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(partial least squares, PLS) Z¢4b 2211 &5 J7 iR B A RUR 4 I E(E S NIRS FE SR IEAA, X 72 1 &4 o Bot AT
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96.2%, VRS RaUas TVEREME (receiver operating characteristic, ROC) M ZE 1AM AT f Tl PE fE R 4T RBRITLL Ak
JRUEH IS SR IEZS P He (standard normal variate, SNV) B (savitzky-golay, SG) TiAb#EfG, DASESMEEIEMN E N
BUHFE - i /> —F&id (competitive adaptive eeweighted sampling-partial least squares, CARS-PLS) #4) % [ 72 A B ki 45
w1, FESLHT GAS. HBA. PB. PC. PA ffE PLS E BB MK IESE RE (R2) 735379 0.975 3. 0.986 4. 0.970 0. 0.963
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Abstract Objective To explore the application of near infrared spectroscopy (NIRS) technology in the quality evaluation of Tianma
(Gastrodiae Rhizoma), a qualitative analysis was conducted to distinguish the degree of steaming of Gastrodiae Rhizoma. Furthermore,
a prediction model was established to determine the contents of active components, aiming to provide a new method for quality
evaluation of Gastrodiae Rhizoma. Methods A high-performance liquid chromatography (HPLC) method was established to measure
the contents of gastrodin (GAS), p-hydroxybenzyl alcohol (HBA), parishin B (PB), parishin C (PC) and parishin A (PA) in Gastrodiae

Rhizoma, which were used as the reference value. The near infrared spectroscopy of Gastrodiae Rhizoma with different degrees of
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steaming were collected. Linear discriminant analysis (LDA) was used to establish the discrimination model of the degree of steaming
of Gastrodiae Rhizoma. The quantitative calibration model between the near infrared spectrum and the contents of active components
to be measured was established by partial least squares (PLS) and other chemometrics methods. Each part of the modeling process was
optimized respectively to construct the optimal PLS quantitative model for the active ingredients of Gastrodiae Rhizoma. Results The
accuracy of the discrimination model based on LDA algorithm reached 96.2%, and the performance of model evaluated by the
confusion matrix diagram and ROC curve was good. After pretreatment by standard normal variate (SNV) or Savitzky-Golay (SG),
the quantitative analysis model constructed by competitive adaptive reweighted sampling - partial least squares regression (competitive
adaptive reweighted sampling-partial least squares, CARS-PLS) had high accuracy. The correction determination coefficient (R’c) of
GAS, HBA, PB, PC and PA models was 0.975 3, 0.986 4, 0.970 0, 0.963 6, and 0.965 9; The prediction determination coefficient (R°p)
was 0.970 4, 0.984 0, 0.977 9, 0.978 6, and 0.985 5. The residual prediction deviation (RPD) values for all five quantitative models
exceeded 6. The predicted values of NIRS models and the measured values of HPLC showed a good linear relation, which presented a
great prediction ability of the models. Conclusion The established NIR-LDA qualitative model and CARS-PLS quantitative model
were accurate and reliable, effectively identifying the steaming degree of Gastrodiae Rhizoma and nondestructively determining the
contents of active components. These findings provide a novel reference for quality evaluation and control during the process of
Gastrodiae Rhizoma.

Key words: Gastrodia elata Bl.; steaming; near infrared spectroscopy; chemometrics; quality evaluation; gastrodin; p-hydroxybenzyl

alcohol; parishin B; parishin C; parishin A
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Table 1 Information of 15 batches of Gastrodiae Rhizoma

samples
ke FEH s
1 i)l GZ230601
2 BivAl GZ230603
3 BivAl GZ230605
4 BivAl GZ230608
5 BivAl GZ230610
6 2 AH230601
7 2 AH230605
8 2 AH230608
9 = YN230602
10 paara] YN230604
11 paara] YN230607
12 B v $X230602
13 B v $X230607
14 Wik HB230601
15 ik HB230605

