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a  b  s  t  r  a  c  t

A  multiclass  method  has  been  optimized  and  validated  for the simultaneous  determination  of  20  veteri-
nary  drug  residues  belonging  to several  classes,  as quinolones,  sulfonamides,  macrolides,  anthelmintics,
avermectins  and  diamino  derivatives,  and  benzathine,  used  as  a  marker  of  the  presence  of  penicillin,
in  muscle  chicken.  It has been  based  on QuEChERS  methodology  (quick,  easy,  cheap,  effective,  rugged
and  safe)  and  ultra  high  performance  liquid  chromatography  coupled  to triple  quadrupole  tandem  mass
spectrometry  (UHPLC–MS/MS).  Several  chromatographic  conditions  were  optimized,  obtaining  a run-
ning  time  <8.5  min.  The  developed  method  was  validated  on  the  basis  of  international  guidelines.  Mean
recoveries  ranged  from  70 to 120%,  except  for  benzathine  (65.6%  at  20  �g kg−1)  and  sulfadimidine  (69.0%
at  100  �g  kg−1).  Repeatability  was  lower  than  20.0%  except  for sulfachlorpyridazine  (22.1%  at  20  �g kg−1)
and  tylosin  (20.5%  and  20.6%  at 30 and 50 �g kg−1, respectively),  whereas  reproducibility  was  lower  than
25%  except  for  flumequine  (27.4%  at 20 �g kg−1)  and  benzathine  (37.8%  and  27%  at  20  and  50  �g kg−1,

−1
HPLC–MS/MS
alidation

respectively).  Limits  of  detection  (LODs)  and  quantification  (LOQs)  ranged  from  3.0  to  6.0  �g kg and
10.0  to 20.0  �g kg−1, respectively,  except  for tylosin  that  showed  a LOD  and  LOQ  of  9.0  and  30.0  �g kg−1.
Decision  limit  (CC�) and  detection  capability  (CC�) were  calculated  and  CC� ranged  from  24.1  �g kg−1

(mebendazole)  to 423.6  �g  kg−1 (flumequine).  Finally,  the  method  was  applied  to  real  samples  and  traces
of  some  compounds  were  found  in eight  samples  of  chicken  and  benzathine  was  detected  in  one  sample
at  29.9  �g  kg−1.
. Introduction

Veterinary drugs are administered on a large scale in current
arm practices and they are mainly used to control diseases, or as
rowth promoters, of farm animals such as pigs, cows, turkeys or
hicken [1–4]. Nowadays, the most common veterinary drugs used
nclude �-lactams, sulfonamides, macrolides and quinolones [5].
hese compounds can accumulate in edible tissues, which can be
ery problematic because their residues can cause allergic reactions
n some hypersensitive individuals, and they can delay or destroy
he growth of fermenting bacteria [6–9]. Furthermore, different

tudies indicate that low-level doses of veterinary drugs for long
eriods could result in bacteria resistance [9–12].

∗ Corresponding author. Tel.: +34 950015985; fax: +34 950015483.
E-mail  address: agarrido@ual.es (A.G. Frenich).

039-9140/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.11.082
© 2011 Elsevier B.V. All rights reserved.

To protect consumer health and to ensure high quality in edi-
ble tissues destined for human consumption, European Union (EU)
has established maximum residue limits (MRLs) of veterinary drug
residues in livestock [13]. These limits require the development of
sensitive and specific methods for the determination of veterinary
drug residues in food. In order to detect such residues in food and
animal tissues, microbiological or bioassay techniques (test kits)
are widely used as screening methods [14–16]. These generally do
not distinguish between members of a class of veterinary drug, but
provide a semi quantitative estimation of ‘total’ residues present
in the sample. However, they are still used because of their sim-
plicity and low cost. Additionally, in case of positive results, more
accurate methods are usually required by government regulatory
agencies to confirm the identity and amount of veterinary drug

[14,15,17].

In the last decades, liquid chromatography (LC) coupled to mass
spectrometry (MS) has become an essential technique in food anal-
ysis laboratory, but most of the reported methods are applied for a
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ingle analyte or analytes belonging to the same class of veterinary
rug [18]. However, to improve cost-effectiveness, multiresidue
nd multiclass methods are necessary to maximize the number
f analytes that may  be determined by a single procedure, i.e. by

 single analysis [19,20]. Recently, selective techniques such as
andem mass spectrometry (MS/MS) and time of flight mass spec-
rometry (TOF/MS) have been coupled with certain advances in
hromatographic technology such as ultra high performance liquid
hromatography (UHPLC). These techniques have made possible
he development of multiresidue methodologies covering many
ontaminants at trace levels [18,21–26]. Moreover, UHPLC has
een used for the analysis of veterinary drugs in animal products
27–30], bearing in mind that high resolution and sensitivity can
e obtained, as well as running time can be reduced.

