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Abstract: Enrofloxacin (ENR) is a broad-spectrum fluoroquinolone antibiotic widely used in both human medicine and 

veterinary medicine. In this study, the milk-excretion patterns of ENR and its metabolite ciprofloxacin (CIP) were determined up to 

the 10th milking following the intramuscular administration of ENR (2.5mg/kg of body weight) to lactating dairy buffaloes. The milk 

of each animal was collected and the concentrations of ENR and CIP were detected in milk by LC-MS/MS. The detection limits of the 

method were determined for ENR and CIP as 0.35 μg/kg and 0.12 μg/kg, respectively. The highest total mean concentrations of ENR 

and its metabolite CIP was determined in the second milking after injection as 603 μg/kg. The residue level in all buffalo milk samples 

was found to be lower than the maximum residue limit (100 μg/kg) at the fifth milking. In addition, the employed method is successfully 

applied to evaluate the presence of ENR and CIP residue in 50 marketed buffalo milk samples and none of the samples contained these 

antibiotics. Consequently, the present study provided information on the milk excretion levels of ENR and CIP in Anatolian buffalo 

milks by an LC-MS/MS method.  

Keywords: Anatolian buffaloes, ciprofloxacin, enrofloxacin, excretion, LC-MS/MS, milk. 

Anadolu manda sütündeki enrofloksasin atılımının değerlendirilmesi 

Özet: Enrofloksasin (ENR), hem beşeri hekimlikte hem de veteriner hekimlikte yaygın olarak kullanılan geniş spektrumlu bir 

florokinolon antibiyotiktir. Bu çalışmada laktasyondaki mandalara ENR'nin (2,5 mg/kg vücut ağırlığı) intramusküler uygulamasını 

takiben 10. sağımına kadar ENR ve metaboliti siprofloksasinin (CIP) süt ile atılımı belirlendi. Her bir hayvanın sütü toplanarak ENR 

ve CIP düzeyleri LC-MS/MS ile tespit edildi. Yöntemin tespit sınırları ENR ve CIP için sırasıyla 0,35 μg/kg ve 0,12 μg/kg olarak 

saptandı. ENR ve metaboliti CIP'nin en yüksek toplam düzeyleri, enjeksiyondan sonraki ikinci sağımda 603 μg/kg olarak tespit edildi. 

Tüm manda sütü numunelerindeki kalıntı seviyesinin, beşinci sağımda maksimum kalıntı limitinden (100 μg/kg) daha düşük olduğu 

belirlendi. Ayrıca, kullanılan yöntem, tüketime sunulan 50 manda sütü örneğinde ENR ve CIP kalıntı varlığını değerlendirmek için 

başarılı bir şekilde uygulandı ve hiçbir örneğinin bu antibiyotikleri içermediği saptandı. Sonuç olarak bu çalışma, LC-MS/MS yöntemi 

kullanılarak Anadolu mandalarında ENR ve CIP'in süt atılım seviyeleri hakkında bilgi sağladı. 

Anahtar sözcükler: Anadolu mandası, atılım, enrofloksasin, LC-MS/MS, siprofloksasin, süt. 

 
 

 

Introduction 

Milk contains several major nutrients such as fat, 

carbohydrates, and proteins that are essential sources to 

the daily diet of human. In addition, significant minerals 

and vitamins including magnesium, calcium, pantothenic 

acid, riboflavin, and vitamin B12 are found to be in the milk 

content (1, 13). Buffalo milk provides also a very rich 

nutrient composition and commonly used in different 

types of milk products such as cream, cheese, yoghurt, and 

butter. In addition, this milk type is mostly produced after 

cow milk in the world (7).  

Fluoroquinolones (FQs) exhibit a broad antibacterial 

spectrum by inhibiting bacterial DNA gyrase activity (15). 

They are frequently employed to treat many bacterial 

infections in human and veterinary medicine (20). 

However, improper or misuse of these antibiotics may 
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cause antibacterial resistance in clinically important 

bacteria including Salmonella spp. (6), Escherichia coli 

(23), and Campylobacter spp. (24). Official authorities 

have taken precautions to continue the usage of FQs as 

antibiotics and to reduce their potential food-caused health 

risks. Since enrofloxacin (ENR) is metabolized to its 

major active metabolite ciprofloxacin (CIP) by de-

ethyletion and both antibiotics are found to be in animal 

tissues together (28), European Union has established 

maximum residue limits for ENR as the sum of ENR and 

its metabolite CIP in milk, which is 100 µg/kg (8). 

