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a b s t r a c t

A method based on ultra-high performance liquid chromatography coupled with electrospray ioniza-
tion tandem mass spectrometry (UHPLC–MS/MS) for the simultaneous determination of benzimidazole
residues in bovine milk has been optimized and validated. Rapid chromatographic separation of 13 ana-
vailable online 1 October 2010
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enzimidazole
ltra-high performance liquid

lytes in 8 min was obtained by means of UHPLC. The samples were subject to Oasis MCX solid-phase
extraction cartridges for extraction and clean-up. Matrix-matched calibration curves were performed to
compensate for the matrix effect and loss in sample preparation. Mean recoveries ranged from 80% to
101% and inter-day precision was lower than 14%. Limit of detection and limit of quantification of the

to 0
hromatography
andem mass spectrometry
ilk

method ranged from 0.01

. Introduction

Benzimidazole anthelmintic drugs are commonly used for pre-
ention and treatment of parasitic infections in the veterinary
ractices. Incorrect use of these drugs can possibly leave residues

n edible tissues or food products, which may have a potential risk
o consumers [1,2]. The European Union has set maximum residue
imits (MRLs) for benzimidazoles in animal food products [3]. In
hina, similar MRLs have also been established in muscle, liver,
idney, and milk [4]. Therefore, reliable analytical methods are
equired to monitor these drug residues in foods such as milk and
o ensure the safety of food supply.

Different methods, such as thin layer chromatography [5] and
irect spectrometric detection [6,7], have been developed for anal-
sis of benzimidazoles, but they are not suitable for residual
nalysis for sensitivity reason. For screening purposes, enzyme-
inked immunosorbent assay (ELISA) [8,9] and surface plasmon
esonance-biosensor [10] have been used. However, the con-
rmation of suspect positive samples must be conducted by
ass spectrometry coupled to the adequate chromatographic

eparation. Several methods using liquid chromatography–mass

pectrometry (LC–MS) have been published [11–13]. The combi-
ation of liquid chromatography and tandem mass spectrometry
LC–MS/MS) tended to be a sensitive method that was capa-
le of detecting various benzimidazoles at trace levels [14–18].
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.5 �g L−1 and from 0.1 to 1.0 �g L−1, respectively.
© 2010 Elsevier B.V. All rights reserved.

Kinsella et al. [19] described a LC–MS/MS method for the deter-
mination of benzimidazoles, macrocyclic lactones, and flukicides in
bovine milk and liver using QuEChERS (quick, easy, cheap, effective,
rugged and safe) method for sample preparation. The QuEChERS
approach involved liquid extraction with acetonitrile and clean-
up by dispersive solid phase extraction. Later, the group applied
ultra-high performance liquid chromatography coupled to tan-
dem MS (UHPLC–MS/MS) to the detection of anthelmintic drug
residues with rapid polarity switching [20]. In recent years, large-
scale multi-residue screening methods have been developed for
the analysis of different classes of veterinary drugs including benz-
imidazoles. Based on UHPLC and time-of flight mass spectrometry
(TOF MS), these methods are very powerful to detect more than
100 veterinary drugs [21,22]. However, the limitations of TOF MS,
compared to triple-quadrupole MS, are the lower sensitivity, worse
quantitative accuracy, and higher price.

The aim of this study was to develop and validate a rapid and
sensitive method for the determination of benzimidazole residues
in bovine milk by UHPLC–MS/MS. Milk samples were cleaned up
by one step solid phase extraction (SPE) using mixed mode car-
tridge without liquid extraction. UHPLC conditions were optimized
to obtain fast analytical time of 8 min for each injection as well as
excellent peak shape and separation. The sensitivity of the method
was demonstrated by validation of fortified samples at 0.1 �g L−1.

2. Experimental
2.1. Materials and reagents

HPLC grade methanol, acetonitrile, and formic acid were
purchased from Dima Technology Inc. (Muskegon, MI, USA).

dx.doi.org/10.1016/j.jchromb.2010.09.026
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:sjz@cau.edu.cn
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Fig. 1. MS/MS spectra of benzimidazo

ydrochloric acid and ammonia were obtained from Alfa-Aesar
Ward Hill, MA, USA). Water was purified using a Milli-Q Synthe-
is system from Millipore (Bedford, MA, USA). Oasis MCX (60 mg)
xtraction cartridges were supplied by Waters (Milford, MA, USA).
yringe filter was purchased from Pall Corporation (Ann Arbor, MI,
SA). Albendazole (ABZ), fenbendazole (FBZ), mebendazole (MBZ),

