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Abstract

The productivity of wheat and corn crops depends on climatic conditions and resistance against
phytopathogenic fungi such as those of the genus Fusarium. Some species of this genus produce
zearalenone (ZEA), a mycotoxin with hyperestrogenic effects. The objective of this study was to in-
vestigate the presence of ZEA in samples of cracked wheat (n = 109), popcorn (z = 51) and corn grits
(n =50) commercialized in the State of Paran4, Brazil. Commercial samples of each crop were col-
lected between September 2007 and June 2008 and analyzed by thin-layer chromatography. The
method used for detection of the mycotoxin in wheat and corn derivatives presented a recovery rate of
94.5% and 99.5%, respectively, detection limit of 40 pg kg and quantification limit of 55 pg.kg™.
No contamination with ZEA was detected in cracked wheat samples. Among the corn derivatives,
only one cracked corn sample was contaminated with ZEA (64 ug.kg™). Despite the low contamina-
tion observed, monitoring the occurrence of mycotoxins in foods is important to ensure safety.
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Introduction

Crops are basic dietary components and are responsi-
ble for the calorie intake of the world population. Accord-
ing to the International Grains Council (IGC, 2012), the
world grain production was 1.7 billion tons during the
2010/2011 harvest and this figure should be even higher
during the 2011/2012 harvest, with an estimated 1.8 billion
tons. The contribution of Brazil to the 2010/2011 grain har-
vest was 162.96 million tons according to the National Sup-
ply Company (CONAB, 2012). Important crops in Brazil
are corn and wheat, which are mainly produced in the states
of Parana and Rio Grande do Sul (Almeida et al., 2005;
Garcia Jr, 2006).

The productivity of each harvest depends on a variety
of factors, including diseases that negatively affect crop
plantation. In this respect, species of the genus Fusarium
comprise a group of phytopathogenic fungi found world-
wide (Fink-Gremmels and Malekinejad, 2007). Various

species of this group are able to produce zearalenone
(ZEA), for example, Fusarium graminearum, F. culmorum
and F. crookwellense, pathogens of wheat and corn (Glenn,
2007).

ZEA exerts estrogenic disruptors in humans and ani-
mals (Kuiper-Goodman ef al., 1987). Pigs are the animals
most susceptible to the effects of this mycotoxin, with re-
ports of hyperestrogenism demonstrating feminization and
testicular atrophy in young males (Haggler et al., 2001). In
humans, ZEA can deregulate the hypothalamic-pituitary-
gonadal (HPG) axis, potentially inducing central preco-
cious puberty (CPP). Studies suggested a possible relation-
ship in the development of CPP and anabolic growth effects
in exposed girls to ZEA (Schoental, 1983; Massart ef al.,
2005, 2008).

Several investigators have reported the incidence of
ZEA in corn and wheat in Brazil and in the world (Furlong
et al., 1999; Oliveira et al., 2002; Hartmann et al., 2008).
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The production of ZEA depends on seasonal climatic con-
ditions and is more prevalent in cold and humid seasons
(Doko et al., 1996). The maximum permitted level (MPL)
for ZEA in foods has been regulated in various countries
and ranges from 50 to 1000 pg.kg”. In Brazil, the recom-
mended MPL for ZEA is 20 pgkg" for baby and infant
foods. From 2012 and 2016, the MPL for ZEA will be
300 pg.kg! in popcorn and corn grits, and 100 pgkg™” in
cracked wheat, respectively (Brasil, 2011).

Studies investigating the occurrence of mycotoxins
in foods consumed in Brazil have contributed to a better
understanding of this problem and to the elaboration of
measures for the prevention of contamination. In view of
the high production of wheat and corn in Brazil, especially
in the south region, and the conditions favorable for the
growth of Fusarium, the objective of the present study
was to investigate the occurrence of ZEA in samples of
cracked wheat, popcorn and corn grits commercialized in
the State of Parand, Brazil, between September 2007 and
June 2008.