To analyze FQs residues in a different matrix, many 

methods including capillary electrophoresis (27), 

immunoassays (2), high-performance liquid chromatography 

(22), liquid chromatography-tandem mass spectrometry 

(LC-MS/MS) were reported. Nevertheless, LC-MS/MS is 

considered as the most potent confirmatory method due to 

its high accuracy and sensitivity (3).  

The purpose of the present study is to investigate the 

milk excretion of ENR in the Anatolian buffalo milk by a 

LC-MS/MS method. Some studies have evaluated 

pharmacokinetics of preventatives of FQs in farm animals 

such as cows (12, 18), pigs (14), goats (25), and sheep (9). 

However, the persistence of ENR in the milk of Anatolian 

buffaloes has not been evaluated.  

 

Materials and Methods 

Materials: Enrofloxacin, Ciprofloxacin, and formic 

acid of analytical grade were provided by Sigma-Aldrich 

(St. Louis, MO, USA). Acetonitrile and water of analytical 

grade were obtained from Merck (Darmstadt, Germany). 

All other chemicals and reagents were analytical grade and 

purchased from commercial sources. 

Five healthy female Anatolian buffaloes, weighing 

400-500 kg were chosen for the present study. The 

experimental animals were obtained from Afyon 

Kocatepe University, Veterinary Faculty Research and 

Application Farm. In addition, the ethical approval of the 

study was taken from Afyon Kocatepe University Animal 

Experiments Local Ethics Board (49533702/98). All the 

animals were kept under similar conditions having 

standard ration and free access to water. Each 

experimental animal was intramuscularly given a single 

recommended dose of Enrofloxacin 2.5 mg/kg with a 

commercial product (Ekoflox 10%, Ekomed ilaç, İstanbul, 

Turkey). Milk samples were collected during 5 days at the 

0 (blank sample), 12, 24, 36, 48, 60, 72, 84, 96, 108, and 

120 hours. The chosen milking period was determined 

based on the withdrawal time of ENR and CIP 4 days (8 

milking) for cattle. A blank sample was taken before drug 

administration from each animal. Collected milk samples 

were directly stored at -20oC for further analysis.  

A total of 50 buffalo milk samples were collected 

from Afyonkarahisar province between August and 

November in 2017. Milk samples were taken by both local 

markets and producers. All milk samples were transported 

to the laboratory immediately after sampling under cold 

conditions and stored at -20°C in a deep freezer for further 

analysis.  

Enrofloxacin and ciprofloxacin stock solutions were 

prepared in methanol (1 mg/mL). To generate seven-point 

concentrations (0.5, 1, 2, 5, 10, 20, 50 ng/mL) of the 

calibration curve, calibration standard samples of 

respective antibiotics were prepared in milk by spiking 

with an appropriate volume serially diluted stock solution. 

Methods: The buffalo milk samples were extracted 

as previously reported by Jank et al. (11) with some 

changes. 2 ml of buffalo milk sample was given to 

centrifuge tube and 4 ml of acetonitrile added to the tube. 

To purify milk samples, three times centrifugation was 

done (10 min, 4000 rpm and 4°C). After each 

centrifugation step, fat layer was discharged and the rest 

was re-centrifuged. The obtained supernatant was taken 

into a water bath (≤45°C) and the evaporation was 

performed under an N2 stream. The volume of solvent was 

reduced to approximately 500 µl under this condition. The 

volume was achieved to 1ml then transferred to HPLC 

vials. For LC/MS/MS analysis of milk samples, Agilent 

Technologies 1200 series (Waldbronn, Germany), 

attached with a binary high-pressure gradient pump was 

employed. Zorbax Eclipse XDB-C8 (150 mm × 4.6 mm, 

5 µm; Agilent Technologies) was used for LC separation 

at 45°C. The mobile phases consisted of solvent A (20 mM 

ammonium formate in 0.1% formic acid) and solvent B 

(acetonitrile). The gradient of LC separation was as 

follows: 0.0 min, A/B (100/0); 1.0 min, A/B (100/0); 3.0 

min, A/B (20/80); 9.0 min, A/B (5/95); 10.00 min, A/B 

(5/95), 10.10 min, A/B (100/0). The injection volume was 

20 μL and the mobile phase flow rate was 0.6 ml/min. 

