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T AR S LT A R B AR R R R 4 [ i R B A
BT R AR S AR, 2018 AF AR i b
HIbRAR, 8 & RS STRHE T AR
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It TR A PR S A —E 1 T R R ha
PR RS S B E R A A T R e
AR AE TR T b A 3, AN [] T8 7 vk X AR 2 50
S B2 A B RSE A AN DGR S TR
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A B Bl BRh dh R B AR HCE BT R B (201901) : “ RS 4R 2240 " MM AR 705 1 ST A B b,
* ok GBI BB, K, B AR, ERH R @ RS T REF SH A,

( Modernization of Traditional Chinese Medicine and Materia Medica—World Science and Technology ) 175



2023 B _+HB F—H K Vol. 25 No.l

Turex. ex Fisch. et Mey) 55 ZFP 4R SE IR O it , A K
JE RS Ol A e s

LN 25 R e P 2G 25 R E T LI PR 4
25 K7l A TR W DGR R 2R DRI ST PRl v 1 L ER
D4 F I R AR UE rh 2 ] 52k e B H B R
21 /MG (Infrared Spectrum , IR ) A2 DL 3% 223 K ) 2141

AR BE BRI I AR Y, PRARBIOGIE", M
BB IR R e K B AN ], SR £ AN B 73
LA HMERE (Near infrared spectroscopy , NIR ) , 4L 4k
Y6 1% (Mid infrared spectroscopy, MIR) Fl izt 21 7 5 1%
(Far infrared spectrometry, FIR) . " MIR Y& i £ R
e 25 8 e M PR e N T, HLS R e
SCHRTOREF BT s NIR G35 SRR T JLAF & ke o ) P
BT R , B T HLEOR AL 2 i i i ke
X T AR A e [ 245 W) 43 B U ) BOR B2 1Y 5
FERT AHAUE B AT, MIOEIE RS G e it
TEAR S o i P R0 L Oh S50 v O BIF S AN AL
P[RSS AR/ N w iR ik EPRE ST A DI O
TaH. Kk, BEEH A B R MIR A NIR G
fiE, WIS AR B T AR S PR BT R
it b — 2D R AT TSI AIE

Sy T HESh T B R 3 IR X b 2 R R A 7
W IR BT A PN ORI AW SR T B A S Ak
B ANTA] 7 A KAS [) T4 05 125 9 AL 17 3 B S A
DA K 3 7l B it 4L S8 A A L 15 B OPUS B/ &R 4
Origin 2018 S5 4K {473 B X FE fih i) MIR FTNIR St i I
SERIEAT AR b LD LIS R TEAR 54
20 J5T e A R0 O S ) B2 Ak — S ) B 98 R S G2k
Mtk o

1 5

BRUKER TENSOR 27 fff HLIH-2L AP 1% 3 (7 413
500 F)) , BRUKER MATRIX-F i FL - 725 8 3T 21 4
GG AL (7 [ 415 & 52 A 7)), YP=2 J& i #IL (Specac 24
F]),XS105 J1 53 Z— KV (R TR 2 A A PR 2
H)),KBrOGigal, $e8 A F]) .

BECRE S R AR BE B 20 0 , R BB K E
9w YCH1-YCH17 #£ /i 4R 48 8 (Stellaria dichotoma
L. var. lanceolata Bge.) B #2 , %% 5 HMPC Jy 5 & i
T (Silene jenisseensis Willd) ) #R , 4 7 XC & 2

(Gypsophila oldhamiana Miq.) PR , 4i"5 NLC b L 285%
(Silene aprica Turcx. ex Fisch. et Mey) MR . # 5 R4
Mo CRAE I B SR TR R B AR AR EE B R GR D)
NS 3 MNP 1 e S iy S e i AR
H BT R AL AR TR B A (5K 49%-5% ) , N B
R b BEHILIR 20 ¢, B 4 22 0k 40 F O, SE0MR 20 )5
BTN GO R TR R

