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Horp BB (Orbitrap ) i 73 M BESR LR L5 M A0 M5 B, 7E AU R TR s T BLA 25 10
10131 FL T R OB 1% - DU AR T - L S LB BIF i (UPLC-Q-Exactive-Orbitrap MS ) B¢ FHH A (1) #E
I QIS 227 7 2 RE RS DR S B A 2 03 ) s P S BIE A2 4 , 2007 e AN AT Rl S 24568 LAy, ik REAS
ERFAERR AR , S W [FIR 2 bt 2 2 S

ARG ABRILAE DY A T~ 17 AR BB BFFE X4, @37 B T UPLC-Q-Exactive-Orbitrap MS #1 i) £{
AR ) DR AR S0 T3 ¥ o ) R B T o3 35 B e R 28 P 22 S B R 2 7 DR 2R B I 2R 1k 5
Py o BB EE A R AL A Y AR B | A SRS T R LR G
WG BRI 3R . RS AN B 3R . ACBFFE skl (v 2 ) O rp o B A IR B AR 3 AR T
B R B 3R M B 3R A AR 4 ) st 4™ Je 28] 5 24 MR o B PP A R A OCHR MR P B L i
AT MER N R 3 s B ey, 8 BRE X 6 Rt i b & W nodexs & & I 15 30k
8 ) B REAT LU, LUIPFAN T BR B RE R Y L0 . ARG THIX 6 Fh SR AL & W0 4 X 75 fe
HEE A e/ N A5 53 B (OPLS-DA ) AR BE IS AY . TEIEERT b | VA 94 B SOk 1 Bk K 4R
W, G5 6 LRGSR T Wk B 15 23 BB 5 2, ARG R it rp 9 B2 5 AR SRS AR , O LA HAR XS
F O , B OPLS-DA 25 28T 5k, AT RGEHAZHE T Wik B S RS AR s B e Ry vh i e Y
PR AR . AHTSEEE RN R B ARy S B it T B K S

1 SEIER4Y

1.1 XFE5RF

UltiMate 3000 HPLC &30 AH 2 58l Q-Exactive-Orbitrap JF %A (€ [E Thermo Scientific 23 H) ) 5
5810R #Y 5 =5 i & O ML (72 [ Eppendorf 28 F] ) 5 MS205DU &+ 5 /3 2 — K- (%t Mettler Toledo 2
F]) 3 Milli-Q Reference 825 7K Y (32 [ Millipore A F] ) ; DK-1027HTDS RUEE PR VE VR (R L R A AR
ABRAF)

FPERFE (5. MUST-211011105 23 730 Cy7H3004) « Al 25745 (L5 : £1620090; 7 T2
CyH30y,) . B (S K6RJEHSY ; 433X CogHayO15) . JIFREZ R (L5 . KHZFC6D7; 43 F 2 Gy HpOg)
175 B Z (L5 . MUST-211011105 53 F 28 CorHzg0 1) FIE R R (151 €10841702; 43 F 28 CyoHp005)
P BRI EE (N AR A BR A F], HPLC B 50=97%; HIR (kg , &= ACS A H]); HfE
FNE (5, 2 E Tedia AF] ). SEEHZK A Milli-Q 467K (18.2 MQrem),

124 WR B RS I T AR A VLT T 5 A R B A BR S | BFE AR G 4R 2023 4F  #i L Rk A
[ 5309 746 1245F0 17 42(TY L 12Y FN17Y) 36 3 20 ) BARAE B L RS SCHFF B3R ST,

1.2 XWHE
1.2.1 #RAERBRAIEH

HEGRPRIBUT AR T . Al S B . JIBREC R« A R R A 25 H 1 R B R AR i 45 10 mg, LA
H B T E 25 2 10 mL, RT3 1 mg/mL (Y HARERE . K 6 D RARERERRE . 1A, 3/ 20 pg/mL BIR
BAER R . R SR G RIE A T 40 CIRAF
1.2.2 HmarabiE

W7 BRE RSB RE . 3 80 H i (FiiAL 180 pm ) J5 , 345 ) MR ARE S o WERMFREL 100 mg | B Kz
WA, BT 25 mL EOE N, A 20 mL A HEH 20 min(220 W, 40 kHz), L4 10000 r/min &0
5 min, FIFRAER 2 25 mL P, DIHEEE A . FEMIAIRZS 0.22 wm TALIERT IE 2 1.5 mL EFEIH
b UPLC-Q-Exactive-Orbitrap-MS Al .

