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a b s t r a c t

Screening of 175 yeasts in an agar plate co-cultivation assay revealed that five out of 31 species reduced
Listeria monocytogenes by 4e5 log units, one exceptionally active Pichia norvegensis reduced Listeria by
7 log units. To test the anti-listerial activity of this Pichia strain on cheese, Tilsit cheese and smeared acid
curd cheese (Harzer) were prepared. The Tilsit cheese surface was inoculated with a 3%-NaCl brine
containing Brevibacterium linens, Microbacterium gubbeenense, Corynebacterium casei, Staphylococcus
equorum, Debaryomyces hansenii, P. norvegensis and L. monocytogenes. Ripening was done at 13 �C
and >95% relative humidity. On the Tilsit, but not on the Harzer cheeses, a decrease of listerial cell
numbers by 1e2 log units was observed. The difference between high inhibition in agar plate co-
cultivation versus cheese is probably due to a decreased expression of the unknown inhibitory substance
due to lactate, but not by the low pH.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The risk of contamination by Listeria monocytogenes is associ-
ated with awide variety of food (Farber & Peterkin, 1991). Adequate
methods are needed to protect consumers from Listeria contami-
nation. Since food productionwithout any chemical preservatives is
more and more preferred, biological preservation by, e.g., protec-
tive cultures has been of substantial interest (Cleveland, Montville,
Nes, & Chikindas, 2001; Holzapfel, Geisen, & Schillinger, 1995;
Leistner & Gorris, 1995). In many cases lactic acid bacteria (LAB)
are used as protective cultures since they have been traditionally
involved in many food fermentations, such as dairy, meat, vegeta-
bles and bakery products (Abee, Krockel, & Hill, 1995; Bredholt,
Nesbakken, & Holck, 2001; Loessner, Guenther, Steffan, & Scherer,
2003). Also, an inhibitory action of coryneform bacteria and
staphylococci found in the complex surface microbial ripening
consortia of red smear cheeses towards L. monocytogenes has been
reported (Carnio, Eppert, & Scherer, 1999; Eppert, Valdes-Stauber,
Götz, Busse, & Scherer, 1997; Valdés-Stauber, Götz, & Busse, 1991).
This is important because cheeses are often contaminated with
Listeria spp., in particular with the pathogenic species
: þ49 8161 714512.
Scherer).
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L. monocytogenes (McLauchlin, Mitchell, Smerdon, & Jewell, 2004;
Ryser & Marth, 1991).

Listeria cell counts on contaminated cheeses commonly range
between 10 and 105 cfu cm�2 (Rudolf & Scherer, 2001). Studies of
Terplan, Schoen, Springmeyer, Degle, and Becker (1986) indicated
a higher contamination frequency in red smear cheeses compared
with other dairy products. The growth of smear-ripening cultures
on the cheese surface rises the pH in the cheese rind rapidly which
causes ideal conditions for listerial multiplication (Krämer, 1992).
Because of the pH gradient, Listeria are found to be especially
localized on the cheese surface (Farber & Peterkin, 1991).

Growth of coryneform bacteria is dependent on the deacidifi-
cation of the cheese surface by yeast populations (Brennan, Cogan,
Loessner, & Scherer, 2004; Eliskases-Lechner & Ginzinger, 1995;
Prillinger, Molnar, Eliskases-Lechner, & Lopandic, 1999). Thus,
secretion and inhibitory effect of bacterial anti-listerial substances
is also delayed at the beginning of the cheese ripening process.
L. monocytogenes, on the other hand, is able to survive in low pH
environments and to even grow at pH values of around 5.0 (Farber
& Peterkin, 1991). Hence, listerial growth on the cheese surface is
only repressed after a certain ripening time. Due to their acid
tolerance, yeasts dominate the microflora of smeared cheeses
during the early stages of ripening (Eliskases-Lechner & Ginzinger,
1995). Therefore, yeasts expressing an anti-listerial activity could
be effective natural antagonists of L. monocytogenes on cheese.
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There is only one report about anti-listerial potential of yeasts
(Goerges, Aigner, Silakowski, & Scherer, 2006). The aim of the
present study was to collect information on anti-listerial yeasts to
assess the potential within these microorganisms to serve as
protective cultures. For this purpose, 175 yeasts were screened for
their anti-listerial activity using a co-cultivation assay. The most
interesting yeast, a Pichia norvegensis strain, was then included in
a ripening culture and was tested in artificially contaminated smear
cheese model systems. Its suitability as protective culture against
L. monocytogenes on cheese is discussed.
2. Materials and methods

2.1. Microbial strains

A total of 175 yeasts (Table 1) were selected from various sour-
ces, with a focus on yeast species relevant for the production of
smeared cheeses. For details see Supplementary data (Table S1).
Two L. monocytogenes indicator strains were used. Strain WSLC
1685, commonly known as Scott A (Fleming et al., 1985), was used
in co-cultivation assays at cheese ripening temperature as well as in
the presence of cheese ripening bacteria. Strain WSLC 1364,
Table 1
Overview of the L. monocytogenes WSLCa 1364 reduction of the screened yeast
strains.

No. of isolates Listerial reduction (log cm�2)

n.d.b 0 1 2 3 4 5 6 7

Candida catenulata 2 0 0 2 0 0 0 0 0 0
Candida colliculosa 1 0 0 0 0 1 0 0 0 0
Candida glabrata 1 0 0 1 0 0 0 0 0 0
Candida lipolytica 2 0 0 2 0 0 0 0 0 0
Candida parapsilosis 3 0 0 3 0 0 0 0 0 0
Candida rugosa 1 0 0 1 0 0 0 0 0 0
Candida sake 1 0 0 0 1 0 0 0 0 0
Candida sp. 1 0 0 1 0 0 0 0 0 0
Candida tenuis 2 0 0 2 0 0 0 0 0 0
Candida zeylanoides 1 0 0 1 0 0 0 0 0 0
Clavispora lusitaniae 4 0 0 2 1 1 0 0 0 0
Debaryomyces hansenii/

Candida famata
77 0 2 71 3 1 0 0 0 0

Galactomyces geotrichum/
Geotrichum candidum

7 2 0 4 1 0 0 0 0 0

Issatchenkia orientalis/
Candida krusei

24 0 0 3 1 3 12 5 0 0

Kluyveromyces lactis 2 0 2 0 0 0 0 0
Kluyveromyces marxianus 18 0 0 2 5 6 5 0 0 0
Pichia anomala 1 0 0 0 1 0 0 0 0 0
Pichia cactophila 1 0 0 1 0 0 0 0 0 0
Pichia deserticola/

