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Overview 
A rapid, robust, sensitive and specific LC-MS/MS method has 
been developed for the simultaneous detection of veterinary drug 
residues in milk and meat. The method uses an Eksigent 
ekspert™ microLC 200 and the AB SCIEX QTRAP® 4500 
system utilizing the Scheduled MRM™ algorithm with a 
simplified sample preparation to detect veterinary residues below 
EU screening requirements. 

Introduction 
Traditionally, in veterinary drug residue screening of food 
samples, samples are extracted and analyzed by LC-MS/MS 
usually at LC flow rates in excess of 500 µL/min and in 
combination with smaller particle size LC columns result in high 
UHPLC pressure separations. These conditions result in short 
chromatographic run times with excellent efficiency and peak 
shape, but have a drawback in that they require higher volumes 
of mobile phase. The consumption of organic LC solvents, such 
as acetonitrile and methanol, is a growing cost of analysts and its 
disposal has an environmental impact. Therefore, ways to 
reduce solvent consumption in food residue testing will be 
beneficial to the environment and reduce running costs of a 
testing laboratory. 

Here we present new data using micro flow LC, running below 
40 µL/min, in combination with a LC-MS/MS method developed 
on an AB SCIEX QTRAP® 4500 system which utilizes the 
Scheduled MRM™ Pro algorithm. Initially this approach has 
been applied to a screen of veterinary residues including 
sulfonamides and beta-lactam antibiotics to show its applicability 
in food analysis. Data presented shows a comparison of micro 
flow LC-MS/MS with traditional high flow LC-MS/MS and show 
that low limits of detection (LOD) below legislated levels1 are 
easily possible by this approach. 

 

 

 

Experimental 
Standards and Samples 

For this work the target compounds were commercially available 
and purchased from Sigma Aldrich. Milk and meat samples for 
spiking experiments were obtained from a local supermarket. 

Sample Preparation 

The milk samples (2 mL) was simply mixed with acetonitrile (8 
mL) and roller mixed for 20 minutes. After mixing the sample 
extracts was centrifuged for 5 minutes at 2500 rpm. The 
supernatant (4 mL) was evaporated to dryness (Eppendorf 
vacuum concentrator at 60°C) and then reconstituted into 0.1% 
formic acid in water(2 mL). The reconstituted sample was 
centrifuged for 1 min at 13,000 and the top layer was decanted 
into plastic HPLC vials ready for LC-MS/MS analysis. 
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For meat samples the extraction protocol was exactly the same 
except the initial extraction solvent was acetonitrile/water 
(87.5/12.5). 

LC 

All microLC method development and analysis was done using 
an Eksigent ekspert™ microLC 200 UHPLC system. Final 
extracted samples (5 µL) were separated over a 3.5 minute 
gradient (shown in Table 1 where A = water and B = acetonitrile 
both containing 0.1 % formic acid) on a reversed-phase Triart 
C18 2.7 µm (50 x 0.5 mm) column (YMC) at 30 µL/min and at a 
temperature of 60ºC. 

For the high flow LC comparison a Shimadzu UFLCXR system 
was used at a flow rate of 600 µL/min using a Kinetex 2.6 µm 
XDB-C18 (50 x 2.1 mm) column (Phenomenex). The gradient 
conditions are shown in Table 2. 

 

Table 1. Gradient conditions used for micro flow LC separation at a flow 
rate of 30 µL/min 

Step Time A (%) B (%) 

0 0 98 2 

1 0.5 98 2 

2 1.7 35 65 

3 1.8 0 100 

4 2.3 0 100 

5 2.4 98 2 

6 3.5 98 2 

 

Table 2. Gradient conditions used for traditional high flow LC separation 
at a flow rate of 600 µL/min 

Step Time A (%) B (%) 

0 0 98 2 

1 2 98 2 

2 7 40 60 

3 7.2 5 95 

4 8 5 95 

5 8.1 98 2 

6 10 98 2 

 

 

 

MS/MS 

All analyses were performed on an AB SCIEX 4500 QTRAP® 
system using the Turbo V™ source in electrospray ionization 
(ESI) mode. For micro flow LC analysis the electrode was 
changed to a microLC hybrid electrode (50 µm ID) designed for 
micro flow rates.2 In the final micro flow LC method the ion 
source conditions used were Gas 1, Gas 2 and the Curtain 
Gas™ interface was set to 30 psi, the temperature (TEM) was 
set at 350°C and the IS voltage was set to 5500 V. 

