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Abstract

Mycotoxins are toxic secondary metabolites produced by filamentous fungi that have been detected in food commodities, includ
and wine. A survey was conducted to assess mycotoxin-producing fungi in grapes destined for wine production. The mycotoxigeni
of the isolates was tested in culture media. Grapes were analyzed by plating methods from 4 Portuguese wine-growing regions at 3
stages (pea berry, early veraison and ripe berry) between 2001 and 2003. From the 10 602 strains detected and identified, the m
genera wereCladosporium(25%), Alternaria (24%), Botrytis (15%), Penicillium (9%) andAspergillus(8%). Most (92.0%) were non
mycotoxigenic or produced mycotoxins of unknown relevance to health. Potential producers of ochratoxin A (OTA) (Aspergillus niger
aggregate, 5.4%,Aspergillus carbonarius, 0.6%) and trichothecenes (Fusariumspp., 0.4%;Trichothecium roseum, 0.8%) were the mos
frequent mycotoxigenic species isolated from grapes. OTA was detected in all cultures ofA. carbonariusand 4% ofA. niger aggregate
strains. There was potential for OTA and trichothecene production in grapes byA. carbonariusandT. roseum, respectively, prior to harves
time. Data presented herein indicate thatA. carbonariusis most likely to occur in vineyards with Mediterranean climates, whileT. roseumis
more likely to occur in more temperate climates, and is associated with gray rot. The present work emphasizes the need to use g
good condition so as to reduce the risk of contamination with mycotoxigenic fungi and subsequent mycotoxin occurrence in wine.
 2005 Elsevier SAS. All rights reserved.
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1. Introduction

The concern about filamentous fungi in the vineyard
been traditionally linked to spoilage of grapes due to f
gal growth. However, the discussion in the European Un
concerning the establishment of a maximum limit for
presence of the mycotoxin ochratoxin A (OTA) in wines h
increased concern about mycotoxin production.

Mycotoxins are toxic metabolites produced by filame
tous fungi that have been detected in several food comm
ties. Levels that cause risk to populations are unaccept
and several countries have set regulations for mycotoxin
various food commodities [13,14,17,22,29,30].

* Corresponding author.
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There exist hundreds of mycotoxins [5], but relatively f
are frequently detected in foods and are considered rele
to human health. The significance of mycotoxins for hum
health is not easily assessed, as the effects are often s
Toxicity is associated with continued ingestion of low dos
hence the designation “insidious poisons”. Mycotoxins c
sidered most relevant for human health by the Counci
Agricultural Science and Technology (CAST) are aflatoxi
trichothecenes, fumonisins, zearalenone, OTA and ergo
kaloids [8], although this list is continuously revised. Oth
mycotoxins are considered of less importance, due to lim
occurrence or lack of evidence of their toxicity in huma
In some cases they are an important indicator of the us
poor quality raw materials, such as patulin in apple pr

ucts [21].
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Table 1
Mycotoxins considered to be most relevant for human health by CAST
or for which official regulation limits in food commodities exist, and t
main organisms responsible for their production in foods

Mycotoxin Fungal species

Aflatoxins Aspergillus flavusandA. parasiticus
Ochratoxins A. ochraceus, A. alliaceus, A. nigeraggregate,

A. carbonarius; Penicillium verrucosum,
Penicillium nordicum

Trichothecenes Fusariumspecies;Trichothecium roseum
Zearalenone F. culmorum
Fumonisins F. verticillioides, F. proliferatum
Patulin P. expansum

Different mycotoxins are likely to occur depending up
the food commodity under consideration. Mycotoxins
produced by various fungal species (Table 1) with dist
ecological requirements affecting their worldwide distrib
tion and incidence in foods. By elucidating the mycoflora
foods, mycotoxin hazards can be predicted and the appr
ate control measures undertaken, such as implementati
HACCP programs.

Mycotoxin production can occur in the field and/or
postharvest situations. It has been found that the synth
of mycotoxins can occur in grapes before harvest, and
they may be present in wine [27]. Therefore, it is relev
to determine the mycoflora of grapes and the potentia
mycotoxins to be present in wine.

The mycoflora of Portuguese grapes for wine prod
tion was evaluated together with the maturation proces
distinct wine-growing regions. The ability of the fungi
produce mycotoxins was tested to assess the potentia
mycotoxin synthesis in grapes.

