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The efficiency of mitochondrial DNA (mtDNA) restriction analysis and random amplification of polymor-
phic DNA (RAPD)-PCR to characterize yeasts growing on dry-cured Iberian ham was evaluated. Besides,
the distribution of the main species and biotypes of yeasts in the different ripening areas of this product
was investigated. MtDNA restriction analysis allowed yeast characterization at species and strain level.
RAPD-PCR with the primers (GACA)4 and (GAC)5 was inappropriate for characterization at species level.
Most of the mtDNA restriction patterns detected in dry-cured Iberian ham were consistent with Debary-
omyces hansenii. Several yeasts biotypes were associated to specific geographic areas of dry-cured Iberian
ham ripening.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Dry-cured Iberian ham is highly appreciated for its organoleptic
characteristics. During its long ripening period (18–24 months),
different microbial groups grow on the hams. Yeasts are predomi-
nant among these microorganisms throughout most of the ripen-
ing process (Núñez, Rodríguez, Córdoba, Bermúdez, & Asensio,
1996). Debaryomyces hansenii and Candida zeylanoides have been
reported to be the most abundant yeast species in this product
(Núñez et al., 1996). A wide variety of biotypes of the above species
is found in dry-cured Iberian ham, which is associated primarily
with the geographic location of ripening (Núñez et al., 1996).

Some studies carried out with different yeast strains have
shown that they contribute to the development of the characteris-
tic flavor of dry-cured meat products (Durá, Flores, & Toldrá, 2004;
Jessen, 1995; Martín, Córdoba, Aranda, Córdoba, & Asensio, 2006).
Furthermore, differences in flavor development related to particu-
lar yeast species and strains growing on hams have recently been
reported (Andrade, Córdoba, Sánchez, Casado, & Rodríguez,
2009). Appropriate methods are needed to differentiate at species
and strain level autochthonous yeasts that contribute in the gener-
ation of volatile compounds responsible for the flavor of dry-cured
Iberian ham. These methods may allow to know the distribution of
particular strains associated with processing areas and could be
ll rights reserved.

: +34 927 257 110.
very useful to differentiate yeast strains selected as starter
cultures.

Yeast characterization has been based traditionally on morpho-
logic, physiologic, and biochemical criteria (Kreger-van Rij, 1984;
Kurtzman & Fell, 1998). These techniques are laborious and can
product dubious results. These difficulties have encouraged the
use of molecular techniques as powerful tools for characterizing
yeasts. Molecular techniques based on sequencing the DNA regions
that encode ribosomal RNA genes, such as 18S and 26S ribosomal
DNA (rDNA), have proved to be reliable methods for identifying
yeasts detected in food products (Cappa & Cocconcelli, 2001;
Kurtzman & Robnett, 1998; Lopandic, Zelger, Bánszky, Eliskases-
Lechner, & Prillinger, 2006; Oguntoyinbo, 2008). However, they
are not appropriate as routine analytical methods for yeast differ-
entiation. Random amplification of polymorphic DNA (RAPD)-PCR
and mitochondrial DNA (mtDNA) restriction analysis have been
used to characterize yeasts of industrial importance, mainly strains
of the genus Saccharomyces isolated from wine (Baleiras Couto,
Eijsma, Hofstra, Huis in’t Veld, & van der Vossen, 1996; Lieckfeldt,
Meyer, & Börner, 1993; Nikolaou, Andrighetto, Lombardi, Litopou-
lou-Tzanetaki, & Tzanetakis, 2007; Querol, Barrio, & Ramón, 1992;
Torriani, Zapparoli, & Suzzi, 1999). These techniques may be used
for the routine analysis of yeast strains that grow in dry-cured
meat products. However, the efficiency of both methods to differ-
entiate yeast strains usually found in these products has not been
tested.

