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Determination of the masked fumonisins in cereals by isotope dilution-ultra performance

liquid chromatography-tandem mass spectrometry
ZHANG Shuo, ZHOU Shuang, ZHAO Yunfeng, WU Yongning

(China National Center for Food Safety Risk Assessment, Beijing 100021

Abstract: Objective

dilution-ultra high performance liquid chromatography-tandem mass spectrometry. Methods

, China)

To develop an analytical method for determination of masked fumonisins in cereals by isotope

The samples were extracted

and diluted for determination of parental fumonisins. Another portion of extracted samples were alkaline hydrolyzed and

cleaned up wusing strong anionic exchange adsorbent

( MAX ) for determination of hydrolyzed fumonisins. The

chromatographic separation was performed on a CORTECS C18 column (2.1 mmX100 mm, 1.6 pm) using 0.2% formic

acid aqueous solution and methanol with 0. 2% formic acid as the mobile phase under gradient elution. The six fumonisins of

FB1, FB2, FB3, HFB1, HFB2 and HFB3 were analyzed by tandem mass spectrometry using multiple reactions monitoring

(MRM) mode. The isotope dilution method was applied for quantitative analysis. Results The six fumonisins showed good

linearity with relative coefficients above 0.99. Limits of quantitation (LOQs) were in the range of 5.0-10 pg/kg. At the

low, medium and high-spiked levels, the recoveries of fumonisins in three types of cereals were from 88. 01% to 114.21%,

with precision ( RSD) of 0.72%-11.5%. Conclusion

This method is accurate, sensitive and reproducible for the

determination of masked fumonisins in cereals. It is suitable for the routine test in analytical chemistry laboratories for

monitoring masked fumonisins levels in cereals.

Key words: Cereals; high performance liquid chromatography-tandem mass spectrometry; masked fumonisins; isotope

dilution; alkaline hydrolysis
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PGS M S T B R AE AF 5T LM (Intern-
ational Agency for Research on Cancer, IARC) ¥Rk 5
A 2B K Bum Y (TR A By L Bk
A AR A 20 LA S D A Al A S R B S
K& 0 2 (Joint FAO/WHO Expert Committee on
Food Additives, JECFA) % & T fk & 1% % ( FBI,
FB2, FB3 Z 1) Y It I d5 K B H i 52 5% A 0
2 pg/kg-BW' ) BRUDEHR B % (FB1, FB2, FB3 2 Hil
ol ) 1A AR A2 AR SE R 2 ng/kg - BWS L B
WFFERIRA, N R B ARAE W A A B
Tad A rh W p B RAR T R & e E R
i 195 PR 25 /N3 CTE A B I A R g 1 W R A
pr sl AR 45 G, X W T vk i A g A I T
BUR BURGE B, TR AR O B R AR S5 BT (modified
or masked fumonisins) ol Sk B 2 AT 5 SRR
e BUAR B T AR A TR, SR D T R K P8 R R 3
T S ) W AR AR T T 3R T 2 1) 2R R BT
kR I & 5 % 4 S PR ( European Food Safety
Authority, EFSA) 8 B 7F it B AR 5y 18 28 % 5% 1 Jk i
AT 60% e Al FE B AR R KF . 2017 4 JECFA
XK B R AT TR e b A T R R
PRI BR 2R AR T B R R R R A A A e
2018 4F EFSA X il 5 IR B B 5% B HE e 2 4 e 4 5
EAE Y Ve S b ds ) T Rl B AR DT R R R
PEAG B I) R, Bbic B AR 15 T 3R R B 2 R 1 XU B A1
SRS RSN /AR YN S |50t B E 50 IR N
I 2R o 7 i (B J e A BIL ) 45 D7 T AIF 5T
AR BELAT T AR B 2R b L el 4 B i S (H Y
il

