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By-products and waste management has garnered significant attention in the agro-industrial 
sector due to current environmental concerns and increasing consumer focus on sustainability. 
Despite the plethora of publications addressing extraction protocols for primary and secondary 
metabolites from agri-food by-products, scalability is hindered by high costs and energy 
consumption [1]. We experimented with several enabling technologies for green-extraction and 
biomass processing including: ultrasound, microwaves, pulsed electric fields, hydrodynamic 
cavitation, supercritical fluids, subcritical water, mechanochemical and enzymatic methods [2, 
3]. A new paradigm in biomass extraction involves continuous-flow processes achieved by 
integrating cavitational techniques (ultrasound or rotor/stator hydrodynamic cavitation) with 
pulsed electric fields (PEF). This scalable method exhibits outstanding productivity. In the case 
of economically significant natural matrices like grape by-products, we successfully scaled up 
the processes to a semi-industrial production [4, 5]. Furthermore, recognizing grape stalks as a 
valuable source of lignocellulosic material, we conducted ultrasound-assisted lignin extraction 
and flash microwave-assisted conversion of cellulose to levulinic acid [6]. The precipitated 
lignin underwent microwave-assisted alkaline oxidation, resulting in the production of long-
chain fatty acids and long-chain hydrocarbons as the primary products. In contrast, direct 
oxidation of grape stalks yielded vanillin and syringaldehyde in moderate yields [7]. 
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