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PRODUCTION OF STARCH-BASED BIOPOLYMERS: 

PRINCIPAL PROCESSING ROUTES 
 

Introduction. Annual plastics output has now passed the 400-million-tonne 

mark. Most of these materials remain in the environment for decades, sometimes 

centuries. Starch offers a different trajectory. When it ends up in soil or a composting 

facility, microbial enzymes break it down to CO₂ and water. It therefore follows the 

principles of green chemistry to develop starch-based biodegradable polymers since 

such polymers promote the use of renewable raw materials and result in materials 

that have a lower environmental impact. They thus offer a promising alternative to 

conventional petrochemical plastics [1]. 

The difficulty is that native starch granules cannot be processed by ordinary 

thermoplastic methods. Hydrogen bonds between amylose and amylopectin chains 

keep the polymer locked in semi-crystalline domains; heated without plasticisers, 

the material chars before it ever flows [2]. 

For this reason industrial practice and laboratory work both rely on four main 

techniques — extrusion, injection moulding, solvent casting and blow moulding — 

to turn starch into usable biopolymers [3]. 

Main text. Extrusion serves as the mainstay of commercial starch processing. 

Starch is metered into a heated barrel together with plasticisers (glycerol, sorbitol, 

polyethylene glycol or water, usually between 10 and 60 %). Rotating screws 

generate the shear and pressure needed for gelatinisation and melting, permanently 

destroying the crystalline order. Single-screw machines handle simple recipes 

adequately, yet twin-screw extruders are generally preferred because they mix the 

low-viscosity plasticised melts more effectively. Feed-zone temperature is kept at 
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90–120 °C to avoid early gelatinisation that would block the hopper; downstream 

zones are hotter so that plasticisation is completed. Screw speeds typically lie 

between 40 and 120 rpm and the resulting melt can be pelletised, cast into film or 

shaped into profiles. Compared with batch processes the continuous route is faster 

and uses less energy per kilogram [2, 4]. 

Injection moulding takes thermoplastic starch (TPS) pellets and forms them 

into rigid three-dimensional parts. The pellets are remelted and forced under 

pressure into a cooled mould. The method is common for disposable cutlery, food 

containers and various packaging items. Melt temperature and injection pressure 

must be controlled tightly, because starch formulations degrade quickly once 

overheated [5]. 

Solvent casting is still the method of choice in most laboratories. Starch is 

dispersed in water with a plasticiser, heated until gelatinised, poured onto a flat 

surface and dried. The films obtained are uniform and optically clear, and heat-

sensitive additives survive the process. Against these advantages stand clear 

limitations: the operation is discontinuous, drying is slow, and scaling beyond pilot 

quantities is rarely practical when continuous extrusion is available [2]. 

Blow moulding carries extrusion into flexible packaging. A tubular extrudate of 

thermoplastic starch is inflated into a bubble, cooled, collapsed and wound up. 

Compostable bags are already made this way. The biaxial stretch that accompanies 

blowing improves tensile strength and barrier properties relative to flat cast film [3, 4]. 

In conclusion, there is no one technique which is suitable in all cases. 

Extrusion provides the output required for industrial production of TPS; injection 

moulding then turns this TPS into rigid articles for consumers at a high speed; 

solvent casting is still necessary for film work on a laboratory scale; and blow 

moulding is used to produce the flexible films needed for packaging. 

The method selected will depend on the shape of the final product, its intended 

use, the volume to be manufactured and the thermal sensitivity of any functional 

additives that have been included. 
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