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ABSTRACT: The health safety of honey includes the correctness in terms of the presence of different
contaminants, which also implies the antibiotic residue. The presence of antibiotics in honey is
prohibited, and methods of food analysis are prescribed in order to reliably determine antibiotics in
food. In this paper the application of ELISA tests for determination of selected antibiotics and
sulfonamides in honey is shown. The possibility of using four ELISA tests for the analysis of
tetracyclines, streptomycines, chloramphenicol and sulfonamides was examined. Each test was
evaluated after application on honey samples spiked with standard solution of a particular analyte.
Samples were prepared according to the instructions of the ELISA test manufacturer referring to
honey. Results of investigation of all ELISA tests, except for sulphonamides, have shown satisfactory
accuracy (73-111%) and precision (14—16%). Recovery for sulfametoxypyridazin was low (40%), and
for low tetracycline concentration was somewhat higher than acceptable (139%). The detection limits
were in accordance with the limits given by the ELISA kit manufacturer and are also satisfactory in
relation to the requirements of the legislation (0.075-3 pg/kg). The test kits can be used to screen the
presence of tetracycline, chloramphenicol and streptomycin in the honey, taking into account the
obtained validation parameters.
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INTRODUCTION

Honey has an important role in human
nutrition. In addition to the quality of honey
(Prica et al., 2014), its safety for the pre-
sence of unwanted and toxic substances
is very important (Al-Waili et al., 2012).
Moderate continental climate including flo-
ral and plant richness make perfect con-
ditions for beekeeping in Serbia (Babic,
2014; Vidakovi¢ et al., 2017). The use of
antibiotics in beekeeping for combating
bacterial diseases is prohibited and accor-
dingly there is no prescribed maximum
permissible concentration of them in ho-

ney in Serbia (Pravilnik, 2002). Legislation
does not allow the presence of antibiotics
in honey in EU (EC 1990, 2009, 2010).
Treatments with antibiotics are not allowed
in the EU, while other countries (e.g. USA,
Canada, Argentina) allow the use of
antibiotics to keep the disease in control
(Reybroeck et al., 2012). However, an-
tibiotics and chemotherapeutics could be
used in the EU in apiculture based on the
‘cascade’ system as described in Directive
2001/82/EC, and amended by Directive
2004/28/EC (EC, 2001; 2004). Antibiotic
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residues can originate mostly from the en-
vironment and improper beekeeping prac-
tices from treatments against the brood
diseases American Foul Brood or Euro-
pean Foul Brood (Bogdanov, 2006). There
are several international reports of anti-
biotic residues in honey samples from dif-
ferent countries (Al-Waili et al., 2012), and
from Serbia (Zivov-Balo$ et al., 2017),
although taking honey from treated hives
is forbidden (Babic et al, 2017).

The ways of controlling antibiotics pre-
sence in EU are also prescribed (EC,
2002, 2003). Requirements for methods of
antibiotic examination in honey refer to the
sensitivity, specificity and qualitative con-
firmation. In particular, very important is to
achieve as lower detection limit (LOD) as
possible, prescribed as the Minimum Re-
quired Performance Limit (MRPL).

According to EU regulations, only chloram-
phenicol has a MRPL in honey of 0.3
ug/kg (EC, 2003). Because of that, some
countries, like Switzerland, UK and Bel-
gium, have established action limits for an-
tibiotics in honey, which generally lay bet-
ween 10 and 50 pg/kg for each antibiotic
group. Action limits are the level of an-
tibiotics in honey beyond which the sample
is deemed non-compliant (Jonson and Ja-
don, 2010).

Different methods for antibiotics deter-
mination can be used (Barganhska et al.,
2011). Often it is difficult to choose the ap-
propriate method according to regulations
as well as the need or possibilities of the
laboratory.

Analytical challenges include difficulties in
detecting low-level antibiotic contamination
in complex honey matrices. Therefore, ap-
propriate sample preparation and pre-
concentration methods are needed to iso-
late these analytes from honey samples.

In routine residue determination, the vast
majority of samples usually are estimated
by "screening” methods (microbiological
and immune-enzyme tests). According to
our previous results, the modified method
4 plates can be used as a first step in
screening procedures, especially in re-
gular monitoring of the presence of anti-
biotic residues in honey (Api¢ et al., 2015).

