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Abstract ; Based on hyperspectral technology combined with chemometrics, to establish a method for detecting the content of
andrographolide components in different germplasm of Andrographis paniculata. The hyperspectral information of Andrographis
paniculata samples was collected to obtain the raw spectral data ( Raw Data).The Raw Data was preprocessed using first
derivative (D1), second derivative ( D2), savitzky-golay ( SG) , multiplicative scatter correction (MSC), and a classification
model was established using partial least squares discriminant analysis ( PLS-DA ). Regression models were established using
partial least squares regression ( PLSR) , back propagation neural network ( BPNN) ,and random forest regression ( RFR).The
application of successive projection algorithm ( SPA) simplified the model. The optimal classification model for different
germplasm of Andrographis paniculata is D1-PLS-DA.The optimal regression models for andrographolide, neoandrographolide,
deoxyandrographolide , dehydroandrographolide ,and total content of the four andrographolide components mentioned are SG-PLSR,
MSC-PLSR, Raw Data-SPA-BPNN, MSC-SPA-BPNN, and Raw Data-PLSR, respectively. The application of hyperspectral
technology can achieve rapid and accurate detection of the quality of Andrographis paniculata.
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Fig.1 Box plot of chemical composition content in samples of different germplasms of Andrographis paniculaia
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Tab.1 Classification accuracy of PLS-DA models
established under various preprocessing methods for

different germplasms of Andrographis paniculata
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Fig.2 Average spectral curve,original spectral curve,and preprocessed spectral curve of

different germplasms of Andrographis paniculata
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Tab.3 Prediction results of PLSR and BPNN models established after preprocessing the full band
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(&% AL B PlE=S FURIIIESS Il %4 o £

R? RMSE R? RMSE  RPD R? RMSE R? RMSE  RPD

Raw Data 0.835 2.67 0.823 2.80 2.32  0.804 2.90 0.735 3.42 1.67

D1 0.850 2.54 0.842  2.65 2,26 0.797 2.96 0.753  3.30 1.55

T TE N S D2 0.672 3.76  0.658  3.89 1.67 0.764 3.19 0.617 4.11 1.52

SG 0.841 2.62 0.829 275 2,36 0.777 3.10 0.761  3.25 2.05

MSC 0.833 2.69 0.854 2.55 2.25 0.835 2.67 0.709  3.59 1.78

Raw Data 0.901 0.36 0.758  0.51 2.10  0.906 0.36 0.706  0.56 1.99

D1 0.865 0.42 0.604 0.65 1.58  0.888 0.39 0.417 0.79 1.42

HoE L N R D2 0.830 0.48 0.541 0.70 1.3 0.705 0.63 0.538 0.70 1.18

SG 0.900 0.36 0.770 0.50 2.20 0.823 0.49 0.622 0.64 1. 64

MSC 0.895 0.38 0.783  0.48 2.25  0.905 0.36 0.622 0.64 1. 60

Raw Data 0.954 0.34  0.909 0.52 3.70 0.967 0.29 0.946 0.40  4.53

D1 0.936  0.40 0.935 0.44 411 0.963 0.31 0.921 0.49  3.63

TR DIENTR D2 0.902 0.50 0.844  0.69 2.16 0.873 0.56 0.830 0.72 1.87

SG 0.951 0.35 0.909 0.52 3.67 0.952 0.35 0.938 0.43 4.14

MSC 0.948 0.36  0.905 0.54  3.48 0.965 0.30 0.905 0.54  3.66




%46 BE 6 M B PFAF T R G R B ZE O S 2R H 2E U N RS B A R DA 5 95
PLSR BPNN
b2 iy Tidkb B VIR T4 YIZRdE T4
R? RMSE R? RMSE  RPD R? RMSE R? RMSE  RPD
Raw Data 0.975 0.14 0.833 0.25 2.91 0.978 0.13 0.849 0.23  3.00
D1 0.970 0.15 0.820 0.25 2.76 0.974 0.14 0.88 0.23 2.70
K 250535 N i D2 0.936 0.22 0.790 0.28 2.34 0.873 0.31  0.694  0.33 1.99
SG 0.984 0.11 0.854 0.23 3.16 0.979 0.13 0.872 0.22  3.20
MSC 0.980 0.12 0.85 0.23 3.0l 0.985 0.11 0.84 0.20 3.3l
Raw Data 0.903 2.54 0.83 3.06 2.74 0.800 3.65 0.818 3.39  2.08
D1 0.886 2.76  0.853 3.06 2.51 0.898 2.60 0.712  4.28 1.68
FLENIRE RS & D2 0.852  3.13  0.754 3.95 2.05 0.680 4.61 0.671 4.57 1. 14
SG 0.886 2.75 0.849 3.10 2.59 0.839 3.27 0.810 3.47 2.2l
MSC 0.898 2.61 0.842 3.16 2.27 0.856 3.10 0.787  3.68 1.89
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Fig.4 Scatter plots of reference and predicted values for the optimal prediction model of compound
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Tab.4 Prediction results of different combination

