& el
SC
Sl
M

Mycotoxin analysis in cereal foods
by collision cell fragmentation -
high resolution mass spectrometry

Veronica M.T. Lattanzio

National Research Council of Italy
Institute of Sciences of Food Production

= | 11/10/2012
lS" /w | Istituto Zooprofilattico delle Regioni Lazio e Toscana (Roma)




MYCOTOXINS

Secondary metabolites produced by filamentous fungi
Low-molecular-weight natural products
Chemically stable compounds

Toxic compounds for human and animals (acute and chronic
toxicity)



Principal mycotoxins
and relevant producer fungi

MICOTOXIN COMMODITY FUNGAL PRODUCERS
Aflatoxins B1, B2, G1, G2 Corn, peanuts, spices, Aspergillus flavus, A. parasiticus
dried fruits
Aflatoxin M1 Milk, eggs, cheese
Ochratoxin A Wheat, barley, corn, Aspergillus ochraceus, A. carbonarius,
coffee, wine, beer A. niger, Penicillium verrucosum
Trichothecenes Wheat, corn, oats, Fusarium graminearum, F. culmorum,
(DON, T-2, HT-2) barley F. poae
Zearalenone Corn, wheat
Fusarium graminearum, F. culmorum,
F. crookwellense
Fumonisins Corn, corn based-

product Fusarium verticillioides, F. proliferatum




Fungal Ecology and
Mycotoxin Production in Food
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Need to improve mycotoxin monitoring and prevention to
minimize contamination at different critical steps of the food
chain “from farm to fork”




( j | EC regulations 1881/2006 and 1126/2007
Sl Maximum permitted levels of mycotoxins

oxins under
regulation

!

EC regulations

considered by | | Maximum levels

range from:

atoxins

ed fruits, nuts
B,, By, Gy, G, M, -

ng/kg to mg/kg

eoxynivalenol

umonisins (B, B,)

Zearalenone

:

Ochratoxin A Nine and beer

HT-2 toxins
Under discussion

!

imal feed

Need of reliable analytical methods °
applicable at regulatory levels *
in a wide range of matrices °

Official control
Monitoring
Risk assessment



RASFF: Rapid Alert System for Food and Fee

(http://ec.europa.eu/food/food/rapidalert/index_en.htm)

nd . H .
Total notifications: 3812 [2 AR (R

1st - Pathogenic micro-organisms : 599

» cereals and bakery products

feed 119 1
fruits and vegetables 78 10
herbs and spices 51 17
nuts, nut products and seeds 320

other 4 2

total 585 11 4 35



Presentation Outline

Explore the use of Orbitrap™ based HRMS for the quantitative
determination of regulated mycotoxins in small cereal grains and
related foods and for identification and characterization of mycotoxin-
related compounds.

1. Development of an LC-HCD-HRMS method for the simultaneous determination
of aflatoxins (B,;, B,, G;, G;), ochratoxin A, deoxynivalenol,
zearalenone, T-2 and HT-2 toxins. Use and optimization of HRMS
conditions to obtain quantitative and confirmatory information.

2. Evaluation of method performances and comparison between the LC-HCD-
HRMS and LC-MS/MS (triple quadrupole) detection approaches.

3. Approaches to manage matrix effects in LC-MS mycotoxin analysis.

4. Use of HRMS for metabolite discovery



| Mycotoxin analysis |
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[ Sample Preparation ]

Critical points in sample preparation }

=~>Quantitative co-extraction of all concerned analytes
High methanol or acetonitrile percentages (> 75%)
AFs, OTA, ZEA, DON, T-2/HT-2
High water content (50%) or low pH
Fumonisins
=Analyte purification

4} Immunoaffinity columns
Solid phase extraction
(polimeric columns, adsorbents...)
QUEChERS
Dilute and shoot

ALIAILDI13S

<Number of Analytes

LC-MS/MS = quantitative analysis

Analytical tools{
LC-HRMS = qualitative analysis/screening



Extraction solvent -

Number of mycotoxins-matrix cleanup LOD range (ug/kg) |Recovery range (%) Type of LC-MS detection |References
13 mycotoxins in corn, wheat, cornflakes, Acetonitrile/water (85:15) Wheat: 0.1-3.8 Wheat: 71-132
LC-APCI-TOFM Tanak I. 2
biscuits. Multisep #226 Corn: 0.1-4.9 Corn: 81-133 C-APCI-TOFMS anaka et al. 2006
39 mycotoxins in wheat and maize g(;e'tZ%rfljlf;"elwate” acetc act Wheat:0.03-170 Wheat:43-104 LC-ESI-MS/MS Sulyok et al. 2006
4 ' R Maize:0.03-220 Maize:57-110 (MRM mode) y '
Direct injection
Acetonitrile/water/ acetic acid
L LC-ESI-MS/MS
87 mycotoxins in bread crumbs. (79:20:1) 0.03-225 59-114 Sulyok et al. 2007
. N (MRM mode)
Direct injection
L Acetonitrile/water (84:16) UPLC-ESI-MS/MS
17 t ts butt 0.003-0.212 70.6-119 R t al. 2007
mycotoxins in peanuts butter Mycosep 226 + Aflazon+ (MRM mode) en et al
- . PBS +Methanol/PBS (70:30) LC-ESI-MS/MS )
11 mycotoxins in maize. . 0.3-4.2 79-104 Lattanzio et al. 2007
4 xns ' Myco6inl (MRM mode) 4
- . . Acetonitrile/water (80:20
33 mycotoxins in peanuts, pistachios, wheat, mceeihoanr:gllle\}/vvavtaefz7(0'30)) or Wheat:0.5-50 Wheat:38-115 LC-ESI-MS/MS Spanier et al. 2008
maize, figs cornflakes and raisins. . L ’ Maize:0.5-200 Maize:13-109 (MRM mode) pany '
Direct injection
- - Acetonltrlle.zlwat.er (80:20)/ ‘ ‘ UPLC-MS/MS )
11 mycotoxins in maize, pasta, baby food. 0.1% formic acid Maize:0.1-45 Maize:58-120 (MRM mode) Beltran et al. 2009
Direct injection
A itrile/ y . id Maize:0.5-800 Maize:73-152 LC-ESI-MS/MS
- _ cetonitrile/water/acetic acid, {\y041-9 5-800 Wheat:87-131 (MRM mode) _
32 mycotoxins in wheat and maize (79:20:1) - - Herebian et al. 2009
Maize:0.4-2000 Maize:68-152

