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Abstract – This study aimed at determining if microbial diversity can be an asset to guarantee the
microbial safety of raw milk cheeses. Our results show that microbial consortia from the surface of
raw milk cheeses can self-protect against Listeria monocytogenes. Indeed, 10 complex microbial
consortia among 34 tested from the surfaces of raw milk Saint-Nectaire cheeses were particularly
effective for reducing the growth of L. monocytogenes on cheese surfaces in comparison of a
commercial ripening culture, despite the high pH values on the surfaces. One of these consortia
(TR15) was selected and propagated on cheese surfaces to create a collection of strains belonging to
lactic acid bacteria, Gram-positive and catalase-positive bacteria, Gram-negative bacteria and
yeasts. On the surfaces of uncooked cheeses, defined consortia consisting of combinations of
several isolates from this collection displayed weaker antagonist activity against L. monocytogenes
than the complex consortium TR15. The results from plate counting and analysis by single strand
conformation polymorphism (SSCP) converged to show that microbial dynamics in cheeses TR15
differed from that of the defined consortia. TR15 cheeses had the highest levels of cultivable
lactobacilli and leuconostocs. Their SSCP profiles were the richest in peaks and were characterised
by the presence of Marinilactibacillus psychrotolerans, Carnobacterium mobile, Arthrobacter
nicotianae or A. arilaitensis, Arthrobacter ardleyensis or A. bergerei and Brachybactrerium sp.
Further investigation will be necessary to gain a better understanding of the microbial interactions
involved in inhibiting L. monocytogenes.

Listeria monocytogenes / microflora / inhibition / cheese / raw milk

摘要 – 微生物多样性是否可以抑制鲜乳干酪中的 Listeria monocytogenes○ 本研究旨在确定
微生物多样性能否作为监测鲜乳干酪的微生物安全性的有效工具○ 结果表明来自鲜乳干酪
表面的微生物菌群能够自我防护 Listeria monocytogenes○ 实际上，来自鲜奶干酪 St Nectaire
表面的 34 份供试微生物菌群中，比商业成熟发酵剂相比，有 10 个微生物菌群显著地降低
了 L. monocytogenes 在干酪表面的生长，尽管在干酪表面具有高 pH 值○ 微生物菌群 TR15
被接种于干酪表面，分离得到了乳酸菌、革兰氏阳性和过氧化氢酶阳性细菌以及革兰氏阴
性细菌和酵母○ 在未加工干酪的表面，由上述分离菌株组成的菌株明确的微生物菌群，比
TR15 相比，对 L. monocytogenes 的抗性较弱○ 培养基平板计数和单链构象多态性 SSCP 分
析结果，结果表明 TR15在干酪中的微生物动态不同于明确菌株的微生物菌群的动态○ TR15
干酪在琼脂培养基上含有最高水平的乳杆菌和明串珠菌○ SSCP 分析也表明乳杆菌和明串
珠菌最为丰富，同时含有 Marinilactibacillus psychrotolerans, Carnobacterium mobile,
Arthrobacter nicotianae (或者 Arthrobacter arilaitensis), Arthrobacter ardleyensis (或者
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Arthrobacter bergerei) 和 Brachybactrerium sp.菌株○ 需要进一步研究以更好地理解抑制
L. monocytogenes 过程中微生物交互作用○

Listeria monocytogenes / 多样性 / 抑制 / 干酪 / 原料奶

Résumé – La diversité microbienne est-elle un atout pour inhiber Listeria monocytogenes dans
les fromages au lait cru ? L’objectif de l’étude était de déterminer si la biodiversité microbienne
est un atout pour garantir la sécurité sanitaire des fromages au lait cru. Nos résultats montrent que
les consortia microbiens naturellement présents à la surface des fromages peuvent auto-protéger les
fromages contre Listeria monocytogenes. En effet, dix consortia complexes issus de croûtes de
fromages de St Nectaire parmi 34 testés réduisaient la croissance de L. monocytogenes à la surface
des fromages malgré leur pH élevé, en comparaison avec un ferment commercial de surface. Le
consortium le plus inhibiteur (TR15) a été sélectionné. Une collection de souches de bactéries
lactiques, de bactérie à Gram positif et catalase positive, de bactéries à Gram négatif et de levures,
issues de la culture du consortium TR15 sur des fromages, a été constituée. À la surface d’un
fromage à pâte pressée non cuite, le consortium complexe TR15 était plus inhibiteur que les
communautés reconstituées en combinant les souches de la collection. Les résultats des
dénombrements sur milieux gélosés et l’analyse par Single Strand Conformation Polymorphism
(SSCP) convergaient pour montrer que la dynamique microbienne sur les fromages obtenus avec le
consortium TR15 se distinguait de celle des fromages obtenus avec les consortia reconstitués. Les
fromages obtenus avec le consortium TR15 avaient les niveaux de lactobacilles et de leuconostocs
cultivables les plus élevés. Leurs profils SSCP à la surface des fromages étaient les plus riches
en pics et étaient caractérisés par la présence de Carnobacterium mobile, Marinilactibacillus
psychrotolerans, Arthrobacter nicotianae ou A. arilaitensis, Arthrobacter ardleyensis ou
A. bergerei et Brachybactrerium sp. Des études complémentaires sont nécessaires afin de mieux
comprendre les interactions microbiennes impliquées dans l’inhibition.

Listeria monocytogenes / microflore / inhibition / fromage / lait cru

1. INTRODUCTION

Cheese production is an efficient branch
of the food industry in France; in 2008,
1.85 million tons of cheeses were produced
for a turnover of more than 7 billion euros.
The economic importance of raw milk
cheeses, which accounted for 14% of
French cheese production in 2008, is con-
nected with their gastronomic reputation,
their high added value and their role in rural
development and land use.

One of the most important features of
raw milks is the diversity of their microbial
communities. More than 150 microbial spe-
cies of lactic acid bacteria, non-lactic bacte-
ria, Gram-negative bacteria, yeasts and
fungi have been identified in raw milks,
with the qualitative and quantitative bal-
ances in terms of species and strains varying

from one milk to another. The microbes can
generate a variety of flavouring compounds,
generating all the diversity and richness of
sensorial properties of raw milk cheeses,
quite different than those of cheeses made
from pasteurised or microfiltered milk
[2, 6]. It cannot be denied that some patho-
genic bacteria can contaminate milk or
cheese. Nevertheless, the health risk with
raw milk production is low, as witnessed
by the low number of toxi-infections associ-
ated with the consumption of raw milk
cheeses [9, 10]. The microbial safety of
these cheeses depends on hygiene measures,
rigorous control and application of proce-
dures adapted from Hazard Analysis and
Critical Control Point.

Microbial diversity may help to improve
the safety of raw milk cheeses. In fact
microbial life, through a large number of
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interactions between populations, is at the
heart of “hurdle technology”. This technol-
ogy involves microbes creating a succession
of barriers such as low pH, inhibitory
metabolites (organic acids, ethanol, etc.),
peptides (bacteriocins) and nutritional com-
petition. Hurdle technology is particularly
effective for controlling pathogenic bacteria
when combined with environmental barriers
(temperature, water content of the cheese,
etc.). Listeria monocytogenes, for example,
may be inhibited on the surface of washed
rind cheeses [13, 25]. Some microbial pop-
ulations from raw milk cheeses (Saint-
Nectaire [25] or Camembert [15]) have been
shown to inhibit L. monocytogenes. The
growth of L. monocytogenes has been
shown to be highly dependent on the raw
milk flora in soft cheeses and was also
lower in a raw milk than in a sterilised
one [5]. Lactic acid bacteria [29], Coryne-
bacteria such as Brevibacterium linens,
yeasts and fungi can inhibit L. monocytoge-
nes [8, 16, 19, 30], mainly by secreting bac-
tericidal and bacteriostatic substances.
However, none of these studies clearly dem-
onstrated how microbial populations inter-
act in the inhibition. The aims of the
present study were (i) to evaluate the
antilisterial activities of complex microbial
consortia from the surface of PDO Saint-
Nectaire raw milk cheeses and (ii) to try
to constitute microbial consortia with simi-
lar antilisterial activities to the complex
one selected in a first step.

