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Abstract In this study, the development and validation of a
multiresidue method for the detection of 11 quinolones
(marbofloxacin, norfloxacin, ciprofloxacin, danofloxacin,
lomefloxacin, enrofloxacin, sarafloxacin, difloxacin, oxolinic
acid, nalidixic acid, flumequine) in muscle and eggs were
reported. The method involved an extraction with a
methanol/metaphosphoric acid mixture and a clean up by Oa-
sis hydrophilic-lipophilic balance (HLB) cartridge. The vali-
dation was performed according to the Commission Decision
2002/657/EC. Linearity, specificity, decision limit (CCα), de-
tection capability (CCβ), recovery, precision (repeatability
and within-laboratory reproducibility), and ruggedness were
determined. Depending on the analytes, CCα and CCβ
ranged from 113 to 234 μg/kg and from 126 to 282 μg/kg in
muscle samples, whereas in eggs, these parameters were be-
tween 5.6 and 7.4 μg/kg and between 6.1 and 9.8 μg/kg,
respectively. In both the examined matrices, the recovery
values were always higher than 90% and precision, calculated
as relative standard deviation, was equal to or lower than 16%
for repeatability and 23 % for within-laboratory reproducibil-
ity. The described method can be considered adequate for the

simultaneous determination and quantification of quinolones
in the tested food matrices.
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Introduction

Quinolones are synthetic antibiotics with high effectiveness
against both Gram-negative and Gram-positive bacteria that
are resistant to other antibacterial agents (Hernández et al.
2011). They have also important effects in the treatment of
intestinal, respiratory, and urinary tract infections in humans
and food-producing animals such as cattle, turkey, pig, and
poultry. In the last years, the significant progressive increase
of their use caused inevitable residues in food that represent a
potential health hazard for consumers (Hermo et al. 2008).
There are many adverse effects commonly associated with
quinolones including gastrointestinal, hepatic, and central ner-
vous system toxicity, disrupted glucose metabolism, photo-
toxicity, hypersensitivity, and skin disorders (Liu 2010).
Moreover, some excitatory events such as confusion, weak-
ness, loss of appetite, tremor, or depression are of particular
concern in the elderly population (Stahlmann and Lode 2010),
while arthropathy and tendinopathy have been observed in
children treated with these pharmacologically active sub-
stances (Rosanova et al. 2010). Due to these possible effects,
maximum residue limits (MRLs) have been established for
some quinolones in foodstuffs of animal origin in the Europe-
an Union (Commission Regulation 2010). According to Com-
mission Regulation (EU) No. 37/2010, these antibiotics are
forbidden in laying hens which produce eggs for human
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consumption (Table 1). Therefore, a zero tolerance policy is
applied for these antibacterial compounds in eggs, which
means that the presence of any quinolone is illegal at any
level. Nevertheless, quinolones are still used in animal pro-
duction systems, particularly in the poultry sector, for the pro-
phylaxis of Salmonella spp. infections in laying hens (San
Martín et al. 2005) but, at the same time, they are the antimi-
crobials of choice for treatment of severe or systemic human
salmonellosis. Therefore, the use of antimicrobial agents in
animals intended to human consumption is probably the main
cause for the occurrence and spread of resistant Salmonella
strains causing failure of clinical treatment (Souza et al. 2010).

The Council Directive 96/23/EC (Council Directive 1996)
requires member states of the European Union to adopt and
implement a national residues monitoring plan for specific
groups of substances. The member states target the groups
of animal/gender/age combinations where the probability of
finding residues is the highest, and quinolones belong to the
antibiotics investigated in muscle tissue of different animal
species as well as in eggs. It appears then evident that the
simultaneous determination of quinolones in muscle and eggs
would be particularly advantageous in terms of cost and anal-
ysis time considering the monitoring plans.

Several methods have been developed for the determina-
tion of quinolone residues in a single matrix (Yorke and Froc
2000; Bailac et al. 2006; Hassouan et al. 2007). They gener-
ally involve a liquid–liquid extraction and a solid-phase ex-
traction (SPE) to pre-concentrate and clean up the extracts.
Then, these methods make use of high performance liquid
chromatography (HPLC) separation with ultraviolet (UV)
(Bailac et al. 2006) or fluorescence (FLUO) detection
(Yorke and Froc 2000; Hassouan et al. 2007). Simultaneous
detection of quinolones both in muscle and eggs by
HPLC-UV has been previously proposed by Christodoulou
et al. (2007), but nowadays, the liquid chromatography-mass
spectrometry (LC-MS/MS) is the preferred technique due to