models for spectral data of Andrographis paniculata samples
after SPA screening

pry ISR AR

KA g2 RMSE R RMSE RPD

ZEOIENEE  SG-PLSR 19 0.784 3.05 0.805 2.93 1.97
FEELEENNE MSC-PLSR 34 0.826 0.48 0.756 0.51 1.98

el % R

FRFOE Raw Data-

o o 29 0.961 031 0.947 0.40 473

?ﬁgﬁ’f D MSCBPNN 49 0.981 0.12 0.916 0.17 3.5
H

ZEUENEEZ Raw Data-

A D 19 076 369 0794 362 2.08
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Fig.6 Scatter plots of reference and predicted values for the optimal prediction model of compound

contents in Andrographis paniculata based on the selected wavelengths

SLZFCE TR & /N B G B T R
RUETIHESE
2.5 srth5vhe
2.5.1  A[FTALHE T L X GO 4 FP2E L%
W BRI A ) B 5 A 78 ) 5 i

B TS R AY T, % Raw Data #H478 18
AL 3, AT A O D A O RS | RS A
R T, P ARG B, AEARTR S R T
D1.D2 MSC .SG iX 4 Fhfiisb 5k, Hrf D1 J&
—FhILLR A IE T vk, T i X B IS TR Ay, 4
R i1 2 v Ik e AR A P AREAE DA T ST 3 R 2
MR A 2 R0 T P R G A N R, 5
Raw Data-PLSR B2 #U4H b, D1-PLSR <% [1) RPD
T 11.08%, UiHIZ: D1 Bikb B , 43 540
PREEL IR XG5 R 52 m , J = B ARG B2, D2
S — MR IE v (AR IE b, 4 PP g O
MEEZAL B89 Raw Data 28 D2 WA 5 @7 19
B ARG RE YR B, P R R TE AL Bt AR v %of
FELE A TAL IE P [RIBE , doK 1 e . MSC & T
U A IE , ZE K 28003 PN IR %) 25 2 Tl v, 4 i
Bt Raw Data 22 MSC TiAb# 5 24, Joig & PLSR
R & BPNN B2 %) RPD B 2445 55, 3 ] fE &
MSC JHER 1 T 0RL 3 A A 35 2 JOBURL R /N AS
] 7= A U XSRS A S i 2 SG S —FpoF
AL PR IT v TR O RE N BRIy & s B0 b S i

BERIED SG-PLSR, X 7] B85 SG W] LAk /)N B #1L 15
22 AR RS EERE LA S L, A
TE A TIAL BT, AT A 80T Bk 4 RS AU
RO, 3 OGS ER A (075 W L, DT 412 A5 28 )
Bt BE AN AS e M
2.5.2  SPA XTZELSED 4 RO NEREIL S
Yy RUIAS Y (%) 52 1)

G e, o B T KR E IR
S B R A7 A L2 v A R S [ R, i LS W] REAT
FE S RFINRE SR B TE G AR B PR IE , A5 2
SPA i 3 R fIE 0 1, D2 B5 4 1) A B fR AR AR
T % 58 0 3 PR TR RITIRE 7K 25500 52 PR R 114 55 2 F 0
W, 28 SPA ik J5 # 37 9AEAL  RPD B 3 313 Jin
4. 42%M 7.25% KRG FE P2 57, X 5 SPA ik
PRI BA T/ N TUARFIAL 5 35 22 [ R A OC
HFEARD ) EGOIENER B 2803 N R 4
Tt 20038 DY TR 2R AL G 1 A B 12 190 00000 A5 780 44
22 SPA 16 f T AR TR T AR A 4 i
BEAT X T REJEAE M GEad R v 50K T oy L2
PGS B, T BUBE RS A 2215, (R 28 SPA i
eI, WD TR R T I B, TR T
B

3 &8
AR LN G, BRI T 26T 9t



98 {228 %] CHEMICAL REAGENTS

2 46 B 6 1

FARBIAS RIS 28 OS24 ) 03 7 vk T 200 3
A2 o S S R i . WA SRR m ik
FEARGE G A2 i 25 7 ik T S S0 i o P
By PRSI X AN [ 5 28O0 R 1 0 31 ST
D1-PLS-DA #5858 R] R 75 25 4 1) 20 0 ME B %2, %)
FEOENER 2D ENER 2 E O ENER
I 7 200 32 DAY TR R 2 00 32 P9 T 285 A 2 A
T HE 1 e 1Y 458 3 51 Ok SG-PLSR , MSC-PLSR |
Raw Data-SPA-BPNN .MSC-SPA-BPNN F1 Raw Da-
ta-PLSR , IZAIFFT AT S AN [ i I 2 00 3 o J5 1 R
SRE RS B AL 5 1 P AR SCRe B i =Z Ak 7
TR R AL AT X 43 AR R ] AR AY 57 7
SEAL S5 B2K 25 5 A B3 1 5T AS [R) ol o 25
U i SRS P e 2R TR [ D A7 | R o A 7Y

S %30k

[EFRHMZE R 2 e NRILAEZ M M]. —3%6. b
nt P E B 2R R, 2020.