2. MATERIALS AND METHODS

2.1. Preparation of undefined
complex consortia from
cheese surfaces

Thirty-four Saint-Nectaire raw milk
cheeses named TR1–TR20 and TR22–
TR35, prepared in different farms and rip-
ened in different cellars for at least 18 days,

were obtained from ripeners in the Saint-
Nectaire area. A quarter of each cheese’s
rind (cheese surface to a thickness of
3 mm) was sampled then blended in
phosphate buffer (20 mmol·L−1 KH2PO4,
0.01 mol·L−1 K2HPO4, Gomri, 1946)
pH 7.5 (diluted 1 volume of sample to
10 volumes of buffer), two times for
2 min, using a stomacher blender (Inter-
science, Saint-Nom-la-Bretèche, France).
This homogenised rind suspension, referred
to below as a “complex consortium”, was
aliquoted and frozen at −20 °C.

2.2. Bacterial strains and microbial
community isolates

2.2.1. Listeria monocytogenes

The purity of L. monocytogenes strain S1
[25] was checked on ALOA agar plate med-
ium then precultured in TS-YE broth med-
ium. After 18 h of incubation at 37 °C,
the culture was centrifuged for 15 min at
5000 rpm and 4 °C and the supernatant dis-
carded. The pellet was homogenised in ster-
ile reconstituted skim milk supplemented
with 15% glycerol and stored at −20 °C
until its inoculation onto the cheese
surfaces.

2.2.2. Characterisation of microbial
isolates from complex cheese
surface consortium TR15
cultivated on cheese

2.2.2.1. Collection of bacterial and
yeast isolates from TR15
cultivated on cheese

In order to constitute simplified defined
consortia that are able to inhibit L. mono-
cytogenes, a collection of bacterial and yeast
isolates was created from the complex con-
sortium TR15, cultivated on cheese. TR15
was inoculated onto the surfaces of cheeses
that were made from pasteurised milk.

Inhibition of Listeria monocytogenes in cheeses 377



Table I. Phylogenetic affiliation of 95 bacterial isolates and 16 yeast isolates from complex consortium TR15 cultivated on cheeses.

Agar plate
medium origin

RFLP
clusters1

Number of isolates Species-specific
PCR amplifications2

Number of
sequenced
isolates

Closest 16S
and 26S rDNA
sequences > 99%

homology

(a) Bacteria

paracasei Lpl Lc Lmn1 Lncit1 ddlE1 ddlF1 Gram+ Catalase−
FH and CRBM G1 16 + − − − − − − 2 2 Lactobacillus casei

− − + − − − − 2 2 Lactobacillus curvatus
MSE, FH and
CRBM (days 11,
18, 21 and 28)

G2 12 − − − + − − − 3 Leuconostoc
pseudomesenteroides

SB and CRBM
(days 21 and 28)

G3 11 − − − − − + − 1 Enterococcus faecalis

CRBM (days 21
and 28)

G4 2 − − − − − − − 2 Carnobacterium mobile

CRBM (days 21
and 28)

G5 5 − − − − − − − 5 Marinilactibacillus
psychrotolerans

Gram+ Catalase+

CRBM (days 21
and 28)

G6 13 7 1 Arthrobacter
nicotianae – arilaitensis

6 Arthrobacter
ardleyensis – bergerei

CRBM (days 21
and 28)

G7 4 3 2 Brevibacterium
linens – casei

1 Brevibacterium
casei – antiquum
(97% homology)

CRBM (days 21
and 28)

G8 1 1 Brachybacterium sp.

continued on next page
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Table I. Continued.

Agar plate
medium origin

RFLP
clusters1

Number of isolates Species-specific
PCR amplifications2

Number of
sequenced
isolates

Closest 16S
and 26S rDNA
sequences > 99%

homology

CRBM and RPF
(days 18, 21
and 28)

G10 4 4 3 Staphylococcus
pulvereri

1 Staphylococcus xylosus
Gram−

PCA + M + CV,
CFC and RPF
(days 18, 21
and 28)

G11 17 3 Pseudomonas
fluorescens – syringae

PCA + M + CV
(day 18)

G12 2 2 Serratia proteomaculans –
liquefaciens

RPF (days 18
and 21)

G9 8 4 Proteus vulgaris

(b) Yeasts

Physiological identification3

OGA (day 18) 11 Candida sake/tropicalis 2 Candida sake

OGA (day 18) 2 Yarrowia lipolytica 2 Yarrowia lipolytica

OGA (day 18) 3 Debaryomyces hansenii 3 Debaryomyces
hansenii

Total number of isolates 111 46

(a) Bacteria: 16S rRNA gene analysis by the RFLP method followed by 16S rRNA gene sequencing, (b) Yeasts: phenotypic identification and
26S rRNA gene sequencing. In brackets () are indicated the time of ripening where the isolate was found. Media details in Section 2.4.
1 RFLP patterns were analysed with BioNumerics software using UPGMA analysis. Isolates with the same pattern were grouped together and one or
several isolates from each group were analysed by 16S rDNA sequencing.
2 The description of primers is given in Table II.
3 Phenotypic identification using the morphological, biochemical and physiological characteristics and assignment to species as described by Callon et al. [7].
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Table II. PCR primers used for identification of isolates and SSCP analysis.

Primers1 Species target Sequences PCR conditions Target

W02 Bacterial 16S rDNA GNTACCTTGTTACGACTT 25 cycles of:
30 s at 94 °C,
30 s at 50 °C,
90 s at 72 °C

SSU 16S rDNA
W18 GAGTTTGATCMTGGCTCAG

W34 Partial bacterial
16S rDNA

TTACCGCGGCGTGCTGGCAC 30 cycles of:
30 s at 96 °C,
30 s at 61 °C,
30 s at 72 °C

SSU 16S rDNA
W49 ACGGTCCAGACTCCTACGGG

Gram1F Partial bacterial
16S rDNA

CCTAATACATGCAAGTCG 30 cycles of:
30 s at 96 °C,
30 s at 52 °C,
45 s at 72 °C

SSU 16S rDNA
Gram2R CTCAGTCCCAATGTGGCC

nl1 Yeast 26S rDNA GCATATCAATAAGCGGAGGAAAAG 30 cycles of:
30 s at 94 °C,
30 s at 57 °C,
30 s at 72 °C

26S rDNA
nl4 GGTCCGTGTTTCAAGACGG

Paracasei 16S Lactobacillus
casei/paracasei

CACCGAGATTCAACATGG 30 cycles of:
60 s at 94 °C,
00 s at 53 °C,
60 s at 72 °C

16S rDNA
16rev GAAAGGAGGTGATCCAGC

16 forward Lactobacillus
plantarum

GCTGGATCACCTCCTTTC 30 cycles of:
60 s at 94 °C,
00 s at 53 °C,
60 s at 72 °C

16S/23S
spacer regionLpl ATGAGGTATTCAACTTATT

16 forward Lactobacillus
curvatus

GCTGGATCACCTCCTTTC 30 cycles of:
60 s at 94 °C,
00 s at 53 °C,
60 s at 72 °C

16S rRNA
geneLc TTGGTACTATTTAATTCTTAG

continued on next page
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Table II. Continued.

