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Abstract

Increasing fish consumption has generated huge volumes of processing residues (heads, bones, skin, viscera, and frames, etc.),
often discarded as waste. These by-products are rich in proteins, peptides, omega-3 fatty acids, collagen, enzymes, minerals and
other bioactives. Intensive research now shows that compounds recovered from fish waste exhibit potent functional and bio-
logical activities (antioxidant, antimicrobial, anti-inflammatory, antihypertensive, and antidiabetic, etc.). Accordingly, valorization
of fish by-products is an emerging bioeconomy strategy: for example, protein hydrolysates are used as food additives, fish col-
lagen/gelatin as nutraceutical supplements, gelatin as edible films or biomaterials, and fish oils as concentrated omega-3 nutra-
ceuticals. This review surveys fish by-product streams, extraction methods, and major bioactive constituents, focusing on their
functional properties and applications in food, nutraceutical and pharmaceutical industries. Finally, we discuss challenges (e.g.,
variability, contaminant risk, processing costs) and future prospects (green technologies, integrated biorefinery) for sustainable
valorization of marine residues.
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Introduction

The global fisheries and aquaculture sectors produce approxi-
mately 200 million tonnes of aquatic products annually. How-
ever, only roughly 25%-30% of each fish is used for fillets and
high-value products, while the remaining 50%-75% (heads,
bones, skin, viscera, scales, etc.) becomes processing by-prod-
ucts (Ferraro et al., 2010). If not valorized, these discards repre-
sent a loss of valuable protein, lipid, and mineral resources and

pose environmental burdens (Xia et al.,, 2024). In the context of
a sustainable bioeconomy, fish by-products are now recognized
as a rich source of high-value compounds. For example, fish
skin and scales are abundant in collagen and gelatin; bones and
frames contain calcium phosphate and collagen; viscera and
heads remain reservoirs of digestive enzymes, proteins, pep-
tides, and oils rich in eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) (Jimenez-Champi et al., 2024; Xia et al.,
2024). Notably, fish waste also contains polysaccharides such as
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chitin (from fish scales and from the shells and non-edible parts
of crustaceans) and chitosan, as well as minor components like
carotenoids and glycosaminoglycans (Noreen et al., 2025; Vieira
et al,, 2023). These generated bioactive compounds possess an-
tioxidant, antihypertensive, and anti-inflammatory properties.

Valorizing fish by-products contributes to global sus-
tainability by reducing waste and promoting circular use of
biological resources. This approach supports the 2030 Agenda
for Sustainable Development Goals, particularly responsible
consumption and production and sustainable use of marine
resources, while promoting sustainable fisheries and ecosystem
conservation (Pinheiro & Symochko, 2025). Moreover, the valo-
rization of fish waste not only improves economic efficiency but
also contributes to environmental sustainability through waste
minimization and circular resource use (Xia et al., 2024).

This review provides a comprehensive overview of fish
by-product valorization, the principal fish by-product streams,
their composition, extraction technologies, and the bioactive
compounds derived from them. Moreover, the functional and
biological properties of these compounds, their potential indus-
trial applications, and the challenges and future prospects for
sustainable, large-scale utilization are critically examined.

Types of Fish By-Products and Composition

Fish processing yields diverse by-product streams with variable
composition. Fish heads contain protein, minerals, enzymes
and significant oil content. Bones and frames are rich in min-
eralized collagen (hydroxyapatite) and protein. Skin, scales and
fins are major sources of collagen and gelatin, with collagen
yields commonly reported in the range of 20%-40%. However,
these values vary depending on fish species, habitat, and the
extraction method employed. Viscera (including guts, liver, and
gonads) provide digestive enzymes, bioactive proteins and oil.
Minor streams include frames, tails, and sludge from mechan-
ical pressing. Together, these by-products can represent 50%-
80% of fish weight (Gaikwad & Kim, 2024; Xia et al., 2024).

The biochemical composition of these residues comple-
ments that of the edible fraction. For example, fish by-products
contain the proteins (including type I collagen), essential amino
acids, polyunsaturated fatty acids (PUFAs, especially EPA, and
DHA), vitamins (A, D, E, and B-group) and minerals (Ca, P,
Mg, Zn, and Se, etc.) (Jimenez-Champi et al., 2024; Noreen et
al., 2025). Specifically, approximately 30% of total fish process-
ing waste consists of scales, bones, skin, and heads, which con-
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tain substantial amounts of proteins and can be utilized to pro-
duce collagen or gelatin. Visceral wastes contain oils (up to 20%
lipid by wet weight) and diverse enzymes. These constituents
underpin the value of fish waste as a source of nutraceutical and
functional ingredients. Table 1 summarizes typical by-product
types and their characteristic compounds.

