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A  rapid  and  sensitive  ultra-high  performance  liquid  chromatography  tandem  mass  spectrometric  method
was developed  for simultaneous  quantification  of  amoxicillin  and  prednisolone  in  bovine  milk.  In
this  method,  amoxicillin,  prednisolone  and  the  internal  standards  penicillin  G-d7 (for  amoxicillin)  and
prednisolone-d6 were  extracted  from  bovine  milk  using  acetonitrile.  The  C18 solid  phase  extraction
cartridges  were  selected  for cleaning-up  the  extracts.  The  analytes  were  determined  using a triple
quadrupole  mass  spectrometry  in  positive  electrospray  ionization  and  multiple  reaction  monitoring
rednisolone
ovine milk
ltra-high performance liquid
hromatography
andem mass spectrometry

mode.  Calibration  curves  were  linear  over  a concentration  range  of 2–1000  �g/kg for  the  analytes.  The
mean  recoveries  were  89.2–92.3%  for amoxicillin  and 98.7–102.3%  for prednisolone.  Limits  of  detection
were  0.5  �g/kg  for the  analytes,  and  the  limits  of quantitation  were  2 �g/kg. Decision  limit  (CC�) and
detection  capability  (CC�)  have  also  been  estimated  for each  analyte.  The  method  was  validated  accord-
ing to the  Commission  Decision  2002/657/EC  and  successfully  applied  to  the  analysis  of  amoxicillin  and
prednisolone  in  real samples.
. Introduction

Bovine mastitis is of great economic importance as it associates
ith decreased milk production, expensive treatment costs, extra

abor and an increased rate of culling [1–4]. Compound amoxi-
illin intramammary infusion (CAIMM) is a combination drug that
eveloped for the treatment of bovine mastitis, comprising amox-

cillin (200 mg), sulbactam (50 mg), and prednisolone (10 mg)  in
 g formulation. A fast and robust bioanalytical assay that can
imultaneously determine the concentrations of amoxicillin and
rednisolone in bovine milk is essential in supporting the clinical
evelopment of CAIMM to understand its pharmacokinetics and
fficacy.

In the European Union (EU) and China, maximum residue lim-
ts (MRLs) of 4 and 6 �g/kg have been established for amoxicillin
nd prednisolone in milk, respectively [5,6]. Recently, liquid chro-
atography tandem mass spectrometric (LC/MS) methods using

arious extraction and deproteinization procedures have been
escribed for the determination of amoxicillin in milk [7–12]. Many
nalytical methods for the determination of prednisolone have

een published, such as gas chromatography (GC) [13], GC/MS
14–16],  liquid chromatography method coupled to diode array
etector (LC-DAD) [17], LC–MS/MS [18–23].  Up to now, only two
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papers describe UPLC–MS/MS methods for the determination of
amoxicillin or prednisolone in milk [24,25]. However, studies
on UPLC–MS/MS for the simultaneous determination of amoxi-
cillin and prednisolone in bovine milk have not been previously
described. The objective of this work was  to develop a rapid and
sensitive analytical method for simultaneous determination of
amoxicillin and prednisolone in bovine milk to support the clinical
studies of CAIMM.

2. Experimental

2.1. Chemicals and reagents

The reference standards of amoxicillin (>86.6%) and pred-
nisolone (>99%) were purchased from China Institute of Veterinary
Drug Control (IVDC, Beijing, China) and Sigma–Aldrich Inc.
(St. Louis, MO,  USA), respectively. Penicillin G-d7 (>95%) and
prednisolone-d6 (>99%) were produced at Toronto Research
Chemicals Inc. (TRC, Ontario, Canada) and CDN Isotopes (Pointe-
Claire, Quebec, Canada), respectively. HPLC-grade acetonitrile and
methanol were purchased from Fisher chemicals (Pittsburgh, PA,
USA). HPLC-grade formic acid and n-hexane were purchased from

Dikma Technologies Inc. (Lake Forest, CA, USA). Sodium dihydro-
gen phosphate and sodium hydroxide were obtained from Beijing
Chemical Co. (Beijing, China). HPLC water was obtained using a
Milli-Q Plus water purification system (Millipore, Bedford, MA,

dx.doi.org/10.1016/j.jchromb.2012.05.031
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:horse20@cau.edu.cn
mailto:sjz@cau.edu.cng
dx.doi.org/10.1016/j.jchromb.2012.05.031


6 atogr. 