Despite of the use of selective detection techniques such as
S, sample preparation is still the major bottleneck in any ana-

ytical procedure for the determination of chemical residues in
ood products. Extraction strategies for the determination of mul-
iresidue and multiclass compounds of veterinary drugs in different

atrices (as meat, milk, honey and others) have been used, such
s solid–liquid extraction (SLE) [31], solid-phase extraction (SPE)
32–36], matrix solid phase dispersion (MSPD) [37], liquid–liquid
xtraction with fast partition at very low temperature (LLE-FPVLT)
38] and QuEChERS methodology (quick, easy, cheap, effective,
ugged and safe) [39]. The QuEChERS multiresidue procedure has
ome advantages because it simplifies and reduces the time taken
or the extraction and clean-up processes. Many papers report the
se of this technique for analysis of pesticides in food [40,41].
owever, few studies have been reported for the analysis of vet-
rinary drugs in food from animal origin such bovine milk and
iver [42], shrimps [43] and chicken breasts [20]. For instance,
his one reports the influence of buffers, salts and sorbent dur-
ng the extraction of sulfonamides, fluoroquinolones, quinolones,
itroimidazoles, ionophores and dinitrocarbanilide. The final pro-
edure consisted of a single extraction for all compounds based
n QuEChERS procedure, including an additional clean up step to
mprove the extraction of nitroimidazoles. Moreover, the chro-

atographic run was approximately 30 min, which increases the
nalysis time.

In  this paper, we present the development, optimization and
alidation of a rapid multiresidue and multiclass UHPLC–MS/MS
ethod using QuEChERS procedure, capable of quantifying sev-

ral classes of veterinary drugs such as quinolones, sulfonamides,
acrolides, anthelmintics, avermectins and diamino derivatives,

n chicken samples, using a single extraction and clean up proce-
ure. Furthermore, benzathine was also included in this study as

 marker of the presence of penicillin, bearing in mind that it is
sually used to stabilize penicillins.

. Materials and methods

.1.  Chemicals and reagents

Benzathin  penicillin, oxfendazole, tilmicosin, oxolinic acid,
ylosin phosphate, fenbendazole, thiabendazole, trimethoprim and
ulfadimidine were supplied by Sigma–Aldrich (Madrid, Spain).
lbendazole was supplied by LGC Standars (Barcelona, Spain).
mamectin benzoate, mebendazole, levamisole hydrochloride, sul-
achlorpyridazine, sulfadimethoxine and sulfaquinoxaline were
btained from Riedel de Haën (Seelze, Germany). Sulfathiazole,
osamycin and erythromycin were supplied by Fluka (Steinheim,

ermany). Finally, sulfadiazine and flumequine were purchased

rom Dr. Ehrenstorfer (Augsburg, Germany).
Stock standard solutions of individual compounds (with concen-

rations between 200 and 300 mg  L−1) were prepared in methanol,
9 (2012) 201– 208

acetonitrile or acetonitrile:water (1:1, v/v). Stock standard solu-
tions were stored at refrigerator (T < 5 ◦C). A multicompound
working standard solution of the selected compounds (4 mg  L−1)
was prepared by appropriate dilution of the stock solution with
acetonitrile and it was stored under refrigeration (T < 5 ◦C). All
reagents were of analytical grade. HPLC-grade acetonitrile and
methanol and sodium citrate dibasic sesquihydrate were supplied
by Sigma–Aldrich. Formic acid (assay > 98%) was purchased from
Fluka. Anhydrous magnesium sulfate was  purchased from Pan-
reac (Barcelona, Spain). Sodium citrate dihydrate were obtained
from J.T. Baker (Deventer, Holland). Ethylene diamine tetraacetic
acid disodium salt (Na2EDTA) was purchased from Merck (Darm-
stadt, Germany). Primary–secondary amine (PSA) bonded silica
(particle diameter of 40 �m)  was  supplied by Scharlab (Barcelona,
Spain). Ultrapure water was obtained from a Millipore Milli-
Q system (Milford, MA,  USA). Purified samples were filtered
through Millex-GN nylon filters (0.20 �m,  Millipore, Carright-
wohill, Ireland).

