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ABSTRACT

This work was focused on the comparison of tworclepa methods to be used for the
simultaneous determination of seven cephalospanireow muscle. In particular, the
performance of novel dispersive solid phase extactd-SPE) procedures based on
QUEChERS methodologies was assessed and compaitecamventional SPE. The
separation and detection of the analytes using bwthods was carried out by LC-
MS/MS to reach enough sensitivity to be compatiikd the detection of the maximum
residue limits (MRL) of cephalosporins as regulaigdEU directives. The optimization
of the clean-up step relied on experimental desigorder to find the most suitable
conditions with a reduced number of assays. Besiuesti-objective responses were
used to reach an overall compromise in the recoveayl analytes simultaneously. The

validation of the two methods was done accordinipéoDirective 2002/657/EC.

Linearity, decision limit, detection capability, tdetion and quantification limits (4-50
ug.kg?), precision ( RSD less than 15% exept for PIR) @ubveries were determined
and adequate results with comparable values usifORERS and SPE methodologies.
LOQ were better for SPE method ( 0,14ifkg*) but both methods show LOQ below
MRL values. Precision was slightly better for theEZhERS method, that also presents

better recoveries, higher than 85% except for Clepira

Keywords: Cephalosporins, Beef tissues, QUEChERE, &xperimental design, LC-

MS/MS, Validation according 2002/657/EC.



INTRODUCTION

B-lactams are probably the most widely used clasmubiotics in veterinary medicine
for the treatment of bacterial infections of anisaked in livestock farming [1,2]. The
B-lactam antibiotics comprise two main classes @rrtially labile compounds, the
penicillins and the cephalosporins. Both penicilland cephalosporins hav@-dactam
ring in common although they differ in the basiwsture. Cephalosporins contain the
7-amino cephalosporonic acid nucleus and a six-neeedbdihydrothiazine ring fused
to the B-lactam portion, while penicillins contain a fiveembered thiazolidine ring

fused to thg8-lactam portion [3,4]

The widespread and intense use of antibioticsdthsol an increase of the potential risk
for human and animal health mainly because of rsgresitivity of some individuals to
the parent compounds and metabolites, as well @eslafament of resistance against
antibiotics of certain pathogenic bacteria [5,6¢li&ble, efficient and robust methods
for monitoring these antibiotic food residues arereasingly demanded to ensure that
they are not present at levels that may pose hewmlks to humans. The European
Community has established maximum residue IlimitsR(y and requirements
concerning the performance of analytical methods the interpretation of the results.
In this sense, Council Directive 37/2010 reportsdelines for residue control and
divides pharmacologically active substances intbiflWlen or banned and authorized
substances with established tolerance levels (thekees range from 5Qg.kg’ for
cephapirin to 100Qig.kg* for ceftiofur) as can be seen in Table 1 for beefscle,
while Commission Decision 2002/657/EC [7,8] givestetia to perform residue

analysis. In particular, LC-MS or LC/MS/MS are tlpeeferred techniques in the



determination of3-lactams residues. A number of authors have regarteltiresidue
methods for the determination @lactams in animal tissues or milk [6,9-17], butyoa

few of these methods include some cephalosporitergsts of study [9-11,16,17].

Current methods available for antibiotic determrathave shown several steps in
common. The extraction and clean-up of the drugsfthe complex matrix has been
recognized as one of the most difficult steps neglifor antibiotic analysis [18-20].
Conventionally, liquid-liquid extraction (LLE) ansolid-phase extraction (SPE) have
been used as sample preparation techniques, béiBggtadually replaced by SPE.
Proper performance of SPE requires knowledge ofpitaetice and theory of the
technique because common factors, like the adjudtrok the flow rate affect the
reproducibility of the results [21,22]. Hence, nstraightforward approaches involving
fewer and simpler steps would be welcome for a nedfective clean-up of complex
matrices such as meat samples. In this way, QUESH{gRick, easy, cheap, effective,
rugged and safe) has been checked elsewhere fextitaetion of veterinary drugs such
as quinolones, tetracyclines, macrolides, pemalibr sulfonamides [13,22-26], but to
date, only one work focused on the determinationepihalosporines in animals tissues

using QUEChERS has been published [17].

