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Survey of Mycotoxins in Breakfast Cereals
by LC-MS/MS Simultaneous Analysis Method

Life & Health Research Team

Jae-min Shin, Eun-sun Yun, Yeo-sook Kim, Jeong-sook Lee,
Su-jeong Choi, Jin-hyo Lee and Young-hee Oh

Abstract

A simultaneous determination method for deoxynivalenol(DON), aflatoxins(AFB;,
AFB,, AFG;, and AFG;), ochratoxin A(OTA), zearalenone(ZEA), and fumonisins(FB,
and FB,) was developed using liquid chromatography coupled with tandem mass
spectrometry and solid-phase extraction. The recoveries of mycotoxins in the spiked
cereals ranged from 62.99% to 116.28%. The limits of detection and quantification
ranged from 0.52 to 4.18 and 1.72 to 13.81 pg/kg, respectively. The developed method
was applied to the determination of mycotoxins in 105 breakfast cereals. The analytical
results show that 33 samples(31%) were contaminated with at least one of these
mycotoxins. DON was detected in the range 125.1 ~352.5 ug/kg. No sample was
contaminated with aflatoxins, whereas fumonisins showed the highest contamination rates.
The OTA contamination level was above the European Union(EU) maximum limit(3.0 xg
/kg), ranging from 6.3 to 9.4 pyg/kg. Two samples exceeded the maximum limits for
ZEA by Korea Food and Drug Administration and EU(50.0 pg/kg). The co-occurrence of

mycotoxins was observed in five breakfast cereals.

Key words : Mycotoxin, LC-MS/MS, Breakfast cereals,
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Table 1. Operational parameters of LC-MS/MS for analysis of mycotoxins.

Instrument Parameter Conditions
Column Luna C1§(2)(150 x 3.0 mm, 3 um)
Mobile phase A Distilled water(0.1% acetic acid)
b B : Methanol 0.1% acetic acid)
LC Time(min) 0 3 5 10 18 23 25 30
Gradient
Solvent A(%) 70 70 60 30 3 20 70 70
Flow rate 0.3 mL/min
Injection volume 10 il
Curtain gas 30.0 psi
Ionspray voltage -4,500 V(Negative), 5,500 V(Positive)
MS Temperature 500C
Ton source gas 1 50 psi
Ton source gas 2 50 psi
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Table 2. MS/MS parameters for mycotoxins detection using the

(MRM) method

56.3%, 41%, 9% So2 RiElo
14), ¥ A7 ofZ a5l AEEA ookt
Algldel AEQ FEe A, Bt 9 {5
g Soll wg S BAWMY A T, AR F
ol oJ&l olEg Afol7t AE AU ofEetE
Al Aol A A
B (1), AlggeA

multiple reaction monitoring

Analyte MW  Parent ion” Product ion® DP” EP” CEPY CE” CxXPY

: 58.8 -20 -3.0 140  -340  -4.0
De°z{gg§?l?“01 996.32 355.30

995.1 -20 -3.0 140  -120  -4.0

: 985.2 71.0 9.0 140  29.0 40
Aﬂf‘g‘)FXé“) By 312.06 313.03

! 241.0 71.0 9.0 140 49.0 40

: 987.2 66.0 11.0 160  35.0 40
Aﬂf‘g‘)FXé“) B, 314.07 315.04

2 959.9 66.0 11.0 160 41.0 40

- 943.2 66.0 10.0 160  35.0 40
Aﬂf‘lg,xé“) G 328.05 329.05

1 200.1 66.0 10.0 160 55.0 40

: 313.2 61.0 12.0 180 310 40
Aﬂf‘lg,xé“) Ge 330.05 331.08

2 128.2 61.0 12.0 180  89.0 40

: 939.1 41.0 8.0 20  29.0 40
OCh(rgtTOS“ A 403.08 404.03

920.9 41.0 8.0 2.0 470 40

131.0 600  -40  -18.0  -40.0 0.0
Zea(r;é%one 318.14 316.99

174.9 -60.0  -40  -18.0  -340  -2.0

. 334.3 71.0 12.0 320 51.0 6.0
F“m&?é“)“ By 721.38 792.37

! 352.3 71.0 12.0 32.0 470 6.0

. 336.4 71.0 12.0 300  49.0 6.0
F“m(o;é“)“ B, 705.39 706.36

2 318.3 71.0 12.0 300 55.0 4.0

1) Molecular weight

2) Mass number/charge number(m/z) of precursor ion
3) Mass numver/charge number(m/z) of product ions
4) Declustering potential

5) Enterance potential

6) Collision cell enterance potential

7) Collision energy

8) Collision cell exit potential

9) Abbreviation of mycotoxin
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Table 3. Regression curve of mycotoxins

