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Paper History: Abstract  The primary objective of the current research is to produce polymeric nanofibers of chitosan and
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l;ey lse.(ti. mAreVlsed df-o;)nz: 32%213;;1'15 numerous published articles, the chicory plant proved to be able to modulate the activity and growth of bacteria.

cientific Accepted: o For this reason, chicory plant extract was added to the fiber precursor in the amounts of 1, 2, and 3 %. Finally,

Keywords: the morphology and antibacterial properties of the resultant nanofibers were investigated. The results from Field
Electrospinning, Emission Scanning Electron Microscope (FESEM) confirmed the formation of uniform fibers whose diameters
Nanofibers, decreased from 144 nm to 95 nm with an increase in the amount of the extract in the sample. In addition, Energy
Chitosan, Dispersive X-ray (EDX) and X-map analyses confirmed the presence of elements of carbon, oxygen, nitrogen,
Chicory, chlorine, potassium, sodium, and copper in the precursor of the fibers containing the extract and their uniform

Antibacterial distribution. In this study, Fourier Transform Infrared Spectroscopy (FT-IR) helped identify the functional

groups and chemical bonds in the synthesized nanofibers. According to the Ultraviolet-Visible thermometry
(UV-VIS) results, one emission in the ultraviolet region with the wavelength of 263 nm and two emissions in
the ultraviolet and visible regions with the wavelengths of 263 nm and 372 nm were observed in the absorption
spectrum of nanofibers without and with the extract, respectively. examination of the antibacterial properties in
the present study confirmed that upon increasing the amount of the extract in the sample, the antibacterial effect
of the electrospun nanofibers would be intensified in exposure to both Escherichia coli and Staphylococcus
aureus.
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1. INTRODUCTION nature at different rate of 1, 2, and 3 %. After that, the
characteristics and morphology of the resulting
nanofibers and their antibacterial properties will be

discussed and evaluated in laboratory conditions.

Given the potential role of wound dressings,
biocompatible and mostly biodegradable polymer
nanofibrous dressings have attracted many researchers’
attention with regard to the infection reduction and

wound healing process acceleration [1, 2]. In the last 2. MATERIALS AND METHODS

decade, such dressings have gained a significant
potential to locally transfer the antibiotics and
antibacterial agents in the wound region in order to
control the probable infections [3]. In this regard, with
the unfortunate and destructive evolution of antibiotic-
resistant bacteria, replacement of the antibiotic delivery
systems with antibacterial nanofiber wound dressings
has been widely studied in recent years [4, 5]. Followed
by mentioning the nanofiber production methods and
confirming the superiority of the electrospinning
method in the present research, we took advantage of the
mentioned potential of nanofibers and focused on the
electrospinning of polymeric nanofibers of polyvinyl
alcohol and chitosan 0.5, 1 and 2 %. In the following,
the alcoholic extract of chicory root was added to the
fiber precursor as an antibacterial agent derived from

Chitosan solution was prepared by adding 0.2 grams
of the aforementioned polymer powder in 10 ml of 2 %
acetic acid for 24 hours at room temperature under the
rotation of a magnetic stirrer. In addition, polyvinyl
alcohol solution was prepared by dissolving 1.5 grams
of this polymer powder in 21 ml of deionized water at
80 °C for three hours on a magnetic stirrer. Then, two
solutions containing chitosan and polyvinyl alcohol
within the ratio range of 20-80 were prepared for 18
hours at room temperature on a magnetic stirrer. Then
the chicory plant root extract was added in different
amounts of 1, 2, and 3 % to the chitosan/polyvinyl
alcohol solution and finally, it was put under a magnetic
stirrer for one hour at room temperature. The prepared
solutions were electrospun at the voltage of 16 kV, flow
rate of 0.1 ml/h, and distance of 12 cm (the distance
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between the tip of the needle and collecting plate). Then,
the resulting fibers were collected from the collecting
plate. Finally, the antibacterial properties of the
synthetic materials were measured by disk diffusion
method.

3. RESULTS AND DISCUSSION

According to Figure 1, FESEM images of nanofibers
without and with the extract can be seen as continuous
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and regular fibers. PVA/CS, PVA/CS/Ex 1 %,
PVA/CS/Ex 2 %, and PVA/CS/Ex 3 % nanofibers have
average diameters of 144, 127, 113, and 95 nm,
respectively. Therefore, according to the results of the
FESEM images, both samples without and with the
extract consist of a continuous and almost uniform
structure in the form of fibers. The obvious difference
between the two samples is the smaller diameter of
nanofibers based on the plant extract as an antibacterial
agent compared to nanofibers without plant extract.
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Figure 1. FESEM images of nanofibers, a) PVA/CS, b) PVA/CS/Ex 1 %, ¢) PVA/CS/Ex 2 % and d) PVA/CS/Ex 3 %

According to Figure 2, the antibacterial properties of
the synthesized nanofibers with different amounts of
extract at the same concentration of chitosan were
evaluated and investigated against Escherichia coli and
Staphylococcus aureus bacteria. Table 1 confirms that

upon increasing the extract amount in the nanofibers,
their antibacterial property would also increase.
Nanofiber containing PVA/CS/Ex 3% shows the
maximum antibacterial effect against two studied
bacteria.

)

Figure 2. Images of the antibacterial properties of synthesized nanofibers containing 0, 1, 2 and 3 % extracts against two bacteria, a)
Escherichia coli and b) Staphylococcus aureus
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Table 1. The effect of the average diameter of the halo of non-growth of nanofibers against two bacteria Escherichia coli and
Staphylococcus aureus

The average microbial inhibition halo diameter size (mm)
Bacteria PVA/CS PVA/CS/Ex 1 % PVA/CS/Ex 2 % PVA/CS/Ex 3 %
E. Coli 6.5 8 10 12
S. Aureus 7 9 10.5 13
4. CONCLUSION

According to the results from the FESEM analysis,
both continuous and uniform fibers were formed in this
study, and the diameter of the fibers decreased from 144
nm to 95 nm with an increase in the extract amount in
the sample. Examination of the antibacterial property
showed that the antibacterial property of the nanofibers
also increased with an increase in the extract amount. In
fact, all the synthesized chitosan/polyvinyl alcohol
nanofibers with and without extract are more active
against the studied gram positive bacteria.
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