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Abstract: Developing technology and increasing the number of living creatures on Earth increase
the demand for biomaterials each passing day. Recently, biocomposites and biodegradable
biomaterials have begun to attract attention in many areas of use. Electrospinning technique is
preferred as a quite consolidated technique in the production of outstanding polymer and/or
nanofiber matrixes. However, obtained biocomposite nanofibers can cause microbiological
infections during or after their usage. Therefore, it is very important that such materials have
controlled antibacterial properties. In this study, Hydroxyapatite (HAp), known as biocompatible
and bioactive, was firstly synthesized by wet precipitation method. Molecular structure of obtained
HAp particles was researched by Fourier Transform Infrared Spectroscopy (FT-IR), its crystal
structure was analyzed by X-ray Diffraction analysis (XRD) and its morphology was investigated by
Scanning Electron Microscopy (SEM). HAp particles were combined with a mixture of biodegradable
polylactic acid (or polylactide, PLA) and polycaprolactone (PCL) and biocomposite nanofibers were
prepared by electrospinning method by loading chitosan and /or silver-based inorganic
antimicrobial agent in different proportions to this composite structure. Molecular structure of PLA-
PCL polymer matrix was investigated by FT-IR analysis. The obtained biocomposites are
characterized morphology (SEM analysis), thermal behavior (TGA analysis) and mechanical
properties. In vitro degradation test is performed to evaluate anti-bacterial biocomposite nano-
fibers biodegradability. The anti-bacterial efficiency of biocomposite nano-fibers containing chitosan
and/or Ag* in different proportions was investigated against Escherichia coli (Gram-negative) and
Staphylococcus aureus (Gram-positive) bacteria. The results showed increasing mechanical
properties and thermal stability. Biocomposite nano-fibers containing 1% chitosan and 0.25% Ag*
were found to have =4.78 log reduction and =99.99% reduction in the bacterial population against
the tested bacterial species and showed strong antibacterial properties. It was also observed that
the combination of Ag* and chitosan may show synergistic effects. The results of the study confirm
the great potential of biodegradable, biocompatible and bioactive fibers for antibacterial
application.
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INTRODUCTION elderly population in the society in parallel with

this increase stimulates the demand for
The increase in the number of people living on  biomaterials (1). Facial trauma, bone resection
Earth and the increase in the proportion of the due to cancer, periodontal diseases, bone
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atrophy after tooth extraction cause defects on
bone and other tissues as a result of various
accidents and these problems often do not heal
spontaneously (2). Therefore, a variety of
medical devices and/or biomaterials are needed
for these conditions.

Many medical technologies include the usage of
synthetic materials in many fields, from
materials used in surgical procedures to
scaffolds for tissue engineering. Some materials
used in the medical field do not show the
biodegradable property (3-5). The major
disadvantage of these materials is that they
require removal from the implanted site by the
second surgical operation. This again leads to
tissue damage and recovery time (6). However,
these disadvantages can be overcome by the
use of biodegradable materials. The most
common biodegradable materials are synthetic
polyesters which are polylactic acid, polyglycolic
acid, polycaprolactone or copolymers thereof
(7-10). These aliphatic polyester polymers are
biocompatible materials and are degraded by

hydrolytic or enzymatic pathways, and this
makes them suitable for medical use.
Furthermore, the biodegradation rate and

mechanical properties can be varied depending
on the polymer composition and concentration
of the components (11,12).

Polylactic acid (or polylactide, PLA) and
polyglycolide (or poly(glycolic acid), PGA) have
glass transition temperatures (Tg) above room
temperature and this makes them hard and
brittle. However, polycaprolactone (PCL) is a
crystal and has a low glass transition
temperature, so is tough but has a modulus an
order of magnitude smaller than PLA (13).
However, these independent features cannot
provide ideal conditions for all applications. In
order to eliminate the disadvantages of
properties of the material, the properties of the
obtained materials must be adjustable. The
mechanical properties of the polymers are
characterized as a competition between elastic
and plastic deformation and the preparation of
different polymer mixtures is among the
alternative methods for adjusting the material
properties obtained. The new polymer mixture
obtained by combining polymer structures with
different properties provides the possibility of

obtaining new polymers with different
properties depending on the mechanical
properties of the components and the

microstructure of the mixture and the interface
between the phases. In addition to the interface
and mixture microstructure between these
polymer mixtures and the phases, different
properties can be obtained which depend
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precisely on the mechanical properties of the
components (14-17).