Primers1 Species target Sequences PCR conditions Target

Lnm1 Leuconostoc
mesenteroides/
pseudomesenteroides

TGTCGCATGACACAAAAGTTA 25 cycles of:
30 s at 94 °C,
30 s at 62 °C,
90 s at 72 °C

16S rDNA
position 185
forward

Lnm2 ATCATTTCCTATTCTAGCTG

16S rDNA
position 470
reverse

Lncit1 Leuconostoc
citreum

ACTTAGTATCGCATGATATC 30 cycles of:
30 s at 94 °C,
30 s at 58 °C,
90 s at 72 °C

16S rDNA
position 183
forward

Lncit2 AGTCGAGTTGCAGACTGCAG

16S rDNA
position 1326
reverse

ddlE1 Enterococcus
faecalis

ATCAAGTACAGTTAGTCT 30 cycles of:
60 s at 94 °C,
60 s at 54 °C,
60 s at 72 °C

glycopeptide
resistance geneddlE2 ACGATTCAAAGCTAACTG

ddlF1 Enterococcus
faecium

TAGAGACATTGAATATGCC 30 cycles of:
60 s at 94 °C,
60 s at 54 °C,
60 s at 72 °C

ddlF2 TCGAATGTGCTACAATC

1 References [7, 11, 28].
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The inoculated cheeses were ripened for
28 days at 9 °C and 95% relative humidity
(RH) in the ripening room at INRA. The
micoorganisms able to establish themselves
on the cheese surface were enumerated on
various agar media at seven different ripen-
ing times (1, 8, 11, 18, 21, 25 and 28 days).
The agar media presenting the highest num-
ber of colonies with different morphotypes
were observed for samples taken at 11, 18,
21 and 28 days of ripening. The media pre-
senting the highest diversity in terms of mor-
photypes were selected from these ripening
times. From these agar media, 111 colonies,
representative of each of the morphotypes
observed, were isolated and purified before
identification at species level (Tab. I).

2.2.2.2. Total DNA extraction

Total DNA from each isolate cultivated
in an appropriate broth medium was
extracted using Easy-DNA kit with phenol/
chloroform (Invitrogen, Cergy-Pontoise,
France) according to the manufacturer’s
instructions.

The ribosomal 16S rRNA genes
(1450 bp) from all isolates were amplified
by polymerase chain reaction (PCR) using
the universal primers W02 and W18 (com-
plete gene for bacterial strains – Tab. II) as
described by Callon et al. [7].

2.2.2.3. Identification of bacterial
isolates

The 16S rRNA genes of the isolates
were screened by restriction fragment length
polymorphism (RFLP) as described by
Callon et al. [7]. The 16S rRNA RFLP pro-
files of the 111 isolates were compared
using the BioNumerics software and the
unweighted pair group method with arith-
metic averages to obtain a dendrogram. Pat-
terns showing > 90% similarity (calculated
by Pearson’s correlation) were grouped in
the same cluster (G1–G12, see Tab. I). Each

cluster was assigned to a bacterial genus by
comparing the profiles with those of a refer-
ence database. The reference database was
composed of 109 different species from
the laboratory collection, including Gram-
positive lactic acid bacteria (27 strains),
non-lactic Gram-positive bacteria (56 bacte-
ria including 19 Staphylococci) and Gram-
negative bacteria (26). The 16S rDNA of
1–7 isolates representing each restriction
pattern (G1–G12) was sequenced or ampli-
fied with specific primers.

Specific sequences of 16S rRNA genes
from isolates which were identified as lactic
acid bacteria according to their RFLP pro-
files were amplified using specific PCR
primers as described in Table II.

Twenty-five microlitres of bacterial
16S rRNA gene PCR amplification prod-
ucts were sequenced using W34 primer by
GeneCust (Évry, France). The sequences
were compared to the sequences available
in the GenBank database using the Blast
program. In this study, a 99% similarity
was taken to assign an isolate to a species.

2.2.2.4. Identification of yeast isolates

Yeasts were identified by a combination
of phenotypic tests and sequencing of the
D1/D2 domain of the 26S rRNA gene as
described by Callon et al. [7].

2.2.2.5. Antilisterial effect of microbial
isolates

The antilisterial activity of each isolate in
the collection was tested using the agar-well
diffusion method as described by Saubusse
et al. [28].

2.2.2.6. Creating defined microbial
consortia

From the collection of strains from com-
plex consortiumTR15 thatwere able to grow
on cheese surfaces, four different defined
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consortia were made up. The most complex,
called ABCD, was composed of 19 strains
randomly selected for eachmicrobial species
identified (Tab. I): six species of Gram-
positive lactic acid bacteria (GroupA), seven
species of Gram-positive and catalase-
positive bacteria (Group B), three species
of Gram-negative bacteria (Group C) and
three species of yeasts (Group D). Each
group was composed of one strain of each
species as follows: Group A, Lactobacillus
casei/paracasei, Lactobacillus curvatus,
Leuconostoc mesenteroides, Enterococcus
faecalis, Marinilactibacillus psychrotoler-
ans and Carnobacterium mobile; Group B,
Arthrobacter ardleyensis or bergerei,
Arthrobacter nicotianae or arilaitensis,
Staphylococcus xylosus, Staphylococcus
pulvereri, Brevibacterium antiquum or casei,
Brevibacterium linens or casei and Brachy-
bacterium sp.; Group C, Pseudomonas
fluorescens or syringae, Serratia proteomac-
ulans or liquefaciens and Proteus vulgaris;
Group D, Candida sake, Debaryomyces
hansenii and Yarrowia lipolytica. The strains
could not be selected for their antilisterial
properties as none of the isolates identified
was able to inhibit L. monocytogenes by
agar-well diffusion test in vitro. The three
other defined consortia, ABC, ABD and
ACD, were defined by omitting one group:
either B, C or D.

Each isolate was purified on the appro-
priate agar plate medium and cultivated in
10 mL of the appropriate broth medium.
The culture was centrifuged for 15 min at
8500 rpm and 4 °C. The pellet was homog-
enised in sterile reconstituted milk supple-
mented with 15% glycerol and with or
without 5% ascorbate. Suspensions were
transferred to 2 mL microtubes and stored
at −20 °C until their inoculation onto the
cheese surfaces. Before inoculation, suspen-
sions were thawed in a water bath for 5 min
at 25 °C, counted on agar media and diluted
to inoculate the appropriate concentrations
on the cheese surfaces.

2.3. Challenge test
with L. monocytogenes
on the surface of an uncooked
pressed type cheese

2.3.1. Cheese manufacturing

Small cheeses (600 g) were made from
pasteurised milk collected at a school farm
(ENILV, Aurillac, France), using an
uncooked pressed cheese method similar
to that of Saint-Nectaire. Milk was pasteur-
ised at 72 °C for 30 s, cooled to 33 °C then
inoculated with 0.6% of a commercial star-
ter culture (MY800, Streptococcus thermo-
philus; Lactobacillus delbrueckii spp.
bulgaricus, Danisco, Sassenage, France)
and with a commercial mould culture of
Penicillium nalgiovensis (2.5 mL·200 L−1,
Laboratoire Interprofessionnel de Produc-
tion – LIP, Aurillac, France). Forty-five
minutes after adding 40 mL of calf rennet
(Beaugel 520-Ets Coquard, Villefranche-
sur-Saône, France), the curd was cut and
gently stirred to eliminate whey. The curds
were moulded and pressed for 24 h at
2.1 bar and 22 °C. After pressing, the
cheeses (pH 5.14) were vacuum-packed
and frozen at −20 °C until inoculation.

