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a b s t r a c t

A multiresidue method was described for determining eight sulfonamides, SAs (sulfadiazine, sulfamer-
azine, sulfamethoxypyridazine, sulfachloropyridazine, sulfadoxine, sulfamethoxazole, sulfadimethoxine
and sulfaquinoxaline) in animal muscle tissues (pork, chicken, turkey, lamb and beef) at concentrations
below the maximum residue limit (100 �g kg−1) set by the European Commission. The method was
based on the microextraction of SAs in 300-mg muscle samples with 1 mL of a supramolecular solvent
made up of reverse micelles of decanoic acid (DeA) and posterior determination of SAs in the extract by
LC/fluorescence detection, after in situ derivatization with fluorescamine. Recoveries were quantitative
(98–109%) and matrix-independent, no concentration of the extracts was required, the microextraction
took about 30 min and several samples could be simultaneously treated. Formation of multiple hydrogen
bonds between the carboxylic groups of the solvent and the target SAs (hydrogen donor and acceptor
ultiresidue analysis
iquid chromatography
luorescence detection

sum between 9 and 11) were considered as the major forces driving microextraction. The method was
validated according to the European Union regulation 2002/657/EC. Analytical performance in terms of
linearity, selectivity, trueness, precision, stability of SAs, decision limit and detection capability were
determined. Quantitation limits for the different SAs ranged between 12 �g kg−1 and 44 �g kg−1, they
being nearly independent of matrix composition. Repeatability and reproducibility, expressed as relative
standard deviation, were in the ranges 1.8–3.6% and 3.3–6.1%. The results of the validation process proved

le for
that the method is suitab

. Introduction

Sulfonamides (SAs) are among the most used veterinary drugs
wing to their broad-spectrum antimicrobial activity, effectiveness
s growth promoters of livestock and low price [1]. The possible
resence of residues of these drugs in edible animal products is of
ajor concern because they can cause serious health problems in

umans, such as allergic or toxic reactions [2,3]. They are frequently
etected in a variety of food-producing animals [4–6] at concen-
rations above the maximum residue limit (MRL) set by different
ountries (100 �g kg−1 for total SAs [7–9]).

Quantification of these wide polarity range compounds in edi-
le animal products is a challenging task. The technique most

xtensively used for this purpose is liquid chromatography (LC)
oupled to mass spectrometry (MS) [1,4,10–12] or fluorescence
FL) detection [13–16]. LC/MS using matrix-matched calibration is
trongly recommended to determine veterinary residues because

∗ Corresponding author. Tel.: +34 957 218644; fax: +34 957 218644.
E-mail address: qa1rubrs@uco.es (S. Rubio).

021-9673/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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determining sulfonamide residues in surveillance programs.
© 2010 Elsevier B.V. All rights reserved.

the high sensitivity and specificity it provides [17,18]. Derivati-
zation is required to determine SAs using fluorescence detection.
Although both LC/MS and LC/FL are considered as reference for
many matrices, a quick, widely applicable sample treatment is lack-
ing.

Most sample handling procedures reported for SAs involve
the use of repetitive extractions followed by clean up and con-
centration steps. Because of the absence of suitable solvents to
quantitatively extract such wide polarity range analytes, extrac-
tion with large solvent volumes (typically 15–140 mL per sample
[4,5,10,13–15,19,20]) assisted by auxiliary energies (i.e. ultra-
sounds [5,2], microwaves [21] or pressure [6]) is a common
strategy. The most frequently used solvent is acetonitrile, alone
or in the presence of salts. Alternative solvents such as supercriti-
cal fluids have been also reported [22]. Clean up is usually carried
out by liquid–liquid (LLE) [4,5,10,13–15] and/or solid phase (SPE)

[6,10,19] extraction, while preconcentration is generally achieved
by solvent evaporation. Simplified sample treatments such as
matrix solid-phase dispersion extraction (MSPDE) [23], dispersive
SPE [16] or liquid phase microextraction (LPME) [22] permit to
reduce analysis time and solvent consumption (5–7 mL). How-

dx.doi.org/10.1016/j.chroma.2010.08.017
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:qa1rubrs@uco.es
dx.doi.org/10.1016/j.chroma.2010.08.017
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Table 1
Chemical structure, octanol–water partition coefficients (log Kow), ionization constants (pKa,1 and pKa,2) and number of donor and acceptor groups for sulfonamides.

General structure Sulfonamide antibiotic R aLog Kow
bpKa,1

bpKa,2
bHydrogen donor
and acceptor sum

Sulfadiazine (SD) −0.09 1.64 6.50 9

Sulfamerazine (SM) 0.14 1.64 6.98 9

Sulfametoxypyridazine (SMP) 0.32 2.18 7.19 10

Sulfachloropyridazine (SCP) 0.31 1.88 5.90 9

Sulfadoxine (SDX) 0.70 1.59 6.16 11

Sulfamethoxazole (SMT) 0.89 1.39 5.81 9

Sulfadimethoxine (SDM) 1.63 1.30 6.21 11

Sulfaquinoxaline (SQ) 1.68 1.77 5.65 9
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vailable from: http://toxnet.nlm.nih.gov.
a Obtained from the ChemIDplus Lite database, National Institute of Health (USA
b Calculated using the Advanced Chemistry Development (ACD/Labs) Software V

ver, many of the above approaches have been optimized and
alidated for a unique food matrix (i.e. chicken or pork muscle
6,16,2,23,24]) and others provide low and/or matrix-dependent
ecoveries [5,10,14,20].

