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Example Aflatoxins in Corn

Measurement uncertainty

Whitaker (2003) Molecular Biotechnology, 23, 61-71

Depending on concentration

Sampling
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Preparation

Analysis



EU Legal Limits

Commission Regulation (EC) No 1881/2006 

setting maximum levels for certain 

contaminants in foodstuffs

Access to European Union Law:  http://eur-lex.europa.eu

Legal 
Limit

§§



EU Legal Limits

Legal 
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Commission Regulation (EC) No 1881/2006 



EU Legal Limits

Legal 
Limit

§§

Maximum levels (μg/kg)

Unprocessed

Direct 

consumption

Baby 

food

Aflatoxin B1 5,0* 2,0 0,10

Sum of B1, B2,

G1 and G2
10,0 4,0

Ochratoxin A 5,0 3,0 0,50

Deoxynivalenol 1,750*/1,250 750 200

Zearalenone 200*/100 200*/75 20

Fumonisins 2,000* 1,000* 200*

Cereals

Commission Recommendation 2013/165/EU
Sum of T-2 and 

HT-2 Toxin

1,000**/200*/

100
200**/100*/ 50 15

* Corn; **Oats

Commission Regulation (EC) No 1881/2006 



EU Legal Limits

Legal 
Limit
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Spices

Commission Regulation (EC) No 1881/2006 



Analysis

Analytical Methods

Lateral 

Flow 

Devices 

(LFD)

ELISA 

Tests

HPLC

MS/MS

Costs of equipment

Trained Staff

On-site Testing Reference Methods

Time of Analysis

Sensitivity

Robustness

IAC

HPLC

FD

Screening Methods:

Negative Result

Accepted

Positive result

Needs confirmation!
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Analysis

Reference Methods

IAC

HPLC

FD

HPLC

MS/MS

-

+

-

+• Robust

• Cost-efficient 

equipment

• High sensitivity 

• Wide linearity range

• Multitoxin Analysis

• Fast, cost-efficient  

analytical preparation

• High selectivity

• Fast chromatography

• Single toxin methods

• IAC clean-up costs

• Knowledge on matrix 

related interferences 

and proper detection 

techniques needed

• Strong Matrix effects

• Internal standard costs

• Limited linearity range

• Complex technique and 

instruments



Analysis

Analytical Methods
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Total Variance Calculations

Influence of sample 
preparation

Example Aflatoxins in Corn
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Sample Preparation

• Mycotoxin are distributed inhomogenously

• The complete sample has to be grinded

• Fine grinding <1 mm of the whole sample

• Dry grinding with proper milling equipment and pre-

grinding steps if necessary

• For oily, fatty, and high sugar matrices

wet-milling is necessary

Sample 
Preparation

Spices

Cereals

~ 2 mm 0.7 mm
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Sample Preparation

• Mycotoxin contamination of the whole 

lot could be caused by a few kernels

• Sample dividing before grinding 

increases the risk of incorrect decisions

• Inhomogeneous sample due to coarser 

grinding   Risk during sample 

dividing and weighing in the laboratory

• More reliable: Fine grinding <1 mm of 

the whole sample

➢ For on-site control unrealistic in 

terms of needed workforce and 

time

Sample divider

Sample 
Preparation



Total Variance Calculations

Influence of 
Sampling

Example Aflatoxins in Corn

Sampling

Sample 
Preparation

Analysis



Official Control in EU 
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“also of application for the official control of the maximum levels 

[…] in spices with a relatively large particle size....”

Commission Regulation (EC) No 401/2006

Commission Regulation (EU) No 519/2014
Sampling

Spices



Official Control in EU 
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“…‘lot’ means an identifiable quantity of a food commodity 

delivered at one time and determined by the official to have 

common characteristics, …”

Commission Regulation (EC) No 401/2006

Sampling

Cereals



per truck

Official Control in EU 
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“…‘lot’ means an identifiable quantity of a food commodity 

delivered at one time and determined by the official to have 

common characteristics, …”

