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The growth of Listeria monocytogenes
in fresh goat cheese (Cameros cheese)
packaged under modi¢ed atmospheres

C. Olarte*, E. Gonza¤ lez-Fandos, M. Gime¤ nez, S. Sanz and
J. Portu

The e¡ect of modi¢ed atmosphere packaging (MAP) on the growth of Listeria monocytogenes in
inoculated and non-inoculated Cameros cheese was evaluated. Three di¡erent modi¢ed atmosphere
conditions were studied (20%CO2/80%N2 , 40%CO2/60%N2 and 100%CO2). Control cheeses were
packaged in air.The product was stored at 41Cand evaluated periodically to investigate its microbiolo-
gical quality.
MAPpresentedan extended shelf-life.Those containingCO2 reduced the growth rate ofmesophiles,

psychrotrophs and anaerobes, which was lower when the CO2 concentration increased. A concentra-
tion of 100% CO2 showed the lowest microbial counts. L. monocytogenes growth was lower when
the CO2 concentration increased. However, after 28 days the L. monocytogenes population was1?3
log units lower in inoculated cheeses packaged at 100% CO2 than in those packaged in air. Listeria
monocytogenes can grow in atmospheres containing 20,40 and100%CO2. L. monocytogeneswere
not found in any of the non-inoculated samples. It was concluded thatMAPwas not a suitable means
to prevent the growth of L. monocytogenes in Cameros cheese. # 2002 Elsevier Science Ltd.
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Introduction

Cameros cheese is a fresh cheese made from
pasteurized goat milk. It takes its name from
the Cameros geographical area in the province
of La Rioja (Spain). Cameros cheese is a fat
cheese (54?276?5% of total scuds TS) with a
high pH close to neutral (6?3570?14), a high
moisture (TS value of 42?574?7%) and a low
salt content (0?7870?30% of TS) (Olarte et al.
1999). Given the presence of oxygen, high water
activity and the high pH of fresh cheese, the
micro-organisms responsible for spoilage can
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grow easily. Thus, the shelf-life of fresh cheese
under refrigeration is only 7 days.

The increased consumer demand for fresh,
preservative-free foods has led to the use of
modi¢ed atmosphere packaging (MAP) as a
technique to improve product image and ex-
tend the shelf-life of various foods, including
cheeses (Pergiovanni et al. 1993, Maniar et al.
1994, Gonza¤ lez-Fandos et al. 2000).The optimal
composition of modi¢ed atmospheres for Ca-
meros cheese has been established at 50%CO2/
50%N2 or 40%CO2/60N2 (Gonza¤ lez-Fandos et
al. 2000). However, there is a great deal of con-
cern about the microbiological safety of foods
as regards packaging because of the ability of
this pathogen to growas a facultative anaerobe
(Hotchkiss and Banco 1992). Using packaging
r 2002 Elsevier Science Ltd.
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with modi¢ed atmospheres, pathogen growth
may occur or even be stimulated before spoi-
lage becomes evident.
Listeria monocytogenes has been known to be

a foodborne pathogen since the 1970s. In addi-
tion to vegetables and meat, certain types of
cheeses were shown to be ideal media for
Listeria growth (Genigeorgis et al. 1991, Mos-
sel et al. 1995). Moreover, certain types of fresh
cheeses (Mexican soft cheese) have been impli-
cated in several outbreaks (Linnan et al. 1988).

The potential for growth of L. monocytogenes
in Cameros cheese is well documented (Olarte
et al. 1999). In this fresh cheese, the ¢nal pH
(6?3570?14) may not be inhibitory to L.monocy-
togenes. As this pathogen has a pH range for
growth of 5?1^9?6, the optimum being in the re-
gion of 6 (ICMSF1996), it can be seen that there
is a potential for growth in this cheese. More-
over, L. monocytogenes is a psychrotrophic
pathogen with a growth range from �11C to
451C (ICMSF 1996). Bahk and Marth (1990) re-
ported that this micro-organism can grow at
temperatures as low as 41C in milk. This is a
signi¢cant factor since Cameros cheese is
stored under refrigeration at 41C.

The aim of this work was to evaluate the po-
tential growth of L. monocytogenes in Cameros
cheese packaged under modi¢ed atmospheres.

