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Identification of characteristics spectrum of six common Rutaceae and Citrus
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Abstract: Objective To establish an HPLC characteristics spectrum suitable for the identification of Citrus in Rutaceae, and to
provide scientific basis for the identification and quality evaluation of the same genus of Citrus. Methods The chromatographic
column was Waters Xselect HSS T3 chromatographyic column (250 mm X 4.6 mm, 5 um), and acetonitrile-0.1% phosphoric acid
solution was used as the mobile phase with the gradient elution, the flow rate was 1.0 mL/min, the column temperature was 30 C,
the detection wavelength was 284 nm. The similarity software, SPSS software and SIMCA-P 12.0 software were used to analyze the
data. Results The main common components peaks of six medicinal materials were able to be found, was hesperidin. The
characteristic components were narirutin, naringin, neohesperidin, meranzin hydrate, nobiletin, tangeretin; The similarity among six
kinds of medicinal materials was very high, and the similarity among species was very low, and there were obvious differences
among species; Through cluster and principal component analysis three kinds of medicinal materials tangerine, orange and pomelo
can be grouped into one group, and orange with different maturity can be distinguished. Orthogonal partial least squares discriminant
analysis (OPLS-DA) was used to distinguish the fruit and peel of orange at different maturity stages. Conclusion The established
HPLC characteristic spectrum established comprehensively reflects the chemical constituents of common Rutaceae medicinal
materials. The analysis method is exclusive, accurate and reliable. It can provide reference for the identification and quality
evaluation of Citrus medicinal materials and their decoction pieces.
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B V6T K2 MR 2= R HEYING C. reticulata Blanco
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Waters ARC 7 & 800 AH L4 (38 B IRRR 2
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5um); ME204E B i 5y 2 — A RF Chii MR
AL ZATFD; XP26 BH i 2 — M KT (B
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N 96.20%) FHItHH EE a2 E R e ie ;s R
AR (S 18070602, JHEZMHCH 98%). MR
# (5 18031501, JREDECN 98%) HHEREIE
WAEMBEARERAFERME: SFMET IS
wkq19041908, JHE5141 98.0%) KA Al (L5
wkq20031904, JHEZMHCN 98.0%) IV 4E AT
ERHAAIR A TSR STSETFAM ) R— 5%
AIRARIBMG AT ZINLE, ZS1~ZS15 ShEfZ
RHEYIRIE C. aurantium L. HIRRASFRHITAELH
ZQ1~ZQ15 SFEMANETRHENIIRE C. aurantium L.
S HAIEABF TR BEARSE. GQ1~ZQ13 S
NEEBRRHEYING C. reticulata Blanco N HRIFASRhT
PR SH1~SH14 SHECNZERRHENIG C. reticulata
Blanco SHARIE LRI TRA AR MIRE . CP1~
CP14 SFENZERHEYING C. reticulata Blanco [ =%
AR TR AR . HIT~HI13 SRE N ARG
YL C. sgrandis ‘Tomentosa’ [ AT BT
TIRINZR R, WK 1.

