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Yeast isolates from raw and processed poultry products were characterized using PCR amplification of the
internally transcribed spacer (ITS) 5.8S ribosomal DNA region (ITS-PCR), restriction analysis of amplified
products, randomly amplified polymorphic DNA (RAPD) analysis, and pulsed-field gel electrophoresis
(PFGE). ITS-PCR resulted in single fragments of 350 and 650 bp, respectively, from eight strains of Yarrowia
lipolytica and seven strains of Candida zeylanoides. Digestion of amplicons with Hinfl and Haelll produced two
fragments of 200 and 150 bp from Y. lipolytica and three fragments of 350, 150, and 100 bp from C. zeylanoides,
respectively. Although these fragments showed species-specific patterns and confirmed species identification,
characterization did not enable intraspecies typing. Contour-clamped heterogeneous electric field PFGE
separated chromosomal DNA of Y. lipolytica into three to five bands, most larger than 2 Mbp, whereas six to
eight bands in the range of 750 to 2,200 bp were obtained from C. zeylanoides. Karyotypes of both yeasts showed
different polymorphic patterns among strains. RAPD analysis, using enterobacterial repetitive intergenic
sequences as primers, discriminated between strains within the same species. Cluster analysis of patterns
formed groups that correlated with the source of isolation. For ITS-PCR, extraction of DNA by boiling yeast

cells was successfully used.

Contamination and spoilage of raw and processed poultry
meat with bacteria are well documented. Much less is known
about the presence and contribution of yeasts to spoilage of
poultry, although yeasts are a stable part of the microbiota on
raw red meat, poultry, and fish (11). The few surveys done to
determine the number of yeasts on raw poultry have revealed
log,, values of 4.8 to 6.0 CFU/g of chicken and turkey (6), 3.1
CFU/g of chicken carcass (19), 2.2 to 4.1 CFU/cm? of chicken
carcass (2), and 2.5 CFU/cm? of skin on freshly slaughtered
chicken (18). Viljoen et al. (56) described a study designed to
identify yeasts on slaughtered poultry and correlate the pres-
ence of specific species with spoilage. They concluded that
yeasts are substantially represented in the total microbial ecol-
ogy of spoilage of raw poultry.

In a recent study (25), we determined the populations of
yeasts associated with 50 samples of raw, marinated, smoked,
or roasted chicken and turkey products. The predominant
yeasts were identified, and lipolytic and proteolytic properties
were characterized. Yarrowia lipolytica and Candida zeylanoides
constituted 39 and 26%, respectively, of the isolates. The same
species have been observed to predominate on frozen chicken
(13). Identification of yeasts from poultry analyzed in our study
(25) was achieved using traditional physiological and biochem-
ical tests that allow species assignment but do not reveal mo-
lecular differences between strains of a given species or their
potential contributions to spoilage. Molecular characterization
of Y. lipolytica and C. zeylanoides may enable correlation with
relative ability to produce lipases and/or proteases, thus pro-
viding a tool to predict the extent to which they contribute to
spoilage of raw poultry and poultry products.

Various molecular techniques have been developed which
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permit species identification and typing of food-borne micro-
organisms, among them yeasts. These include pulsed-field gel
electrophoresis (PFGE; karyotyping), restriction enzyme anal-
ysis, PCR-based techniques, and sequencing (for reviews, see
references 12, 42, 44, and 51). Some of these techniques have
been applied successfully to characterize yeasts isolated from
various food products; however, most are too sophisticated or
cumbersome for use in routine industrial practice. In recent
years, PCR-based techniques targeting ribosomal RNA genes
that can be performed with relative ease have emerged. Of
these, restriction analysis of variable internal transcribed
spacer (ITS) sequences framing the more conservative 5.8S
rRNA gene (rDNA) has proven most useful, allowing both
species identification and typing of isolates (17, 21, 49). Based
on an extensive database, this technique has been proposed for
rapid, routine identification for yeasts (16). Randomly ampli-
fied polymorphic DNA (RAPD) analysis can also be used to
reliably type yeast strains (4, 5, 35).

The aim of this study was to further characterize two pre-
dominant yeast species isolated from poultry meat by restric-
tion analysis of PCR-amplified ITS-5.8S rtDNA (ITS-PCR) and
to typify strains of these species using RAPD and PFGE anal-
ysis in order to assess their biodiversity and potential contri-
bution to spoilage.

MATERIALS AND METHODS

Yeasts strains. Yeasts (152 strains) isolated from commercial raw and pro-
cessed chicken and turkey products were identified as belonging to 12 different
species using traditional morphological, physiological, and biochemical tests
(25). Y. lipolytica and C. zeylanoides were predominant, making up 39 and 26%,
respectively, of isolates. Eight strains of Y. lipolytica and seven strains of C.
zeylanoides isolated from a range of poultry products were subjected to molecular
characterization (Table 1). Laboratory stock strains of Y. lipolytica and Candida
species were also examined for comparison.

DNA extraction for PCR. Yeasts were cultured for 16 to 18 h at 25°C on
tryptone-glucose-yeast extract (TGY) broth, which contains, per liter of deion-
ized water, tryptone (Difco, Detroit, Mich.), 5 g; glucose, 10 g; and yeast extract,
5 g. Cells were collected by centrifugation at 16,000 X g for 2 min and then
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