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Abstract. Electrospun fibers have attracted a lot of attention in industries
due to their exceptional properties and diverse applications. Chitosan (CS)
is a promising polymer for electrospun fibers because it is a natural polymer
that can easily biodegraded and has antibacterial compound. Whereas,
activated carbon (AC) has been demonstrated as a powerful adsorbent. Thus,
this study investigated the optimal concentration of polymer solutions made
from combination of CS, polyvinyl alcohol (PVA) and AC for antibacterial
elctrospun fibers. The results show that all polymer solutions with CS and
PVA combination have antibacterial properties for E. coli and S. aureus
bacteria but showed stronger bactericidal effects with E. coli. Results also
revealed that polymer solution with AC have higher inhibition zone
compared to polymer solution without AC for both bacteria strains. It can
be concluded that the additional of AC into the polymer solution has
improved the antibacterial efficiency of CS-PVA solution.

1 Introduction

Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) are two infectious
bacteria that can be found in water and air under certain conditions which are harmful to
human. These microorganisms can cause renal failure, diarrhoea, fever, headache and can be
fatal [1, 2]. S. aureus has an ability to survive and colonize in water and wastewater, air,
animals, and humans. Meanwhile, the presence of E. coli is particularly concerning as it may
indicate the presence of other pathogenic microorganism such as Shigella, Cryptosporidium
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and Giardia. Thus, the development of new technology for treating microbes in our
environment is necessary. Recently, electrospun fibers fabricated using electrospinning
method has gain more attention [3]. This method has successfully obtained nanofibers with
high surface area and high porosity using various type of polymer based. Besides, the
diameter of the electrospun fibers can be adjustable by varying parameters such as applied
voltage, flow rate, distance between metal collector and needle tips, polymer concentration
and its viscosity [3].

Chitosan (CS) is a natural polysaccharide and a non-acetylated derivative of chitin [4].
Since chitosan is a natural polymer, it is non-toxic and biocompatible. It is also known to
have good antibacterial activity [5]. However, electrospinning CS alone shows a poor
mechanical property and thus need to be blended with other polymer such as polyvinyl
alcohol (PVA) which strongly interacts with CS through hydrogen bonding on a polymer
molecular level. According to Zheng et al. [6] combination of CS and PVA can easily
produce electrospun fibers from an aqueous medium. Besides, PVA is also biodegradable,
biocompatible and water soluble. However, PVA is lack of antimicrobial activity. Therefore,
by introducing a functionalize materials such as activated carbon can enhance the adsorption
capabilities of CS-PVA electrospun fibers. Besides, activated carbon has been used to treat
water system containing E. coli and P. aeruginosa due to interesting antimicrobial properties

[7].

In our previous research we incorporated CS-PVA electrospun fibers with activated
carbon and the results shows potential in capturing total suspended particulate from air [8].
However, the potential of this electrospun fibers as an antimicrobial agent has not been
explored. Therefore, this research aims to determine the antimicrobial activity of CS-PVA
electrospun fibers incorporated with activated carbon against S. aureus and E. coli for
potential uses in air filter. The characterization of CS-PVA electrospun fibers with activated
carbon was also observed using scanning electron microscopy (SEM) and Fourier Transform
Infrared analysis (FTIR).

2 Material and methods

Chitosan (CS, low molecular weight from Sigma Aldrich), polyvinyl alcohol (PVA from
R&M), activated carbon were used as received. Throughout the experiments, deionized water
(DI) water was used.

2.1 The fabrication of electrospun fibers

The CS/PVA suspension was first prepared according to Abdul-Halim et al. [8]. Then, in
three separate beakers, the solution was mixed with 5, 10 and 15 wt.% of activated carbon
respectively. Each of the solutions were placed inside the syringe and electrospun with
electrospinning voltage of 20 kV. The flow rate of solution was ejected from 26 G needle
tips at 2.0 mL/min. The gap between needle tips and metal collector was set at 15 cm.
After 10 hours, the fibers were collected from metal collector kept dry for further used.

2.2 The characterization of electrospun fibers

The morphological of electrospun fibers were examined using Scanning Electron
Microscopy (Shimadzu Corporation) at 10 kV. All the samples were sputtered with gold
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prior to examination. Meanwhile, the basic chemical compounds of the electrospun fibers
were analysed over a wavelength range of 500 to 4000 cm™ using Fourier Transform
Infrared Analysis (FTIR) (Shimadzu Corporation).