2.2.  Samples and sample preparation

Chicken meat samples were obtained from local supermar-
kets (Almeria, Spain) and it was confirmed they were free of
targeted analyte residues by UHPLC–MS/MS after sample prepa-
ration. All tissue samples were finely chopped and homogenized
using a kitchen blender, and stored at −30 ◦C until analysis. Samples
were fortified with the targeted compounds during the opti-
mization and validation of the developed procedure. Veterinary
drugs were extracted from chicken using an extraction proce-
dure based on QuEChERS methodology. The procedure was as
follows: 5.0 g of the sample was  weighed in a polypropylene
tube followed by addition of 5.0 mL  of pure water and 10.0 mL  of
1% of acetic acid in a solution of acetonitrile:water (80:20, v/v).
Then, the mixture was stirred in a shaker for 15 min. Afterwards,
0.5 g of sodium citrate dibasic sesquihydrate, 1.0 g sodium cit-
rate dihydrate and 4.0 g of anhydrous magnesium sulfate were
added and the tubes were shaken for 15 min. After centrifuga-
tion at 5000 rpm (4136 × g) during 5 min, 1.0 mL  of the acetonitrile
layer was  transferred to an Eppendorf tube containing 150 mg of
PSA followed by manual agitation for 30 s and centrifuged again
under the same conditions described above. The supernatant was
filtered through a Millex-GN nylon filter. Finally, 500 �L of fil-
trate was  diluted with 500 �L of a solution of formic acid 0.1%
in acetonitrile:water (50:50, v/v) prior to chromatographic anal-
ysis. Five �L of the extract were injected into the UHPLC–MS/MS
system.

2.3. Instrumental and chromatographic conditions

Chromatographic analyses were performed using an Acquity
UHPLC system (Waters, Milford, MA,  USA) and separations
were achieved using an Acquity UHPLC BEH C18 column
(100 mm × 2.1 mm,  1.7 �m particle size) from Waters. The chro-
matographic separation was  carried out with gradient elution using
0.1% (v/v) formic acid in acetonitrile (eluent A) and 0.1% (v/v) formic
acid in water (eluent B) at a flow rate of 0.3 mL  min−1. The elu-
tion started at 10% of eluent A for 0.5 min  and then it was  linearly
increased up to 100% of eluent A in 5 min, held constant for 1.5 min
and returned to the initial conditions in 1.5 min. Finally, the total
run time, including the conditioning of the column to the initial con-
ditions was 8.5 min. The injection volume was 5 �L and the column
temperature was set at 30 ◦C.
Mass spectrometry analysis was  carried out using a Waters
Acquity TQD tandem quadrupole mass spectrometer (Waters,
Manchester, UK). The instrument was  operated using electro-
spray ionization (ESI) in positive ion mode. The data acquisition
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Table 1
Retention time windows (RTWs) and MS/MS  conditions of the selected compounds.

Analyte RTW (min) Voltage cone (V) Quantification transitiona Confirmation transitiona Ion ratio (%)

Albendazole 3.21–3.43 32 266.0 > 234.2 (20) 266.0 > 191.1 (35) 37
Benzathine 0.76–0.96  30 241.6 > 91.3 (25) 241.6 > 134.3 (15) 95
Emamectin 4.56–4.66  60 886.6 > 158.2 (30) 886.6 > 82.2 (30) 6
Erythromycin 3.35–3.46 35 717.1 > 158.2 (30) 717.1 > 116.2 (45) 19
Fenbendazole 3.64–3.82 32 300.0 > 268.2 (20) 300.0 > 159.1 (35) 92
Flumequine  3.48–3.72 20 262.3 > 244.3 (20) 262.3 > 202.2 (20) 6
Josamycin  3.60–3.70 55 829.3 > 174.2 (32) 829.3 > 109.1 (40) 84
Levamisole 1.97–2.23 36 205.0  > 123.1 (29) 205.0 > 117.2 (27) 60
Mebendazole 3.11–3.41 37 296.2 > 264.2 (25) 296.2 > 77.1 (46) 80
Oxfendazole 2.87–2.89  35 315.9 > 191.3 (22) 315.9 > 159.2 (35) 38
Oxolinic  acid 2.87–3.25 25 262.3 > 244.3 (20) 262.3 > 216.2 (34) 9
Sulfachlorpyridazine 2.71–2.99 32 285.1 > 156.2 (15) 285.1 > 80.2 (50) 8
Sulfadiazine  1.71–2.23 20 251.0 > 156.0 (17) 251.0 > 92.0 (25) 84
Sulfadimethoxine 3.01–3.39 60 311.1  > 156.2 (20) 311.1 > 245.3 (18) 12
Sulfadimidine 2.36–2.60 35 279.1 > 92.1 (30) 279.1 > 124.2 (20) 56
Sulfaquinoxaline 3.06–3.34  32 301.2 > 156.1 (35) 301.2 > 108.1 (30) 7
Sulfathiazole  2.03–3.13 30 256.2 > 156.1 (15) 256.2 > 92.2 (25) 72
Thiabendazole 1.93–2.13 30 201.8  > 175.2 (27) 201.8 > 131.2 (32) 73
Tilmicosin 2.76–2.92 18 870.4 > 174.3 (45) 870.4 > 696.9 (45) 5
Trimethoprim 2.16–2.24  20 291.4 > 261.3 (25) 291.4 > 230.2 (25) 61
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Tylosin  3.02–3.22 35 

