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Patulin is a mycotoxin produced by a number of fungi common to fruit-and vegetable 28 products, most notably apples. Patulin production is usually, but not exclusively, 29 associated with apple soft rot and blue mould rot, most commonly caused by 30 Penicillium expansum (Brian et al. 1956). Within the food industry, apples and their 31 respective products are of greatest concern for patulin contamination. Numerous 32 studies around the world have examined the extent and degree to which apple 33 products have been contaminated by patulin, finding high percentages of apple juice 34 samples contaminated by patulin in levels exceeding the 50 ng g -1 limit imposed by the 35 EC (Comission Regulation 1425/2003) [START_REF] Moake | Comprehensive review of patulin 354 control methods in foods[END_REF].

37

The health risks posed by patulin necessitate its control and removal from apple 38 products, creating a demand for food-processing techniques capable of doing so, 39 preferably at low cost for industry [START_REF] Moake | Comprehensive review of patulin 354 control methods in foods[END_REF]. In many countries apple juice is 40 typically a by-product produced from culled apples unfit for other, higher quality and 41 higher profit, purposes. Bruises, skin breaks, and other physical damage within these 42 apples provide a perfect entry for P. expansum and other patulin-producing species 43 into the fruit [START_REF] Moake | Comprehensive review of patulin 354 control methods in foods[END_REF]. Low quality apples originating from storage rooms 44 (either controlled atmosphere (CA) or not) are also usually employed for apple juice 45 production. As a result, the use of low quality raw material leads to highly patulin 46 contaminated apple juices. In Spain, juice concentrates are mainly produced from 47 Golden apples, although Fuji apples are sometimes used when they are not suitable for 48 fresh consumption. The exposition of these P. expansum infected apples intended for 49 juice production to room temperature for short periods of time during postharvest 50 operations has been shown to be critical for the accumulation of patulin (Marín et al. 

98

Apples were stored at 20°C. For each variety, half of the apples were removed from 99 incubation when their lesions were about 2-cm diameters (5 days), and the remaining 100 ones, when the lesions were 4-cm wide (7-8 days). Incubation at 20°C was carried out 101 to simulate the interval of time that apples may be at room temperature before with the aid of a die-cut. From each cylinder, 0.5 cm sections were cut across starting 107 from the surface of the apple (Figure 1); when no lesion was observed in one section, 108 one more section was taken in depth. From all the sections, those visible decayed were 109 divided in two samples: sound and rotten, while the sound sections were considered as 110 a single sample. The same procedure was applied to 4-cm lesions, although in this 111 case the cylinder had 5.5 cm of diameter. Eight ml distilled water were added to the sound/decayed samples. A "Polytron" unit of 117 Kinematica AG (Swizerland) was used to pulp them. Puree samples were 118 enzymatically treated to remove pectins and allowed to react for 1 h at 40°C. After that,

119

samples were centrifuged at 6000 rpm for 5 min and 5 ml of the supernatant were 120 analysed following AOAC method 995.10 ( [START_REF] Brause | Determination of patulin in 315 apple juice by liquid chromatography: Collaborative study[END_REF] 

150

An initial analysis of the variance of the whole set of data revealed that the 151 concentration of patulin in both the decayed and sound portions significantly depended 152 on lesion diameter, apple variety, and on degree of ripeness for Fuji apples (Table II).

153

Patulin concentrations found in the sections were significantly higher for 2-cm lesions 154 than for 4-cm ones. Variety was the main factor affecting patulin content in the sections 155 analysed, due to the markedly higher concentration found in Golden than in Fuji For apples with a 2-cm lesion, Golden ones had mean concentrations of 9.67 and 0.28 164 µg g -1 , in the decayed portion and surrounding one, respectively. For Fuji apples these 165 concentrations were 3.31 and 0.13 µg g -1 , respectively (Figure 2). No significant 166 difference due to different degree of ripeness was observed as a single factor, 167 however, under ripe Fuji apples yielded significantly higher concentrations of patulin in 168 both sound and decayed sections. For both sound and decayed sections, most patulin 169 was found in the upper section, with the second section containing significantly less, and extent and levels of diffusion of patulin in both sound and decayed tissue 173 depended on the variety.

175

For apples with a 4-cm lesion, Golden ones had mean concentrations of 4.98 and 0.11 Total patulin contents found in each apple confirmed, besides the high variability of the 187 results, the higher accumulation of patulin in Golden apples, and the lower 188 accumulation in Fuji ones, mainly when they were riper (Table IV). Interestingly, total 189 levels were quite similar for 2 and 4 cm lesions, due to the lower concentrations found 190 in the sections in the 4 cm assay. Looking in detail at the results summarised in Fig. 2 191 and 3, it was observed a decrease in concentration in the first two sections in both 192 sound and rotten tissue, and an increase in the concentration in the subsequent 193 sections, plus the additional sections analysed and found to be positive in the 4-cm 194 assay.