Commission Regulation (EC) No 401/2006

Sampling

Cereals



1 Truck – 100 Individual Samples 
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Deoxynivalenol

CV SD MW 1 2 3 4 5

14.6 169.5 1161 1 1260 1440 1070 960 1075

6.6 81.8 1242 2 1210 1370 1145 1185 1300

25.4 305.2 1202 3 1360 1700 1160 860 930

10.8 123.9 1148 4 1270 990 1025 1295 1160

14.3 164.6 1154 5 1235 1285 1225 830 1195

17.6 176.5 1000 6 850 950 845 1325 1032

6.3 67.4 1068 7 1125 1170 1000 1010 1035

22.3 275.5 1237 8 1045 1200 1515 850 1575

12.9 189.6 1465 9 1790 1505 1245 1310 1475

16.1 302.5 1882 10 1670 2245 2230 1765 1500

22.1 416.3 1884 11 1885 1470 2655 1840 1570

16.0 287.3 1791 12 1860 2130 1975 1700 1290

11.2 169.3 1518 13 1620 1220 1460 1710 1580

20.5 326.9 1598 14 2165 1270 1725 1520 1310

10.9 159.8 1462 15 1280 1340 1540 1420 1730

13.7 151.3 1107 16 950 1290 930 1100 1265

11.5 159.9 1386 17 1290 1505 1275 1640 1220

6.9 84.5 1221 18 1315 1110 1130 1260 1290

6.7 76.0 1133 19 1210 1080 1240 1060 1075

7.3 87.2 1189 20 1100 1180 1350 1125 1190

1 2 3 4 5

MW 1375 1373 1387 1288 1290

sd 336 326 445 314 213

CV 24.5 23.8 32.1 24.4 16.5

Sampling

Deoxynivalenol [µg/kg] 

distribution in one  truck 

load  (5 × 20 = 100 

samples)

According to Biselli,  Persin, & Syben (2008) Mycotoxin research, 24, 98-104
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Sampling

• Highly inhomogeneous 

distribution 

• Few contaminated grains 

sufficient to cause the whole lot 

to violate maximum levels

• Sampling is the critical source of 

error

• Commission regulation for 

official controls [(EC) 401/2006] 

(100 × 100 g = 10 kg per truck)

➢ For on-site control 

unrealistic in terms of 

needed workforce and 

time

Ochratoxin A [µg/kg] 

distribution in one  truck 

load  (5 × 20 = 100 

samples)

According to Biselli,  Persin, & Syben (2008) Mycotoxin research, 24, 98-104

CV SD MW 1 2 3 4 5

95 0.7 0.8 1 0.7 1.9 0 0 1.3

167 1.2 0.7 2 0.2 3.2 0.3 0 0

122 0.2 0.2 3 0 0 0.4 0.4 0

141 1.3 0.9 4 0 0.4 0.5 0.2 3.5

134 0.5 0.4 5 0.2 0 0 0.3 1.3

200 0.8 0.4 6 0 0 0 0 1.9

184 1.7 0.9 7 0.3 0 4.4 0 0

133 0.2 0.2 8 0 0.6 0 0 0.3

136 0.6 0.4 9 0.3 0 0 1.6 0.3

86 0.3 0.3 10 0 0.4 0 0.6 0.7

106 3.0 2.8 11 8.6 0 2.3 2.1 1.2

137 0.8 0.6 12 2.2 0 0 0.3 0.5

84 0.1 0.2 13 0.3 0.28 0 0 0.2

97 0.8 0.8 14 0.2 1.1 0.3 0.2 2.2

200 0.2 0.1 15 0.4 0 0 0 0

63 0.3 0.4 16 0.6 0.49 0 0.2 0.7

109 0.6 0.6 17 0.5 0 0.3 0.3 1.8

101 0.2 0.2 18 0 0.6 0 0.3 0.2

138 0.3 0.2 19 0 0.7 0 0 0.3

164 0.4 0.3 20 0 1.1 0 0 0.2

1 2 3 4 5

MW 0.7 0.5 0.4 0.3 0.8

SD 1.9 0.8 1.0 0.5 0.9
CV 258 146 245 165 110

µg/kg

0 - 0.2 

0.2 - 1.0

1.0 - 3.0

>3.0 

Sampling
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▪ Particles from millions of kernels

▪ Distributed all over grain lots

▪ Easily to separate from the grains

▪ Small particles  No grinding

▪ Accumulation of mycotoxins

▪ Correlation between the mycotoxin 

contaminations of dust and grains

Dust Sampling

Sampling

Cereals



Dust sampling
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Build up data models by static sampling 

from samples in the lab

1 - 10 kg

Dust

Flour

Conc. grain [ng/ml]
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Dust sampling

