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Abstract: The presence of unacceptable levels of veterinary 
drug residues in animal-derived food is a global concern due 
to its negative impacts on human health. This study reports the 
occurrence and levels of two fluoroquinolone antimicrobials—
enrofloxacin and ciprofloxacin—in broiler meat sold in Sri 
Lanka. A total of 129 broiler meat samples were purchased 
from the market, representing nine large-scale broiler meat 
processors (107 samples in 66 batches, branded) with an 
islandwide distribution and 22 small-scale processors (22 
samples, unbranded). Enrofloxacin and ciprofloxacin in breast 
muscle were extracted following a previously published method 
with modifications and were subjected to High-Performance 
Liquid Chromatography with Fluorescence Detection analysis 
for the quantification of antimicrobials. Enrofloxacin residues 
were detected in 67 (51.9%) samples, out of which 28 had 
quantifiable levels (1.7–578.6 μg kg–1), whereas ciprofloxacin 
was detected in only nine samples. Only three samples (2.3%) 
exceeded the European Union maximum residue limit of 
100  μg  kg–1 for the sum of ciprofloxacin and enrofloxacin 
in poultry muscle. These three samples had enrofloxacin 
in 130.3–578.6  μg  kg–1 range and ciprofloxacin in 15.7–
28.8 μg kg–1 range. Mean enrofloxacin level in other samples 
was 5.9 ± 5.3 µg kg–1. This study shows the widespread use 
of enrofloxacin in broiler meat industry in the country and the 
possibility of meat with harmful levels of residues entering the 
market. Thus, we highlight the need to establish regulations and 
a national-level veterinary drug residue surveillance program 
for animal-derived foods including broiler meat to ensure 
consumer safety. 

Keywords: Broiler meat, ciprofloxacin, enrofloxacin, 
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INTRODUCTION

Poultry meat and eggs constitute two major animal protein 
sources for humans worldwide (Nkukwana, 2018). Rapid 
growth in global poultry production over the past few 
decades (McLeod et al., 2009) is partly attributed to the 
application of veterinary drugs for health management 
practices, such as therapy and prophylaxis, and for growth 
promotion of poultry birds (Singer & Hofacre,  2006; 
Apata, 2009). However, irrational use of veterinary drugs 
can create a potential food safety risk for consumers via 
exposure to sub-therapeutic doses of drugs that may be 
present in animal-derived food (Darwish et al., 2013; 
Gouvea et al., 2015).

	 Enrofloxacin is a synthetic, second-generation 
fluoroquinolone antimicrobial used exclusively in 
veterinary practice (Ahn et al., 2012; Janecko et al., 
2016). Mechanism of action of the drug is via inhibition 
of bacterial DNA gyrase (a type II topoisomerase), 
which results in interruption of the normal coiling of 
DNA, and rapid cell death (Mitchell, 2006). Its excellent 
activity against both Gram-positive and Gram-negative 
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pathogens (Mitchell, 2006) has contributed to its 
widespread use in food-producing animals. In poultry 
industry, enrofloxacin is used to treat various respiratory 
and alimentary tract infections (Anderson et al., 2003; 
Javadi et al., 2011), including mycoplasmal infection, 
pasteurellosis (Bauditz, 1987), and colibacillosis (Huff 
et al., 2004), which is an economically devastating 
bacterial disease in poultry worldwide (Dziva & Stevens, 
2008). In many animal species, including poultry birds, 
enrofloxacin is biotransformed via de-ethylation to 
the primary metabolite ciprofloxacin (Seguin et al., 
2004; Dimitrova et al., 2007; de Assis et al., 2016).
Thus, animal-derived food obtained from farm animals 
treated with enrofloxacin can contain residues of both 
enrofloxacin and ciprofloxacin. Ciprofloxacin is also 
a broad-spectrum second-generation fluoroquinolone 
antimicrobial with a similar mechanism of action as 
enrofloxacin (Sharma et al., 2010). However, unlike 
enrofloxacin, ciprofloxacin is used in human medicine to 
treat infections of the urinary and respiratory tracts and 
skin, typhoid fever, and infectious diarrhea (King et al., 
2000).

	 Many previous studies have documented the presence 
of residues of enrofloxacin and ciprofloxacin in poultry 
meat, including muscle tissue, liver and kidney (Amjad 
et al., 2005; Salehsadeh et al., 2007; Pena et al., 2010; 
Sattar et al., 2014; Sultan et al., 2014; Wang et al., 
2015; Panzenhagen et al., 2016; Sarker et al., 2018). 
Human exposure to sub-therapeutic doses of veterinary 
drugs can be associated with several health hazards 
such as hypersensitivity reactions (Kowalski et al., 
2005), carcinogenic, mutagenic, and teratogenic effects 
(Beyene, 2016; Manage 2018), and disruption of 
intestinal microflora (Dethlefsen et al., 2008). Moreover, 
continuous exposure to antimicrobial agents can promote 
development of antimicrobial-resistant strains of bacteria 
in humans (Landers et al., 2012; Gouvea et al., 2015; 
Manage, 2018), which has become a global health concern. 
In fact, fluoroquinolone-resistance in bacteria has been 
reported in many parts of the world (Endtz et al., 1991; 
Smith et al., 1999), which is of medical significance since 
fluoroquinolones are used in human therapy as well. Such 
resistant bacteria can act as reservoirs of genes conferring 
resistance to fluoroquinolones (Manage & Liyanage, 
2019), and these genes can be transmitted to other bacteria 
as well. Exposure of humans to ciprofloxacin through 
animal-derived food is also a major concern because it is 
one of the most widely used antimicrobials in the world 
(Sharma et al., 2010; Conley et al., 2018) and is also 
among the drugs of choice for human Campylobacter 
infection (McDermott et al., 2004).