196

Regarding diffusion, patulin found in healthy tissue accounted for 2-6% of the total, 197 more diffusion being observed for Fuji apples, and in under ripe apples for both 198 varieties. In general, patulin was always found in the rings surrounding the lesions, and 199 also in the 0.5-cm section next to the last section where rot symptoms were observed.

201

[insert table IV about here] 202 203 2-cm diameter lesions resulted in accumulated patulin to a depth of 1.5 cm, or even to 204 2 cm for under ripe Golden apples (Figure 4). For 4-cm diameter lesions, patulin was 205 found at 2 and 2.5 cm depth for ripe and under ripe Fuji apples, respectively, and to 2.5 206 and 3 cm for ripe and under ripe Golden apples, respectively. At a given lesion size in 207 the surface of the apples, the depth of the lesions reached in Golden apples was in 208 general higher than in Fuji ones. Patulin is a common contaminant of ripened apples used for the production of apple 214 juice concentrates [START_REF] Sydenham | The influence of deck storage and initial processing on patulin levels in apple 374 juice[END_REF]. No patulin has been detected in cider 215 pressed from tree-picked fruit (culled or not culled). In contrast, cider produced from 216 ground-harvested fruit contained up to 374 µg l -1 , depending on the varieties tested 217 [START_REF] Jackson | Apple quality, storage, and washing treatments affect patulin levels in apple 334 cider[END_REF]. No patulin was detected in Golden apples after storage periods 218 of 1-2.5 months of storage at 1°C (under CA or not) (Morales et al. 2006a[START_REF] Morales | Patulin accumulation in 362 apples during postharvest: Effect of controlled atmosphere storage and fungicide 363 treatments[END_REF].

219

Cold stored apples yielded free of patulin ciders if culled, but levels 0-64 µg l -1 if not 220 culled [START_REF] Jackson | Apple quality, storage, and washing treatments affect patulin levels in apple 334 cider[END_REF]. The removal of fungally decayed and the surrounding 221 tissue from apples, prior to further processing, has been reported to reduce significantly 222 patulin levels in juiced products [START_REF] Lovett | Trimming as a means of removing patulin 341 from fungus-rotted apples[END_REF]Sydenham et al. 1995).

224

In the present study, brown, watery rot increasing depth in rot as the lesion diameter 225 increased was observed at 20°C. In agreement with [START_REF] Laidou | Diffusion of 337 patulin in the flesh of pears inoculated with four post-harvest pathogens[END_REF], an increase in 226 lesion diameter corresponded to an increase in depth of penetration of the fungi.

227

Stand-by steps at room temperature (e.g. 20°C) prior juice concentrates manufacture 

231

Patulin concentrations found in the sections were significantly higher for 2-cm lesions 232 than for 4-cm ones, although the overall amount of patulin was similar in both cases. In Although high patulin concentrations were found in apples after 5 days, a decrease of 240 concentration found in the rotten tissue was observed after 7-8 days, for both varieties.

241

In rotten Golden delicious apples, in the decayed tissue, after a 2-days induction 242 period, patulin increased and, after running through a maximum of 185000 ng g -1 after 243 5 days, decreased to 0.060 ng g -1 after 15 days [START_REF] Rychlik | Model studies on the diffusion behaviour of the 365 mycotoxin patulin in apples, tomatoes, and wheat bread[END_REF]. Patulin 244 metabolisation by fungal enzymes has been proposed [START_REF] Damoglou | Some factors governing the production 322 of patulin in apples[END_REF]. In their 245 study, however, although patulin was significantly lower in the rotten area after 5 days, 246 its content in juice made from the whole fruit remained on a high level of 1700 ng g -1

247

until the tenth day of incubation, before it finally decreased; this is in accordance with 248 the trend observed in this study, because total patulin content in apples was similar for 249 5 and 8 days of incubation. This phenomenon may be attributed to the exponential 250 increase of the rotten part by volume during fungal invasion and to patulin diffusion into 251 the sound tissue [START_REF] Rychlik | Model studies on the diffusion behaviour of the 365 mycotoxin patulin in apples, tomatoes, and wheat bread[END_REF].

