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Abstract

Patulin is a mycotoxin produced by some Penicillium, Aspergillus, and Byssochlamys mold species. It has been found to impose many
adverse health effects, and frequently detection in commercial fruit juices and apple products makes it a public health concern. The
most important organism responsible for the patulin contamination in apple and derived products is Penicillium expansum (P.
expansum). There are many studies on inhibition of P. expansum growth in apples/fruits and reduction of patulin contamination in fruit
products, however, it remains as a major contamination problem in these products all around the world. The contamination of Patulin
in apple and other fruit derived products could be prevented by using of various physical, chemical, and biological control methods.
The preventive measures such as Good Pre-harvest and Post-harvest Practices in combination with processing hurdles could be the best
solution to avoid the contamination. Researches and development to improve the current technologies, understanding and optimization
the novel technologies also could serve the best solutions to eliminate the problem.

Keywords: Patulin, fruit juice, molds, Penicillium expansum.

Selmanoglu, 2006). Regarding the carcinogenicity of this toxin,
the International Agency for Research on Cancer (IARC) has
classified it in Group: 3, not classifiable as to its carcinogenicity
to humans.’

1. Introduction

1.1. Patulin

The level of Patulin in food is regulated in many countries,
including the European Union (EU) at the levels of 50 pg/kg in
fruit juices and apples, 25 pg/kg in solid apple products and 10
ug/kg in apple-based products intended for infants (EU, 2003). Its
provisional maximum tolerable daily intake (PMTDI) has been
set to 0.4 pg/kg/day by Joint FAO/WHO Food Standard Program,
CODEX Committee on Contaminants in Food (Alimentarius,
2017).

1.2. Patulin producers

Penicillium expansum is a common spoilage mold in apple and
other fruits. But some other molds from the genus Aspergillus and

Figure 2. D structure of patulin Byssochlamys e.g., Byssochlamys nivea (Dombrink-Kurtzman et

Patulin is a fungal secondary metabolite that produced by some
Penicillium, Aspergillus and Byssochlamys mold species. It was
originally isolated from Penicillium patulum (now Penicillium
griseofulvum), later found to be produced by other fungi species
too (Jha, 2016). This toxin had been originally discovered as a
water-soluble broad spectrum lactone antibiotic in 1940 (Moake
et al., 2005), but during the 1960s it was found to be toxic to
biological systems comprising of bacteria, mammalian cell
cultures, higher plants, and animals. The adverse effects of patulin
in biological systems are genotoxicity, carcinogenicity,
embryotoxicity, and teratogenicity, immunotoxicity, and
genotoxicity (Hayes et al., 1979; C. S. Reddy et al., 1979;

al., 2006; Roland et al., 1984), Aspergillus clavatus (Lovett et al.,
1978) have been found to produce patulin in varieties of fruits,
also. Penicillium expansum is capable of producing patulin in a
variety of fruits including apple, apricot, kiwi, peaches, and plum
(K. R. Reddy et al., 2010). Chunmei et al. (2013) reported that the
Aspergillus and Penicillium molds (Aspergillus sydowii, A.
oryzae, Penicillium expansum, P. purpurogenum, P.
chrysogenum, P. purpurogenum, P. griseofulvum, P. roqueforti,
P. miczynskii) in grapes can produce the patulin in Potato
Dextrose Broth (PDB).

Fruits are liable to spoilage and patulin contamination by
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toxigenic fungi (Chunmei et al., 2013). The internal (seed cavity)
and external parts (surface) of fruits are host for a variety of
molds. In apple, P. expansum, A. flavus, A. Pullulans, Botrytis
cinerea, Byssochlamys nivea, Cladosporidium spp., Mucor spp,
Alternaria spp.,

