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In recent years, marine algae-derived biopolymers—particularly
polysaccharides such as agar, alginate, and carrageenan—have
gained significant attention as sustainable alternatives to
synthetic polymers in food packaging. These biopolymers are
biodegradable, renewable, and biocompatible, capable of
forming films and coatings with antimicrobial activity, moisture
retention, and UV barrier properties. Despite limitations such as
high moisture sensitivity and weak mechanical performance,
their properties can be improved through technologies including
the addition of nanoparticles, blending with other polymers,
incorporation of natural essential oils, and multilayer film
design. This review highlights the characteristics of algal
biopolymers, strategies to enhance their functional properties,
and their applications in active and intelligent packaging.
Utilizing these biopolymers offers a promising path toward the
development of safe, eco-friendly, and efficient packaging
systems in the food industry.
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Abstract
Introduction

In recent years, seaweed-derived biopolymers—particularly polysaccharides such as agar,
alginate, and carrageenan—have emerged as sustainable and eco-friendly alternatives to
synthetic polymers in food packaging. Marine macroalgae, including red, brown, and green
species, are rich in renewable polysaccharides capable of forming biodegradable and
biocompatible films with effective gas, water vapor, and UV barriers. These polymers can also
impart antimicrobial and antioxidant properties, thus extending the shelf life and safety of

packaged foods.
Result and Discussion

Despite their promising functionality, large-scale application of algal polysaccharides faces
several industrial challenges, including high extraction and purification costs, lengthy drying
processes, poor moisture resistance, brittleness, and limited mechanical strength. Various
strategies have been proposed to overcome these drawbacks, such as blending with other
biopolymers (e.g., chitosan, starch, gelatin), incorporating nanoparticles (ZnO, TiO,, Ag,
nanocellulose), using natural plasticizers (glycerol, sorbitol), and developing multilayer film
architectures. These modifications significantly enhance mechanical strength, barrier efficiency,
flexibility, and thermal stability of algal-based films. Moreover, integrating natural bioactive
compounds—such as essential oils, anthocyanins, and bacteriocins—has led to the development

of active and intelligent packaging systems.

In active packaging, algal biopolymers serve as carriers for antioxidant and antimicrobial agents,
controlling their release and thereby inhibiting microbial growth and lipid oxidation. For
instance, agar- and alginate-based films containing cinnamon essential oil, nisin, or metallic
nanoparticles have demonstrated strong antibacterial activity against Listeria monocytogenes
and Escherichia coli. In intelligent packaging, colorimetric films made from these biopolymers

respond to environmental changes (pH, temperature, volatile amines), allowing real-time
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freshness monitoring. A notable example is the pectin—sodium alginate—xanthan film containing
raspberry pomace extract, which exhibited visible color transitions (pink—red—brown—blue—
green) across the pH range 1-13, particularly sensitive within pH 5—10, making it suitable for

protein-rich foods.
Conclusion

Overall, algal biopolymers offer a promising pathway toward bio-based, active, and intelligent
packaging systems that reduce dependence on fossil resources, minimize plastic pollution, and
enhance food safety and sustainability. Future research should focus on optimizing extraction
and drying technologies, scaling up industrial processes, and establishing safety and
standardization frameworks to facilitate the commercial adoption of these marine-derived

biopolymers in the food packaging industry.
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