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Introduction

Quinolones are a class of synthetic antibiotic drugs that are commonly used in human and veterinary medicine. In poultry they are used to treat respiratory and intestinal infections caused by Gram negative bacteria. Quinolone antibiotics act by inhibiting the bacterial DNA gyrase, causing inhibition of DNA replication. Since their introduction in veterinary medicine in the early 1990s, a significantly increased incidence of quinolone resistant E. coli and salmonella has been reported [START_REF] Hopkins | Mechanisms of quinolone resistance in Escherichia coli and Salmonella: Recent developments[END_REF]. Although none of the quinolones licensed for clinical use is approved for veterinary use, they all share a common mechanism of action and are therefore likely to induce the similar of modes of resistance. This is of great concern regarding the transfer of resistance to human pathogens (Bogaard and Stobberingh 2000). A significant correlation has been observed between the licensing of enrofloxacin for veterinary use and decreased susceptibility to ciprofloxacin in salmonella isolated from humans (Trelfall et al. 1997). Quinolones were therefore chosen as one of the priority groups of residues within EU-project "New technologies to screen multiple chemical contaminants in foods" (acronym BioCop).

To protect the consumer from exposure to residue levels that might constitute a health risk, the European Union has introduced legislation with regard to authorisation of veterinary medicine. The approval of veterinary medicinal products can only occur after an extensive safety and residue evaluation and subsequent registration in Annex I, II or III of Council Regulation 2377/90 (EC 1990). For substances included in Annex I and III the registration includes establishment of Maximum Residue Limits (MRLs). In practice for economic reasons veterinary drugs are only developed for "major" food-producing species. As a result only very few substances have MRLs established in eggs, so only a very limited number of products are allowed to be used in animals from which eggs are produced for human consumption. This situation provokes 'off label' and illegal administration of medicinal products to laying hens, making quinolones an important class of drugs for the monitoring of residues in poultry products.

Food surveillance programs intended to maintain legislation concerning the presence of drug residues rely heavily on the availability of fast and accurate screening methods.

Analytical methods for the determination of quinolone residues in animal products are widely available (Munns et al.1998;Yorke and Froc 2000;[START_REF] Schneider | Multiresidue determination of fluoroquinolone antibiotics in eggs using liquid chromatography-fluorescence-mass spectrometry[END_REF][START_REF] Berendsen | Multi-analyte method for the quantitave LC-MS/MS determination of quinoles in poultry muscle[END_REF]). These procedures however are technically complicated, expensive and time-consuming and often detect only a limited number of analytes simultaneously. When the aim is to screen large numbers of samples rapidly and at relatively low cost, microbiological screening methods are more suitable. Microbial inhibition assays are generally applied as a first qualitative screening step, primarily developed to sift out large numbers of compliant results, reducing the number of samples that need to be analyzed by a quantitative confirmatory method. Throughout the EU the most common screening method for antibiotic residues in animal tissue is probably the EU Four Plate Test (Bogaerts and Wolf 1980) or derivatives of this concept. Since this method was developed a decade before the introduction of quinolones in veterinary medicine, it does not comprise a test plate sufficiently sensitive for quinolone residues.

For the detection of quinolones Ellerbroek introduced in the early '90s an assay using Escherichia coli as an indicator strain (Ellerbroek 1991), which has been included in several other multiplate screening methods since then [START_REF] Nouws | A microbiological assay system for assessment of raw milk exceeding EU maximum residue levels[END_REF][START_REF] Myllyniemi | A microbiological six-plate method for the identification of certain antibiotic groups in incurred kidney and muscle samples[END_REF][START_REF] Okerman | Inhibition tests for detection and presumptive identification of tetracyclines, beta-lactam antibiotics and quinolones in poultry meat[END_REF][START_REF] Gaudin | Validation of a microbiological method: the STAR protocol, a five-plate test, for the screening of antibiotic residues in milk[END_REF][START_REF] Ferrini | Combined Plate Microbial Assay (CPMA): A 6plate-method for simultaneous first and second level screening of antibacterial residues in meat[END_REF]). The use of E. coli as an indicator strain however has its shortcomings. It has difficulty detecting oxolinic acid and flumequine residues at sufficiently low levels, while especially flumequine is commonly used in poultry. Enrofloxacin, on the other hand, can be detected extremely sensitive with respect to MRL values. Therefore, the use of E. coli for screening purposes will easily lead to false compliant results with respect to flumequine, but will also yield many false non-compliant results when enrofloxacin is present in a sample.

