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1 | INTRODUCTION

Meat products are an excellent source of protein, minerals, and vita-
mins. Pork, chicken, turkey, and beef have also been widely used to
elaborate gelatin products,? but the high fat content of meat products
has been associated with increased risks of health problems such as

| Ricardo Velasco-Carrillo? |
Raquel Lépez-Arellano®

Abstract

Clenbuterol (Clb) can be present in Mexico often but not all over the world in animal
tissues and organs, therefore, potentially is derived from animal sources as well. The
aims of this study were to develop and validate a method for detecting traces of
clenbuterol in beef sausages. A calibration curve showed linearity in the range of
20-500 pg mI~L. The limit of detection (LOD) and lower limit of quantification
(LLOQ) were 5 and 10 pg g2, respectively. The analyte recovery was from 95.70%
to 100.40% with an intraday relative standard deviation (RSD%) of 0.99%-2.10%
and an interday RSD% of 0.54%-2.34%, R? = 0.9998. The methodology developed
was applied successfully in 15 samples of beef sausage, and 73.3% of the samples
tested contained racemic clenbuterol in concentrations between 30 and 471 pg g~*.
The UHPLC-MS/MS method developed combines high sensitivity with good
selectivity and short chromatographic run time. Additionally, the enantiomeric
analysis of clenbuterol performed in beef sausages showed a 59% for R-(—)-Clb and
41% for S-(+)-Clb. The presence of clenbuterol in beef sausages could represent a
risk of unintentional doping in sport field, because the clenbuterol is a banned
substance included in the World Anti-Doping Agency's (WADA) list of prohibited
substances.
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obesity, hypertension, and cardiovascular disease.®>"® Meat products
are the most popular foods worldwide and, in 2019, sausages were
the world's 479th most commercialized product with total trade
amounting to $5.23B, though between 2018 and 2019, exports
decreased by 0.085%, from $5.24B to $5.23B. These products repre-
sent 0.029% of total world trade.”®
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Accurate food labeling is important to ensure food safety, quality
management along the supply chain, and support consumer choice.
Substitute species, whether trace adventitious contaminants or prod-
ucts of economically motivated adulteration (EMA), can introduce
toxins, pathogens, veterinary residues, or allergens into products. The
raw material used in sausage production is usually obtained from reg-
istered slaughterhouses where animals are examined by veterinar-
jans.” Only raw material from animals whose tissues have been
approved for human consumption can be used to elaborate meat
products.

The Food and Agricultural Organization of the United Nations
(FAO) stipulates that the maximum residue limits (MRLs) for
clenbuterol in muscle and fat is 0.2 pg kg1, whereas for liver and kid-
ney, it is 0.6 pg kg1,2%1! and must be observed especially in coun-
tries that have registered clenbuterol as veterinary drug. These tissues
must also be free of prion diseases (e.g., bovine spongiform encepha-
lopathy [BSE]) that can affect animal and human health.*?> The hor-
mones, antibiotics, and veterinary drugs present in meat must be
evaluated'®~1¢ before consumption.

Clenbuterol ((4-amino-a-[(tert-butyl amino)methyl]-3,-
4-dichlorobenzylalcohol; Clb) is used as a racemic mixture R-(—) and
as S-(+)-clenbuterol. It is authorized as a bronchodilator and decon-
gestant in clinical management in human and veterinary therapeutics.
The World Anti-Doping Agency's (WADA) included the clenbuterol in
the list of prohibited substances in sport.)”*® In the latter, it is used
with equines and companion animals, and as a tocolytic agent in
bovines.”~2! It has, however, also been used illegally to promote ani-
mal growth because it causes a significant increase in muscle mass
and, simultaneously, decreases fat deposits.???2 For these reasons, its
use is strictly prohibited in the European Union (since 1996), the
United States (1991),>* Mexico (2007),2>?¢ and many other coun-
tries.?” Because the R-(—) enantiomer stimulates B2-receptors, it is
recognized as a eutomer.2® The S-(+) enantiomer blocks the effect of
[31—receptors,29 can accumulate in various areas of an animal's
body,?°?? and can be transmitted to humans through contaminated
foods. It has the potential to cause unintentional intoxication with
clenbuterol 222330

