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Mycotoxins are toxic secondary metabolites of fungal origin, the major mycotoxins of food concern are
aflatoxins and ochratoxin A. Due to the wide range of matrices susceptible to mycotoxin contamination,
the possible co-occurrence, and the very wide range of concentration, validated versatile multi-mycotoxin
and multi-matrix methods are strongly requested. A reversed phase HPLC method for the simultane-
ous determination of aflatoxins and ochratoxin A in baby foods and paprika was set up. Three bulk
samples were prepared according to commercial availability, one for paprika and for baby foods, two

Iéi{lvrv;rg;n A different bulks were set, a corn based and a multi-cereal based baby food. A single-laboratory validation
Aflatoxins was performed, for each investigated level ten analyses were performed, relative standard deviations of
Baby foods repeatability (RSD;) and recovery factors were calculated; RSD; values ranged from 2% to 10% for AFB;
Paprika and from 3% to 10% for OTA, while the recovery factors ranged from 86% to 96% for AFB; and from 77% to

96% for OTA. The checked compliance of the RSD; and recovery with the values reported in the current
EU Regulations confirmed the fitting for purpose of the method. Limit of detection and LoQ values of the
method were respectively 0.002 and 0.020 pg/kg for AFB; and 0.012 and 0.080 p.g/kg for OTA in baby
foods; and 0.002 and 0.200 p.g/kg for AFB; and 0.012 and 0.660 p.g/kg for OTA in paprika. The current
method represents a good example of the possibility of a multi-mycotoxin and/or a multi-matrix analysis

depending on the laboratory research or official control purposes.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Mycotoxins are toxic secondary metabolites of fungal origin,
commonly present as contaminants in different relevant food crops,
such as cereals, nuts, and spices. These contaminants show a wide
spectrum of toxic effects, including carcinogenicity, immunotox-
icity, neurotoxicity, and teratogenicity. To date, more than 300
mycotoxins are known, even if the public health concerns are
mainly focused to less than twenty [1]. For this reason, regulations
have been set in more than 100 countries worldwide [2]. Among
mycotoxins, two of the most relevant mycotoxins of food concern
are aflatoxins (AFs) and ochratoxin A (OTA).

Aflatoxins are produced by strains of Aspergillus flavus, para-
siticus and nomius [3]. A. flavus produces B aflatoxins only, while
the two other species produce both B and G ones. Toxic effects
of aflatoxins include genotoxic (aflatoxin B;), carcinogenic, muta-
genic, teratogenic, and immunosuppressive activity [4]. Aflatoxin
B1 (AFBy) is classified by the International Agency for Research on
Cancer (IARC) as Group 1, carcinogenic to humans [5].
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Ochratoxin A is mainly produced by some species of Aspergillus
and Penicillium, particularly A. ochraceus, A. carbonarius, A. niger and
P. verrucosum. Ochratoxin A is a potent nephrotoxin, immunotoxin,
mutagen and teratogen [6]. The genotoxicity of OTA has been pos-
tulated in vivo and in vitro [7] but it has been revised by Mally and
also stated by the European Food Safety Authority [8,9]. IARC has
classified OTA in group 2B, possible human carcinogen [5]. OTA is
also associated with Balkan Endemic Nephropathy, which is a fatal
human kidney disease [10,7].

Aflatoxins and OTA can occur in a wide range of raw commodi-
ties, including cereals, nuts, cocoa, coffee, dried fruit and spices and,
due to their stability to the industrial processing, they can also occur
in the derived products.

Infants are considered a vulnerable group of the population and
they are more susceptible to mycotoxin exposure than adults since
they have a restricted diet, rich in cereals, and consume more food
onabody weight basis than adults. As a consequence, EU legal limits
for mycotoxins in baby foods are much lower than the limits set for
all other regulated matrices.

