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The main components of honey are carbonhydrates 
whereas honey also involves lower quantities of water 
and many smaller components (3). Honey is a natural 
sweetener having a complex composition which may 
vary by plant source, geographic origin, climate, as 
well as processing and storage conditions. Honey 
which largely consists of carbonhydrates and water also 
includes nitrogen compounds, organic acids, minerals, 
vitamins, Maillard reaction products, volatile com-
pounds and bioactive substances in low quantities (7).

Honey, produced by honeybees as a valuable food 
product, may lose quality and be harmful to human 
health if it involves xenobiotics. Antibiotics are com-
monly used by beekeepers for control of diseases. 
Common use of antibiotics causes bacteria to become 
resistant to many drugs and the expansion of antibiotic-
resistant bacteria strains (2). Globally, antibiotic use is 
one of the most important factors that cause antibiotic 
resistance. Antibiotics are prescription drugs frequently 
used in human medicine. They are also commonly used 
to prevent, control and treat animal diseases and pro-
mote growth in food-producing animals. It is not easy 
to directly compare the amount of drugs used in food 
animals with the amount used in humans; nevertheless, 
it is known that there is evidence of higher use of anti-

biotics in food production (10). Use of antibiotics for 
the control of bacterial diseases in beekeeping causes 
antibiotic residues in honey. The primary reasons for 
the existence of antibiotic residues in honey are the 
environment and uninformed beekeeping practices. 
Oxytetracycline is commonly used in the treatment of 
European foulbrood and American foulbrood whereas 
erythromycin, lincomycin, monensin, streptomycin 
and enrofloxacin are also used (1, 17).

Honey or any other food should not involve antibiot-
ics due to risks to human health. They cause allergy risk 
and formation of resistant strains in human pathogens 
even in very low doses. Due to these concerns, many 
countries have banned or restricted the use of antimi-
crobial compounds in food-producing animals, and 
Maximum Residue Limits (MRLs) for antimicrobial 
residues in food have been set (11). The European 
Union does not allow the use of any veterinary medical 
products involving antibiotics in beekeeping. There is 
no MRL for antibiotics in honey (5, 11, 14, 19). Some 
countries such as Switzerland, the UK and Belgium 
have set action limits for antibiotics in honey which 
vary between 0.01 and 0.05 mg/kg for each antibiotic 
group. Antibiotic residues have been reported through-
out the world in various honey samples. Therefore, 
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there is a need for adequate tracking and reliable 
implementation methods (14).

The use of veterinary drugs in animals for treatment 
and especially prevention purposes cause antibiotic 
residues to exist in animal food substances. It is neces-
sary for the safety of consumers to control veterinary 
drug residues in food. Screening methods are the first 
step in controlling antibiotic residues in food (12). 
There are various techniques for screening residues in 
foods of animal origin, the main ones being immuno-
logical methods: ELISA test kits, radioimmunoassay, 
multiarray biosensors (4, 11, 14, 16, 18, 20, 22, 34) 
and chromatographic methods: high performance thin-
layer chromatography (HPTLC), or high performance 
liquid chromatography (HPLC) (26, 28, 35). Biochip 
array biosensors have been commonly used due to 
reasons such as ease of use, rapid results, simultane-
ous multi-residue analysis, full automation and high 
efficiency (33).

Analytic systems and the latest technological de-
velopments have provided new platforms with more 
automation and multiplexing ability than conventional 
biological binding tests. Multiplexed bioanalytical 
techniques provide new opportunities for food indus-
tries and control agents to more effectively monitor and 
improve food and environmental contaminants (27). 
Microarray technology is a strong analytical tool for 
simultaneously detecting multiple analytes in a single 
sample and is a developing field in analytical chemis-
try. A microarray consists of a reactive dot matrix on 
a supporting material. Multi-analyte immunoassays on 
microarrays and multiplex DNA microarrays have been 
identified for the quantitative analysis of antibiotics, 
small organic molecules such as small molecule tox-
ins, proteins, microorganisms, viruses and eukaryotic 
cells (30).

