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ABSTRACT
Marine organisms (algae, crustaceans, fish, marine bacteria and microalgae) are rich sources of bioactive molecules — polysaccharides
(fucoidan, alginate, carrageenan, chitosan), proteins/peptides (marine collagen, bioactive peptides), pigments (astaxanthin,
phycobiliproteins, mycosporine-like amino acids), lipids (omega-3 fatty acids), and secondary metabolites — that are increasingly used
as cosmeceutical ingredients. Biotechnology (fermentation, enzymatic hydrolysis, recombinant production, microalgae cultivation, green
extraction) enables consistent supply, structural modification and scalable manufacturing of such ingredients. This review summarizes
sources, biological activities relevant to skin health (antioxidant, UV -protective, anti-inflammatory, moisturizing, wound-healing, anti-
aging), formulation considerations, mechanisms of action, safety and regulatory aspects, and commercial/technical challenges. Key
opportunities include engineered peptides, microalgae-derived actives, symbiotic microbiome-targeted products, and sustainable sourcing.
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1. INTRODUCTION

Cosmeceuticals bridge cosmetics and pharmaceuticals: they are topical products with bioactive ingredients that produce measurable
biological effects on skin. Marine-derived compounds have unique chemical structures evolved under extreme conditions, offering
potent antioxidant, UV-absorbing, and biomodulating functions attractive to skin-care formulators. Biotechnology complements marine
sourcing by increasing yield, enabling structural tailoring, and improving sustainability. Recent reviews and primary studies document
broad interest and growing commercial uptake.

2. MAJOR CLASSES OF MARINE-DERIVED COSMECEUTICAL INGREDIENTS

2.1 Marine polysaccharides
Fucoidan (brown algae): sulfated polysaccharide with antioxidant, anti-inflammatory, wound-healing and collagen-stimulating
properties; shown to enhance skin regeneration and hydration.

Alginate (brown algae): gelling agent and humectant used for mask formulations and controlled-release dressings.

Carrageenan (red algae): thickener and stabilizer, with some bioactive fractions showing moisturizing/film-forming properties;
extraction/purity and regulatory status matter.

Chitosan (from crustacean shells or fungal sources): cationic polymer with film-forming, antimicrobial, mucoadhesive and wound-

healing benefits; used in hydrogels, nano-vehicles and topical formulations. Biotechnological deacetylation, enzymatic modification,
and nanoformulations expand its uses.

£ 2025 EPRAIJRD | Journal DOI: httpsy/doi.org/10.36713/epra2016 | https;/eprajournals.com/ I 372 |




-

(&)

SJIF Impact Factor (2025): 8.688| ISI LF. Value: 1.241| Journal DOI: 10.36713/epra2016  ISSN: 2455-7838(Online)
EPRA International Journal of Research and Development (IJRD)

Volume: 10 | Issue: 10 | October 2025 - Peer Reviewed Journal

2.2 Marine proteins & peptides
Marine collagen and collagen peptides (fish skin/scales): improve moisturization, elasticity and may upregulate dermal collagen—
commonly used in anti-aging formulations. Enzymatic hydrolysis produces peptides with better skin penetration.

Marine bioactive peptides: short sequences with antioxidant, antimicrobial or cell-modulating effects; obtainable via proteolysis or
recombinant production.

2.3 Pigments and antioxidants
Astaxanthin (microalgae, crustaceans): potent antioxidant with evidence for photoprotection and anti-wrinkle effects in topical/oral
formats.

Phycobiliproteins & phycocyanin (cyanobacteria/algae): antioxidant and anti-inflammatory activities useful in formulations.

Mycosporine-like amino acids (MAAs): natural UV-absorbing molecules produced by marine organisms — promising as natural
sunscreens/photoprotectants.

2.4 Lipids and fatty acids
Marine omega-3 fatty acids and specific marine-derived lipid fractions can modulate skin barrier, inflammation and hydration; used in
topical and nutraceutical formulations.

2.5 Microbial and fermentation-derived ingredients
Marine bacteria/yeast and engineered microbes can produce polysaccharides, exopolysaccharides, enzymes and specialty metabolites;

probiotics/postbiotics (topical and oral) are gaining attention for microbiome-focused cosmeceuticals.

