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Biodegradable polymers represent a solution to the problems of contamination caused by conventional synthetic 

polymers. For this reason, starch is considered be one of the most promising substances due to its biodegradability, low 

cost and abundant availability. The starch application areas remain limited due to its poor resistance to water and no plastic 

behaviour under heating. Chemical modification of starch is one of the most attractive methods to reduce the number of 

hydrogen bonds and increase the hydrophobicity of starch.  

The aim of this study was to synthesize thermoplastic starch esters with controllable properties by using organic 

anhydrides of different chemical composition and varying the degree of substitution (DS). Potato starch was modified 

with acetic (Ac) or/and octenyl succinic (OSA) anhydrides and characterized by Fourier-transform infrared spectroscopy 

and scanning electron microscopy. The hydrophobicity of starch acetate octenyl succinate was assessed by measuring 

water contact angle. The thermal properties of the modified starches were evaluated using thermogravimetry and 

differential scanning calorimetry.  

For OSA starch with DSOSA=0.06 and starch acetate at low degree of substitution, DSAc being up to 0.62, the glass 

transition (Tg) temperature was not observed and the destruction temperature (Td) was decreasing with increasing of DSAc 

(Table 1). Starch acetate with high DSAc≥0.8 had Tg which is in the interval of 162-167 °C and Td was increasing with 

increasing DSAc. Starch modified with both Ac and OSA showed Tg even at low DSAc values, and glass transition 

temperature was increasing with increasing of DSAc. When the DSAc was higher than 1.06 the Tg dependence was not 

observed for dual modified samples. 

 

Table 1. The effect of DS on hydrophobicity and thermal properties of starch derivatives 

No DSAc DSOSA Td, °C Tg, °C Contact angle, ° 

1 0 0 291 - 38 

2 0.43 0 267 - 46 

3 0.62 0 240 - 65 

4 0.8 0 249 162 66 

5 1.07 0 267 166 66 

6 1.67 0 278 167 68 

7 0 0.06 272 - 76 

8 0.03 0.06 287 162 44 

9 0.43 0.06 279 163 56 

10 0.53 0.06 302 164 64 

11 1.06 0.06 318 175 74 

12 1.23 0.06 316 171 78 

13 1.58 0.06 315 167 84 

14 1.68 0.06 312 171 88 

 

The hydrophobicity of starch acetate was gradually increasing with increasing DSAc (Table 1), as reflected by 

increasing water contact angle. Moreover, the modification of starch with octenyl succinic anhydride dramatically 

changed the hydrophobicity of starch i.e., the water contact angle of starch octenyl succinate with DS 0.06 was twice 

higher compared to that of native starch. Meanwhile, dual modified starch at low DSAc had lower contact angle than that 

of OSA starch. However, contact angle values increased with increment of DSAc reaching 88º for acetylated starch octenyl 

succinate with DSAc=1.68 and DSOSA=0.06. 

 