(2] BRARTE, Bh A, M BH. 24 FH A ) 25 00 SEE o J50 9 U L 35 ol
FARRFEWR G [ ) ] LR 2 2020,48(21) :34-
40.

(3RS, INER FH Ay , 56 24 FH A 2 O S X R [T ]
TR L 2021 ,48(1) 19-16.

[4]5kme, B3, R4, 45 20 DI ST R [ T ] .
FE S236 75 7] 247, 2018 ,24(18) :222-234.

[5] B e, oh B0, B et , S R [F 24 FH R 07 B 7 b 28
D IELBA T 4 A2 N BRI B BRI SE [) ] R
2 ,2017,19(5) :675-678.

(6], ik T, B, S 0% HPLC S
EF 1] R AT ,2023,50(13) :201-204.

[7]254 7N, iz, XIeEs , 45 2L T UPLC FRAE &3 Al —
M Z VLM ZEDEL M R E s [J]. P E P EZF
B4 ,2023,30(6) ;141-147.

(8] F5 1k, RIE 7Y, 3B, 45, 3 41 AP vk Pd I 5 25
DIEPELENEMN S &[T P EES T RE,
2018,49(9) :1 300-1 305.

(9] okHE i R H, B SR, A5 L F IR 41 40 & il iU 1R 45
B KIG L K R TR A M = e [ T]. 25 5
ZRik,2021,41(4) :726-734.

[ 107 50 7. 3T 8 G 1% UG B AR 1 = 2 1 Jo i il 4t

FE[D]. B BB TR ,2023.

(U] ZEFREE , oI 1 05 4 B 22 0 2% 245 45 DA tE DIt 3 A
FOT R T AR R E AR [ 0] Ot 5o o
Mr,2024 ,44(1) :215-224.

(12730 55 B TR /AR LD BOR &5 B ALt =2
Wt 3SR SR [ D] 1 SRR SCE KA, 2023.

(13 ] 53 30 5E T T A AL AR 08 5% M 45 23 DX/ B
WFFEL D] A A1 ] 7K %, 2023.

(1455 & 2 I IC PR BRI 2 /N2 K H I K
PHEAGFLD] AL RO, 2022,

(15 T5KEE, F g, £ 45 T 0] WOL-IE L4080 otk
IAGE A Wk B R AL AE Gy T 58 [ 0] D27 50
J%43HT,2023,43(10) ;3 286-3 292.

(161 XIFS R | iz, Ml , 55k T RO FOR A4S 7
Pz By 5 B PR I B AR BT [ ] p 2y
7%,2023,48(16) :4328-4336.

(175K, e, skbs, S5 8 il 45 & I 70 B s e
SN RBE = MR B2 [ 1] 427151, 2023,45(1)
136-143.

[18]YOUYOU W,FENG X,YUE Z, et al.Application of hy-
perspectral imaging assisted with integrated deep learn-
ing approaches in identifying geographical origins and
predicting nutrient contents of Coix seeds [ J ]. Food
Chem. ,2023,404 134 503-134 512.

[19]QIN O,LI W,BOSOON P, et al.Simultaneous quantifi-
cation of chemical constituents in matcha with visible-
near infrared hyperspectral imaging technology[ J].Food
Chem.,2021,350.129 141-129 148.

[20]ZHANG H,JIA B,LU Y,et al.Detection of aflatoxin B,
in single peanut kernels by combining hyperspectral and
microscopic imaging technologies [ J ].Sensors ( Basel) ,
2022,22(13) .4 864-4 878.

(21 ] 5fE, R RAUR , 45 1 T i & i A0 1+
e pH AG AT [ )] PRI AR 27 i, 2023, 36(12)
2 771-2 779.

(22 TMERE:, & A2k, E 07, 5 Gl WAk By ¥R vt 4%
BEFE[J]. 5638 % 5 63 5 97, 2019, 39(9) - 2 800-
2 806.

(23] W1 sk, sk, 45 T i il UG HOR (1 2
ZEIRAT I TR S AN [ J]. o R 24 41, 2023,
38(12) :197-202.





