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Abstract: The digestion rate of starch directly affects postprandial blood glucose levels, and regulating starch digestibility is important for
the development of health-oriented starch-based foods. In this study, high amylose maize starch was used to prepare preformed V-type starch.
Gallic acid (GA) was introduced to form starch complexes, and ultrasound treatment was applied during the complexation process. The effects
of GA complexation and ultrasound treatment on structure and in vitro digestibility of starch complexes were systematically investigated. X-ray
diffraction analysis showed that pre-treatment resulted in the formation of V-starch, and GA complexation and ultrasound treatment did not alter
the crystalline pattern. The GA loading content in starch complexes was 13.52 mg g™ DW and increased to 15.39 mg g™ DW after ultrasound
treatment. Fourier transform infrared spectroscopy showed that no new characteristic absorption peaks appeared in all treated samples.
Short-range order analysis showed that GA complexation increased the structural order of starch complexes, whereas ultrasound treatment
reduced the degree of order, although the value remained higher than that of preformed V-starch. Particle size distribution and morphological
analysis showed that GA complexation promoted particle aggregation, whereas ultrasound treatment improved system dispersion. In vitro
digestion results showed that the complex obtained by ultrasound-assisted complexation exhibited the lowest digestion rate (0.033 min™)
compared with preformed V-starch. The results suggest that the combination of GA complexation and ultrasound treatment effectively reduces
starch digestibility. The findings provide new insights into starch functionality regulation and the design of starch-based food systems.
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Fig.1 X-ray diffraction patterns of native high amylose maize starch (HAMS), preformed V-starch and its gallic acid complexes
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Table 1 Gallic acid (GA) loading capacity of the complexes
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Fig.2 Fourier transform infrared spectra and the deconvoluted spectra of gallic acid (GA), preformed V-starch and its gallic acid (GA)
complexes
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Fig.3 Particle size distribution of preformed V-starch and its gallic acid complexes
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Table 5 Particle size distribution parameters of preformed V-starch and its gallic acid complexes

5o 4 AR D10/um D20/um D50/um
iV AR 11.4040.71% 20.45:41.06° 62.0547.57°
HAMS-GA £.4-4 23.904.41% 39.55:41.34% 92.6046.79°
UT-V 24 5.820.86° 9.1241.96° 26.4549.83°
UT-HAMS-GA £ 4% 33.15416.76% 58.05423.41° 134.00:18.38°

E: REAAR IR F R ARE LA S EREZF (P<0.05). GA AEARTFH. HAMS-GA 24644 54 2 R
SRR E AW, UT-V BUmdr A4 5 43269704 V B2 4y, UT-HAMS-GA Z 44 A48 B LT V AR 5 IR AT e 264,

25 FHEMA

4 TV BLEM R 5R R FERE AYIRREMR
Fig.4 Surface morphology of preformed V-starch and its gallic acid complexes
E: BY aATH VAL, b A5kt ER-RRTRIEY, ¢ ALRE TRV B, d LEHWAHARELEGTH V
R HERTROLEY, FHENHRT L. 2 KTADEIXRF 9K AE4.
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Fig.5 Digestion curves and digestion rate constant of preformed V-starch and its gallic acid complexes
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