Materials and Methods

Samples

The municipal and regional sanitary surveillance
agencies of the State of Parana collected 101 samples of
corn-based industrial products for human consumption
(51 samples of popcorn and 50 samples of corn grits), and
109 samples of cracked wheat commercialized in 18 mu-
nicipalities of the State of Parana between September 2007
and June 2008.

The minimum weight of each sample was 500 g. The
samples were ground and homogenized and an aliquot was
separated for the determination of water activity (Ay,). The
remaining sample was stored in a plastic bag at -20 °C until
the time of mycotoxin analysis.

All samples were analysed in duplicate on different
days. Spiked samples at concentrations of 480 ug ZEA kg™
to cracked wheat samples and of 320 pg.kg” to popcorn
and corn grits were used to evaluate the efficiency of the ex-
traction process, with each set containing 9 samples. The
results of each sample in the batch were corrected for the re-
covery of the spike.

Determination of water activity

Water activity was determined in triplicate with an
Aqualab 3 water activity meter (Decagon Devices, Inc.,
Pullman, WA, USA). This equipment uses chilled mirror
dew point technology to measure the A, of a product. This
technique has been approved by the Association of Official
Analytical Chemists (AOAC) for the measurement of rela-
tive humidity.
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Analysis of zearalenone by thin-layer
chromatography

Standard solution

The working solution was prepared from standard
ZEA (Sigma Chemical Co., St. Louis, USA). The stock and
working solutions were prepared according to the manual
of Official Methods of Analysis of the AOAC (AOAC,
1995). The concentration of ZEA in the stock solution was
determined with a Shimadzu UV-1601 PC spectrophoto-
meter (Tokyo, Japan) at 350 nm and this solution was used
for preparation of the standard working solution in benzene
containing 40 ug ZEA.mL™".

Optimization of the solvent system for elution of
zearalenone from cracked wheat

The chromatographic conditions for wheat were eval-
uated in extracts of samples spiked with ZEA. The solvent
system was chosen by evaluating the resolution between in-
terfering agents and the mycotoxin. Ten solvent systems
cited in the literature for thin-layer chromatography (TLC)
and some variations were tested: chloroform-methanol
(93:7, v.v'') (Howell and Taylor, 1981); chloroform-
ethanol (95:5, v.v’'") (Swanson ef al., 1984); chloroform-
ethanol (90:10, v.v'"); chloroform-ethanol (97:3, v.v')
(Scott, 1982); chloroform-acetone (96:4, v.v"'") (Thomas et
al., 1975); toluene-ethyl acetate-chloroform-formic acid
(35:25:25:10, v.v".v.v’") (Gimeno, 1983); toluene-ethyl ac-
etate-chloroform-formic acid (50:40:10:10, v.v'v.v?)
(Coman et al., 1978); toluene-ethyl acetate-chloroform
(60:30:10, v.v"'.v) (Gimeno, 1983), and chloroform, tolu-
ene-acetone  (60:40, v.v') and  toluene-acetone
(80:20, v.v'") as variations.

