%16 % 5 6 ] JEg I R Vol. 16 No.6
2025 43 Journal of Food Safety & Quality Mar. , 2025

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20241224004

SIS, FREMH, T A R OB (5 - DU AT R B RS I R o vk O A A e A DR AL £ v 8 Rl IR
ool &A% A s Rl2E4), 2025, 16(6): 216-223.

HUANG Y, WANG XY, YU J, et al. Screening and quantitative detection of 8 kinds of anthraquinone aglycones in weight-loss

foods by ultra performance liquid chromatography-quadrupole ion trap tandem mass spectrometry [J]. Journal of Food Safety &
Quality, 2025, 16(6): 216-223. (in Chinese with English abstract).

B P SO A 0% - DU AT H3 I TS A5 i vk
P A A A NG £ b 8 Rh AR T

H+ Y, zmm!, F ol s o2l B R E2Eaz1 sLigm?

=¥
(1. T TAKEIAI AU, YERH 110000; 2. YEBHZSRIHARAF, LHE  110000; 3. FEZ A T
UE A ARRAF], dJbE 100015; 4. i1 T8 25 LK IAGI S, YEFH 110000)

# OE: BRY  dv AU E bk i & B IE 2 T A e A . AR RITMROK R
B9 7 4 v TR IS W T K A o IR T, I P 1 SO €8 33 - DO A AT £ 3K 2 - F A5 T3 1k (ulltra
performance liquid chromatography-Q-trap-tandem mass spectrometry, UPLC-Q-trap-MS)*f 7K f# ;=4 (1 8 Fh TR
HOCHEATINE . L2 SO i (multiple reaction monitoring, MRM)/E Ay FREHHGI, I3 i fi5 BARAE R £
(information dependent acquisition, IDA)fj /& 3 5 7 B4 F-49 4 (enhanced product ion scan, EP)EZ, %4 MR
ot SR WUEE TR R AR IRy 5.0 mg/kg, EEBR 12.5 mg/kg, 7E 0.25~5.00 pg/mL i [
PZRMESE R BT, o 7 AR OCHA 1B 1.0 mg/kg, &R 2.5 mg/kg, FfFLAE 0.05~1.00 pg/mL i
WML R BT, MERE r=0.992. 45178 2.5, 5.0 £ 20.0 mg/kg(KH & I BEAE 12.5. 25.0, 100.0 mg/kg) 3
ANURPE K- HEAT AR i, 8 A 1T 0P IR 80.6%~102.0%, FHXIHRMESN 2 (relative standard
deviations, RSDs) /1 2.35%~8.80% (n=6), &&i® %y EAEMERI . RBUES . WMESMNTES, S5 T8
ol AR G ] P bRl s 5 T o 0 o

SHIR): SO (83 - DUARAT BRI B T R & i i, R AT T, DUIE AT hh; i it

Screening and quantitative detection of 8 kinds of anthraquinone
aglycones in weight-loss foods by ultra performance liquid
chromatography-quadrupole ion trap tandem mass spectrometry

HUANG Yuan", WANG Xiao-Yang', YU Jia', GU Yan',

CHENG Liang’, LI Zhi-Yuan’, KONG Xiang-Xiang®
(1. Liaoning Inspection, Examination & Certification Centre, Shenyang 110000, China; 2. Shenyang Yupu Technology Co.,

Ltd., Shenyang 110000, China; 3. Shanghai AB Sciex Analytical Instrument Trading Co., Ltd., Beijing 100015, China;
4. Liaoning Provincial Institute for Drug Inspection and Testing, Shenyang 110000, China)

