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The aims of this study were to find out if organic apple juice (AJ) contained higher contents of polyphenols or patu-
lin compared to conventional AJ, and if higher storage temperature before processing increases patulin content in 
juice. AJ was pressed from Estonian, Danish and Norwegian apples. Additionally, three cultivars from Estonian or-
ganic and conventional orchards were stored at 3±2 °C and 9±2 °C before processing. Patulin, polyphenol content 
and antioxidant capacity were determined in pasteurized juices. In 2015, 33% of conventional (n=6) and 46% of 
organic (n=11) juices contained patulin; two of the organic juices above the legal limit (191 and 64µg l-1). In 2016, 
none of the AJs contained patulin. Patulin occurrence was more affected by weather conditions two weeks before 
harvest than by cultivation system and apple storage temperature. Polyphenol content was higher in organic than 
in conventional juices and was reduced at higher apple storage temperature.
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Introduction

It is widely known that consuming apple and its products has a beneficial health effect – besides their content 
of vitamins and minerals, they are considered to be a good source of polyphenols with antioxidant activity that 
scavenge and neutralize free radicals, which in turn play a role in the onset of cardiovascular diseases and cancers 
(van der Sluis et al. 2002, Biedrzycka and Amarowicz 2008). Polyphenols also make an important contribution to 
apple juice flavour and colour (Lea and Arnold 1978, Renard et al. 2011).

The worldwide contamination of foods and feeds with mycotoxins such as patulin originating from infected ap-
ples is a significant problem. Mycotoxins are secondary metabolites of fungi that account for huge annual losses 
worldwide in human health, animal health and condemned agricultural products (Zain 2011). Several species of 
genera Fusarium, Aspergillus, Penicillium and Alternaria can synthesize mycotoxins. These compounds are hazard-
ous to animal and human health as they can be lethal, carcinogenic, mutagenic, teratogenic, immunosuppressant, 
or may mimic estrogens (Da Cruz Cabral et al. 2013). A mycotoxin found especially in apples and their processed 
products like juice and puree, is called patulin and it is mainly produced by Penicillium expansum Link – a fungus 
that causes blue mould rot. The European Commission (EC 2006) set the maximum toxicologically acceptable lev-
el for patulin in apple juice to 50 µg l-1.

P. expansum is a necrotrophic fungus that requires a wound in the epidermis to infect the fruit (Spotts et al. 1998, 
Vilanova et al. 2014), therefore it is crucially important to avoid mechanical damage to apples during harvesting 
and postharvest handling. Patulin has also been stated to be produced by Aspergillus, Byssochlamus, Fusarium, 
Alternaria and Mucor species (Steiman et al. 1989, Okeke et al. 1993, Laidou et al. 2001, Piqué et al. 2013). How-
ever, Frisvad et al. (2006) argued with statements claiming that patulin producers can also be Alternaria alterna-
ta, Fusarium culmorum, Mucor hiemalis and Trichothecium roseum. 
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The growth of patulin-producing fungi depends on a wide range of factors including water activity, temperature, 
pH, cultivation method and harvest maturity (da Cruz Cabral et al. 2013, Vilanova et al. 2014). Patulin is heat resis-
tant, especially in acidic environments (Cunha et al. 2014) and therefore apple juice and other pasteurized prod-
ucts pressed from patulin containing apples also contain patulin.

One of the important factors determining fungal growth and mycotoxin production is storage temperature of ap-
ples. However, so far there is no consensus whether higher than optimal storage temperature will promote patulin 
production or not. Baert et al. (2007) reported that patulin concentrations in apples stored at 4 °C were significantly 
higher than when stored at 1 °C, 7 °C and 10 °C. It has been found that the highest growth rates occurred in vivo 
at temperatures between 10 °C and 25 °C for Penicillium species (Lahlali et al. 2005). Several small-scale organic 
apple farmers in Estonia do not have forced air cooling facilities and are using room cooling of apples before pro-
cessing the juice, which often means that the storage temperature is about 10 °C depending on autumn weather 
conditions. Moreover, apples are mostly transported from one country to another in non-refrigerated trucks. 