XHHE S GAS (b5 PRF20092842, Jfi &%=
98%) HBA ({5 PRF21120741, i &7 $=98%)
PA ({5 PRF20091710, Jii & 4r%0=98%). PB (iit
5 PRF21030907, JiRE/7#1=98%) ¥ H Rl
AR R AR 7] PC (b5 DSTDB006501,
JREE=98%) W H RS R AE AR PR A
Fls NG HEE. BEEON AR, AChREAK, JE
AR5 R o A i
2 FAEEHR
2.1 R

B 15 HEREER R, [F]—HEIH i R R
F[E— &M E, 1E 100 CHIAKZES T 7% 24 min,
FER% 4 min BOHRER, BEHERBRIGE] 7 HFEM, I
105 MM I ERRRAH 2 EIR, ATIK

25 2mm (W, 7660 CHEFEH T4 7he M2
i, FTA BRRRFE St R sk A, 1 DY 59,

TERELET 1R i BRI

22 AU EENE

221 X SE R H S K PRI GAS.

HBA. PB. PC. PA XifiE&E, ETH—%&E
R, N 10% H VA AR IR R 2 B, HC ] Rl
42.54 pg/mL GAS. 45.96 pg/mL HBA. 230.30
pg/mL PB. 46.96 pg/mLPC. 414.40 pg/mL PA [
RE XTI, %H.

222 HHAMEREIES B2 IUR FoR R G
VU57f) £05g, MEMw, BHREEHEPRY, B
FENIN 50% BRI 25 mL, FREFE, @mEaha
(Ih# 500 W. 4% 40 kHz) 30 min, & ZE =,
AT R, H 50%CEERANE R R &, B
A1, JEIE, HUZEJEW, 12000 t/min #5.0 10 min, L
THREA 0.22 pm FFLIERREIE, EXERpETE, RIfS4t
TR AV -

223 &M EiEFN Hedera Cis K tilifE
(250 mmX 4.6 mm, 5um), FIIHN 0.05%HmEER K
W (A -2 (B), BEEBEN (0~2min, 5%~
8% B; 2~22min, 8%~10% B; 22~27 min, 10%~
12% B; 27~35min, 12%~18% B; 35~50 min,

18% B; 50~55 min, 18%~5% B); {AFHE 0.8
mL/min, i 30 'C, #FEE 10 pL. KM KN
220 nmo A HR AT AR e B LI 1

0 10 20 30 40 50
t/min

1-GAS; 2-HBA; 3-PB; 4-PC; 5-PA.

1 RAMESR ) ftla B)HPLC
Fig.1 HPLC chromatograms of reference (A) and
Gastrodiae Rhizoma (B)
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o DLEREIE AL R (YD), &0 HE 5 S

FEAREARRR (XD lbrdEf 2k, BEATZRYERIT. 45
BTN, BRI R A8 L SR BV T S 0
AR ZPE R R RIF (R2AEHIAT 0.999 00, W,
* 2.

*2 EMXREFRE
Table 2 Result of linearity relationship

(el %y B )= 75 F R? 2e MEVE I/ (ug-mLY)
GAS Y=7.4990 X+2.117 4 0.999 9 1.33~42.54
HBA Y=10.296 0 X+4.041 3 0.999 9 1.43~45.96
PB Y=5.6199 X+4.9391 1.0000 7.20~230.30
PC Y=5.3702 X+2.435 6 0.999 9 1.47~46.96
PA Y=6.2117 X+4.768 4 1.0000 12.95~414.40
225 REHREES 2217 TIN5
W Ak 92237 TR & EL R 6 K, . T
O SIETA. 45 5%, GAS. HBA. PB. PC. PA 8 ] +§§

W THIAR ) RSD {2518 0.11%. 0.07%. 0.15%-
0.36%- 0.07%, FKIMUIKEE B RLT,

22,6 fEMFELE WA —HLRKBH K, %
“2.2.27 TR 5k A AR AR, TER FEA
E 0. 2. 4. 8. 12, 24h i “2.23” Wi R
AR, il gAY . SR EIR, GAS.
HBA.PB.PC.PA IR RSD {H 43514 0.67%-
0.22%- 0.74%. 0.40%-. 0.27%, FHI{LEFEE M
BY/5a8

227 HEEMEL WEHR KR, AT 6 4,
FEBFRE, 9 “2.2.27 TR Il & st AT,
% 2237 TN EGE RN E, TdSRIEmEm A
RSB E R, 585K, GAS. HBA. PB. PC.
PA JFi 53401 RSD {E 7371124 0.99%- 0.80%- 0.80%-
0.64%- 0.56%, FITIEEGVERE .

