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Some producers of dry fermented sausages use fungal starter cultures with the aim to achieve a desirable sur-
face appearance and avoid the growth of mycotoxigenic fungi. These commercial cultures are mainly com-
posed of Penicillium nalgiovense biotype 6. In contrast, in the case of producers who do not use starters,
sausages are spontaneously colonized by the house mycobiota, which generally consists of heterogeneous
molds corresponding to different genera and species. In this work, the surface mycobiota of dry fermented
sausages produced in Colonia Caroya (Córdoba, Argentina) was determined in both summer and winter sea-
sons. All the sausages sampled had been made without the use of surface fungal starters. In the 57 sausages
analyzed in the two winter seasons studied (2010 and 2012), we found a total of 95 isolates of filamentous
fungi belonging to six genera (Penicillium, Aspergillus, Mucor, Cladosporium, Scopulariopsis and Eurotium)
and ten fungal species, whereas in the 36 sausages analyzed in the two summer seasons studied (2011 and
2012), we found 89 isolates belonging to five genera (Penicillium, Aspergillus, Mucor, Cladosporium and
Geotrichum) and ten fungal species. Although 16 different species were found in both winter and summer
seasons, only 2 of them predominated completely. P. nalgiovense was found in almost 100% of the sausages
analyzed, where biotype 4 was the most frequent. This species gives a whitish gray coloration to the sausages.
Considering that the factories sampled do not use fungal starter cultures, this predominance is very interest-
ing since mycotoxin production by this fungus has not been reported. Aspergillus ochraceus was isolated with
a frequency of 80–90% in the summer seasons, but in none of the winter samples. The presence of this fungus
in sausages produced in the summer was attributed to the high environmental temperatures and the uncon-
trolled temperature in the ripening rooms during the night. In all cases, A. ochraceus was responsible for the
undesirable yellowish gold color of the casing. This fungus thus causes significant economic losses to the pro-
ducers of Colonia Caroya during the months of high temperatures.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Fungi have an important role in the production of dry-cured meat
products. Mold growth on the surface of these products is often desir-
able. The positive effects of these molds, such as the creation of the
desirable flavor characteristic of fermented sausages, are the result
of their influence on the proteolytic processes, lactate oxidation,
amino acid degradation, lypolysis and β-oxidation, occurring during
the maturation process of these dry-cured meat products (Bruna et
al., 2001; Cook, 1995; Grazia et al., 1986; Leistner, 1990; Ludemann
et al., 2004a).
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Surface mycobiota also contribute to the appearance of these
products, which is variable depending on the species composing the
mycobiota. The desired coloration of these products is white or
whitish-gray. Some producers use starter cultures with the aim to
achieve this desirable appearance. These commercial cultures are
mainly composed of Penicillium nalgiovense biotype 6 (Leistner,
1990). In contrast, in products from producers who do not use starter
cultures, there is greater variability of the fungal species composing
the house mycobiota (Andersen, 1994; Asefa et al., 2009; Battilani
et al., 2007; Castellari et al., 2010; Comi et al., 2004; Lopez-Diaz et
al., 2001; Ludemann et al., 2004b; Mizakova et al., 2002; Monte et
al., 1986; Nunez et al., 1996; Papaginni et al., 2007; Peintner et al.,
2000; Rojas et al., 1991; Sonjak et al., 2011; Sorensen et al., 2008;
Tabuc et al., 2004; Wang et al., 2006; Wu et al., 1974).

In Argentina, there are various production centers of dry-cured
meat products, including the cities of Mercedes and Tandil in Buenos
Aires Province, and the towns of Colonia Caroya and Oncativo in
Córdoba Province. Among these, Colonia Caroya is one of the most
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important production centers. This town is located 50 km from the
capital of the province. Dry-fermented sausage production, initially
promoted by Friulian immigrants, is the most important activity in
this city. This production not only has been carried out for many
years, but also has grown considerably due to the existing demand.