Direct injection

Wheat:0.4-200

Wheat:87-131

LC-ESI-LTQ-Orbitrap

Acetonitrile/water (90:10 LC-ESI-MS/MS
31 mycotoxins in wheat, barley and oats .ce Or?l .” © yva er ( ) Wheat:0.5-300 Wheat:7-140 Kokkonen et al. 2009
Direct injection (MRM mode)
12 mycotoxins in maize, walnuts, biscuits and a§eton.|t|jlle/\'/vater (80:20) Maize:0.01-1.50 Maize:71.1-92.1 UPLC-ESI-MS/MS Garrido-Frenich et al.2009
breakfast cereals. Direct injection (MRM mode)

10 mycotoxins in maize and wheat

Acetone/water/acetic acid
(80:19:1)
Direct injection

Maize/Wheat:
0.1-120 (LOQ)

Not tested

LC-APPI-MS/MS
(MRM mode)

Capriotti et al. 2010

11 mycotoxins in maize, wheat, barley

Water 0.1% formic
acid/acetonitrile
(QUEChERS)

Maize:5-50

Maize: 43-120

UPLC-ESI-TOF-MS

Water 0.1% formic
acid/acetonitrile (1:1)
Direct injection

Maize:10-30

Not tested

UPLC-APCI-OrbitrapMS

Zachariasova et al. 2010

Water/MeCN 0.5% acetic

acid (1:1) Maize flour: 58-108
17 mycotoxins in cereal flours and cereal (QUEChERS) LC-ESI-MS/MS .
0.5-100 (LO Desmarchelier et al. 2010
foods MeCN/water/glacial acetic (LoQ) (MRM mode)
acid (80:19:0.5) Maize flour: 77-97
(QUEChERS)
L Acetonitrile/water 80:20
2 mycotoxms I wEE, LSy, e, W 2 + water Maize:1-43 Maize:45-128 LC-ESI-MS/MS Martos et al. 2010
maize . S (MRM mode)
Direct injection
Acetonitrile/water 84:16 UPLC-MS/MS
1 ins i i . Maize: 0.03 — 2.83 Maize: 76-106 Jinet al. 2010
0 mycotoxins in grains Laboratorv made cartridaes 1z 1z (MRM mode) !




Extraction solvent -

Number of mycotoxins-matrix cleanup LOD range (ug/kg) |Recovery range (%) Type of LC-MS detection |References
13 mycotoxins in corn, wheat, cornflakes, Acetonitrile/water (85:15) Wheat: 0.1-3.8 Wheat: 71-132
oo . LC-APCI-TOFMS Tanaka et al. 2006
biscuits. Multisep #226 Corn: 0.1-4.9 Corn: 81-133
39 mycotoxins in wheat and maize '(O;Cge'tZ%rTI:S”elwater/ acetc ac Wheat:0.03-170 Wheat:43-104 LC-ESI-MS/MS Sulyok et al. 2006
4 ' R Maize:0.03-220 Maize:57-110 (MRM mode) y '
Direct injection
Acetonitrile/water/ acetic acid
L LC-ESI-MS/MS
87 mycotoxins in bread crumbs. (79:20:1) 0.03-225 59-114 Sulyok et al. 2007
. S (MRM mode)
Direct injection
L Acetonitrile/water (84:16) UPLC-ESI-MS/MS
17 t ts butt 0.003-0.212 70.6-119 R t al. 2007
mycotoxins in peanuts butter Mycosep 226 + Aflazon+ (MRM mode) en et al
- . PBS +Methanol/PBS (70:30) LC-ESI-MS/MS )
11 mycotoxins in maize. . 0.3-4.2 79-104 Lattanzio et al. 2007
4 xns ' Myco6inl (MRM mode) 4
A . ) Acetonitrile/water (80:20
33 mycotoxins in peanuts, pistachios, wheat, mce?hc;nr:gllle\l/vgi;r(;OGO)) or Wheat:0.5-50 Wheat:38-115 LC-ESI-MS/MS Spanier et al. 2008
maize, figs cornflakes and raisins. ) . ' Maize:0.5-200 Maize:13-109 (MRM mode) pany '
Direct injection
o - Acetonltrlle.zlwat.er (80:20)/ ‘ ‘ UPLC-MS/MS )
11 mycotoxins in maize, pasta, baby food. 0.1% formic acid Maize:0.1-45 Maize:58-120 (MRM mode) Beltran et al. 2009
Direct injection
A itrile/ y . id Maize:0.5-800 Maize:73-152 LC-ESI-MS/MS
o _ cetonitrile/water/acetic acid, |\yneat-0 5-800 Wheat:87-131 (MRM mode) _
32 mycotoxins in wheat and maize (79:20:1) - - Herebian et al. 2009
Maize:0.4-2000 Maize:68-152

Direct injection

Wheat:0.4-200

Wheat:87-131

LC-ESI-LTQ-Orbitrap

Acetonitrile/water (90:10 LC-ESI-MS/MS
31 mycotoxins in wheat, barley and oats .Ce On.l .” © .Wa er ( ) Wheat:0.5-300 Wheat:7-140 Kokkonen et al. 2009
Direct injection (MRM mode)
12 mycotoxins in maize, walnuts, biscuits and ageton.ltljlle/\./vater (80:20) Maize:0.01-1.50 Maize:71.1-92.1 UPLC-ESI-MS/MS Garrido-Frenich et al.2009
breakfast cereals. Direct injection (MRM mode)

