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A novel tomato-derived hydrogel rich in apigenin-7-o-glucoside with antimicrobial and wound-healing properties using AI-optimized ultrasonication-assisted green extraction
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Abstract

A novel, shelf-stable hydrogel with wound-healing functionality was developed using an ultrasonication [1]-assisted green solvent extract of Solanum lycopersicum, rich in apigenin-7-O-glucoside (A7G), employing an ethanol:water (1:1, v/v) solvent system classified as GRAS [2]. Extraction conditions were systematically optimized using Box-Behnken experimental design [3], response surface methodology (RSM), and artificial neural network (ANN) modelling, wherein the ANN model (3-8-1 architecture) demonstrated superior predictive accuracy (R² = 0.99). The optimized extract, designated as ExtractBest, yielded 12.08 µg/g (dwb) of A7G and exhibited strong broad-spectrum antimicrobial activity against Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans, and MRSA. ExtractBest was successfully utilised in formulating a synthetic hydrogel, which displayed a particle size of 104.29±0.19 nm, and significant antimicrobial potential [4]. The in vitro release analysis of A7G showed a 69% burst release following first-order kinetics, indicating rapid antimicrobial action. This is reportedly the first shelf-stable hydrogel formulated utilising a novel A7G-rich tomato-derived green extract, demonstrating pronounced antibacterial and antifungal properties, along with effective wound-healing performance validated in rabbit models. Sensory evaluation by human panellists revealed high acceptability in terms of colour, odour, spreadability, non-stickiness, and gloss, supporting its application as a cosmetically acceptable, moisturising therapeutic gel suitable for human use. This study presents a sustainable and AI-integrated approach combining green solvent extraction with nano-enabled-colloidal hydrogel delivery system to develop a value-added tomato-derived therapeutic [5].
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