Most natural materials are composites of
inorganic and organic components arranged in
complex structures. The bone is composed of
collagen matrix (organic) strengthened with
hydroxyapatite (HAp) (inorganic). Bone cells, in
other words, osteoblasts, osteocytes,
osteoclasts, and osteoprogenitor cells are
present in and around the matrix. While
bioactive materials bind physically and
chemically to the bone, a bioabsorbable
material is slowly absorbed, ideally substituted
by new bone formation. In addition,
osteoconductive materials (such as calcium
orthophosphate) are suitable for adherence,
growth, proliferation and spread of bone cells,
while osteoinductive materials (such as
hydroxyapatite) are effective in the growth and
maturation of primitive stem cells or immature
bone cells. Also, the inorganic part in the
organic matrix not only improves the
mechanical properties of the obtained materials
but also supports the physical environment
(18-20).

Many methods have been developed to
synthesize HAp particles. Some of these are
precipitation method (21-23), sol-gel method
(24,25), hydrothermal technique (26), emulsion
technique (27), biomimetic precipitation (28,29)
and electrophoretic precipitation (30). Among
these methods, the sol-gel allows controlling
the purity, composition, and size of the particles
to be produced at the molecular level. The
crystallization of the amorphous particles
produced in this method may require a high
temperature. The thermal treatment required
for the production of particles having a crystal
structure is not required in the hydrothermal
method which is operated at high pressure
(31).

In recent years, electrospinning method is one
of the production methods that are frequently
used in the production of tissue scaffolds (32).
The length, width, orientation and total porosity
of the nanofibers having submicron fineness can
be adjusted to the extent expected by this
method. Thus, it is provided to form three-
dimensional structures very similar to the
extracellular matrix form by arranging these
fibers dispersedly side by side and on top of
each other. Situations such as the fact that as
the surface properties become more functional
as the diameter of polymer fibers become
smaller, increasing in mechanical performance,
providing high porousness and high surface
area, which are important in terms of tissue
engineering emerge (33). In addition, the fact
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that it requires a small amount of raw material
in the studies carried out by the electrospinning
method provides superiority in terms of
production. It is also possible to accelerate
tissue formation by biological factors that can
be added during or after the electrospinning
process (34,35).

Most of the biocompatible and biodegradable
polymers can be obtained by electrospinning
(36). However, many devices can often cause
bacterial infections (37). Also, infection of the
treatment site should be prevented so that the
trauma in the areas of usage of the biomaterials
can be eliminated as soon as possible and the
wound closes quickly. For this purpose,
antibiotic treatment is applied before and after
the operation. However, there are also cases
where infection develops. The presence of
infections can be a serious challenge in the
tissue engineering process. The materials
obtained in order to minimize these and similar
conditions can be gained anti-bacterial (AB)
properties. In particular, the use of drug release
composites for implant coating is effective in
the prevention and treatment of these
infections and diseases (38,39).

Antibacterial agents can be classified as
inorganic and organic, and the anti-bacterial
materials described in the literature include
direct impregnation with antibiotics and the use
of silver or antibiotic-coated polymer layers.
Silver-based anti-microbials have attracted
attention due to their non-toxicity for
mammalian cells and the anti-microbial effect of
silver ions. The addition of Ag® ions into
polymeric materials has been used extensively
for several years. Ag* layer decreased infections
especially in urinary and venous catheters (40-
42). In addition, the antibacterial property can
be obtained from natural materials. Chitosan is
obtained by deacetylation of chitin which is
obtained from shrimp shells (43). Chitosan is
widely used in wound treatment. Also, it can be
sorted as medical artificial skin, surgical
sutures, anti-fungal, anti-bacterial effects, etc.
and in-vivo tests have shown that chitosan does
not have any adverse effects to the human
body (44).

