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d Department of Microbiology, Faculty of Agriculture, University of Zagreb, Svetosimunska, 25 Zagreb, Croatia
a r t i c l e i n f o

Article history:
Received 13 May 2008
Received in revised form 15 July 2008
Accepted 17 July 2008
Available online 22 August 2008

Keywords:
Fermented sausages
Casings
Moulds
Ochratoxin A
Safety
* Corresponding author. Tel.: þ39 0432 558129; fa
E-mail address: giuseppe.comi@uniud.it (G. Comi)

0740-0020/$ – see front matter � 2008 Elsevier Ltd.
doi:10.1016/j.fm.2008.07.006
a b s t r a c t

The use of moulds as a seasoning for sausage can have both desirable and undesirable consequences. The
desirable consequences are the creation of a successful product that appeals to consumers. The unde-
sirable consequences are due to the growth of undesirable moulds that produce highly toxic secondary
metabolites referred to as mycotoxins. The aim of the paper was to investigate the presence of moulds
producing ochratoxin A (OTA) on the surface of sausages from northern Italy. A total of 757 mould strains
were isolated from sausage casings. The most frequently identified species were Penicillium nalgiovense,
Penicillium oxalicum, Eurotium amstelodami, Penicillium olsonii, Penicillium chrysogenum, Penicillium ver-
rucosum, Penicillium viridicatum, and Eupenicillium crustaceum. Aspergillus ochraceus was detected in only
one production lot. Approximately 45% of these samples were positive for the presence of OTA. On the
casings of the investigated sausages, the lowest and highest OTA values were 3 and 18 mg/kg, respectively.
The OTA concentration was reduced to below the limit of detection (LOD) by brushing and washing the
sausages prior to sale. From these data it appears that the presence of OTA on the surface of sausage (on
the casings) is not indicative of any health risk for human consumption of sausage, since OTA was not
identified inside the dry meat.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Several authors have studied the mycoflora of fermented
sausages manufactured in Italy (Leistner and Eckardt, 1979;
Dragoni and Cantoni, 1979; Dragoni et al., 1991; Grazia et al., 1986;
Cantoni et al., 1982a,b, 2007; Mutti et al., 1988). The mycoflora is
primarily heterogeneous, and although there are a variety of
mycoflora, the predominant genus is Penicillium. In particular,
Penicillium nalgiovense, and to a lesser extent Penicillium chrys-
ogenum (Leistner, 1990), appear to be responsible for commercial
covering and the seasoning of sausages. Both of these strains are
used as starter cultures in sausage production (Leistner, 1986;
Sunesen and Stahnke, 2003) and, as a consequence, they are
spread on the sausage casings not only to improve but also to
standardize the quality of sausage. For this reason the strains used
during the fermenting process are carefully selected and added
during the processing to ensure the safety of the final product
(Lopez-Diaz et al., 2001; Comi et al., 2004a).
x: þ39 0432 558130.
.
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However, it is well known that other moulds can grow during
sausage production. These moulds include non-mycotoxinogenic
and mycotoxinogenic species, such as Aspergillus ochraceus, Peni-
cillium nordicum, and Penicillium verrucosum, which are capable of
producing ochratoxin A (OTA). These species were the primary
toxinogenic species isolated from proteinaceous food such as
sausages (Larsen et al., 2001), and potential health risk for those
consumers that ingest cured pork meat.

OTA is a mycotoxin that represents the most important
secondary metabolite produced by different moulds belonging to
various species of Penicillium and Aspergillus (Leistner and Eckardt,
1981; Moss, 2000; Samson et al., 2004a,b).

P. verrucosum, P. nordicum, and A. ochraceus are all capable of
producing OTA when they grow on the surfaces of foods, such as
sausages, dry hams, and other meat and meat products during both
ripening and storage (Leistner, 1984; Gareis and Scheuer, 2000;
Spotti et al., 2001, 2002; Castella et al., 2002; Lund and Frisvad,
2003; Comi et al., 2004a,b; Matrella et al., 2006; Pietri et al., 2006;
Cantoni et al., 1982a,b, 2007). In addition, Aspergillus niger is known
to produce OTA on wine and grapes and to produce other toxic
metabolites on food (Rojas et al.,1991; Abarca et al.,1994; Nunez et al.,
1996; Serra et al., 2003; Samson et al., 2004a; Perrone et al., 2006),

mailto:giuseppe.comi@uniud.it
www.sciencedirect.com/science/journal/07400020
http://www.elsevier.com/locate/fm


L. Iacumin et al. / Food Microbiology 26 (2009) 65–7066
but whether it produces OTA on other foods is unknown. Other
species of Penicillium and Aspergillus, such as Aspergillus carbonarius
(Abarca et al., 2001), may also produce OTA, but they have yet to be
found on meat products.

