1 1 1 1 1 2
1 1
1. 100102 2. 100102
iPLS
BiPLS mwPLS
PLS MDL
MDL
PLS iPLS R’
SEP 0.996 5  602.3 pg-mL™" iPLS MDL 1.19 mg-mL™
MDL MDL
doi: 10.11842/wst.2014.05.003 0657.3 A
Near Infrared Spectroscopy (]
NIRS
th RMSEP
(2~4] RMSECV R?
(5. 6] (7~10]
1%
NIRS
Interval Partial Least Squares iPLS
Backward Interval Partial Least Squares
2013-08-14 BiPLS Moving Window
2013-08-29
* “ 7z 2010ZX09502-002 “
77 20112X09201-201-24
81303218 2013-X-043
MDL  MOQL
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Partial Least Squares mwPLS

MDL 1
Multivariate Detection Limit [12~16]
MDL NIR MDL = Ap, g [(1+h)MSEC—a£] |
Ap q \Y% t
P q h
1 Partial Least Squares PLS
11 Principal Component Analysis PCA
FOSS MSEC o
1100
DAD 2
HP Agilent
Tedia 2.1
1 1
201005 6 O-H
1.2
6 2010
High Performance Liquid Chromatography 1D
HPLC 2D SNV S.G.
3 3 1 900~2
1.3 500 nm
PLS
0.5 nm R? RMSECV 1
400~2 500 nm 32 1 S.G.
3
1.4
Unscrambler 7.0 CAMO
iPLS g
BiPLS  mwPLS Norgaard t
x <
MATLAB Mathwork
1.5
) -1 T T T T
International 500 1000 1500 2000 2500

Union of Pure and Applied Chemistry IUPAC
Wavelength/nm

* http://www.models.kvl.dk/source/iToolbox/
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1 PLS pg-mL™!
Calibration set Validation set
Pretreatment Latent factors
R? RMSEC R? RMSECV
Raw 2 0.986 6 1519 0.985 5 1 600
1D 4 0.983 5 1 689 0.970 9 2 310
2D 3 0.978 4 1933 0.896 0 4273
2D+SG 4 0.983 2 1701 0.968 1 2 355
SG 2 0.986 6 1519 0.987 1 1552
SNV 2 0.985 8 1 566 09850 1 632
1D+SG 4 0.983 2 1701 0.968 1 2 355
R? RMSECV 50000
PLS 40 000 1
2.2 PLS
PLS HPLC " 30000 1
HPLC z |
20 000
2 2 PLS
i R, 10000 1 « Cal
! . ® Val
SEP 0.987 1 1 552 pg-mL o 18 . . . .
2.3 0 10000 20000 30000 40000 50000
2.3.1 iPLS HPLC
iPLS
2 HPLC
(7] 2 iPLS /pg-mL™!
2 2 Interval numbers  Selected interval Latent factors RMSECV
5 40 34 4 446.8
RMSECV iPLS 18 0 3 185.9
22 19 R, SEP
1 18.1
0.996 5 602.3 pg-mL"'  PLS 36 3 > S18
iPLS SEP 1 552 pg- 34 29 4 451.5
mL ™! 602.3 pg-mlL™ ) 27 4 388.5
30 26 3 466.5
2.3.2 BiPLS
. 2 24 441.1
BiPLS 8 i
26 22 4 395.8
BiPLS 24 21 5 419.8
RMSECY 22 19 5 352.9
RMSECV
20 17 5 388.6

(1]
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3 BiPLS /pg-mL™!
Number intervals Selected interval RMSECV Number of variables
40 36 34 26 25 14 13 128 7 6 5 214.565 8 825
38 3332201465 221.174 8 553
36 33 31 29 21 3 283.086 6 500
34 202265 245.210 7 442
32 20 282721171613 11987654 231.249 6 1 407
30 26 25 18 4 238.978 8 500
28 24 18 6 4 221.646 6 536
26 2322643 262.104 6 693
24 21201510987 643 276.230 1 1375
22 19141398653 239.987 0 1228
20 17 8 241.223 8 450
RMSECV 4 mwPLS
BiPLS 3 BiPLS /pg-ml!
40 13 6 Interval numbers  Selected interval Latent factors RMSECV
26 14 7 36 8 12 5 25 34 R[,,f SEP
31 2 425~2 551 5 452.0
0.774 0 3 362.7 LLg-mL'1 PLS
29 2 425~2 550 5 450.0
2.3.3 mwPLS 27 2 425~2 550 5 448.5
mwPLS 25 2 428~2 550 5 448.1
23 2 430~2 538 5 4423
PLS i
21 2 428~2 548 5 428.3
PLS
4 19 RMSECV 19 2 431~2 535 5 427.1
PLS 17 2 433~2 534 5 434.8
R, SEP 0.996 1  625.99 pg-ml"
iPLS 2.3.4
[12] 1
Bi- 5 5
PLS iPLS
mwPLS
iPLS mwPLS MDL PLS BiPLS MDL
iPLS mwPLS MDL
iPLS
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5 A, /mg-mL™!

Ao Aoy oss ARTIT A s o A 405 005 A 405 001 Ao o1 A o1 005 A o1 001
PLS 6.79 7.75 9.55 7.78 8.74 10.56 9.69 10.66 12.49
iPLS 0.92 1.05 1.30 1.05 1.19 1.43 1.31 1.45 1.70
BiPLS 6.34 7.24 8.93 7.27 8.18 9.87 9.06 9.97 11.68
mwPLS 1.05 1.20 1.48 1.20 1.35 1.63 1.50 1.65 1.93

I 5% 11 5% iPLS
1.19 mg-mL™!
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Optimization of Near Infrared Variable Selection Method Based on Multivariate Detection Limit
Peng Yanfang', Shi Xinyuan', Li Yang', Zhou Luwei’, Pei Yanling', Hua Guodong’,
Wu Zhisheng', Qiao Yanjiang'
(1. Research Center of Traditional Chinese Medicine Information Engineering, Beijing University of
Chinese Medicine, Beijing 100102, China;
2. Dongfang Hospital, Beijing University of Chinese Medicine, Beijing 100102, China)

Abstract: This study was aimed to optimize the near infrared (NIR) variable selection method based on multivariate
detection limit (MDL). Using Qing—Kai—-Ling (QKL) injection as object, three variable selection methods (interval par-
tial least—squares, iPLS; backward interval partial least squares, BiPLS; moving window interval partial least squares,
mwPLS) were used to establish the PLS models of baicalin in QKL injection, respectively. The prediction ability of
different variable selection method was compared. MDL of all models were calculated in contrast to the MDL value of
full spectra PLS model, to select optimal variable selection method. The results showed that different variable selec-
tion methods had different prediction ability. Among them, iPLS had the best performance which determination coef-
ficient of prediction (R,.”) and the root mean square errors of prediction (SEP) were 0.996 5 and 602.3 pg-mL™, re-
spectively. All MDLs of different variable selection methods were reduced compared with the full spectra PLS model.
The value of iPLS was the lowest comes to be 1.19 pg+mL™. The results above indicated that the best variable se-
lection method for baicalin in QKL injection was iPLS. MDL theory took the error of calibration and validation set
and the leverage of external sample into account, which can comprehensively evaluate model detection performance
compared to the classic chemical indicator parameters. This method was particularly suitable for the variable selec-
tion method optimization of NIR quantitative model of low concentration sample such as Chinese herbal medicine.

Keywords: (Qing—Kai-Ling injection, iPLS, BiPLS, mwPLS, multivariate detection limit
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