are exposed until they reach the 
final product, amino acid composition, low mole
cular weight, bioactive compounds such as multi-
vitamins, minerals, polyphenol, probiotics added 
to collagen hydrolysates have a  synergistic effect 
[31, 32]. 

Use of collagen hydrolysates in nutrition
Collagen offers good biocompatibility and 

biodegradability; hence it is safe and effective 
as a biomaterial and has been used as a safe and 
effective biomaterial in tissue engineering and 
clinical practice in recent years. Biomaterials wide-
ly used in tissue engineering are mainly produced 
from Type I, II, III, V and XI collagen [33]. Colla-
gen supplements have become popular as an anti-
ageing functional products and their use has in-
creased. The most prominent features of collagen 
hydrolysate food supplements are that they reach 
the deeper layers of the skin and promote skin 
physiology and appearance, improving hydration, 
elasticity, firmness and wrinkle reduction. Colla-
gen is widely used in the cosmetic industry due to 
its excellent water retention, low allergic reaction 
and ability to repair damaged skin [34, 35].

Collagen hydrolysate, which has widespread 
use in the food sector, is used as an emulsifier, 
microencapsulation agent, stabiliser, foaming 
agent, and biodegradable film-forming material 
[36]. In recent years, it has focused on the prepa-
ration of functional foods and beverages, food 
supplements, meat processing, and the produc-
tion of food biofilms. In food science, collagen hy-
drolysate plays a role in minimising or preventing 
damage to cells and tissues during freezer storage, 
so it is an option for use in foods that require low-
temperature storage [37]. 

Supplementary foods are products with a  de-
termined daily intake dose for the purpose of 
supplementing normal nutrition. Supplementary 

foods are products prepared in capsule, tablet, 
liquid or powder form, alone or in the form of 
a  mixture of concentrated or extracted forms of 
nutrients such as vitamins, minerals, proteins, fatty 
acids, carbohydrates, amino acids, or substances 
with nutritional and physiological effects and bio-
active substances [5]. Collagen supplements in 
powder form, containing collagen hydrolysate with 
low molecular weight, are quickly assimilated by 
our enzymes and enter our bloodstream. Research 
indicates that powdered or liquid collagen that is 
readily absorbed and utilised by the body is the 
best form of collagen for collagen hydrolysates. 
This collagen hydrolysate form enters the blood-
stream quickly after consumption, allowing the 
body to use it. It is the most favoured type of 
collagen due to its high bioavailability. Powdered 
collagen supplements are simpler to use, can be 
mixed with water, coffee, or any other liquid you 
want, and are easily ingested [36]. Liquid colla-
gen supplements have similar properties to pow-
dered collagen forms. Since it is a  liquid hydro-
lysed collagen supplement, it is faster and easier to 
absorb. Most collagen supplements are available 
in powder or liquid form. Liquid collagen hydro-
lysates often contain sweeteners and flavourings 
[35]. Collagen supplements in tablet or capsule 
form take longer to break down and absorb than 
other forms. Collagen tablets or capsules may 
seem easy to use, but they can actually be mislead-
ing. You’ll need to swallow a  lot of these tablets 
or capsules to consume the daily recommended 
amount of collagen hydrolysate [38].

Types of collagen hydrolysates and human health
When the current literature is examined, it is 

seen that the majority of studies on the effects of 
collagen on human health focus on Types I, II and 
III collagen. This is related to the fact that these 
collagen types are the most common forms in the 
body and have direct functional roles in tissues such 
as skin, bone and cartilage [1, 9]. In contrast, data 
on lesser-known collagen types such as Types V, VI, 
VII, XII, XIV, XIX and XXI–XXVIII are limited 
to a  limited number of animal models or in vitro 
studies. This prevents the physiological effects of 
these collagen types from being adequately under-
stood, especially in the context of chronic diseases, 
tissue regeneration, oxidative stress management 
and their relationships with the intestinal micro-
biota. This imbalance in the literature offers a wide 
potential area for future research; it is important to 
address the mechanisms of action of lesser-known 
collagen types at the tissue level from the perspec-
tive of molecular biology, nutritional science and 
clinical research.
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In this part, the effects of collagen hydro-
lysates on human health are examined in detail 
under the headings of skin health, digestive sys-
tem, metabolic diseases, oxidative stress and age-
ing in line with the current literature. In particu-
lar, the current findings on the potential roles of 
lesser-known collagen types in these areas will be 
evaluated and the gaps for further research will be 
highlighted.