1.2.3 fiffs

Waters Xbridge BEH Cg (34 (150 mmx4.6 mm, 3.5 wm); FsIHHHR 0.1%H FRIET (A)-Z 0 (B) .
FARE VYRR AT : 0~8 min, 5%~90% B; 8~12 min, 90% B; 12~12.5 min, 90%~5% B; 12.5~15 min,
5% B. LN 0.5 mL/min, $EFERCN S pl, RN 25 C.
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1.2.4 JUE&EH

B HESIR  IE B T BEEd R R 3.5 KV, B IRE N 380 °C, S ALIRE N 350 C,
WSS E 77 60 psi(1 psi=6.89 kPa) , HHBI i 10 L/min, S-lens RF HLE 4 50 Vo $dE 3R BCR A Full
MS/dd-MS? #3K , — 2 BE B F 43 3Rk 70000, — G A4 HEE FE A 120~1000 Da, —Z% [ i3 25 45 5 N
10°, U KB FIEAR I A . R TFETAHERN 17500, (R ZBEE 6 1585 R milz 1.2, Rif#E g
HREEE N 20, 40 F160 eV, "2 A S35 5 IE R 5x10%, 9 KB FHEARFE] 100 ms , HX E{E R
8x10*, TS % h 2~10 s, ShASHERR 5 s
1.2.5 HEREFE

B P 5 A PR T SR LR 5 SR F Xcalibur TAESEHEF 0 . RIS 0 —fb b3 IF R FHA MR 12
THRASE) 3 AMERAL(TY . 12Y M 1TY) 6 R iy & & . ARYEITEE B 456 SCikaf e ) BRE oA
AR 53 R 43 T2, L 10 ppm (10°7°) ) AR 220 ] BB — SR i g . R THEER K 2 iy
R PSRRI (OTCML) . 23k KR40 T 45 F- 55 (GNPS) AT HE4R 1T (Mass Bank ) 45 T i 44
JE R WR B AR A TR

TEL LG T )5 I, R JH SIMCA14.1 (Bt Umetries 23 7)) #EAT 30202047 (PCA ) F OPLS-DA ., il
it OPLS-DA AL 45 3 A5 4% 52 S L (VIP) LR 20 HT p (A, AT ZE bR AR . 22 R4
44 Origin 2021 (32 [F Origin Lab 2y F] ) . GraphPad Prism 9(3[E GraphPad Software 2\ 7] ) il Metaboanalyst
M3k (https://www.metaboanalyst.ca/) o

2 GRS

2.1 HFmAKIFEEXETM

A5 UPLC-Q-Exactive-Orbitrap MS J7¥E M2 ) FRiz 4 6 FPasiifb &4t &&= mE 1 a]
A BEE BRACAE N, TR T 6 R AL G S i N RS O T B AR B R A AE A 5
6 P E AL A1 & i Z A AR DG AR e O TR AE 555 X3, X4, X7, X8, X11 MIX12),%
FH Bz IRt (Pearson ) A G AT TH5R 6 Fh TR AL G4 (0 2 %) B 12 S AR ARA7 AR AR DG (I Fe RO R S+
HEE S, HAFE IR Pearson MR ) o AHERECNIE(EN R /R IEAE, ﬁl{ﬁi’%%ﬁ'*ﬁ?&m]o g IR
FH MR S R4 X i S PR AE 0 AR A R RCRIEAR DG, MR . B, NI R R R
FEH I R 2 R 4 ) & i SRR AL R ARG, TR, ) PR AR i PR R L BT L IR
. R AL BN R R R & B A ARy B TR A s (P2 ) O B e s B 1 L )1
Wik B 25 A B2 28 10 % et Bt MR A AR 3 3 I RT3k 5 SCHR[ 5.7 JHE P 25 SR — 30 Hh Il A B o
W) Wk B A R TR LSS PT 5 | A2 AE AR b i A B8 T ) s it
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Fig.1 Differences in the contents of 6 kinds of flavonoid compounds in Guang Citri Reticulatae Pericarpium

from 3 vintage years groups (n=3)
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2.2 THREDREELEWER

