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Abstract
Patulin is a mycotoxin that exhibits a number of toxic effects in animals. The main sources of patulin intake in human diet that
was shown for EU consumers are apple juice and nectar and for this reason, apple-based food is most often monitored for this
mycotoxin. However, the presence of patulin in other fruits, including stone fruits, and soft fruits has been reported as well. Most
of them are seasonal, suitable for consumption for short time, and are usually processed in order to be commercially available
throughout the year. Patulin can also be generated during food storage and remains stable over food processing procedures.
Therefore, constant monitoring of different fruit-based products ought to be carried out to provide proper estimation of human
exposure to this toxin. The preferred approach used for mycotoxin determination in a variety of foods is liquid chromatography
(LC) allowing quantitative analysis of patulin content. This paper presents recently proposed LC methods with ultraviolet and
mass spectrometric detection for patulin quantification in fruits and derived products. We focus on developments in sample
preparation and the applied analytical conditions.
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Introduction

Patulin (4 hydroxy 4H-furo[3,2 c]pyran-2(6H)-one) (Fig. 1) is a
heterocyclic lactone with molecular weight of 154.12 g mol−1

and low volatility. It is resistant to heat (Harrison 1988) and quite
stable in aqueous media at 105–125 °C in the pH range from 3.5
to 5.5 (Lovett and Peeler 1973). However, it is much less stable
in higher pH. Collin’s group has reported that 50% of patulin
degradeswithin 1 h at 100 °C in aqueousmedium at pH 6 (Collin
et al. 2008). They have also noted that sulfites promote patulin
destruction at higher pH with complete patulin degradation
achieved at pH 7 within 3-h incubation at 25 °C in the presence
of 50 ppm SO2. The significant reduction of patulin in apple-
based juices by exposure to UV light (Zhu et al. 2014), micro-
waves (Zhang et al. 2006), high hydrostatic pressure (Hao et al.

2016), or in the presence of ascorbic acid (Kokkinidou et al.
2014) has also been reported.

Patulin is produced by several species of fungus belonging
mainly to the genera of Aspergillus, Penicillium, and
Byssochlamys; however, others also synthesize this mycotoxin
(Anderson et al. 1979; Steiman et al. 1989; Okeke et al. 1993;
Samson et al. 2009). In case of deterioration of fruits and their
derived products, Penicillium and Byssochlamys are the most
studied fungi with Penicillium expansum being the most com-
mon contaminant. It is found in healthy as well as in rotten
apple fruit (Hasan 2000; Hammami et al. 2017) and other fruits
like infected pears, peaches, or apricots (Neri et al. 2010; Reddy
et al. 2010). This fungus was also isolated from grapes
(Tančinová et al. 2015) and the generated patulin accumulates
also in plums, strawberries, and kiwifruits (Neri et al. 2010;
Reddy et al. 2010; Wei et al. 2017). Considering
Byssochlamys strains (B. fulva and B. nivea) showing high ther-
mal resistance, they survive heat treatment during food process-
ing and cause deterioration of fruit juices (Rice et al. 1977; Rice
1980; Roland and Beuchat 1984; Sant’Ana et al. 2010).

Several studies have shown toxic, mutagenic, carcinogenic,
and teratogenic properties of patulin (Schumacher et al. 2005).
In animal studies, patulin administration causes damage to
different organs including brain, kidney, liver (de Melo et al.
2012; Song et al. 2014; Boussabbeh et al. 2015), thymus
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(Arzu Koçkaya et al. 2009), and skin (Saxena et al. 2009).
Despite several negative effects of patulin observed in animal
tissues, the molecular mechanism of toxicity is still not fully
known. Different triggers are being considered; however,
most reports point at the high reactivity of this mycotoxin with
nucleophilic molecules, especially sulfhydryl groups on pro-
teins and glutathione (GSH) (Fliege and Metzler 1999, 2000)
and subsequent DNA damage (Glaser and Stopper 2012),
proteotoxicity (Guerra-Moreno and Hanna 2017), or dysreg-
ulation of protein expression (Assunção et al. 2016) leading to
inflammation (Luft et al. 2008). It is also worth noting that co-
occurrence of different mycotoxins enhances toxic properties
associated with individual ones. As shown on cells (Zouaoui
et al. 2015), even low level of patulin might be deleterious
when accompanied by other toxins, namely sterigmatocystin
or beauvericin.

Negative impact of patulin on living cells and organs brings
an interest and need for determination of this mycotoxin in
food. Numerous analytical protocols utilizing among others
near-infrared fluorescence assay (Pennacchio et al. 2015),
thin-layer chromatography (Welke et al. 2009), gas
chromatography-mass spectrometry (Kharandi et al. 2013),
and liquid chromatography with various detection modalities
(UVabsorbance, mass spectrometry) have been developed for
patulin quantification, especially in apple-based products.
However, the works published within the last 10 years clearly
indicate that a steady monitoring of patulin contamination
should not be limited to apples and apple-based products but
must be carried out in all fruit commodities to provide proper
assessment of health risk. Patulin determination in complex
food matrices (like highly pigmented fruits, jams, marma-
lades, dried rings) sets new challenges for quantification anal-
ysis due to low sensitivity resulting from complex matrices.
To overcome these analytical problems, additional improve-
ments in current protocols and development of new method-
ologies for sample preparation, as well as advanced analytical
equipment (i.e., liquid chromatograph coupled with mass
spectrometry) are necessary. Future approaches should meet
both the food safety and green chemistry requirements.
Toward this goal, the modern methods such as ultra-high-
performance liquid chromatography (UHPLC) coupled with

mass spectrometric detectors offer sufficient selectivity for
rapid multi-analyte quantification in complicated food matri-
ces. Despite the indisputable advantages of liquid
chromatography-mass spectrometry (LC-MS) protocols, a
low efficiency of patulin ionization in a mass spectrometer
source could cause poor sensitivity of the method. Thus,
multi-target LC-MS assays may fail in case of patulin quanti-
fication at low concentration levels. Meanwhile, the applica-
bility of high-performance liquid chromatography (HPLC)
with UVabsorbance detection has been intensively investigat-
ed to meet the challenges of patulin analysis in a variety of
foods. This article reviews the methods reported within last
decade, showing patulin determination in fruits and fruit-
based products using liquid chromatography coupled with
UVabsorbance and mass spectrometric detection. The devel-
opments in an initial sample preparation for chromatographic
analysis and the applied analytical conditions are considered
in this review.

Patulin Occurrence in Fruit Commodities

The risk of consumer exposure to patulin is associated with
consumption of the molded as well as visually clean products
infected with fungus (Sant’Ana et al. 2008), due to accumu-
lation of mycotoxin in both the lesion and other parts of the
spoiled fruit (Hasan 2000; Wei et al. 2017). Also, consumer
risk increases with the possible production of this mycotoxin
during fruits storage (Reddy et al. 2010) and food processing
due to patulin resistance to applied conditions. For this reason,
different fruits and derived products (juices, purees, ciders,
jams, marmalades, vinegars, dried rings) should be monitored
for patulin contamination. The regulations regarding accepted
patulin level in food products depend on the country and are
summarized in Table 1. EU recommendations are more de-
tailed and demanding compared to other countries, thus we
discuss human exposure to patulin following the EU limits.