e B AR 15 B 2R A 455 B AR D R 58 A K i
7=#) ( Hydrolsed FBs, HFBs) ¥ 3B 43 /K fi# 7= ¥
(Partially hydrolysed FBs, pHFBs) fl 5 H fth 4> + 4t
PR a5 5 W, 2 MR R Rl B AR O #
ZRHR AT LA 3o 58K A B % A2 Sl HFBs, R, AT LA
R FH 23000 7€ e 1 9 Dt R AR D B 3R OR K gt B AR B
BRI T T 2 2 A AR A A% 2 R Bl UK
eSS R ERENIECPNE 21458 TINEE S R
A RRIAR HE i, B i 22 R 52 36 48 B 7K i 1) 25 7K
fiff BUAR B B 2R AE S b o 0 Bl R AR B R R AT
RN H HFBs (19 5 50 5 ) i B Ak BB
X T R T AR BE Y S T R S
JE AU AR T TR 2R s o it B HG B B T L 3R N AR DR T
12 S LR B AR T T 2R B0 A T, AT A B
PR Th T 28 KURS: s 0 DAl B ST, T T R X —
] {5, A% W 55 /£ DALL’ ASTA #1 OLIVEIRA J7
PR EERE | 4 F T KM )S HFB1 il HBF2 12

WL R, FEH w9 6 75 b Ak b o 5 2 TR &K (1) HFB3
PN B AR, LT — B R R Ik
T % — % 4tk HFBs M H R R N As, R 5
B it kA [ B4 7K A vk O AR B AT AR AR A A — — X R
[ 2 M bR 19 HFB1  HFB2 #il HFB3 & & £k, 7
IR 1 A 25 ] R Ay 4 ) v e TR AR T TR R S YLK
S W 4 T HE TS

1 #HRE5F®
L1 EZAEE 5l F)

R T I [ S SR Y
(exvo-TQS, FE[H Waters 2> ] ) | 5 4 B0 ML i 2 4y
FEPL G (0.5~ 1.0 mm) , Py ek 2) % L AL B
=N A T Milli-Q H Al KA (EE Millipore A H] ) o

FB1, FB2, FB3 W H RomerLabs, ¥ J& ¥ 4
50 wg/mL,"C,,-FB1."”C,,-FB2 .”C,,-FB3 1§ 1 Romer
Labs ¥FES> K 25 .25 .10 wg/mL, Z i B | R
¥Io8 LC-MS ¥ ( Fisher A H]) , AN (>95%) , =
K (23%), Oasis MAX 60 mg [& A # B AE (35 H
Waters 23 H) )

1.2 ik
12,01 BRiE s W m) Be

A3 590 B W B H FB1 L FB2  FB3, 2588 1K
i BRI 25 S 1R 2, i vk B2 43 531 10,105 pg/mL
SIS IE A N T T U | N O 1 QU G T
PC,,-FB1."C,,-FB2 .°C,,-FB3 [F] {7 & W 5 % % H
FB TR R IT A 5 IR AT, W Bk BE 4 i ok
1 pg/mL BTG N BR G 35 W o 3 e 2 R R i 4 TR
A A A FH VRIS i B[R] 467 38 P AR TR A 0 FH R, v
W BRI TR B o FH Y o A TR A 2 0N b TR S R TR
FHA 4R 7 3 A 2 25 BIA5 0. 1~ 200 ng/mlL ¥ JE {5 [
B R E AR SR R FBL FB2 FB3 Arif AR, N
PRUEEE R 1 ng/mL, G FHELEC . ZR 51 K i R AR 5 R
% HFB1 HFB2 HFB3 T/ W& Bc i 97 ¥ M . 4%
SIER W HGE B FB1 . FB2 FB3 IR A bRIERE AW, 4
I v B W BGGE B0 C,,-FB1 .V C,,-FB2, P C,,-FB3 [f]
PR BRI, 20 WA 2 mL ¥ E N 2.5 mol/L &
AAL B K W, AE 70 CORIB TR 1 h, &
MAX SPE #:¥fb 5 , B AR T BRI A ), 1 mL 9] 4R
VRN AAVARAS 0. 1~200 ng/mL H B 31 Bl 1) 2 51 )5 5
R I % HFB1 HFB2 HFB3 #RfE TAEW, AR C,,-
HFB1,"C,,-HFB2."”C,,-HFB3 ¥ ¥} 1 ng/mL, & it
Fefk BB R Mt Ih B
1.2.2  FESH2S

