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Highlights: 
· Microwave-ultrasound binary extraction (MUBEP) applied to pomegranate peel biomass
· Synergistic MAE + UAE enhanced extract yield and bioactive retention
· Box-Behnken design optimized MP, MT, and ST parameters
· Achieved 73.6% EY  and possess strong antioxidant activity (75.28% DPPH, 63.79 mg AAE/100 ml FRAP)
· FTIR and UHPLC–MS confirmed diverse polyphenols in PPE
· Eco-friendly method supports food, pharma, and nutraceutical applications

