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Abstract: Gorgonzola is an Italian “erborinato” blue cheese from cow’s milk, bearing blue-green
“parsley-like” spots due to the spread of Penicillium roqueforti mycelium. Due to its pH, water activity,
and high nutrient content, as well as the environmental conditions required for its maturation, Gor-
gonzola constitutes an optimal ecological niche supporting the growth of both yeasts and filamentous
fungi. Therefore, exploring the abundant mycobiota present in this peculiar habitat is of great interest
regarding the search for new probiotic strains. The present investigation aimed to characterize
the Gorgonzola mycobiota using both phenotypic (macroscopic and microscopic morphological
analyses) and genotypic (DNA barcoding) analyses to find possible putative probiotic strains to be
used in veterinary medicine in feed supplements. Among the different isolated filamentous fungi
(Mucor and Penicillium) and yeasts (Yarrowia, Debaryomyces, Saccharomyces, and Sporobolomyces), we
selected a strain of Saccharomyces cerevisiae var. boulardii. We tested its adaptation to thermal stress
and its stability in feed matrices. The overall results highlight that the selected strain is stable for
three months and can be considered as a possible candidate for use as a probiotic in veterinary
feed supplements.

Keywords: Penicillium; S. cerevisiae var. boulardii; DNA barcoding; probiotic; feed matrix; veterinary
infections

1. Introduction

Gorgonzola cheese is an Italian dairy product belonging to the class of blue cheeses
and is exclusively produced in Northern Italy (Piedmont and Lombardy). It is a soft, oily
cheese made from cow’s milk, with a pink-grey crust, similar in aspect and properties to
the French Roquefort and the Danish Danablue bearing blue-green “parsley-like” spots
due to the spread of Penicillium roqueforti mycelium [1]. There are two types of Gorgonzola
characterized by different maturation times and cooking temperatures: sweet Gorgonzola,
which has a higher water content and a sweeter and creamy taste with light blue spots; and
spicy Gorgonzola, which has a dry texture, strong taste, and evident blue-green strips [1].

During the production of Gorgonzola, pasteurized cow milk is first inoculated with
dairy Lactobacillus and Streptococcus, which activate the lactose fermentation with the re-
lease of several organic acids that constitute the optimal nutrients for filamentous fungi
development [2]. Later in the production, when oxygen and temperature are low and

Appl. Microbiol. 2024, 4, 650–664. https://doi.org/10.3390/applmicrobiol4020045 https://www.mdpi.com/journal/applmicrobiol

https://doi.org/10.3390/applmicrobiol4020045
https://doi.org/10.3390/applmicrobiol4020045
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applmicrobiol
https://www.mdpi.com
https://orcid.org/0000-0001-6921-9519
https://orcid.org/0000-0003-0247-6670
https://orcid.org/0000-0003-4062-8006
https://doi.org/10.3390/applmicrobiol4020045
https://www.mdpi.com/journal/applmicrobiol
https://www.mdpi.com/article/10.3390/applmicrobiol4020045?type=check_update&version=2


Appl. Microbiol. 2024, 4 651

carbon dioxide high, P. roqueforti conidia are inoculated in the clot. Their metabolic ac-
tivities ensure the typical flavor and texture of blue cheese that also achieves the typical
blue-green aspect after 35–40 days from the beginning of the process due to mycelial
development [3–6]. Biochemical processes such as glycolysis, lipolysis, and proteolysis
carried out by filamentous fungi and yeasts (but also by starter and non-starter bacteria)
contribute to the final taste of this cheese [7].

Due to their intrinsic chemo-physical features (pH, water activity, high nutrient con-
tent) and the different production steps required for maturation, blue cheese provides
(especially during late ripening) a rich medium allowing the growth of several yeasts and
filamentous fungi, often present in the ripening rooms [8,9]. Although some fungi belong-
ing to the genus Penicillium (in association with some lactococcal strains) can synthesize
bitter peptides with a high content of hydrophobic amino acids (such as leucine, proline,
and phenylalanine) [10], in general, the mycobiota confers appreciated features to the
overall taste of this dairy product.

Furthermore, along with contributing to the organoleptic properties, this fungal diver-
sity can constitute an excellent opportunity to search for new probiotic strains. Fermented
food is the right place to find high quantities of beneficial microbes to be used in com-
bination with pharmacological therapy [11]. Some filamentous fungi and yeasts like
Aspergillus oryzae [12,13], Candida pintolopesii, Saccharomyces cerevisiae [14] and S. cerevisiae
var. boulardii [15,16] can have probiotic properties. Among them, the best characterized
one is S. cerevisiae var. boulardii, which is used in human-targeted functionalized foods like
synbiotic yogurt and is obtained by adding this yeast and prebiotic inulin, resulting in
stability for 28 days without syneresis events [17]. In addition, the use of probiotic fungi
instead of bacteria can ensure natural resistance to the concomitant antibiotic treatments as
well as fast colonization despite the presence of antibacterial molecules without the need to
use resistant bacteria whose spread is questionable [18].

