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Abstract: Objective To establish a qualitative discrimination model for the type and degree of processing of Niuxi (Achyranthes
bidentata, AB) using infrared spectroscopy and machine learning algorithms. Methods The infrared spectra of AB with different
processing types and degree was collected, and various machine learning algorithms, including back propagation neural network
(BPNN), genetic algorithm-optimized BP neural network (GA-BP), random forest (RF), radial basis function network (RBFN), and
convolutional neural networks (CNN) were used to establish a qualitative discrimination model for the type and degree of processed
products of AB. The near-infrared spectra (NIRS) of AB with different processing types and degree was collected, and TQ Analyst
software was used to establish a qualitative analysis model for the type and degree of processed products of AB. Results The
results of the machine learning algorithm models showed that the CNN discriminative model was superior, the BPNN, RF and RBFN
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had similar performance, and the GA-BP model had relatively poor performance. The three NIRS qualitative models had validation
accuracies of 100%, indicating that they could accurately predict the type and degree of processed products of AB. Conclusion The
qualitative analysis model developed in this study by infrared spectroscopy can be used as a means to identify the type and degree of

processed products of AB. It also provides a rapid and non-destructive means of testing and a reliable method for data analysis, with

view to providing a new method of reference for the accurate identification of the type and degree of preparation of Chinese herbal

processed products.

Key words: Achyranthes bidentata BL.; processed product; processing degree; infrared spectroscopy; orthogonal partial least squares-

discriminant analysis; machine learning algorithm
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Table 1 Information of samples

_— e W2E hebEg
H
i JL AN K S 561) 3@ i) R JL i) A K S0 1) 3 i) Rk
R A S1~85 JB1~JB5 JS1~JS5 JG1~JG5 YB1~5 YS1~YS5 YG1~YG5
N H R S6~S10  JB6~JBI0  JS6~JS10  JG6~JG10 YB6~YB10 YS6~YS10  YG6~YGI10
b S11~S15 JB11~JB15 JS11~JS15 JG11~JG15 YBl1~YB5 YS11~YS15 YG11~YGI15
T T e CES
SEE]
YR Sl ik
C IR R C fakbET KAt
WAk .
A Ko & ep JalAR i
A Ko Jaii & eh S At
CESn x 2 } :
JaHIAS B J i e Ja A
A e Ja i o Ja A
B 1 AE~tkEFBEE R ES &
Fig. 1 Raw and processed products of A. bidentata from different producing areas
2 ik B MIRS B, 61443 Bl 400~4000 cm™?,
2.1 MIRS EEHIXRE Rk i M 16 IR, ek o RN 4

MEE AR (L 9 50) 292 mg 5T
LEFDL 10 100 FFEEVR AT, EXL%/E/SZVJQH/‘]*%@ME
TLHERBAES,

cm™t, FHEEREE 0.2 cm™, HEHIER CO. F1 HL0,
iR 20~25 C, MXHEE 25%~35%. Bk A
Fi 8 MPa [/ /J/E# 30s, J&  EEEFAN 3K, BUILTEPOERE, O TAH 3 9k

BRI S EEI R . B, B ScheRE BiE



* 7390

¢EH 2023F11H H54% H22#  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22

2.2 NIRS fE2HIRE

FREUFE R R (it 3 50/) 269, BT AR
A, REHS, REEY, DTSR,
PRI SR, RS ERE RS, SH RN
8 cmL, F4# 64 X, FAHHE IS 4000~12 000 cmL,
TREESE A 25~30 C, /RN 25%~30%.
sk P S 3 Ik, BULTOGE, B AERE
i 3 sk
23 XIEEEHTAIE

MIRS 1z E 5% ] Spectrum for window 3.02 %%k
% R R R UG MIRS #E47 403, SRA TQ
Analyst BAFXE NIRS #4172 o5 5121E (multiple
signal correction, MSC). #xiftIE A5 #: (standard
normal variate transform, SNV). —B 5% (first
derivative). [ 5% (second derivative). SG V-
5 (Savitzky-Golay, SG ) ND ~¥-}F (Norris derivative,
ND).
2.4 BUREALIE