TR KK NEBERYE RSB, R
SRRS) . WERIFRI S g ORI 2 0. 01 ) FEA I R T
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50 mL &0, m A 20 mL 2 BE/K/H R
(75/24/1) $2& BUWE , 72 ¥ $2 HL 30 min, 8 75 44 B
30 min, B E{E W 1 mL 15 000 r/min & 0> 10 min
Je B R WA 4 f%,4 °CF, FHIR 15 000 /min
B0 15 min, B180 pL BVEW, A 20 wL & [H]
MFEIRAWNAR, TR ERR DR E,

IR BT W, B 250 pL, inA 80 wL &
SE R Z IR A AR, A 2 mL 2.5 mol/L & 4 1k
VW, WRHIRAIG, 70 CARIBH B 1 h, S 5E 4
JERH B E, 2 MAX b O 480 5 0 A
T VA4 19 Oasis MAX 60 mg /M, 28 3 mL BT
2% FKMPE,3 mL 1% IR P VR 5, AR T
VRV W, 1 mL WIR W S A 0, R0, T Al
TRl RUAR B R 2R
1.2.3 AUER&MF

WAH 3% 2. Waters CORTEX C18( 10 mm X
4.6 mm,5 um) KR 40 C, HFREARFL 5 wL, W3
FHM 0. 2% PR K E W (A)-0. 2% TR P BE (B) , ¥t
# 0.4 mL/min, #FEBEMA)IF: 0~6 min, 10% ~
90%B ;6 ~8 min,90%B;8~8. 1 min, 90%B~10%B;
8.1~10 min,10%8B,

BT 5% A R T 55 B R OE B AR K
(ESI+) ; B4 E (2.5 kV) 3 B TR 150 C
LR 500 °C % <0 800 L/hy 2 %
o I A 2 ( MRM) 5 A 5 B B2+ B i
SRR 1,

F 1 ERREEER KGR SR M F AN ER

A BT 28

MS parameters of fumonisins, hydrolyzed fumonisins

Table 1

and their " C-isotope labeled internal standards

HEe T iﬁ%’?/ﬁ# HEfLHL Rl

B E/V JE/eV
FBI 722.3 352.3/334.3 80 40,34
FB2 706. 3 336.3/318. 4 80 34,38
FB3 706. 3 336.3/318.4 20 32,36
¢, -FBI 756. 3 356.4/738.5 50 43,56
"c,,-FB2 740. 4 358.3/722.4 50 53,42
"c,,-FB3 740. 4 358.3/376. 4 70 53,47
HFBI 406. 3 352.3/370. 4 10 22,18
HFB2 390. 3 336.2/354.3 10 28,22
HFB3 390. 3 336.2/354.3 10 28,22
" ¢,,-HFB1 428.3 374.3/392.3 10 20,20
3¢,,-HFB2 412.3 356.3/376.3 10 28,22
C,,-HFB3 412.3 358.3/376. 3 10 28,22
2 HRESW

2.1 LR S A 1E
TEARI B AR¥ b, FB2 I FB3 J2 A 43 S 4 14 |
HEA MR BB 1% ; HFB2 #l HFB 3 b & [6] 4 &

Mk, H AT A E 0 B 7 %F s o 76 B AR L& 9 1
— SRR S Ay B R A BT R B AR
BAHRE B S B Ay B A WER H ST W A
K ACQUITY UPLC BEH C18 (2.1 mmx 100 mm,
1.7 wm) Fl CORTECS C18(2.1 mmx100 mm,1.6 wm)
3 5IAE 0. 1% W R K- 15 0. 1% IR 7K -H 1t 7 Fif
TEAHIA R g B RO . A5 R R W], CORTECS
C18(2.1 mmx100 mm,1.6 wm) 7E 0. 1% H iz /K -H
P 2 45 rf RE A T A o U0 LA B o e 7, O fif FB2
5 FB3 HFB2 5 HFB3 LBl 4k 40 &, (RS A i
M% . H A CORTECS C18 (2.1 mmx 100 mm,
1.6 pm) ,0. 1% R 7K - F B A 5 U0 2l A B il - 4k 25
PEAe A B I3 = R & &, 76 0. 2% H R 7K -0. 2%
FH T2 FP A 2R 00 30 R o R A5 6] R 06 280 AR AS A i) 7
AR E 1.2.3 YA A5 & F . FBL FB2 #l
FB3 HFB1 HFB2 Fl HFB3 K AH B £ % [A] A7 & N 5
1 $& RS F S A 1 TR
2.2 RO E KRR

