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Abstract Twenty-nine yeast strains were isolated from
the ascocarps of black and white truffles (Tuber mela-
nosporum Vitt. and Tuber magnatum Pico, respectively),
and identified using a polyphasic approach. According
to the conventional taxonomic methods, MSP-PCR
fingerprinting and sequencing of the D1/D2 domain of
26S rDNA, the strains were identified as Candida sai-
toana, Debaryomyces hansenii, Cryptococcus sp., Rho-
dotorula mucilaginosa, and Trichosporon moniliiforme.
All isolates assimilated L-methionine as a sole nitrogen
source and produced the volatile organic compounds
(VOCs), 2-methyl butanol, 3-methyl butanol, metha-
nethiol, S-methyl thioacetate, dimethyl sulfide, dimethyl
disulfide, dimethyl trisulfide, dihydro-2-methyl-3(2H)-
thiophenone and 3-(methylthio)-1-propanol (MTP).
ANOVA analysis of data showed significant (P<0.01)
differences in VOCs produced by different yeasts, with
MTP as the major component (produced at concentra-
tions ranging from 19.8 to 225.6 mg/l). In addition, since
some molecules produced by the isolates of this study
are also characteristic of truffle complex aroma, it is
possible to hypothesize a complementary role of yeasts
associated with this ecosystem in contributing to final
Tuber spp. aroma through the independent synthesis of
yeast-specific volatile constituents.
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Introduction

Volatile organic compounds (VOCs) belong to several
chemical classes (aldehydes, alcohols, esters, lactones,
terpenes and sulfur compounds) and are characterized
by low molecular weight, high volatility and ability to
interact with olfactory receptors (Cheetham 1997).

Yeasts are well-known VOC producers (Torner et al.
1992; Romano et al. 1997; Martin et al. 2001; Spinnler
et al. 2001; Rojas et al. 2001). The production of higher
alcohols, esters, lactones, thiols, thioalcohols, thioesters
and sulphides by food-associated yeasts such as Debary-
omyces hansenii, Geotrichum candidum, Kluyveromyces
lactis, Saccharomyces cerevisiae, Sporobolomyces odorus,
Torulaspora delbrueckii, and Yarrowia lipolytica has been
reported (Endrizzi et al. 1996; Berger et al. 1999; Spinnler
et al. 2001; Wache et al. 2001). In addition, recent studies
have demonstrated that some natural habitats (soil, plant
exudates, flowers, and leaves, fruiting bodies of fungi,
animal- and insect-associated habitats) may represent a
source of novel yeast strains which produce VOCs of
industrial interest (Buzzini et al. 2003a, b, 2005).

For example, truffle ascocarps may represent a
potentially interesting ecological niche. Truffles, which
are hypogeous fungi of the order Tuberales, live in
symbiosis with the root systems of various tree species
(in particular Betula spp., Fagus spp. and Pinus spp.)
through the formation of specialized structures known
as ectomycorrizae (Read 1991). White truffles (Tuber
magnatum Pico) are found mainly in Italy, whereas
black truffles (Tuber melanosporum Vitt.) grow princi-
pally in Italy and France (Pelusio et al. 1995). White
truffles are gastronomically appreciated for their unique
and intense aroma, while black truffles, which are still
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highly prized, are characterized by a milder and less
complex aroma (Pelusio et al. 1995). In particular, the
aroma of black truffles is characteristically composed of
a mixture of different classes of VOCs: alcohols, alde-
hydes, ketones, acids, esters, amines, aromatic ethers,
hydrocarbons and sulfur compounds, whereas white
truffles also contain bis(methylthio)metane (a synonym
of 2,4-dithiapentane) (Pelusio et al. 1995). Although
yeasts have been routinely isolated from soil-associated
habitats (Phaff and Starmer 1987), only a few ecological
investigations have so far been carried out on yeast
biodiversity occurring in truffle ecosystems (Marletto
1969; Ozino Marletto and Sartoris 1978; Zacchi et al.
2003), and no studies have been carried out on the
production of VOCs by truffle-associated strains. This
study aimed at assessing the production of VOCs by
yeasts isolated from the ascocarps of black and white
truffles.

Materials and methods

Truffles

The black truffles (Tuber melanosporum Vitt.) studied
were collected in March 2003 in the area of Fabriano
(Marche region), Italy, while white truffles (Tuber
magnatum Pico) were obtained in November 2003 near
Campello sul Clitunno (Umbria region), Italy. All
samples were placed in sterile containers and kept at 4�C
until analysis.