Several authors have reported that S-(+)-clenbuterol is retained
in edible tissues of swine and poultry to a greater extent than levoro-
tatory stereoisomers. A similar phenomenon is observed in broiled
liver, as Smith®! and Nielen et al®? noted that S-(+)-clenbuterol was
retained more than R-(—)-clenbuterol in pork, though the proportions
were reversed in beef and lamb. Clenbuterol shows stability in boiling
water at 100°C, but at a much higher temperature (260°C) loses this
stability. 3334

The aims of this study were to (1) develop a rapid, sensitive,
accurate method for identifying and quantifying clenbuterol in beef
sausages, possibly due to the use of contaminated animal meat or
gelatin; (2) demonstrate that the method is specific for the analysis of
enantiomeric clenbuterol in samples of sausage; and (3) evaluate if the
proportion of the clenbuterol enantiomers in samples of processed
beef such as sausages remains as in unprocessed meat even after

having gone through a cooking process.

2 | EXPERIMENTAL

21 | Chemicals and reagents

Racemic clenbuterol was obtained from USP (Rockville MD, USA).
The pure enantiomers R-(—)-clenbuterol (enantiomeric excess [ee]
=95.2%) and S-(+)-clenbuterol (ee = 99.4%), and 2Hs-clenbuterol
were purchased from Toronto Research Chemicals Inc. (Toronto, ON,
Canada) and used as internal standards (IStd) for UHPLC-MS/MS
analysis. Methanol, acetonitrile, tert-butyl methyl ether, and formic
acid were supplied by JT Baker (Palo Alto, CA, USA). All reagents used
were of analytical grade. The solvents utilized were of HPLC-MS
grade. Ultra-pure deionized water prepared using the Millipore®
Direct Q3 water purification system (Merck-Millipore, Molsheim,
France) was utilized throughout the experiment. A batch of organic

beef sausages free of traces of clenbuterol was used as a reference.

2.2 | Test materials

All samples were purchased in 2019. For this study, 15 samples of
beef sausage of different brands were purchased in national grocery
store chains, and in regional and local grocery stores in different locali-
ties in Mexico. Approximately 200-300 g per sample was acquired.
The purchasing strategy considered sausages labeled as containing
beef only and products whose list of ingredients mentioned only one
source animal species. After collection, all samples were transported
to the laboratory under refrigeration conditions (<4°C).

2.3 | Preparation of standard solutions

A series of standard solutions were prepared by progressively eluting
the stock solutions with methanol. Stock solutions of clenbuterol and
2Hy-clenbuterol were prepared in methanol at a concentration of
100 pg ml~* and stored in amber, screw-cap glass vials at 2°C-8°C.
24 | UHPLC-MS/MS conditions

Clenbuterol was identified, quantified, and separated chromatographi-
cally in a TQMS XEVO (WATERS UHPLC-MS/MS) via electrospray
ionization (ESI+) operated in positive mode and using an analytical col-
umn (Acquity UPLC BEH C18, 2.1 x 100 mm, 1.7 pm, WATERS, Mil-
ford, MA, USA). The chromatographic flow rate was 0.6 ml min—*. The
mobile phases were 0.01% formic acid in water as mobile phase A and
mobile phase B was prepared with acetonitrile and 0.01% of formic
acid. A gradient elution program was begun at 95% A for 0.6 min,
followed by 10% A (0.6 ml min~?) for 7.8 min. The phase was then set
to initial conditions for 4.5-9.0 min. Ten microliters of extract was
injected into the system at a run time of 5 min, and the temperature of
the analytical column and autosampler was maintained at 40°C and
10°C, respectively. The spectrometric parameters were as follows: cap-
illary voltage set at 1.2 kV for ESI+, a cone voltage of 18 V, and a colli-
sion energy (CE) setting of 16 eV. The ion source temperature was

150°C, and the desolvation temperature was 600°C. Diagnostic ions
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were optimized by injecting the stock solutions for clenbuterol diluted
in methanol. The mass spectrometer was operated in multiple reaction
monitoring (MRM) mode. Data were acquired and processed using
MassLink 4.1 (WATERS, Milford MA, USA). Clenbuterol's structure
includes two chlorine atoms. The precursor ion, [M 4+ H]* m/z 279, cor-
responds to a 3’CI-3>Cl combination with an isotopic distribution pat-
tern and relative intensities 9:6:1 m/z 277-279-281, consistent for
two chlorine atoms. The diagnostic ions were m/z 279 — 205,
279 — 170, 279 — 132, 277 — 168, 277 — 140, and 277 — 132 for

clenbuterol, and m/z 286 — 204 for ?H-clenbuterol.