Changes in the skin with ageing and collagen
Collagen, elastin and hyaluronic acid are 

crucial parts of the skin and take on a role in pro-
tecting its structure and moisture. Skin collagen is 
produced mostly by fibroblasts. The collagen-rich 
extracellular matrix builds and repairs the struc-
ture of skin components; collagen is the most 
abundant connective tissue in the dermis and is 
responsible for the skin’s strength and durability 
[39]. The loss of collagen in the body begins 
between the ages of 18 and 29, and after the age 
of 40, the human body can lose approximately 1 % 
of collagen per year. In an approximately 80-year-
old body, collagen production may have decreased 
by 75% compared to younger adults. There are 
other factors in the body that contribute to natu-
ral ageing, such as free radicals, smoking, alcohol, 
poor nutrition and disease. Since ageing is a natu-
ral process that involves changes in the human 
body, the skin is subject to morphological, struc-
tural and functional deterioration over time; colla
gen decreases, and elastin fibres support the for-
mation of lines and wrinkles [40]. Controlling skin 
ageing is one of the main problems in the cosmetic 
industry. Collagen hydrolysates have been report-
ed to be an alternative solution to slow down the 
effects of ageing. Collagen is a crucial component 
of the wound healing process; it acts as a  natu-
ral structural scaffold or substrate for new tissue 
growth and plays a key role in all phases of wound 
healing, including haemostasis, inflammation, pro-
liferation, and remodelling. Anti-ageing agents 
are those that limit or prevent the progression of 
ageing, but the anti-ageing activity of collagen hy-
drolysates may be related to their antioxidant acti
vity [37, 41]. 

In the literature, studies have been conducted 
by giving different collagen hydrolysate sources to 
humans at different doses in order to counteract 
the effects of ageing on the skin. In a randomized 
controlled trial, 10  g of marine collagen hydro-
lysate supplements were given to women between 
the ages of 45 and 60 for 12  weeks. The results 
of this study showed significant improvements in 
wrinkle scores on both sides of the face, cheek skin 
hydration, and self-reported elasticity, hydration, 

radiance, firmness, and wrinkle scores in the colla
gen hydrolysate group compared to the control 
group [42]. Choi et al. evaluated 11  randomized 
clinical trials in their systematic review and showed 
that oral hydrolysed collagen supplementation 
increased skin elasticity, hydration, and collagen 
density, improved wound healing, and protected 
the skin against ageing [35]. Barati et al. analysed 
10 randomized clinical trials in their systematic 
review and concluded that the consumption of 
both intact and hydrolysed collagen improved 
clinical signs of skin health by increasing the syn-
thesis of the extracellular matrix or by enhancing 
the interaction of regulatory T  cells and type  2 
macrophages in maintaining the skin immune 
response to endogenous collagen [43]. 

