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AIM
To provide an efficient solution for screening more than 150 multi-class 

veterinary drug residues in products of animal origin.

INT RODUCT ION
Veterinary drugs are widely used to treat or prevent disease in animals, 

which can result in trace levels of drug residues in products of 

animal origin, such as meat, fish, milk, eggs, or honey. The presence of 

drug residues in the food chain is concerning because of their potential 

detrimental effect on human health. Indeed, contaminated animal 

products can cause allergic reactions or indirect problems in clinical 

treatment due to the development of bacterial resistance. To protect 

consumer health and to ensure the high quality of animal products, 

maximum residue limits (MRLs) to set allowed maximum levels for 

drugs residues in animal products have been established worldwide1-3.

Traditionally, veterinary drug residues in biological matrices are 

analyzed by microbiological or immunochemical techniques4. While 

these tests can provide a rapid and cost effective screening method for 

certain classes of compounds, each test kit is generally only suitable 

for one class of compounds, lack selectivity with ambiguous substance 

identification, and yield approximate quantitative results. In the case 

of positive results, more accurate chromatographic methods are usually 

required by government regulatory agencies to confirm the identity and 

quantity of antibiotic present.

As regulations become more stringent with respect to MRLs, the 

need to develop qualitative methods, as well as confirmation and 

identification techniques, becomes more important in order to 

minimize false positives. Time-of-flight mass spectrometry  

(TOF MS) screening has gained popularity due to its benefits, such 

as historical data interrogation, simplified instrument method setup, 

and reduced compromise in method performance when increasing 

the number of compounds contained in the method. However,  

processing and reviewing TOF screening data often entails a 

complex workflow, where positive peaks are first identified then 

quantified to assess the risk posed to the consumer. Frequently, the 

transfer from qualitative to quantitative processes is performed 

manually, which places a significant drain on data review resources 

and introduces a higher probability for errors.

This application note describes the use of Waters® ACQUITY UPLC® 

coupled with the quadrupole time-of-flight Xevo™ QTof MS for the 

targeted screening of more than 150 veterinary drug residues and 

metabolites, including avermectins, benzimidazoles, β-agonists, 

β-lactams, corticosteroids, macrolides, nitroimidazoles, quinolones, 

sulfonamides, tetracyclines, and other veterinary medicinal 

products. ACQUITY UPLC separations were used to perform fast 

analyses, while keeping good efficiency and resolution. ACQUITY 

UPLC was integrated with Xevo QTof MS in order to combine the effi-

ciency of separation with high sensitivity, selectivity of detection, 

and accurate mass. Data were processed using POSI±IVE™ Software, 

enabling exact mass data to be qualitatively and quantitatively 

reviewed in a single pass, going straight to the important quantita-

tive results for positively detected components.

EX PERIMENTAL

Sample preparation
The sample preparation method for milk has been reported previously4. 

For liver, blood, fish, and meat samples, a 5 g sample was mixed with 

20 mL acetonitrile and 5 g anhydrous Na2SO4. After centrifugation, 

0.4 mL DMSO was added to 4 mL supernatant. Acetonitrile was then 

evaporated and samples were reconstituted to 0.8 g with water and 

ultracentrifuged before injection. A list of the screened veterinary drug 

residues can be found in Appendix 1.



UPLC conditions
LC System:  ACQUITY UPLC  

Column:   ACQUITY UPLC BEH C18  

   1.7 µm, 2.1 x 100 mm  

Column temp:  40˚C 

Mobile phase A:   0.1% formic acid (aqueous) 

Mobile phase B:  Acetonitrile + 0.1% formic acid 

Gradient: Time (min) %A 

 0.00 95 

 0.25 95 

 6.00 5 

 7.00 5 

 7.20 95 

 9.00 95

Flow rate:    0.40 mL/min 

Injection volume:  20 μL full loop

MS conditions
MS system:   XEVO QTof MS  

Acquisition mode:  MSE 

Ionization mode:  ESI positive  

Capillary voltage:  2.4 kV  

Cone voltage:  30 V 

MS collision energy: 6 V 

MSE collision energy ramp: 25 to 35 V  

Source temperature: 120 °C  

Desolvation temp:  400 °C  

Desolvation gas flow: 800 L/hr 

Cone gas flow:  20 L/hr 

Acquisition range:  m/z 50 to 1000 for 0.1 s

Xevo QTof MS setup (mass calibration using sodium formate and 

lock mass checks) was automated using IntelliStart™ Software.

Data acquisition and processing 
The data were acquired using Waters MassLynx™ Software, v.4.1 and 

processed using POSI±IVE Software. In MSE acquisition mode, data 

were collected in two channels all of the time; low collision energy 

(CE) for molecular ion information; and high CE for product ions. The 

TOF screening workflow is illustrated in Figure 1.

Figure 1. TOF screening workflow logically steps from sample preparation to 
data analysis, with integrated instrumentation and software that enables the 
process to occur seamlessly.



