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HPLC fingerprint and multi-components determination combined with chemical
pattern recognition to evaluate quality of fruits of Capparis spinosa at different
growth stages
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Abstract: Objective To establish HPLC fingerprints and multi-component content determination for fruits of Capparis spinosa in
different growth stages, and to evaluate the quality for fruits of C. spinosa in different growth stages in combination with chemical
pattern recognition, so as to provide a basis for further research and development. Methods Agilent ZORBAX SB-Cis column was
used for gradient elution with 0.1% phosphoric acid solution (A)-acetonitrile (B) as the mobile phase at a flow rate of 1.0 mL/min, a
detection wavelength of 310 nm, a column temperature of 25 °C, and an injection volume of 10 pL. The Chinese Medicine
Chromatographic Fingerprint Similarity Evaluation System (2012 Edition) was used to establish the HPLC fingerprints of 18 batches for
fruits of C. spinosa with different growth stages and analyze the similarity. Clustering, principal component analysis, and partial least
squares-discriminant analysis (PLS-DA) were performed using SPSS 25.0 and SIMCA-P 14.1 software. Chemical composition was
identified by comparison of controls and the content in the sample was determined. Results A total of 14 common peaks were matched
by the HPLC fingerprint of 18 batches for fruits of C. spinosa, and peak 2 was identified as protocatechuic acid, peak 13 as rutin, and
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peak 14 as kaempferol-3-O-rutinoside, and the fingerprint similarity range was 0.924 to 0.991. Cluster analysis divided 18 batches for
fruits of C. spinosa into three categories; Principal component analysis showed that the quality of ripe for fruits of C. spinosa was better;
Four differentiated components, including rutin and kaempferol-3-O-rutinoside, were screened by PLS-DA analysis. The contents of
protocatechuic acid, rutin and kaempferol-3-O-rutinoside were 0.032 3—0.059 4, 0.115 7—0.464 0, 0.062 9—0.330 7 mg/g. Conclusion
The established HPLC fingerprint for fruits of C. spinosa is easy to operate and the results are reliable, and protocatechuic acid, rutin and
kaempferol-3-O-rutinoside can be used as an indicator component for the quality evaluation for fruits of C. spinosa.

Key words: Capparis Spinosa L.; fingerprint; protocatechuic acid; rutin; kaempferol-3-O-rutinoside; chemical pattern recognition;
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Table 1 Sample information for fruits of Capparis spinosa L.

hi's FEHL A K HIKS

S1 B & 2 T Vb I AE ) I TIPS 2016052506
S2 AR TS TIPS 2016052501
S3 R AR R FUPR 2016052502
S4 R A TR TIPS 2016052503
S5 BEERL T2 FUPR 2016052504
S6 AR TS TIPS 2016052505
S7 EERL TS I PR 2016070101
S8 R e RTINS 1 AR 2016070102
S9 B A TR 1 AR 2016063002
S10 B T A TR I AR 2016063003
S11 B A TR 1 AR 2016063003-2
S12 Bt & AL 1 AR 2016063004
S13 B AL 1 AR 2016063005
S14 RS RTINS 1 AR 2016063007
S15 S R - T Vb AR ) Il I AR 2016070103
S16 B T A TR B 2016063001
S17 B A TR B 2016063008
S18 B ERL TS AR 2016030306
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Fig. 1 HPLC superimposed fingerprint and control fingerprint (R) of 18 batches for fruits of C. spinosa
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Table 2 HPLC fingerprint similarity evaluation results of S16 I }
S17

18 batches for fruits of C. spinosa

G5 FHALEE G5 FEAAEE
s1 0.950 S10 0.983
S2 0.966 s1 0.974
S3 0.961 S12 0.974
sS4 0.925 S13 0.985
S5 0.981 S14 0.981
S6 0.985 S15 0.968
S7 0.991 S16 0.944
S8 0.986 S17 0.957
S9 0.980 S18 0.924

25 HEEAIR7
251 KoM DL 18 HLIRFE S 14 N EHIER
WAL AR, SN SPSS 25.0 #ft, SR 4Lk
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3FTR, HRKCEE N 15 i, A A AT N
3 2%, S2~S8. S10~S15 FANH 125, AR

B3 RILMRERFERLIAE

Fig. 3 Hierarchical cluster analysis for fruits of C. spinosa

AR BIRE S, R 2 R SR & b
BORARML; ST HMENES 2 28, Nt & & b
VI Zh SRR, R ST HLRAR-5 H AR U] 1L
MRz A& B —E R Z R S9. S16~S18
RN 335, b SO NI RGERFES, 4 34k
USRS FE L, R SO LV AL 5 Rl
R FECAAHEL

