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Abstract A high-throughput method was established for the
simultaneous determination of 30 (-agonists,
fluoroquinolones, and cephalosporins in milk powder by dis-
persive solid-phase extraction (dSPE) and ultra-high perfor-
mance liquid chromatography tandem mass spectrometry
(UPLC-MS/MS). Samples were firstly dissolved in sodium
acetate buffer, then extracted with formic acid-acetonitrile,
and subsequently purified by dSPE. Thirty target analytes
were separated on a C18 column by gradient elution, detected
through electrospray ionization (ESI) source in the positive
mode with multi-reaction monitoring (MRM) conditions.
The developed method was validated in terms of linearity,
accuracy, and precision. Results indicated that 30 target
analytes displayed excellent linearity in their corresponding
concentration ranges and that their correlation coefficients
were all higher than 0.995. The limits of quantitation
(LOQs) for these targets were in the range of 0.7-7.0 ug/kg.
The mean recoveries for negative sample spiked at three con-
centration levels were calculated between 80.0 and 97.5%
with the relative standard deviation (RSD, »n = 6) values rang-
ing from 2.8 to 10.8%. In addition, the inter-day precision
(n = 5) of the second spiked concentration was less than
13% (4.4-12.4%). The established and validated method is
accurate and rapid and suitable for the high-throughput anal-
ysis of [3-agonist, fluoroquinolone, and cephalosporin multi-
residues in milk powder.
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Introduction

Veterinary drugs are commonly used at therapeutic levels in
livestock breeding for disease resistance and growth
promotion (Chen et al. 2016; Dasenaki and Thomaidis
2015). The widespread use of drugs in animal husbandry
may result in the presence of drug residues in animal-
derived foods as one of the key issues for food safety, which
has aroused great public concern. As a consequence of the
veterinary drug residues in food, the human health is highly
threatened (Mauro et al. 2014; Rico and Van den Brink 2014).
Therefore, sensitive and reliable analytical methods to deter-
mine the veterinary drug and pharmaceutical residues in ani-
mal’s original food are extremely needed to ensure con-
sumers’ safety.

The analytical methods of (3-agonist (Chu, Zheng, Qu,
Geng, and Kang 2017; Wang, Liu, Su, and Zhu 2015), fluo-
roquinolone (Aufartova, Brabcova, Torres-Padron, Solich,
Sosa-Ferrera, and Santana-Rodriguez 2017; de Oliveira et al.
2016; Denadai and Cass 2015), and cephalosporin (Bousova,
Senyuva, and Mittendorf 2013; Chiesa et al. 2015; Li, Shen,
Hong, Zhang, Yuan, and Zhang 2016; Liu, Yu, Zhao, Zhang,
Li, and Duan 2014) residues in animal-derived foods have
been well-established. However, these methods normally fo-
cus on the specific groups of residue determination which are
not suitable for the extensive multi-residue analysis. In addi-
tion, to the best of our knowledge, few research studies (Zhu
et al. 2016) have been reported to investigate the concentra-
tions of these veterinary drug residues in the matrix of dairy
products such as milk powder. Therefore, establishing a
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sensitive and high-throughput method for the simultaneous
determination of (3-agonist, fluoroquinolone, and cephalospo-
rin residues in milk powder is beneficial to improve the detec-
tion efficiency and reduce the detection cost and can provide
technical support for the monitoring and control of veterinary
drug residues in milk powder even in other dairy products.

Liquid chromatography—mass spectrometry (LC-MS) tech-
nique provides a universal approach applicable to determine
the extensive veterinary drugs. Especially, liquid chromatog-
raphy tandem mass spectrometry (LC-MS/MS) plays a dom-
inant role in the field of veterinary drug analysis in food stuffs
because it could provide an unambiguous identification and a
reliable confirmation of target substances (Jia, Chu, Chang,
Wang, Chen, and Zhang 2017; Jin et al. 2017; Masia,
Suarez-Varela, Llopis-Gonzalez, and Pic6 2016; Zhan et al.
2013). It has been reported that MS/MS is widely used in the
detection field than MS as it has better selectivity, qualitative
ability, and anti-interference ability (Dong, Guo, Xian, Luo,
Wang, and Wu 2015; Dong and Xiao 2017). Hence, ultra-high
performance liquid chromatography tandem mass spectrome-
try was adopted in the present work for the determination of
veterinary drug residues.