2. Materials and methods

2.1. Study area

Eleven vineyards were studied during a 3-year pe
(2001–2003) in 4 Portuguese wine-growing regions: Vin
Verdes, Douro, Ribatejo and Alentejo (Table 2).

According to European Community regulation no. 822
revoked by EC regulation no. 1493/1999 of May 17th 19
Portugal has two distinct wine-growing zones, CIa and
IIb. Wine-growing zones are defined as geographic reg
with distinct climatic conditions for grape cultivation. Th
wine-growing regions of Alentejo, Douro and Ribatejo ha
Mediterranean climates and belong to the wine-growing a
CIIIb. The Vinhos Verdes region has a sub-Mediterran
climate. This particular type of climate is a variant of t
temperate climate with Mediterranean influence, as i
more humid than typical Mediterranean climates. This
gion belongs to the wine-growing zone CIa. The maxim
temperatures observed in high summer were between 38

42◦C.
f

r

d

Table 2
Number of vineyards and geographical coordinates of the wine-grow
regions studied in the Portuguese mainland

Region No. vineyards Geographical coordinates

Latitude Longitude

Alentejo 2 38◦ N 7◦ W
Douro 3 41◦ N 7◦ W
Ribatejo 3 39◦ N 8◦ W
Vinhos Verdes 3 41–42◦ N 8◦ W

2.2. Sampling time and maturation stages

Samples were collected from June 2001 to Septem
2003, in the maturation stages corresponding to pea b
(June/early July), early veraison (late July/August) and
vest (late August/September).

2.3. Mycological analysis of grapes

The mycoflora of grapes was determined as descr
elsewhere [26]: a total of 50 berries (5 berries per bun
from each sample were plated in Dichloran Rose Ben
Chloramphenicol agar medium (DRBC) and incubated
25◦C in the dark for one week. The spore-producing fi
mentous fungi detected were identified to genus level ba
on morphological characters according to the manual
Ellis [11] for dematiaceous fungi, and according to the m
uals of Barron [2], Domsch et al. [10], Pitt and Hocking [2
and Von Arx [31] for the other fungi.Penicillium andAs-
pergillusstrains were isolated and identified to species le
based on morphological characters according to the m
als of Pitt [19,20] forPenicillium and the manual of Klich
and Pitt [12] forAspergillusand their teleomorphs. Add
tionally, grapes were surface-disinfected according Pitt
Hocking [21] and plated in the same medium.

2.4. Fungal strains

Representative strains of the filamentous fungi dete
were preserved in 10% glycerol at−80◦C and deposited in
the MUM (Micoteca da Universidade do Minho) culture c
lection.

2.5. Mycotoxigenic capacity of the isolates

OTA-producing ability of theAspergillusisolates was de
termined according to the method described in Serra e
[26] by HPLC with fluorescent detection. In addition, t
mycotoxigenic ability was tested in a medium with 50
grape juice extract (GJ50). The grape juice extract was
tained by homogenizing wine grapes harvested for w
making. It was centrifuged at 8500 rpm for 1 min and filter
through a glass microfiber filter (1.5 µm). The grape ext
obtained was autoclaved at 90◦C for 30 min and added t
autoclaved water with agar 2% (121◦C, 15 min). The mix-

ture was autoclaved at 102◦C for 5 min.
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2.6. Statistic analysis

All statistic analyses and graphics were performed w
the Statistic Package for Social Sciences (SPSS) for W
dows version 11.0. Non-parametric tests were used s
most of the variables did not follow a normal distribution.
evaluate whether significant differences existed between
fungal incidence in grapes and variable factors year, re
and maturation stage, the Kruskal–Wallis test, with appr
mation to the chi-square test, as a hypothesis test was
When statistically significant, the differences were explo
between values using the same test. The statistical ana
performed were considered significant whenP < 0.05.

3. Results

3.1. Mycoflora of grapes during the maturation stage

The filamentous fungi identified from June 2001 to S
tember 2003 by the direct plating method are indicated
Table 3. Without surface disinfection, a total of 10602 stra
belonging to 39 genera were identified. The 5 most abun
genera found by descending order wereCladosporium, Al-
ternaria, Botrytis, Penicillium and Aspergillus. Epicoccum
nigrum, Aureobasidium pullulans, Rhizopus, Stemphylium,
Ulocladium, Trichodermaand Trichothecium roseumwere
detected in more than 1% of the berries analyzed. The
maining 27 genera were detected in less than or equal to
of the berries.

