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Composite silk fibroin/chitosan nanofiber membrane was fabricated by bubbfil
electrospinning. The influence of chitosan content on composite membrane's
microstructure, mechanical property, and the percentage of water-dissolved were
studied experimentally. The result indicated that the crystallinity of electrospun
membrane was enhanced by increasing chitosan concentration. It is noteworthy
that the percentage of water-dissolved was the minimum when the weight ratio of
silk fibroin/chitosan was 70: 30. After the composite membrane treated by the meth-
anol, the percentage of water-dissolved of the nanofiber membrane decreased sig-
nificantly. The strength and elongation at break of composite membrane increased
gradually with the increased content of chitosan. Additionally, the electrospun silk
fibroin/chitosan membrane showed excellent antibacterial property.
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Introduction

Silk fibroin (SF) and chitosan (CS) arewidely used as biomedical material s because of
their good biocompatibility. The CS has good mechanical properties, anti-bacterial and
biodegradability, and is widely used as additive to enhance mechanical property of nanofibers.
This paper investigated the mechanical and anti-bacterial properties of composite SF/CS
nanofiber by bubbfil electrospinning [1-7].

Experimental

In order to remove the sericin, the mulberry silk was boiled for 30 minutes at 0.1%
(W/W) Na,CO; solution for three times. Then pure SF was dissolved in ternary solvents of
CaCl,, H,0O, and C,H;OH (molar ratio is 1:8:2) at 75 £ 1 °C. The solution was casted into
acrylonitrile-butadine-styrene, plastic plate to achieve the dry film at room temperature after di-
alysisand filtration. The membrane was dissolved in formic acid with avariety of SF concentra-
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tion. The CSwas dissolved in formic acid with
o the concentration of 3.6 wt.%. Then a certain

The blended SF/cs ~ percentage of the spinning solutions were
, mixed by the previous two solutions.

Figure 1 illustrates the spinning process by
bubbfil electrospinning. The test of Raman
spectroscopy (France Dilor's LabRam-1B mi-
cro-laser spectrometer) and DTA-TG (Diamond
5700 DTA/TG thermal analyzer) were carried
out to investigate the structure and thermal
properties of composite nanofiber membrane.

The as-prepared membrane and the treated
membrane by methanol are dissolved in water
for 1 hour at room temperature, and dried at
50 °C. Their weight before and after dissolution are measured, then the percentage of water-dis-
solved is determined by the equation:

Percentage of water dissolved = [(W, — W)/W,] x100% (1)

where W, isthe weight of the membrane before dissolving and W —the weight of the membrane
after dissolving.

The thickness of fiber membrane was tested by Y G (B) 141D digital fabric thickness
tester using five different samples and the average thickness was cal cul ated. Then the nanofiber
membrane was tested by the Y GO04A electronic single fiber strength ester at the clamping
length of 10 mm. Five samples are used in experiment to measure breaking strength [cN], elon-
gation at break [mm], percentage of elongation [%)] so the breaking strength [cN/mm?] is deter-
mined by the equation:

Breaking Strength [cN/mm?] = Breaking Strength [cN]/ (W-H) (2

where W is the width of the nanofiber membrane, and H — the thickness of the nanofiber mem-
brane.
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Figure 1. The bubbfil spinning

Results and discussions

Laser Raman spectroscopy is an effective method to study the structure of the solid
and liquid protein. The experience value of amide | and amide 11l in the Raman spectrum is
shown in tab. 1.

Table 1. The experience value of amide | and amide Il in the Raman spectrum

Conformation Amide | [ecm™] Amide Il [cm™]
a-helix 1645~657 1270~1310
[-pleated sheet 1665~1680 1220~1240
Random coil 1660~1670 about 1250

Figure 2 shows the peaks of pure SF at 1666.78 cm (amide I), 1255.12 cmr* (amide
[11), and 1104.6 cm* (amide I11), suggesting that pure SF nanofibers mainly appear random and
a-helix structure with minimal 5-sheet structure. While the SF/CS composite nanofibers appear
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peak at 1259.76 cmrt (amide 111), 1667.55 cmr* (amide 1), and 3-sheet peak at 1675.36 cn?,
suggesting the increase of -sheet structure of SF/CS nanofibers. The SF interaction with CS
molecules to form hydrogen bonds contributed to the structure of fibroin transfer into 3-sheet
quickly.
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Figure 2. Laser Raman spectroscopy of SF and Figure 3. The Raman spectrum under different
SF/CScomposite nanofibres; 1—PureSF and 2— content of CS; 1 - 11% SF/CS, 2 —13% SF/CS,
13% SF/CS and 3—17% SF/CS

As shown in fig. 3, the No. 1 and No. 2 shows the 3-sheet peak at 1225.39 cmr* and
1233.11 cmrt (amide 1), respectively, whilethe No. 3 showsthe random coil structure, indicat-
ing that the degree of -sheet of No. 1 and No. 2 is higher than that of No. 3. Additionally, the
wave number of peak of amide Il isless than that of No. 2. As aresult, the degree of 5-sheet
about No. 1 is higher than that of No. 2.