To safeguard consumers from adverse effects, various 
countries and regulatory authorities have established 
Maximum Residue Limits (MRL) for enrofloxacin 
and ciprofloxacin. European Union, for example, has 
established an MRL of 100  µg  kg–1 for the sum of 
enrofloxacin and ciprofloxacin in poultry muscle, skin 
and fat, and higher MRLs for poultry liver (200 µg kg–1), 
and kidney (300 µg kg–1; European Commission, 2010). 
In comparison, Japan has set a much lower MRL 
(10  µg  kg–1) for these substances in chicken tissue 
(Ministry of Health and Welfare, 2005), while the United 
States has banned the use of enrofloxacin in poultry, 
adopting a zero tolerance policy of the drug (FDA, 2005).

	 In Sri Lanka, poultry industry is the leading and 
fastest growing food animal sector (DAPH, 2019). It is 
dominated by chicken meat and egg production, while 
other sectors, such as turkeys, ducks, quail, and geese 
remain insignificant (DAPH, 2019). Chicken meat is 
the most widely consumed meat type in the country (De 
Silva et al., 2010), and per capita chicken availability has 
doubled from 4.9 kg to 10.4 kg during the last decade 
(DAPH, 2010; 2019). In addition, over 90% of the meat-
based value-added products are manufactured using 
chicken meat (DAPH, 2019). With the heavy demand for 
poultry products, the country’s broiler sector, together 
with the layer sector, has grown tremendously over the 
past few decades and has transitioned from a backyard 
system into a commercial industry (Wickramarachchi 
et al., 2017). Currently, around 80% of the poultry farms 
in the country operate at a commercial scale (Dandeniya 
et al., 2018), and have contributed to the self-sufficiency 
in chicken meat and egg production (DAPH, 2019). 

	 Intensive poultry production in the country has 
inevitably resulted in the use of a variety of veterinary 
drugs including antimicrobials by the poultry farmers 
(Herath et al., 2015; 2016; Liyanage & Pathmalal, 2017; 
Dandeniya et al., 2018; Lowe et al., 2019). Enrofloxacin 
is among the most widely used antimicrobials by the 
broiler farmers in Sri Lanka (Herath et al., 2015; 2016; 
Dandeniya et al., 2018). Enrofloxacin may be used alone 
or together with other antimicrobials such as amoxicillin 
(Dandeniya et al., 2018). Other antimicrobials commonly 
used for therapy and prophylaxis include sulfonamides, 
tylosin, and tetracyclines (Herath et al., 2016; Dandeniya 
et al., 2018; Lower et al., 2019). These antimicrobials 
are commonly administered to birds via drinking water 
(Herath et al., 2015). However, the use of antimicrobials 
as growth promoters in feed is now prohibited in the 
country (Goutard et al., 2017).
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Despite the extensive use of veterinary drugs, reports on 
their usage patterns are limited in Sri Lanka (Manage, 
2018), and their presence in animal-derived food has 
been studied sparsely. Gunarathne et al. (2016) have 
analysed residues of five sulfonamides in broiler meat 
samples collected from eight districts and reported the 
presence of sulfadoxine and sulfadiazine in three and two 
samples, respectively, out of 72 samples tested, indicating 
the potential for commonly used drugs to present in 
poultry products. Lowe et al. (2019) have investigated 
the presence of eight antimicrobial residues, including 
ciprofloxacin, in broiler meat samples (muscle, liver and 
kidneys) from six large-scale broiler meat producers in 
the country using a bio-assay method and reported that 
detectable levels of residues were not found in any of the 
252 samples tested.

	 Sri Lanka currently does not have regulations to 
control veterinary drug residues in animal-derived 
food, and no surveillance programs are in place to 
monitor antimicrobial residues in food. Therefore, 
studies pertaining to occurrence of veterinary drug 
residues in animal-derived food are important to ensure 
the consumer safety. Further, such studies will provide 
baseline information to employ a risk-based veterinary 
drug residue surveillance programmes in the country. The 
objective of this study was to document the occurrence 
and levels of enrofloxacin and its main metabolite 
ciprofloxacin in broiler meat sold in Sri Lanka. For 
that, broiler meat samples were collected from the 
market, representing both large-scale and small-scale 
broiler meat processors, and residues in breast muscle 
were determined, using High-Performance Liquid 
Chromatography with Fluorescence Detection.

METHODOLOGY

Sample collection

A total of 129 broiler meat samples (whole chicken) 
were collected representing large-scale broiler meat 
processors (n = 9, named A–I) producing an average 
of over 200  MT per month and small-scale processors 
(n = 22) in Sri Lanka from August 2018 to June 2019.

	 Large-scale processors provide the highest 
contribution to the broiler meat production in the 
country, and activities from pre-processing to 
packaging are carried out in semi-automated processing 
plants, where each slaughter batch include more than 
1000 birds (Kottawatta et al., 2017). Broiler meats 
produced by these processors are available throughout 

the country under different brand names. From each 
large-scale processor, 5–23 whole chicken samples (5–
10 batches) were collected comprising of a total of 107 
samples (66 batches). The number of samples collected 
from each processor was nearly proportional to their 
monthly broiler meat production. Almost all of these 
large-scale processors are poultry buy-back operators, 
and therefore, a single batch of broiler meat may 
include broiler birds raised in different farms having 
different management practices. To account for this 
possibility, more than one sample from a single batch 
were purchased on several occasions. 