The mycoflora changed significantly with maturati
stage. The most frequent genera by descending order a
berry wereAlternaria, Cladosporium, Botrytis, Epicoccum,
Penicillium, Aureobasidium, Stemphyliumand Aspergillus.
These constitute 92% of the fungi identified. The hig
est incidence ofArthrinium, Cunninghamella, Drechslera,
Fusarium, GliocladiumandPestalotiopsisin grapes was ob
served at this stage.

Significant changes occurred in the incidence ofBotry-
tis (P < 0.01), Penicillium (P < 0.001) andStemphylium
(P < 0.01) at early veraison.Botrytis and Penicillium in-
creased, while theStemphyliumincidence decreased. Th
most frequent genera by descending order wereCladospo-
rium, Alternaria, Botrytis, Penicillium, Epiccoccum, As-
pergillus, AureobasidiumandUlocladium, representing 93%
of the fungi identified at this stage.

Significant changes occurred in the incidence ofAs-
pergillus (P < 0.01), Penicillium (P < 0.01) andRhizopus
(P < 0.01), which increased significantly from early vera
son to ripe berry. In addition, a significant decrease was
served inAlternaria (P < 0.001), Arthrinium (P < 0.05),
Chaetomium(P < 0.05), Drechslera(P < 0.01), Epicoc-
cum(P < 0.001),Fusarium(P < 0.05),Phoma(P < 0.01),
Stemphylium(P < 0.001) andUlocladium(P < 0.01). The
most frequent genera by descending order wereCladospo-

rium, Botrytis, Alternaria, Aspergillus, Penicillium, Aure-
.

s

a

Table 3
Fungi identified in Portuguese wine grapes from June 2001 to Septe
2003 by the direct plating method

Fungi Number of colonized berries

Pea
berry

Early
veraison

Harvest Total

AcremoniellaSacc. 5 7 1 13
AcremoniumLink 1 8 1 10
AlternariaNees: Fr. 931 1009 572 2512
Arthrinium Kunze 11 8 0 19
AspergillusFr.: Fr. 80 178 548 806
Aureobasidium 118 168 170 456
Viala & G. Boyer
Beauveria bassianaVuill. 1 0 0 1
BotrytisP. Micheli: Fr. 342 706 584 1632
ChaetomiumKunze 2 10 0 12
ChrysoniliaArx 0 1 4 5
CladosporiumLink 735 1052 858 2645
CunninghamellaMatr. 5 2 2 9
Curvularia Boedijn 2 5 2 9
Dendryphiella 1 0 0 1
DrechsleraS. Ito 20 12 3 35
EmericellaBerk. 1 6 5 12
Epicoccum nigrumLink 241 244 111 596
EurotiumLink: Fr. 1 1 3 5
FusariumLink 24 16 3 43
GeotrichumLink: Fr. 2 0 0 2
GliocladiumCorda 6 1 1 8
HistoplasmaDarling 2 0 0 2
Mucor P. Micheli: Fr. 4 3 11 18
Neurospora tetrasperma 0 2 2 4
Shear & Dodge
NigrosporaZimm. 0 5 1 6
PaecilomycesBainier 1 2 0 3
PenicilliumLink 137 340 520 997
PericoniaTode ex Fr. 4 0 0 4
PestalotiopsisSteyeart 7 1 0 8
PhomaSacc. 2 12 1 15
Pithomyces chartarumEllis 9 11 4 24
RhizopusEhrenb. 29 39 130 198
ScytalidiumPesante 1 2 0 3
StemphyliumWallr. 114 55 2 171
Syncephalastrum racemosum 1 0 0 1
J. Schröt.
TrichodermaPers. 32 44 25 101
Trichotecium roseumLink 16 23 40 79
TruncatellaSteyeart 1 0 0 1
UlocladiumPreuss 39 78 19 136

Total identified fungi 2928 4051 3623 1060
Total berries analyzed 1450 1645 1600 46

obasidium, RhizopusandEpicoccum, representing 96% o
the fungi identified at this stage.