The optimization of procedures for the extractibamtibiotics in animal tissues is time-
consuming and tedious due to number of variablasrttay affect the process as well as
the number of substances to be extracted. As descrin the scientific literature
[27,28], the optimization issue can be facilitatgdusing chemometric approaches to
achieve more successful results and informatiom feoreduced series of experiments.

Hence, experimental design can bee used to finanibst relevant factors influencing



on the process and study possible interactions gniloem. On the other hand, the
simultaneous optimization of conditions affectimya wide variety of analytes with
different physicochemical behaviour may be solvedimf the definition of multi-

objective responses [29].

This work aims at studying the extraction of theeseof cephalosporins, regulated by
EU, using dispersive SPE by QUEChERS. One of thalsgs evaluation of the
performance of the approach as a sample treatméiné idetermination of this family of
compounds in cow tissue by LC-MS/MS. Besides, teshhve been compared with
another well-established technique such as corwemtiSPE to ascertain if the
QUEChERS procedure could result in a suitable redtere. The extraction of the
substances from the matrix has been optimized usng experimental design to obtain
the best results in a more efficient way. The tweithnnds have been validated according

to the European normative.



2. EXPERIMENTAL

2.1 Reagentsand materials

Cephalosporins standards cephazolin (ZOL), cepima@R), ceftiofur (TIO) and the
internal standards piperacilline (PIPE), used inM§ studies, and cephalotin (LOT),
used in LC-UV experiments, were purchased from &l(Buchs, Switzerland).
Cephalexin (LEX) and cefoperazone (PER) were sagplly Sigma (St. Louis, MO,
USA), cefquinome (QUI) were from AK Scientific (Wm City, CA, USA) and
cephalonium (LON) was graciously provided by Samg#lough Animal Health
Corporation (Ireland). Figure 1 shows the chemmtalictures of all cephalosporins

studied.

Solvents to be used for the extraction and prejparaif the mobile phase were of
HPLC grade. Acetonitrile (MeCN) and methanol (MeOWgre supplied by Merck
(Darmstadt, Germany). Formic acid, acetic acid (FJAodium hydroxide, magnesium
sulphate, sodium chloride and sodium dihydrogenphate were also purchased from
Merck. Ultrapure water was generated by the Milsy3tem (Millipore, Billerica, MA,

USA).

SPE cartridges used in this study were as foll®&esid Elut C18 (3 mL, 200 mg) from
Varian (Harbor City, CA, USA), OASIS HLB (3 mL, 20fig) from Waters (Milford,
MA, USA), Strata X (3 mL, 200 mg) from Phenomen&orfance, CA, USA) and

Isolute ENV+ (3 mL, 200 mg) from Biotage (Uppsdtayeeden).



QUEChERS sorbents were provided as dispersive SBEakd bulk sorbents. Bulk
sorbents of primary-secondary amine (PSA) and C&8wpurchased from Agilent
Technologies (Santa Clara, CA, USA). Dispersive 8RE Fruits and Vegetables with
Fats and Waxes (15 mL, 150 mg PSA, 150 mg C18n89®1gSQ) were from Agilent

Technologies (Santa Clara, CA, USA).

2.2 Standards and stock solutions

Individual stock solutions of cephalosporins werepared at a concentration of 250 mg
L™ in water. Standard solutions of internal standt8% were prepared in water at a

concentration of 80 mgtfor LOT and 40 mg mt for PIPE.

The working solutions used in preliminary experitsewere prepared as a mixture of
all cephalosporins at a concentration of 80 migit. water. For the validation of the
method, working solutions to be spiked to the nsaatples of muscle were prepared at
concentrations of 20 MRL and 100 MRL for each cépdyzorin (i.e., concentrations of
1, 4 and 20 pgt for the 20 MRL working solutions and 5, 10 and @@@y L* for the
100 MRL working solutions). Cephalosporins witheagulated MRL values for beef
muscle samples were added to the working solutbise lowest MRL value regulated
for the other cephalosporins. Mili-Q water was ugedprepare all the standard
solutions.

Solutions were stored in the freezer at -20°C.

2.3 Instruments



An HP Agilent Technologies 1100 LC system (Santar&ICA, USA) equipped with
an autosampler and coupled to an API 3000 tripkdgupole mass spectrometer (PE
Sciex) with a turbo ionspray source was used. Hstem was controlled by Analyst
software (v.1.4.2) supplied by Applied Biosysteniogter City, CA, USA). The
analytical column was a Zorbax Eclipse XDB-C8 catu(d um, 4.6 x 150 mm) from
Agilent Technologies, using a pre-column KromaSB (5um, 4.6 x 15 mm) supplied
by Akady (Barcelona, Spain). The gradient usedségaration is explained in section

2.4.4 of chromatographic conditions.

