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KEYWORDS Abstract The misuses of veterinary drugs can result in the accumulation of residues in food of ani-
N mal origin that can make its way to the final consumer. Herein we describe a simple method for the
Veterinary drugs; accurate determination of beta-lactams, quinolones, sulphonamides, and tetracyclines in fish, poul-
Fish; try, and red meat. No extraction cartridges were used; instead, the extraction process consisted of
Poultry; the addition of an organic solvents, shaking, centrifugation, and dilution. An extensive validation
Red meat; process demonstrated an excellent linearity (R > 0.99) for 23-drug residues. The recovery of drugs
LC-MS/MS in different matrices at two concentration levels (n = 6) was in the range of 82-119%. The method

was proved to be repeatable and reproducible with intra/inter-day measurements (RSDs lower than

20%). The quantification limits of drug residues were in the range of 0.8 to 45.3 ug/kg, which is well

below the maximum residue limits set by most regulatory authorities. This method was successfully

applied to the routine analysis of 20 fish, poultry, and red meat samples (n = 60).

© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction form of the chemical or by metabolic precursors (Drewes, 2007).

Veterinary drugs can include but not limit antimicrobials (antibiotics
Veterinary drugs, like most drugs, are a potential group of chemicals including growth promoters and antiseptics), antiparasitic (Ectopara-
designed to exert biological effects at very low concentrations siticides, endectocides, endoparasiticides including antiprotozoal and
(Arnold et al., 2013). Such effect can be exerted either by the parent anthelmintic), antifungals, anti-inflammatory and bronchodilators

(Boxall, Kolpin, Halling-Serensen, & Tolls, 2003). Due to their count-
less benefits, they are likely to be exploited by animal producers in
order to satisfy demand and increase profit. As a result, many negative
impacts on the animal and final consumer may occur. For example,
microbes can develop resistance against veterinary drugs, which may
lead to future treatment failures and an increase in animal morbidity
and mortality rates. Additionally, drug residues may be present in edi-
ble animal products, making its way to the final consumer. It has been
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documented that animal’s muscles, kidneys and liver accumulate the
highest concentration of residues after the systemic administration of
drugs (Farré & Barcelo, 2013).

Exposure to drug residue from food can have significant toxicolog-
ical effects (Florea & Nightingale, 2004). Human pathogens can
become drug resistant over time, making it harder to treat future infec-
tions. In addition, certain drugs can cause allergic reactions to suscep-
tible individuals, and the immune compromised may suffer adverse
health effects. Accumulating drug residue affects the composition of
intestinal microflora as well, leading to digestive complications.

In view of this great concern for human health, many competent
authorities have set maximum residue levels (MRLs) for veterinary
drugs in different commodities, including meat, poultry, honey, milk,
and eggs (European Commission, 2010; Codex Alimentarius
Commission, 2018). Generally, the levels vary between 100 and
1000 pg/kg depending on the drug and food matrix. Therefore, devel-
oping highly sensitive analytical methods for the determination of vet-
erinary drug residues is required (Masia, Suarez-Varela, Llopis-
Gonzalez, & Pico, 2016).

Several methods have been developed to detect veterinary drug
residue in multiple food matrices. The use of high-performance liquid
chromatography (HPLC) coupled with ultraviolet (UV) (Juhel-
Gaugain, Anger, & Laurentie, 1999; Leal, Codony, Compaio,
Granados, & Prat, 2001) and fluorescence (FLD) (Eng, Maxwell,
Cohen, Piotrowski, & Fiddler, 1998; Yorke & Froc, 2000) is exces-
sively reported in the literature because of its low cost. However,
HPLC methods have poor sensitivity, high interferences, and are
unsuitable for detecting traces. Liquid chromatography (LC) coupled
with tandem mass spectrometry is the preferable technique to detect
veterinary drug residue in food (Alcantara-Duran, Moreno-
Gonzalez, Gilbert-Lopez, Molina-Diaz, & Garcia-Reyes, 2018; Kang
et al., 2017, Kaufmann, Butcher, Maden, & Widmer, 2008) due to
its ability to detect a wide range of compounds with high sensitivity
and selectivity (Biselli, Schwalb, Meyer, & Hartig, 2013; Nebot et al.,
2012; Zhao, Lucas, Long, Richter, & Stevens, 2018; Zhu et al.,
2016). LC methods usually involve a prerequisite sample pre-
treatment, such as the use of solid phase extractions (SPE) (Peters,
Bolck, Rutgers, Stolker, & Nielen, 2009), liquid-liquid clean-up
(Nebot et al., 2012), micro-filtration (Ortelli, Cognard, Jan, & Edder,
2009), QUEChERS procedure (Desmarchelier et al., 2018; Gressler
et al., 2016; Lopes, Reyes, Romero-Gonzalez, Frenich, & Vidal,
2012) nanoflow (Alcantara-Duran et al., 2018) or turbo flow (Zhu
et al., 2016). Each of those approaches has shortcomings and may only
be effective in extracting specific groups of veterinary drugs. With the
advancement of LC instruments that have higher sensitivity and can
tolerate higher interferences, some have resorted to developing meth-
ods without a clean-up step in order to save cost and time (Robert
et al., 2013). These methods are still premature and are limited to
the detection of some drugs in certain food matrices. In addition, the
matrix effect (ME) of eliminating the clean-up step on the instrument
response is still to be investigated.