Materials and Methods

Preparation of L. monocytogenes inoculum

The L. monocytogenes serovar 4b strain NCTC
11994 was grown in brain^heart infusion broth
(Oxoid) for 18 h.The culture was centrifuged at
Table 1. Atmosphere composition and inoculation o

Batch Atmosphere

C Air
C20 20%CO2/80%N2
C40 40%CO2/60%N2
C100 100%CO2
L Air
L20 20%CO2/80%N2
L40 40%CO2/60%N2
L100 100%CO2
10 000 g for 10 min at 41C.The supernatant £uid
was decanted and the pellet resuspended in
pasteurized goat milk. The suspension of cells
was diluted in pasteurized milk to obtain the
appropiate cell concentration for the inocula-
tion of the product after pasteurization to
simulate post-pasteurization contamination
(frequently from equipment or handling)
(ICMSF 1980).

Preparation of cheeses

The sample cheeses were manufactured in our
pilot plant from pasteurized (721C/15 s) goat
milk, following the same procedure as the pro-
ducers. After pasteurization of the milk some
batches were inoculated to provide ¢nal levels
of 3 logcfuml�1 (Table 1). A quantity of 0?2 g l�1

milk of NaCl, 0?2 g l�1 milk of CaCl2 and
0?25ml l�1 milk of commercial calf rennet
(strength 1:10000) (Lab. Arroyo, Santander,
Spain) was also added. Curd formation was
achieved at 32^331C after 45min. Next, the
curdwas cut, whey was removed and the molds
were ¢lled (Olarte et al. 1995). After 12h of
refrigeration, the cheeses were removed from
the molds and the control samples were pack-
aged in air. The other cheeses were packaged
under di¡erent modi¢ed atmosphere condi-
tions: 20%CO2/80%N2, 40%CO2/60%N2 and
100%CO2.The plastic ¢lms usedwere provided
by Dixie (Dixie, Bern, Switzerland) with a CO2

permeability of less than 13 cm3m�2 24 h�1 at 1
atm andO2 permeability of 5 cm3m�2 24 h�1at 1
atm.The packages were evacuated, £ushed and
sealed in a Vaessen-Schoemake machine with
gas injection. The gases used were industrial
f di¡erent cheese batches

Listeria monocytogenes
inoculation

No
No
No
No
Yes
Yes
Yes
Yes
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mixtures provided by Carburos Meta¤ licos
(Spain).

All the cheeses were stored at 41C for 28days.
Samples were analysed on day 0 and after 7, 14,
21 and 28 days of storage.

Two experiments were carried out. In each
experiment eight batches were studied.The at-
mosphere composition and batches inoculated
with L. monocytogenes are described inTable 1.

Physicochemical analyses

pH was measured with a Crison model 2002
pHmeter with a penetration electrode (Crison
Instruments, Barcelona, Spain).TS were deter-
mined according to FIL-IDF 4A:1982 (Anon
1982). All analyses were carried out in dupli-
cate.

Gas determination

Carbon dioxide and oxygen were determined
using an O2 and CO2 head space gas analyser,
Checkmate model 9900 (PBI-Dansensor, Den-
mark). Determinations were performed in
duplicate.

Microbiological analyses

Cheese samples (25 g) were homogenized for
1min in 225ml of a sterile solution of 2% (w/v)
sodium citrate using the Stomacher (IUL, Bar-
celona, Spain). Further decimal dilutions were
preparedwith the same diluent. Analyses were
carried out using the following procedures.

Mesophilic micro-organisms were enumer-
ated on plate count agar (Difco, Detroit, Michi-
gan, US) following the pour plate method and
incubated at 301C711C for 72 h (ICMSF 1978).

Psychrotrophs were determined on plate
count agar at an incubation temperature of
71C711C for 10 days following the pour plate
method (ICMSF 1978).

Anaerobes were determined on plate count
agar following the pour plate method and incu-
bated under anaerobic conditions at 301C711C
for 2 days (ICMSF 1978).