U
B

a
p
m
W
s
s
i
8

2

m
t
s
(
f
t
d
t
p
w
T
w
T
p
w
t
o
a
fi
t

2

U
a
1
p
f
T
9
A

L
m
(
s
g
d
t
M
i

2

r
T
c
1
r

0 H. Li et al. / J. Chrom

SA). The C18 solid phase extraction (SPE) cartridges (6 cc, 500 mg,
ond Elut) were purchased from Varian (Lake Forest, CA, USA).

Amoxicillin (1 mg/mL) stock solution was prepared in water
nd prednisolone (1 mg/mL), penicillin G-d7 (1000 �g/mL) and
rednisolone-d6 (500 �g/mL) stock solutions were prepared in
ethanol. The stock solutions were stored in the dark at −20 ◦C.
orking standard solutions and mixed internal standard working

olutions in acetonitrile:water (50:50, v/v) were used for spiking
amples. 0.05 M phosphate buffer solution was prepared by dilut-
ng 7.80 g NaH2PO4 in 1 L of HPLC water. The pH was adjusted to
.5 with 10 M NaOH solution.

.2. Sample preparation

Milk samples (2.00 ± 0.02 g) were weighed and fortified with
ixed internal standard working solutions at levels corresponding

o 10 �g/kg. Acetonitrile (6 mL)  was added and the samples were
haken vigorously for 30 s, and centrifuged at 8603 × g for 10 min
Sigma 2K15, Germany). Then the samples were extracted again
ollowing the procedure mentioned above. Eight milliliters of ace-
onitrile saturated n-hexane was added and the n-hexane layer was
iscarded. The extracts were evaporated at 37 ◦C under nitrogen
o approximately 1 mL  (ca.1 h) and then mixed with 10 mL  0.05 M
hosphate buffer at pH 8.5. After mixing, the pH of the extracts
ere re-adjusted to pH 8.5 using 0.2 M sodium hydroxide solution.

he extracts were loaded onto the C18 cartridges pre-conditioned
ith 5 mL  methanol, water, and 0.05 M phosphate buffer (pH 8.5).

he cartridges were washed subsequently with 3 mL  0.05 M phos-
hate buffer (pH 8.5) and 2 mL  water. The analytes were eluted
ith 3 mL  acetonitrile and were evaporated to dryness under a gen-

le stream of nitrogen at 37 ◦C. The residue was dissolved in 1 mL
f 0.1% formic acid–water:0.1% formic acid–acetonitrile (98:2, v/v)
nd vortexed for 1 min. The solution was filtered through a 0.2 �m
lter (PALL, Washington, USA) and 10 �L solution was  injected into
he UPLC–MS/MS system.

.3. UPLC–MS/MS analysis

Chromatographic analysis was performed using an Acquity
PLC system (Waters, Milford, MA,  USA) and separations were
chieved using an Acquity UPLC BEH C18 column (50 mm × 2.1 mm,
.7 �m,  Waters) at 30 ◦C. The analytes were separated with a mobile
hase consisting of 0.1% formic acid in water (eluent A) and 0.1%
ormic acid in acetonitrile (eluent B) at a flow rate of 0.3 mL/min.
he UPLC gradient conditions were optimized as follows: 0–1 min,
8% A; 1–1.5 min, 98–15% A; 1.5–2.5 min, 15% A; 2.5–3.0 min, 15–2%
; 3.0–3.5 min, 2–98% A; 3.5–5.5 min, 98% A.

Mass spectrometric analysis was carried out using a Quattro
C triple quadrupole tandem mass spectrometry (QuattroMicro-
ass API, Manchester, UK) in positive electrospray ionization mode

ESI+). ESI parameters were as follows: capillary voltage, 2.8 kV;
ource temperature, 80 ◦C; desolvation temperature, 300 ◦C; cone
as flow, 25 L/h; desolvation gas flow, 460 L/h. Collision-induced
issociation was  performed using argon as the collision gas at
he pressure of 2.5 × 10−3 mbar in the collision cell. Optimized

S/MS  parameters for amoxicillin and prednisolone were shown
n Table 1.