{i F GraphPad Prism #F2 4-RA= . T 24F
TR 5 4 T S5 AR 0 U i AR IS, 5 Matlab 44
FEy AN [R] L ) it FHAN [ ] 1 2 P 70 AR, 4 Hdie
FEABENLIR 2 I ZR5E (70%) AIIASE (30%),
iz 1] BPNN. £ 5004 BP #H4 2% (GA-BP).
BEHLARAK (random forest, RF). 43 [ k42 f 2%
(radial basis function network, RBFN). 4 [/
#% (convolutional neural networks, CNN) Z5E5i%:44]
B, AEH TQ AR AN R M) i AAS ]
0 ) P2 P A BRI 4L A s P e AT A A
3 HERESH
31 HEMLINKEE

MIRS #TiZEd R 5WOGRE . FEARIE
H—fbAb B, THHEAF] 14 Mg (-] 2), X1
FUEHATIH— 2 G, AR 2~14 SIEETH
K5 R A G A, EL AR AR R
T4, SR 3. ANEFEHL AR 5 R 4G
MIRS RAEMaH S (RO R 1D s MIRS 4
K 4. 5 i, J5E NIRS AR H] & LR N
) J545 NIRS @ik 6. 7 s
3.2 MIRS FIFIRBY AN IR R L

%M BPNN. GA-BP. RF. RBFN. CNN %%
TETR ST A IRAS [ s B A [R] L o) it A [ e 1 2 P
MIRS 73 28 H R

BPNN & —Fhi iR 2210 [ AL R S L IR 2

10
A 1
9
2 4 5
12
3
/ 3
3500 2500 1500 500

vicm™
2 MIRS £HIEREE
Fig. 2 Common peak schematic of MIRS
1.2

O A&
| RIERES
R

“'%‘

ST ERE X

1 2 3 45 6 7 8 9 1011 12 13 14
257
B3 B EEH A EXTIE SR E
Fig. 3 Bar chart of average relative peak heights of

different processed products of A. bidentata

3500 2500 1500 500
vicm™

4 HEERBRI MIRS
Fig. 4 Original MIRS of A. bidentata samples

kR P
T, _ 1y ‘_
. _ av. YAVC I

3500 2500 1500 500
vicm™

5 ARSBARIEH M MIRS REE
Fig. 5 MIRS schematic of different processed products of
A. bidentata from Henan



¢EH 2023F11H H54% H22#  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22

* 7391 -

11 000 9000 7000 5000
vicm™

El 6 HFEEEmAEL NIRS
Fig. 6 Original NIRS of A. bidentata

e
PR
BB

11 000 9000 7000 5000
viem™

7 WRESHBRAREESE R NIRS REE
Fig. 7 NIRS schematic of different processed products of A.

bidentata from Henan

JERTE A ML, BAREAAEL ISR/ &
SR IR 2] BE 120, HLAAT R R AR I 2 B A
R 1 1) 22 4k BR B 1R RE Y, 2 B B2 )
N T ARG 4% 2 —22; 5 BPNN R 7E AR 7 B A A
R LI S A BEALE,  ATT 5 T BN SR i A
AR BAEHYE (genetic algorithm, GA) 25D
SR F e I8 AR AL St A 1 Je v % i) — b
FATBENLIR BARAL TV, F AL 513 EI GA-BP
SRR AT UM BIRAG RTATIN BP #4828 B AY 1
FERUEAN RS E I I BEHLIE, ARG R 132 4k
RE IR S PERS], DL ARZ LI 2 409K RF &
AR R — P 2 03 A8 B, T DR Hh X %5
AT BT 1A, [ B AR AR s 1) 22 R AT 43
FAbH, #utk, RESEIE AEE SRRRE T, W]
CATEVE 2 STIGEAT V2 N, R T — LR 2k
PR AEROE, BENLAR RS2t m] DLAR PRt 47 S
AbEEES), A, RE SRS A BE AL R 22 1 B 4%
e FI6L, v DL O R 7= AR iR 72, AN
MRS T B A BEAE R, 929 T REMIA 1M1,
WINBEEABIPUE . AR 2T RBFN ARG ME—
SHET . YIRS AR AE R AT RE,

HHEGREMAELEERET), R TR
Lyt BRARZARE), OERIINHET
EEWA. Bshisdl. 5 RGBT R IZH
%2 /MR, CNIN & — PR WL SCAR 7 2R 8L,
HERZE. MibE. EREHRI N TAE M 4%
SERERT, AR T ARG 2 R IR A M 4%, HAE A
JZBA R AUE L D R ERE R
RO FRIURFAE , KR 2 b T 44 T X2 1) 52 A P 281,