On the other hand, spices, despite their low intake from the
population with the diet, are characterized from higher levels of
contamination, and therefore legal limits are quite higher corre-
spondingly.
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Due to the legislative provisions regulating mycotoxin levels in
food and feed, a large amount of analyses for official control pur-
poses is carried out to ensure the food safety. Due to the wide
range of matrices susceptible to contamination, the possible co-
occurrence, and the very wide range of mycotoxin concentrations,
validated versatile multi-mycotoxin and multi-matrix methods are
strongly necessary.

The aim of this study was to set up a RP-HPLC method for the
simultaneous determination of aflatoxins and ochratoxin A in baby
foods and paprika. These two matrices were chosen because of
the co-occurrence of the selected mycotoxins. Moreover, the dif-
ference in legal limit values gave the opportunity to make available
a method suitable in such a wide range of applicability. The limits
for AFB; and OTA in baby foods are 0.10 and 0.50 p.g/kg, respec-
tively, while for paprika the limits are 5.0 and 10.0 p.g/kg for AFB4
and total aflatoxins, respectively, and 30 pg/kg for OTA[11,12]. Fur-
thermore, these two matrices have different characteristics, since
baby foods, conversely to paprika powder, have complex formu-
lations that always include more than one ingredient; therefore, a
method suitable for both these matrices has to be characterized by
a satisfactory robustness.

Immunoaffinity column clean-up and HPLC determination were
already employed for the simultaneous determination of AFs and
OTA, but the methods described in literature are often focused
on a single matrix [13-15]. A paper, recently published [16],
reports a method for AFs and OTA determination but is charac-
terized by a complex, and not environmental friendly, extraction
step that involves chloroform and phosphoric acid. The work
presented in this study is therefore aimed at reducing the ana-
lytical steps to obtain a high sensitivity, robust and time saving
method.

2. Experimental
2.1. Apparatus

A Waring blender 700S, explosion proof, with 1L jar and cover,
operating at high speed (Waring Laboratory & Science®, Torring-
ton, CT, USA), a Visiprep SPE vacuum manifold of Supelco (Supelco
Inc., Bellefonte, PA, USA), and a centrifuge (Vittadini PK131, Milano,
Italy) were used.

Chromatographic analyses were performed using a RP-HPLC
equipped with a Jasco FP1520 fluorescence detector (Jasco Cor-
poration, Tokyo, Japan). The injection in the HPLC system was
performed in total loop mode, the injection volume was 150 L.
The excitation wavelengths were 365 nm for AFs and 333 nm for
OTA, the emission wavelengths were 442 and 463 for AFs and
OTA, respectively. The gradient was applied as follows: 0 min (ecc
365 nm, (em 442 nm; 17 min (ecc 333 nm, (em 463 nm. The software
for equipment control and data acquisition was Borwin version
1.5.

Aflatoxins (Bq, By, G1 and G;) and ochratoxin A were sepa-
rated on a C18 column (Symmetry 150 x 4.6 mm, Waters). Two
solvents were used: solvent A (40% methanol, 2% acetic acid in
water) and solvent B (80% methanol, 2% acetic acid in water) at
a flow rate of 1 mL/min. The gradient was applied as follows: 0 min
100% A; 14min 100% A; 16 min 35% A; 30min 35% A; 31 min
100% A; 40min 100% A. AFs derivatization was performed with
a 0.005% aqueous solution of Pyridine Hydrobromide Perbromide
(PBPB) by using a post-column LC pump (zero-dead volume T-
piece, reaction tubing minimum 450 x 0.5 mm id in PTFE) (LC pump
Labflow 2000, Labservice Analytica, Bologna, Italy) at a flow rate of
0.4 mL/min.

[llustrative chromatograms of combined mycotoxins working
standard solution, and baby foods and paprika samples are reported
in Fig. 1.

2.2. Chemicals

Liquid chromatography and RPE grade methanol were pur-
chased from Carlo Erba (Carlo Erba Reagenti, Milan, Italy).
Potassium chloride, potassium dihydrogenphosphate, anhydrous
disodium hydrogenphosphate, and sodium chloride analytical
grade were obtained from J.T. Baker (Deventer, The Netherland).
Water was purified by distillation and passage through a Milli-Q
system (Millipore, Bedford, MA, USA).