It has been reported that milk powder is a very complex
matrix which is abundant in protein and lipids (Guo, Mu, Xian,
Luo, and Wang 2016; Xian, Dong, Wu, Guo, Hou, and Wang
2016). In order to precipitate protein and remove lipids so as to
reduce the interference of impurities in the UPLC-MS/MS anal-
ysis, appropriate extraction and purification processes are ex-
tremely required. In previous literatures, microwave-assisted ex-
traction (Aufartova, Brabcova, Torres-Padron, Solich, Sosa-
Ferrera, and Santana-Rodriguez 2017) and solid-phase extraction
(Masid, Suarez-Varela, Llopis-Gonzalez, and Picé 2016) are the
commonly used purification processes in the pretreatment of
sample. However, these methods have disadvantages such as
complicated operation, consumption of large amount of organic
solvent, high running cost, and long analyzing time. Recently,
dispersive solid-phase extraction (dSPE), which is also known as
QuEChERS, has drawn more and more attention due to its quick,
easy, cheap, effective, rugged, and safe advantages (Khezeli and
Daneshfar 2017). The solid sorbent used in dSPE is added di-
rectly to a sample solution without processes of sample manipu-
lation such as conditioning, so this procedure relies only on the
shaking and centrifugation (Anastassiades et al. 2003).
QuEChERS has firstly been developed for analyzing the pesti-
cide residues in fruits and vegetables and has now been widely
used for composition analysis in dairy products, soy sauce, and
other complex food matrix (Anastassiades et al. 2003; Dong et al.
2016; Dong and Xiao 2017; Luo, Dong, Luo, Xian, Guo, and
Wu 2016; Luo et al. 2015; Wu et al. 2015; Xian, Dong, Wu,
Guo, Hou, and Wang 2016; Zeng, Bai, Xian, Dong, and Luo
2016). Hence, dSPE procedure was employed in the clean-up
process for milk powder samples before UPLC-MS/MS
analysis.
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The aim of the present study was to develop a sensitive and
high-throughput dSPE-UPLC-MS/MS method for the simul-
taneous determination of 30 (-agonists, fluoroquinolones,
and cephalosporins in milk powder. The method was also
validated in terms of linearity, accuracy, and precision.
Moreover, this developed and validated method was success-
fully applied to detect 30 veterinary drug residues in real com-
mercial milk powder, confirming its applicability in veterinary
drug residue detection. The method is beneficial for monitor-
ing veterinary drug residues in milk powder and even other
dairy products.

Materials and Methods
Chemicals and Reagents

Methanol, acetonitrile, and formic acid of chromatographical-
ly pure grade were purchased from Merck (Darmstadt,
Germany). C18 and PSA were obtained from CNW
Technologies GmbH (Kolner Landstrasse, Germany). Acetic
acid, sodium acetate, and anhydrous magnesium sulfate were
of analytical grade and purchased from Guangzhou Chemical
Reagent Factory. Ultra-pure water (18.2 M2 cm) was labora-
tory made.

Veterinary drugs and pharmaceuticals used in this study
consisted of 20 kinds of 3-agonists (Phenylethanolamine A,
Terbutaline, Orciprenaline, Dopamine, Salbutamol,
Ractopamine, Isoxsuprine, Clorprenaline, Carbuterol,
Tulobuterol, Cimaterol, Clenproperol, Cimbuterol,
Bromchlorbuterol, Bromobuterol, Mabuterol, Mapentrol,
Procaterol, Fenoterol, and Penbutolol), five fluoroquinolones
(Norfloxacin, Ciprofloxacin, Marbofloxacin, Orbifloxacin,
and Enrofloxacin), and five cephalosporins (Cephapiriin,
Cefazolin, Cefalonium, Ceftiofur, and Cefoperazone). All vet-
erinary drug and pharmaceutical standards were of high-purity
grade (>97%) and purchased from Dr. Ehrenstorfer Company,
Germany.

Thirty standards were accurately weighed and dissolved in
methanol respectively to obtain the individual standard stock
solution and subsequently preserved at —18 °C. Afterwards,
the mixed standard solution of 2.0 mg/L was prepared by
diluting these standard stock solutions with methanol and then
stored at 4 °C. It was diluted with the initial mobile phase to
the required concentration of mixed standard working solution
before use.