In this study, we have developed and validated a one-step extrac-
tion method for the multi residue analysis of 23 veterinary drugs in
fish, poultry, and red meat. The validation procedure was conducted
according to ISO/IEC 17025:2017 criteria. In addition, the ME of each
compound in each meat type was investigated to ensure the accuracy
and trueness of the results. The objective of this study was to offer a
simple and rapid sample preparation method for the detection of vet-
erinary drugs in food that food control laboratories can adopt. The
presented method is able to confirm and quantify: 4-epi-
chlorotetracycline, 4-epi-tetracycline, benzylpenicillin, chlortetracy-
cline, ciprofloxacin, cloxacillin, dapsone, doxycycline, enrofloxacin,
flumequine, oxytetracycline, sulfabenzamide, sulfadiazine, sul-
fadimethoxine, sulfadoxine, sulfamerazine, sulfamethazine, sulfame-
thizole, sulfamethoxazole, sulfamethoxypyridazine, sulfapyridine,
sulfathiazole and tetracycline using a regular HPLC coupled with a
quadrupole-trap mass analyzer. These drugs were selected because of
their frequency of detection in food of animal origin and their wide-

spread use in veterinary medicine. To our best knowledge, this is the
first method that demonstrates the extraction and detection of 4-epi-
chlorotetracycline, 4-epi-tetracycline, sulfabenzamide, and sul-
famethoxypyridazine in food without the use of any clean-up
procedure.

2. Material and methods

2.1. Chemicals and reagents

All reagents were of high-performance liquid chromatography
(HPLC) grade. Acetonitrile (ACN), water, methanol, and for-
mic acid (>98%) were purchased from Merck (Darmstadt,
Germany).

2.2. Analytical standards

4-epi-chlorotetracycline, 4-epi-tetracycline were obtained from
Across Organic (NJ, USA), while benzylpenicillin, chlortetra-
cycline, ciprofloxacin, cloxacillin, dapsone, doxycycline, enro-
floxacin, flumequine, oxytetracycline, sulfabenzamide,
sulfadiazine, sulfadimethoxine, sulfadoxine, sulfamerazine,
sulfamethazine, sulfamethizole, sulfamethoxazole, sul-
famethoxypyridazine, sulfapyridine, sulfathiazole, and tetracy-
cline were purchased from Dr. Ehrenstorfer GmbH
(Augsburg, Germany).

A stock standard solution of individual drugs was prepared
by dissolving 50 g of each compound in 50 mL methanol to
achieve a final concentration of 1000 pg/mL (1000 ppm). Stock
solutions were further diluted with methanol to obtain an
intermediate standard for each compound at a concentration
of 100 pg/mL (100 ppm), then they were stored at —20 °C.
On the day of the analysis, fresh working standard solutions
were prepared by diluting the intermediate standard with
HPLC water /ACN (10:1, v/v). It has been stated in the liter-
ature that tetracyclines are unstable in light; thus, in order to
avoid photolysis, it is recommended to prepare and store them
in the dark (Werner, Arnold & Mcneill, 2000).

2.3. Sample preparation and extraction

Three different meat matrices were selected (fish, poultry, and
red meat) and purchased from different local markets. Samples
were screened to confirm the absence of veterinary drug resi-
dues. Blank samples were employed for preparing ME calibra-
tion curves and for the validation study. Each sample was
thoroughly homogenized using a STEPHAN machinery model
UM 5-12. Afterward, 1 g of sample material was weighed into
a 15 mL polypropylene centrifuge tube, and 5 mL of ACN was
added. The sample was then vortexed for 1 min and placed in
an overhead shaker for 10 min. After, the sample was cen-
trifuged at 4000 rpm for 10 min at 5 °C, and 4 mL of the upper
organic layer was transferred into an evaporation tube. The
extract was evaporated to dryness using a rotary vacuum evap-
orator at 50 °C. Afterward, the extract was dissolved in mobile
phase A and transferred to an LC vial for analysis.