Valorization of Fish By-Products

There are multiple pathways for the valorization of marine
by-products through processing, ranging from the production of
value-added ingredients to the extraction of specific high-value
biomolecules. According to the European Union (EU) Directive
2008/98/EC, the hierarchy of waste management can be concep-
tualized as a prioritization pyramid, in which both the economic
value of the derived products and the required quality of the raw
materials decrease progressively from top to bottom. The central
principle of this framework emphasizes the implementation of
best practices aimed at preventing or minimizing waste genera-
tion. A significant proportion of the global fishery catch, amount-
ing to millions of tons each year is discarded at sea because it fails
to meet regulatory criteria such as minimum legal size, exceeds
catch quotas, or does not meet commercial quality standards. To
respond to this problem, the EU introduced a reformed Com-
mon Fisheries Policy that promotes a “zero-discard” strategy,
aiming to eliminate unnecessary waste and encourage the sus-
tainable use of marine resources (CINEA, 2021).

Innovative management measures need to be established
in order to achieve the objectives set by the policy. The holding
and discarding of by-products can be done in two ways. First
is to commercialize the lower-value fraction for direct use and
the second way is to convert the materials into high-value bio-

Table 1. Fishery by-products types and their characteristic bio-
active compounds

Main fishery ~Representative Bioactive References

by-products  percentage (%) compounds
Skeletons 10-15 Minerals (calcium), Coppola et al. (2021),
Collagen, lipids Kandyliari et al. (2020)
Head 10-15 Proteins, peptides, Zhang et al. (2021)
lipids, gelatin
Scales 2 Collagen Molina-Ramirez et al. (2021)
Skin 35 Collagen, gelatin,  Atef & Mahdi Ojagh (2017),
peptides Caruso et al. (2020)
Viscera 12-20 QOil, enzymes, Lietal. (2022)
peptides
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molecules or functional ingredients which are suitable to use
in nutraceutical or pharmaceutical industries (Teves & Ragaza,
2016). These practices align closely with the principles of a sus-
tainable circular economy, emphasizing the “green approach”
to resource management. This strategy enables the efficient
transformation of fish by-products into versatile raw materials
suitable for the production of feed, food, and other high-value
industrial products. Among existing valorization routes, the use
of fish by-products in the manufacture of animal feed ingredi-
ents, particularly fish meal and fish oil remains the most com-
mon practice worldwide (Aspevik et al., 2018). In addition, re-
sidual waste streams from these processes can serve as feedstock
for biofuel production or as agricultural amendments, such as
organic fertilizers, thereby extending the utilization potential of
marine resources across multiple industrial domains.

There are abundant health-promoting compounds present
in fish by-products. A diverse arrays of molecules such as colla-
gen, proteins, peptides, gelatins etc. (Samarajeewa, 2024). These
compounds have shown wide spectrum of biological activities.
These multifunctional properties underpin their increasing
use in the pharmaceutical, nutraceutical, and cosmeceutical
sectors, where they contribute to the development of bioactive
formulations with health-promoting potential (Atef & Mahdi
Ojagh, 2017). Beyond their physiological effects, ingredients
derived from fish by-products also exhibit valuable technolog-
ical functionalities when incorporated into food systems. Their
emulsifying, foaming, fat-binding, and water-holding capacities
can significantly improve the texture and stability of processed
foods (Chen et al., 2024).

Extraction Methods

Recovering bioactive compounds from fish by-products re-
quires appropriate processing. Traditional methods include
mechanical separation (pressing fillet-cutting waste for oil),
solvent extraction (using organic solvents or alkaline/acid di-
gestion), and enzymatic hydrolysis (using proteases to liberate
peptides and amino acids) (Gaikwad & Kim, 2024). However,
such conventional methods can be time-consuming, energy-in-
tensive, and may degrade sensitive compounds. Recent research
emphasizes green and intensified extraction techniques. No-
table approaches include microwave-assisted extraction, ul-
trasound-assisted extraction, and supercritical fluid extraction
(CO,). Supercritical CO, extraction efficiently isolates fish oil
(omega-3 lipids) with minimal oxidation (Ferdosh et al., 2016).
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Subcritical water hydrolysis is used to recover peptides from
bones and viscera without organic solvents (Pires et al., 2024).

Extraction of fish collagen typically uses acid-soluble or pep-
sin-soluble methods (Oslan et al., 2022). Mild acid (e.g., acetic
acid) and pepsin pretreatment breaks collagen crosslinks, yielding
gelatin-like solutions. Extraction parameters (time, temperature,
solvent ratio) are optimized for each tissue. Other techniques
for collagen include enzymatic solubilization, ultrasonication to
improve mass transfer, and novel solvents (deep eutectic solvents
[DES] or ionic liquids) for eco-friendly recovery (Ali et al., 2018).
Enzymatic hydrolysis is widely used to produce protein hydro-
lysates and peptides. Proteases (e.g., alcalase, papain) applied to
minced by-products (frames, viscera, skin) generate mixtures of
small peptides and amino acids with preserved bioactivity (Araujo
etal,, 2021). Additionally, chitin is isolated from crustacean by de-
mineralization (acid) and deproteinization (alkaline) treatments
(Fotodimas et al., 2025). Extraction of chitin from fish scales has
been reported for several species, including Cyprinus carpio (Soud
et al,, 2024), Labeo rohita (Kumari & Rath, 2014), and Lethrinus
ornatus (Fatima et al.,, 2025). And then, the extracted chitin sub-
sequently converted to chitosan via deacetylation. These green
techniques together form an integrated strategy to extract maxi-
mal value from marine residues. The summary of the extraction
methods are indicated in Fig. 1.