The Premi  Test (DSM Nutritional Products, Geleen, the Netherlands) has been introduced several years ago as an attractive on-site alternative for the traditional multiplate systems. It is a fast microbial assay based on the inhibition of Bacillus stearothermophilus and applicable for a variety of matrices, among which egg and poultry muscle. However, this test organism is relatively insensitive to quinolone antibiotics, so additional testing will be required to ensure the whole antibiotic spectrum is adequately covered. This paper presents an improved microbiological screening assay for the detection of quinolone residues in poultry muscle and egg, that is better suitable for testing in compliance with MRL values.

It is of essential importance to validate microbiological drug residue screening systems with fortified or incurred tissue, since the influence of matrix components seriously affects the detection capacity of an inhibition assay. Tissue binding of drug residues or 

Material and methods

Antibiotic standards

For preparation of antibiotic stock solutions drug standards of known purity with certificate of analysis were used. Flumequine and oxolinic acid were obtained from Sigma-Aldrich (Zwijndrecht, Netherlands), enrofloxacin from Bayer (Leverkusen, Germany), danofloxacin from Pfizer (Groton, USA) and difloxacin from Fort Dodge Animal Health (Naarden, the Netherlands). Stock solutions were prepared by dissolving 5 mg of the antibiotic in 5 ml 0.1 M NaOH and diluting to 100 ml with demineralized water. These stock solutions were diluted with demineralized water to concentrations suitable for preparation of the spiked samples. Naarden, the Netherlands), enrofloxacin (Baytril, 10% solution, Bayer, Mijdrecht, the Netherlands) or flumequine (Flumequine, 50% water-soluble powder, Dopharma, Raamsdonksveer, the Netherlands). Another group of 75 animals remained untreated to provide blank reference material. Medication was administered through the drinking water: prior to the experiment the avarage daily water uptake was determined and the required drug concentrations were calculated taking into account an intended dose of 30 mg/kg total body weight. The birds were kept on their respective drinking water treatments for 5 consecutive days, during which the (medicated) water was refreshed daily. On day 6 the animals were euthanized by electrocution and breast muscle material was collected. Breast samples were individually packed and stored at -20°C. The drug residue concentration in each breast sample was determined using the microbiological assay. Samples containing drug concentrations around the MRL were obtained through a cryogenic grinding and mixing procedure. Frozen poultry breasts were roughly diced, after which their temperature was decreased further using liquid nitrogen. From this point on the material remained deep frozen by adding liquid nitrogen on regular intervals. The pieces were first roughly ground using a UMC 5 Electronic cutting mill (Stephan Machinery, Hameln, Germany), then smaller portions were blended to a fine powder 8 using a Grindomix GM200 (Retch GmbH, Haan, Germany), after which the material was sieved through a 1.25 mm sieve. Batches of 1.5 kg containing around 100 µg/kg enrofloxacin, 300 µg/kg difloxacin or 400 µg/kg flumequine were prepared by combining the proper amount of incurred and blank reference material. After collecting the sieved material it was homogenized by additional stirring for 10 minutes under liquid nitrogen.

Incurred eggs were obtained from a group of eighty 30-week old Lohman brown laying hens. Eggs were collected during a period of 4 weeks, during which the first 2 weeks untreated reference eggs were obtained. After 2 weeks the medication was started: each half of the group was exposed to either oxolinic acid (Sigma-Aldrich, Zwijndrecht, Netherlands) or flumequine (Flumequine 50% WSP, 50% water-soluble powder, Dopharma, Raamsdonksveer, the Netherlands). Medication was provided through the drinking water: daily water uptake of a group was determined and the required drug concentrations were calculated taking into account an intended dose of 30 mg/kg total body weight. The hens were kept on their respective drinking water treatment regimes for nine consecutive days, during which the (medicated) water was refreshed daily. Eggs were collected daily and pooled in 3 or 4 portions consisting of eggs laid on the same day. Egg samples were homogenized using an Ultra-Turrax T18 (IKA ® Werke GmbH, Staufen, Germany) and the residue concentration of each batch was estimated using the microbiological assay. Egg samples were then diluted with the untreated reference eggs to concentrations around 50 µg/kg for oxolinic acid and 200 µg/kg for flumequine. 