	 Small-scale broiler meat processors often slaughter 
birds depending on the day-to-day requirement 
(Kottawatta et al., 2017), and broiler meats are sold 
without a brand name at their own retail shops closer to 
the farms. Twenty-two broiler meat samples from small-
scale processors were collected from 22 different shops 
(1 sample from each processor) in three districts (Kandy, 
Colombo, and Kurunegala) to ensure a wider coverage of 
small-scale processors. Although these products did not 
have an expiry date, they were freshly slaughtered birds. 
After collection, about 100 g of the breast muscle was 
minced using a household grinder and stored at -20°C 
until analysed. The breast muscle was used to determine 
the analytes of interest since the muscle tissues constitute 
the major edible portion in chicken and breast muscle 
is representative of all other muscle tissues in chickens 
(Lowe et al., 2019).

Analytical method

The method described by Yorke and Froc (2000) was 
used with some modifications. These modifications 
include increasing the sample weight from 0.5 g to 
3 g, and use of 6 mL of acetonitrile/acetone (70/30) as 
the extraction solvent instead of 200 µL of acetonitrile 
used in the original method. These modifications were 
employed to improve the recovery of the method but had 
a limited success. Further, 2 mL of hexane was used in 
two consecutive rounds to remove the fat in the sample 
instead of one time 300 µL of hexane used in the original 
method.

Reference standards

Analytical standards of enrofloxacin (purity > 98%; 
catalogue no. 17849) and ciprofloxacin (VETRANAL®; 
purity = 99%; catalogue no. 33434) were purchased from 
Sigma-Aldrich (St Louis, MO, USA). 
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Preparation of standard solutions and calibration 
standards

Stock standard solutions of enrofloxacin and 
ciprofloxacin (100 mg L–1) were prepared by dissolving 
10 mg of the compound with 100 µL of 1 mol L–1 NaOH 
and completing up to 100 mL with methanol (Yorke and 
Froc, 2000). Individual stock standard solutions were 
mixed and diluted with 0.05 mol L–1 tris(hydroxymethyl)
aminomethane buffer (pH 9.1), hereafter referred to as tris 
buffer, to prepare a mixed standard solution containing 
enrofloxacin and ciprofloxacin (each at 1 mg L–1), which 
was used to spike the quality control samples and to 
prepare calibration standards. This study employed 
an external calibration methodology, and calibration 
standards (1, 5, 10, 25, 50, 100, 150 and 200  µg  L–1) 
were prepared by diluting the mixed standard solution 
(1 mg L–1) with tris buffer. Stock standard solutions of 
enrofloxacin and ciprofloxacin were stable for at least 
eight months when stored at –20°C without exposure to 
light. Both the mixed standard solution (1 mg L–1) and 
calibration standards were prepared freshly before the 
analysis. 

Quality control samples

Quality control samples were prepared by spiking drug-
free breast muscle samples, purchased from a reliable 
source, and confirmed by analysing with LC-MS/MS, for 
the absence of enrofloxacin and ciprofloxacin residues. 
The blank samples were spiked with both analytes at 
final tissue concentrations of 50, 100 and 150  µg  kg–1 
that are equivalent to 0.5 × MRL, MRL and 1.5 × MRL, 
respectively established for poultry muscle by the 
European Union (European Commission, 2002). 

Sample extraction

Frozen minced breast muscle samples were allowed to 
thaw at room temperature, and 3.00 ± 0.05 g of the sample 
was weighed. Then, 1800 µL tris buffer was added to the 
sample and allowed to stand at room temperature for 
10 min. For the quality control samples, to which 150, 
300 or 450 µL of mixed standard solution (1 mg L–1) had 
been added, only 1650, 1500 or 1350 µL of tris buffer 
was added, respectively. Then, 6 mL  of acetonitrile/
acetone (70/30, v/v) was added, and the sample was 
homogenized for 1 min using a tissue homogenizer (Ultra 
Turrax® T 25 basic; IKA® Werke GmbH & Co. KG, 
Staufen, Germany). The homogenate was centrifuged 
at 4,000  g for 10  min, and 2.6  mL of the supernatant 

was transferred to a glass tube and evaporated at 50°C 
under mild flow of N2 (purity = 99.95%), using a dry 
block incubator with a sample concentrator (Dri-Block® 
DB-3A, Techne Ltd., Cambridge, UK). The dry residue 
was resuspended in 1.5 mL of tris buffer solution, and 
vortexed for 10 s. The resuspended sample was defatted 
twice by adding 2 mL of n-hexane, vortexing for 30  s 
and discarding the upper hexane layer. Next, 0.5 mL of 
n-hexane was added to the sample and vortexed for 30 s. 
The sample was transferred to a 2-mL microcentrifuge 
tube, and then was centrifuged at 17,000  g for 5  min. 
Finally, 750 µL of the bottom aqueous layer was filtered 
through a 0.45-µm PVDF syringe-driven filter, and the 
filtrate was transferred to an amber coloured autosampler 
vial for injection into the HPLC system (dilution factor 
= 1.5). 

	 A negative control (blank breast muscle sample) and a 
blank sample spiked with enrofloxacin and ciprofloxacin, 
each at 100 µg kg–1, were run with each batch of samples 
for recovery calculation. If antimicrobial levels in 
the samples exceeded the European Union MRL of 
100 µg kg–1, those samples were confirmed by repeating 
the analysis.

