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Abstract 

The growing environmental concerns associated with 
conventional plastic packaging have intensified the search for 
sustainable alternatives. Among the most promising 
innovations is edible packaging derived from seaweed and 
algae, which offers a biodegradable, renewable, and 
environmentally friendly solution to the global plastic waste 
crisis. Seaweed and algae contain natural polymers such as 
alginate, carrageenan, agar, and ulvan that can be processed 
into edible films and coatings with desirable mechanical and 
barrier properties. These materials not only protect food 
products but can also be consumed along with the packaged 
food, thereby eliminating packaging waste. In addition to their 
sustainability benefits, seaweed-based packaging materials 
possess bioactive compounds with antioxidant and 
antimicrobial properties that can enhance food quality and 
shelf life. This article explores the concept of edible packaging 
from seaweed and algae, its production methods, advantages, 
challenges, and future prospects in creating a circular and 
sustainable food packaging system. 

Introduction 

Plastic packaging has become an indispensable 
component of modern food systems. It protects food from 
contamination, extends shelf life, facilitates transportation, 
and improves consumer convenience. However, the extensive 
use of single-use plastics has created serious environmental 
challenges. Millions of tons of plastic waste enter landfills, 
rivers, and oceans every year, where they persist for decades 
or even centuries. The resulting pollution threatens 
ecosystems, wildlife, and human health. As awareness of 
environmental sustainability grows, researchers and industries 
are exploring alternative packaging materials that are 
renewable, biodegradable, and environmentally safe.  Edible 
packaging has emerged as one of the most innovative 
approaches to reducing packaging waste. Unlike conventional 
packaging materials, edible packaging can be consumed 
together with the food product or biodegrade rapidly after 
disposal. Among the various raw materials being investigated, 
seaweed and algae have attracted significant attention due to 
their abundance, renewability, and excellent film-forming 
capabilities. These marine resources offer a unique 
combination of sustainability and functionality, making them 
highly suitable for next-generation food packaging 
applications. 

Why Seaweed and Algae? 

Seaweed and algae are among the fastest-growing 
biological resources on Earth. Unlike terrestrial crops, they do 

not require fertile land, freshwater irrigation, or synthetic 
fertilizers for cultivation. They absorb carbon dioxide during 
growth and contribute to environmental sustainability by 
reducing greenhouse gas concentrations. 

Marine algae contain valuable polysaccharides that 
can be extracted and converted into edible films and coatings. 
These natural polymers possess excellent gelling, thickening, 
and film-forming properties, making them suitable for 
packaging applications. The most commonly utilized 
compounds include alginate from brown seaweeds, 
carrageenan from red seaweeds, agar from certain red algae, 
and ulvan from green seaweeds. These materials can form 
transparent, flexible, and edible films that protect food 
products while minimizing environmental impact. The 
abundance and renewability of marine biomass make seaweed 
and algae attractive alternatives to petroleum-based plastics. 

Components Used in Seaweed-Based Packaging 

The functionality of edible packaging largely depends 
on the bioactive compounds present in seaweed and algae. 
Alginate, extracted primarily from brown seaweeds, is widely 
used due to its excellent film-forming ability, biocompatibility, 
and biodegradability. Alginate films can effectively serve as 
edible coatings for fruits, vegetables, and processed foods. 
Carrageenan is another important polysaccharide obtained 
from red seaweeds. It forms strong, transparent films and is 
commonly used in edible coatings and food packaging 
applications. Agar possesses excellent gelling properties and 
can produce films with good transparency and structural 
stability. It has been extensively investigated for biodegradable 
packaging systems. Ulvan, derived from green algae, is gaining 
attention because of its unique biological properties and 
potential applications in active packaging systems. In addition 
to these polysaccharides, seaweed contains proteins, minerals, 
antioxidants, vitamins, and antimicrobial compounds that can 
further enhance packaging performance and food 
preservation. 

Production of Edible Packaging from Seaweed 

The production of seaweed-based edible packaging 
generally begins with the extraction of polysaccharides from 
harvested algae. The extracted material is dissolved in water 
and mixed with plasticizers such as glycerol to improve 
flexibility. Additional ingredients may be incorporated to 
enhance strength, water resistance, antioxidant activity, or 
antimicrobial properties. The resulting solution is cast into 
thin layers and dried to form edible films. These films can then 
be used as wrappers, coatings, sachets, or pouches for various 
food products. Advanced manufacturing techniques such as 
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extrusion, electrospinning, nanotechnology, and 3D printing 
are also being explored to improve the functionality and 
scalability of seaweed-based packaging materials. Researchers 
continue to optimize formulations to achieve the desired 
balance between mechanical strength, flexibility, transparency, 
and barrier properties. 