2.5 | Sample preparation

Prior to the analysis, the packaging material was removed and dis-
carded. The edible product was ground in a mortar to obtain a homoge-
neous mass. The samples were stored in clean polyethylene containers
at —18°C until analysis. Previously, a set of solvent were evaluated, the
optimum solvent for the clenbuterol extraction was the one that selec-
tively extracted clenbuterol and did not extracted other interfering sub-
stances with this p-agonist, and all assays were performed in triplicate.
In brief, 15 g of sausage were weighed in a 50-ml Falcon tube, and
then, 50 pl of 2Hy-clenbuterol (50 ng ml~?) as IStd and hexane (20 ml)
were added. The mixture was shaken for 20 min at 100 rpm and cen-
trifuged at 1459g (4500 rpm) (Rotina 38R, Hettich Zentrifugen) at 20°C
for 10 min. The tube was collocated at —45°C for 15 min, and the
organic layer was separated and discarded. At that point, 20 ml of HCI
1 M were added to the aqueous layer, shaken for 20 min at 100 rpm,
and centrifuged at 1459g for 10 min. The aqueous layer was decanted
in a new 50-ml Falcon tube and adjusted to pH 12 with potassium
hydroxide (5 M). It was extracted with tert-butyl methyl ether (20 ml)
by shaking gently for 20 min at 100 rpm and then centrifuged at 14593
(4500 rpm) for 10 min. The tube was collocated at —45°C for 10 min,
and the aqueous layer was separated and discarded. The organic layer
was transferred to a clean tube and evaporated to dryness under an N,
gas stream at 38°C. For the analysis in UHPLC-MS/MS system, 100 pl
of the water:acetonitrile (1:1 v/v) mobile phase was added for
redissolution. Dilution was required for the batches of sausage with Clb

concentrations outside the calibration limits.

2.6 | Enantiomeric analyses using UHPLC-MS/MS
The enantiomeric separation of R-(—) and S-(+)-Clb detected in the
sausage samples by UHPLC-MS/MS was conducted using a HP1200
System (Agilent Technologies, Waldbronn, Germany) chromatograph
equipped with a binary gradient pump and a Lux Cellulose-3 analytical
column (250 x 4.6 mm, 5-pm particles) from Phenomenex (Torrance,
CA, USA). This step was performed at 30°C, coupled to an MS/MS by
ESI using a 6410 Triple Quad. Separation was achieved using water
containing 10-mM ammonium formate (pH 10.3) (mobile phase A) and
methanol containing 10-mM ammonium formate (mobile phase B).

1

The flow rate was set at 550 pl min™~ under isocratic conditions

(37.5% of A & 62.5% of B). The total run time was 16 min. The ion
source was operated in ESI (+) mode at 350°C using an ionization
voltage of 4000 V, a gas flow of 12 L min~%, and a nebulizer at 35 psi.
The fragmentor and collision voltages were optimized by infusing
racemic clenbuterol standard solutions at a concentration of 1 pg ml~*
using the MS2 Scan and product ion scan, respectively. All analyses
were performed in the MRM acquisition mode: m/z [278 + H] ™ for R-
(—) and S-(+)-Clb, in the same way the transition m/z 286—204 was
used for ?Ho-clenbuterol. For the latter, the typical isotopic distribu-
tion of 3>Cl (m/z 276) and *’Cl (m/z 278) [278 + H]" of the one chlo-
rine atom in the molecule structure was considered the diagnostic ion.