High-performance liquid chromatography-
fluorescence detection (HPLC-FLD) analysis

The HPLC analysis was performed using an Agilent 
1100 series HPLC system (Agilent Technologies, 
Waldbronn, Germany) consisting of a micro vacuum 
degasser (G1379A), quaternary pump (G1311A), auto-
sampler (G1313A), thermostatted column compartment 
(G1316A) and a fluorescence detector (G1321A, 
Agilent 1200 series). The mobile phase was a mixture of 
0.02 mol L–1 H3PO4/acetonitrile (85/15, v/v; Yorke & Froc, 
2000) and was delivered isocratically at a flow rate of 
1 mL min–1. Reversed-phase chromatographic separation 
(Yorke & Froc, 2000) was performed on a C18 analytical 
column (Zorbax Eclipse XDB-C18, 4.6  ×  150  mm, 
particle size 5 µm; Agilent Technologies, CA, USA). The 
analytical column was maintained at 50°C and was fitted 
with a guard column (Zorbax SB-C18, 4.6 × 12.5 mm, 
particle size 5  µm; Agilent Technologies, CA, USA) 
for protection. The injection volume of the sample was 
20 µL, and the total run time was 10 min. Excitation and 
emission wavelengths for fluorescence detection were 
set at 280 nm and 450 nm, respectively (Yorke & Froc, 
2000). ChemStation for LC3D software (Rev. A. 10.02) 
was used to control the HPLC system and analyse the 
output data. 
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Method validation

Linearity

Linearity of the analytical method was determined over 
the 1–200 µg L–1 concentration range for each analyte, 
using the external calibration standards. The linearity 
of the standard curve was expressed using coefficient 
of determination (R2) obtained through the least square 
linear regression. 

Selectivity

Blank breast muscle samples from different sources 
were analysed to assess matrix interference and 
presence/absence of co-eluting endogenous compounds 
at the retention times of the two analytes. In addition, 
chromatographic selectivity was also assessed by 
calculating the resolution of the enrofloxacin and 
ciprofloxacin peaks following the equation given below 
(USFDA, 1994).

𝑅𝑅𝑠𝑠=
𝑡𝑡𝑅𝑅𝑅𝑅−𝑡𝑡𝑅𝑅𝑅𝑅

0.85 (𝑊𝑊0.5𝐵𝐵+𝑊𝑊0.5𝐴𝐴)
(1)

where, Rs = peak resolution, tRB = retention time of peak 2, tRA = retention time of peak 1, W0.5B = width of

peak 2 at half peak height, and W0.5A = width of peak 1 at half peak height.

Trueness (Recovery)

The trueness of measurements was assessed through recovery of analytes spiked into a blank matrix. Blank

muscle samples were spiked with the two analytes at 0.5 × MRL, MRL and 1.5 × MRL as per the validation

requirements of Commission Decision 2002/657/EC (European Commission, 2002). Mean recovery at each

spike level was calculated from nine replicates that were run on three different days.

Precision

Precision of the analytical procedure was determined at two levels: repeatability (intra-assay precision) and

intermediate precision (within-laboratory reproducibility). To determine repeatability, blank muscle samples

spiked with the two analytes at 50, 100 and 150 µg kg–1 were analysed on the same day. Intermediate

precision was determined by analysing spiked samples on three different days. Precision was expressed as the

percent relative standard deviation (RSD%) of measured concentration of analytes.

Limit of detection and limit of quantification

Chromatograms of blank muscle samples were analysed, and signal-to-noise ratio of three and ten were

considered as limit of detection (LOD) and limit of quantification (LOQ), respectively at the retention time

windows of the two analytes.

Decision limit (CC) and detection capability (CC)

Blank breast muscle samples spiked with enrofloxacin and ciprofloxacin, each at 100 µg kg–1 (i.e., MRL),

were analysed, and decision limit (CCwas calculated as the concentration at the permitted limit plus 1.64

times the corresponding standard deviation (i.e., CC= MRL + 1.64SD, = 5%). To determine the detection

capability (CC, blank breast muscle samples spiked with enrofloxacin and ciprofloxacin at respective CC

values were analysed, and CC was calculated as the value of the CC plus 1.64 times the corresponding

standard deviation (i.e., CC = CC + SD,  = 5%).

Statistical analysis

Descriptive statistics including mean, standard deviation, minimum and maximum were calculated for

enrofloxacin and ciprofloxacin levels in samples above the limit of quantification. Enrofloxacin level was

compared between large-scale and small-scale processors, using one-way analysis of variance (ANOVA).

Before conducting ANOVA, normality of the data and homogeneity of variances were verified (p > 0.05)

using Shapiro-Wilk and Levene’s tests, respectively. Statistical analyses were conducted using Minitab 17

statistical software (Minitab Inc., State college, PA, USA) with level of significance set at 0.05.

RESULTS AND DISCUSSION

	 ...(1)

where, Rs = peak resolution, tRB = retention time of peak 
2, tRA = retention time of peak 1, W0.5B = width of peak 
2 at half peak height, and W0.5A = width of peak 1 at half 
peak height. 

Trueness (Recovery)

The trueness of measurements was assessed through 
recovery of analytes spiked into a blank matrix. Blank  
breast muscle samples were spiked with the two analytes 
at 0.5 × MRL, MRL, and 1.5 × MRL as per the validation 
requirements of Commission Decision 2002/657/EC 
(European Commission, 2002). Mean recovery at each 
spike level was calculated from nine replicates that were 
run on three different days.

Precision

Precision of the analytical procedure was determined 
at two levels: repeatability (intra-assay precision) 
and intermediate precision (within-laboratory 
reproducibility). To determine repeatability, blank muscle 
samples spiked with the two analytes at 50, 100, and 
150 µg kg–1 were analysed on the same day. Intermediate 
precision was determined by analysing spiked samples 
on three different days. Precision was expressed as the 
percent relative standard deviation (RSD%) of measured 
concentration of analytes.

Limit of detection and limit of quantification

Chromatograms of blank muscle samples were analysed, 
and signal-to-noise ratio of three and ten were considered 
as limit of detection (LOD) and limit of quantification 
(LOQ), respectively at the retention time windows of the 
two analytes.

