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Determination of tetracyclines in animal muscle tissues by
ultra performance liquid chromatography-
tandem mass spectrometry
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Abstract: Tetracyclines (TCs) are broad-spectrum antibiotics that are classified as natural or semi-
synthetic. Natural TCs include chlortetracycline, tetracycline, and oxytetracycline, while semi-
synthetic ones include doxycycline, minocycline, methacycline, and demeclocycline, among others.
While TCs are widely used in the livestock, poultry, and aquaculture industries, their indiscriminate
use detrimentally affects ecosystems, and residual TCs in animals can adversely affect human health.
In this study, we developed an ultra-performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) method for determining TCs, including minocycline, 4-epioxytetracycline, 4-
epitetracycline, oxytetracycline, tetracycline, demeclocycline, 4-epichlortetracycline, chlortet-
racycline, methacycline, and doxycycline. The developed protocol was used to establish a method
for qualitatively and quantitatively analyzing TCs in animal muscle tissue (pork, chicken, and fish

meat). To this end, we systematically optimized the mass spectrometry (MS) parameters, solid-
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phase extraction (SPE) cartridge, and extraction conditions of the method. Animal muscle-tissue
samples were homogenized and extracted with 10 mL of 80% acetonitrile aqueous solution containing
0.2% formic acid. How the acetonitrile/formic acid ratio affects the TC-extraction efficiency was
investigated using one-way analysis. The supernatant was purified using an Oasis PRIME HLB solid-
phase-extraction cartridge, evaporated under flowing nitrogen, and redissolved. Two different C,
UPLC columns were systematically evaluated, and the optimal UPLC conditions were established
for the TCs. The Eclipse Plus C,; column (100 mmx2.1 mm, 3.5 wm) was used for separation. The
effects of mobile phases A (0.1% formic acid aqueous solution, 5 mmol/L ammonium acetate aqueous
solution, and 5 mmol/LL ammonium formate aqueous solution) and B (methanol or acetonitrile) on
the separation and response values of the TCs were investigated. Optimal response values and peak
shapes were obtained using 0.1% formic acid aqueous solution as mobile phase A and 0.1% formic
acid acetonitrile solution as mobile phase B, at a flow rate of 0.2 mL/min and a sample injection
volume of 5 pwL. Gradient elution was performed as follows: 0-2.0 min, 5%B; 2.0-3.5 min, 5%B-
15%B; 3.5-7.0 min, 15%B-20%B; 7.0-9.0 min, 20%B-65%B; 9.0-9.1 min, 65%B-90%B; 9.1-10.0 min,
90%B; 10.0-10.1 min, 90%B-5%B; 10.1-12 min, 5%B. The effect of the glass sample bottle on
adsorption was also investigated. Both positive- and negative-ion modes were explored in the UPLC-
MS/MS experiment to fully scan the parent ions. Positive mode was selected for electrospray
ionization (ESI). Two product ions that exhibit strong signals and minimal interference were selected
for quantitative and qualitative ion analyses, with quantification performed using the external
standard method. Tandem mass spectrometry (MS/MS) was performed in positive electrospray
ionization (ESI") and multiple reaction monitoring (MRM ) modes. The following MS/MS parameters
were used: capillary voltage, 0.5 kV; cone voltage (CV), 30 V; ion-source temperature, 150 C;
desolvation temperature, 300 C; desolvation gas flow, 800 L/h. Other instrument settings, such
as the collision energy (CE) and collision gas flow, were also optimized. The TCs exhibited good
linearities within the 1-500 ng/mL mass-concentration range, with all correlation coefficients (77)
above 0.994, and limits of detection and quantification (LODs and LOQs) of 0.10-0.15 and 0.20-0.50
ng/kg, respectively. The target analytes exhibited average recoveries of between 62.6% and 119.0%
at three levels (1.0, 5.0, and 10.0 pg/kg), with relative standard deviations (RSDs, n=7) ranging
from 2.0% to 9.8%. The developed method was used to determine TCs in 60 animal muscle-tissue
samples acquired from a fresh-food supermarket. Tetracycline was detected at a rate of 10% in 20
pork samples, while doxycycline was detected at a rate of 15% in 20 chicken samples, and oxy-
tetracycline was detected at a rate of 5% in 20 fish-meat samples. Minocycline, 4-epioxytetracycline,
4-epitetracycline, tetracycline, demeclocycline, 4-epichlortetracycline, chlortetracycline, and
methacycline were not detected. The developed method is simple to operate, highly sensitive, and
can be used to precisely and accurately determine TCs. Accordingly, it is suitable for determining
the abovementioned ten tetracycline antibiotics in animal muscle tissue.

