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Mycotoxins contaminate cereals and cereal-
based products in general, however, growth of 
toxinogenic fungi is also observed on some fruits. 
The most widespread mycotoxins in fruits and fruit 
products are patulin (PAT), ochratoxin A (OTA), 
aflatoxins and Alternaria toxins [1–3]. Processing 
of fruits, in particular of apples, is widely related to 
contamination with PAT. Besides apples, PAT was 
detected in grapes, pears, peaches, apricots, straw-
berries, blueberries [4] and dried figs [5]. PAT is 
produced by fungi Penicillium spp., Aspergillus spp. 
and Byssochlamys spp., of which the most expan-
sive is the species Penicillium expansum, known as 
blue rot mould. This fungus is capable of produc-
ing 800–12 500 μg of PAT per 1 kg of rotten apple 
tissue [6]. PAT can survive thermal treatment in 
food processing [7] as well as the temperature 
of 0  °C [6]. With respect to carcinogenic effects 
of PAT to humans, International Agency for Re-
search on Cancer (IARC) has classified PAT as 

Group 3 carcinogen (not classifiable as to its carci-
nogenicity to humans) [8].

The toxic effect of PAT can elevate other my-
cotoxins being present in apple products, for 
example OTA. OTA is a nefrotoxic toxin damaging 
kidneys and urinary tract [9], classified as group 
2B carcinogen by IARC (i.e. as possibly carcino-
genic) [8]. OTA is generated by fungi Aspergillus 
ochraceus, A. carbonarius and Penicillium verru-
cosum [9]. Analogous to PAT, OTA is relatively 
stable at high temperatures and only partially 
degrades in fermentation. OTA occurs mainly in 
wines and has not been identified in apple juice so 
far, even though it is produced by the same fungi 
as PAT [10]. Previous investigations showed that 
apples may contain OTA-producing moulds not 
always capable of producing OTA [11]. 

Within the context of mycotoxins’ toxicity, in-
fants and small children are considered as the most 
at risk as they are low in their body weight and 
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(99.7 %) and disodium hydrogen phosphate were 
from Merck (Darmstadt, Germany); compressed 
nitrogen gas (technical purity 4.0) was from Siad 
Slovakia (Bratislava, Slovakia). 

Equipment
For the standard solutions and sample prepa-

ration, the following equipment was used: ul-
tra violet visible near infrared (UV-VIS-NIR) 
spectrophotometer UV 3600 (Shimadzu, Kyoto, 
Japan); analytical scales Mettler AE 200 (Mettler 
Toledo, Columbus, Ohio, USA); microprocessor 
pH meter HI 223 with glass body combination 
pH electrode HI 1131P (Hanna Instruments, 
Woonsocket, Rhode Island, USA); orbital shaker 
OS-20 (Biosan, Riga, Latvia); ultrasonic bath 
UC 005 AJ1 (Tesla, Praha-Strašnice, Czech Re-
public); oil suction pump (Reglerwerk, Dresden, 
Germany); 12-port solid phase extraction (SPE) 
vacuum manifold (Phenomenex, Torrance, Cali-
fornia, USA); centrifuge 2-16KC (Sigma Aldrich); 
air dryer KCW-100 (Premed, Marki, Poland); de-
vice for preparation of deionized water Rodem 6 
(Ecotest, Topoľčany, Slovakia); immunoaffinity 
columns (IAC) Ochraprep and molecularly 
imprinted columns (MIP) EASIMIP Patulin 
(R-Biopharm Rhône); SPE columns Oasis HLB 
(3  ml/60 mg; Waters, Milford, Massachusetts, 
USA); syringe filters of 0.45 µ m pore size with 
methylcellulose membrane and a  fast filtration 
paper KA 3, 150 mm diameter (Fisher Scientific, 
Hampton, New Hampshire, USA). 

A liquid chromatograph system Agilent 
Technologies 1100 Series (Agilent Technolo-
gies, Santa  Clara, California, USA) consisted of 
a quartenary pump, degasser, auto-sampler, diode 
array detector (DAD) and fluorescence detec-
tor (FLD). The tested columns for PAT analy-
sis were Column  1: Zorbax SB-C18, 250 mm × 
4.6  mm, 5 µ m particle size (Agilent Technolo-
gies); Column  2: monolithic column Chromolith 
Performance RP-18e, 100 mm × 4.6 mm (Merck); 
Column 3: Purospher STAR RP-18e, 250 mm  × 
4.6  mm, 5 µm particle size (Merck). For OTA 
analysis, only Column 1 was used.