253

Our results showed that between 2 and 6% of total patulin was found in the sound 254 tissues of apples. The total patulin detected in apparently sound tissues of pears 255 inoculated with P. expansum was nearly 25% of the total pear tissues (diseased and 256 healthy) [START_REF] Laidou | Diffusion of 337 patulin in the flesh of pears inoculated with four post-harvest pathogens[END_REF]. Less than 1% of the total patulin was found in sound 257 tissues of apples inoculated with P. expansum [START_REF] Harwing | Occurrence of patulin and 329 patulin-producing strains of Penicillium expansum in natural rots of apple in Canada[END_REF]. A similar study 258 was carried out in P. expansum inoculated pears kept at room temperature (18-20°C)

259

till lesions expanded to 10 mm in diameter; in this case 6 mm thick sections were 260 obtained. Patulin was detected in the first three sections at concentrations of 288000, 261 144000 and 144000 ng g -1 from outside to inside of fruits. Patulin could diffuse through 262 6 mm in sound tissues [START_REF] Laidou | Diffusion of 337 patulin in the flesh of pears inoculated with four post-harvest pathogens[END_REF]. Apples inoculated with P.expansum 

296

As a conclusion, patulin accumulation can occur in a short period of time in P.

297

expansum infected apples left at room temperature and attain dramatically high levels.

298

The concentration of patulin seems to be dependent on apple variety and, in particular, 299 on acidity, more acidic conditions leading to a higher production of patulin. In addition, 300 trimming just the rotten tissue is not enough to exclude all patulin, but trimming apple 301 tissue around the rotten part may be a good preventative practice for industry using 302 apple products. Accordingly, [START_REF] Lovett | Trimming as a means of removing patulin 341 from fungus-rotted apples[END_REF] removed more than 93% of patulin by 303 trimming effective apple tissue from mould-infected rotten apples. One more conclusion 304 is that washing with a high-pressure water spray, is a good control method, but not 305 sufficient to totally eliminate the toxin as it may remove just the soft rotten tissue.

306

Consequently, either trimming or culling should be considered as a routine practice in 307 industries using apples as raw materials. 

  apple inoculation and incubation 92 Petri dishes of PDA were point inoculated with the strain and incubated at 25°C until 93 sporulation. A conidial suspension was prepared in Tween 80 (0.005% (v/v)) in sterile 94 water and adjusted to 10 6 conidia ml -1 . Apples were wounded 2 mm deep with a 2 mm 95 diameter needle twice in two opposite sides. Both points were inoculated with 20 µl of 96 the conidial suspension.

128

  Regarding repeatability the S r of five determinations (25 ng g -1 ) carried out under 129 repeatability conditions was 0.005. Finally the limit of detection of the analysis was 130 10 ng g -1 (depending on the initial amount of sample) for the sound 131 samples and between 3 and 100 ng g -1 for the decayed ones.132 133Statistical analysis of the results134The whole experiment was designed as a full factorial one, with 4 factors to be tested 135 on the patulin accumulated by P. expansum: apple variety, degree of ripeness, size of 136 lesion, depth from the surface of the apple. The variables recorded were concentration 137 of patulin both in the decayed and the sound samples from each section. All treatments 138 were repeated three times. Patulin concentrations for each treatment were evaluated 139 by analysis of variance using the SAS version 8.2 (SAS Institute Inc., Cary, NC, USA). 140 Significant differences (P<0.05) in parameters were tested by a Duncan's Multiple 141 patulin (µg) in each section and for both healthy and decayed 144 fractions was calculated taking into account both patulin concentration and the weight 145 of each sample. Percentage of difused patulin was calculated by adding the patulin 146 contained in the healthy fractions of the sections and dividing by the total patulin found 147 in the decayed fractions of the sections. 148 149 Results

  156apples, regardless of the other factors tested. For the patulin content in the sound 157 ripeness had some influence on the results, depending on variety 158 and lesion size. Data were thus analysed separately for each lesion size tested (2 and 159 4 cm diameter) (

  228have been shown to be a crucial point in patulin accumulation prevention(Morales et 229 al. 2006a).

  263showed diffusion of patulin up to approximately 10 mm into the surrounding healthy 264 tissues; most of the patulin being present in the first 1 cm of the lesion (6.5 to >10 000 265 ground for a certain period of time, and to any other harvested apples which 293 undergo any standby period at room temperature before processing, as long as they 294 have been infected.

Figure. 1 . 4 Figure 2 .Figure 3 .Figure 4 .

 14234 FIGURE CAPTIONS

. Patulin was extracted 121 with ethyl acetate and then cleaned up by extraction with sodium carbonate solution. 122 Extracted samples were dried with anhydrous sodium sulphate. After evaporation of 123

  

	124	ethyl acetate, patulin was re-suspended in water pH 4 (adjusted with acetic acid) and
	125	determined by reversed-phase LC with UV detection. The mobile phase was
	126	water+tetrahydrofuran (100+0.8) at a flow rate of 1.2 ml min -1 . Patulin was detected at
	127	UV at 276 nm wavelength. The recovery rates obtained by spiking apple pieces with
		10, 40, and 100 ng patulin g -1 in duplicate were of 96.2, 88.5 and 69.1%, respectively.