Instrumentation

The ACQUITY™ ultra-high performance liquid chromatog-
raphy and Waters Xevo™ TQ tandem triple quadrupole mass
spectrometer (UPLC-MS/MS, Waters Co., USA) were used
for sample analysis. The dairy product samples were vortex-
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mixed with a MS3 basic vortex mixer (IKA GmbH,
Germany). The 5418 high speed centrifuge (Eppendorf
Corp., Germany) was applied to centrifuged sample solution.
Milli-Q Gradient A10 system used in the present work was
purchased from Millipore Corp., Bedford, USA.

Sample Preparation

Approximately 1.00 g of milk powder sample was accurately
weighed into a 50-mL plastic centrifuge tube. A volume of
8 mL 0.2 mol/L acetic acid-sodium acetate buffer solution
(pH = 5.2, 4050 °C) was then added into the tube, and the
powder was uniformly dissolved by vortexing. After cooling
to room temperature, 15 mL of 0.1% formic acid-acetonitrile
(v/v) was added into the tube and mixed by vortex shaking for
3 min. The mixed sample solution was left to stand for 5—
10 min at —18 °C and subsequently centrifuged at 10,000 1/
min in the condition of 10 °C for 3 min. After that, the liquid
supernatant was transferred into another 50-mL plastic centri-
fuge tube. Afterwards, 200 mg C18, 50 mg PSA, and 300 mg
MgSO,4 were added into the latter tube and mixed by vortex
shaking for 3 min. After standing for 5 min and centrifuging at
10,000 r/min for 3 min, the liquid supernatant was dried to
near dryness by a mild nitrogen stream in a 40 °C water bath.
After that, it was fixed to a volume of 1.0 mL with the initial
mobile phase. Finally, the liquid was mixed by vortex shaking
and filtered through a 0.22-pm membrane before UPLC-MS/
MS analysis.

UPLC-MS/MS Conditions

UPLC conditions were described as follows: A BEH C18
chromatographic column (100 mm x 2.1 mm, 1.7 um) was
used at 30 °C for the chromatographic separation of target
analytes. The column was used at a constant flow rate of
0.3 mL/min. The mobile phase consisted of acetonitrile (A)
and 0.1% (v/v) formic acid water (B) was finally used. The
gradient elution program was performed as follows: 0.0—
1.0 min, 95% B; 1.0-3.0 min, 95-70% B; 3.0-6.5 min, 70—
5% B; 6.5-8.0 min, 5% B; 8. 0-8.1 min, 5-95% B; 8.1—
10.0 min, 95% B. The injection volume was 5.0 pL.

MS/MS conditions included the following: Electrospray
ionization (ESI) source in the positive mode with multi-
reaction monitoring (MRM) conditions was used for detec-
tion. The capillary voltage was 1.0 kV. The ion source tem-
perature and desolvation gas temperature were 150 and
400 °C, respectively. The flow rates of the desolvation gas
(nitrogen), cone gas (nitrogen), and collision gas (high-
purity argon) were set at 800 L/H, 50 L/H, and 0.2 mL/min,
respectively. The specific parameters for the 30 target analytes
including the MRM confirmation transitions, the cone volt-
age, and collision energy were shown in Table 1. The dwell
time of each ion pair was 0.01 s.

Statistical Analysis

Statistical analysis was performed by using the SPSS (SPSS
Inc., Chicago, IL, USA). Significance was determined at
p < 0.05 by analysis of variance (ANOVA) followed by
Duncan’s least significant test.

Results and Discussion
Optimization of Extraction Conditions

Metabolic studies of (3-agonists have shown that (3-agonists
have a high proportion of conjugates in animal urine, bile,
liver, and kidney. Generally, (3-agonists give priority to proto-
typical drugs in muscle and milk (Masia, Suarez-Varela,
Llopis-Gonzalez, and Pic6 2016). Yang et al. determined en-
dogenous hormones in muscle and milk under the condition of
enzymatic hydrolysis and non-enzymatic hydrolysis, respec-
tively and results indicated no difference among them (Yang,
Shao, Zhang, Wu, and Duan 2009). In the present study, a
milk powder sample containing clenbuterol was determined
in both enzymatic and non-enzymatic conditions. Results in-
dicated that the relative deviation (n = 6) of the two conditions
was less than 10% with no significant difference. Hence, non-
enzymatic hydrolysis was applied in the sample pretreatment
of this method in order to simplify the pretreatment step and
achieve rapid determination.

