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Abstract

The aim of this study was to develop an analytical method for determination of T-2 toxin and HT-2 toxin level
in cereals and to survey their levels using LC-MS/MS. The T-2 and HT-2 toxins were simultaneously analyzed
by electrospray ionization with a positive ion mode and multiple reaction monitoring (MRM) after filteration and
immuno-affinity column clean-up. A matrix-matched standard calibration used for quantification and recoveries of
T-2 and HT-3 toxins were in the range of 100.6+7.2% and 96.8+9.4%, respectively. Limits of detection and
quantification of T-2 and HT-2 toxins were estimated to be 0.5 and 1.5 pg/kg, respectively. Each repeatability
(RSRy) of T-2 and HT-2 toxins was determined to be 0.9~6.0% and 4.9~6.1%, respectively. Total 115 samples
cereals were collected from 9 types of cereals for analysis. The positive percentages of T-2 and HI-2 toxins obtained
from collected samples were found to be 72% and 80%, respectively. The contamination level of T-2 toxin and
HT-2 toxin in cereals were 37.1 ng/kg, and 5.4 1g/kg, respectively. Therefore, this study suggests that the developed
method could be an useful analytical method to determine the T-2 and HT-2 toxin level in cereals and the present
data could be used as a reference to estimate the risk assessment.
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chromatography(TLC)H & & 4~"H 9J4-2] 1 (enzyme-linked
immunospecific assay, ELISA), 9| ZZv}&E 18| (high
performance liquid chromatography, HPLC), 7|4 A Z v} &E
12 3)(gas chromatography, GC) 5ol thst £4Ho] Bl
50Xt k4-6). 22}, TLCH 2 ELISAR -2 UnH3
o7 =0 AHYoFZ A5 WAy} 7t
AL Hgow F4% & e Aol Jdou), gAFAQl
EUER AANA A3 o, BAEA 0] Brbsd
@ilo] Stk A o8 FAs=H F& ARS-E< HPLC
H 2 GCHE =e} 3 =0]7] 13 hydroxylation,
trimethylsilulation, flouoroacylation® 2 -F=A3} 3},
flame-ionization(FID), UV diode array(DAD), fluorescence
(FLD), electron capture(ECD), mass spectrometry(MS) 52
Tkt AE715 ARE-SfoF she ©do] ok FujellA] &
TE T2 54 9 HT2 54 AIEHe fF2A8E A
% HPLC/FLD®} GC 4% Ho] A5 % o1 LC-MS
MS WHOR FARAd the Qe TAls,

E A7 S 2nEe] gl 4Hs s 35
T T2 52 % HT2 54 & FEA71E
0188 FA BAWS AT i AEHT e 2Fe

g T-2 3! HT-2 =20 thgh Aejzrts st

(A) R, = OAc ®) R, = OH

Fig. 1. Chemical structures of T-2 toxin (A) and HT-2 toxin (B).
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WAAZ] v 2 Edbate] thA] A4 E2](1,600%g, 15%)
sk 94EE F, A59E FY8/99X(GHB,
Whatman) 2 &J¥}8}al oJx}el 20 mLE 3 1 429 &%
2 AL R S ST A AHdo] BEFE &
FHeH HHsg 24ES B 15 mLE AHEa 371S
FAst E715 Qloleth A9RisdzHd] doRle &

AE oHEYUEH 3 mLE FEA17Ith F59S 50T
AAZ Attt Az FFE 1% 9Lt 3 50%
HEE F8H 1 mLo Fo]il o]& 0.2 ume] WEHI
LR AHg A 5 4L FHs A AZrtETH-A
FEA T AZFE7IZ EAEATHES).

T-2 & HT-2 E49| HErEA
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column(100x2.1 mm, 3.0 um, Phenomenex)< AH&-3}a1, Z+
g = 35°Ci 42 04 mL/minZ SHFUH. °lF
g 82312 Table 29F o] AREsATE A #4719
spray voltage™ 0|34 E = (positive ionization mode)
2 40 kV , capillary 25 270CE |23} 5159t} F30]
40 G FFHS 1.0 pgkegS AHE3FA] present ion
9 product ionol] thEF EA2A Y FFolxi -
A](multiple reaction monitoring, MRM) 4§ Z712 Table

13 2o,

T2 % HT-2 S40| 2M¥ R34 25

A 2 2P E TG AFE NG o] §3
IF T2 52 % HT2 549 SARANY A5e
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(25~50 pgkg) & A 60~130%, EF=H2R= 40% ©|3}o]Th.
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detection, LOD, 3&/S), “d&3HA(limit of qu antlflcatlon
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Mol FFME 713}l matrix mateched 73 ZHALS 2.5~100
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olgg 3158 A3 s,
L 2u)|, 58, 108 A ZFSHA AHFE= =
A FEE A5t 1 35ES FRlsiHT) T3 skl
3 st dui(intra-day) B 3U3ZF wHESle] L7
(inter-day)ol] tet AL=E F3}Th