PL BPNN i, 5 24 43 4 AN [R] e ) o P 2
P T\ Matlab R2022b i {4, 152 714 34 il 4 SR 1] 8
FIE 7, A [ A )t S0 i A5 28 e | B 1 T 1 38R
98.9%, MMMlliAAEHIHERA Ny 92.5%, IIZREE 5k
SRR R KT 90%. ST AN [R1 A 1l i AU A [ . 1
FERE BPNN AL A 25 B oR: AR AR RA
[F) . o) P22 P A TR I R SR I HE A 2240 3R 96.0% 11
98.4%, AL HIHERZE 7370y 92.6%AH1 94.4%,
AR ZRER SRR HERA 225K T 90%, 15 B2
FiZPEA 4L ST ) BPNN BALE F il 2R #h4F
JERAN [ 1 A B Tl 401 . %L GA-BP [R5 AY
FIMAER, BEERRERIIE I, FERA AR
SEIEES (B 9. AEMEEST GA-BP Hj)
BEA rR I ZREE I UER R N 93.6%, MIASEHERI RN
90% o X T~/ [ ] ity B AN [ M il F2 2. GA-BP 5 4Y
FIR R TR AR 3 A MR AS [ 0 i it P AR 2
W GREERIHERT R 7373 90.5%F1 96.8%, Ml AR 11
W24 59 90.7%41 94.4%, #El 10 Frx. CNN
BAREAR 2R il 11 Fizx, CNN. RBFN. RF
R B HERfG 2R 25 0 WK 12~14.
3.3 MIRS FFE B 4 gE 1T,

TENLER =2, R B E N — AR 25 R,
i SR AT AL H VP A B 2 ST B MR, LA
5 o) g A BTN 25 R R e Ak, DUAE
Rl 7 2K it £ Hh 0 S IR TS ) 2R 5 4y A
BTG A 2 A FRdEEATIC R 2RI I
PERT DU TR T AN & TR A3 (true
positives, TP, IEMATMIFIAEAEEA B T A
FEHE (true negatives, TN, FIREAS 4 £k 5 Ho T
I FEAR R (false positives, FP) LUK FEA B HE
RHL T AN 8 T REA & (false negatives, FND
KATHT R, PET R R 3 B FEHERIE (accuracy ).
FaHff R (precision). A% (recall) 529, H kg
Ff P AT DA FH SR A R A 20 A Ak, BT I A
(2E 5 BAEAR T o) by FEARZE R ) ) 45



- 7392 - PER 20234118 H54% 28  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22
1L | Al 4 B gy T 4- B oy |
- FE | © TME (M ‘lw - TE |" ‘
Eﬂﬁ i fﬁ 3 Tl__“__” i i Eﬁ 3 ‘,..L...._.._....J
B | B2 ‘—‘i B2 ‘”'"""""—""'J
\ | I |
[ ——— : : 1 | 1 L !
0 30 60 20 0 40 80 120 0 40 80 120
TRFEA TRMFEA T A
3. sl AN e Ape T B g T 41 HEMH O C -
ok S R T - B L - TE ."
® .‘"‘. o s T 3 A Rwan
£, 4 1 | % A : & N
= :' Z 2 A AT I = N
1 " 1 | T T ’
0 10 20 30 40 0 15 30 45 0 15 30 45
T A T A TRIAEA
ARSI B-FFRAFEEEIREE  C-EFMARMERIFE g4 n-ReE, FEFE

A-different processed products B-different processing degree of wine-processed A. bidentata C-different processing degree of salt-processed A.