10 mycotoxins in maize and wheat

Acetone/water/acetic acid
(80:19:1)
Direct injection

Maize/Wheat:
0.1-120 (LOQ)

Not tested

LC-APPI-MS/MS
(MRM mode)

Capriotti et al. 2010

11 mycotoxins in maize, wheat, barley

Water 0.1% formic
acid/acetonitrile
(QUEChERS)

Maize:5-50

Maize: 43-120

UPLC-ESI-TOF-MS

Water 0.1% formic
acid/acetonitrile (1:1)
Direct injection

Maize:10-30

Not tested

UPLC-APCI-OrbitrapMS

Zachariasova et al. 2010

Water/MeCN 0.5% acetic

acid (1:1) Maize flour: 58-108
17 mycotoxins in cereal flours and cereal (QUEChERS) LC-ESI-MS/MS .
0.5-100 (LO D hel t al. 2010
foods MeCN/water/glacial acetic (LoQ) (MRM mode) esmarcheliereta
acid (80:19:0.5) Maize flour: 77-97
(QUEChERS)
o Acetonitrile/water 80:20
22 mycotoxms in wheat, barley, oats, rye and + water Maize:1-43 Maize:45-128 LC-ESI-MS/MS Martos et al. 2010
maize . L (MRM mode)
Direct injection
Acetonitrile/water 84:16 UPLC-MS/MS
10m ins in grain . Maize: 0.03 — 2.83 Maize: 76-106 Jinet al. 2010
0 mycotoxins in grains Laboratorv made cartridaes (MRM mode)




Extraction solvent -

Number of mycotoxins-matrix cleanup LOD range (ug/kg) |Recovery range (%) Type of LC-MS detection |References
13 mycotoxins in corn, wheat, cornflakes, Acetonitrile/water (85:15) Wheat: 0.1-3.8 Wheat: 71-132
LC-APCI-TOFM Tanak I. 2
biscuits. Multisep #226 Corn: 0.1-4.9 Corn: 81-133 C-APCI-TOFMS anaka et al. 2006
39 mycotoxins in wheat and maize '(O;Cge'tZ%rTI:S”elwater/ acetc ac Wheat:0.03-170 Wheat:43-104 LC-ESI-MS/MS Sulyok et al. 2006
4 ' R Maize:0.03-220 Maize:57-110 (MRM mode) y '
Direct injection
Acetonitrile/water/ acetic acid
L LC-ESI-MS/MS
87 mycotoxins in bread crumbs. (79:20:1) 0.03-225 59-114 Sulyok et al. 2007
. S (MRM mode)
Direct injection
. Acetonitrile/water (84:16) UPLC-ESI-MS/MS
17 t ts butt 0.003-0.212 70.6-119 R t al. 2007
mycotoxins in peanuts butter Mycosep 226 + Aflazon+ (MRM mode) en et al
- . PBS +Methanol/PBS (70:30) LC-ESI-MS/MS )
11 mycotoxins in maize. . 0.3-4.2 79-104 Lattanzio et al. 2007
Y Myco6inl (MRM mode) 4
A . ) Acetonitrile/water (80:20
33 mycotoxins in peanuts, pistachios, wheat, mce?hc;nr:gllle\l/vgi;r(;OGO)) or Wheat:0.5-50 Wheat:38-115 LC-ESI-MS/MS Spanier et al. 2008
maize, figs cornflakes and raisins. ) . ' Maize:0.5-200 Maize:13-109 (MRM mode) pany '
Direct injection
o - Acetonltrlle.zlwat.er (80:20)/ ‘ ‘ UPLC-MS/MS )
11 mycotoxins in maize, pasta, baby food. 0.1% formic acid Maize:0.1-45 Maize:58-120 (MRM mode) Beltran et al. 2009
Direct injection
A itrile/ y . id Maize:0.5-800 Maize:73-152 LC-ESI-MS/MS
o _ cetonitrile/water/acetic acid, |\yneat-0 5-800 Wheat:87-131 (MRM mode) _
32 mycotoxins in wheat and maize (79:20:1) - - Herebian et al. 2009
Maize:0.4-2000 Maize:68-152

Direct injection

Wheat:0.4-200

Wheat:87-131

LC-ESI-LTQ-Orbitrap

Acetonitrile/water (90:10 LC-ESI-MS/MS
31 mycotoxins in wheat, barley and oats .Ce On.l .” © .Wa er ( ) Wheat:0.5-300 Wheat:7-140 Kokkonen et al. 2009
Direct injection (MRM mode)
12 mycotoxins in maize, walnuts, biscuits and ageton.ltljlle/\./vater (80:20) Maize:0.01-1.50 Maize:71.1-92.1 UPLC-ESI-MS/MS Garrido-Frenich et al.2009
breakfast cereals. Direct injection (MRM mode)

10 mycotoxins in maize and wheat

Acetone/water/acetic acid
(80:19:1)
Direct injection

Maize/Wheat:
0.1-120 (LOQ)

Not tested

LC-APPI-MS/MS
(MRM mode)

Capriotti et al. 2010

11 mycotoxins in maize, wheat, barley

Water 0.1% formic
acid/acetonitrile
(QUEChERS)

Maize:5-50

Maize: 43-120

UPLC-ESI-TOF-MS

Water 0.1% formic
acid/acetonitrile (1:1)
Direct injection

Maize:10-30

Not tested

UPLC-APCI-OrbitrapMS

Zachariasova et al. 2010

Water/MeCN 0.5% acetic

acid (1:1) Maize flour: 58-108
17 mycotoxins in cereal flours and cereal (QUEChERS) LC-ESI-MS/MS .
0.5-100 (LO Desmarchelier et al. 2010
foods MeCN/water/glacial acetic (LoQ) (MRM mode)
acid (80:19:0.5) Maize flour: 77-97
(QUEChERS)
o Acetonitrile/water 80:20
22 mycotoxms in wheat, barley, oats, rye and + water Maize:1-43 Maize:45-128 LC-ESI-MS/MS Martos et al. 2010
maize . L (MRM mode)
Direct injection
Acetonitrile/water 84:16 UPLC-MS/MS
1 ins i i . Maize: 0.03 — 2.83 Maize: 76-106 Jinet al. 2010
0 mycotoxins in grains Laboratorv made cartridaes 1z 1z (MRM mode) !




