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Abstract: Waxy maize starch was used as the raw material in this work, and starch nanoparticles (SNPs) were prepared through
recrystallization of short-chain amylose and debranching using pullulanase. The patterns of the changes in the thermal, retrogradation, and
rheological properties of the different concentrations of SNPs in aqueous glycerin, sorbitol, and glucose solutions were studied using a
differential scanning calorimeter (DSC) and a dynamic rheometer. The results of the DSC showed that with the addition of sorbitol, glucose, and
glycerol solutions (plasticizer/water ratio: 1:1 m/m), the gelatinization onset temperatures of SNPs were increased by 10.85 ‘C, 10.96 C, and
15.02 °C, respectively, and the gelatinization conclusion temperatures of SNPs were increased by 9.29 ‘C, 9.17 “C, and 12.40 “C, respectively.
The retrogradation test indicated that the plasticizers could inhibit the retrogradation of SNPs. When the content of SNPs increased, the storage
modulus of SNPs in the plasticizer system increased markedly, the loss modulus was greater than the storage modulus, and the gelation
properties were enhanced. For 20% SNPs, the storage modulus was around 10 Pa‘s in sorbitol solution and glycerin solution, and more than
1000 Pa-s in glucose solution; the loss modulus was in the range of 100~500 Pa-s in glucose solution, indicating that the SNPs-glucose solution
exhibited stronger gelation properties. This study provides a theoretical basis for the production of biodegradable starch films with SNPs in
different plasticizers.
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Fig.1 Transmission electron microscope (TEM) image (a),
scanning electron microscope image (b), and dynamic light
scattering (DLS) image (c) of starch nanoparticles
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Table 1 Effects of sorbitol, glucose, and glycerol on the thermal properties of starch nanoparticles

#dn T/ C T,/ C T,/C T-T,/C AH/(J/g)

SNP 7421+040°  83.9440.617  96.91+0.54°  22.70+0.04®°  7.31+0.04°
SNP-S-(1:1) 85.06:0.21°  97.13:0.66°  106.20+£0.21°  21.14%0.11° 3.06+0.12°
SNP-S-(1:2) 83.06£0.58"  93.13+0.06°  99.22+0.18" 16.16£0.08°  4.42+0.13°
SNP-S-(1:4) 73.35£044%  84.712035"  97.40£0.07°  24.05+0.08°  6.70£0.08"
SNP-g-(1:1) 85.1740.36°  96.95+0.56°  106.08+0.21*  20.91+0.11° 3.31£0.22¢
SNP-g-(1:2) 77.59+0.71°  92.02+0.49°  100.11+0.17° 22524047  4.41+0.17°
SNP-g-(1:4) 77.55£0.58°  86.83+0.58°  98.9240.23%  2237£0.66°  5.74+£0.34
SNP-G-(1:1) 89.23+0.25"  104.98+0.42"  10831x0.19°  6.16:0.42¢ 2.37+0.22"
SNP-G-(1:2) 85.46+0.44°  90.41+0.48¢  101.92+025°  16.46+0.54° 3.58+0.12¢
SNP-G-(1:4) 7740+£0.66°  88.14+0.62°  98.18+0.18*  20.78+0.41° 4.07+0.33¢
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Table 2 Effects of sorbitol, glucose, and glycerol on the retrogradation properties of starch nanoparticles

Hd T,/ C T,/ C TJ/C T-T,/C AH/(J/g)

SNP 78.10+0.10% 90.46+0.11° 99.36+0.24% 21.26+0.04 4.50+0.04*
SNP-S-(1:1) 92.43+0.21° 100.60£0.26° 112.18+0.11° 19.75+0.11° 1.28+0.12"
SNP-S-(1:2) 84.70+0.18" 98.16+0.07% 107.6240.18™ 22.92+0.08° 2.91+0.13°
SNP-S-(1:4) 79.40+0.14° 91.9440.15% 100.97+0.07° 21.57+0.18¢ 4.32+0.08"
SNP-g-(1:1) 87.84+0.36° 101.61+0.26° 111.37+0.21° 21.57+0.11¢ 1.57+0.12°
SNP-g-(1:2) 86.10£0.11° 100.57+0.19° 107.880.17% 21.78+£0.27¢ 1.9440.17°
SNP-g-(1:4) 77.90+0.38¢ 90.16+0.28° 100.42+0.23¢ 22.5240.26° 2.56+0.34°
SNP-G-(1:1) 82.84+0.12° 96.16+0.22° 107.0120.19% 24.16+0.32° 1.60+0.22¢
SNP-G-(1:2) 82.39+0.24° 93.19+0.18° 102.91+0.25° 20.52+0.24° 1.66+0.42¢
SNP-G-(1:4) 85.83+0.16™ 92.60+0.12%¢ 101.88+0.18° 26.05£0.11° 2.44+0.33°
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