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Research Note

Alternaria Toxins in Wheat during the 2004 to 2005
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ABSTRACT

The natural occurrence of Alternaria mycotoxins in Argentinean wheat from the zone 5 South during the 2004 to 2005
harvest was investigated in 64 wheat samples. All samples were highly contaminated with a wide range of fungal species.
Alternaria was found as the main component of the mycota, with an infection percentage of 100%. Three mycotoxins produced
by species of Alternaria were determined in wheat: alternariol, alternariol monomethyl ether, and tenuazonic acid. Alternariol
was detected in 4 (6%) of 64 samples, with a range of 645 to 1,388 �g/kg (mean of 1,054 �g/kg); alternariol monomethyl
ether, with a range of 566 to 7,451 �g/kg (mean of 2,118 �g/kg) in 15 (23%) of 64 samples; and tenuazonic acid in 12 (19%)
of 64 samples, with a range of 1,001 to 8,814 �g/kg (mean, 2,313 �g/kg). Alternariol monomethyl ether was the predominant
toxin, but tenuazonic acid was detected in higher concentrations. Alternariol was present in fewer samples and in lower levels
than were the other toxins. Tenuazonic acid and alternariol monomethyl ether occurred together in four samples, while tenu-
azonic acid and alternariol co-occurred in one sample. This the first report of the natural occurrence of Alternaria mycotoxins
in Argentinean wheat. Toxin levels were high, probably due to the heavy infection with Alternaria species found in the
samples.

Wheat is one of the most important cereal crops in
Argentina, both for local consumption and as an export
commodity, with yields over 16 million tons (14.5 million
metric tons) (3). The cultivated area is distributed according
to agrometeorological conditions into five zones (Fig. 1b),
with a main production area on the Buenos Aires Province
(zones II South, IV South, and V South), east of La Pampa
Province (zone V South) and south of Santa Fe Province
(zone II North). This extended area presents very different
conditions of temperature and humidity.

Alternaria species produce several mycotoxins belong-
ing to three different structural classes: (i) tenuazonic acid
(TA), a tetramic acid derivative; (ii) alternariol (AOH), al-
ternariol monomethyl ether (AME) and altenuene, which
are dibenzopyrone derivatives; and (iii) altertoxins I, II, and
III, which are perylene derivatives (5). These toxins showed
cytotoxic activity to bacterial and mammalian cells, and
fetotoxicity and teratogenicity to mice and hamsters (25).
AME and AOH are not very acutely toxic, with a 50%
lethal dose higher than 400 mg/kg for mice, but show syn-
ergistic effects (7), and they are mutagenic in microbial and
mammalian cell systems. There is also some evidence of
carcinogenic properties (1, 13, 23). TA is not mutagenic in
bacterial systems. However, it is toxic to several animal
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species; in dogs, it caused hemorrhages in several organs,
and subacute toxicity in chickens was observed (22). Pre-
cancerous changes were observed in esophageal mucosa of
mice fed 25 mg/kg of body weight per day of TA for 10
months (27). Additional toxicological studies are clearly
needed. Although Alternaria is one of the major fungal
genera found on grain, the presence of Alternaria myco-
toxins has been largely ignored in these products (26).
There are no specific regulations for any of the Alternaria
toxins in food.

Alternaria toxins have been found to be natural food
contaminants in grains, sunflower seeds, and some visibly
decayed fruits in many countries (2, 20, 23, 24). Their nat-
ural occurrence in wheat has been reported in different
countries (12, 15, 26). Several studies have reported the
relevance of this genus in Argentinean wheat. González et
al. (9) found that Alternaria was the second genus predom-
inant in this crop. In more recent studies (4, 8), Alternaria
was found as the major component of the wheat mycota.
However, there are no studies on the natural occurrence of
Alternaria toxins in Argentinean wheat.