Preliminary assays were carried out with an HP édilTechnologies 1100 LC system
equipped with an autosampler and a diode arrayctgt€dDAD). The system was
controlled by the ChemStation software from Agil@reichnologies (Santa Clara, CA,

USA).

A Rotanta 460RS centrifuge (Hettich Zentrifuguerdswused for phase separation
during the extraction. The SPE procedure was ahroet on a Supelco vacuum
manifold for 12 cartridges and a Supelco vacuumifolanwith disposable liners for 24
cartridges (Bellefonte, PA, USA) connected to a ebtg vacuum tank. Finally, a
TurboVap LV evaporator from Caliper LifeSciencesofidinton, MA, USA) was used

to obtain the dry residue after extraction.

2.4 Procedure

Two different methods were developed for the deiteation of cephalosporins in beef

muscle samples. In the two cases, methods compihsed stages: sample extraction,



clean-up and LC-MS/MS analysis. Although the fiestd last steps were the same,
differences arose in clean-up methodologies baseceither conventional SPE or
dispersive SPE by QUEChERS (see summary schemeiguareF presented as

supplementary data).

2.4.1 Sample extraction

A beef muscle sample free of antibiotic was usedhagix. Commercial meat was cut
in small pieces and comminuted with an electrimdgr to achieve good sample
homogeneity and to ensure that a 4 g subsamplepiesentative for the analysis.
Appropriate volumes of cephalosporin standards wdded to 4.000 g of muscle. PIPE
was also added as IS at a level of 1000 ftgAfter standard additions, samples were
kept in dark for 30 min. 15 mL of a mixture of Me@Xd water (80:20; v/v) was added
to extract the analytes from the samples. Aftekistgaduring 2 minutes on the vortex,
samples were centrifuged during 5 min at 3500 rgmal, the liquid phase was taken for

further assays.

2.4.2 Clean-up using the QUEChERS method

10 mL of the extract solutions obtained as in sect2.4.1 were poured into the
dispersive SPE Kits, which contained 150 mg of B8Aent, 150 mg of C18 sorbent
and 900 mg of MgS® The dispersive SPE Kits were shaken vigorousty5fanin.

Centrifugation was done for 5 min at 3500rpm ineortb separate the liquid phase
containing the analytes in solution from the sglthse with the matrix components

retained in the sorbents. A 5 mL aliquot was wislvdn to be dried under nitrogen



stream (at 25°C) with a Turbo Vap evaporator udtiness. Then, samples were

reconstituted with 200 pL of water and analyzed 6yMS/MS.

2.4.3 Clean-up using the SPE method

The MeCN in the extract solutions (section 2.4.&yewdried under a stream of nitrogen.
Four mL saturated solution of NaCl were added toicawhe foaming during the
evaporation. Prior to SPE processing, a phosplatgien (pH 5) was added to the

sample up to a final the volume of 30 mL.

ENV+ cartridges used in this study were precondéwwith 2 mL MeOH, 2 mL water
and 2 mL of a 0.05M sodium sodium dihidrogenphospbkalution at pH 5. The sample
solutions were forced to pass through the cartridggbsequently, cartridges were
washed with 3 mL phosphate solution (pH 5) and 1wmaker. The analytes were eluted
with 4 mL MeCN:MeOH:HO (45:45:10, v:v:v). The resulting solution was pvaated
to dryness under a nitrogen stream, rebuilt wit gQ of water and analyzed by LC-

MS/MS.

2.4.4 Chromatographic conditions

The mobile phase used in LC-MS/MS consisted of O(\t8) formic acid in water and
0.1% (v/v) formic acid in MeCN. The initial eluembmposition was water/MeCN
(85:15, v/v) at pH 3.2, during the first two minsitef LC analysis. At the minute 4, the
proportion of aqueous mobile phase increases td3b& and at the min. 7 increases to

the 56%. At these point, the mobile phases rethe initial 85:15 and steel constant
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until the end of the analysis (stop time 10 minut&se flow-rate was 1 mL mihand

the injection volume was 230L.

