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Optimization of extraction technology of Banxia Baizhu Tianma Decoction by
chemometrics combined with information entropy weighting
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Abstract: Objective The extraction process optimization method of chemometrics combined with information entropy weight was
established and applied to the water extraction process optimization of Banxia Baizhu Tianma Decoction (BBTD), in order to fully
ensure the effectiveness and quality consistency of classical prescription. Methods Taking BBTD as the model drug, the fingerprint
was established by HPLC method. The common peak area was analyzed by principal component analysis (PCA), the total factor score
of PCA, the similarity of fingerprint and the yield of dry paste were used as evaluation indexes. Lo(3%) orthogonal design was used to
investigate the effects of adding water, soaking time and boiling time on the extraction effect, and the objective weight of each index
was determined by information entropy weighting method. The technological parameters of water extraction were optimized. Results
Twenty-six common peaks and seven compounds were identified by the similarity evaluation system of chromatographic fingerprints
of traditional Chinese medicine. According to the results of comprehensive score, the optimum extraction process of the preparation
was determined to be 12 times the amount of water, decoction twice, 1 hour each time. The average comprehensive score of the three
batches of verification was 0.418 0 with RSD of 3.32%. Conclusion The optimized process has high extraction rate, good stability
and repeatability, and is suitable for the industrial production of BBTD.
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RECERE 9g, AR 15g, Kikeg KE6g,
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R, AIFRIM, HhE, JEKYE (70 1C), MK
ERE 50 mL.
22 Y
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um); BN CIE-7K LR T A AR 7«
0~48 min, 3%~45% 2.1 ; 48~60 min, 45%~100%
2N AR 1.0 mL/min; K%K 254 nm; A
1530 °C; #EFEE 10 pL; FEGESHEL 3 000,
23 MRmAREHIE

FE BRI R R RER 5.67 mg. HET 4.68
mg. MR 3.60 mg. PR 2.97 mg. mHEE
3.22 mg. AARNMEE II3.08 mg. HE X 2.22 mg,
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5y, BIAS X HE SRR
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Table 1 Factors level, experimental design and results of Lo(3%) orthogonal experiment

IEnass A/ B/min C/h DK MEFES FRALEE HER LAV
S1 12 (1) 0(1) 1(1) 1(1) -2.1752 0.588 0.275 4 —0.121 7
S2 12 (1) 30 (2) 2(2) 2(2) 0.287 5 0.592 0.386 3 0.096 3
S3 12 (1) 60 (3) 3(3) 3(3) 0.873 8 0.811 0.422 4 0.254 8
S4 16 (2) 0(1) 2(2) 3(3) 0.2710 0.586 0.4555 0.164 5
S5 16 (2) 30 (2) 3(3) 1(1) —0.085 7 0.592 0.3743 0.116 5
S6 16 (2) 60 (3) 1(1) 2(2) —0.7419 0.800 0.393 0 0.075 6
S7 20 (3) 0(1) 3(3) 2(2) 2.183 5 0.803 0.450 3 0.398 4
S8 20 (3) 30 (2) 1(1) 3(3) 0.409 0 0.801 0.4013 0.200 7
S9 20 (3) 60 (3) 2(2) 1(1) —0.447 1 0.810 0.353 7 0.103 7
Ki 02294 04412  0.1546  0.0985
K> 03566 04135 03645 05703
K; 07028 04341 07697  0.6200
R 04734  0.0277 06151 05215
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9-gastrodin  15-glycyrrhizin  16-naringin  17-hesperidin = 20-isoliquiritoside  22-atractylenolide III ~ 26-glycyrrhetinic acid, same as below

TEHEMEHET 9 A4S (S1~S9) HPLC E8 Eit R HXTBIES EE (R)

