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Validation of a commercial receptor kit Sulfasensor®

Honey for the screening of sulfonamides in honey according to the Commission Decision 2002/657/EC

INTRODUCTION

43

Honey contains many complex organic compounds: Several natural antibiotic factors, which 44 have potent bacteriostatic activity, that is to say, they prevent the growth of bacteria but do 45 not kill them. Antibiotics have been widely used for animal production for decades worldwide. (Commission 2002). The performance characteristics to be determined were identical: The results are presented in Table 1.
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Insert Table 1 here

292
The global false positive rate is equal to 12.5 % (5 positive results out of 40 blank samples).
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The five batches which gave one doubtful or positive results were from rosemary, lime tree, The results were negative for samples spiked with sulfamethizole at 25 and 50 µg kg -1 . One 300 test at 500 µg kg -1 gave doubtful results and 2 assays at 1000 µg kg -1 also. A doubtful result 301 during routine analyses will be considered as a positive result and then will be confirmed by [START_REF] Maudens | Quantitative analysis of twelve sulfonamides in 542 honey after acidic hydrolysis by high-performance liquid chromatography with post-column 543 derivatization and fluorescence detection[END_REF]). Individual primary stock solutions of all standards were prepared in 425 methanol at a concentration of 1 mg mL -1 and stored in the dark at -20°C until use. Under 426 the stated conditions, stock solutions proved to be stable for at least 6 months. 

