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ABSTRACT

In the scope of the study, it was aimed to obtain antibacterial nanofiber surfaces containing Momordica oil,
its ozonated oil form and its microcapsules forms. First of all, Mormodica oil was exposed to ozone gas for
135 min. After that, crude and ozonated mormodica oil were microencapsulated by using simple
coacervation. Subsequently, %10 PLA polymer solution were prepared and used for obtaining PLA
nanofiber surface by using solution blowing spinning. Besides, PLA polymer solution were mixed with
crude mormodica oil, ozonated mormodica oil and their microcapsules forms and then these solutions
were spun by using solution blowing spinning. Obtained ozonated oil, microcapsules and nanofiber
surfaces were characterized via measurement of total unsaturated fatty acid amount in the oils, scanning
electron microscope, FT-IR analysis and antibacterial activity test. The data showed that mormodica oil
were ozonated. Microencapsulation process was done successfully and obtained nanofiber containing
mormodica oil and its microcapsules. Moreover antibacterial activity showed that mormodica oil and
ozonated mormodica oil showed antibacterial activity against to S.aureus and E.coli bacteria according to
the disc diffusion method. The nanofiber surfaces containing ozonated oil and its microcapsules showed
antibacterial activity against to S.aureus and E.coli bacteria according to the ASTM E 2149-01 method. As
a result, it was obtained biodegradable nanofiber containing microcapsules and showing antibacterial

activity.
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INTRODUCTION

Recently, the ozone (Os) is applied to treat many
illnesses such as cellulite, burnt, ulcer, chronic
wounds, immune system illnesses etc. On
examining these treatments, it is seen that the
ozone is used both directly and ozonated vegetable
oils in treatment of illnesses. However, comparing to
ozone gas and the ozonated water, the ozonated
oils have an advantage that the ozone is bonded to
oil via unsaturated fatty acids. Thus, the ozone could
be stored as ozonide and its effect goes a long [1-3].
The ozonides, which show anti-bacterial and anti-
fungal activity, carry Oz into lesion without sparking
off skin irritation [4].

On the other hand, the microencapsulation is a
preferable method to transfer ozonated oil onto
textile surfaces. The microencapsulation is a caging
method that liquid or solid particles, which are
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located small droplets, are hindered in a thin film.
The microencapsulation is formed by many methods
such as in-situ  polymerization, interfacial
polymerization, coacervation, spray drying etc. [1,5].
But the coacervation methods are common to
encapsulate oils among them [6].

Solution blown technique is a spinning method that
inspired from both meltblown and electro spinning
method, generate micro and nanofiber surfaces [7].
On examining literature on solution blowing
spinning, there are much more studies on nanofiber
spinning while there are a few studies on medical
textile surfaces [8-11].

In this study, it was aimed to obtain biodegradable
antibacterial nanofiber  surfaces containing
Momordica oil, its ozonated oil form and its
microcapsules forms. To get these functionality,
mormodica oil, ozonated mormodica oil and their
microcapsules were mixed PLA polymer solution



Fibres and Textiles 30(1), 2023, 88-92

and spun together. After that, a set of tests and
analyses were employed both mormodica oil and
obtained nanofiber surface.

EXPERIMENTAL
Materials

In the scope of this study, mormodica oil and its
ozonated form were used as an active material.
Arabic gum was used as shell material for
microencapsulation process. PLA polymer was used
for obtaining biodegradable nanofiber surfaces.
Chloroform was used for dissolving the PLA
polymer. 30 g/m? Polypropylene non-woven surfaces
was used as a ground surface to collect PLA
nanofiber.

Methods

Crude mormodica oil were exposed to ozone gas for
135 min in a glass reaction column and then
ozonated mormodica oil obtained (Figure 1).

As for the microencapsulation of the crude and
ozonated mormodica oil, simple coacervation
method was used and flow chart of the
microencapsulation process was given in Figure 2.

Solution blowing spinning was used for obtaining
PLA nanofiber. With this purpose, 10g PLA polymer
was dissolved in the chloroform (100ml) for 2 hours
at 60 °C. Then the polymer solution was cooled to
room temperature. After that solution blowing
spinning parameters were adjusted and PLA
nanofiber were obtained. To obtain PLA nanofiber
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Figure 1. Schematic drawing of the ozonation process.

containing oil and microcapsules, 1 ml oil or
microcapsule solution poured into the 20 ml PLA
polymer solution. Then fiber spinning containing oil
or microcapsules were employed. Fiber spinning
parameter of the solution blowing spinning were
given below.

e Solution feeding rate: 10ml/h.

e Air pressure: 2 bar

e Working distance: 37 cm

o Working time: 30 min.