its high selectivity and sensitivity (Durden and MacPherson
2007; Rubies et al. 2007; Gajda et al. 2012). The aim of this
study was to develop a LC-MS/MS confirmatory method for
the simultaneous determination of the following quinolones:
marbofloxacin (MAR), norfloxacin (NOR), ciprofloxacin
(CIP), danofloxacin (DAN), lomefloxacin (LOM),
enrofloxacin (ENR), sarafloxacin (SAR), difloxacin (DIF),
oxolinic acid (OXO), nalidixic acid (NAL), and flumequine
(FLU) in two different matrices (muscle and eggs) by using
the same extraction and clean up procedure. The analytical
method was validated according to the performance criteria
of the Commission Decision 2002/657/EC (Commission
Decision 2002) in terms of specificity, linearity, precision,
decision limit, detection capability, and ruggedness. The
method was also applied to the national residues monitoring
plan for quinolones detection and quantitation.

Materials and Methods

Reagents and Standard Solutions

All reagents and solvents were of analytical or HPLC grade
quality and supplied by Sigma (St. Louis, MO, USA). Ultra-
pure water was obtained by Elga Labwater (Wicombe, UK).
Oasis hydrophilic-lipophilic balance (HLB) SPE cartridges
(60 mg/3 mL) were from Waters (Milford, MA, USA).

Metaphosphoric acid 1 % solution was prepared by dis-
solving metaphosphoric acid in ultrapure water.

The extraction solution was obtained by mixing methanol
and 1% metaphosphoric acid solution (40:60, v/v).

Ortophosphoric acid 0.025 M solution pH 3 was prepared
by diluting ortophosphoric acid 85 % in ultrapure water and
adjusting pH with sodium hydroxide 1 N (washing solution
for SPE columns).

Table 1 Maximum residue limits
for quinolones in muscle tissues
of food producing animals
according to Commission
Regulation (EU) no. 37/2010

Quinolone Marker residue Animal speciesa MRL (μg/kg)

Danofloxacin Danofloxacin Bovine, ovine, caprine, poultry 200

All other food producing species 100

Difloxacin Difloxacin Bovine, ovine, caprine, porcine 400

Poultry and all other species 300

Enrofloxacin Sum of enrofloxacin and ciprofloxacin All food producing species 100

Flumequine Flumequine Bovine, ovine, caprine, porcine,
and all other species

200

Poultry 400

Fish 600

Marbofloxacin Marbofloxacin Bovine, porcine 150

Oxolinic acid Oxolinic acid All food-producing species 100

Sarafloxacin Sarafloxacin Salmonidae 30

aNot for use in animals from which eggs are produced for human consumption
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The solution used for the analyte elution from SPE col-
umns was prepared by mixing ammonium hydroxide 30 %
and methanol (5:95, v/v).

The quinolone reference substances were of the highest
available purity. Flumequine, danofloxacin, nalidixic acid,
oxolinic acid, and marbofloxacin were supplied by Fluka
(Steinheim, Germany), norfloxacin and lomefloxacin by Sig-
ma (St. Louis, MO, USA), and ciprofloxacin, enrofloxacin,
difloxacin, and sarafloxacin were purchased from Dr.
Ehrenstorfer GmbH (Augsburg, Germany). The internal stan-
dard norfloxacin d-5 (NOR d-5) was obtained byWitega (Ber-
lin, Germany).

Individual stock standard solutions (1000 mg/L) were pre-
pared for each analyte and for the internal standard in metha-
nol containing 0.1 % sodium hydroxide 1 N, then they were
stored in screw-capped glass tubes at +4 °C and were stable
for 7 months.

A working standard solution for muscle analysis, contain-
ing ciprofloxacin, oxolinic acid, danofloxacin, enrofloxacin at
5 mg/L, marbofloxacin at 7.5 mg/L, flumequine at 10 mg/L,
difloxacin at 15 mg/L, norfloxacin, lomefloxacin,
sarafloxacin, and nalidixic acid at 1 mg/L, was prepared in
methanol.

Aworking standard solution for eggs analysis was prepared
in methanol at 0.5 mg/L.

Working internal standard solutions were prepared at 5 and
0.5 mg/L in methanol for muscle and egg analysis,
respectively.

Sample Treatment

An aliquot of 5-g muscle sample was spiked with 100 μL of
internal standard solution at 5 mg/L (100 μg/kg), while 5 g of
eggs was spiked with 100 μL of internal standard solution at
0.5mg/L (10μg/kg).

