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ABSTRACT 
 

In the present study, two analytical methods for the residue analysis of oxytetracycline in milk 
sample have been generated. In HPLC method, the analysis was performed on an X Terra RP-18 
column at 25 °C with the mobile phase as methanol: water (20 : 80 )(v/v) modified to pH 5. For the 
second method capillary electrophoresis system was used. The analysis of oxytetracycline in milk 
sample could be achieved without using organic modifier in a 58 cm length capillary at a working 
voltage of 12 kV with 20 mM NaH2PO4-H3PO4 (pH 7) by capillary electrophoresis. Tetracycline was 
used as internal standard in both methods. The results calculated from both methods were 
compared to each other. The calculated data for drugs was checked with the data predicted by the 
SPARC on-line pKa estimator. 
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1. INTRODUCTION 
 
Milk is an important constituent of human diet. It 
is consumed by all age groups particularly 
children and elderly people. For this reason, the 
quality of milk produced and distributed is very 
important. In some cases milk may contain 
unwanted residues such as antibi
pesticides in nature, heavy metals and 
mycotoxins. Among these, antibiotic residues are 
the most important one because they cause 
serious problems to human health in the future.
 
One of the most commonly used antimicrobial 
drugs in animal food production is the 
tetracycline group [1]. Tetracycline antibiotics 
have a broad antimicrobial effect, especially on 
gram-positive bacteria, but have a weaker effect 
on gram-negative bacteria. In addition, these 
antibiotics have an effect on mycoplasmas,
chlamydiae, rickettsias, spirochetes, 
actinomycetes, and some protozoa [2]. These 
drugs cannot be employed in children up to age 
of 6-8 years. They also may cause secondary 
tooth discoloration in pregnant women. 
Therefore, usage of these drugs is not suit
for pregnant women. Other chronic effects 
include nephrotoxicity, hepatoxicity, skin 
hyperpigmentation in sun-exposed areas and 
hypersensitivity reactions. 
 
Oxytetracycline (OTC) is a drug used for 
especially treatment of bovine mastitis. It is also 
added for collective prophylaxis at therapeutic 
concentrations in cattle nutrition [3]. Because 
oxytetracycline is too much employed in 
veterinary area, there is a need to monitor 
 

(a)                                                                  

Fig. 1. Chemical structure of oxytetracycline (a) and tetracycline (b)
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Oxytetracycline (OTC) is a drug used for 
especially treatment of bovine mastitis. It is also 
added for collective prophylaxis at therapeutic 
concentrations in cattle nutrition [3]. Because 
oxytetracycline is too much employed in 

need to monitor 

residual grades of this drug in milk to meet 
government requirements for tolerance limits. 
The maximum residual limit set by the EU 
legislation for oxytetracycline in raw cow milk is 
set to 0.1 mg/kg (100 ng/g). Several 
chromatographic techniques have been used for 
determination of oxytetracycline by using high
performance liquid chromatography (HPLC) with 
ultra- violet (UV) absorption [4-8] and capillary 
electrophoresis [9,10]. 
 
CE has high efficiency, rapidity, and small 
sample volume. Also it is possible to analyse 
without using organic solvent by CE. High 
Performance Liquid Chromatography (HPLC) 
detection also have significant benefit, such as 
rapid set-up of instrumentation, versatility and 
low cost. The other advantage of HPLC is that
allows the analysis of heat-degrading and non
volatile compounds with high polarity.
 
The information about acid-base equilibria of 
tetracyclines has major pharmacological 
significance. The lipophilicity, solubility and 
permeability of these drugs are p
so it is significant to achieve trustworthy data 
about pKa in the drug improvement process [11].  
Only a few pKa  datas of tetracyline (TC) and 
oxytetracycline (OTC) are seen in the literature 
[12–14] .  
 
