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In this work, a method was developed, based on dispersive liquid-liquid microextraction 
(DLLME) and analysis by ultra-fast liquid chromatography coupled to diode array detector 
(UFLC-DAD), to simultaneously determine ten antibiotics of two different classes in honey, as 
well as to evaluate their degradation kinetics in this matrix. The extraction was optimized by a 
Box-Behnken design and the method provided good linearity and precision, limits of detection 
(LODs) in the range of 3.1-6.8 µg kg-1 and recoveries between 82.9 and 105.7%. The decay 
velocities along the storage period have followed a first order model for nine antibiotics, while 
one has fitted a zero order model. In the analysis of 33 samples, sulfadimethoxine and tetracycline 
were found in four samples of the same year and type of blooming, freshly produced in different 
places, at concentrations, respectively, below and 79% higher than the established by the Brazilian 
legislation. This suggests an application of those drugs to the beehives, probably shortly before 
the samples were taken.
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Introduction

Honey is a natural and healthy product, whose major 
composition is based on carbohydrates, with fructose and 
glucose being the main sugars, although it also contains small 
amounts of saccharides, oligosaccharides, minerals and other 
metabolites.1-3 Honey is widely consumed by people around 
the world, due to its several therapeutic effects and also 
antimicrobial, antioxidant and anti-inflammatory properties.4 
The beekeeping activity in Brazil has been growing, with 
an annual production over 30,000 ton. According to the 
Instituto Brasileiro de Geografia e Estatística (Brazilian 
Institute of Geography and Statistics, IBGE), the amount 
of honey produced in 2015 was 37,800 ton.5 However, a 
persistent problem for beekeepers is the infections due to 

the American foulbrood and the European foulbrood, two 
kinds of bacterial diseases caused by Paenibacillus larvae and 
Melissococcus pluton, which seriously affect their larvae.6,7 
In order to treat these infections, antibiotics belonging to the 
classes of the sulfonamides, tetracyclines and amphenicols 
are frequently used.6

The sulfonamides and tetracyclines are broad-spectrum 
antibiotics which show activity against Gram-negative 
and Gram-positive bacteria, including species of the 
genera Streptococcus, Staphylococcus, Escherichia, 
Neisseria, Shigella, Salmonella, Nocardia, Chlamydia and 
Clostridium.2,8-10 These antibiotics have been widely used 
for prophylactic and therapeutic purposes, to treat bacterial 
infections, as well as used in the veterinary practice to 
promote animal growth.10-17

The misuse of antibiotics, such as overdoses or 
insufficient time gaps between the drug application and 
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the honey commercialization, may result in drug residues 
and, therefore, making their consumption inappropriate for 
humans.13 The presence of such residues in honey entails 
risks to the consumer’s health, may cause depreciation of 
the product in the international market, gives rise to adverse 
effects in hypersensitive individuals, such as allergic 
reactions, as well as carcinogenicity and development of 
resistance in pathogenic bacteria.10,13,18

The European regulations 2377/90/EEC19 and (EU) 
37/2010,20 have not fixed maximum residue limits for 
sulfonamides and tetracyclines in honey and these 
compounds are therefore considered as substances for 
which the “zero tolerance” concept is applied.21 On the 
other hand, some countries, such as Switzerland, Belgium 
and the United Kingdom, have established maximum 
residue limits for each class of antibiotics in honey ranging 
from 20 to 50 µg kg-1.6,11,13,22,23

Brazil, through the Plano Nacional de Controle 
de Resíduos e Contaminantes (National Program for 
the Control of Residues and Contaminants, PNCRC), 
recommends reference limits (limits of quantification) of 
20 µg kg-1 for tetracycline (TC), oxytetracycline (OTC), 
chlortetracycline (CTC) and doxycycline (DXC), and 
50 µg kg-1 for sulfadimethoxine (SDM), sulfamethazine 
(SMTZ) and sulfathiazole (STZ), although they do not 
mean maximum permissible values, since these substances 
are considered prohibited for use in honey.24

One important issue regarding antibiotics in honey is 
their degradation.25,26 Once used by beekeepers in the apiary, 
they may remain in honey as contaminants,13 or undergo a 
degradation process during the steps of production, storage, 
transportation and commercialization in the markets.26 
In this way, kinetic studies are important tools to reduce 
risks and prevent harmful effects for consumers, providing 
ways for establishing the shelf life for foodstuffs of animal 
origin.26,27

There are several works in the literature reporting 
studies on the degradation kinetics of antibiotics in 
foods.25 Prediction models based on kinetic parameters 
can be developed to estimate the decay of the antibiotic 
concentrations as a function of time.26

Several analytical methods have been developed 
for the determination of tetracyclines and sulfonamides 
in honey samples. They are, in general, based on 
liquid chromatography (LC), coupled with ultraviolet 
absorbance (UV) detection,28,29 gas chromatography (GC),30 
LC with fluorescence detection (FD)23,31 and LC or GC 
coupled to mass spectrometry (MS).30,32 However, the 
extraction and pre-concentration steps of samples, such 
as in liquid-liquid extraction (LLE),17 usually require 
long times of sample preparation and large amounts of 

sample and solvents, as well as present limitations for 
obtaining high enrichment factor and recovery.12,33 On the 
other way, the solid phase extraction, which was used in 
several works,6,7,13,14,16,21,23 despite its advantages demands in 
general long times of sample preparation, brings high costs 
of commercially available cartridges and manifolds and, 
eventually, difficulties for selecting the more appropriate 
solvent for the desired preparation.34 In recent years, 
microextraction techniques have been successfully applied 
to the analysis of antibiotics and other types of analytes in 
honey.33,35-45