The aim of this work was to evaluate the efficiency of mtDNA
restriction analysis and RAPD-PCR to characterize yeasts that
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usually grow on dry-cured Iberian ham at species and strain level.
In addition, the distribution of the main species and strains of
yeasts in the Spanish Protected Designation of Origin (PDO) of
dry-cured Iberian ham processing was investigated.
2. Materials and methods

2.1. Yeast strains

For this study, a total of 371 yeast isolates were obtained from
the surface of dry-cured Iberian hams at different stages of ripen-
ing. These strains were aseptically taken from hams belonging to
five industries each of the four PDOs of dry-cured Iberian ham
(‘‘Guijuelo” PDO, ‘‘Jamón de Huelva” PDO, ‘‘Dehesa de Extremadu-
ra” PDO and ‘‘Los Pedroches” PDO). Each superficial sample was
homogenized in a stomacher using 0.1% w/v peptone water as dil-
uent. Further decimal dilutions were made with the same diluent
and 0.1 mL portions were spread onto the surface of Dichloran
18% Glycerol (DG18, Oxoid, Cambridge, UK) agar plates. They were
incubated at 25 �C for 5 days.

In addition, 35 yeast reference strains provided by the Spanish
Type Culture Collection (CECT), belonging to C. zeylanoides, D.
hansenii, Debaryomyces polymorphus, Pichia carsonii, Rhodotorula
mucilaginosa, Yarrowia lipolytica and Saccharomyces cerevisiae (Ta-
ble 1), were used for comparative characterization. All of these
strains were purified on repeated cultivation on malt extract agar
(2% malt extract, 2% glucose, 0.1% peptone, 2% agar) at 25 �C and
maintained at �80 �C in malt extract broth (2% malt extract, 2%
glucose, 0.1% peptone) containing 20% v/v glycerol, until analysis.
2.2. DNA isolation and mtDNA restriction analysis

DNA extraction from the yeast isolates was based on the meth-
od described by Querol et al. (1992) with minor modifications.
MtDNA restriction analysis was carried out according to Andrade,
Rodríguez, Sánchez, Aranda, and Córdoba (2006). Yeast DNA was
digested using the restriction endonuclease HaeIII (Amersham Bio-
sciences, Uppsala, Sweden) following the manufacturer’s instruc-
tions and conditions. Restriction fragments were separated on
0.8% w/v agarose gels by electrophoresis, using 1 � TAE buffer.
The gels were stained with an ethidium bromide solution
(0.5 lg/mL), visualized under UV light and photographed (Kodak
Digital Science, Rochester, NY, USA). The size of the fragments
was determined with a DNA molecular size marker of 10.0–
0.5 kbp from Amersham Biosciences.
Table 1
Yeast reference strains, provided by the Spanish Type Culture Collection (CECT), used
in this research.

Yeast species Reference strains

Candida zeylanoides CECT 1441, CECT 10048, CECT 10051, CECT 10125,
CECT 10128

Debaryomyces
polymorphus

CECT 10099, CECT 10135, CECT 10251, CECT 10280,
CECT 10282

Debaryomyces
hansenii

CECT 10026, CECT 10202, CECT 10352,CECT 10353,
CECT 10360

Pichia carsonii CECT 1129, CECT 10229, CECT 10230, CECT 10307,
CECT 10542

Rhodotorula
mucilaginosa

CECT 10044, CECT 10087, CECT 10291, CECT 10359,
CECT 11016

Yarrowia lipolytica CECT 1468, CECT 1469, CECT 10358, CECT 10363,
CECT 10448

Saccharomyces
cerevisiae

CECT 1387, CECT 1414, CECT 1443, CECT 1477, CECT
1485
2.3. RAPD-PCR

RAPD-PCR profiles were generated using the microsatellite
primers (GACA)4 and (GAC)5, as previously described by Andrade
et al. (2006). PCR was performed in a Thermal cycler of Bio Rad
(mod. iCycler 170-8731). Reaction products were analyzed by elec-
trophoresis in 1% w/v agarose gels and stained with ethidium bro-
mide (0.5 lg/mL). A DNA molecular size marker of 2.1–0.15 kbp
from Roche (Roche Farma, IN, USA) and other of 10.0–0.5 kbp from
Amersham Biosciences were used to determine the size of the PCR
products.
2.4. Sequencing of 18S rDNA gene

Representative members of the mtDNA restriction and RAPD-
PCR profiles of yeasts were identified by 18S rDNA sequencing.

