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Interlaboratory comparison of an analytical method for the determination of the feed additive semduramicin in

poultry feed at authorized level by liquid chromatography single quadrupole mass spectrometry

the performance of official controls to ensure the verification of compliance with feed and food law, animal health and animal welfare rules. This regulation requires that sampling and analysis methods used in the context of official controls shall comply with relevant Community rules or if no such rules exist, with internationally recognized rules or protocols, for example those that the European Committee for Standardisation (CEN) has accepted.

In the light of the enforcement of this Regulation the use of standardized methods of analysis is of utmost importance to ensure compliance of feed samples with legal limits established by European legislation. Moreover, such a control needs to be conducted in a harmonised way at Community level. However, the existing methods used by official feed laboratories are often those that have been submitted in the past by the industry when asking for authorisation of specific feed additives. These methods do not always reflect the state of art und have been often exclusively single-laboratory validated.

In order to provide the official feed laboratories with fully ring trial validated methods, the European Commission issued two different mandates to CEN, targeting priority compounds for which standardized analytical method validated according to internationally recognized protocols have not been established yet. Furthermore, Member States' official feed laboratories had expressed the strong need for harmonised methods for these priority compounds. Semduramicin (SEM) was one of the target analytes included by the European Commission in its last mandate.

In response to this request we had carried out an international collaborative study with the participation of European expert laboratories in the field of feed analysis in order to fully validate a liquid chromatography single quadrupole mass spectrometry analytical method for SEM in poultry feed. -4-Here we report the results of the collaborative study conducted to assess the major performance characteristics of the method for the determination of SEM in poultry feed at different concentration levels that cover the authorised level (20 to 25 mg kg -1 ) according to European legislation (European Union 2006). The method performance profile assessed in this study included precision under repeatability and reproducibility conditions and trueness.

The success of this collaborative study will result into a fully validated method suitable to be implemented by Member States' official control laboratories in order to enforce legal limits for semduramicin in feedingstuffs established by European legislation.

Experimental

Method protocol

The analysis procedure is based on one previously developed and single validated by The correct application of the method requires that two criteria are fulfilled, namely (1) the percentage recovery rate of the semduramicin in the PCS need to be within the range between 80 and 120 % and (2) the calibration line should have a determination coefficient (R 2 ) of 0.99 or better.

For the Std. Add., four different aliquots of the extracts from each unknown sample are taken. The addition of standard is therefore done after the extraction and not by adding the standard to sub-samples prior to the extraction. (González de la [START_REF] De | Determination of semduramicin in poultry feed at authorized level by liquid chromatography single quadrupole mass spectrometry[END_REF]. The first aliquot of the extract was analyzed as such and the three remaining aliquots were spiked at increasing concentrations of SEM, leading to added equivalent concentrations of SEM in feed of c.a.13, 40 and 67 mg kg -1 . For the Ext. Cal. approach, five calibrants consisting of semduramicin standard solutions in acetonitrile were used with equivalent concentrations of SEM in feed evenly distributed from c.a. 4 to 37 mg kg -1 . The final method protocol is also available as draft CEN standard (CEN prEN 16158. 2010).

Consequently, before launching the collaborative study we performed validation experiments for estimating the precision and trueness at single-laboratory level of the modified method. A set of experiments have been performed according to the ISO standard (ISO 5725-3. 1994) applying a 3 factor-nested design as specified in the former publication (González de la [START_REF] De | Determination of semduramicin in poultry feed at authorized level by liquid chromatography single quadrupole mass spectrometry[END_REF], in order to asses the precision under repeatability and intermediate conditions. In summary, different poultry feedingstuffs were spiked at three concentration levels of semduramicin, namely 12.5, 25 and 50 mg kg -1 , and analyzed in triplicate. This The statistical treatment of the results from the single-laboratory validation as shown in Table 1 led to relative standard deviations for repeatability (RSDr), which ranged between 5.4% and 10.1% for the Std. Add. approach and between 3.0% and 9.0% for the Ext. Cal. The relative standard deviation for intermediate precision (RSD Int .) varied from 6.5% to 10.1% for the Std. Add. approach and from 4.3% to 9.0% for the Ext. Cal.. In order to establish fitness for purpose, we calculated HORRAT values that are in the case of single-laboratory validation the ratios of the obtained values for the precision under intermediate conditions and the predicted acceptable levels determined by applying the Horwitz equation [START_REF] Horwitz | Quality assurance in the analysis of foods and trace constituents[END_REF]. The obtained HORRAT values as shown in Table 1 were in all cases below 1, thus fulfilling the criterion established in a validation guideline published in Commission Decision 2002/657/EC (European Commission 2002). Furthermore, sufficient values for the trueness expressed in terms of percentage relative recovery rate have been obtained for both quantification procedures, since the corresponding values varied from 88 to 109 %. Based on the satisfying results from the single-laboratory validation we concluded that the method is fit for purpose and is suitable to be validated by an interlaboratory study.

