SCIENCE

Accepted Manuscript SCIENCE
SCIENCE

" SCIENCE

Multi-residue and multi-class method for the determination of antibiotics \(IINLI

in bovine muscle by ultra-high-performance liquid chromatography-tandem SCIENCE

mass spectrometry :H {JQ t %J

Andreia Freitas, Jorge Barbosa, Fernando Ramos :EHQH

=18 S0309-1740(14)00105-3

DOI: doi: 10.1016/j.meatsci.2014.04.003

Reference: MESC 6399

To appear in: Meat Science

Received date: 13 January 2014
Revised date: 8 March 2014
Accepted date: 3 April 2014

Please cite this article as: Freitas, A., Barbosa, J. & Ramos, F., Multi-residue and
multi-class method for the determination of antibiotics in bovine muscle by ultra-high-
performance liquid chromatography-tandem mass spectrometry, Meat Science (2014),
doi: 10.1016/j.meatsci.2014.04.003

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/10.1016/j.meatsci.2014.04.003
http://dx.doi.org/10.1016/j.meatsci.2014.04.003

M ulti-residue and multi-class method for the deter mination of antibioticsin bovine
muscle by ultra-high-per formance liquid chr omatogr aphy-tandem mass

Spectrometry

Andreia Freital Jorge Barbos@nd Fernando Ramos

LINIAV-LNIV, Laboratério Nacional de Investigacéao ¥ginaria,

Estrada de Benfica, 701, 1549-011 Lisboa — Portugal

2CNC - Centro de Neurociéncias e Biologia Celular, Pé® @&ncias da Saude,
Faculdade de Farmécia, Universidade de Coimbraahagia de Santa Comba,

3000-548 Coimbra-Portugal

"Corresponding author
Telephone: + (351) 239 488492
Fax: + (351) 239 488503

E-mail adress: framos@ci.uc.tamos@ff.uc.pt



Abstract

A multi-residue quantitative screening method cimged1 antibiotics from 7 different
families, by ultra-high-performance-liquid-chromgtaphy tandem Mass Spectrometry
(UHPLC-MS/MS), is described. Sulfonamides, trimgihim, tetracyclines, macrolides,
quinolones, penicillins and chloramphenicol arewtemeously detected after a simple
sample preparation of bovine muscle optimized toea® the best recovery for all
compounds. A simple sample treatment was developasisting in an extraction with
a mixture of acetonitrile and ethylenediamineteatedia acid (EDTA), followed by a
defatting step with n-hexane. The methodology waslated, in accordance with
Decision 2002/657/EC by evaluating the requirecdpeaters: decision limit (G4,
detection capability (CB), specificity, repeatability and reproducibilifyrecision in
terms of relative standard deviation was under #24all compounds and the
recoveries between 91% and 119%.oG@d CQ were determined according the
maximum residue limit (MRL) or the minimum requirpdrformance limit (MRPL),

when required.

Keywords: Antibiotics, multi-class, multi-detection, UHPLC3/MMS, muscle,

validation.



1.  Introduction

In food producing animals, antibiotics are widesed and administrated as feed
additives and in drinking water to treat and preéiseases but also to illegally
stimulate animal growth (Wassenaar, 2005; Laxmyereet al., 2013).

The continuous use of these drugs carries theofitheir presence in edible tissues
which, for consumers, can be responsible for tekiects and allergic reactions in
hypersensitive individuals (Le Bizec, Pinel & Antac, 2009). It can also result in the
development of resistant strains of bacteria thghtrtompromise the efficiency of
antibiotics used for treatment of animals (Laxmayan et al., 2013). When that occurs
it became difficult to treat serious diseases,aasing the negative effects in animal
welfare and consequently severe consequencesddugtivity and economy.
Furthermore, the potential spread of resistaninstraf bacteria from animals to humans
can have the same effect when using antibiotitgiasan medicines (Doyle &
Erickson, 2006). These concerns make the analfsistibiotic residues in food
producing animals an important field in food saféity control abusive situations, and
because food safety is a key police priority f& Buropean Commission (Commission
of the European Communities, 2000); several offdecuments were settled down to
regulate the control of veterinary drugs in prodwaftanimal origin. The Council
Directive 96/23/EC (European Commission, 1996) mheitees the measures to monitor
certain substances and residues of veterinary media living animals and in animal
products. This directive foresees laboratorial mdnfFor permitted veterinary drugs,
tolerance levels were established as maximum regiohits (MRLS) in foodstuff of
animal origin and listed in the EU Commission Ragjoh 37/2010 (European
Commission, 2009 & European Commission, 2010).rfemr-authorized substances