Rhizopus spp. etc. are the most encountered mold species
(Cunha et al., 2014; Tournas et al., 2009). Among the many
pathogenic fungi which are commonly associated with spoilage
of fruits and fruit products, Penicillium expansum is in the center
of research interests because of its ubiquitous nature within
agricultural environments. And also, it’s well known that it can be
contaminate the various food products. It is a causative agent for
a devastating fruit disease ‘blue mold spoilage’ and it has a high
capability to produce patulin in spoiled fruits (Wright, 2015).
Fruit and fruit products including apples, apricots, grapes, pears,
peaches, sour cherry, black currant, orange, pineapple,
strawberry, cranberry, and passion fruit etc. are susceptible to
possibly contamination from this microorganism (Moake et al.,
2005). In some particular cases, spoiled apples have been found
to contain an extremely high level of patulin; concentrations
ranging from 800-12.500 ppb (K. R. Reddy et al., 2010), 0.002-
113.343 ppm (Beretta et al., 2000), 1.01-120.40 ppm (Celli et al.,
2009) in rotten tissues.

Over the years, many studies have been carried out to
understand the microbial community, their ability to produce
patulin in fruits and derived products using a variety of models;
mostly on apple and in vitro models. The level of mold growth
and subsequent production of patulin can vary depending on the
types of the fruit, toxigenic properties of mold caused the

contamination (Karina Juhnevica, 2011; Morales et al., 2008;
Paster et al., 1995; K. R. Reddy et al., 2010; Salomao et al., 2009;
Tournas et al., 2009) and environmental factors such as water
activity, temperature nutrients, pH and acid contents, texture of
the fruit, storage air composition etc. (McCallum et al., 2002;
Salomao et al., 2009). However, as already discussed above, the
type of invading fungi and level of patulin production in fruits are
variable  depending on  environmental factors and
physicochemical properties of the fruit (Cunha et al., 2014; S.
Marin et al., 2006; Salomao et al., 2009; Sommer et al., 1974) and
thus, the presence of patulin-producing fungi does not always
ensure the presence of patulin in fruit and fruit products (Moss,
2008). Nevertheless, the interaction between the causative agents,
the physicochemical properties of the host and external
environment seems to play important role in patulin production
by molds in the fruits/apple.

1.3. The occurrence of patulin in fruits and fruits
derived products

The contamination of Patulin in fruit and fruit-derived
products, especially in apple and derived products is very
common worldwide. A list of Patulin level recorded in fruits and
fruit products during 2000-2011 summarized by Sonia Marin et
al. (2011). This list show that the few records from Turkey, Iran,
and Italy, and one record from Spain. We’ve tried to give a
summarized view on the status of Patulin contamination of fruit
and derived products in the Table 1.

Table 1. Some selected records of incidence of patulin in fruits and derived products

