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a b s t r a c t

The surface mycobiota of three types of Slovenian dry-cured meat products were isolated from a total of
75 items of product that were sampled periodically during the drying/ripening stage of processing. The
predominant filamentous fungal genus isolated was Penicillium. Eurotium spp., Aspergillus versicolor and
Cladosporium spp. were isolated from only two of the products. Eight Penicillium species were identified.
Penicillium nordicum was recovered frequently. Penicillium nalgiovense was recovered less frequently,
from one product only (a salami), while a yet-to-be described species Penicillium “milanense” was iso-
lated from 21 items. The other penicillia were rarely isolated. Of the isolated and identified species, those
that can produce mycotoxins are: A. versicolor, Penicillium brevicompactum, Penicillium chrysogenum,
P. nordicum, and Penicillium polonicum. Their growth on dry-cured meat products is undesirable.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Fungi have an important role in the production of dry-cured
meat products (Scolari et al., 2003). Mould growth on the meat
surface is often desirable, as they can be responsible for the
development of specific flavours and aromas of dry meats, due to
their lipolytic and proteolytic activities (Ludemann et al., 2004;
Scolari et al., 2003). Compact fungal structures on meat surfaces
can maintain a favourable microclimate around the meat products
and give them a typical appearance (Scolari et al., 2003). Moulds
growing on the surface of dry-cured products exert antioxidative
effects due to their oxygen consumption and barrier effects of their
mycelium that reduces the penetration of oxygen and light (Bruna
et al., 2003). This results in a stable colour and taste, and prevents
the products from becoming rancid. Additionally, surface moulds
can also have a protective role against pathogenic or spoilage
microorganisms (Ludemann et al., 2004; Scolari et al., 2003; Singh
and Dincho, 1994). However, when starter cultures are not used, or
if the strains used are not carefully selected or their growth is not
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controlled during manufacture, unwanted spoilage fungi can
develop. These can negatively affect the appearance, odour, taste
and nutrition value of the products, and thus reduce their quality
(Samson et al., 2002; Scholte et al., 2002; Scolari et al., 2003).

Dry-cured meats are characterised by low water activity (aw)
and high salt concentrations (Scolari et al., 2003), and so present
environmental conditions that favour the growth of xerotolerant
and xerophilic fungi. Species from the genera Aspergillus, Eurotium
and Penicillium are most frequently isolated from the surfaces of
dry-cured meat products, (Battilani et al., 2007; Comi et al., 2004;
López-Díaz et al., 2001; Mi�záková et al., 2002; Papagianni et al.,
2007; Sørensen et al., 2008).

During themanufacture of dry-cured meat products, the meat is
processed through a series of stages that are characterised by
different physico-chemical parameters. Some conditions are
particularly favourable for fungal growth and can determine the
presence of the dominant species (Scolari et al., 2003). In Slovenia,
several types of dry-curedmeat products are produced without use
of starter cultures; and many of these develop fungal growth that is
generally considered to be acceptable. Therefore, when excessive
surface moulds appear, they are usually just washed off. Species
from the genera Aspergillus and Penicillium are notoriously difficult
to identify from their morphological characteristics (Frisvad and
Samson, 2004; Samson et al., 2002), so incorrect identifications
can easily occur, even when they are made by experts. Many of
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Table 1
GenBank accession numbers of the ITS1-5,8S rDNA-ITS2 sequences obtained from
the selected isolates, and their GenBank closest matches.

EX-F
number

Species Source GenBank
accession
number

Similarity with
GenBank closest
match (%)

2859 Aspergillus
versicolor like

Product 2 HM103372 Aspergillus
versicolor
(99)

2906 Aspergillus
versicolor like

Product 1 HM103373 Aspergillus
versicolor (100)

2791 Penicillium
brevicompactum
like

Product 1 HM103374 Penicillium
brevicompactum
(100)

2796 Penicillium
“milanense”

Product 1 HM103375 Penicillium
lanosum (100)

2937 Penicillium
“milanense”

Product 1 HM103376 Penicillium
olsonii (98)

2940 Penicillium
“milanense”

Product 1 HM103377 Penicillium
olsonii (98)

2950 Penicillium
“milanense”

Product 2 HM103378 Penicillium
olsonii (98)
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these species, and in particular species from the genus Penicillium,
can produce mycotoxins and antibiotics that should not be present
in foods (Frisvad and Thrane, 2002; Moss, 2002). Their growth on
meat thus represents a potential health risk for consumers.

