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Fig. 1. (A) size distribution, (B) {-potential of FEO-NPs.
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Tablel Water solubility (WS), and water contact angle (WCA) of the films.
Samples WS (%) WCA ()
Blank 11.5 £0.005° 30.810 +2.094°
F3 9.5+0.013¢ 27.776 +3.3702
Fe 17.9 +£0.002* 21.693 +0.755°
Fy 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).

oS TSl 528 Syt wile iy 2l Ll ol
B Cik:w"\ S edall rl:ﬁ SE VG Olomans Ll ol fals
Mo w S o 3 glas s SRIB L Ols e
b 5 QUASSLIAL o S5a0der ks S
L8V 13l s 5 03,28 oSt S iS5 s 53 5 5 pocy
aly Comellsl sbddd Gl el =B
Joo Jusn oS Lol SU ol s [EAJO 1S
S350 L eldcy o8 axelis oy =S 9o/ sl

[f—QJCM\ [ J")\Jf ﬁ)‘.} u«.vL.«:\ 6}[} Q\)}:.:S

Sl ol s>

Jol andlae ol 55 a ol o (6 1 So3ll SO ol g
i Jsb (T8) iuiSalSom
Y st 5o bparls ol mls S 5 p(BAB)LSs
03558 g e sskilea.cl
5 (TS S plomnal [hl5l sl 0352305550
L3 aos (BAB)cwss ahis 55 Jsb sbajl do)s
S s 2 JSLLK v/0VY dalils TS sha

33 sbssl

odalio o aJwT

Ll 3l g 5 LG b 4 01358 S35 03558

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 £ 0.100¢
F3 0.745 £ 0.006* 19.820 = 2.760% 36.636 £ 0.102°¢
Fe 0.752 +0.0008* 21.961 +0.538? 37.840 £ 0.100°
Fy 0.682 +0.003° 21.145 £ 1.715° 43.823 +0.080?

Blank, F3, Fs, and Fy 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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