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Summary: In this study, it is aimed to search residues of enrofloxacin, doxycycline and tylosin which are widely used in
poultry farming in fresh and packaged chicken meat samples taken from five brands being sold nationwide, through
HPLC method. Enrofloxacin, doxycycline and tylosin levels in the samples of chicken meat were evaluated according
to “The Regulation on Classification of Active Pharmacologic Substances that might be Available in Food of Animal
Origin in Turkish Food Codex and Maximum Residue Limits” and international limits. Maximum residue limit (MRL) of
enrofloxacin, doxycycline and tylosin in muscle tissues of chickens must be 100 pg/kg according to applicable regulati-
ons and international limits. It was found in totally 300 analyzed samples (whole chicken, drumstick and breast meat)
that 11 (3.6%) of them had enrofloxacin, doxycycline and tylosin levels higher than MRL (between 100-150 pg/kg).
Residue levels were less than allowed limits in other samples. Six (2%) of these 11 samples had enrofloxacin, 3 (1%)
had doxycycline and 2 (0.6%) had tylosin residues. Since the results of this study showed that the majority of samples
were lower than allowed limits, these results were considered as positive. However, as long as medicines do continue
to be used for animals’ health, there will always be a risk of existence of medicine residues in food of animal origin.
Many stakeholders have a role in preventing residue risk arising out of veterinary medicines and all these persons must
pay necessary attention to residue purification duration, training programs and keeping regular records of animals.
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Tiiketime Sunulan Tavuk Etlerindeki Bazi Antibiyotik Kalintilarinin HPLC Yo6ntemi ile Belirlenmesi

Ozet: Bu calismada, kanatli hayvan yetistiriciliginde yaygin olarak kullanilan enrofloksasin, doksisiklin ve tilosin kalinti-
larinin, satisa sunulan bes farkh ulusal firmaya ait paketlenmis taze tavuk eti 6rneklerinde HPLC yontemiyle arastiril-
mas! amagclanmistir. Tavuk eti 6rneklerindeki enrofloksasin, doksisiklin ve tilosin diizeyleri, “Tirk Gida Kodeksi Hay-
vansal Gidalarda Bulunabilecek Farmakolojik Aktif Maddelerin Siniflandiriimasi ve Maksimum Kalinti Limitleri Ydnet-
meligi’ne ve uluslararasi limitlere gére degerlendirilmistir. iigili ydnetmelikte ve uluslararasi limitlerde enrofloksasin,
doksisiklin ve tilosin igin tavuk kas dokuda maksimum kalinti limiti (MKL) 100 pg/kg olarak verilmistir. Analizi yapilan
toplam 300 6rnegin (butun tavuk, but eti ve gogus eti) 11 (%3.6)'inde farkli 6rneklerde ve dizeyde MKL Uzerinde (100-
150 ug/kg arasinda) enrofloksasin, doksisiklin ve tilosin bulunmustur. Diger 6rneklerde ise izin verilen limitlerin altinda
belirlenmistir. Antibiyotik kalintisi tespit edilen 11 6rnedin 6 (%2)'s1 enrofloksasin, 3 (%1)'l doksisiklin ve 2 (%0.6)’si
tilosin olarak saptanmistir. Calismadan elde edilen sonugclarin, blytk oranda izin verilen limitlerin altinda kalmasi olum-
lu bir sonug olarak degerlendirilmistir. Ancak, hayvan saghgi igin ila¢ kullanimi s6z konusu oldugu surece, hayvansal
gidalarda ilag kalintilarinin bulunmasi riski muhtemeldir. Veteriner ilaglarindan ileri gelebilecek kalinti riskinin énlenme-
sinde pek gok paydasin roli bulunmaktadir ve tim ilgililer ilag kalinti arinma siresi, egitim programlari, hayvan kayitla-
rinin diizenli tutulmasi gibi konularda gereken hassasiyeti gdstermelidir.

