
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Development and validation of a multiclass method for the 
determination of antibiotic residues in honey using liquid 
chromatography-tandem mass spectrometry 

ABSTRACT 
The use of veterinary drugs on animals, including 
bees, might result in the accumulation of residues 
in food items like honey. Because of its excellent 
sensitivity and selectivity, liquid chromatography 
coupled with tandem mass spectrometry (LC-
MS/MS) is widely accepted as the most effective 
technology for identifying and assaying these 
residues in complex matrices. However, obstacles 
remain for the concurrent extraction and 
purification of residues with diverse physicochemical
characteristics. This study aims to develop and 
validate a method for identifying and confirming 
antibiotic residues in honey, in accordance with 
European Regulation 2021/808/EC, which sets 
the requirements for analytical methods and 
the interpretation of the results. The validation 
findings reveal that the technique is particular, 
linear (with regression coefficients around 99%), 
fair (recovery rate between -30% and +20%) and 
faithful (consistent coefficients of variation). The 
decision limits (CCa) reached are less than the 
minimum performance requirements (MMPR). 
No residue was detected in the white samples, 
supporting the method’s specificity. Finally, the 
LC-MS/MS technique for detecting antibiotic 
 

residues in honey was verified and it meets 
Regulation 2021/808/EC requirements, ensuring 
trustworthy and accurate findings. 
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1. INTRODUCTION 
Veterinary medications (VM) are widely used 
in cattle to treat and prevent various illnesses, 
as well as to promote growth [1]. These medications
are also administered to other animals, including 
bees, which can lead to the presence of VM 
residues in honey [2]. Improper use of VM in 
bees may contaminate the honey with residues, 
raising potential risks to human health [3-5]. 
Indeed, animals accumulate traces of VM in their 
tissues, which can thus cause allergic reactions 
in sensitive individuals. Moreover, prolonged 
exposure to low concentrations of VM could 
promote the emergence of antibiotic resistance, 
making drug treatments less effective [6-8]. 
Therefore, compliance with the requirements of 
regulations relating to health safety is essential, in 
particular compliance with the residue limits of 
VM in honey. Beekeepers must take all measures 
to ensure that their products do not contain VM 
residue levels exceeding the thresholds authorized 
by the regulations in force concerning VM [9].   
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To optimize the duration and scope of the study, 
multi-residue assay techniques must be used 
for detecting and determining these residues. 
Currently, it is considered the most effective 
analytical method for the detection and 
determination of drug residues in complex matrices,
such as food matrices including honey, is liquid 
chromatography coupled to tandem mass 
spectrometry thanks to its high selectivity and 
sensitivity [10-15]. Indeed, mass spectrometry is 
the most widely used method for analyzing multi-
residue meals [16]. 
Despite the performances of the LC/MS-MS, 
the distinct physico-chemical characteristics of 
veterinary medicines make them difficult to 
analyze, and hence it is important to make the 
most perfect extraction possible with a single and 
simultaneous purification to have an optimal yield 
of residues and therefore acceptable recoveries 
[17, 18]. 
The purpose of this research is to develop and 
validate a technique for detecting and confirming 
antibiotic residues in honey, as well as a 
simple multiclass approach for identifying and 
quantifying antimicrobial VM in honey using 
LC-MS/MS. The European Community Regulation
2021/808/EC establishes mandatory performance 
criteria for evaluation methods, along with 
procedures for interpreting and sampling results, 
that analyze residues of pharmacologically active 
substances used in food-producing animals [19]. 
 