2.7 | Validation assay

The analytical method was validated according to Eurachem® that
determines the limit of detection (LOD), the lower limit of quantifica-
tion (LLOQ), accuracy, matrix effects (MEs), linearity, carry-over,
repeatability, and specificity. Specificity was evaluated using a set of
10 different blank beef sausage samples to identify the absence of
potential interfering species due biological matrix that might coelute
close to the expected retention time of clenbuterol. Specificity was
considered acceptable when the retention time of the target analyte
showed that no interfering components were detected. Linearity was
evaluated using a fresh calibration curve by spiking samples of organic
beef sausages samples with IStd clenbuterol in quadruplicate at five
working concentrations (20, 50, 100, 200, & 500 pg g~ 2). The peak
area ratio versus the final concentration of the analyte was used. The
ME parameter was evaluated by comparing the peak area of the unex-
tracted sample to that of the aqueous standards. Six beef sausage
samples were fortified with 20, 100, and 500 pg g~ ! of clenbuterol
and spiked with 2Ho-Clb as the internal standard. The samples were
prepared as described previously. ME was calculated to distinguish
extraction efficiency from matrix-induced signal suppression/
enhancement. The percentage of ME was calculated as: (peak area in
urine-peak area in water)/peak area in water x 100.

Extraction recovery was evaluated in one set of target sausage
samples fortified with clenbuterol IStd at 20, 100, and 500 pg g~!
(n = 4). Estimates of the recovery for the target analyte were made by
comparing the peak area ratios of the fortified samples and the IStd,
prior to extraction with samples in which the analyte had been added
post-extraction. The IStd was added to both sets of samples post-
extraction. LOD was estimated as the lowest concentration that
resulted in a signal-to-noise ratio greater than 3:1, while LLOQ was
the concentration of the analyte with a signal-to-noise ratio of 10:1.
The precision and accuracy of this method were evaluated using a set
of organic beef sausage reference samples spiked with 20, 100, and
500 pg g~ ! of clenbuterol (n = 4).

Intra-assay precision and accuracy were calculated using four data
points for each concentration obtained on the same day, whereas
interassay precision and accuracy were calculated using the data
obtained from three consecutive days for each clenbuterol concentra-

tion. Accuracy is expressed as the percentage of the measured
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concentration to the nominal concentration. Precision is shown as a
percentage of the relative standard deviation (RSD%). The carry-over
effect was assessed by injecting three extracts of organic beef sau-
sage reference samples successively after injection of a sample extract
spiked with 500 pg g~* of clenbuterol. This parameter was considered
acceptable when it was <2.5% of the signal obtained at LLOQ.

3 | RESULTS AND DISCUSSION

3.1 | Assay characterization

The method employed for a quantitative determination of clenbuterol
in beef sausage samples was comprehensively characterized and the
results are summarized in Tables 1 and 2. A MRM method was used
to analyze 10 samples of organic beef sausages by UHPLC-MS/MS.
Standard solutions (1.0 pg mi~%) of clenbuterol were infused directly
into the mass spectrometer to obtain their precursor ions and charac-
teristic product ions and to determine CE, collision gas (CAD), and col-
lision exit potential (CXP). The two most abundant transitions were
optimized in positive mode. In positive ion mode, the analyte pro-
duced the protonated molecule [M + H]", which was characterized in
terms of its retention time and ion transitions. The most intense prod-
uct ion, [M + H]* m/z 279, was used for quantification; the other was
considered a confirmation ion.

3.1.1 | Linearity and specificity

The calibration curve was prepared in the working range of 20-
500 pg g~ * and evaluated using UHPLC-MS/MS. Responses were con-
sidered linear when the correlation coefficient was 20.99. The linear
equation was established as: y = 0.0037x + 0.0151 with R? = 0.9998
(Figure 1). These data suggest a linear relation with respect to concen-
tration; a lack-of-fit test was performed. The result of this statistical
test confirmed that linearity was within the range studied. Statistical
data analyses are available in the supporting information.

Specificity was evaluated by comparing the retention times of the
target analyte and 2Ho-clenbuterol (IStd). In a typical chromatogram,
the retention time of clenbuterol in the sample was 2.08 min
(Figure 2), and no interfering peaks were observed around the reten-
tion time in the 10 blank beef sausage samples tested. Results show
that the method had high selectivity and can be utilized successfully

to analyze the matrices in question.

3.1.2 | Precision and accuracy

Precision and accuracy were evaluated by intraday and interday ana-
lyses using samples of organic beef sausage at three concentrations
fortified with clenbuterol (20, 100, and 500 pg g~?). This procedure
was replicated four times. The low RSD values of <2.5% show the
precision of the method. The results of the relative percentage of
standard deviations (RSD%) for the intraday and interday assays are
shown in Table 1. In all cases, values were below 2.3%, demonstrating
that the method developed for detecting clenbuterol in beef sausage
by UHPLC-MS/MS provides good accuracy and precision, as well as
reproducibility.

