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Abstract: Objective To optimize the preparation process of self — prepared Qingwen Formula. Methods The preparation process was
optimized by the L,(3*) orthogonal test with the solid — liquid ratio (factor A), extraction time (factor B) and extraction times
(factor C) as the investigation factors,and with the contents of chlorogenic acid, luteoloside, indigo, indirubin, dry extract yield and
their comprehensive score as the investigation indicators. The preparation process was further optimized by the multilayer perceptron
(MLP) neural network,back propagation (BP) neural network,radial basis function (RBF) neural network,genetic algorithm (GA) — BP
neural network with the three factor and their levels in the orthogonal test as the input,and with the six investigation indicators as
the output. Results Two optimal schemes (A,B,C, and A,B,C,) were obtained by the orthogonal test:the solid — liquid ratio was 1:10
or 1:8 (g/mL),and extracting twice, each time for 30 min. But the optimal scheme of different indicators was different, that of
chlorogenic acid was A,B,C,, while that of luteoloside was A,B,C,. It was found that the average error rate was high by the MLP
neural network. It was also found that compared with those by the RBF neural network,the error was smaller and the coefficient of
determination (R?) was better by the BP neural network,but it still could not solve the problem of local optimal solution. Therefore,
the R?could be maximized and the sum of squared error could be minimized by the GA — BP neural network, and the optimal
parameters were as follows:the solid — liquid ratio was 0.099 (g/mL),and extracting twice,each time for 29.97 min. Conclusion The
optimal GA - BP neural network combined with traditional orthogonal test can promote the optimization of process parameters,solve
the problem of local optimal solution in the orthogonal test,and decrease the difficulty of data processing.
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Tab.2 Design and results of the L, (3*) orthogonal test

, Bt 15 45 (ug/ul) EN
U8 ¢ web) &) RE Rek AR KARE
1 | 1 1 1 10.21 - - BLOL 1037 4732
2 1 2 2 ) 132059 200 12118  9.60 5451
3 1 3 3 3 2012 - - 9.5 5.4 3.9
4 2 | 2 3 7.8 L7 7.56 12091 978 9121
5 2 2 3 1 01 - 644 9536 950 7266
6 2 3 | 2 1913 0.3 - 85.00 733 4.2
7 3 | 3 2 2.3 284 823 92.00 841 8736
8 3 2 | 3 1% - - 9.2 479 36.30
9 3 3 2 1 PAN VA - 88.30 747 4640
Ko 13782 225.89 126.90 166.38
Ko 20715 163.47 19212 185.15
K, 170.06 125.67 196.01 163.80
R B0 B4 Bu 71
E: - ARMEE
Note: - indicates the corresponding component is not detected.
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Tab.3 Results of the range analysis

mE BRBRAE AERFHF BARNA

xR A B C A B C A B C
K, 11457 11497 91.86 8.34 9.52 7.50 45.94 75.30 42.30
K, 100.78 92.02 110.46 8.87 7.96 8.95 69.05 54.49 64.04

K, 79.94 8830 92.96 6.89 6.61 7.65 56.69 41.89 65.34
R 3463 26,68 18.60 1.45 2.91 1.45 23.11 33.41 23.04
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Tab.4 Results of the ANOVA of comprehensive score

i3 BEF G A= B W F1i P

A 839.075 2 4.233 0. 191
B 1601. 601 2 8. 080 0.110
C 856. 720 2 4.322 0. 188
®E 198.229

E:F, (2,2)=19.00;F, ,(2,2)=99. 00, % 5. % 6 Fl .
Note: Fy s (2,2) = 19.00;F, ,, (2,2) = 99.00 (for Tab.4 - 6).
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Tab.5 Results of the ANOVA of chlorogenic acid content
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A 1 878. 545 2 9.467 0. 096
B 1 348. 231 2 6. 794 0. 128
C 325. 861 2 1. 642 0.378
RE 198. 437

