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Comparative study on UPLC characteristic chromatogram and
multivariate component content of different specifications
of Pericarpium Citri Reticulatae Viride
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Abstract; UPLC characteristic chromatograms of Fructus Citri Immaturus ( FCI) and Pericarpium Citri Reticulatae Viride
(PCRV) were established , combined with multi-component content determination,so as to provide reference for the quality
control of different specifications of PCRV. Waters ACQUITY UPLC HSS T3 (100 mm x 2.1 mm,1.8 pm) column was
used. The mobile phase was acetonitrile -0. 1% formic acid solution. The flow rate was 0. 30 mL per minute with gradient e-
lution. Detection wavelength was 275 nm. The column temperature was 40 °C. The injection volume was 1 pL. The charac-
teristic chromatograms of 15 batches of FCI and PCRV were established. Cluster analysis (HCA) , principal component anal-
ysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were used to compare the differences be-
tween the two specifications of PCRV and look for different components. The contents of five effective components in two
specifications of PCRV were compared. The result showed that there were seven common peaks in the characteristic chromat-

ograms of FCI and PCRV. Five common peaks were identified ,namely synephrine, narirutin , hesperidin, nobiletin and tange-
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retin by comparing with the reference substances. HCA and PCA roughly divided PCRV into two categories. three differential

markers ,namely Peak 1 (synephrine) ,peak 4 and peak 2 (hesperidin) were found by OPLS-DA. The content determination

results showed that the contents of synephrine and hesperidin in Fructus Citri Immaturus were higher than those in PCRV.

The contents of nobiletin in PCRV were higher than those in FCI. The differences were statistically significant (P <0.05).

This method can effectively analyze the quality differences of different specifications of PCRV and provide reference for the

quality evaluation.

Key words: Fructus Citri Immaturus ; Pericarpium Citri Reticulatae Viride; UPLC characteristic chromatogram ; multi-compo-

nent content determination
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Table 1 ~ Sample source information table of FCI and PCRV
i AN K G VUETS K 4 o 7 R AR ah
No. Number of FCI Number of PCRV Origin Cultivar
Sl FCIO1 PCRVO1 iR R RN ] TN B
S2 FCI02 PCRV02 iR =R RN ] TN A
S3 FCIO3 PCRV03 W rE A DeVLT TN A
S4 FCI04 PCRV04 LV BT KM
S5 FCIO5 PCRV05 MANECNER ] PR |
S6 FCI06 PCRV06 TLVGAE 75 4T KL
s7 FCI07 PCRV07 PN Qi KM
S8 FCIO8 PCRVO08 TLVE 7 & KETHL
S9 FCI09 PCRV09 WA N T REA
S10 FCI10 PCRV10 HrLLAA WM T liZit)
S11 FCI11 PCRV11 WA N T b
s12 FCI12 PCRVI12 LV HA KETHL
S13 FCI13 PCRV13 FANLECNER ] KM
S14 FCI14 PCRV14 LV AT PR |
S15 FCII5 PCRV15 TLVGA EHAR T KELHl
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T 3.0% , FI{UENG R R AT
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FRIEWE S S WA X% B3 B[R] RSD {H7E 0. 48% ~
1.36% i [l 4, A#H % 04 i AL RSD (B £ 0. 53% ~
2. 19% N, /T 3. 0% , RUNZOTEER TR
4o
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Fig. 1 The characteristic chromatograms of different specifications of FCI and PCRV
AT AR ENE B WAL TT A HE IR . Note: A ; The characteristic chromatograms of FCI;B;The characteristic chromatograms of PCRV.
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Fig. 2 The characteristic chromatograms peak identification of different specifications of FCI and PCRV
TE ATRB X IRAD BT R IRARAE I3 5 C . TUAETT BOU BRARAE I o L obh 3 XA B 54 B R 56 IR B3 7 A R

Note ; A ; Mixed reference substance ; B ; Control characteristic chromatogram of FCI;C; Control characteristic chromatogram of PCRV. 1 :Synephrine;

3. Narirutin ;4 ; Hesperidin ;6 : Nobiletin ;7 ; Tangeretin.
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T A AR AT, M3l (i e O B I [R5 5 5
S0 3D G, 23R AN B AU AR T B2 AR 1
o7 AR RHEIE TR N B E I 1 o Ak
3 ONTEAAN B s W 4 A B 5 06 6 DI IR B2 3R 5
W 7 NGB ER AR LA 2