The analysis of reports show frequent occurrence of
patulin, although at different level, in apples and various
apple-based food commodities from over the World, i.e.,
Qatar (Hammami et al. 2017), Portugal (Barreira et al.
2010), Spain (Murillo-Arbizu et al. 2009; Marsol-Vall et al.
2014), Italy (Ritieni 2003; Piemontese et al. 2005),
Czech Republic (Vaclavikova et al. 2015), Romania (Catana
et al. 2011; Oroian et al. 2014), Tunisia (Zaied et al. 2013;
Zouaoui et al. 2015), Brazil (Sargenti and Almeida 2010),
Argentina (Funes and Resnik 2009), United States (Harris et
al. 2009), Iran (Jalali et al. 2010; Forouzan and Madadlou
2014), Pakistan (Iqbal et al. 2018), South Korea (Cho et al.
2010), and Northeast China (Yuan et al. 2010). According to
published data, patulin concentration in the infected apples
could reach 8.8–120.4 mg kg−1 (Piemontese et al. 2005; Wu
et al. 2008; Gaspar and Lucena 2009) (Celli et al. 2009). The

Fig. 1 Chemical structure of patulin and 5-hydroxymethylfurfural (5-
HMF)
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apple puree tested by Ritieni contained 15.9–74.2 μg kg−1 of
patulin in three out of six tested samples (Ritieni 2003) with

only one sample meeting the EU standards and not exceeding
25 μg kg−1 of the mycotoxin (European Commission 2006a).

Table 1 Worldwide regulations on patulin content in food

Country Commodity Maximum
level of
patulin
(μg kg−1)

References

Armenia Tomato paste, apple 5 (FAO 2003)
Belarus Mushrooms, fruits, vegetables 50

Chinaa Fruit products (with the exception of hawthorn sheet) 50 (National Health and Family
Planning Commission
of the People’s Republic of
China and China Food
and Drug Administration 2017)

Fruit and vegetable juice 50

Liquor 50

Cuba Fruits 50 (FAO 2003)

European Union
member states

Fruit juices, concentrated fruit juices as reconstituted and fruit nectars 50 (European Commission 2006a)
Spirit drinks, cider, and other fermented derived from apples or

containing apple juice
50

Solid apple products, including apple compote, apple puree
intended for direct consumption (except baby foods)

25

Apple juice and solid apple products, including apple compote
and apple puree, for infants and young children

10

Baby foods other than processed cereal-based foods for infants
and young children

10

Iran Fruit juices, nectarine, and fruit drinks 50 (FAO 2003)
Israel Apple juice 50

Japan Apple juice 50

Republic of Korea Apple juice, apple juice concentrate 50

Republic of
Moldova

Juices, canned vegetables, fruits 50

Morocco Apple juice (products) 50

Russian Federation Apple, tomato, sea-buckthorn (canned) 50 (Ministry of Health of the
Russian Federation 2001)Alcoholic free beverages, including juice containing and

artificially mineralized drinksb
50

Vegetable, fruit juices, beverages, concentratesc 50

Semi-finished products (tomato pulp, apple pulp) 50

James, marmalade, fruit pastes, comfitures, fruit and berries
crushed with sugar and other fruit and berry concentrates
with sugard

50

Singapore Fruit juice 50 (Government of Singapore 2018)
Food for infants or young children (except processed

cereal-based foods)
10

Food containing fruit juice as ingredient 50

South Africa All foodstuffs 50 (FAO 2003)
Switzerland Fruit juices 50

Ukraine Vegetable and fruit-berry preserves and mixes for baby food,
fish preserves for baby food

20

Vegetables, including potatoes, fruit and grapes, berries;
vegetable, fruit, berry preserves in cans and jars

50

United States of
America

Apple juice, apple juice concentrate, and apple juice component of a food that
contains apple juice as an ingredient

50

MERCOSUR
member states

Fruit juice 50

a Limited to products produced from apple and hawthorn
b Juices containing apple, tomato, sea-buckthorn
c Limited to apples, tomatoes, and sea-buckthorn
d Limited to products from apples and sea-buckthorn
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Funes and Resnik have found that four out of eight apple
puree samples contained 22–221 μg kg−1 of patulin (Funes
and Resnik 2009). Alarmingly high contamination of apple
jams with patulin has been reported in Tunisia (about 33%
with average concentration about 302 μg L−1) (Zouaoui et
al. 2015). The major concern associated with patulin contam-
ination regards apple juices, since loss of patulin through pro-
cessing (pressing, milling, pasteurization processes, enzymat-
ic and micro-filtration treatments) is relatively small (Yuan et
al. 2010). Table 2 illustrates patulin content in apple and other
fruit juices from different regions in the world.

Due to the high consumption of fruit products during the
first years of life, children are especially vulnerable population
to patulin exposure. Therefore, recommendations are more

stringent regarding fruit products dedicated for infants and
young children (see Table 1). As shown in Table 3, baby food
often displays patulin level above the EU limits (set at
10 μg L−1 or 10 μg kg−1). To highlight some, 28% of tested
products from Tunisia contained sevenfold more of patulin
than the maximum permitted limit (average contamination of
68μg L−1) (Zaied et al. 2013). Similarly, in China, patulin was
detected in 19 out of 30 analyzed baby food products with a
highest level reaching 67.3 μg L−1 (Yuan et al. 2010). Several
other products dedicated for babies made out of apples that
were tested in Italy contained considerable amount of patulin
(see Table 3). This indicates necessity to develop prophylactic
actions and programs for food surveillance in order to better
protect the youngest from exposure to toxin.

Table 2 Patulin contamination in fruit juices

Type of juice Total Positive Patulin range in positive samples > EUd Country Reference

Apple 20 20 5.8–82.2 μg kg−1 5 Qatar (Hammami et al. 2017)

Apple 68 28 1.2–42.0 μg kg−1 0 Portugal (Barreira et al. 2010)

Apple 100 68 0.5–118.7 μg kg−1 10 Spain (Murillo-Arbizu et al. 2009)

Applea 33 16 up to 53.4 μg kg−1 1 Italy (Piemontese et al. 2005)

Appleb 24 12 up to 69.3 μg kg−1 2 Italy (Piemontese et al. 2005)

Apple 6 5 3.8–28.4 μg kg−1 0 Czech (Vaclavikova et al. 2015)

Apple 42 27 4.0–22.4 μg L−1 – Tunisia (Zouaoui et al. 2015)

Applec 30 24 4.5–889.0 μg L−1 – Tunisia (Zouaoui et al. 2015)

Apple 30 11 0–167 μg L−1 – Tunisia (Zaied et al. 2013)

Apple with soya 37 – up to 54.9 μg L−1 3 Spain (Sargenti and Almeida 2010)

Apple 72 72 15.0–151.1 μg L−1 21 Iran (Forouzan and Madadlou 2014)

Apple 24 3 2.8–8.9 μg kg−1 0 South Korea (Cho et al. 2010)

Apple 15 – 1.2–90.3 μg kg−1 1 China (Yuan et al. 2010)

