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Establishment of QUEChERS-UPLC-MS/MS method to
determine three kinds of ochratoxins in coffee
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Abstract: Objective: A new method was developed for the
simultaneous determination of three kinds of ochratoxins in coffee
by ultra-high performance liquid chromatography-tandem mass

spectrometry ( UPLC-MS/MS) combined with QuEChERS
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pretreatment. Methods: Samples were extracted by acetonitri-
water-formic acid solution (55 ¢ 40 ¢ 5) with ultrasonic, salted
out with a QuEChERS salt pocket, and then purified with a
(ZanChERS-Mycol7) column. The chromatographic separation
was performed on an ACQUITY UPLC BEH Ci5 (1.7 pm,
2.1 mmX 100 mm) column by gradient elution using a mobile
phase comprising 0. 2% formic acid aqueous solution and
acetonitrile. In the positive ion mode of electric spray, the
samples detected were used by multiple reaction monitoring
(MRM) modes with internal standard method. Results: Three
target substances had a good linear relationship in the range of
0.1~20.0 ng/mL, and the correlation coefficient was greater
than 0.999 46. The detection limit and quantitative limit were
0.1~0.2 pg/kg and 0.2 ~ 0.7 pg/kg. respectively. Average
recoveries at three spiked levels in the coffee matrix were
79.0%~103.3% with a relative standard deviation of 1.5% ~
7.6%. Conclusion: This method has the advantages of simple
sample pretreatment, good reproducibility and high efficiency.
and is suitable for the high-throughput detection of multiple
ochratoxins in different coffee samples.

Keywords: coffee; ochratoxins; QUEChERS; UPLC-MS/MS
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2L 5% SAFETY & INSPECTION
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3% # . ACQUITY UPLC BEH Cy (2.1 mm X
100 mm, 1.7 pm) , 3 E Waters 28 # ;

NG B R BB {8 E MERCK /A #l

Wi A L e i e S S A L T
1.1.2 S 5KR#

Ji 3% A% : AB Sciex Triple Quad™ 4500 #Y, % H
SCTEX 2 5

B R XS2048 B S iR ) —FE R 2 4 F 5
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1.2 Hik
1.2.1 USRS &

(D) JRE &M B T (ESD ; IE B T 2 i W
W CMRMD 45 5 87 25 B 4 500 Vs 3 F R B 550 C
FARH AT M A E A LB 10 V,

(2) 3% & 4. ACQUITY UPLC BEH Cs {5 3% 4%
(2.1 mmX 100 mm, 1.7 pm); H & 40 C; ¥k A &
5.0 pLs WA A 0.1 % HRR/KIEW : sl A B h 2%
W 0.3 mL/min; YEBEFEF : 0~2.0 min, 10% B;2.0~
3.0 min,10% ~90% B; 3.0~ 3.2 min, 90% ~10% B;
3.2~5.0 min,10% B,
1.2.2 bREws B

(1) B A Ar MW W (1.0 pg/mL). ME i W B
100 pg/mL [ 3 Tl il 25 2 R IR b5 100 pL, I E &
%10 mL, 3 T —18 CIji 4 1,

(2) ¥ Coo-OTA WARE I WL (10.0 pg/mL) : B
B 100 pg/mL Co-OTA W 1.0 mL. HHZ G E A E
10 mL,JFF—18 CI K& A .
1.2.3 BEFARUEMI & ISR BREUR S 3 Rk it 2 5 = 1Y
WS 1 R RE L 1.2.2 B4 7 R Ak TR S B R R UA W
A0 32 A ) G B VR E g 0.1~ 20.0 ng/mlL 19 #5
TAE M2
1.2.4 FESATALEE  BREL 1.0 gCRE#ZE 0.01 g) Ml kds e
FESLZ 50 mL T B0 T, A 100 ng/mL 1" Cyo-
OTA M ¥ #% i % W 200 pl % 10 mL Z B 4% BOW|
(Vg t Vgt Ve B 6525+ 30), 43 B I%# A 5 min,
JIA 3.2 ¢ QUEChERS #:43 . il ZUHR$E 43 # . 10 000 r/min
B0 5 min, WH 2 mL [ I ZanChERS-Mycol7
/A U R JE W 0.22 pm PTFE JEBE, b Bkl & .
1.2.5  ERPESCHR DL VR i Ak AR L 0 TRl L A
r o 3 Fhofvt it 25 7 R R SR & Ar dE il 200 W 53 B 45 2R
2 A o I L TSR AH I R T R A G R
1.2.6 KR BR Mo bR A W E RANIR A BRI 2R
WA PR L 3 5 (5 e e (S /N = 3) ik X 57 #4 H s ) v i
Pedr B B R UL 10 55 MR (S/N = 10) it X 52 /Y B bx 8
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2016 HEATINAE  AFFP ISR 5 AR & BARE 2 ASTAT

