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ABSTRACT
Chitosan is a well known anti-microbial polymer. It
is desired to develop and evaluate chitosan based
structures with high surface area using electrospun
nanofibers. To explore the properties of chitosan
derivatives, iminochitosan was synthesized and
electrospinning of its solutions was conducted.
Nanofibers were obtained from iminochitosan
solutions using trifluoroacetic acid (TFA) as a
solvent. Nanofiberwebs of fiber diameter range 70400 nm were successfully obtained from 3%-8%
iminochitosan solution in TFA using electrospinning
technique of electric field of 2.5-6.0 kV/cm. Contact
kill performance of the iminochitosan structures
against a range of microbes was carried out using the
disc diffusion method. The results indicate that the
nanofiberwebs exhibit excellent antimicrobial
behavior. It was found that the inhibition zone is
affected by the iminochitosan structure parameters,
namely covering power, surface area (which was
affected by diameter), and basis weight. Viscosity of
the solutions was determined and fiber formation was
obtained in the range of 400-670cP.

Through electrospinning, biocompatible polymers
can be spun into a nano-sized mesh. This nanomesh
is composed of fibers with a high surface area, and a
nano-sized diameter that can be used to mimic a
natural extra-cellular matrix, which acts as
scaffolding that allows cells to attach, proliferate,
differentiate, and develop essential functions within
tissue [6-9]. Providing cells with an artificial extracellular matrix encourages tissue growth and
therefore promotes healing. Using chitosan as a
component in the extra-cellular matrix would also
promote healing due to the chitosan’s unique
biological properties. Chitosan is biodegradable,
biocompatible, nontoxic, a haemostatic, and a natural
antibacterial agent [10-15].
Antibacterial behavior of chitosan is explained by the
interaction of the positively charged chitosan with the
negatively charged residues at the cell surface of
microbes, which causes extensive cell surface
alterations and alters cell permeability [16-22]. This
causes the leakage of intracellular substances, such as
electrolytes, UV- absorbing material, proteins, amino
acids, glucose, and lactate dehydrogenase inhibiting
the normal metabolism of microorganisms and finally
leads to the death of these cells.
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INTRODUCTION
Nanofiber formation using an electrospinning
technique is a very effective method for obtaining
high surface area fibrous mats. The nanofibers
provide a very large surface area due to their
extreme small size, which makes them suitable to
form filtration products, and particularly for medical
textile products such as surgical facemasks, wound
dressings, and drug delivery systems [1]. A
biopolymer of interest for such applications as these
is chitosan. Its bioactivity and general properties
are well known [2-5].
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It is well known that chitosan films can be used for
treating burns and wound healing [23-25],
however, chitosan alone is quite expensive and the
film properties are quite delicate. To overcome
such obstacles, previous researchers formed films
with sufficient physical strength from cellulose and
chitosan solutions using TFA as a common solvent
for both polymers. This behavior is consistent with
the similarity of both the primary and secondary
structures of the two linear polysaccharides [26, 27].
Cellulose-chitosan blend films with various ratios
were prepared by dissolving the polymers in
chloral/dimethylformamide followed by casting
47
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onto glass plates [28]. Xinying Geng et al reported
that chitosan nanofibers can be obtained by
dissolving chitosan in acetic acid [29]. In [28, 29],
the authors did not report antibacterial evaluation of
the films and fibers. It is expected that cellulosechitosan blend films (or fibers) may reduce or
inhibit the antimicrobial behavior of the chitosan
depending on which polymer dominates the surface.
Due to its polyelectrolyte nature chitosan is not
easily electrospun [30]. For this reason, researchers
electrospun chitosan either using core/sheath
technique mixed chitosan with other polymer in the
spinning solution.

EXPERIMENTAL
Synthesis of Iminochitosan
Iminochitosan was selected as a candidate for
electrospinning trials. Iminochitosan was prepared to
cover the free amino groups and prevent
polyelectrolyte formation [33]. It was prepared by
the reaction of chitosan (100 g) with salicylaldehyde
(130 ml) in 1.5 liter of water at room temperature for
6 hours. The modified chitosan was filtered and
washed with distilled water several times. Methanol
extraction was done in soxhlet for 6 hours. The
product was dried at room temperature for 24 hours
to obtain the final iminochitosan.

Gorga and Ojha [31] were able to electrospin
chitosan nanofibers using core/sheath geometry
with polyethylene oxide (PEO) as sheath and
chitosan in the core. However, this technique
requires dissolving the PEO to obtain chitosan
nanofiberweb. Bhattarai et al were able to form
nanofibers from solutions containing chitosan,
polyethylene oxide, and Triton X-100TM [32].
However, Ohkawa et al were able to form pure
chitosan nanofibers using TFA as solvent. They
reported
a
linear
relationship
between
concentration of chitosan in TFA and diameter of
chitosan nanofibers [33, 34].