Fig. 1 HPLC fingerprints of nine groups (S1—S9) of samples and reference fingerprint (R) under different extraction
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Fig.2 HPLC diagram of mixed reference substance (A) and
BBTD sample (S1, B)
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Table 2 Characteristic value and variance contribution rate
NN LSRRI FEHCFJ7 AN
it Ji Z TR % FRTTIRE/% &t Ti 2 TR Y% FATTIRE /%
1 8.117 31.218 31.218 8.117 31.218 31.218
2 6.749 25.958 57.177 6.749 25.958 57.177
3 3.425 13.171 70.348 3.425 13.171 70.348
4 2.680 10.307 80.656 2.680 10.307 80.656
5 2.047 7.874 88.530
6 1.325 5.097 93.627
7 1.040 3.998 97.626
8 0.617 2.374 100.000
®3 VEETFEHER
Table 3 Component load matrix
il e i il
1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 0.180 0.806 0.241 —0.408 —0.246 —0.138 —0.118| 14 0.852 0.225 0.006 0.347 0.251 —0.146 0.057
2 -0.196 0.757 —0.080 0.164 0.588 0.067 —0.019| 15 0.608 0.533 —0.273 0.083 0.082 —0.355 0.351
3 0.943 0.119 0.007 0.181 —0.155 0.008 0.045| 16 0.547 —0.508 0.001 0.010 —0.627 0.057 —0.138
4 0.659 —0.500 —0.050 0.444 0.166 0.282 —0.084| 17 —0.142 —-0.328 0.835 —0.010 0.207 0.142 0.112
5 0.536 —0.483 0.654 0.171 0.129 —0.047 0.054| 18 —0.651 0.061 0.165 0.454 —-0.413 0.246 0.120
6 —-0.262 0.886 0.311 —0.075 0.155 —0.003 0.086{ 19 0.620 0.598 0.200 0.294 —0.191 —0.019 0.009
7 —0.075 0.947 0.154 —0.086 —0.005 —0.071 0.154] 20 -0.585 0.286 0.377 0.579 0.179 0.134 0.006
8 0.089 0.601 0.622 —0.459 —0.098 0.132 —0.073| 21 0.498 —0.117 0.221 0.352 0.527 —0.249 —0.460
9 0.229 0.666 —0.588 0.356 —0.047 0.028 0.140| 22 0.828 —0.343 0.327 0.053 0.167 0.055 0.207
10 0.321 0.679 0.589 —0.137 —0.240 —0.094 —0.062| 23 —-0.365 0.324 0.334 0.682 —0.280 0.309 —0.011
11 -0.313 0.564 —-0.519 0.045 0.182 0.526 —0.057| 24 0.292 —0.298 —0.053 —0.609 0.402 0.403 0.356
12 0.747 0.406 —0.036 —0.165 0.239 0.307 —0.313| 25 0.835 —0.024 0.174 —0.100 —0.140 0.421 0.239
13 0.666 0.315 —0.286 —0.211 —0.208 0.250 —0.434| 26 0.827 0.170 —0.305 0.237 —0.192 —0.066 0.230
/\ P AT AR T AR AL AT, S5 4, L
1.0 6o 2370 7 g TEFH‘XE@ 4 4‘3552%‘5@%?%%% u*a&ﬂﬁﬁ%ﬁi&
J100 [T FIOTHR, RE 4 DN ER KA, BERS 15
03 90 S pH R CF) =y 1 D7 0 X VRS 5 HCF )7
NI % Eﬁmgiﬁéo;j% R, CAMSRHER B E Ry 2~4 159> (Fa~Fy). 1%
= e 21° . A F=0319 776 F110.265 897 F>+0.134 917
051 o . e F3+0.105 580 Fu 3 TR A BETH 9 MER IR G
) ms, HRRE L
108 2,64 HERKNE BIPSRBOE 10 mL, HEOT
g 03 05 s W AR IARILS, %F, T 105 CH 3,
E3 RAETAANERSUIESEE B, AHEERARERR, itREHEXR. 4R
Fig. 3 Samples in planar distribution of seven main W& 1.
components 2.6.5 & BRITENEARRI AN KIS BRI
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=4 9IS (S1~S9) HAIEFRAELIEETI

Table 4 Common peak relative peak area of nine batches of samples (S1—S9)