Research has emphasised the health effects 
of different collagen types. Firstly, Type I  colla-
gen’s functions are to provide structural support, 
increasing the elasticity and hydration of the skin. 
In wound healing, it promotes skin regenera-
tion. Most skin problems, such as wrinkles, loss 
of firmness, and other signs of ageing are related 
to decreased levels of Type  I collagen. Research 
in the literature suggests that supplementation 
may improve wrinkle problems due to its hy-
dration and elasticity-enhancing functions [44]. 
Type  II collagen is mostly associated with joint 
problems, such as osteoarthritis, in addition to its 
skin improvement features [18, 45]. Type III colla
gen’s level is associated with ageing complica-
tions similar to Type  I [44, 46]. Type  IV collagen 
preserves the unity of the skin. Due to this func-
tion, it participates in the structural integrity of 
the skin. Type  IV collagen forms a  layered struc-
ture in the basal lamina and plays roles in cellular 
adhesion. For these reasons, decreased levels of 
Type IV collagen worsen the signs of ageing [47]. 
Collagen Type  V provides structural integrity to 
tissue scaffolds by interacting with matrix colla
gens and structural proteins. Collagen Type  V 
acts as a  regulator of collagen fibrillogenesis, 
assembling into heterotypic fibrils in the cornea 
and skin dermis. Collagen Type V  deficiency is 
associated with loss of corneal transparency and 
classic Ehlers-Danlos syndrome, while collagen 
Type V overexpression is found in cancer, granu-
lation tissue, inflammation, atherosclerosis and 
fibrosis of the lung, skin, kidney, adipose tissue 
and liver [48]. Scleroderma is characterised by fi-
brotic skin fibrosis, vasculopathy and autoimmu-
nity. Fibrosis is associated with altered remodel-
ling of the extracellular matrix due to unbalanced 
accumulation and degradation of fibrillar collagen 
Types I, II and V. Among these collagens, Type V 
is thought to play a  crucial role in the pathogen-
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esis of fibrosis in scleroderma [49]. Type VI colla
gen supports skin health by maintaining elastic-
ity and hydration through positive regulation of 
dermal matrix assembly and fibroblast motility; it 
also exhibits cytoprotective properties and coun-
teracts oxidative damage [50]. Type  VII collagen 
is essential for skin stabilisation and integrity. It 
forms anchoring fibrils that fix the epidermis to 
the dermis and is consequently vital for wound 
healing and skin repair. Type VII collagen is asso-
ciated with disorders such as recessive dystrophic 
epidermolysis bullosa (RDEB), characterised by 
severe skin fragility and blistering. Therapies tar-
geting Type VII collagen have shown potential to 
enhance wound healing in affected patients [41]. 
Type IX collagen functions in skin and cartilage 
health by supporting the maintenance of skin 
moisture and elasticity. However, its specific role 
in reducing wrinkles and visible signs of ageing has 
not been clearly demonstrated; current evidence 
mainly comes from studies using mixed collagen 
preparations [45]. Type  XII collagen’s functions 
relate to maintaining skin elasticity and structural 
unity. Type XII collagen interacts with collagen  I 
fibres, supporting the extracellular matrix. Altered 
expression of Type  XII collagen has been asso
ciated with impaired tissue repair and matrix or-
ganisation, but its direct role in skin hydration and 
wound healing in humans remains to be clarified 
[51]. Type  XIII collagen promotes cell adhesion 
and protects the skin integrity. It is concentrated 
in skin fibroblasts and focal adhesions and there-
fore may contribute to skin elasticity and hydra-
tion by supporting the extracellular matrix [52]. It 
supports the extracellular matrix and condenses in 
skin fibroblasts, aiding in healing the skin’s hydra-
tion status. While oral collagen supplementation 
has been reported to improve skin elasticity and 
appearance in general [39], the specific contri-
bution of Type XIII collagen to these effects has 
not yet been isolated in clinical studies. Type XIX 
collagen is a  basement membrane-associated 
collagen with structural and biological roles in 
various tissues [53]. To date, its specific involve-
ment in skin structure, ageing, or clinical skin out-
comes has not been clearly demonstrated. While 
some clinical trials on hydrolysed collagen supple
mentation report improvements in skin elastic-
ity and hydration [54], these studies do not isolate 
the effects of Type  XIX collagen itself. Type  XV 
collagen is a multiplexin that is present in several 
tissues, where it contributes to collagen fibril 
organisation and maintenance of tissue integrity. 
However, its specific role in skin ageing and po-
tential anti-ageing effects on skin appearance have 
not yet been demonstrated in clinical studies [55]. 

