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Here,  chitosan/sericin/poly(vinyl  alcohol)  as a biodegradable  nanofibrous  membrane  was  prepared
through  electrospinning  with  and  without  silver  nitrate.  The  influences  of  spinning  conditions  including
volume  ratio  of chitosan  and  sericin,  voltage  and  spinning  distance  at constant  feed  rate  on  the  fiber
morphology  and size  distribution  were  examined  by SEM  and  Image  J software.  The  FT-IR  spectrum  and
EDAX  were  used  to indicate  the  chemical  structure  of nanofibrous  membrane.  In addition,  the  effect  of
AgNO3 on  the  nanofibers  diameter  and  its  antibacterial  activity  was  investigated.  The  optimum  conditions
lectrospinning
hitosan
ericin
VA
anofibers

n situ synthesis
ano silver

obtained  with  chitosan:sericin  (50:50,  v/v),  22  kV voltage,  10 cm spinning  distance  at  0.25  mL/h  feed rate
to  prepare  nanofibers  with  small  diameter  and  narrow  size  distribution  without  beads.  The  mean  diam-
eter  of  nanofibers  was  about  180 nm while  introducing  AgNO3 led to smaller  nanofibers  diameter  about
95  nm.  Moreover,  the presence  of AgNO3 produced  an excellent  antibacterial  activity  against  Escherchia
coli.

©  2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Electrospinning is one of the conventional, simple and efficient
ethod to produce nanofibers from wide variety of polymers in

ifferent forms (Bhardwaj & Kundu, 2010; Khajavi & Abbasipour,
012; Ramakrishna, Fujihara, Teo, Lim, & Ma,  2005). Nanofibers
ave unique properties such as high surface area to volume ratio
nd high porosity with various pore size (Bhardwaj & Kundu, 2010;
hajavi & Abbasipour, 2012). They are used in diverse fields includ-

ng filtration (Biorge et al., 2009; Muzzarelli, Weckx, & Filippini,
989), drug delivery (Sill & Recum, 2008), wound dressing (Jin et al.,
013), cell culture, tissue engineering and many others (Celebioglu
t al., 2014; Mottaghitlab et al., 2011; Muzzarelli, Greco, Busilacchi,
ollazzo, & Gigante, 2012; Muzzarelli, 2009, 2011a,b). Also, dif-
erent natural polymers have been electrospun for biomedical
pplications such as collagen (Su Rho et al., 2006), chitin/chitosan
Elsabee, Naguib, & Elsayed Morsi, 2012), silk fibroin (Min  et al.,

004) and poly(l-lactic acid) (Chen, Tseng, Delimartin, Lee, & Ho,
008).

∗ Corresponding author at: Textile Department, Modern Fibrous Structures &
nvironmental Enhancement (FFSEE), Amirkabir University of Technology, Hafez
venue, Tehran, Iran. Tel.: +98 2164542657; fax: +98 2166400245.

E-mail address: tex5mm@aut.ac.ir (M.  Montazer).

ttp://dx.doi.org/10.1016/j.carbpol.2014.06.082
144-8617/© 2014 Elsevier Ltd. All rights reserved.
Chitosan as a linear polysaccharide is produced from deacetyla-
tion of chitin (Domard, 2011). Chitosan has good biocompatibility,
biodegradability, antimicrobial activity, wound healing property
and antitumor effect (Ravi Kumar, 2000). This has also poten-
tial in varies applications including filtration, removal of uranium,
drug-delivery, wound dressing, cell culture, tissue engineering,
photography, cosmetic, ophthalmology and solid-state batteries
(Aroon, Ismail, Montazer-Rahmati, & Matsura, 2010; Domard,
2011; Muzzarelli et al., 1989; Muzzarelli, 1985, 2011a,b; Ravi
Kumar, 2000). Moreover, the solubility of chitosan in common
organic solvent is poor due to the rigid d-glucosamine repeat
unit, high crystalline and ability to hydrogen bonding making
difficult to electrospin (Elsabee et al., 2012). Some ways such
as electrospinning of chitosan derivatives, chitosan blends and
quaternized chitosan have been approved to improve electro-
spinning (Elsabee et al., 2012). Further, there are many reports
on electrospinning of chitosan such as chitosan dissolved in con-
centrated acetic acid (Geng, Kwon, & Jang, 2005), trifluoroacetic
acid (TFA)/dichloromethane (DCM) (Sencadas et al., 2012), chi-
tosan blended with poly(ethylene oxide) (Dilamian, Montazer, &
Masoumi, 2013) gelatin (Zhuang, Cheng, Kang, & Xu, 2010) silk
fibroin (Park, Jong, Dong, & Hudson, 2004) and poly(vinyl alco-

