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Abstract

Fish processing industries generate substantial quantities of by-products, including skin, scales, bones, and fins, which are rich
sources of collagen with significant potential as functional food ingredients. This mini review comprehensively examines the
valorization of fish waste-derived collagen, focusing on its extraction methodologies, nutritional properties, and bioactive
characteristics. Fish collagen offers distinct advantages over mammalian sources, including superior bioavailability, absence of
zoonotic disease transmission risks, and cultural-religious acceptability. Various extraction techniques, ranging from
conventional acid-soluble and pepsin-soluble methods to innovative approaches such as ultrasound-assisted, enzymatic, and
deep eutectic solvent extraction, have been developed to optimize collagen recovery from diverse fish waste materials. The
nutritional profile of fish collagen is characterized by high glycine, proline, and hydroxyproline content, contributing to its
structural integrity and biological functionality. Furthermore, fish collagen and its hydrolysates exhibit remarkable bioactive
properties, including antioxidant, antihypertensive, antimicrobial, and wound-healing activities, positioning them as valuable
functional food ingredients. This review synthesizes current knowledge on fish waste-derived collagen, highlighting
opportunities for sustainable valorization of seafood processing by-products while addressing technological challenges and

future research directions in this rapidly evolving field.
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Indtroduction

The global fish processing industry generates millions of
tons of by-products annually, representing approximately
30-70% of the total fish weight, depending on the species
and processing methods employed (Rajabimashhadi et al.,
2023; Ideia et al., 2020) > 271 These by-products,
traditionally discarded or used for low-value applications
such as animal feed and fertilizer, comprise valuable
biomaterials including skin, scales, bones, fins, and heads
that are rich in collagen and other bioactive compounds
(Ghalamara et al., 2024a; Rajan, 2024) [ 281 The
environmental burden associated with fish waste disposal,
coupled with increasing global demand for sustainable
protein sources and functional food ingredients, has
catalyzed intensive research into the valorization of these
underutilized resources (Orlandi et al., 2023; Lian et al.,
2024; Scheja et al., 2024; Filipe et al., 2024) ™ 125291 This
paradigm shift from waste to wealth aligns with circular
economy principles and contributes to the sustainability of
the seafood industry while creating economic opportunities
through the development of high-value bioproducts (Xu et
al., 2023; Gaikwad et al., 2024) [6:39,

Collagen, the most abundant structural protein in
vertebrates, constitutes a significant proportion of fish by-
products and has emerged as a promising biomaterial for
diverse applications in food, pharmaceutical, cosmetic, and
biomedical industries (Farooq et al., 2024) 1. Fish-derived
collagen offers several distinct advantages over
conventional mammalian sources, including bovine and
porcine collagen, which have dominated the global collagen
market for decades (Tawalbeh et al., 2025; Mufidah et al.,

2025) 2% 3%, The absence of religious and cultural
restrictions associated with fish collagen makes it
universally acceptable across diverse populations,

addressing significant market limitations of mammalian
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collagen (Shaik et al., 2024) Y. Furthermore, fish collagen
exhibits reduced risk of zoonotic disease transmission,
particularly concerning bovine spongiform encephalopathy
and transmissible spongiform encephalopathies that have
raised serious health concerns regarding mammalian-
derived products (Mufidah et al., 2025) 3. The lower
denaturation temperature of fish collagen compared to
mammalian collagen facilitates easier extraction and
processing, while its superior Dbioavailability and
digestibility enhance its functionality as a nutritional
supplement and functional food ingredient (Joy et al., 2024)
[14]