The technical guidelines published by the European 
Union Reference Laboratories (6) recommend concen-
trations for the residue analysis of certain antibiotics in 
honey. However, these concentrations have no actual 
legal basis (11, 19). The recommended concentrations 
are 40 µg/kg for streptomycin, 20 µg/kg for tetracy-
clines, 50 µg/kg for sulphonamides, and 20 µg/kg for 
erythromycin and tylosin (6).

The aim of this study was to detect and assess the 
existence of probable residues of 12 different types of 
antibiotics simultaneously on honey samples presented 
for consumption by means of biochip multi-array 
technology.

Material and methods
Samples. In this study, a total of 45 honey samples 

including 5 brands of honey and 40 local honey (honey 
produced in the region by beekeepers) were analyzed. The 
honey samples of different brands were supplied from 
supermarkets in Kars province whereas local honey was 
randomly collected from honey sales points in the city. The 
samples were delivered into sterile sample bags (at least 

100 g) and maintained under room temperature in a closed 
environment to protect them from heat, light and humidity 
until the day of analysis.

Anti Microbial Array IV kit (AM IV). Anti Microbial 
Array IV kit is used in detecting multiple aminoglycoside 
and macrolide groups of antibiotics which are specifically 
found in honey. It simultaneously detects on a single honey 
sample 12 different types of antibiotics: namely spiramy-
cin (SPR), apramycin (APA), bacitracin (BCT), neomycin 
(NEO), tobramycin (TOB), tylosin B (TYB), spectinomycin 
(SPT), amikacin (AMK), lincosamides (LIN), erythromy-
cin (ERY), streptomycin (STR) and virginiamycin (VIR).

Sample preparation. The samples were prepared in 
accordance with the instructions of the producing company 
(25). 1 g of honey was weighed and 9 ml K2HPO4 (pH 8.0) 
was added. 10 ml diluted washing solution was added and 
vortexed for 1 min or until the sample was completely dis-
solved to make it suitable to be applied to a biochip. Dilu-
tion factor = 20.

Biochip analysis. The Evidence Investigator™ Biochip 
Array technology is used to perform simultaneous quanti-
tative detection of multiple analytes from a single sample. 
The core technology is the Randox Biochip, a solid-state 
device with an array of discrete test regions containing 
immobilised antibodies specific to different marcolides and 
aminoglycosides. A competitive chemiluminescent immu-
noassay is employed for the anti microbial array. Increased 
levels of marcolides and aminoglycosides in a specimen 
will lead to decreased binding of marcolides and amino-
glycosides labelled with horseradish peroxidase (HRP) 
and thus a decrease in chemiluminescence being emitted. 
Light is formed by chemiluminescence. Luminol and Per-
oxide (Signal reagent) creates a light reaction. A nine-point 
calibration was performed using the Randox Evidence 
Investigator™ Anti Microbial Array IV calibrators, which 
cover the calibration range of all assays. A maximum of 
6 biochip carriers may be assayed simultaneously, and it is 
recommended that a new calibration curve be constructed 
for each assay series.