Recently, the issue of mould toxicity has attracted the attention
of the food industry since the environmental conditions in the
manufacturing rooms used for sausage production are very suitable
for mould growth on the surfaces of products (Mizakovà et al.,
2002; Comi et al., 2004a). This may explain the presence of
mycotoxins inside the meat or on the sausage casing. The presence
of OTA in foodstuffs is certainly undesirable and it has been clas-
sified by the International Agency for Research of Cancer (IARC) as
a possible human carcinogen in Group ‘‘2B’’. Several studies have
shown it to have teratogenic, neurotoxic, genotoxic, immunotoxic,
and nephrotoxic properties (I.A.R.C., 1993; Moss, 2000; JEFCA,
2001; Luhe et al., 2003; Schaaf et al., 2002; Alvarez et al., 2004; Lioi
et al., 2004). The highly nephrotoxic activity can produce both acute
and chronic kidney lesions (I.A.R.C., 1993; Matrella et al., 2006). OTA
has also been implicated as the cause of an endemic disease char-
acterized by progressive renal fibrosis and urinary tract tumours in
humans living in the Balkans (I.A.R.C., 1993; Matrella et al., 2006).
Given that the legal limit for OTA in meat and meat products in Italy
is 1 mg/kg (Circolare Ministero Sanità no. 10-09/06/1999) and that
the presence of OTA in foods has been linked to health risks, the aim
of the work was to investigate the presence of moulds and OTA on
the surface of dry sausages produced traditionally and industrially.

2. Materials and methods

2.1. Sampling procedures

One hundred artisanal sausages and 60 industrial sausages were
collected from different plants in northern Italy (Milano, Bergamo,
Mantova and Cremona area). The sausages were classified into
different types: Milano, Varzi, Brianza, Napoli, Ungherese, Cre-
monese, Bergamasco, and Mantovano types (Table 1). After
ripening, the sausages were entirely covered in a light slime con-
sisting of a variety of moulds, and the colour was predominantly
white and a greenish-grey. The weight of these sausages was about
400 g each. The sausages were then washed and the moulds were
brushed away before selling them to local and regional markets.
There was no mould starter (P. nalgiovense) added during the
production of sausages in artisanal plants, whereas P. nalgiovense
was added to sausages produced in industrial plants.

For our analysis, sausages were collected prior to the last step of
the production process, which entails washing and brushing the
casings to remove the moulds. Mycological samples were subse-
quently taken from all of the sausages by swabbing the entire
surface of each with a cotton swab wetted with sterile, physiolog-
ical saline solution (0.7% NaCl, 0.05% Tween 80). The cotton swabs
were then streaked onto malt extract agar plates (Oxoid, Milano,
Table 1
Type and number of sausages tested

Type of
sausages

Number of artisanal
tested sausages

Number of industrial
tested sausages

Bergamasco 12 6
Brianza 10 10
Cremonese 12 6
Mantovano 12 6
Milano 20 10
Napoli 7 6
Ungherese 7 6
Varzi 20 10

Total 100 60
Italy) and incubated at 25 �C for 3–5 days. In cases where a sausage
had a significant number of mould layers, samples were taken by
directly inoculating the same agar plates with small fragments
removed from the surface layer using a sterile needle.

2.2. Mould identification by traditional methods

The colonies of the moulds grown on Malt Agar (Oxoid, Milano,
Italy) were inoculated onto three different agars: Czapek Dox agar
(Pitt, 1973); malt agar (Oxoid, Milano, Italy); and salt–malt agar pH
6.2, containing 5% malt extract (Oxoid, Milano, Italy), 5% NaCl, and
2% agar (Oxoid, Milano, Italy). The moulds were identified based on
morphology and growth characteristics according to Ainsworth
et al. (1973), Pitt (1987), Pitt and Hocking (1997), Samson and Pitt
(2000), and Samson et al. (2004b).

