Bioinspired food waste-based nanofibres and scaffolds to generate novel food functionalities
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The global volume of food wastage through the food supply chain is ca. 1.6 billion ton with a huge economic and environmental impact. To a large extent, food waste is comprised by vegetable, animal and fisheries biomass abundant in biopolymers (e.g. cellulose, hemicellulose, xylans, pectins, chitin, collagen, etc.). This biomass can be revalorised in the production of advanced materials such as biopolymer-based materials such as scaffolds and nanofibres that can harness structural aspects of their native structure and biological function. We have investigated the use of solid fibre waste of celery (Apium graveolens) and sweede (Brassica napobrassica), as well as the gladius from squid (Loligo spp), to generate scaffolds and nanofibre materials. Stalks of celery and bulbs of swede were processed either under high or low shear to separate the solid fibres fraction and subsequently moulded into cylinders (~ 2 cm d x 1 cm h). The vegetable fibres were further decellularised, as confirmed by removal of protein, DNA and carbohydrates. The effect of these treatments on the composition, porosity, swelling, microstructure and mechanical properties of the scaffolds has been evaluated. The results showed that the shearing process led to a greater disruption of the microstructure and subsequent release of cellular matter and isolation of the cell wall. The suitability of the developed acellular structures to act as 3D porous cellular scaffolds has started to be assessed based on the expected properties characteristic of these materials to display their full functionality as matrices to support mammalian cells growth, namely mechanical strength, porosity, morphology, among other. In the case of squid gladius waste, we have developed a process to obtain nanofibres from the isolated -chitin. In parallel, a yellow mealworm (Tenebrio molitor) larvae protein isolate was crosslinked by transglutaminase and loaded with squid chitin nanofibres (0 to 3% w/w) and the effect on the physical properties of the protein gels, both raw and cooked (98-100 °C), was assessed. It was found that the hardness, cohesiveness, chewiness and modulus improved with up to 2 % (w/w) nanofibre loading, achieving a similar texture profile to that of commercial QuornTM, a mock beef product from fungal protein. We reasoned that a balance between electrostatic interactions between the fibres and the covalently crosslinked mealworm protein isolate, resulted in optimal gel parameters of the composites. Besides, the increase in the mechanical modulus with the loading of fibres can be explained in the context of percolation theory1.  The future potential application of these systems in food and pet food is envisaged.
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