Extraction solvent -

Number of mycotoxins-matrix cleanup LOD range (ug/kg) |Recovery range (%) Type of LC-MS detection |References
13 mycotoxins in corn, wheat, cornflakes, Acetonitrile/water (85:15) Wheat: 0.1-3.8 Wheat: 71-132
oo . LC-APCI-TOFMS Tanaka et al. 2006
biscuits. Multisep #226 Corn: 0.1-4.9 Corn: 81-133
39 mycotoxins in wheat and maize '(O;:ge'tZ%rTI:S”elwater/ acetc ac Wheat:0.03-170 Wheat:43-104 LC-ESI-MS/MS Sulyok et al. 2006
4 ' R Maize:0.03-220 Maize:57-110 (MRM mode) y '
Direct injection
Acetonitrile/water/ acetic acid
L LC-ESI-MS/MS
87 mycotoxins in bread crumbs. (79:20:1) 0.03-225 59-114 Sulyok et al. 2007
. S (MRM mode)
Direct injection
L Acetonitrile/water (84:16) UPLC-ESI-MS/MS
17 t ts butt 0.003-0.212 70.6-119 R t al. 2007
mycotoxins in peanuts butter Mycosep 226 + Aflazon+ (MRM mode) en et al
- . PBS +Methanol/PBS (70:30) LC-ESI-MS/MS )
11 mycotoxins in maize. . 0.3-4.2 79-104 Lattanzio et al. 2007
4 xns ' Myco6inl (MRM mode) 4
A . . Acetonitrile/water (80:20
33 mycotoxins in peanuts, pistachios, wheat, mce?hc;nr:g;/?/vgiefr(;OGO)) or Wheat:0.5-50 Wheat:38-115 LC-ESI-MS/MS Spanier et al. 2008
maize, figs cornflakes and raisins. ) . ' Maize:0.5-200 Maize:13-109 (MRM mode) pany '
Direct injection
o - Acetonltrlle.zlwat.er (80:20)/ ‘ ‘ UPLC-MS/MS )
11 mycotoxins in maize, pasta, baby food. 0.1% formic acid Maize:0.1-45 Maize:58-120 (MRM mode) Beltran et al. 2009
Direct injection
A itrile/ y . id Maize:0.5-800 Maize:73-152 LC-ESI-MS/MS
o _ cetonitrile/water/acetic acid, |\yneat-0 5-800 Wheat:87-131 (MRM mode) _
32 mycotoxins in wheat and maize (79:20:1) - - Herebian et al. 2009
Maize:0.4-2000 Maize:68-152

Direct injection

Wheat:0.4-200

Wheat:87-131

LC-ESI-LTQ-Orbitrap

Acetonitrile/water (90:10 LC-ESI-MS/MS
31 mycotoxins in wheat, barley and oats .Ce On.l .” © .Wa er ( ) Wheat:0.5-300 Wheat:7-140 Kokkonen et al. 2009
Direct injection (MRM mode)
12 mycotoxins in maize, walnuts, biscuits and ageton.ltljlle/\./vater (80:20) Maize:0.01-1.50 Maize:71.1-92.1 UPLC-ESI-MS/MS Garrido-Frenich et al.2009
breakfast cereals. Direct injection (MRM mode)

10 mycotoxins in maize and wheat

Acetone/water/acetic acid
(80:19:1)
Direct injection

Maize/Wheat:
0.1-120 (LOQ)

Not tested

LC-APPI-MS/MS
(MRM mode)

Capriotti et al. 2010

11 mycotoxins in maize, wheat, barley

Water 0.1% formic
acid/acetonitrile
(QUEChERS)

Maize:5-50

Maize: 43-120

UPLC-ESI-TOF-MS

Water 0.1% formic
acid/acetonitrile (1:1)
Direct injection

Maize:10-30

Not tested

UPLC-APCI-OrbitrapMS

Zachariasova et al. 2010

Water/MeCN 0.5% acetic

acid (1:1) Maize flour: 58-108
17 mycotoxins in cereal flours and cereal (QUEChERS) LC-ESI-MS/MS .
0.5-100 (LO Desmarchelier et al. 2010
foods MeCN/water/glacial acetic (LoQ) (MRM mode)
acid (80:19:0.5) Maize flour: 77-97
(QUEChERS)
o Acetonitrile/water 80:20
22 mycotoxms in wheat, barley, oats, rye and + water Maize:1-43 Maize:45-128 LC-ESI-MS/MS Martos et al. 2010
maize . L (MRM mode)
Direct injection
Acetonitrile/water 84:16 UPLC-MS/MS
1 ins i i . Maize: 0.03 — 2.83 Maize: 76-106 Jinet al. 2010
0 mycotoxins in grains Laboratorv made cartridaes 1z 1z (MRM mode) !




Comparison of MS/MS and HCD-HRMS approaches

V.M.T. Lattanzio, S. Della Gatta, M. Godula, A. Visconti. Food Additives and Contaminants, 2011, 28(10):1424-37.

Breakfast cereals
Cereal biscuits

Wheat flour

Barley flour

Oat flour Wheat based crisp bread
Rye based crisp bread

Sample

l Extraction

acetonitrile/water
(84/16)

Filtration (Whatmann N°4)
Evaporation
Reconstitution in methanol/water (10/90)

Clean-up with G=MSyMSanalysis
OASIS® HLB

(polimeric SPE cartridges) RMSIanalysis




[LC-MS/MS analysis}

Triple Quadrupole
Tandem MS

-

Multiple Reaction Monitoring
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'LC-HCD-HRMS analysis |

Exactive™ : HCD - Orbitrap

=t

HCD eollisian cell

Orbltrap mass
anakymar

This instrument, termed Exactive™, js capable of
generating “all ion fragmentation” in a
nonselective manner using a collision cell
without precursor ion selection.

