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ARTICLE

Laboratory validation of an LC-MS/MS method for the detection of ractopamine,
clenbuterol and salbutamol in bovine and swine muscle at sub-μg kg–1

regulatory limits
Alfredo M. Montes Ninoa, Rodrigo H. M. M. Granja a, Karine V. G. Rechea, Fabio M. Giannottia,
João K. G. de Souzaa, Sarita P. G. Ferrarib, André D. dos Santosb, Amarylis C. B. A. Wanschelc

and Alessandro G. Salernoc

aMicrobioticos Laboratories, Campinas, SP, Brazil; bDepartment of Support Production and Animal Health, School of Medicine Veterinary,
São Paulo State University – UNESP, Araçatuba, SP, Brazil; cDepartment of Structural and Functional Biology, Institute of Biology, University
of Campinas – UNICAMP, Campinas, SP, Brazil

ABSTRACT
Ractopamine (RAC), is a β-adrenergic agonist increasingly used in the swine and cattle industry.
This compound redirects nutrients to favour leanness rather than fat deposition, improves
growth and carcass traits gaining higher economic benefit to producers. Countries around the
world are split over whether to allow the use of RAC in meat production. Clenbuterol (CLB) and
salbutamol (SLB) are anillinic and phenolic β-agonists, respectively, with the same capacity of
producing economic benefits for the meat sector. However, they are prohibited because of the
potentially adverse reactions they can cause in consumers. The three β-agonist compounds have
been included in the Brazilian National Regulatory Survey and consequentially there is an
eminent need for reliable methods capable of detecting those substances at the same time
and reduce analytical costs. Therefore, an LC-MS/MS method for the simultaneous determination
of residual RAC, CLB and SAL in swine and cattle muscle was developed and validated with
quantification levels respecting the action levels established for Brazil which are 0.1, 0.2 and
5 µg kg–1 for RAC, CLB and SAL, respectively. Samples were quantified using RAC-d5, CLB-d9 and
SLB-d6 as internal standards. The validation was performed according to European Union
Decision 2002/657, which includes criteria (CCα, CCβ, recovery, repeatability, reproducibility
and calibration curve). The method meets the Brazilian regulatory requirement that establishes
criteria and procedures for the determination of parameters such as CCα, CCβ, precision and
recovery. CCα values were 0.02, 0.21 and 5.42 µg kg–1 for RAC, CLB and SAL, respectively, in
bovine and swine muscle samples; CCβ values were 0.03, 0.22 and 5.8 µg kg–1 for RAC, CLB and
SAL, respectively, in bovine and swine muscle samples. Average recoveries fortified with 0.05–
7.5 µg kg–1 of the studied β-agonist leads around 95%. The method was demonstrated to be
suitable for the determination of RAC, CLB and SLB in swine and cattle muscle samples.
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Introduction

β-Adrenergic agonists (β-agonists) are phenyletha-
nolamines with different substituent groups on the
aromatic ring and the terminal amino group, includ-
ing ractopamine (RAC), clenbuterol (CLB), salbuta-
mol (SAL) and others. β-Agonists are widely used as
bronchodilators, tocolytics and heart tonics in clin-
ical and veterinary medicine (Elliott et al. 1998;
Antignac et al. 2002). However, these compounds
act as a repartitioning agent, redirecting nutrients
away from adipose tissue towards muscle deposition,
resulting in substantial improvements in average
daily gain, feed conversion efficiency, dressing per

cent and carcass lean content (Fiems 1987; Gu et al.
1991; Rikard-Bell et al. 2009; Strydom et al. 2009);
and resulting traits gaining higher economic benefit
to the producers. The toxicological and pharmaco-
logical implications of β-agonist residues occurring
in edible tissues from this usage has led to the ban-
ning of these compounds as growth-enhancing sub-
stances within the important markets (Centner et al.
2014). European Union Council Directive 96/23/EC
of 29 April (1996) is an example of this prohibition.

RAC is licensed for use as an animal growth
promoter in more than 20 countries worldwide;
however, due to human health concern, over 150
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countries banned its use. Recently, the Codex
Alimentarius has approved a tolerance level of
10 µg kg–1 for RAC, but the decision has opened
the stage for a big debate between members.
Although it does not exhibit any formation of toxi-
city as in the case of CLB, studies have shown that
swine fed with RAC hydrochloride undergo beha-
vioural modification, including difficulty in hand-
ling, transport stress and agitation at the sight of
humans (Marchant-Forde et al. 2003).