Sample preparation

Incurred and fortified egg samples could be applied directly onto the test plate. Analysis of poultry muscle required some additional sample preparation. Fortified poultry muscle samples were prepared by mixing 195 g of roughly chopped material and 5 ml of the appropriate antibiotic spike solution. This mixture was let to rest for at least one hour at room temperature and subsequently blended in a rotary hatcher. Both spiked and incurred poultry tissue were further treated the same. Approximately 30 g of the blended or powder material was heated in a centrifuge tube for 20 minutes at 64 °C, after which the sample was centrifuged for 10 minutes at 27000 x g. The supernatant (meat fluid) was applied directly onto the test plate.

Microbiological screening assay

Although the principle of the assay (microorganism and test agar) is the same for egg and poultry muscle samples, the test plate was optimized for each specific matrix. The test plate for egg samples contained per liter: 23.5 g Plate Count Agar (Difco), 5% of a 1 M phosphate buffer pH 6.5 and 1.0 g Tween 80. The test plate for poultry muscle samples contained per liter: 15.7 g Plate Count Agar (Difco) and 5% of a 1 M phosphate buffer pH 6.5. The media were sterilized for 15 min at 121 °C and after cooling down to 48°C the pH was adjusted to 6.5 ± 0.1 if necessary. The media were seeded with Yersinia [START_REF] Barker | Detection of 4-quinolone residues in rainbow trout muscle using a bioassay[END_REF]) at 10 6 CFU/ml agar and immediately poured as a layer of approximately 2.2 mm. After solidification holes with a diameter of 14 mm were punched into the plate, with a maximum of 9 holes in 120*120*17 mm plates or 36 holes in 245*245*20 mm plates. A sample volume of 250 µl was applied and plates were incubated for 16-18 hours at 30°C.

Interpretation of the test plate results

The presence of antibiotics is shown by the formation of growth inhibition zones around the hole. The test plate is not vulnerable to naturally occurring antimicrobial compounds, so any visible inhibition is considered positive. The diameter of the zones was measured with a precision of 0.1 mm using a vernier calliper. Quinolone concentrations in incurred samples were estimated from calibration curves comprising five calibrators. Residue concentrations in these fortified poultry muscle or egg samples were in the range of 25-400, 50-600, 100-600 and 50-150 µg/kg for enrofloxacin, difloxacin, flumequine and oxolinic acid, respectively. Calibration curves were obtained as a best fit regression line calculated by the method of least squares, using the diameter of inhibition zones vs. the logarithm of the antibiotic concentrations.

Premi  Test

The Premi  Test (DSM Nutritional Products, Geleen, the Netherlands) was carried out according to the manufacturers instructions. Samples of 100 µl meat fluid or egg were applied to an ampoule. Prior to the incubation at 64ºC, ampoules containing egg samples 

LC-MS/MS measurements

To the egg samples (1 g) 10 ml water was added and the samples were extracted for 15 min with a rotary tumbler. Muscle tissue samples were first minced and homogenized with a Moulinette meat mincer and further treated as the egg samples. After centrifugation at 3000 rpm (10 min) the supernatant was passed through a 0.45 µm membrane filter. A 2-ml aliquot was passed through an Ultracel YM-30 Centricon ultrafilter (Millipore, Bedford, MA, USA) by centrifugation at 4500 rpm for 45 min. The filtrate was transferred to a 500 µl HPLC vial and analysed by LC-MS/MS. A Waters Alliance 2690 HPLC coupled to a Micromass Quattro Ultima tandem mass spectrometer (Waters, Milford, MA, USA) was used. The quinolones were separated by gradient elution on a Waters Symmetry ® C 18 150 x 3.0 mm column (Waters, Milford, MA, USA), The gradient was run with a flow of 400 µl min -1 starting at 100% 5 mM formic acid for 1 min and then changed to 5 mM formic acid in acetonitrile in 10 min.

After an isocratic hold for 2 min the solvent composition was changed in 1 min to the starting conditions. Total run was 19 min. The column effluent was split 1:2 before entering the mass spectrometer. The mass spectrometer was operated in positive electrospray mode with the capillary voltage set at 2.7 kV, cone voltage: 20 V, source temperature: 120 o C, desolvation gas temperature: 300 o C, cone gas flow: 200 l min -1 , desolvation gas flow: 500 l min -1 , collision gas: argon, at 2.2 10 -6 bar. For each analyte Ib.