2.2.8 IFEEIYERELE BCEIE S P & &I
KEBIAR, B4 025 g, 36, MEE, 705l
FEEMA— € BRI ER, % “2227 I
T AR, G 2237 UM EIE%
PEERENE 1SRG AR T % By
B8R, GAS. HBA. PB. PC. PA [ F-XJ et ]
WCE 735N 101.89%. 104.66%+ 100.50%- 95.92%.
94.15%, RSD 1HZ 54 0.62%- 0.73%- 1.88%-
2.50%. 0.22%.

229 HENE HEFE, % 92227 TR 77
2 R VAR, A% “2.2.37 TN (R S HERE
SE, RIS R S &, HER R — i )
TNERRRBRR S & EHPIME, SR 2.

U=}
TR, 45

=8/ (mg-g ")

J5t

0 4 8 12 16 20 24
t/min

El2 TEZEGIEEXKAYES FHIEE
Fig.2 Content of effective components of Gastrodiae

Rhizoma with different steaming degrees

2.3 NIRS iR &E

W R AR AN A TERE AR R, ARy A7 25 A
PERRREER, ®iRE 2~3 cm, FRAWUEHI L3RG A3
HARARE R 2 B o 1R8N, A A 4
BHITLLAMEEAL, IR R BN K NIRS
A T . WEJLIE RETLH Y 12 000~4 000
em™', EFERN 16 em™!, FEASGIEFEH 32 IR
AR SSEATINE 3 Ik, BCP ekt T )5 8245
Mo 105 3 RFRFE S J5146 NIRS Y6i UL 3.
24 RRZEFITZEHRI S HERE S 51T 0

B 28 R, SRR IR B R A T
A4k, VI O THRUE SN, B B AR TR,
FA R FERE BE BTG 0 o AR I IRRAE it (1) S W 1 bR
HIr N 435 (AL B, Cy D), HARIFH ILE 3.

PR BRE A6 NIRS 43\ Matlab R2023b,
T LDA HiE N2 R A 3 BE B A
TS AN 7 28 I F2 P 1 R BRAE i b AT 050, R B
EISUERE 105 /MR S BEALRI S I SREEFNEG UE£E 2
ANERGy, % LDA B HERGFE AN 96.2%.
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B3 105 {3 RFEESREIELSNRE IR LR E
Fig. 3 Raw spectra of 105 batches of Gastrodiae Rhizoma

samples

B J5 33— 2D VR LDA A ) ) g5 3, SR A
TRV O L UL I S RS 7Y 73 S 1, (S P IR
(true positive rate, TPR). fEf1% (false negative rate,
FNR). IEFI{E (positive predictive value, PPV). {&
KB (false discovery rate, FDR) SRIFANMETY 1T
WgeSy, Hrh, TP AREESSIR IS, Tz R
FEIEF; PN AARESSIR IR, Tlgs L2
2 FPARERTIMAS SRR ISR, SRk, JEA
i ROC HZE F A AUC (area under ROC curve)
PRIz ARE /1. — kU, TPR. PPV H{E#k
1, FNR. FDR FUEBC, AUC #UOR, KA
SrRVEREEREFIZ. PPN IR WA 4 PR, B 4-a th,