2.4. Liquid chromatography tandem mass spectrometry

Analyses was conducted using Agilent 1290 series LC systems
(Santa Clara, CA, USA) equipped with a Binary Solvent Man-
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ager, Sample Manager - Flow-Through-Needle, and a column
heater with active pre-heating. The chromatography Separa-
tion was carried outperformed on a Phenomenex Aqua C18
(3 pm, 125 A, 150 mm) with a guard column (Phenomenex,
Torrance, CA, USA). Mobile phases A and B were HPLC
grade water and ACN, both with 0.1% (v/v) formic acid,
respectively. The linear gradient elution was as follows: 90%
A (initial), 90% A (from 0 to 1 min), 40% A (1 to 12 min),
40% A (12 to 15 min), 90% A (15 to 16 min), 90% A (16 to
18 min). The column temperature was 40 oC, the flow rate
was set at 250 uL/min, and the injection volume was 20 pL.
The LC was coupled with a 6500 Qtrap mass analyzer (AB
Sciex, Canada) with a Turbo V ion source. The ionization

source was an electrospray (ESI) probe that was operated in
a positive mood. The Turbo Ion source operated at 450 °C
with the electrode voltage at 5500 V. Nitrogen was used as cur-
tain gas, nebulizer gas, and collision gas on the MS. Other MS
parameters were as follows: ion source gas 1(GS1), 45 psi; ion
source turbo gas 2(GS2), 55 psi; curtain gas, 30 psi; collision
gas, 12 psi; entrance potential, 10 V. Multiple reactions moni-
tor mode was applied for quantitative and qualitative analysis.
Veterinary drugs were identified by matching the retention
time and fragmentation with their corresponding standard
under the same experimental conditions. Quantification was
conducted by selecting two characteristic ions with the most
intensity in relation to noise (See Table 1).

Table 1 Tandem mass spectrometry acquisition parameters for the targeted veterinary drugs.
Analyte Precursor Product Retention Declustering Entrance Cell Exit Potential (CXP)
4-epi-chlortetracycline 479.1 444 6.2 60 10 45
479.1 303 60 10 27
4-epi-tetracycline 445.1 410.1 4.96 70 7 45
445.1 392.1 70 7 42
Benzylpenicillin 335.2 176.1 9.9 85 10 35
335.2 160 85 10 37
Chlortetracycline 479.1 444 6.88 80 10 45
479.1 462 80 10 48
Ciprofloxacin 332 288.2 5.39 60 10 30
332 314.1 60 10 35
Cloxacillin 436.1 160 11.92 90 8 20
436.1 276.9 90 8 25
Dapsone 248.9 108 7.05 60 6 13.24
248.9 156 60 6 16
Doxycycline 445.101 154.101 5.57 60 8 32
445.101 321.101 60 8 32
Enrofloxacin 360.2 316.1 5.78 100 8 35
360.2 342.1 100 8 40
Flumequine 262 244.1 10.55 60 9 25
262 202 60 9 25
Oxytetracycline 461.1 426 5.18 100 10 45
461.1 337.1 100 10 30
Sulfabenzamide 277 156 8.67 50 10 20
277 108 50 10 15
Sulfadiazine 249.9 92 4.99 80 10 43
249.9 156 80 10 18
Sulfadimethoxine 311.001 156.101 8.95 80 10 15
311.001 108 80 10 10
Sulfadoxine 311.1 156 7.55 60 10 15
311.1 92 60 10 42
Sulfamerazine 264.9 108 5.34 80 10 15
264.9 92 80 10 40
Sulfamethazine 278.9 186 6.02 60 10 15
278.9 124.1 60 10 15
Sulfamethizole 271 155.9 6.17 60 10 15
271 92 60 10 15
Sulfamethoxazole 253.9 156.1 7.65 80 10 15
253.9 92 80 10 10
Sulfamethoxypyridazine 281.9 92 6.23 60 10 11
281.9 108 60 10 15
Sulfapyridine 249.9 92 4.99 80 10 43
249.9 156.1 80 10 18
Sulfathiazole 255.8 92 4.88 80 10 40
358.1 255 90 8 30
Tetracycline 445.1 410 5.58 80 7 22
455.1 427.1 80 7 22




4

A. Al Tamim et al.

2.5. Validation procedure

Various parameters were evaluated to determine the appropri-
ateness of the developed method. Overall, the procedure spec-
ified by ISO/IEC 17025:2017 to wvalidate non-standard
methods was followed. The evaluated performance character-
istics were: selectivity, linearity, accuracy (trueness, intra- day
repeatability and inter-day reproducibility), ME, limit of
detection (LOD), limit of quantification (LOQ), and uncer-
tainty. Selectivity was assessed using fish, poultry, and red
meat samples obtained from different sources (n = 10) to con-
firm the absence of interfering peaks at the retention time of
each drug in the solvent and blank samples. Linearity was gen-
erated by analyzing four concentrations (20, 50, 100, and
200 ng /mL) of all drugs in triplicates prepared in blank fish,
poultry, and red meat samples. Evaluation of linearity was
conducted by linear regression analysis, and acceptable curves
were those with a correlation coefficient (R%) > 0.99. Precision
and trueness (Accuracy) were evaluated by spiking 50 and
100 pg/m of each drug into blank fish, poultry, and red meat
samples. Six readings were done intra- day and three readings
inter-day for each matrix, and the recovery was calculated
using equation (1).

