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ABSTRACT

Objective(s): Chitosan based composite fine fibers were successfully produced via a centrifugal spinning
technology. This study evaluates the ability of the composites to function as scaffolds for cell growth while
maintaining an antibacterial activity.
Materials and Methods: Two sets of chitosan fiber composites were prepared, one filled with anti-microbial
silver nanoparticles and another one with cinnamaldeyhde. Chitosan powder was dissolved in trifluoroacetic
acid and dichloromethane followed by addition of the fillers. The fiber output was optimized by configuring
the polymer weight concentration (7, 8, and 9 w/w% chitosan) and applied angular velocity (6000-9000
RPM) within the spinning process.
Results: Scanning electron microscopy revealed fiber diameters ranging from 800-1500 nm. Cinnamaldehyde
and silver nanoparticles helped to improve and control the anti-bacterial activity. Through a verified cell
counting method and disk diffusion method, it was proven that the chitosan based composite fibers possess
an enhanced anti-bacterial/microbial activity against gram-positive Staphylococcus aureus. Both composite
systems showed anti-bacterial activity, inhibition zones fluctuating between 5 to 10 mm were observed
depending on the size of the fiber mat and no bacteria was found within the mats. The developed fiber
scaffolds were found to be noncytotoxic serving as effective three-dimensional substrates for cell adhesion
and viability.
Conclusion: These results provide potential to use these scaffolds in wound healing and tissue regeneration
applications.
Keywords: Anti-microbial, Cell adhesion, Chitosan, Cinnamaldehyde, Forcespinning, Silver nanoparticles,
Wound dressing
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INTRODUCTION
It is estimated that over $25 million are spent
annually on the treatment of chronic non-healing
wounds [1], indicating there is a need to develop
advance wound dressings that can last longer
before replacement and can heal acute/chronic
wounds rapidly. Bacterial infection is the primary
culprit for delaying the wound healing process,
this has resulted in a demand to incorporate
antimicrobial agents within the wound dressings
[2]. The estimated cost in the wound care dressing
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market, incorporating these antimicrobial agents,
was estimated at over $7 billion in 2013 and is
expected to grow to $10 billion by 2020 [3]. In
addition, antimicrobial efficacy of a wound dressing
alone is insufficient, and therefore other properties
are needed to improve wound healing. For example,
dressings composed of nanofibers and submicron
fibers in particular have relevance in medical/
biological applications since proteins and bacteria
have dimensions on this order, and can encourage
cell proliferation/wound healing [4, 5].
Chitosan is an abundant biocompatible amino
based polysaccharide that has been added to wound
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dressings due its antimicrobial activity. Chitosan is
the principal component of arthropods (crustacean
shells, mollusks, and insects) [6], and consists of
a deacetylated derivative of chitin, the second
most abundant polysaccharide after cellulose [7].
The D-glucosamine structure is highly crystalline
with many hydroxyl groups, which can form
intermolecular hydrogen bonds, leading to its poor
solubility in common organic solvents. The amino
group on chitosan makes it slightly alkaline and
insoluble at neutral or basic water; however, under
acidic conditions (pH < 6.5) it is soluble due to the
amino groups becoming protonated (cationic) and
positively charged (Fig 1). These acidic systems
include dilute aqueous acetic, lactic, malic, formic
acids, and organic mixtures such as water-methanol,
-ethanol, and acetone mixtures [8, 9]. The amino
group on chitosan not only plays an important role
in regards to processing but also in function. For
instance, the amino groups can interact or chelate
with several metals such as copper, cadmium, iron,
mercury, and magnesium. This has resulted in the
incorporation of chitosan/carbon fiber composites
as effective filtration media [10, 11]. The cationic
nature of chitosan, from the amino groups, also
makes it a potent antimicrobial agent that inhibits
growth and removes microorganisms such as