The veterinary drugs were analyzed using Multiple Reaction 
Monitoring (MRM) using the Scheduled MRM™ algorithm to 
obtain high selectivity, sensitivity, accuracy and reproducibility. 
The Scheduled MRM™ Pro algorithm in Analyst® software 
version 1.6.2 allows setting the MRM detection window 
separately for each compound based on the LC peak width for 
more efficient scheduling of dwell time (Figure 1). 

 

Figure 1. Method editor in Analyst® software version 1.6.2 used to setup 
the Scheduled MRM™ Pro experiment 

 

A total of 32 MRM transitions (Table 3) were monitored to 
quantify and identify 15 veterinary drug residues and internal 
standards over a 3.5 minute run time. Only a small set of 
residues were tested in this project but there is scope to add 
more compounds to this method. In all the analyses Q1 and Q3 
resolution were set to unit. 
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Results and Discussion 
Before the micro LC was used for residue analysis the method 
was compared against a traditional high flow method that had 
previously been developed for residue detection in meat and 
milk. A 1 ng/mL standard of a mixture of different veterinary 
residues was prepared and analyzed (Figure 2). 

 

Figure 2. Comparison of microLC (A) with traditional high flow LC (B) 
using a 1 ng/mL standard. 

 

For the high flow separation a Kinetex 2.6 µm XDB-C18 column 
at a flow rate of 600 µL/min was used and a Triart C18 column 
was used for microLC at 25 µL/min. The gradient conditions  

 

(Table 2) were kept the same as was the injection volume and 
column temperature. The results showed sensitivity increases of 
factors greater than 4 fold to over 10 fold for the veterinary drugs 
tested with none of the compounds showing a sensitivity loss. 

The gradient on the microLC was then adjusted and the flow rate 
increased to 30 µL/min, to shorten the run time down to 3.5 
minutes (Figure 3). 

 

 

Table 3. MRM transitions and retention times (RT) of  veterinary drug residues investigated in this 

Compound RT (min) Q1 (amu) Q3 (amu) DP (V) CE (V) 

Ampicillin 1.3 350 106, 114 56 23, 41 

Cloxacillin 1.9 436 277, 160 51 19, 17 

Dicloxacillin 2 470 160, 311 66 19, 21 

Nafcillin 1.9 415 199, 171 61 19, 47 

Oxacillin 1.8 402 243, 160 46 19, 17 

Penicillin V 1.8 351 160, 114 50 19, 45 

Penicillin G 1.7 335 160, 176 50 15, 19 

Sulfadiazine 1.3 251 156, 108 66 26, 30 

Sulfadimerazine 1.5 279 186, 124 80 23, 31 

Sulfadimethoxine 1.7 311 156, 92 71 29, 45 

Sulfamerazine 1.4 265 108, 92 80 33, 35 

Sulfamethaxazole 1.55 254 156, 92 120 21, 35 

Sulfamethazine 1.5 279 186, 124 120 23, 31 

Sulfaquinoxaline 1.9 301 156, 108 80 27, 37 

Sulfathiazole 1.4 256 156, 92 80 19, 33 

Figure 3. Comparison of meat sample spiked at 20 µg/kg and analyzed 
by traditional high flow LC and micro flow LC-MS/MS,. In this example 
analysis time was decreased from 10 min to 3.5 min using micro flow LC 
and by speeding up the gradient. In all methods peak widths at the base 
were 3 seconds or less. 
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The results showed that for the late eluting compounds there 
was some sensitivity loss due to peak broadening but again 
sensitivity gains were also observed for early eluting compounds. 
Generally speaking increasing the speed of analysis three fold 
did not have a negative effect on the response observed for 
these veterinary residues. 

Calibration standards were analyzed for all compounds using the 
shortened microLC method and three examples of calibration 
lines for different compounds are shown in Figures 4a to 4c. In 
each figure the calibration lines were linear and the residues 
could be detected at a level of 0.1 ng/mL or below (see peak 
review in each figure). 