Colonia Caroya has more than 20 sausage factories, which produce
more than 600 tons/year. These factories are divided into artisanal
(90%) and industrial factories (10%). In the artisanal processing facto-
ries, during the initial steps (preparation of the mix, introduction into
the casing, and dripping) the products are manufactured under natu-
ral uncontrolled conditions of temperature and relative humidity.
During the ripening process, only the temperature is controlled
(15–17 °C). In some cases, this control is carried out only during the
day, due to the energy expenditure caused by the continuous use of
the cooling equipment. In this type of establishment, with only a
few exceptions, ripening and drying occur in basements, which are
closed rooms with no contact with external air. The length of this pro-
cess is established by each producer based on his/her own perception
and experience, without using any kind of instrumentation for the
measurements. The typical composition of Colonia Caroya fermented
sausages is 40–60% beef, 20–30% pork meat,10–20% bacon, 3–10%
pork fat, 2.3–3.2% sodium chloride, 0.4–0.45% pepper, 0.05% sodium
nitrate, white wine and garlic. The sausages are 25–35 cm long and
4 cm wide and weigh between 300 and 500 g. Most producers use
natural casings. The typical external appearance is grayish white
(Fig. 1a) with an even distribution and characteristic flavor.

In Argentina, there are very few studies in relation to the surface
fungi of dry sausages. One of these studies was carried out by our
group (Ludemann et al., 2004b) on dry sausages from supermarkets
from different regions of Argentina, whereas another was carried out
by Castellari et al. (2010), who performed a study on the mycobiota of
dry fermented sausages from five manufacturing plants located in
three different areas of the Tandilia system (Buenos Aires). The
mycobiota of dry sausages from Colonia Caroya has not been studied
yet. At present, the producers of this town are working to obtain the
Geographical Identification (GI) for this product. Since a complete
characterization is required for this process, a study of the house
mycobiota of these products is necessary.

The aim of this work was to identify the surface mycobiota of dry
fermented sausages produced in factories of Colonia Caroya (Córdoba,
Argentina) that do not use starter cultures, in two different seasons of
the year: winter and summer.
Fig. 1. a) Predominance of Penicillium nalgiovense on surface sausage. b
2. Materials and methods

2.1. Sampling

Ten sausage factories, located in Colonia Caroya (Córdoba, Argentina),
were included in this study. The distance that separates the two
factories that are furthest away from each other is less than 6 km.
A total of 93 samples, 90% of which were obtained from artisanal
processing factories and 10% from industrial factories, were analyzed.
Samples were collected directly from the processing plant at the end
of the ripening process (between 15 and 30 days of the fermentation–
ripening period), in two different seasons of the year: 57 samples in
winter (39 samples in July 2010 and 18 in June 2012) and 36 samples
in summer (20 samples in February 2011 and 16 in March 2012). The
weather conditions of both seasons of the different years analyzed
were in correspondence with the historical information recorded for
Córdoba (Argentina). In summer, the average temperature is 25 °C,
with a peak of 40 °C, and in winter the average temperature is 12 °C,
with a peak of 20 °C. In summer, when the refrigeration was discontin-
uous during the night, the maximal temperature reached in the base-
ment was approximately 25 °C.

Ninety percent of the sausages analyzed had beenmadewith natural
casing and 10% with synthetic casing. All the sausages sampled had
been made without the use of fungal starters.

2.2. Water activity determination

Water activity (aw)wasmeasured immediately upon arrival at the lab.
A slice approximately 1 cm thickwas obtained from the center of the sau-
sage. Then the central portion of the slice was sampled with an 8-mm
hole punch and placed in an electric hygrometer (Aqualab Model CX2,
Decagon Devices,). The measurement was carried out at 25 °C and satu-
rated solutions of different salts (KNO3, BaCl2, KCl, NaCl, (NH)4SO4)
were used for the calibration of the equipment. This procedure was
performed in duplicate for each sample.

2.3. Total count of indigenous fungi on the surface of dry
fermented sausages

The molds on the surface of each sausage were counted. The diame-
ter and length of the sausage were measured to be considered in the
total count. The casing was aseptically removed from the sausages
) Predominance of Aspergillus ochraceus (90%) on surface sausage.



Table 1
Fungal counts (CFU/cm2) from sausages in winter and summer in two media (DG18
and MEA).

Parameters Winter 2010/2012 Summer 2011/2012

DG18 MEA DG18 MEA

No. of samples tested 57 57 36 36
Lowest count (CFU cm−2) 2.1 × 105 1.0 × 105 1.8 × 106 2.2 × 106

Highest count (CFU cm−2) 2.1 × 109 2.3 × 109 6.5 × 108 7.2 × 108

Average count (CFU cm−2) 2.1 × 108 1.5 × 108 2.6 × 108 1.7 × 108
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with the aid of a sterile scalpel and tweezers and then transferred into
sterile bags containing 200 ml sterile 0.1% peptone water. Samples
were homogenized in a stomacher for 1 min. Then, 0.1 ml of appropri-
ate dilutions of the resultant spore suspension was inoculated onto the
following media: Dichloran 18% Glycerol Agar (DG18) andMalt Extract
Agar (MEA). Cultures were incubated at 25 °C for 7 days.