Moreover, extending the range of probiotics available on the market is of growing
interest, especially when used to support infectious disease control both in humans [19,20]
and in veterinary medicine, where pathologies caused by fungi and parasites are very
frequent [21]. In the last decade, a great effort has been made to establish the potential that
probiotics can have in veterinary medicine. They have been employed to treat dysbiosis [22]
and described as promising antibiotic substitutes [23].

More in detail, S. cerevisiae var. boulardii has been successfully employed to treat
giardiasis with a 90% reduction of the infecting charge as well as with evident lower
damage of the gut mucosa, proving to be a good alternative to metronidazole [24]. The
same yeast species was found to be useful in the treatment of post-antibiotic diarrhea.
Dogs treated with lincomycin receiving S. cerevisiae var. boulardii supplementation showed
faster recovery and better volatile fatty acids profiles [25]. Another promising aspect is
the capability of S. cerevisiae var. boulardii to attenuate the effects of the mycotoxin DON
(deoxynivalenol). This molecule is present at high levels (9.5 mg/kg) in forage cereals, and
can trigger, at the gut level, inflammatory pathways resulting in a syndrome similar to
inflammatory bowel disease (IBD). According to Oswald et al. [26], S. cerevisiae var. boulardii
supplementation at a concentration of 2 × 109 colony-forming units (CFU)/kg, before
supplying infected forage meals, can interfere with both the p38 MAPK and the NF-kB
pathways, thus attenuating inflammatory syndromes.

To date, most mycological analyses conducted on food are just quantitative, and to
the best of our knowledge, only a limited number of studies have been undertaken to
combine the typing of food microbes with the discovery of potential probiotics [8,27–29].
Morphological evaluation of fungi growing in a pure culture supported by molecular
investigations can constitute two valuable tools to shed light on the mycobiota of blue
cheeses. The former is cheaper, although it requires a long time and a certain degree of
experience in microscopic validation. The latter are more expensive, but allow rapid and
specific identification at the species level [30].
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Therefore, the present investigation aimed to identify the mycobiota of the blue
cheese Gorgonzola (as well as the one present in the ripening rooms) based on both
phenotypic (macroscopic and microscopic morphological analyses) and genotypic (DNA
barcoding) [31] identification methods to select putative probiotic strains to be used in
veterinary medicine. A second objective was the evaluation of the time-course stability of
the best candidate strain for probiotic applications in a pet feed matrix.

2. Materials and Methods
2.1. Sample Collection, and Morphological Identification of Fungal Isolates

Sampling was carried out at the Biraghi S.p.A. in Cavallermaggiore (CN, Italy). Sam-
ples were collected from the Gorgonzola cheese surface using 10 different productions at the
same ripening time (9 weeks) and the air of the maturation stores. The Gorgonzola cheese
surface was randomly sampled through cellulose sponges fixed on a plastic handle and
supplied in a sterile bag. The sponges were kept at low temperatures and transferred to the
microbiological laboratory of Biraghi S.p.A. A total of 10 mL of physiological solution was
then added to the sterile bags aseptically. Bags were blended in a stomacher for 30 s. Serial
dilutions were prepared from each sample (from 10−2 to 10−6) and 100 µL of each dilution
were inoculated in duplicate through the spread plate method in Petri dishes containing
Chloramphenicol Glucose Yeast Extract (CGYE) agar or Sabouraud culture media (Oxoid
Limited, Basingstoke, UK).

The environmental sampling of indoor air was performed using Surface Air Sys-
tem (SAS) portable equipment (VWR International Srl, Radnor, PA USA) using culture
medium CYGE.

Petri dishes were then incubated at 25 ± 2 ◦C for 7–15 days and 125 fungal strains
were isolated based on the morphological analysis. The isolated strains were classified into
47 groups (40 filamentous fungi, 7 yeasts). Except for groups composed of only one isolate,
two members of each group were then inoculated on suitable culture media for micro- and
macro-morphological analyses for species identification.

Isolates belonging to the genus Penicillium were inoculated on Czapek Yeast Extract
Agar (CYA), 25% Glycerol Nitrate Agar (G25N), and 20% Malt Extract Agar (MEA) and
incubated for 7 days at 24 ◦C (MEA, G25N, and CYA), then 37 ◦C (CYA), and 5 ◦C (CYA).
All other isolates were inoculated on MEA and incubated at 24 ◦C for 7 days. The isolated
strains were then identified using conventional mycological techniques [32–39].

2.2. DNA Extraction, PCR Amplification, and DNA Sequencing

To confirm the fungal identification obtained by morphological analysis, genomic
DNA was extracted from one member of each group as described below.