HCD collision oell

MS scan mode for precursors:
electrosprayed ions are

=) accumulated in the C-trap, then

injected into the orbitrap analyzer.

All Ion Fragmentation mode:
all electrosprayed ions are fragmented

m) by collisions with nitrogen gas in the

HCD cell. Fragments are then moved
back to the C-trap from where they are
injected into the orbitrap analyzer.




Fmparison of MS/MS and HCD-HRMS approaches }
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1= Qualifier ion

Full scan ) ) .
Multiple Reaction Monitoring

Mass Accuracy > 500 ppm

HCD fragmentation

Mass accuracy up to 0.5 ppm




MS/MS detection HRMS detection
legislation requirements

EC performance criteria (2002/657/EC)
Doc No Sanco/10684/2009*

MS/MS HCD-HRMS
1 precursor ion 2 ions
2 daughters ions Mass accuracy < 5ppm#*

example: AFB1

313.2 - 269.2 313.0707"

313.2 - 241.1 241.0495




HCD-HRMS spectrum of standard MS/MS spectrum of standard AFB,
AFB, (collision energy 35 eV) (collision energy 40 eV)
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Similar fragmentation patterns can be obtained
by using MS/MS or HCD-HRMS fragmentation
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LC-HCD-HRMS spectra
in food extracts
Aflatoxin B,

standard
solution

Main characteristic
fragments can be easily
detected in food extracts.

Barley flour
extract

10
“l
. 2650745
2600437
L 241 0455
2 w0
g
-
£
2 240618
Eal
@ 201 0905 257 0G0
J A— LI D05 046
(1]
95 4750 167 0749 \.
141 0695
=1 & L] 120 (E0) 180 =) a0 i} 240 20 ZE0 30 20
me
95 4754
100
260 0442
@ 241 0493 2850754
a0
0 313.0703
4 @
g
-
a 2140623
gy 1169860
'S
il
201.0909
- oo nach 25T 080 pas 04s
o 91 0545 IJ‘ l [
L2 o o S S B e t .u i
=1) =1} 103 120 140 160 180 a0 -0 {') >0 230 30 320
{(x]
2690445
o
D88 0TET
a0
1549417 241 0495
0
5 1728522
g
= @ 186.5120
£ 313.0707
& 214.0625
Y 134 9963
201 .09
- . 208047
o 91 054 | | L
R Lol |J.I|.I A i l
.................. LI

Wheat flour
extract




Mass Accuracy
in standard solution and cereal food extracts

Mass accuracy (ppm)*

Mycotoxin Calculated Standard Crisp bread
mass . Wheat flour Barley flour
solution (rye based)

297.13381 2.2 0.2 0.6 3.9

DON 231.10157 1.0 0.4 0.3 1.9
AFG 331.08123 0.9 0.3 1.7 0.8
2 245.30808 0.5 0.6 1.1 1.5
AFG, 329.06558 1.2 0.2 1.5 1.8
243.06518 1.2 0.5 1.3 1.3

AFB, 315.08631 1.2 0.2 1.6 0.9
287.09140 1.1 0.4 1.7 1.5

AFB, 313.07066 1.1 0.1 1.3 2.6
241.04953 1.0 0.3 1.2 1.2

HT-2 442.24409 1.2 0.2 0.3 1.6
245.11722 1.2 0.6 1.2 1.6

T-2 484.25460 0.7 0.4 1.7 1.9
215.10660 0.4 0.1 0.5 1.6

ZEA 319.15450 1.0 0.1 0.6 2.2
283.13287 0.9 0.4 2.1 1.5

OTA 404.08950 0.8 0.1 0.5 1.6
358.08406 1.0 0.3 0.8 1.5

* Absolute value, average of triplicate injections of 1 ng toxin



MRM method for mycotoxin detection
selected ions in Q1 and Q3

Mycotoxin Precursor ion

DON

AFG,

AFG;

AFB,

AFB;

HT-2

T-2

FB,

FB,

OTA

ZEA

[DON+CH5COO]
[AFG,+H]"
[AFG+H]"
[AFB,+H]"
[AFB,+H]"
[HT-2+NH,]"
[T-2+NH,]"
[FBy+H]+
[FB+H]+
[OTA+H]"

[ZEA-H]

Q1
(m/z)

355.1

331.1

329.1

315.0

313.2

442.0

484.3

722.4

706.4

404.0

317.0

Q3
(m/z)
295.0

59.0 *

v V

313.2 *
245.3
311.2
243.1 *
287.2
259.0 *
241.1 *
2134
263.2 *
215.0
215.2 *
185.3
352.4
334.5*
336.6*
318.3
239.0 *
221.1
175.1
1309 *

Identity confirmation
Quantification



LC-MS/MS chromatogram of a spiked wheat flour extract

-) «— X5 , (1) ()] ) (+)
DON Spiking levels (Mg/kg)
335,59 AFB DON 300
3135241 AFG,, AFB, 0.4
AFG; 1.2
AFB, 2.0
HT-2, T-2 20
ZEA 30
AFB, OTA 1.2
315259 T-2 ZEA
Wmmwwww asa a1y st
HT-2
AFG
3291)311 442263
OTA
AFG
! T T T T T T T
10 15 20 25 30 35 40 45

Column: Gemini RP18 (150 x 2.0 mm, 5 um) Phenomenex
Flow: 200 pl/min

Column oven: 40 °C

Solv A: H,0, 0.5% acetic acid, 1mM AcNH,

Solv B: CH;0H, 0.5% acetic acid, 1mM AcNH,

Injection volume: 20ul (100 mg sample) )