3. Mechanisms of Action Relevant to Skin Health
Antioxidant/ROS scavenging: pigments (astaxanthin, MAAs), peptides and polyphenols reduce oxidative stress from UV and pollution.

UV protection: MAAs and certain pigments absorb UV; some seaweed extracts show photoprotective effects in vitro/in vivo.

Anti-inflammatory modulation: polysaccharides (fucoidan, chitosan derivatives) and peptides modulate cytokine responses and reduce
inflammation.

Hydration and barrier function: marine collagen, alginates and polysaccharide films improve moisture retention and barrier repair.
Promotion of extracellular matrix (ECM) synthesis: some actives stimulate fibroblast proliferation and collagen production (e.g.,
fucoidan, collagen peptides).

4. Biotechnological Approaches & Manufacturing

Sustainable cultivation: seaweed and microalgae farms supply biomass with lower land/water footprint; controlled cultivation improves
reproducibility.

Enzymatic hydrolysis & fermentation: produce defined peptides, reduce allergenicity, and create novel bioactives.

Recombinant expression: marine peptides and enzymes can be produced in microbial hosts to ensure supply and modify properties.

Green extraction & fractionation: supercritical CO2, enzyme-assisted extraction, and membrane technologies recover sensitive bioactives
preserving activity and minimizing solvents.

5. Formulation & Delivery Considerations

Stability: many marine actives (pigments, peptides) are light- and oxygen-sensitive; microencapsulation, liposomes, or antioxidants
improve shelf-life.

Penetration: molecular size (peptides vs polysaccharides) limits skin penetration; delivery systems (nanoemulsions, nanogels,

microneedles) can enhance bioavailability. Chitosan-based nanoparticles and hydrogels are promising carriers.
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Compatibility: polysaccharides often affect rheology and sensory profiles; formulators must balance functionality with pleasant sensory
attributes.

6. Safety, Allergenicity & Regulatory Issues

Safety profiles: while many marine ingredients are generally safe, risk of contamination (heavy metals, biotoxins) and allergenicity
(crustacean-derived chitosan) require rigorous testing and quality control. Purity, molecular-weight specifications and source traceability
are critical.

Regulatory landscape: cosmeceuticals are regulated as cosmetics in many jurisdictions; claims must be supported by evidence.
Ingredients like carrageenan and certain extracts have differing regulatory statuses worldwide. Clinical trials, standardized
characterization, and GMP-compliant production are increasingly demanded.

7. Commercial Examples & Market Trends

Increasing market introductions of marine collagen, algal antioxidants, and fermented/postbiotic-based products — with marketing
focusing on “natural”, “sustainable” and “marine-origin” claims. Biotechnology enables "biofermented" or "microbial-derived" labels
that appeal to consumers while ensuring consistency. Recent market reviews highlight a steady rise in marine-derived ingredient patents
and product launches.

8. Challenges and Research Gaps
Supply variability & sustainability: seasonal/region-dependent composition requires standardization and traceability.

Mechanistic evidence & clinical data: many in vitro/in vivo studies exist, but high-quality randomized clinical trials remain limited for
numerous marine actives. More human studies are needed to substantiate anti-aging and therapeutic claims.

Formulation hurdles: improving skin penetration for high-molecular-weight polysaccharides without compromising safety is an ongoing
challenge.

9. Future Directions
Engineered marine peptides and recombinant proteins: targeted peptides with enhanced stability/skin penetration produced via
biotechnology.

Microbiome-targeted cosmeceuticals: combining marine-derived prebiotic polysaccharides with probiotics/postbiotics to restore skin
microbial balance.

Sustainable biorefineries: valorization of fisheries by-products (skins, scales, shells) into high-value cosmeceutical ingredients via green
processing.

10. Conclusion

Because of their distinct bioactive chemistry and developing bioprocessing technologies, marine and biotechnological cosmeceuticals
offer a ripe environment for innovation. Research must prioritise standardised extraction, superior clinical evidence, sustainable supply
chains, and regulatory-compliant characterisation in order to convert promising lab results into reliable, secure, and successful
commercial products. Biotechnology and marine biodiversity work together to create next-generation cosmeceuticals that are more
sustainable and effective.
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