Yeast isolation

Yeast strains were isolated from truffle ascocarps by
homogenizing slices suspended in sterile water using an
Ultra Turrax mixer according to Diriye et al. (1993) and
Zacchi et al. (2003). Twenty-nine yeast colonies (19 from
black truffles and 10 from white truffles) were isolated on
the basis of their macroscopic frequency in Petri dishes.
Cultures weremaintained onYEPG agar slants (g/l: yeast
extract 10, peptone 10, glucose 20, agar 15) and in frozen
form (–80�C). All isolates are conserved in the DBVPG
Collection of Industrial Yeasts of the Dipartimento di
Biologia Vegetale e Biotecnologie Agroambientali, Sezi-
one di Microbiologia Applicata of the Università di Pe-
rugia, Italy (http://www.agr.unipg.it/dbvpg).

Phenotypic characterization of yeasts

The isolates were preliminarily classified using conven-
tional phenotypic tests according to Yarrow (1998).
Strains were initially characterized by macroscopic and
microscopic morphology, DBB (Diazonium Blue B)
assay, carbon source assimilation by using ID 32C kits
(Biomerieux, Marcy l’Etoile, France), succinate, inulin,
glucitol, and nitrate assimilation, glucose fermentation,

growth at different temperatures as well as without
vitamins.

Molecular identification of yeasts: MSP-PCR
fingerprinting and 26S rDNA sequencing
of the D1/D2 region

DNA extraction was done according to Sampaio et al.
(2001) with some modifications. Three loopfuls of 48 h
cultures (YEPG agar) were suspended in 300 ll of lysing
buffer (Tris 50 mM; EDTA 50 mM; NaCl 250 mM;
0.3% w/v SDS; pH 8.0) and 200 ll (calculated as
equivalent volume) of glass beads (diameter 425–
600 Ø lm) were added. After vortexing for 2 min, the
tubes were incubated for 1 h at 65�C, after which sam-
ples were vortexed again for 1 min. The suspensions
were centrifuged for 15 min at 4�C (13.000 g). An ali-
quot (10% v/v) of 3 M sodium acetate was added to the
supernatant. Two volumes of absolute ethanol were
added and the suspension was stored for 1 h at –20�C.
After precipitation, the DNA was washed with 70% v/v
ethanol, dried and resuspended in ultra pure water.

The synthetic oligonucleotides (GTG)5 and (GAC)5
(SIGMA Genosys Ltd, Haverhill, UK) were used as
single primers for MSP-PCR fingerprinting. All PCR
reactions were performed in 25 ll reaction volumes
containing 1· PCR buffer, 2 mM MgCl2, 250 lM of
each of the four dNTPs, 0.8 lM of primer and 1U Taq
DNA polymerase (Invitrogen, Paisley, UK), according
to Meyer et al. (1993). DNA amplification was per-
formed in a Uno II Thermal Cycler (Biometra Gmbh,
Goettingen, Germany) using the following PCR pro-
gram: (i) initial denaturing step at 95�C for 5 min; (ii)
40 cycles of 40 s at 95�C, 1 min at 50�C and 1 min at
72�C; (iii) final extension step at 72�C for 5 min.
Amplification products were separated by electropho-
resis in 1.4% w/v agarose gels in 0.5· TBE (Tris–Borate–
EDTA) buffer at 90 V for 3.5 h. Gels were stained with
ethidium bromide. A molecular size marker was used for
reference (k DNA cleaved with HindIII and FX174
DNA cleaved with HaeIII) (Pharmacia Biotech, Piscat-
away, NJ, USA). Electrophoretic bands were visualized
under UV light and gel images were digitalized with a
Kodak Digital Science EDA 120 System and the Kodak
Digital Science 1D Image Analysis Software (Kodak,
New York, USA). DNA banding patterns were analyzed
using the GelCompar software package, version 4.1
(Applied Maths, Kortrijk, Belgium).

