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Abstract: The problem of the availability of veterinary medicines to treat ho-
neybees is discussed extensively worldwide. An uncontrolled administration of
antibiotics may lead to contamination of beehive products and contribute to the
problem of food safety. In this study, the kinetics of tetracycline (TC) degra-
dation in honey was studied for samples provided by four beekeepers located in
the west region of Romania. The samples of honey were stored in the dark at
room temperature for 30 days and sub-samples were analyzed every 3 days by
the Elisa method. The results of the study revealed that the level of tetracycline
decreased with time in all the honey samples. The tetracycline degradation
followed a first-order kinetic model with reaction rate constants between
1.2x103-2x103 days®. The half-life time, 7y, Of tetracycline in monofloral
honeys. acacia and lime was 251 and 232 days, respectively. Tetracycline
degradation in the polyflora honey was accelerated, exhibiting a 7q/, of 151
days.
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INTRODUCTION

The general aim of the European Union (EU) 2007-2013 Health Strategy is
to improve and protect human health. One of the actions under this Strategy is to
support safe, innovative and cost-efficient health products and technologies.!

Honey is a valuable bee product used frequently as food but also as thera-
peutic product. From ancient times, the antibacterial effect of honey was per-
ceived due to its ability to stimulate rapid wound healing and the inhibition of
wound pathogens. In addition to antibacterial activity, honeys are known to have
antioxidant capacities, which may act to modulate the production of free radicals.
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The use of antibiatics, for example tetracyclines, in apiculture for the treat-
ment of bacterial brood diseases, such as American foulbrood (Paenibacillus lar-
vae) and European foulbrood (Melissococcus plutonius) leads to contamination
of honey with drugs.

The presence of tetracycline (TC) and its degradation products in honey may
have harmful effects on consumers, such as possible alergic reactions, liver
damage, yellowing of teeth and gastro—-intestinal disturbance due to the selective
pressure of antibiotics on the micro flora of human gut.2

According to Regulation (EC) No 470/20093 and Regulation (EU) No 37/
/2010,4 in the European Union, no maximum residue level (MRL) for tetra-
cycline in honey has been set. This means that the presence of tetracycline re-
sidues in honey is not allowed. Despite this decision, some countries have esta-
blished action limits or tolerated levels for tetracycline in honey. For instance, in
Belgium, the action limit for the group of tetracycline has been fixed at 20 pg kg2.
France applies a nonconformity limit for tetracycline in honey of 15 pg kg=1; the
reporting limit in Great Britain is 50 pug kg1, while the tolerance level in Switz-
erland is 20 pug kg1.5

The Community Reference Laboratories proposed 20 pg kg as the recom-
mended concentration for screening for tetracyclines in honey.6 Romania has
adopted this action level as an acceptable limit for tetracycline residue detection
in honey.

Little information about the stability of tetracycline residues in honey during
storage is available in the literature. The first study was published by Landerkin
et al. in 1957.7 They reported that after nine months storage at 34 °C, the con-
centration of tetracycline residues in honey had decreased from the initial con-
centration of 100 to 2 mg kg1

In the study performed by Martel et al.,8 tetracycline was very stable in ho-
ney; the half-lives of tetracycline hydrochloride in honey stored at 4, 20 and 35 °C
in the dark were 520, 242 and 121 days, respectively. Culdkova et al.9 stored
honey fortified with 209.4 mg kg of tetracycline in the dark, semi-dark and
daylight at a temperature of 25 °C. The half-life of tetracycline in the dark was
210 days and because it is light-sensitive, the half-life decreased to 147 days
under semi-dark conditions and to 19.3 days in daylight.

Recently, Tayar et al.10 reported that the residual level of tetracycline in
honey was reduced by 76 % after 60-day storage and according to Molino et al.11
after 90 days of storage at 20 °C in the dark, the tetracycline level had decreased
by 50 %.

