
SUMMARY

Aspergillus carbonarius (Bainier) Thom. and As-
pergillus niger Van Tieghem are common fungal con-
taminants of several commodities, including grapes. A.
carbonarius is the most important, if not the exclusive,
responsible for wine contamination by ochratoxin A
(OTA) in Mediterranean areas. Identification of A. car-
bonarius is made difficult by its high similarity with A.
niger, the Aspergillus species most common on grapes,
as well as with other species of the section Nigri of this
genus. Hence, it requires deep knowledge of fungal tax-
onomy. A semi-selective medium based on Malt Extract
Agar amended with appropriate antibiotics (chloram-
phenicol and chlortetracycline) and fungicides (dichlo-
ran and boscalid) was developed in order to speed up
the quantitative detection of A. carbonarius in grapes
and musts and improve risk assessment of OTA con-
tamination in wine.
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Ochratoxin A (OTA) is a mycotoxin frequently found
as contaminant in a great variety of agricultural com-
modities all over the world (Pittet, 1998; Logrieco et al.,
2002), including grapes, must and wine (Majerus and
Otteneder, 1996; Zimmerli and Dick, 1996; Ospital et
al., 1998; Burdaspal and Legarda, 1999; MacDonald et
al., 1999; Visconti et al., 1999; Otteneder and Majerus,
2000; Pietri et al., 2001; Battilani and Pietri, 2002; Batti-
lani et al., 2002; Cabañes et al., 2002; Sage et al., 2002,
2004; Pollastro et al., 2003, 2005; Bellí et al., 2004; Serra
et al., 2004; Vercesi et al., 2004; Bau et al., 2005). 

Originally isolated as secondary metabolite of As-
pergillus ochraceus Wilhem, OTA is produced by several
species of Aspergillus and Penicillium (IARC, 1993; Pitt
and Hocking, 1997; Samson et al., 2004; Medina et al.,
2005).
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OTA has nephrotoxic, hepatotoxic, teratogenic and
immunotoxic effects on several animal species, and is
responsible of kidney and liver tumours in mice and rat
(IARC, 1993; WHO, 1996). It has been included in the
group 2B, among substances with potential carcino-
genic activity for humans (IARC, 1993).

Recently, maximum tolerable limits of OTA have
been established for wine and other grape derivatives,
in addition to numerous already regulated foods and
feeds [Reg. (CE) N. 123/2005 of 26.1.2005 modifying
the Reg. (CE) n. 466/2001]. 

Several species of Penicillium and Aspergillus are in-
volved in secondary fungal rots of grape bunches in
vineyards. Studies carried out in South Italy showed
that Aspergillus carbonarius (Bainier) Thom is the main,
if not exclusive, responsible for OTA contamination in
wine (Battilani et al., 2002; Pollastro et al., 2003). 

Detection and quantification of A. carbonarius pres-
ent on grape bunches in the vineyard may be helpful in
assessing the risk of OTA contamination in wine. But
symptoms caused by A. carbonarius are not distinguish-
able by naked eyes from those caused by Aspergillus
niger van Tieghem, the most common Aspergillus
species in the field, as well as those caused by other
species of the section Nigri of the genus.

Detection and quantification of toxigenic fungi is tra-
ditionally done using the serial dilution plating tech-
nique and selective or semi-selective media (Pitt and
Hocking, 1997). Frequently, the lack of suitable selec-
tive media, as it occurs for A. carbonarius, makes the
method very laborious, time consuming and costly, be-
cause personnel skilled in fungal taxonomy must identi-
fy single colonies under the microscope. 

Among the most used media in investigations on my-
cotoxigenic species of Aspergillus and Penicillium there
are DYSG (Yeast extract Sucrose 18% Glycerol agar;
Frisvad et al., 1992), DG18 (Dichloran 18% Glycerol
agar; Hocking and Pitt, 1980) and DRBC (Dichloran
Rose Bengal Chloramphenicol agar; King et al., 1979).
In a preliminary work, however, these media showed a
restricted germination of A. carbonarius conidia yielding
an underestimated the number of colony forming units
(CFU).

