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a b s t r a c t

A simple, sensitive and reliable analytical method was developed for the simultaneous determination
of clenbuterol (CLB), salbutamol (SAL) and ractopamine (RAC) in milk by ultra high performance liquid
chromatography–positive electrospray ionization tandem mass spectrometry (UHPLC–ESI-MS/MS) with
isotope dilution. Samples were directly purified through HLB cartridge. Then the eluate was dried under
nitrogen and residues were redissolved in mobile phase. Samples were analyzed by LC–MS/MS on an
Acquity UPLC® BEH C18 column with gradient elution. The samples were quantified using clenbuterol-D9,
salbutamol-D3 and ractopamine-D6 as internal standards. The proposed method was validated according
to the European Commission Decision 2002/657/EC determining specificity, decision limit (CC�), detec-
actopamine
ilk

C–MS/MS
sotope dilution

tion capability (CC�), recovery, precision, linearity, robustness and stability. CC� values were 0.054, 0.006
and 0.008 �g/kg for CLB, SAL and RAC, respectively. CC� values were 0.058, 0.007 and 0.009 �g/kg for
CLB, SAL and RAC, respectively. The mean recoveries, repeatability (expressed as coefficient of variation,
CVr), and reproducibility (CVR) varied from 95.8 to 106.2%, from 3.60 to 6.44% (CVr), and from 4.77 to
7.53% (CVR), respectively. The method is demonstrated to be suitable for the determination of clenbuterol,
salbutamol and ractopamine in milk. The total time required for the analysis of one sample, including

abou
sample preparation, was

. Introduction

Clenbuterol (CLB), salbutamol (SAL) and ractopamine (RAC) are
2-agonists, originally used in the therapeutic treatment of asthma
nd preterm labor in humans [1]. However, these compounds are
lso misused as nutrient repartitioning agent in livestock by divert-
ng nutrients from fat deposition in animals to the production
f muscle tissues [2]. This misuse had caused some severe acci-
ental poisonings in humans [3,4]. So, all �2-agonists are banned
or growth promotion in animal production in China and EU
5,6]. In order to protect consumers, the EU has established maxi-

um residue limits (MRLs) of 0.10 �g/kg in muscle of bovine and
quidae, 0.50 �g/kg in liver and kidney of bovine and equidae, and
.05 �g/kg in bovine milk for CLB [7]. Therefore, specific and sen-

itive methods for the identification and quantification of these
ompounds in milk are required.

To identify �2-agonists in biological samples, gas
hromatography–mass spectrometry (GC–MS) [8–16] and liquid

∗ Corresponding author. Tel.: +86 574 87928060; fax: +86 574 87928026.
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chromatography–mass spectrometry (LC–MS) [16–26] meth-
ods have been developed. However, GC–MS (MS/MS) requires
time-consuming derivatization steps to enhance the volatility of
analytes, which might produce interferences and consequently
make more difficult quantitation. LC–MS/MS has become the main
analytical technique for determining �2-agonists due to its shorter
chromatographic run time and without time-consuming derivati-
zation procedures. Ultra high performance liquid chromatography
(UHPLC) coupled to tandem mass spectrometry is one of the
most efficient methods, because of the high resolution and rapid
separation of UHPLC.

Although many LC–MS/MS methods have been developed for
identification of �2-agonists in biological samples, there is little
literature on identification of �2-agonists in milk. An HPLC–ESI-
MS/MS method for determining 10 �2-agonists in milk has been
developed by Wang et al. but the limits of quantitation (LOQs)
(0.068–13.20 �g/kg) were above MRL (0.05 �g/kg) of CLB [25] and

the deproteinization step was labor-intensive. Ortelli et al. have
described a fast LC–MS/MS method for determining 150 veterinary
drugs in milk including 6 �2-agonists, but decision limit (CC�) and
detection capability (CC�) for CLB were 0.30 �g/L and 0.50 �g/L
[26], respectively. These values were far higher than MRL of CLB.

dx.doi.org/10.1016/j.chroma.2010.10.055
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:wupaddyfield@tom.com
dx.doi.org/10.1016/j.chroma.2010.10.055


7874 C. Li et al. / J. Chromatogr. A 1217 (2010) 7873–7877

Table 1
Retention time and LC–ESI-MS/MS parameters for CLB, SAL, RAC, CLB-D9, SAL-D3 and RAC-D6.