The oligonucleotide primers P108 (50ACCTGGTTGATCCTGC-
CAGT30) and M3989 (50CTACGGAAACCTCTACGGAAACCTTGTTACG-
ACT30) described by James, Collins, and Roberts (1994) were used
to amplify the 18S rDNA region in accordance with the conditions
previously reported by Andrade et al. (2006). PCR amplification
was confirmed in 1% w/v agarose gels. The PCR products were puri-
fied using the MinElute� PCR Purification Kit, following the manu-
facturer’s instructions (QIAGEN, Hilden, Germany) and submitted
for sequencing at Instituto de Biomedicina (CSIC, Valencia, Spain),
with the same primers used in the amplification steps. The se-
quences of 18S rDNA gene were used in a similarity search by
means of the BLAST program from the GenBank DNA database
(http://www.ncbi.nlm.nih.gov/). Yeast isolates were ascribed to
species showing the highest sequence identity (higher than 99%).
2.5. Data analysis

The similarity dendrograms were built using the Dice coeffi-
cient and clustering analysis was based on the unweighted pair
group method using arithmetic average (UPGMA method)
(NTSYS-Pc version 2.0) for mtDNA restriction analysis and RAPD-
PCR.
3. Results

3.1. Characterization by mtDNA restriction analysis

The analysis of restriction fragments, which ranged from 10.0 to
1.0 kbp approximately, disclosed 15 different mtDNA restriction
patterns that were designated as the A, B, C1, C2, D, E, F, G, H, I,
K, M, N, O, and S patterns (Table 2). The D and E patterns were
matched D. hansenii CECT 10026 and D. hansenii CECT 10360,
respectively (Fig. 1). The H restriction pattern showed the same
profile as the reference strains of C. zeylanoides CECT 1441 and
CECT 10128. The I pattern presented 100% similarity to the type
strains of C. zeylanoides CECT 10048, CECT 10051, and CECT
10125. In addition, the F and B restriction patterns were quite sim-
ilar (about 75% and 68%, respectively) to D. hansenii CECT 10360.
Overall, the similarity between the remaining mtDNA restriction
profiles and reference strains was less than 60% (Fig. 1), which indi-
cates marked polymorphism in the mtDNA of the assayed isolates.
Consequently, the G, A, C1, C2, M and K patterns evidenced a sim-
ilarity of approximately 55–20% to some of the reference strains of
D. hansenii CECT 10026, CECT 10353, and CECT 10360. The O, N and
S patterns had a similarity of about 35–15% with some of the type
strains of C. zeylanoides CECT 1441, CECT 10128, CECT 10048, CECT
10051, and CECT 10125.

http://www.ncbi.nlm.nih.gov/


Table 2
Yeast identification of representative mitochondrial DNA (mtDNA) restriction analysis and RAPD-PCR patterns by 18S rDNA sequencing.

mtDNA restriction patterns RAPD-PCR patterns 18S rDNA sequencing

HaeIII (GAC)5 (GACA)4

A 7 7, 14 D. hansenii (100%)a

B 1, 2, 3, 6, 7, 10, 11, 12, 16, 22 2, 7, 11, 12, 13 D. hansenii (100%)
C1 1, 3, 5, 6, 7, 8, 9, 10, 11 1, 2, 3, 5, 6, 7, 11 D. hansenii (100%)
C2 2, 7, 9 2, 5, 7 D. hansenii (100%)
D 3, 7, 11, 17, 18, 20 2, 7 D. hansenii (99%)
E 1, 3, 7, 10, 12, 14, 15, 16 11, 12 D. hansenii (100%)
F 1, 3, 6, 8 1, 4, 12 D. hansenii (100%)
G 7 7 D. hansenii (100%)
H 1, 2, 3, 4, 21 7, 9, 10, 16 C. zeylanoides (100%)
I 3, 13, 19 7, 8, 9 C. zeylanoides (99%)
K 3, 7, 16 1, 2, 11, 12 D. hansenii (100%)
M 3 5, 12, 15 D. hansenii (100%)
N 18 14 C. zeylanoides (100%)
O 4 7 C. zeylanoides (99%)
S 4 7 C. zeylanoides (100%)

a % Identity with the nucleotides sequences in the GenBank DNA database.