Since Alternaria is a frequent fungal genus invading
wheat, and considering its toxigenic capacity, the presence
of its mycotoxins should be evaluated in order to determine
a potential risk to consumer health. The purpose of this
study was to evaluate the natural occurrence of Alternaria
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FIGURE 1. (a) Map of the wheat production area VS, showing
the location of positive samples for Alternaria mycotoxins during
the 2004 to 2005 Argentinean harvest. The shaded area corre-
sponds to the zone of maximum rainfall accumulated along the
harvest. (b) Map of Argentina showing the five wheat-production
regions and subregions (I, II, III, IV, and V). N, North; S, south.

mycotoxins in wheat during the 2004 to 2005 Argentinean
harvest.

MATERIALS AND METHODS

Wheat samples. Sixty-four samples of common wheat (Tri-
ticum aestivum) from the wheat production area known as V-South
(VS) (east of La Pampa Province and southwest of Buenos Aires
Province) were analyzed. The samples were collected from farms
in 25 districts of the region during the 2004 to 2005 harvest (De-
cember 2004 through January 2005). Sampling was performed at
‘‘Chacra Experimental Integrada Barrow’’ and Estación Experi-
mental Agropecuaria Bordenave (Instituto Nacional de Tecnologı́a
Agropecuaria), and the samples were collected soon after harvest.
The kernels were harvested at maturity with 14% of moisture.
Samples were at least 1 kg in size, not sorted by quality (all grades
included), and were maintained at �30�C until analysis.

Fungal examination and identification. For the isolation of
the internal mycoflora, subsamples of wheat kernels were super-
ficially disinfected in a 10% aqueous solution of commercial so-
dium hypochlorite for 1 min, rinsed with sterile distilled water,
submerged in a 70% ethyl alcohol solution and dried over a filter
paper. A total of 100 kernels per subsample were placed, 10 per
plate, on potato dextrose agar and incubated for 5 days at 25�C.
The resulting fungal colonies were enumerated. Where several dif-
ferent fungi were isolated from a single kernel, all were recorded.

After subculture and purification from the primary isolation
plates, identification was carried out using the methods and media

of Pitt and Hocking (17), with reference to other mycological texts
when necessary, especially Samson et al. (18).

Mycotoxin analysis. Each sample was ground in a labora-
tory mill and then a representative subsample was collected for
analysis. The extraction method for Alternaria toxins in wheat
was a modified procedure based on that described by Li and Yo-
shizawa (12). Ground wheat subsamples (15 g) were extracted
with acetonitrile and 4% KCl (9:1, 75 ml) for 30 min, followed
by the addition of 1 N HCl (15 ml). The mixture was filtered, and
45 ml of the filtrate (equal to 7.5 g of wheat sample) was initially
clarified with 90 ml of 0.05 M lead acetate, and then filtered again.
The filtrate was divided into two parts. The first part (75 ml) was
extracted three times with 20 ml of chloroform. The organic phas-
es were combined, evaporated to dryness, and dissolved in 4 ml
of methanol for AOH and AME analysis by high-performance
liquid chromatography (HPLC). The second part (36 ml, equal to
2 g of sample) was adjusted to pH 2 with 6 N HCl, filtered again,
and extracted twice for TA with 25 ml of chloroform. TA was
then partitioned into 15 ml of 5% sodium bicarbonate, acidified
to pH 2.0 again, and extracted twice with chloroform (15 ml). The
chloroform extracts were combined, washed with 13 ml of water,
and evaporated to dryness. The residue was made up to 4 ml with
methanol and analyzed for TA by HPLC.