C
R(%) = =~ x 100 (1)
&)
Where C;: observed concentration and C,: spiked
concentration.

Limits of detection (LOD) and limits of quantification
(LOQ) of this method were measured in ME and calculated
by following equations (2) and (3), respectively.

LOD =33 x % )

LOQ = mX% 3)

Where: Sq is the standard deviation of residuals (S,.x) and b
is the slope of the calibration function.

The estimation of ME was done using equation (4). When
ME is < #+10% then signal change due to ME is considered
negligible; if ME is between = 10% and + 20% ME is
deemed soft; and when ME is between = 20% and + 50%
it is considered medium; while ME above £+ 50% is presumed
strong. Overall, ME above 100% is considered a signal
enhancement, while an ME below 100% is considered signal
suppression (Gosetti et al., 2010).

Si e
D10PCrarrixmatched o, 100 (4)

ME: = Slope

solvent

The measurement of uncertainty for the determination of
veterinary drugs in different matrices was estimated using the
Nordtest approach following equations (5), 6, 7, and 8. This
approach relies on a single laboratory validation (intra-
laboratory data) and accounts for the random effects of resid-
ual and the systematic effects (bias) Magnusson, B. M.,
Naykki, T., Hovind, H., & Krysell, M. (2003).

u. = \/u(Rw)* + u(bias)’ (5)

u(Rw) = sRw (6)

u(bias) = \/m ™

> (biasi)z

n

RMSyius = (8)

Where: uc is the uncertainty of residual concentration; u
(Rw) is within-laboratory reproducibility; RMSbias is the
average (root mean square) bias; and n is the number of bias
measurements. In addition, the expanded uncertainty was cal-
culated by multiplying the uncertainty with a coverage factor
of 2, which gives a confidence level of approximately 95%
(equation (9)) (Magnusson et al., 2003).

U=u x2 9)

3. Results and discussion

3.1. Sample preparation

The determination of veterinary drug residues in meat has
been studied for several years (Heitzman, 1994; Reig, &
Toldra, 2008; Falowo, & Akimoladun, 2019). However, the
majority use a combination of SPE and other cleaning tech-
niques to obtain adequate extracts suitable for injection into
the MS (Casado, Pérez-Quintanilla, Morante-Zarcero, &
Sierra, 2017). The focus of this study was to establish a simple
and affordable protocol for routine laboratory analysis, bal-
ancing between speed and quality. Therefore, the use of SPE,
large volumes of hazardous solvents, evaporation, and other
pricey, labor intensive steps were avoided as possible. ACN
was selected as the extraction solvent with water. Using
ACN and water is advantageous since it promotes protein pre-
cipitation and minimizes the co-extraction of lipids (Liu et al.,
2019). The extractant was acidified with formic acid to facili-
tate quinolones solubility due to its amphoteric characteristics
(OuYang et al., 2014). During our trial and error, methanol
was used as an extraction solvent, and it provided adequate
recoveries, but the extractant was turbid, possibly due to exces-
sive protein.

3.2. Optimization of sample extraction

While using SPE as a clean-up is convenient, extracting large
batches of samples is costly. Hence, it was necessary to develop
an efficient extraction protocol that is short, inexpensive, and
recovers the maximum number of veterinary drugs in a short
period with low consumption of organic solvent. After trying
a wide range of organic solvents, it was found that ACN cou-
pled with centrifugation at low temperature offers the most
reproducible results. Furthermore, this method requires a
small sample quantity of around lg to achieve acceptable
recovers ranges. Overall, the recovery ranged from 82% to
119% for all veterinary drugs and the coefficient of variation
percentage of most drugs was below 13.5%, except for ben-
zylpenicillin (16%) and doxycycline (19%) (Table 2).

3.3. Liquid chromatography - mass spectrometry analysis

Chromatographic separation using acidified water and ACN
offered the best resolution with a retention duration ranging
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Table 2 Mean recovery and coefficient of variation percentage of individual drugs spiked at 2 levels 50 and 100 pg/kg in fish, poultry

and red meat.