.4. Method validation

The validation procedure for the developed method was  car-
ied out according to the Commission Decision 2002/657/EC [26].

o evaluate the linearity, matrix-matched calibration curves were
onstructed at the concentrations of 2, 5, 10, 50, 100, 500 and
000 �g/kg in blank milk samples on three different days. The cor-
elation coefficient (r) was determined and had to fall within the
B 900 (2012) 59– 63

range specified (r ≥ 0.99). Limit of quantification (LOQ) was defined
as the lowest drug concentration on the calibration curves. The limit
of detection (LOD) was  defined as the lowest measured concen-
tration from which it was  possible to deduce the presence of the
analyte with reasonable statistical certainty. The criterion of the
signal to noise (S/N) ratio of 3/1 was used in our study. The selec-
tivity of the method was  evaluated by comparing chromatograms
of 20 blank matrix with spiking samples at the MRL  level. The recov-
ery study was  estimated by spiking the samples in six replicates at
each concentration level (0.5, 1, and 1.5 MRL). Responses of the
spiked samples were compared with the response obtained for
a blank matrix spiked after clean-up. The trueness, expressed as
the difference between the measured concentration and the spiked
concentration, had to be within −20% to +10%. The intra- and inter-
day precision was evaluated at three concentration levels of the
recovery study on a single day and on three different days, respec-
tively. Commission Decision 2002/657/EC stated that the precision
for quantitative methods lower than 100 �g/kg should be as low as
possible. Adjusting the pH to 8.5 was  evaluated in the perspective
of robustness. The aqueous spiking sample extracts (1 �g/g) with
three replicates under different pH conditions (4, 6, 7.5, 8.5, 9, and
10) were investigated their effect on analytes recovery.

Decision limit (CC�) was  calculated by analyzing 20 blank milk
samples fortified at the MRLs over three days, and using the con-
centration at the MRLs level plus 1.64 times the within-laboratory
standard deviation (inter-day) obtained. Detection capability (CC�)
was calculated as CC� plus 1.64 times the corresponding standard
deviation.

Stability of the analytes in matrix was evaluated at three concen-
tration levels of the recovery study. The spiking milk samples were
stored at ambient temperature for 1, 6, 12, and 24 h and at −20 ◦C
freezer for at least six months. The mean concentration of each con-
centration level was compared to the corresponding concentration
determined in the initial testing.

3. Results and discussion

3.1. Sample preparation

Simultaneous determination of amoxicillin, prednisolone, and
sulbactam in bovine milk was designed at the beginning of
the experiment. There was a problem when optimizing sam-
ple cleaning-up that was a necessary step to minimize the
matrix effect. Experiments using cartridges such as SAX (Strong
Anion Exchange), PSA (Primary Secondary Amine), C18 from
Varian, Oasis HLB from Waters and Amino cartridges from
Agela (Bonna-Agela Technologies, Tianjin, China) were inves-
tigated but had not obtained good effect. At last, sulbactam
was confirmed to have a good retention on MAX  cartridges
from Waters. But they were not suitable for amoxicillin and
prednisolone.

Sample preparation was  the most critical section because
amoxicillin and prednisolone possessed different physicochemi-
cal properties (log Kow, pKa, etc.). The amphoteric, instability and
high polarity characteristics of amoxicillin make its analysis diffi-
cult, which pKa value was 2.4, 7.4 and 9.6 [27]. As prednisolone was
a neutral analyte not affected by pH adjustment, it was  extracted
together with amoxicillin into the organic phase. Different pre-
treatment steps were studied, in an attempt to find the most
appropriate extractant. Sulfuric acid and sodium tungstate were
initially selected for deproteinization, but this technique resulted

in the pH instability of the extracts so that it affected the retention
of the analytes on C18 cartridges. Then simple deproteination by
trichloroacetic acid and trifluoroacetic acid was found to be used
for prednisolone, but the recovery of amoxicillin was  only about
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Table 1
Optimized MS/MS parameters for amoxicillin and prednisolone.

