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A simple spectrofluorometric method was developed for screening enrofloxacin (ENRO) in chicken
muscle. A single-step extraction with acidic acetonitrile gave the best results without further cleanup.
Following centrifugation the supernatants were excited at 324 nm and the emission was measured
at 442 nm. Using this procedure, 18 chicken breast samples from 3 producers were tested. The
results showed background signal levels significantly lower than those corresponding to 300 µg/kg
ENRO, the FDA approved tolerance level. Statistical treatment of these data established a threshold
which can be used in subsequent screening of ENRO at the tolerance level. The calibration curve
revealed a satisfactory linear relationship (R 2 ) 0.9991) in a range of 0-700 µg/kg ENRO in fortified
chicken breast. ENRO-incurred samples were examined using this approach, and the results agreed
with those obtained from more extensive separation followed by high-performance liquid chroma-
tography. Because the threshold can be set at the 3σ limit, reliable screening can be accomplished
with an error rate of less than 0.26%. Based on this investigation, a high-throughput screening method
for ENRO in chicken tissue is proposed.
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INTRODUCTION

Fluoroquinolones (FQs) are a group of second-generation,
broad-spectrum antibiotics. Among them, enrofloxacin
(ENRO,Figure 1), has shown its high therapeutic efficacy in
the treatment of severe systemic infections affecting farm
animals, and it is currently the only FQ approved in the United
States for use in broiler chickens. Its widespread veterinary use
may, however, have contributed to the rapid emergence of drug-
resistant organisms (1). Increasing concern for this impact on
human health warrants development of reliable and sensitive
analytical methods for determination of FQ residues in food of
animal origin.

Liquid chromatography (LC) combined with one of several
detection methods is the most frequently employed technique
for multiresidue FQ analysis (2-7). Alternatively, capillary
electrophoresis has been used (8). The complex matrix of animal
tissue is a challenge to both method specificity and instrument
contamination. A multistep cleanup is usually required for
isolation of FQs from tissue samples, and the chromatographic
separation adds a further time requirement. A sensitive spec-
trofluorometric method (LOD) 20 µg/kg) which does not
require chromatography has been used, but it involves a lengthy
series of steps, including a 15-hour extraction with dichloro-
methane-10% methanol, followed by additional extraction,
concentration, and cleanup steps (9). Elimination of the need

for chromatography and simplification of extraction and cleanup
would provide the simple and more rapid methods required by
the food industry to screen tissue samples for veterinary drug
residue violations.

Here we report a simple spectrofluorometric method based
on intrinsic ENRO fluorescence. In this screening method,
separation of ENRO from chicken tissue involves a single-step
extraction and centrifugation without further cleanup. With
separation kept to a minimum, this rapid method provides
adequate sensitivity and specificity for screening of ENRO in
chicken muscle at the FDA tolerance level. Initially, a threshold
level is established by analysis of control chicken extracts and
extracts of chickens fortified at the tolerance level. Analysis of
subsequent samples and comparison to the established threshold
level provide positive or negative results, corresponding to an
ENRO level in the samples greater or less than the tolerance
(300 µg/kg), respectively. Most samples tested will typically
be below tolerance (not violative). Users of this approach would
then need only analyze positive samples further by other more
elaborate, costly quantitative and confirmatory methods, allow-
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Figure 1. Molecular structure of enrofloxacin.
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ing a greater number of samples to be investigated more
efficiently overall.

MATERIALS AND METHODS

Reagents and Solutions.Enrofloxacin was obtained from Bayer
(Kansas City, MO). All other chemicals and solvents were of analytical
reagent grade. Deionized water prepared with a Barnstead (Dubuque,
IA) E-pure system was used to prepare all aqueous solutions. The
ENRO stock solution (100µg/mL) was prepared in 0.03 M sodium
hydroxide. Dilutions for fortification were prepared daily in 0.1 M
phosphate, pH 9.

Chicken Tissue.Chicken breast samples were obtained from three
different suppliers: Bell & Evans (Fredericksburg, PA), Perdue
(Salisbury, MD), and Tyson (Springdale, AR). For each supplier, breasts
from six individual chickens were removed of bone, skin, and excess
fat, cut into small pieces, and blended with a food processor to a
homogeneous consistency. The individual homogenized chicken breast
samples were then stored at-20 °C until analysis. ENRO-incurred
chicken breast samples were supplied by D. Donoghue as previously
described (7). Incurred sample 1 represented day 8 (first day post dose),
whereas incurred sample 2 represented day 5 of dosing, and was diluted
1:20 with control chicken breast as described previously (7).

