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Introduction

Prior to 1997, the antibiotics tylosin, virginiamycin and spiramycin were registered as feed additives in the European Union. However, since 1997, their use as feed additives has been prohibited, due to their possible contribution to bacterial resistance. In order to enforce the ban, there is need for reliable analytical methods that are suitable for official control purposes. Methods that were available in 2001 mainly focused on quantification of single compounds by means of microbiological inhibition tests (European Communities, 1972 for tylosin; European Communities, 1984a for virginiamycin; European Communities 1984b for spiramycin) or by means of HPLC with UV-detection [START_REF] Houglum | LC assay of tylosin in animal feeds[END_REF]Hajee et al. 2001). A multi-analyte method based on TLC and bioautography was published [START_REF] Gafner | Identification and semi-quantitative estimation of antibiotics added to complete 28 feeds, premixes and concentrates[END_REF], but this method mainly focused on additive levels. Moreover, none of the above methods was validated through an inter-laboratory study. Since there are no legal limits for the banned antibiotics in feedingstuffs, the emphasis of the method development and validation was placed on the correct identification of these compounds, carried out at relevant concentration levels. The objective of the European project SIMBAG-FEED (de [START_REF] De Jong | 5 the SIMBAG-FEED project[END_REF]) was to develop and validate such methods, preferably by means of a multi-analyte approach, since the analytical methods that were applied by laboratories until now did not meet all criteria, especially in terms of required sensitivity and specificity. The SIMBAG-FEED project developed various analytical methodologies, including methods for screening and confirmatory purposes. A step-wise approach was applied in order to meet this objective. In essence, after development the analytical methods were subjected to singlelaboratory validation to assess some performance characteristics. In the next step the transferability of the method to two other consortium laboratories was evaluated. Only, if the methods passed successfully these examinations they were considered as mature enough for the final step which focused on the validation of the method by conducting an inter-laboratory study. The major objective of this validation study was to assess important method performance characteristics when different laboratories apply the protocol to the same type of samples.

Here, we report the inter-laboratory validation of an analytical method that is based on thin layer chromatography (TLC) coupled to bio-autography, aiming at the detection of the antibiotics tylosin, spiramycin and virginiamycin. The purpose of the method is to screen samples for the presence of the target analytes in feed without giving a quantitative statement on their concentration. The required detection limit was set at 1 mg kg -1 of banned substances in feed, which is 5 times below the lowest contents formerly fixed by European legislation. Due to the combination of chromatography and bioautography this method has in principle a higher specificity compared to plate inhibition tests.

Therefore the method has the potential of post-screening in the case of a positive result from the microbiological plate analysis and before subjecting the sample to confirmatory analysis such as LC/MS.

Methods and Materials

Design of the study

For this study the laboratories were first involved in a training period consisting of a specific exercise on the method through audiovisual material (a CD-ROM with the method description), a training reporting sheet with a feedback questionnaire and test samples. The set of test samples had known content of the target analytes and blind samples. This was a specific exercise for the candidate -4-laboratories designed to get them familiar with the method protocol, to evaluate their effective performances on a limited number of samples and to check their rigorous application of the protocol.

In the second step the laboratories were involved in the validation period where they were asked to participate in the final inter-comparison trial.

Inter-comparison trial

In total 8 laboratories passed the training period and were therefore selected to participate in the validation study. The results reported by the laboratories were then used to obtain the final evaluation of the method in screening the banned antibiotics (spiramycin, tylosin and virginiamycin) in feedingstuffs for their official control.

The participants in the validation trial received a detailed method protocol, the 24 samples to be analysed and electronic forms to report the results of the analyses. The laboratories were asked to report on the presence of the banned antibiotics spiramycin, tylosin and virginiamycin. In this study the emphasis was placed on qualitative analyses and therefore only three responses to the various parameters were possible: (1) positive (substance is present), (2) negative (substance is not present) and

(3) no results. The latter response corresponded to inconsistent results or was indicated by laboratories when they could not report a result for a specific parameter.