there are no tolerance levels but, for some comgimyuie harmonize the analytical



performance of the methods, a minimum requiredgperdnce limit (MRPL) had been
set (European Commission, 2002; SANCO, 2007). TRPMIlevel is not a
concentration obtained from toxicological data, isutnly related with analytical
performance. The European Decision 2002/657/ECofigan Commission, 2002)
describes theequirements for the performance and validatiothefanalytical methods
employed in the official residues control. To fliliuch requirements it is important to
have sensitive and specifinalytical methodologies capable of monitoringdke or
potential abuse of these drugs in the field of ahinusbandry, ensuring that MRL
levels are respectedhe concern about having efficient screening methedcreasing
and also about the improvement of cost-effectivermésnalytical procedures (Reig &
Toldra, 2008; Kaufmann, 2009; Martos et al., 20I@pically the methods used in
laboratory are multi-detection of related compoyngsially from the same family of
antibiotics. That means that a single sample, tartadyzed for different groups of
antibiotics, became part of a time consuming pretiest can last weeks. The delayed
final result is associated with high cost and tumbe questionable in terms of
usefulness of the result. This efficiency can biagi@d in multi-class and multi-
detection methods based on liquid chromatographbpled with tandem mass
spectrometry (LC-MS/MS) being the tool of choicegyding the required degree of
confidence for veterinary residues analysis indgaal samples (Le Bizec, Pinel &
Antignac, 2009; Kaufmann, 2009). Nowadays, theaisdtra-high performance liquid
chromatography (UHPLC) provides numerous advantagesms of resolution,
sensitivity and also in minimizing time of analysigich is an important feature when
running numerous samples in routine laboratoriesBEabander et al., 2009; Geis-
Asteggiante et al., 2012, Lehotay et al., 2012Matik, Blasco, & Picd, 2010Despite

that,the simultaneous determination of antibiotics frdifferent pharmacologic



families in complex biological matrices, such asihe muscle, has several constrains
mainly related with the differences in physicocheshproperties of the compounds (De
Brabander et al., 2009; Kinsella, O’'Mahony, Cantw@lrey & Danaher, 2009).

In the literature, only few methods, combining mdktection and multi-class in a
quantitative screening method for bovine muscle aaailable. Martos et al. (2010)
describes a LC-MS/MS method for the screening a@@pounds from 7 families of
antibiotics, although not validated. Granelli, Elgg Lundstrom, Ohlsson & Sjoberg
(2009) presented an LC-MS/MS method for the deteation of 19 compounds, from 5
classes. A group of the US Department of Agricelt(eis-Asteggiante, et al., 2012
and Lehotay et al., 2012) described a qualitativeening method for the determination
of more than 100 compounds in bovine muscle and/kidney, by UHPLC-MS/MS,
including not only antibiotics, but several otheugks, such as anthelmintics,
thyreostatics, beta-agonists, hormones, NSAIDStemdjuilizers. Although proved to
be efficient for screening purposes, the validapoesented is not based on European
Commission requirements (European Commission, 260&)ently, multi-detection
methods for the analysis of veterinary drugs u$iongd chromatography coupled with
time-of-flight mass spectrometry (LC-ToF-MS) haweeh published (Peters, Bolck,
Rutgers, Stolker & Nielen, 2009) and UHPLC-ToF-M&(fmann, Butcher, Maden &
Widmer, 2008). One of the main advantages is ttssipdity of analyzing an unlimited
number of analytes in a single run, since the detedy ToF-MS is not limited by

dwell time (Stolker, Zuidema & Nielen, 2007). Netvmless, although it can be applied
for screening and quantification purposes it cameotised as confirmatory methods
due to the requirements of legislation (Europeam@dssion, 2002) and always obliges

the confirmation of positive findings using a MS/ME&tector.



