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Model establishment for rapid determination the content of five components in
Salvia miltiorrhiza based on NIRS spectroscopy
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Abstract: Objective To establish a rapid and nondestructive method for the determination of multi-components in Salvia miltiorrhiza
to improve the quality control of S. miltiorrhiza based on Near infrared spectroscopy combined with partial least squares (PLS) method.
Methods A total of 106 batches of S. miltiorrhiza samples from different origins were collected. The content of 11 components
(tanshinol sodium, protocatechuic aldehyde, caffeic acid, rosmarinic acid, alkannic acid, salvianolic acid B, salvianolic acid A,
dihydrotanshinone, tanshinone I, cryptotanshinone, and tanshinone II,) in all of the samples which was conducted as the reference
value were determined by a UPLC method established in the previous research. And the NIRS spectrum were obtained under the
integrating sphere diffuse reflection mode. The different processes of modeling were optimized by partial least squares (PLS) and other
chemometrics methods, including the selection of calibration set and validation set, different pretreatment method, different spectral
section, and the determination of factors. A linear quantitative calibration model between the near infrared spectrum and the content of
the components to be measured was tried to be established so that the content of the components could be measured by NIRS rapidly.
Results The predicted value of NIRS and the measured value of UPLC of five components in S. miltiorrhiza, including salvianolic
acid B, dihydrotanshinone, tanshinone I, cryptotanshinone, and tanshinone Il4, presented a good linearity, indicating the calibration
models had a preferable forecast results. The correlation coefficient were 0.981 1,0.936 3, 0.960 5, 0.910 9, 0.978 0 respectively, and
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the mean and square deviation of the prediction set (RMSEP) were 0.957 0, 0.037 7, 0.041 6, 0.114, 0.063 9, respectively; But the

model of the other constituents failed to reach the quantitative level. Conclusion

The content of salvianolic acid B,

dihydrotanshinone, tanshinone I, cryptotanshinone, tanshinone Il in S. miltiorrhiza can be determined rapidly and nondestructive by

the NIRS combined with PLS method, which lays a foundation for the rapid and field determination method for the medicinal materials

and decoction pieces of S. miltiorrhiza.

Key words: near infrared spectroscopy; rapid determination; multi-component assaying; Salvia miltiorrhiza Bge.; salvianolic acid B;

tanshinone
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&1 106 fASHERES
Table 1 Detailed information of 106 batches of samples

T A PTHL KR SRS/ SEF [ Gi's R PTHb KR SRS/ T S (8]
1 A =# WsE 2014-02 54 WA DU et g 2014-06
2 ik BRSO WE 2014-03 55 WA ddE e 2014-06
3 WA T WK 2014-03 56 AR b e g 2014-06
4 RE TV WK 2014-03 57 WA dE mifEiR TS 2014-06
5 WhH I WK 2014-03 58 WA wE 2= 2014-06
6 WH T MWK 2014-03 59 WA wE =M 2014-06
7 WK T WK 2014-03 60 A wE =M 2014-06
8 Zift I WK 2014-03 61 WA wE =M 2014-06
9 kA TP TWE 2014-03 62 WA wE =M 2014-06
10 WH W WK 2014-03 63 A il =M 2014-06
11 Z# 7 sk 2014-03 64 WE i =M 2014-06
12 WhH I WK 2014-03 65 WE i =M 2014-06
13 WA W WK 2014-03 66 A il =M 2014-06
14 KA wEdE Wk 2014-03 67 A il =M 2014-06
15 Zitt HNF  CRE 2014-03 68 WA wE =M 2014-06
16  Zitht LB CRE 2014-03 69 WA wE =M 2014-06
17  Zift W REE 2014-03 70 WA HE =M 2014-06
18 Zitt HN  CREE 2014-03 71 WA w2 2014-06
19  Zith LB REE 2014-03 72 WA wE 2= 2014-06
20 Mt wEL REE 2014-03 73 WA T =M 2014-06
21 Mt =B REE 2014-03 74 WA =M 2014-06
22 #ith HINF  REE 2014-03 75 WA Ol ZMTT 2014-06
23 Mt =B REE 2014-03 76 WA T =M 2014-06
24 #itt HF R 2014-03 77 Zigk WU et i 2014-08
25 #ith HIN  REE 2014-03 78 Zitt DU faifeith g 2014-08
26 Zidt b REE 2014-03 79 ikt WU FiAEMLTTS 2014-08
27 Hift =B REE 2014-03 80  Zitt WU furfeithTiids 2014-08
28 b WIFE R4E 2014-03 81  Zitt WU farfeithiids 2014-08
29  Zhb iEE REE 2014-03 82 Zikt WU FiAEMTTS 2014-08
30 HiM wE RE 2014-03 83 Zitt WU faAeithTids 2014-08
31 Zikt WAt R4E 2014-03 84  Zitt WU fafeithTiids 2014-08
32 AN wE R4 2014-03 85 WA wHL =M 2014-08
33 Wy Wi WSk 2014-04 86 WA wHL =M 2014-08
34 Zp AR WWSE 2014-04 87 WA wEL =M 2014-08
35 Zip RE W 2014-05 88 WA wHL =M 2014-08
36 A BH Wk 2014-05 89 A wE =M 2014-08
37 #i BW WKk 2014-05 90 WA wEL =M 2014-08
38 #ik WAk sk 2014-05 91 WA w=E =M 2014-08
39 #iF bk RAIAHE 2014-06 92 WA w=E =M 2014-08
40 HiMF AR RFIAHE 2014-06 93 kh B =M 2014-08
41 A kR RAIAHE 2014-06 94 WRKF w#E =M 2014-08
42 #iM lER  RFAFHE 2014-06 95 kA WM fardeiTiig 2014-08
43 ## kR RAIAE 2014-06 96  WhH VU et 2014-08
44 it ik RFIAHA 2014-06 97 WA DUl gkt 2014-08
45  Zitt ik RFIAH 2014-06 98 WA DUl farfkith i 2014-08
46 it ik RFIAHA 2014-06 99 kA M) e 2014-08
47 Zift ik RFIAHA 2014-06 100 KA VI fifeibiisg 2014-08
48 Zitr WU wifEITiT 2014-06 101w WU et 2014-08
49 Zist DUl feideihnig 2014-06 102 kA PN mifeith i 2014-08
50 kA oAb faifenb i 2014-06 103 KA VI feideihniisg 2014-08
51 W/ mde wifeitiiig 2014-06 104 kA W frdeieiig 2014-08
52 HkAOwdb mifeHiTig 2014-06 105 258 LR RAAF 2014-08
53 kR WU fifEnb i 2014-06 106 Z5# L& RAAHA 2014-08
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Fig. 2 NIRS spectra of S. miltiorrhiza
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Table 2 Effects of different spectra pretreatments on models

