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Optimization of icariin extraction from Epimedium brevicornu maxim
by supersonic wave using central composite design and
response surface methodology
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Abstract: [Objective] The ultrasound-assisted extraction of icariin from E pimedium brevicornu Max-
im was optimized using response surface methodology and central composite design (CCD). [ Method]
Based on single factor tests,the effects of ethanol concentration, ultrasonic extraction time, liquid to solid
ratio and their interactions on extraction rate were studied using CCD method. [Result] The optimal ultra-
sonic extraction conditions based on ridge analysis were: ethanol concentration 68% , ultrasonic extraction
time 23 min, liquid to solid ratio 32 m1./g. Under the optimum conditions,the extraction yield of total icari-
in was 0. 661% ,which was close to the theoretical value of 0. 663%. [Conclusion] The optimal extraction
conditions of epimedium glycoside extraction were determined and the advantages included short time, high
extraction efficiency,less energy consumption,stable,and reliable.
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Table 1 Factors and levels of central composite design for the extraction process of the icariin
X % Factors
I i 7K S TS 5 T - - —
Coded level LWERBIA B (2 / % i 7 P IR (1] (22 ) /min W (mL) [ (2) e (a3)
Ethanol concentration Ultrasonic extraction time Liquid-solid ratio
—1.682 20.0 5.0 10.0: 1
—1 35.2 12.1 20.1:1
0 57.5 22.5 35.0¢: 1
1 79.8 32.9 49.9: 1
1. 682 95.0 40. 0 60.0 ¢+ 1
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AL A AL, Y 2 AR B B T 60 20 B, B 2 H:
FHAE BT 5 3 2 SR R R N 5 (B S R R 4
BT 60000, B2 OB T LT
PEHUCR M AR . 25 08 3 58 bR Az 7 o & B [ ) R
FE [R) L, 0 S AT RE M HF 1 & B S EEHFA TSR B, Bt &
P R AR B L 20 %6 ~95 % R4k

2.1.2 BERBREASZEFEFRREG YA
B 2 R, SRR B L B G R PR B IS [ ) AE
KSR EET RO e, AR
HUR [R]FE 5~20 min, £ S8 i AH XS 2292 5 7% 20~
40 min, $&BCRIEANE P, £ 40 ~ 80 min, $g HU R 14
NGNS . 25 S B ST R A 77 o (1 KR e 45 )L, 7E PR IE
PEIBCR BRI T o 0 AT R 5 15 55 1) 7 I [R]
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Fig. 2 Effects of ultrasonic extraction time on

extraction rate of icariin
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Table 2 Arrangement and results of central composite design for the extraction process of icariin

it 5 KF Level R/ %
Experiment No. T T2 x5 Extraction rate
1 0 0 0 0. 648
2 0 0 0 0.642
3 0 0 0 0. 646
4 +1 +1 +1 0. 604
5 +1 +1 —1 0.638
6 +1 —1 +1 0. 606
7 +1 —1 —1 0.648
8 —1 +1 +1 0.472
9 —1 +1 —1 0.362
10 —1 —1 +1 0. 480
11 —1 —1 —1 0. 434
12 —1.682 0 0 0. 300
13 1.682 0 0 0. 490
14 0 —1.682 0 0.552
15 0 1.682 0 0.612
16 0 0 —1.682 0. 600
17 0 0 1. 682 0. 624

2.2.2 ram@aa i FIH SAS HAF ) RSREG(Z
YR 7 TAT [ 051 A5 78 ) R e S 4 56 45 2R 2 A7 o 7 TG 4
M. 28 R I LG A5 A8 78 2 5504 T e D 3R
3 ITEMT AR WA 4 W F T4 R WK 5. Bk
3 Al AN, WOH R A y = — 0. 390 343 +
0.025 801x;+ 0. 004 500z, + 0. 007 479zx; —
0.000 1742%40.000 036 651z, —0.000 1915 —
0. 000 087 278x1x; + 0. 000 058 080x,x;5 —
0.000 045 358x%, 7E— Y Iy F Ml & B H &=
Cary ) R 2 25 1 46 IO 110 52 T 5 K 38 3 B ik 35 7K
S (P<C0. 01) s 75 R IRy F0 op, S B 3R 3 T
e I 25 K- (P<<0. 01) 5 7EAZ B3 Hp , L P 4 ()

IEA
2

T LI EE () 35 8 T i 35 7K S (P<C0. 05) 5 fif H:
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Bl B WA IE B |1 05 7 . y = — 0. 390 343+
0.025 801z, + 0. 007 479x; — 0. 000 174z% —
0.000 19122 —0. 000 087 278 zyxs, FH X HEELZ 1Y
ot i 55 S0 A R 25 K PRI R (1A 5 AR Y
IE . 7E P<C0. 2 /K- 832 i A 3 80 HUHE 1 1
WA E R F AT RBCREIH TR Ry =
—0.390 343+ 0. 025 801z, + 0. 004 500z, +
0.007 47925 —0.000 1742} 40. 000 036 651z, 2, —
0. 000 19122 —0.000 087 278z, x5 + 0. 000 058 080X
2,25 —0. 000 045 3582%,
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Table 3 Significance of regression coefficients for the extraction data icariin
Y7 FiE AW TR M 0 R
Parameter df Estimate Error t value Significance
#IE Intercept 1 —0.390 343 0.162 155 —2.41 0.047 0 *
X 1 0.025 801 0.002 923 8. 83 <20. 000 1 % ¥
X2 1 0. 004 500 0. 005 870 0.77 0.468 4
x3 1 0.007 479 0.004 228 1.77 0.120 2
af 1 —0.000 174 0. 000 020 278 —8. 60 <20.000 1 * %
o1 1 0. 000 036 651 0.000 051 619 0.71 0.500 7
a3 1 —0.000 191 0.000 093 132 —2.05 0.079 9
321 1 —0. 000 087 278 0. 000 036 029 —2.42 0.045 9 *
32 1 0. 000 058 080 0.000 077 255 0.75 0.476 7
a3 1 —0. 000 045 358 0. 000 045 593 —0.99 0.352 9