Preparation of test materials

The materials used for this exercise consisted of pelleted broiler feedingstuffs at three different SEM concentrations namely half of the mean authorized concentration (MAC/2= 11.5 mg kg -1 ), authorized concentration (MAC= 22.5 mg kg -1 ) and twice of the mean authorized concentration (2MAC= 45.0 mg kg -1 ). The three concentration levels were prepared in two different typical complete European broiler diets, one intended for starter broilers (starters diet) and a second one intended to be administered to finisher broilers (finishers diet). Both diets were composed of ingredients such as corn, wheat, soya, peas or The test materials were prepared by a small-scale feed mill in order to mimic real world manufacturing conditions. The manufacturing procedure started with mixing the appropriate amount of the authorized feed additive Aviax 5 % produced by Phibro Animal Health, containing SEM at a concentration level of 5 % in weight, via the appropriate vitamin/mineral premixtures into the above mentioned feedingstuffs. Furthermore in order to include an additional factor that could interfere with the quantification of SEM, all materials containing SEM were fortified, through their corresponding commercial feed additives, with the following five ionophore coccidiostats, namely monensin (MON), narasin (NAR) from Elanco Animal Health, lasalocid (LAS), salinomycin (SAL) and maduramicin (MAD) from Alpharma. The target levels of these compounds were close to the cross-contamination level established by European Legislation (European Commission 2009). These concentration levels for the various cocciodistats are quite different, ranging from 0.05 to 1.25 mg kg -1 After the mixing procedure the resulting mash feeds were submitted to a conditioning procedure with saturated steam followed by the pelleting procedure in a pellet press and subsequent cooling step using a belt-cooler. Finally, the pelleted test samples were ground in our facilities, so the laboratories received samples that could be directly subjected to analysis.

Sufficient homogeneity of the ground materials employed within this collaborative study has been checked and demonstrated before their dispatching to the participants according to a procedure described by [START_REF] Thompson | The International Harmonised Protocol for the proficiency testing of (chemical) analytical laboratories[END_REF]. Details of the homogeneity study are part of a different manuscript currently under preparation. Another material (starters' diet) without SEM and without the potential interferents has also been prepared and considered as blank in semduramicin. This material was used by the participating laboratories for the preparation of the PCSs as specified in the method protocol.

In this frame, the laboratories spiked this starters' diet material with semduramicin at the authorised level prior to the subsequent extraction step and reported the results expressed in terms of percentage recovery rates.

Study design

The collaborative study was designed according to the internationally accepted guideline for method validation [START_REF] Horwitz | Protocol for the design, conduct and interpretation of methodperformance studies[END_REF] In particular the study fulfilled the criteria established in this guideline, namely the (1) minimum number of attending laboratories and different test samples, and (2) the statistical tests to detect outliers. Quantitative results submitted by the laboratories were used to estimate average concentrations and standard deviations under repeatability, which is the precision when the method is applied within a laboratory and reproducibility conditions, is the precision when the method is applied between laboratories.

The precision values were calculated by subjecting the analytical results to analysis of variance as specified in the corresponding standard (ISO 5725).