hol) (PVA) (Abdelgawad, Hudson, & Rojas, 2014; Jia et al., 2007;
Mottaghitlab et al., 2011). Furthermore, adding nano particles
such as nano silver and nano ZnO to chitosan solution have been
utilized to improve special characteristic such as antimicrobial

dx.doi.org/10.1016/j.carbpol.2014.06.082
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.06.082&domain=pdf
mailto:tex5mm@aut.ac.ir
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2 ohydra

a
Z
s
t
C
M
Y

(
h
a
b
t
w
K
2
p
f
(
t
&
2
&

2
2
s
s
R
a
e
w
o

(
e
a
E
o
g
E

2

2

t
(
P
p
A
w

2

d
2
c
a
a
a
s
u

32 E. Hadipour-Goudarzi et al. / Carb

ctivity (Abdelgawad et al., 2014; Wang, Zhang, Zhang, & Li, 2012;
huang et al., 2010). There are also many reports regarding in situ
ynthesis of nano silver on various materials such as chitosan
o improve their antibacterial activity (Abdelgawad et al., 2014;
elebioglu et al., 2014; Montazer, Shamei, & Alimohammadi, 2012;
ontazer, Alimohammadi, Shamei, & Rahimi, 2012; Terada, Sasaki,

anagihara, & Yamada, 2005; Zhuang et al., 2010).
Silk is a natural protein, mainly envelops sericin and fibroin

Zhang, 2002). Sericin consists of many amino acids which mostly
aving strong polar side groups such as hydroxyl, carboxyl and
mine (Kim, 2007; Zhang, 2002). It has useful properties such as
iocompatibility, biodegradability, antibacterial activity, UV resis-
ant, oxidation resistant, cell proliferation and mineral absorption
ith easily absorption and desorption moisture (Dash, Mandal, &
undu, 2009; Doakhan, Montazer, Rashidi, Moniri, & Moghadam,
013; Terada et al., 2005; Zhang, 2002). Therefore, it has been incor-
orated to practical use in biodegradable and membrane materials,
unctional and medical biomaterials and functional fiber fabrics
Zhang, 2002), as well as in skin care, medical and food indus-
ries (Dash et al., 2009), cell culture (Doakhan et al., 2013; Kundu

 Kundu, 2012), dermal reconstruction (Gimenes, Liu, & Feng,
007) and tissue engineering (Aramwit, Siritientong, Kanokpanont,

 Srichana, 2010; Dash et al., 2009).
There are many reports in film formation of sericin (Kim,

007; Gimenes et al., 2007; Srihanam, Simcheur, & Srisuwan,
009). Moreover there are a few studies about preparation of
ericin nanofibers through electrospinning. Sericin solution dis-
olved in TFA was successfully electrospun to nanofibers (Zhang,
ahman Khan, Yamamoto, Tsukada, & Morikawa, 2012), as well
s silk sericin/silk fibroin mixed solution dissolved in TFA (Zhang
t al., 2011). Furthermore, fibroin/sericin core-shell nanofibers
ere prepared with coaxial electrospinning of fibroin/sericin aque-

us solution (Hang, Zhang, Jin, Shao, & Hu, 2012).
In this study, the nanofibrous mat  of chitosan(Cs)/sericin

SS)/PVA composite has been spun through electrospinning. The
ffect of different electrospinning conditions on the morphology
nd diameter of nanofibers was investigated. FTIR spectrum and
DAX pattern were used to determine the chemical structure
f the nanofibers. Furthermore the effect of AgNO3 was  investi-
ated on nanofibers diameter and its antibacterial activity against
scherichia coli.

. Experimental

.1. Materials

Medium molecular weight chitosan with degree of deacetyla-
ion (DD) 75–85% was purchased from Aldrich Co., USA. Silk sericin
Mw = 500–1000, pH = 4.5–6.5) was prepared from Huzhou, China.
oly(vinyl alcohol) (PVA) (Mw = 72,000) and acetic acid were sup-
lied from Merck Co, Germany. Silver nitrate was supplied from
ldrich Co, USA. The Gram-negative bacteria E. coli (ATCC 25922)
ere used.