hiabendazole (TBZ), oxfendazole (OFZ), 5-hydroxythiabendazole
5-OH–TBZ), albendazole sulfoxide (ABZ–SO), albendazole sulfone
ABZ–SO2), fenbendazole sulfone (FBZ–SO2), flubendazole (FLUB),
ebantel (FBT), oxibendazole (OBZ), 2-amino-albendazole sulfone
ABZ–NH2–SO2) were kindly provided by Institute of Veterinary
rug Control of Henan Province (Zhengzhou, Henan, China). Indi-
idual stock solutions (1 mg mL−1) were prepared by dissolving
0 mg of compound in 10 mL of methanol. Mixed working standard
olutions were prepared by diluting stock solution with methanol.
hese solutions were stored in dark glass bottles at −20 ◦C and were
table for at least 6 months.

.2. Sample preparation
The milk was centrifuged (9000 rpm, 10 min, 4 ◦C) and then the
pper fat layer was removed. Two mL of milk sample was trans-
erred into a centrifuge tube and 2 mL of 0.1 M hydrochloric acid
as added. After vortex mixing, the mixture was loaded onto an
m/z
100 120 140 160 180 200 220 240 260 280 300

0

130.9 191.1
266.0

 

quired at different collision energies.

Oasis MCX cartridge previously conditioned with 3 mL of methanol
and 3 mL of 0.1 M hydrochloric acid. The cartridge was washed with
3 mL of 0.1 M hydrochloric acid, followed by 3 mL of methanol. The
compounds of interest were eluted with 4 mL of 10% ammonia in
acetonitrile. The eluate was evaporated to dryness at 40 ◦C, under
nitrogen flow. The residues were dissolved in 400 �L of 0.1% formic
acid in water–0.1% formic acid in acetonitrile (90:10, v/v). The
resulting solution was filtered through a 0.2 �m filter into a LC vial.

2.3. Instrumental conditions

LC analyses were performed on a Waters Acquity ultra-
performance liquid chromatography system with column oven
temperature maintained at 30 ◦C, using an Acquity BEH C18 column
(50 mm × 2.1 mm i.d., 1.7 �m particle size) (Waters, Milford, MA,
USA). The mobile phase was constituted by solvent A (0.1% formic
acid in water) and solvent B (0.1% formic acid in acetonitrile). The
flow rate was 0.3 mL min−1 with a linear gradient at the follow-
ing conditions: 0–0.2 min, 90% A; 0.2–4 min, 90–60% A; 4–5 min,

60–5% A; 5–6 min, 5% A; 6–6.1 min, 5–90% A; 6.1–8 min, 90% A. The
injection volume was 10 �L.

The UHPLC system was coupled to a Micromass Quattro Premier
XE triple quadrupole mass spectrometer (Waters, Manchester, UK)
fitted with an electrospray ionization (ESI) source and controlled
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Fig. 1.

y MassLynx software (version 4.1). Typical source conditions for
aximum intensity of precursor ions were as follows: capillary

oltage, 2.8 kV; source temperature, 100 ◦C desolvation tempera-
ure, 350 ◦C; cone gas (N2) flow rate, 30 L h−1; desolvation gas (N2)
ow rate, 600 L h−1. For all compounds, the MS instrument was
perated in the ESI positive mode and the data was acquired in
ultiple reaction monitoring (MRM) mode. The argon pressure in

he collision cell was 3.7 × 10−3 mbar. Optimized MS/MS transi-
ions as well as specific cone voltages and collision energies are
ummarized in Table 1.
.4. Method validation

To evaluate the performance of the proposed method, the
ethod was validated in terms of specificity, linearity, accuracy,
100 120 140 160 180 200 220 240 260 280 300

nued ).

precision, limit of detection (LOD) and limit of quantification (LOQ).
Twenty blank samples obtained from local supermarkets were pre-
pared and analyzed to verify the absence of interfering substances
around the retention time of analytes. The linearity of the method
was evaluated by linear regression analysis of matrix-matched
calibration curves. The recovery experiments were performed to
investigate the method accuracy and precision. Six replicates of
spiked samples at three levels each were prepared on four differ-
ent days. The precision, expressed as relative standard deviation
(RSD), was determined by the intra-day and inter-day assays. The

LOD was defined as the concentration with a signal-to-noise ratio
(S/N) of 3. The LOQ, based on the recovery and precision data,
was defined as the lowest validated fortified level meeting the
requirements of a recovery within the range of 80–120% and a
RSD ≤ 20%.
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. Results and discussion

.1. Sample preparation

To detect trace levels of the target compounds, it is necessary
o remove proteins and fat from milk samples. Benzimidazoles
ere usually extracted from milk at high pH using ethyl acetate