However, this method is time-consuming
and lack of specificity. Immunochemical
methods such as enzyme-linked immune-
sorbent assays (ELISA) can be used for
antibiotics determination as an alternative
screening method (Pastor-Navaro et al.,
2007; Jaksic et al., 2018). ELISA tests are
fast, cheap and simple methods for deter-
mination of different antibiotics. Those me-
thods are based on specific antigen-anti-
body reaction.

A number of such tests are available in the
market and some of them are applicable to
honey samples. Nonetheless, ELISA tests
are considered as a screening method and
confirmation of positive samples and de-
termination of the amount of residues pre-
sent in foodstuffs should be carried out
with more sensitive methods such as chro-
matographic methods. These confirmative
methods require sophisticated equipment,
and can be used to test routine samples
for the presence of all groups of antibiotics
(Petrovic¢ et al, 2005; Jaksi¢ et al, 2018).

The aim of the study presented in this pa-
per was to investigate possibility of ap-
plication ELISA tests for determination of
tetracycline, chloramphenicol, sulphona-
mide and streptomycine in honey.

MATERIAL AND METHODS

For investigation of ELISA method, ELISA
kits produced by R-Biopharm (Darmstadt,
Germany) were used (Table 1). Sample
preparation for tetracycline and chloram-
phenicol determination included only ex-
traction step.

For determination of sulphonamides and
streptomycin, clean-up step of crude ho-
ney extract was needed, by using solid
phase extraction method. For that pur-
pose, C18 columns (Rida® C18, Art No.
R2002, R-Biopharm, Germany) were used
according to proposed procedure of ELISA
manufacturer for honey samples.

The basis of all applied ELISA tests is the
antigen-antibody  reaction.  Antibodies
against analyte of interest are placed in
microtiter wells. Free molecules of analyte
and enzyme conjugate compete for the
antibiotic antibody sites. Test principle is
competitive enzyme immunoassay.
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Table 1.

Characteristcs of ELISA tests used in evaluation (R-Biopharm, Germany)

ELISA test Specificity and cross-

reactivities

Sample praparation LOD
(Hg/kg)

Ridascreen® Tetracycline 100%

Extraction with

Tetracycline Chlortetracycline 70% phosphate buffer 4
Art. No. R3505 Rolitetracycline 34% solution

Demeclocycline 26%

Oxytetracycline 13%

Minocycline 3%

Doxycycline 2%
Ridascreen® Chloramphenicol 100% Extraction with etyl- 0.025
Chloramphenicol Chloramphenikol baza 12% acetate

Art. No. R1505 Tiamphenikol <0,1%

Ridascreen®
Sulfonamide
Art. No. R3004

Sulfapyridine >100%

Sulfametoxazole 58%
Sulfadimethoxin 41%

Sulfaquinoxaline 34%
Sulfachloropyridazine,

sulfamerazine, sulfadiazine,
sulfamethizole, sulfadoxine,

sulfachloropyrazine,
sulfaguanidine <20%

Sulfamethoxypyridazine 100%

Sulfamethoxyidiazine 75%

Extraction with sodium-

acetate buffer and

Rida® C18 column

purification (Art. No.

R2002) 2

Sulfaphenazole, sulfamethazine,

sulfisoxazole, sulfanilamide,

sulfacetamide <2%

Ridascreen®
Streptomycin
Art. No. R3103

Streptomycin 100%

Dihydrostreptomycin 149%

Extraction with buffer

made from heptan-

sulfonic acid (sodium

salt) and

trisodiumghosphate 5
and Rida™ C18 column

purification (Art. No.

R2002)

After washing step and substrate addition
wells are incubated. Chromogen is con-
verted into blue product and addition of the
stop reagent change colour to yellow. Pho-
tometric measurements of ELISA plates
were performed using Thermo Scientific
Multiskan FC ELISA reader (Shanghai,
China) at 450 nm. Special software
Rida®Soft Win (29999, R-Biopharm, Ger-
many) was applied for data evaluation and
calculation of toxin concentration.