RGP E R A L2 T b A AR R A AT o F IR R RS R o 5
SEL . WERILER . TTRERNSERE . EEROLER . BRI A4S T RCRURS IR A BT LS o e S
FIAT B G P S GO SR EY R B (F B . — kbR . s 5 A s Ao
PEAE(E BRI . AR BT 2= S A S A R AT A 2R e B . AR
6 MRMEYI TG . — 2 o BT A g S BB (S B, LS OTCML A1 GNPS 45 B8 e , o485
A SCHR AR R AT (5 ., AT R GRS 2] 94 Fh B RS AR SEERHE M AL A9 , 0 2ef Gt
R TIENEE I AFEARR . e, O A T B T RN S S . T SO X e 2
DI K — 2 R TR B RO A 5 B B e o RS 1~63 ML B BRI S, PS5 64~94 LS
Yo A= ik A A BRSBTS S RHFE R S2) .

DIV B B 25 4 0T £ Xof 1 A 0 TR RR R A I 2 BB, 7 ) W e R ot D s IO 5 5 v ol ot 1145015 )
O4 Fh #5 I 2 AN AE B IR S AL ) AL S A AET 5 . 25 SRR, 94 R LB WTE T B B AR i v AR DG B B A
TEAR Gy A A 22 57 (F FRROSCR SCHFE R S2) o FHIE] S2 A SRISHRIEI AT 15, 21 HE PN J 7R A AR (R AR 0 5
T WA BRAGAE G S I AT T T B, S8 AL s ZDHE N JRR AR Bk 740 71, 67, 88,
86. 72. 90 F1 78 “FACHMA , Hw ¥ @ T ¥ WS A & . F el |, SRS A & WA S AR e fS %]
NGBS 2 Ay I P Kk vt T M N R N K R R A AWK 7/ ol A S WA e
2.3 ETHRUAYETSEN BREEMER

FEVERT BR B RE St R IR BT, R IR S v 6 AR SR AL & W -3 & i AR A S5 AR A A
KWk R, M Z gt oM orik s ke b 6 P2k &4 & i S AR Oy Z I i 0GR 85983 6 F
IRV S W 2 AT E N T2 0 BR B ARy (P A i A o BB 3 NP4 R B2 A
H 6 FHE [ AL S WL XS 43 S T PCA FI OPLS-DA A58 . 4nf&] 2 ffizs , 78 PCA 543 E1 il OPLS-
DA 15353 I Fh i b L X 0 Y 17Y ALAORESN 5 7Y R0 12Y ZHAGRES, (EJCIE X0 7Y 405 12Y ZHAYRES,,
YEHIIX 6 FP QM RS AL G W ME LAHERR X 43 ) DR EC ARl 1 3 AR 20, N RE A AR Wk B i 48
T TEAR A . AWFIEHE— 25 KRR 10 A5 W A AR YO 1], A 8 T A T ) 2 0 G T BB A A
HAZHE B K TR AR AR A R

A A .7Y B A =7Y
B 12Y 12Y
3 A A1TY 0.4+ . A17Y
2F —
N
= 02f
_ A ; L4 gy
S o of
—1k S
S —02f AA
o, A - = o
3L —0.4F o)
_4 1 1 1 1 1 o> _06 L 1 1 L i 1 L 1 1 »
-6 —4 -2 0 2 4 -25-2-15-1-050 05 1 15 2
t[1] 1.00044 * {[f]
R*X[1]-0.636 R2X[2]=0.245 R2X[1]=0.656 RX[2]=0.036
Ellipse: Hotelling’s T2 (95%) Ellipse: Hotelling's T2 (95%)

K2 BT 6 R [ L G Z e T A R (A) RGN (PCA) R4 (B) IEA N —
T F B 5341 (OPLS-DA) 1543 ]
Fig.2 Statistical analysis results of 6 kinds of flavonoid target compounds: (A) Principal component analysis