In this study, bioactive Hap particle prepared by
wet precipitation method was added to the
biodegradable organic PLA / PCL blend to form
a composite structure and fiber was obtained by
electrospinning method by adding different
ratios of various antibacterial agents. The
chemical structure of HAp particle obtained by
precipitation method was investigated by
Fourier Transform Infrared Spectroscopy (FT-
IR), its crystal structure was examined by X-ray
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Diffraction and its morphology was analyzed by
Scanning Electron Microscopy (SEM). The
molecular structure of the obtained polymer
was analyzed by FT-IR analysis. Morphology of
biocomposite nanofibers was examined by SEM.
Antibacterial efficiencies were investigated
against Staphylococcus aureus (Gram-positive)
and Escherichia coli (Gram-negative) by ASTM:
E2149-01. In addition, the obtained
biocomposites were characterized thermal
behavior, mechanical properties, and in vitro
degradation test. In particular this study
involves setting up anti-bacterial agent
parameters in order to achieve an anti-bacterial
biocomposite nano-fiber materials to be used
various area. Electrospinning process has been
investigated by authors in the literature
demonstrate that electrospinning process is
very important for polymer and their properties.
In consequence, according to the author it is
important to add their contribution to the
literature on the topic, and a novel anti-
bacterial biocomposite nano-fiber is suitable for
further studies as an alternative material for
tissue engineering.

EXPERIMENTAL SECTION

Materials

The poly(lactic acid) (PLA, 6252D, Mw =
150.000 (45)) was obtained from Nature-works
Co., Ltd. (USA) and the Polycaprolactone (PCL,
average My 80.000) was obtained from Aldrich.
Both polymers were wused as received.
Chloroform (analytical grade) was supplied by
Merck and used without further purification.
Diammonium hydrogen phosphate ((NH4).HPOQOs,
Merck), calcium nitrate tetrahydrate
(Ca(NO0s3)2.4H.0, Merck), ammonium hydroxide
(NH4OH, Merck) were used for the HAp powder
synthesis. All reagents were of analytical
reagent grade and wused without further
purification. Deionized water was used in all
synthetic steps. Chitosan (Sigma-Aldrich),
silver-based inorganic antimicrobial agent (2.5
wt% Ag*, AJ10N, Sinanen Zeomic Co. Ltd.)
were used as anti-bacterial agents.

powder and
electrospinning

Preparation of HAp
biocomposite solution,
process

Hydroxyapatite nanoparticles were synthesized
by the wet chemical method (46). 200 mL 3 M
diammonium hydrogen phosphate was stirred in
a beaker at room temperature and 200 mL 5 M
calcium nitrate tetrahydrate was added drop
wise over 2 h. The pH of the system was
maintained at 10.8 throughout the stirring
process, by using 25% NH4OH solution. The
mixture was allowed to remain stirred
overnight. A white precipitate was formed. A
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milky and somewhat gelatinous precipitate was
held at 100 °C for 12 h in the oven followed by
calcination at 750 °C for 8 h. The prepared
powder was used for further characterization.
The schematic presentation of the procedure is

Ca(NO;),.4H,0
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given in Figure 1. This precipitation reaction for
the synthesis of hydroxyapatite nanoparticles
was first proposed by Yagai and Aoki, as
indicated by Bouyer et al. (2000).

Aging at room temp.

pH = 10.8 (NH,OH)

= 0w

(NH,);HPO,

|
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5h at 70°C
and
calcination at 750°C

HAp product

Figure 1: Flowchart of hydroxyapatite powder preparation by wet chemical method.