Consumption of organic foods has become increasingly popular, although the safety of organic foods is still unclear 
and needs to be thoroughly evaluated (Piqué et al. 2013). In conventional apple production, diseases like blue 
mould rot are avoided by application of fungicides, but this is prohibited in organic production. Some studies have 
shown higher concentrations of patulin in organic apple products compared to conventional ones (Tournas and 
Memon 2009, Piqué et al. 2013). In contrast, it has been proposed that in organic production apples are able to 
create a natural barrier against the attack of pathogens by increased synthesis of phenolic compounds (Wojdyło et 
al. 2010) and that higher levels of phenolic compounds reduces fungal growth in fruits (Ahmadi-Afzadi et al. 2015). 

The present study had two aims: 1) to determine the effect of storage temperature higher than optimal before 
processing on patulin content in apple juice; 2) to compare the polyphenols and patulin contents in organic and 
conventional juices pressed from the same cultivars.

Materials and methods
Apple origin, cultivars and storage conditions

In 2015 second grade organic and conventional ‘Krameri tuviõun’, ‘Talvenauding’, ‘Krista’ and organic ‘Cortland’ 
apples from Estonia; organic ‘Rubinstep’, ‘Aroma’ and ‘Ahrista’ from Denmark and organic ‘Discovery’, ‘Aroma’ and 
‘Karen Schneider’ from Norway were used for juice processing. Estonian apples were harvested from two orchards: 
’Krameri tuviõun’ and ’Talvenauding’ from Vasula, Tartu county (58°27’55”N 26°43’00”E); and ’Cortland’ and ’Kris-
ta’ from Polli, Viljandi county (58°08’05”N 25°32’40”E). Danish apples were harvested from Årslev (55°18’50”N 
10°26’40”E), Norwegian ’Discovery’ and ’Aroma’ from Sogn (60°54’46”N 7°11’36”E) and ’Karen Schneider’ from 
Lofthus (60°19’13”N 6°39’13”E). 

In 2016 organic and conventional ‘Liivi kuldrenett’, ‘Krameri tuviõun’, ‘Talvenauding’ apples from Estonia (Vasula); 
organic ‘Ahrista’ and ‘Aroma’ apples from Denmark (Årslev), organic and conventional ‘Discovery’ from Norway 
(Jåstad (60°20’36”N 6°37’16”E) and ‘Aroma’ from Norway, Lofthus were used. Organic and conventional orchards 
were located in close proximity to one another, in order to exclude possible pedoclimatic influences on the meas-
ured variables. Since second grade apples from organic orchards have large biological variation, 100 kg of fruits 
from each cultivar, cultivation technology and storage temperature treatment were pressed into juice in order to 
ensure that the samples would be representative. 

In 2015, a separate experiment with organic and conventional ’Krameri tuviõun’, ’Krista’ and ’Talvenauding’ from 
Estonia was set up: to determine the effect of storage temperature on apple juice quality, 100 kg of apples from 
each cultivar and cultivation technology was stored at 3±2 °C and at 9±2 °C (‘Krameri tuviõun’ for 60, ‘Krista’ for 
73 and ‘Talvenauding’ for 54 days before pressing). Other Estonian apples and apples from Denmark and Norway 
were stored at 3±2 °C. Foreign apples were transported to Estonia by land using a non-refrigerated truck, which 
took three days from Denmark and five days from Norway. Apples were processed into juice after starch degra-
dation had occurred.
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Juice processing
Before processing, all apples with visible symptoms of fungal infection were eliminated. Apples were washed, 
milled with Voran centrifuge RM2.2 (Voran Maschinen GmbH, Pichl bei Wels, Austria) and pressed with water-
press Lancman VSPX 120 (Gomark d.o.o., Vransko, Slovenia). Juices were pasteurized at 85 °C for 1 min by tubular 
system and immediately packed into airtight 1.4-litre aluminium foil bags with Bag-in-box filler BBF6 (Gebhardt 
Anlagentechnik GmbH & Co. KG, Germany). No enzymatic treatment, centrifugation or ascorbic acid addition were 
used. Juices were cooled down and preserved in a cool room at 6–10 °C for up to three months until analyses.