All analyzes were performed according to the manufac-
turer’s instructions (25). The solutions required for the test 
were prepared in accordance with the suggestions of the 
producing company and all materials were brought to room 
temperature. The samples were analyzed by an Evidence 
Investigator Anti Microbial Array IV kit (EV 3878, Randox 
Laboratories Ltd., Crumlin, County Antrim, UK). 100 µl test 
buffer was pipetted into the wells. Next, a 100 µl calibrator 
or sample was pipetted into the wells. To mix the reactants, 
all sides of the plate were tapped and the holding plate was 
fixed onto the bottom plate of the thermo shaker and incu-
bated for 30 min at 25°C and 370 rpm. 100 µl conjugate per 
well was pipetted. It was incubated in the thermo shaker for 
60 min at 25°C and 370 rpm. The reactants were removed 
by sharply moving the process plate. Two rapid washing 
processes were immediately performed with about 350 µl 
diluted washing solution per well. The washing cycle was 
performed 4 more times. For each cycle, all sides of the 
process plate were tapped for about 10 to 15 sec, then the 
biochips were kept in the washing buffer for 2 min. After 
the final wash, the wells were filled with washing buffer and 
kept there until direct imaging. The imaging process was 
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conducted within 30 min. The results were automatically 
assessed in the Randox Evidence Investigator software. 
Evidence Investigator (Randox Laboratories Ltd., Crumlin, 
County Antrim, UK) identifies images by using Relative 
Light Units (RLU) which conducts the reading process via 
Charge Coupled Device (CCD) camera at a temperature 
of –40°C. The concentration of the analytes in the sample 
was found by the Evidence Investigator™ Anti Microbial 
Array IV (EV 3878, Randox Laboratories Limited, Crum-
lin, County Antrim, UK). Anti Microbial Array IV kit has 
been validated by the manufacturer as a result of validation 
studies with reference samples.

Results and discussion
None of the 45 honey samples analyzed in the study 

were detected with spiramycin, apramycin, bacitracin, 
tobramycin, spectinomycin or virginiamycin antibiotic 
residues. In 41 (91.1%) samples, erythromycin was 
found. 11 (24.4%) samples had neomycin, 10 (22.2%) 
had streptomycin, 8 (17.8%) had amikacin, 6 (13.3%) 
had lincosamides, and 2 (4.4%) had tylosin B residues. 
In the branded honey samples, 4 (80%) samples were 
detected with erythromycin residue whereas 1 (20%) 
had streptomycin and 1 (20%) had neomycin residues. 
Among the local honey samples, 37 (92.5%) had 
erythromycin, 9 (22.5%) had streptomycin, 6 (15%) 
had lincosamides, 8 (20%) had amikacin, 2 (5%) had 
tylosin B and 10 (25%) had neomycin residues. The 
results obtained are shown on Table 1 in detail.

Antibiotics are primarily used against microbial in-
fections and also constitute a significant cause of death 
worldwide. Many antibiotics used as therapeutic and 
growth inducing agents in animals may cause antibiotic 
residues in foods of animal origin thereby harming 
human health. Therefore, it is vital to screen foods of 
animal origin for antibiotic residues (4).

In a study on honey, Sunay (31) reported that 75% 
of the honey examined was free from sulfadimidine, 
tetracycline and streptomycin residues whereas 90% 
involved streptomycin residues at rates lower than 
10 ppb. In a study examining streptomycin residues 
in a total of 56 samples obtained from different re-
gions in Turkey in 2011 and 2012, Seğmenoğlu (29) 
reported that 92.8% of the honey examined had no 
streptomycin. In another study by Zai et al. (35) tet-
racycline, streptomycin, gentamicin and penicillin 
antibiotic residues and their respective quantities were 
determined by using the TLC method and the positive 
samples were optimized by HPLC. About 12.5% of the 
branded samples and 19.9% of the unbranded samples 
were found to be positive. They reported that in the 
samples tested by the TLC method, no gentamicin was 
found whereas in the unbranded samples, the tetracy-
cline residue was at the maximum level. In the HPLC 
analysis, the total streptomycin residue was determined 
as 16.31 µg/g in five positive unbranded samples and 
found at minimum (3.6 µg/ml). The researchers empha-
sized that unbranded honey showed higher antibiotics 
residue contamination than branded honey. This study 
found 22.2% of the branded and local honey samples 
positive in terms of streptomycin residues. In 15% 
of the local honey samples, the streptomycin residue 
level exceeded the recommended concentration. This 
is quite high compared to the findings of the above-
mentioned study. This result points to the fact that the 
beekeepers in the region have been using antibiotics 
involving streptomycin. In a study conducted by Rao 
et al. (26) the entirety of the branded and raw honey 
samples examined showed oxytetracycline residues 
and the oxytetracycline concentration was higher in 
the raw honey samples. Saleh et al. (28) reported that 
they detected oxytetracycline residues in 31.2% of the 

honey samples examined and tetracy-
cline residues in 12.5% of the samples, 
and in all samples, MRLs were higher 
than the international standards.

