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In this study, tetracycline and streptomycin group antibiotic residues were investigated in packaged
and open sold honey. For this purpose, a total of 60 honey samples, which were 30 of each were
used as material. Honey samples were taken from various sales places located in Sivas province.
ELISA method was used for the analysis and commercial test kits were used. According to the
analysis results; tetracycline was found in 73.3% (22 samples) of the packaged honey and
streptomycin was found in all samples. Tetracycline and streptomycin were determined as positive
in open honeys were respectively 60% (18 samples) and 93.3% (28 samples). Tetracycline levels
were between 0.12-371.44 ppb (mean 13.91 £ 12.33) in packaged honey and 0.02-13.32 ppb (mean
1.75 £ 0.5) in open honeys. Streptomycin levels were 1.30-250.2 ppb (mean 25.8 + 10.8) in
packaged honey and 0.19-22.71 ppb (mean 8.21 & 5.2) in open honeys. Antibiotic residue was not
found in one sample of open honeys. The findings suggest that, although illegal, some medicines
are used in beekeeping or that bees are exposed to antibiotics that are added to the feed or water of
other animals. These findings pose a potential risk to the consumer.

ELISA
Sivas

"’e,J sagaoglu@cumhuriyet.edu.tr
¢ nazliercan@yahoo.com

https://orcid.org/0000-0001-5252-8040
https://orcid.org/0000-0003-3542-3743

(ONOIE]

Introduction

Beekeeping is an agricultural activity that brings
economic aspects in the world and widely held in Turkey.
According to Turkey Statistical Institute (TUIK) data
world honey production was 1,861 thousand tons and the
hive presence was 91,000 (thousand units) and the yield
per hive was determined as 20.4 kg in 2017. In terms of
assets for hive; India first (12.8 million), China second (9.2
million), Turkey third (7.8 million), Iran fourth (7.3
million) and Ethiopia fifth (6.1 million) ranks. Honey yield
per hive is reported to be 60.2 kg in China, 56.6 kg in
Canada, 56.3 kg in Portugal, 42.4 kg in Uruguay and 41.1
kg in Brazil. In the same year honey yield per colony was
determined to be 14.7 kg in Turkey (TUIK, 2017).

Turkey ranks at 2nd after China in honey production.
Especially the Aegean region, Eastern Black Sea and
Mediterranean regions are suitable for beekeeping in terms
of plant flora. According to TUIK data; the number of
beekeeping holdings was 81,108 (number), number of
hives was 7,083 (thousand), honey production was 103,525
tons in 2014; the number of hives was 7,748 (thousand) and
honey production was reported as 108,128 tons in 2015.
The number of hives increased by 2% to 7,900 (thousand
units) and honey production decreased by 2.2% to 105,727
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tons in 2016. Honey production was 114,471 tons in 2017.
The number of hives was 8.108.424 (units), honey
production was 107.920 tons and honey yield per hive was
13.3 kg in 2018. Honey consumption is over 1 kg per
person in our country. This amount is 0.05 kg in the world,
0.7 kg in EU countries, 0.2 kg in China, 0.9 kg in New
Zealand and 0.6 kg in the USA (Anonim, 2019).

Honey “Is a natural product as plant nectars, secretions
of living parts of plants or secretions of plant-sucking
insects living on living parts of plants by combining them
with their own substances after being collected by
honeybees (Apis mellifera L.) and maturing by storing in
honeycomb defined in the Turkish Food Codex (TGK,
2012).

Definition of honey in Turkish Standards (TS, 2002);
The collection of nectars in the flowers of the plants or the
sweet parts secreted by the living parts of the plants and
some monogamous insects by their honeybees (Apis
mellifera L.), a sweet product of dark consistency which
occurs as a result of maturation and storage in the
honeycomb eyes of their bodies.

According to resources of honey, flower honey (nectar
honey), secretion honey (pine honey), poison honey (crazy
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honey), artificial honey, feeding honey and express honey,
according to production and market type; honeycomb,
strained honey, honeycomb filtered honey, extra honey,
press honey and filtered honey; according to color, water
white, extra white, extra light amber and dark color
classified. Depending on the plant pigments it contains, the
colour of honey varies from water white to dark amber
(TGK, 2012).