Of each incurred batch 10 randomly chosen samples were processed and analysed in duplicate. The homogeneity of each batch was verified by applying the methodology presented by [START_REF] Fearn | A new test for 'sufficient homogeneity[END_REF]. No outliers were identified by applying Cochran's test and all for all batches the determined sampling variance (s all 2 ) was below the calculated critical value (c) for the test. It could be concluded that all batches are sufficiently homogeneous.

[Insert Table Ia and Ib about here]

Results

Detection capability

ccording to EU commission decision 2002/657/EC the detection capability (CCβ) of a method is defined as "the smallest content of the substance that may be detected, identified and/or quantified in a sample with an error probability of β" (EC 2002). The β error is set at 5% and at least 20 investigations for one concentration level have to be [Insert Table II about here] [Insert Figure 1a and 1b about here]

Incurred samples

The accuracy of the method was examined by a semi quantitative determination of the residue concentration in incurred poultry samples containing enrofloxacin, difloxacin or flumequine, and incurred egg samples containing oxolinic acid or flumequine. For each matrix/residue combination a calibration curve was generated, using a relevant set of five matrix calibrators. Residue concentrations in the incurred sample were then calculated from the diameter of the inhibition zones and compared with the values determined by LC-MS/MS. To verify that the homogenization under liquid nitrogen has no effect on the antibiotic concentration obtained in meat juice after sample preparation, we compared calibration lines obtained from fortified samples subjected to the cryogenic procedure with those obtained from the conventional procedure. This resulted in virtually identical lines for all three quinolones (data not shown). to the biologically active residues ciprofloxacin and sarafloxacin, respectively. The antimicrobial activity of the primary metabolite of flumequine, 7-hydroxy-flumequine, is negligible. Except for the lowest enrofloxacin concentration, the microbiologically determined residue levels in muscle were indeed found to be somewhat higher. This could however not entirely be attributed the presence of ciprofloxacin and sarafloxacin, since the LC-MS/MS analyses showed that these compounds account for less than 10%

of the total residue level. It can not be excluded that other unkown microbiologically active metabolites are responsible for the effect. LC-MS/MS analysis on the extracts of incurred and matrix calibrator samples prepared for the microbiological assay, also confirmed the observed discrepancy, excluding the possibility that the differences were caused by the slightly different sample preparation procedures of the two methods.

The Premi  Test screening result was negative for all tested samples. Indicative data on the sensitivity of the test provided by the manufacturer do not claim detection levels for quinolones in egg, in poultry they are presumed to be >600 µg/l for enrofloxacin and >100 µg/l for flumequine. Our results indicate that the detection level for flumequine is at least >500 µg/kg. It can be concluded that the Premi  Test is not suitable for screening poultry for compliance with MRLs with respect to quinolone residues.

[Insert 

Discussion

We succeeded in developing a microbiological inhibition assay that is capable of efficient screening for quinolone residues in incurred tissue samples. The sensitivity of a microbiological screening method is often determined using standard antimicrobial solutions (Ellerbroek 1991;Calderon et al. 1996;Currie et al.1998;Tsai and Kondo 2001;[START_REF] Ferrini | Combined Plate Microbial Assay (CPMA): A 6plate-method for simultaneous first and second level screening of antibacterial residues in meat[END_REF]. Such an approach however does not provide a clear view on the true potential of a test, since matrix compounds may significantly affect the sensitivity of a test system. This is an aspect often neglected in method development,

while it has been shown before that assay sensitivity with meat samples for example is likely to be much lower [START_REF] Okerman | Detection of antibiotics in muscle tissue with microbiological inhibition tests: effects of the matrix[END_REF]. Our results indicated that the sensitivity of the presented microbial assay increased approximately two-fold when standard antimicrobial solutions were analysed . When such an insufficiently characterized screening method is implemented in food surveillance programs, this may have serious implications for consumer safety, since it is likely to yield false compliant screening results.