Anahtar kelimeler: Doksisiklin, enrofloksasin, kalinti, tavuk eti, tilosin

Introduction
Antibacterial medicines are used in poultries for
treatment and protection purposes as well as
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increasing efficiency, and growth factors (10).
However, since most of these antibiotics that
have been used as growth factors and to acce-
lerate development have caused quick repro-
duction of some resistant strains among some
pathogenic bacteria types (Staphylococcus au-
reus, Escherichia coli, Salmonella spp., Campy-
lobacter spp.) in humans and animals, they are
no longer being used. European Union (EU) has
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widely prohibited to use antibiotic originated
growth factors in poultry farming in 1998, and
1999 and has prohibited the usage of all growth
factor antibiotics in the feeds of poultries in
2006. Rules applied in EU are also effective in
our country in accordance with harmonization
with EU legislations (6,22).

Inappropriate, illegal, uncontrolled and insensib-
le utilization of antibiotics in poultries causes
residues in food of animal origin (23). Resistant
bacteria populations increase and accumulate
in various organs and tissues, particularly in
liver and kidneys as a result of insensible and
uncontrolled utilization of antibiotics. On the ot-
her hand, these antibiotics may penetrate ani-
mal products and cause intoxications from mild
allergies to anaphylactic shocks, teratogenic,
mutagenic and carcinogenic effects, reproduc-
tion disorders and adverse effects on digestion
tract flora in humans that consume such pro-
ducts, based on the type and amount of antibio-
tics available in these products (1,6,13). Increa-
se of multi-resistant features of pathogenic mic-
roorganisms in antibiotics and utilization of simi-
lar antibiotic groups in treatment of humans and
animals has led us to think that the number of
antibiotics that can be used in treatment of hu-
mans will be significantly decreased in the futu-
re. The effectiveness of antibiotic, which causes
the occurrence of resistant bacteria, will also
decrease and, thus, the medicine consumption
will increase (6,20). Antibiotic residues penetra-
ting humans kill non-resistant and harmless
bacteria in the body and cause the reproduction
of strong and harmful bacteria, which also ren-
ders antibiotics ineffective. These residues also
prevent reproduction of starter cultures in food
industry, particularly in the production of yogurt,
cheese and sausage, which, in turn, causes the
occurrence of production faults and economic
losses (12). Medicine residues in foods that are
exceeding tolerated levels cause various threats
to the human health and such food must not be
consumed. Tolerance levels show allowable
levels of medicine residues in raw tissues ac-
cording to applicable legislations. However,
most of the food of animal origin, such as meat,
milk and egg, are consumed after they are coo-
ked through different methods, and such diffe-
rent cooking methods cause differences in the
solubility or quantities of medicine residues
(2,18).

Tetracycline group antibiotics (doxycycline),
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which are widely used for poultries since they
are broad spectrum antibiotics with low toxic
effects, broad spectrum fluoroquinolones
(enrofloxacin) and narrow effect spectrum mac-
rolides (tylosin) are the antibiotics that are used
widely in poultry farming (4,6,16). Therefore,
detection of enrofloxacin, doxycycline, and tylo-
sin residues in chicken meats is highly impor-
tant for the protection of the health of those who
are the end consumers of these chicken meats.
Possible antibiotics residue levels in the food of
animal origin must be determined through highly
selective and sensitive chemical methods. To-
day various advanced analytic methods capable
of quantitative measurement, such as ELISA,
Charm 1I, GC and HPLC, LC-MS and LC-MS-
MS are used to detect antibiotic residues in dif-
ferent foodstuff and meats (14,23). High perfor-
mance liquid chromatography (HPLC) is prefer-
red not only because of its capability to analyze
thermolabile compounds, but also because it is
a specific, certain and sensitive method (19).
Enrofloxacin, doxycycline and tylosin are widely
used antibiotics in poultry farming. Insensible
and uncontrolled utilization of antibiotics causes
resistant bacteria population to increase, their
residues penetrate animal products and cause
intoxications and undesired effects, ranging
from mild allergies to anaphylactic shocks on
humans that consume these products. HPLC is
the preferred method in calculating the levels of
antibiotic residues in food of animal origin since
it is a specific, certain and sensitive method.
Therefore, detection of enrofloxacin, doxycycli-
ne, and tylosin residues in chicken meats by
HPLC method is highly important for protection
of public health.

