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Figure 1 SEM images of eucalyptus/zein electrospun fibers loaded with 0%, 2.5%, 5%, and 10% peppermint
essential oil.

Table 1 Electrical conductivity and average diameter of eucalyptus/zein electrospun fibersloaded with different
concentration of peppermint essential oil*

Peppermint essential oil content Morphology Electrical conductivity Average fiber diameter
(%) (HS/cm) (nm)
0 Fibers free of 25.8+0.032 103.7 + 19.3°
beads
25 Fibers free of 20.64+0.1 104.6 +19.3°
beads
5 Fibers free of 18.34% 0.5 153.6 £19.3°
beads
10 Fibers free of 15.8+0.87 193.9+19.3°
beads

*Means bearing different superscripts are significantly different (p < 0.05). Results are presented as mean +SD (n=3).
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Figure 2. FTIR spectra of eucalyptus/zein electrospun fibers loaded with different concentration of peppermint
essential oil and pure peppermint essential oil.
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Figure 3. X-ray diffraction patterns of eucalyptus/zein electrospun fibers loaded with 0% (Z1), 2.5% (Z2), 5%
(Z3), and 10% (Z4) of peppermint essential oil.
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Figure 4. TGA (a), and DTG (b) of zein powder (Z0) and eucalyptus/zein electrospun fibers loaded with 0% (Z1),

2.5% (Z2), 5% (Z3), and 10% (v/v) (Z4) of peppermint essential oil.
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Table 2 Weight loss values related to each step for the samples

First step Second step Third step
110- 180- 220- 270- 300- 500-
Sample 25-110°C 180°C 220°C 270°C 300°C 500°C 800°C
Z0 4.49 2.44 2.14 5.64 11.27 46.55 27.47
Z1 4.05 6.09 8.07 6.86 10.53 40.08 24.32
Z2 3.87 6.37 4.44 7.93 11.7 40.51 25.18
Z3 2.35 5.08 2.13 11.1 11.89 41.01 26.44
Z4 2.27 5.91 2.82 9.45 12.53 41.26 25.7234
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Figure 5. TGA (a), and DTG (b) of zein powder (Z0) and eucalyptus/zein electrospun fibers loaded with 0% (Z1),
2.5% (Z2), 5% (Z3), and 10% (v/v) (Z4) of peppermint essential oil, in the range of 25-225 °C
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Figure . TGA (a), and DTG (b) of zein powder (Z0) and eucalyptus/zein electrospun fibers loaded with 0% (Z1),
2.5% (Z2), 5% (Z3), and 10% (v/v) (Z4) of peppermint essential oil, in the range of 220-500 °C
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Figure 7. TGA (a), and DTG (b) of zein powder (Z0) and eucalyptus/zein electrospun fibers loaded with 0% (Z1),
2.5% (Z2), 5% (Z3), and 10% (v/v) (Z4) of peppermint essential oil, in the range of 500-750 °C
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Table 3 Average diameter of bacteria inhibition zone for eucalyptus/zein electrospun fibers loaded with different
concentrations of peppermint essential oil. *

Peppermint essential oil content Diameter of inhibition zone (mm)
(%)
S. aureus E. coli
0 13.040.0° 14.0+0.0°
2.5 16.0+0.0° 15.5+0.0°
5 18+ 08 17.6 + 0.6"
10 20 £ 1.6° 19.5+0.3°

* Means bearing different superscripts are significantly different (p < 0.05). Results are presented as mean £SD

(n=3).
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ABSTRACT

ARTICLE INFO

The purpose of this research is to strengthen the antimicrobial properties of
active nanofibers containing eucalyptus essential oil by using different
concentrations of peppermint essential oil for use as active packaging.
Nanofibers containing a mixture of eucalyptus essential oil (10%) and
peppermint essential oil (concentrations of 0, 2.5, 5, 10% (v/v)) were
produced. SEM and Image-J results showed that the loading of essential oil
increased the diameter of electrospun fibers from 200 to 400 nm. SEM
images showed that the morphology of electrospun fibers is tubular. XRD
was used to study the physical structure of electrospun fibers and XRD
diffractograms show that adding essential oil to zein did not change the
crystalline structure of zein. TGA thermograms showed that the loading of
essential oil increased the thermal stability of electrospun fibers. FTIR
spectrum shows the interaction between electrospun fibers and the essential
oil. Antibacterial test was done by disc diffusion method and the results
showed that the fibrous coating containing essential oil prevented the
growth of staphylococcus aureus and escherichia coli. According to the
results of this research, fibers containing a mixture of eucalyptus and
peppermint essential oils can be considered as an active packaging for use
in packaging different food products such as cheese, meat and some other
food products.
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