  evaluate and to validate the Sulfasensor® Honey kit according to the CRL 126 guideline for the validation of screening methods(Crl 2010, sulfathiazole, sulphamethazine, sulfanilamide, sulfaquinoxaline, 131 sulfadimethoxine, sulfamerazine, sulfamethizole, sulfamethoxazole) were supplied by Sigma 132 Aldrich (Saint Quentin-Fallavier, France). Other antibiotics: oxytetracycline, 133 tylosin, streptomycin, chloramphenicol, erythromycin, benzylpenicillin, enrofloxacine were 134 supplied by Sigma Aldrich (Saint Quentin-Fallavier, France). , 20 different honeypots have been used: honey rosemary, lavender, 138 honeydew from Corsica bush, heather, forest, lemon tree, acacia, chestnut, raspberry,139 mountain and flowers. These honeys have different geographical origins from Brittany, Isere, 140 Correze, Corsica and Spain, but are all from certified organic apiculture. In addition, the 141 consistencies of these 20 honeys were different: liquid / solid and different colours. 142 Moreover, the applicability of the test to royal jelly was evaluated. kit is a receptor-based assay for rapid screening of sulfonamide 146 residues present in honey. It is produced by the Unisensor™ firm (Liège, Belgium). The kit at 147 the time of validation was only a prototype but is now commercialised. the principle of the receptor kit and the methodology can be 149 found at http://www.unisensor.be/. 150 Evaluation of the receptor test 151 A preliminary study was conducted on the kit prior to the validation to determine if the kit was 152 of interest or not, regarding practicability and sensitivity. Furthermore, the evaluation study 153 was used to determine the concentrations of antibiotics to be spiked in honey samples for 154 later validation. The recommended concentration (RC) for sulfonamides is set at 50 µg kg -1 , sulfamethizole, sulfamethoxazole have been tested at 157 various concentrations from 12.5 to 50 µg kg -1 in honey samples with the Sulfasensor® 158 Honey kit. Ideally, the tested concentrations were half the RC. When the test was not enough 159 sensitive, regarding the RC, the concentration was increased to assess the true sensitivity. 160 The concentrations were based on detection limits claimed by the manufacturer. Four days 161 of analyses were implemented, with 10 to 12 dipsticks per day. For example, 12 samples (4 162 different blank honey samples and 8 spiked samples near to the claimed CCβ) been validated according to the CRL guideline for the validation of screening 167 methods (Crl 2010) which is based on the criteria of Commission Decision 2002/657/EC 168
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  with other sulfonamides (sulfanilamide, sulfamethizole) has been tested, and 224 also the cross-reactivity with other families of antibiotics (spiked at 10000 µg kg -1 ). The 225 potentially masking effect of the presence of other antibiotics with sulfamethazine for the deliberate introduction of minor reasonable variations by the 230 laboratory and the observation of their consequences. The ruggedness study was focused 231 on one representative sulphonamide. Ten blank honey samples and 10 honey samples 232 spiked at the level of interest (CCβ of SMZ) were analysed. All the materials were prepared 233 from the same batch of honey for the 8 days. It was a blind test (unknown samples) 234 performed at different days with one operator. An experimental plan which combined the 235 different factors was built to minimise the experiments. Eight factors have to be studied. 236 Therefore, 2 experimental plans have been built. The 8 factors were divided into 2 Factor A: 1 st 600 µl acid buffer ± 10 %, factor B: 1 st incubation time in boiling 239 water: 5 ± 1 minutes (20 %), factor C: 600 µl neutralisation buffer ± 10 %, factor D: 1800 µl 240 honey buffer ± 10 %. 241 Second plan: Factor A: 200 µl sample ± 10 % factor B: 1 st incubation temperature 242 (43°C/37°C), factor C: 2 nd incubation temperature (43°C/37°C), factor D: 2 nd incubation time 243 at room temperature: 15 ± 3 minutes (20 %). The influence of these factors on false positive 244 and false negative rate and the interactions between factors were studied. 245 During the 2 nd plan only, a reading was performed immediately as usual. Then a reading was 246 performed after 30 minutes, but without looking at the results of the 1 st reading. 247 Ruggedness of the kit was also tested by performing comparative assays between two 248 analysts who were not involved in the evaluation step and in the validation. These 2 249 this receptor test from a technical point of view were: rapidity, easiness of 258 use and of reading. Moreover only a short extra acidic hydrolysis for the analysis of 259 sulfonamides. It was observed that the reading of Sulfasensor® Honey dipsticks was a little 260 trickier than the reading of other tests (i.e. Tetrasensor Honey® dipsticks (Unisensor s.a., 261 Liège, Belgium)). The performances of Sulfasensor® Honey kit were compliant with those 262 claimed by the manufacturer. The assumed detection capabilities seemed to be lower than 263 the recommended limits for some sulfonamides. 264 265 This evaluation step allowed defining the concentrations to be validated and so the number 266 of samples needed to determine the different detection capabilities. The results of preliminary 267 tests on Sulfasensor® Honey kit allowed to select the following sulfonamide concentrations 268 for the validation: sulfamethazine at 12.5 µg kg -1 , sulfadiazine at 25 µg kg -1 , 269 sulfadimethoxine at 25 µg kg -1 , sulfathiazole at 25 µg kg -1 , sulfamerazine at 12.5 µg kg -1 , 270 sulfapyridine at 25 µg kg -1 , sulfamethoxazole at 1000 µg kg -1 and sulfaquinoxaline at 150 µg 271 kg -1 . The recommended concentration (RC) for sulfonamides is 50 µg kg -1 . Concerning 272 sulfamethazine, sulfamerazine, sulfadiazine, sulfadimethoxine, sulfathiazole and 273 sulfapyridine, the requested number is 20 samples (each sample analysed once) because 274 the assumed CCβ is equal or lower than half the recommended concentration (25 % and 50 275 % of the RC). Concerning sulfamethoxazole and sulfaquinoxaline, the estimated CCβ is 276 Page 12 of 26 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk the RC. Therefore, the CCβ did not need to be determined with 60 277 samples. So only 20 samples (each sample analysed once) have been tested. Sulfanilamide 278 gave negative results even at 100000 µg kg -1 . 279 280 Validation of Sulfasensor® Honey kit for the detection of sulfonamides 281 Practicability 282 The method is rather quick (90 minutes including sample preparation and analysis) and easy 283 to perform. Up to 40 samples could be analysed during one day. 284 Specificity and detection capabilities CCβ 285 Two batches of the kit were used for the validation. 40 blank honey samples from 20 different 286 batches of honey have been analysed during 10 days. So each batch of honey has been 287 analysed twice in total, on 2 different days. For each of the sulfonamides, 20 different 288 batches of honey were spiked for the determination of the CCβ. When 40 samples have to 289 be analysed, each batch of honey has been spiked and analysed twice during the validation. 290