Recently, in vitro assays on the biological activity of
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fungicides against A. carbonarius and A. niger showed
some differential response of the two fungal species to
few chemicals and, in particular, to the mitochondrial
electron transport chain inhibitor boscalid (Cantus,
BASF Agro), a new fungicide active against several
pathogens, including Botryotinia fuckeliana (De Bary)
Whetz. (Sauter et al., 1999; Capriotti et al., 2004), that
is commercially available in many countries and will be
shortly introduced in Italy. Germination of A. niger
conidia was fully prevented on media amended with 1
µg ml-1 of active substance (a.s.) while germination of A.
carbonarius conidia was not affected, even at concentra-
tion as high as 100 µg ml-1 a.s. (Pollastro et al., 2005). 

This paper deals with the development and valida-
tion of a new semi-selective medium for A. carbonarius. 

Five isolates of each of the two species, A. niger and A.
carbonarius obtained from rotting grapes were used.
Conidia were scraped from the surface of 4 day-old
colonies grown on Potato Dextrose Agar (PDA; per liter:
infusion from 200 g peeled and sliced potatoes kept at
60°C for 1 h; glucose, 20 g; Oxoid agar N. 3, 20 g; adjust-
ed at pH 6.5) and suspended in sterile water containing
0.05% Tween 20. Suspensions were titred with a haemo-
cytometer. Aliquots (100 µl containing around 100 coni-
dia) of each conidial suspension or their mixtures were
plated on media in three-replicated Petri dishes (100 mm
diam.) and maintained at 25±1°C in the darkness.

The following media were compared:
– DYSG (Yeast extract Sucrose Glycerol agar; Frisvad

et al., 1992): Difco yeast extract, 20 g l-1; Oxoid agar
N. 3, 20 g l-1; sucrose, 150 g l-1; K2HPO4, 1 g l-1, Mg-

SO4·7H2O, 500 mg l-1; ZnSO4·7H2O, 10 mg l-1; Cu-
SO4·5H2O, 5 mg l-1; chloramphenicol, 50 mg l-1;
dichloran, 0.2% w/v in 1 ml of ethanol; glycerol, 220
ml l-1; chlortetracycline, 50 mg l-1.

– DYSG-M (DYSG modified): DYSG with half con-
centration of both sucrose and glycerol for reducing
osmotic pressure of the medium. 

– MESGA (Malt Extract Sucrose Glycerol Agar): as
DYSG-M with no added salts and with yeast extract
substituted by Oxoid malt extract, 20 g l-1.

– MEA (Malt Extract Agar): Oxoid malt extract, 20 g l-1;
Oxoid agar N. 3, 20 g l-1; chloramphenicol, 50 mg l-1;
dichloran 0,2% w/v in 1 ml of ethanol; chlortetracy-
cline, 50 mg l-1.
MESGA and MEA were either tested such as or

added with 10 mg l-1 boscalid (Cantus, 50% a.s., BASF
Agro) (MESGA-B and MEA-B, respectively). Chlorte-
tracycline and boscalid were added to media after auto-
claving. 

Colonies were identified under the microscope and
counted. Data on colony forming units (CFU) on each
of the tested media are reported in Table 1. 

A. carbonarius and A. niger showed a restrict colony
growth on DYSG, and 5-7 days were needed to obtain
colonies visible by the naked eye; DYSG-M, MESGA
and, especially, MEA allowed a faster growth and
colonies appeared after 2-4 days. A. carbonarius and A.
niger colonies were not distinguishable by naked eyes
(Fig. 1). The recovery rate for A. carbonarius was 90% on
MEA, 73-74% on DYSG-M and MESGA, and 51% on
DYSG. The higher rate on MEA was likely due to a
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Fig. 1. Aspergillus carbonarius (on the right) and Aspergillus niger (on the left) on MEA six days after plating.
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Table 1. Recovery of Aspergillus niger and Aspergillus carbonarius on different media a.

N. recovered Colony Forming Units Recovery rate (%)Fungal strain N. plated conidia
DYSG DYSG-M MESGA MEA DYSG DYSG-M MESGA MEA

A. niger
AN1 122.0 87.1   98.2   99.0 119.2 71.3 80.3 81.1 97.5
AN8   87.0 58.0   71.1   81.2   85.2 66.7 81.7 93.1 97.7
AN27 135.0 90.1 111.2 107.1 127.1 67.4 82.2 79.3 94.1
AN31 117.0 72.3   91.3   86.0 115.1 61.5 77.8 73.5 98.3
AN45 125.0 87.5   98.0   95.3 123.2 69.6 78.4 76.0 98.4
Average 79.0 c C   93.8 b B   93.6 b B 113.8 a A 67.4 c C 80.3 b B 79.8 b B 97.1 a A