For the DNA extraction, fungi were grown in 100 mL of liquid malt extract culture
media (malt extract 20 g/L; glucose 20 g/L; peptone 2 g/L) for 7 days at 24 ◦C on an
orbital shaker set at 150 rpm. Subsequently, fungi were filtered using sterile Whatman filter
paper and the lyophilized Genomic DNA was isolated from 20 mg of lyophilized fungal
tissue through the DNeasy Plant Mini Kit (Qiagen, Germantown, MD, USA) following
manufacturer instructions. As a molecular marker for species identification, the ITS-rDNA
region has been used with the exception of isolates belonging to the genus Penicillium. For
the latter, the partial β-tubulin (BT2) region that provides a better resolution in differentia-
tion of closely related species has been used. Specifically, for the ITS region amplification,
universal primers ITS1F/ITS4 were used [40,41], while partial β-tubulin (BT2) regions have
been amplified through primers Bt2a and Bt2b [42].

Amplification reactions were performed in a Biometra TRIO-Triple Powered PCR thermal
cycler (Analytik Jena GmbH, Jena, Germany). In a 50 µL reaction mixture, the final
concentrations or total amounts corresponded to 20 ng DNA, 1 × PCR buffer (20 mM
Tris/HCl pH 8.4, 50 mM KCl), 0.4 µM of each primer, 2.5 mM MgCl2, 0.25 mM of each
dNTP, 0.5 units of Taq polymerase (Promega, Madison, WI, USA). The PCR programs were
set as follows: β-tubulin: 5 min at 94 ◦C for one cycle; 30 s at 94 ◦C; 45 s at 54 ◦C; 1 min



Appl. Microbiol. 2024, 4 653

at 72 ◦C for 35 cycles; and 10 min at 72 ◦C for one cycle. ITS region: 5 min at 94 ◦C for
one cycle; 35 s at 94 ◦C; 35 s at 58 ◦C; 1 min at 72 ◦C for 40 cycles; and 5 min at 72 ◦C for
one cycle.

PCR products were resolved on a 1.0% agarose gel and visualized by ethidium bro-
mide staining. PCR products were purified using Wizard® SV Gel and PCR Clean-up
system (Promega, Madison, WI, USA) and sequenced by Eurofins Genomic Gmbh (Ebers-
berg, Germany). Sequence assembly and editing were performed using SeqTrace 0.9.0
software [43].

Species identification was then achieved by comparing the ITS and β-tubulin se-
quences with those present in the NCBI database by BLASTN Algorithmus (BLAST-
search, last accession 30 March 2023) [44] and the Westerdijk Fungal Biodiversity Institute
database [45], respectively.

Sequences were deposited in GenBank under accession numbers given in Table 1.

Table 1. Isolated fungal strains and NCBI accession number of deposited sequences.

Isolation Source

Species Number of
Isolates

Number of Isolates
from the Air of the

Maturing Stores

Number of Isolates
from Gorgonzola

Blue Cheese

NCBI Accession
Number

Aspergillus flavus Link 1 1 / MN509030

Cladosporium cladosporioides (Fresen.)
G.A. de Vries 2 2 / MN503474

Cordyceps farinosa (Holmsk.) Kepler, B.
Shrestha and Spatafora 2 2 / MN543649

Debaryomyces hansenii (Zopf) Lodder
and Kreger 30 9 21 MN503472

Fusicolla aquaeductuum (Radlk. and
Rabenh.) Gräfenhan, Seifert and

Schroers
2 2 / MN508476

Mucor circinelloides Tiegh. 1 / 1 MN508478

Mucor fuscus Berl. and De Toni 7 4 3 MN508479

Mucor lanceolatus Hermet 3 1 2 MN503473

Mucor sp. 1 1 MN503523

Penicillium atrosanguineum B.X. Dong 1 1 / MN543644

Penicillim camemberti Thom 1 1 / MN543646

Penicillium commune Thom 31 11 20 MN543647

Penicillium roqueforti Thom 32 8 24 MN543645

Penicillium sp. 3 / 3 MN543648

Sporobolomyces ruberrimus Yamasaki
and H. Fujii ex Fell, Pinel, Scorzetti,

Statzell and Yarrow
3 / 3 MN508477

Yarrowia deformans (Zach) M. Groenew
and M.T. Sm 1 / 1 MN509050

Yarrowia lipolytica (Wick., Kurtzman
and Herman) Van der Walt and Arx 4 / 4 MN509051

Saccharomyce cerevisiae var. boulardii 1 / 1 OQ619139

Tot 126 42 84

Among the different fungal and yeast species isolated from cheese and ripening rooms,
for further in-depth studies, we decided to focus on only one species based on known
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literature data concerning their overall probiotic potential. Being that the majority of strains
belong to still controversial or not well-ascertained probiotics, we selected S. cerevisiae var.
boulardii whose probiotic properties have long been assessed [15,46].

