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Optimization of Enzymatic Extraction Technology of Total Flavonoids from Celery by Response Surface Methodology
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Abstract: Total flavonoids were extracted from celery (Apium graveolens L.) with enzymatic method. Based on single-factor

test, response surface analysis was conducted to optimize the enzymatic extraction technology of total flavonoids. The single-

factor test showed that enzyme variety, enzyme concentration, treatment temperature and time markedly affected the extraction

rate of total flavonoids, but material to liquid ratio presented little effect. The optimum extraction conditions were confirmed by

response surface method as follows: cellulase concentration 2.3 U/ml, solid to liquid ratio 1:60, pH 4.7, enzymatic hydrolysis

temperature 51.5 °C, and time 2.2 h. Under these conditions, the extraction rate was 0.88%.
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Table 1  Effects of different enzymes on extraction rate of total
flavonoids from celery
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Fig.1 Effects of cellulase concentration on extraction rate of total
flavonoids
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Fig.5 Effects of material to liquid ratio on extraction rate of total
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Table 2  Coded factors and levels of response surface design
ACE X INEFEUmMD)  XEEEHRIE(C)  XepH  XaMEfE a](h)
-1 1 45 4.0 1.5
0 2 50 4.5 2.0
1 3 55 5.0 2.5
%3 Box-Behnkenif¥figit R &R
Table 3 Design and results of Box-Behnken test
R Xu Xz Xa Xa Y BH%(%)
1 -1 -1 0 0 0.41
2 1 -1 0 0 0.78
3 -1 1 0 0 0.77
4 1 1 0 0 0.76
5 0 0 -1 -1 0.49
6 0 0 1 -1 0.70
7 0 0 -1 1 0.69
8 0 0 1 1 0.73
9 -1 0 0 -1 0.46
10 1 0 0 -1 0.70
11 -1 0 0 1 0.63
12 1 0 0 1 0.78
13 0 -1 -1 0 0.41
14 0 1 -1 0 0.71
15 0 -1 1 0 0.78
16 0 1 1 0 0.78
17 -1 0 -1 0 0.43
18 1 0 -1 0 0.54
19 -1 0 1 0 0.65
20 1 0 1 0 0.68
21 0 -1 0 -1 0.45
22 0 1 0 -1 0.66
23 0 -1 0 1 0.69
24 0 1 0 1 0.62
25 0 0 0 0 0.82
26 0 0 0 0 0.87
27 0 0 0 0 0.85
28 0 0 0 0 0.84
29 0 0 0 0 0.88
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Table 4  Analysis of variance for regression equation model
J5 ZE KR Rl A b ¥1J5 F p>F
A 0.536059 14 0.03829  10.6179 < 0.0001
k7 0.050486 14 0.003606
JAYU 0.041473 10 0.004847  1.84079 0.96
gl 0.009013 4 0.002253
syl 0.586545 28

M 4 7 =04 EH, Biflp <0.0001, J7
TEMRAA B L2, KRPL p=0.96 >0.05, NEF ,
DRI RS R vy, I b R R AT e 3 o I ) 73
ARG K BB BT S W T2 .

WMELRS, WAL ERZE, FE RZHHA
Ji F&

Y =0.8546-0.07375X1+0.064167X.+0.08675Xs+
0.056833Xs—0.11709X; — 0.08672X:—0.11734X5— 0.11522X;
—0.0965X:X2—0.07525X2X3—0.06925X2X« (1% 1 R2=0.9382)

<5 EYVAFEPEEAREEITHE
Table 5  Coefficient estimates in regression equation
S A H PRk t{H p >t
X1 0.07375 1 1.50521 —3.4677 0.0029
X2 0.064167 1 11.8234 —3.92341 0.0011
Xs 0.08675 1 0.758591 —3.11882 0.0062
Xa 0.056833 1 0.752606 —2.56876 0.0199
Xi —0.11709 1 0.023592 —4.96315 0.0001
X3 —0.08672 1 0.589805 —3.67565 0.0019
X3 -0.11734 1 0.005898 —4.97375 0.0001
X —0.11522 1 0.005898 —4.88367 0.0001
Xi1Xa —0.0965 1 0.150215 —3.21206 0.0051
XaXs —0.07525 1 0.075108 —2.50474 0.0227
XaXa —0.06925 1 0.075108 —2.30503 0.0340
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Fig.6 Response surface and contour plots for interaction effects of
cellulase concentration and hydrolysis temperature (Xs =0, Xs = 0)
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Table 6 Validation results of optimal extraction conditions
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