K2 TRMEIREHEEEBMUETENER
Table 2 Evaluation results of the similarity of control characteristic

chromatograms of different specifications of FCI and PCRV

2= ARMLLEE Similarity
No. FCI PCRV
s1 0.991 0.997
s2 0.990 0.991
s3 0.993 0.979
s4 0.998 0. 987
S5 0.994 0.999
6 0.998 0.997
S7 0.980 0.999
S8 0.942 0.995
9 0.995 0.999
S10 0.988 0.998
Sil 0.987 0.983
s12 0. 994 0.998
s13 0. 994 0.996
S14 0.994 0.998
s15 1.000 0. 986

2.2 FEAARBRHAMPUFZITEZST

BT K 7 A FRE I ) U T AR B R 728 f i AT
HCA 7387, A AR 252 10 ~ 15 B, Br A5
¥k (PCRV14 . PCRV15 .PCRV12 .PCRV2  Fil FCI6)
Sh, VUAET B2 AT BRI FLAS 1A ] BEAS 43Sy
X EERIE 3 FR

2.2.2 R4 H5H(PCA)

KR SIMCAL4. 1 %4, L 15 HEAS 75 52 fnpu 46
TR T A A R AE 0 1) 06 TR FRRR OB R A8 R AT
PCA J3#7, Ir 7 98 R°X =0.988,0° =0. 684 >
0.5, RUILAIA R, 10K (WE 4) B, WEE
B AT RBRA IO, BEA S P, 5 R 5
HKorHr—3
2.2.3 OPLS-DA

K H] SIMCAL4. 1 54, LAFEAG 8 2300 1y i 1o AR
BUMA NS s i T B AR OPLS-DA 2347, i
HESTIYRERE R°X =0.968 ,R°Y =0.772,0% =0. 668 >
0.5, RWIBIARIA X, 55 EI (WK S) B, AT
B N R A S R R BEAILHE D) 200 R
AT B (WLE6) . BEHERSH R 1 Q* K
BRIE /3547 0. 114 0. 533, OPLS-DA £ [y 5 i R
Q> (M FE 6 £ LJy) ¥R T2 BEHLHES 5 1Y
R® il QW ST 1 OPLS-DA A5 7 A7 H B3t 43
GG, AT H T AR K25 8 098 XR 51
VIP B (ULIE 7) o, AR i X o g 5g ), 06 1 > U
A>12>1E5>166>167 >3, L VIP{E >1.0
i, R 3 2= F AR, ool i 1
(FIRMR) (06 4 FNig 2 (RS2 TT) o

2.2.1 EEHH(HCA)
7 £r ==
K HI IBM SPSS 24. 0 %7, L4 15 #ttA> B fn
0 10
1 1

GQP12 27
GoP14 29
GOP13 28
GOP4 19
GQP15 30
GOPS 20
GOPS 24
GQP10 25
GQP11 261
sHop1s 15
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SHOP2 2

. GOP2 17 ;’]7
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SHOPS :]]
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SHaPg ol
SHGP7T 7 :I
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E3 30t FREMBHERER CALER

Fig. 3 CA result of 30 batches of different specifications of Pericarpium Citri Reticulatae Viride
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B4 30 St ARMIEHIE RE PCA B E

Fig. 4 PCA score plot of 30 batches of different specifications of Pericarpium Citri Reticulatae Viride

BES 30 #tARRMEH B KR E OPLS-DA 15557 E
Fig. 5 OPLS-DA score plot of 30 batches of different specifications of Pericarpium Citri Reticulatae Viride

B 6 OPLS-DA #2IF #aIGiF [
Fig. 6 OPLS-DA model permutation test diagram

: E OGP AR 6 U, 2B E AR = A
2.3.1 AHEERE B RERCH N FRECZR A B R Wi B, I3 i i
B2, 1. 27 BUR RS IR s, #2242 1. 1730 FHRSDYETEO. 13% ~0.58% ol N, ¥/NT3% ,
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B7 ERMEREY VIP B
Fig. 7 VIP map of different markers

TG B BT
2.3.2 HKMHXRFEK

HE SRR 25 Ml B A R R IR B 36 R A
B ZO0} BEGThAE B RS B AR, i H B AR 1 mL F
IR 1 180. 627 wg 2SR HE 156. 055 g 1B
T 763. 772 g I B F 2102, 626 pg FIiG K &
78.910 g AT HE A A5 W o G 25 B8 B L 34 6 B
it #5 0. 1 mL, & 50 mL )i+, FRE B b
XTHE AR A5 0.1.0.5.1 .3 4 mL, 53 5]% 5 mL &