For counting, Petri plates containing 10–100 colony-forming units
(CFU) were used, and the results were calculated as follows:

Total count of mycobiota ¼ CFU 10n200
� �

=0:1 2 πr hþ rð Þð Þ:�

Where: n is the number of decimal dilutions, 200 is the volume of
the initial suspension (ml), 0.1 is the volume of the inoculum (ml),
and 2 π r (h + r) is the estimated area of the sausage (cm2), where r
is the radio of the sausage (cm) and h is the length of the sausage
(cm). The total count ofmycobiotawas expressed as CFU/cm2 of casing.

The statistical analysis was performed by analysis of variance
and test of least significant difference (p b 0.05) using the statistical
program Statgraphics Plus 5.1.

2.4. Isolation and identification of filamentous fungi by traditional and
molecular methods

Fungal colonies with visibly different morphological appearance
were isolated from MEA and DG18 for sub-culturing onto Petri plates
with MEA. Filamentous fungi were identified to species level according
to Pitt and Hocking (2009). The different biotypes of P. nalgiovensewere
characterized according to Fink-Gremmels et al. (1988). These biotypes
vary mainly in the diameter of colonies on MEA and the color and de-
gree of sporulation on Czapek Yeast Extract Agar (CYA) and MEA.

The relative isolation frequency (Fr) and relative density (Dr) of
species were calculated according to González et al. (1995), Pacin et
al. (2003) and Saleemi et al. (2010), as follows:

Fr %ð Þ ¼ number of samples with a species=total number of samplesð Þ100:

Dr %ð Þ ¼ number of isolates of a species=total number of fungi isolatedð Þ100:

All the isolates identified are in the culture collection of the
Laboratorio de Micología de Alimentos de la Universidad Nacional de
Quilmes (Buenos Aires, Argentina). These isolates were preserved on
agar 2% at 4 °C.

For molecular confirmation, the genomic DNA of the species
predominating in each season (P. nalgiovense in winter and Aspergillus
ochraceus in summer) was extracted from monosporic isolates using
the CTAB method described by Stenglein and Balatti (2006). PCR was
carried out in an XP thermal cycler (Bioer Technology Co, Hangzhou,
China) to amplify a part of the β tubulin gene (11 P. nalgiovense biotype
4 and two P. nalgiovense biotype 6 isolates, selected at random) and the
5.8S-ITS rDNA region (six A. ochraceus isolates selected at random),
using primer pairs Bt2a (5′-GGT AAC CAA ATC GGT GCT GCT TTC-3′)
and Bt2b (5′-ACC CTC AGT GTA GTG ACC CTT GGC-3′) (Glass and
Donaldson, 1995), and ITS5 (5′-GGA AGT AAA AGT CGT AAC AAG
G-3′) and ITS4 (5′-TCC TCC GCT TAT TGA TAT GC-3′) (White et al.,
1990), respectively. Each PCR reaction was performed in a 25-ml mix-
ture containing 10 ng of genomic DNA, 10× reaction buffer, 2.5 mM
MgCl2, 200 μM of each dNTP, 0.5 μM of forward and reverse primers,
1.25 U Taq DNA polymerase (Inbio-Highway, Tandil, Argentina), 0.05%
(w/v) Tween 20 and 0.05% (w/v) Nonidet P-40. Amplifications were
carried out using the following cycling protocol: an initial denaturation
step of 95 °C for 2 min, 35 cycles of 95 °C for 30 s, 55 °C (for β tubulin
primers) for 30 s, 72 °C for 45 s, and final extension of 72 °C for
2 min. The annealing temperature for ITS reactions was 50 °C. The
successful amplifications were confirmed by gel electrophoresis.

PCR products were purified with the aid of a PureLink PCR purifi-
cation kit (Invitrogen, Löhne, Germany). DNA sequencing, from both
the sense and antisense ends of the fragments, was carried out
using Big Dye Terminator version 3.1 Cycle Sequencing Ready Reac-
tion Kit (Applied Biosystems, CA, USA) in an Applied Biosystems
Sequencer (ABI/Hitachi Genetic Analyzer 3130).