One strain from each of the groups was subjected to
sequencing of the D1/D2 domain of 26S rDNA. DNA
was amplified using the primers ITS5 (5’-GGA AGT
AAA AGT CGT AAC AAG G) and LR6 (5’-CGC
CAG TTC TGC TTA CC) (Sigma Genosys Ltd). A
600–650 base pairs region was sequenced by the forward
primer NL1 (5’-B’-GCA TAT CAA TAA GCG GAG
GAA AAG) and the reverse primer NL4 (5’-GGT CCG
TGTTTC AAG ACG G) (Sigma Genosys Ltd). Se-
quences were obtained by a Applied Biosystems DNA
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Sequencer, mod. ABI PRISM 377 (Applied Biosystems,
Foster City, CA, USA.) using standard protocols.
Alignments were made by using Vector NTI Suite 8
Contig Express (Informax, Invitrogen). Strains were
identified by comparing the sequences obtained with the
GenBank database (BLASTN freeware from
www.ncbi.nlm.nih.gov/BLAST).

Yeast growth and VOC production

Aliquots (0.2 ml) of 24 h cell suspensions (calibrated to
A580=0.5, corresponding to an average cell concentra-
tion of 106per ml) of the 29 yeast strains were used to
inoculate (3% v/v) test tubes containing 5 ml of Yeast
Carbon Base (YCB) (Difco, Detroit, Michigan, USA)
supplemented with 0.5% L-methionine (final pH=5.0).
Cultures were incubated at 25�C on a rotary drum
(40 rpm.). After 72 h growth was stopped by addition of
0.5 ml of a 100 ppm solution of nystatin in N,N-dim-
ethylformamide (DMF). Five milliliters of culture were
transferred into 25 ml glass vials which were immedi-
ately sealed with a rubber septum, frozen and stored at –
20�C until analysis.

SPME–GC–MS analysis

The presence of VOSCs in vial headspaces was tested by
GC–MS using a solid-phase microextraction (SPME) 2-
cm fibre coated with 50/30 lm divinylbenzene/Carboxen
on polydimethylsiloxane (Supelco, Bellefonte, PA,
USA). The fiber was exposed to headspace volatiles for
10 min at 25�C. After direct desorption at 280�C for
10 min, VOC analysis was carried out using a Hewlett
Packard G1800C Series II GC–MS equipped with a
HP-5 column (25 m, 0.2 mm, 0.5 lm) coated with
(5%)diphenyl–(95%)-dimethylpolysiloxane (Hewlett
Packard, Palo Alto, CA, USA), using the chromato-
graphic conditions already described (Buzzini et al.
2003a, 2005). Compound identification was achieved on
the basis of their relative mass fragmentation patterns
(EI, 70 eV) by direct comparison with the database li-
brary Nist98.1 (MS Library Software Varian, Palo Alto,
CA, USA). Semi-quantitative determination of head-
space VOCs was performed by the internal standard
method. Chlorobenzene was initially diluted (1 g/l -
stock solution 10·) in ethanol. An aliquot of this stock
solution was then diluted in water to obtain a final
concentration of 0.1 g/l. 50 ll of a 0.1 mg/ml freshly
prepared solution of chlorobenzene in deionized water
were added in each vial prior to headspace sampling.
Calibration curves of 3-methyl butanol, dimethyl disul-
fide, butyl thioacetate, 2,4 dithiapentane and 3-methyl-
thio-1-propanol (Janssen, Titusville, NJ, USA) were
used for quantifying the VOCs produced. To determine
whether VOC formation occurred in the absence of
yeasts, blank vials with only culture medium without
cells were analyzed at various times for up to 1 week.

Statistics

Statistical evaluation of raw data matrixes (each entry
representing the average of three separated determina-
tions) was carried out by one-way ANOVA.

Results

Yeast identification

A total of 29 yeast strains, 19 isolated from black truffle
and 10 from white truffle were studied. Results of the
polyphasic identification, obtained on the basis of phe-
notypic characterization, MSP-PCR fingerprinting pat-
terns and sequencing the D1/D2 region of 26S rDNA
are presented in Tables 1 and 2. Strains were identified
as belonging to the species Candida saitoana, Deb.
hansenii, Cryptococcus sp., Rhodotorula mucilaginosa,
and Trichosporon moniliiforme.