Commonly, it is important and necessary to choose an ap-
propriate extraction solution to achieve the simultaneous ex-
traction of target compounds in the complex matrix of dairy
products (Xian, Dong, Wu, Guo, Hou, and Wang 2016). It is
well-known that acetonitrile has good versatility and plays a
key role in precipitating protein (Dang et al. 2017; Dong, Guo,
Xian, Luo, Wang, and Wu 2015; Wu, Xu, Li, Guo, Xian, and
Dong 2016b; Zeng, Bai, Xian, Dong, and Luo 2016). The
impurities of lipid extraction are relatively few when acetoni-
trile is considered as extracting agent. Moreover, acetonitrile
can be separated from the aqueous phase by salting-out pro-
cess so that the strong polarity substances such as salt sub-
stances and pigments are retained in the aqueous phase (Dong,
Guo, Xian, Luo, Wang, and Wu 2015; Xian, Dong, Wu, Guo,
Hou, and Wang 2016). All these advantages are conductive to
the follow-up purification and concentration. Therefore, ace-
tonitrile was chosen as the extraction solvent and the sodium
acetate buffer solution was selected to dissolve milk powder
samples as salt solution is conducive to salting-out stratifica-
tion with acetonitrile.

In the meantime, we also investigated the effect of aceto-
nitrile and 0.1, 0.2, 0.5, and 1% (v/v) of formic acid-
acetonitrile as extracting agent on the extraction efficiency
of target analytes in negative milk powder spiked in the con-
centration of 50 pg/kg. The absolute recoveries were
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Table 1 The specific parameters

of 30 target compounds in MS/ No.  Compound Formula Confirmation ion Cone voltage  Collision energy
MS analysis (m/z) V) (eV)
1 Dopamine CsH;1NO, 154/91, 154/137* 15 20, 10
2 Salbutamol C3H,NO; 240/148%, 240/222 20 20, 10
3 Terbutaline C,HoNO; 226/125,226/152* 20 25,15
4 Cimaterol CxH7N;0 220/160% 220/202 15 18,10
5 Procaterol C16H2oN>03 291/231,291/273% 20 20, 15
6  Cimbuterol C3HoN;0 234/160°% 234/216 15 15,10
7  Fenoterol C7H,NO, 304/107,304/135 25 35,20
8  Clorprenaline C1H;6CINO 214/154%,214/196 20 17,15
9  Clenbuterol C2H;sCLN,O 2771203% 277/259 15 20,15
10 Tulobuterol C,H;sCINO 228/154% 228/172 20 15,12
11 Bromchlorbuterol C,HsBrCIN,O  323/249% 323/305 20 20, 15
12 Brombuterol C2H;sBrN,O 367/293% 367/349 20 20,15
13 Mabuterol Ci3HsCIFsN,O  311/217, 311237 20 25,15
14 Mapenterol CisH5oCIFsN,O  325/217,325/237* 20 25,15
15  Phenylethanolamine  C;9H,4N,Oy4 345/150%, 345/327 15 20, 15
A
16 Ractopamine CsH;3NO; 302/107%, 302/164 20 35,20
17 Orciprenaline C1H7NO; 212/152%,212/194 20 17,15
18  Isoxsuprine CsH23NO; 302/107%,302/284 20 15,30
19 Carbuterol C3H3 N304 268/94, 268/134" 20 15,25
20 Penbutolol CsH20NO, 292/133,292/236" 25 25,15
21 Norfloxacin Ci6HisFN30; 320/302%,320/276 30 20, 15
22 Ciprofloxacin C,7H,gFN305 332/231,332/314* 25 20, 10
23 Marbofloxacin C7HoFN4O, 363/72°%, 363/345 25 20, 20
24 Orbifloxacin CoH,0F3N505 396/295% 396/352 30 25,20
25 Enrofloxacin C19H2oFN30; 360/245,360/316* 20 20, 10
26 Cephapiriin C7H7N306S, 424/152%, 424/292 20 25,15
27  Cefazolin C14H14Ng04S; 455/156% 455/324 20 20, 10
28  Cefalonium CooH;sN4O5S, 459/152%, 459/337 15 20, 10
29 Ceftiofur CoH;7N507S; 524/210, 524/241* 25 20,15
30  Cefoperazone CosHy7NG05S, 646/143%, 646/530 15 35,15

* Transitions for quantification

calculated from the corresponding standard solutions. As
displayed in Fig. 1, the extraction efficiency of [3-agonists,
fluoroquinolones, and cephalosporins was improved by
adding formic acid into acetonitrile. Comprehensively, 0.1%
of formic acid-acetonitrile was selected as extraction solvent
for the next step, and the extraction efficiency of targets was
ranging from 86 to 104%.