CLB is the most popular β-agonist illegally used
in farms to fatten up animals before sending them to
slaughter. It can be converted to more active or toxic
compounds upon entering the tissues with the toxic
compounds being retained in different tissues
(Stoffel & Meyer 1993). RAC and SLB are usually
illegally used as substitutes for CLB to avoid govern-
ment examination (Yan et al. 2013). To date, SLB
has been used as a mix in farm animals’ diet for
many years (Korthumarit 1999). SAL and CLB have
a similar molecular structure, except for different
substituent groups on the aromatic ring, but they
have a significant difference to RAC. Brazil has pro-
hibited the use of SAL and CLB; however, there is a
split system in place for the use of RAC in swine
production in order to attend demands from differ-
ent markets. For bovine production animals, all
three compounds are prohibited.

The conflicting situation between countries
regarding the permitted use or prohibition of β-
agonists raises the needs to monitor their presence
so as to provide information for official regulation
and the import and/or export of food animals (Jiang
et al. 2014). It is crucial to develop methods that
accurately quantify RAC, CLB and SAL residues in
different matrices and at every stage of the produc-
tion chain in order to provide a control with a quick
response to national and international markets and
regulatory surveys from different countries which
predict the control of such three compounds, such
as Brazil (Nino 2017; Gressler et al. 2016). Thus,
because of the requirements to provide quality assur-
ance for consumers, complying with meat export
regulations and legal testing obligations, the ability
to detect residues at zero-tolerance policy for these
β-agonists has become a very important issue.

At present, several assays for the determination of
β-agonist residues in animal tissues have been
reported, including immunoassays (Elliott et al.

1998; Shelver & Smith 2000; Pleadin et al. 2012),
GC-MS (Bocca et al. 2003), LC (Burnett et al.
2012), and LC-MS, LC-MS/MS and UPLC-MS/MS
(Antignac et al. 2002; Kootstra et al. 2005; Moragues
& Igualada 2009).

LC-MS/MS has become the main analytical tech-
nique for determining β-agonists due to its shorter
chromatographic run time and non-time-consuming
derivatisation procedures (Li et al. 2010). Also, con-
sidering the zero tolerance policies established by
some meat-importing countries, LC-MS/MS tech-
nology could provide an undoubted identification
of the analyte at very low concentrations. Some
laboratories in Brazil have demonstrated the cost-
effective relationship between the analytical results
obtained by MS compared with other screening
techniques which analysis have carried out in reli-
able/accredited laboratories, and the related poten-
tial information generated by comparison, is
favourable to hyphenated technique (Nino et al.
2015).

According to those arguments, the aim of this
study was to develop and validate a simple, rapid
and reliable LC-MS/MS multiresidue method for the
determination of RAC, CLB and SAL in bovine and
swine muscle for regulatory use in accordance with
international and zero-tolerance requirements. Lung
and urine are the most effective tissues for regulatory
monitoring (Kennedy 2012); however, certain
important markets for Brazilian meat consignments
such as the Eurasian Customs Union (Russia,
Belarus and Kazakhstan) have established a safety
tolerance level of 0.1, 0.2 and 5 µg kg–1 for RAC,
CLB and SLB respectively in bovine/swine tissues.
For these reasons, muscle is the elected tissue for
analysis because it represents an important source of
possible detection and as muscle is the only possible
tissue for inspection at the destination markets upon
arrival, with samples taken from containers being
sent to importers’ accredited laboratories.

As described previously, there are plenty of meth-
ods that aim to monitor RAC in animal matrices.
However, the distinction of our methodology is that
it is based on a reliable and simple clean-up step.
Moreover, the method makes possible the monitor-
ing of more than RAC residues, including another
important β-agonists such as CLB and SAL and, in
addition, in two different species (beef and swine
meat). These three compounds are the main analytes
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required to be monitored in many countries through
regulatory surveys, including Brazil. However, the
method leaves room for the detection of other lesser
used β-agonists if necessary. Our methodology
represents an upgrade for Brazilian needs in terms
of residue control for CLB, SLB and RAC because
despite the fact that the Brazilian National Residues
Survey currently monitors these three substances
nowadays, they are controlled using individual and
separate methods for each compound.

The validation parameters were developed for use
in routine monitoring of RAC CLB and SLB resi-
dues, as established by the surveillance agencies in
Brazil.