JHLRR T R R 2R B 4 5T, 4 B R B R
HER it s R, AR TR BB 3o TR it it 28 YRR R
SR 2. 117 IR 3 SR AR AR S A, AU T AR
AR T I it e E DA R AR AR A T [l U, S5
GERILER 3, v iR S B B TR B R
IR B R AR R R B e ¥979 0.999 9, KWL
5 Foft R a3 L 3 T RE S L PAT, of IR i R L 0 v A
MR AR Ao

R3 AENELMERER

Table 3  Results of linear inspection of content determination

bRy

Index component

LML
Linear range ( ug/mL)

T £

Standard curve

AHIEFR AL

Correlation coefficient(r)

45k Synephrine 2.361 ~ 1180.627
ZEFAMEZ A Narirutin
¥ {2 1 Hesperidin
I} Z Nobiletin
1% 2 Z Tangeretin

0.312 ~ 156.055
1.528 ~ 763.772
0.205 ~ 102.626

0.158 ~ 78.910

y =6.194 9x - 1.536 8 0.999 9
y = 13.381x + 0.121 2 0.999 9
y =6.144 7x + 0.032 8 0.999 9
y =7.2809x + 0.2312 0.999 9
y =6.209 6x -0.075 7 0.999 9

2.3.3 THEMBEKE

S WA B2 (FCIOL) (PU4ETs K2 (PCRVOL ) 4887
250.4 g, KiBFRE AT 6 £, 43 4% “2. 1. 37 T
AR A 6 1, %2, 1. 17 IR (i &1
D e R R BT b N ) R o et
B R R B e 3R K 3 1) 7 38 3 3l
10. 486 30.391 .98.250.0. 358 f10. 173 mg/g, PUtE
TR e IR S R R R AT 1 R 3R A
Rz 21 - 359 8 8 4 Bk 5. 708 .22, 976 .57, 502,
2.883 F11.031 mg/g, [-iR 6 {3~ F K AE a5 Fh
AR & 5 RSD {HAE 0. 12% ~1.45% JE [N,
6 1y PUALTE K FE b 5 FhoA 8508 o & 2 1) RSD {7

0.75% ~2.09% Jo N, /N 3% , %07 i 8
BYERL
2.3.4 FerfEnik RX I

BN B (FCIOL) | PUAET Bz (PCRVOL) 4 5
250.4 g NEHEFRE AT 9 0, FRE S 5% IR B i
FeR0.5:1 15 LRI 1: 1.5 g bl im A e B bk 257
R R B )V AR B 38 RT3 % IR ol L
RE SR EAT 3 0y, 392, 1. 17 T o 1% 45 (it R 43
BT B AN B2 AR 25 B AT 8 B A R B
FORIAE F2 F  aE % [m s R E 43 0 oy 100.59%
99.16% .98.97% 98. 65% 1 96. 48% ,9 )k i fin
BEEICR RSD {H7E 0.83% ~2.81% JEE P, PUAEF
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FEF SRR A T R R A T R B R I R R
B USRI {E 43 51 R 105. 95% (98. 84% (99.
90% .99.29% F198.01% ,9 {/¥FE 5 JINEE i % RSD
{HAE 0.56% ~1.97% {EEIN , ¥5/NF 3% , UBA finks
MR R (LR 4) .
2.3.5 R

Bee2.3.3 EA MR N (S, = TR
CE F2. 11 WUR A5 S5 AE 0.2.4.6.8
12 F124 h BERESHT TS T K Ak 2 Al
B AT 8 A W e 28 R Bz R e 1w AL RSD {H 7E
0.17% ~1.80% Ju B, VUL T B = ghpk 2= Al
B AT K8 R A W e 28 R Kz R e 1w AL RSD {H 7F
0.51% ~1.59% G, ¥/NF 3% , 3 AR %