Phosphate buffer solution (PBS) was prepared from potassium
chloride (0.2 g), potassium dihydrogen phosphate (0.2 g), anhy-
drous disodium hydrogen phosphate (1.2 g), and sodium chloride
(8 g) added to distilled water (900 mL). After dissolving, the pH was
adjusted to 7.4 (with 0.1 M HCl or 0.1 M NaOH as appropriate), and
the solution was made to 1L.

Aflatoxins and OTA certified standard solutions were purchased
from Biopure (Tulln, Austria). Ochratoxin A standard solution con-
centration was 10.15 £+ 0.14 p.g/mL; aflatoxins concentrations were
AFB; 2.00 pg/mL, AFB; 0.500+0.025 pg/mL, AFG; 2.01 pg/mL,
AFG, 0.500+0.025 pg/mL. The standard solutions were in 100%
methanol.

For clean-up step immunoaffinity column (IAC)
AFLAOCHRAPREP®, OCHRAPREP®, and AFLAPREP®, (R-Biopharm
Rhone Ltd., Glasgow, UK) were used.

2.3. Samples

The method set up was performed on bulk samples. For baby
foods, according to commercial availability, two different matrices
were tested: the corn based baby foods (Pool 1), for which the for-
mulation always includes tapioca, and the multi-cereal based baby
foods (Pool 2), for which the composition always includes wheat
as the main ingredient and other cereals such as barley, oats and
spelt in percentages that vary depending on the product brand. All
the information about the sample composition was obtained from
the labels. Baby foods were purchased from specialized retailers
in Rome. The bulks were prepared and homogenized by mixing
different packs of different brands and lots, each bulk was about
3kg.

The paprika bulk (Pool 3) was prepared and homogenized by
mixing 15 different packs of different brands, of 100 g each, pur-
chased from the market. The bulk size was about 1.5 kg.

2.4. Standard solutions preparation

Starting from the purchased AFs and OTA certified standards,
stock solutions at 2.00 ng/mL and 10.00 ng/mL were prepared for
aflatoxins (AFB; and AFG; 2.00 ng/mL; AFB, and AFG, 0.50 ng/mL)
and ochratoxin A, respectively. The working standard solutions
were prepared by appropriate dilutions. Due to the differences in
mycotoxin contamination of the investigated matrices, two calibra-
tion curves were prepared. The calibration curve for determination
of baby foods ranged from 0.020 to 0.320 ng/mL for AFB; and from
0.100 to 1.600 ng/mL for OTA; while for paprika determination the
calibration curve ranged from 0.020 to 1.000 ng/mL for AFB; and
AFG, from 0.005 to 0.250 ng/mL for AFB, and AFG,, and from 0.060
to 3.015 for OTA.

2.5. Extraction and clean-up

The method for simultaneous determination of aflatoxins and
ochratoxin A in baby foods and paprika was assessed starting
from the method for aflatoxin B; determination in corn sam-
ples described by Brera et al. [17]. Only slight modifications were
requested, and the obtained method, for baby foods and paprika,
went through a single-laboratory validation to confirm the perfor-
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Fig. 1. Chromatograms of: (a) baby foods sample with 0.19 g/kg AFB; and 0.89 ng/kg OTA; (b) paprika sample with 5.07 wg/kg AFB+, 1.07 pg/kg AFB,, 4.60 wg/kg AFGy,
0.80 pg/kg AFG,, and 14.47 pg/kg OTA; (c) working standard solution with 1.00 ng/mL AFB; and AFGy, 0.25 ng/mL AFB; and AFG;, and 3.02 ng/mL OTA.

mance characteristics of the starting method. A brief description of
the modified extraction and purification steps for the investigated
matrices is given below.