BaEE W 3 W B E R QUEChERS-UPLC-MS/MS # il 7 %

JH Origin 8.0 #4224 ,
2 HR5nbr
2.1 RiEEHE®RL

S B B MR A 20 ng/mL ) OTA,OTB, OTC

R Coo-OTA BRIl 1AL 3 4R UCE 6 1 60 186 5 A9L
AT — P - PBIE | 508 A W R B 4R
BB A i E bR PR IE B TR R . Ak SR T IE
BT RO G L () i 5 2 SO M R XA AL
% BbR A 9 HAb Z 80 O e 0 R R E R T

1.2.9 HdEALEL SR Y SPSS 22.0 B BEATEIEAL TR LRSS EULE 1,
£ 1 OTA.OTB,OTC " Cy-OTA HRIES
Table 1 MS parameters of OTA, OTB, OTC and " Cy-OTA
waEy PRI /min BEEF(m/2)  ERGn/2) EMEGn/x)  HifEREE/V KRR/ V AR
OTA 3.50 404.0 358.0 239.0 20/33 50 13Cy-OTA
OTB 3.51 370.0 205.0 187.0 28/48 50 13 Cy-OTA
OTC 3.31 432.0 358.0 239.0 25/36 50 15 Cy-OTA
13Cy-OTA 3.97 424.0 377.0 / 23 50 /
2.2 BEHRRIENHRKE lor 0TC
W6 % H T Waters ACQUITY UPLC BEH Cj _ 8F
(1.7 pm.+2.1 mm X 100 mm).CORTECS T; (2.7 pm. S
2.1 mm X100 mm).,CORTECS T; (1.8 pm, 2.1 mm X %( g Al
100 mm) 3 3K AR [R] 35 78 07 42 1 0 385 A A 0.2 %0 H e £
K/ K/ 0,29 K/ 2 K/ Z I 4 BRI di
BC LV 3 A 10 55 BS RO . 45 R . Rl Waters BEH 0 - -
Cis 2 CORTECS T, a3 £ 2 88 7> 85 4 Fhfb & 4. Ho v Tiiil}?nm
Waters BEH Cs @ HHHEWIN FURLR 07 BACR I 5 g OTA OTB.OTC 40 Co-OTA &% & # F 4 B
A4 21 R UPLC-MS/MS 02 0 E A7 v 8 5 25 5 A Figure 1 Total ion chromatography of OTA, OTB,

T E R C (O3 AR OB R 520 8% 76 JURL 7 88 3%
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SlAE RN R 5 U B X BR A S e R B R, O B
T e J3E A 385, G e N R B RG sR . o 0.2 R K/ 2
G A A 8 A 1 € 335 04 0 R A5 5 o 7 B o P bR A
PR R E B LG W s ], A mER , OTA,OTB iy &
R 2 kR NRR G Re s Hinfb G o ik 3y,
HMBEFRRAEGYH T TRZRIM, BN & 00 L
AR FR 4y F % A0 R F 38 e O 8L R 3k o T,
KUt , # 4% Waters BEH Cg il 4:,0.2% B BR/K/ L5 R
TAIAH . 4 B A RS S IR R AR 1 TR .
2.3 HmETAEEEMRL

GRS & WO ) B DLVE & B PE L X e W B
B AR R Y L B R Y S A TRl
WIHZET 6 AR HE LS B 1L — K (Vo
ViR 90 = IO RBEF 2L E—K (Vo = Vi
FT75 25 N RBIERILLNE— K (Vi ¢+ Ve H65