bacteria and fungi [12].
In wound care management, chitosan acts as
an analgesic drug and anti- inflammatory agent,
which can exhibit a pleasant and soothing effect
when applied to an open wound [13]. In vivo studies
have demonstrated pain reduction when applying a
nonwoven chitin fabric/membrane wound dressings
to patients with burns, skin abrasions, skin grafts
and ulcers [14]. The mechanism for pain relief has
been studied by an in vitro chitosan suspension/
acetic-acid writhing test on mice, which indicated a
reduction in inflammatory pain due to a pH increase
from protonation of –NH2 to –NH3+ (Fig 1) [15].
Fibers can be produced via electrospinning,
a versatile method to process polymer solutions
into fibers, with diameters ranging from tens
of nanometers to a few micrometers [4, 16].
Electrospun fibers have made promising wound
dressings in the biomedical field. For example,
electrospun fibrous membranes composed of hybrid
chitosan/collagen/PEO fibers, showed an increase
in the Young’s modulus under aqueous conditions
when cross-linked [17, 18]. It was further shown,
compared to traditional gauze and commercial
collagen dressings, that these membranes can mimic
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the native extracellular matrix resulting in improved
wound healing and in vitro tissue regeneration (e.g.
bone, cartilage). Hybrid chitosan fiber dressings,
compared to topical agents, are also expected to
speed up the healing process and recovery time by
inhibiting bacterial growth and spread of infection.
The bio-activity of these fibers is further improved
when combined with agents or enzymes, which
can promote wound healing and pain alleviation.
For instance, Jiang et al. developed PLGA/ PEG-gchitosan fibers containing ibuprofen, which showed
a controlled and sustained release rate of ibuprofen
[19], and exhibited mechanical properties similar to
skin. Production of fine fibers through electrospinning
can be challenging due to the low fiber yield, which
averages ~0.01-1.0 gram per hour at the lab scale [4,
20, 21]. The Forcespinning® (FS) method has shown
the capability to produce fine fibers from melt and
solution through centrifugal spinning [22-24]. The
FS method does not require electric fields, and
broadens the choice of materials to be spun into
fibers [22, 23, 25]. The process is highly controllable
at the industrial scale and has shown production
rates of up to hundreds of meters per minute
depending on desired basis weight. Previous FS
studies have successfully produced wound dressings
composed of cellulose acetate fibers embedded with
silver nanoparticles (AgNPs), and ternary composites
fibers dressings such as pullulan/tannic acid/chitosan
fiber and polyvinyl alcohol/chitosan/tannic, all of
which showed anti-microbial activity [26-28].
In this study, chitosan binary nonwoven fine
fiber composite scaffolds composed of chitosan/
cinnamaldehyde (CA) and chitosan/ AgNPs, were
produced using FS technology. Cinnamaldehyde
and silver are known to possess strong antimicrobial
properties [29] and therefore its effect in these binary
composites is evaluated. The added agents, CA and
AgNPs, were shown to exhibit improved antimicrobial
activity against Staphylococcus aureus, in addition to
cell biocompatibility, which was evaluated with mouse
embryonic fibroblasts (NIH 3T3). To increase the
stability of the developed membranes in conditions
resembled in wounds (pH < 6), a ternary composite
containing a cross-linking reagent, tannic acid (TA),
was developed by adding TA to the chitosan/CA
and the chitosan/AgNPs solution, followed by FS
and alkaline hydrolysis to initiate cross-linking. The
ternary composite dressing structural stability under
various pH conditions. The structural morphology
and anti-microbial activity against the gram-positive
Staphylococcus aureus were also investigated.
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Fig 1. Chitosan is a de-acetylated derivative (1,4-linked 2-amino-2-deoxy-beta-D-glucopyranose) of
chitin (-NH-COCH3). Chitosan also contains acetylated groups, however, most of these contain a free
amino group (-NH2), which can act as a proton acceptor (Bronsted-Lowry base) in water. Chitosan is
soluble in trifluroacetic acid, which creates an acidic aqueous environment (pH < 6), and allows for the
amino group to undergo protonation and form a salt with the acid