Analyte Precursor ion Product ions Dwell time (s) Cone voltage (eV) Collision energy (V)

Amoxicillin 366.1 349.1a 0.10 18 10
208.2  0.10 18 9

Prednisolone 361.1 343.1a 0.10 20 13
147.1  0.10 20 15

Penicillin G-d7 342.4 160.1a 0.10 20 12
Prednisolone-d6 367.5 150.3a 0.10 16 20

a Ion used for quantification.

Fig. 1. MRM  chromatograms of amoxicillin and prednisolone in bovine milk. (a) Blank milk sample; (b) Spiking milk sample with amoxicillin (2 �g/kg), prednisolone (2 �g/kg),
penicillin G-d7 (10 �g/kg), and prednisolone-d6 (10 �g/kg).
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Table 2
Trueness, mean recovery, intra- and inter-day precision, CC� and CC� of amoxicillin and prednisolone in bovine milk.

Analyte CC� (�g/kg) CC� (�g/kg) Fortification level
(�g/kg)

Trueness (%) Mean recovery (%) Intra-day precision
(RSD%)a

Inter-day precision
(RSD%) b

Amoxicillin 4.2 5.4 2 93.4 92.3 3.8 10.8
4 90.1  91.6 2.6 6.5
6  88.3 89.2 6.4 7.3

Prednisolone 7.8 9.6 3 101.2 102.3 3.4 12.1
6  98.3 99.2 4.1 9.6
9 96.4 98.7 4.3 8.2
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a RSD values of intra-day precision are calculated at each concentration level (n =
b RSD values of inter-day precision are calculated at each concentration level on 

5%, probably due to the degradation of amoxicillin in the low pH
ondition. Nevertheless, deproteination and extraction by acetoni-
rile gave satisfactory results for both amoxicillin and prednisolone.

.2. MS/MS  conditions

MS/MS  parameters were obtained by infusing a standard
olution of 1 �g/mL in a mixture of acetonitrile:water (50:50,
/v). Then the response of the analytes was estimated at dif-
erent source temperature conditions (75, 80, 85, 90, 100, and
10 ◦C) to optimize tuning parameter. Source temperature was
ainly affected by the sample solvent. Results indicated that

ow source temperature could lead to incomplete solvent evap-
ration, thus affect the electrospray ionization efficiency of the
nalytes. In contrary, when the ions were from atmospheric
ressure into the vacuum at higher source temperature condi-
ion, the decreased temperature would result in endothermic
xpansion of the ions. Hence, source temperature was  set at
0 ◦C.

.3. Method validation
Twenty blank milk samples (collected from local dairy farms)
ere analyzed to verify the selectivity of the proposed meth-

ds. Selectivity was found to be satisfactory, with no endogenous

able 3
tability of amoxicillin and prednisolone in matrix (n = 6).

Analyte

Amoxicillin 

Fortifical concentration (�g/kg) 2 4 

Ambient temperature (18 ◦C)
1 h Accuracya (%) 101.2 102.1 

RSDa (%) 3.4 2.8 

6  h Accuracy (%) 99.1 97.5 

RSD  (%) 1.8 1.6 

12  h Accuracy (%) 95.3 94.2 

RSD  (%) 1.2 2.4 

24  h Accuracy (%) 90.4 89.1 

RSD  (%) 1.1 2.5 

−20 ◦C freezer
1 weeks Accuracy (%) 102.1 103.6 

RSD  (%) 2.6 4.5 

2  weeks Accuracy (%) 101.1 101.3 

RSD  (%) 1.7 1.1 

3  weeks Accuracy (%) 97.3 96.4 

RSD  (%) 3.1 2
4  weeks Accuracy (%) 95.6 95.2 

RSD  (%) 1.6 1.7 

12  weeks Accuracy (%) 85.4 88.3 

RSD  (%) 3.2 2.6 

24  weeks Accuracy (%) 78.2 75.1 

RSD  (%) 2.1 1.6 

a Accuracy and RSD are calculated at each concentration level (n = 6).
different days (n = 18).

interference was observed (Fig. 1). To calibrate the curves, good
linearity (r > 0.9993) was  observed over the range of 2–1000 �g/kg
for the analytes. The LOQs and LODs were 2 �g/kg and 0.5 �g/kg
for the analytes. The trueness, mean recovery, intra- and inter-day
precision, CC� and CC� obtained from spiking samples at three for-
tification levels (0.5, 1, and 1.5 MRL) were summarized in Table 2.
Effect of different pH of the aqueous sample extracts spiking 1 �g/g
working standard solutions on the recovery of the analytes were
evaluated in the perspective of robustness, as shown in Fig. 2. It
was concluded that a good retention for amoxicillin was obtained
at pH 8.5, while pH conditions had little influence on the recovery
of prednisolone.