2.3. Evaluation of S. cerevisiae var. boulardii Growth Performance under Different
Temperature Conditions

The strain growth at different temperatures (35 ◦C, 37 ◦C, and 40 ◦C) was evaluated
on Sabouraud Dextrose Agar. Moreover, according to the EFSA recommendations [47] the
viable cell count for feed additives was determined as follows. A cell suspension of S. cere-
visiae var. boulardii in phosphate-buffered saline (PBS) with a pH of approximately 7.4 was
prepared, and different dilutions were plated (100 µL) in triplicate on OGYE agar (Oxoid
Limited, Hants, UK) and incubated at 35 ◦C. The bacterial count, as per the standards out-
lined in EN 15789:2022 (animal feeding stuff: methods of sampling and analysis-detection
and enumeration of Saccharomyces cerevisiae used as a feed additive) [48] is required to be
higher than 108 colony-forming units per gram (CFU/g). To determine the bacterial count,
the following formula was applied:

CFU/g of feed matrix = (number of colonies/volume of sample plated × dilution
factor) × (1/weight of the feed matrix).

2.4. S. cerevisiae var. boulardii Inoculum Preparation

Following the EFSA “Safety and efficacy of Lactobacillus acidophilus D2/CSL” (for
dogs and cats), a dose of 5 × 109 CFU/kg was chosen for further experiments. Therefore,
to achieve a suitable biomass, we performed a scale-up procedure starting from the pure
culture of S. cerevisiae var. boulardii strain by growing the yeast in a rich liquid medium
(yeast-peptone-dextrose broth) at 35 ◦C for 48 h. Yeast cells were recovered by centrifugation
and all pellets were collected and pooled until a total biomass of 20 g dry weight (biomass
level ensuring replicates) was obtained.

2.5. Time Course Evaluation of S. cerevisiae var. boulardii Growth Performances in Feed

The study utilized off-the-shelf dry food from the ‘Natural Superpremium’ line of
Monge, a renowned Italian pet food brand based in Monasterolo di Savigliano, Italy. All
ingredients included in this food are listed in Table 2.

Table 2. Chemical and biochemical composition of feed matrix.

Fresh and Dehydrated Lamb Meat Choline Chloride

Rice Vitamin C
Potato protein Inositol

99.5% purified chicken oil Thiamine mononitrate (vitamin. B1)
Mais Riboflavin (vitamin B2)

Dried beet pulp Pyridoxine hydrochloride (vitamin. B6)
Brewer’s yeast Cobalamin (vitamin. B12)

Hydrolysed animal protein (liver) d-pantothenic acid
MOS (mannan-oligosaccharides) Biotin (vitamin. H)

X.O.S. (xylo-oligosaccharide) Niacin (vitamin PP)
Yucca schidigera Folic acid

spirulina algae flour Iron (ferrous carbonate)
Cystine Zinc (zinc oxide)

F.O.S. (fructo-oligosaccharides) Manganese (manganous oxide)
Sodium chloride Potassium iodide

The inoculum of S. cerevisiae var. boulardi was prepared as follows. A total of 2 g of
potential probiotics were added to 18 g of milled feed, and the resulting mixture was stirred
for 5 min. Subsequently, 80 g of pulverized croquettes were added to the mixture and
shaken for 5 min at 150 rpm. Similarly, another 100 g of milled feed was incorporated into
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the mixture and further stirred. The same procedure was repeated until obtaining a final
mixture weighing a total of 500 g, consisting of 498 g of feed and 2 g of additive.

Following the standard EN 15789:2022 [48], 450 mL of PBS was added to 50 g of the
feed matrix fortified with S. cerevisiae var. boulardii. The mixture was homogenized using
a Stomacher for 1 min on speed 3 and then allowed to stand for 30 min, which allowed
for the feed to absorb the liquid. Then, the Stomacher was reactivated for a further 2 min
at speed 3, and the pH of the mixture was measured and corrected to a value ranging
between 7.3–8.1. Finally, the Stomacher was reactivated for 1 min at speed 3. Serial dilution,
starting from 10−1, was prepared in peptone salt solution (PSS) (enzymatic digest casein
1.0 g, NaCl 8.5 g, deionized water 1000 mL). The dilutions 10−6, 10−7, and 10−8 were
then inoculated (100 mcL) on OGYE agar using L-shaped glass and incubated at 35 ◦C.
According to the standard EN 15789:2022 [48], the entire procedure described above was
repeated twice at week 2, as well as weeks 8 and 13 on 5 samples of 50 g of feed added to
S. cerevisiae var. boulardii.

2.6. Statistical Analysis

To evaluate the presence of significant differences in the survival rate of S. cerevisiae
var. boulardii in the feed mixture, the number of viable cells counted on OGYE agar was
compared on 5 samples for each considered time (T0, T2, T4, T8, T13) by one-way analysis of
variance (ANOVA) followed by multiple tests of Turkey comparison (* p < 0.05, ** p < 0.01,
*** p < 0.001, **** p < 0.0001). Statistical tests were carried out using Past 4 statistical analysis
software [49].