Candida ethanolica
2 0 0 1 0 1 0 0 0 0

Pichia fermentans 1 0 0 0 0 1 0 0 0 0
Pichia galeiformis 1 0 0 0 0 0 1 0 0 0
Pichia guilliermondii 1 0 0 1 0 0 0 0 0 0
Pichia norvegensis/

Pichia cactophila
1 0 0 1 0 0 0 0 0 0

Pichia norvegensis 1 0 0 0 0 0 0 0 0 1
Pichia sp. 1 0 0 1 0 0 0 0 0 0
Pichia triangularis 2 0 1 1 0 0 0 0 0 0
Saccharomyces cerevisiae 4 1 0 0 0 2 1 0 0 0
Torulaspora delbrueckii 3 0 0 0 1 1 1 0 0 0
Trichosporon asahii 1 0 0 1 0 0 0 0 0 0
Trichosporon ovoides 5 0 1 3 1 0 0 0 0 0
Yarrowia lipolytica 3 0 0 3 0 0 0 0 0 0

Number of strains 175 3 4 108 17 17 20 5 0 1
3 146 25 1

% of Strains 100 2 83 14 1

a WSLC, Weihenstephan Listeria Collection.
b n.d., Not determined.
a representative from the red smear cheese Vacherin Mont d’Or
outbreak in 1987 (Bille, 1989), was used in cheese ripening exper-
iments and in all other experiments. The following cheese ripening
bacteria and one additional yeast strain have been used: Arthro-
bacter arilaitensis WS 4549, Brevibacterium aurantiacum WS 4550,
Brevibacterium linens WS 4574, Debaryomyces hansenii WSYC 772,
Corynebacterium casei WS 4552, Microbacterium gubbeenense WS
4553 and Staphylococcus equorum WS 4554. All microbial strains
used are deposited in the Weihenstephan culture collection.

2.2. Co-cultivation assay on solid and in liquid medium

The co-cultivation of the yeast and L. monocytogenes strains on
agar media were performed as described by Goerges et al. (2006).
Briefly, a 100 mL aliquot of a diluted 17 h culture of the L. mono-
cytogenes indicator strain was mixed with a yeast suspension
prepared by centrifuging 300 mL of the yeast main culture at
2500� g for 5 min, discarding the supernatant, and re-suspending
the pellet in 100 mL of ¼ Ringer’s solution. The Listeriaeyeast
mixture was then spread onto yeast extract glucose agar, resulting
in 105e106 yeast cells and w6 Listeria cells per cm2, respectively,
and incubated for 24 h at 27 �C. Cell lawns from 3.5 cm2 agar pieces
were removed, serially diluted, and appropriate dilutions were
plated in duplicate on yeast extract glucose chloramphenicol bro-
mophenol blue (YGCB) agar or Oxford agar (Oxoid, Wesel,
Germany) for determining yeast or Listeria counts.

Listeria titres from 6 cfu cm�2 up to a maximum of
w6�105 cfu cm�2 were used for the assay to represent a wide
range of realistic contamination rates on smear ripened cheese and
to check for the yeasts’ inhibition limit. pH values during co-culti-
vation were determined using a flat surface pH electrode. The
absence of L. monocytogenes in co-cultivation experiments was
tested by an enrichment procedure according to the European
standard DIN EN ISO 11290-1:1996þA1:2004 (EN ISO, 2005).

2.2.1. Co-cultivation at ripening temperature
To adapt the procedure to cheese ripening conditions the

temperature was reduced to 14 �C. The co-cultivation using the
yeast strains P. norvegensis WSYC 592 and Pichia sp. WSYC 623 was
performed as described above. A L. monocytogenes WSLC 1685
inoculum of 106e107 cfumL�1, resulting in 105e106 cfu cm�2 after
streaking on the agar plate, was used. The listerial cell counts were
determined every day over a 6 day period.

2.2.2. Co-cultivation with sodium chloride
The influence of sodium chloride was tested in liquid medium.

Both yeasts, WSYC 592 and 623, and the Listeria strain WSLC 1364
were grown and their inocula determined as described by Goerges
et al. (2006). Five milliliters of a 24 h main liquid yeast culture was
inoculated with an aliquot of a diluted 17 h culture of the L. mon-
ocytogenes indicator strain resulting in Listeria cell counts of
105e106 cfumL�1 in the co-cultivation assay. The Listeriaeyeast-
liquid culture was then adjusted to a 3% final NaCl concentration
(w500 mM) by adding an adequate aliquot of a 5 M filter-sterilized
NaCl stock solution (NaCl from Fluka, Munich, Germany). The lis-
terial inhibition was checked after 2, 6 and 24 h by plating appro-
priate dilutions in duplicate on Oxford agar (Sifin, Berlin, Germany).

2.2.3. Co-cultivation in the presence of cheese ripening bacteria
A yeast cell pellet obtained by centrifuging 300 mL of the yeast

main culture was re-suspended with a 100 mL aliquot of a suspen-
sion containing 106e107 ripening bacterial cells per mL or
105e106 cells cm�2, respectively, after streaking on agar plate. The
bacterial suspension was prepared as follows: one loop (2 mm in
diameter) high-piled with cells from a 3 to 4 days old ripening
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bacterium culture grown on tryptic soy agar containing 0.1%
glucose (TSG) [TSA (Carl Roth, Karlsruhe, Germany), 10.0 g D
(þ)-glucose (Fluka)] was inoculated in 5 mL of brain heart infusion
(Merck, Darmstadt, Germany) and incubated at 30 �C for 24 h at
180 rpm using a shaker (CERTOMAT� MO, B. Braun Biotech Inter-
national, Melsungen, Germany). Twomilliliters of this culture were
centrifuged at 2500� g for 7 min, the supernatant discarded and
the pellet re-suspended in 1 mL ¼ Ringer’s solution. The cell counts
used in the co-cultivation experiment were checked on TSG agar
plates incubated at 30 �C for 3e4 days. According to the L. mono-
cytogenes WSLC 1685 cell density desired on the agar plate used in
the co-cultivation experiment (6�101 or 6�104 cfu cm�2) a 100 mL
aliquot of a diluted 17 h-Listeria culture was added to the
yeasteripening bacterium-mixture. Further steps followed the
standard co-cultivation procedure described in Goerges et al.
(2006).

