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The present study aimed to analyze the mycoflora and the occurrence of alternariol (AOH) and
alternariol monomethyl ether (AME) in grain samples of sunflower during different stages of plant
development in Nova Odessa, State of São Paulo, Brazil. The data obtained were correlated with
the presence of fungi in soil, wind-dispersed fungi, and the predominant climatic conditions of the
region where the experiment was carried out. Analysis of the mycoflora revealed the presence of
Fusarium verticillioides and Alternaria alternata in 70% and 46% of the samples, respectively. The
profile of wind-dispersed fungi also showed F. verticillioides as the most frequently isolated fungus
(68%), although A. alternata was detected in 28% of samples. In soil, Penicillium was the most frequent
species (49.9%), followed by F. verticillioides (47.7%) and A. alternata (10.9%). Regarding water
activity, sunflower grains presenting a high frequency of isolation of F. verticillioides and A. alternata
had a water activity ranging from 0.92 to 0.96, and statistical analysis revealed a negative linear
correlation between the isolation of fungi and water activity. HPLC analysis showed that 18% of the
sunflower grains were contaminated with alternariol (24.9-170.9 ng/g) and 10% with alternariol
monomethyl ether (14.1-108.6 ng/g). The contamination of sunflower grains with AOH and AME in
the field was low when compared to the LD50 necessary to cause toxicity to animals. However, the
contamination with other toxigenic fungi such as F. verticillioides may indicate the presence of other
mycotoxins in sunflower grains and a possible synergistic effect between them. This is the first report
of the natural occurrence of alternariol and alternariol monomethyl ether in sunflower grains in Brazil.
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INTRODUCTION

Sunflower is among the main oleaginous plants cultivated in
the world. In Brazil, its production has been expanding over
the past few years to attend the growing internal market for oil
consumption and animal feeding. Despite the increase in
production, the price paid to the producer by agroindustrial
companies is low, and the most relevant factor in terms of
culture consolidation for grain processing is the quality of the
raw material.

Contamination with differentAlternaria species is observed
during all stages of development, but the plants show a higher
susceptibility from the appearance of the anthers to grain filling

(1). Alternaria alternataproduces various secondary metabolites,
including alternariol (AOH) and alternariol monomethyl ether
(AME), which exerts cytotoxic effects mainly in reproductive
organs (2).

In Brazil, few studies regarding the mycoflora present in
sunflower (3) and the occurrence of mycotoxins are available.
Therefore, a better understanding of the process of contamination
of sunflower grains withAlternaria is necessary to develop
control strategies that reduce the risks of human exposure to
mycotoxins. The present study aimed to analyze the mycoflora
and the occurrence of alternariol (AOH) and alternariol mono-
methyl ether (AME) in grain samples of sunflower during
different stages of plant development in Nova Odessa, State of
São Paulo, Brazil. It also aimed to correlate the results with
abiotic factors (water activity, temperature, and rainfall) and
the incidence of wind-dispersed fungi and soil.
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MATERIAL AND METHODS

Sunflower Samples.The sunflower cultivar (Catissol, seeds from
CATI) of the 2002 harvest was cultivated at the Experimental Station
of Zootechny, Nova Odessa, State of São Paulo, situated at 22° 42′ S
latitude, 47° 18′ W longitude and at an altitude of 550 m. Fifty
sunflower grain samples were analyzed. The area selected for the trial
consisted of 10 uniform plots measuring 80 m2. Random sampling was
performed in each plot every 10 days from the 80th day of cultivation
on (4). Five capitulum samples were collected from the same seeding
row during each collection period, and a 1-kg subsample of grains was
removed and analyzed regarding the mycoflora, water activity, and
occurrence of mycotoxins (AOH and AME).

Soil Samples.Fifty soil samples were analyzed. All samples were
obtained from the surface (depth of 0-2 cm) around each plant, and a
subsample of 1 kg was removed and analyzed regarding the mycoflora
and water activity.

Climatic Conditions of the Region.The main climatic factors were
determined with specific instruments such as thermometers, rain gauges,
anemometers, heliographs, and class A tanks.

Water Activity Determination. Water activity of the sunflower
grains and soil was determined automatically with a Testo 650 apparatus
(Testo do Brasil Ltda). Each sample was measured five times.

Recovery, Identification, and Enumeration of the Soil and
Sunflower Mycoflora. (a) Isolation of the Mycoflora from Sunflower
Grains. A subsample of∼30 g was obtained from each sunflower
sample, disinfected by immersion in 2% sodium hypochlorite for 3
min, and washed three times in sterile distilled water. Fifty-one grains
of this subsample were then selected randomly and directly seeded onto
Petri dishes containing Malt agar (17 grains per plates) (5), and the
plates were incubated at 25°C for 5 days. The results are reported as
percent infected grains per fungi. The recovered colonies were identified
as recommended for each genus (6-9).