OTC and " C,-OTA

35) JARMUA T AL M —IK (Vg = Vi 55+ 45) 1 42K
BRI SLZME—K—HEE (Vo + Vgt Vigg N 55 ¢ 40 ¢
SYTRBEF 6L K—FBR (Vo 2 Vit Vg N
5535 10) IR 4R B . BB 2 T, ) Poin A E
KT AR 20 095 B M L BN JE ML ER AT DU 3 2
KA Ve 2 Vg OB 65 2 35 B, IR IR 23 2 Ho
Viow # ViR 55+ 45 B R BORRIF AR AR R & . Y
BB P EA 5% PR, OTA,OTB B [l e R 4w . (2
&t &, 3 A B AR k& 90 0y I e S AR, A B
ST AR R PO AGE XY B R T 5 T R R Y
B 20 B2 BRI W AR FE TR R . 350 TP I A Y 1 R
Be FEHLERTT LA B b9 08 B 43 7 T8 20R) F $2 B /> 2
i vF S P 2% DB I 3R O IO DA T AR AR R R B
GAEZR.EFELWE KT RVoy 2 Vi 2 Vag N
551 40 = SYPENFRIUER .
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Figure 2 The effect of extract on the recoveries of

OTA, OTB and OTC

2.4 HUAFXKEK

WFFE S W, l R AR [/ 26 8 4k 3R R Bk T e
B, 8w A b R, K 4 B ] WondaPak
QuEChERS #t 1k %, ZanChERS-Mycol7 & 16 /N .
PRime HLB #tfbHE: 3 Fhgefb o7 =0, DLl 3200 F 45 2% 4%
3R E AR AW AL B, B 3 A, WondaPak
QuEChERS #%t1b.% . ZanChERS-Mycol7 &4k /MR 3 F
H b & B E L BOR B 4F , Hopr ZanChERS-Mycol7 #t 4k
IINKE A SR B A B IR R R S 85.5%6 ~107.5%.,
QuEChERS ¥ b4 R HI Y i 4L 57 % A PSA,GCB.Cy; » iX
L 53 AT A R BRNR 2 B2 B R A LA AR S 0 R M
KA R0 E GE A B R B W R AT g g S Bie
ISR AR AR B B, PRime HLB 1k 4 B8 95 A 2L 2= Bk &
H R B AR E TH  AE e 3R A A RO A B
BT R, FE N RAL. ZanChERS-Mycol7 ¥tk
ANKE SR R M 4 TR A ML B SR (MOFs) M 884 NH, 3t
P L AR L e P A LA e A B B AR R R e e . M
PEH ZanChERS-Mycol7 %k 75 2,
2.5 ZMETEE.KMHREREER

Garcia-Moraleja 2529 L A= w0l 5 04 38 Jf, #5717
UPLC-MS/MS 72 OTA 975 1, K i BR & 52 & PR 4 i)
H1.13,1.45 pe/kg. W3 2 Al AL KB T A 0.1~
20.0 ng/mL BT ELE A 3 M HEYEEXRR
M R BT ™>0.999 46, K HIBR A 0.1~0.2 pg/ke. &
B N0.2~0.7 pg/kg, Fot OTA KK R K 5 & FR 4%
Sk 0.2,0.7 pg/kg s ¥/ T [ 255 % K GB 5009.96—
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Figure 3 The effect of different purification methods on

the recoveries of OTA, OTB and OTC

2016 r AR S PR A0S BRI IR M REUE R .
2.6 EIRERSEHERR

S TR AN R R DRG0 4 SR of B A TR R
S5 T A0 19 5 ) — A T 32 48 ) 057 3% P b 9 R R 5 D A
TEFREO e T A 3 R R A 2 IR IR I R N AR R
B AR BOR S bR 0 o A SR B ol R L R
WA A g TP AE L & ER I 2.5.10 pe/ke 3 D IKEK
JZ£ OTA.OTB Fl OTC IR A58 iE W M WARIE W, #% 1.2.7 1Y
D58y A 3 Rl Ak A W 0 7 29 TR B X s o e 22
(RSD) , EANMEEE 6 AT, 45 R W £ 3. Bk 3l
SFEHERM T E U RN 79.0% ~103.0%., RSD H
1.5 % ~7.6 %%, J7 1 vHE B 1 0 o B 0 e, G R A 5K
2.7 EEREMRNE

M 4 770, 30 Oy mm AR S b LK B 4 it &R
OTA.FHEN 0.82~2.15 pg/ke, K T b it ML E FR{H
(5.0 pg/kg) . ZELLXF BREE R YMS4 P& I 45 5K T 4R
Wy e T BR T JE vk v e AN IR ke SR S
o Y 2% 1R R X A v R 22 39 <15 %6, U BH i Ol ik S R
Al R TT A — ROk U, o kR S R R R
15 e FER [ A A8 VR R P R A A
S K B A4S R O 7 A AR A A O IR SRR Y 4 i
B 3 AR P HOE IEH, TT BE R R T RO e 7 R
T S A A AR 2 B S e R R R TR, A
ME S OTA 5% B 3l 5 4 Fu R um e 4 5, 3= 22 R A
SRR R R — R LR OTA K FE3T,
I & B, A e S OTA K6 & 4 205 T Or s o,