Agilent 6460 LC/MS Triple Quadrupole instrument 

equipped with an ESI (Waldbronn, Germany) was used for 

mass spectrometry analysis. A nitrogen generator 

(Balston, Haverhill, MA, USA) was employed to produce 

nebulizer and drying gas (350°C). All MS parameters 

including sheath gas flow, nebulizer gas, capillary voltage, 

and sheath gas temperature were 10 L/min, 40 p.s.i., 4000 

V, and 400°C, respectively. Positive ion mode was chosen 

for all MS analysis. Enrofloxacin retention time was 

determined as 5.017. Its molecular weights, precursor ions 

(m/z), and product ions (m/z) were 359.9, 341.8, and 

315.8, respectively. Ciprofloxacin retention time was 

found to be as 5.004. Its molecular weights, precursor ions 

(m/z), and product ions (m/z) were 332.1, 314.1, and 

231.1, respectively. The validation of the method was 

performed by spiking raw milk samples. The quality 

parameters were chosen as a limit of quantification 

(LOQ), limit of detection (LOD), linearity range, 

recovery, and intra- and inter-day precisions. The residual 

concentrations of the milk samples were measured based 

on the calibration curve for which a series of standard 
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solutions are prepared and calculated. The equation of 

calibration was established by fitting data on a line and the 

resulted equation is used to determine the antibiotic 

concentration of unknown samples. In addition, the 

coefficient of determination (r2) was given to express the 

strength of the linear regression. The calculation of the 

above mentioned parameters was done using the software 

(Agilent MassHunter Workstation Software Version 7) of 

the related analytical instrument. The excretion values for 

ENR and CIP of five different buffaloes were given as 

mean ± SD for each milking time. 

LOD values of ENR or CIP were described as the 

lowest concentration that the analytical process can 

confidingly differentiate from background levels (signal-

to-noise ratio≥3) while LOQ values were defined as the 

lowest concentration that can be quantified (signal-to-

noise ratio ≥10).  

 

Results 

The typical chromatograms for ENR and CIP were 

given Figure 1. Also, the validation of the present method 

was determined by recovery, accuracy, precision, 

linearity, LOQ and LOD. LC-MS/MS was employed to 

quantify the level of ENR and its metabolite CIP in buffalo 

milk samples. Chromatographic separation of the 

antibiotics was also done by an LC technique in line with 

Chui-Shiang et al. (4). The calibration curves for ENR and 

CIP were presented in Figure 2 and linearity of curves 

exhibited appropriate the coefficient of determination 

(r2=0.997 and r2=0.998) in the range from 0.5 to 50 μg/kg. 

Also, the method possessed high sensitivity and LOD and 

LOQ values were given in Table 1. The overall precision 

of the method was expressed by relative standard 

deviation (RSD%) which was lower than 6.9%. Intra-day 

and inter-day recoveries were used to express the accuracy 

of the method at three different levels of 45, 90, 135 μg/kg. 

Intra-day and inter-day recoveries and RSD values were 

given for ENR and CIP in Table 2 and Table 3, 

respectively. Some parameters of the developed 

instrumental methods for the determination of ENR and 

CIP residues in milk were given in Table 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Chromatograms of enrofloxacin (A) and ciprofloxacin (B) standards. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 2. Calibration curves for enrofloxacin (A) and ciprofloxacin (B). 
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Table 1. Analytical parameters of enrofloxacin and ciprofloxacin in buffalo milk samples. 

Antibiotic LOD (μg/kg) LOQ (μg/kg) Coefficient of 

determination (r2) 

Data point Linear range 

(μg/kg) 

RT (min) 

Enrofloxacin 0.35 1.16 0.998 7 0.5-50 5.017 

Ciprofloxacin 0.12 0.40 0.997 7 0.5-50 5.004 

 

 

Table 2. Intra- and inter-day precisions for enrofloxacin in buffalo milk samples. 