Prior to the actual validation experiments the participants were involved in a training phase step in order to familiarise them with the protocol as well as with the reporting procedure. Additionally this training period was also useful to evaluate the strict application of the provided protocol by the participants as well as to ensure their sufficient performance regarding the analyses of a limited number of known and unknown materials. Moreover, the feedback from the participants was considered useful to improve the procedure in order to facilitate the correct application of the protocol. After the training period fifteen laboratories were invited to participate in the validation phase of the exercise. The modified protocol, including the procedure to carry out the analysis using the second quantification approach i.e. Ext. Cal, as well as the appropriate electronic reporting sheets have been sent to fifteen laboratories at the time of launching the real validation phase. The laboratories had six weeks to perform the analysis of a set of 13 samples comprised of six blind duplicates and one PCS. In order to check the method performance for both quantification procedures, the laboratories were asked to extract the samples, taking afterwards aliquots from the same extract for quantification of SEM with standard addition and external standard calibration, respectively.

Results and discussion

Training phase

Seventeen laboratories initially participated in the training phase. During this phase the laboratories were requested to analyze three materials in blind duplicates and one known sample (spiked) per day. In order to limit the workload of the laboratories, they had only to quantify with Std. Add. The laboratories were requested to submit to the organizer the filled in electronic reporting sheet as well as chromatogram examples of each sample.

One of the applicant laboratories withdrew its application to participate in the study after the deadline for reporting the results of the training phase, while another laboratory reported only an incomplete file for the training phase after the deadline. Furthermore two laboratories quantified the samples without internal standard or with an internal standard different from the one stated in the procedure. Finally, three out of the seventeen laboratories performed the analysis of the training samples using single reaction monitoring (SRM) mode instead single ion monitoring mode (SIM). The SRM mode implies the monitoring of a fragment (daughter) ion which is only possible with MS/MS instrumentation. These laboratories have been thus requested to repeat the analysis of two equivalent materials and one known sample (spiked) Finally some laboratories faced difficulties for getting appropriate linearity for the quantification, which was in most cases due to a saturation of the source and was resolved by performing a further dilution of the samples.

The method protocol has been improved by correcting the main pitfalls occurred within the training period.

Validation phase

Fifteen laboratories were invited to participate in the validation phase of the collaborative study and all of them reported results by the established deadline.

The laboratories were requested to submit the electronic reporting sheet containing the results obtained for all samples using both quantification approaches as well as chromatogram examples for each sample (Figure 1). The laboratories were free to choose the type of instrument used to carry out the measurements i.e. single MS or MS/MS operated as single MS. However it was pointed out that in both cases the acquisition should be carried out in SIM mode. Twelve out of the fifteen participants carried out the measurements in a triple quadrupole MS/MS instrument, whereas three laboratories used single quadrupole MS instruments.

Since the MS parameters are instrument dependent, each laboratory was requested to optimize the instrumental parameters in order to obtain peak areas of the same order of magnitude for the correspondent ammonium adducts of the target analyte (SEM) and the I.S.

(NIG), when prepared in a standard solution at the same concentration level. The visual inspection of the chromatograms provided by the laboratories along with the submitted results did not reveal any significant impact of the different instruments employed. The statistical analysis was conducted separately for the laboratories' results obtained with standard addition and external standard calibration, respectively. Several criteria were then consecutively applied to identify the non valid results from the evaluation phase. First all the laboratories submitting incomplete files i.e. not all the materials analyzed and/or chromatograms not provided were excluded from the evaluation phase (labelled with superscript (a)). After that, the remaining results reported by the laboratories were scrutinized for deviations from the protocol in order to identify the technical non compliants (labelled with superscript (b)) including potential deviations from the protocol and/or failing on fulfilling the established quantitative acceptance criteria detailed above. The remaining valid results were then submitted to statistical treatment to exclude the corresponding statistical outliers (superscript (c) for Cochran and (d) for Grubbs) and subsequent establishment of the target statistical performance characteristics of the method (ISO 5725 1994). Finally the results from 11 to 13 laboratories depending on the test material were used to calculate the method performance characteristics. This figure is well above the minimum of 8 laboratories as required by the validation guideline [START_REF] Horwitz | Protocol for the design, conduct and interpretation of methodperformance studies[END_REF] followed in this study.

