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Antibiotic use in food animals: determination of enrofloxacin residue in chicken tissue 

1,4  1 2 1  3Kennedy I. Amagon, Sunday O. Olayemi, Moshood Akinleye, Olufunsho Awodele and Bola O. Silva 
1Department of Pharmacology, Therapeutics and Toxicology, College of Medicine, University of Lagos

2Department of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Lagos
3Department of Pharmaceutics and Pharmaceutical Technology, Faculty of Pharmacy, University of Lagos

4Department of Pharmacology, Faculty of Pharmaceutical Sciences, University of Jos

Corresponding author: Kennedy  Amagon
Email: pharmken@gmail.com; Phone: +2348095550056

ABSTRACT
Background: Poultry farmers in Nigeria employ the use of various antibiotics with or without the guidance of 
veterinarians, to promote growth and prevent infections in poultry. Although antibiotics benefit most of its 
uses, this has led to the accumulation of toxic antibiotic residues in edible poultry products destined for 
human consumption. 

Objective: The present study was aimed at determining the residual amounts of enrofloxacin in chicken 
muscle samples. 

Method: Forty birds were obtained from commercial poultries in Lagos State and randomly allotted into 7 
groups. They were humanely sacrificed, dissected and 10.0 g of muscle tissue was sectioned from each 
drumstick and homogenized in a porcelain mortar.  5.0 g of the homogenate was weighed and transferred into 
a 5 ml plain sample bottle and processed for analysis by high performance liquid chromatography to 
determine the amount of enrofloxacin in the tissues. 

Results: Enrofloxacin was detected in all samples from the four farms. The mean concentration of 
enrofloxacin ranged from 23.5 to 88.1 µg/g in all the 7 samples analyzed; these values were higher than the 
maximum residue level of 0.1 ìg/ug in Europe and 0.3 ìg/ug in the United States of America. 

Conclusion: This study confirmed misuse of enrofloxacin in poultry farms and emphasizes the need for stricter 
regulation regarding antibiotic use in poultry as well as the screening of chicken for residues before sale. 
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Résumé
Contexte: Les éleveurs de volailles au Nigeria utilisent divers antibiotiques, avec ou sans les conseils des 
vétérinaires, pour promouvoir la croissance et prévenir les infections chez les volailles. Bien que les 
antibiotiques bénéficient de la plupart de ses usages, cela a conduit à l'accumulation de résidus toxiques 
d'antibiotiques dans les produits comestibles de volaille destinés à la consommation humaine.

Objectif: La présente étude visait à déterminer les quantités résiduelles d'enrofloxacine dans les échantillons de 
muscle de poulet.

Méthode: Quarante oiseaux ont été obtenus auprès d'élevages de volailles commerciaux dans l'État de Lagos et 
répartis au hasard en 7 groupes. Ils ont été humainement sacrifiés, disséqués et 10,0 g de tissu musculaire ont 
été sectionnés de chaque pilon et homogénéisés dans un mortier de porcelaine. On a pesé 5,0 g de l'homogénat 
et on l'a transféré dans un flacon d'échantillon brut de 5 ml et on l'a analysé par chromatographie liquide à haute 
performance pour déterminer la quantité d'enrofloxacine dans les tissus.

Résultats: L'enrofloxacine a été détectée dans tous les échantillons des quatre fermes. La concentration 
moyenne d'enrofloxacine variait de 23,5 à 88,1 ìg/g dans tous les 7 échantillons analysés; Ces valeurs étaient 
supérieures au niveau maximal de résidus de 0,1 ìg/ug en Europe et de 0,3 ìg/ug aux États-Unis d'Amérique. 

Conclusion: Cette étude a confirmé l'usage abusif de l'enrofloxacine dans les élevages de volailles et souligne la 
nécessité d'une réglementation plus stricte concernant l'usage des antibiotiques chez les volailles ainsi que le 
dépistage des résidus de poulet avant la vente.