KIF&E IrE PN
|5y TRALHE 7% > > >
RMSEC R RMSEP R RMSECV R
FH5 1 B RAL P 1.900 0 0.965 2 24100 0.884 3 2.780 0 0.924 0
SNV 2.2000 0.9528 2.5200 0.862 0 2.9700 09138
MSC 2.3000 0.948 2 2.8000 0.830 4 3.100 0 0.907 7
MSC +1st der 1.610 0 0.9751 1.740 0 0.937 4 2.8100 0.928 4
MSC +1st der +Norris 2.000 0 0.961 1 23600 0.886 9 3.0200 09171
MSC +2nd der 0.428 0 0.998 3 1.9700 09196 3.690 0 0.872 1
MSC +2nd der +S-G 1.050 0 0.989 4 0.850 0 0.9852 2.5400 0.9389
R U RAb P 0.1120 0.889 9 0.068 2 0.849 5 0.166 0 0.748 5
SNV 0.094 1 0.924 0 0.059 0 0.886 5 0.161 0 0.7777
MSC 0.1810 0.6758 0.1200 0.418 3 0.209 0 0.544 3
SNV +1st der 0.094 7 0.9229 0.039 6 0.945 1 0.149 0 0.799 2
SNV +1st der +S-G 0.095 5 0.9215 0.045 7 0.9309 0.160 0 0.769 6
SNV +2nd der 0.086 8 0.9356 0.068 5 0.7970 0.1710 0.724 1
SNV +2nd der +Norris 0.078 1 0.948 3 0.048 5 0.9140 0.144 0 0.821 0
FHZ0 1 Kb 0.123 0 0.9205 0.153 0 0.6813 02280 0.7252
MSC 0.113 0 0.9339 0.1470 0.603 9 0.228 0 0.742 1
SNV 0.111 0 0.9356 0.1200 0.721 8 0.205 0 0.779 0
SNV +1st der 0.0753 0.9711 0.0810 0.864 3 0.148 0 0.883 8
SNV +1st der +Norris 0.086 4 0.9617 0.086 0 0.8423 0.1850 0.8197
SNV +2nd der 0.026 7 0.996 4 0.1050 0.732 4 0.164 0 0.855 6
SNV +2nd der +S-G 0.064 5 0.9789 0.040 7 0.963 8 0.162 0 0.866 8
K2 Kb 0.1950 09185 0.160 0 0.8659 0.248 0 0.867 6
MSC 0.186 0 0.926 4 0.1570 0.839 4 0.290 0 0.824 7
SNV 0.200 0 0.914 4 0.146 0 0.8718 0.265 0 0.854 1
S-G 0.198 0 0.916 1 0.1610 0.866 5 0.2490 0.8659
Ist +S-G 0.1750 0.9346 0.1320 0.891 7 0.2610 0.856 7
1st +Norris 0.213 0 0.9015 0.169 0 0.865 2 02710 0.841 8
2nd +Norris 0.202 0 09125 0.114 0 0.9109 0.261 0 0.8522
FHZ0H 11, RAubHE 0.563 0 0.450 5 0.254 0 0.572 6 0.6250 0.243 3
MSC 0.588 0 0.3653 0.2920 0.263 8 0.6570 0.1472
SNV 0.586 0 0.370 5 0.2930 0.261 1 0.642 0 0.158 3
SNV +1st der 0.184 0 0.956 5 0.144 0 0.883 7 0.346 0 0.840 4
SNV +Ist der +S-G 0.2210 0.9365 0.1700 0.845 1 0.4200 0.770 4
SNV +2nd der 0.093 5 0.989 0 0.063 9 0.978 0 0.246 0 0.926 8

