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 1997). These measures check residues in milk and dairy products, and establish the frequencies and level of sampling, and the groups of substances to be controlled.

In Spain, ewes milk is monitored for antibiotic residues at dairy laboratories by several microbiological screening tests to control the presence of antibiotic residues. Some of these tests are the BRT  AiM, the Delvotest SP  or the Eclipse "100ov"  ( [START_REF] Barbosa | Suitability and Application of Available Test Kits for the Detection of Residues of Antimicrobials in Milk from Species Other than the Cow -a Review[END_REF]). The detection limits for the main antibiotics used in ovine therapy have been estimated in ewe milk for all these tests [START_REF] Althaus | Detection limits of antimicrobials in ewe milk by Delvotest[END_REF], Molina et al. 2003a[START_REF] Montero | Detection of antimicrobial agents by a specific microbiological meted (Eclipse 100  ) for ewe milk[END_REF].

The purpose of our study was to find out the incidence of antimicrobial residues in ewe milk destined to Manchego PDO cheese production by using the Eclipse "100ov" 

Materials and methods

Milk sample collections

Ewe milk samples from bulk tanks were collected on a monthly basis from Manchega ewe flocks which supplied milk for PDO Manchego cheese production, from July 2002 to June 2003. A total of 2686 samples were collected in a 100 mL-disposable plastic container without any preservatives and kept at 4ºC until they were analysed (no later than 48 hours).

Another sample of milk was collected with 4 µl/mL solution of acidiol (150 mg chloranphenicol, 1 mL ethanol, 3.5 g sodium amide, 4.5 g sodium citrate 5H 2 O, in 100 mL of distilled water) for chemical, bacteria and SCC determinations. Milk bacteria and SCC levels were determined with a Fossomatic 90 (Foss Electric, Hillerød, Denmark) and a BactoScan 8000S (Foss Electric, Hillerød, Denmark), respectively. Chemical composition was determined with a MilkoScan FT 120 (Foss Electric, Hillerød, Denmark). Milk samples were analysed over a 48-hour post-collection period by the Eclipse "100ov"  test (ZEU-Inmunotec, Zaragoza, Spain). The method was carried out according to the manufacturer's instructions. The detection limits for the main antibiotics used in dairy ewes have been reported by [START_REF] Montero | Detection of antimicrobial agents by a specific microbiological meted (Eclipse 100  ) for ewe milk[END_REF]. Antibioticfree milk samples were used as "negative controls", and were obtained from controlled animals that did not receive any antibiotic treatment or feed for one month. As "positive controls", milk samples with 4 µg benzyl penicillin G (Sigma Chemical Co., MO, USA) kg -1 were used. In all tests visual interpretations were carried out by 3 professionals and evaluated as "negative", "doubtful" or "positive" qualifications. For the statistical calculations, the visual results that presented at least two similar interpretations were considered. The "positive" and "doubtful" responses were grouped as "positive and doubtful" [START_REF] Suhren | Detection of β-lactam antibiotics in milk by the Penzym-test[END_REF] in order to treat these qualitative variables at two levels:

Antibiotic Microbiological Screening Test

"negatives" and "positives and doubtfuls" (from now "positives"). All samples were simultaneously assayed by the Delvotest SP  method as described by Yamaki et al.

( 2004).

"Positive" samples were kept refrigerated at 4ºC and 24 hours later were heated at 82ºC for 10 min (Molina et al. 2003b) for confirmation.

Identification of the antibiotics

To identify the presence of β-lactam or sulphonamide compounds "positive" samples after heat confirmation they were tested with the penicillinase and the p-aminobenzoic acid (PABA) solutions. Four 100 µl-aliquots of each prepared sample were added to four wells of Eclipse "100ov"  test, followed by: 10 µl of distilled water, 10 µl of penicillinase solution (100,000 IU mL -1 ; Cod. 9120, AiM-Analytik in Milch Produktions-und Vertriebs-GmbH, München, Germany), and 10 µl of PABA solution (3 mg mL -1 ; Cod. A-9878, Sigma Chemical Co., MO, USA) respectively. Data interpretation was performed according to the combination of positive and negative results obtained for each series of four wells as mentioned by Yamaki et al. (2004).

Statistical analysis

To evaluate the influence of the numerical variables of the month of collection, fat, protein, SCC and bacteria on the responses to the Eclipse 100ov test a stepwise procedure was applied to the logistic regression option of Statgraphics Plus 5.1., taking the model of the variables that presented a value of Chi-squared ≥ 3.94. to be relevant.