Type XVI collagen behaves as an adaptor protein. 
Due to this function, it increases the integrity and 
stability of the extracellular matrix, which connects 
and organises fibrillar networks and is crucial for 
skin elasticity and overall skin structure [56]. The 
hydrolysed form of collagen supplementation has 
been researched for these effects, and it has shown 
promising effects on reducing signs of skin ageing. 
Type XVII collagen has critical role in protecting 
epidermal unity and cell adhesion. It participates 
in stem cell behaviour regulation, which is crucial 
for skin regeneration and wound healing. Finally, 
it is associated with health conditions such as 
bullous pemphigoid and junctional epidermolysis 
bullosa [57]. Although the findings obtained from 
the studies are not clear, Type  XVIII collagen is 
effective in reducing hydration and wrinkles due to 
its presence in the basement membrane and role in 
tissue regeneration [45]. Collagen Type XXII acts 
as a  cell adhesion ligand for skin epithelial cells 
and fibroblasts and contributes to the maintenance 
of tissue connections, elasticity and hydration of 
the skin. It plays an important role in the struc-
ture of the extracellular matrix. It has shown po-
tential benefits in relieving skin ageing and other 
related skin conditions [58]. Collagen Type XXIII 
is a  transmembrane collagen that shares some 
structural and localisation features with collagen 
Type XXII. Recent genetic and functional studies 
have shown that variants and overexpression of 
collagen XXIII (COL23A1) are associated with 
increased susceptibility to eczema herpeticum in 
patients with atopic dermatitis; however, its direct 
role in more common skin conditions, such as 
wrinkling or intrinsic skin ageing, has not yet been 
elucidated in clinical studies [59]. Collagen Types 
XXVI, XXVII and XXVIII have similar functions, 
such as maintaining skin structure, elasticity and 
hydration. However, their specific roles in main-
taining skin structure, elasticity and hydration, or 
in slowing age-related skin changes, have not yet 
been clearly defined in clinical studies [60].

Although there are many studies on the effects 
of collagen hydrolysates on skin ageing, the gene
ralizability of these data is limited. Most of the 
existing studies have been conducted with small 
samples, short-term, and usually with female par-
ticipants of a certain age group. In addition, many 
studies have used collagen in combination with 
other components such as vitamin C or hyaluronic 
acid, which makes it difficult to clearly assess the 
effect of collagen alone. The lack of consistency 
among collagen sources, doses, and forms limits 
the comparability of the results. Therefore, larger 
sample sizes, long-term, and well-designed clini-
cal studies are needed to establish the anti-ageing 
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effects of collagen types with stronger evidence. In 
addition, mechanistic studies explaining the tissue-
specific effects of different collagen types are still 
lacking.

Collagen types in obesity
The most studied collagen types in relation to 

obesity are Types  I, III, IV, and VI, due to their 
roles in extracellular matrix remodelling, fibrosis, 
inflammation, and metabolic dysfunction. Less-
investigated collagens (Types  V–XXVIII) have 
also attracted attention for their potential roles 
in obesity through participation in extracellular 
matrix organisation. According to the results of 
an animal study, Type I collagen was found to de-
crease in the myocardium of obese rats, coinciding 
with increased leptin expression and metallopro-
teinase-2 activity [61]. This finding suggests that 
obesity can induce extracellular matrix changes in 
cardiac tissue, potentially via enhanced collagen 
degradation.

Recent studies have explored the potential 
of collagen in obesity management using tech-
nologically modified collagen with high water-
retention capacity. In a  randomised controlled 
trial, daily consumption of 20 g of a collagen-based 
supplement for 12 weeks led to significant reduc-
tions in body weight, body mass index (BMI), waist 
circumference, total fat mass, fatty liver index, and 
systolic blood pressure, accompanied by increased 
satiety and decreased hunger-suggesting an 
appetite-regulating effect [62]. However, because 
the study did not record detailed food intake, it 
remains unclear whether the observed benefits 
were due solely to the collagen supplementation 
or to indirect effects. This uncertainty highlights 
the need to investigate possible mechanisms of 
action, such as the influence of bioactive collagen 
peptides, postprandial glucose responses, or gut 
microbiota modulation, in order to fully under
stand how collagen supplementation may aid in 
weight management.