(b) Isolation of the Mycoflora from Soil Samples. The soil samples
were analyzed by the method of Swanson et al. (10). Martin medium
was used for the isolation of the mycoflora (11). The plates were
incubated at 25°C for 7 days and observed daily. The recovered fungal
colonies were identified using standard methods (6-9).

Determination of Wind-Dispersed Fungi.Sampling of the wind-
dispersed fungi was started before grain filling. For each period, 10
Petri dishes containing Sabouraud Dextrose agar (12) were kept open
for 15 min to allow the deposition of wind-dispersed fungi spores. The
plates were then incubated for 7 days at 25°C, and the colonies were
identified using standard methods recommended for each genus (6-
9). The analysis of wind-dispersed fungi was carried out throughout
the periods of soil and sunflower grain sampling.

Determination of Alternariol and Alternariol Monomethyl Ether
in Sunflower Grain Samples.Triturated sunflower grains (50 g) were
mixed with 150 mL of methanol and shaken for 5 min. After shaking,
the content was filtered through Whatman no. 1 filter paper, and 50
mL of methanol was added. A 200 mL aliquot was mixed with 60 mL
of 10% ammonium sulfate solution, and the extract was filtered again.
Then, this solution was transferred to a separation funnel, and 50 mL
of water at 8°C was added. Two extractions with 40 mL of chloroform,
shaking for 2 min each time, were conducted.

After concentration, the extract was settled until reaching 2 mL with
methanol, passed through anhydrous sodium sulfate, and cleaned up
with a Bond-Elute C18 SPE cartridge (500 mg, Varian Harbor City,
CA) preconditioned with methanol followed by Milli-Q water (Milli-
pore, Bedford, MA), using 2 mL of each. The column was then washed
with portions of 2 mL each of water followed by acetonitrile-water
(1:3 v/v), and the toxins were finally eluted with 4 mL of acetonitrile-
acetic acid (99:1 v/v).

AOH and AME were analyzed with a HPLC system (Shimadzu LC-
10AD with a SPD-M10Avp diode array detector) suited with a
Spherisorb ODS-2 reversed phase column (5µm, 250 mm× 4.6 mm;
Phenomenex, Ultracarb) at a flow rate of 0.7 mL/min at scan mode.
The mobile phase used was methanol/water (80:20) with 300 mg of
ZnSO4‚H2O.

For quantification purposes, the calibration curve was constructed
using mycotoxin standards (Sigma, St. Louis, MO). For the AOH

calibration curve (5.30 min), the concentration used ranged from 40 to
160 ng/mL (r2 ) 0.989), and for AME (9.11 min), the concentrations
ranged from 20 to 80 ng/mL (r2 ) 0.995); all injections were done in
duplicate. The identity of the peak was confirmed comparing the
retention times of the standard with the samples on the chromatograms
(13).

Statistical Analysis. The data were analyzed by multiple linear
regression analysis using the SAS version 6.11 statistical software to
determine the influence of the independent variables (water activity of
soil and sunflower, percentage of fungi in soil and air, temperature,
relative air humidity, and rainfall) on the dependent variable (A.
alternata in sunflower grains) (14,15).

RESULTS AND DISCUSSION

The sunflower grain samples collected during the different
stages of development exhibited the following mycoflora:
Fusarium Verticillioides (70%), Alternaria alternata (46%),
yeast (22%),Cladosporiumspp.(18%),Rhizopusspp. (10%),
Aspergillus flaVus(8%),Epicoccumspp. (6%),Penicilliumspp.
(4%), andScopulariopsspp. (2%).

FusariumVerticillioidesspecies presented frequency variation
from 6% to 100%; this result was the major detectable
percentage after 100 days after flowering (third period of
collection), seeTable 1andFigure 1. However, forA. alternata,
the variation ranged from 3% to 42% with a major level obtained
after 120 days of flowering (fifth period of collection) (Table
1 andFigure 2). The reduced frequency obtained forA. flaVus
was 8% at the final stage of grain maturation (fifth period of
collection).