Fruit Products Country Total Range >50 Mean (ppb)© References
positive (ppb)? ppb®
samples
Apple juices Spain 7.1% 6.0 0 ng (Sonia
Nectars, jams, Baby ng Marin et al.,
foods 0 _ 0 2011)
Concentrates-
Apple 42.4% 74.4 5/34 ng
Pear 50.0% 126.9 5/10
peach 26.7% 213 0 ng
ng
Apple juice; Belgium
Organic 12.3% 122.6 2/65 8.8+17.8 (K. Baert et
conventional 13.3% 15.6 0/65 4.1£2.1 al., 2006)
Apple, orange and grape South 87.5% 30.9 0/65 ng (Cho et al.,
juice Korea 2010)
Fruit juices Serbia 51.40% 65.4 1/142 43+8.6 (Torovic et
al., 2018)
Apple juice Japan 2.1% 15.0 0/140 8+3 (Watanabe
et al., 2005)
Apple based drinks Brazil 3% 7.0 0 ng (Tha et al.,
2008)
Apple Juice Tunisia 64.28% 122.3 12/42 45.71+6 (Zouaoui et
al., 2015)
Apple juice Quatar 100% 82.2 25% 35.37+1.6 (Hammami
et al., 2017)
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Baby apple juice Quatar 100% 61.3 50% 30.67+ 6.7 (Hammami
etal, 2017)
Apple Juice Turkey 25% 281.4 18.75 ng (Oskay,
% 2012)
Apple Juice China 87.4% 94.7 16% 20.4 (Yuan Yuan
etal., 2010)
Commercial apple India 18% 112.2 ng ng (G. S.
products Chandra et al.,
2016)
Apple Juice China 100% 78 4/198 ng (Y.
7 GuoZhou et al.,
2013)
Mixed Juice Tunisia 50% 55.7 2 28.5+£3.9 (Zouaoui et
al,, 2015)
Apple based beverages USA 23% 2700 11.3% 226.0+85.4 (Harris et
(retail) al., 2009)
Apple cider (from cider USA 18.7% 473 2.2% 36.9+7.2 (Harris et
mills) al., 2009)
Pear Juice Tunisia 47.6% 231 9/42 62.5+12.3 (Zouaoui et
al.,, 2015)
Apple Juice Iran 100% 173 3/8 71.87+25.26 (Azizi et
al., 2013)
Apple leather Iran 100% 2559 32/35 620 (Montaseri
etal., 2014)
Apple and pear product Tunisia 22.4% 889 48/24 89 + 13.6¢ (Zouaoui et
al., 2015)
Apple juice Portugal 44.4% 45.77 0/9 ng (Cunha et
Tomato Products 35.7% 47.72 0/35 al., 2014)
Dried Fig Turkey 151.6 ng (Karaca et
al., 2006)
Dried longans China 90.4% 1943 11/21 68.4 (Ji et al,
Dried figs China 61.9% 278.9 12/21 87.6 2017)
Concentrated juice Tunisia 80% 889 12/30 158.1+46.5 (Zouaoui et
al.,, 2015)
Pear Jam Tunisia 43.7% 554 4/16 123.7+4 (Zouaoui et
al., 2015)
Apple Jam Tunisia 33.3% 554 4/15 30249.6 (Zouaoui et
al., 2015)

(*) maximum concentration reported.

(°) number or percentage of samples containing more than
50 ppb patulin.

() patulin mean concentration in the total analyzed
samples.

() mean patulin concentration of the positive samples
only.

ng- not given

2. Control of Patulin Contamination in
Fruit and Fruit Products

Surface and cores of fruits indigenously contain a diversity of
microorganisms including the patulin producing species.
However, the infection by these microorganisms and patulin
production occur only after the available molds find a way
through the protective layer of skin or seed cavity to the soft
tissue. The major causes of this type of infection are insect
infestation, diseases, and physical hazards. Therefore, the best
way to avoid the patulin contamination in fruit products is to avoid
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the pest infestations and physical hazards when in the orchard,
during harvesting, transportation, and storage.

The utmost important way to avoid contamination of patulin
in fruit and fruit-derived products is Good Agricultural Practices
(GAPs) and Good Manufacturing Practices (GMPs) during
processing and production. In the context of reducing the
hazardous level of microorganisms and their toxins, Food and
Agriculture Organization of the United Nations (FAO) has
recommended a set of good agricultural and manufacturing
practices. The measures start from implementing good
commercial practice and disease control measures in the orchard.
Precautions during harvesting and transportations such as
handling the fruits carefully to minimize the physical damage and
contamination by soil, carefully selecting the fruits intended for
immediate marketing, processing, and long-term storage, careful
monitoring of storage conditions such as humidity, temperature,
gas composition and rot damage during storage are important. In
the processing of plant, GMP such as quality inspection of the
fruits before processing, sorting to remove damaged fruits,
pressure washing the fruits are some of the practices which help
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to minimize the contamination by the toxin (Alimentarius, 2003).

Storage parameters such as temperature, humidity, and air
composition can affect the spoilage levels of stored fruit by P.
expansum and subsequently the Patulin content of products as
indicated in many studies. Controlled Atmospheric (CA) storage
has been found to be effective in controlling the mold growth and
patulin production; the low oxygen content (1.5-2.5%) and high
carbon dioxide (up to 3%) has been seen to be a promising
environment for long-term storage (Karina Juhnevica, 2011;
Paster et al., 1995). Although CA storage gives the opportunity to
store apples for long period, the risk of mold growth and patulin
contamination also increases with increased storage time. CA
stored apples have been found to increase patulin level in juice as
compared to juice prepared from freshly harvested/picked apples
and also, the increased deck storage time before processing causes
a significant increase in patulin level in apple juice (Katleen Baert
etal., 2012).