VOCs production by yeast isolates

All 29 strains were able to assimilate L-methionine as the
sole nitrogen source and to produce VOCs belonging to
the following classes: higher alcohols (2-methyl butanol,
2-MB; 3-methyl butanol, 3-MB), thiols (methanethiol,
MTL), thioesters (S-methyl thioacetate, MTA), sulp-
hides (dimethyl sulfide, DMS; dimethyl disulfide,
DMDS; dimethyl trisulfide, DMTS), thioalcohols [3-
(methylthio)-1-propanol, MTP)], and thiophenones [di-
hydro-3(2H)-thiophenone, DTP]. Analysis of blank vials
containing cell-free culture medium did not show any
VOC production, demonstrating that neither spontane-
ous L-methionine degradation nor volatile release by the
rubber septum were sources of VOCs.

Different VOC profiles were observed among the
strains studied. For example, 2-MB and 3-MB were
produced only by ascomycetous yeasts. With the sole
exception of C. saitoana DBVPG 4662, MTP was pro-
duced only by Deb. hansenii strains, while DMS and
DMTS were detected only in Tr. moniliiforme cultures.
DMDS was the most universally produced molecule (27
strains out of 29). The different origin of the strains
apparently affected their biosynthetic ability as MTL
and DMS were produced only by yeasts isolated from
black truffle ascocarps. ANOVA analysis of VOC
semi-quantitative data showed significant (P<0.01)
differences among the isolates. MTP (produced at con-
centrations ranging from 19.8 to 225.6 mg/l) was pro-
duced in the highest concentrations, whereas all other
VOCs were produced in lower concentrations, below
1 mg/l.

VOC semi-quantitative data of minor VOCs were
aggregated into four different chemical classes, accord-
ing to a previous report (Buzzini et al. 2005). Class A
included the higher alcohols (2-MB + 3-MB); B, thiols
+ thioesters (MTL + MTA); C, sulphides (DMS +
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DMDS + DMTS) and D, thioalcohols + thiophenones
(MTP + DTP). With this arrangement several strains
exhibited a significantly (P<0.01) higher biosynthetic
potential (Fig. 1). C. saitoana DBVPG 4662 and Deb.
hansenii DBVPG 4684 were the most productive strains
of compounds included in the class A (1.54 and 1.39 mg/
l, respectively); Deb. hansenii, strains DBVPG 4680,
4683 and 4676, for class B (0.20, 0.22 and 0.38 mg/l,
respectively); Deb. hansenii, strains DBVPG 4678 and
4680, and Tr. moniliiforme strains DBVPG 4665 and
4666, for class C (0.39, 0.36, 0.42 and 0.26 mg/l,
respectively); and Deb. hansenii strains DBVPG 4684,
4670, 4673 and 4676, for class D (225, 126, 223 and
123 mg/l, respectively).

The time course of VOC production was monitored
in some isolates from both white and black truffles. Tr.
moniliiforme, strains DBVPG 4665 and DBVPG 4666,
produced DMDS as the most abundant VOC (0.27 mg/
l and 0.96 mg/l at 120 h, respectively). Traces of MTL,
MTA, DMS and DMTS where also observed. Deb.
hansenii DBVPG 4676 produced MTP as the main
VOC (431.4 mg/l at 120 h), together with very lower
amounts of MTL (0.61 mg/l), and traces of DMDS
and DTP.

Discussion

Although recent studies have been devoted to the pro-
duction of VOCs by yeasts of environmental origin
(Buzzini et al. 2003a; 2005), to the best of the authors’
knowledge, this is the first investigation of VOC pro-
duction by yeasts isolated from truffles. In addition, this
is the first study reporting DTP production by ascomy-
cetous yeasts. Some strain-related differences were ob-
served when comparing VOC profiles of truffle-
associated yeasts with those of yeasts of other origin
(Berger et al. 1999; Mestres et al. 2000; Buzzini et al.
2003a; 2005). This evidence is in agreement with a pre-
vious study (Buzzini et al. 2003a) and could indicate that
yeasts isolated from different habitats may be able to
express different VOC phenotypes.