A. carbonarius
AC12   92.0 47.5   67.0   71.2   82.1 51.1 72.8 77.2 89.1
AC13 131.0 67.3   89.2   90.1 118.2 51.2 67.9 68.7 90.8
AC25 119.0 59.1   90.1   89.3 107.2 49.6 76.5 74.8 89.9
AC32 125.0 62.1   93.2   90.3 113.2 49.6 74.4 72.8 90.4
AC48 111.0 60.2   85.5   89.1   99.3 55.0 76.6 80.2 89.2
Average 59.2 c C   85.0 b B   86.0 b B 104.0 a A 51.2 c C 73.5 b B 74.4 b B 90.0 a A
a Each figure is the average of three replicated Petri dishes inoculated with a 100-µl aliquot of suspension containing around 100 conidia. Mean
values of each parameter, within each fungal species, followed by a same letter are not significantly different at the probability levels of P=0.05
(small letters) or P=0.01 (capital letters) according to the Duncan’s Multiple Range Test.

Table 2. Recovery of Aspergillus niger and Aspergillus carbonarius on different media from artificially contaminated samples of washing suspensions from berries or musts a.

Sample Recovery rate %
A. niger A. carbonarius A. niger:A. carbonarius (1:1 mixture) b

MESGA MEA MESGA-B MEA-B MESGA MEA MESGA-B MEA-B MESGA MEA MESGA-B MEA-B
Washing suspension from berries

Cabernet sauvignon 85.6 95.2 0.0 0.0 85.1 90.7 82.2 86.9 96.8:85.2 96.8:92.6 0.0:81.5 0.0:87.0
Montepulciano 87.2 99.0 0.0 0.0 79.4 88.8 77.6 94.4 92.1:81.5 92.1:99.9 0.0:85.2 0.0:90.7
Negroamaro 82.4 90.4 0.0 0.0 77.6 86.9 79.4 86.0 88.9:77.8 99.9:90.7 0.0:79.6 0.0:96.3
Primitivo 77.6 92.8 0.0 0.0 77.6 89.7 80.4 87.9 93.7:79.6 99.9:92.6 0.0:85.2 0.0:92.6
Average 83.2 b B 94.4 a A 0 c C 0 c C 79.9 b B 89.0 a A  79.9 b B 88.8 a A 81.0 b B 94.0 a A 82.9 b B 91.7 a A

Must
Cabernet sauvignon 84.0 98.4 0.0 0.0 79.4 86.9 80.4 88.8 90.5:88.9 84.1:90.7 0.0:81.5 0.0:96.3
Montepulciano 77.6 91.2 0.0 0.0 80.4 87.9 77.6 85.1 93.7:85.2 92.1:87.0 0.0:83.3 0.0:94.4
Negroamaro 79.2 94.4 0.0 0.0 82.3 88.8 81.3 87.9 93.7:96.3 98.4:98.1 0.0:87.0 0.0:90.7
Primitivo 80.8 96.8 0.0 0.0 85.1 86.9 83.2 91.6 95.2:96.3 96.8:90.7 0.0:83.3 0.0:94.4
Average 80.4 b B 95.2 a A 0 c C 0 c C 81.8 b B  87.6 a A  80.6 b B 88.4 a.A 91.7 a AB 91.6 a AB 83.8 b B 94.0 a A
a Each figure is the average of three replicated Petri dishes inoculated with a 100-µl aliquot of artificially-contaminated samples containing around 100 conidia. Mean values, within each fungal
species and type of samples, followed by a same letter are not significantly different at the probability levels of P=0.05 (small letters) or P=0.01 (capital letters) according to the Duncan’s
Multiple Range Test.
b Samples were contaminated with a 1:1 mixture of conidia of the two fungal species. Mean values accompanied by statistical significance are referred to A. carbonarius.



marked sensitivity of A. carbonarius to high osmotic pres-
sure of the other media. A. niger proved less sensitive to
high osmotic pressure than A. carbonarius, yielding a re-
covery rate of 67.4% on DYSG as compared to 80.3%
on DYSG-M, 79.8% on MESGA, and 97.1% on MEA. 

A limited A. carbonarius development was generally
recognised in Petri dishes in which A. niger and A. car-
bonarius conidia were plated in a 1:1 ratio. A. niger and A.
carbonarius were recovered in a ratio of 1:0.5 on DYSG,
1:0.7 on DYSG-M and MESGA and 1:0.9 on MEA.