Optimization of Purification Conditions

Milk powder is a kind of complex matrix which is rich in protein,
fat, carbohydrates, minerals and vitamins, and other nutrients
(Xian, Dong, Wu, Guo, Hou, and Wang 2016). A large amount
of impurities in extraction solution could not only contaminate
the instrument but also cause a strong matrix effect and further
affect the accurate quantification. Dispersive solid-phase
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extraction (dASPE) method is a kind of purification process that
possesses rapid, simple, and efficient advantages. It was pro-
posed by the Department of Agriculture of the United States in
2003 and used for pretreatment (Anastassiades et al. 2003). The
dSPE process has been widely applied for recent years due to its
advantages. Commonly, C18 as one solid-phase dispersant could
adsorb lipophilic and non-polar impurities. PSA can adsorb or-
ganic acid impurities, while MgSO, can absorb water and reduce
the solubility of water-soluble impurities in organic extracts
(Xian, Dong, Wu, Guo, Hou, and Wang 2016). Based on
dSPE purification, we investigated the effect of different combi-
nations of C18, PSA, and MgSO, on the purification of the
matrix standard solutions (25 pg/L) prepared with the negative
milk powder extraction solution. The concrete combinations
were as follows: A 100 mg C18 and 50 mg PSA; B 100 mg
C18, 50 mg PSA, and 200 mg MgSQO,; C 100 mg C18, 50 mg
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PSA, and 300 mg MgSOy; D 200 mg C18, 50 mg PSA, and ring. Fluoroquinolones mainly contained dehydration peak, de-
200 mg MgSO,4; E 200 mg C18, 50 mg PSA, and 300 mg  carboxylation, and the ions produced by the C,;H4NR absence in
MgSO,. The absolute recoveries were calculated as the compar-  the rearrangement of piperazine ring fracture after the decarbox-
ison of the purified standard solution and the 25 pug/L pure sol-  ylation. Meantime, MS/MS spectra of the 3-agonists displayed
vent standard solution. As depicted in Fig. 2, E group (200 mg  the neutral lost fragments in the groups associated with hydroxyl,
C18, 50 mg PSA, and 300 mg MgSO,) showed the best purifi-  tert-butyl, isopropyl, and isopropylamino, resulting in the frag-
cation effect with the absolute recoveries ranging from 89 to  ment ions such as [M + H-18]", [M + H-56]", and [M + H-74]".
93%. Therefore, the dispersive solid-phase extraction packings ~ Two MRM confirmation transitions were selected as the qualita-

of the E group were selected for the purification in the study. tive and quantitative transitions for each target compound. The
collision voltage was optimized for each product ion and was
Optimization of Instrumental Analysis Conditions also shown in Table 1.

The elution effect of acetonitrile is stronger than that of
According to the chemical structures of the target compounds,  methanol, and adding the appropriate concentration of formic
ESI-positive switching mode was adopted to analyze the target  acid in the water phase in the ESI* mode could enhance the
compounds in the present work. The MS was adopted to scanthe  efficiency of ionization. In the present work, the BEH C18
target compounds, and the capillary voltage and cone voltage ~ column (100 mm X 2.1 mm, 1.7 um) was used and 0.1%
were optimized in order to obtain the highest [M + H]" peak  acetonitrile-formic acid was selected as the mobile phase.
for each compound. Afterwards, MS/MS was applied to the ~ Symmetrical peak shapes of the target compounds and favor-
precursor ions in order to obtain the product ions for each com-  able response values and retention time of the 30 target com-
pound. The MS/MS spectra showed that the fragmentation pat-  pounds were obtained by optimizing the elution gradient. The
tern of the cephalosporin included the neutral loss of NH,COOH  MRM chromatograms of the 30 target compounds under the
and CH3;COOH which is caused by the C-O bond breakage, as  optimized instrumental conditions are displayed in Fig. 3. The
well as the absence of thiazine ring and side chain in the 3-lactam  representative substance of each peak is listed in Table 1.

Fig. 2 The effect of different & B-agonists OFluoroquinolones @ Cephalosporins
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Fig. 3 The MRM
chromatograms of 30 target
compounds under the optimized
instrumental conditions (the
representative substance of each
peak is listed in Table 1)
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Method Validation
Method Specificity

To explore the presence of interference of the impurity compo-
sitions in the samples, 20 negative samples were pretreated and
detected according to the pretreatment method and instrumental
conditions of the developed method. The results demonstrated
that impurity compositions in the samples had no interference
effects on the quantitative and qualitative analyses of the target
compounds because of the high selectivity of the triple quadru-
pole mass spectrometry, suggesting that the specificity of the
established method was favorable.