A potential strategy to account for the effect of tissue factors is the use of fortified tissue fluid. Routine screening for antibiotic residues in meat, however, is often performed 17 using small meat disks that are directly applied on an agar plate. Using fortified tissue fluid ignores the possibility of binding of the antibiotic to the tissue. To account for this effect we developed a procedure involving fortification of a relatively large amount of tissue and applying extracted fluid on the test plate. The fact that our calibrator lines resulted in an accurate estimation of the residue levels in the incurred samples, indicates that this approach is valid for quinolone antibiotics. For practical reasons we used a sample preparation procedure involving a heating step followed by centrifugation, since this yields the largest quantity of tissue fluid. Alternatively, the meat extract can also be obtained using a meat press or by applying a freeze-thaw cycle, which is very convenient for on-site use. Additional heating does not affect the detection capability.

Although matrix components often tend to decrease the sensitivity of a test, the opposite also can occur: egg samples notoriously cause false non-compliant results in microbiological screening methods because of the presence of natural inhibiting factors.

Many inhibition assays rely on Bacillus subtilis or close relatives like B.

stearothermophilus or B. cereus as a test organism, which makes these screening systems vulnerable to lysozyme activity. This problem can be reduced by applying a heat inactivation step. In contrast to for example the Premi  Text, the inhibition assay presented in this paper however allows direct analysis of egg samples without a pretreatment step. Key factors contributing to the robustness and the sensitivity of the presented test plate appeared to be the choice of the test agar (Plate Count Agar, Difco) and the addition of phosphate. We found addition of Tween80 to be an effective cure against coagulase zones that can complicate the analysis of egg samples. The microbial inhibition assay reported here, slightly overestimated the quinolone residues present in incurred tissue. In practice this should not be a problem since the method was developed to function as a screening method and should therefore primarily avoid false compliant results. Since it was shown that the bioassay can be applied semiquantitatively, the test plate allows the definition of a so called "action-level", an inhibition zone above which samples should be considered "suspect" and require additional quantitative analysis. For flumequine the highest limit of detection is obtained, however relative to MRL values oxolinic acid is detected least sensitive. Therefore, we propose that 50 µg/kg oxolinic acid should be used as a reference determining the actionlevel for poultry muscle.

Since no MRLs for quinolones have been established in eggs, in principle a zero tolerance policy should be applied. However, establishing an MRL for a specific compound implies that a certain exposure level poses no threat on the consumer's safety.

The calculation of the MRL value is based on the acceptable daily intake (ADI) which assumes an average intake per person of 500 g of meat, 1.5 l of milk, 100 g egg and 20 g of honey. One could argue that the ADI definition legitimates higher residue levels in eggs compared to meat. This is an ongoing discussion for which no consensus exists among the different members of the European Union. Applying a zero tolerance policy implies an exponential increase in the costs of a monitoring system, since only chemical methods are appropriate. This situation calls for defining a pragmatic approach that is compatible with reasonable risk management. 

F

  compounds promoting microbial growth may significantly decrease sensitivity of a test plate. On the other hand naturally occurring antimicrobial compounds may cause false positive results. Many of the published antibiotic screening assays have only been characterized using standard antibiotic solutions, which makes it difficult to evaluate their practical applicability. The presented screening assay is validated using fortified poultry and egg samples and is able to detect quinolone residues below EU MRLs. The accuracy of the assay is shown with incurred samples around MRL for which residue concentrations were established with high performance liquid chromatographytandem mass spectrometry (LC-MS/MS). In 2005 the test plate was succesfully implemented in the routine analysis of poultry within the framework of the Dutch national residue monitoring plan.

  The animal experiments were approved by the Institutional Animal Experiment Commission under permission nr 2005021 and 200502 respectively. Incurred poultry muscle samples were obtained by dosing three groups of 25 three-week old Ross 308 broilers with either difloxacin (Dicural, 10% solution, Fort Dodge Animal Health,

  muscle and egg samples was established by the procedure described by[START_REF] Fearn | A new test for 'sufficient homogeneity[END_REF]: 10 randomly taken samples from a batch were analysed in duplicate by LC-MS/MS (see below).

  10 minutes at 80ºC to inactivate natural inhibitors like lysozyme. The incubation was continued until the negative control turned yellow (3-4 hours).