2.2.4. Co-cultivation with lactate as carbon source
To cause more cheese like conditions for the co-cultivation

experiments, the glucose content of the standard medium (2%;
w/v) was replaced by 2% (w/v) of a 50% sodium lactate solution
(Merck) which ensured growth for both organism groups compa-
rable to that under standard conditions.

2.3. Cheese ripening experiments

Typical Tilsit green cheeses (pasteurised milk, ca. 4.5 kg,
12�12� 40 cm, 45% fat in dry matter) were obtained from a local
producer after cooling in tap water (10 �C, 2 h) before brining.
Cheeses were transported to the lab in brine solution (prepared
fresh with pasteurised tap water, >18% sodium chloride, pH 5.2, ca.
15 �C) and further incubated over 24 h. The brine was inoculated
with B. linens WS 4574, isolated from Tilsit cheese, M. gubbeenense
WS 4553, C. casei WS 4552 (104 cfumL�1 each), D. hansenii WSYC
772 and S. equorum WS 4554 (106 cfumL�1 each). Cultures were
produced in modified plate count medium (Hoppe-Seyler, Jaeger,
Bockelmann, & Heller, 2000), concentrated 10 fold by centrifuga-
tion, and stored at 4 �C before use (0.5% peptone, 0.5% casein
hydrolysate, 0.5% glucose, 2% sodium chloride, pH 7).

For experiments, cheeses were cut into 3 pieces; the middle
section was used for cell count determination after brining and then
discarded; both end sectionswere placedona plastic shelve, the ends
facing up, protecting the cut surface frommould contamination. The
smear solution was prepared by diluting the concentrated suspen-
sion with autoclaved 3% sodium chloride solution to give final
concentrations for D. hansenii and P. norvegensis of 2�106 cfumL�1

each and for bacteria of 5e10�107 cfumL�1 each. The smear was
appliedwith an autoclaved sponge,whichwas discarded after use. To
avoid excessive ventilation the shelves with cheeses were placed in
a 60 L glass container with a non-tight fitting lid (Bockelmann,
Hoppe-Seyler, Jaeger, & Heller, 2000). The container was placed in
heavily ventilated ripening chamber at 13 �C and >95% relative
humidity. During the first week smearing was repeated twice,
until the surface pH was above pH 7 measured with a flat surface
electrode. Then a final smear was applied containing additional
5�106 cfumL�1 L. monocytogenes WSLC 1364 resulting in a starting
contamination on the cheese surface of 1.9�103 cfu cm�2, which
was several log units below the smear and yeast counts (total
>108 cfu cm�2). No further treatment was applied except sampling
for surface cell count determination (Hoppe-Seyler et al., 2000).

Acid curd cheeses, e.g., Harzer cheese, are typical red smear
cheeses produced in Germany, Austria and Czech Republic. They are
produced from acid curd (synonym quarg), coagulated with
a thermophilic starter culture without rennet. By pressing, the dry
mass is set to >32%. After storage and transport in plastic bags, the
acid curd is mixedwith salts, small cheese discs are formed, and the
surface is sprayed with smear cultures. Details about the microbi-
ology of production and ripening were described by Bockelmann
(2002).

For the experimental (contaminated) cheese batches several
changes had to be applied. The presence of the yeast species Kluy-
veromyces marxianus and Candida krusei in the cheese milk and
consequently the acid curd is essential for ripening. Replacement of
C. kruseiwith the anti-listerial P. norvegensisWSYC592, a specieswith
a very similar metabolic profile (API 32C, BioMérieux, Nürtingen,
Germany), in the cheesemilk (batch 1)was not successful, because of
untypical ripening of quarg and cheese. In batch 2, P. norvegensiswas
used (a) as third yeast inoculated into the cheese milk together with
K. marxianus and C. krusei and (b) only for surface treatment. Since
application of P. norvegensis via smearing leads to better smear
development and cheese ripening (no mould contamination), these
conditions were used for cheese batch 3. Smearing was not per-
formed by spraying to avoid Listeria containing aerosols. Instead,
cheeses were dipped into smear solution containing B. linens WS
4574, C. casei WS 4552 and S. equorum WS 4554 (ca. 107 cfumL�1

each), P. norvegensis WSYC 592 (6�105 cfumL�1) and L. mono-
cytogenesWSLC 1364 (3�103 cfumL�1). The initial concentrations of
P. norvegensis and L. monocytogenes on the cheese surface were
5.6�105 cfu cm�2 and 42 cfu cm�2, respectively.

To count cells, yeasts were plated on yeast extract glucose
chloramphenicol (YGC) agar (Merck). Coryneforms and staphylo-
cocci were plated onmodified milk agar (Hoppe-Seyler et al., 2000)
which favours colour development and facilitates selective count-
ing. When necessary (<1% of total bacterial counts), staphylococci
were additionally plated on the selective SK agar (Merck). In
addition, typical colonies were subjected to phase contrast
microscopy.

3. Results and discussion

3.1. Screening of yeasts for anti-listerial potential by a
co-cultivation assay

Within the screening, 175 yeasts were co-cultivated with
6 cfu cm�2 L. monocytogenes WSLC 1364 as an indicator strain. As
shown in Table 1, a total of 83% of the screened yeasts had no or no
significant anti-listerial potential. They were able to reduce listerial
growth by a maximum of 3 log units cm�2 compared with the
control in which Listeria grew up to 107 cfu cm�2 (data not shown).
In most of these cases, Listeria cell counts were diminished by 1 log
unit cm�2, which is probably due to competition for nutrients.
While 14% of the yeasts were able to inhibit L. monocytogenes by 4
and 5 log units (cfu cm�2), only a single strain caused an extraor-
dinary reduction of 7 log units (cfu cm�2) compared with the Lis-
teria control without any yeast present (Table 1). It is also known
from smear cheese bacteria that only a minority of strains are
efficient antagonists of Listeria (Carnio et al., 1999; Ryser, Maisnier-
Patin, Gratadoux, & Richard, 1994; Valdés-Stauber et al., 1991).

