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The increasing interest in biopolymers is driven by the depletion of
fossil fuel resources and the environmental impact of non-
biodegradable plastic waste accumulation. Many biopolymers are
derived from food waste to not only reduce waste generation but also
develop novel packaging materials for the food industry. Chitosan has
emerged as a prominent alternative to synthetic polymers and a
fundamental material for innovative packaging solutions. Evaluating
the suitability of a material for food packaging applications
necessitates the assessment of its mechanical properties and
permeability. Mechanical properties are crucial in determining the
performance of films during transportation, handling, and storage of
packaged food products, whereas barrier properties play a significant
role in preserving product quality. Pure chitosan films exhibit
favorable mechanical and barrier properties, making them suitable for
food packaging and active packaging applications. Additionally,
chitosan possesses strong antimicrobial activity against a wide range of
filamentous fungi, yeasts, and both Gram-positive and Gram-negative
bacteria. The combination of its antimicrobial properties and film-
forming capability has positioned chitosan as a key candidate for the
development of active packaging systems that can inhibit microbial
growth and enhance food safety. From an optical perspective, pure
chitosan films demonstrate high transparency in the visible region,
which enhances their consumer acceptance. Furthermore, these films
exhibit significant UV absorption, thereby protecting food products
from UV-induced lipid oxidation and contributing to prolonged food
quality retention.
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Abstract
Introduction

Growing environmental concerns arising from the accumulation of plastic waste and the
dependence on fossil fuel-based resources have made the search for sustainable alternatives
essential. In this context, renewable and biodegradable biopolymers have emerged as promising
candidates for the packaging industry, particularly in the food sector. Among these materials,
chitosan—the second most abundant polysaccharide in nature after cellulose—has gained
significant scientific attention due to its unique physicochemical and functional properties.
Derived through the deacetylation of chitin present in crustacean shells such as shrimp and crab,
chitosan is biodegradable, non-toxic, and exhibits excellent film-forming capability.

The mechanical performance of packaging films plays a key role in ensuring their integrity
during production, transportation, handling, and storage. Pure chitosan films generally display
good tensile strength, primarily due to the formation of extensive hydrogen bonding networks
among hydroxyl and amino groups along polymer chains. These interactions are crucial in
establishing a stable three-dimensional structure. The mechanical behavior is influenced by
several parameters, including molecular weight, degree of deacetylation, solvent type, and
drying conditions. A higher molecular weight enhances polymer chain entanglement, thereby
improving film strength, while a higher degree of deacetylation increases the number of free

amino groups and consequently strengthens intermolecular hydrogen bonding.
Result and Discussion

In terms of barrier properties, chitosan films exhibit excellent resistance to oxygen permeation, a
vital feature for preventing lipid oxidation and rancidity in food products. Several studies have
reported that the oxygen permeability of chitosan films can be up to an order of magnitude
lower than that of conventional polyethylene films. However, their major drawback lies in the
relatively high water vapor permeability caused by the hydrophilic nature of polysaccharides.
This limitation reduces the film’s effectiveness for packaging moisture-sensitive goods.
Parameters such as film thickness, relative humidity, and degree of deacetylation significantly
influence water vapor transmission. Therefore, incorporating hydrophobic components or
designing multilayered chitosan-based films is a promising strategy to enhance moisture
resistance.

One of the most attractive features of chitosan for active packaging applications is its inherent
antimicrobial activity. Chitosan is effective against a wide range of microorganisms, including

bacteria, fungi, and yeasts. Its antimicrobial mechanism involves multiple pathways:
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electrostatic interaction between positively charged chitosan and negatively charged microbial
cell membranes disrupts membrane integrity, leading to leakage of intracellular components and
cell death. Moreover, chitosan can chelate essential metal ions, penetrate microbial cells, bind to
DNA, and interfere with protein synthesis. Strong inhibitory effects have been reported against
Gram-positive bacteria such as Staphylococcus aureus and Listeria monocytogenes, as well as
Gram-negative bacteria including Escherichia coli and Salmonella typhimurium. The
antimicrobial efficacy depends on molecular weight, degree of deacetylation, pH, and
concentration.

Optically, chitosan films demonstrate high transparency in the visible light range, allowing
product visibility while effectively blocking harmful ultraviolet radiation. This UV-blocking
capacity prevents photooxidation of lipids and extends the shelf life of light-sensitive foods. The
UV absorption is attributed to the presence of conjugated double bonds and specific functional
groups within the polymer backbone.

Among the various preparation techniques, the solution casting method is the most widely
adopted for fabricating chitosan films. In this approach, a homogeneous chitosan solution is
prepared in an acidic medium, poured onto a smooth substrate, and dried under controlled
conditions to form a uniform film. Parameters such as chitosan concentration, solvent
composition, drying temperature, and film thickness strongly influence the final structural and
mechanical performance. Other techniques, including extrusion and coating, have also been

explored for industrial-scale production.
Conclusion

Overall, chitosan-based films combine desirable mechanical strength, outstanding oxygen
barrier performance, intrinsic antimicrobial activity, high transparency, and UV-shielding
ability. These multifunctional properties make them strong candidates for the development of
sustainable bio-based packaging materials. Although challenges such as high water vapor
permeability remain, ongoing research on blending chitosan with nanoparticles, other
biopolymers, or hydrophobic agents shows great potential for improvement. Future studies
should also focus on synergistic combinations with bioactive compounds and process
optimization to enhance functionality. Considering the growing demand for environmentally
friendly materials, chitosan-based films represent a highly promising pathway toward the next

generation of eco-efficient packaging solutions.
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19 Polysaccharides

13- Amino-2-deoxy-D-glucopyranose (B-D-glucosamine)
12 N-acetyl-B-D-glucosamine

! Polyethylene terephthalate
2 Polyvinyl chloride

? Polyethylene

4 Polypropylene

* Polystyrene

¢ Polyamide

7 Aromatic compounds

# Polyolefins
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2 Citric acid
3 Barrier Properties
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