The dispersive liquid-liquid microextraction (DLLME) 
was first introduced by Rezaee et al.,46 in 2006, as a new 
microextraction technique. The conventional DLLME 
can be described as a ternary system, which consists 
of an aqueous solution containing the analytes, an 
extractant solvent immiscible with water and a water 
miscible dispersant solvent.47 DLLME’s advantages are its 
simplicity of operation, speed, low cost, high recoveries and 
enrichment factors, besides fulfilling some requirements 
established in the green chemistry principles, such as 
the employment of very small volumes of solvents and 
minimum waste generation.35,44,46 On the other hand, most of 
the analytical methods which are described in the literature 
are, in general, applied for a single class of antibacterial 
agents in honey,48 thus leading to a need for the development 
and validation of methods which may, simultaneously, 
determine different classes, such as sulfonamides and 
tetracyclines.

The aim of this work was to develop and validate 
a method, based on DLLME and analysis by ultra-fast 
liquid chromatography coupled to diode array detector 
(UFLC-DAD), to determine, simultaneously, residues of ten 
antibiotics from two different classes, namely sulfonamides 
and tetracyclines, in honey samples. The method was then 
applied to study their decay velocity during the storage 
period, as well as in the analysis of real samples.

Experimental

Chemicals and reagents

Acetonitrile and methanol of chromatographic grade 
were acquired from Merck (Brazil), whereas chloroform, 
dichloromethane and formic acid were from Synth 
(Brazil); ultrapure water was obtained with a Nanopure 
Diamond ultrapure water system (Barnstead Thermolyne 
Corporation, USA). The standards of OTC, TC, CTC, 
DXC, sulfadiazine (SDZ), STZ, sulfamerazine (SMRZ), 
SMTZ, sulfamethoxazole (SMX) and SDM were provided 
by Sigma-Aldrich (Brazil).
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Standard solutions

Individual stock solutions of standards (100,000 µg L-1) 
of all veterinary drugs were prepared in methanol 
and stored in refrigerator at –10 oC. Multicomponent 
stock solutions of the tetracyclines and sulfonamides 
were obtained by mixing and diluting the individual 
stock solutions in methanol, to a final concentration of 
1,000 µg L-1. These intermediate solutions were further 
diluted to prepare working solutions with concentrations 
of 100 µg L-1. The matrix-based standards were 
prepared at concentrations of 20, 40, 60, 80, 100 and 
200 µg kg-1 for tetracyclines and 10, 20, 30, 40, 50 and 
100 µg kg-1 for sulfonamides, by spiking 1.0 g aliquots 
of blank honey with appropriate volumes of the working  
solutions.

Samples

A total of 33 samples of honey, from different 
Brazilian states and regions of the State of Bahia, were 
acquired in local markets or donated by apiarists, between 
2012 and 2014. Of these, 30 were of the multifloral type, 
while the other three were of the unifloral type. The 
samples were stored under artificial lighting and at room 
temperature, similar to store shelves, and were analyzed 
within their period of validity, up to 12 months after their 
acquisition. A more detailed description of samples is 
done in Table S1, in the Supplementary Information (SI)  
section.

Extraction of samples

For the preparation of honey samples, 1.0 g of each 
one was quantitatively transferred to a 10 mL volumetric 
flask, which was filled to the mark with a 0.01% aqueous 
solution of formic acid (pH 4.0) while 0.4 g of sodium 
chloride was added to it. The solution was then filtered 
through a 0.45 µm pore size membrane (Sartorius, 
Germany), directly to a 15 mL centrifuge tube, and 500 µL 
of acetonitrile and 200 µL of chloroform were quickly 
injected in it with a 1000 µL microsyringe (Hamilton, 
USA). The mixture was then manually shaken for 1 min 
in order to disperse the extractant solvent, containing the 
analytes as fine droplets.

After centrifugation for 10 min at 3,000 rpm, 70 µL of 
the organic extract was settled in the bottom of the flask 
and quantitatively transferred to a sample vial. The solvent 
was evaporated to dryness under a gentle nitrogen stream 
and the extract reconstituted in 50 µL of a 0.2% aqueous 
solution of formic acid.

Sample analysis

The analyses were done in an LC-20AD Series 
Shimadzu Prominence liquid chromatograph (Japan), 
equipped with a Shimadzu SPD-M20A photodiode-array 
detector (Japan). The chromatographic separation of the 
analytes was carried out on a Waters X-Terra® MS C18 
column (5 µm, 2.1 × 250 mm; USA), under the following 
chromatographic conditions: flow rate, 0.4 mL min-1; 
injection volume, 5 µL; and column temperature, 35 oC. The 
mobile phase was composed of an aqueous solution of 0.5% 
(v/v) formic acid (solvent A) and acetonitrile (solvent B); 
the gradient program was: 1 to 20% B in 6 min, then 25% 
B at 8.5 min, then 50% B at 12.5 min, then returning to 
1% B at 16 min and hold in 1% B till 19 min. The total run 
time was 19 min. The quantification was done with external 
standards and the detector signal measured at 265 nm for 
SDZ, STZ, SMRZ, SMTZ, SMX and SDM, and 360 nm 
for TC, CTC, OTC, and DXC.