Analytical procedure

ZEA was analyzed according to the method of
Soares and Rodriguez-Amaya (1989). Fifty grams of the
sample was homogenized in a blender (Waring Co., Tor-
rington, USA) with 270 mL methanol (Synth, Diadema,
Brazil) and 30 mL 4% potassium chloride (Synth) for
5 min. The mixture was filtered through common filter pa-
per and 150 mL of the filtrate was transferred to a beaker.
Next, 150 mL 30% ammonium sulfate (Nuclear,
Diadema, Brazil) and 20 g Celite (Nuclear) were added
and the mixture was left to stand at room temperature for
5 min. The mixture was then filtered through common fil-
ter paper, 150 mL of the filtrate was transferred to a sepa-
ration funnel, and 150 mL water was added. This mixture
was partitioned twice with 10 mL chloroform (Vetec,
Duque de Caxias, Brazil). Five milliliters of the first and
second chloroform partition were combined and evapo-
rated to dryness in a water bath at 60 °C (EVLAB, model
015T, Londrina, Brazil). The residue obtained was dis-
solved in 200 pL benzene (Merck, Darmstadt, Germany)
acetonitrile (Synth) (98:2, v.v™h).
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For the screening of wheat derivatives, 10 pL of the
extract was applied to a 20 x 20 cm TLC plate (Alugram®
SIL G Silica gel 60, Macherey-Nagel, Duren, Germany)
2 cm from the base line using a manual Nanomat 4 applica-
tor (Camag, Muttenz, Switzerland). The standard was ap-
plied in six different concentrations (20, 40, 80, 120, 160
and 200 ng.mL™"). The plate was placed in an unsaturated
chamber containing toluene (Merck)-acetone (Nuclear)
(80:20, v.v'") as solvent system.

For the screening of corn derivatives, 10 uL of the ex-
tract was applied to a 20 x 20 cm TLC plate 2 cm from the
base line using a manual Nanomat 4 applicator. The stan-
dard was applied in six different concentrations (20, 40, 80,
120, 160 ¢ 200 ng.mL™"). The plate was placed in an unsatu-
rated chamber containing toluene (Merck)-ethyl acetate
(Nuclear)- chloroform (Vetec)-formic acid (Vetec)
(35:25:25:10, v.v'.v.v'") for corn-based foods and tolu-
ene-acetone (80:20, v.v'") for cracked wheat. ZEA was vi-
sualized under ultraviolet light (366 nm) showing green
fluorescence.

For quantification, known volumes of the sample and
standard were applied to the TLC plates. After develop-
ment in the solvent systems described above, ZEA was vi-
sualized under ultraviolet light (366 nm) and quantified by
visual comparison. Calculations were performed according
to the manual of the Official Methods of Analysis of the
AOAC (AOAC, 1995).

Preparation of the derivatizing solution (benzidine)

Atthe time of use, equal parts of 0.5% benzidine solu-
tions (0.5 g benzidine, Merck) were mixed with 20 mL dis-
tilled water containing 1.5 mL hydrochloric acid (Quimex,
Boa Vista, Brazil) and qsp with 100 mL water and 10% so-
dium nitrite (Synth), as described by Malaiyandi et al.
(1976).

Confirmation

The presence of ZEA was confirmed by application in
the TLC plate with the benzidine/sodium nitrite deri-
vatizing agent according to Malaiyandi ef al. (1976). After
drying, ZEA appears as a pink spot. The pink color of this
spot becomes more intense and turns red with increasing
concentration of the mycotoxin.

Recovery test

Recovery tests were performed to evaluate the accu-
racy of the methods. Five samples each of cracked wheat,
popcorn and corn grits in which no ZEA was detected
were contaminated artificially on the day prior to extrac-
tion, with the addition of 480 pg ZEA.kg"' to cracked
wheat samples and of 320 pgkg” to popcorn and corn
grits. The mycotoxin was then extracted and quantified as
described above.
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Detection and quantification limits

The detection limit was the lowest concentration of
ZEA visualized by application of standard working solu-
tion (40 pg ZEA.mL™") in the TLC plate. The quantification
limit was the acceptable lowest concentration (RSD < 15%)
spiked in six samples each of cracked wheat, popcorn and
corn grits in which no ZEA was detected.

Results and Discussion

For cracked wheat, toluene-acetone (80:20, v.v'") was
efficient for the elution of ZEA. This solvent system pro-
vided efficient resolution (Figure 1), reproducibility and ra-
pidity (time of analysis of approximately 30 min).