3.1.3 | Recovery

Extraction recovery was evaluated by comparing the peak areas
derived from the corresponding subtraction using both sets of sam-
ples, with spiking after extraction. The recovery for all clenbuterol
concentrations ranged from 95.70% to 100.04% (Table 2). These
results are considered satisfactory. The clenbuterol extraction proce-
dure did not require an extra sample clean-up step, so we were able

to reduce sample preparation time and costs.

3.14 | Matrix effect

Because the presence of a co-extractive from the matrix could have
influenced the ionization of the target analyte in the ESI mode, the
ME sample was evaluated using an MS/MS (MRM mode) detector by
comparing a standard in an organic solution to the matrix spiked with
the standard (see the reference material). No significant enhancement
or suppression differences were observed. Table 2 shows the slope

ratios (ME) and ME% observed in the sausage matrices.

TABLE 2 Recovery % and the matrix effect observed in sausages
spiked with clenbuterol
Recovery %
v ME
RSD (%) %

Nominal concentration (pg g~%) Mean SD

)

Low 20 9570 168 175 4.79
Middle 200 100.58 175 1.76 3.65
High 500 100.04 028 0.28 1.10

TABLE 1  Accuracy and intraday and interday precision for clenbuterol in the validation procedure
Nominal Within-run (intraday assay n = 4) Between-run (interday assay n = 12)
concentration
(pgg Y Mean (pgg Y SD Accuracy (%)  Precision (RSD %) Mean(pgg!) SD Accuracy (%) Precision (RSD %)
Low 20 19.67 0.31 93.37 2.10 18.852 0.44 94.26 2.34
Middle 100 101.48 1.31 101.48 1.29 100.15 142 100.15 1.42
High 500 498.19 491 99.64 0.99 499.00 271 99.80 0.54
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FIGURE 1 Calibration curve prepared by

2.000 spiking samples of organic meat sausage with
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FIGURE 2 Extracted product ion mass chromatogram of sample S9. (A) Mass chromatogram of a target sausage sample, no endogenous

interferences were detected:; (B) a target sausage sample spiked with 0.10 pg ml~! of 2Hs-clenbuterol; and (C1, C2, & C3) ion mass
chromatograms for specific transitions observed in sample S9 (471 pg g~ of clenbuterol were detected in this sample). No interference at
retention times of clenbuterol enantiomers was observed [Colour figure can be viewed at wileyonlinelibrary.com]

3.1.5 | LODandLLOQ

LOD and LLOQ were estimated using signal-to-noise ratios of 3:1
and 10:1, respectively. The experimental LOD for the method
employed was defined as the lowest concentration of Clb spiked to

the beef sausage reference. The experimental LOD (5 pgg™)
showed a peak signal intensity threefold higher than the matrix with-
out the target analyte. In the case of LLOQ (10 pg g~ 1), we consid-
ered a peak signal intensity 10-fold higher than that of the target

matrix.
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3.1.6 | Carry-over

The chromatograms for the target samples assessed showed no
noticeable carry-over (<0.1%), calculated as the ratio between the

peak areas.

3.2 |
samples

Detection of clenbuterol in beef sausage

To verify the applicability of the method developed, 15 batches of
sausage were prepared and tested following that procedure.
Clenbuterol concentrations were evaluated, and an enantiomeric anal-
ysis was performed (R-(—)-Clb, S-(+)-Clb and R/S ratios). Data are
shown in Table 3. The R/S ratio values indicated the existence of the
accumulation effect of R-(—)-clenbuterol in beef muscle. Results
showed that 73% of the samples tested contained racemic clenbuterol
in concentrations of 30-471 pgg 1. Although there are previous
reports®® regarding the analysis of beef sausages in order to detect
the presence of clenbuterol, no results were obtained from samples
with the presence from clenbuterol. This may possibly be due to the
working range that was from 0.05 to 2 pg kg™, In our method, the
LLOQ was 10 pg g%, which allows clenbuterol to be detected at trace
levels. Only four of our sausage samples had brand names, and the
other 11 had no trademark because they were drawn from bulk mate-
rials. Of the 15 samples, four (26%) showed clenbuterol concentra-
tions of 30-90pgg !, and (46%) had

concentrations of 114-471 pgg X No traces of clenbuterol were

seven clenbuterol

detected in four samples. In four different sausage brands, clenbuterol

was identified at concentrations ranging from 90 to 471 pggt.