K2 3SHMUAYHEMEXR QHIR . EER

Table 2 Linear equation, LODs and LOQs of OTA, OTB and OTC
oy THEE i 10y megn R LR
(ug+ LD (ug+ kgD (pg-kg D
OTA 0.1~20 y=2.420 132 —0.003 64 0.999 76 0.2 0.7
OTB 0.1~20 y=2.367 052 —0.006 69 0.999 63 0.2 0.7
OTC 0.1~20 y=11.125 132 —0.015 38 0.999 46 0.1 0.2
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BaEE W 3 W B E R QUEChERS-UPLC-MS/MS # il 7 %

*3 3#MUEWHEYEF RSD
Table 3 The recoveries and RSD of OTA, OTB and OTC (n=6)

A e 2 pg/kg 5 png/kg 10 pg/kg
s/ % RSD/ % I/ % RSD/ % M/ % RSD/ %
o e A OTA 93.0 1.5 91.5 2.3 92.0 1.5
OTB 92.5 5.4 103.0 2.7 94.5 3.7
OTC 90.0 1.6 93.0 1.5 99.5 2.1
RIS Wi M A OTA 83.5 2.5 89.5 4.0 90.0 3.1
OTB 88.0 1.6 93.5 2.3 90.5 2.3
oTC 82.0 5.2 89.0 4.8 83.0 5.1
TV A OTA 79.0 5.4 85.0 3.3 83.5 7.6
OTB 82.5 4.3 83.5 7.6 83.5 4.2
OTC 80.0 7.1 86.0 4.9 82.5 2.6
R4 EREHERBANVLER'
Table 4 Detection results of actual samples
o Wik / 7 1/ i 2/ e 5 ik / bR ik / i 2/
(pg kg™ (pg+» kg™ % (pg+ kg™ (pg+ kg™ %
SDY1 ND ND / YMS2 1.81(OTA) 1.92(OTA) 5.9
SDY?2 ND ND 1.12(0TB) /
SDY3 2.15(0TA) 2.38(0OTA) 10.2 YMS3 ND ND /
SDY4 ND ND / YMS4 0.82(0OTA) LD /
SDY5 ND ND / YMS5 ND ND /
SDS1 1.21(0OTA) 1.39(OTA) 13.9 SRY1 ND ND /
SDS2 ND ND / SRY2 ND ND /
SDS3 ND ND / SRY3 ND ND /
SDS4 ND ND / SRY4 ND ND /
SDS5 ND ND / SRY5 ND ND /
YMY1 ND ND / SRS1 ND ND /
YMY2 ND ND / SRS2 LD LD /
YMY3 ND ND / SRS3 ND ND /
YMY4 ND ND / SRS4 ND ND /
YMY5 ND ND / SRS5 ND ND /
YMS1 ND ND /

T SDY JgumnlE Az T W) ; SDS S MiIMEAE T CERE) 5 YMY Sy 01 5 o by (T 628 ) 5 YMS iy BT B85 i nfl sy (RS ) 5
SRY Ay 75 0 (TR A28 ) 5 SRS S i il GRS ) s ND S Rk i 5 /A B3 E s LD AR T2 f R,

A SRR 5T T B A S AR WP B ) A A — S [ R
X LA A v ) P R R R B R . XS PR AR
R B L i R G R R A R, S A R
Jer s e RS Hh 2R R T AL %S, UL BRI AR A AR A S
Yo PO R AR RUS A MR 2R R R R AR
DN XF 8 8 5% A B 2 LA P A A 1 9 Lk P R LR S
3 Hh

K H QUEChERS i Zb 38 J7 15 25 & P9 A 5 o &, 2
e Ak 3% I T 2% 1 B BSR4k A% 1 B S T AT ] A

I E MR R R 3 g i A 7R R 19 UPLC-MS/MS J7ik .
T TR R v 7 3k B S S IR 35 T I 7R L v L R
0, G0 A I (o) e 3 P O 5 P 3 R i 2 2 R Y
PR Gt A M L R . )R 2T 4 R AR o T B TS
R, L g 4 T M 0 A o o R R R R A 95 5 R
I 4 AR AR
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