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Introduction
Beta-adrenergic receptor agonists 
(β- agonists) are synthetic drugs 
manufactured for use in humans 
and livestock. β- agonists are used in 
human medicine for the treatment 

of conditions such as asthma. When utilized during an asthma attack, the medication aids in the opening 
of airways by relaxing the muscles around the airways, thus relieving the symptoms of dyspnea.1 In animals, 
β- agonists have been used in livestock production to enhance body composition and significantly promote 
growth by altering metabolic pathways and accelerating protein production in skeletal muscle.2 

The administration of β- agonists as growth-promoting agents in food-producing animals has been banned or 
regulated in many countries owing to concerns over human health. Many countries have adopted the 2012 
Codex Alimentarius Commission recommended 10 μg/kg maximum residue level for the β- agonist compound 
ractopamine in beef and pork muscle cuts, while China, Russia, Taiwan and several EU member countries 
have banned the drug altogether.3 To facilitate testing and compliance with regulatory limits and restrictions, 
monitoring programs have been established within many countries.

Monitoring compliance with β- agonist regulatory requirements necessitates the use of a highly sensitive and 
selective analytical technique. In this application note, an LC/MS/MS method, utilizing a PerkinElmer LX50 
UHPLC system coupled to a PerkinElmer QSight® 220 MS/MS detector, is presented for the determination 
and quantification of thirteen β- agonist compounds in pork samples. Isotopically-labeled internal standards 
were utilized in this method to compensate for matrix effects, and to decrease the impact of any sample-
to-sample variability. The method described herein demonstrates low detection limits capable of supporting 
regulatory requirements for β- agonists in animal tissue. 

Determination of Thirteen Beta 
Agonists in Pork Using Ultra High-
Performance Liquid Chromatography - 
Tandem Mass Spectrometry
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Experimental 

Hardware and Software
Chromatographic separation and subsequent detection were  
carried out using the PerkinElmer QSight LX50 ultra high-
performance liquid chromatography system, coupled to the  
QSight 220 series tandem mass spectrometer. All instrument 
control, data acquisition and processing were performed using  
the Simplicity 3Q™ software platform.

Preparation of Standard Solutions 
HPLC-grade solvents and reagents were used for preparation  
of all solutions. β- agonists and stable isotope-labelled internal 
standards clenbuterol-D9, salbutamol-D3, and ractopamine-D5  
were purchased from Sigma-Aldrich. The 100 µg/mL stock solutions 
were prepared by dissolving each solid standard in methanol.  
The stock solutions were diluted to make an intermediate mixed 
stock solution of 1 µg/mL, which was subsequently used for the 
preparation of calibration standards. Internal standard stock 
solutions of 100 µg/mL were diluted to prepare a 10 ng/mL  
mixed Internal standard working solution. All stock solutions  
were kept in the refrigerator to prevent decomposition. 

Sample Preparation and Extraction 
To make a homogenized sample, a representative pork sample was 
cut into small pieces and blended. A two-gram aliquot of the 
homogenized pork sample, along with 8 mL of 0.2 mol/L sodium 
acetate buffer solution with pH = 5.2, were added into a 50 mL 
centrifuge tube and vortexed. Next, 50 µL of β- glucuronidase/aryl 
sulfatase was added into the same tube and vortexed. The tube  
was then placed into a water-bath with a constant temperature to  
37 °C for 12 hours to facilitate complete hydrolyzation. Following 
hydrolyzation, 100 µL of the mixed working internal standard solution 
was added into the tube and vortexed. The tube was then oscillated for 
15 minutes and subsequently centrifuged for 10 minutes at 5000 rpm. 

Next, 4 mL of supernatant was transferred into a 10 mL clean 
centrifuge tube, and 5 mL of 0.1 mol/L perchloric acid solution was 
added into the same tube, and vortexed until a pH of 1±0.3 was 
reached. The solution was then centrifuged for 10 min at 5000 rpm. 
The supernatant was transferred into a new 50 mL centrifuge tube, 
and the pH was adjusted to 11 using 10 mol/L of sodium hydroxide 
solution. 10 mL of saturated sodium chloride solution, along with  
10 mL of isopropanol - ethyl acetate (V/V, 6:4) were added into the 
tube, and then vortexed and centrifuged for 10 minutes at 5000 rpm. 
The organic phase from the extract was dried by blowing nitrogen 
over it at a temperature of 40 °C. The dried extract was reconstituted 
by dissolving it in a 5 mL of sodium acetate buffer solution, and was 
then used for the subsequent clean-up.

