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Introduction
Enrofloxacin is one of the third generation members of the 

fluoroquinolone antibacterial agents. Fluoroquinolones (FQs) are 
highly effective synthetic antibiotics. Their therapeutic mechanism of 
actions are based on the inhibition of DNA gyrase in gram-negative 
species and topoisomerase IV in gram-positive species [1,2]. They 
have been recommended for the treatment of urinary tract and enteric 
infections in humans. These drugs are normally prescribed for the 
treatment and prevention of infectious diseases in farm animals. In 
addition, it is routinely considered as a protective measure when raising 
animals under intensive husbandry production methods [3]. Moreover, 
they have also been used in sub-therapeutic levels as feed additives for 
promoting and protecting normal growth of meat production livestock 
[4].

Enrofloxacin is an antibiotic that is very useful against a wide 
variety of infections in animals and used as a prophylaxis or treatment 
of infectious diseases. Also, the high level usage of this drug in animals 
and humans, or the use of less potent quinolones, particularly in 
developing countries, has been attributed to the rapid development 
of bacterial resistance to these agents combined with less withdrawal 
time of antibiotics in meat producing industry. Existence of antibiotic 
residues in food stuff can pose hazards to human health, including 
sensitivity to antibiotics, allergic reactions and imbalance of intestinal 
micro flora, bacterial resistance to antibiotics in microorganisms, as 
well as in the food industry [5]. Hence, routine quality assurance of 
food stuff regarding antibiotic residues is warranted [1]. European 
Union (EU) countries establishes a maximum residue level (MRL) of 
30 ng/g of muscle, liver and kidney tissue for the sum of enrofloxacin 
and its metabolite ciprofloxacin [6].

Screening methods for FQs in foods of animal origin include 
microbial growth inhibition [7], microbial receptor assay, enzyme 
linked immunosorbent assay (ELISA) [8], thin layer chromatography 
(TLC) [9] and others [10,11]. It is extremely important to protect treated 
food destined for human consumption. The purpose of this study was 
to analyse a large number of samples without purification procedures 
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Abstract
Ninety liver samples of poultry, sheep and cattle, 30 each, were obtained from meat retail markets at Mosul city 

in Iraq, and were analyzed for enrofloxacin residue by using Enzyme Linked Immunosorbent Assay, ELISA [ Schen 
Zhen Lvshiynan Biotechnology Co., LTD. (china)]. 

The study revealed that the range and mean of residual enrofloxacin drug concentration in the examined 
liver samples of poultry, cattle and sheep were (0.01-10.69) (4.290); (0.03-3.61) (1.750); (0.02-1.32) (1.687) mg/
kg respectively. Also the study revealed that 30 (33.31%) of poultry liver samples tested positive, 8 (8.88%) of 
cattle samples were positive, and 5 (5.55%) of sheep samples were positive for enrofloxacin. 17 (56.66%) of the 
poultry samples exceeded the maximum residues limits (MRL), as did 8 (26.61%) of cattle samples, and 5(16.6%) 
of sheep samples. Our results have shown that the maximum mean enrofloxacin concentration was found in poultry 
livers (4.290) and the minimum mean was in the ovine liver samples (1.687) while bovine livers were (1.750). The 
difference between the residue of enrofloxacin of poultry liver samples and that of bovine and ovine liver samples 
was significant at (P<0.05).
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that are required by application of ELISA technique for detection of 
residual enrofloxacin.

Materials and Methods
Collection of samples

Ninety liver samples of sheep, cow and poultry (30 from each 
species) were purchased from meat retail markets at Mosul city in Iraq. 
Liver samples were wrapped in polyethylene bags packed in a cool box 
with a dry ice and transported immediately (within 1 hour maximum) 
to the laboratory at the Veterinary Public Health Department of the 
College of Veterinary Medicine in Mosul.

Preparation of samples

Two grams of homogenized liver were poured into a 50 ml tube. The 
contents of the tube were mixed with 8 ml dissolving solution (Shenzhen 
Lvshiynan Biotechnology Co., LTD). This solution was prepared by 
diluting 2x concentrated redissolving solution with deionised water at a 
1:1 ratio and mixing with Acetonitrite (CH3CN)- Methylene Chloride 
of 1:3 (V. acetonitrite- V. methylene chloride= 1:3). This mixture was 
shaken for 5 minutes and the tubes were then centrifuged at 4000 rpm 
for 10 minutes at 15°C.

Two millilitres (ml) of clear supernatant (upper layer) were 
transferred into a dry container and left to dry under nitrogen or air 
using rotatory evaporation at 50°C. The dry residue was then dissolved 
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in 1ml of the diluted redissolving solution. 1 ml of N- hexane was then 
added mixed for 30 seconds and centrifuged at 4000 rpm, at 15°C, for 
over 5 minutes. The upper layer was then removed and 50 ml of the 
lower layer were aliquot and stored at -18°C for further analysis to 
detect enrofloxacin residues.

Technique

All the necessary reagents were brought to normal room temperature 
(20-25°C) by lifting them for about 30 minutes. Concentrated washing 
buffer (40 ml) was diluted with distilled or deionized water to 800 ml. 
50 µl aliquots of the samples or standard solution were placed in a 
separate duplicate wells to which another 50 µl of the enzyme conjugate 
and antibody working solution (50 µl) was added to the wells.

