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Agricultural by-products represent a vast and largely underutilized reservoir of
high-value bioactive compounds. In this study, the foliar biomass of PDO Allium
cepa, typically discarded during post-harvest processing, was valorized within a
circular-economy framework to obtain standardized extracts with potent
antioxidant properties and potential applications in the food and
pharmaceutical sectors.

Microwave-Assisted Extraction (MAE) conditions were first optimized using a
Box—-Behnken Design (BBD) combined with Response Surface Methodology
(RSM) to maximize phenolic recovery and free-radical scavenging activity [a].
Given the remarkable chemical complexity of the resulting extracts, an online
comprehensive two-dimensional liquid chromatography platform (RP-LC x RP-
LC) was subsequently developed. Stationary-phase selectivity, mobile-phase
gradient profiles, and flow rates were carefully optimized to maximize
orthogonality and peak capacity.

Coupling the multidimensional separation system with High-Resolution Mass
Spectrometry (HRMS) markedly reduced spectral overlap compared with
conventional one-dimensional separations, enabling the tentative annotation
of 147 secondary metabolites distributed across eight major chemical classes,
including flavonoids, saponins, phenylpropanoids, isoprenoids, terpenes,
dipeptides, fatty acids, and lipids. In addition, integration of an online pre-
column 2,2-diphenyl-1-picrylhydrazyl (DPPH) reaction assay enabled direct
functional bio-mapping of individual constituents, identifying flavonoids,
isoprenoids, and phenylpropanoids as the main contributors to the antioxidant
activity of the extracts [b].

Overall, this advanced analytical workflow provides a comprehensive chemical
and functional characterization of PDO onion leaf by-products, supporting their
valorization as a sustainable source of bioactive compounds and providing a
robust analytical framework for the standardization of bioactive-rich natural
extracts intended for nutraceutical and health-promoting formulations.
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