In this study, residue analysis of oxytetracycline 
in milk sample was performed by two different 
chromatographic methods. Also p
tetracycline and oxytetracyline (Fig. 1) in three 
different MeOH-water mixtures were determined 
by HPLC method. 
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2. EXPERIMENTAL 
 

2.1 Chemicals and Reagents 
 
Tetracycline and oxytetracyline were purchased 
from Sigma. Methanol was obtained from Fisher 
Scientific (Pittsburgh, PA, USA). Phosphoric 
acid, hydrochloric acid, sodium hydroxide and 
ethyl acetate (NaOH) were procured from Sigma 
(St. Louis MO, USA).  Stock standard solutions 
of OTC and TC were made ready in MeOH at 
100 μg/mL. Working solutions were diluted with 
the corresponding mobile phase to 10 μg/mL. 
The dead time (to) was calculated by injecting 
uracil solution [0.01% (v/w), in water] which was 
set up for every mobile phase combination and 
pH. 15 mM NaH2PO4-H3PO4 buffer was used for 
CE analysis and prepared in ultrapure water. 
Tetracycline was selected as the internal 
standard for oxtetracycline assay. 
 

2.2 Apparatus 
 
Agilent Technologies G7100A Capillary 
Electrophoresis Apparatus with a diode array 
detector was utilized for all analysis. A 55 cm × 
50 µm i.d. fused silica capillary (Agilent 
Technologies Ext. Light Path) with an effective 
length of 45 cm was chosen for analysis. A 
Fisher Scientific AB 15 pH/ion analyzer with 
Fisher Scientific Acument combination pH 
electrode was utilized for pH measurement.  
 
The HPLC analysis was carried out on an Agilent 
1260 series HPLC system with ternary solvent 
pump, online degasser, automatic injection 
system, column heater and multi wavelength 
detector was used. UV identification was carried 
out at 220 nm for TC and OTC. Analysis was run 
at a flow rate of 1 mL.min

-1
. An Xterra RP-18 

(150 x 4.60 mm i.d. x 5 μm) column was selected 
as stationary phase at 25°C.  
 

3. PROCEDURE 
 
3.1 pKa Analysis 
 
For pKa analysis, as mobile phase MeOH–water 
at 20, 25 and 30% (v/v), containing 20 mM 
NaH2PO4 were used. Injection of TC and OTC 
standard solutions were performed between 
mobile phase pH 2.5-6. At 1.0 mL/min flow rate 
was chosen and 20 μL of TC and OTC were 
injected to HPLC system.  For calculation of 
retention time, three injection of drugs for every 
mobile phase and pH were done. k = (tR – t0) / t0 

equation was used for calculation of retention 
factor data. The dead time (t0) was calculated by 
injecting uracil standard for every mobile phase 
and pH. The pKa values of TC and OTC were 
obtained by using NLREG program [15]. 
 

3.2 Sample Preparation Procedure 
 
Milk samples were taken 12 hours after the 
animals injected with oxytetracycline drug. One 
milliliter of milk was measured into a conical 
flask, and 3 mL of phosphate buffer (pH = 3.4), 1 
mL of acetonitrile and 1 mL 5 M NaOH were 
added; the flask was whirled later every addition 
to solution the contents. In this way, fat and 
protein were precipitated in milk.  After 5 min, 1 
mL sample was taken and filtered. At the end, 
internal standard was added, milk samples were 
injected to capillary electrophoresis and HPLC 
system, respectively. 
 

4. RESULTS AND DISCUSSION 
 

4.1 Determination of pKa Values 
 
The tetracyclines contain different ionizable 
functional groups. These group antibiotics show 
amphoteric behavior because of acidic 
substituents and the basic dimethylamino group. 
The first dissociation constant (pKa1) is 
associated with tricarbonyl group (Fig. 1). The 
retention factor of both these compounds and the 
pKa1 value were determined by using Xterra RP-
18 (150 x 4.60 mm i.d. x 5 μm) column.   
 

Several methods for pKa analysis have been 
used such as spectrophotometry, potentiometry, 
and etc. Among these techniques HPLC has 
been widely used for practical and accurate pKa 
determination. In this study from these reason, 
HPLC was chosen for pKa  analysis of TC and 
OTC. In Table 1, calculated pKa data with the 
values predicted by SPARC [16] are given. All of 
the data were compatible. In Fig. 2, data pairs of 
k/pH for tetracycline in 20% (v/v) MeOH-water is 
indicated and the correlation among the 
experimental capacity factors of the drugs 
investigated over the whole experimental pH 
interval was well. The results showed that pKa 
values increased slightly by increasing 
percentage of methanol. 
 