The plant flora and climate of the production region
have an impact on the composition of honey. Honey
generally contains 80% sugar and 17% water. The
remaining 3% consists of minerals, vitamins, amino acids,
colorants and enzymes. Honey is not suitable for microbial
growth due to its high sugar content, low water activity and
acidity (pH 3-4). Phenolic compounds in its composition
(flavonoids, phenolic acid) give to honey antioxidant
properties (TGK, 2012).

Honey is a natural food that can be consumed in any age
group, except for those with diabetes and allergies and
children under one-year-old. Food industry, pharmaceutical
and cosmetic, as well as for the treatment of certain diseases
(apitherapy) has a wide range of uses. Beside honey the bee
products such as royal jelly, propolis, pollen and beeswax are
also important for health and nutrition (Ozmen and Alkin
2006; Anonim, 2014a; Omiir, 2015).

Drugs used against firstly varroa and juvenile rot, bee
diseases and parasites lead to significant losses in
beekeeping. Unnecessary or unconscious use of these
drugs poses a potential risk to consumer health and
economy. Antibiotic residues in foods cause allergic
reactions, anaphylactic shock, nervous disorders, impaired
intestinal flora, and resistance to bacteria in susceptible
individuals. It has also been reported to have carcinogenic
and teratogenic effects (Nisha, 2008; Kaftanoglu, 2000;
Al-Waili et al, 2012; Tayar and Yarsan, 2014; Kaya, 2018).

The tetracycline group of antibiotics (tetracycline,
oxytetracycline, clortetracycline, doxycycline) are effective
on Gram (+) and Gram (-) aerobic and anaerobic bacterias.
Tetracycline’s are broad-spectrum antibiotics. They produce
bacteriostatic effects which inhibit bacterial cell protein
synthesis. They are not suitable for use in pregnant women
and children under 8 years of age because this group of
antibiotics causes permanent discoloration of the teeth.
Streptomycin group of antibiotics are classified into
aminoglycosides. Antibiotics in this group are effective on
Gram (-) bacteria. They show bactericidal effect by inhibiting
protein synthesis (Kaya, 2000; Yarsan, 2018).

Sivas ranks at 6th after Ordu, Mugla, Adana, Aydin and
Mersin provinces in honey production. The region is rich
in plant flora. Divrigi, Zara and Koyulhisar are the districts
where intensive beekeeping is done. Honey production in
Sivas province was 2,908 tons in 2010. This amount was
determined as 3,039 tons in 2014. The number of hives was
219,942 (units), honey production was 2,861 tons in 2016;
the number of hives was 215,878 (units) and the production
of honey was 3,715 tons in 2017. There are 3,427
enterprises related to beekeeping in Sivas (Anonim, 2014b;
Arslan, 2016; TUIK, 2017).

In this study, branded and open 60 strained honey
samples taken from various outlets in Sivas province were
examined for tetracycline and streptomycin group
antibiotic residues. The data obtained were evaluated in
terms of food safety and public health considering the

standard values and public health considering the standard
values.

Materials and Methods

In this study, a total of 60 strained honey samples, 30
of which were packaged and branded and 30 of which were
open, were used as material. Honey samples were collected
periodically from the sales places (market, grocery, street
market, wholesaler) in Sivas province in March-May 2018
period. Disposable sterile falcon tubes (50 ml) were used
for sampling. Packed honeys were selected from different
brands and purchased in their original form. Samples were
brought to the laboratory of the Department of
Biochemistry, Faculty of Veterinary Medicine, Sivas
Cumbhuriyet University and analysed on the same day.
Honey samples were kept in a cool environment during this
process.

Tetracycline and streptomycin group antibiotic levels
in honey samples were determined by Enzyme Linked
Immunosorbent Assay (ELISA). The test kits which are
Sinogeneclon  Streptomycin ELISA (SG-4011) and
Sinogeneclon Tetracycline ELISA (SG-4021) were used in
the analyses. Analyses were performed according to the kit
procedures. Descriptive statistics of tetracycline and
streptomycin levels were determined in SPSS 22.00
package program (SPSS, 2014).

Results

The statistical values and percentage (%) distribution of
tetracycline and streptomycin levels detected in packaged
and open sold filter honeys are given in Table 3-6.