This article deals with the assessment of supramolecular sol-
ents (SUPRAS) for the extraction of sulfonamide residues in edible
nimal tissues in order to develop a quick, simple and efficient sam-
le treatment procedure that along with a simple technique, LC–FL,
rovides a low-cost method able to fulfil the requirements of the
002/657/EC decision.

SUPRAS are nano-structured liquids generated from
mphiphiles through a sequential, self-assembly process occurring
n two scales, molecular and nano [25]. Basic components of
UPRAS are water and amphiphiles arranged in ordered structures
e.g. aqueous or reverse micelles and vesicles). These solvents
re well-known to the analytical community and have been used
or long years in extraction processes under different names
e.g. cloud point technique [26–28] or coacervates [29,30]). The
utstanding properties of SUPRAS for extraction processes derive
rom the special structure of the ordered aggregates that constitute
hem and the large concentration of amphiphiles in the solvent
0.1–1 mg �L−1). Both features determine the high capability
f solubilisation of SUPRAS for a variety of solutes, which ren-
ers them ideal for multiresidue analysis in the environmental
nd agrifood fields, an outstanding property hardly explored so

ar.

Application of SUPRAS made up of non-ionic micelles to the
xtraction of hydrophobic organic compounds and metals, mainly
rom environmental and biological liquid samples, is a consolidated
rea and excellent published reviews compile this information
r Solaris.

[31–34]. Effective extraction of polar compounds by SUPRAS
depends on the nature of surfactant polar groups and the type
of interactions they can establish with analytes (viz. ionic, hydro-
gen bonding, �-cation, �–�, etc.) [31]. A great deal of research has
been conducted in the last decade related to the extraction of polar
compounds by SUPRAS; the major advances being obtained with
the development of SUPRAS based on ionic surfactants and other
aggregates than aqueous micelles (viz. reverse micelles and vesi-
cles) [35,36]. Applications include the extraction of pesticides [37],
surfactants [38], bioactive compounds [29], dyes [39], endocrine
disruptors [40] and phenols [41], among others. Only a few appli-
cations have been devoted to the extraction of residues in food
(viz. pesticides in fruits [42] and cereals [43], endocrine disruptors
in canned foods [44], drug residues in seafood [45], contaminants
in drinks [23]) and most of them involve the extraction of 1–2
analytes.

SUPRAS have been used for the first time in this work for the
microextraction of multiresidues of SAs in animal muscle tissues
Table 1 shows the molecular structures and physico-chemical prop-
erties of the SAs assayed. The SUPRAS used for extraction was made
up of reverse micelles of decanoico acid (DeA) [36]. The solvent
was expected to provide high extraction efficiencies for SAs on
the basis of: (1) the strong hydrogen bonds that can be estab-
lished between sulfonamides and carboxylic groups and (2) the
high concentration of DeA in the SUPRAS (0.76 mg �L−1). The study

included the optimization of the variables affecting the efficiency of
the extraction and the yield of the derivatization reaction. The pro-
posed method was validated following the guidelines established
in the 2002/657/EC Commission Decision [46], and SAs were deter-
mined in different edible animal tissues (muscle of pork, chicken,

http://toxnet.nlm.nih.gov/
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urkey, lamb and beef). The main results obtained are presented
nd discussed below.

. Experimental

.1. Chemicals

All the chemicals were of analytical reagent-grade and were
sed as supplied. Phosphoric acid and LC-grade acetonitrile,
ethanol and tetrahydrofuran (THF) were obtained from Panreac

Barcelona, Spain) and decanoic acid (DeA) from Sigma (St. Louis,
O). Ultra-high-quality water was obtained from a Mili-Q water

urification system (Millipore, Madrid, Spain). A fluorescamine
olution (5%, w/v) was prepared by dissolving the reagent [Fluka
Buchs, Switzerland)] in acetone. This solution was stable for
t least 3 months. Sulfonamides [sulfadiazine (SD), sulfamer-
zine (SM), sulfamethoxypyridazine (SMP), sulfachloropyridazine
SCP) sulfadoxine (SDX), sulfamethoxazole (SMT), sulfadimethox-
ne (SDM) and sulfaquinoxaline (SQ)] were supplied by Riedel-de
aën (Seelze, Germany). Stock solutions of 100 mg L−1 individual
As were prepared in methanol and stored at −20 ◦C. A 2-mL work-
ng solution containing 5 mg L−1 of each SA was daily prepared by
ppropriate dilution of the stock solutions with the supramolec-
lar solvent. Six calibration solutions, containing amounts of SAs

n the range 2–360 ng were prepared in 0.5-mL volumetric flasks
rom the working solution by dilution with the supramolecular
olvent.

