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Abstract: Near-infrared spectroscopy (NIRS) combined with chemometrics can achieve rapid detection in
process analysis. After variable selection, the redundant information is effectively removed and the characteristic
variables related to the response values are selected. Compared with global model, the complexity is significantly
reduced and the prediction accuracy is also improved. In this study, near-infrared spectroscopy analysis combined
with different variable selection methods was applied to achieve the rapid detection of baicalin in the extraction
process of Scutellaria baicalensis. Data sets were divided based on sample set portioning based on joint x-y
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distance (SPXY) method. Competitive adaptive weighted resampling method (CARS), random frog (RF) and
successive projections algorithm (SPA) were applied to variable selection. Partial least squares (PLS) models were
constructed based on above three methods, and the prediction results were compared. After CARS, RF and SPA
method, 92, 10 and 17 variables were screened out respectively. According to the performance of the models,
CARS method is found to be more effective and suitable than RF and SPA. Furthermore, the characteristic
variables selected by CARS method have a better correspondence with the chemical structure of baicalin. The root
mean square error (RMSEC) of the calibration set and the root mean square error (RMSEP) of the prediction set
are 0.528 2 and 0.720 2 respectively. Compared with the global PLS model, the correlation coefficient of the
calibration set (Rc) is increased to 0.979 9 from 0.917 0, and the relative standard errors of prediction (RSEP) is
reduced to 5.59% from 10.58%.
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Table 1
mance of calibration models. 1%D: First derivative; 2"D: Second

Influence of different pretreatment methods on perfor-

derivative; SNV: Standard normal variate correction; S-G: Savitsky-
Golay; MSC: Multiplicative scatter correction; RMSEC: Root
mean square error of calibration; RMSEP: Root mean square error
of prediction; R: Correlation coefficient; RSEP: Relative standard
errors of prediction

Pretreatment Calibration set Validation set
method Rc RMSEC Rp RMSEP RSEP/%
Raw 8 0.7903 1.623 0.7988  1.486 11.52
1D 3 0.756 5 1.733 0.7809 1.543 11.97
18D +SNV 7 0.9539 0.7954 0.7553 1.618 12.55
18D +S-G 8 0.9170 1.057 0.8335 1.362 10.58
18D +MSC 7 0.9540 0.7946 0.7526 1.626 12.61
2D 6 09858 0.4447 0.6482 1.880 14.59
2"D+SNV 6 09855 04497 0.6429 1.891 14.67
2"D+S-G 7 09488 0.8370 0.7189 1.716 13.31
2D+MSC 6 09855 04490 0.6429 1.891 14.67
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Figure 1 Raw NIR spectra (A) and spectra pretreated with first

derivative and S-G (B) of extraction samples
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Figure 2 Competitive adaptive weighted resampling method

(CARS) variable screening results. RMSECV: Root mean square
error of cross-validation
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Figure 3 Random frog (RF) variable screening results

3.3 SPAE RN T ) B K BT, 8
5 P % (successive projections algorithm, SPA) ]
DI R A5 R/ IURE BB EHNIEE R, B3
I/ R e A F (AR R, B /M AR TR R SR 2
P, DT S 25 42 v A ) e R A R R, Gl SPA T
T AR B JE R A AR A, TR R 2 (root
mean square error, RMSE) #ix/N. &4 5.oR 7 7 SPA TS
R A OB AR B I AR RMSE {5 G s A = 4 i
M2efe . 45 REoR, B AL &5 N, RMSE A2 1L
R S RN N B B e T 1 42, 20d SPA R EAT
IR A BB 12 5 A5 B (AR B HOA 17, M N OB AR J
AT PLS AL 37

25E7
II

2t |

RMSE

; ~

h

1.5

1 L i i i
0 5 10 15 20 25 30
Number of variables included in the model

Figure 4  Successive projections algorithm (SPA) variable

screening results. RMSE: Root mean square error
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1227 B 0 J R R B SR AR T A A Al T k.
I, AW 7Tk £ CARS iLBEAT A R a8, IRt 45 SR N H
TR A E BRI . 385 NIRS
TR AR AN A vHE ) 18 75 V52 B B AE 5< 0 i LIE B 3
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=R