Preparation of standard solutions
Stock solution of PAT (concentration of 

200 µ g·ml-1) and PAT stock calibration solution 
(concentration of 10 µg·ml-1) were prepared in 
accordance with MACDONALD et al. [14]. The 
stock solution was stored frozen at –20 °C for 
a  maximum of 3 years until restored with a new 
PAT reference material. During this time, the 
mass concentration (in micrograms per gram) of 
the PAT stock solution was determined minimally 

may consume more frequently potentially conta
minated food. Therefore, the maximum allowable 
limits are set stricter for mycotoxins in baby food. 
Codex Alimentarius Joint Expert Committee for 
Food Additives and Contaminants (JECFA) has 
implemented the Provisional Maximum Tolerable 
Daily Intake (PMTDI) of 0.4 µg·kg-1 body weight 
(bw) per day for PAT in apple juice and apple 
products for all age groups [12]. The maximum 
limit for PAT has been stated at 50 µg·kg-1 in apple 
juice, but since PAT is found in many types of fresh 
or processed fruits and vegetables, the regulatory 
level of 25 µg·kg-1 for solid products and 10 µg·kg-1 
for food for infants and young children has been 
set [13]. Regarding OTA, the European Commis-
sion has drafted the OTA level of 0.5 µg·kg-1 for 
baby food and processed cereal-based food for in-
fants and young children [13]. 

PAT and OTA incidence in baby food was 
widely reported in recent years, including cereals 
and cereal-based products, but only limited infor-
mation is available on fruit- and vegetable-based 
products for babies such as apple purées or other 
processed fruit-based products. Therefore, the 
purpose of this work was to elaborate two inde-
pendent liquid chromatographic methods with 
diode-array and fluorescence detection for PAT 
and OTA determination, respectively, in order to 
monitor their presence in apple-based products 
intended for infants and small children. The out-
comes of study originate from the several years‘ 
monitoring programme in Slovakia.

Material and methods

Material
Reference materials of OTA (99 %), PAT 

(99.7  %) and 5-hydroxymethylfurfural (HMF) 
(99  %) were obtained from Sigma-Aldrich 
(St.  Louis, Missouri, USA). Pectinase enzyme 
solution (activity 1400 U·g-1) was obtained from 
R-Biopharm Rhône (Glasgow, United Kingdom). 
All used chemicals were of analytical purity or 
purity grade “for high performance liquid chro-
matography” (HPLC). Acetonitrile (ACN) and 
methanol (MeOH) Chromasolv were from Sigma-
Aldrich; glacial acetic acid (99.6 %) and toluene 
were from AFT (Bratislava, Slovakia); ethyl ace-
tate was from Centralchem (Bratislava, Slovakia); 
diethyl ether was from Mikrochem (Pezinok, Slo-
vakia); potassium dihydrogen phosphate, potas-
sium chloride, sodium chloride and hydrochloric 
acid (35 %) were from Lachema (Brno, Czech 
Republic); sodium hydrogen carbonate was from 
Slavus (Bratislava, Slovakia); absolute ethanol 
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twice in order to check stability of the solution. 
The stock calibration solution of PAT was pre-
pared as follows: the volume of PAT stock solu-
tion, which contained exactly 10 µg of PAT, was 
evaporated under nitrogen stream and the residue 
was dissolved in 1 ml of 0.1 % acetic acid. The 
working calibration solutions were prepared from 
the stock calibration solution by its dilution with 
0.1 % acetic acid in the range of concentrations 
12.5–500 ng·ml-1 (corresponding to contents of 
5.7–188.5 µg·kg-1). The working calibration solu-
tions were prepared freshly on the day of use.

The OTA stock solution (concentration 
1.25 mg·ml-1) was prepared by dissolving 5 mg of 
crystalline OTA in 4 ml of the mixture toluene-
acetic acid in a ratio of 99 : 1 (v/v). The stock cali-
bration solution (0.125 mg·ml-1) was prepared as 
follows: 0.5 ml of OTA stock solution was evapo-
rated under nitrogen stream and residue was 
dissolved in 5 ml of the mobile phase for OTA 
determination (deionized water-ACN-acetic acid, 
49.5 : 49.5 : 1 (v/v/v)). The working calibration so-
lutions were prepared freshly from the stock cali-
bration solution by its dilution with OTA mobile 
phase in the range of 0.00013–1.25 µg·ml-1 (cor-
responding to contents of 0.03–312.50 µg·kg-1). 
The storage conditions for OTA stock solution 
and OTA stock calibration solution corresponded 
to those of the PAT stock solution. The stability 
of OTA stock calibration solution was checked by 
HPLC analysis through peak area response. 