Despite the promising potential of fish waste-derived
collagen, several challenges remain in translating research
findings into commercial applications and widespread
market adoption (Tawalbeh et al., 2025) B3, Variability in
collagen yield, quality, and functional properties depending
on fish species, anatomical source, extraction methods, and
processing conditions necessitates standardization and
optimization of production protocols (Scheja et al., 2024;
Bavisetty et al., 2024) [ 2], The development of cost-
effective, environmentally friendly, and scalable extraction
technologies is crucial for commercial viability and
competitiveness with established mammalian collagen
products (Silva et al., 2024; Orlandi et al., 2023; Makgobole
et al, 2024) [0 25 31 Furthermore, comprehensive
characterization of nutritional composition, bioactive
properties, safety profiles, and regulatory compliance is
essential for consumer acceptance and market penetration
(Ghalamara et al., 2024b; Kazakova et al., 2024) & 1],
Addressing these challenges requires multidisciplinary
research integrating food science, biotechnology, nutrition,
and engineering to develop innovative solutions that
maximize the value of fish waste-derived collagen as

functional food ingredients (Rajabimashhadi et al., 2023)
[27]
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This review aims to provide a comprehensive overview of
current knowledge on fish waste-derived collagen as
functional food, with particular emphasis on sources,
nutritional  properties, and bioactive characteristics
(Tawalbeh et al., 2025) 31, By synthesizing recent advances
and identifying knowledge gaps, this review to inform
future research directions and facilitate the development of
sustainable, high-value products from fish processing by-
products (Gaikwad et al., 2024) 61,

Methodology

This mini review was conducted following a systematic
approach to identify, evaluate, and synthesize relevant
scientific literature on fish waste-derived collagen as
functional food, with emphasis on nutritional properties and
bioactivity (Mufidah et al., 2025) 3. A comprehensive
literature search was performed using multiple electronic
databases, including Web of Science, Scopus, PubMed,
ScienceDirect, and Google Scholar, to ensure broad
coverage of peer-reviewed publications in this rapidly
evolving field (Gaikwad et al., 2024) [9]. The search strategy
employed a combination of keywords including bioactive,
collagen, fish waste, functional food, and nutritional
properties to capture relevant studies published primarily
between 2020 and 2025 (Joy et al., 2024) U4, This
timeframe was selected to focus on recent advances while
including seminal works that have shaped current
understanding of fish collagen valorization and functional
food applications (Wang, 2021) 7381,

Source Of Collagen From Fish Waste

Fish processing operations generate diverse by-products that
serve as valuable sources of collagen, with skin, scales,
bones, and fins representing the primary anatomical
materials rich in this structural protein (Farooq et al., 2024)
(21, Fish skin, the most extensively studied collagen source,
typically contains 20-30% collagen on a dry weight basis
and is characterized by a well-organized fibrillar structure
that facilitates extraction and processing (Scheja et al.,
2024) 1. Various species have been investigated for skin-
derived collagen, including cod (Gadus morhua), tilapia
(Oreochromis spp.), salmon (Salmo salar), tuna (Thunnus
spp.), and numerous other commercially important fish
(Tran et al, 2023) B¢ The collagen content and
characteristics of fish skin vary significantly among species,
influenced by factors such as habitat temperature, fish age,
nutritional status, and anatomical location, with cold-water
fish generally exhibiting lower denaturation temperatures
compared to warm-water species (Shaik et al., 2024;
Mufidah et al., 2025) 2339 Codfish skin, for instance, has
been successfully utilized for collagen extraction using
innovative deep eutectic solvent methods, yielding 2.2%
collagen with subsequent enzymatic hydrolysis producing
bioactive peptides with notable antioxidant and
antihypertensive properties (Silva et al., 2024) 1331,

Fish scales represent another abundant and underutilized
source of collagen, offering advantages such as ease of
collection, minimal contamination with other tissues, and
high collagen content ranging from 40-60% on a dry weight
basis (Metin ef al., 2023; Li et al., 2024) I3 221 Scales from
various species, including golden grey mullet (Chelon
auratus), Megalonibea fusca, tilapia, and sardines, have
been investigated for collagen extraction, demonstrating the
versatility of this by-product as a collagen source (Feng et
al., 2024) Bl The structural composition of fish scales,
consisting of an outer mineralized layer and an inner
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collagenous layer, requires specific pretreatment steps to
remove minerals and facilitate collagen extraction (Sibiya,
2025) B Sardine scales, for example, have been
successfully valorized through a circular approach for
sustainable collagen production, demonstrating applications
in both cosmetics and nutrition (Filipe ef al., 2024) 1. The
optimization of extraction conditions, including buffer
concentration, temperature, pH, and time, significantly
influences collagen yield from scales, as demonstrated by
Taguchi methodological approaches that have achieved
collagen purity of 17.14 + 0.05 mg/g from fish scales
(Bavisetty et al., 2024) [,

