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Abstract In this study, a desorption electrospray ionization-
high resolution mass spectrometry (DESI-HRMS) screening
method was developed for fast identification of veterinary
drugs in cross-contaminated feedstuffs. The reliable detection
was performed working at high resolution (70,000 full width
half maximum, FWHM) using an orbitrap mass analyzer.
Among the optimized DESI parameters, the solvent (acetoni-
trile/water, 80:20, v/v) and the sample substrate (poly-
tetrafluoroethylene, PTFE) were critical to obtain the best sen-
sitivity. To analyze the solid feed samples, different ap-
proaches were tested and a simple solid-liquid extraction and
the direct analysis of an aliquot (2 μL) of the extract after
letting it dry on the PTFE printed spot provided the best re-
sults. The identification of the veterinary drugs (target and
non-target) in the cross-contaminated feedstuffs based on the
accurate mass measurement and the isotopic pattern fit was
performed automatically using a custom-made database. The
positive cross-contaminated feed samples were quantified by
ultra-high performance liquid chromatography-tandem mass
spectrometry (UHPLC-MS/MS). The results obtained demon-
strate that DESI-HRMS can be proposed as a fast and suitable
screening method to identify positive cross-contaminated
feedstuffs reducing the number of samples to be subsequently
quantified by UHPLC-MS/MS, thus improving the productiv-
ity in quality control laboratories.
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Introduction

One of the most effective ways for farmers to administer med-
icines to the livestock after veterinary prescription is by med-
icated feed. The production and marketing of medicated feed
are regulated by the European Commission [1], and many
European countries have implemented residue monitoring
plans to control the illegal use of these substances in feed
and the misuse of authorized veterinary medicines, and to
minimize drug residual occurrence [2]. The European Parlia-
ment and the Council of the EuropeanUnion have established,
under the Regulation 183/2005/EC, the general rules to con-
trol feed production and their manufacturing conditions, thus
ensuring the traceability of feed [3]. Despite the requirements
set for feed business, multi-product plants manufacture both
medicated and non-medicated feed in the same production
line [4, 5], and, under practical conditions, during the produc-
tion, a certain percentage of the previous batch remains in the
production circuit contaminating the subsequent feed batch.
This carry-over or cross-contamination is recognized by the
Current Good Manufacturing Practice Regulations (CGMPR)
which requires adequate clean-out procedures to prevent the
Bunsafe^ contamination. This cross-contamination may result
in the exposure of non-target animals and, as a consequence,
potential health risks for these animals as well as the presence
of residue contamination in food products might occur. Sev-
eral studies have shown that production of premixes and com-
posed feed free of contamination is, in practice, very difficult
in the existing multi-product plants [5]. If the drug carry-over
results in the unsafe contamination of other medicated or non-
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medicated feed, it constitutes a violation of the maximum
limits established by Directive 574/2011/EC [6], resulting in
adulterated feed.

To increase the productivity in agricultural and food labo-
ratories, the rapid screening of (il)legal preparations to identify
veterinary drugs in feedstuffs is widely demanded [7–13].
Today, liquid chromatography coupled to tandem mass spec-
trometry (LC-MS/MS) is the technique most currently used
for the determination of drug contamination in feed samples.
However, the complexity of feed samples requires extensive
and time-consuming sample treatment protocols to provide
clean extracts to be analyzed by the selective target LC-MS/
MS methods [9, 10, 12–16]. In the last decade, the introduc-
tion of high resolution mass spectrometry (HRMS) has im-
proved selectivity and specificity of LC-MS methods. How-
ever, only fewmethods have been published until now regard-
ing the analysis of feed samples by LC-HRMS [17–19].