WAEZE AT 24 h WEGETER L.
2.3.6 #semE

1S AT BRI VO A6 T B A, 4242, 1. 37 30
IR S A A S R, BRI AT R, T
FEE21 17 WUT g5 SRR E SR
SRR SRR T R R N Wk B R A B R
4R IR 5, SR SPSS 2.0 1, LA Lo
AR AT ST FEAS ¢ K IR S AT, IR AR P <
0.001, 1 745 P <0.001, I/ % P =0.048 ,7F «
=0.05 K I/KHET , 2R B A S it2= 5 L, AT L
NN, R S IUAET B b= Bl bR 8 K T R B
EMEEERIE(WES) .

x4 EBNEMHELOKRERER

Table 4  Results of the investigation of the sample recovery rate of the content determination

fmfﬁ . TEbRIIY IS &SI RSD( % )
Specification Index component Average recovery rate( % )

FCI 2% #i Ak Synephrine 100. 59 0.83

ZEFA AT Narirutin 99.16 2.01

18 2 Hesperidin 98.97 1.59

JI| B4 Hz & Nobiletin 98. 65 1.28

F 1% 2% Tangeretin 96. 48 2.81

PCRV F #fi#k Synephrine 105.95 0.56

S M Narirutin 98. 84 1.34

18 [z #f Hesperidin 99.90 0.72

JIIB4 R 2 Nobiletin 99.29 1.97

1% fz & Tangeretin 98.01 1.66

x5 HEmRENELER
Table 5 Results of sample determination
%5 F B =B RERH NIBREE 2 &S
No. Synephrine (mg/g) Narirutin ( mg/s) Hesperidin ( mg/z) Nobiletin ( mg/z) Tangeretin( mg/)

FCIO1 10.651 30.386 98.241 0.355 0.172
FCI02 4.892 27.653 88.447 0.378 0.174
FCI03 10.474 27.290 96.037 0.402 0.203
FCIo4 8.268 16.765 91.221 2.589 0.358
FCIOS 8.356 7.429 81.201 5.600 2.233
FCI06 8.862 13. 841 91.347 1.622 0.295
FCI07 6.462 33.066 80.277 0.375 0.179
FCIO8 7.524 30.861 79.473 0.368 0.183
FCI09 12.887 8.438 81.674 6.653 2.134
FCI10 12.795 5.472 87.816 9.496 4.985
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%% 5( Continued Tab. 5)
Hs BELHY N SR R e H JBREE % %
No. Synephrine(mg/g) Narirutin(mg/g) Hesperidin (mg/g) Nobiletin( mg/g) Tangeretin(mg/g)

FCI1 12.705 5.564 83.360 9.690 4.916
FCI12 13.170 9.623 91.051 8.600 4.250
FCI13 15.315 9.391 98.501 8.223 4.055
FCI4 14.838 9.262 92.246 8.419 4.383
FCII5 5.377 18.502 95.213 4.639 2.214
PCRV01 5.710 22.987 57.489 2.977 1.024
PCRV02 7.664 24.458 80.528 2.218 0.729
PCRV03 4.998 21.203 66.574 5.579 0.750
PCRV04 4.612 15.024 68.832 7.905 1.456
PCRVO05 5.797 3.975 64.104 7.052 3.128
PCRV06 5.595 11.926 70. 620 2.854 2.186
PCRV07 4.556 29.136 67.681 6.236 2.000
PCRV08 5.833 21.569 72.306 1.825 1.975
PCRV09 6.001 1.585 67.474 8.100 3.954
PCRV10 4.477 2.636 71.682 13.546 6.630
PCRV11 4.438 2.289 52.852 14.436 6.366
PCRV12 8.069 7.995 76.482 11.043 4.764
PCRV13 5.372 9.006 67.028 15.518 5.606
PCRV14 7.595 7.435 75.163 9.813 5.223
PCRV15 5.237 12.428 76.292 5.350 2.827
. 10.172 16.903 89.074 4.554 2.217

! pory 5.730 13.437 69.007 7.630 3.008
F 18.926 0.584 0.013 0.081 0.016

P 0.001 0.267 0.001 0.048 0.116

[P <0.05 KR 22 R BAGH AR S RS RIE,

Note: P <0.05 indicates that the difference was statistically significant ;¢ represents the average content.