The major part of the patulin which is present in fruits is
removed or degraded during processing (Bandoh et al., 2009;
Gokmen et al., 2001; Moss et al., 2002; Sydenham et al., 1995).
Processing steps such as sorting and grading, washing,
depectinization, pasteurization, fermentation etc. can significantly
remove the patulin from the juice. Acar reported that the patulin
found in the fruit decreased by 54% using washing methods. Acar
et al. (1998) reported that the level of patulin found in the fruits
decreased by more than 54% using high-pressure water washing
of the fruits, clarification, and filtration of the juice. It was
demonstrated that removal of the decayed part and washing
significantly reduces the patulin (Bandoh et al. (2009)). Also
according to this study selecting spoiled fruits and removing
spoiled parts could be a cumbersome work to perform in factory-
scale processing. Alcoholic fermentation during cider processing
has been shown to degrade the patulin completely. The efficiency
of fermentation to remove patulin has been found to be affected
by the yeast strain used and fermentation conditions (Moss et al.,
2002; Stinson et al., 1978).

Apart from the above-mentioned methods which are the
integral part of a fruit product production chain, there are many
other methods which can control the growth of P. expansum, other
toxigenic molds and subsequent patulin production as well as
remove/degrade patulin which is already present in fruit juices.
Some of the widely studied and promising methods are described
below.

2.1. Biological Control measures

The biological control measures including both the prevention
of growth and patulin production by fungi as well as removal of
the patulin from products are using microorganisms and their
enzymes. Several antagonist microorganisms and their extracts to
inhibit mold growth and patulin production have been
successfully tested in apples and laboratory culture media by
many researchers. Successfully using of antagonist yeasts; Pichia
caribbica (Cao et al., 2013), Torulaspora delbrueckii and Candida
membranifaciens in combination with silicon (Ebrahimi et al.,
2012), (Farahani et al., 2012), Cryptococcus albidus KKUY0017
and Wickerhamomyces anomalus KKUYO0051 have been
reported. Some Lactic Acid Bacteria (LAB) and their cell-free
supernatants and peptides have also been found to inhibit P.
expansum and other patulin producing molds (Gourama, 1997;
Luz et al.,, 2017). Dip treatment of Pseudomonas fluorescens
isolates cell suspension (1x108) on McIntosh and Spartan apples
just before dip treatment with P. expansum spore suspension
(1x104) have been shown to inhibit the mold growth on apples at
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commercial cold storage. The inhibition obtained by these P.
fluorescens isolates (isolate 1-112, 4-6 on Mclntosh and 2-28 on
Spartan) have been reported to be comparable with the
commercial fungicides (BioSave and Scholar) tested in that study
during commercial cold storage at 10C. The proposed
mechanisms of inhibition are the competition for the nutrients and
space and production of metabolites which inhibit the spore
germination and mycelial growth (Wallace et al., 2017).
Similarly, Zhou et al. (2001) have successfully achieved the
control of P. expansum and Botrytis cinerea using Pseudomonas
syringae (P. syringae) isolates (MA-4, MB-4, MD-3b, and NSA-
6) during 28 days of storage at 40C. They have also reported that
the efficiency of P. syringae MA-4 applied by dip treatment on
‘Empire’ and ‘Delicious’ apples was more pronounced than
BioSave™ (a commercially available biofungicide) of under
controlled atmospheric conditions. The concentrations used for
this experiments were 1x107 cfu/ml P. syringae and 1x103
spores/mL of the molds spores suspension (Zhou et al., 2001). The
combination of antagonists with physical and chemical control
agents has been found to be more efficient than if the only a single
agent is used (Ebrahimi et al., 2012; Hossein Ahari Mostafavi et
al., 2011).