Material and Methods

300 packaged fresh chicken meat samples, 100
of which were whole chicken, 100 were drums-
tick and the last 100 were chicken breast, taken
from five different brands being sold nationwide
for consumption, were used in this study. These
samples were quickly brought to the laboratory
without breaking the cold chain (at +4°C).
Samples were analyzed by HPLC method in
order to detect enrofloxacin, doxycycline and
tylosin residues. The chemicals used in the
study were enrofloxacin (33699, HPLC rea-
gent), doxycycline (33429, HPLC reagent) and
tylosin (32298, HPLC reagent) standards, met-
hanol, ethylenediaminetetraacetic acid (EDTA)
(Sigma-Aldrich; St. Louis, Missouri, USA), for-
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mic acid (Scharlau; Barcelona, Spain) and ace-
tonitrile (Merck; Darmstadt, Germany) (All che-
micals used in the study were used as HPLC
grade). 0.1 mg/ml stock standard solutions of
enrofloxacin and doxycycline standards were
prepared in methanol and tylosin standard was
prepared in acetonitrile.

The method suggested by Chico et al. (8) was
used for analysis after it was modified and
adapted for laboratory conditions. When prepa-
ring the samples, initially muscle tissues that
were separated from fat and skin tissues were
cut into small pieces. Then these pieces were
minced and 3 g of each were put into polypropy-
lene centrifuged tubes of 50 ml before adding
200 pl 0.1 M EDTA and 10 ml methanol: ultra
distilled water (70:30, v/v) mixture. The mixture
was mixed for 30 seconds with vortex and mec-
hanically for 15 minutes and then centrifuged at
2507xg for 5 minutes. 500 ul of extract was dilu-
ted with 2 ml ultra distilled water and this dilu-
tion was passed through 0.45 pym membrane
filter (Sartorius; Gottingen, Germany). Finally 20
I of filtrate was applied to HPLC system.
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phase, composed of acetonitrile and 0.1% for-
mic acid. Study standards, diluted at different
concentrations of 5, 10, 20, 50 and 100 pg/kg
from standard stock solution, were prepared for
calibration graphic. These solutions that were
prepared in different concentrations were stu-
died in 3 separate times to form calibration
graphics and their LOD (limit of detection) and
LOQ (limit of quantification) values were calcu-
lated. Recovery rates were calculated by adding
the standard solutions in 3 different concentrati-
ons to the samples, antibiotic content of which
is known. Regression analysis was performed
with NCFF statistic software.

Results

Standard calibration formula, found for enrof-
loxacin, doxycycline, and tylosin are given in
Table 1 with their R? (R-squares) and recovery
rates as well as LOD and LOQ values. The re-
sults showed that the highest R? rate is seen in
tylosin with a value of 0.99 and the highest re-
covery rate is seen in enrofloxacin with a rate of
100.14% (doxycycline and tylosin recoveries
respectively; 99.03%, 100.78%). The lowest

Table 1. Standard calibration formula, R? and recovery rates and LOD and LOQ values of antibiotics

Standard calibration formula

Antibiotics (y=ax+b) Rr‘;‘t’:‘(’;')y '-OEQ()*’Q’ Logg()“g’
a b R’
Enrofloxacin 98402 252071 0.89 100.14 0.426 1.202
Doxycycline  3466.5 108675 0.97 99.03 1469  4.450
Tylosin 15238 94842 0.99 100.78 0.364 1.104

Analyses were performed in HPLC device
(Flexar HPLC-Perkin Elmer; Massachusetts,
USA) by using photodiode array detector and
UV detector. Bio Cg (6 um, 150 mmx4.6 mm)
was used as column (Brownlee Bio C4g; Shel-
ton, USA). The data received from the device
were processed with Chromera software. The
study was performed isocratic by using mobile

LOQ value of 1.104 pg/kg was found in tylosin
(enrofloxacin LOQ value 1.292 pg/kg; doxycycli-
ne LOQ value 4.450 pg/kg).