Bioactive Compounds from Fish By-Prod-
ucts and the Bioactivities

Marine fish collagen and gelatin
Collagen is the dominant structural protein present in the ex-

Raw Materials
skin, bones, scales, heads, viscera,
meat waste

Cleaning, mincing, drying, defatting

Extraction Methods

! ! ! ! l

[ o |
| l l

Acids, Alkali solvents
Organic solvents

| | l

Peptides, protein
hydrolysates

{ Supercritical CO,

Ultrasound / Microwave-
Extraction

U Solvent based Assisted Extraction

Microbes:
Lactobacillus, Bacillus

Enzymes: Alcalase,
Papin, Pepsin

; Collagen, gelatin,
Omega-3 fatty acids. ot

Fig. 1. Extraction methods for bioactive compounds from fish
by-products.

Collagen, gelatin, oils. Peptides, amino acids
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tracellular matrix of the animal body (Venkatesan et al., 2017).
Its structure consists of three helical polypeptide chains with a
repetitive tripeptide unit, Glycine-X-Y, where X and Y positions
are generally occupied by proline (Pro) and hydroxyproline ,
respectively (Silva et al., 2014). Gelatin is a class of protein frac-
tion that derived from collagen by thermal hydrolysis involving
the breakage of hydrogen bonds between collagen polypeptide
chains. Therefore, collagen and gelatin are two different forms of
the same macromolecule (Karim & Bhat, 2009). Fish skins, scales
and bones are a valuable source of collagen (mostly type I). Col-
lagen extracted from fish waste has advantages of high biocom-
patibility and fewer cultural restrictions compared to mammalian
sources (Silva et al., 2014). Fish collagen and its denatured form
gelatin possess film-forming, gelling and emulsifying properties.
Collagen obtained from fish by-products has been thought to
have potential for use in tissue engineering, cosmeceuticals, and
biomedical applications. The translucent, colorless, and flavorless
gelatin is extracted from the bones and skin of fish. Although it
can be considered a protein source in human nutrition, it cannot
be considered as the sole source of protein in animal feed. Due to
its lack of an amino acid known as tryptophan, gelatin is not con-
sidered a complete source of protein. It is instead a high source of
methionine and lysine (Sultana et al., 2018).

To date, twenty-one distinct types of collagen molecules
have been identified, each differing in structure and tissue dis-
tribution. The majority of collagens are localized in connective
tissues such as skin and bone, whereas types IV, VI, VII, VIII,
and X belong to the network-forming family, contributing
to the formation of specialized extracellular matrices. These
molecules are typically cross-linked within fibrillar networks,
rendering them insoluble under physiological conditions. Com-
mercially available collagen is widely utilized across medical,
pharmaceutical, and cosmetic industries due to its excellent
biocompatibility and biodegradability. In clinical practice,
collagen-based materials are employed in diverse therapeutic
applications, including pain management and the treatment of
urinary incontinence associated with osteoarthritis. Moreover,
collagen scaffolds have been used for cartilage repair and tissue
regeneration, and emerging research suggests potential roles in
inhibiting cancer metastasis through modulation of the extra-
cellular microenvironment (Mandal et al., 2023).

Protein hydrolysates and bioactive peptides

Fish protein hydrolysates, for their amino acid composition and
easily digestible proteins, are considered to have excellent quality,
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from a nutritional point of view. Nevertheless, due to the un-
pleasant fishy smell and flavor, they were mostly used for animal
nutrition (Khalili Tilami & Sampels, 2018). Broad enzymatic
hydrolysis of fish by-product proteins yields complex mixtures
of peptides. Many isolated marine-derived peptides have doc-
umented functionalities: antioxidant (free-radical scavenging),
angiotensin-converting-enzyme (ACE) inhibitory (antihyperten-
sive), antimicrobial, anti-inflammatory, anticoagulant, immuno-
modulatory, antidiabetic and even antitumor effects (Ngo et al,,
2013). Recent research has demonstrated that bioactive peptides
derived from various marine organisms exhibit strong antioxi-
dant potential by inhibiting lipid peroxidation and neutralizing
reactive oxygen species. The free radical-scavenging capacity of
these peptides has been largely attributed to the presence of spe-
cific hydrophobic and aromatic amino acid residues, such as ala-
nine, phenylalanine, isoleucine, leucine, valine, glycine, Pro, me-
thionine, tyrosine, histidine, lysine, and cysteine which enhance
their antioxidant efficiency. These residues can act as proton or
electron donors, or directly quench lipid radicals, thereby stabiliz-
ing oxidative reactions (Mendis et al., 2005).