Linearity, ILOQs, MLOQs, and Matrix Effects

Based on the matrix effect confirmation method established by
Matuszewski and Chavez-Eng (2003), a series of concentrations
(0.5, 1.0, 5.0, 20.0, 50.0, 100.0, 200.0, and 500.0 pg/L) of pure
solvent standard working solutions and matrix calibration stan-
dard working solutions were prepared with the negative sample
extraction solution and pure solvent. According to the instrumen-
tal condition in this work, the matrix calibration curve and stan-
dard curve were obtained by plotting the ratios of each target
compound quantitative ion peak area (y) versus the correspond-
ing mass concentrations (x, pg/L). The matrix effect (ME) was
identified by the slope value of the matrix calibration working
curve versus that of the pure solvent standard working curve.
ME < 1 represents matrix suppression while ME > 1 indicates
matrix enhancement (Dong, Guo, Xian, Luo, Wang, and Wu
2015; Wu, Xu, Li, Guo, Xian, and Dong 2016a, 2016b). The
limit of detection (LOD) and limit of quantification (LOQ) of the
established method refer to the triple signal-to-noise ratio (S/
N = 3) and tenfold signal-to-noise ratio (S/N = 10), respectively
(Wu, Xu, Li, Guo, Xian, and Dong 2016b). The instrument LOD
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(ILOD) and instrument LOQ (ILOQ) were measured by the
standard solution with the pure solvent, while the method LOD
(MLOD) and method LOQ (MLOQ) were determined by cali-
bration matrix solution.

Results found that when the concentrations for dopamine and
cephalosporins were in the range of 5.0-500.0 pg/L, the remain-
ing (3-agonists and fluoroquinolones were 0.5-200.0 pg/L, both
the correlation coefficient of pure solvent standard curve and
matrix calibration curve were more than 0.995 (Table 2), present-
ing a good linear relationship between the quantitative ion peak
areas and analytic concentrations. The ILOQs and MLOQs for
the 30 target compounds were in the range of 0.5-5.0 pg/L and
0.7-7.0 ng/kg, respectively (Table 2), indicating the high sensi-
tivity of the established method. The values of ME ranged from
0.82 to 1.65. Some of (3-agonists exhibited matrix-enhancing
effects, while only individuals among fluoroquinolones and
cephalosporins had a slight matrix effect. Hence, it is recom-
mended to perform the primary screening in the practical test,
and the matrix-matching calibration solution is suggested to use
for quantification for the compounds with obvious matrix effect.

