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Abstract

Ethoeygquin {EQ) is widely used as a synthaetic antioxidant in animal fe=d, an
antiscalding agent in apples and pears and a& a color preservative in some
spices. Since the presence of EQ in food products could cause negative
health effects it is necassary to develop reliable analytical methods to evaluate
the risk of human exposure. In this work, a sansifive, selectve and accurate

method based on solid-liquid extraction followed by clean-up with solid sorbent

and liquid chromaiography-slectrochemical detection analysis with boron
doped diamaond electrode (LE-EC) for the determination of ethoxyguin and its
dimer (EQDM) in pear skin and salmon samples, was developed. The method
was validated according to the European Commission guidelines. The main
variables of extraction wers accurately optimized. The amounts of solid
sorbents for clean-up procadure optimized by using experimental design.
A Box-Behnken design to obtain the optimum condifions was applied. For
validation. & matrie-matchad calibration was establishad and a recovery assay
with spiked samples was carmiad cut. The limits of detection {LODs) found
were 0.05 and 0.1mgkg ' for EQ and its dimer, respe
relative standard deviation, RS0} was lower than 15
compounds close to 100% in spiked samples.

vely. The precision {as
% with recoveries of
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... Currently. the methods for the determination of EQ mainly include thin keyer chromatography [11], high
performance liquid chromatography (HPLC) [12][13][14] [15] . gas chromatography (GC) and liquid

chromatographytandem mass spectrometry (LC-MSMAS) [16]. The thin layer chromatagraphy is cumbsrsoms, time-
consuming and not sensitiva. .

... HPLC and GC coupled with fluorescence detactor, electrochemical detector or mass spectrometry have bean
widely usad for the accurate determination of EQ. For example, Acki et al. [14] developed a high performance liquid
chromatography-flucrescence detection for EQ in animal-anigin food with limit of detection (LOD) of 10 ng'g. whils
Rodriguez-Gamez et al. [15] developed a liquid chromaiography-electrochemical detection for EQ in aguatic
producis with LOD of 5 ng/g. Moreover, several LC-MS/MS methods have been developed for the determination of
EQ and its metabolites in aguatic animal tissues [17,18]. ...

... The limit of detection (LOD), limit of quantitation (LOGQ), lineanty, accuracy and precision were evaluated,
respectively. The limit of detection (LOD) and limit of guantfication (LOG) were calculated as the concentrations
corrasponding o three timas and ten times peak areas (signal) as compared to chromatographic peak areas from
blank sampls (noise) [15, 20]. The linearnty was assessed by the calibration curves of EQ, EQDM and EQI, which
were constructed by plotting the peak areas of the three target analytes against the corresponding concentrations of
the three analytes and fitted by linear mods. ..

Analysis of ethoxyquin and its oxidation products in swine tissues by gas chromategraphytandem
mass spectrometry for evaluating the feed-to-animal tissue transfer of ethoxyquin and its...
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... The adverse effects of EQ have been reported in animals and humans exposed to EG, resulting in the
establishment of the maxmum limit of EC in fish meal {i.e., 150 mg EQ'kg feed in the EU and Japan; 300 mg EQikg
feed in Koraa) to prevent inappropriate exposura to EQ (Bohne at al., 2008). Howeawvar, high residues of EQ Merel ot
al., 201%;MNacher-Mastre, Ibanaz, Serrano, Pérez-Sanchez, & Harmandaz, 2013;Portolés, Garlito, Macher-Mastra,
Bemtssen, & Peraz-Sanchez, 2017) and EQ metabolites, such as ethoxyguin dimer (EQDM) and quinine imina
(2,6-dihydro-2,2 4-timethyl-6-quinolons) (Bohne at al., 2008; EU Reference Laboratory for Single Riesidue Methods
[EURL-5RM, 2016 Lundebye. Hove, Mage, Bohne, & Hamre, 201 0;Megreira &t al., 2017; Rodriguez-Gimeaz,
Vandepui, Zafra-Gomez, & Kaufimann, 2018) have been detected in fish meal. In particular, EQDM, the main
metabolite of EQ showed high residue concentration in aguatic animals (Bohne et al., 2008;EURL-SEM,
2016;Merel et al., 2019:Negreira et al., 2017). ...

