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Application of ultra-performance liquid chromatography tandem mass spectrometry in analysis
of aflatoxins and ochratoxin A in hotpot seasoning
XU Jiaojiao, WANG Mengli, CAI Zengxuan, HUANG Baifen, XU Xiaoming
(Institute of Physico-chemical and Toxicology, Zhejiang Provincial Center for Disease Control and

Prevention, Zhejiang Hangzhou 310051, China)

Abstract: Objective To provide the technical support for hot pot base product supervision and risk warning, an ultra-
high performance liquid chromatography-tandem mass spectrometry method for the detection of aflatoxins B group, G group
and ochratoxin A in hotpot seasoning was established and optimized. Methods After extracted by 84% acetonitrile-water
and cleaned up by 2 in 1 immunity column, 5 types target mycotoxins were separated by BEH C18(100 mmx2. 1 mm,
1.7 wm) under 0. 1% formic acid and acetonitrile-methanol mobile phase. The optimized LC-MS/MS was validated and
applicated in 25 hotpot seasoning samples from Internet merchant, which quantificated by internal standards. Results
The method was validated and demonstrated a good linear relationship in range of 0. 1-20 ng/mL. The detective limits were
0. 03 pg/kg and the quantitative limits were 0. 1 wg/kg. The recoveries were between 90. 59% and 117. 36%. The relative
standard deviation were from 2. 83% to 9.44%. The optimized method was applicated in 25 hotpot seasoning analysis,
with detection rates of aflatoxin B, and ochratoxin A 40% and 72%, respectively. Conclusion The optimized 2 in 1
immunoaffinity clean-up pretreatment in this study is highly targeted. The method has a good sensitivity, satisfied recovery
rate and precision. It is suitable for the quantitative analysis of mycotoxins in hotpot seasoning, which could provide technical
support for risk monitoring and early warning of mycotoxins in in hotpot seasoning.
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YS I gt 0 S R B A S SRR AS 23 R T
R Ay SRR AR L TR AR L 0 A AR A I A
MEBNRPEYZHEEGERIGRE. HEGR
Je MR B A L R UE Y 7 A R A R
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CAADBES T TG AR B R AR
0 7 32 BE 5 LA B g DR 38 A 710 R A
XF T R RSB B TR B 2R ARG 5 vk B R XU Y
FH G HRIE -

1 TR R A IO AR R U R Y
RGN 7 12, o R 3 R RE B R B L. K
JRERE B i 23 52 A, o IRk 5 Gt Y LT 7 R o0 A i
JIL ™ o) R BT PR BRI AR L Y 22 21 00 B
R 75V B0 A R o LT BE AR ORI R T AR i AL
PR 7 AT WM AR R AR (T AR A R R e i
TR ZE WA B I 0 335 1 A B R R 4 952 53 T JZ A
B AR S Horh G ok R 2 AT L B R T B A
e TR B B R S PR TR A A L Tz 0 T A
Fe B 5T A0 AL B A AL AR R o M T AR R O IR
L it 25 5 2 (Aflatoxins, AFTs) flifg i 2 5 &=
A (Ochrotoxin A, OTA) N EZ K I HE&FE R0,
WA R ] Z A — % R FEE ¥ Ak 7 12, e S 0
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o i 75 3 £ B, (Aflatoxin B,, AFTB,) . # %5 &%
% B,(Aflatoxin B,, AFTB,) . Bt i % % & G,(Aflatoxin
G,,AFTG,) . #F i #H % % G,(Aflatoxin G,,AFTG,) .OTA .
£ PChRIC Y [ A7 3 N R (4l >98% ) A K il 2

HFEMEMERFRE -6 - REEMEHBEA
Romerlab [¥ bR 57 % (J657) A R A A . AB6500+QTrap
R SO A ER K BT A (32 [ AB Sciex A H)) s R ¥
fir (78[5 Heidolph 23 7)) i 25 .0 L (36 5 Beckman
o). WEE NG W R (63546, 35 F Thermo Fisher
Scientific 23 7] ) ; PBS i it il 1 A 4 (231 4l A=
Y TR R E]) (ki -20 (i [ 24 4 A1 4 27 347
ABRAF] ) 50,22 pom P8 AR (42 335 52 50 BB I A
AR W) 5 5250 % FK Atk .