The use of matrix-matched calibration standards was 
done, in order to compensate for the matrix effect. In this 
way, different concentrations of the antibiotic standards 
were added to the honey samples, free of the analytes, and 
then extracted as described in the Experimental section. An 
LC-electrospray ionization mass spectrometry (ESI-MS) 
system (Shimadzu LCMS-2020; Japan) was used to 
confirm the identity of the analytes in the extract. The 
chromatographic conditions were the same used for the 
DAD analysis, while for ESI-MS, they were based on a 
study by Dasenaki and Thomaidis,12 as follows: positive ESI 
mode; interface temperature, 350 oC; heat block, 200 oC; 
desolvation line (DL) temperature, 250 oC; nebulizing gas 
flow, 1.5 L min-1; drying gas flow, 15 L min-1; and capillary 
voltage, 4500 V.

Optimization of the extraction method

In order to obtain high recoveries and enrichment 
factors, the effect of different factors were examined and 
optimal conditions were selected.

The optimal performance was determined by applying 
the Box-Behnken design to the four independent variables, 
namely volumes of the extractant and dispersant solvents 
(ESV and DSV, respectively), pH and NaCl concentration 
(SO). This design required twenty seven experiments, 
which were randomly performed in order to avoid any 
systematic error. To determine the experimental domain 
of the pH factor, the pKa values of sulfonamides and 
tetracyclines were considered.13,49 On the other hand, the 
salting out effect was established from studies conducted 
for the same analytes in foods.12 The overall response was 
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done by the sum of the peak areas of the tetracyclines and 
sulfonamides. Table 1 shows the factors and levels of the 
Box-Behnken design.

Equation 1 was applied for calculating the enrichment 
factor (EF):34

 (1)

where Csed and C0 are the analyte concentrations in the 
sediment phase and in the initial solution, respectively. 

Method validation

The parameters evaluated in the validation study were: 
selectivity, linearity, limit of detection (LOD), limit of 
quantification (LOQ), precision (intraday and interday 
precision) and recovery.50

The LOD and LOQ for the analytes were calculated, 
respectively, as three and ten times the standard deviation 
(n = 7), calculated for the peak areas obtained at the 
lower concentration levels still observed for each analyte. 
However, in the analyses, the LOQs were assumed as the 
first point of the analytical curves, since they were in close 
relation with the calculated values.

The linearity of the method was evaluated through the 
fortification of blank honey samples with the analytes at 
concentrations of 10, 20, 30, 40, 50 and 100 µg kg-1 for 
sulfonamides and 20, 40, 60, 80, 100 and 200 µg kg-1 
for tetracyclines. The solutions, in triplicate, were then 
extracted as described previously. From the peak areas 
determined for each one of the analytes and the constructed 
curves, the linearity was determined empirically.

Recovery and precision were calculated at three 
different concentration levels, namely 20, 40 and 
60 µg kg-1 for sulfonamides and 40, 60 and 100 µg kg-1 for 
tetracyclines. The recoveries were calculated in terms of 
relative recoveries; the intraday precision was determined 
by analyzing three replicates for each level in the same day, 
while the interday precision was achieved by analyzing 

three replicates for each level in three consecutive days.
To evaluate the selectivity of the method, a blank sample 

without spike and a sample enriched with sulfonamides 
and tetracyclines, at 100 µg kg-1, were analyzed and the 
chromatograms compared.

Sample degradation study

To perform the kinetic study of antibiotics degradation 
in honey, triplicate aliquots of 1.0 g of honey were directly 
weighed in 22 mL glass bottles and fortified at three 
concentration levels, namely 20, 40 and 60 µg kg-1 for 
sulfonamides and 20, 60 and 100 µg kg-1 for tetracyclines. 
The antibiotic concentrations were determined in samples at 
the intervals of 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 60, 90, 
120 and 150 days, according to the extraction and analysis 
procedures described previously. Samples, totaling 135, 
were stored under similar conditions to those of shelves in 
supermarkets, under electric light and at room temperature.

Results and Discussion

Optimization of the extraction method

In order to perform a multivariate optimization with 
a multi-response treatment, a Box-Behnken design was 
applied using a mathematical-statistical tool developed by 
Derringer, namely the desirability function. In this case, 
an individual desirability is assigned to the response (peak 
area) obtained for each one of the determined analytes, 
as a scale-free value di, where 0 ≤ di ≤ 1, with 0 for an 
unacceptable response and 1 for a desirable response.51

The overall desirability is then calculated as the 
geometric mean of the individual desirabilities.

Figure 1 shows the predicted values and desirabilities 
for the nine antibiotics, as a function of the evaluated 
parameters. The data was processed by the Statistica 
software52 at a confidence level of 95%.53 The desirability 
value after optimization was 1.0, which is considered, 
according to Derringer,51 an acceptable response.

The value selection, for each factor, was done from 
the analysis of the global responses (global desirabilities), 
which are shown in the last lines of Figure 1, where vertical 
dashed lines point to the maximum desirability condition 
for each factor.