The aim of this study was to determine the contamination of honey samples
by tetracycline and to characterize from a kinetic viewpoint the degradation of
tetracycline in different types of honey during storage.
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EXPERIMENTAL
Honey samples
Three types of honey (two monofloral, acacia and lime, and one polyfloral) were

collected in 2009 from four beekeepers located in the west region of Romania.
In all cases, three replicates were analyzed for the presence of tetracycline residues (TC).

Antibacterial residues analyses

A commercially enzyme immunoassay (ELISA) (Ridascreen® tetracycline, R-Biopharm
GmbH, Darmstadt, Germany) was used to analyze for tetracycline (TC) in honey. The de-
tection system for the ELISA was a Sunrise Absorbance Microplate Reader from Tecan AG.
In order to demonstrate the reliability of the method, the following parameters were inves-
tigated according to the European Commission Decision 2002/657/EC: repeatability, repro-
ducibility, recovery, specificity and precision. The values of these parameters are presented in
Table |. From the specification of the Ridascreen® kit, chlortetracycline (CTC) could give
cross-reactions with tetracycline. Therefore a specificity test was performed for these two
compounds and it was proved that the method has the ability to distinguish between TC and
CTC.

TABLE |. Parameters showing the reliability of the employed analytic method

1 CTC added to the
Parameter TC added to the sample, ug-kg sample, ug-kg'!
20 30 40 30
Repeatability?2 Mean 2D, ug-kgl 20.3t0.67 30.5:0.54 39.8+0.28 -
Recovery? % 101.5 101.6 99.5 -
Reproducibility?  Analyst 1 20.3t0.67 30.5+0.54 39.8+0.28 -
Mean +D, ug-kgt
Analyst 2 19.66+0.33 28.44+0.91 39.85+0.20 -
Mean +D, ug-kgt
Precision? Mean =D, ug-kg! 20.23+0.5 - - -
CV, % 2.47 - - -
Specificitya Mean +D, ug-kgt - 29.65+0.18 - ND¢

aNumber of replicated samples, n = 6; Pnumber of replicated samples, n = 15; °not detectable

Reagent preparation

All the reagents and standards are prepared according to the instructions given by the
manufacturer of the test kit.
Sample preparation

A honey sample (1 g) was dissolved with 49 ml 10 mM phosphate buffered saline (PBS
buffer, pH 7.4). In order to achieve a better dissolution, the sample solution was vortexed and
then kept for 5 min in an ultrasonic bath.
Testing protocol

According to the procedure described for the kit, 50 pl of each standard solution and
prepared sample were added in duplicate into different sample wells. Into each well, 50 pl of
anti-tetracycline antibody solution was added, mixed gently by shaking the plate manually and
incubated for 1 h at room temperature (2025 °C). Subsequently, the liquid was poured out of
the wells and the wells were washed 3 times with 250 pl washing buffer. 100 pl of enzyme
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conjugate was added to each well and the plate incubated at room temperature (2025 °C).
After 15 min incubation, the liquid was poured and the washing procedure was repeated. In
the next step, 50 ul of substrate and 50 pl of chromogen were added to each well and after
mixing, the plate was incubated for 15 min at room temperature (2025 °C) in the dark. In the
last step, 100 pl of the stop solution was added to each well. The absorbance of the sample
was read on a plate reader at 450 nm. The limit of detection was 15 ug kgL,
pH Measurement

The pH of the honey was determined with an InoLab level 1 type pH-meter and a pH
electrode for viscous samples.
Sorage study

Honey samples were poured into a glass bottle with a metal screw and stored at room
temperature (21+1) °C in the dark, for 30 days. Sub-samples from each type of honey were
analyzed three times every 3 days by the Elisa method.

RESULTS AND DISCUSSION

The results of the determination of tetracycline residues in the honey samp-
les collected from four beekeepers located in the west region of Romania are
summarized in Table Il as the mean value of three replicates per sample and the
standard deviation (SD).

