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Patulin is a high-hazardous mycotoxin formed in apples affected by the fungus. This mycotoxin,
when ingested, has the irreversible effect of deteriorating health. Most often, patulin enters the
human body through processed apple products or baby food. The countries of the European Union
have decided to reduce the level of the maximum residue level of patulin in apples to the lowest that
can be measured by analytical instruments. Therefore, the aim of this work is to develop a rapid
and sensitive method of patulin determination for the lowest level detection allowed by European
law.

In this work, patulin was artificially added to apple puree at the level of 10 ug/kg for further
detection. The analysis was performed on an LC-MS/MS system with electrospray ionization type
and a column based on modified silica. The mobile phase used in the analysis was ultrapure water
and acetonitrile with the addition of formic acid. Measurement of the quantity of PAT in the sample
was performed using MRM transitions. Subsequently, there was a problem of significant inclusion
of the matrix on the spectrum, but the problem was solved by using cartridges for cleaning of
matrix impurities. As a result, we achieved a successful and accurate result at level of 10 ug/kg. A
calibration curve was felicitously constructed for five different concentrations. The most important
parameters of validation of the method use were determined — reproducibility, repeatability,
recovery and linearity. The final result of this work is the development and implementation of a
rapid, cost-effective and suitable method for determining patulin at the level of the maximum
residue level.
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1. Introduction damage and the subsequent process of

attachment and reproduction of fungi [2].

Patulin (in further PAT) is a mycotoxin
that is a byproduct of fungi such as
Penicillium, Aspergillus and Byssochlamys.
PAT is mostly formed in apples and apple
juice, but sometimes it can be found in pears,
plums, apricots, strawberries and grapes [1].
PAT is produced in the so-called "brown rot"
of apples. The main stimulators of PAT
formation are improper storage and
transportation of apples, which leads to their
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When processing apples into apple juice
or puree, they go through several stages, such
as homogenization, pulping, pasteurization,
clarification, concentration. These processes
can reduce the concentration of PAT in the
fruit, but they do not completely neutralize or
even significantly reduce the amount of PAT.
All this is due to the high thermal stability of
this mycotoxin in an acidic environment.
Therefore, with a high initial content of PAT
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in apples, the subsequent stages of processing
of apple products will be powerless.

The only way is appropriate agricultural
methods before, during and after the harvest.
These methods may include treatment with
fungicides and biocontrol agents, careful
harvesting, necessary treatment in case of
fruit falling and low temperatures for the
harvested crop [3].

Patulin, whose full name (according to
IUPAC) is 4-hydroxy-4H-furo [3,2-c] pyran-2
(6H) -one, is a heterocyclic lactone. It has a
molecular weight of 154.12 g/mol and it is
low volatile. It is heat-resistant and stable in
aqueous solutions at temperatures between
105-125 °C and at pH = 3.5-5.5. In a more
alkaline environment, the decomposition of
mycotoxin is observed [4]. The structural
formula of patulin is shown in Figure 1.

OH

Fig. 1. Structural formula of Patulin

The lethal dose of LD50 for mice
ranges from 25 to 55 mg/kg body weight. For
chickens, turkeys, ducks and other poultry,
this figure is little bit higher - 170 mg/kg body
weight. Toxicity of PAT sharply increases at
intravenous dose. The most common signs of
mycotoxin  intoxication are  agitation,
convulsions, pulmonary congestion, edema,
and distension of the gastrointestinal tract [5].

Contact with PAT in mammals can lead
to ulcers, internal bleeding in the stomach and
intestines and inflammation.  Significant
neurotoxicosis was observed in some
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livestock species. The kidneys are very
sensitive to PAT and when it enter the body,
there is a high probability of their
hemorrhage. In experiments on mice, there
were also frequent cases confirming the
carcinogenicity of PAT - at the maximum
dose of patulin, the formation of tumors and
sarcomas was observed [6].

Due to the danger of mycotoxin, the
World Health Organization and Food and
Drug Administration (FDA) of USA and the
European Union (EU) have proposed to
reduce the maximum residue levels of PAT in
apples and apple products as follows: fruit,
fruit juice, concentrated apple juice, nectar,
cider and other fermented beverages - 50
po/kg; solid apples, compotes, purees,
intended for direct consumption - 25 pg/kg;
apple juice, compotes, purees for infants and
young children - 10 pg/kg. [7-8]. In
accordance to this values, it will be very
appropriate to develop and further use high-
sensitive methods for PAT determination with
high accuracy.

The aim of this work is to develop a
method for PAT determination in apples and
apple products using HPLC system with triple
quadrupole mass spectrometer.

2. Material and methods

All samples of solid apples were
collected in Cherkasy district, Ukraine,
harvest from 2021. Apple variety name is
Goldi.