The presence of Listeria spp. was investi-
gated by the following procedure: a 25 g sample
was homogenized with 225ml of Listeria en-
richment broth (LEB, Merck, Darmstadt, Ger-
many) in a Stomacher. The enrichment broth
was incubated at 301C for 48 h. LEB cultures
were streaked onto Palcam agar (Merck) and
the plates were then incubated at 371C for 48 h
and analysed for the presence of Listeria colo-
nies. Suspected colonies grown on Palcam agar
were subcultured for purity on tryptone soya
agar (TSA) and con¢rmed as L. monocytogenes
by the aminopeptidase, catalase and oxidase
test, growth at 371C, tumbling motility at 20^
251C, umbrella motility in the SIM medium
(Oxoid, Unipath, UK), aesculin and urea hy-
drolysis and CAMP test (Seeliger and Jones
1986). Suspected isolates were also identi¢ed
by using API Listeria strips (BioMe¤ rieux, Mar-
ey Le' toile, France).

All analyses were performed in duplicate.

Statistical analysis

Analysis of variance was performed using the
SYSTAT program for Windows; Statistics ver-
sion 5.0 (Evanston, Illinois, US, 1992). Tukey’s
test was performed for comparison of means
using the same program. Signi¢cance was de-
¢ned as P�0?05.

Plate count data were written as logarithms
before statistical treatment.

The data reported in this paper represent
means of values from two replicated experi-
ments in which all analyses were performed in
duplicate.

Results and Discussion

Slight changes in gas concentrations in
the packages were detected. The initial CO2

concentrations were approximately 20, 40
and 100% (v/v) depending on the batch. CO2

concentrations declined during the ¢rst 7 days
of storage in all the batches packaged in
MAP (2^5%). Moir et al. (1993) also observed
this decrease in carbon dioxide concentrat-
ions; this may be because CO2 dissolves into
the cheeses and spreads out of the package.

The oxygen levels detected in cheeses pack-
aged in MAPat day 0 were below 2%.These le-
vels are expected since the structure of the
cheese tends to trap air (Moir et al. 1993). The
oxygen levels decreased during the ¢rst 7 days
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Figure 2. Evolution of pH values in cheeses un-
der di¡erent packaging conditions. Batch C (*),
Batch C20 (&), Batch C40 (~), Batch C100 (� ),
Batch L (*), Batch L20 (&), Batch L40 (~) and Batch
L100 (þ) (seeTable 1).The data are the mean values of
two experiments.
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Figure 3. E¡ect of packaging conditions on me-
sophile counts in cheese. Batch C (*), Batch C20
(&), Batch C40 (~), Batch C100 (� ), Batch L (*),
Batch L20 (&), Batch L40 (~) and Batch L100 (þ)
(see Table 1).The data are the mean values of two ex-
periments.
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(o0?6%) because of intake of micro-organisms.
After 28 days, oxygen levels were around
0?01%.

The physicochemical results are shown in
Figs 1 and 2.The characteristics of the cheeses
prepared were similar to those of previously
studied commercial cheeses (Olarte et al.
1999), except as regards their humidity percen-
tages, which were higher in the cheeses pre-
pared in our pilot plant (65?71%72?61).

The average moisture decreased during sto-
rage for all cheese samples. Signi¢cant di¡er-
ences were not found between inoculated and
non-inoculated cheeses packaged under the
same conditions. The mean moisture losses in
cheeses packaged under 20%CO2/80%N2 and
40%CO2/60%N2 were very similar (3?78% and
4?15%, respectively) after 28 days.These moist-
ure losses were lower than in cheeses packaged
in the other conditions studied. The moisture
losses in cheeses packaged in air were around
6?75%. The highest loss (10?67%) was found in
cheeses packaged under 100%CO2.

