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Antibiotics in animal feed are a public health concern, their residues could eventually be detected in animal food products intended for human consumption .  

Antibiotics have recently been shown to accumulate in poultry feathers, which is significant because poultry feathers serve as a high protein ingredient in 

animal feed, such as poultry feed1. The continued use of these molecules as feed additives has inadvertently created antibiotic-resistant micro-organisms, 

which has caused human health concerns.  

Antimicrobials used in poultry production have the potential to bioaccumulate in poultry feathers. Following poultry slaughter, feathers are converted in feather 

meal2  and sold as fertilizer3. Feather meal is often incorporated as a protein source into the diets of other food animals, such as cattle, swine, rainbow trout, 

shrimp and salmon4, thereby providing a potential pathway for reentry of antimicrobials into the human food supply.  

Considering the pharmacokinetic characteristics of enrofloxacin (ENR) and its metabolite ciprofloxacin (CIP)5,6, drug accumulation in non-edible tissues such 

as feathers is highly probable. Although feathers after been processed are introduced in the food chain as a protein source in animal feed, withdrawal periods 

are not established yet. Hence, the present study has been conducted to evaluate the residue profile of ENR and its primary metabolite CIP in feather of 

broiler chicken, after ENR (Carval®) administration at 10 mg/kg/day for 5 consecutive days with drinking water. 

Study design treatment and samples colleted Enrofloxacin and ciprofloxacin analysis 

C18 column  (Luna, 5 µm, 4.6 mm x 150 mm; 

Phenomenex, Torrance,CA, USA) was eluted with 

a mixture of water : acetonitrile : triethanolamine 

(80:19:1)  pH 3,  at a flow rate of 1.2 mL/min 

FluoroMonitor detector (excitation 278 nm  and  

emission 446 nm) 

y = 3E+06x 
R² = 0.9977 
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y = 2E+06x 
R² = 0.9967 
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Fig 1A: ENR Standard 

calibration curve  

Fig. 1B: CIP Standard 

calibration curve  

This method performed accurately and reproducibly over a range of 0.1 to 2 µg/mL for ENR-CIP (Fig 1 A-B).  
The calibration curve was linear over the range of concentrations evaluated with a correlation coefficient of 0.9974 for ENR and 0.9986 for CIP (Fig. 2).  
The detection limits were ENR 0.062 µg/g and CIP 0.040 µg/g. The quantitative limits were ENR 0.080 µg/g and CIP 0.050 µg/g. The specificity was demonstrated by analysis of 
blank samples.   
The intra-day and inter-day accuracy (% recovery) and precision as the coefficient of variation are presented in Table 1. 
High levels of ENR and CIP were found in feathers after ENR oral administration (10 mg/kg) for consecutive 5 days with drinking water and both compounds persisted 
throughout the study period. Mean values of ENR, CIP and ENR + CIP are shown in Figure 3.  
 
 

Fig. 2: HPLC Chromatograms of ENR and 

CIP standards calibration curve (0.1, 0.25, 

0.5, 1 and 2 µg/mL) 

CIP 

ENR 

      Intra-day 
Inter-day (over 3 

days) 

  r µg/g 
Accuracy 

(%), n=6 

Precision 

(%), n=6 

Accuracy 

(%) 

Precision 

(%) 

 ENR 
0.999533  

(0.1-2µg/g) 

0. 1  

0.25   

2 

110.00 

96.00 

98.00 

4.76 

3.38 

5.57 

100.00 

94.67 

97.33 

10.00 

2.44 

0.59 

CIP 

0.998629          

(0.1-2 

µg/g) 

0.1 

0.25 

2 

110.00 

96.00 

100.00 

5.34 

5.54 

3.94 

100.00 

93.33 

96.67 

10.00 

2.47 

2.99 

Table 1. ENR and CIP recovery from feather samples obtained of 
chickens treatment with 10 mg/kg enrofloxacin with drinking 
water 
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Figure 3.  Mean feather concentrations of ENR, CIP and ENR + CIP of 
chickens after ending the enrofloxacin (Carval®) administration by 
oral route with drinking water for 5 consecutive days  
 

The analytical method developed to determine ENR and CIP in broiler chicken feathers demonstrated linearity, precision and accuracy under the analytical 

conditions. This technique might have important applications in residues studies of ENR and CIP in feathers.  

Feather meal is a potential source of drug residues that can pass through the food chain when contaminated meal is fed to food-producing animals. In the 

present study, feathers had high ENR and CIP concentrations, coincident with results of others authors who analyzing different compounds in chicken 

feathers7.  

Although feathers after been processed are introduced in the food chain as a protein source in animal feed, because poultry feather constitutes the most 

abundant keratinous material in nature, withdrawal periods are not established yet.  

The high concentrations found in the feathers cannot be explained by blood contribution to this tissue because feather vasculature reaches only the lower 

portion of the calamus. One possible source of feather contamination is secretion from the uropygial gland, which may reach the feathers via grooming 

behavior8,9. 

However, such high concentrations of ENR and CIP found in feathers cannot be attributed only to external contamination of feathers. The slow elimination of 

ENR residues from feathers could be explained by the reabsorption of the vascularized pulp that fills the shaft of the feather throughout the maturation process. 

This process is discontinued and terminates in a pulp cap, in which the drug can be retained. 

Further studies to establish a withdrawal time may be useful to avoid drug residues that could result in adverse health consequences like increases in antibiotic 

resistance. 
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