2.3. Mould identification by molecular methods

A molecular method was used in order to eliminate any uncer-
tainty in mouldidentification based on the aforementioned traditional
methods, and to identify strains that could not be identified using
traditional methods. One hundred isolates were tested using both
methods and were subsequently compared to determine accuracy.

2.3.1. DNA extraction from pure culture
DNA extraction was performed using the DNeasy Plant Kits (Qia-

gen, Milan, Italy) starting from about 500 mg of mycelium. DNA was
re-suspended in 50 ml of sterile water and used for PCR amplification.

2.3.2. PCR protocol and mould identification
DNA amplification was performed using primers NL1 (50-GCC ATA

TCA ATA AGC GGA GGA AAA G-30) and NL4 (GGT CCG TGT TTC AAG
ACG G-30) (Kurtzman and Robnett, 1997). The reaction mixture
(100 ml) was prepared with 2 ml of template DNA (50 ng),10 mM Tris–
HCl (pH 8.3), 50 mM KCl, 0.2 mM dNTPs, 1.25 U Taq polymerase
(Applied Biosystems, Milan, Italy), and 0.2 mM of each primer. PCR
was performed in a PTC-220 DNA Engine Dyad MJ Research Thermal
Cycler (Celbio, Milan, Italy). The protocol included 30 cycles of
denaturation at 95 �C for 60 s, annealing at 48 �C for 45 s, and
extension at 72 �C for 60 s. The cycle was preceded by an initial
denaturation step at 95 �C for 5 min and followed by a final extension
step at 72 �C for 7 min. Five microliters of each PCR reaction were
analyzed by electrophoresis in a 0.5X TBE-agarose gel.

After purification using QIAquick PCR Purification Kit (QIAGEN,
Milan, Italy), amplicons (680 bp) were sent to a commercial facility
for sequencing (MWG Biotech, Edersberg, Germany). Sequences
were aligned in GenBank using the Blast program (Altschul et al.,
1997) in order to determine the closest known relatives of the
moulds based on the partial 26S rDNA sequence obtained.

2.4. Mycotoxin detection

The presence of OTA was investigated in samples taken from
both the sausage casing and from the sausage at a depth of 0.5 cm
underneath the sausage casing and surface.

2.4.1. Preparation of sausage samples casings
Casings were completely removed from the sausages using

a sterile lancet and pliers under a vertical laminar flow hood. The
casings were homogenized and 10 g or 20 g of the homogenate was
used for the tests.

2.4.2. Preparation of sausage samples meat
Samples (100 g) of meat were taken from a depth of 0.5 cm

under the sausage surface and homogenized. Aliquots of 10 g or
20 g were used for the analysis.
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2.4.3. ELISA and HPLC analysis
Hydrochloridic acid (1 M, 17.5 ml) was added to 10 g of the

homogenized casing or meat, and the mixture was extracted with
20 ml of dichloroethane. The extract was then assayed for OTA
using an ELISA kit (Ridascreen Ochratoxin A; R-Biopharm, Italy)
(Matrella et al., 2006).

Samples that were both positive and negative for the presence
of OTA using the ELISA test were analyzed by high performance
liquid chromatography (HPLC) following the procedure in Matrella
et al. (2006). Briefly, the extraction technique involved homoge-
nizing 20 g of each sample of casing or meat with 6 ml of 1 M
phosphoric acid for 5 min. An aliquot (2.5 g) of the homogenate was
extracted with 5 ml of ethyl acetate and centrifuged for 5 min at
2500g. The organic phase was removed and the residue was re-
extracted. Both of the organic phases were combined, reduced to
3 ml, and back-extracted with 3 ml of 0.5 M NaHCO3, pH 8.4. The
aqueous layer was acidified to pH 2.5 with 7 M H3PO4 and briefly
sonicated to remove the CO2 that had formed. OTA was extracted
with 3 ml of ethyl acetate and the organic phase was evaporated to
dryness under a N2 stream, reconstituted in 150 ml of the mobile
phase, and an aliquot (20 ml) was injected into the HPLC. The
chromatographic conditions were exactly those of Matrella et al.
(2006).