Applications in Food Packaging 

Seaweed-based edible packaging has found 
applications across a wide range of food products. Edible 
coatings can be applied directly to fruits and vegetables to 
reduce moisture loss, delay ripening, and extend shelf life. 
Such coatings act as protective barriers against oxygen and 
microbial contamination while maintaining product freshness. 
Edible films are increasingly being used to package 
confectionery products, dairy items, bakery products, meat 
products, and ready-to-eat foods. Some innovative packaging 
systems include edible sachets for beverages, seasoning 
packets, and single-use condiment containers that dissolve or 
can be consumed directly. Researchers are also developing 
edible wrappers for snacks, sandwiches, and frozen foods, 
reducing the need for conventional plastic packaging. These 
applications demonstrate the versatility of seaweed-derived 
materials in modern food systems. 

Health and Functional Benefits 

Beyond environmental sustainability, seaweed-based 
edible packaging offers several health-related advantages. 
Seaweeds are naturally rich in minerals such as iodine, calcium, 
magnesium, and potassium, as well as vitamins and dietary 
fiber. Although the amounts consumed through packaging 
may be relatively small, they can contribute additional 
nutritional value. Many seaweed extracts contain antioxidant 
compounds that help reduce oxidative deterioration of food 
products. These antioxidants can slow lipid oxidation and 
maintain food quality during storage. Certain seaweed-derived 
compounds also exhibit antimicrobial activity against 
foodborne microorganisms. Incorporating these compounds 
into edible films can help suppress microbial growth, enhance 
food safety, and extend shelf life. Such multifunctional 
properties make seaweed packaging an example of active 
packaging, where the packaging itself contributes to food 
preservation. 

Environmental Advantages 

The environmental benefits of seaweed-based edible 
packaging are among its most compelling attributes. Since the 
materials originate from renewable marine resources, their 
production generally requires fewer natural resources 
compared to petroleum-based plastics. Seaweed cultivation 
does not compete directly with food crops for arable land or 

freshwater. Additionally, seaweed farming can contribute to 
carbon sequestration and improve marine ecosystem health. 
After use, edible packaging can be consumed or biodegrade 
naturally within a relatively short period, significantly reducing 
environmental pollution. Unlike conventional plastics, 
seaweed-based films do not generate persistent microplastic 
contamination. The adoption of such packaging materials 
supports the principles of a circular economy, where resources 
are continuously reused, recycled, or safely returned to the 
environment. 

Challenges and Limitations 

Despite their considerable potential, seaweed-based 
edible packaging materials face several challenges that limit 
large-scale commercialization. One major limitation is their 
sensitivity to moisture. Many seaweed-derived films readily 
absorb water, which can reduce their mechanical strength and 
barrier properties under humid conditions. Another challenge 
is achieving performance characteristics comparable to 
conventional plastics. While significant progress has been 
made, some edible films still exhibit lower durability, 
flexibility, or resistance to environmental stress. Production 
costs remain relatively high due to extraction processes, 
formulation requirements, and manufacturing limitations. 
Consumer acceptance may also present challenges, particularly 
when edible packaging introduces unfamiliar textures, flavors, 
or handling practices.  Regulatory approval, food safety 
standards, and packaging shelf-life requirements must also be 
carefully addressed before widespread adoption can occur. 
Continued research and technological innovation are essential 
for overcoming these barriers and enhancing commercial 
viability. 

Conclusion 

Edible packaging derived from seaweed and algae 
represents a groundbreaking innovation in sustainable food 
packaging. By utilizing renewable marine resources rich in 
natural polymers, researchers have developed environmentally 
friendly materials capable of protecting food while minimizing 
waste generation. Beyond their biodegradable nature, 
seaweed-based packaging systems offer additional benefits 
such as antioxidant activity, antimicrobial protection, and 
potential nutritional value. Although challenges related to 
moisture sensitivity, production costs, and commercial 
scalability remain, ongoing advances in processing 
technologies and material science continue to improve their 
performance. As society moves toward more sustainable 
consumption patterns and circular economy principles, 
seaweed and algae-based edible packaging is poised to play a 
crucial role in reducing plastic pollution and shaping the future 
of food packaging.  
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