One line of inquiry into collagen’s mechanism 
involves its interaction with the gut microbiota. It 
has been reported that certain collagen peptides 
derived from fish skin can positively modulate 
the intestinal microbiota and ameliorate obesity-
related symptoms in high-fat diet-induced obese 
mice. In this model, collagen peptide supple

mentation helped restore microbial balance by 
reducing the Firmicutes/Bacteroidetes ratio and 
increasing beneficial bacteria (such as Clostri­
dium, Faecalibaculum, and Bacteroides). These 
microbiota changes activated metabolic pathways 
involved in carbohydrate degradation and amino 
acid synthesis, resulting in significant improve-

ments in outcomes like excessive fat accumula-
tion, hyperglycaemia, and weight gain [63]. These 
findings suggest that marine-derived collagen 
peptides have potential for a microbiota-mediated 
complementary therapy in obesity, though further 
clinical studies are required to confirm similar 
effects in humans.

Obesity is also associated with alterations in 
collagen turnover and extracellular matrix com-
position within adipose tissue. For instance, colla-
gen VI deposition is markedly elevated in the sub-
cutaneous fat of obese individuals, and this excess 
collagen VI has been implicated in adipose tissue 
inflammation and dysfunction [64]. Additionally, 
some other collagens (e.g. certain basement mem-
brane and fibrillar collagens) may be upregulated 
during adipose tissue expansion, contributing 
to matrix reorganisation and metabolic conse
quences. When considering lesser-known collagen 
types, the FACIT collagens (e.g. Types  XII, XIV, 
XVI) are known to interact with fibril-forming 
collagens (Types I–III) to regulate matrix assembly 
during adipose tissue expansion. Similarly, non-
fibrillar collagens such as Type  XVIII contribute 
to basement membrane integrity, although to date 
there are no specific studies detailing the role of 
collagen XVIII in obesity. In summary, collagen is 
an important structural protein in the pathophy
siology of obesity, and further research is needed 
to clarify the contributions of both well-known and 
less-studied collagen types in obesity-related meta-
bolic dysfunction.

In the pathophysiology of obesity, collagen rep-
resents an important structural component of the 
extracellular matrix, particularly through mecha-
nisms involving matrix remodelling, inflammation, 
and metabolic dysfunction. Although reductions in 
body weight, fat mass and hunger perception have 
been reported following collagen supplementation, 
the physiological pathways underlying these effects 
remain insufficiently defined. Future research 
should incorporate not only anthropometric out-
comes but also mechanistic biomarkers such as ap-
petite-regulating hormones (ghrelin, GLP-1, PYY), 
postprandial glucose responses, and gut microbiota 
composition to better elucidate these effects. In 
addition, placebo-controlled, double-blind, longer-
term randomised clinical trials that include quan-
titative dietary assessments (e.g., weighed food 
records or multi-day food diaries) are required to 
distinguish the direct effects of collagen peptides 
from indirect behavioural or dietary adaptations. 
Such approaches will clarify whether collagen-
based interventions provide a  meaningful contri-
bution to obesity management and through which 
biological pathways they exert their effects.
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Collagen types’ roles in diabetes management
Studies on the relationship between colla-