Initial values of OTA concentrations were determined using
ELISA and then the HPLC method was used to confirm the results.
The ELISA method, which is a semi-quantitative technique, is an
invaluable tool for rapidly screening samples. However, the ELISA
method tends to slightly underestimate the OTA concentration
with respect to HPLC (Matrella et al., 2006), so the ELISA results
were compared to the HPLC measurements using statistical
analysis.
2.5. Reduction of OTA from sausages

Three artisanal and three industrial samples for each type of
sausage were randomly collected, with each set of three samples
coming from the same production lots (48 total samples). The
samples were brushed and washed before analyzing the OTA
content. The methods of sampling and of detection used were the
same as described above.
Table 2
Moulds isolated from the surface of sausages using sterile cotton swabs

Species
of moulds

Number
of moulds
isolated

Number of artisanal
sausages infected

Number of industrial
sausages infected

Alternaria alternata 3 3 –
Aspergillus ochraceus 1 1 –
Aspergillus penicillioides 4 4 –
Aspergillus versicolor 45 30 15
Eupenicillium crustaceum 60 25 35
Eurotium amstelodami 95 50 45
Eurotium rubrum 7 – 7
Penicillium chrysogenum 80 30 50
Penicillium commune 12 12 –
Penicillium expansum 10 5 5
Penicillium griseofulvum 2 – 2
Penicillium hirsutum 5 – 5
Penicillium nalgiovense 120 60 60
Penicillium nordicum 35 18 17
Penicillium olsonii 95 60 35
Penicillium oxalicum 100 60 40
Penicillium verrucosum 63 35 28
Penicillium viridicatum 15 10 5
Scopulariopsis flava 5 5 –

Total sausages infected 160 100 60
2.6. OTA production ‘‘in vitro’’

Five strains of each of the different mould strains (Penicillium
viridicatum, P. chrysogenum, P. verrucosum, P. nordicum, Penicillium
olsonii, Penicillium oxalicum, Aspergillus versicolor, Aspergillus glau-
cus and Eurotium amstelodami) isolated from sausages were tested
in vitro in order to evaluate their potential ability to produce OTA.
The single strain of A. ochraceus was also isolated and analyzed. The
isolates were inoculated onto Czapek Dox agar plates (CYA; Pitt,
1987) that contained 5 g/l yeast extract (Oxoid, Italy) and were
incubated at 25 �C for 10 days in the dark. The OTA production on
agar was qualitatively detected using thin layer chromatography
according to the methods described by Lopez-Diaz et al. (2001) and
Paterson and Bridge (1994). Briefly, after the mould growth on an
agar culture was homogenized in a chloroform/methanol mixture
(2:1, v/v; 50 ml/plate), the resulting sample was treated and filtered
with anhydrous sodium sulphate. The filtrate was partially evapo-
rated to dryness in a rotary evaporator under an N2 stream.
Subsequently, 20 ml of the dried extracts were dissolved in 1 ml
chloroform and were spotted onto silica gel plates (Merck, No.
5554) together with a standard solution of OTA (Sigma, St. Louis,
MO, USA). The solvent and the method used to identify and visu-
alize OTA were described by Paterson and Bridge (1994).
2.7. Statistical analysis

Statistical analysis of the data was performed using one-way
analysis of variance. The means were separated by Tukey’s honest
significant difference test using a StatGraphics software package
from Statistical Graphics (Rockville, Maryland, USA).
3. Results and discussion

A total of 757 strains were isolated from the casing of different
sausages produced in a variety of industrial and artisanal produc-
tion facilities of northern Italy (Table 2). The most frequently
detected species were P. nalgiovense, P. oxalicum, E. amstelodami,
P. olsonii, P. chrysogenum, P. verrucosum, P. viridicatum, Eupenicillium
crustaceum, P. nordicum, and A. ochraceus. The last one is the main
Aspergillus species thought to be responsible for OTA production.
However, this strain of Aspergillus was isolated from only one
production lot. Additional species were found but at a significantly
lower frequency.