bidentata I-training set II-testing set, same as below tables

8 BPNN &5l HEfRZR

Fig. 8 Discrimination accuracy of BPNN model

0.06 0.024 0.024
= 004 A o B i c
i 2 0.020 i 0.016
= B Z =
ug 0.02 1) it
0 . 0.016 0.008
0 15 30 45 0 15 30 45 0 15 30 45
TRINFEA TRINFEA TR A
B9 GA-BP t&EE R iz
Fig. 9 Fitness curve of the GA-BP model
Slemsgn || T 4 Ak HITIFTT 4 s —
-~ FRIME ‘\l :‘ M | ‘”| ‘ — T{E I ‘l\ ‘l‘ll f |||‘ \i ’I - TRME |‘I I‘
i‘ﬁ . | B3 Wi | $° | T
=2 : = B | | \ = c-l (] |
2 Al } Z L i . —
\ | \
It |
1 ! 1 \l 1 M | l\
0 30 60 90 0 40 80 120 0 40 80 120
TRMFEA A 4 T4
3 . Ei’fﬁ I‘ .‘I I“I ‘l;‘ ‘I. ......... 4 i . ﬁﬁ:’fﬁ I\'“"PI:.".TI. 4 - :qiﬁ ‘I‘ ‘I, .............
- T Y | - B LA - HE I
i A K 3 [ 1T ‘l'l‘ I‘\ ® 3 I preseieed
£ L & | B [ Il £ c-ll I
@ Al | 1-:;5: 2 [l senenele W | ! ;5) 2 . ‘,I..L......._J‘
I‘I ‘ | | |‘ I‘”"‘ ,‘I
) | O R | P T L
0 10 20 30 40 0 10 20 30 40 50 0 10 20 30 40 50
TR A TR A TRMREA
B 10 GA-BP tEEF| R HEME
Fig. 10 Discrimination accuracy of GA-BP model

SR — SR T DS IR R A
SR REA P T 2R AR O . AR50 LAY
EHERRLE G HERARL . FE AR DL A [ 2P A A A
Hma 1, BAMEREEL . BARHHE

&b

H

By >

AW

HER = (TP+TN)/(TP+TN-+FP+FN)

4 [al Z AILE

K& % =TP/(TP+FP)
K& =TP/(TP+FN)
ANTRI L)t TR A AT 3 NS, Hodh 14K
Az, 2 AR, 3 AR . A RS A

[ A 1 2 B2 T Ayt A 4 N2, Horp L AR AR

2 REIEHIA e, 3ARRSEHE T, 4 AAFRM T .



PER 20234118 H54% 28  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22 - 7393 -
100 | - 100 00,
g A g |/ B g c
260 60|/ 2 60/
53 | g | & I
20 20 20
K 1] x 15 x 151
B o B o5 B 05 -
%9 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
ER B AR
B 11 CNN REGE KL
Fig. 11 Iteration curve of CNN model
31— mm Al 4l M B | 41— HA c-l —
~ TME ‘ - TME | - TME "
=2 — - | : |
& | B2 R K2 ‘
| |
| |
1 1 | 1 b : :
0 30 60 90 0 40 80 120 0 40 80 120
TMREA TiEEA TR
Sl-mw | oA T Alems B A 410 HI G e
~ M I | - TRI{E I | |- T g |
B 1 | K 3 e 31 1  —
o I | o I oo | I |
=2 - = ] = | I |
""Eg ‘II‘ g 2 I 17 bl g 2 | ‘ 1 |‘\‘ |
’ [l ]
1 1 L 1kl I IR
0 10 20 30 40 0 10 20 30 40 50 0 10 20 30 40 50
TIMREA TIFEA TRREA
12 CNN #HEMERBF R ERE
Fig. 12 Discrimination accuracy of CNN model
S|y A | 4o A% By | 4 A cl |
- T | - TRME \ ~ M ‘
) ® 3 [ree— 3 |—v'—rI
%, | & | & t1
= [ = | = /. |
= = | | =
= l\ = 2 — | = 2 ‘_IJ } 1
\ |
1 | 1 ! 1 :
0 30 60 90 0 40 80 120 0 40 80 120
TIMREA TRFEA TRMEEA
3 o Fl:iﬁ A-|| [ ........ 17.... 4 . jﬁiﬁifﬁ B-ll ‘rl‘ ‘I. I‘. ............ 4 . Ei{ﬁ C_“ ".," .............
- TME | || - T E AL < FAE i\
B : | ® 3 R ® 3 e
& | § ' & [
= 2 T \| = " = f
= I \| H = 2 no ‘ =2 [ qp— 1l
[ |/ | | A
1 L | l 1 Ll PRI AN
0 10 20 30 40 0 10 20 30 40 50 0 10 20 30 40 50
TRIMREA TRMEEA TREA
[ 13 RBFN #EEF| R EMZE
Fig. 13 Discrimination accuracy of RBFN model

BRI VA FE R T LA LB 15~19, 1A FabnBfE I

% 2~4,

R RE, 5 FEIEN T UIZELL L T
LA HERR R % GA-BP #MA7E 0.90 LA L, Il
T R ERE, HR AR 2 8] ) 5 1 e
R ZESE o B, FEXF T AN [ ] 5 1 ) A 2

