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Molecular dynamers are dynamic polymers in which reversible covalent bonds located in either the backbone or the side chain of the polymer confer unique properties and new functions. Various types of covalent bonds can be reversed in response to external stimuli and environmental factors such as heat, light, pH etc. Among them, imines or Schiff bases (C=N) are the result of the condensation of carbonyls with primary amines. Schiff bases are widely used in chemistry and have many advantages mainly due to the mild reaction conditions required for their synthesis. The presence of imine bonds in a polymer is very attractive due to their reversion in the presence of water. The latter is favoured under mildly acidic conditions and this property could find utility in the slow release of compounds or active ingredients and hence have applications in medicine and pharmaceutical chemistry, in agrochemistry and in active packaging for foods.
The objective of this research is the application of the 'dynamic covalent polymer' concept to the development of food-use antimicrobial polymers that would comprise a static molecular skeleton decorated with dynamic chain substituents by means of imine bonds. As these polymers are intended for the design of active food packaging, the bonded substituents must exhibit some biological activity upon release and this release must occur in response to stimuli that cause reversion of the bond.
As proof of concept, trans-2-hexenal (a naturally occurring volatile aldehyde with proven antifungal activity) was successfully attached to the primary amino groups of neutralized chitosan film through the formation of Schiff bases. Formation of the imine group was confirmed by ATR-FTIR, a spectral band appearing at 1650 cm-1 and concomitant loss of intensity of the band corresponding to the amino group of chitosan at 1574 cm-1. The degree of substitution of amino groups by imines was close to 75% as determined by elemental analysis. The resulting polymer was characterized and reversion of the bond and release of trans-2-hexenal was tested at several pH values. Release of the aldehyde was dependent on the pH of the water used to humidify the films. At pH 7 no release was detected whereas at pH 4 release of trans-2-hexenal was evidenced by a decrease in the imine spectral band. The film was seen to have antifungal activity, inhibiting the growth of B. cinerea and P. expansum. Whilst a fungicidal effect was observed at pH 4 the effect at pH 7 was fungistatic.

The dynamic film developed has considerable potential for use as a stimulus-responsive sustained release system and hence could have application in the design of active food packages to extend the microbiological shelf-life of foods and increase food safety.