The statistical design was carried out with the following logistic model:

L ijklmnop = β 0 + β 1 T i + β 2 T 2 j + β 3 T 3 k + β 4 T 4 l + β 5 SCC m + β 6 BAC n + β 7 F o + β 8 P p + ε ijklmnop
where L ijklmnop is the variable logit, i.e. ln P ijklmnop / 1-P ijklmnop ; P ijklmnop is the probability of "positive and doubtful" response; 1-P ijklmnop is the probability of "negative" response; β 0 to β 8 are coefficients estimated for the logistic regression models; T i is the effect of month (from 1 to 12); T 2 j is the effect of month squared; T 3 k is the effect month cubed; T 4 l is the effect of month quartered; SCC m is the effect of somatic cells; BAC n is the effect of bacteria; F o is the effect of fat; P p is the effect of protein; and ε ijklmnop is the residual error.

A Chi-squared Goodness of Fit Tests was conducted as a rank of correlation between the observed responses and the predicted probabilities.

In order to compare the results obtained by both tests, Delvotest SP and Eclipse 100ov, a cross tabulation option from the Statgraphics Plus 5.1 was done and the Chisquared test was carried out. 

Results

During the year of the antimicrobial residue control, the incidence of "positives"

("positive and doubtful" responses) after the initial analysis by Eclipse "100ov"  was 2.6%. Study by means of a logistic regression model to evaluate the effects of factors such as the seasonality, the composition, the SCC or the bacteriology on test results was used.

The application of the logistic regression model only considered the effect of the month of collection to be significant (table 1). The prediction model for calculating the frequencies of "positive" samples, taking into account the month of collection was:

L= -2.8813 -0.1028 T 2 + 0.0159 T 3 -0.00064 T 4

The results of the Goodness-of-Fit Test for this logistic regression model showed a Chisquared of 1.7236; p= 0.6317, as the value p is superior to 0.1, there is no reason to reject the adaptation of the adjusted model to a level of confidence of 90% and over.

Figure 1 represents the relative frequencies of "positive" responses by the Eclipse "100ov"  test and the percentages of "positive" cases calculated by using the coefficients obtained with this logistic model. In this figure the highest frequencies can be seen in summer and early autumn. Samples which were "positive" after the initial analysis were confirmed by heating at 82ºC for 10 min. After this heat treatment the outcome of "positives" was 0.9%. As with the initial assay, the effect of the month collection variable was now the only significant variable (table 2). The mathematic The Goodness of Fit Test showed a Chi-squared of 4.3429 and p= 0.2267 (90% of confidence interval). By applying the logistic regression model (figure 1) the highest frequencies of "positive" results were presented in September and October.

The twenty-six samples that were confirmed after heating as "positive" were analysed by the tests of the penicillinase and PABA solutions (table 3). Most of them (19 samples) did not react positively with any of the two assessments, six samples reacted positively to penicillinase solution, and one sample could not be identified because of a dilution effect.

The second part of this work aims to compare the results obtained by the Eclipse "100ov" test with those obtained by the Delvotest SP  method, a method recognised by the Association of Official Analytical Chemists (AOAC 2004). Table 4 shows the results after the simultaneous analysis of raw milk samples by both methods. At the initial assay, a total of 101 samples were "positive" to Delvotest SP  whereas only 71

were "positive" to Eclipse "100ov"  , of which only 46 were "positive" in both tests.

The heat treatment reduced the number of "positive" samples to 47 and 26 for Delvotest SP  and Eclipse "100ov"  , respectively (table 5). But, only 17 samples were "positive" in both methods. The two analyses (initial and after heating) showed a higher detection of "positive" samples by the Delvotest SP  method than by the Eclipse "100ov"  . On the other hand, of the 17 samples that were "positive" by both methods, 10 samples corresponded to unidentified samples, 6 samples were "positive" to penicillinase solution and 1 sample was associated with a dilution effect when penicillinase and PABA solutions were assayed by both methods (data not showed).

In both methods the effect of the heat treatment showed a high number of "positive" samples at the initial assay (54 for the Delvotest SP  and 45 for the Eclipse "100ov"  ), which turned negative after heating (from now on "false positives"). When the "positives" and "false positives" that were detected simultaneously by the two methods were compared, only 5 coincided with a "false positive" result (table 6). Relative frequencies of "false positives" observed by both methods are shown in figure 2.