3. Results
3.1. Isolation of Different Fungal and Yeast Strains from Gorgonzola Cheese and Ripening Stores

A total of 126 fungal strains were isolated from Gorgonzola cheese (Figure 1) or the
air of maturing stores (Table 1). The identification at the species level was possible for
15 out of the 17 retrieved species. In two cases, despite several attempts, the obtained
DNA was not suitable for PCR amplification. The 126 fungal isolates belong to three
different Phyla: Ascomycota (8 genera, 13 species), Basidiomycota (1 genus, 1 species),
and Mucoromycota (1 genus, 4 species) (Table 1). Regarding the Phylum Ascomycota,
Penicillium was the most frequent and abundant genus (68 isolates, 5 species) followed
by Debaryomyces (30 isolates, 1 species), Yarrowia (5 isolates, 2 species), Cladosporium
(2 isolates, 1 species), Fusicolla (2 isolates, 1 species) Cordyceps (2 isolates, 1 species),
Aspergillus (1 isolate, 1 species), and S. cerevisiae var. boulardii (1 isolate, 1 species).
Regarding the Phylum Basidiomycota, the only species belonging to this Phylum was
Sporobolomyces ruberrimus (3 isolates), while for the Phylum Mucoromycota we isolated
12 strains belonging to 4 different species of the genus Mucor (M. fuscus 7 isolates, M.
circinelloides 1 isolate, M. lanceolatus 3 isolates, Mucor sp. 1 isolate) (Table 2). D. hansenii,
M. fuscus, M. lanceolatus, P. commune and P. roqueforti were isolated from both Gorgonzola
cheese and from the air of maturing stores. M. circinelloides, Mucor sp., Penicillium sp. and
Y. lipolytica, Y. deformans, S. ruberrimus, and S. cerevisiae var. boulardi were isolated only
from Gorgonzola cheese, whereas A. flavus, C. cladosporioides, C. farinosa, F. aquaeductuum,
P. atrosanguineum, P. camemberti, were isolated from only the air of maturing stores
(Table 1).
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Figure 1. Yeast and filamentous fungi isolated from Gorgonzola cheese (Biraghi S.p.a.) and grown in
CYGE or Sabouraud agar. Total of 126 fungal strains belonging to phylum of Ascomycota (8 genera,
13 species), Basidiomycota (1 genus, 1 species), and Mucoromycota (1 genus, 4 species) were isolated.

3.2. Studies on the Putative Probiotic S. cerevisiae var. boulardii

Among the several isolates, five different yeast species were detected. These can
be potentially included in the category of putative probiotics. However, despite several
beneficial traits described for some of them, only S. cerevisiae var. boulardii has received the
GRAS status without constraints (see Section 4). Therefore, in the following experiments,
we focused our attention on this species.

3.2.1. Growth at Different Temperatures

Strain viability during thermal stress was tested by growing this strain at 35 ◦C, 37 ◦C,
and 40 ◦C in Sabouraud Dextrose Agar. The temperatures of 35 ◦C and 37 ◦C supported
good growth, whereas 40 ◦C did not allow for any growth to occur.

3.2.2. Cell Viability at 35 ◦C in Standard Conditions

To test the strain viability in standard conditions (before adding it to the veterinary
feed matrix), a temperature of 35 ◦C was chosen and OGYE agar was used as a preferred
medium as it guarantees good repeatability and reproducibility of the results [50]. This
procedure allows for the evaluation of survival of the potential probiotic strain during shelf
life in summer conditions. This approach aligns with the standards set by EFSA, which
encourage conducting studies under the recommended storage conditions to provide a
realistic estimate of the shelf life of each additive formulation [47]. Viable colonies were
detected after 24 h growth and appear to be irregularly shaped and creamy, with a medium
diameter of 1–6 mm.

3.2.3. Time-Course Stability of S. cerevisiae var. boulardii in the Feed Matrix

To establish the shelf-life of the selected S. cerevisiae var. boulardii strain in a complex
feed mixture, the viable microbial population was evaluated at 35 ◦C during three months
in a matrix whose composition is referred to in Section 2. The results show at least 108 viable
cells for the sample (Table 3 and Figure 2), showing a maintained probiotic efficacy [51,52].
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Table 3. Colony-forming units (CFU/g) of S. cereviasae var. boulardii in a feed mixture during three
months of monitoring were measured as viable cell count on OGYE agar.