2 FAEEHER

2.1 FEWgik
2.1.1 MIR HKiEAm)

5 % FRIURE 58 R 6 0y, B4R 2 mg, 23 5l i A
100 mg {RALHRY R, FH S BB BE 70 20 DR 85 L TR 3895
Ja B TR EES HE R IR A1E R 0 # A,
FHF MIR SGIERI , 15 2019 6 A i S BOE 26
RISk B b 19 MIR 635 B % . S8R & o o HE % .
0.5 em™, FAHEUREL: 16 U, FAHH X ] : 400-4000 em™,
2.1.2 NIR & 4an

KBRS A 6 007, B0 3 g, 43 3] T 10 mL
B RSE KT LM S A Y, B Al
an B A 1, A5 20 6 GG EE O OGS, B A
i I NIR GIE S . S 808 N HER 4 em ™, 94
Y 16 I, 74 X ] : 4000-12000 cm ™
2.1.3 HIESH

K H OPUS B A 47 8504l SR AR |, i I K L3 40
A # Origin 2018 W ifF 47 ik 25 He 4k | — B S 4 H—

b SF-T SFE TR HL, LA R ARABLRE AT L R GE RIS B 2
ZIeg it

22 REBREFEFHR
221 AEEFERE

B[R] — b YRR S A i, 5 2.1 1A 2.1.27 TR
B ARG I 7 92 , 43 S AT MIR I NIR G35 46 0, 2 2 )
FE 6 U, A I in B A TARBLEE 0T . A5 AR R
VR e ] i ] ) AR — B, b MR 335 ] ) 4 G 3R 5
SEIA{E M 0.997, RSD(Relative Standard Deviation ) {E N
0.16% , NIR 7% [&] [a] A ¢ R A7 2418 4 0.998, RSD i
0.10% , R EAE M R AT .
222 FHEMER

L[] —HE AR S AE o BEAL ST 6 47, #%2.1.17
FT2.1.27 30 N BRI 792, 43 1E4T MIR F1NIR 3%
Rer I, I i A5 D 4 P % R AT AR BLRE A B . S5 AR
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YCH1 THE 5% B8 RAN R X T T R4 LA ¥4 2018107 T
YCH2 THAEKAERLHELRK IR o R FAERTEA HE 20185100 BT
YCH3 T AR % B g RN XX T T R K% 4 2019%5A T
YCH4 TEEKAERBRNZIRTTRAFEH 4 201945H  wmF
YCH5 THEE % B 5 K Z 8T R B EEAL & K AT ¥ 20185104 mF
YCH6 TEE % B 5 K Z 8T R B R AL SR AT ¥ 20185104 mF
YCH7 TR % B 5 K Z 8T R B 4L & K AT ¥ 2018%11A mF

YCH8 AR5k

TREE % B %R X T RS AL & RAT
YCH9 Stellaria dichotoma L.var. lanceolata T E_®7% B & X % % W B & BT 4Ly B AT

¥

20184 11 A wWF
201954/  WmF

=

o)

YCH10 Bge. TEE% B &R R ET RS ERIEH s X AT ¥ 201947 T
YCHI1 THEEROERZETRCEDLEHE S BEREH > 201851147 mwF
YCHI12 THEE% A% R R & F S &R R AT ¥ O2017F11A wF
YCH13 T A% B %R Z %W RS B REALE F AT ¥ 2017%11A BT
YCH14 THEE %R R ST RS EREMLEFRA ¥ 20174511 A  S0CHRRFRE
YCH15 THEE %A %X Z ST RS EREMLEFRA ¥ 201711 A 60°CHMNF R
YCHI16 TRE % E %R Z ST RS ETREMLEFRA ¥ 2017 11 A T0°CHRF B
YCH17 TRE %A %X E LT RS EREMEFRA ¥ 2017511 A 8OCHKNTR
HMPC i ) A B8 & TR B R E A A 20204598 WmF
Silene jenisseensis Willd.
XC # 3% Gypsophila oldhamiana Mig. D AR E R TR R D AR SRR IR R R #A 20204598 W®mF
NLC KR oL R BT R R R 2SR IR F R A 202059H T

Silene aprica Turcx. ex Fisch. et Mey.