Mycotoxin Regression equation Liner range(ug/kg) R’
DON y= 806x + 597 4 ~ 80 0.9990
AFB; y= 5630x + 2540 0.6 ~ 12 0.9999
AFB; y= 4150x + 243 0.6 ~ 12 0.9995
AFGy y= 3120x + 234 0.6 ~ 12 0.9990
AFGo y= 2870x + 626 1.2 ~ 24 0.9997
FB: y= 1880x + 880 2 ~ 40 0.9996
FB; y= 4550x - 440 2 ~ 40 0.9999
ZEA y= 9740x - 1670 1~20 0.9999
OTA y= 2500x - 599 1~ 20 0.9999
Table 4. Limit of detection(LOD) and limit of quantification(LOQ) of mycotoxins(n=5)
Recovery(average = RSD, %)
Mycotoxin (i(g)/i:) (];(g)/%:) 2 x LOQ 10 x LOQ
Intra-day Inter-day Intra-day Inter-day
DON 4.41 14.56 109.62 + 2.79  111.90 + 2.88 70.89 £ 3.09 70.59 £ 0.60
AFB, 0.88 2.90 88.85 £ 2.70 87.27 £ 1.68 87.05 £ 1.53 90.42 £ 5.00
AFB, 1.20 3.96 83.80 £ 3.34 83.90 £ 1.85 88.90 £ 2.80 89.30 + 3.66
AFG 0.95 3.14 92.60 + 5.26 94.07 £ 1.52 89.35 £ 3.04 90.62 + 3.47
AFG, 1.68 5.54 88.80 + 3.63 91.37 + 2.76 87.05 £ 2.21 92.15 £ 5.79
FB; 4.18 13.81 62.99 * 6.21 67.62 + 13.43 104.88 + 7.25 114.56 + 7.88
FB: 2.52 8.32 69.59 + 5.81 72.37 £ 9.77 107.83 £ 5.01 116.28 * 6.31
ZEA 1.37 4.51 108.17 + 2.23 109.83 + 2.50 91.93 £ 0.70 90.99 £ 1.24
OTA 0.52 1.72 106.61 + 4.67 108.05 + 1.42 89.14 £ 2.89 91.07 + 2.53

1) Limit of detection(LOD) = 3.3 x &§/S
2) Limit of quantitation(LOQ) = 10 x §/S

§ © Standard deviation of response, S : slope of the calibration curves
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B XC of -MRM (2 pairs): Period 1, 355.3/58.8 Da ID: DON 1 from Sample 1 (DON 1(Cereal)) of 07 14.wiff (Turbo Spray)
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B | of +MRM (12 pairs): Feriod 2, 331.1/128.2 Da ID: AF 62 2 from Sample 2 (STD 1(Cereal)) of 07 12 .wiff (Turbo Spray)
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B 30 of +MRM (12 pairs) Period 2, 315.0/287 2 Da ID: AF B2 1 from Sample 2 (37D A(Cereal)) of 0712 wiff (Turbo Spray)
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B i of +MRM (12 pairs): Period 2, 313.01285.2 Da ID: AF B1 1 from Sample 2 (3TD 1(Cereal)) of 0712 wiff (Tutbe Spray)
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Fig. 1. LC-MS/MS

Fumonisins:

] 8 10 12 14 16 12 20 22 24 26
Time, min

chromatogram of mycotoxins(Deoxynivalenol: 80 pg/kg, Aflatoxins:
40 pg/kg, Zearalenone 20 pg/kg and Ochratoxin 20 pg/kg).
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B 3C of +MRM (12 pairs): Period 2, 722 4/234.3 Da ID: Fumonisin B1 2 from Sample 2 (STD A(Cereal)) of 0712.wiff (Tutba Spray)
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u XIC of +MRM (12 pairs): Period 2, 706.4/336.4 Da ID: Fumonisin B2 1 from Sample 2 (STD 1{Cereal)) of 07 12.wiff (Turbo Spray)
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B C of -MRM (2 pairs): Period 3, 317.0/131.0 Da ID: ZEA 1 from Sample 2 (STD 1(Cereal)) of 07 12.wiff (Turbo Spray)
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B of #MRM (2 pairs): Period 4, 404.0/239.1 Da ID: OTA 1 from Sample 2 (STD 1(Cereal)) of 0712.wiff (Turbo Spray)
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Fig. 1. (Continued)
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Table 5. Performance criteria for mycotoxins established by the EU

Mycotoxin Level (ug/kg) %RSD Recovery(%)
>100~ <500 <20 60~110
DON
>500 <20 70~120
1~10 - 70~110
AFB1, By, Gi, Ge
>10 - 80~110
<500 <30 60~120
FBi, B2
>500 <20 70~110
<50 <40 60~120
ZEA
>50 <25 70~120
<1.0 <40 50~120
OTA
1~10 <20 70~110
Table 6. Ocurrence and concentration of mycotoxins in 105 cereals
DON AFs FBs OTA ZEA
Detected range(ug/ke) 125.1~352.5 - 13.9~114.6 6.3~9.4 9.7~76.6
Ave. (ug/ke) 243.7 - 46.96 8.2 28.5
Positive sample(%) 5.7 - 22.9 3.8 6.7
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