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Fifteen samples of semi-hard ripened cheeses, both spoiled (10) and unspoiled (5), and obtained from cheese
factories located in Northwest of Spain, were analysed by a dilution plating technique and direct sampling. A
total of 32 isolates were identified at species level by a polyphasic approach (phenotypic characterization, partial
extrolite analysis and molecular identification). Most isolates (65.6%) belonged to the species P. commune; other
species found were P. solitum, P. chrysogenum, P. nordicum, P. expansum and P. cvjetkovicii. All of the P. commune

isolates were able to produce cyclopiazonic acid, while the P. nordicum and the P. expansum isolates were
producers of ochratoxin A and patulin respectively. Despite this, the role of P. commune as beneficial fungi in
cheese ripening should be investigated. Molecular identification based on BenA sequence analysis was able to
identify the majority of isolates. The three mycotoxins investigated can be considered key for identification. The
polyphasic approach seems to be a very valuable tool for identification of isolates of this complex genus.

1. Introduction

Cheese is an excellent substrate for mould growth. Aside from
mould's role in the production of some cheese varieties (i.e., Penicillium
roqueforti in blue cheeses and P. camemberti in white coat cheese), some
mould species are responsible for spoilage and impact overall product
quality (Bullerman, 1981; Stark, 2007). This dairy product can dete-
riorate due to the presence of visible colonies on the surface or in small
fissures close to it, producing off-flavours. This loss of quality has
economic consequences in addition to its sensory effects. Moulds may
originate from raw materials such as milk or may be introduced, mainly
from the environment, during cheese making (Hymery et al., 2014).
Mould growth can be observed on cheese during ripening (this is quite
common in some Spanish cheese factories), storage and distribution for
retail, and even at the consumer level (Bullerman, 1981). In addition,
the growth of fungi may also represent a health risk for the consumer,
since many species are able to produce mycotoxins (Bullerman, 1981;
Lund et al., 1995).

Penicillium is considered to be the most frequent fungal genus to
contaminate cheese (Bullerman, 1981; Frisvad et al., 2007a; Frisvad
and Samson, 2004; Lund et al.,, 1995; Pitt and Hocking, 2009).

* Corresponding author.

Identification of members of this genus at species level is a very com-
plex task, as most species have very similar properties. Conventional
identification is based on morphological studies (both macroscopic and
microscopic) and phenotypic characterization (growth at different
temperatures, presence of pigment and exudate, and cultivation
methods) (Pitt, 1979). Recently, molecular identification has arisen to
assist with identification. It offers the advantage of measuring stable
genotypic characteristics and being independent of culture conditions
and operator interpretation (Perrone and Susca, 2017). Frisvad and
Samson (2004) proposed a polyphasic approach to identify species of
Penicillium subgenus Penicillium (which includes most species that cause
cheese spoilage) based on morphological, chemical and molecular
analysis.

According to Frisvad and Samson (2004), Frisvad et al. (2007a) and
Pitt and Hocking (2009), there are 15 species of Penicillium subgenus
Penicillium associated with cheese spoilage; these belong to the five
sections reviewed by Houbraken et al. (2016) (Table 1). They grow in
colonies on Malt Extract Agar (MEA)that are some shade of green when
they, with branched conidiophores (ter- to quater-verticillata) and flask-
shaped phialides (subgenus Penicillium). Most of these species are my-
cotoxigenic (Table 1), with some producers of mycotoxins found in
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Table 1
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Species of Penicillium (subgenus Penicillium) associated to cheese spoilage and mycotoxins associated to this food (according to Frisvad and Samson, 2004; Frisvad

et al., 2007a, b; Pitt and Hocking, 2009; Houbraken et al., 2016).

Section Brevicompacta Section Roquefortorum

Section Chrysogena

Section Penicillium Section Fasciculata

Series Olsonii Series Roqueforti

Series Chrysogena

Series Expansa Series Viridicata

P. brevicompactum® P. roqueforti®*™" P. chrysogenum® P. expansum” P. viridicatum®
P. nalgiovense
Series Verrucosa
P. nordicum’
P. verrucosum’
Series Camemberti
P. solitum
P. discolor
P. echinulatum
P. commune®
P. palitans®®
P. crustosum®
P. atramentosum®
2 Mycophenolic acid.
b Roquefortine C.
¢ Isofumigaclavine.
4 Ppatulin.
¢ Penicillic acid.
f Ochratoxin A.
& Cyclopiazonic acid.
" PR toxin.
! Citrinin. In bold, species found in this study.
Table 2
Origin of the Penicillium isolates identified.
Cheese Sample n = 15 Type S/NS  Isolates n = 32 Identification n = 32
Q1, Q4, Q8, Q9, Q10, Q11, Semi-hard, ripened without fungal culture added S P1, P2, P3, QLM1, QLM2, M35, M170, M30, M34, commune (9)
Q12, Q13, Q14, Q15 (cylindrical, “Castellano” type). M32, M76, M123, M124, M57, M145, Q3M1 solitum (3)

Q3, Q5, Q6, Q7 Semi-hard, ripened, blue coat without surface fungal
culture added (mostly, rectangular, “pata de mulo”)
Q2 Soft cheese, with blue coat without surface fungal culture

added

(n = 16) chrysogenum (2)
nordicum (1)
cvjetkovicii (1)
commune (9)
solitum (3)
expansum (1)
commune (3)

US  Q2MI1, Q2M2, Q2M3, Q2M4, Q2M5, Q2M11,
QP1, QP2, QP3, QPA3, QPA4, QZ1, Q2M7 (n = 13)

T ®UwnwTY

us P4, P5, P6 (n = 3)

S, spoiled; US, unspoiled.

cheese by different authors (reviewed by Hymery et al. (2014) and
Weidenborner (2008) (Table 2). Very few species belonging to other
subgenera are associated with cheese. This is the case of P. glabrum, or
the recently described P. cvjetkovicii, both of which belong to the sub-
genera Aspergilloides, monoverticillata (Peterson et al., 2015; Pitt and
Hocking, 2009) and P. citrinum, subgenus Furcatum (Decontardi et al.,
2017; Sinha and Ranjan, 1991).