Discussion

After the heat treatment of the samples, the ratio of positives detected by Eclipse "100ov"  test in this study lowered to 1%. The control of the same samples by the Delvotest SP  showed a slightly higher level (1.7%; Yamaki et al. 2004). With regards to these levels of antimicrobial residues, the quality of ewe milk destined for the production of Manchego cheese with PDO seems to be more suitable than the ones reported by other studies in ewe milk (Esnal et al. 2002, Continanza et al. 2003, Herrera et al. 2004) Association (Gallego 2002). This fact could have had an important influence on a better sanitary status of the mammary gland by reducing the use of antibiotic therapy, and consequently, the number of residues in ewe milk. However, this incidence is still almost ten fold more than in cow milk (FDA/CFSAN 2001, Suhren and Reichmuth 2003), and sampling plans to control residues in ewe milk may continue in order to reduce the presence of antimicrobial residues even more.

A lower number of "positives" were detected when the samples were assayed by the Eclipse "100ov"  , compared to the Delvotest SP  . The sensitivity of these tests is an important factor to be considered in order to interpret the lower level of residues detected by Eclipse "100ov"  . [START_REF] Althaus | Detection limits of antimicrobials in ewe milk by Delvotest[END_REF] and [START_REF] Montero | Detection of antimicrobial agents by a specific microbiological meted (Eclipse 100  ) for ewe milk[END_REF] have studied the sensitivity of both methods for several antibiotics in ewe milk. Because the Eclipse "100ov"  test shows worse detection limits than the Delvotest SP  for several antibiotics [START_REF] Althaus | Detection limits of antimicrobials in ewe milk by Delvotest[END_REF][START_REF] Montero | Detection of antimicrobial agents by a specific microbiological meted (Eclipse 100  ) for ewe milk[END_REF], it is probable that the Delvotest SP  detected positives samples which contained lower concentrations of some antibiotics. According to these authors, sulphonamides or tetracyclines showed similar detection limits for both methods, while some antimicrobial groups such as β-lactams, aminoglycosides or macrolides could perhaps be underestimated when ewe milk is assayed by the Eclipse "100ov"  [START_REF] Althaus | Detection limits of antimicrobials in ewe milk by Delvotest[END_REF][START_REF] Montero | Detection of antimicrobial agents by a specific microbiological meted (Eclipse 100  ) for ewe milk[END_REF]. Six of the samples confirmed as positives by the Eclipse "100ov"  were identified by means of the penicillinase solution as β-lactams (table 3), and these samples were also identified Eclipse "100ov"  (6), probably due to a higher sensitivity for these compounds [START_REF] Althaus | Detection limits of antimicrobials in ewe milk by Delvotest[END_REF], even under the legal limits established by the European Union normative. On the other hand, there are a great number of "positive" samples by Eclipse "100ov"  (table 2) that were not identified as β-lactams or sulphonamides. Therefore, aminoglycosides, macrolides, tetracyclines, quinolones, or other antimicrobials different to β-lactams or sulphonamides could be presented in this group. Esnal et al. (2003) detected β-lactams, tetracyclines and macrolides by using a microbiological multiplate system to confirm residues in ewe milk. According to these authors these substances are commonly used for ovine mastitis therapy in Spain. For this reason it could be interesting to go more deeply into the detection of these substances using chromatographic methods (HPLC or HPLC-Mass Spectrometry), that are able to detect and correctly quantify these substances.

On the other hand both methods showed a high number of "false positives" even though from the point of view of percentages, the number of "false positives" detected by the Eclipse "100ov"  method was higher than those observed with the Delvotest SP  , as 63% of the positive samples of the Eclipse "100ov"  turned out to be "false positives" and 53% in the case of the Delvotest SP  method. Several authors have related "false positives" with the presence of natural inhibitors, SCC, micro-organisms, or free fatty acids (Carlsson et al. 1989, Van Eenennaam et al. 1993[START_REF] Andrew | Evaluation of selected antibiotic residue screening tests for milk from individual cows and examination of factors that affect the probability of false-positive outcomes[END_REF], Kang and Kondo 2001). Some naturally occurring compounds, such as the lactoperoxidase system, the lactoferrin or the lysozyme, could have an important negative effect on the Wolfson and Summer 1993). The enzymatic nature of these compounds favours their inactivation by heating, and consequently the diminution of erroneous responses. The effect of heating on the response of Delvotest SP  has been previously reported in cow and ewe milk (Kang and Kondo 2001, Molina et al. 2003b). The same took place with this method. The heat treatment of ewe milk at 82°C for 10 min decreased the number of positive samples detected by Eclipse "100ov"  test. This fact suggests the need to heat samples previous to analysis. However, these samples could also contain antimicrobial thermosensitive substances which justified this reduction [START_REF] Moats | The effect of processing on veterinary residues in foods[END_REF], Zorraquino et al. 2005).