According to the analysis results; 73.3% (22 samples)
of tetracycline and 100% (30 samples) of streptomycin
were determined in packaged honeys. Ratios of
tetracycline and streptomycin were 60% (18 samples) and
93.3% (28 samples) respectively in open honey samples.
Tetracycline level was determined between 0.12-371.44
ppb (mean 13.91 £ 12.33) in packaged honey and 0.02-
13.32 ppb (mean 1.75 + 0.5) in open ones. Streptomycin
levels were found to be 1.30-250.2 ppb (mean 25.8 + 10.8)
in packaged honey and 0.19-22.71 ppb (mean 8.21 + 5.2)
in the open ones. Antibiotic residue was not found in only
one sample of open honeys.

Discussion

In this study, antibiotic residues and levels of
tetracycline and streptomycin group were investigated in
packaged and open-sold filtered honeys. A total of 60
honey samples, 30 piece of each variety, were used as
material. Samples were taken from sales places located in
Sivas province. ELISA method was used in the analysis via
commercial test Kits.

According to the analysis findings; residues of
tetracycline 22 (73.3%) and 100% (30 samples) of
streptomycin group antibiotic were detected in packaged
honey. Levels of tetracycline and streptomycin were
determined between 0.12-371.44 ppb (mean 13.91 £ 12.33)
and 1.30-250.2 ppb (mean 25.8 + 10.8) respectively in
these sample. Samples of 18 (60%) were positive for
tetracycline and samples of 28 (93.3%) were positive for
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streptomycin residue in open honeys. Residue levels were
between 0.02-13.32 ppb (mean 1.75 £ 0.5) and 0.19-22.71
ppb (mean 8.21 + 5.2) in the same order. Tetracycline and
streptomycin residue were not found in one sample of open
honeys (Table 3-6).

The studies were conducted level of tetracycline <0.04-
42 ppb and level of streptomycin <10 ppb in honey in
Turkey of different regions in different years (Sunay, 2006;
Giil, 2008; Segmenoglu, 2013; Derebasi et al., 2014;
Ozkan et al., 2015; Korkmaz et al., 2017; Bagc1, 2019).
Tetracycline content of examined honey samples was 3.3-
58.3%,; streptomycin ratio was determined between 5-
52.5% (Table 1).

In this study, levels of tetracycline and streptomycin and
positivity rates were found higher in the packaged and open
filtered honeys than the results of these researchers. The
determined values do not coincide with the findings of the
researchers (Giines et al., 2009; Polat, 2011; Kutlu et al., 2017;

streptomycin residues were not found in honey. Differences
between research results can be explained by the fact that
honeys of different origins and origin belong to different
regions the number of samples and method differences.
When the studies conducted in other countries are
examined; Saridaki-Papakonstadinou et al. (2006)
tetracycline levels in honey samples of different properties
0.018-0.057 mg/kg (Greece); Diserens (2007) 0.5 g/kg
(Switzerland); Bonvehi and Gutierrez (2008) 15-920 ng/kg
(Spain); Taokaenchan and Sangrichan (2010) 7.18-14.06
mg/kg (Thailand); Zai et al. (2013) 3.67 pg/ml (Pakistan);
Berehoiu et al. (2013) 13,21-18,33 ppb (Romania);
Mahmoudi et al. (2014b) 0.2-6.2 ug/kg (Iran); Saleh et al.
(2016) found that they were 2,330 npg/kg (Yemen).
Tetracycline rates in honey samples were determined
between  4-100%  (Reybroeck, 2003, Saridaki-
Papakonstadinou et al., 2006; Bonvehi and Gutierrez,
2008; Baggio et al., 2009; Berehoiu et al., 2013; Mahmoudi

Saygili,

2017) who

reported

that tetracycline

and

et al., 2014b). (Table 2).