Mots clés: Enrofloxacine, CLHP, Limite maximale de résidus, Volaille, Résidus

Usage d'antibiotiques chez les animaux destinés à l'alimentation humaine: 
Détermination du résidu d'enrofloxacine dans le tissu de poulet
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INTRODUCTION
Poultry farmers use antibiotics to enhance the health 
and productivity of poultry by boosting growth and feed 

1 2efficiency  and as prophylactics. Antibiotic usage has 
facilitated the efficient production of poultry, allowing 
the consumer to purchase high quality meat and eggs at 

1a reasonable price.
The antibiotics are usually administered in sub-
therapeutic doses, usually in water or feed, to protect 

3,4  animals against disease and to promote growth.
Exposing chickens to drugs through illegal or extra-label 
uses of drugs and use of mislabeled feed containing 
antibiotics may cause accumulation of veterinary drug 

5,6residues in poultry meat.
In order to promote growth and prevent disease in 
poultry, sub-therapeutic antibiotics (STAs) are often 
administered, which act by improving nutrient 
absorption and by depressing the growth of organisms 

7,8that compete for nutrients.  There is however, growing 
concern among health workers and the public about the 
decreasing effectiveness of many antibiotics to treat 
human and animal diseases. In particular, the 
widespread use of antibiotics encourages the growth of 

9antibiotic resistance in pathogen populations.  
Consequently, there is concern that the widespread use 
of antibiotics, including STAs in animals, could promote 
development of drug-resistant bacteria that could pass 
from animals to humans, thus posing a danger to human 

8health.  There is a worrisome world-wide trend of 
increased resistance to the these agents among 
bacteria responsible for both hospital and community 
acquired infection including methicillin-resistant 
Staphylococcus aureus, Klebsiella pneumonia, 
Pseudomonas aeruginosa, Serratia marcesens, 
Escherichia coli, Salmonella spp, Campylobacter spp 

10and Neisseria gonorrhoeae.  In response to these 
concerns, the European Union (EU) has banned the use 
of antimicrobial drugs for growth promotion, and the 
FDA has concluded plans to phase out the use of 
medically important antibiotics in livestock for food 

11production purposes.
Some of the commonly used antibiotics today in poultry 
industries in developing countries include tylosine, 
neomycin, gentamycin, tetracyclines (chlortetracycline, 
oxytetracycline), sulfonamides (sulfadimethoxine, 
sulfamethazine, sulfathoxazole), penicillin (ampicillin), 

12arsenicals (roxarsone), enrofloxacin, erythromycine.  
Long-term use of these antibiotics results in their 
accumulation in tissues and organs at different 
concentrations. 
Enrofloxacin, a second-generation fluoroquinolone 
administered to pigs, turkeys and chickens, has a broad-

spectrum antibacterial activity, good bioavailability 
after oral administration and good to excellent tissue 

13distribution.  
Poultry farming contributes to antibiotic use, though 
relatively little attention has been paid to how 
antibiotics are used in farm animals by regulatory 
bodies. The Food and Agriculture Organization (FAO) 
has reported that despite the fact that antibiotic use is 
beneficial to animal health, they should be used 
carefully to reduce the emergence of drug-resistant 
bacteria, with the resultant decrease in risk to public 
health risks. In addition to helping to protect the health 
and welfare of food animals, they are also conducive to 
meeting the increasing global demand for safe food of 
animal origin, including milk, meat and eggs. 
Presence of drugs or antibiotic residues in food 
producing animals above the Maximum Residue Level 
(MRL) is recognized worldwide by various public health 

14authorities as being illegal.  Their consumption could 
result in public health hazards including: antibiotic-

15 resistant bacteria, allergies, carcinogenic effects and 
potential harmful effects on human intestinal micro 

16,17flora.  Despite these concerns, some researchers 
have reported little convincing scientific evidence that 
the use of antibiotics in food-producing animals is 
contributing to the antibiotic resistance issues that are 

18,19,20relevant to human medicine.  Some researchers 
also reported in another study that antibiotic use in 
food-producing animals in a worst case scenario 
contributes less than 1% to the overall antibiotic 
resistance problem confronted by the medical 

21profession.  This low figure should not however, 
remove existing valid reasons that point to the human 
health impact of antibiotic use in food-producing 
animals. 
In Nigeria, the so-called “backyard” poultry farmers, 
who have easy access to veterinary drugs over the 
counter, are involved in a substantial proportion of 
poultry farming. They often use antibiotics without 
prescription by a veterinarian and with little or no 

