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From Agricultural Waste to Precision Nutrition: Unlocking Rapid-Gelating, Multi-Scale Structured Starches for High-Fidelity 3D Food Printing
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Abstract
The demand for personalized, functional foods has driven intense interest in 3D food printing, yet conventional starch-based inks are constrained by slow gelation kinetics, poor shape fidelity, and the need for chemical modification. This presentation introduces a sustainable strategy that valorizes underutilized agricultural byproducts—Millettia speciosa seeds and rhizomes [1], ginger rhizome residues [2], and rambutan seeds [3]—as sources of novel starches with intrinsically tailored gelation behaviors for high-precision printing. Through systematic multi-scale structural analyses, we demonstrate that rapid-gelating starches from ginger (Curcuma phaeocaulis and C. longa) and rambutan seed (BR-7 variety) achieve gelation within 1–10 minutes at low concentrations (6–15% w/v), which is up to 11 times faster than conventional pea or potato starches. The mechanism is driven by high amylose content synergizing with abundant short amylopectin chains to form dense, hydrogen-bonded networks, while appropriate closed-pore structures mitigate syneresis and dehydration. These structural features confer excellent shear-thinning rheology and >95% printing accuracy, with printed constructs meeting IDDSI Level 5 (minced & moist) standards for dysphagia diets. Moreover, the starches exhibit highly desirable digestive profiles: C. longa starch contains 44.6% resistant starch, while rambutan seed starches provide 70–73% slowly digestible starch, supporting prolonged glycemic control and gut health. In parallel, M. speciosa starches display superior thermostability and printability at low concentrations, expanding the library of functional 3D-printable materials. This work pioneers a “waste-to-3D-ink” paradigm, demonstrating that by deciphering structure–property relationships at the chain-length, lamellar, and granular levels, we can design precision food architectures without relying on external additives. The findings open new avenues for sustainable, health-focused food manufacturing, offering customizable nutrition for the elderly, dysphagia patients, and personalized diet applications.
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