& 8

MER OREERESERNS S EHEXLE
Fig. 8 Comparison chart of the average content of multi-index components in PCRV and FCI

s B B R . Note: * The component has significant difference.
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IS AN R T B 258 UPLC AL [ 35 R 25 A5 i 3 & xS LU oY 1179

3 itit 548
3.1 ikminmslE

AT d 2ok PR 2R A A, D e R U T AR/
PREE S R g AR R R 25 A il B2 A N R &R
HG K = B & w2 A PR FE bR, 20 )75 48 T B HUE )
(HEE . 70% W 50% W LB 10% B .50% £
Pt ) B Ty 2 (A B B m A TR ) | A B[]
(15 .30 .45 min) X HREAE B35 1S B F i D A 1 52
M) , 5 2400 2 R FH 70% FR R Jin4 ] 3 30 min 2R i
.
3.2 HBEEENEIIR ST

FRIE 1S A 58 25 SR WoR, S B RO A6
UPLC FAEEIESSA 7 A 0, i i B 48 A
AT RN DUAETT K1 5 AR AR Ay, 4300 R =
AR AR R IR S R A R o1
MFEEE T ANFIKAH (0. 1% BEFR AN 0. 1% HIR) (Wi
AN A Waters ACQUITY HSS T3 (100 mm
x 2.1 mm,1.8 pm) . YMC Triart C;; (100 mm x2. 1
mm, 1.9 pm) i AT RS % 4 (275 nm Fi
284 nm) | A [a] A1 R (38,40,42 °C) | A Ja] i
(0.28.0.30.,0. 32 mL/min ) X} 7 Bz 55 AE & 3% (0 1 0
5 Wi, 45 9 8 R K ] Waters ACQUITY HSS T3
(100 mm x 2.1 mm,1.8 wm) @3E4:, L1 0. 1% B iR
KAH, FE 275 nm K g KRR IR 40 °C R
0. 30 mL/min {43% 55 {1 T €035 06 1) 3 15 2 S0, ik
LorR, kg i 2, BG5S .
3.3 A"EREMNETSELERS X

A GE HE ST AN [FIRRA T K 2544 (1) UPLC FEAE
BIE AN B AL 2 hniih 7 A2 ig, Horp
BIHRIN T 5 AVFRRIENE , B i 1 R o bl s e 3 2%
TR 06 4 DR RS 0 6 IR E R 0% 7 Ty
W K 2, A 9E R ) HCA (PCA (OPLS-DA AT HIA
[FIRRA BT K 288 53R 2 2 gk —25 40 ml 0,1 5
U 4 e 2 S0 T AR Ak 27 B A X A R R A
(T B2 2548 () 22 S i 4, R G S 8T DK 3 3
BRI 433K PR PRI (975 K2 2561 U0 A S A T
WAL

BRSO R E AR, A
FVUAETE K rh & 1 5 Al L HIEE R 2K 20 25 el
FELE RN, B b SRR B A e T
VUAETE K, AT B2 v W e 25 A Bz R 00 & (IR T
VUAETE Kz, APREAS 1 B 23 il B2 Y 2 it A
BT ISR ¢ K5 S A, S R R R

MINBRE R 225 A gt e a5 L
A R B

BRAR S50 T ST Y B 2R AL S A0, $5E Aihl
I RO SY Z — o Zhao' ' XA T A
VUAETE B A H5  Tih  AIT 5 45 8 B, 7 i it 8 4
B -SRI A O MMEE WA BTRA, £
ISR R A BT B DU BT B I 22
I RIS, PUAET Bz i D BE BV B B B 0l
A3 AT E-5 DU AETT B2 P BT o IR RS A RO o)
PAB AR i i e 7 B A O

A B AR SRR ST, 9 B 5 ~6 A gk
FIPE R AR UAE T B 7 ~ 8 H RMSOR A 2R
S, PR DX 7E SR S TR R BB B, H A
SER AT, AR AR K B B2 SR 7 B R A
SRR R HRT B A A B R A WA, A RO A
S T Bt S It 18 A 2B i )R A T A 1 ek Y
A R D« )1 AR B 3R AR B 3R S B 3 1 a4 s = s
AR BRI 25 A il Bz S B D R e XS
Y28 S A7 HE ) T B[R] RURS (9 77 B Y
DR AR, 7 2 — 2 2 PSR I . AR B
PRI R RUAR B B2 S P 08 3 1 09 DX 1, 45
PR A A RS 7 BT, 4 7 e PR R
P RAR T 3 EAR B A, AT LGS G b S
PRAHRUENER , 325107 BIRCR . IR, 27 BUA T 25 4t
i Al LIS AT B MDY A8 77 B 70 O e 57 o d b e
AT LASEAT M T 75 B2 b 1A o 4
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