The required amounts of PLA and PCL were
dissolved in chloroform. The PLA solution was
then transferred into the PCL solution drop
wise with continuous stirring. After all the
PLA solution was transferred into the PCL
solution, the resultant mixture was then
stirred for 1 h. PLA and PCL blends were
prepared with a total polymer mass fraction of
10%. The required prepared HAP was then
added into the dissolved PLA/PCL blend in the
small portion. The mixture was then
ultrasonically stirred for 15 min to make sure
that the HAp particles fully dispersed in the
organic solution. In the next step, chitosan
and/or Ag* (as AJ10N) were added and stirred
for 1 hour. Each final nanofiber solutions
were desighed as shown in Table 1. Then, the
nanocomposite nanofibers were produced by
an electrospinning method.

Electrospinning was performed using an
Inovenso, NE300 model Electrospinning
Machine. A high voltage supply was used to
generate an electric field, in the range 20-25
kV between needle and collector. The
biocomposite solution was placed in a 10 mL
syringe and a pump system was used to feed
the solution through the needle at 5 mL/h
flow rates. The needle was set up vertically in
the spinneret. The collector was a rectangular
copper plate covered with aluminum foil and
located 15 cm from the needle tip and
electrospinning time of 30 min were used.
The electrospinning process was performed at
room temperature (25 °C) and controlled
humidity value (~50% R.H.).
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Table 1. Composition of organic-inorganic biocomposite materials.

w/w content in the biocomposite nanofiber mixture
AB Agent,
Sample Organic matrix Inorganic matrix
% in solid
PLA PCL Chloroform HAp Chitosan Ag*t
PLA-PCL - - -
CF-0 - -
CF-1C 1.00 -
CF-2.5C 2.50 -
CF-5C 5.00 -
CF-0.25A - 0.25
CF-0.5A 4 6 90 1 - 0.50
CF-1A - 1.00
CF-2.5A - 2.50
CF-5A - 5.00
CF-1C-0.25A 1.00 0.25
CF-2.5C-0.25A 2.50 0.25
CF-1.5C-0.25A 1.00 0.50
Characterization hours. Before the weight losses were

Structural characterization and functional
groups identification of the obtained HAp
particle was done using Fourier Transform
Infrared Spectroscopy (FT-IR) analyses with a
Tensor 27 model spectrophotometer. X-ray
Diffraction (XRD) patterns were collected using
Bruker Axs d8 advance model XRD. The
morphological pattern of granules was observed
using a Scanning Electron Microscope (ZEISS-
LEO 1430 SEM equipment).

The FTIR spectra of the organic matrix were
recorded on Tensor 27 model
spectrophotometer at ambient temperature.
The sample was scanned at 16 scans at
wavenumber range of 400-4000 cm™. The
morphological aspect of the biocomposite
nanofibers was measured by a scanning
electron microscope (ZEISS-LEO 1430 SEM
equipment). Thermogravimetric analysis (TGA)
of the obtained samples was performed by
using a Seiko SII TG/DTA 7200 thermo-
gravimetric analyzer. The tests were run from
30 to 800 °C with a heating rate of 10 °C/min
under a nitrogen atmosphere. Tensile test was
carried out on Shimadzu Autograph AGS-X
series at ambient environment. The specimens
were cut into approximate dimensions of 65
mm X 10 mm. The cross head speed was 10
mm/min and load applied was 10 N/mm?2. In
vitro degradation studies were carried out in a
simulated bodily fluid (SBF) at 37 °C. SBF
solution was prepared with the reagents NaCl,
NaHCO;, KCI, K;HPO43H,O, MgCl,-6H,0,
CaCl,:2H,0 and Na,SO. into distilled water (47).
Samples were immersed in SBF solution for
time periods of 144, 288, 432, 576 and 720

determined, the samples were extracted from
the SBF solution, and left to dry at room
temperature to a stable mass. Three samples
were measured for the obtained weight loss
value. The modified American standard ASTM:
E2149-01 was wused to investigate the
antibacterial activity by using facultative gram-
negative Escherichia coli (E. Coli, ATCC 11775)
and gram-positive Staphylococcus aureus (S.
aureus, ATCC 25923).