  MS fragmentation conditions were optimized (TableI). The system was run in multiple reaction monitoring (MRM) mode. Product ion 1 was used for quantification and product ion 2 was used for confirmation purposes. Quantification was carried out against blank muscle and egg material fortified before extraction at 6 concentrations: difloxacine and flumequine: 25-1000 µg/kg, enrofloxacin and oxolinic acid: 10-500 µg/kg, ciprofloxacin and sarafloxacin: 5-200 µg/kg. The performance characteristics of the LC-MS/MS method are summarized in Table

  To determine the detection capability of the newly developed bioassay, fortified samples were analyzed. For each quinolone residue concentration at least 20 samples were analyzed on 5 different days using at least 10 individual plates. When the experiments fulfilled the "at least 19 out of 20 samples non-compliant" standard, the detection capability was regarded to be smaller or equal to this particular concentration.TableIIsummarizes the detection capability of the new screening assay. From the results it is shown that the detection capability for all of the quinolones lies well below their corresponding MRL values in poultry muscle, also for the traditionally "difficult" compounds flumequine and oxolinic acid. The detection capability of quinolone residues in egg is comparable to the detection in muscle. To illustrate the importance of using fortified tissue samples for validation of a microbiological screening method, figure1aand 1b show a comparison of inhibition zones obtained with some of the quinolone standard solutions and fortified poultry muscle or egg samples containing the same concentrations. The figures indicate that in general the sensitivity of the assay decreases about two-fold when matrix samples are analysed.Due to the low detection capability of the assay, the risk of obtaining false-compliant results is minimized. Furthermore, the assay appears also sufficiently resistant towards naturally occurring growth inhibiting compounds; since the introduction of this test in routine screening of poultry by the Dutch Food and Consumer Product Safety Authority in 2005 over 600 samples were analysed without yielding any false non-compliant results. Routine analysis data for egg are not available yet, but screening of over 20 eggs with respect to poultry breed and husbandry system gave no false noncompliant results.

Figure 1 .

 1 Figure 1. Relation between residue concentration and size of the inhibition zone. Open symbols represent antibiotic standard solutions, the closed equivalents indicate the same residue in fortified samples. Figure 1a shows fortified poultry muscle, figure 1b fortified egg samples

Table

  IIIa shows the results of the residue analysis in incurred poultry muscle samples and Table IIIb the results of incurred egg samples. The estimates obtained from the
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Table Ia .

 Ia It effectively detects quinolone residues in poultry muscle as well as in eggs. This quinolone residue test can be implemented in existing multi-plate screening systems, but also serve as an addition to commercial screening methods like the Premi  Test, which do not adequately detect quinolones in poultry and eggs. LC-MS/MS fragmentation conditions.

	Conclusion Bogaerts R, Wolf F. 1980. A standardized method for the detection of residues of anti-Tsai C, Kondo F. 2001. Improved agar diffusion method for detecting residual
	Component	Precursor ion	Product ion 1	Product ion 2	Collision energy
	bacterial substances in fresh meat. Die Fleischwirtschaft 60:672-674. antimicrobial agents. Journal of Food Protection 64:361-366. (m/z) (m/z) (m/z)	(eV)
	The microbial screening assay reported here allows rapid and inexpensive monitoring of Enrofloxacin 360.2 316.1 245.1 23
	o r P e e r R e v i e w O n l y Calderon V, Gonzaz J, Diez P, Berenguer JA. 1996. Evaluation of a multiple bioassay Yorke JC, Froc P. 2000. Quantitation of nine quinolones in poultry tissues by high-Ciprofloxacin 332.2 288.1 245.1 21 large numbers of samples. F o r P e e r R e v i e w O n l y technique for determination of antibiotic residues in meat with standard solutions of antimicrobials. Food Additives and Contaminants 13:13-19. Currie D, Lynas L, Kennedy DG, McCaughey WJ. 1998. Evaluation of a modified EC four plate method to detect antimicrobial drugs. Food Additives and Contaminants 15:651-660. EC 1990. Council Regulation (EEC) No 2377/90 of 26 June 1990: laying down a Community procedure for the establishment of maximum residue limits of veterinary medicinal products in foodstuffs of animal origin. Official Journal of the European Communities L224:1-8. EC 2002. Commission Decision 2002/657/EC of 12 august 2002: implementing Council Directive 96/23/EC concerning the performance of analytical methods and the y interpretation of results. Official Journal of the European Communities L221:8-36. F o r P e e r R e v i e w O n l y F o r P e e r R e v i e w O n l y performance liquid chromatography with fluorescence detection. Journal of Difloxacin 400.2 356.2 299.1 21 F o r e e e l y l n O n O w w e i v i e v R R r e r e e P P Chromatography A 882:63-77. Sarafloxacin 386.2 342.2 299.1 23 F Flumequine 262.1 244.1 202.0 24 o r Oxolinic acid 262.1 244.1 216.0 25
	Ellerbroek L. 1991. The microbiological determination of the quinolone carbonic acid
	derivatives enrofloxacin, ciprofloxacin and flumequine. Fleischwirtschaft 71:187-189.
						19 20 23

Table Ib .

