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ABSTRACT 
 

     Synthetic antioxidants have traditionally been added directly to food products in a single 

initial dose to protect against oxidation of lipids and generation of free radicals.  Natural 

antioxidants have been shown to undergo loss of activity and become prooxidants at high 

concentrations; therefore, a need exists to develop active packaging which can gradually deliver 

antioxidants in a controlled manner.  The objectives of this research were to (1) form and 

characterize cyclodextrin inclusion complexes with the natural antioxidants, α-tocopherol and 

quercetin, (2) incorporate cyclodextrin inclusion complexes of natural antioxidants into linear 

low density polyethylene (LLDPE), and (3) measure the release kinetics of inclusion complexes 

of natural antioxidants from LLDPE into a model food system.  Cyclodextrin inclusion 

complexes of α-tocopherol and quercetin were formed by the coprecipitation method and 

characterized in the solid state by NMR, IR spectroscopy, and thermal analyses.  Solid inclusion 

complex products of α-tocopherol:β-cyclodextrin and quercetin:γ-cyclodextrin had molar ratios 

of 1.7:1 as determined by UV spectrophotometry, which were equivalent to 18.1% (w/w) α-

tocopherol and 13.0% (w/w) quercetin.  Free and cyclodextrin complexed antioxidant additives 

were compounded with a twin-screw mixer into two LLDPE resin types followed by 

compression molding into films.  Release of α-tocopherol and quercetin from LLDPE films into 

coconut oil at 30 °C was quantified by HPLC during 4 weeks of storage.  The total release of α-

tocopherol after 4 weeks was 70% from the free form and 8% from the complexed form 

averaged across both LLDPE resins.  The mechanism by which α-tocopherol was released was 

modified due to its encapsulation inside the β-cyclodextrin cavity within the LLDPE matrix as 

indicated by its diffusion coefficient decreasing by two orders of magnitude.  Molecular 

encapsulation of natural antioxidants using cyclodextrins may be used as a controlled release 

mechanism within polymer food packaging to gradually deliver an effective antioxidant 

concentration to a food product, thereby, limiting oxidation, maintaining nutritional quality, and 

extending shelf life.
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