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The incidence of filamentous fungi and toxin levels in grapes and wines varies depending on the variety of
grapes, the wine region, agricultural practices, weather conditions, the harvest and the winemaking pro-
cess. In this sense, the objective of this study was to evaluate the diversity of Aspergillus and Penicillium
fungi isolated fromwine grapes of the semi-arid tropical region of Brazil, evaluate the presence of ochratox-
in A (OTA) in the experimental wine and verify if there is a correlation between occurrence of these fungi
and the physicochemical characteristics of the wine grapes grown in the region. For the isolation of fungi
we used the direct plating technique. The presence of OTA in the experimental wine was detected by
high-performance liquid chromatography. The species found were Aspergillus niger, A. carbonarius, A.
aculeatus, A. niger Aggregate, A. flavus, A. sojae, Penicillium sclerotiorum, P. citrinum, P. glabrum, P. decumbens,
P. solitum and P. implicatum. All isolates of A. carbonarius were OTA producers and all P. citrinum were citri-
nin producers. The highest concentration of OTA was found in red wine (0.29 μg/L). All species identified in
this study, except A. flavus, showed a positive correlation with at least one physicochemical parameter
assessed, highlighting the pectin content, total sugar, total acidity and phenolic compounds.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

A variety of grapevines are grown in wine producing regions, which
results in high variability of physical and chemical characteristics of the
grapes, and consequently of the wines produced (Abe et al., 2007).
However, grapes may be susceptible to infection by filamentous fungi
from the initial stages of maturation (Bau et al., 2005) and this is due
to the ability of these microorganisms to produce an enzyme complex
responsible for the degradation of specific substrates, and production
of secondary metabolites and volatile substances (Medina et al.,
2015). Moreover, the presence of mycotoxins in wine is due to contam-
ination of grapes by fungi, which develop at pre-harvest or during the
harvesting steps leading to vinification.

Among the contaminating microorganisms, there is greater concern
about the mycotoxin-producing fungi, Aspergillus, the main producer
e, Federal University of Lavras,
genus in grapes (Vitis vinifera L.) (Rousseaux et al., 2014; Serra et al.,
2006). Among themycotoxins, ochratoxin A (OTA) is themain contam-
inant of grapes andwines (Lombaert et al., 2004; Rosa et al., 2004). This
toxin has demonstrated neurotoxic (Sava et al., 2006), genotoxic
(Tozlovanu et al., 2006), carcinogenic (Brown et al., 2007), mutagenic
(Palma et al., 2007), teratogenic (Balasaheb et al., 2007) and immuno-
suppressive (Rossiello et al., 2008) effects in animals. Its occurrence in
wine is due to the growth of filamentous fungi on the grapes and subse-
quent mycotoxin production, and it remains along the vinification pro-
cess, being present in the final product.

Despite studies reporting that the incidence of these fungi and toxin
levels vary depending on the grape variety, wine region, agricultural
practices, weather conditions, harvest and the winemaking process,
there is no accurate information on the correlation between the physi-
cochemical characteristics of the grapes and the presence of Aspergillus
and Penicillium.

In this sense, the objectives of this studywere to evaluate the diversity
of Aspergillus and Penicillium in wine grapes and correlate the occurrence
of these fungi with the physicochemical characteristics of the grapes
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grown in the region, in addition to quantifying the presence of OTA in the
experimental wine made from the same varieties studied.
2. Material and methods

2.1. Study area

Grape samples were collected in a semi-arid tropical region of
Brazil (8°59′30″ S to 9°16′30″ S and 39°59′40″ W to 40°52′19″ W),
between 362 and 422 m of altitude; in the municipalities of Lagoa
Grande and Santa Maria da Boa Vista in Pernambuco (PE) and Casa
Nova in Bahia (BA).
2.2. Sampling

Four samples of white grapes were collected (Muscat Italia, Muscat
Canelli and Chenin Blanc) and seven samples of red grapes (Syrah,
Touriga Nacional, Ruby Cabernet, Tempranillo and Barbera) in the
final stages ofmaturation of the berries (harvest season), in the July/Au-
gust/September 2014 harvest. For this, a diagonal transect was drawn
along the vineyard and three bunches of grapes from three equidistant
plants were collected, disregarding the ends.
2.3. Mycological analysis of grapes (Vitis vinifera L)

From each point (P1, P2, P3) 100 berries were selected and their
surfaces were disinfected (alcohol 70% for 1 min, sodium hypochlo-
rite for 30 s and 3 washes with distilled water) to remove incidental
surface contaminants. After disinfection, the berries were plated on
DRBC - Dichloran Rose Bengal Chloramphenicol medium (Merck,
Darmstadt, Germany) as described by Samson et al. (2000). The
plates were incubated at 25 °C for seven days. The results were
expressed in percent of berries infected by filamentous fungi, ac-
cording to Pitt and Hocking (1997).
2.4. Phenotypic identification of Aspergillus and Penicillium

From the pure cultures, the fungi were identified according to Klich
(2002), Varga et al. (2011) and Pitt (2000). The strains were incubated
on CYA - Czapek Dox Agar culture media (Sigma-Aldrich, St. Louis, MO)
at 25 °C and 37 °C andMEA -Malt Extract Agar (Sigma-Aldrich, St. Louis,
MO) at 25 °C. After seven days incubation,macroscopic andmicroscopic
characteristics were observed.
2.5. Evaluation of mycotoxigenic potential of Aspergillus isolates

To evaluate the toxigenic potential we used the agar plug meth-
od on thin layer chromatography in which potentially toxigenic
species of the section Nigriwere inoculated on CYA (Sigma-Aldrich,
St. Louis, MO), and the section Flavi in YES medium - Yeast Extract-
Sucrose (yeast extract: 20.0 g; sucrose: 150 g; agar: 20.0 g;
ZnSO4·7H2O: 0.1 g, CuSO4·5H2O: 0.05 g, distilled water 1 L) for
7 days at 25 °C (Filtenborg and Frisvad, 1980). We used standard
ochratoxin A and aflatoxin B1, B2, G1 and G2 (Sigma-Aldrich) solu-
tions, thin layer chromatography plates (Merck-Silica gel 60,
20 × 20) and TEF - Toluene; ethyl acetate; formic acid 90%
(60:30:10) as mobile phase. Confirmation of toxin production was
performed under UV light at λ 366 nm in a Chromatovisor CAMAG
(Uf-Betrachter). The isolates considered producers of these toxins
presented an RF (retention factor), and a fluorescence spot similar
to the standard.
2.6. Evaluation of citrinin production by Penicillium belonging to section
Citrina

To assess the production of citrininwe used the Coconut CreamAgar
Method. Penicillium citrinum isolates were inoculated on coconut agar
culture medium (coconut milk cream: 400 g; agar: 12 g, distilled
water: 400 mL) for 10 days at 25 °C as described by Mohamed et al.
(2013). The confirmation for the production of citrinin was conducted
under ultraviolet light at λ 366 nm in a Chromatovisor Camag
(Uf-Betrachter). Isolates considered citrinin producers showed in-
tense green-yellow fluorescence around the colony.