The aim of the present studywas to investigate the presence and
structure of mycobiota growing on the surfaces of three types of
dry-cured meat products. The most frequently occurring species
were identified, and their potential influence on the safety and
quality of the products was assessed.

2. Materials and methods

2.1. Samples

Three dry-cured meat products produced by a Slovenian meat-
processing plant were selected. These were a dry-cured pork neck
in a casing (product 1), smoked dry-cured ham (product 2), and
a dry sausage in a casing (a salami; product 3). For the processing of
product 1, after the pork neck meat has been seasoned with
a mixture of salt, garlic, pepper and other herbs (dry salting; 2
weeks at 2 �C), it is used to fill the casings. Then, it goes through
cold storage (1 week at 2e3 �C), warm storage (1 week at
decreasing temperature from 22 �C to 16 �C) and drying/ripening (3
weeks at 14e21 �C; then 2 weeks at 16e18 �C) stages. The pro-
cessing of the ham of product 2 involves dry salting (2 weeks at
2 �C) and cold storage (3 weeks at 7 �C) stages, exposure to smoke
(2 days at a maximum of 22 �C), and then an extended drying/
ripening (3 months at 16e18 �C) stage. For product 3, the minced
meat and fat of pork and beef are seasoned with salt, garlic, pepper
and other herbs and filled into the casing, then the sausages are
dried/ripened for 6e7 weeks at decreasing temperatures
(22e16 �C). The relative humiditywas controlled during the drying/
ripening stages of all the three products.

2.2. Sampling of products and isolation of fungi

Five items of each of the three dry-cured meat products were
sampled on five occasions from July to September 2006, at intervals
of about 10 days. Sampling was initiated when patches of fungal
growth were first visible on their surfaces.

At each sampling time, pieces of meats were aseptically sliced
from the items of meat products and transported in an icebox to the
laboratory. Each type of mycelium or yeast colony that was
apparent on the outer surfaces of the samples was aseptically
transferred to malt extract agar (MEA; Raper and Thom, 1949) and
to MEA with 5% NaCl (MEA5%NaCl; Gunde-Cimerman et al., 2003)
within 24 h. Both media contained chloramphenicol (cm) at
50 mg l�1, to prevent bacterial growth. At the first sampling, the
items of product 2 were additionally sampled with a sterile damp
swab, as fungal patches on the product were only sporadic. In this
case, the swabs were applied directly to agar plates. All of the plates
were incubated for 10 days at 15 �C, in the dark. Fungal colonies on
the plates were transferred to plates of MEA, which were incubated
as before to obtain pure cultures. The isolates are maintained in the
EX-F Culture Collection of the Department of Biology, Biotechnical
Faculty, University of Ljubljana, Slovenia.

2.3. Morphological characterisation

For macro-morphological observations, the isolates were three-
point inoculated on MEA medium and grown for 7 days at 25 �C in
the dark. The isolates from the genera Aspergillus and Penicillium
were additionally three-point inoculated on Czapek yeast autoly-
sate agar (CYA), yeast extract sucrose agar (YES), and creatine
sucrose agar (CREA) (Frisvad and Samson, 2004), and incubated for
7 days at 25 �C in the dark. The isolates from the genus Eurotium
were additionally three-point inoculated on Czapek yeast extract
agar with 20% (CY20; Pitt and Hocking, 2009) and 40% (CY40; Pitt
and Hocking, 2009) sucrose, and on Dichloran 18% glycerol agar
(DG18; Hocking and Pitt, 1980), and incubated for 7e14 days at
25 �C (CY40), 30 �C (CY40, CY20, DG18) and 37 �C (CY40) in the
dark.