 Intra-day assays (n=9) Inter-day assays (n=9) 

Spiked (ppb) Percentage 

Recovery±CV 

RSD 

(%) 

Percentage 

Recovery±CV 

RSD 

(%) 

45 84.73±4.43 5.23 84.42±4.60 5.58 

90 80.52±3.44 4.27 75.69±3.45 4.56 

135 93.28±3.34 3.58 79.02±5.16 6.53 

 

 

Table 3. Intra- and inter-day precisions for ciprofloxacin in buffalo milk samples. 

 Intra-day assays (n=9) Inter-day assays (n=9) 

Spiked (ppb) Percentage 

recovery±CV 

RSD 

(%) 

Percentage 

recovery±CV 

RSD 

(%) 

45 84.41±3.90 4.62 83.88±5.09 6.07 

90 76.07±3.15 4.14 74.99±3.49 4.65 

135 83.00±3.01 3.63 75.57±5.22 6.90 

 

 

Table 4. Selective methods for the quantification of enrofloxacin and ciprofloxacin in milk. 

Method Type Analyte Matrix LOD 

µg/kg  

LOQ 

µg/kg 

Recovery 

(%) 

Reference 

LC-MS ENR Buffalo Milk 0.35 1.16 75-93 Current Study 

 CIP  0.12 0.40 74-84  

LC-MS ENR Bovine Milk 0.3 1 77-84 26 

HPLC-DAD ENR Goat Milk 15 20 81-86 5 

 CIP  15 20 85-89 

HPLC-FAD ENR Bovine Milk NA 2 91-107 10 

 CIP  NA 2 95-101 

HPLC-UV ENR Bovine Milk 1.37 4.56 93-99 16 

 CIP  3.74 12.5 89-97 

NA: Not available. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Excretion levels of enrofloxacin and its metabolite ciprofloxacin in milk of buffaloes. Separate excretion kinetics for each 

antibiotic (A), total excretion kinetics (B)1. 

1European Union has established maximum residue limits for ENR as the sum of ENR and its metabolite CIP in milk which is 100 

µg/kg. 
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In this study, the highest concentrations of ENR and 

CIP were determined at the second milking with a mean 

concentration of 238.03±29.4 and 365.21±49.44μg/kg, 

respectively (Figure 3). Also, the total sum of ENR and its 

metabolite CIP in milk was decreased after the second 

milking consequently and their total concentration was 

found to be lower than the maximum residue limit (100 

μg/kg) at fifth milking. The mean concentration of CIP in 

milk was measured at 10 milking post-treatment 

1.63±0.12 μg/kg while the concentration of ENR was 

lower than the related LOD.  

In addition, 50 buffalo milk samples marketed in 

Afyonkarahisar were tested regarding ENR and CIP 

residues and results of the analysis showed that none of 

the milk samples contained ENR and/or CIP. 

 

Discussion and Conclusion 

Fluoroquinolone antibiotics are commonly 

employed in human and veterinary medicine to treat 

bacterial infections based on their broad antibacterial 

activity (2). The LOD values of the present study for ENR 

and CIP were determined as 0.35 and 0.12 μg/kg, 

respectively while LOQ values were determined as 1.16 

and 0.40 μg/kg for ENR and CIP, respectively. In a similar 

LC-MS method established for ENR analysis, LOD and 

LOQ values were reported as 0.3 and 1 μg/kg, respectively 

(26). Also, higher LOD (15 μg/kg) and LOQ (20 μg/kg) 

values were reported for ENR and CIP analysis by using 

HPLC-DAD method in goat milk (5). Recovery values of 

the present study ranged from 75% to 93% for ENR 

whereas these values were determined between 74% and 

84% for CIP. These values are compatible with the 

Cinquina et al. (5) and Tian (26). However, they are lower 

than the values reported by Idowu and Peggins (10) and 

Lv et al. (16).  