Time Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Mean ± st. Deviation

W0 1.90 × 108 CFU/g 1.91 × 108 CFU/g 2.02 × 108 CFU/g 1.84 × 108 CFU/g 1.94 × 108 CFU/g 1.92 (±0.07) × 108 CFU/g
W2 1.69 × 108 CFU/g 1.66 × 108 CFU/g 1.76 × 108 CFU/g 1.78 × 108 CFU/g 1.80 × 108 CFU/g 1.74 (±0.06) × 108 CFU/g
W4 1.45 × 108 CFU/g 1.35 × 108 CFU/g 1.32 × 108 CFU/g 1.44 × 108 CFU/g 1.36 × 108 CFU/g 1.38 (±0.06) × 108 CFU/g
W8 1.21 × 108 CFU/g 1.30 × 108 CFU/g 1.27 × 108 CFU/g 1.36 × 108 CFU/g 1.30 × 108 CFU/g 1.29 (±0.06) × 108 CFU/g
W13 1.09 × 108 CFU/g 1.10 × 108 CFU/g 1.16 × 108 CFU/g 1.09 × 108 CFU/g 1.06 × 108 CFU/g 1.10 (±0.04) × 108 CFU/g
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4. Discussion

Microbial development during cheese production and ripening is an essential and
appreciated process that allows metabolic conversion of the main dairy biochemical con-
stituents into smaller compounds conferring the peculiar aromas that characterize different
cheese varieties. The bacterial evolution during cheese maturation is a well-known pro-
cess [53], however, mycobiota undergo modifications in terms of quality and metabolism
during ripening [54].

The choice of using a molecular approach proved to be successful for the identification
of both yeasts and filamentous fungi. Yeasts are difficult to discriminate from each other
and fungal strains sometimes display anomalous conidiophore formation that hampers
a reliable morphology-based identification. Our strategy of exploiting barcoding regions
of fungal DNA has enabled the identification of yeasts and fungi bearing macro- and
micro-morphological mutations, thus highlighting the biodiversity of blue cheeses and
their ripening environment.

In the present investigation, an abundant and diverse fungal population has been
detected in both the Gorgonzola cheese and in the maturation stores. In the cheese matrix,
apart from the expected presence of Penicillium, yeast genera were prevalent, as previously
referred to [28]. Conversely, in the ripening rooms, the only yeast species found was Debary-
omyces hansenii and several fungal genera, among which Penicillium, Mucor, Cladosporium,
Fusicolla, and Aspergillus were detected as also reported by other investigators [55,56].

Apart from filamentous fungi, deriving from contamination or intentional seeding,
food-grown yeasts deserve particular attention since they represent a valuable source of
putative new probiotic strains [57–59]. Along with their antioxidant [58], antibacterial,
immune-modulating, and nutritional roles (such as vitamin production) [59–61], yeasts can
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favor the gut colonization by well-known probiotic bacteria like L. rhamnosus [62,63] and L.
paracasei [64].

In this study, as far as yeasts are concerned, 30 strains have been directly isolated from
Gorgonzola cheese: S. ruberrimus, D. hansenii, Y. lipolytica, Y. deformans, and S. cerevisiae
var. boulardii.

The Basidiomycete Sporobolomyces has recently gained attention [65] in the industrial
field due to its ability to convert agro-food wastes into valuable products such as lipids [66],
carotenoids [67], EPS [68], and several enzymes [65]. Moreover, some species of this genus
are also able to produce GABA, which useful in treating mild hypertension and irritable
bowel syndrome (IBS) [69]. However, despite its use as a feed supplement to enhance
the intensity of the yolk color, this genus has not yet obtained the GRAS status, which is
necessary to be included in the probiotic category.

Regarding Ascomycota, Debaryomyces does not show the same performances as true
probiotics because it is less tolerant to acidic stress. It displays interesting properties, such
as the production of alpha-galactosidase useful to hydrolyze raffinose, an anti-nutritional
metabolite of soybeans [70] as well as good adhesion to Caco 2 cells and an overall immune-
modulating activity [71]. On the other hand, a fish-isolated D. hansenii CBS 8339, only
partially modulated some parameters of the natural immunity [72]. Therefore, despite some
promising aspects, the species D. hansenii is only used in aquaculture because of its high
osmotolerance (4M NaCl) [73], suggesting that no definitive conclusion on its probiotic
properties can be made.