The recent introduction of ambient ionization techniques in
mass spectrometry such as desorption electrospray ionization
(DESI) [20] and direct analysis in real time (DART) [21] open
the possibility for the direct analysis of compounds from the
sample acquiring the mass spectra from bulk samples in their
native state and without sample treatment or chromatographic
separation [22, 23]. The analysis is performed in a few sec-
onds, which is a significant advantage when compared to con-
ventional analytical methods. Particularly, in DESI, a spray of
charged liquid droplets is directed to the sample creating a
solvent film on the surface. Further droplets hit this film
splashing secondary droplets containing the analytes into the
mass spectrometer [24]. Since their introduction, ambient
techniques have been applied to multitude of fields, such as
environmental [24–26], food [27–29], clinical diagnosis [30],
and forensic analysis [31]. Nevertheless, only few papers de-
scribed the use of ambient techniques for the analysis of vet-
erinary drugs [32, 33]. DESI-MS has been applied for a rapid
screening of hormones and veterinary drugs in samples from
forensic investigations using an ion trap (IT) mass analyzer,
although authors indicated the difficulty to detect tetracyclines
under the DESI-MS conditions used [34]. Moreover, DART-
HRMS has been applied for the target analysis of coccidiostats
in feed samples using an orbitrapmass analyzer demonstrating
the feasibility of this ambient technique to quantify the-
se analytes at the levels established by the EU legisla-
tion [32].

The aim of this work is to study the applicability of DESI
coupled to HRMS (orbitrap) for the fast screening of veteri-
nary drugs in cross-contaminated feed samples in order to
improve throughput analysis and productivity of feed control
laboratories. For this purpose, the most critical DESI-HRMS
working parameters are evaluated and discussed. A home
custom-made database with mass spectral information of vet-
erinary drugs is used for the fast identification of target com-
pounds and suspect cross-contaminants.

Experimental

Chemicals and materials

Nine veterinary drugs were used as model standards for the
optimization of DESI parameters. Diclazuril (DIC), narasin
(NAR), monensin (MON), oxibendazole (OXI), amoxicillin
(AMO), lincomycin (LIN), tiamulin (TIA), and spiramycin
(SPI) were purchased from Sigma-Aldrich (Steinheim, Ger-
many) while tylosin (TYL) was purchased from Rikilt
(Wageningen, Netherlands). All the standards were of the
highest purity available. LC-MS-grade methanol (MeOH),
acetonitrile (ACN), and water were supplied by Sigma-
Aldrich (Steinheim, Germany) as well as formic acid
(≥99 %). Nitrogen (99.9995 % purity) used for nebulization
gas was supplied by Linde Group (Barcelona, Spain). Individ-
ual stock solutions (1 mg mL−1) were prepared in MeOH and
stored at 4 °C, while the working standard mixtures were
prepared weekly by appropriate dilution in ACN.

Desorption electrospray ionization-high resolution mass
spectrometry

A desorption electrospray ionization (DESI) source
(Omnispray Ion Source; Prosolia Inc., Indianapolis, IN)
equipped with a 1D moving stage and coupled to a
quadrupole-orbitrap mass spectrometer (Q-Exactive; Thermo
Fisher Scientific, San Jose, CA, USA) was used in this study.
DESI solvent (acetonitrile/water, 80:20 v/v) was infused by a
syringe pump at 2.5 μL min−1 and N2 gas was used as nebu-
lizer gas at a pressure of 9 bar. DESI solvent was directed onto
the sample surface at a nebulization capillary angle of 55° and
a distance of ~9.2 mm between the mass spectrometer inlet
and the spray tip. The electrospray voltage was ±4.8 kV (pos-
itive/negative). The transfer capillary temperature was set at
250 °C. Samples were deposited onto microscope glass slides
of 7.1 mm2 polytetrafluoroethylene (PTFE) (Teflon;
McMaster-Carr, Santa Fe, CA, USA) printed spots. The Q-
Exactive mass spectrometer was operated in positive and neg-
ative ion mode within an m/z scan range of 100–1000m/z.
Omni Spray ion source software v2.0 (Omnispray Ion Source;
Prosolia Inc., Indianapolis, IN) was used to control the DESI
source, while data acquisition and data processing were per-
formed with Xcalibur software v2.2 and Exact Finder soft-
ware v2.0 (Thermo Fisher Scientific, San Jose, CA, USA),
respectively.

