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Abstract

Responding to increasing consumer demands for food safety, food and brewing makers have to present possible risks of contaminating their

products, based on analytical data. There are various substances that can threaten the food safety, such as pesticides, mycotoxins, and veteri-

nary medicines. LC-MS/MS analysis is a prevailing technique for the detection of these substances in food. Mycotoxins are especially fre-

quent contaminants of agricultural products, and brewers are concerned that they can give serious damages to their products. In this study, a

multi—residue method for the analysis of fourteen mycotoxins without any carry—over was developed. Using this method, the fates of myco-

toxins in the courses of beer were investigated. The ground malt was artificially contaminated with the fourteen mycotoxins and was brewed

on a laboratory scale. The samples taken at certain key stages in the brewing processes were analyzed by LC—MS/MS. Through the processes,

many of the mycotoxins showed a reduction in concentration, and some of these resolved during the fermentation. This result suggests that

the risks of contaminating beer with mycotoxins were reduced remarkably after the brewing.
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Structures of fourteen target mycotoxins.
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Figure 2. Structures of nine trichothecenes.
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Figure 4. LC-MS/MS chromatograms of nine trichothecenes.
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Table 1. UHPLC-MS/MS conditions for the determination of 9 trichothecenes.

Testing condition Specification

UHPLC

Column

Column temperature 40°C
Flow rate 0.4 mL/min
Mobile phase
Gradient profile

Injection volume SulL

Acquity UPLC™ system (Waters)
Kinetex PFP (2.6 um, 2.1 X 150 mm: phenomenex)

Solvent A: 10 mM ammonium acetate aqueous solution Solvent B: Methanol
5% B (0 min) = 90%B (5-5.5 min) = 5%B (5.51-7.0 min)

Positive mode: 3.0 kV  Negative mode: 2.8 kV

MS/MS Quattro Premier™ XE (Waters)
Ion source Electrospray—ionization (ESI)
Capillary voltage
Ion source temperature 120°C
Desolvation temperature 450°C
Cone gas flow 50 L/h (nitrogen)
Desolvation gas flow 800 L/h (nitrogen)

Collision gas flow

0.3 mL/min (argon)
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Cone voltage

Trichothecene Polarity

Precursor ion

Quantification ion Identification ion

Collision energy

Production  Collision energy  Product ion

V) (m/z)

(eV) (m/z) (eV) (mlz)
NIV ESI— 23 371 15 281 10 311
DON ESI+ 28 297 10 249 13 231
FX ESI+ 20 355 20 175 10 247
NEO ESI + 20 400 13 305 13 245
15-AcDON ESI+ 15 356 18 137 13 321
3-AcDON ESI+ 25 339 13 231 13 291
DAS ESI+ 23 384 13 305 15 247
HT-2 ESI + 15 442 13 263 15 215
T-2 ESI+ 20 484 23 185 25 305

LS.

BCis—=NIV ESI— 23 386 15 295 10 326
“Cs=DON ESI+ 28 312 13 263 13 245
VEL ESI+ 13 284 5 267 7 249
BC,—=3-AcDON ESI + 15 373 8 356 17 245
BC,—HT-2 ESI+ 20 464 15 278 13 229
PCou—T-2 ESI+ 23 508 15 322 25 198

Table 3. Performance of the method used for determining trichothecene content in a corn product.

Trichothecene LS. Linearity (r)" Repeatability (%) Accuracy (%)” Retention time (min)
NIV BCs=NIV >0.999 7.4 92 1.98
DON “C;s—=DON 0.996 2.6 91 2.50
FX VEL 0.996 9.2 104 3.00
NEO "C;,=3-AcDON 0.998 1.3 106 3.18
15-AcDON ®C=3-AcDON 0.997 2.3 106 3.65
3-AcDON ®C=3-AcDON 0.994 3.5 93 3.73
DAS PCp—HT-2 0.994 7.3 80 4.34
HT-2 BCp—HT-2 0.993 4.8 96 4.69
T-2 BCu—T-2 0.994 3.5 91 5.08

1) The coefficient of linearity was determined at the level of 5, 10, 20, 50, 100, 200, and 500 ng/kg.
2) The accuracy and repeatability (%RSD) experiments involved 5 replicate measurements, which were carried out on the same day using

corn—product samples spiked with trichothecenes at the level of 50 ng/kg.
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Figure 6. LC—MS/MS chromatograms of fourteen target mycotoxins.
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Table 4. UHPLC-MS/MS conditions for the determination of 14 mycotoxins.

Testing condition

Specification

Column

Column temperature
Flow rate

Mobile phase

Gradient profile

Injection volume
Neddle rinse solvent

Neddle rince profile

Mastro C18 (3 wm, 2.0 X 100 mm)

40°C

0.4 mL/min

Solvent A: 10 mM ammonium acetate in water

Solvent B: 2% acetic acid in methanol

2%3B (0-2.0 min) = 55%B (3.0—4.0 min) = 70%B (4.1 min) —
80%B (7.0 min) = 95%B (7.01-8.0 min) — 2%B (8.01-11.0 min)

5ulL

RO: 10 mM ammonium acetate in water

R1: 10 mM sodium citrate in water

R2 and R3: 1% formic acid in water/methanol/acetonitrile/iso—propanol (1/1/1/1)
Inner: R1 = RO — R2 — RO

Outer: R3 = RO

Table 5. SRM transitions of 14 mycotoxins.