The present paper describes the development aithtiah of a simple and effective
guantitative screening method by UHPLC-MS/MS fa simultaneous detection of 41
antibiotic compounds from sulfonamides, tetracyedinpenicillins, macrolides,
quinolones, trimethoprim and chloramphenicol ininevnuscle. Validation procedure
followed the requirements from the European ComimisBecision 2002/657/EC

(European Commission, 2002) in order to apply tle¢hod in routine analysis.

2. Material and Methods

2.1. Reagents, Solvents and Standard Solutions

All reagents and solvents used were of analyticadig with the exception of chemicals
used for the mobile phase, which were of high-gertnce liquid chromatography
grade. Methanol, acetonitrile and formic acid wauwpplied by Merck (Darmstadt,
Germany). Ethylenediaminetetraacetic acid (EDTA$} warchased from Sigma-Aldrich
(Madrid, Spain). All standards of sulfonamidestaeyclines, penicillins, macrolides,
quinolones, trimethoprim and chloramphenicol wengptied by Sigma-Aldrich

(Madrid, Spain). The individual standards are tiste Table 1. Six internal standards
were used: demethyltetracycline for tetracyclimesyicillin V for penicillins,
lomefloxacin for quinolones, roxithromycin for matides, sulfameter for sulfonamides
and for trimethoprim and chloramphenicol- d5 folocamphenicol. All the internal
standards were provided by Sigma-Aldrich. For alistances, stock solutions of 1mg
mL™* were prepared by weighing the appropriate amotstamdard, diluted in
methanol, and storing at -20°C. Suitable dilutimese also prepared to have convenient
spiking solutions for both the validation procesd #éhe routine analysis.

2.2. Instrumentation



For the sample preparation, the following equipnvears used: Mettler Toledo PC200
and AE100 balances (Greifensee, Switzerland), HighdReax 2 overhead mixer
(Schwabach, Germany), Heraeus Megafuge 1.0 ceggrifidanau, Germany),
Turbovap Zymark Evaporator (Hopkinton, MA, USA) avthatman Mini-Uniprep
PVDF 0.45 pm filters (Clifton, NJ, USA). Chromataghic separation and mass
spectrometry detection was performed with a XevoM®- Acquity UHPLC system
coupled to a triple quadrupole tandem mass speetarnrom Waters (Milford, MA,
USA). The electrospray ion source in positive (B2ird negative (ESI-) mode was
used with data acquisition in multiple reaction marfng mode (MRM) and analysed
using Masslynx 4.1 software (Waters). The MRM ojted conditions are presented in
Table 1. The UHPLC system consisted of a vacuurastag, an autosampler and a
binary pump equipped with an analytical reversesph@lumn Acquity HSS T3
2.1x100 mm with 1.&m particle size (Waters). The mobile phases used:&]

formic acid 0.1% (v/v) in water and [B] acetonixilThe gradient program used, at a
flow rate of 0.45 mL mifi, was: 0-5 min from 97% [A] to 40% [A]; 5-9 min 10 40%
to 0% [A]; 9-10 min from 0% back to 97% [A]; 11-12in 97% [A]. The column was
maintained at 4, the autosampler at XD and the injection volume was 20 L.

2.3. Sample preparation

A portion of 2.0 + 0.05 g of minced and mixed b@/muscle sample was weighed into
a 20 mL glass centrifuge tube. The internal stashdalution was added, then vortexed
for 30 ss and allowed to stand in the dark foeast 10 min.

Afterwards, twelve different extraction proceduvesre tested; the list of them and the
main steps are presented in Table 2.

The liquid extraction was performed by shakingghmple with the solvent using a

Reax shaker for 20 min followed by centrifugation £5 min at 310@. The



supernatant was transferred into a new tube anéxtoactionsADry, MDry andEaDry
evaporated to dryness under a gentle stream ofjeitr, at 40 °C. For the extract
samplesA, M andEathe evaporation were just until 0.5 mL. ProcedéyesgDry;,
MHxDry, EaHxDry, AHx, MHx andEaHxfollowed a defat step by adding 3 mL of n-
hexane to the supernatant obtained after centtifugal he extracts were vortexed for
30 s s and centrifuged for 15 min at 30T he n-hexane layer were discarded and, for
extractionsAHxDry, MHxDry andEaHxDry evaporated to dryness under a gentle
stream of nitrogen, at 40 °C. For extract samplds, MHx andEaHxthe evaporation
were just until 0.5 mL. In all procedures, the des wasedissolved with mobile phase
A (400pL) or added to the 0.5mL of final extract, filterddough a 0.45 um PVDF
Mini-uniprep ™, transferred to vials and injected into the UHPUS/MS under MRM
optimized conditions for each compound (Table 1).