RESULTS AND DISCUSSION

Hydroxyapatite powder

The wavenumber of the peaks observed in the
FT-IR spectrum of the wet chemically
precipitated HAp powder in Table 2 are reported
as details about which types of vibration they
are and to which organic groups they belong.

The FT-IR spectrum showed a characteristic
peak of hydroxyapatite in Figure 2; the
stretching and bending vibrations of water

(corresponded to adsorbed water) were
observed at 3448 cm' and 1644 cm™
wavenumbers, respectively. The peaks

appeared at 3572 cm™ and 636 cm™
wavenumbers, respectively, was corresponded
to the stretching and bending vibrations of the
(OH-) ions in the molecular structure of HAp.
Characteristic bands that belong to the (PO4*)
ions were detected at 1096 cm™, 1036 cm™,
962 cm™, 604 cm™, 596 cm™! wavenumber
values (22,48). These results confirm the
synthesis of HAp structure.

The peaks in the XRD spectra (Figure 3)
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demonstrated that hexagonal hydroxyapatite obtained results with narrow and sharp peaks
(HAp, syn., Cas(PO.4)30H) phase with COD are the signs of well-developed crystals.
9011092 card number exist in the sample. The

Table 2. FTIR wavenumbers and observed assignments of HAp powder.

Assignments Observed peak (cm™) Definition
yvs ~OH 3572 OH’ structural
Vas H20 3448 Stretching vibrations of H,O
o H20 1644 bending vibrations of H,O
vas P-O 1096 PO, bending
vas P-O 1036 PO. bending
vs P-O 962 PO, tension
vs —OH 636 OH structural
5 O-P-O 604, 596 PO, of bending
>
L
>
()]
o
C -1
g 3572 cm 1644 cm™ ¥ 1
— Y 962 cm
£ 3448 cm*
wn
[ ==t
I
= 636 cm™
604 cm™
1096 cm™
569 cm™
1036 cm™

K I X I 4 I ¥ I x I % I J I
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 2: FT-IR spectrum of the hydroxyapatite powder sample.
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Figure 3: XRD results of the hydroxyapatite powder sample.

Scanning Electron Micrograph (SEM) of the
obtained HAp is shown in Figure 4. As can be
seen from the morphologies of particles, there
is a distribution of small particles and large

EHT=1500kV  ZoneMag= S00KX [

agglomerates. The particle size ranged between
1 and 15 pm (120 particles were measured).
These agglomerates consist of fine particles.

10pm

EHT = 15.00 kv Zone Mag = 2.58 KX

Figure 4: SEM images of the hydroxyapatite powder sample.
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Organic matrix and biocomposite materials
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information on the
PCL and

FT-IR analysis gives
molecular structure of the PLA,
PLA/PCL blends.
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Figure 5: FTIR spectra of PLA, PCL, PLA/PCL blend.

The FT-IR spectrum of the polymer (Figure 5)
shows peaks in the 3000-2900 cm™ and 1760
cm™ of PLA and 2949, 2869 and 1736 cm™ of
PCL range due to CH (CH, and CHs) stretching
and due to ester -C=0 group stretching,
respectively. In the PLA/PCL blend, these peaks
were found in the neutralized regions of 2949,
2868 and 1742 cm™.

Figure 6 shows SEM images of electrospun
ultrafine biocomposite nanofibers. The
diameter of the obtained electrospun
nanofibers was around 172 £ 90 nm. It was
observed that HAp was homogeneously formed
on the nanofiber material. The SEM results

