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Research on the origin identification of Panax notoginseng using
terahertz spectroscopy combined with convolutional neural
networks
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University of Shanghai for Science and Technology, Shanghai 200093, China;
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Abstract: As a valuable Chinese herbal medicine, Panax notoginseng exhibits therapeutic efficacy and quality closely
associated with its saponin content, which demonstrates significant geographical variations. To accurately authenticate
the geographical origin and ensure medicinal quality, a novel method integrating terahertz precision spectroscopy with a
convolutional neural network (CNN) algorithm was proposed. 40 Panax notoginseng samples from 4 regions in Yunnan
Province, China—Honghe Autonomous Prefecture, Kunming, Qujing, and Wenshan Autonomous Prefecture—were
analyzed using terahertz spectroscopy and high-performance liquid chromatography (HPLC). A CNN model was con-
structed and trained based on the acquired spectral and chromatographic data to classify the geographical origins. Experi-
mental results revealed that the terahertz spectroscopy combined with the CNN model achieved a classification accuracy
of 92. 5%, significantly outperforming the 82. 5% accuracy attained by the HPLC-CNN model. This finding highlights
the potential of terahertz spectroscopy in component analysis and geographical traceability of herbal medicines, provid-
ing a novel scientific approach for rapid, non-destructive, and precise identification of Chinese medicinal materials.

Key words: terahertz spectroscopy, convolutional neural network, Panax notoginseng, origin identification

s H 5 :2024-11-30, 18 = B #7:2025-01-01 Received date:2024-11-30, Revised date:2025-01-01

BEWE 2 i btk (L5 TAENIUH (202505AF350094) 5 L BHEATHAT SR "SRR HEDS H (24D72200900)

Foundation items: Supported by the Yunnan Province Academician (Expert) Workstation Project (202505AF350094) ; the Shanghai "Science and
Technology Innovation Action Plan" Technical Standard Project (24DZ2200900).

{E & & A (Biography) : £ 2 % (1999- ), I, LR IR M A, 850 0F 58 AE |, 32 BEWIF 58 U8R A ik 24 15 R 7 A2 W) B2 2 4031 1 T, E-mail :
892945208@qq. com

" {8 #fL4EF (Corresponding author) : E-mail: py@usst. edu. cn



5 31 FARE 4 KHRIE AL, A BT 28 9 46 S 53] = 7 b B 5 75
5= 0. 1~20 THz B LGB o B AT S 6 T 20 A Fn st

— -t (Panax notoginseng ) , ¥ J& T HINEL, J&—
T Z AR R RO, R B P R 2 — R A
ThEzEAE . L&A ZMAYEERT,
LENERE /AN 7N 2 M { (e O
SN EEATRONSY ARG A R R G
BEWBIEN . 7E =L BRI, AS A
R, \Rg, M Rb, 135 i PEA 2 SRR , MK L8 2
J3 B4 52 B B A R R R . A
Ho BRI T R =, e TR AR TR 22 L
TR 245 3807 A 5 0 b 38 B 5 %o — - Jo e R 2%
A5 W) 2 e o A R PR ER S, A0 S L
AR EE 7K R b S R AR T R AR R T A
M DX PR 5 25 S, R AT 24280, (EL 7R 88 T T AN
SCilre i, SCili XA =R R A R,
HAIA 5. 5% LA b, 100210 45 Al b DX AR X ARG 5 S0
Ll XA = -E R AR B 2 ik v, T H A
Hi DAY = AR X BN, B0 A - SRR SR A Y
AR A A2 A o X 88 22 57 5 0 25 B B LR AE T
TSR X kL TR AFEAE IO, S B R
L ROR B2 2R R e R, B 2
J3 T AR SOl =L S A
7, BN R B M 2GR, B R (R 32 2
U (R v B P S EA R CIIN = N B
SE AL X o PRI KRR S0 = N T R 2
A e HAT L

