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New Technologies§3#
for Mycotoxin |
analysis

-LC-MS/MS Applications
and Results from Routine Food Control-




Main Challenges in Mycotoxin Analysis

& eurofins

Wiertz-Eggert-Jorissen

Corn and cereals could be infected by a wide variet
fungi, which are capable to produce a variable degr
mycotoxins

Several legal limits concerning mycotoxins in food a
feed were published during the last years

Multi-toxin methods should be available to reduce t
effort for routine food control
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Legal limits for
coming into force in July 2006

Fusarium toxins

&% eurofins

Wiertz-Eggert-Jorissen

16.02.2006

DON ZEA
Commodity / food imits 1 Commodity / food Inlies
(Hg/kg) (Hg/kg)
Unprocessed cereals (2) other 1250
than durum wheat, oats and Unprocessed cereals (2) other than maize 100
maize
Unprocessed durum wheat and 1750 Maize flour, maize meal, maize grits and e
oats refined maize oil (6)
Unprocessed maize (1) Unprocessed maize @)
Cereal flour, including maize 750
flour, maize grits ands maize Cereal flour except maize flour 75
meal (4)
et erea™ | 500 | s, pastie, iscus 0
Maize snacks and maize-based breakfast . )
cereals, 50
Other cereal snacks and breakfast cereals
Pasta (dry) 750
Processed cereal-based food for 200 Processed maize-based foods for infants . (2
infants and young and young children 20
children and baby food Other processed cereal-based foods for
infants and young children and baby food
3
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.. . *av -
Expected limits for T2/HT2-Toxin «» eurofins Wiertz-Equert-Jorissen

Product (%) Max}:;‘}i:;}lﬂﬂ Sampling method Reference analysis method
2.7.T-2 AND HT-2 TOXIN (1)
2.7.1. Unprocessed cereals (*) and cereal products — % Directive 2005/38/EC Directive 2005/38/EC
(4) A maximum level will be fixed before 1. April 20  07.

Data on the presence of T-2 and HT-2 toxin are for the time being limited. However intake_
estimates indicate clearly that the presence of T-2 and HT-2 can be of concern for public
health . Therefore, the development of a sensitive method __, collection of more occurrence
data and more investigations/research ___in the factors involved in the presence of T-2 and HT-
2 in cereal and cereal products particular in oats and oat products is of necessary and of high

priority"
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LC-MS only a scientific &8 euroflns‘
approach ?! Wiertz-Eggert-Jorissen

The first multi-methods were published 1999-2002
(Berger et al., Razzazi-Fazeli et al., Rundberget et al.,
Spanjer et al. etc.)

At this time, LC-MS/MS was mainly a scientific
approach and a lot of maintenance was necessary to
run samples within a broad range of commodities

Since the instruments getting more robust,
LC-MS/MS has been increasingly applied for routine
food control.

Today, it seems that they are fit for purpose !

Main challenges: Fast and easy to handle
and consumables should be reduced
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Multimethod Fusarium Toxins

& eurofi ns‘
Wiertz-Eggert-Jorissen

NIV DON

FX

Multi-Mycotoxin Method: |

3-ADON
5-ADON

OT

ZAN

toxin
1

‘ DAS

»—Nz
| N
12 13

ZON

Trichothecens Type A
- Diacetoxyscirpenol (DAS)
- HT2-Toxin (HT2)
- T2-Toxin (T2)
Trichothecens Type B
- Nivalenol (NIV)
- Deoxynivalenol (DON)

- Acetyldeoxynivalenol
- Fusarenon X

Zearalenone, Zearalanone

For Verification :

14

15

 Aflatoxins, Sterigmatocystein
e Ochratoxin A
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Signal suppressions
due to matrix effects

&% eurofins

Wiertz-Eggert-Jorissen

Crude extract, direct injection

| ;‘ M@ 410, 96 137

Time, min
8.11
PP77?7°
A bttt Mol ﬂm‘ ‘ MW\NMNMMMMMAMML\MMMMN
: 4 5 6 7 8 9 10 11 12 13
Time, min
8.F82

A W ' N /I Ad W w It My AN W S W N VYA AN e A\ i \Mn ran\
} 4 5 6 7 8 9 10 11 12 13 1

Time, min

Sample extract with Clean-up

5.22

¥ N e [ I
7 8 9 10 11 12 13 1
Time, min

5.22

kDeoxmlvalenol DON
9 10 11 12 13 1
Time, min

‘4/3 10 4. 95\

(internal standard) .