At the end of the validation period results were collected and the data evaluation was performed followed by the statistical treatment.

Statistics

Since all results for this method were qualitative in nature, usual procedures for quantitative results were not applicable. In order to obtain a measure of the method performance, the results were analysed from different aspects. First, the straight results (positive, negative and no results) were calculated for the single test materials, thus looking at the overall results by considering the compound, its concentration and the matrix. Then, each target compound was examined as total number of correct positive, correct negative, false positive and false negative to identify at a glance the definitive performance of the method for each banned compound. Moreover, correct positive, correct negative, false positive and false negative were also calculated considering the compound, its concentration and -5-the matrix in order to look at the performance of the method not only for each banned substances but also at the chosen concentrations and in the different feed matrices.

The accuracy [START_REF] Langton | Analysing collaborative trials 15 for qualitative microbiological methods: accordance and concordance[END_REF] was then used to describe the capability of the method to correctly classify both positive and negative samples. In order to obtain this parameter the following equation was applied:

NA PD ND PA NA PA C Accuracy A + + + + =
where PA is the number of correct positive identifications (positive agreements), NA the number of correct negative identifications (negative agreements), PD the number of false positives (positive deviations) and ND the number of false negatives (negative deviations). The statistics were expressed as percentages after multiplication of the accuracy 100 (AC%). A score of 100 % means that all positive samples were correctly reported as positive and all negative samples were correctly reported as negative.

Since a score below 100 % means that part of the samples was incorrectly classified, it was of interest to know whether the reason of this result was a number of false positive or false negative results. Therefore, we also calculated the sensitivity (SE) and the specificity (SP) applying the following equations:

ND PA PA SE y Sensitivit + = NA PD NA SP y Specificit + =
The sensitivity expressed as percentage (SE%) is the ability of the method to classify a positive sample as positive, whereas the specificity also expressed as percentage (SP%) is the ability to classify a negative sample as negative. A criterion indicating sufficient performance was set for the sensitivity to be equal or above 95 %. For the TLC method validation 8 different materials were sent in blind triplicates (leading to 24 samples) to each participating laboratory. The composition of the test materials is shown in Table 1.

Test materials

The test materials were compound feeds for cattle, pig, poultry and calf containing typical ingredients such as corn, wheat, soya, wheat bran pellets, salts, and using a realistic recipe. Tylosin was obtained from Eli Lilly Liverpool (UK), spiramycin from Sigma Saint Louis (USA) and virginiamycin from Phibro, Rixensart (BE).The banned antibiotics were then mixed to the feedingstuffs in two steps. First, solutions from the target analytes in appropriate solvents were individually prepared to which soybean meal was added to obtain different pre-mixtures each of them containing one of the target analytes at a relatively high concentration of 180 mg/kg. Then, the solvents were removed by lyophilisation and the pre-mixtures fortified with the target analytes were mixed with the other ingredients to obtain the final test materials [START_REF] Kramer | Production of 4 11 blank and 10 spiked compound feeds for SCA SIMBAG-FEED[END_REF]).

The pure antibiotics were first tested for the identity, purity and content of the active compounds together with water determination and particle size analysis. Sufficient homogeneity of all pre-mixtures was confirmed by applying chemical analysis and microbiological inhibitions tests on each of the target analytes (von Holst, 2002). In addition, the fitness-for-purpose of the whole preparation procedure (i.e. the preparation of the final test samples using the pre-mixtures fortified with the target analytes and the feed ingredients) of the test material was confirmed in a separate experiment in which two feed samples containing the banned feed additives at the target level were analysed for all compounds by chemical analysis. The stability of the analytes in these two feed materials was also measured and they resulted stable during one month under specific conditions. In detail, the materials were stored at -20°C, 5°C, 20°C and 40°C for four weeks. The samples kept at -20°C were considered as reference point since we assumed that no degradation would take place at this temperature. The samples were considered as stable when the recovery rate of the target analytes was equal or above 95 % compared to the measured concentration in the reference samples. Sufficient values for the recovery rate were obtained for spiramycin at all temperatures, for tylosin at 20°C and below and for virginiamycin at -20°C. Based on these results the laboratories participating in the validation study were informed about appropriate storage conditions for the standards.