From the most frequent fungi found in grapes,Cladospo-
rium andAureobasidiumwere the only ones that did not va
significantly with maturation.

TheAspergillusandPenicilliumstrains were isolated an
identified to species level. The isolation rates forAspergillus
andPenicillium from the berries were 94 and 89%, resp
tively. From the 770Aspergillusstrains identified, the mos
frequent were from sectionNigri (84%), namely the bisser

ate speciesA. carbonariusandA. nigeraggregate (Table 4).
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Table 4
Aspergillusspecies identified in Portuguese wine grapes from June 20
September 2003 by the direct plating method

Aspergillusspecies Number of colonized berries

Pea
berry

Early
veraison

Harvest Total

A. aculeatusIizuka 0 1 0 1
A. alliaceusThom & Church 0 1 0 1
A. auricomusSaito 2 1 0 3
A. candidusLink 1 0 0 1
A. carbonariusBainier 0 2 66 68
“A. ibericus” 0 1 7 8
A. carneusBlochwitz 0 1 0 1
A. clavatusDesm. 2 1 0 3
A. flavipesThom & Church 0 0 1 1
A. flavusLink 5 8 14 27
A. fumigatusFresen. 9 5 3 17
A. japonicusSaito 0 0 2 2
A. nigeraggregate 45 113 413 571
A. ochraceusK. Wilh. 1 0 0 1
A. ostianusWehmer 0 0 1 1
A. terreusThom 2 2 3 7
A. terreus var. africanus 0 1 0 1
Raper & Fennell
A. ustusThom & Church 5 4 1 10
A. versicolorTirab. 3 9 1 13
A. wentiiWehmer 2 10 4 16
EmericellaBerk. 1 6 5 12
Eurotium amstelodamiL. Mangin 0 1 3 4
Eurotium chevalieriL. Mangin 1 0 0 1

Total strains identified 79 167 524 77
Total berries analyzed 1450 1645 1600 469

A possible newAspergillusspecies was found in sectio
Nigri, designated here asA. ibericus, for which formal char-
acterization is in progress [7]. From the 885Penicillium
strains identified, the most frequent wereP. brevicompactum,
P. glabrum/spinulosumandP. thomii(Table 5), which repre
sented 71% of the isolates.

The berries from the vineyards sampled were gener
in good condition. Fungal rot in the vineyards studied w
observed only on one occasion. The gray rot caused
nor damage from grapes of the Douro vineyard in the 2
harvest.Trichothecium roseumandA. carbonariuswere ob-
served together withBotrytis cinereagray rot in some grap
bunches (Figs. 1 and 2).

3.2. Potential mycotoxin-producing fungi found in grape

Species described as producers of mycotoxins re
sented 8.0% of the grape mycoflora (Tables 1, 2, 3
4), distributed as follows: potential producers of aflato
ins (0.3%), OTA (6.0%), patulin (0.5%) and trichothecen
(1.2%). The remaining 92.0% were described as n
mycotoxigenic or as producers of mycotoxins of unkno
importance to health.

A. flavuswas the only isolated species to be describe

an aflatoxin producer. Strains were isolated from berries of
Table 5
Penicilliumspecies identified in Portuguese wine grapes from June 20
September 2003 by the direct plating method

Penicilliumspecies Number of colonized berries

Pea
berry

Early
veraison

Harvest Total

P. aurantiogriseumDierckx 8 4 3 15
P. bilaiaeChalabuda 0 0 2 2
P. brevicompactumDierckx 19 92 142 253
P. canescensSopp 0 1 0 1
P. chrysogenumThom 2 1 0 3
P. citrinumThom 3 10 24 37
P. corylophilumDierckx 3 1 3 7
P. crustosumThom 3 6 12 21
P. echinulatumFassatiova 0 2 1 3
P. expansumThom 3 2 9 14
P. fellutanumBiourge 1 0 0 1
P. funiculosumThom 7 3 2 12
P. glabrum/spinulosum 17 41 63 121
P. griseofulvumDierckx 1 1 0 2
P. implicatumBiourge 0 0 4 4
P. janczewskiiK.M. Zalessky 1 0 1 2
P. miczynskiiZaleski 3 0 1 4
P. minioluteumDierckx 2 5 1 8
P. novae-zeelandiae 3 4 2 9
J.F.M. Beyma
P. olsoniiBainier & Sartory 0 4 0 4
P. oxalicumCurrie & Thom 3 11 10 24
P. pinophilumHedgcock 1 3 0 4
P. purpurogenumStoll 2 4 6 12
P. raistrickii G. Sm. 0 0 1 1
P. restrictum 1 0 1 2
J.C. Gilman & E.V. Abbott
P. roquefortiThom 2 5 8 15
P. rugulosumThom 1 0 0 1
P. sclerotiorumvan Beyma 0 0 4 4
P. simplicissimumThom 5 10 12 27
P. solitumWestling 1 0 0 1
P. thomiiMaire 38 84 131 253
P. variabileSopp 1 4 2 7
P. verruculosumPeyronel 0 2 0 2
P. waksmaniiZaleski 2 6 1 9