Some popular varieties of cheese (semi-hard cheeses such as
Castellano) made in the Northwest of Spain with raw ewe's milk have a
variable ripening period, which can last several months under en-
vironmental conditions that allow the growth of moulds on the surface.
This creates a blue-greyish coat that is periodically removed with a
brush. In some similar varieties, the mould remains in the final product.

There are no previous studies on the fungal microbiota of Castellano
cheese (the main variety included in our study). Thus, the purpose of
the present study was to identify the fungi isolated from both spoiled
and unspoiled ripened cheeses using polyphasic identification, with a
view to contributing to the knowledge of these contaminants, their
potential toxigenicity and the usefulness of the current identification
techniques.

2. Materials and methods
2.1. Cheese samples and isolation of fungi

Fifteen samples of cheese (ten showing signs of spoilage, mostly
blue, and five without spoilage but natural superficial mould growth,
i.e., without the addition of any fungal culture) were obtained from
seven different factories located in the Northwest of Spain (provinces of
Leén and Zamora) during or at the end of the production process (3
spoiled samples came from consumers) (Table 2). Most samples were of
pressed semi-hard cheeses made with raw ewe's milk, and one sample
was a soft cheese (Table 2). Isolation of the strains was carried out by
different techniques: dilution plating (after homogenization of 10 g of
cheese in 90 mL of 0.1% peptone water solution and further 10-fold
dilution), direct plating that involved the transfer of small cheese par-
ticles to agar plates, and use of adhesive tape to take a sample from the
surface and place it on agar plates (Samson et al., 2010). Malt Extract
Agar (MEA, Oxoid Thermo Fisher, UK) and Glucose Chloramphenicol
Agar (GCA, Scharlab, Spain) were used as plating media. After in-
cubation (25 °C/5-7 d), up to three colonies with different morphology
per sample were selected and inoculated on MEA plates until pure
cultures were obtained. Isolates were kept at 4 °C on MEA slants until
identification.
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2.2. Identification of fungi

Identification at genus level of selected isolates was done according
to Samson et al. (2010) and to the macro- and microscopic character-
istics. Identification at species level was carried out using a polyphasic
approach (Frisvad and Samson, 2004; Visagie et al., 2014) consisting in
a morphological characterization according to the keys and descriptions
of Frisvad and Samson (2004), Frisvad et al. (2007a), Pitt and Hocking
(2009), and Westerdijkinstitute (2018), as well as in extrolite analysis
(CPA, OTA and PAT, selected according to their relevance to the species
associated with cheese) (Table 1) and DNA barcoding.

2.2.1. Morphological characterization

Isolates were three-point inoculated onto the following media:
Czapek Yeast Autolysate (CYA) agar, Yeast Extract Sucrose (YES) agar,
MEA and Creatine Sucrose (CREA) agar (Frisvad and Samson, 2004).
The plates were incubated for 7dat 25°C and also at 30°C (CYA
plates). After incubation, the following macromorphological characters
were studied: colony diameter, texture, colour of conidia, obverse and
reverse colours, soluble pigment, degree of growth and acid/base pro-
duction on CREA.

Microscope slides were prepared from MEA cultures using lactic
acid (60%) as mounting fluid, and the following micromorphological
characters were studied: degree of branching of the conidiophores; di-
mension, shape and texture of stipes; and ornamentation of stipes and
conidia.

2.2.2. OTA, CPA and PAT analysis

All the strains were assessed for production of three mycotoxins
(OTA, CPA and PAT). These are 3 of the 9 mycotoxins that can be found
in cheese according to the literature (Frisvad and Samson, 2004;
Hymery et al.,, 2014) and are particularly useful for differentiating
species belonging to section Fasciculata (Table 1), and, in particular, P.
commune. Detection by thin layer chromatography was carried out after
incubation of the isolates on YES plates for 7-14 days using the agar
plug technique described by Samson et al. (2010). Aluminium plates
(silica gel 60 F254; Merck, Germany) were directly used for OTA and
PAT analysis. For CPA detection the plates were previously submerged
into 10% oxalic acid in methanol for 2 min and heated in an oven at
110 °C/2 min (Gqaleni et al., 1996). Inoculation of the plates was car-
ried out using a Camag Nanomat 4 (Camag, Switzerland).The standards
for CPA and PAT were obtained from Sigma (Sigma-Aldrich Merck,
Spain) and for OTA from Cayman Chemical (Cayman Chemical Com-
pany, USA). In the case of a negative result, the whole content of an
agar plate was extracted with 50 mL of dichloromethane/methanol
(80:20 v/v), homogenized, and filtered, and the solvent was evaporated
under vacuum to dryness (Gqaleni et al., 1996). The extract was dis-
solved in 1 mL methanol and 10 uL were inoculated on the TLC plates.
The mobile phase was TEF (toluene/ethyl acetate/90% formic acid,
5:4:1) (Samson et al., 2010). After drying, plates were treated as fol-
lows: OTA (NH; vapours for 2min; fluorescent blue-turquoise spots
were observed under ultraviolet light) (Frisvad et al., 1989); CPA
(pulverization with Ehrlich reagent; a violet-blue spot was observed
after some minutes) (Gqaleni et al., 1996); PAT (pulverization with
0.5% 3-methyl-2-benzothiazolinone hydrazone (MBTH) and heating in
an oven at 105°C/10min; a yellow spot appears in visible light)
(Frisvad et al., 1989). The detection limit was 10 pg/ml.