Fortification and Extraction of Fluoroquinolones from Chicken
Muscle.Homogenized chicken breast samples (2.0 g) were placed into
50-mL centrifuge tubes. Appropriate volumes (totaling 100µL) of
ENRO stock solution and 0.1 M phosphate, pH 9, were added to achieve
the desired fortification level. After addition of 1% acetic acid in
acetonitrile (6 mL), the samples were mixed with an Ultra-Turrax T-25
homogenizer (Janke and Kunkel) and centrifuged (4170×g, 5 min).
The supernatant was decanted and recentrifuged as before. The resultant
supernatant was then transferred to a cuvette for fluorometric analysis.
For liquid chromatographic analyses, samples of control and incurred
tissue were extracted by the previously developed procedure (7).

Spectrofluorometry. Fluorescence spectrometry was performed on
a model LS50B luminescence spectrometer (Perkin-Elmer, Norwalk,
CT). Approximately 3 mL of supernatant was placed inside a 1× 1
cm quartz cuvette with four polished sides. Instrument operation and
basic spectrum manipulation were performed with FL WinLab software
(Perkin-Elmer, Norwalk, CT). The instrument was allowed to stabilize
for 1 h before data acquisition. All spectra were recorded at room
temperature (∼23°C). Between samples, the cuvettes were washed
with methanol, rinsed with deionized water, and dried using a vacuum
washer (VWR, Pittsburgh, PA). The excitation and emission spectra
were obtained on a randomly selected chicken breast before and after
ENRO fortification. For assay measurements, the excitation wavelength
was set at 324 nm and the emission intensity was measured at 442 nm.
The excitation and emission slit widths were set at 3.0µm and 7.5
µm, respectively. Stability of the instrument was tested with repeated
readings on six samples before and after 100µg/kg ENRO fortification.
The reproducibility was found acceptable with RSDs in the range of
0.61-2.64% for 16 readings over a 2-h period. A calibration curve
was obtained by fortification of chicken muscle samples as described
in the prior section, at 5 levels from 0 to 700µg/kg. Fluorescence of
these fortified extracts was then measured as described above. Such a
calibration curve, generated without subtraction of background, was
used to provide an estimate of ENRO concentration in incurred samples.

Liquid Chromatographic Conditions ( 7). An Agilent 1100 LC
quaternary pump equipped with an on-line degasser, diode array
detector, model 1050 autosampler, and Zorbax Eclipse XDB-phenyl
column (3.0× 150 mm, 3.5µm) was used for LC separation. The
flow rate was 0.5 mL/min with a gradient of solvent A (1% formic
acid, pH 3 with ammonium hydroxide) and solvent B (acetonitrile) as
follows: 15% B (10 min), 15-20% B (8 min), 20% B (2 min), 20-
80% B (2 min), 80% B (2 min), 80-15% B (3 min), 15% B (3 min).
The eluate was monitored with a Jasco FP 1520 fluorescence detector
via a 35900E interface.

RESULTS AND DISCUSSION

Extraction of ENRO from Chicken Muscle. A goal of this
work was to develop a simple and rapid method for extraction

of ENRO from chicken muscle. The method would not
necessarily achieve a high degree of purification, but should
provide a sample suitable for spectroflourometric analysis. FQs
have been extracted using organic (acetonitrile, methanol, or
dichloromethane) and/or aqueous solvents, in either acidic or
basic conditions (2-9). Three solvents (acetonitrile, methanol,
and water) were thus chosen for investigation in this study. In
addition, the effect of acid and base in each solvent was tested.
In each case, the tissue was extracted with the chosen solvent
or with added acid (1% formic acid in solvent) or base (0.5 mL
of concentrated ammonium hydroxide in 6 mL of solvent), and
centrifuged. The decanted supernatant at this point generally
required a second centrifugation to provide a clear solution
suitable for spectrofluorometric analysis.

Extraction of homogenized chicken breast tissue with aceto-
nitrile and methanol provided useable clear supernatants.
However, extraction with water alone, or aqueous acid or
aqueous base, gave emulsions which were not readily separable.
Basic extraction using concentrated ammonium hydroxide in
either acetonitrile or methanol gave supernatants with very high
background in control samples, relative to that of fortified
samples. Neutral acetonitrile or methanol (no acid or base added)
gave useable results, but addition of 1% formic acid to these
solvents provided supernatants with greater sensitivity (greater
difference between control and fortified samples) due to the
enhanced fluorescence quantum yield discussed below. Aceto-
nitrile gave greater sensitivity than methanol, thus acidic
acetonitrile was chosen as the preferred extraction medium for
this method. No difference was apparent between 1% formic
acid/acetonitrile and 1% acetic acid/acetonitrile, so the latter
was chosen for analysis of the 18 chicken breast samples. A
good ENRO recovery (72%) was obtained using this solvent
combination.