Tables 2 and4 show the results reported for each laboratory for the materials obtained from the validation phase using Std. Add. and Ext. Cal. quantification approach, respectively.

The remaining data where then used to calculate the precision of the method under repeatability and reproducibility conditions. The results of the statistical assessment are shown in Tables 3 and5.

In order to establish fitness for purpose, HORRAT values [START_REF] Horwitz | The Horwitz ratio (HORRAT): A useful index of method performance with respect to precision[END_REF] were calculated, which are the ratios of the obtained values for the precision under reproducibility conditions and the predicted acceptable levels determined by applying the Horwitz equation [START_REF] Horwitz | Quality assurance in the analysis of foods and trace constituents[END_REF]. The statistical evaluation revealed that the HORRAT values varied for -12-both quantification approaches from 0.8 to 1.5 (Tables 3 and5) and were therefore below the rejection level of 2.0 established for this type of assays in the AOAC harmonized protocol (AOAC 2002) Based on the acceptable results for the HORRAT values the method is considered fit for the intended purpose.

Trueness assessment

As suggested in international guidelines (ISO 5725 1994) the trueness of the tested method was checked using the percentage recovery rates reported by the participant laboratories on spiked samples. Also here we did the evaluation separately for quantification with Std. Add and Ext. Cal, respectively. For the quantification with standard addition two laboratories were excluded from the trueness study, since their results were far below the critical values for the percentage recovery of 80 % as specified in the method protocol. For the quantification with external calibration one laboratory was excluded for the same reason, whereas a second laboratory was excluded, since the reported linearity of the calibration curve did not fulfil the established criterions. For those laboratories that analyzed two positive control samples the averaged reported value was considered for this assay.

The set of results for all the labs are depicted in (Figure 2) and led to recoveries of 98 ± 6 (%) for the Std. Add. quantification approach and 89 ± 6 (%) for the Ext. Cal. quantification approach.

The obtained recoveries for both quantification approaches are within the acceptance criteria for quantification established in the standard operating procedure i.e. 80 ≥ R% ≥ 120 demonstrating therefore that both quantification approaches are fit for purpose.

In addition, the satisfying results obtained for the precision and the trueness demonstrated that the presence of other ionophore coccidiostats present at carry-over levels did not have an adverse effect on the performance profile of the method The objective of this study was to conduct a collaborative study in order to determine the performance characteristics of a LC-MS method for the determination of semduramicin (SEM) in compound poultry feed at authorized level (20-25 mg kg -1 ).

Conclusions

The test materials consisted of two typical European broiler diets containing SEM at concentrations ranging from 11.5 to 45.0 mg kg -1 .

Two different quantification approaches i.e. Std. Add. and Ext. Cal. have been successfully tested in the exercise. The obtained values for the relative standard deviation for repeatability (RSDr) ranged from 4% to 9% for the standard addition quantification approach and from 2% and 5% for the external standard calibration quantification approach. Regarding the relative standard deviation for reproducibility (RSD R ), the exercise led to values varying from 8% to 18% for the Std. Add. quantification approach and from 10 % to 14 % for the Ext.

Cal. quantification approach, which corresponds to HORRAT values for all the materials and for both quantification approaches below the critical value of 2.0. Furthermore an estimation of the trueness, based on the statistical treatment of the results reported from the laboratories for the spiked samples, revealed mean recovery values of 98 ± 6 (%) for the Std. Add. quantification approach and 91 ± 5 (%) for the Ext. Cal. quantification approach.