22supervision/control.  This indiscriminate use of 
antibiotics and the occurrence of antibiotic residues in 
food animal tissues is a clear pointer to the global 

4problem.
A search of available literature has revealed that several 
pathological defects in man have occurred due to man's 
consumption of toxic levels of antibiotic residues in food 

23,24animals.  Because of the potential of these antibiotics 
to affect human health, consumption of food animals 
treated with antibiotics needs to be delayed for specific 
withdrawal period. This is to ensure that all residues in 
the affected animals are depleted to safe levels before 
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25.26human consumption.  
The aim of this study was to determine the levels of 
enrofloxacin residue using High Performance Liquid 
Chromatography, considering the risk and public health 
significance of consumption of edible poultry 
containing antibiotic residues. 

MATERIALS AND METHODS
Enrofloxacin and tinidazole (internal standard) were 
obtained from Central Research Laboratory of College 
of Medicine, University of Lagos. Chemicals used in this 
study were obtained from the following sources; 
Acetonitrile (HPLC grade, Sigma-Aldrich), methanol 
(Sigma-Aldrich), syringe filters 0.2µm (Acrodisc), 

®centrifuge (Model 800D) and Agilent 1200 series, 
homogenizer, vortex mixer, chickens (average weight 20 
kg, purchased from commercial poultries).

Preparation of working concentrations of enrofloxacin 
and tinidazole (reference standard)
Enrofloxacin and internal standard stock solutions (1 
mg/mL) were separately prepared by weighing 25 mg 
each into 25 mL volumetric flask using methanol as 
diluent.  Gradient concentrations (2.5-60 µg/mL) were 
prepared in methanol in the presence of 25 µl of 10 
µg/ml internal standard.

Extraction of enrofloxacin in spiked chicken
Each of the gradient concentrations of enrofloxacin 
standard was spiked into macerated and homogenized 
chicken muscle (5.0 g) of a local bird (that had not been 
treated with any drug); 25 µl of internal standard (10 
µg/mL) was added. The mixture was vortex mixed and 
5mL of chilled acetonitrile was added to deproteinize 
and extract enrofloxacin from the samples. The 
resulting mixture was centrifuged at 3000 rev/min for 
10 minutes. The clear supernatant was filtered through 
syringe filter (0.2 µm) and 20 µl of the filtrate was 
injected into the HPLC machine for analysis.

HPLC Chromatographic conditions and analysis
The chromatographic elution was performed under 

oisocratic conditions at 25 C.  An Agilent® HPLC fitted 
with rheodyne valve injector (20 µl loop) coupled with a 
variable wavelength UV/Visible detector (294 nm), and 

data analyzed by chem.-station software.  The column 
was a reversed-phase (250 x 4.6 mm); SMTC18, 5 µm.  
The mobile phase was acetonitrile: 25mM potassium 
dihydrophosphate buffer  (20:80). The flow rate was set 
at 1 mL/minute.
The peak area ratios (enrofloxacin/internal standard) 
obtained were plotted against the gradient 
concentrations prepared. The resulting calibration 
regression equation was used to evaluate the amount of 
enrofloxacin in all the samples.

Sample treatment
Forty (40) birds were obtained from commercial 
poultries in seven local government areas of Lagos State 
and randomly allotted into 7 groups. They were 
humanely sacrificed, dissected and 10.0 g of muscle 
tissue was sectioned from each drumstick and 
homogenized in a porcelain mortar. 5.0 g of the 
homogenate was weighed and transferred into a 5 ml 
plain sample bottle. 25 µl of internal standard was 
added and the resulting mixture was subjected to 
extraction procedure as above. 

Recovery studies
Three different concentrations (40, 60 and 80 µg/mL) 
were prepared in methanol and blank chicken muscle.  
Recovery rates were calculated from the peak area 
ratios of obtained by direct injection of enrofloxacin in 
methanol and that extracted from plasma. 

Data analysis
®Data obtained were analyzed using Microsoft  excel 

analytical software to determine the descriptive 
statistics such as mean values and standard variations.