F1 S4itERER

Table 1 84 batches of sample information

Eike] KR Eike] KR Eike] KR Eikel KR Eike] KR Eikel KR

GQl Wb EE | SH2 Il E#E | CP2 WG | 282 JLPH% | ZQ1 L H% | ZQ15 LI HE
GQ2  WHILHEM | SH3  {LPuE% | CP3 INARWwIT | 283 JILHAEE | ZQ2  {LiE% | HII IR AR
GQ3  WriL#gM | SH4  VLVEE% | CP4  VLPEEE | 2S4  WIFEAFA | ZQ3  WIRGZERH | HI2 RISV 7N
GQ4  IEEE | SHS WHLH#IM | CP5 VOISR | 2S5  WIRERsFH | zQ4  YLVG'EFE | HI3 I AR
GQ5  WiL4&% | SH6 WL | CP6 VUNXGR | zS6  YLVEAIT | ZzQSs  VLiiH#F | HI4 I AEAR
GQ6  WiEPLIL | SH7  WHLHWL | CP7 WL | ZS7  VLPESLIL | ZQ6  WIEERSEH | HIS T ARAHG
GQ7 WLl | SH8  YLVEHT | CP8  WiFEyTIL | 2S8  YLVHJLIL | ZQ7  YLVEJLIL | HI6 T ARAG
GQ8  WiLFFL | SH9  VLFEEH | CPY | HRILIT | ZS9  WiE#xFH | ZQ8  YLFE LIL | HI7 T AR
GQY J{IViEFHF | SHI10 J{LVEEZE | CP10 J ZRYL(] | ZS10 #FafH | ZQ9  YLU4JLIT | HI8 fR M
GQI10  WIVLyM | SH11  YLVE&% | CPI1  J ARYLIT | ZS11  WimdaiPH | ZQ10 VLPUEFH | HI9  AREEFEM
GQIl VLPHE# | SH12 J{Lf#E% | CP12  WARIEYT | zS12 YLFEE | ZQ11  EHEKILHE: | HII0  J &R K4
GQI12 HiFdyCiL | SH13  Wimdycil | CP13  WiyL#iMl | zS13 JLFEF | ZQl2 {LIHFE | HIIL  tEEEMN
GQ13 J{IVHiE#E | SH14 Wimycil | CP14  WIFIciL | zS14  WIFE25FH | ZQ13 VLWE®H | HI12 | %K%
SH1 YIFEEE | CP1 &Y | ZS1 P2 | ZS15 VLPHEF | zQ14 WIEaskd | HI13 7 PR
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Fig.1 Common peaks in HPLC characteristic chromatograms of six medicinal materials
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Fig.2 Ascription of common peak reference substances in six kinds of medicinal materials samples

FRSEZGM o B AR R, LU R
T2l ASEAR AR R i 2 SR A AN R
VULETE 7 AR B R SR oy RIS B A4 fher 2y
ARl R B et S AL, R B P e
FREZ 1. 3 (Rl 5 GEB ). 6 GRERIEN
fig) A9 SUg, FELUED 7. 8. 10, 13 F116 FUg; 1
SCHREEZ 11 S RN b 7. 11 S, 1Y
WHERHAT D 11 50 (g m s, @
ITRAE P R R I R X 43 13 6 FiZiibs

LV RS Rt ZS1~ZS15. ZQ1~
ZQ15.GQ1~GQ13. SH1~SH14. CP1~CP14. HJ1 ~
HI13 3L 84 #L 256 KE i HPLC - AT 504 43 47

g 4 R NS, KA, BRI
0.2, HZWULES, 73 DIARsE. AR5E. ANME R TUEsE
Feo BRE AR B BRI, 15
ARBURE R4, 15 HEARSZZG M ARLEE IS LE 0.935 BA
by 15 HERRFEZM I ARUEE 3ZE 0.926 DL 1, 13 4t
AN A M AR RAAE 0.959 DL L, 14 #LDUTETH
Fe iR ARBUREIITE 0.864 TE &, 14 BRI 2584 (A1
WUEEILE 0.937 PUE, 13 RUALHEZL 2544 ARALLE )
£ 0.999 DL E (3 2), Z55RFKH, [Fl— S FhE HI4H
WU K. PUARS, HFe. AN WUEH K. B
B AT AL 0o REARAE P 2 20 2 8] 43 il 3k AT AR B
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#2 o MAEMMAMERBLEITNER