Preparation of Electrospinning Solutions From
Iminochitosan
A flask containing the iminochitosan and TFA was
placed in acetone/dry ice bath and frozen. It was then
thawed in a water bath at ambient temperature. The
iminochitosan dissolved in the TFA very quickly as a
result of the sudden freezing and thawing. The
solution was left overnight. After that the solution
was ready to be electrospun.
Electrospinning Equipment
The electrospinning equipment used consists of an
extrusion system (syringe pump), fiber collection
system, and high voltage supply Figure 1. The

In this work, we report the electrospinning of a
chitosan derivative (iminochitosan) that is formed
by
the
Schiff
base
reaction
between
salicylaldehyde and chitosan [35]. This derivative
is not a polyelectrolyte and chitosan is easily
regenerated by hydrolysis if so desired. The
iminochitosan nanofibers were directly deposited
on cotton gauze and the antimicrobial properties
were determined.
It was thought that it might be necessary to
regenerate the chitosan from iminochitosan
electrospun nanofibers to obtain antimicrobial
properties. This can be done by treating
iminochitosan with dilute acetic acid. In fact,
iminochitosan releases salicylaldehyde due to
hydrolysis when in contact with moisture from the
atmosphere or wound. It is reported that
salicylaldehyde possesses antimicrobial property
itself [36]. Therefore, the development of electrospun
fiberwebs from iminochitosan solution is a justified
route without the need for an additional process that
converts it back to chitosan. Additionally,
iminochitosan is expected to provide better
antimicrobial characteristics compared to chitosan.
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FIGURE 1. Electrospinning equipment.

Extrusion system (New Era Pump Systems Inc.,
Model number: NE-1000) was used to provide a
controlled feed rate of the spinning solution. The
polymer solution was given a positive field with the
help of a high voltage power supply (Glassman High
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Ain Shames University, Cairo, Egypt. Table I shows
the microorganisms cultured for the purpose of
evaluating the antimicrobial behavior of the samples.

Voltage, Inc., Model Number PS/WK125RS.0J48,
Input: 115VA, 48-63Hz. 1PH, Output: +/- 125 kV
DC, 5 mA). The terminal wire (positive electrode)
from the high voltage power supply was fixed to the
extrusion needle (1 mm inner diameter).

TABLE I.
investigation.

The fiber collection system Figure 1 includes a drum
of 22 cm diameter and 35.6 cm long that is made of
polyvinyl chloride (PVC). The drum is fixed to an
electrically isolated wooden frame and connected to a
motor and speed controller. The drum and the frame
are made from non-electrically conductive material to
eliminate fiber deposition on unwanted areas. A brass
ring is attached to one side of the drum. The ring is in
contact with a brass bush, which in turn is connected
to the negative electrode of the high voltage power
supply. A brass rod is placed on a groove in the drum
throughout its length and fixed at one end by the
brass ring. The brass rod carries the electric field
given by the brass ring. An aluminum (or any
conductive material) foil is wound over the drum and
passes under the brass rod. This is done to maintain
the same electric field over the area covered by the
conductive foil.

used

for

the

antimicrobial

Characterization
Viscosity plays an important role in extrusion of the
solution through the needle and decides fiber
diameter and morphology. Viscosity of the solution
at different concentration was measured with a
Brookfield viscometer. Viscosity measurement was
carried out at room temperature of 25° C. The
covering power of the nanofiberweb was determined
by using MATLAB® computer software. First, the
fiberweb images were converted from RGB (red,
green, blue) to grayscale and the level of black and
white was set using the Graythrash function. The
white color was assigned to the fibers and the black
color to the background. The ‘Area’ function was
used to calculate the fiber covering power, which is
the percentage area covered by the fibers (or by white
color).

In all electrospinning trials, a strip of 10-cm wide
aluminum foil was mounted securely around the fiber
collecting drum Figure 1. Gauze of the same width
was mounted over the aluminum foil. Part of the
aluminum foil was not covered by gauze. By rotating
the drum at low speed (1-3 m/min), an iminochitosan
nanofiber layer was spun over the gauze and the
aluminum foil without any difficulty since the gauze
structure is very open and allowed the electrical field
to form nanofibers. Samples from the nanofiberweb
with aluminum foil were taken for SEM imaging and
samples from nanofiberwebs /gauze were taken for
antimicrobial evaluation.