For the determination of micro-morphological characteristics,
microscope slides were prepared from growth on the MEA
medium. A solution of 60% (v/v) lactic acid without a dye was used
as the mounting medium. The slides were examined under oil
immersion by differential interference contrast, at up to
1000� magnification, with a B�51 microscope (Olympus, Tokyo,
Japan). Digital micrographs were taken with a DP12 digital camera,
and analysed using the DPSOFT 3.2 application software (Olympus,
Tokyo, Japan).
2.4. Sequencing

Selected isolates (Table 1) of Aspergillus sp. and of Penicillium
spp. morphological groups that were not identified to the species
level according to their morphology were additionally analysed by
sequencing of the ITS1-5,8SrDNA-ITS2 region. The DNA was first
extracted by mechanical lysis (Gerrits van den Ende and de Hoog,
1999), from about 200 mg of cultures grown on complete yeast
extract medium (CYM; Raper et al., 1972) for 5 days at 25 �C in the
dark. Amplification of the ITS1-5, 8SrDNA-ITS2 region was per-
formed with the primer pair ITS4 and ITS5 (White et al., 1990) in
a thermal cycler (Mastercycler Epgradient, Eppendorf, Hamburg,
Germany). Reactions were carried out in a final volume of 25 ml,
containing 1 � PCR buffer, 1.5 mM MgCl2, 0.4 mM dNTP, 1.25 U Taq
DNA polymerase (Fermentas, Vilnius, Lithuania), 0.8 mM of each
primer, and 1 ml of DNA extract. The following cycling conditions
were used: 94 �C for 3 min, followed by 40 cycles at 94 �C for 35 s,
52 �C for 35 s, 72 �C for 45 s, and a final extension at 72 �C for 7 min.
The PCR products were checked electrophoretically on 1% agarose
gels. The DNA purification and automated DNA sequencing was
provided by the Macrogen Company (Seoul, Korea). The sequences
obtained were compared to those available from the National
Centre for Biotechnology Information (NCBI) using the BLAST-n
programme (Altschul et al., 1990, 1997), aligned with ClustalW
(Thompson et al., 1994) using the MEGA4.0 software (Tamura et al.,
2007). Sequences have been deposited at GenBank, and their
accession numbers are given in Table 1.
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2.5. Extrolite analysis

Selected isolates: EX-F 2793, EX-F 2796, and EX-F 2797 from
product 1 and EX-F 2789 and EX-F 2794 from product 2, which
were presumed unknown Penicillium spp. were three-point inoc-
ulated on CYA and YES media and grown for 7 days at 25 �C in the
dark. Agar plugs from each of the cultures were extracted and
analysed by high-performance liquid chromatography, as described
by Frisvad and Thrane (1987, 1993) and Smedsgaard (1997).

3. Results

3.1. Isolation of fungi

At the first sampling, only a few patches of growth of filamen-
tous fungi or yeasts were seen on the surfaces of the dry-cured
meat products. The products become progressively overgrown by
filamentous fungi. At the third sampling time, most of the product
items were overgrown by sporulating filamentous fungi, with
growth being most extensive on items of product 1, and least on
items of product 3. Yeasts were present at all times on all items of
product. However, they were not always recovered because of
overgrowth by conidiogenic fungi. One or two types of penicillia
dominated on the surface of each item.

Filamentous fungi were isolated from each meat product, while
yeasts were isolated from only products 2 and 3 (Table 2). Yeasts
were isolated at the first three sampling times from products 2 and
3 and at later times from product 3. Species of Penicilliumwere the
organismsmost frequently isolated from all three products. Species
of Eurotiumwere also very frequent. However, species of Eurotium,
Aspergillus and Cladosporium were isolated from only products
1 and 2. All of the isolates from the genus Aspergilluswere identified
as Aspergillus versicolor. Due to unsuccessful DNA amplification, the
Eurotium species were not identified.