11,12,17]. In this study, milk samples were centrifuged and then
cidified and directly loaded onto the mixed-mode solid-phase
xtraction cartridges. Preliminary experiments were performed to
nvestigate the effect of centrifugation step on recovery. Samples
ortified before and after centrifugation were analyzed and no dif-

erent results of recovery and precision were observed. And this
entrifugation step was necessary to prevent the clogging of SPE
artridge. Although the polarity and pKa of benzimidazoles and
heir metabolites differ greatly, Oasis MCX cartridge provides suf-
cient retention for all the analytes. It was found that the use of
m/z
220 240 260 280 300  

nued ).

acetonitrile at the elution step, instead of methanol, could obtain
better recovery. The proposed SPE procedure was rapid and effec-
tive for sample cleanup and enrichment.

3.2. UHPLC–MS/MS analysis

Selection and tuning of MRM transitions were performed by
direct infusion of standard solution of each analyte. Different col-
lision energies were tested in order to find the most abundant
product ion. The fragmentation pathways of nine benzimidazoles
have been studied in a previous publication [17], while several

metabolites were not covered in that study. The loss of –OCH3 is
found to be common and leads to m/z 300 and 266 for FBZ–SO2 and
ABZ–SO2, respectively. For FBZ–SO2, a subsequent elimination of
–SO2C6H5 from the ion at m/z 300 gives the fragment at m/z 159.
A similar fragmentation pathway, the elimination of –SO2C3H7, is
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Fig. 2. Chromatograms of TBZ dissolved in different final solutions. (A) acetonit

Table 1
MS/MS transitions and optimal conditions used for MS/MS analysis.

Compound Precursor
ion (m/z)

Daughter
ions (m/z)

Cone
voltage (V)

Collision
energy (eV)

TBZ 202 175a 50 24
202 131 50 30

ABZ–NH2–SO2 240 133a 50 25
240 198 50 16

ABZ–SO 281.5 208a 55 25
281.5 159 55 42

ABZ–SO2 298 159a 40 34
298 266 40 16

OFZ 316 159a 50 33
316 284 50 17

OBZ 250 218a 40 20
250 176 40 24

5-OH–TBZ 218 176a 55 20
218 148 55 28

FBZ–SO2 332 159a 45 34
332 300 45 17

MBZ 296 105a 50 32
296 264 50 20

ABZ 266 234a 40 17
266 191 40 31

FLUB 314 282a 45 20
314 123 45 32

FBZ 300 159a 40 29
300 268 40 15

FBT 447 383a 40 17
447 280 40 31

a Transitions for quantification.
Time
2.00 2.20 2.40 2.60 2.80 3.00

rile:H2O, 10:90; (B) acetonitrile:H2O, 15:85; (C) acetonitrile:H2O, 50:50.

observed for ABZ–SO2 and results in the fragment at m/z 159. For
ABZ–SO, the ion at m/z 208 results from the loss of –NHCO2CH3,
whereas m/z 159 is obtained from the successive loss of –SOC3H7.
For ABZ–NH2–SO2, the fragments of interest (m/z 198 and m/z 133)
originate from the loss of C3H7 followed by that of the SO2 group.
For 5-OH–TBZ, the ion at m/z 176 results from the loss of –OH and
the ring opening followed by the loss of –CN, and the ion at m/z
148 is obtained from consecutive loss of –CS. Product ion spectra
of these compounds are shown in Fig. 1.

Chromatographic conditions were optimized to obtain minimal
run time and best peak shape. During the method development,
it was found that the component of final dissolving solution influ-
enced the peak shape of TBZ and ABZ–NH2–SO2 significantly. As
shown in Fig. 2, the standard dissolved in acetonitrile–H2O (10:90,
v/v) containing 0.1% formic acid produces good peak shape and sen-
sitivity. After optimization of the gradient profile, the analysis time
for each injection was 8 min, which was faster than the existing
multi-residue method for benzimidazoles.

3.3. Matrix effects

Matrix effects are commonly encountered in LC electrospray
mass spectrometry analysis of target compounds in complex
sample matrices. Large amounts of endogenous compounds may

potentially co-elute with target analytes and significantly affect
the efficiency of the ionization process. In this study, the sig-
nal intensity of standard solution was compared with that of the
matrix-matched standard solution at different concentrations. The
approximate ratio of matrix-matched standard versus standard in
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Fig. 3. MRM chromatograms of milk sample fortified at LOQ level.
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Table 2
Recovery and precision of the method.