In the present study 77 D. hansenii strains were tested since this
is one of the most prevalent and frequently found yeasts on red
smear cheese (Bockelmann & Hoppe-Seyler, 2001; Goerges et al.,
2008; Mounier et al., 2006; Rea et al., 2007) and other cheese
varieties (Addis, Fleet, Cox, Kolak, & Leung, 2001; Fadda, Mossa,
Pisano, Deplano, & Cosentino, 2004; Pereira-Dias, Potes, Marinho,
Malfeito-Ferreira, & Loureiro, 2000). Besides, D. hansenii is known
to be a salt tolerant yeast (Petersen, Westall, & Jespersen, 2002;
Suzuki, Yamada, Okada, & Nikkuni, 1989) that is found in cheese
brines (Kammerlehner, 2003; Petersen & Jespersen, 2004; Seiler &
Busse, 1990). Therefore, an anti-listerial D. hansenii strain could be
a useful candidate for a wide field of applications. However, most
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representatives of D. hansenii only caused a marginal reduction of
Listeria. A single D. hansenii strain, isolated from a rinser located in
a dairy, expressed a small anti-listerial potential with a 3 log units
reduction (Table 1). While there exists a considerable number of D.
hansenii strains producing killer toxins (Santos, Marquina, Barroso,
& Peinado, 2002; Suzuki et al., 1989) which act towards the same or
closely related yeast species (Magliani, Conti, Gerloni, Bertolotti, &
Polonelli, 1997; Schmitt & Breinig, 2002), a significant anti-listerial
activity was not found in our screening experiment.

At a first glance, a strong anti-listerial activity of yeasts seems to
be restricted to certain species. A high number of Issatchenkia ori-
entalis/C. krusei strains as well as K. marxianus isolates showed
a remarkable effect on L. monocytogenes. Only one yeast, P. norve-
gensis WSYC 592, was able to eradicate L. monocytogenes, i.e., no
listeriae could be recovered by enrichment. This P. norvegensis
strain was isolated from a milk product. Initially it was identified as
C. krusei by API 20C AUX (BioMérieux), however, after sequence
analysis of the 26S rDNA gene and identification by FTIR spec-
troscopy (Buchl, Wenning, Seiler, Mietke-Hofmann, & Scherer,
2008) the identification had to be revised. Pichia species are
common on various smeared and non smeared cheeses (Corsetti,
Rossi, & Gobbetti, 2001; Laurencík et al., 2008; Prillinger et al.,
1999; Rantsiou, Urso, Dolci, Comi, & Cocolin, 2008) although they
are not among the most important species for cheese ripening
(Corsetti et al., 2001). Some P. norvegensis strains were isolated
from fermented milk products (Rohm, Eliskases-Lechner, & Bräuer,
1992). An isolate from Spanish blue-veined cheesewas identified as
P. norvegensis, though by phenotypic methods. Using molecular
tools this yeast was assigned to Pichia dubia (Álvarez-Martín, Flórez,
López-Díaz, & Mayo, 2007). Species of the genus Pichia, among
them P. norvegensis, are known to be associated with LAB in sour-
dough (Fleet, 2007; Gobbetti, 1998). It is well-known that yeasts
interact not only with surface ripening bacteria but also with LAB
(Corsetti et al., 2001; De Freitas, Pinon, Maubois, Lortal, & Thierry,
2009; Ferreira & Viljoen, 2003).

3.2. Anti-listerial potential of P. norvegensis WSYC 592 in
experimental cheese ripening

According to the co-cultivation experiments described above,
the yeast strain P. norvegensis WSYC 592 expressing the strongest
anti-listerial effect was considered to be a promising candidate to
be applied on cheese surfaces and was therefore chosen for in situ
experiments using two different cheese varieties, i.e., Tilsit and
smeared acid curd cheese.
Fig. 1. Development of the surface ripening microorganisms of experimental Tilsit cheeses
Microbacterium gubbeenense (,) and Brevibacterium linens (7) were used for brining and
(C); (a) control cheeses, (b) cheese ripened in the presence of anti-listerial Pichia norvegen
Previously, two experimental Tilsit cheese batches were sepa-
rately produced with initial L. monocytogenes WSLC 1364 concen-
trations of 11 and 140 cfu cm�2. Reduced listerial counts were
observed over the ripening period of 2 weeks. However, there were
no differences compared with control cheeses ripened without the
anti-listerial P. norvegensis (data not shown). Ripening could not be
extended because of problems with mould growth due to the
difficult handling of cheeses during the ripening process (e.g.,
a typical brush could not be used for surface treatment of
contaminated cheeses). The development of L. monocytogenes
WSLC 1364 on Tilsit cheese with an inoculum of 1.9�103 cfu cm�2

was studied over a period of about 4 weeks. While Listeria in the
control cheese without anti-listerial yeast (Fig. 1a) grew from initial
1.9�103 cfu cm�2 up to 6.3�106 cfu cm�2, it reached cell numbers
of 3.5�105 cfu cm�2 when cheeses were additionally smearedwith
P. norvegensis WSYC 592 (Fig. 1b). This corresponds to a listerial
reduction of about 1.5 log units (cfu cm�2).

Compared with the results obtained under controlled co-culti-
vation conditions (see above), the anti-listerial effect on Tilsit cheese
was much lower than expected. Modification of the time point at
which the cheeses were contaminatedwith L. monocytogenes did not
improve the results (data not shown). The presence of P. norvegensis
did not significantly influence any other ripening organisms. Both
cheeses were of comparable appearance after 4 weeks of ripening.
Eppert et al. (1997) also reported a listerial growth reduction of only
1e2 log units when a single-strain-culture of a linocin producing
B. linens strain was applied to model cheese. From bacteriocin
research it is known that their efficacy is often decreased in food
matrices since there are various factors affecting the production or
effectiveness of the anti-microbial substance (Gálvez, Abriouel,
López, & Omar, 2007; Schillinger, Geisen, & Holzapfel, 1996).