Finally, sufficient homogeneity of all test materials used in the inter-laboratory studies was investigated by conducting duplicate analyses of 10 randomly selected sample glasses and subjecting the obtained concentration to analysis of variance (ANOVA) The homogeneity principle was that if the test material was proven homogeneous for one banned compound, it also should be homogeneous for the other banned compounds since the preparation of the test material was identical for all compounds and matrices. This allows the analysis of only one of the compound present in each material in order to give homogeneity results (Serano et al. 2005).

As shown in Table 2, all the materials taken in consideration in this study resulted to be homogeneous on the basis of the ANOVA analysis. In fact the F-value in 7 out of 8 cases was lower compared to the "F critic". In our case "F critic" was 3.02 (10 groups and 2 counts per group). Calculating the sampling error of Mat 4 showed that this material is also fit for the intended purpose since the sampling error is below 50 % of the reference standard deviation of the study defined by the Horwitz equation. For material 1, 3, 4 and 5 the target analytes selected for the homogeneity study were others than those included in this particular validation exercise, since the SIMBAG-FEED project also covered avoparcin, bacitracin, carbadox and olaquindox. However, since the test materials were prepared for all analytes by the same procedure, the check for homogeneity was even possible on analytes that were not included in this exercise.

Method Protocol

The method makes it possible to detect and identify spiramycin, tylosin and virginiamycin in feedingstuffs, excluding mineral feeds and pre-mixtures. A detailed method description is given by Michard and Joubert, (2005) therefore this paper only contains a summary of the prototocol. The sample is extracted with a mixture of methanol and water and the target analytes partition into chloroform by subsequent liquid-liquid extraction. The chloroformic phase is concentrated and the concentrated feed extracts together with the reference spiked blank feeds extracts are subjected to thinlayer chromatography (TLC) on silica gel. Tylosin and spiramycin are separated on the same TLC plates using two different eluents (eluent 1 and 2) depending on the potential presence of other antibiotics in the samples, whereas virginiamycin is determined on a second TLC plate using a third eluent (eluent 3). Following the separation of the analytes by thin layer chromatography, bioautography is applied by pouring the antibiotic medium with the bacterial suspension (Micrococcus luteus) on the dried plates. After incubation over night the inhibition zones are visualised with a contrast solution.

The antibiotics are identified by comparing their retardation factor (Rf) values with those of the standard substances. The method protocol contains the Rf values of the target analytes obtained with the different eluents. 

Results and Discussion

Training phase

The participants were asked to assess the presence or the absence of up to 3 antibiotics, in two unknown samples (MAT 2 and MAT 7). A discussion was open with the participants to address a number of specific problems which arose during the training phase. These were related both with the method itself and the way results were reported. Consequently the method protocol was modified for the final validation phase to enhance discrimination between the antibiotics. Moreover, new reporting sheets and experimental design were issued in order to ensure a sufficient number of results and limit the potential false interpretation of results. Overall, 9 out of 15 participating laboratories reported results and 8 laboratories were selected to take part into the following validation phase.

Inter-comparison trial

Seven out of 8 laboratories reported results for the final inter-comparison trial. The 24 samples per participating laboratory provided 147 valid results for spiramycin, 126 for tylosin and 168 for virginiamycin. The reported results of the individual laboratories are summarised in Table 3.

In Figure 1 the percentage of correct and false results from all materials for each compound are shown.

The rate of false negative results, which is the percentage of the total number of negative results was 15% for spiramycin, 3% for tylosin and of 2% for virginiamycin.

Please insert Figure 1 here.