Results of analyses were evaluated according
to “The Regulation on Classification of Active
Pharmacologic Substances that might be Avai-
lable in Food of Animal Origin in Turkish Food

Table 2. Antibiotic residue amounts in chicken meat samples

Sample Emizfgllz(ga;cin Doggc/i;l]ine '{:;E? Total

Drumstick [111 .9;21 15.5] [1211 4] [1015.4] 4 (1.3%)
Breast [124.3; 12:;.7; 144.1] [1317.6] [1019.2] 5(1.6%)
Carcasses [132).2] [1216.8] - 2 (0.6%)
Total 6 (2%) 3 (1%) 2 (0.6%) 11 (3.6%)
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Codex and Maximum Residue Limits” (21) and
international (EU 37/2010 EC directives) (9)
limits. Aforesaid regulation and international
limits require maximum amount of enrofloxacin,
doxycycline, and tylosin must be MRL 100 pg/
kg in chicken’s muscle tissue. The amount of
enrofloxacin, doxycycline, and tylosin found in
11 (3.6%) of total 300 analyzed samples, taken
as whole chicken, drumstick and breast, was
higher than MRL (between 100-150 pg/kg). Re-
sidue levels were less than allowed limits in ot-
her samples. 6 (2%) of these 11 samples had
enrofloxacin, 3 (1%) had doxycycline, and 2
(0.6%) had tylosin residues. More than allowed
amounts of antibiotics were found in 5 (1.6%)
chicken breast meat, 4 (1.3%) drumstick and 2
(0.6%) whole chicken meat, which were among
analyzed samples (Table 2).

Discussion and Conclusion

When the results achieved from this study were
evaluated according to “The Regulation on
Classification of Active Pharmacologic Substan-
ces that might be Available in Food of Animal
Origin in Turkish Food Codex and Maximum
Residue Limits” (21) and international (EU
37/2010 EC directives) (9) limits, it was found
that enrofloxacin, doxycycline, and tylosin levels
(100-150 pg/kg) were over the allowed limits
(MRL should be 100 pg/kg in chicken muscle
tissue for enrofloxacin, doxycycline and tylosin)
in only 11 (3.6%) of 300 analyzed samples in
total. Antibiotic levels of other samples were
found less than MRL (100 pg/kg in chicken
muscle tissue for enrofloxacin, doxycycline and
tylosin).

As the results were mostly lower than allowed
limits, the results of this study were found in
compliance with the results of some previous
studies (3,5,11,14). In a study, fluoroquinolone
group antibiotic (ciprofloxacin, enrofloxacin, ba-
lofloxacin) residues in broiler meats in Argentina
were found to be less than MRL (11). Bousova
et al. (5) analyzed 36 different antibiotics, such
as enrofloxacin, tylosin, doxycycline, chlortet-
racycline, ciprofloxacin, danofloxacin, josamy-
cin, kanamycin, lincomycin, neomycin, oxytet-
racycline, spiramycine, and tilmicosin, in samp-
les of chicken meat and it was found as a result
of this study that antibiotics are less than maxi-
mum residue limits. In another study conducted
by Lopes et al. (14) the residue analysis of 20
veterinary medicines, including quinolones,
sulphonamides, macrolides, anthelmentics,
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avermectins, diamino derivatives, and benzathi-
ne penicilines, was performed in 11 samples of
chicken meat taken from local supermarkets in
Spain (Almeria), and it was found that results
were lower than MRL. Also the data retrieved
from erythromycin, tylosin, spiramycine, josamy-
cin, roxcytrhromycin, troleandomycine and tilmi-
cosin analyses on beef, chicken and pig meats
as well as seabream and trout meats, taken
from various supermarkets in Spain, were found
to be lower than MRL (3).