Within ripening experiments on acid curd cheese, the initial
L. monocytogenes WSLC 1364 concentration of batch 2 was at
4.4�103 cfu cm�2. During 2 weeks, L. monocytogenes grew to
2.7�108 cfu cm�2 in spite of the presence of P. norvegensis
(2�106 cfu cm�2). Batch 3 was performed with more realistic
listerial concentrations of 42 cfu cm�2. After 2 weeks of ripening,
cheeses produced with anti-listerial P. norvegensis showed only
marginal inhibition of Listeria: 7.0�106 cfu cm�2 versus
1.2�107 cfu cm�2 in control cheeses without P. norvegensis.
Since no clear inhibition of L. monocytogenes by P. norvegensis
was observed no further cheese trials were performed. In
contrast to Tilsit cheese, ripening of acid curd cheese was slightly
decelerated when P. norvegensis was used as addition in the
smear culture.
. Debaryomyces hansenii (B), Staphylococcus equorum (>), Corynebacterium casei (6),
smearing of cheeses, artificially contaminated with Listeria monocytogenes WSLC 1364
sis ( ).
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3.3. Potential causes for a reduced anti-listerial activity of
P. norvegensis WSYC 592 on smeared cheese

Co-cultivation experiments on solid medium with different
L. monocytogenes WSLC 1364 and yeast cell numbers (data not
shown) showed that a yeast inoculum of 105 cfu cm�2 is necessary
to guarantee an effective reduction of Listeria titres commonly
found on smear ripened cheese (Rudolf & Scherer, 2001). The
reduced anti-listerial activity may in part be due to the fact that the
anti-listerial yeast was not able to increase its initial cell counts
over the ripening period in Tilsit cheese (Fig. 1b). However, in
studies on acid curd cheese L. monocytogenesWSLC 1364 grew up to
106 cfu cm�2 although the required yeast counts were reached.
Therefore, this may not be the main reason for the failure of anti-
listerial yeast to inhibit Listeria. To find other potential causes for
the reduced anti-listerial potential of P. norvegensis WSYC 592 in
a cheese model system, a set of parameters which might have an
influence were studied.

3.3.1. Influence of the ripening temperature
The temperature of the co-cultivation assay was decreased from

initially 27 �C, which is an ideal temperature for the cultivation of
yeast, to 14 �C, a commonly used ripening temperature for smear
ripened cheese. It is known that the temperature might have
a significant influence on the bacteriocin production and/or their
efficacy (Allende et al., 2007; Anthony, Rajesh, Kayalvizhi, &
Gunasekaran, 2009; Gálvez et al., 2007; Krier, Revol-Junelles, &
Germain, 1998). Kinetics of listerial and yeast cell counts were
determined over a 6 days period (Fig. 2). At day 3, the Listeria
numbers of three independently performed experiments ranged
between 4�105 cfu cm�2 and zero. Nevertheless, all experiments
resulted in the complete killing of the L. monocytogenesWSLC 1685
strain from day 4 on (Fig. 2). McAuliffe, Hill, and Ross (1999)
reported that a Lacticin producing Lactococcus lactis strain used as
a protective culture against L. monocytogenes in cottage cheese
reduced 104 cfu of L. monocytogenes Scott A per gram to zero. We
conclude that in our experiments temperature is not a critical factor
for the reduction of Listeria on cheese.

3.3.2. Influence of sodium chloride
A liquid co-culture assay was performed to test whether NaCl

has an influence on the anti-listerial properties of P. norvegensis
WSYC 592 against L. monocytogenes WSLC 1364. Using a final
concentration of 3% NaCl, which is a salt concentration in
Fig. 2. Inhibition of Listeria monocytogenes WSLC 1685 by the yeast strain Pichia nor-
vegensis WSYC 592 at 14 �C during a co-cultivation assay on solid medium (-). Pichia
sp. WSYC 623 (:) showed no inhibition. As a control L. monocytogenes was cultivated
without yeasts (C). Inoculation level: ca. 105e106 cfu L. monocytogenes cm�2. Cell
counts are given as mean values of two to three independent experiments with range
error bars.
accordance with those applied on cheese surfaces (Brennan et al.,
2004; Feurer, Vallaeys, Corrieu, & Irlinger, 2004; Mounier et al.,
2006; Rea et al., 2007; Valdés-Stauber, Scherer, & Seiler, 1997) or
in smear water (Bockelmann, 2002), did not result in a decrease of
the inhibitory activity of the yeasts.

3.3.3. Influence of cheese ripening bacteria
The P. norvegensis strain added to the ripening cultures of acid

curd cheese caused a delay in ripening whereas no significant
influences were observed for its application in Tilsit cheese. It is
known that complex interactions exist between yeast and bacteria
in cheese microbial consortia which are, however, not completely
understood (Corsetti et al., 2001; Mounier et al., 2008). To clarify
whether ripening bacteria present on cheese surfaces might be
responsible for the decreased potential of the P. norvegensis strain
WSYC 592 to inhibit L. monocytogenes WSLC 1685, a selection of
ripening bacteria (see above) were included in the co-cultivation
experiments. While the coryneform bacteria did not influence the
yeast’s anti-listerial activity, the S. equorum strain partially abol-
ished the anti-listerial effect (Table 2) so that the indicator strain
was kept at about its inoculation level of 7�104 cfu cm�2. In both
controls Listeria grew up to 108 cfu cm�2. The reason for the inter-
ference by the S. equorum is unknown and was not further studied.
However, this has to be taken into account when application of
P. norvegensis is considered, since S. equorum constitutes an
essential component of red smear cultures of several surface-
ripened cheeses (Bockelmann, Willems, Neve, & Heller, 2005).

3.3.4. Influence of the carbon source
In the co-cultivation assays, glucose was used as a carbon

source. While a substitution of glucose by sodium lactate did not
impair growth of Pichia or Listeria, the anti-listerial effect of the P.
norvegensis strain WSYC 592 was strongly inhibited. Only a reduc-
tion of L. monocytogenes WSLC 1364 by 1 log unit (cfu cm�2)
compared with the control was observed (Fig. 3). We noticed that,
during the 24 h co-cultivation which started with an initial pH of
6.6, the pH decreased to 4.6 in the presence of glucose while it
increased to a pH value above 8 when lactate was the carbon source
(data not shown). However, an inhibition of L. monocytogenes
induced by low pH can be excluded since the pH was similar after
the co-cultivation in the presence of the inhibitory P. norvegensis
WSYC 592 and the non-inhibitory control yeast, Pichia sp. WSYC
623, showing pH values of 4.58� 0.10 and 4.76� 0.13, respectively.
Also, Listeria can grow at moderately low pH. It is known from
bacteriocin research that even slight changes of environmental
Table 2
Influence of cheese ripening bacteria on the inhibition of L. monocytogenes WSLCa

1685 by Pichia norvegensis WSYCb 592.