SNV +2nd der +Norris 0.228 0 0.9325 0.2850 0.638 0 0.3510 0.8320
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Table 3 Effects of different spectral sections on models

. . BIIESE ISUrEE T X IAEEE
5% WG El/em™ 5 - _
RMSEC R RMSEP R RMSECV R
FHHER B 1 099.97~9 021.99 1.3900 0.9814 6.5100 0.3494 7.840 0 0.4108
7 469.58~6 703.35 1.660 0 0.973 5 3.690 0 0.699 3 5.1100 0.761 6
6204.87~3 909.21 1.600 0 0.975 4 1.040 0 0.977 4 4.140 0 0.8718
7 404.58~5 405.19 0.973 0 0.991 0 0.957 0 0.9811 2.440 0 0.944 7
7 282.66~3 908.09 1.540 0 0.977 2 1.030 0 0.978 4 3.8800 0.883 7
—EF Sl 7 469.58~3 909.21 0.048 5 0.980 4 0.0549 0.8959 0.089 7 0.9327
5538.56~3 997.32 0.054 3 0.9753 0.064 8 0.848 6 0.097 7 0.9209
7 329.43~5 468.19 0.1310 0.847 4 0.079 0 0.754 0 0.166 0 0.742 4
6921.63~4 816.41 0.059 3 0.970 6 0.0377 0.936 3 0.1150 0.887 5
7 002.05~5 527.56 0.089 2 0.9319 0.064 1 0.8802 0.126 0 0.861 5
FHZR 1 7 403.64~3 909.21 0.069 3 0.9756 0.083 3 0.858 8 0.168 0 0.856 0
4982.12~3 969.15 0.069 0 0.9757 0.084 1 0.852 1 0.176 0 0.848 7
8 908.11~5 581.50 0.0279 0.996 1 0.062 3 0.913 7 0.176 0 0.8415
10 999.97~7 445.60 0.0314 0.995 0 0.2770 0.028 2 0.354 0 0.3542
6 950.19~4 960.02 0.064 5 0.978 9 0.040 7 0.963 8 0.162 0 0.866 8
(oA 7 541.50~4 011.11 0.2520 0.8593 0.1950 0.753 0 0.3750 0.668 6
10 999.97~7 643.40 0.3830 0.628 5 0.243 0 0.487 8 0.4350 0.484 2
8 939.08~5 509.58 0.2100 0.904 7 0.1370 0.929 7 0.296 0 0.802 7
5 485.60~4 005.11 0.2120 0.902 4 0.1770 0.859 3 0.378 0 0.705 5
8 400.40~8 192.13 0.202 0 0.9125 0.114 0 0.9109 0.261 0 0.8522
6 448.79~5901.11
FEHR 11, 7 402.48~3 908.72 0.079 4 0.992 1 0.1170 0.933 1 0.190 0 0.954 3
5526.30~3991.25 0.098 0 0.9879 0.1530 0.895 6 0.190 0 0.9539
10 999.97~6 762.30 0.589 0 0.3593 0.2820 0.349 3 0.6450 0.165 1
6 956.82~5 515.30 0.079 3 0.992 1 0.094 7 0.965 4 0.226 0 0.9339
7 143.04~4 960.02 0.093 5 0.989 0 0.063 9 0.978 0 0.246 0 0.926 8
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Fig. 3 Correlation graph of RMSECYV and factors
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Table 4 Optimal modeling process of five components in S. miltiorrhiza
=3 %ix BEIESERE S 3 B UE SRR i A Gl Tk R T7iE Fei X B/em™!
FHBER B 71 33 2 MSC +2nd der +S-G 7 404.58~5 405.19
ZES S 70 36 0 SNV +2nd der +Norris 6921.63~4 816.41
P21 1 71 32 3 SNV +2nd der +S-G 6 950.19~4 960.02
[SORE L 68 34 4 2nd der +Norris 8 400.40~8 192.13,
6 448.79~5 901.11
FHZH 11, 70 35 1 SNV +2nd der 7 143.04~4 960.02
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