To control the reproducibility and to determine the initial
DESI conditions, a red permanent marker (containing
rhodamine-6G dye) purchased from Fine Sharpie (Stanford
Corp., Oak Brook, IL) was used. Accurate mass calibration
was performed in the Q-Exactive mass spectrometer every
48 h in both positive and negative ion modes. For positive
ion mode, a calibration solution consisting of caffeine, MRFA
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peptide, Ultramark 1621, and n-butylamine in acetonitrile/
methanol/water containing 1 % formic was used, while for
negative ion mode calibration, a mixture solution containing
dodecyl sulfate, sodium taurocholate, and Ultramark 1621 in
acetonitrile/methanol/water with 1 % of formic acid was used.

Samples and sample preparation

Feed samples, collected from farms and feed mills, that were
received by the Laboratori Agroalimentari of the Generalitat
de Catalunya (LAC) for their analysis by UHPLC-MS/MS
[10] were used to demonstrate the applicability of the DESI-
HRMS in this study.

Feed samples were extracted using a simple and fast solid-
liquid extraction procedure. Briefly, 2 g of the sample was
placed in a 15-mL polypropylene centrifuge tube and were
extracted for 15 min in an ultrasonic bath (Bransonic
B-5510, Soest, Germany) using 5 mL of a mixture of
acetonitrile/water (80:20, v/v) acidified with 1 % formic acid.
Finally, the extract was centrifuged (Selecta-Macrotronic; J.P.
SELECTA S.A., Abrera, Spain) for 1 min at 3500 rpm and
2 μL of the supernatant was deposited onto the PTFE printed
spot and allowed to dry for 5 min at ambient temperature
before the DESI-HRMS analysis.

Results and discussion

DESI-HRMS

Nine veterinary drugs (macrolides, coccidiostats, and benz-
imidazoles) were used as model compounds to evaluate and
to set up the DESI-HRMS working conditions. Standard so-
lutions in pure acetonitrile (10 μg mL−1) were deposited on
PTFE surfaces and DESI full mass spectra were recorded
using both positive and negative ion modes. Figure 1 shows
the mass spectra obtained for a standard mixture where MON,
NAR, TIA, TYL, ESP, LIN, and OXI were detected in posi-
tive ion mode mainly as protonated molecules [M+H]+, ex-
cept MON and NAR for which sodium adducts [M+Na]+

were observed. Regarding DIC and AMOX, they were only
detected in negative ion mode as deprotonated molecules [M
−H]−. Additionally, the DESI-HRMS analysis of individual
standard solutions indicated that no significant in-source
CID fragmentation and other adducts formation were expect-
ed for these compounds, allowing us to assign one ion (isotope
cluster) to each veterinary drug during the screening.

The DESI-HRMS screening of veterinary drugs in feed
samples was based on the accurate mass measurement and
the isotope pattern distribution of the detected ions. Orbitrap
can operate at a mass resolution high enough to prevent pos-
sible endogenous matrix interferences without sacrificing sen-
sitivity. However, a compromise between acquisition duty

cycle and mass resolution was necessary to provide both ac-
curate mass measurements with mass errors below 5 ppm and
enough sensitivity to detect the analytes in the complex mass
spectrum. To select the working mass resolution, a blank sam-
ple extract spiked with the nine veterinary drugs (10 μg mL−1)
was analyzed at values between 17,500 and 140,000 FWHM
(full width half maximum). All target compounds showed a
drop in sensitivity when working above 70,000 without any
significant improvement in mass accuracy. Thus, this mass
resolution was used for further screening analysis.

Moreover, the sensitivity of the DESI-HRMS method also
depended on the number of ions accumulated inside the
orbitrap and also on the accumulation time applied. Since
the automatic gain control (AGC) algorithm controls the num-
ber of ions inside the orbitrap to prevent space charge effects,
the injection time (accumulation time) had to be optimized.
Thus, the AGC was kept constant at 1×106 and the injection
time was varied between 50 and 500 ms. The best signal was
obtained for 300 ms as injection time. This relatively high
injection time compared to conventional ESI is due to the
low ion intensity generated in the DESI process that required
longer injection times to accumulate a number of ions high
enough to obtain a reasonable spectrum.