2.7. Physicochemical analysis of the grapes

We evaluated the weight and diameter of the berries in ten repli-
cates. For weighing, an analytical scale (Mars AY220) was used. The di-
ameter was measured in two perpendicular directions with a digital
caliper (Lee Tools). The soluble solids, titratable acidity and pH were
evaluated according to the methodology recommended by the AOAC
(2012). The titratable acidity was expressed in grams of tartaric acid
per 100 g of berry; the pH was measured with a digital potentiometer
(Tecnal Tec-3MP) and total soluble solids with a digital refractometer
(Atago PR-100) and expressed in % soluble solids. The total sugars
were determined by the Antronamethod (Dische, 1962) and expressed
as g of glucose per 100 g of product. The total and soluble pectins were
extracted according to the McCready and McComb (1952) technique
and the determination performed according to the Bitter and Muir
(1973) technique. The results were expressed in mg of galacturonic
acid per 100 g of berry. The pectin solubilization percentage was calcu-
lated by dividing the obtained total pectin content by the soluble pectin
content. The determination of antioxidant activity was carried out by
DPPH method according to the methodology described by Rufino et al.
(2007a), and the results expressed as a percentage of free radical scav-
enging (FRS %). The ABTS method, according to the methodology de-
scribed by Rufino et al. (2007b), was also used and the results
expressed in uM Trolox/g. For determining the color of the grapes we
used a colorimeter (Minolta CR400) in the CIE L* a* b*mode performing
two measurements on opposite sides of each berry, analyzing five
berries per replicate. The parameters Chroma (relation between the
values of a* and b*, with which the actual sample color is obtained)
and the Hue angle (angle between a* and b* indicating the sample
color saturation) were also obtained. Total phenolics were determined
using the Folin-Ciocalteu reagent in solution at concentration of 10%
(v/v). The results were expressed in mg of gallic acid equivalents per
100 g of sample (Waterhouse, 2002). The total anthocyanin levels
were quantified following the differential pH method proposed by
Giusti and Wrolstad (2001). The results were expressed as mg equiva-
lents of cyanidin-3-glucoside per 100 g of sample.

2.7.1. Phenolic compounds
Phenolic compounds [(+)-catechin, (−)-epicatechin, (−)-gallate

epicatechin, (−)-gallate epigallocatechin, procyanidin A2, procyanidin
B1, procyanidin B2, kaempferol-3-O-glycoside, rutin, quercetin,
isorhamnetin-3-O-glycoside, myricetin, malvidin-3-O-glucoside,
cyanidin-3-O-glycoside, delphinidin-3-O-glycosides, peonidin-3-O-
glucoside, gallic acid, p-coumaric acid and trans-resveratrol] in the
grapes were determined according to the methodology of Correa et
al. (2012) adapted.

2.7.1.1. Reagents and solvents. The gallic acid standard was obtained from
Chem (West Chester, USA). Kaempferol 3-O-glycoside, (+)-catechin,
cyanidin-3-O-glucoside, (−)-epicatechin, (−)-gallate epicatechin, (−)-
epigallocatechin gallate, isorhamnetin-3-O-glucoside, malvidin-3-O-gly-
coside, myricetin, delphinidin-3-O-glycoside, peonidin-3-O-glucoside,
procyanidin A2, procyanidin B1, procyanidin B2, quercetin, trans-
resveratrol and rutin were obtained from Extrasynthese (Genay,
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France). p-Coumaric acid was purchased from Sigma (UK). The
methanol, acetonitrile and phosphoric acid were supplied by the
Merck Company (Germany), JT Baker (Phillipsburg, NJ) and Fluka
(Switzerland), respectively.

2.7.1.2. Sample preparation. To obtain the extracts 100 g of berries were
weighed in a beaker then the volumewas completed to 200mL with ab-
solute ethanol. The berries were then homogenized at medium speed for
1 min (Philips Walita). Then the samples were shaken on a mechanical
shaker, refrigerated for 1 h and transferred to a centrifuge at a rotation
of 4500 rpm for 5 min, to sediment the solids. Continuing, 1.5 mL of the
solution suspension were transferred to 2 mL Eppendorf tubes that
were inserted into DVC-220660-N00 speed vac equipment (Mivac,
Genevac Ltd - ipsw, Chengland) until the liquid was totally evaporated.
Samples were resuspended with acetonitrile UV/HPLC to a volume of
1.5mL, stirring the extracts after the process. The extractwas thenfiltered
through a 0.45 μmpolypropylenefilter for later chromatographic reading.

2.7.1.3. Quantification of phenolic compounds by high-performance liquid
chromatography. Quantitation of the compounds was carried out using
a waters liquid chromatograph (Alliance e2695) coupled to a diode-
array (220, 320, 360 and 520 nm) and fluorescence (280 nm excitation
and 360 nm emission) detectors using a Gemini-NX C18 column
(150 mm × 4.60 mm × 3 μm) and Gemini-NX C18 pre-column
(4.0 mm × 3.0 mm), both Phenomenex® (USA). The mobile phase
consisted of 0.025 M potassium dihydrogen phosphate, adjusted to
pH 2.05 with ortho-phosphoric acid (phase A), methanol (phase B)
and acetonitrile (phase C). Injection volume was 10 uL of sample, fur-
nace temperature 40 °C, flow rate 0.6 mL/min with a run time of
70 min. The equations of the calibration curves, coefficient of determi-
nation (R2), detection limits (DL) and quantification limits (QL) of
each phenolic compound evaluated were: (+)-catechin (Y =
4.01e + 006 X–4.07e + 005, R2 0.99, DL 0.06 mg/L, QL 0.19 mg/L);
(−)-epicatechin (Y = 1.61e + 007 X + 2.94e + 006, R2 0.99, DL
0.26 mg/L, QL 0.86 mg/L); (−)-epicatechin gallate (Y = 8.93e + 004
X + 8.55e + 003, R2 0.99, DL 0.13 mg/L, QL 0.42 mg/L); (−)-epigallo-
catechin gallate (Y = 9.64e + 004 X + 3.22e + 003, R2 0.99, DL
0.09 mg/L, QL 0.31 mg/L); procyanidin A2 (Y = 1.66e + 006
X + 5.87e + 005, R2 0.99, DL 0.23 mg/L, QL 0.76 mg/L); procyanidin
B1 (Y = 1.17e + 005 X + 8.54e + 003, R2 0.99, DL 0.09 mg/L, QL
0.31 mg/L); procyanidin B2 (Y = 1.87e + 006 X + 4.44e + 004, R2
0.99, DL 0.27 mg/L, QL 0.89 mg/L); kaempferol 3-O-glucoside (Y =
2.80e + 004 X + 1.90e + 003, R2 0.99, DL 0.03 mg/L, QL 0.1 mg/L);
rutin (Y = 2.77e + 004 X + 1.84e + 003, R2 0.99, DL 0.06 mg/L, QL
0.2 mg/L); quercetin (Y = 5.62e + 004 X + 1.70e + 002, R2 0.99, DL
0.06 mg/L, QL 0.18 mg/L); isorhamnetin-3-O-glucoside (Y =
3.06e + 004 X + 2.48e + 003, R2 0.99, DL 0.03 mg/L, QL 0.09 mg/L);
myricetin (Y = 5.42e + 004 X - 4.14e + 003, R2 0.99, DL 0.03 mg/L,
QL 0.11 mg/L); malvidin-3-O-glucoside (Y = 3.47e + 004
X + 1.46e + 004, R2 0.99, DL 0.27 mg/L, QL 0.89 mg/L); cyanidin-3-
O-glucoside (Y = 6.42e + 004 X + 4.84e + 003, R2 0.99, DL
0.04 mg/L, QL 0.12 mg/L); delphinidin-3-O-glucoside (Y =
5.56e + 004 X + 6.28e + 003, R2 0.99, DL 0.09 mg/L, QL 0.3 mg/L);
peonidin-3-O-glucoside (Y = 6.35e + 004 X + 4.12e + 003, R2 0.99,
DL 0.04 mg/L, QL 0.13 mg/L); gallic acid (Y = 1.34e + 005
X + 5.31e + 004, R2 0.99, DL 0.12 mg/L, QL 0.41 mg/L); p-coumaric
acid (Y = 1.09e + 005 X + 1.79e + 004, R2 0.99, DL 0.08 mg/L, QL
0.27 mg/L); trans-resveratrol (Y = 1.16e + 005 X + 4.02e + 003, R2
0.99, DL 0.03mg/L, QL 0.09mg/L). All sampleswere assayed in duplicate
and the phenolic compound standard solutions were injected in
triplicate.

