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Abstract: Objective The potency of multi-source information fusion technology was explored to improve the model calibration and
prediction performance of Chinese medicine extraction process. Methods The ethanol extraction process for isolating fat-soluble
components from Salvia miltiorrhiza was taken as the research carrier. S. miltiorrhiza from different sources were collected to simulate
the fluctuation of materials. The changes of process parameters were simulated by design of experimental (DOE), and the process near
infrared spectra (NIRS) were used as the process state variables. The contents of tanshinone Il,, cryptotanshinone, and tanshinone I
were determined by HPLC. The raw material properties, process parameters and process state variables were combined as independent
variables. The content of effective components in the extract was taken as the dependent variable. The partial least squares (PLS)
algorithm was used to establish the quality prediction model of the extracts. Results The modeling results respectively showed that
the RMSECV was 0.172 8 mg/g, RMSEP was 0.031 7 mg/g, RPD was 6.91 (tanshinone II,); RMSECV was 0.153 4 mg/g, RMSEP was
0.024 2 mg/g, RPD was 4.02 (cryptotanshinone); RMSECV was 0.117 1 mg/g, RMSEP was 0.043 2 mg/g, RPD was 4.76 (tanshinone
I). Conclusion The calibration and prediction performance of multi-source information fusion model are better than the conventional

model, which can effectively improve the quality predictability and controllability of S. miltiorrhiza extract.
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Fig. 1 Raw NIRS collected during S. miltiorrhiza alcohol
extraction process (S1)
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2.3.1 HPLC (uifh skt M (hEZ) 2015 4
RSB PE SO TR il M. SR Agilent SB
Cis B FE (250 mmX 4.6 mm, 5 pum); #:iE 30 C;
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ul; VRBIAA 2 5-0.02% B BR /K VAT, B B Ve i -
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P BP0 1 AT R H 5, HaRhlfE
79.4~1 588.8 ng.80.2~1 603.2 ng.80.2~1 603.2 ng
LMERRRYE, HIEAFES A Y=6 025.6 X+
159.81, R*=0.999 1 (n=8); Y=5 036.6 X+82.273,
R*=0.999 6 (n=8); Y=2 559.6 X+24.707, R*=
0.9999 (n=8).,
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B8R LA (A 5B 1 IRIREUARIGE (B
RS 2 UIRBUAFME R (C) XIS IR R
SR, N F Design Expert 8.0 2% 17 D-E 4k %t

SRR R R B, DAL Nk 2 ik 24
RIS . 24 HERELER A5 RN 2 s R 3
ATUUE AR 1 B S ERAPEZE U, 52
390N 0.452 9~1.404 8 mg/g. 0.211 1~1.086 4
mg/g 1 0.215 4~0.804 6 mg/g.
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Table 1 Levels in experiment design of S. miltiorrhiza
alcohol extraction process
K PR LR A% B/f C/HE&
1 S1~S5 60 6 5
2 (BHHL) 70 8 7
3 80 10 9

x2 AARBRTASE . RASEMASE 1, BRME

Table 2 Contents of tanshinone I, cryptotanshinone, and tanshinone II, in extract

a5 7 A B CIf BB mee ) i 0 A B CIf BB mee )
Hek P BT B I, e P BTSN P2 1,
1 S3 80 6 5 02613 0.2135 0.4529 13 S1 80 6 9 0.3863 0.3000 0.562 9
2 S2 60 6 7 0.5049 0.8292 0.988 3 14 S3 70 6 5 02749 0.2379 0.527 6
3 S2 80 8 9 0.6898 09356 1.2231 15 S5 80 6 7 0.7745 0.6291 1.128 5
4 S4 60 10 7 02902 0.5256 0.726 4 16 S3 60 6 5 02154 0.2111 0.4539
5 S5 60 10 9 0.5431 0.6005 0.9754 17 S4 70 8 9 04908 0.5832 0.892 2
6 S2 70 10 9 0.7089 09534 1.296 7 18 S4 60 10 5 0.3604 0.5344 0.7959
7 S4 70 10 7 04148 0.5605 0.8503 19 S2 60 8 5 0.6667 09286 1.233 1
8 S2 &0 10 5 0.8046 1.0864 1.404 8 20 S1 70 8 7 0.3578 0.2950 0.547 4
9 S4 60 8 7 0.3249 0.5282 0.777 2 21 S5 80 10 7 0.7382 0.5834 1.0770
10 S1 80 10 9 03825 0.2828 0.5550 22 S4 80 8 5 04420 0.5846 0.845 5
11 S4 70 8 5 04251 0.5813 0.888 8 23 S4 70 6 9 03721 0.5218 0.7817
12 S5 70 6 7 0.6646 05735 1.069 8 24 S1 60 8 9 02564 0.2335 0.464 8