252 FEEG AN ER IR EE N Z 18R
LAk PR Z AR BT T IE R R A2 B
B MR E, SR A R4
MHETLRMEERAE L E, BHREHAHEE
W E RS, T ke 2N AR
JREEEVTE 5 902581, L 18 Sty LAt R 8o i
H 14 MG IR IE I AN AR B, J2H SPSS 25.0



¢E B 20234F48 $54% HT7H  Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 7

* 2239 »

PEBEAT TRy b, DL BRI E > 1 3R R
HEIEAE U 7159 70 RBUERE 45 2R Bartlett BRIE A &
2% P<<0.000 1, 5 BFE 4438 Bkl B ST AR
B0 R A o, RS2 5 AT gy, HR
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Table 3 Eigenvalues and variance contributions
TR FHEE T ETIRE% BRI ETTRE%

1 5.489 39.204 39.204
2 2.625 18.749 57.953
3 1.829 13.067 71.019
4 1.321 9.436 80.456
5 1.025 7.324 87.780

Rl 7 3 AR Sk 1% Bl 5 14 A3
Bl B (A ARG R AL, 45 R WK 4, 2 1 F
B EE S T ik 2, 4, 7. 8. 10 UER, BB
2 Epr BRSO T kg 3, 5. 9 IfEE, %3
T BB T il 1, 12 ER, 24 TRk
oy FEWLT Ak 13, 14 ME R, H5 EME
TR T ik 6. 11 FIfE R

x4 BETFHERERE

Table 4 Component matrix

e B
A IS I > 3 2 :
1 -0.372 0574 0.669 —0.050 -0.198
2 0.507 -0.177 0.350 -0.589 0411
3 0.302 0.727 —0.497 -0.051 -0.165
4 0.902 -0.145 0.045 -0.112 0.157
5 0.406 0.720 —0.366 0.179 0.172
6 -0.631 -0.139 -0.481 0.040 0472
7 0.857 -0.272 0.002 0.270 -0.119
8 0.872 -0.128 -0.063 0.383 0.013
9 -0.328 0.815 0.274 0.182 -0.034
10 0.763 0.043 0.125 0546 0.178
11 -0.489 0321 0.203 0.187 0.635
12 -0.215 -0.301 0.652 0425 0.027
13 -0.764 -0.289 —-0.206 0.370 0.082

14 -0.758 -0.377 -0.207 0.141 -0.233

12 FH SPSS 25.0 3 A 155 18 LRI LLAH SR

(BRI 1950, BAS 25 a0 X B 1) DTk R A &

Bt ELE G680, FFATHIR, SR N 5. R 5

AL, 3 SR LA AR ERE 15 0 BRI 3, BRI,

DL 14 /A W T RN EEA TEN FR FR, rTAS LA
R S R AT

Fz5 18 HRFILMRNER S EFESMEERF
Table 5 Factor scores and sorting of principal components
of 18 batches for fruits of C. spinosa

. o
W L A 2 A 3 T 4 s Ga

SL  -18 -306 014 167 040 -116 17
S2 231 039 -166 041 -120 -132 18
3 225 030 -092 221 107 -066 14
S4 244 220 022 026 117 -046 10
S5 -068 006 -090 133 023 -026 9
s6 -129 041 -122 014 117 -064 13
ST 044 -096 008 -059 -027 -007 8
S8 126 -166 034 -218 129 012 7
SO 202 09 08 035 -033 087 4
S10 -179 040 002 -142 208 061 12
SI1 033 -068 40l 048 014 058 6
S12 -126 -010 058 -081 151 -0.78 15
S13 050 -031 060 -172 -0.65 -054 11
S14 -177 087 005 059 -146 -103 16
S15 -070 407 210 -022 091 068
S16 356 204 -176 068 022 159
S17 379 -176 134 089 008 142
S18 545 018 069 007 018 227

L 18 byl LAt B HPLC $Rar B 14 A3t
HUgWEH AR &, S SIMCA-P 14.1 4T8¢ 4F,
Lo BT HE S o AR R R LI 4. RS R PR AT R
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2 S8

5 4 3 2 -1 0 1 2 3 4
t[1]
R%[1]=0.351 R%([2]=0.176 Ellipse: Hotelling's T2 (95%)

4 18 HURRILHRINER D B DIEMEE
Fig. 4 Matrix of principal component scores of 18 batches
for fruits of C. spinosa
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projection, VIP) {E A&7k 2 AL S WIH B 24647,
VIP {ERy, XTI 2 m i sema e R, it % VIP
EREAT T, 19302 S PR ICIN VIP 15 K, WA
5 89036, LAVIPE>1 NERIME, ks T 44
g, % VIP AR KAMRIRHET 6 S0, 7T (13
S ILIEM-3-O-AFFEE (14 55 Fl4 SUE,
X4 B AEAS [F)AE A S L SR ) i 2 = )
H, RHB 2R R E R EY).