Table 2 Similarity evaluation results of six kinds of medicinal materials

s MUE | S AARUE | T AMIBUE | T ARMUE | w5 MRUE | w5 ARUE
GQl1 0.977 SH2 0.949 CP2 0.956 YY) 0.998 ZQ1 0.988 ZQ15 0.994
GQ2 0.975 SH3 0.957 CP3 0.969 ZS3 0.991 7Q2 0.984 HJ1 1.000
GQ3 0.993 SH4 0.971 CP4 0.982 754 0.986 7Q3 0.997 HJ2 0.999
GQ4 0.983 SHS 0.936 CP5 0.958 Z85 0.988 7Q4 0.977 HJ3 1.000
GQ5 0.971 SH6 0.984 CP6 0.968 756 0.935 7Q5 0.997 HJ4 1.000
GQ6 0.969 SH7 0.964 CP7 0.966 YA Y 0.998 7Q6 0.996 HJ5 1.000
GQ7 0.976 SHS8 0.984 CP8 0.959 ZS8 0.936 zQ7 0.996 HJ6 1.000
GQ8 0.959 SH9 0.913 CP9 0.959 YA 0.969 7Q8 0.998 HJ7 1.000
GQ9 0.965 SH10 0.864 CP10 0.988 ZS10 0.981 7Q9 0.998 HJ8 1.000
GQ10 0.991 SHI11 0.97 CP11 0.98 ZS11 0.997 ZQ10 0.989 HJ9 1.000
GQl1 0.979 SH12 0.993 CP12 0.975 75812 0.977 ZQ11 0.997 HJ10 1.000
GQ12 0.997 SH13 0.983 CP13 0.981 ZS13 0.964 ZQ12 0.985 HIJ11 1.000
GQI3 0.996 SH14 0.97 CP14 0.976 7514 0.987 ZQ13 0.999 HJ12 1.000
SH1 0.941 CP1 0.953 ZS1 0.989 7515 0.994 7Q14 0.926 HJ13 1.000
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Table 3 Similarity evaluation results of characteristic chromatograms of six different varieties of medicinal materials

ikt AL RS

i RSk R N VUteH R 7 AR
RS 1.000 0.770 0.122 0.126 0.115 0.988
5% 0.770 1.000 0.076 0.081 0.068 0.764
NE 0.122 0.076 1.000 0.990 0.972 0.008
V9LET K 0.126 0.081 0.990 1.000 0.944 0.008
9573 0.115 0.068 0.972 0.944 1.000 0.008
AR 0.988 0.764 0.008 0.008 0.008 1.000

HERFAIE I3 P 2H 2 1) AR ARABLRE S LA 0.008~0.990,
FH 6 A2 T RAE B S 22 SRR

252 EEr iaH SPSS 20.0 BAExT 84 it zh4t
16 N WA X I AU R AT R 2K b, K
FHZH B~ S8k 2508, LR A AR 92 A At i ARABLBE

5 10

MR B A, SR 3, HRIWRE BN 20 B, &5
RN 84 L 2G4 N 3 2K 1R HE GQ1~GQI 3.
SH1~SHI14. CP1~CPl4, II 3% 2S1~2ZS15.
ZQ1~ZQI15, I 55 HI1~HI13, BIAFAN [H] a2
WIS (NE R TR R HR—2K,

15 20 25

(21 21%1%)
jafesjastan)
SEGE

L‘A‘ U;JJJ -

+
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T TORLRLRRRRRRL,
Q=R oS NRwe

3 BESHER

Fig.3 Result of cluster analysis
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P (RIS ARBEAGHI RS (BRSE. #58) 17h
—J5, MRS (IBIEZ) N AAN—3S 2k
FEEN 10 B, ZS1~ZS15 ¥ HN—33, 2Q1~ZQl5
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5T IR S M RN —2, ME K. IUeE
B MR TEiEIE IS R i AT R 4

253 EROHT LA 84 fIbEES: 16 DN ILAE I KA
ST T AR S %E, F SPSS 20.0 Bt Hk AT 1k
GYO3NTs AR R R E A T 22, LR 4,
WA EIE 4. 858 ERET 4 A TR RRDT %
TIRZIE 87.347%, WUEFEK 1. 2. 3 M4 1EH
124 3R 4 ERSr, ATARERATS RS .
ANE R WIEE R BREFIERELL 6 2t RHE K
e S St N 7 R (= S O e v L BRI e L T R )
TAAEDL, FEAE M2 RS A, UEIART 4 A FE R
SRET 6 FhLEFH R JE 2 R I R F . WG
TFEATAERE (R 5), R, 51 s EE
LR 7, 13, 14, 15 R E) 116 KIE R,
552 FRU EEABLAEENE O FIER, 3 B
FE M TUE 3 G ED. 11 A 12 FIfER, %4
TS B T 1 ORI S GEiR ) 115 8.
W4 A TR AT R SR S B R RS
FEGZ 8 B 155 (2 6), ANFER SR 7]
FRAT AR5 ZE IR, ARSI R Ay 4 1353 B s
ML ER 2 B0 NE K. TUEH K. B
FEWIERGT | 3080 WL Ry 3 1350 i
o ANFEEFR I E B S AR ZE R