TABLE Il. Tetracycline concentrations (mean + SD, pg-kg?l) in the tested honey and the
Romania action limit for tetracyclinein honey; MRL: 20 ppb

Honey type 18t Apiary 2MdA piary 3d Apiary 4th Apiary
Acacia 38.32+0.18 19.14+0.18 27.03£0.16 16.18+0.21
Lime 15.47+0.45 21.27+0.11 18.04+0.26 60.67+0.47
Polyfloral 16.63+0.46 30.72+0.42 15.47+0.45 22.89+0.43

Tetracycline residues were found in 50 % of the examined honey samples.
The highest detected tetracycline contamination level was 60.67 ug kgt for a
lime honey sample. For the other types of honey, the maximum tetracycline con-
tents found were 38.32 pg kg2 in acacia honey and 30.72 pg kgt in polyfloral
honey. The corresponding mean pH values of the initial samples were 4.2 for the
acacia honey, 4.1 for the lime honey and 3.8 for the polyfloral honey.

In order to study the rate of the degradation of the tetracycline residues,
samples with the highest tetracycline concentration from each honey type were
placed into Erlenmeyer flasks and stored at laboratory temperature (21+1) °C in
the dark. The experiments were performed from the beginning of August 2009
until September 2009.

The results of the effect of storage time on the tetracycline level (expressed
as percent of the initial tetracycline concentration in the sample) are summarized
in Fig. 1, from which it can be seen that the tetracycline concentration conti-
nuously decreased in all the honey samples.
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Fig. 1. Decrease in the tetracycline level in different types of honey
during storage at room temperature in the dark.

After 3 days of storage, the tetracycline level was reduced by 2.5 % in all
three honey samples. This decrease continued but was more pronounced in the
polyflora honey. At day 30, the tetracycline level in the monofloral honeys
(acaciaand lime) had decreased by 10 % while a 15 % decrease was registered in
the polyfloral honey.

Molino et al.1! reported a 21 % decrease of the tetracycline level in honey
after 30 days of storage at 20 °C, but the type of honey was not specified. Similar
results were obtained by Culdkovéa et al.® and Martel et al.8

In order to describe the degradation of tetracycline in the different types of
honey, afirst order kinetic model (1) was proposed:

c=cpe K (1)

where c is the concentration of tetracycline in the honey at timet, cg istheinitial
concentration of tetracycline in the honey and k is the first-order kinetic rate
constant.

For the determination of the values of the rate constant k, the results of the
decrease in the tetracycline concentration in the different types of honey during
storage at room temperature and darkness were used. From these data, the values
of k were evaluated by plotting —n (c/cg) vs. timet (Fig. 2). The plots of —-n (c/cg)
vs. time t gave straight lines, the slopes of which were equal to the respective first
order rate constant k.

The half-life of the TC degradation process is independent of the starting
concentration and is given by:

ty2=In2/k @)
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The first-order reaction rate constants (k) and the half-lives (t12) of the
model are givenin Tablelll.

0.08 1
0.07 4
0.06 1
0.05 1
0.04 4
0.03 1
0.02 4
0.01 1
0.00

-In (c/cy)

t / days
® Acacia honey O Lime honey 4 Polyfloral honey
y =0.0012x y=0.0013x y =0.002x
R*=0.962 R®=0.9522 R*=09711

Fig. 2. Determination of the values of the rate constant for tetracycline degradation
in different types of honey with time.

TABLE Ill. Effect of honey type on the k and t;;, values of tetracycline degradation in honey
stored at room temperature in the dark

Honey type kx103 / days? ty, / days R?

Acacia 12 251 0.9620
Lime 13 232 0.9522
Polyfloral 20 151 0.9711

In all cases, the R2 values were higher than 0.95, indicating a good fit of the
data to the first-order kinetic model. The k values were amost the same for the
two types of monofloral honey, acacia and lime honeys. When comparing the
rate constants of tetracycline degradation in the monofloral honeys with that in
the polyflora honey, it can be seen that the degradation in the polyfloral sample
was about 1.6 times faster that in the monofloral samples. This can be due to the
different qualitative and quantitative composition of the monofloral and poly-
floral honey, as well as to the pH of the samples. Tetracycline degradation in the
polyfloral honey may also be increased by the presence of enzymes.