CNN AR I GEAR A, X T IR AE DA B TIUIE 1 20 5
IR A T 1.00 A1 0.98, H = IRV,
Vb B A R L Y i A B TR AN [ B A 4R B 5
PEE . W GA-BP 5iik, SRR T BPNN &
G BANJRRBIN . ISR BEIS B L, HAEAKE
AR RLE S R AR, T AR



° 7394

¢EH 2023F11H H54% H22#  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22

N L Bl | 4 EIME ca
- TRIME ‘ - A | - FE \
B ' B 3 et ® 3 [
£, | & & h |
| | (
1 : 1 : 1 NS |
0 30 60 ) 0 40 80 120 0 40 80 120
TR TRFEA TRMFEA
3 . Ei{ﬁi A-ll ‘, ..... ".r ...... 4 " ﬁi'fﬁ B-11 I".“"“T."" 4 . Eiﬁ C-ll ‘ll ‘r ......
- [ - Hilf [ - (I
S II | \f B® 3 T presseepepeeet [l B3 [ e
3 | [ ] Wi | = W
g2 o ' = My | = [
= I‘I‘ .‘I X 2 I‘_‘..:..'_.A_.. l | X 2 I ‘IJ 1 !
iy :‘ o
1 | 1] 1 | 1 L]
0 10 20 30 40 0 10 20 30 40 50 0 10 20 30 40 50
TRMEEA TRIEEA TR A
E 14 RFREBFFERZE
Fig. 14 Discrimination accuracy of RF model
Al 3 g1 3% 1
30
25 25
2 e 2
X 15 i 15
10
5 5
0
16 18
A2 B2 c2 %0
1 0 0
12
24 0 2 0 12 2{ 0 16 0 0 20
m o o
X2 0 8 1 8 X {%
= R 0 1 6 =3l 0 3 8 0
10
4
3 0 2 41 0 0 1 8 44 0 0 0 16
' 0 . y : - 0 . 0
1 2 3 1 2 3 4 1 2 3 4
TRME o AEL T {EL

Bl 15 RIS (A BEBRRRMEETZE (B). 4B FRIMHIZE (C) 49 BPNN EASE:EMER (1 IZE. 2 MitE)
Fig. 15 BPNN model confusion matrix of different processed products (A), different processing degree of wine-processed A.

bidentata (B), different processing degree of salt-processed A. bidentata (C) (1 training set, 2 testing set)

1) it ) ) A 28 DA ) A [ G ) R ) ) A Y
o, BPNN AR T GA-BP FY,

FHUERT DL, AN R AE 7 V20t T S SR A fE SR L
AR, AR EC SRR M I R 0 I AR T
HEAT RN A 5 Hr
34 HBAREMEHIS NIRS EMHERIE T

ARSI R FH A A o TiE S AN R B S NIRS
SEVEFI BB, DR (R ) ot A TR A ) ot R P 1

NIRS sE AR, DLPERE R KL (PD ARG
NPFI R AR, PIERRR, wRFIGIHGER N, U] NIRS
SE PRSI BRI 0 Mt R R . ASSEIR 552 1Ok
W PAL BT 0 e VR A, 45/ R AR e
PERLR R SR R TRAR B 26 AF D SNV +SG; AN [FIHE ]
T AL FRSE R LK 5. DA P AR FIGIECN PR 45
b, BEAFPEEST NIRS A, 548
7 M) it T A 2R F) e 3B B 4250~5150 cm



PER 20234118 H54% 28  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22 - 7395 -

Al B1 30 1
30 30
20
i 20 m s 20
29 2 2y
i i i
10 10 10
0 0 0
1 2 3
TAE
A2 16 14 €2 16
12 10 12
i i
2 K 8
by 8 6
4 4
2
0 0
1 2 3
THAE TRAE TMAE