Analyte Fish Poultry Red Meat
50 pg/kg 100 pg/kg 50 pg/kg 100 pg/kg 50 pg/kg 100 pg/kg
4-epi-Chlortetracycline 115.83 (5.74) 104.48 98.33 (5.33) 108.66 (3.27) 105.13 (13.46) 89.83 (5.96)
(6.23)
4-epi-tetracycline 118.17 (6.41) 106.83 100.2 (2.34) 113.16 (4.08) 97.28 (10.57) 101.41 (3.05)
(4.33)
Benzylpenicillin 118.83 (7.68) 102.13 106.53 (11.23) 108.66 (4.68) 82.77 (16.81) 97.2 (3.43)
(4.87)
Chlortetracycline 117.17 (7.58) 105.07 99.1 (5.83) 110.33 (4.81) 99.27 (10.52) 99.65 (6.12)
(6.36)
Ciprofloxacin 112.50 (6.15) 104.28 103.53 (2.73) 107.28 (4.45) 100.2 (7.46) 101.43 (2.1)
(5.28)
Cloxacillin 119.17 (4.61) 110.83 101.06 (4.85) 114.66 (6.15) 93.02 (9.60) 99.41 (5.27)
(2.31)
Dapsone 118.67 (3.65) 112 99.13 (6.91) 109.41 (5.01) 99.48 (12.54) 111.66 (3.42)
(6.8)
Doxycycline 98.25 99.05 98.9 (9.57) 110 (2.29) 94.75 (19.63) 100.46 (5.19)
(5.95) 9.64)
Enrofloxacin 112.33 (3.89) 103.5 101.83 (2.89) 103.8 (3.73) 103.45 (8.04) 103.16 (2.07)
(4.13)
Flumequine 119.50 (6.92) 118.17 113.9 (2.59) 109.83 (3.42) 101.07 (6.67) 101.8 (3.23)
(4.95)
Oxytetracycline 119.50 (5.61) 107.38 104.33 (1.41) 106.96 (5.5) 96.97 (11.95) 98.51 (2.96)
(5.79)
Sulfabenzamide 119.50 (4.64) 112.17 105.3 (10.69) 112.83 (4.35) 98.3 (9.30) 101 (4.14)
(3.54)
Sulfadiazine 117.17 (3.07) 110.5 104.23 (5.35) 114.16 (1.5) 99.65 (9.37) 111.16 (1.54)
(5.08)
Sulfadimethoxine 119.67 (5.58) 117.17 107.4 (5.32) 104.5 (2.54) 100.13 (7.92) 109 (2.24)
(3.03)
Sulfadoxine 114.83 (2.78) 111.17 107.53 (5.94) 108.83 (3.45) 102.28 (9.16) 113.16 (2.26)
(2.87)
Sulfamerazine 114.33 (3.21) 112.17 (2.95) 104.66 (4.67) 112.5 (1.92) 101.23 (9.99) 111.83 (1.64)
Sulfamethazine 118.67 (7.57) 109.17 104.26 (5.58) 112.5 (1.46) 103.75 (9.02) 111.83 (1.64)
(4.03)
Sulfamethizole 118 (7.52) 110.67 104.83 (6.86) 112.33 (2.43) 102.22 (8.57) 108.66 (1.5)
(2.66)
Sulfamethoxazole 117.83 113.67 105.83 (6.01) 112.5 (1.84) 101.83 (9.05) 106.16 (3.39)
(3.54) (2.82)
Sulfamethoxypyridazine 117.83 (7.15) 113.5 102.3 (4.75) 109.5 (2.98) 101.6 (9.43) 112.83 (3.14)
(4.41)
Sulfapyridine 118.50 (4.43) 110.5 (5.08) 104.23 (5.35) 112 (3.38) 99.65 (9.37) 112.33 (2)
Sulfathiazole 118.33 (3.37) 109.5 105.03 (5.02) 111.66 (2.86) 100.67 (9.24) 111.5 (1.47)
(2.75)
Tetracycline 119.50 (8.35) 111.33 (5.98) 101.06 (4.85) 112 (3.65) 99.38 (11.47) 98.36 (2.7)

from 4.8 to 11.9 min. Methanol was tested as a mobile phase,
which led to high background due to the high pressure caused
by the high viscosity of methanol. On the other hand, ACN
was more suitable as peaks emerged clearly. A mobile phase
composed of ACN/water has a lower viscosity than metha-
nol/water, therefore generating lower backpressures across
the LC column, which puts less strain on the LC system, and
provides a scope to increase flow and reduce run times. Phe-
nomenex Aqua 3 pm CI18 125 A (150 x 2 mm) was our column
of choice due to the presence of end capping, which allowed
the separation of the tetracycline group. Lower injection vol-
ume was found to give satisfactory resolutions of the targeted
peaks. Although certain analytes had similar retention times,
they were differentiated using multiple reaction monitoring

(MRM), which allows for independent analysis of each ana-
lyte due to the high selectivity of the tandem mass spectrome-
try. For each compound, the analysis was performed by
monitoring at least two conforming transitions (European
Commission, 2002).

