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i OE. gaa ket b Batey ik A0 65— B A% (gas chromatography—tandem mass spectrometry , GC—MS/
MS) vt 4 e e N B AR -D8 Bl AL Z M AR R UG , 2 TR IL, 12 B QuEChERS 7 ik 410, Rk ik 4 & , ik % R
2 Y5 ) A X, (multiple reaction monitoring, MRM ) F 4244 , vA HP=5MS(30 mx250 um,0.25 pwm) &35 34745 8 , W47 %
B F o B 10 ng/ml~200 ng/mL J& B A &M% & BAF, A8 2 30(1=0.999 5) 3% 7 = 69 R IR 3 pe/ke, & Z R A
10 pg/kg, AR B A2 87.1 %~98.4 %2 7] , hm A% BDICK 3o A8 3347 £ 4R £ (relative standard deviation, RSD) & 1.23 %~
4.12 %Z 18] % 7 E R T et b BB T A
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Determination of Anthraquinone in Tea by Internal Standard—Gas Chromatography—Tandem Mass
Spectrometry
GAO Hui', WANG Yang', XING Yan"*, WANG Qin', SHANG Meng-lin
(1. Zibo Municipal Center for Disease Control and Prevention, Zibo 255026, Shandong, China;
2. School of Public Health, Shandong University, Jinan 250000, Shandong, China )

Abstract: To establish a rapid determination method of anthraquinone in tea by gas chromatography —tandem
mass spectrometry (GC -MS/MS), sample added with anthraquinone —D8 isotope internal standard were
extracted by acetonitrile. QUEChERS method was used to purify extracts. Sample was separated by HP-5 MS
(30 mx250 wm,0.25 um), detected by select multiple reaction monitoring (MRM ) mode. Internal standard
method was used as quantitative. It had a good linear relationship in the experimental concentration range
of 10 ng/mL-200 ng/mL, and the correlation coefficient was 0.999 5. The detection limit of this method was
3 ng/kg, the quantitative limit was 10 pg/kg. The recoveries of anthraquinone were bet—ween 87.1 %-98.4 %,
the RSD was between 1.23 % and 4.12 %. The method was suitable for qualitative and quantitative determination
of anthraquinone in tea.
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AERE T AR R R P R RS AT A R
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I H R 75 e R BRI TR B, AR i rp R T
Yl &, B IR D 3 A B A3 S — A 2 A T 14 )
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9, 10—~ Bl , 44 (IR (anthraquinone , CAS No.84-
65-1), 52— M e (ARG i, i THOR A &
B CREAGT , ANV TOK R W AR T e SR A A
RS R A RN FL R 2R A v, R T
A= R T R R GEGORE R GBI S ek
9 B EURE o i AR R A EDAE 89 S AGR) . GB/T
23204-2008 (i 519 Ffufe 2 ARG AL~ 5% R A
e AR ERE TRk )P W R R sk i A E (2
DEPEREIN T, ANIE S T AR P R R A A
F1 TR B R 2 5 R 4 5 1 R B oL
VA e SSCURA (8 TE 10 SOAH fgi - TE IR  i
SUR OG- HR IR TR e AR AR TR A
H I3  BE 12 AR o OO (5 1 1 22 D I S S TR
L, ARIE S T A R B I s UM - B A
ST - BB 4 22 9 BECHR 7 AL i SPE /M
G 1= 25 SRV EL N e TN SR S 7 B (ERE  f b 4
BB, AR R A UK SR AT
ABFFEIE i XA A AL AR . i SR,
ESL T — bR | DRI s 2R i R B U (B -
HEE 1% 75 (gas chromatography —tandem mass spec—
trometry , GC—MS/MS) AR 7381 751

1 #MRl5A*
1.1 A 500

Agilent 7010 = H PUBAT BTG AR AL H 3%
HE TR (ED]: 22 [H Agilent 24 7 ;N-EVAP 112 &K
HediA¥ - 3£ [E OA-SYS A Al ;CP-225D HLF K- fli[H
Sartorius 23 F) ; ST-16R = #% RE.0AL: J2E Thermo
23] s KS=500D B A P TH v . TRHEALER )
Milli-Q #4li7K 25t : 5518 Millipore 23 H] . N-PHEZ %
(Bondesil-PSA ,40 wm, 100 gm) .Bondesil-C18 (40 pm,
100 mg) : & Agilent 24 1], ToKGREREA(AR 24 ): [ 24
LA A R T 205 (HPLC 2%) A (HPLC
) IR C ke (HPLC 4%) . iR 1 (HPLC 2% ) : f [5
Merck 2wl s AR (468 =98.0 % ) : 2L 1% /N =) 5 B
Fifi—D8 M) T (41 >99.0 % ) : 2 [E TRC A+,
1.2 FRUE TAER A BC ]