RESULTS AND DISCUSSION
The selectivity in complex matrices comes from the high chromato-

graphic resolution of ACQUITY UPLC and the high mass spectral 

resolution of Xevo QTof MS with its ability to reconstruct exact mass 

chromatograms with narrow mass windows. An example of the total 

ion chromatogram (TIC) and corresponding exact mass chromato-

gram for danofloxacin in a cow liver extract is shown in Figure 2.

 

Figure 2. Total ion chromatogram (TIC) and extracted mass chromatograms for 
danofloxacin in cow liver.

High resolution is very useful for achieving selectivity and enhancing 

confidence in results. However, in some cases, extra information such 

as product ions would be of significant benefit to unambiguously 

identify compounds of interest. The added confidence in results 

is illustrated in Figure 3 for xylazine and morantel, which share 

the same exact mass (m/z 221.1112) and elemental composition 

(C12H16N2S), and have similar retention times, (2.44 and 2.52 min). 

Xylazine and morantel share one product ion (m/z 164.0536) but  

can have their identities assigned with the unique product ions  

(m/z 90.0366 and 150.0381). Very high mass spectral resolution 

would be unable to separate these compounds so structural  

information must be used to unambiguously assign an identity  

to the residue of interest.

Figure 3. Assigning an unambiguous identity to residues that share the same 
exact mass, xylazine (2.44 min) and morantel (2.52 min) with MSE.

Product ion information can be obtained by performing in-source 

fragmentation, MS/MS or MSE:

n In-source fragmentation is a straightforward way of obtaining 

product ions, but it suffers from reduced sensitivity compared 

to MS mode and is difficult to control as the source conditions 

change with the mobile phase and matrix.

n MS/MS is a data-dependent technique that provides high-

quality product ion spectra but suffers from reduced duty 

cycle, is biased towards high-abundance residues, and its use 

requires prior knowledge of the sample contents.

n MSE is a patented data-independent acquisition technique that pro-

vides a simple, unbiased, parallel route to delivering exact mass 

molecular (MS) and product ion (MSE) information from every 

detectable component, without the need for multiple injections.

TIC

Danofloxacin (m/z 358.1567)Danofloxacin (m/z 358.1567)

High CE (m/z 164.054)

High CE (m/z 150.038)

High CE (m/z 90.037)

Low CE (m/z 221.111)



This information is only useful if the product ions can be detected 

at relevant levels in matrix. Figure 4 shows the low CE and high CE 

mass chromatograms from MSE mode for sulfadoxine in a cow blood 

extract demonstrating that product ions can be detected at relevant 

levels in matrix.

 

Figure 4. Mass chromatograms of sulfadoxine in low CE and high CE from MSE 

mode in cow blood, showing that product ions can be detected at relevant levels 
in matrix.

Figure 5 shows the differences in the spectra obtained by low CE 

and high CE in MSE mode. The low CE spectrum is dominated by the 

molecular ion, while the high CE spectrum contains product ions that 

add confidence to the assignment of identity.

Figure 5. Spectra for sulfadoxine in low CE and high CE from MSE mode in cow blood.

The samples were analyzed so that a total cycle time of 9 min 

(including equilibration time) was achieved. This would allow a 

realistic sample throughput of more than 100 samples per day. 

However, this sample throughput, together with the 150 residues per 

sample traditionally yields significant problems in data handling 

and processing.

POSI±IVE Software has been developed to specifically reduce the 

data processing time for review of TOF MS screening data5 by 

ensuring that only positive (exact mass and retention time within 

definable tolerances) and tentative (retention time OK with flagging 

indicating exact mass out of tolerance) detections are quantified 

automatically. A target compound list containing the compound 

name, formula, and retention time is all that is needed. This list can 

be of unlimited length.

High CE (m/z 140.0460)

High CE (m/z 108.0449)

High CE (m/z 92.0500)

Low CE (m/z 311.0814)
Targeted low CE

Maximising sensitivity

Targeted high CE

Increasing confidence of identity

High CE

Low CE

C6H6N

C6H6NO

C5H6N3O2 C6H6NO2S

C12H14N4O4S



During automated processing, POSI±IVE Software performs a 

qualitative search to generate presence/absence results for the 

compounds in the target list, using mass accuracy and retention 

time to determine if compounds are positively, tentatively, or 

negatively detected. All positive and tentative detections are then 

automatically quantified and listed within a TargetLynx browser 

report with a measure of their isotope fit (iFit™). Figure 6 shows the 

POSI±IVE Xevo QTof MS screening results for a cow blood extract 

where more than 150 veterinary drugs have been qualitatively and 

quantitatively reduced to just three: hydrocortisone, sulfadoxine, 

and trimethoprim. The displayed sample shows the positive identifi-

cation and quantification of trimethoprim in a blood extract.

