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Abstract The main fungi responsible for the accumulation of ochratoxin A in grapes and wines belong to the genus
Aspergillus Section Nigri. The production of this toxin by the fungus is related to abiotic factors and its presence may affect
the quality and safety of the grapes grown and the wines produced. The aim of the present study was to assess the frequency
of occurrence and the toxigenic potential of Aspergillus Section Nigri in grapes and seeds of Cabernet Sauvignon and
Tempranillo varieties grown in the Sdo Francisco Valley, northeast Brazil. To evaluate the distribution ofthese species and
the toxigenic potential, samples of grapes of the Cabernet Sauvignon and Tempranillo varieties were collected in three
wineries. The percentage of contamination in the grapes of the two varieties analy zed was larger than that of the seeds, and
statistically different between the wineries studied. A total of 94 filamentous fungi were identified and none Aspergillus
carbonarius were identified. The relationship between the percentage of contamination in the wineries examined and the
geographic location and climate is not very clear, since the wineries are located on the same latitude and longitude, and are

under influence of the same temperature (26 C).
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1. Introduction

Several species of filamentous fungi of the genus
Aspergillus synthesize, as a secondary metabolite, a natural
toxin called ochratoxin A. Ochratoxin A (OTA) is a highly
stable chemical compound of low molecular weight with
carcinogenic, immunosuppressive and teratogenic properties
[1, 2] and is mainly associated with cereal processing[3, 4].
However, in recent decades, this toxin has also been
observed in grapes and their derivatives[5, 6, 7, 8, 9],
especially in regions of Europe, such as southern France,
southern Italy and Greece[10].

The production of this toxin by fungi is related to abiotic
factors, especially temperature and water activity[11, 12,13,
14] which can compromise the quality and safety of the
wines.

Agricultural products contaminated with mycotoxins, as
well as causing risks to human and animal health, have a
negative impact on the economy of many countries. Thus,
knowledge about the conditions that govern the production
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of mycotoxins is extremely important for food quality
control, since it can contribute to the establishment of
preventive production measures, ensuring quality and safety
of'the final marketed product[15].

The sub-medium region of the Sao Francisco Valley,
northeast Brazil, began to operate in 1950 and was
considered a new wine region when compared to the
traditional wineries of the Old World and those already
established in the United States, Australia, Chile and South
Africa. The productivity of the vineyards is superior to the
national and global averages, with ever-expanding crops and
grapes of excellent quality, both for fresh consumption and
for the production of wines, juices and other products[16].

The area for growing wine grapes is estimated at 700
hectares of vines producing 6 million gallons of wine/year,
of which 80% is red wine. The main varieties grown in this
region for the production of fine red wines are Syrah,
Tempranillo, Touriga, Petit Verdot and Cabemet Franc.
These varieties are produced in characteristic climatic
conditions, with a mean annual temperature of 26°C, relative
humidity of 50%, average rainfall of 450 mm and an altitude
of 365m[16]. Thus, this study aimed to evaluate the
frequency of occurrence and the toxigenic potential of fungi
of'the genus Aspergillus Section Nigri in grapes and seeds of
Cabernet Sauvignon and Tempranillo varieties grown in the
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Sao Francisco Valley, northeast Brazil, the only tropical
wine region in the world.

2. Materials and Methods

2.1. Study Area

The region has a tropical semi-arid climate with a mean
temperature of 26°C, relative humidity of 50%, average
rainfall of 450 mm and 300 sunny days/year. The area is
larger than 360000 hectares, irrigated by the Sdo Francisco
River at an altitude of 365m[16].

To assess the distribution of species of Aspergillus Section
Nigri and their toxigenic potential, were collected, in 2010,
samples of the grape varieties Cabernet Sauvignon and
Tempranillo from three wineries located in the
municipalities of Santa Maria da Boa Vista (09°04'42.8"S;4
0°08'19.7"W), Petrolina (09°02'10.7"S; 40°11'06.2"W) and
Casa Nova (09°15'54.9"S; 40°51'11.0"W) in the
sub-medium S3o Francisco Valley).

2.2. Isolation and Identification of Fungi

In each winery we collected 5 bunches of grapes, at least
20m away from one another, along a 100m transect. These
were conducted to the laboratory and placed in cold storage.