! | T
11 12 13 1
Time, min

16.02.2006 Dr. Scarlett Biselli, Eurofins/Wiertz-Eggert-Jorissen 7



&% eurofins

Wiertz-Eggert-Jorissen

Fusarium toxins
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Mycose

20g homeogenous sample

v

Extraction shaking/blending (0,5 - 1 h)
mit 100 mL AcN/H,O oder MeOH/ H,O (vv 85/15)

v

filtration ( crude extract)

N\ VICAM
Affinity Column

MYCOTOXIN
MOLECULES
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MONOCLONAL
: ANTIBODIES

clean-up clean-up
Trichothecene combi OTA/ Afla

ZEA-Saule/ Mycosep® Immuno-Affinitat-S.

l l

LC-MS/MS: 0,5 g sample aliquot

16.02.2006

Dr. Scarlett Biselli, Eurofins/Wiertz-Eggert-Jorissen 8



I\/cho.toxms In difficult sample commodities: &% eurofins
Feeding stuff Wiertz-Eggert-Jorissen

Intensity, cps

4000
3500
3000 -
2500
2000 -
1500 -
1000 -

500

Deoxynivalenol
\ T-2
| /

Interna

Standard
v HT-2

g

6.35

o Moty 5.79 5.98 6.026.16 N, 6.51 6.63

1 > 3 4 5 56 58 60 62 64 66 68
Time, min Time, min
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Nivalenol up to Zearalenone Wiertz-Eggert-Jérissen

Standard Level 40 ng/mL DON

NIV £X ADON<

The main
ZON iImportant
ZAN substances

T-2

within
8 min

HT-2
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ation, Iinearit)|

MS)
Nivalenol 8
Deoxynivalenol 6
Verrucarol (RS) 10
Fusarenon X 8
Ochratoxin A 1
3-Acetyldeoxynivalenol 1
15-Acetyldeoxynivalenol 10
Aflatoxin G2 0.5
Aflatoxin G1 1
Aflatoxin B2 0,5
Aflatoxin B1 1
Diacetoxyscirpenol 8
HT-2 Toxin
T-2 Toxin @
Zearalanon (ZAN-ISTD) 1
Zearalenon 1

linearity

0,998
0.998
0,995
0,997
0,994

0,999
0,990

0,999
0,999
0,999
0,999

n.b
0.991

0.990

0.998
0.998

10-500
10-500
50-250

10-200
1-200

10-200
10-200

0,1-100
0,1-100
0,1-100
0,1-100

n.b
10-200
10-200

10-200
10-200

‘ Wiertz-Eggert-Jorissen

i

precision (MS)

2.4 %
1,48 %
1,5 %
1,1 %
n.b
1,5 %
n.b

n.b
n.b

n.b
n.b

n.b
2.4 %
1,18 %

1,0
0,88 %
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Very good sensitivity for T-2 toxin

Wiertz-Eggert-Jorissen

7 13.88
180 -
160 -
140 -
" 120 -
o ]
> 100
= | 0.2 ppb T-2 toxin
g baby food sample
= 60 -
40 -
20 -
>
O“““““‘fﬁ“““ T, r A
12.0 12.5 13.0 13.5 14.0
Time, min
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Results for Deoxynivalenol (n= 1800)
(Data from 2003 to 2004) Wiertz-Eggert-Jorissen

DON in cereals and delivered products (during 2003 to 2004)
206 3% n=1800

20%
40%

6000 pg/kg

35% O content < 20 pg/kg
Cereal- O content > 20 and <100 pg/kg
products: O content >100 and <500 / 350 pg/kg
1600 pg/kg E content > 500/350 and <750 pg/kg
M content > 750 ug/kg
pasta.:
1000 pg/kg
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Results for Zearalenone
(~1800 samples) Wiertz-Eggert-Jorissen

Results for Zearalenone in Cereals and
derived products

5% 4%

4%

50 pg/kg

cereal-
products: 8794
170 pg/kg @ content < 10 pg/kg

O content> 10 and <20 pg/kg
corn flour
——— O content >20 and <50 ug/kg

200 pg/kg @ content > 50 pg/kg
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Unexpected contamination
regarding zearalenone