a Collision energy (eV) is given in parentheses.

as performed using MassLynx 4.1 software with QuanLynx
rogram (Waters). The ionization source parameters were: cap-

llary voltage 3.0 kV, extractor voltage 2 V, source temperature
20 ◦C, desolvation temperature 350 ◦C, cone gas flow 80 L h−1

nd desolvation gas flow 600 L h−1 (both gases were nitrogen).
ollision-induced dissociation was performed using argon as the
ollision gas at the pressure of 4 × 10−3 mbar in the collision cell.
he specific MS/MS  parameters for each compound are shown in
able 1.

.4.  Validation procedure

Performance  characteristics of the optimized method were
stablished by a validation procedure according to the criteria laid
own by the European Commission Decision [44]. Analytical char-
cteristics evaluated were sensitivity, linearity, trueness through
ecovery studies, intra and interday precision, uncertainty, limits
f detection (LODs) and quantification (LOQs), decision limit (CC�)
nd detection capability (CC�) and selectivity. Linearity was eval-
ated using matrix-matched calibration (MMC), spiking extracted
lanks at six concentration levels between 10 and 250 �g kg−1. This
ange included the lower MRLs established for the analytes stud-
ed. LODs and LOQs were estimated by fortifying blank chicken
amples with veterinary drugs (1, 2, 5, 10, 20 and 30) �g kg−1

nd applying the extraction procedure prior to chromatographic
etermination. LODs and LOQs were determined as the amount
or which signal-to-noise ratio (S/N) was higher than 3 and 10,
espectively. CC� and CC� parameters were calculated based on

 linear regression model analyzing spiked blank samples at six
oncentration levels, according to BS ISO 11843-2 [45]. Recov-
ry and repeatability (intraday precision) was performed spiking
lanks at three concentration levels (20, 50 and 100) �g kg−1,
sing five replicates for each concentration level in one day,
xcept for tylosin, which lower level was 30 �g kg−1. To evalu-
te interday precision (reproducibility), the same concentration
evels were studied, spiking blanks during five consecutive days.
inally, uncertainty was also evaluated using the data obtained

rom the validation of the method [46]. Thus, expanded uncertainty
U) was obtained by multiplying the relative combined uncertainty
y a coverage factor of 2, which is related to a confidence level of
5%.
.4 > 174.3 (18) 917.4 > 101.1 (45) 17

3. Results and discussion

3.1.  Optimization of the analytical method

UHPLC coupled to MS/MS  is the most suitable technique for the
simultaneous determination of multiclass veterinary drugs, allow-
ing the reliable analysis of this type of compounds at low levels in
complex matrices.

First,  for MS/MS  detection, ESI in positive ion mode was used,
and two  transitions per compound were monitored. The MS/MS
parameters for each compound are shown in Table 1.

Then,  the chromatographic conditions were studied in order
to provide overall optimum peak shape and resolution. Thus,
the mobile phase composition was investigated to maximize the
method sensitivity and resolution. Several experiments were per-
formed to evaluate different mobile phases consisting of methanol
or acetonitrile as organic phase and water, with different concen-
trations of formic acid (0.01 and 0.1%, v/v). Acetonitrile provided
overall better sensitivity than methanol. Moreover the highest con-
centration of formic acid (0.1%, v/v) in acetonitrile provided the best
sensitivity for UHPLC–MS/MS analysis of the selected compounds.
Furthermore, the gradient was  optimized in order to provide a good
separation of the selected compounds in less than 9 min. Other
parameters such as column temperature, flow rate and injection
volume were tested in order to get a fast and reliable separation,
obtaining the best results with the conditions described in Section
2. Using these conditions, the analytes were distributed in nine
overlapping acquisition functions, containing a maximum of seven
compounds (14 transitions) per function. Good peak shape and suit-
able S/N were obtained when 0.025 s was  used as dwell time, except
for benzathine, flumequine, fenbendazole and josamycin, which
were monitored using a dwell time of 0.05 s.