Apple c 20 – 1.2–94.7 μg kg−1 6 China (Yuan et al. 2010)

Applec 5 3 1.2–3.6 μg kg−1 0 China (Wu et al. 2008)

Apricot 27 7 > 10 μg kg−1 0 Italy (Spadaro et al. 2008)

Grape 24 4 5.2–14.2 μg kg−1 0 South Korea (Cho et al. 2010)

Orange 24 2 9.9–30.9 μg kg−1 0 South Korea (Cho et al. 2010)

Pear 3 2 11.7–38.9 μg kg−1 0 Czech (Vaclavikova et al. 2015)

Peara 7 1 1.1 μg kg−1 0 Italy (Piemontese et al. 2005)

Pearb 8 4 up to 61.0 μg kg−1 1 Italy (Piemontese et al. 2005)

Pear 42 20 5–231 μg kg−1 – Tunisia (Zouaoui et al. 2015)

Pear 39 25 > 10 μg kg−1 0 Italy (Spadaro et al. 2008)

Peach 30 2 > 10 μg kg−1 0 Italy (Spadaro et al. 2008)

Strawberry 3 0 > 0.5 μg kg−1 0 Czech (Vaclavikova et al. 2015)

Mixed 34 17 10–55.7 μg kg−1 – Tunisia (Zouaoui et al. 2015)

Mixed 30 12 up to 125 μg L−1 – Tunisia (Zaied et al. 2013)

Mixed 30 26 1.2–91.8 μg kg−1 6 China (Yuan et al. 2010)

Mixed 29 9 > 10 μg kg−1 0 Italy (Spadaro et al. 2008)

a Conventional
b Organic
c Concentrate
d Number of samples exceeding EU recommendations (50 μg L−1 or 50 μg kg−1 )
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The fungi producing patulin, in addition to apple, contam-
inate also other fruit commodities that constitute another
source of this mycotoxin. High amount of patulin (above the
EU recommended level) was found in pears (some at
620 μg kg−1) in Pakistan (Iqbal et al. 2018) or pear juices in
Tunisia and in Italy (Bonerba et al. 2010a; Zouaoui et al.
2015). Based on the reports, contamination of pear jams
(Zouaoui et al. 2015), mixed juices (Spadaro et al. 2008;
Bonerba et al. 2010a; Zouaoui et al. 2015), and dried fruit
products need to be considered as possibly containing patulin
level above the EU safety limit (Ji et al. 2017).

Lately, a growing number of work focused on patulin de-
termination in pigmented fruits such as hawthorns, red grapes,
plums, sour cherries, and berries (strawberries, raspberries,
blueberries, blackberries) (Zhou et al. 2012; Abu-Bakar et al.
2014; Vaclavikova et al. 2015; Ji et al. 2017; Iqbal et al. 2018;
Sadok et al. 2018). The limited number of validated analytical
methods for patulin quantification in this difficult fruit mate-
rial entails the necessity to introduce new strategies of sample
preparation for efficient removing of interfering compounds.
Comprehensive studies conducted in different countries and
employing significant amount of collected samples are still
awaiting in order to determine the contamination of soft fruits
by patulin and to assess the risk for consumers.

Preparation of Fruits and Their Related
Products for Patulin Quantification

The new trends and improvements regarding patulin determi-
nation by LC in fruit commodities appear in recent publica-
tions. They address numerous issues regarding sample prepa-
ration and chromatographic separation aimed to increase spec-
ificity and limits of detection/quantification of patulin in the
complex fruit matrices. The important problem in fruit analy-
sis is the great content of sugars (sucrose, glucose, fructose,
xylose). They are also rich in organic acids (citric, fumaric,
tartaric) that determine taste and flavor and typically contain
low amounts of fat and proteins (Ruby et al. 2000; Sturm et al.
2003). Some fruits (mainly berries) are rich sources of

flavonoids and other phenolic compounds possessing antiox-
idant activity (Määttä et al. 2003; Pavlović et al. 2013), but
fruits might be also a source of toxic elements, mycotoxins, or
pesticides (Pavlović et al. 2013; Stachniuk et al. 2017).

High complexity of some fruit matrices impacts patulin
analysis, i.e., it disturbs LC separation, decreases recovery,
and ionization efficiency of the target compounds during
LC-MS analysis. To overcome these problems, different sam-
ple pre-treatment methods have been implemented for the
extraction of patulin from fruit matrix. A liquid–liquid extrac-
tion (LLE) with ethyl acetate was traditionally used for apple
juice pre-treatment. However, LLE is a time-consuming ap-
proach and requires a large amount of the organic solvent that
is not preferred in modern analytical chemistry. Furthermore,
LLE procedure involves several extraction steps of the sample
with fresh volumes of an organic solvent, which favors the co-
elution of impurities (Valle-Algarra et al. 2009) - a common
problem observed during analysis of the highly pigmented
fruits. The dark berries, currants, or grapes owe their color to
anthocyanins that appear red in acidic conditions and turn blue
when the pH increases (Khoo et al. 2017). The orange-colored
fruits such as apricot, grapefruit, and mango are rich in β-
carotene (Khoo et al. 2011), while apples are poorer in carot-
enoids (Caller and Mackinney 1965) but their peel might con-
tain up to 100–2160 mg of anthocyanins per kilogram
(Horbowicz et al. 2008). In the apple’s peel, however, total
pigment content is always higher than in the flesh indepen-
dently from the fruit cultivars (green, yellow, and red)
(Delgado-Pelayo et al. 2014). Pigments are co-extracted with
patulin and can interfere in chromatographic analysis (peak
overlapping, high matrix effects), contaminate LC system as
well as a mass spectrometer. Figure 2 presents extracts obtain-
ed from different fruits after extraction with ethyl acetate
(commonly used in LLE) and acetonitrile (commonly used
in QuEChERS). As can be seen, the amount of extracted from
the fruit pigments depends on pigment type, pH of a fruit pulp,
and solvent used for extraction. The carotenoid pigments are
more easily extracted using ethyl acetate, whereas extraction
of anthocyanins is favored in acetonitrile. It should be also
noted that lower pH facilitates pigments co-extraction (see

Table 3 Patulin presence in foods
dedicated for infants and young
children

Total Positive Patulin range in positive samples > EUa Country Reference

13 13 1.0–61.3 μg kg−1 6 Qatar (Hammami et al. 2017)

76 5 1.2–5.7 μg kg−1 0 Portugal (Barreira et al. 2010)

23 3 up to 0.5 μg kg−1 0 Italy (Piemontese et al. 2005)

11 2 13.1–17.1 μg kg−1 2 Italy (Ritieni 2003)

24 2 2.1–5.0 μg kg−1 0 Czech (Vaclavikova et al. 2015)

25 7 up to 165 μg L−1 7 Tunisia (Zaied et al. 2013)

30 19 1.2–67.3 μg kg−1 11 China (Yuan et al. 2010)

120 78 3.0–9.0 μg kg−1 0 Italy (Bonerba et al. 2010b)

a Number of samples exceeding EU recommendations (10 μg L−1 or 10 μg kg−1 )
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Fig. 2). Thus, for patulin analysis, the final extract should be
further purified to avoid overwhelming matrix effects and oth-
er unwanted impacts. Since traditional methods used for
patulin extraction were not satisfactory, recently the new
methodologies have been proposed. The summary of investi-
gations regarding the important aspects of sample preparation
for patulin analysis in fruits is presented below.