1% 48 = % I A T 07 A IR A i) A A
SO IR M 0 T AR T Ll N B R AT | ik
B WL AR B2 X 25464 BT IR R/ (R AR S
WRAEHEAT WA . RAE XML B E S T
e AE AH— B25R B0 TR IR BOR R, 48 51
JEAE RN A BE VPN TR S 2 BN
N RSN T, S BOLAT AR 2
0 G0 ) U 3 e S PR AR X 2 4 R 2 S A 4
N SN & Dy AT 0 B X A7 VRIE & TR AR
R RIS o SR, T R JE 256 T AU AE Y
FAARLE XA B AT T 2 [) (8 DX AR AR ME O Ry T
B v M) B R, BEACBIEE o i R T e A5 AH £
W ¥5 (High performance liquid chromatography,
HPLC) Sk JEAT Hh 55 24 18 1 R0 i o B 71
R4 HPLC W B B e B (R LR 4 4
AP TG A B HLACRAIR 2

I 25 I (Terahertz, THz) , f& 38 5 30 Bl A

U B 2 [a] HL G A P AR R — 843 0 Kk 4% 5 1)
MR ST T HMUR 5 K 2500+ 4R 2 F % 3
WAAAW) A | RE %8 o AR R OGS SR 5 1y 3=
EREAR B KR BOAR DAL TC ks il | & 1
B R 0 BT iR 2E 8 ) A R L AR 2 A AU
FENT R e A, KR 2% B AR AE h B2 B
FALIG T R EM U, B40,2021 4%, Kou 5%
N5 2% 6 1% 40 B T VU S 09 21 & & A ™
H* 52022 4F, Shao 25 A A 2% 6 135 460 0 3L 4%
4 4 B AR AR BR 52023 4F , Liv 28 A 5 Kbk 2%
JCTE S5 T R B EAE 0 5 IR AT Pu S AR
FH R 2% D615 S0 1 MR B2 07 1= . R A R 2%
FeARAE vh s 2 F 5 AT B BT T (H R
T A T HRER . 5, Th 2t 2R R A2 A
B, 3 A A5 =5 B TS E A A i BOCEE 2
S i AV M 75 R I A5CES HR 14)52 Ry — A, L
UK, K 254 AR A R0 T T — A~ e R i
Bl LA T R4 T A0 09 U RN A3 AT o SR TTT, Y
TS8R 0 B P2 19 A 8 ) AR () S8 36 R 1, X PR
il 7R 2% AR FE T R b iy i — 2L R
PRI I, g 2 R 58 38 o 24 1) RO 2% ' 1 A 2 LA
F ¥ e Se 9 (A 55 0 Ak B R R DA = 15 B PR U 1
B P R0 AT RE P R 0 HT B 9T R A AR R ) O
Ji)

AT L T —Fh 25 G bR 240K % ik B R
FIRR 2 28 S B s =B s, o
5, I FH KR 22 6 1% v A HPLC £ AR X 524 Rb, \Rg,
R, BRI S BEA TGN, B A e AT B 2% 6T R AE
FIHPLCIEEIFHIE . 28 , N o 4 F2 =1
Hi (CZT30] 3N ES BT o T R S F IR N ) i
2740 = -LFEAS, Ifdz F K5 2% 615 F HPLC 4%
AR BRIUT 30 BEAEAS 19 KR 2% 635 A HPLC 5 |
Ik B i 10 M RS AR, AR B 400 A AR R L JF 40
RN UELE . e A E T 5 B 2 X 4%
(Convolutional neural network, CNN)#EA | Jf- 3 T 1x
T3 Dy i o | 7 S K s I N D s o 2
AR BARRAE . IIZRTE R , % CNN LRI R H T
XF = REAS AT P 4 28, Il i 5 S B bk
Fb , DASS UEASS AR 11 53 2 HERA M A AT S

1 #R57E*®

1.1 SRR
ABIFTE TG B9 N2 5 B v 240 ) Puree-



736 O hh 5 2 K 3 2 R 44 3%

Chem Standard 23 &) (H7 [E B #S) , ARG AS B
H R, (4l F>98%,CAS 5 :80,418-24-2) . NS EAF
Rb, (4l >98% , CAS 5 :41,753-43-9) FI A & 21
R, (4% >98%,CAS 5 :22,427-39-0)