.2. Electrospinning solutions preparation

PVA and sericin solutions 10 wt% were separately prepared by
ispersion of PVA and sericin in distilled water and then stirred for
4 h at 50 ◦C for PVA and room temperature for sericin. Similarly,
hitosan solution 3 wt% was prepared in 90% acetic acid for 48 h
t room temperature. Chitosan and sericin solutions were mixed

t different volume ratio (Cs:SS) including 30:70, 50:50 and 70:30
nd then stirred for 24 h at room temperature. Each prepared Cs/SS
olutions were mixed with PVA solution 10 wt% at constant vol-
me  ratio 50:50. Therefore, three solutions including Cs:SS:PVA
te Polymers 113 (2014) 231–239

(15:35:50), Cs:SS:PVA (25:25:50) and Cs:SS:PVA (35:15:50) were
prepared before electrospinning.

2.3. Electrospinning

The prepared solutions were supplied into a 5 mL syringe with
a metal capillary needle (inner diameter = 0.5 mm).  The electro-
spinning were performed at room temperature and the solutions
were injected from the syringe pump with feed rate of 0.25 mL/h.
The electrospun nanofibers were assembled on a rotated drum
(coated with aluminum foil) as a collector which was  placed at
10 cm or 15 cm from the needle tip and the high voltage was applied
at 17, 22 and 27 kV.

2.4. Morphology of electrospun nanofibers

The surface morphology and diameter of the electrospun
nanofibers were observed with a scanning electron microscope
(SEM; Philips XL30, Netherlands). A small section of aluminum
foil which coated with electrospun nanofibers was cut and sput-
ter coated with gold/palladium for 160 s (sputter coater: Emitech
SC7620) to prevent charging. In order to determine average fiber
diameters size and distribution of each electrospun nanofibrous
mat, 30 fibers were randomly selected from each SEM images and
the diameter of 2 points along each fiber (total 60 points) was
measured by using image analysis software Image-J (NIH, USA).

2.5. Energy dispersed X-ray spectroscopy

EDAX (Philips XL30, Netherlands) was used to indicate the ele-
ment combination or part of sample. EDAX does not use alone, but
it is used as a part of SEM.

2.6. Fourier transform infrared spectroscopy

The chemical structure of nanofibrous mats was studied with
FTIR spectra. All spectrum were taken at room temperature on a
spectrometer (Thermo Nicolet, Nexus670, USA) with spectral range
of 4000–500 cm−1 and 4.0 cm−1 resolution. In order to determine
the FTIR spectrum and collected data, OMNIC software was used.
Spectra were performed for PVA, Cs and SS powders and Cs/SS/PVA
nanofibrous mat.

2.7. Antibacterial activity test

The antibacterial test against Gram negative bacteria, E. coli
(ATCC 25922) was carried out by standard quantitative test method
(AATCC 100). Circular pieces (5 cm diameter, 0.5 cm thickness) were
cut from nanofibrous mats and placed in polystyrene tubes and
sterilized in incubator for 20 min. E. coli was  grown in nutrient
broth at 37 ◦C for 18 h, then bacterial cells were collected by cen-
trifuge at 4 ◦C (8000 rpm,10 min). Bacterial pellet was washed with
sterile phosphate buffered saline (PBS; pH = 7.2) three times to
remove any source of nutrition. Bacterial cells were re-suspended
in sterile PBS to an optical density of 0.1 at 620 nm which is equiva-
lent to 1.5 × 108 CFU mL−1; then diluted to a suspension containing
107 CFU mL−1. Each sterilized sample was  inoculated with 0.1 mL
bacterial suspension and incubated overnight at room tempera-
ture. After incubation period, 20 mL  sterile PBS was added to each
tube and vigorously vortexed for 3 min. The serial-dilutions from
each sample were prepared by 1:10 and then 0.1 mL  of proper dilu-

tions was spread on nutrient agar plates. Cultures were incubated
at 37 ◦C for 18 h and then concentration of E. coli for each sample
was calculated (CFU mL−1). PVA nanofibrous mat  was  considered as
negative control which no antibacterial activity was  expected and
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Fig. 1. Mechanism reaction of (a) AgN

s/SS/PVA and Cs/SS/PVA/AgNO3 nanofibrous mats were tested.
he antibacterial activity was calculated using (Eq. (1)).

