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Simultaneous determination of 7 major mycotoxins in vegetable oil by
HPLC - MS/MS with multi — component immunoaffinity column
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Abstract: A multi — component immunoaffinity column ( MIAC) were prepared by covalently coupling four
high specific monoclonal antibodies, such as anti — aflatoxin ( AFT, including AFB,, AFB,, AFG,, AFG,), anti
— zearalennone toxin (ZEA) , anti — T -2 toxin and anti — fumonisin B, toxin (FB,), with CNBr — activated Crys-
tarose 4B, after the investigation of three carriers and two coupling methods. In addition, with the optimization of

extraction solvent, extraction method and loading condition, a method of high performance liquid chromatography
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tandem mass spectrometry ( HPLC — MS/MS) combined with self — made MIAC was established for simultaneous

and quantitative determination of these 7 major mycotoxins in vegetable oil. The linear ranges of regression equation

were wider and the correlation coefficients were not less than 0.992. The limits of detection to AFB,, AFB,, AFG,
and AFG, were 0.02 —0.08 pg/kg and ZEA, T -2 and FB, were 0. 10 —0. 50g/kg respectively. The recoveries
of these 7 mycotoxins in spiked vegetable oil samples were in the range of 80.22% - 106. 10% with the relative

standard deviation of 1.05% —6.56% . The method had the advantages of simple operation, effective purification,

high recovery rate and less organic solvent consumption, which provided an efficient, accurate and sensitive tech-

nique of multi — component determination for mycotoxins in edible vegetable oil.

Key words: Mycotoxins; Multicomponent immunoaffinity column ( MIAC); HPLC — MS/MS; Simultaneous

detection; Vegetable oil
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27K R 48 (S E Millipore 22 7]) , UVS00 240736
JERETH(SEE Thermo 28 ]) , — YR St (I E
S EST E A BR 9T AR A H] ) , CTOE GBSO HL(H
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V) F 2mL A3 Pk 8 AT AT, $8 R IR $E L 20min, 28
JG7E 6 000r/min 254 &0 10min, L4 F RS
FHo 1 10mL PBS 75 4 il £ 1 22 20 43 e 93 S P A
AT GE TS A, B 2mL #5352 O 8mL PBS 7
TR , SR K A RV ) 9 A Y S o A iR A
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Py e, S AR PRI At HPLC/ MS/MS 7
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w4 3% A (100mm x 2. 1mm, 3um) , £ i 20°C, i
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CH,COONH, ) , R BB EEVEMIAR (2 1) 6
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Table 1 Gradient elution program

TBAR 5} [E] Time/min
Mobile phase 0.00 1.00 3.00 4.50 6.50 7.00 10. 00 13.00 13.10 16.00
FH 2 Methanol (A)/% 10 10 20 50 50 55 100 100 10 10
0 in (v M M
0.1% HZ 0. 1% methanoic acid 90 90 30 50 50 45 0 0 90 90

aqueous solution (B)/%

K2 THEASENENE T AiEEENEFUTRX

Table 2 Qualitative and quantitative ion pair, collision energy and ionization mode of seven major mycotoxins

HHER BEF/ T Tl 488 i 2 B
Mycotoxin Precursor ion/produst ion Collision energy/eV Tonization mode
AFB, 313/285* 313/241.1 35 35 ESI*
AFB, 315/287.1* 315/259.1 26 26 ESI*
AFG, 329/243 329,283 22 24 ESI*
AFG, 331/245.1% 331/217.1 24 26 ESI*
ZEA 317/130.8*  317/175.9 30 20 ESI-
T-2 484/245.2%  484/387.3 30 25 ESI*
FB, 722/334.4*  722/352.3 26 20 ESI*

H/Note: * FERE T # Quantitative ion
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FAEPERER SR R . AW R R R I 7 vk 2
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Table 3 Effects of the coupling method on the column capacity

(1S %548 Column capacity/ (ng/mL) (FHXIHRifE(w 2 RSD/ % )
Coupling method AFB, AFB, AFG, AFG, ZEA T-2 FB,
: . . 1012.8 705.3 753.7 719. 1 887.7 774.4 2514.0
N=PAN Y
I FH I Mixed coupling (5.26) (6.95) (4.38) (4.77) (4.79) (3.97) (1.69)
. 993. 4 793.5 718.9 7115 810.6 782.5 2353.5
PARABER Separate coupling (4.73) (6.80) (4.27) (5.88) (5.29) (6.63) (2.11)