  294 heather, honeydew and acacia. No common progile was observed for the five bathes (3 295 yellow honeys (1 solid, 2 liquids), 2 brown honeys (1 solid, 1 liquid). Moreover each batch 296 was analysed twice at different days and each of the 5 batches gave once a negative result 297 and once a doubtful or positive result.298 299
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  During the first ruggedness study, negative influence on the performance of the test was 379 observed for the following factors: the volume of acid buffer. In fact, when the volume of acid 380 buffer increased (10 %), the false positive rate and the false negative rate increased. On the 381 the 1 st incubation time in boiling water increased (20 %) or when the volume 382 of honey buffer (11 %) increased, the false positive and the false negative rate decreased.383The volume of neutralisation buffer (± 10 %) has no observed influence on the ruggedness study, the only factor for which a negative influence on the 387 false positive rate and on the false negative rate was observed was the 2 nd incubation time. 388 When the 2 nd incubation time was increased up to 20 %, the false positive rate and the false 389 negative rate increased. On the contrary, when the volume of sample increased, the false 390 positive and the false negative rate at the same time when the volume decreased of 10 %. It 391 is logical that the sensitivity is better when the sample volume is increased. Some factors 392 gave rise to observed effect only on false positive rate. When the 1st incubation temperature 393 (+7.5 %), the false positive rate decreased. The 1 st incubation temperature had also a 394 reported influence on the false negative rate. When the 1 st incubation temperature increased, 395 the false negative rate increased. The 2nd incubation temperature (± 7.5 %) had no influence 396 on false positive and false negative rates. 397 398 Finally, the most critical factors during the sample preparation were the volume of acid buffer 399 (± 10 %) because when these factors increased, the false negative rate AND the false 400 positive rate increased. Therefore the sensitivity and the specificity of the test decreased. 401 Furthermore, the most critical factors during the analysis on the dipsticks were the 1 st 402 incubation temperature (+ 7.5 %), the 2 nd incubation time (20 %) because when these factors 403 increased, the false negative rate increased. Therefore the sensitivity of the test decreased. 404 Ruggedness of the kit was also tested by performing comparative assays between two 405 analysts who were not involved in the evaluation step and in the validation. These 2 analysts 406 analysed 2 blank control samples and 2 blank control samples fortified samples 407 (sulfamethazine at 25 µg kg -1 ) during 3 days of analysis. Each analyst obtained the 408

  the extraction of sulphonamide residues from honey includes an acid hydrolysis 429 step to release the sugar-bound sulfonamides. A stability study in acidic conditions was 430 implemented (Thompson and Noot 2005). A darkly coloured, free flowing honey and a lighter 431 coloured, crystallized honey were fortified with 25 µg kg -1 of 8 sulfonamides (sulfathiazole, 432 sulfamethazine, sulfamerazine, sulfapyridine, sulfadiazine, sulfadoxine, sulfadimethoxine, 433 and sulfachlorpyridazine
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	409	requested results: negative results for blank Quality Controls (QC) and positive or doubtful
	410	results for spiked QC.
	411	During the 2 nd plan only, a reading was performed immediately as usual and a second
	412	reading 30 min later. The results were similar when immediate reading and after 30 min.
	413	Stability of sulphonamide residues
	414 415 416	Stability in solution F The stability of sulfadiazine, sulfamerazine, sulfamethoxydiazine, sulfamonomethoxine, o r sulfadimethoxine, sulfamethoxazole and sulfaquinoxaline in standard solution and extracts
	417 418 419 420	was checked (Chen et al. 2009). Stock solutions of the standards (1 mg mL-1) were P prepared by dissolving each sulfonamide in methanol and stored in a refrigerator at 4°C. e Stock solutions were found to be stable for 2 months. Working standard solutions were daily e r prepared by diluting the stock solutions with water.
	421 422 423 424	R Another team studied the stability of the stock solutions of 12 sulfonamides (sulfaguanidine, e sulfanilamide, sulfacetamide, sulfadiazine, sulfathiazole, sulfapyridine, sulfamerazine, v i w e sulfamether, sulfamethazine, sulfamethoxypyridazine, sulfachloropyridazine and sulfadoxine)
		O n
		l y
		17