The pH decreased slightly during the storage
period. After 28 days, it had only decreased by
0?6^0?8 units.This decrease is characteristic of
fresh cheese produced without a starter cul-
ture (Mart|¤ n-Herna¤ ndez et al. 1990). The de-
crease in pH became evident after 7 days in
cheeses packaged under 100%CO2 and after 14
days in cheeses packaged under 40%CO2/
60%N2. The lowest ¢nal pH values were ob-
served in cheeses packaged under 100%CO2

(5?9).The depression of pH caused by CO2 atmo-
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Figure 1. Evolutionof humiditylosses in cheeses
under di¡erent packaging conditions. Batch C (*),
Batch C20 (&), Batch C40 (~), Batch C100 (� ),
Batch L (*), Batch L20 (&), Batch L40 (~) and
Batch L100 (þ) (see Table 1). The data are the mean
values of two experiments.
spheres has been reported by other authors
(Koskeli 1988, Farber 1991) and proposed as
one of the mechanisms by which CO2 inhibits
microbial growth (King and Nagel 1967, Da-
niels et al. 1985). The decrease in pH could be
the cause of the higher moisture losses found
in cheeses packaged under 100%CO2, and it is
related to the inhibitory e¡ect of CO2 on micro-
bial growth.

Figures 3, 4 and 5 show the results obtained
in the microbiological analyses. The prime ef-
fect of MAP is an extended shelf-life.The delay
of the microbial population in reaching spoi-
lage levels is due in part to an increase in the
lag phase. In fact, the e¡ect of 40% and
100%CO2 atmospheres was particularly impor-
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Figure 4. E¡ect of packaging conditions on psy-
chrotroph counts in cheese. Batch C (*), Batch C20
(&), Batch C40 (~), Batch C100 (� ), Batch L (*),
Batch L20 (&), Batch L40 (~) and Batch L100 (þ)
(see Table 1).The data are the mean values of two ex-
periments.
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Figure 5. E¡ect of packaging conditions on
anaerobe counts in cheese. Batch C (*), Batch C20
(&), Batch C40 (~), Batch C100 (� ), Batch L (*),
Batch L20 (&), Batch L40 (~) and Batch L100 (þ)
(seeTable 1).The data are the mean values of two ex-
periments.
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tant between days 0 and 7, when non-growth in
populations of mesophiles, psychrotrophs and
anaerobes was detected in non-inoculated
batches. This fact could be explained because
the micro-organisms had to adapt to the new
atmospheric conditions. This increase in the
lag phase was only detected in the inoculated
cheeses packaged under 100%CO2 for psychro-
trophs, anaerobes and L. monocytogenes.

The mean mesophile counts of the inocu-
lated and non-inoculated samples packaged in
air increased quickly, and were higher than
7 logcfu g�1 after 7 or 14 days of storage at 41C,
respectively. However, non-inoculated cheeses
packaged under modi¢ed atmospheres only
reached populations above 7 logcfu g�1 on day
21 or 28 of storage in cheeses packaged in
20%CO2/80%N2 and 40%CO2/60%N2, respec-
tively. These populations were not reached in
cheeses packaged under 100%CO2, which gave
a value of 5?3570?59 logcfu g�1 after 28 days of
storage. By contrast, inoculated cheeses pack-
aged under 20%CO2/80%N2 and 40%CO2/
60%N2 reached populations of 7 logcfu g�1 on
day 7. However, those packaged in 100%CO2

reached 7 logcfu g�1 on day 28. The inhibitory
e¡ect of CO2 was particularly important since
the populations reached after 28 days in inocu-
lated batches were 1?5^2?5 log units lower than
those obtained in samples packaged in air.
Moreover, in non-inoculated cheeses packaged
in MAP, mesophile counts after 28 days were
0?5^3 log units lower than in those packaged
in air. The atmosphere composition had a sig-
ni¢cant e¡ect (Po0?05) on mesophile counts.
This e¡ect had been identi¢ed by other authors
in cheese (Scott and Smith 1971, Eliot et al.
1998). These results agree with the ¢nding of
Farber (1991) who reported that the inhibitory
action of CO2 in susceptible organisms results
in an increase in the duration of the lag phase
and a reduction in the growth rate during the
logarithmic phase.

In all the conditions tested, psychrotroph
and anaerobe counts were higher in batches in-
oculated than in those non-inoculated until
day 7, since L. monocytogenes is a psychrotroph
(Fig. 4) and a facultative anaerobe (Fig. 5). The
atmospheric composition and the inoculation
have a signi¢cant e¡ect (Po0?05) on psychro-
troph and anaerobe counts. The lower counts
obtained when the carbon dioxide increased
could be due to the inhibitory e¡ect of CO2.
The psychrotroph and anaerobe evolution was
similar to the mesophile evolution, although
the population was lower.