TABLE 3 List of sausages samples
tested clenbuterol average

Clenbuterol was not detected in only in two of the sausage brands
tested. Table 3 provides a detailed list of all the samples tested. The
lowest amount was found in unbranded samples. This variation can be
explained by the different batches of beef and raw material used in
the manufacturing process of the sausages tested. It is important to
note that the clenbuterol molecules showed stability during the
cooking process (at 70°C), as some authors had shown previously.3®

In Figure 2, the chromatograms for the specific transitions m/z
277 — 167,277 — 203, and 277 — 132 detected by mass spectrom-
etry (C1, C2, and C3) are shown. The molecular ion mass for regular
clenbuterol was m/z 277, retention time 2.08. The regular clenbuterol
detected are shown in C1, C2, and C3, as well as the characteristic
transitions. The method developed herein is specific for detecting
clenbuterol. Other ingredients present in the sausages were removed
during extraction. This procedure helped obtain clear chromatograms
free of interferences.

The clenbuterol concentrations detected were comparable with
those described for beef muscle by Wang et al, and Parr et al, who
found concentrations of 0.2-45.3 pg kg~1. The FAO recommends an
MRL of 0.2 pg kg~ for muscle and fat.1°

In several countries, including Mexico,?° China,?”*° Ecuador,’ and
Italy,22 beef contaminated with clenbuterol in local markets has been
detected, so parts of those contaminated animals may have been used
in sausage production. The World Health Organization!! and
European Commission®” define contaminants as any substance not
intentionally added to food or feed for food-producing animals. As the
present study shows, it is possible to detect residues of veterinary
drugs, feed additives, and manufacturing, processing, and preparation
operations that could be considered toxicologically significant, as in
the case of clenbuterol.

Enantiomeric analysis

concentrations detected and Sample code Clenbuterol (pg g~ %) Place? R-(-) % S-(+) % R/S ratio

enantiomeric analysis 51 ND Mexico State _ _ _
S2 31 Mexico State 59.71 40.29 1.48
S3 60 Jalisco State 60.28 39.72 1.51
S4 62 Jalisco State 58.84 41.16 1.45
S5 80 Mexico City 61.81 38.19 1.61
Sé6 313 Mexico City 62.77 37.23 1.68
S7 ND Guanajuato State — — —
S8 114 Mexico State 60.34 39.66 1.52
S9 471 Mexico City 59.38 40.62 1.46
S10 44 Mexico State 61.39 38.61 1.59
S11 ND Mexico City — - -
S12 90 Guanajuato State 60.77 39.23 1.54
S13 120 Mexico State 58.60 41.40 141
S14 ND Mexico City — = =
S15 250 Mexico City 60.16 39.84 1.51

Abbreviation: ND, not detected.
?Estate of the Mexican Republic.
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The results of our study reveal the presence of clenbuterol, a sub-
stance that could represent a health risk. In fact, the amount of
clenbuterol found in some samples exceeds the maximum acceptable
daily intake of 0-0.004 pg kg™* of body weight for children.X In the
case of a child weighing 15 kg, consuming 100 g of sausage containing
a clenbuterol concentration of 471 pgg ! could exceed the rec-
ommended acceptable daily intake of 0-0.004 pg kg~! of body
weight. Therefore, it could be toxic.38

To the best of our knowledge, no international regulations
describe the potential risk of consuming clenbuterol in sausages. It is
important to verify that all animals and animal products destined for
human consumption are free of these substances. Some countries
regulate the maximum amount of this p-agonist that beef may contain.
The issues related to veterinary drug residues mentioned above origi-
nate from food-producing animals that received drug treatment due
to illness or during feeding. After slaughter, detection of residual

amounts of drugs or toxicologically active metabolites in the edible

Fragmentor Voltage 80 Collision Energy 15 Ionization

x10 2
1
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0.6-
0.4
0.2

0

+ES| MRM Frag=80.0V CID@15.0 (286.2 -> 204.
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tissues (meat, organs) or other products (milk, eggs) of these food-
producing animals is referred to as veterinary drug residue.!!