Total fungi identified 133 306 446 885
Total berries analyzed 1450 1645 1850 494

Fig. 1. Aspect ofT. roseumgrowing over a rotten bunch of grapes withB.
cinereagray rot (left);T. roseumconidiophores (right): scale bar= 10 µm.

all maturation stages without surface disinfection. Its pr
ence was detected in the 4 wine-growing regions coloniz

2–4% of the sampled berries.
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Fig. 2.A. carbonariusgrowing on a grape in an isolation plate (left);A. car-
bonariusconidiophore (right): scale bar= 10 µm.

Table 6
Fungi detected in Portuguese grape berries after surface disinfection

Fungi Pea berry Early veraison Ripe ber

Alternaria + + +
Arthrinium + – –
Aspergillus

A. carbonarius – – +
A. fumigatus + – –
A. nigeraggregate – + +
A. versicolor – + +

Aureobasidium + + +
Beauveria bassiana + – –
Botrytis cinerea + + +
Chaetomium + – –
Cladosporium + + +
Dendryphiella + – –
Drechslera + – –
Emericella – – +
Epicoccum nigrum + + +
Fusarium + + –
Penicillium

P. brevicompactum – – +
P. citrinum – – +
P. expansum + – +
P. glabrum/spinulosum + + +
P. novae-zeelandiae + – –
P. olsonii – – +
P. thomii + + +
P. variabile – – +

Phoma + – –
Rhizopus – – +
Stemphylium + + +
Ulocladium + – +
Total berries analyzed 450 500 1200

Four Aspergillusspecies described previously as OT
producers were isolated from the grapes:A. ochraceus, A. al-
liaceus, A. nigeraggregate andA. carbonarius. From these
A. nigeraggregate andA. carbonariusstrains were the mos
frequent. They were mainly detected at harvest time, w
and without surface disinfection (Tables 4 and 6).A. niger
aggregate andA. carbonariuswere detected in the 4 region
and their distribution is given in Fig. 3.A. niger aggregate
had a significantly higher incidence in the vineyards wit
Mediterranean climate (Alentejo, Douro and Ribatejo) wh
compared to Vinhos Verdes vineyards, of temperate clim

with Mediterranean influences (P < 0.01). A. carbonarius
Fig. 3. Boxplots with the distribution of the number of colonized berr
with A. nigeraggregate (left) andA. carbonarius(right) in vineyards from
the 4 Portuguese wine-growing regions at harvest time (N= number of
vineyards; *= extreme values; o= outliers).

was also more frequent in vineyards with Mediterranean
mate. The presence ofA. carbonariusin grape samples wa
occasional, and the differences observed between reg
were only significant between Ribatejo and Vinhos Ver
(P < 0.05).

AspergillusandPenicilliumspecies described previous
as patulin producers were isolated from grapes:A. clava-
tus, P. expansum, P. funiculosum, P. griseofulvum, P. novae-
zeelandiaeand P. roqueforti (Table 4). From these, onl
P. expansumwas found after surface disinfection at harv
time (Table 6).

Two genera described as containing trichothecene-pr
cing species were found in grapes:FusariumandTrichothe-
cium, the last with a single species in the genusT. roseum.

