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ABSTRACT - This study presents a method validation for extraction and quantitative analysis of trichothecene
mycotoxins in nuts based on quick, easy, cheap, effective, rugged, and safe (QuEChERS) approach for extraction and
enhanced matrix removal (EMR)-lipid-disperive-SPE (d-SPE) cleanup method, with detection and quantification by
high-performance liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) in positive- and neg-
ative-ion modes. Linearity, precision, and accuracy were validated for LC-MS/MS methods. Results obtained with
LC-MS/MS were linear, with correlation coefficient (R?) of 0.998. Limits of detection and quantification for mycotox-
ins were 0.41-3.57 pg/kg and 1.23-10.82 pg/kg, respectively. Intra- and inter-day precisions (RSD, %) were 0.40-
8.44% and 1.93-12.46%, respectively. Results indicated to be rapidly and accurately identifying trichothecene myc-
otoxins and may be used as a suitable safety management method for nuts and nuts related commodities.
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Materials and Methods
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Table 1. Analytical conditions of LC-MS/MS for trichothecene
mycotoxins

Parameter Condition

Electrospray ionization (ESI, positive and
negative swiching mode)

Imtack C,4 (2.0 mm I.D x 50 mm, 3 pm)
300 uL/mL
Injection Volume 5 pL

Ionization mode

Column

Flow rate

A: 0.1% formic acid in distilled water

Mobile phase B: 0.1% formic acid in acetonitrile
Time 10 60 65 100
(min)

A(%) 100 90 20 100 100
B(%) 0 10 8 0 0

Analysis mode

Curtain gas 25

Collision gas Medium
Jon spray voltage +5500 V (positiye mode)
—4500 V (negative mode)
Source temperature  550°C
Ion source gas 1 50 psi
Ion source gas 2 50 psi
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4000 QTRAP mass spectrometer (AB Sciex, USA)E ©]-&
SR, 48 ZAYLS Imtack C18 (2.0 mm 1.D x 50 mm,
3 um, USAYE o] &3ttt ©l&7d2 0.1% formic acid’t
¥3E =759 0.1% formic acid’l XTFH oA EYUE
S 0]83l gradient T7HSE 431%™ Table 134
2}, o4 442 300 uL/min® 2 3132, injection
volume 5 uLZ 3iith AFEA7|2E A7) 5 o)
3}(Electrospray lonization, ESI) W& ARE-3td o, z+
=459 HF BEAzAE0] ThEEZ negative modeS}

positive mode®l]4] MRM (multiple reaction monitoring)*d

We AHgste] B9 HF 221 AT LeMS

MS7]71e] thak =72 Table 1o YJeERIATH

ANEY 288 4T

2 Ao AEE AL ooE T AEWY g
glo] el tigh 7tel =gl ol Fated 5ol (specificity),
2144 (linearity), 74 @4 (precision), g 2Hd (accuracy), A&
)

SHAl(limit of detection, LOD, S/N=3
of quantitation, LOQ, SN=10)& #&4 HA=<
ATH?.

5 A (imit
ERES

Results and Discussion

RPN EA

F
d

A2 vl E 2 Z-2 FEA 7] (Liquid Chromatograph-
Tandem Mass spectrometer, LC-MS/MS)E #4] 7]7]2 A
Aottt EZHAA FFo] 54 1050 sty ¥4}
o] 9] &<21& 93} nivalenol negative mode(-)ol A]
Q1 scans AAIBIE A, ThE 952 positive mode(+)°l 4]
Q1 scang AAlaAT E3F FANY E49] m/z [M-H]
2 [M+H] o slFets A E &g ¥, declustering
potential (DP), entrance potential (EP), collision energy (CE)
2 collision cell exit potential (CXP)E ZAslo] 714 £
& 7%= YeRY £ product ionS 7 o] (quantification
jon) o2 AAsPon, oz YeEE product ions
A A o] &(cofirmation ion)o 2 H24] AL AA3ATH
(Table 2). ESZEAA F3o] 54 105 sl A8
precussor ion¥} product ione 7]&E9] ATFE hHRE A
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Table 2. MRM data acquisition parameters of LC-MS/MS procedure for trichothecen mycotoxins