Fish bones and cartilage constitute additional sources of
collagen, although they are less commonly utilized
compared to skin and scales due to higher mineral content
and more complex extraction requirements (Rajan, 2024)
(28] The collagen content in fish bones varies depending on
the degree of mineralization, with younger fish generally
containing higher proportions of extractable collagen
(Rajabimashhadi et al., 2023) [7l. Demineralization
pretreatment using acids or chelating agents is essential for
bone-derived collagen extraction, adding complexity and
cost to the process but potentially yielding high-quality
collagen with unique properties (Mufidah et al., 2025) 23,
Fish fins, heads, and swim bladders represent emerging
sources of collagen that have received increasing attention
in recent years, with studies demonstrating successful
extraction and characterization of collagen from these
materials (Kumar et al., 2024) [, The utilization of whole
undersized unwanted catches, including mixed biomass of
skin, fins, and tail, has been explored as a green extraction
approach for hydrolyzed collagen peptides, demonstrating
the potential for comprehensive valorization of entire fish
by-products (Lian et al., 2024) [9],

The type of collagen extracted from fish waste is
predominantly Type I collagen, characterized by a triple
helix structure composed of two al chains and one a2 chain,
with molecular weights typically ranging from 100-140 kDa
for individual o chains (Gaikwad et al., 2024) [°1. Type 1
collagen is the most abundant collagen type in vertebrates
and is particularly suitable for functional food applications
due to its structural stability, biocompatibility, and
bioactivity (Tawalbeh et al., 2025) %, Some studies have
also reported the presence of Type V collagen in fish
tissues, although in much smaller quantities compared to
Type I (Farooq et al., 2024) 1. The collagen yield from fish
waste varies considerably depending on the source material,
fish species, and extraction method employed, with reported
yields ranging from less than 1% to over 20% on a dry
weight basis (Silva et al., 2024) B3, Lumpfish (Cyclopterus
lumpus) skins, for instance, have been investigated for
maximizing collagen yield through optimization of pre-
cleaning and extraction methods, demonstrating the
importance of process parameters in determining extraction
efficiency (Scheja et al., 2024) 29,

Species-specific variations in collagen characteristics reflect
adaptations to different environmental conditions,
particularly water temperature, which influences the thermal
stability and functional properties of extracted collagen
(Rajabimashhadi et al., 2023; Farooq et al., 2024; Shaik et
al., 2024) 2 27 301 Cold-water fish species, such as cod,
salmon, and lumpfish, typically produce collagen with lower
denaturation temperatures (15-20°C) compared to warm-
water species like tilapia and Basa fish (25-35°C), which
has implications for processing conditions and end-use
applications (Silva et al., 2024; Tran et al., 2023) 133361, The
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lower thermal stability of cold-water fish collagen, while
potentially limiting some applications, facilitates easier
extraction and  digestion, potentially  enhancing
bioavailability and functional food applications (Shaik et al.,
2024) B9, Seabass (Lates calcarifer) scales, for example,
have been studied for collagen extraction using
ultrasonication, with pretreatment and extraction conditions
significantly affecting yield and physicochemical properties

www.foodsciencejournal.com

(Bavisetty et al., 2024) ™. The diversity of fish species and
anatomical sources available for collagen extraction
provides opportunities for tailoring collagen properties to
specific functional food applications while contributing to
comprehensive valorization of fish processing by-products
(Xu et al., 2023; Gaikwad et al., 2024) [ 31, Follow Table
1, collagen can be extracted from fish waste with any part of
fish.