RESULTS
Results show the concentration of enrofloxacin in the 
different samples of chicken meat sampled (Table 1). 
Various concentrations of enrofloxacin (from the 
lowest-23.5±0.16 to the highest- 88.1±7.92) were 
detected in all seven samples analyzed. 

The concentration of enrofloxacin (ìg/g) in the seven (7) 

samples analyzed ranged from the lowest, 23.5±0.16 to 
the highest. 88.1±7.92  
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Table 1: Concentration of enrofloxacin in chicken meat samples
Sample                                                   Concentration (ìg/g)  

S1                                                        49.3±5.64  
S2                                                        31.8±0.71  
S3                                                        30.4±0.16  
S4                                                        23.5±0.16  
S5                                                        88.1±7.92  
S6                                                        32.3±3.06  
S7                                                        36.4±0.75  

Data expressed as Mean±SD n=40

At concentrations of enrofloxacin, 40, 60, 80 ìg/mL recovery rate was 86.5, 70.0, and 91.9% respectively

Table 2: Enrofloxacin recovery rates

Conc. ìg/mL PAR in Neat Solvent PAR In spiked Chicken Tissue  
% 
Recovery      

       40     4.32     3.74  86.5  
   60     8.50     5.95  70.0  
   80     8.44     7.75  91.9   PAR = Peak Area Ratio

A plot of Peak Area Ratio of enrofloxacin versus concentration of enrofloxacin standard in methanol (fig. 1). 

Figure 1: Plot of Calibration of Enrofloxacin Standard in Methanol

Enrofloxacin residue in chicken
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A plot of Peak Area Ratio of spiked enrofloxacin versus concentration of enrofloxacin detected in the blank chicken 
meat samples (fig. 2).

Figure 2: Plot of Peak Area Ratio (Spiked Enrofloxacin) versus Concentration.

DISCUSSION
The result of this present study showed that 
enrofloxacin was present in all samples in 
concentrations higher than the recommended MRLs 
set out by the European Agency for the Evaluation of 
Medicinal Products and the FDA. The highest 
concentration of enrofloxacin detected in this present 
study was 88.1ug/g a figure that is 881 times more than 
the 0.1 ug/g stipulated by the EMEA. These results 
confirmed that enrofloxacin was significantly used in 
poultry farms where samples were collected. The result 

27from this current study is similar to that of Rokni,  who 
reported enrofloxacin residue in chicken tissues in 
concentrations higher than the stipulated levels. It is 
possible to therefore posit that the use of enrofloxacin 
and other antibiotics is a common practice among 
poultry farmers. Various researchers have reported 
that edible poultry tissues may be contaminated with 
harmful concentration of drug residues due to 
continuous and improper antibiotic usage in poultry 

1,23industry.
A few other studies on antibiotic residues in poultry 
animals performed in Nigeria all reported MRLs for the 
various antibiotics analyzed exceeding international 

16,22,26,28,29 standards. In Nigeria and some other 
developing countries, food standards and regulations 

are inadequate and in some cases do not even exist to 
regulate and control the use of antibiotics and other 
medicines in food producing animals like cattle and 

4,30poultry.
The unsupervised or poorly supervised administration 
of antibiotics portends danger due to the possible 
adverse effects they impose on health of humans who 
consume such food animals. Human exposure to animal 
products containing considerable levels of antibiotic 
residues may induce and transfer resistance to human 

31pathogens,  and cause several problems including 
disturbed immunological response and disorder of 
intestinal flora in susceptible individuals.
The Food and Drug Administration (FDA) and the 
European Agency for the Evaluation of Medicinal 
Products have established Maximum Residue Limits 
(MRLs) for antibiotic residues, including enrofloxacin, in 
animal derived food. The European Agency for the 
Evaluation of Medicinal Products (EMEA) has set the 

32MRLs of enrofloxacin at 0.10 ug/g in chicken muscle  
and 0.030 ug/g according to FDA in different poultry 

33tissues.
The presence of enrofloxacin in such high 
concentrations in the chicken tissue from this study may 
suggest the indiscriminate use of antibiotics in poultry 
for various uses; it is possible that the recommended 

Amagon et al
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withdrawal time in the poultry was either not strictly 
6,26,30applied or may be insufficient for this drug.  A study 

34by Elkholy  determined that the withdrawal time of 
enrofloxacin in tissues of laying hens was 5 days. 

