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Table 1 Optimized condition of the HPLC-DAD for analysis of the selected tetracyclins in cow milk

Column Zorbax SB—Aq C18 column, 1=10 cm, ID= 4.6 mm, Particle size= 3 ym
Elution type Gradient elution
A gradient elution composed of solvent A (water containing formic acid
Mobile phase (0.5%), and solvent B (acetopitrile: methanol, 33.3:66.6 (v/v)) were qsed as
follows: from 0.0 to 3.0 min, 80% A and 20% B, from 3.0 to 6.0 min, a
linear gradient from 20 to 80% B; from 6.0 to 7.0 min, 80% A and 20% B.
Injector Temperature: 40 °C, Loop= 50 pL

Detection wavelength

Monitoring of the analytes was done at 335 nm for tetracycline and
oxytetracycline, and 296 nm doxycycline and Chlortetracycline
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Figl Optimization of precipitating agent amount.
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1. Linear range

2. Limit of detection

3. Limit of quantitation

4. Relative standard deviation
5. Extraction recovery

6. Enrichment factor
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Table 2 Quantitative features of the developed method for the selected tetracyclins

Analyte LR* LOD" LOQ® r2¢ RSD%° ER=SD' EF=+SD®
Tetracycline 1.13-2000 0.33 1.13 0.995 4.9 84+3 56+3
Chlortetracycline  0.63-2000 0.17 0.63 0.994 5.9 91+4 60+ 8
Doxycycline 0.78-2000 0.23 0.78 0.998 8.3 90 £2 59+4
Oxytetracycline 0.96-2000 0.29 0.96 0.999 6.6 80+3 52+3

a) Linear range (ng ml ")

b) Limit of detection (S/N = 3) (ng ml™")

¢) Limit of quantification (S/N = 10) (ng ml™")

d) Coefficient of determination

e) Relative standard deviation (n=5)

f) Extraction recovery + standard deviation (n = 3)
g) Enrichment factor + standard deviation (n = 3)
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Table 3: Comparison of the proposed method with other methods in the extraction and determination
of the tetracyclins determined by HPLC.

Sample preparation a b RSD? ER?
method Sample LOD LOQ %) %) Reference
A Meat and liver <10, <15 <10 75-102.6 24
(ngg) (ngg)
. 1.5-8.5 5.1-28.4
B Milk (ng mi) (ngml) <8.4 70-113 1
C Milk 100.6-105.7100.3-1056 155 ¢307.1063 25
(ngml™) (ngml™)
D Meat 4.4-12 10-33 <11 76.5-95.5 26
(ngg) (ngg)
. 0.17-0.33 0.63-1.13 Present
E Milk (ng ml) (ng ml") <8.3 80-91 work

A) Accelerated solvent extraction method. B) Dispersive liquid-liquid microextraction based on hydrophobic
deep eutectic solvents. C) QUEChERS Dispersive Extraction method. D) solid liquid extraction performed by
two phase freezing method. E) dispersive solid-phase micro-extraction method. a) Limit of detection. b) Limit of
quantification. ¢) Relative standard deviation. d) Extraction recovery.

Detector responce

n

T T T
2 4 ]

Retention time {min)

Fig 8 Typical HPLC-DAD chromatograms of
direct injection of standard solution of the target
analytes at a concentration of 10 ng L' (I) and
unspiked milk sample (II) after performing the
developed method. Peak identification: (1)
Tetracycline, (2) Chlortetracycline, (3)
Doxycycline, (4) Oxytetracycline.
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Table 4 Results of assays to check the sample matrix effect for the analytes

Mean relative recovery + standard deviation (n = 3)

Analyte Samplel Sample2 Sample3 Sample4
All samples were spiked with each analyte at a concentration of 2 ng ml '
Tetracycline 97+4 96 +4 90 +4 98 +£4
Chlortetracycline 91+5 94 +3 92 +4 97 +4
Doxycycline 92 +3 96 +4 99 +3 98 +£5
Oxytetracycline 97+4 93 +5 90 +5 98 £ 6
All samples were spiked with each analyte at a concentration of 5 ng ml™’
Tetracycline 94+5 98 +£4 97+4 95+4
Chlortetracycline 95+7 93 +3 95+5 92 +4
Doxycycline 94+6 95+5 96 +4 93+7
Oxytetracycline 97+3 96 +3 90+ 6 98+3
All samples were spiked with each analyte at a concentration of 10 ng ml™'
Tetracycline 97+3 96 +2 97 +3 94 +3
Chlortetracycline 97+5 91+4 90 +4 98 +£4
Doxycycline 99 +4 93+4 92 +4 96 +5
Oxytetracycline 92 +4 94+5 90 +4 95+3
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Excessive use of antibiotics in the production of livestock has led to the accumulation of
antibiotic residues in various livestock products such as meat, milk and egg. Consumption
of foods containing antibiotics leads to problems such as increased antibiotic resistance
and allergies. For this reason, monitoring residual antibiotics, especially in high-
consumption and beneficial food products such as milk and dairy products, is of particular
importance. In this research, a dispersive solid-phase micro-extraction method for the
extraction of tetracycline, oxytetracycline, chlortetracycline and doxycycline antibiotics
from 50 milk samples and their quantitative measurement by HPLC was developed. For
this purpose, the effect of various parameters affecting the extraction efficiency such as
the volume of the precipitating agent, the type and amount of solid adsorbent, ionic
strength, aeration time and flow rate, type and amount of surfactant and type and volume
of elution solvent were optimized. The results showed that all milk samples contained
tetracycline residue and its concentration varied in the range of 146 to 319 ng / ml. No
other antibiotics were found in the samples. The advantages of the proposed extraction
method include high separation power and the possibility of analyzing a mixture of highly
sensitive analytes, so that under optimal conditions, recoveries of the proposed method
ranging from 80 to 91%, the LOD were in the range of 0.17-0.33 ng / ml and the linear
range was in the range of 0.63-2000 ng / ml.
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