2.5.1. Baby foods

Weigh atest portion of 50 ginto a high-speed blender jar.Add5 g
of sodium chloride and 250 mL of methanol:water extraction sol-
vent (80:20, v/v). Stop up the jar and blend at high speed for 3 min.
Filter the extract through pre-folded filter paper. Pipette 30 mL of
filtrate and dilute with 30 mL of PBS. Mix thoroughly, and cen-
trifuge the diluted sample for 10 min at 10,000 rpm. Apply 40 mL
of the diluted sample to the conditioned immunoaffinity column
and wash with 10 mL of PBS. Elute mycotoxins in a 2-step proce-
dure. First, apply 1.0 mL methanol to the IAC and let it flow through
under gravity. Collect eluate in calibrated 5 mL volumetric flask.
Wait 1 min and apply a second portion of 1.0 mL methanol. Use a
10 mL syringe to pass air through the column to collect the remain-
ing few drops. Fill the 5 mL volumetric flask to the mark with water,
shake well, and store the sample at +4 °C prior to analysis.

2.5.2. Paprika

Weigh a test portion of 25 g into a high-speed blender jar. Add
2.5 g of sodium chloride and 100 mL of methanol:water extraction
solvent (80:20, v/v). Stop up the jar and blend at high speed for
3min. Filter the extract through pre-folded filter paper. Pipette
4 mL of filtrate and dilute with 36 mL of PBS. Mix thoroughly, and

centrifuge the diluted sample for 10 min at 10,000 rpm. Apply 20 mL
of the diluted sample to the conditioned immunoaffinity column
and wash with 10 mL of PBS. Elute mycotoxins in a 2-step proce-
dure. First, apply 1.0 mL methanol to the IAC and let it flow through
under gravity. Collect eluate in calibrated 5mL volumetric flask.
Wait 1 min and apply a second portion of 1.0 mL methanol. Use a
10 mL syringe to pass air through the column to collect the remain-
ing few drops. Fill the 5 mL volumetric flask to the mark with water,
shake well, and store the sample at +4 °C prior to analysis.

2.6. Single laboratory validation

The method was validated according to Eurachem and IUPAC
guidelines [18,19].

Limit of detection (LoD) was calculated by the “b +3s” approach;
for this purpose a blank sample standard deviation “s” (10 injec-
tions) was calculated, “b” being the blank signal. Similarly the
limit of quantification (LoQ) was calculated applying the formula
“b+10s”. After the theoretical LoQ calculation, the value was veri-
fied by injecting 10 times a blank sample fortified at the LoQ level
and the level of precision was evaluated. The blank sample used for
the LoD and LoQ evaluation was a sample that showed, for the two
investigated mycotoxins, the presence of a small toxin amount that
was possible to detect but not to quantify.

Applicability and linearity of the method were assessed from
the calibration curves.
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Table 1
Limit of quantification (LoQ), mean values (x), relative standard deviation of repeatability (RSD;) and recovery factors resulted from the baby foods in-house validation.
Matrix Level Mycotoxin x (pg/kg) RSD; (%) Recovery (%)
Pool 1 LoQ AFB; 0.02 8 -
OTA 0.08 7 -
Level 1 (spiked) AFB; 0.10 10 96
OTA 0.46 4 93
Level 2 (spiked) AFB, 0.19 9 93
OTA 0.89 6 88
Pool 2 LoQ AFB; 0.02 6 -
OTA 0.08 10 -
Level 1 (spiked) AFB, 0.09 0 90
OTA 0.43 2 86
Level 2 (spiked) AFB; 0.17 6 86
OTA 0.78 3 77

Precision was assessed by analysing ten times each sample
level and evaluating the relative standard deviation of repeatability
(RSDy).

In absence of certified reference materials (CRMs), trueness
was assessed through recovery evaluation, calculated by analysing
blank samples after addition of known amount of AFs and OTA.

For recovery studies on baby foods, stock solutions at 100 ng/mL
were prepared both for aflatoxins (AFB; and AFG; 100 ng/mL; AFB,
and AFG, 25ng/mL) and ochratoxin A. A 50.0 g test portion was
added with appropriate amounts of AFs and OTA standard solutions
to obtain the desired contamination. The investigated levels were
0.10 and 0.20 pg/kg for AFB; 0.50 and 1.00 p.g/kg for OTA.

