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  methanol (80 : 20 v/v, solvent A) and methanol (solvent B), 138 starting at 95% A/5% B and changing linearly to 25% A/75% B in 6 min. These 139 conditions were held until 11 min. Initial conditions were restored by 11.5 min. The 140 total run time was 20 min. The precursor/product ions monitored during analysis of 141 nitrofuran metabolites are listed in

  00 ± 0.02 g) were weighed into 30 ml glass tubes. Mixed internal 240 standard (50 µl of a 100 ng ml -1 solution of D 4 -AOZ, D 5 -AMOZ, 13 C 3 -AHD and 241 13 C 15 N 2 -SEM) was added to all samples, controls and standards. To all tubes were 242 added hydrochloric acid (0.1 M, 5 ml) and 2-nitrobenzaldehyde (150 µl, 50 mM in 243 DMSO). Calibration standards were prepared by addition of mixed standard solutions 244 to 30 ml glass tubes. Egg samples from nitrofuran-free chickens were fortified at 245 1.0 µg kg -1 with mixed standard (100 µl of a 10 ng ml -1 solution) to act as recovery 246 control samples. Blank egg samples were also included in every analytical run. 247 Tubes were capped, vortex mixed for 20 sec and incubated overnight (approximately 248 16 hr) in a water bath held at 37°C. 249 All tubes were then adjusted to pH 7.2 ± 0.2 with 0.1 M di-potassium hydrogen 250 orthophosphate (5 ml) and 1 M sodium hydroxide (0.4 ml). Liquid-liquid extraction 251 was carried out using ethyl acetate (2 x 6 ml, repeatedly inverting the tubes for 1 min 252 then centrifuging at 2000 rpm for 15 min) and the organic phase evaporated to 253 dryness at 45°C under a stream of nitrogen. Residues were re-dissolved by vortex 254 mixing for 1 min in methanol : water (50 : 50 v/v; 0.4 ml
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Table 1 .

 1 The source settings were as follows:

	142							
	143	capillary voltage 2.45 kV, RF lens 25.0 V, source temperature 120 °C, desolvation
	144	temperature	350	°C,	cone	nitrogen	gas	flow
		80 L hr -1 , desolvation gas flow 670 L hr -1 . Argon was used as the collision gas and

145

the multiplier was operated at 650 V. The cone voltage was 35 V and the collision 146 energy (7 to 16 eV) changed during analysis depending on the analyte. Sample 147 injection volume was 25 µl. LC-MS/MS conditions for nitrofurazone analysis were 148 as described previously

[START_REF] Mccracken | The detection, accumulation and 486 distribution of nitrofuran residues in egg yolk, albumen and shell[END_REF]

.

149 [INSERT TABLE 1 ABOUT HERE] 150

Treatment of laying hens with NFZ 151 Broiler breeder hens (30) in mid-lay, purchased from a local supplier, were housed in 152 wire-floored cages in five separate batteries of six birds. Hens were allowed ad 153 libitum access to fresh water and feed at all times. Commercial broiler breeder layer 154 crumb feed was used to prepare five medicated diets (one at therapeutic and four at 158 fed medicated diets for 16 days when, with the exception of the 300 mg kg -1 group, 159 the experiment was terminated. On day 16, diet of the birds fed nitrofurazone at a 168 the pooled samples were thawed to room temperature. Yolk and albumen pools were 169 diluted with further yolk and albumen from locally reared hens that had not received 170 NFZ. The whole egg pool was homogenised and divided into 1.0 kg aliquots and 171 refrozen. The egg albumen pool could not be homogenised mechanically without 172 dramatically changing its consistency, so it was stirred thoroughly for 2 h before 173 being divided into 1.0 kg aliquots and refrozen. Upon thawing, the consistency of the 174 egg yolk pool was too thick to allow homogenisation. Consequently, it was diluted 175 50:50 (w/w) with distilled water before being homogenised, divided into 0.8 kg residues, for the purposes of regulatory control, it was inappropriate to use that 234 analytical approach with eggs in the current study. It was essential to study the total 235 SEM concentration in eggs to enable a comparison to be made between total NFZ 236 concentration and total SEM content of the egg. Were tissue-bound SEM to be 237 measured, a poorer, and possibly erroneous, correlation may have been found between 238 NFZ and SEM.

Table 1 .