Materials and methods

Reagents and chemicals

The chemicals and solvents used were of analytical
grade and provided by Merck (Darmstadt,
Germany), Carlo Erba (Milan, Italy) and Synth
(São Paulo, Brazil). Ractopamine-d5 (EU/CRL: 61,
National Institute for Public Health and
Environment – RIVM, the Netherlands), clenbu-
terol-d9 (Sigma-Aldrich, St. Louis, MO, USA) and
salbutamol-d6 (Witega, Berlin, Germany) were
applied as internal standards. The SPE cartridges
were provided by Phenomenex (Torrance, CA,
USA) – Strong Cation 60 mg/3 ml type.

Apparatus

The experiments were carried out using an HPLC
Agilent 6460 coupled with a Micromass-Waters

Quattro Micro tandem mass spectrometer (Milford,
MA, USA) using ESI ionisation and MassLynx 4.0
software. The LC-MS/MS operating conditions are
summarised in Table 1.

Standard solutions

Stock solutions of RAC, CLB and SLB were sepa-
rately prepared by dissolving each compound in
ultrapure water to give a final concentration
10 mg ml–1. Stock solutions of RAC, CLB and SAL
at 100 µg ml–1 and respective internal standard
(RAC-d5, CLB-d9 and SLB-d6 at 10 µg ml–1) were
separately prepared in methanol and kept in a free-
zer at –20°C. RAC, CLB and SAL working standard
solutions and respective standard solutions were
prepared by diluting each stock with methanol
(1 µg ml–1). A calibration curve in the range of
0.05–0.5 µg kg–1 was prepared daily from the
1 µg ml–1 working standard solution. Fifth, 50
microlitres of each internal standard were added to
all calibration tubes. Stock solutions were prepared
with a 6-month expiration date, and fortifying solu-
tions for the spiking of blank samples were prepared
on the same day of analysis. For the enzyme β-
glucuronidase preparation, 3000 units of enzyme
were added directly from the flask to the muscle
samples.

Sample extraction and clean-up

Samples are sent to the Microbioticos laboratory in
20-g portions, transported in isothermal vessels
when received and inspected if they were still

Table 1. Operating LC-MS/MS conditions for ractopamine, clenbuterol and salbutamol analysis in bovine and swine muscle samples.
Parameters HPLC conditions Parameters MS conditions

Column Agilent Zorbax SB-Phenyl
(4.6 × 50 mm, 3.5 μm)

Ionisation ESI, positive

Eluent Ammonium acetate + formic acid 0.1%: acetonitrile + formic acid
0.1% (70:30)

Drying gas Ar (520 l h–1, 250°C)

Flow rate 0.5 ml min–1 V-cap 3000 V
Oven temperature 30°C Collision

gas
N2, 30 l h–1

Injection volume 4 μl SIM ion Ractopamine: 302.2 > 164.2, 302.2 > 284.2,
302 > 107

Ractopamine-d5: 307.2 > 167.3
SIM ion Clenbuterol: 277.1 > 203, 277.1 > 168.1

Clenbuterol-d9: 286.2 > 204
SIM ion Salbutamol: 240.2 > 148.1, 240.2 > 166.2

Salbutamol-d6: 246.3 > 148.2
Dwell time 0.2 s
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frozen. After that, samples were minced and
homogenised. A 5 g subsample was taken from
the original material and immediately sent to the
laboratory. A total of 5 g was weighed into a 50 ml
Falcon tube and 10 ml of methanol were added. A
shaking process was conducted for 1 min. The
sample solution was then centrifuged at 3500 rpm
for 10 min at 20°C. The supernatant was trans-
ferred to another Falcon tube (15 ml) and brought
to dryness using water bath at 60°C under a gentle
stream of nitrogen, and the residue resuspended
with 1 ml of sodium acetate 25 mM pH 5 plus
20 μl of enzyme β-glucuronidase. The system was
incubated for 1 h at 65°C. The samples were sha-
ken for 1 min and then centrifuged at 3500 rpm
for 5 min at 20°C. The samples were applied to an
SPE Phenomenex Strong Cation exchange 60 mg/
3 ml preconditioned with 3.5 ml of methanol and
eluted from the cartridge with an ammonium
hydroxide–methanol mixture. The eluate was
brought to dryness using water bath at 60°C
under a gentle stream of nitrogen and the residue
was resuspended with 250 μl of methanol. The
extract was injected to LC-MS/MS analysis.