Pectin Removal

Pectin collectively relates to a group of heterogeneous poly-
saccharides present in primary cell walls and in the non-
woody parts of many terrestrial plants. This soluble fiber is

widely used in food industry as the gelling, stabilizing, and
thickening agent for jams, jellies, confectionery, and fruit
juices production (Srivastava and Malviya 2011). Citrus fruits
(grapefruits, lemons, oranges) and apples contain much more
pectin than cherries or grapes (Baker 1997). The enzymatic
hydrolysis of pectin improves both patulin recoveries and a
clarity of fruit juices or puree (MacDonald et al. 2000; Funes
and Resnik 2009). Depectinization is usually performed be-
fore chromatographic analyses of cloudy juices and solid ap-
ple products. The enzymatic hydrolysis of pectin is carried out
using pectinase with or without addition of amylase. The sam-
ples are incubated overnight at room temperature or for 2 h at
40 °C, centrifuged, and subjected to further preparation steps

Fig. 2 Comparison of extracts obtained from different fruits after
extraction with ethyl acetate (vials on a left side) or acetonitrile (vials
on a right side). The homogenized fruit pulps (10 g) were extracted
with 20 mL of proper organic solvent, shaken for 15 min using a see-

saw rocker, and centrifuged (8228×g, 10 min). The pH value was
estimated from three independent measurements for a grained fruit pulp
before extraction
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like extraction, purification. This approach allowed to obtain
recovery results for patulin analysis from cloudy apple juices
that complied with EU criteria (50–120% for < 20 μg kg−1 of
patulin spiked; 70–105% for 20–50 μg kg−1 of patulin spiked;
75–105% for > 50 μg kg−1 of patulin spiked) (European
Commission 2006b; Cho et al. 2010). Good 85.2–88.9% recov-
ery was also obtained for fruit juice (for 8.0–50.0 μg kg−1 of
patulin spiked) (Spadaro et al. 2008). Finally, employing
depectinization followed by a solid-phase extraction (SPE)
clean-up allowed for almost 100% recovery of patulin from
apple marmalade, jam, jelly, and pear marmalade (Funes and
Resnik 2009). It is important to note that depectinization step
may in some cases cause a significant patulin loss, probably due
to binding to proteins present in the solid residues of cloudy
apple juice (Baert et al. 2007). Other authors suggested that the
pectin hydrolysate may interfere with SPE clean-up resulting in
low patulin recoveries (from 53.1 to 63.9%) obtained for dried
apple rings (Katerere et al. 2008). Funes and Resnik have ob-
served the mycotoxin loss for apple puree at 10 and 50 μg kg−1

of patulin spiked after depectinization followed by SPE clean-
up. Nevertheless, the obtained recoveries (73–75%) still met
EU recommendations (Funes and Resnik 2009).

Liquid-Liquid Extraction

The first step in analysis of food is the extraction procedure. It
affects concentration and purity of the target compound in the
extracted sample. One of the commonly used extractionmethod
is a liquid-liquid extraction (LLE). In LLE, one or more species
are separated between two immiscible or partially miscible with
each other solvents. This approach has found numerous appli-
cations in analysis of aqueous samples, including studies fo-
cused on mycotoxins determination in a variety of foods.

The LLE using ethyl acetate followed by the sodium car-
bonate clean-up is a part of the Association of Official
Analytical Chemists (AOAC) official method 2000.02 recom-
mended for apple juice and apple puree preparation for HPLC-
UV analysis (MacDonald et al. 2000). Recently, this method
with or without some modification was applied for the myco-
toxin extraction from apple and other fruit juices (Li et al.
2007b; Spadaro et al. 2008; Barreira et al. 2010; Cho et al.
2010; Yuan et al. 2010; Forouzan and Madadlou 2014;
Zouaoui et al. 2015; Hammami et al. 2017) as well as for solid
samples (apples, pears, grapes, pineapples, baby food)
(Bonerba et al. 2010b; Karakose et al. 2015; Iqbal et al.
2018). The extraction step is frequently followed by clean-
up of the collected organic phase using sodium carbonate
(1.5–2.0% w/v) (Li et al. 2007b; Bonerba et al. 2010b; Cho
et al. 2010; Yuan et al. 2010; Zaied et al. 2013; Forouzan and
Madadlou 2014; Karakose et al. 2015; Zouaoui et al. 2015;
Iqbal et al. 2018) to remove the interfering polyphenols
(Marsol-Vall et al. 2014). Unfortunately, sodium carbonate
increases sample pH and causes patulin degradation, as

patulin is more stable in acidic medium. To avoid the problem,
the use of other salts such as sodium sulfate, sodium hydrogen
carbonate (Spadaro et al. 2008; Barreira et al. 2010), and al-
ternative SPE clean-up steps (De Clercq et al. 2016) have also
been tasted and incorporated into the extraction procedure.

The disadvantage of LLE is high consumption of organic
solvents and relatively long time of sample preparation for
analysis. The example procedure was performed to extract
patulin from 10 g of different apple-based products (apple
juices, apple juice concentrate, mixed apple juice, baby foods)
with 25 mL of ethyl acetate. After 3 min of vigorous shaking
and 5 min centrifugation, the aqueous phase was re-extracted
twice with 20 mL of ethyl acetate. The organic layers were
combined and further purified by several additions of sodium
carbonate (3 × 2 mL) and one 5 mL portion of ethyl acetate,
followed by shaking. After pH adjustment, evaporation to dry-
ness, reconstitution, and filtration, the samples were subjected
to chromatographic analysis (Yuan et al. 2010). This approach
resulted in excellent analyte recoveries for apple juice (92.0 and
98.0% for 10 and 100 μg kg−1 of patulin spiked, respectively).
However, this methodology is quite laborious, involves a large
ethyl acetate volume (70 mL per one sample), and generates
large quantities of hazardous wastes. Bonerba and others have
utilized LLE for baby foods pre-treatment (Bonerba et al.
2010b). The sample (10 g) was diluted in 10 mL of water and
then extracted thrice with 50, 25, and 15 mL of ethyl acetate.
Each time, the sample was shaken for 10 min and centrifuged
for 5 min to separate phases. The organic phase was collected
and shaken with 9 mL of sodium carbonate solution. After
phase separation, bottom layer (sodium carbonate solution)
was again extracted with 10 mL of ethyl acetate. The combined
organic layer was subjected for dehydration, evaporation, re-
constitution in a solvent, SPE purification, and filtration. This
multi-step protocol has provided good patulin recoveries for
baby food matrix (95% mean recovery for mycotoxin spiked
at 5–20 μg L−1). The downside of this procedure is a large
volume of ethyl acetate per one sample (100 mL) and a long
time required for sample delivery to chromatographic analysis.
Other examples of LLE application in patulin determination in
fruit matrices are presented in Table 4.

