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Identification of Citri Sarcodactylis Fructus and Citri Fructus based on HPLC fingerprint coupled with
multivariate data analysis

WU Di'*? , LIN Xiaoyuanl'z , LIU Kai'” , CHEN Yuhang4 (1. The First Hospital of Hunan University of Chinese Medicine ,
Changsha 410007, China; 2. Key Laboratory of Research on Prevention and Treatment of Major Diseases in Chinese Internal Medicine
and Transformation of Achievements of Minisiry of Education, Changsha 410007, China; 3. Hunan Provincial University Key Laboratory
of the Regional Characteristic Traditional Chinese Medicine Resources and Ecological Agriculture, Changsha 410219, China; 4. School
of pharmacy, Hunan University of Chinese Medicine, Changsha 410208, China)

ABSTRACT: OBJECTIVE To investigate the feasibility of performing identification of Citri Sarcodactylis Fructus ( CSF) and Citri
Fructus (CF) based on high performance liquid chromatography ( HPLC) fingerprint coupled with multivariate data analysis.
METHODS HPLC method was applied to establish the fingerprints of CSF and CF. Similarity evaluation of 12 batches of CSF
samples and 10 batches of CF samples was performed by Traditional Chinese Medicine Chromatographic Fingerprint Similarity
Evaluation System (2004 A edition). Hierarchical cluster analysis (HCA) , principal component analysis (PCA) and orthogonal partial
least squares-discriminant analysis ( OPLS-DA) were used for data analysis. RESULTS HPLC fingerprints of CSF and CF were
established, respectively. The fingerprint similarities of CSF samples, as well as the fingerprint similarities of CF samples, were all
greater than 0.9. The similarities between the fingerprints of CSF samples and the control fingerprint of CF, as well as the similarities
between the fingerprints of CF samples and the control fingerprint of CSF, were all less than 0.9, which indicated significant
differences in chemical composition between CSF and CF. The total 22 samples were divided into two groups by HCA, PCA and
OPLS-DA, which was consistent with the two varieties. Three differential markers were screened by OPLS-DA and two of them were
identified as 5, 7-dimethoxycoumarin and hesperidin by reference substances. The statistical analysis indicated that the ratio of absolute
peak area ( APA) of hesperidin and 5, 7-dimethoxycoumarin can distinguish CSF and CF from each other simply and accurately.
CONCLUSION HPLC fingerprint coupled with multivariate data analysis can be used to identify CSF and CF.

KEY WORDS: Citri Sarcodactylis Fructus; Citri Fructus; high performance liquid chromatography fingerprint; hierarchical cluster

analysis; principal component analysis; orthogonal partial least squares-discriminant analysis; variety identification
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Tab.1 Sample information of Citri Sarcodactylis Fructus ( CSF) and Citri Fructus (CF)

Sample 1D Sample Ripeness Place of origin(in Chinese) Collected time
F1 CSF Green fruit Zhaoqing, Guangdong( ] ZRHEK) Jul 2023
F2 CSF Yellow fruit Zhaoqing, Guangdong( ]~ 4K Sep 2023
F3 CSF Yellow and green fruit Yunfu, Guangdong( ]~ %K=V ) Aug 2023
F4 CSF Yellow fruit Yulin, Guangxi( ] P4 FAk) Oct 2022
F5 CSF Green fruit Yunyang, Chongqing( T K 2 BH) Jul 2022
F6 CSF Yellow fruit Wanzhou, Chongqing( 5 JJT M) Sep 2023
¥7 CSF Yellow and green fruit Dazhou, Sichuan( PYJI]5kH]) Aug 2023
F8 CSF Yellow fruit Leshan, Sichuan( PUJi] 45 11) Sep 2023
F9 CSF Yellow fruit Ya'an, Sichuan( Y)I[ %) Oct 2023
F10 CSF Green fruit Chuxiong, Yunnan( = Rg2E 1) Jul 2023
F11 CSF Yellow and green fruit Jinhua, Zhejiang(#i{T4:1€) Aug 2022
F12 CSF Yellow fruit Jinhua, Zhejiang(#iL4:1E) Oct 2023
J1 CF Yellow fruit Lincang, Yunnan( z ®IIfii) Nov 2022
J2 CF Yellow fruit Chuxiong, Yunnan( zFg#EHE) Oct 2022
J3 CF Yellow fruit Chuxiong , Yunnan ( z F§E1E) Nov 2023
J4 CF Yellow fruit Baoshan, Yunnan( = Fg{#11L) Oct 2023
J5 CF Yellow fruit Lijiang, Yunnan( z=RE§ARYL) Oct 2023
J6 CF Yellow fruit Luzhou, Sichuan ( 411344 ) Sep 2023
J7 CF Yellow fruit Chengdu, Sichuan (P4 )J1] i#E5) Oct 2022
J8 CF Yellow fruit Chengdu, Sichuan( P4 J1] 5#5) Nov 2023
J9 CF Yellow fruit Wuzhou, Guangxi( ) PG5 ) Sep 2023
J10 CF Yellow fruit Zhaoqing, Guangdong( ]~ ZZE)K) Sep 2023