Preparation of phosphate-buffered saline solution
Phosphate-buffered saline (PBS) necessary 

for OTA analysis was prepared by dissolving 8.0 g 
sodium chloride, 1.2 g disodium hydrogen phos-
phate. 0.2 g potassium dihydrogen phosphate and 
0.2 g potassium chloride in 990 ml of deionized 
water. The pH value of the solution was adjusted 
to 7.4 with hydrochloric acid. The total volume of 
the solution was made up to 1000 ml.

Samples
All samples came directly from the pro-

duction of a major Slovakian manufacturer of 
fruit- and vegetable-based baby food (Novofruct 
SK, Nové  Zámky, Slovakia). Within the years 
2013–2019, 89 single-component purée samples 
(based on apples or cherries) as well as multi-com-
ponent samples based on apples, pears, banana, 
strawberries, blueberries, plums, apricots, cran-
berries, mango and peach were analysed. Further, 
25 purée samples based on apples, other fruits and 
cereals or pseudo-cereals, such as wheat, buck-
wheat, oat or millet flakes, cultivated flax, and 
quinoa, were tested for OTA. The purée samples 

(ready to be placed on market) were delivered in 
original commercial packages, i.e. in sterile glass 
bottles or food grade torch packages, which were 
stored at laboratory temperature for maximum 
10 days. In case of intermediary products, single-
component purées in a non-commercial package 
(ready to further processing), these were stored at 
5–7 °C for maximum 5 days. 

Preparation of samples for patulin analysis
Two types of SPE column were tested that are 

recommended for clean-up and concentration of 
extracts with PAT content.

1. Solid phase extraction by EASIMIP Patulin
The first step in sample preparation procedure 

was incubation of the purée sample with pectinase. 
An amount of 10 g of purée was weighed into 
a plastic centrifugation tube and then 10 ml of wa-
ter and 150 µl of pectinase solution were added. 
The stoppered tube was manually shaken for 20 s 
and then incubated at 40 °C for 2 h. Afterwards, 
the sample was centrifuged at 700 ×g for 20 min 
and the obtained supernatant was filtered through 
a fast speed paper filter. In next steps, the sample 
filtrate underwent cleaning on EASIMIP Patu-
lin columns using SPE vacuum manifold. Each 
column was conditioned with 2 ml of 100% ACN 
and immediately afterwards with 1 ml of deionized 
water passing through the column at a flow rate of 
1 drop per second. Then, 5 ml of the sample fil-
trate was loaded onto wet surface of the column’s 
filling at a flow rate of 1 drop per 2 seconds and, 
afterwards, the columns were washed with 4 ml 
of 1% acetic acid and 4 ml of deionized water. 
Columns were dried with air to remove residual 
liquid and then, 0.5 ml of 100% diethyl ether was 
added and the columns were again dried with air. 
PAT was eluted with 2 ml of 100% ethyl acetate. 
Then, 10 µl of 100% acetic acid was added to the 
eluate and, after intensive mixing, the solvent was 
evaporated by nitrogen gas at 35–45 °C. Finally, 
the residue was dissolved in 0.5 ml of 0.1% acetic 
acid.

2. Solid phase extraction by Oasis HLB
Incubation of purée samples with pectinase was 

performed in the same manner as described above 
for Procedure 1. The procedure of PAT extraction 
described by EISELE and GIBSON [15] was per-
formed with a modification, when an SPE multi-
port vacuum manifold was used instead of manual 
application of plastic syringes. Each SPE column 
was conditioned with 2 ml of deionized water, 2 ml 
of MeOH and again with 2 ml of deionized water. 
Then, 2.5 ml of the extract was loaded onto a wet 
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surface of the column’s filling. After the sample 
had passed through, the column was washed with 
2 ml of 1% sodium hydrogen carbonate solution 
followed by 2 ml of 1% acetic acid and then dried 
with air for 8–10 min. PAT was eluted with 1 ml 
of a mixture ethyl acetate-diethyl ether (1 : 9, v/v). 
The obtained eluate was dried by nitrogen stream 
and the residue was dissolved in 0.25 ml of 0.1% 
acetic acid.

Preparation of sample for ochratoxin A analysis
To 25 g of a  purée sample in a conical flask, 

100 ml of the mixture ACN-water (60 : 40, v/v) was 
added, vortex-mixed at approximately 3.0 Hz for 
20 min and then ultrasonicated for 10 min. The 
sample was filtered through a fast filtration paper 
and then, a volume of 44 ml of PBS was added to 
4 ml of the filtrate and intensively mixed. SPE-IAC 
columns Ochraprep were tempered to labora-
tory temperature during several hours and then 
conditioned with the PBS solution being present 
in the column. The entire volume of the diluted 
extract (48 ml) was applied onto IAC and let to 
pass through by gravity. The columns were washed 
with 20 ml of PBS and dried with air for 8–10 min. 
OTA was eluted with 2 ml of 100% MeOH. The 
obtained eluate was dried by nitrogen stream and 
the residue was dissolved in 0.25 ml of the mobile 
phase.