Fluorescence Spectra.The excitation and emission spectra
shown in Figure 2 were obtained on a randomly selected
chicken breast before and after fortification with 1000µg/kg
ENRO. When monitored at 442 nm, there were two excitation
peaks at 290 and 325 nm, the latter peak slightly more intense.
When excited at 325 nm, the broad emission band was at 442

Figure 2. Excitation (dotted curves) and emission spectra (solid curves)
of control chicken extract in acidic acetonitrile (A) and chicken extract
fortified with ENRO at 1000 µg/kg (B): λex ) 324 nm, λem ) 442 nm,
excitation slit width 3.0 µm, emission slit width 7.5 µm.

3250 J. Agric. Food Chem., Vol. 51, No. 11, 2003 Chen and Schneider



nm. In general, features observed here agreed with those
observed in the literature (9-12): red shift of the emission band
in acetonitrile solvent and higher quantum yield in acidic
medium. The red shift is attributed to reverse solvatochromism
which results from interaction between excited-state intermedi-
ates and the solvent environment (10). Under acidic conditions
the protonated nitrogen atom in the C-N bond stabilizes the
planar piperazine group (Figure 1), contributing both to the red
shift and the fluorescence quantum yield enhancement (11, 12).
In some cases, the emission intensity doubles when pH changes
from 4.8 to 8.0 (11). From the analytical point of view,
sensitivity is improved with a higher fluorescence quantum yield.

Analysis of Chicken Muscle Data.To test the linearity of
response in this assay, a calibration curve was obtained with a
randomly selected chicken breast sample fortified with ENRO
at 0, 100, 300, 500, and 700µg/kg levels. The results showed
a satisfactory linear relationship (R2 ) 0.9991). Subsequent
calibration curves were also linear (R2 g 0.998) and had
consistent slopes. A considerable background fluorescence level
exists at 0µg/kg ENRO.

To establish a threshold level for use of this screening assay,
extracts of 18 chicken breast samples were measured before
and after ENRO fortification at 300 and 100µg/kg. The results
are shown inFigures 3 and4. Subgroups B, P, and T, 6 data
points each, represent samples from 3 producers. Each data point
is the mean of 3 replicate samples, with the error bar represent-

ing 1 standard deviation (SD) above and below the mean. Two
points in the same column are from the same sample.

For the unfortified samples, the scatter of data indicates the
fluctuation of background fluorescence intensity. The major
source of this background is expected to be fluorescent
compounds that were not completely excluded by the one-step
extraction employed in this method. It was observed from
Figures 3and4 that 2 out of 18 samples (P6, T5) showed much
higher backgrounds, which contributed to the large standard
deviations. Repeated experiments on two additional days
confirmed that the higher levels of background signal were
reproducible (n) 3, RSD) 2.74% for P6, RSD) 0.82% for
T5). One possibility for the high background level in these two
samples was that they contained ENRO or another FQ. More
extensive separation was performed on these two samples
followed by HPLC with fluorescence detection using a previ-
ously developed method (7). The resulting chromatogram clearly
showed the absence of ENRO as well as the absence of any
additional peak in the region in which FQs would typically elute.
The additional fluorescence in these samples, thus, may be
coming from an early eluting component which overlaps with
the normal early eluting background material present in chicken
extracts. No further attempts were made to identify these
background components.

Potential interference from other drugs administered to
chickens is an issue to consider. Many types of drugs are not
inherently fluorescent under these conditions, and would not
be expected to interfere in the assay. Preliminary investigation
of chicken samples fortified with sample drugs at their respective
tolerance levels (tetracycline, 2000µg/kg; tylosin, 200µg/kg;
and nicarbazin, 4000µg/kg) gave no fluorescence above the
control samples in the assay. Other FQs, however, having a
similar structure, would be expected to fluoresce under these
conditions. Any such signal from FQs other than ENRO would
actually be useful, as the presence of these unapproved FQs
would then be detected through further quantitative/confirmation
analysis. Further studies of the use of this screening method to
detect additional FQs are planned.

Compared to the variations observed between individual
chickens, noise contributions from day-to-day variations related
to operator and instrumentation conditions are relatively minor.
This was examined in more detail by statistical analysis of the
net fluorescence signals from the added ENRO (fortified level
minus control level), represented by the distances between data
points in the same columns inFigures 3 and4. Lower RSDs
were obtained, as expected, without inclusion of the variability
between chickens (Table 1). Results from a pairedt test analysis
confirm very consistent nonzero differences (p < 0.0001) exist
between the control and fortified levels for both the 100 and
300 µg/kg experiments. This is an indication of the reproduc-
ibility of the method and instrumentation, taking into account
the day-to-day variations.

