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(c) (d)
Figure 1 SEM images of flaxseed oil/ eucalyptus essential oil/zein electrospun fibers: (a) 0%, (b) 2.5%,
(c) 5%, and (d) 10%.

Table 1 Morpholgy, average diameter and electrical conductivity of flaxseed oil/eucalyptus essential
oil/zein electrospun fibers *

Concentration (%) Morphology SEM EC
0 Free bead 24.1

2.5 Free bead 360 20.3

5 Free bead 480 18.96

10 Free bead 600 15.6

/731 v

AR %4
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Figure 2 AFM images of flaxseed oil/ eucalyptus essential oil/zein electrospun fibers: (a) 0%, (b) 2.5%,
(c) 5%, and (d) 10%.
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Figure 3 X-ray diffraction patterns of flaxseed oil/ eucalyptus essential oil/zein electrospun fibers: (a)
0%, (b) 2.5%, (c) 5%, and (d) 10%.
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Figure 4 DSC thermograms of flaxseed oil/ eucalyptus essential oil/zein electrospun fibers.
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Figure 5 (a) TGA and (b) DTG of flaxseed oil/ eucalyptus essential oil/zein electrospun fibers.

Table 2 Weight loss values related to each step for the examined samples

Sample First step (%) Second step Third step Remained ash
(%) (%) (%)

25-200°C 200-500°C 500-800°C 800°C

0% 4.55 83.45 12
2.5% 6.83 80.33 12.84
5% 7.77 79.85 12.38
10% 12.31 62.49 19.39 5.81
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Table 3 Inhibition zone diameter of flaxseed oil/ eucalyptus essential oil/zein electrospun fibers against S. aureus

and E. coli *
S. aureus E. coli
0 0° 0°
2.5 19+0.8° 18+1.3°
5 19.5+1° 19+09°
10 21.4+1.3° 21+1.4°
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* Different letters (a, b, ¢, d) within the same column represent significant statistically differences (p < 0.05) between 0, 2.5, 5,
and 10% concentrations. (n=3).
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ABSTRACT

ARTICLE INFO

The use of medicinal plants in food has a long history. Flaxseed oil and
eucalyptus essential oil are highly regarded due to their biological
properties. In this research, the aim is to investigate the antimicrobial
properties of zein nanofibers containing flaxseed oil and eucalyptus
essential oil to control staphylococcus aureus and escherichia coli bacteria
in a laboratory environment. For this purpose, flaxseed oil mixed with
eucalyptus essential oil in zein solution. Then, it was converted into
nanofibers using an electrospinning machine. In order to study the
characteristics and antimicrobial properties of the nanofibers, tests
including scanning electron microscopy (SEM), fiber diameter
determination with Image J software, atomic force microscopy (AFM), X-
ray diffraction (XRD), thermal gravimetric analysis (TGA) were
performed. Investigation of antimicrobial properties of produced nanofibers
by disk diffusion method were performed. The SEM results showed that
the morphology of the electrospun fibers was uniform and free of beads.
AFM images represented three-dimensional and tubular images of fibers
obtained from electrospinning zein/flaxseed oil/eucalyptus essential oil.
The X-ray diffraction pattern showed an increase in the crystallinity
intensity of the treatments compared to the control sample. Based on
thermal analysis results, eucalyptus and flaxseed oil increased the thermal
stability of zein nanofibers. The results showed that the addition of
flaxseed oil to eucalyptus essential oil strengthened the antimicrobial
properties of nanofibers. According to the results of the present research,
the zein/flaxseed oil/eucalyptus essential oil fibers can be used as natural
antimicrobials.
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