In 41 (91.1%) of the honey samples 
examined in this study (branded and 
local honey), erythromycin residues 
were found. A study which analyzed 
erythromycin residues in 50 honey 
samples collected from the South 
Marmara region of Turkey, reported 
detection and quantification limits as 
6 and 20 ngg–1 respectively and the 
existence of erythromycin residues 
in varying concentrations from 50 to 
1776 ng g–1 in four (8%) honey samples 
(13). The results we have obtained are 
considerably higher than the results 
of the above-mentioned study. This 
shows that in the region where the 
samples were collected, beekeepers 
have been commonly using antibiotics 

Tab. 1. Antimicrobial substances detected in honey samples (n = 45) by biochip 
multi-array analysis (ppb)

Antimicrobials LOD* (ppb)
Number of 

positive samples 
n (%)

Antibiotic concentration 
in positive samples (ppb)

Mean ± SD min-max

Spiramycin 2.0 not detected – –

Apramycin 2.0 not detected – –

Bacitracin 1.2 not detected – –

Neomycin 1.0 11 (24.4) 0.81 ± 2 < 1.0*-8.4

Tobramycin 4.0 not detected – –

Tylosin B 1.0 2 (4.4) 1.45 ± 8.3 < 1.0*-55.2

Spectinomycin 2.6 not detected – –

Amikacin 6.0 8 (17.8) 4.11 ± 9.4 < 1.0*-33.7

Lincosamides 8.0 6 (13.3) 1.23 ± 3.2 < 1.0*-10.7

Erythromycin 2.5 41 (91.1) 6.71 ± 5.6 < 1.0*-38.1

Streptomycin 4.0 10 (22.2) 59.9 ± 213.8 < 1.0*-1000

Virginiamycin 2.0 not detected – –

Explanations: *LOD – lowest limit of detection; < 1.0* – below minimum detection 
limit (LOD) for detected and quantified antimicrobial substance
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involving erythromycin in the treatment of diseases. 
In 6 (15%) of the local honey, lincosamides residues 
were found. This shows that the lincosamides group of 
antibiotics are also used in beekeeping in the region. 
In a study conducted by Tamba-Berehoiu et al. (32) 
examining antibiotic residues in honey presented for 
consumption, except for the linden honey samples 
obtained from Bacau, in all honey samples analyzed, 
streptomycin residues (40 ppb) were found above the 
recommended concentrations. Tetracycline residues 
were found in all samples, and only the acacia honey 
from Moineşti and linden honey from Oneşti had them 
above the recommended concentration whereas the 
level of erythromycin residues did not exceed the rec-
ommended concentration in any of the samples. In this 
study, 41 (91.1%) of the samples showed erythromycin 
residues and only in one local sample was the rate 
above the recommended concentration. In this study, 
2 of the local honey samples had tylosin B residues. 
In a study in which Mahmoudi et al. (18) determined 
antibiotic residues in honey in Iran using the ELISA 
method, it was reported that the samples obtained in 
the summer and autumn were detected with tylosin 
residues whereas the samples obtained in the spring 
had no tylosin residues.