 1 LC-MS/MS precursor/product ion combinations (base peaks underlined)

	506	
	507	monitored in MRM ESI positive mode for the analysis of the nitrophenyl (2-NP)
	508	derivatives of four nitrofuran metabolites.
	509	
		Compound	Precursor ion (m/z) Product ions (m/z)

Table 2 .

 2 Summary of validation data for the determination of four nitrofuran

	510						
	511	metabolites in whole egg homogenate.			
	512						
			Fortification	Overall	Overall	Within	Between	CCα α α α	CCß
			Level µ µ µ µg kg -1	Mean µ µ µ µg kg -1	recovery	run	run	(µg/kg)	(µg/kg)
				(n=24)	(%)	CV	CV
		AOZ	0.5	0.51	102	7.4	1.7
			1.0	1.03	103	4.5	1.6
			1.5	1.54	103	4.2	1.4
							AOZ	0.14	0.44
		AMOZ	0.5	0.53	105	3.0	2.9
			1.0	1.07	107	3.1	3.9
			1.5	1.60	107	3.5	1.5
							AMOZ	0.13	0.25
		AHD	0.5	0.52	103	5.8	11.5
			1.0	1.02	102	6.3	11.6
			1.5	1.57	104	7.1	4.5
							AHD	0.21	0.60
		SEM	0.5	0.52	104	5.5	1.6
			1.0	1.01	101	5.2	1.5
			1.5	1.47	98	3.9	1.9
							SEM	0.19	0.28

Table 3 .

 3 Partitioning of NFZ and SEM between egg yolk and albumen at different 513 dietary NFZ levels with no withdrawal period (se = standard error).

	514							
	515							
		Mean	se	NFZ	Mean	se	Total SEM	Molar % of
		NFZ	(n=5)	Partitioning	total SEM	(n=5)	Partitioning	SEM present
		µg kg -1		(%)	µg kg -1		(%)	as NFZ
	3 mg NFZ kg -1 feed							
	Yolk	10.8	0.7	63	27.8	2.3	79	15
	Albumen	6.4	0.7	37	7.3	0.6	21	33
	30 mg NFZ kg -1 feed							
	Yolk	81.6	16.2	57	224.0	29.2	80	14
	Albumen	61.9	11.3	43	56.8	7.3	20	41
	300 mg NFZ kg -1 feed							
	Yolk 712.9	112.3	58	1441.8	192.0	71	19
	Albumen 515.2	58.7	42	575.1	77.8	29	34.

Table 4 .

 4 Distribution of tissue-bound and total SEM in whole egg homogenates at 516 two dietary NFZ levels (se = standard error).
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	517						
	518						
	NFZ in feed	Mean total	se	Mean tissue-bound	se	% Tissue-	n
	mg kg -1	SEM µg kg -1		SEM µg kg -1		bound	
	3	13.7	0.4	3.8	0.2	28	10
	30	113.5	12.4	35.1	4.0	31	5
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Table 5 .

 5 Effect of pasteurisation and spray drying on NFZ and SEM concentrations in eggs (se = standard error). Whole egg, yolk and albumen 519 pools were derived from different sample populations so concentrations cannot be compared across sample type.
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	520													
	521													
		NFZ µg kg -1 dry weight				SEM µg kg -1 dry weight			Molar % of SEM present as NFZ	
		Before	se	After	se	% loss	Before	se	After	se	% loss of	Before	After	n
		drying		drying		of NFZ	drying		drying		SEM	drying	drying	
	Whole egg	502.1	23.7	177.6	35.4	65	676.5	25.8	330.7	30.0	51	28	20	3
	Yolk	267.6	15.1	151.9	3.6	43	608.7	17.7	507.6	3.7	17	17	11	4
	Albumen	1085.6	203.7	44.5	6.8	96	954.3	148.1	264.5	1.8	72	43	6	4
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Samples were then transferred to a water bath held at 67°C. Sample temperature was

Retention of some egg powder within the spray drier mechanisms prevented accurate 386 calculation of individual sample dry matter contents. However, the approximate

http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.ukFood Additives and Contaminants

Acknowledgements

Analytical method & performance characteristics 295 Summary method validation data for the analysis of nitrofuran metabolites in egg are 296 shown in Table 2. Decision limits (CCα) and detection capabilities (CCß) were 297 <0.6 µg kg -1 for AOZ, AMOZ, AHD and SEM. Within and between-run CVs were