(PCA) score plot; (B) Orthogonal partial least squares-discriminant analysis (OPLS-DA) score plot
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2.4.1 " BREPEMELESWHFMHERNTR

oA S WA R B A B S T BT LR B 5 TR, )R B B0 T 2O M
G300 DL R -2 K T T P RS AR T RE S T FE RO AR AR AR A . A
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TR IS A AR PR S . ARAE 2.2 T AR B 63 R e AR ) 1L A W) AT B A T
HER R4 S PR OPLS-DA #E1 ([8] 3) . &5 IR, 51& 2B AL, It OPLS-DA #ERI G2 N 22 S HE /)N
ULRAY R0 ) £k A W A BB R J s AR (R A7 003 25 52 (L USSP T BT X 43 7Y 45 12Y 41
FE&, UL UK SR 63 Fh i RS bR R PME LA X 43T Wk B2 R BR AL A0 o FR SR AL DL B A5 9 R
B bR e 2 RS AR RAED T BRI A 22 57 . TR BR T & A IR A WA i B A
AR AR B A XA B AL A Y T BE A A S A R . R I, T R Ak
YIRS A 3 RACE G R 3238 e AR A i A

A @ v
2F B 2y
15} [] A 17Y
& A ‘
T o5k
— _05 -
(==}
- 1k A
15k 00)
2
_2.5 1 1 1 1 1 :
-6 -4 B 0 2 4
1.00012 * t[1]
RX[1]=0.37 R2X[2]=0.074 Ellipse: Hotelling's T2 (95%)

K3 ST 63 M EHISHE AL S AR & ) OPLS-DA ##53]

Fig.3 OPLS-DA score plot based on the relative contents of 63 kinds of flavonoid-targeted compounds

2.4.2 TEHREPEMEMIEEMENEYNERLEINHAR

BRI RM, R h R T S S ot , B SR . AR & RS a 2 5 ek
FA Wi AR B A W B 2SR TR ARE 52 AL FE RS2 IR, S 1 O 4 T A2 B P A B AR I b i AR )
AT A BT SB[ Ak G W SE Al L3N 31 AR SRS AL G, U KM 1 A & W i 5 . AR TR
2.2 AR B 94 Bk A Py ARG B f Al T 2 FNIE B DS AL G ) ) OPLS-DA BERY (5] 4A) 251 3%
B ARSI RPX 4 0.80, R°Y 4 0.96, Q° 4 0.85, REA XXX 43 3 MFEARLLAY S MREZFER . 5 OPLS-DA 45
([ 3)AHEL, OPLS-DA A1 (K] 4A) fEfE 8 21X 4> 7Y 4R 12Y LHAURESD . LZs SRR KT 2
FEHERAC A Y OPLS-DA BEHY 5 3% I F i de v e AR b i AR . i —25 DL 7Y 43kt 5
12Y 201 17Y dHAHECEE (7Y vs 12Y ., 7Y vs 17Y), LA OPLS-DA iR VIP {E>1 il p {H<0.05 N fiidkhriE,
iz FA 4 BRI AR50, A 94 R a1 4k A Wy 2 3 32 FiEAE AOAR (AR AR AR (6 1) o X sehridfu
15 24 AL S W) (ZER R FEREM A Y) o 2 PG R B W ORI A ) |
2R EERBMAY (FARMEAEAR) . | FimREEY (PR ) . 1 ME RIS (RN
Bie) . LR TR (BT ) F0 L AL G (SR IR AR) o TR AR . ek . X8y, A
T, MR 5,6,7,8- V0 S E-2- (4- AR ) -2, 3- A -4H- (A Jf-4-T . 4R JE-2 F1 5-FE5E-
7,8,3",4'- DU FF 48 L BRI 8 Ak A SRR 1) R B R TR AE AR AR A 2