.2. Apparatus

The liquid chromatographic system used consisted of a Ter-
oQuest Spectra System (San Jose, CA, USA) furnished with
P4000 quaternary pump, a SCM 1000 vacuum membrane

egasser, an AS3000 auto-sampler and a FL3000 fluorescence
etector. The stationary-phase column was a Kromasil C8 col-
mn (5 �m, 250 mm × 4.0 mm) from Analisis Vinicos (Tomelloso,
pain). A homogenizer-disperser Ultra-Turrax T25 Basic from Ika
Werke, Germany), a vortex-shaker REAX Top equipped with an
ttachment (ref. 549-01000-00) for 10 microtubes from Heidolph
Schwabach, Germany) and a high speed brushless centrifuge

PW-350R equipped with an angle rotor 36 × 2.2/1.5 mL (ref.
1462) from MPW Med-Instruments (Warschaw, Poland) were
sed for sample preparation. A magnetic stirrer Basicmagmix from
van (Barcelona, Spain) and a digitally regulated centrifuge Mix-

asel equipped with an angle rotor 4 × 100 mL (ref. 7001326) from
P-Selecta (Abrera, Spain) were used for supramolecular solvent
roduction.

.3. Supramolecular solvent production

The following procedure, which permits to obtain a supramolec-
lar solvent volume (∼8.5 mL) able to treat 8 meat samples,
as routinely followed. Decanoic acid (6.5 g) was dissolved in

HF (4.2 mL) in a 100-mL glass centrifuge tube. Then, 80 mL
f a 10 mM hydrochloric acid aqueous solution was added. The
ixture was magnetically stirred for 5 min, time in which the

upramolecular solvent spontaneously formed into the bulk solu-
ion. Then, the suspension was centrifuged at 3500 rpm for
0 min to speed solvent separation up, which is less dense than

ater. Next, it was withdrawn using a 10-mL syringe, trans-

erred to a hermetically closed glass vial to avoid THF losses and
tored at 4 ◦C. The volume of solvent obtained can be adjusted
t will by choosing an appropriate, constant DeA/THF/water
roportion.
A 1217 (2010) 6250–6257

2.4. Determination of SAs in meat samples

2.4.1. Sample preparation
Meat samples (pork, chicken, turkey, lamb and beef) were

bought in local supermarkets and stored at −20 ◦C until analysis.
After thawing, about 300 g of sample was chopped and homog-
enized using a homogenizer-disperser. Then, portions of about
300 mg were taken for analysis and recovery experiments, which
were performed in triplicate. Spiking of chopped samples (300 mg)
was done by adding volumes in the range 4–230 �L of a solution
containing SAs (3 mg L−1 each) in methanol. The spiked samples
were allowed to stand at room temperature for 15 min before anal-
ysis. Spiking for sample representativity studies was made using
4 g aliquot samples.

2.4.2. Microextraction of SAs
A portion (about 300 mg) of chopped sample and 1 mL of

supramolecular solvent were mixed in a 2-mL microtube Safe-
Lock from Eppendorf Ibérica (Madrid, Spain). A microPTFE-coated
bar (3 mm × 10 mm, Pobel, Madrid, Spain) was introduced in the
microtube to favour sample dispersion during extraction, which
was made by sample vortex-shaken at 2500 rpm for 30 min. Then,
the mixture, thermostated at 15 ◦C, was centrifuged at 15,000 rpm
(16,720 × g) for 10 min. The supramolecular extract was withdrawn
using a micropipette and transferred to an auto-sampler vial.

2.4.3. Derivatization
Calibration solutions or supramolecular extracts (140 �L) con-

taining amounts of SAs in the interval 0.6–100 ng and 60 �L of
fluorescamine solution (5%, w/v) were placed in auto-sampler vials.
Then, they were vortex-shaken at 2500 rpm for 10 s, placed in the
auto-sampler and allowed to stand at room temperature for 70 min
before injecting an aliquot (30 �L) of the resulting solution into the
liquid chromatograph.

2.4.4. Liquid chromatography–fluorescence detection
Derivatized SAs were separated by LC and quantified by

fluorescence measurements performed at 405/490 nm exci-
tation/emission wavelengths. The mobile phase consisted of
acetonitrile/concentrated H3PO3 (99.91:0.09, v/v) (A) and 15 mM
of phosphate buffer (pH = 3) (B). Two sequential isocratic elution
steps were used: (1) 0–32 min: 25% A and 75% B for elution of
matrix components and (2) 32–65 min: 35% A and 65% B for sep-
aration of SA derivatives. After each run, initial elution conditions
were restored for 5 min before the next injection. The flow-rate of
the mobile phase and the temperature of the stationary-phase col-
umn were kept constant at 1.1 mL min−1 and 40 ◦C, respectively.
Calibration curves were run from six calibration solutions.

3. Results and discussion

3.1. Supramolecular solvent-based microextraction of SAs

Reverse micelles of DeA in THF self-assemble in the presence
of water undergoing phase separation from the bulk homogeneous
solution as an immiscible liquid made up of large reverse micelles,
THF and water. The SUPRAS is produced within a wide range of
THF/water ratios (e.g. from 5/95 to 80/20, v/v) and DeA concen-
trations below 8% (w/v). Reverse micelles are only formed from
decanoic acid (pka = 4.8 ± 0.2), so maximal production of this sol-
vent occurs at pH below 4.
SUPRAS composition mainly depends on the THF/water ratio
(v/v) in the bulk solution. It keeps constant at a given THF/water
ratio, independently of the amount of DeA in the mixture. The vol-
ume of solvent produced is linearly and exponentially dependent
on the amount of decanoic acid and percentage of THF, respectively.
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o, the amount of DeA in the solvent decreases as the concentra-
ion of THF increases (e.g. 0.76 mg �L−1 and 0.21 mg �L−1 for 5%
nd 30% of THF, respectively [45]).

