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Negative zeta potential values (¥-25 mV) ensured colloidal stability and homogeneous coating dispersions, while
reduced surface tension promoted efficient spreading during deposition. The resulting pullulan-based films exhibited
improved wettability, UV-shielding, antioxidant activity and antibacterial performance. The study demonstrates that
combining liquid-state and solid-state characterization enables predictive design of sustainable bio-based coatings for
advanced food-packaging applications.
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