KIRAIEIX 32 FPVEAE AAE AR AR RE 15 A R X 00 3 MR ALA T MR B RE A, DA R AR e F
A OPLS-DA AL IE L (& 4B) . IWAEHIEY R2X 9 0.84, R2Y 47 0.89, 0% K 0.78, 3 MEEIA4EIT 1, %]
OPLS-DA ALY R | 55T 94 FIE a4k &40 OPLS-DA BRI Al FEBE 3 X 43 3 MEMY U REM . I
A AL T 200 B B SR (18] 4C) , Hod R* U (E A 0.28(< 0.30) , Q* #IE(E —0.61(< 0.05) , R* il
Q* WY ZE AR/ INT A A, DEWIB R R i BE S A HLELA AT AE J7 . P LD | 25 5 R R b A
32 P E Y ATAE R ) R BV A AR A AR, A B T MR B A AR 4531
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TR OPLS-DA BERY E ke 56 el
Fig.4 Results of OPLS-DA analysis based on the relative content of flavonoids and non-flavonoids: (A) OPLS-
DA score plot of 94 kinds of targeted flavonoids and non-flavonoids; (B) OPLS-DA score plot of 32 kinds of
potential vintage metabolic makers; (C) Permutation test diagram of 32 kinds of potential vintage metabolic
makers in OPLS-DA model
K1 2FETERAE bR S
Table 1 32 kinds of potential vintage metabolic markers
Fe s ey gy KA || B (lazy) sy 2R
NO. Compound Formula  Type NO. Compound Formula Type
% e
1 /I.gi CuHyOy V) 17 )H:* %ﬁ.ﬁ Ca6H300s
Orientin Limonin
2 4 X %/ 3
2 AT CagbaO; 18 S Cell05  V
Nomilin Chrysoeriol
G i
3 SR Cou0n V|| 19 A Caba0;
Rhoifolin Isosinensetin
5,6,7,8- 10 HF (k-2 (4- Y S L0 ) -
P2 2,3- " -4H- {007 -4- T
4 Ferulic acid CiotioOs v 20 5,6,7,8-Tetramethoxy-2-(4-methoxyphenyl)- Caot0s
2,3-dihydro-4H-chromen-4-one
(=1 =3 R VN
5 SRR Gl V|| 2 AR Caln0y V
Isomeranzin Homoplantaginin
55 S
6 e Ci5Hi0s 22 Bikies o0y V
Apigenin Scoparin
7 e iy CoHnOw V|| 23 PR CoHi0; Vv
Narirutin Jaceosidin
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£3:4¢1 (Continued to Table 1)

5 EY s K| FS EY A
NO. Compound Formula  Type NO. Compound Formula Type
5- -3,6,7,8 4'- S HL T T \
8 5 H%X;% 367843'55‘3?1_&% CooHpOs  V 24 5.6-— BT 4= AR CyHE0,  V
YAroRy=2.5, 1,8 peniametiony 20 5,6-Dihydroxy-7,4'-dimethoxyflavone 176
flavanone
e A KT -2
9 IR ColliNs0, V|| 25 . T
Adenosine Vicenin 2
i T——
10 o CisHia04 26 T CoHaO; V
Eriodictyol Isoorientin
VL= il 5,7.8,3"4'- i H A KL
11 CuHnOs  V 27 S CoHn0;  V
Hexamethoxyflavone 2 5,7,8,3',4" - Pentamethoxyflavanone 200527
T 5,7- 2 %k-6,8,3",4'- DU F AE I E T
12 CorH300 28 : o CioHpO5  V
Rutin 27306 5,7-Dihydroxy-6,8,3',4'-tetramethoxyflavone 1977208
LS Z-3-0-=F M
13 @%W& C]]H]gNgOz \/ 29 IJJTM Kﬁ*ﬁﬁ C27H300|5 \/
Tryptophan Kaempferol-3-O-rutinoside
Gin JEEEE
14 %Rf& CoHyNO; — V 30 7'““*% CisHi0s  V
Tyrosine Luteolin
BN 5-F255-7,8,3",4" - DU H A 2
15 CoHENO,  V 31 CyoHys0
Synephrine s 5-Hydroxy-7,8,3",4" -tetramethoxyflavone 18T
5.6,7.4"- 00 S L TR S F
16 o - CHis0s  V 32 CHis05  V
5,6,7,4'-Tetramethoxyflavone 197186 Chrysosptertin B 19TIEE

VORI I AR ORI <

Note: V' denotes the newly-discovered potential vintage metabolic markers.