.1.1. Optimization
The extraction of SAs from meat samples involves the break-

ng down of hydrogen bonds between the amide groups of matrix
roteins and the amine moiety of analytes and the solubilisation of
ree SAs in the SUPRAS based on hydrogen bond and hydrophobic
nteractions.

Optimization of SUPRAS extraction was carried out using pork
issue (100–300 mg), which was used as a sample model, spiked
ith the eight SAs at a concentration of 200 �g kg−1 each. Exper-

ments were made in triplicate. The percentages of protein in the
amples analysed were within the interval 16.6–21.8% (w/w), 16.9%
or pork [47], and their fact content mainly depended on the part
f the animal being analysed (viz. it varies from 2.9% to 23.4%).
election of the optimal conditions was based on the recoveries
nd method quantitation limits (MQLs) obtained. The level of inter-
erences extracted in the supramolecular solvent was also taken
nto account. MQLs were calculated from the instrumental quan-
itation limits (80 pg for SD and SMT, 90 pg for SM and SDX, and
00 pg, 150 pg, 190 pg and 250 pg for SDM, SCP, SMP and SQ, respec-
ively), the volume of supramolecular solvent used for extraction,
he recoveries obtained and the weight of sample used for anal-
sis. The variables investigated were: composition and volume of
xtractant, pH, time required to reach equilibrium conditions and
ime of centrifugation necessary to obtain free-particle extracts.
he representativity of the amount of sample selected for meat
nalysis, after applying the sample treatment recommended in Sec-
ion 2.4.1, was also evaluated.

SUPRAS of different compositions were prepared from a con-
tant concentration of DeA [8% (w/v)] and variable THF/water ratios
5/95 to 30–70, v/v)] and a volume of 1 mL was used to extract SAs
rom 300-mg pork samples. In parallel, non-fortified samples were
nalyzed to assess the influence of the SUPRA composition on the
leanliness of extracts. The concentration of DeA in these solvents
anged between 0.21 mg �L−1 and 0.76 mg �L−1. SUPRAS compo-
ition was found not to influence SA recoveries however, extracts
ecame dirtier as the THF in the SUPRAS increased which resulted

n interferences in the chromatographic determination of SAs. The
olvent providing the cleanest extracts was that produced from a
/95 (v/v) THF/water ratio, and therefore, it was selected for further
tudies.

Table 2 shows the recoveries and MQLs obtained for SAs as a
unction of the volume of SUPRAS used for extraction. Recover-
es were nearly 100% for all the SAs and MQLs ranged between
3 �g kg−1 and 40 �g kg−1 (i.e. lower than the MRLs legislated for
eat, 100 �g kg−1 [7–9]) as 1 mL of SUPRAS was used. So, this vol-

me was selected as optimal.
The pH had not influence on SA extraction. This parameter was

nvestigated by producing the supramolecular solvent from water
olutions in which the pH was adjusted between 1 and 4 with
ydrochloric acid. Then, 1 mL aliquots of these solvents were used

or extraction. Both recoveries and MQLs kept constant in the inter-
al investigated.

Table 3 shows the influence of the time of extraction and
entrifugation on SA recoveries. About 30 min of extraction were
equired to achieve recoveries nearly 100% for all the sulfonamides.
ffective separation of particles from the SUPRAS was reached after
entrifugation for 10 min.
To evaluate the representativity of the amount of pork sam-
le used for analysis, the variances obtained for the measurement
f SAs in 300-mg pork subsamples fortified with 100 �g kg−1 of
ach SA were compared with those obtained from the measure-
ent of 300-mg aliquots taken from a 4 g pork sample spiked
1217 (2010) 6250–6257 6253

at the same concentration level. No statistically significant differ-
ences between both variances were observed by applying a Fisher
test [48]. The experimental F-values were in the interval 1.09–1.59
and were below the critical F-value (2.98, n1 = n2 = 11, significant
level = 0.05).

3.2. Derivatization of SAs in the SUPRAS

Sulfonamides were derivatized in the SUPRAS extract using flu-
orescamine [13]. Because of both the concentration of reagent and
time necessary to obtain maximal product yield have been known
to highly depend on the composition of the reaction medium
[13,14,49], we studied how these variables behave in the SUPRAS.
Experiments performed to select the optimal concentration of flu-
orescamine were as follows: variable volumes of fluorescamine
solution (5%, w/v) in acetone were added to standard solutions con-
taining 60 ng of each SA dissolved in the supramolecular solvent
(total fluorescamine + standard solution volume = 200 �L). After
70 min of reaction, the mixture was analysed by LC–FL. Peak areas
increased as the concentration of fluorescamine did up to 1.5% (w/v)
and they slightly decreased at higher reagent amounts probably
due to quenching effects produced by fluorescamine hydrolysis
products [49]. A reagent concentration of 1.5% (w/v) was selected
as optimum because it provides the maximum sensitivity for the
determination of all the analytes tested.

Kinetic curves obtained for the reaction of derivatization of the
different SAs investigated were similar to those previously reported
in hydro-organic solutions [13]. Maximal signals were obtained at
reactions times between 50 min and 100 min. In practice, it is con-
venient to match the time for derivatization and chromatographic
run in order to automate the first one in the auto-sampler [15], so
a reaction time of 70 min was selected.