AR 7 A B A D B i AR R R R
YR B TR 2R AT 5% Ak S K il AR B TR 3R AR
ZEWERROMR B R & &, B, PR UK 52
SRR A, AR BT AN KM
IKIRRCR o3 MAEAS R (20 C | 50 € \70 C ) W
ZEAN [A] S g B[R] (1,5, 10,20 min) , 43 5 K fi#
1.0 wg/g ) FBs, 24 5 ¥ HFBs I [ A1 A 43
o, HoR By b B An 2 2 BT, 70 °C K R R R
10 min BPATSC8 FBs 2385 1Ly HFBs, 7E SE Rk
S I A7 = T O | R AR T S i L
J R A 5E R 70 CORKIB Y 1 h,
2.3 BEAhRETARFE T R A PR

IS 38 07 J 1 23 ) R b 2 ik — 2B R ) IR iEAT
RAER SR, Z 8 BOR — 550 T A R
TR TR R, o5 — 40 A A7 0K A, i g i 72
R R 5 IR AR T 6§ R 45 10 oK g i AR
HE, RZTHEREARDSERSTE, A TEKR
Z K DALL’ ASTA %51 [ 5w | RV K it ) K oK fii
RR S EER M R CBe 26 W, e i, 1 2 i AT
W, %t B Al B R AR 2 R & TR 22 Ik A6 L
BIFER IR T 2 R BB, % 2N AL
TR 3R R R] AR T 3 R S A 4 e B
FH B8 2 460 181 AH 2 BURE e 5 X b A ) R B 1 A
FITE £ 1 R o503 R 0 1 3 70 pHL (B R o |, 2 4
PEEEKBAERDSE R, SCMROBERMAHIL, B
7RIS R = T | A2 IO E A 3 I 1 B Ny e P
HLB MCX il MAX —=Fh SPE 17 T i, 45
FUI(E 2) , MAX Ak R0 S5 A, 7K B I A= 1 1Y
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B W5 a0 a5 50 3560 L gh o S R N B Y M Y
100 197 706.332 > 336 32[(;:;) 100 494
L‘ﬁ'( X an - FB2 ‘ 1‘% =X \I\ ~HFB2
£ | £ el
R R B3 M 4 BIRC I 2o B M KA ¥ M KA I ) NI
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L A
S N A S et ety S NI M M M VA R A
100 4‘37 100 426 -1233 3923(13CHFB1)
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S R R M K MY X ® Y35 I0 a5 503560
‘]ﬁ 100 e 497 13C _FB2 7404 {m 100 au 13C Z_I_[FBz
e i
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Figure 1  Chromatograms of extracted ions of a cereal sample
F 2 ARIE SR A ] R AR AR T KA 2 AR T T R e T AU 4 L
Table 2 Percentage of hydrolyzed fumonisin peak area under different reaction time and temperature
N HFB1/% HFB2/% HFB3/%
f5F ]/ min
20 C 50 C 70 °C 20 °C 50 C 70 C 20 C 50 C 70 C
1 3.08 39.5 60.7 1.1 10. 6 22.6 0.3 9.6 17.3
5 26.6 92.5 99.5 11.4 51.7 92.4 4.6 65.8 92.4
10 95.8 97.4 100. 0 20.8 67.6 99.9 45.9 80.8 100. 0
20 99.8 100. 0 100. 0 34.5 97.1 100. 0 69. 1 93.1 100. 0
1401 =10) W AH L B9 I A 1 0 J7 05 B A6 Hh PR O E BB, &6
1201 R 3, =MAR T R AR R 22 AT KT FE bR
; 100+ I I B M & B 4 (Codex Alimentarius Commission ,
i 80 ; .
% e CAC) Fillk B i BB 1 (200 ~2 000 pg/kg) ™ 1T
601 " . SN ; a
@40_ = MAX DL 2 H W5 RS2 Bn R ARG I v JB Ak
20 R (Matrix effect, ME) J& 4 5 5 i 5 15 00 ) 1 o 3%
0 B IR AR AR e P B R X R IE Rl &
HFBI1 HFB2 HFB3 D
G SCOE I L0 T e ST, A 5 R ST 7E $ IR
. VA TR AL 2R PN A 125 P A6k 6 T RN, [A] o 2R PY A
K2 R4 7 oK AR B R I R (n=3)