The analytes were extracted by adding 20 mL of methanol/
metaphosphoricacid1%(40:60,v/v),thenshakenat200rpmfor
20min on a horizontal shaker and sonicated for 10min in ultra-
sonicbath.After centrifugationat3200×g for10min, the super-
natant was transferred into a 50-mL round bottom flask. The
extractionwas repeated once again, and the combined superna-
tantswerecollectedandcentrifuged.Twentymillilitersofsuper-
natantswas evaporatedunder a streamofnitrogen at 50 °Cuntil
volume reduction to about 10mL. The extract was dilutedwith
10mLortophosphoric acid0.025Msolution.

The supernatant was loaded into an Oasis HLB cartridge
previously conditioned with 2 mL methanol and 2 mL ultra-
pure water. The column was washed with 5 mL
metaphosphoric acid 1 % solution and 5 mL ultrapure water.
The elution of analytes was obtained with 5 mL of ammonium
hydroxide 30 %/methanol (5:95, v/v). The eluate was evapo-
rated to dryness under a stream of nitrogen at 50 °C. The dry
residue was dissolved in 500 μL (muscle) or 250 μL (eggs)

0.1 % formic acid in water, then transferred into a vial for
LC-MS/MS analysis.

Liquid Chromatography-Mass Spectrometry

LC analysis was carried out by a Perkin Elmer HPLC system
(Perkin Elmer, Waltham, MA, USA) constituted of a model
200microbinarypump,amodel200autosampler,equippedwith
adegasser,andacolumnoven.Chromatographicseparationwas
ob ta ined us ing a reve r sed -pha se HPLC co lumn
(100 mm×2.1 mm internal diameter (i.d.) 3.5 μm) Xterra MS
C18Waters(Milford,MA,USA)withaguardcolumnXterraMS
C18Waters (10mm×2.1mmi.d. 3.5μm).Columnwas kept at
25 °C, and the flow rate was set to 0.2 mL/min. The LCmobile
phasesolventswereacetonitrile(eluentA)and0.1%formicacid
in water (eluent B). After an isocratic step at 2 % A for 5 min,
eluentAwasincreasedbyalineargradientfrom2to70%in4min,
thenbrought to100%in0.5minandheldfor4.5min torinse the
column.Finally, theeluentAwas loweredto2%in1minandthe
column re-equilibrated for 10 min. The injection volume was
10μL. The mass spectrometer was an API 3000 triple quadru-
pole(AppliedBiosystems,Toronto,ON,Canada)equippedwith
an electrospray interface set in the positive ionisation mode
(ESI+), operating in multiple reaction monitoring (MRM),
selectingoneprecursorionandtwoproductionsforeachanalyte.
The optimization ofMSparameterswas carried out by infusing
individualsolutionsofanalytesatconcentration1mg/Lin0.1%
formic acid in water/methanol (50:50, v/v) at a flow rate of
10μL/min.The individualMRMswith their transitionparame-
ters were reported in Table 2. The capillary voltage was set at
5.5 kVand the ion source temperature at 350 °C.Analyst 1.4.2.
softwarewas used for instrument control anddataprocessing.

Validation Study for Muscle

The developed method was fully validated as quantitative
confirmatory method according to the Commission Decision
2002/657/EC (Commission Decision 2002). The parameters
taken into account were instrumental linearity, specificity, pre-
cision, trueness, decision limit (CCα) and detection capability
(CCβ), and ruggedness.

The instrumental linearity was evaluated by five-point cal-
ibration curves, containing the internal standard at 500 μg/ L
(Table 3). For each analyte, the curve concentration range was
chosen to cover the three spiking levels tested in the validation
study.

The specificity was tested by analysing 20 blank muscle
samples of different species (poultry, bovine, swine, fish) in
order to verify the absence of potential interfering compounds
at the retention time of the substances under investigation.
Method trueness and precision were evaluated by spiking six
aliquots of a blank poultry muscle at three concentration levels
depending on individual compounds. This experiment was
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repeated in two different occasions for a total of 54 analyses.
The spiking concentration levels, reported in Table 4, were
selected as follows: (i) for analytes with the same MRL for
all food-producing species, the spiking levels were 0.5–1–1.5
times the corresponding MRL; (ii) for analytes with different

MRLs depending on animal species (i.e., danofloxacin,
difloxacin, flumequine), the spiking levels were established
so as to include the concentration range of interest; (iii) for
analytes with no MRL, the three spiking levels were C0–2C0–
3C0, being C0 the lowest concentration at which both qualita-
tive and quantitative acceptance criteria were fulfilled.