35Nonga  observed the non-prudent use of antibiotics in 
Tanzania in a cross sectional survey study they did on 
use and occurrence of drug residues in poultry farms in 
Morogoro where 70% of the farms were positive for 
antimicrobial residues.
Enrofloxacin, a fluoroquinolone, is reported as having 
the ability to disrupt DNA replication and transcription 
process and also causes toxic effects in animals and 
humans including damage to the juvenile joint, the 

36,37,38kidney, the eye, and the central nervous system.  
Some antibiotic-induced allergic reactions have also 

39been reported, in relation to quinolones.  These 
harmful effects of quinolones, including enrofloxacin on 
human health, makes it necessary to frequently 
monitor their usage in food animals and analyze such 
animal products for the presence of antibiotic residues. 
Enforcing regulations and controls related to use of 
antibiotics in food-producing animals will help ensure 
that they are not present in tissues above their safe 
Maximum Residue Limit (MRL) or if banned from use in 

28,30,40veterinary practice, are not present at all.  
Establishing and strengthening the regulatory system in 
terms of safety standards, proper monitoring, 
surveillance, testing and public education, will ensure 
the proper antibiotic use that safeguards public health 
and food safety. 
A major limitation was that the poultry (chickens) 
sampled for this study were sourced within Lagos State 
only. The researchers did not sample chickens from 
other parts of the country, which could have different 
levels of the antibiotic. 

CONCLUSION
This study suggested general misuse of enrofloxacin in 
poultry farms, with potential to cause hazards to 
humans consuming these antibiotic-containing food 
animals. The implications for public health are obvious, 
considering allergies and drug resistance that could 
develop in humans. In the poultry farms, proper 
supervision of drug administration, observance of the 
proper pre-slaughter withdrawal time and routine 
analysis of antibiotics in animal tissues before 
marketing should be enforced by the appropriate 
authorities.  

ACKNOWLEDGEMENT 
The authors are thankful to Mr. Ojobo of the Central 

Research Laboratory for his technical assistance and the 
College of Medicine, University of Lagos, Lagos, Nigeria 
for allowing the use of the Central Research Laboratory.

REFERENCES
1. Donoghue DJ (2003). Antibiotic Residues: In 

Poultry Tissues and Eggs: Human Health Concerns? 
Poultry Science 82: 618-621.

2. Nisha AR (2008). Antibiotic residues: A Global 
Health Hazard. Veterinary World 1(12): 375-377

3. Engster HM, Marvil D and Stewart-Brown B (2002). 
The Effect of Withdrawing Growth Promoting 
Antibiotics from Broiler Chickens: A Long-Term 
Commercial Industry Study. Journal of Applied 
Poultry Research 11: 431-436. 

4. Geidam YA, Usman H, Musa HI, Anosike F, Adeyemi 
Y (2009). Oxtetracycline and Procain Penicillin 
residues in tissues of slaughtered cattle in 
Maiduguri, Borno state, Nigeria. Terrestrial and 
Aquatic Environmental Toxicology 3(2): 68-70. 

5. Sasanya JJ, Ogwalokenga JW, Etobi F, Muganwa M 
(2005). Use of Sulfonamides in layers in Kampala 
district, Uganda and sulfonamide residues in 
commercial eggs. African Health Science V5(1): 33-
39. 

6. Doyle ME (2006). Veterinary drug residues in 
processed meats potential health risk: A review of 
the scientific literature. Food Research Institute, 
University of Wisconsin, Madison. Available at . 
Accessed 10th July, 2016. 

7. Shriver JA, Carter SD, Sutton AL, Richert BT, Senne 
BW, Pettey LA (2003). Effects of adding fiber 
sources to reduced-crude protein, amino acid-
supplemented diets on nitrogen excretion, growth 
performance, and carcass traits of finishing pigs. 
Journal of Animal Science 81:492-502.