Fig. 1. Dendrogram based on the mitochondrial DNA restriction patterns of yeasts isolated from dry-cured Iberian ham and yeast reference strains. Distance values between
branches in the dendrogram are reported as percentage of similarity (0–100%). Cz: Candida zeylanoides; Dh: Debaryomyces hansenii; Dp: Debaryomyces polymorphus; Pc: Pichia
carsonii; Sc: Saccharomyces cerevisiae; Yl: Yarrowia lipolytica; Rm: Rhodotorula mucilaginosa.

M.J. Andrade et al. / Meat Science 84 (2010) 377–383 379
3.2. Characterization by RAPD-PCR

All the yeast isolates tested by mtDNA restriction analysis also
were characterized by RAPD-PCR. The primers used in this tech-
nique generated several different profiles. The size of the amplifi-
cation products ranged from 2.7 to 0.1 kbp approximately with
the primer (GAC)5 and from about 6.0 to 0.1 kbp with the primer
(GACA)4. The level of discrimination with the primer (GAC)5 was
better than with (GACA)4 (Figs. 2 and 3). Therefore, 22 different
patterns, designated from 1 to 22, were obtained with primer
(GAC)5, and only 16 patterns, designated from 1 to 16, with
(GACA)4 (Table 2).
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The RAPD pattern 4 obtained with the primer (GAC)5 matched
the patterns of the reference strains of C. zeylanoides CECT 1441,
CECT 10125, and CECT 10128, while the pattern 7 coincided with
D. hansenii CECT 10353. The remaining isolates showed patterns
with low similarity (less than 30%) to some of the reference strains
(Fig. 2).

When the PCR profiles obtained using the primer (GACA)4 were
analyzed, only the pattern 7 showed a similarity of approximately
65% with the reference strain CECT 10353 of the species D. hansenii
(Fig. 3). The remaining isolates showed low similarity (less than
35%) to the reference strains.

The comparison of the mtDNA restriction and RAPD-PCR pat-
terns showed that some yeast isolates tentatively characterized
by mtDNA restriction analysis as different species had the same
RAPD-PCR profiles (Table 2). Thus, yeast isolates with the D, E, H
and I mtDNA patterns of different species (D and E of D. hansenii,
and H and I of C. zeylanoides) exhibited the same RAPD-PCR pattern
(3) with the primer (GAC)5. Similar results were obtained when
mtDNA restriction patterns were contrasted with RAPD-PCR anal-
ysis with the primer (GACA)4 (Table 2).

Representative strains of the obtained mtDNA restriction and
RAPD-PCR profiles were identified by 18S rDNA gene sequencing
to determine which of the above methods yielded a reliable char-
acterization of yeast isolates at species level.
Fig. 2. Dendrogram based on the RAPD-PCR patterns using the primer (GAC)5 of yeasts
between branches in the dendrogram are reported as percentage of similarity (0–100%). C
Pc: Pichia carsonii; Sc: Saccharomyces cerevisiae; Yl: Yarrowia lipolytica; Rm: Rhodotorula
3.3. Identification by 18S rDNA sequencing

The 18S rDNA gene sequences obtained from representative
strains of the different mtDNA restriction and RAPD-PCR patterns
were compared with those of the GenBank DNA database. The
probable identity and corresponding percentages of the yeast iso-
lates obtained from blast analysis are listed in Table 2. All the se-
quenced isolates showed high sequence identity (99–100%) to
the 18S rDNA gene deposited in GenBank. The H, I, N, O and S
mtDNA restriction patterns were tentatively identified as C. zeylan-
oides and the remaining profiles, as D. hansenii, in accordance with
the results obtained by mtDNA restriction analysis (Table 2). How-
ever, these results did not match those of RAPD analysis. Isolates
with the same RAPD-PCR profile were identified as different spe-
cies by sequencing of 18S rDNA. Thus, the RAPD pattern 7 obtained
with the primer (GACA)4 was identified as D. hansenii or C. zeylan-
oides by 18S rDNA sequencing (Table 2). Similar results were found
in the RAPD pattern 14 obtained with (GACA)4 and in (GAC)5 pat-
terns 1, 2, 3 and 18.