I, W R i PR ] AR — B, b MIR 3% 1] ] 46 ¢
ZECE M H9 0.994, RSD A H9 0.19% , NIR 1% [&] [a) #H
ZHOM & 2 BOF 218 M 0.997, RSD {H 4 0.16% , 75 W
Ik EEM R
223 RBEMER

B[R] — I YR S A i 452 1L A2, 1.2 TR
BRI 5 3%, 43 I HE 0.2 4.8 . 12,24 h 1T MIR FI NIR
SETE AT , o BT A5 4f RS AT ARARLBE S0 BT . 5 R
I, P L 3 P ) AR — B, Horh MIR 135 & ) A ¢
ZHOE 4 0 0.995, RSD K 0.17% , NIR % &1 6] #H 56
ZBOEH41H 4 0.997, RSD H 4 0.11%, 3¢ W% AL i
TR TE 24 h NRGETE R AT .
2.3 ARERIISL A ST

FIH Origin 2018 4, b 17 43 4R 48 51 #¢ 5 (1)
MIR | NIR Y6 #4724 A5 LA Bk 25 4% 55 T Ab #L (MIR
HIELEA A AT T B - OC R i) . 17 4R
S5 MIR F1NIR S35 48 20 &3 (B 1) s, MIR Bl
H R 4 W WAL I 43+ A3 7 400—1800 em™' % BE T, ifif NTR
P Hh AR 3 W AL 06 43 A 7 4000-7000 em™ P BE T o
AR, 17 B4R SEERE S 4 MIR  NIR DG R4 1 i

A — B, FBENT FEAHH ], (R [ 0GAS7 174) 52 WAC ik
A AN, BB AN [F] ok U5 AR S8 650 1) B Be AT RN ik sl s =X
AL, (EL7E B i b nl BEAFAE 25 57 ¢
2.4 ARIEIAIRSUA R A B AR AT

FIH Origin 2018 X i 4 V6 1% 3 47 — B 544
AP, 254 TR IR R TERRAE (] 2 19 A (B IET) , LAZL P I
AL O P D0 5 e R 2 (/N T2 4 0 55 AR &I 4 0 =2 BT 1Y
IR 2% R R R E A U L 1T O R SRR RO
T SR SRR 27 4 MIR SE FRAEIE R 114
NIR A7 FRAE W . 2 BRI R i 28 4 21 A1 5l 33 43
B R 2T MG A BT 52 48 B )" 6 AS [R5
ROV R TT , 45 B R S0 i R RRAE AN A i aE 4R
SEEH AL BT AT R IR WA I BB XTI A A
TR s M5 B A TP S BRI . R BBR 25 HL0
H1 COLHMH CRFIE W A1, MIR A7 RpAF 06 5 550 X6 I (1)
Al AR BT O SRS (W2 R A PR
s A HLZIRZE B LI CH, \CH,  CF, %54 56 3 141 &%
AN PR BB 5 NIR oA R 4 D) 32 S0 35 26 IR
W 2 P B CH, . C=C . O—H 45 AH S 3L A AN [R) A Pz 3
P CRRAE M TEANME B 2 6 3) . 27 1, 17T 4R
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it K 3RS (S B S A Origin 2018 404w 55 4 545
B SEAT L o 5 S an R 46 K h i MIR A1 NIR St
T (L 2) s, 3 B Pk il FAR 25 19 MIR \NIR
TS A AR AL, MIR B35 B 55 5 7E 400-700 em™ %
B FEN 55 E 3P TE R R 22 R4 e 3 M
Y7 ELAG A A R 06 | (TR0 23 W RN W e o JBE 1 A7
TE—E 22 5 s NIR 35 4 FPRE S 7E 4150-4350 em ™ %
B B AR AE — o 25 540, L I G I P 43 Ak
WA DGR T2 RN AL AP AE — e 25 5 0 i — 25 X 4 Bk
i () B S AR, 45 S R AR 4e A 5 3 Rl B A 1
MIR I NIR - 550 1 3 th 26 B R AR AL AR AE . PRIk
AR S8 5 3 Fp bl i o] REEL A RHIT 19 B R AT AR 30
B
2.6 X B#EE LA AE ST