Method validation

Validation parameters such as a matrix calibration
curve, recovery, decision limit (CCα), detection cap-
ability (CCβ), precision and accuracy were deter-
mined (2002/657/EC Decision). The calibration
curve was determined to check the linear range of
the procedure being validated; a linear detector
response was obtained in the range of 0.05–
7.5 µg kg–1 for the analyte studied. The validation
study was carried out at three concentration levels
with analysis of six replicates of muscle and swine
samples (n = 6/matrices) fortified at 0.05, 0.1 and
0.15 μg kg–1 levels with RAC, CLB and SAL.
According to the concept of European Commission
Decision 2002/657/EC, CCα and CCβ were esti-
mated. The CCα was determined by the intercept
plus 2.33 times the standard error of the within-
laboratory reproducibility of the intercept. The
CCβ was determined using the signal at CCα plus
1.64 times the standard deviation of the spike sam-
ples of the within-laboratory reproducibility.
Recoveries were determined by comparing the peak

areas from spiked samples with those obtained from
standards with similar concentration injected
directly into the LC system.

Results and discussion

In our study, samples were first hydrolysed with β-
glucuronidase prior to extraction in order to decon-
jugate the RAC- and SLB-bound glucuronides. That
process is an important step of the extraction pro-
cedure as described by Gressler et al. (2016) who
evaluated two different methods of hydrolysis with
protease and β-glucuronidase concluding that the
one carried out with β-glucuronidase was more effi-
cient. Our laboratory has participated in proficiency
test schemes organised by the competent authority
in Brazil (the Ministry of Agriculture, Livestock and
Supply, 2014 and 2015) for muscle samples; and
Proggetto Trieste for urine samples (2014). When
using that extraction methodology, both tissues had
conjugation of analyte and all the results were eval-
uated as satisfactory by the organisers.

RAC, CLB and SAL all belong to the group of
adrenergic agonist drugs and have a common phe-
nethanolamine on the molecules, but there is a big
difference between their polarities. According to
the pK of the functional groups present in the
molecules studied, RAC, CLB and SAL are all
easy to redissolve in an acidic solution. Most of
the reported LC methods for β-agonist separation
used inorganic acids or salts as an additive to
improve the peaks’ resolution or shape. Here, we
used formic acid and acetonitrile as the mobile
phase, which are readily soluble in organic sol-
vents, as described by Yan et al. (2016) using
formic acid and ammonium acetate. When the
proportion of water in the mobile phase is low,
inorganic acid or salts easily precipitate from the
mobile phase; these very tiny precipitate particles
can damage the pump head of HPLC instrument
(Yan et al. 2010). Zhang et al. (2009) compared
the efficiencies of four extract solutions in animal
feed, which were 5% hydrochloric acid methanol
solution, 0.5% metaphosphoric acid–methanol
(1:4, v/v), 0.2 mol l–1 phosphoric acid–methanol
(1:1, v/v), and 0.2 mol l–1 phosphoric acid–metha-
nol (1:4, v/v). The 0.2 mol l–1 phosphoric acid
solution–methanol (1:4, v/v) was the best
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extraction solvent, and the average recoveries for
RAC, CLB and SAL were 83–110%, which were
much higher than those of the other three kinds of
extract solutions (Zhang et al. 2009).

In our work, the extraction and purification of β2-
agonists from diverse samples was mainly performed by
SPE with a strong cation-exchange stationary phase. An
SPE step offers to the analytical method an increase in
selectivity as it better removes interfering compounds
(Gilar et al. 2001) compared with liquid–liquid extrac-
tion clean-up procedures. However, there are a lot of
possibilities regarding solid-phase selection. The most
common stationary phase used in clean-up proceeds is
the octadecylsilane (C18) phase (Pesek et al. 2007), but in
some cases this application is not sufficient to remove
the necessary amount of interferences that reduces the
sensitivity of the analytical method mainly when there
are differences in the analytes’ polarities. Because of that,
we considered the use of SPE cartridges with other
stationary phases such as a strong cation-exchange sta-
tionary solid phase. In this case, this cartridge offers
advantages compared with other SPE methods such as
C18: it promotes the isolation of the compoundbased on
the ion exchange of the functional groups and can,
therefore, separate the analytes of interest from other
close-polarity interference compounds, which is not
possible when applying regular C18 cartridges. This is
a key point considering the low regulatory levels that are
mandatory for laboratories to detect and quantify.