Tablel. Antibiotic residue levels in different types of honey in studies in Turkey

Province n Antibiotic N1 (%) Residue level Reference
1714  Sulphamethazine %10 <11 ppb
Different provinces | 1421  Tetracycline %15 <13.65 ppb Sunay (2006)
91 Streptomycin %5-10 <10 ppb

fstanbul 100 Naphthalene 1 1.13pg/ke Beyogl‘gggﬁmumg

Ege region 103  Sulfonamide %23 Uludag (2008)

) Sulfonamide %29,5

Istanbul 610  Tetracycline %3,3 Gil (2008)
Streptomycin %11,9

Giiney Marmara 50 Erythromycin 4(%8) 50-1776 ng/kg Giines et al. (2008)

. Oxytetracycline .
Giiney Marmara 50 Sulfanamid n.d. n.d. Giines et al. (2009)
0.017-0.643

— Sulfadiazine ppm =

[zmir 10 syiphamethazine 10 0.006-0.162 Ozgeng (2011)

] ppm

Izmir 536  Sulfanamid 126 Erdogdu et al. (2011)
Chloramphenicol

Giiney Marmara Sulphonamide n.d. Polat (2011)
Tetracycline

Different provinces 56 Streptomycin 4 Segmenoglu (2013)

Ankara 120  Naphthalene 11(%9,16) 1.1-6.2 ppb Sireli (2013)

Different provinces .

and counties 98 Chloramphenicol 7 0-1.27 ppb Toptanci (2013)
Streptomycin 13

Karadeniz region 209  Sulfonamide 59 Derebasi et al. (2014)
Tetracycline 7

. . Streptomycin 68 (%37,7) 1.79 ppm ~-
Ardahan ve ilgeleri 180 Sulfanamid 94 (9%52.2) 1.19 ppm Ozkan et al. (2015)
. Tetracycline
Bitlis 20 Sulfanamid n.d. Kutlu et al. (2017)
. Tetracycline 35(%35) 6-42 ppb

Ege region 59 Sulfanamid 31 3-32 ppb Korkmaz et al. (2017)
Streptomycin

Kurklareli 57 Chloramphenicol n.d. Saygili (2017)
Tetracycline

Different provinces 90 Naphthalene 1 115.23 ppb Golge et al. (2017)

o . Tetracycline 49 (%58,3) <0.04-0.391 ppb o
Mugla and counties 84 Sulphamethazine 84(%10) <10 ppb Bagc1 (2019)
Antalya 30 Naphthalene 3 3.0-8.9 ug/kg Cakar and Giirel (2019)

n: number of sample, n;: positive sample, n.d. : not detected
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Table 2. Antibiotic residue levels in different types of honey in studies conducted in various countries

Country n Antibiotic n1 (%) Residue Level Reference
108  Streptomycin 51(%47)
. 98  Tetracycline 29(%30)
Belgium 248 Streptomycin 4(%1,6) Reybroeck (2003)
72  Tetracycline 2(%2,8)
Holland 186  Dihydrostreptomycin %26 Bruijnsvoort et al. (2004)
Switzerland 75  Chloramphenicol 13(%17) 0,4-0,6 pg/kg Ortelli et al. (2004)
Tetracycline %97 0,018-0,057 mg/kg
Greece 251 Oxytetracycline %94 0,023-0,335 mg/kg Saridaki-Papakonstadinou et
Doxycycline %90 0,018-0,190 mg/kg al. (2006)
Chlortetracycline %96 0,013-0,393 mg/kg
Streptomycin 3,0-10,82 g/kg
. Sulfanamid 5,0 g/kg .
Switzerland | 3855 Tetracycline 5.0 g/kg Diserens (2007)
Chloramphenicol 0,1-169 g/kg
Spai Sulfonam-lde 68(%12) 15-920 ng/kg Bonvehi and Gutierrez
pain 567  Tetracycline 24 (9
. (%04) n.d. (2008)
Chloramphenicol
Sulfonamide %10,6
Tetracycline %4,2
Italy 4084  Streptomycin %2,8 Baggio et al. (2009)
Chloramphenicol %1,8
Tylosin %5,2
Erythromycin
Sarafloksasin 3 18466” g/}<kg
Spain 16  Tylosin 1 3’2 ug/kg Vidal et al. (2009)
Sulfadimidine o~ HEKE
. iz mikt.
Sulfacloropridosine
Oxytetracycline 60,15-106,9 mg/kg
Thailand 6 Tetracycline g 7,18-14,06 mg/kg S-; i%kr?ceagsa(rz]gfg)
Chlortetracycline n.d.
India 12 Oxytetracycline 6 (%50) 27,1-250,4 ng/kg Johnson and Jadon (2010)
Bosnia | ¢ : nd. Muijic et al. (2011)
Herzegovina
Streptomycin 1,42 pg/mL
. Tetracycline 3,67 pg/mL .
Pakistan 100 Streptomycin 18 12,02 pg/mL Zai et al. (2013)
Tetracycline 16,31 pg/mL
Streptomycin 42,77-51,49 ppb
Romania 18  Tetracycline 18(%100) 13,21-18,33 ppb Berehoiu et al. (2013)
Erythromycin 0,06-0,27 ppb
Iran 145  Oxytetracycline 34(%23,4) 5,32-369,1 ng/kg Mahmoudi et al. (2014a)
Tetracycline 19 (%14) 0,2-6,2 ug/kg .
Iran 135 Gentamycin 25 (%17) 0,6:72.1 pgke Mahmoudi et al. (2014b)
Oxytetracycline 0,03 ppb
Algeria 36  Tetracycline 2 n.d. Draiaia et al. (2015)
Streptomycin n.d.
Serbia 193 5 (%2,59) Apic et al. (2015)
India 42 Oxytetracycline 42(%100) 0,05-0,17 pug/kg Rao et al. (2015)
Italy 74 Sulfanamid 9(%12) 2 ng/kg Galarini et al. (2015)
Penicillin 5 (%5) 1,76-4,86 mg/kg
Pakistan 100  Streptomycin 6 (%6) 1,12-6,65 mg/kg Rahman (2016)
Oxytetracycline 7 (%7) 1,12-6,42 mg/kg
Oxytetracycline 3,430-13,800 pg/kg
Tetracycline 2,330 pg/kg
Yemen 16 Oxytetracycline 7,140 pg/ke Saleh et al. (2016)
Tetracycline 2,850 ug/kg
Oxytetracycline %15 3 9-69 ng/g
India 150  Erythromycin %5 3 78,8 ng/g Kumar et al. (2019)
Chloramphenicol o n.d.