Figure 2 Recoveries of hydrolyzed fumonisins under different

cleanup methods (n=3)

PN X R TR R s R ]
PRER 76 Ik vk o B bk 2 B, Tk 2 R R AR AT
HFBs WS /N SPE AR B, AT 28 19% R HH Bk
it A
2.4 MRV R R B o BRI B AL

A B L WML ERERE N, 6 F B ARY 4
PERR R, r>0.99, 430 W 28 1 E KRB /N #
TOKAE it v TS 0 A [R1 VR B2 1) FB1 FB2 Fl FB3 bR if:
VSR, 4% 1. 2.2 HTAL BT 4y S A T I AR 1 1A R R
KRR P M E . LA 3 A5 E M L (S/N=3) i}
FHRE B NAR 128 7 2 R B, LA 10 A5 {5 M L (S/N

A JBT 3 V5 7R R0 e g e 06 TR RRL L R 4
T U Y R ST AR B DN 5 2, ™ X T
JFARR T &R, M R e T P C,,-FB1,°C,,-FB2,
PG, -FB3 IR A bR MEE WRCT 4R OBV I P A AR I
T AR AT i K AR R, T K A R VR
EPC,,-FB1."C,,-FB2 " C,,-FB3 1R & #5 i 7% W
PO R 1.2.2 U7 3k dEAT K R, B AL R
“C,,-HFB1."C,,-HFB2 . "C,,-HFB3 Z J& # 17 It %,
7 3 25558 FBs JE AN 7E 87. 7% ~ 137. 6% Z. [H] ,
PRl R R P I B SV (ERL & S PN 1 S
JR 2R TN . HFBs 30N N 90. 8% ~
105. 8% , 5 FBs Hij 4b 3 B AR L, 380 1 2 7 32
TR [ R 25 TR Ak 2ok B B R R T 4 0T, R T K
BN, G5 % g, AT ok I E AL R W BN bR
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Table 3 Linearity, LODs, LOQs and matrix effects of 6 fumonisins in different cereal matrices
FETET N "

L& *ﬁj(cf‘ﬁ LOD fo% ME/% LOD if)} ME/% LOD jifQ ME/%

/(pe/ke)  /(p/ke) T Jewke)  /(pg/ke) T Jeeke)  /(pg/ke) o
FB1 0.998 4 1.6 5.0 114.5 3.2 10.0 96.2 3.2 10.0 92.8
FB2 0.999 1 1.6 5.0 128.8 3.2 10.0 96. 4 3.2 10.0 87.7
FB3 0.993 5 1.6 5.0 137.6 3.2 10.0 90.3 3.2 10.0 94. 4
HFB1 0.999 6 1.6 5.0 103.7 3.2 10.0 99.0 3.2 10.0 105. 8
HFB2 0.998 7 1.6 5.0 97.2 3.2 10.0 103. 6 3.2 10.0 101.9
HFB3 0.992 0 1.6 5.0 96.5 3.2 10.0 102.7 3.2 10.0 90. 8
25, T B 2 S5 A4 N X S A R DDA TIE 4 2R 0 FB2 FB3 IR & 5 % W, JE 47 A% b i Ak 2R R B oK
CIET figp S o RGN A A AR K F 6 U AT B, b
2.5 e TR WL | [T e SR ORIORS O DL R 4, AR A1 i R AE