2.3.2. Inoculation of experimental
cheese surfaces

The experimental cheeses made from
pasteurised milk were thawed for 5 h at
room temperature under a laminar hood
and turned over each hour to remove excess
water. In all trials, their surfaces were inoc-
ulated by depositing and brushing with a
sterile toothbrush 1 mL of different micro-
bial consortia containing strain 167 of
L. monocytogenes. L. monocytogenes was
inoculated at 2–5 colony-forming units
(CFU)·cm−2. The microbial consortia were
inoculated in three sets of experiments.

In the first set of experiments, 34 differ-
ent microbial consortia were inoculated;

Inhibition of Listeria monocytogenes in cheeses 383



corresponding to each of the complex
cheese microbial consortia named TR1–
TR20 and TR22–TR35, prepared as
described in Section 2.1 and thawed in a
25 °C water bath before inoculation.

In the second set of experiments, consor-
tium TR15, the most inhibitory of the 34,
was inoculated after 3 and 24 months of
storage at −20 °C in order to verify the sta-
bility of the antilisterial activity.

In the third set of experiments, five differ-
ent microbial consortia were inoculated: one
TR15 consortium (selected in the first set of
experiments and stored at −20 °C) and four
defined microbial consortia (ABCD, ABC,
ACD andABD). The inoculum level of each
species was based on counting results
obtained aftergrowingTR15oncheese.Each
species ofGroupsA, B andDwas inoculated
at 2.7 log CFU·cm−2. The Gram-negative
bacteria (Group C) were inoculated at only
1 log CFU·cm−2.

Each set included a control, inoculated
with 1 mL of a commercial ripening culture
frequently used for manufacturing Saint-
Nectaire cheese (Penicillium nalgiovensis
3.104 CFU·cm−2, LIP, Aurillac, France).

The inoculated cheeses were ripened for
28 days in sterile stainless steel boxes in
INRA’s cellars at 8–9 °C, 98% RH (in the
cellar). After 8 and 18 days of ripening,
the cheeses were washed with sterile salt
water (20% NaCl).

2.4. Microbial analysis

Rind samples 3 mm thick were taken
from inoculated cheeses after 1, 8, 18 and
28 days of ripening, for microbial analysis.

L. monocytogenes was counted as pre-
scribed in ISO 11 2090-2, by an accredited
laboratory (LIAL, Aurillac, France).

The rind samples were blended in phos-
phate buffer (20 mmol·L−1 KH2PO4,
0.01 mol·L−1 K2HPO4) pH 7.5 using a stom-
acher blender (Interscience, Saint-Nom-
la-Bretèche, France). Each suspension

was diluted with Ringer’s solution and
appropriate dilutions were spread on agar
plate media using a spiral system (DS+,
Interscience, Saint-Nom-la-Bretèche, France).

As described by Millet et al. [25], the
microbial populations were enumerated on
the following agar plate media, according
to morphotype: coagulase positive and nega-
tive Staphylococci on rabbit plasma
fibrinogen agar (RPF); facultatively hetero-
fermentative lactobacilli on facultatively
heterofermentative agar (FH); dextran-
producing leuconostocs onMayeux Sandine
andElliker agarmedium (MSE); enterococci
on Slanetz and Bartley agar (SB); Pseudo-
monas on cephalosporin fucidin cetrimide
(CFC) agar; Gram-positive and catalase-
positive bacteria on cheese ripening bacteria
medium (CRBM); Gram-negative bacteria
on plate count agar (PCA) supplemented
with milk and crystal violet (PCA + M +
CV); yeasts and moulds on oxytetracycline
glucose agar (OGA) medium. All media
were purchased from Biokar.

On CRBM,white colonies corresponding
to S. pulvereri, yellow or cream colonies cor-
responding to A. ardleyensis or bergerei,
A. nicotianae or arilaitensis and Brachybac-
terium sp. andorange colonies corresponding
to S. xylosus or B. antiquum or casei and
B. linens or casei were counted specifically.
On OGA medium, white colonies corre-
sponding toD. hansenii orC. sake and cream
colonies corresponding to Y. lipolytica.

Colony counts were expressed as
log CFU·cm−2 of cheese rind. Counts
< 10 CFU·g−1 were shown as < 1 log·cm−2.

2.4.1. Calculation of area
of inhibition

In order to easily compare the L. mono-
cytogenes populations of the different
cheeses during ripening (second set of
experiments), the area of inhibition (AI)
between two ripening days (t1 and t2) was
calculated using the following formula as
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described by Saubusse et al. [28]

AI ¼ ðt2� t1Þ=2� ½ðCt1þ Ct2Þ
� ðTt1þ Tt2Þ�;

where C is the count of L. monocytogenes in
control cheeses whose surfaces were inocu-
lated with a commercial ripening culture
and T is the count of L. monocytogenes in
cheeses whose surfaces were inoculated
with other microbial consortia.

2.5. Single strand conformation
polymorphism analysis
of the cheese rinds

Total genomic DNA was extracted from
1 g cheese rind sample at 1, 8, 18 and
28 days of ripening, using the phenol-chlo-
roform method described by Delbès et al.
[11]. Partial 16S rRNA gene sequences
were amplified using Gram1F–Gram2R
primers with Gram1F labelled with hexa-
chloro derivative of fluorescein HEX and
Gram2R labelled with fluorescein phospho-
ramidite NED [28]. The PCR-single strand
conformation polymorphism (PCR-SSCP)
products were analysed by SSCP capillary
electrophoresis on an ABI Prism 310
genetic analyser. The fluorescence signal
was analysed using the Genescan analysis
software. The SSCP peak patterns were
aligned using internal standard genescan
400 Rox. The dominant peaks in the SSCP
patterns obtained were assigned by compar-
ing their migration with that of the 16 bac-
terial strains used to make up the microbial
community. To analyse the different pro-
files, relative peak proportion Pi is deter-
mined as Pi = ai × 100/Σai, where Pi is
the proportion and Σai is the sum of the
peak areas of the whole SSCP patterns.

2.6. Chemical analysis

2.6.1. pH measurements

The pH of cheese surface was measured
at 1, 8, 18 and 28 days of ripening at three

locations on each cheese with a 926 VTV
pH-meter with Ingold electrode 406 MX
(Mettler-Toledo S.A., Viroflay, France).
The results are the means of the three
measurements.

2.6.2. Analysis of sugar and organic
acid contents of cheese surfaces
by high pressure liquid
chromatography

Suspensions of finely ground rind were
prepared (10 g for organic acids and 10 g
for sugar compounds) in 20 mL distilled
water. After incubating for 1 h at 50 °C,
the rind suspensions were homogenised
using an Ultra-Turrax device at 9500 rpm
for 2 min. Organic acids and sugar com-
pounds were extracted as described by
Leclercq-Perlat et al. [20]. Analysis was per-
formed by high-performance liquid chroma-
tography (HPLC). The HPLC system
(Waters, Guyancourt, France) consisted of
an automatic injector, two serial detectors
(a UV detector 210 nm for organic acids
and a differential refractometer for sugar
compounds) and two integrators. The cat-
ion-exchange column (Aminex HPX-87H –
Bio-Rad, Marnes-la-Coquette, France) was
maintained at 35 °C. Sulphuric acid
(0.1 mol·L−1) was used as the mobile phase
at aflowrateof0.6 mL·min−1. Propionic acid
(1%) was used as an internal standard.

The results were expressed in grams per
kilogram of dry rind content.

3. RESULTS

3.1. Inhibition of L. monocytogenes
on the surfaces of uncooked
pressed type cheeses

The L. monocytogenes counts on the
surfaces of cheeses inoculated with the
34 complex microbial consortia from
Saint-Nectaire cheeses (TR1–TR20 and
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TR22–TR34) and with a commercial rip-
ening culture as a control, after different
ripening times at 9 °C, are given in
Table III. Results obtained for TR15 after
several months of storage at −20 °C are
also included.