2.2.3. Ehrlich test

The Ehrlich test was conducted on all the strains via the filter paper
method described by Lund (1995). Ehrlich reagent was prepared with
4-dimethylaminobenzaldehyde (Sigma-Aldrich Merck, Spain), dis-
solved in 96% ethanol and 37% hydrochloric acid (both from Panreac
Quimica, Spain). After 2-10 min, a violet ring appears in case of a po-
sitive result. Some fungi produce alkaloids that will react with the
Ehrlich reagent to give pink to red or yellow rings (Frisvad and Samson,
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2004).

2.2.4. Molecular identification by DNA barcoding

Penicillium isolates were cultured on slants of MEA at 25°C for 7
days. The mycelium was collected with 5 mL of sterile 0.05% Tween 80.
Then, 2 mL were transferred to an Eppendorf vial and centrifuged at
16000 g/3min. The pellet was washed twice with 1mL bidistilled
water, suspended in 250 pL of Instagene matrix (Bio-Rad, USA), and the
DNA was extracted by heating for 3h at 56 °C and 10 min at 95 °C. After
vortex mixing and centrifugation at 12000 g/3 min, the supernatant
was transferred to a fresh tube and 5 uL were used for PCR amplifica-
tion (Ciardo et al., 2007). PCR was performed in 25 pL reactions in a
Mastercycler Personal (Eppendorf Iberica, Spain). Amplification of ITS
region, B-tubulin BenA gene, and calmodulin CaM gene was performed
using the primers and conditions described by Visagie et al. (2014).
PCR products were purified by NucleoSpin Gel and PCR Clean-up Kit
(Macherey-Nagel, Germany). Both strands were sequenced in a Mega-
BACE 500 sequencer (GE Healthcare Life Sciences, UK). Strain identi-
fication was done by BLAST search against the RefSeq database for ITS
sequences and a verified database for B-tubulin BenA and calmodulin
CaM sequences (Visagie et al., 2014).

Phylogenetic trees were constructed using the UPGMA method, with
the distances estimated by the Kimura 2-parameter model and a boot-
strapping of 1000 replications using MEGA7 software (Kumar et al.,
2016).

A collection strain of P. verrucosum CECT 20766 was included in the
study, to help distinguish this species from P. nordicum.

3. Results and discussion

A total of 32 isolates were obtained and identified as belonging to
the genus Penicillium, 16 of which were isolated from cheeses showing
signs of spoilage and 16 of which were from non-spoiled cheeses
(Table 2). Identification at the species level was achieved by morpho-
logical characterization and analysis of OTA, CPA and PAT, and DNA
barcoding. Table 3 shows the results of the phenotypic and extrolite
analysis of the isolates compared to those of Frisvad and Samson
(2004); Supplementary Table 1 shows the results of the polyphasic
identification, and Fig. 1 and Supplementary Fig. 1 show the results of
the phylogenetic analysis based on the sequences of the BenA gene and
ITS, respectively.

The species found in our study were P. commune (21 isolates,
65.6%), P. solitum (6 isolates, 18.8%), P. chrysogenum (2 isolates, 6.3%),
P. nordicum (1 isolate, 3.1%), P. expansum (1 isolate, 3.1%), and P.
cvjetkovicii (1 isolate, 3.1%) (Table 2).

Twenty-one isolates were identified as P. commune after polyphasic
identification, nine obtained from spoiled cheeses and twelve from
unspoiled cheeses (Table 2). They were all CPA producers, which is in
accordance to the description of the species (Table 3) (this is one of the
diagnostic features useful to differentiate Penicillium species related to
cheese spoilage.). Five species of Penicillium are producers of CPA
(Frisvad and Samson, 2004), but only P. commune and P. palitans are of
importance as contaminants of cheese (Table 1). P. camemberti also
produces CPA, but it is considered a non-contaminant. This species is
used in the manufacture of soft cheeses and is rarely found outside the
local environment of the manufacture of such varieties (Pitt and
Hocking, 2009). It is not considered a spoilage agent. Furthermore, one
of the diagnostic features of P. camemberti is the white or more rarely
white-green floccose colour of the colonies on CYA (our isolates were
all blue to blue-green; see Table 3). All of our P. commune strains pro-
duced a violet reaction in the Ehrlich test and a moderate to good acid
production on creatine; one exhibited the reaction only under the
colony, an exception contemplated by Frisvad and Samson (2004).
Microscopically they showed rough-walled stipes and globose to sub-
globose conidia (Table 3). All of this complies with the characteristics of
two species (P. commune and P. palitans). P. padlitans could be
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Fig. 1. UPGMA tree obtained from the phylogenetic analysis of the BenA se-
quences. Verified sequences from species of Penicillium associated with cheese
spoilage were included. Bootstrapping values are shown in branch nodes.
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differentiated by the brown centre in the reverse of the CYA plates, a
feature that was not found in our isolates (nevertheless, this feature
does not seem to be very consistent). Regarding identification by DNA
barcoding, ITS sequencing was of limited use, as it was unable to dif-
ferentiate P. commune from other species of Penicillium (Supplementary
Fig. 1); however, BenA phylogenetic analysis allowed identification of
all isolates, with a total agreement with the phenotypic approach
(Supplementary Table 1 and Fig. 1). Differentiation between P. com-
mune and P. camemberti and synonymised species such as P. fusco-
glaucum or P. biforme was not possible with the molecular analysis, even
using a third gene marker (CaM; Supplementary Table 1), and final
identification was done according to phenotypic characteristics. The
description of other genetic markers such as the microsatellite PC4 loci
would be of help in the recognition of these closely related species
(Giraud et al., 2010).