suggest  that HAp particles can be
homogeneously incorporated with PLA+PCL
matrix.
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Figure 6. SEM images of the biocomposite nanofibers containing Hap.
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The thermal properties of the samples were
evaluated with the TGA analysis. When we
examine the TGA and differential
thermogravimetric (DTG) thermograms for the
sample PLA/PCL, CF-0 and CF-1C-0.25A given
in Figure 7, the main weight loss for PLA/PCL
organic matrix was observed in the temperature
range 265 °C - 456 °C due to the
decomposition of polymer structure. The
residual mass might due to PCL, which may not
completely decompose over 700 °C. The DTG
curve of PLA/PCL organic matrix follows a two-
stage at 367°C and 411°C respectively,
consistent with the result shown in the
literature (49,50). The degradation temperature
of the composite sample for the sample CF-0
increase with the adding of HAP to the PLA/PCL
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organic matrix, the decomposition of the
sample CF-0 starts at around 279 °C and
completes at 462 °C the DTG curve of the
sample CF-0 shows a two-stage thermal
decomposition at 372 °C and 415 °C. The
degradation temperature of the AB composite
sample for the sample CF-1C-0.25A increase
with the adding of HAP and AB agents to the
PLA/PCL organic matrix, the decomposition of
the sample starts at around 301 °C and
completes at 463 °C the DTG curve of the
sample shows a two-stage peak at 376 °C and
416 °C. The temperature of the main
degradation is shifted towards a higher value
when HAP and HAP/AB agents are used
compare to the PLA/PCL organic matrix (51).

100 =—1G
DTG—»
80— — —~
— c
= £
)
= >
o) 60 o
‘@ S
Q
= =
& 40 - o
l_
b= | 0
— PLA-PCL
20 - CF-0
—— CF-1C-0.25A ) -
] ! I J | v I ! I v ] L
100 200 300 400 500 600 700

Temperature (°C)

Figure 7: Thermo-gravimetric analysis (TGA) thermograms for the samples.

According to the literature Hap particle which is
thermally stable up to 1300 °C (52). Therefore,
the residual mass remaining in these samples
were assigned to the Hap particle and AB
agents. 10 wt.% HAP particle and 10 wt.% HAP
particle, 1 wt.% chitosan, and 0.25 wt.% Ag
were added to PLA/PCL organic matrix during
the preparation of sample CF-0 and CF-1C-

0.25A, respectively. According to the obtained
results of the TGA measurement, it was
detected that the percentage of residual in
sample CF-0 and CF-1C-0.25A were 11.25 and
12.06 wt. %, respectively (Table 3), which is in
accordance with their initial addition. In this
case, the content of HAp particle and AB agents
in the final composite samples can be precisely
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manipulated with predetermined HAp particle
and AB agents concentrations in the mixed
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solution to fabricate fibers

electrospinning.

through

Table 3. Thermal analysis results for the samples.

Sample Weight Loss Temperature (°C) Residual (%)
T10°/o T30°/o T50°/o
PLA-PCL 342 366 387 5.25
CF-0 347 371 395 11.75
CF-1C-0.25A 359 378 401 12.06

In Table 3 the results obtained from the TGA
curves of Figure 7 are summarized. The
temperature corresponding to the degradation
of 10 - 30 and 50 wt. % of the samples (Tio%,
T3o0%, Tsow) iS higher than for the sample PLA-
PCL, indicating that the HAP particle and AB
agents addition improve the thermal stability of
PLA-PCL organic matrix.

In order to determine the mechanical properties
of the obtained samples, tensile strength and

elongation at break tests were performed.
Tensile strength value of the sample PLA-PCL
and CF-0 were 21.20 and 24.54 MPa
respectively. As it can be observed in Figure 8,
the addition of HAP particle leads to a clear
change in the fracture behavior of PLA-PCL. In
addition, there was not a noticeable difference
in tensile strength and elongation at break
between the sample CF-0 and CF-1C-0.25A
containing AB agents.

50 60
45 | - Tensile strength (MPa)

1 48.6 —H— Elongation at break (%)]| 50
—~ 40+ u =
) 4 \ 8\/
S 35 v
e ] \35 4 40 m
: 35.1 [0}
g 30 e =
5 25 24.54 24.59 30 JF-UJ

|-

s} 1 21.2 c
o s o
) 20 S
3 1c] 30 &,
C 15 [
v T - ©°
F 10 =

i - 10

5 I
0 0
PLA-PCL CF-0 CF-1C-0.25A

Figure 8: Results of the tensile strength and elongation-at-break of the samples.