 

 

 

 

 

 

 

Figure 4a. Quantifier, qualifier MRM transition at 0.1 ng/mL (top), and 
calibration line of sulfadiazine from 0.1 to 100 ng/mL (bottom), the 
linearity is provided without the use of any internal standards 

 

 

Table 4. Results for the calibration lines for a selection of veterinary drug residues and the repeat analysis of spiked milk and meat samples. Displayed 
are the coefficient of regression (r), coefficient of variation (CV), and signal-to-noise (S/N) obtained. Linearity ranged from 0.1 to 100 ng/mL with linear fit 
and no weighting used except for sulfamerazine where linear fit and 1/x weighting was used. 

Compound r 
CV (%) at 20 µg/kg 

spiked into milk 
(n=20) 

S/N at 2 µg/kg 
spiked into milk 

S/N at 20 µg/kg 
spiked into milk 

CV (%) at 20 µg/kg 
spiked into meat 

(n=20) 
S/N at 20 µg/kg 

spiked into meat 

Ampicillin 0.999 5.8 67 712 3.6 285 

Cloxacillin 0.999 4.7 94 934 9.1 591 

Dicloxacillin 1.000 5.7 50 389 9.0 508 

Nafcillin 0.999 2.7 39 379 10.2 800 

Oxacillin 0.999 5.6 39 337 8.4 299 

Penicillin V 0.999 4.3 101 1162 5.5 272 

Penicillin G 0.991 5.8 19 150 14.0 175 

Sulfadiazine 0.997 11.1 24 208 6.9 196 

Sulfadimerazine 0.995 6.1 30 2131 8.3 1119 

Sulfadimethoxine 0.999 4.2 152 1549 1.4 539 

Sulfamerazine 0.996 3.5 44 366 3.0 333 

Sulfamethaxazole 0.993 7.2 40 356 5.7 189 

Sulfamethazine 0.997 10.4 55 662 2.8 357 

Sulfaquinoxaline 0.998 4.8 25 275 3.7 705 

Sulfathiazole 0.998 3.4 25 290 5.2 131 
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Figure 4b. Quantifier, qualifier MRM transition at 0.5 ng/mL (top), and 
calibration line of ampicillin from 0.1 to 100 ng/mL (bottom), the linearity 
is provided without the use of any internal standards 

 

Figure 4c. Quantifier, qualifier MRM transition at 0.1 ng/mL (top), and 
calibration line of dicloxacillin from 0.1 to 100 ng/mL (bottom), the linearity 
is provided without the use of any internal standards 

 

The calibration data for each compound is shown in Table 4. 
Following on from the assessment of linearity milk, meat 
samples were spiked and extracted and repeatedly analyzed to 
assess reproducibility with the results displayed in Table 4. For 
both the calibration lines and the spiking experiments no internal 
standards were used.  

From the results displayed in Table 4 it can be seen that the 
method can easily provide detection limits which comply with 
current EU legislation. Linearity was excellent from 0.1 to 100 
ng/mL with coefficients of regression greater than 0.99. The 
repeatability observed and signal-to-noise (S/N) measured  

varied with the matrix showing the need of internal standards to 
counter matrix effects from the simplified sample extraction 
protocol used. However, no coefficient of variation (CV) was over 
15% which mirrored a previous study of pesticide residue 
analysis using microLC3 with most generally below 10%. All S/N 
(calculated using 3x standard deviation algorithm in 
Analyst® software) were greater than 15/1 even in the 2 µg/kg 
spike into milk. 

Summary 
This study has clearly demonstrated that using microLC is a valid 
approach in veterinary residue analysis. The method developed 
using Eksigent ekspert™ microLC 200 and the AB 
SCIEX QTRAP® 4500 system was rapid, sensitive, reproducible, 
and easily reached the requirements of current EU legislation. 
Micro flow LC offers the opportunity to cut the analysis time by 
over half without a loss in performance and in the majority of 
cases a gain in signal by over a factor of 5 was observed. 

Micro LC also provides huge cost saving to laboratories. With LC 
grade acetonitrile running at a cost of £100/L this 3 day study 
could have cost about £ 100 with conventional chromatography 
(0.6 mL/min running for 24hrs a day) and less than £10 with 
microLC. Over a year this amounts to savings of over £4000 
(£90 x 50 weeks) in solvent consumption alone.  

Although this method is still under development, with plans to 
expand the number of compounds in this screen, this work has 
shown the clear potential of Micro LC in this application area. 
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