HCD-HRMS method for mycotoxin detection
Ion extracted from the full scan chromatogram

Molecular Calculated

Mycotoxin
formula mass

HCD (eV)

DON CisHy 0  297.13381
[M+H]* Cp4H;s05  231.10157*

Identity confirmation
Quantification

15 S




LC-HCD-HRMS chromatogram of a spiked wheat flour extract

1003 RT: 4.23
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1007 _ RT:10.51 RT: 24.54 _ RT: 25.89
0] AFB, o] ?:: 7066 w3 ZEA pet 0
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o = A
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Spiking levels: 25 ug/kg DON, AFG,, AFB,, T-2, HT-2, ZEA, OTA and 6.2 ug/kg AFG,, AFB,




RECOVERIES and REPEATABILITY
EC acceptance criteria (401/2006/EC)

Recoveries, % (RSDr %)

DON | AFG, AFG, | AFB, AFB, @ HT-2 @ T-2 ZEA | OTA

SpiKingilevels 300 0.4 1.2 0.4 2 20 20 30 1.2
(Hg/kg)

HED" 1 102(5)  90(8) 89(0) 95(2) 81(6)  104(a) 98(6) @ 76(6)  97(9)
Wheat HRMS
flour

MRM | 95(2) nd. | 82(4) 84(6) 89(4) 95(4) 92(4) 95(9) @ 74(7)

HED™ ' J0a(0) | 102(5) 104(4) 80(2) 102(2) 105(1) 103(1) 85(1) 93(2
Crisp T (0) (5) (4) (2) (2) (1) (1) (1) (2)
bread
(wheat)

MRM | 100(0) n.d. @ 106(5) 85(10) 102(6) 107 (2) 108(6) 84(5) 101 (3)

HED= 1 s 2
. S (1)  93(2) | 95(6) 93(8) 87(4)  100(3) 95(3) 101(9) 74(13)
bread
(rye)

MRM | 95(3) 91(7) 79(2) 85(7) 77(3) 97(2 91(3)  96(7) 82(2)



DETECTION LIMITS
EC maximum permitted levels (1881/2006/EC)

LOD (ng/kg)

Wheat Flour Barley Flour Crisp bread (rye)

wews | MRM | jous  MRM | jows | MRM

DON 1.6 3.9 1.8 10.3 2.3 59.2
AFG, 1.5 0.1 0.5 0.2 0.5 1.9
AFG, 0.6 0.2 1.1 0.7 1.2 2.6
AFB, 0.7 0.3 0.5 0.3 0.5 1.1
AFB, 1.0 0.3 1.0 0.5 1.6 1.1
HT-2 1.7 0.3 2.5 1.1 1.7 1.7
T-2 1.0 0.2 0.5 0.5 1.6 0.9
ZEA 1.0 2.8 1.4 4.0 2.3 5.8
OTA 1.4 0.1 1.9 0.3 2.9 0.4




Analysis of Reference Materials

_ Assigned Satisfactory Level of Results obtained
Material Target 13C-1IS by HRMS
. value, range, .- .
description analyte ug/kg 1g/kg addition, analysis,
Hg/kg Hg/kg
wheat flour *
FAPAS T2256 DON 774 517 - 1032 700 756 + 113.4
breakfast
cereals ZEA 69.5 38.9 - 100.1 100 48.6 + 9.8*
FAPAS T2257
AFB, 5.07 AFB, 2.84 - 7.30 AFB, 5.0 AFB; 5.3 + 1.3
maize AFs AFB, 1.06 AFB, 0.60 - 1.53 AFB, 2.0 AFB, 1.0 + 0.3
FAPAS T04148 AFG, 2.97 AFG, 1.66 - 4.27 AFG,; 5.0 AFG, 2.2 + 0.8
AFG, 1.25 AFG, 0.70-1.80 AFG, 2.0 AFG, 1.2+ 0.47

* Maximum standard uncertainty calculated according to 401/2006/EC

The experimentally determined concentrations of target analytes were within the satisfactory

range for all tested toxins



Quantitative multi-mycotoxin determination
by LC-MS/MS and LC-HRMS
CONCLUSIONS

v Quantitative and confirmatory information using HRMS
(Orbitrap™ based high resolution with HCD fragmentation) or
MS/MS (low resolution - triple quadrupole) can be obtained,
meeting European regulatory requirements for confirmatory
analysis.

Both SPE/LC-MS based analytical procedures exhibited
satisfactory recoveries and adequate detection limits to assess
mycotoxin contamination in cereal foods at regulatory levels.

s

if proper calibration is applied



' MATRIX EFFECTS |

Matrix effects in mass spectrometry: co-eluting matrix interfering
components can affect analyte ionization, resulting in signal
enhancement or suppression.

.

Need for matrix assisted calibration for accurate quantitative analysis.

.

Different approaches:

- External calibration in a blank matrix
- Use of isotope labelled standards

- Standard calibration is sometimes used when the dilute &
shoot approach is performed



[ Matrix Effect Evaluation ]

Comparison of calibration curves obtained by dissolving standard mycotoxins in:

Mobile phase
—————— Semolina extract purified with OASIS® HLB

------------------- Semolina extract purified with Mycosep 227 #

1000000

2000000 1 pjvalenol HT-2 toxin

750000 A
1500000 -

1000000 - 500000 +

peak area
peak area

500000 A 250000 1

ng inj

Improving sample preparation and column chromatography

allows to minimize matrix effect.