Analyte Retention time (min) Parent ion (m/z) Daughter ion (m/z) Dwell time (s) Collision energy (eV) Cone voltage (V)

CLB 3.87 277.0 202.8a,131.7 0.10 16, 28 22
SAL 2.81 240.0 147.8a,165.9 0.10 18, 14 24
RAC 3.70 302.1 163.9a,120.8 0.10 16, 22 22
CLB-D 3.86 286.0 204.0 0.10 16 22
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SAL-D3 2.79 243.0 151.0
RAC-D6 3.68 308.0 168.0

a Ion for quantification.

oreover, limits of detection (LODs) of some screening methods
or determination of �2-agonists in milk were between 0.05 �g/L
nd 250 �g/L [27–29]. So far, a confirmatory method for simul-
aneously determining CLB, SAL and RAC in milk by LC–MS/MS
ith good sensitivity (LOQ below 0.05 �g/kg) has not been
eveloped.

In this paper, we describe a simple and sensitive LC–MS/MS
ethod for simultaneous determination of CLB, SAL and RAC in milk
ith isotope dilution. Solid phase extraction (SPE) is used for sam-
le preparation without complex deproteinization step. Validation
arameters tested were specificity, CC�, CC�, recovery, precision,

inearity, robustness and stability.

. Materials and methods

.1. Materials and reagents

Methanol and formic acid were LC grade. Hexane was analyt-
cal grade. Clenbuterol, salbutamol, ractopamine, clenbuterol-D9
CLB-D9) (100 �g/mL in acetone) and salbutamol-D3 (SAL-D3)
100 �g/mL in acetone) were purchased from Dr. Ehrenstorfer
Augsburg, Germany). Ractopamine-D6 (RAC-D6) was purchased
rom Toronto Research Chemicals Inc. (North York, Canada). The
ASIS® HLB SPE cartridges (60 mg, 3 mL) were purchased from
aters (Milford, MA, USA). Water was purified with a Milli-Q

everse osmosis system (Millipore, Milford, MA, USA).

.2. Standard solutions

Individual stock solutions of CLB, SAL, RAC and RAC-D9
100 �g/mL) were prepared in methanol. Three fortifying mixed
tandard solutions of CLB, SAL and RAC (2.5, 5.0 and 7.5 �g/L)
nd one mixed fortifying standard solution for CC� experiment
5.4 �g/L for CLB, 0.60 �g/L for SAL and 0.80 �g/L for RAC) were
repared by diluting stock standard solution with methanol. An

nternal working standard solution of CLB-D9, SAL-D3 and RAC-
6 (20 �g/L) was prepared in methanol. Six individual working

tandard solutions (500 �g/L for each compound) for MS–MS opti-
ization were prepared by diluting each stock solution (100 �g/mL

or each compound) with 0.1% formic acid solution/methanol (95:5,
/v). Six mixed working standard solutions (0.1–50 �g/L) were pre-
ared by diluting and mixing working standard solutions (500 �g/L
or each compound) with 0.1% formic acid solution/methanol (95:5,
/v).

.3. Chromatographic conditions

A Waters Acquity UPLC instrument (Milford, MA, USA) was used
n the present study. Separation was carried out on an Acquity BEH
18 column (50 mm × 2.1 mm, 1.7 �m) maintained at 30 ◦C. The

obile phase consisted of solvent A (0.1% formic acid in water) and

olvent B (methanol). Initial gradient conditions were set to 5% B
nd held for 1.5 min before incorporating a linear gradient increas-
ng to 55% B at 4.0 min. At 4.1 min the gradient was programmed to
nitial conditions to reequilibrate the column for 1.9 min (total run
0.10 18 24
0.10 16 22

time 6 min). The flow rate was 0.3 mL/min. The injection volume
was 10 �L in full loop injection mode.