Table 1 . False positive, false negative results, detection capability CCβ

 1 Annie Rault is acknowledged for her participation to the technical part of the study.
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	436	Conversely, sulfonamides were found to be sufficiently stable in acidified honey solutions
	437	when stored at +4°C or -20°C for up to 28 days.
	438	
	439	Stability in honey
	440	Sulfonamides bound to sugars in honey and that reaction could have consequences on the
	441	residue analysis of honey. A sulfathiazole glucose modelisation, based on spiked honey and
	442 443	naturally contaminated honey, was studied (Schwaiger and Schuh 2000). The sugar / F o sulfathiazole complex could be extracted with organic solvents such as acetonitrile and
	444	r dichloromethane. The chromatographic behaviour of the complex is different from that of free
	445	P sulfathiazole. Therefore, the probability that the actual contamination of honey is
	446 447 448	underestimated is very high. Hydrolysis experiments showed that considerable amounts of e bound sulfonamides may be released in acidic environment. This study demonstrates the e r need for a hydrolysis step prior to the determination of sulfa drugs for control of residues in
	449 450 451 452 453 454	honey. Honey samples purified using solid phase extraction-IAC (Immunoaffinity Column) were R e v i analysed both by EIA and HPLC (Heering et al. 1998). Sixteen samples were positive in the e sulfathiazole EIA, with levels ranging from 70 to 750 µg kg -1 . After HPLC analysis of these w extracts, neither sulfathiazole nor any other sulfonamide could be detected. The possibility of
	455 456	a reaction of sulfathiazole with reducing sugars or other compounds was considered. A O n preliminary experiment in which honey was spiked with sulfathiazole and incubated at 40°C
	457 458	l showed that EIA results were more or less unaffected, whereas the HPLC peak for y sulfathiazole decreased rapidly, and less than 10% of the added sulfathiazole could be
	459	detected after 4 h of incubation. Residues of sulfathiazole in honey are probably not present
		as free sulfathiazole but in chemically modified form. Therefore the negative HPLC results
		18

). Based upon stability experiments, it was discovered that it is not 434 acceptable to store acidified samples at room temperature for periods of more than 7 days. 460 have to be considered as false-negative. Since literature data indicate that bound 461 sulfathiazole could be converted into free form under acidic conditions (Schwaiger and 462 Schuh 2000). 463 Page 19 of 26 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk 522 from:<http://ec.europa.eu/food/food/chemicalsafety/residues/lab_analysis_en.htm>: 523 Guideline_Validation_Screening_en.pdf. 524 Page 22 of 26 http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk

Table 2 . Cross-reactions with other families of antibiotics and masking effect.
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	Antibiotic	Concentration	Without SMZ	With SMZ at 12.5
		(µg/kg)		µg/kg
	Oxytetracycline	10000	-	+
	Tylosine	10000	-	+
	Streptomycine	10000	-	+
	Chloramphenicol	10000	-	+
	Erythromycin	10000	-	+
	PBenzylpenicillin G	10000	-	+
	Enrofloxacine	10000	-	+
	Negative control	0	-	-
	Batch 344			
	Negative control	0	-	-
	Batch 344			
	Positive control SMZ	15	+	/
	12.5 ppb			

Table 3 . Influence of the 4 different factors and interactions of factors during the 1 st ruggedness study and during the 2 nd ruggedness study.

 3 

	Factor

False + rate: false positive rate; False -rate: false negative rate.
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To our knowledge, this work represents the first example of the validation of the 465 Sulfasensor® Honey kit for the analysis of sulfonamide residues in honey according to the 466 CRL guideline for the validation of screening methods [START_REF] Crl | CRLs view on state of the art analytical 526 methods for national residue control plans[END_REF]. Efficient screening