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% E:. HR £ T RP-HPLC-DAD IRQUEIGL GBS 7%, WINAERFIAY Cajanus cajan W BRHERIILH M
Mz, ARG MR BTN IROERI 2K TE. 53%  #iE RP-HPLC-DAD #3713 MASE HflK S -] RP-HPLC-DAD 1
SUEE, HEATAHUE /34T (similarity analysis, SA), 54 %J55#T Chierarchical cluster analysis, HCA) F 474 (principal
component analysis, PCA) Fli/» I 54341 (partial least squares discriminant analysis, PLS-DA) Xf A& M i & T4 &
PN, FERRER R 6 P R HAT S BIE. 5R AT M RP-HPLC-DAD g B dthn e 13 ML, 13 MRFAE
I EAR B A7E 0.90 DL |, #id HCA Al 13 MRFPEIARG 402 5 25, PCA 5 HCA 45 R EA—3, &id PCA ik
Bl S8 MILE A e, RERLF, IR S9 Al S12. PLS-DA 5 PCA 4 REEA—F, ANESFASHMILERYZERE
BH 7. 10, 64 9. 115 5/ MEGEES R, S8, SO M S12 (& EA TR 3, 5 PCA MHTNLZABS—8. &t gl
W44 HCA. PCA #1 PLS-DA LA ARG RS, AAGHREEHRESTmNS%.
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Quality evaluation of different Cajanus cajan leaves based on RP-HPLC-DAD
fingerprint combined with chemometrics and determination of main components
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ZHANG Su, FU Yu-jie
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Abstract: Objective To evaluate the commonality and difference of Cajanus cajan leaves based on RP-HPLC-DAD fingerprints
combined with chemometric methods, providing a scientific basis for the quality evaluation of C. cajan leaves. Methods The RP-HPLC-
DAD fingerprints of 13 different species of C. cajan leaves were established by RP-HPLC-DAD. The quality of C. cajan leaves. was
evaluated by similarity analysis (SA), hierarchical cluster analysis (HCA), principal component analysis (PCA) and partial least square
discriminant analysis (PLS-DA) and six main components in the sample were determined by RP-HPLC-DAD. Results The HPLC
fingerprint of C. cajan leaves was calibrated with 13 common peaks, and the similarity of them were all above 0.90. These 13 species of
C. cajan leaves were divided into five categories by HCA. The results of PCA and HCA were basically consistent. According to PCA, S8
had the highest comprehensive score and the best quality, followed by S9 and S12. The results of PLS-DA and PCA were basically
consistent. The differences in composition of C. cajan leaves were mainly caused by chromatographic peaks 7, 10, 6, 9, and 11. The content
of S8, S9 and S12 were among the top 3, which was consistent with the comprehensive score of PCA. Conclusion Fingerprint combined
with HCA, PCA and PLS-DA can comprehensively evaluate the quality of C. cajan leaves and provide a comprehensive reference for
quality control of C. cajan leaves.
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AKX Cajanus cajan (L.) Millsp. N B EIK 5@ 1E
v, NENHE. e, 5. WE, FESMT
REZ=. W AR 0 Y2, KE
MEAPU . PUE S PUEM. PUE . BURIERBES,
FIADE H TR e . A0E . IO SKIRAE. 454 .
BYEURRE PRI S50 167 o WV 1 24 MV 2% A i e
Fe LIRS AME— 50, R IRE AT I SR IR SR
FeRd. WHARERM, KRt &E 2 REmE (4
T SR, AR ORRBEAR. B M
EREY CREER), BAPimEME. bkt
MEREI G DB BB SE4E S0,

HAT, ARSI JA AR
FEFREF 121, AR S B — B LA 52 A3 TEVE HE
() S BRZG A B B AR SR . X TR SR S R 7
B AF RGN, H b RN e 2R AR
. AR RREL. B RMARGERS 2=
T B R R BT 702 « AR 5556 2K F RP-HPLC-DAD %,
AL T KRG IRSUEE, Sa st AN
ar AR S PR S5 S AT A, R 6 A2
W22 R AT T A aIE, AR EM I i 4%
PR HES ARG, AR E B SE T R R R 32
LR ¥
1 UESHR
1.1 {435