With respect to validation parameters such as
matrix calibration curve, CCα, CCβ, precision and
accuracy were determined. Under optimised condi-
tions, the linear ranges were 0.5–2.5 μg kg–1 for
RAC, SAL and CLB. The correlation coefficients
(R2) of the standard curves were at least 0.9923 for
the analyte considered. The lower LODs were calcu-
lated based on a signal-to-noise ratio of 3, and varied
from 0.05 to 7.5 μg kg–1. For RAC, CLB and SAL the

results are shown in Tables 2 and 3. The method
provides sensitive detection with a wide linear range.
According to the concept of European Commission
Decision 2002/657/EC and the Brazilian regulatory
requirement (Ministry of Agriculture, Livestock and
Supply 2011), CCα and CCβ were estimated. The
CCα parameter was determined to be 0.02, 0.21
and 5.42 µg kg–1 for RAC, CLB and SAL, respec-
tively, in bovine and swine muscle samples. The CCβ
values were 0.03, 0.22 and 5.8 µg kg–1 for RAC, CLB
and SAL, respectively, in bovine and swine muscle
samples. These values are higher for RAC than those
found by Li et al. (2010) in milk samples, with CCα
= 0.008 μg kg–1 and CCβ = 0.009 μg kg–1. This
difference is probably due to the different matrices,
as the cited authors used milk. Typical chromato-
grams are shown in Figures 1–4.

Earlier investigations have shown that ocular tis-
sues are appropriate for the control of the illegal use
of the β-agonist because of its accumulation in retinas
and the possibility of residue determination for a long
period after the cessation of treatment (Pleadin et al.
2011). Also, studies have revealed many advantages of
β-agonist determination in animal hair of different
colours (Vulic et al. 2011). However, muscle was the
sample of choice because important markets for
Brazilian meat consignments, e.g., the Eurasian
Customs Union, have established a safety tolerance
level of 0.1 µg kg–1 for RAC in bovine/swine muscle.
For these reason, there is an eminent and important
need to check the consignments against such levels in
order to avoid rejection from these importers.

Conclusions

On the basis of the results obtained for precision,
decision limit, detection capability and accuracy, it
was concluded that the described method is suitable

Table 2. Precision and accuracy for ractopamine, clenbuterol
and salbutamol in bovine muscle.

Spike level (μg kg–1) Precision (%) Accuracy (%)

Ractopamine 0.05 4.20 96.0
0.10 5.48 99.5
0.15 5.38 99.5

Clenbuterol 0.1 3.28 106.9
0.2 3.43 100.7
0.3 3.29 100.6

Salbutamol 2.5 2.61 104.62
5.0 4.91 99.49
7.5 7.03 97.56

Table 3. Precision and accuracy for ractopamine, clenbuterol
and salbutamol in swine muscle.

Spike level (μg kg–1) Precision (%) Accuracy (%)

Ractopamine 0.10 5.41 94.6
0.15 4.88 101.3
0.20 5.52 98.5

Clenbuterol 0.1 5.30 87.1
0.2 6.00 95.6
0.3 8.02 104.0

Salbutamol 2.5 9.34 100.8
5.0 6.84 99.9
7.5 7.10 92.9
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for the multi-residue analysis of RAC, CLB and SLB
in bovine and swine muscles and fulfils method
performance criteria for zero-tolerance substances,
adopted by certain meat importers, and for official
monitoring proposes in Brazil. The method is fast,
simple, accurate and confirmatory and can be
applied to the control of meat consignments where
the destination is zero-tolerance countries for β-

agonist residues in foods. Additionally, according
to the results obtained, our methodology can quan-
tify samples at the action levels for these drugs
residues established by the Brazilian authorities
(0.1, 0.2 and 5.0 µg kg–1 for RAC, CLB and SAL
content, respectively, in bovine and swine muscle
samples), qualifying the methods as very sensitive,
and providing assurances to the meat industry with

Figure 1. Chromatogram of a blank bovine muscle.

Figure 2. Chromatogram of ractopamine at 0.05 μg kg–1.