R2 T 5 R &S BURAE €15 (HPLC) AR 35K i 8] 5%
Tab.2 Wavelength schedule of HPLC detection of CSF and CF

samples
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t/ min
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1 — hesperidin; 2 — diosmin; 3 —neohesperidin; 4 — oxypeucedanin hydrate; 5 —5,7-dimethoxycoumarin; 6 — bergapten; 7 — limonin; 8 — oxypeucedanin; 9 — nomilin.
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Fig.1 Chromatogram of mixed reference of common components of CSF and CF

204 JPREHGE BT ST i
R L LSBT WY LT A R 5,7
-+ 1506 -

Chin Pharm J, 2024 August, Vol. 59 No. 16

AR BRIy 2 ik, O % 25 -
2. 1. 37 U Tk e 1 O el v

Hh E 2770 5 2024 4 8 H 5 59 5 16 1)




FEIR2. 117 IUT A 3% J A i S AR D A 6 IR, 3
ST E 30 A oA 0 1 AR X R B8 ) A AR X A
i 2= (relative standard deviation, RSD) <1. 89% , #{
XU T AR RSD < 1. 24% , SR WA 0 %5 B R 45
QS MEIRTE B2 1. 37 I 45 10 ] — 1 T b K
6 13, BB PRI 2 o, WG B FRsE , R B2, 1. 37 101
T AT A AR A W P IR 2. 11T IR 5
AR HEREIE , TG 2 30 A A 0 1 A X PR
BA B[] RSD<1.77% , #X%F 0T FL RSD<1.63% ,
R HTEEEE R OREH KR R LR H
LI W A& A — f W, R IR
“2. 117 IR Ak S, 4 T 0.8 .16 .24 32,
40 .48 h BELLFEREINE 7 W, I REATE] 30 ML
WA {8 R %o P B I ] 7 RSD << 1. 96 % , A Xof i T 1
1) RSD<1. 87% , W] % Ik 2 14 T il i V5 W 7
48 h NEEETE R4

2.1.5 HPLC $8 SC &35 A r S AT I i bR 5
SR 12 LT 10 AR 2. 1. 37 TR il 4%
P TR, FE R 2. 1. 17 TR (1 A AR I 5
ISR AHERE S 1 TS B . 23 008 12 L6k .10
AR ) (T B T A T 2 (0 48 S0 TR 35 AR DL B2
P R GE(2004A i) ™, BOE S BRIEG , #4106 B 3))
VEIC, A= B e 203 22 &1 3 0 ) BR 48 203 (&
2.3) a5 ER S R (D) HEXT, #fA i T

FRECEE R 3L A I 14 (15 16,19 22,24 .26 73 5]
A B A R BRE BT KA AR AT R
5,7- RS B8 PP R ORBR (BT 4) 4
GRS 3L AT I 18,19 22,23 24 43 5]  #6
B AT 5, 7- R R TR R
KACES) o