FREL 0.010 0 g BCHE , JIA B 68 75 Vs il T R A 25

%10 mL, #BEEH 1000 we/mlL, B A B ERAR RS 550
BUBBRARERS £ 10 pL, IR bE- LR LBR (1+1)
2 10 mL, BRI BN FHW, WeBE A 1 pg/mL, T 0 C~
4 CUKFH N REICIRAE . FREL0.010 0 g BRH-D8 Frife
Py JoT, Jnva B R U R R R E 45 2 10 mL FEHL
100 pL, A CRE- LR AR (1+1) 2 1 mL, B A iR -
D8 PIAR R, W BE R 100 wg/mL, T 0 °C~4 CUKAH
WRECIRAT
1.3 Rk
1.3.1 @ik

{35 . HP-5MS(30 mx250 um, 0.25 wm ) ; 2/ : 5
LR, 2lE>99.999 %, R, HERE TR : 280 °C;
Pt 1.0 mL/min; #27F FHf : FIE 100 C, & 4F 1 min,
LA 10 C/min T3 200 °C, #5F 2 min, 4822 L) 25 °C/min
Tt 280 °C, PAEFE 10 min; PEFE . 1 pL; A 20 R
ST IR
1.3.2 JBik Ak

B P EEHE IR (ED ; & 7 IR
230 °C; 4% R :300 °C5 L FRB I 70 eV i /&
4, 264>99.999 %, 5 I FIAEIR :3.75 min; I 7
A 2RO AL (multiple reaction monitoring,
MRM)$ A5 5 G B IR IE] :0.10 s B A £ BA s ]
FEPER T GE R E X ERARBHES UL T & 1,

®1 RENRESEER

Table 1 The mass spectrometry parameters of standards

et ﬁ%}?j'm’ %jf mﬁziﬂ’ B s
AR 14.136 208>180 10 0.10
208>152 10 0.10
HER-D8 14.026 216>188 10 0.10

1.3.3  HEAhETALHE

100 g A0 FRB RIS B TR S), /3 TR A
50 mL {H AR IR T, — 0 TR % A A B
B S5 —1y T A
1.3.3.1 KR4

BRI 2 gCR5H Z2 0.001 g) K iE R SIS RE
AT 50 mL LA K 3 mL, IR -D8 AR N
FHY 10 WL, W€ 30 s TERAE &, N 10 mL 2,
FEH 30 min, INTC/KBRREN 2 ¢, W HEIR ST 1 min, DL
8 000 t/min &5.0> 10 min, IR
1.3.3.2  #fh QuEChERS ¥k

I HEHR IR Z) 8 mL, fIA 0.8 g JTL/KBLEREN
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0.8 g PSA Ky ACHN 0.4 ¢ C18 [EAHIZFIF, HE 1 min,
8 000 r/min E§.0> 5 min, HEIEW 5.0 mL,40 CHEIKIK
g5 2T, 1.0 mL & 5% AR, IR € 1 min, LA
8 000 r/min Z5.0> 5 min, FIEWAT 0.22 wm R VUG LM
TR, RFIUE
1.3.4  hrifEphZe2

A3 AIERR I 1.2 BRAR E B (1 pg/mlL)

10.20.50.100,150.200 pL T 1 mL k& 508, 43090145
JINABER-D8 AR (100 pe/ml)5 wL, FH Z 52
AR 1 mL, BEE-DS8 [ E R 0.50 pe/mlL, B R AR
ZINE W M 10.20.50.100,150.,200 ng/mL. LA
PR %) Ve B2 S R AR B, 0 it 5 X6 (208> 180 ) Y e T AR
55 INFRIGE TR LA AR HIbRERT 2R . AR
BTRELE 1,
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Fig.1 The total ion chromatogram of standard
2 H#REItE RHORHAF
21 @I S S RE R 7, 22 SO A LSS,

= .