WFs HEA: 2024-12-24
EEUH: 5T =& WA BB UR A Q-TRAP Jy i v & FP S SR VS AT W 2515 2 143 1 i 25 1 5 701 H (2023-MS-065)
F—EBABEES: HIRA1983—), 2, Wid, "% TR, FEMFRITHEH . REE R S, E-mail: jinse227@163. com



ol W

ABSTRACT: Objective To establish a screening and quantitative method for illegally added anthraquinone-

containing plant laxatives in weight-loss foods. Methods The anthraquinone glycosides in foods were hydrolyzed into
anthraquinone aglycones by the acid hydrolysis extraction method, and 8 kinds of anthraquinone aglycones produced by
hydrolysis were determined by ultra performance liquid chromatography-Q-trap-tandem mass spectrometry
(UPLC-Q-trap-MS). Multiple reaction monitoring (MRM) was used as a probe for detection, and the enhanced product
ion scan (EPI) mode was triggered through information dependent acquisition (IDA). External standard method was
adopted for quantification. Results The limit of detection of physcion in weight-loss foods was 5.0 mg/kg, and the limit of
quantification was 12.5 mg/kg, with a good linear relationship in the range of 0.25-5.00 pg/mL. The limits of detection of
the other 7 kinds of anthraquinone aglycones were 1.0 mg/kg, and the limits of quantification were 2.5 mg/kg, and
they had good linear relationships in the range of 0.05-1.00 pg/mL, with correlation coefficients r=0.992. Spike
recovery tests were carried out at three concentration levels of 2.5, 5.0 and 20.0 mg/kg (physcion at 12.5, 25.0 and
100.0 mg/kg), respectively. The average recovery rates of the 8 kinds of anthraquinone aglycones were
80.6%—102.0%, and the relative standard deviations (RSDs) were 2.35%—8.80% (n=6). Conclusion This method
has the characteristics of simple operation, high sensitivity and high accuracy, and is suitable for the simultaneous
rapid screening and accurate quantification of 8 kinds of anthraquinone aglycones.
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Fig.1 Chemical structures of 8 kinds of anthraquinone aglycones
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1.1 MR5RF

HBE (it 2, 6 E B W RARA ), —&H
Bt BRER (BT l, 1R 255 Ak 2R A B DD, TS T
A, FEIETIC B >95%, i il bR B AR IR 554
PR ]);

KEHE . RERHEE, KR SRR K.
R LB 2R (Ll >95%, Y ER IR B2 T ), X0
& O FH 5 AR EL A DRI D e ) & 8 R B 25 ) | PR 4%
M54 ET-5).
1.2 UFE5E%

AB SCIEX QTAP-6500 = 550 AR {6 1% - PUAR T A 15k
BT R A TR (0 R 1A SR BT A B2 5 A B ) );
AB135-S FFAHTRF(RE 0.1 mg, I LH4G#-FTR £
X ERA R ), FW100 1 35 RER B LR HE T 28 3T RAY
A PR, HH-4 R H IR K IR (A £ 3a i e ey
il A7 PR FD); N1-28 4 H sh AWMk 471X ( iz (LA
PHE R A BRA F]); MIX-200 24518 e iR S04 ( F i s
Sy R JEABRA ), CR2IN 5 B O HL(H A R 2 A D),
Milli-Q = afi/k & A 2% (3 [F % PRI \]); DTS12H # S
EUEAR (15 BANDELIN /A #)); Phenomenex Kinetex F5 {4,
FEF(50 mm=2.1 mm, 2.6 pm)(3E E KiEERHE A A,
13 R
1.3.1 &#5Hh

i Phenomenex Kinetex F5 (50 mmx2.1 mm, 2.6 um);
FEIRL: 40 °C; WEHHIAR: A: HIEE, B: 0.05%FF BR/K; Hik:
0.4 mL/min. VEBEAMFILE 1.

®1 BERBRERF

Table 1 Gradient washing program

A 18] /min A% B/%
0 5 95
1.0 5 95
7.5 95 5
8.0 95 5
8.1 5 95
10.0 5 95

132 Juig &4t

B - U5 1k FH HR 1 55 B9 T (electron spray ionization,
ESD), 94l 45 2 g A8 X (BST-), FF DL 2 B s
(multiple reaction monitoring, MRM)# #1744 R 4E . #H
FERSENT : S R (curtain gas, CUR)EF1K 35 psi,
4k S (ion source gas 1, GS1)[EF1 55 psi, 4l B = (ion
source gas 2, GS2)/& JJ 60 psi, filif#< (collision gas, CAD)

