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Table 3: Expanded Measurement Uncertainty data
Commodity Expanded Measurement Uncertainty %

Barley 12.6
Oats 16.7

Wheat 11.1

Set-up for the Shimadzu LCMS-8050 and Shimadzu Nexera U(H)PLC

• Run time: 17 min
• Flow rate: 0.3mL/min
• Eluent A: Methanol/H2O 5/95 v/v + 5mM ammonium acetate
• Eluent B: Methanol + 5mM ammonium acetate
• Gradient elution
•  Column: Phenomenex Kinetex 2.6 µm, C18, 50 x 4.6 mm with Phenomenex Security Guard 

cartridge
• Injection Volume: 50 µL
• Minimum of 2 MRMs acquired per compound, positive ionisation
• Collision gas: Argon
• MS/MS parameters (Table 1)

Sample preparation
25 g of ground cereal samples were extracted by shaking for 1 hour with 100 mL of 75% acetonitrile. 2 mL of the crude extract was diluted with 48 mL of Phosphate buffered saline (PBS). 20 
mL of the diluted extract was applied to a R-Biopharm Rhone DZT MS-PREP® immuno-affinity clean-up column (equivalent to 0.2g of sample) and allowed to pass through the column under 
gravity. Once the sample extract had drained, the column was washed by passing 20 mL of deionised water through it. Toxins were then eluted from the column with 1 mL of 100% methanol 
followed by 1 mL of deionised water. The methanol and water washings were combined in a vial to give a total eluate volume of 2 mL.
Solvent calibration standards were used. No matrix-matching was required due to the use of the immuno-affinity clean-up technique.

Development of a New Analytical Service for the Qualitative and Quantitative Determination of Selected 
Mycotoxins in Cereals by Liquid Chromatography and Tandem Mass Spectrometry (LC/MSMS).

Introduction

A need was identified to establish a Scottish Government testing service for alkaloid toxins and expand the testing of fusarium mycotoxins to processed cereal products at SASA. Building 
additional capacity for testing in Scotland will provide the resource to meet the surveillance requirements of Scotland and provide cereal growers and regulatory authorities with a testing service 
to make informed decisions on whether their grain/produce conforms with the EU maximum levels for alkaloid and fusarium toxins.

As a result of collaboration between the Official Seed Testing Station for Scotland (OSTS) and Chemistry Branch - two branches of SASA - a new screening assay for the determination of four 
mycotoxins:  deoxynivalenol (DON), zearalenone (ZON), T-2 and HT-2 was developed. This allowed the setup of a new analytical service to test for the presence of these selected mycotoxins 
in cereal grain.  

The straightforward extraction protocol of shaking milled grain samples with the extraction solvent, combined with the use of immuno-affinity clean-up column to minimise matrix effects and 
sensitive LC/MSMS instrumentation for the quantitation of the residues detected will provide reliable information to seed processors, merchants and growers on seed quality.

Robust validation results in three types of matrix: barley, oats and wheat grain and acceptable z-scores for UK proficiency testing scheme rounds (wheat and oats) underpins the suitability of 
the method for routine sample analysis.
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Conclusions

The use of multifunctional immuno-affinity columns allowed the development of this highly specific and sensitive method. This improved clean-up of the sample extract resulted in reduced 
chromatographic interference and better accuracy of results and allowed lower detection limits with the limit of quantitation determined at RL spike level. 

The validation data were within the acceptable ranges described in the Commission Regulation (EC) No 401/2006 of 23 February 2006 ‘Laying down the methods of sampling and analysis 
for the official control of the levels of mycotoxins in foodstuffs’ for all three types of matrix with retention time tolerance of ± 0.1 min and the ion ratio difference limit ± 30% criteria also 
achieved. Results from validation experiments and acceptable z-scores obtained from two FAPAS Proficiency Test samples were presented to United Kingdom Accreditation Service (UKAS) 
and the method was successfully accredited to ISO/IEC 17025 standard.

Table 1. MS/MS parameters

Toxin Retention Time         
(RT) min Transition Type Precursor 

(m/z) Product (m/z) Q1 Pre Bias Collision Energy 
(CE) V Q3 Pre Bias

Deoxynivalenol 3.39
Quantifier 297.2 279.3 -16 -12 -30
Qualifier 1 297.2 249.0 -20 -12 -16
Qualifier 2 297.2 231.2 -11 -15 -23

HT-2 6.66
Quantifier 442.2 263.2 -13 -15 -18
Qualifier 1 442.2 215.2 -23 -16 -14
Qualifier 2 447.1 345.2 -14 -20 -23

T2 7.72
Quantifier 484.2 305.2 -15 -16 -20
Qualifier 1 484.2 245.2 -15 -14 -16
Qualifier 2 484.2 185.3 -26 -25 -19

Zearalenone 8.63
Quantifier 319.1 283.2 -17 -14 -19
Qualifier 1 319.1 187.3 -17 -20 -19

Results

Table 2: Recovery data for spiked oats at RL, MRL¹ and MRL² spike level
Toxin RL  ppb Min Max n Mean %CV

Deoxynivalenol 187.5 98 117 6 107 7
HT-2 12.5 92 143 6 120 17
T2 12.5 120 136 6 126 5

Zearalenone 18.8 100 114 6 108 5

The procedure was validated for barley, oats and wheat grain. A series of recovery experiments were conducted whereby a minimum of 5 replicate spike samples at two spike levels; the 
reporting level (RL) and maximum residue level (MRL¹) for cereals for direct human consumption were analysed. The oat matrix was also validated at an additional higher-level spike (MRL²) 
for unprocessed oats (with husks) to demonstrate method suitability for the analysis of unprocessed oats. The data below show the mean recovery values and the measurement repeatability 
(coefficient of variation CV%) for all three spike levels in oats (Table 2). The measurement uncertainty for the three different types of matrix validated is shown (Table 3).

Toxin MRL¹  ppb Min Max n Mean %CV

Deoxynivalenol 750 91 104 6 98 5
HT-2 50 97 110 6 104 4
T2 50 96 102 6 99 3

Zearalenone 75 100 108 6 104 3

Toxin MRL²  ppb Min Max n Mean %CV

Deoxynivalenol 1750 88 101 6 95 5
HT-2 1000 93 106 6 97 5
T2 1000 94 106 6 102 5

Zearalenone 100 97 110 6 103 5

Proficiency Test Samples
The method was used to analyse two FAPAS proficiency test samples FAPAS 22156 (DON, 
HT-2, T2 and ZON in wheat flour) and FAPAS 22159 (HT-2, T2 and their sum in oat flour). 
Acceptable z-scores were obtained for each analyte in both tests (Table 4).

Table 4: Results of FAPAS Proficiency Test materials
FAPAS 22156 wheat flour

Toxin Residue recovery corrected µg/kg z - score

DON 696.03 -0.7
HT-2 37.23 0.3
T2 37.02 0.4

ZON 91.89 0.6

FAPAS 22159 oat flour

Toxin Residue recovery corrected µg/kg z - score

HT-2 136.62 0.8
T2 176.21 1.6

Sum HT-2 & T2 312.83 1.5
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