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Abstract

A survey on the occurrence of patulin was conducted during 2005 on conventional (98 samples) and organic apple juices (37 samples) marketed in Italy. Patulin could be quantified in 34.8% of the samples ranging from 1.58 to 55.41 (g kg-1. With the exception of one sample, the level of patulin was lower than 50 μg kg-1, the maximum permitted threshold in fruit juices according to the European legislation. A similar incidence of positive samples was found in conventional and organic apple based juices, and the magnitude between the mean contamination levels, although higher in organic (10.92 (g kg-1) than in conventional juices (4.77(g kg-1), was not statistically significant (P=0.771; Mann-Whitney test). The current study was undertaken also to investigate the possible influence of the type of apple juice (mixed, clear or cloudy) on the occurrence and level of patulin contamination. Mean levels of patulin were significantly lower in mixed apple juices (4.54 (g kg-1) than in pure apple juices (9.32 (g kg-1). Levels of patulin contamination were comparable in clear and cloudy juices.
Introduction

Patulin is a secondary metabolite produced by some species of Aspergillus, Byssochlamys and Penicillium (Weidenbörner, 2001). Apples and apple products are excellent substrates for Penicillium expansum, the causal agent of blue mould, to produce the mycotoxin. Acute symptoms of patulin consumption can include agitation, convulsions, edema, ulceration, intestinal inflammation and vomiting. Chronic health effects of patulin include genotoxicity, immunotoxicity, and neurotoxicity in rodents, while its effects on humans are not clear yet. The maximum permitted level of patulin in fruit juices and nectars, in particular apple juices and apple juice ingredients in other beverages marketed in Europe is 50 μg kg-1. The permitted threshold is lower for apples juices labelled and sold as intended for infants and young children (10 μg kg-1). 

Previous studies have evaluated the patulin content in apple derivatives commercialized in Italy (Beretta et al., 2000; Ritieni, 2003). During November 2003 – February 2004, 169 samples purchased in Italian markets, supermarkets and organic food shops, including 57 apple juices, 15 pear juices and 57 other juices, were analysed (Piemontese et al., 2005). Sixteen of the 33 conventional apple juices were contaminated, as well as 12 of the 24 organic apple juices.
In this study we concentrated on the occurrence and level of patulin in apple based juices not intended for infants marketed in Italy, looking at the influence of the agricultural production process employed (conventional or organic). A second aim of the work was the investigation of the possible influence of type of apple juice (mixed, clear or cloudy) on the occurrence and level of patulin contamination. To our knowledge, this was the first investigation performed on a significant number of mixed apple juices.
Materials and methods

Commercial apple (clear and cloudy) and mixed juices not intended for infants (135 samples) were purchased at random from Italian supermarkets or organic food shops during the period April – November 2005. In particular, 98 conventional and 37 organic fruit juices produced in Italy or imported were analysed. The extraction procedure used, modified by Arranz et al. (2004), permitted to quantify 10 μg kg-1 or lower levels of patulin. Cloudy juices were left overnight at room temperature or 2h at 40 °C with pectinase enzyme solution and then centrifuged at 4500 rpm for 5 min. Thirty g of clarified juice were extracted with ethyl acetate. The organic phase was dehydrated with 15 g of sodium sulphate anhydrous and then evaporated to dryness. The clean-up was performed modifying the procedure of Stray (1978). The sample was dissolved in 10 ml of toluene and 5 ml of sample were cleaned-up with C18 SPE column previously trigged with 5 ml of toluene. The column was washed with toluene and the sample was eluted with 4 ml of toluene: ethyl acetate (1:1). The final eluate was evaporated to dryness, dissolved with 1.5 ml of acetic acid solution, filtered through a 0.22 μm syringe filter and transferred into a HPLC vial.
The mobile phase, eluting at a flow rate of 1 ml/min, consisted of an isocratic mixture of water-acetonitrile-perchloric acid (96:4:0.1) for 16 min, followed by a washing step with an isocratic mixture of water-acetonitrile (35:65). 100 μl of sample were injected onto the HPLC column and the retention time of patulin was 11.82 min. The amount of patulin in the final solution was determined by using a calibration graph of concentration versus peak area and expressed as ng/ml.
The limit of detection (LOD) and the limit of quantification (LOQ), based on the IUPAC definition, were respectively 1.04 and 1.57 μg kg-1. Mean patulin concentrations were calculated by using LOQ/6 for negative samples. The Mann-Whitney test was used to compare the mean patulin levels. The χ2-test was used to compare the patulin contamination frequencies. Statistical analysis was performed by using the SPSS software (SPSS Inc., version 12.0.1, Chicago, IL, USA).
Results
Patulin could be quantified in 47 out of 135 pure apple or mixed apple juices (ranging from 1.58 to 55.41 g kg-1). An overall incidence of 34.8% was observed in the apple based juices, with 24 samples having between 1.57 (g kg-1 (LOQ) and 10 (g kg-1 patulin, 22 samples having between 10 (g kg-1 and 50 (g kg-1 patulin, and one sample exceeding the 50 (g kg-1 patulin threshold (Table 1). A mean contamination level of 6.42 (g kg-1 was calculated for all contaminated samples. A similar incidence of positive samples was found in conventional (35.7%) and organic (32.4%) apple based juices, although the mean contamination level in organic juices (10.92 (g kg-1) was double the value found in conventional juices (4.77 (g kg-1). The hypothesis that the mean patulin contamination levels in conventional and organic apple juices were not different was accepted (p = 0.771; Mann-Whitney test). Even narrowing the statistical analysis to the pure apple juices, no significant difference can be registered between the mean patulin contaminations in conventional (8.96 (g kg-1) and organic (9.91 (g kg-1) pure apple juices (p = 0.336). According to the typology of juices, the magnitude between the means of patulin level in pure apple juices (9.32 (g kg-1) and mixed apple ones (4.54 (g kg-1) was statistically significant (p = 0.012, Mann-Whitney test). Also the medians of the two juice typologies were significantly different, respectively 1.39 (g kg-1 and 0.27 (g kg-1. A patulin incidence of 47.2% was registered in pure apple juices, while a lower occurrence (26.8%) resulted in mixed apple juices. The χ2-test showed that the frequencies of patulin occurrence in pure apple and mixed apple juices were not comparable (p = 0.0003). Although higher incidence and level of contamination were found in pure apple juices, also mixed apple juices have a significant mean patulin contamination. The sample with the highest patulin contamination, exceeding the limit of 50 (g kg-1 was an organic mixed apple one (55.41 (g kg-1). 