BN Medium. 275155 LU IR 24500 'V, B BY TR
(temperature, TEM)4EFEZE 550 °C, AT H JE (declustering
potential, EP)FIfilf{# % i 71 B [ (cell exit potential, CXP)4)
BIBA 10V A1 V. 8 FEEE T e AL G W ) 81X S fg
BSREETEEY TR 2, 2R LA 1,

IS il & B{ELISEE S 5000 cps, RN 40
B, F & FHHfi(enhanced product ion scan, EPT)#F]
% 20000 Da/s, FAMEREIFE 100~900 miz Z[h], H.
EPI 1 3 MREfERERAKYUCH 15, 30 145 V.

®2 SHEBRHELHRESH
Table 2 Mass spectrometry parameters of 8 kinds of
anthraquinone aglycones

Ry B BN e EVRET B R

#Fk B [/min - Xk(miz) F(m/z) BNV RV
PN
" ESI- 731 283.3/2400 2833/183.0 —100 —38/-68
Rk
K¥ERE ESI- 630 283.0/239.2 283.0211.1 30 -23/-38
Bty
A ESI- 690 537.0/224.0 537.02683 —130 —45/-30
HIETF
B ESI-  7.04 537.0/2240 537.0/2683 —130 -45/-30
I
ESI- 607 329.02299.1 329.0271.1 —50 —35/45
CES
K¥EZX ESI- 691  269.0255.1 269.0241.0 -140 —39/-38
PR
e ESI- 599 269.0/239.2 269.0/183.0 100 -45/-47

K#EW;  ESI- 694  253.0/225.1 253.0/1820 70  —40/-56

133 AREERH &

Iy BIERRARBURTE T 0 A FRTS T I0 B AREY) T
JH 0.1%Bk R AN WO s 3 i ERR R IBURS B TR 3R |
LRWHE . KR, KER . KEW . KR H BAR
T, B AR . FCHSOT R ) 100 pg/mL AR HE
BEASUR, AN A RIS, ) SR P P 1) B %

IRAARHER I 7 BIERB GRS C AL FI51FIC
B, BHIRWIER, FERMR, KR, KER. KEmH
PRfEff A 1.0 mL, K3 BEARERE 25K 5.0 mL, I
B IR R 10 mL, BCHlEFIS o0 AL FIETICB.
BERIRIIR . AR, KRB, KER . KEmiE
WS 10 pg/mL. KB E H BTN 50 ug/mL
R A PR IE T o 43 S BUR A PR WO i, e B 1 1
JCA., FEHICB, BERIR | FEREER, KRR, K
| RIEH R AR EE A 0.05,0.10,0.20, 0.40, 1.00 pug/mL;
KK H iR 0.25, 0.50, 1.00, 2.00, 5.00 ug/mL
19 2 AR HEVA L
13.4 #sum

HUGE B S T ST R R AL R R, BREBORS
FEdh 1.0 g BT 250 mL &S, A 50 mL Wz, T
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WAV R IR 45 min, BUHEOR E R, AR
R TR BRI E 50 mL B0, 8000 r/min 2
> 5 min, FZHL 10 mL EERES — 50 mL AU LEH,
40 °CASRT . M 10 mL 15%ERBRIEW, 75 °CHEH Ab 3
50 min, WEIEEIRG, AP HEE A3 IR, BK 10 mL,
B IR . ZEBORAE 40 *CRASMKT, SR 10 mL HEE
Vs it
1.3.5 #eumlE

FALIR S H AP IE, IR G A R 50 R Rk
VS VRS AR REIN R, 45 B R 1) A T VA TR 1 €0 R 0 T A,
DIFFEFIC A, HBIEFHOL B, BEIRHE, HERHE.
REER . KBCER . KB AR b R ks o 15 8 1) MR B2y
BARKR, DA i W R AU GAARAR, SMRIEE 5,
1.4 BUELIE

%A SCIEX [ Analyst™1.7.3HotFix 1 Software ¥k f1:5%

LR YE, SCIEXOS 3.1.6.44 BAFAMEE:E /43, Origin
2024 BAFLLE , SEIRTERIRECH 6 K.

