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Fig 1. Electrospray machinery
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Table. 1 Experimental design of independent variables in the central composite design for canthaxantine capsule

Independent variable

Range and level

Symbol -2 -1 0 +1 +2
Voltage X1 9 12 15 18 21
Distance between X2 7 10 13 16 19
needle tip and

collector

Feed rate X3 0.5 1 15 2 2.5
Concentration of whey X4 20 25 30 35 40
protein
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Table. 2 Responses of dependent variables for efficiency encapsulation to changes in the independent
variables. X1: concentration of whey protein (wt.%), X2: feed rate (mLh?), X3: voltage (kV), X4:

distance between needle tip and collector (cm).

Exp. No Variable levels Efficiency
X1 X2 X3 X4 Efficienc
y

1 -1 -1 -1 -1 32 32
2 -1 -1 -1 +1 61 58
3 -1 -1 +1 -1 30 29
4 -1 -1 +1 +1 61 66
5 -1 +1 -1 -1 30 29
6 -1 +1 -1 +1 59 55
7 -1 +1 +1 -1 30 36
8 -1 +1 +1 +1 73 73
9 +1 -1 -1 -1 37 40
10 +1 -1 -1 +1 65 66
11 +1 -1 +1 -1 37 37
12 +1 -1 +1 +1 74 74
13 +1 +1 -1 -1 32 36
14 +1 +1 -1 +1 63 62
15 +1 +1 +1 -1 40 44
16 +1 +1 +1 +1 82 80
17 -2 0 0 0 45 44
18 +2 0 0 0 60 59
19 0 -2 0 0 55 57
20 0 +2 0 0 57 61
21 0 0 -2 0 41 42
22 0 0 +2 0 60 57
23 0 0 0 -2 20 13
24 0 0 0 +2 70 75
25 0 0 0 0 66 59
26 0 0 0 0 61 59
27 0 0 0 0 60 59
28 0 0 0 0 58 59
29 0 0 0 0 60 59
30 0 0 0 0 63 59
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Table. 3 Analysis of variance (ANOVA) for response of the dependent variable

Source Predicted model Total model

d.f F p-value d.f F p-value
regression 8 43.37 0.0001 14 33.37 0.0001
Linear 4 104.22 0.0001
Squar 4 7.57 0.0027
interaction 6 3.34 0.0355
Residual 18 12
error
Lac-of-fit 16 2.13 0.36 10 1.63 0.4377
Pure error 2 2
Total 26 26
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Table. 4 Estimated coefficients of the fitted quadratic polynomial equation for the response of efficiency
encapsulation based on t-statistic. X1: Concentration of whey protein (wt.%), X2: feed rate (mLh1), X3: voltage
(kV), and X4: distance between needle tip and collector (cm).

parameter Coefficient SS p-value F
\% 3.75 3375 0.0005 2131
D 0.916 20.16 0.0028 1.27
F 3.833 352.66 0.0004 22.27
C 1.666 5890.88 0.0001 372.04
V? -1.958 133.33 0.0132 8.42
D? 56.33 0.0863 3.55
F? 2.45 192 0.0045 12.12
C? 3.833 408.33 0.0002 25.87
VxD 0.25 0.92 0.015
VxF 56.65 0.083 3.55
VxC 9 0.46 0.56
DxF 2.5 100 0.027 6.31
DxC 42.25 0.128 2.66
FxC 110.25 0.216 6.96
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Fig 2. a) the contour plots for the effect of whey protein concentration and the distance between needle tip and
collector electrospray efficiency of canthaxanthin , b) the effect of voltage and the distance between needle tip
and collector electrospray efficiency of canthaxanthin by whey protein macromolecule, and c) the effect of
changing whey protein concentration and the feed rate on the electrospray efficiency of canthaxanthin by whey
protein macromolecule

Fixed levels: wv=156 d=13

Fixed levels: f=15 c=30 Fixed levels: wv=156 f=15
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Table5. Prediction profile for the trends in efficiency encapsulation at the maximum desirability

Desirability Feed rate

Voltage applied

Distance Concentration

93% 12/2

17/5 17/1 39/4
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This study showed the potential of the electrospinning (in this case
electrospraying) technique to produce whey protein concentrate
(WPC) micro and nanocapsules for applications in the encapsulation
of canthaxanthin. The results showed that the solution concentration,
feed solution flow rate and applied voltage had a direct effect on the
encapsulation efficiency. by increasing of the solution concentration,
feed solution flow rate and applied voltage, the encapsulation
efficiency increased. The results showed that solution concentration
was the most effective factor in electrospraying, because its scale
estimate was highest. According to the results of analysis of variance
(ANOVA) for this model, the regression model suggested a
significant value for both linear and quadratic terms at P < 0.05. Also
in order to obtain 0.93% encapsulation efficiency, optimum point was
found at the emulsion concentration of 39.4%, feed solution flow rate
of 12.2 ml/min, applied voltage of 17.5 kV, and 17.1cm distance
between needle tip and collector.
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