In this trial, antimicrobial residue violations seemed to occur more in late summer and early autumn. The main results of the simultaneous assay with the Delvotest SP  test have been published by Yamaki et al. (2004), and showed that a significant higher incidence has been also observed in these months (Yamaki et al. 2004), mainly with regards to "false positives". This fact has been related to out-of-season breeding practices on Manchega ewes. The Manchega breed showed a lower seasonality in its reproductive performance, this allows more reproductive periods during the year.

Generally, the months of July and August coincided with the last part of the ewes' lactation period, at this time the content of natural inhibitors and SCC is higher (Gonzalo et al. 1994[START_REF] Bergonier | New advances in epizootiology and control of ewe mastitis[END_REF], which could provoke a higher level of "false positives".

The highest level of "positives" was observed from July to November. This period coincides with the final lactation of the animals who gave birth in January and February and when the milking period of out-of-season breeding animals starts. In these periods the milk production is lower with a concentration effect taking place in the milk (Gallego 2002;[START_REF] Pérez-Guzmán | Recuentos de células somáticas en leche de tanque de ganaderías de raza ovina Manchega durante los años 1992-1999[END_REF], this probably favours the concentration of antibiotics in the milk. In this study a lower level of milk production was observed (data not shown), which could explain the high number of positives detected.

The Eclipse "100ov"  is a screening test based on microbial inhibition principles which has been developed for assaying ewe milk. The number of positives detected with this test was lower than those observed with Delvotest SP  test, as much in the initial analysis (table 4) as in the confirmation after heating (table 5). [START_REF] Sischo | Field trial of four cowside antibiotic screening test[END_REF] defined the term "specificity" as "the relation between the number of negative results

and the total number of samples analysed by means of a determined method, using residue-free milk", and related it with "false positive" results. The specificities for Delvotest SP  and Eclipse "100ov"  methods were previously estimated at 97.7% and 99%, respectively (Molina et al. 2003b;[START_REF] Montero | Detection of antimicrobial agents by a specific microbiological meted (Eclipse 100  ) for ewe milk[END_REF].

Factors such as the chemical composition, physiological aspects, or hygienic-sanitary parameters (SCC and microbial level), could have an important influence on the detection of "false positive" results by microbiological tests [START_REF] Althaus | Accuracy of BRT and Delvotest microbial inhibition tests by composition of ewes milk[END_REF], Molina et al. 2003b). In this study, none of these factors seemed to interfere in the response of the Eclipse "100ov"  test, as the logistic regression results show (tables 1 and 2). By contrast, other tests suffer more interference due to some of these factors, which have been observed in other studies carried out in ewe milk [START_REF] Althaus | Accuracy of BRT and Delvotest microbial inhibition tests by composition of ewes milk[END_REF], Molina et al. 2003b, Yamaki et al. 2004). This test has been specifically developed to be used in ewe milk, and some interference due to the intrinsic or extrinsic characteristics of ewe milk could have been solved by the manufacturer. Therefore, the detection of "false positive" cases should be lower in ewe milk. However, a slightly higher number of "false positives" has been detected with the Eclipse "100ov"  method which could be attributed to a greater sensitivity when faced with natural inhibitors.

This factor has not been analysed in this study.

Conclusions

In general, the Eclipse "100ov"  method detected a slightly lower number of positive samples than the Delvotest SP  and a slightly higher number of "false positives". The results obtained by the Eclipse "100ov"  test indicated that approximately 99% of the ewe milk assayed in Castilla-La Mancha region (Spain) destined to Manchego PDO cheese production is appropriate for human consumption. Regardless of the seasonality, none of the variables studied (composition, SCC or bacteriology) seemed to have an influence on the response of this method. Among the positive samples, 25% corresponded to β-lactam substances, but a preponderance of unidentified substances was appreciated. Therefore, it is necessary to make an effort to increase the knowledge of the presence of residues in ewe milk at a screening level to guarantee food safety. 