To evaluate this method for screening at 300µg/kg (FDA
tolerance), a group of four lines was drawn inFigure 3 to

Figure 3. Fluorescence intensity of eighteen chicken breast samples
measured before and after ENRO fortification at 300 µg/kg.

Figure 4. Fluorescence intensity of eighteen chicken breast samples
measured before and after ENRO fortification at 100 µg/kg.

Table 1. Comparison of Raw and Net Fortification Fluorescence Data

sample
(n ) 18)

mean fluorescence
intensity

(arbitrary units)
RSD
(%)

control 109.1 24.4
100 ppb 172.2 15.8
300 ppb 304.9 11.6
100 ppb − control 64.1 8.5
300 ppb − control 191.3 7.9
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indicate signal levels corresponding to the control meanxjo,
fortified meanxj300, xj0 + 3σ0, andxj300 - 3σ300 (σ here is the
standard deviation for 18 samples,n ) 18). For a successful
screening method, the number of false positive and false
negative results should be minimized. The line corresponding
to xj0 + 3σ0 is less than that ofxj300 - 3σ300, indicating this
method would be acceptable for screening at the 300µg/kg level.
For any measurement, the probability for a result to exceed the
3σ limit falls to 0.13% on each side of the curve. Thus, the
combined errors from false positives and false negatives can
be kept to 0.26%. To minimize the possibility of false negatives,
the decision threshold could be set atxj0 + 3σ0. Thus, a sample
would give a positive response in the assay if its fluorescence
intensity was greater than the threshold atxj0 + 3σ0, and a
negative response if its fluorescence intensity was less than this
threshold.

For evaluation of this method at 100µg/kg, the corresponding
4 lines are drawn inFigure 4, including the control meanxj0,
fortified meanxj100, xj0 + 3σ0, andxj100 - 3σ100. This time, the
threshold set atxj0 + 3σ0 is greater thanxj100 - 3σ100, suggesting
this method would be unreliable at this level. In fact, at this
threshold, 0 false positives and 15 false negatives were obtained
from the 18 samples. Interestingly, ANOVA analysis of this
data set indicates the differences between the means (fortified
and control) of the 18 samples are still significant. Thus, if
screening was required at this level, analysis of multiple rather
than single samples could still provide usable results. Otherwise,
use of the method at this level on individual samples would
require decreasing the standard deviation by decreasing variation
between samples. This would be accomplished by more
extensive cleanup, which necessitates additional extraction and
concentration steps. Considering the large number of chickens
consumed in the U.S., throughput is of paramount importance
for any screening method, thus this work has focused on a
method that functions well at the tolerance level (300µg/kg)
as opposed to a more lengthy method for a lower concentration.

In addition, it may still be possible for this method to be
effective with individual chicken samples at some point between
100 and 300µg/kg, providing a less stringent threshold were
adopted, such asxj0 + 2σ0. With this limit, a 4.6% error rate
might be expected, which could still be useful depending on
the particular application.

A good way to test such a screening method is with actual
incurred samples, rather than with only fortified samples. To
demonstrate the feasibility of this rapid screening approach, two
ENRO-incurred chicken breast samples representing two levels
were analyzed. These particular samples had been analyzed
previously using a more elaborate quantitative method involving
extraction followed by HPLC with fluorescence detection (7).
From the previous work, sample 1 was known to be>300µg/
kg, and sample 2 was known to be<300µg/kg (Table 2). This
screening method gave a positive result for sample 1 (above
tolerance), and a negative result for sample 2 (below tolerance),
as would be expected from our work with the fortified samples.
From a fortified calibration curve run at the same time, an
ENRO concentration was calculated for each sample and

compared with the previously determined quantitative results
(Table 2). The results were reasonably similar between the two
methods. Although the screening assay cannot strictly be used
as a quantitative method due to the potential variability in control
samples, it may be possible to at least obtain such an approxi-
mate concentration using this approach. The principal use of
this method, however, is clearly for screening, where it can
provide a valuable aid in the preliminary evaluation of large
numbers of samples.

CONCLUSIONS

A simple, rapid spectrofluorometric screening method was
described for ENRO in chicken muscle. The only separation
involved in this method is a single-step extraction and centrifu-
gation without further cleanup. Reliable screening (3σ limit)
can be done for ENRO in chicken muscle at 300µg/kg, the
tolerance set by FDA. The sensitivity and specificity are
adequate with minimum sample preparation, and the results are
reproducible.