Trueness was expressed in terms of recovery (percentage of
measured concentration versus fortified concentration) and
precision (as relative standard deviation, %RSD). CCα and

Table 3 Calibration curve points for muscle

Analyte Concentration (μg/L)

MAR 187.5 375 750 1125 1500

NOR 25 50 100 150 200

CIP 125 250 500 750 1000

DAN 125 250 500 1000 1500

LOM 25 50 100 150 200

ENR 125 250 500 750 1000

SAR 25 50 100 150 200

DIF 375 750 1500 2000 3000

OXO 125 250 500 750 1000

NAL 25 50 100 150 2000

FLU 250 500 1000 1500 3000

Table 4 Validation data for muscle

Analyte r Spiking
levels
(μg/kg)

Recovery
(%)
(n= 18)

Repeatability
(%RSD)
(n= 6)

Within-
laboratory
reproducibility
(%RSD)
(n = 18)

MAR 0.993 75 97 8 11

150 103 6 9

225 99 4 4

NOR 0.983 10 97 10 16

20 102 7 14

30 99 7 8

CIP 0.988 50 98 9 12

100 102 6 10

150 99 5 5

DAN 0.986 50 91 14 23

100 107 8 16

200 99 6 7

LOM 0.987 10 95 9 13

20 105 8 12

30 98 6 7

ENR 0.989 50 100 8 9

100 100 7 8

150 100 5 5

SAR 0.991 10 98 5 7

20 101 6 8

30 99 5 5

DIF 0.988 150 98 8 8

300 102 7 8

400 99 10 10

OXO 0.995 50 99 6 7

100 101 8 9

150 96 11 11

NAL 0.988 10 99 7 11

20 101 6 10

30 100 6 7

FLU 0.987 200 97 9 13

400 103 6 12

600 99 6 7

r correlation coefficient of matrix calibration curve

Table 2 MRM transitions for MS/MS analysis

Analyte Precursor ion
(m/z)

Product ion
(m/z)

DP (eV) CE (eV) CXP (eV)

MAR 363.1 320.1 42 24 9

345.1 42 27 17

NOR 320.1 276.1 36 27 17

302.1 36 29 14

CIP 332.2 288.0 43 28 26

314.0 43 30 15

DAN 358.2 340.1 60 33 15

283.0 60 32 13

LOM 352.2 265.1 30 35 25

308.2 30 26 8

ENR 360.2 316.1 35 29 19

342.1 35 28 23

SAR 386.1 342.1 28 26 5

368.0 28 37 11

DIF 400.2 356.1 35 28 15

382.1 35 29 13

OXO 262.1 244.1 32 40 21

216.1 32 25 19

NAL 233.1 215.2 29 25 9

187.1 29 37 18

FLU 262.1 244.1 37 29 15

202.0 37 45 13

NOR-d5 325.2 281.1 47 26 17

307.1 47 29 9

DP declustering potential, CE collision energy, CXP collision cell exit
potential
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CCβwere calculated according to the matrix calibration curve
procedure reported in the Commission Decision 2002/657/EC
(CommissionDecision 2002). Themethod ruggednesswas es-
timated for minor and major changes by means of the Youden
approach (Youden andSteiner1975).

Validation Study for Eggs

The validation approach above described for muscle was
also used for eggs. The instrumental linearity was eval-
uated by five-point calibration curves (12.5–25–50–100–
200 μg/L), each one containing 100 μg/L of internal
standard.

The specificity was tested by analysing 20 blank egg
samples collected from different laying hen flocks in
order to verify the absence of potential interfering sub-
stances with the examined quinolones. Matrix calibra-
tion curves obtained by spiking six aliquots of a blank
egg sample at three concentration levels (5–10–15 μg/
kg) on three separate days were used again to evaluate
trueness and precision.

CCα and CCβ were calculated by the matrix-matched ap-
proach. Method ruggedness was estimated only for minor
changes.

Results and Discussion

Sample Clean Up

Sample preparation represents a critical step for the
analysis of quinolones at trace level in food samples,
as muscle and eggs, which may contain many different
endogenous compounds. In order to develop a suitable
method to analyze these antibiotics at low concentration
level, it is important to isolate the analytes from food
matrices as much as possible and separate them from
co-extracted interfering compounds.