Efficient removal of patulin from fruit juices using yeasts,
bacteria and their extracts or supernatants and molds have also
been reported by some researchers (Hatab et al., 2012). Hatab et
al. (2012) have reported that patulin is removed by both live and
dead cells of the LAB and the removal of the patulin was
dependent on specific temperatures for specific strains. The lower
level of patulin in the medium has been found to increase the
efficiency of removal. Yuan et al. (2014) reported that the patulin
from juice containing 100 ppb decreased by 88% with the using
of 49 g/L of inactivated Alicyclobacillus spp, And also, X. Zhang
et al. (2016) ) reported that they have removed of patulin from
media containing as much as 500 ppb patulin by using a non-
patulin-producing strain of Byssochlamys nivea (FF1-2). In
another study, caustic treatment of cider yeast biomass was also
found to be effective in removing patulin from fruit juice.
Immobilizing the biomass in Ca-Alginate was superior in
removing patulin with optimal operating pH of 4.5 (Caixia
GuoYue etal., 2013).

The mode of action for growth inhibition and patulin removal
is not understood adequately, however, it has been given foresight
by some researchers. Initially, the inhibition of patulin production
might be due to competition for the space and nutrition available,
production of biologically active compounds by antagonist rivals,
direct predation of mold spores and hyphae by antagonists
microorganism (Pimenta et al., 2008), induction of pathogenesis
resistant protein accumulation in fruits (Quaglia et al., 2011) etc.
Zheng et al. (2017) have reported that inhibition of toxin
production by P. expansum co-inoculated with antagonist yeast is
due to the the inhibition of mycellial growth of P. expansum by
the antagonist. The primary mechanisms of biological removal of
patulin proposed are; the biosorption of patulin by microbial cells
(C. Guo et al., 2012; Caixia GuoYue et al., 2013; Wang et al.,
2015), degradation of patulin by microbial enzymes (R. Zhu et al.,
2015), patulin-glutathione adducts or reaction of patulin with thiol
group present in protein extracts and therefore destroying its
functional properties (Folger, 2014; Luz et al., 2017). The
presence of patulin in growth media induces the synthesis of
patulin degrading enzymes in patulin resistant/degrading yeasts
(Zheng et al., 2016; R. Zhu et al., 2015).

As like the mechanism of inhibition or degradation,
degradation products are also not well understood. However,
some degradation products have been characterized so far. Patulin
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is degraded to E-ascladiol and Z-ascladiol by Saccharomyces
cerevisiae (Y. Chen et al., 2017; Moss et al., 2002), to
hydroascladiol by L. plantarum (Hawar et al., 2013; Zheng et al.,
2016), desoxypatulinic acid by Rhodosporidium paludigenum
which is significantly less toxic than the parent molecule (R. Zhu
etal., 2015).

2.2. Chemical Control Measures

Many chemical substances have been successfully tested for
their antifungal properties against P. expansum and other patulin
producing molds. Application of phenolic compounds like
quercetin, umbeliferone, and ferolic acid on Granny Smith and
Golden delicious apples by dip and wound application (Sanzani
et al.,, 2009). Isothiocyanates bioactive packaging in the
concentrations of 50, 100 and 200 ppb (Saladino et al., 2016) have
been found to be effective in controlling P. expansum on apples.
Monoterpenoids and essential oils from plants extracts
(Kadoglidou et al., 2011), garlic extract on PDA and garlic vapor
exposure on apples have shown significant inhibition of P.
expansum growth (lkeura et al., 2011). Significant inhibition in
the rate of spore germination of P. expansum inoculated in apples
and pears by exogenous potassium phosphite have been reported
by Lai et al., 2017. B-aminobutyric acid (C. Zhang et al., 2011),
gamma-aminobutyric acid and beta-aminobutyric acid (Fu et al.,
2017) have also been reported. Boric acid (Lai et al., 2016),
potassium sorbate, and sodium propionate have also been
successfully applied to control P. expansum growth and patulin
production (Lennox et al., 1984). Sodium hypochlorite and
hydrogen peroxide have been found to inhibit the P. expansum
spore germination and mycelia growth (Cerioni et al., 2013; L.
Chen et al., 2004). Similarly, acetic acid wash treatment (2-5%)
have been found to be effective against P. expansum growth in
apples (L. Chen et al., 2004). Acetic acid vapor treatment (6
microliters/L) for 24 hours has also been effective against
Penicillium sp. and Botrytis cinerea (Fotouh, 2009) in apples.