Optimization of DESI working conditions

To maximize the DESI signal, two main groups of working
conditions must be optimized. The first group comprises those
conditions related to the electrospray process such as nebuliz-
ing gas pressure, electrospray solvent composition,
electrospray solvent flow rate, and the substrate/surface. The
second group is related to the geometrical DESI parameters
that include the nebulization capillary angle, the tip distance to
the sample surface, and the distance to the mass spectrometer
inlet. Initial DESI conditions were established using
rhodamine-containing marker and the most critical DESI ion
source parameters (nebulization capillary angle, tip distance to
the sample surface, distance to mass spectrometer inlet, neb-
ulizing capillary gas, solvent flow rate, and capillary voltage)
were individually optimized using blank feed extracts spiked
with a set of veterinary drugs (10 μg g−1).

It has been demonstrated that the sample surface (substrate)
plays a crucial role in DESI performance. Since the DESI
process involves the landing and release of charged particles
on a surface, the fundamental features of the solid surface,
including its chemical composition and texture, severely affect
the energy and charge transfer processes and consequently the
ionization efficiency in DESI. Thus, several important param-
eters such as limit of detection, signal stability, carry-over, and
reproducibility of the DESI method can be influenced by the
surface [33]. In this work, three different surfaces were tested
as substrates to analyze spiked acetonitrile feed extracts: glass,
filter paper, and PTFE. The highest and most stable signal was

DESI-HRMS screening of veterinary drugs in feedstuffs 7371



observed when using the PTFE surface. In filter paper, worse
reproducibility than in PTFE was obtained, which can be due
to uneven distribution of the analytes on the surface caused by
chromatographic effects that occur in the course of the solu-
tion deposition [35].

DESI solvent composition and analyte solubility in the
DESI solvent have an important effect in both desorption
and transfer of analytes from the surface to the mass spectrom-
eter. DESI solvent composition strongly affects electrospray
droplet formation influencing the primary droplet size and the
droplet charge, as well as the focus of the spray. Additionally,
DESI solvent composition could favor the extraction and
electrospray ionization of the analyte. To select the most ade-
quate DESI solvent, different solvent mixtures of methanol/
water and acetonitrile/water and the addition of formic acid to
promote the protonation of target compounds in positive ion
mode were evaluated. As an example, the effect of the DESI
solvent composition on the ion signal intensity of MON,
NAR, and TIA in positive ion mode and DIC in negative
ion mode is depicted in Fig. 2a. As can be seen, the

composition of the DESI solvent dramatically affects the com-
pound’s signal. The highest signal intensity, in both positive
and negative ion modes, was achieved when using acetoni-
trile/water. The increase in the compound response may be
due to the higher solubility of the analytes in the acetonitrile/
water solvent that improves the transfer efficiency of the
analytes into the secondary ESI droplets. It should be noted
that an important decrease on the relative abundance of the
ions generated from the veterinary drugs was observed when
adding formic acid to the DESI solvent (Fig. 2a). These results
were expected for veterinary drugs such as MON and NAR
because the ion abundance of [M+Na]+, the base peak in the
non-acidic DESI solvent, can decrease due to the competition
with [M+H]+ ion generated in acidic medium. For acidic com-
pounds that ionized in negative ion mode generating
deprotonate molecules [M−H]−, the ion signal also decreased
when using acid in the DESI solvent because the neutral spe-
cies are favored in the liquid phase. However, unexpected
results were observed for basic compounds such as TIA, for
which the acidic media should facilitate the protonation of