The primary habitat for P. commune in foods is cheese, and it is a
major cause of spoilage (Filtenborg et al., 1996; Frisvad and Samson,
2004; Pitt and Hocking, 2009). Lund et al. (1995) found it dominant in
an extensive study of different European cheeses (42% out of 371 iso-
lates) and regarded it a spoiler. Other authors found P. commune as a
predominant spoiler, for example, Tzanetakis et al. (1987) in a tradi-
tional Greek cheese, Kure (2001) and Kure et al. (2004) in semi-hard
cheese, Hayaloglu and Kirbag (2007) in Turkish Kuflu cheese and
Panelli et al. (2012) in Taleggio cheese. In contrast, Decontardi et al.
(2018) found P. commune only in 7% of samples of crusts of Italian
grana cheese, with P. solitum being dominant (55%). Identification was
based on the calmodulin CaM gene, which can be useful for identifi-
cation of isolates of P. viridicatum but is unable to differentiate isolates
of the section Viridicata such as P. solitum or P. commune, as was con-
cluded by Prencipe et al. (2018). In addition, no extrolite analysis was
performed, which could have been useful in the identification. P.
commune strains were isolated from different sources in cheese factories
(equipment, plastic film and, principally, air) by Kure et al. (2002).

Some authors consider this species a part of the essential microflora
of cheese that possibly contributes to the ripening changes and flavour
characteristics of the final product (e.g. Kopanisti cheese and Taleggio
cheese) (Hymery et al., 2014; Panelli et al., 2012; Tzanetakis et al.,
1987). In the case of the samples of unspoiled cheese analysed in our
study, they show a blue coat on the surface that could be due mainly to
the presence of P. commune, according to our results (the cheeses had
not been inoculated artificially and the mould that developed was part
of a natural contamination). These cheeses are consumed and enjoyed
by consumers, and therefore this fungus seemingly does not influence
the organoleptic characteristics (flavour) of these varieties in a negative
way. The prevalence of P. commune in cheeses is explained by its ability
to grow at low temperatures, its low oxygen concentrations, its lipolytic
activity and its resistance to the action of preservatives (Pitt and
Hocking, 2009).

P. commune is a mycotoxigenic species. The production of CPA is
considered a definite trait, though probably one of minor risk for con-
sumers (Pitt and Hocking, 2009). In an extensive survey carried out on
isolates obtained from cheese factories, it was found that 94% of P.
commune isolates were CPA producers (Lund et al., 2003). CPA is a
potent mycotoxin that in high concentrations produces focal necrosis in
most vertebrate inner organs (Frisvad et al., 2007b; Perrone and Susca,
2017). It was also proposed that CPA was responsible for the severe
effects on the muscles and bones of turkeys affected by the Turkey X
disease, which was associated with peanuts that had been contaminated
with aflatoxins (Jand et al., 2005). The target organs are kidneys and
the gut tract in mammals; in humans, CPA is suspected to be responsible
for acute mycotoxicosis (named “kodua”) that induces nerve troubles
(Hymery et al., 2014). This mycotoxin is considered stable in cheese
(Sengun et al., 2008). CPA has been found in Camembert and Brie
cheese (Ansari and Haubl, 2016; Le Bars, 1979; Schoch et al., 1983),
which is not unexpected, since P. camemberti, a domesticated species
derived from P. commune, is a producer (Pitt et al., 1986), and it has
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also been found in other varieties, such as Kasar cheese (Aran and Eke,
1987) and Taleggio cheese (Finoli et al., 1999). CPA is not under reg-
ulation in the European Union (European Commission, 2006).

Six isolates were identified as P. solitum (both from spoiled cheeses,
three isolates, and unspoiled cheeses, three isolates; Table 2, Table 3
and Supplementary Table 1). P. solitum has been found in cheese by
several authors (Decontardi et al., 2018; Hocking and Faedo, 1992;
Kure et al., 2004; Kure and Skaar, 2000; Lund et al., 1995). Our isolates
were not producers of any of the three mycotoxins assessed (Table 3),
which is in agreement with the characteristic of the species (production
of mycotoxins unknown) (Frisvad and Samson, 2004). In addition, the
Ehrlich reaction was negative, and the reaction on creatine was acidic.
The reverse on YES agar was yellow-orange. Microscopically, the iso-
lates had rough-walled stipes and globose to subglobose smooth-walled
conidia. No growth at CYA/30°C was observed (Table 3). As already
mentioned, ITS sequencing was of no use in differentiating between P.
solitum and P. commune, but BenA barcoding clearly confirmed the
identification (Supplementary Table 1 and Fig. 1 and Supplementary
Fig. 1).

Two isolates were identified as P. chrysogenum. The main features
that led us to this identification were the ornamentation of the stipes
(smooth; this is the only one with this characteristic among the species
associated with food), the ability to grow well on CYA at 30 °C and the
inability to produce the three extrolites tested (CPA, OTA, and PAT)
(Tables 1 and 3). ITS sequencing identified the isolates as P. rubens
(Supplementary Table 1), a synonym of P. chrysogenum (Frisvad and
Samson, 2004), and once again BenA sequence analysis correctly
identified them, even though the use of this molecular marker with
suspected isolates of P. chrysogenum should be carried out with care. It
should be considered that P. chrysogenum is a regular cheese spoiler
(Aran and Eke, 1987; Barrios et al., 1998; Frisvad and Samson, 2004;
Hayaloglu and Kirbag, 2007; Hocking, 1994; Lépez-Diaz et al., 1995;
Lund et al., 1995). P. chrysogenum produces penicillin and several
mycotoxins, some of which -for example, roquefortine- have been de-
tected in cheese (Finoli et al., 2001; Kokkonen et al., 2005; Lopez-Diaz
et al., 1996).