In this study, the quinolones were extracted from muscle
and eggs with a mixture of methanol and metaphosphoric acid
1 % solution (40:60, v/v). Methanol was selected for its affin-
ity for quinolones though it must be eliminated by evaporation

Fig. 1 Chromatogram of standard solution for muscle at the following
concentrations: norfloxacin, lomefloxacin, sarafloxacin, and nalidixic
acid at 25 μg/L, ciprofloxacin, danofloxacin, enrofloxacin, and oxolinic

acid at 125 μg/L, marbofloxacin at 187.5 μg/L, flumequine at 250 μg/L,
difloxacin at 375 μg/L, and norfloxacin-d5 at 500 μg/L. For each analyte,
the most intense product ion was selected
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before the clean up. This step is necessary to avoid analytes
loss in loading on the SPE cartridges. The Oasis HLB station-
ary phase was chosen for sample purification because its sor-
bent copolymer represents a hydrophilic-lipophilic balance
system able to provide high and reproducible recoveries for
quinolones, even if the cartridge runs dry.

Liquid Chromatography-Mass Spectrometry

The column and chromatographic gradient reported above
allowed to obtain a good resolution for all the analytes. This
is necessary for a quantitative detection of all the analytes. As
in low-resolution mass spectrometry oxolinic acid and
flumequine have the same precursor ion as well as the most
intense product ion (Table 2), they need a good separation
during the chromatographic run in order to be unequivocally
identified on the basis of the retention time corresponding to
7.1 and 7.9 min, respectively.

The LC-MS/MS method was developed according to the
performance criteria for mass spectrometric detection sug-
gested in the Commission Decision 2002/657/EC
(Commission Decision 2002). The analysis was performed

in MRM mode due to high sensitivity and selectivity. This
approach allowed to achieve the identification points required
by the aforementioned document for the identification of these
compounds.

Validation Study

Instrumental linearity was evaluated for all the analytes on
five concentration points, three replicates for point. For the
muscle, the calibration levels were reported in Table 3 while
for the eggs the levels were 12.5–25–50–100–200 μg/L. Lin-
earity was estimated by using the least square regression line
equation. Calibration curves in solvent were constructed using
the area ratio of the analyte peak to the internal standard peak
versus analyte concentration except for oxolinic acid,
flumequine, difloxacin, and nalidixic acid for which the inter-
nal standard was not taken into account. The correlation coef-
ficient (r) indicated a good fit for all the analytes with values
included in the 0.998–0.999 range for muscle and 0.997–
0.999 range for eggs.

The chromatograms of standard solutions were reported in
Figs. 1 and 2, whereas Figs. 3 and 4 showed the

Fig. 2 Chromatogram of standard solution for eggs at concentration of 12.5 μg/L for all the analytes and 100 μg/L for the internal standard. For each
analyte, the most intense product ion was selected
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chromatograms of a representative blank sample for muscle
and eggs, respectively. Regarding to specificity, the compari-
son between the chromatogram of the standard solution with
the blank samples highlighted the specificity of the described
method. The absence of any interfering peaks around the an-
alyte retention times demonstrated the selectivity of the clean
up procedure.

Blank muscle and egg samples were spiked with all the
selected quinolones at three concentration levels. Figures 5
and 6 showed the chromatograms of spiked muscle and eggs
at the lowestvalidation level, respectively.Thesignalof the low-
est intenseproduct ionappearedfullysatisfactorywith respect to
signal-to-noise ratio.

Precision was evaluated at three spiking levels (six
replicates per level, three analytical series) since no cer-
tified reference materials were available for the examined
quinolones. For all the analytes, the recoveries were cal-
culated by solvent calibration curves plotting area of an-
alyte divided area of internal standard versus the concen-
tration of analyte, except for oxolinic acid, flumequine,

difloxacin, and nalidixic acid for which the internal stan-
dard response was not taken into account, because during
the sample preparation the internal standard caused a
recovery enhancement (above 100 %) and was not suit-
able for quantitative purposes, but it was used only as
process control.

Precision was calculated applying the one-way analy-
sis of variance and expressed in terms of repeatability
(intra-day) and within-laboratory reproducibility (inter-
day) as %RSD. Validation data obtained for all the
analytes in muscle and eggs were summarized in Tables 4
and 5. The mean recoveries for all the quinolones ranged
between 91 and107 % for muscle and 95 and 105 % for
eggs. The maximum values of repeatability and within-
laboratory reproducibility were, respectively, 14 and 23 % for
muscle and 16 and 21 % for eggs, fulfilling the requirements
established by the Commission Decision 2002/657/EC
(CommissionDecision2002).

Matrix-matched calibration curves deriving from pre-
cision experiments were used to calculate CCα and CCβ

Fig. 3 Chromatogram of a representative blank poultry muscle spiked with 100 μg/kg for norfloxacin-d5. For each analyte, the most intense product ion
was selected
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values (Table 6). These parameters were established for
each analyte at the MRL using the following equations:

CCα ¼ MRLþ 1:64 sRw;MRL

CCβ ¼ CCα þ 1:64 sRw;MRL

where sRw,MRL was the within-laboratory standard devia-
tion calculated by reproducibility data obtained at MRL.