Final HPLC conditions
In PAT analysis, DAD was used at 276 nm. The 

mobile phase consisted of A: ACN-water (5 : 95, 
v/v) and B: 100% ACN. The following programme 
of gradient elution was used: 0–15 min: 100 % A – 
0 % B, 15–18 min: 20 % A – 80 % B, 18–30 min: 
20 % A – 80 % B, 30–32 min: 100 % A – 0 % B, 
32–40 min: 100 % A – 0 % B. The flow rate of the 
mobile phase was 1 ml·min-1, injection volume 
was 100 µl and separation column temperature 
was 30  °C. In OTA analysis, FLD excitation was 
set at 333 nm and emission wavelength was set 
at 460  nm. The mobile phase was ACN-acidified 
water (20 ml of acetic acid in 1 litre) in a ratio of 
50 : 50 (v/v) at a flow rate of 1 ml·min-1, injection 
volume was 100 µl and separation column tem
perature was 25 °C.

Identification of mycotoxins
Mycotoxins were identified by retention times 

and by spectral analysis, which comprised com
paring the sample peak spectrum with that of pure 
standards by Agilent chromatographic software 
ChemStation (Agilent Technologies) and stored in 
a home spectra library (component part of Chem-
Station). The spectra of PAT scanned with DAD 

over the wavelength range of 190–400 nm were 
utilized for identification as well as for check-
ing the peak purity of PAT in tested samples. For 
identification of OTA, the spectra in the excitation 
range 220–380 nm and emission range 300–500 nm 
were used. 

Validation of methods
For validation of the described methods, cali-

bration/linearity, limit of detection (LOD), limit 
of quantification (LOQ), precision, accuracy, un-
certainty of the measurement (U), selectivity, and 
ruggedness were estimated. The calibration data 
acquired by analysis of six calibration solutions in-
cluding blank sample were processed through the 
linear regression diagnostic by Excel XP software 
(Microsoft, Redmont, Washington, USA). LOD 
and LOQ were calculated on the basis of blank 
sample analysis according to the equations: 

𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑋𝑋0 + 3𝑠𝑠𝑥𝑥  	 (1)

𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑋𝑋0 + 10𝑠𝑠𝑥𝑥 	 (2)

in which X0 is an average area and sx is a standard 
deviation of an average area.

Precision was expressed as repeatability rela-
tive standard deviation (RSDr) of the mean of five 
replicates of standard solutions (expressed in per-
cent). Recovery rate (R) as a measure of accuracy 
(expressed in percent) was calculated from spiked 
purée sample at three different content levels, 
using the formula: 

  
𝑅𝑅 =  (𝐶𝐶𝑆𝑆  −  𝐶𝐶𝑁𝑁𝑁𝑁

𝐶𝐶𝐴𝐴
) × 100 	 (3)

in which CS is content of mycotoxin in spiked 
sample, CNS is content of mycotoxin in unspiked 
sample and CA is content of mycotoxin in the 
spiking solution. Content was expressed in micro-
grams per kilogram. 

The extended uncertainty of the measurement 
(U), which equals 2·UC with covering factor of 2, 
was an associated of type A (UA) and type B (UB) 
uncertainty, arising from extraction and analyti-
cal processes (not from sampling). Selectivity was 
determined by measuring resolution (RS) of the 
mycotoxin peak from interfering peaks. Addition-
ally, in PAT analysis, assessment using match fac-
tor spectral analysis was accomplished, in which 
an internal criterion for purity factor was set at 
≥ 995. In the evaluation of ruggedness, some varia-
tions in methods’ parameters were tested within a 
longer time period to define their susceptibility to 
outer changes (e.g. new lots of mycotoxin standard 
and solvents, fluctuation of ambient temperature, 
slight changes in analytical equipment stability).
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The studied matrix for method validation was 
baby apple puree free from PAT (in PAT deter-
mination) and apple purée with pears and bis-
cuits for babies, with natural OTA content of 
0.17 ± 0.09 µg·kg-1 (in OTA determination).