I TS TR B BT A2 2%, 0 255 it v AU A 2T e
REAEARLF AT B AR S TP o3 B 0 a5 AT, 1050 1k
7 HP-5MS.DB-5MS .DB-1701P 3 F A [a] #Y (7 3%
HE,DB-5MS . DB-1701P il HP-5MS 3 F (2 A (R b
TR E L 2 & 3 4,

A 8 T B A 1 SR A B AR L, AN ) 5 A
X EHARIR S B E B T 3% 2,

% 2 G5 HP-5SMS 5 HoAl 5 (o 1 A 43 55

BRI 4, RIPUEII S TR, B4 T 240 CH
290 CZIB] I REAE FIIRLEE , AN [R)REA 11 558 o T g

TR DL S

M 5 & BUREAE 280 Ch, R <Ak 4, R I
Gay.
2.2 SRR Sk

TEPEAC B (8 25 F R #EAT 4244 (Scan) , 153
ViR 1) B 1], B 9 SR LUK, A X = s 14 AR

X
N
o <

M 17 {1
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Fig.2 The total ion chromatogram of adding sample separating by DB-5MS chromatographic column
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Fig.3 The total ion chromatogram of adding sample separating by DB—1701 chromatographic column
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Fig.4 The total ion chromatogram of adding sample separating by HP-5MS chromatographic column

x2 TEBEENSHBER
Table 2 The separation results of adding sample by different

chromatographic columns

T HGE AL B . 1 B7Y =1 WA
@ik SERE g TORE RER
B 8] /min 1] /min FHLLk
HP-5MS 14.136 805 614  13.588.13.810 =
DB-5MS 13.812 768 254 13.310.13.912 1w
DB-1701P  13.602 748 396  13.510.13.668 &
] -
500 000 T
1 470 000+
=
=
I 1440000
Kt
=
1410 000
1380 000 . . . : . ’ ,
0 50 100 150 200 250 300 350

HERE TR EE/C
5 AEBHDREXERIERRMN
Fig.5 The effect of different inlet temperatures on anthraquinone

peak area
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T TR . B AN Y R AR MR B T R B
HUAS ] Fry il e o YO 8 7 X 194 o 7 175 5, e 24 i B
T 10 eV M 2 fe e T B 1% 1) Rl A o
2.3 FR S YT

AR T R T GV 0 2 e R A e ) R
T (1) 1 —F ELAG 40 ) st s sk 17, R I o ) P AR i
S DA A R o 43S A 2 A TR
VS TRURI 2 T o 1) SR 0 IR - D8 Al TRV TR, X
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T TAE M2 R I 22 5, i,
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Table 3 The recovery rate and relative standard deviation( RSD )

of anthraquinone in different solvents

PRIERREAT  BINK P/ (ng/mL)  [H%/%  RSD/%
G 20 90.5~93.8 3.11
50 90.1~95.6 3.35
200 93.2~96.8 2.74
23 ISR SR 20 90.6~93.7 2.95
50 89.9~95.8 3.69
200 92.7~96.4 2.57

2.4 FESHATALBEZAL AL
241 FRBGLY

Ry T IR R 0 A ARSI %o A 45 R A T
S RIS FRE T 8 17y BAUR B P 25 R i, Herp 4 53T
7K 3 mL, #4J5€ 30 s WERRFEAL, 55 4 G ANIIK, 43 A
10 mL 2, 2R IR 1.3.3.1 F 1.3.3.2 #2554
b BRI o, A5 R S IR TS E A R 4
B b, SR L 453 4,

F4 HERARERILEK

Table 4 The comparison of sample results

LS MUKEEMZE R (mgkg)  AIKEER 25 R/ (mg/kg)

1# 0.0215 0.010 4
24# 0.024 8 0.011 8
3# 0.029 6 0.013 9
44 0.026 8 0.012 1

242 FESERRERE

A3 T SPE /ME AT QUECKhERS 1 Flidr 4k 7
RPATHAE . 5 T TPC(ProElut TPC-2 [HAHZEHL
FE,6 mL, EAF]) NMEFTEY FIA 1 g ToKGRIR
B9, 10 mL 2 -H 4 G+1, B )16 AL ; 254
W 5.0 mL AR, 5550 R 8 mL R -2 i (143,
PRFRLE )R, 75250 B PR 12 mL HOR-2 6 (1+
3 ARFREL PRI, T IR . 40 CRIKHZE 25l