The level of L. monocytogenes was
below the detection threshold of 1 log
CFU·cm−2 after 1 and 8 days of ripening
in most cheeses, whichever inoculation
was used (TR1–TR20 and TR22–TR34).
L. monocytogenes grew mainly between
day 8 and day 18 and the L. monocytogenes
count at days 8, 18 and 28 varied according
to the consortium inoculated, allowing
us to arbitrarily classify the cheeses in
three groups. Group 1 (10 consortia) corre-
sponded to cheeses with the lowest
L. monocytogenes counts (below 5 log
CFU·cm−2). Interestingly, one microbial
consortium (TR15) from this group, tested
several times, can be stored at −20 °C in
phosphate buffer for at least 24 months
without losing its capacity to inhibit Listeria
compared to a control. In Group 2
(15 consortia), L. monocytogenes popula-
tions reached between 5.26 and 5.96 log
CFU·cm−2. Group 3 (9 consortia) had the
highest L. monocytogenes counts – 6 log
CFU·cm−2 or more. The control cheeses
inoculated with only the commercial ripen-
ing culture were in this group.

There was no correlation between the
count of L. monocytogenes at a given ripen-
ing time and the pH values; r = 0.10 at
day 18 (pH varying between 6.20 and
7.52, n = 35) and r = −0.14 at day 28
(pH varying between 5.80 and 8.40,
n = 35). However, the increase in pH dur-
ing ripening was associated with an increase
in L. monocytogenes.

Due to its high antilisterial properties and
stability in storage at −20 °C, microbial
consortium TR15 was selected for the sub-
sequent studies of antilisterial activity.

3.2. Identification of strains from
culture of cheese complex
consortium TR15

Ninety-five bacterial isolates were distin-
guished in 12 RFLP patterns (clusters G1–
G12). First, by reference to a database of ref-
erence strains most commonly isolated from
milks or cheeses, nine RFLP profiles
(G1–G3, G6–G8 and G10–G12) were first
assigned to different genera. Profiles of three
clusters (G4, G5 and G9) presented no simi-
larity with those present in the database. The
46 isolates belonging to clusters G1–G5 cor-
responding to lactic acid bacteria were iden-
tified according to their amplification with
specific primers and the identifications were
confirmed by the closest match of their
16S RNA in the GenBank database (Tab. I).
Thus, 14 isolates of G1 were assigned to
Lb. casei or paracasei, the other two isolates
in this group to Lb. curvatus, the 12 isolates
of G2 to Ln. mesenteroides or pseudomesen-
teroides and the 11 isolates of G3 to
E. faecalis. Some representative isolates of
the other groups were identified only by
16S rDNA sequencing (Tab. I). Their
16S rDNA sequences presented more than
99% homology with those of the following
species: Cb. mobile (G4, two isolates),
M. psychrotolerans (G5, five isolates),
A. nicotianaeorarilaitensis (G6, one isolate),
A. ardleyensis or bergerei (G6, six isolates),
B. linens or casei, B. antiquum or casei
(G7, three isolates), Brachybacterium sp.
(G8, one isolate), S. pulvereri, S. xylosus
(G10, four isolates), P. fluorescens or syrin-
gae (G11, three isolates), Ser. proteomacu-
lans or liquefaciens (G12, two isolates) and
Prot. vulgaris (G9, four isolates).

The 16 yeast isolates were identified as
C. sake (11 isolates), Y. lipolytica (three iso-
lates) and D. hansenii (three isolates) on the
basis of their phenotypic characteristics and
26S DNA sequencing (Tab. I).
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Table III. pH and L. monocytogenes growth during ripening on the surfaces of trial cheeses
inoculated with 34 complex consortia collected from cheese surfaces in the Saint-Nectaire area.

Group Trial cheese L. monocytogenes log CFU·cm−2 pH

Day 11 Day 81 Day 18 Day 28 Day 18 Day 28

G1 TR15.1 1.48 < 1 3.33 4.05 6.42 7.12
TR15.2 < 1 1.48 3.34 4.11 7.17 7.83
TR15.3 < 1 1.18 2.01 3.32 7.27 7.71
TR11 < 1 < 1 3.18 4.00 7.15 8.04
TR26 < 1 < 1 3.26 4.13 6.72 6.75
TR19 < 1 < 1 4.21 4.84 7.11 7.21
TR13 < 1 1.78 4.01 4.86 7.10 6.84
TR9 < 1 1.48 3.48 4.91 6.41 6.20
TR22 < 1 1.96 3.74 4.93 6.74 6.73
TR30 1.78 1.78 3.82 4.97 6.60 7.15
TR24 1.48 < 1 3.18 5.04 6.63 6.93
TR25 < 1 1.48 4.23 5.05 7.41 8.47

G2 TR23 < 1 1.96 4.33 5.26 7.10 5.94
TR12 < 1 1.48 4.36 5.27 7.47 8.00
TR29 < 1 1.48 3.52 5.27 6.35 7.00
TR6 < 1 < 1 4.38 5.34 7.17 8.18
TR8 < 1 < 1 4.17 5.39 7.14 8.06
TR34 < 1 1.48 4.03 5.44 6.98 6.70
TR20 1.48 1.96 4.47 5.45 6.92 6.10
TR28 1.96 < 1 4.24 5.52 7.34 8.26
TR16 < 1 2.44 3.94 5.63 7.05 8.21
TR32 1.48 2.08 4.66 5.66 6.28 6.85
TR2 < 1 < 1 4.48 5.69 7.34 7.85
TR17 1.48 1.78 3.76 5.74 6.48 6.87
TR1 1.78 < 1 4.09 5.93 6.21 7.03
TR31 2.52 2.88 4.52 5.96 7.05 7.96
TR35 < 1 < 1 4.27 5.96 6.97 7.06

G3 TR27 < 1 < 1 4.08 6.03 6.31 6.95
TR3 1.48 < 1 4.29 6.08 7.14 6.82
TR14 < 1 2.08 4.01 6.14 6.93 5.80
Control 2 < 1 1.48 4.15 6.13 6.67 7.61
Control 1 1.48 < 1 4.41 6.21 7.52 6.70
TR33 < 1 < 1 4.23 6.23 7.14 5.96
TR18 < 1 < 1 4.90 6.25 7.07 7.66
TR10 1.96 2.33 5.45 6.34 6.42 6.97
TR5 1.48 < 1 4.26 6.36 6.45 6.94
TR4 < 1 < 1 4.71 6.40 6.67 5.91
TR7 < 1 1.78 5.34 6.42 6.35 6.95
Control 3 1.48 3.33 4.63 7.66 7.29 7.70

1 At days 1 and 8, the level of L. monocytogenes was below the detection limit of 1 log CFU·cm−2.
Trial cheese, TRx = complex cheese surface consortium prepared as described in Section 2.1;
Control = commercial ripening culture. Groups = Trial cheeses according to L. monocytogenes counts
at 28 days of ripening: G1 = < 5 log CFU·cm−2, G2 = < 6 log CFU·cm−2 and G3 = > 6 log CFU·cm−2.
TR15.1 = 1st challenge test using complex cheese surface consortium TR15. Control 2 and
Control 3 = commercial ripening culture from the 2nd and 3rd challenge tests, TR15.2 = 2nd challenge
test using TR15 after 3 months of storage at −20 °C, TR15.3 = 3rd challenge test using TR15 after
24 months of storage at −20 °C.
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3.3. Antilisterial properties on cheese
surfaces of complex consortium
TR15 and defined consortia

L. monocytogenes developed differently
during ripening depending on the microbial
consortium inoculated − complex consor-
tium TR15 and defined consortia as shown
in Figure 1. The lowest count was observed
on cheese surfaces inoculated with complex
consortium TR15 and the highest on those
with only the commercial ripening culture.