3.2. Penicillium species identification

Seven species of Penicillium were isolated (Table 2). The most
frequently isolated species was Penicillium nordicum, which was
recovered from all three dry-cured meat products, and from all
samples but one. The second most frequently isolated species was
Penicillium nalgiovensewhich was isolated from only product 3. The
third most frequently isolated species was a new species related to
Penicillium olsonii or Penicillium lanosum, provisionally named
Penicillium “milanense” (Table 1). It has a characteristic profile of
Table 2
The species of fungi, and the numbers of product items from which they were iso-
lated by sampling of five items of each of three types dry-curedmeat products at five
consecutive sampling times.

Species Product 1 Product 2 Product 3

Sampling time Sampling time Sampling time

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Aspergillus versicolor 1 1 4 5 5
Cladosporium spp. 1 1 4 1
Eurotium spp. 4 4 5 4 5 5 2 5 5 4
Penicillium

brevicompactum
1 1

Penicillium chrysogenum 1
Penicillium “milanense” 2 2 3 3 4 3 1 3 1
Penicillium nalgiovense 4 5 5 5 5
Penicillium nordicum 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Penicillium olsonii 1 1
Penicillium polonicum 2 3 1 1
Yeasts 5 1 1 5 5 4 3 2
extrolites. All five isolates of P. “milanense” that were analysed
produced asperphenamate and chrysogine; EX-F 2789 and EX-F
2793 also produced the antibiotic xanthoepocin. P. “milanense”was
most frequently isolated from product 1, occasionally from product
2, and only once, at the last sampling time, from product 3. Peni-
cillium polonicum was also isolated from all three products, but
rarely. Additionally, Penicillium brevicompactum and P. olsonii
were each isolated once from products 1 and 2, and Penicillium
chrysogenum was isolated once from product 1.

4. Discussion

The genus Penicillium represented the major part of the surface
mycobiota of all three of these dry-curedmeat products, which is in
agreement with most of the similar studies performed previously
(Asefa et al., 2009; Battilani et al., 2007; Comi et al., 2004; Iacumin
et al., 2009; López-Díaz et al., 2001; Papagianni et al., 2007;
Sørensen et al., 2008). This is not surprising, as many species of
this genus are psychrotolerant/psychrophylic (Frisvad and Samson,
2004), and drying/ripening of all three of these products was per-
formed at temperatures mostly around 16 �Ce18 �C.

The extent and genus/species compositions of the surface
mycobiota were very similar for products 1 and 2. Xerotolerant/
xerophylic and halotolerant fungi A. versicolor, Cladosporium spp.,
Eurotium spp., and Penicillium spp. (Samson et al., 2002), and yeast
prevailed as their surface mycobiota. The most frequently isolated
species was P. nordicum. Product 2 was the only smoked product;
however, it appears that smoking only delayed the appearance of
some fungi. The frequencies of occurrence of A. versicolor were
higher on product 2 than on product 1, and lower for P. “milanense”.
Smoking has various affects on the growth of different species and
is not a reliable means of control (Asefa et al., 2009). Product 3,
a salami, had a different appearance from the other two products.
Only four Penicillium species and yeasts were isolated from its
surface. Product 3 was produced in a separate building from the
others, whichmight have reduced its contamination by other fungi.
The physico-chemical conditions for salami production obviously
favoured the growth of P. nalgiovense, although its growth did not
limit the subsequent extensive growth of P. nordicum. In other
studies of dry-cured or fermented sausages other genera of fila-
mentous fungi have been also isolated (Iacumin et al., 2009; López-
Díaz et al., 2001; Mi�záková et al., 2002; Papagianni et al., 2007;
Sørensen et al., 2008).