T - e P AT BT 5 Ok 0 B VI [

Note; Values of the column capacity were mean of five repeat measurements

2.2 HFmETRETERMK

NS B it v Rt BB A 3% T, R O
SR FL A R P I, ThTHR BRI R IO A
W7 R R R AR R o R, S B 5 3 Y B L
VAR AR IO RN A5 A ) R v 1 1 v
PR R
2.2.1 RIBUEMNGRF HETH R, ik
FHFEIE/N AR M M A B 9 325 701, i P ) i B
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Fig.1 Optimization of extraction solvent
for sample preparation
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R 20min FHE ARAR 5 20min PURPHRECT 20T AR H
BER N 20 BRI LA {9 PR AR v 42 B
20min E 2 $E BT U, XoF b b B 7 3R AR BUHOR
B, [CR O 76.21% ~ 112.59% , A% b i i 22
H1.97% ~4.22% ,Fa e M,

SR Smin = BHESRS 10min
140 - High-speed Vortex 10min
homogenization 5min " . .
P 2go . = EPRIRE 20min
120 A RS Shaker oscillation 20min
Ultrasonic ! .

processing 20min

[Flfii# Recovery rate/%

AFB: AFB: AFG: AFG: ZEA T-2 FB:

% Mycotoxin
2 EmRERAXBRL
Fig.2 Optimization of extraction method
for sample preraration
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PBS 7K — 5 LU0 B, 7 B )5 A ML 771 L 451
I3 5% 10% \20% F1 30% , LA A A A AL
VR 25 PF T 3 B S AR X 45 LR 3 R ISCR 1Y
SO 3, MEHRRT UG 1, 24 ERER A R p
HHLIAE R AR T 20% ), 4% B3 75 K [ R B A
BILVE TR 38 T o 5 24 LV )k B 3k 3] 20%
B, % B 7 R ISR I A ML T B Ak 3
I, #5588 R EISCR MR, AT RE I R , AL )
WL R, R R I R N %, e ik R

IITORE, ECE R B R ST A REHE H B
W AR, AT BILIE 70 o aod v DU £l 5988 0 L A
SRR MTFRAR 1 S S AL PO RE A RE ™

i = 5% MeOH = 10% McOH
=206 MeOH == 30% McOH
T ES
sl B4 b
g
B 801
5
& 60
40 4
[E]
20 -
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## Mycotoxin
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Fig.3 Optimization of loading condition
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W — RPN BERR L)L R R IR B AR
WA TR (3 3 R B 20 A, A4S LR 75 3R 0
YL R AR AHGE I B U T B AR AR, 7EA T [m]
A3 , 5 B L 18] U1 07 AR MIAH 5C R 400 LA 22
FURE Al g B, 1) e P S i — 5 1 i -E PP L 7 R
REPRERI, 2SR RO AL BS , R
RS E . RIG(FMREL S/N =3 (I
NEAE X L hn bR Hk BE, B E J7 ¥R R R IR
(LOD) ™ A4 (3 Hi S/N = 101 f WE ) B {1 % i
AIINBR E 2 D7 1 ) E SR (LOQ) (£ 4) o
T A5 R TR 2% 0T B 28 b v T 2 Y S PR AT G 3R
BEIAET 0.992, M5 R R Ao ASHETEHE L 1
JIiEXS AFB, (AFB, AFG, | AFG, U Fift B 5 3 Y 6
HER A 0.02 ~0.08 g/ kg, Xf ZEA T -2 FB, =Fh K
R RE 2R AR BR O 0. 10 ~ 0. 50pe/kg, 36 1% T 6 ¢
s AR L T B 2 1 1 e R B R o, 7 R I
TR AR A I R 22 B e 4 A (MRM) R
IR L 4,

AFB: AFB:

x4 THEASENEAMETE LEER BXRAYQHRMEER

Table 4 Linear equations, linear range, correlation coefficients (R*), LODs and LOQs of 7 mycotoxins

R L LML LIS £z R E BEFR
Mycotoxin Linear equation Linear range/ (pg/kg) R? LOD/ (ug/kg) LOQ/ (ng/kg)
AFB, Y =17 048X +9 900 0.07 ~40 0.992 0.02 0.07
AFB, Y =2970X +118.7 0.27 ~40 0.994 0.08 0.27
AFG, Y =5 066X -139.7 0.27 ~40 0.998 0.08 0.27
AFG, Y =7 631X -2 987 0.20 ~40 0.993 0.06 0.20
ZEA Y =1520X -1 166 0.33 ~120 0.995 0.10 0.33
T-2 Y =4 257X -3 395 0.83 ~200 0.999 0.25 0.83
FB, Y =1 640X -2 414 1.67 ~2 000 0.995 0.50 1.67
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Fig.4 Multiple reaction monitoring (MRM )
chromatograms of 7 mycotoxins

