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Abstract
The increasing prevalence of obesity, diabetes, and related metabolic disorders has driven growing interest in low-glycemic functional carbohydrates [1]. Type 5 resistant starch (RS5), formed through non-covalent complexation between amylose and guest molecules, shows promise due to its digestive resistance and potential gut health benefits [2,3]. However, the structural factors governing RS5 formation and its physiological effects remain unclear. This study used high-amylose maize starch (HAMS) and fatty acids (FAs) as a model system to investigate how guest molecule structure, starch chain architecture, and post-treatment regulate the anti-digestive properties of HAMS–FA complexes. Seven FAs with different chain lengths and degrees of unsaturation were first complexed with HAMS. Medium-chain saturated FAs, represented by myristic acid (MA), promoted the formation of ordered V-type structures, whereas linoleic acid (LOA) achieved comparable RS content despite lower crystallinity, suggesting that unsaturated FAs may improve digestive resistance through less ordered but enzyme-limiting structures. To further facilitate FA inclusion and ordered structure formation, HAMS was debranched with pullulanase. After 24 h of debranching, the MA and LOA complexes showed markedly increased RS contents of 51.0% and 53.6%, respectively. Subsequent heat–moisture treatment further strengthened the complex structure, with pressurized heating increasing the RS content of the DH24–LOA complex to 69.2%. The optimized complex was further evaluated in high-fat diet-induced obese mice. Long-term intake attenuated body weight gain, improved glucose tolerance, reduced serum triglycerides, and alleviated hepatic lipid accumulation. These effects were associated with reduced oxidative stress and inflammation, as well as partial restoration of gut microbiota diversity. Overall, this study establishes a structure-digestibility-function relationship for HAMS–FA complexes and provides a practical strategy for designing low-glycemic functional carbohydrate ingredients with metabolic health benefits.
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