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Optimization on extraction and enrichment technology of total flavonoids
and total saponins from fibrous roots of Ophiopogon japonicas
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Abstract : This study was to optimize the process of exiracting total flavonoids and total saponins simultaneously from fibrous
roots of Ophiopogon japonicas using response surface methodology. On the basis of single factor experiment, ethanol volume
fraction , solid-liquid ratio, extraction time,and extraction times were selected as independent variables , the overall yield of fla-
vonoids and saponins was used as the response value. Four factors and three levels tests were designed to optimize process
conditions by the Box-Behnken experiment. Besides, the optimum macroporous resin was screened in the enrichment stage
using adsorption and desorption effect as index. The results showed that the optimal extraction condition was ethanol concen-
tration of 86% , solid-liquid ratio of 1: 15, extraction time of 1. 4 h, and extracted three times. The extraction rate was
26.17% ,and the total yield of flavonoids and saponins was 2. 41% ( The yield of total flavonoids and total saponins was
0.46% and 1.95% ,respectively). The D101 resin revealed a good ability to enrich flavonoids and saponins. After enrich-
ment, the recovery rate of total flavonoids and total saponins was 88.69% and 90.28% ,the content of total flavonoids and to-
tal saponins was 7 times and 9 times higher than the crude extract, respectively. The process was simple and stable. It has
important reference value for the development and utilization of the fibrous roots of O. japonicas as food resources.
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Table 2 Matrix and experiments results of response surface methodology

2 Yield(% )

. .
o A B ¢ b R EHE Tastoi )
Saponins Flavonoids
1 0 0 1 -1 1.450 0.400 1.850
2 1 0 1 0 1.647 0.423 2.070
3 0 1 0 -1 1.543 0.413 1.956
4 0 0 -1 1 1.709 0.502 2.211
5 1 0 0 -1 1.403 0.444 1.847
6 0 -1 -1 0 1.520 0.401 1.921
7 1 0 -1 0 1.413 0.441 1.854
8 1 0 0 1 1.672 0.494 2.166
9 0 0 0 0 1.751 0.383 2.134
10 0 0 0 0 1.714 0.444 2.158
11 0 -1 1 0 1.638 0.420 2.058
12 0 1 -1 0 1.820 0.425 2.245
13 1 -1 0 0 1.532 0.421 1.953
14 0 -1 0 -1 1.440 0.391 1.831
15 1 1 0 0 1.705 0. 466 2.171
16 0 0 0 0 1.762 0.457 2.219
17 0 1 0 1 1.901 0.369 2.270
18 0 -1 0 1 1.788 0.460 2.248
19 -1 0 0 -1 1.310 0. 447 1.757
20 0 0 0 0 1.733 0.422 2.155
21 0 0 0 0 1.714 0.437 2.151
22 0 0 1 1 1.896 0.374 2.270
23 -1 0 1 0 1.415 0.395 1.810
24 0 1 1 0 1.582 0.520 2.102
25 -1 -1 0 0 1.453 0.349 1.802
26 -1 0 0 1 1.309 0.500 1.809
27 0 0 -1 -1 1.603 0.228 1.831
28 -1 0 -1 0 1.316 0.460 1.776
29 -1 1 0 0 1.333 0.480 1.813
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Table 3 ANOVA for response surface model

T3 22 KR A H R ¥ F p EE
Source of variation  Sum of squares df Mean square Significance
FEH Model 0.86 14 0.062 18.43 <0.000 1 b
A 0.15 1 0.15 45.19 <0.000 1 =
B 0.046 1 0.046 13.80 0.002 3
C 0.003 3 1 0.003 3 0.99 0.3373
D 0.28 1 0.28 82.84 <0.000 1 =
AB 0.01 1 0.012 3.61 0.078 3
AC 0.008 3 1 0.008 3 2.48 0.137 8
AD 0.018 1 0.018 5.33 0.036 7 *
BC 0.022 1 0.022 6.67 0.0217 *
BD 0.001 7 1 0.001 7 0.51 0..487 2
ch 0.000 4 1 0.000 4 0.12 0.734 5
A2 0.29 1 0.29 87.57 <0.000 1 .
B 0.006 5 1 0.006 5 1.95 0.184 1
c? 0.028 1 0.028 8.50 0.0113 *
D? 0.023 1 0.023 7.02 0.0190 *
#% Residual 0.047 14 0.003 3

JAUMH Lack of fit 0.043 10 0.004 3 4.05 0.0951

4% 2 Pure error 0.004 2 4 0.001 1

EiRZ Cor total 0.91 28
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Fig. 7 Contour map and response surface plots showing the mutual effects of different ethanol concentration

(A) and solid-liquid ratio (B) on the total yield of saponins and flavonoids
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Fig. 8 Contour map and response surface plot showing the mutual effects of different ethanol

concentration ( A) and extraction time (C) on the total yield of saponins and flavonoids
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Fig. 9  Contour map and response surface plots showing the mutual effects of different ethanol

concentration (A) and extraction times (D) on the total yield of saponins and flavonoids
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Fig. 10 Contour map and response surface plots showing the mutual effects of different solid-liquid

ratio (B) and extraction time (C) on the total yield of saponins and flavonoids
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time (B) and extraction times (D) on the total yield of saponins and flavonoids
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Table 4  Results of verification tests

o REBRR FEE B BH REE RS FHE AERS A 4 A 22
N 7 Yield of extact Average value Flavonoid Saponin Total yield Average value RSD

~ (%) (%) (%) (%) (%) (%) (%)

1 27.11 0.47 1.98 2.45

2 25.25 26.17 0.45 1.91 2.36 2.41 1.90

3 26.15 0.47 1.95 2.42
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Table 5  Static adsorption and desorption rate of nine kinds of macroporous resins
#ifill Flavonoid 24 Saponin
L FR AR
o e g5 2 17 |
HTHD s i @ Specific surface W B2 AES W % AES
Resin type Polarity area (m2/g) Adsorption Desorption Adsorption Desorption
rate( % ) rate( % ) rate( % ) rate( % )

D101 JER A Nonpolar 500 ~ 600 74.51 84.27 79.08 78.2

AB-8 G5 Weak polarity 480 ~520 72.68 84.54 79.86 61.5
DM301 i Medium polarity 330 ~380 70.01 81.12 68. 68 68.41
DA201 AE# 4 Nonpolar 450 ~500 69.29 82.21 73.34 47.71

H103 JE4 M Nonpolar 900 ~ 1100 74.75 74.28 77.64 62.26
HPD100 AE# 4 Nonpolar 500 ~550 71.84 75.24 65.45 69.8
D3520 4% M Nonpolar 480 ~520 70.39 85.83 50.33 69.21

HP20 AEM A4 Nonpolar 550 ~ 600 67.84 78.61 63.44 46.89
H1020 JEM P Nonpolar 700 ~ 1 000 70.02 80.02 56. 66 45.45
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Fig. 13 Effect of eluent concentration on desorption ratio
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Table 6 Results of enrichment process test

B Flavonoids

B2 Saponins

2 g A A
No. Resin quality(g) 4l jig Gl 4l Jig Eflje
Purity( % ) Recovery rate( % ) Purity( % ) Recovery rate( % )
1 10 12.14 89.12 46.25 91.07
2 20 12.27 88.45 45.97 90. 34
3 50 12.13 88.49 44.99 89.44
SEA41E Average value 12.18 88.69 45.74 90.28
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