2 HERE5HR

2.1 FUEFHRIMLK

MRM I i B P 5 e L4, o3
G TR Z RSP ZA BT RN T R ARk i 2
FAHTE AG BB, P BT 0.1 ng/mL (945 AR UE M
VS WK M E AR A X & AR SR, 4 liE A
ESI MIE . TR EEAOR S 3 — ik i A, il ot
FHHE 5 AR UHE ARSIV 1B B 155 o TESERR i R B,
8 FML G LI T [M-H]-We., ERBIR ., KER,
ZRWE ., KEHBELI T [M+H]+IE XL FL T [M-H]-I%,
B R THEDN, T, §HXF 8 FiEmt ik
G, FZkE ESI RO T RS 1 R AE, DL
RIS A v HL AR B 8 15 R kBRI STk
Jei, Bl RIS B AT AR B 5 St Al 1 R A AL B, E s p Al
R R LA R A e A, DA AR 22 0 7 A 1) 8 1 rh i 28
FHf A2 HH AN HAT 5 W SR JBE 1Y) 4 B AR P
FACEIITE X — A AR b BT o 1) 0 H T 5 il e
{E R BRI LR 2.
22 RHEGEZHHILK

AT AE TN T AT 2 Y DL R I sl AR A X AN G
PRAERE, XPWROAH G 5T T TR A IR, B
TEIR LA ) AR 3 BUIRAS, B DR SEIR 25 SR 1A U
SR

HARIF, B0 @R A — SCsE I R, AT
JR& T AMBURINT EL AT TAE EIUT 3 3 BAT AR 554,
4351/ Waters ACQUITY UPLC BEH C,5 (100 mmx2.1 mm,
1.7 pm), Waters ACQUITY UPLC HSS T3 (100 mmx2.1 mm,

1.8 um)H1 Phenomenex Kinetex F5 (50 mmx2.1 mm, 2.6 pm),
FHE 3 RETEREXS 8 FERR T TR B 0. KIEH 3
@SR REXS 8 FlEER T AT R 8, (A Cis
EREFER QIR A G2, [T HSS T3 Al F5 (g AER! 73
BIRCRESE . M0 FS (AR AELE 6 A R A LS s
XFF 8 FPREBR T OCH > e o i, HAURERE &b 5 Wi
kI I T TR FORHE R, HL & A0 45 Wy el 107 56 85 4, e
9o GRE P IR TR 0 IO R P T O R B, e A
F5 @ EFE AR B G . 8 RN H CIEA R (AT
TR EBUILIE 2.

BEAh, FEXRSARRI X — GBI R, AR T
DL PSR PR K . FBE PP R PP IR i 3 A SR ABCH Tt
SlFR X R IT o B R, e LA WK ARCA 7 S AR
R 2 F AR 1 i s, (ELX RS T OC A MRS T B /Y
R, FIETIC A MIFRTETIC B 78 L H B A i 8l
AHISTE Cyg (AL FAS H0E, 76 T3 @3EA: Em bARME, 78
F5 (RS AE IR T8 5 Wi s Th B oK, 28
BUCERAL G YR, 3R VAR, (H X KRR Y
Wi o7 (LA PR AR T o - 8 MBI 1T oCSs k&, AE
FEXTEE T IAAS TRV AFR S 50 F KO0 284453 77 A 1 2
Wi, 4 590 AE S AR O AR RS B 0.01% . 0.02%
0.05%. 0.10%MIHIR/K, K BLREA HY R AR AR KL i3 o)
KR P B HIE R, XWHRIGOC A FIFG 0B (1R
DB A SR, (HAIA 0.05%AFRI B LT HY BRK 5 A B
2, A 0.1%H B SZ M B 44 R . AT E— D RS T
TSR S R R B BT AR RN . A5 RN, R B
FIABUE Gy o 17 (B 7 — e RE 2 A2 BRI, RAE
IRV AR IR AR . [, DA RSB 64 A BER R,
Xof W R R AL TR BT FURE, R 52 B ) B B AR
P, 2R85B, S 20 e SR T IE-0.05% HT R K
VERR SRR o X — PRI T XL A W e 0
T 5 AR DA B ARSI B0 A M A 1 25 22 AR P K Y
LA VAN R AR LR . 8 MR T T AY 20 B R IS
FEVEME, BREEE AR IR 1.