RESULTS AND DISCUSSION
Electrospinning Trials of Iminochitosan Solutions
Trials were conducted to reveal the correct blend of
solution and process parameters that could produce
nanofibers from iminochitosan. The highest
spinnable solution concentration was found to be 8%.
Distance of the collection surface (drum) from the
spinneret was maintained at 8 cm with applied
voltage 25 kV. Figure 2 shows SEM images of
fibers produced at 8% concentration. As it can be
seen from the SEM images, fibers were produced
with extremely small diameters. The fiber diameters
were found to be in the range of 70 nm to 200 nm.
An interesting barbed structure was obtained at such
concentration. Moreover, the barbs are characterized
by their smaller diameter compared to the fibers,
which increases surface area and coverage since the
barbs extend into the regions between fibers. While
8% concentration gave the smallest fibers, the spin
ability was poor in that frequent clogging of the

Antimicrobial Evaluation
The disc diffusion method (ASTM E2149-01) was
used for assessing the iminochitosan nanofiberwebs
for antimicrobial activity. Discs of 7 mm diameter
were cut from the composite structure of gauze and
iminochitosan layer. Nutrient agar plates were
incubated with microbial culture. The cut discs of
gauze/iminochitosan structures were placed onto the
surface of inoculated plates. The plates were
incubated at 37oC for 48 hours. The inhibition zone
(distance from disc in mm) was determined for each
disc. Four bacterial cultures were used for assessing
the antimicrobial activity of prepared samples. These
microorganisms were obtained from the culture
collection of the Microbiology Departments,
Women’s College for Arts, Science and Education,

Journal of Engineered Fibers and Fabrics
Volume 7, Issue 2 – 2012

Microorganisms

49

http://www.jeffjournal.org

spinneret occurred and it was not possible to spin
enough material for further testing and evaluation. A
more powerful extrusion pump may solve the issue of
clogging. For this reason concentration in the range
of 1%-5% were used for the main experiment.

Figure 3 shows that at low concentration (1% and 2
%) beads and films were formed. At such low
concentrations, the solutions do not have sufficient
viscosity to produce solid continuous fibers. With
increasing polymer concentration, the number of
direct interchain associations of iminochitosan
molecules in the solution increases.
As the
concentration was increased to 3% and 4 %
continuous fibers were formed. For 3%
concentration, nanofibers with diameter of 150 to 390
nanometers range (approx.) were found whereas for
the 4 % concentration, the range is 70 to 250
nanometers (approx.) and for 5% concentration
ranging from 70-160 nanometers. Figure 4 shows
diameter distribution of nanofibers at 3%- 5%
concentrations. It was observed that as solution
concentration increased diameter decreased. This
behavior between nanofiber diameter and
concentration is because iminochitosan acts as a
partial polyelectrolyte and increases the conductivity
of the polymer solution, thereby decreasing the
diameter of the nanofibers [37, 38]. Another reason
for decrease in the diameter with increase in
concentration can be observed because of partial
clogging or restriction to flow at the tip of needle
[39]. This clogging of needle can be attributed to
higher viscosity of the solution of iminochitosan in
TFA.

FIGURE 2. SEM image of nanofiberwebs produced at 8%
polymer concentration.

Electrospinning trials were conducted from these
solutions and the corresponding SEM images are
shown in Figure 3.

a)

1%, 20kx, 1µm

b) 2%, 4kx, 5µm

d) 4%, 5kx, 5µm

c) 3%, 5kx, 5µm

e)5%,10kx, 2µm

FIGURE 3. SEM images of electrospun nanofiberwebs produced at at different solution concentrations (concentration, magnification, scale).
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Table II shows the details of the parameters used for
the electrospinning trials. During electrospinning of
iminochitosan at 3% and 4% concentrations it was
observed that the solution directly deposited on the
collection surface resulted in fusion of the fibers. In
order to reduce this fusion, the distance between the
spinneret and collection surface (drum) was increased
from 5 cm to 8 cm. The reduction in the field allowed
the solvent enough time to evaporate. Another way to
reduce the fiber fusion is to reduce the extrusion rates
of solution in order to decrease the time for the
solvent to evaporate.
a)

3% Concentration

TABLE II. Parameters of electrospinning trials.
Concentration,
%
1
2
3
4
5
8

b)

Distance,
cm
8
8
5-8
5-8
8-10
10

Field,
V/cm
3.75
3.75
3.75-6.00
3.75-6.00
3.00-3.75
2.50

As it can be seen from Figure 5, as the concentration
of iminochitosan in TFA increases, the viscosity of
the solution increases. In short, viscosity of the
solution is directly proportional to the iminochitosan
solution concentration. This results in higher fiber
forming tendency at higher viscosity. This leads to
more intermolecular entanglements which lead to

