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Abstract: Alcoholic beverages, including Chinese Baijiu and Huangjiu, contain abundant structurally diverse higher alcohols (fusel alcohols), which are core flavor contributors yet critical risk factors aggravating hangover. Existing alcohol metabolism research largely ignores competitive interactions between higher alcohols and ethanol, lacking systematic interpretation of structure-dependent hangover discrepancies among various brewed drinks. This work established a full-spectrum higher alcohol database covering straight-chain, branched, heterocyclic and aromatic fusel components from representative Chinese alcoholic beverages. This study developed an integrated multi-step derivatization method, combining gas chromatography-mass spectrometry (GC-MS) and ultra-high performance liquid chromatography-mass spectrometry (UHPLC-MS) platforms for the simultaneous quantification of trace higher alcohols and their oxidized/non-oxidized metabolites in complex blood matrices. Combined isothermal titration calorimetry (ITC) and Surface Plasmon Resonance (SPR) techniques revealed competitive kinetic rules between varied higher alcohols and ethanol toward alcohol/aldehyde dehydrogenases. In vivo metabolic dynamics were characterized using a Bama pig pharmacokinetic model. Furthermore, rodent behavioral tests using the standardized Hangover Symptom Scale (HSS) and the Alcohol Hangover Severity Scale (AHSS), along with human cohort trials, further validated the physiological responses induced by different fusel oil components. Results verified that hangover severity was mainly induced by higher alcohol metabolites rather than parent molecules; carbon chain length, branching and aromatic groups determined enzyme binding affinity, metabolic clearance rate and subsequent neuroinflammation and oxidative stress disorders. This multi-scale research clarifies the molecular cascade linking fusel structures, ethanol metabolism disturbance and hangover symptoms, providing theoretical support for low-hangover brewing optimization and food safety standard formulation of fermented alcoholic products.