Mycotoxin Polarity SRM transition Precursor ion
PAT Negative 153.1>109.2 [M—H]

NIV Negative 371.1>281.3 [M+ CH;COO]~
DON Negative 355.1>295.2 [M + CH:COO]~
AFG1 Positive 329.1>243.1 M+H]"

AFG2 Positive 331.0>245.0 M+H]"

AFB1 Positive 313.0>241.1 [M+H]"

AFB2 Positive 315.0>259.0 M+H]"

HT-2 Positive 442.0>263.1 [M+NH.]"

T-2 Positive 484.0>305.0 [M+NH.]"
OTA Positive 404.1>238.9 [M+H]"

ZON Negative 317.1>273.0 [M—H]

FMBI1 Positive 722.5>334.3 M+H]"

FMB2 Positive 706.5>336.3 [M+H]"

FMB3 Positive 706.5>336.3 [M+H]"

W AT M F T UEEATISHRML. ZRoE2HwT
FEREA T — VTG %17 > 7 (Figure 9)o FEE T
DHRERETY > 7)) YV EITV, KA DO 2 TV L7z
AR 2 CHALEE 2 920t L. A S M7z Wr ikt 2 LC-MS/MS
T—HMNMTHILICED, AT bF T VOB LB L

e}

Y- VRS TRICB W TIE, B OLARBKRE T, <4
I MFUOBRFREPRE KT L, Fid BBELELRET,
FHOTA T XY (THE) ORFFRI20%TIT L
7z (Figure 10)o —H T, NIVEDO MY a5tk yR~<Af a2 b
FIoE, W, WP LEVRS THolz, WP LIz~ A
I MFTUDOELHBE—HNEE L, Al L BRI
Fashiz, 8510, BEIBICBWTETS L/ ¥ (ZON)
FHEEDENP-ET S L) — ) (B-ZOL) ~“EH I N5 Z
ExRM L7 (Figure 11) [24,25]0

-174 -

T4 VEETRICBW TR, BERIC4FEo~f T bF T

¥ (AFB1. AFG1. ZON. PAT) %%50%LL F 24 L 72
(Figure 12)0 F 72, —#~A I b F ¥ VWIS L TR
L. E5I2AFB 1. PAT. ZON 2S58EE LA (25 R 9 5
ZEEHLIZL, XYY Y (PAT) WET A2 I VF—=Ib
ZiIhs Lz L7 (Figurell)[26]o

AEFFERER LY. HEEETHEERS Z LT, B0~
A2 XY UHERIVATIEIFELIRTTLIENFHLNL
Bolz. BONLFZH~A I ML v OEFT— 513, B
A—=H—IZBIFBY AT EM L, BERZAALTH 5,



CHROMATOGRAPHY, Vol.33 No.3 (2012) Naoki Mochizuki

Table 6. Performance of the method used for determining 14 mycotoxins content in beer.

) Repeatability” Recovery" Linearity” Spiked levels
Mycotoxin
(%RSD) (%) (r) [ug/L]

PAT 5.2 107.4 0.9994 5, 10, 20, 50, 100, 200
NIV 11.5 75.6 0.9928 5, 10, 20, 50, 100, 200
DON 3.4 108.3 0.9997 2,5, 10, 20, 50, 100
AFB1 12.2 85.9 0.9995 0.4,0.8,2,4,8,20
AFB2 4.9 89.1 0.9998 0.4,0.38,2,4,8,20
AFG1 1.0 88.9 0.9999 0.4,0.8,2,4,8,20
AFG2 6.2 83.0 0.9998 0.4,0.8,2,4,8,20
HT-2 5.7 103.2 0.9999 2,5, 10, 20, 50, 100
T-2 3.5 111.9 >0.9999 2,5, 10, 20, 50, 100
OTA 4.7 99.5 >0.9999 2, 5,10, 20, 50, 100
ZON 5.1 93.8 0.9999 2, 5,10, 20, 50, 100
FMB1 2.8 113.5 0.9991 5, 10, 20, 50, 100, 200
FMB2 11.2 102.3 0.9992 5, 10, 20, 50, 100, 200
FMB3 9.4 94.0 0.9995 5, 10, 20, 50, 100, 200

1) The repeatability (%RSD) and recovery experiments involved 5 replicate measurements, which were carried out
on the same day using beer samples spiked with each mycotoxin at the following levels: 50 ug/L for PAT, NIV,
DON, and ZON; 2 ug/L for AFB1, B2, G1, and G2; 10 ug/L for HT-2, T-2, and OTA; 20 ug/L for FMB1, B2,
and B3.

2) Coefficient of linearity was determined using beer samples spiked with each mycotoxin at the levels of de-

scribed in the column of “Spiked levels”.
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Figure 7. Image of chelation formed between fumonisin B1 and the metal.

-175-



() BRE U4

WEEEE
wEm
BEE
— 5

A
(100 remHg)

= =ik L
.! AR WM e
1t) &)
o o |
=
|
| R

= il =i

)

CHROMATOGRAPHY, Vol.33 No.3 (2012)

HEEE
B
o~
P
& o -
= 'l e, -
§ [ g
#0 [ B
L 7 K21
== 1

V]

100 o
i'“h_ = [ON
VE\\ 2 « HT-2
g0 W e — = M1
N : . = - T-2
B0 e e - AFO2
5 1 ey
- s | —OTA
40 - AFE2
-. , S e e
N — _'__'_—-:—_'_‘ =l - o P
P = WFG1
= ———— —
X —— -~ AFBI
_g = ZFON
u = i I'-"H-T
FamanEt HET =L

Figure 10. Fates of mycotoxins in wort and beer during the beer brewing.
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Figure 11. Metabolization of patulin and zearalenone in the fermentation process.
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Figure 12. Fates of mycotoxins per day during the wine fermentation.
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