Agilent 1260 B S RGHAH €54, $5 B T BE
IR EE (GEHE Agilent A7 SJFAL MR
1A BR AT KQ-250DE Rzt s i e
ar CEB T A A R A7) D BSA224S-CW Y Tj
S —HTRF AR FRZ PR FAERE RA
A]); Multifuge X IR = RCHE 7 201 (ZEER KR
BHEHBRAT); CascadaIlLIS B4k R4 (dbiE
BRI IR AR A D
1.2 #H

SR ST AT (LS wkq19031201 ) 4t FRE
({5 wkq16082004) . 4137 H (4t 5 wkq16031003).
KREBEF (L5 wkql6052202) (&2 #>98%)
06 )18 g v B AE R A TR A F] s 6 IR R
A ARG KRR (iR E0>98%) H S % 4 55 1
3 O (BakaD, R (EigaD WEIEE R
AR RATR; TKCEE Orfral) E bk
T 13 AR EM (B 1) SRIET =40,
HH A AR AR 22 5 Bt B B L SRR T BT B
ML, REHMN20204E£9 A 16 H, HAbEMHk

*x1 AEMHEMHESR

Table 1 C. cajan leaves variety information

i s P44 K kel s 44 R
S1 2671 S8 LP-1
S2 2740 S9 R7
S3 3359 S10 R10
S4 7035 S11 R11
S5 AS S12 R12
S6 A8 S13 R13
S7 Cs

WK FMREERAT EARER S NERHEMA S C
cajan (L.) Millsp.ft)F-J&n
2 7k
2.1 RSB RO

FEFAFREL 1 g KGHFES, B THEMS, m
50 mL 70% B, =215 1 min, @ 30 min $2
Bk, USROS 70% OREEZR A 50 mL,
B B3 0.22 pm (R38R 4 .
2.2 XTERMIBRAEIE

Pap | VA S NS L o NS N ] R E SN N N
BN KT E R, Wsie, 2 5H
100% BRI R IFE SRS, 1331 EH AN 200, 100,
50, 125. 130. 150 pg/mL HI%F HE VA -
23 BifEEHt

615 Diamonsil Cig (2) (250 mm X 4.6 mm,
Sum); JENAEA 0.1% K (A) -ZHF (B); BHfE
VeFER: 0~10 min, 20% B; 10~20 min, 20%~
65% B; 20~40 min, 65%~80% B; 40~45 min, 80%~
20%B; AFREN 1.0 mL/min; AR A 30 °C; #EEE
TN 20 uL; KR KN 286 nm, iEEIILE 1.

+ 6
1y 1 5 |
| ., 1 23 4 |‘ } f
0 5 10 15 20 25 30 35 40
t/min

2P 24 34O 4-RREH  SERE 6k
SRR

l-orientin ~ 2-isovitexin  3-vitexin  4-luteoloside ~ 5-pinostrobin
6-cajaninstilbene acid

1 #iX AT RS RP-HPLC-DAD &i%[E
Fig.1 RP-HPLC-DAD chromatogram of test substance and

reference substance
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24 FEFER

241 FEEEARLE  BUR—HOR GRS S8 (LP-1D 1g,
FEERRE, % “2.17 BUNHIS LR, % “2.3”
TR RS S SIE 6 VK, iCFIEIFYE, HILEK
B NS g, 4T S8 FEdh 13 N IR R BT
i [E] RSD 34)/NT-2.0%, AHXTUE AR RSD #4171 F- 5.0%
242 FaEtkilse  HUE—HEOR SRS S8 (LP-1)
lg, REERRE, % “2.17 TUNl & Al s, 16
FIRACE 04 2. 4. 8. 12, 24h J5H% “2.37 W R
TR AIE, SRIEIAVE, DIERIAR NS
U, A3 S8 B 13 ANFLA WA LR B I (3] RSD
BINT 4.0%, AHXFIERIAR RSD 33701 10.0%.
243 HEEMAK  BE-HOREHES S8 (LP-1D
lg, REERRE, % “2.17 R W75 il & 6 4y
SPATHHR IR, 4% “2.37 WU il 24T I E

1245 @3

.