The PAT analytical standard was
purchased from Romer Lab’s (Tulln, Austria),
a liquid standard sample in acetonitrile. All
standard and working solutions of PAT were
prepared in acetonitrile and stored in the
freezer at -18 °C. The solvent used for mobile
phase preparation - acetonitrile was ordered
from Honeywell (Seelze, Germany), LC-MS
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grade. Formic acid as an additive component
for mobile phase was purchased from
Honeywell (Seelze, Germany), LC-MS grade.
Ultrapure water was made in our laboratory
using the Millipore installation. Ethyl acetate
solution ordered from Sigma-Aldrich (Saint
Louis, USA), HPLC grade was used for
extraction. Also QueChERs cartridges for
sample’s cleaning were chosen from Supelco,
Superclean PSA/MgSO4/Discovery DSC-18
(55439-U) (Merck, Germany).

All  chromatographic  measurements
were performed on Agilent Infinity I
1290/6460 with a triple-quadrupole mass
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spectrometric  detector with electrospray
ionization (USA). MassHunter was used as
program for measurement’s monitoring and
result’s calculation. Separation was performed
using an Agilent InfinityLab Poroshell SB-
C18-120 2.1x100 mm column. pore size - 2.7
microns (USA). Thermostat temperature - 40
°C. Mobile phases used - A: water with 0.1%
FA; B: ACN with 0.1% FA. Gradient for
phase B: 0 min - 10%; 2.40 min - 42%; 6.00
min - 51%; 6.20 min - 90%; 7.20 - 90%; 8.00
min - 10%. The flow is 0.4 ml/min. PAT
parameters for the mass spectrometer are
shown in Table 1.

Table 1. Mass spectrometric Patulin’s parameters

Mycotoxin’s Precursor ion, Daughter ions, Collision —
: lonizationmode
name (m/z) (m/z) energies, eV
. 109.1 3 ESI ~ (negative)
Patulin 153 81.2 10 ESI ~ (negative)

The apple samples were gritted into
apple puree. 10 g of homogenized puree (
0.1 g) was weight into a 50 ml centrifugal
tube. The samples were spiked with a
standard of PAT solution at 10 pg/kg (0.01
mg/kg) and mixed. 10 ml of ethyl acetate was
added into each test tube and shake
vigorously for 5 min on a shaker. The samples
were placed in a centrifuge at 10,000 rpm for
10 min. After centrifugation, it was decided to
clean the samples using cleaning cartridges
QUECheRs, as previous studies have shown
that apple puree makes a significant matrix
contribution, which can lead to false-positive
or false-negative results. After purification,
the sample is filtered through a 0.2 um PTFE
syringe filter directly into a chromatographic
vial.

After full extraction procedure all used
glassy flasks which were contacted with
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patulin solution should be washed and rinced
with 9% hydrogen peroxide solution.

The validation of the method was
performed in accordance with Commission
Decision 2002/657 / EC (7, p. (). Linearity
was measured at five points from 10 pg/kg to
100 npg/kg. The linearity index was R"2 =
0.9934, which is satisfactory. Other
parameters — repeatability, reproducibility and
recovery were in optimal ranges, so developer

method was successfully validated and started
to be used in routine analyses.

3. Results and discussion

This article presents a simple method
for determination of PAT in apple puree. The
method is based on simple and fast extraction
of the sample with ethyl acetate. The method
allows to obtain high recovery value of
extraction and reproducibility. A 81.2 m/z
daughter ion was selected for quantification in
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the batch. The abundance’s ratio of these two
MRM transitions was used to conclusively
identify PAT.

To investigate the matrix effect,
extraction and chromatographic measurement
of pure apple puree without spiking as a blank
were performed. The puree sample with
addition of PAT at the level of 10 pg/kg
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without cleaning and cleaned sample with
PAT addition at the level of 10 pg/kg are
shown in Figure 2,3, respectively.

As can be seen from Figures 2, the
matrix contribution of apple puree is
significant and almost completely covers the
peak of spiked patulin. In addition, the peak
was tailed.
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Fig. 2. Uncleaned spiked sample at the level 10 pg/kg

After cleaning on QueChERs cartridges
(Fig. 3.) there is a significantly improved
baseline and a much clearer and more visible
patulin peak is identified (in accordance to
current scale). The peak is symmetrical,
smooth and not tailed. At the first MRM
transition (81.2), which was chosen as the
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quantification, there is a significant reduction
in the matrix effect

During the construction of the
calibration curve, the linearity shown in
Figure 4 was obtained. The calibration curve
consisted of 5 points: 10, 25, 50, 75 and 100
ug/kg, respectively
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Fig. 3. Cleaned spiked sampleat the level 10 pg/kg
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Fig.4. PAT calibration curve linearity
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Validation of the method showed that
the extraction method is quite effective, has
satisfactory values of recovery, the results are
reproducible in  several attempts. The
repeatability values between the parallels did
not exceed the values allowed for PAT.
According to Commission  Regulation
401/2006 / EC (8, p.70/32), RSD must be less
than 40%. The values of the recovery are also
quite accurate, repeatable and do not exceed

Table 2. Validation parameters for PAT
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permitted in  Commission  Regulation
401/2006 / EC (8, p.70/32), i.e., kept within
50-120% for the spiked concentration of 10
ug/kg. The results of the method validation
parameters are shown in Table 2. The
obtained results show that this method can be
used to determine the content of patulin in
apples, apple products and baby food at the
levels approved in Europe.