R4 EROBEERSE

Table 4 Analysis of principal components and variance

or o 02983 0.1940
0D P 4 & 1

0.0523 0.0212
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1500039 0.007 6

1 23456 7 8 910111213 14 15
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B4 #HAE
Fig. 4 Stone map
2.54 OPLS-DA VAR WUTETT B FRECRHE
LT PR 10 A €0 i AR X Ut T FR g 38 50 3 Fh 244 ik
17 OPLS-DA 73#fr. FratsZ kiR, R%x (cum) =
0.909, R’y (cum) =0.817, Q* (cum) =0.783,
BIRT 0.5, SHNZBREE RS, MBS AIH, %
B LR AN 7] e A ) RSN B DUAETE K
WREZFEM 208 3 28, FFAN 10 MR E R VIP {HE (K
6) AL, LLVIP>1.0 NRFELW, HkE 5 A%
FEbRE, H T 0 11> 18 10> 1
7> 8> 12, R UM T X A
7] AR R RS B WU B PR DTik
BOR. RS HTREIGE . WG hil 3 RS R
M) SR — 2 o REBT B X 73 AN [ B ASUIRE FR) SR S
EIEX I AR ARG R SE, AN F R DUEH
B MR B KA AE M HLIRVE B O LR A
*5 FERFHMER

Table S Main factor loading matrix

TR &t TETRE% N R TTHR /%
1 5.802 38.681 38.681
2 3.198 21.319 60.000
3 2.398 15.985 75.985
4 1.704 11.363 87.347
5 0.484 3.225 90.573
6 0.411 2.743 93.316
7 0.298 1.988 95.304
8 0.213 1.420 96.725
9 0.194 1.293 98.018

10 0.102 0.679 98.697
11 0.075 0.500 99.197
12 0.052 0.349 99.545
13 0.039 0.263 99.808
14 0.021 0.141 99.949
15 0.008 0.051 100.000