4% concentration

c)

Potential,
V
30
30
30
30
30
25

5% Concentration

FIGURE 5. Relationship between iminochitosan concentration
and viscosity.

better fiber formation. During initial trials of
electrospinning using solution of 1% and 2%
concentration there was not sufficient amount of
polymer to form the fibers that resulted in formation
of beads and films. Therefore the best solution
viscosity of solution of iminochitosan in TFA was
found to be in range of 400-670 cP which
corresponds to a 3%-5% concentration range of
iminochitosan. Images of nanofibers are as shown in
Figure 3.

d) Diameters at different concentration
FIGURE 4. Diameter distribution of iminochitosan nanofibers at
different concentration of polymer solutions.
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TABLE III. Antimicrobial Assessment Results.

Effect of Electrospun Fiberweb Structure on
Antimicrobial Behavior
Table III shows inhibition zone results for different
microorganism cultured on discs of gauze layer
without iminochitosan layer (control sample) and
gauze/iminochitosan composite structures with
iminochitosan nanofiberwebs (or beads/films). The %
concentration is the iminochitosan concentration in
solution with TFA as indicated earlier. It can be seen
from Table III that the control sample provided no
antimicrobial protection within or beyond the disc
(sample area). Due to their low surface area,
structures spun from 1% and 2% solution provided
poor antimicrobial performance. These structures are
characterized by beads and partial films. The samples
containing iminochitosan layer that were spun from
solution concentration of 3%-5% were very effective
in contact killing of the microorganisms, as indicated
by the large inhibition zone. The antimicrobial
effectiveness of the material increased with the %
concentration of the iminochitosan.

During electrospinning, same volume of solution was
used to form each nanofiberweb. Therefore, the basis
weight (mass/area) covered by the nanofiberwebs
increased with concentration, which led to an
increase of the inhibition zone with concentration.
Figure 6 and 7 show the graphical presentation of the
contact kill of the four microorganisms (presented by
the inhibition zone in mm) as a function of covering
power and surface area which is affected by basis
weight and fiber diameter. Covering power is the
optical area (area projected on plane parallel to
fiberweb plane) covered by the iminochitosan
nanofibers on the wound dressing. The results
indicate that the inhibition zone increases with
increase in covering power and surface area. As
covering power of the fibers increases, the area
covered by the iminochitosan also increases Figure 6.
This results in higher antimicrobial efficiency and
thus increases the wound healing performance.

FIGURE 6. Effect of covering power on inhibition zone.
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FIGURE 7. Effect of surface area on inhibition zone.

cP respectively. Concentration below 3% produced
beads and films and concentrations higher than 8%
were not possible to extrude with the extruder system
employed. The electrospinning concentrations in the
range of 1%-5% were studied for antibacterial testing
since 8% concentration solution created a problem of
frequently blocking the needle. We conclude that the
electrospinning of iminochitosan is possible with the
use of TFA as a solvent. Moreover it produced fibers
with barbed structures so as to increase the fiber
surface area. Contact kill performance of the
gauze/iminochitosan structures against range of
microbes showed an excellent antimicrobial
behavior. Iminochitosan structure parameters namely
covering power, basis weight, and fiber diameter that
are determining the surface area of the structure are
strongly correlated to the inhibition zone. The
increase in surface area (increase in basis weight and
covering power and reduction in fiber diameter) led
to higher antimicrobial effectiveness of the structure
as presented by the inhibition zone.

The smaller the diameter, the higher is the surface
area of the fibers and the higher is the inhibition
zone. Figure 7 shows effect of surface area on the
inhibition zone. In this graph, the effect of basis
weight and the fiber diameter was combined. Basis
weight was increased by increasing the concentration
and keeping the volume of extruded solution
constant. Absence of data-points in the graph was due
to formation of beads and partial films at 1% and 2%
concentration. These data points were excluded from
Figure 6 and 7. In Figure 6 and 7; the graphs
indicating S. Aureus with covering power of 26.0%
and a surface area of 11.1 m2/g showed no inhibition
zone due to variability and random selection of the
sample and the sample is believed to have very small
amount of nanofibers.
Inherent antibacterial property of iminochitosan can
be explained by positively charged iminochitosan
interacts with the negatively charged residues as
discussed in introduction section causing the leakage
of intracellular substances [16-22]. As a result,
iminochitosan inhibits the normal metabolism of
microorganisms causing the death of these cells. In
addition to cationic effect, antibacterial behavior of
iminochitosan is attributed to the release of the
salicylaldehyde by hydrolysis which act as
antibacterial [36]. The effect of charge and
salicylaldehyde would increase with the increase in
surface area, basis weight and covering power.
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