Table 1: Source of Collagen and Type of Collagen from Fish Waste

No Species Source of Waste | Extraction Method | Type of Collagen Yield Ref.
Nile Tilapia Acid extraction using o) % Surya, and Mulyani.
L \(Oreochromis niloticus) Scales 0.5 M acetic acid at 4°C| 1YPe I Collagen 1.2% (2022) 134
Acid extraction with
Atlantic Salmon . acetic acid (0.5 M Wang, et al., (2021
2. Skin ( ; ) Type I Collagen 51.3%** & 27?38] ( )
(Salmo salar) followed by purification
via salt precipitation.
Enzymatic extraction
Milkfish using pepsin (from Type I Collagen o xxx |Hidayati, et al., (2020)
3. (Chanos chanos) Bone and fin porcine stomach) in an | (Pepsin-Soluble) 10.2% 1]
acetic acid medium.
Acid method using 0.5
M acetic acid, with pre- .
4. . Red Snapper Skin treatments (alkali and | Type I Collagen ~45%** Tbrahim, andl 1H uda
(Lutjanus campechanus) (2019) (10
v P acid) to remove non-
collagenous proteins.
Combined acid-enzyme
L .. 0, .
African Catfish . met.hod. 1.n1t1a1 . Type I Collagen 12'% o (ASC] Nguyen, et al., (2021)
5. (Clarias gariepinus) Skin and bone extraction with acetic (ASC & PSC) 8.1% + PSC: [24]
gariep acid, residue re- 4.7%)*
extracted using pepsin.
Enzymatic extraction .
Yellowfin Tuna . . - . . 0/, ke Jamilah, and
6. (Thunnus albacares) Fin and skin us;nfh}:)asgallll; :Illji}gfl;:: in| TypeI Collagen 38.5% Harvinder (2018) (13
Acid extraction using
7. Spiny Shark Cartilage ~ |0-> Maceticacidafteral o 1o haoen | 65.4%%%%  Silva, et al,, (2020) B2
(Squalus acanthias) demineralization pre-
treatment with EDTA.
Catfish extriiglginlzlsﬂ)ac;getic Phantong, et al
8. (Pangasius Skin i '8 ace Type I Collagen | 22.7%%** 00 & oL
hypophthalmus) acid with varying time (2021)
P and solvent ratios.
Combined method: acid
. pre-treatment, then .
9. . Sardine . Head and bones extraction using a Type.I Collagen 15.1%%** Mathew, a“[fl]N ar
(Sardinella longiceps) mixture of acetic acid (Pepsin-Soluble) (2023)
and pepsin enzyme.
Orange-Spotted Extraction using a weak
10. Grouper Skin organic acid (lactic acid)] Type I Collagen 41.3% ** | Foo, et al., (2022) )
(Epinephelus coioides) as an alternative solvent.

* (based on wet scale weight)
**(based on dry skin weight)
*** (based on dry material weight)
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Nutritional Compound

The nutritional value of fish waste-derived collagen is
primarily determined by its amino acid composition, which
reflects the characteristic structure of collagen proteins and
influences both nutritional quality and functional properties
(Rajabimashhadi et al., 2023) 271, Fish collagen exhibits a
distinctive amino acid profile characterized by high
proportions of glycine, proline, and hydroxyproline, which
are essential for maintaining the triple helix structure and
conferring unique biological properties (Makgobole et al.,
2024) 29 Glycine, the smallest amino acid, occupies every
third position in the collagen polypeptide chain and
typically constitutes 20-33% of total amino acids in fish
collagen, facilitating the tight packing of the triple helix
structure (Shaik et al., 2024) B9 Fish scale collagen
extracted using Tris-Glycine buffer demonstrated high
percentages of glycine (20.98%), proline (15.43%), and
hydroxyproline (11.51%), indicating fibrous collagen
structures characteristic of Type I collagen (Makgobole et
al., 2024; Rajabimashhadi et al., 2023) 2% 271, Proline and
hydroxyproline content is particularly important for
collagen stability, with hydroxyproline being unique to
collagen and serving as a specific marker for collagen
quantification (Shaik et al., 2024; Tawalbeh et al., 2025) B¢
331, The combined content of proline and hydroxyproline in
fish collagen typically ranges from 15-25%, contributing to
the thermal stability and structural integrity of the protein
(Farooq et al., 2024) 121,