Sample Clean-up
Sample clean-up for the method included the following steps: 
 a.  A cation exchange solid phase extraction column (3 cc/60 mg) was 

mounted on a pre-cleaned vacuum manifold.

 b.  The column was conditioned with 2 mL of methanol, followed by 
2 mL of water.

 c. The reconstituted extract was loaded onto the column.

 d.  The column was washed first with 2 mL of water, then with 2 mL 
of 2% formic acid in water, and finally with 2 mL of methanol.

 e. The column was vacuum dried.

 f.  Analytes were eluted from the column with 2 mL of 5% 
ammonia in methanol.

 g.  The elution fraction was dried by blowing nitrogen over it at  
40 °C, and dissolved in 200 µL of 0.1% formic acid in water – 
methanol (v/v, 95:5) for LC-MS/MS analysis.  

LC Condition and MS Parameter Settings
The LC and MS/MS method parameters are listed in Table 1, 2 and 3. 

Column
PerkinElmer Brownlee SPP C18, 100 × 2.1 mm, 2.7 µm 
(PN: N9308404)

Mobile Phase Solvent A: Water with 0.1% formic acid 
Solvent B: Acetonitrile with 0.1% formic acid

Analysis Time 8.0 min; Re-equilibration time: 3.0 min

Oven Temp 40 °C

Injection Volume 20 µL

Table 1. LC Method Parameters.

Step Time 
(min)

Flow Rate 
(mL/min) %A %B Curve

1 Initial 0.4 99 1
2 0.50 0.4  99 1 Linear
3 2.00 0.4 90 10 Linear
4 4.50 0.4 80 20 Linear
5 6.50 0.4 70 30 Linear
6 7.00 0.4 50 50 Linear
7 8.00 0.4 30 99 Linear
8 8.50 0.4 1 99 Linear
9 8.60 0.4 99 1 Linear
10 11.00 0.4 99 1 Linear

Compound Precursor 
Ion(m/z)

Product 
Ion(m/z) EV(V) CCL2(V) CE (eV)

Clenbuterol
277.1  203.0* 11 -72 -25

277.1 259.1 11 -56 -14

Bambuterol
368.2 72.1 24 -104 -59

368.2  294.1* 26 -112 -26

Mabuterol
311.1  237.0* 22 -68 -24

311.1 293.1 19 -76 -16

Zilpaterol
262.2 185.0 18 -100 -37

262.2  244.1* 16 -68 -17

Salbutamol
240.2  148.1* 20 -64 -27

240.2 222.1 20 -48 -13

Terbutaline
226.2  152.1* 20 -52 -22

226.2 170.1 20 -60 -14

Tulobuterol
228.2  154.0* 18 -52 -25

228.2 172.1 18 -52 -16

Cimbuterol
234.2  160.1* 15 -64 -20

234.2 216.0 15 -52 -12

Cimaterol
220.2 160.1 15 -92 -27

220.2  202.1* 15 -48 -13

Brombuterol
367.0  292.9* 21 -96 -28

367.0 349.0 20 -112 -17

Ractopamine
302.2 164.1 9 -100 -22

302.2  284.1* 9 -76 -17

Cloprenaline
214.1  154.0* 20 -64 -26

214.1 196.1 22 -68 -16

Clenproperol
263.1 203.0 15 -100 -27

263.1  245.1* 15 -60 -17

Clenbuterol-D9 286.1  204.0* 11 -72 -25

Salbutamol-D3 243.1  151.1* 20 -64 -27

Ractopamine-D5 307.2  289.1* 9 -100 -22
The asterisk labeled value is quantitative ion. 
EV = Entrance Voltage, CCL2 = Collision Cell Lens 2 voltage, CE = Collision Energy

Table 2. MS/MS Method Parameters.
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Parameter Setting Value

Ionization Mode ESI positive

Drying Gas Setting 75

HSID Temperature (°C) 320

Nebulizer Gas Setting 220

Electrospray Voltage(V) 5500

Source Temperature (°C) 500

Table 3. MS/MS Source Parameters.