Based on the satisfactory results for the precision and trueness obtained in the interlaboratory comparison and presented in this paper, the method is considered fit for the intended purposes. This applies to both quantification procedures included in this study. The method can therefore be transferred to the control laboratories to be applied within the frame of official control. Finally, the method protocol and the results from the validation study will be used to establish an ISO/CEN standard for the determination of semduramicin in feedingstuffs. 12.0 11.4 23.5 24.0 40.5 39.9 13.4 12.8 22.7 21.7 41.8 40.1 MS6 11.7 11.3 24.3 23.7 45.6 46.6 12.2 13.3 24.0 22.9 48.7 50.6 MS7 9.1 9.4 20.7 20.3 39.6 38.9 11.1 10.9 19.8 20.1 MS13 10.7 10.5 21.0 22.8 42.9 42.9 9.6 11.2 22.2 19.7 42.9 43.9 MS14 11.3 11.4 22.3 24.3 42.2 46.4 12.2 15.0 21.6 21.8 47.4 6 18.7 36.5 36.8 10.8 10.9 18.4 18.7 35.9 37.6 MS15 10.9 10.4 20.4 21.4 39.9 38.7 10.3 10.9 19.2 19.2 40.5 39.9 MS16 8.5 8.8 16.9 17.0 30.3 29.9 9.3 9.0 17.1 17.4 32.5 32.4 MS17 10.3 10.8 21.6 21.3 40.0 40.8 10.6 10.5 22.6 20.9 44.4 

  ) No 882/2004 (European Communities 2004) lays down general rules for

  González de la Huebra et al. (González de la Huebra et al. 2010). In order to render the method less time-consuming and more cost-effective, the original method has been modified by reducing (1) the extraction volume from 40 to 15 ml, (2) the extraction time from 60 to 30 min and (3) by allowing two options for the quantification, namely standard addition (Std. Add.) and external standard calibration (Ext. Cal.). The final method protocol involves thus a 30 min. solid-liquid extraction with 15 mL of acetonitrile followed by the appropriate dilution of the obtained supernatant. The diluted extracts are then fortified with the internal standard (I.S.) nigericin (NIG) and measured with C18 reversed-phase liquid chromatography coupled to mass spectrometry (LC-MS). The detection is carried out by single quadrupole mass spectrometry using electrospray positive ionisation (ESI + ) and performing the acquisition in single ion-monitoring (SIM) mode. The corresponding ammonium adducts namely m/z > 890.5 for SEM and m/z > 742.5 for NIG (I.S.) are selected for the quantification of the target analytes.

  of unknown samples, the protocol requires the inclusion of a daily positive control sample (PCS). The PCS consist of a poultry blank feedingstuff, which is spiked by the laboratory with semduramicin concentrations close to the authorised levels prior to the subsequent extraction step.

  repeated on three different days i.e. nine replicates per each concentration level.

  in different quantities depending on its intended use i.e. starters or finishers, using realistic recipes. In total six different test materials have been produced which were comprised of two different matrices (starter and finisher diets for broiler) containing the target analyte at different concentrations levels.

  in SIM mode with the aim to evaluate if they could go further with the collaborative study.

Figure 1 .

 1 Figure 1. Chromatogram provided by one participant laboratory corresponding to one blind sample of Mat. A1 i.e. Starters diet at a target concentration of SEM of 11.5 mg kg -1 . A) and B) shows the obtained signals for the ammonium adducts of SEM and NIG (I.S.) respectively (quantification adducts) and C) and D) depict the signals obtained for the sodium adducts of SEM and NIG (I.S.) respectively (identification adducts).

Figure 2 .

 2 Figure 2. Results reported by the participant laboratories (spiked samples) for the Standard Addition quantification approach (A) and for the External Calibration quantification approach (B). Non-valid results circled.

  

  

  

Table 1 .

 1 Single laboratory validation. Results from the experiments conducted on samples fortified with SEM for the individual concentrations (A) standard addition and (C) external calibration and for the pooled concentrations (B) standard addition and (D) external calibration.