The amino acid composition of fish collagen varies among
species, anatomical sources, and extraction methods,
reflecting  differences in collagen structure and
environmental adaptations (Kazakova et al., 2024) [,
Cold-water  fish species generally exhibit lower
hydroxyproline content compared to warm-water species,
which correlates with lower thermal stability and
denaturation temperatures (Shaik et al., 2024) B9 The
evaluation of nutritional value of freeze-dried hydrolysates
obtained from fish skin has demonstrated that processing
methods significantly influence amino acid profiles and
nutritional quality (Kazakova et al., 2024) !'), Fish collagen
is relatively deficient in essential amino acids, particularly
tryptophan, which is absent in collagen, and contains limited
amounts of methionine and cysteine (Rajabimashhadi et al.,
2023) 7. However, fish collagen provides significant
amounts of other essential amino acids, including leucine,
lysine, phenylalanine, and valine, contributing to its
nutritional value as a protein source (Kazakova ef al., 2024)
[15], The amino acid score and protein digestibility-corrected
amino acid score (PDCAADS) of fish collagen are generally
lower than those of high-quality proteins such as casein or
whey protein due to the absence of tryptophan and limited
essential amino acid content (Farooq et al., 2024) (2,
Nevertheless, fish collagen can serve as a valuable
complementary protein source when combined with other
proteins in functional food formulations (Kazakova et al.,
2024) 031,

The molecular weight distribution of fish collagen and its
hydrolysates significantly influences nutritional properties,
bioavailability, and functional characteristics (Silva et al.,
2024) ™31 Native collagen molecules have molecular
weights of approximately 300 kDa for the intact triple helix,
with individual o chains ranging from 100-140 kDa
(Rajabimashhadi et al., 2023; Gaikwad ef al., 2024) & 271,
Enzymatic hydrolysis produces collagen peptides with
varying molecular weight distributions, typically ranging
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from less than 1 kDa to over 10 kDa, depending on the
degree of hydrolysis and processing conditions (Kuprina et
al., 2023) [, Hydrolyzed collagen peptides from Mugil
cephalus L. were fractionated into <3 kDa (approximately
5% yield) and >3 kDa (0.04-0.3% yield) fractions, with the
lower molecular weight fraction demonstrating significant
biological activity (Orlandi et al., 2023; Rajabimashhadi et
al., 2023) 12527, Lower molecular weight peptides generally
exhibit enhanced bioavailability and absorption compared to
intact collagen or larger peptides, as they can be more
readily transported across the intestinal epithelium
(Kazakova et al., 2024) [, The gastrointestinal delivery of
codfish skin-derived collagen hydrolysates has been
investigated using encapsulation in chitosan-TPP capsules,
which released approximately 58% of their content
primarily in the intestine, demonstrating strategies for
targeted delivery and enhanced bioavailability (Tawalbeh et
al., 2025) B3,

The protein content and purity of fish collagen preparations
vary depending on extraction methods, purification
procedures, and source materials (Rajabimashhadi et al.,
2023) [, High-purity collagen preparations typically
contain 90-98% protein on a dry weight basis, with minimal
contamination from non-collagenous proteins, lipids, or
minerals (Metin et al., 2023) ?21. The protein content of fish
collagen hydrolysates may be lower due to the presence of
small peptides and free amino acids that may be lost during
processing or purification (Kazakova et al., 2024) ', The
digestibility of fish collagen is generally high, with in vitro
and in vivo studies demonstrating efficient breakdown by
gastrointestinal proteases and absorption of resulting
peptides and amino acids (Joy et al., 2024; Kazakova ef al.,
2024) U4 151 The digestion process may influence the
bioactive properties of collagen peptides, with some studies
reporting that gastrointestinal digestion alters the health
benefits of collagen hydrolysates (Silva et al., 2024) 1331, The
in vitro bioaccessibility of unicorn leatherjacket fish
(Aluterus monoceros) skin collagen peptides prepared using
crude collagenase enzyme has been evaluated, providing
insights into the fate of collagen peptides during digestion
and their potential bioavailability (Kumar et al., 2024) 161,
Beyond amino acid composition and protein content, fish
collagen may contain trace amounts of minerals, particularly
calcium and phosphorus in scale- and bone-derived
preparations, which can contribute to nutritional value (Li et
al., 2024) U381 The mineral content depends on the
effectiveness of demineralization pretreatment, with
incomplete demineralization resulting in higher mineral
retention (Bavisetty et al., 2024) [l Fish collagen is
virtually free of carbohydrates and contains minimal lipid
content after proper defatting pretreatment, making it
suitable for low-carbohydrate and low-fat dietary
applications (Kazakova et al., 2024) U], The caloric content
of fish collagen is approximately 4 kcal/g, similar to other
proteins, and its incorporation into functional foods can
contribute to protein fortification without significantly
increasing caloric density (Xu ef al., 2023) %, The techno-
functional properties of collagen hydrolysates and peptides,
including solubility, emulsifying capacity, foaming
properties, and water-holding capacity, are influenced by
molecular weight distribution, amino acid composition, and
degree of hydrolysis, affecting their utility in various food
applications (Joy et al., 2024) ['*]. The combined effects of
extraction methods and hydrolysis conditions on functional
properties of tilapia scale gelatin hydrolysates have been
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systematically investigated, demonstrating the importance
of processing parameters for optimizing nutritional and
functional characteristics (Feng et al., 2024; Tawalbeh et
al., 2025) B3],

