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Table 1 Variables and levels in the response surface design
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Fig. 1 Effect of ultrasonic power on yield of flavoniods
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Fig. 2 Effect of volume fraction of ethanol on yield of flavonoids
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Fig. 3 Effect of ultrasonic temprature on yield of flavonoids
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Fig. 4 Effect of ultrasonic time on yield of flavonoids
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Fig. 5 Effect of standing time on yield of flavonoids
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Fig. 6 Effect of solid-liquid ratio on yield of flavonoids
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F ] 5 5 F2 h . Y = 1. 0668 + 0. 05066A + 0. 008333338 +
0. 0355C + 0.046667D — 0.00225AB — 0.019AC —
0. 03425AD + 0. 00425BC — 0. 002BD — 0. 02625CD —
0. 10365A% —0. 08415 X B* —0. 11965C* —0. 06315* ,
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Table 2 Design and results of the Box-Behnken experiment

- AZEAR BEMRE CESERE  DHERE Y RWRHRE
S/ % /C /min /min /%
1 0 1 0 -1 0.878
2 1 0 -1 0 0.873
3 0 0 0 0 1. 052
4 —1 0 -1 0 0.739
5 -1 0 1 0 0.846
6 0 0 0 0 1.069
7 0 0 1 -1 0. 897
8 1 1 0 0 0.933
9 0 1 0 1 0.972
10 1 0 1 0 0. 904
11 0 -1 0 1 0. 959
12 0 0 0 0 1.079
13 0 0 0 0 1.063
14 1 0 0 -1 0.945
15 0 -1 -1 0 0. 822
16 0 0 -1 1 0.921
17 0 -1 0 -1 0. 857
18 —1 0 0 1 0.932
19 0 1 1 0 0.921
20 0 0 1 1 0.935
21 0 1 -1 0 0.835
22 —1 1 0 0 0.834
23 1 0 0 1 0. 968
24 0 -1 1 0 0.891
25 0 0 0 0 1071
26 0 0 -1 -1 0.778
27 -1 -1 0 0 0.818
28 1 -1 0 0 0.926
29 —1 0 0 -1 0.772

i1 3 A A1, P<<0. 0001, 7% B A% #U 75 #2 [0] 15 g &,
GERAIEE, FIATARALA R I P=0. 8806, A g 2 , R B
BRI IR 2/ . BB E REC(RY) 2 0. 9965, ULEH B
TRESMMEZEXREE. &R, WERSH G
SESRRILA R R4, R 181 U5 O R 3o R 06 1 A7 2 A AN T
MR, FFESTHSREN, RS HLE
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T (P>>0.05) il B, i L 5 5 S B A P<
0. 0001, R4 Hy 0. 9044, RIUAR B2 . BRI YL E REL
(R =0. 996D g 1R /N, AT A5 BE . T 4k 5 81 5 Jr 2
Y=1.0668 + 0.050667A —+ 0. 008333338 + 0. 0355C -+
0.046667D — 0.019AC — 0. 03425AD — 0. 02625CD —
0. 10365A2 —0. 084158% —0. 11965Ct —0. 063150" ,
x3 EAABATESTER

Table 3 Variance analysis of regression equation for

the yield of flavonoids

FEKE  PHM H B ¥ FAH P{H

A 0. 240 14 0.017 288. 24 <0. 0001
A 0. 031 1 0. 031 521. 62 <<0. 0001
B 8.333X104 1 8. 333E-04 14.11 0. 0021
C 0.015 1 0.015 256. 07 <<0. 0001
D 0. 026 1 0.026 442. 51 <<0. 0001
AB 2.025X1075 1 2.025X1075 0. 34 0. 5675
AC 1. 444X1073 1 1.444 X103 24. 45 0. 0002
AD  4.692X1073 1 4.692X1078 79. 45 <0. 0001
BC  7.225X10~5 1 7.225X10~5 1.22 0. 2873
BD 1. 600X10~5 1 1. 600X10~5 0.27 0. 6108
CD  2.756X1073 1 2.756X10~3 46. 67 <<0. 0001
A2 0. 070 1 0.07 1179.98  <<0.0001
B 0. 046 1 0. 046 777.76 <C0. 0001
(o2 0. 093 1 0. 093 1572.40  <C0.0001
2 0. 026 1 0.026 438.01 <C0. 0001

5R%  8.268X1075 14 5.906 X105

REI 4.220X1073 10 4.220X10—5 0.42 0. 8806
RET 4.048X103 4 1.012X10~¢
fs¥ il 0. 24 28
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Fig. 7 Response surface of the effect of ethanol concetration and

ultrasonic time on the yield of total flavonids
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Fig. 8 Response surface of the effect of ethanol concetration and

standing time on the yield of total flavonids
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Fig. 9 Response surface of the effect of ultrasonic time and
standing time on the yield of total flavonids
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Response Surface Methodology for the Optimization of Extraction Technology of
Total Flavonoids from Walnut Green Husk

LI Hong-juan,FAN Jin-shuan,ZHENG Tao ,ZHAO Yun-mei,SU Rui,GAO Zhi-hui
(Academy of Forestry,Northwest Agricultural and Forestry University, Yangling , Shaanxi 712100)

Abstract; Taking walnut green husk as materials, six factors including ultrasonic power,ethanol concentration, ultrasonic

temperature, ultrasonic time, ratio of solid to liquid and standing time were selected, on the basis of single-factor

experiments, the Box-Behnken design(BBD) was used to establish a quadric regression equation for predicting the yield of

flavonoids. The results showed that the ethanol volume fraction 62% , ultrasonic temperature 51°C , ultrasonic time 31

min, standing time 6. 5 min was the optimitization of extraction technology,which led to estimated and observed values of

maximal yield of flavonoids of 1. 080% and 1. 077 % ,respectively. It suggested that the optimal extraction conditions were

reliable.

Key words: walnut green husk;flavonoids; ultrasonic-assisted extraction;response surface analysis
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