For quinolones with different MRL in muscle based on
animal species (danofloxacin, difloxacin, flumequine), CCα
and CCβ values calculated from the lowest MRL were shown
in Table 6.

For the analytes without MRL in muscle (norfloxacin,
lomefloxacin, sarafloxacin, nalidixic acid), CCαwas calculat-
ed starting from C0 (10 μg/kg) plus 2.33-fold the within-
laboratory standard deviation calculated by reproducibility
data obtained at this level. CCβ was calculated starting from
CCα plus 1.64-fold the within-laboratory standard deviation
calculated by reproducibility data obtained at C0. On the other
hand, additional experiments at CCα did not appear strictly
necessary considering that, for the confirmatory methods,
CCβ is a parameter not directly involved in the assessment
of sample compliance.

For eggs, CCα and CCβwere calculated as for the analytes
without MRL inmuscle, starting from the lowest spiking level
that was equal to 5 μg/kg.

The method ruggedness was estimated by means of the
Youden robustness test. Seven different critical factors, chosen
in the entire analytical process (minor changes), and their
levels of variation were reported in Table 7. Eight aliquots of
a blank muscle sample spiked at MRL (the lowest one for
danofloxacin, difloxacin, flumequine) or at C0 (for the
analytes without MRL) were used for all the experiments.
For eggs, the ruggedness test was performed on eight aliquots
of a blank eggs sample spiked at C0 with all the analytes. For
both matrices, the standard deviation of the differences be-
tween the two levels of each factor was calculated according
to the Youden approach. It was demonstrated that all the

Fig. 4 Chromatogram of a representative blank egg spikedwith 10μg/kg for norfloxacin-d5. For each analyte, themost intense product ion was selected

�Fig. 5 Chromatogram of a representative blank poultry muscle spiked at
the following concentrations: norfloxacin, lomefloxacin, sarafloxacin,
and nalidixic acid at 10 μg/kg, ciprofloxacin, danofloxacin,
enrofloxacin, and oxolinic acid at 50 μg/kg, marbofloxacin at 75 μg/kg,
flumequine at 200 μg/kg, difloxacin at 150 μg/kg, and norfloxacin-d5 at
100 μg/kg. For each analyte, all the studied ions were shown
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selected factors did not significantly affect the analytical per-
formance and therefore they had no significant effect on
ruggedness.

For muscle, the Youden approach was also used to
test the method applied to different animal species, such
as bovine and swine (major changes). Consequently, this

method proved to be fairly robust and able to withstand
minor fluctuations in the routinely operating factors;
moreover, the different animal species did not have sig-
nificant effect on the analytical results.

By a comparison with other previously published
studies, the present method showed some important ad-
vantages. First of all, it allowed to apply the same sam-
ple preparation to two different matrices (muscle and
eggs), whereas other methods (Bailac et al. 2006;
Gajda et al. 2012) were carried out only for one matrix.
Moreover, it was validated according to the Commission
Decision 2002/657/EC (Commission Decision 2002),
ruggedness included, whereas other authors as Shen
et al. (2008) did not follow the above-cited decision.
Finally, this method permitted the identification and con-
firmation by LC-MS/MS of all the quinolones included
in the Commission Regulation 2010/37/EU (Commission
Regulation 2010).

�Fig. 6 Chromatogram of a representative blank egg spiked with 5 μg/kg
for the analytes and 10 μg/kg for norfloxacin-d5. For each analyte, all the
studied ions were shown

Table 5 Validation data for eggs

Analyte R Spiking
levels
(μg/kg)

Recovery
(%)
(n= 18)

Repeatability
(%RSD)
(n = 6)

Within-
laboratory
reproducibility
(%RSD) (n= 18)