In our study, isolate M32 was the only OTA producer and was
identified as P. nordicum. There are only two species associated with
cheese-spoiling producers of OTA, P. nordicum and P. verrucosum
(Table 1). Phenotypically, they are differentiated from each other based
on the cream/yellow reverse on YES agar for P. nordicum and on the
red-brown reverse for P. verrucosum (Frisvad and Samson, 2004; Larsen
et al., 2001) (Table 3) (this difference was clearly seen between strain
M32 and the reference strain of P. verrucosum CECT, 20766). P. nor-
dicum is generally associated with high-protein foods such as cheese,
while P. verrucosum is more common in cereal products and other plant
sources, although it has been isolated from cheese as well (Hocking and
Faedo, 1992; Larsen et al., 2001). The identification of M32 by ITS
sequencing yielded an inconclusive result (Supplementary Fig. 1),
whereas BenA analysis correctly identified it as P. nordicum, although it
is very close to P. verrucosum (Fig. 1).

OTA is a nephrotoxin that affects all tested animal species, though
effects on humans have been difficult to establish unequivocally
(Perrone and Susca, 2017). It is listed as a “possibly human carcinogen”
(Class 2B) (IARC, 1993). OTA has been found in cheese by several
authors (Anelli et al., 2019; Dall’Asta et al., 2008; El-Sawi et al., 1994;
Engel, 2000; Jarvis, 1983; Sinha and Ranjan, 1991). This mycotoxin is
fairly stable in cheese, and Coton et al. (2019) demonstrated its pro-
duction and migration up to 1.6 cm in depth, but current regulation in
the European Union excludes cheese from the foodstuffs with maximum
levels of OTA (Bullerman, 1981; European Commission, 2006).

One isolate was identified as P. expansum. Morphologically, it is one
of the few species of the subgenus Penicillium isolated from cheese with
smooth stipes, and another of its characteristics is a strongly violet re-
action with Ehrlich reagent and the ellipsoidal conidia (Tables 2 and 3).
Our strain was positive for production of patulin, which is also typical
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for this species (Table 3) (Pitt and Hocking, 2009) (Table 3). Patulin has
also been found in cheese (Lafont et al., 1979), but current regulation in
the European Union excludes cheese from the foodstuffs with maximum
levels of PAT (European Commission, 2006).

Finally, one isolate was found to be P. cvjetkovicii. The species, be-
longing to section Cinnamopurpurea, subgenus Aspergilloides, has been
described very recently (Peterson et al., 2015). Identification was per-
formed initially by ITS and BenA sequencing, which led to inconclusive
results, due to the low number of sequences available in genetic data-
bases (Supplementary Table 1). Final identification was confirmed by
morphological features and calmodulin CaM gene analysis. Morpholo-
gically, this fungus is characterized by the monoverticillata penicilli and
the production of vinaceous to reddish-brown soluble pigments. A
cheese isolate obtained from Spain (Marin et al., 2014) was identified
by Peterson et al. (2015) as P. cvjetkovicii, although it had initially been
considered to be P. chermesinum (Marin et al., 2014; Peterson et al.,
2015). The isolate obtained in our work would be the second finding of
it in cheese. In our case, the fungus produced a spoilage on the surface
of ripened cheeses (Castellano) that was characterized by small dark
spots. The spoilage occurred in one factory, and the probable origin was
the air (Peterson et al., 2015).

According to the results of other authors and taking into account the
results of our study, there are some secondary metabolites produced by
the Penicillium isolates associated with cheese that would be worth in-
vestigating to help with identification—for example, CPA. With a
simple technique such as the agar plug described by Samson et al.
(2010) and used in our study, it is possible to discard 12 out of 15
species associated with cheese, which is very useful in the absence of
molecular techniques (as mentioned before, P. commune is the most
frequent Penicillium in ripened cheeses and also found to be dominant in
our study).

Regarding the molecular analysis, the limitations of ITS as a species
marker for differentiation of Penicillium species were clearly demon-
strated, as no isolate, except P. expansum, was unequivocally identified
by this procedure. The use of the secondary marker BenA, as proposed
by Visagie et al. (2014), was useful for establishing the distinction be-
tween P. commune and P. solitum, which was not resolved by ITS (al-
though they can easily be differentiated by testing CPA production), as
well as that between some species that are very difficult to identify
using just phenotypic characteristics (P. commune and P. palitans or P.
nordicum and P. verrucosum). A third marker, the CaM gene, had to be
used in this work to ensure the identification of the unexpected finding
of the newly described species P. cvjetkovicii.

In conclusion, the results of this study indicate the presence of
spoilage and mycotoxigenic species dominated by P. commune on the
surface of the cheeses investigated. The presence of mycotoxigenic
moulds on the surface of cheese is of concern, as several authors have
detected CPA, OTA, and PAT in cheese. Although it is unclear whether
the levels of the mycotoxins found could be harmful for the consumer,
the fact is that the isolates found in our study are mostly mycotoxigenic,
and their ability to contaminate cheese should be considered in order to
define potential health risks.

Nevertheless, the role of P. commune in cheese ripening remains to
be determined, as some authors claim that it has a positive contribution
to the sensory characteristics of cheese. This role is under study by the
authors at present.