®3 RRE@aEBER

Table 3 Classification of Gastrodiae Rhizoma samples

FEfm o2k ZE M I [A]/min LANIRERIN
A 0 AKiE L, VIHA®, AEFEEAE A
B 4~8 FiBD, VIEEA®, ARENEAL
C 12~16 #El, VIHE O OEREEA, ATREEE
D 20~24 i, VIREFE SRS, MAFAEER
a b
1.0
A 3
0.8
w B
E‘é C g 06 AAUC=1)
‘ B 20T
D _ o BEIIIT(EY
02 IC(AUC=0.937 5)
C BB TAF &
DAUC=0.973 7)
0 e DEATEA
0 0.2 04 06 0.8 1.0
T FNR

A-0 min; B-4~8 min; C-12~16 min: D-20~24 min.
El 4 LDA REREFEME (a) 5 ROC HIZL (b)
Fig. 4 Confusion matrix diagram (a) and ROC curve (b) of LDA model

A\ B\ C. D 73 Bl AR 25 il IS [6] 1 R JBRAE: s o
ME 4-A FTLLE H, EIRIFEER 26 MEARRE, H
B 1A C R 5N D BREE, HAe
FEARYI W ERaFN . KB 4-a Boxt LDA A
TPR Al PPV ¥J=87.5%, T FNR A FDR /N F
BT 12.5%%. M 4-b 7] LL#E%0, ROC Hizk
NTHAR L 1.0, DL ESE R ER, Frdsr) LDA
B BB A X B8 /7, FHOR X 43 R BRI 25 il
i B2 RABAHAE A0 20
2.5 RRKH 5 FHBEYA ST NIRS 122527

K PLS SHVE# 7 RBRFE i ) NIRS 5E 82
IEAEAY, 5T FE L Matlab R2023b 43 #7 @ f4: F

170 A AMXIREAR R £, AR TE, A
[FRFAE A e e kAT B 224k . A 1 P4l PLS
BRI RE, KRR R (RD. HTTHRREE
(root mean square error, RMSE) Fl il {i %
(residual prediction deviation, RPD) £ A1FEA &
Fro R*F1 RMSE 43l s A i i 7 & B L SE
AT 2 18] B R 8 R B 22 . o, RRIESE
Y177 #R % Z (root mean square error of calibration,
RMSEC) F T ££ 34 77 #i 1% Z (root mean squared
erro, RMSEP) 73 5l F T PEAN 15 8 A [R) 240 45 1)
T A FE . AL Y) RMSEC/RMSEP LA 76
0.8~1.2, RMSE {Hili#iET 0, R? [El%ET
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1, TP ASE 28 T ) 205 SR P e e A A ke R 0 00 A 2
(K132 Ak BE f3 784131, RPD # 1F v NIRS & B Rl
() B VR FE AR, RPD RO, A58 70 00 45 B v 7t
P, EE RPD>5 I, WA R R R0,
FAN, WAEAS & (latent variables, LVs) & PLS
PR TR [ 44 Ji5 1 AR N B, i PLS AR AR T 4 RE A
ARRIEW. —BME, LVs RN ZA -
10, S SBOSUEIEHKAE, T4 LVs
LD, PLS M S HIRWAEIER, #EHE
BARIS), SR AR A A2 HAGUEVRIE L LVs, DAAE

HIGUEY) J7 Z (root mean square error of cross
validation, RMSECV) Jyfiabnft, wEIHA &K/
RMSECV *f R {H ] LVs.

251 FEARZERLERE KM Kennard-Stone (K-S)
0k, BTAERER TR 16 05 HIEL1 4 AR IE AN 56
WEER, WZAAFRIRIEREAE 80 4>, WAEFEASEL 25
o BB EESMAR 4. N ER 5 AN
MWZHEKE, RIEESRIEESHENEBELEIL
PORFE B XU R IR AR AR 1R 7 e A B
(1), T E R @S A .

x4 RHEERTAYRIHSES T

Table 4 Content distribution of effective components in Gastrodiae Rhizoma samples

J 4y HU(mg g7")

L]
(AR GAS HBA PB PC PA
BIE#E (n=80) e/ ME 0.31 0.62 153 1.03 2.63
S PNE] 4.90 13.78 9.95 14.90 37.80
FHa1E 1.62 423 5.45 5.61 15.44
IBIF4E (n=25) e/ ME 0.40 0.73 1.79 2.52 471
S PNE] 4.69 13.30 9.62 14.87 37.25
“FH1E 1.49 4.00 5.44 5.56 15.37

