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MATERIALS AND METHODSABSTRACT

Purpose: To present a LC-MS/MS workflow solution for multi-class analysis of veterinary drug 

residues in animal matrices that is robust, rapid, easy to use, and has the sensitivity, accuracy, and 

precision that is required in order to meet regulatory guidelines.

Methods: The VetDrugs Explorer Collection is a solution designed to address the essential elements 

of a complex multi-class veterinary drug residue analysis that can be applied to a variety of matrices.  

Bovine muscle, salmon (fillet), and milk (dairy) were processed and analyzed to test the core 

methodology- from sample preparation using a modified QuEChERS protocol (Quick, Easy, Cheap, 

Effect, Rugged, and Safe) to analysis, data processing, and reporting with LC-MS/MS and 

comprehensive data handling software.

Results: Results demonstrate that the method is fit-for-purpose as a comprehensive semi-

quantitative screening workflow that can be easily implemented in a residue testing laboratory.  

Screening target concentrations (STCs) established for each matrix meet regulatory requirements 

based on MRL definitions and limits specified in EU Commission Regulation 37/2010 and EU Council 

Regulation 2377/90, as well as USDA/FDA guidelines.

INTRODUCTION

Veterinary drugs are broadly defined as chemicals that are used to protect animals from contracting 

disease, promote growth, and in some cases provide aesthetic qualities in food production. The 

inappropriate use of veterinary drugs can have adverse effects on animals, the environment, and 

human health. 

The requirements of low limits of quantification in diverse matrices, along with a wide variety of 

chemical classes and properties of veterinary drugs pose significant analytical challenges. We 

present a solution that encompasses everything that is required from sample preparation to final 

reporting for over 170 veterinary drugs using liquid chromatography-triple stage mass spectrometry 

(LC-MS/MS) and a rapid sample preparation procedure based on QuEChERS.  The solution is able 

to detect, confirm, and quantify the veterinary drugs below their required EU and/or US FDA/USDA 

maximum residue limits (MRLs). 

MATERIALS AND METHODS

Sample Preparation

The basic elements of the preparation procedure are described in Figure 1, and are used for 

preparation of bovine muscle, salmon fillet, and liquid milk samples.

CONCLUSIONS
▪ A multi-class, semi-quantitative method for veterinary drugs has been presented, using screening target 

concentrations (STCs) in matrix extracted spikes, based upon the MRLs established for analyte/matrix 

combinations in beef muscle, milk, and salmon fillet.

▪ The workflow solution is useful for labs that wish to consolidate multiple single-class methods, and it 

provides excellent sensitivity using the TSQ Altis triple quadrupole mass spectrometer. 

▪ The modified QuEChERS extraction demonstrated good recovery and precision, with robust 

performance below the MRLs/MRPLs listed in the EU and US regulations.
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Multi-class Veterinary Drug Screening and Quantitation with a Comprehensive Workflow: The VetDrugs Explorer

LC-MS/MS Analysis

The assays in this study were carried out using a Thermo Scientific™ Vanquish™ Flex Binary 

UHPLC system and a Thermo Scientific™ TSQ Altis™ Triple Quadrupole Mass Spectrometer. 

Thermo Scientific™ TraceFinder™ software was used for instrument control, analysis, data review, 

and reporting. The LC-MS/MS conditions are shown in Tables 1 and 2.

Figure 3: Steps for initial evaluation of method performance of the multi-class method in milk, 

bovine muscle, and salmon fillet samples.

RESULTS

Initial Method Validation

The steps for evaluating the method are described in Figure 3. Eight replicates at each STC spike 

level were injected, along with the MES blank (injected three times). Additionally, a “post spike” 

sample was prepared in the blank matrix extract, i.e., the target analytes were added after a blank 

matrix was extracted. It was spiked at the 3× STC level. Spike recovery was then estimated by the 

ratio of the peak areas observed in the 3×STC MES and post spike sample, using the following 

formula: % Recovery = Peak area 3×STC MES/Peak area 3×STC Post Spike × 100.

RESULTS

Method Validation (Continued)

Absolute recovery of the compounds was measured in the three matrices.  Overall averages for 

salmon fillet, bovine muscle and milk were 75, 76, and 79 % recovery respectively.   Figure 5 

summarizes recoveries observed across the different chemical classes studied.  The method 

detection limit was calculated for each analyte, and they ranged from an average value of 0.5 to 2 

ng/g across all the matrices.

Test Method

The veterinary drug compound classes and number of compounds tested for this method are shown in 

Figure 2. Over 170 veterinary drugs were added directly to the homogenized matrix during 

QuEChERS sample preparation to create matrix extracted spikes (MES) at concentration levels that 

reference a screening target concentration, or STC. The STC relates back to the relevant maximum 

residue limit (MRL) for each compound in a given matrix. For method development, the STC level (i.e. 

STC level 1) was chosen to be 1/3 to 1/4 of the concentration of the EU-based MRL. In order to 

observe the quantitative performance of the method, a series of MES were prepared and used to 

construct calibration curves at 0.0 (MES blank), 0.2, 0.5, 1, 3, and 5 X STC.