  Table III).

	160	
	161	
	162	[insert table II and III about here]
	163	

Table I .

 I Relevant quality parameters for the two different lots of Golden and Fuji apples. Values are the mean of three determinations made for 3 different apples. For each row, different letters mean significant differences among the mean values of the

	measured parameter.			
	Quality parameters			Golden		Fuji
	Firmness (kg) Soluble solids F o r	Lot A 6.77b 14.8a	Lot B 4.74c 14.7a	Lot A 7.85a 14.5a	Lot B 7.55a 15.17a
	concentration (°Brix)	P	
	Acidity (g malic acid l -1 )	10.68a e	9.03b	6.88c	5.36d
				e r	
				R	
				e
				v i e
					w
					O n l
						y

Table II .

 II Analysis of variance of patulin concentration found in decayed and sound sections of apples.

	Source of variation			Decayed samples	Sound samples
			DF	MS	F	MS	F
	Ripeness (R) Variety (V) Depth section (D) F o r	1 1 5	18.26 1731.39 1320.05	0.53 50.01** 38.13**	0.06 1.05 1.92	1.25 23.90** 43.50**
	Lesion size (L)	P	1	1045.36	30.20**	1.87	42.40**
	R x D	5 e	23.23	0.67	0.01	0.23
	R x V V x D	1 5 e r 169.44 360.11	4.89* 10.40**	0.36 0.45	8.10** 10.27**
	L x R		1	33.83 R	0.98	0.00	0.09
	L x V		1	99.07 e	2.86	0.23	5.33*
	L x D R x V x D		4 4	859.79 9.81 v 24.84** 0.28 i e	1.05 0.15	23.78** 3.39*
	L x R x D		3	6.20	0.18 w	0.00	0.01
	L x R x V L x V x D L x V x D x R		1 4 3	59.60 210.76 31.60	1.73 6.09** 0.91 O 0.40 0.18 0.17 n l	9.02** 4.09** 3.96**
	**P<0.01					y	
	*P<0.05						

Table III .

 III Analysis of variance of patulin concentration found in decayed and sound sections of apples; separate analysis are shown for each lesion diameter.

	Source of		Decayed samples		Sound samples
	variation					
	2 cm MS 33.85 0.79 F r DF 1 F Ripeness (R) o	4 cm MS 1.70 0.12 0.02 0.27 2 cm F MS F	4 cm MS 0.05 8.59* F
	Variety (V)	1 1457.5 P	34.02	554.62 37.55	1.27 18.88* 0.16 26.82*
			3 e	*		*
	Depth section (D) 5 2346.3 5 e 54.77 * r	156.06 10.57 *	3.06 45.30* 0.15 25.65*
	R x D	5	24.97 0.58 R 5.67	0.38 0.01 0.11	0.01	1.05
	R x V	1 151.66 3.54* 12.58 0.85 0.51 7.50* 0.00 e	0.17
	V x D	5 559.37 13.06 *	57.96 3.92* 0.56 8.35* 0.05 9.02* v i e
	R x V x D	5	38.84 0.91	3.59	0.24 0.26 3.91* 0.01 w	1.29
	*P<0.05					O n l
							y

Table IV .

 IV Mean total patulin (µg) found for each treatment.

	Page 25 of 26			Food Additives and Contaminants
	Rotten	Apple	Ripeness Mean total patulin ± SD	% in decayed	% Diffused
	zone	variety				portion
	2 cm	Fuji	Lot A		33.44±10.53	94	6
		Lot B Golden Lot A Lot B F o r	15.46±5.07 65.10±24.49 93.71±61.32	96 96 97	4 4 3
	4 cm	Fuji	Lot A P	39.12±22.51	94	6
			Lot B	e	16.20±7.55	94	6
		Golden Lot A Lot B	115.89±84.47 91.75±63.90 e r	96 98	4 2
					R	
					e	
					v i e	
					w
						O n l
						y
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titrated with a 0.1 mol l -1 NaOH solution. The acidity was expressed in grams of malic

and finally levels of patulin found in the remaining sections were not significantly

different. Due to the higher patulin levels produced in Golden apples, the distribution,

of more than 2 cm from the infected zone (83700 ng g -1 ) in Golden delicious apples

storage, the results may also be applied to ground-picked P.expansum infected apples,

Brian PW, Elson GW, Lowe D. 1956. Production of patulin in apple fruits by Penicillium
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