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Abstract: The increasing demand for sustainable packaging solutions has spurred interest in 

biodegradable materials sourced from renewable resources like starch, cellulose, chitosan, 

and polylactic acid (PLA). These materials present an environmentally friendly alternative to 

conventional synthetic packaging, minimizing environmental pollution while ensuring food 

safety and extending shelf life. Edible films and coatings further enhance food preservation 

by incorporating antimicrobial properties. However, challenges such as cost efficiency, water 

vapor permeability, and mechanical durability must be addressed to facilitate broader 

commercial use. Ongoing research is exploring innovative approaches, driving the transition 

toward a more sustainable food packaging industry.   
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Introduction  

The packaging industry is integral to various sectors, including agriculture, pharmaceuticals, 

and retail, with significant growth driven by demand from the food and pharmaceutical 

industries. Paper packaging accounts for over 30% of the global packaging market, 

surpassing other materials. Historically, meat products were among the most commonly 

packaged items, initially using rigid materials like glass, metal, jars, or cans. Over time, 

flexible materials were developed to extend the shelf life of fresh and processed meats.   

The shift toward sustainable packaging, utilizing materials like paper, jute, cloth, and plant-

based products, is gaining momentum. Despite the widespread use of plastic for its visual 

appeal and convenience, concerns about environmental pollution and resource depletion have 

highlighted the need for alternatives. The Indian packaging industry is projected to grow at 

18% annually, with flexible and rigid packaging growing at 25% and 15%, respectively. This 

growth underscores the importance of exploring sustainable solutions for the future of 

packaging.   
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Edible/Biodegradable Packaging for Food   

Traditional packaging materials contribute significantly to environmental pollution and rely 

on non-renewable resources. Biodegradable packaging, derived from renewable sources like 

agricultural feedstocks, animal byproducts, marine waste, or microbial sources, offers a 

sustainable alternative. These materials decompose into environmentally benign products 

such as carbon dioxide, water, and compost.   

Biodegradation involves the breakdown of carbon-containing compounds by enzymes 

produced by living organisms, requiring specific conditions like temperature, humidity, and 

microbial activity. Edible packaging materials not only biodegrade but are also consumable, 

offering additional commercial potential. These advantages make them superior to 

conventional packaging in terms of sustainability and environmental impact.   

Consumer Demand for Eco-Friendly Packaging 

Most food packaging today consists of laminates made from plastics, metals, paper, or glass, 

tailored for specific applications. However, growing concerns about sustainability, 

environmental impact, food safety, and cost are influencing consumer preferences. Negative 

perceptions of conventional packaging, coupled with low recycling rates (only 38% of plastic 

waste is recycled globally), are driving demand for eco-friendly alternatives.   

The reliance on fossil fuel-derived synthetic materials has persisted for decades, but 

dwindling supplies and environmental concerns are prompting a shift toward renewable 

resources. This transition is critical as global oil demand rises amid declining supplies.   

Research on Edible/Biodegradable Packaging   

Extensive research has been conducted on the production, quality, and applications of 

edible/biodegradable films in food packaging. Studies have focused on mechanical 

properties, gas migration, and factors like plasticizer content, pH, humidity, and temperature. 

These materials hold significant commercial and environmental promise, with ongoing 

efforts to optimize their properties.   

Starch 

Starch, a widely available polysaccharide, is suitable for producing edible films for meat 

packaging. However, its moisture sensitivity limits its application. Films made from corn 

starch and essential oils like clove or cinnamon have shown potential in reducing microbial 

growth and color deterioration in refrigerated beef.   
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Cellulose  

As the most abundant biopolymer, cellulose is an ideal raw material for sustainable 

packaging. Derivatives like methylcellulose and carboxymethyl cellulose are used to produce 

films. For instance, clove oil-infused carboxymethyl cellulose-polyvinyl alcohol films 

extended the shelf life of refrigerated chicken meat.   

Chitosan  

Chitosan, derived from chitin in arthropod exoskeletons, is used for edible coatings and films. 

It exhibits natural antimicrobial properties and low water sensitivity. Combining chitosan 

with nanocellulose improves mechanical properties and reduces bacterial growth in meat 

products.   

Polylactic Acid (PLA)   

PLA, a biodegradable material, enhances water vapor resistance in chitosan-based films. Its 

affordability and mechanical properties make it suitable for various applications. 

Incorporating nisin into PLA films has been shown to reduce Salmonella enteritidis levels 

significantly.   

Proteins 

Proteins improve the barrier properties of packaging materials against oxygen, carbon 

dioxide, and aromas. Sunflower seed protein, a byproduct of oil production, has been used to 

develop composite films with antimicrobial properties. Gelatin-chitosan-glycerol coatings 

have also been effective in preserving beef quality.   

Limitations of Edible Packaging   

Edible films often lack mechanical strength, necessitating the use of laminated structures to 

enhance barrier properties. Combining proteins and lipids in bilayer or emulsion films can 

optimize their functional attributes.   

Future of Packaging  

While edible/biodegradable packaging is still in the research phase, its potential for 

commercial use is promising. Overcoming challenges like cost, water vapor permeability, and 

technological limitations will be key to its widespread adoption.   

Conclusion 

As consumer demand for sustainable packaging grows, biodegradable and edible materials 

are set to revolutionize the food packaging industry, aligning with global sustainability goals 

and reducing dependence on non-renewable resources.   
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