gen types and diabetes have focused on many 
hypotheses, including the management of diabetes 
complications. However, some changes occur in 
collagen metabolism in diabetes. An example of 
these changes is that the synthesis of some types 
of collagen (Type IV) increases, which leads to 
thickening of the renal basement membrane and 
advances nephropathy [32]. Types I and III colla
gen play a role in tissue fibrosis, a common com-
plication of diabetes. Their accumulation in tissues 
such as the kidney and skin contributes to struc-
tural abnormalities. In diabetic nephropathy, sig-
nalling pathways such as Notch, Wnt/β-catenin, 
mechanistic target of rapamycin (mTOR) and Toll-
like receptors (TLRs) regulate gene expressions 
related to collagen metabolism. These pathways 
have the potential to regulate metabolism and 
therapeutic interventions [31, 32]. When examin-
ing the therapeutic effects of collagen types in dia-
betes, collagen peptides, especially those obtained 
from seafood, have been reported to have anti-
diabetic effects in both animal models and clini-
cal studies. They show their anti-diabetic effects 
by increasing insulin sensitivity, reducing fasting 
blood sugar and reducing glycated haemoglobin 
(HbA1c) [65, 66]. In addition, there is another 
mechanism to improve diabetes prognosis, and 
this mechanism involves inhibition of dipeptidyl 
peptidase-IV (DPP-IV), which increases incre-
tin hormone activity and promotes insulin secre-
tion [66]. One of the complications of diabetes is 
the late healing of wounds in the body. In a clini-
cal study conducted on this subject, collagen pep-
tides obtained from sources such as squid cartilage 
(Type II collagen) have been shown to support 
wound healing by increasing the expression of 
growth factors such as insulin-like growth factor 1 
(IGF-1) and Irisin [65]. Moreover, a study in which 
individuals with type 2 diabetes were given 13  g 
of collagen peptides daily for 3  months showed 
a decrease in fasting glucose, triglyceride and free 
fatty acid levels, and an increase in insulin sensi-
tivity. Improvement in kidney function was also 
reported. In the same study, it was reported that 
the therapeutic effect was more pronounced in in-
dividuals with diabetes who were not hypertensive 
[67]. These results suggest that marine collagen 
peptides may have positive effects on metabolic 
control. 

Although there are studies that provide 
meaningful results, most of the data in this area 
are based on short-term clinical observations. 
Long-term, controlled human studies, particu-
larly those comparing the efficacy of collagen 

peptides depending on the source, dose, and dura-
tion of administration, are limited. While studies 
on Types  I–IV collagen are relatively abundant, 
the role of less studied collagen types (e.g. Types 
V, XVIII) in diabetic microvascular complications 
remains largely unclear. This represents an impor-
tant gap in both basic science and clinical research.

Antioxidant potential of some collagen types
In the human body, reactive oxygen and nitro-

