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Abstract 

The development of biodegradable materials from agro-industrial residues represents a strategic 

pathway toward reducing plastic pollution while promoting circular economy approaches. In this study, starch 

recovered from industrial potato-processing residues was used as feedstock to produce thermoplastic biofilms. A 

full 4 × 3 × 3 factorial design was implemented to evaluate the combined effects of sorbitol proportion within a 

sorbitol–glycerol plasticizer blend (0–100%), acetic acid concentration (0–1.0% v/v), and total plasticizer 

content (20–30% w/w) on tensile strength (TS) and elongation at break (EB). Response Surface Methodology 

(RSM) enabled the identification of nonlinear and interaction effects governing mechanical behavior. The 

optimal compromise formulation (80% sorbitol, 0.60% acetic acid, 20% total plasticizer) achieved experimental 

values of 10.86 MPa (TS) and 56.75% (EB). FTIR confirmed preservation of the starch backbone and hydrogen-

bond interactions typical of plasticized starch systems. The optimized film exhibited a thickness of 0.062 ± 0.013 

mm, a contact angle of 50.68 ± 1.47°, a moisture content of 7.08 ± 0.03%, a water absorption of 105.47 ± 1.38%, 

and a maximum thermal degradation rate at 314°C. These findings demonstrate that statistical multi-factor 

optimization enables the tailoring of mechanical properties in starch films derived from food-processing waste. 

Introduction 

The rapid growth of global plastic production and the limited recyclability of conventional polymers have 

intensified the search for biodegradable alternatives derived from renewable sources (OECD, 2022, 2024) . 

Starch-based materials are attractive due to their abundance and biodegradability. In Colombia, industrial potato 

processing results in 50-60% raw material loss, generating starch-rich residues suitable for 

valorization(Federación Colombiana de Productores de Papa & Fondo Nacional de Fomento de la Papa, 2023).  

Starch films are produced through gelatinization in the presence of plasticizers. Glycerol enhances 

flexibility but reduces strength at high concentrations, whereas sorbitol promotes tensile strength but may induce 

brittleness (Khansumled et al., 2024; Othman et al., 2022) Acetic acid facilitates gelatinization and the dispersion 

of polymers. However, the combined interaction of plasticizer ratio, total plasticizer content, and acetic acid 

concentration has not been systematically evaluated in starch recovered from industrial residues. This study 

addresses this gap using a multifactorial statistical framework to optimize mechanical performance. 

Materials and Methods 

Starch (Solanum tuberosum cv. Diacol Capiro) recovered from industrial potato processing was supplied by 

Comestibles Ricos S.A. (Bogotá, Colombia) and used to prepare films by casting a 5% (w/w) starch suspension 

containing sorbitol, glycerol, and acetic acid. A full 4 × 3 × 3 factorial design evaluated sorbitol proportion (0-

100%), acetic acid concentration (0–1.0% v/v), and total plasticizer-to-starch ratio (20–30% w/w), generating 36 

formulations. 

Mechanical properties were measured according to ASTM D882 at 25 °C and 5 mm/min. Response 

Surface Methodology was applied to fit second-order polynomial models, and multi-response desirability 

optimization defined a compromise region of 10–15 MPa (TS) and 40–60% (EB). The optimal formulation was 
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validated experimentally and characterized by FTIR, contact angle, moisture content, water absorption, and 

thermogravimetric (TGA) analyses. 

Results and Discussion 

Film thickness remained uniform (0.058 ± 0.020 mm), confirming formulation-driven mechanical variation. EB 

and TS exhibited the typical inverse relationship of plasticized starch systems. The proportion of sorbitol and its 

quadratic term significantly influenced both responses, while acetic acid contributed to the nonlinear 

extensibility behavior. Increasing the total plasticizer reduced the maximum strength and broadened the response 

surfaces (Figure 1). 

Figure 1. Response surface of (a) TS and (b) EB as a function of sorbitol and acetic acid at 20% total plasticizer. 

 

Note. A: sorbitol proportion; B: acetic acid concentration. EB: elongation at break; TS: tensile strength. 

Optimization identified 20% plasticizer, 80% sorbitol, and 0.60% acetic acid as the highest desirability 

condition (D = 0.79). Experimental validation yielded 10.86 MPa (TS) and 56.75% (EB). FTIR spectra 

confirmed the preservation of the starch backbone and hydrogen-bonding interactions. Surface and moisture 

analyses were consistent with hydrophilic thermoplastic starch matrices. The optimized film exhibited 

hydrophilicity (contact angle: 50.68°), moisture content of 7.08%, water absorption of 105.47%, and thermal 

stability up to 314°C. These properties suggest potential applications such as secondary packaging materials, 

including inner bags, sachets, tray lidding films, and overwraps for dry food products such as snacks. 

Conclusions 

The mechanical performance of starch biofilms derived from potato-processing waste is governed by nonlinear 

interactions between plasticizer composition and acetic acid concentration. Response Surface Methodology 

enabled the identification of an optimized formulation balancing strength and flexibility. The selected film 

exhibited validated mechanical and physicochemical properties consistent with thermoplastic starch systems, 

supporting the valorization of food-processing residues as sustainable feedstocks for engineered biopolymers. 
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