Decision limit (CCα) and detection capability (CCβ)

Blank breast muscle samples spiked with enrofloxacin 
and ciprofloxacin, each at 100 µg kg–1 (i.e., MRL), were 
analysed, and decision limit (CCα) was calculated as the 
concentration at the permitted limit plus 1.64 times the 
corresponding standard deviation (i.e., CCα= MRL + 
1.64SD, α = 5%). To determine the detection capability 
(CCβ), blank breast muscle samples spiked with 
enrofloxacin and ciprofloxacin at respective CCα values 
were analysed, and CCβ was calculated as the value 
of the CCα plus 1.64 times the corresponding standard 
deviation (i.e., CCβ = CCα + 1.64SD, β = 5%).

Statistical analysis

Descriptive statistics, including mean, standard deviation, 
minimum and maximum were calculated for enrofloxacin 
and ciprofloxacin levels in samples above the limit of 
quantification. Enrofloxacin level was compared between 
large-scale and small-scale processors, using one-way 
analysis of variance (ANOVA). Before conducting 
ANOVA, normality of the data and homogeneity of 
variances were verified (p  >  0.05) using Shapiro-Wilk 
and Levene’s tests, respectively. Statistical analyses 
were conducted using Minitab  17 statistical software 
(Minitab Inc., State college, PA, USA) with the level of 
significance set at 0.05.

RESULTS AND DISCUSSION

Method validation

The HPLC-FLD method separated ciprofloxacin and 
enrofloxacin within less than 8 min, and the respective 
analytes were eluted with a mean retention time ± standard 
deviation (SD) of 5.64 ± 0.08 min and 7.25 ± 0.13 min 
(Figure 1). Both peaks had an acceptable symmetry and 
were well separated from each other with a resolution 
of 5.6, which is higher than the minimum recommended 
resolution of 2 between the peaks of interest (USFDA, 
1994). Chromatograms of blank muscle samples did not 
have any co-eluting peaks at the retention times of the 
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two analytes (Figure 1), which indicates the selectivity 
of the analytical method for the two target analytes. 

All the matrix peaks eluted within five minutes of sample 
injection.

Method validation

The HPLC-FLD method separated ciprofloxacin and enrofloxacin within less than 8 min, and the respective

analytes were eluted with a mean retention time ± standard deviation (SD) of 5.64 ± 0.08 min

and7.25 ± 0.13 min (Figure 1). Both peaks had an acceptable symmetry and were well separated from each

other with a resolution of 5.6, which is higher than the minimum recommended resolution of 2 between the

peaks of interest (USFDA, 1994). Chromatograms of blank muscle samples did not have any co-eluting peaks

at the retention times of the two analytes (Figure 1), which indicates the selectivity of the analytical method

for the two target analytes. All the matrix peaks eluted within five minutes of sample injection.

Figure 1:HPLC-FLD chromatograms. (a) Calibration standard solution containing ciprofloxacin and
enrofloxacin, each at 50 µg L–1. Retention time is given in parentheses; (b) Broiler breast muscle sample
Figure 1:	 HPLC-FLD chromatograms. (a) Calibration standard solution containing ciprofloxacin and enrofloxacin, each at 50 µg L–1. 

Retention time is given in parentheses; (b) Broiler breast muscle sample spiked with ciprofloxacin and enrofloxacin, each at 
100 µg kg–1; (c) Blank broiler muscle sample showing absence of endogenous compounds in the matrix at the retention times of 
two analytes; (d) A broiler breast muscle sample that exceeded European Union MRL (100 µg kg–1) for the sum of enrofloxacin 
and ciprofloxacin in poultry muscle, showing the presence of both ciprofloxacin and enrofloxacin (LU = luminescence unit; 
dilution factor is 1.5 for b and c; dilution factor is 3 for d).
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Standard curves for enrofloxacin and ciprofloxacin 
demonstrated a good linearity over the 1–200  µg  L–1 
concentration range with coefficients of determination 
(R2) above 0.998, indicating sufficient linearity of the 
present analytical method. Mean recovery of enrofloxacin 
at the three spike levels (i.e., 50, 100, and 150 µg kg–1) 
ranged between 62.0–63.3%, while that of ciprofloxacin 
varied between 58.6–60.9% (Table 1). Similar relatively 
low recoveries have been reported by several other 
authors who have used similar extraction procedure to 
determine quinolones in meat (Yorke & Froc, 2000; 
Kirbiš et al., 2005). This relatively low recovery rate 
of the analytical method could affect detection of very 
low levels of analytes (<0.8 µg kg–1 of enrofloxacin and 
<3.7 µg kg–1 of ciprofloxacin) in the samples.

	 Repeatability RSD% for enrofloxacin and 
ciprofloxacin at the three spike levels were in the ranges 
of 8.8–12.3% and 4.4–7.9%, respectively, with lower 
RSD% values observed at higher spike levels (Table 1). 
Intermediate precision RSD% for the two analytes at three 
spike levels varied between 4.9 and 12.5%. According 
to the guidelines of Commission Decision 2002/657/
EC, intermediate precision RSD% should not exceed 
the RSD% calculated by the Horwitz equation, and the 
repeatability RSD% should not exceed two thirds of the 
RSD% calculated by the Horwitz equation (European 
Commission, 2002). The repeatability RSD% and 
intermediate precision RSD% of the present analytical 
method met these performance criteria, indicating 
acceptable precision, as the RSD% values calculated 
by Horwitz equation were 25.1, 22.6, and 21.3% for 50, 
100, and 150 µg kg–1 levels, respectively.