4.2 Analysis of Milk Sample 
 
About 1% animal origin products in the USA and 
in Europe contain antibiotic residues in very low 
concentrations. The cause for the incidence of 
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the antibiotic residues in milk is in 92% due to 
their administration in mastitis therapy. In most 
countries, the most frequently detected 
antibiotics are β-lactam antibiotics while 
tetracyclines are detected in milk rarely only [1]. 
 
In this study, two different chromatographic 
techniques were chosen for the analysis of 
oxytetracycline from milk samples. HPLC 
separation was obtained using X Terra RP-18 
(150 x 4.60 mm i.d. x 5 μm) column at 25 °C, 
with a mobile methanol-water (20:80, v/v) 
phosphate buffer pH 5.0 at flow rate 1 mL/min. 
Under these conditions, analysis time was about 
nine minutes with symmetrical peaks. A 
chromatogram of OTC and TC standards at 220 
nm was given in Fig. 3.  

 
For capillary method, several pH values, ejection 
time and separation voltage were examined for 

getting the better peak shape, peak current and 
sharp response. 15 mM NaH2PO4- H3PO4 was 
used as the buffer for capillary system.  pH 7.0 
was selected as a optimum pH according to peak 
shape and resolution.  Voltage of 12 kV was 
chosen for reasonable analysis time with best 
peak efficiency. Injection time is also an 
important parameter for CE. Three different 
injection time was investigated (3, 5 and 10 s). 
While increasing injection time, peak area is 
increased, however peak broadening is 
observed. Therefore 0.5 psi injection pressure for 
period of 5 s was chosen to get better sensitivity 
without peak broadening. The optimum was 
achieved at applied voltage 12 kV, with an 
analysis time of within 30 min. The resulted 
electropherogram under this optimum            
operation condition is shown in Fig. 4. The 
analysis could be performed without using 
organic solvent. 

 
Table 1. The pKa data of TC and OTC estimated by SPARC and calculated by HPLC method 

 
Drugs SPARC  NLREG 

20 % (v/v)  
MeOH 

25 % (v/v)  
MeOH 

30 % (v/v) 
MeOH 

Tetracycline 3.01 3.78±0.06 3.84±0.04 3.93±0.08 
Oxytetracycline 3.79 3.24± 0.17 3.35±0.12 3.51±0.14 

 

 
 

Fig. 2. Plot of chromatographic retention factor, k, vs. the pH of mobile phase of tetracycline in 
20 % (v/v) MeOH-water mixture 
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Fig. 3. Chromatogram of standard mixture of OTC and TC, mobile phase containing 4.0 µg 
mL

-1
 TC (a, IS) and 8.0 µg mL

-1
 OTC (b). 

 

 
 

Fig. 4. Representative electropherogram obtained from a standard mixture of TC and OTC 
under optimum conditions, containing 10 µg mL

-1
 TC (a) and 10 µg mL

-1
  OTC (b).  Running 

buffer 15 mM NaH2PO4- H3PO4 buffer solution (pH 7.0); uncoated fused silica capillary 55 cm 
(45 cm to detector) 50 mm i.d.; applied voltage 26 kV; detection UV absorbance at 220 nm; 

pressure injection, 0.5 psi for 5 s 
 
For both the methods, the calibration graph was 
constructed by linear least squares regression. 
Tetracycline was used for internal standard at 4 
µg/mL for HPLC and 10 µg/mL for CE. The 
linearity was calculated by plotting the peak area 
ratio of oxytetracycline to tetracycline vs. 
concentration of the drug.  The developed HPLC 

and CE methods data were reported in Table 2. 
The methods showed good linearity based on a 
correlation coefficient > 0.999 for TC. The LOD 
and LOQ were calculated as LOD = 3.3s m-1 and 
LOQ = 10.0 s m-1 where s is the standard 
deviation of response and m is the slope of the 
calibration curve [17]. 