3.4. Selectivity

The chromatographic profiles of fish, poultry, and red meat
were similar. There were no visible interference peaks in any
of the samples. Additionally, the method selectivity was
deemed acceptable because the LC-MS/MS system is a highly
sensitive technique and all identification points (IPs) were
achieved using two precursor ions (1.0 IP) and two qualifier
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ions (1.5 IPs). According to Commission Decision 2002/657/
EC, a minimum of four identification points is required for
confirmatory analysis.

3.5. Linearity

The linearity of an analytical method can be explained as its
capability to show “results that are directly proportional to
the concentration of the analyte in the sample”. Linearity is
important for confirming the method’s sensitivity for analyzing
the analyte’s concentration within a defined range. As per the
method validation ICH Q2 (R1) guideline, the linearity of a
given response must be evaluated using a minimum of five con-
centrations (multi-point calibration), and data must be statisti-
cally analyzed. In our study, calibration curves were generated
in the solvent and using each matrix. ME calibrations were
prepared by mixing known volumes of the working solutions
with a homogenized blank sample. The two calibration curves
were studied over a concentration range of 20, 50, 100, and
200 pg/kg for each drug. The regression equations and their
coefficient (R?) are reported in Table 3. Excellent linearity
was observed for 4-epi-chlortetracycline, 4-epi-tetracycline,
chlortetracycline, ciprofloxacin, enrofloxacin, oxytetracycline,
sulfabenzamide, sulfadimethoxine, sfamethizole, sulfathiazole,
and tetracycline in poultry (R?) > 0.999.

3.6. Accuracy (Trueness, repeatability and within-laboratory
reproducibility )

The accuracy was evaluated by spiking blank samples with
standards at concentration levels of 50 and 100 pg/kg. The
spiked samples were left for at least 5 min at room temperature
to ensure the appropriate distribution of the analytes in the
matrices. To assess the trueness, recovery of spiked samples

was measured. The recovery test values obtained for all ana-
Iytes in different matrices at 2 spiked levels were between 82
and 119%. In the fish matrix, the lowest recovery was observed
for doxycycline (98%), and the highest was for sulfadimethox-
ine with (119 %). As for poultry, 4-Epi-chlortetracycline had
the lowest recovery (98 %), while cloxacillin (114 %) and sul-
fadiazine (114 %) were the highest. Finally, low recovery val-
ues for benzylpenicillin (82 %) were observed in red meat,
while the highest recovery in the same matrix was for sulfadox-
ine (113 %). Overall, we noticed that sulfa containing com-
pounds presented the highest recovery in all matrixes. These
findings are similar to those reported in other methods
(Avdeef, 2014; Takebayashi, Sue, Furuya, & Yoda, 2021).
The solubility of sulfa compounds is known to increase in
acidic conditions, while the opposite is true for other com-
pounds that exhibited lower recoveries such as 4-epi-
chlortetracycline, benzylpenicillin, and doxycycline (Ren
et al., 2010).

The precision of the methods was assessed by repeatability
and reproducibility with intra- and inter-day measurements.
The intra and inter day results were expressed in RSD from
six replicates. The RSD of inter-day values for all substances
were within 2 to 16 %, while intra-day RSD values were
between 5 and 19% (Table 2). Thus, the method was deemed
accurate according to the criteria reported in the Decision
2002/657/EC (European Commission, 2021).

3.7. Matrix effect (ME)

To estimate the ME for the targeted analytes, blank controls
and standard solutions were measured in the mobile phase
and the matrix in parallel at four different concentrations
(20, 50, 100, 200 ng/mL). Overall, poultry samples had the
highest ratio of ion enhancement in comparison to the solvent

Table 3 Regression coefficients (R?) for solvent, fish, poultry and red meat, as well as and linearity rang of 23 veterinary drugs.