Compound Fortified
level (�g/L)

Mean
recovery (%)

Intra-day
RSD (%)

Inter-day
RSD (%)

TBZ 0.1 95.0 5.5 7.2
50 94.2 3.4 5.0

100 93.3 6.3 8.3
ABZ–NH2–SO2 0.1 93.1 11.2 14.1

50 84.8 5.0 8.5
100 92.2 2.4 6.1

ABZ–SO 1 101.3 2.6 5.7
50 93.5 4.9 5.9

100 94.1 5.0 7.2
ABZ–SO2 0.1 95.0 6.6 8.1

50 89.7 1.4 4.0
100 95.2 2.1 4.5

OFZ 0.1 82.0 7.0 8.6
5 85.4 2.9 5.4

10 95.5 2.1 5.7
OBZ 0.1 90.7 4.7 7.8

5 94.8 3.8 6.0
10 94.2 1.7 5.2

5-OH–TBZ 0.1 87.0 1.6 4.9
50 89.9 7.5 10.5

100 93.0 1.1 7.3
FBZ–SO2 0.1 81.4 11.3 13.1

5 83.3 7.2 8.6
10 93.9 10.3 12.7

MBZ 0.1 83.0 12.6 14.0
5 89.2 7.0 10.6

10 92.0 10.4 11.8
ABZ 0.1 85.1 7.8 8.8

50 84.5 10.0 12.6
100 90.1 4.8 8.7

FLUB 0.1 81.5 2.6 5.0
5 86.7 4.9 5.6

10 86.6 3.8 5.6
FBZ 0.1 81.2 7.8 9.3

5 82.6 5.2 8.4
10 81.4 2.8 6.2
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Table 3
LOD and LOQ of the method.

Compound LOD (�g/L) LOQ (�g/L)

TBZ 0.03 0.1
ABZ–NH2–SO2 0.05 0.1
ABZ–SO 0.5 1.0
ABZ–SO2 0.05 0.1
OFZ 0.05 0.1
OBZ 0.01 0.1
5-OH–TBZ 0.01 0.1
FBZ–SO2 0.05 0.1
MBZ 0.05 0.1

[

[
[

[
[
[
[

[

[

[

FBT 0.2 81.7 9.1 12.8
5 80.5 10.6 12.4

10 82.2 9.8 10.7

olvent for each analyte was as follows: ABZ–NH2–SO2, ABZ–SO,
BZ, 5-OH–TBZ, FBZ–SO2, ABZ, FBZ, 101–109%; ABZ–SO2, OFZ, MBZ,
LUB, 113–120%; TBZ, 86%; FBT, 31%. Ion suppression and enhance-
ent were both observed for different compounds of interest.

herefore, matrix-matched calibration curves were used for quan-
ification to compensate for the matrix effects.

.4. Method validation

Specificity was found to be satisfactory, with no chromato-
raphic interference being observed at the retention time of the
arget compound. All matrix-matched standard calibration curves
ith linear function resulted in the correlation of coefficient val-
es (r2) consistently above 0.991. Table 2 reports the average
ecoveries and relative RSDs of fortified samples. Benzimidazoles
ere fortified in milk samples at levels of 0.1, 5, 10 �g L−1 or 0.1,

0, 100 �g L−1 in six replicates, considering their MRL at 10 or
00 �g L−1, on four different days for inter-day repeatability study,

n addition to the same day for intra-day repeatability study. The
owest fortification level of ABZ–SO and FBT was 1 and 0.2 �g L−1,
espectively, because their sensitivity was not as high as other
nalytes. Mean recoveries ranged between 80.5 and 101.3% with
nter-day RSD values of ≤14.1%, demonstrating the good accuracy

nd precision of the method. The method LOD and LOQ values are
ummarized in Table 3. Typical MRM chromatograms of fortified
amples are shown in Fig. 3.

The described analytical method has been applied to real sam-
les to assess the occurrence of the anthelmintic drugs. A total

[

[

[

ABZ 0.02 0.1
FLUB 0.03 0.1
FBZ 0.05 0.1
FBT 0.1 0.2

of 34 milk samples purchased from local supermarkets (Beijing,
China) were analyzed with the method during the spring 2010. No
detectable benzimidazole residue was found in the samples.

4. Conclusion

A relatively fast, simple and selective method has been devel-
oped for the simultaneous determination of benzimidazoles in
milk. The application of UHPLC allows a short chromatographic run
time of 8 min, which is significantly lower than those of between
25 and 40 min applied in the previous multi-residue HPLC–MS/MS
methods. Satisfactory recoveries with associated relative standard
deviations were obtained at the level of 0.1 �g L−1 for most of the
analytes. The method can be advantageously applied in routine
analysis of benzimidazole residues in bovine milk samples.
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