As expected, we detected P. nalgiovense and P. chrysogenum,
which have been identified in meat products by several investiga-
tors (Dragoni and Cantoni, 1979; Grazia et al., 1986; Leistner, 1986,
1990). Both of these species are considered the typical starter
cultures for sausage production. In Europe, these species are inoc-
ulated on the surface of sausages because they are thought to
significantly affect processing (Leistner, 1984; Grazia et al., 1986;
Lucke, 1997). Specifically, these species are thought to affect
sausage aroma, texture, and appearance; resistance to abrasion,
and height and density of mycelium growth on the surface.
Nevertheless, whether or not P. chrysogenum is suitable as a starter
culture remains uncertain (Sunesen and Stahnke, 2003).

In Italy, P. nalgiovense is the main starter culture used for sausage
production, which explains why it was detected on the surface of all
the industrial sausages analyzed. In comparison, this species was
isolated from only 40% of the artisanal sausages; artisanal
production facilities do not use mould starters. This allows for
spontaneously colonising flora to predominate and thus the
composition of species isolated from casings varies at each
production site, even though Penicillium spp. are the most revalent
mycoflora present at the end of sausage processing (Dragoni and
Cantoni, 1979; Grazia et al., 1986; Andersen, 1995;). The existence of



Fig. 1. Chromatogram of natural OTA contaminated samples.
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spontaneous mycoflora, which sometimes predominates on starter
cultures, is demonstrated by the presence of a vast number of other
mould species isolated from the analyzed sausages.

The relative prevalence of mould strains growing on casings
depends on the type of sausage, the area of production, and the
technological parameters of production. These parameters include
water activity (Aw), humidity, temperature and the relative
humidity of the drying and ripening steps (Dragoni and Cantoni,
1979; Grazia et al., 1986; Mutti et al., 1988; Lucke, 1997; Mizakovà
et al., 2002; Sunesen and Stahnke, 2003; Comi et al., 2004a,b;
Cantoni et al., 2007). If good manufacturing practices are not fol-
lowed, or mistakes occur in the control of the relative humidity and
temperature of the drying and ripening rooms, a significant growth
of slime consisting of various moulds is often observed. These
moulds can include Penicillium spp., Aspergillus spp., Scopulariopsis
spp. and Alternaria spp., and all of these species can produce
mycotoxins, as previously demonstrated by Cantoni et al. (1982a).

Using a combination of traditional and molecular methods, we
unambiguously determined the identity of all (757) the isolated
strains. In particular, 45 strains were identified only by molecular
methods, including P. olsonii (25), Penicillium hirsutum (4), Penicil-
lium expansum (5), and E. crustaceum (7). Interestingly, the identi-
fication of 100 strains using both methods gave the same results.
These species included P. verrucosum, P. nordicum, P. oxalicum,
P. olsonii, P. chrysogenum, P. viridicatum, E. amstelodami, Alteraria
alternata, A. ochraceus, Aspergillus penicilloides, and A. versicolor.
Thus, the traditional methods employed here are equally effective
and specific as the molecular methods, although the latter are
superior since they allow unambiguous identification. In addition,
the traditional methods can be difficult to implement because they
require culturing the mould strains, performing microscopic anal-
ysis, and testing for mycotoxin production (Pitt, 1987; Larsen et al.,
2001). Furthermore, analyzing secondary metabolites is suggested
for distinguishing between P. viridicatum and P. verrucosum (Pitt,
1987).

In the present work 160 samples were examined. These samples
were collected directly from the processing plant at the end of the
ripening period, prior to being prepared for sale. This means that
the slime of moulds on these samples had not been washed from
the sausage casing. The OTA concentration in these samples was
determined on the casings and inside the meat at a depth of 0.5 cm
below the casing surface.

The ELISA test was used as an initial screen to determine the
presence of OTA, based on a limit of detection (LOD) of 0.1 mg/kg. All
ELISA samples, whether positive or negative for OTA, were then
analyzed by the HPLC method of Matrella et al. (2006). OTA was
detected by the ELISA method in approximately 45% of the samples,
i.e. 37 of 100 artisanal sausages and 35 of 60 industrial sausages.
Conversely, the OTA concentration in 88 of 160 (55%) samples was
lower than the ELISA LOD (<0.1 mg/kg). The percentage of industrial
sausages with OTA levels greater than the LOD was higher than the
percentage of artisanal sausages.