By analyzing the graphs of the first column in Figure 1, 
regarding the volume of the extractant solvent (VSE), 
and the desirability function in the last line, the overall 
desirability is attained for the level (+1), which means 
200 µL of the extractant solvent. On the other hand, in the 
case of the dispersant solvent (VSD) the overall desirability 

Table 1. Factors and levels of the Box-Behnken design

Factor Low (–1) Mean (0) High (+1)

ESV / µL 100 150 200

DSV / µL 500 750 1000

SO / g 0.3 0.55 0.8

pH 3.0 4.0 5.0

ESV: volume of the extractant solvent; DSV: volume of the dispersant 
solvent; SO: mass of NaCl.
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is attained for the level (–1), which means in this case the 
use of 500 µL of the dispersant solvent. For the pH and salt 
addition factors, the overall desirabilities have attained their 
maxima for the central point (0).

The final values assumed for each factor were as 
follows: volume of the extractant solvent (chloroform), 
200 µL; volume of the dispersant solvent (acetonitrile), 

500 µL; sample pH 4.0; and NaCl concentration, 4% 
(m/v). It is noteworthy that the nature of the extractant 
and dispersant solvents were preliminarily determined 
through the fractional factorial design. In the selection 
of the extractant solvent, the maximum desirability was 
observed for the level (+1) (Table S2 and Figure S1, SI 
section), which means chloroform as the extractant solvent. 

Figure 1. Prediction and desirability profiles for the simultaneous optimization of the four parameters in DLLME: volume of the extractant solvent (VSE), 
volume of the dispersant solvent (VSD), pH of sample solution (pH) and amount of NaCl added (SO).
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According to Mashayekhi and Rezaee,54 the extractant 
solvent should be slightly miscible with water and denser 
than it, besides presenting the ability to extract the analytes. 
On the other hand, for selection of the dispersant solvent the 
overall desirability should be maximum for the level (–1) 
(Table S2 and Figure S1, SI section), meaning acetonitrile 
as the dispersant solvent. The nature of the dispersant 
solvent directly affects the degree of dispersion of the 
extractant solvent in the aqueous phase and, consequently, 
the efficiency of the extraction.46

The prediction capacity of the mathematical function, 
fitted to the overall desirability, was evaluated by analysis 
of variance (ANOVA) according to Table 2, which shows 
that data behavior can be explained by the mathematical 
model adopted, since there is no lack of a fit value, at a 
confidence level of 95%.

When the optimal conditions were applied to the sample 
extractions, the enrichment factors obtained were in the 
range between 100 and 128.

Method validation

Selectivity
The method was evaluated for its selectivity for 

sulfonamides and tetracyclines. This was accomplished 
by the analysis of honey samples free of sulfonamides and 
tetracyclines, followed by the analysis of a sample, spiked 
with the target compounds. No interferences were observed 
in the chromatograms of the spiked sample, in the retention 
times of the analytes, as shown in Figure 2.

The selectivity was also evaluated by the purity of the 
chromatographic peaks, obtained through the analysis by 

LC-ESI-MS. The mass spectra of pure standards, directly 
injected as pure solutions, were compared with those 
obtained for the same standards, after extraction from the 
matrix. Figures S2 to S11 (SI section) show spectra of 
standards and extracts for all the analytes, highlighting the 
peak purity and the absence of interferences from other 
components in the matrix.

Linearity and limits of detection and quantification
Table 3 shows the linear regression equations and the 

correlation coefficients (R2) calculated for the 10 antibiotics 
determined.

The calibration curves were constructed by plotting the 
measured peak areas against the analyte concentrations. In 
all cases, R2 values were greater than 0.99, pointing for a 
good linearity in the concentration ranges studied.

The LODs and LOQs listed in Table 3 were determined 
as described previously in the Experimental section. 
According to the results, the method is able to be applied 
for samples of sulfonamides and tetracyclines, even at low 
concentrations. The obtained LODs and LOQs in this study 
are considerably lower than that of most of the other methods. 
Viñas et al.2 developed a method for the determination of 
tetracyclines with LODs in the range of 15-30 µg kg-1. Also 
for tetracyclines, Li et al.6 obtained LODs in the range 
7-12 µg kg-1, while for Pena et al.15 they were in the range 
of 20-21 µg kg-1. On the other hand, Guillén et al.22 obtained 
for sulfathiazole a LOD of 15 µg kg-1.

Besides, it becomes clear that the LODs and LOQs 
obtained with the proposed method are suitable for the 
quantification of the studied antibiotics in honey, since 
the Brazilian legislation does not establish maximum 