Since Listeria is able to grow in soft cheeses,
even at low temperatures (Farber et al. 1987,
Lovett 1989) and was detected in 5?6% of com-
mercial Cameros cheese (Olarte et al. 1999), its
possible presence in the samples was investi-
gated. Listeria spp. were not found in non-
inoculated samples.

At day 0, L. monocytogenes counts were 4?4^
4?53 logcfu g�1. These levels were 1 log unit
higher than the initial levels in inoculated
milk.This fact could be explained by the reten-
tion of micro-organisms in the curd during
whey draining (Medina et al. 1992).
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Cameros cheese supported the growth of L.
monocytogenes in all the conditions studied
(Fig. 6). After 28 days, there was a great in-
crease in L. monocytogenes counts when inocu-
lated cheeses were packaged in air (3?86 log
cycles).When gas mixtures of 20%CO2/80%N2

and 40%CO2/60%N2 were used, the L. monocy-
togenes counts increased 3?40 and 3?00 log cy-
cles, respectively, after 28 days of storage.
Only when an atmosphere of 100%CO2 was
used did the lag phase increase, but after 28
days the pathogen counts increased 2?5 log
cycles.

The results of the present study showed that
L. monocytogenes could grow in the cheese sam-
ples stored at 41C for up to 28 days.The absence
of any antimicrobial barriers in the cheese
composition (no starter culture, near neutral
pH, low salt content and high moisture con-
tent) might enable quick growth of the micro-
organisms in this type of cheese.The pH levels
(6^6?7) of these cheeses were within the growth
range of L. monocytogenes and did not a¡ect its
growth.

Farber et al. (1990) detectedL.monocytogenes
in cheese sandwiches stored in 50%CO2/
50%N2, which indicates that L. monocytogenes
can survive in atmospheres containing high
CO2 levels, although these authors suggested
that this does not necessarily imply a capabil-
ity to multiply.The present results demonstrate
that L. monocytogenes can grow in atmospheres
containing high CO2 levels, although the popu-
lations reached after 28 days were 0?5^1?3 log
units lower than in those found in cheeses
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Figure 6. E¡ect of packaging on Listeria mono-
cytogenes growth. Batch C (*), Batch C20 (&), Batch
C40 (~), Batch C100 (� ), Batch L (*), Batch L20
(&), Batch L40 (~) and Batch L100 (þ) (see Table 1).
The data are the mean values of two experiments.
packaged in air. Also, Whitley et al. (2000)
found that MAP in 10% and 20% CO2 was not
e¡ective in controlling growth of L. monocyto-
genes counts in a mould-ripened cheese.

However, in contrast to these results, Moir
et al. (1993) did not observe growth of L. mono-
cytogenes inoculated into cottage cheese pack-
aged in air or 40%CO2/60%N2. This lack of
growth in cottage cheese probably resulted
from the low pH (Bahk and Marth 1990).

Hudson et al. (1994) reported that an atmo-
sphere of saturated CO2 was not inhibitory to
L. monocytogenes growth on sliced roast beef.
Moreover, Bell et al. (1995) and Avery et al.
(1995) found that a concentration of 100%CO2

was not inhibitory to the pathogen on smoked
blue cod and raw beef, respectively.

According to some authors, the oxygenMAP
content seems to be an important factor in the
control of L. monocytogenes growth. Whitley
et al. (2000) observed that MAP in the absence
of O2 increases the lag phase.Wimpfheimer and
Hotchkiss (1989) found that L. monocytogenes
was able to grow equally well at 41C on raw
chicken stored in an aerobic MAP (75?5%CO2,
22?5%N2, 5%O2) or in air. However, these
authors reported that the same atmosphere
containing no oxygen inhibited its growth. In
the present study, the low oxygen levels (0?01^
0?60%) could explain the lower growth of the
pathogen.

Taking the results of the microbial evalua-
tions as a starting point, it can be concluded
that the use of packaging systems under a
100%CO2 atmosphere for Cameros cheese inhi-
bits the development of micro-organisms in-
volved in its spoilage and extends the shelf-life
of this product, but L. monocytogenes can sur-
vive and grow in atmospheres containing high
CO2 levels, thus being a health risk.