(reference matelrial)g
wxa A7y

Table 1. Analytical conditions of LC-MS/MS for T-2 and HT-2 toxins

Parameters Conditions
Column Phenomenex Phenylhexyl (100x2.1 mm, 3.5 jim)
(A) 1% Acetic acid in water, (B) Methanol
" Mobile phase A: 95% (0-2 min)— 5% (2-10 min) — 95% (10-15 min)
B: 5% (0-2 min)— 95% (2-10 min) — 5% (10-15 min)
Flow rate 0.4 mL/min
Injection volume 5 uL
Column temperature 35C
Mode ESI (Electro-Spray Ionization), MRM (Positive)
Spray voltage 4.0 kV
Sheath gas 40
MS/MS
Aux gas 15
Capillary temp. 270C
Collision pressure L5
Compounds MRM transition Tube lens (V) Collision (V)
489.157— 245.0 27
) (Quantitation ion)
T-2 toxin 168
489.157— 387.0 »
(Qualification ion)
447.101— 285.0 18
titation ion
HT-2 toxin (Quan ) 180
447.102— 345.0 ”

(Qualification ion)
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Fig. 2. LC-MS/MS chromatogram of T-2 and HT-2 toxins standard solution at 10 ugkg.
A (mjz 285), B (m/z 345) of HT-2 toxin, C (mjz 245), D (m/z 387) of T-2 toxin.
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Fig. 3. LC-MS/MS chromatogram of fortified unpolished rice (10 ug/kg).

A (mjz 285), B (mjz 345) of HT-2 toxin, C (mjz 245), D (mjz 387) of T-2 toxin.
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Fig. 4. LC-MS/MS spectrum of fortified unpolished rice (10 ug/kg).

A (mjz 285), B (m/z 345) of HT-2 toxin, C (mjz 245), D (mjz 387) of T-2 toxin.

Table 2. Limit of detection (LOD) and limit of quantification
(LOQ) T-2 toxin and HT-2 toxin

Table 3. Linearity of matrix-matched calibration curves to
analyze multi-mycotoxins

Milled rice Foxtail millet Unpolished rice Range

Compounds P Food Compounds ~ Slope  Intercept ~ R2 (Ne/MI)
b LOQ LoD LOQ LoD LOQ il e T2 O 805 X5 0% 2510

T2 toxin 05 L5 05 L5 05 15 HT2 toxin 27836 16625 099 2.5-100
HT2 toxin 05 15 05 15 05 15 Foxall mileg T2 101 218028 21160 099 25100
LOD - 33 (/5. LOQ = 10 (&) HT2 tosin 59534 20383 099 25100
6: Standard deviation of the response, S: slope of the calibration curves. Unpolished rice T2 toxin  -13741 23161 099 2.5-100
HT2 toxin -34234 16671 099  25-100

% o] nlgtA gl T2 54 2 HIR2 54 £33+

NS 37019] FE(2LOQ, 5LOQ, 10LOQ)7} H =2 H7}s}
Mo}oq A o] EAHEE 3 B2t vHEs)
b\h,} ?Gﬁ]—)v]_o. 3} ?_]—C‘,—].gi\:} 1 ﬁ,ﬂ} 7 T=w

W BFee T2 549 Z$ 72.1~108.2%, HT-2

o] 7% 72.1~1082% 5 YERSITE 3HH EUYIA X%W
348 Y T2 54 60~120%, HT-2 4

ﬂll

)\]E

ok N_&HOFO
O_LJFN

rlr \-> :1m

50~120% 5 5t 33 HkEo| o3t AUl FHA
(relative standard deviation)”} o 18.4%(RSDn)=Z e}
EU 7}to]=2}1¢] RSDR < 30%° 23619 Th(Table. 4-5).

2R F T2 54 ¥ HT-2 S HelixA}
W f5 < %— 9F 5 11530 tistd T2 =4

T ZAFSFA tH(Table 6). 2715
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Table 4. Recovery of T-2 toxin and HT-2 toxin in cereals
Spiked level (ugkg)

Food Compounds

2L0Q 5L0Q 10L0Q
T-2 toxin 95.9+4.61) 912433 94.7+4.9

Milled rice
HT-2 toxin 854+11.1 95.5+2.3 100.619.2
T-2 toxin 101.747.4 105.744.6 93.7£1.7

Foxtail millet
HT-2 toxin 97.0+107  100.384 90.2+7.7
T-2 toxin 109.8£18.7  111.1£7.6 101.6£3.6

Unpolished rice )

-2 toxin 934+17.3 118.247.7 90.55.9

YRSDr: Relative Standard Deviation.

