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Abstract: As a processing byproduct rich in polyphenols, pomegranate peel possesses significant natural skin-lightening and anti-browning
potential; however, the poor physicochemical stability and low trans-membrane absorption rate of its core macromolecular components severely
limit its high-value applications. In this study, a directed purification strategy was first employed to obtain a highly enriched fraction of
anacharidins (with a main component concentration as high as 826.28 mg g™). In-depth analysis via enzyme kinetics and molecular docking
revealed that this purified polyphenol exhibits highly efficient mixed-type inhibition of tyrosinase: its bulky polyphenolic skeleton not only
blocks the entrance to the enzyme’s active site through strong steric hindrance and induces a relaxed enzyme conformation, but also exerts a dual
synergistic inhibitory effect by effectively chelating free copper ions in the microenvironment and quenching the dopaquinone intermediate. To
overcome the absorption barrier of polyphenols, this study developed a polyphenol-loaded bilayer emulsion. Cytological analysis confirmed that
this delivery system effectively enhanced bioavailability; at a safe therapeutic dose of 0.9 pg-mL™, it significantly reduced tyrosinase activity and
melanin content in B16 melanoma cells to 69.79% and 64.24%, respectively, with its melanin-reducing efficacy significantly outperforming that
of free polyphenols and the positive control, kojic acid (P<0.05). This study not only systematically elucidates the multidimensional, targeted
mechanisms by which pomegranate macromolecular polyphenols inhibit melanin synthesis but also provides robust theoretical and empirical
support for the application of novel delivery systems for natural bioactive compounds in functional cosmetics.
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Fig.1 Results of the Purification of Pomegranate Peel Polyphenols Using Macroporous Resin
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Fig.2 Monomer content in purified pomegranate peel polyphenols
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Fig.3 Inhibition rate of tyrosinase by pomegranate peel polyphenols
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Fig.4 Determination of the reversible inhibition of tyrosinase by purified polyphenols and punicalagin
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Fig.5 Analysis of the Inhibition Mechanisms of Purified Polyphenols and Peltinidin on Tyrosinase Activity
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Fig.7 Results of the chemically induced clearance of the non-enzymatic dopamine oxidation system by purified polyphenols and
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