25 REVRRETUNERNEL

R HRSCER BT T 58, BEAT 24 #RIGRAE, KH
Kennard-Stone (K-S) 757504 24 #LHh i) 2/3 #LikFE
AAVERREIESE, A 173 FEARMERRIEE. DA
IR A S TN S B 2 1) v fie /s — 3 (PLS)
B, FF DA UF SEAE AR B U R i 4 . PLS B0E
i PLS Toolbox 2.1 (Eigenvector Research Inc.,
USA), Jf1f Matlab 7.0 (MathWorks Inc., USA)
A& B
251 “LZZE- bR RBERES. DR
2 W LESHN R AR X, RBOR 2
I, $E (y). BIIZERRE () MSFZE

I 3R (p) RBEARRE, @200y p, M
3 B CLZESH- TR AR PLS B8, s
SR 3 Fron. HEE 3 AT W, FEBGH PSR WAy
B PSRN Z0 1 3 FheadrtE s FEER 1 PLS
TR AL R IESEA G R EL (rea) 2351129 0.663 5
0.359 2. 0.539 5; A2 XIRAEH 7R 1% 2 (RMSECV)
I3 0.544 4. 0303 1. 0.311 9 mg/g. PEAEM 2
tb (RPD) {EHRAFAAITMIMERE, 24 RPD>3, &
AR L R FDRG 2 7 RPD<<2.5, R P il &
U, PRSI sy BEFFSEIAFSE 13 R
FabRIE R BRI PLS TR RPD 435N
0.83. 0.99 f1 1.12, ¥J/NT 2.5, KM “T2%
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Table 3 Modeling results for relationship between process parameters and product quality attributes
o B RRIESE SMIES
$5 bR N - — : — :
F¥4  r  RMSEC/(mgg') RMSECV/(mgg') W% "we  RMSEP/(mgg') RPD fi%
FFEH 11, 10 0.663 5 0.2290 0.544 4 0.1948 0.2452 0.2710 0.83 0.2306
(YR L] 2 03592 0.2593 0.303 1 0.2238 0.3317 0.198 0 0.99 0.166 6
FHZ0H 1 7 0.5395 0.162 4 0.3119 0.1489 0.298 8 0.1386 1.12° 0.1207
R4 ‘EREM-IZSE-TRRE" KHKBESR
Table 4 Modeling results by fusing the raw material attributes, process parameters, and product quality attributes
o R KEIE4E TS
ShRA . — — ‘ ~ :
BF4  ra  RMSEC/(mgg') RMSECV/(mgg') {RZE Foe  RMSEP/(mgg') RPD fm%
FHZW 11, 10 0.850 4 0.1610 0.3883 0.1154 0.6460 0.217 6 1.03 0.1789
T2 10 09143 0.110 8 0.288 4 0.0832 0.796 0 0.1555 124 0.1336
FHZW 1 9 0.795 8 0.116 8 0.2811 0.0832 0.5965 0.134 6 1.15 0.1095
JEURHE T2 ERRE RS

X Bl Bt A
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Fig. 2 S. miltiorrhiza alcohol extraction process of multi-source information fusion diagram
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Fig.3 NIRS dimension reduction schematic

FILRIE R, MFEXGE AT R4 . 7
R —M 5% (first order derivatives, Istd). —
BS540 (second order derivatives, 2ndd). % JCHUS
B 1E (multiplicative scatter correction, MSC ). #xif
1ENA8 4 (standard normal variate transformation,
SNV). /NJJERE (wavelet denoise spectral, WDS)
1 SG P 6 FhAiALIE 77 15 T I 4B 1
BEAT AL EERY, B TACEE OGS Z A0 X,
GHEAAE 2 FRZIEE B X S X
AISEHCH P2 o BPHSEA P20 13 EE
JRIKIY PLS #5571

HHR 5 X AR DG i FiAb 2 7 v 04T Le e vl
28 MSC ALEEf NIRS X FF20 1, Bk R 4f, PF
B B P RE S 408 RMSEC 4 0.022 8 mg/g,
RMSECV A 0.172 8 mg/g, RMSEP &4 0.031 7
mg/g, RPD{HM 6.91; [FIFAG2IEHFZ00 DL R 460
W AT AR A B AR, PSR T 1) NIRS st Tl
AEFRTT5N SNV