16 T EMEHEE (A) BFRAEEHIIZE (B). B4BRARNEHIIZE (C) B GA-BP {REURIBFEM (1IIZ4EK. 2 MidE)
Fig. 16 GA-BP model confusion matrix of different processed products (A), different processing degreesof wine-processed A.
bidentata (B), different processing degree of salt-processed A. bidentata (C) (1 training set, 2 testing set)
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Fig. 17 CNN model confusion matrix of different processed products (A), different processing degree of wine-processed A.
bidentata (B), different processing degree of salt-processed A. bidentata (C) (1 training set, 2 testing set)
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Fig. 18 RBFN model confusion matrix of different processed products (A), different processing degree of wine-processed A.
bidentata (B), different processing degree of salt-processed A. bidentata (C) (1 training set, 2 testing set)
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Fig. 19 RF model confusion matrix of different processed products (A), different processing degree of wine-processed A.
bidentata (B), different processing degree of salt-processed A. bidentata (C) (1 training set, 2 testing set)
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&2 AREEH &FIFIERIF N IR x4 REBAREEEIZEF AREITNIERR
Table 2 Evaluation indicators of discrimination models of Table 4 Evaluation indicators of salt-processed A. bidentata
different processed products discrimination models with different processing degree
B Y plESS Bl Bk - pEES g
gn FEHE e HEI2R 1% MR HE% A% W% B 7 I e MR KT FEEI% TR
BPNN 1 1.00 1.00 0.99 1.00 1.00 0.93 BPNN 1 1.00 0.97 0.98 1.00 1.00 0.96
2 1.00 0.97 0.80 0.89 2 0.97 1.00 0.84 1.00
3 0.97 1.00 0.93 0.87 3 1.00 0.97 1.00 0.73
RBFN 1 100 100 100 079 100 093 4010 10 100
s 100 100 100 0.85 GA-BP 1 09 0.96 0.97 1.00 0.94 0.94
5100 100 100 094 2 09 0.97 0.90 0.90
3097 0.94 0.92 0.92
GA-BP 1 100 1.00 0.94 1.00 1.00 0.90
4 100 1.00 0.93 1.00
2 0% 084 100 069 RF 1 100 0.97 0.98 1.00 0.94 091
3 097 097 0.70 1.00 2 097 097 082 092
RF 1 100 1.00 1.00 1.00 093 0.95 3 09 1.00 0.90 0.90
2 1010 092 100 4 091 100 088 100
3 10 100 033 08 RBFN 1 100 100 098 100 088 0%
CNN 1 100 1.00 1.00 1.00 1.00 0.98 2093 097 084 1.00
2100 1.00 1.00 0.92 3097 0.95 1.00 071
3 100 1.00 093 1.00 4 100 1.00 0.93 1.00
®3 EFRTEHIREHSIREIT 6T CNN- L 100100100 10008 0.4
Table 3 Evaluation indicators of wine-processed A. bidentata 2 100 100 090 090
discrimination models with different processing degree 3 100 1.00 092 100
Bk I e R - 5
Sl #*x5 AEMEHIM NIRS AL ERLER

fR A0 H %1% HEREI% HEHE% T HEHE%

Table 5 Preprocessing results of NIRS of different

BPNN 1 100 100 0.96 100 100 0.3 processed A. bidentata products
2 0% 100 100 090 — —
308 097 082 093 FeiE ARy 1% H‘%'J Pl | Dtk s 77k H‘%U PI
4100 089 089 0.9 hk b
SNV 1 92.554| MSC 1 93.004
GABP 1 08 100 0BT 084 0% 0 SNV+SG 1 95.560] MSC+SG 1 93014
2 07 08 092 100 SNV + LstDer 1 92.554| MSC+ 1ndDer 1 89.200
3 08 0% 082 090 SNV+SG+1stDer 1 92.560| MSC+SG+1ndDer 1 89.394
4082 084 093 081 SNV+ND-+1stDer 1 92277| MSCHND+1ndDer 1 92.267
RE. 1 100 100 100 100 100 091 SNV +2ndDer 50 80.322| MSC+2ndDer 50 80.298
2100 100 083 077 SNV+SG+2ndDer 1 91.794] SNV+SG+2ndDer 59 80.183
3100 100 081 093 SNV+ND+2ndDer 1 91.794| SNV+ND+2ndDer 1 91.814
4100 100 100 082 %6 ARMHSTRREREER
RBFN 1 100 1.00 0.99 1.00 0.87 091 Table 6 Results of different modeling bands for different
2 097 1.00 081 1.00 processed A. bidentata products
300w 100 HHLE Brlom L BHBIE PI [RBLEB oM A Pl
4 100 100 087 100 4250~5000 1  93014/4250~6000 1  90.768
CNN- 1 100 100 100 085 100 094 4250~7000 2 91.615| 4250~8000 3 91.005
2 100 1.00 100 075 4250~9000 1 90.909| 4250~10000 1  90.191
3100 100 093 100 4250~11000 4  89.505| 4250~11800 8  86.808
4 100 100 091  1.00 4250~5500 1 91.815| 4250~5150 1 93340
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Fig. 20 Qualitative analysis model for different processed A. bidentata products

