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Table 1: Table of prepared films

F1 2 4
F2 4 8
F3 0 0
F4 0 8
F5 2 4
F6 4 4
F7 2 0
F8 2 4
F9 2 4
F10 0 4
F11 2 1
F12 4 0
F13 2 2
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Figure 4: The three dimensional figure of the
antioxidant film of fenugreek seed mucilage and
eggplant skin powder with copper nanoparticles

and rosemary essential oil.
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copper nanoparticles and rosemary essential
oil.
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Figure 5: The three-dimensional figure of
solubility of fenugreek seed mucilage film and
eggplant peel powder with copper nanoparticles

and rosemary essential oil.
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L* = 42.202 -11.647 *A +5.767 *B -1.359 *A*B
+6.486 *A*2 -0.745*B *2

(R? =0.997; AdjR? =0.995)

a* = 5,923 +4.528 *A -3.041 *B

(R2=0.788; AdjR? =0.746)

b* = 11.213 -13.266*A +4.090*B +0.005*A*B
+6.117 *A*2 -1.147 *B 2

(R?=0.978; AdjR? =0.963)
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Figure 6: The three dimensional figure of water
vapor permeability of fenugreek seed mucilage
film and eggplant skin powder with copper
nanoparticles and rosemary essential oil.
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Figure 7: L,a,b three dimensional figure of

fenugreek seed mucilage film and eggplant

skin powder with copper nanoparticles and
rosemary essential oil.
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In this study, mucilage was extracted from fenugreek seeds and essential oil
from rosemary. The composite film of fenugreek seed mucilage and eggplant
peel powder was prepared with copper nanoparticles (0, 2, 4%) and rosemary
essential oil (0, 4, 8%). The physicochemical properties of the prepared films
were investigated. According to the obtained results, with the increase of copper
nanoparticles and rosemary essential oil, the thickness and antioxidant of the
film increases. Humidity, water vapor permeability and solubility of the film
decrease with the increase of copper nanoparticles and rosemary essential oil.
Also, with the increase of copper nanoparticles and rosemary essential oil, the
L* color indices increased and the brightness of the layers decreased
significantly. Also, with the increase of copper nanoparticles, the color indices
a* increased, but b* decreased. Also, with the increase of rosemary essential
oil, the a* color indices have decreased, but the b* factor has increased. The
results of antimicrobial activity showed that the addition of copper
nanoparticles and rosemary essential oil made the film active against
Staphylococcus aureus. Conclusion: The addition of copper nanoparticles and
rosemary essential oil to edible films based on fenugreek seed mucilage and
eggplant skin powder improved the thickness and antioxidant, solubility,
moisture and permeability to water vapor, as well as weakening the brightness.

161


mailto:sevdakhakpour1@gmail.com