F

  the frequency of ''positive'' cases for the Eclipse "100ov"  method was: L= -9.4844 + 4.131 T -1.0083 T 2 + 0.0928 T 3 -0.00288 T 4

  which showed higher percentages of positive cases. Manchego cheese is the most important Spanish PDO cheese(MAPYA 2002b), and the strict control of milk destined to its elaboration has to be the first requirement to guarantee, not only certification, but also a safe product. The hygienic-sanitary quality of Manchega ewe milk has undergone improvements over the last few years[START_REF] Pérez-Guzmán | Recuentos de células somáticas en leche de tanque de ganaderías de raza ovina Manchega durante los años 1992-1999[END_REF], mainly assisted by the regular monitoring of some hygienic-sanitary parameters (SCC ) carried out by the sanitary authorities and the Manchega Breed

  as β-lactams by the Delvotest SP  test. The number of samples identified as β-lactams by the Delvotest SP  (14;Yamaki et al. 2004) was higher than those observed by the

  growth of the bacteria indicators used in microbiological assays by showing "false positive" results, mainly due to their antimicrobial activity(Carlsson et al. 1989, 

Table 1 .

 1 Summary of the logistic regression model coefficients for the initial analysis byEclipse "100ov"  test.

	Parameter	"χ 2 " value	"p" value
	Month 1		

Table 2 .

 2 Summary of the logistic regression model coefficients for the confirmation afterheating at 82ºC 10 min by Eclipse "100ov"  test.

	Parameter	"χ 2 " value	"p" value
	Month 1		

Table 3 .

 3 Identification of "positive and doubtful" samples (absolute and relative frequencies) after the PABA and penicillinase tests.

	Compound	Absolute frequency	Relative frequency (%)
	Non Identified Substance	19	73
	β-lactam	6	23
	Sulphonamide	-	-
	β-lactam and sulphonamide	-	-
	Diluted Samples	1	4
	Total	26	100

Table 4 .

 4 Data comparison of Eclipse "100ov"  results with Delvotest SP  * results after initial analysis.

	Results	Eclipse"100ov"  Positives Negatives	Total	"χ 2 "	"p" value
		Positives	46 (1.71%)	55 (2.05%)	101 (3.76%)		
	Delvotest SP 	Negatives	(0.93%) 25	(95.31%) 2560	(96,24%) 2585	750.56	0.0000
		Total	71 (2.64%)	2615 (97.36%)	2686 (100%)		

* Data for comparing from

Yamaki et al. (2004)

.

Table 5 .

 5 Data comparison of Eclipse "100ov"  results with Delvotest SP  * results after confirmation analysis after heating at 82ºC 10 min.

	Results	Eclipse"100ov"  Positives Negatives	Total	"χ 2 "	"p" value
		Positives	17 (0.63%)	30 (1.12%)	47 (1.75%)		
	Delvotest SP 	Negatives	(0.34%) 9	(97.92%) 2630	(98,25%) 2639	644	0.0000
		Total	26 (0.97%)	2660 (99.03%)	2686 (100%)		

* Data for comparing from

Yamaki et al. (2004)

.

Table 6 .

 6 Data comparison of Eclipse "100ov"  with Delvotest SP  * positive and false positive results.Figure 1. "Positive and doubtful" rate (%) in ewe milk samples at the initial analysis and at the confirmation analysis after 24 hours (heated at 82°C for 10 min) by Eclipse "100ov"  from July 2002 to June 2003. (•) Real values. ( -) Predicted values.Figure 2. Monthly relative frequencies (%) of "false positive" samples by the Delvotest SP ® ( ; n= 54) and Eclipse "100ov" ® ( ; n=45) methods.

			Eclipse"100ov" 			
	Results	Positives	False Positives	Total	"χ 2 "	"p" value
		Positives	17 (36.96%)	19 (41.30%)	36 (78,26%)		
	Delvotest SP 	False Positives	5 (10.87%)	5 (10.87%)	10 (21.74%)	17.93	0.0000
		Total	22 (47.83%)	24 (52.17%)	46 (100%)		

* Data for comparing from

Yamaki et al. (2004)

.

Screening of antibiotic residues in ewe milk destined to cheese by a commercial microbiological inhibition assay
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