Hydrocortisone was not reported in the original targeted analysis as 

it was not included in the processing method. One of the benefits of 

the POSI±IVE semi-targeted approach is that the list of residues can 

be of unlimited length and calibration standards are not mandatory. 

The archived data file was reprocessed with this new information 

and hydrocortisone was subsequently detected and quantified in the 

original data file.

Figure 6. POSI±IVE Xevo QTof MS screening results for trimethoprim in cow blood.
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Figure 7. POSI±IVE Xevo QTof MS screening report for cow blood indicating three 
incurred residues.

Figure 7 shows part of the report generated from a cow blood 

extract where 150 residues have been reduced to just three that 

were positively identified by retention time, exact mass, and iFIT.

CONCLUSIONS
n	 The presence of veterinary drug residues in the food chain is a 

concern due to their potential detrimental effect on human health.

n	 The ACQUITY UPLC and Xevo QTof MS solution facilitated the 

screening of more than 150 veterinary drug residues at the 

appropriate MRLs in products of animal origin.

n	 MSE acquisition adds extra confidence when assigning identity 

to the residue of interest and overcomes the limitations of 

conventional data-dependent approaches.

n	 The information-rich nature of TOF MS data increases demands 

upon data processing software, therefore reducing manual 

processing and automating repetitive tasks are necessary for 

improving the quality of results and accessibility to TOF MS.

n	 POSI±IVE significantly reduces the bottleneck of data process-

ing for reviewing TOF MS screening data, by ensuring that only 

the positive and tentative detections are quantified automati-

cally. The automated nature of processing also reduces the 

possibility of errors by removing manual transcription steps 

from the workflow.
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6a-methylprednisolone

Albendazole

Albendazole sulfone

Albendazole sulfoxide

Amoxicillin

Ampicillin

Azithromycin

Benzocaine

Bethamethasone

Brombuterol

Bromhexine

Carazolol

Carbadox

Carbenicillin

Cefaclor

Cefadroxil

Cefalexin

Cefalonium

Cefamandole

Cefazolin

Cefoperazone

Cefotaxime

Cefoxitin

Cefquinom

Cefsulodin

Ceftiofur

Ceftriaxone

Cefuroxime

Cephacetrile

Cephalothin

Cephapirin

Cephradin

Chlortetracycline

Cimbuterol

Cinoxacin

Ciprofloxacin

Clenbuterol

Clenproperol

Clopidol

Cloxacillin

Cyclobendazole

Danofloxacin

Dapsone

Demeclocyclin

Dexamethasone

Diaveridine

Dicloxacillin

Diethylcarbamazine

Difloxacin

Dimetridazole

Dimetridazole-hydroxy

Doxycyclin

Enoxacin

Enrofloxacin

Erythromycin

Febantel

Fenbendazole

Fenbendazole sulfone

Fleroxacin

Flubendazole

Flubendazole-amine

Flumequine

Flunixin

Hydrocortisone

Ipronidazole

Ipronidazole-hydroxy

Josamycin

Ketoprofen

Leucomycin A1

Levamisole

Lincomycin

Lomefloxacin

Marbofloxacin

Mebendazole

Mebendazole-5-hydroxy

Mebendazole-amine

Meloxicam

Metronidazole

Metronidazole-hydroxy

Minocyclin

Morantel

Nafcillin

Nalidixic acid

Naproxen

Natamycin

Norfloxacin

Novobiocin

Ofloxacin

Olaquindox

Oleandomycin phosphate

Oxacillin

Oxfendazole

Oxibendazole

Oxolinic acid

Oxytetracyclin

Pefloxacin

Penicillin G

Penicillin V

Praziquantel

Prednisolone

Procaïne

Promethazine

Pyramethamine

Pyrantel

Rifaximin

Ronidazole

Roxarsone

Roxithromycin

Salbutamol

Sarafloxacin

Spiramycin I

Sulfabenzamide

Sulfacetamide

Sulfachlorpyrazine

Sulfachlorpyridazine

Sulfadiazine

Sulfadimethoxine

Sulfadoxine

Sulfaethidol

Sulfaguanidine

Sulfamerazine

Sulfameter

Sulfamethazine

Sulfamethizole

Sulfamethoxazole

Sulfamethoxypyridazine

Sulfamonomethoxine

Sulfamoxole

Sulfanitran

Sulfapyridine

Sulfaquinoxaline

Sulfathiazole

Sulfatroxazole

Sulfisomidine

Sulfisoxazole

Ternidazole

Tetracyclin

Tetramisole

Thiabendazole

Thiabendazole-5-hydroxy

Tiamulin

Ticlopidine

Tilmicosin

Tolbutamide

Tolfenamic acid

Triclabendazole

Triclabendazole-sulfone

Triclabendazole-sulfoxide

Triflupromazine

Trimethoprim

Troleandomycine

Tulobuterol

Tylosin

Virginiamycin M1

Xylazine

Zeranol

Appendix 1