No influence of the matrix components extracted from samples
of pork, chicken, turkey, lamb and beef on the yield of the reaction of
derivatization was observed. Signals obtained for SA-fortified pure
and sample SUPRAS extracts were similar.

3.3. Validation

Validation of the proposed approach was carried out accord-
ing to the guidelines established by the 2002/657/EC Commission
Decision [46] for quantitative methods of analysis. This decision
provides rules for the analytical methods to be used for determining
veterinary drug residues in products of animal origin.

3.3.1. Sensitivity and linearity
Calibration parameters and detection (MDLs) and quantitation

(MQLs) limits for the determination of SAs by the proposed method
are shown in Table 4. Calibration curves were run using six stan-
dard solutions prepared in the supramolecular solvent. The linear
range was confirmed by the visual inspection of the plot residuals
versus analyte amount [50]; the residuals were randomly scat-
tered within a horizontal band and a random sequence of positive
and negative residuals was obtained. The MDLs were calculated
from six independent complete analysis (experimental procedure
in Section 2.4) of pork, chicken, turkey, lamb and beef samples,
containing no detectable levels of SAs, by using a signal-to-noise
ratio of 3 (the ratio between the peak areas for each target ana-
lyte and peak area of noise). The MQLs were calculated in a similar
way by using a signal-to-noise ratio of 10. Very small differences

were observed between the MDLs and MQLs achieved for the deter-
mination of a given SAs in the different meat matrices assayed
and MQLs lower than 100 �g kg−1 (the current MRL established
for total SAs in meat [7–9]) were obtained for all the analytes
determined.
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Table 2
Mean recoveries and method quantification limits obtained for sulfonamides as a function of the volume of supramolecular solvent used for extraction.

Sulfonamide Volume of supramolecular solvent (mL)

0.4 0.6 0.8 1.0

Recoverya ± sb (%) MQL (�g kg−1) Recoverya ± sb (%) MQL (�g kg−1) Recoverya ± sb (%) MQL (�g kg−1) Recoverya ± sb (%) MQL (�g kg−1)

SD 44 ± 1 11 50 ± 1 15 81 ± 1 12 104 ± 4 13
SM 64 ± 2 9 76 ± 2 11 104 ± 8 11 102 ± 2 14
SMP 60 ± 1 20 75 ± 3 24 103 ± 9 24 101 ± 2 30
SCP 54 ± 1 17 69 ± 6 21 91 ± 12 21 104 ± 3 24
SDX 77 ± 1 7 87 ± 6 10 100 ± 1 11 101 ± 1 14
SMT 65 ± 1 8 74 ± 4 10 105 ± 1 10 101 ± 3 13
SDM 73 ± 1 9 88 ± 1 11 105 ± 4 13 103 ± 4 16
SQ 63 ± 1 25 76 ± 7 31 93 ± 8 34 98 ± 1 40

a 300 mg of pork spiked with 200 �g kg−1 of each SA.
b Standard deviation, n = 3.

Table 3
Recovery (mean value ± standard deviation)a obtained for sulfonamides using different operational conditions.

Sulfonamide Extraction time (min)b Centrifugation time (min)c

5 15 30 45 5 10 15

SD 82 ± 2 88 ± 1 104 ± 4 103 ± 2 83 ± 1 104 ± 4 104 ± 3
SM 78 ± 1 87 ± 4 102 ± 2 104 ± 2 95 ± 1 102 ± 2 103 ± 2
SMP 69 ± 4 92 ± 1 101 ± 2 100 ± 1 94 ± 1 101 ± 2 101 ± 2
SCP 77 ± 2 100 ± 3 104 ± 3 100 ± 2 95 ± 1 104 ± 3 104 ± 5
SDX 77 ± 2 94 ± 1 101 ± 1 100 ± 2 92 ± 1 101 ± 1 106 ± 4
SMT 76 ± 1 93 ± 2 101 ± 3 102 ± 1 95 ± 1 101 ± 3 102 ± 3
SDM 78 ± 1 96 ± 2 103 ± 4 103 ± 2 98 ± 1 103 ± 4 99 ± 2

olven
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SQ 84 ± 3 96 ± 2 98 ± 1

a 300 mg of pork spiked with 200 �g kg−1 of each SA; volume of supramolecular s
b Centrifugation time = 10 min.
c Extraction time = 30 min.

.3.2. Selectivity
To assess the possible interference from matrix components,

wo approaches were implemented. The first one consisted in
nalysing six blank muscle samples from pork, chicken, turkey,
amb and beef, and checking the chromatograms obtained for any
eaks in the regions of interest where the target analytes were
xpected to elute. The second approach involved the comparison
f the slopes of the calibration curves obtained from standards
n supramolecular solvent with those run from meat fortified

ith known amounts of the target analytes (50–2300 �g kg−1)
nalyzed using the whole recommended procedure (see Section
.4). Chromatograms obtained from most blank samples anal-

sed showed a peak near the retention time of SD but it did
ot affect to the accuracy achieved for the determination of the
nalyte as it could be inferred from the results obtained from the
nalysis of spiked samples. The slopes of the calibration curves
btained for SD (n = 6) from pork, chicken, turkey, lamb and beef

able 4
nalytical figures of merit of the proposed method.