The predominance ofF. Verticillioides, A. alternata, and
Cladosporiumspp. agrees with research of other investigators
that isolated these fungi from sunflower seeds (16-18). These

Table 1. Concentration of Alternariol (AOH) and Alternariol
Monomethyl Ether (AME) and Water Activity (AW) in Sunflower Grains
at Various Stages of Maturation Collected in Nova Odessa, SP, Brazil

days after
floweringa AW

b
A. alternata
RFb,c (%)

AOH concn
(ng/g)
meanb

(positive)

AME concn
(ng/g)
meanb

(positive)

kernels 0.54−0.57 25.00 d d
80 0.98−0.99 19.50 d d
90 0.94−0.96 18.10 25.3 (3) 12.3 (2)
100 0.96−0.99 3.00 5.4 (2) 9.0 (1)
110 0.94−0.96 4.70 6.6 (2) 4.4 (2)
120 0.89−0.95 42.00 6.2 (2) d

a 80 days after flowering ) first collection; 90 days after florescence ) second
collection; 100 days after flowering ) third collection; 110 days after florescence
) fourth collection; 120 days after flowering ) fifth collection; b Mean values of
10 samples. c Relative frequency. d Not detected.

Figure 1. Mean frequency of F. verticillioides in 50 samples of sunflower
grain at different maturity stages collected at Nova Odessa, State of São
Paulo, Brazil.

AOH and AME in Brazilian Sunflower J. Agric. Food Chem., Vol. 53, No. 14, 2005 5825



fungi, which invade the tissues of growing plants, prefer to grow
on substrates with elevated levels of humidity. The minimal
water activity for their growth is 0.88 and the optimum at 0.98.
In Brazil, high frequencies ofF. Verticillioides are reported in
crop grains such as corn and sorghum (19, 20).

Analysis of 55 soil samples collected in Nova Odessa revealed
the presence of the following mycoflora:Penicillium spp.
(49.9%),Fusariumspp. (47.7%),Cladosporiumspp. (29.1%),
Geotrichumspp. (27.1%),Rhizopusspp. (10.9%),Alternaria
spp. (10.9%),Aspergillusspp. (10.9%),Mucorspp. (7.3%), yeast
(3.6%), Epicoccumspp. (3.6%), Scopulariopsspp. (3.6%),
Neurosporaspp. (1.8%), andTrichodermaspp. (1.8%).

The high frequency ofFusariumandCladosporiumand the
presence ofAlternaria spp. in soil has also been described by
other investigators (19-21). The number of colony forming
units of the main toxigenic genera ranged from 1× 104 to 500
× 104 (Penicilliumspp.), from 1× 104 to 400× 104 (Fusarium
spp.), from 1× 104 to 200× 104 (Alternaria spp.), and from
1 × 104 to 100 × 104 (Aspergillusspp.). The soil samples
obtained during the different phases of maturation of sunflower
grains showed water activity values ranging from 0.94 to 0.99.

The following airborne contaminants were detected:Fusar-
ium spp. (68%), Cladosporiumspp. (66%),Neurosporaspp.-
(38%), yeast (15%),Alternaria spp. (28%), Penicillium spp.
(12%), Rhizopusspp. (12%),Mucor spp. (12%),Aspergillus
spp. (8%), Geotrichumspp. (6%),Trichodermaspp. (6%),
Epicoccumspp. (6%), and nonsporulated fungi (2%). Among
the fungi isolated in the present study considered to be “universal
dominant” (12), the generaFusariumandAlternaria, which are
important in the contamination of sunflower, were isolated from
atmospheric air during all phases of grain maturation. The
presence ofAlternaria spp.,Penicillium spp., andAspergillus
spp. in atmospheric air and the high frequency ofFusarium
spp. have also been reported by Gambale (12) and Almeida et
al. (20). According to Lacey (22), Alternaria spp., especially
A. alternata, are some of the most isolated air fungi species
after Cladosporiumspp. around the world.

The isolation from sunflower grains, soil, and air in our
experiment of fungi belonging to the generaFusarium and
Alternaria is in agreement with theories proposed by other
investigators who postulated that soil and air infection routes
are important vehicles of fungal dissemination in the field (21-
25).

Analysis of 50 sunflower grain samples during different
phases of development in the field revealed the presence of AOH
in nine (18%) of the samples analyzed with levels ranging from
24.9 to 170.9 ng/g. The highest concentrations of AOH were
detected in grains at 90 days of growth during the second

collection, which corresponds to December 28, with the grains
showing water activities ranging from 0.94 to 0.96.

AME was detected in five (10%) of the samples analyzed
between the second and fourth collection with levels ranging
from 14.1 to 108.6 ng/g. The water activity of the grains ranged
from 0.94 to 0.99. The highest concentration of the mycotoxin
was also observed during the second collection, 90 days after
flowering (Table 1 and Figure 3). Studies regarding the
contamination of sunflower grains with AOH and AME
conducted in Argentina have shown a high percentage of
samples contaminated with AOH (76-85%) and AME (47-
62%) at levels ranging from 35 to 792 (AOH) and from 90 to
630 µg/kg (AME) (26,27).