MAR 0.994 5 100 4 8

10 99 5 9

15 100 6 7

NOR 0.996 5 101 5 5

10 99 4 4

15 100 3 3

CIP 0.995 5 98 4 9

10 102 4 9

15 99 5 5

DAN 0.975 5 100 9 17

10 100 11 17

15 100 13 14

LOM 0.979 5 96 8 11

10 104 5 9

15 99 11 11

ENR 0.970 5 99 7 12

10 101 11 15

15 100 10 11

SAR 0.971 5 95 11 16

10 105 6 13

15 98 9 10

DIF 0.986 5 96 13 18

10 104 9 15

15 98 12 12

OXO 0.973 5 100 11 20

10 100 11 21

15 100 12 13

NAL 0.983 5 102 11 17

10 98 9 16

15 101 15 16

FLU 0.989 5 100 9 13

10 100 7 12

15 100 16 17

r correlation coefficient of matrix calibration curve

Table 6 CCα and CCβ data (μg/kg) for muscle and eggs

Analyte Muscle Eggs

CCα CCβ CCα CCβ

MAR 173 194 6.0 6.8

NOR 14 17 5.6 6.1

CIP 116 132 6.0 6.9

DAN 126 151 6.9 8.8

LOM 13 16 6.3 7.5

ENR 113 126 6.4 7.7

SAR 32 35 6.9 8.7

DIF 339 390 7.1 9.2

OXO 115 135 7.4 9.8

NAL 13 15 7.0 9.0

FLU 234 282 6.6 8.0

Table 7 Robustness test (minor changes): selected factors and levels of
variations of experimental conditions

Selected factor Method
level

Low level High level

Methanol in extraction
solution (%)

40 36 44

Evaporation temperature
before SPE (°C)

50 45 55

Oasis HLB cartridge lot (no.) – 080A38157A 084038263A

pHwashing solution for SPE 3.0 2.9 3.1

Ammonium hydroxide in
elution solution (%)

5.0 4.5 5.5

Elution solution (mL) 5.0 4.5 5.5

Formic acid in mobile
phase (%)

0.10 0.09 0.11
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Proficiency Testing Results

During the validation study, our laboratory took part in profi-
ciency tests of eggs and muscle of different animal species
organized by Food Analysis Performance Assessment
Scheme (FAPAS, www.fapas.com) and Progetto Trieste -
Laboratory Proficiency Testing (Progetto Trieste, www.
testveritas.com) in order to verify the confirmatory technique
performance. The data obtained in these proficiency tests were
reported in Table 8.

The results showed that the method was also applicable to
fish muscle even if the ruggedness test did not include this
species. Satisfactory results were obtained for eggs even at
concentration levels out of the range considered in the valida-
tion study, thus demonstrating the good linearity of the meth-
od. Moreover, the method was successfully used for the anal-
ysis of samples taken in routine official control.

Conclusions

In the present study, a multiresidue and confirmatory
method was developed and validated to be applied to
two different matrices such as muscle and eggs. Differ-
ent methods intended to a single matrix have been de-
scribed in literature (Bailac et al. 2006; Clemente et al.
2006; Rubies et al. 2007; Shen et al. 2008; Gajda et al.
2012), even if the recoveries were usually equal to or
lower than the values reported in our study.

The proposed confirmatory method fulfilled the require-
ments of the Commission Decision 2002/657/EC
(Commission Decision 2002), showing satisfactory results
with respect to selectivity and precision. Therefore, the devel-
opedmethod can be applied in laboratories involved in official
residue controls for the determination of targeted quinolones.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no competing
interests.

Ethical Approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Informed Consent Not applicable.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Bailac S, Barrón D, Barbosa J (2006) New extraction procedure to im-
prove the determination of quinolones in poultry muscle by liquid
chromatography with ultraviolet and mass spectrometry detection.
Anal Chim Acta 580:163–169

Christodoulou EA, Samanidou VF, Papadoyannis IN (2007) Validation of
an HPLC-UV method according to the European Union decision
2002/657/EC for the simultaneous determination of 10 quinolones
in chicken muscle and egg yolk. J Chromatogr B 859:246–255

Clemente M, Hermo MP, Barrón D, Barbosa J (2006) Confirmatory and
quantitative analysis using experimental design for the extraction
and liquid chromatography-UV, liquid chromatography-mass spec-
trometry and liquid chromatography-mass spectrometry/mass spec-
trometry determination of quinolones in turkey muscle. J
Chromatogr A 1135:170–178

Commission decision of 12 August 2002 implementing council directive
96/23/EC concerning the performance of analytical methods and the
interpretation of the results. Off J Eur Communities L 221 (2002) p
8-36

Commission regulation (EU) no. 37/2010 of 22 December 2009 on phar-
macologically active substances and their classification regarding
maximum residue limits in foodstuffs of animal origin. Off J Eur
Union L15 (2010) p 1-72

Council directive 96/23/EC of 29 April 1996 on measures to monitor
certain substances and residues thereof in live animals and animal
products and repealing directives 85/358/EEC and 86/469/EEC and
decisions 89/187/EEC and 91/664/EEC. Off J Eur Communities L
125 (1996) p 10-32