Ion mode Mycotoxins Abbreviations Precursor Product ion bp EP CE CXP
Y ion (m/z) (m/z) V)Y ) W) W)
. . 281.00% -50.00 —-10.00 -18.00 —-13.00
Negative  Nivalenol NIV 357.10 o
202.80<Y -50.00 —-10.00 —24.00 —-11.00
. 249.10° 50.00 10.00 15.00 12.00
Deoxynivalenol DON 297.20 c
231.00 50.00 10.00 15.00 12.00
175.20° 23.93 6.28 36.97 11.91
Fusarenon X FUS-X 355.30
247.00° 54.06 4.23 12.44 16.40
. 261.10° 50.00 10.00 20.00 10.00
15-Acetyldeoxynivalenol 15-ACDON 339.10 c
137.10 50.00 10.00 20.00 10.00
. 231.10° 70.92 4.88 16.88 3.21
3-Acetyldeoxynivalenol ~ 3-ACDON 339.30 c
213.20 78.99 7.85 20.29 2.94
. 231.00° 52.88 8.88 15.30 4.38
Positive Verrucarol VER 267.20
249.20° 51.13 8.99 13.66 5.99
. 215.20° 66.30 4.05 20.81 12.07
Neosolaniol NEO 400.20 c
185.10 68.85 4.95 30.92 9.87
. . 105.10° 72.83 4.58 58.82 4.01
Diacetoxyscirpenol DAS 384.30 c
306.90 77.88 4.11 17.19 6.27
. 345.00° 98.67 9.98 27.37 21.87
HT-2 toxin HT-2 447.30 c
285.40 94.98 9.90 29.49 15.86
. 215.30° 72.62 5.58 27.92 12.16
T-2 toxin T-2 484.40
185.20¢ 76.09 5.57 30.72 10.00

UDP: declustering potential, EP: entrance potential, CE: collision energy, CXP: collision cell exit potential

2Q: Quantification ion
9C: Confirmation ion
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Fig. 1. LC-MS/MS chromatogram of trichothecen mycotoxins.
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Table 3. Comparison of different clean-up procedures for nut
sample

. Recovery (%)
Analytes Spikm%klevels EMR Lipid-
(ng/ke) d-SPE {SPE
NIV 12.50-50.00 31.84-58.02 73.01-74.01
DON 18.75-75.00  30.65-59.14 73.67-90.78
FUS-X 18.75-75.00  87.18-98.90 82.35-88.36
15-ACDON 4.00-16.00  50.20-62.42 67.06-81.20
3-ACDON 4.00-16.00  40.77-50.42 79.31-83.21
VER 2.00-8.00 65.72-90.65 72.44-91.01
NEO 2.00-8.00 84.75-116.14  76.26-87.30
DAS 2.00-8.00 23.02-60.10 88.24-89.57
HT-2 12.50-50.00  34.68-51.24 65.17-88.87
T-2 12.50-50.00  46.00-66.60 72.48-88.07
2

2 4 Ao 4% Fsd
seat, Al A wo = vepd o
< st HE ﬂ'ﬁ]t 3.3s/S (s: standard
deviation of y-intercepts of regression analysis, S: slope of
a calibration curve)®] 2]l <J3l 4t&st A3} 0.41~3.57
pg/kg® UEREO™, A A= 10s/S (s: standard devi-
ation of y-intercepts of regression analysis, S: slope of a
calibration curve)2] 2ol 2J& AH=3st A3} 1.23~10.82
pg/kg= LERSTH Table 4).

M
1 ok

o
e &
=
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J\,% re

A A3H7] flete] 1059 &3 £898 37
A T2 Hrtslo 3‘?1'503 FP3tR o, du(intra-
day)et Y7k(inter-day) 415 A= A EZHAH(Relative
Standard Deviation, RSD)Z YERJ I TH(Table 5). Intra-day
o} inter-day ®o|AlFE ZHF 0.40~8.44% E 1.93~12.46%

2 Yo, EU 7hol =gkl 2] RSD,<30%° 2 gs}

== o 0O/ o0 u
Qepg e 1a] R3] 482 SAUT H48
258

KR
MS/MSZE #43t] HEF]
Table 594 H¥E nle} 7ho] &3 &
&8 81.84~96.87%% Ui A3 oy %u 3|7 EE‘r
=2 AHRE YEIT o=

B Codex 7}olta}°1ow A= ﬂ%g 70~120%
E il 20% plgtel] S5dhs AAE 2o RA

H = -
tod ERJSHAA 30 45 4% ZIH(Table 6),
o talA %+ deoxynivalenol
1.56 pg/kg= LERSTE OIL
79| doexynivalenol 2
L5 AR Aot AR AR BF e g AR
AelA 19.0%°] HEES detlided, d= ‘?.494
8.7~559.0 ug/kgZ YERSTEH®. Az AdFe A deoxy-
nivalenolol] W3k FH A 7|&2 oy sl 3/ 2 2
A deAdt A, S5 9 ads @ A
AR, Fors ZZ]*‘ Soll gk 7150.2~1 mgkg ©l

rﬁ = ol

Table 4. Correlation coefficients of the calibration curves, and detection (LOD) and quantitation (LOQ) limits