2.8. Analysis of ochratoxin A in the experimental wines

The wines used in the experiment were made from red and white
grape varieties collected for assessing the fungal contamination
percentage and were produced by an oenology laboratory of Embrapa
Semi-Arid Agriculture, Petrolina, Brazil. Quantification of OTA was per-
formed by High Performance Liquid Chromatography (HPLC)with fluo-
rescence detection as described in EN 14133/2003 (European
Committee for Standardization, 2003).

2.8.1. Sample preparation and purification in immunoaffinity column
Initially, the samples were cooled to 4 °C for 12 h. From each sam-

ple, 40 mL were added to 40 mL of dilution solution (10 g polyethyl-
ene glycol 8000 and 50 g of sodium bicarbonate in 1000 mL of
purified water (q.s.)) under mechanical stirring and homogenized
in a shaker at medium speed for 30 min. This solution was subjected
to vacuum filtration (2 mL/min) through a GFA membrane, then
40 mL of the filtrate was passed through an immunoaffinity column
(Ochraprep, R-Biopharm Rhone Ltd) adapted to a Visiprep™ SPE
Vacuum Manifold system (Sigma-Aldrich). The column was washed
with 10 mL of wash solution (25 g sodium chloride) and 5 g of sodi-
um bicarbonate in 1000 mL of purified water (q.s.) and then with
10 mL of purified water to remove non-specific residues. Subse-
quently 2 mL of methanol was added to the column to release the
OTA bound to the antibody, repeating the procedure three times.
The eluate obtained was evaporated by heating (±50 °C) under a ni-
trogen atmosphere. This dry extract was reconstituted in 250 μL of
the mobile phase (acetonitrile:methanol:aqueous acetic acid
(35:35:30). 50 μL of the OTA standard solution and sample extracts
were then injected into a liquid chromatograph. The stock OTA solu-
tion (Sigma-Aldrich) was prepared in toluene:acetic acid (99:1 v/v).
The concentration was determined according to Association of
Official Analytical Chemists - AOAC (1997) and verified in a UV spec-
trophotometer at 333 nm, with e = 5440 L/cm.mol.

2.8.2. Quantification by high-performance liquid chromatography
Quantification was conducted in a Shimatzu liquid chromatography

system with a fluorescence detector (Model LC-10AD) at wavelengths
of 333 and 476 nm for excitation and emission, respectively.Weutilized
a Shim-pack CLC-ODSRP-18 column (5 μm, 4.6× 250mm), preceded by
Shim-pack ODS pre-column (5 μm, 4.6 × 25 mm), flow rate of
0.8 mL/min. Quantification of OTA in the samples was performed by
constructing a calibration curve obtained by linear regression (y =
6935.3×+ 913.169) since the coefficient of determination (R2) obtain-
ed was 0.99. The retention time was about 10 min. The detection limit
was 0.001087 μg/L, and the quantification limit was 0.006254 μg/L. All
samples were analyzed in duplicate and OTA standard solutions were
injected in triplicates.

2.9. Statistical analyses

To assess the difference in Penicillium and Aspergillus occurrence fre-
quency in the grape varieties and the presence of ochratoxin A in the
wines, analysis of variance (ANOVA) with subsequent Tukey test were
used. The analyses were performed using Sisvar software (Ferreira,
2011). To evaluate the effect of the physicochemical characteristics of
the grapes on the incidence of Penicillium and Aspergillus fungi we
used the Pearson correlation. The analyseswere performed using R soft-
ware (version 2.11.1, 2010).

3. Results and discussion

3.1. Percentage of contamination by Aspergillus and Penicillium in wine
grapes

The varieties TourigaNacional and Chenin Blanc had the highest per-
centage of contamination by Aspergillus species (100%), and the Touriga
Nacional variety also had the highest percentage of contamination by
Penicillium species (64.67%). There was no occurrence of Penicillium
and Aspergillus in the Tempranillo variety (Fig. 1).
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Fig. 1. Contamination percentage of wine grapes by Aspergillus and Penicillium fungi and
their respective average colonization proportions. Different letters show statistically
significant difference at p b 0.05, uppercase letters being for Penicillium and lowercase
for Aspergillus.

Fig. 2. Aspergillus species incidence in grape varieties.
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The contamination by Aspergillus was higher than by Penicillium in
most samples except Muscat Canelli 1 and Ruby Cabernet that showed
the higher incidence of Penicillium. Kizis et al. (2014) evaluated the col-
onization of grapes by filamentous fungi from cultivation areas in
Greece found Aspergillus as the most frequently isolated genus in all re-
gions except in Macedonia where the Alternaria genus was the most
commonly found. However, Serra et al. (2006) found a higher contam-
ination by Penicillium when evaluating grapes from Portugal, which in-
dicates the influence of geographical location on the incidence of fungi.

Samples belonging to varieties Syrah (samples 1, 2 and 3) and Mus-
cat Canelli (samples 1 and 2) showed different contamination percent-
ages, which demonstrates that despite the samples being the same
variety, other factors contribute to contamination, such as climate con-
ditions and cultivation practices. Setati et al. (2012) demonstrated that
intra-vineyard variation may be greater than the inter-vineyard varia-
tion within the same harvest, presumably due to microclimatic influ-
ences on the grape microbiota. Passamani et al. (2012) observed that
there is also a variation of the contamination of varieties among
vineyards with the same geographical location due to agricultural
practices.
Fig. 3. Penicillium species incidence in grape varieties.
3.2. Incidence of Aspergillus and Penicillium in wine grapes

Of the 466 identified fungi, 351 belong to the genus Aspergillus
(75.3%), whereas only 115 belong to the genus Penicillium (24.7%).
However, the diversity of Penicillium species was similar to that of As-
pergillus. El Khoury et al. (2008) found similar results in Lebanese
vineyards where 95.5% of the isolates belonged to the genus Aspergillus,
whereas only 4.5% belonged to the genus Penicillium.