Results and discussion

Optimization of chromatographic separation
In this part of the study, a model solution 

of pure PAT and HMF without fruit matrix was 
used. Various procedures were tested for PAT 
determination with different mobile phase com-
position (ACN-water in ratios 1 : 99, 5 : 95, 20 : 80 
(v/v); ACN-1% acetic acid in ratio 1 : 99 (v/v), two 
flow rates of the mobile phase (1.0 ml·min-1 and 
0.5 ml·min-1) using various separation columns 
with a non-polar sorbent C18 operating at 30 °C. 
The goal was to obtain a symmetric peak of PAT, 

which should be well distinguished from HMF, the 
dominant interfering compound present in ther-
mally processed apple products. The tested param-
eters are given in Tab. 1. Applying Column 1, two 
split peaks of PAT were obtained, presumably due 
to the silica sorbent without end-capping, which 
may be a source of secondary interactions between 
PAT and sorbent particles. Despite unique fea-
tures of monolithic end-capped silica with a bimo-
dal pore structure, Column 2 was not capable to 
sufficiently separate PAT and HMF that eluted to-
gether in one peak. Slight modifications of mobile 
phase composition and flow rate adjustment did 
not improve the separation of the two components 
on this column. Finally, Column  3 was selected, 
which allowed very good separation of the two 
peaks and much better peak symmetry for PAT. 
Isocratic elution with mobile phase of ACN-water 
in ratio 5 : 95 (v/v) at a flow rate of 1.0 ml·min-1 was 
used for the first 15 min of elution to reliably sepa-

Tab. 1. Variables determined for chromatographic resolution of patulin 
and hydroxymethylfurfural in a non-matrix model solution.

Mobile phase 
composition (v/v) [%] 

Mobile phase
flow rate [ml·min-1]

Retention time [min]
Peak symmetry 

of patulin
Column 1 ACN-water 5 : 95 1.0 PAT 10.218 + 11.135 –

ACN-1% AA 1 : 99 1.0 PAT 14.590 + 15.519 –

Column 2 ACN-water 20 : 80 1.0 PAT 3.024 0.667

ACN-water 5 : 95 1.0 PAT 3.041 0.671

ACN-water 5 : 95 0.5 HMF + PAT 6.003 0.720

ACN-water 1 : 99 0.5 HMF + PAT 7.245 0.731

ACN-1% AA 1 : 99 0.5 HMF + PAT 9.111 0.754

Column 3 ACN-water 5 : 95 1.0 HMF 10.219, PAT 12.738 0.960

ACN-1% AA 1 : 99 1.0 HMF 15.118, PAT 17.901 0.883

HMF – hydroxymethylfurfural, PAT – patulin, ACN – acetonitrile, AA – acetic acid.
Column 1: Zorbax SB-C18, 250 mm × 4.6 mm, 5 µm particle size (Agilent Technologies); Column 2: Chromolith Performance 
RP-18e, 100 mm × 4.6 mm (Merck); Column 3: Purospher STAR RP-18e, 250 mm × 4.6 mm, 5 µm particle size (Merck).

Fig. 1. Chromatogram and absorption spectra of hydroxymethylfurfural and patulin in a model solution.

HMF – hydroxymethylfurfural, PAT – patulin.
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rate HMF and PAT with an average retention time 
difference of 2.5 min (Fig.  1). Analysing purée 
samples, gradient elution with addition of ACN 
was involved after 15 min of elution, in order to 
elute from the column other more retentive com-
pounds originating from the matrix. 

Regarding OTA, an analytical procedure 
previously developed in our laboratory for cereals 
and cereal-based products [16] was used as 
described in the foregoing section „Final HPLC 
conditions “.

Optimization of extraction procedure

Patulin
AOAC Official Method 2000.02 [17] employing 

HPLC with UV detection is applicable to deter-
mine PAT at > 25 ng·g-1 in clear and cloudy apple 
juices and apple purée using two-stage liquid-
liquid extraction (LLE) with ethyl acetate and 
washing with sodium carbonate solution for PAT 
in clear juices. Cloudy juice and purée are pre-
treated with pectinase to improve their clarity 
and increase recovery of PAT. Using this tech-
nique, various LOD values were attained in the 
range of 1.0–5.0 µg·l-1 for juices [18–20]. Less 

laborious approaches were also investigated, in-
volving single-stage extraction of PAT from apple 
juices with solvents such as ethyl acetate, ACN, or 
a mixture of ACN and chloroform [21–23], with 
comparable LOD values. The newer version of 
the European standard EN 15890:2010 [24] offers 
LLE with ethyl acetate and hexane in presence of 
sodium carbonate and sodium sulfate, and sub-
sequent purification of the fruit purée extract 
by SPE on silica gel. That method was validated 
for a range of products for babies including also 
products other than apple juices and purées. 