2.4. Mass spectrometry conditions

Detection was carried out by a Waters XevoTM TQ triple-
quadrupole MS fitted with electrospray ionization (ESI) probe
operated in the positive ion mode. The following parameters were
optimal: capillary voltage, 3000 V; ion source temperature, 150 ◦C;
desolvation gas temperature, 500 ◦C; desolvation gas flow rate,
1000 L/h. Detection was carried out in multiple reaction monitoring
(MRM) mode. Argon was used as the collision gas, and the collision
cell pressure was 4 mBar. Other parameters are shown in Table 1.

2.5. Sample preparation

After addition of 50 �L of 20 �g/L internal standard solution
in 10 g milk, the sample was applied to OASIS® HLB SPE car-
tridge which was activated with 5 mL of methanol followed by
5 mL of water. The cartridge was washed with 5 mL of water, 5 mL
methanol–water (1:9, v/v) and dried with strong vacuum for 5 min,
then washed with 5 mL of hexane. The analytes were eluted with
2 mL of methanol. The eluate was evaporated until dryness under a
stream of nitrogen at 40 ◦C. The residue was reconstituted in 500 �L
of 0.1% formic acid in water/methanol (95:5, v/v). The resulting
solution was filtered through 0.22 �m filter and 10 �L of the filtrate
was injected into the LC.

2.6. Method validation

The evaluation of the suitability of the method for the determi-
nation of CLB, SAL and RAC in milk was carried out according to the
European Commission Decision 2002/657/EC [30].

To verify the absence of interfering substances around the reten-
tion time of analytes, 20 blank milk samples were analyzed.

Calibration curves were constructed using mixed working stan-
dard solutions by plotting the peak area ratio of quantitative ion
pair of each standard to internal standard at concentrations of 0.1,
0.5, 1.0, 5.0, 10 and 50 �g/L. CLB, SAL and RAC were quantified
with CLB-d9, SAL-D3 and RAC-D6, respectively. The concentration
of internal standard was 2.0 �g/L.

For CLB, the CC� was established by analyzing 24 blank mate-
rials per matrix fortified with CLB at 0.05 �g/kg. The CC� was
established by analyzing 20 blank materials per matrix fortified
with CLB at their CC�.

For SAL and RAC, the CC� was established by analyzing 20 blank
materials per matrix to be able to calculate the signal to noise ratio
at the time window in which the analyte is expected. Three times
the signal to noise ratio (qualitative ion pair) was used as CC�. The
CC� was established by analyzing 20 blank materials per matrix

fortified with the analyte at their CC�.

Recovery of CLB, SAL and RAC was measured in blank milk
that was fortified at MRL level of CLB (0.05 �g/kg), at half of the
MRL level of CLB (0.025 �g/kg) and one and a half of the MRL
level of CLB (0.075 �g/kg). The fortified samples were analyzed and
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he recoveries were calculated by comparing the measured con-
entration to the fortified concentrations. The repeatability and
ithin-laboratory reproducibility were measured on the same 54

ortified blank milk samples (n = 6 replicates per concentration level
nd analyzed in three independent analytical runs) and expressed
y coefficient of variation (CVr and CVR, respectively).

Robustness only was established by introducing small changes
n the chromatographic system, like flow rate (0.25, 0.30 and
.35 mL/min), column temperature (25, 30 and 35 ◦C) and the
oncentration of formic acid in solvent A (0.05, 0.10 and 0.15%).
obustness of the method was assessed by injecting one matrix
tandard solution (1.0 �g/L for CLB, SAL and RAC; 2.0 �g/L for CLB-
9, SAL-D3 and RAC-D6) six times under each above conditions.

The stability was determined in two different ways: (a) in
olvent (stock solutions) and (b) in matrix (fortified milk at
.05 �g/kg).

