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Abstract
Curcumin is a naturally occurring hydrophobic polyphenol compound. It exhibits a wide range of biological activities such
as antibacterial, anti-inflammatory, anti-carcinogenic, antifungal, anti-HIV, and antimicrobial activity. In this research work,
antimicrobial curcumin nanofibrous membranes are produce by an electrospinning technique using the Eudragit RS 100
(C19H34ClNO6) polymer solution enriched with curcumin. The morphology and chemistry of the membrane are analyzed using
scanning electron microscopy (SEM) and Fourier transform infrared (FTIR) spectroscopy. Kirby Bauer disk diffusion tests are
carried out to examine the antibacterial effectiveness of the membrane. Experimental results show that the nano fibers produced
are of uniform thickness morphology and curcumin is successfully incorporated into the nanofibrous mat, while no chemical
bonding was observed between curcumin and the polymer. The antimicrobial curcumin nanofibrous membranes can be effectively
applied as antimicrobial barrier in a wide variety of medical applications such as wound healing, scaffolds, and tissue engineering.
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Introduction
Nanofibers have emerged as exciting new class of materials,
useful for many applications owing to their thickness (100 nm)
and large surface-to-volume ratio [1]. Depending on polymer
type, attainable fiber assembly, production rate, and cost, several
techniques have been developed to produce nanofibers. Among
these are electrospinning, melt-blowing, template synthesis,
self-assembly, multi-component spinning, flash spinning, and
nanolithography [2-8]. It is recognized that electro spinning is the
most versatile fabrication process that can produce nano fibers
from a wide range of polymeric materials at high production
rate and low cost. Electro spinning is a process of applying high
voltage between a polymer solution contained in a syringe with a
capillary tip and a collector. Electro spun fibers are collected at the
collector during the fabrication process in the form of membranes.
The properties of nanofibers can be customized by regulating the
voltage, concentration and viscosity of the polymer solution, and
solvent composition [9]. Till the recent past, electrospinning of more
than 100 varieties of natural and synthetic polymers, composites
Copyright © All rights are reserved by N Gokarneshan.

and ceramics into ultra-fine nano fibers have been demonstrated.
Nano fibers can also be functionalized by mixing with functional
additives or surface modification [10,11]. Electro spun nano fibrous
membranes have found a wide range of applications in health care,
energy storage, environment engineering and biotechnology due to
their relatively light weight, high surface area, and interconnected
porous structure.10 Recent developments in the field of
nanostructures have opened up exciting opportunities for new
materials design, such as nanofibrous membranes with antimicrobial
properties for medical applications such as wound dressings
[12,13]. Conventional wound dressings provide basic environments
for wounds with regards to barrier to evaporation and protection
from outside bodies. However, the biologically functional electro
spun antimicrobial nanofibrous membranes encourage healing,
and also compensate the functions of conventional wound dressing
[14]. Antimicrobial agents inhibit the growth of microorganisms
by bacteriostatic and bactericidal responses (they can, however,
also be harmful in the case of specific allergies) [15]. Compared
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with synthetic alternatives, natural antimicrobial agents are less
harmful, biocompatible, economically viable and readily available.
Natural antimicrobial agents are the major chemical constituents of
some common plants such as turmeric, aloe vera, basil and neem,
etc. Turmeric was used in ancient times to promote wound healing
because of one of its major chemical components, curcumin. Figure
1 shows the structure of the curcumin molecule. Curcumin is an
anti-oxidant, anti-inflammatory, anti-cancer molecule used to
reduce pain and accelerate the process of wound healing [16,17].
Curcumin dissolves in organic solvents such as ethanol, acetone
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and dimethyl formamide (DMF), and its anticoagulant property
makes it suitable for drug-eluting stents [18]. Several researchers
have successfully incorporated curcumin into biomaterials and
observed its medical efficacy. Nguyen et al. produced curcumin
loaded poly-lactic acid (PLA) nano fibers and reported its potential
antimicrobial effectiveness. Xie et al. fabricated curcumin-loaded
silk fibroin nanofibrous membranes and suggested that the drugloaded nano fibrous membranes can be useful as biomaterials with
antimicrobial and antitumor function [19].

