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Abstract

Plant polyphenols are important natural antioxidants in foods, and their activity is regulated by both molecular structural
characteristics and the food matrix environment. Polyphenols act through antioxidant mechanisms such as hydrogen atom transfer
and single electron transfer, but their structure-activity relationships show significant matrix dependence in real food systems.
Interactions between food components, disturbances from processing conditions, and effects at phase interfaces can all cause
discrepancies between in vitro chemical evaluations and actual application outcomes. Techniques such as microencapsulation, nano-
delivery systems, and synergistic regulation strategies between polyphenols and food components provide technical approaches
to addressing the stability challenges of polyphenols in complex food environments. Applications of grape seed extracts in model
emulsified systems show that proper formulation design and process control can greatly enhance the functional value of polyphenols,
laying the foundation for the precise application of natural antioxidants in the food industry.
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