2. MATERIALS AND METHODS 

2.1. Development of the analytical method 
The spectrometric conditions were selected in a 
manner that enabled the analysis of both precursor 
ions and their corresponding product ions, with 
two transitions assigned to each analyte and 
one transition for each internal standard. The 
regulation establishes maximum residue limits 
(MRLs), which is the maximum concentration of 
residues from pharmaceutical products (expressed 
in mg/kg or µg/kg based on the weight of the 
primary product or fresh food product) admissible 
in a food product that doesn’t pose a risk to 
human health [20].  
We chose to work with the lower control limit 
(LCL) which corresponds to the lowest calibrated
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level or the smallest calibrated level of a method 
used. It is a concentration determined by the 
laboratory on the one hand in the case of 
prohibited or unauthorized substances for which 
no reference value is established, and on the other 
hand, for molecules with an MRL, the LCL is 
used to determine if a process is working stably 
and predictably and to detect abnormal variations 
to avoid problems in production or quality 
control; this concentration should be low as 
reasonably possible [19]. To establish the target 
concentration limit values, the LCLs were used 
as a reference. A series of supplements with 
increasing concentrations was injected for analysis
(in ascending order). 

2.2. Validation of the analytical method 
In accordance with the validation protocol 
outlined in Implementing Regulation 2021/808/EC,
the analytical method was validated over three 
separate weeks, with tests conducted on three 
consecutive days each week. 

2.3. Sampling 
The samples used for the validation of the 
method were obtained from different regions, 
which makes it possible to obtain a representative 
test sample. The samples were stored at room 
temperature from the moment they arrived at the 
laboratory until the analysis.  

2.4. Materials 

2.4.1. Reagents and products  

2.4.1.1. Reagents and solvents 

The solvents used were methanol (MeOH) of LC-
MS grade from PanReac AppliChem, acetonitrile 
(ACN) of LC-MS grade from CARLO ERBA and 
Ultra pure water. The reagents used in this work 
included formic acid of LC-MS grade, which was 
sourced from SIGMA-ALDRICH, as well as 
phosphoric acid and citric acid, both of LC-MS 
grade and also obtained from SIGMA-ALDRICH. 
Sodium dihydrogen phosphate (NaHPO4) of 
LC-MS grade was supplied by HIMEDIA, 
while sodium hydroxide (NaOH), also of LC-MS 
grade, was procured from Panreac. Additionally, 
extraction and purification were performed using 
OASIS HLB columns with a capacity of 200 mg 
and a volume of 6 ml. 
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volume, then the dilution solvent corresponding to 
each molecule was added and the vial was passed 
through ultrasound. The dilution solvents for each 
of the molecule are specified in the table below
(Table 1). 

2.5.2.1.2. Preparation of intermediate solutions and 
working solution 

The intermediate solutions (SI) were prepared by 
diluting the stock solutions in 10 ml of H2O/MeOH
mixture (90/10) according to Table 1. 
Then the working solution (ST) was prepared by 
mixing 1 ml of each intermediate solution (pools 
1 and 2) and diluting them in 100 ml of the 
H2O/MeOH mixture (90/10) (v/v). 
Approximately 1 ml of the intermediate solution 
of the internal standards (pool 3) was placed in 
100 ml of the H2O/MeOH mixture (90/10) (v/v). 

2.5.2.2. Sample preparation 

2.5.2.2.1. Preparation of white samples  

To make the blank, 2.00 g ± 0.04 of honey was 
weighed to which 200 µl of the internal standard 
working solution was added. 

2.5.2.2.2. Preparation of the calibration range 
(supplemented samples) 

Five tubes, each containing 2.00 g ± 0.04 of the 
matrix (honey), were prepared, with the first tube 
serving as a negative control while the other 
tubes contain concentrations of the ST standards 
corresponding to 1 LCL, 2 LCL, 3 LCL, and 
4 LCL respectively. For all the tubes, 200 µl of 
the internal standard working solution was added. 

2.5.2.3. Extraction-purification procedure 

2.5.2.3.1. Solid-liquid extraction  

The choice of the extraction solvent constitutes a 
key parameter in the development of methods for 
the analysis of multiclass residues. The solvent to 
be used must be compatible with the targeted 
analytes and adapted to the LC-MS/MS system. 
In addition, it is essential to consider other 
criteria such as safety of laboratory personnel, 
environmental impact and the cost of the solvent. 
As part of our study, the solvents were chosen for 
their effectiveness in the extraction of multi-class 
antibiotic residues. Two solvents were chosen, 
methanol (MeOH) and water. 