The second Ascomycete isolated in this study, Yarrowia lipolytica, shares with other
yeasts the capability to produce a rose-like flavor, 2-phenylethanol, and for this aspect, it is
highly appreciated at the industrial level [74]. Some studies report that Yarrowia lipolytica
products, like DHA and EPA, can be employed to ameliorate the growth performances of
the hybrid sturgeon in combination with Bacillus amyloliquefaciens [75]. Moreover, it has
recently been proposed as a putative probiotic for its antibacterial and immune-modulating
activities to enhance the growth performances of the white shrimp [76], Nile tilapia [77], and
Lutjanus peru [78]. Along with aquatic animals, this yeast can be used alone or together with
other putative/ascertained bacterial probiotics (Bacillus licheniformis and Bacillus subtilis) to
improve the immunological parameters and growth of birds [79] and mammals [80]. The
positive impact of this yeast species, on higher feed conversion rate, animal weight gain,
improvement of ruminal microbial populations, and increased IgG and micronutrients (Ca,
Mg, P, Fe, Zn, Cu) levels seems mainly due to the production of PUFA [80]. Nevertheless,
although this yeast species has been classified as GRAS [81], the risk of possible virulent
variants causing infection has been reported [82]. Therefore, safety assays for each single
strain are required, as suggested by Groenewald et al. [83]. Finally, S. cerevisiae var. boulardii,
whose probiotic potential is well-recognized [15,84], has also been isolated in this study.
First discovered in the skins of tropical fruits such as litchis and mangosteens by French
microbiologist Henri Boulard as far as 1920, this yeast was described to be able to prevent
diarrhea, thus displaying probiotic properties [46]. This species is considered a variant
of the best-known S. cerevisiae, showing more than 99% of gene homology according to
the Average Nucleotide Identity analysis. However, some genetic traits conferring peculiar
metabolic features are different. Among these, the chromosome 9 trisomy can partially
explain the higher resistance of S. cerevisiae var. boulardii in acidic environments, a trait that
favors the passage and survival through the gastrointestinal system [85]. This yeast also
proves to tolerate higher temperatures than S. cerevisiae (37 ◦C rather than 30 ◦C) and can
survive in the presence of bile salts as well [86].

S. cerevisiae var. boulardii can be employed as an anti-infective agent [87] as it can
cause acidification by producing high amounts of acetic acid and, in lesser amounts, also
capric acid [88]. The antimicrobial efficacy includes bacteria (Escherichia coli, Salmonella,
Shigella) Rotavirus, and Candida. The peculiar anti-Candida albicans effect seems linked
to the production of capric acid, which is able to prevent the filamentous growth of this
yeast while inhibiting biofilm formation and adhesion [89]. However, S. cerevisiae var.
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boulardii is especially fitting for treating post-antibiotic diarrhea and colitis caused by C.
difficile’s A toxin, since it can prevent both the binding of the A toxin to its receptor (through
a proteinaceous factor) and the synthesis of the pro-inflammatory IL-8. In addition, S.
cerevisiae var. boulardii can induce the production of IgA anti-A toxin. Similar effects
have been observed against enteropathogenic E. coli and Helicobacter pylori as well [89].
These properties are crucial for controlling the overall pathway of inflammation at the
gut epithelium level. It should be highlighted that both C. difficile-induced colitis and
Candidiasis are often the results of long-term antibiotic therapy in immunocompromised
patients since these two organisms are both insensitive to antibiotic treatments. Hence, the
use of S. cerevisiae var. boulardii can help in overcoming this threat. In addition, it can be
considered an immunomodulating agent and stabilizer of the gut barrier to treat IBS and
IBD [90,91].

According to the previously described beneficial effects, the isolated S. cerevisiae var.
boulardii strain has been the object of further investigations intended to establish its potential
to be employed as an animal feed supplement and its stability in the feed media.

Concerning thermal stability, the temperature of 37 ◦C supported a growth comparable
to that obtained at 35 ◦C, highlighting the in vivo viability of the strain and likewise ensur-
ing the capability to face the challenges during shelf life, as for other better-characterized S.
cerevisiae var. boulardii strains [86].

Regarding the time-course stability in veterinary preparations, the number of CFU
was evaluated throughout 13 weeks in five time-points (week 0, 2, 4, 8, and 13) using the
final commercial feed (complete pellet to be given to animals) as a matrix, according to the
indications of the EFSA guidelines [47]. It is worth mentioning that time-course stability
and shelf life are highly influenced by the food/feed matrix in which a probiotic strain is
incorporated [46]. As expected, a constant decrease in cell number has been observed from
Week 0 to Week 13, since different environmental stressors affect cell viability. Humidity,
acid environment, and oxidative stress are the major causes of cell loss [92]. It is for this
reason that the recommended number of living organisms to be used as probiotics should
be very high (109 CFU for humans and 108 CFU for animals less than 30 kg) [49,50] to
counteract both environmental stressors during the shelf-life and endogenous stressors
linked to the gastrointestinal environment (competition with resident/pathogenic organ-
isms, enzymes, acid, and bile stress). However, it should be underlined that the cell loss
from Week 0 was negligible since the total count was above the threshold of 108 CFU/g
(Week 0 = 1.92 (±0.07) × 108 CFU/g, vs. Week 13 = 1.10 (±0.04) × 108 CFU/g). These
findings demonstrate an overall low interference due to the feed matrix and hence good
cell vitality and stability in the pet-targeted mixture. Improvement in the laboratory meth-
ods (i.e., automatic mixing instead of manual mixing of probiotic and feed) could be the
objective of future investigations.