To  prevent carry-over effect during UHPLC–MS/MS analysis,
different compositions of aqueous solutions of methanol or ace-
tonitrile were tested for the weak and strong solvent used during
the washing procedure of the sample needle. It was  observed
that the composition of 800 �L acetonitrile:water 10:90 (v/v) and
600 �L acetonitrile:water 90:10 (v/v), as weak and strong solvent
respectively, provided the best results.
The critical step during the development of a multiresidue
antibiotic method is the extraction and clean-up procedure. It must
be stressed that QuEChERS was developed for the extraction of
pesticides from matrices with high water content (approx. 90%).
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Fig. 1. Effect of different extraction solutions, with or withou

earing in mind that muscle contains 70% of water, 5 mL  of water
as added to the sample in order to favor the extraction of the

ompounds, as it was indicated in other applications where several
ypes of compounds were extracted from matrices with low water
ontent applying QuEChERS procedure [47,48].

First, the extractant solvent was evaluated. Several solvents
cidified with acetic acid (1%, v/v) such as acetonitrile, methanol
nd a mixture of acetonitrile–methanol (1:1, v/v) were evalu-
ted. Better recoveries were obtained for most of the compounds
hen acetonitrile was used, whereas lower recoveries (<70%) were

btained if a mixture of acetonitrile:methanol or methanol was
sed, except for flumequine and oxolinic acid, which shown better
ecoveries if a mixture of acetonitrile:methanol was  used. Further-
ore, it was observed that if a mixture of acetonitrile:water (80:20,

/v) was used, there was a slight improvement in the recoveries of
he analytes, specially for flumequine, josamycin and oxfendazole,
nd it was used for further experiments.

Considering that ethylene diamine tetraacetic acid (EDTA)
an improve the extraction of some veterinary drugs [28], the
ddition of 10 mL  of Na2EDTA solution (0.125 M)  to the extrac-
ion solution was evaluated. It can be observed (Fig. 1) that
he addition of EDTA only improves the recovery of benzimida-
oles (albendazole, mebendazole, oxfendazole and thiabendazole),
wo sulfonamides (sulfachlorpyridazine and sulfadimidine), two

acrolides (erythromycin and tilmicosin) and trimethoprim,
hereas the extraction of benzathine was significantly reduced.

A  clean-up procedure was evaluated, because interferent com-
ounds can be co-extracted during the extraction, reducing the

ifetime of the chromatographic column as well as interfering vet-
rinary drug detection. Therefore, dispersive solid phase extraction
d-SPE) with PSA was evaluated, and 1.0 mL  of the acetonitrile layer
as transferred to an Eppendorf tube containing 150 mg  of PSA.

his clean-up step was evaluated with/without the use of EDTA
uring the extraction process, obtaining the results shown in Fig. 1.
t can be observed that the addition of PSA significantly improves
he results, except for sulfadiazine and sulfadimidine, if EDTA was
dded during the extraction process. If EDTA was  not added bet-
er recoveries were obtained, except for benzathine, josamycin,
n up steps, in the QuEChERs procedure for chicken samples.

levamisole, sulfadimethoxine and sulfadimidine. For these com-
pounds recoveries decrease, but they remain higher than 70%. In
general, the addition of the clean-up step provided better results if
EDTA was not added during the extraction process except for alben-
dazole, flumequine, levamisole and oxfendazole. Therefore, EDTA
was not added in the clean-up procedure that was used for further
experiments.

Finally, Fig. 2 shows the extracted ion chromatograms (XIC)
from representative compounds for each class of veterinary drug
(quantifier transition was only shown), spiking a blank sample at
100 �g kg−1.

3.2. Method validation

A  validation procedure was carried out to evaluate several per-
formance characteristics of the method, such as linearity, trueness,
repeatability (intraday precision), reproducibility (interday preci-
sion), LODs, LOQs, CC�, CC� and uncertainty.

To  evaluate matrix effect, the slopes obtained in the calibra-
tion with MMC  were compared with those obtained with solvent
standards, injecting several concentrations from 10 to 250 �g kg−1,
except for benzathine, flumequine, oxolinic acid, sulfadimidine, thi-
abendazole, tilmicosin and trimethoprim (range 20–250 �g kg−1)
and tylosin (range 30–250 �g kg−1). Then, matrix/solvent slope
ratios for each compound were obtained (Fig. 3) considering a signal
enhancement or suppression effect as acceptable if the slope ratio
ranged from 0.8 to 1.2. Slope ratios higher values than 1.2 or lower
than 0.8 indicate a strong matrix effect. It can be observed that
a significant matrix effect was noticed for benzathine, emamectin,
flumequine, josamycin, sulfadiazine and sulfaquinoxaline, whereas
tolerable matrix effect was observed for the rest of compounds.