Recently, some interesting developments in LLE have been
applied for patulin determination. The good alternative for
traditional LLE during the pre-treatment of juices can be an
ultrasonic technique (Sargenti and Almeida 2010). In this
method, the mixture of two non-miscible solvents (water from
fruit matrix and an organic solvent) is sonicated (see Fig. 3a).
The technique allows for rapid extraction of several samples
simultaneously and reduces the amount of material and organ-
ic solvent (Sargenti and Almeida 2010). The technique has
been successfully applied for patulin extraction from apple
juice using ethyl acetate (Sargenti and Almeida 2010) and
whole apple using ammonium acetate-acetic acid solution in
methanol-water (95:5, v/v) (Christensen et al. 2009).
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Another promising and environmentally friendly method is
the dispersive liquid-liquidmicroextraction (DLLME). It is based
on injection of the extraction and disperser solvent mixture into
the aqueous sample containing target compounds. As a result, the
generated fine droplets display greater surface area between the
extraction solvent and the aqueous sample. This effect enhances
extraction efficiency. Following centrifugation of a cloudy solu-
tion, the sedimented phase is collected for analyte determination.

The advantage of this method is its simplicity, reduction to mi-
croliters in amount of organic solvents, and short preparation
time. The proposed methodology provides high extraction effi-
ciency and good reproducibility. The main steps of DLLME are
presented in Fig. 3b. Themethod has been used for patulin quan-
tification in apple juices and concentrates (Farhadi and Maleki
2011). In this work, acetonitrile as a dispersive solvent (1 mL)
and chloroform (0.5 mL) as an extraction solvent were applied.

Fig. 3 Scheme of a ultrasonic-
assisted liquid-liquid extraction
(ULLE), b dispersive liquid-
liquid microextraction (DLLME),
and c vortex-assisted liquid-liquid
extraction (VALLME)
methodology
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The vortex-assisted liquid–liquidmicroextraction (VALLME)
is an alternative LLE-based approach. Dispersion of
microvolumes of an extraction solvent into the aqueous sample
is achieved by vortex agitation. The generation of fine droplets
speeds up extraction process of the target compounds due to
shorter diffusion distance and greater extraction surface (Yiantzi
et al. 2010). After phase separation, the organic layer can be
collected and directly applied into the chromatographic system.
The principles of this technique are schematically presented in
Fig. 3c. It was successfully applied for patulin isolation from
apples, mango, and grapes juices (Abu-Bakar et al. 2014).

Solid-Phase Extraction

The solid-phase extraction (SPE) is another example of an
environment-friendly approach in sample preparation for
chromatographic analysis. The growing interest in SPE tech-
niques is related to multiple advantages over the traditional
LLE, i.e., reduction in sample amount and organic solvents
required for analysis, high recovery, and rapid procedure (Li et
al. 2007b). SPE is based on dissolving or suspending of sam-
ple in a solvent (such as acetonitrile) and passing the mixture
through a solid phase. It separates analytes based on difference
in compounds affinity to the sorbent. This approach allows for
isolation, concentration, as well as purification of target mol-
ecule. SPE has been appreciated by researchers studying
patulin contamination in variety of fruit products (juices, pu-
rees, jams) and was used separately (Li et al. 2007b; Funes and
Resnik 2009; Catana et al. 2011; Zhou et al. 2012) or in com-
bination with liquid-liquid extraction (Spadaro et al. 2008;
Barreira et al. 2010; Zaied et al. 2013; Karakose et al. 2015;
Seo et al. 2015; De Clercq et al. 2016) (Tamura et al. 2012).
Nevertheless, like any other technique, SPE has also some
limitations. It was not ideal for clarified juice, dried fruits, or
other complex fruit-based products (Ji et al. 2017).

There are somecommercially availableSPEcolumnsdedicat-
ed for patulin analysis in food, i.e., MycoSep 228 SPE column
was evaluated for patulin determination in domestic apple and
hawthorn beverages (Li et al. 2007a). In order to enhance the
efficiency of patulin separation from other fruit matrix compo-
nents, novel sorbents have been developed as an alternative solu-
tion to the commercially available SPE columns. Different poly-
mers as solid-phase sorbents have been investigated to clean-up
and pre-concentrate patulin from fruit products. Zhou and co-
workers developed the home-made polyvinylpolypyrrolidone-
florisil (PVPP-F) SPE columns for apple jam, apple, and haw-
thorn juices pre-treatment (Zhou et al. 2012).

Molecularly imprinted polymers (MIPs) have been also
proposed and used by Khorrami and Taherkhani (2011). The
oxindole molecule served as a dummy template to synthesize
MIPs capable of selective binding of the mycotoxin from ap-
ple juice. The polymer was prepared in the non-covalent ap-
proach based on a free radical polymerization of methacrylic

acid (functional monomer) and ethylene glycol dimethacrylate
(cross-linker). Unfortunately, the proposed method for MIPs
preparation is quite complicated and no significant improve-
ment of recoveries was observed (from 84.31 to 88.89%). Zho
and co-workers have proposed an alternative approach for
MIPs preparation by a radical so called Bgrafting from^ poly-
merization method (Zhao et al. 2011). A silica surface was
first pre-grafted with amino groups and in further steps the
synthesis of MIP was carried out in the presence of 6-
hydroxynicotinic acid (a template substitute), acrylamide
(functional monomer), and ethylene glycol dimethacrylate
(cross-linker). The final material was successfully applied as
the patulin-selective SPE sorbent. The obtained recoveries of
analyte during patulin analysis in apple juice were from 90.08
to 96.59% (Zhao et al. 2011).

QuEChERS

QuEChERS (acronym of Quick, Easy, Cheap, Effective,
Rugged, and Safe) is gaining significant popularity as the
sample pre-treatment method for chromatographic analysis
due to advantages included in its name. Traditionally, the
QuEChERS methodology involves an initial extraction of
10 g of a homogenized sample using 10 mL of acetonitrile
followed by the separation step after addition of a salt mixture
(4 g of magnesium sulfate anhydrous and 1 g of sodium chlo-
ride). The acetonitrile extract (1 mL) is further subjected to
purification by dispersive solid-phase extraction (dSPE)
employing 150 mg of anhydrous magnesium sulfate and
25 mg of primary secondary amine (PSA) sorbent
(Anastassiades et al. 2003). Dispersive SPE shows many ad-
vantages comported to traditional SPE such as elimination of
conditioning and elution steps, decreased sorbent consump-
tion, and obligatory use of additional equipment, i.e., vacuum/
pressure or flow control devices. In dSPE clean-up, the sor-
bents are chosen to selectively retain co-extracted, interfering
compounds from the sample matrix and to allow analyte re-
tention in the liquid phase. Several dSPE sorbents have been
tested to obtain satisfactory recoveries and accurate results,
i.e., PSA sorbent effectively removes many polar matrix com-
ponents, such as organic acids, polar pigments, and sugars
from the food extracts. The carbon-based sorbents provide
good removal of carotenoids, chlorophyll, and sterols, where-
as addition of octadecyl silica (C18) is recommended for sam-
ples rich in fat and waxes (Rejczak and Tuzimski 2015).