1.2 SEE
1201 o o 0 I

I3 W B AFTB, (1 wg/mL) \AFTB,(1 wg/mL) .
AFTG,(1 pg/mL) (AFTG,(1 pg/mL) .OTA(100 pg/mL)
it A8 VA I S, I RE T R & A G vk R 1
9 100 ng/mL AR & AR E TAEW , -18 “ClECIRAT

WERR R HL 0.5 wg/mL “C,,-AFTB,."C,,-AFTB, .
BC,,-AFTG, #l °C,,-AFTG, 4 1.00 mL, 25 pg/mL
BCL-OTA % £ W 20 wlL, FH 2 1% H B8 e i A 35 4% [
R WER LA PR B ¥R 50 ng/mL WR A R4 R
AR TAEW,—18 CREEARAT -

1.2.2 BEACRESHI%

AR T R W 25 o KRR IR, Tl — it R
B8 3 AR K TOUA B 1 K RS R B K i B &
PRml A, FDRE ALY 0T o FF O 3 S S 20 Bk RO RE
5¢ T 50mL B0 P, &

1.2.3  FESRTAL 2

fE B3R 50 mL 804 A 20 mL & - 7K %
Wi (84+16) IR 2T, IR HE 25 min, BB Lo FHE B8
AL P RS A o RS 4 mL BIE W,
A 20 WL ¥ BE R 50 ng/mL IR & N AR TAER , H
0. 5% -20 () PBS Wi BE 2 50 mL, 1B 2] fF
o BRE TR RZERAMERE 22,
G P88 S5 RV DY JEAT YRR I8 28 4 O U L FF IR R Fr
FERTRG , F 10 mL PBS ¥ ke Spe 26 Ak . ik
UESE LR, 7E SR FAE R I BCE S A 4%0. 5 mL
2% T - WP I V6 O S RNAE Wi B A T VR U
40 CAR FTAAMREIE T, 1.0 mL M R s E
B o 0.22 pm UERELUE WA VE W T AR P A
BLAT AT o
1.2.4 {3k

{635 F: BEH C18 #:(100 mmx2. 1 mm, 1.7 pm);
FEIR 40 C; #EFE R 5 pLs i 0. 3 mL/min;; Jii 3/ 4H
A:0.1% W IRV W ; TR B AH B: I EE -2 1 (IR B LE Ry
L)W . B B2 UE 2 T : 0~0. 5 min 35%B,3. 0~
4.0 min 100%B,4. 5~8. 0 min 35%B.
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1.2.5 JRig A A1 B [ 7E — 7 3 il N R 0% 412 /3 $2 USSR, (H 42 R

LSS ESI & F IR (EE &0 B .2
2 W i (Multiple reaction monitoring, MRM ) ; Hi, i
Z5 B H 15500 VAT SR T 235 psis AT -
40 psi; 5B SE 77 : 40 psi; B T IR EE 550 °C; 4%
HIH R G S En®R 1 iR,

F1 SR W R A0 B 2 8

Table 1  Mass spectrometry parameters of MRM
o ET 1/ TEs1Q3/  LiEwE il 1 i
(m/z) (m/z) DP/V CE/eV
AFTB, 313.0 285.0° 170 30
241.1 120 50
AFTB, 315.0 259.0° 160 40
287.1 160 35
AFTG, 329.1 243.0° 140 36
215.1 140 43
AFTG, 331.0 188.9° 180 55
245.1 180 40
OTA 404.0 239.1° 180 30
358.1 180 14
PC-AFTB, 3302 301.2 160 35
PC-AFTB, 3322 303.2 180 38
PC-AFTG,  346.2 257.2 190 38
PC-AFTG, 3482 330.2 180 35
"C-0TA 424 250.1 180 35
ERE R T