2.4. Validation procedure

The validation procedure followed the describedigyEU Commission Decision
2002/657/EEC (European Commission, 2002). Accorthrifpose requirements,
specificity, recovery, repeatability, reproducityi/idecision limit (C@) and detection
capability (C@) were determined.

The specificity was assessed by analyzing 20 bavinscle samples from different
origins to find possible peaks that could interferth the detection of the analytes of
interest. The same samples were spiked with altoinepounds at the level of interest
(VL) that, for most of them, corresponds to thelRMMRPL level, in order to prove
the identification capability of the method. Cadibon curves were assembled with five
concentration levels: 0.5xVL, 1.0xVL, 1.5xVL, 2.0k\and 3.0xVL and carried out in
three different days and with different operattmseach day six replicates of the

0.5xVL, 1.0xVL and 1.5xVL were executed in ordercaiculate repeatability,



reproducibility and recovery. Recovery determinethie validation process was
estimated as a ratio between the determined calatient and the real concentration.
CCo and C@ were determined according to the following equai(European
Commission, 2002):

CC, = uy + 233 X0y (Equation 1, for compounds without MRLS)

CC, = MRL + 1.64 X oz, (Equation 2, for compounds with established MRL

CCs = CCy + 1.64 X gy, (Equation 3)

In which:

uy is the mean of noise amplitude of twenty blank g@sioy is the standard deviation
of the noise amplitude of twenty blank sample$atretention time of the target
antibiotic; omrL OF oy is the standard deviation at the MRL or VL levethe twenty
spiked blank samples at that level. For all theweinations, with the exception for the
studies of absolute recoveries during sample patipardevelopment, the peak areas of
both the analytes and correspondent internal stdrdare measured, and the
analyte/internal standard area ratios were deteunimternal standards were chosen in
accordance with their similar physic-chemical bebavwith the antibiotics monitored

and for that they were studied and selected befalidation.

3. Results and Discussion

The principal limitation found while developing niudletection and multi-class
methods are related with the sample preparatiomlyndue to the difficulty in achieve
an efficient and generic procedure to extract siamgously several compounds from
diverse families with different physic-chemical pesties. It is difficult to reach equally
good recoveries in such methods and minimize the ¢d all analytes during sample

preparation. Multi-step and complex sample clearampresult in total loss of some



target compounds and simplifying the procedureliman improvement. Therefore and
considering that the high selectivity of solid-p&aextraction (SPE) can be a problem in
multi-class methods, a simple liquid extraction wested and optimized. Twelve
procedures were experienced and final resultg&rmg of individual absolute recovery,
are presented in Table 3. The main purpose of gseriments was to evaluate the
real impact/recovery that each procedure has icoatipounds in order to select the best
option possible. For that reason, absolute recesgmiesented for each method did not
take into account the presence of the internaldsiiah in opposition to the recovery
obtained during validation.

Three organic solvents were tested for sample e&itra acetonitrile, methanol and
ethyl acetate. The addition of a quelating agerst also performed, EDTA, especially
to compete with antibiotics as tetracyclines andnolades. It is known that these
compounds can form complexes with the bi- and lgiviacations present in the sample
extraction solution which can lead to significazgdes of those compounds during the
procedure. The presence of another compound, ag®\E®fich has similar behavior, is
responsible for the improvement of performancehese antibiotics avoiding drastically
those losses.

In some of the experiments a defatting step obtiganic layer was introduced, with n-
hexane, to minimize the lipid content from the nesmnd thus the potential
interferences during analysis. Also, because samgounds have better affinity with
aqueous phase, the same assays were performedwtitad dryness at the end of the
extraction (until 0.5 mL).