It is known from the literature that PCL
degradation time can be 12 or 24 months,
according to its molecular weight, while PLA
degradation time can be from 15 days up to 6
months, according to its molecular weight (53).
The changes in weight loss of the samples as a
function of degradation time in SBF are shown
in Figure 9. After 144-hour of immersion in SBF,
the mass loss was less than 2% for the sample
PLA-PCL, less than 3% for the samples CF-0

and CF-1C-0.25A. After 720-hour of immersion
in SBF, a linear mass loss was observed for all
the samples. The highest weight loss was
determined for CF-0 and CF-1C-0.25A whereas
the lowest for the sample PLA-PCL. According to
the obtained results, degradation rate of the
biocomposite samples increased with HAP
particle and AB agents added to PLA-PCL
organic matrix.
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Figure 9: Weight loss of the samples as a function of degradation time in SBF solution.

According to the modified E2149-10 standard,
anti-microbial tests were performed at 12 and
24 hour contact times. An obtained average
reduction of colony formation unit (CFU) and
Log reduction for E.coli and S.aureus bacteria
samples were shown in Tables 4 and 5, and
change of % reduction in bacteria population
compared to anti-bacterial agent were shown in
Figure 10 and visual results were presented in
Figure 11. Anti-bacterial efficiency was
investigated by adding different amounts of
chitosan and/or Ag* to the biocomposite
structure prepared as anti-bacterial agent.
Increased rates of both AB agents increased the
antibacterial effect.

The sample containing 5% chitosan provided a
reduction in the bacterial population of up to
60% at the end of 24 hours against both
bacterial species, while similar results could be
achieved in the sample containing 0.25% Ag*
under the same conditions. In the biocomposite

sample containing 1% Ag*, an effective AB
property is achieved and a decrease in the
99.99% bacterial population is observed.

The  biocomposite  nanofibers  containing
chitosan inhibit the growth of bacterial
populations considering AB efficiency and show
that chitosan has a bacteriostatic effect
compared to Ag*.

It was found that samples containing 1%
chitosan and 0.25% Ag* separately reduced
bacterial populations at the end of 12 hours by
2.5% and 40%, respectively. However, it was
determined that composite nanofibers prepared
by using these amounts of AB agents together,
decreased at the end of the same period in
approximately 80% bacterial population. It was
concluded that both AB agents were in
compliance with each other and had effects on
test bacteria with a synergistic interaction.
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Table 4: Anti-Bacterial activity against E. coli of biocomposite nanofibers.

Escherichia coli

After 12h After 24h
Initially Average Average
Sample (CFU/ (cruy  Average CFU (CFU/ Average RO
mL) mL) eduction, Reduction, mL) Reduction, Reduction,
Logio % Logio %
Control, Blank 8.85x107 - - 2.17x108 - -
CF-0 8.52x10’ - - 2.11x108 - -
CF-1C 1.19x10° 0.01 2.46 8.50 x10° 0.16 30.32
CF-2.5C 1.09x10° 0.05 10.83 6.10x10° 0.30 50.00
CF-5C 0.77x10° 0.20 36.89 4.68x10° 0.42 61.64
CF-0.25A 0.72x10° 0.23 40.98 4.24x10° 0.46 65. 25
CF-0.5A 1.22x10° 0.49x10° 0.40 59.84 3.48x10° 0.54 71.48
CF-1A 0.59x10° 1.32 95.16 <20 4.78 >99.99
CF-2.5A <20 4.78 >99.99 <20 4.78 >99.99
CF-5A < 20 4.78 >99.99 < 20 4.78 >99.99
CF-1C-0.25A 2.93x10° 0.62 75.98 < 20 4.78 >99.99
CF-2.5C-0.25A 2.43x10° 0.70 80.08 <20 4.78 >99.99
CF-1C-0.5A 9.65x10* 1.10 92.09 <20 4.78 >99.99
Table 5: Anti-bacterial activity against S. aureus of biocomposite nanofibers.
Staphylococcus Aureus
After 12h After 24h
Initially Average Average
Sample Average Average
(CFU/ (CFuU/ i CFU (CFuU/ . CFU
Reduction, Reduction,
mL) mL) Reduction, mL) Reduction,
Logio Logio
% %
Control, Blank 7,25x107 - - 1.98x10°8 - -
CF-0 6,92x107 - - 2,03x108 - -
CF-1C 1.35x10° < 0.01 2.17 1.02x10° 0.13 26.09
CF-2.5C 1.26x10° 0.04 8.70 0.70x10° 0.29 49.28
CF-5C 0.90x10° 0.19 34.78 0.54x10° 0.41 60.87
CF-0.25A 0.83x10° 0.22 39.86 0.52x10° 0.42 62,32
CF-0.5A 1.38x10° 0.61x10° 0.35 55.80 0.37x10° 0.57 73.19
CF-1A 0.15x10° 0.96 89.13 <20 4.84 >99.99
CF-2.5A <20 4.84 >99.99 <20 4.84 >99.99
CF-5A < 20 4.84 >99.99 < 20 4.84 >99.99
CF-1C-0.25A 0.40x10° 0.54 71.01 <20 4.84 >99.99
CF-2.5C-0.25A 0.27x10° 0.71 80.43 <20 4.84 >99.99
CF-1C-0.5A 0.12x10° 1.06 91.30 < 20 4.84 >99.99
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Figure 10: According to the contact time, the percentage of CFU reduction graph for
biocomposite nanofibers against E. coli and S. aureus.