1.2.6  Jiik# 48 vE M

Pl AFTB,.AFTB,. AFTG, AFTG, 8, OTA {1 1%
W 5 2% Xk 7 [ 457 3R P A €8, 3 A 17 06 v AR LG A -k
YRR, 22 i bn o TR M4 o R F 4 B Ak 5 v i [+)
AL 2R N b 3k HE AT 35 JO 250N 1) 2 4%, A A R R
FE T RN (Matrix effect, ME ) =4F 5 3% 5 32 B04 1k 5
T[] 2 28 9 AR e 1 AR (SET ) / [7) 25 9 3 1 ] 37 %
PA R 5 0 T B (SET,) , Bl ME=SET,,/SET,,, #
TFVTAl o DASEBRAE S s i AR v B H AR ik & 1 &2
R i AL B S AR 3 BT, i BROE R R O R R
L (S/N) A 3 B A At B, 2 8 3 T+ £ e
Fb(S/N) 10 B AR Ry o i B . k58 ICOREE & v 4
BImMFR 0.2.5.10 we/kg B An 4k & 9 80mbx 1) R
Sy, B AW AT 6 YCOFAT IEE TN AR B
FRFNAH XS bR 4 I 22 (RSD %) .

2 HFR
2.1 RiALEE AR AL 4

BT PR [ i U 2R (709 HY I -7K 75 T A
84% . W& - 7K ¥ W) X BRI B AFTB,  AFTB, .
AFTG,  AFTG, Fl OTA MR, 25K BoR (& 1),
84% LN -7K W W e % T 5 Ak b AR I H ARk S W . TR
BF A, 2 ¢ 1 AN (] 4 JBCHR () % 4 RO B S e 2
R (B DTE 70% M BE-KERARRT b Y i K

SR ITCTR G AT 3K o FF 84% NG - /K AR &
T, HE A R R (R R BOSCR I A . R i
LA 84% LN -/KAE M 3 B WL, 25 min 7E R $2 B
sy 1] o

0 84%Zfi-7K-25 min - 8 70% T E-7K-25 min

84%Z.JfE-7K-40 min & 70% H fi£-7K-40 min
8 70% H Z-7K-60 min
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Figure 1

mycotoxins in hotpot seasoning

Ak 3R 2% A 38 LAk 1 g ok FAE ¥ AL TR 1
FEW . L L] PBS W .0. 1% i -20-PBS %
W .0. 5% K -20-PBS % WA 1% 6 -20-PBS %
VO B AR PO J5 1 RV, e B B ik i -20 Vi B
R Y PBS WM RS, DR ORI G , L RE T g
SR RAEBE S Z R B R BBk v . {H 0. 5% it -20-
PBS W A1 1% i -20-PBS % s B 5 B RE R &
BERCAE 2B T 25 5 0 3k B A ik T -20 W
R T A VRN A 8 4 B Y A BR R ) Bk . kT -20
W B 2L e AT RE 23 52 ) 0 SRR B FE AL, AT g
FRCHE AR P A 20, 52 0 TS 6 A PR RE
H I, Fe 3 1 0. 5% i -20-PBS ¥ A h ERERR
B
2.2 HEFROV T

AR 5 % 38 3 B O AR S S N R A 3N AR v
(TR Y AV I v & o W RPN (O 9 S AN i
ML T R4 AN TR B 4 63 R RS RERE &, 23 3]
P J5 1 R AT BRI Ak 1 RE 0 R A R bR HEAT
Whr. AN 2 ATLIE B AEM 7.8.12 F1 23 i 2%
B BE o A Ta] (028 84% I -/K I WA B, 0. 5%
U -20-PBS ¥ WA B AR SR ok R Ak e AR
Jei o IR RS 2 B, 5 R BB R AR A A R
BN FEAAE 0. 8~1. 1 Z[8] , H A A FE & 7 FF i 23
) PC-AFTB,."C-AFTB,.""C-AFTG, 3 i % 1 s I F
0.8 ZHPESERARE AL & 5 | FE i 0 55 0T 2400 AN
SR ], AT =5 SR IR 67 3R PR A vk 247 2 o, LAAS )
CIETAEE N
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Table 2 Assessment of matrix effect
- H e e " s JE RN