 
Table 2. Statistical evaluation of the calibration graph of OTC by HPLC and CE 

 
 OTC (HPLC) OTC (CE) 
Linearity range (µg/mL) 1-12 (n = 5) 2-50 (n = 5) 
Slope 0.145 0.068 
Intercept -0.076 0.032 
Correlation coefficient (r) 0.999 0.999 
Detection limit (LOD) (µg/mL) 0.002 0.049 
Quantitation limit (LOQ) (µg/mL) 0.007 0.148 
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Fig. 5. Electropherogram of milk sample spiked with 10 µg mL
-1

 TC (TC (a) and OTC (b)) 
 
The methods were finally used in the 
determination of oxytetracyline  in milk sample 
which was taken 12 hours from the animal after 
the injection of oxytetracycline. After the analysis 
of milk samples, oxtytetracyline amounts were 
calculated as 179  µg /L by CE and 158 µg /L by 
HPLC. It was seen that the values obtained by 
these two chromatographic techniques have 
been found very close to each other. As an 
example electrochromatogram of milk sample 
(spiked with tetracycline) was given in Fig. 5. The 
recoveries were obtained by spiking milk 100 
µg/L OTC and 97.3 % and 96.8 % recovery 
values were calculated by HPLC and CE, 
respectively (n=5).  
 
In the literature, there is no method for 
determination of OTC by two different 
comparable chromatographic methods in milk 
sample. The HPLC  method was developed for 
determination of OTC in milk sample by Priyanka 
et al. [6]; the LOD and LOQ values were reported  
as 48 µg/kg and 98 µg/kg respectively with 
longer  analysis time. Biswas et al. [18]

          

reported for the LOD values of tetracyclines as 
0.031 µg/g.  
 

Tetracycline antibiotics determination in milk with 
CE (UV detection) by Mu et al. [19] They applied 
their method to the assay of five different 
commercial milk samples and  all the tests gave 
negative results. LOD value was calculated for 
OTC as a 0.0745 μg/mL. 

The HPLC method described above               
provides a combination of faster analysis time 
and improved limits of detection for OTC. Also by 
CE methods OTC could be detected without 
using organic modifier with low limit of detection 
value. 
 

5. CONCLUSION 
 
The calculation of pKa datas of TC and                  
OTC in MeOH-water mixture were done for the 
first time by liquid chromatography with this 
study. The lipophilicity, solubility and  
permeability of drugs are pKa dependent. The 
pKa value can also affect drug-receptor binding. 
Therefore pKa value of TC and OTC were 
determined and reported. Also in literature, there 
is no method for the residue analysis of OTC in 
milk sample by capillary electrophoresis method. 
Also by CE analysis just water was used for 
solvent. This is important for Green Chemistry.  
For milk sample, results which calculated by CE 
and HPLC have been found close to each         
other. 
 
CONSENT 
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
It is not applicable. 
 



 
 
 
 

Sardoğan et al.; JPRI, 32(15): 1-8, 2020; Article no.JPRI.60001 
 
 

 
7 
 

ACKNOWLEDGEMENT 
 
This study was supported by the Scientific and 
Technological Research Council of Turkey 
(TÜBİTAK 2209-A - Research Project Support 
Programme for Undergraduate Students). 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Schmidt RH, Rodrick GE, Food Safety 
Handbook; John Wiley & Sons, New 
Jersey, USA. 2003;312–313. 

2. Sundin GW, Tetracycline. Encyclopedia of 
Agrochemicals; John Wiley & Sons, New 
Jersey, USA. 2003;1521–1522. 

3. Feed Additive Compendium; Miller 
Publishing: Minneapolis, MN. 1986;22:170-
182,251-271. 

4. Cinquina AL, Longo F, Anastasi G, 
Giannetti L, Cozzani R. Validation of a 
high-performance liquid chromatography 
method for the determination                            
of oxytetracycline, tetracycline, 
chlortetracycline and doxycycline in bovine 
milk and muscle. Journal of 
Chromatography A. 2003;987:227-233. 

DOI: 10.1016/S0021-9673(02)01446-2 

5. Moats MA, Harikkhan R. Rapid                  
HPLC determination of tetracycline 
antibiotics in milk. Agrie. Food Chem.  
1995;43:931-934. 