Detection of fungal species contaminating apple cores
In 2015 all apples with visible symptoms of fungal infection were eliminated, but no detection of fungal species 
was carried out. In 2016, 20 kg of apples from each treatment were cut in half, examined for internal symptoms of 
fungal growth and the percentage of apples with infected cores was calculated. Pieces from each fruit with inter-
nal mould symptoms were separately plated onto potato dextrose agar (PDA) in 9 cm diameter sterile Petri dish-
es. All plates were incubated at 23±2 °C in the dark as previously described by Soliman et al. (2015). Observations 
of fungal growth were recorded at 7 and 14 days of incubation. Spores were examined under the microscope and 
fungal species identified by morphological characteristics.

Determination of polyphenols, antioxidant capacity and patulin
The separation and quantitation of polyphenols were performed on the column SHIM-Pack XR-ODSII, on the UHPLC 
Shimadzu Nexera X2 system encoupled with mass spectrometer LCMS 8040 with an electrospray (ESI) ionization 
source (Shimadzu Scientific Instruments, Kyoto, Japan). Quantitation was done using the molecular ions ([M+H]+) 
in selected reaction monitoring mode. Calibration was done using standard solutions of reference compounds as 
described by Raudsepp et al. 2010. Chlorogenic acid, epicatechin, catechin, phloridzin, procyanidin B2 and quer-
citrin were quantitatively determined as previously described by Heinmaa et al. (2017).  

For total antioxidant capacity measurements, 1.1-diphenyl-2-picrylhydrazil (DPPH·) radical quenching was used, fol-
lowing the method proposed by Picchi et al. (2012). All measurements were made using an EPR MiniScope MS200 
Magnettech (Berlin, Germany). The experimental settings of the spectrometer were as follows: field set, 3,350 G; 
scan range, 68 G; scan time, 30 s; modulation amplitude, 3,000 mG; microwave attenuation, 4 dB; and receiver 
gain, 1×102. EPR spectra were recorded after 1 min of reaction at 20 °C. The apple juice extracts were made as in 
a previous work by Heinmaa et al. (2017). The calibration was made with Trolox solutions. 

Patulin analyses were carried out at the Estonian Health Board laboratory, which is accredited by the Estonian 
Accreditation Centre. An in-house method was used based on AFFINISEP Application notebook method (AFFIN-
ISEP 2019): juices were pre-treated with pectinase enzyme, the sample preparation was based on Solid Phase  
Extraction, patulin was eluated from the cartridge with ethyl acetate. After evaporation of the solvent the residue 
was dissolved in mobile phase and patulin was quantitatively determined by HPLC with UV detection. Minimum 
level of quantification was 4 µg l-1. 

Statistical analyses 

All measurements were carried out on three parallel samples for each variable and data were expressed in  
figures as the mean value ± standard error (SE). The data were evaluated by one- and two-way analysis of vari-
ance (ANOVA) and the means were compared by a Fisher least significant difference (LSD) test at a 5% probability 
level. Principal component analysis (PCA) was performed to describe the structure of all the analysed parameters 
in relation to the cultivar and organic and conventional cultivation system. All analyses were performed using Dell 
Statistica version 13.0 (Dell Inc., Tulsa, OK, USA).

Results 
The effect of apple storage temperature and cultivation system on patulin 

concentration in apple juices
Higher than optimal storage temperature did not a have uniform effect on all cultivars. Juices pressed from both 
organic and conventional ‘Talvenauding’ stored at 9±2 °C had patulin contamination (28 and 5 µg l-1 respectively), 
but juice pressed from the same apples stored at 3±2 °C did not have a patulin content above the quantification 
limit (Table 1). Also, juice from organic ‘Krameri tuviõun’ apples stored at 9±2 °C had patulin content of 8 µg l-1, 
while the juice pressed from apples stored at 3±2 °C did not contain patulin. In contrast, juice pressed from con-
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ventional ‘Krameri tuviõun’ apples stored at 9±2 °C did not contain patulin, while juice pressed from conventional 
‘Krameri tuviõun’ apples stored at 3±2 °C had patulin contamination of 25 µg l-1. Neither of the juices pressed from 
‘Krista’ apples stored at a warmer temperature contained patulin, whereas juice made of organic apples stored at 
3±2 °C had low patulin content (6 µg l-1). 