Aspergillus species found in the wine grapes of the region were A.
niger (35.33%), A. carbonarius (33.90%), A. aculeatus (20.51%), A. niger
aggregate (8.83%), A. flavus (1.14%) and A. sojae (0.28%). Section Nigri
species represented 98.6% of the Aspergillus isolates, A. niger and A.
carbonarius being the majority of the isolates identified.

These results are consistent with reports of Battilani et al. (2006),
who found that Aspergillus Section Nigri were the most the frequently
isolated species in hot and dry areas. Among these, A. carbonarius and
A. niger are themost common species, representing 50 to 98.5%of Asper-
gillus isolates in grapes (Rousseaux et al., 2014).

The high incidence of A. carbonarius in the region of La Rioja in Ar-
gentina was attributed to semi-arid climate with low humidity and ex-
tremely hot summers (Chiotta et al., 2009). According to Lasram et al.
(2010), A. carbonarius strains demonstrate different growth characteris-
tics, with some isolates being able to develop a tolerance to the semi-
arid climate, the climate found in the present study area, which could
explain the high incidence of this species.

A. niger were dominant in 27.3% of the samples (Syrah 1, Syrah 2
and Syrah 3), being higher in Syrah 1 (93%). In contrast A. flavuswas
found in only 18.2% of the samples (Syrah 2 and Muscat Canelli 2)
representing 10% of the isolates, and A. sojae was found only in the
Barbera variety, representing 3% of the isolates (Fig. 2).

The highest incidence of Aspergillus carbonarius was in the varieties
Muscat Italia and Touriga National, representing 98% and 75% of the iso-
lates, respectively. Of all the A. aculeatus, 69.4% were isolated from the
Chenin Blanc variety, it being the most prevalent species in this sample
(82%).

A. nigerAggregatewas present in 63.6% of the samples, the incidence
varying from 0% (Muscat Italia, Touriga Nacional and Syrah 3) to 71%
(Ruby Cabernet). It was also themost frequent species inMuscat Canelli
1 (67%) and Barbera (45%) samples. In Muscat Canelli 2, the highest in-
cidence was of A. carbonarius (38%) and A. niger (38%).

The influence of the variety on the incidence of filamentous fungi in
grapeswas reported by Chiotta et al. (2009)whoobserved a higher per-
centage of A. carbonarius (50%) in Cabernet Sauvignon than in the
Malbec and Syrah varieties in Argentine vineyards. Diaz et al. (2009) de-
tected a higher contamination by A. carbonarius and A. niger in red vari-
eties than in white varieties in Chilean vineyards. However, in a
vineyard in Tunisia, there was no significant difference in the number
of isolates of Aspergillus Section Nigri in Carignan (red) and Italia
(white) varieties (Lasram et al., 2007). Similar results were observed
in our study, in which the A. carbonarius incidence was significant,
both in Muscat Italia (white) and Touriga Nacional (red) varieties.

The identified species of the genus Penicillium were P. sclerotiorum
(44.4%), P. citrinum (20.0%), P. glabrum (18.3%), P. decumbens (13.0%),
P. implicatum (2.6%) and P. solitum (1.7%). These results differ from
those found in Portuguese vineyards, wherein the most common spe-
cies of Penicillium were P. brevicompactum, P. thomii and P. glabrum
(Serra et al., 2006).

In Syrah 3, Chenin Blanc and Barbera samples the species P. citrinum,
P. sclerotiorum and P. glabrum represent 100% of isolates, respectively
(Fig. 3). P. decumbens was present only in the Touriga Nacional variety,
being the species with the highest incidence in this variety (50%).



Table 1
Ochratoxigenic species isolated from grapes and presence of ochratoxin A in experimental
wines.

Variety Number of toxigenic isolates
(A. carbonarius)

OTA levels in wine
(μg/L)⁎

Muscat Italia 51 bDL
Syrah 1 0 bQL a
Ruby Cabernet 0 bQL a
Chenin Blanc 7 bQL a
Tempranillo 0 bQL a
Barbera 1 bQL a
Syrah 3 4 bQL a
Muscat Canelli 1 0 0.02 ± 0 b
Muscat Canelli 2 8 0.03 ± 0.01 b
Touriga Nacional 48 0.29 ± 0.01 c

DL: detection limit (0.001087 μg/L).
QL: quantification limit (0.006254 μg/L).
⁎ Different letters show significant statistical difference at p b 0.05.
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Most varieties were colonized by P. sclerotiorum, which was domi-
nant in 33.3% of the analyzed samples, representing 63% of the isolates
in the Muscat Canelli 1 and 2 varieties and 50% of the isolates in the
Ruby Cabernet variety. P. citrinumwas also present, however the distri-
bution varied according to the variety. P. glabrum had the highest inci-
dence in the Syrah 2 variety (67%) and P. implicatum in Syrah 1 (67%),
it also being present in Syrah 2 (10%). Only Syrah 1 and Ruby Cabernet
samples were contaminated by P. solitum, which accounted for 33% and
3% of the isolates, respectively.

P. chrysogenumwas themost commonly isolated species in Argentina
(Magnoli et al., 2003). In France and Portugal P. brevicompactumwas the
specieswith highest incidence (Sage et al., 2002; Serra et al., 2006). How-
ever, other studies have identified P. expansum as themost common spe-
cies in Portuguese (Abrunhosa et al., 2001) and French (Bejaoui et al.,
2006) vineyards. These species were not reported in our study, which
demonstrates the difference in occurrence in different regions.

Studies in France demonstrated that the most frequently isolated
species differ between crops and vineyards. Guérin et al. (2007) ob-
served that the predominant species of Penicillium isolated differed
among vineyards in 2004, with P. expansum in Bordeaux, Alsace and
Val de Loire and P. purpurescens in Beaujolais and Burgundy. Diguta et
al. (2011) identified P. spinolusum as the most frequently isolated spe-
cies in the 2008 harvest in Burgundy. These studies demonstrate that
the incidence of different species of fungi varies not only with the geo-
graphical location, but alsowith the harvest, climatic conditions and va-
riety of grapes Passamani et al. (2012).

3.3. Mycotoxin production by species of Aspergillus and Penicillium

Of the total Aspergillus species identified, 346 were tested for ochra-
toxin A production capacity. Of these, 32.1% were toxin producers and
identified as A. carbonarius, while A. aculeatus, A. niger and A. niger Ag-
gregate species showed no potential for production of this toxin. A.
carbonarius proved to be the only 100% producer species of ochratoxin
A, which confirms that this is the main species responsible for the OTA
presence in grapes (Magnoli et al., 2003; Battilani et al., 2006).

Our results corroborate the findings of Lasram et al. (2012a) in
which 99.5% of ochratoxigenic isolates from Tunisia grapes were A.
carbonarius, only 3.2% A. niger Aggregate and no uniseriate species.
Kizis et al. (2014) also reported 98.3% of A. carbonarius and 1.6% of A.
niger Aggregate isolated from grapes in Greece as OTA producers and
no production from A. ibericus and A. japonicus.