Then,  linearity was evaluated by MMC  at the same ranges
described above. Calibration curves were obtained by least-squares
linear regression analysis of the peak area versus concentration.

The calibration curves showed good linearity with determination
coefficients (R2) higher than 0.990 in all the cases. Furthermore,
deviations of the individual points from the calibration curve were
lower than 20%.
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ig. 2. UHPLC–MS/MS chromatograms from different compounds belonging to sev

Trueness was estimated through recovery studies, applying
he extraction procedure described previously. Table 2 shows the

btained results and it can be seen that satisfactory results were
ound, with recoveries between 70 and 120%, for all the assayed
ompounds at the three concentration levels, except for ben-
athine, which showed a recovery of 65.6% at 20 �g kg−1 and

ig. 3. Slope ratios between matrix-matched and solvent calibration. The compliance in
ffect, has been plotted.
asses of veterinary drugs spiked at 100 �g kg−1 in a blank chicken meat sample.

sulfadimidine with a recovery value of 69.0% at 100 �g kg−1, con-
cluding that recovery was acceptable for all compounds studied at

the three levels assayed.

The  precision of the method was  studied by performing repeata-
bility (intraday precision) and reproducibility (interday precision)
experiments and the results obtained are shown in Table 2. For

terval covering the range of slope ratios between 0.8 and 1.2, for tolerable matrix
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Table 2
Validation parameters of the optimized UHPLC–MS/MS method.

Analyte Recovery (%) Interday precision (RSD %)a U (%)b

20 (�g kg−1)c 50 (�g kg−1)c 100 (�g kg−1)c 20 (�g kg−1) 50 (�g kg−1) 100 (�g kg−1)

Albendazole 91.0 (8.1) 92.5 (3.1) 105.6 (1.6) 12.3 2.7 8.3 9.9
Benzathine 65.6 (8.2) 72.8 (14.8) 81.9 (9.1) 37.8 27.0 20.4 23.9
Emamectin 99.7 (4.7) 96.6 (4.1) 112.5 (1.2) 14.5 10.3 10.2 18.4
Erythromycin 111.9 (9.3) 105.8 (7.8) 117.0 (4.1) 16.0 16.3 4.3 23.1
Fenbendazole 94.7 (5.4) 93.7 (5.5) 110.3 (4.4) 10.5 6.6 7.0 15.6
Flumequine 90.4 (19.2) 89.2 (8.8) 89.0 (13.0) 27.4 21.4 18.7 19.0
Josamycin 95.6 (10.5) 102.0 (4.6) 111.9 (4.6) 4.5 7.2 10.8 14.8
Levamisole 92.4 (17.7) 97.8 (18.6) 111.5 (13.4) 14.9 8.8 21.6 25.2
Mebendazole 97.5 (2.8) 94.0 (7.2) 112.6 (5.4) 19.3 8.9 9.3 10.5
Oxfendazole 96.7 (11.9) 90.2 (6.8) 108.4 (4.3) 9.0 6.6 18.2 10.5
Oxolinic acid 75.7  (19.3) 73.8 (16.6) 118.3 (9.8) 12.2 9.2 27.2 12.0
Sulfachlorpyridazine 78.0 (22.1) 73.3 (11.8) 117.9 (3.0) 10.2 12.7 12.2 10.2
Sulfadiazine 86.5 (21.2) 88.0 (14.7) 107.3 (11.0) 11.9 11.4 14.3 9.4
Sulfadimethoxine 110.2 (7.1) 107.4 (8.9) 106.9 (7.2) 21.0 12.0 8.4 20.1
Sulfadimidine 76.0 (13.0) 82.2 (15.3) 69.0 (12.4) 13.2 5.1 12.9 6.2
Sulfaquinoxaline 96.2 (17.2) 104.9 (14.0) 96.3 (11.5) 13.2 10.3 4.5 15.0
Sulfathiazole 91.0 (18.2) 88.4 (11.3) 109.4 (7.6) 19.8 13.4 23.6 14.7
Thiabendazole 91.1 (7.5) 93.7 (9.9) 114.2 (2.7) 20.5 8.1 13.6 18.3
Tilmicosin 75.5 (11.9) 81.4 (18.1) 90.1 (19.4) 16.5 22.0 16.1 41.0
Trimethoprim 89.6 (16.2) 85.8 (10.5) 88.8 (10.7) 12.8 13.3 16.7 13.9
Tylosind 83.2 (20.5) 91.6 (20.6) 75.4 (14.5) 24.1 19.5 12.7 27.2

a Number of replicates = 5.
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b Expanded uncertainty (k = 2) estimated at 50 �g kg−1.
c Intraday precision is given in brackets as relative standard deviation (n = 5).
d The lower level concentration for this compound was  30 �g kg−1.