gen species are formed both during the realisation 
of biological functions and due to exogenous fac-
tors. These compounds are generally free radicals 
or have the property of easily forming free radi-
cals. These reactive molecules support body func-
tions at low or medium concentrations. However, 
high concentrations of oxidative compounds can 
disrupt normal cellular signalling mechanisms by 
causing lipid, protein and DNA damage. Antioxi-
dants play a vital role in defence mechanisms, and 
in general, antioxidant defence consists of differ-
ent mechanisms [68]. The antioxidant effects of 
collagen differ between collagen types and forms, 
such as Type I  and marine-derived collagen pep-
tides. Studies have shown that Type I  collagen in 
hydrolysed peptide form exhibits strong antioxi-
dant properties. The possible mechanism is its 
ability to scavenge free radicals and inhibit lipid 
peroxidation. The antioxidant effect of these pep-
tides is thought to be due to specific amino acid 
sequences and hydrophobic residues within the 
peptides [69]. In a study on the antioxidant activity 
of Type  II collagen, it was reported that Type  II 
collagen treatment improved antioxidant defence 
mechanisms by increasing glutathione (GSH) 
levels in the spleen and thymus in rats with adju-
vant-induced arthritis. Moreover, nitric oxide-me-
diated signalling has been shown to induce Type IV 
collagen expression and promote angiogenesis in 
endothelial cells, although direct evidence linking 
this pathway to antioxidant enzyme activation is 
lacking [70]. Type V collagen is a regulatory fibril-
forming collagen that interacts with other matrix 
collagens and structural proteins, thereby contri
buting to extracellular matrix organisation, tissue 
integrity and fibrotic remodelling in several organs 
[46]. In addition, peptides derived from Type  V 
collagen have shown antioxidant activity in vitro, 
for example, in studies using hydrolysates from 
pearl oyster mantle collagen [71]. Considering the 
antioxidant effect potential of Type VI collagen, 
it has been shown to resist apoptosis and oxida-
tive damage in various tissues and cells, including 
myofibrils, neurons and fibroblasts. The mecha-
nisms of its cell protective role include minimising 
oxidative stress formation by maintaining cellular 
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homeostasis and promoting autophagy [72]. 
The type of collagen predominantly expressed 
during arterial remodelling and in atherosclerotic 
lesions is Type  VIII. Although its direct antioxi-
dant effects have not been established, Type VIII 
collagen has mainly been implicated in extracellu-
lar matrix remodelling and plaque structure rather 
than in the regulation of oxidative stress. Finally, 
with regard to Type  XI collagen, it has been 
shown to regulate the assembly and organisation 
of collagen fibrils in tendon and cartilage, thereby 
contributing to the biomechanical properties of 
these tissues [73]. Recent studies have shown that 
some collagen types, especially those obtained 
from seafood, have significant antioxidant poten-
tial. For example, it has been reported that colla-
gen peptides obtained from cod skin reduce oxi-
dative stress indicators, suppress reactive oxygen 
species (ROS), and increase antioxidant enzyme 
levels (SOD, GSH-Px) in RAW264.7 macrophage 
cells activated with lipopolysaccharide (LPS). At 
the same time, the decrease in malondialdehyde 
(MDA) levels indicates that oxidative damage at 
the cellular level is reduced [74]. These findings 
indicate that collagen peptides may also be 
functional in the management of oxidative stress 
accompanying inflammation. However, most of 
these studies are limited to in vitro models, and 
human clinical data are quite limited. The differ-
ences in parameters such as doses, bioavailabil-
ity levels, and peptide chain lengths used make it 
difficult to generalise the results. In addition, the 
fact that the antioxidant effect mechanisms have 
not been fully explained at the level of intracellular 
signalling pathways continues to raise questions 
about the effective and generally safe use of these 
ingredients in functional foods. Therefore, future 
studies need to produce stronger evidence with 
human-based randomised controlled designs, 
tissue-specific mechanisms of action, and dose-
response analyses.

Collagen types’ roles on the digestive system
Types I, III, IV and V collagens have a direct 

role in maintaining the integrity of the digestive 
tract through their structural role in the extra
cellular matrix, improvement of barrier function, 
and repair mechanisms during inflammation or 
injury. However, research on the lesser-known and 
investigated collagen types is limited. This type of 
collagen is thought to improve intestinal health 
by interacting with the extracellular matrix and 
increasing the strength of the fibrils. Type I colla
gen improves intestinal health by playing a  role 
in maintaining and improving the structural in-
tegrity of connective tissue in the intestinal wall. 

In a  study, hydrolysed Type I  collagen was found 
to reduce intestinal permeability by improving 
the intestinal barrier in leaky gut syndrome [38]. 
Type III collagen is plentiful in the intestinal wall’s 
composition and is related to the elasticity and 
strength of the intestinal walls. Therefore, it has 
a critical role in a healthy digestive system. It has 
been reported that it plays a key role in supporting 
the lamina propria, a  layer of connective tissue 
necessary for a  healthy intestinal structure, 
adequate blood flow and immune function [75]. 
One of the most important components of intes-
tinal basement membranes is Type IV collagen. It 
provides structural support to intestinal epithelial 
cells and contributes to nutrient absorption and 
the barrier function of the intestines. In a  clini-
cal study, it was concluded that collagen supple
mentation reduces the entry of toxins into the 
body through the intestine by protecting the tight 
connections between epithelial cells [76]. In addi-
tion, Type XVII collagen (COL17) is a transmem-
brane protein located in the epidermal basement 
membrane region and plays an important structur-
al role, particularly in maintaining skin integrity. 
COL17 is critical for both cell-cell and cell-matrix 
interactions, enabling keratinocyte adhesion and 
supporting the stability of the epidermal-stromal 
junction [77]. However, knowledge of this col-
lagen type has generally been concentrated in 
the context of dermatological disorders and skin 
physiology [57]. The potential effects of COL17 
in broader pathophysiological areas such as meta
bolic diseases, intestinal health, or systemic in-
flammation remain largely unclear. Moreover, 
most data have been obtained from animal models 
or cell culture systems, limiting their direct appli-
cability to human physiology. Therefore, transla-
tional research and clinical studies are needed to 
gain a more comprehensive understanding of the 
systemic functions of COL17. In particular, the 
evaluation of this collagen type in the context of 
epithelial barrier function, microbiota interactions 
and immune response may enable the develop-
ment of new therapeutic strategies.