In the present work, the widely used LLE pro-
cedure was excluded and SPE for clean-up was 
studied on the basis of IAC and MIP principle. 
First, several combinations of extraction solvents 
(ACN, ethyl acetate) with various treatment (or-
bital shaker/ultrasonic bath; centrifugation/filtra-
tion; vacuum/nitrogen evaporation) were tested, 
though yielding a coloured and pectin-like resi-
due. Therefore, pectinase was used at 40 °C for 2 h 
for purée depectinization and liquification. After 
centrifugation and filtration, the obtained homo
genous clear extract was submitted to clean-up 
on SPE Oasis HLB columns (the stationary phase 

Tab. 2. Recovery rates of clean-up columns in patulin determination.

SPE column

Oasis HLB (Waters) EASIMIP Patulin (R-Biopharm Rhône)

Volume taken to SPE [ml] 2.50 5.00

Volume before injection [ml] 0.25 0.50

Theoretical level of patulin contamination Recovery rate [%]

10 µg·kg-1 89 ± 11 (n = 5) 83 ± 17 (n = 5)

50 µg·kg-1 79 ± 8 (n = 4) 90 ± 17 (n = 4)

100 µg·kg-1 92 ± 6 (n = 3) 91 ± 2 (n = 3)

SPE – solid phase extraction, n – number of measurements.

Fig. 2. Chromatogram of apple purée with a patulin content of 50 µg·kg-1.

Framed peaks represent extracted matrix components with higher retention than patulin. HMF – hydroxymethylfurfural, PAT – 
patulin.
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being a macro-porous co-polymer of lipophilic 
divynil benzene and hydrophilic N-vinyl pyrro-
lidone) and on EASIMIP Patulin columns. The 
columns were handled according to recommenda-
tions [15, 25]. An optimal volume of the extract 
taken for SPE was examined simultaneously with 
a  volume necessary to dissolute the residue ob-
tained after solvent evaporation. Both tested SPE 
columns showed good efficacy in retention capaci-
ty and recovery rate of PAT (Tab. 2). However, due 
to economy, Oasis HLB columns were chosen for 
further work. 

Because of presence of some matrix consti
tuents in the obtained extracts, the analytical run 
was adapted to avoid accumulation of more non-
polar components together with PAT in the sepa-
ration column. Therefore, after isocratic elution 
that took approximately 15 min, gradient elution 
was involved with pure ACN for next 15 min. As 
can be seen in Fig. 2, all undesired apple matrix 
components eluted between 20th and 25th min. 
After 30th min, the chromatographic system 
started adjusting the conditions for next analysis. 

Ochratoxin A
The procedure for OTA extraction from fruit-

cereal based purées, which is characterized in 
detail in the section „Preparation of sample for 
ochratoxin A analysis”, closely resembles that the 
one that had been previously developed in our 
laboratory for cereals and cereal-based products 
[16]. In this work, only one small modification was 
done concerning blending. Because baby purée is 
a high-moisture matrix, slower mixing at ≈3.0 Hz 
instead of ≈3.7 Hz was used after addition of the 
extraction mixture. Extraction of OTA by SPE 
using specific IAC columns was utilized provid-
ing reliable results, as it was established in the 

previous work [16]. Fig. 3 illustrates the reliable 
separation of OTA from other matrix constituents 
by our method.

Performance of methods
The parameters for single laboratory validation 

of both methods and system suitability parameters 
are listed in Tab. 3. The calibration measurements 
were carried out with series of pure standard solu-
tions of PAT (from 12.5 ng·ml-1 to 1 000 ng·ml-1) 
and OTA (from 0.1 ng·ml-1 to 62.5 ng·ml-1) using 
six content levels including blank sample. Indi
vidual calibration curves were constructed by 
linear least-squares regression with high linear 
relationship between the two variables fitting to 
a straight line (correlation coefficients r2 > 0.999). 
The probability p-values of slope and intercept in-
dicated significant non-zero statistics at p ≤ 0.05 
(95% confidence level) except for the value of 
PAT intercept (Tab. 3). The LOD and LOQ values 
were determined from five measurements of the 
blank matrix sample as defined in Eq. 1 and Eq. 2. 
The LOD value for PAT (5.8 µg·kg-1) was in a good 
agreement with other published methods, in which 
the same type of SPE column for clean-up was 
used (LOD ≈ 5–10 µg·l-1  for apple juices) [15, 26]. 
Repeatability (Tab. 3) was determined at two con-
tent levels of 10.5 µg·kg-1 and 47.0 µg·kg-1 for PAT, 
and 0.20 µg·kg-1 and 15.75 µg·kg-1 for OTA. The 
corresponding values of RSDr complied with the 
official criteria for repeatability set for PAT (RSDr 

≤ 30 % and RSDr ≤ 15 %, respectively), as well as 
for OTA (RSDr ≤ 40 % and RSDr ≤ 20 %, respec-
tively) [27]. Recovery rates of both methods were 
determined using a purée sample spiked with the 
mycotoxin at three different content levels (Tab. 3) 
and they also fell within the interval of method 
performance requirements, i.e. 50–120 % for PAT 

Fig. 3. Chromatogram of multicomponent purée with a natural ochratoxin A content of 0.12 µg·kg-1.