In our experiment, the highest mean concentrations of
mycotoxins were observed 90 days after flowering, a period
characterized by lower rainfall (54.8 mm), a mean relative air
humidity of 85.7%, and minimum and maximum temperatures
of 18.4 and 28.2°C, respectively (Table 2). The quantification
limit of the method was determined as the minimum quantity
of toxin detected in the fortified samples, which permitted
confirmation using the diode array detector. The detection limit
of pure toxin using the diode array detector was measured as
three times the variation of baseline noise under the same
conditions used for all the samples, including the blank (13).
The detection limits of the method for AOH and AME were 5
and 2.5 ng/mL, respectively.

The quantification limit for AOH obtained after fortification
of negative samples using six different concentrations ranging
from 12.5 to 400 ng/mL was 25 ng/mL with a recovery of 78.9%
and relative standard deviation (RSD) of 8.5%. For AME, the
quantification limit found also using six different concentrations
ranging from 5 to 200 ng/mL was 10 ng/mL with a recovery of
86.8% and RSD of 6.2%.

Fungi were isolated from sunflower grains at water activity
levels ranging from 0.94 to 0.99. The highest frequencies of
isolation of F. Verticillioides were obtained when the water

Figure 2. Mean frequency of A. alternata in 50 samples of sunflower
grain at different maturity stages collected at Nova Odessa, State of São
Paulo, Brazil.

Figure 3. Mean levels of alternariol and alternariol monomethyl ether in
sunflower grain at different maturity stages collected at Nova Odessa,
State of São Paulo, Brazil.

Table 2. Rainfall and Mean Relative Humidity (RH) and Minimum and
Maximum Temperatures Observed during the Experimental Period in
the Region of Nova Odessa, SP, Brazil

days after
floweringa

rainfall
(mm)

RH
(%)

min temp
(°C)

max temp
(°C)

80 68.2 77.0 19.9 30.6
90 54.8 85.7 18.4 28.2

100 102.8 87.3 19.0 30.0
110 142.4 95.3 19.6 29.5
120 11.4 86.8 18.5 26.8

a 80 days after flowering ) first collection; 90 days after flowering ) second
collection; 100 days after flowering ) third collection; 110 days after flowering )
fourth collection; 120 days after flowering.
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activity was lower (0.94-0.96) at 90 days after flowering, and
a peak of isolation was also observed at 120 days after flowering
at a water activity of 0.92 (Figure 3).

The isolation ofF. Verticillioides from sunflower grains with
lower water activity (0.92-0.96) and from soil with elevated
water activity levels (0.94 to 0.99) is consistent with data on
fungal isolation from corn samples in different regions of the
State of São Paulo, Brazil (20).

A. alternatawas isolated from sunflower grains with water
activities ranging from 0.94 to 0.96 at 90 days after flowering
and from sunflower grains with a water activity of 0.92 at 120
days after flowering. The highest concentrations of AOH and
AME were observed at 90 days after flowering (Table 1), when
the water activity of grains was between 0.94 and 0.96, and
rainfall during the period was 54.8 mm. The low rainfall (11.4
mm) and low water activity of the grains after 120 days of
maturation may have contributed to the lower concentrations
of AOH (Tables 1and2). The fungus needs a minimal water
activity of 0.85 to germinate and a water activity of 0.90 at a
temperature of 25°C for the production of AOH and AME (28).
In the present study, the mean temperature at peak mycotoxin
production was 23.3°C.

Statistical analysis of the data revealed that water activity
influenced the development ofF. VerticillioidesandA. alternata
as shown by the negative linear correlation (p < 0.05; r )
-0.61) between the isolation of fungi and the water activity of
sunflower grains in the region of Nova Odessa. Several studies
have demonstrated the influence of water activity and temper-
ature on the growth of fungal species (28-32) with the optimal
water activity for the growth ofF. Verticillioides ranging from
0.87 to 0.98 and the temperature from 25 to 30°C (29). In the
present study,A. alternatashowed a negative correlation with
the maximum temperature (p < 0.05; r ) -0.52), the fungus
being more frequently isolated at milder maximum temperatures.
Regarding the presence ofF. Verticillioides andA. alternataas
the fungi most frequently isolated from sunflower grains, some
studies have described these fungi as competitors for the same
substrate and have reported thatF. Verticillioides grows faster
thanA. alternata. Compared to other fungal strains,A. alternata
has been shown to be a faster competitor (30).

The contamination of sunflower grains with AOH and AME
in the field was low when compared to the LD50 necessary to
cause toxicity to animals (33). However, the contamination with
other toxigenic fungi such asF. Verticillioides may indicate the
presence of other mycotoxins in sunflower grains and a possible
synergistic effect between them.
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