Ozone treatment of apple juice has also been found effective
in removing patulin. Hakan Karaca (2009) have demonstrated that
ozone treatment at the residual concentration of 0.19 mg/L is
enough to remove more than 98% of patulin from media
containing 250 ppb patulin. The effect of different metal ions on
the efficiency of ozone to degrade patulin has also been reported
in the same study. Manganese had been found to have inhibitory
effect and aluminium, copper, zinc, and calcium, a promotive
effect on the degradation of patulin. This indicates that the various
metal ions juice samples could affect the efficiency of the
degradation process (Hakan Karaca, 2009). Similarly,
degradation of patulin by ozone treatment has been demonstrated
in other studies, too (Cataldo, 2008; Julius, 2010). Ascorbic acid
and ascorbate which are naturally present in apple have been
found to reduce the patulin in the apple juice but the reduction has
low without added ascorbic acid (Drusch et al., 2007; Fremy et
al., 1995; Yun et al., 2008). However, the ascorbic acid in the
presence of light and oxygen has been reported to cause rapid
degradation of patulin. Free radicals produced by metal oxidation
of ascorbic acid and free metal ascorbate complex has been
attributed to the degradation of patulin (Drusch et al., 2007).
Sulfur dioxide was also used in some studies and some
contradictory results were reported. Burroughs (1977) reported
that SO2 at level of <200 ppm, which is the maximum permitted
limit in use in food applications were not effective in degrading
patulin. The researcher reported that 2000 ppm of SO2 treatment
for 2 days was able to degrade 90% of 15ppm patulin (Burroughs,
1977). However, Ough et al. (1980) have reported that adding 100
ppm of patulin in grape juice containing 25 ppm has caused 54%
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reduction in patulin after only 15 minutes concentrations
(Burroughs, 1977; Ough et al., 1980). Since the concentration of
patulin used in these studies is so high which are unlikely to
present in fruit juices in the market, the lower concentration of
SO2 might also be useful for patulin reduction in fruit juices.

2.3.

Irradiation has widely been studied for its ability removal of
patulin from in fruit juices. Gamma rays and UV-lights have been
found to be effective as demonstrated in many studies
(Assatarakul et al., 2012; S. Chandra et al.; Zegota etal., 1988; Y.
Zhu et al., 2014). The efficiency of UV-radiation was negatively
affected by suspended particles, tannic acids in juices and ciders
and increased by fructose (Tikekar et al., 2014). Malic acid, lactic
acid, and ascorbic acid, which are the organic acids predominantly
present in apple, have been shown to inhibit the radio degradation
of patulin in an aqueous medium. No information of degradation
products could be found. Although, the degradation product is not
well understood, G. S. Chandra et al. (2016) have reported that
the UV-C irradiated apple juice which contained 200 ppb patulin
had significantly lower toxic effect (cell viability 81.64%) on
human peripheral blood cells as compared to the UV-C untreated
juice (cell viability 43.6%) which indicates that the degradation
products is less toxic than patulin.

Physical Control measures

Adsorption removal of patulin from apple juice has also been
widely studied and shown a great potential for use in industrial
scale. Adsorbent materials prepared from chitosan e.g., using
magnetic chitosan (chitosan mixed with Fe304), adsorption of
up to 19 mg patulin per gram of the adsorbent with recovery of
adsorbent more than 99.5% have been reported by Luo et al.
(2016). In an another study, inactivated Candida utilis CICC1769
strain immobilized in chitosan nanoparticles was able to remove
91.5% of patulin from juice containing 500 ppb at 200C during
15 hours of treatment and the amount of the adsorbent used was
just 0.5¢/L (Ge et al., 2017). In all the above-mentioned studies,
no significant changes in quality parameters of juice have been
observed.