The inhibition of L. monocytogenes was
then evaluated by calculating the AI as
described in the Section 2. The AI data
and pH values are shown in Table IV.
The higher the AI values, the stronger the
inhibition of L. monocytogenes. Throughout
the ripening, AI values were highest in
cheeses inoculated with complex consor-
tium TR15 and lowest in those inoculated
with ABCD and ABD. Between days 18
and 28, L. monocytogenes was also
inhibited (positive values of AI) in the
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Figure 1. L. monocytogenes growth on the surfaces of cheeses inoculated with complex
consortium TR15 and defined consortia. L. monocytogenes counts expressed in log CFU·cm−2;
cheese surfaces inoculated with control = commercial ripening culture, TR15 = complex consor-
tium (rind suspension), ABCD, ABC, ABD and ACD = defined consortia from identified isolates
(A = six lactic acid bacteria, B = seven Gram-positive and catalase-positive bacteria, C = three
Gram-negative bacteria and D = three yeasts).

Table IV. Areas of inhibition of L. monocytogenes growth on the surfaces of cheeses inoculated
with complex consortium TR15 and defined microbial consortia.

AI (8–2) AI (18–8) AI (28–18)

TR15 2.66 11.20 16.33
ABCD −0.60 −0.66 2.48
ABC −1.11 0.39 5.65
ABD −0.84 −1.70 2.71
ACD 0.12 3.69 7.28

AI = area of inhibition calculated between 2 days of ripening (t2−t1) according to the formula,
AI = (t2 − t1)/2 × [(Ct2 + Ct1) − (Tt2 + Tt1)], with C = L. monocytogenes counts in the control cheese
and T = L. monocytogenes counts in cheeses inoculated with consortia. Cheese surfaces inoculated with
control = commercial ripening culture; TR15 = complex consortium (rind suspension) and ABCD,
ABC, ABD and ACD = defined consortia from identified isolates (A = six lactic acid bacteria, B = seven
Gram-positive and catalase-positive bacteria, C = three Gram-negative and D = three yeasts). Numbers
in bold fonts indicate the highest inhibition.
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presence of ACD and to a lesser extent with
ABC.

3.4. Evolution of pH

At days 1 and 2, pH values ranged from
5.52 to 6.17 (Tab. V), but nevertheless
L. monocytogenes counts were below the
detection limit on the surfaces of all
cheeses. In all cheeses, pH dropped between
days 1 and 8, ranging between 5.56 and
5.92 at day 8. The lowest pH, at day 8 in
cheese ABCD (pH 5.56) was not associated
with the lowest count of L. monocytogenes.
Between days 8 and 18, the pH increased
dramatically, reaching 7.04–7.58 at day 18
in all cheeses (Tab. V). This was matched
by an increase of close to 2 log CFU·cm−2

in L. monocytogenes counts. At day 28,
the control cheese had the lowest pH
value (7.04), but the highest count of
L. monocytogenes.

3.5. Dynamics of microbial
populations by culture-
dependent methods

At all stage of ripening, it was difficult to
control Gram-negative bacteria. They were
present in abundance on the surfaces of all
the cheeses (9.1 log CFU·cm−2 in TR15
to 9.7 log CFU·cm−2 in ABCD), even
the ABD cheeses (8.9 log CFU·cm−2 at

28 days) on which they had not been
inoculated (Tab. VI).

At days 1 and 8, the highest lactobacilli
count was on the surface of cheeses inocu-
lated with consortium TR15, at least 1 log
CFU·cm−2 higher than in the other cheeses,
except for the ACD cheeses where the
counts at day 8 were similar to those for
TR15 (5.6 log CFU·cm−2; Tab. VI).

At day 1, dextran-producing leuconos-
tocs were detected in all cheeses inoculated
with any of the five microbial consortia. As
with the lactobacilli, leuconostoc counts
were at least 1 log CFU·cm−2 lower in the
defined consortia than in complex consor-
tium TR15. However, leuconostocs were
counted at every ripening time on the sur-
faces of cheeses inoculated with TR15,
where they reached 7.7 log CFU·cm−2 at
day 28. In cheeses prepared with defined
consortia, they were not found on MSE
medium up to day 8.

Until day 18, the trend in E. faecalis
countswas similar in cheeses inoculatedwith
complex consortium TR15 and defined con-
sortia ABD and ACD. From day 18 to 28,
they increased to 6.9 log CFU·cm−2 in
cheeses inoculated with ABD and ACD,
but remained stable at 5.6 log CFU·cm−2

in cheeses inoculated with complex consor-
tium TR15. There was no growth of
E. faecalis in cheeses inoculated with
ABC (consortium without yeasts).

Table V. pH of cheese rinds inoculated with complex consortium TR15 or defined consortia.

Day 1 Day 2 Day 8 Day 18 Day 28

Control 5.88 5.62 5.76 7.50 7.04
TR15 5.95 6.07 5.72 7.54 7.04
ABCD 5.77 5.52 5.56 7.46 7.45
ABC 5.93 6.06 5.55 7.58 7.33
ABD 5.90 6.09 5.92 7.58 7.29
ACD 6.17 5.81 5.73 7.58 7.32

pH values are means of three measurements for each time of ripening; cheese surfaces inoculated with
control = commercial ripening culture; TR15 = complex consortium (rind suspension) and ABCD,
ABC, ABD and ACD = defined consortia from identified isolates (A = six lactic acid bacteria,
B = seven Gram-positive and catalase-positive bacteria, C = three Gram-negative bacteria and
D = three yeasts).
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Table VI. Microbial population counts during ripening on the surfaces of cheeses inoculated with
complex consortium TR15 and defined consortia.

TR15 ABCD ABC ABD ACD

Lactobacillus sp.
Day 1 4.9 3.6 3.6 3.8 2.8
Day 8 5.4 4.5 4.7 3.5 5.6
Day 18 6.1 6.6 6.8 7.1 7.5
Day 28 6.2 6.6 6.4 7.8 7.4

Leuconostoc mesenteroides
Day 1 5.1 3.5 3.6 4.0 4.4
Day 8 6.1 < 2 < 2 < 2 < 2
Day 18 7.7 < 3 < 3 < 3 < 3
Day 28 7.5 < 3 < 3 < 3 < 3

Enterococcus faecalis
Day 1 4.0 3.2 2.8 3.8 3.8
Day 8 4.5 2.9 2.4 4.3 4.4
Day 18 5.6 4.2 4.0 5.7 5.5
Day 28 5.3 5.7 2.9 6.9 6.9

Arthrobacter nicotianae;
Arthrobacter ardleyensis or
bergerei; Brachybacterium sp.
Day 1 3.5 3.9 3.6a 4.2a < 2
Day 8 8.2a 6.0 4.4 6.4 < 2
Day 18 8.5 8.4 8.1 7.8 < 3
Day 28 9.3a 8.7 9.0 8.1 < 3

Staphylococcus pulvereri
Day 1 < 3 3.2 3.6a 4.2a < 2
Day 8 6.8 7.4 7.3 6.6 < 2
Day 18 7.1 8.4 8.5 7.9 < 3
Day 28 9.3a 8.4 8.0 8.0 < 3

Gram-negative bacteria
Day 1 4.9 4.5 3.3 4.5 6.3
Day 8 7.8 6.9 6.9 7.2 7.6
Day 18 8.7 7.8 8.9 7.8 8.8
Day 28 9.1 9.7 9.5 8.9 9.6

Candida sake
Day 1 4.2a 3.1a < 2 4.6a 4.5a

Day 8 7.0 6.9 < 2 7.7 7.4
Day 18 8.4 7.9 < 3 8.0b 8.3b

Day 28 8.0 7.5 < 3 8.1a 8.2a

continued on next page
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At day 8, S. pulvereri was the dominant
populationwithin the Gram-positive and cat-
alase positive population in cheeses prepared
with defined microbial consortia. Its level
increased until day 18 and then stabilised
around 8 log CFU·cm−2. In these cheeses,
the growth of Arthrobacter sp. was similar.
In cheeses inoculated with complex consor-
tium TR15 the increase in Arthrobacter sp.
was > 1–1.5 log CFU·cm−2 higher than for
S. pulvereri throughout ripening. At day 28
it was difficult to count each species due to
the great diversity of morphotypes on the
plate (Tab. VI).