 = 100(B − A)
B

(1)

here R is the bacteria reduction percentage, A is the number of
emained bacteria after 24 h and B is the number of bacteria before
ncubation the plates.

. Results and discussion

.1. Intermolecular interactions between chitosan, sericin, PVA
nd AgNO3
The chemical structure of chitosan, sericin and PVA consist
f functional groups including ( OH and NH2), ( OH, NH2
nd COOH) and ( OH) respectively indicate good potential for
water and (b) synthesis of Ag with Cs.

interaction with each others. There are also intermolecular inter-
actions between Cs and SS (Srihanam et al., 2009) SS and PVA
(Aramwit et al., 2010; Dash et al., 2009; Kim, 2007; Kundu &
Kundu, 2012) as well as Cs and PVA through hydrogen bonding
(Abdelgawad et al., 2014; Jia et al., 2007). All these three com-
pounds have electron donor groups capable to reduce AgNO3 to Ag◦.
Oxygen-rich polysaccharide chitosan interacts with electroposi-
tive metal cation, Ag+ reducing to Ag◦ (Zhuang et al., 2010). The
reaction of hydroxyl groups of chitosan with electropositive Ag+ in
aqueous media is shown in Fig. 1(b). Furthermore, PVA was used as
a reducing agent to synthesis silver nanoparticles (Celebioglu et al.,
2014). The reaction of hydroxyl groups of PVA in water with Ag+

is demonstrated in Fig. 2. In addition, sericin was  also reduced Ag+
to Ag◦ (Terada et al., 2005). The interactions between functional
groups of sericin dissolved in water and Ag+ were shown in Fig. 3.
Three reduction steps of Ag+ to silver nanoparticles including
nucleation, growth and termination were schematically indicated
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Fig. 2. Mechanism reacti

n Figs. 1–3. The possible interactions between Cs, SS and PVA with
g+ that was leading to synthesis Ag◦ are also shown in Fig. 4.

.2. Morphology of electrospun nanofibers

The morphology and diameter of electrospun nanofibers are
etermined through SEM images and Image J software. The affecting
arameters on electrospinning and production of nanofibers have
een broadly classified into polymer solution, processing condi-
ions and ambient conditions (Ramakrishna et al., 2005). In order to
repare Cs/SS/PVA electrospun nanofibers in optimum conditions;
he effect of variable parameters including volume ratio of Cs:SS,
oltage and spinning distance at constant feed rate were examined
n the fiber morphology and size distribution.

.2.1. Effect of volume ratio of Cs:SS
The SEM images and diameter distribution histograms of

s/SS/PVA nanofibers with different volume ratios at three volta-
es (17, 22 and 27 kV) and two spinning distances (10 and 15 cm)
t constant feed rate 0.25 mL/h are demonstrated in Fig. 5.
The polymer solution properties have the most significant
nfluence on the nanofibers morphology. The viscosity of the solu-
ion determines the extent of the solution stretch (Ramakrishna
t al., 2005). Chitosan with a cationic charge produces a high
ynthesis of Ag with PVA.

viscose solution and blending with nonionic polymers helps
electrospinning (Elsabee et al., 2012). Therefore Cs/SS solutions
are prepared at different volume ratios and then mixed with PVA
solution (volume ratio 50:50). The effect of increasing percentage
of chitosan in the solutions is investigated on the morphology
and diameter of the electrospun nanofibers. The SEM images of
Cs:SS:PVA (15:35:50) nanofibers in various processing conditions
indicated plenty beads in their structure while decreased for two
other ratios. Furthermore, the Cs:SS:PVA (25:25:50) nanofibers
showed smaller nanofibrous mean diameter than Cs:SS:PVA
(35:15:50) nanofibers whereas the diameter distributions were
more narrower. This can be due to the viscosity changes of various
volume ratios. The higher solution viscosity leads to more poly-
mer  chain entanglement and higher solution resistance against
stretching (Ramakrishna et al., 2005). Therefore higher solution
viscosity leads to the larger nanofibers diameter and lower beads
formation along the nanofibers in their structures. On these bases,
the Cs/SS/PVA solution with 50:50 ratio of Cs:SS was the most
suitable solution for preparation bead free nanofibrous with
narrow and uniform diameter.
3.2.2. Effect of spinning distance
To compare the effect of spinning distance on the morphologhy

