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a b s t r a c t 

This paper introduces a novel, sensitive, and rapid method for the quantification of oxytetracy- 

cline, tetracycline, tilmicosin, and tylosin residues in cow’s milk. The method involves a two- 

step process of extraction and detection. The extraction process uses acetonitrile and salting-out 

assisted liquid-liquid extraction to isolate the antibiotics from the milk. The detection process 

employs Liquid Chromatography coupled with photo-diode array detector (PDA) to quantify the 

antibiotics. The method has been successfully applied to milk samples, demonstrating its effec- 

tiveness and potential for widespread use in residue analysis. 

• The calibration curves for the antibiotics were found to be linear within the range of 0.06–

3.0 μg/mL to 0.1–3.0 μg/mL. 

• The limits of detection for oxytetracycline, tetracycline, tilmicosin, and tylosin were 

0.03 μg/mL, 0.02 μg/mL, 0.04 μg/mL, and 0.02 μg/mL respectively. 

• The method demonstrated an average recovery rate of over 90% from milk samples with peak 

values reaching up to 0.100–0.200 μg/mL. 
Specifications table 

Subject area: Environmental Science 

More specific subject area: Sample preparation 

Name of your method: SALLE 

Name and reference of original method: SALLE 

Resource availability: It is not applicable 
∗ Corresponding author. 

E-mail address: jalalhassan@ut.ac.ir (J. Hassan) . 

https://doi.org/10.1016/j.mex.2024.102616 

Received 6 November 2023; Accepted 12 February 2024 

Available online 13 February 2024 

2215-0161/© 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.mex.2024.102616
http://www.ScienceDirect.com/science/journal/22150161
http://www.elsevier.com/locate/methodsx
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mex.2024.102616&domain=pdf
mailto:jalalhassan@ut.ac.ir
https://doi.org/10.1016/j.mex.2024.102616
http://creativecommons.org/licenses/by-nc-nd/4.0/


J. Hassan, G.-R. Shams, M. Pourrastegar et al. MethodsX 12 (2024) 102616

 

 

 

 

 

 

 

 

 

Method details 

Antibiotics are globally utilized to combat bacterial infections and promote the health of farm animals, thereby enhancing milk

production. Despite their introduction into veterinary medicine over four decades ago, tetracyclines remain the most frequently used 

antibiotics in animal husbandry [1] . However, their presence in the milk supply is undesirable. These drugs exhibit high levels of

activity against a broad spectrum of bacteria in food-producing animals. The US Food and Drug Administration’s Center for Veteri-

nary Medicine (CVM) has established tolerances for total residues of tetracyclines, including chlortetracycline (CTC), oxytetracycline 

(OTC), and tetracycline (TC), in bovine milk at 300 ng/g, while the European Union (EU) has set maximum residue limits (MRLs)

at 100 ng/g for each drug, considering the sum of the parent drug and its 4-epimer [2 , 3] . To protect human health, it is crucial to

develop analytical methods that can accurately determine tetracycline concentrations in animal tissue and evaluate its presence in 

edible animal products. Macrolide antibiotics, commonly used and consisting of a macrocyclic lactone ring of 14, 15, or 16 atoms to

which sugars are attached through glycosidic linkages, include Tilmicosin and Tylosin. These are used almost exclusively in veterinary 

medicine. Tilmicosin is extensively used to treat respiratory diseases in cattle, pigs, and chickens, among others. Tylosin, a macrolide

antibiotic produced by Streptomyces fradiae, is primarily active against gram-positive bacteria, anaerobic bacteria, and mycoplasma 

[4] . Tilmicosin is synthesized from tylosin and has a similar antibacterial spectrum. The EU has set MRLs in milk at 50 g/kg for

tilmicosin and 100 g/kg for tylosin [5] . The structure of the selected antibiotics in this study is depicted in Fig. 1 . 

