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Table 1 List of tests performed according to response surface design

Run Factor 1 Factor 2 Factor 3
A: Essence (%) B: MgO (%) C: Polypyrrole (M)

1 0 0 0

2 0 0 0.1
3 6 4 0.2
4 0 2 0

5 12 4 0.1
6 6 4 0

7 12 0 0.1
8 0 4 0.1
9 6 0 0

10 6 0 0.2
11 12 2 0

12 12 2 0.2
13 0 2 0.2
14 6 2 0.1
15 6 2 0.1
16 6 2 0.1
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Table2 List of volatile compounds in Heracleum persicum essence measured by GC-MS

Compound Retentign Concentration
time (min) (Peak area %)
Butanoic acid 3.773 20.82%
LINALOOL L 7.391 4.98%
Propanoic acid 8.112 10.10%
Gamma-Terpinene 6.647 3.57%
Benzene 11.263 3.26%
1,6-Cyclodecadiene 14.992 4.48%
3-Me.thyl,2-butenoic 4927 1.02%
acid,isopropyl ester
Benzene 6.07 2.52%
3-methyl-, 1-methylethyl ester 4.051 1.01%
Cyclohexane 9.632 1.18%
Octamethylene 9.81 1.91%
HEXYL-2- N
METHYLBUTYRATE 10.198 2.65%
Linalyl isobutyrate 10.498 1.82%
1H-Cycloprop[e]azulen-7-ol 17.078 2.35%
TRANS-ANETHOLE 11.352 1.48%
n-Octyl 2-methyl butyrate 14.004 1.12%
1,5-Cyclodecadiene 15.28 1.76%
Beta-cadinene 15.769 1.28%
Caryophyllene oxide 17.178 1.33%
Alpha-copaene-8-ol 18.01 1.18%
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Fig2Heracleum persicumessence chromatogram by GC-MS device
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Fig 9 FTIR spectra of gluten film and its composites
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The aim of this study was to prepare antimicrobial and antioxidant
films based on wheat gluten and Heracleum persicum essential oil,
magnesium oxide nanoparticles and polypyrrole were usedto improve
the structure of films.Response surface statistical design was used to
investigate the effect of the essence, magnesium oxide nanoparticles
and polypyrrole on the physicochemical properties of the
films.According to the obtained results, moisture absorption, solubility
and water vapor permeability of the films decreased with increasing the
content of essential oil and pyrrole. Increasing the amount of essential
oil and pyrrole in the film structure improved the mechanical properties
of the films. Then, the optimal films (containing 12% essential oil,
0.904% magnesium oxide and 0.2 pyrrole) were studied to evaluate the
structural and antimicrobial properties. The antibacterial, antioxidant
and electrical conductivity of the film was greatly increased in the
presence of all three additives of essence, magnesium oxide
nanoparticles and polypyrrole. The gluten-essence-MgO-PPy (Glu-E-
MgO-PPy) composite film had the highest antioxidant and antibacterial
properties. The optimal film had higher antibacterial activity against S.
aureus compared to E. coli. SEM images showed that the essence and
polypyrrole strengthened the gluten film structure and made it more
resistant to the passage of gases. FTIR spectra confirmed the
electrostatic interactions between gluten and essence and polypyrrole.
The results of thermal analysis showed that polypyrrole greatly
increased the thermal resistance of the film and the nanoparticles had
little effect on the thermal resistance. The results of this study showed
that composite and bioactive Gluten-essence-MgO-PPy film with three
important properties of electrical conductivity, antibacterial and
antioxidant has the potential to be used as an active and intelligent film
in the packaging of perishable food products.
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