As an example, Figure 2 shows the chromatograrheobéparation of analytes studied
in this work. It can be seen that a good separatfall components is achieved in less

than 8 min.

2.4.5. Mass spectrometry conditions

Tandem mass spectrometry working in multiple resctmonitoring (MRM) in the

positive ionization mode was used for detectiomghrentations in MRM mode were
produced by collision-activated dissociation (CA&¥)molecular ions separated in the
first quadrupole. Two transitions were followed feach analyte, one was used for
confirmation and the other for identification pusgs. All the transitions selected and

their conditions are shown in Table 2.

2.5 Quality parameters

Validation of the two methods was done accordmghie EU Commission Decision
2002/657/EC [8] and the FDA guidelines [30]. Theliy parameters established were:
linearity, recovery, inter-day precision, intra-dpgecision, limit of detection (LOD),

limit of quantification (LOQ), limit of decision (C,) and limit of capability (Cg).

The linearity of analytical responses was assefsed the analysis of seven samples

spiked at different concentrations and with twoejpendent replicates at each level. The

11



range of concentrations was from the LOQ to thieed the maximum residue limit
(MRL) value defined by European regulation for miassamples. Analytes without
MRL value were tested at the minimum MRL value dfe tother regulated

cephalosporins, in this case PIR.

Recovery values were calculated for evaluatingeffieiency of extraction treatment as
well the absence of interferences. Recovery detetion was based on the comparison
the two calibration curves resulting from the asayf samples in which the standards
were spiked before and after performing extractimtedure. Responses corresponding
to samples prepared from the addition of standaftisr extraction process were

assumed to represent the 100% recovery.

The precision of the method was evaluated fromaidty and inter-day variability

assays. Intra-day precision was estimated from fhaependent samples at three
different concentrations (MRL value, 1/2 MRL valaed 2MRL value) analysed in the
same day. For inter-day precision, samples werbysadin three different days. In the

two cases, results were expressed as relativeasthddviations (Y0RSD).

Limit of detection (LOD) and limit of quantificatio (LOQ) expressed the lowest
concentration of analyte that the method can detedt quantify, respectively. These
two parameters were estimated from the signal-teendS/N) ratio of samples
containing low concentrations of analytes. Inigatar, S/N = 3 was used for LOD and

S/N =10 for LOQ.
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Limit of decision (CG) and limit of capability (Cg) are two parameter defined by the
EU regulation. C@ values were determined by analysing 20 blank sasmioleified
with cephalosporins at MRL level. @Gvas calculated as the decision limit €@lus
1.64 times the corresponding standard deviatfisn §%), supposing that the standard

deviation at the MRL was similar to that obtainedha CQx level.
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3. RESULTS AND DISCUSSION

3.1 Sampletreatment

The sample treatment consisted of two steps: (raetion of the cephalosporins from
the food matrix and (ii) the clean-up of the extealcsolutions in order to minimize the
impact of interferences and matrix effects on thelgsis. In this part, both SPE and
dispersive-SPE (d-SPE) by QUEChERS approaches exareiated to find the most

suitable conditions in terms of higher recoveried bwer interferences.

The optimization of the sample treatment relied experimental design and
multicriteria decision making. In these studies sole samples were spiked at a level of
4 mg kg* of each cephalosporin. Then, spiked samples wijected to the treatment
procedure under study and extracts were furthdyzed by LC-MS/MS. Peak areas of
each target compound were used as analytical dat@alculate recoveries for

encountering the best experimental conditions.

3.1.1 Optimization of the extraction procedure

The extraction solvent was composed of a mixturaawtonitriie (MeCN) and water.
MeCN was chosen as the organic solvent becaugmatd miscibility with water, and
its ability to recover the analytes without extimagt high quantities of lipophilic
material [21]. As it can be found in the literatuMeCN is one of the most popular
solvents for the extraction @Flactams [11,16,17,31]. Water was selected as tiher o

extraction solvent to facilitate the extraction ¢fie most polar components.
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Complementarily, the use of an acid modifier (eagetic or formic acid) may be also

recommendable for improving the performance ofekieaction step [32].

Some significant variables to be considered indpgmization of the extraction step
comprised: (i) MeCN/water ratio in the extractiasiugion (i.e., percentage of MeCN),
(i) total volume of extracting solvent (V), andi)iaddition of a low quantity of HAc as

a modifier.