As reported for the antioxidant properties, ACE inhibitory
activity was also attributed to the differences in chain length
and amino acids sequences of peptides, as well as, to their
hydrophobicity (Lassoued et al., 2015). For instance, an ACE
inhibitory Gly-Leu-Pro-Leu-Asn-Leu-Pro (M.W. 770 Da) hy-
drophobic peptide isolated from salmon skin (Oncorhynchus
keta) was found to reduce systolic blood pressure after oral ad-
ministration in rats, suggesting a possible use of this peptide as
a functional food with anti-hypertensive effect (Lee et al., 2014).
Table 2 summarizes the peptides and their bioactivity from sev-
eral fish by-products.

Lipids

Many by-products, especially viscera and heads of oily fish (tuna,
salmon, mackerel) are rich in lipids. Lipids belong to a fundamen-
tal group of nutrients for humankind since they contribute the
structure of the biological membranes (Cullis & de Kruijff, 1979).
Their components are fatty acids (FAs), which can be classified
into saturated (SFAs-without double bonds), monounsaturated
(MUFAs-with one double bond), and polyunsaturated (PU-
FAs-with two or up to six double bonds) (Mi$urcova et al., 2011).
These lipids are well known for cardiovascular and anti-inflam-
matory benefits. For example, fish oil supplementation lowers
triglycerides and improves lipid profiles, and exhibits hepatopro-
tective effects in models of liver injury (MiSurcovd et al., 2011).
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Table 2. Protein hydrolysates and peptides from fish by-products with their bioactivities

Species By product Compound Biological activity Reference

Johnius belengeri Skin Peptide Antioxidant Mendis et al. (2005)
Katsuwana pelamis Muscle waste Peptide ACE inhibitory activity Intarasirisawat et al. (2013)
Exocoetus volitans Muscle waste Hydrolysates and peptide fractions  Antioxidant and anti-tumor (Nagash & Nazeer,2010) Lee et al. (2014)
Rachycentron canadum  Skin Gelatin derivative Antioxidant, anti-inflammation Yang et al. (2008)

Sepia officinalis Skin and viscera Protein hydrolysates Antioxidant and anti-hypertension Ktari et al. (2013)
Oncorhynchus keta Skin Peptides Anti-hypertension Leeetal.(2014)
Thunnus tonggol Vicera, bone Peptides Antihypertensice, anti-inflammatory, cardioprotective  Jensen & Maehre (2016)
Siberian sturgeon Cartilages Peptides Antioxidant Sheng et al. (2022)
Clupea harengus Bone, skin, muscle Peptides Anti-inflammatory, Durand et al. (2020)

S. pilchardus Muscle Protein hydrolysate Anti-inflammatory, Vieira et al. (2018)
Larimichthys crocea Peptides Antimicrobial Zheng et al. (2020)

Raja kenojei Muscle Collagen peptide Anti-obesity Woo et al. (2018)

ACE, angiotensin-converting-enzyme.

Among lipid constituents, lecithin is a viscous, fatty substance
primarily composed of phospholipid mixtures, along with minor
proportions of glycerides, neutral lipids, and other suspended
components. Owing to its strong emulsifying and stabilizing prop-
erties, lecithin has found broad applications across multiple indus-
trial sectors. In the nutraceutical field, lecithin-based nanovesicles
are increasingly incorporated into functional foods and dietary
supplements to enhance the bioavailability of lipophilic nutrients
(Chotard et al., 2020). Within the pharmaceutical industry, leci-
thin is utilized in formulations aimed at managing hypercholes-
terolemia, supporting neurological function, and alleviating liver
disorders (Higgins & Flicker, 2000). Furthermore, in the cosmetic
sector, lecithin serves as a key ingredient in emulsions, beauty lo-
tions, and cosmetic oils, where it contributes to improved texture,
skin hydration, and product stability (Haq et al., 2017).

A deep red oil rich in omega-3 PUFAs, especially EPA and
DHA, can be also obtained from theground skin of the Indian
mackerel (Rastrelliger kanagurta). In particular, oil extracted
from Indian mackerel had the highest recoveries of PUFAs
(Sahena et al,, 2010). Considering lipids from waste sources,
it is important to underline the importance of squalene as a
bioactive molecule. Squalene is a natural lipid belonging to the
terpenoid family, which partly originates from endogenous
cholesterol synthesis and partly from dietary sources, especially
in populations consuming large amounts of olive oil or shark
liver, olives, wheat germ, and rice bran. Squalene is considered
an excellent emollient and moisturizer for the skin, also having
antioxidant and anti-cancer properties, to relieve skin irritations
and/or tumors (Kim & Karadeniz, 2012).