Fig. 1 DESI-HRMS (+/−) full-
scan mass spectrum of a standard
mixture with nine representative
veterinary drugs. DESI solvent:
acetonitrile/water (80:20, v/v);
sample volume: 2 μL; sample
substrate: PTFE
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analytes in positive-ion mode. This might be due to an in-
crease in the DESI droplet size caused by the enhancement
of the surface tension produced by the higher ionic strength of
the acidic DESI solvent (formic acid), in agreement with the
results obtained by Green et al. [36]. Moreover, the effect of
the organic solvent percentage of the DESI solvent on the ion
signal intensity was also studied. The ion abundances ob-
served for each compound using different acetonitrile/water
mixtures are shown in Fig. 2b. All compounds studied showed
a similar behavior. The ion signal intensity increased when
increasing the organic solvent content from 50 to 80 %. This
could be explained by the highest solubility of the analytes in
the enriched acetonitrile solvent mixture. Nevertheless, the ion
signal intensity dropped when using 90–100 % acetonitrile
probably due to a worse wettability of the surface when using
a solvent with lower hydrophilicity (>90 % acetonitrile). The
optimal conditions, acetonitrile/water 80:20 (v/v), were sup-
posed to be satisfactory for the other veterinary drugs with
similar physicochemical properties to the chemicals studied.

The DESI solvent flow rate and nebulizing gas pressure
affect the wetting and the flow dynamics on the surface as
well as the size and velocity of the electrospray droplets, thus
playing an important role in both ionization and desorption of
analytes from the surface [37]. In this study, these parameters
were optimized using the previously selected DESI solvent
(acetonitrile/water 80:20, v/v). The gas pressure was tested
within the range of 7–10 bar, and it was observed that when
working at gas pressure values below 9 bar, the intensity
dropped. This might be due to the formation of electrospray
droplets of slow velocity and to the generation of secondary
droplets with less kinetic energy to escape from the surface. In
contrast, when applying a gas pressure of 10 bar, the signal
also dropped probably because the high gas flow rate pushed
the secondary droplets back to the surface leading to enhance
droplet splashing. Regarding DESI solvent flow rate, it was
varied from 1 to 5 μL min−1, and it was observed that when
increasing flow rate the signal improved probably due to the
better surface wetting. Nevertheless, a wider surface area was
eroded, thus worsening the spatial resolution [38]. As a com-
promise between sensitivity and spatial resolution, a gas pres-
sure of 9 bar and a DESI solvent flow rate of 2.5 μL min−1

were chosen as optimal working conditions.
To optimize the geometrical parameters, we used

acetonitrile/water (80:20, v/v) as DESI solvent. The position
of the spray tip (both within the spray head and relative to the
surface area) is critical for a successful DESI signal. Thus, the
nebulizing capillary angle (α) and the tip distance to the sam-
ple surface (d1) have direct effects on the ionization process,
while the distance to the mass spectrometer inlet (d2) have
important effects on the ion collection efficiency and, hence,
on the sensitivity of the method. The effect of α on the DESI
signal was evaluated by modifying the incident angle (45–
75°) of the electrospray tip relative to the surface that changes
the impact angle of the droplets on the surface. The highest
intensity was observed for an α value of 55°, which is gener-
ally used as optimum value in other DESI applications [39].
The d1 and d2 values were varied from 1.5 to 4 mm and from 4
to 10 mm, respectively. For a DESI solvent flow rate of
2.5 μL min−1, the closer the sprayer was to the surface (d1),
the highest was the signal, being 1.7 mm the optimal value for
all the analytes. Moreover, for d2, the best response was ob-
served at 5 mm when analyzing the spiked feed extract.

DESI-HRMS analytical performance

The complexity of the matrix and the wide polarity range
among the different chemical groups of the veterinary drugs
make the analysis of feedstuffs a challenge. Different sample
manipulation strategies were evaluated to screen veterinary
drugs in feed. Because of the powder nature of the feed sam-
ples studied, the direct analysis by DESI-HRMS was not pos-
sible. As a first attempt, we prepared pressed feed pellets of
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1.5 cm in diameter using a manual hydraulic press to get a
smooth surface to be screened by DESI-HRMS. However, the
dusty texture of the feed samples made it difficult to obtain
good results because of the damaging of the feed pellet surface
by the nebulizing gas and the contamination of the mass spec-
trometer transfer line by the powdery sample. To enhance the
pellets’ compactness, different pressures (from 10 to 15 tons)
were tested as well as the addition of boric acid to increase
pellet agglutination, although no significant differences were
observed.