Absolute recoveries were calculated for each comga@nd each methodology in order
to understand the effects of all variants. Theltesue presented in Table 3 and,

graphically compared in Figure 1, by the repregsamaf the minimum and maximum
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absolute recoveries obtained. In a first analykiBable 3 and Figure 1 it can be seen
that worse results were achieved when using ettetbte as extracting solvent,
followed by methanol, being the acetonitrile thgasic solvent of choice for the most
compounds. Comparing the performance of the metti@dsnvolved evaporation until
dryness or until 0.5 mL, it can be easily conclutteat the second option gives better
results. There are two reasons that can justifyetiaata. First of all, the higher affinity
of polar compounds with aqueous phase can be regpeifior a significant amount of
antibiotics concentrated in the aqueous contetit@fample, turned miscible in the
acetonitrile during homogenization. Also the wetlekvn instability of antibiotics
(Freitas, Leston, Barbosa, & Ramos, 2013) canfm®lalem during a longer
evaporation process of the remaining aqueous I&gng the acetonitrile the chosen
organic solvent it remains the comparison betweethodsA andAHX, with or without
a defatting step. It can be observed that the exyas significantly higher when the
lipid content is reduced from the matrix. The pb#iy of diminishing the interferences
coming from the matrix can be responsible for reayeffects like ion suppression or
enhancement of signal (Kaufmann, 2009; KinsellaM&iony, Cantwell, Furey &
Danaher, 2009), a common problem in the detecyistem when working with less
specific methods such as multi-detection and noldtss and biological samples.
Nonetheless a compromise had to be adopted sgjeb#mmost suitable method,
although, for some compounds, the recoveries obdeame still significantly low, being
the worse result the obtained for sulfanilamide#2%. Briefly, the selected method
listed with the codéHx above in the sample preparation, in the Tabled?Fagure 1,
was determinate to be as follow: 2g of homogenk®dne muscle extracted with
10mL of acetonitrile with 1mL of 0.1M EDTA, afteeatrifugation the supernatant was

defatted with n-hexane; centrifuged and evaporateiti 0.5 mL of final extract.
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For recovery correction and to control possiblermaffects, internal standards were
selected for each group of compounds. The seleatamnbased on their similarities
with the target compounds, meaning that they sh@adanuch as possible, be equally
affected by the same fluctuations during extracposcedure, ionization efficiency,
detection response and chromatographic behavierebly, quantification by matrix
based calibration curve using internal standairdsvalto monitor the efficiency of the
extraction procedure and also to correct possilagirmeffects.

Chromatographic and detection parameters were @aidmmobile phase, flow rate,
gradient steps and ionization conditions. The dootb described above allow the
determination of all 41 compounds in less than 1) one of the huge advantages of
UHPLC and for that, chromatographic conditions wested with the purpose of
achieve the better efficiency in peak separatiaheak shape along with a short run
time.

In terms of detection, the ideal MRM conditions eebtained by direct infusion into
the detector of each standard solution at the euration of 1¢g mL™. The use of an
acidified mobile phase, 0.1% of formic acid, proasthe positive ionization, which
improved the detection of almost all compoundsesimaly chloramphenicol is ionized
in negative mode. To fulfill the identification taria demanded in the Decision
2002/657 (European Commission, 2002), two ion ttexms were selected for each
compound (Table 1). In Figure 2 a representativeroatogram of a spiked bovine
muscle sample, at the corresponding validationl I&x¥e) is presented. As an example,
individual MRM of one compound per family of moniéadl antibiotic is also presented

in Figure 2.
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The method was validated in accordance with thefi@an Commission Decision
2002/657 (European Commission, 2002) that estaddigerformance criteria for the
methods and the procedures for their validation.

