I . assay Anal Bioanal Chem. 2018, https://doi.org/10.1007/s00216-018-1096-5.

Lot-to-lot variation and its impact on the accuracy of

LC-MS based multi-mycotoxin analysis

David Stadler', Michael Sulyok !, Rainer Schuhmacher ', Franz Berthiller ' and Rudolf Krska -2

david.stadler@boku.ac.at

'University of Natural Resources and Life Sciences, Vienna (BOKU), Department of Agrobiotechnology (IFA-Tulln)

Center for Analytical Chemistry, Konrad-Lorenz-Str. 20, 3430 Tulln, Austria

“FA

TULLN

KU

Tool

www.mytoolbox.eu

?Institute for Global Food Security, School of Biological Sciences, Queens University Belfast, University Road, Belfast, BT7 1NN, Northern Ireland, United Kingdom.

Introduction

Multi-mycotoxin determination 1s based on LC-ESI-MS/MS in combination with an extraction procedure
that recovers a broad range of analytes [1]. In most cases, raw extracts are diluted and injected with
limited or even no sample clean-up, 1.e. “dilute and shoot”’, as clean-up steps would remove some of the
analytes for further analysis. Compromised sample preparation and LC-MS conditions might lead to
incomplete extraction recovery (Rg) and signal suppression/enhancement (SSE) result in a method bias,
which 1s expressed as apparent recovery (R,). To calculate the concentration of a mycotoxin in the
sample, the response of the sample 1s compared to the response of a calibration standard and, if
necessary, corrected for R ,:

areamycotoxin in sample 1

Cmycotoxin *
are amycotoxin in standard RA

The calculated concentration of the analyte needs to be associated with the expanded measurement
uncertainty (U):

Cmycotoxin +U

For a result that 1s corrected for R ,, the relative standard uncertainty associated with R, (ug,) needs to
be accounted for in the estimation of the relative expanded measurement uncertainty (U,.). In everyday

practice, up, 1S estimated based on replicate analysis of a single lot of a matrix. However, due to the
heterogeneous nature of a matrix, R, may vary for different lots of the same matrix i.e. “lot-to-lot
variation”. Although the lot-to-lot variation caused different SSE for mycotoxins in different lots of the
same matrix (e.g. sorghum [2]), its effect on the measurement uncertainty remains unstudied.

Hypothesis:
Neglecting lot-to-lot variation during method validation can lead to an underestimation of up 4

Objective:
Estimation of the contribution of lot-to-lot variation to U..

This study presents the first calculation of U, for the determination of mycotoxins in food and feed
considering the lot-to-lot variation, and differs significantly from studies which evaluated U,.under
repeatability conditions of a single lot of a matrix.

Experimental

Sample preparation and LC-ESI-MS/MS analysis scheme

Extraction:
5 g of sample were extracted with 20 mL ACN/H,O/HAc (79:20:1) for 90 min

Dilution:
Supernatant was diluted (1:1) with ACN/H,O/HAc (20:79:1)

LC-ESI-MS/MS:
Agilent 1290 HPLC - Phenomenex Gemini C18, 150 x 4.6 mm, 5 ym
AB SCIEX QTRAP 5500 in scheduled MRM mode
5 ul of diluted raw extract injected in a solvent flow of 1 mL/min, 2 injections (pos/neg)

Calculation of RA
areaspiked sample

RA:

AreQneat solvent standard

Estimation of the contribution of lot-to-lot variation to the methods accuracy [3]
) and

). The contribution of lot-to-lot variation to Ry

Ur,ra Was calculated as the RSD from replicate analysis of the R, value of one lot (U rag;, 1 1o

from the R, values of seven different lots (U, pg, . ., .

was evaluated by comparing U, g4 to u

. U, was calculated for each analyte from the
single lot

T,RAjot—to-lot"
relative standard uncertainty of the within-laboratory precision (U, y,,) and U, p4. U, Was calculated as
the RSD of R, values of the same lot measured over a long time interval. The contribution to U, was
evaluated by comparing U, calculated based on a single lot (U singie 10¢) t0 Ur 10t—t0— 10¢ Where the lot-
to-lot variation 1s considered as an error source.

_ 2 2
Ur RAgingle lot — RSD(R, of 7 aliquots of 1 lot) Ur,single ot = 2 % \/ur,wL + ur,RASingle lot
_ : _ 2 2
Ur RAyor— o100 = RSD (R4 of 1aliquot of 7 lots) Ur lot—to— 1ot = 2 * \/u,,,,wL t U RAL oot

Results

Contribution of lot-to-lot variation to the uncertainty of the apparent recovery
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Fig. 1: Comparison of the uncertainty of the method bias RA (ug,4) calculated as the relative standard deviation of
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Discussion

The contribution of lot-to-lot variation to the accuracy of an LC-MS based multi-mycotoxin assay
In both matrices, the lot-to-lot variation contributed to up,4 either due to differences in analyte recovery
or relative matrix effects. Thus method validation that is based on a single lot might lead to
overoptimistic uncertainties. Relevant validation guidelines call for the evaluation of RE, SSE and RA.
However, it 1s often not specified whether these performance parameter have to be evaluated based on a
single lot or different lots of a matrix. In extreme cases, analytes that might pass validation based on a
single lot might fail validation when the lot-to-lot variation 1s considered.

The increase in upy caused by the lot-to-lot variation was shown to lead to a higher expanded
measurement uncertainty. Therefore, the consideration of the lot-to-lot variation leads to a more realistic

estimate of the uncertainty associated with the measurement result and should be required by the official Z===

guidelines on mycotoxin analysis.
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Contribution of lot-to-lot variation to the relative expanded measurement uncertainty

figs maize

60 -

50-

40-

30-

U; (%)

20-

10-

lot-to-lot

singie lot Iot—tb—lot singie lot

® Unregulated Mycotoxins @ Ochratoxin A Deoxynivalenol

® Aflatoxin B1, B2, G1, G2 ® Fumonisin B1, B2 ® Zearalenone

y

Fig. 2: Relative expanded measurement uncertainty (U,.) for 66 mycotoxins in figs and maize [3]. Uy singie 10t Was [

evaluated from a single lot of a matrix and does not account for the lot-to-lot variation. Uy j¢—¢o— 10¢ Was evaluated

based on seven different lots of a matrix and accounts for the lot-to-lot variation.
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Conclusion

* Lot-to-lot variation can contribute to uy, and thus to U...

* The major contribution of lot-to-lot variation to uy, were differences in Ry in figs and
differences in SSE (relative matrix effects) in maize.

Considering lot-to-lot variation during method validation leads to a more realistic
estimate of the expanded measurement uncertainty

For the described multi-mycotoxin assay we propose a fit-for-purpose U,. of 50 %,
Independent of the concentration of the analyte.
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