Mycotoxin’s | Spiked level, | Recovery RSD RSD LOQ,
name Hg/kg value, % | Repeatability, % | Reproducibility, % | pg/kg
i 101 2.9
Patulin 10 99 30 2.1 10

4. Conclusions

Patulin is a dangerous and thermostable
mycotoxin that producing in spoiled apples by
fungus. The main stages of processing of raw
apples do not give significant degradation of
PAT. Therefore, the question of controlling
the patulin content in apples and apple
products has arisen quite acute. The
developed method is high-sensitive, effective
and fast for PAT determination in apple puree
according to regulatory documentation. After
complete validation and several internal
laboratory controls, it was decided that this
method is suitable for routine tests to
determine patulin in food products in
accordance with European legislation.
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Ilamynin — eucokonebe3neyHuil MiKOMOKCUH, WO YMBOPIOEMbCA 8 ADIVKAX, YPAHCEHUX SPUOKOM.
Lleti mikomoKcuH, nompaniayu cepeouny, MAac He360POMHUU eheKm NO2ipuieHHs 300p08’ 1.
Hatiuyacmiwe namynin nompanise 6 opeauizm mOOUHU Yepe3 NpOoOYKmu nepepooxu s01yK abo
oumsue xapyyeanns. Kpainu €sponeiicokozo Coro3y eupiwiunu 3HUUMU PiGeHb MAKCUMATLHO2O
3aMUWKOB020 6MICMY NAMYIIHY 6 AONYKAX 00 HAUHUNCUO20, AKULL MONCHA BUMIDAMU 34 OONOMOOH0
aunanimuyHux npunadig. Tomy memoro danoi pobomu € po3poodKa weUOK020 ma Yymiaueo2o Memooy
BUBHAYEHHS NAMYNIHY HA HAUHUNCUOMY Di6HI, 003601€HOMY EBPONEUCHKUM 3AKOHOOABCMBOM.

B oanii pobomi O6yno 63amo 6 ananiz sa6ayuHe niope i3 WmyyHo 6HeCeHo0 000A8KO NAMYIiHA HA
pisni 10 mkelke. Ananiz 30iticniosascs na cucmemi LC-MSIMS 3 munom ionizayii — erekmpocnpetl
Ma KOJIOHKOW HA OCHOBI MOOugikosanozo cunikazeno. Mobinbna ¢asa, wo euxopucmosysanacs
npu auanizi, 6yna yrempaducma 6004 ma AyemoHimpuir 3 000ABKOI MYPAWUHOI KUCTOMU.
Buwmiprosanusn smicmy IIAT y 3pasky nposoounocs 3 euxopucmanuim MRM nepexodie. 3200om
BUHUKIIA NPOOIEMA 3HAYHO20 BKIIOYEHH MAmMpuyi Ha cnekmpi, npome npooiema 6yna upiuiena 3a
00NOMO20 BUKOPUCMAHHS KAPMPUOIICIE 01l OYUWEHHS 810 MAMPUUHUX 0oMIuoK. B pesynomami
MU docsienu 80anoe0 ma moyno2o pesyiomamy Ha pieni 10 mxelke. Boanocsa ycniwmo no6ydyeamu
KaniopysanvHy Kpugy 01 n'amu pizHux Konyenmpayii. bynu eusnaueni Havgaxdciugiui napamempu
ganioayii 6UKOPUCMAHHS Memoody — 30IdCHICMb, 8I0MBOPIOBAHICMb, NOBEPHEHHS MA JIHILUHICMb.
Ocmamounum pe3yrbmamom yiei pobomu € ycniuHa po3pooKa ma 8npo8adNHCeHHs UWBUOKO2O,
EeKOHOMIUHO-8U2IOH020 MA NIOX00AU020 MemOoOy GU3HAYEHHS NAMYIIHY HA PIGHI MAKCUMATbHO-
oonycmumoi KoHyeHmpayii.

Knwuosi cnoea. sbnyune niope, piounna xpomamozpaghii, Mac-cnekmpomempis,
MIKOMOKCUH, NAMYJIIH
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