In previous work we observed that cheeses
packaged in 40%CO2/60%N2 had a better sen-
sory quality (Gonza¤ lez-Fandos et al. 2000).
However, there is a high risk under these condi-
tions since L. monocytogenes grew faster than
under 100%CO2.

In conclusion, the present study has shown
that fresh goat cheese having a pH value of
6?6, moisture of 60^70% and manufactured
without the use of a starter culture is an excel-
lent substrate for the growth of L. monocyto-
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genes.Thus, special care must be taken to avoid
contamination with L. monocytogenes, and
other growth parameters should be controlled.

References

Anon (1982). Cheese and processed cheese. Determina-
tion of the total solids content. FIL-IDF 4A. Brus-
sels: FIL-IDF.

Avery, S. M., Rogers, A. R. and Bell, R. G. (1995) Con-
tinued inhibitory e¡ect of carbon dioxide packa-
ging on growth of Listeria monocytogenes and
other microorganisms on normal pH beef during
abusive retail display. Int. J. Food Sci. Tech. 30,
725^735.

Bahk, J. and Marth, E. H. (1990) Listeriosis and Lis-
teriamonocytogenes. In FoodborneDiseases (ed. D.
O. Cliver) pp. 247^257. London, Academic Press.

Bell, R. G., Penney, N. and Moorhead, S. M. (1995)
Growth of psychrotrophic pathogens growth of
Listeria monocytogenes, Aeromonas hydrophila
and Yersinia enterocolitica on smoked blue cod
(Parapercis colias) packaged under vacuum or car-
bon dioxide. Int. J. Food Sci.Tech. 30, 515^521.

Daniels, J. A., Krishnamurthi, R. and Rizvi, S. S. H.
(1985) A review of e¡ect of carbon dioxide on mi-
crobial growth and food quality. J. Food Prot. 48,
532^537.

Eliot, S. C.,Vuilerman, J. C. and Emond, J. P. (1998)
Stability of shredded mozzarella cheese under
modi¢ed atmospheres. J. Food Sci. 63, 1075^1080.

Farber, J. M., Johnston, M. A., Purvis, U. and Loit,
A. (1987) Surveillance of soft and semi-soft
cheeses for the presence of Listeria spp. Int. J.
FoodMicrobiol. 5, 157^163.

Farber, J. M.,Warburton, D.W., Gour, L. andMilling,
M. (1990) Microbiological quality of foods pack-
aged under modi¢ed atmospheres. Food Micro-
biol. 7, 327^334.

Farber, J. M. (1991) Microbiological aspects of modi-
¢ed atmosphere packaging technology. A review.
J. Food Prot. 54, 58^70.

Genigeorgis, C., Carniciu,M., Dutulescu, D. and Far-
ver, J. B. (1991) Growth and survival of L. monocy-
togenes in market cheeses stored at 4 to 301C.
J. Food Prot. 54, 662^668.

Gonza¤ lez-Fandos, E., Sanz, S. and Olarte, C. (2000)
Microbiological, physicochemical and sensory
characteristics of Cameros cheese packaged un-
der modi¢ed atmospheres. Food Microbiol. 17,
407^414.

Hotchkiss, J. M. and Banco, M. J. (1992) In£uence of
new packaging technologies on the growth of mi-
croorganisms in produce. J. Food Prot. 55,
815^820.

Hudson, J. A., Mott, S. J. and Penney, N. (1994)
Growth of Listeria monocytogenes, Aeromonas hy-
drophila and Yersinia enterocolitica on vacuum
and saturated carbon dioxide controlled atmo-
sphere packaged sliced roast beef. J. Food Prot.
57, 204^208.

ICMSF (1978)Microorganisms in foods. 1.Their signif-
icance and methods of enumeration. International
Commission on Microbiological Speci¢cations
for Foods. 2nd Ed. University of Toronto Press,
Toronto.

ICMSF (1980) Microbial ecology of foods. 2. Interna-
tional Commission on Microbiological Speci¢ca-
tions for Foods. London, Academic Press.