Table 2. ANOVA evaluation of the overall desirability (D) of the response

Factor SS (× 109) df MS F p

(1) ESV 0.4647829 2 232391457 93.3987 0.0106

(2) DSV 0.1927039 2 96351928 38.7241 0.0252

(3) pH 0.0684321 2 34216034 13.7515 0.0678

(4) SO 0.0870157 2 273100332 17.4859 0.0541

1 × 2 1.092401 4 19778941 109.7597 0.0090

1 × 3 0.0791158 4 19778941 7.9492 0.1148

1 × 4 0.0011247 2 562330 0.2260 0.8156

2 × 3 0.0294013 3 9800429 3.9388 0.2091

2 × 4 0.105500 2 52750154 21.2004 0.0450

3 × 4 0.0003003 1 300304 0.1207 0.7614

Pure error 0.0049763 2 2488166 – –

Total SS 2.639755 26 – – –

SS: quadratic sum; df: degrees of freedom; MS: quadratic mean; F: ratio between MS and pure error; p: level of probability; ESV: volume of the extractant 
solvent; DSV: volume of the dispersant solvent; SO: mass of NaCl.
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allowable values for these compounds, but only reference 
values, namely 20 µg kg-1 for tetracyclines and 50 µg kg-1 
for sulfonamides. These reference values are defined as 
the LOQs that any method, developed for analyzing the 
antibiotics in honey and using instrumental techniques, 
must comply with.24

It is worth mentioning that the LOQs obtained for 
sulfonamides are five times smaller than the reference 
values established by the Brazilian legislation.

Precision and accuracy
These parameters were determined at three concentration 

Figure 2. Chromatograms obtained in the analysis of honey samples by DLLME-UFLC-DAD: (a) sample blank at λ = 265 nm; (b) sample spiked with 
the antibiotics mixture at λ = 265 nm; (c) sample blank at λ = 360 nm; (d) sample spiked with the antibiotics mixture at λ = 360 nm. (1) Sulfadiazine; 
(2) sulfathiazole; (3) sulfamerazine; (4) oxytetracycline; (5) tetracycline; (6) sulfamethazine; (7) chlortetracycline; (8) sulfamethoxazole; (9) doxycycline; 
(10) sulfadimethoxine.

Table 3. Linear regression equations, correlation coefficients (R2), LODs and LOQs for the developed method

Compound Regression equation R2 Linear range / (µg kg-1) LOD / (µg kg-1) LOQ / (µg kg-1)

SDZ y = 236.42x – 64.894 0.9982 10-100 3.2 10.0

STZ y = 239.16x – 356.19 0.9973 10-100 3.2 10.0

SMRZ y = 284.43x – 299.51 0.9996 10-100 3.5 10.0

SMTZ y = 240.46x – 250.68 0.9978 10-100 3.5 10.0

SMX y = 318.53x – 132.6 0.9981 10-100 3.1 10.0

SDM y = 227.19x + 588.87 0.9982 10-100 3.5 10.0

OTC y = 110.38x – 242.63 0.9984 20-200 6.8 20.0

TC y = 103.79x – 355.75 0.9988 20-200 6.5 20.0

CTC y = 104.36x – 120.8 0.9903 20-200 6.3 20.0

DXC y = 100.82x – 168.97 0.9876 20-200 6.3 20.0

R2: correlation coefficient; LOD: limit of detection; LOQ: limit of quantification; SDZ: sulfadiazine; STZ: sulfathiazole; SMRZ: sulfamerazine; SMTZ: 
sulfamethazine; SMX: sulfamethoxazole; SDM: sulfadimethoxine; OTC: oxytetracycline; TC: tetracycline; CTC: chlortetracycline; DXC: doxycycline.
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levels for each sulfonamide and tetracycline. The results 
are presented in Tables 4 and 5. The obtained values for 
recoveries (82.9-105.7%) were in the accepted range 
defined by the European Commission (EC) 2002/657/EC 
regulation for recovery: 80-110%.55 Besides, the precisions 
were always lower than 20% for all the antibiotics, once 
again in the accepted range defined by the EC, pointing out 
the good performance of the developed method.

Comparison of methods

Several analytical methods for the determination 
of sulfonamides and tetracyclines in honey have been 
published, although, at our present knowledge, none of 
them have shown this done simultaneously. Table 6 shows 
a comparison among different methods and the proposed 
method in this work.

Despite the listed methods presenting suitable 
quantification limits, although in general higher than those 
of this work, they in general require long sample preparation 
times or expensive materials, such as solid-phase extraction 
(SPE) cartridges and commercially available collectors.34 
An exception was the method by Chen et al.,56 which reports 
higher sensibility and lower extraction times. Nevertheless, 
it was applied only for two drugs of a same class.

Furthermore, the method developed in this work is 
simple and fast, with a single extraction step and consuming 

low volumes of solvent (200 µL chloroform and 500 µL 
acetonitrile), thus reducing reagent consumption and 
minimizing waste disposal.

Method application

Degradation study of the antibiotics in honey samples
There is a great concern about the indiscriminate use 

of antibiotics in apiculture, since their presence in honey 
imposes risks to consumer’s health and product losses in 
the international market.13,15

The great discussion about presence of antibiotic 
residues in food from animal origin, is due to the fact 
that they can promote bacterial resistance. According to 
Le et al.,57 although present at low concentration levels, 
antibiotic residues may contribute to the development of 
more resistant pathogenic organisms.