The original QuECHERS procedure has been modified
since then for better adaptation into the unique applications.
In case of patulin quantification in fruit matrices, the extrac-
tion solvents and composition of the salt mixture used for
separation and purification steps have been optimized.
Instead of acetonitrile (Marsol-Vall et al. 2014), methanol
(Vaclavikova et al. 2015), mixture of water, and acetonitrile
(Desmarchelier et al. 2011) or acetonitrile acidified with acetic
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acid (Sadok et al. 2018) can be used for patulin extraction. The
improvements in matrix compounds separation could be
achieved by introduction of buffering salts (sodium citrate,
sodium hydrogen citrate sesquihydrate) into traditional mix-
ture of magnesium sulfate anhydrous and sodium chloride for
better pH control and improved recovery rate (Marsol-Vall et
al. 2014; Sadok et al. 2018). The purification step is performed
using dSPE (Desmarchelier et al. 2011; Marsol-Vall et al.
2014; Sadok et al. 2018) and rarely by traditional SPE col-
umns (Tamura et al. 2012).

Despite many advantages, QuEChERS protocol consumes
relatively large amount of the extraction solvents compared to
mentioned above DLLME and VALLME approaches.
Furthermore, the efficiency of extraction strongly depends
on type and amount of salts used in salting-out step. The
procedure requires optimization step to determine the optimal
conditions that will prevent co-extraction of some undesirable
compounds from the sample matrix (e.g., sugars, pigments)
(Rejczak and Tuzimski 2015). Furthermore, QuEChERS
methodology requires subsequent clean-up of the obtained
extract that extends preparation time and cost of analysis.
The multi-step nature of QuEChERS favors target compound
loss. It is often controlled by addition of an internal standard at
an early stage of sample preparations step. Unfortunately, it
introduces a new factor that needs to be investigated during
method development.

QuEChERS methodology has been recently applied for
patulin determination in different fruits: apples, pears,
peaches, apricots, bananas, strawberries, grapes, plums, rasp-
berries, blackberries, blueberries, sour cherries (Anastassiades
et al. 2003; Desmarchelier et al. 2011; Marsol-Vall et al. 2014;
Sadok et al. 2018; Vaclavikova et al. 2015; Tamura et al.
2012).

Matrix Solid-Phase Dispersion

In the case of solid and semi-solid sample preparation for
chromatographic analysis, another technique, namely matrix
solid-phase dispersion (MSPD), seems to be worth consider-
ing. In this approach, sample is mechanically dispersed in a

solid support (mainly a C18 or C8-bonded silica), creating a
unique stationary phase that is then packed into an empty
cartridge. The applied sample is eluted with a proper solvent
and the obtained eluent is subjected for further actions (evap-
oration, reconstruction, analysis). The great advantage of the
technique is the simultaneous extraction and clean-up of the
target substances. However, this approach is fairly laborious
regarding sample/dispersant mixing and column packing with
obtained material. Furthermore, it requires relatively large vol-
umes of organic solvents for analyte elution (10–15 mL per
sample). In some cases, like during SPE, a column should be
washed before sample elution. This extra step increases total
time of sample preparation and amount of the organic solvents
(Wu et al. 2008). MSPD methodology has been tested for
patulin extraction from rot apple and apple juice concentrate
(Wu et al. 2008), as well as for other mycotoxin analysis in
baby food (Rubert et al. 2012).

Importance of Sample pH Control

Patulin is more stable in the slightly acidic medium (Valle-
Algarra et al. 2009) and optimal pH ensures satisfactory target
molecule recoveries. There are three critical points within a
whole preparation step at which pH should be taken into ac-
count (presented in Fig. 4). The initial pH adjustment might be
ensured at an extraction step. As shown recently, the extraction
using acetonitrile acidified with acetic acid (1%, v/v) has pro-
vided better patulin recoveries in strawberry matrix compared
to a pure acetonitrile (Sadok et al. 2018). Improvement of
patulin recovery in compotes and apple purees has been also
observed after addition of NaH2PO4 to ethyl acetate-hexane
mixture (94:6, v/v) (Valle-Algarra et al. 2009). It makes the
sample pH slightly acidic and protects patulin molecule from
degradation. As suggested, acidified solution helps in extraction
of the mycotoxin by breaking interactions between toxins and
other constituents (e.g., proteins and sugars) (Rahmani et al.
2009). On the other hand, the samples with lower pH show
tendency to produce extracts with higher amount of the co-
extracting compounds (Rejczak and Tuzimski 2015). This neg-
ative effect has been also shown in Fig. 2. At the later steps,

Fig. 4 Summary of the fruit
sample preparation for patulin
analysis with indication of pH
check point
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after extract clean-up, pH of the sample should be controlled to
avoid analyte loss, since some clean-up steps might increase
sample pH and endanger the stability of base-sensitive com-
pounds like patulin. This is commonly observed during
QuEChERS protocol after PSA clean-up in dSPE procedure.
In this case, pH of the purified extract could reach values in the
range from 8 to 9 (Rejczak and Tuzimski 2015). The similar
situation occurs after extract purification using Na2CO3 in a
typical LLE protocol. For this reason, sample adjustment with
glacial acetic acid to pH 4 is also practiced after different extract
purification procedures (Wu et al. 2008; Yuan et al. 2010;
Zouaoui et al. 2015; Iqbal et al. 2018). The last step when pH
is kept low is the final reconstitution of a sample before analy-
sis. The mobile phase used for sample reconstitution is fre-
quently acidified with acetic acid (Spadaro et al. 2008; Funes
and Resnik 2009; Barreira et al. 2010; Cho et al. 2010;
Forouzan and Madadlou 2014).

Patulin Quantification Using Liquid
Chromatography

Several chromatographic techniques are used for patulin anal-
ysis in food. Among the applied methods of mycotoxin deter-
mination, the thin-layer chromatography (TLC), high-
performance liquid chromatography (HPLC) coupled with
spectroscopic detectors, ultra-high-performance liquid chro-
matography coupled with tandem mass spectrometry (LC-
MS/MS), and gas chromatography (GC) are most often uti-
lized. HPLC with UV absorbance detectors and LC-MS/MS
systems are frequently used for patulin quantification in fruit
commodities, therefore we have summarized below the devel-
opments in this field within recent decade.

HPLC Methods with UV Absorbance Detection

The analysis using the HPLC coupled with ultraviolet (UV) or
diode array (DAD) detectors present the most popular chro-
matographic techniques used for patulin determination in dif-
ferent fruits and their products (see Table 5). The majority of
published articles in recent 10 years employing HPLC show
applicability of this method for mycotoxin quantification at
concentration of 10 μg kg−1 or 10 μg L−1 that meets the EU
recommendations for baby food (see Table 3). The HPLC
separation is frequently achieved using a mobile phase com-
posed of water and small amount of acetonitrile (5–10%, v/v).
Since patulin is more stable in acidic conditions, acidification
of the mobile phase with perchloric acid (Spadaro et al. 2008;
Gaspar and Lucena 2009; Barreira et al. 2010) and acetic acid
(Sargenti and Almeida 2010; Karakose et al. 2015; De Clercq
et al. 2016; Sadok et al. 2018) is also used. Due to themolecule
maximal absorbance at 276 nm, this wavelength is used for
patulin identification and quantification purpose (Li et al.