ELISA methods were tested using blank
honey sample, which has been spiked with
concentration levels of antibiotic that are
important for evaluating of honey safety
according to regulations about methods
requirements. Blank honey sample was
confirmed to be free from antibiotics by
using microbiological method "Modified
method 4 plates” (Heitzman, 1994). For

sample spiking, folowing standards of
antibiotics were used: tetracycline hy-
drochloride (Dr Ehrenstofer, 17396150),
Rida®Sulfonamide  Sulfametoxypyridazin-
Spiking solution (R3099, R-Biopharm,
Germany), Rida®Streptomycin  Spiking
solution (R3199, R-Biopharm, Germany),
and Rida®Chloramphenicol spiking solu-
tion (R1599, R-Biopharm, Germany).

The analytical quality of the ELISA me-
thods was assured by the use of spiked
blank honey samples. To this end, 1 g of
sample was spiked with apropriate volume
of tetracycline hydrochloride standard so-
lution which contain 1 pg/ml. For chlo-
ramphenicol ELISA testing, honey sample
was spiked by using standard solution of
chloramphenicol containing concentration
of 50 ng/ml. 2 g of sample was spiked with
40 i.e. 80 pl of standard solution for ex-
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pected contamination of sample to be 100
and 200 ng/kg, respectively. Recovery ex-
periment for sulfonamides was done using
blank honey sample (3 g) spiked with 300
pI standard spiking solution containing 0.1
Mg/ml sulfametoksy-pyridazine. For strep-
tomycine test evaluation, honey sample (3
g) was spiked using spiking solution with
concentration 1 ug streptomycine/ml, in
the level of 40 ug per kg of honey.

RESULTS AND DISCUSSION

ELISA test for tetracycline

The LOD was determined by the series of
6 repeated measurements of blank honey
sample and calculated as the sum of the
average value of the blind probe and 3
standard deviations. Quantification limit
(LOQ) was determined as the sum of the
average value and 10 standard deviations.
Obtained LOD was 2 pg/kg, and LOQ was

5 pg/kg.

Obtained results of spiked samples deter-
mination (Table 2) showed high recovery
for low concentration of tetracycline, how-
ever, average recovery was 125%. In that
case, recalculation of results is mandatory.
Average relative standard deviation cal-
culated under repeatability was 16%.

ELISA test for chloramphenicol

For determination of chloramphenicol, ho-
ney sample was extracted with ethyl-
acetate and extract was used for ELISA
testing without additional clean-up. Ne-
gative blank honey sample matrix gave
matrix effect and sample was positive.
That is in accordance with manufacturer
warning.

They recomend to avoid these efects by
using solid phase extraction columns for
sample extract clean-up. Since this way of
sample preparation is more expensive and
slower, for this investigation, we applied
manufacturer recommendation to set LOQ
as the “cut of” value for spiked samples.

The efficiency obtained by calculating the
impact of the matrix was 88%, while re-
lative standard deviation calculated under
repeatability conditions was 13%. Taking
into account the requirements of the EU

directive for the performance of the
chloramphenicol method of determination
(0.3 ug/kg), this method can be used as a
screening test without using the column,
because in this way a LOD is 0.075 ug/kg.

Since the different types of honey gave a
positive reaction in ELISA microtiter plate,
it is necessary to examine in more detail
the influence of the matrix on the chloram-
phenicol determination.

ELISA test for sulfonamide

The LOD was determined as in tetra-
cycline ELISA. Obtained LOD was 3
Ma/kg, and LOQ was 8 ug/kg. In the de-
termination of sulfamethoxypyridazine in
spiked honey samples, low efficiency of
the method was obtained (Table 2).

Expected concentration in sample was 10
pg/kg, and result for recovery was 40%.
The critical phase of this analysis is the
purification of the sample on the C18
columns, and in further studies it is ne-
cessary to optimize this phase of the
analysis.

ELISA test for streptomycin

The LOD and LOQ were determined as in
previous ELISAs. Obtained LOD was 2
Mg/kg, and LOQ was 5 pg/kg. Obtained
results (Table 2) showed recovery of 73%.
Relative standard deviation calculated
under repeatability was 14%.

The technical lack of ELISA tests for the
determination of sulfonamide and strepto-
mycin is the necessity to use solid-phase
extraction for the preparation of honey
samples (C18 columns).

