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Table 1 Actual and coded values of the variables based on central composite design for electrospun
zein fibers

Actual Values

Polymer Applied voltage Distance between
Coded values concentration PP g needle tip and Flow rate (ml/h)
(kv)
(% wiv) collector (cm)
-1 22 10 10 4
0 26 20 15 8
+1 30 30 20 12
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Table 2.Viscosity, average fiber diameter, and electrospun fiber morphology of zein at various
concentrations at a constant applied voltage of 20 kV, flow rate of 8 ml/h and distance between needle
tip and collector of 15 cm

Average fiber

Morphology diameter(um) Viscosity(m pa.s) Concentration (w/v %)

Beads - 18.39 10

Beads - 50.65 15

Beads - 117.27 20

Fibers and small beads 0.393 247 22
Fibers free of beads 0.660 492.28 26
Fibers free of beads 1.258 888.28 30

- - 1.8 Viscosity of solvent
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Figure 1SEM images of zein fibers electrospun at a constant applied voltage of 20 kV, flow rate of 8 mi/h, and distance

D)

between needle tip and collector of 15 cm and at various zein concentrations: (a) 10 w/v %, (b) 15 w/v %, (c) 20
wiv %, (d) 22 wiv %, (€) 26 w/v % , (f) 30 w/v % .
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Figure 2 Effect of zein concentration (w/v %) on
diameter (um) of zein fibers electrospun at a
constant applied voltage of 20 kV, flow rate of 8
ml/h and distance between needle tip and collector
of 15 cm.
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Figure 5 Influence of Distance between needle tip
and collector (cm) on fiber diameter (um) in
electrospinning at a constant zein solution
concentration of 26 w/v %, voltage of 20 kV and
flow rate of 8 ml/h.
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Figure 3 Influence of applied voltage (kV) on fiber

diameter (um) in electrospinning at a constant zein

solution concentration of 26 w/v %, flow rate of 8

ml/hand distance between needle tip and collector
of 15 cm.
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Figure 4 Influence of Flow rate (ml/h) on fiber
diameter (um) in electrospinning at a constant zein
solution concentration of 26 w/v %, voltage of 20
kV and distance between needle tip and collector of
15 cm.
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Table 3 Central composite design for the variables and experimental response

Polymer Applied Dista_nce between Regponsg
Run concentration voltage(X,) needle tip and collector Flow rate (X4) Average fiber diameter
(X1) (Xa) (Hm)

1 +1 -1 -1 -1 0.8

2 +1 +1 +1 -1 1.211
3 -1 +1 +1 +1 0.356
4 +1 -1 +1 -\ 0.922
5 +1 -1 +1 +1 0.738
6 0 -1 0 0 0.541
7 0 0 0 0 0.56
8 -1 +1 -1 -1 0.343
9 0 +1 0 0 0.614
10 0 0 0 0 0.69
11 -1 -1 -1 +1 0.149
12 +1 -1 -1 +1 0.824
13 0 0 -1 0 0.549
14 0 +1 0.646
15 +1 0 0 0 1.258
16 0 0 0 0 0.715
17 0 0 0 0 0.7

18 +1 +1 -1 +1 1.142
19 0 0 +1 0 0.639
20 -1 -1 -1 -1 0.252
21 -1 +1 +1 -1 0.306
22 -1 0 0 0 0.393
23 0 0 0 0 0.71
24 0 0 0 -1 0.621
25 +1 +1 -1 -1 1.322
26 -1 -1 +1 -1 0.179
27 -1 +1 - +1 0.421
28 +1 +1 +1 +1 1.6

29 -1 -1 +1 +1 0.174
30 0 0 0 0 0.589
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Table 4 Analysis of variance results for fiber diameter (um)

p-value F-Value Mean of Squares Degree of Sum of Source
(MS) Freedom (DF)  Squares (SS)
<0.0001 74.6 0.70 5 351 Mean
<0.0001 40.06 0.38 1 0.38 Concentration-X;
<0.0001 49.54 0.47 \ 0.47 Voltage-X,
0.023 11.57 0.11 1 0.11 XX,
0.0148 6.90 0.065 1 0.065 X2
0.0444 450 0.042 1 0.042 X,?
- 9.398 24 0.23 Residual
0.1799 2.31 0.011 19 0.20 Lack of Fit
- - 4.613 5 0.023 Pure error
- - - 29 3.73 Total
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Figure 7 Response surface of fiber diameter(um)
showing the effect of solution concentration(w/v
%) and applied voltage(kV).
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Biodegradable edible zein microfibers were prepared using acetic acid as solvent. Uniform and bead-
free zein fibers could be obtained by changing the solution concentration, the electrospinning voltage,
the solution feed rate and the distance between needle tip and collector. The solution concentration at
three levels: 22, 26 and 30 w/v %, the electrospinning voltage at three levels: 10, 20 and 30 kV, the
solution feed rate at three levels: 4, 8 and 12 ml/h and the distance between needle tip and collector at
three levels: 10, 15 and 20 cm were studied. Central composite design (CCD) was utilized to study the
effect of electrospinning parameters of zein solution and the data were analyzed using response
surface methodology (RSM). According to results of this research, the solution concentration had
significant influence (P < 0.0001) on morphology and diameter of fibers. By increasing the solution
concentration, uniform and bead-free fibers were obtained. As the solution concentration was
increased, the fiber diameters were also increased. Furthermore, the electrospinning voltage had
significant effect (P < 0.0001) on fiber diameters. By increasing the electrospinning voltage, fiber
diameters increased. The solution feed rate and the distance between needle tip and collector hadn't
significant influence on fiber diameters. In this research, effect of the solution concentration and
processing parameters on zein fiber morphology were studied. Zein microfibers could be used in food
industry in different uses like packaging and encapsulation.

Key words: Electrospinning, Zein, Microfiber, Morphology.

* Corresponding Author E-Mail address: habibi@um.ac.ir

AR}


http://www.sid.ir