2.3 HEMATRLIEAIMIL

PR K A — b A H SR 2R ) K A S JECRR T T
(2000 S e R K e, T DA A VS 2 o ) TR
A R T, BB R th SR T R AR SRR
25 W R IS /KT TS PO T R i e T B, R T DAUK 2 5
RUEB AR B . TERRIEIRIE T, MR . ShIR SRRy
S ARSI R (T B DRDBIE B P U A AE IR
XL, SR BT, SRR AR A, R
SERE VEREAR . LI, A7 AR S R AT A K 7 SRR T AR
FAZER, SRRSO I HAR IE i p ST, AR TR
WL K R, B o3 e B 231, T TR A TE M
BT B e e B R — R A, AT 2R B T
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Fig.2 Separation of 8 kinds of anthraquinoneaglycones on different types of columns
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Fig.3 Secondary fragmentation spectra of 8 kinds of anthraquinone aglycones in EPI mode
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Table 3 Linearity, correlation coefficient, detection limit and quantitation limit of the method

&2 LR/ (ug/mL) EVEVEE ARG R B(r) Kt BR/(mg/kg) =R /(mg/kg)

PN 0.25~5.00 Y=2.1305¢*X-1.6601¢> 0.992 5.0 12.5
PN 0.05~1.00 Y=1.2501e*X+2.6362¢° 0.998 1.0 2.5

FEHIT A 0.05~1.00 Y=5.8563¢>%+1.8886¢° 0.997 1.0 2.5

FHIEHITB 0.05~1.00 Y=6.0275¢’X+1.1973¢° 0.995 1.0 2.5

P # e R 0.05~1.00 Y=5.8563¢’X+1.8886¢° 0.997 1.0 25
KEE 0.05~1.00 Y=3.1762¢*X+3.9707¢° 0.992 1.0 2.5

FIERER 0.05~1.00 Y=1.641¢’X-2.7947¢* 0.995 1.0 25
Kk 0.05~1.00 Y=3.5943¢>X+3.8973¢* 0.992 1.0 2.5
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R4 8 MEREITA T B RINIREYLFIEZE (n=6)
Table 4 Spike recovery and precision of blank samples of
8 kinds of anthraquinoneaglycones (n=6)

EWAFR  ibrtE/(mgkeg)  FHRILE/%  RSDs/%
12.5 102.0 8.80
K ik 25.0 82.8 4.49
100.0 82.2 2.35
2.5 86.3 7.80
KE R 5.0 89.9 6.84
20.0 89.2 3.91
25 90.1 433
EIGHIC A 5.0 85.9 5.28
20.0 87.5 271
25 84.1 7.61
{510 B 5.0 83.2 3.36
20.0 90.3 428
2.5 80.7 2.77
i Gy 5.0 85.6 4.68
20.0 933 4.86
25 823 4.58
KiEE 5.0 80.6 8.15
20.0 92.6 7.57
2.5 83.0 7.28
FERWE 5.0 81.2 5.72
20.0 89.9 6.26
2.5 83.5 5.74
KHEH 5.0 82.6 2.43

#5 ERRFEmMT 8 MEERE STAYM H 45 R (mg/kg)
Table 5 Detection results of 8 kinds of anthraquinoneaglycones
in actual samples (mg/kg)

FEbh KRR N BIGH BEH e KB P2k K M

g5 WEE B JcA JoB WK K OWE W I
1 122 168 319 158 / 916 164 / H%K
BTN
2/ 558 119 618  / / 1511 7.89 ok
3200 / / / 194 / 522 165 kkl
4 894 / / /160 86.1 / 367 il
B
5 466 184 175 981 888 167 1917 264 sy
S
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