R T HE 25 A3 AT AN TR R YRR S8 A B FL O i Y 41
S F8 S B 38 HRAE , 1) Origin 2018 XF 20 143 K& 5 #Y
MIR NIR SGi5% E 3 A TARRLEE PPAN . 1 562 BROSCHR™
M7, LA 10N ER S5 2564 (YCH1-10) 97340
T Sy g MR B A B R 6 A R
1T B S E+GS (7 ) i +13 — AL B i w4k B8, LAAH

SRFBAE R B, 43 33 F SRS ) A U5 AR 2850 B O b A
IR . AR SS R (e 4) WoR , 20 By BE & 17 734K 46
BHAE i %) MIR FNIR SRS AR OB 22 b s, i & AH AL
FEAE 0.791-0.981 Z [0] , 45 41% B4 FE b AR AL (8 A1 T
0.900. J& # AL FETE 0.896-0.966 Z [] , 94% LA - 1Y
B S AFARLEE (75 T 0.900, 1T UL MIR S 8% AR L 43 Br
ZSF RGBT B &, 0 NIR B3Rk 15
SARRLE b i 55 RS 22 /. Rk 3 Fp bl
IS (R B S R AR B i & B, JEIE & MIR
PRI I 2 NTR P 1) AR RS R 1K T 1 S AR 48, L
Hr MIR AL (B 3 1) 4 0.633,0.643 £10.619, NIR A
L B 43531 4 0.622,0.655 F10.709 , 3% — 43 45 S &
AH, AFLI 2o SR FH A 2 1 vk g o7 AR S AR S 1R 33, DA
AERURE RS /INVE A 0 0 b v, AT LA S R S 0 0 5 DL £
st 1)
27 RAREHMH

FIJ ] Origin 2018 #4455 20 43 £ 5 59 MIR . NIR Ji
RS HEAT — B PGS (7 85 i B + 3 — b ik
B DIBR R BE B T RER T, RER
245 T (- 3) B, MIR F1 NIR Y63 8] 1% 15 7] 5 4 s
B2 (17 By RESR) 5008 (300 Dh SRR &l ) 20 51 58 A
J5. 16 MIR B R 45 b AR S RE 5 b YCH6-
YCHO 3R Ay —2, ¥ R0 L BUHE AR AR 5, He e AT
R VR AR S Y TG B S R SR . 7E NIR I R e 2
Ferfr AR SE X — R B 2 o YCH -
YCH4 35 ] B A R Sl 3 o — 2% e 13 ke 38
R RE SR — 2 R AR R IR 2 4 EA A I Y
NIR S HERFAE , H& B R A HAT AT RRAE 5 AR AR 5 A
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Fz2 REMMIR EIRN BT EEIFMEIE KRR

R4 SRLEFAR A S MIR (NIR SEitt B i B oL

x§ R B AR R (n=17) Ha%E MR NIR  #&%% MR NIR

%5 W Hem™ KA B AR HEX YCH1 0.928 0.896 YCHI1 0.793 0.945

Cl 468304493 Ak 3k PO, xR % f YCH2 0962 0939  YCHI2 0.889  0.947

€2 557.55:0.1 SR B COO- #h 542 YCH3 0926 0941  YCHI3 0791 0.940

€3 592.95:434  mEVI YCH4 0820 0925  YCHI4 0906  0.939

C4  627.81+5.95 By 3 p()47f:x¢7f,ﬁ:§,‘3ﬁ YCHS5 0.981 0.930 YCH15 0913 0.955

C5  667.94x347  CO, YCH6 0823 0937  YCHI6 0959 0935

C6 696.24:3.88 WMV YCH7 0795 0950  YCHI7 0922 0958

C7 78181620  HAECOO-% A YCHS 0900 0966  HMPC 0633  0.622

C8 82052394  ANERAENO, @M% W YCH9 0781 0963  XC 0.643  0.655

€O 876.00:350 L AMH 0-0 % YCH10 0945 0964  NLC 0619  0.709

C10 1034212.69 Ak £ 2k SO, AR %

Cl1 1055884221  FF4k M Vs #04 BF C—O 1 4 AT, HX R AL BYAE S YCHS-YCH10 23R O —2& M
C12 1071.61x4.01 w3 Gskvwh( EATR) B AN 5 352 YCHUER S E & R IR AT AL S SRl 2R o — 28 3R