Bioactive Compound

Fish waste-derived collagen and its hydrolysates exhibit
diverse Dbioactive properties that extend beyond basic
nutritional value, positioning them as promising functional
food ingredients with potential health benefits (Ghalamara
et al., 2024a; Wang, 2021) 7 37 381 Antioxidant activity
represents one of the most extensively studied bioactive
properties of fish collagen peptides, with numerous studies
demonstrating their capacity to scavenge free radicals,
inhibit lipid peroxidation, and protect against oxidative
stress (Heidari ef al., 2024) 1. The antioxidant mechanisms
of collagen peptides include direct radical scavenging
through donation of hydrogen atoms or electrons, metal ion
chelation to prevent pro-oxidant activity, and potential
upregulation of endogenous antioxidant enzyme systems
(Xu et al, 2023) B9 Codfish skin-derived collagen
hydrolysates produced by alcalase treatment demonstrated
notable antioxidant activity of 961 umol Trolox equivalents
(TE), indicating strong radical scavenging capacity (Silva et
al., 2024) B3 Yellowfin tuna (Thunnus albacares) skin
collagen extracted using ultrasound-mediated techniques
exhibited antioxidant specifications, demonstrating that
extraction methods can influence bioactive properties
(Heidari et al., 2024; Silva et al., 2024) P 31 Unicorn
leatherjacket fish (Aluterus monoceros) skin collagen
peptides prepared using crude collagenase enzyme showed
antioxidant properties in addition to favorable in vitro
bioaccessibility (Kumar et al., 2024) 'S, The antioxidant
activity of collagen peptides is influenced by molecular
weight, amino acid composition, and sequence, with smaller
peptides and those containing hydrophobic amino acids
generally exhibiting enhanced activity (Ghalamara et al.,
2024a) 11,

Antihypertensive activity, primarily mediated through
angiotensin-converting enzyme (ACE) inhibition, represents
another important bioactive property of fish collagen
peptides with significant implications for cardiovascular
health (Xu ef al., 2023) B3°. ACE is a key enzyme in the
renin-angiotensin system that converts angiotensin I to
angiotensin II, a potent vasoconstrictor, and degrades
bradykinin, a vasodilator, thereby playing a central role in
blood pressure regulation (Silva et al., 2024) 331, Collagen
peptides can inhibit ACE activity through competitive or
non-competitive mechanisms, potentially contributing to
blood pressure reduction and cardiovascular protection
(Ghalamara et al., 2024a) 1. Codfish skin-derived collagen
hydrolysates  exhibited = 39.3%  ACE inhibition,
demonstrating  significant  antihypertensive  potential
Tawalbeh et al., 2025) 31, The ACE-inhibitory activity of
collagen peptides depends on peptide size, amino acid
sequence, and the presence of specific amino acids at the C-
terminal position, with peptides containing hydrophobic
amino acids (particularly  proline, leucine, and
phenylalanine) at the C-terminus generally exhibiting higher
activity (Wang, 2021) B7 3] Marine fish-derived proteins
and peptides have been recognized as potential antioxidants
with diverse bioactive properties relevant to functional food
applications (Ghalamara et al., 2024a) ["l. The valorization
of fish processing by-products for bioactive peptide
production has been extensively reviewed, highlighting the
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biological and functional properties of these compounds
Rajabimashhadi et al., 2023) 71,