epeatability, it can be observed that relative standard deviations
RSDs) were always lower than 20% for all the levels assayed, except
or sulfachlorpyridazine (RSD = 22.1% at 20 �g kg−1) and tylosine
RSD = 20.5% and 20.6% at 30 and 50 �g kg−1 respectively). For
eproducibility, RSD values were lower than 28%, except for benza-
hine at 20 �g kg−1 (37.8%), indicating the stability of the developed

ethod.
The estimation of expanded uncertainty (U) was calculated by

sing the data derived from the validation of the method [46]. This
ncludes sample preparation, standards dilution, and chromato-
raphic and MS  detection variability, measured as RSD. Table 2
hows the obtained results at 50 �g kg−1, and it can be observed
hat U was below 27.2% for the assayed compounds, except for
ilmicosin (41.0%).

LODs  and LOQs were calculated analyzing blank samples spiked
t (1, 2, 5, 10, 20 and 30 �g kg−1), and they were determined as
he lowest concentration of the analyte for which S/N were 3 and
0 respectively. The results obtained are shown in Table 3. It can
e seen that LODs and LOQs were always below 6.0 �g kg−1 and
0.0 �g kg−1 respectively, except for tylosin, which showed a LOD
nd LOQ value of 9.0 �g kg−1 and 30.0 �g kg−1 respectively. How-
ver, these results were below of the MRL  of tylosin in meat, which
s 100 �g kg−1.

CC� and CC� allow the estimation of critical concentrations
bove which the method can distinguish and quantify a sub-
tance taking into account the variability of the method and the
tatistical risk to take a wrong decision. These parameters were cal-
ulated according to BS ISO 11843-2 [45] (Table 3), which allows
he determination of both parameters for both non-permitted and
ermitted compounds. For compounds without MRLs established
albendazole, benzathine, emamectin, fenbendazole, josamycin,

ebendazole, oxfendazole and thiabendazole) CC� and CC� were
alculated from the LOQ established for each analyte. For these
ompounds, the highest results were obtained for benzathine
33.1 and 46.2 �g kg−1 for CC� and CC�, respectively). For com-

ounds with a set MRL, the values ranged from 19.4 (levamisole) to
11.8 �g kg−1 (flumequine, which has a MRL  value of 400 �g kg−1)
or CC� and from 28.7 (levamisole) to 423.6 (flumequine) �g kg−1

or CC�.
The  selectivity was evaluated by analyzing control blank chicken
samples. The absence of any signal at the same retention time as
the analytes indicated that there were no matrix interferences that
may  give a false positive signal.

Finally, identification of the compounds was  carried out by
searching in the appropriate retention time windows (RTWs),
defined as the retention time ± three standard deviations calcu-
lated from the retention time of the compounds, obtained when
10 blank chicken meat samples were spiked at 50 �g/kg (Table 1).
Furthermore according to Annex I of Directive 96/23/EC [49], sub-
stances that exert pharmacological activity are classified in group
B (veterinary drugs and contaminants) and a minimum of three
points is required for their identification. In accordance with Euro-
pean Commission Decision 657/2002/EC [44], four identification
points were obtained (one precursor ion and two product ions).
Moreover, the relative intensities of the ions detected were com-
pared with those obtained using fortified blank chicken meat
samples. Confirmation was  considered reliable if the relative inten-
sities of the product ions was  within the criteria laid down in the
European Commission Decision 657/2002/EC [44]. Table 1 shows
the obtained ion ratios. Thus, the identification and confirmation of
a  target compound must meet the tolerances for the retention time
and the ion ratio of the quantification and confirmation transitions.

