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5-Ionic gelation
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7-Poly dispersity index

8-Dynamic Light Scattering
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10-Scanning electron microscopy
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11-Fourier Transform Infrared Spectroscopy
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Fig. 1. (A) size distribution, (B) {-potential of FEO-NPs.
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Table1Water solubility (WS), and water contact angle (WCA) of the films.
Samples WS (%) WCA ()
Blank 11.5+0.005% 30.810 +2.0942
F3 9.5+0.013¢ 27.776 +3.370?
Fs 17.9 £0.0022 21.693 £0.755
Fo 18.4 +0.0022 21.743 £0.105°

Blank, F3, Fg, and Fo represent films containing different concentrations of nanoparticles (0, 3, 6, and 9%).The
data are presented as mean + SD. Different letters in the same column indicate significantly different (p <

0.05).
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Table 2. Tensile strength (TS), elongation-at-break (EAB), water vapor permeability (WVP), and DPPH

radical scavenging activity of the films.

Samples TS (MPa) EAB (%) DPPH scavenging (%)
Blank 0.577£0.018° 17.331 £0.628° 24.460 £ 0.1004
F; 0.745 £0.006* 19.820 £ 2.7602 36.636 £ 0.102°
Fs 0.752 £0.0008* 21.961 +£0.538* 37.840 + 0.100°
Fo 0.682 +0.003 21.145+1.715% 43.823 +0.080?

Blank, Fs, Fs, and Fo represent films containing different concentrations of nanoparticles (0, 3, 6, and
9%). The data are presented as mean = SD. Different letters in the same column indicate significantly

different (p < 0.05).
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The objective of this research was to produce biodegradable films based on
zucchini flour and to investigate the effect of adding chitosan nanoparticles
loaded with fennel essential oil (0, 3, 6, and 9% w/w) on the physicochemical
and mechanical properties of the films. The results showed that adding
chitosan nanoparticles significantly increased the tensile strength and
elongation at the break of the films, indicating that the nanoparticles can act
as a reinforcing agent and improve the film structure. Increasing the
percentage of nanoparticles increased the water solubility and decreased the
water contact angle of the films. The antioxidant activity of the films
increased significantly with increasing nanoparticle concentration, which
may be due to the presence of fennel essential oil in the nanoparticles and its
antioxidant properties. The FTIR test results showed that the chitosan
nanoparticles were well chemically bonded to the polymeric matrix of the
zucchini flour film. The SEM images also showed that adding nanoparticles
increased the surface roughness of the films and the uniformity of the film
surface decreased with increasing chitosan nanoparticles. Based on the
results of this study, the film containing 6% chitosan nanoparticles loaded
with fennel essential oil showed the best mechanical and physical properties.
In general, an edible film of zucchini flour activated with fennel essential oil
and chitosan nanoparticles can be introduced as an active edible film with
desirable properties for packaging food products sensitive to oxidative
spoilage.
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