n: number of sample, n;: positive sample, n.d.: not detected
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Table 3. The level of tetracycline (ppb) and percentage (%) of distribution in packaged honey samples

Tetracycline n % Min. Max. Mean+SE
0 8 %26.7 0 0 0
0-0.05 - - - - -
0.05-0.15 1 %3.3 0.12 0.12 0.12
0.15-0.45 1 %3.3 0.18 0.18 0.18
0.45-1.35 3 %10 0.85 1.24 1.002+0.12
1.35-4.05 15 %50 151 3.79 2.414£0.19
4.05> 2 %6.7 6.4 371.44 188.92+182.51
Total 30 %100 0.12 371.44 13.91£12.33
SE: Standart Error
Table 4. The level of tetracycline (ppb) and percentage (%) of distribution in open honey samples
Tetracycline n % Min. Max. Mean+SE
0 12 %40 - - -
0-0.05 2 %6.7 0.02 0.04 0.03+0.007
0.05-0.15 - - - - -
0.15-0.45 2 %6.7 0.23 0.44 0.3340.1
0.45-1.35 2 %6.7 0.94 0.96 0.9440.01
1.35-4.05 8 %26.7 1.52 3.46 2.35+0.2
4.05> 4 %13.3 5.01 13.32 7.80+£1.9
Total 30 %100 0.02 13.32 1.7540.5

Table 5. The level of streptomycin (ppb) and percentage (%) of distribution in packaged honey samples

Streptomycin n % Min. Max. Mean+SE
0-0.1 - - - - -
0.1-0.3 - - - - -
0.3-0.9 - - - - -
0.9-2.7 3 %10 1.30 2.09 1.75+0.2
2.7-8.1 6 %20 6.35 7.8 7.05+0.2
8.1> 21 %70 8.73 250.2 34.59+15.1
Total 30 %100 1.30 250.2 25.8+10.8

Table 6. The level of streptomycin level (ppb) and percentage (%) of distribution in open honey samples

Streptomycin n % Min. Max. Mean+SE
0 2 %6.7 - - -
0-0.1 - - - - -
0.1-0.3 1 %3.3 0.19 0.19 0.19
0.3-0.9 - - - - -
0.9-2.7 1 %3.3 2.66 2.66 2.66
2.7-8.1 12 %40 3.63 7.9 5.43+1.46
8.1> 14 %46.7 8.99 22.71 12.74+3.69
Total 30 %100 0.19 22.71 8.21+5.2

In this study, although the levels of tetracycline
detected in the filtered honey were lower than the results of
some researchers (Diserens, 2007; Taokaenchan and
Sangrichan, 2010; Zai et al., 2013; Saleh et al., 2016), were
higher than some researchers (Saridaki-Papakonstadinou et
al., 2006; Bonvehi and Gutierrez, 2008; Berehoiu et al.,
2013; Mahmoudi et al., 2014b).