3.3. Sample analysis

The  developed method was  applied to the determination of vet-
erinary drug residues in eleven chicken samples obtained from local
supermarkets in Almeria (Spain). In order to ensure the quality
of the results when the proposed method was  applied, an inter-
nal quality control was carried out in every batch of samples. This
quality control consisted of a matrix-matched calibration, a reagent
blank and a spiked blank sample at 30 �g kg−1. Furthermore, the
retention time and the relative intensities of the detected ions in
real samples were compared to those of corresponding calibra-

tion standards in the same batch to confirm the identity of the
detected analytes using the criteria established by Decision Com-
mission 657/2002/EC [44]. The obtained results are indicated in
Table 4. Traces of veterinary drugs (<LOQ) were observed in 8
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Table 3
MRL,  LOD, LOQ, CC� and CC� obtained for the studied compounds.

Analyte MRL (�g kg−1)a LOD (�g kg−1) LOQ (�g kg−1) CC� (�g kg−1) CC� (�g kg−1)

Albendazole –b 3.2 10.0 24.5 38.4
Benzathine – 6.4 20.0 23.1 36.2
Emamectin – 3.2 10.0 18.5 26.3
Erythromycin 200.0 3.2 10.0 207.8 215.6
Fenbendazole – 3.2 10.0 17.8 25.0
Flumequine 400.0 6.4 20.0 411.8 423.6
Josamycin – 3.2 10.0 19.3 28.7
Levamisole 10.0 3.2 10.0 19.4 28.7
Mebendazole – 3.2 10.0 17.0 24.1
Oxfendazole – 3.2 10.0 18.6 26.5
Oxolinic acid 100.0  6.4 20.0 108.9 117.8
Sulfachlorpyridazine 100.0 3.2 10.0 107.4 114.7
Sulfadiazine 100.0 3.2 10.0 116.9 133.8
Sulfadimethoxine 100.0 3.2 10.0 106.8 113.6
Sulfadimidine 100.0 6.4 20.0 111.1 122.2
Sulfaquinoxaline 100.0 3.2 10.0 120.1 140.3
Sulfathiazole 100.0 6.4 20.0 106.0 112.1
Thiabendazole – 6.4 20.0 22.4 33.6
Tilmicosin 75.0 6.4 20.0 111.5 148.1
Trimethoprim 50.0 6.4 20.0 60.0 70.1
Tylosin 100.0 16.0 30.0 108.2 116.5

a For analytes that do not have a MRL  established, the limit of quantification (LOQ) was  used to estimate CC� and CC� .
b MRL  not established for this compound in the matrix evaluated.

Table  4
Concentration of veterinary drugs (�g kg−1) found in real samples.

Analyte S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

Benzathine – – – – – – – – – 29.9 –
Levamisole  – <LOQ – <LOQ <LOQ – <LOQ – – – –
Mebendazole <LOQ  – <LOQ <LOQ <LOQ – – – <LOQ – <LOQ
Sulfadiazine  – – – <LOQ – – – – – – –
Thiabendazole – – – – – – – – – <LOQ –
Trimethoprim – – – – – – <LOQ – – – –

– 

s
a
o
n
t
o
d

F
2

Tylosin  – – – <LOQ 

amples (levamisole, mebendazole, sulfadiazine, tylosin and thi-
bendazole), and only benzathine was detected above the LOQ in
ne sample at 29.9 �g kg−1 (Fig. 4). It must be stated that despite

o MRL  has been established for this compound for chicken tissues,
his is usually used to stabilize penicillin. Therefore, the detection
f this compound can indicate the use of this type of veterinary
rug in the analyzed sample.

m/z 241.6>134.3
1.260e+003

%

100

0
0.7 1.31.0 1.5

m/z 241.6>91.3
1.230e+003

100

%

0
0.7 1.31.0

Time (min)
1.5

ig. 4. UHPLC–MS/MS chromatogram for a positive sample of benzathine at
9.9  �g kg−1.
– – – – – –

4. Conclusions

In this work, a simple, cheap, fast, reproducible and sensitive
multiclass method was  developed and validated for the quantifica-
tion of a large range of veterinary drugs (21 analytes from seven
different classes) in chicken samples. The method employs the
QuEChERS extraction method (including the clean up step with
PSA) and UHPLC–MS/MS. The compounds examined in this study
possess a wide range of physicochemical properties indicating the
potential of the QuEChERS procedure for the extraction of veteri-
nary residues in chicken. The method was  validated according to
international guidelines and good validation data were obtained for
linearity, recovery, precision, LODs, LOQs, CC�, CC� and uncertainty.
15 samples can be extracted in less than 1 h using the proposed
method, and the extracts can be analyzed in less than 2.5 h. Bearing
in mind that many compounds are determined from a single extrac-
tion, the proposed method could be applied in routine analysis. It
must be indicated that penicillins were not target compounds in
this study. However, benzathine can be used as indicator for these
compounds, bearing in mind that it is used to stabilize them.
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