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Abstract

A method for the detection and determination of nitrofuran derivatives in egg by liquid chromatography—tandem mass spectrometry (LC-MS/MS)
was validated with the software InterVal and can be applied for the confirmation of nitrofuran metabolites in fresh or lyophilised eggs. The validation
study comprises variations in operator, storage condition, breeding, equipment and duration of sample preparation. A comprehensive overview of
the robustness of the method is obtained by analysing eight samples at six concentration levels. First results of short- and medium-term investigations
for stability of analytes in solution show that standard solutions of nitrofuran metabolites are stable for at least 1 year when stored at +4 °C in
the dark. The decision limit CC, expressed for the underivatised metabolite is 0.05 pgkg™! for 3-amino-5-methyl-morpholino-2-oxazolidinone,
0.03 pgkg™! for 3-amino-2-oxazolidinone, 0.20 pgkg~! for semicarbazide and 0.22 pgkg~! for 1-amino-hydantoin.
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1. Introduction

The use of the nitrofurans furazolidone, furaltadone, nitrofu-
rantoin and nitrofurazone as veterinary drugs for food-producing
animals is banned by the European Union [1]. The minimum
required performance limit (MRPL) for nitrofurans in poultry
muscle and shrimps is set at 1 pgkg™' by Commission Deci-
sion 2003/181/EC [2] amending Decision 2002/657/EC [3]. But
an MRPL for nitrofurans in eggs has not been laid down. In Ger-
many the MRPL of 1 pgkg™! for muscle was translated for egg,
predefined in the German National Residue Control Plan.

Because nitrofurans are resorbed, metabolised and dis-
tributed very rapidly, only their metabolites are detectable in
muscle, liver and kidney as tissue-bound residues [4—8]. From
the publication by McCracken et al. [9], it can be assumed
that the same is true for nitrofurans and their metabolites in
eggs. An evaluation looking for residues of furazolidone and its
metabolite 3-amino-2-oxazolidinone (AOZ) showed that after a
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withdrawal period of 4 days, furazolidone is no longer detectable
but its metabolite AOZ still is. In addition the furazolidone con-
centration in eggs decreases after 55 days at —20 °C by 44%, but
the concentration of AOZ residues is stable during this period
[9]. So the nitrofuran metabolites act as marker residues for the
detection of an illegal use of nitrofurans.

The marker residues identified are AOZ for furazoli-
done, 3-amino-5-methyl-morpholino-2-oxazolidinone (AMOZ)
for furaltadone, 1-amino-hydantoin (AHD) for nitrofurantoin
and semicarbazide (SEM) for nitrofurazone. These markers
are detected after derivatisation as their nitrophenyl (NP)
derivatives by liquid chromatography—tandem mass spectrom-
etry (LC-MS/MS) [10-12] and they are quantified using
the isotopically labelled analogues d4-AOZ and ds5-AMOZ,
C3N'SNI5-SEM and (C'3)3-AHD.

For matrix-comprehensive in-house validation, the databank-
oriented software InterVal by quo data GmbH (Dresden,
Germany) was used. InterVal allows the automatic calculation
of validation parameters like decision limit CC, and detection
capability CCg, precision, recovery and calibration curves with
the respective prediction interval. Validation parameters like the
ones named are required according to Commission Decision
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2002/657/EC [3]. Additionally InterVal delivers details on the
measurement uncertainty and the influence of individual fac-
tors, and with this, it provides comprehensive information on
the robustness of the method [13]. Trueness and stability have
to be determined in further experiments.

Sample preparation

The validation results for a method which is to be used for the
determination of nitrofuran metabolite residues in egg with the
software InterVal are presented and discussed. The underlying
method was developed for muscle tissue by RIKILT [14], mod-
ified for the analysis of lyophilised or fresh eggs and validated

Factor (Factor levels)

take 1 g = 0.05 g of fresh egg or
a corresponding amount of lyophilised egg

Operator (A/B)
Breeding (organic/convent.)
Storage condition (RT/4 °C)

Condition (lyo/fresh)

add internal standard mixrurt_e
(d4-AOZ, ds-AMOZ, C3(NP),-SEM, (C");-AHD)

homogenise and
let equilibrate for 15 min

!

add 5 mL of 0.2 M HCl
and 75 uL of 100 mM-NBA solution

incubate the sample overnight (>16h)
shake at 37 °C in the dark

Derivatisation (Rmix/H,O)

cool to room temperature

add 0.5 mL 0.3 M Na3PO, buffer solution
¢ vortex and let equilibrate for 10 min

adjust pH to 7 + 0.5 with 2 M NaOH
vortex again and let stand for 5 min

check pH with a pH-stick
and adjust to pH 7 if necessary

add 4 mL of ethyl acetate

extract the sample by overhead tumbling (20 min)
centrifuge the sample at 3500 rpm (10 min, 10 °C)

collect ethyl acetate phase
transfer it to a clean
centrifuge tube v

-

re—— add again 4 mL of ethyl acetate

extract the sample by overhead tumbling for 20 min
centrifuge the sample at 3500 rpm (10 min, 10 °C)

collect ethyl acetate phase
transfer it to a clean centrifuge tube

|

Duration (2 d/3 d)

evaporate combined extracts to dryness
(Nj-stream, 45 °C)

l

Evaporator (T-Vap/Barkey)

discard n-hexane phase i

f— ——

-

Y

discard n-hexane phase

re-dissolve the dry residue in 2 mL of n-hexane and 250 pL
— of methanol/20 mM ammonium formate (15+85, pH 4)
vortex for 20 s, centrifuge for 10 min at 3500 rpm

add again 2 mL of n-hexane
vortex for 20 s, centrifuge for 10 min at 3500 rpm

filter extract with a 0.45 pm filter
inject 40 pL into LC-MS/MS

Storage of extracts (no/2-3 d)

Fig. 1. Sample preparation for the determination of total nitrofuran residues in egg and the validation factors chosen with their factor levels.
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