The next set of graphs (Figure 2 to 4) shows the performance of the method for each single compound and additionally the effect of its concentration and the potential influence of the different feed matrices.

Please insert Figure 2 to 4 here

Looking more carefully at the results shows that the highest number of false negative is found in the lowest concentration of the banned compounds e.g. spiramycin 1 mg kg -1 in pig feed. Furthermore, the calf feed was also found to be a difficult matrix displaying false negative for spiramycin even at a concentration of 3 mg kg-1. In addition in two cases some materials have been excluded from the -9-evaluation for specific antibiotics. One case is related to a proven interference of virginiamycin on the determination of tylosin, if the samples contain both analytes. This is due to the fact that with eluent 1 and 2 tylosin and virginiamycin show the same Rf value, thus making it impossible to conclude which of these two analytes is in the sample when observing an inhibition zone at the relevant Rf value. By applying the eluent 3, virginiamycin is separated from tylosin, but tylosin does not elute (Rf = 0). However, the formation of an inhibition zone at the bottom edge of the plate does not allow for a proof of the presence of tylosin. Since in routine samples the simultaneous presence of tylosin and virginiamycin is in fact extremely rare, MAT 4 and MAT 7 (where both tylosin and virginiamycin are present) were excluded for the evaluation of the method for tylosin. In a second case, MAT 4 containing tylosin but not spiramycin was excluded from the evaluation of the results for spiramycin, since the 2nd factor of tylosin appears at the same Rf value as spiramycin. This effect is pronounced at elevated tylosin concentrations in the sample, viz. in MAT 4 containing 4 mg/kg of tylosin. This would lead to a higher number of false results for spiramycin, just in the unlikely case that the samples contain both target analytes. Summarising, for virginiamycin the results from all materials were taken into account, for spiramycin the results from MAT 1 to 3 and 5 to 8, and for tylosin the results from MAT 1 to 3, MAT 5, MAT 6 and MAT 8.

In Figures 5 to 7 the capability of the method to correctly classify positive and negative samples for each single banned compound is shown. The criterion indicating sufficient performance was set for the sensitivity (the ability of the method to classify a positive sample as positive) to be equal or above 95 %, allowing therefore a maximum of 5% rate of false negatives.

Please insert Figure 5 here

For spiramycin (Figure 5) the SE% ≥ ≥ ≥ ≥95% acceptance limit was always respected except for the pig feed at 1 mg kg -1 where SE% dropped to 71%. Since the lowest concentration was 2 mg/kg in cattle feed and since the in-house validation experiments did not reveal any influence of the specific matrix on the sensitivity of the method, we concluded that the limit of quantification for all matrices included is 2 mg kg -1 . Therefore the method is considered suitable for screening purposes at this concentration level or higher.

Please insert Figure 6 here For tylosin (Figure 6) the SE% ≥ ≥ ≥ ≥ 95% acceptance limit was achieved for all test materials analysed.

Both the AC% and SP% values were always 100% except for the blank calf feed (86%). However, this does not pose a major problem, since false positive results are eliminated by repeating the analysis applying appropriate confirmatory methods. The limit of detection of tylosin could therefore be determined to be 1 mg kg -1 in poultry feed. Following the same reasoning than for spiramycin and since no significant differences among matrices were proven during the in-house validation phase, these results also indicate that the method is fit for the purpose of screening tylosin in cattle, calf, poultry and pig feed at the minimum level of 1 mg kg -1 .

Please insert Figure 7 here

For virginiamycin (Figure 7) SE% ≥ ≥ ≥ ≥ 95% acceptance limit was always respected. The AC% was always above 95%. The specificity was 100% in poultry and 95% in calf and cattle feed. When taking into account the results obtained from the in-house validation period, it appears that the three matrices pig, cattle and poultry feed did not display a significant different behaviour regarding virginiamycin, whereas in some milk replacers (calf feed) the detection limit of virginiamycin can be slightly higher than 1 mg kg -1 as described in the method protocol. It can therefore be concluded from the intercomparison study that the method is fit for the purpose of screening virginiamycin in pig, poultry and cattle feed at the minimum level of 1 mg kg -1 . In calf feed, where the sensitivity was 100% for a concentration of 3 mg kg -1 , the LOD is most likely slightly above 1 mg/kg.