2,52 ANFEFALETIERIER  NIRS RAER KD
EE RS, BT IFERAEGE RS, @FILBRE
AN TR ERTCRAE B S, BN HOG. R
W 7 DL R AR I AR o B N e 16-17), - G B4R
FARKHEE 5o | g ST HERf e . DR,
N T IRTHER R RE, 72X IR ARG TS 5 AT T
AR . AW FTAE FH 2 o HUR K2 IE - Cmultiplicative
scattering correction, MSC)+ Fr#fE IEZAZHe (SNV).
P (SG). —Br3:# (first derivation, 1st D).
5% (second derivation, 2nd D) AL EAITTHI4L
G5 Z ML BRI 0 RGO AT Ak, DA
SRR AL . MSC 32 B K Y BRRIORL 43 A A
950 UA R RIORE K 7N 22 S P 3 PRI B2 s SNV 32
B R BRIE A SURL R /N R U PO EFE AR 1L
X TE i 2R s 1st D Al 2nd D RERS 22 % 5%
KR FELIER, HEROGIE-F#RE, i
RHIENS); SG TiAL BE RS AG 200H B A 1),

AN FEFAEER T ERT AL 2 LR 5. MR 5
ATLEH, H5EEGERAELL, 2 SR
PLS fAIRCRE 4, PL GAS R, JRIEEEER) PLS
W R2c=03112, Rp=04281, %t SNV LbFi)S,
R’c. RPp YJWIEIENN, R2c=0.6638, R*p=0.6508;
Xf GAS. HBA. PB. PC K, SNV ALHE 545 R
i, X PA KU, SG AbHE S S REF. BARSA

ROGIETAL B fS, 5 Ao 9 PLS AR F SR LY
AR, ETIARE 2 N ERRCR,
XA RS BOAARAAAE KB ook & . ik, ik
A R R R I A, SRtk — 542 Tt PLS #7Y
[ e .