ORI RVE, DABRFA R AZE0E, 1S S8 FEi
13 NG WE R AR B I (3] RSD 3978 T 2.0%, #H
ST F RSD £/ F 5.0%.
3 ZR59H
3.1 IEWEENE R R EBIERNTE

13 AMAFREFIRSE I, 5% “2.17 1
N7 PR A, R “2.37 TR Rk Ak
BEATISE , 4921 13 /> S FpoA S 4 3% ] 10X 13
MAFE AR GH R EEE DL AIA #XFAHE
F UM I mAT ) rh 2 (e SRS AR VT
W &RG” (2012 f§D, LA S9 SHES TR SUIRE(E N
SIRENE, PV E0AE o HE I, a9 B
70.9s, B SRIE. BBIILECE SR S R
BIRE (3L, 13 AN R 548 SU BT & hn 1 3t
FroELaIE 134 (- 2).

- S13
S12

Raaot Si1

S10
PNV PRI W S9
S8
S7

s AL WA Fay o F\ S5

Jia—e e S4
S3
Y DDV SN S, S2

5 10 15 20
t/min

5-2EEETF 6- At IR

T S-RBEE 1B R 13-KEER

S-orientin  6-isovitexin ~7-vitexin 8-luteoloside 11-pinostrobin 13-cajaninstilbene acid

& 2

13 MK E & RP-HPLC-DAD 355 Bt E nE

Fig. 2 RP-HPLC-DAD fingerprint overlay of 13 C. cajan leaves varieties

i1 RP-HPLC-DAD K 855 i F O B B ) 55
FAREM T AR SUEE (S9) HEATHLEE, JL4RIA
THA 6 NI, SRINZEREE (5 58, R
HIRFE (6 S8, M (7 508, KBEFEF (8
). BRIAER (11 58, KE KRR (13 Si5),
TR H DB )3 AR DA . KRR PR () Bk
W& (158 (EASRIE.

3.2 H{UE (similarity analysis, SA)

Wk 2 fras, 13 AN EFR S 550 IR S B g 1

FABURE 2% 2, HI7E 0.90 DLE, 5 BH & S Fh A 5 1]

FRABLRE R4 o
3.3 E 34t (hierarchical cluster analysis,
HCA)

DAARGRE A 13 NI IR I AR AL &, 13
F 13X 13 M5 aa s 568, 12 H SPSS 19.0 8,
KA ANERE, VIR T7 R N E BAniE, XT
13 NS FIOR GRE S BEIT HCA 0 b7, 2450 2KBE BN
15 BF, 13 ANFORGREM AT 5 28, S4. S8,
S12 3l adE A 135, S3. S6. S11 KM 12K,
Pl RPN 12K (E 3.
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#2 13 NAKRE&EM HPLC 5 EEBIE TN
Table 2 Evaluation of HPLC fingerprint similarity of 13 C.

x4 EFHEERE

Table 4 Component matrix

cajan leaves varieties WS ERAY 1 ERS 2 ERS 3 ERGT 4 ERSS
FE S TR R FAUE 1 0.442 0.307 0.207 0.124 0.712
S1 0.994 S8 0.947 2 0562  —0.396 0.570 0252  —0.036
S2 0.990 S9 0.992
S3 0.959 S10 0.976 3 0.254 0.529 0.205 0.155 0.259
S4 0.972 Si1 0.968 4 -0.786 0.445 0.265  —0.130 0.132
S5 0.994 S12 0.978
S6 0.970 . i 5 0420 -0.522  —0.570 0.273 0.029
S7 0.990 6  —0.769 0.402 0.374 0.120 0.035
HRPT 7 0294  —0.231 0.202 0.880 0.089
0 > 10 15 20 25 8 0.770 0218 —0249  —0.251 0.273
S6
Si1 | 9 0.456  —0.475 0.523  —0.478 0.144
S3 10 0.708 0.555 0.050 0.117  —0.076
S1 ] 11 0210 -0.723 0.489  —0.128 0.292
S7
S10 12 0.678 0.167 0469  —0.002  —0.442
S5 i 13 0.780 0.189 0.448 0.027 —0.375
S13 | — - I s A -
$9 BRI DR 1 A HE B 1) 2R ok DA L B3 AR AL AR 1~
s2 TIARVE NTEPR B R BB, BVAF(E A & . HFAE 1A
s4 - . .
s ] & U BN FEmERE 4 DL IEE L 1HE ok,
s12 Bl Ui=4i/2i"?, REGRHERE (R 5).