8. McBride WD, Key N, Mathews K (2008). Sub-
therapeutic Antibiotics and Productivity in U.S. Hog 
Production. Review of Agricultural Economics 
30(2): 270-288.

9. Graham JP, Boland JJ, Silbergeld E (2007). Growth-
Promoting Antibiotics in Food Animal Production: 
An Economic Analysis. Public Health Reports 122: 
79-87. 

10. Johnston AM (1998). Use of antimicrobial drugs in 
veterinary practice. British Medical Journal 317: 
665-667.

11. U.S. Food and Drug Administration (FDA) (2013). 
Guidance for Industry: New Animal Drugs and New 
Animal Drug Combination Products Administered 
in or on Medicated Feed or Drinking Water of Food-
Producing Animals: Recommendations for Drug 

Enrofloxacin residue in chicken



West African Journal of Pharmacy (2017) 28 (1)105

Sponsors for Voluntarily Aligning Product Use 
Conditions with GFI #209.  Available at 
http://www.fda.gov/AnimalVeterinary/GuidanceC
omplianceEnforcement/GuidanceforIndustry/d 
efault.htm. Accessed 10th July, 2016. 

12. Alhendi AB, Homeida AAM, Galli ES (2000). Drug 
residues in broiler chicken fed with antibiotics in 
ration. Veterinarski Arhiv 70: 199-205.
13. Papich MG (1998). Antibacterial drug therapy. 
Focus on new drugs. The Veterinary Clinics of North 
America. Small Animal Practice 28(2): 215- 231.

14. Kempe M, Verachtert B. (2000). Cartridges with 
molecularly imprinted recognition elements for 
antibiotic residues monitoring in milk cream. Pure 
and applied biochemistry, Lunds Universitét Centre 
for Chemistry and Chemical Engineering 
Getingevagen, Lund, 1-10.

15. Olayemi SO, Oreagba IA, Mbagwu HOC (2006). A 
Survey of Antimicrobials Use in 50 Poultry Farms in 
Lagos. Journal of the Nigerian Infection Control 
Association 5(1&2): 18-22.

16. Jafari MT, Khayamian T, Shaer V, Zarei N (2007). 
Determination of Veterinary Drug Residues in 
Chicken Meat using Corona Discharge Ion Mobility 
Spectrometry. Analytica Chimica Acta 581: 147.

17. Nonga HE, Simon C, Karimuribo ED, Mdegela RH 
(2010). Assessment of antimicrobial usage and 
residues in commercial chicken eggs from small 
holder poultry keepers in Morogoro municipality, 
Tanzania. Zoonoses Public Health 57: 339.

18. Phillips IM, Casewell T, Cox B, De Groot C, Friis R, 
Jones C, Nightingle R, Preston F, Waddell J (2004). 
Does the use of antibiotics in food animals pose a 
risk to human health? A critical review of published 
data. Journal of Antimicrobial Chemotherapy 
53:28-52.

19. Cox LA Jr., Popken DA, Carnevale R (2007). 
Quantifying Human Health Risks from Animal 
Antimicrobials. Interfaces 37(1): 22-38.

20. Phillips I (2007). Withdrawal of growth-promoting 
antibiotics in Europe and its effects in relation to 
human health.  International Journal of 
Antimicrobial Agents 30(2): 101-107.

21. Bywater RJ, Casewell MW (2000). An assessment of 
the impact of antibiotic resistance in different 
bacterial species and of contribution of animal 
sources to Resistance in human infections. Journal 
of Antimicrobial Chemotherapy 46:1052.

22. Lawal JR, Jajere SM, Geidam YA, Bello AM, Wakil Y, 
Mustapha M (2015). Antibiotic Residues in Edible 
Poultry Tissues and Products in Nigeria: A Potential 
Public Health Hazard. International Journal of 

Animal and Veterinary Advances 7(3): 55-61.
23. Shareef AM, Jamel ZT, Yonis KM (2009). Detection 

of antibiotic residues in stored poultry products. 
Iraq Journal of Veterinary Sciences 23(1): 45-48.

24. Muhammed F, Aktar M, Rahman ZU, Javed I, Anwar 
MI (2009). Role of veterinarians in providing 
Residue-free veterinary food. Pakistan Veterinary 
Journal 29(1): 42-46.