For paprika recovery purposes, a 25.0 g test portion was added
with appropriate amounts of AFs and OTA standard solutions to
obtain the desired contaminations. The investigated levels were
5.00 pg/kg for AFB; and AFGq, 1.00 pg/kg for AFB, and AFG;;
15.00 pg/kg for OTA.

3. Results and discussion
3.1. Method set up

The principle of the starting method [18] was not changed, and
only slight modifications were requested to apply the method to
different matrices and to include the ochratoxin A determination.
The main difference between the baby foods and paprika determi-
nation is the amount of sample passed through IAC (namely 4.0 g
for baby foods and 0.5 g for paprika). Since legal limits for AFB; and
OTA in baby foods are quite low, the analytical method set up was
aimed at reducing both the analytical steps and the time required
for the purification without loss of sensitivity. At this scope it was
chosen to pass a larger amount of diluted sample extract through

the IAC (40 mL), avoiding to dry the sample after the elution step as
other methods suggest [20]. Moreover, the extract was only slightly
diluted to increase the equivalent sample amount in the IAC. Apply-
ing a dilution factor of 1:1, the percentage of methanol applied
to the IAC was 40%; this value is rather high for total aflatoxin
determination possibly preventing the antigen-antibody binding.
Nevertheless, the tested IA columns showed good recovery perfor-
mances when assessing only the aflatoxin By content (Table 1) and,
since EU Regulation express legal limit only for AFB; in baby foods,
the method is fit for purpose.

On the other hand the ratio 1:4 for weighted sample/extraction
solvent, the lower sample amount passed through the IAC and a
dilution factor of 1:9 for paprika determination permits the total
aflatoxin determination with good method performance (Table 2).

The variation in methanol percentage passed through the IAC
seems not to affect the recovery factors for OTA in all the tested
matrices (Tables 1 and 2).

As for the method setting up, test analyses were performed
preliminarily on corn based baby foods where shaking techniques
and different sample sizes were tested. The comparison between
blender and orbital shaker extraction confirmed that the two tech-
niques are equivalent. As for sample size, the best results were
obtained for 50.0 g of sample, due to mechanical difficulty of the
blender to homogenize small amounts of sample (Table 3).

The results obtained for corn based baby foods were transferred
to multi-cereal based products since the related single-laboratory
validation results were fully corresponding to the performance cri-
teria reported in the reference norm [21].

For paprika analysis, 25.0 g sample size and the blender extrac-
tion resulted as the best choice. For the dilution step, different
solvent mixtures were investigated; PBS solution and PBS plus
different percentages of Tween 20, as suggested by the IAC manu-

Table 2
Limit of quantification (LoQ), mean values (x), relative standard deviation of repeatability (RSD;) and recovery factors resulted from the paprika in-house validation.
Matrix Level Mycotoxin x (pg/kg) RSD; (%) Recovery (%)
Pool 3 LoQ AFB; 0.20 8 -
AFB; 0.07 6 -
AFG, 0.20 4 -
AFG, 0.07 8 -
OTA 0.66 10 -
Level 1 (naturally contaminated) AFB; 0.68 7 -
AFB, - - -
AFG,4 0.75 10 -
AFG; - - _
OTA - - -
Level 2 (spiked) AFB; 5.08 3 89
AFB; 1.08 6 87
AFG;, 4.55 6 76
AFG, 0.80 10 70
OTA 14.55 4 96




1446 C. Brera et al. / Talanta 83 (2011) 1442-1446

Table 3
Relative standard deviation of repeatability (RSD;) and mean recoveries obtained
(n=3) for different sample sizes for baby foods analysis.