Analyte Solvent R? Linear range (ng/mL)
Fish Poultry Red Meat
4-epi-Chlortetracycline 0.9975 0.9889 0.9996 0.9945 20-200
4-epi-tetracycline 0.9987 0.9934 0.9993 0.993 20-200
Benzylpenicillin 0.9955 0.9822 0.9953 0.9997 20-200
Chlortetracycline 0.9948 0.9893 0.999 0.99 20-200
Ciprofloxacin 0.9914 0.9929 0.9997 0.9956 20-200
Cloxacillin 0.9868 0.9895 0.9983 0.9959 20-200
Dapsone 0.9983 0.9989 0.997 0.9981 20-200
Doxycycline 0.9993 0.982 0.9927 0.9861 20-200
Enrofloxacin 0.9904 0.9956 0.9993 0.9949 20-200
Flumequine 0.9889 0.9962 0.9974 0.9946 20-200
Oxytetracycline 0.9982 0.9922 0.9997 0.9964 20-200
Sulfabenzamide 0.999 0.9954 0.9994 0.9963 20-200
Sulfadiazine 0.9927 0.998 0.9984 0.9974 20-200
Sulfadimethoxine 0.9991 0.9931 0.9991 0.9942 20-200
Sulfadoxine 0.9994 0.9971 0.9965 0.9964 20-200
Sulfamerazine 0.9947 0.9977 0.9959 0.9928 20-200
Sulfamethazine 0.9949 0.9982 0.9956 0.9943 20-200
Sulfamethizole 0.9984 0.9979 0.9991 0.995 20-200
Sulfamethoxazole 0.9989 0.9964 0.9973 0.9951 20-200
Sulfamethoxypyridazine 0.999 0.9965 0.9972 0.9959 20-200
Sulfapyridine 0.9927 0.998 0.9984 0.9974 20-200
Sulfathiazole 0.9975 0.9979 0.9995 0.996 20-200
Tetracycline 0.9988 0.9867 0.9995 0.9958 20-200
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Table 4 Matrix effect (ME %) obtained in the studied of

matrices using LC-MS/MS.

(65.2%) followed by fish and red meat (43.4%, and 30.4%,
respectively) (Table 4). Interestingly, chlortetracycline, dap-
sone, doxycycline, sulfadimethoxine, sulfadoxine, sulfamer-

Compound Fish Poultry Red Meat azine, sulfamethizole, sulfathiazole, and tetracycline had
4-epi-Chlortetracycline —17 —14 —24 strong ME in all matrices. On the other hand, beta lactam
4-epi-tetracycline —1.1 -22 0.4 and quinolones compounds were suppressed by all matrices
Benzylpenicillin =9 —34 =50 (Fig. 1); therefore, extra care is recommended when preparing
Chlortetracycline 84 73 98 their standards. Although benzylpenicillin did not display ME
Ciprofloxacin —39 —38 =31 in poultry, it showed an ion enhancement in the meat matrix.
]C)::);‘sif:ih“ ?04 ;2 g314 On the ot.her hand, benzylpénicillin ions were suppressed in
Doxyeycline _sg 60 55 fish, possibly due to the high fat (?ontent of fish (Baesu,
Enrofloxacin _31 _95 -0 Audet & Bayen, 2021, Parab & Amritkar, 2012). ME calcu-
Flumequine _14 14 04 lated in this study were found to be similar to those reported
Oxiytetracycline 25 14 23 by Hoff et al., 2015 and Freitas et al., 2015 in their methods.
Sulfabenzamide -13 -27 -22 Several observations were noticed when comparing the ME
Sulfadiazine 23 -1 7 of antibiotics within the same family. Tetracycline, chlortetra-
Sulfadimethoxine =97 =97 =97 cycline, and doxycycline show strong ion enhancement, while
Sulfadoxine 107 67 64 oxytetracycline shows the opposite in all matrices. Inconsider-
pUlfimerazmne 211 151 163 able ion suppression was observed in all matrices for both epi-
S::i:rl::::?zz;;:’ éi 3‘3‘ ;; mers 4-epi-chlqrtetracycline and 4-§pi-tetracycline. As for
Sulfamethoxazole 139 _1g 31 sulfonarpldes, 513 compound.s .show ion §nhar}cement ac.ross
St s T 9 5 14 all matrices, while three exhibit suppressions in all matrices.
Sulfapyridine 7 13 4 There were certain variations in the signal responses of antibi-
Sulfathiazole 104 52 83 otics depending on the matrix; for example, sulfamethazine
Tetracycline —58 —60 —55 ions were suppressed in poultry, while there was no such sup-
pression in meat or fish. To the best of our knowledge, this
study is the only one that investigated ME of sulfonamides
MRM, ES+ | MRM, ES+
' 2352 3176.1, 335.2>176.1
‘ 3.2e5 ‘ 1.3e6
\
]
|
I
: |
| \
Standard Solution of Benzylpenicillin Spiked blank poultry extract
| MRM, ES+ MRM, ES+ i
335.2>176.1 - | isfé >176.1

‘ 2.6e5

Spiked blank meat extract

Fig. 1

Spiked blank fish extract

Example of matrix effect observed in the analysis of Benzylpenicillin: all matrixes show ion suppression.
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MRM, ES+
445.1 > 410
1.2e6

MRM, ES+
445.1 > 410
1.55e6

Standard Solution of Tetracycline

Spiked blank poultry extract

MRM, ES+
445.1> 410
1.25e6

MRM, ES+
445.1 > 410
1.8e6

Spiked blank meat extract

Fig. 2

Spiked blank fish extract

Example of significant matrix effect observed in the analysis of Tetracycline, all matrixes show ion enhancement.