x6 KREEHSENFENTER
Tab. 6 Results of the ANOVA of luteoloside content

Sy o ERED: FA& P&
A 11. 452 2 1.680  0.373
B 6.816 2 2.437 0.291

0. 381 2 0.056  0.947
®E 6.816

K225 BBAESAEATR KA RS A B 04 J PR 45 B A
75 E RS PR AE 23 A7 AE GBS W] 3k 0 1) 12 22, 7 iR
2530 FEL P B4 B A X 7 o LR A 1 A
T R R PR AR B L3 —A~ £ A fH, ASF
FEH A 0. 1% A SEPRFEA 7 A2 94 R HUAEAS
HY S 28 X 45 U1 2R R AR 38 90 A, 9 T I 23
(i) PN R A 25

2.2 Pk *

K 22 2 A2 (MLP) 4 28 W 26 B3 | ) A4 4
(BP)FIE ML (RBF) FIZE L8 3555 (GA) — BP#f
2 A IE ARG 3R R A A A, 6 FhdE bR
(Gel \L M.Q .H .ZEATEAMES) Rt , BEHLIHI 70% F
AT G, FIARFEARDEFTINIA  BP S RBF i1 28 % 45 15
JE I RUNZRIECH 1000 1K, Bl )2 #h 2 oe i e 9,

GA - BP W8I E fe RYINZRIRECH 5 000 1K, BE 2 1B
T2, BB Z M 2GR E N S 6, 3 i 1R 25 MR 15t
FERARYE 38 it e R BRI AR R & 1 545 .
2.3 YI&EER

MLP #f 28 [ 2% 55 % - Il 25 1 66 > H A&
(73.33%) , M T 24 DREA (26. 67%) 57 Y 22K
LR 2 BRI BRI 1,2 R sSB S AR 44,
YIZRBE v 157 TR 220 5. 803, A5 R AR B (1) A 6
Z43 512470, 12(1L) ,0. 032(S) ,0. 062(Gel) 0. 096(Q)
0.005 (H) . 0.126 (M) . ] 12 £ 19 °F 75 Fl iR 22 4
2.561 Ay B R AR 5 (A X522 5390 0 0. 108 (1) 0. 021
(S).0.288(Gel) ,0.027(Q) .0.004(H) .0.091 (M) %
FHZE L4 R 20 PR R AACE RN B > A > C(ET 1),
XoF 12 25 I 24 1) T £ 55 5 0 S BRAE AT BL AR, A5
FR 21 P T O, R T 45 SR A w (DL IR 2) .
MLP 5 I Hh A A (8 S 1 15 25 0K, 43 51 R 8. 07%
(Gel),9.41%(Q) ,4.37(1),20. 75%(H) ,6. 77% (M) Fl
9. 19%(S) o BRI , 1375 Je it — 20 R 4 HLAth 19 1o 2 ) 245 3
fromm A Ak

IEA L

0 20% 40% 60% 80% 100%
% B
%A

HEC

A

(=]

0.1 0.2 0.3 0.4
1 MLPHEMESMHEREENY

Fig. 1 Importance of factors by the MLP neural network

2 0.6
0 Ll
]
1 i 0.4
— 0 2 .
0.2
0 —0.4
0
-1 i -0.6 ; '
e 002 e
5 6 7 8 9 10 11 -2 0 2 6 8 10 T 0 1 2 3
A C
sex B2 B2
8 15
0 — 6| 10
4 5
— 2 é z 0
-4 _2| . ! -5
. _al . -10
. W -6 w1 i
10 15 20 25 30 40 60 80 100 70 80 90 100 110 120 130
D F

AM B.H C.Q D.Gel

E.S F.L

B2 MLP#HEMEE XD RIERNZER

AM B.H C.Q

D. Gel

E.S F.L

Fig. 2 Residual error of various indicators by the MLP neural network
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Fig.3 Input parameters of different indicators by the BP and RBF neural networks
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Tab.7 Results of the verification test (n =3)
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