The majority of the researchers have examined 
the existence of antibiotics residues by biochip array 
technology (16, 20, 23, 24, 34). O’Mahony et al. (20) 
screened the residues of nitrofuran antibiotics which 
should not exist in honey by a chemiluminescence-
based biochip array sensing technique. They reported 
that the biochip array method allowed for the detec-
tion of all four metabolites below the reference point 
and that the biosensor method had the potential to 
be a suitable screening technique in the field of food 
safety technologies. Similarly, Li et al. (16) reported 
that the microarray method had the potential to become 
a relevant screening technique in the food safety field. 
Another study that used the antimicrobial Array II 
kit simultaneously screened six antibiotic families in 
various types of honey. It was reported that the method 
was swift and the sample preparation procedure was 
simple. The researchers indicated that according to the 
results obtained, the suggested method was suitable 
for the screening analysis of six antibiotic families 
(11). In another study, it was reported that the detec-
tion limits for streptomycin, dihydrostreptomycin and 
kanamycin were as low as 0.993, 0.913 and 1.23 µgkg–1 
respectively and it was emphasized that the method 
used was suitable for the extraction of aminoglycoside 
antibiotics in honey samples (15).

In a study in which Oruç et al. (21) determined the 
existence of 6 different groups of antibacterial drugs 
in oral fluids of pigs collected in experimental condi-
tions by biochip array-based immunoassay method, 
it was reported that norfloxacin, ceftiofur, florfenicol, 
streptomycin, tylosin and tetracycline were detected 
in clean and dirty oral fluids of pigs. They reported 

that tetracycline recovery was quite low in dirty oral 
fluid; thus, except for tetracycline screening in dirty 
oral fluid, they could readily detect target antibacte-
rial drugs of six different groups in oral fluid of pigs 
through this method. The results of another study 
in which six different groups of antibacterial drugs 
were detected in milk, meat, urine and forage under 
experimental conditions reported that the biochip 
array-based immunoassay method may be used in the 
routine analysis of antibacterial drug residues in these 
samples (22).

The emergence of antibiotic-resistant species 
throughout the world has caused an increase in studies 
dealing with the research and detection of antibiotic 
residues. It is important to periodically screen antibi-
otics in foods of animal origin for the protection of 
human health and food safety. For this aim, the use of 
rapid screening tests is advantageous. In this regard, it 
is very important that the Antimicrobial Array IV kit 
used in this study has the capacity to simultaneously 
screen 12 different types of antibiotics.

Food animals are considered as the main reservoirs 
of antibiotic-resistant bacteria due to antibiotic use in 
food production industry (9). A significant finding of 
this study is the detection of multiple antibiotics in 
a single sample. The determination of both aminogly-
coside and macrolide antibiotic residues in the same 
samples brings about the issue of antibiotic resistance. 
Consumption of honey under these circumstances may 
cause the formation of resistant species. As a result of 
a study investigating antibiotic residue levels in human 
breast milk, Dinleyici et al. (8) reported that 85.7% of 
the human breast milk samples of mothers who did not 
take any antibiotics at birth or in the first seven days 
after birth had beta-lactam and 23.5% had quinolone 
residues. They pointed out that efficient policies are 
needed for appropriate antibiotic use during pregnancy 
and lactation as well as in food safety.

Consequently, the antimicrobial IV Biochip test 
designed to determine multiple aminoglycoside and 
macrolide group of antibiotics that may be found in 
honey, can simultaneously detect these compounds in 
a single honey sample. It is very important for human 
health to routinely screen honey for antibiotic residues. 
Therefore, this study shows that the ability of the mul-
tiplexing screening technology used in this study to 
detect 12 different types of antibiotic residues in a short 
time will be very advantageous for food safety and use-
ful in different fields of the food industry. According 
to the screening analyses conducted, erythromycin, 
streptomycin, neomycin, tylosin B, amikacin and lin-
comycin residues were found in the honey samples in 
various concentrations. This outcome points to the fact 
that there is uncontrolled antibiotic use in beekeeping. 
The detection of various antibiotics in a single sample 
brings to mind antibiotic resistance problems that may 
come up upon consumption of animal food products. 
Therefore, the drugs used in beekeeping must be kept 
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under strict control. Beekeepers should be informed 
about the adverse effects of uninformed antibiotic use 
on public health, and training programs in this regard 
should be prioritized. The actualization of informed 
and principled beekeeping practices will secure public 
health.
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