3.4. Distribution of yeast mtDNA restriction patterns according to PDO

MtDNA restriction analysis using the endonuclease HaeIII was
used to investigate the distribution of yeast population according
isolated from dry-cured Iberian ham and yeast reference strains. Distance values
z: Candida zeylanoides; Dh: Debaryomyces hansenii; Dp: Debaryomyces polymorphus;
mucilaginosa.



Fig. 3. Dendrogram based on the RAPD-PCR patterns using the primer (GACA)4 of yeasts isolated from dry-cured Iberian ham and yeast reference strains. Distance values
between branches in the dendrogram are reported as percentage of similarity (0–100%). Cz: Candida zeylanoides; Dh: Debaryomyces hansenii; Dp: Debaryomyces polymorphus;
Pc: Pichia carsonii; Sc: Saccharomyces cerevisiae; Yl: Yarrowia lipolytica; Rm: Rhodotorula mucilaginosa.
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to the four Spanish PDOs of dry-cured Iberian ham (Fig. 4). The B,
C1, C2, D, E, F and K mtDNA patterns of D. hansenii were found in
all of the PDOs (Fig. 4). However, the O and S patterns of the species
C. zeylanoides were found only in the ‘‘Guijuelo” PDO, and the N
pattern in the ‘‘Jamón de Huelva” PDO. The remaining patterns of
C. zeylanoides (H and I) were detected in the last two PDOs. There-
fore, in the ‘‘Jamón de Huelva” PDO, all the mtDNA restriction pat-
terns, except O and S, were detected and the C1 pattern was the
most abundant (about 34% of the total). In the ‘‘Guijuelo” PDO,
all the restriction patterns, except A and N, were found, and the
main pattern detected was D (about 29% of the total). Eight and
nine restriction profiles were detected in the ‘‘Dehesa de Extrema-
dura” and ‘‘Los Pedroches” PDOs, respectively. The B, C1, C2, D, E, F,
K and M patterns were found in the ‘‘Dehesa de Extremadura” PDO,
where the E pattern was predominant (about 23% of the total). The
A, B, C1, C2, D, E, F, K and G patterns were detected in the ‘‘Los Ped-
roches” PDO, B being detected most frequently (about 28% of the
total).
4. Discussion

MtDNA restriction analysis yielded DNA reproducible patterns,
some of them identical to the patterns of reference strains, which
allowed their direct characterization at species level. The remain-
ing mtDNA restriction patterns showed similarities with refer-
ence strains ranging from 75% to 15% approximately.
Subsequent identification by 18S rDNA gene sequencing, success-
fully used to identify yeast species (Oguntoyinbo, 2008), con-
firmed the tentative characterization at species level obtained
by mtDNA restriction analysis. This molecular technique thus
proved to be a reliable method for characterizing yeasts isolated
from dry-cured Iberian ham at species level. In addition, the var-
iability of mtDNA restriction profiles found between isolates of
the same species could be very useful for strain differentiation.
Therefore, the isolates identified as D. hansenii by 18S rDNA
sequencing showed similarities in their mtDNA restriction pro-
files that ranged from 100% to 20% and those of isolates identi-
fied as C. zeylanoides from 100% to 15% approximately. Several
studies have confirmed the efficiency of mtDNA restriction anal-
ysis for characterizing yeasts at strain level in other food prod-
ucts (Fernández-Espinar, López, Ramón, Bartra, & Querol, 2001;
Jeyaram, Mohendro Singh, Capece, & Romano, 2008; Martorell,
Fernández-Espinar, & Querol, 2005; Nikolaou et al., 2007; Torri-
ani et al., 1999).