Table 5 Limit of detection (LOD), limit of quantitation (LOQ) and expanded uncertainty (U) of 23 drugs in fish, poultry and red

meat.
Analyte Red Meat Poultry Fish

U % LOD (ng/kg) LOQ (pg/kg) U % LOD (pg/kg) LOQ (pg/kg) U % LOD (png/kg) LOQ (pg/kg)
4-epi-Chlortetracycline 7.5 2.5 19 23.8 79 14 149 49 28
4-epi-Tetracycline 149 49 17 5.9 2 17 122 4 8
Benzylpenicillin 6.3 2.1 13 16.5 5.4 11 21.8 7.2 11
Chlortetracycline 249 8.2 17 4.9 1.6 16 164 54 16
Ciprofloxacin 26.7 8.8 16 18.8 6.2 17 384 12.7 6
Cloxacillin 1.55 0.51 18 4.89 1.62 27 595 197 14
Dapsone 22.7 1.5 18 9.7 3.2 22 0.8 0.3 22
Doxycycline 253 83 19 8.7 2.9 18 28.6 9.4 14
Enrofloxacin 215 7.1 8 5 1.6 11 229 7.6 8
Flumequine 19.8 6.5 26 289 9.5 17 16.6 5.5 11
Oxytetracycline 203 6.7 17 238 79 15 9.2 3.1 8
Sulfabenzamide 12 4 17 1.1 0.4 23 10.7 3.5 13
Sulfadiazine 39.5 13.1 13 4.2 1.4 23 32 1 20
Sulfadimethoxine 335 11 27 20.1 6.6 10 5.6 1.9 17
Sulfadoxine 234 7.7 17 233 7.7 16 6.4 2.1 24
Sulfamerazine 352 11.6 21 38.6 12.7 21 239 79 24
Sulfamethazine 344 114 23 27.8 9.2 17 14 4.6 20
Sulfamethizole 27 9 20 10.3 3.4 19 35 11.5 16
Sulfamethoxazole 147 49 18 152 5 21 15 5 14
Sulfamethoxypyridazine 45.3 15 19 362 12 16 13.1 43 24
Sulfapyridine 39.5 13.1 13 4.2 1.4 13 3.2 1 22
Sulfathiazole 19.8 6.5 16 5.1 1.7 19 8.2 2.7 20
Tetracycline 8.1 2.7 16 5.3 1.8 22 273 9 8
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in more than one matrix. Overall, 39.13% of antibiotics had
ion enhancement in all matrices, while 30.4% of compounds
represented ion suppression, 21.7% exhibited differences
across matrices, and 8.6% showed no matrix effect at all
(See Fig. 2.)

3.8. LOD, LOQ and uncertainty

The obtained LOD of veterinary drugs ranged from 0.3 to
15 pg/kg, whereas the LOQ was found to range from 0.8 to
45.3 pg/kg (Table 5). The calculated LOQs for all drug residues
were below the MRL set by Codex and the European Union
(EU), demonstrating the suitability of the developed method
for compliance programs (Codex Alimentarius Commission,
2018). Acceptable expanded uncertainty was achieved for all
veterinary drugs in three different matrices that did not exceed
28%.

3.9. Application to real samples

Applicability is an important evaluation step for any newly
developed analytical method. Therefore, this method was
applied to the routine analysis of 20 samples of fish, poultry,
and red meat (n = 60). The workflow was found to be conve-
nient and time saving for our analysts. Fortunately, veterinary
drug residues in all analyzed samples were found to be below
the LOQ.

3.10. Proficiency testing

To test the reliability of the developed method, the laboratory
participated in a proficiency test provided by Fapas (York,
UK) to quantify ciprofloxacin a fish sample (PT 02397). The
laboratory successfully passed the proficiency test with a Z-
score < 2 (see supplementary materials).

4. Conclusion

The key goal of the present study was to develop a practical method
for analyzing veterinary drug residues in different food matrices, which
can support large-scale food surveillance programs. The method pre-
sented herein is capable of simultaneously detecting and quantifying
23 veterinary drug residues in fish, poultry, and red meat. This method
requires only 1 g of sample and does not involve a clean-up step. The
selection of two fragment ions on the LC-MS/MS provides high sensi-
tivity and accuracy. During our effort to demonstrate the reliability of
this method, we utilized the ISO/IEC 17025:2017 specifications for
method validation. The developed method displayed excellent recov-
ery, repeatability, and reproducibility with low detection limits and
acceptable uncertainty.
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