Our interesting findings support the use of this food-isolated yeast in veterinary
medicine, as previously reported by D’Angelo et al. [93] for another S. cerevisiae var. boulardii
strain. One possible limit referred to by these authors is the low adhesion index of their
strain on gut mucosa that results in a complete loss of the live probiotics four or five
days after the last administration. This implies the need for continuous administration
to have prolonged beneficial effects [94]. However, the advantage of using probiotic
yeasts is their natural insensitivity to antibacterial targeted antibiotics and the possibility
to begin the probiotic treatment simultaneously with the antibiotic therapy. Cavaglieri
et al. [18] have already proposed this approach with animals treated with antibiotics
(colistin) during infection.

5. Conclusions

The morphological and molecular typing of the cheese mycobiota obtained in this
study revealed that the fungal population of Gorgonzola cheese is composed of three main
phyla: Ascomycota (most abundant), Mucoromycota, and one species of Basidiomycota.
Among filamentous fungi, the most abundant belong to the Penicillium genus, known for
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its contribution to cheese taste and texture. The ripening rooms displayed a less diverse
mycobiota, prevalently based on filamentous fungi that should be taken into consideration
since they can occasionally contaminate cheese.

The Gorgonzola cheese under study proved to be rich in interesting yeast species
that deserve further investigations for their industrial and putative probiotic potential.
Among them, the S. cerevisiae var. boulardii strain, selected for its already-known probiotic
properties, revealed good growth performances and high stability at high temperatures
and in pet feed matrices. This strain can therefore be considered a promising candidate
to be exploited in veterinary medicine either alone or combined with pharmacological
treatments. A possible advantage, compared to bacterial-based probiotics, is the lack of
interaction between S. cerevisiae var. boulardii and antibiotics, allowing for its administration
during anti-infective therapy. Finally, the absence of horizontal gene transfer between
yeasts could be particularly appreciated for using S. cerevisiae var. boulardii also in intensive
livestock husbandry where the high selective pressure exerted by the widespread use of
antibiotics, makes each new bacterial strain a possible vector of resistance genes.
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65. Kot, A.M.; Kieliszek, M.; Piwowarek, K.; Błażejak, S.; Mussagy, C.U. Sporobolomyces and Sporidiobolus–non-conventional yeasts
for use in industries. Fungal Biol. Rev. 2021, 37, 41–58. [CrossRef]

66. Patel, A.; Karageorgou, D.; Rova, E.; Katapodis, P.; Rova, U.; Christakopoulos, P.; Matsakas, L. An Overview of Potential
Oleaginous Microorganisms and Their Role in Biodiesel and Omega-3 Fatty Acid-Based Industries. Microorganisms 2020, 8, 434.
[CrossRef] [PubMed]

67. Mussagy, C.U.; Khan, S.; Kot, A.M. Current developments on the application of microbial carotenoids as an alternative to
synthetic pigments. Crit. Rev. Food Sci. Nutr. 2021, 62, 6932–6946. [CrossRef] [PubMed]

68. Gientka, I.; B1azejak, S.; Stasiak-Rozanska, L.; Chlebowska-Smigiel, A. Exopolysaccharides from yeast: Insight into optimal
conditions for biosynthesis, chemical composition and functional properties. Acta Sci. Pol. Technol. Aliment. 2015, 14, 283–292.
[CrossRef]

69. Han, S.M.; Lee, J.S. Production and its anti-hyperglycemic effects of γ-aminobutyric acid from the wild yeast strain Pichia silvicola
UL6-1 and Sporobolomyces carnicolor 402-JB-1. Mycobiology 2017, 45, 199–203. [CrossRef]

70. Viana, P.A.; de Rezende, S.T.; Passos, F.M.L.; Machado, S.G.; Maitan, G.P.; Coelho, V.T.D. Alpha-Galactosidases production by
Debaryomyces hansenii UFV-1. Food Sci. Biotechnol. 2011, 20, 601–606. [CrossRef]

71. Ochangco, H.S.; Gamero, A.; Smith, I.M.; Christensen, J.E.; Jespersen, L.; Arneborg, N. In vitro investigation of Debaryomyces
hansenii strains for potential probiotic properties. World J. Microbiol. Biotechnol. 2016, 32, 141. [CrossRef]

72. Reyes-Becerril, M.; Salinas, I.; Cuesta, A.; Meseguer, J.; Tovar-Ramirez, D.; Ascencio-Valle, F.; Esteban, M.Á. Oral delivery of live
yeast Debaryomyces hansenii modulates the main innate immune parameters and the expression of immune-relevant genes in
the gilthead seabream (Sparus aurata L.). Fish Shellfish Immunol. 2008, 25, 731–739. [CrossRef] [PubMed]

73. Angulo, M.; Reyes-Becerril, M.; Medina-Córdova, N.; Tovar-Ramírez, D.; Angulo, C. Probiotic and nutritional effects of
Debaryomyces hansenii on animals. Appl. Microbiol. Biotechnol. 2020, 104, 7689–7699. [CrossRef] [PubMed]
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