COC By AR [ Sigma-Aldrich A& (FPE Fi#E) .
COC PR H: o i (1) 't 2 37 B 1 Ak 2 e M | 76 Ak
2 CIEASINAE i ] 2 v e VR R R

“EHEAREATE AN T
ZL] FHIG N R s T A SO AR . FEAS
DLBARIE U4 | R &k — 2P ali A b 3, DR 45
RARARZSFNLY FH 3 1 58 Bk o
1.2 #HERFE

I 25 1% 3 BT A AS i) £% < SR FH A [ Retsch 2y
A AR 77 A MMA400 BREEHL, L 90 Hz B4R Sh A5 R X =
LAEARMEEE 5 min, i J5 HCE TLLAMEXT T T4, 8
1 360 H i R 34 -4 R A2 20 K 40 wm (IR R .
WS R R 5 COCH RTEEH Bk hiR G125,
Ja IR EWZBUENLE S Wi K 1R, il il - 5
FEH 1 mm, BAAH 13 mm B =LK FFEA

HPLC 43 BrFEAR il 48« 76 10 mL B BEIR H in A
0.6 g WJETHEA =-LBAR . b A 50 ml 5
M 4% B 1 (99. 99% 4l Ji& , CAS 5. 67-56-1, ) [ &
Fisher 22 F]) , JFRHE G W 10 0% LA DR 78 53 12
B MRS IR G E T 80 CRIKIB T T2 h
B [l g im0, AR v B AR . A SE s L KR
EYARHEER RIEWE, WAENZE L E
D RN R . R IRGIR G W DA DR A
WO ) 3 204, 38 ik ok B AR BE O e, T
Ja 2209 HPLC 43 o
1.3 XBNFBESH

K25 TS o B ik 285 5 454« 1 F A 8 a2
/N E) (Bruker Optics, Germany)ijﬁf’:ﬂg1§jn+’}?}ﬁél
ANETEAL (vectex8Ov) HEAT KR 22 Y61% M . ZAXES
Be g A& RITVE AT LT MR, UL AR L-TN & R
“H ARG R ER A % . A 0k %0 15 16 [ 30 ~
680 cm™, {EME LLAL T 10 000: 1. 14 S50 8 R 4%
P2 em™, I REC128 WK, AT 5 kHz, U
IR ZRS A, A WA 2 22 “CIY 28 BB Hh ik
1To SEER s RAE A A 1~20 THz, X1 i 5K
33.3~666. 7 em’™, BUHE 35 16 AL A% 19 A7 %500 B
A, R BT R Y A B R S R . B REAR &2
b 3 YR, B UM RFZE 24 3 min, BN FEAS
BRFERT 298 9 min, 15 29450 3 Ui Y

¥ifE.

HPLC 73 Hrise 4 51l - il ] 22 38R B4 (Agi-
lent Technologies, MA, USA) A 7= 1) Agilent 1200 =
RO L TE A EAT HPLC 20 M7 o IR L2 1 AR
45, A sh ks AR LA SR AT WOk
R o SEY0 SHECRE N : U 1. 3 mL/min, #EHE
i 10 pL, FERAE IR 30 CL KRN K 203 nm. A4S
FEAZE 3 3 IR, R IARR 2L 2 70 min, BN HE
AR A AE AT 248 210 min, 132N E5H B =
M- 241
1.4 HHRBEMLE
1.4.1 CNN#EERERFSES

CNN PR HAEERE 7326 SR ) 25 40Uk 1Y LB
PEREI V2 0 LSS 22 . CNN RO AL
TE T HAEHE I 3h M A Hh 27 2] IS URFE , 3
— R A AR B Oy 2| T AR A 55 ) SR B A
S R = LR RV K 2R R R AL
PEARIN S 22 R G0 AL G 73 A 7 vk EXE LA 2 75
Ko I, ASHF 5T R F—4E CNN B AU =5 (1) 7= 1
TS 532

ABIFFE BT (Y CNN BT AL R A0 P 1 s, 4
TN EHZE WAL )Z . — Dropout JZ Fil—4
IR . BRZ(BPRAT 31, PiE D]
TR IO TS E A 1Y R AR AR JE (AR /N
AR R 2) T REAREHRLEE . Dropout J22 (K8
0. 5) IRt A, A 42 1 sigmoid T PRI
BLor2s . BARIYIZ R Adam AL AR , I K/ 64,
2£2J.0. 0001,