Tab. 1: Patulin contamination in juices containing 100% apple juice or a certain percentage of apple juice together with other fruit juices, marketed in Italy

	Commodity
	Positive / total
	%
	Number of samples
	Mean* ± SD

(μg kg-1)

	
	
	
	<10 
μg kg-1
	10-50 μg kg-1
	>50 
μg kg-1
	

	Conventional juices
	35/98
	35.7
	20
	15
	-
	4.77±3.32

	Organic juices
	12/37
	32.4
	4
	7
	1
	10.92±6.37

	Conv. apple juices
	19/32
	59.4
	11
	8
	-
	8.96±4.46

	Organic apple juices
	6/21
	28.6
	2
	4
	-
	9.91±5.91

	
	
	
	
	
	
	

	Apple juices
	25/53
	47.2
	13
	12
	-
	9.32±5.07

	Clear apple juices
	14/28
	50.0
	8
	6
	-
	10.81±4.27

	Cloudy apple juices
	11/25
	44.0
	5
	6
	-
	7.59±5.62

	Mixed juices
	22/82
	26.8
	11
	10
	1
	4.54±3.88

	
	
	
	
	
	
	

	Total juices
	47/135
	34.8
	24
	22
	1
	6.42±4.48


*Mean level was calculated using LOQ/6 for negative samples. 
The results also show a comparison of the mean patulin contamination level in clear (10.81 (g kg-1) and cloudy (7.59 (g kg-1) apple juices. Such division was possible only for pure apple juices, because all mixed apple juices purchased and analysed in this study were cloudy. The hypothesis that the mean patulin contamination levels in clear and cloudy apple juices were not different was accepted (p = 0.940; Mann-Whitney test). A similar incidence of patulin contamination was registered in clear (50.0%) and cloudy juices (44.0%). Moreover, the χ2-test showed that the frequencies of patulin occurrence in clear and cloudy apple juices were comparable (p = 0.356). 
Discussion
According to a study carried out by Beretta et al. (2000), organically produced apple juices are more contaminated by the mycotoxin than conventionally produced ones. Ritieni (2003) and Tangni et al. (2003) compared organic and conventional produced apple juices without finding any statistically significant difference. Piemontese et al. (2005) showed a statistically higher incidence of positive samples and mean patulin concentration in organic products as compared to conventional ones. On the other hand, a similar incidence of positive samples was found in conventional and organic apple juices, with mean patulin concentrations statistically not different. The fact that no significant differences were registered in this study between organic and conventional fruit juices could be explained with the same care used in both production chains in removing decayed and damaged fruit during juice processing. Few reports are available on the occurrence of patulin in mixed juices containing apple and other fruit juices. Piemontese et al. (2005) analysed 57 samples of “other” juices, including fruit juices other than apple and pear or juices containing apple together with other fruit. Probably, the relative high contamination found in mixed juices could be explained with a lower attention to the quality of the single juice added to the mixture: mixed juices generally contain higher quantities of sugars and other additives. Seasonal differences could be responsible in some way for the differing results by other authors (Sydenham et al., 1997). For this reason, the juices analysed in this study were bought in periods of the year (from April to November) representing the old and the new season. From the study we can also conclude that the clarification of apple juice probably did not significantly change the level of patulin contamination in clear juices compared to cloudy ones. In conclusion, most of the data shown in the present study indicate an acceptable situation about the quality of the fruit juices marketed in Italy, with a low level of contamination in the pure or mixed apple juices. With the exception of one sample, the level of patulin was lower than 50 μg kg-1, the maximum permitted threshold in fruit juices according to the EU - legislation.
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