Eye health and collagen types
Although Type I  collagen is the main compo-

nent of the cornea and sclera, it is important for 
eye health together with Type II and III collagen. 
They play a critical role in maintaining the trans-
parency and structure of the cornea. Studies show 
that Type I collagen degradation in the sclera and 
cornea with age plays a role in vision loss [78]. In 
addition, Type  II collagen is an important com-
ponent of vitreous humour and supports light 
transmission to the retina. In one study, Type  II 
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bone problems on the skin. Collagen hydrolysate is 
a food ingredient known for its support of collagen 
synthesis and a wide range of health benefits such 
as antioxidant, anti-inflammatory and antihyper-
tensive properties. In recent years, food supple-
ments containing collagen hydrolysate have been 
shown to have positive effects such as alleviating 
the signs of ageing, protecting skin health and 
reducing the symptoms of joint disorders, support-
ing the ocular health and reducing body weight 
and blood glucose levels.

This article examines the structural proper-
ties, bioavailability, bioaccessibility, health effects 
and the use of collagen hydrolysate in nutrition in 
detail. It has been stated that the effects of colla-
gen hydrolysates, such as increasing skin elastic-
ity, reducing wrinkles, maintaining its moisturising 
effect, supporting joint health, improving ocular 
functions and playing a  role in the management 
of non-communicable diseases such as obesity and 
diabetes, are supported by clinical studies. It is 
recommended to be consumed as a  food supple-
ment to support collagen synthesis, which decreas-
es with ageing, and it is aimed to reach a  wider 
consumer base with safe and biologically suitable 
forms of these products.

The various health benefits provided by 
collagen hydrolysate have made it popular in the 
food, cosmetics, biomedical and pharmaceutical 
sectors. However, the development of technologi-
cal methods that will increase the bioavailability 
of collagen hydrolysate and more studies investi-

collagen was found to increase tear volume and 
reduce ocular inflammation [1, 78]. Type IV colla
gen is one of the main components of the cornea, 
lens and retina and supports epithelial cells. In 
this way, it contributes to the ocular tissue integ-
rity with Type  V collagen. Type  XIII, one of the 
lesser-known collagen types, is widely expressed 
in the optic nerve and neural retina. It regulates 
the extracellular matrix in the regions where it is 
expressed [79]. As emphasised earlier, FACIT 
collagens interact with other collagens to regu-
late the extracellular matrix. Although there is no 
specific research, they are critical for retinal in-
tegrity. However, direct evidence on the functions 
of collagens, especially Type  XIII and FACIT, in 
the retina and optic nerve is limited. In this con-
text, advanced molecular and clinical studies are 
needed to reveal the effects of these collagens at 
the cellular level in order to understand the patho-
physiology of age-related visual impairment and to 
develop new therapeutic targets.

The picture showing the relationship between 
collagen hydrolysates and health is in Fig. 2.

Conclusion

Collagen is one of the most basic proteins that 
provide the body’s structural integrity and is widely 
found in body parts. The amount of collagen natu-
rally produced by the body decreases with age, and 
this decrease paves the way for wrinkles, joint and 
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