Similarly, several reports are available on the use of activated
carbon to remove patulin from apple juice. Some researchers have
reported that the using of activated carbon has negative effects on
quality of juice (Bahram Fathi-Achachlouei, 2007; C. Kadakal et
al., 2002), but this is not always the case. The method of carbon
activation has been found to significantly affect the quality of
juice treated with activated carbon; the steam activation has been
found to remove patulin more efficiently and without significant
effect on quality parameters of juice with compared to acid wash
activated carbon (Leggott et al., 2001). Another simple solution
might the entrapping activated carbon in calcium-alginate beads.
This method has been found to be efficient in removing patulin
from apple juice and without significant effects on quality
parameters (Yue et al., 2013). The mechanism of removal patulin
was adsorption of patulin in micropores formed during the
activation process and different activation process result in
different pore sizes and their distribution in the material (Leggott
et al., 2001).

High Hydrostatic Pressure, which is a non-thermal food
processing method, has also been found to be effective in
removing patulin from apple juice (Avsaroglu et al., 2015; Luo et
al., 2016). But the knowledge of the degradation product is
lacking.

3. Conclusions
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Patulin contamination in fruit juices is a serious quality and
consumer safety problem. Many plants, animal, and microbial
study have concluded its adverse health effects and thus the
suitable and adequate measures to control its presence in fruits’
products are necessary.

To avoid the patulin contamination in fruit products, control
measures should be implemented throughout the entire product
chain, i.e. from the orchards itself to the processing and
distribution. The physical damages caused by insect infestation
and poor handling while in orchard, harvesting, transportation,
storage etc. could allow the pathogenic molds to infect the fruit
and start spoilage. Application of Good Pre-harvest and Post-
harvest Practices could limit the physical damages and insect
infestation, and subsequently infections by toxigenic fungi and
patulin production. Good Commercial Practices (GCPs), Good
Agricultural  Practices (GAPs) in orchards, and Good
Manufacturing Practices (GMP) during juice manufacturing are
the most prominent solutions as suggested by FAO (Alimentarius,
2003) and is clearly evident in many studies. Carefully designing
the storehouse parameters (temperature, humidity, CO2 and O2
level) could reduce the incidence and extent of molds in stored
apples (Karina Juhnevica, 2011; Morales et al., 2008; Paster et al.,
1995; K. R. Reddy et al., 2010). Use of fungicides is also a good
preventive measure but there are issues with chemical fungicides
such as a residue and their toxicity, resistance development by the
fungal strains, and impact on environment etc. However, this
could be solved by the rotational use of fungicides or combination
with another suitable fungicide or antagonist organisms
(Errampalli et al., 2004; Zhou et al., 2002).

Different processing steps of apple juice production could
significantly remove contaminants from fruit and the final
product. Pressure washing, sorting, removing spoiled parts are the
important steps of processing which could remove patulin from
the spoiled fruits (Bandoh et al., 2009; Gokmen et al., 1998;
Sydenham et al., 1995). However, some operations like sorting
out the spoiled fruits and removing spoiled parts from the bulk
might be labor intensive and might not be economically or
technically feasible for all processors and may increase waste
material. Clarification, centrifugation, and pasteurization also
contribute significantly to the removal of patulin (Acar et al.,
1998). But if the extent of spoilage and patulin content is high in
raw materials, these processing steps might not be enough and
further degradation and removal are required. However, whatever
be the secondary measures to alleviate the problem, the primary
step is to prevent the problem to occur in the first place i.e. the
fruits to be used for juice and other product manufacturing should
be free of spoilage.

Biological agents like live and dead microbial cells, enzyme,
proteins and culture extracts of yeasts and LAB have been also
shown to be a promising.

Enzymatic degradation, fermentation and adsorption by yeast,
LAB and other microorganisms are the mechanisms involved in
degradation or removal of patulin from fruit juices by biological
agents (Hatab et al., 2012; Hawar et al., 2013; Moss et al., 2002;
Y. Yuan et al., 2014; Zhou et al., 2001). The use of biological
agents does not impart significant changes in quality too.
However, the mechanisms of patulin removal have been
illucidated to some extent, a thorough knowledge of the process
is lacking. Further, an ideal condition for the efficient use of
biological agents is difficult to obtain because the factors like pH
of the medium, temperature, incubation time, microbial strain and
concentration (Hatab et al., 2012), pre culture conditions (R. Zhu
et al., 2015) affect the efficiency of removal or degradation. Also,
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the breakdown products and their toxicity are poorly known
although some progress has been made in recent years in
understanding the process. So, further work is required to fully
understand the mechanisms and safety of these methods as well
as to develop an optimal set of parameters to use in fruit juice
industry.