On the other hand, in a study performed on 98
poultry samples (61 chicken meat and 37 turkey
meat) in Portugal to research fluoroquinolone
group antibiotics (enrofloxacin, ciprofloxacin,
norfloxacin, and sarafloxacin) it was found that
44.2% of chicken meat and 37.8% of turkey
meat was contaminated with antibiotics (16). In
another study, 270 samples (chicken muscle,
liver and kidneys) taken from a Tehran slaugh-
terhouse in Iran, were analyzed for residues of
enrofloxacin through HPLC method and the re-
sidues in 8 muscle, 12 liver and 22 kidney
samples were found to be higher than MRL
(17).

Regarding the studies in Turkey, Akar (1) rese-
arched erythromycin, chloramphenicol, mo-
nencyn and tylosin residues on 175 chicken
meat samples, taken from markets and compa-
nies operating in Ankara market. As a result of
the study, erythromycin residues were found in
2.3% and tylosin residues were found in 1.14%
of the samples and it was stated that 5.7% of
chicken meats contain 3 of 4 antibiotics (except
monencyn) in different levels. In another study,
Yildirnm et al. (24) examined 40 chicken meat
samples being sold in Istanbul in order to inves-
tigate enrofloxacin and danofloxacin residues,
which are fluoroquinolone derivatives, and the
results showed that there was not any enrof-
loxacin and danofloxacin residues within 50 g/
kg. Obekgi (15) has researched tetracycline
group antibiotics (tetracycline, oxytetracycline
and chlortetracycline) residues in 200 chicken
meat samples through HPLC method. The re-
sults showed that there were 8.1% oxytetracyc-
line, 7% tetracycline, and 5.5% chlortetracycline
residues in the samples. Another study was per-
formed in 2012 on 60 chicken meat samples,
taken from supermarkets in Bursa, by analyzing
tetracycline group antibiotics with liquid chromo-
tography-double mass spectrometer and
doxycycline was found in 4 and tetracycline was
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found in 1 of the samples. No oxytetracycline
and chlortetracycline was found in any of the
samples (7). It is seen that the results of this
study are similar, in terms of MRL, to the results
of the studies, performed by Yildirnm et al. (24)
and Cetinkaya et al. (7).
As the results of this study, in which enrof-
loxacin, doxycycline, and tylosin residues were
researched in chicken meats, were mostly lower
than allowed limits, they were considered as
positive results for risk evaluation. However, as
long as medicines continue to be used for ani-
mals’ health, there will always be a risk of exis-
tence of medicine residues in food of animal
origin and penetration of this residues to consu-
mers at different levels. But the most important
issue at this point is to have residue levels un-
der the tolerance limits.
In conclusion, the stakeholders, namely the ve-
terinary physician who issues the prescription or
makes the treatment, the farmer or keeper of
animals, and other organizations, have a role in
preventing of veterinary medicine residues in
food of animal origin. It is also highly important
to keep regular records of animals and monitor
medicine consumption. It might be useful to in-
form and give training to farmers and their emp-
loyees, which aim proper and timely utilization
of veterinary medicines in order to prevent resi-
dues by taking social and economic status of
farmers and practices on the field into conside-
ration. Manufacturers must comply with medici-
ne residue purification duration, take preventive
actions to protect farming equipment from con-
tamination, and differentiate the animals, which
have received medicines, from others either by
marking them individually or through group re-
cords. So it might be possible to be protected
from residues, which are important for public
health, and to reduce economic risks.
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