VIP[1]

-1.0 A4

613 14 4 2 118 7 12 1031 9 5
var ID (primary)

5 RILFHR 14 MEEIER VIP BHE
Fig. 5 VIP score graph of 14 chromatographic peaks for
fruits of C. spinosa

F6 RILMHER 14 NEEKIERN VIPFS
Table 6 VIP score table for 14 chromatographic peaks for
fruits of C. spinosa

E3=3 VIP & g5 VIP 1
6 1.702 690 7 0.741 646
13 1.670 620 12 0.679 629
14 1.596 410 10 0.509 580
4 1.254 340 3 0.480 955
2 0.945 254 1 0.297 192
1 0.939 981 9 0.286 834
8 0.822 875 5 0.245 556

2.6 FILMRP 3 MERSTHEENE

26.1 ZMERRFEL FEEWE “2.1.27 BN
S0 HBTAW 0.5 1.0 2.0, 4.0mL, SHIE T 5
mL &R, I 80%FHELER, #A, HIHR
Wl BUZ RV HRARA X RS (BERD
TR, % “2.27 BUR GG &R T . DA K
Iy IR AR AR ER OO BRI ALER (YD,
HATLAEREIH, 13 3 NI EE RS &
B, ZRWE 7.

2.6.2 FEEERLE R “2.1.27 TR RE X
MR, A “2.27 TUN B SRR SLERE 6 IR,

RT RHRPIMERIPEMXRERER
Table 7 Results of a linear relationship investigation of
three chemical components in fruits of C. spinosa

L% EVEy 2 B (ugmL Y
JF LR Y=18.115X—0.7317 09998  2.505~25.050
ET Y=8445X—10767 0.9999 10.480~104.800
112 M-3-0-E & Y=11.728 X—2.3483 0.9999  7.800~78.000

O LA 755 T AL 23 y-3-0- 25 il (e T
HRRSHE, 1H5E RSD {45379 0.97%. 0.55%.
0.64%, KIHZIIAEEE R .
263 FEMERE REERDUILMEREK 1 5
(S15), #% “2.1.17 TR /7l & ptl s, o
B FH14 )51 04 4. 8. 12, 16 20, 24 h %[ “2.27
TR g 2 AR R AT, O3 RLRIR . 7 T Flil
AM-3-O- =& WEE AR ME T RSD 5
WA 1.05%. 0.76%. 0.59%, ZHABLRLIERE S
HEE 24 h WHRE M R AT
26.4 HEEMERE RBERDUINLMHEEHREK 6
(S15), %M “2.1.17 LT J7 ikl & Al s,
£ “2.27 TR B A PATHERE A, THE LSS
R TR 23 -3-O- 25 A 1)~ 35 i i 43 B oy
%y 0.044. 0.158. 0.136 mg/g. WETHFRARME Y
RSD {H %N 3.72%. 1.84%. 1.74%, #*IHiZ%5256
HEMRILT.
2.6.5 NFEEICERGBNES R B PR O] L AH Sk R
059 (S15), & HZEHEMH, ~FAT 6 47, Z3lin
AN SERFR B IR VTR, RSB I 80% HEE 25
mL, 3% H8“2.1.17 50 J7 A 24 gl s, 7£12.27
TN 35 25 A~ PAT HERE 04, TH SRR A RSD
B SERFEILRIR 2T L 25Hy-3-0-2Z & 1)
SRR Sy )N 84.46%. 95.34%. 94.28%, RSD
B3/ T 5%,
2.6.6 FESESENE 18 #HLUOH] LA BRSO R,
I “2.1.17 TR 7iEH &R R, 7R “2.2”7
TR sk 2 AFERE 2 b, e 3 AN Ry IRV TR,
WANBELRVATTE, THE SRR R & 5
%, R NE 8.
3 g

AR AT AL BT VA BRI, ARSI H L T A
[EHREUAT] (50%. 60%-. 70%. 80%. 90% Z.FE.
30%. 50%. 70%. 80%. 100% FHELAIK). HET
%GB FEUE R INFA B R SEHGED « PR H] (30
60, 90. 120 min). #EHLXEL (1. 2. 3. 4 0.
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&8 18HLIRILMRD 3 MLERIHESE (n=3)
Table 8 Content determination of three chemical
components in 18 batches for fruits of C. spinosa (n=3)