Fusariumstrains were detected at a lower frequency than
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Table 7
Mycotoxin-producing ability of potential OTA-producing fungi isolated

Species No. of
isolates
tested

OTA-
producing
strains (%)

Mean production
(µg/kg)

CYA/YES GJ50

A. ochraceus 1 0 ND NT
A. alliaceus 1 100 NQ NT
A. nigeraggregate 571 4 137a 26a

A. carbonarius 68 100 1129b 327b

ND—not detected (limit of detection: 0.1 µg/kg); NQ—not quantified;
NT—not tested.

a Calculations based on the production of OTA by 4 strains in CYA
GJ50.

b Calculations based on the production of OTA by 12 strains in CYA
GJ50.

T. roseumfrom grapes.Fusariumstrains were primarily de
tected at the early maturation stages of grapes, with
without surface disinfection (Tables 3 and 6).T. roseumwas
detected primarily at harvest time with a mean percen
of 0.4% berries in the samples from Douro and Ribat
and 9% from Vinhos Verdes. Nevertheless, the differen
found between the two regions were not statistically s
nificant.T. roseumwas not found after surface disinfectio
but was frequently detected from grapes that were infe
with Botrytis. T. roseumgrowth was observed in some ro
ten bunches collected in 2002 from a Douro vineyard,
in practically all bunches with gray rot harvested for win
making delivered to wineries of the Vinhos Verdes regi
However, rotten grapes were not observed in the Vin
Verdes vineyards sampled.

3.3. Mycotoxigenic capacity of fungal isolates

The ability of Aspergillusisolates to produce OTA wa
evaluated. OTA was detected in cultures ofA. alliaceus,
A. carbonariusand A. niger aggregates (Table 7).A. car-
bonariuswas the predominant OTA producer, with all is
lates producing the mycotoxin. In theA. niger aggregate
4% of the strains produced OTA in detectable amou
The OTA-producing isolates also produced the mycotoxi
GJ50 medium. Strains of the possible new speciesA. iber-
icus of sectionNigri did not produce OTA in detectab
amounts in any of the media tested.

4. Discussion

In a general way, as maturation advances, the incide
of field fungi (e.g.,Alternaria, Epicoccum, Fusarium, Stem-
phylium and Ulocladium) decreases, while active spoila
agents such asAspergillus, Penicillium and Rhizopusin-
crease in grapes. Conditions are more favorable for fu
invasion at harvest time, when more damage to the berri
likely to occur.

The mycoflora of the grapes was composed mainly

species that did not produce the main mycotoxins. Never-
theless, low frequencies of aflatoxin, OTA, patulin and
chothecene producers were isolated from apparently he
berries.

A method for detecting aflatoxins in wine using spik
samples has been described [28], but the natural oc
rence of aflatoxins in wines has not been reported. Altho
A. flavusis present in the vineyards, it was not found
grapes after surface disinfection, and rot with this fun
was never observed.A. flavuscompetes withA. niger in the
field, and its incidence in grapes was low when compa
to this species aggregate. Therefore, aflatoxin is unlikel
occur in grapes and wine.

Patulin is a mycotoxin reported in several fruit juices, p
ticularly apple juice.P. expansumis considered to be mainl
responsible for patulin production in fruits. It is a broa
spectrum plant pathogen that produces the mycotoxin
rots.P. expansumcan cause rot in grapes, but does not u
ally attack grapes before harvest. However, it was isola
from rotten grapes in overmaturation stages and the st
produced patulin in grape juice media [1]. Patulin may
present in grapes withP. expansumrot, and consequently i
grape juice; however, it is degraded to some extent du
the fermentation process [25] and therefore is not likely
occur in wine at high concentrations.

OTA is considered at present to be the most relev
mycotoxin in wine with respect to human health. It
more prevalent in wines originating from the Mediterrane
basin [16] and it has been shown to have immunosuppre
effects in doses currently found in the blood of human p
ulations [18]. The International Organization of Wine (OI
has set a provisional maximum limit of 2 µg/l of OTA. In
grapes, the mycotoxin is produced by species of the
tion Nigri, namelyA. carbonariusand occasionally,A. niger
[3,4,6,9,15,26]. OTA was detected in apparent healthy P
tuguese grapes before harvest, at levels up to 0.061 µg/l [27].
Nevertheless, in a rotten grape bunch whereA. carbonarius
growth was observed, the OTA content determined acc
ing to the method described by Serra et al. [27] was 7.5 µ/l
(unpublished results). This indicates that OTA may b
problem in wines originating from Mediterranean climat
where OTA-producing fungi are present especially if gra
of poor quality are used.