Among all analysed juices in 2015, 46% of organic AJ (n=11) and 33% of conventional AJ (n= 6) contained patulin 
(Table 1). Two organic juices contained patulin above the legal limit: ’Ahrista’ juice 191 µg l-1 and ’Discovery’ juice 
64 µg l-1.

In 2016, no patulin was found in any of the juices (data not shown) despite the fact that several species of pat-
ulin-producing fungi were found from apple cores (Table 2). Organic ’Ahrista’ apples had the highest percentage 
(22.1%) of apples with visual symptoms of fungal infection in cores. Alternaria spp. was found to be the causal 
fungal organism after plating spores onto PDA medium. Organic ’Aroma’ from Denmark and Norway and organic 
’Liivi kuldrenett’, ’Krameri tuviõun’ and ’Talvenauding’ also had some apples with infected cores. Penicillium spp. 
was found from organic ‘Krameri tuviõun’ apples and Fusarium spp. from organic ‘Talvenauding’ apple cores. 
Conventional apples had almost no signs of fungal infections in the cores; only ’Liivi Kuldrenett’ from Estonia had 
4.3% infected cores. 

Table 1. Patulin content (µg l-1) ± SE in apple juices in 2015 from Estonia (EST), Denmark (DK) and Norway (NO), as affected by 
organic and conventional cultivation system and pre-processing storage temperature of apples. Total number of analysed juices: 
17 in three replications

Cultivar and country of origin
Storage 

temperature, 
°C±2 °C

Storage time, 
days

Patulin content in juice, 
µg l-1

Organic Conventional

‘Talvenauding’, EST 3 54 <4 <4

‘Talvenauding’, EST 9 54 28±2 5±0

‘Krameri tuviõun’, EST 3 60 <4 25±2

‘Krameri tuviõun’, EST 9 60 8±1 <4

‘Krista’, EST 3 73 6±0 <4

‘Krista’, EST 9 73 <4 <4

‘Ahrista’, DK 3 54 191±8 no sample

’Rubinstep’, DK 3 44 <4 no sample 

‘Discovery’, NO 3 58 64±5 no sample 

’Karen Schneider’, NO 3 23 <4 no sample 

‘Cortland’, EST 3 44 <4 no sample 

Table 2. The percentage of organic and conventional apples with visual symptoms of pathogen infections in cores before juice 
processing in 2016 and pathogens determined 7 days after plating spores onto PDA agar

Cultivar and country of 
origin

Storage time 
in days Percentage of infected cores Pathogens detected in apple cores

Organic Conventional Organic Conventional

‘Aroma’ DK 54 10.6 no sample yeast no sample

’Aroma’  NO 60 7.2 None Penicillium sp. None

‘Ahrista’ DK 47 22.1 no sample Alternaria sp. no sample

‘Discovery’ NO 78 3.3 None Penicillium sp. None

‘Krameri tuviõun’ EST 20 3.2 None Penicillium sp. None

‘Talvenauding’ EST 52 1.1 None Fusarium sp. None

‘Liivi kuldrenett’ EST 19 6.7 4.3 yeast yeast
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The effect of apple storage temperature and cultivation system on polyphenol 
concentration in apple juices

Higher than optimal apple storage temperature had mostly negative effects on juice polyphenol content (Fig. 1). 
Organic apples tended to be more affected by temperature than conventional ones. For instance, organic ’Kris-
ta’ juice pressed from apples stored at 9 °C, contained 35% less epicatechin and 33% less catechin compared to 
the juice pressed from apples stored at optimal temperature (3 °C). For conventional ’Krista’ juices, higher apple 
storage temperature caused only a 6% reduction in epicatechin content and catechin content was not affected. A 
similar effect was noted for organic and conventional ’Talvenauding’ juice catechin and epicatechin content, and 
for ’Talvenauding’ juice procyanidin B2 content. Also, a clear decrease in chlorogenic acid content was detected 
for organic apples stored at 9 °C, but the same effect was not noticed for conventional apples.