Similarities of the fragments with previously published sequence
data were examined with BLASTn (Altschul et al., 1990) in the NCBI
web page. The sequences generated in this study were submitted to
GenBank (P. nalgiovense accession numbers KC295422–KC295434
and A. ochraceus accession numbers KC295435–KC295440).

3. Results and discussion

Neither the count of fungi in summer nor the count of fungi in
winter showed differences when DG18 or MEA was used (p b 0.05).
The average count was in the order of 108 CFU/cm2. Moreover, we
found no differences between seasons in the same year (Table 1).

The fungal species isolated from both media in the different seasons
are shown in Table 2. This table also illustrates the frequency and rela-
tive density of the species recovered. It is worthmentioning that species
of the genus Mucor, with a relative density of around 10% in both
seasons, were observed only when MEA was used for the enumeration
and isolation.

A total of 65 isolates of filamentous fungi belonging to five genera
and nine fungal species were identified from the 39 sausages ana-
lyzed in winter 2010, whereas 30 isolates of filamentous fungi be-
longing to four genera and five fungal species were identified from
the 18 sausages analyzed in winter 2012. Four different species of
Penicillium were identified in winter 2010 and two in winter 2012
(Table 2).

On the other hand, 50 isolates of filamentous fungi belonging to
five genera and eight fungal species were identified from the 20
sausages analyzed in summer 2011, whereas 39 isolates of filamen-
tous fungi belonging to four genera and six fungal species were iden-
tified from the 16 sausages analyzed in summer 2012. Four different
species of Penicillium were identified in summer 2011 and three in
summer 2012 (Table 2).

Although 16 different species were found in the total of the sam-
ples, only 2 of them predominated completely according to the sea-
son analyzed, and the sequences obtained of the representative
species confirmed our morphological identifications.

In winter, P. nalgiovense appeared in all the samples tested
(Fr = 100%), with a relative density of 76.9% in 2010 and 66.7% in
2012,with biotype4being themost frequently found (68 and90% respec-
tively) (Table 3). BLAST searches of the sequences showed 99–100% of
similarity with several sequences of P. nalgiovense (e.g., accession num-
bers JF909956, AY371601, AY496000) and 99% with the closely related
species Penicillium dipodomyis (e.g., accession numbers AY495992,
AY495989, JF909950). While P. dipodomyis is found in desert environ-
ments, on hoarded seeds and in cheek pouches of North American Kanga-
roo Rats, P. nalgiovense is found in cheese and meat (Wicklow and Rebar,
1988). In relation to distinctive features, P. dipodomyis grows at 37 °C,
whereas P. nalgiovense does not (Frisvad and Samson, 2004). Because
our isolates did not grow at 37 °C and were isolated from fermented
sausages, it is logical to consider that the isolates obtained in this work
belonged to P. nalgiovense.



Table 2
Species frequencies and relative density from sausages made in Colonia Caroya (Córdoba, Argentina).

Genera Species Winter 2010 n = 39 Winter 2012 n = 18 Summer 2011 n = 20 Summer 2012 n = 16

No. isolated Fr
(%)a

Dr.
(%)b

No. isolated Fr
(%)a

Dr.
(%)b

No. isolated Fr
(%)a

Dr.
(%)b

No. isolated Fr
(%)a

Dr.
(%)b

Penicillium nalgiovense 50 100 76.9 20 100 66.7 21 90 42 19 100 48.7
simplicissimum 1 2.6 1.5 3 16.7 10 0 0 0 0 0 0
fellutatum 0 0 0 0 0 0 1 5 2 0 0 0
brevicompactum 2 5.1 3.1 0 0 0 0 0 0 0 0 0
implicatum 1 2.6 1.5 0 0 0 1 5 2 2 12.5 5.1
olsonii 0 0 0 0 0 0 0 0 0 1 6.2 2.6
citreonigrum 0 0 0 0 0 0 2 10 4 0 0 0

Aspergillus ochraceus 0 0 0 0 0 0 18 90 36 13 81.2 33.3
aculeatus 1 2.6 1.5 0 0 0 0 0 0 0 0 0

Mucor hiemalis 1 2.6 1.5 0 0 0 0 0 0 0 0 0.
racemosus 5 12.8 7.7 4 22.2 13.3 4 20 8 0 0 0
circinelloides 0 0 0 0 0 0 0 0 0. 3 18.7 7.7

