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Fig. 1 Absorption spectra of aesculetin and aesculin

1: Aesculin(3.12 pg * mL™1); 2. Aesculetin(2. 94 g« mL™1)

3.2 ERMUES A B E 4R R I

R — ARG Y TR R, By 2 2%,
HIl SR iE 52 A2 KFR I SRAE I [A] L A2 IAE K, A it 1]
AT B R Z R . A SCEREL2 AR @ 3% /T L&
o BREHAZE PR E LRI, AL 1 & R
. BTGV 7RI s 2o s n LT BR B . PR I R T 5 Ao
JRE ¥ 2 o I A 95 B R AR R R o AR SCR) A M 804 0 HE R
W AT ROE R AR AL BT . XS [7] R R 19 28 B v %%
R M B QR MU AT . 2 T B R . il
HE AU ZH 53 H1E B 15 At R AN AT 0 A R 0 2 23 By — A B LA i
ALy E—E BN T BT —E Rl EM. A
B A S 5NN R G2 > I ek s A e v
R AR DL S B {45 52 0 W8 6 BE AW =2 1) Y 405 i 22 AT A
3. DLW R U2 40 0 & BPE . | T TR s, R
o E Al SIS . T T H M4 i .
EK A4 > R B9 HUEE 0 B A A 2 A . 10 42
VA TN AT R A Bk AU AL o3 B 405 R 28 S T E A 2R i A
UL 1. BE B 2H A BRI, 005 1R 28 Je /N R A
Ko HEVGIRZBUN T E AR B, D HE & 00 U
OB 1~2 A R E I AT A — A B M
¥

Table 1 Effects of virtual component number

Virtual component Virtual component

Virtual component number Virtual component number

Samples number 0 number 1(R=2.4) 2(Ri=2.0, R,=0.4) 3(Ri=1.5, R,=0.5, R;=0.4)
No. Prediction Simulation Prediction Simulation Prediction Simulation Prediction Simulation
value/ % error/ % value/ % error/ % value/ % error/ % value/ % error/ %

1 Shiyt 0. 697 0.713 <9.9 0.704 0.711  <1.81 0.699 0.716  <<0.11 0. 705 0.714 <0.79
2 Henan 0.711 0. 547 <3. 36 0.672 0. 562 <11.4 0.676 0.553 <0. 06 0. 689 0. 544 <0. 82
3 Baict 0.699 0. 181 <1.28 0. 658 0. 160 <2.45 0. 66 0.184 2.0 0.663 0. 185 2.2
4 Hebei  1.01 0. 31 <3.28 1.11 0.282 0.6 1.1 0.291 1.6 1. 10 0. 289 1. 29
5 Jilin 1.22 0.221 <14.4 1.22 0.221 <6.5 1.22 0. 220 <4.2 1.23 0.221 <10.4
6 Duob 0.563 0.362 8.0 0.538 0.153 <10. 5 0. 54 0. 308 <1.93 0.597 0. 286 2.5
7 Jilin 1. 37 0.20 <4.01 1. 36 0. 194 <0.8 1. 36 0.2 <1.44 1. 37 0.198 2.35
8 Jilin 1.21 0.216  <15.0 1.19 0.216 <8.2 1. 205 0.216 <8.5 1.21 0.22 <9.8
9 Rende  1.19 0.219 <11.1 1.19 0.219 <2.0 1. 20 0.219 <5.3 1.19 0.22 <9.5
10 Jilin 1.23 0.217 <6.3 1.23 0.215 3.6 1. 24 0.217 <5.9 1.23 0.216 <4.0
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Table 2 Effects of virtual component value on simulation error and results

Samples 1 Baicaotang 2 Tongrentang 3 Duobang 4 Jilin

Error/ % E, E, E; E, E; E, E, E; E, E; E;
0 21.2 26.4 7.7 —22.2 —24.1 7.4 7.24 7.8 —2.9 —9.41 3.0 8.6
2. 22 18. 6 4.5 19 —20 5.7 16 8.9 —3.2 10 3.4 11.8
M4 5 R 2.2 10.5 13.7 —1.9 23 —21 5.7 4.9 5.5 —3.2 12. 8 —0.1 10. 1
2.3 25 11. 6 —8.3 23 —20.1 5.1 5.1 6.0 —4.0 7.1 1.1 10. 1
2.6 9.6 8.2 —1.9 1.52 9.7 3.3 19 9.0 —4.7 6.7 3.2 13.9