Namely, according to the manufacturer's
instructions, columns with 100 mg ad-
sorbents are used. An aqueous solution of
honey (in the case of sulfonamide 3 g in 6
ml) is applied to the columns, but it very
difficultly passes through the column.

The vacuum on the automatic manifold is
not sufficient to extract the entire sample
extract and rinse solution, but it is ne-
cessary to manually pass one by one
sample. Consequence is that this deter-
mination phase lasts longer than predicted
by the ELISA kit maker.
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Table 2.

Efficacy (recovery) and repeatability of tetracycline, chloramphenicol, sulfametoxypyridazin and
streptomycin determination by ELISA tests obtained by spiking experiments

Analyte Target concentration Recovery RSD n
(Ha/kg) (%) (%)

Tetracycline 10 139 18 3
50 111 14 2

Chloramphenicol 0.1 115 3 3
0.2 62 24 2

Sulfametoxypyridazin 10 40 34 2
Streptomycin 40 73 14 4

RSD- relative standard deviation
n- number of measurements

As can be seen, efficacy varies from 40 to
139% depending on the concentration and
the type of the analyte. Low efficiency of
40% can be interpreted by the great
influence of the density of the honey
solution on the purification of SPE co-
lumns.

On the other hand, a high efficiency of
139% can be a consequence of the matrix
effect on the competitive immuno-chemical
method itself.

In the literature there are studies on the
development of ELISA methods for the
determination of antibiotics (Burkin et al.,
2018), as well as studies on their ap-
plication on real samples (Shen and Jiang,
2005; Mahmoudi et al, 2014), but there are
no data on similar evaluations. Certainly,
the European requirements for screening
methods are stricter (EC, 2002), and these
methods should be examined in order to
determine detection capability, as well as
check them by using reference materials
based on honey matrices and participation
in proficiency tests.

CONCLUSION

Although, the honey matrix is complicated,
the evaluated ELISA methods can detect
tetracyclines successfully without sample
pre-treatment. ELISA test for chloramphe-
nicol was not specific enough by using
only ethyl-acetate extraction without sam-
ple extract clean-up.

Despite the difficulty in purifying the ex-
tract of honey samples, the method of de-
termining streptomycin gave satisfactory
efficiency and a low detection limit. Also,
all those methods provide limit of detection
low enough according to the requirements

of the legislation. For sulphonamides, fur-
ther optimization is needed, as already
mentioned.

It can be concluded that the ELISA tech-
nique is fast, sensitive, economical, and
can be successfully used for routine scre-
ening antibiotic residues in the honey,
except for the determination of sulfameto-
xypyridazine residues in honey.

Certainly, the determination of antibiotics
in honey samples that have been shown to
be positive after testing by ELISA tests
should be carried out with more specific
and accurate modern confirmatory me-
thods by using instrumental technics.

ACKNOWLEDGEMENTS

This paper is a result of the research
within the project No. 031071 financed by
the Ministry of Science and Technological
Development, Republic of Serbia.

REFERENCES

1. Al-Waili, N., Salom, K., Al-Ghamdi, A., Ansari,
M. J. (2012). Antibiotic, pesticide, and microbial
contaminants of honey: Human health hazards
(A Review). Scientific World Journal, 9 pages,
Avrticle ID 930849, DOI:10.1100/2012/930849.

2. Api¢, J., Ljubojevi¢, D., Prica, N., Jaksi¢, S.,
Ratajac, R., Babic¢, J., Zivkov-Balo$, M. (2015).
Antibiotic residues in honey samples collected
within one year period in AP Vojvodina, Serbia.
Contemporary Agriculture, 64, 262-267.

3. Babi¢, J. (2014). Kvalitet meda u prometu,
Naucni institut za veterinarstvo “Novi Sad”, Novi
Sad.

4. Babi¢, J., Ljubojevié, D., Vidakovi¢, S., Zekié-
Stosi¢, M., Kartalovié, B., Petrovi¢, J., PlavSa N.
(2017). Med kao bioindikator zagadenja Zivotne
sredine. Ecologica, 24, 838-841.