Figure 11 shows the respective 90 mm plates of photographs shows a CFU. Biocomposite
the CF-0 and CF-1C-0.25A samples samples containing anti-bacterial agent
antimicrobial activity after 24 h of incubation for suppressed the growth of the bacterial
S. aureus and E. coli (from the diluted test population compared to the control group and
solution). Each white round dot in the eliminated live bacteria.

E. coli S. aureus

S—

CF-1C-0.25A CF-0 CF-1C-0.25A

Figure 11: Antibacterial activity for E. coli and S. aureus (from the diluted test solution)
in the Petri dishes.
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CONCLUSION

In this study, HAp particles synthesized by wet
precipitation method were added to
biodegradable PLA/PCL matrix and biocomposite
nano-fibers were prepared by providing anti-
bacterial properties with chitosan and/or Ag®.
The efficiencies of E. coli and S. aureus bacteria
at different contact times depending on the
type and amount of AB agent were investigated
in detail and efficient AB agent amounts were
determined. AB efficiency has been carried out
from antic times to the present and it has been
found that there is a synergistic effect in the
use of Ag*, chitosan, in which a broad spectrum
of AB features and bacterial species do not gain
immunity. Thus, the decrease in the 99.99%
bacterial population, which can be obtained with
min 1% Ag*, was provided by using 1%
chitosan and 0.25% Ag*, and similar results
were obtained for both bacterial species. In
several studies, it is suggested that the
amounts of Ag* used should be reassessed to
minimize in a controlled manner. There is
sufficient evidence that long-term adverse
effects may occur from exposure to silver in an
uncontrolled and unconscious manner (54).
When taking this situation into account, the
most striking result of this study is the
quantitative determination of antibacterial
efficiency by combining chitosan which is a
natural polymer, biodegradable, safe and non-
toxic biocompatible chitosan with Ag*. It was
determined that thermally stable properties
increased with HAp particle in the
biocomposite fibers. Furthermore in Vvitro
degradation studies have demonstrated,
degradation rate of the biocomposite samples
increased with HAP particle, but AB agents in
the biocomposite were not affected these
results. According to the mechanical test HAp
particle and AB agents were added to the
sample PLA-PCL, it was resulted that the
biocomposite samples become more rigid and
the elongation at break is slightly reduced.
Finally, the experimental results clearly show
that the obtained biocomposite nano-fibers
allow for the development of new composite
materials with anti-bacterial properties, good
mechanical strength, thermally stable. The
results also confirm the great potential of
biodegradable, biocompatible and bioactive
fibers for antibacterial application.
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