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The present study first investigated the effects of drying methods and conditions as well as the 

concentration of galangal extract, which was incorporated into edible chitosan films as a natural 

antimicrobial agent, on the antimicrobial activity of the films. Fourier transform infrared (FTIR) 

spectroscopy was performed to investigate functional group interaction between chitosan and the 

added active agent. The mechanism of the extract and of the antimicrobial films to inhibit bacterial cell 

growth was observed using transmission electron microscopy (TEM). The antimicrobial activity and 

functional group interaction of the antimicrobial films were found to be affected by the drying methods 

and conditions as well as the concentration of the galangal extract. Then, the effects of drying 

methods and conditions on the total phenolics content (TPC) of chitosan films incorporated with Indian 

gooseberry extract, which has proved to be a potent natural antioxidant, were investigated. The 

release behavior of the antioxidant from the films was also investigated. FTIR spectroscopy was again 

performed to investigate functional group interaction between chitosan and the added active agent. 

Swelling of the films was measured to help explain the release behavior of the films. The release 

characteristics, swelling and functional group interaction of the antioxidant films were found to be 

affected by the drying methods and conditions as well as the concentration of the Indian gooseberry 

extract. The third part of the study proposed and tested an idea of using advanced drying methods, in 

combination with appropriate concentration of plasticizer, to improve the mechanical properties of the 

films. The drying methods and plasticizer concentration significantly affected the mechanical properties 

and glass transition temperature of the films. In some cases, there was a limiting value of plasticizer 

concentration beyond which the effect of the plasticizer concentration on the mechanical properties 

was negligible. Finally, various simple mathematical models for prediction of the release of antioxidant 

from edible chitosan films were compared and discussed. A simple-liquid diffusion model assuming 

the effective diffusion coefficient as a function of the phenolics concentration were noted to give the 

best agreement with the experimental results.  

 

Keywords: Active packaging; Antimicrobial activity; Antioxidant; Chitosan; Low-pressure superheated 

steam drying; Mathematical models; Mechanical properties; Release; Vacuum drying.  
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Transmission electron microscopy (TEM) *
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