s B L (AU RTED) BC-AFTB, SC-AFTB,  PC-AFTG, BC-AFTG BC-OTA
b 7 ARl RS UL S 0.81 0.79 0.91 0.92 0.92
FEfL 8 Ay A2 KRR R 0.83 0.99 0.91 0.90 0.92
K& 12 P ST L/ R AR ISR 3 ey & 1.08 0.99 0.96 0.83 1.02
B i 23 AU ARG VR R ARG B 0.76 0.88 0.86 0.78 0.92
2.3 ke PRAE &R PR,

A7 ¥k %€ AFTB,, AFTB, . AFTG, . AFTG, Al
OTA 7£ 0.1~20 ng/mL W JEJEH N, LMWL AR
I (r>0.999) , Kz B 0.03 we/kg, & &= R R
0.1 wg/kg, Tl A2 K5 JICORE AR & 5 53 3R A0

2.4 b [l HORS % B

5 Fh ELR B R A WIS 90. 59%~117. 36%,
RSD% A 2.83%~9. 44% , [n] Wt K F1 A% % & K U .
W 3,

43S L F R R AR 5

Table 3 Spiked recoveries and precisions of 5 types of mycotoxins

feat  AFCH/ (ue/ke) Jidw w4 E /% RSD/%

0.2 ng/kg 5 pe/kg 10 pg/kg 0.2 pg/kg 5 ng/kg 10 pg/kg
AFTB, KA 117.36 96.88 105.20 4.54 6.03 3.83
AFTB, KA 109.14 97.58 105.38 7.10 5.77 3.83
AFTG, A 90.59 112.76 110.53 4.40 5.21 7.27
AFTG, A 96.65 99.96 112.32 3.31 5.50 2.83
OTA A H 99.58 92.05 90.87 9.44 4.10 3.09

2.5 SEBRAE A I 2

i B 5 A0 X K IS 25 0, B4 16 1y
2= 3 SR TRORERIT 9 A AR T SR IRORE , B it TR A 4
TEULER 49 R R HEZ AT 4 BLiLr) o AR 4
A LLE 25 03 KR ISR LB B R B R R
76%(19/25) . Hrf OTA K F i, R 72% , Hik
9 AFTB,, K H RN 40% . OTA Fl AFTB, fie KA H B
PN 3.04.2. 42 pg/kg. AFTG, ¥ KK i, AFTB, fll
AFTG, A A BIRE S A A (B 2 = FRAKSE . 9 1
FE W KRS RE OTA LAFTB, K H 2R3 510 66. 67%
33.33%, 16 i 4 i K ISR OTA LAFTB, £ i %
S5k 75%(12/16) (43, 75%(7/16) .
3 iFit
Ny RP S BURY A R IR SRE X TP LIS S U
ST T R RN A A R I T G T K D R
HMEEEMMEIMERTER A ML Zrikark
PRE R % @ Mo, 68 A A2 R R SR T Tk g
o R AR o, B R m RS BR T i, g e A
M H o3 w2k . AR T 0. 5% kil -20-PBS #F
VO BRI ARV, VAR O o g S RITAE R KRT B b 2 R
TR AE 75 S8 R JORHRE R B Y 52 A RN £ 8
PE |, [7] I R B0 S 00 5 7 B ARG 0 4 5 Ao % A v
JE RS BESR . R, AE SEBR A3 B TAE T AT
K HIIRIASE R 9 B 0 A7 4 ff 2 o 5347 o