https://doi.org/10.47853/FAS.2026.e12

Challenges and Future Prospects

Despite the remarkable therapeutic and functional potential
of bioactive compounds derived from fish by-products, their
large-scale utilization and commercialization remain limited by
several scientific, technological, and economic challenges. Fish
processing residues, including skin, bones, scales, viscera, and
heads, contain valuable biomolecules such as proteins, peptides,
collagen, gelatin, lipids, polysaccharides, and minerals. Howev-
er, the efficient extraction and purification of these compounds
are often hindered by the complex structural composition
and physicochemical variability of the raw materials. A major
constraint in the valorization process lies in the variability and
rapid spoilage of by-products. These materials typically have
high moisture content and active endogenous enzymes, which
accelerate degradation and require immediate processing or
preservation (e.g., through freezing or lyophilization) to main-
tain quality. Food safety is another concern, as contaminants
such as heavy metals, polychlorinated biphenyls, and antibiotic
residues can accumulate in fish viscera or skin (Whitaker et al.,
2021). This necessitates rigorous quality control, purification,
and monitoring throughout processing to ensure the safety of
products intended for human consumption.

From an economic standpoint, extraction processes must
be both efficient and cost-effective. Many advanced and environ-
mentally friendly techniques such as supercritical CO, extraction,
DES extraction, or membrane-assisted fractionation, require
substantial capital investment and technical expertise, which can
limit scalability for small or medium-sized enterprises. Regula-
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tory challenges also arise when reclassifying fish by-products,
traditionally regarded as waste, into raw materials for food, nu-
traceutical, or pharmaceutical use, as this redefinition demands
strict compliance with safety and labeling standards.

On the technological side, conventional solvent-based
extraction methods, such as acid or alkaline treatments, often
yield low recovery rates for cross-linked structures like fish skin
collagen, while potentially degrading sensitive bioactives. Enzy-
matic hydrolysis offers a gentler and more selective alternative,
but its large-scale implementation remains hindered by the high
cost of industrial-grade enzymes and the difficulty of achieving
consistent product quality. Similarly, microbial fermentation,
though cost-effective, frequently suffers from low yields and
limited control over peptide specificity, which constrains its use
in producing targeted high-value bioactive compounds. More-
over, downstream processing continues to pose a significant
challenge for industrial scale-up. Laboratory-scale purification
methods, including membrane filtration, dialysis, gel filtration,
ion-exchange chromatography, and reverse-phase high-perfor-
mance liquid chromatography, are effective in research. How-
ever, their industrial application is limited by high costs and the
low concentrations of the most bioactive compounds in crude
extracts (Whitaker et al., 2021). Even advanced separation sys-
tems, such as ultrafiltration and multi-step chromatographic
techniques, require complex optimization and substantial ener-
gy input to be feasible at an industrial scale.

Fish by-products have emerged as a valuable source of bio-
active compounds with potential health-promoting properties.
From a biological and safety perspective, fish by-product-de-
rived bioactives generally exhibit low allergenicity and minimal
toxicity, making them favorable candidates for functional food
and therapeutic use. Results from in vitro, in vivo, and clinical
studies highlight the biological safety and functional potential
of these compounds (Borra et al., 2025; Taroncher et al., 2021;
Wunnoo et al., 2025). However, stability and bioavailability re-
main major obstacles. Many bioactive peptides, lipids, and poly-
saccharides degrade during processing, storage, or digestion,
reducing their effectiveness. Innovative delivery systems such as
nanoemulsions, nanoliposomes, and biodegradable polymeric
nanoparticles are currently being explored to enhance stability,
control release, and improve bioavailability. Nevertheless, com-
prehensive studies are required to assess their safety, interac-
tions within food matrices, and long-term effects in humans.

Looking forward, research efforts are increasingly directed
toward integrated biorefinery models that sequentially extract
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multiple valuable compounds such as proteins, lipids, and min-
erals from the same raw stream to maximize utilization and
minimize waste. The implementation of green technologies
(e.g., ultrasound-assisted extraction, enzymatic hydrolysis, and
membrane filtration) is expected to enhance process efficiency,
sustainability, and environmental compatibility. Moreover, there
is growing interest in the discovery of novel bioactive mole-
cules—such as peptides targeting chronic diseases and in the
genetic optimization of microbial strains to improve enzyme
production and yield.

Conclusion

In conclusion, fishery and aquaculture by-products represent
underexploited yet highly promising resources. With continued
innovation in extraction technologies, sustainable biorefinery
design, and interdisciplinary collaboration, these materials can
be transformed into high-value ingredients for the nutraceuti-
cal, pharmaceutical, and functional food industries. Overcom-
ing current technical and regulatory hurdles will be key to un-
locking the full potential of transforming “trash into treasure”
within the global seafood sector.

Competing interests
No potential conflict of interest relevant to this article was re-
ported.

Funding sources
Not applicable.

Acknowledgements
Not applicable.

Availability of data and materials
Upon reasonable request, the datasets of this study can be avail-
able from the corresponding author.

Ethics approval and consent to participate
Not applicable.