Accuracy and Precision

The methodological indicators including recovery, accuracy, and
precision were investigated by the addition of the negative sam-
ple recovery test (n = 6). Concretely, three concentration levels of
the mixed standard solutions were added into the negative sam-
ples. Subsequently, the samples were processed and measured
under the experimental conditions. Each added level contained
six parallel experiments, so as to investigate the recovery and
intra-day precision. The recovery was calculated on the founda-
tion of a matrix-matched calibration solution. As for the middle
added level, the experiment was continuously conducted for
5 days to determine the inter-day precision (n = 5). As presented
in Table 3, the results indicated that within the added
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Table 2 Linear equations of pure
solvent standard curve and matrix No.  Compound Solvent, r Matrix, » Matrix ILOQ MLOQ
calibration curve, correlation effect (ng/L) (ngke)
coefficients, matrix effects, and
ILODs and MLOQs for 30 target 1 Dopamine y=307.4x + y=482.6x + 1.57 5.0 7.0
compounds 118.2,0.9951 103.0, 0.9964
2 Salbutamol y=17182x + y=2250.8x + 1.31 0.5 0.7
470.1, 0.9985 398.5, 0.9980
3 Terbutaline y=1005.3x + y=9753x+ 0.97 0.5 0.7
378.7,0.9990 346.8, 0.9981
4 Cimaterol y=12578x+ »=1698.0x + 1.35 0.5 0.7
390.6, 0.9993 409.2, 0.9989
5 Procaterol y=4753x+ y=7082x + 1.49 0.5 0.8
202.7,0.9987 231.9, 0.9992
6 Cimbuterol y=1411.6x+ y=1764.5x + 1.25 0.5 0.7
568.8, 0.9989 503.0, 0.9983
7 Fenoterol y=4288x+ y="707.8x + 1.65 0.5 0.8
180.8, 0.9972 112.7, 0.9984
8 Clorprenaline y=3042.3x + y=3650.7x + 1.20 0.5 0.7
711.4,0.9994 651.0, 0.9988
9 Clenbuterol y=2893.5x + y=1295.6x + 1.45 0.5 0.7
290.1, 0.9993 300.8, 0.9990
10 Tulobuterol y=3771.1x + y=3394.0x + 0.90 0.5 0.7
882.4, 0.9995 801.7, 0.9987
11 Bromchlorbuterol y=1801.2x + y=2107.4x + 1.17 0.5 0.7
526.7,0.9975 498.7,0.9979
12 Brombuterol y=1925.6x + y=2464.8x + 1.28 0.5 0.7
601.8, 0.9981 643.0, 0.9977
13 Mabuterol y=2173.5x + y=2890.7x + 1.33 0.5 0.7
700.5, 0.9985 614.6, 0.9980
14 Mapenterol y=36343x+ y=3706.9x + 1.02 0.5 0.7
817.7,0.9990 764.8, 0.9986
15  Phenylethanolamine  y=567.1x + y=0612.5x+ 1.08 0.5 0.8
A 201.1, 0.9980 241.0, 0.9983
16  Ractopamine y=9423x + y=1206.1x + 1.28 0.5 0.7
281.3,0.9989 309.6, 0.9980
17 Orciprenaline y=464.5x + y=0664.Tx + 1.43 0.5 0.8
281.4,0.9983 207.1, 0.9990
18  Isoxsuprine y=1402.3x + y=1879.1x + 1.34 0.5 0.7
779.2, 0.9992 689.5, 0.9995
19 Carbuterol y=8512x+ y=12342x + 1.45 0.5 0.7
471.0, 0.9987 411.8, 0.9991
20  Penbutolol »=3266.8x + y=3103.5x + 0.95 0.5 0.7
860.7, 0.9995 784.2,0.9991
21 Norfloxacin y=06185x+ y=760.8x + 1.23 0.5 0.8
170.2, 0.9977 256.9, 0.9968
22 Ciprofloxacin y=575.6x + y=788.6x + 1.37 0.5 0.8
251.3,0.9984 349.7, 0.9980
23 Marbofloxacin y=2891.6x + y=11502x + 1.29 0.5 0.7
250.3,0.9993 338.4,0.9985
24 Orbifloxacin y=1509.1x + y=17354x + 1.15 0.5 0.7
468.2, 0.9990 561.7, 0.9993
25  Enrofloxacin y=986.4x + y=1302.0x + 1.32 0.5 0.7
251.3,0.9995 343.9,0.9978
26 Cephapiriin y=3774x+ y=308.7x + 0.82 5.0 6.5
118.5, 0.9978 102.3, 0.9962
27  Cefazolin y=4227x + y=393.1x + 0.93 5.0 6.5
174.5, 0.9984 128.0, 0.9973
28  Cefalonium y=407.1x + y=366.4x + 0.90 5.0 7.0
165.2,0.9993 131.5, 0.9990
29 Ceftiofur y=>5234x+ y=1580.5x + 1.11 5.0 6.5
211.3, 0.9986 261.7,0.9992
30  Cefoperazone y=457.8x + y=4303x + 0.94 5.0 7.0
226.1,0.9982 201.0, 0.9987
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Table 3 Recovery, accuracy, and

precision of 30 target compounds No.  Compound Added Recovery (%,  Intra-day precision Inter-day precision
(ng/kg) n=6) (%, n=06) (%,n=5)