The GenBank accession numbers for the BenA gene and ITS se-
quences of the 32 isolates used in this study are MK675757-MK675788
and MK660326-MK660357 respectively, and those of the CaM gene
sequences of the isolates Q2M7 and Q3M1 are MK660604-MK660605.

The strains of P. commune M35 and P. nordicum M32 are available
from the Spanish Type Culture Collection as CECT 20940 and CECT
20939, respectively.



J. Ramos-Pereira, et al.

Acknowledgements

This work has been financed byFEDER (European Fund for Regional
Development)2014-2020 (INIA -National Institute of Agricultural
Research, Spain- Project RTA2015-00018-C03-03).J. Pereira has fi-
nancial support by CNPQ (Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico, Brasil).J. Mareze has a research grant of
CAPES (Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior,
Brazil).We are grateful to N. Rodriguez for contributing to the sam-
pling. The authors are also grateful to the dairy firms that contributed
samples.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.fm.2019.103253.

References

Anelli, P., Haidukowski, M., Epifani, F., Cimmarusti, M.T., Moretti, A., Logrieco, A.,
Susca, A., 2019. Fungal mycobiota and mycotoxin risk for traditional artisan Italian
cave cheese. Food Microbiol. 78, 62-72. https://doi.org/10.1016/J.FM.2018.09.014.

Ansari, P., Haubl, G., 2016. Determination of cyclopiazonic acid in white mould cheese by
liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) using a novel
internal standard. Food Chem. 211, 978-982. https://doi.org/10.1016/J.
FOODCHEM.2016.05.063.

Aran, N., Eke, D., 1987. Mould mycoflora of Kasar cheese at the stage of consumption.
Food Microbiol. 4, 101-104. https://doi.org/10.1016/0740-0020(87)90024-4.

Barrios, M.J., Medina, L.M., Lépez, M.C., Jordano, R., 1998. Fungal biota isolated from
Spanish cheeses. J. Food Saf. 18, 151-157. https://doi.org/10.1111/j.1745-4565.
1998.tb00210.x.

Bullerman, L.B., 1981. Public health significance of molds and mycotoxins in fermented
dairy products. J. Dairy Sci. 64, 2439-2452. https://doi.org/10.3168/jds.s0022-
0302(81)82869-x.

Ciardo, D.E., Schér, G., Altwegg, M., Béttger, E.C., Bosshard, P.P., 2007. Identification of
moulds in the diagnostic laboratory—an algorithm implementing molecular and
phenotypic methods. Diagn. Microbiol. Infect. Dis. 59, 49-60. https://doi.org/10.
1016/j.diagmicrobio.2007.04.020.

Coton, M., Auffret, A., Poirier, E., Debaets, S., Coton, E., Dantigny, P., 2019. Production
and migration of ochratoxin A and citrinin in Comté cheese by an isolate of
Penicillium verrucosum selected among Penicillium spp. mycotoxin producers in YES
medium. Food Microbiol. 82, 551-559. https://doi.org/10.1016/J.FM.2019.03.026.

Dall'Asta, C., De Dea Lindner, J., Galaverna, G., Dossena, A., Neviani, E., Marchelli, R.,
2008. The occurrence of ochratoxin A in blue cheese. Food Chem. 106, 729-734.
https://doi.org/10.1016/j.foodchem.2007.06.049.

Decontardi, S., Mauro, A., Lima, N., Battilani, P., 2017. Survey of Penicillia associated with
Italian grana cheese. Int. J. Food Microbiol. 246, 25-31. https://doi.org/10.1016/J.
IJFOODMICRO.2017.01.019.

Decontardi, S., Soares, C., Lima, N., Battilani, P., 2018. Polyphasic identification of
Penicillia and Aspergilli isolated from Italian grana cheese. Food Microbiol. 73,
137-149. https://doi.org/10.1016/j.fm.2018.01.012.

El-Sawi, N.M., El-Maghraby, 0.M.O., Mohran, H.S., Abo-Gharbia, M.A., 1994. Abnormal
contamination of cottage cheese in Egypt. J. Appl. Anim. Res. 6, 81-90. https://doi.
0rg/10.1080/09712119.1994.9706027.

Engel, G., 2000. Ochratoxin A in sweets, oil seeds and dairy products. Arch.
Lebensmittelhyg. 51, 98-101.

European Commission, 2006. Comission regulation (EC) No 1881/2006 of 19 decembre
2006 setting maximum levels for certain contaminants in foodstuffs. Off. J. Eur.
Union 11364, 49.

Filtenborg, O., Frisvad, J.C., Thrane, U., 1996. Moulds in food spoilage. Int. J. Food
Microbiol. 33, 85-102. https://doi.org/10.1016/0168-1605(96)01153-1.

Finoli, C., Vecchio, A., Galli, A., Dragoni, 1., 2001. Roquefortine C occurrence in blue
cheese. J. Food Prot. 64, 246-251. https://doi.org/10.4315/0362-028x-64.2.246.

Finoli, C., Vecchio, A., Galli, A., Franzetti, L., 1999. Production of cyclopiazonic acid by
molds isolated from Taleggio cheese. J. Food Prot. 62, 1198-1202. https://doi.org/
10.4315/0362-028x-62.10.1198.

Frisvad, J.C., Andersen, B., Samson, R.A., 2007a. Association of moulds to foods. In:
Dijksterhuis, J., Samson, R.A. (Eds.), Food Mycology. A Multifaceted Approach to
Fungi and Food. CRC Press, Boca Raton, FL, pp. 199-239. https://doi.org/10.1201/
9781420020984.ch11.