MATERIALS AND METHODS
Materials
Chitosan (medium molecular weight, CAS 901276-4 (448877-250G), Brookfield viscosity 200 cps),
trifluroacetic acid (CF3CO2H), dichloromethane
(DCM), tannic acid, potassium hydroxide (KOH),
sodium hydroxide (NaOH), and cinnamaldehyde
were purchased from Sigma Aldrich. The silver
nanopowder was acquired from US Research
Nanomaterials, Inc. For fiber production, 30 gauge
(half-inch) bevel needles (PrecisionGlideTM) were
purchased from Fisher scientific.
Solution preparation
Chitosan fiber preparation
A 7, 8, and 9 w/w% chitosan solution was made
by dissolving 0.75, 0.87, and 0.99 grams of chitosan to
a 7:3 by weight trifluroacetic (TFA)/ dichloromethane
(DCM), which amounted to 7 grams or 4.7 ml of
TFA, and 3 grams or 4 ml of DCM, respectively. The
chitosan solution was sonicated in a water bath for
one hour or until the solution was homogenous, and
left to rest in a rolling machine for two to three days.
Chitosan / silver nanoparticle (AgNPs) fiber
preparation
Samples containing different concentration
(0.05 to 0.6 w/w%) of AgNPs were prepared. It was
observed that the sample containing 0.2 w/w% (22
mg) AgNP within the 8 w/w% CA solution was shown
to be the optimum concentration when considering
fiber output and homogeneity.
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Chitosan / Cinnamaldehyde
Two cinnamaldehyde solutions were prepared
at different concentrations. The first solution, ~2
w/w% CA was prepared by mixing 0.22 g CA to an
8w/w% chitosan solution as prepared above, this
concentration was too high and fiber homogeneity
was affected. Concentration was dropped to 0.8
w/w% CA, which was prepared by adding 90 mg of
CA to an 8 w/w% chitosan solution. Fibers output
was consistent with the AgNP loaded fibers though
with a rougher fiber texture.
Chitosan / tannic acid (TA)
Tannic acid was incorporated (10 w/w%) in the 8
w/w% chitosan solutions.
Fiber production
To produce the chitosan-based fibers from
the prepared solutions, a lab scale CyloneTM
L-1000M (FiberRio Technology, Corp.) was used.
Approximately 1 mL of the prepared solution was
injected into a cylindrical spinneret that contained
two 30 gauge (half inch) bevel needles at each end.
To determine the optimal fiber output and change
in fiber diameter, the chitosan solution was tested at
different angular velocities (6000-9000 RPM), which
allowed the polymer solution to be extruded through
the orifices of the needles. The fibers were allowed
to collect on a set of column collectors (12 x 1 inch).
The nonwoven mat was prepared by taking a square
frame (7x7inch), which was used to collect the fibers
that deposited between the columns.
Nanomed. J. 5(1): 6-14, Winter 2018
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Measurements and characterization
The fiber morphology, diameter, and
homogeneity of the produced fiber mats were
examined using a scanning electron microscope
(SEM-Sigma VP Carl Zeiss, Germany). Average fiber
diameter was determined by measuring 100 unique
nanofibers from the SEM images, for each prepared
mat. Matplotlib was utilized to plot the normal
fiber distribution using the calculated mean (µ) and
standard deviation (σ) for the given sample size (100
fibers).
Alkaline induced crosslinking
Although chitosan is insoluble under basic
conditions, the fibers can dissolve under acidic
environments (pH <7). Crosslinking was carried out
to enhance the structural integrity of the fibers for
potential applications as wound dressing in different
environments. To initiate crosslinking, the fiber
mats containing TA were soaked for one hour in a
potassium hydroxide (KOH) solution for 1 hour at
ambient conditions. The soaked fibers were then
rinsed in deionized water several times until the
fibers had no traces of chemical residue or when the
pH was neutral, which was confirmed by carrying out
a pH test during washing. The stability of the chitosan
composite based fiber mat was then tested under
acidic, neutral, and basic conditions. Three separate
and dried mats, were submerged in three different
solutions of 1M acetic acid, distilled water (pH=7),
and 1 M NaOH (pH=13). The composite fiber mats
were removed after being immersed for 30 minutes
at ambient conditions.
Antibacterial resistance measurements
The antibacterial activity was determined using
the viable plate counting method against grampositive bacteria Staphylococcus aureus (ATCC6538),
which is the common cause of skin and other human
infections. The anti-microbial test was based on the
Kirby Bauer disk diffusion method [27, 51]. Bacteria
were grown in nutrient agar broth at 37°C for 24
hours in a rotary shaker. The concentration of the
suspension was adjusted to 104 cell per ml-1. Aliquots
of 100 µL of a bacterial suspension were spread onto
the surface of agar plates and uniformly dispersed
with a sterile L-shape glass rod. Then by means
of sterile forceps, the fiber mats were carefully
deposited on the surfaced of Mueller Hilton agar
plates. Inoculated plates with fibers were incubated
at 37°C for 48 hours. Measurements of the zones of
inhibition were taken on each of the four replicated
plates and treatments compared.
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Cell culture and spreading assays
NIH 3T3 mouse embryonic fibroblasts were
seeded onto the nanofiber composite mats in
Dulbecco’s Modified Eagle’s Medium (DMEM) with
10% fetal bovine serum (FBS), and cell viability was
investigated. The control was prepared by allowing
the cells to grow on glass cover slips. All tests were
conducted in a humidified incubator at 37 °C and
5% CO2. The composite fibers were placed in a
6-well cell culture plate and treated via UV light for
10 minutes and washed with a phosphate buffered
saline (PBS) solution. UV irradiation was used to aid
in promoting crosslinking within the chitosan fibers
therefore enhancing stability in aqueous medium
needed for cell studies [52]. 250,000 cells were then
seeded onto the composite fiber mats and cultured
overnight. Following incubation, cells were stained
with 40 nM MitoTracker Red CMXRos (Invitrogen,
Carlsbad, CA) in fresh media for 20 min. at 37°C. The
cells were rinsed twice with the PBS solution, and
fixed with 4% paraformaldehyde in PBS for 30 min.
Cells were subsequently stained with 4’,6-diamino-2pheylindole (DAPI) for 10 min. to visualize cell nuclei.
The cell/fiber matrix was subsequently washed 3
times with PBS and mounted with 50% glycerol in
PBS. The cells were viewed and analyzed using an
Olympus FV10i confocal laser-scanning microscope.