According to the present results,T. roseummycotoxins
may occur in grapes.T. roseummetabolites (trichothecin, tri
chothecolone, rosenonolactone) were previously detect
wines [24]. The relevance ofT. roseummycotoxins to hu-
man health is neglected due to the rare spoilage of fo
by this fungus [21]. Nevertheless, the presence of even
quantities of trichothecin in wine can inhibit alcoholic fe
mentation, andT. roseumrot in grapes has been reported
be increasing [23].T. roseumis described in the literature a
a mycoparasite ofBotrytis [10], and was observed in larg
numbers of rotten grapes delivered to Vinhos Verdes wi
ies in 2002 for wine-making.T. roseumwas not detected
after surface disinfection in apparent healthy berries, s

gesting thatT. roseummycotoxins are likely to occur only if
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gray rot bunches withT. roseumare used in wine-making. I
this way, the presence of these toxins may be indicator
the poor quality of grapes. The contamination of grapes w
T. roseumseems more likely in regions where rain duri
harvest time is frequent, such as the Vinhos Verdes reg
which has climatic conditions that favor gray rot.

From our study we conclude that the potential for my
toxin production exists in Portuguese grapes before har
The mycotoxins considered relevant for human health
most likely to occur in wines are OTA in regions with
Mediterranean climate andT. roseummycotoxins in more
temperate regions.

It should be pointed out that the presence of these m
toxins appears to be especially relevant when grapes in
condition are used in winemaking. It is worth emphasiz
that the use of good quality raw materials is essential for
cotoxin control in food products.

Acknowledgements

We sincerely thank João Honrado, from the Vegetal E
ogy Group, Botany Department of the Faculty of Science
Porto University, Portugal, for help with the climatic chara
terization. We are grateful to Isabel Araújo from the B
logical Engineering Center, Minho University, Portugal,
providing grapes and information about the Vinhos Ver
region. The authors gratefully acknowledge the suppor
the EC, Quality of Life Program (QoL), Key Action 1 (KA1
on Food, Nutrition and Health; contract number QLK1-C
2001-01761,Wine-Ochra Risk. R. Serra was supported
grant SFRH/BD/1436/2000 from theFundação para a Ciên
cia e Tecnologia.

References

[1] L. Abrunhosa, R.R. Paterson, Z. Kozakiewicz, N. Lima, A. Venânc
Mycotoxin production from fungi isolated from grapes, Lett. Ap
Microbiol. 32 (2001) 240–242.

[2] G.L. Barron, The Genera of Hyphomycetes from Soil, Krieger, N
York, 1971.

[3] P. Battilani, A. Pietri, T. Bertuzzi, L. Languasco, P. Giorni, Z. Koz
kiewicz, Occurrence of ochratoxin A-producing fungi in grapes gro
in Italy, J. Food Protect. 66 (2003) 633–636.

[4] M. Bau, M.R. Bragulat, M.L. Abarca, S. Minguez, F.J. Cabañ
Ochratoxigenic species from Spanish wine grapes, Int. J. Food
crobiol., in press.

[5] J.W. Bennett, M.A. Klich, Mycotoxins, Clin. Microbiol. Rev. 1
(2003) 497–516.

[6] F.J. Cabañes, F. Accensi, M.R. Bragulat, M.L. Abarca, G. Cast
S. Minguez, A. Pons, What is the source of ochratoxin A in wine?,
J. Food Microbiol. 79 (2002) 213–215.

[7] F.J. Cabañes, A. Venâncio, G. Mulè, G. Castellá, R. Serra, G.
rone, Z. Kozakiewicz, DNA characterization of a new species
the Aspergillus section Nigri, in: Proc. of Academy Colloquium
Fungal Phylogenomics, Amsterdam, The Netherlands, 11–12 M
2004.
.

r

[8] CAST—Council for agricultural science and technology, Mycotoxi
risks in plants, animal and human systems, Report No. 139, CA
Ames, 2003.

[9] C.A. Da Rocha Rosa, V. Palacios, M. Combina, M.E. Fraga, A.
Oliveira Rekson, C.E. Magnoli, A.M. Dalcero, Potential ochratoxin
producers from wine grapes in Argentina and Brazil, Food Ad
Contam. 19 (2002) 408–414.