Durden DA, MacPherson T (2007) Quantitation and validation of
fluoroquinolones in eggs using liquid chromatography/tandemmass
spectrometry. J AOAC Int 90:613–625

FAPAS (www.fapas.com) Proficiency testing service for food chemistry
Gajda A, Posyniak A, Zmudzki J, Gbylik M, Bladek T (2012)

Determination of (fluoro)quinolones in eggs by liquid chromatogra-
phy with fluorescence detection and confirmation by liquid
chromatography-tandem mass spectrometry. Food Chem 135:430–
439

Hassouan MK, Ballesteros O, Taoufiki J, Vínchez JL, Cabrera-Aguilera
M, Naval A (2007) Multiresidue determination of quinolones

Table 8 Proficiency tests
Proficiency test service-year Material code-matrix Analyte-contamination level (μg/kg) z score

Progetto Trieste-2010 M1021A-turkey muscle Enrofloxacin-144 0.10

FAPAS-2011 2175-fish muscle Ciprofloxacin-116 −0.10
FAPAS-2013 2200-eggs Flumequine-953 0.60

Danofloxacin-241 −0.70
Norfloxacin-240 0.40

Progetto Trieste-2014 T1433-turkey muscle Enrofloxacin-172 0.37

Food Anal. Methods (2016) 9:2308–2320 2319

http://www.fapas.com
http://www.testveritas.com
http://www.testveritas.com
http://www.fapas.com


antibacterials in eggs of laying hens by liquid chromatography with
fluorescence detection. J Chromatogr B 852:625–630

Hermo MP, Nemutlu E, Kir S, Barrón D, Barbosa J (2008) Improved
determination of quinolones in milk at their MRL levels using
LC–UV, LC–FD, LC–MS and LC–MS/MS and validation in line
with regulation 2002/657/EC. Anal Chim Acta 613:98–107

Hernández A, Sánchez MB, Martínez JL (2011) Quinolone resistance:
much more than predicted. Front Microbiol 2:1–6

Liu HH (2010) Safety profile of the fluoroquinolones: focus on
levofloxacin. Drug Saf 33:353–369

Progetto Trieste (www.testveritas.com) Proficiency testing service by
Test Veritas

Rosanova MT, Lede R, Capurro H, Petrungaro V, Copertari P (2010)
Assessing fluoroquinolones as risk factor for musculoskeletal disor-
ders in children: a systematic review andmeta-analysis. ArchArgent
Pediatr 108:524–531

Rubies A, Vaquerizo R, Centrich F, Compañó R, Granados M, Prat MD
(2007) Validation of a method for the analysis of quinolones resi-
dues in bovine muscle by liquid chromatography with electrospray
ionisation tandemmass spectrometry detection. Talanta 72:269–276

San Martín B, Lapierre L, Toro C, Bravo V, Cornejo J, Hormazabal JC,
Borie C (2005) Isolation and molecular characterization of quino-
lone resistant Salmonella spp. from poultry farms. Vet Microbiol
110:239–244

Shen J, Li H, Jiang H, Zhou D, Xu F, Li J, Ding S (2008) Simultaneous
determination of 13 quinolones in eggs using column high-
performance liquid chromatography/electrospray ionization-
tandem mass spectrometry and depletion of pefloxacin
methanesulfonate in eggs. J AOAC Int 91:1499–1506

Souza RB, Ferrari RG, Magnani M, Kottwitz LBM, Alcocer I, Tognim
MCB, Oliveira TCRM (2010) Ciprofloxacin susceptibility reduc-
tion of Salmonella strains isolated from outbreaks. Braz J
Microbiol 41:497–500

Stahlmann R, Lode H (2010) Safety considerations of fluoroquinolones
in the elderly: an update. Drug Aging 27:193–209

Yorke JC, Froc P (2000) Quantitation of nine quinolones in chicken
tissues by high performance liquid chromatography with fluores-
cence detection. J Chromatogr A 882:63–67

YoudenWJ, Steiner EH (1975) Statistical manual of AOAC (Association
of Official Analytical Chemists), AOAC p 33

2320 Food Anal. Methods (2016) 9:2308–2320

http://www.testveritas.com

	Development...
	Abstract
	Introduction
	Materials and Methods
	Reagents and Standard Solutions
	Sample Treatment
	Liquid Chromatography-Mass Spectrometry
	Validation Study for Muscle
	Validation Study for Eggs

	Results and Discussion
	Sample Clean Up
	Liquid Chromatography-Mass Spectrometry
	Validation Study
	Proficiency Testing Results

	Conclusions
	��References