253 RHEBCKHILERE RS ERDGE BRI
AL, W TR KB ITCARE B RSB AL~ A
IIRFIES RIS SR m o M R AR E 1 10 5%
TS, AHH TR X [E] 2H-A 404K (interval combination
optimization, ICO). &4V [ 1& N H AL i #F
(competitive adaptive reweighted sampling, CARS).
CARS). 3841t H i 8 H ALl e - 2 S 1550 B
(competitive adaptive reweighted sampling-successive
projections algorithm, CARS-SPA) 3 FlRFIER; Kk
SR NZ I f A AL B T VAL B S R R RO S
HBUA XUE & R T 4 3R (full-partial
least squares, Full-PLS). X[AJZH-AH0A0- /N —3feis:
( interval combination optimization-partial least
squares, ICO-PLS). T4+ F i 5 B INAL AL -d5c /)
e (competitive adaptive reweighed sampling-artial
least squares, CARS-PLS). &4+ F i v 5 IR
FE-ESL B -/ —3eld: (competitive adaptive
reweighed sampling-successive projections algorithm-
partial least squares, CARS-SPA-PLS) HH ff) EA5R%
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x5 AEFAES AR REE R
Table S Effects of different spectra pretreatments on models
By THALBE 772 LVs R?c R?%p RMSEC RMSEP RMSEC/RMSEP RPD
GAS RAW 9 0.3112 04281 0.0107 0.0109 0.9817 2.0228
MSC 9 0.9832 0.503 9 0.002 3 0.0127 0.1811 1.634 3
SG 9 09911 0.367 2 0.0016 0.0147 0.108 8 1.464 2
SNV 9 0.663 8 0.650 8 0.0090 0.009 2 0.9783 2.0928
18D 9 09794 0.201 2 0.002 6 0.0134 0.1940 1.336 3
2D 9 0.990 6 0.0517 0.0018 0.0517 0.034 8 1.026 9
MSC+1%D 9 0.786 4 0.3860  0.0030 0.010 2 0.2941 1.8927
MSC+2MD 7 0.9106 0.599 7 0.005 2 0.0010 5.2000 1.8200
SNV+1%D 6 0.9578 0.1704  0.003 7 0.0140 0.264 3 1.2290
SNV+2"D 10 0.9916 0.4901 0.0017 0.0104 0.1635 1.648 7
HBA RAW 9 0.8980 -1.2102 0.007 5 0.0196 0.3827 1.2425
MSC 9 0.9845 0.3726 0.0030 0.0150 0.2000 1.753 3
SG 10 0.790 2 0.780 6 0.0100 0.0103 0.9709 2.6138
SNV 10 0.8410 0.859 7 0.009 3 0.009 4 0.9894 2.899 6
18D 10 0.9871 0.6429 0.002 8 0.0109 0.256 9 2.226 8
2Mp 8 0.9770 —0.5050  0.0038 0.0198 0.1919 11529
MSC+1%D 10 0.986 8 0.259 8 0.002 7 0.0149 0.1812 1.745 4
MSC+2MD 10 0.9837 0.466 3 0.0031 0.0130 0.2385 1.892 2
SNV+1$D 9 0.996 1 —0.447 2 0.0016 0.020 3 0.078 8 11925
SNV+2"D 10 0.9857 0.5824  0.0029 0.0118 0.2458 2.082 7
PB RAW 10 0.8724 0.6104 0.0316 0.0490 0.6449 1.6418
MSC 10 0.9925 0.347 8 0.007 7 0.0558 0.1380 1.723 6
SG 10 0.767 5 0.5433 0.0424 0.0443 0.9571 14380
SNV 10 0.7577 0.697 1 0.038 2 0.0434 0.880 2 24641
18D 9 0.9789 0.2053 0.0124 0.0777 0.159 6 15400
2D 6 09391 04410 0.0230 0.0611 0.376 4 1.246 3
MSC+15D 9 0.9577 0.453 6 0.0181 0.0539 0.3358 1.799 2
MSC+2MD 8 0.9805 04230 0.0135 0.0473 0.2854 1.386 8
SNV+1%D 9 0.996 9 0.4758 0.005 2 0.062 4 0.083 3 1.490 8
SNV+2"D 10 0.9930 0.460 1 0.007 7 0.056 4 0.136 5 15617
PC RAW 10 0.9296 0.830 7 0.004 5 0.007 3 0.616 4 2.7398
MSC 10 0.989 4 0.4102 0.0018 0.0124 0.1452 1.686 1
SG 10 0.8819 0.730 8 0.0057 0.008 3 0.686 7 23200
SNV 10 0.8895 0.869 9 0.0055 0.006 7 0.8209 3.0136
18D 9 09731 0.6155 0.002 9 0.0107 0.2710 1.7840
2np 9 0.9891 -0.322 6 0.0019 0.0143 0.1329 1.276 1
MSC+1%D 10 0.990 4 04701 0.0016 0.0154 0.1039 15277
MSC+2MD 10 0.9857 0.467 5 0.002 1 0.0117 0.1795 1.6428
SNV+1%D 7 0.9916 -1.7835 0.0015 0.0189 0.0794 1.186 2
SNV+2"D 10 0.994 6 0.4319 0.0013 0.0105 0.1238 1.806 6
PA RAW 10 0.996 9 0.4358 0.0108 0.1299 0.0831 1.543 6
MSC 10 0.9993 0.370 3 0.0050 0.1191 0.0420 1.652 6
SG 10 0.8174 0.8449 0.0651 0.0875 0.7440 3.1307
SNV 10 0.9387 0.820 6 0.0426 0.0011 0.467 6 2.6374
18D 10 0.994 9 0.488 5 0.0148 0.1036 0.1429 1.326 8
2np 8 0.986 6 0.360 8 0.023 8 0.1183 0.2012 1.226 2
MSC+1%D 8 0.9550 0.2453 0.0405 0.1182 0.3426 1.6140
MSC+2"D 10 09851 0.5777 0.024 9 0.1015 0.2453 1.6214
SNV+18D 7 0.9888 0.208 6 0.0211 0.1311 0.160 9 1.3235
SNV+2MD 8 0.950 6 0.566 6 0.0458 0.086 1 0.5319 14915
R, 4R 6 iR N 0.05, 1B R HOXUR Jy 20, —35M 2075