The absence of interfering peaks, in the 20 blankrie muscle analysed samples,
above a signal-to-noise ratio of 3, was confirmedll blank samples. Furthermore,
after spiking the same blank samples, the ideatific of all compounds was effective
without any false negative result. The resultspi@cision, in terms of repeatability and
reproducibility as relative standard deviation (R&I} recovery, C&@ and C@ are
summarized in Table 4. Values presented for pratiand recovery were calculated for
the VL that, for most of the compounds are the MR&.prove the robustness of the
method, precision is an important parameter thatine analyzed during validation
since it measures the variability during the anedytprocess. In terms of repeatability,
the higher value obtained was for sulfanilamidehwti7%. All the other compounds
were under that RSD. Regarding reproducibility déswalso for sulfanilamide the worse
value, 22%, while the remaining compounds werewe&0%. All these values are in
accordance with the acceptance criteria, accoririge Decision 657/2002 (European
Commission, 2002). The calculated RSD cannot exteztevel calculated by the
Horwitz equation that depends on the concentra¢ioel. The recovery determined
during validation was calculated as a ratio betwitberdetermined concentration and
the real concentration. The range values obtairere Wwetween 86 and 109% falling
into the accepted range (European Commission, 2008 important to note that such
values are different from the ones obtained duttvegdevelopment of sample
preparation. In these cases the recoveries weralatdd as absolute values, without

having the correction of the internal standard thollj and for that reason values
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presented in Table 3, for methA#ix, are different from the ones calculated during
validation and described in Table 4.

CCa and C@ were calculated according to the equations desg@bove (equation s 1,
2 and 3) depending if the MRL is established or Astcan be seen in Table 4,
compounds without tolerance level have lowern@@d C, closer to the limit of
detection of the method although in the other cisese concentrations are always
above MRL.

The results of the validation clearly demonstrdtedsuitability of this method for the

detection and identification of all tested antilmst

4. Conclusions

A reliable multi-detection and multi-class method the determination of 41 antibiotics
from 7 different classes in bovine muscle was dgwedl. The sample preparation has
the main advantage of being inexpensive and low tonsuming. Also the use of
UHPLC-MS/MS provided the possibility of analyzingvéde number of samples in
short period of time. By replacing the methods ently applied in the laboratory (one
screening method for each class of compoundspthétime from sampling to the final
result will be reduced in a very significant periafctime.

The method developed was completely validateddieoto be used in routine analysis
of official control for quantitative screening posges with the possibility of extending
the method for confirmation. For a laboratory ineal in food safety control with a
large number of antibiotic residues and samplestlyze, the present method is a huge

improvement.
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Figure Captions

Figure 1: Minimum and maximum absolute recoveries obtainedtfe twelve
extraction procedures for all the antibiotics tdsieéthe concentration of the VL (see

Table 4 for the respective values).

Figure 2: Chromatogram of individual MRM of one compound plass of antibiotic

for a spiked bovine muscle sample at the correspgndilidation level (VL)
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Table 1: Multiple reaction monitoring (MRM) acquisition cditions for each antibiotic

and for the internal standards (IS) used.

Precur sor Product Cone Callision Retention
ESI . : voltage . .
ion (M/2) ion (M/2) V) energy (V)  time(min)