2.4.1.2. Standards and internal standards 

The families of antibiotics analyzed (the analytes) 
in this work include penicillins, cefalosporins, 
sulfonamides, tetracyclines, macrolides, quinolones,
dapsone, trimethoprim and lincomycin. All the 
standards and internal standards were from 
Sigma-Aldrich (Table 1). 

2.4.2. Analytical equipment 
The equipment used for this work included a 
UPLC system, which is a high-performance liquid 
chromatography device manufactured by WATERS.
This system was coupled with a triple quadrupole 
mass spectrometer of the XEVO TQ-XS type. 
A 1.8 µm, 2.1×100 mm C18 column, specifically 
of the Acquity UPLC type, was also utilized. 
A balance obtained from VWR SCIENCE 
EDUCATION was employed during the process. 
Additionally, CLEAN-SCREEN CSDAU cartridges
were used, along with 0.45 µm filters provided by 
Labfil and filter paper was sourced from Sigma-
Aldrich. For evaporation purposes, an evaporator 
from Liebisch LABORTECHNIK was utilized. 
Finally, a centrifuge from Hettich ZENTRIFUGER
was included as part of the equipment used in this 
work. 

2.5. Methods 

2.5.1. Preparation of solutions  

2.5.1.2. Preparation of the EMI buffer solution 

* Component A: citric acid 0.1 M  
* Component B: NaHPO4 0.2M 
A solution namely (M) was prepared by mixing 
two components, 0.1 M citric acid (A) and 0.2 M 
sodium hydrogen phosphate (B) in the ratio A/B-
60/40 (V/V), then NaEDTA was added to 1 liter 
of solution M (0.1 M) and the pH was adjusted to 4.

2.5.2. Operating procedure  

2.5.2.1. Preparation of standard solutions and 
internal standards 

2.5.2.1.1. Preparation of stock solutions  

Stock solutions (MS) containing 0.5 mg/ml of the 
active substance were prepared separately for 
each individual substance in different solvents 
(depending on the solubility of each molecule). 
For the preparation of MS, the necessary amount
of standard was weighed in a vial of suitable
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Table 1. Distribution of the molecules sought, the concentrations (LCL), the dilution solvents and the internal 
standards used for each family of antibiotics sought. 

Families Molecules LCLs Dilution 
solvent 

Internal 
standards 

Diaminopyridines Trimethoprime 5 ppb MeOH Sulfadimethoxine 
D6 

Lincosamides Lincomycine 10 ppb 
MeOH/NaOH 

1N (96/4) 
(V/V 

Norfloxacine D5 

Sulfaguanidine 

Sulfadiazine 

Sulfathiazole 

Sulfadimerazine/Sulfamethazine 

SMPZ 

SMTX 

SDX 

Sulfaquinoxaline 

SDMX 

Sulfaclosine 

Sulfamerazine 

Sulfamides 
 

Sulfamethoxazole 

5 ppb MeOH Sulfadimethoxine 
D6 

Tulathromycine 15 ppb 

Neospiramycine 10 ppb 

Spiramycine 10 ppb 

Tilmicosine 10 ppb 

Tylosine 10 ppb 

Tylvalosine 10 ppb 

0-acetyltylosine 15 ppb 

Macrolides 

Josamycine 10 ppb 

MeOH Erythromycine 
13CD3 

Marbofloxacine 7,5 ppb 

Norfloxacine 5 ppb 

Ciprofloxacine 10 ppb 

Enrofloxacine 7,5 ppb 

Danofloxacine 7,5 ppb 

Quinolones 

Sarafloxacine 7,5 ppb 

MeOH/NaOH 
1N (96/4) 