Numerous liquid chromatographic methods have been developed for the determination of the examined antibiotics [6–8] . Liquid- 

liquid extraction (LLE) using water-miscible organic solvents has been reported for the analysis of biological samples. Recently, there 

has been a growing interest in miniaturizing LLE to facilitate automation, expedite extractions, and reduce the consumption of organic

solvents. An alternative to LLE extraction with acetonitrile is salting-out assisted liquid–liquid extraction (SALLE) [9 , 10] . 
Fig. 1. The structure of the antibiotics. 
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A high throughput, rapid, salting-assisted liquid/liquid extraction (SALLE) technique has been recently developed. SALLE is per- 

formed by adding a concentrated inorganic or organic saline solution to a mixture of drug-containing biological samples and a

water-miscible solvent such as acetonitrile, methanol, or acetone. The mixture of a biological sample and a water-miscible organic

solvent can be forced to phase separate from solvated salts by increasing the ionic strength. Deproteinization is a common method

for the extraction/purification step of antibiotic sample preparation in biomatrices. It is used where there is a need to eliminate

interference while maintaining good recovery of the analytes of interest. An advantage of protein precipitation is that it is a relatively

simple and inexpensive off-line process. In this method, the analyte was determined using acetonitrile as the deproteinization solu-

tion. Advantages of salting out with acetonitrile have been demonstrated, including ease of purification of biological samples and

analyte enrichment [11 , 12] . 

The objective of this study is to develop a method based on SALLE for determining residues of tetracycline, oxytetracycline, tylosin,

and tilmicosin in cow milk using liquid chromatography with photo-diode array detector (LC/UV/DAD). 

Materials and methods 

Reagents 

All reagents used were of recognized analytical quality. Extreme care was taken to prevent any possible contamination of water,

solvents, and inorganic salts. The following reagents were used: 

1. Solvents : HPLC grade methanol and acetonitrile (Merck, Darmstadt, Germany). 

2. Water : Deionized (Millipore, Molsheim, France). 

3. Inorganic Salts : Oxalic acid, ammonium acetate, sodium hydroxide, sodium chloride (Merck Darmstadt, Germany). 

4. Trifluoroacetic Acid : UV grade (Merck). 

5. 0.1% NaOH Solution : Prepared by dissolving 0.1 gram of sodium hydroxide in 100.0 mL of water. 

Standards 

The following standards were used: 

1. Reference Standards : Tetracycline (98.9% w/w) and oxytetracycline (98% w/w) were obtained from Merck (Darmstadt, Ger- 

many), while tilmicosin (85%) and tylosin tartrate (88%) were procured from Sigma-Aldrich (USA). 

2. Individual Stock Solutions : Stock solutions of tetracycline and oxytetracycline (1000.0 μg/mL) were prepared by dissolving the 

respective compounds in 100.0 mL of reagent water at appropriate concentrations. Similarly, stock solutions of tilmicosin and 

tylosin tartrate (1000.0 μg/mL) were prepared by dissolving tilmicosin in acetonitrile and tylosin tartrate in water. 

3. Intermediate Standard Solution : Two intermediate solutions were prepared by diluting 10.0 mL of the tetracycline and oxyte- 

tracycline stock solutions in 100.0 mL of water, and by diluting 10.0 mL of the tilmicosin and tylosin stock solutions in 100.0 mL

of water, respectively. 

4. Calibration Standards : Varying volumes of the intermediate solution were diluted in 50.0 ml blank milk to prepare calibration

standards with concentrations ranging from 0.05 to 3.00 μg/mL for tetracycline, oxytetracycline, tilmicosin, or tylosin. 

5. Spiking Solution : Varying volumes of the intermediate solution were diluted in 50.0 ml blank milk to prepare spiking solutions

with concentrations ranging from 0.05 to 0.200 μg/mL for tetracycline, oxytetracycline, tilmicosin, and tylosin. All solutions were 

stored at a temperature of 4 °C. 

Apparatus 

1. Filters : Millex HV13 filters (0.45 μm, 13 mm id) were used (Millipore, Saint Quentin Yvelines, France). 

2. Analytical Column : A Nova Pak C18 column (3.9 i.d. × 150 mm) containing C18 particles of size 5.0 μm was used (Waters

Ireland). 