The HPLC system consisted of a Shimadzu LC-CA liquid
chromatograph (Shimadzu, Kyoto, Japan) equipped with a Rheo-
dyne sample valve fitted with a 20-�l loop and a Shimadzu SPD-
M10Avp UV photodiode array detector. The analytical column
was Jupiter, C18, 5 �m, 4.6 by 250 mm (Phenomenex, Torrance,
Calif.). Standards of TA, AME, and AOH were purchased from
Sigma-Aldrich Chemical Co. (St. Louis, Mo.). The mobile phase
was methanol and water (80:20) containing 300 mg/liter
ZnSO4·H2O, for AOH and AME, and methanol and water
(85:15) containing 300 mg/liter ZnSO4·H2O, for TA. A flow rate
of 0.4 ml/min was used. The wavelength for recording chromato-
grams was 258 nm for AME and AOH and 280 nm for TA. A
calibration curve was constructed for quantification purposes, us-
ing the toxin standards and correlating peak area versus concen-
tration (levels of 100 to 1,000 �g/kg). Confirmation of all toxins
was achieved by using a photodiode array detector. The spectra
were acquired in the range of 200 to 400 nm on the apex and on
the ascending or descending part of each peak, using a pilot signal
at 258 nm for AOH and AME, and at 280 nm for TA. Reference
spectra were acquired during the elution of associated standards
and used for peak identification by comparison after spectra nor-
malization.

The method detection limits were 80 �g/kg for TA and 50
�g/kg for AME and AOH. Mean recoveries of AOH and AME
from triplicate spiked samples were 86 and 94%, with coefficients
of variation of 4.76 and 6.13%, respectively, at a level of 500 �g/
kg, and 91 and 97% at a level of 1,000 �g/kg, with coefficients
of variation of 3.02 and 2.15, respectively. For TA, at a level of
500 �g/kg, the recovery was 70% with a coefficient of variation
of 4.51%, and at a level of 1,000 �g/kg, the recovery was 78%,
with a coefficient of variation of 1.96%.

RESULTS AND DISCUSSION

Fungal incidence in wheat samples. The distribution
of genera in wheat from one of the principal wheat regions
of Argentina in 2004 to 2005 is shown in Table 1. The
level of fungal contamination of the wheat samples was
very high, with an internal fungal infection between 80 and
100%. All samples presented a wide range of different fun-
gal species, with Alternaria being the predominant genus,
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TABLE 1. Fungal incidence in wheat samples from the 2004 to
2005 Argentinean harvest

Genus
No. of

isolatesa % of isolatesb
Contaminated
samples (%)c

Alternaria 4,107 93 100
Epicoccum 155 3.5 80
Fusarium 54 1.2 46
Trichothecium 39 0.9 8
Chaetomium 16 0.4 22
Sordaria 16 0.4 14
Other genera 28 0.6 8

a Total number of isolates from 64 samples of wheat.
b (Number of isolates of each genus)/(total number of isolates) �

100.
c (Number of samples with occurrence of each genus)/(total num-

ber of samples) � 100.

TABLE 2. Occurrence of Alternaria mycotoxins in wheat from
the 2004 to 2005 Argentinean harvest

Mycotox-
ina

No. of
positive
samples

% of
positive
samplesb Range (�g/kg) Mean (�g/kg)

TA 12 19 1,001–8,814 2,313
AOH 4 6 645–1,388 1,054
AME 15 23 566–7,451 2,118

a TA, tenuazonic acid; AOH, alternariol; AME, alternariol mon-
omethyl ether.

b A total of 64 samples were analyzed.

with an infection percentage of 100%. Epicoccum and Fu-
sarium spp. were also found as contaminants of a high
number of samples, although in a lower proportion than
Alternaria was. Other genera isolated with less frequency
were Chaetomium, Sordaria, and Trichothecium.

In the present work, the genus Alternaria was found
as the main component of the mycota in wheat from the
VS region. These results are in agreement with those of
González et al. (8) on Argentinean durum wheat. Studies
in other countries have also reported a high incidence of
this genus in wheat (12, 26).

Throughout the growing season, weather conditions
such as temperature and humidity influence the distribution
of the infecting fungal species and lead to geographical var-
iation in the species distribution. Other important factors
affecting fungal distribution are fungal interactions, includ-
ing spatial competition between Alternaria and Fusarium
species (11). Alternaria species isolated from grain have
been shown to produce mainly TA, AOH, and AME (6, 14,
19). In a recent study, 123 Alternaria strains isolated from
Argentinean wheat from the VS region were tested for my-
cotoxin production. All strains but one were able to syn-
thesize at least one of these toxins, A. tenuissima and A.
alternata being the most frequent species isolated (16).

