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Fig 1 Size and zeta potential chitosan nanoparticles containing catechin

(0.75% W/V chitosan, catechin 0.1 W/W chitosan powder)
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Fig 2 Thickness, Water content, Solubility in water and Water vapour permeability of composite films.The data
represent the mean + one standard deviation (n=3). Means with same letters are not significantly different (p < 0.05).
Polyvinyl alcohol (P), Chitosan (C) and Nanoparticle (np).
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Fig 3 Images of Scanning electron microscope P3C1np4 (A) and P3Clnp6 films (2500x). Polyvinyl alcohol (P),
Chitosan (C) and Nanoparticle (np).
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Fig 6 Thermogravimetric analysis of Polyvinyl
alcohol powder (Blue), chitosan pure
(Red),Chitosan+ Polyvinyl alcohol(Violet) and
Chitosan+ Polyvinyl alcohol+Nanoparticles (Green).
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Polyvinyl alcohol+Nanoparticles.
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Chitosan is a natural polymer that is typically extracted from the marine crustacean chitin shell and
capable of film forming. Polyvinyl alcohol is a synthetic and biodegradable polymer that can be used in
combination with natural polymers to improve structural properties. The aim of this study was to
determine the optimum ratio of two polymers and the amount of chitosan nanoparticles containing natural
antioxidant catechin. Chitosan nanoparticles were produced by ion gelationmethod and the nanoparticles
with an average size of 69.92 nm and a zeta potential of + 30.3 mV were used for application in the
composite films. After mixing different ratios of polyvinyl alcohol (P) with chitosan (C)
(1: 3, 1: 1 and 3: 1), the resulting solutions with different ratios of nanoparticles (np) (0, 2, 4, 6) ml of
chitosan gel In 100 ml of film forming solutions were mixed and glycerol was added to 25% w / w dry
film powder and then poured into mold and dried in oven at 40 ° C. The results showed that increasing the
ratio of polyvinyl alcohol and application of nanoparticles in polymer structure improved the physical
properties including solubility in water and water vapor permeability and mechanical properties including
tensile strength and elongation at break of films. Fourier transform infrared spectroscopy results showed
that some interactions have taken place between the polymer network and the nanoparticles.
Thermogravimetric analysis results showed that the addition of nanoparticles slightly increased thermal
stability of the polymers compared control samples without nanoparticles. Release results in the high-fat
and low-fat food simulant showed that the release rate decreased with increasing polyvinyl alcohol ratio.
Also, increasing the nanoparticle to np4 ratio decreased the release rate. The results of this study can be
used in the design of active film formulations for food packaging.
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