5. Barganska, Z., Namiesnik, J., Slebioda, M.
(2011). Determination of antibiotic residues in



10.

11.

12.

13.

14.

15.

16.

17.

Sandra Jaksic¢ et al., Evaluation of ELISA tests as screening methods for determination of antibiotics and sulfonamides in
honey, Food and Feed Research, 45 (1), 11-17, 2018

honey. Trends in Analytical Chemistry, 30,
1035-1041.

Bogdanov, S. (2006). Contaminants of bee pro-
ducts. Apidologie, 37, 1-18.

Burkin, M.A., Nuriev, R.l., Wang, Z., Galvidis, I.
(2018). Development of sandwich double-
competitive ELISA for sulfonamides. Compa-
rative analytical characteristics and matrix
effect resistance. Food Analytical Methods, 11,
663-674.

(EC) Commission Decision No. 181 (2003).
Official Journal of the European Communities,
L71.

(EC) Commission Decision No. 657 (2002).
Official Journal of the European Communities,
L 221.

(EC) Commission Regulation No. 37 (2010).
Official Journal of the European Communities,
L15.

(EC) Council Regulation No. 2377 (1990).
Official Journal of the European Communities,
L224.

(EC) Council Regulation No. 470 (2009).
Official Journal of the European Communities,
L151.

(EC) Directive No 82 (2001). Official Journal of
the European Communities, L 311.

(EC) Directive No 28 (2004). Official Journal of
the European Communities, L 136.

Heitzman R.J. (1994). Veterinary drug residues.
Residues in food producing animals and their
products: Reference materials and methods.
Second edition. EUR 15127 EN.
(http://aei.pitt.edu/44343/1/A7247 .pdf).

Jaksi¢, S.M. , Ratajac, R.D., Prica, N.B., Api¢,
J.B., Ljubojevié, D.B., Zeki¢ Stosi¢, M.Z.,
Zivkov Balo$, M.M. (2018). Methods of deter-
mination of antibiotic residues in honey. Journal
of Analytical Chemistry, 73, 317-324.

Johnson, S., Jadon, N. (2010). Antibiotic
residues in honey, Centre for Science and
Environment, India habitat centre, New Delhi
(Retrieved Sept. 7, 2017 from
http://www.cseindia.org/userfiles/Antibiotics Ho

ney.pdf).

18.

19.

20.

21.

22.

23.

24,

25.

26.

Mahmoudi, R., Norian, R., Pajohi-Alamoti M.
(2014). Antibiotic residues in Iranian honey by
Elisa. International Journal of Food Properties,
17, 2367-2373.

Pastor-Navarro, N., Morais, S., Maquieira, A.,
Puchades, R. (2007). Synthesis of haptens and
development of a sensitive immunoassay for te-
tracycline residues: Application to honey sam-
ples. Analytica Chimica Acta, 594, 211-218.

Petrovi¢, M., Hernando, M. D., Diaz-Cruz, M.
S., Barceld, D. (2005). Liquid chromatography—
tandem mass spectrometry for the analysis of
pharmaceutical residues in environmental sam-
ples: a review. Journal of Chromatography A,
1067, 1-14.

Pravilnik (2002). Pravilnik o koli¢inama pes-
ticida, metala i metaloida i drugih otrovnih sup-
stancija, hemioterapeutika, anabolika i drugih
supstancija koje se mogu nalaziti u namir-
nicama. Sluzbeni list SRJ, 5/92, 11/92,
32/2002.

Prica, N., Zivkov-Balo§, M., Jaksi¢, S., Mihaljev,
Z., Kartalovi¢, B., Babi¢, J., Savié, S. (2014).
Moisture and acidity as indicators of the quality
of honey originating from Vojvodina region.
Archives of Veterinary Medicine, 7, 99-109.

Raybroeck, W., Daeseleire, E., De Brabander,
H.F., Herman, L. (2012). Antimicrobials in be-
ekeeping. Veterinary Microbiology, 158, 1-11.

Shen H.-Y., Jiang, H.-L. (2005). Screening,
determination and confirmation of chloram-
phenicol in seafood, meat and honey using
ELISA, HPLC-UVD, GC-ECD, GC-MS-EI-SIM
and GCMS-NCI-SIM methods. Analytica Chi-
mica Acta, 535, 33-41.