Cheese ripening
bacteria strains

Listerial cell counts (cfu cm�2)� SDc after
24 h of co-cultivation, in the presence of
cheese ripening bacteria

Without
P. norvegensis

In the presence of
P. norvegensis WSYC 592

Arthrobacter arilaitensis 3� 1.7� 108 0d

Brevibacterium aurantiacum 2� 0.4� 109 0
Brevibacterium linens 2� 0.05� 109 0
Corynebacterium casei 3� 1.8� 108 0
Microbacterium gubbeenense 4� 1.2� 108 0
Staphylococcus equorum 8� 1.2� 107 2� 1.7� 105

a WSLC, Weihenstephan Listeria Collection.
b WSYC, Weihenstephan Yeast Collection.
c Cell counts are given as mean values� standard deviation of two independent

experiments.
d Enrichment for L. monocytogenes WSLC 1685 was positive in one out of two

experiments.



Fig. 3. Influence of glucose (2%, w/v) and lactate (2%, w/v) on the inhibition of Listeria
monocytogenes WSLC 1364 by the yeast Pichia norvegensis WSYC 592 and Pichia sp.
WSYC 623. As a control, L. monocytogenes was grown without yeasts. L. monocytogenes
inoculation level was 7 cfu cm�2. Cell counts are given as mean values of two to three
independent experiments with range error bars.
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conditions may influence the production of anti-microbial
substances (Delgado et al., 2007; Leal-Sánchez, Jimenez-Diaz,
Maldonado-Barragan, Garrido-Fernandez, & Ruiz-Barba, 2002;
Mataragas, Drosinos, Tsakalidou, & Metaxopoulos, 2004). Delgado
et al. (2007) reported on a slight decrease of bacteriocin produc-
tion by lactate. We suggest that either lactate or glucose act on the
regulation governing the expression of the unknown inhibitory
substance.

4. Conclusion

According to the co-cultivation experiments used as cheese
model system a minority of yeasts show an excellent capability to
kill L. monocytogenes. The application of the most potent yeast
P. norvegensisWSYC 592, which inhibited L. monocytogenes strongly
in a co-cultivation assay on agar plates, as a part of a defined
microbial red smear cheese ripening consortium did not result in
a satisfactory inhibition of Listeria in artificially contaminated
smear cheeses. Probably, this was due to a down regulation of the
expression of the inhibitory substance mediated by lactate or an
up-regulation mediated by glucose. Since next to nothing is known
about such inhibitory effects produced by yeasts, the unknown
molecular basis of the inhibitory effect must be elucidated to
optimize application in complex food ecosystems.

Acknowledgements

This research project was supported mainly by the German
Ministry of Economics and Technology (via AiF) and the FEI (For-
schungskreis der Ernährungsindustrie e.V., Bonn). Project AiF
14786N. Partial support was received from the Bayerisches Staats-
ministerium für Landwirtschaft und Forsten/LfL (M 2-7621.6-180/
AFR-4-7621.6).

Appendix. Supplementary data

Supplementary data associated with this article can be found in
the online version, at doi:10.1016/j.idairyj.2010.08.002.

References

Abee, T., Krockel, L., & Hill, C. (1995). Bacteriocins: modes of action and potentials in
food preservation and control of food poisoning. International Journal of Food
Microbiology, 28, 169e185.
Addis, E., Fleet, G. H., Cox, J. M., Kolak, D., & Leung, T. (2001). The growth, properties
and interactions of yeasts and bacteria associated with the maturation of
Camembert and blue-veined cheeses. International Journal of Food Microbiology,
69, 25e36.

Allende, A., Martínez, B., Selma, V., Gil, M. I., Suárez, J. E., & Rodríguez, A. (2007).
Growth and bacteriocin production by lactic acid bacteria in vegetable broth
and their effectiveness at reducing Listeria monocytogenes in vitro and in fresh-
cut lettuce. Food Microbiology, 24, 759e766.

Álvarez-Martín, P., Flórez, A. B., López-Díaz, T. M., & Mayo, B. (2007). Phenotypic and
molecular identification of yeast species associated with Spanish blue-veined
Cabrales cheese. International Dairy Journal, 17, 961e967.

Anthony, T., Rajesh, T., Kayalvizhi, N., & Gunasekaran, P. (2009). Influence of
medium components and fermentation conditions on the production of
bacteriocin(s) by Bacillus licheniformis AnBa9. Bioresource Technology, 100,
872e877.

Bille, J. (1989). Anatomy of a foodborne listeriosis outbreak. In Food listeriosis.
Symposium proceedings (pp. 31e36). Hamburg, Germany: Behr0s Verlag.

Bockelmann, W. (2002). Development of defined surface starter cultures for the
ripening of smear cheeses. International Dairy Journal, 12, 123e131.

Bockelmann, W., & Hoppe-Seyler, T. (2001). The surface flora of bacterial smear-
ripened cheeses from cow’s and goat’s milk. International Dairy Journal, 11,
307e314.

Bockelmann, W., Hoppe-Seyler, T., Jaeger, B., & Heller, K. J. (2000). Small scale cheese
ripening of bacterial smear cheeses. Milchwissenschaft, 55, 621e624.

Bockelmann, W., Willems, K. P., Neve, H., & Heller, K. J. (2005). Cultures for the
ripening of smear cheeses. International Dairy Journal, 15, 719e732.

Bredholt, S., Nesbakken, T., & Holck, A. (2001). Industrial application of an anti-
listerial strain of Lactobacillus sakei as a protective culture and its effect on the
sensory acceptability of cooked, sliced, vacuum-packaged meats. International
Journal of Food Microbiology, 66, 191e196.

Brennan, N. M., Cogan, T. M., Loessner, M., & Scherer, S. (2004). Bacterial surface-
ripened cheeses. In P. F. Fox, P. L. H. McSweeney, T. M. Cogan, & T. P. Guinee
(Eds.), Major cheese groups (third ed.).Cheese e Chemistry, physics and microbi-
ology, Vol. 2 (pp. 199e225) Amsterdam, The Netherlands: Elsevier Academic
Press.

Buchl, N. R., Wenning, M., Seiler, H., Mietke-Hofmann, H., & Scherer, S. (2008).
Reliable identification of closely related Issatchenkia and Pichia species using
artificial neural network analysis of Fourier-transform infrared spectra. Yeast,
25, 787e798.