The present experimental research followed the 

passage of ENR and its metabolite CIP into buffalo milk 

and determined their milk excretion kinetics using LC-

MS/MS. ENR and CIP were determined in milk from 0 to 

10 milkings following intramuscular injection of ENR to 

dairy buffaloes. The highest concentrations of ENR which 

is described as a total sum of ENR and its metabolite CIP 

by EU commission regulation (8) were found to be at the 

second milking (603.24±27.97 μg/kg) and residue level in 

milk was found to be lower than the maximum residue 

limit of 100 μg/kg (8) at fifth milking. The persistence of 

ENR and CIP in the milk of livestock animals was 

reported by some previous studies. In one of these studies, 

Mahmood et al. (17) determined the persistence of 

fluoroquinolone antibiotics in cow milk. For that purpose, 

lactating animals were intramuscularly injected with 

Norfloxacin (NOR), ENR, CIP at the dose of 5, 2.5, and 5 

mg/kg, respectively. Spectrophotometrically evaluation of 

milk samples showed that NOR was present in milk 

samples until the 5th days while ENR was washed out in 6 

days. However, CIP was longer persistent in milk up to 8 

days. In the present study, ENR was washed out at the 5 

days. This may be attributed to employed method and/or 

animal species. In another study conducted by Kaartinen 

et al., (12), Five Ayrshcre cows were given enrofloxacin 

at the dose of 5 mg/kg body weight in three different ways 

including intravenous, intramuscular and subcutaneous 

and residue analysis of ENR and CIP was done with 

HPLC. The ENR found to be bounded to serum proteins 

at ratio of 36-45%. Approximately, 0.2% of the total ENR 

dose was detected in milk for the first 24 h and the 

transferred amount has not been affected by the 

administration route. The concentration of ENR in milk 

was determined in line with that in serum, whereas CIP 

was detected more concentrated in milk. Additionally, 

following the intravenous injection, the peak milk 

concentration of ENR and CIP was more distinctive 

comparing to intramuscular and subcutaneous routes. 

Also, intramuscular injection of ENR was resulted in 

similar residue level in milk in the present study. Haritova 

et al. (9) evaluated pharmacokinetics of enrofloxacin in 

lactating sheep by administrating ENR intravenously and 

intramuscularly at a dose rate of 2.5 mg/kg body weight. 

Their results showed that 24 h after the intravenous 

treatment of ENR, this antibiotic was found to be 10 times 

higher in the milk than the serum. Higher levels of ENR 

which is lipophilic drug in milk may be due to the low 

degree of binding of the ENR to serum proteins (29). After 

intramuscular treatment of ENR, its milk concentration 

was also more concentrated than those in the serum and 

these results indicate that the route of administration does 

not play a role in the good penetration of ENR into milk 

and its milk concentrations. In addition, the concentration 

of ENR was reached to peak level at the 24 hours after the 

application. Similarly, in this study the peak of ENR 

concentration was observed after 24 hours. The present 

study investigated for the first time, the persistence of 

ENR and CIP in the milk of Anatolian buffalos and results 

of the study regarding the milk concentration of ENR and 

CIP are comparable with the above-mentioned studies.  

Also, a mini survey was conducted to screen the 

presence of ENR and CIP buffalo milk samples (n=50) 

marketed in Afyonkarahisar and results of the analysis 

showed that none of the milk samples contained ENR 

and/or CIP. Similarly, Nirala et al. (21) screened a total of 

250 milk samples in India and reported that none of the 

samples were positive for ENR and CIP. In another study, 

234 randomly milk samples from each of bulk tank, 

market milk, collecting centers, and UHT milk samples 

were tested for determination of the quinolones residues. 

Results revealed that quinolones were not detected in 
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collecting centers and market milk samples whereas was 

found to be in one sample bulk tank milk samples (19).  

In conclusion, the present study reports here the milk 

excretion of ENR and its metabolite CIP for the Anatolian 

buffaloes by an accurate, precise, and reliable, LC-

MS/MS method combined with easy sample preparation 

step. The LOD and LOQ values of this method are able to 

detect these antibiotics within the established MRL in 

milk. This developed method could be used for the 

analysis of ENR and CIP in buffalo milk. Also, the present 

study provided new information about the withdrawal 

period of ENR and its metabolite CIP in buffalo milk. This 

result showed that withdrawal period of ENR in buffalo 

milk is compatible with the withdrawal time established 

for cattle by the EU. In addition, real milk samples were 

analyzed and found to be safe regarding ENR residue risk 

in Afyonkarahisar Province of Turkey. 
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