3 13AEMAREIRSEE HCA S HTEIRHRE
Fig. 3 HCA dendrogram of fingerprints of 13 C. cajan

leaves varieties

3.4 Em5 54 (principal component analysis,
PCA)

IR GFE M 13 AN LEIERIE AL &, 18
F SPSS 19.0 73 Hr 8 A 1#E4T PCA 73, $2if33 5
ANFERGY, HAFHEE 2 B>1, R ERIRER
88.614%>85%, A LAMRFFEM 88.614% 15 B (5
3), ETHEMAHEMERE 4. 51 EROMEEEE
KET 8. 10, 12 F1 13 Sailg; 52 F s E R
FERE 3 M 10 SOk, 3 FREEEE
KH 2 M9 Sk 54 ETRaERFERA 7
Sk S ERMGEREFRERA 1 S A
SPSS 19.0 #EATEE 73 iy, 45 2152 K14 5
e, REhess, THRERSER, TFERKE

*® 3 REMERS S HTHFHEER G EZTTRE
Table 3 PCA of C. cajan leaves eigenvalues and variance

contribution rate

B R T ZE TR % S5 22 5T %
1 4463 34327 34.327
2 2384 18.335 52.663
31983 15253 67.916
4 1306 10.049 77.965
5 1124 8.649 86.614

PL X1y Xou X Xaw Xs AR 5 DNEREN 13
AR GRS S FTRE G R, DAL 3L
AIEIETIAT (A1~Az) NER, RGP
AL, EHLE A5 . X1=0.209 4,—0.266 4,+0.120
A3—0.372 A3+0.199 A5s—0.364 As+0.139 47+0.364
Az+0.216 Ao+0.335 A19+0.099 A1 +0.321 A+
0.369 413; X2=0.199 4;—0.257 A,+0.342 45+0.288
A3—0.388 A5+0.261 As—0.149 A7+0.141 A43—0.307
A9+0.359 A190—0.468 A;1+0.108 41210.122 135 Xo=
0.147 A140.405 A,+0.145 A340.188 A4—0.405 As+
0.265 As+0.143 47—0.176 As+0.371 A9—0.035 Ao+
0.347 An+0.333 A12+0.318 A13; X4=0.108 4, +
0.220 4,+0.136 A3—0.113 A4+0.239 As+0.105 A6+
0.770 A7—0.220 As—0.419 A9+0.102 A1p—0.112 Ay —
0.002 41,+0.024 4133 Xs=0.672 41 —0.034 4,+0.244
A3+0.124 A4+0.028 As+0.033 As+0.084 47+0.257
Azg—0.136 49— 0.072 A10+0.275 A\ —0.417 A1 —
0.354 A13; 46195 X= (34.327%X1+18.335% Xo+
15.253% X3+ 10.049% X4+8.649% Xs) /86.614%, 45
B 6. S8, SI12 Ml S9 34 e Nidk—H 40 #r
13 A AR SRR A TR 2 18] 22 85, AR SR A R 11
AN LA I I SN SIMCA 13.0 3 F4:4] PCA
357 B W 4,13 MR E 8 595, 5 HCA
GERELAR I, MR Z M SRR EOR, R
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®5 FTHHEEE

Table 5 Principal component loading matrix

S ¥R 1 ERS2 ERS3 ERS 4 EFRDS

1 0.209 0.199 0.147 0.108 0.672
2 —0.266 —0.257 0.405 0220  —0.034
3 0.120 0.342 0.145 0.136 0.244
4 -0.372 0.288 0.188 —0.113 0.124
5 0.199 —0.338 —0.405 0.239 0.028
6 —0.364 0.261 0.265 0.105 0.033
7 0.139 —0.149 0.143 0.770 0.084
8 0.364 0.141 -0.176 ~ —0.220 0.257
9 0.216 —0.307 0.371 -0.419 0.136
10 0.335 0.359 0.035 0.102  —0.072
11 0.099 —0.468 0.347 —0.112 0.275
12 0.321 0.108 0.333 -0.002  —0.417
13 0.369 0.122 0.318 0.024  —0.354