Cladosporium cladosporioides 0 0 0 1 5.5 3 2 10 4 1 6.2 2.6
Scopulariopsis candida 3 7.7 4.6 2 11 6.7 0 0 0 0 0 0
Geotrichum candidum 0 0 0 0 0 0 1 5 2 0 0 0
Eurotium rubrum 1 2.6 1.5 0 0 0 0 0 0 0 0 0
Total isolates 65 30 50 39

a Fr: relative isolation frequency.
b Dr: relative density.
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P. nalgiovense gives a whitish gray coloration to the sausages
(Fig. 1a). Although these results are consistent with the type of dom-
inant species in the vast majority of the studies carried out in other
geographic regions of the world, they are dissimilar with respect to
the percentage of relative density. In work described by Andersen
(1994) in northern Italy, the maximum relative density of this fungus
represented 50% of the total mycobiota. In Greek sausages, Papaginni
et al. (2007) found P. nalgiovense in 19% of the total mycobiota. In the
work of Asefa et al. (2009) in Norway, P. nalgiovense was the domi-
nant species isolated from smoked and unsmoked products (38% of
all the isolates). Iacumin et al. (2009) obtained the same fungus in
16% of the total mycobiota of fermented sausages in northern Italy.
In Slovenia, Sonjak et al. (2011) found a maximum relative density
of 51% for P. nalgiovense in fermented sausages. In a previous work
carried out in Argentina, we reported 20% of relative density of this
species for commercial dry fermented sausages and 15% for
home-made ones (Ludemann et al., 2004b). In a study carried out by
Lopez-Diaz et al. (2001) in Spain, themain species foundwas identified
as Penicillium commune, with a relative density of 33%. These data indi-
cate that none of the regions analyzed showed such a high value for P.
nalgiovense or for the predominant species in each case.

On the other hand, A. ochraceus was isolated with a frequency of
80–90% in summer, but was not found in any of the winter samples.
These results are in agreement with those of Castellari et al. (2010),
who reported this fungus only in summer, but with an isolation
frequency of 22%, considering sausages with long ripening only.

BLAST searches of the sequences showed 100% of similarity
with several sequences of A. ochraceus (e.g., accession numbers
JX523615, GU134890, FJ878632) andwith the closely related species
Aspergillus westerdijkiae (e.g., accession numbers JN793950,
FM986325, FM986326). A. ochraceus growth at 37 °C, unlike
Table 3
Different biotype of Penicillium nalgiovense isolated from sausages of Colonia Caroya
(Córdoba, Argentina).

Biotype Winter 2010 Winter 2012 Summer 2011 Summer 2012

No.
isolates

Dr.
(%)

No.
isolates

Dr.
(%)

No.
isolates

Dr.
(%)

No.
isolates

Dr.
(%)

1 5 10 0 0 2 9.5 0 0
3 2 4 0 0 0 0 0 0
4 34 68 18 90 15 71.4 16 84.2
6 9 18 2 10 4 19 3 15.8

Dr: relative density.
A. westerdijkiae (Pitt and Hocking, 2009). Since the isolates obtained in
this work grow at 37 °C, A. westerdijkiaewas discarded.

In summer 2011, the isolates belonged mainly to P. nalgiovense
with a relative density of 42%, and to A. ochraceus,with a relative den-
sity of 36%. In the second summer (2012), we also found mainly these
two species, with similar relative densities (48.7 and 33.3%, respec-
tively), thus showing no differences between one summer and the
next. P. nalgiovense biotype 4 was the most frequently isolated in
both years (71.4% in 2011 and 84.2% in 2012) (Table 3). Thus, these
two species (P. nalgiovense and A. ochraceus), represented 78% of
the total mycobiota for summer 2011 and 82% for summer 2012.

Other works have also found contaminant species of Aspergillus, but
no work has so far reported such high relative density: Hwang et al.
(1993) 2.4%, Andersen (1994) 4%, Ludemann et al. (2004b) 10%, Asefa
et al. (2009) 0.7%, Iacumin et al. (2009) 7% and Sonjak et al. (2011) 10%.

The presence of Aspergillus in the sausages produced in summer
could be attributed to the high environmental temperatures and the
uncontrolled temperature in the ripening rooms during the night
(in some cases), which favors the development of this fungus.

