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he growing environmental burden of petroleum-based plastics has intensified the search 

for renewable, biodegradable alternatives. Among emerging bioresources, insects have 

gained significant attention as sustainable feedstocks for bioplastic production due to their 

high protein, lipid, and chitin content, rapid reproduction, and low ecological footprint. The 

valorization of insect-derived biomaterials such as chitin, chitosan, and protein isolates offers 

a promising route toward developing eco-friendly bioplastics with diverse applications in 

packaging, agriculture, and biomedical industries. This article reviews the biochemical 

potential of insects as raw material sources, the extraction and conversion processes involved, 

and the mechanical and biodegradability properties of insect-based polymers. Challenges and 

future perspectives in scaling up this innovative technology are also discussed.  

Introduction 
Plastic pollution has become one of the most pressing environmental challenges of the 21st 

century. The reliance on petroleum-based plastics has led to significant carbon emissions and 

persistent waste accumulation in terrestrial and aquatic ecosystems. To mitigate these effects, 

bioplastics—polymers derived from renewable biological sources—have emerged as a 

sustainable solution. While conventional bioplastics are primarily derived from plant-based 

materials (e.g., starch, cellulose, polylactic acid), these sources often compete with food crops 

and require large agricultural areas. In this context, insects offer an alternative and circular 

resource, converting organic waste into valuable biopolymers such as chitin, chitosan, and 

proteins. The exploitation of insects for bioplastic production aligns with the principles of a 

bio-based circular economy, where waste streams are transformed into sustainable materials. 

Biochemical Components of Insects Relevant to Bioplastics 
Chitin and Chitosan 

Chitin, a natural polysaccharide found in the exoskeleton of insects, is the second most 

abundant biopolymer after cellulose. It can be deacetylated to form chitosan, a derivative 

with excellent film-forming, antimicrobial, and biodegradable properties. 

Insects such as mealworms (Tenebrio molitor), black soldier flies (Hermetia illucens), and 

crickets (Acheta domesticus) are rich in chitin, which can be efficiently extracted using mild 

chemical or enzymatic methods. The obtained chitosan is suitable for forming biodegradable 

films and composites when blended with plasticizers or other biopolymers. 

Protein-Based Polymers 

Insect proteins, especially from species like grasshoppers and crickets, contain high 

proportions of amino acids with reactive functional groups (–NH₂, –COOH, –SH), enabling 
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cross-linking and polymerization. These proteins can be processed into thermoplastic films, 

coatings, or fiber matrices using denaturation and plasticization techniques similar to those 

applied to soy or whey protein bioplastics. 

Lipid Fractions 

Insect lipids can serve as feedstocks for biopolyesters through transesterification and 

polycondensation reactions. Fatty acid methyl esters (FAMEs) derived from insect oils can be 

utilized to produce polyhydroxyalkanoates (PHAs), further diversifying insect-based polymer 

synthesis routes.  

Processing and Fabrication of Insect-Based Bioplastics 
Chitin/Chitosan Extraction 

The extraction of chitin from insect biomass involves three key steps: 

1. Demineralization using dilute acid (e.g., HCl) to remove calcium carbonate. 

2. Deproteinization with alkali (e.g., NaOH) to remove proteins. 

3. Deacetylation to obtain chitosan via controlled alkaline treatment. 

These processes yield biopolymers with tunable degree of deacetylation (DD), which 

influences solubility, mechanical strength, and antimicrobial properties. 

Bioplastic Film Formation 

The extracted chitosan or insect protein is dissolved in an acidic or alkaline solution, blended 

with a plasticizer (e.g., glycerol or sorbitol), and cast into films via solvent evaporation or 

extrusion. Composite formulations with natural fibers or starch improve tensile strength, 

flexibility, and water resistance. 

3D Printing and Advanced Applications 

Recent advancements enable insect-based chitosan composites to be used in 3D printing and 

nanocomposite fabrication, expanding their potential in biomedical devices, packaging 

materials, and agricultural films.  

Physicochemical and Biodegradable Properties 
Insect-based bioplastics exhibit comparable mechanical and functional characteristics to other 

bio-based polymers: 

 Tensile strength: 30–45 MPa (comparable to polylactic acid). 

 Elongation at break: 10–25%. 

 Water vapor permeability: Tunable through blending with hydrophobic additives. 

 Biodegradability: Complete degradation within weeks to months under composting or soil 

conditions. 

Additionally, chitosan-based films display antimicrobial properties, reducing microbial 

contamination in food packaging applications.  

Environmental and Economic Advantages 
 Low ecological footprint: Insects efficiently convert organic waste into high-value 

biopolymers. 

 High yield: Up to 10–15% chitin extraction efficiency from dry biomass. 

 Minimal land and water requirements: Insect rearing requires significantly less resources 

than crop cultivation. 

 Circular economy integration: Insect farming can utilize agri-food waste as feedstock, 

closing nutrient loops and reducing environmental impact.  

Applications 
Packaging Industry 

Chitosan-protein films derived from insects can replace conventional plastic films in food 

packaging, offering oxygen barrier and antimicrobial properties to extend shelf life. 

Agricultural Applications 

Biodegradable insect-based films and coatings can be used for seed encapsulation, mulching, 

or controlled-release fertilizers, reducing soil pollution. 
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Biomedical and Pharmaceutical Fields 

Due to biocompatibility and non-toxicity, insect-derived chitosan is suitable for wound 

dressings, drug delivery matrices, and tissue engineering scaffolds.  

Challenges and Future Directions 
Despite promising outcomes, several challenges remain in the industrial adoption of insect-

based bioplastics: 

 Standardization of extraction protocols to ensure consistent polymer quality. 

 High processing costs due to chemical treatments and purification steps. 

 Public perception and regulatory barriers related to insect-derived materials in consumer 

products. 

 Limited scalability compared to conventional bioplastics. 

Future research should focus on green extraction technologies (e.g., enzymatic or 

supercritical CO₂ methods), biorefinery integration, and genetic optimization of insect species 

for enhanced chitin yield. Life-cycle assessments (LCA) and techno-economic analyses are 

essential for validating large-scale feasibility. 

Conclusion 
Insect-based bioplastics represent an innovative and environmentally responsible solution to 

the plastic pollution crisis. Leveraging insect-derived chitin, chitosan, and proteins allows for 

the creation of biodegradable, functional, and versatile materials with applications across 

multiple industries. The integration of insect farming, waste valorization, and polymer 

technology can accelerate the transition toward a bio-based circular economy. Continued 

interdisciplinary research in biotechnology, materials science, and environmental engineering 

will be crucial to unlock the full potential of insects as sustainable sources of future 

bioplastics.  