LA SNV +ND+1stDer, #h 4 JRAS [ il 72 15
SE MERR Y (M R AR TUAL BE 26 1F 0 MSC+SG. 1l &
AR RFEED GG AL B AR (R 7. 8).

xR BEBRTEMESIIZEE NIRS TR,
Table 7 Preprocessing results of NIRS of wine-processed A.
bidentata with different processing degree

wEREE P | wmamE L
i i
SNV 0 91.493| MSC 0 91.161
SNV+SG 0 91.504| MSC+SG 0 91.257
SNV +1stDer 6 88.392| MSC+1ndDer 5 88.229
SNV +SG+1stDer 5 88.936] MSC+SG+1ndDer 5 88.829
SNV+ND+1stDer 0 91.911| MSC+ND+1ndDer 0 91.714

SNV +2ndDer 53 81.024| MSC+2ndDer 54 81.256
SNV+SG+2ndDer 31 84.714| SNV+SG+2ndDer 31 84.674
SNV+ND+2ndDer 0 91.549| SNV+ND+2ndDer 0 91.391

*8 HHMARENMEFIIZE NIRS FRALIRLS
Table 8 Preprocessing results of NIRS of salt-processed A.
bidentata with different processing degree

PA PLAR AR V- FEAR, 522 A R BN
NIRS & VEASRY BRI, 1530 21 IR A [ M A B 5
PEASI Y (¥ Bk BE M 4150~5150 cm L, 32 HRAN[H]
R R I AT 1Y e (D B 4050~5000 em?,
W SRAERAFERIARE . ARIBEBHras R W&
9. 10.

KH TQ Analyst #cff, R4 NIRS e Fiidb
T30 s A G i B AT 0 23 A, RSLIN . R
AR IR RE e A TR (21, 22).

#9 BEBRAEEHIREETERERRER
Table 9 Results of different modeling bands for wine-
processed A. bidentata with different processing degree

R RA o BAUEEY  RA

cm? % cmt 1155
4150~5000 0 91.549| 4150~6000 3 89.650
4150~7000 4 88.170 | 4150~8000 4 88.483
4150~9000 3 88.161|4150~10000 4 87.065
4150~11000 14 86.005|4150~11800 22 84.733
4150~5200 0 91.664 | 4150~5150 0 91.762

T Zi PL | itk ;é; PI
SNV 2 89.587| MSC 3 89.994
SNV+SG 2 89.598| MSC+SG 3 90.004
SNV +1stDer 13 86.605| MSC+ 1ndDer 12 86.521

SNV+SG+1stDer 10 86.873)| MSC+SG—+1ndDer 12 86.847
SNV+ND+1stDer 5 89.286| MSC+ND+1ndDer 5 89.207
SNV +2ndDer 53 81.481| MSC+2ndDer 55 81.401
SNV+SG+2ndDer 57 82.052| SNV+SG+2ndDer 59 81.936
SNV+ND-+2ndDer 9 88.087| SNV+ND+2ndDer 7 88.019

R 10 BHBAEEFIEETEZRKERER
Table 10 Results of different modeling bands for salt-
processed A. bidentata with different processing degree

AT E RA ol ERBY RH

cm? % cmt 1511
4050~5000 1 90.051 | 4050~6000 6 88.884
4050~7000 5 88.752| 4050~8000 5 89.047
4050~9000 7 88.684|4050~10000 6 88.134
4050~11000 5 87.903|4050~11800 11 86.076
4050~4500 23 86.152 | 4050~4900 2 89.083
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Fig. 21 Qualitative analysis model for wine-processed A. bidentata with different processing degree
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Fig. 22 Qualitative analysis model for salt-processed A. bidentata with different processing degree
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A—JTH, AR EE— PR, GA-BP B
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ST B R SR AT TRAC 3, AT LM 2k
BB BUNI RS, R 256 W 4 F G R
T BUR A 59 (competitive adaptive reweighted
sampling, CARS) B # 5 &% (successive
projections algorithm, SPA). JE{z B 4% & ZI &
Cuninformative variables elimination, UVE). [X [&]{k
B/N "33k Cinterval partial least squares, iPLS) 131
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