The purée consisted of apple, banana and buckwheat. OTA – ochratoxin A.
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levels lower than 20 µg·kg-1 and 70–105 % for PAT 
levels within the interval of 20–50 µg·kg-1, as well 
as the recovery rate of 50–120 % for OTA levels 
lower than 1 µg·kg-1 and 70–110 % for OTA levels 
within the interval of 1–10 µg·kg-1 [27].

Based on validation characteristics, both 
methods provided good sensitivity and precision. 
The use of SPE offers complete clean-up of the 
purée extract with an expectation of lower mate-
rial loss in comparison with methods using con-
ventional LLE with clean-up and washing with 
a  carbonate solution. However, the combination 
of LLE without carbonate followed by SPE on an 
Oasis HLB cartridge [28] could provide recovery 
rates as well as LOD and LOQ values comparable 
to those presented in this work. 

Selectivity was studied in order to obtain op-
timal peak shape of the studied mycotoxins and 
differentiation from interfering matrix compo-
nents during chromatographic separation. The 
study involved optimization of PAT and HMF 
separation for a sample without matrix and then 
for matrix-containing samples. Due to variability 
of multi-component purée samples, the numeri-

cal parameters of peak symmetry, peak resolu-
tion and selectivity factor are listed as an interval 
of acquired values (Tab. 3). As can be seen from 
the data in Tab. 3, the values of peak symmetry for 
OTA and PAT shifted towards 1, so almost every 
peak showed some degree of fronting or tailing. 
Excellent peak resolution of Rs ≥ 2.0 was achieved 
for both mycotoxins at samples with high variabil-
ity of composition. Similarly, the selectivity factors 
greater than 1 could demonstrate good separation 
power in the used system of adsorbent-mycotoxin-
elution mixture, which was more stable for PAT. 
Identity and peak spectrum purity at PAT analysis 
was checked by DAD in each purée sample to con-
firm absence of an undesirable matrix component. 

PAT control solution of 0.25 µg·ml-1 was used 
for estimation of peak area stability within two 
years by repetitive measurements each 3 months. 
Within this period, the conditions were influenced 
by new lots of PAT standard, solvents for mobile 
phase, SPE columns, as well as by changes in am-
bient temperature in course of seasons. The al
terations also included a fluctuation of the ana-
lytical system. The results of observations were 

Tab. 3. Validation and system suitability parameters for determination of ochratoxin A and patulin in fruit purée.

Ochratoxin A Patulin

Linear range [µg·kg-1] 0.12–15.75 6.9–170.0

Correlation coefficient r2 0.9997 0.9999

Slope  0.96 × 10-5 1.9345

Intercept –38.48 × 10-5 –4.6607

Standard error of slope 21.26 × 10-9 0.021456

Standard error of intercept 0.41 × 10-4 2.641905

p-value of slope 4.48 × 10-6 0.91 × 10-7

p-value of intercept 1.67 × 10-3 0.15248

Limit of detection [µg·kg-1] 0.06 5.8

Limit of quantification [µg·kg-1] 0.12 6.9

Repeatability RSDr at different content level [%] 21.1 (0.20 µg·kg-1) 1.6 (10.50 µg·kg-1)

5.3 (15.75 µg·kg-1) 0.1 (47.0 µg·kg-1)

Recovery rate at different content level [%] 78 ± 10 (0.60 µg·kg-1) 89 ± 11 (10.0 µg·kg-1)

97 ± 8 (5.20 µg·kg-1) 79 ± 8 (50.0 µg·kg-1)

105 ± 5 (10.20 µg·kg-1) 92 ± 6 (100.0 µg·kg-1)

Uncertainty U at different content level [%] 82 (0.20 µg·kg-1) 52 (10.5 µg·kg-1)

18 (15.75 µg·kg-1) 9 (47.0 µg·kg-1)