Figure 3. Chromatogram of (a) blank swine muscle, (b) salbutamol at 5.0 μg kg–1 and (c) salbutamol-d6.
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respect to the very low levels of RAC, CLB and SAL
residues eventually present in their meat production.
This is an important fact since monitoring the final
product rather than a regulatory tissue (urine, for
example), such as in this case, leads the exporter to
be sure and confident when contracting a laboratory
using a method with an LOQ equal to or lower
compared with the import countries’ analytical cap-
abilities, whereas any amount of these β-agonists
found on the destination product can lead to a
rejection of the complete lot of a product.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

PIPE/FAPESP [grant number 2015/16019-8] and RHAE/
CNPQ [grant number 472434/2014-4] are thanked for finan-
cially supporting of this project.

ORCID

Rodrigo H. M. M. Granja http://orcid.org/0000-0003-
1873-7564

References

Antignac JP, Marchand P, Le Bizec B, Andre F. 2002.
Identification of ractopamine residues in tissue and urine
samples at ultra-trace level using liquid chromatography-posi-
tive electrospray tandem mass spectrometry. J Chromatogr B
Analyt Technol Biomed Life Sci. Jul 5;774:59–66.

Bocca B, Fiori M, Cartoni C, Brambilla G. 2003.
Simultaneous determination of Zilpaterol and other beta
agonists in calf eye by gas chromatography/tandem mass
spectrometry. J AOAC Int. Jan-Feb;86:8–14.

Burnett TJ, Rodewald JM, Moran J, Turberg MP, Brunelle
SL, Coleman MR. 2012. Determination of ractopamine in
swine, bovine, and turkey tissues by HPLC with fluores-
cence detection: first action 2011.22. J AOAC Int. Jul-
Aug;95:945–958.

Centner TJ, Alvey JC, Stelzleni AM. 2014. Beta agonists in
livestock feed: status, health concerns, and international
trade. J Anim Sci. Sep;92:4234–4240.

Council Directive 96/23/EC. 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 Commun. 125:10-32.

Elliott CT, Thompson CS, Arts CJ, Crooks SR, van Baak MJ,
Verheij ER, Baxter GA. 1998. Screening and confirmatory
determination of ractopamine residues in calves treated
with growth promoting doses of the beta-agonist. Analyst.
May;123:1103–1107.

Fiems LO. 1987. Effect of beta-adrenergic agonists in animal
production and their mode of action. Ann Zootech.
36:271–290.

Gilar M, Bouvier ES, Compton BJ. 2001. Advances in sample
preparation in electromigration, chromatographic and
mass spectrometric separation methods. J Chromatogr A.
Feb 16;909:111–135.

Gressler V, Franzen AR, de Lima GJ, Tavernari FC, Dalla
Costa OA, Feddern V. 2016. Development of a readily
applied method to quantify ractopamine residue in meat
and bone meal by QuEChERS-LC-MS/MS. J Chromatogr
B Analyt Technol Biomed Life Sci. Mar 15;1015–
1016:192–200.

Gu Y, Schinckel AP, Forrest JC, Kuei CH, Watkins LE. 1991.
Effects of ractopamine, genotype, and growth phase on
finishing performance and carcass value in swine: II.

Figure 4. Chromatogram of (a) blank swine muscle, (b) clenbuterol at 0.2 μg kg–1 and (c) clenbuterol-d6.

FOOD ADDITIVES & CONTAMINANTS: PART A 791



Estimation of lean growth rate and lean feed efficiency. J
Anim Sci. Jul;69:2694–2702.

Jiang XF, Zhu YH, Liu XY. 2014. Identification of ractopa-
mine glucuronides and determination of bioactive racto-
pamine residues and its metabolites in food animal urine
by ELISA, LC-MS/MS and GC-MS. Food Addit Contam
Part A Chem Anal Control Expo Risk Assess. 31:29–38.

Kennedy DG. 2012. Ractopamine: The European perspective.
Brazilian reference laboratory: Oral presentation; Nov 23.
Campinas (SP): LANAGRO.

Kootstra PR, Kuijpers CJPF, Wubs KL, van Doorn D, Sterk
SS, van Ginkel LA, Stephany RW. 2005. The analysis of
beta-agonists in bovine muscle using molecular imprinted
polymers with ion trap LCMS screening. Anal Chim Acta.
Jan 24;529:75–81.

Korthumarit K. 1999. Beta-adrenergic agonist. Thailand:
Ministry of Agriculture and Cooperation.