Mycotoxin occurrence. The natural occurrence of Al-
ternaria mycotoxins in Argentinean wheat from the VS re-
gion in the 2004 to 2005 harvest is shown in Table 2. The
geographic distribution of positive samples is shown in Fig-
ure 1a.

AME was the predominant toxin, but TA was detected
in higher concentration. AOH was present in fewer samples
and in lower levels than were the other toxins. With regard
to the co-occurrence of Alternaria toxins in wheat, TA and
AME occurred together in four samples, while TA and
AOH co-occurred in one sample, and no co-occurrence of
AOH and AME was found.

Li and Yoshizawa (12) reported that TA was the major
toxin in samples of weathered wheat from China (average
of 2,419 �g/kg), and AME was found at higher levels than
was AOH. The levels of TA agreed with those found in the

present work, although AME was the major toxin present
in Argentinean wheat, and AME and AOH were found in
higher levels. AOH was present as a major toxin in Aus-
tralian weathered wheat, ranging in concentration between
10 and 1,050 �g/kg; AME and TA were also detected at
much lower levels (26). Only AOH (590 �g/kg) was found
in wheat kernels from Poland, and the wheat was free from
other Alternaria mycotoxins (10). AOH and AME were re-
ported in German wheat (up to 200 and 12 �g/kg, respec-
tively), and AOH, AME, altertoxin I, altenuene, and TA in
Egyptian wheat (up to 2,300, 1,900, 1,700, 1,500, and 700
�g/kg, respectively) (21).

TA levels detected in Chinese and Argentinean wheat
were much higher than those in other grains, such as sor-
ghum and ragi reported previously (2, 10, 26). Natural oc-
currence of Alternaria mycotoxins in small grains such as
sorghum, ragi, and sunflower seeds is well known, but there
have been only limited reports in wheat (25). To our knowl-
edge, this is the first report of the natural occurrence of
these mycotoxins in Argentinean wheat. Although toxin
levels are remarkably high, this could be due to the heavy
infection with Alternaria species found in the samples.

So far, there have been very limited reports in the lit-
erature of the co-occurrence of these toxins in wheat, and
they are without significant correlation in concentrations
(10, 26). Li and Yoshizawa (12) detected the co-occurrence
of TA and AME in 21 (95.9%) samples of weathered wheat
from China, whereas AOH, AME, and TA occurred to-
gether in 20 samples (90.9%). The co-occurrence of Alter-
naria mycotoxins in Argentinean wheat was less frequent
than in Chinese wheat, and no co-occurrence of the three
toxins was detected. Differences in geographical and en-
vironmental conditions might be responsible for these dif-
ferences in mycotoxin distribution and concentrations.

In wheat from the VS region in the 2004 to 2005 Ar-
gentinean harvest, the presence of the three mycotoxins was
more significant in the southeast area and decreased toward
the west and north, with an evident accumulation in the
central zone of the region (Fig. 1a). The whole region had
a wetter climate than usual during that period. At the be-
ginning of the wheat-growing season, the precipitation was
below the historic average in this region. Thus, the sowing
of long cycle wheat began with scarce rainfall in May and
June. In the months of August and December, the crop re-
ceived heavy rainfall, especially in the area where Alter-
naria toxins were concentrated. The shaded area in Figure
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1a represents the zone of maximum rainfall accumulated
during those months (3). It could be hypothesized that the
weather conditions influenced the level and distribution of
Alternaria mycotoxin contamination.

Little is known about the carryover of the Alternaria
toxins into milled and cooked products or the long-term
effects of low levels in animal diets. Further studies are
clearly needed on the causes of the high levels of Alternaria
infection in Argentinean wheat and what the long-term con-
sequences are for the grain industries.
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