MESGA-B and MEA-B were also tested. A. niger did
not grow on either medium even after prolonged incu-
bation (10-15 days), whereas colonies of A. carbonarius
appeared within 8-10 days on MSGA-B and 3-5 days on

MEA-B (Fig. 2), recovery rates being about 80% and
95%, respectively (data not shown) .

For further evaluation on the selectivity of MESGA
and MEA, as such or supplemented with boscalid, the
above described procedure was applied to samples of
washing water from berries and must obtained at vérai-
son to which known numbers of A. niger and/or A. car-
bonarius conidia were added. The results confirmed the
selectivity of MEA-B and MESGA-B that allowed the
growth and counting of A. carbonarius colonies but im-
paired the appearance of A. niger colonies. The mean
value of recovery rate of A. carbonarius was 80% on
MESGA-B and 89% on MEA-B (Table 2). 

MEA and MEA-B were also compared using samples
of washing suspension from berries and must obtained
at vintage time from 22 vineyards of 7 grapevine culti-
vars. Very similar results in the detection of A. carbonar-
ius were obtained with the two media (r2=0.97; Table 3).

It must be emphazised, however, that MEA-B al-
lowed direct counting of A. carbonarius colonies, where-
as MEA required discrimination of the two fungal
species through observations under the microscope. In
these experiments, neither MEA nor MEA-B, prevented
completely the growth of contaminant micro-organisms,
mostly yeasts, especially in Petri dishes, where less dilut-
ed suspensions were plated.

In conclusion, serial dilution plating on MEA-B or
MESGA-B and colony counting is a simple and inex-
pensive technique that in a relatively short time allows
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Table 3. Detection of Aspergillus niger and Aspergillus carbonarius in samples of must obtained at vintage
time from different vineyards using MEA such as or added with boscalid (MEA-B) a.

Vineyard Cultivar Colony forming units (·104 ml-1)
N. MEA MEA-B

A. niger A. carbonarius A. niger A. carbonarius
1 Cabernet sauvignon    475.7   76.3 0.0   96.7
2 Cabernet sauvignon      34.3     0.7 0.0     1.7
3 Cabernet sauvignon    537.5     3.3 0.0     1.3
4 Lambrusco 1,092.3   11.7 0.0   16.0
5 Lambrusco    927.7   91.7 0.0 101.3
6 Lambrusco    119.3     0.1 0.0     0.3
7 Merlot    345.7     2.7 0.0   12.3
8 Merlot      92.7     0.7 0.0     6.7
9 Merlot    897.7     0.3 0.0     1.3
10 Montepulciano    729.7     0.1 0.0     0.3
11 Montepulciano 1,125.7   87.3 0.0   93.3
12 Negroamaro 1,103.3 127.7 0.0 180.7
13 Negroamaro 1,307.7 417.7 0.0 327.0
14 Negroamaro    112.7     0.3 0.0     1.3
15 Negroamaro    110.3     2.7 0.0   12.3
16 Negroamaro    430.7   31.7 0.0   28.7
17 Primitivo 1,906.3   75.7 0.0   55.3
18 Primitivo    295.7   20.3 0.0   20.3
19 Primitivo    775.3   31.3 0.0   31.3
20 Primitivo    445.3     1.3 0.0     2.7
21 Sangiovese    925.7 138.5 0.0 138.5
22 Sangiovese    692.3     9.7 0.0     8.5
a Each figure is the average of three replicated Petri dishes. Correlation index for data concerning A. carbonarius
obtained with the two tested media was r2= 0.97.

Fig. 2. Aspergillus carbonarius (on the right) and Aspergillus
niger (on the left) on MEA-B three days after plating.



detection and quantification of A. carbonarius in sam-
ples of grape bunches or musts. MEA-B is the best
medium as it required in most cases only 3-5 days for
the detection of A. carbonarius. MESGA-B can be of
help just when sour rot is very common in vineyards. Its
osmotic pressure, higher than that of MEA-B, prevents
partially yeast growth, although it delays the detection
of A. carbonarius by 8-10 days. The new media will be
helpful for estimating the abundance of A. carbonarius
population in vineyards during grape ripening, which is
a critical control point for assessing the risk of OTA
contamination in wine and establishing appropriate pre-
ventive actions. 
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