Carnio, M. C., Eppert, I., & Scherer, S. (1999). Analysis of the bacterial surface
ripening flora of German and French smeared cheeses with respect to
their anti-listerial potential. International Journal of Food Microbiology, 47,
89e97.

Cleveland, J., Montville, T. J., Nes, I. F., & Chikindas, M. L. (2001). Bacteriocins: safe,
natural antimicrobials for food preservation. International Journal of Food
Microbiology, 71, 1e20.

Corsetti, A., Rossi, J., & Gobbetti, M. (2001). Interactions between yeasts and bacteria
in the smear surface-ripened cheeses. International Journal of Food Microbiology,
69, 1e10.

De Freitas, I., Pinon, N., Maubois, J.-L., Lortal, S., & Thierry, A. (2009). The addition of
a cocktail of yeast species to Cantalet cheese changes bacterial survival and
enhances aroma compound formation. International Journal of Food Microbi-
ology, 129, 37e42.

Delgado, A., Arroyo López, F. N., Brito, D., Peres, C., Fevereiro, P., & Garrido-
Fernández, A. (2007). Optimum bacteriocin production by Lactobacillus planta-
rum 17.2b requires absence of NaCl and apparently follows a mixed metabolite
kinetics. Journal of Biotechnology, 130, 193e201.

Eliskases-Lechner, F., & Ginzinger, W. (1995). The yeast flora of surface-ripened
cheeses. Milchwissenschaft, 50, 458e462.

EN ISO. (2005). Microbiology of food and animal feeding stuffs e horizontal method
for the detection and enumeration of Listeria monocytogenes e part 1: detection
method (ISO 11290-1:1996þAMD 1:2004); German version EN ISO
11290-1:1996þA1:2004.

Eppert, I., Valdes-Stauber, N., Götz, H., Busse, M., & Scherer, S. (1997). Growth
reduction of Listeria spp. caused by undefined industrial red smear cheese
cultures and bacteriocin-producing Brevibacterium linens as evaluated in situ on
soft cheese. Applied and Environmental Microbiology, 63, 4812e4817.

Fadda, M. E., Mossa, V., Pisano, M. B., Deplano, M., & Cosentino, S. (2004). Occur-
rence and characterization of yeasts isolated from artisanal Fiore Sardo cheese.
International Journal of Food Microbiology, 95, 51e59.

Farber, J. M., & Peterkin, P. I. (1991). Listeria monocytogenes, a food-borne pathogen.
Microbiological Reviews, 55, 476e511.

Ferreira, A. D., & Viljoen, B. C. (2003). Yeasts as adjunct starters in matured Cheddar
cheese. International Journal of Food Microbiology, 86, 131e140.

Feurer, C., Vallaeys, T., Corrieu, G., & Irlinger, F. (2004). Does smearing inoculum
reflect the bacterial composition of the smear at the end of the ripening of
a French soft, red-smear cheese? Journal of Dairy Science, 87, 3189e3197.

Fleet, G. H. (2007). Yeasts in foods and beverages: impact on product quality and
safety. Current Opinion in Biotechnology, 18, 170e175.

Fleming, D. W., Cochi, S. L., MacDonald, K. L., Brondum, J., Hayes, P. S., Plikaytis, B. D.,
et al. (1985). Pasteurized milk as a vehicle of infection in an outbreak of liste-
riosis. New England Journal of Medicine, 312, 404e407.

Gálvez, A., Abriouel, H., López, R. L., & Omar, N. B. (2007). Bacteriocin-based
strategies for food biopreservation. International Journal of Food Microbiology,
120, 51.

http://dx.doi.org/10.1016/j.idairyj.2010.08.002


S. Goerges et al. / International Dairy Journal 21 (2011) 83e89 89
Gobbetti, M. (1998). The sourdough microflora: interactions of lactic acid bacteria
and yeasts. Trends in Food Science and Technology, 9, 267e274.

Goerges, S., Aigner, U., Silakowski, B., & Scherer, S. (2006). Inhibition of Listeria
monocytogenes by food-borne yeasts. Applied and Environmental Microbiology,
72, 313e318.

Goerges, S., Mounier, J., Rea, M. C., Gelsomino, R., Heise, V., Beduhn, R., et al. (2008).
Commercial ripening starter microorganisms inoculated into cheese milk do
not successfully establish themselves in the resident microbial ripening con-
sortia of a South German red smear cheese. Applied and Environmental Micro-
biology, 74, 2210e2217.

Holzapfel, W. H., Geisen, R., & Schillinger, U. (1995). Biological preservation of foods
with reference to protective cultures, bacteriocins and food-grade enzymes.
International Journal of Food Microbiology, 24, 343e362.

Hoppe-Seyler, T., Jaeger, B., Bockelmann, W., & Heller, K. J. (2000). Quantification
and identification of microorganisms from the surface of smear cheeses. Kieler
Milchwirtschaftliche Forschungsberichte, 52, 294e305.

Kammerlehner, J. (2003). Käsetechnologie. Freising, Germany: Freisinger Küns-
tlerpresse W. Bode.

Krämer, J. (1992)Lebensmittelmikrobiologie, Vol. 2. Auflage. Stuttgart, Germany:
Ulmer.

Krier, F., Revol-Junelles, A. M., & Germain, P. (1998). Influence of temperature and
pH on production of two bacteriocins by Leuconostoc mesenteroides subsp.
mesenteroides FR52 during batch fermentation. Applied Microbiology and
Biotechnology, 50, 359e363.

Laurencík, M., Sulo, P., Sláviková, E., Piecková, E., Seman, M., & Ebringer, L. (2008).
The diversity of eukaryotic microbiota in the traditional Slovak sheep cheese e
Bryndza. International Journal of Food Microbiology, 127, 176e179.

Leal-Sánchez, M. V., Jimenez-Diaz, R., Maldonado-Barragan, A., Garrido-
Fernandez, A., & Ruiz-Barba, J. L. (2002). Optimization of bacteriocin production
by batch fermentation of Lactobacillus plantarum LPCO10. Applied and Envi-
ronmental Microbiology, 68, 4465e4471.

Leistner, L., & Gorris, L. G. M. (1995). Food preservation by hurdle technology. Trends
in Food Science and Technology, 6, 41e46.

Loessner, M., Guenther, S., Steffan, S., & Scherer, S. (2003). A pediocin-producing
Lactobacillus plantarum strain inhibits Listeria monocytogenes in a multispecies
cheese surface microbial ripening consortium. Applied and Environmental
Microbiology, 69, 1854e1857.