and diameter of nanofibers, the Cs/SS/PVA solution was electrospun
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Fig. 3. Mechanism react

t two different distances (10 and 15 cm). The SEM images of

s:SS:PVA (25:25:50) at constant voltage of 22 kV, feed rate of
.25 mL/h and distance of 10 cm (sample e) and 15 cm (sample n)
re shown in Fig. 5. The diameter distribution of nanofibers at dis-
ance of 10 cm is narrower than 15 cm.  The number of beads is also

Fig. 4. Mechanism reaction of synthesis of Ag with Cs/SS/PVA.
 synthesis of Ag with SS.

lower. Moreover, the mean nanofibers diameter is larger at 10 cm
as the longer distance lead to longer flight time needed to stretch
solution before deposition on the collector. Thus the average diam-
eter of nanofibers decreased. Moreover, longer distance leads to the
higher instability of the jet increasing the diameter distribution and
number of beads (Ramakrishna et al., 2005).

3.2.3. Effect of applied voltage
The SEM images and diameter distribution histograms of

Cs:SS:PVA (25:25:50) nanofibrous mat  at 10 cm, 0.25 mL/h and var-
ied voltages including 17 kV (sample b), 22 kV (sample e) and 27 kV
(sample h) are shown in Fig. 5. The mean diameter and its dis-
tribution of nanofibers decrease with increasing voltages (Geng
et al., 2005; Ramakrishna et al., 2005; Sencadas et al., 2012; Zhang
et al., 2012). Higher voltage leads to more stretching of the solu-
tion because of more columbic forces in the jet decreasing the fiber
diameter (Ramakrishna et al., 2005; Sencadas et al., 2012).

The mean diameter and its distribution of nanofibers are lowest
at 27 kV moreover, some beads are observed among nanofibers at
27 kV. In addition, the diameter distribution diagram at 22 kV is
closer to normal diagram than 27 kV. Therefore, 22 kV was chosen
to produce more suitable nanofibers.

3.2.4. Effect of AgNO3 on Cs/SS/PVA nanofibers diameter
The Cs/SS/PVA nanofibers in presence of AgNO3 (1 wt%

Cs/SS/PVA solution) (Cs/SS/PVA/AgNO3) was electrospun in opti-

mum  conditions obtained from electrospinning of nanofibrous mat
without silver nitrate. The SEM images of Cs/SS/PVA nanofibers
with and without AgNO3 are shown in Fig. 6(a) and (b).
The mean diameter of Cs/SS/PVA/AgNO3 is half of Cs/SS/PVA
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Fig. 5. SEM images and diameter distribution histograms of Cs/SS/PVA nanofibers with different volume ratios at three voltages (17 kV, 22 kV and 27 kV) and two spinning
distance (10 cm and 15 cm)  at constant feed rate 0.25 mL/h.
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Fig. 6. SEM images of Cs:SS:PVA (25:25:50) nanofibrous mats produced at 10 cm distance, 22 kV voltage and 0.25 mL/h feed rate. (a) Without AgNO3, (b) with AgNO3 and (c)
EDAX  pattern of nano silvers.
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Fig. 7. FTIR spectrums of (a) PVA powder, (b) Cs po

anofibers. Therefore, introducing AgNO3 in electrospinnning solu-
ion decreases the mean diameter of nanofibers (Abdelgawad et al.,
014). AgNO3 in the spinning solution leads to the more charge
ensity in the solution increasing the columbic forces and stretch-

ng of the solution similar to increasing voltage.

.3. EDAX spectroscopy

The EDAX pattern of Cs/SS/PVA/AgNO3 nanofibrous mat  is
hown in Fig. 6(c). The white points on the nanofibers exhibit the

ano silvers which well distributed into nanofibrous mat. There-

ore, in situ reduction of AgNO3 to Ag nanoparticles was carried
ut with chitosan, sericin and PVA (Celebioglu et al., 2014; Terada
t al., 2005; Zhuang et al., 2010).

Fig. 8. Antibacterial activity of nanofibrous mats against E. coli.  (a) PVA: 2.5 × 105 CFU
 (c) SS powder and (d) Cs/SS/PVA nanofibrous mat.

