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Abstract

The increasing demand for sustainable and biodegradable materials in food packaging
has driven significant research into natural polymers. Chitosan and starch have emerged
as promising candidates due to their biodegradability, non-toxicity, and film-forming
properties. This article explores the synthesis methods of chitosan and starch, their
combination in biopolymer films, and their applications in food packaging. The synergy
between chitosan's antimicrobial properties and starch's flexibility makes them ideal for
enhancing food safety and extending shelf life. Additionally, the paper reviews recent
advancements in composite film technology and highlights potential areas for future
development.

Introduction

Conventional plastic packaging contributes significantly to environmental pollution,
with millions of tons of plastic waste accumulating in landfills and oceans annually. In
response, the food industry seeks biodegradable alternatives that maintain food quality
while reducing waste. Chitosan, derived from chitin, and starch, a polysaccharide, are
widely studied due to their abundance, renewability, and functional properties. This
article delves into their synthesis, blending techniques, and the resulting benefits for
food packaging. The focus is on the compatibility of chitosan and starch, their
synergistic effects, and the practical challenges of scaling up production.



Synthesis of Chitosan

Chitosan is synthesized from chitin, the second most abundant natural polymer, typically
sourced from the exoskeletons of crustaceans such as shrimp, crab, and lobster. The
synthesis process involves several key steps:

1. Deproteinization - Removal of proteins using alkali treatment (e.g., NaOH) to
isolate chitin.

2. Demineralization - Elimination of calcium carbonate and other minerals using
acid (e.g., HCI), resulting in purified chitin.

3. Deacetylation - Conversion of chitin to chitosan by treating with concentrated
NaOH at elevated temperatures (90-120°C) for several hours.

The degree of deacetylation (DD) determines chitosan's solubility, film-forming ability,
and antimicrobial activity, with higher DD (above 75%) enhancing performance in food
packaging applications. Research indicates that optimizing deacetylation conditions can
yield chitosan with improved mechanical properties and better water resistance.

Synthesis of Starch

Starch is extracted from various plant sources such as corn, potatoes, rice, and cassava.
The synthesis involves:

1. Isolation - Harvesting starch granules through wet milling or steeping of plant
material.

2. Purification - Removing impurities by washing, sieving, and centrifugation to
obtain pure starch.

3. Gelatinization - Heating starch in the presence of water to break down crystalline
structures, enhancing film-forming ability and flexibility.
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Figure 1. Schematic diagram of synthesis of chitosan and starch used in food packaging
Blending Chitosan and Starch for Packaging

Modified starch, achieved through physical (heat, moisture), chemical (esterification,
crosslinking), or enzymatic (amylase) processes, enhances the mechanical strength,
water barrier properties, and thermal stability essential for food packaging.

-2-



Additionally, blending starch with plasticizers such as glycerol or sorbitol can improve
flexibility and reduce brittleness.

Combining chitosan and starch yields composite films with enhanced mechanical
strength, flexibility, transparency, and antimicrobial properties. The blending process
typically involves:

1. Solution Mixing - Dissolving chitosan in acidic solution (e.g., 1% acetic acid)
and dispersing starch in water at elevated temperatures (70-90°C).

2. Casting - Pouring the mixture onto a flat surface, followed by solvent evaporation
at room temperature to form thin, uniform films.

3. Crosslinking - Introducing crosslinking agents (e.g., glutaraldehyde, citric acid)
or natural reinforcements (e.g., cellulose nanocrystals) to improve film integrity,
resistance to moisture, and elongation properties.

The addition of nanoparticles or essential oils further enhances the functional properties
of chitosan-starch films, making them suitable for active packaging applications that
inhibit microbial growth and delay food spoilage.

Applications in Food Packaging

Chitosan-starch films serve as active packaging materials that extend food shelf life by
preventing microbial growth, reducing oxidation, and controlling moisture transfer.
Examples include:

« Fresh Produce - Wrapping fruits and vegetables to delay ripening and spoilage
by providing a breathable barrier that reduces ethylene production.

. Meat and Seafood - Preventing microbial contamination, lipid oxidation, and
discoloration, ensuring extended shelf life and improved food safety.

. Bakery Products - Retarding staling, moisture loss, and mold growth, thereby
preserving freshness for longer durations.

. Dairy Products - Packaging cheese and yogurt to prevent surface drying and
contamination.

Conclusion

The synthesis and application of chitosan and starch in food packaging present a
sustainable alternative to traditional plastics, addressing both environmental and food
safety concerns. Although promising, challenges remain in optimizing the mechanical
properties, scalability, and cost-effectiveness of production. Future research will focus
on incorporating nanotechnology, exploring biodegradable reinforcements, and
developing multifunctional films that integrate antimicrobial, antioxidant, and oxygen
barrier properties, paving the way for widespread adoption in the food industry.
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