Sulfonamide antibiotic Calibration parameters

Linear rangea (ng) Slope ± s (pg−1) Intercept ±
SD 0.08–15 6.83 ± 0.03 0.4 ± 0.2
SM 0.09–15 5.61 ± 0.06 0.6 ± 0.5
SMP 0.19–15 2.83 ± 0.01 0.5 ± 0.1
SCP 0.15–15 3.48 ± 0.05 0.1 ± 0.4
SDX 0.09–15 5.93 ± 0.06 −0.1 ± 0.4
SMT 0.08–15 6.31 ± 0.07 −0.1 ± 0.6
SDM 0.10–15 5.13 ± 0.05 0.7 ± 0.4
SQ 0.25–15 2.09 ± 0.02 0.5 ± 0.2

a Instrumental quantitation limit calculated by using a signal-to-noise ratio of 10.
b Correlation coefficient.
c Standard error of the estimate.
d Range of detection limits obtained for the determination of SAs in muscle of pork, chi
e Range of quantitation limits obtained for the determination of SAs in muscle of pork,
99 ± 1 88 ± 2 98 ± 1 98 ± 3

t = 1.0 mL; vibration motion = 2500 rpm, and centrifugation rate = 15,000 rpm; n = 3.

samples were 6.83 ± 0.03 pg−1, 7.03 ± 0.27 pg−1, 6.76 ± 0.04 pg−1,
6.92 ± 0.05 pg−1, 7.06 ± 0.04 pg−1, 6.75 ± 0.09 pg−1 and that
obtained for this analyte from standards in supramolecular solvent
6.83 ± 0.03 pg−1. No statistically significant differences between
these slopes were observed by applying a Student’s t test [51]. The
experimental t-values were in the interval 0.01–0.15 and were far
below the critical t-value (3.36, significant level = 0.01). Similarly,
slopes of the calibration curves obtained for the rest of SAs from
standard and from meat samples did not shown statistically
significant differences (experimental t-values = 0.01–2.01, critical
t-value = 3.36, significant level = 0.01).
3.3.3. Trueness
As no certified reference materials for SAs in meat were avail-

able, the trueness of the method was assessed by repetitive
analysis (n = 11) of blank pork samples spiked at two concentra-
tion levels; i.e. 100 �g kg−1 and 200 �g kg−1. The concentrations

MDLd (�g kg−1) MQLe (�g kg−1)

s × 103 rb Sx/y
c × 102

0.99997 3.7 3.4–4.0 12.4–13.3
0.9998 8.6 4.5–4.8 15.1–16.2
0.99997 1.5 9.0–9.7 29.9–32.1
0.9995 7.0 7.3–7.8 24.3–26.1
0.9998 7.4 4.3–4.6 14.3–15.3
0.9998 9.3 4.0–4.3 13.4–14.4
0.9998 6.4 4.9–5.3 16.5–17.7
0.9998 2.9 12.1–13.1 40.5–43.5

cken, turkey, lamb and beef.
chicken, turkey, lamb and beef.
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Fig. 1. Chromatograms obtained from (A) a standard solution containing 70 �g L−1
E.M. Costi et al. / J. Chroma

ound, expressed as mean values (n = 6) ± the expanded uncer-
ainly, estimated as ks [52] (coverage factor k = 2 for a significant
evel of 0.05), were 100 ± 7 �g kg−1 and 199 ± 4 �g kg−1 for SD,
02 ± 6 �g kg−1 and 199 ± 2 �g kg−1 for SM, 102 ± 8 �g kg−1 and
00 ± 4 �g kg−1 for SMP, 100 ± 5 �g kg−1 and 200 ± 3 �g kg−1 for
CP, 100 ± 5 �g kg−1 and 201 ± 2 �g kg−1 for SDX, 100 ± 6 �g kg−1

nd 201 ± 3 �g kg−1 for SMT, 101 ± 6 �g kg−1 and 201 ± 4 �g kg−1

or SDM, and 101 ± 6 �g kg−1 and 199 ± 5 �g kg−1 for SQ. Recover-
es ranged between 99% and 102% (according to the 2002/657/EC
ommission Decision [46] recovery data are acceptable when they
re within the interval 80–110% for analyte concentrations higher
han 10 �g kg−1).

.3.4. Precision
The precision was evaluated in terms of repeatability and repro-

ucibility by analysing thirty aliquots of a blank pork sample spiked
ith 100 �g kg−1 of SAs. Analyses were performed in 5 days (six

liquots each) using different supramolecular solvents, standard
olutions and mobile phases. The within-assay precision, expressed
s standard deviation, was calculated as the square root of the
verage value of the intra-day variances obtained and, the between-
ssay one as the square root of the mean intra-day variance plus the
nter-day variance. The relative standard deviations under repeata-
ility and reproducibility conditions varied within the intervals
.8–3.6% and 3.3–6.1%, respectively (according to the 2002/657/EC
ommission Decision [46] the relative standard deviation under
ithin-laboratory reproducibility conditions should not exceed

5% for analyte concentrations comprised between 100 �g kg−1

nd 1000 �g kg−1).

.3.5. Stability
The stability of SAs was assessed in both stock solutions and

ample extracts. Stock solutions of each SA at a concentration of
00 mg L−1 were stable for at least 1 month as they were stored at
20 ◦C and working solutions containing 1.5 mg L−1 of each analyte
ere stable for 12 h at room temperature. To evaluate the stabil-

ty of SAs in meat extracts, samples of pork, chicken, turkey, lamb
nd beef containing no SAs were fortified with the analytes at two
oncentration levels (100 �g kg−1 and 500 �g kg−1) and extracted
sing the proposed microextraction procedure (Section 2.4.2). Each
f the extract obtained was divided in two aliquots. SAs were deter-
ined in one aliquot immediately after extraction and the other

ne was stored at room temperature for 12 h before analysis. No
ifferences were obtained between the results obtained from both
liquots.