The yeast counts were similar in all
cheeses and increased mainly before
day 8, stabilising at 28 days at 8 log units
(CFU·cm−2) with dominance of C. sake
and D. hansenii. These two species were
still the dominant populations at the end
of ripening and their levels with the TR15
and ABCD consortia were similar. At 8

and 18 days counts of Y. lipolytica were
higher in consortia ABD and ACD than in
TR15 and ABCD.

3.6. Evaluation of bacterial balance
on cheese rinds by a culture-
independent method (direct
SSCP) and by plate counting

Table VII shows the percentage of each
bacterial population at 18 and 28 days of
ripening, as assessed by the culture-inde-
pendent method SSCP analysis targeting
the V2 region of 16S rDNA and the
culture-dependent plate counting method.
Gram-negative bacteria have not been
taken into account as they could not be
detected by PCR-SSCP analysis of the V2
region of 16S rDNA. Moreover, data from
days 1 and 8 of ripening are not considered
because the SSCP V2 profiles were domi-
nated by a single peak corresponding to

Table VI. Continued.

TR15 ABCD ABC ABD ACD

Debaryomyces hansenii
Day 1 4.2a 3.1a < 2 4.6a 4.5a

Day 8 7.1 7.4 < 2 6.8 7.5
Day 18 7.3 7.2 < 3 8.0b 8.3b

Day 28 7.9 8.0 < 3 8.1a 8.2a

Yarrowia lipolytica
Day 1 4.2a 3.1a < 2 4.6a 4.5a

Day 8 6.1 6.4 < 2 7.1 6.9
Day 18 6.9 6.0 < 3 7.5 7.4
Day 28 7.3 6.9 < 3 8.1a 8.2a

Total yeasts
Day 1 4.2 3.1 < 2 4.6 4.5
Day 8 7.3 7.5 < 2 7.8 7.8
Day 18 8.4 7.9 < 3 8.1 8.3
Day 28 8.3 8.1 < 3 8.1 8.2

Cheese surfaces inoculated with control = commercial ripening culture; TR15 = complex consortium
(rind suspension) and ABCD, ABC, ABD and ACD = defined consortia from identified isolates (A = six
lactic acid bacteria, B = seven Gram-positive and catalase-positive bacteria, C = three Gram-negative
bacteria and D = three yeasts). Results expressed in log CFU·cm−2.
a Indicate the total count of species on media.
b Counting value including C. sake and D. hansenii.
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Table VII. Microbial populations’ establishment at 18 and 28 days of ripening on the surfaces of cheeses inoculated with complex consortium
TR15 and defined consortia, analysed by SSCP and counting on agar media.
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Proportion of species on cheese rinds from TR15 = complex consortium (rind suspension) and ABCD, ABC, ABD and ACD = defined consortia from
identified isolates (A = six lactic acid bacteria, B = seven Gram-positive and catalase-positive bacteria, C = three Gram-negative bacteria and D = three
yeasts).
*L. delbrueckii and S. thermophilus are strains from the commercial starter culture (My800) used for cheese manufacturing.
│straight line indicates that the proportion included the different species of the lines.
Plate = results expressed as a proportion of counted species on agar media. SSCP = results expressed as proportion of the peak (Pi) in the pattern with
Pi = ai × 100/Σai, where ai = peak area and Σai = total peak area of the pattern. Species names on the same line indicate coelution in the same peak; n-dash
(–) indicates no detection and d indicates detection of a peak < 1% of total pattern.
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St. thermophilus. Both methods, PCR-SSCP
and counting, led to the conclusion that
S. xylosus, B. linens or casei and B. antiqu-
um or casei were subdominant populations
as they were not detected on the cheese sur-
faces by either of the two methods.

PCR-SSCP analysis of V2 region was
more accurate than plate counting for
detecting the diversity of the bacterial
populations present on the cheese surfaces.
Leuconostocs were detected in all SSCP
cheese profiles from day 8 to 28, but were
only quantified in TR15 cheeses by
the culture-dependent method. This discrep-
ancy may be due to the leuconostoc strain
selected losing its ability to produce dex-
trans on MSE medium, whereas strains
from the natural flora were still able to pro-
duce them. Then, the two methods gave
quite different pictures of bacterial commu-
nity. The leuconostoc peak can represent
> 70% of the peaks on SSCP profiles for
cheeses inoculated with defined consortia
ABC at 18 days and ACD at 18 and 28 days.
With plate counting the dominant popula-
tions in cheeses with defined consortium
ACD were lactobacilli (99%) at 18 days
and lactobacilli (74.4%) and E. faecalis
(25.2%) at 28 days. The SSCP patterns of
the cheese surfaces prepared with consor-
tium TR15 were the most diverse, with
10 peaks in the profile at 18 days and
12 peaks in the profile at 28 days. They
were characterised by the presence of Cb.
mobile, M. psychrotolerans, A. nicotianae
or arilaitensis, A. ardleyensis or bergerei
and Brachybacterium sp. These species
were not specifically quantifiable by plate
counting. S. pulvereri represented 30% of
the profiles of complex consortium
TR15, whereas it was subdominant in
cheeses with defined consortia (ABC and
ABD). The plate counting method gave
a quite different picture, as S. pulvereri
was the dominant population in these
cheeses. According to the PCR-SSCP
analysis, A. ardleyensis or bergerei
was dominant in cheeses with defined

consortia (ABCD, ABC and ABD) at
day 28. Such discrepancies may either
be due to S. pulvereri growing better than
A. ardleyensis or bergerei on CRBM, or
to better extraction and amplification of
A. ardleyensis or A. bergerei-DNA for
the SSCP analysis. Moreover, the SSCP
method detects both dead and live cells.

3.7. Sugar and organic acid contents
on cheese surfaces

The dynamics of lactate consumption
was quite similar in all cheeses, with a
decrease from day 8 to 28 (Fig. 2). In the
same way, galactose content decreased rap-
idly from day 2 to 28 in all cheeses. A peak
eluting with formate was not produced in
the control and ABC cheeses. This mole-
cule increased until day 18 in TR15, ABD
and ACD cheeses and decreased after in
cheeses TR15, ACD, whereas it remained
stable in ABD cheeses. Maximum produc-
tion was reached at 8 days for ABCD
cheeses and was not detected at day 18.
The acetate production curves also differed
from one cheese to another. Acetate
increased more or less rapidly between
days 8 and 18 in all cheeses (Fig. 2). After
days 18, acetate content decreased slightly
in ABCD cheeses but tended to stabilise
in ABC, ABD and ACD cheeses. In the
control and TR15 cheeses, acetate content
increased sharply between days 18 and 28.