. Results and discussion

.1. Sample preparation

For the determination of veterinary drug residue in milk, the
ample pretreatment procedures usually include labor-intensive
eproteinization procedure [25,31,32]. However, the liquid milk
amples may be directly purified through SPE column, and thus
ake the sample preparation easier and faster. Moreover, the sam-

le preparation without deproteinization procedure was feasible
ased on method validation experiments.

Cation exchange SPE cartridge was often used to purify �2-
gonists because of its good cleanup efficiency. However, the
ample of milk was difficult to pass through the cartridge under
ravity when SCX or Oasis® MCX column be used, and the speed
f the milk sample through the cartridge was often less than
.5 mL/min even if strong vacuum be used. So the Oasis® HLB col-
mn was chosen in this study because of its good cleanup efficiency,
ood recovery and good SPE processing speed.

.2. MS–MS optimization

Working solutions of 500 �g/L were infused to optimize the
S–MS parameters of CLB, SAL, RAC, CLB-d9, SAL-D3 and RAC-d6

nd to select the appropriate diagnostic ions. The infusion process
as carried out with the same chromatographic conditions as those
sed during analysis. The ESI+ was selected due to its sensitivity,
uggedness and easy handling and maintenance.

For �2-agonists were included in group A of Annex, Council
irective 96/23/EC [33], a minimum of four identification points
re required. In this experiment, four identification points were
btained by monitoring one parent ion (1 point) and two transi-
ions (each 1.5 points). The selected transitions for the �2-agonists
nd the optimal MS–MS conditions are shown in Table 1.

.3. Method validation

.3.1. Linearity
The calibration graphs were obtained by plotting the peak

rea ratio of the quantitative ion pair of each standard to
nternal standard versus drug concentration in 0.1–50 �g/L. The lin-
ar equations were Y = 0.5737X + 0.0294, Y = 0.6243X − 0.0326 and

= 0.2601X − 0.0105 for CLB, SAL and RAC, respectively. The corre-

ation coefficients (R2) of the calibration curves were 0.9998, 0.9999
nd 0.9999 for CLB, SAL and RAC, respectively. Using these curves,
ecoveries can be calculated at each fortification level. The MRM
hromatograms of standard solution are shown in Fig. 1.
217 (2010) 7873–7877 7875

3.3.2. Specificity
The specificity was evaluated by analyzing 20 blank milk sam-

ples. Fig. 2a and b indicates that there were no interfering peaks
from endogenous compounds at the retention times of CLB, SAL
and RAC.

3.3.3. Recovery and precision
CLB, SAL and RAC were spiked into blank milk samples at three

different concentrations (0.025, 0.050 and 0.075 �g/kg). The results
are shown in Table 2. The mean recoveries, repeatability, and repro-
ducibility varied from 95.8 to 106.2%, from 3.60 to 6.44% (CVr), and
from 4.77 to 7.53% (CVR), respectively. These recoveries and coeffi-
cients of variation (CVs) for CLB, SAL and RAC are better than many
previously developed methods for milk and other biological sam-
ples by LC–MS/MS [16–18,21,23–25], possibly due to the use of
isotope compounds as internal standard for quantification in the
present study.

3.3.4. CC˛ and CCˇ
According to the concept of the European Commission Decision

2002/657/EC, the CC� (decision limit) and CC� (detection limit)
have been estimated. The results of the CC� were 0.054 �g/kg,
0.006 �g/kg and 0.008 �g/kg for CLB, SAL and RAC, respectively. The
results of the CC� were 0.058 �g/kg, 0.007 �g/kg and 0.009 �g/kg
for CLB, SAL and RAC, respectively. Additionally, LODs were
0.006 �g/kg, 0.006 �g/kg and 0.008 �g/kg for CLB, SAL and RAC,
respectively, based on three times signal to noise ratio. LOQs
were 0.02 �g/kg, 0.02 �g/kg and 0.027 �g/kg for CLB, SAL and RAC,
respectively, based on 10 times signal to noise ratio. The LOD of
this method is better than those of previously published MS meth-
ods [8–14,16–26] for �2-agonists in biological samples except one
GC–MS method (LOD was 0.003 �g/L when the volume of urine was
50 mL) [15].