The optimization of these three variables was prelarily tackled according to a 3-
factor at 2-level cube design with two replicat@exments in the cube centre (i.e., 10
experiments were carried out). High and low lewil®ach variable were defined as
follows: MeCN, 80 and 100%; extracting solvent vokj 6 and 12 mL; HAc modifier,
0 and 0,1%. The centre point was 90% MeCN, 9 mkaekng solvent and 5 mLt
acetic acid. The principal objective of this optmation was the maximization of the
overall extraction taking into account all the ateé simultaneously. Hence, the mean
extraction percentage accounted from the sevenateggorins was calculated as an

overall response.

Extracts from the experimental design were furttieated by dispersive SPE (see
below) and the resulting cleaned extracts wereyardlchromatographically. Then, the
mean recovery from all cephalosporins was usedh@samalytical information for the

estimation of effects and interactions. As showtrigure 3, all the factors considered
here (i.e., MeCN, extracting volume, and HAc addhi}iwere significant. The negative
sign of MeCN and HAc main effects indicated tha thcrease in the magnitude of

these factors led to a decrease in the efficiericth® extraction. As a result, a high

15



percentage of MeCN was found to be unfavourableatoy out the analyte extraction.
In a similar way, the addition of HAc to the solvemas not recommendable. In
contrast, the sign of extracting volume was posi$o a high volume of solvent was
favourable for increasing the recovery of cephadosis. A similar behaviour was

obtained for the two types of clean-up.

The interaction between MeCN and extracting voluwes relevant as well. This
finding indicated that the optimization of theseotwariables should be carried out
simultaneously as the effect of each one dependeithe level of the other. This was
here assessed from a 2-factor at 3-level grid desapsidering the following levels:
MeCN, 60, 80 and 100%; volume (V) 6, 12, 18 mL. Thean recoveries from all the
analytes were used to obtain the overall respamsetibn as depicted in Figure 4. The
best extraction conditions corresponded to 15 mMeECN/water mixture (80:20, v:v)

and the use of HAc as a modifier was discarded.

3.1.2 Optimization of the clean-up of extracts

In this step, both conventional SPE and disperSiv& (QUEChERS) procedures were
compared to ascertain the most convenient strateggarry out the sample clean-up.
Muscle samples, spiked at 4 mg“kgach cephalosporin, were subjected to the
extraction procedure as developed in the previmdis and clean extracts were
analyzed chromatographically. The optimizationeri@n relied on minimizing overall
analyte losses. For this purpose, mean recovenesat each experimental point were

calculated as an estimation of the performancaegktraction.
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QUEChERS method

In the novel QUEChERS methodology, clean-up is eptshed by a modification of
traditional SPE through the so-called dispersivé&$kode (d-SPE). The sorbent, as a
dispersive medium, is used to retain those norral@si components co-extracted from
the matrix while target compounds remain in solutiéfter separation of the dispersive
phase by centrifugation, the resulting extracts sady to be injected into the

chromatographic system.

The most common sorbents to be used in d-SPE éar¢latment of muscle samples are
Cis and PSA (primary and secondary amine). It has loescribed elsewhere that for
other kind of matrices such as fruits and vegetlBraphitized Carbon Black is also
widely used to remove pigments. Magnesium sulf&i@niother typical component of d-
SPE systems that may serve to improve the separafidhe organic and aqueous

phases as well as to remove water from the ordayer [21].

The optimization of the QUEChERS clean-up was fedusn the study of the
composition of the sorbent employed. HandmaidenPHB-®artridges with different
composition of Gg and PSA were prepared according to a grid dedighfactors at 5
levels as follows: ¢ amounts were 0, 50, 150, 250 and 400 mg; PSA ataauare O,
50, 150, 250 and 400 mg. Extracts were then trehted-SPE using the set of 5
cartridges corresponding to the experimental dedfgtoveries of each cephalosporin

were determined chromatographically in the solicesulting after this cleanup.
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Figure 5 summarizes the results obtained in thenigetion of the sorbent composition
of the d-SPE systems. The representation of thaageesignal from all the
cephalosporins against the different amounts gfafid PSA sorbents shows that best
experimental conditions were reached with amouhtBSA between 150 and 250 mg
per cartridge. Regarding;£sorbent, it did not effect significantly to thesadption of
the target compounds. As a result, a mixture of hg0of Gg and 150 mg of PSA was
chosen as the sorbent mixture used in the d-SPah-tip of our final QUEChERS

method.