Clenbuterol enantiomers have similar physicochemical properties
but exhibit distinct biological behaviors, pharmacokinetic, pharmaco-
dynamic, and toxicological activity, and biodegradation characteris-
tics, as well as varied accumulation patterns in beef muscle.}”2°-32 |n
this regard, 11 samples of sausage with predetermined clenbuterol
concentrations were included to determine their enantiomeric com-
position using the methodology described above. Though the time
required for the enantiomeric analyses to identify these enantiomers
was longer (16 min) (Figure 3), the resolution between peaks was
better than previously reported by other authors at shorter times
(5 min), and similar to that reported by Gausepohl and Blaschke at
12.5 min.**

Eleven meat sausages samples with predetermined clenbuterol
concentrations were included for the determination of enantiomeric
composition, using this methodology. Evaluation of the (R)- and (S)-
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FIGURE 3 Representative enantioseparation ion chromatograms of the sausage tested. (D1) UHPLC-MS/MS transition m/z 286 — 204 and
retention time for R-(—)-2Ho-clenbuterol and S-(+)-2Ho-clenbuterol (spiked at 0.5 ng mI~! Ry = 1.3) and (D2) and (D3) UHPLC-MS/MS transitions
m/z 279 — 170 and 279 — 132 observed for clenbuterol enantiomers in sample S9 [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4 Boxplot of % R-(—) and S-(+)-clenbuterol in 11 sausage
samples analyzed by LCMS/MS. A significant difference was observed
for R-(—)-Clb and S-(+)-Clb (Wilcoxon test P < 0.05)

clenbuterol percentages and their R/S ratios showed them to be near
1.5 (n = 11) (Table 3). A nonparametric test assessed whether a signif-
icant statistical difference existed among the enantiomer percentages
in these samples (Figure 4). A Wilcoxon test showed statistical signifi-
cance, as the levogyre enantiomer was present at a higher percentage
(59%) than the S-(+) enantiomer (41%). The statistical data analyses
are available in the supporting information (Wilcoxon signed-rank
test). Wang and cols identified that in unprocessed beef samples, the
R-(—) enantiomer is found in greater proportion (56%). The
clenbuterol is stable in boiling water at 100°C but degrades above
260°C. In this sense, we observed that enantiomeric proportion deter-
mination in beef sausages samples (Table 3) is similar to the reports of
other authors for beef muscle. This proportion is very similar even
after going through a cooking process during manufacturing.

Clenbuterol hydrochloride has a marked potency, an extended
half-life of up to 40 h, and good absorption from the gastrointestinal
tract with a bioavailability of 70%-80%.24° This drug is approved for
treating asthma in humans, available in 0.01- or 0.02-mg tablets, and
liquid preparations with a daily regimen of 0.02-0.03 mg twice a day.
Doses used by bodybuilders may range from 20 to 200 pg once or
three times a day. In pediatric cases involving the intentional or uni-
ntentional ingestion of preparations with clenbuterol, hospitalization
has been required.®?

In summary, many of the sausage batches tested did contain
clenbuterol, likely due to the low quality of the raw material used
(bovine meat or contaminated gelatin) and/or deficient industrial

quality processes during the elaboration of the sausages.

4 | CONCLUSIONS

In this study, a straightforward form of sample preparation based on
liquid-liquid extraction combined with UHPLC-MS/MS was validated
for detecting and quantifying clenbuterol in beef sausage. Chromato-
graphic identification was achieved with a run time <5 min. Satisfac-
tory validation was also obtained for specificity, linearity, recovery,
precision, and the ME. The method developed was applied success-
fully to detect clenbuterol in sausage samples; additionally, the enan-
tiomeric analysis showed that the R-(—)-Clb enantiomer is observed in
a high percent than the S-(+)-Clb. For elite athletes, the presence of
clenbuterol in beef sausages could represent a problem in anti-doping
controls. An adverse analytical finding due to the presence of
clenbuterol could be due to ingestion of contaminated meat products,

gelatin, or sausages.
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