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Abstract

Soft lactic cheeses were manufactured with raw goat milk inoculated with Listeria monocytogenes. The physico-chemical
and microbiological characteristics of curds and cheeses were determined after each processing step as well as during
ripening and refrigerated storage. The fate of Listeria monocytogenes was evaluated by enumeration on PALCAM agar and
by a qualitative detection after a double selective enrichment procedure. The results showed that the physico-chemical and
microbiological characteristics of lactic cheeses caused a decrease of Listeria monocytogenes counts. However, this decrease
did not lead to the complete disappearance of the pathogen and Listeria monocytogenes was able to survive in soft lactic
cheeses made with raw goat milk  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction technological parameters that could affect the be-
haviour of L. monocytogenes are the nature and the

In recent years, several cases of human listeriosis activity of starter cultures, the rate and extent of the
have been associated with the consumption of soft acidification and the length, temperature and humidi-
cheeses made from cows milk (Linnan et al., 1999; ty of ripening. Tham (1988) has shown that L.
Bille, 1990; Goulet et al., 1995) and goat milk monocytogenes has the ability to survive in cheeses
(McLaughlin et al., 1990). As reported in the recent made from unpasteurised goat milk, but this study
review of Pitt et al. (1999), numerous studies have was conducted on semi-soft cheeses, which are
shown that the survival or growth of Listeria mono- produced by a mixed lactic–rennet technology.
cytogenes depends on the conditions during manu- The manufacture of lactic soft cheeses, the main
facture, ripening and storage of cheeses. Among the type of goat cheeses produced in France (33 000 tons

per year), is characterised by a predominant activity
of lactic starters, leading to a slow and prolonged*Corresponding author. Tel.: 1 33-5-4627-6980; fax: 1 33-5-
acidification pattern (22–24 h) with a high pro-4627-6989.

E-mail address: francois.morgan@itplc.asso.fr (F. Morgan). duction of lactic acid. In previous work (Vernozy-
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Rozand et al., 1998), we have shown that this lactic For acidification, a mixture of mesophilic starters
technology could induce the disappearance of Staph- was used (Flora Danica LD1, Chr. Hansen, Arpajon,
ylococcus aureus from soft lactic goat cheeses France) and, for ripening, Kluyveromyces lactis and
produced with inoculated milk. Geotrichum candidum were used (KL71 and Geo15,

´This study was designed to evaluate the behaviour Texel, Dange St Romain, France).
of L. monocytogenes during manufacture, ripening Four batches of cheeses were produced. For each
and storage of soft lactic cheeses made from raw batch, 60 l of goat milk were used and 30 l were
goat milk, in order to increase our knowledge inoculated with 2 ml of a L. monocytogenes suspen-
concerning the impact of the lactic technology on the sion at the appropriate concentration. The remaining
survival of pathogenic microorganisms. goat milk (30 l) was used to produce control cheeses

with uninoculated milk. Two different inocula of L.
2monocytogenes were used (10 and 10 CFU/ml) and

2. Materials and methods two batches were prepared with each.
The bacterial and physico-chemical analyses were

2.1. Listeria monocytogenes carried out on milk, curd and on cheeses during
ripening at days 7 and 14 and during refrigerated

L. monocytogenes was isolated from raw caprine storage at days 21, 28, 35 and 42. The interior and
milk at the Laboratoire d’Etudes et de Recherches the surface of cheeses were analysed separately.
Caprines (AFSSA, Niort, France).

2.3. Bacterial analyses
2.2. Cheese making and sampling procedure

Samples of milk, curd and cheeses (10 g) were
Listeria monocytogenes was not detected in the homogenised in 90 ml tryptone salt and serial 10-

raw goat milk using the selective enrichment pro- fold dilutions were prepared for bacterial analysis. L.
cedure described below. monocytogenes was enumerated on a selective agar

Mould-ripened soft lactic cheeses were produced medium containing polymycin, acriflavine, lithium
according to the technological scheme described in chloride, ceftazidime, aesculin and mannitol (PAL-
Fig. 1. CAM, Merck, Darmstadt, Germany) after an incuba-

tion period of 24 h at 378C. Samples were also
subjected to a double selective enrichment according
to the French standard AFNOR NF V 08-055
(AFNOR, 1997) and analysed for the presence of L.
monocytogenes. Briefly, this procedure consisted of a
first enrichment step on 1/2 Fraser broth (Bio-

´Merieux, Marcy-L’Etoile, France) at 308C for 24 h,
followed by a subsequent incubation on PALCAM
agar at 378C. A second enrichment step was also

´carried out on Fraser broth (Bio-Merieux) at 378C for
48 h and the cultures were incubated on PALCAM
agar at 378C. The presence of typical colonies of L.
monocytogenes on PALCAM agar was checked after
24 and 48 h.

