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Optimizing Microwave-assisted Extraction Process for
Paprika Red Pigments Using Response Surface Methodology

DENG Xiang-yuan LIU Yue-han GAO Kun SUN Jun-ong

( College of Biotechnology and Chemical Engineering Jiangsu University of Science and Technology
Zhenjiang 212018 China)

Abstract: Hot red peppers are used as raw the material paprika red pigments were prepared with acetone
using the method of microwave — assisted organic solvent extraction. The influences of process parameters in—
cluding microwave output power microwave temperature and microwave time on extraction efficiency of papri—
ka red pigments were compared and analyzed; moreover the extraction process was optimized via single-factor
tests and response surface experiments. The results showed that the method of microwave-assisted organic sol—
vent extraction was an effective and practicable one for paprika red pigments extraction and the spectral prop—
erties and characteristic absorption peak of paprika red pigments were similar to those of standard compound.
In addition the most suitable conditions for paprika red pigments extraction were as follows: acetone was used
as the extraction solvent microwave output power was 105 W microwave temperature was 42 °C and micro—
wave time was 2 min. When the optimal conditions were met the absorbance value of paprika red pigments
reached 0. 631.
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Fig.1 The spectral properties and maximum absorption peak of paprika red pigments
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Tab.1 Factor levels design of Box — Behnken experiments for optimizing microwave — assisted
extraction process of paprika red pigments
Code levels
Independent variables Codes -1 0 1
/W Microwave output powers X, 60 90 120
/°C Microwave temperatures X, 35 40 45
/min Microwave time X, 1 2 3
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Tab.2 Experimental design and corresponding results for response surface experiments
/W /°C /min /0D,
Test code Microwave output powers  Microwave temperatures Microwave time Absorbance values
1 60 35 2 0.544
2 90 40 2 0.621
3 90 40 2 0.632
4 120 45 2 0.627
5 60 45 2 0.554
6 90 35 1 0.521
7 120 40 1 0.568
8 90 40 2 0.631
9 60 40 1 0.562
10 90 35 3 0.558
11 60 40 3 0.548
12 90 45 1 0.566
13 120 40 3 0.582
14 120 35 2 0.556
15 90 45 3 0.601
16 90 40 2 0.622
17 90 40 2 0.616
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Tab.3 Analysis of variance for the fitted quadratic equation and significance test of the regression coefficients in it

¥ P (F>F)
Variance Sum of Degree of Mean Value of Value of o
sources squares freedom square F P Significance
Model 0.020 9 2.185x10°° 13.95 0.001 1 Yok
Microwave output powers 1.953 x 10~ 1 1.953 x10°° 12.47 0.009 6 Kk
Microwave temperatures 3. 570 x 10 ~* 1 3.570 x10* 22.79 0.002 0 ok
Microwave time 6.480 x10~* 1 6.480 x 10~ 4.14 0.081 4
X
Microwave output powers X 9.302 x10* 1 9.302 x10°* 5.94 0.0450 *
Microwave temperatures
X
Microwave output powers X 1.960 x 10 1 1.960 x 10 * 1.25 0.300 2
Microwave time
X
Microwave temperatures X 1.000 x10~° 1 1.000x10°*  6.384 x107° 0.938 6
Microwave time
2
2.700 x 10 ~° 1 2.700 x 10 ~° 17.24 0.004 3 Yok
Microwave output powers’
2
) ) 3.498 x10~° 1 3.498 x10~° 22.33 0.002 1 Yok
Microwave temperatures”
) o, 4.889 x107° 1 4.880 x107° 31.21 0.000 8 *x
Microwave time
Residual 1.096 x10 7 1.566 x10
Lack of fit 9.073 x10~* 3 3.024 x107* 6.39 0.0525
Pure error 1.892 %107 4 4.730 x10 77
Cor total 0.021 16
R® =0.947 2; Adjusted R* =0.879 3; Adeq Precision =9. 743
Yok 0.01 F 0.05 o
*% significant at 0. 01 level; * significant at 0. 05.
3 3 (P=0.0011<0.01)
(P=0.0525>0.05) Adjusted R> =0.879 3 Adeq Precision =9. 743 4
(P 0.05) ; BN >, :
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