#x6 AREMERPBIRHZ
Table 6 Principal component scores and rankings of 13 C.

cajan leaves varieties

mA X X2 X3 Xa Xs X H#A

S1 —-1.096 -0.969 —0.272 1.024 —0.590 —0.628 10
S2 0.684 0.827 —2.085 —0.444 1.725 0.200 4
S3  —-0.798 0.858 1.451 —1.044 —-1.539 —0.154 8
S4  —-1.077 —2.566 —2.809 —1.027 —0.635 —1.647 13
S5 0.083 —0.646 0.892 0.779 0.176 0.161 5
S6 —3.254 1.764 1.087 —0.558 0.823 —0.708 11
S7 —-0.064 0.036 —0.712 1.271 1.155 0.120 6
S8 3.759 2916 —-1.199 0.075 -0.903 1.814
S9 1.597 -1.672 1.857 1.084 1.205 0.852
S10  0.078 —0.020 —0.112 2.017 —1.627 0.079 7
S11 -3.518 1.378 —0.062 —0.193 0.196 —1.117 12
S12 3.202 -0.209 1.150 —1.414 0.458 1.309

S13 0.405 —-1.698 0.816 —1.571 —0.443 —0.282

—_

$13 659

t2]
(=}

LRY)

t[1]

4 BAKREM@RMNE PCA BIE
Fig. 4 PCA scores of 13 C. cajan leaves varieties

an 22 SRR .
35 ®m/NZFFF T4 (partial least squares
discriminant analysis, PLS-DA)

f£ PCA 73 M #2453 5 A 5oy i £l 1,
AL B PLS-DA #8751, PLS-DA 341K
w5 s, 13 ARG RMS S H, 248 E
PCA 455K —20, UiBI A MM R G467 B 33
FEER. RWLEHEEZMERF(E (variable
importance in the projection, VIP) K (& 6) R A1,
VIP>1 &3k 7. 10, 6. 9. 11 SU%, B9
ANTE] it AR S (A 5 By A2 B il B IR gy 5
T .
3.6 TEISMAEMHFERSSELLE

Iy ARG RS E] AR A 1.0 g, B
FERLSPAT 3 43, 42 “2.17 TUT J7 ik & Al v i,
% “2.37 BUF K EAE K AT IE, THE &R G

.-
NB W —

100

50

t2]

=50

-100

—-150 >
—200 —-100 0 100

t[1]

B 5 13 NAKREHHm PLS-DA B55E

Fig.5 PLS-DA scores of 13 C. cajan leaves varieties

9 11 1312 5 4 2 1 3 8
Var ID (Primary)

7 10 6

6 13 MNAREMHES VIP EE

Fig. 6 VIP value diagram of 13 C. cajan leaves varieties
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ZERLE ., RALIRE . AR, ORBEE. KR
KGR G E, SRR 7. EREH, NAKD
A AR R S B 2 R EOR, 1R 13 AN
R GIRE RIS AR G KR & B LR m, B
B IRk 3.5, 8.5 mg/g, HIITEAIAR R EAFHIS
EA LK, KREZHMMAEEET 0.5 mg/g. A
GRS ER SRS S8, HIUE S12, BRiaR
SRR 89, HIKE S5, BRIARAAT I
RS E R 3 AR S9. S8 F S12. ZE T

RT HBAIBMNELER n=3)

)

EERE M AZ sS4, HIkE S9, F4tdflES
B AR S6, HIRJE S11. AR T AZ
i) AT DA 5 AR S A 5 AN A 2 o 1 B DL
A R AT S Mk B PR EIRIR A
FEEOR S OB o P8 BEL TIE 5 0 I A L),
SRR R B TR b, PLR ST
WEITUT, BRFA AR EEER B A VAT B kIR AE
FVE B AS E USRI, AT DR VG YT H AR A
LA & AR S AR A ZHM

Table 7 Determination results of sample content (n = 3)

F S B/(mg-g )