The effect of apple cultivation system on juice polyphenol concentration was cultivar-dependent. Significant dif-
ferences were found in ’Krameri tuviõun’ juices in particular, where organic juices contained about three times 
more chlorogenic acid, four to five times more epicatechin, five times more catechin and about ten times more 
procyanidin B2 than conventional juices (Fig. 1). This phenomenon was also noted in 2016 (Fig. 2), when organic 
’Krameri tuviõun’ juice had almost double the amount of chlorogenic acid, three times more epicatechin and more 
than double the catechin content compared to conventional juices. ’Talvenauding’ had also significantly higher 
contents of chlorogenic acid, epicatechin, catechin and procyanidin B2 in organic juices compared to conventional 
ones both in 2015 and 2016 (Fig. 1 and 2). Organic ’Aroma’ apple juices from Norway had also significantly higher 
contents of epicatechin, procyanidin B2 and quercitrin compared to conventional ones.  

Cultivar differences were also notable (Fig. 2). ’Discovery’ juice had significantly higher chlorogenic acid, catechin 
and procyanidin B2 content compared to juices from other cultivars, with no significant differences between or-
ganic and conventional samples. Moreover, ’Aroma’ juice had the highest epicatechin content. ’Liivi kuldrenett’ 
had relatively low content of polyphenols compared to juices from other cultivars, except for phloridzin.

 
Fig. 1. Concentration of polyphenols in apple juice as affected by apple cultivation system 
(organic and conventional) and apple storage temperature before processing (3 and 9±2 ˚C) 
in Estonia in 2015. Values are means ± standard error, n = 3. Values with different letters are 
significantly different at p < 0.05.
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Polyphenols, total antioxidant capacity and patulin content in organic and 
conventional apple juices as characterized by PCA 

The first two principal components explained 71.6% of the total variation (Fig. 3A and 3B). The most important 
determinants of the first principal component (PC1) were procyanidin B2, epicatechin, antioxidant capacity and 
patulin (Fig. 3A). PC2 was primarily determined by catechin, quercitrin and phloridzin. ’Ahrista’ was clearly dis-
tinguished in the map (Fig. 3B), situated in the same area with high values of patulin, procyanidin B2 and querci-
trin. ‘Aroma’ ‘Discovery’ and ‘Karen Schneider’ formed a group in the same area with catechin. Estonian apples 
’Krista’, ‘Krameri tuviõun’ and ‘Talvenauding’ together with Danish ‘Rubinstep’ formed a separate group on the 
opposite side of patulin and polyphenols. Organic and conventional cultivation method did not have clear distinc-
tions in the PCA map. 

 

Fig. 2. Concentration of polyphenols in Estonian (‘Liivi kuldrenett’, ‘Krameri tuviõun’ and 
‘Talvenauding’) and Norwegian (‘Discovery’ and ‘Aroma’) apple juices as affected by apple 
cultivar and cultivation system (organic and conventional) in 2016. Values are means ± 
standard error, n = 3. Values with different letters are significantly different at p < 0.05.

 
Fig. 3. Principal Component Analysis plots of the first two PC-s. The loading of patulin, antioxidant capacity and all 
analysed polyphenols are presented on the left (A) and the loading of cultivars and cultivation system on the right (B). 
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Discussion
Possible reasons for patulin occurrence in apple juices

In the current experiment, a total of 29 apple juices were analysed for patulin content. Based on the results, patu-
lin formation is affected by multiple factors, among which cultivation system and apple storage temperature be-
fore processing might not be the most important ones. 