In this way, the security gap could be defined as the time 
period that must be awaited, between the last administration 
of the veterinary drug to the animal and the food production, 
in order to ensure that it does not contain any residues, 
in quantities exceeding the maximum limits allowed by 
the current legislation.19 The security gap depends on the 
velocity that each applied drug undergoes degradation, 
reaching levels that no longer may offer a risk to the 
consumers, and this process varies among different types 
of drugs and food.58

Table 4. Recovery percentage, intraday and interday precisions for the studied tetracyclines

Compound
40 µg kg-1 60 µg kg-1 100 µg kg-1

Rm / % RSDr / % RSDR / % Rm / % RSDr / % RSDR / % Rm / % RSDr / % RSDR / %

OTC 92.8 6.3 6.8 95.4 4.5 6.0 94.6 5.4 4.8

TC 91.4 11.5 13.2 97.9 6.6 7.1 101.9 3.6 5.4

CTC 83.5 5.3 14.7 96.8 5.3 7.9 101.3 3.1 5.3

DXC 83.3 9.5 13.7 89.9 8.7 8.6 91.4 7.8 7.8

Rm: recovery percentage; RSDr: intraday precision; RSDR: interday precision; OTC: oxytetracycline; TC: tetracycline; CTC: chlortetracycline; DXC: 
doxycycline.

Table 5. Recovery percentage, intraday and interday precisions for the studied sulfonamides

Compound
20 µg kg-1 40 µg kg-1 60 µg kg-1

Rm / % RSDr / % RSDR / % Rm / % RSDr / % RSDR / % Rm / % RSDr / % RSDR / %

SDZ 98.3 4.0 10.2 104.9 3.1 7.3 105.6 5.2 7.9

STZ 87.4 6.9 6.3 101.8 3.8 7.1 99.6 4.4 6.5

SMRZ 93.8 4.6 13.3 99.1 6.7 6.1 94.9 2.4 6.5

SMTZ 98.6 8.8 7.8 105.0 4.6 7.4 104.7 4.4 6.5

SMX 87.8 3.1 7.9 82.9 3.6 7.0 95.3 5.8 8.8

SDM 95.8 4.2 16.1 99.9 3.0 6.5 105.7 4.9 8.1

Rm: recovery percentage; RSDr: intraday precision; RSDR: interday precision; SDZ: sulfadiazine; STZ: sulfathiazole; SMRZ: sulfamerazine; SMTZ: 
sulfamethazine; SMX: sulfamethoxazole; SDM: sulfadimethoxine.
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Despite the great number of chemical reactions 
which can occur with veterinary drugs and lead to their 
degradation, most comprise hydrolysis and/or oxidation 
reactions. In part this is due to the nature of the functional 
groups, which are more commonly present in compounds 
with pharmacological activity, as well as the ubiquity of 
water and oxygen in the reaction media.59 Different kinetic 
models have been proposed for studying the degradation 
of antibiotics and pesticides, either in foodstuffs of animal 
origin26 or honey.25,60

Figures 3 and 4 and Tables 7 and 8 present data related 
to the decay, as a function of time, of the studied antibiotics 
in honey, determined from experiments performed in 
accordance with procedures described previously. It is 
worth mentioning that for the initial concentration of 
20 µg kg-1 it was not possible to establish the decay function 
of most of the antibiotics, due to their rapid degradation in 
the honey samples.

It is observed from the Figures that the degradation 
process for the antibiotics SDZ, STZ, SMRZ, SMX, SDM, 
TC, OTC, CTC and DXC has followed a first order kinetic 
model, at the evaluated concentrations. On the other hand, 
SMTZ has fitted well with a zero order kinetic model, where 
the decay velocity does not depend on the concentration. 
The coefficients of determination of the curves were in large 
majority greater than 0.90, thus showing that models fit 
properly for studying the degradation of sulfonamides and 
tetracyclines in honey. This is due to the fact that, in food, 
most of the degradation reactions follow kinetic models 
of zero or first order.61,62 There are also studies which 
report these same type of kinetic models for the reaction 
of sulfonamides and tetracyclines in water and soil.63,64

According to Tables 7 and 8, for each one of the 
evaluated concentrations, the half-life (t1/2) was calculated, 
as the time required for a concentration decrease to half its 
initial value. The t1/2 values ranged between 5 days (STZ) 
and 38 days (SMTZ) in the lowest concentration levels and 
between 16 days (SMX) and 98 days (SMTZ) in the highest.

It was also possible to estimate the time required 
for a reduction of 90% in the initial concentrations of 
antibiotics in honey (t90). For the sulfonamides, at the 
initial concentration of 40 µg kg-1, the t90 ranged from 
17 days (STZ) to 123 days (SMTZ), while for the initial 
concentration of 60 µg kg-1 it ranged from 53 days (SMX) 
to 166 days (SMTZ). On the other hand, for tetracyclines 
it ranged from 47 days (CTC) and 98 days (TC) for the 
initial concentration of 60 µg kg-1 and 60 days (OTC) to 
206 days (TC) for 100 µg kg-1.