LL GAS MW, 1E ICO BiEfmikik KidfEr,
TOIAL B 28 KRR R BB E N 1000, FTidke 11581 ) He 4

AN FEIREIEAE T i 313 MR, W 5-
Ao S5ULFRINE, PLS A ik A5 21 1 W12 A4
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Table 6 Results of different wavelength selection algorithms

RIEE WiEgE

B R 7Y AR E K LV RMSEC/RESEP RPD
izt Jiik B S e RMSEC Rep RMSEP SEC/RES
GAS Full-PLS 2075 9 0.6638 0.0090 0.650 8 0.009 2 0.978 3 2.0928
ICO-PLS 313 10 0.8207 0.0070 0.8714 0.007 4 0.9459 2.566 1
CARS-PLS 67 9 0.9753 0.0030 0.970 4 0.0037 0.8108 6.0325
CARS-SPA-PLS 29 10 0.8905 0.005 6 0.9291 0.0051 1.098 0 3.9302
HBA Full-PLS 2075 10 0.8410 0.009 3 0.8597 0.009 4 0.989 4 2.899 6
ICO-PLS 522 10 09617 0.004 7 0.9352 0.006 6 0.7121 3.7651
CARS-PLS 77 10 0.9864 0.002 8 0.984 0 0.003 4 0.8235 8.455 2
CARS-SPA-PLS 27 10 0.9203 0.006 2 0.9409 0.006 7 0.9254 4,796 1
PB Full-PLS 2075 10 0.7577 0.038 2 0.697 1 0.0434 0.880 2 2.464 1
ICO-PLS 522 10 0.9870 0.009 2 0.9127 0.0332 0.2771 41930
CARS-PLS 88 10 0.9700 0.0148 0.9779 0.0159 0.9308 6.629 1
CARS-SPA-PLS 11 10 0.6156 0.0394 0.888 1 0.0405 0.9728 3.2437
PC Full-PLS 2075 10 0.8895 0.0055 0.869 9 0.006 7 0.8209 3.0136
ICO-PLS 522 9 09321 0.004 0 0.8859 0.006 8 0.588 2 3.3913
CARS-PLS 44 10 0.9636 0.003 2 0.978 6 0.002 9 1.1034 6.527 2
CARS-SPA-PLS 24 10 09452 0.003 8 0.936 9 0.0050 0.7600 44916
PA Full-PLS 2075 10 0.8174 0.0651 0.844 9 0.0875 0.744 0 3.1307
ICO-PLS 506 10 0.9327 0.048 8 0.956 4 0.0420 1.1619 4598 9
CARS-PLS 102 9 0.9659 0.0309 0.9855 0.0309 1.0000 9.028 0
CARS-SPA-PLS 29 10 09432 0.037 3 0.964 2 0.0498 0.7490 6.307 8
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A-The results of wavelength selection with ICO; B-sampling weights of each feature interval in the optimization process with ICO algorithm; C-The results
of wavelength selection by CARS algorithm; D-Variation of sampled variables, RMSECV and regression coeffcients path with sampling runs; E-The

selected frequency at which each wavelength was accumulated; F-The results of wavelength selection by CARS-SPA algorithm.

E 5 GAS HFHERIITEER

Fig. 5 Results of characteristic wavelength selection for GAS



F8 B 2025628 $56% B3H  Chinese Traditional and Herbal Drugs 2025 February Vol. 56 No. 3 =983
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Fig. 6

Quantitative calibration model of five components in Gastrodiae Rhizoma
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Fig. 7 Comparison of predicted value and measured value of five components in validation set
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