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Optimization of Microwave Aging of Savory Vinegar to Maximize Total Ester Content by
Response Surface Methodology

MA Cheng-jin*?2, HUANG Ting!, YU Ji*, ZHENG Jun-xiao*, PENG Zhong-jin!, XIAO Wang!, GE Wen-ying*
(1. Institute of Food Science, Jishou University, Jishou 416000, China;
416000, China;

3. Xiangxi Autonomous Prefecture Biancheng Vinegar Science and Technology Co. Ltd., Jishou 416003, China)

Abstract: In the presence of added ethanol, the aging of savory vinegar was accelerated by microwave radiation. A quadratic
rotation-orthogonal composite experimental design was adopted to study the effects of operating parameters such as microwave
power, radiation time and amount of added ethanol on total ester content in radiated savory vinegar. The effects of the
parameters on total ester content in radiated savory vinegar were found to decrease in the following order: microwave power >
radiation time > a mount of added ethanol. The results of frequency analysis showed that the optimal microwave aging conditions
were microwave 380 W, ethanol addition at 0.61%, and radiation time 10 min. The infrared spectrum of the radiated savory
vinegar in the wavenumber range of 4000— 1500 cm was in agreement with that of savory vinegar naturally aged for 1 year.
Key words: quadratic rotation-orthogonal composite experimental design; microwave; savory vinegar; aging acceleration
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Fig.1 Effect of microwave power on total ester content in savory vinegar
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Fig.2 Effect of amount of added ethanol on total ester content in
savory vinegar
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Fig.3 Effect of microwave radiation time on total ester content in
savory vinegar
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Table 1 Variables and levels of the quadratic orthogonal rotatable
central composite design test

L K
P ~1682 = 0 1 1.682
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Table 2 Experimental design and results of the quadratic orthogonal
rotatable central composite design test

[ e PR Xo LIS o ek Xslfln] BRI /(gIL)
1 1 1 1 6.440
2 1 1 -1 7.720
3 1 -1 1 6.600
4 1 -1 -1 6.969
5 -1 1 1 7.417
6 -1 1 -1 7.720
7 -1 -1 1 7.710
8 -1 -1 -1 7.661
9 —-1.682 0 0 6.740
10 1.682 0 0 6.870
11 0 —1.682 0 7.710
12 0 1.682 0 7.970
13 0 0 —1.682 7.660
14 0 0 1.682 7.540
15 0 0 0 7.814
16 0 0 7.916
17 0 0 0 7.855
18 0 0 0 7.865
19 0 0 0 7.865
20 0 0 0 7.967
21 0 0 0 7.865
22 0 0 0 7.865
23 0 0 0 7.875
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Table 3 Analysis of variance of the quadratic orthogonal rotatable
central composite design test

AR PR AmE U7 WAHG  F1H Py EEME
X:  0.4800 1 04800 —0.6316 86265 0.0116 *
X:  0.0462 1 0.0462 0.2450 0.8302 0.3788
X:  0.3244 1 0.3244 —05564 58299 0.0312 *
X2 2.5556 1 25556 —0.8828 459267 0.0001 **
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X:Xs  0.1994 1 0.994 —0.4648 3.5834 0.0808
[\ 4.1679 9 04631 F. = 8.3225 0.0016 **
T4 07234 13 0.0556
JpL - 0.7087 5 0.1417 F1=77.40333  0.0001 **
WX 0.0146 8  0.0018
MA 48913 22
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Fig.4 Main effects of single factors on total ester content in savory vinegar
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Fig.5 Response surface and contour plots showing the interaction
effects of microwave power, radiation time and amount of added
ethanol on total ester content in savory vinegar
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Table 4 Frequency distributions of optimized parameter values

T Xt X X
et Hik WA R WA iR
—1.682 0 0.0000 7 0.2000 7 0.2000
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1 4 0.1143 8 0.2286 6 01714
1.682 0 0.0000 8 0.2286 3 0.0857
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Fig.6 Effect of microwave aging on the contents of total acid, ester,
amino nitrogen and reducing sugar in savory vinegar
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