A HEH VTR e RRET R E RO

S1 1.5224+0.004 2.591+0.057 0.98610.004 0.29440.009 2.846+0.039 5.7481+0.065
S2 1.5154+0.023 0.682+0.029 0.378+0.002 0.49610.070 2.689+0.070 4.960+0.179
S3 1.9434+0.313 3.8154+0.065 0.204+0.011 0.3361+0.013 2.785+0.040 7.2961+0.054
S4 3.388+0.097 0.482+0.007 0.004+0.007 0.360+0.002 2.8961+0.083 4.398+0.078
S5 1.2654+0.007 1.1071+0.045 0.780+0.004 0.2561+0.003 3.48740.036 6.2651+0.098
S6 0.178 +0.005 5.95040.080 0.084+0.011 0.2734+0.008 2.548+0.023 5.2924+0.075
S7 1.8124+0.016 2.0621+0.021 0.993+0.009 0.4081+0.010 2.576+0.037 5.37440.036
S8 1.8234+0.015 0.41810.028 0.460+0.003 0.5061+0.018 2.027+0.030 8.466+0.076
S9 2.240+0.093 2.203+0.065 1.25440.016 0.41610.010 3.8354+0.287 7.1954+0.071
S10 1.580+0.154 2.170+0.186 1.092+0.007 0.299+0.069 2.411£0.060 7.566+0.261
S11 0.4134+0.009 4.8721+0.036 0.077+0.008 0.267+0.005 2.3724+0.031 4.5001+0.040
S12 1.305+0.180 0.320+0.010 0.270+0.008 0.483+0.013 3.020+0.105 7.915+0.228
S13 0.7631+0.018 0.1194+0.004 0.208+0.007 0.312+0.007 3.457+0.171 6.490+0.305

4 g REHR G EREA T Z ) AEYENS, B3R E.

AN [E] B R S B B A S O &
S, IR AGRL,  DR A o B ST — R AT SR Y
ARG B S 7 . ARSI R F AR B 51 A
SR, DAEECR 2 B FE R 4R AR, HFERTE 286~
335 nm WK NEATER, 2 RIFELET 254, 286,
335 nm P FIEREIE, 4558 286 nm TG
Oy R, DRI E 286 nm VR R I K . 1K
P bt it vE TR I R FR S S, R B 13 A
AR BRI AL SPE 0.9 PLE, iBHIXEEARE
R AL B R B ZE A K, (BTE & & B —
TEZE T

B HCA S5 5 al 50, X 13 D40 X A
GRS A 5 2K, 13N RIOR GRER AT RN S
K, S4. S8. S12 7l B 12K, S3. S6. Sl
RN, FIRMFEN1Z. PCA 45 TR, S8
FERISE BB 0BG, SRR GRS 2
FREFES R, HUOE S12 Fffh. Xu S0

Pra . Priash. PURIER, & nT DLAH T BCE SkIRAE
AIE R AR - Rk, S8 Al S12 nf LAEAET]
RARG IR . S9 ML EENHHES 3, %
FE R &AM I B A R R . 45 A R 2%
E AR TR S eI E R T AL, SRE1R s HEA T
311 S8 S9. S12 H s S tHAERTH, TR
ZEE 1 HES NBIEUY S4. S11. S6, EAIRE =
WHERAL. Bk, 13 DMFEME RS LA 5HEm
B Er e B ORHIAR DG, 2EREE . FghIfEr .
LI RBREF . BB G R {E AT
R B TR bRy . PLS-DA /) Hrék S,
AR SRR G A 2 i SR B 7 CREFRIED
10, 6 CHRALHIAF). 9. 11 (BRIAE) SUETHEH,
13 510§ CREIERR) 1 VIP HEL 1, HAIIRA
IF) it A I A2 B A () 22 57

BEE AT 245 TR SR B R LA 22 4
A INsE, 2 SRR E . R8RSR



- 7886 » F8 B 2025128 $53% B248  Chinese Traditional and Herbal Drugs 2022 December Vol. 53 No. 24

W2 R E VPN AR, TR YR 25 0 — B A
fam i, DIHBMFERES RS T B b L —2
INTTROV, i S 1% 7 €0 T U oA I ff S (] ot ol 2 1) 15
DR, hRes R WERNER, HUEST 2
M &R, AHF T AT S RP-HPLC-DAD F& 40
i, HCA. PCA LLK PLS-DA 45 BAMU AT LA
SRR SRR R T, WO R
BRI 7T B T kA
RBAR AR ERNTAEF B R

Sk
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