SPE method

The optimization of the SPE procedure was focusedi)othe choice of the type of
sorbent, (i) the composition of the buffer solatidor cartridge conditioning and

washing steps and (iii) the composition of theielusolvent.

First, the performance of the following four comugial cartridges was compared in this
study: Isolute ENV+ (hydroxylated polystyrene-didipenzene copolymer sorbent),
Oasis HLB (hydrophilic-lipophilic-balanced reversgdase sorbent), Phenomenex
Strata-X (reversed phase functionalized polymercbent) and Bond Elut C18
(Hydrophobic, bonded silica sorbent). These SPEidges were selected as they are
some of the most commonly available on the markdi also, because they have been
employed successfully with other types of antilotiBesides, the type of sorbents
covers a high variety of polarities so they mayubeful for dealing with a wide range

of analytes.
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Similar results were obtained with all four sortsertience, any of these four cartridges
could be chosen to carry out the determinationephalosporins in muscle samples.
Anyway, we finally chose Isolute ENV+ SPE cartridgbecause its performance
demonstrated for the analysis of other antibiotszg;h as penicillins and quinolones,

that might occasionally occur with cephalosporitis, 33-35].

The influence of pH of the solution to be useddartridge conditioning and washing
was assayed with two hydrogenphosphate solutidds/ghues adjusted to 5.0 and 8.5).
As can be observed in Figure 6, conditioning amdming at pH 5 gave higher signal
responses for all cephalosporins. At this pH, tledecules that have a carboxylic group
and a basic N in their structure are neutral (asiterion form), so they are expected to
interact more efficiently with the polymeric sorlbeRegarding the elution conditions,
three different mixtures prepared from MeCN, MeOHhd avater were compared:
MeCN/MeOH  (50:50, viv), MeCN/MeOHA®  (45:45:10, wv:viv) and
MeCN/MeOH/HO (30:40:30, v:v:v). In general, the analyte recmsewere similar in
all the cases, but slightly better are obtainedh# solvent contains some water.
However, considering our interest in a further salvremoval step, the mixture
MeCN/MeOH/HO (45:45:10, v:v:v) was finally chosen due to ister and easier

solvent evaporation.

So, the selected SPE conditions were as followes:ctrtridge was ENV+ Isolute, the

cartridge conditioning solution was hydrogenphosptipH=5) and the eluting solution

was a mixture of MeCN/MeOHAD (45:45:10, v:v.v).

3.4 Structural dlucidation

19



A triple quadrupole mass spectrometer working m riulti residue mode (MRM) was
employed to quantify and identify all the cephalmraps. Cephalosporins were detected
as protonated molecular ions [M+Hiising the positive electrospray ionisation mode
[36]. For all analytes, [M+H] was chosen as the precursor ion of transitionbeto
considered to quantify and confirm all the cephadoms. In particular, the most
intense transition was used for quantification #rmesecond most intense was devoted
to identification. Table 2 shows these quantifizatand identification transitions with
the proposed fragments as well as schemes of tierajecephalosporin structures and
fragmentations. For PIPE (IS), MS/MS transitiong ri18-143 and 518->359 were

monitored.

3.5 Validation according 657/2002/EU

The two developed methods were validated accordimy European Commission
Decision 657/2002/EU [8]. Experimental details émisessing such validation are given

in section 2.5. Results are described and compare following paragraphs.

3.5.1 Linearity

The calibration curve has been prepared between & BMRL level. For LON, ZOL

and PER, with no MRL in beef muscle, the same rahge for PIR was prepared.
Every level of the calibration curves was prepatette. The IS was added at a
concentration of 1 mg kiy The samples were analysed according to the proposed

procedures and the calibration curves were cortetlugsing analyte/IS peak area ratio
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versusanalyte/IS concentration ratio. Tables 3 and 4asti@ calibration curves for all
cephalosporins studies using both methods and theesponding correlation

coefficients R. In general, the linearity was elard, with R values higher than 0.990.

3.5.2 Limit of detection and limit of quantification

LODs and LODs of both methods were determined bglyasing matrix-matched

samples spiked at very low concentration levelsaghalosporins. Although the SPE
method provided slightly better LODs and LOQs ($ables 3 and 4), results obtained
for the QUEChERS approach were entirely satisfgcagrthey were always below the

MRL values defined in the European legislation.