The differential thermal analysis-thermogravi
metric (DTA-TG) curves of SF and SF/CS
nanofibersare showninfig. 4. Fromfig. 4 wecan
see that the SF membrane only presented endo-
thermic peak at 290.57 °C, indicating a random
structure. The SF/CS composite membrane ap-
peared endothermic peak at 281 °C and the maxi-
mum thermal decomposition temperature rises to
312 °C, which provesthat the conformation of the

| SF in SFH/CS nanofibers transfer into [-sheet
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Figure 4. The DTA-TG curvesof SF and SFics  aiter the addition of CS enhanced the structure of

nanofibers; 1—pure SF and 2 — 13% SF/CS SF transfer from the random conformation into
[3-sheet conformation.

As can be seen fromfig. 5 that curve 1 only
appear endothermic peak at 307 °C, while curve 2 and curve 3 not only appear endothermic peak
at 312 °C and 310 °C but near 281 °C. Those resultsillustrate that SF 2 and SF 3 mainly show
[-sheet with part of random conformation. Curve 1 only appears endothermic peak at 307 °C
and the maximum decomposition temperature of SF 2 isslightly higher than SF 3. Thisindicates
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that the degree of 5-sheet about SF 1 is higher
than that of SF 2 and SF 3, and the degree of

[3-sheet about SF 2 is higher than that of SF 3.
The percentage of water-dissolved of the fi-
ber membrane was shown in tab. 2. It can be
seen in tab. 2 that with the increase of CS the
percentage of water-dissolved of fiber mem-
brane decreased. When the weight ratio of CF
and CS is 70:30, the percentage of water-dis-
solved reached the minimum. The hydrogen
40 100 150 200 250 300 350 400  phondsbetween SF and CS enhanced the degree

. . of 5-sheet and the crystallinity.

\',:VESL? ?}Jg %fD;:A; Tle_ i“li/v(,msﬁ?cdg 3 If_felg]/; After sample 3 treated by methanol for 60
SF/CS, and 3—17% SF/CS minutes, the percentage of water-dissolved de-
creased to 12.8%, indi-
Table 2. The per centage of water-dissolved of the nanofiber membrane  cating the improvement

of crystallinity of treated
the percentage of
No. Samples wate?—dissol?/ged/% SF. Asa refﬂjlt, the %er-
centage of water-dis
1 .

Pure 57 130 solved of the SF/CS
2 |80/20 SF/CS composite membrane 42.0 composite fiber mem-

3 | 70/30 SF/CS composite membrane 32.8 brane was reduced.
4 |60/40 SF/CS composite membrane 34.9 The effect of the con-
5 |[Sample 3 treated by methanol for 60 minutes 12.8 tent c.)f the CSon t.he me-
chanical properties of
SF/ICS  nanofiber is
Table 3. The mechanical of SF/CS nanofiber membrane shown in tab. 3. It can be
The mass fraction of SF [%] 17 13 1 seen from tab. 3 that the
Diamet 13 08 e breaking strength of the
'ameter [nm] composite membrane in-
Thickness [mm] 0.246 0.282 0.236 creased due to the de-
Breaking strength [cNmm] 132.15 168.59 181.95 crease of SF and the in-
Initial modulus [cNmm2] 23.42 14.88 7.61 cregsle gf Cs. ngstrls
- mainly because e
Elongation at break [mm] 0.448 0.617 0.592 number of hydroxyl,
Percentage of elongation [%] 4.45 6.16 5.88 amino groups increase

with the increase of CS.
Asaresult, the hydrogen bonding between the SF molecul es and CF moleculesis enhanced, re-
sulting intheimprovement of binding force within molecul es. Meanwhile, the degree of 5-sheet
of SFimproved. As aresult, the strength of SF/CS nanofiber increased.

Theinhibition percentage of the SF/CS composite membraneisshownin tab. 4. It can
be seen from tab. 4 that the SF/CS composite membrane have excellent antibacterial activity
against the staphylococcus aureus and escherichia coli while there is no antibacterial property
of the SF. Thisisbecause that the quaternary ammonium cation in the CS molecul es can absorb
bacteria and combine with the anion on the surface of bacterial cell wall, which stop the delivery
of thematerial inside and outside the bacterial cell wall. Asaresult, the proliferation and growth
of the bacterial was inhibited.
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Table 4. Theinhibition percentage of the SF/CS composite electr ospinning membrane

Saphylococcus aureus Escherichia coli
Samples
6h 24 h 6h 24 h
SF electrospun membrane 0 0 0 0
SF/CS composite el ectrospun membrane 97.8 100.0 99.1 100.0

Conclusions

The hydrogen bonds between SF and CS enhanced the crystallinity of the SF/CS com-
posite nanofiber membrane. With the increase of CS, the percentage of water-dissolved of
nanofiber membrane decreased. It is noteworthy that the percentage of water-dissolved reaches
the minimum when the weight ratio of SF and CS is 70:30. After the composite membrane
treated by the methanol, the water-dissolved percentage of the nanofiber membrane decreased
obviously. Additionally, the strength and the elongation at break of the composite membranein-
creasewith theincrease of CS. Thereisno antibacterial property of the SF nanofiber membrane,
but the SF/CS composite el ectrospun membrane showed excellent antibacterial property against
the staphylococcus, staphylococcus aureus, and escherichia coli.
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