DOI: 10.1021/jf00052a016 

6. Priyanka SLC, Garg SR, Jadhav VJ. 
Determination of tetracycline residues in 
milk by high performance liquid 
chromatography. Int. J. Curr. Microbiol. 
App. Sci. 20198(2):2763-2771.  

DOI: 10.20546/ijcmas.2019.802.324 

7. Navrátilová P, Borkovcová I, Dračková M, 
Janštová B, Vorlová L. Occurrence of 
tetracycline, chlortetracycline, and 
oxytetracycline residues in raw cow’s milk. 
Czech J. Food Sci. 2009;27(5):379–385. 

DOI: 10.17221/177/2008-CJFS 

8. Fletouris DJ, Psomas JE, Botsoglou NA. 
Trace analysis of oxytetracycline and 
tetracycline in milk by high performance 
liquid chromatography. J. Agrie. Food 
Chem. 1990;38:1913-1917.  

DOI: 0021-8561/90/1438-1913$02.50/0 

9. Li YM, VanSchepdael A, Roets E, 
Hoogmartens J. Separation of 
Oxytetracycline and Its Related 
Substances by Capillary Electrophoresis. J 
Liq Chromatogr Relat Technol. 1997;20(2): 
273-282.  

DOI: 10.1080/10826079708010652 

10. Kowalski P. Capillary electrophoretic 
method for the simultaneous determination 
of tetracycline residues in fish samples. J 
Pharm Biomed Anal. 2008;47(3):487-493. 

DOI: 10.1016/j.jpba.2008.01.036 

11. Huo H, Li HT, Zhang L. pKa determination 
of oxysophocarpine by reversed-phase 
high performance liquid chromatography. 
Springerplus. 2013;2:270–275.  

DOI: 10.1186/2193-1801-2-270 

12. Ghasemi JB, Jalalvand AR. Multi-
wavelength spectrophotometric 
determination of the protolytic constants of 
tetracycline hydrochloride in some 
nonaqueous-water mixed solvents: A 
solvatochromism study. Spectrochimica A. 
2011;78:277–286.  

DOI: 10.1016/j.saa.2010.10.007 

13. Sanli S, Sanli N, Alsancak G.  
Determination of protonation constants of 
some tetracycline antibiotics by 
potentiometry and LC methods in water 
and acetonitrile-water binary mixtures.  J. 
Braz. Chem. Soc. 200920:939–946. 

DOI:10.1590/S0103-50532009000500020 

14. Konçe I, Demiralay EÇ, Ortak HY. 
Chromatographic determination of 
thermodynamic acid dissociation constants 
of tetracycline antibiotics and their 
epimers. J Chromatogr Sci. 2019;57(8):1-
6.  

DOI: 10.1093/chromsci/bmz051 

15. Sherrod PH, NLREG, nonlinear regression 
analysis and curve fitting program; 2007. 

Available:http://www.nlreg.com  

16. Available:http://ibmlc2.chem.uga.edu/sparc
/ 

17. The United States Pharmacopoeia, 24th 
Revision, Easton, Rand Mc Nally Taunton, 
MA; 2000. 

18. Biswas AK, Rao GS, Kondaiah N, 
Anjaneyulu ASR, Mendiratta SK, Prasad 
R, Malik JK. A simple multi-residue method 
for determination of oxytetracycline, 
tetracycline and chlortetracycline in export 
buffalo meat by hplc-photodiode array 
detector. J Food and Drug Anal. 2007; 
15(2):278-285.  



 
 
 
 

Sardoğan et al.; JPRI, 32(15): 1-8, 2020; Article no.JPRI.60001 
 
 

 
8 
 

WOS:000250026700010 

19. Mu G, Liu H, Xu L, et al. Matrix                   
solid-phase dispersion extraction and 
capillary electrophoresis determination of 

tetracycline residues in milk.                    
Food Anal. Methods.  2012;5:148–       
153.  

DOI: 10.1007/s12161-011-9225-1 
 

© 2020 Sardoğan et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

  

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/60001 