Figure 1: Extraction procedure for bovine muscle and salmon (fillet).  For liquid milk extraction, 

4g sample was used and extracted with 10mL of acetonitrile, with supernatant after 

centrifugation cleaned up with 500 mg CEC18 dSPE, evaporated to near dryness.  1 mL 

acetonitrile was added, centrifuged, and filtered before analysis.
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Figure 2: Compound classes studied for applicability to the multi-class method.  Spiking mix 

‘cocktails’ were used to prepare MES based upon the regulatory MRL of a given compound 

and matrix combination.

Negative Voltage 2500 V

Positive Voltage 3500 V

Sheath Gas 50 units

Auxiliary Gas 13 units

Sweep Gas
1 unit

Ion Transfer Tube 

Temperature 310 C

Vaporizer 

Temperature
350 C

Injection 

Volume
2 µL

Column 

Temperature
40 C

Analytical 

Column

Thermo Scientific™Accucore™ VDX, 

100 x 2.1 mm, 2.6 µm

Run Time 17 min

Mobile Phase A
Water with 0.05% Formic Acid

Mobile Phase B 50% Acetonitrile 50% Methanol 5% 

Water with 0.05% Formic Acid

Tables 1&2: : LC gradient mobile phase profile (left) and mass spectrometer API source 

conditions (right)

Calculate MDL @ or below a cut-off

(Lowest STC factor at or below 15% RSD)

Calculate Absolute % Recovery Based on

A ‘post spike’ at 3 x STC [Recovery Std]

Prepare Matrix Extracted Spike (MES) (8 replicates) at 0.2-5 x STC

(Establish ‘Calibration Line’ for screening)

Establish Screen Target Concentration (STC) 

Levels typically 1/3 to 1/4 the MRL/MRPLs 

Calculate %RSDs at each level to check 

precision

Screening levels of 0.2. 0.5, 1, 2, 3, 4, and 5 X STC were established with two examples shown in the 

following figures 4a and 4b.  

4a

4b

Figures 4a and 4b: Quantitation ions, confirming ions, and STC range shown in TraceFinder

software for Erythromycin in cattle muscle (top) and Megestrol acetate in milk (bottom).  The 

technique allows for confident screening with confirmation surrounding the MRL concentration 

for each analyte/matrix combination.
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Figures 5: Absolute recovery of spiked compounds at 3xSTC from bovine muscle (blue) and 

salmon fillet (red), and milk (purple).  Note: The Dyes, NSAIDs, and Sedatives were not spiked in 

the milk samples. 

Column and API source robustness were demonstrated by injecting a bovine muscle spike sample 500 

x over a period of 1 week, showing consistent peak shapes and intensities.
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Figures 6: LC-MS/MS system test components spiked in bovine muscle extract demonstrate 

good robustness of the analytical system and API source.  Top: Injection # 1; Bottom: Injection # 

500 

Lowest 

Global

Compound MRL STC

System 

1

System 

2

System 

3

System 

4 Average SDEV %RSD

Amoxicillin 50 25 24.4 24.8 25.0 27.3 25.4 1.31 5.2

Chlortetracycline 200 100 87.3 97.1 86.4 104.0 93.7 8.39 9.0

Danofloxacin 100 50 50.9 49.8 47.3 52.3 50.1 2.09 4.2

Dicloxacillin 300 150 144.5 148.2 147.7 152.2 148.2 3.15 2.1

Difloxacin 300 150 150.0 149.2 145.6 159.3 151.0 5.80 3.8

Doxycycline 10 10 9.2 9.1 9.2 10.1 9.4 0.47 5.0

Enrofloxacin 100 50 50.2 49.4 55.0 52.3 51.7 2.51 4.9

Flumequine 500 200 200.8 201.9 201.5 199.3 200.9 1.17 0.6

Oxolinic Acid 50 25 28.2 29.3 27.5 25.8 27.7 1.48 5.3

Oxytetracycline 200 100 102.2 96.4 94.6 101.1 98.6 3.65 3.7

Penicillin G 50 25 23.6 24.0 21.6 25.4 23.6 1.57 6.7

Sarafloxacin 10 3 3.0 3.0 2.9 3.1 3.0 0.06 2.0

Sulfa Drugs SUM 100 10 9.1 8.7 9.4 10.1 9.3 0.59 6.3

Tetracycline 200 100 98.8 98.3 91.7 100.4 97.3 3.81 3.9

Thiamphenicol 50 25 23.6 24.0 22.2 26.5 24.1 1.80 7.5

Tilmicosin 50 25 27.5 28.0 25.4 23.2 26.0 2.21 8.5

Trimethoprim 50 25 21.8 18.7 24.0 22.0 21.6 2.19 10.1

Tylosin 100 50 46.8 47.5 45.9 47.7 47.0 0.80 1.7

RESULTS

Method Reproducibility

An example in Table 3 below demonstrates validation results for salmon matrix on 4 sperate LC-MS/MS 

TSQ Altis systems, for compounds with regulated MRL values.  The lowest global MRL was provided by 

the AOAC SMPR subgroup, and represents a good MRL level for screening at analyte/matrix 

combinations.  The STC is the screening target concentration used in the VetDrugs Explorer Collection 

method for the evaluation, and is typically set at a level of 1/3-1/2 the lowest global MRL.  Note good 

precision across the 4 independent systems, which provides confidence in transferring the method.
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