Subsequently, 20 berries of each grape bunch were
randomly selected and after surface disinfection, a total of
100 berries were plated directly on a culture medium
Dichloran Rose Bengal Chloramphenicol (DRBC) and
incubated at a temperature of 25°C for a period of 7 days.
This methodology was also used to seeds. After this period,
the plates were analyzed to assess the percentage of
contamination of grapes and seeds. Each plate was
considered an independent sample. Only the colonies of
interest were purified in Malt Extract Agar (MEA) at 25°C
for 5-7 days. All selected isolates were incubated in Czapek
Yeast Agar (CYA) at standard temperatures of 25°C and
37°C and MEA at 25°C. After 7 days of incubation we
observed the macro and microscopic characteristics of the
filamentous fungi. Fromthe pure cultures, fungi of the genus
Aspergillus were identified using the methods by Klich and
Vargaet.al. [17, 18].

Purification and identification of filamentous fungi were
performed in the Laboratory of Food Microbiology of the
Departament of Food Science of the Federal University of
Lavras, Brazil.

2.3. Determination of Ochratoxin a Production by Fungi
Using the Agar Plug Method

To determine the potential of ochratoxin A production, the
isolates of the Section Nigri were inoculated in CYA at 25°C
for 7 days, after which they were submitted to the agar plug
method as described by Filtenborg and Frisvad[19]. We used
the OTA standard (Sigma-Aldrich), thin layerchromatograp
hy plates (Merck Silica Gel-60, 20x20) and as mobile phase,
TEF — toluene ethyl acetate and formic acid 90
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% (60:30:10).

2.4. Analysis of Total Soluble S olids, Acidity and pH of
the Grape Varieties

For the chemical analysis of the grapes of each variety
collected we performed an analysis of total soluble solids
(TSS), measured as °Brix, pH and titratable acidity (TA),
expressed as % tartaric acid. After obtaining the wine TSS
analysis was performed with the aid of a portable digital
refractometer. The acidity was obtained by titration with
0.IN NaOH using phenolphthalein indicator and the pH with
a digital potentiometer.

2.5. Statistical Analysis

To assess whether the grape varieties differed in the
frequency of occurrence of Aspergillus section Nigri was
emp loyed an analysis of variance (ANOVA).

3. Results

3.1. Isolation and Identification of Fungi

For the Cabernet Sauvignon variety, the mean percentage
of contamination of grapes by Aspergillus section Nigri in
Winery 1 was 82% and in Winery 2, 11%. In seeds, the mean
values were lower when compared with the values obtained
for the grapes. The mean contamination of seeds by
Aspergillus section Nigri in Winery 1 was 57% and in
Winery 2, only 1% (Figure 1). The analysis of variance
showed that the difference in percentage of contamination by
these fungi was statistically significant for both grapes (F =
75.14; p = 0.0002) and seeds (F = 247.58; p = 0.0005).
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Figure 1. Mean and standard deviation of grapes (o) and seeds (®)

contaminated by Aspergillus Section Nigri of Cabernet Sauvignon in the
two wineries

For the Tempranillo variety the results also showed that
the percentage of contamination of grapes and seeds was
different in the two vineyards studied. The percentage of
contamination in Winery 2 was 76% in grapes and 16% in
seeds and in Winery 3 it was 22% in grapes and 2% in seeds
(Figure 2) and the analysis of variance showed that this
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difference was statistically significant for both grapes (F =
107.26; p = 0.0001) and seeds (F = 21.00; p = 0.0038).
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Figure 2. Mean and standard deviation of grapes (o) and seeds (®)

contaminated by Aspergillus Section Nigri of Tempranillo in the two
wineries

3.2. Analysis of Total Soluble S olids, Acidity and pH

The data of the chemical composition of the grapes are
presented in table 1. The values of titratable acidity (% of
Tartaric acid) were significantly different between the
Cabernet Sauvignon wineries (F = 36.80; p = 0.0261).
However, the pH and total soluble solids were not
statistically different. The Tempranillo variety in the two
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wineries showed the same values of titratable acidity and the
values of pH and total soluble solids were not significantly
different.

Table 1. Values of pH, total soluble solids and percentage oftartaric acids
of the grapes varieties analyzed

TSS TA
Varieties Winery pH O es (% of Tartaric
(°Brix) .
acid)
C. Sauvignon 1 3.13 20 2.87
C. Sauvignon 2 321 28 196
Tempranillo 2 352 25 1.14
Tempranillo 3 361 20 1.14

For the Cabernet Sauvignon variety at Winery 1, 32
isolates of Aspergillus Section Nigri were identified and the
most frequent species were 4. japonicus (42%), A. foetidus
(37.5%), A. niger aggregate (5.5%) and A. niger (4%). At
Winery 2a, eight isolates were identified and the most
frequent species were A. foetidus (37.5%), A. niger aggregate
(37.5%), A. japonicus and A. niger with 12.5% of each
species (Figure 3).