Li C, Wu YL, Yang T, Zhang Y, Huang-Fu WG. 2010.
Simultaneous determination of clenbuterol, salbutamol
and ractopamine in milk by reversed-phase liquid chro-
matography tandem mass spectrometry with isotope dilu-
tion. J Chromatogr A. Dec 10;1217:7873–7877.

Marchant-Forde JN, Lay DC Jr., Pajor EA, Richert BT,
Schinckel AP. 2003. The effects of ractopamine on the
behavior and physiology of finishing pigs. J Anim Sci.
Feb;81:416–422.

Ministry of Agriculture, Livestock and Supply. 2011.
Validation guide: Drugs in products to animal nutrition
and veterinary medicine. Brasília (DF): MAPA; p. 72.

Moragues F, Igualada C. 2009. How to decrease ion suppres-
sion in a multiresidue determination of beta-agonists in
animal liver and urine by liquid chromatography-mass
spectrometry with ion-trap detector. Anal Chim Acta.
Apr 1;637:193–195.

Nino AMM, Granja RHMM, Wanschel ACBA, Salerno AG.
2017. The challenges of ractopamine use in meat produc-
tion for export to European Union and Russia. Food
Control. 72:289-292

Pesek JJ, Matyska MT, Larrabee S. 2007. HPLC retention
behavior on hydride-based stationary phases. J Sep Sci.
Mar;30:637–647.

Pleadin J, Persi N, Vulic A, Milic D, Vahcic N. 2012.
Determination of residual ractopamine concentrations by

enzyme immunoassay in treated pig’s tissues on days after
withdrawal. Meat Sci. Mar;90:755–758.

Pleadin J, Vulic A, Mitak M, Persi N, Milic D. 2011.
Determination of clenbuterol residues in retinal tissue of
food-producing pigs. J Anal Toxicol. Jan-Feb;35:28–31.

Rikard-Bell C, Curtis MA, van Barneveld RJ, Mullan BP,
Edwards AC, Gannon NJ, Henman DJ, Hughes PE,
Dunshea FR. 2009. Ractopamine hydrochloride improves
growth performance and carcass composition in immuno-
castrated boars, intact boars, and gilts. J Anim Sci.
Nov;87:3536–3543.

Shelver WL, Smith DJ. 2000. Development of an immunoas-
say for the β-adrenergic agonist ractopamine. J
Immunoassay. Feb;21:1–23.

Stoffel B, Meyer HH. 1993. Effects of the beta-adrenergic
agonist clenbuterol in cows: lipid metabolism, milk pro-
duction, pharmacokinetics, and residues. J Anim Sci.
Jul;71:1875–1881.

Strydom PE, Frylinck L, Montgomery JL, Smith MF. 2009.
The comparison of three β-agonists for growth perfor-
mance, carcass characteristics and meat quality of feedlot
cattle. Meat Sci. Mar;81:557–564.

Vulic A, Pleadin J, Persi N, Stojkovic R, Ivankovic S. 2011.
Accumulation of -Agonists Clenbuterol and Salbutamol in
Black andWhiteMouse Hair. J Anal Toxicol. Oct;35:566–570.

Yan H, Liu S, Gao M, Sun N. 2013. Ionic liquids modified
dummy molecularly imprinted microspheres as solid
phase extraction materials for the determination of clen-
buterol and clorprenaline in urine. J Chromatogr A. Jun
14;1294:10–16.

Yan KP, Zhang HQ, Hui WL, Zhu HL, Li XB, Zhong FY,
Tong XE, Chen C. 2016. Rapid screening of toxic salbuta-
mol, ractopamine, and clenbuterol in pork sample by
high-performance liquid chromatography-UV method. J
Food Drug Anal. Apr;24:277–283.

Yan KP, Zhu HL, Dan N, Chen C. 2010. An Improved
Method for the Separation and Quantification of Major
Phospholipid Classes by LC-ELSD. Chromatographia.
Nov;72:815–819.

Zhang LY, Chang BY, Dong T, He PL, Yang WJ, Wang ZY.
2009. Simultaneous determination of salbutamol, ractopa-
mine, and clenbuterol in animal feeds by SPE and LC-MS.
J Chromatogr Sci. Apr;47:324–328.

792 A. M. MONTES NINO ET AL.


	Abstract
	Introduction
	Materials and methods
	Reagents and chemicals
	Apparatus
	Standard solutions
	Sample extraction and clean-up
	Method validation

	Results and discussion
	Conclusions
	Disclosure statement
	Funding
	References