(V/V) 
Norfloxacine D5 
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2.5.2.3.2. Solid phase extraction  
The cartridges were placed on the extraction 
system which is conditioned with 6 ml of 
methanol and then 6 ml of ultrapure water, the 
contents of the tubes prepared previously were 
poured into the cartridges, and then washed with 
6 ml of water/MeOH (95/5) mixture (V/V). The 
cartridges were allowed to dry under vacuum for

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The internal standard was added to tubes 
containing 2 g ± 0.04 of honey, along with the 
standard for positive controls. Additionally, tubes 
used for the calibration range were prepared, then 
10 mL of the EMI buffer solution was added, then 
centrifuged at 4000 RPM for 10 min at 5 °C. The 
supernatant was filtered using a filter paper and 
collected in another tube, then the filter paper was 
rinsed with 2 ml of EMI buffer solution.  

Table 1 continued.. 

Families Molecules LCLs Dilution 
solvent 

Internal 
standards 

Difloxacine 10 ppb 

Acide oxolinique 10 ppb 

Acide nalidixique 10 ppb 
Quinolones 

Flumequine 10 ppb 

MeOH/NaOH 
1N (96/4) 

(V/V) 
Norfloxacine D5 

Sulfones Dapsone 10 ppb MeOH Norfloxacine D5 

Ampicilline 10 ppb 

Penicilline G 10 ppb 

Penicilline V 20 ppb 
Penicillines 

Cloxacilline 15 ppb 

 Penicilline GD7 

Cefapirine 7,5 ppb 

Cefquinome 30 ppb 

Cefalonium 15 ppb 

Cefazoline 15 ppb 

Cefalexine 10 ppb 

Ceftiofur 15 ppb 

Cefalosporines 

Cefoperazone 15 ppb 

H2O/MeOH 
(50/50) (V/V) Penicilline GD7 

Oxytetracycline 15 ppb 

Tetracycline 7,5 ppb 

epi-Tetracycline 7,5 ppb 

Chlorotetracycline 15 ppb 

epi-Chlortetracycline 15 ppb 

Tetracyclines 

Doxycyline 7,5 ppb 

MeOH Demeclocycline 
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its main degradation products in the LC-MS/MS 
analysis in order to verify the use of these 
antibiotics in beekeeping [21].  

3.2. Results of the analytical validation of the 
multi-residue methodology 
The identification of antibiotics was confirmed by 
detecting the transition ions with retention times 
matching those of the corresponding standards.
For each analyte, two MRM transitions were 
monitored. As an example, the chromatograms of 
the Sulfathiazole molecule from the Sulfonamide 
family were analyzed (Figures 1, 2 and 3). 
At the level of the chromatograms resulting from 
an injection of a sulfathiazole standard equivalent 
to 1 LCL, it was noted that the peaks of the 
molecule come out at a retention time of 5.58 min 
(Figure 1). On the other hand, at the level of the 
chromatograms resulting from an injection of the 
supplemented sulfathiazole equivalent to 1 LCL, a 
peak with a retention time of 5.57 min was noted, 
indicating that it is indeed the sulfathiazole 
molecule (Figure 2). This is corroborated by the 
chromatograms obtained after injecting a blank 
(Figure 3), which show the lack of the peak at the 
level of the sulfathiazole retention time and the 
existence of the peak of the internal standard 
“sulfadimethoxine D6”. 
The analytical validation data for all of the 
compounds investigated were processed and 
interpreted by examining the chromatograms 
produced by injecting the standard, supplements 
corresponding to 1 LCL, 2 LCL, 3 LCL, and 4 
LCL, and the blank. The technique was validated 
in accordance with the European Commission 
Regulation 2021/808/EC, which governs the 
execution of analytical methods and the 
interpretation of findings. The comparison of the 
validation results with the limits established by 
Regulation 2021/808/EC revealed that the method 
is specific, as no peak was detected at the 
retention time of the analyte in question in the 
white samples, and the absence of peak interfering 
with the retention time was verified for the two 
transitions of each analyte. 
Each analyte’s retention duration in the augmented
matrices is similar to that of the molecule’s 
standard. The linearity is respected, with 
regression coefficients ranging from 98% to 99%
 

10 min, then the test tubes were placed in the 
suction system tank under the cartridges and the 
elution was carried out with 6 ml of MeOH under 
vacuum and finally the eluate was placed in the 
evaporator to evaporate until dryness under a 
nitrogen stream at 40 °C.  