ICMSF (1996)Microorganisms in foods.5. Characteris-
tics of microbial pathogens. International Commis-
sion on Microbiological Speci¢cations for Foods
(ICMSF). London, Blackie Academic & Profes-
sional.

King, J. A. D. and Nagel, C.W. (1967) Growth inhibi-
tion of Pseudomonas by carbon dioxide. J. Food
Sci. 32, 575^579.

Koskeli, M. (1988) Cheese packaging. Scand. Dairy
Ind. 1/88, 19^20.

Linnan, M. J., Mascola, L., Lou, X. O., Goulet, V.,
Mag, S., Salminen, C., Hird, D.W., Yonekura, L.,
Hayes, P., Weaver, R., Andurier, A., Plikaytis,
B. D., Fannin, S. L., Kleks, A. and Broome,
C. V. (1988) Epidemic listeriosis associated with
Mexican-style cheese. New Engl. J. Med. 319,
823^828.

Lovett, J. (1989)Listeriamonocytogenes. InFoodborne
Bacterial Pathogens (ed. M. P. Doyle) pp. 283^310.
NewYork, Marcel Dekker.

Maniar, A. B.,Marcy, J. E., Bishop, J. R. andDuncan,
S. E. (1994) Modi¢ed atmosphere packaging to
mantain direct set Cottage cheese. J. Food Sci.
59, 1305^1308.

Mart|¤ n-Herna¤ ndez, M. C., Jua¤ rez, M., Ramos, M.
and Mart|¤ n-Alvarez, P. (1990) E¡ects of freezing
and frozen storage on the physicochemical and
sensory characteristics of four types of goat’s
cheeses. Z. Lebernsm. Unters. Forsch. 190, 1325^
1330.

Medina, M., Gaya, P. and Nu¤ •ez, M. (1992) Gredos
goat’s milk cheese: microbiological and chemical
changes throughout ripening. J. Dairy Res. 59,
563^566.

Moir, C. J., Eyles, M. J. and Davey, J. A. (1993) Inhibi-
tion of pseudomonads in cottage cheese by packa-
ging in atmospheres containing carbon dioxide.
FoodMicrobiol. 10, 345^351.

Mossel, D. A. A., Corry, J. E. L., Struijk, C. B. and R.
M. (1995)Essentials of theMicrobiology of Foods. A
Textbook for Advanced Studies. Chichester, UK,
JohnWiley and Sons Ltd.

Olarte, C., Sanz, S.,Torre, P. and Barcina,Y. (1995) El
queso de Cameros. Recuperacio¤ n y caracteriza-
cio¤ n de un producto riojano tradicional. Alimen-
taria 263, 97^101.

Olarte, C., Sanz, S., Gonza¤ lez-Fandos, E. and Torre,
P. (1999) Microbiological and physicochemical
characteristics of Cameros cheese. Food Micro-
biol. 16, 615^621.



82 C. Olarte et al.
Pergiovanni, L., Fava, P. and Moro, M. (1993) Shelf-
life extension of Taleggio cheese by modi¢ed at-
mosphere packaging. Int. J. Food Sci. 5, 115^119.

Scott, C. R. and Smith, H. O. (1971) Cottage cheese
shelf-life and special gas-atmospheres. J. Food
Sci. 36, 78^80.

Seeliger, H. P. R. and Jones, D. (1986) Genus Listeria.
In Bergey’s Manual of Systematic Bacteriology
Vol. 2. (eds P. H. A. Sneath, N. S. Mainer, M. E.
Sharpe and J. H. Holt) pp. 1235^1245. Williams
andWilkins Co., Baltimore, US.
Whimpfheimer, L. and Hotchkiss, J. H. (1989)
Predictive growth of Listeria monocytogenes
and spoilage organisms in poultry pack-
aged in modi¢ed atmospheres. In Abstracts
of the 50th Annual International Food Techno-
logists Meeting, 25^29 June, Chicago, Illinois,
US, p. 181.

Whitley, E., Muir, D. and Waites, W. M. (2000) The
growth of Listeria monocytogenes in cheese
packed under a modi¢ed atmosphere. J. Appl.
Microbiol. 88, 52^57.


	Introduction
	Materials and Methods
	Table 1

	Results and Discussion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

	References