Another outcome of the collaborative study was the improvement of the method protocol. One major criterion that had to be taken into account for the final evaluation of the collaborative study results was the existence of interferences between the analytes. Indeed, virginiamycin interferes with the correct detection of tylosin and tylosin interferes at elevated concentrations with the correct identification of spiramycin. In practice, as the simultaneous presence of tylosin and virginiamycin for example in routine samples is extremely rare, the feed materials with this combination during the collaborative trial were excluded from the evaluation as appropriate. In consequence the method protocol was therefore amended to specify the Rf values for the target analytes with the three eluents utilised according to the method description and to alert the analyst to a possible interference of virginiamycin on the detection of tylosin. The modification was included after the validation study. 

Conclusions

As a general conclusion and taking into account the in-house validation and inter-laboratory validation data, the collaborative study resulted in establishing the fitness-for-screening and/or post-screening purpose of spiramycin at a level of concentration of 2 mg kg -1 (expressed in microbiological activity) and of tylosin and virginiamycin at the target concentration of 1 mg kg -1 (expressed in microbiological activity) in feedingstuffs for poultry, pig, cattle and calf. 
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 1234567123456 Figure 1. Percentage of the analytical results for each antibiotics. The results from all positive and all negative samples were pooled, respectively
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 7 Figure 7: Virginiamycin: Sensitivity, specificity and accuracy per matrix compared to the target limit for accuracy (95 %)

Table 1 .

 1 Target concentrations of the antibiotics in the samples used in this validation study (all concentrations are expressed as microbiological activity in mg kg -1, as calculated from the declared microbiological activity of the specific antibiotic standard utilised in this study)

			Food Additives and Contaminants			Page 12 of 24
		MAT 1 MAT 2 MAT 3 MAT 4 MAT 5 MAT 6 MAT 7 MAT 8
	Feed matrix	Pig	Pig	Poultry Poultry	Calf	Cattle Cattle	Calf
	Spiramycin	1	5				2	4	3
	Tylosin phoshate Virginiamycin	o 4	2	1	4 1	3	2	5 5	3
		r						
		P						
			e e r					
				R e v i e w			
						O n		
							l y	
					-12-				
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Table 2 .

 2 Summary of the homogeneity study of the samples used in the SIMBAG-Feed project (the concentrations of zinc bacitracin and spiramycin are expressed in microbiological activity in mg kg -1 ; the concentrations of carbadox and olaquindox are expressed on a gravimetric basis in mg kg -1 ; all

	measurements were performed by chemical analysis). LC-UV: Liquid chromatography coupled to UV
	detector; LC-MS/MS: Liquid chromatography coupled to a triple quadrupole mass spectrometer.
	Critical F-value: 3.02				
	Material Feed	Compound	Analytical	F-value	Target	Measured
			analysed	method		concentration	Concentration
				applied		(mg kg -1 )	(mg kg -1 )
	1	Pig	Zinc	LC-MS/MS	1.15	5.0	5.7
			Bacitracin				
	2	Pig	Spiramycin	LC-MS/MS	1.86	5.0	5.3
	3	Poultry Carbadox	LC-UV	2.60	4.0	4.6
	4	Poultry Olaquindox	LC-UV	8.90	12.0	12.0
	5	Calf	Olaquindox	LC-UV	1.10	3.0	3.0
	6	Cattle	Spiramycin	LC-MS/MS	0.33	2.0	1.8
	7	Cattle	Spiramycin	LC-MS/MS	1.72	4.0	3.5
	8	Calf	Spiramycin	LC-MS/MS	0.22	3.0	2.5
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