Frisvad, J.C., Filtenborg, O., Thrane, U., 1989. Analysis and screening for mycotoxins and
other secondary metabolites in fungal cultures by thin-layer chromatography and
high-performance liquid chromatography. Arch. Environ. Contam. Toxicol. 18,
331-335. https://doi.org/10.1007/bf01062357.

Frisvad, J.C., Samson, R.A., 2004. Polyphasic taxonomy of Penicillium subgenus
Penicillium: a guide to identification of food and air-borne terverticillate Penicillia and
their mycotoxins. Stud. Mycol. 2004, 1-173.

Frisvad, J.C., Thrane, U., Samson, R.A., 2007b. Mycotoxin producers. In: Dijksterhuis, J.,
Samson, Robert A. (Eds.), Food Mycology. A Multifaceted Approach to Fungi and
Food. CRC Press, Boca Raton, Fl, pp. 149-174. https://doi.org/10.1201/

Food Microbiology 84 (2019) 103253

9781420020984-16.

Giraud, F., Giraud, T., Aguileta, G., Fournier, E., Samson, R., Cruaud, C., Lacoste, S.,
Ropars, J., Tellier, A., Dupont, J., 2010. Microsatellite loci to recognize species for the
cheese starter and contaminating strains associated with cheese manufacturing. Int.
J. Food Microbiol. 137, 204-213. https://doi.org/10.1016,/J.IJFOODMICRO.2009.
11.014.

Gqaleni, N., Smith, J.E., Lacey, J., Gettinby, G., 1996. Production of the mycotoxin cy-
clopiazonic acid by Penicillium commune on solid agar media: effects of water activity,
temperature, and incubation time. J. Food Prot. 59, 864-868. https://doi.org/10.
4315/0362-028X-59.8.864.

Hayaloglu, A.A., Kirbag, S., 2007. Microbial quality and presence of moulds in Kuflu
cheese. Int. J. Food Microbiol. 115, 376-380. https://doi.org/10.1016/j.ijfoodmicro.
2006.12.002.

Hocking, A.D., 1994. Fungal spoilage of high-fat foods. Food Aust. 46, 30-33.

Hocking, A.D., Faedo, M., 1992. Fungi causing thread mould spoilage of vacuum pack-
aged Cheddar cheese during maturation. Int. J. Food Microbiol. 16, 123-130. https://
doi.org/10.1016/0168-1605(92)90005-n.

Houbraken, J., Wang, L., Lee, H.B., Frisvad, J.C., 2016. New sections in Penicillium con-
taining novel species producing patulin, pyripyropens or other bioactive compounds.
Persoonia 36, 299-314. https://doi.org/10.3767/003158516x692040.

Hymery, N., Vasseur, V., Coton, M., Mounier, J., Jany, J.-L., Barbier, G., Coton, E., 2014.
Filamentous fungi and mycotoxins in cheese: a review. Compr. Rev. Food Sci. Food
Saf. 13, 437-456. https://doi.org/10.1111/1541-4337.12069.

IARC, 1993. Ochratoxin A. IARC monogr. Eval. Carcinog. Risks to Humans 56, 489-521.

Jand, S.K., Kaur, P., Sharma, N.S., 2005. Mycoses and mycotoxicosis in poultry: a review.
Indian J. Anim. Sci. 75, 465-476.

Jarvis, B., 1983. Mould and mycotoxins in mouldy cheeses. Microbiol. Aliments, Nutr. 1,
187-191.

Kokkonen, M., Jestoi, M., Rizzo, A., 2005. The effect of substrate on mycotoxin produc-
tion of selected Penicillium strains. Int. J. Food Microbiol. 99, 207-214. https://doi.
org/10.1016/j.ijfoodmicro.2004.08.014.

Kumar, S., Stecher, G., Tamura, K., 2016. MEGA7: molecular evolutionary genetics
analysis version 7.0 for bigger datasets. Mol. Biol. Evol. 33, 1870-1874. https://doi.
org/10.1093/molbev/msw054.

Kure, C., 2001. Mould contaminants on Jarlsberg and Norvegia cheese blocks from four
factories. Int. J. Food Microbiol. 70, 21-27. https://doi.org/10.1016/50168-
1605(01)00520-7.

Kure, C.F., Abeln, E.C.A., Holst-Jensen, A., Skaar, 1., 2002. Differentiation of Penicillium
commune and Penicillium palitans isolates from cheese and indoor environments of
cheese factories using M13 fingerprinting. Food Microbiol. 19, 151-157. https://doi.
org/10.1006/FMIC.2001.0473.

Kure, C.F., Skaar, 1., 2000. Mould growth on the Norwegian semi-hard cheeses Norvegia
and Jarlsberg. Int. J. Food Microbiol. 62, 133-137. https://doi.org/10.1016/s0168-
1605(00)00384-6.

Kure, C.F., Skaar, I., Brendehaug, J., 2004. Mould contamination in production of semi-
hard cheese. Int. J. Food Microbiol. 93, 41-49. https://doi.org/10.1016/j.
ijfoodmicro.2003.10.005.

Lafont, P., Siriwardana, M.G., Lafont, J., 1979. Contamination de fromages par des me-
tabolites fongiques. Med. Nutr. 15, 257-262.

Larsen, T.O., Svendsen, A., Smedsgaard, J., 2001. Biochemical characterization of
ochratoxin A-producing strains of the genus Penicillium. Appl. Environ. Microbiol. 67,
3630-3635. https://doi.org/10.1128/aem.67.8.3630-3635.2001.

Le Bars, J., 1979. Cyclopiazonic acid production by Penicillium camemberti Thom and
natural occurrence of this mycotoxin in cheese. Appl. Environ. Microbiol. 38,
1052-1055.