No ZEA was detected in the 109 cracked wheat sam-
ples analyzed. Similar results have been reported by Ma-
nova and Mladenova (2009), who analyzed 54 wheat grain
samples produced in 2007 in Bulgaria by high-performance
liquid chromatography (HPLC) and detected only one sam-
ple contaminated with ZEA. However, in the same study
58% of samples were found to be contaminated with ZEA
in 2005 and 2006. The authors attributed these results to the
fact that contamination of crops with ZEA largely depends
on meteorological conditions, with the intense rains that oc-
curred in the previous years favoring fungal growth and
mycotoxin production. Martins and Martins (2002) also re-
ported that the production of ZEA depends on environmen-
tal conditions.

Cracked wheat is produced from wheat grains by two
high-temperature processes (cooking and drying) that re-
move contaminating fungi (Martins, 2006). However, if the
raw material is already contaminated with ZEA, the cook-
ing and drying processes are unable to remove the toxin
since ZEA is highly stable at high temperatures (Bennett et
al., 1981).

Data regarding the occurrence of ZEA in cracked
wheat or other wheat-based products are scarce in the liter-
ature. In the study of Vieira ef al. (1999) investigating 54
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Figure 1 - Separation of zearalenone in wheat samples by thin-layer chro-
matography. The plate was developed with toluene-acetone (80:20) and
the mycotoxin was detected with 0.5% benzidine and 10% sodium nitrite
as chromogen solution. The white arrow indicates the retention factor
(Rf=0.55) of cracked wheat interfering agents in the spiked sample and in
the samples analyzed. The black arrow indicates the Rf (0.65) of zeara-
lenone in the spiked sample and in different volumes of the standard
(40 pug.mL™).
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lots of wheat flour samples from Rio Grande do Sul, Brazil,
3.7% of the samples were found to be contaminated with
ZEA, although at low concentrations (26 pug.kg™).

The occurrence of ZEA in corn and corn-based prod-
ucts has been reported by various investigators (Doko et al.,
1996; Furlong ef al., 1999; Sekiyama et al., 2005). In a sur-
vey on ZEA contamination of corn in different regions of
Brazil, Silva and Vargas (2001) analyzed 380 fresh corn
samples and found that 30 (7.8%) samples were contami-
nated with the mycotoxin at concentrations ranging from
46.7t0 719 ug.kg'l. In contrast, in the present study analyz-
ing 101 corn-based products, only one (1.0%) corn grits
sample was contaminated with ZEA (64 pg.kg™), with this
level being below the recommended by the Brazilian legis-
lation (300 pgkg™) (Brasil, 2011). The low incidence of
ZEA observed in the present study agrees with Oliveira et
al. (2002) who analyzed 24 corn- and rice-based products
and found only one sample presenting low-level contami-
nation (8.5 pug.kg™). Similar results have been reported by
Sekiyama et al. (2005) investigating 121 corn-based foods
commercialized in Maringa, Parand, Brazil. In that study,
only one popcorn sample (0.8%) was contaminated with
ZEA (448 ng/kg), demonstrating the low incidence of this
mycotoxin in industrial products in Brazil.

Water activity and moisture of commercialized prod-
ucts influence the growth of fungi and production of ZEA.
According to Almeida et al. (2005), the water activity for
growth of the main species of toxigenic fungi should be
higher than 0.76. In the present study, the water activity of
cracked wheat, popcorn and corn grits ranged from 0.4 to
0.6, with a mean A, of 0.488 for cracked wheat samples
and of 0.512 for corn-based products.

The mean recovery rate of the methods used for the
detection of ZEA was significant, with rates of 94.5% and
99.5% for cracked wheat samples and corn-based products,
respectively. These recoveries are within the recommended
range of 70 to 110% (CAC, 1998). The detection limit of
the method was 40 pg.kg™ and the quantification limit was
55 ug.kg™" for wheat and corn samples.

The present results demonstrated a low prevalence
of ZEA in corn- and wheat-based industrial products.
Nevertheless, constant monitoring of these products is
fundamental to ensure the safety, quality and integrity of
human food.
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