e 5 it
1 2 3 4
1 —0.135 0.101 0.212 0.890
2 —0.166 0.735 —0.357 0.151
3 —0.180 —0.038 0.953 —0.054
5 —-0.134 —0.035 —-0.107 0.952
6 —-0.071 0.864 0.202 —0.148
7 0.830 —0.236 —0.078 —0.131
8 0.103 —0.533 —0.452 —0.468
9 —0.065 0.943 —0.089 0.102
10 0.613 —-0.451 —0.298 —0.343
11 —0.184 —-0.134 0.921 0.011
12 —-0.131 0.104 0.920 0.229
13 0.886 —0.306 —0.128 —0.185
14 0.946 0.210 —0.154 0.006
15 0.817 0.501 —0.171 0.058
16 0.924 —0.278 —0.102 —0.161
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Table 6 Principal component score, sorting meter of comprehensive score
e v | TR 2 EAD %K) TR 4 G5 EOrT ERSr2  EMSr3 EMr 4
ZS1 —0.378 0.084 —0.352 1.724 ZQ1 —0.109 1.955 0.173 —0.135
752 —0.167 —0.585 —0.067 3514 Q2 —0.736 0.762 —0.557 -0.223
ZS3 —0.309 —0.459 —0.160 2.851 7Q3 0.349 2.340 —0.206 0.033
754 —0.389 0.328 —0.359 1.083 7Q4 —0.506 1.236 —0.184 —0.265
ZS5 —0.503 —0.042 —0.342 1.063 ZQ5 —0.200 1.855 0.082 —0.302
756 —0.820 0.014 -0.518 0.254 ZQ6 0.677 2.843 —0.253 0.205
7587 —0.586 0.102 -0.373 0.724 Q7 —0.445 1.402 —0.162 —0.240
ZS8 —0.706 —0.118 —0.372 0.711 ZQ8 0.151 2.294 0.010 —0.306
759 —0.482 —0.036 —0.282 1.042 7Q9 —0.907 0.443 —0.450 —0.278
ZS10 —0.281 0.208 —0.283 1.742 ZQ10 —0.183 1.808 0.018 —0.128
ZS11 —0.280 1.017 —0.670 1.183 ZQl1 -0.391 2.075 0.275 —0.744
ZS12 —-0.021 —0.554 —0.101 4.398 ZQ12 —0.652 1.320 —0.523 —0.357
ZS13 —0.678 0.106 —0.509 1.014 ZQ13 0.026 2.707 —0.001 —0.627
ZS14 —0.501 0.362 —0.431 0.573 ZQl4 0.319 2.594 —0.354 0.176
ZS15 —0.056 —0.678 0.019 3.954 ZQl15 0.358 3.138 0.103 —0.596
GQ1 —1.012 —0.614 —0.764 —0.686 SH1 0.207 —0.661 —0.573 —0.599
GQ2 0.629 —0.554 —0.366 —0.418 SH2 0.481 —0.700 —0.554 —0.610
GQ3 0.769 -0.514 —0.347 —0.393 SH3 0.207 —0.661 -0.573 —0.599
GQ4 —1.036 —0.625 —0.816 —0.726 SH4 —0.136 —0.759 —0.709 —0.720
GQS5 —0.531 —0.632 -0.514 -0.514 SHS 2.974 —0.370 0.155 —0.018
GQ6 —1.009 —0.578 —0.735 —0.639 SH6 4.445 —0.084 0.481 0.253
GQ7 0.598 —0.621 —0.435 —0.489 SH7 3.343 -0.393 0.194 —0.006
GQ8 0.601 —0.587 -0.410 —0.469 SHS8 0.849 —0.636 —0.367 —0.465
GQ9 0.069 —0.725 —0.671 —0.702 SH9 0.148 —0.763 —0.641 —0.687
GQ10 —0.369 —0.637 —0.475 —0.490 SH10 0.821 —0.598 —0.473 —0.498
GQl11 0.116 —0.655 —0.557 —0.584 SHI11 0.235 —0.659 —0.496 —0.538
GQ12 —1.047 —0.629 -0.777 —0.696 SH12 0.571 —0.660 —0.460 —0.536
GQ13 0.258 —0.657 —0.505 —0.557 SH13 1.914 —0.495 —0.058 —0.191
CP1 0.593 —0.441 —0.247 —0.293 SH14 3.374 —0.288 0.255 0.053
CP2 —0.858 —0.724 -0.771 —0.726 HI1 —0.806 —0.464 0.534 —-0.270
CP3 —0.961 -0.712 —0.789 —0.733 HI2 -0.775 —0.486 0.685 —0.186
CP4 0.445 —0.340 —0.165 —0.186 HI3 —0.556 —0.361 1.909 -0.177
CP5 0.603 —0.352 —0.247 —0.267 HI4 —0.582 —0.421 1.846 —0.152
CP6 0.573 —0.342 —0.154 —0.182 HI5 —0.864 —0.455 0.171 -0.305
CP7 0.387 —0.447 -0.295 —0.326 HJ6 —0.825 —0.420 0.339 —0.248
CP8 —0.884 —0.736 -0.719 —0.695 HI7 —0.476 —0.140 2.676 —0.432
CP9 0.940 —0.399 —0.184 —0.248 HI8 —0.464 -0.521 2.886 —0.244
CP10 0.902 —0.347 -0.195 —0.235 HI9 —0.576 -0.514 1.937 —0.106
CP11 —0.849 —0.684 —0.698 —0.655 HJ10 —0.390 0.081 3.012 —0.385
CP12 —0.872 -0.719 —0.805 —0.749 HI11 —0.649 —0.580 1.757 —0.256
CP13 —0.600 —0.720 —0.708 —0.695 HI12 —0.169 —0.348 5.039 —0.333
CP14 —0.814 —0.692 —0.631 —0.613 HJ13 —0.534 —0.478 1.838 0.179
3.0
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GQ-MFEL CP-PREC SH-PUAETT L Fig. 6 VIP values of 10 chromatographic peaks by
GQ-Fructus  Citri  Immaturus CP-Pericarpium  Citri  Reticulatae

SH-Tangerine Peel
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Fig. 5 Scores diagram of OPLS-DA analysis of Fructus
citri immaturus, Pericarpium Citri Reticulatae and Tangerine
peel

OPLS-DA analysis
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