... The interday accuracy of EQ and EQDM was 75-114%, while the inter-day precision was 1.33-11.0%. Therefors,
the validation resulis were favorable to analyze EQ and EQDM residues in various agquatic animal samples
including esl, flatfish, loach, rockfish, salmon, and shrimp in comparison with thoss of some previous studiss
[EURL-5RM, 2016 Kranawstvogl & Elsinghorst, 2019; Rodriguez-Gdmez &t al., 2018) . ..

... In all aquatic animal samples, EG and EQDM were frequently detected and their residue concentrations ranged
from 014 to 24.2 and 0.1-315 pgikg. respectively (Table Z). In previous studies, analytical methods have been
developed to determine EGQ and EQDM in aguatic animals and fish meal (Bohne et al., 2008;Kranawstvogl &
Elsinghorst, 2019;Machar-Mestra et al., 2013;Megreira et al., 2017;Reguainz, Megreira, & Bemtssan,
201&;Turnipseed et al.. 2017}, and the residue concentrations of EQ and EQDM have been investigated in aguatic
animals (Lundebye et al., 2010;Nacher-Mastre et al., 2014;Portalés st al., 2017; Rodriguez-Gdmez et al., 2018) .
Cne study identified no residue in salmon {Rodriguez-Gomez et al., 2018), but the number of samples (n = 6) was
too small to be representative. .

Residues and dietary exposure to ethoxyquin and ethoxyquin dimer in farmed aquatic animals in
South Korea
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... In this study. an electronic detection mechanism, known as single-slectron effect. is proposed to detect and
identify molecules dissolved in a liquid. To date, varous methods for the identfication of constiuents of liquids, such
as liguid chromatography [1, 2] and microfluidics [3][4][5)[6]. have been used. Mormally in these mathods moleculas
are separated and then detected using uliraviolet, photoluminescence, fluorescence, electrochemical, refractive
index, and slectrical conductivity tests and procedures. ...

Ultra sensitive bio-detection using single-electron effect Up Next - Sponsored Videos: UK Economy Outperforms Proje .
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... Nonetheless, precision and truensss data indicated that the above-mentioned methodology was highly accurate.
[178] The electromddation of natural sulfur-containing cofactor acid was compared on BDD electrode and GCE. In
contrast to the GCE, the BDD electrode offered greathy improved performance in the cleaning step of the fouling,
only rinsing with distilled water and immersing in the blank solution was required to achisve the sama background

current as before exposure to the a-lipoic acid. ...

A Review on Recent Advances in the Applications of Boron-Doped Diamond Electrochemical
Sensors In Food Analysis
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... The quinoline-basad, synthatic antioxidant ethoxyquin (G-ethowy-1,2-dihydro-2,2 4-trimethylguineline; CAS
MNumber 31-53-2; EQ) possessas 8 broad range of applcations because of its antioxidant capacity and its low
praduction costs (Blaszczyk et al. 2013; Rodriguez-Gdmez et al. 2018) - It is globally used a5 an additive to retard
oxidation in animal feed, as s preservative in dried forage crops and spices and was used as an anfi-scalding agent
in pears and apples in the past (Blaszczyk et al. 2013;Megraira et al. 2007). ...

Development of a human blomonitoring method for assessing the exposure to ethoxyquin in the
general population
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... An accurate method for the determination of ethaxyquin and its dimer (EQ0M) in pear skin and salmon samplas Up Next - Sponsored Videas: UK Economy Outperfarms Prje.. .

was presentad by Rodriguez-Gomez et al. (2018]) , using solid-liquid extraction followed by ceanup with solid
sorbent and liguid chromatography-electrochemical detection analysis with boron-doped diamond elactrode (LC-
EC). The LOD for EQ and its dimer was obfained as 0.05 and 0.1 mg/kg, respectively. ..
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Lateral flow immunochromatographic assay based on computational chemistry-assisted hapten
sereening for the detection of ethexyquin in food samples
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Analysis of ethoxyquin residues in animal feed using QUEChERS and gas chromatography tandem
mass spectrometry and its results from Catalonian production 2018-2013
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A new alternative assay for sensitive analysis of ethylenethiourea and propylenethiourea in fruit
samples after their separation
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Recent progress in the applications of boren doped diamond electrodes in electroanalysis of
organic compounds and biomolecules - A review
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Determination of the Synthetic Antloxidant Ethexyquin and Its Metabolites in Fish and Fishery
Products Using Liquid Chromatography-Fluorescence Detection and Stable-lsotope Dilution...
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Electrochemical Studies of Ethoxyquin and its Determination in Salmeon Samples by Flow Injection
Analysis with an Amperometric Dual Detector
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