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Fig 1: The images of edible film samples have been prepared
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Table 1: Experimental design of response surface in
the form of central composite design

Run A: B: Essential
nanoparticles oil
(%) (%)
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Tensile strength (Mpa)= 1.636 -2.199*A -
1.545*B +0.439*A*B +1.804*A"2 +0.818*B *2
(R?=0.975; AdjR?=0.958)

Elongation at Break (%) = 9.229 -18.587 *A -
8.387 *B +4.528 *A*B +14.560 *A*2 +1.654 *B
A2
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Figure 2: Counterplot of Tensile strength and percentage elongation of edible film based on
fenugreek mucilage and eggplant skin powder containing copper nanoparticles and
rosemary essential oils.
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Figure 3: X-ray diffraction spectrum (XRD) of edible films based on films of fenugreek seeds and
eggplant skin powder with copper nanoparticles and rosemary essential oil.
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Figure 4: FTIR image of mucilage film of fenugreek seeds and eggplant
skin powder with copper nanoparticles and rosemary essential oil
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Figure 5: Scanning electron microscope images of filmes based on
with copper nanoparticles and rosemary essential oil.

U a3 GSS) Gl ladamme 3 a8 ol il
SIS a5 e SO ol ladases 55 5 iy
S L s s WOl 55 Olmash Gy 554 s e
ks a3 ) ilisa SPH (5 me 3 3 S
ol 35 e ple b g5 edd ool Sluali s s S
Gk slawY ey 4 b sl 03538 S S les S
o glagls [TE] S o pwlo= PH 4 e | ool
Olrasly iy il 55T (Gl Olmasl Gy 535 5
Sldllas ol tins KOy ois Cilises GLapH 3 1015

LroT s ls ciles OLen 5 Kp ml L

185

ki 4 Sl b ‘5La‘.J..éd§;J'cﬂL;—o—v

aises gl pH s
o ol g g s e el s KO ks el
SLpH s Slmesl oy 35 5 Al S0 D s
1 JSE e 8 pshailes (238 15 oLl s e il
b 53 Ky b ges Vb andns |3 355 o odali s
S B e (2t B PH 2131 L Ll sy Jhi
(W PH Slas 4 pH saeme (51580 L oman 00
Bl i 355 4 ok S ST Glad ad e K
Lﬁfﬁ)alﬂgjw\wﬁuﬁﬁ)}bw.ﬁf]

SLpH s eas £l sl Gl 5l Jlle i 4


http://dx.doi.org/10.22034/FSCT.21.148.176
https://fsct.modares.ac.ir/article-7-73150-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-02 ]

[ DOI: 10.22034/FSCT.21.148.176 ]

L1 3l eslizal 5 gslesy slul ] sl

L.«:ﬁ.)l?bw})}?sl;.- wlﬁ

pH: 11

Figure 6: Color response of indicators prepared from eggplant skin powder to different pH
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Adding copper nanoparticles and rosemary essential oil can improve the
structural and mechanical properties of films based on fenugreek seed mucilage
and eggplant skin powder. The aim of this study was to prepare edible films
based on mucilage of fenugreek seeds and eggplant skin powder containing
copper nanoparticles (0, 2, 4% w/w) and rosemary essential oil (0, 4, 8% wi/v).
Edible films were prepared based on mucilage of fenugreek seeds and eggplant
peel powder, and copper nanoparticles (0, 2, 4%) and rosemary essential oil (0,
4, 8%) were added to it. The structural and mechanical properties of the
prepared films were investigated. According to the obtained results, increasing
the amount of copper nanoparticles and rosemary essential oil in the film
decreased the mechanical properties of the films. According to the obtained
results, increasing the amount of copper nanoparticles and rosemary essential
oil in the film decreased the mechanical texture of the films.X-ray diffraction
(XRD) analysis showed that copper nanoparticles physically combined with
mucilage polymer of fenugreek seeds and eggplant skin powder caused the
strengthening of the crystal structure. Fourier transform infrared (FTIR) results
confirmed the physical presence of copper nanoparticles in the polymer matrix.
The results of the scanning electron microscope (SEM) showed that the surface
morphology of the nanocomposite film is heterogeneous compared to
fenugreek seed mucilage and eggplant skin powder. Exposing the prepared
detector film to different pH levels led to a change in the color of the films from
red to yellow. These color changes of the films were consistent with the color
changes of the anthocyanin solution. The addition of copper nanoparticles and
rosemary essential oil to edible films based on fenugreek seed mucilage and
eggplant peel powder improved the Fourier transform infrared (FTIR) of the
films, and also weakened the mechanical properties.
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