2.5.2.3.3. Reconstitution   

After evaporation, the residue was reconstituted in 
1 ml of a mobile phase mixture (90/10, V/V). The 
solution was then centrifuged at 1200 RPM for 
5 minutes and, finally, filtered through a 0.45 µm 
filter into HPLC vials. 

2.5.2.4. Conditions of the LC-MS/MS 

2.5.2.4.1. Chromatographic conditions 

The research and the assay were carried out using 
liquid chromatography coupled to tandem mass 
spectrometry (LC-MS/MS) - Waters XEVO TQ-
XS. 
Mobile phase: 
- Phase (A): formic acid 0.1% 
- Phase (B): acetonitrile  
Elution gradients: The mobile phase (A) was 
maintained at an initial time of 0.5 min at 95%; 
subsequently, the proportion of mobile phase (B) 
was linearly increased to 95% in the subsequent 
19 min and was maintained up to 23 min. At 
23.5 min, the proportion of mobile phase (B) was 
decreased to 5% and thus maintained for up to 
25 min. 
Conditions of tandem mass spectrometry 
• Ionization mode: ESI+ 
• Source temperature: 600°C 
• Detection: MRM mode 

2.5.2.5. Data processing  

MassLynx™ software serves as a comprehensive 
platform for acquiring, analyzing, managing, and 
sharing the data generated by the detector. 
 
3. RESULTS AND DISCUSSION  

3.1. Results of the optimization of sample 
preparation 
When developing the method, it was chosen to 
work with the product ion; in fact, it is 
recommended to include both the parent ion and
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Figure 1. Chromatograms of the first transition and of the second transition of the standard of the Sulfathiazole 
molecule as well as of its internal standard. 

Figure 2. Chromatograms of the first and second transition of the supplemented Sulfathiazole molecule as well as of 
its internal standard. 
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was successfully validated, as the results are 
satisfactory and comply with the standards 
outlined in Regulation 2021/808/EC. 
 
4. CONCLUSION  
This work involved the development and 
validation of an analysis method for detecting and 
quantifying antibiotic residues in honey. The 
analytical protocol used corresponded to the terms 
of application of Regulation 2021/808/EC, and 
the results of the analytical validation obtained in 
this work were consistent with these terms. This 
analytical method could be used in confirming the 
safety or nonconformity of laboratory-analyzed 
samples. 
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for all compounds. A linear regression model was 
adopted, and all validation requirements were 
obtained using this model. The percentage of 
correctness ranged from -30% to +20% for all 
compounds, indicating that the approach is 
correct. 
The coefficient of variation is used to calculate 
fidelity. If the ratio remains less than 40%, and the 
relative signal is less than 30% for concentration 
levels 1 and 2 LCL, less than 15% for 3 LCL, and 
less than 1% for relative retention times, the 
method is faithful, and the decision limits (CCa) 
obtained are all less than the MMPR. For the LCL 
of 5 ppb, the Limit of Detection (LOD) obtained 
varied between 0.011 ppb (CCα = 6.209) and 
0.040 ppb (CCα = 6.68), depending on the 
specific molecules. 
The confirmation decision limit (CCa) values 
determined for the various analytes in this study 
are lower than the minimum method performance 
requirements (MMPR) according to the European 
Union Reference Laboratory’s (EURL) handbook 
[22]. In conclusion, the technique for confirming 
antibiotic residues in honey using LC-MS/MS 
 
 

Figure 3. Chromatogram of the blank. 
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