The results suggest that the use of a starter culture based upon
P. nalgiovense does not limit the growth of mycotoxinogenic moulds
on the surface of industrial sausages. This may be because of the
processing conditions’ variability and absence of quality checks
throughout the production cycle. Thus the uncontrolled growth of
moulds may cause an increase in OTA on casings, as previously
demonstrated by Cantoni et al. (1982a). To be sure, it is not unusual
in Italy to dry several lots of sausage casings with different ages in
the same drying room, which makes it difficult to maintain
appropriate conditions such as relative humidity and temperature.
This variability in growth conditions often produces abnormal
growth of both mycotoxinogenic and non-mycotoxinogenic
housekeeping moulds on the surface of sausages, even when starter
cultures are used.
Although the ELISA method has been commercialized for the
detection of OTA in cereals and serum, Frohlich et al. (1997) and
Matrella et al. (2006) have argued that ELISA tends to slightly
underestimate OTA levels compared to HPLC. Thus, in the present
study, we tested all of our sausage samples using HPLC (Fig. 1) after
they had been assayed by ELISA. For all of our samples, the ELISA
data were determined not to be statistically different from the data
obtained by the HPLC method (p> 0.05). On the surface (casings) of
the investigated sausages, the lowest and highest OTA values were
3 and 18 mg/kg, respectively (Table 3), and the means varied from
4.5 to 8.0 mg/kg. All of the OTA-positive samples exceeded the OTA
limit suggested in the Circolare Ministero Sanità (no. 10-09/06/
1999, Italian Ministry of Health). No significant differences in OTA
concentration were observed among the different types of
sausages, nor were there significant differences between artisanal
and industrial sausages (p> 0.05).

Interestingly, no OTA was observed inside the dry meat for any
of the sausage samples tested. It is possible that OTA was present,
but at a concentration below the LOD of 0.1 mg/kg. This result
contrasts with that obtained in previous Italian studies. Spotti et al.
(2002) and Pietri et al. (2006) detected low levels of OTA in excess
of 1.0 mg/kg inside meat samples. Chiavaro et al. (2002) and Zan-
notti et al. (2001) obtained similar results in dry cured ham. The fact
that we failed to detect OTA inside the sausages in the present study
may indicate that the raw meat did not contain OTA, and OTA did
not diffuse through the casing into the meat.

Moulds are capable of producing mycotoxins under suitable
conditions (Ostry, 2001), and the production of mycotoxins in meat
and meat products can be fostered by the presence of oxygen,
temperatures between 4 and 40 �C, pH values between 2.5 and 8.0
(with the optimum value between 5.0 and 8.0), a minimum Aw of
0.80, and a maximum salt concentration of 14% (Moss, 2000). In
fact, mycotoxinogenic moulds produce mycotoxins on the sausage
casings but not inside the meat since the lack of oxygen inside the
meat precludes their growth (Moss, 2000). Therefore the presence
of mycotoxins in the meat of sausages is probably due to the use of
contaminated raw meat or a casing that permits diffusion from
outside, as demonstrated by Cantoni et al. (1982a), who detected
diffusion of OTA from A. ochraceus on the surface of sausages into
the interior of the meat.

In the present work, the percentage of mycotoxinogenic moulds,
specifically of P. verrucosum and P. nordicum, appears to explain the
high concentration of OTA (>1 mg/kg) detected on the surface of the
sausages. P. verrucosum was isolated in 63 of 72 OTA-positive
sausages, and P. nordicum was isolated in 35 of 72 OTA-positive
sausages. In some OTA-positive sausages, both P. verrucosum and P.
nordicum were found, whereas P. nordicum was the only OTA
producer in nine OTA-positive sausages. Only 98 (13%) of 752 of
the strains identified are recognized as possible producers of
OTA. Moreover several other possible OTA-producing strains



Table 3
OTA levels in casings of various types of sausages produced in northern Italy