25. Kukanich B, Gehring R, Webb AI, Craigmill AL, 
Riviere JE (2005). Effect of Formulation and route of 
administration on tissue residues and withdrawal 
times. Journal of the American Veterinary Medical 
Assocociation 227: 1574-1577.

26. Olatoye IO, Ehinwomo AA (2009). Oxytetracycline 
Residues in Edible tissues of cattle slaughtered in 
Akure, Nigeria. Internet Journal of Food Safety 11: 
62-66.

27. Rokni N, Kamkar A, Salehzadeh F, Madani R (2007). 
Study on the enrofloxacin residue in chicken tissues 
by HPLC. Iranian Journal of Food Science and 
Technology 4:11-17.

28. Kabir J, Umoh VJ, Audu E, Okoh J, Umoh U, Kwaga 
JKP (2004). Veterinary drug use inpoultry farms and 
determination of antimicrobial drug residues in 
commercial eggs and slaughtered chicken in 
Kaduna State, Nigeria. Food Control 15: 99-105.

29. Ezenduka EV, Ike OS, Anaelom NJ (2014). Rapid 
detection of antimicrobial residues in poultry: A 
consequence of non-prudent use of antimicrobials. 
Health 6(2): 149-152.

30. Dipeolu MA (2004). Problems and prospects of 
antibiotics residues in meat products in Nigeria. 
Vom Journal of Veterinary Science 1(1): 63-67.

31. Yorke JC, Froc P (2000). Quantitation of nine 
quinolones in chicken tissues by High Performance 
Liquid Chromatography with Fluorescence 
detection.
Journal of Chromatography A 882: 63-77.

32. European Agency for the Evaluation of Medicinal 
Products (2002). Committee for Evaluation of 
Medicinal Products, Enrofloxacin Summary Report 
(5). Available  at
http://www.ema.europa.eu/docs/en_GB/docume
n t _ l i b ra r y / M a x i m u m _ R e s i d u e _ L i m i t s _ -
_Report/2009/11/WC500014151.pdf. Accessed 
4th February, 2016.

33. Martin B, Cornejo J, Lapierre L, Iragüen D, Pérez F, 
Hidalgo H, Andre F (2010). Withdrawal time of four 
pharmaceutical formulations of enrofloxacin in 
poultry according to different maximum residues 
limits. Journal of Veterinary Pharmacology and 

Amagon et al



West African Journal of Pharmacy (2017) 28 (1)106

Therapeutics 33(3): 246-251.
34. Elkholy HM, Elkomy AA, Awidat SK, Elmajdoub AA 

(2009). Tissue and Egg Residues and Adverse Effect 
® of Two Oral Enrofloxacin Preparations; Baytril and 

®Enrotryl . Global Veterinaria 3(5): 363-368.
35. Nonga HE, Mariki M, Karimuribo ED, Mdegela RH 

(2009). Assessment of antimicrobial usage and 
anti- microbial residues in broiler chickens in 
morogoro muni- cipality, Tanzania. Pakistan 
Journal of Nutrition, 8: 203-207.

36. Patterson DR (1991). Quinolone toxicity: Methods 
of assessment. American Journal of Medicine 91: 
35S–37S.

37. Shimoda K (1998). Mechanisms of quinolone 

phototoxicity. Toxicology letters 102-103:369-373.
38. Khadra A, Pinelli E, Lacroix MZ, Bousquet-Melou A, 

Hamdi H, Merlina G. et al. (2012). Assessment of 
t h e  g e n o t o x i c i t y  o f  q u i n o l o n e  a n d  
fluoroquinolones contaminated soil with the Vicia 
faba micronucleus test. Ecotoxicology and 
Environmental Safety 76: 187-192.

39. Gruchalla RS, Pirmohamed M (2006). Clinical 
practice. Antibiotic allergy. New England Journal of 
Medicine 354: 601-609.

40. Simon AH, Baxter GA (2006). Biosensor screening 
for veterinary drug residues in foodstuffs. Journal 
of AOAC International 89(3): 862-867.

Enrofloxacin residue in chicken