In the same way, Tables 7 and 8 show the maximum 
time determined (tmax) for which the antibiotics could still 

Table 6. Comparison among different methods employed in the analysis of antibiotics in honey samples

Antibiotic
Extraction 
technique

Solvent type 
(volume)

Sample amount / g
Extraction 
time / min

LOQ / (µg kg-1) Reference

Sulfonamide LLE acetonitrile (10 mL) and 
dichloromethane (2.5 mL)

5.0 60 N.D. Verzegnassi et al.17

Tetracycline SPE 10% (v/v) methanol in 
ethyl acetate (5 mL)

3.0 10 15-30a Viñas et al.2

Tetracycline SPE online methanol (3 mL) 5.0 n.d. 23-40 Li et al.6

Sulfonamide SPE acetonitrile (10 mL) 5.0 60 1.5-15 Sheridan et al.7

Tetracycline SPE ethyl acetate:methanol 
75:25 v/v (3 mL)

3.0 13 25 Peres et al.13

Chloramphenicol and 
thiamphenicolb

DLLME 1,1,2,2-tetrachloroethane 
(30 µL) and acetonitrile 

(100 µL)

1.0 2 0.1-0.6a Chen et al.56

Sulfonamide and 
tetracyclinec

DLLME chloroform (200 µL) and 
acetonitrile (500 µL)

1.0 10 10-20 this method

aLimits of detection; btwo analytes; cten analytes. LOQ: limit of quantification; n.d.: not declared; LLE: liquid-liquid extraction; SPE: solid-phase extraction; 
DLLME: dispersive liquid-liquid microextraction.

Figure 3. Decay curves for sulfamethazine, as a function of its initial 
concentration.
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Figure 4. Decay curves for five sulfonamides and four tetracyclines, as function of their initial concentrations.

Table 7. Kinetic parameters for the decay of sulfonamides and tetracyclines in honey, at different initial concentrations

Antibiotic C0 / (µg kg-1) Decay equation (ln C = –kt + ln C0) R2 t1/2 / day t90 / day tmax / day Degradationa / %

SDZ 40 ln C = –0.0649t + 3.7273 0.9434 11 35 20 72.7

60 ln C = –0.0417t + 3.9661 0.9774 17 55 40 81.1

STZ 40 ln C = –0.1364t + 3.6794 0.9274 5 17 10 74.4

60 ln C = –0.0414t + 3.8264 0.9132 17 56 40 80.9

SMRZ 40 ln C = –0.0286t + 3.4607 0.9455 20 67 35 63.2

60 ln C = –0.0342t + 4.0777 0.9047 24 81 60 87.1

SMX 40 ln C = –0.0494t + 3.8607 0.9167 14 47 35 70.9

60 ln C = –0.0431t + 4.1120 0.9771 16 53 40 82.1

SDM 40 ln C = –0.0474t + 3.6432 0.8854 14 48 20 61.2

60 ln C = –0.0381t + 4.3387 0.9158 19 62 35 81.4

OTC 60 ln C = –0.0417t + 4.1622 0.9384 17 55 25 64.7

100 ln C = –0.0382t + 4.4107 0.9660 18 60 45 82.1

TC 60 ln C = –0.0234t + 4.1620 0.9096 30 98 35 65.1

100 ln C = –0.0112t + 4.5605 0.9815 62 206 120 73.9

CTC 60 ln C = –0.0485t + 4.0721 0.8693 14 47 20 62.1

100 ln C = –0.0117t + 4.2968 0.9069 60 197 90 65.1

DXC 60 ln C = –0.0280t + 4.1799 0.9068 25 82 30 56.8

100 ln C = –0.0164t + 4.5895 0.9280 42 140 90 77.1

aEstimated degradation of the antibiotic at tmax. C0: initial concentration; R2: correlation coefficient; t1/2: time calculated for a decay of 50% of the antibiotic, 
relative to its initial concentration; t90: time calculated for a decay of 90% of the antibiotic, relative to its initial concentration; tmax: maximum time for which 
the antibiotic was detected in the samples; SDZ: sulfadiazine; STZ: sulfathiazole; SMRZ: sulfamerazine; SMX: sulfamethoxazole; SDM: sulfadimethoxine; 
OTC: oxytetracycline; TC: tetracycline; CTC: chlortetracycline; DXC: doxycycline.
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be detected and quantified in the samples, according to the 
method developed in this work, as well as their estimated 
decay at that moment.

Considering the initial concentration of 60 µg kg-1, which 
was used in all experiments with the studied antibiotics, 
the average values of tmax were 43 and 27.5 days for the 
sulfonamides (except sulfamethazine) and tetracyclines, 
respectively, while the average decay rates were 82.5 and 
62.2%, respectively. Thus, even undergoing a larger decay, 
the sulfonamides could in general be still detected and 
quantified in the samples for a longer period of time, since 
their limits of detection and quantification were smaller 
than those for the tetracyclines.

The exception was sulfamethazine, which has shown 
a smaller decay rate and, consequently, a tmax value far 
superior than the others. A possible explanation for this 
would be its degradation kinetics, whose zero-order model 
differed from the others.

Analysis of samples
According to what was previously mentioned, the 

importance of assessing the presence of antibiotic residues 
in food of animal origin is due to the fact that they can 
promote bacterial resistance. Even when present at low 
concentration levels, antibiotic residues may contribute to 
the development of resistant pathogens, such as species of 
Salmonella that became multidrug-resistant.13,15,18

In this sense, the Joint Food and Agriculture Organization 
(FAO)/World Health Organization (WHO) Expert 
Committee on Food Additives (JECFA), when evaluating 
the toxicological data available for some veterinary drugs, 
has established an acceptable daily intake (ADI) limit of 
0-0.03 mg kg-1 body weight for tetracyclines TC, OTC 
and CTC, alone or in combination, and 0-0.05 mg kg-1 
body weight for sulfamethazine, in order to mitigate 
the bioaccumulative effect and, consequently, bacterial 
resistance to these antibiotics.13,65,66

Taking into account the above, the developed method 
was applied in the analysis of 33 samples of honey, 
in order to determine, simultaneously, residues of 
sulfathiazole, sulfadiazine, sulfamerazine, sulfamethazine, 

sulfamethoxazole, sulfadimethoxine, oxytetracycline, 
tetracycline, chlortetracycline and doxycycline.