No OTA producing Aspergillus species were found in the Syrah 1,
Syrah 2, Muscat Canelli 1, Ruby Cabernet and Tempranillo samples,
while 98.1% of the isolates from Muscat Italy and 75% from Touriga
Nacional samples were OTA producers, these being identified as A.
carbonarius.

The Syrah 3 (7.3%), Moscato Canelli 2 (42.1%), Chenin Blanc
(11.5%) and Barbera (2.7%) samples were also contaminated by
OTA producing A. carbonarius, but with lower incidence. These re-
sults demonstrate that besides the influence of cultivation practices,
incidence of ochratoxigenic species can be influenced by the grape
variety, even when located in the same region.

Battilani et al. (2004) evaluated the OTA production by toxigenic
strains inoculated into 12 grape varieties and detected Bianco di
Alessano, Pampanuto and ‘Uva di Troia’ varieties with low ochratoxin
A levels, while Cabernet Sauvignon had the highest OTA level.

Muscat Canelli 1 and Ruby Cabernet samples had the highest con-
tamination level by Penicillium species, which may have influenced
in the absence of ochratoxigenic species. Some studies report that,
in addition to the intrinsic and environmental factors, competitive
microbiota are also an important factor in the contamination of grapes
by potentially toxigenic species and OTA production. A. japonicus,
A. wentii, A. versicolor, A. clavatus and some yeasts compete for space
and nutrients, reducing the OTA concentration in grapes (Abrunhosa
et al., 2001; Ponsone et al., 2012). Concomitantly, Kogkaki et al.
(2015) demonstrated that B. cinerea could be an obstacle to A.
carbonarius growth and OTA production in the field.

Only four A. flavus and one A. sojae were isolated from the wine
grapes, whichwere not aflatoxin B1, B2, G1 and G2 producers. This con-
firms the low risk of this toxin in grapes of the region. Serra, Braga and
Venancio (2005) found 27 A. flavus producers of aflatoxin B1 isolated
fromgrapes in Portugal. In Lebanon, 43% of A. flavuswere also producers
(El Khoury et al., 2008). However, this species is not considered an ordi-
nary member of grape mycobiota and studies conducted in Mediterra-
nean countries have reported low incidence of these in the vineyards
(Medina et al., 2005; Martinez-Culebras, Ramon, 2007).

All citrinin producing Penicillium isolates were P. citrinum. Although
citrinin has demonstrated nephrotoxic effects, the presence of the toxin
inwine is not of concern because of the low incidence of these species in
grapes (Rousseaux et al., 2014). Of the 115 fungi of the Penicillium genus
isolated from grapes, only 20% were P. citrinum, which shows a low risk
of this toxin in grapes and their derivatives from the region.

3.4. Ochratoxin A occurrence in the experimental wines

Only 16.7% of redwine and 50% of whitewine sampleswere positive
for OTA presence, and the average concentration was 0.29 μg/L and
0.02 μg/L in red and white wines, respectively, red wines thus having
greater contamination.

Remiro et al. (2013) found 100% of red wines from countries around
the Mediterranean Sea contaminated by OTA. In Chinese wines, only
2.9% of white wines were found contaminated, whereas 57.1% of red
wines showed OTA, with average concentrations of 0.07 μg/L and
0.8 μg/L, respectively (Zhang et al., 2013). According to Sarigiannis et
al. (2014), these differences may be related to grape cultivation tech-
niques, the microclimate and the different winemaking processes.

Table 1 demonstrates that the highest concentration of ochratox-
in A was found in the wine made from the Touriga Nacional variety
(0.29 μg/L), this also being the variety with highest contamination
percentage by Aspergillus and Penicillium fungi. Moreover, this varie-
ty also showed high incidence of toxigenic isolates.

Despite the Muscat Italia variety having high contamination by OTA
producer A. carbonarius, OTA was not detected in the wine made from
this variety. Generally, white wines have lower OTA levels compared
to red wines, as such, the presence of OTA in the wines obtained from
Muscat Canelli variety can be possibly attributed to poor sample quality
(Soto et al., 2014). Similar results were found in a study conducted by
Pena et al. (2010), evaluating wines of different regions in Portugal, in
which although 26% of the red wine samples and 12% of white wine
samples were contaminated by OTA, only one white wine sample
exceeded the level allowed by the European Union. However, in our
study, none of the wines analyzed exceeded the maximum tolerable



186 L. Freire et al. / International Journal of Food Microbiology 241 (2017) 181–190
OTA limit in wines proposed by the European Union (Commission of
the European Communities - EC, 2006) and by Brazil, of 2 μg/kg
(Brasil, 2011).

According to our results, the Brazilian wines have low concentra-
tions comparedwith those of European origin inwhich the OTA content
generally varies between 0.01 and 15.60 μg/L (Commission of the
European Communities, 2002; Shundo et al., 2006; Terra et al., 2013).
According to Terra et al. (2013) the low level of OTA can be related to
the semi-arid climate of the region where higher temperatures are reg-
istered throughout the year, such temperatures can promote the
growth of the species, but not toxin production.

3.5. Correlation between physical and chemical characteristics of wine
grapes and incidence of Aspergillus and Penicillium

The antioxidant activity, total phenolic compounds, anthocyanins,
total sugars, soluble and total pectin, color, total titratable acidity, total
soluble solids and pH parameters, as well as berry weight and diameter,
were assessed to establish a possible correlation between the grape va-
rieties and filamentous fungi incidence (Table 2).

All Aspergillus species identified in this study, except A. flavus, were
positively correlated (p b 0.05) with at least one evaluated variable
(Table 3).

Aspergillus aculeatus demonstrated a positive correlation with the
color parameter Chroma (0.55), which is the relation between the
values of a* and b*, with which the actual sample color is obtained.
A. carbonarius was positively correlated with the total pectin content
(0.69). Positive correlation was also seen between the A. niger species
and antioxidant activity measured by the ABTS method (0.76).

Aspergillus niger Aggregate and A. sojae presented a positive cor-
relation with the total acidity content, 0.74 and 0.77, respectively.
Moreover, a positive correlation was also observed between the
A. sojae species and the color parameter a* (0.51) expressing the de-
gree of variation between red and green (more negative a* =
greener; more positive a* = redder). The presence of color shades
with a higher red color contribution is commonly associated with a
higher percentage of anthocyanins.