C13 1104.79+£11.76 B % C-OH A 45 & 3h

Cl4 1150.73+21.02  Ji§ By #%A4f e C-N 4% 45

C15 1235.55+10.07 -C(CH,),~# C-C{¥ %5

Cl6 1271.49+14.18 CF, B xARM %

C17 1325.63+13.74 #8 C-OH %

C18 1377.45x12.33 CH,XAR%E M

C19 1420.94+9.72  FRERAR COO-*F AR AP 45

€20 1451.97x17.28 CH, RAHR%

C21 1519.60+8.28 Ak NH, stk & /4 K4 2k NH," xR %/
C22 1636.69+524  RJLERNH, X A A0 BthA I NH, X A &3
€23 1741412210  48fe s My 84 85 C=0 1 45

€24 2144.41£12.60 H,0 8 Fa 5 BOKCHE

€25 2323.66+6.96 PO, #ok 4

€26 2932.35+4.4  CH,RATARAW 459k 2)

C27 3402.33+9.78  #Ek O-HAW 4K 3h

R3  SRLEM NIR AL ol BIE L SIS R AR
3 Bz B B FnIRENAE R (n=17)

5 e Ffem™ KA R IFRFHEX

cr’ 4012.78+3.33

c2’ 4289.82+11.58
Cc3’ 4 375.64+19.70
c4' 4 753.99+6.30

Cco’ 5156.92+3.69

Cc7' 5674.00+13.50
8’ 5778.23+15.25
C9’ 6 398.98+22.15
C10"  6806.30+17.81
CI1"  7263.79+13.97

C-H/C-C
C-H#=.CH,# C-H

# #4469 C-H/0-H

A4k 0-H/C-H % C=0-0

2F K[0-H(0-H 4= H-0-H)|# 0-H
CH, % C-H 2+ k% 3

5 ROHCH, #8:£ ¥ & #9 C-H

S A B K 09 O—H 4% 45 3D

I ¥ 3K (CH,) %9 C-H & 7 & (CH,) # C-H
% %2 (ArCH,) 7 4 89 C-H

— & rp HA AN [R) A= 58 10 () 487 3D AR 7 b e 2R Oy
AN TR R, JH o 0 I L e JI5ORT AR 1 S A AR 0 PR 05 A

B A G AR 5 7 3t 25 44 BT AR AL R AR s YCHI2-YCH17
YN F R R PR N — 2K, X—RP AT
BRRE A YCHI2 F1 YCH13 2RO — /26 B X1
Qb PR i R — /N SR WIS T R TRy A SR TR
TEA 7 B 250 BAT AR AE , T AT R ) AT
BRIE A= B2 BA R AR IE . 25 b, NIR DGl S ik
B G (R B TUAL BEES & R YR I vl LR 4y
8 LIS il Y 22 57

3 WiR5&iR

MIR G2 AR, ik & 2 H A7 & B & & dE
FRAEYE RES SRR S B 2 LA H B, BA R
JE v A B e R Y R 9 A R R (R AR A X
B TR R 25 ik AL PR E AR B Y
BRI AR A AR AR SE PR A 2 B — e BRI
i SR X} B i B (AR S ) S B ) R R 4
J& M R RN 22 AT T Y O R AR P AR 1 95% £ T
FEHCY AT MIR JGIE 494, TAH 1600-1727 em™ Z [i]
LA S0 7 SRR AE 0 o AR AR 5 38 o SR O 1 0
() A L 2T AR A AR S B PR i 25 48 B 40
R IIE S5 00 5 MIR B REAE 13 AR 3, M & 33
AR B A8 T T I B 2 SR ARG B e 24 A ) TR
TIE, RT3 00 43 B 45 e