With regard to the stability of SAs in samples, previous reported
tudies [16,19] have demonstrated that these drug residues are sta-
le in edible animal tissues (e.g. muscle of chicken, beef, pork, etc.)
or several weeks as they were stored at −20 ◦C.

.3.6. Decision limit and detection capability
The decision limit (CC˛) means the limit at and above which

t can conclude with an error probability of ˛ that a sample is
ot-compliant. It was established by analyzing 20 blank pork sam-
les fortified with SAs at the permitted limit (i.e. 100 �g kg−1),
nd it was calculated from the concentration at the permitted
imit plus 1.64 times the standard deviation of the blank samples

easurements (˛ = 5%). The decision limits obtained for SD, SM,
MP, SCP, SDX, SMT, SDM and SQ were 106 �g kg−1, 105 �g kg−1,
07 �g kg−1, 104 �g kg−1, 106 �g kg−1, 105 �g kg−1, 105 �g kg−1

nd 105 �g kg−1, respectively. The detection capability (CCˇ) is

he smallest content of the substance that may be detected, iden-
ified and/or quantified in a sample with an error probability of
. It was calculated as the value of the decision limit plus 1.64

imes the standard deviation of the measurements obtained from
he analysis of 20 blank pork samples fortified at the CC˛ level
of SAs, and (B and C) 300 mg of meat (B: lamb, C: chicken) sample spiked with
500 �g kg−1 of SAs. Chromatographic conditions as specified in Section 2.4.4.

(ˇ = 5%). The obtained CCˇ values were 111 �g kg−1, 110 �g kg−1,
113 �g kg−1, 109 �g kg−1, 111 �g kg−1, 110 �g kg−1, 109 �g kg−1

and 110 �g kg−1, respectively.

3.4. Analysis of meat samples

The developed method was used to determine SAs in non-
fortified and fortified muscle samples of pork, chicken, turkey, lamb
and beef, bought in local supermarkets in Córdoba (Spain). The
spiking of samples was performed at two concentration levels, i.e.
100 �g kg−1 and 500 �g kg−1, and experiments were made in trip-
licate. No SAs were detected in the non-spiked samples tested. The
mean concentrations found and the recoveries obtained from the
analysis of fortified samples are listed in Table 5. The recoveries
ranged from 99% to 98% with relative standard deviations from 1%
to 5%.

Fig. 1 compares the chromatogram obtained from a standard
solution containing 70 �g L−1 of SAs (A) with those obtained from
the analysis of a lamb (B) and chicken (C) sample fortified with
500 �g kg−1 of SAs. Identification of SAs was based on their reten-
tion times. Differences between the retention times measured for
the analytes from standards and fortified samples were lower than
0.5% in all the cases, and the repeatability obtained for consecutive
measurements of this parameter from samples, expressed as rel-
ative standard deviations (n = 6) were 0.34%, 0.28%, 0.35%, 0.19%,
0.15%, 0.19%, 0,12% and 0.10% for SD, SM, SMP, SCP, SDX, SMT,
SDM and SQ, respectively. The identification of the target analytes
in meat samples containing SAs at detectable concentration lev-

els should be performed by co-chromatography [46] comparing
the retention time and the peak width at half-maximum height
obtained for each analyte from non-spiked and spiked samples.



6256 E.M. Costi et al. / J. Chromatogr.
Ta

b
le

5
M

ea
n

co
n

ce
n

tr
at

io
n

s
an

d
re

co
ve

ri
es

,a
lo

n
g

w
it

h
th

ei
r

re
sp

ec
ti

ve
st

an
d

ar
d

d
ev

ia
ti

on
s,

ob
ta

in
ed

fr
om

th
e

d
et

er
m

in
at

io
n

of
su

lf
on

am
id

e
an

ti
bi

ot
ic

s
(S

A
s)

in
fo

rt
ifi

ed
m

ea
t

sa
m

p
le

s.

Su
lf

on
am

id
e

an
ti

bi
ot

ic
Po

rk
C

h
ik

en
Tu

rk
ey

La
m

b
B

ee
f

C
on

ce
n

tr
at

io
n

fo
u

n
d

a
±

sb

(�
g

kg
−1

)

R
ec

ov
er

y
±

sb
(%

)
C

on
ce

n
tr

at
io

n
fo

u
n

d
a
±

sb

(�
g

kg
−1

)

R
ec

ov
er

y
±

sb
(%

)
C

on
ce

n
tr

at
io

n
fo

u
n

d
a
±

sb

(�
g

kg
−1

)

R
ec

ov
er

y
±

sb
(%

)
C

on
ce

n
tr

at
io

n
fo

u
n

d
a
±

sb

(�
g

kg
−1

)

R
ec

ov
er

y
±

sb
(%

)
C

on
ce

n
tr

at
io

n
fo

u
n

d
a
±

sb

(�
g

kg
−1

)

R
ec

ov
er

y
±

sb
(%

)