It is common knowledge that apple storage temperature should be as low as possible in order to slow down respi-
ration and inhibit development of postharvest diseases. Tournas and Memon (2009) stated that storage of the fruit 
at/or below 5°C will inhibit the growth of P. expansum and prevent the production of patulin. Louw and Korsten 
(2014) reported that higher temperatures (6.2±1.7°C vs. 0 °C) resulted in a shorter lag phase and faster growth 
rate for P. expansum. Our study indicated that higher storage temperatures will increase the probability for pat-
ulin occurrence in cultivars whose fruits have thin and fragile skin, like ’Krameri tuviõun’ and ’Talvenauding’, but 
not in firm apples with thicker skin like ’Krista’. As reported by Univer et al. (2009), ’Krista’ had significantly higher 
flesh firmness compared to ’Talvenauding’ (76.7 and 49.3N, respectively) 3 months after harvest. 

Several studies have claimed that conventional apples have a lower incidence of toxigenic moulds compared to 
organic apples (Tournas and Memon 2009, Piqué et al. 2013). Other researchers have found that cultivation sys-
tem did not have any significant effect on patulin content in apples (Cunha et al. 2014). Also, according to large-
scale surveillance of patulin in apple products in Michigan (Harris 2007), 42.9% of organic AJs (n=14) had detect-
able patulin, whereas only 21.4% of conventional AJs (n=145) had patulin contamination. Based on our results 
from the year 2015, a similar trend was noticed: 46% of organic apple juices and 33% of conventional apple juices 
contained patulin. However, there were exceptions: juice pressed from conventional ’Krameri tuviõun’ contained 
patulin (25 µg l-1), whereas its organic counterpart did not contain patulin. One of the hypothetical reasons could 
be presence of bitter pit in conventional apples, which was probably caused by excessive nitrogen fertilization and 
intensive pruning of trees in early spring, which was not done in the organic orchard. Even though bitter pit is a 
physiological disorder, it can weaken the resistance of the fruit to pathogens and necrotic pitted tissue may be a 
favourable environment for the growth of patulin-producing fungi. 

In 2015, juice of organic ‘Ahrista’ and ‘Discovery’ had patulin content above the EU legal limit (191 and 64 µg l-1, 
respectively). The result was surprising, since apples were firm and had no visual symptoms of any fungal diseas-
es. Due to the good visual appearance, apple cores were not inspected in 2015. It is known that patulin is mainly 
produced in rotten parts of the fruits (Cheraghali et al. 2005). Zhong et al. (2018) reported that patulin has been 
constantly detected in apple products made from externally healthy apples that have internal rot which is not 
omitted before pressing. However, Soliman et al. (2015) reported that several fungal species may inhabit the core 
of the fruit that appears visually blemish free. Cracks of the seed cavity may occur due to certain harsh environ-
mental conditions and fungal spores can come in contact with the internal tissue of the fruit using it as a substrate, 
in this case a sound fruit may contain toxins (Tournas and Memon 2009). Soliman et al. (2015) reported that pat-
ulin-producing Penicillium caused a serious problem since the fungus can still grow and produce the mycotoxin 
without destroying the fruit itself.

In 2016, apples in the current experiment were cut in half prior to processing to inspect the cores. From conven-
tional apples, only Estonian ’Liivi kuldrenett’ fruits had visual mould symptoms in the core. The majority of organic 
apples had insect damage and many of them had visual symptoms of fungal infection in the core. Penicillium spp. 
was found in organic ‘Krameri tuviõun’ apples of Estonian origin and in organic ’Aroma’ apples originating from 
Norway. Alternaria spp. was detected in both organic and conventional ‘Ahrista’ apples, which had been grown in 
Denmark. Fusarium spp. was detected in conventional ‘Ahrista’ and organic ‘Talvenauding’ apple cores. 

