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Abstract

Amidst growing environmental concerns stemming from non-biodegradable plastics, there has been a significant
surge in interest towards producing biodegradable polymers through methods such as chemical treatment, and the
utilization of microorganisms and enzymes. These polymers hold substantial potential for mitigating adverse
environmental impacts by facilitating safe disposal after their end-of-life. Chemical recycling is one of the most
promising technologies that could contribute to circular economy targets by providing solutions to plastic waste;
however, it is still at an early stage of development. Furthermore, innovative approaches to enhance barrier
properties for food packaging applications and the role of Life Cycle Assessment (LCA) in elucidating
environmental benefits have undergone critical discussion and review. Despite considerable advancements,
fundamental challenges, including limitations in mechanical performance, industrial scalability, and ensuring
degradation efficacy under real-world environmental conditions, continue to represent key obstacles in fully
realizing the potential of these materials. Although offering environmental advantages, the development and
widespread application of biodegradable polymers face several challenges. Beyond reducing reliance on fossil
fuels, these materials play a significant role in waste management and the development of a circular economy.
However, their environmental compatibility, particularly within composting processes, has attracted considerable
scientific and industrial attention.
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| Biodegradable polymers

EXTENDED ABSTRACT

Introduction: The increasing accumulation of non-biodegradable plastic waste has intensified interest in
biodegradable polymers as potential alternatives to conventional plastics. These materials can be derived from
renewable biological resources or produced through synthetic processes and offer potential environmental and
industrial benefits. Their applications include food packaging, agriculture, medicine, and cosmetics. However,
their environmental performance depends on their composition, functional properties, degradation conditions, and
end-of-life management.

Objective: This review aims to summarize the main sources, production methods, physicochemical properties,
degradation mechanisms, and applications of biodegradable polymers, with particular emphasis on their potential
role in sustainable food packaging and environmental protection.

Materials and Methods: A narrative literature review was conducted using Google Scholar and ScienceDirect
to identify relevant publications considered between April 2025 and April 2026. The review focused on the
sources, production methods, physicochemical properties, degradation behavior, and applications of
biodegradable polymers, including starch, cellulose and its derivatives, soybean-derived materials,
polyhydroxyalkanoates (PHAS), polylactic acid (PLA), and polycaprolactone (PCL). Polymer blending, chemical
recycling, food-packaging applications, and environmental sustainability were also considered.

Results: Biodegradable polymers exhibit diverse properties and potential applications. Starch and cellulose are
attractive because of their availability and potential use in packaging materials, while soybean-derived
biopolymers provide renewable alternatives for selected applications. PHAs offer biodegradability and useful
functional properties, whereas PLA and PCL have distinct thermal, mechanical, and processing characteristics.
Agricultural wastes represent valuable feedstocks for producing biopolymers and related additives, potentially
supporting waste valorization and resource efficiency. In food packaging, these materials can be used in primary
packaging, edible coatings, and active and smart packaging systems. Nevertheless, limitations related to
mechanical strength, moisture and gas barrier properties, production costs, and industrial scalability remain
important challenges. Polymer blending and material modification may improve performance, while chemical
recycling can provide additional opportunities for material recovery. Life-cycle assessment and evaluation under
appropriate degradation or composting conditions are essential to determine whether these materials deliver
genuine environmental benefits.
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