Type of sausages Artisanal Industrial Range

No. IP Mean SD No. IP Mean SD mg/kg

Milano 20 5 4.9 3.5 10 6 4.5 2.5 3–12
Varzi 20 7 6.0 1.5 10 5 5.6 3.0 5–10
Brianza 10 5 6.0 1.0 10 6 6.0 0.5 3–9
Napoli 7 3 7.0 1.0 6 4 7.5 0.5 4–13
Ungherese 7 3 6.0 2.5 6 4 5.0 1.5 3–18
Cremonese 12 5 5.8 0.5 6 4 5.5 0.5 3–10
Bergamasco 12 5 5.8 3.0 6 3 8.0 1.5 5–12
Mantovano 12 4 7.5 2.5 6 3 6.0 0.5 4–15

Total 100 37 (37%) 60 35 (58.3%)

No.: number of samples; IP: incidence of positives: >LOD (¼0.1 mg/kg); mean/SD:
mg/kg.
Percentage of OTA positives (); percentage of total positives: 45%; HPLC method.
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(Czerwiecki, 2001), belonging to Penicillium cyclopium, P. viridicatum,
P. chrysogenum, P. verrucosum, P. nordicum, A. versicolor, A. ochra-
ceus, A. glaucus, and E. amstelodami were either not detected here or
they were not the dominant mycoflora in the sausages tested.
Various authors have already observed this anomaly in previous
studies of the presence of OTA in dry cured hams and cereals (Spotti
et al., 2001; Czerwiecki et al., 2002; Torelli et al., 2006). Never-
theless, we did identify the following strains and screened them for
OTA production: P. oxalicum, P. olsonii, P. chrysogenum, P. vir-
idicatum, and E. amstelodami. Our data show that these strains did
not synthesize OTA in vitro; in contrast, P. verrucosum and P. nor-
dicum did. Thus these strains must be considered responsible for
the presence of OTA on the sausages in this study. These findings
are consistent with those of Larsen et al. (2001) and Pitt (1987),
both of which demonstrated that P. verrucosum and P. nordicum are
the two primary Penicillium species responsible for OTA production.

OTA concentrations lower than the LOD were detected on the
casings of 48 sausages that had been treated by brushing and
washing to remove the mould. In Italy, consumers prefer to buy
sausages without mould on the casing, so the producers are obliged
to eliminate them by a variety of methods. In particular, it is
common to spread rice flour on the surface of the ripened sausages
after eliminating the mould layer by brushing, washing, or air
pressure. According to our data, we suggest a method in which the
sausage casing is brushed, then washed in order to reduce OTA and
eliminate the potential risk to consumers’ health.

4. Conclusions

Our work confirms that OTA is present in meat products, adding
this class of foods to those in which it has already been detected:
cereals, cereal products, coffee, beer, grape juice, dehydrated grapes,
wine, cocoa products, nuts, spices, and animal feeds. In our study,
OTA was found only on the sausage casings; no OTA levels above the
LOD of 0.1 mg/kg were detected in the interior of the sausages
(0.5 cm below the surface). This finding suggests that indirect
transmission of OTA from animals exposed to contaminated feed to
pork products occurs rarely, as reported by Pietri et al. (2006).

The only possible explanation for the high OTA levels detected
in the present study is the growth of mycotoxigenic mould directly
on the sausage casings. In addition, it appears that OTA is not
present in the 0.5 cm outer layer of the sausage meat. Mycotoxi-
genic moulds originate from the air and the dehydrating and
ripening rooms of the processing plants. These moulds can be
present in greater amounts than the levels of moulds typical of
meat products, or the moulds in starter cultures. The growth of
these abundant ‘‘contaminating’’ moulds depends strictly on the
technological process used. However the best methods to limit the
presence and the growth of toxigenic moulds on the surface of dry
sausages are to control the temperature and relative humidity
during the sausage production, as well as the careful selection of
protective mould starter cultures (Leistner, 1986, 1990; Comi et al.,
2004b).

In conclusion it appears that the presence of OTA on the surface
of sausage constitutes a health risk when moulds are not removed
from the casings. Given that OTA was not identified in the dry meat,
removal of moulds from the casing may limit or eliminate this risk
entirely. Nevertheless we suggest the control of spices and raw
meat, given that both can be contaminated by OTA (Gareis and
Scheuer, 2000).
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Maso 12, 20–24.

Paterson, R.R.M., Bridge, P.D., 1994. Biochemical techniques for filamentous fungi.
IMI Technical Handbook, No. 1. CaB International, Surrey, UK.
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