The level of streptomycin in honey examined by
Diserens (2007) 3.0-10.82 g/kg, Zai et al. (2013) 1.42-
12.02 pg/g, Berehoiu et al. (2013) 42.77-51.49 ppb,
Rahman (2016) found that between 1.12-6.65 mg/kg. The
rate of streptomycin in honey was determined to be
between 1.6-100% in studies (Reybroeck, 2003; Berehoiu
et al., 2013; Rahman, 2016). In contrast to these studies,
some researchers (Draiaia et al., 2015) reported that there
were no residues of tetracycline and streptomycin in honey
(Table 2).

In this study, streptomycin levels detected in strained
honeys were found to be lower than those of some
researchers (Diserens, 2007; Zai et al., 2013) and higher
than the results of some studies (Berehoiu et al., 2013,
Rahman, 2016). The determined values do not correlate
with the findings of the researchers (Draiaia et al., 2015)
who reported that they did not detect tetracycline and
streptomycin in honey. The levels of tetracycline and
streptomycin detected in honey samples were lower than
those reported in these studies.

The European Union (EU) does not allow the use of
medicines in beekeeping except for some antivarroa
medicines. Maximum residue limits (MRLS) specifies for
approved drugs only at the standard. MRL was not given
for tetracycline and streptomycin group antibiotics. The
residue level is limited to 10 ppb for drugs that do not
specify MRL if honey is exported from other countries.
However, in some countries (Switzerland, United

2412



Agaoglu et al. | Turkish Journal of Agriculture - Food Science and Technology, 8(11): 2408-2415, 2020

Kingdom, Belgium, USA, Canada, Australia, India), a
limit value (0.01-0.05 mg / kg) was defined as “action
limit” for each antibiotic group (EU, 2010).

Honey relevant legislation for Turkey prepared in line
with the EU is given in “Turkish Food Codex Honey
Notification (TGK, 2012)”. The criteria stated in the
“Turkish  Food Codex on  Classification of
Pharmacologically Active Substances in Animal Foods
and Maximum Residue Limits Regulation (TGK, 2017) are
taken into consideration for veterinary drug residues in
honey and other bee products. The regulation does not
provide MRL for tetracycline and streptomycin antibiotics
in honey.

When the research findings are examined; one sample
of packaged honey tetracycline (371.44 ppb), streptomycin
levels in 2 samples (250.20 ppb and 236.20 ppb) were
higher than the values determined in other samples.
Tetracycline was detected in one sample, streptomycin in
17 samples in packaged honey; tetracycline level was
determined in one sample and streptomycin level was
determined above 10 ppb in 10 samples in open honey.
Two in terms of tetracycline and 27 samples in terms of
streptomycin residue strains of analysed honey samples did
not comply with the limit values (10 ppb) reported by EU.
Antimicrobial residue was not detected in only one sample
from the examined filter honeys (Table 3-6).

Conclusion

The findings suggest that, although illegal, some
medicines are used in beekeeping or that bees are exposed
to antibiotics that are added to the feed or water of other
animals. In this study, the residue level was found to be
over 10 ppb in almost half of the samples examined.
Streptomycin levels were generally higher in the same
sample except for a few samples. In addition, the residual
level and positivity rate of packaged honey is higher. These
findings pose a potential risk to the consumer. In this
context, it would be beneficial to take the following
measures.

e New legislation on honey should be introduced.

e Those interested in beekeeping should do this work
consciously.

e  Certified manufacturing must be mandatory.

e Drug sales should be controlled.

e Legal audits should be made more frequent by the
competent authorities.

e Necessary sanctions should be applied when residues
are detected above the tolerance level.
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