The highest percentages of apples with visible core mould were found in organic ’Ahrista’ and organic ’Aroma’ ap-
ples from Denmark (22.1%, 16.2% and 10.6%, respectively). Named cultivars had patulin in juice the year before, 
but none of the apple juices were contaminated with patulin in 2016. The hypothesis was formulated that the 
patulin formation in 2015 could be related to differences in weather conditions in 2015 and 2016. Spotts et al. 
(2009) have stated that rainfall during or just before harvest may increase the risk of post-harvest decay; there-
fore the sum of precipitation and average temperature two weeks before harvest of each apple cultivar was ana-
lysed. It was revealed that in Danish and Estonian orchard locations, the harvest season in 2016 was a lot drier 
and warmer compared to the 2015 season when patulin was found in juice (Table 3). For instance, in 2015 the 
temperature and rainfall two weeks before harvest of ’Ahrista’ apples was average for this period, but in 2016 
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there was almost no rain (1.5 mm). In the location of ’Aroma’ there was 22 mm more rain in 2015 and in the loca-
tion of ’Krameri tuviõun’ 16 mm more rain fell in 2015, compared to 2016 during the two weeks before harvest. 
Norwegian ’Discovery’ was an exception, since it rained more in 2016 and the reasons for patulin occurrence in 
juice in 2015 remain unclear. 

Factors affecting polyphenol concentration in apple juices
As reviewed by Kalinowska et al. (2014), the concentration of individual phenolic compounds in apples depends 
on the cultivar, maturity of the fruit, cultivation conditions, harvest, storage and infections. Phenolic compounds 
have an important role as defence mechanisms against pathogens and patulin (Cushnie and Lamb 2005, Ferrey-
ra et al. 2012, Sun et al. 2017, Zhong et al. 2018). However, which particular pathogens induce the formation of 
phenolic compounds, is usually not specified. One reason why juice pressed from organic apples had significantly 
higher concentrations of polyphenols could be the difference in apple fruit moth (Agryresthia conjugella Zeller) 
damage. This pest was highly abundant in Vasula organic orchard in Estonia, and ’Talvenauding’ and ’Krameri tu-
viõun’ apples originating from this orchard had the largest differences in polyphenols between organic and con-
ventional apple juices (Fig. 1 and 2). 

The degrading effect of higher than optimal apple storage temperature on polyphenols and reasons why polyphe-
nol concentration in organic apples decreased more than in conventional ones, could be related to polyphenol 
oxidase (PPO) activity. As reported by Mizobutsi et al. (2010), the PPO activity was highest at 20 °C. PPO is gen-
erally located in plastids of intact cells, while substrates of the enzyme, the polyphenols, are located in the vacu-
oles. Thus, they come into contact when cells are damaged. As mentioned before, organic apples had multiple in-
juries caused by pest insects, which could permit enzymes and substrates to come into contact with one another 
and cause polyphenol degradation. Tsurutani et al. (2002) found that mature apples showed PPO activity in both 
the plastidal and soluble fractions and concluded that part of the PPO is transported in plastids, and then partly 
solubilized. Mentioned authors also proved that plastidal PPO showed several times higher activity than the sol-
uble fraction of PPO. This might explain why the degradation of polyphenols in conventional fruits, where plas-
tid-bound PPO could not be in contact with substrate, was less pronounced than in organic apples, where both 
forms of PPO-s could have activity. 

Table 3. Patulin content in juice pressed from Estonian, Danish and Norwegian apples in 2015 and 2016 in relation to average 
temperature (°C) and sum of precipitation (mm) during the two weeks prior harvest, and compared to the 36 year-average (1980–
2016) for the same period. 