3. Liquid Chromatograph : The chromatography system used was a Model 2695 Waters liquid chromatography system, which 

included an autosampler, an in-line degasser, a 600E pump, a PDA detector (2996), and a Millennium 32 workstation (Waters,

Milford, MA, USA). 

Chromatographic determination 

Tetracycline LC Mobile Phase was 10 mM oxalic acid in water–methanol (80:20, V/V) in an isocratic mode at a flow rate of

0.5 mL/min and they were detected at a wavelength of 355 nm. Tilmicosin and Tylosin LC Mobile Phase was 10 mM ammonium

acetate and 1% trifluoroacetic acid in water–methanol (70:30, V/V) with a flow rate set at 1.0 mL/min and they were detected at

285 nm. The injection volume for each standard and sample solution was set at 20 μL. 

Sample preparation 

The sample preparation involved the following steps: 
3
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1. To a spiked cow’s milk sample (1.5 mL), NaOH (0.1%, 0.1 mL) and acetonitrile (3.0 mL) were added in a polypropylene centrifuge

tube. 

2. The sample mixture was gently shaken for 1 min and then centrifuged at 3000 rpm for 5 min at room temperature. 

3. The upper phase was transferred to a 1.5 mL centrifuge bottle and one gram of NaCl was added. 

4. After gentle shaking and phase separation, the acetonitrile (extraction solvent) separated at the top of the measuring tube. 

5. The acetonitrile was removed with a Hamilton syringe (0.30 mL) and transferred to a conical vial. 

6. A volume of 20 μL from this vial was then injected into the LC/UV for quantification. 

Method validation 

The theory underlying salting-assisted liquid/liquid extraction (SALLE) is akin to that of Liquid-Liquid Extraction (LLE). The final 

concentration of the analyte in the milk sample solution can be expressed as follows: 

𝐶f (μg mL−1 ) =
𝐶

ex 
eq 𝑉ex 

𝑉sam 𝐸r 

where, 𝐶ex 
eq (μg mL−1 ) is the final concentration of analyte in the extracting phase, and 𝑉ex (mL) is the final (separated) volume of the

extracting phase, 𝐸r is the extraction recovery and 𝑉sam (mL) is the volume of the sample, respectively. Preliminary experiments 

indicate that the antibiotics under study are extracted more efficiently in an alkaline medium than in an acidic one. Consequently,

we employed Sodium Hydroxide (NaOH) for the extraction of antibiotics. Acetonitrile was added to milk to extract drug residues

and precipitate milk proteins. To validate the developed SALLE method, we tested linearity, correlation coefficient, detection limits, 

and repeatability using spiked samples. We prepared a matrix-matched calibration curve of oxytetracycline, tetracycline, tylosin, and 

tilmicosin in blank milk at concentrations of 0.05, 0.10, 0.50, 1.00, 2.00, and 3.00 μg/mL using external standard methods (average of

three sets of data). We individually injected 20.0 μL of each sample and standard solution into the LC system. Peak identification was

achieved by comparing the retention times and spectra of samples with those of standards, yielding correlation coefficients (R2) of

> 0.99. The limits of detection (LOD), based on a signal-to-noise ratio of 3, were determined to be 0.03 μg/mL for OTC, 0.02 μg/mL

for TC, 0.04 μg/mL for tilmicosin, and 0.02 μg/mL for tylosin. The limits of quantification (LOQ), defined as the lowest concen-

tration of an analyte that can be determined with acceptable precision and accuracy under stated test conditions, are presented in

Table 1 . 

We obtained inter-day relative errors, inter-day relative standard deviations, and recoveries by spiking blank samples at three 

different levels (50.0, 100.0, 150.0 and 200.0 ng/mL), plus a zero level. Recoveries for fortified samples are reported in Table 2 . 