Of the Penicillium isolates, P. decumbens, P. citrinum and P. sclerotiorum
correlated with physicochemical characteristics. There were no correla-
tions for P. glabrum, P. implicatum and P. solitum.
Table 2
Physicochemical characteristics evaluated in wine grape varieties from the semi-arid tropical r

Physical-chemical characteristics Grape varieties (Vitis vinifera L.)a

Muscat
Italia

Syrah 1 Syrah 2 Touriga
Nacional

Antioxidant activity-DPPH (%FRS) 60.76 94.77 94.58 94.83
Antioxidant activity-ABTS (μM trolox/g) 131.97 1359.24 1271.17 1687.86
Total phenolic compounds (mg/100 g) 634.80 641.12 652.62 1128.79
Anthocyanins (mg/100 g) ND 65.48 54.35 176.56
Total sugars (mg/100 g) 21.41 34.90 35.06 27.53
Soluble pectin (mg/100 g) 15.68 76.14 61.54 157.10
Total pectin (mg/100 g) 664.40 491.88 396.77 885.42
Pectin solubilization (%) 2.36 15.49 15.51 17.74
L* 39.61 27.80 24.88 21.48
a* 2.48 0.14 0.24 3.36
b* 14.90 −0.48 −1.54 −3.27
Chroma 13.25 0.76 1.57 4.71
Hue 87.09 288.42 280.68 312.83
Total acidity (%) 1.12 0.84 0.83 0.84
Total soluble solids (%) 14.00 20.87 18.57 22.00
pH 3.50 3.98 3.74 3.90
Weight (g) 9.60 2.63 2.30 1.72
Diameter (mm) 21.48 13.54 12.11 9.60

L*: degree of brightness.
a*: degree of variation between red and green.
b*: degree of variation between blue and yellow.

a ND= not detected.
P. decumbenswas positively correlated with the total pectin content
(0.66) and total soluble solids (0.50). P. citrinum showed a positive cor-
relation with antioxidant activity measured by the ABTS method (0.54)
and total sugars (0.53). Positive correlation between P. sclerotiorum and
anthocyanin content was also found, this being the highest correlation
observed (0.92).

Due to the great importance of phenolic compounds present in
grapes, the content of 19 of the most important was assessed
(Table 4).

The highest number of phenolic compounds was found in the
Touriga Nacional variety, which was the most contaminated by Penicil-
lium and Aspergillus.

All Aspergillus species identified in this study, except A. flavus,
were positively correlated (p b 0.05) with at least one evaluated phe-
nolic compound (Table 5). Aspergillus aculeatus had a positive corre-
lation with the quercetin flavonol (0.57). A. niger was positively
correlated with the flavanols (−)-epicatechin (0.75), procyanidin
A2 (0.68) and procyanidin B2 (0.80); with the flavonols rutin
(0.68) and isorhamnetin-3-O-glucoside (0.72) and the phenolic
acid gallic acid (0.73).

Aspergillus sojae and A. nigerAggregate showed a positive correlation
with the flavanol (−)-epigallocatechin gallate, 0.58 and 0.65, and
the flavonol kaempferol-3-O-glucoside, 0.73 and 0.70, respectively.
In turn, A. carbonarius showed a positive correlation with the
flavanol (−)-epicatechin gallate (0.56).

All Penicillium species correlated with the phenolic compounds
evaluated in this study. Penicillium decumbens demonstrated a
higher number of correlations. It was positively correlated with the
flavanols (−)-epicatechin (0.60), (−)-epicatechin gallate (0.98)
and procyanidin A2 (0.54); flavonols quercetin (0,60) and
isohamnetina-3-O-glucoside (0.54), the anthocyanins malvidin-3-
O-glucoside (0.56) and peonidin-3-O-glucoside (0.78 ) and the phe-
nolic acid p-coumaric (0.82). P.citrinum presented positive correla-
tion only with anthocyanin delphinidin-3-O-glucoside (0.55).

A positive correlation was also observed between P. glabrum species
and the anthocyanins delphinidin-3-O-glucoside (0.84) and malvidin-
3-O-glucoside (0.63) and the flavanol (−)-epigallocatechin gallate
(0.58). Positive correlation between P. sclerotiorum and delphinidin-3-
O-glucoside (0.65) and malvidin-3-O-glucoside (0.54) anthocyanins
was also found.
egion of Brazil.

Syrah 3 Muscat
Canelli 1

Muscat
Canelli 2

Ruby
Cabernet

Chenin
Blanc

Tempranillo Barbera

94.81 76.82 86.46 94.47 91.67 95.13 86.35
2638.90 334.30 707.94 1864.06 758.87 258.47 625.51
817.56 308.02 460.23 879.51 437.85 981.57 606.84
79.12 ND ND 218.92 ND 91.14 88.48
28.74 37.56 28.27 33.28 27.83 21.36 26.37
95.26 78.90 119.46 114.19 133.05 153.20 166.34
505.22 306.46 507.45 429.78 528.18 590.47 716.74
18.86 25.74 23.55 26.57 25.21 25.97 23.21
27.80 36.96 40.85 28.14 47.13 23.92 24.11
0.14 −3.54 −3.23 −0.22 −2.75 2.95 6.52
−0.48 14.21 15.56 −1.14 22.47 −0.59 −3.43
0.76 14.67 15.92 1.19 22.99 3.05 6.49
288.42 103.84 101.54 252.93 97.02 345.86 325.55
0.84 0.84 1.39 0.76 0.97 0.99 1.69
15.95 15.98 12.37 18.43 15.76 14.58 21.00
3.98 3.83 3.74 3.86 3.88 4.02 3.30
1.80 2.07 2.29 1.35 2.13 1.42 2.06
12.25 13.40 12.70 11.79 11.22 11.69 13.97



Table 3
Pearson correlation analysis correlating the physicochemical characteristics to the presence of species of Aspergillus and Penicillium genera in grapes (Vitis vinifera L.).

Physical-chemical
characteristics

A. aculeatus A. carbonarius A. niger A. niger
Aggregate

A. flavus A. sojae P. decumbens P. citrinum P. glabrum P. sclerotiorum P. implicatum P. solitum

Antioxidant
activity-DPPH

0.11 −0.51 0.38 0.03 0.09 0.07 0.19 0.12 0.20 0.06 0.26 0.27

Antioxidant
activity-ABTS

−0.02 −0.08 0.76⁎ 0.11 0.02 0.16 0.28 0.54⁎ 0.30 0.23 0.18 0.36

Total phenolic
compounds

−0.23 0.36 0.28 0.09 0.18 0.06 0.58 0.10 0.18 0.22 0.02 0.19

Anthocyanins 0.04 0.46 0.17 0.12 0.25 0.05 0.47 0.54 0.55 0.92⁎ 0.30 0.40
Total sugars −0.14 −0.50 0.18 0.02 0.20 0.19 0.12 0.53⁎ 0.46 0.35 0.46 0.42
Soluble pectin 0.28 −0.10 0.04 0.44 0.08 0.42 0.36 0.03 0.05 0.29 0.25 -0.04
Total pectin 0.07 0.69⁎ 0.16 0.22 0.20 0.35 0.66⁎ 0.42 0.26 0.02 0.17 -0.18
Pectin solubilization 0.28 −0.52 0.07 0.32 0.03 0.17 0.05 0.39 0.30 0.45 0.20 0.12
L* 0.49 0.03 0.40 0.26 0.06 0.29 0.39 0.14 0.31 0.05 0.26 -0.21
a* −0.28 0.18 0.07 0.32 0.35 0.51⁎ 0.21 0.48 0.15 0.36 0.11 -0.15
b* 0.48 0.11 0.46 0.30 0.07 0.31 0.30 0.18 0.36 0.02 0.31 -0.32
Chroma 0.55⁎ 0.15 0.53 0.08 0.03 0.07 0.15 0.30 0.38 0.02 0.42 -0.45
Hue −0.23 −0.12 0.48 0.29 0.09 0.32 0.29 0.07 0.22 0.04 0.29 0.25
Total acidity 0.08 0.05 0.12 0.74⁎ 0.20 0.77⁎ 0.16 0.36 0.18 0.28 0.23 -0.30
Total soluble solids −0.07 0.04 0.32 0.38 0.25 0.40 0.50⁎ 0.03 0.27 0.20 0.43 0.39
pH 0.08 −0.16 0.34 0.65 0.08 0.69 0.18 0.30 0.03 0.26 0.25 0.31
Weight −0.17 0.31 0.32 0.24 0.15 0.12 0.16 0.39 0.31 0.36 0.11 -0.20
Diameter −0.22 0.09 0.31 0.12 0.17 0.02 0.28 0.33 0.27 0.38 0.11 -0.15