Samples 5 Siyitang 6 Henan 7 Jilin 8 Anguo
Error/ % E, E, E; E, E; E, E, E; E, E; E;
0 1. 18 0.43 1.4 28. 8 43.2 —23.4 —18 33.6 —5.7 —34.5 18.5 —0.7
2.0 —2.12 2.2 0.7 14. 3 9.4 —1.4 25 36.5 —4.8 —17 6.1 —3.2
BIIH 5 R 2.2 —1.81 1.4 1.1 11.4 8.5 —0.5 25 29.1 —1.3 —11.7 6.1 —2.7
2.3 12.1 2.6 —4.0 11.3 8.3 —0.5 16.5 25.6 —1.2 —10.8 5.3 —3.2
2.6 0.5 1.6 2.1 0.9 6.7 —1.1 30 25.9 —5.7 0.8 5.4 —3.7

R was the content ratio of virtual component and aesculin, E; was relative error of simulation absorbance and measure absorbance, E; and E;

were relative error of aesculin and aesculetin respectively by ANN and HPLC method.
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Table 3 Effects of different training set on prediction results

Relative error/ %

Training set 1

Training set 2 Training set 3

Samples No.

Aesculin Aesculetin Aesculin Aesculetin Aesculin Aesculetin
1 Tongrt 9.7 —9.1 1.2 —11 1.2 —10. 4
2 Baict 24.6 —1.9 10 —3.1 0.9 11.8
3 Rende 11.7 8.1 8.5 8.5 —10.8 —4.4
4 Jilin 16.5 1.8 25.6 —1.2 —0.4 3.8
5 Duobang 9.4 3.2 —0.9 9.3 —16.1 3.5
6 Henan —16.3 —8.1 —4.4 —2.8 —11.3 4.3
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Table 4 Compare result of double-ANN with PLS

Sample No.

HPLC ¥ content/ %

PLS ¥ Relative error/ % ANN #: Relative error/ %

Aesculin Aesculetin Aesculin Aesculetin Aesculin Aesculetin

1 0.463 0. 757 2.8 —1.4 2.4 0.8

2 0. 375 0.598 9.2 —5.4 0.3 0.2

3 0.473 0. 156 39.3 40. 3 —2.9 —7.1

4 0.975 0.351 48. 8 39.7 —0.82 —3.1

5 0. 925 0.338 —79.7 —82.6 0 0.3

6 0.873 0.278 —8.3 —3.7 0.1 0. 36

7 0. 467 0. 145 —6.8 2.3 —0.2 3.4

8 0.694 0.703 45.2 55.5 —6.8 9.4

9 0.619 0. 565 4. 29 —4.2 7.3 10. 0
10 0. 658 0. 160 —12.6 12.8 11 —3.1
11 1. 244 0.295 15. 3 1. 23 5.2 8.5

12 1. 176 0.312 4.1 0.05 1.2 —11
13 1. 291 0.201 5 2.1 0. 14 —5.5 —4.5
14 0.695 0.148 —0.06 —0. 84 0.7 —0.9
15 1. 244 0.253 —4.8 —4.5 0.8 —6.7
16 1. 230 0.214 —7.4 —0.97 1.6 8.4

17 1. 150 0.195 0.56 —7.1 4.3 0

18 1. 35 0.248 —0.48 7.5 —4. 4 —2.8
19 1.172 0.248 —1.4 —1.4 —0.9 9.3

20 1. 290 0. 196 0. 30 —0.48 —5.0 —0.5
21 1.152 0.183 —0.13 1.6 6.1 5.9
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Simultaneous Determination of Multi-Components in Chinese Herbal
Medicine with UV Spectrometry by Virtual Components-Artificial Neural
Network

BAI Li-fei, ZHANG Hai-tao, ZHANG Han-qi, WANG Hong-xia, WANG Hong-yan”
College of Chemistry, Jilin University, Changchun 130012, China

Abstract In the present paper, the simultaneous determination of multi-components in Chinese herbal medicine was performed
by artificial neural network-UV spectrometry. The interference of other components was eliminated by self-revising and self-sim-
ulation of the virtual component. The double ANN including training and simulation network was established. and the capabili-
ties of self-recognition and self-studying were improved. Therefore, the prediction accuracy of multicomponent content was im-
proved greatly in the complicated Chinese herbal medicine system. The contents of aesculin and aesculetin, which were extracted
from 21 Cortex Fraxinis, were predicted. Comparing the results with those of HPLC, the prediction accuracy was more than
90% within the relative errors less than 10%. The measurement precisions of aesculin and aesculetin were 0. 37% and 1. 5% re-

spectively.
Keywords Artificial neural network; Virtual components; Aesculin; Aesculetin
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