Magliani, W., Conti, S., Gerloni, M., Bertolotti, D., & Polonelli, L. (1997). Yeast killer
systems. Clinical Microbiology Reviews, 10, 369e400.

Mataragas, M., Drosinos, E. H., Tsakalidou, E., & Metaxopoulos, J. (2004). Influence of
nutrients on growth and bacteriocin production by Leuconostoc mesenteroides
L124 and Lactobacillus curvatus L442. Antonie van Leeuwenhoek, 85, 191e198.

McAuliffe, O., Hill, C., & Ross, R. P. (1999). Inhibition of Listeria monocytogenes in
cottage cheese manufactured with a lacticin 3147-producing starter culture.
Journal of Applied Microbiology, 86, 251e256.

McLauchlin, J., Mitchell, R. T., Smerdon, W. J., & Jewell, K. (2004). Listeria mono-
cytogenes and listeriosis: a review of hazard characterisation for use in micro-
biological risk assessment of foods. International Journal of Food Microbiology,
92, 15e33.

Mounier, J., Goerges, S., Gelsomino, R., Vancanneyt, M., Vandemeulebroecke, K.,
Hoste, B., et al. (2006). Sources of the adventitious microflora of a smear-
ripened cheese. Journal of Applied Microbiology, 101, 668e681.
Mounier, J., Monnet, C., Vallaeys, T., Arditi, R., Sarthou, A. S., Helias, A., et al. (2008).
Microbial interactions within a cheese microbial community. Applied and
Environmental Microbiology, 74, 172e181.

Pereira-Dias, S., Potes, M. E., Marinho, A., Malfeito-Ferreira, M., & Loureiro, V.
(2000). Characterisation of yeast flora isolated from an artisanal Portuguese
ewes’ cheese. International Journal of Food Microbiology, 60, 55e63.

Petersen, K. M., & Jespersen, L. (2004). Genetic diversity of the species Debaryomyces
hansenii and the use of chromosome polymorphism for typing of strains isolated
from surface-ripened cheeses. Journal of Applied Microbiology, 97, 205e213.

Petersen, K. M., Westall, S., & Jespersen, L. (2002). Microbial succession of Debar-
yomyces hansenii strains during the production of Danish surfaced-ripened
cheeses. Journal of Dairy Science, 85, 478e486.

Prillinger, H., Molnar, O., Eliskases-Lechner, F., & Lopandic, K. (1999). Phenotypic and
genotypic identification of yeasts from cheese. Antonie van Leeuwenhoek, 75,
267e283.

Rantsiou, K., Urso, R., Dolci, P., Comi, G., & Cocolin, L. (2008). Microflora of Feta
cheese from four Greek manufacturers. International Journal of Food Microbi-
ology, 126, 36e42.

Rea, M. C., Goerges, S., Gelsomino, R., Brennan, N. M., Mounier, J., Vancanneyt, M.,
et al. (2007). Stability of the biodiversity of the surface consortia of Gubbeen,
a red-smear cheese. Journal of Dairy Science, 90, 2200e2210.

Rohm, H., Eliskases-Lechner, F., & Bräuer, M. (1992). Diversity of yeasts in selected
dairy products. Journal of Applied Bacteriology, 72, 370e376.

Rudolf, M., & Scherer, S. (2001). High incidence of Listeria monocytogenes in Euro-
pean red smear cheese. International Journal of Food Microbiology, 63, 91e98.

Ryser, E. T., Maisnier-Patin, S., Gratadoux, J. J., & Richard, J. (1994). Isolation and
identification of cheese-smear bacteria inhibitory to Listeria spp. International
Journal of Food Microbiology, 21, 237e246.

Ryser, E. T., & Marth, E. H. (1991). Listeria, listeriosis, and food safety. New York, NY,
USA: Marcel Dekker, Inc.

Santos, A., Marquina, D., Barroso, J., & Peinado, J. M. (2002). (1-6)-ß-D-glucan as the
cell wall binding site for Debaryomyces hansenii killer toxin. Letters in Applied
Microbiology, 34, 95e99.

Schillinger, U., Geisen, R., & Holzapfel, W. H. (1996). Potential of antagonistic
microorganisms and bacteriocins for the biological preservation of foods. Trends
in Food Science and Technology, 7, 158e164.

Schmitt, M. J., & Breinig, F. (2002). The viral killer system in yeast: from molecular
biology to application. FEMS Microbiology Reviews, 26, 257e276.

Seiler, H., & Busse, M. (1990). The yeasts of cheese brines. International Journal of
Food Microbiology, 11, 289e303.

Suzuki, C., Yamada, K., Okada, N., & Nikkuni, S. (1989). Isolation and characterization
of halotolerant killer yeasts from fermented foods. Agricultural and Biological
Chemistry, 53, 2593e2597.

Terplan, G., Schoen, R., Springmeyer, W., Degle, I., & Becker, H. (1986). Vorkommen,
Verhalten und Bedeutung von Listerien in Milch und Milchprodukten. Archiv für
Lebensmittelhygiene, 37, 131e137.

Valdés-Stauber, N., Götz, H., & Busse, M. (1991). Antagonistic effect of coryneform
bacteria from red smear cheese against Listeria species. International Journal of
Food Microbiology, 13, 119e130.

Valdés-Stauber, N., Scherer, S., & Seiler, H. (1997). Identification of yeasts and
coryneform bacteria from the surface microflora of brick cheeses. International
Journal of Food Microbiology, 3, 115e129.


	Anti-listerial potential of food-borne yeasts in red smear cheese
	Introduction
	Materials and methods
	Microbial strains
	Co-cultivation assay on solid and in liquid medium
	Co-cultivation at ripening temperature
	Co-cultivation with sodium chloride
	Co-cultivation in the presence of cheese ripening bacteria
	Co-cultivation with lactate as carbon source

	Cheese ripening experiments

	Results and discussion
	Screening of yeasts for anti-listerial potential by a co-cultivation assay
	Anti-listerial potential of P. norvegensis WSYC 592 in experimental cheese ripening
	Potential causes for a reduced anti-listerial activity of P. norvegensis WSYC 592 on smeared cheese
	Influence of the ripening temperature
	Influence of sodium chloride
	Influence of cheese ripening bacteria
	Influence of the carbon source


	Conclusion
	Acknowledgements
	Supplementary data
	References