Wiertz-Eggert-Jorissen

500
450 -

400
350

295

1580 pg/kg

W apple products N\

O pulps

300

o)
—;‘\3) 250
=200 -
150
100 -
50

04

average

Median

90 Perzenti
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Results for HT-2 and T-2 toxin Wiertz-Eggert-Jorissen

Contamination with HT-2

samples: 520 ‘ \
7% 3%

Contamination with T-2 toxin
3% 1%

' 10%
100 ug/kg [ content < 1ppb
[ content > 1ppb and < 10 ppb
[ content > 10 ppb and < 50 ppb
wheat flour: [ content > 50 ppb
100 ppb

86%

[ content < 1ppb \
O content > 1ppb and < 10 ppb samples: 1200

[ content > 10 ppb and < 50 ppb
@ content > 50 ppb
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Ergot alkaloids:
“An old topic gaining new importance” Wiertz-Eggert-Jorissen

References :
R.T. Riley, J. Pestka,

Intoxications induced by ergots alkaloids have been known In
Europe for many centuries, described as St.Anthony’s fire or
Holy fire.

The term ergot refers to fungal structures from Claviceps
species (Claviceps purpurea) replacing kernels on grain ears or
seeds on grass heads.

Infections occurred on rye, wheat, barley and in general grass
due to bad weather conditions.

Sklerotia contain different classes of alkaloids: The most
prominent being ergometrine, ergotamine, ergosine,
ergocristine, ergocryptine and ergocornine

The total alkaloid content of central European ergots is in the
range between 0.20 % up to 0.25 % .

The Mycotoxin Blue Book, 2005
EFSA : EFSA Journal 2005, 225,1-27

16.02.2006
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Alkaloid derivatives Wiertz-Eggert-Jérissen

Ergoline D-Lysergic acid D-iso -Lysergic acid

Amid type Peptide type
H .

R = -NH-CH(CH)g-CHon

Ergometrin (Ergonovin)
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Which should
and which could be analysed ? Wiertz-Eggert-Jorissen

1. Only five reference substances of more than 30 alka loids
are available
=> Ergometrine, Ergotamine, Ergocornine, a-Ergokryptine, Ergocristine

7. Solutions of standards are unstable =>epimerization due to UV-light
and temperature influence)

D-Lysergic acid

D-iso-Lysergic acid

Enol-form

D-Lysergsaure
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Alkaloid content of ergots
(Porter et al. 1987, Schoch und Schlatter 1985) Wiertz-Eggert-Jorissen

3. Alkaloid content of sklerotia

Canada / Europe

Ergotamine 358% / 17,3 %
Ergocristine 30,7% / 31,1 %
Ergosine 27,0% /| 4,2 %
Ergocornine 22% [ 4,0%
Ergometrine KA. / 50%
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Method of an aIySiS: Wiertz-Eggert-Jorissen

Preparation:
30 g fine ground grain material

Extraction:

120 mL Ethyl acetate and
30 mL ammonium hydroxide solution

Evaporation and reconstitution:
acetonitril/water v/v

HPLC-MS/MS (API 2000 or API 4000
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Standard chromatogram of the main ‘
Important 6 alkaloids Wiertz-Eggert-Jorissen

Ergocorr*ne
Ergometrine Ergocornine

1.4e5 - Ergotamine 1083

1.3e5 - Ergosing

1.1e5 - Ergometrinine ”

Ergocristine

6.0e4 -

5.0e4 - ‘J/! @ ///“\H

4.0e4 / —cn ‘ /
/ N /

3:Oe4 - | L[‘\ /

g 5 6 7 8 9 10 11 12 13 14
Time, min
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Standard chromatogram

of IN- and ININE-derivatives Wiertz-Eggert-Jorissen
_ _ o Ergocornine p .71 Ergo-
Egot alkaloids + Inine- derivatives 9.43 cristine
9.?2
6.58 -
Ergotaminine
8.0e4 - 9.42
' a-Ergo-
7.0e4 Ergotaminine Ergosinine kryptinine
6.0e4 1 Ergotamine 6.29 h Ergo-
Erg stinine
3  5.0e4 1 cojrini
o Ergosine
é’; 4.0e4 - Ergotamine 1Q.31
O
k
3.0e4 1
2.0e4 - / A IV{ L
d A N J
N - . —
\W k /
0.0 " i T " T T T T T v T T r : T : : . : /7
3 4 5 6 7 8 9 10 11 12
Time, min
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Ergot alkaloids of
a rye sample extract