The values of half-life time of tetracycline show that it is very stable in
honey. In the study of Culdkova et al.,® the half-life of tetracycline in honey
stored at 25 °C in the dark was 210 days. Martel et al.8 reported the half-lives at
20 and 35 °C as 242 and 121 days, respectively. These values are similar to the
values obtained in the present study of tetracycline degradation.
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On analyzing the initial pH values of the samples and the half-life values of
tetracycline in the different types of honeys, it was noticed that the increase in the
pH of the samples was accompanied by an increase of the TC half-life. The linear
correlation between these two parametersis presented in Fig. 3.

280 9 y =254.62x - 815.62
260 R?=0.9961 P
240
2 220 -
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140
120 -
100 T T T L) L) L) 1 1 L) 1
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Fig. 3. Variation of the half-life of TC with pH.

The very good linear correlation between the two parameters was confirmed
by the correlation coefficient R2 of 0.9961. The values of pH were also measured
a the end of the storage study and the results revealed that the pH of samples
were constant during the 30 days of the experiment. These findings are in accor-
dance with the studies of Jimenez et al.12 and Cavia et al.13

CONCLUSIONS

The results presented in this paper showed that the concentration of tetra-
cycline decreased with time in all the honey samples and that it was more rapidly
degraded in the polyfloral honey. Based on the experimental results, it was found
that first-order reaction kinetics adequately described the degradation of tetra-
cycline residues in al the types of analyzed honey. The different values of the
half-life of tetracycline in the three types of honeys were shown to be due to the
pH of the samples.

Although studies of tetracycline degradation in honey are quite rare in the
literature, the results presented in this work corresponded with those reported by
other authors.

All these emphasize the need to improve the education of beekeepers in
order to avoid any use and misuse of antibacterial drugs and to prevent honey
contamination.
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U3BOJ
CTABMJIHOCT OCTATAKA TETPALIUKJIMHA V MEJTY

MONICA CRISTINA CARA®, GABRIELA-ALINA DUMITREL? MIREL GLEVITZKY®u DELIA PERIU?
1Sanitary—Veterinary and Food Safety Directorate of Timis County, Timisoara, 2pglitehnica University of

Timigsoara, Faculty of Industrial Chemistry and Environmental Engineering, Timissoara u 3Sanitary—
Veterinary and Food Safety Directorate of Alba County, Alba lulia, Romania

[To3naTo je ma mocToju mpobieM y kopuinhermy BETEpUHAPCKUX MEIHKaMEHAaTa Y JIeUelhy Me-
JOHOCHHUX Iuesia. HekoHTpoicana npiuMeHa aHTUOMOTHKA MOKE JOBECTH 10 KOHTaMUHALIM]je IT4e-
JMBUX TPOU3BOJIA U yrpoXaBama 0e30eAHOCTH XpaHe. Y OBOM paiy je MpoydyaBaHa KHHETHKA
Jerpajialiije TeTpaluKINHA y y30pLUuMa Mela U3 3amnajgHe PyMmyHuje. Y3opiu Meaa cy 4yBaHH y
Mpaky, Ha cobHoj Temmeparypu, 30 nana u ananmm3upanu ELISA meromom caka 3 mama. Pesyn-
TAaTH Cy MOKa3ajld Ja KOHLEHTpalja TeTPALMKINHA OIaja ¢ BpeMeHoM. Jlerpajaiuja TeTparu-
KITMHA O/IrOBapa MOJIEITy PeaKiije MpBOr pea, ca KOHCTaHTama op3uHe peaknmje 1,2x1073-2,0x10°3
naul, TlomyxHBOT TeTparnukiInHa y 6arpemMoBoM Meny je 251 naH, a y mexy on mune 232 naHa.
Jlerpananyja TeTpalMKInHa y TOTH(IOPATHOM Mey je OpiKa U MoTy)KHUBOT u3HocH 151 naH.

(Mpumsbero 2. okToOpa, peuaupano 14. nenem6pa 2011)
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