Key words: tetracyclines (TCs) ; solid-phase extraction (SPE) ; ultra performance liquid
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Table 1 Retention times and MS parameters of the ten
tetracycline antibiotics (TCs)

ty/  Parent  Daughter Collision
Compound X . . .
min ion (m/z) ions (m/z) energies/V
Minocycline 524 4582 441.1352.1  20/30

4-Epioxytetracycline 599 461.2 4442774262 1520

4-Epitetracycline 6.04  445.0  410.07427.4  20/13
Oxytetracycline 6.19 461.2  442.97426.2  14/20
Tetracycline 7.05 4453 410.07/427.3  20/13
Demeclocycline 839  465.0  448.07/430.0  16/20

4-Epichlortetracycline 821  479.1  462.2°/444.2  15/20

Chlortetracycline 9.10  479.3 444274622  20/15
Methacycline 9.14 4430 426.07/381.0  15/20
Doxycycline 923 4452 428271540  15/30

* Quantitative ion.
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Fig.1 Extracted ion chromatograms of tetracycline and 4-

epitetracycline using different columns
1. 4-epitetracycline; 2. tetracycline.
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Fig.2 Extracted ion chromatograms of the ten TCs
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Fig. 4 Variations in response of TCs among six different glass sample bottles
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Table 2 Limits of detection (LODs) and limits of quantification (LOQs) of TCs

Pork Chicken Fish meat
Compound
LOD/(pg/kg) LOQ/(pg/kg) LOD/(p.g/kg) LOQ/(pg/kg) LOD/(p.g/kg) LOQ/(p.g/kg)
Minocycline 0.15 0.40 0.15 0.50 0.15 0.50
4-Epioxytetracycline 0.10 0.30 0.15 0.50 0.15 0.50
4-Epitetracycline 0.15 0.50 0.15 0.50 0.15 0.50
Oxytetracycline 0.10 0.30 0.15 0.40 0.10 0.20
Tetracycline 0.15 0.50 0.15 0.50 0.10 0.20
Demeclocycline 0.15 0.50 0.15 0.40 0.15 0.40
4-Epichlortetracycline 0.15 0.50 0.10 0.30 0.10 0.20
Chlortetracycline 0.15 0.40 0.15 0.50 0.15 0.50
Methacycline 0.10 0.20 0.15 0.40 0.15 0.40
Doxycycline 0.10 0.20 0.10 0.30 0.10 0.20

F3 TCsEMRH.EHW. B8R FATEMRE KRB IRERE(n=7)
Table 3 Average spiked recoveries and RSDs of TCs in pork, chicken, and fish meat (n=7)

Added/ Pork Chicken Fish meat
Compound
(pg/kg) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Minocycline 1 119.0 6.5 81.0 8.1 106.3 9.1
5 118.3 9.6 78.3 6.7 98.3 8.6
10 113.5 4.0 84.9 4.8 88.4 8.9
4-Epioxytetracycline 1 94.8 8.6 80.3 7.5 108.5 3.5
5 102.0 3.0 89.4 8.9 100.5 8.8
10 77.9 3.2 71.6 4.3 86.3 34
4-Epitetracycline 1 86.3 4.9 65.0 8.7 116.8 5.1
5 100.4 4.5 75.6 7.2 96.5 8.9
10 70.3 4.9 73.6 5.8 89.5 4.8
Oxytetracycline 1 91.5 3.5 73.0 8.9 107.5 3.0
5 104.3 3.1 84.4 7.3 93.8 8.9
10 82.2 2.3 76.9 32 72.1 4.2
Tetracycline 1 117.0 3.2 97.0 9.7 116.5 3.9
5 115.9 3.7 110.1 9.5 110.9 9.3
10 88.1 4.7 84.0 3.2 84.1 3.8
Demeclocycline 1 65.5 5.8 63.5 9.8 104.5 2.0
5 77.5 4.0 70.0 7.7 103.8 8.0
10 70.7 4.5 63.7 3.8 81.4 2.7
4-Epichlortetracycline 1 69.8 9.6 69.8 7.7 86.8 3.3
5 83.5 3.9 74.3 9.4 80.0 9.5
10 62.8 3.3 65.1 3.5 78.8 5.4
Chlortetracycline 1 71.0 4.2 66.0 4.6 77.3 2.3
5 77.1 3.3 68.4 9.2 74.5 9.3
10 64.8 3.2 64.7 4.6 69.2 2.5
Methacycline 1 65.3 7.0 67.5 6.0 65.0 4.3
5 75.1 4.1 62.7 5.1 67.6 8.5
10 62.6 2.3 64.0 4.9 65.5 9.8
Doxycycline 1 79.0 9.0 73.3 3.9 75.3 4.4
5 87.1 53 76.1 5.1 70.1 9.3

10 73.3 3.3 68.6 4.3 66.2 2.5
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