	 Based on the signal-to-noise ratio method, limit of 
detection (LOD) and limit of quantification (LOQ) of 

enrofloxacin were 0.5 and 1.6 µg kg–1, respectively, while 
those of ciprofloxacin were comparatively higher (2.2 
and 7.5 µg kg–1). The LODs and LOQs obtained for the 
two analytes were sufficiently below the European Union 
MRL (100 µg kg–1) and even Japanese MRL (10 µg kg–1). 
These LODs and LOQs are similar to those reported 
by Yorke and Froc (2000). Decision limits (CCα) for 
enrofloxacin and ciprofloxacin were 111.6  µg  kg–1 and 
108.5  µg  kg–1 respectively, and detection capabilities 
(CCβ) were 113.1  µg  kg–1 and 111.2  µg  kg–1 for the 
respective analytes. These CCα and CCβ of the two 
analytes are also comparable with those reported in other 
similar studies (de Assis et al., 2016).

Occurrence of enrofloxacin and ciprofloxacin in 
broiler muscle

The study revealed that 67 (51.9%) out of the 129 broiler 
breast muscle samples were positive for residues of 
enrofloxacin (range = LOD-578.6 µg kg–1). Enrofloxacin 
was detected in samples from both large-scale (50.5%) 
and small-scale (59.1%) broiler meat processors. In each 
large-scale processor, 40.0–69.6% of the samples became 
positive for enrofloxacin, except in one processor (Table 
2). Three breast muscle samples—one from a large-
scale processor and two from small-scale processors—
had residues of enrofloxacin above the European Union 
MRL of 100  µg  kg–1 (Figure 2; Table 3). The mean 
concentration of enrofloxacin was 5.9  ±  5.3  µg  kg–1 
(range = 1.7–19.3 µg kg–1) in breast muscle samples with 
quantifiable enrofloxacin levels (excluding the samples 
that exceeded the MRL of 100  µg  kg–1). The mean 
enrofloxacin levels did not differ significantly between 
the large-scale processors (6.6  ±  5.9  µg  kg–1) and the 
small-scale processors (3.7  ±2.2  µg  kg–1; one way 
ANOVA, F1, 23 = 1.34, p = 0.259). 

Analyte Spiked level 
(µg kg–1)

Mean recovery 
± SD (%)a

RSDr        

(%)
RSDi    

(%)
LOD 

(µg kg–1)
LOQ 

(µg kg–1)
CCα 

(µg kg–1)
CCβ 

(µg kg–1)

Enrofloxacin

50 63.3 ± 7.1 12.3 11.2

100 63.1 ± 7.1 9.0 11.2 0.5 1.6 111.6 113.1

150 62.0 ± 7.7 8.8 12.5

Ciprofloxacin

50 58.6 ± 4.0 7.9 6.9

100 60.9 ± 5.2 7.2 8.5 2.2 7.5 108.5 111.2

150 60.6 ± 3.0 4.4 4.9

Table 1:	 Performance characteristics of the analytical method for determination of residues of enrofloxacin and 
ciprofloxacin in broiler breast muscle

a mean recovery from nine replicates
RSDr - repeatability; RSDi- intermediate precision; LOD - limit of detection; LOQ - limit of quantification; CCα - decision 

limit; CCβ - detection capability; SD - standard deviation
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Ciprofloxacin residues were detected (i.e., above the 
LOD) in nine (7.0%) out of 129 breast muscle samples 
(Table 2). Five of these samples belonged to small-scale 
broiler meat processors, and the remaining four belonged 
to large-scale processors. Ciprofloxacin residues could be 
quantified only in the three samples that had enrofloxacin 
residue levels above the European Union MRL. 
Ciprofloxacin levels in those three samples ranged from 
15.7–28.8  µg  kg–1 (mean ± SD = 20.1  ±  7.5  µg  kg–1). 
Ciprofloxacin residue levels were 8–20 times lower than 
the enrofloxacin levels in those three samples. 

	 The presence of enrofloxacin in 51.9% of the breast 
muscle samples and detection of enrofloxacin in both 
large- and small-scale broiler meat processors indicate 
the widespread use of enrofloxacin by broiler farmers. 
There are previous reports on high usage of enrofloxacin 
by broiler farmers in Sri Lanka (Herath et al., 2015; 

2016; Dandeniya et al., 2018). For example, enrofloxacin 
was found to be the most widely used antimicrobial in 
broiler farms associated with large-scale companies and 
medium-scale broiler farms (Dandeniya et al., 2018). 
Previous studies conducted elsewhere have also reported 
the presence of enrofloxacin residues in broiler meat. The 
occurrence of enrofloxacin in breast muscle samples in 
our study (51.9%) is similar to that of Aslam et al. (2016), 
who reported that 52% of broiler muscle had residues of 
enrofloxacin in a study conducted in Pakistan. However, 
various studies have reported occurrences of enrofloxacin 
in broiler meat that are different from the present study 
[e.g., 5% by Wang et al. (2015), 18% by Sattar et al. 
(2014), 21% by Sarkeret al. (2018), 22% by Panzenhagen 
et al., (2016), 33% by Pena et al. (2010), and 90% by 
Attari et al. (2014)] with occurrence reaching up to 100% 
in certain studies (Salehzadeh et al., 2007).