2.3 Antimicrobial properties test

S. aureus and E. colf as a gram positive and gram-negative bacterium respectively were
chosen for antimicrobial properties study. In two different agar plates, these bacterial
strains were evenly distributed by swabbing it across the agar plate. Six sterile filter papers
with 0.6 cm diameter each were treated with the 100 pl of CS/ PVA-0, CS/PVA-5,
CS/PVA-10, CS/PVA-15, PVC100 and PVA100 respectively. The PVC100 and PVA100
were used as a negative control groups. All treated filter papers were carefully placed onto
the agar plates and incubated for 24 hours at 37 °C. After the incubation period, the agar
plates were examined and the diameter of inhibitory zones surrounding the filter paper
were measured. This procedure was repeated three times for each bacterial strains and
the results were statistically analysed.

3 Results and discussion
3.1 Characterization analysis

The result of FTIR spectra in Figure 1 shows an insight of plain CS-PVA and CS-PVA with
activated carbon at various concentrations. Overall, all the CS-PVA result shows similar
absorption bands at 3269, 2913, 1651, 1350 and 1099 cm'!. The characteristics band observed
within 3200 cm™ to 3600 cm! is related to stretching vibration of O-H in PVA [9]. The
vibration at 1651 cm™! attributed to the C=0 stretching bond correspond to remaining acetate
group in PVA [10]. The peak at 1099 cm™! is correspond to the stretching vibration of CO
group in CS-PVA [11] while 2913 cm! peak is assigned to the stretching motions of C-H
alkyl in the mixture of CS-PVA [12]. The peak at 1350 cm™ is belong to weakest amino
structure in CS which accordance to [13] CS shows strong band at 1450-1350 cm.

Meanwhile, the morphologies image of various CS-PVA electrospun fibers at 1000x
magnifications are shown in Figure 2. CS-PVA without activated carbon has smoother
surface, uniform structure with less bead’s formations. When 5% of activated carbon content
was added, the formation of beads was observed. But at higher activated content, the beads
size started to shrink and decrease.
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Fig. 2. The morphologies image of electrospun fibers at 1000x magnifications.

3.2 Antibacterial properties

Table 1 shows the measurement of inhibition zones for S. aureus and E. coli on the tested
filter paper treated with CS-PVA, polyvinyl chloride (PVC100) and PVA100 solutions.
Result show there are no inhibition zones observed for filter paper treated with PYC100 and

PVA100 solutions which were used as negative

control. The study revealed that all filter

paper treated with CS/PVA with activated carbon solutions at different concentrations
exhibited antibacterial properties for both bacteria strains. However, CS/PVA (without

activated carbon) only effective in prohibiting E.

coli but does not show any antibacterial
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effect against S. aureus. Result shows that the additional of activated carbon, has increased
the antibacterial efficacy. For S. aureus the CS-PVA 5 shows the highest inhibition zone
whereas CS-PVA 10 shows highest inhibiton zones for E. coli. Overall, the study indicates
that E. coli has better bactericidal effects compared to S. aureus. This probably because E.
coli has a thinner membrane wall which make it more susceptible than S. aureus [14].

The Kruskal-Wallis test was run to determine whether there were statistically
significant difference between CS/PVA at various activated carbon content to antibacterial
efficacy. Result is insignificant if the P-value is above 0.05. Based on the P values tabulated
in Table 2, the varying concentration of activated carbon in CS/PVA solution has no
significant effect on the antibacterial properties for both bacteria strains since the significance
value exceeded 0.05.

Table 1. The inhibition zones for S. aureus and E. coli at different CS/PVA content.

Sample Inhibition zone (mm)
S. aureus E. coli
CS/PVA 0+0 3.67+1.0
CS/PVA-5 2.83+4.91 5.1743.02
CS/PVA-10 1.8343.18 5.58+2.75
CS/PVA-15 2.43+4.31 3.17+1.0
PVC100 0+0 0+0
PVA100 0+0 0+0

Table 2. The P-values obtained from Kruskal-Wallis test for CS-PVA at various activated

carbon.
Bacteria Significant, P
S.aureus 0.734
E.coli 0.453

4 Conclusion

Activated carbon was incorporated to CS-PVA electrospun fibers to enhance its
absorption functionality and antimicrobial properties against S. aureus and E. coli. The FTIR
results of the CS-PVA electrospun fibers have confirmed the existence of various functional
groups that is related to the CS and PVA compound. Meanwhile, the SEM images showed
that the cooperation of 5% activated carbon has increased the surface roughness and
formation of beads on CS-PVA electrospun fibers surfaces. However, additional of higher
activated carbon content (15%) has decreased the formation of beads.

The antibacterial properties was assessed by observing the inhibition zones around filter
paper treated with CS-PVA/AC solutions and exposed with S. aureus and E. coli. It was
revealed that the CS-PVA electrospun fibers has bactericidal effects with E. coli but not with
S. aureus. Only CS-PVA with activated carbon (CS-PVA/AC) showed bactericidal effects
for both bacteria strains. Thus, our future study will be tested the actual CS-PV A electrospun
fibers against S. aureus and E. coli in actual water or air sample.
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