1.4.2 #HiELE

TEABESEH, F AT Python H1 i) pandas [ 5k
T A Excel 11 THz St 3% 45 (1~20 THz) Fl HPLC
B4 (0~70 min) . i 1 pandas. read_excel () J5i%,
W Excel SCIFH BB 48K DataFrame , 3T — 20
S Rk IR A, DU J5 L0 i 22 ) 28 A5 A )1 2

TEEHE FUAL BRI B, F AT 8 e xd S A B it
17 PEAN R K A RN Dk o X5 T THz O 35 248 #
HPLC 4l , FATTHRGE A 1 8 19 8 B Pk Fn— 350k, o
R4 REATE 1~ 20 THz (945 2 385 FEl N 10 ~ 70
min P S [0 Bl AR A 58 8 AT A5 8 o X TRk
B BRI R, FRATTSR T A (R SO B 1y ki
FTAL3R, DAORIEAE 1Y BT it o Ok T B840 v g e 7S
W sl FATRI 115 U8 1y A HEAT AL B, LARE
R A 1 W 75 K, 98 B0H s 19 2B AE o R



5 3 FRV AF KRR RS &

B2 M 4 255 = -£ 7 MBS

737

32@673x1 64@334x1

32@336x1

Frequency

Convolution
(3x1)

Max pooling
(2x1)

Fl 1 1dCNN 45 4EH &
Fig. 1 1dCNN network architecture diagram

AT R EAE AT T3 —AAb B, K B (8 4 ik 3
[0, VTP TA] A, 3 A7 Bl T 2 v 42 ) 2 A A8 Fg i 8
R AIGRRICR WA T 5 ZER RS 23T o

SE MBI VAN — LA B | FeAT 156 T 401
FEA 42189« 1 1Y L BIREHLI] 73 DI 258 AR 4R L B
TR AH XS A S o S 1 42 TF CNN RE B 7 52 B iy
T AR RE T, TR DR L RS X B S AR B R B Y
W P O T RS AT HER 432 FRATTR IR T —Fh g
P R Sm . FLRIT T FRATE o A BOE S 3 A 1Y
Wt 7 SR Ok o Y T AT A0 By, 30k e g A AL IR S K
PR BEILIR 2 . BIERIREAR D, T
BRI B 2R FRATTO R B R AR T 21
BEAILIGE FS |, T TSR ) FE R ANz AR T,
F 40 MREAS, e A BT 400 A FEAREAE , Ll
ZRAE 360 1, B iR 4R 40 1>, O CNN A RL Y )11 25 1 56
e fE T 5 R HRA SRR B SR
1.4.3 EMER

FEVEAR P28 T 286 150 TR (1 1 B B, MR 2% RS
M FAE =AM ROHE R BN B2 4 ik
TR Y RAT S P R B

YA 2302 FH T B AR L B 0 (AR AR
SEAE ], R R AN

TP + TN ’ (1)
TP + TN + FP + FN

o TP (ELIEA]) 3R TE B T Sy 1481 (9 B A
TN (EL G 1)) 3718 T8 T oA 67 i) A RE AR 8, FP (i
TEAG)) 27 B DR T A IE 1) B AS L, PN ({97 461
FTR B B TN A B REAS B HERR SRR AL TR
TUBAR I AN RE ALY , (ELAE 250 73 A1 AN 3 A A 17
OUT AT EJOHA 2 I S B ) PR E

R R S e T AT A T TE AR AR I ) HE R
e 7 R AR R Sl SRS DURE A B DR AR IE N IEREAS Y fiE

Accuracy =

Convolution

64@167x1

Max pooling Full Full

(3x1) (2x1) connection  connection

1o BIVAE B 9l w0 Sk 1E i A A AR T B OE SRy 1
AL, KSR AR AR
TP

Precision = TP+ P (2)