Matrix Effect varies from matrix to matrix

700000 1

600000 1

500000 A

400000 1

300000 A

200000 1

100000

0

5 10 15
ng iniettati

20

T-2 toxin

extract purified

with OASIS HLB
mobile phase

700000 -
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400000

300000 A
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100000 4

0

Infant Biscuits

10 15
ng iniettati

o

20

500000 ]

400000 1

300000 1

200000 A

100000 1
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5 10 15 20
ng iniettati

600000 1

500000 1

400000 A

300000 A

200000 1

100000 4

0

BaconSnacks

T T T "

5 10 15 20
ng iniettati

800000

600000

400000

200000

Corn

5 10 15
ng iniettati

20

700000 7

600000 1

500000 A

400000 1

300000 4

200000 1

100000 A

0

5 10 15 20
ng iniettati

400000 7
350000 1
300000 A
250000 1
200000 A
150000 1
100000 1
50000 A

0

Coconut Snacks

10 15 20
ng iniettati

(S

700000 -

600000 -

500000 A

400000 A

300000 A

200000 4

100000

0

Barley

5 10 15 20
ng iniettati




|

Matrix Effect varies from toxin to toxin

2000000
1800000
1600000
1400000
1200000
1000000
800000
600000
400000
200000

DON

25 50 75 100 125 150
injected ng

1200000

1000000

800000

600000

400000

200000

25 50 75 100 125 150
injected ng

350000

300000

250000

200000

150000

100000

50000

5 10 15 20 25 30
injected ng

Calibrant solution obtained by dissolving standard toxins in:

——— HPLC mobile phase

——— Maize extract purified on Myco6inl immunoaffinity columns

<:| [ No matrix effect]

800000

700000 ZEA

600000 /
500000 b

400000 ¢

300000

200000

100000 /
g

60000

50000

40000

30000

20000

10000

AFB, P
e
pd

0.5 1.0 1.5 2.0 2.5 3.0
injected ng

10 15 20 25 30
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10000

AFG,

02 04 06 0.8 1.0 1.2 1.4 1.6 1.8
injected ng

injected ng

1800000
1600000 OTA
1400000 /
1200000
1000000 ////,///
800000
600000
400000
200000

1 2 3 4 5 6

injected ng

4

[ Ion suppression ]




[ Quantitative evaluation of Matrix effect (I) }

Calibrant solution obtained by dissolving standard toxins in:
HPLC mobile phase

— Maize extract purified on Myco6inl immunoaffinity columns - MRM detection

2000000

1800000 DON
1600000

1400000 Statistical evaluation of the slope difference
L2000 » between standard and matrix-matched calibration
600000 curves

500000 t-Test (p = 0.05, n = 6, t value = 2.4)

400000

200000

MAIZE WHEAT | BARLEY

25 50 75 100 125 150

injected ng

DON -0.3 0.3 -0.1

ﬁ [ No matrix effect ] AFG, -6.2 2.2 2.0

[ Ion suppression ] @ AFB, -15.0 0.2 -0.4
60000 FB, 0.3 - -
sooco | AFBy FB, -1.6 - -

HT-2 -0.5 0.6 0.6

30000

20000 T‘Z '0-8 0-6 1.0
ZEA -1.0 0.0 -6.8

0.5 1.0 1.5 2.0 2.5 3.0

injected ng OTA -2.6 0-8 -0-6




[ Quantitative evaluation of Matrix effect (II) ]

SSE = signal suppression/enhancement
= (slope of matrix calibration/slope of standard calibration)*100

Comparison between calibration curves in:
- HPLC mobile phase

- Barley flour extract purified on SPE columns

Calibration SSE, %
Mycotoxin range HCD-HRMS MRM
(ng/kg)
DON 50-2500 76 95
AFG, 0.25-12.5 100 95
AFG; 1-50 100 89
AFB, 0.25-12.5 67 88
AFB, 1-50 100 88
HT-2 10-500 90 95
T-2 10-500 94 103
ZEA 10-500 65 70

OTA 1-50 87 106



[ 13C labelled mycotoxins as internal standards }

12C,-OTA 13C,,-OTA

Substitution of [12C] carbon atoms
by [13C]

Chromatographic retention time and
ionization potential identical to those
of naturally occurring mycotoxins.

Isotope-labelled mycotoxins exhibit
the same fragmentation pattern
as their naturally occurring analogs,
but because of their higher molecular
wheight distinction between internal
standard and target analyte s
possible.

1.20e6

1.10e6

1.00e6

9.00e5

Intensity, cps

R §§E 8 EEE G

12€,,H,CINO,

- €D
1048 ﬂ 1290 1488 1932

(=9 12¢ HyCINO,

12€,H,,CINO,

3410

273 270 ) WX

0 & 100 120 140 160 180 20 20 20 20 20 A0 T 30 B0 ;0 40

m'z.amu

10666
10066
95065
20065
85065
80065
75065
7.0065

& 65065

I

= 5505

S 50065

S 4505
40065
35065
30065
25065
20065
15065
10065
50084

13¢,,HsCINO;

- (20

l
w3 | 139 1742 20,2'9 213

& 13¢,,HgCINO,,

13¢,sH,CINO,

.1 3603
62, 4058

60&]1&)1201401601&)2(1)2202402602&)31)320%03&)3&)403420

m'z.amu




MRM Total ion chromatogram
of a mixture of OTA e 13C OTA

. fram Sample 16 (Std 100ng OTA 13COTA) of 15000 wiff (Turbo Spray), G Smoothed (107

Max 1.2ed cps,

B xiC of +MRM (8 pairs): Feriod 8, 424.2/250.1 amu from Sample 16 (Std 100ng OTA 12COTA) of 15009 .wmiff (Turbo Spray), S5 Smoothed (100

46.3 [|_oH
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12084 ¢ Q O|
1.00e4 NH 0
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I
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15 16 a7 18 13 0 51 52 53 54 55 56 a7
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Extract ion chromatogram 483
(standard OTA) —— 404.0/239.0 OTA
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Proficiency test for multi-mycotoxin MO“'QA

f ly! I me!h ds

method based on LC-MS(MS) L

Aim of the study: to obtain information on currently used LC-MS(MS)
methodologies for multi-mycotoxin analysis and relevant performances.