Aerobic mesophilic plate counts (AMPC) were
determined according to standard procedures on
Plate Count Agar medium (Merck) after an incuba-
tion period of 72 h at 308C (International Dairy
Federation, 1991).Fig. 1. Technological scheme for the manufacture of soft lactic

cheeses made from raw goat milk. Two duplicates were carried out for each analysis.
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2.4. Physico-chemical analyses higher than in the interior of cheeses (results not
shown).

The following characteristics were determined in Listeria monocytogenes was not detected in con-
duplicate: dry matter after drying to constant weight trol cheeses made with uninoculated milk.
at 1028C, pH (pH meter, Orion 701 A), titrable The results concerning the enumeration of L.
acidity using 0.111 M NaOH and phenolphthalein as monocytogenes in cheeses made from milk inocu-

2indicator, and chloride according to the French lated at 10 CFU/ml are shown in Fig. 2. Because of
standard AFNOR NF V 04-288 (AFNOR, 1974). the physical entrapment of L. monocytogenes during

the draining of the curd, the population was approxi-
mately seven-fold greater in the curd than in the

3. Results and discussion inoculated milk. Such a concentration of L. mono-
cytogenes in the curd during the manufacture of

The evolution of the physico-chemical parameters
during manufacture, ripening and storage of soft
lactic cheeses made from raw goat milk is shown in
Table 1. The curd was highly acidic, but an increase
in pH was observed during ripening and manufac-
ture. The development of the surface flora during
ripening led to a more pronounced pH increase on
the surface than in the interior of the cheeses, which
could be explained by the high proteolytic activity on
the surface of the cheeses.

The evolution of aerobic mesophilic plate counts
(AMPC) during the manufacture, storage and ripen-
ing of cheeses followed a similar pattern whatever
the experimental conditions (uninoculated cheeses or

5 Fig. 2. Evolution of L. monocytogenes counts during the manu-contaminated cheeses). AMPC were below 10
facture, storage and ripening of soft lactic cheeses made from raw

CFU/ml in raw milks, reached a maximum in curds, 2goat milk inoculated with L. monocytogenes at 10 CFU/ml7and remained stable at around 5 3 10 CFU/g during (mean of two replicate experiments). M, milk; C, curd; (d)
ripening and storage. Counts on the surface were interior of cheeses; (s) surface of cheeses.

Table 1
Evolution of physico-chemical parameters of soft lactic cheeses made from raw goat milk (mean and standard deviation (in parentheses) of
six measurements corresponding to four batches of contaminated cheeses and two batches of uninoculated cheeses)

Age of cheese

Curd Day 7 Day 14 Day 21 Day 28 Day 35 Day 42

Dry matter (%) 39.1 38.9 49.5 55.6 57.7 58.9 59.8
(0.6) (0.4) (1.1) (1.8) (2.1) (2.4) (1.5)

aNaCl in 0.1 1.8 n.d. 2.3 n.d. n.d. 2.3
water (%) (0.02) (0.2) n.d. (0.1) n.d. n.d. (0.2)

pH surface 4.25 4.27 5.71 5.96 6.36 6.39 6.52
(0.12) (0.21) (0.24) (0.18) (0.08) (0.12) (0.17)

pH interior 4.25 4.24 4.49 4.74 4.97 5.05 5.23
(0.12) (0.11) (0.10) (0.25) (0.18) (0.21) (0.09)

a n.d., not determined.
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2various cheeses has been reported by others (Ryser until day 42. For the inoculum at 10 CFU/ml, these
and Marth, 1987; Papageorgiou and Marth, 1989; listeria analyses were positive throughout the entire
Margolles et al., 1997; Ramsaran et al., 1998). The period of the study (until day 42) for both the interior
number of L. monocytogenes reached 3.3 log CFU/g and surface of contaminated cheeses. Identical re-
in the drained curd and then decreased until day 14 sults were obtained in replicate experiments.
on the surface and day 28 in the interior where it Unlike our previous findings concerning Staphylo-
remained close to 1.5 log CFU/g. coccus aureus (Vernozy-Rozand et al., 1998), the

The decrease in L. monocytogenes counts could be present results clearly demonstrate that L. monocyto-
due to the combined inhibitory effect of low pH and genes is able to survive in soft lactic cheeses made
the activity of lactic starters. The pH values in from raw goat milk. L. monocytogenes may be
cheeses were close to the tolerance limit for growth detected throughout the entire period of ripening and
of L. monocytogenes (Pitt et al., 1999), and inhibi- storage, even if the initial level of contamination is
tion of L. monocytogenes by a low pH has been as low as 10 CFU/ml.
observed previously by several authors for various
soft cheeses (Ryser and Marth, 1987; Papageorgiou
and Marth, 1989; Hicks and Lund, 1991; Margolles References
et al., 1997; Ramsaran et al., 1998). It is also well
recognised that lactic acid bacteria can cause inhibi- AFNOR, 1974. Determination de la teneur en chlorures. Norme
tion of the growth of the pathogen, notably via the NF V 04-288. AFNOR, Paris, France.
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