Among the ten antibiotics studied, SDM residues were 
found in three samples, at concentrations between 21.2 
and 38.5 µg kg-1, while TC was found in one sample, at a 
concentration of 35.8 µg kg-1. For sulfadimethoxine, the 
concentrations were below the reference limit established 
by the Brazilian legislation (50 µg kg-1). However, for 
tetracycline, the value was 79% higher than the established 
(20 µg kg-1).25

According to the tmax values previously reported in Table 7 
for tetracycline, of up to 120 days, there is a possibility this 
antibiotic could be detected in honey, even after a more 
significant time from its application to the beehive and the 
sample collection in the producer and further analysis in 
the laboratory. For sulfadimethoxine, however, the tmax were 
between 20 and 35 days, thus signaling that this antibiotic 
could have been used recently by the producer, in the case 
of the honey samples where it was found.

This is reinforced by the fact that these two antibiotics 
were found in four samples freshly produced and analyzed 
up to two months after their acquisition. These samples 
were of the same type of blooming (wildflowers) and 
directly obtained with producers at the end of 2014, 
although from different cities of the State of Bahia 
(Jupaguá, Cotegipe, Muquem do São Francisco and 
Itaberaba). This suggests an application, by these 
producers, of those drugs to the beehives, probably shortly 
before the samples were taken.

It was also noticed that most of the samples (88%) were 
within an allowed result, being in principle in accordance 
with the concept of zero tolerance,21 since these substances 
are prohibited in Brazil and in some countries.6,13,22 One 
possibility is that in these cases honey was being produced 
in beehives where the application of antibiotics has not 
occurred.

On the other hand, taking into account this work, which 
has studied the kinetics of degradation of the ten evaluated 
antibiotics, it is also possible that they had suffered 
degradation, over the time elapsed from the application 
by the producer and the analysis of the sample in the lab. 

Table 8. Kinetic parameters for the decay of sulfamethazine in honey, at different initial concentrations

Antibiotic C0 / (µg kg-1) Decay equation (C = –kt + C0) R2 t1/2 / day t90 / day tmax / day Degradationa / %

SMTZ

20 C = –0.2659t + 21.977 0.9392 38 68 45 59.8

40 C = –0.2928t + 41.247 0.9207 68 123 90 65.9

60 C = –0.3074t + 60.649 0.9567 98 166 120 61.5

aEstimated degradation of the antibiotic at tmax. C0: initial concentration; R2: correlation coefficient; t1/2: time calculated for a decay of 50% of the antibiotic, 
relative to its initial concentration; t90: time calculated for a decay of 90% of the antibiotic, relative to its initial concentration; tmáx: maximum time for 
which the antibiotic was detected in the samples; SMTZ: sulfamethazine.
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Nevertheless, it should be noted that, although four samples 
have shown the presence of antibiotic residues among those 
evaluated in this study, the concentrations found could not 
represent values of concern.

According to the definition of ADI, which is the 
estimated amount of the food additive, expressed in 
milligrams per kilogram of body weight (mg kg-1 b.w.), 
which may be daily ingested without offering appreciable 
risks to the person’s health, an individual would only 
exceed the ADI value that was set for the studied drugs 
after consuming about 50 kg of honey in just one day, 
considering a body weight of 60 kg, taken as reference for 
clinical studies of evaluation.

Conclusions

The method developed for the simultaneous 
determination of residues of sulfonamides and tetracyclines 
in honey provides good precision, wide linear ranges and 
high enrichment factors, while the limits of detection and 
quantification were in accordance, or even better, than those 
specified by the Brazilian legislation.

The degradation study with the antibiotics in honey has 
shown that SDZ, STZ, SMRZ, SMX, SDM, TC, OTC, CTC 
and DXC has followed a first order kinetic model, while for 
SMTZ a zero order model was followed. These results were 
in accordance with other authors, who say that, in food, most 
of the degradation reactions follow zero or first order models.

In the analyses of 33 honey samples, residues of 
sulfadimethoxine and tetracycline were found in four of 
them, at concentrations below the reference limit pointed 
out by the Brazilian legislation, for sulfadimethoxine, but 
79% higher for tetracycline. Nevertheless, based on the 
established ADI limits, it should be noted that they could 
not represent values of concern for persons. Since these 
samples were all from the same period of the year, although 
from producers of different cities of Bahia, some problem 
could possibly have occurred, in order to cause a preventive 
application of these drugs to the beehives.

Finally, since the presence of antibiotics in honey 
can represent a risk to human health and causes product 
depreciation in the market, measures may be suggested 
from this study, for adoption by the Brazilian government 
agencies.

Supplementary Information

Supplementary information (characteristics of the 
honey samples, fractional factorial design data and LC-MS 
spectra) is available free of charge at http://jbcs.sbq.org.br  
as PDF file.
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