ABBREVIATIONS USED

ENRO, enrofloxacin; FDA, U.S. Food and Drug Administra-
tion; FQ, fluoroquinolone; HPLC, high-performance liquid
chromatography; LC, liquid chromatography; LOD, limit of
detection; RSD, relative standard deviation; SD, standard
deviation.

ACKNOWLEDGMENT

Limei Yun and Susan Braden are acknowledged for technical
assistance, Dan Donoghue (University of Arkansas) is thanked
for providing samples of ENRO-incurred chicken muscle, and
Bayer is acknowledged for providing a sample of ENRO. John
Phillips is thanked for assistance with the statistical analysis as
is Steve Lehotay for helpful discussions.

LITERATURE CITED

(1) Use of quinolones in food animals and potential impact on human
health. Report of a World Health Organization meeting; WHO/
EMC/ZDI/98; Geneva, Switzerland, 1998.

(2) Horie, M.; Saito, K.; Nose, N.; Nakazawa, H. Simultaneous
determination of benofloxacin, danofloxacin, enrofloxacin and
ofloxacin in chicken tissues by high-performance liquid chro-
matography.J. Chromatogr. B1994,653, 69-76.

(3) Rose, M. D.; Bygrave, J.; Stubbings, G. W. F. Extension of multi-
residue methodology to include the determination of quinolones
in food. Analyst1998,123, 2789-2796.

(4) Holtzapple, C. K.; Buckley, S. A.; Stanker, L. H. Immuno-
sorbants coupled on-line with liquid chromatography for the
determination of fluoroquinolones in chicken liver.J. Agric. Food
Chem.1999,47, 2963-2968.

Table 2. Comparison of Results for Incurred Samples Using This Screening Method and an HPLC−Fluorescence Method (7)

screening HPLC−fluorescence (7)

incurred
samples ±

ENRO concentration
(µg/kg) n RSD (%)

ENRO concentration
(µg/kg) n RSD (%)

1 positive 418 3 2.0 341 3 1.2
2 negative 146 3 2.4 138 3 5.1

3252 J. Agric. Food Chem., Vol. 51, No. 11, 2003 Chen and Schneider



(5) Yorke, J. C.; Froc, P. Quantitation of nine quinolones in chicken
tissues by high-performance liquid chromatography with fluo-
rescence detection.J. Chromatogr. A2000,882, 63-77.

(6) Schneider, M. J. Multiresidue analysis of fluoroquinolone
antibiotics in chicken tissue using automated microdialysis-liquid
chromatography.J. Chromatogr. Sci.2001,39, 351-356.

(7) Schneider, M. J.; Donoghue, D. J. Multiresidue analysis of
fluoroquinolone antibiotics in chicken tissue using liquid chro-
matography-fluorescence-multiple mass spectrometry.J. Chro-
matogr. B2002,780, 83-92.

(8) Barron, D.; Jimenez-Lozano, E.; Cano, J.; Barbosa, J. Determi-
nation of residues of enrofloxacin and its metabolite ciprofloxacin
in biological materials by capillary electrophoresis.J. Chro-
matogr. B2001,759, 73-79.

(9) Waggoner, T. B.; Bowman, M. C. Spectrofluorometric deter-
mination of Bay Vp 2674 residues in poultry tissue.J. Assoc.
Off. Anal. Chem.1987,70, 813-818.

(10) Park, H.-R.; Oh, C.-H.; Lee, H.-C.; Lee, J.-K.; Yang, K.; Bark,
K.-M. Spectroscopic properties of fluoroquinolone antibiotics
in water-methanol and water-acetonitrile mixed solvents.Pho-
tochem. Photobiol.2002,75, 237-248.

(11) Vilches, A. P.; Nieto, M. J.; Mazziere, M. R.; Manzo, R. H.
Structure-fluorescence relationships in antimicrobial fluoroqui-
nolones (AMFQs).Molecules2000,5, 398-400.

(12) Liu, Z.; Huang, Z.; Cai, R. Study of three-dimensional fluorescent
spectral characteristics of fluoroquinolones in varying media.
Spectrochim. Acta A Mol. Biomed. Spectrosc.2000,56A, 1787-
1793.

Received for review November 18, 2002. Revised manuscript received
March 12, 2003. Accepted March 14, 2003. Mention of brand or firm
name does not constitute an endorsement by the U.S. Department of
Agriculture above others of a similar nature not mentioned.

JF0211332

Screening Method for ENRO in Chicken Muscle J. Agric. Food Chem., Vol. 51, No. 11, 2003 3253