T, 1.0 mL S G fFARE , #5E 1 min, 8 000 r/min 25
0 5 min, FIFHBGT 0.22 wm B PUGR 283 g # )
FE o QUEChERS k77— ISR BOR L) 8 mL, il
A 0.8 g T/AKBRIREN,0.8 ¢ £1 88k ) 2B K F 0.4 ¢
C18 [EAIWLIFF), i 5E 1 min,8 000 r/min 25> 5 min.
HCEWEWE 5.0 mL, 40 CRAMRMAR 2T, M 1.0mL &
GV AR AR R 1 min, LA 8 000 r/min B5.0> 5 min, |-
W 0.22 wm R PUIR M 1 M, TR . QuECh-
ERS 4k 58 R 1.3.3.2, AS[RIEAk 7 20 SR [

tei A NSO
1500 000+
1 450 000
% 1400000+
=
£ 13500001
1300 000 I
1250 000 : :
SPE /ME QuEChERS  QuEChERS
Hrib— ik
iy

6 A[EEL TR BER B 2R B 20
Fig.6 The effect of different purification ways on the recovery rate

of Anthraquinone

&1 6 Kl 25 R W], % ] QuEChERS ¥4k 7 X —
AL ROCR B A R e, I T 1.3.3.2
QuEChERS ¥tk =X,

2.5 ZRMEVEHE A R

TEAIRIG AT, H MR 1.3 (300 S5 R T
DA A8 P DA A B, 5 51X (208>180 ) FY I THT
TS BRI TR BB AR bR Rl AR 2 . 25
R BERTE 10 ng/mL~200 ng/mL J5 Bl NZEPER R B
4o RIS AR IR, DL 3 A5 R R LT A
P (limit of detection, LOD), LIMEME 1Y 10 15T E E =R
(limit of quantitative determination, LQD ), 25 W3 5.

x5 BERMZKMETRE TR EXREH.LOD.LQD

Table 5 The linear equation, linear range, correlation coefficient, LOD, LQD of anthraquinone

e LT LML/ (ng/mlL) ARG ZH () LOD/(pg/kg) LQD/(pg/kg)
9, 10— i Y=0.016 2x-0.005 8 10~200 0.999 5 3 10

2.6 TR IR IR %

bl QU S A RGN LTSS S A P NIE P N = P
FhAE A, 23 BIFREL 2 g K586 2 0.001 @)L T 50 mL
BT, JrEs BT R A 20.50.200 ng/mL Y

IR RS R T N 1 S R I Y = S a @ X ) =i
Fic FE S AR i AL A 38 T3 43 B S5 A R4 T R
FAE 87.1 %~98.4 %2 [0 ,RSD H 1.23 %~4.12 %, 45

W22 6, ZSMHRE S B I E LI 7, 28 HRE S bR
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Table 6 The recovery and relative standard deviation( RSD ) of

217 ——
2.7 BERIE

BEHLRAE AT 50 4y, GFERERES 15 . 204
15 0y (B JE 2% 10 £ FI45 10 3 JLrPrgimiss i 12 4,

anthraquinone it 24.0 %, HAr 20 5566 H R i s 33.3 %, H 2%
&S SRR . S > P H
P T gl FCR% e oz R AN 13#.3 % ; R 8 0 ,ﬁT/TKjJ 16.0 %, H
g 20 88.5~94.4 4.01 EF' j/‘]‘\ 2 'ﬁj\\é:[/{l‘t 3 'ﬁj\ \E‘:j/E%f? 2 /f/\ Elﬁ‘t 1 /ﬁj\o @ﬁ
50 89.8~95.6 3.75 e 25 T DUE A Hp ) R A K . R
200 91.5~97.1 2.89 i T A FR R 0 5 o
PR 20 92.5~96.8 2.15
50 89.4~96.1 3.89 3 i
200 90.2~95.7 1.97 L o -
- 2 7 1074 iy I 8 a X A% RE A 1) A B AR AR DA
5 a9 A~97. .
s 00.8-943 189 AL B T ARSI A F S B TR A
200 93.4-973 1.29 Eij,@ﬂm%‘{ﬂm KB TARMF R ERCR . Ik RA
P 20 91.5-95.8 2.14 BRAER(E (2 MEVE 5 A BRAG R B = 2Tk
50 93.8-98.4 2.09 D R A R T S . AR TR B AR AR
200 95.4~98.4 1.23 CEEF T QuEChERS ¥k =, M T JC/KEREREN .
x10°
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1.6
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12 14.026
Z )
09
= 08
0.7
0.6
0.5 10.938
04 15.470
0 14.136
0.1 11.798 A A 17.708
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SKAERT[B]/min
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Fig.7 The total ion chromatogram of tea sample
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Fig.8 The total ion chromatogram of adding tea sample
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