Participants analyzed the following materials, using their LC-MS(MS)

methodology:
v’ one maize sample contaminated with aflatoxins (B, B,, G;, G,), OTA, DON, HT-2, ZEA,

fumonisins (B4,B,)
v' one blank maize sample (to be spiked for recovery evaluation)

Participants determined those mycotoxins that could be simultaneously
detected with their LC-MS(MS) methodology.

Solfrizzo, M., De Girolamo, A., Lattanzio, V.M.T., Visconti, A., Stroka, J., Alldrick, A. and van Egmond, H.P., 2012.
Results of a proficiency test for multi-mycotoxin determination in maize by using methods based on LC-MS/(MS).
Quality Assurance and Safety of Crops & Foods (in press)

De Girolamo A., Solfrizzo M., Lattanzio V.M.T., Stroka J., Alldrick A., van Egmond H.P., Visconti A., 2012. Critical
evaluation of LC-MS-based methods for simultaneous determination of major mycotoxins (deoxynivalenol, ochratoxin
A, zearalenone, aflatoxins, fumonisins, T-2 and HT-2 toxins) in maize. World Mycotoxin Journal (submitted)



MoniQA

Overall results of z-scores N

to monitor and control quality and safety in the
food chain supply

BUnsatisfactory result OQuestionable result B Satisfactory result
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A robust and reliable method for simultaneous determination of 11
mycotoxins in maize could not be identified but important information on used
LC-MS(MS) methodologies and relevant performances could be obtained.

% Tested mycotoxins

639%0 of laboratories reported results for the 11 mycotoxins
% Methodology

5496 laboratories used sample extract cleanup

399%b laboratories analysed crude extract
% MS conditions

100% laboratories used electrospray ionization

889%o0 laboratories used triple quadrupole detector

99 laboratories used ion trap detector

5 % laboratories used HRMS based on Orbitrap technology
% Calibration

449 laboratories compensated for matrix effects

499 used external standard calibration



Towards harmonisation of analytical methods
to monitor and control quality and safety in the
food chain supply

-The direct analysis of crude extract by LC-MS/(MS), including the
dilute-and-shoot approach, gave better results than those obtained by
cleaning up sample extracts.

- Matrix-matched calibration or isotope internal standards
efficiently compensated for matrix effects even by injecting matrix
equivalent amounts > 20 mg. However injection of matrix amounts
higher than 100 mg resulted in a decrease of sensitivity due to the
increase of signal suppression.

- External calibration gave reliable results when matrix equivalent
amounts of <10 mg were injected.



Full Scan HRMS
Metabolite discovery

The main advantage of full scan HRMS analysis is to perform
retrospective analysis, i.e. to search for mycotoxin
metabolites/conjugates (degradation products or “masked”

forms) at a second stage without the need to re-analyze the
sample.



RT: 0.00-15.88 SM: 7G

DON derivatives in wheat flour

NL: 1.20E8

I
[50.00-800.00] MS

\ OTAwheat3
70 |
60
50 l
40 i
|
©d “1 I
|
ol || A [
Al VLM | . }\ p
10 [ Aoy WOARI A e Tl o Al
o
100 NL: 1.15E6
m/z=
90 297.1308-297.1368
80: DON F:FTMS {1,1} +p
ESIFul ms
70 [50.00-800.00] MS
60 OTAwheat3
50
40
30
20
10 Ln
0 T e
0 2 4 6 8 10 12 14
Time (min)
RT: 13.69-30.16 SM: 7G
100 NL: 1.47E4
miz=
80 442.2397-442.2485 F:
R - FTMS {1,1} +p ESI
B Full ms [50.00-800.00]
60 MS OTAwheat3
40
20 1
i TV Yr o o N it e, Lot ot s
100 NL: 7.14E3
| miz=
30: 484.2498-484.2594 F:
| T_Z FTMS {1,1} +pESI
| Full ms [50.00-800.00]
60 MS OTAwheat3
40 !
] A
* Hl
] |
OLaal faanit ot A b M’ s s
100 NL: 1.68E3
] m/iz=
80: ‘ 404.0861-404.0941 F
B FTMS {1,1} +p ESI
- Full ms [50.00-800.00]
60 MS OTAwheat3
407 ‘
20 M
O e s e e s e
14 16 18 20 22 24 26 28 30

TI C TIC F: FTMS {1,1} +
p ESIFullms

Soft wheat flour

naturally contaminated with:
898 ug/kg DON;

9 ug/kg HT-2;

2 ug/kg T-2;

6 ug/kg OTA

100.000 FWHM
Tolerance 10 ppm

Sample preparation:
Acetonitrile/water extraction
Polymeric SPE clean up



DON derivatives in wheat flour
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. Extract metabolite teorethical mass
. Measured mass
. Calculate molecular formula and mass error
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10 ppm

7G

DON derivatives in wheat flour

NL: 1.15E6
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Deoxynivalenol
acetyl derivatives

Extract metabolite teorethical mass
Measured mass

Calculate molecular formula and
mass error

WN -

Using low tolerance:
unbiased compound identification
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Key parameters for unbiased identification
MASS EXTRACTION WINDOW
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Key parameters for unbiased identification
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Identification and characterization of T-2 and HT-2
glycosides in wheat and oats

Oat sample naturally 22.63 HT-2
contaminated with 246 ug/kg 442.2435

T2 and 608 pg/kg HT2
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CONCLUSIONS

Quantitative and confirmatory information using HRMS (Orbitrap™
based high resolution with HCD fragmentation) or MS/MS (low resolution -
triple quadrupole) can be obtained, meeting European regulatory
requirements for confirmatory analysis.

Analytical procedures based on either LC-MS/MS or LC-HRMS can exhibit
satisfactory recoveries and adequate detection limits to assess mycotoxin
contamination in cereals and cereal foods at regulatory levels.

Matrix assisted calibration is an essential requirement for proper
analyte quantification.

The main advantage of full scan HRMS analysis is to perform
retrospective analysis, i.e. to search for mycotoxin
metabolites/conjugates (degradation products or "masked” forms) at a
second stage without the need to re-analyze the sample.