e ox FoR B (P<0.05), » » TRl 835 (P<C0.01) ;7 P<<0. 2 /K R4 fli% .
Note: * Indicates significant difference (P<Z0.05), * % Indicates extremely significant difference (P<C0.01) ; At P<C0. 2 level, hypothesis

was rejected.
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Table 4 Analysis of variance of regression equations for the extraction data of icariin

T AWE  BEETIM EHERER) F{f : W
Ttem df Sum of squares R-square F value P>F Significance
BRI Total model 9 0.180 363 0.957 4 17.48 0. 000 5 % %
2T Linear 3 0.084 518 0.448 6 24.57 0. 000 4 % %
SEJ7 3 Quadratic 3 0.087 891 0.466 5 25.55 0.000 4 * %
A2 7.3 Crossproduct 3 0.007 954 0.042 2 2.31 0.162 8
iR Total error 7 0.008 026
eI Lack of fit 5 0.008 007 11.58 0.058
4% 2 Pure error 2 0. 000 018 667

Heox o« TRl 3 (P<<0.0D),

Note: * * Indicates extremely significant difference (P<C0.01).

MFR 4 AT LUE B A 2 M T, F 5 TR
P<C0. 001, 2 BA BB A0 A 5 B2 A 28 39 L SF- Oy 39 0
TR 7 PR IOR ) 5 A S 3 5 T R R 28 LI
P=>0. 05, 2 B H 0 $12 BUR A9 52 i R G 25 . A Gk
SrATH BB R B A G R B RP =0. 957 4, R W] (1]

VA1 7 R 0 2 2 2 i IO A TN {5 S 0 A AT R
B CTE . RAUPE R 56 0 M4 R s P=0. 058>
0. 05, R WA AUNEA 25 % B 7 B2 LR AU N R A7
T« 81377 78 5 S AE RE R4 e LA

RS EFEFRMEEINE DTS H

Table 5 Ridge analysis of maximum responses for the extraction data of icariin

R R e W J37 50 (1 T v 22 P71 fE Factor estimation

Coded radius Estimated response Standard error T o x5
0.0 0.644 814 0.019 509 57.500 000 22.500 000 35.000 000
0.1 0. 655 538 0.019 384 61.236 040 22.568 777 35.191 815
0.2 0.661 353 0.019 027 64.961 188 22.847 917 34.894 906
0.3 0.663 031 0.018 505 67.980 288 23.209 805 32.469 073
0.4 0.662 889 0.017 939 69.417 599 22.939 939 28.960 055
0.5 0.662 108 0.017 520 70. 356 619 22.518 504 25.901 324
0.6 0. 660 876 0.017 512 71.146 552 22.075 647 23.089 319
0.7 0.659 239 0.018 210 71.869 821 21.628 439 20.408 028
0.8 0.657 216 0.019 862 72.556 531 21.180 408 17. 804 329
0.9 0.654 814 0.022 581 73.220 687 20.732 458 15.250 720
1.0 0.652 039 0.026 352 73.869 817 20. 284 815 12.731 470

FRAE WH A0 25 25, iz ]l ORIGIN Bz & R4F, Wik — D300 17 BB A T A7k

JO7 T R B R AR AR Ry 5 O R R O 4L
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W, BT W HL 20 2 A P2 (R B 0 R 2 2 1 4
R SE ), AT LAA 5 3 A IR KA AE Ao A5 CRP
it K F- R 00, A% R 2 A B3 x4 BOR 1 52
Wi 25 R LI A~6, HEl 4~6 T, 3 AN e L I ]
FE 3 FF O R, f LT U b A5 2 2 2 9 SR R Y
BRI T 2 4R x 60% ~70% .2, 15~25
min,x; (25 % 1)~(35: 1) ,

P A 5 3 B 45 SR (5% 5) AT . (8] 09 Oy A A
PRAEREAT I B AR USSR  : S BRI FR A B 6804
7 AR U E] S 23 min R LR 32 ¢ 1. B IIE
BRI A R0Me 78 R &R, 8547 3 IR E M
B S5 R R UR A B 0. 67100,0. 665%
F10. 647 % , FHE }0. 661 % , 12k 5 {8 5 15 I 1 41
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Fig. 4 Responsive surface plot for ultrasonic extraction
time and liquid to solid ratio of icariin

(Fixed ethanol concentration=>57.5%)
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Fig. 6 Responsive surface plot for ethanol concentration

and ultrasonic extraction time of icariin

(Fixed liquid to solid ratio=35: 1)
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