1 Dopamine 7.0, 14.0, 84.1, 85.9, 10.3,7.9,5.2 11.2
70.0 89.6

2 Salbutamol 1.0, 2.0, 86.0, 83.2, 8.3,7.0,5.5 9.5
10.0 87.7

3 Terbutaline 1.0, 2.0, 80.9, 93.3, 6.9,44,39 8.9
10.0 89.2

4 Cimaterol 1.0, 2.0, 81.2, 81.9, 8.3,6.0,4.9 10.0
10.0 84.2

5 Procaterol 1.0, 2.0, 90.0, 88.6, 6.3,7.0,52 9.8
10.0 94.1

6 Cimbuterol 1.0, 2.0, 82.2, 84.8, 54,48,6.2 7.5
10.0 85.9

7 Fenoterol 1.0, 2.0, 93.2, 85.9, 59,6.1,4.8 8.1
10.0 93.1

8 Clorprenaline 1.0, 2.0, 83.8, 82.6, 8.3,59,5.0 10.5
10.0 85.9

9 Clenbuterol 1.0, 2.0, 89.8, 87.0, 7.8,8.1,5.7 9.2
10.0 87.8

10 Tulobuterol 1.0, 2.0, 88.9,95.4, 6.7,59,5.3 7.8
10.0 97.1

11 Bromchlorbuterol 1.0, 2.0, 90.8, 84.6, 5.0,4.9, 4.1 6.5
10.0 88.0

12 Brombuterol 1.0, 2.0, 84.1, 85.3, 7.2,6.5,6.0 8.3
10.0 92.7

13 Mabuterol 1.0, 2.0, 93.3, 87.0, 4.0,3.9,4.2 5.8
10.0 92.2

14 Mapenterol 1.0, 2.0, 83.0, 87.2, 10.8,9.2,6.8 12.4
10.0 86.9

15 Phenylethanolamine 1.0, 2.0, 92.7, 88.6, 6.1,3.7,2.8 7.1
A 10.0 87.3

16 Ractopamine 1.0, 2.0, 91.5, 96.0, 49,43,4.1 5.7
10.0 92.1

17 Orciprenaline 1.0, 2.0, 96.7, 85.5, 5.3,5.0,4.2 6.6
10.0 90.1

18 Isoxsuprine 1.0,2.0, 91.3, 88.4, 5.0,49,53 6.2
10.0 87.5

19  Carbuterol 1.0, 2.0, 88.2,90.4, 42,38,3.0 4.4
10.0 91.8

20 Penbutolol 1.0, 2.0, 85.5, 84.9, 52,59,44 8.2
10.0 86.4

21 Norfloxacin 1.0, 2.0, 95.0, 90.2, 9.8,104, 6.5 11.3
10.0 93.3

22 Ciprofloxacin 1.0, 2.0, 87.1,91.3, 5.1,4.7,3.2 6.7
10.0 94.5

23 Marbofloxacin 1.0, 2.0, 81.1, 83.5, 7.7,5.7,6.5 9.5
10.0 84.6

24 Orbifloxacin 1.0, 2.0, 85.0, 85.4, 8.8,9.2,6.5 10.4
10.0 88.9

25 Enrofloxacin 1.0, 2.0, 89.3,92.2, 43,78,59 9.2
10.0 95.0

26 Cephapiriin 7.0, 14.0, 86.1, 84.7, 6.2,5.5,5.1 8.8
70.0 90.4

27  Cefazolin 7.0, 14.0, 82.0, 80.4, 5.8,7.1,49 8.4
70.0 85.7

28  Cefalonium 7.0, 14.0, 80.0, 81.7, 4.0,49,52 6.5
70.0 89.3

29  Ceftiofur 7.0, 14.0, 84.2, 89.0, 3.8,53,48 6.1
70.0 97.5

30 Cefoperazone 7.0, 14.0, 93.3, 85.8, 55,4.5,39 7.5
70.0 89.6
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concentration range, the average recoveries, intra-day precision
(n = 6), and inter-day precision (n = 5) of the 30 target com-
pounds were respectively in the ranges of 80.0-97.5, 2.8-10.8,
and 4.4-12.4%, suggesting this method had excellent recovery,
accuracy, and precision.

Analysis of Practical Samples

The method established in this work was adopted to determine
a total of 30 commercially available milk powder samples.
Detection results found that none of the 30 target compounds
were detected in these samples.

Conclusions

Based on the dispersive solid-phase extraction (dSPE) technolo-
gy, a simple and sensitive analytical method, using the UPLC-
MS/MS, was established for the simultaneous determination of
30 kinds of (3-agonists, fluoroquinolones, and cephalosporins in
milk powder. The optimal conditions were obtained by optimiz-
ing the pretreatment conditions and the parameters of the instru-
ment. According to methodological indicators, the results indi-
cated that this established method has good specificity, accuracy,
intra-day precision, and inter-day precision. Moreover, the results
obtained conform the suitability of the method proposed for the
high-throughput quantitative and qualitative analyses of (3-ago-
nist, fluoroquinolone, and cephalosporin multi-residues in milk
powder to improve the actual detection efficiency.
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