A3 ) 35 BUAS R oK R LN FE R LR KRR AE R
XN E, MAK L 3 AWK B FBL,

88.01% ~114.21% Z[a], #H X 45 #E W 22 4 0. 72%
~11.5%,

Fa4 =FAREZEF P RDTER PSR EE (n=6)
Table 4 Recoveries and precision of fumonisins in 3 different cereal matrices (n=6)
oy KT EXH hEY K
" /(pg/kg) Il % /% RSD/ % Il % / % RSD/% Il 5 % /% RSD/ %

50 98.51 1.91 104. 96 3.43 100. 87 6.78
FB1 100 106. 96 0.72 99. 83 2.54 97. 60 7.50
1 000 102. 32 4.32 108. 64 3.87 110. 79 9.42
50 94.75 6.21 100. 24 1.75 96. 85 6.22
FB2 100 110. 29 3.29 103.51 4.56 96. 42 5.02
1 000 108. 47 8. 11 103. 60 3.71 95.73 8.39
25 94. 55 6.63 93.75 7.75 99. 51 8.32
FB3 50 108. 96 6.75 95. 69 8.43 105.51 10. 77
100 110. 34 11.23 107. 37 10. 01 97.92 9.13
50 97.42 8.21 110. 38 4.45 95.27 6.33
HFB1 100 106. 30 11.49 97.85 3.44 102. 72 7.42
1 000 89.77 9.51 91. 68 8. 60 96. 66 3.11
50 92.28 7.55 114. 21 7.55 100. 32 5.70
HFB2 100 96. 53 8.32 91.92 3.97 98.59 9.08
1 000 90. 72 9. 64 89.28 10. 24 93. 64 7.19
25 96. 23 11.36 104. 32 2.39 95. 44 10. 02
HFB3 50 105. 20 5.08 91.91 6.03 98. 51 5.48
100 88.01 9. 67 102. 40 9.70 98. 68 8.96

2.6 SEBRRE A AR
K ZITEXS 10 1y E AR /NF Ay ROKRZEAT

mn Al R Y A I AR B AT A ST Y O, BE S D X
— IR A, SR R A FB3 I E =

Rl EARR A 2 DFES SR R S E AR E
RIG U TR 5, 45 5 BoR, BR ROKER &L Ah, N EE
MEKRFER P AFEARBRENRDSERG R, B
HFBs  ®& ¥ KT FBs & &, UL et b ¥ &6
P B AR SRR HR AR SRR H RS R L
I E IR 24.5% ~42. 8%, It ] UL e ik A
AR D T 2R g 1 B R AR S T R B, HL S A A Y
Fe o, 5 ORI B FBs 7K, 1T Rl S B0 bR i5 Y
KPRARA, o A AR SEBRAE A rh  FB3 K H: B A
W) A, B — s el i LR R I 5 i
BEAT B K X T HFB3 B L[R2 P4 bk i R 7

3 NG

AHIF 5T K FH K A S5 MAX [ AH A8 BURE 1k 10
D5 ¥k il % HFBs brf 22, O 0 26 B f2,  A
BFIE] A7 3 TC W B A il & L gl Ak | vk 4 K i B0 AR
2R M A AR b, A 2k SR R O %
AH TR 7 41 o 40 B ED AT SE 8 FB1 FB2  FB3 —Ff R
R R MO BR R i e i, SR 1K AR B B R
N FL TRV 28 A fE o TG 125 3 ol Ak 4R 15 B R 350, O 8 0ok
— X I B[R] 2R PN B o R B RN A T i
By AT EE AR T R R AR TR AR ARG ) X R, R
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Table 5 Contents of Fumonisins in cereal samples
’ FBI1 FB2 FB3 HFBI HFB2 HFB3 "'ﬂﬁ_ﬂ“ﬂ’g %ﬂi&ﬂﬁ%%ﬁ
i 20 e /(ng/kg)  /(pgkg)  /(ngrkg)  /(ngkg)  /(pgkg) 7/ (mg/kg) I Rt iR
/( ng/kg) EREHNIL/ %
B 8] 2 56.5 13.3 5.3 101. 1 22.4 7.9 56.3 42.8
Yol E KK 2 1846.3 596. 6 204.7 2 869.5 1.029.0 310. 1 1561.0 37.1
INEE Ky 3 26. 4 3.5 ND 31.3 4.6 3.7 9.7 24.5
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