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! High Performance Liquid Chromatography
* Dispersive Liquid-Liquid Microextraction
> Sulfadiazine ® Sulfamethoxazole

? Dispersive Solid Phase Extraction
* Air assisted Liquid-Liquid Microextraction
" Sulfamethazine  ® Diode Array Detector
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Table 1- Optimized condition of the HPLC-DAD for
analysis of sulfonamides in milk samples

Zorbax SB—-Aq C18 column, L=15 cm,

SRS 307 6 arrip | fomm© (o f( | e[ Femy 6 g [ mn (o

Column ID= 4.6 mm, Particle size= 5 ym
A gradient elution composed of 0.01 M
Mobile phase phosphate buffer pH 5.0: acetonitrile
(82:18 (v/v)), 0.7 ml/min
Injector Temperature: 40 °C, Loop= 10 puL
Detection 256 nm
wavelength
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Figure 1- Selecting the zinc sulfate concentration for
precipitation of milk proteins in the extraction of
sulfonamide residues from milk samples
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Figure 2- Selecting the absorbent type (A), absorbent amount (B), pH effect and vortexing time (C) in DSPE stage for
the extraction of sulfonamide residues from milk samples
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Figure 3- Selecting the solvent type (A), solvent volume (B) salting effect (C) and desorption time in DLLME stage for
the extraction of sulfonamide residues from milk samples
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Table 2- Quantitative features of the developed method for sulfonamides extraction from milk samples
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Analyte LR? LODP LOQ® r2d precision (RSD%)° ER + SDf
Intra-day Inter-day
Sulfadiazine 2.2-250 0.6 2.2 0.996 4.2 5.4 7344
Sulfamethoxazole 3.2-250 1.1 3.2 0.998 3.9 6.1 70+2
Sulfamethazine 1.6-250 0.48 1.6 0.995 2.6 5.3 74+£2
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 = 6)
f) Extraction recovery + standard deviation (n = 3)
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Table 3- Results of assays to check the milk sample matrix effect on sulfonamides extraction
Analyte Mean relative recovery + standard deviation (n = 3)
Samplel Sample2 Sample3
All samples were spiked with each analyte at a concentration of 5 ng ml™!
Sulfadiazine 92+2 94 +4 93+2
Sulfamethoxazole 90+5 93+3 92+2
Sulfamethazine 93+4 95+3 95+6
All samples were spiked with each analyte at a concentration of 50 ng ml ™!
Sulfadiazine 952 100+ 4 9% £5
Sulfamethoxazole 98 +3 89+4 91+1
Sulfamethazine 101+4 96 +5 93+6
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Figure 4- Typical HPLC-DAD chromatograms of direct injection of standard solution of the target antibiotics at a
concentration of 5 mg L' (A) and un-spiked milk sample (B) after performing the suggested method.
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Table 3- Comparison of the current method with other published methods for the determination of sulfonamides in

milk sample
Analyte LOD LOQ RSD (%) ER (%) Method References
Sulfadiazine 3 4 10 105 LLE-HPLC-MS/MS (Nebot et al., 2013)
Sulfamethoxazole 1 1 5 82
Sulfamethazine 2 4 10 96
Sulfadiazine - 125 4.9 89 SPE-LC/MS (Cavaliere et al., 2003)
Sulfamethoxazole - 35 5.3 97
Sulfamethazine - 25 9.1 102
Sulfadiazine 0.89 297 3.74 97.4 MIL-DLLME- HPLC/ UV (Yao & Du, 2020)
Sulfamethazine 0.60 2.03 4.17 98.2
Sulfamethazine 2 6 7 96 MSPE-HPLC/AD (Tolmacheva et al., 2016)
Sulfamethoxazole 2 6 8 98
Sulfadiazine 0.6 2.2 42 73 DSPE-ALLME-HPLC/DAD This method
Sulfamethoxazole 1.1 3.2 3.9 70
Sulfamethazine 0.48 1.6 2.6 74

Abbreviations:

LOD: Limit of detection (ng ml™")
LOQ: Limit of quantification (ng ml™")
RSD: Relative standard deviation

ER: Extraction recovery

LLE-HPLC-MS/MS: liquid liquid extraction coupled to high performance liquid chromatography tandem mass

spectrometry.

SPE-LC/MS: solid phase extraction coupled to liquid chromatography tandem mass spectrometry.
MIL-DLLME- HPLC/ UV-vis: magnetic ionic based dispersive liquid liquid microextraction coupled to high

performance liquid chromatography ultraviolet detector.

MSPE-HPLC/AD: magnetic solid phase extraction coupled to high performance liquid chromatography tandem

amperometric detection.

DSPE-ALLME-HPLC/DAD: combination of dispersive solid phase extraction and air-assisted liquid liquid
microextraction coupled to high performance liquid chromatography tandem diode array detector.
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Abstract

Introduction: One of the significant contaminants in animal-derived foods, such as milk, is
antibiotic residues, which put consumers' health at risk. Monitoring the amount of antibiotic
residue in milk is crucial in order to alert the nation's health authorities and in this regard, several
researches have been conducted for determination of different antibiotic residues in milk using
various traditional and chromatographic methods. In this study, an efficient method for
determining the residual levels of some sulfonamides in pasteurized milk was developed and
presented.

Materials and Methods: After dispersive solid-phase extraction combined with air-assisted
liquid-liquid microextraction of analytes, the residues of sulfadiazine, sulfamethoxazole, and
sulfamethazine in the pasteurized milk were determined using HPLC with a diode array detector.
Following the evaluation of the effective factors in the extraction and optimizing them, the
validation of method was carried out by calculating analytical parameters such as linear range,
LOD, LOQ), repeatability, and extraction recovery.

Results: In the developed two-step extraction method, satisfactory figures of merit were obtained,
therefore the method's linearity was shown with a coefficient of determination higher than 0.995.
The limits of detection and measurement were less than 1.2 and 3.2 ng ml™, respectively, which is
less than the MRLs established for these antibiotics in milk. The analysis of real samples showed
the presence of sulfamethoxazole in three milk samples in concentrations of 13+0.1, 9+0.2 and
9.6+0.5 ng mlI™ and no other antibiotics were discovered in the examined samples.

Conclusion: Overall, the established approach is a sensitive, accurate and reliable method and has
high efficiency in determining selected antibiotics in milk samples.

Keywords: Air Assisted Liquid Liquid Microextraction, Dispersive Solid Phase Extraction,
High Performance Liquid Chromatography, Milk, Sulfonamides.
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