Fig 2. Production of fine fibers using Forcespinning® (FS)
technology. (a) The FS apparatus consists of a spinneret, where
the solution is injected, and a set of column collectors that allow
for formation of the fiber webs (left). The collected chitosan/
AgNPs fibers have a slight grey coloration in contrast to (b) pure
chitosan fiber mats

RESULTS AND DISCUSSION
Fiber morphology
Previous reports have shown chitosan fiber
production via electrospinning, either from a
chitosan solution containing concentrated aqueous
acetic acid [30, 31] or in trifluoroacetic acid (TFA)
[32]. TFA can bind to chitosan in the form of a salt
allowing for improved solubility (Fig 1).
9

L. Cremar et al. / Wound dressings developed by Forcespinning Technology

a

ab

cb

c

d

e
d

fe

f

g

g

Fig 3. SEM images of (a) 7 %, (b) 8 %, and (c) 9 % chitosan spun at 8K RPM. Fig (d) shows fibers containing 0.2
% AgNPs and (e) 2 % CA within the solution. Fig 3f shows chitosan fibers containing tannic acid and dipped in
a solution of KOH. Fig 3g shows the fiber diameter distribution for 7, 8, and 9 wt.% chitosan with mean (µ) and
standard deviation (σ) with a sample size of 100 fiber diameters for each distribution

The addition of DCM to the chitosan/
TFA mixture has been shown to improve the
homogeneity/uniformity of the fiber with little
or no bead formation, while also decreasing the
inter-connectivity of the electrospun fibers [32]. To
produce the nonwoven chitosan fiber mats using
FS, the optimum parameters to maximize output
while still maintaining a fine fiber structure were
considered to be 7-9 w/w% chitosan solution in TFA
and DCM, spun at 8000 RPM. The produced fibers
are shown in Fig. 2.
Fig 3 shows the fiber distribution and average
fiber diameter obtained for pure chitosan fibers
produced from the 7-9 w/w % chitosan solutions.
The mean fiber (µ) diameter for the chitosan
solution at 7, 8, and 9 w/w% was found to be 946,
1421, and 1010 nm, with standard deviations (σ) of
344, 320, and 352 nm, respectively.
The chitosan fine fibers prepared from a 7 w/w%
chitosan solution were found to be homogenous
with no beads, as shown in the SEM micrographs
(Fig. 3a). An 8 w/w% chitosan solution, spun at
8000 RPM, was found to produce an optimal output
of chitosan fibers, however, had the greatest mean
fiber diameter. Fibers produced at 9 w/w% chitosan
were also spun at 8000 RPM, however, a lower fiber
yield was obtained with decreased fiber diameter.
An 8 w/w% solution was used for preparation of the
10

