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Fig 1: Animage of the prepared films
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Table 1: Table of prepared films

A 1 CuSO4 (%) B: Licorice (%)
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Figure 3-1: Counterplot of the antioxidant property of Panerak flower mucilage film modified with Shirin
Bayan and copper sulfate nanoparticle
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Figure 3-2: The diameter of the lack of growth halo (mm)
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Figure 3-3: X-ray diffraction spectrum (XRD) of the mucilage films of Panirak flower with Shirin-Bian and
copper sulfate nanoparticles
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Figure 3-4: FTIR results of the mucilage film of Panax flower modified with Shirin-Bian and copper
sulfate nanoparticles
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Figure 3-5: Scanning electron microscope images of mucilage films of Panerak flower modified with
Shirin-Bian and copper sulfate nanoparticles
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Figure 3-6: Measurement of the thermal properties of the mucilage films of the Paneerak

flower modified with saffron and copper sulfate nanoparticles.
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The aim of this research was to produce a film based on the mucilage of
Paneerak flower modified with licorice root and copper sulfate nanoparticles.
The D-optimal statistical scheme was used to study the antioxidant,
antimicrobial, X-ray diffraction (XRD), Fourier transform infrared (FTIR),
scanning electron microscopy (SEM) and thermal decomposition (DSC)
properties of the films. The results showed that with the increase of licorice root
and copper sulfate nanoparticles, the antioxidant activity of the film increased
significantly (p<0.05). The results of the antimicrobial activity of the prepared
films showed that the addition of licorice and copper sulfate nanoparticles
caused the antimicrobial activity of the film against Escherichia coli and
Staphylococcus aureus. X-ray diffraction analysis shows that copper sulfate
nanoparticles are physically combined with the mucilage polymer of Paneerak
flower and it reduces the crystal structure.Fourier transform infrared (FTIR)
results confirm the physical presence of copper sulfate nanoparticles in the
polymer matrix. FTIR results also showed weak electrostatic interactions
between film components and composites. The results of the scanning electron
microscope (SEM) show that the surface of the films containing copper sulfate
nanoparticles and licorice root are more heterogeneous than the mucilage of
Paneerak flower. Shirin-bian and copper sulfate nanoparticles were able to
delay the thermal decomposition of the mucilage of Paneerak flower and
increase the thermal stability of the mucilage film. Finally, based on the results,
the addition of copper sulfate nanoparticles and licorice root to edible films
based on the mucilage of paneerak flower improved antimicrobial, antioxidant,
DSC and SEM.
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