Use of adsorbents like activated carbon and chitosan resins are
other promising solutions. Adsorbent materials like activated
carbons (C. Kadakal et al., 2002) and modified chitosan resins
have been found efficient in removing patulin from fruit juices in
laboratory conditions. The use of modified chitosan resins like
thiouria modified chitosan resin, magnetic chitosan have shown
good efficiency of patulin removal and these adsorbents seem to
have no significant effects on juice quality too (Anene et al., 2016;
Ge et al., 2017; Leggott et al., 2001; Liu et al., 2015; Luo et al.,
2016). The mechanism of removal is also quite clearer compared
to other methods and there is no risks of degradation products’
toxicity if the adsorbent is selected carefully and sufficiently
recovered from the juice (Luo et al., 2017).

Thermal pasteurization, which is a processing step of apple
juice production could reduce patulin from fruit juices to some
extent. But, given the stable nature of the patulin at lower pH,
thermal pasteurization alone could not be considered effective in
removing patulin from fruit juices (Acar et al., 1998; C. Kadakal
et al., 2003). However, non-thermal processing such as Irradiation
(UV, Pulsed light, and gamma irradiation) and high hydrostatic
pressure could be effective in removing patulin from apple juices
(Assatarakul et al., 2012; Avsaroglu et al., 2015; G. S. Chandra et
al., 2016; S. Chandraetal.; Funesetal., 2013; Y. Zhu et al., 2014).
In fact, UV-pasteurization is already in use for apple cider
pasteurization. It has been have reported that UV pasteurized
cider had lower patulin content compared to conventional heat
pasteurized ciders (Harris et al., 2009). The feasibility of the
application, importantly the cost factor; as these methods require
highly specialized equipment, may be the limiting factor for
small-scale juice processors and again, the breakdown products
and their toxicity are poorly known.

Use of chemical substances to control the patulin in fruit
products has also been studied widely. Using of fungicides is
already a commonly used method to prevent fungal growth and
subsequent patulin production on fruit commodities. Substances
like plant extracts and volatiles, phenolic compounds like
isothiocyanates that are natural components of plants and apples
are itself are also effective in controlling the growth of toxigenic
molds in fruits and their uses are safe. Many of the chemicals
which are allowed in food processing like ascorbic acid, SO2,
hydrogen peroxide and others like ammonia and potassium
permanganate also degrade the patulin (Drusch et al., 2007;
Fremy et al., 1995; Hakan Karaca, 2009). But there is an inherent
problem with chemical substances; there use in food processing is
vigorously controlled and attracts too much attention. Also, the
use of the chemicals only for reducing mycotoxin in juices might
not be allowed in food laws. In addition, the degradation products
and their toxicity are poorly understood. So, further studies are
required to understand the mechanism and degradation products,
optimal conditions and feasibility of application in industrial
scale.

In conclusion, there are numerous substances and methods
which can inhibit the growth of patulin producing fungi in fruits
and remove patulin from fruit juices. Some of them have potential
for wide application too, however, they could not be applied in all
scale and types of processing as an ideal solution because the
factors such as, wvariations in the microbial strains,
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physicochemical properties of the fruits and juice matrices,
concentration of patulin in juice, environmental conditions etc.
affect the efficiency of any method to inhibit the mold growth or
remove patulin from juices. This is rather a multifaced problem
and should be addressed by all the stakeholders of the apple juice
production chain; from the apple farmers, transporters and
storehouses to the processors, juice distributors, and quality
control and health agencies too. Hurdle approach, GAPs, GMPs,
regular monitoring, continuous research, and development to
improve and understand the existing and emerging technologies
could serve this purpose the best.
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