As an alternative to the direct analysis of the sample sur-
face, a simple solid-liquid extraction procedure was consid-
ered. Several sample extraction multi-analyte methods based
on organic solvent mixtures have been developed for the de-
tection of a wide range of veterinary drugs in animal feed by
LC-MS [12, 13, 17, 40] mainly using acetonitrile and metha-
nol. Hence, the behavior of both solvents for the analysis by
DESI of feed samples was tested. For this purpose, blank feed
extracts extracted individually with these solvents and spiked
with the nine representative veterinary drugs (10 μg g−1) were
deposited onto a PTFE surface after letting it dry and were
analyzed by DESI-HRMS. The results showed that higher ion
intensities were obtained when using acetonitrile as extraction
solvent since methanol may extract too many matrix com-
pounds that can cause ion suppression. In contrast, acetonitrile
allows protein precipitation and enzyme denaturation
resulting in cleaner extracts. However, it has been described
that the use of only organic solvents (acetonitrile, methanol, or
a combination of both) at different percentages led to low
intensities for non-ionophore coccidiostats (clopidol,
ethopabate, amprolium), macrolides, and tetracyclines [41].
Moreover, some authors recommend the addition of a small
amount of water, up to 20 %, to the organic solvent to favor
the extraction of polar compounds [40]. So, acetonitrile/water
(80:20, v/v) with 1 % of formic acid recommended to increase
the extraction of basic compounds was chosen as extraction
solvent for the DESI-HRMS multi-residue method.

The effect of the feed matrix in the ionization efficiency
was tested for the nine representative veterinary drugs. A
blank feed extract was spiked at 10 μg g−1 level and then
extracted with acetonitrile/water (80:20, v/v) with 1 % formic
acid. The mass spectra of this spiked blank feed extract and
that obtained for a standard mixture at the same concentration
level prepared in acetonitrile/water (80:20, v/v) with 1 %
formic acid were compared. For all the studied compounds,
the ion signal in the spiked feed blank extracts were one order
of magnitude lower than in the standard mixture indicating
that ion suppression occurs. Even though the limits of detec-
tion (LODs) estimated for the tested compounds were lower
than 1 μg g−1 (Table 1), except for amoxicillin, a higher esti-
mated LOD value (15 μg g−1) was obtained, probably because
of a partial degradation in acidic solutions, especially at low
concentrations [2]. LODs, based on a signal-to-noise ratio ofT
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3:1, were estimated by analyzing blank feed samples spiked
with standards at low concentrations. For those compounds
that the standard was not available, LODs from sample were
calculated taking into account a signal-to-noise ratio of 3:1
and the concentrations of veterinary drugs quantified by
UHPLC-MS/MS. These values are below the legal limits leg-
islated for most of the veterinary drugs due to the unavoidable
carry-over in the line production (μg g−1 levels) except for
diclazuril, which the maximum residue level is legislated at
0.01 μg g−1 [6].

DESI-HRMS screening of feed samples

To evaluate the applicability of the developed DESI-HRMS
method, 50 feed samples (medicated and non-medicated feed)
received from LAC were analyzed using the DESI-HRMS
method in order to detect those samples suspected of being
cross-contaminated by veterinary drugs.

Feed samples were screened and the acquired mass spectral
raw data were interrogated by a custom-made database that
included more than 60 veterinary drugs (anthelmintics, antibi-
otics, coccidiostats, hormones, etc.) commonly used to pro-
duce medicated feedstuffs. For each substance, the compound
name, the CAS number, the elemental composition, and the
chemical structure were included. The ionization mode and
the expected ions (protonated and deprotonated molecules,
adduct ions, in-source fragments, etc.) that can be generated
in the DESI source were also added to the custom-made
database.

Feed samples (three replicates) were submitted to the sim-
ple sample treatment detailed in the experimental section and
analyzed by the DESI-HRMS multi-residue method. The
sample raw data files were processed using the Exact Finder
software and interrogated by the custom-made database to
automatically identify the veterinary drugs in the feedstuffs.
The criteria applied to confirm the presence of the suspected
compounds were the following: a mass accuracy of less than
5 ppm on the exact mass, a minimum signal-to-noise ratio of
3:1, and an isotope cluster fit higher than 80 % (both mass
relative deviation and relative intensity differences, for each
isotope peak within the cluster ion, were taken into account).
Feed samples were also analyzed by a well-established
UHPLC-MS/MS method for the quantification of the identi-
fied compounds [10].