For the Tempranillo variety 46 filamentous fungi of
Section Nigri were isolated and identified at W inery 2b and
the most frequent species were A. niger (48%), A. niger
aggregate (44%) and A. foetidus (6%). Sixteen Section Nigri
fungi were isolated and identified at Winery 3, distributed as
follows: 4. japonicus (75%), A. niger aggregate (12.5%), A.
niger (6.25%) and 4. aculeatus (6.25%) (Figure 3).
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Figure 3. Percentage of isolates of Aspergillus Section Nigri in the wineries
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4. Discussion

The results of this study indicate that the grapes of the two
varieties are more susceptible to contamination by
Aspergillus section Nigri than the seeds, probably because
the latter are protected inside the berry. In relation to the
percentage of contamination between the wineries studied,
even though[5, 20] attributed a high percentage of
contamination in grapes grown in Portugal and Italy to the
warm and dry climate, the role of geographical location and
climate does not seem very clear in the current study, since
the wineries sampled have the same latitude and longitude
and are under influence of the same temperature (26C).

The higher percentage of tartaric acid found in the
Cabernet Sauvignon variety grown in Winery 1 compared
with the value obtained in Winery 2, may have favored the
growth of filamentous fungi belonging to Aspergillus section
Nigri. According to[20] grape varieties respond differently
when artificially inoculated with Aspergillus carbonarius
and, of the varieties studied, Cabernet Sauvignon was the
most susceptible to these fungi. The content of tartaric acid
in berries of the vine at harvest is related to temperature and,
more specifically to the water content in the plant [21].

The chemical composition of the Tempranillo variety had
a low pH and acidity in grapes from both of the sampled
wineries. According to[22] the grapes of Tempranillo variety
grown in the sub-medium Sao Francisco Valley differed in
their enological potential. The grapes harvested in
November-December had high sugar content and pH and
low acidity, while the grapes harvested in June-July had low
sugar content and pH and high acidity. Thus, the
characteristics of the grape varieties do not seem to explain
these differences in contamination by Aspergillus section
Nigri, as verified by[20] by inoculating fungi in different
grape varieties in Italy. Thus, it seems that good agricultural
practices such as application of fungicides, pest control and
continuous irrigation, may be influencing these differences
in contamination by fungi.

Ofthe 94 fungi isolated and identified in the two varieties
analyzed, 41 belong to the species Aspergillus niger and
chromatographic analysis showed that no isolate produced
ochratoxin A. Although species of the genus Aspergillus are
cosmopolitan and grow in different types of climate and
substrate no isolate of Aspergillus carbonarius was found in
this study, demonstrating the low risk of contamination in
wines made from grapes from this tropical region.
Conversely, in temperate regions, Aspergillus carbonarius
shows a high frequency of occurrence in ripe fruit,
particularly grapes, as well as increased production of
ochratoxin A[23].

The location and climatic conditions of the wine region
appear to influence the occurrence and frequency of
ochratoxigenic species and, in countries located near the
Mediterranean Sea and Australia, the species most
commonly found in grapes are similar (4spergillus niger and
aggregate A. carbonarius)[7]. According to[24] 78.4% of the
isolates of Aspergillus carbonarius evaluated had toxigenic
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potential in contrast to only 6.3% of the isolates of
Aspergillus niger that produce ochratoxin A. On the other
hand, Aspergillus niger is the main OTA-producing species
in grapes produced in Argentina[25] although only a low
percentage (5 to 10%) produce OTA[26].

With regard to the species identified, studies of frequency
of occurrence of fungi held in different grape producing
regions noted that the following biseriate species, A.
carbonarius, A. niger aggregate, A. niger, A. tubingensis and
A. foetidus, and the following uniseriate species, 4. aculeatus
and A. japonmicus, are predominant[5, 14, 27, 28]. The
highest frequency of occurrence of these fungi in these
regions can be explained by the color of their conidia that
confer protection against sunlight and UV light, which
would represent a competitive advantage for these
species[17].
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