All the additives were mixed in the wells by gently shaking. The 
microplates were then sealed with cover membranes and incubated 
at 25°C for 1 hrs. After incubation the microplates were washed with 
washing buffer 250 µl/well, 4-5 times. Subsequently, the substrate A 
solution (50 µl) and solution B (50 µl) were added to each well. These 
solutions were mixed by gently shaking and then incubated at 25°C for 
15 minutes in the dark. The reactions were finished by the addition of 
50 µl of stop solution (Schen Zhen Lvshiynan Biotechnology Co., LTD. 
(china) into each well, followed by shaking. The results were read at 
450-630 nm at 5 minutes for OD values determination.

Statistical analysis

The data was analysed using a sigma state software (windows 
version 3.10; 2004) the differences in means and percentages of samples 
exceeding the MRL limits were compared using one-way analysis of 
variance and Duncan’s multiple range test. Differences of <0.05 were 
considered significant.

Results
The results of our study revealed that the ranges and means of 

residual enrofloxacin concentrations in the examined liver samples of 
poultry, cattle and sheep were (0.01- 10.69; 4.290), (0.03-3.61; 1.750), 
(0.02-1.32; 1.687) mg/kg respectively (Table 1).

Out of the 90 total liver samples, 30 (33.31%) of the samples were 

positive for residual enrofloxacin reaction. 17 (18.88%) were positive 
in poultry samples, 8 (8.88%) in cattle samples, and the lowest was 5 
(5.55%) for sheep samples (Table 2).

The number and percentage of samples exceeded the maximum 
acceptable limits of residual enrofloxacin in liver ordained by EC, 2002 
are illustrated in (Table 2).

It is clear from the data that 17 (56.66%) of the poultry samples 
exceeded the EC limit of (0-2µg/Kg); while eight of the cattle samples 
(26.61%) were over labelled the limits, and only 5 samples (16.6%) of 
sheep samples exceeded the limit.

Discussion
Our results have shown that the maximum mean of enrofloxacin 

concentration was found in the poultry liver (4.290), the minimum 
mean was in the sheep liver samples (1.687), while cattle was (1.750). 
The difference between the residue of enrofloxacin of poultry liver 
samples and that of cattle and sheep liver samples was significant at 
(P<0.05).

Our result were consistent with other studies [1,12] regarding the 
highest mean of enrofloxacin residues in poultry liver samples. Thus, 
monitoring the residues of enrofloxacin in chickens is of great interest 
in the food safety of chickens orally treated with enrofloxacin.

In addition, we have shown that the number and percentage 
of poultry, cattle, and sheep liver samples exceeded the maximum 
acceptable limits of residual enrofloxacin in liver, ordained by EC, 2002.

The MRLs permitted by the European agency for the evaluation of 
medicinal products for enrofloxacin and its metabolite ciprofloxacin 
are 100-300 µg/kg in muscle, liver and kidney in bovine, porcine, rabbit, 
ovine and poultry species [13,14].

Our results show that 56.66% of poultry liver samples were positive 
to enrofloxacin. This conclusion from this result a that enrofloxacin 
was heavily used in investigated poultry. They also suggest that the 
withdrawal time may be insufficient for this drug. Moreover, it was 
reported that mycotoxin contamination of broiler feed may increase 
the residual values of enrofloxacin in poultry carcasses [15]. The 
application of strict measures for maintaining the flocks in the farm 
until the elapsing of the withdrawal period will play a key factor in 
resolving the exposure of human being to antibiotic residues [16,17].

The highest percentage of the MRL which exceed the limits in 
chicken liver samples was in agreement with Gad [18]. This may be 
because enrofloxacin is easily distributed from plasma into tissues [19] 
and the concentration is higher in liver than in breast muscles.

Petrovi [20] found our results were in line with enrofloxacin 
concentrations being 3.78 times higher in liver than in muscle 24h 
after the beginning of treatment, and because enrofloxacin is the drug 
of choice for the treatment of avian mycoplasma CRD-AIR Saculitis 
[21]. It is not surprising that high enrofloxacin residues may found in 
poultry, with similar results on the distribution of enrofloxacin in the 
liver and muscle reported by others [1,22]. The present study found that 
the lower percentage exceeding the MRL limits was observed in cattle 
8.88, and the lowest was in ovine 5.55, with no significant between them 
p<0.05. The lower percentages in bovine and ovine may be due to the 
dilution factor of mycotoxin during grazing and a good withdrawal 
period of drug in these species. Our results coincide with Gab TMM 
[18] through his study on antibiotic residues in tissue of slaughtered 
animals.

Type of examined 
samples

Number of 
examined samples Range Mean ± SEM

Poultry liver 30 0.01-10.69 4.290*a ± 0.954
Cattle liver 30 0.03-3.61 1.750*b ± 0.392
Sheep liver 30 0.02-1.32 1.687*b ± 0.519

*a and *b: the difference between the means that have common are significant 
(p<0.05)
Table 1: Comparison of range and mean concentrations of enrofloxacin in poultry, 
cattle, and sheep liver samples.

Type of examined 
samples

Number of 
examined 
samples

Number of samples 
exceeding the MRL 

limits

% of samples 
exceeding the 

MRL Limits % Total
Poultry liver 30 17 56.66 *a 18.88
Cattle liver 30 8 26.6 *b 8.88
Sheep liver 30 5 16.6 *b 5.55

Total 90 30 0.33 33.31

*a and *b:the difference between the percentages of samples exceeding the MRL 
limits are significant (p<0.05)
Table 2: Number and percentages of poultry, cattle, and sheep liver samples 
exceeding the maximum residues limits MRL for enrofloxacin as proposed by 
European Commission (EC).
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