Broiler meat processor 
No. of samples 

analysed

Enrofloxacin Ciprofloxacin

No. of positive 
samplesa

Percentage of 
positive samples 

(%)

No. of positive 
samplesa

Percentage of 
positive samples 

(%)

A 23 16 69.6 0 0.0

B 15 6 40.0 1 6.7

C 15 8 53.3 0 0.0

D 12 7 58.3 1 8.3

E 12 6 50.0 0 0.0

F 10 1 10.0 0 0.0

G 10 5 50.0 2 20.0

H 5 2 40.0 0 0.0

I 5 3 60.0 0 0.0

Small-scale processors 22 13 59.1 5 22.7

Total 129 67 51.9 9 7.0

Table 2:	 Occurrence of residues of enrofloxacin and ciprofloxacin in broiler breast muscle collected from nine large-scale (A–I) 
and small-scale broiler meat processors

anumber of samples above LOD

Sample Type of 
processor

Ciprofloxacin 
level (µg kg–1)

Enrofloxacin level 
(µg kg–1)

Sum of enrofloxacin and 
ciprofloxacin (µg kg–1)

1 Small-scale 15.9 130.3 146.2

2 Small-scale 15.7 259.2 274.9

3 Large-scale 28.8 578.6 607.4

Table 3:	  Residue levels of enrofloxacin and ciprofloxacin in the three broiler breast muscle 
samples that exceeded European Union MRL of 100 µg/kg for sum of ciprofloxacin 
and enrofloxacin in poultry meat
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Ciprofloxacin is the main metabolite of enrofloxacin 
(Seguin et al., 2004; Dimitrova et al., 2007; de Assis et 
al., 2016) and can occur in animal-derived food obtained 
from farm animals treated with enrofloxacin (Amjad et al., 
2005). In a pharmacokinetics study, where chickens were 
treated with enrofloxacin at 10  mg  kg–1  body  weight, 
de Assis et al. (2016) found that ciprofloxacin levels 
in muscle tissue (44.6–241.7 μg kg–1) were 7–12 times 
lower than the corresponding enrofloxacin levels 
(484.1–2941.8  μg  kg–1) and that ciprofloxacin levels 
became undetectable when enrofloxacin levels were 
around ~6  µg  kg–1. This explains the low levels of 
ciprofloxacin (15.7–28.8  µg  kg–1), which were 8–20 
times lower compared to enrofloxacin levels (130.3–
578.6 µg kg–1) in our study, and the low occurrence of 
ciprofloxacin (7.0%) in breast muscle samples compared 
to enrofloxacin (51.9%). Our results are consistent with 
other studies that have shown both low occurrence and 
low levels of ciprofloxacin compared with enrofloxacin 
in broiler meat (Amjad et al., 2005; Pena et al., 2010, 
Moghadam et al., 2018; Sureshkumar & Sarathchandra, 
2018; Arsland-acroz & Sozbilir, 2020). Previously Lowe 
et al. (2019) have analysed ciprofloxacin in broiler meat 
samples (muscle, liver, and kidney) collected from 
Sri Lanka using a bioassay method, but ciprofloxacin 
residues were not detected in any of the 252 samples 

analysed. It is possible that Lowe et al. (2019) did not 
find ciprofloxacin residues due to the employment of a 
screening bioassay technique in which the sensitivity is 
relatively low.

	 The three broiler breast muscle samples that exceeded 
the European Union MRL of 100 µg kg–1 for the sum of 
enrofloxacin and ciprofloxacin in poultry muscle indicate 
incorrect use, and possibly abuse of enrofloxacin by 
certain broiler farmers. Misuse of veterinary drugs is a 
common problem in the animal production systems, and 
enrofloxacin levels above the MRLs in broiler meat have 
been reported in several countries including Pakistan 
(Aslam et al., 2016), Portugal (Pena et al., 2010) and 
Iran (Salehzadeh et al., 2007). However, the situation of 
the broiler meat industry in Sri Lanka, as revealed by our 
study, is better compared with the broiler meat industry 
reported in the study of Aslam et al. (2016), in which 21 
(28%) out of 75 broiler meat samples had enrofloxacin 
above the MRL. 

	 The European Medicine Agency recommends a 
withdrawal period of 3 days for chickens treated with 
enrofloxacin at a dosage of 10  mg  kg–1  body  weight 
(EMA, 2012). This 3-day withdrawal period has been 
shown to be adequate for the enrofloxacin levels in 

Small-scale
processors

22 13 59.1 5 22.7

Total 129 67 51.9 9 7.0
anumber of samples above LOD

Table 3: Residue levels of enrofloxacin and ciprofloxacin in the three broiler breast muscle samples
that exceeded European Union MRL of 100 µg/kg for sum of ciprofloxacin and
enrofloxacin in poultry meat

Sample Type of
processor

Ciprofloxacin
level (µg kg–1)

Enrofloxacin
level (µg kg–1)

Sum of enrofloxacin and
ciprofloxacin (µg kg–1)

1 Small-scale 15.9 130.3 146.2
2 Small-scale 15.7 259.2 274.9
3 Large-scale 28.8 578.6 607.4

Figure 2: Levels of enrofloxacin (samples with quantifiable levels) in broiler muscle samples from
large-scale processors and small-scale processors.

The presence of enrofloxacin in 51.9% of the breast muscle samples and detection of enrofloxacin in

both large- and small-scale broiler meat processors indicate the widespread use of enrofloxacin by

broiler farmers. There are previous reports on high usage of enrofloxacin by broiler farmers in Sri

Lanka (Herath et al., 2015; 2016; Dandeniya et al., 2018). For example, enrofloxacin was found to be

the most widely used antimicrobial in broiler farms associated with large-scale companies and

medium-scale broiler farms (Dandeniya et al., 2018). Previous studies conducted elsewhere have also

reported the presence of enrofloxacin residues in broiler meat. The occurrence of enrofloxacin in

breast muscle samples in our study (51.9%) is similar to that of Aslam et al. (2016), who reported that

52% of broiler muscle had residues of enrofloxacin in a study conducted in Pakistan. However,

various studies have reported occurrences of enrofloxacin in broiler meat that are different from the

present study [e.g., 5% by Wang et al. (2015), 18% by Sattar et al. (2014), 21% by Sarkeret al. (2018),

Figure 2:	 Levels of enrofloxacin (samples with quantifiable levels) in broiler muscle samples from large-scale processors and small-
scale processors. 