	A)								
		Target value (mg kg -1 )	Mean value (mg kg -1 )	RR (%)	S r	RSD r (%)	S Int.	RSD Int. (%)	Horrat value
		12.5	12.9	103	1.3	10.1	1.3	10.1	0.93
	Semduramicin	25.0	27.2	109	2.4	8.6	2.4	8.6	0.89
		50.0	54.2	108	2.9	5.4	3.5	6.5	0.61
	B)								
		RR%	RSD Int. (%)						
	Semduramicin	107	8						
	C)								
		Target value (mg kg -1 )	Mean value (mg kg -1 )	RR (%)	S r	RSD r (%)	S Int.	RSD Int. (%)	Horrat value
		12.5	11.3	88	0.9	7.9	0.7	8.2	0.71
	Semduramicin	25.0	23.7	95	2.1	9.0	2.1	9.0	0.91
		50.0	46.0	92	2.4	3.0	2.0	4.3	0.34
	D)								
		RR%	RSD Int. (%)						
	Semduramicin	92	7						
	S r , standard deviation for repeatability; RSD r (%), relative standard deviation for repeatability; S Int. standard deviation for intermediate precision; RSD Int. (%)
	relative standard deviation for intermediate precision. The means are calculated from the 54 results obtained for each analyte/concentration combination. RR
	(%), mean percentage recovery rate							

Table 2 .

 2 Individual results of the blind duplicates when using the Standard Addition quantification approach as reported by the participants. The grey background stated for excluded results due to(a) Incomplete file;(b) Technical non compliant;(c) Cochran outlier and

	(d) Grubb outlier					
				Starters Diet			Finishers Diet
	Lab code	Mat A1	Mat A2	Mat A3	Mat A4	Mat A5	Mat A6
		(mg kg -1 )	(mg kg -1 )	(mg kg -1 )	(mg kg -1 )	(mg kg -1 )	(mg kg -1 )
	MS1 (a,b)	9.5 12.2 15.0	21.9	53.7	29.8 14.9 5.4 14.4 18.5 45.0 26.2
	MS2	10.6 10.0 20.8	22.4 36.2 (c)	51.9 (c)	10.0 9.0 20.1 22.1 50.5 36.9
	MS4	8.9	9.2	21.2	22.0	37.0	41.9 10.0 12.2 20.0 19.0 41.8 44.1
	MS5						

Table 3 .

 3 Results from the statistical evaluation when using the Standard Addition quantification approach.

	51.1

Table 4 .

 4 Individual results of the blind duplicates when using the External Calibration quantification approach as reported by the participants. The grey background stated for excluded results due to(a) Incomplete file;(b) Technical non compliant;(c) Cochran outlier and

	(d) Grubb outlier											
				Starters Diet					Finishers Diet		
	Lab code	Mat A1	Mat A2	Mat A3	Mat A4	Mat A5	Mat A6
		(mg kg -1 )	(mg kg -1 )	(mg kg -1 )	(mg kg -1 )	(mg kg -1 )	(mg kg -1 )
	MS1 (a,b)	9.1	9.4	16.9	18.2 36.7 35.3 10.7 9.3 16.6 19.5 38.5 38.2
	MS2	8.0	8.7 15.6 (c)	19.6 (c)	35.3 30.7 7.5	7.9 15.7 18.2 36.5 35.9
	MS4	9.4	9.0	20.1	20.0 38.1 36.4 9.2	9.4 17.7 17.3 39.1 38.8
	MS5	7.4	7.9	16.6	17.1 32.5 30.8 8.0	8.5 16.9 15.5 32.7 33.5
	MS6	10.9 9.9	22.2	21.6 41.0 41.2 10.4 11.4 22.0 20.7 45.7 46.5
	MS7	8.7	8.4	18.9	17.9 32.3 32.5 9.8	9.0 17.1 17.1 36.5 36.2
	MS8	8.7	7.7	17.6	16.9 34.5 32.9 8.5	8.8 17.2 16.4 35.8 34.2
	MS9	6.8	7.2	16.7	16.5 32.4 32.9 8.4	8.0 15.7 15.0 33.4 34.4
	MS10 (b)	5.2	4.9	11.5	12.2 26.7 22.8 4.8	5.6 10.9 11.8 25.3 24.1
	MS11 (a)	-	-	-	-	-	-	-	-	-	-	-	-
	MS13	9.4	8.8	19.1	19.6 41.5 39.2 8.3	9.9 18.1 18.2 37.2 38.4
	MS14	10.6 10.0 18.									

Table 5 .

 5 Results from the statistical evaluation when using the External Calibration quantification approach.

	40.9
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