[10] K.H. Domsch, W. Gams, T. Anderson (Eds.), Compendium of S
Fungi, vol. I, Academic Press, London, 1980.

[11] M.B. Ellis, Dematiaceous Hyphomycetes, Commonwealth Mycol
ical Institute, Kew, 1971.

[12] M.A. Klich, J.I. Pitt, A Laboratory Guide to CommonAspergillus
Species and Their Teleomorphs, Commonwealth Scientific and
dustrial Research Organization, Division of Food Processing, N
Ryde, 1988.

[13] W.J. de Koe, Regulations of the European Union for mycotoxin
foods, Arh. Hig. Rada. Toksikol. 50 (1999) 37–46.

[14] F.M. Ellner, Mycotoxins—Quantification, Control and Regulation
Agricultural Produce, Human Exposure to Pesticide Residues, Na
Toxins and GMOs: Real and Perceived Risks, 2000, pp. 43–53.

[15] C. Magnoli, M. Violante, M. Combina, G. Palacio, A. Dalcer
Mycoflora and ochratoxin-producing strains ofAspergillus section
Nigri in wine grapes in Argentina, Lett. Appl. Microbiol. 37 (2003
179–184.

[16] H. Otteneder, P. Majerus, Occurrence of ochratoxin A (OTA) in win
Influence of the type of wine and its geographical origin, Food A
Contam. 17 (2000) 793–798.

[17] D.L. Park, T.C. Troxell, U.S. perspective on mycotoxin regulat
issues, Adv. Exp. Med. Biol. 504 (2002) 277–285.

[18] E. Petzinger, A. Weidenbach, Mycotoxins in the food chain: The
of ochratoxins, Livest. Prod. Sci. 76 (2002) 245–250.

[19] J.I. Pitt, The GenusPenicillium and its Teleomorphic StatesEupeni-
cillium andTalaromyces, Academic Press, London, 1979.

[20] J.I. Pitt, A Laboratory Guide to CommonPenicillium Species, Com-
monwealth Scientific and Industrial Research Organization, Divis
of Food Processing, North Ryde, 1988.

[21] J.I. Pitt, A.D. Hocking (Eds.), Fungi and Food Spoilage, Black
London, 1997.

[22] H. Rosner, Mycotoxins: Limits in the European Union and Effects
Trade, Mycotoxins and Phycotoxins—Developments in Chemis
Toxicology and Food Safety, 1998, pp. 203–212.

[23] S. Schwenk, B. Altmayer, K.W. Eichhorn, Simultaneous detec
of trichothecenes and rosenonolactone in grape juice and win
capillary gas chromatography, J. Chromatogr. A 448 (1988) 417–

[24] S. Schwenk, B. Altmayer, K.W. Eichhorn, Significance of tox
metabolites of the fungusTrichothecium roseumLink ex Fr. for
viticulture, Z. Lebensm. Unters. Forsch. 188 (1989) 527–530.

[25] P.M. Scott, T. Fuleki, J. Harwig, Patulin content of juice and wine p
duced from mouldy grapes, Agric. Food Chem. 25 (1977) 434–43

[26] R. Serra, L. Abrunhosa, Z. Kozakiewicz, A. Venâncio, BlackAs-
pergillus species as ochratoxin A producers in Portuguese w
grapes, Int. J. Food Microbiol. 88 (2003) 63–68.

[27] R. Serra, C. Mendonca, L. Abrunhosa, A. Pietri, A. Venâncio, De
mination of ochratoxin A in wine grapes: Comparison of extract
procedures and method validation, Anal. Chim. Acta 513 (20
41–47.

[28] D.M. Takahashi, Reversed-phase high-performance liquid chrom
graphic analytical system for aflatoxins in wines with fluoresce
detection, J. Chromatogr. 131 (1977) 147–156.

[29] H.P. van Egmond, Mycotoxins: Regulations, quality assurance
reference materials, Food Addit. Contam. 12 (1995) 321–330.

[30] H.P. van Egmond, Worldwide regulations for ochratoxin A, IAR
Sci. Publ. (1991) 331–336.

[31] J.A. Von Arx, The Genera of Fungi Sporulating in Pure Cultu
J. Cramer, Vaduz, 1981.