Z U515 B RlA PLS BRI AR 5 R (1)1 6 45

HHEIE T 2 MU EESENRES, Ut
il 11, $2 B FROAR Y 9451, ] 4-a 7] %1 RMSEC,
RMSECV ATl %75 (predict of error square
sum, PRESS) 7E 8 MELERF TN, ZF#iET
Fia, BEEBZEANKMEZ, o Ks),
LR G S Tabr S, TR AR R 80N 8 I,
HA ST S M, RIERA . S PR IEBAR IE
A FIFINAR () HPLC 225 {85 NIR FilME < & 40
Bl 4-b B, REFFSE T, SRR IEEF S EE
Ccal) SFUINEEHTIE (pre) MR, [FHE
PRI B KT 6 A1 9, BESZREEFFZSER AN
FHSH 1R IEARAY

B 6 nJ 50, Fr i 2 U515 SRk & B It 5 R AT
PGPS Uas BSTSEAIFF 20 1 HEEER )
PLS TR () RPD {E 43714 6.91. 4.02 Al 4.76,
BIKT 3, 5HMERAN LA, RMSEC 144
W4 0.022 8. 0.054 3. 0.009 1 mg/g, RMSECV i
430N 0.172 84 0.153 4, 0.117 1 mg/g, RMSEP {&
3514 0.031 7. 0.024 2. 0.043 2 mg/g 5 FAEAY
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Table 5 Different pretreatment methods for NIRS in prediction of tanshinone II, content
Tsbse AR KRR THIEE
Jik WTFH ra RMSEC/mgg') RMSECV/(mgg!) W% "we  RMSEP/mgg') RPD fZ%
raw 6 0.989 2 0.047 2 0.184 1 0.0387 0.966 8 0.044 1 3.85 0.0377
Istd 9 0.999 1 0.0123 0.2303 0.0099 0.8479 0.159 6 1.57 0.1307
2ndd 6 0.987 3 0.048 8 0.3123 0.0336 0.8872 0.146 1 .52 0.1275
MSC 8 0.997 2 0.022 8 0.172 8 0.0173 0.9889 0.0317 691 0.0246
SNV 9 0.999 1 0.012 8 0.144 8 0.0104 09723 0.062 7 411 0.0534
WDS 10 0.998 2 0.017 4 0.268 4 0.0136 0.0762 0.271 8 0.98 0.2346
SG 8 0.9853 0.054 9 0.2456 0.0453 0.8144 0.1127 1.52  0.096 8
1.6 1
0.5 - ! 3.0 a cal
’ I _.—RMSEC ' 144 —cal
| =—RMSECV : o pre
| ——RMSEP )5 —_—re
0.4 | —— 2 F PRESS : 12T ?
i 2.0 Tﬁ 1.0 :
0'3- : - <. - \\% B
70}
@ | =LY
= ! 1.5 & 2
~ 024 : x B R
w2 00
1 F1.0 Z
01 ! 0.4 A
|
- L0.5 02 ]
0.0 P
T T T T T T T 0.0 0.0 T T r r T T " '
0 2 4 6 8 10 12 14 16 0 02 04 06 08 1.0 12 14 16
HTHH HPLC % 1/(mg-g ™)
El4 FASE 0, ENEMUREBEEETFIEE () REXXER (b)
Fig. 4 Tanshinone II, latent variable factor selection (a) and correlation diagram (b)
*6 ZFEEMAERIRGR
Table 6 Multi-source information fusion modeling results
oy R KeEAE T
HR . - - . - .
AT  r.y  RMSEC/(mgg') RMSECV/(mgg') Iz Poe  RMSEP/(mgg') RPD {iiZ
JIZH 11, 8 0.997 2 0.022 8 0.172 8 0.0173 0.9889 0.0317 6.91 0.0246
PRl 6 0.9829 0.054 3 0.1534 0.0434 0.9673 0.024 2 4.02 0.0210
#2101 9 0.998 6 0.009 1 0.117 1 0.0071 0.9845 0.043 2 476 0.0395
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3 g
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KSR LR LZ@BTEM et iz
SR, TN ) 24 3 A T A 3ot R B
Ji BRI P2y SRR R S A TR
WENFE M R 277 g (Bh TR R B A R
IR, ZURAE B RS R S T E B AL A
7 M5 BA R, JEHS 57 i ot i e 1k
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