AgNP and CA based solutions. The 0.2 w/w% AgNP
composite fibers showed smooth homogenous
fibers (Fig. 3d), versus a rough texture found for the
2w/w% CA solution.
Crosslinking of chitosan fiber with TA
Tannic acid is a hydrolysable phenolic compound
derived from oak wood, and is found in many foods
such as tea and cocoa beans. Tannic acid also
has anti-microbial activity given that it contains
hydroxyl groups making it a preeminent ligand that
can chelate and reduce silver[56]. Tannic acid is a
nontoxic agent that can cross-link with a polymer
through alkaline hydrolysis, e.g. the hydroxyls group
on tannic acid can react with the amino group in
chitosan, which can change its solubility and
mechanical properties[58, 59]. The possible binding
mechanisms of TA to the amine containing group
in chitosan can be due to hydrogen bonding and
hydrophobic interactions[60], and complexes that
depend on temperature and pH[61].
By treating the chitosan composite/TA fibers
with KOH, through a soaking and rinsing process, a
crosslinking effect results and fibers became stable
at pH values commonly found in wounds [58, 62].
As shown in Fig 3f, the resultant fiber morphology
is non-uniform, with a ribbon-liked fused fiber
network.
Nanomed. J. 5(1): 6-14, Winter 2018
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Evaluation of anti-microbial activity of FS chitosan
composite fibers from gram-positive bacteria
Staphylococcus aureus
Chitosan-hybrid fibers have been known to
demonstrate good antibacterial activity against
gram-negative bacteria E-coli and gram-positive
bacteria Staphylococcus aureus [33, 34]. The
mechanism by which chitosan inhibits growth
of gram-negative bacteria, is believed to be
attributed to the formation of a polycationic
complex between the amino group on chitosan
and the outer cell membrane of the bacteria.
The binding results in disruption of the outer
membrane of the cell bacteria, which results in
decreased functionality of the cell and leads to
detergent-induced lysis [35].
To further improve anti-bacterial activity
in the spun chitosan fibers, cinnamaldehyde
and AgNPs were added. CA is an essential oil
derived from cinnamon bark which has been
reported to be effective against gram negative
Pseudomonas aeuroginosa (P. aeruginosa) and
gram positive Staphylococcus aureus bacteria [36],
with minimum inhibitory concentration (MIC)
ranging from 75- 600 µg/mL. Essential oils such
as CA contain hydrophobic components that can
permeate through the bacteria cell membrane to
the mitochondria, leading to proton depletion and
disruption of adenosine triphosphate synthesis
[37]. In one study by Rieger et. al., electrospun
CA- chitosan /PEO fiber mats were shown to have
anti-microbial activity against E-coli [38]. In the
latter study, after only 30 minutes of fiber-bacteria
contact, a high-level of inactivation against E-coli
was seen. In the case of silver, the anti-bacterial
activity has been well studied, silver has become
a viable treatment option for infections found in
burns and chronic wounds [39-41] In particular,
silver nanoparticles (AgNPs) have shown increased
activity against a broad range of microbes and
parasites, and it has been determined that in the
presence of oxygen, the Ag+ state will have the
best antibacterial effect [42, 43]. Silver embedded
in the fiber dressing can therefore be expected to
provide a controlled and long lasting anti-bacterial
activity. For example, An et al., reported on
electrospun chitosan/PEO membranes containing
silver nanoparticles showing improved resistance
to bacteria such as gram-positive Staphylococcus
aureus and gram-negative E. coli [44].
Here, the binary composites, chitosan/
CA and chitosan/AgNPs were also exposed to
Nanomed. J. 5(1): 6-14, Winter 2018