Figure 1: Curcumin (C21H20O6) structure

A wide range of natural (collagen, gelatin, chitosan, elastin, silk
fibroin and alginate) and synthetic (PGA, PLGA, PCL, PLLA-CL, PEO
and PVA) polymers are used to produce nanofibrous membranes for
biomedical applications [20-22]. Natural polysaccharide polymers
are biocompatible and biodegradable compared with synthetic
polymers, and they display improved structural properties. In
return, they have inferior mechanical properties. Consequently,
copolymers of natural and synthetic polymers are sometimes
mixed to enhance the functional properties of membrane [23].
Among the synthetic copolymers, Eudragit RS 100 (C19H34ClNO6)
is greatly appreciated for biomedical applications because of
its exceptional permeability and swelling properties [24]. For
the first time, an economical and effective antimicrobial nano
fibrous membrane is fabricated by applying an electro spinning
technique on the Eudragit RS 100 polymer solution enriched with
curcumin (a natural antimicrobial agent). Surface morphology
and chemical composition of the nanofibrous membrane are
studied using scanning electron microscopy (SEM) and Fourier
transform infrared spectroscopy (FTIR), respectively. To evaluate
application in the medical field, Kirby Bauer disk diffusion tests
are carried out to examine the antibacterial effectiveness of the
antimicrobial curcumin- loaded nano fibrous membranes. Based on
the performance properties of the fabricated antimicrobial scaffold,
its use is recommended in industrial applications such as tissue
engineering, medical devices and wound care dressings.

Properties of polymer solution

The viscosity, surface tension and conductivity of the prepared
polymer solutions for electrospinning of nanofibrous membranes
were measured at 0 wt%, 1 wt%, 5wt% and 9wt% curcumin

concentrations. The results from studies show a decreasing trend
in viscosity and surface tension of the polymer solution with the
increase in curcumin concentration. In order to achieve uniform
and beadless nano fibers, the concentration of the electrospinning
polymer solution should be above entanglement concentration
(Ce), which is the minimum concentration required to develop
nanofiber [25]. Lower viscosity of the polymer solution may cause
electro spraying instead of electro spinning, while lower surface
tension of the polymer solution leads to bead-free nanofibers
production in electrospinning [26]. The addition of curcumin to
the polymer solution was kept to the level to keep the viscosity
above the entanglement concentration (Ce) threshold; therefore,
at the attained viscosity, the workable range of polymer solution
is expanded. A higher conductivity was observed when the
concentration of curcumin was increased in the polymer solution.
Wang et al. also reported the increase in conductivity with the
addition of curcumin to the polymer solution and observed that the
enhanced electrical conductivity favors the electrical drawing effect
on the jet fluid and decreases the fiber fineness.

Morphology

The SEM studies images showing the morphology of the electro
spun nano fibrous membranes. The results evidence that the nano
fibers are apparently produced with uniform thickness, and no
accumulation of polymer mass in the form of beads was observed
across the fibrous membrane. Researchers in the recent past
reported that there are several electro spinning process parameters
such as polymer concentration, applied voltage, type of solvent
system, solution fed rate, type of collector and rotation speed
that can affect the morphology of the nanofibers [27,28]. In this
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study, for all the specimens prepared, the electro spinning process
parameters were first optimized and then kept identical during
the series of experiments. As a direct consequence, diameter, layer
thickness and distribution were found to be uniform in all nano
fiber sheets.
The absence of bead formation and apparently even distribution
of nanofibers in the nano fibers cluster shows the uniform
dispersion of curcumin in the polymer and in the membrane. A
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relative discontinuity of nano fibers was noticed. However, uniform
and continuous nano fibers were observed when the curcumin
content in the polymer solution was increased to 9 wt%. The
relative discontinuity noticed in Figure 2, can be ascribed to the
lower capacity of these two polymer solutions to carry charges in
comparison with the 9 wt% polymer solution. The latter seems to
be the best doping concentration to obtain continuous and uniform
thickness electro spun nano fibers at the designated optimized
electro spinning conditions.