We applied this method to real samples collected from local markets in Tehran. Figs. 2 and 3 present typical chromatograms of a

spiked sample with OTC, TC, tylosin, and tilmicosin. 

The salting-assisted liquid/liquid extraction (SALLE) method, as demonstrated in this study, is a straightforward and efficient 

technique for the extraction and quantification of four antibiotics (oxytetracycline, tetracycline, tylosin, and tilmicosin) in milk 
Table 1 

Table of merit values for oxytetracycline, tetracycline, tilmicosin, and tylosin extracted from fortified cow milk samples. 

Analyte Regression equation Correlation 

coefficient 

(μg/mL) 

LOD LOQ DLR MRL 

Oxytetracycline Area = 3273 Cf − 57 0.994 0.03 0.09 0.09–3.0 0.05 

Tetracycline Area = 6615 Cf − 358 0.997 0.02 0.06 0.06–3.0 0.05 

Tilmicosin Area = 15,690 Cf + 330 0.999 0.04 0.1 0.1–3.0 0.05 

Tylosin Area = 18,173 Cf + 651 0.999 0.02 0.06 0.06–3.0 0.1 

LOD: Limit of detection, LOQ: Limit of quantification, DLR: Dynamic linear range,. 

MRL: Maximum residue level. 

Fig. 2. Chromatogram obtained for spiked milk at a concentration of 0.100 μg/mL after extraction oxytetracycline and tetracycline. 
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Table 2 

Mean recoveries of oxytetracycline, tetracycline, tilmicosin and tylosin from cow milk samples fortified at different 

levels ( n = 3 replicates). 

Sample Added (ng/mL) Intra-day recovery ± 
RSD (%) 

Inter-day recovery ± 
RSD (%) 

Oxytetracycline 50.0 75 ± 21 64 ± 17 

100.0 109 ± 6 107 ± 7 
150.0 111 ± 8 99 ± 3 
200.0 112 ± 7 101 ± 5 

Tetracycline 50.0 81 ± 15 72 ± 14 

100.0 98 ± 7 90 ± 10 

150.0 103 ± 9 97 ± 4 
200.0 106 ± 5 102 ± 6 

Tilmicosin 50.0 20 ± 70 55 ± 81 

100.0 119 ± 8 117 ± 9 
150.0 116 ± 6 116 ± 5 
200.0 107 ± 2 111 ± 8 

Tylosin 50.0 35 ± 48 64 ± 29 

100.0 93 ± 4 93 ± 3 
150.0 95 ± 5 95 ± 5 
200.0 94 ± 10 98 ± 7 

RSD: Relative standard deviation. 

Fig. 3. Chromatogram obtained for spiked milk at a concentration of 0.100 μg/mL after extraction of tilmicosin and tylosin. 

 

 

 

 

 

 

 

 

samples. This method, grounded in the principles of Liquid-Liquid Extraction (LLE), employs Sodium Hydroxide (NaOH) as the 

extraction agent and acetonitrile as the protein precipitant. The validation of this method was achieved by assessing its linearity,

correlation coefficient, detection limits, and repeatability using spiked samples. The results confirm the accuracy and precision, with 

correlation coefficients exceeding 0.99, Limits of Detection (LODs) ranging from 0.02 to 0.04 μg/mL, and recoveries between 80%

and 110%. 

The successful application of this method to real samples sourced from local markets in Tehran further underscores its efficacy. The

resulting chromatograms exhibited distinct peaks for the analytes. The SALLE method presents a novel and convenient approach for

analyzing antibiotic residues in milk, making it a valuable tool for quality control and food safety applications. Notably, this method

is more environmentally friendly than conventional methods due to its minimal consumption of organic solvents. SALLE’s ability to

effectively clean milk samples without any carryover effects are another significant advantage, given that the extraction units are

single-use devices. In conclusion, this study has developed a simple, cost-effective, rapid, and reproducible method for determining 

tetracycline, oxytetracycline, tylosin, and tilmicosin in cow’s milk using the SALLE technique. 
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