9} Wiujo ME T2 B4 @ HT-2 5471 25 AZHA
Ztth w3 25k E 34 F 240N T2 5471 247

0.6 ngkg 2 AZEIAFFoE ZAHJL ol T2 &
A g HT 254 WAo] EjA9 3} o dd] Aol F=¢
AA YehdaL, @H 59 o 71x] 22l & dFS
w7] wf ol Iwkslstrl= oE e, - AHEU)NA
20031 d=of A A]$+ SCOOP(scientific co-operation) 3 Z 2]
EE 5319 =AM 2938 oA 7HEE A ke ARt
e A BT} 87%, 16% 2 L A= 10 ngkg w3
g o 2o f=Folti(1l),

ohol, ohekel 9] 3] Be eyt s g
Y I7Y S 55 1S AF T FFolsd A
HYE 98, T2 54 2 HT2 S4o) gt 2% Al8e
A&H o7 F3H o] o]Folxol & Ao|tt.

Table 5. Reproducibility of T-2 toxin and HT-2 toxin in cereals
Spiked level (ugkg) n=9

50, 52 ugkg= HAZEF U HT2 Hhe AESEHA Zodth Food Compounds
F50IM T2 527} 371 nghkg @2 Ao o2 PEHS) 200 0Q M9
1_ 2 toxi + + +
o o] AL 71F3H100 ngke) BT} B o))t Vild e T2 toxlr'l 959:561)  950+73 96859
37157:3] A= T =4 2 HT2 54 5% 7&@5] A a, HT-2 toxin 956199  107.1£100  105.0%5.5
Z}o]l A= Ty B pe = A= hyz] T-2 toxin 99.5£3.5 112.3+8.2 101.9£8.5
7] 0'4 o & T 2 ‘—v——‘—7]' 152:]_0:” 1 =T 71215_5101 'loﬁ Foxtail millet .
43 ug/kg 9_0‘3_1]:_% ],]-E]-],H:ﬂ_ HT-2 E42% 1574 = 127 HT-2 toxin 99.5£10.3 104.444.1 94.6£6.4
7&%}41 1t 0.8 ug/kg ReXzh=t=1 L]-E]-LH At _l;l_ag] 73S Unpolished rice T-2 toxin 106.0£11.8  109.1£53  113.9%11.0
£ 254 F 237004 T2 547} AE5o] H 12 ngkeS HT2 toxin ~ 916:70 1005154  1015£109
el A, HT-2 S4= 2570 & 13710] A&y o] g YRSDR: Relative Standard Deviation.
Table 6. Occurrence of T-2 toxin and HT-2 toxin in cereals
Concentration (1ig/kg)
Food group N Positive T-2/HT-2 toxins - g
Mean Min Max Stdev (%)
15 T-2 toxin 43 42 4.7 N.D.
Common millet 15
15 HT-2 toxin 0.8 N.D. N.D. N.D.
0 T-2 toxin N.D. N.D. N.D. ND.
Wheat flour 15
25 HT-2 toxin N.D. N.D. N.D. N.D.
0 T-2 toxin N.D. N.D. N.D. N.D.
Milled rice 11
3 HT-2 toxin N.D. N.D. N.D. ND.
23 T-2 toxin N.D. N.D. N.D. ND.
Barley 25
13 HT-2 toxin N.D. N.D. N.D. N.D.
15 T-2 toxin 11.8 6.6 311 94
Sorghum 15 -
15 HT-2 toxin 5.2 5.1 54 ND.
2 T-2 toxin 5.1 50 5.2 ND.
Maize 3
0 HT-2 toxin ND. ND. N.D. ND.
4 T-2 toxin 43 42 44 ND.
Foxtail millet 4 -
3 HT-2 toxin N.D. N.D. N.D. N.D.
12 T-2 toxin N.D. N.D. 1.3 ND.
Glutinous rice 4
8 HT-2 toxin N.D. N.D. N.D. N.D.
S 12 T-2 toxin 23 21 40 ND.
Unpolished rice 13 -
11 HT-2 toxin 2.6 24 42 ND.

Total

115
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2 HT-2 5249 LC-MS/MS 2214
IF T T2 54 9 HI2 549 294
Aok 7 T T2 54 9 HT2 545 #4317 913
HIUEFS 2§ 900% Hehs 4oz 35, 4
g, A, 4% ASUHEFEA SR 3| Mstar, A4l
3, g & ALl oS Xﬁﬂ A&
LC-MSMS &A% 4830t T2 =4 2 HT2 549
Zé%ﬁf}ﬁl j:L Xé%&ﬂh 2171 05 ngkg 5 15 nghkg AT
g2 A FBAIT 0.99 ©)de] A
AL A o:q 2529} HT2 52 204 10u)2)
AFIAZ REEAE A7 Al5olM S8 T2%
29} HT-2 524 247} 100.6£7.2 %, 96.8 + 9.4 %= EU
ZholEgiRleA AAlskE FEA 7S RS
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