As previously observed (Berger et al. 1999; Spinnler
et al. 2001), L-methionine is considered to be an essential
precursor of sulfur-containing VOCs. The catabolism of
L-methionine in VOC biosynthesis has been studied in G.
candidum (Bonnarme et al. 2001a; b; Spinnler et al.
2001). This is a two-step pathway. The amino acid is
initially converted to 4-methylthio-2-oxobutyric acid

Table 1 Identification of yeast isolates according to both MSP-PCR Patterns and 26S rDNA D1/D2 domain sequences

Group Isolates MSP-PCR pat-
tern

Species GenBank

(GTG)5 (GAC)5 D1/D2 26 S rDNA1 D1/D2 26 S rDNA2

1 DBVPG 4657, DBVPG 4660,
DBVPG 4661, DBVPG 4662,
DBVPG 4663

a d Candida saitoana DBVPG 4657: DQ000211 100% to U45762

2 DBVPG 4682, DBVPG 4679,
DBVPG 4683

b e Debaryomyces hansenii DBVPG 4682: DQ000207 100% to AF485980

3 DBVPG 4680, DBVPG 4670,
DBVPG 4672, DBVPG 4673,
DBVPG 4681

b f Debaryomyces hansenii DBVPG 4680: DQ000222 99% to AJ786240

4 DBVPG 4678 c g Debaryomyces hansenii DBVPG 4678: DQ000221 100% to AF485980
5 DBVPG 4674, DBVPG 4671,

DBVPG 4675, DBVPG 4676
c h Debaryomyces hansenii DBVPG 4674: DQ000219 100% to AF485980

a–h different letters indicate different MSP-PCR fingerprinting patterns numbers
1Number of sequenced isolated and corresponding GenBank accession
2Listed values refer to the percentages of sequence similarity after Blast analysis

Table 2 Identification of yeast
isolates according to 26S rDNA
gene D1/D2 domain sequences

1GenBank accession numbers
2Listed values refer to the per-
centages of sequence similarity
after Blast analysis

Isolates Species GenBank

D1/D2 26 S rDNA1 D1/D2 26 S rDNA2

DBVPG 4658 Candida saitoana DQ000214 100% to U45762
DBVPG 4659 Candida saitoana DQ000215 100% to U45762
DBVPG 4664 Candida saitoana DQ000216 100% to U45762
DBVPG 4677 Debaryomyces hansenii DQ000208 100% to AF485980
DBVPG 4684 Debaryomyces hansenii DQ000209 100% to AF485980
DBVPG 4685 Cryptococcus sp. DQ000213 100% to AJ 510201
DBVPG 4669 Rhodotorula mucilaginosa DQ000220 100% to AF485994
DBVPG 4665 Trichosporon moniliiforme DQ000210 100% to AF444719
DBVPG 4666 Trichosporon moniliiforme DQ000212 99% to AF444719
DBVPG 4667 Trichosporon moniliiforme DQ000218 100% to AF444719
DBVPG 4668 Trichosporon moniliiforme DQ000217 99% to AF444719
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(KMBA) which is then transformed to MTL (Arfi et al.
2003), the key precursor of most sulfur-containing
VOCs. In particular, nonenzymatic metal-catalyzed
auto-oxidation of MTL, as well as its enzymatic or
spontaneous reaction with acetyl-CoA, are known to
yield DMDS and DMTS (Chin and Lindsay 1994; He-
linck et al. 2000; Bonnarme et al. 2001a; Bonnarme et al.
2001b).

L-Methionine also has an active role in the biosyn-
thesis of thioalcohols. It is well-known that this amino
acid is converted to MTP by yeasts (Aoki and Uchida
1991; Mestres et al. 2000; Moreira et al. 2002). For
example, very high conversion yields (up to 50%) were

observed in cultures of S. cerevisiae (Schreier et al.
1976).

From an ecological viewpoint, many studies have
shown that numerous soil microorganisms interact with
hypogeous fungi promoting antagonistic, competitive or
synergistic activities (Garbaye and Bowen 1989; Du-
punnois and Garbaye 1990; Garbaye 1994; Frey-Klett
et al. 1999). Despite the above literature, the ecological
significance of certain yeast species associated with the
Tuber ecosystem remains to be explored. The isolation
of strains of Cryptococcus, Debaryomyces, Rhodotorula
and Trichosporon confirmed the findings of previous
studies of yeast biodiversity associated with truffles

