Boosting Starch-Phenolic Interactions to Modulate the Multi-Scale Structure of Starch and Reduce Digestibility
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Starch interacts with a range of ligands by forming inclusion (V-type) and non-inclusion complexes during processing operations that involve partial or complete loss of the native granular structure1. These interactions modulate the multi-scale structure of the starch system, leading to unique rheological, mechanical and microstructural characteristics and reduced digestibility2. This study aimed to investigate the extent and nature of rice starch complexation with phenolics (gallic acid and Myrciaria dubia polyphenols) after gelatinisation via hydrothermal (90°C, 20 min) and high hydrostatic pressure processing approaches (HHP; 500 MPa, 20°C, 20 min) and after storage (21 days, 4°C). The starch-polyphenol composites were characterised by rheological, XRD, FTIR, 13C-NMR and SEM analysis. Digestibility (Englyst method) was also investigated. Complexation (5-13 mg phenolics/g starch) led to the formation of significantly softer starch composite gels (lower G’ and G’’ values), with reduced digestibility (p<0.05) and a very distinct microstructure that was characterised by a remarkable reduction in pore size. All the starch ligands and gelatinisation approaches promoted the formation of V-type starch (diffractions peaks at 2θ = 13.0° and 19.9°). However, non-inclusion amylose-phenolics interactions were found to be predominant and, therefore, responsible for the multi-scale changes observed. HHP gelatinisation increased starch resistibility to digestion in the composites (26.58±1.71%) to a greater extent than the hydrothermal treatment (22.47± 1.52%) (p<0.05), which was attributed to enhanced non-inclusion interactions according to the FTIR and 13C-NMR data. The microstructure and digestibility of the composites changed over time, indicating that starch-phenolic interactions did not remain stable during storage. This investigation provides valuable insights into the health profiles of starch-phenolic composites and highlights the potential of innovative processing technologies such as HHP to create novel starch systems with distinct microstructures and tailored digestion properties.
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