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egetables constitute a vital part of the human diet globally. Their high nutritional value - 

vitamins, minerals, fiber and bioactive compounds which makes them indispensable in 

healthy eating. However, the very qualities that make vegetables nutritious also make them 

perishable: high moisture content and ongoing metabolic activity after harvest accelerate 

quality loss. According to recent estimates, post-harvest losses of vegetables can range 

from 10 % to 30 % or more in many regions, particularly where cold chain infrastructure is 

limited. Reducing these losses improves food security, farmer incomes, and sustainability of 

food systems. 

 One promising approach to address post-harvest loss is the use of natural edible 

coatings, thin layers of safe, edible materials applied to vegetables to slow physiological and 

microbial deterioration. These coatings offer benefits that align with consumer demands for 

fewer synthetic additives, environmental sustainability and improved shelf life without 

compromising safety or quality. 

Understanding the Post-Harvest Problem 
Vegetables continue to respire even after harvest. Respiration consumes oxygen and produces 

carbon dioxide, driving biochemical changes that lead to softening, color loss, flavor changes 

and nutrient degradation. In addition, water vapor loss through transpiration causes wilting 

and textural decline. Microbial contaminants like bacteria, yeasts and especially molds -thrive 

on the moist surfaces of vegetables, accelerating rotting. Traditional strategies such as 

refrigeration, modified atmosphere packaging and fungicidal treatments are effective but may 

be expensive, energy-intensive, or unappealing to consumers who prefer natural, non-

chemical preservation methods. Natural coatings provide a biodegradable, edible 

alternative that addresses these problems through multiple modes of action. 

How Natural Coatings Preserve Vegetables 
Creating a Physical Barrier 

Natural coatings form a thin film around vegetables that moderates the exchange of gases and 

water vapor between the internal tissues and the external environment. This semi-permeable 

barrier: 

 Reduces respiratory rate by limiting oxygen uptake and carbon dioxide release, slowing 

metabolic breakdown. 

 Minimizes transpiration, which reduces water loss and helps maintain firmness, weight, 

and visual appeal. 
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 Decreases oxidative reactions by reducing oxygen access, thereby preserving sensitive 

nutrients like vitamins A and C. 

These attributes help maintain quality for extended storage periods, especially at ambient 

temperatures where refrigeration may not be available. Such benefits have been repeatedly 

shown in studies on tomatoes, leafy greens, and other vegetables. (Springer Nature, 2025) 

Antimicrobial and Antioxidant Activities 

Many natural coatings incorporate bioactive agents such as essential oils (e.g., clove, 

cinnamon), plant extracts (e.g., lemongrass, neem) and other functional ingredients that 

exhibit antimicrobial action against spoilage organisms. These agents: 

 Disrupt microbial membranes 

 Inhibit microbial enzyme systems 

 Delay colonization on vegetable surfaces 

The dual action of moisture control and microbial suppression significantly reduces spoilage 

rates and extends shelf life without synthetic fungicides. 

Modulation of Enzymatic Degradation 

Enzymes such as polyphenol oxidase and peroxidase catalyze browning and breakdown of 

vegetable tissues. Natural coatings effectively lower oxygen availability — a key substrate 

for these reactions, thus delaying enzymatic decline and preserving sensory quality. For 

example, coated tomatoes retain color and firmness longer than uncoated ones during storage. 

Key Coating Materials and Their Properties 
Chitosan 

Chitosan is a biopolymer derived from chitin, abundant in crustacean shells. Its advantages 

include: 

 Excellent film forming ability 

 Antimicrobial activity 

 Biodegradability and food safety 

Chitosan coatings have been widely studied on tomatoes, peppers, leafy vegetables, and other 

crops. Studies demonstrate that chitosan coatings significantly reduce weight loss, slow 

respiration, and extend shelf life by several days to weeks, especially when combined with 

natural extracts for added antimicrobial effect. 

Examples: 

 Tomatoes dipped in chitosan with plant extracts showed improved firmness for over 20 

days compared to uncoated controls. 

 Chitosan coatings with essential oils reduced mold growth on green chilies at ambient 

storage. 