Fig. 1 a–d Production of different
classes of VOSCs by yeasts isolated
from ascocarps of truffles. A higher
alcohols; B thiols + thioesters; C
sulphides; D thioalcohols +
thiophenones. Error bars represent
standard deviations calculated on
the average value of three separate
determinations. A1–D1: strains
isolated from black truffles (Tuber
melanosporum Vitt.): 1 –8 Candida
saitoana, strains DBVPG 4657,
DBVPG 4658, DBVPG 4659,
DBVPG 4660, DBVPG 4661,
DBVPG 4662, DBVPG 4663 and
DBVPG 4664; 9 – 16
Debaryomyces hansenii, strains
DBVPG 4677, DBVPG 4678,
DBVPG 4679, DBVPG 4680,
DBVPG 4681, DBVPG 4682,
DBVPG 4683 and DBVPG 4684;
17 Cryptococcus spp. DBVPG
4685; 18 – 19 Trichosporon
moniliiforme, strains DBVPG 4665
and DBVPG 4666. A2–D2: strains
isolated from white truffles (Tuber
magnatum Pico): 1 –7
Debaryomyces hansenii, strains
DBVPG 4670, DBVPG 4671,
DBVPG 4672, DBVPG 4673,
DBVPG 4674, DBVPG 4675 and
DBVPG 4676; 8 Rhodotorula
mucilaginosa DBVPG 4684; 9 –10
Trichosporon moniliiforme, strains
DBVPG 4667 and DBVPG 4668
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(Marletto 1969; Ozino Marletto and Sartoris 1978;
Zacchi et al. 2003). The sole exception in this study was
represented by the species C. saitoana (isolated only
from black truffle) which was not previously isolated
from this habitat.

Regarding the metabolic significance of yeasts in
truffle-associated ecosystems, since some VOCs pro-
duced by the yeast strains isolated in this study (2-MB,
3-MB, DMS, DMDS, DMTS) are also characteristic of
truffle aroma (Pelusio et al. 1995), a complementary role
of yeasts associated with truffle ascocarps in contribut-
ing to the final Tuber aroma through the independent
synthesis of yeast-specific volatile constituents may be
hypothesized. Nevertheless, with reference to the possi-
bility that yeasts associated to this ecosystem could
really synthesize in situ above VOCs, some questions
still remain open. On the whole, it is well known that
amino acid concentration in common soils is consider-
ably lower than that used in the present study (Jaeger
et al. 1999; Lipson et al. 2001). Yet, on the basis of
current literature, it is possible to postulate the existence
of a few mechanisms determining an enrichment of
amino acids confined to the small area of truffle-asso-
ciated ecosystems. A number of studies underlined that
ascocarps of hypogeous fungi (from which the above
yeasts have been isolated) are characterized by high
concentrations of both proteins (from 16 to 28% of dry
weight) and free amino acids (from 0.9 to 2.4 % of dry
weight) (Al-Delaimy 1977; Ahmed et al. 1981; Bokhary
and Parvez 1993; Yang Mei 2001; Murcia et al. 2003). In
particular, in a study carried out on both T. magnatum
and T. melanosporum ascocarps, a concentration of
proteins from 24.1 to 27.2 % of dry weight were ob-
served. Among them, methionine was 10–15 % of total
proteins (Coli et al. 1990). It is well-known that both
proteins and amino acids are released in the nearest soil
after mycelium lysis (Read, 1991), and thus a localized
accumulation of amino acids may be the result of pro-
tein hydrolysis carried out by extracellular proteases
secreted by truffle-associated yeasts, as underlined by
Zacchi et al. (2003), who found that more than 85% of
strains isolated from truffle ascocarps exhibited a rele-
vant proteolysis.

An additional (perhaps minor) mechanism of amino
acid enrichment confined to the small area of truffle-
associated ecosystems may be determined by the well-
documented presence of root exudates, where free amino
acids are, after carbohydrates, the second largest com-
ponent and can provide both carbon and nitrogen for
microbial biosyntheses (Rovira 1969; Dakora and Phil-
lips 2002). In this sense, exudates produced by root tis-
sues are currently considered essential in determining a
chemotactic responses of rhizospheric microbial popu-
lations (Dakora and Phillips 2002; Bacilio-Jimenez et al.
2003).

On the basis of the above evidences, it seems rea-
sonable to hypothesize that both the above mechanisms
may interact among them determining an accumulation
of amino acids (including methionine) confined to the

small area of truffle-associated ecosystems and somehow
comparable with the experimental conditions used in the
present study.
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Arfi K, Tâche R, Spinnler HE, Bonnarme P (2003) Dual influence
of the carbon source and L-methionine on the synthesis of sulfur
compounds in the cheese-ripening yeast Geotrichum candidum.
Appl Microbiol Biotechnol 61:359–365

Bacilio-Jimenez M, Aguilar-Flores S, Ventura-Zapata E, Pérez-
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