RS HU(mg g7

9
FOLREKE T L 22/ -3-0- 25 A bl
S1 0.0328 0.4640 0.2712
S2 0.0369 0.3220 0.3307
S3 0.0323  0.4363 0.220 4
sS4 0.0389  0.3479 0.1655
S5 0.0335 0.2667 02201
S6 0.0388 0.2651 0.2217
S7 00456 02211 0.1591
S8 0.0594 0.1470 0.148 3
S9 0.0394 0.1181 0.078 6
S10 0.0468  0.268 2 0.1486
S11 0.0488  0.1662 0.1225
S12 0.0363  0.2865 0.226 9
S13 0.0451 0.2633 0.1394
S14 0.0327 0.2468 0.2146
S15 0.0397 01490 0.1312
S16 0.0364 0.1206 0.062 9
S17 0.0456 01671 0.1245
S18 00497 01157 0.0734

SRENUABEE (105, 1:10. 1: 25, 1:50) Xl
LR SR S EIE SR BUSCR e, DAYR SUE 1 i
R WERAN S B RE TR AR, A E 80% H T
REERCA A, ARSI 60 min, $RELL X,
BUsAEE 1025, MM mIEme 7%, 18
FSr R A T, 6o ) L SR R 34T 200~
400 nm YK, BN 310 nm B, FRSUEE
BRIER R, WY K B RERF, R R AREL
PRI AT R, MR 310 nm YR KA RSN K: .
UbAh, ARSLIGELRL T OME-K. OIE-BR. OJE-H
e HEE-7K . FHERE-BERRVE AT Al RGN 8B
TR, 25 RER, L -0, 1% R K I TR FE b
6 o)LL R S P S 50 ) 2 A R B v EAR . T
S I AR A R IR LA SR R A RO A, R
ANEST BRI, A BRI O SCR R I B 25
MR D, HLAS R S e, G o e A S 10
35 REUOR LA SR A ) LR (1)1 35 i & 2 B0
0.013 5 mglg, miRNEEMIAS 14 HEIRAS [ = Hofil L
SR AT RF S &y 0.230 5 mglg, 1L ZE)-
3-O-ZEF ML 1)°F 34 4 0.184 5 mglg, 5 &3 ik

TG OLIE AL AR S I SR O SR A T e s, —
TG IBR 2= B 0, 55— 7 T AT DA e e R AR

ARSEEGSNT 18 KA [F) AR LA AR S
WEHATHIE, AE WA, AT R N
AR HVEN 256 =02, 7848 S0E B AL 43
M, 18 fLkFE ALY T 0.92, RIAANE A&
T L b SR AR Ak 2 o 2 AR AL, B HEIR
B B S B — B E S . BB
LR SRR S SR 3 3, K A 4 R A s SR R
N T S HIR MR N, R AT RE 2
S1 4 MANIL R F 2 6 fbikgh B /N, sk
AN AN QL AR R By SR, 4R S 1 AT
ReLb HRAIR SR A, FrLL S8 S1 4SR5 Hpdt
RN R T P AR I ES, MR —2;
SO T MARAN 3 HER LR TN — 2, TEFE R i
BT AL PRI R 2B 2 R I SO IR RES S 3 LT
R HBURREEIL S, HENX —BLR T e 5 R K0
SERAECR . E R s e LA SRR AT
BEUE, HiZAE KBS R AN S A X
o TEREFEH 25 18 3] 2R 1) SR S 2 B o R P
AT, FEM TR, RISRIECA T, MR
MR SEAR B, S5ELPRRBUENL . b IR R 1 5
A8 IR DA R LA SR 250 T3 F RS DL, AR
DAAT B SR e 7 30 LM SR AR AR, AR S
iR NS IR SR S A E . 23 PLS-DA
IFTIEIE 64 134 14 SIEHT 4 S IG K2 BhREY,
Z S, Hod 13 ST, 14 50611 25 15-3-0-
N, HRER AR RS R
ko

ML SR HPLC 8 SC S il H o 3 A4
HH RSy, AN EILAER . T AL 25/ -3-0-
EER, X 3N REAREERE, i)
LA SR AP RIEMEIA, HENIX 3 AT GE
Sl RGBS B DI, nUON R B 2R
VIR R IR S . BAMAR S R I 3 A4
FREANFEKFEAMEE, FILRRSENY)
FB) R R R BT, T T R 25 /)-3-0-
AT 02 i AR B s R R R B R R
AIREl T REE R AR EE, FEpn gt R A
KGN E B AN, FEERSIEA VR AR
VERI OGRS B & IRk, HE
Dt 2 ) LR SR AR KRR B P R R, T2
Fr 5 5 vT R AR LA A R =8, 5 AR A Rk
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