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Table 1: Optimized condition of the HPLC-DAD for analysis of the selected antibiotics in cheese samples

Xbridge C18 column, L=5 cm, ID= 4.6 mm, Particle size=3.5 um

A mixture of deionized water containing 0.2% formic acid (A) and methanol:

ACN (30:70, v/v) (B) was utilized as the mobile phase at a flow rate of 0.2 mL
min—1 with the following gradient elution: 80% A and 20% B, a linear
gradient from 20 to 80% B from 3.0 to 6.0 min, a linear gradient from 20 to
80% A from 6.0 to 8.0 min, and with 80% A and 20% B for 2 min

Column

Elution type Gradient elution

Mobile phase

Injector Temperature: 40 °C, Loop= 50 puL

Detection wavelength

Monitoring of the analytes was done at 335 nm for tetracycline and

oxytetracycline, and 280 nm for enrofloxacin
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1 -Calibration curve

2 -Linear range

3 -Limit of detection

4 -Limit of quantitation

5 -Relative standard deviation
6 -Extraction recovery

7 -Enrichment factor

8 -Matrix
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Fig2: Optimization of salt addition effect in LLE step.
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Fig3: Optimization of sonication time.
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Table 2: Quantitative features of the developed method for the selected antibiotics

Analyte LR? LOD® LOQ® r  RSD%® ER+SD' EF+SDY MRLs"
Tetracycline 6.0-500 1.8 6.0 099 4.9 72+5 72+5 100
Enrofloxacin 4.0-500 1.2 40 099 59 76 + 4 76 + 4 100

Oxytetracycline  2.3-500 0.7 23 0999 83 79+ 2 79 +2 100

a) Linear range (ng g %), b) Limit of detection (S/N = 3) (ng g %), ¢) Limit of quantification (S/N = 10) (ng g %), d)
Coefficient of determination, e) Relative standard deviation (n = 6), f) Extraction recovery + standard deviation (n
3), 9) Enrichment factor + standard deviation (n = 3), h) Maximum residue limits set by the European Committee
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Table 3: Comparison of the developed method with other methods in the extraction of drug residues in dairy

products by HPLC.
Method Sample LOD? LOQ" RSD® ERY Reference
(ngg) (ngg) (%) (%)
A Cheese 10-200 50-600 <7 >69 [19]
B Milk 1.5-8.5 5.1-28.4 <8.4 >70 [20]
C Milk 4.53-9.06 - <10.12 >51.3 [21]
D Milk 17.2-21 51.5-63.7 <6.2 >86 [22]
E Cheese 07-1.8 2.3-6.0 <8.3 >72 This study

A) QUEChERS method coupled with HPLC-DAD, B) DLLME based on hydrophaobic deep eutectic solvents
coupled with HPLC-UV, C) lonic Liquid Assisted DLLME coupled with HPLC-DAD, D) Liquid extraction method
coupled with HPLC-DAD, E) Deep eutectic solvent-based DLLME method coupled with HPLC-DAD.

a) Limit of detection. b) Limit of quantification. ¢) Relative standard deviation. d) Extraction recovery.
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Fig 3: Typical HPLC-DAD chromatograms of direct injection of standard solution of the target analytes (A),
spicked milk (B) and unspiked milk sample (C) after performing the developed method. Peak identification: (1)
Tetracycline, (2) Enrofloxacin, (3) Oxytetracycline.
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Table 3: Residual amounts of target antibiotics in cheese samples

sample OXT ENRO TET sample OXT ENRO TET
Cheese # 1 ND ND 13105 Cheese # 16 119+4 ND 15+0.6
Cheese # 2 ND ND 7+0.13 Cheese # 17 ND ND ND
Cheese # 3 126 +£5 ND 45+2 Cheese # 18 ND ND ND
Cheese # 4 ND ND 116 £11 Cheese # 19 ND ND ND
Cheese #5 ND ND ND Cheese # 20 ND ND 17+0.3
Cheese # 6 ND ND ND Cheese # 21 ND ND 55+1
Cheese # 7 ND ND ND Cheese # 22 116 £5 ND 116 £13
Cheese # 8 117 +12 ND 59+3 Cheese # 23 97 +8 ND 52+3
Cheese #9 ND ND 21+£05 Cheese # 24 ND ND 31+04
Cheese # 10 ND ND 128 +2 Cheese # 25 ND ND 118 +5
Cheese # 11 ND ND 26+£0.1 Cheese # 26 ND ND 26+ 0.3
Cheese # 12 ND ND 11 +0.09 Cheese # 27 ND ND ND
Cheese # 13 ND ND 119+4 Cheese # 28 ND ND 995
Cheese # 14 ND ND 26 0.3 Cheese # 29 ND ND 46 £ 0.7
Cheese # 15 ND ND ND Cheese # 30 ND ND ND

OXT: Oxytetracycline, ENRO: Enrofloxacin, TET: Tetracycline, ND: not detected.
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Table 4: Results of assays to check the cheese matrices effect for the selected antibiotics.

Mean relative recovery + standard deviation (n = 3)

Analyte Sample 1 Sample 2

Sample 3 Sample 4 Sample 5 Sample 6
All samples were spiked with each analyte at a concentration of 10 ng g~
Tetracycline 94+3 0+5 96 +2 90=+1 98 +2 95+4
Enrofloxacin 9% +5 9%5+14 922 91+4 92+5 89+4
Oxytetracycline 93+4 94+3 92+5 91+2 99+1 94+4

All samples were spiked with each analyte at a concentration of 25 ng g~

Tetracycline 89+4 95+5 91+4 904 88+ 2 87+5
Enrofloxacin 92+4 94+3 95+2 912 99+5 99+1
Oxytetracycline 95+ 2 94+5 101 +3 99+5 90+4 97 +5
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ABSTRACT

ARTICLE INFO

Antibiotics are used for treatment of infectious diseases in animals and also
as growth promoters in animal husbandry. Therefore, especially in cases of
excessive use, their residual amounts can be present in foods of animal
origin such as dairy products. Since the consumption of food containing
antibiotic residues has a negative effect on the human health, authorized
organizations such as the European Union have set maximum residue
limits (MRLs) for antibiotics in food of animal origin. This research aimed
to present a deep eutectic solvent-based extraction procedure for
preparation and preconcentration of tetracycline, oxytetracycline and
enrofloxacin residues in cheese samples and their determination by high-
performance liquid chromatography equipped with a diode array detector.
For this purpose, the effect of various parameters on the extraction
efficiency was investigated and optimized, and the effect of the cheese
matrix on the extraction of analytes was also evaluated. The results showed
that the residual amounts of oxytetracycline and tetracycline in 4 and 5
samples of the tested cheeses, respectively, were determined above the
permissible limits. Enrofloxacin residue was not found in any of the
samples. From the advantages of the proposed extraction method, we can
point out the high separation power and the possibility of highly sensitive
analyzing of mixed analytes, so that under optimized conditions, the
recovery percentage ranges were 80-91 and the limits of detection and
quantification were respectively less than 1.8 and 6 ng/g, which is much
lower than MRLs set for target antibiotics in cheese (100 ng/g).
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