ORCID

Nisansala Madushani Liyanage
https://orcid.org/0000-0002-4544-8496
https://orcid.org/0009-0008-6010-5441
https://orcid.org/0000-0003-3299-7266

Hye-Won Yang
You-Jin Jeon

https://doi.org/10.47853/FAS.2026.e12



Nisansala Madushani Liyanage, et al.

References

Ali AMM, Benjakul S, Prodpran T, Kishimura H. Extraction
and characterisation of collagen from the skin of golden
carp (Probarbus jullieni), a processing by-product. Waste
Biomass Valor. 2018;9:783-91.

Araujo ], Sica P, Costa C, Marquez MC. Enzymatic hydrolysis
of fish waste as an alternative to produce high value-added
products. Waste Biomass Valor. 2021;12:847-55.

Aspevik T, Oterhals A, Renning SB, Altintzoglou T, Wubshet
SG, Gildberg A, et al. Valorization of proteins from co- and
by-products from the fish and meat industry. In: Lin CSK,
editor. Chemistry and chemical technologies in waste valo-
rization. Cham: Springer International Publishing; 2018. p.
123-50.

Atef M, Mahdi Ojagh S. Health benefits and food applications
of bioactive compounds from fish byproducts: a review. ]
Funct Foods. 2017;35:673-81.

Borra S, Amrutha HK, D’souza V, Shinde V, Sandhu JS, Pandey
AK, et al. In vivo subcutaneous biocompatibility evaluation
of decellularized tilapia fish skin in a rat model. Sci Rep.
2025;15:37982.

Caruso G, Floris R, Serangeli C, Di Paola L. Fishery wastes as
a yet undiscovered treasure from the sea: biomolecules
sources, extraction methods and valorization. Mar Drugs.
2020;18:622.

Chen Y, Sun Y, Ding Y, Ding Y, Liu S, Zhou X, et al. Recent
progress in fish oil-based emulsions by various food-grade
stabilizers: fabrication strategy, interfacial stability mech-
anism and potential application. Crit Rev Food Sci Nutr.
2024;64:1677-700.

Chotard E, Mohammadi E, Julien P, Berthiaume L, Rudkowska
I, Bertrand N. Drinkable lecithin nanovesicles to study the
biological effects of individual hydrophobic macronutrients
and food preferences. Food Chem. 2020;322:126736.

Coppola D, Lauritano C, Palma Esposito F, Riccio G, Rizzo
C, de Pascale D. Fish waste: from problem to valuable re-
source. Mar Drugs. 2021;19:116.

Cullis PR, de Kruijft B. Lipid polymorphism and the functional
roles of lipids in biological membranes. Biochim Biophys
Acta Rev Biomembr. 1979;559:399-420.

Durand R, Pellerin G, Thibodeau J, Fraboulet E, Marette A, Ba-
zinet L. Screening for metabolic syndrome application of a
herring by-product hydrolysate after its separation by elec-
trodialysis with ultrafiltration membrane and identification

https://doi.org/10.47853/FAS.2026.e12

Fisheries and Aquatic Sciences FA S

of novel anti-inflammatory peptides. Sep Purif Technol.
2020;235:116205.

Fatima BMK, Therese LA, Stephanie M, Seagal A. Extraction
and characterization of chitin from Lethrinus ornatus
(ornate emperor) fish scales. CTU J Innov Sustain Dev.
2025;17:106-11.

Felicia LWX, Supri S, Djamaludin H, Nurdiani R, Lim LS, Koh
WY, et al. Turning waste into value: extraction and effec-
tive valorization strategies of seafood by-products. Waste
Manag Bull. 2024;2:84-100.

Ferdosh S, Sarker MZI, Ab Rahman NNN, Haque Akanda MJ,
Ghafoor K, Ab Kadir MO. Simultaneous extraction and
fractionation of fish oil from tuna by-product using su-
percritical carbon dioxide (SC-CO2). ] Aquat Food Prod
Technol. 2016;25:230-9.

Ferraro V, Cruz IB, Jorge RF, Malcata FX, Pintado ME, Castro
PML. Valorisation of natural extracts from marine source
focused on marine by-products: a review. Food Res Int.
2010;43:2221-33.

Fotodimas I, Vidalis KL, Theodorou JA, Logothetis P, Kanlis
G. Sustainable aquaculture through enzymatic hydrolysis
of raw chitin from crab by-products: functional fish feeds
targeting fish health with implications for human health.
Fishes. 2025;10:514.

Gaikwad S, Kim MJ. Fish by-product collagen extraction us-
ing different methods and their application. Mar Drugs.
2024;22:60.

Haq M, Ahmed R, Cho YJ, Chun BS. Quality properties and
bio-potentiality of edible oils from Atlantic salmon by-prod-
ucts extracted by supercritial carbon dioxide and conven-
tional methods. Waste Biomass Valor. 2017;8:1953-67.