3.4. FTIR spectroscopy

FTIR spectrum of Cs, SS and PVA powders and Cs/SS/PVA nanofi-
brous mat  are shown in (Fig. 7). The FTIR spectra of PVA exhibits
peaks at 3319 cm−1, 2937 cm−1, 1431 cm−1 and 1093 cm−1 which
are attributed to OH, CH, CHOH and CO groups respectively (Jia
et al., 2007). Chitosan powder shows absorption peak at 3427 cm−1

assigns to N H, O H stretching vibration and inter molecular
hydrogen bonding of chitosan backbone (Dilamian et al., 2013;
Jia et al., 2007). The feature peaks at 1656 cm−1 and 1590 cm−1

are assigned to amide I and amide II, respectively (Dilamian

et al., 2013; Jia et al., 2007). Furthermore, the peaks at 1378 cm−1

and 1256 cm−1 are related to C H and C O bonds respectively
(Dilamian et al., 2013; Jia et al., 2007; Srihanam et al., 2009). The
Sericin powder shows absorption peaks at 1655 cm−1, 1538 cm−1

 mL−1, (b) Cs/SS/PVA: 3.5 × 105 CFU mL−1 and (c) Cs/SS/PVA/AgNO3: 0 CFU mL−1.
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nd 1245 cm−1 which are attributed to amide I, amide II and amide
II groups respectively (Aramwit et al., 2010; Srihanam et al., 2009;
hang et al., 2011, 2012). In addition, the peak at 2936 cm−1 is
ssigned to C H bonds and peak at 3302 cm−1 related to NH and
H groups (Aramwit et al., 2010; Doakhan et al., 2013; Zhang
t al., 2011, 2012). The FTIR spectra of Cs/SS/PVA nanofibrous mat
xhibits peak at 3384 cm−1 concerned with O H and N H stretch-
ng vibration and inter hydrogen bonding and peaks at 2938 cm−1,
656 cm−1 and 1541 cm−1 are assigned to C H, C O (amide I) and

H (amide II) bonds. Therefore the Cs/SS/PVA nanofibrous mat
omposed of all Cs, SS and PVA compounds (Srihanam et al., 2009).

.5. Antibacterial activity test

The antibacterial activity of Cs/SS/PVA nanofibrous mats with
nd without AgNO3 was evaluated via quantitative test against

 Gram-negative bacterium, E. coli (ATCC 25922). Fig. 8 shows
he growth rate of E. coli after being exposed and incubated
ith PVA (2.5 × 105 CFU mL−1), Cs/SS/PVA (3.5 × 105 CFU mL−1)

nd Cs/SS/PVA/AgNO3 (0 CFU mL−1). Considering PVA nanofibrous
at  as non-antibacterial control; the number of recovered bacterial

olonies from Cs/SS/PVA nanofibrous mats shows no antibacte-
ial activity against E. coli (0%). Cs/SS/PVA/AgNO3 nanofibrous mat
ompletely killed the bacteria showed 100% antibacterial activity
gainst E. coli. Many researchers reported the antimicrobial activity
f AgNO3 (Abdelgawad et al., 2014) due to attaching the nano silver
achieved from in situ reduction of silver salt) to the bacteria cell
all and disturbing wall permeability and cellular respiration.

. Conclusion

The Cs/SS/PVA nanofibers incorporated with in situ synthesis
f nano silver were successfully produced through electro-
pinning. The optimum conditions of volume ratio of Cs:SS
50:50), spinning distance 10 cm and applied voltage 22 kV at feed
ate 0.25 mL/h obtained for preparation of Cs/SS/PVA nanofibers
ith mean diameter about 180 nm.  Longer distance leads to

he wider diameter distribution and more beads formation in
he nanofibrous mat  as well as smaller mean diameter. Also,
igher voltage leads to lower nanofiber diameter and more
eads formation among the nanofibers. Introducing AgNO3 not
nly produces excellent antibacterial activity, also decreases
he Cs/SS/PVA/AgNO3 nanofiber diameter to about 95 nm.  Con-
equently, the Cs/SS/PVA/AgNO3 nanofibrous mat  has a great
otential for tissue engineering because of its unique components
nd structure. We  purpose to investigate the effect of chitosan and
ericin on ability of cell culture in Cs/SS/PVA nanofibrous mat  in the
uture.
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