sulfapyridine + 250.3 156.3 3C 15 3.27

sulfadiazine + 251.2 156.2 30 15 3.24

sulfamethoxazole + 254.4 156.4 30 20 4.26

sulfathiazole + 256.4 156.3 25 15 3.35

sulfisoxazole + 268.3 156.2 25 15 4.37

sulfamethiazole + 271.0 156.2 25 15 3.86

sulfisomidine + 279.4 186.3 30 16 3.74

Sulfonamides sulfamethazine + 279.4 156.3 30 15 3.77

sulfamethoxypyridazine — + 281.2 156.2 30 15 3.84

sulfachloropyridazine + 285.3 92.3 30 28 4.15

sulfadoxine + 311.4 156.4 30 18 4.25

sulfadimethoxine + 311.4 156.4 30 20 4.65

sulfanilamide + 173.2 92.1 30 25 1.07

sulfaquinoxalin + 301.c 92.2 3C 30 4.7C

sulfameter (IS) + 281.3 92.2 25 30 3.86

trimethoprim + 2915 230.3 25 23 3.29

tetracycline + 445t 410.C 25 20 3.91

doxycycline + 4455 428.2 25 18 3.96

Tetracyclines oxytetracycline + 461.5 426.3 25 20 3.46

chlorotetracycline + 479.3 444.2 25 20 3.86

demethyltetracycline (IS) + 465.2 448.3 25 17 3.69

erythromycil + 734.% 158.2 25 30 4.22

spyriamicin + 843.5 174.0 35 35 3.71

Macrolides tilmicosin + 869.3 174.2 35 45 3.94

tylosin + 917.1 174.3 35 35 4.73

roxithromycin (I1S) + 837.7 679.5 30 30 5.43

nalidixic acid + 233.2 215.1 40 14 3.81

flumequine + 262.2 202.1 30 32 5.19

oxolinic acid + 262.2 216.1 30 25 4.44

cinoxacin + 263.2 217.1 30 23 4.25

norfloxacin + 320.3 276.2 20 17 3.45

Quinolones .enoxacin. + 321.2 303.2 35 18 3.40

ciprofloxacin + 332.2 288.2 35 17 3.48

danofloxacin + 358.3 96.1 33 21 3.52

enrofloxacin + 360.3 316.3 31 19 3.58

ofloxacin + 362.1 261.3 34 26 3.44

marbofloxacin + 363.3 721 30 20 3.36

lomefloxacin (IS) + 352.2 265.3 31 22 3.54

penicillin G + 335.1 176.0 30 25 3.81

ampicillin + 350.4 106.3 25 20 3.34

amoxicillin + 366.3 160.3 25 20 4.21

Penicillins oxacillin + 402.0 243.0 30 20 5.24

nafcillin + 415.0 199.0 30 25 5.47

dicloxacillin + 470.0 311.0 30 25 5.65

penicillin V (IS) + 351.0 160.2 25 25 5.07

. chloramphenicol - 320.9 151.9 30 25 4.25
Amphenicol

- 326.0 157.0 30 25 4.24

chloramphenicolids (IS)
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Table 2: Schematic description of the twelve extractioncpaures tested.

Solvent extraction (10 mL) Deffating Concentr ation

Procedure = ith 1 mL 0.1M EDTA  (2mL)
ADry acetonitrile
MDry methanol
EaDry ethyl acetai evaporate unti
AHXxDry acetonitrile dryness
MHXxDry methanc n-hexane
EaHxDry ethyl acetate
A acetonitrile
M methanol
Ea ethyl acetate evaporate unti
AHXx acetonitrile 0.5mL
MHx methanc n-hexane
EaHx ethyl acetate




Table 3: Absolute recoveries (expressed as %) of the tamgtiotics for the twelve

extractions procedures tested*

Method ADry MDry EaDry AHxDry MHxDry EaHxDry A M EA AHx MHx EaHx
Antibiotics

sulfapyridine 88 72 38 76 16 18 99 16 81 99 61 9
sulfadiazine 46 33 19 38 11 18 95 17 48 104 29 13
sulfamethoxazole 36 28 2 23 19 16 57 41 6 46 47 14
sulfathiazole 50 26 5 46 6 8 91 12 18 109 15 6
sulfisoxazole 36 27 0 13 12 3 53 10 2 45 42 5
sulfamethiazole 43 25 6 35 6 14 72 19 15 80 20 11
sulfisomidine 42 38 17 37 21 15 72 18 43 90 54 13
sulfamethazine 72 62 31 65 41 27 94 37 96 108 96 23
sulfamethoxypyridazine 28 22 24 15 11 60 11 24 64 42 10
sulfachloropyridazine 66 50 10 50 27 32 83 18 18 102 63 19
sulfadoxine 54 41 7 46 28 19 80 53 14 104 67 16
sulfadimethoxine 46 43 12 36 22 14 76 52 31 106 69 17
sulfanilamide 3 1 3 5 0 10 18 1 3 22 1 9
sulfaquinoxaline 27 30 5 23 18 8 35 36 14 56 47 9
trimethoprim 54 36 16 35 15 2 74 19 23 57 47 4
tetracycline 62 11 17 53 8 23 99 10 36 101 17 19
doxycycline 57 22 21 53 16 50 92 38 44 106 40 26
oxytetracycline 35 4 9 26 5 20 54 7 15 72 5 14
chlorotetracycline 35 9 15 37 8 49 85 11 42 90 15 46
erythromycin 64 59 9 45 42 5 93 61 17 98 62 16
spyriamicin 48 50 5 54 35 Q 94 58 14 111 77 o]
tilmicosin 27 30 5 25 19 0 69 40 25 81 56 0
tylosin 49 75 3 40 55 0 74 102 6 98 113 0
nalidixic acid 81 67 38 72 46 73 92 46 48 105 66 46
flumequine 46 42 37 42 29 59 75 50 62 107 69 50
oxolinic acid 62 48 46 56 34 66 87 47 58 106 65 48
cinoxacin 59 43 21 54 7 76 95 18 34 102 50 60
norfloxacin 67 45 13 60 27 5 92 40 35 95 56 3
enoxacin 57 35 14 40 18 6 96 19 33 100 47 6
ciprofloxacin 60 39 15 52 24 6 67 35 28 100 43 3
danofloxacin 58 37 14 43 23 0 97 41 30 98 52 1
enrofloxacin 51 37 16 37 22 8 83 33 36 84 47 13
ofloxacin 49 27 9 36 18 1 76 31 21 78 39 2
marbofloxacin 77 53 26 62 29 1 72 23 42 98 67 2
penicillin G 86 62 12 77 27 Q 94 31 34 100 84 o]
ampicillin 50 28 2 21 11 Q 87 57 0 65 48 o]
amoxicillin 45 33 22 34 18 0 51 0 0 52 0 0
oxacillin 39 32 7 39 27 1 101 50 24 101 87 10
nafcillin 34 23 12 44 17 17 60 36 30 85 40 1
dicloxacillin 18 22 2 31 16 3 46 31 7 57 33 3
chloramphenicol 57 77 9 24 30 12 56 6 10 113 9 50