AH LG MIR , NIR S 3% XA i JC 5 ) i) 951 b 2 2L
SKOHERVERT N 1B A BT BOAS AR 40 Bl B R TE
BTG FE TCA 5 40 AT L S 43 M RO B S 0 s A AR
SR E R R A S B E A B E A R
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3 SRLEFAMIRFONIR SLILERE LR

E:HA BB A AMIRNIRZHFHEERARELER,

NIR DG J $5 5 A $4 i OGSt ] S AR, k220t
2 E SR A T LG Tz R R 2% A
BE, Gz HECE goit s P SEHUREF S 2A B B s
5955k e b2 m i 72 A 8 s S 514
AR B AR E R L R TR S T
o R M S BRI T BRI T BR
BEHLIR 22 (5 M0 55 R i e T SRS R 2k &
U A TR] R AR T ) TR TR IE 2 Ao ]
UL 2T AMNE ST 45 A A T B2 e BT S T R[]
7R AT 38 TR 24 R A AR 5 A AR
SR FH 30 AR NIR 5 ¥ 58 00 AN [) 25 Dt ot o Jg R AN 3
T X FUAL BE NIR S AT (At 2 s B T 5
0 A R ) ) S ) 5 R A L X S Y S B BRI T
NIR Y63 R &5 Ak At 2= T 2y b it 4
F50 0 RT AT [R) I Ry 5 35 R 28 5 24 b %8 S0 42 43t
T TR %

AW 5T 4 A 7 TR 44 MIR A1 NIR S i & 3%
BR[NNI 1 17 153 A i) SH 5B S R i B
3 UL PR 8 T RO LR 43 e 27 AR 1A
IR S A A AR 06, AT AR R B S Y FE MIR R NIR DG
T E AR o HE—2F FU B A 5 O i R RRAE 22
5, RIAEAE B E ST, PR R AR O 5 2
T 5 OE SRR ERAE R AE R4 RO A I IE
R PRI R B 2 S B SR GE 2o AR
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Infrared Fingerprint of Ningxia Stellarae Radix and Discriminant Analysis of Counterfeit Products
Based on Chemometrics
Li Zhenkai', Ma Ling’, Bai Mingsheng', Huang Yuxin’, Song Le', Wang Hong', Feng Lu', Peng Li'
(1. School of Life Sciences, Ningxia University, Yinchuan 750021, China ; 2. Ningxia Hui Autonomous Region
Institute of Drug Control, Yinchuan 750002, China)

Abstract: Objective To establish the mid—infrared and near—infrared spectral fingerprints of Stellarae Radix and its
adulterants in Ningxia, and to compare the application effects of the two spectral techniques in quality evaluation and

authenticity identification of Stellarae Radix. Methods The mid—infrared and near—infrared spectra of Stellarae Radix
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and its adulterants from different sources were collected by Fourier transform infrared spectrometer and Fourier
transform near—infrared spectrometer respectively, and the chemometrics analysis was carried out with the help of Origin
2018 software, such as pretreatment, map synthesis, similarity evaluation and systematic cluster analysis. Results The
common characteristic peaks of 27 middle infrared spectra and 11 near infrared spectra of Stellarae Radix were
preliminarily determined. After the two spectra were pretreated by second derivative, combined with two chemometrics
analysis methods, the counterfeit products of Stellarae Radix could be identified, among which the effect of near infrared
spectroscopy combined with systematic cluster analysis was the most significant, and different sources of Stellarae Radix
can be distinguished. Conclusion The application effect of near—infrared spectroscopy combined with chemometrics
analysis in judging the authenticity of Stellarae Radix is better, and it is more in line with the actual production
requirements. The research results have positive reference significance for establishing a rapid and accurate
discrimination method of Stellarae Radix and further improving the quality evaluation system.

Keywords: Stellarae Radix, Mid—infrared, Near—infrared, Spectral fingerprint, Chemometrics, Quality evaluation,

Authenticity identification
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