In addition, these high temperatures cause the sausages to have a
low aw, which favors the development of this xerophilic fungus. A de-
crease between 2 and 11% (mean values of 0.92 for winter and 0.86
for summer) was observed in the aw of the sausages produced in win-
ter with respect to those produced in summer, although maturation
times were different between factories.

Several studies have reported the effects of water activity and tem-
perature on the growth of A. ochraceus on different media (Garcia et al.,
2011; Pardo et al., 2004, 2005). The results obtained in these works are
not sufficient to explain the absence of A. ochraceus in the sausages
produced in winter. Other factors may influence the presence/absence
of this fungal species, such as competitiveness for meat substrate
(Pitt and Hocking, 2009), differential diffusion of certain nutrients or
inhibitors through the casing, etc.

Table 4 summarizes the percentage of A. ochraceus contamination,
expressed as the count of this species over the total count of the
mycobiota. We found no correlation between the amount of yellow
mold found and the use of natural or synthetic casings. It was possible
to establish that the sausages with a percentage of contamination by
A. ochraceus greater than 55% presented a clearly visible yellowish
gold covering and development of floccosse mycelium (Fig. 1b), char-
acteristic of this fungus. The intense bitter flavor that contributes to
the non-commercialization of these products was also recognized.
The yellowish covering of sausages thus causes significant economic



Table 4
Incidence of Aspergillus ochraceus per sausage taken in summer 2011/2012.

Summer 2011 Summer 2012

Sample Casing % A. ochraceus Sample Casing % A. ochraceus

1 N b10 1 N b10
2 N b10 2 N b10
3 N b10 3 S b10
4 S b10 4 N b10
5 N 86 5 N 87
6 N 60 6 N 90
7 N 80 7 N b10
8 N 29 8 S b10
9 N 30 9 N 77
10 S 93 10 N 90
11 S 54 11 N b10
12 N b10 12 N b10
13 N 55 13 N 75
14 N 75 14 N 14
15 N 21 15 N 32
16 N b10 16 N 16
17 N 80
18 N 80
19 S b10
20 S b10

S: synthetic casing; N: natural casing.
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losses to the producers of Colonia Caroya during the months of high
temperatures.

Moreover, A. ochraceus represents a potential health risk for con-
sumers since this species is recognized as a potential producer of
ochratoxin A (OTA), mainly in cereals and leguminous plants (Van
Egmond and Speijers, 1994; Pittet, 1998; Domijan et al., 2005;
Lattanzio et al., 2007; Tanaka et al., 2007; Roscoe et al., 2008). OTA
can be immunosuppressive, nephrotoxic, teratogenic, and has been
classified as a possible carcinogen to humans. Iacumin et al. (2009)
found OTA in the sausage casing, but not inside the sausages (0.5 cm
from the surface), suggesting that this toxin is due to themycotoxigenic
fungi found on the surface of the sausages analyzed (Penicillium
nordicum and Penicillium verrucosum) and that OTA does not diffuse
through the casing into the meat. In contrast, Cantoni et al. (1982)
detected diffusion of OTA from A. ochraceus on the surface of sausages
into the interior of the meat.

4. Conclusions

The results obtained in this study show that the temperature of the
ripening room is an important factor in the selection of the surface
mycobiota of the sausages produced in Colonia Caroya (Córdoba,
Argentina). We found that the sausages present a homogeneous
natural mycobiota almost exclusively predominated by P. nalgiovense
in winter (biotypes 4 and 6). This predominance is very interesting
because mycotoxin production by this fungus has not been reported.
This fungal development gives a typical and uniform whitish-gray color
to the products, desirable by consumers.

When the environmental temperature increases (summer), and
thus the aw of the products decreases, a yellowish gold casing appears,
which is a recognized problem which is difficult to control for the
producers of Colonia Caroya. In all cases, A. ochraceus is responsible for
the undesirable color of the casing and there is also the risk of possible
contamination of the sausages with OTA. Minimizing the growth of A.
ochraceus through strategies of biological control and/or the search for
specific fungicides will be a priority in our future works.

Since Colonia Caroya is currently working on a Geographical Iden-
tification of the sausages, the results obtained in this study contribute
to the characterization of the product and will thus be fundamental in
that process.

To perform comparative studies, future studies on the surface
mycobiota of sausages should indicate the production type (artisanal/
industrial), the season of the year in which the sausage was made and
the use or not of fungal starter cultures.
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