RAPD analysis yielded more DNA polymorphisms than mtDNA
restriction analysis. However, yeast characterization at species le-
vel obtained with RAPD-PCR did not agree with identification by
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18S rDNA sequencing, since isolates with the same RAPD-PCR pro-
file were identified as different species by 18S rDNA sequencing.
This PCR technique has been reported as suitable for characterizing
yeasts isolated from food at species level (Baleiras Couto, Hartog,
Huis in’t Veld, Hofstra & van der Vossen, 1996; Foschino, Gallina,
Andrighetto, Rossetti, & Galli, 2004; Lieckfeldt et al., 1993; Niko-
laou et al., 2007; Succi et al., 2003; Walczak et al., 2007). However,
from our results, RAPD-PCR using the primers (GAC)5 and (GACA)4

is not appropriated for characterizing yeasts from dry-cured Ibe-
rian ham at species level. Thus, this technique with the above
primers must not be used as single method to differentiate yeast
isolates from dry-cured Iberian ham. Its utility should be limited
to differentiation of strains belonging to the same species as have
been reported in the differentiation of yeast isolates from other
food origin (Baleiras Couto, Eijsma, et al., 1996; Fadda, Mossa, Pisa-
no, Deplano, & Consentino, 2004; Martorell et al., 2005; Vasdinyei
& Deák, 2003).

When mtDNA restriction analysis was applied to analyze the
distribution of yeast species in the four PDOs of dry-cured Iberian
ham, only D. hansenii and C. zeylanoides were found. D. hansenii was
the predominant species, with nearly 95% of total isolates. This
species of the genus Debaryomyces is commonly present in many
meat products (Comi & Cantoni, 1983; Deak, 1991; Encinas,
López-Díaz, García-López, Otero, & Moreno, 2000; Gardini et al.,
2001; Huerta, Querol, & Hernández-Haba, 1988; Núñez et al.,
1996). D. hansenii has been reported among the most frequent
yeast species in dry-cured ham (Comi & Cantoni, 1983; Núñez
et al., 1996; Simoncini, Rotelli, Virgili, & Quintavalla, 2007).

Regarding the distribution of the different mtDNA restriction
patterns, most of them were found in all the Spanish PDOs of
dry-cured Iberian ham. However, some mtDNA restriction profiles
were detected in only one PDO, such as the O and S patterns that
were found only in the ‘‘Guijuelo” PDO and the N mtDNA pattern
that was detected only in the ‘‘Jamón de Huelva” PDO. Moreover,
the main restriction pattern found was different in each of the four
PDOs; the B, C1, D and E mtDNA patterns were predominant in the
‘‘Los Pedroches”, ‘‘Jamón de Huelva”, ‘‘Guijuelo”, and ‘‘Dehesa de
Extremadura” PDOs, respectively. These results suggest that spe-
cific mtDNA restriction profiles could be linked to the different
geographic areas of dry-cured Iberian ham ripening. This does
not coincide with the data reported in the literature, since several
researchers (Corredor, Davila, Casarégola, & Gaillardin, 2003; Ro-
mano, Casaregola, Torre, & Gaillardin, 1996; Versavaud, Courcoux,
Roulland, Dulau, & Hallet, 1995) have found only a slight relation
or an unclear relation between geographic site and genetic profiles
when mtDNA restriction analysis and other molecular techniques
were used. Only Núñez et al. (1996) reported an association be-
tween some yeast biotypes identified by phenotypic methods
and the geographic location of dry-cured Iberian ham ripening.
The relation between mtDNA restriction patterns and geographic
distribution acquires special relevance, since these patterns may
have different implications in the flavor development of dry-cured
meat products (Andrade et al., 2009). This could justify the use of a
reliable method to differentiate yeasts growing on hams, for in-
stance, mtDNA restriction analysis to characterize species, and
mtDNA restriction analysis and RAPD-PCR with the primers
(GACA)4 and (GAC)5 to differentiate strains.

In conclusion, our study demonstrated that mtDNA restriction
analysis was a reliable method for yeast characterization at species
level, whereas RAPD-PCR with the primers (GACA)4 and (GAC)5

was inappropriate for this purpose, although it could be useful as
a complement to mtDNA restriction analysis for characterizing
yeasts at strain level. Most of the mtDNA restriction patterns found
in dry-cured Iberian ham were consistent with D. hansenii,
although some patterns belonging to C. zeylanoides also were de-
tected. Several mtDNA restriction patterns were associated to spe-
cific geographic areas of dry-cured Iberian ham, which could be
interesting because these patterns may have different implications
in the flavor development of dry-cured Iberian ham. Consequently,
mtDNA restriction analysis could be a useful method to differenti-
ate yeasts from distinct dry-cured Iberian ham processing areas.
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