Figure 2: SEM images of membrane having (a) 1%, (b) 5% and (c) 9% curcumin content

FTIR analysis
FTIR spectra of the polymer (Eudragit RS 100), antimicrobial
agent (Curcumin) and the electro spun curcumin-loaded (9 wt %)
nanofibrous membrane have been reported. The FTIR spectrum
of the polymer reveals the presence of methyl band at 2930 cm-1,
ester C-O band at 1724 cm-1 and C–O band at 1160 cm-1. Similar
observations are reported in the literature by other researchers
[29,30]. The FTIR spectrum of the antibacterial agent used in this
study, The presence of hydroxyl, methyl, carbonyl and C-C bands
have been evidenced at 3307 cm-1, 2950 cm-1, 1640 cm-1 and
1560 cm-1 bands, respectively. The observations are supported
by the findings reported by Rohman et al. and Siregar et al. while
working on curcumin-based drugs for medicinal applications
[31,32]. Curcumin-loaded electro spun nanofibrous membrane
FTIR spectrum, Figure 2, indicates the peaks for the constituents
of polymer and curcumin such as at 3310 cm-1 (phenolic OH), at
1740 cm-1 (C=O ketone), at 2970 cm-1 (alkane CH3 stretching), at
1550 cm-1 (C=C) and at 1160 cm-1 (C–O). These results confirm
the incorporation of antimicrobial agent (curcumin) into the nano
fibrous membrane, while no apparent chemical linkages between
the antimicrobial agent and polymer are observed.

Kirby Bauer disk diffusion test results

Inhibition zones were measured around the nano fibrous
membrane without curcumin and 9wt% curcumin- loaded
nanofibrous membrane disks in the agar plate. For the ease of
comparison, the black arrows, visible in the pictures, identify the
specimens loaded with antimicrobial agents. Studies have made
it evident that the curcumin spreads into the agar and stops the
growth of bacteria in the indicated zones compared with the zones

having disks of nano fibrous membrane without curcumin. It is thus
possible to conclude that the bacteria were totally killed after the
incubation process and antibacterial activity of the nano fibrous
membranes lasts even after 7 days. In order to avoid the spread of
bacteria, different antimicrobial liquids were used on hand gloves
during the material handling in the antimicrobial experiments.
The lids look differently because the writing was erased during
the experiment, and it was replaced. The inhibition of bacterial
growth is confirmed by several researchers. Xie et al. exhibited
the drug release properties of SF/PEG nano fibrous membranes
loaded with curcumin. Nguyen et al. reported higher closure rates
of wounds treated with curcumin-loaded PLA nanofibers. Wang et
al. proposed that PVP nano fibers loaded with curcumin display
enhanced bioavailability and effective anti-cancer effect. Hussain
et al. proposed that alginate containing natural polyphenol based
antimicrobial agents can be a potential candidate for wound
care [33]. The current results show promising properties for the
development of curcumin-based antimicrobial membranes for
medical applications.

Conclusion

An economical and readily available natural antimicrobial
agent, curcumin, extracted from a turmeric plant is successfully
incorporated into a nano fibrous membrane using the electro
spinning technique for medical applications. The nano fibrous
membranes were characterized for morphology, chemistry and
antimicrobial effectiveness. The SEM results show the formation of
smooth, uniform and beadles nano fibers, clustered in a fibrous mat/
membrane when the concentration of curcumin was 9 wt%. The
FTIR analysis confirmed the incorporation of antimicrobial agent
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curcumin into the nanofibrous membrane without chemical linkages
between the antimicrobial agent and the polymer. The Kirby Bauer
disk diffusion test results verified the antimicrobial effectiveness
of the fabricated curcumin-loaded nano fibrous membranes. Future
work in progress is in the direction of incorporating several other
naturally occurring antimicrobial agents such as aloe vera, neem
and basil, and their blends, into the nano fibrous membranes for
high-end medical applications at lower cost.
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