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Advancing circular bioeconomy is crucial for reducing environmental burden and decreasing reliance on fossil-
based resources. Within this framework, the efficient valorization of agro-industrial residues has gained increasing 
attention as a strategy to transform low-value by-products into high-value bioproducts. Cascade valorization 
approaches aim to maximize resource efficiency by sequentially recovering multiple valuable fractions from a  
single biomass stream, thereby minimizing waste and enhancing overall process sustainability. Agro-industrial by-
products, such as tomato pomace (TP), are generated in large quantities worldwide and remain underexploited 
despite their rich and diverse composition, including lipids, carbohydrates, and polymers. Their integrated and  
cascade utilization offers significant potential as low-cost carbon sources for microbial cultivation and biopolymer 
synthesis, while also enabling the recovery of intrinsic polymers; thereby contributing to waste reduction and  
resource circularity. 

Lipids extracted from TP using ethyl acetate. Fatty acid characterization showed that palmitic, linoleic,  
and oleic acids were the dominant components.  The extracted oils were evaluated as carbon substrates for PHA 
production by different bacterial strains Their PHA accumulation performance was initially screened at laboratory 
scale. The most efficient producer,  Cupriavidus necator DSM 428, was selected for further validation in 2 L 
stirred-tank bioreactor experiments. Under controlled bioreactor conditions C. necator DSM 428 achieved 6.49 
g/L of cell biomass formation with an intracellular PHA content of 79.31 ± 0.00 wt.% using TP oil as sole carbon 
source.

Further, the residual solid fractions remaining after oil extraction were submitted to ionic liquid (IL) 
(Moreira et al., 2020) or natural deep eutectic solvent (NADES) treatment for the isolation of the natural occurring 
polyester, cutin. The obtained solid residue was analyzed by resorting to nuclear magnetic resonance (NMR) and 
the spectral signature of the bio-polyester cutin was characterized. The recovered polymer shows a high degree of 
esterification, with a noticeable percentage of primary aliphatic esters. 

A waste  to  biopolymer  platform based on the  cascade  valorization  of  TP was  demonstrated.  This  
integrated strategy improves the efficiency of feedstock utilization, reduces residual waste streams, and supports 
the development of economically and environmentally sustainable processes aligned with circular bioeconomy 
principles.
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