488	 NB Karunarathna et al.

December 2021	 Journal of the National Science Foundation of Sri Lanka 49(4)

chicken muscle tissue to deplete not only below the 
European Union MRL of 100  µg  kg–1 but also below 
the Japanese MRL of 10 µg kg–1 (Shim et al., 2013; de 
Assis et al., 2016). In broiler farms in Sri Lanka, birds 
are treated with antimicrobials within the first 5–6 days 
of age and then during 18–24 days of age, and the birds 
are usually slaughtered around 35–36 days of age (Lowe 
et al., 2019). Therefore, this practice, which includes a 
~10-day drug-free period, alone should be adequate to 
prevent the occurrence of enrofloxacin levels above the 
MRL in broiler meat. However, the enrofloxacin levels 
(130.3–578.6 µg kg–1) exceeding the MRL in our study 
indicate that the broiler birds have been treated within 
three days of the planned slaughter, or birds have been 
treated with a higher dose of enrofloxacin than the 
recommended dose. However, it is difficult to predict the 
exact cause for the higher enrofloxacin levels without 
examining the treatment records of birds. Misuse of 
veterinary drugs can occur in broiler farms in Sri Lanka 
due to the lack of knowledge on the importance of 
adhering to withdrawal periods (Lowe et al., 2019) and 
the use of antimicrobials without professional advice 
(Karunarathna et al., 2013; Herath et al., 2015).

	 In our study, 97.7% of breast muscle samples 
had no enrofloxacin or enrofloxacin levels below the 
MRL of 100 µg  kg–1

, indicating that these products 
are within safe limits for human consumption from a 
toxicological point of view. Nevertheless, widespread 
use of enrofloxacin in broiler meat industry, as evident 
from our study, may have important implications on 
development of antimicrobial resistance in bacteria. 
Development fluoroquinolone-resistance is well known 
in Campylobacter sp., which is a major cause of food-
borne illnesses worldwide (Tauxe, 2002). In several 
parts of the world, authorization of enrofloxacin in 
poultry was found to be responsible for the emergence 
of fluoroquinolone-resistant Campylobacter sp. (Endtz 
et al., 1991; Smith et al., 1999). In the United States, 
such fluoroquinolone-resistant Campylobacter isolates 
were found to have transferred to humans, causing 
fluoroquinolone-resistant Campylobacter infections, and 
consequently, the US banned the use of fluoroquinolones 
in poultry industry in 2005 (Nelson et al., 2007). In 
Sri Lanka also, emergence of such resistance remains a 
possibility because of the widespread use of enrofloxacin 
and high prevalence of Campylobacter in broiler flocks 
and chicken meat in the retail market (Kalupahana et al., 
2013, 2018; Kottawatta et al., 2017). In fact, some studies 
have shown that more than 80% of Campylobacter 
isolates obtained from broiler birds and chicken meat 
in Sri Lanka were resistant to quinolones (Kottawatta et 
al., 2017). In addition to Campylobacter sp., resistance 

to fluoroquinolones has been observed in Escherichia 
coli isolated from chickens as well (Dissnayake & 
Wijewardana, 2005). Bacteria resistant to enrofloxacin 
have been reported in poultry litter and poultry manure 
in Sri Lanka (Herath et al., 2015; 2016; Lowe et al., 
2019). The practice of using poultry manure as fertilizers 
in vegetable cultivation (Herath et al., 2015; 2016), can 
contribute to spread of antimicrobial resistance in the 
environment (Dandeniya et al. 2018). Wastewater from 
poultry farms can spread not only antimicrobials into the 
environment but also antimicrobial-resistant bacteria as 
well (Liyanage & Pathmalal, 2017).

	 Although many countries have regulations to control 
veterinary drug residues including fluoroquinolones in 
animal-derived food (European Commission, 2010), 
Sri Lanka currently does not have such regulations/
legislations. As a result, poultry processors are not 
required to test their products for presence of veterinary 
drug residues. Our study, in which 2.3% of broiler meat 
samples had enrofloxacin levels exceeding the European 
Union MRL, indicates the possibility of broiler meat 
with harmful levels of drug residues entering the market. 
Therefore, it is important to establish regulations and 
surveillance programmes to ensure the chemical safety 
of animal-derived food in the country and to improve 
consumer confidence. Many broiler farms associated 
with large-scale companies in the country have 
discontinued or minimized the use of tetracyclines as its 
extensive use has led to the development of resistance 
in bacteria (Dandeniya et al., 2018; Lowe et al., 2019). 
Given the level of resistance building up in bacteria 
against enrofloxacin, it has been suggested that poultry 
industry in Sri Lanka will have to abandon the use of 
enrofloxacin in the near future (Dandeniya & Caucci, 
2020). Therefore, a mechanism is required to monitor the 
usage of veterinary drugs in the country and to ensure 
prudent use of antimicrobials in the animal production by 
educating the farmer community.

CONCLUSION

This study reports a high occurrence of fluoroquinolone 
residues, especially enrofloxacin, in broiler meat with 
an occasional violation of MRLs established elsewhere. 
Therefore, it is necessary to establish regulations in Sri 
Lanka (including MRLs) to control veterinary drug resides 
in animal-derived food and a risk-based surveillance 
program to ensure consumer safety and build consumer 
confidence which in turn will benefit the poultry industry. 
Further, prudent use of antimicrobials in animal-derived 
food is essential to combat development of antimicrobial 
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resistance against valuable antimicrobials reserved for 
human medicine such as ciprofloxacin.
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