Polysaccharides: Alginate and Pectin 

Alginate, obtained from seaweed, and pectin, from plant cell walls, both form strong 

hydrophilic films. These coatings are especially useful for vegetables like cucumbers and 

peeled or cut vegetables where moisture loss is a key quality issue. 

Benefits: 

 Effective water vapor barriers 

 Maintain crispness and texture 

 Can be combined with calcium ions to form gels for stronger films 

Plant Gels and Extracts 

Materials such as Aloe vera gel and extracts from herbs and spices contribute functional 

benefits: 

 Aloe vera offers water retention and has natural antimicrobial compounds. 

 Lemongrass and cinnamon extracts enhance the antioxidant capacity of coatings. 

 Neem derivatives add antifungal traits that slow decaying fungi. 

Such plant-based components not only preserve quality but also add consumer-friendly 

“natural” branding value. 
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Composite and Functional Coatings 

Realizing that single materials may not provide all desirable properties, researchers develop 

composite coatings by blending polymers (e.g., chitosan + alginate) with plasticizers and 

natural extracts. These blends enhance mechanical strength, flexibility and barrier capacity. 

Application Methods 
Selecting the right application method ensures uniform coverage and maximum effectiveness. 

Dip Coating 

The most common method in both research and commercial settings, dip coating involves 

immersing vegetables in a coating solution and then drying. It yields consistent coverage, 

especially for uneven surfaces. 

Spray Coating 

Spray coating uses fine mists to deposit the coating on produce. It is suitable for delicate 

items like leafy greens where dipping could cause physical stress. 

Brushing and Other Techniques 

For small-scale or artisanal applications, brushing can be used, although it may lack 

uniformity on irregular shapes. 

Case Studies  
Tomatoes 

Tomatoes are among the most studied vegetables in edible coating research. Chitosan-based 

coatings, especially when enriched with natural extracts, have been shown to: 

 Lower weight loss 

 Maintain firmness and color 

 Reduce microbial spoilage 

In controlled trials, coated tomatoes stored at room temperature exhibited shelf lives extended 

from about 7–10 days to over 20–30 days. 

Leafy Greens 

Leafy vegetables such as spinach, mustard greens and lettuce typically suffer rapid wilting 

and decay. Coatings based on polysaccharides helped maintain water content and crispness 

longer than uncoated controls. 

Green Chillies and Other Produce 

Studies on green chilies using algal-chitosan composites reported reduced microbial spoilage 

and significantly extended freshness (over one week) under ambient conditions. This is 

especially impactful in regions with limited refrigeration. 

Sensory Quality Outcomes 

Across studies, sensory panels reported that coated vegetables retained better texture, 

appearance, and taste compared to uncoated ones, supporting the practical value of coatings 

in consumer acceptance. 

Advantages of natural coatings 

Consumer Preferences 

With rising demand for clean-label foods, coatings made from edible natural materials appeal 

to health-conscious consumers who prefer minimal processing and absence of synthetic 

preservatives. 

Economic and Environmental Impact 

Reducing losses can improve profitability for farmers and retailers. Biodegradable coatings 

also align with sustainability goals by diminishing reliance on plastic packaging and chemical 

preservatives. 

Limitations and Real-World Challenges 
While promising, natural coatings are not without challenges: 

 Scalability: Large-scale production can be more costly than traditional methods. 

 Consistency: Coating quality must be uniform to ensure effectiveness. 
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 Allergen Risks: Materials like chitosan (derived from shellfish) may be unsuitable for 

some consumers. 

 Regulatory Approvals: Food safety standards can differ worldwide, requiring region-

specific compliance. 

Future Perspectives 
Emerging areas of research include: 

 Nanoparticle-enhanced coatings, which can improve barrier properties without 

affecting safety. 

 Smart coatings that change color to indicate freshness. 

 Functional coatings delivering nutrients, probiotics, or antioxidants. 

Such innovations promise to make edible coatings even more effective and multifunctional. 

Summary 
Natural edible coatings offer a scientifically validated, consumer-friendly and sustainable 

means to extend the shelf life of vegetables. By reducing moisture loss, slowing respiration 

and inhibiting microbial growth, these coatings preserve quality and reduce waste. Continued 

innovation and careful implementation can further improve their impact on global food 

systems. 
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