AT BB &% 4 EZ bR GB 5009. 24—
2016¢£ 5 i B B 2 B A G E BN SE )R

PRI S g B, A R 28 P9 AR 5 SR 0, BEBR R T 7
AT AR E Y At B, O IE T R RALN . M AL B
T8 A TR 7 28 P b, 0] DA Ak B 4 AR R AT
A R EE R OE BT T 6] 6L 38 B 0 4 0 i O
Xof A o A S BT T A T AR B o AR T IR B
TS [A] 4 B VO K B IS RE R AFTs R OTA 1 42
BUSCR . 45 R 84% £ -7k I T LA 4 %o [ i
RIKFNA) 95% 8 T A 4 XoF [l g 356 3l J A6 ) 22 R
B4R R AUAE B BE 25 RRE W AL [ A TR 2 26 Y
b, BB 29 T [0 28 08 B Al A AR AT R e R
VAR PR BRSO DL B S ST RO E AT A R R
M UE . 5340, M BT GB 5009. 24—2016 Xf 7
SRR R FSURE e Ak vk (2 T B8 AL 5 P e R
R L) , AR 5 2R A 0. 5% it -20-PBS % Wi Fii
BeJo L RE A5 B 5 v Ak 5 AN ) 1 R I T %) 25 R sk
I IR A (S UN P o VEA W 208) 3T N

oAk 58 35 J5 19 7 35 AR AGE T 4 0 2 KO IS
RHRE S TR B 35 A 4 9 2 OB IR RE o i
FAAAL G B9 7 460 25 403 I I RS ISR, LA OTA
FIAFTB, A EZER B HEE R, XS5 A MG F
R EURE A R A A AR — 8 BRI
LA B 2% bl DO R S B 0 R TSR R
FKE GB2761—2017( &M% & EH X & h A
P R B ) TP RLE T AE YR AFTB, R Ak
10 pg/kg, AR A BE b B0 5 R R
{E . B 1881/2006 LI K 2022/1370 54 L&,
FERHH AFTB, \OTA & =53l A 5,15 pe/ke,
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Table 4 Contamination levels of aflatoxins and ochratoxin in 25 hotpot seasoning analysis

. o ! . K45 52/ (pg/kg)

il 5y (&R 4) AFTB, AFTB, AFTGtLg : AFTG, OTA
1 B AR X LA AR A TR R Ry HORL SR FH i R R F A 1.28
2 Al R HURL B R FA FAG F A HA 2.03
3 FESEE SR IINCE T3 ¥ e A EE N R KA A H ARAG 0.217
4 Al B SR 2 ER oA PNy ER oA KA 2.62
5 Al R I HOR SR 0.258 A KA F et 0.194
6 ERUIRCE/EI T N =R KA A F A KA 1.22
7 LR IONIERIII: U R 5 0.174 A KA ARAG 0.782
8 A2 KRR B R 0.106 AR KA AR 0.799
9 LR S HOL R RO T 2 R o ES o o ES oA R
10 LRI i GNER = g E 0.241 AR 0.157 AR 0.798
11 B4 R AR SR 0.102 E oA ES ok E oAt o
12 Seg NI i/ M REARTIISR 3 e =y KA H A A A H H A H 0.314
13 A e B T R R 0.119 KA A A 0.378
14 A HOR B SR CHORL A S K VB ER NEE) REH o o o FH i
15 ESTINGE 123 0 A E oA ES o E o ES ok
16 HE Y R I B A T 0.190 PN o o KA 0.924
17 FRF R KT e 0.338 KA A AR 0.460
18 L7 R NGRS FH i KA FH o FH
19 FEPp I BB T 2R 2.42 0.111 KA KA 1.72
20 SEAFIh R T B & A 221 KA 0.116 KA 0.927
21 ALY AR 2 RR A R A KA E N oA KA 0.181
22 PR LY S (e L NEERY K R (MRS FH R FH F A H 3.04
23 T A PR R R A R E N oAt KA E N oAt KA 0.100
24 T AR R AR B L S FH R R R R
25 SERFh R AL AR F A F A Hh F A HA F A

B R AFTB, BR B IR 2 wg/kgo 1T 25 4y
K5 JCORHRE i AFTB, COTA Fie KAE 501 2. 42,
3.04 peg/kego

JAE K IR TE TR P T & LI AR /) AFTB,

FIOTA FORSE H e B A vy, (HR N A0 B 2 Y SR
LRSS 3 N NN R O G =8 U
DA KSR SRGH B 38 22, M T B R AR AR A B HL
23 N OB T it B A A XU
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