¢ Distance between inner and outer nozzle: 2 mm

As for the characterization of the oils, total
unsaturated fatty acid amount was determined by
using GC and FT-IR analyses was done to observe
change of the spectrum after ozonation process.
Besides, disc diffusion method was used for
investigating antibacterial activity of the oils. SEM
images were taken for observe nanofiber
morphology. Antibacterial activity of the nanofiber
surfaces was analyzed according to the ASTM E
2149-01.
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Figure 2. Flow chart of the microencapsulation process.
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RESULTS AND DISCUSSION

Total unsaturated fatty acid amounts of the oil were
given in Table1.

Total unsaturated fatty acid amount of the oils
showed that unsaturated fatty acid amount
decreased after ozonation process. Because the
bound of the =C-H in the crude oil were broken and
replace C-O bound. during the ozonation process.
To support this hypothesis, FT-IR spectrum of the oil
were investigated. FT-IR spectrum of the oil (Figure
3) showed that C-O bound was seen at 1100cm-"
after ozonation process and it was proof of the
ozonation of the mormodica oil was done
successful.

On examining of the antibacterial activity of the
crude and ozonated mormodica oil (Table 2), it was
seen that both of them had antibacterial activity
against to both gram negative (E.coli) and gram
positive (S.aureus) bacteria with different inhibition
zone. Besides, it was seen that antibacterial activity
of the ozonated mormodica oil was higher than the
crude one.

After characterization of the mormodica oil and
ozonated one, PLA nanofiber surface were observed
via SEM images. Upon observing of the PLA
nanofiber morphology, it was seen that ground non-
woven surfaces had micrometer fiber diameter while
crude PLA fiber, containing oil and microcapsules
ones had nanometer fiber diameter but some beads
formations were observed. It was thought that
nanofiber spinning parameter could change to
hinder bead formations. Moreover, it was seen that
microcapsules in the PLA nanofiber were seen as
spherical shape.
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Table 1. Total unsaturated fatty acid amount of the oils.

Unsaturated fatty . . Ozonated
X Mormodica oil R .
acid (%) mormodica oil
Oleic acid 42,457 11,413
Linoleic acid 38,949 3.309
Total ur?saturated 81,406 14.722
fatty acid amount

Table 2. Antibacterial activity of the crude and ozonated
mormodica oil.

Inhibition zone diameter (mm)
Oil Sample
S.aureus E.coli
Crude mormodica oil 100 100
Ozanated mormodica oil 160 130

Antibacterial activity of the polypropylene non-woven
and nanofiber surface against to gram negative
(E.coli) and gram positive (S.aureus) bacteria
showed that all surface had the antibacterial activity.
However, of all the sample, PLA nanofiber
containing crude mormodica oil and ozonated one
had higher antibacterial activity against to S.aureus.
On the other hand all sample did not show
antibacterial activity against to E.coli (Table 3). This
situation could be explained by lack of the amount of
oil in the nanofiber. Because it was seen that
antibacterial activity of the oil increased in tandem
with the escalading of the oil amount according to
the disc diffusion method. Thus, the more oil is
contained in the nanofiber, the more antibacterial
activity is observed.
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Figure 3. FT-IR spectrum of the oil a.mormodica oil b. ozonated mormordica oil.
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Table 3. Antibacterial activity of the non-woven and nanofiber surfaces.

PLA nanofiber containing
mormodica oil

PLA nanofiber containing
ozonated mormodica oil
microcapsules

Bacteria reduction/proliferation (%)
Sample -
S.aureus E.coli
Polypropylene ground non-woven surface -88,25 -11,48
PLA nanofiber -83,51 -12,41
PLA nanofiber containing mormodica oil -99,37 -11,11
PLA nanofiber containing ozonated mormodica oil -100,00 -40,74
PLA nanofiber containing mormodica oil micro capsules -81,40 -11,67
PLA nanofiber containing ozonated mormodica oil micro capsules -98,72 -10,19
CONCLUSIONS REFERENCES

In the scope of this study, ozonated oil showing
antibacterial activity were obtained. After that, crude
and ozonated mormodica oil were
microencapsulated via  simple  coacervation
successfully. PLA nanofibers were spun by solution
blowing spinning. Moreover, PLA nanofiber
containing oil and microcapsules were spun
successfully but some beads formation in the
surfaces was observed. Nevertheless, All surface
show antibacterial activity against to S.aureus while
they did not show antibacterial activity against to
E.coli. For further studies, it is thought that fiber
formation parameters of the solution blowing
spinning for PLA polymer will investigate deeply and
will try to obtain antibacterial activity of the surfaces
against to gram negative bacteria (E.coli).
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