2.1.6  ARMUZIEHT 20506 12 #E 0T 10 HEA
WA (A 5 A 2 (533 45 SIS A AL O
Hr AR GE(2004A Ji0) " HEATARLBE o #r , 45 2R s 4
5 T 14 45 ST 5 X B SRS 9 A B 73
% 4 0.978 ,0.986,0.980,0.985,0.986,0.983
0.931.0. 969 ,0. 934 0. 988 ,0. 965 .0. 967, 4} 4t 4
1 04 S0 5 N B 9 0 B3 A A 0 E 0
4 0.993.,0.950,0.926,0.964,0.907 0. 965,
0.912.,0.975,0.995.0.963, % > 0.9, £ W 12
HEBE T 10 AR 45 P 1“7 0 22 52 35 BN 5 Al
T 14 1 S0P 3 55 M0 A 1) o B A 201 3 e A+ A
Ji£ 43 B g 0.470.0. 475 ,0.534,0.491 0. 495,
0.674, 0.687, 0.746, 0.515, 0.632, 0.573,
0. 551, 4 HA 4 14 45 S0 B35 5 4 T~ 19 % B 45 2
P 3% 9 A ABLRE g3 i) O 0.723 0. 644 0. 600 ,
0.490, 0.477, 0.616, 0.552, 0.468, 0.510,
0.635, 35 <0.9, R W T 5 M0 45 A b~ Wi o0 17
e E V=S

=

F11
F10
F9
F8

F7
F6
v F5

eeeee( ¢

i Fa

ik F3
. F2

b F1

T T Y
0 13.05 26.09 39.14

B2 12 #ufhF HPLC 35 20 B 3 & 38 fo xd R 96 0 B

T T T T
52.18 65.23 78.27 91.32

Fig.2 HPLC fingerprint overlay and reference of 12 batches of CSF samples
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Fig. 3 HPLC fingerprint overlay and reference of 10 batches of CF samples
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14 — hesperidin; 15 — diosmin; 16 — neohesperidin; 19 — oxypeucedanin hydrate ; 22 -5, 7-dimethoxycoumarin; 24 — limonin; 26 — nomilin; Other peak components unidentified.

B4 12 36 F HPLC 35 50 3t A 14
Fig.4 Common peaks in HPLC fingerprints of 12 batches of CSF samples
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18 — hesperidin; 19 — diosmin; 22 -5, 7-dimethoxycoumarin; 23 —limonin; 24 — nomilin; Other peak components unidentified.
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Fig. 5 Common peaks in HPLC fingerprints of 10 batches of CF samples
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13 - hesperidin; 14 — diosmin; 17 =5,7-dimethoxycoumarin; 18 — limonin; 19 — nomilin; Other peak components unidentified.
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Fig. 6 HPLC fingerprint overlay and reference of 12 batches of CSF samples and 10 batches of CF samples
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Fig.7 HCA dendrogram of 12 CSF samples and 10 CF samples
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Fig. 8 PCA score plot of 12 batches of CSF samples and 10
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Fig. 9 PCA X/Y overview plot of 12 batches of CSF samples
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Fig. 10  OPLS-DA score plot of 12 CSF samples and 10 CF
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VIP values of common peaks of 12 batches of CSF
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Tab.3 Statistical results of absolute peak areas ( APA) of 3 distinguishing markers of 12 batches of CSF samples and 10 batches of

CF samples. x s

APA or APA ratio

Sample
Peak 11 Peak 13 Peak 17 Peak 11/Peak 17 Peak 13/Peak 17
CSF 454.6 £212.3 1125.3 £407.9 3814.5+1508.6 0.12 +0. 06 0.32+0.13
CF 138.4 £37.8 1723.9 £725.7 426.7 £176.4 0.43 +£0.35 5.03 £3.54

AR 5 5, 7- " E I/ G K APA |
HICE ], KRB H S 5, 7- A REFER
) APA PR 5 b T 55 A A5 1) 5 %o 1o RO 48
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