* Absolute recoveries below 15% are in bold and uokst.
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Table 4: MRLs and MPRL set by EU for bovine muscle, validatlevel (VL) and
validation parameters: decision limit (¢ detection capability (§), repeatability,

reproducibility and recovery.

. I\,\: Fljll;L CCa CCp Repeatability  Reproducibility Recovery
(hoka)  (noka)  (ngkg)  (%RSD) (%RSD) %)
(ngrkg)

sulfapyridine 100 100 132 164 8 12 109
sulfadiazine 100 100 113 125 5 8 93
sulfamethoxazole 100 100 108 117 7 10 108
sulfathiazols 10C 10C 107 11¢& 6 8 10t
sulfisoxazol 10C 10C 111 121 6 9 104
sulfamethiazol 10C 10C 11C 12C 3 5 101
sulfisomidine 100 100 104 108 3 4 93
sulfamethazine 100 100 105 110 6 9 100
sulfamethoxypyridazine 100 100 108 116 2 4 91
sulfachloropyridazine 100 100 104 108 7 11 103
sulfadoxine 100 100 110 121 3 5 91
sulfadimethoxine 100 100 107 114 4 5 93
sulfanilamide 100 100 105 111 17 22 102
sulfaquinoxaline 100 100 106 112 5 7 102
trimethoprim 100 100 108 116 5 7 98
tetracycline 10C 10C 12t 14¢ 13 20 10¢
doxycycline 100 100 123 147 13 20 103
oxytetracycline 100 100 124 148 13 19 102
chlorotetracycline 100 100 121 143 12 17 100
erythromycin 100 100 116 131 9 14 101
spyriamicin 200 200 226 252 15 20 101
tilmicosin 50 50 60 71 7 10 93
tylosin 100 100 116 133 9 14 116
nalidixic acid - 100 0.01 0.02 8 13 102
flumequine 200 200 214 229 8 12 104
oxolinic acid 100 100 114 127 8 12 105
cinoxacin - 100 0.02 0.04 10 14 108
norfloxacin - 100 0.02 0.04 9 13 86
enoxacin - 100 0.04 0.06 10 15 98
ciprofloxacir - 10C 0.0¢ 0.12 9 14 9t
danofloxacin 200 200 229 258 15 20 106
enrofloxacin 100 100 121 142 12 17 105
ofloxacin - 100 0.01 0.02 10 15 105
marbofloxacin - 100 163 176 7 11 100
penicillin G 50 50 69 87 11 17 94
ampicillin 50 50 61 73 7 10 97
amoxicillin 50 50 65 79 8 12 106
oxacillin 300 300 315 330. 9 13 101
nafcillin 300 300 307 315 4 6 103
dicloxacillin 300 300 310 319 6 9 96
chloramphenicc 0.2* 0.2 0.07 0.1C 13 19 10&
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