Vidakovi¢, S., Babi¢, J., Knezevic¢, S., Peli¢, M.,
Jaksi¢, S., Kartalovié, B., Zivkov-Balo$, M.
(2017). Label analysis of Serbian honey: What
does (not) the label tell as? Arhiv veterinarske
medicine 10, 45-51.

Zivkov Balo$, M., Jaksié, S., Ljubojevié, D.,
Prica, N., Stojanov, ., Ratajac, R., Milanov, D.
(2017). Ispitivanje prisustva rezidua antibiotika i
sulfonamida u razli¢itim vrstama meda.
Ecologica, 24, 640—645.


http://www.cseindia.org/userfiles/Antibiotics_Honey.pdf
http://www.cseindia.org/userfiles/Antibiotics_Honey.pdf

Sandra Jaksic¢ et al., Evaluation of ELISA tests as screening methods for determination of antibiotics and sulfonamides in
honey, Food and Feed Research, 45 (1), 11-17, 2018

OLIEHA EJIUCA TECTOBA KAO CKPUHUHI METOAE 3A OAPEBMBAILE
AHTUBUOTUKA N CYNNOOHAMMUAOA Y MEQLY

Cangpa M. Jakwuh*, XXervko A. Muxarses, bparkuua [l. Kaptanosuh, Jenena b. babuh,
CysaHa J1. Bugakosuh, Munmua M. XXuekoe banotu

Hay4yHu MHCTUTYT 3a BeTepuHapcTBo ,Hoeu Cag®, 21000 Hoeu Capg, PymeHaukn nyT 20,
Cpbuja

CaxeTtak: 3gpaBcTBeHa WCMpaBHOCT Meda oOyxBaTa WCNpaBHOCT Yy Morregy npucycTea
pasnMuNTMX KOHTaMWHaHaTa Koju noapasymeBajy u pesmagye aHTnbuoTuka. lNpucycTso aHTMBMOTHKA Y
Meny je 3abpameHo, a nponucaHe Cy M MeTOAe aHanu3e xpaHe Yy uurby noysgaHor ogpehusara
aHTubuoTnka y xpaHu. Y oBom pagy je npukasaHa npumeHa EJIMCA TectoBa 3a ogpehuBame
opabpaHux aHTMbuoTmka u cyndoHamuga y meay. cnmutaHa je moryhHocT npumeHe veTtnpu EJTIMCA
TecTa, 3a aHanuay TeTpauuKnuHa, CTPEenTOMULMHA, XrnopamdeHukona kao u cyndoHammaa. Ceaku
TECT je ucnutaH Ha y3opuuMMa mena oboraheHvM cTanHOapAHUMM pacTBopoM ofpefheHor aHamnuTa.
Y3opumM cy npunpemaHu npema ynyTtcTBy npousBohaya kuTa. Pesyntatm ucnutmBawa CBUX
npumerseHnx EJIMCA TectoBa, ocum 3a cyndoHamuge, nokasanu cy 3agoBorbaBajyhy TadHOCT
(73-111%) v npeumsHocT (14—16%). EdukacHocT ogpefmBama cyndameTokcunMpugasvHa obuna je
Hucka (40%), a npu oagpehmBaky HUCKE KOHLUEHTpauuwje TeTpauuknuHa buna je HewTo BuWwa of
npuxsaTtibuse (139%). paHuue geTekumje cy y cknagy ca rpaHulama gatum og ctpaHe npomssohava
EJIMCA TecTtoBa 1 Takohe cy 3agoBorbaBajyhe y ogHOCY Ha 3axTeBe 3akoHcke perynatmee (0,075-3
pug/kg). McnutaHM  KMTOBM Ce€  MOTy KOPUCTUTM 3a CKPUHWHI  MPUCYCTBA  TeTpauMKNnHAa,
xnopamdeHuKkona u ctpentTomuumnHa y Mmeay, yammajyhu y o63vp gobujeHe BanvgaumoHe napameTpe.

Krby4yHe peun: med, mempauukiuHu, CmpernmoMUluUH, XriopamgeHukor, cyrngoHamudu, EJIMCA
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