Table 1 lists the positive samples and the veterinary drugs
identified along with the DESI-HRMS identification criteria
and the quantitative results obtained by target UHPLC-MS/
MS method. The veterinary drugs at dose levels between 37
and 107 μg g−1 in the medicated feed were easily detected by
the DESI-HRMS screening method and only in one of these
samples (MF5) an unexpected cross-contamination of
monensin (3.5 μg g−1) was detected. Figure 3 shows the
DESI-HRMS spectrum of a narasin medicated feed where
both narasin and monensin were identified. Additionally, re-
sults obtained for non-medicated feed indicated that cross-
contamination occurs quite frequently and values above the
legislated levels were detected in 28 % of the samples ana-
lyzed by DESI-HRMS. Coccidiostats (monensin, narasin,
decoquinate, nicarbazin, salinomycin, and lasalocid),

Fig. 3 DESI-HRMS full-scan
spectrum obtained from a narasin
(NAR) medicated feed
(37 μg g−1) cross-contaminated
with monensin (MON)
(3.5 μg g−1)
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benzimidazoles (oxibendazole), amphenicols (florfenicol),
tetracyclines (doxycycline and tetracycline), lincosamides
(lincomycin), and pleuromutilins (tiamulin) were identified
in the non-medicated feed samples at concentrations ranging
from 29 to 1.3 μg g−1. For most of these samples, the cross-
contamination was at concentrations close to the maximum
residue levels, except for sample BF2, where salinomycin
was detected at 20 μg g−1, a third of the minimum dose rec-
ommended for a medicated feed (60 μg g−1) [42]. Further-
more, in most of the non-medicated feeds, several veterinary
drugs were detected in the same sample. For instance, sample
BF11 was cross-contaminated with tiamulin (1.7 μg g−1) and
doxycycline (7.2 μg g−1) and in sample BF13 monensin and
narasin (at<μg g−1 level) were positively identified. The
UHPLC-MS/MS analysis of the whole set of samples con-
firmed the DESI-HRMS results and also allowed the identifi-
cation of additional veterinary drugs at sub-microgram-per-
gram level. However, these low concentrations are much low-
er than the maximum residue levels and they are considered
unavoidable carry-over.

Regarding the obtained results, the developed DESI-
HRMS method could be suitable to detect cross-
contamination of veterinary drugs in feed samples in quality
control laboratories since it is simple, with minimum sample
manipulation, less time consuming, and able to detect cross-
contamination at the maximum residue levels legislated.

Conclusions

DESI-HRMS has been shown to be an effective approach for
the screening of veterinary drugs in cross-contaminated feed-
stuffs. A minimal sample manipulation based on a simple
extraction procedure (acetonitrile/water 80:20v/v acidified
with 1 % formic acid) is proposed to analyze dusty homoge-
nized feed samples. Among the DESI working parameters
optimized using nine representative veterinary drugs, the most
critical ones for the feed extract analysis were the substrate
and the DESI solvent. PTFE substrate and acetonitrile/water
(80:20v/v) as DESI solvent provided the highest signal inten-
sity. Although ion suppression due to matrix effects was ob-
served, the sensitivity achieved by DESI-HRMS was enough
to identify veterinary drugs as cross-contamination above the
legislated levels. Data acquired in high resolution mass spec-
trometry (70,000 FWHM), processed and interrogated with
the custom-made database, provided the identification of
cross-contamination of non-target veterinary drugs based on
accurate mass measurements and isotope cluster fit from
HRMS full-scan spectra. The results obtained in the feed sam-
ple analysis correlated well with those found by UHPLC-MS/
MS and demonstrate the potential of the DESI-HRMS as
screening method to identify cross-contaminated feedstuffs

reducing the number of samples to be quantified by
UHPLC-MS/MS in quality control laboratories.
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