L*: degree of brightness.
a*: degree of variation between red and green.
b*: degree of variation between blue and yellow.
⁎ Significant correlation at p b 0.05.
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Penicillium implicatum showed positive correlation with the flavo-
nols rutin (0.54) and isorhamnetin-3-O-glucoside (0.61) and the stil-
bene trans-resveratrol (0.70), whereas P. solitum correlated only with
the anthocyanin delphinidin-3-O-glucoside (0.60) and the stilbene
trans-resveratrol (0.78).

Jiang, Shi and Zhu (2013) detected damaged berries and faster och-
ratoxin A accumulation in the Thompson Seedless variety, intermediate
for Kyoho, and slower for Red Terra grapes. During the incubation peri-
od, a decrease in the sugars and soluble solids content in some varieties
was observed, possibly consumed by A. carbonarius, and the increase of
Table 4
Concentration of phenolic compounds present in wine grape varieties of the semi-arid tropica

Phenolic compounds (mg/L) Grape varieties (Vitis vinifera L.)

Muscat
Italia

Syrah 1 Syrah 2 Touriga
Nacional

Syra

Flavanols
(+)-Catechin bQL 1.68 2.12 3.02 3.72
(−)-Epicatechin bDL 1.19 0.97 2.84 2.9
(−)-Epicatechin gallate bDL 0.44 bQL 3.68 0.47
(−)-Epigallocatechin gallate bDL 0.35 1.14 1.84 0.59
Procyanidin A2 bDL bQL bQL bQL bQL
Procyanidin B1 0.84 0.88 0.94 2.32 1.35
Procyanidin B2 bDL 2.84 3.11 5.01 10.9

Flavonols
Kaempferol 3-O-glucoside bQL 0.91 0.1 0.2 0.36
Rutin bDL 0.42 0.28 0.33 0.29
Quercetin bDL bDL bDL bQL bDL
Isorhamnetin-3-O-glucoside bDL 2.24 0.96 2.06 1.3
Myricetin bDL 0.55 0.37 0.67 0.36

Anthocyanins
Malvidin-3-O-glucoside bDL 13.42 20.18 36.67 12.3
Cyanidin-3-O-glucoside bDL bDL bDL bDL bDL
Delphinidin-3-O-glucoside bDL 1.44 3.73 5.12 0.99
Peonidin-3-O-glucoside bDL 3 6.9 11.29 2.01

Phenolic acids
Gallic acid bDL bQL bDL 0.46 0.46
P-coumaric acid bDL bDL 0.44 0.71 bQL

Stilbenes
Trans-resveratrol bDL bQL bQL bQL bQL

DL: detection limit.
QL: quantification limit.
these components in other varieties, possibly due to the hydrolysis of
polysaccharides (starch and pectin), which demonstrates the degrada-
tion ability of these fungi and the difference in susceptibility of the
varieties.

Concomitantly, this study demonstrates the existence of a positive
correlation between some physical and chemical characteristics of
wine grape varieties and the incidence of fungi of the Aspergillus and
Penicillium genera in them. Therefore, it follows that the higher the
value of the correlated physicochemical parameter, the greater the spe-
cies incidence.
l region of Brazil.

h 3 Muscat
Canelli 1

Muscat
Canelli 2

Ruby
Cabernet

Chenin
Blanc

Tempranillo Barbera

1.43 5.5 1.43 2.13 1.51 3.49
bDL bQL 1.03 bQL bQL 1.46
bDL bQL 0.52 bQL bDL bQL
bDL bQL 2.11 bDL 0.33 2.39
bDL bDL bDL bDL bDL bDL
bQL 1.01 2.25 0.79 7.22 2.3

2 3.92 bDL 2.01 bDL 1.21 2.23

bDL 0.31 0.32 0.62 bDL 1.27
bDL bQL bQL bDL bDL 0.42
bDL bDL bDL bQL bDL bDL
bDL bQL 0.48 0.25 0.18 0.74
bDL bQL 0.63 0.11 0.12 0.26

8 bDL bDL 39.22 bDL 7.55 11.36
bDL bDL bDL bDL bDL bDL
bDL bDL 12 bDL 1.1 1.79
bDL bDL 4.79 bDL 0.92 3.07

bQL bQL bDL bDL bQL bQL
bDL bQL bQL bDL bDL bQL

bQL bQL bQL bQL bQL bQL



Table 5
Pearson correlation analysis correlating the phenolic compounds to the presence of species of Aspergillus and Penicillium genera in grapes (Vitis vinifera L.).

Phenolic compounds A.
aculeatus

A.
carbonarius

A.
niger

A. niger
Aggregate

A.
flavus

A.
sojae

P.
decumbens

P.
citrinum

P.
glabrum

P.
sclerotiorum

P.
implicatum

P.
solitum

Flavanols
(+)-Catechin 0.02 −0.18 0.39 0.28 0.49 0.25 0.15 0.04 −0.14 −0.05 −0.18 −0.28
(−)-Epicatechin −0.08 0.16 0.75⁎ 0.02 −0.18 0.12 0.60⁎ 0.17 −0.06 0.09 0.00 −0.01
(−)-Epicatechin gallate −0.14 0.56⁎ 0.19 −0.13 −0.14 −0.06 0.98⁎ −0.07 −0.01 0.44 −0.07 −0.05
(−)-Epigallocatechin gallate −0.19 −0.01 0.04 0.65⁎ −0.11 0.58⁎ 0.38 0.21 0.58⁎ 0.34 −0.10 0.23
Procyanidin A2 0.11 0.15 0.68⁎ −0.05 −0.08 0.03 0.54⁎ 0.10 −0.22 0.06 −0.16 −0.23
Procyanidin B1 −0.19 −0.12 −0.23 0.01 −0.22 0.08 0.08 −0.23 −0.07 −0.11 −0.23 −0.07
Procyanidin B2 −0.13 −0.08 0.80⁎ −0.16 −0.22 −0.07 0.23 0.45 −0.08 0.00 0.00 −0.08

Flavonols
Kaempferol 3-O-glucoside 0.34 −0.31 0.28 0.70* −0.21 0.73⁎ −0.15 −0.33 −0.11 −0.27 0.30 0.29
Rutin −0.17 −0.09 0.68⁎ 0.41 −0.03 0.48 0.29 −0.16 0.03 −0.24 0.54⁎ 0.27
Quercetin 0.57⁎ 0.23 0.26 −0.03 −0.16 0.09 0.60⁎ −0.39 −0.23 0.01 0.14 −0.14
Isorhamnetin-3-O-glucoside −0.16 0.11 0.72⁎ −0.09 −0.15 0.00 0.54⁎ −0.13 −0.09 −0.04 0.61⁎ 0.37
Myricetin −0.21 0.04 0.43 0.02 −0.13 −0.04 0.52 0.25 0.43 0.36 0.38 0.61