Wound-healing and tissue regeneration properties of fish
collagen peptides have been demonstrated in various in vitro
and in vivo studies, suggesting potential applications in
functional foods targeting skin health and tissue repair
(Orlandi et al., 2023) 31, The T-scratch test, which assesses
cell migration and wound closure in vitro, has shown
positive results for hydrolyzed collagen peptides from Mugil
cephalus L., with a <3 kDa fraction demonstrating
significant effects on human endothelial cells at
concentrations as low as 0.13 pg/mL (Tawalbeh et al.,
2025) B3 Collagen from Megalonibea fusca scales
exhibited hemostatic effects, demonstrating potential for
wound healing applications (Li et al., 2024) U8 The
mechanisms underlying wound-healing properties of
collagen peptides include stimulation of cell proliferation
and migration, promotion of extracellular matrix synthesis,
modulation of growth factor signaling, and potential anti-
inflammatory effects (Joy et al., 2024) ['4], Fish skin-derived
gelatin peptides have been reviewed for their bioactivity and
mechanistic  insights, with strategies for stability
improvement discussed to enhance their functional food
applications. The incorporation of collagen peptides into
functional foods may support skin health, accelerate wound
healing, and promote tissue regeneration through oral
supplementation, although more clinical studies are needed
to confirm these effects in humans (Tawalbeh et al., 2025)
[35]

Antimicrobial properties have been reported for some fish
collagen peptides, suggesting potential applications in food
preservation and as natural antimicrobial agents in
functional foods The antimicrobial mechanisms of collagen
peptides may include disruption of bacterial cell
membranes, interference with essential metabolic processes,
and potential immunomodulatory effects that enhance host
defense mechanisms (Xu et al., 2023) B Peptide
compositions based on hydrolysates of collagen-containing
fish raw materials have been obtained and studied for
various  biological  activities, including potential
antimicrobial effects (Kuprina et al., 2023) [l The
antimicrobial activity of collagen peptides varies depending
on peptide sequence, size, charge, and hydrophobicity, with
cationic and amphipathic peptides generally exhibiting
stronger antimicrobial properties. The exploration of fish
processing by-products as alternative sources of bioactive
peptides has highlighted their potential for food
applications, including antimicrobial and preservative
functions (Xu et al., 2023; Ghalamara et al., 2024a) [7- 3%,
However, the antimicrobial activity of fish collagen peptides
is generally weaker compared to dedicated antimicrobial
peptides, and further research is needed to optimize peptide
production and characterize antimicrobial mechanisms
(Wang, 2021) 57381,

Additional bioactive properties of fish collagen peptides
include potential anti-inflammatory effects,
immunomodulatory activities, bone health promotion, and
joint health support. Anti-inflammatory properties may be
mediated through inhibition of pro-inflammatory cytokine
production, modulation of inflammatory signaling
pathways, and potential effects on immune cell function (Xu
et al., 2023) 1. The techno-functional and bioactivity
properties of collagen hydrolysates and peptides have been
comprehensively reviewed, highlighting their diverse
biological activities and potential health benefits
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(Ghalamara et al., 2024a) 1. The processing technique,
physicochemical properties, and bioactive properties of
marine collagen have been reviewed, emphasizing the
importance of extraction and processing methods for
preserving and enhancing bioactivity. The bioactive
properties of fish collagen peptides are influenced by
multiple factors, including fish species, anatomical source,
extraction method, degree of hydrolysis, peptide size
distribution, and amino acid composition (Xu et al., 2023;
Shaik et al., 2024) 3% 391, Optimization of these parameters
is essential for maximizing bioactivity and developing
effective functional food products based on fish waste-
derived collagen. Future research should focus on
elucidating structure-activity relationships, identifying
specific bioactive peptide sequences, conducting clinical
trials to validate health benefits, and developing strategies
for enhancing stability and bioavailability of collagen
peptides in functional food applications (Tawalbeh et al.,
2025; Xu et al., 2023) B33,
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