European Climate, Infrastructure and Environment Executive
Agency (CINEA). Synthesis of the landing obligation mea-
sures and discard rates. Luxembourg: Publications Office of
the EU; 2021. EASME/EMFF/2018/011 Specific Contract
Lot 1 No.2; Lot 2 No.4.

Higgins JPT, Flicker L. Lecithin for dementia and cognitive im-
pairment. Cochrane Database Syst Rev. 2000: CD001015.

Intarasirisawat R, Benjakul S, Wu J, Visessanguan W. Isolation
of antioxidative and ACE inhibitory peptides from protein
hydrolysate of skipjack (Katsuwana pelamis) roe. ] Funct
Foods. 2013;5:1854-62.

Jensen IJ, Mahre HK. Preclinical and clinical studies on an-
tioxidative, antihypertensive and cardioprotective effect
of marine proteins and peptides: a review. Mar Drugs.

https://www.e-fas.org | 139



FA S Fisheries and Aquatic Sciences

2016;14:211.

Jimenez-Champi D, Romero-Orejon FL, Muiioz AM, Ra-
mos-Escudero E The revalorization of fishery by-products:
types, bioactive compounds, and food applications. Int ]
Food Sci. 2024;2024:6624083.

Kandyliari A, Mallouchos A, Papandroulakis N, Golla JP, Lam
TT, Sakellari A, et al. Nutrient composition and fatty acid
and protein profiles of selected fish by-products. Foods.
2020;9:190.

Karim AA, Bhat R. Fish gelatin: properties, challenges, and
prospects as an alternative to mammalian gelatins. Food
Hydrocoll. 2009;23:563-76.

Khalili Tilami S, Sampels S. Nutritional value of fish: lipids,
proteins, vitamins, and minerals. Rev Fish Sci Aquacult.
2018;26:243-53.

Kim SK, Karadeniz F. Biological importance and applications
of squalene and squalane. In: Kim SK, editor. Advances in
food and nutrition research. Cambridge, MA: Academic
Press; 2012. p. 223-33.

Ktari N, Fakhfakh N, Balti R, Ben Khaled H, Nasri M, Bougatef
A. Effect of degree of hydrolysis and protease type on the
antioxidant activity of protein hydrolysates from cuttlefish
(Sepia officinalis) by-products. ] Aquat Food Prod Technol.
2013;22:436-48.

Kumari S, Rath PK. Extraction and characterization of chitin
and chitosan from (Labeo rohit) fish scales. Procedia Mater
Sci. 2014;6:482-9.

Lassoued I, Mora L, Nasri R, Jridi M, Toldra E Aristoy MC, et
al. Characterization and comparative assessment of antiox-
idant and ACE inhibitory activities of thornback ray gelatin
hydrolysates. ] Funct Foods. 2015;13:225-38.

Lee JK, Jeon JK, Byun HG. Antihypertensive effect of novel
angiotensin I converting enzyme inhibitory peptide from
chum salmon (Oncorhynchus keta) skin in spontaneously
hypertensive rats. ] Funct Foods. 2014;7:381-9.

LiY, Yang L, Wu S, Chen J, Lin H. Structural, functional, rheo-
logical, and biological properties of the swim bladder col-
lagen extracted from grass carp (Ctenopharyngodon idella).
LWT-Food Sci Technol. 2022;153:112518.

Mandal A, Dhineshkumar E, Murugan E. Collagen biocomposites
derived from fish waste: doped and cross-linked with func-
tionalized Fe,O, nanoparticles and their comparative studies
with a green approach. ACS Omega. 2023;8:24256-67.

Mendis E, Rajapakse N, Kim SK. Antioxidant properties of a
radical-scavenging peptide purified from enzymatically

140 | https://www.e-fas.org

Sustainable valorization of fish by-products

prepared fish skin gelatin hydrolysate. ] Agric Food Chem.
2005;53:581-7.

Misurcova L, Ambrozova J, Samek D. Seaweed lipids as nutra-
ceuticals. In: Kim SK, editor. Advances in food and nutri-
tion research. Cambridge, MA: Academic Press; 2011. p.
339-55.

Molina-Ramirez C, Mazo P, Zuluaga R, Gafidn P, Alvarez-Ca-
ballero J. Characterization of chitosan extracted from
fish scales of the Colombian endemic species Prochilodus
magdalenae as a novel source for antibacterial starch-based
films. Polymers. 2021;13:2079.

Nagqash SY, Nazeer RA. Antioxidant activity of hydrolysates and
peptide fractions of Nemipterus japonicus and Exocoetus voli-
tans muscle. ] Aquat Food Prod Technol. 2010;19:180-92.

Ngo DH, Vo TS, Kim SK. Biological activities of marine bioac-
tive peptides. In: Kim SK, editor. Marine proteins and pep-
tides: biological activities and applications. Hoboken, NJ:
John Wiley & Sons; 2013. p. 509-21.

Noreen S, Hashmi B, Aja PM, Atoki AV. Health benefits of fish
and fish by-products: a nutritional and functional perspec-
tive. Front Nutr. 2025;12:1564315.