The primary, man-made habitats of the predominantly P. nor-
dicum are dry-cured meat products (Frisvad and Samson, 2004;
Samson et al., 2002), although recent reports of its isolation from
such sources are very scarce. Most of the reported isolations at high
frequencies occurred with dry-cured ham (Battilani et al., 2007)
and dry-cured sausages (Iacumin et al., 2009) from several meat-
processing plants in northern Italy, bordering on the area of
Slovenia from where the products analysed here were derived.
Recent ecological studies suggested that the natural habitat of
P. nordicum could be cold Arctic sea water and sea ice (Gunde-
Cimerman et al., 2003), indicating its preference for salty and
cold ecological niches. The second most frequently occurring
species, P. nalgiovense is in some countries used as a starter culture
for fermentation of salami (dry-cured sausages), so it is most often
isolated from salami, cheese and other dry-cured meat products
(Asefa et al., 2009; Samson et al., 2002). Sørensen et al. (2008)
isolated from northern European meat products, fermented
sausages and liver pâté, a phenotypically new group of Penicillium
and designated it as P. “milanense”. Interestingly, this species was
isolated in the present study as the third most frequent Penicillium
species. The species that were rarely isolated, P. brevicompactum,
P. chrysogenum, P. olsonii and P. polonicum, are all common in indoor
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environments and on dry-cured meat products (Frisvad and
Samson, 2004; Samson et al., 2002). All four of these species can
be described as halotolerant (Frisvad and Samson, 2004).

Species of Eurotium such as E. amstelodami, E. rubrum and
E. repens are commonly found in indoor environments and on low
aw foods (Samson et al., 2002). Their growth on dry-cured meats
(Asefa et al., 2009) reflects their ability to grow at an aw of around
0.71 (Filtenborg et al., 2002).

Aspergillus species are common food contaminants especially in
subtropical and tropical regions (Samson et al., 2002). Therefore,
with dry-cured meat products that are processed at low tempera-
tures, Aspergillus spp. are much less frequently isolated than Peni-
cillium spp. (Asefa et al., 2009; Iacumin et al., 2009). A. versicolor,
a common xerotolerant food-borne and indoor species (Samson
et al., 2002) was isolated in the present study mostly at the later
sampling times.

Many species of the genus Cladosporium are distributed world-
wide and are common in indoor environments, air and foods
(Samson et al., 2002). These are often found more frequent in meat
production surroundings than on dry-cured meat products
(Mi�záková et al., 2002; Sørensen et al., 2008). Thus, Cladosporium
spp. were isolated at the first two samplings only. Later they were
overgrown by other, more xerotolerant species.

Apart from the large numbers of spores in the air of meat-pro-
cessing plants, which can cause allergies in workers, the major
concern relating to extensive mould growth on dry-cured meat
products is mycotoxins. These can be produced by many species of
the genera Aspergillus and Penicillium, and they can be present in
fungal spores and mycelium, and in the foods they contaminate
(Frisvad and Thrane, 2002; Frisvad and Samson, 2004). Potential
producers of mycotoxins isolated in this study were A. versicolor
(sterigmatocystin, nidulotoxin), P. brevicompactum (botryodiploi-
din, antibiotic-mycophenolic acids), P. chrysogenum (roquefortine C,
PR-toxin, secalonic acids, antibiotic- penicillins), P. nordicum
(ochratoxin A & B, viridic acid) and P. polonicum (penicillic acid,
verrucosidin, nephrotoxic glycopeptides) (Frisvad and Samson,
2004). Additionally, P. nalgiovense (penicillins) and P. “milanense”
(xanthoepocin) can produce antibiotics, which should also not be
present in foods (Frisvad and Thrane, 2002). Species of the genus
Eurotium have also often been reported as toxic (Frisvad and
Thrane, 2002), but little is known about the toxicity of the Clado-
sporium species (Frisvad and Thrane, 2002).

Growth of the mycotoxigenic species on dry-cured meat prod-
ucts poses a potential health risk for consumers. Thus fungal
species on dry-cured meats must be correctly identified if the
presence of possibly mycotoxigenic species and the possible risks
from their mycotoxins, are to be recognized.
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