Retention time* [min] 9.011 ± 0.066 12.403 ± 0.166

Peak width W50.0* [min] 0.223–0.302 0.202–0.211

Efficiency (plates)* 7 944–9 251 18 615–20 656

Symmetry * 0.86–1.29 0.81–0.88

Resolution RS* 5.84–6.77 6.90–7.93

Selectivity* 1.11–1.95 1.23–1.25

* – parameters acquired from data-processing software ChemStation (Agilent Technologies). 
p-value of slope or intercept at 95% confidence level; peak width W50.0 means the peak width at 50 % of the peak height. 
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evaluated as relative standard deviation of rug-
gedness (RSD), which was 20.3 %. Stability of 
OTA control solution of 0.013 µ g·ml-1 was ob-
served during two months when a new lot of OTA 
standard and a new separation column were used. 
For these variations, the RSD value was 2.3  %. 
The small deviations of parameters acquired 
within these time intervals indicated good equip-
ment integrity and stability of both methods in 
their routine usage.

Applicability of methods
Applicability of the suggested methods was 

verified by analysing a broad range of domestic 
purée products for babies during six years that 
comprised variability of the products. The results 
in Tab. 4 show that majority of samples contained 
no detectable amounts of mycotoxins. The posi-
tive findings of PAT (5.6 % incidence) were mostly 
related to intermediary products of apple purée, 
which contained a maximum of 15.4 µg·kg-1 PAT. 
Four out of five positive samples contained PAT 
at a level of LOQ (approximately 6.9 µg·kg-1). 
Regarding OTA, the highest level of 0.20 µg·kg-1 
was recorded in one complex purée sample made 
from apple, banana, mango and cereals. The 
sample with the second highest OTA content 
(0.12 µg·kg-1) was a  purée made from apple, ba-
nana and buckwheat. Incidence of OTA in the 
bulk of analysed samples was 8.0 %. None of the 
examined samples did show any co-occurrence of 
both mycotoxins.

Concerning other similar studies to compare, 
21 fruit purée samples for babies were tested in Tu-
nisia with no detectable PAT contamination [29]. 
A later Tunisian study revealed 28 % incidence of 
PAT contamination in baby foods, in particular in 
juices, in which the concentration of PAT exceeded 
the tolerable limit of 10 µg·l-1 [30]. In a Portuguese 
report that included apple-based food products for 
babies from conventional and organic sources, one 
sample containing PAT at a level slightly below the 
EU limit (9.1 µg·kg-1) was found [31]. Barreira 
et al. [32] found PAT contamination in 23 % of 
tested apple purée samples, at contents in the 
range of 1.2–42.0 µg·kg-1. Furthermore, ten apple 

purée samples labelled as organic food, which 
were inspected in Italy, were found to contain PAT 
at levels 17.7 µg·kg-1 and 13.1 µg·kg-1 [33]. By con-
trast, alarming contamination with PAT was found 
in apple purée samples in Argentina, at 50% inci-
dence and with average content of 123.0 µg·kg-1 
[34]. 

Conclusion

The methods developed and validated in this 
study enrich the armamentarium of analytical 
methods for quantification of PAT and OTA in 
fruit purées with or without addition of cereals. 
Parameters of the methods are fully comparable 
with the currently most used procedures. The ad-
vantages of our methods are: (1) simplified sample 
preparation without LLE, which implies faster 
manipulation without possible material loss; (2) 
more complete clean-up of extracts by SPE; (3) 
improved control of peak purity by DAD, which 
is important in particular at PAT analysis of multi-
component fruit-based samples. 

Both methods were optimized and validated 
independently, and were utilized in a long-term 
monitoring programme of commercial fruit-based 
and fruit-cereal purées for babies produced in 
Slovakia. In frames of this, low incidence of PAT 
and OTA (5.6 % and 8.0 %, respectively) was 
found except for one sample of apple purée (in-
termediary product) containing 15.4 µg kg-1 PAT, 
thus exceeding the EU limit value of 10 µg·kg-1 
established for PAT content in baby products. 
Co-occurrence of both mycotoxins was not con-
firmed in any analysed sample with fruit-cereal 
components. This work contributes to knowledge 
of occurrence of PAT and OTA in fruit-based and 
fruit-cereal purées for babies.
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Tab. 4. Content of mycotoxins in single- and multi-component purée samples.

Mycotoxin
Number 

of analysed samples 
Number 

of positive samples
Content in positive samples 

[µg·kg-1]
EU limits for baby foods

[µg·kg-1]

Ochratoxin A 25 2 0.12–0.20 0.5

Patulin 89 5 6.9–15.4 25 / 10 *

* – the level of 25 µg·kg-1 is assigned to apple purée intended for direct consumption; the level of 10 µg·kg-1 is assigned to apple 
purée for infants and young children and labelled and sold as such.
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