Mycotoxin Sample size (g) RSD; (%) Recovery (%)
AFB; 25.0 42 53
50.0 8 83
OTA 25.0 27 68
50.0 6 86
Table 4

Relative standard deviation of repeatability (RSD;) and mean recoveries obtained
(n=3) for different PBS/Tween 20 percentage as dilution solvent, for paprika
analysis.

Solvent mixture Mycotoxin RSD; (%) Recovery (%)
PBS AFB;, 2 91
AFB, 3 86
AFG,4 9 78
AFG, 9 70
OTA 9 111
PBS + Tween 20 10% AFB, 7 68
AFB; 15 65
AFG, 19 92
AFG, 6 48
OTA 26 132
PBS + Tween 20 0.1% AFB; 5 81
AFB; 1 81
AFG, 21 95
AFG, 16 70
OTA 21 124

facturer, were compared; and, as shown in Table 4, the PBS solution
gave the best results.

Moreover, both, for baby foods and paprika, method per-
formances were comparable also when a multi-mycotoxin IAC
(AFs/OTA) or a single mycotoxin IAC (AFs and OTA) were used.
For this purpose, a comparison study was conducted on baby
foods (Pool 1) and paprika (Pool 3) samples evaluating the method
performance (RSD; and recovery factor) when a single- or a multi-
mycotoxin IAC was used (Table 5).

3.2. Single-laboratory validation

Three different levels were investigated for each matrix. For corn
based and multi-cereal baby foods, LoQ and two spiked levels were
analyzed, while for paprika the values included the LoQ, a naturally
contaminated and a spiked level (Tables 1 and 2).

Table 5
Relative standard deviation of repeatability (RSD;) and mean recoveries obtained
(n=3) for single- and multi-mycotoxin IAC for baby foods and paprika analysis.

Matrix Mycotoxin IAC RSD; Recovery

(%) (%)

Baby foods AFB; AFLAPREP® 8 83
(Pool 1)

AFLAOCHRAPREP® 9 93

OTA OCHRAPREP® 6 92

AFLAOCHRAPREP® 4 93

Paprika AFB, AFLAPREP® 5 85
(Pool 3)

AFB, 5 85

AFG, 6 75

AFG; 10 70

AFB;4 AFLAOCHRAPREP® 4 85

AFB, 5 84

AFG, 4 78

AFG; 10 70

OTA OCHRAPREP® 4 90

AFLAOCHRAPREP® 5 96

Calculated LoD values were, for all the tested matrices, 0.002
and 0.012 pg/kg for aflatoxins and OTA, respectively. Limit of quan-
tification, mean values, relative standard deviation of repeatability
and recovery factors resulted from the single-laboratory validation
are reported in Tables 1 and 2.

The method applicability in baby foods was from 0.02 to
0.19 pg/kg for AFB; and from 0.08 to 0.89 p.g/kg for OTA. The appli-
cation ranges for paprika determination are 0.20-5.08, 0.07-1.08,
0.20-4.55, 0.07-0.80 and 0.66-14.55 p.g/kg for AFB;, AFB,, AFG,
AFG, and OTA, respectively.

Standard curves were generated by linear regression of peak
areas against concentration, for each calibration level triplicate
injections were performed. The obtained calibration curves assured
the linearity of the instrumental response in the investigated range
and showed satisfactory coefficients of determination (r2 > 0.999).
After the calculation of LoD and LoQ, the limit of quantification
values were stated at concentration levels with precision lower or
equal to 10% of the RSD; (Tables 1 and 2).

The results of precision of the method under repeatability con-
ditions were good for each tested matrix and level, and quite
satisfactory when the RSD; was compared to the reference values
reported in the EU Regulation 401/2006 [21].

In the absence of certified reference materials, trueness was
evaluated by spiking procedure and evaluating recovery, the
obtained values were compared with the recovery factors reported
in the EU Regulation, the obtained results (Tables 1 and 2) were in
compliance with the requirements.

In conclusion, the proposed method represents a useful ana-
lytical tool to perform a multi-mycotoxin and/or a multi-matrix
analysis, depending on either the laboratory research or official
control purposes.
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