Stability of the analytes in milk samples at ambient tempera-
ture and at −20 ◦C freezer was  summarized in Table 3. With regard
to the stock solution stability, there was  no little loss for amox-
icillin after storage at room temperature for 8 h or at 4 ◦C for 20
days [28]. And acceptable stability (≥95%) was  obtained for pred-
nisolone in methanol at both ambient temperatures and −10 to
−30 ◦C conditions [18].

3.4. Sample analysis
The developed analytical method was successfully applied to the
determination of amoxicillin and prednisolone in 20 bovine milk
samples obtained from local dairy farms. Six samples presented

Prednisolone

6 3 6 9

100.5 102.1 99.4 100.3
1.6 2.6 3.1 2.2

98.4 101.4 101.2 100.1
2.9 1.5 3.1 3.4

93.7 100.3 99.3 99.8
3.1 1.6 2.4 3.1

89.6 99.8 99.1 99.4
2.1 3.1 2.5 1.0

99.7 101.9 100.6 99.9
2.2 3.1 3.2 1.5

99.1 100.3 99.9 99.6
2.1 2.2 2.3 2.8

95.3 99.9 99.6 99.1
2.7 2.2 1.8 1.9

93.4 99.3 99.5 101.1
2.1 3.1 2.6 2.9

82.1 98.4 99.1 97.3
1.8 1.5 2.8 3.1

74.1 97.5 98.2 98.1
1.8 1.7 2.3 2.2
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ig. 2. Effect of different pH of the aqueous sample extracts spiking 1 �g/g standard
olutions on the recovery of the analytes in the perspective of robustness. Error bars
epresent the standard deviation (n = 3).

races of amoxicillin and only one sample was found to be positive
ith respect to prednisolone. The concentration of prednisolone

n the positive sample was 2.56 �g/kg, which did not exceed the
RL  (6 �g/kg) set by China. Three positive amoxicillin samples,
hose concentrations were 21.86, 13.61, and 10.34 �g/kg, respec-

ively, exceeded the MRL  (4 �g/kg) set by China. The concentrations
f the other three incurred samples were lower than the corre-
ponding MRL. After investigation, we found that some dairy cows
ere intramammary administered Synulox LC (Pfizer, USA) three
ays ago before milk samples were collected. Synulox LC, a combi-
ation drug that comprising amoxicillin (200 mg), clavulanic acid
50 mg), and prednisolone (10 mg)  in a 3 g syringe, was widely used
or treatment of bovine mastitis in China’s dairy farms in recent
ears.

. Conclusions

The developed UPLC–MS/MS method was applied to the simul-
aneous quantitative analysis of amoxicillin and prednisolone
n bovine milk samples. The extraction method is based on
imple liquid-liquid extraction with acetonitrile and n-hexane
efatting, followed by C18 cartridges clean-up minimizing the
atrix effect. Furthermore, the use of UPLC–MS/MS reduces ana-
ytical time with short total run time (5.5 min), and improves
ensitivity and resolution. The method is rapid and sensitive
ith LOQs of 2 �g/kg and LODs of 0.5 �g/kg for amoxicillin and
rednisolone.

[

[

B 900 (2012) 59– 63 63

Acknowledgments

This work was funded by the National Key Technologies
Research and Development Program of China during the Eleventh
Five-Year Plan Period (No. 2006BAD31B08). The authors thank
Xiaowei Li for the help in preparing the test materials.

References

[1] I.C. Klaas, U. Wessels, H. Rothfuss, B.A. Tenhagen, W.  Heuwieser, E. Schallen-
berger, Livest. Prod. Sci. 86 (2004) 233.

[2] G.Y. Miller, C.R. Dorn, Prev. Vet. Med. 8 (1990) 171.
[3] J.B. Kaneene, H.S. Hurd, Prev. Vet. Med. 8 (1990) 127.
[4] M.H.W. Schakenraad, A.A. Dijkhuizen, Neth. J. Agri. Sci. 38 (1990) 89.
[5] Council Directive 96/23/EC of 29 April 1996 on measures to monitor cer-

tain 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.