Lopez-Diaz, T.M., Romén-Blanco, C., Garcia-Arias, M.T., Garcia-Ferndndez, M.C., Garcia-
Lépez, M.L., 1996. Mycotoxins in two Spanish cheese varieties. Int. J. Food Microbiol.
30, 391-395. https://doi.org/10.1016/0168-1605(96)00957-9.

Lépez-Diaz, T.M., Santos, J.A., Prieto, M., Garcia-Lépez, M.L., Otero, A., 1995. Mycoflora
of a traditional Spanish blue cheese. Neth. Milk Dairy J. 49, 191-199.

Lund, F., 1995. Differentiating Penicillium species by detection of indole metabolites using
a filter paper method. Lett. Appl. Microbiol. 20, 228-231. https://doi.org/10.1111/j.
1472-765x.1995.tb00434.x.

Lund, F., Filtenborg, O., Frisvad, J.C., 1995. Associated mycoflora of cheese. Food
Microbiol. 12, 173-180. https://doi.org/10.1016/s0740-0020(95)80094-8.

Lund, F., Nielsen, A.B., Skouboe, P., 2003. Distribution of Penicillium commune isolates in
cheese dairies mapped using secondary metabolite profiles, morphotypes, RAPD and
AFLP fingerprinting. Food Microbiol. 20, 725-734. https://doi.org/10.1016/50740-
0020(02)00160-0.

Marin, P., Palmero, D., Jurado, M., 2014. Effect of solute and matric potential on growth
rate of fungal species isolated from cheese. Int. Dairy J. 36, 89-94. https://doi.org/
10.1016/j.idairyj.2014.01.012.

Panelli, S., Buffoni, J.N., Bonacina, C., Feligini, M., 2012. Identification of moulds from
the Taleggio cheese environment by the use of DNA barcodes. Food Control 28,
385-391. https://doi.org/10.1016/j.foodcont.2012.05.022.

Perrone, G., Susca, Antonia, 2017. Penicillium species and their associated mycotoxins. In:
In: Moretti, A., Susca, A. (Eds.), Toxigenic Fungi. Methods in Molecular Biology, vol.
1542. Humana Press, New York, pp. 107-119. https://doi.org/10.1007/978-1-4939-
6707-0_5.

Peterson, S.W., Jurjevié, 7., Frisvad, J.C., 2015. Expanding the species and chemical di-
versity of Penicillium section Cinnamopurpurea. PLoS One 10, e0121987. https://doi.
org/10.1371/journal.pone.0121987.

Pitt, J.I., 1979. The Genus Penicillium and its Teleomorphic States Eupenicillium and
Talaromyces. Academic Press, London. https://doi.org/10.1002/jobm.19810210822.

Pitt, J.I., Cruickshank, R.H., Leistner, L., 1986. Penicillium commune, P. camembertii, the
origin of white cheese moulds, and the production of cyclopiazonic acid. Food



J. Ramos-Pereira, et al.

Microbiol. 3, 363-371. https://doi.org/10.1016/0740-0020(86)90022-5.

Pitt, J.I., Hocking, A.D., 2009. Fungi and Food Spoilage, third ed. Springer, New York.
https://doi.org/10.1007/978-0-387-92207-2.

Prencipe, S., Siciliano, I., Gatti, C., Garibaldi, A., Gullino, M.L., Botta, R., Spadaro, D.,
2018. Several species of Penicillium isolated from chestnut flour processing are pa-
thogenic on fresh chestnuts and produce mycotoxins. Food Microbiol. 76, 396-404.
https://doi.org/10.1016/J.FM.2018.07.003.

Samson, R.A., Houbraken, J., Thrane, U., Frisvad, J.C., Andersen, B., 2010. Food and
Indoor Fungi. CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherland.

Schoch, U., Luethy, J., Schlatter, C., 1983. Mycotoxins in mould-ripened cheese.
Mitteilungen aus dem Gebiete der Leb. und Hyg. 74, 50-59.

Sengun, I., Yaman, D., Gonul, S., 2008. Mycotoxins and mould contamination in cheese: a
review. World Mycotoxin J. 1, 291-298. https://doi.org/10.3920/wmj2008.x041.

Sinha, A.K., Ranjan, K.S., 1991. A report of mycotoxin contamination in bhutanese
cheese. J. Food Sci. Technol. 28, 398-399.

Food Microbiology 84 (2019) 103253

Stark, J., 2007. Cheese and fermented sausages. In: Dijksterhuis, J., Samson, R.A. (Eds.),
Food Mycology: A Multifaceted Approach to Fungi and Food. CRC Press, Boca
Raton, FL.

Tzanetakis, N., Litopoulou-Tzanetaki, E., Manolkidis, K., 1987. Microbiology of Kopanisti,
a traditional Greek cheese. Food Microbiol. 4, 251-256. https://doi.org/10.1016/
0740-0020(87)90007-4.

Visagie, C.M., Houbraken, J., Frisvad, J.C., Hong, S.-B.B., Klaassen, C.H.W.W., Perrone,
G., Seifert, K.A., Varga, J., Yaguchi, T., Samson, R.A., 2014. Identification and no-
menclature of the genus Penicillium. Stud. Mycol. 78, 343-371. https://doi.org/10.
1016/j.simyc0.2014.09.001.

Weidenbdrner, M., 2008. Mycotoxins in Foodstuffs. Springer, New York. https://doi.org/
10.1007/978-0-387-73689-1.

Westerdijkinstitute, 2018. http://www.westerdijkinstitute.nl/Aspergillus/Biolomics.
aspx, Accessed date: November 2018.