2007b; Spadaro et al. 2008; Barreira et al. 2010; Bonerba et
al. 2010b; Sargenti and Almeida 2010; Cho et al. 2010;
Khorrami and Taherkhani 2011; Catana et al. 2011; Farhadi
and Maleki 2011; Zaied et al. 2013; Marsol-Vall et al. 2014;
Forouzan and Madadlou 2014; Zouaoui et al. 2015; Karakose
et al. 2015; De Clercq et al. 2016; Ji et al. 2017; Sadok et al.
2018; Iqbal et al. 2018). Unfortunately, detection based on this
wavelength suffers from low selectivity due to obstructing
phenolic compounds, especially 5-hydroxymethylfurfural (5-
HMF) (structure shown in Fig. 1) present in the analyzed sam-
ple. This aldehyde is formed during thermal treatment of food
as an intermediate product of acid-catalyzed degradation of
hexose and decomposition of 3-deoxyosone in the Maillard
reaction (Fallico et al. 2008). In literature, there are reports
showing negative and positive influence of 5-HMF on human
and animal health, such as mutagenic (Monien et al. 2012),
carcinogenic (Zhang et al. 1993), antioxidative (Li et al. 2009),
and anti-allergic (Alizadeh et al. 2017) effects. In fresh fruits,
5-HMF is nearly undetectable, in contrast to processed food,
where it is found at significant levels (Kus et al. 2005). Thus, it
might be a good marker to evaluate thermal damages or aging
in food products. 5-HMF is also the most common interfering
contaminant observed during mycotoxin determination in
apple-derivative samples (Cho et al. 2010; Lee et al. 2014).
Patulin and 5-HMF exhibit strong UV absorption, similar re-
tention time under chromatographic conditions, and conse-
quently tendency to peak overlapping. The structures of both
compounds were compared in Fig. 1. The improvements in
separation of patulin and 5-HMF peaks presented the analyti-
cal challenge undertaken in many HPLC-UV studies. Finally,
the optimal conditions for apple and apple-based products
analysis have been established (Gaspar and Lucena 2009;
Abu-Bakar et al. 2014; Lee et al. 2014; Karakose et al. 2015).

LC-MS Methods

The liquid chromatography–mass spectrometry (LC-MS) is
overall used in food analysis because of its versatility, specific-
ity, and selectivity. The majority of studies focusing on patulin
monitoring in fruits utilize the LC coupled with triple quadru-
pole electrospray tandem mass spectrometer (LC-QQQ) oper-
ated in negative-ion mode. The ion of m/z 153 (corresponding
to a patulin molecule after proton lost, [M–H]−) is frequently
chosen as the precursor ion characteristic for patulin. The mo-
bile phase composed of water and methanol or water and ace-
tonitrile with addition of acetic acid (Tamura et al. 2012;
Hammami et al. 2017) or ammonium acetate (Christensen et
al. 2009;Malachová et al. 2014; Seo et al. 2015; Vaclavikova et
al. 2015) is used for this mycotoxin analysis. Unfortunately,
due to high polarity of target molecule, the LC-MS analysis
suffers from low sensitivity. It is a result of patulin poor ioni-
zation under both electrospray (ESI) and atmospheric pressure
chemical ionization (APCI) conditions (Vaclavikova et al.
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2015). Matrix effects, observed as a suppression or enhance-
ment of signal from a target molecule, must be also considered
when performing LC-MS analysis of complex matrices, i.e.,
fruit samples. The application of an isotopically labeled stan-
dard of patulin and a matrix-matched methodology minimize
these effects and are generally employed when developing an-
alytical methods for patulin quantification.

The LC-MS analytical protocols are most often developed
for multi-target analyses. Such approach compromises sensi-
tivity of the method andmight be insufficient for patulin quan-
tification at legislative limits set by EU for baby food. For
example, LC-QQQ has been applied for simultaneous deter-
mination of 33 pesticides or degradation products together
with patulin in apples (Christensen et al. 2009). The achieved

limit of quantification (LOQ) for patulin was 40 μg kg−1 with
recoveries in the range from 86.0 to 101.0%. In another work,
the LC-MS/MS approach has been used for determination of
295 fungal and bacterial metabolites along with patulin quan-
tification (Malachová et al. 2014). The method has been val-
idated on four different foodmatrices: apple purees, hazelnuts,
maize, and green pepper. The obtained LOQ for patulin in
apple matrix was 119.7 μg kg−1 with recoveries of 77%.
Tamura and co-workers have applied LC-QQQ protocol for
patulin and 13 other mycotoxins quantification in white and
red wines after SPE clean-up. LOQ for patulin was 5 μg L−1

with recoveries of 78% (Tamura et al. 2012). To overcome
sensitivity drawback, several single-target LC-MS methods
that employed more sophisticated sample pre-treatment have

Table 5 Comparison of the achieved parameters during patulin quantification in fruit and derived products using HPLCmethod (data published since
2007)

LOD
(μg kg−1)

LOQ
(μg kg−1)

LR
(μg kg−1)

Detector Recovery
range (%)

Application Reference

1.2 3.9 8.0–100.0 a PAD 53.0–74.0 Apple juice and puree (Barreira et al. 2010)

2.91a 9.71a 6.25–400.0a DAD 88.4–96.6 Apple juice (Catana et al. 2011)

10.0a 50.0a 10,000.0–300,000.0a UV 86.5b Concentrate, apple, pear and mixed juice,
compotes, apple, and pear jam

(Zouaoui et al. 2015)

100.0a 300.0a 10,000.0–150,000.0a UV 70.0–82.0 Apple and mixed juice, baby food (Zaied et al. 2013)

0.21a 0.70a 20.7–207.2a UV 80.2–94.7 Apple and mixed juice (Sargenti and Almeida 2010)

1.7–3.8 2.9–6.3 2.5–240.0a VWD 73.0–105.0 Apple marmalade, jam, jelly and puree,
pear marmalade

(Funes and Resnik 2009)

5.0a 15.0a 100.0–1000.0 UV 86.0b Apple juice (Forouzan and Madadlou 2014)

0.04 0.12 10.0–300.0a UV 85.5–93.7 Apple, pear, grape, fruit juices, smoothies (Iqbal et al. 2018)

6.0a 8.0a 10.0–500.0a PAD 96.1–115.7 Apple, grape and orange juice (Cho et al. 2010)

1.2 1.8 1.2–1000.0 UV 92.0–98.0 Apple juice and concentrate, mixed juice,
baby food

(Yuan et al. 2010)

6.0 – 6.0–10,000.0 UV 85.2–103.2 Apple and apple juice concentrate (Wu et al. 2008)

0.09 a 0.26 a 50.0–1000.0a DAD 91.0–94.0 Apple juice, balsamic vinegar (Gaspar and Lucena 2009)

– – 10.0–50.0a DAD 53.1–63.9 Dried apple rings (Katerere et al. 2008)

1.2 1.7 – DAD 85.2–89.5 Pear, peach, apricot, mixed juice (Spadaro et al. 2008)

– – 5.0–50.0a DAD 95.0b Baby foods (Bonerba et al. 2010b)