Cultivar Location of 
the orchard

Culti-
vation 
system

Date of 
harvest

Av. temp. 
two 

weeks 
prior 

harvest 

Sum of precipi-
tation two 

weeks prior to 
harvest 

Av. temp. 
for the same 
two weeks 

during
1980–2016

Average 
precipitation for 

the same two 
weeks during 
1980–2016

Patulin 
content in 
juice µg l-1 

± SE

2015

‘Krameri tuviõun’ EST, Vasula CONV 16 Sept 13.2 39.5 12.6 28.9 25±2

‘Krameri tuviõun’ EST, Vasula OR 12 Sept 13.6 47.8 13.3 30.7 <4

‘Krista’ EST, Polli CONV 09 Sept 14.9 25.4 13.8 35.4 <4

Krista’ EST, Polli OR 09 Sept 14.9 25.4 13.8 35.4 6±0

‘Aroma’ DK, Årslev OR 15 Sept 14.1 40.2 14.6 35.8 37±4

‘Ahrista’ DK, Årslev OR 28 Sept 13.5 24.4 13.1 28.1 191±8

‘Discovery’ NOR, Sogn OR 23 Sept 13.6 34.7 10.2 38.6 64±5

2016

‘Krameri tuviõun’ EST, Vasula CONV 09 Sept 15.8 17.5 13.8 35.6 <4

‘Krameri tuviõun’ EST, Vasula OR 09 Sept 15.8 17.5 13.8 35.6 <4

‘Aroma’ DK, Årslev OR 13 Sept 17.8 24.4 14.8 33.1 <4

‘Ahrista’ DK, Årslev OR 20 Sept 18.0 1.5 14.1 33 <4

‘Discovery’ NOR, Jåstad OR 08 Sept 13.9 85.5 12.4 63.4 <4
Only those apple cultivars have been included in the table, for which either organic or conventional counterparts had patulin content in 
juice in 2015. Total number of analysed juices in 2015 and 2016: 29 in three replications.
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The negative effect of warmer storage temperature was especially seen on chlorogenic acid, epicatechin and cat-
echin content, which was significantly lower in all organic apples irrespective of cultivar differences. As reported 
by Fevrier et al. (2017), the apple PPO oxidises specific substrates, mainly caffeoylquinic acid (also called chloro-
genic acid), catechins and dihydrochalcones. This supports our theory that degradation of polyphenols is related 
to PPO activity.

Possible interactions between polyphenols and patulin
It has been reported that procyanidin B2 has a significant impact on blue mould development with partial resis-
tance to this disease in various commercial apple cultivars (Ahmadi-Afzadi et al. 2015). However, our results do 
not support this finding. As characterized by PCA, ’Ahrista’ juice was clearly distinguished by high procyanidin B2 
content and at the same time its juice contained 191 µg l-1 of patulin, which is almost three times above the le-
gal limit. Several cultivars having much lower procyanidin B2 contents did not have any patulin in juice. Yin et al. 
(2017) reported that phloridzin could promote the growth and conidial division of Fusarium moniliforme under 
the experimental conditions. This is in accordance with our results – organic ’Talvenauding’ apple juice had the 
highest concentration of phloridzin in 2016 and the fungus Fusarium spp. was detected from apple cores in 2016. 
Lattanzio et al. (2001) reported that the content of total phenols in apples was higher in the peel around the rot-
ten zone than in the healthy peel. We do not argue with this finding, because in our experiment, no apples with 
visible rotten zones were pressed into juice. However, in our opinion, polyphenol content in apples is cultivar spe-
cific and other factors like weather conditions prior to harvest are more likely to affect apple infection and patu-
lin production. 

Conclusions

Mycotoxin patulin contamination of apple juice has been associated with insufficient inspection of fruits before 
juice processing, when rotten parts of the apples are pressed into juice. Results from this study showed that pat-
ulin can also be found in excessive amounts in juice pressed from visually non-spoiled apples. Higher, than opti-
mal storage temperatures may increase the risk for patulin formation in some cultivars, especially in those with 
thin skin. Moreover, polyphenols in organic apples were more prone to degradation if apples were kept at higher 
than optimal storage temperatures before juice processing. It was not proven that organic cultivation method 
would always increase the risk for patulin occurrence in apple juice. More attention should be paid to the yearly 
fluctuations in weather conditions, especially rainfall two weeks before apple harvest. We suggest that in rainy 
harvest seasons, apples for juice processing should be more carefully inspected, including inspections of possible 
moulds in apple cores. 

Based on our results, there was a tendency for organic apple juice to contain more polyphenols than conventional 
juice, but the proposed protective effect of polyphenols against patulin-producing fungi was not confirmed. Some 
cultivars may have high polyphenol content and excessive amounts of patulin at the same time. 

Our study indicated that patulin occurrence in apple juice is affected by multiple factors and further studies with 
different cultivars in different pre- and postharvest conditions should be carried out, in order to better understand 
the risk for its occurrence in apple products. 
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