[6] Agricultural department of the People’s Republic of China 235th Bulletin, 2002.
[7]  F. Bruno, R. Curini, A.D. Corcia, M.  Nazzari, R. Samperi, J. Agric. Food Chem. 49

(2001) 3463.
[8] S. Bogialli, V. Capitplino, R. Curini, A.D. Corcia, M.  Nazzari, M.  Sergi, J. Agric. Food

Chem. 52 (2004) 3286.
[9] M.  Becker, E. Zittlau, M.  Petz, Anal. Chim. Acta 520 (2004) 19.
10] M.M. Huelamo, E.J. Gamez, M.P. Hermo, D. Barron, J. Barbosa, J. Sep. Sci. 32

(2009) 2385.
11] L. Kantiani, M. Farre, M.  Sibum, C. Postigo, M.L. de Alpa, D. Barcelo, Anal. Chem.

81  (2009) 4285.
12] S.H. Hsieh, H.Y. Huang, S. Lee, J. Chromatogr. A 1216 (2009) 7186.
13] G.E. Bacon, Lab. Clin. Med. 73 (1969) 1030.
14] H. Shibasaki, H. Nakayama, T. Furuta, Y. Kasuya, M.  Tsuchiva, A. Soejima, A.

Yamada, T. Nagasawa, J. Chromatogr. B 870 (2008) 164.
15] Ph. Delahaut, P. Jacquemin, Y. Colemonts, M.  Dubois, J.D. Graeve, H. Deluyker,

J.  Chromatogr. B 696 (1997) 203.
16] L. Amendola, F. Garribba, F. Botre, Anal. Chim. Acta 489 (2003) 233.
17] E. Desi, A. Kovacs, Z. Palotai, A. Kendo, Microchem. J. 89 (2008) 77.
18] M. Chen, C. Granvil, Q.C. Ji, Z.Y. Zhang, M.V. Padval, V.V. Kansra, J. Pharm. Biomed.

Anal. 49 (2009) 1241.
19] A. Tolgyesi, L. Tolgyesi, V.K. Sharma, M.  Sohn, J. Fekete, J. Pharm. Biomed. Anal.

53 (2010) 919.
20] A. Gentili, Trends Anal. Chem. 26 (2007) 595.
21] E.M. Malone, G. Dowling, C.T. Elliott, D.G. Kennedy, L. Regan, J. Chromatogr. A

1216 (2009) 8132.
22] M.  McDonald, K. Granelli, P. Sjoberg, Anal. Chim. Acta 588 (2007) 20.
23] X. Ding, M.J. Rose, I. McCaffery, J. Rossi, K. Paweletz, C. Hale, M.  Emery, C.A.

James, J. Chromatogr. B 877 (2009) 1394.
24] C.J. Liu, H. Wang, Y.B. Jiang, Z.X. Du, J. Chromatogr. B 879 (2011) 533.
25] X.L. Cui, B. Shao, R. Zhao, Y. Yang, J.Y. Hu, X.M. Tu, Rapid Commun. Mass Spec-

trom. 20 (2006) 2355.
26] Implementing Council Directive 96/23/EC concerning the performance of

analytical methods and the interpretation of results (2002/657/EC and amend-
27] H.G. Brittain, Profiles of Drug Substances, Excipients and Related Methodology
–  Critical Compilation of pKa Values for Pharmaceutical Substances, 33, 2007.

28] Q. Pei, G.P. Yang, Z.J. Li, X.D. Peng, J.H. Fan, Z.Q. Liu, J. Chromatogr. B 879 (2011)
2000.


	Simultaneous determination of amoxicillin and prednisolone in bovine milk using ultra-high performance liquid chromatograp...
	1 Introduction
	2 Experimental
	2.1 Chemicals and reagents
	2.2 Sample preparation
	2.3 UPLC–MS/MS analysis
	2.4 Method validation

	3 Results and discussion
	3.1 Sample preparation
	3.2 MS/MS conditions
	3.3 Method validation
	3.4 Sample analysis

	4 Conclusions
	Acknowledgments
	References