2.6–7.5 8.0–15.0 5.0–1000.0a VWD 75.6–118.5 Dried longan (seedless), dried fig,
dried hawthorn, raisins, apple juice,
apple jam

(Ji et al. 2017)

1.5 5.0 5.0–100.0 DAD 98.9–103.6 Strawberry (Sadok et al. 2018)

3.99 9.64 2.5–250.0 DAD 86.8–100.0 Apple juice and jam, hawthorn juice (Zhou et al. 2012)

0.28–0.31a – 0.5–100.0a DAD 90.0–112.0 Apple, grape and mango juice (Abu-Bakar et al. 2014)

5.0 – 5.0–10,000.0 UV 96.4–114.1 Apple juice concentrate (Li et al. 2007b)

4.0 5.0–8.0 0–10,000.0a UV 77.0–113.0 Apple juice and puree (De Clercq et al. 2016)

4.0a – 8.0–40.0a DAD 94.0–97.0 Apple juice and concentrate (Farhadi and Maleki 2011)

0.005 0.016 200.0–600.0a UV 84.3–88.9 Apple juice (Khorrami and Taherkhani 2011)

0.25a 0.76 a 5.0–5000.0a UV 92.8–106.0 Apple, mango, pineapple, guava, lychee,
tamarind, soursop, mixed juices

(Lee et al. 2014)

LOD limit of detection, LOQ limit of quantification, LR linear range, PAD photodiode array detector, DAD diode array detector, UV ultraviolet detector,
VWD variable wavelength detector
a Values in μg L−1

bMean recovery
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been proposed for patulin quantification. Application of the
in-tube solid-phase microextraction (SPME) coupled with
LC-MS has resulted in an excellent detection limit of
23.5 ng L−1 in water (Kataoka et al. 2009). The method was
used for patulin determination in different fruit juices (apple,
grape, orange, blueberry, lemon, pear, mango, coconut) and
dried fruits (apple, apricot, kiwi, prune, pineapple, papaya,
mango, fig). Recoveries estimated for apple juice matrix was
above 92%. In addition, involvement of QuEChERS tech-
nique for apple and pear-based commodities preparation be-
fore LC-MS/MS analysis resulted in better recoveries
reaching 94–104% and LOQs up to 10 μg L−1 for all tested
matrices (Desmarchelier et al. 2011). The more advanced LC
method with triple quadrupole analyzer has also been applied
for individual patulin determination in four different apple
matrices (juice, fruit, puree, and compote) (Beltrán et al.
2014). The obtained LOQs for all matrices were in the range
from 2 to 15 μg kg−1 with average recoveries from 71 to
108%. The LC-MS/MS has been successfully used for patulin
monitoring in a variety of fresh fruits including apples, pears,
apricots, peaches, bananas, grapes, plums, strawberries, rasp-
berries, blueberries, blackberries, sour cherries, and their prod-
ucts (juices, pulps) (Vaclavikova et al. 2015). The following
transitions were recorded in case of the mycotoxin analysis:
213.0 > 152.9 (quantifier), 213.0 > 109.0 (qualifier).
Employing a combination of the QuEChERS procedure and
the SPE clean-up enabled an effective removal of matrix com-
ponents and pre-concentration of patulin that resulted in limits
of quantification ranging from 1 to 2.5 μg kg−1and good re-
coveries. In some work, the authors have utilized LLE follow-
ed by SPE clean-up and LC-MS/MS quantification of patulin
in apple juice, ground fruit, and jam using (Seo et al. 2015).
The method provides satisfactory LOQs in the range from 0.8
to 2.4 μg kg−1. Most recently, LC-MS/MS has been also ap-
plied for single-target monitoring of patulin content in apples
and apple-based products (Hammami et al. 2017).

New Directions in Patulin Analysis: Summary
Remarks

The apple juices are frequently monitored for patulin presence
due to high probability of contamination by this mycotoxin. The
LLE approach set by AOAC was sufficient for patulin isolation
from juicematrix (MacDonald et al. 2000). However, themethod
employs several extraction steps using large volumes of ethyl
acetate and sodium carbonate that promotes patulin degradation.
Therefore, other extraction methods like ULLE, DLLME, and
VLLME have been adopted for the mycotoxin isolation from
fruit matrix. These methodologies provide good extraction effi-
ciency simultaneously with reduction of organic solvent con-
sumption. Furthermore, they are faster and easier to perform
compared to the traditional LLE that importantly meets green

chemistry recommendations. However, LLE-derived techniques
may fail in term of chromatographic analysis of patulin in more
complex matrices like dried or pigmented fruits (berries, sour
cherries) or their products. It brings the necessity to adjust
existing or to develop new analytical protocols, i.e., more sophis-
ticated sample preparation. Different sample components that
strongly affect chromatographic peak resolution and ionization
efficiency are a reason for unsatisfactory recovery and in conse-
quence make patulin quantification difficult at the legislative
levels. Recent advances in this field mainly focused on adjust-
ment of SPE and QuEChERS. It allowed for development of
effective protocols for removal of interfering compounds (like
phenolic molecules) from the complex fruit matrices.
Application of molecularly imprinted polymers (MIPs) as SPE
sorbents and introduction of different modifications into the orig-
inal QuEChERS protocol have been proposed in order to im-
prove sample clean-up and patulin pre-concentration.

AlthoughHPLC-UVmethod is still preferably used for this
mycotoxin analysis in fruit commodities, it suffers from ex-
tended time of analysis (vital for good peak resolution) and
consequently quite large mobile phase consumption.
Therefore, the UHPLC systems followed by mass spectrom-
etry detection are favored over HPLC-UV method that is be-
ing slowly displaced in organic compounds analysis.

Importantly, due to patulin poor ionization in a mass spec-
trometer source, this toxin is frequently omitted from a list of
multi-target mycotoxin analysis. Instead, it is individually de-
termined employing separate protocol. It seems to be the one
of the main obstacles that inhibits development of multi-
mycotoxin approaches and great care must be paid to resolve
the patulin sensitivity problem on the future path of LC-MS-
based methods.

Conclusions

Increased public awareness of health and food quality is
reflected in studies currently undertaken by many researchers.
Mycotoxin contamination is one of the popular topic and it
includes patulin quantification by LC in different fruit com-
modities. Consumption of the mycotoxin-contaminated fruits
presents health risk and mycotoxin level should be strictly
controlled, especially in baby food. The recent developments
allowed for highlighting frequent occurrence of patulin in a
variety of fruits including mostly studied apples, other stone
fruits, as well as pigmented fruits and derived products.

The need for monitoring of complex fruit matrix to guar-
antee an effective control of food toxin level resulted in im-
provements of chemical tools. Developments in analytical ap-
proaches focus on new strategies for sample pre-treatment and
chromatographic analysis to achieve detection levels meeting
the regulatory recommendations. The trend in using multi-
compound analysis presents the very attractive approach in
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terms of time and cost. Additional work needs to be done to
identify optimal analytical conditions allowing for testing of the
complex fruit matrices with low amount of patulin contamina-
tion. Until then, the single compound analysis for patulin quan-
tification might be necessary to meet the analytical standards
for baby food testing according to the EU recommendations.
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