ENCIR SRR /95 e ot X G AN I ¥ T iy

B A Y TR ) BT A SE PR E ] B e T, BIVAE A SE PR

Ry IE B A AR v A 2R T A TN SRy 1 61 A R A

AR AR

TP
Recall = m . (3)
2 HR
2.1 ZtW3IMEZEFRERPKMFEZLES

#r

R, .Rg, M Rb, & =t 0y KB 2 o K2
JETR T = B AT A v i 1) 45 4 2R R 2% T WA
W BT Ry 43 Sl AR 22 S T EL A B AR I AR
fF . BRSEDE, R 7E 7.3 ~ 10.9 THz 47 235 [l 4 3
7N — 8 TE HouR B R R AR JF AR 11,0 ~13.5
T Hz 51 50 [ P9 A A 05 57 30 AL 06 g AN — ) /N
Wi, Rg, MFE 8.9 ~ 10.7 THz 1 10. 8 ~ 13. 6 THz
HI AR [ PN 2% 2 I A 2 6 S A AR 08 B2 TG
(M I . Rb, % 7E 6.8 ~ 10. 7 THz 45153 Bl N
RIS — AT G2 {H 5 2 B w904 7E 10. 8 ~ 13,1
THz 51253 Bl PN AT PRI 05 s 30 {1 555 W s 0

XL I 5 N 2 B A R R S
AEXTINE o W (R B % i 7 A I 3 I AR X g AR T 588 2
ey W {560 88 30 Y 5 00 TP s Ok B A R sl XA
KWk WETENT AR 5 3 AR AN R A G 8K
TR UG W 3% BH A7 76 B85 1) 43 7 R A AR o 2 &
PR E . Flan, R, 2 F 4 7.3 ~ 10.9
THz 451 B P9 B4 5t W g e | = 22 ol 7 H A1 IR 1)
C - 0 - CIRZR s, X Ak S e 200 B



738 g hh 5 2 oKk U e 44 3%

et , S BUER R S . Re 4 FAE8.9~  WIHFAEZ N AFZRB IR, 40 C - H 45
10. 7 THz 1 10. 8~ 13. 6 THz BN 22t 4R3) .C - CMigiRsh % , ix SedR g = AH B8, 7]
JEH THAFIHREZARIE(-OH) RS iR BT RIS A VR o, S S0T% o0 58 7 4
BOMSET, HIX SR 5L M 0 40 T SR VE AR R S5 G ax S i An vl il A AR IR I 5 — L FE L 1Y
B, R I WA 0 5 R K 2N AR R ST B0 . Rb, GRESEAT M, AT RLSZ I = B REA T A B A R
93 FAE6.8 ~ 10.7 THz ALY a0, W2 i T HAr 1 S E .

] —R
5 06 1
e}
[
©
—~ 05
o
1}
c
©
204}
[
e} >
<03} - 7.3-10.9 11.0-13.5
6 8 10 12 14
Frequency / THz
(b)
.06l ——Rg
5 06} 1
-}
[
o
~ 05
o
Q
&
004}
[
[}
7}
o
<03 8.9-10.7 10.8-13.6
6 8 10 12 14
Frequency / THz
(d)
] ——Rb
5 06} 1
o
[
©
~ 05
[}
o
c
©
004}
[
[}
73
o
< 0.3} 6.8 -10.7 10.8 - 13.1
6 8 10 12 14
Frequency / THz
(f)

K2 =tEEEH NG RBFZEWIOEHS : (a-b) R,; (c-d) Rg,; (e-f) Rb, (PR3 H [F]—Fp 2 414 T2 I w2, Wl
U3 [l Pl SIS L2 A T ol I R AR 1)

Fig. 2 Structural formula and terahertz absorption spectrum of main saponins of Panax notoginseng: (a-b) R,; (c-d) Rg,; (e-f)
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Fig. 3 Terahertz absorption spectra of Panax notoginseng from four origins in Yunnan Province: (a) Honghe; (b) Kunming; (c)

Qujing; (d) Wenshan (the error bar is the deviation between 10 samples from each origin)
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Fig. 4 Prediction results of CNN model for terahertz spectral data: (a) scatter classification plot; (b) confusion matrix
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Fig. 6 Prediction results of CNN model on HPLC data: (a) scatter classification plot; (b) confusion matrix
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