▪ Correlation is essential to re-calculate 

concentration from the dust to the 

concentration in the grain lot

▪ Shown for DON 

in wheat, rye, corn

▪ Shown for ZON

in wheat, rye, corn

▪ Shown for Aflatoxins 

in corn

▪ First promising results  

for OTA in wheat, rye, corn

22

Sampling

Cereals
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Dust sampling

Kernel sampling, pre-grinding, grinding

Dust Sample Preparation

< 2 min

~ 2 mm 0.75 mm

> 2 h 

Sampling

Cereals

Sample 
Preparation
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Results DON in Corn

Truck
Origin/ Species/ 

Quality

DON [µg/kg] direct (Kernel) DON [µg/kg] indirect (Dust)

Mean Min-Max Mean Min - Max

1 Flint Corn 1 471 ± 15%
409 481 ± 3%

102 %

471

572 491

2 Flint Corn 2-1 138 ± 14%
110 121 ± 3%

88 %

118

152 123

5 Flint Corn 2-2 148 ± 18%
110 211 ± 4%

143 %

205

172 218

7 Flint Corn 2-3 121 ± 45%
88 141 ± 4%

116 %

137

203 145

3 Dent Corn 1-1 4372 ± 10%
3713 4302 ± 7%

98 %

4084

4685 4521

4 Dent Corn 1-2 4415 ± 15%
3474 4306 ± 3%

98 %

4227

4887 4386

6 Dent Corn 1-3 4428 ± 11%
3867 4647 ± 1%

105 %

4618

5006 4677



Before unloading

At unloading

In-process
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Tailgate and side 

dumping

Conveyor, elevators, 

grain cleaning, 

loading

Available Dust Sampling Types

Sampling of kernels

+ Sieving
Sampling

Cereals



rapidust® Procedure
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Suction

5 min

Sieving
2 – 3 min

Preparation Measurement Read out result!

2 – 5  min5 min 10 – 15 min+ + =

Sampling

Sample 
Preparation

Analysis

 Result is based on the whole lot

or on 5 – 10 kg sample 

 Result after 10 – 15 min

Lateral 

Flow 

Devices 

(LFD)



Reference 

method

Rapid tests

Sampling 8 – 100 insertions 5 – 8 insertions Suction 1 – 8 insertions

Sample size 5 – 10 kg Kernels 5 – 10 kg Kernels Dust 1 – 5 kg Kernels

Sub-sampling No (complete

grinding)

No; all kernels

are sieved at 

once

No Sub-sample ~ 100 g

Grinding 0.7 mm Unnecessary 1 – 2 mm

Analysis Reference method

(HPLC-MS/MS)

Strip test Strip test

Execution Mostly external On-site On-site

Sensitivity Very high High Very high Low

Execution

Time

≥ 10 h 10 – 15 min ≤ 30 min

Evaluation Very secure Secure Very high Insecure

Method overview

 The rapidust procedure is fast, simple & secure

27

Sampling

Sample 
Preparation

Analysis



Conclusion
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Sampling

Sample 
Preparation

Analysis

▪ Sampling is the most important step in mycotoxin 

analysis

▪ Innovative solutions like dust sampling can overcome 

laborious sampling procedures

▪ Good methods for sample preparation are at least as 

important as good analyticlal procedures

▪ Wet milling is to be preferred for analysis of aflatoxins 

and ochratoxin A in fat and sugar rich products

▪ Fast on-site testing good as pre-screening tool

▪ HPLC-MS/MS suitable for multimycotoxin analysis in 

simple matrices such  as cereals

▪ IAC HPLC-FD  still best for aflatoxins and ochratoxin A 

analysis at low levels and in complex matrices as spices



Thank you!

Thank you for your attention!

The global Eurofins Operational Best Practices Programme

CCT Contaminants and Residues

Dr. Robert Gatermann

The Eurofins Competence Center for Biotoxins

at Eurofins WEJ Contaminants, Hamburg:

Simone Staiger, Dr. Jan Sebastian Mänz

The Eurofins Rapidust Analysis team:

Dr. Scarlett Biselli, Dr. Thomas Gronewold

The KOMBISPEC team:

Juliane Gottwald, Ana Merse, Safa Ghanemi

The information included in this presentation is based on our current knowledge and was thoroughly verified. Nevertheless there is no guarantee for it to be up-to-date, complete and correct. 

Eurofins is not to be held liable for damages or injury, which are connected to the use of this information. Especially the confirmation of legal details is up to the user. 17GM5R09

KOMBISPEC (13N13943)
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