Wiertz-Eggert-Jorissen

Intensity, cps

6720

6000 -

5000 1

4000 -

3000 1

2000 1

1000 -

Time, min

16.02.2006
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8860 Al 09y :
9000/ Ergotamine +
8000 1 - 0 g . .
. IErgometrine + Ergometrinine 8000/ Ergotaminine
87000 (~95 pg/kg)
~ o
26000 | (~50 pg/kg) 5000
86
.8 4567_'89.1011121314
Time, min ime, min
11.48
8540 8.86 3401 P}
8000 : 320
Ergos!ng + o
7000 - Ergosinine 280’ E isti
260
& 6000 (~85 pg/kg) 2540 rggscr}i Ine
= 9.12 -220 ~
5000 250 ( ug/kg)
i $ 180°
© 4000 €160
E 140]
3000 120
100
2000 80
60
1000 | 40,
" _ o J c 28 4 A \ LANOARA
0 4 5 6 7 8 9 10 11 12 13 14 SO B T R S RS
Time, min Time, min
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Total Alkaloid content Wiertz-Eggert-Jérissen

Total content of alkaloids:

Ergometrine + Ergometrinine => 50 pg/kg 18.5 %

Ergosine + Ergosinine => 85 pg/kg 31,5 %

Ergotamine + Ergotaminine => 95 ug/kg 35,2 %

Ergocrisitine + Ergocristinine => 40 ug/kg 14.8 %
Sum: 270 ug/kg
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Thanks for your attention Wiertz-Eggert-Jorissen
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Possible contaminants in
cereals and delivered products

Wiertz-Eggert-Jorissen

Aflatoxine
(B1, B2, G1, G2,
M1, M2)

nuts, dried fruits,
spices, corn, milk and
milkproducts

Ochratoxin A
(OTA)

0
COOH O
CH. CH—NH—C 0
H
e
n, CHs

cH H

cereals, coffee, cocoa,
wine, beer, dried fruits,
spices, milk, and meat

Fumonisine FB1 + FB2...

OH OH

corn and
delivered products

16.02.2006
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MethOdS Of analySiS ‘Wiertz—Eggert—Jbrissen

Method advantage disadvantage

Risk of false positive
Immunological Rapid and simple results
(for raw products mainly)

Low detection limits, Derivatisation necessary
GC . . . . |
multidetection possible | Low stability, matrix effects
i Extensive Clean-up,
HPLC / UV/ FLD gengrgl applicable, pure ersve P
selctivity Derivatisation for FLD
High sensitivity and Higher technical education
HPLC / MS / MS selectivity and expertise necessary,
Multidetection mode Higher purchase costs

16.02.2006 Dr. Scarlett Biselli, Eurofins/Wiertz-Eggert-Jorissen 29



Mycotoxins in difficult samples ‘Wiertz—Eggert-J('jrissen

Conventional analysis:
(solid-phase clean-up and fluorescence detection)

Nivalenol

Deoxynivalenol
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Recovery rates for different sample
commodities (h=~ 25-100)

Wiertz-Eggert-Jorissen

Cereals (n=10-30) Recovery %

Deoxynivalenol 78
Zearalenon (1S) 95
T-2 toxin 86
corn (n=5-20) 29
Deoxynivalenol 100
Zearalenon (1S) 36
T-2 toxin

Breakfast cereals
Deoxynivalenol 82
Zearalenon (IS) 99
T-2 toxin "
pastries

Deoxynivalenol 75
Zearalenon (IS) 79

T-2 toxin 86

Conc.
250 ppb

50 ppb
100 ppb

250 ppb
50 ppb
100 ppb

250 ppb
50 ppb
100 ppb

250 ppb
50 ppb
100 ppb
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Cha”engeS : Wiertz-Eggert-Jorissen

Established methods:

Based on fluorescence detection including a compreh ensive
clean-up (4-6 h/sample)

Extraction is performed using halogenated solvents

Detection limits are between 20 pg/kg up to 50 pg/k g

Requested methods:

Extraction should be performed using non-halogenate d
solvents

fast and easy clean-up (SPE)
Detection limits between 1 pg/kg up to 10 ua/kq

16.02.2006
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|nternal Standards Wiertz-Eggert-Jorissen

Deoxynivalenol Zearalenone

Lit.: U. Berger et al.; J. Agric. Food Chem 57 (10) Lit.: P. ZolIner et al.; J. Chromatogr. A 858
(1999) p.4240 (1999) p.167
Fusarenon X (IS) Verrucarl (IS) Zearalanon (1S)

H OH O . CHa

H

HO

i oH
~C
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