2.4 FEMEBESHEERE

TEREPIIN S AR AL PR A IR P L =ik
JETKF- 1A BRI 75 2% TR AR E i 90, #2 BRI AL 1Y Bt
A EATRE S RO A A B, HEAT IR (38 HR B
JERBE AT, A AR KFEAZ I AE 5 O, IR H A
T3 2R 10 [l WA R X o v A 2 , 6 7 325 1) MEf 2
FIRT L, SEIR A R WA S o dr Rl al A, 1% 05
Pl SN b e Y 1O N 19 ) S )
[ AE 80. 22% ~ 106. 10% Z [, KX i i 22
9 1.05% ~6.56% , [T DR RLAE, vl T
BRI 2 01 2R 0 AR

RS EYHERTDT HERSRHOMREEERNE

Table 5 Recovery of spiked vegetable oil for 7 mycotoxins

R MK i -4 i AHXS AR AE D 22
Mycotoxin  Added/ ( pg/kg) Measurement/ ( p.g/kg) Average recovery rate/ % RSD/ %
2 1.97 2.13 2.21 1.91 2.07 102.90 5.86
AFB, 5 4.61 4.93 4.77 4.57 4.86 94.96 3.28
10 9.18 9.53 10. 12 9.21 9.64 95.36 4.01
2 1.87 2.04 1.96 1.79 2.11 97.70 6.56
AFB, 5 4.57 4.68 4.77 4.46 4.83 93.24 3.21
10 9.21 9.07 9.33 9.15 9.47 92.46 1.70
2 1.94 1.76 1.82 1.71 1.92 91.50 5.44
AFG, 5 4.42 4.18 4.37 4.27 4.53 87.08 3.10
10 8.47 8.33 8.52 8.29 8.57 84.36 1.44
2 2.26 2.17 1.96 2.08 2.14 106. 10 5.25
AFG, 5 4.69 4.84 4.97 4.75 4.92 96. 68 2.40
10 9.25 9.38 9.13 9.46 9.27 92.98 1.36
5 4.87 4.63 4.56 4.74 4.69 93.96 2.50
ZEA 10 8.43 8.96 8.77 8.58 8.94 87.36 2.63
20 17.91 18.24 18.35 18.11 18.37 90.98 1.05
5 4.38 4.52 4.44 4.31 4.58 88.92 2.42
r-2 20 18.70 18.22 19.05 19.13 18.47 93.57 2.05
40 32.77 33.51 34.24 33.26 34.17 93.98 1.85
10 8.04 7.86 8.37 8.24 7.96 80.94 2.57
FB, 50 41.39 42.56 40.78 41.69 42.28 83.48 1.70
200 148. 45 161.48 170. 47 158. 44 163.37 80.22 5.01
Fx6 EAAEECHEXHAELER
Table 6 Comprison of detection results obtained by this method and reported literature methods
e EvRr—— T —
AFTs ( B, .B,.G,.G,) BIRBBEEE ( GPC) HPLC - FLD 1.0~2.0 82.6 ~98.4 4.97 ~9.79 [28]
AFTs ( By B, .G, .G,) QuEChERS UPLC - MS/MS 0.2~0.3 84.3 ~103.2 2.9~7.6 [29]
AFTs ZEA \DON PAT %5 9 fif <Myi£1ﬁ?§%§§§izg> gﬁfg _‘IF)IA]I)) 0.01 ~40 80.0 ~101.5 1.3~5.6 [30]
AFB, HBEEAIRE ((TAC) HPLC - FLD 0.3 90.5~99.8 6.3~9.8 [31]
AFTs ( B; B, .G, .G,) RPBEEFHE ((TAC) HPLC - FLD 0.03 ~0.12 84 ~92 3.4 ~10.2 [32]
T -2 HT -2 DON . ZEA B R FNEE ((TAC ) LC - MS/MS 0.03 ~0.33 78 ~109 0.8~6.1 [26]
AFTs ZEA.T -2 FB, 47~ 2T RIDEAAE HPLC -MS/MS ~ 0.02~0.50  80.22~106.10  1.05~6.56 ATk

(MIAC )

This method
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