Analytes Llne?:g%(;ange Slope Intercept coS?éZ?Li‘i?ﬁz) LOD (pg/kg) LOQ (ng/kg)
NIV 3.13-100.00 550.461 —528.657 0.999 2.63 7.96
DON 4.69-150.00 319.634 -2.106 1.000 1.11 3.36

FUS-X 4.69-150.00 184.056 —-35.063 0.999 1.78 5.40
15-ACDON 1.00-2.00 693.167 227.393 0.999 0.92 2.79
3-ACDON 1.00-32.00 1491.966 1365.771 1.000 0.84 2.53

VER 0.50-16.00 1478.580 414.909 0.999 0.66 1.99
NEO 0.50-16.00 1891.518 1169.138 0.999 0.41 1.23
DAS 0.50-16.00 2726.751 40.697 0.999 0.75 2.26
HT-2 3.13-100.00 256.287 320.703 1.000 0.57 1.74
T-2 3.13-100.00 2312.883 1729.088 0.998 3.57 10.82
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Table 5. Recoveries of trichothecen mycotoxins from peanut spiked at three different concentration

_ RSD (%) ‘ RSD (%)
Analytes Concet}lt(r ation Intra-day Inter-day Recovery (%) Analytes Concer}l‘[{ratlon Intra-day Inter-day Recovery (%)
(ngrkg) =3 (-9 (ngrkg) m=3) (=9
100.00 3.21 3.63 91.23 +£2.91 25.00 2.66 2.99 92.61 +£2.45
NIV 25.00 5.63 5.24 90.35+4.97 VER 6.25 2.29 2.81 92.47+2.05
6.25 2.35 3.40 89.69 +4.22 1.56 2.29 2.55 92.15+1.84
75.00 3.31 5.98 95.45+7.38 20.00 2.04 3.23 93.26 +2.86
DON 18.75 0.50 3.83 91.97 +3.60 NEO 5.00 4.70 4.29 94.44 +£2.59
4.69 6.00 10.24 84.56 £ 5.67 1.25 5.06 12.46 88.98 +2.81
75.00 2.49 4.88 87.53+1.10 20.00 6.86 5.65 93.64 + 6.09
FUS-X 18.75 3.57 5.89 90.90 + 3.30 DAS 5.00 5.19 5.46 91.06 +3.12
4.69 1.42 3.88 91.69 +2.74 1.25 8.44 8.87 84.63 £ 5.86
50.00 1.94 4.14 85.19+1.52 100.00 0.40 1.93 90.82 +3.38
15-ACDON 12.50 4.42 3.97 85.51+4.17 HT-2 25.00 5.66 6.88 81.84 +£2.99
3.13 6.39 8.69 88.48 +4.48 6.25 4.59 5.35 91.31+5.02
50.00 0.84 2.74 93.10 +1.56 100.00 3.38 7.02 92.94 +4.29
3-ACDON 12.50 6.76 6.69 95.59 +2.41 T-2 25.00 5.74 3.74 96.77 £ 4.78
3.13 6.59 9.03 86.69 +5.25 6.25 3.27 5.47 96.87 +3.05
Table 6. Amount of trichothecen mycotoxins in nuts
Country  Region Tested Analyte (pg/kg)
sample NIV DON FUS-X 15-ACDON 3-ACDON VER NEO DAS HT-=2 T-2
Gangwon 1 N.DV N.D N.D N.D N.D N.D N.D N.D N.D N.D
Chungnam 6 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Chungbuk 3 N.D 71.56+4.42 N.D N.D N.D N.D N.D N.D N.D N.D
Gyeonggi 2 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Korea Jeonnam 2 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Jeonbuk 2 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Gyeongnam 2 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Gyeongbuk 2 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Jeju 1 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
. Mydriasis 1 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
China Jilin I ND ND ND  ND ND ND ND ND ND ND
Vietnam - 1 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
Thailand - 1 N.D N.D N.D N.D ND ND ND ND ND ND
USA - 1 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D
YN.D: Not detected
Acknowledgement AFst7] 918k LC-MS/MSE o] &3t A&} A=A
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