@ min FrRAEAL I TR AR
S1 s2 s3 sS4 S5 S6 7 S8 9
1 1920 —0.8854 03935 08262 03615 0.6841 —0.7848 13307 —1.8402 —0.0855
2 3017 —04817 04344 07784 —0.0514 02765 24177 01319 03930  0.9366
3 4238 —1.6491 —0.1908 —0.0840 08379 05497 04469 15530  0.6996 —1.0639
4 4777 -1.1273 03716 —0.5487 —03656 04187  1.1065 02300 2.0867 —0.5913
5 5215 00082 —0.6282 03989 —1.3659 —0.6545 1.1101  1.6297 09305 —0.6310
6 6917 —02200 00802  0.7089  0.0085 02780 19341 09951 ~—1.1053  1.1886
7 7517 —07040 —02167 15107 03055 03435 15015 07574 -12507  0.7559
8 9.735 04948 —0.1619  0.1852 —0.5465  1.0844 —0.6221 17654 -1.6010 03914
9  17.107 -1.5665 —0.0109 12254  1.5944 03416 -1.0002 —04693 03269  0.2418
10 11365 —1.0194 00275 06261 —0.1990 00512 -03796 20656 ~—14311 02587
11 14482 —0.9250  0.0913 00851 08993  1.1145 -14788 ~—1.1813  0.1862  1.2088
12 19.033 -19877 03721 00173 00563 11469 05554  1.1419 05975 —0.7889
13 24655 22129 05807 02547 05512 11460 04412 02647 —0.1300 —0.8957
14 25185 —1.5379 —0.1696 09978  0.0489 —0.6522 02066 12230 12885 —0.9920
15 27940 —09500 -03531 15634  1.1938 -0.5307 —0.8974 08173 02830 —1.1263
16 28423 08636 —02663 04253 02492 -02370 24376 01612 —0.1043 —0.9516
17 28862 08178 -1.0480 —0.0169 -2.1529 02058  0.6189 08756  0.0664  0.6333
18 31.895 03914 -02501 —0.8531 04194 -10106 0.1348 —04386 —0.6728 22795
19 32233 -1.7084  0.1195  0.1844  0.8233 -0.8044 04642  1.8621 —0.1181  0.1058
20 35213 00642 02158  0.6584 —1.1584 07035 —0.6625 —02896 00369 22704
21 36113 —07003 12314 00197 -12668 —0.7652 02341 09796  1.5028 —0.7278
22 53.690 04826 —0.8599 04701 03297 —0.2833  0.6844  1.6997 12973 12560
23 54380 —0.8025 —0.3802 02278 03512 —09287  0.1335 —0.0348 03236 24597
24 55443 05485 —12701 07815  0.0328 17609 02984 03476 08561 —1.1959
25 57372 -13200 -1.2390 05777 05304 05387  0.6698  1.5598 05983 —0.7600
26 59960 —1.6386 —0.6545 10180  1.1392 —04993 05187  0.5284 07078 —1.1198
iﬁzﬁﬁﬁ B, 71545 8] BBTD $#2HU T 2% F8 4% PCA w5 HESH
SR TESY . Feor R . B R RN E Table 5 Variance analysis
FERIN 0.107 74 0.131 8. 0.127 4. K5l st 1 WZORIE ETM AR FE B
)2 AR MRS VP, mAUe L, 15 3 A 0.040 2 0727 P>0.05
BBTD #E T ZM %A M; fabr, BT T 25047, B 0.000 2 0.000 P>0.05
HGRNEKIL. 5. C 0.065 2 1182 P>0.05
2.6.6 IEXGRST KA SPSS 18.0 D 0.055 2 1.000  P>0.05
AT IEZE 00T, S5 WER 1. 5. HIERRSRE P 0.060 2

A BT R, & R R SRR K C>D>A>B,
FHEFREAFKP PR RN As>A> Al
B1>B;>Bs. C3>C>Ch. D3>Dr>Dy. VUL
BN RAE R 2, BT Z T g5 mT A, ok
B (A, BflE (B). RIZNE (C). AiZX

Fo05 (2) =19.00, Fy1 (2,2) =99.00
(D) MR LTZELEERREM (P>0.05). H
R IRBRINN K—K 1> >K3— K, /K2 5KF

3 ZIAHZERCN,

PR KB KT 20 425 %

JEA . RS TTH, EARFRIR I Z N
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ABiCiDy, B 12 587K, R 0 min, FiER AN
1h, AU 2 K.
2.7 IWESELE

F R ARSI T 23 3 it BBTD #HTRIE,
W A5 H B AN 4L 47 4007, PCA A7
B35 2.253 6. 2.412 5. 2.186 6, FILLEE 75
N 0.857. 0.866. 0.861, HERFIHIN 44.58%-
46.96%. 46.06%, ZiEVFIrIEA 0.418 0, RSD
9 3.32%. WESREY, ZIB T ZRETT.
3 it

ARSI R A vt 2 2 071 5 A5 B 45
S5 T4 BBTD R T 2. B4, MWE
&) HPLC 540 BEAS I e iUE 2, SR
PCA J5i2%f Hh 2 3k 48 SIS AR B PRI RS H
BNVCHCIT 26 /NRHAE IR Ve T RREA T B 4 AL B, 5
BN, 4 NFERS AR 80.656%I A EMIE K.,
s 7RSS R E B AR R8I %4 PCA
METESER. HER (BELTFREER)
FARGUETE AR (it — B s 1F
HEARhE, SEAPIMRALIREU %, SRAE TR
SERAT, REAil RO HURBREREIIRCR, NiETs
L — 2 FF K e T TSR A s S

AT R SRR A, PR T BT E R 23t
7 AMRERESRS CRIRE. HEF . M. B
. BHEH. AORNE T HEXRER), Bid5
X RE A OR A B AT L, A A LR IE Ve R A8, A
T R AIE T VT ACREAE U 1A R0 ol %of B o3 B 3
TR, B R ES 1 £ b, H
A B AT, R TR AR R PR B T RE K
i1 R NS G s e e S B e &=
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