 Ib LC-MS/MS performance characteristics for the quantification of quinolones in muscle tissue

			Food Additives and Contaminants	Page 24 of 29
		F o r				
		P			
		e			
	Component	Level of	Accuracy e r	Repeatability	Within-lab	LoD / LoQ
		fortification	(%)	(RSD, %) R	reproducibility	(µg/kg)
		(µg/kg)		e	(RSD, %)
	Enrofloxacin Ciprofloxacin Difloxacin Sarafloxacin	100 100 300 100	96 97 101 99		22 28 15 v i e 27 w	25 31 18 27	1 / 2 1 / 3 1 / 2 2 / 4
	Flumequine Oxolinic acid	400 100	114 110		22 25	24 27 O n l	5 / 10 10 / 20
							y
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Table II .

 II The detection capability of the microbial inhibition assay for quinolone residues in poultry muscle and egg samples.

		Food Additives and Contaminants	
	Component Flumequine Enrofloxacin Difloxacin Danofloxacin Oxolinic acid	MRL in poultry muscle 400 100 *) 300 200 100 F o r P e e r R e v i e w Detection capability (CCβ) in poultry muscle Detection capability (CCβ) in egg ≤100 ≤150 ≤ 25 ≤15 ≤ 50 ≤50 ≤ 50 ≤15 ≤ 50 ≤50	O n l y

*) Sum of enrofloxacin and ciprofloxacin Page 25 of 29 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk

Table IIIa .

 IIIa Screening results and residue concentrations in incurred poultry muscle samples (A to I) determined by the microbial inhibition assay and LC-MS/MS. The MRL in poultry muscle is 100 µg/kg for enrofloxacin, 300 µg/kg for difloxacin and 400 µg/kg for flumequine.Concentrations of microbiologically active metabolites are shown between brackets; ciprofloxacin is formed when enrofloxacin was used for medication and sarafloxacin in case of difloxacin use.

			Screening Result	Concentration	Relative Standard	Concentration (µg/kg)	Relative Standard	Deviation between
		Incurred							
	Medication		microbiological		(µg/kg) determined	deviation (%) LC-	determined with	deviation (%)	microbiological assay
		material	assay	Premi  Test	with LC-MS/MS	MS/MS method (*)	microbiological assay	microbiological assay	and LC-MS/MS (%)
		A	+	-	48 (3)	14.4	39	30	-24
	Enrofloxacin								
		B	+	-	96 (6)	2.8	102	4	0
		C	+	-	169 (11)	5.8	240	4	+33
		D	+	-	166 (5)	3.0	239	6	+40
	Difloxacin	E	+	-	126 (11)	9.8	187	7	+36
		F	+	-	318 (14)	7.4	519	6	+56
		G	+	-	83	6.9	94	16	+13
	Flumequine	H	+	-	312	3.8	378	7	+21
		I	+	-	562	4.1	703	4	+25

*) for the principal component

Table IIIb .

 IIIb Screening results and residue concentrations in incurred egg samples (A to F) determined by the microbial inhibition assay and LC-MS/MS.

			Screening Result	Concentration	Relative Standard	Concentration (µg/kg)	Relative Standard	Deviation between
		Incurred							
	Medication	material	microbiological assay	Premi  Test	(µg/kg) determined with LC-MS/MS	deviation (%) LC-MS/MS method	determined with microbiological assay	deviation (%) microbiological assay	microbiological assay and LC-MS/MS (%)
	Oxolinic acid	A	+	-	25	5.0	23	34	-8
		B	+	-	46	6.7	40	17	-13
		C	+	-	144	6.8	109	2	-24
	Flumequine	D	+	-	67	6.1	68	23	+1
		E	+	-	151	5.5	161	13	+6
		F	+	-	334	4.0	350	25	+5
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