Results and Discussion 

The objective of this work was to assess the performance of the 
QSight 220 with a validated sample preparation method for the 
determination of β- agonists in animal tissue. 

Figure 1 details the total ion chromatogram (TIC) of thirteen 
β- agonists, of which most are well resolved. The remaining 

unseparated compounds were further resolved via their unique 
MRM transitions.

Figure 2 shows the typical MRM chromatograms of the thirteen  
β- agonists in a neat solution.

Figure 1. TIC chromatogram of all thirteen β- agonists.

Figure 2. Typical MRM chromatograms for thirteen β- agonists of 5 μg/L in neat solution. 
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As shown in Figure 3, a good and wide range of linearity was obtained for each of the analytes studied, ranging from 0.05 to 5 μg/L, with 
a regression coefficient (r2) ≥ 0.995 in the neat solution. 

Figure 3. Calibration curves for the three representative β- agonists. Clenbuterol-D9, salbutamol-D3 and ractopamine-D5 were used as internal standards respectively.

Limits of quantitation (LOQ) were calculated based on a signal-
to-noise ratio ≥ 10 for the analyte’s quantifier transition. Overall, 
the LOQs for all β- agonists studied were lower than 0.05 μg/L.

The developed LC/MS/MS method was applied for the analysis 
of thirteen β- agonists in pork samples. As shown in Figure 4, no 
analytes were found in the pork matrix blank sample, and the 
thirteen β- agonists spiked at 0.1 μg/kg in the pork sample were 
all detected.

Figure 4. TICs of pork sample blank and thirteen β- agonists spiked at level of 0.1 μg/kg  
in pork sample.

Figure 5. Clenbuterol identified in pork sample by measuring ion ratio using Simplicity software.

Simplicity software provided automatic calculation of ion ratios, with 
the ability to set specific acceptance criteria of ion ratios for the 
confirmation of analytes.4 The presence of β- agonists in the pork 
sample was determined by confirming that the product ion ratios 
(qualifier against quantifier) were within a 20% tolerance window of 
the expected ion ratio.

Figure 5 is presented as an example of the identification of 
clenbuterol in the pork sample by comparing the ion ratio of the 
analyte with the acceptance criteria of the expected ion ratio.

Analyte recoveries from the spiked pork samples were evaluated at 
concentrations of 0.1, 0.5 and 2.0μg/kg, and the results are shown in 
Table 4, with mean values ranging from 79.5% to 114.3% and RSD 
<13.0% (n =3).
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Conclusion

An LC-MS/MS method utilizing a PerkinElmer LX 50 UHPLC 
coupled to a QSight 220 MS/MS system has been developed 
which demonstrates good sensitivity for the identification and 
quantification of thirteen β- agonists in a homogenized pork 
sample. The low detection levels achieved in the method can aid 
in the support of low regulatory limits for routine screening and 
quantitation analysis. 
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Compound

Spiked level-1 
(0.1 µg/kg)

Spiked level-2 
(0.5 µg/kg)

Spiked level-3 
(2.0 µg/kg)

Recovery
RSD (%)

Recovery
RSD (%)

Recovery
RSD (%)

(%) (%) (%)

Bambuterol 82.3 6.9 85.6 8.2 88.5 6.2

Brombuterol 90.2 10.3 86.1 11.9 91.7 9.5

Cimaterol 86.5 11.6 82.3 12.9 88.2 12.6

Cimbuterol 93.8 7.3 91.8 8.5 95.7 6.5

Clenbuterol 97.7 8.9 108.6 7.1 114.3 7.6

Clenproperol 90.8 10.8 86.2 12.8 89.7 11.8

Cloprenaline 82.6 11.5 79.5 10.9 83.1 12.6

Mabuterol 103.4 8.4 112.5 10.8 108.5 11.1

Ractopamine 105.6 11.8 100.5 7.9 112.5 8.2

Salbutamol 95.8 7.1 99.8 8.7 97.9 10.7

Terbutaline 96.9 11.8 113.7 9.1 93.8 8.7

Tulobuterol 86.4 12.3 82.1 10.6 88.3 10.5

Zilpaterol 89.7 11.2 90.5 9.6 107.1 10.1

Table 4. Recovery and RSD results at different spiked levels in pork sample.
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