Oslan SNH, Li CX, Shapawi R, Mokhtar RAM, Noordin WNM,
Huda N. Extraction and characterization of bioactive fish
by-product collagen as promising for potential wound
healing agent in pharmaceutical applications: current trend
and future perspective. Int ] Food Sci. 2022;2022:9437878.

Pinheiro MNC, Symochko L. Biosustainability and waste val-
orization: advancing the circular bioeconomy paradigm.
Sustainability. 2025;17:7063.

Pires C, Leitao M, Sapatinha M, Gongalves A, Oliveira H,
Nunes ML, et al. Protein hydrolysates from salmon heads
and Cape hake by-products: comparing enzymatic method
with subcritical water extraction on bioactivity properties.
Foods. 2024;13:2418.

Sahena E Zaidul ISM, Jinap S, Jahurul MHA, Khatib A, Norulaini
NAN. Extraction of fish oil from the skin of Indian mackerel
using supercritical fluids. ] Food Eng. 2010;99:63-9.

Samarajeewa U. Safety, processing, and utilization of fishery
products. Fishes. 2024;9:146.

Sheng Y, Qiu YT, Wang YM, Chi CE Wang B. Novel antioxidant
collagen peptides of Siberian sturgeon (Acipenser baerii)
cartilages: the preparation, characterization, and cytopro-
tection of H,0,-damaged human umbilical vein endotheli-
al cells (HUVECs). Mar Drugs. 2022;20:325.

Silva TH, Moreira-Silva ], Marques ALP, Domingues A, Bayon Y,

https://doi.org/10.47853/FAS.2026.e12



Nisansala Madushani Liyanage, et al.

Reis RL. Marine origin collagens and its potential applica-
tions. Mar Drugs. 2014;12:5881-901.

Soud SA, Ali MA, Alhadban WG, Taha AA. Extraction and
characterization of chitin and chitosan from local Iraqi fish
scales. Iraqi ] Agric Sci. 2024;55:1728-33.

Sultana S, Ali ME, Ahamad MNU. Gelatine, collagen, and single
cell proteins as a natural and newly emerging food ingredi-
ents. In: Ali ME, Nizar NNA, editors. Preparation and pro-
cessing of religious and cultural foods. Sawston: Woodhead
Publishing; 2018. p. 215-39.

Taroncher M, Rodriguez-Carrasco Y, Aspevik T, Kousoulaki
K, Barba FJ, Ruiz MJ. Cytoprotective effects of fish protein
hydrolysates against H,0,-induced oxidative stress and my-
cotoxins in Caco-2/TC7 cells. Antioxidants. 2021;10:975.

Teves JFC, Ragaza JA. The quest for indigenous aquafeed ingre-
dients: a review. Rev Aquacult. 2016;8:154-71.

Venkatesan J, Anil S, Kim SK, Shim MS. Marine fish proteins
and peptides for cosmeceuticals: a review. Mar Drugs.
2017;15:143.

Vieira EE, Van Camp J, Ferreira IMPLVO, Grootaert C. Protein
hydrolysate from canned sardine and brewing by-prod-
ucts improves TNF-a-induced inflammation. Eur ] Nutr.
2018;57:2275-86.

Vieira H, Lestre GM, Solstad RG, Cabral AE, Botelho A, Hel-
big C, et al. Current and expected trends for the marine
chitin/chitosan and collagen value chains. Mar Drugs.
2023;21:605.

Whitaker RD, Altintzoglou T, Lian K, Fernandez EN. Marine
bioactive peptides in supplements and functional foods: a
commercial perspective. Curr Pharm Des. 2021;27:1353-64.

Woo M, Song YO, Kang KH, Noh JS. Anti-obesity effects of col-
lagen peptide derived from skate (Raja kenojei) skin. Mar
Drugs. 2018;16:306.

Wunnoo S, Jakkawanpitak C, Rajagopal RS, Amnuaikit T.
Effects of a ready-to-drink hydrolyzed collagen from sea
bass skin on skin health: a 30-day clinical trial. Science.
2025;7:134.

Yang JI, Ho HY, Chu Y], Chow C]J. Characteristic and antioxidant
activity of retorted gelatin hydrolysates from cobia (Rachy-
centron canadum) skin. Food Chem. 2008;110:128-36.

Zhang Y, Sun Q, Liu S, Wei S, Xia Q, Ji H, et al. Extraction of
fish oil from fish heads using ultra-high pressure pre-treat-
ment prior to enzymatic hydrolysis. Innov Food Sci Emerg
Technol. 2021;70:102670.

Zheng L, Li Y, Wang J, Pan Y, Chen J, Zheng W, et al. Antibac-

https://doi.org/10.47853/FAS.2026.e12

Fisheries and Aquatic Sciences FA S

terial and antiparasitic activities analysis of a hepcidin-like
antimicrobial peptide. Acta Oceanol Sin. 2020;39:129-39.

https://www.e-fas.org | 141