3.3.5. Robustness
The Waters XevoTM TQ MS is a robust platform for quantitative

LC–MS/MS. Compared with conventional LC–MS/MS, many more
MRM transitions can be acquired with higher sensitivity in a sin-
gle analysis, especially combined with ultra high performance LC
systems.

The analytical results of the matrix standard solution were quan-
tified with a standard solution (1.0 �g/L for CLB, SAL and RAC;
2.0 �g/L for CLB-D9, SAL-D3 and RAC-D6). The concentrations of the
matrix standard solution were 0.989–1.008 �g/L, 0.992–1.010 �g/L
and 0.987–1.009 �g/L for CLB, SAL and RAC, respectively. The CVs
ranged from 0.36 to 0.74%. These results demonstrate that changes
of chromatographic conditions did not influence significantly the
analytical results.

3.3.6. Stability
The stock standard solutions in methanol were stored for at least

6 months at −20 ◦C. The stock solutions were analyzed every month
and the instrumental responses were compared with the peak areas
obtained at the moment of solution preparation (t = 0). The accep-
tance criterion was a response comprised between 95 and 105% of
the initial one [34]. Fortified milk samples of three �2-agonists at
0.05 �g/kg stored at −20 ◦C were analyzed after 3, 7 and 14 days. It
was found that the recoveries of three �2-agonists had no obvious
change.

3.4. Applications of the method
Twenty milk samples commercially available from the local
market were analyzed for three �2-agonists using the above
method. No �2-agonists were found in these samples. Unusan
had reported 68.3% milk samples were contaminated with CLB
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Fig. 1. The MRM chromatogram of CLB, SAL, RAC, CLB-D9, SAL-D3 and RAC-D6 in standard solution (1.0 �g/L for CLB, SAL and RAC; 2.0 �g/L for CLB-D9, SAL-D3 and RAC-D6).
The MRM transitions from top to bottom correspond to RAC-D6 (308 > 168), RAC (302.1 > 163.9 and 302.1 > 120.8), CLB-D9 (286 > 204), CLB (277 > 202.8 and 277 > 131.7),
SAL-D3 (243 > 151) and SAL (240 > 165.9 and 240 > 147.8).

Fig. 2. (a) The MRM chromatogram of blank milk. (b) The MRM chromatogram of blank milk fortified with CLB, SAL and RAC at 0.025 �g/kg and CLB-D9, SAL-D3 and RAC-D6

at 0.10 �g/kg.
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Table 2
Mean recoveries and variation coefficients (CVr and CVR) of CLB, SAL and RAC from milk by LC–MS/MS.

Drug Fortified concentration (�g/kg) Mean recovery (%, n = 6) CVr (%) CVR (%)

CLB 0.025 105.2 102.4 97.5 5.19 7.12
0.050 104.1 101.5 106.2 4.98 5.30
0.075 98.4 103.7 102.8 5.55 5.84

SAL 0.025 98.7 96.7 99.3 6.44 7.53
0.050 97.1 102.4 98.8 5.06 4.77
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0.075 99.3
RAC 0.025 97.3

0.050 98.0
0.075 102.1

n Turkey [27] by ELISA method. However, �2-agonists are of
ittle interest for the normal milk production scheme because �2-
gonists CLB cannot improve milk production [28]. So, further
tudies should be conducted about the occurrence of �2-agonist
esidues in milk by confirmation method with large number of
amples.

. Conclusion

In the present study, a simple and sensitive method for the
imultaneous determination of CLB, SAL and RAC in milk by
C–MS/MS with isotope dilution was developed. This method was
alidated with fortified milk samples and good recoveries with
xcellent CVs were obtained. The CC� and CC� were found to be
ufficiently low to determine the residues of CLB, SAL and RAC in
ilk.
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