3 #it

AWFFE R AL ) B A A 2455 OPLS-DA 345X | W BB it b AT A B RAR (3 21 1
S IFRAIZIR T T WRECEAE AR AR S A . 45 2RERIW] BT BRECHh 94 Fh B BRZEFIAR B2 1L
B PIAXS E RE FTR R OPLS-DA DLARKIRL, RIXE 3 ARGy 2 1 B BORE AT HER ) 400 0 Ar o T
Betth b Nt e 32 Fiika W, IR AT OPLS-DA Z3 A I iR Baiibsx 32 ME e AR bR a5 A vl 1 7
I BRB AR S A RMER TR . Horh 20 SRR A 24 Fh LG W AT ol A B B T T E 4
bR A . AAWFFELE R, 5T #0 ) i A 2~ T BRI WR BEAF- 5 M 301, A 5 o TR A A 47
bR A, 30 T A A A = AT TS U, S i ke i 3 BT R B AR Oy M xR it T RS %
QLA BB AR 0 B A S AL 1 S
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Vintage Identification of Guang Citri Reticulatae Pericarpium Based on
Targeted Mass Spectrometry-based Metabolomics

JIAN Xiao-Jun'?, LI Han-Xiang’, WEN Qian'?, TAO Yi-Wen', HUANG Hong-Bo ', DING Bo™
"(Guangdong Provincial Key Laboratory of Molecular Target & Clinical Pharmacology, School of
Pharmaceutical Sciences, Guangzhou Medical University, Guangzhou 511436, China)
*(Key Laboratory of Rapid Drug Inspection Technology, National Medical Products Administration,
Guangdong Institute for Drug Control, Guangzhou 510663, China)
3(Institutional Center for Shared Technologies and Facilities of South China Botanical Garden,
Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract The medicinal value of Guang Citri Reticulatae Pericarpium gradually increases with the increase of
storage years, leading to a corresponding rise in its market price. This has resulted in a serious issue of fraudulent
misrepresentation of vintage identification in the Guang Citri Reticulatae Pericarpium market. To address this
issue, the present study focused on Guang Citri Reticulatae Pericarpium aged from 7 to 17 years, employing a
targeted mass spectrometry-based metabolomics approach for vintage identification. Initially, this study targeted
the analysis of quality evaluation indicators, such as hesperidin, naringin, and neohesperidin, as specified in
Chinese Pharmacopoeia. A comparative analysis with existing results was conducted to assess the authenticity of
the samples. Subsequently, the absolute content of 6 kinds of flavonoids and the relative content of 63 kinds of
flavonoids, along with 94 kinds of flavonoid and non-flavonoid compounds, in Guang Citri Reticulatae Pericarpium
were calculated using targeted mass spectrometry-based metabolomics. By integrating orthogonal partial least
squares-discriminant analysis (OPLS-DA), the potential metabolites associated with the aging process in Guang
Citri Reticulatae Pericarpium were identified. The results revealed that relying solely on the three quality
evaluation indicators specified in the pharmacopoeia for flavonoids was insufficient to effectively distinguish the

aging process of Guang Citrt Reticulatae Pericarpium. However, through targeted mass spectrometry-based
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metabolomics, the potential age-related metabolites in Guang Citri Reticulatae Pericarpium were successfully
identified. Thirty-two kinds of potential vintage metabolic markers, including compounds such as hesperetin and
nobiletin, were selected from a pool of 94 kinds of flavonoid and non-flavonoid compounds. The discovery of these
metabolites provided an effective means to differentiate Guang Citri Reticulatae Pericarpium of different ages and
held promise for potential applications in the authentication of the aging process in Guang Citri Reticulatae
Pericarpium.
Keywords Guang Ciiri Reticulatae Pericarpium; Vintage identification; Targeted mass spectrometry-based
metabolomics; Vintage metabolic markers; Orthogonal partial least squares-discriminant analysis
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