Anthocyanins
Malvidin-3-O-glucoside −0.28 0.11 0.16 0.07 −0.09 −0.03 0.56⁎ 0.39 0.63⁎ 0.54⁎ −0.09 0.47
Cyanidin-3-O-glucoside NA NA NA NA NA NA NA NA NA NA NA NA
Delphinidin-3-O-glucoside −0.22 −0.05 −0.12 0.14 −0.07 −0.05 0.25 0.55⁎ 0.84⁎ 0.65⁎ −0.02 0.60⁎

Peonidin-3-O-glucoside −0.27 0.30 0.24 0.02 0.08 0.01 0.78⁎ 0.09 0.39 0.35 0.18 0.14
Phenolic acids

Gallic acid −0.15 0.10 0.73⁎ 0.15 −0.20 0.32 0.48 −0.19 −0.46 −0.18 0.12 −0.11
P-coumaric acid −0.22 0.42 0.22 −0.04 0.28 0.00 0.82⁎ 0.01 0.21 0.26 0.00 −0.23

Stilbenes
Trans-resveratrol −0.27 −0.11 0.49 −0.15 −0.02 −0.24 0.21 0.28 0.42 0.20 0.70⁎ 0.78⁎

NA: no correlation.
⁎ Significant correlation at p b 0.05.
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We can infer that the total sugars content present in the Muscat
Canelli 1 sample favors the incidence of P. citrinum species. This species
is also related to the antioxidant activity in the Syrah 3 sample and Ruby
Cabernet variety.

According toMagan (2007), mycotoxigenic fungi have amechanism
of adaptation to different environments, thus becoming good competi-
tors. This is due to their ability to produce an enzyme complex respon-
sible for degradation of specific substrates and production of secondary
metabolites and volatile compounds (Medina et al., 2015).

Growth andmetabolite production by filamentous fungi are usu-
ally a response to the physical-chemical conditions of the substrate
in which they are inserted. In in vitro studies, production of extra-
cellular enzymes by P. janczewskii was influenced by the carbon
source, and the presence of fructose in the culture medium stimu-
lated the p-fructofuranosidases enzyme release, which favored
growth of this species (Pessoni et al., 2015).

The presence of the compounds (−)-epicatechin, (−)-epicatechin
gallate, procyanidin A2, quercetin, isorhamnetin-3-O-glucoside,
malvidin-3-O-glucoside, peonidin-3-O-glucoside, p-coumaric acid, the
percentage of total soluble solids and total pectin content could have
promoted the incidence of P. decumbens in the Touriga Nacional variety.
The pectin content is also related to the A. carbonarius presence in this
same variety and in Muscat Italia.

Species of Aspergillus are recognized asmajor producers of pectinase
(Sandri et al., 2011), confirming the pectin degradation capacity by fila-
mentous fungi, and hence their development in substrates with higher
pectin contents. However, Teixeira et al. (2000), in an in vitro assay, de-
scribed an inhibition in the pectinase production from Aspergillus
japonicus, when the concentrations of glucose, sucrose and pectin
were in excess.

The main contaminant group of the Barbera variety was A. niger
Aggregate. Phenolic compounds (−)-epigallocatechin gallate,
kaempferol-3-O-glycoside, and the total acidity may be related to
such contamination. A. sojae was present only in this variety and
also has correlation with these same parameters. Lorenzini et al.
(2012) infected grapes with Botrytis cinerea and native grape
strains and reported a decrease of tartaric acid due to degradation
caused by the fungi present.
In a study evaluating the growth of A. carbonarius inoculated in
grapes, Lasram et al. (2012b) observed a higher ochratoxin A produc-
tion in grapes with higher acidity and lower sugar content, suggest-
ing that the acids present in the grapes can promote fungal growth.
In contrast, in vitro inhibition of P. commune by organic acids was re-
ported by Zhang et al. (2005). These results confirm the different re-
lationships between fungal species and the physicochemical
characteristics of the substrate.

The Syrah 1 sample showed significant concentrations of
isorhamnetin-3-O-glucoside, which may be associated with P.
implicatum incidence in this variety. The highest incidence of A.
niger occurred in the Syrah 3 sample and this variety showed high
levels of phenolic compounds (−)-epicatechin and Procyanidin B2
and antioxidant activity.

The highest number of isolates of A. aculeatus was found in the
Chenin Blanc variety (a white variety). This species showed a positive
correlation with the Chroma color parameter, which is related to the
color intensity. This result suggests the preference of A. aculeatus for
white grapes.

The presence of delphinidin-3-O-glucoside compound in Ruby
Cabernet variety may be related to the incidence of the P. glabrum,
P. citrinum, P. sclerotiorum and P. solitum species in this variety. The
anthocyanin content can also be associated with berry infection by
P. sclerotiorum. The (−)-epigallocatechin gallate and malvidin-3-O-
glucoside compounds may have influenced the growth of P. glabrum
in this variety.

Phenolic compounds have a microbial growth inhibitory capacity
(Li et al., 2007; Ortuño et al., 2006), however, such inhibition is
closely related to the species and its concentration in the substrate.
Wu et al. (2014) reported that growth inhibition of A. niger by
polymethoxylated flavonoids was more efficient than that of P.
corylophilum.

In evaluating the inhibition of ochratoxin A production using pheno-
lic compounds, Palumbo et al. (2006) demonstrated a strong inhibition
of OTAproduction by A. albertensis in the presence of catechin (87–94%)
and gallic acid (57–87%). However, A. melleus produced from 5 to 8
times more OTA in the presence of catechin than in the control. These
authors highlight that, although coffee and grape are antioxidant
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sources, these substrates are also commonly colonized by Penicillium
and Aspergillus species, indicating that the role of antioxidants and my-
cotoxin production in the fungal ecology is very complex.

Santos Júnior et al. (2014) observed growth inhibition of A.
ochraceus, inoculated in coffee beans, by Guaijaverin, quercetin 3-O-α-
rhamnopyranoside, quercetin 3-O-robinobioside and rutin phenolic
compounds. Nevertheless, Tranchimand, and Brouant Iacazio (2010) re-
ported the ability of species of the genera Aspergillus and Penicillium to
metabolize flavonols, they being the only carbon source.

In this work, a positive correlation between various phenolic com-
pounds and fungal species was observed, which leads us to believe
that such species have the ability to metabolize these compounds.
Moreover, the higher concentration of these compounds in the evaluat-
ed varieties may be related to the grape defence mechanism against
stress caused by fungal colonization. These results demonstrate the
effect of different varieties of grapes on incidence of Aspergillus and
Penicillium. However, different correlations were observed for the
same grape variety (Syrah and Muscat Canelli). This difference can be
explained by the fact that the chemical composition does not depend
only on the variety, but also on the plant quality, geographical origin,
climatic conditions and environmental and technological factors
(Martinez-Avila et al., 2012).
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