SD
10

1
±

1c
10

1
±

1c
10

0
±

3c
10

0
±

3c
99

±
3c

99
±

3c
99

±
2c

99
±

2c
10

2
±

3c
10

2
±

3c

50
2

±
27

d
10

0
±

5d
49

9
±

2d
10

0
±

1d
50

1
±

3d
10

0
±

1d
50

0
±

3d
10

0
±

1d
49

6
±

7d
99

±
1d

SM
10

2
±

1c
10

2
±

1c
10

4
±

2c
10

4
±

2c
10

1
±

2c
10

1
±

2c
10

2
±

2c
10

2
±

2c
10

2
±

3c
10

2
±

3c

52
9

±
21

d
10

6
±

4d
50

3
±

5d
10

0
±

1d
49

6
±

4d
99

±
1d

49
9

±
6d

10
0

±
1d

50
6

±
6d

10
1

±
1d

SM
P

10
2

±
2c

10
2

±
2c

10
4

±
4c

10
4

±
4c

10
7

±
3c

10
7

±
3c

10
2

±
2c

10
2

±
2c

10
4

±
2c

10
4

±
2c

49
5

±
6d

99
±

1d
48

8
±

6d
98

±
2d

49
2

±
14

d
98

±
3d

50
2

±
2d

10
0

±
1d

49
7

±
13

d
99

±
3d

SC
P

10
2

±
1c

10
2

±
1c

10
3

±
2c

10
3

±
2c

10
7

±
5c

10
7

±
5c

10
0

±
1c

10
0

±
1c

10
3

±
4c

10
3

±
4c

51
3

±
13

d
10

3
±

3d
54

5
±

16
d

10
9

±
3d

54
0

±
2d

10
7

±
3d

49
8

±
5d

10
0

±
1d

50
3

±
3d

10
1

±
1d

SD
X

10
2

±
2c

10
2

±
2c

10
1

±
1c

10
1

±
1c

10
1

±
1c

10
1

±
1c

10
1

±
1c

10
1

±
1c

10
3

±
5c

10
3

±
5c

49
9

±
11

d
10

0
±

2d
52

2
±

7d
10

4
±

2d
51

1
±

2d
10

2
±

1d
50

4
±

1d
10

1
±

1d
50

1
±

2d
10

0
±

1d

SM
T

10
0

±
1c

10
0

±
1c

10
4

±
1c

10
4

±
1c

10
3

±
2c

10
3

±
2c

10
3

±
1c

10
3

±
1c

10
4

±
1c

10
4

±
1c

51
5

±
4d

10
3

±
1d

52
9

±
9d

10
6

±
2d

52
6

±
3d

10
5

±
2d

49
5

±
1d

99
±

1d
50

2
±

4d
10

0
±

1d

SD
M

10
1

±
1c

10
1

±
1c

10
1

±
1c

10
1

±
1c

10
6

±
5c

10
6

±
5c

10
4

±
3c

10
4

±
3c

10
1

±
1c

10
1

±
1c

51
2

±
3d

10
2

±
1d

53
9

±
2d

10
7

±
4d

53
3

±
22

d
10

6
±

4d
50

9
±

2d
10

2
±

1d
51

1
±

4d
10

2
±

1d

SQ
10

2
±

1c
10

2
±

1c
10

1
±

4c
10

1
±

4c
10

2
±

5c
10

2
±

5c
10

4
±

4c
10

4
±

4c
10

3
±

3c
10

3
±

3c

49
9

±
11

d
10

0
±

2d
50

5
±

6d
10

1
±

1d
50

1
±

6d
10

0
±

1d
49

8
±

8d
10

0
±

2d
50

0
±

3d
10

0
±

1d

a
M

ea
n

of
th

re
e

in
d

ep
en

d
en

t
d

et
er

m
in

at
io

n
s.

b
St

an
d

ar
d

d
ev

ia
ti

on
.

c
Sa

m
p

le
sp

ik
ed

w
it

h
10

0
�

g
kg

−1
.

d
Sa

m
p

le
sp

ik
ed

w
it

h
50

0
�

g
kg

−1
.

[

[
[

[
[
[
[
[
[
[
[

[

[

[
[

[

A 1217 (2010) 6250–6257

4. Conclusions

Based on the use of a supramolecular solvent made up of
reverse micelles of DeA, a microextraction was developed for the
fast and reliable extraction of SAs from a variety of edible animal
tissues. In contrast with previously reported extraction meth-
ods [4–6,13–15,19,20], recoveries obtained were quantitative and
independent of the matrix composition and no concentration steps
were needed. The volume of organic solvent used for sample han-
dling was drastically reduced (0.5 mL per sample) and, because
of the simplicity of the microextraction, several samples could
be simultaneously treated. These characteristics, combined with
LC–FL determination, make the proposed method a valuable alter-
native to those based on the use of organic solvents for the routine
monitoring of SA residues in meat. Although the method has been
demonstrated to fulfil accuracy requirements established in the
Commission Decision of the European Union 2002/657/EC, the use
of a suitable recovery internal standard (e.g. sulfapyridine) could
result in more accurate measurements. Finally, even though a long
time is required for analyte derivatization, the total time spends
per analysis is not so high taking into account the complexity of
samples and the multiresidual character of the proposed method.

Because of the ability of SUPRAS to extract analytes in a wide
polarity range and the high extraction efficiency they provide, these
solvents have a great potential for developing generic sample hand-
ing approaches for the determination of organic contaminants in
foods.
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