Staphylococcus aureus and the anti-microbial
activity was investigated. Fig 4 indicates an
antibacterial effect for both composites, evident
by the inhibition zone around the fiber mats. This
effect was evaluated using a viable cell counting
method and further compared to a control
without the fibers. The results indicate that there
was complete inhibition of Staphylococcus aureus
growth, indicating that the composite effectively
promotes antimicrobial activity. Fig 4a shows a
brownish color in the center of the mat that is
intrinsic to this sample, not to be confused with
bacteria outside the inhibition zone. The inhibition
zone was found to range from5 to 10 mm.
Cell attachment
Cell attachment to the chitosan fibers are
expected given the similar dimensions for both
structures. For instance, silk fibrin/ collagen
nanofibers have been shown to promote cell
adhesion due to the high surface to volume
ratio and 3D network, which allows for cells to
attach to the fibers more readily [45]. It was
also reported that chitosan nanofibers can
promote cell attachment and facilitate the
spreading of normal human keratinocytes and
fibroblasts [46]. With an attempt to improve the
cultivation of cells, hybrid chitosan nanofibres,
composed of 10% PEO, and 90% chitosan, have
demonstrated structural integrity in water and
cellular compatibility [47]. In the latter study,
it was further shown that human osteoblasts /
chondrocytes cells could adhere to and spread
on the chitosan/PEO membranes. Hybrid scaffold
composites such as PLGA (poly(lactic-co-glycolic
acid) nanofiber / chitin nanoparticle (80/20, w/w),
containing collagen, have also demonstrated cell
attachment of fibroblasts and human keratinocytes
[48].
The composited produced herein were also
tested for their ability to support cell adhesion. As
shown in Fig 5, 3T3 mouse embryonic fibroblasts
were seeded on the binary composite fiber mat (this
particular image corresponding to the chitosan-0.2
wt/wt %AgNPs samples) and incubated overnight,
followed by staining with MitoTracker Red and
DAPI to visualize cells using confocal fluorescence
microscopy. MitoTracker is a cell-permeable dye
that is taken up by mitochondria into the matrix in
response to the transmembrane potential across
the inner mitochondrial membrane [49]. DAPI,
which binds to double-stranded DNA was utilized
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Fig 4. Antibacterial effect (a) Chitosan-0.2 wt %AgNPs with Staphylococcus bacteria and a (b)
Chitosan- 0.8 wt % CA sample with Staphylococcus bacteria. The whitish and yellowish colors
surrounding the mats indicate the presence of the Staphylococcus bacteria. The images shown to
the right and left of (a) and (b) show a magnified section of the inhibition zone. The bacteria does
not penetrate the mats

Fig 5. Confocal microscopy of 3T3 Mouse embryonic fibroblast cells. DAPI (blue) signaled for cell
nuclei, while Mito-Tracker Red (MTR) signaled for mitochondria. Samples were composed of 3T3
cells seeded to glass coverslips (control) and 3T3 cells seeded to chitosan composite fine fiber
mats. Size bar = 20 m

to ascertain cell viability and nuclear morphology.
Normal cells typically show smooth and oval
nuclei, whereas cells undergoing cell death (via
apoptosis or other mechanisms) show blebbing or
fragmentation of the nucleus [50]. In control cells
grown on glass coverslips, cell nuclei are apparent
and the mitochondria, shown by MitoTracker
staining, are clearly apparent, indicating that the
cells are fully viable. The fibroblasts are observed to
grow with normal morphology, within the chitosan
mats. Interestingly, the chitosan composite material
appears blue via confocal imaging, either due to
intrinsic blue fluorescence or through binding DAPI.
These images demonstrate that 3T3 fibroblasts
are viable on chitosan fibers, and suggest that
the chitosan/ composite fibers may serve as an
effective 3D environment that effectively mimics the
extracellular matrix of skin while providing protection
against bacterial infection.
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CONCLUSION
Long, continuous and homogeneous chitosan
fine fibers were successfully produced using the
Forcespinning® technology. Binary composites were
developed by introducing antibacterial agents to
the chitosan solutions. AgNPs and cinnamaldehyde
were added and the antibacterial effect against
Staphylococcus aureus and cytotoxicity of the
developed composite fiber mats was evaluated.
However, preparation of these chitosan composite
fibers (The chitosan/AgNP and chitosan/CA) showed
loss in structural integrity when exposed to acidic
environments. To maintain the structural integrity of
the dressing, TA was incorporated into the chitosan
fiber membranes, followed by alkaline treatment
with a strong base. The morphology of the chitosan/
TA membranes showed a ribbon like network due
to partial crosslinking, and demonstrated structural
stability.
Nanomed. J. 5(1): 6-14, Winter 2018
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Both composite systems showed anti-bacterial
activity, inhibition zones fluctuating between 5 to
10 mm were observed depending on the size of the
fiber mat and no bacteria was found within the mats.
The systems were also shown to be noncytotoxic,
NIH 3T3 cells were able to grow normally on top /
near the vicinity of the fibers. The results of this
study indicate that produced chitosan/ composite
membranes can serve as potential wound dressing
materials given its antimicrobial activity and
similarity to the extracellular matrix which promotes
cell adhesion/growth.
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