3.5.3 Accuracy

The accuracy of both methods was estimated frorovesg assays as indicated in
section 2.5. Recoveries for most of the cephalospavere higher than 80 % as it can
be seen in Tables 3 and 4. In general, the QUEChER®Bod seemed to provide
slightly better results than the SPE counterpartli @covery values were only lower
than 80% for LEX. The PIR recovery of the SPE mdthas rather poor, probably due
to a degradation underwent by this cephalosporianmias in contact for a long time

with meat samples as some studies have descrigd [3
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3.5.4 Inter-day and intra-day precision

Inter-day and intra-day precision express the myibility and repeatability of an
analytical method respectively. Results shown ibld® 3 and 4 are expressed as the
relative standard deviation (RSD). This study ptbyke great precision of the two
developed methods. Reproducibility values were mgher than 15% at the MRL
value, except for PIR. The comparison of resultschaled that QueChERS method
presented a slightly higher precision than the &f#hod for all the cephalosporins

studied.

3.55CCaand CCB

Twenty fortified samples at the MRL level were paegdd and analysed with the two
developed methods to determine de decision lim@o(Cand the detection capability
(CCp). As it can be seen on the Tables 3 and 4, alt @@l C$ values obtained with
QUEChERS and SPE methods were very close to the M&ue. This finding
suggested the suitability of both methods to detncephalosporins in muscle

samples according to the European Decision Comomi7/2002.

CONCLUSIONS

Two methods were successfully developed to detadt guantify the presence of
residues of cephalosporins in beef muscle sam@les. of the two methods relied on
the well-known SPE clean-up technique. The othersisted of a novel QUEChERS

methodology based on dispersive-SPE. Both methaus found to be suitable for the
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determination of all the cephalosporins in beef cleissamples according the EU

requirements.

Comparing the figures of merit, it was concludeat titne precision and accuracy for the
QUEChERS method were slightly higher than for tR& Snethod. Conversely, LODs
and LOQs of the SPE method were better than thésineo QUEChERS method.

Anyway, both methods showed LOD and LOQ below tHelLMalues.

Other characteristics of the two methods, suchr@sa@vent waste and speed, were also
considered. The QUEChERS method showed a loweersobonsumption and it was
faster and more straightforward than SPE. The QUEHEEh method also presents
improved analytical parameters with respect to SR&Elower amounts of samples were

required for the analysis.
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FIGURE CAPTIONS

Supplementary data. Scheme of QUEChERS and SPEodsetor the extraction and

clean-up of cepahalosporins from beef muscle.

Figure 1. Chemical structures of the cephalospaindied.

Figure 2. Separation of cephalosporins studied BMS/MS. This separation is

obtained with matrix-matched solution at MRL corication for all cephalosporins.

Figure 3. Estimation effects and interaction in Sl QUEChERS method. MeCN:
Acetonitrile; HAc: Acetic Acid; V: Volume; MeCN-HAcInteraction between factors
Acetonitrile and Acetic Acid; MeCN-V: Interactionetween factors Acetonitrile and

Volume; HAc-V: Interaction between factors Aceticié and Volume; MeCN-HAc-V:

Interaction between factors Acetonitrile, Aceticidand Volume.

Figure 4. Overall response function for the recgvef cephalosporins by SPE and

QUEChERS.

Figure 5. Optimization of the sorbent compositibthe QUEChERS method.

Figure 6. Influence of the pH on the recovery gdtedosporins by SPE.
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Table 1.

MRL of cephalosporins (Council Directiv3010) inbeef tissues

Antibiotic MLR (ng/kg) Tissues
50 Muscle, Fat
Cephapirin (PIR) 100 Kidney
60 Milk
50 Muscle, Fat
Cefaui Ul 100 Liver
efquinome (QUI) 200 | Kidney
20 Milk
200 Muscle, Fat, Liver
Cephalexin (LEX) 1000 Kidney
100 Milk
Cephalonium (LON) 20 Milk
Cephazolin (ZOL) S0 Milk
Cefoperazone (PER) 50 Milk
1000 Muscle
Ceftiofur (TIO 2000 Fat, Liver
eftiofur (T10) 6000 | Kidney
100 Milk
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