Table 3 Comparison on modeling results by different variables
screening methods

Validation set
RMSEP RSEP%

Calibration set

Method  Factor R RMSEC Ro

Full 8 09170 1.057 0.8335 1.362 10.58
CARS 9 09799 05282 09565 0.7202 5.59
RF 7 0.8735 1.524 0.8707 1.215 9.42
SPA 4 0.7533  1.743 0.7944 1500 11.63

Predicted value

Calibration set
Validation set
¥y=x

Reference value
Figure 5 Correlation diagram between NIRS predicted values and

reference values
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8539 cm™ LA & 5812 cm™ 16 352 cm™, iX #5453 I W Ui
T B C-H.CH, F1 CH, I — 2 {5 AT 240 & 95 LA % A
G O-H 7= AR R4, i B % 4 v A A 2 A 45 B
U 6 ¥ DA 26 A8 B A5 BRI . AR 1) 45 SR mT DA B
H R4 B R mT AT M, A5 B T3 b 2245 Bl
FE R 45, B AR AN AR

Z RS L RS, L CARS VA i % ) 45 & 7 ST 1)
S8 T8 TE BT T 5 R e e, 5 A M T A R (1 T
REAH B, BEAY ) AH O¢ R H M 0.917 0 k7 31 0.979 9,
RSEP {8 M 10.58% &1 %1 5.59%. % % 1F /& ¥ il 251k
G, B A AR R IE (T i I R A PR R DA Rk
B, $R I R I AEAE KV WO ST R S T 2 A
b 5% 5 T IR S ISR 1 C-H PR R AT B A A O-H R LT
BT . CARS VA 16 Hi U8 BE AR BE T 546 e vk v 1)
A7 B Hodh 7 247~7 000 emet P I AT 3 R
W3 O-H B — A5 4= 4, 7 140~6 940 cm™ [X 35 H
LY O-H i — At 4, FR IR A Ui 25 O-H i 45 R 0 1
— 2R AT AT U BLAE 6 920 cm™ [ iT, 6 850~6 240
emt 22 T F) 5 W i g PR S BR B 1) O-H = A=, 5 697~
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Table 2 Optimal wavenumbers selected by different variables screening methods

Total of the

Method
number

Wavenumber

CARS 92 4007, 4011, 4 015, 4 019, 4 023, 4 030, 4 042, 4 046, 4 073, 4 077, 4 104, 4 108, 4 135, 4 169, 4 173, 4 246, 4 273,
4300, 4 308, 4 320, 4 381, 4 501, 4 543, 4 632, 4 636, 4 663, 4 686, 4 694, 4 736, 4 752, 4 756, 4 775, 4 779, 4 790,
4829, 4 852, 4 860, 4 883, 4 894, 4 902, 4 914, 4 999, 5 026, 5 029, 5 053, 5 118, 5 122, 5 126, 5 180, 5 188, 5 353,
5357,5373,5431, 5450, 5697, 6 329, 6 333, 6 441, 6 453, 6 487, 6 507, 6 522, 6 599, 6 603, 6 615, 6 626, 6 661,
6703, 6 742, 6 757, 6 780, 6 842, 6 850, 6 861, 6 946, 6 962, 6 966, 6 977, 6 993, 6 996, 7 000, 7 012, 7 031, 7 035,

7081,7093,7108, 7155, 7174,7 205, 7 247

RF 10 9168, 9 303, 5812, 9 800, 9 349, 6 352, 9 924, 9 881, 8 539, 9 299
SPA 17 7151,7162,5319, 7 139, 5 365, 5 307, 5 431, 6 349, 5 377, 5 334, 7 128, 7 182, 5 288, 7 251, 7 108, 6 484, 7 085
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LU, ANt R C-H (1 1A & AW i HE 3ILAE 4 660 cm ™t /2
Hi, 4 381~4 007 cm™* )M i 32 %25k H C-H. CH,.CH;
(1) 2 B 429, 3k M 25 R 7R B 25 A TR AR AE . T AR U
HIK I O-H A8 4 1 21 P — A A0URT — 2 A5 AR Wi 53 31)
HBLTE 6 944 F110 420 cmt, & 45 IR Y HY BLAE 5 155 I
8 197 cmt, 1X # 4 TPL AR & A H BLLE 07 I8 H 0 S AR
T, UL CARS v BE % i 2 HH 5 5 25 17 A OC 1 G
A&, CARS-PLS & 57 1) & B A% IR LAY A] DA K 3 5 42
it A% A B 5 1 B TIO  pEERA AR A
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