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Determination of dicyanoanthaquinone residues in tea using liquid
chromatography tandem mass spectrometry
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ABSTRACT: Objective To establish a liquid chromatography tandem mass spectrometry (LC-MS/MS) method for
the determination of dicyanoanthraquinone residues in tea. Methods Dicyanoanthraquinone residue in tea was
extracted with acetonitrile (containing 0.1% formic acid). After purification with HC-C;g solid-phase extraction
column, the analyte was tested by LC-MS/MS in multi-reaction monitoring model and quantified by external standard
method. Results The linear relationship of the target compound was good in a certain range (0.391-12.5 pg/L), and
the correlation coefficient (r*) was greater than 0.995. The limit of quantification (LOQ) and limit of detection (LOD)
of dicyanoanthraquinone in the sample were 10.0 and 5.00 pg/kg respectively. The average recoveries of 10.0 pg/kg
(LOQ), 20.0 pg/kg (2xLOQ) and 50.0 pg/kg (5XLOQ) were 84.1%—103%, and the relative standard deviations
(RSDs) were 3.18%—4.62%. Dicyanoanthraquinone was not detected in 25 commercial tea leaves. Conclusion The
method is simple, rapid and accurate. All the performance parameters can meet the requirements of the technical
specifications, and the method has been applied to the detection of commercial tea.
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Fig.1 Molecular structure of dicyanoanthraquinone

[ bR IE GB 2763-2019 (B b2 M hRIE i
R KR R B ) IR R I 7 i b U Ak B iR
FE T A BR i, [H R B S PR A EOR, WK G
AR RIS i o TR A A U R AE S A R F o
A, HR KRB R A KT 10 ngke™”. BT, =
R 0 5 7 A RO (k) | TR IS T M W e v
PRI R e R G s T A hrEo
TSI IR AR B RS WO @ L KA R EUE T
T S BRI T OR o WO 3 - A IR B3 i (liquid
chromatography tandem mass spectrometry, LC-MS/MS)ki:
D7 AT XS B B A A, ATA PR O RR PP AR X TR A (H2
KRR ZRE . GREER ERER TR, Wl
SEHTETT R T AR U R B E

AWFFEERE T A L ZRTR R BE TR 228K
AIERAE | 2Lk RAERAE N F X R, TEUALRE i B0
Al . BB REE SIS, AL T LC-MS/MS [9lE Jr ik
TR AT A . LU DRI (Y B 2 4, 4Rt
AR3ZHE

2 MRS

2.1 {5
Thermo TSQ Quantan Access & AH (0 i%- £ 322 Y

[Fic H % 25 B3 1 VR (EST) A [ sh i B, 95 AL A T D
XPE205 HLF K- (Fi MR A2 1) Allegra X-30R /= 25
CHL(EE[E Backman A Al)o

NG isal, f5E Merck AF]); WER(AHral, FiF
E 2542 ), Sz sk Milli-Q &4tk (EE Millipore 2
r)); N-N B2 R EAR AR (PSA,  BIgZEA ), £ 8
bk B (GCB, WIIGZ S l); SEKBEE0.22 pm, i
7&/\F)); HC-Cyg SPE #E(500 mg 6 mL, b##2eiE/ N wl), —
S TR bR OME b (CAS 318-98-9)( 4i F 98.7%, 1l
Dr.Ehrenstorfe GmbH 23 7))
22 EWHE
221 AEBERNEE

PRI 5 B AR MY 12.5 mg(£0.1 mg) T 250.0 mL 45
B, IMA 100 mL 0.1%F BRI FahiR % i, #hm
LIEEBOERT 4 °CRAT o FRH SE 0 7 BEEA 5 FR T il B
HE AR AR
222 % #

B 300 g Zmt, AU EHLIE 4T 100 H
T, WG T YRA Y SI%
223 HILEGEIAE

FREL 0.200 g(1.0 mg)FEfh T 50 mL HLIEE.LE P, i
A 200 pL EBFKAEGE 1 min!™, #E 30 min. A
20.0 mL 0.1%F iR 2 7 i 30 s #4525 min; LA 10000 r/min
(BO¥4E 8 cm)HEFR .0 5 min, 40HL 18.0 mL FiHK T
50 mL BB RRETRE <35 °C). MA 1.8 mL Ll
PR S 1 min, FEMIA 0.2 mL £8F/KIRHE20 s, 141k,

HC-Cys SPE H:fH 2x2 mL B Z /KBS V(2 I
7K=9:1, VIV)o JMA 2 mL $&HBGEI4E . H 4 mL ZJE/K(Z
Kk =9:1, VIV R BB IR, IWELTHIEBAKE
100 pL 2245 (& < 35 °C), #Mill 0.1%H R LE % 2.0 mL
ZIFE, A 1 min £, 1R KBEHE LC-MS/MS lE .
224 RAEEE- B BRI S0

(L)IBAH (338 1) £ 4

‘LFEME Eclipse Plus Cg #1:(150 mmx2.1 mm, 3.5 pum);
WBhA C: ZJE, WahA B: ZBRE(15 mmoL/L), #6 Uk
B 1) W% 0.35 mL/min; #FEEER 25 pl; AR 25 °C.

Q)P is &A%

W25 2 IR (ESD), s FRE 1, Bk ar
K ZRNMEFE(MRM); B HLE 3000 V; &5 B4R
J# 360 °C; #iBI< 3 mL/min; 58X 12 mL/min,

3 HEREHR

3.1 FRIERHERML

K FH T8 24 Tk BE AR oV T B B AR SR R T e
5, WIS R 2 ASm R {ER R . WS L AR Ry Rl
FE s, 431 295.9 miz F1 296.9 miz, Zat TR BTN



515 4 X

BRI - S D S A R R e U R AR 5015

ek, KA 50.0 png/L bR bR, B8F°8 295.9 miz
AU TR 5 T 296.9 mvz (TRIRR, DR $ 295.9 mvz 1k
IR EE R . USSR IREETRILR 20 ARUER TR
D S PR S LD 2

®1 BIEHERBREY

Table 1 Conditions of gradient elute

R E]/min - i % /(mL/min) s B WA C
0.0 0.35 95 5
1.0 0.35 95 5
1.5 0.35 90 10
2.0 0.35 90 10
2.5 0.35 70 30
3.0 0.35 70 30
3.5 0.35 50 50
4.0 0.35 50 50
4.5 0.35 2 98
8.0 0.35 2 98
8.2 0.35 95 5
11.0 0.35 95 5
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Table 2 Mass parameters, retention time of dicyanoanthraquinone
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Fig.2 TIC and mass spectrum of dicyanoanthraquinone (0.780 pg/L)
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Fig.2 TIC and mass spectrum of dicyanoanthraquinone (0.780 pg/L)
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Fig.3 Comparation on the adsorption efficiency of GCB and PSA for dicyanoanthraquinone
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Fig.4 Standard curve of dicyanoanthraquinone
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Table 3 Linear equation, LOD and LOQ
/N 5 =
FEL S PETE Hl (ug/L) CIEpgc e RR il ER R
LOD/(ng/kg) LOQ/(ng/kg)
TARETER 0.391~12.5 Y =3.29x10°%X—6.56x10? 0.9978 5.00 10.0

Y WEERL X WRE, ng/L.
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