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Enzymatic extraction process of calycosin glucoside and pormononetin in Astragali
Radix with quadratic general rotary unitized design
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Abstract: Objective The technological conditions for enzymatic extraction of calycosin glucoside and formononetin in Astragali
Radix were optimized by using quadratic general rotary unitized design. Methods On the base of single factors experiments, main
factors that affecting the extraction efficiency, such as enzyme dosage, enzymatic hydrolysis time, adding water volume, and
extraction time were selected. With the content of calycosin glucoside and formononetin as evaluation index, the process of enzymatic
extraction of Astragali Radix was optimized by using quadratic general rotary unitized design. Results The optimum enzymatic
extraction process was as follows: enzyme dosage 340 mg, enzymatic hydrolysis time 110 min, adding water volume 19 times, and
extraction time 150 min. Under these optimum conditions, the content of calycosin glucoside was 0.25 mg/g, and formononetin was
67.95 ug/g. Conclusion The optimum enzymatic extraction process of Astragali Radix is stable and feasible.

Key words: Astragali Radix; calycosin glucoside; formononetin; enzymatic hydrolysis; extraction; quadratic general rotary unitized
design
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0.005 3 X;X4;: Y,=63.298 7+5.598 5 x; +3.720 9 x,+
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Table 1 Design and results of quadratic general rotary unitized method

R = %,/ mg X, | min X3/ i Xg [ min y1/ (mg-g™) Y2/ (ugg™)
1 150 (-1) 60 (-1) 15 (-1) 90 (1) 0.14 34.43
2 150 (-1) 60 (-1) 21 (1) 210 (1) 0.17 50.86
3 150 (-1) 120 (1) 15 (-1) 210 (1) 0.17 37.53
4 150 (-1) 120 (1) 21 (1) 90 (-1) 0.19 51.14
5 350 (1) 60 (-1) 15 (-1) 210 (1) 0.19 44.22
6 350 (1) 60 (-1) 21 (1) 90 (-1) 0.26 54.16
7 350 (1) 120 (1) 15 (1) 90 (-1) 0.24 58.58
8 350 (1) 120 (1) 21 (1) 210 (1) 0.26 61.05
9 82 (-1.682) 90 (0) 18 (0) 150 (0) 0.15 4328

10 418 (1.682) 90 (0) 18 (0) 150 (0) 0.25 62.55
11 250 (0) 40 (~1.682) 18 (0) 150 (0) 0.15 49.43
12 250 (0) 140 (1.682) 18 (0) 150 (0) 0.21 65.00
13 250 (0) 90 (0) 13 (-1.682) 150 (0) 0.23 40.06
14 250 (0) 90 (0) 23 (1.682) 150 (0) 0.25 58.89
15 250 (0) 90 (0) 18 (0) 50 (~1.682) 0.22 57.04
16 250 (0) 90 (0) 18 (0) 250 (1.682) 0.23 50.04
17 250 (0) 90 (0) 18 (0) 150 (0) 0.23 62.06
18 250 (0) 90 (0) 18 (0) 150 (0) 0.24 63.47
19 250 (0) 90 (0) 18 (0) 150 (0) 0.22 62.37
20 250 (0) 90 (0) 18 (0) 150 (0) 0.24 63.38
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Table 2 Analysis of variance for y; and y,
. Y1 Y2
ARSI —— ‘ ; ‘ ‘ —
SEOR BHE S U7 AR FE P1{H SER AmE B AHX FME P 1
X1 0.0090 1 0.0090 0.9607 89.7485 0.0001 263.9354 1 264.8309 0.9598 89.976 4 0.000 1
X2 0.001 8 1 00018 0.8920 18.0287 0.0029 117.9965 1 1185142 0.9368 40.0957 0.000 2
X3 0.0015 1 0.0015 0.8544 146682 0.0048 252.6995 1 2511169 0.9772 85.8790 0.0001
X4 0.0000 1 00000 —0.1719 0.1537 0.6923 0.076 7 1 0.0771 -0.0728 0.0262 0.883 3
X, 0.0013 1 0.0013 —0.8423 13.2258 0.0064 135.2666 1 1352830 -0.9236 46.0912 0.0001
o 0.002 9 1 0.0029 —0.9181 29.0965 0.0007 52.0130 1 52.0022 —0.8689 17.7339 0.0027
X3 0.000 1 1 00001 0.3637 0.7738 0.4063 233.3885 1 2328430 -0.9461 79.2231 0.0001
Xg2 0.0000 1 0.0000 —0.1684 0.1486 0.7025 40.760 6 1 40.687 4 —0.8489 13.9153 0.0056
X1Xo 0.0000 1 0.0000 —0.0744 0.0281 0.8751 24.8927 1 248284 0.7916 8.4895 0.0192
X1X3 0.000 2 1 00002 05008 16543 0.2363 244297 1 245011 —0.7937 8.3377 0.0207
X1X4 0.000 1 1 00001 —0.4748 14071 0.2795 8.097 6 1 8.1394 -0.5898 2.7722 0.1285
EIVE| 0.0269 11 0.0025 F,=24.6301 0.0001 1717.6970 11 156.2910 F,=53.0732 0.000 1
F4  0.0008 8 0.0001 0.3317 23.8612 8 2.977 2
KZfL 0.0006 5 0.0001 F,=1.3547 21.2651 5 42649 F,=8.6759 0.004 2
7% 0.0002 3 0.0001 1.4752 3 0.4951
ST 00280 19 16858931 19
XoXa 55 HTTHT Rl T Xaxa SRPEARDG, XoXa HATTH R T XoXa ZRIEAROG, XaXa 55 TR T Xaxo 2R ARG
There is a linear correlation between x,xs and XiXa, X2X4 and X1Xs, XsXa and XiX», respectively
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Fig. 1 Relationship of each single factor to extraction amounts of calycosin glucoside (A) and formononetin (B)
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Fig. 2 Interaction effect of enzyme dosage with enzymatic hydrolysis time (A) and additive quantity of water (B)
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Table 3 Probability distribution of each relative variable of calycosin glucoside and formononetin

Ssvo g ke TR
IKF X1 Xo X3 X4 X1 Xo X3 X4
—1.682 0 0.0000 O 0.0000 20 0.0866 46 0.1988 0 0.0000 0 0.0000 O 0.0000 19 0.1336
—1.000 0 0.0000 40 0.1739 40 0.1746 46 0.2008 4 0.0282 10 0.0705 21 0.1484 32 0.2253
0.000 60 0.2615 70 0.3053 50 0.2187 46 0.2009 46 0.3276 39 0.2774 51 03649 39 0.2788
1.000 87 03784 71 03106 61 0.2670 47 02028 51 0.3598 46 0.3280 50 0.3557 31 0.2214
1.682 85 03713 50 0.2179 60 0.2621 46 02006 38 0.2691 44 03092 17 0.1243 18 0.1316
IR % 0.9751 0.4878 0.3787 0.0000 0.8183 0.7707 0.4161 0.0000
FrAE R 0.0421 0.0605 0.0741 0.0823 0.0615 0.0668 0.0687 0.0904

95% {5 X [A] 0.906~1.076 0.377~0.615 0.234~0.525 —0.160~0.160 0.685~0.926 0.664~0.934 0.290~0.564 —0.182~0.182

PRI 340.6~357.6 101.3~108.5 18.7~19.6

140.4~159.6 318.5~342.6 109.9~118.0 18.9~19.7

139.1~160.9
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