4. DISCUSSION

Complex microbial consortia from the
surface of raw milk Saint-Nectaire cheeses
showed wide diversity in their ability to
inhibit L. monocytogenes. The growth of
L. monocytogenes was reduced for 10 out
of the 34 cheeses inoculated with complex
microbial consortia. This result shows that
microbial consortia from raw milk cheeses
can self-protect against some pathogens
despite high pH values on their surfaces,
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which favours L. monocytogenes growth.
This provides an argument for the safety
of raw milk cheeses, in agreement with
other published studies. For example,
Eppert et al. [13] have described complex
consortia from red smear cheeses that inhib-
ited L. monocytogenes. Similarly, according
to Guillier et al. [17], biofilm recovered
from wooden shelves during ripening of
soft and smear cheeses was able to inhibit
L. monocytogenes growth.

Our study confirms the conclusions of
studies [11, 14] showing that the picture of
microbial community of cheeses varies
according to the method used to assess them.
The plate counting method and a culture-
independent method (SSCP) provided com-
plementary information about the dynamics
of microbial populations on cheese surfaces
inoculatedwith differentmicrobial consortia.

By the plate counting method, the most
inhibitory consortium, TR15, was distin-
guished from the others by its high level of
lactic acid bacteria, including lactobacilli
and leuconostocs, at the beginning of ripen-
ing, which may play a role in the inhibition.
During ripening, on MSE medium a leuco-
nostoc population was detected in complex
consortium TR15 but not in the defined con-
sortia, whereas PCR-SSCP analysis detected
this population in all cheeses. Thismaymean
that consortium TR15 had a different leuco-
nostoc population to that in the defined con-
sortia. The leuconostoc populations in the
defined consortia may have lost their ability
to produce dextran, and the SSCP analysis
may have detected dead cells as well as live.
The SSCP profiles of cheese surfaces with
the complex cheese consortium TR15 were
more diverse than the others. They were
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Figure 2. Galactose and organic acid contents on the surfaces of cheeses inoculated with complex
consortium TR15 or defined consortia. All contents measured by HPLC at 1, 2, 18 and 28 days of
ripening and expressed as g·kg−1 of dry matter content of rind. Control = commercial ripening
culture; TR15 = complex consortium (rind suspension); ABCD, ABC, ABD and ACD = defined
consortia from identified isolates (A = six lactic acid bacteria, B = seven Gram-positive and
catalase-positive bacteria, C = three Gram-negative bacteria and D = three yeasts).
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characterised by the presence of Cb. mobile,
M. psychrotolerans, A. nicotianae or
A. arilaitensis, A. ardleyensis or bergerei
and Brachybacterium sp., whereas the pro-
files of defined consortia were often domi-
nated by only two or three species
(A. ardleyensis or bergerei, S. pulvereri and
Ln. mesenteroides). M. psychrotolerans and
Cb. mobile are halophilic, alkalophilic lactic
acid bacteria that have rarely been described
in cheeses. They have been found in Saint-
Nectaire cheeses [11], in red smear cheeses
[14, 24] and Egyptian soft Domiati cheeses
[12]. In smear cheeses,Corynebacterium ca-
sei, A. nicotianae and B. linens constituted
more than 70% of the microbial population
[3, 8, 24]. S. pulvereri has not often been
described in cheeses other than Saint-
Nectaire [11]. The population of Gram-
negative bacteria present in our cheese was
commonly described on the surfaces of
cheeses [11, 14] not manufactured and rip-
ened in sterile conditions. And in spite of
the difficulty of controlling the prolifera-
tion of Gram-negative bacteria, differences
in L. monocytogenes growth were still
observed.

It can be hypothesised that these differ-
ences in the balance between groups of
microorganisms may have a preponderant
role in the inhibition, but it was not pos-
sible to identify one population as being
responsible.

In the literature, inhibition in cheeses
has been usually attributed to bacteriocin-
producing strains even in the cases where
the molecules have not been quantified. For
example, Eppert et al. [13] reported that the
inhibition of L. monocytogenes in red smear
cheeses was due to a strain of B. linens pro-
ducing linocin. Loessner et al. [22] showed
that a pediocin produced by Lactobacillus
plantarum could have an efficient antilisterial
activity. In our study, none of the isolates
used in the defined consortia were able to
inhibit L. monocytogenes in the conditions
of the agar-well diffusionmethod, suggesting

that bacteriocins were not involved in the
inhibition.

A possible link between the inhibition of
L. monocytogenes with galactose consump-
tion and acid production has not yet been
established. L. monocytogenes can be inhib-
ited by formate and by acetate [26, 28].
Awide range of lactic acid bacteria including
Lactobacillus sp., Enterococcus sp. or
Ln. mesenteroides [18] are able to produce
acetate from lactose or galactose catabolism
by the Leloir pathway or the T-tagatose path-
way [1].Moreover, some strains of lactic acid
bacteria such asE. faecaliswere shown to be
able to co-metabolise lactate and citrate to
produce acetate, formate and ethanol in a
milkmedium [27]. Ifmost lactic acid bacteria
may have the potentialities to catabolise lac-
tate into acetate or formate [21], further
investigations will be needed to characterise
the capacity of production by the strains of
our inhibitory complex consortium.

Lactate, an antilisterial substance, was
consumed at the cheese surfaces. The catab-
olism of lactate is frequently attributed to
yeast strains such as D. hansenii [4, 20]
and Y. lipolytica [23]. In this study, the
results did not enable us to link a specific
microbial population and organic acid out-
put to the inhibition of L. monocytogenes.

5. CONCLUSION

A natural cheese surface consortium
having an antagonistic effect against
L. monocytogenes was identified, but the
strategy applied to reconstitute it failed to
obtain a defined consortium with similar
properties. New strategies need to be estab-
lished to reconstitute this microbial consor-
tium, taking better account of diversity at
strain level, cell preparation and the physio-
logical state of the cells. Further investiga-
tions will be needed to gain a better
understanding of the microbial interactions
involved in L. monocytogenes inhibition.
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Some hypotheses made about the role of
leuconostocs and lactobacilli should be
checked.

Acknowledgements: This work is part of the
TRUEFOOD project: TRUEFOOD – “Tradi-
tional United Europe Food” is an Integrated Pro-
ject financed by the European Commission under
the sixth Framework Programme for RTD –
Contract no. FOOD-CT-2006-016264. The
authors would like to thank René Lavigne for
the cheese production and Béatrice Dessere for
her helpful technical support. The authors are
also grateful to Daniel Picque and especially
Armelle Delile (INRA, UMR782 Génie et
microbiologie des procédés alimentaires,
Thiverval-Grignon, France) for HLPC analysis.
English proofreading was done by Harriet
Coleman.

REFERENCES

[1] Bertelsen H., Andersen H., Tvede M.,
Fermentation of D-tagatose by human intes-
tinal bacteria and dairy lactic acid bacteria,
Microb. Ecol. Health Dis. 13 (2001) 87–95.

[2] Beuvier E., Buchin S., Raw Milk Cheeses,
in: Fox P.F., McSweeney P.L.H., Cogan
T.M., Guinee T.P. (Eds.), Cheese: Chemistry,
Physics and Microbiology, Vol. 1: General
aspects, 3rd edn., Elsevier Ltd, London, UK,
2004, pp. 319–345.

[3] Bonaiti C., Leclercq-Perlat M.-N., Latrille
E., Corrieu G., Deacidification by Debary-
omyces hansenii of smear soft cheeses
ripened under controlled conditions: relative
humidity and temperature influences,
J. Dairy Sci. 87 (2004) 3976–3988.

[4] Brennan N.M., Ward A.C., Beresford T.P.,
Fox P.F., Goodfellow M., Cogan T.M.,
Biodiversity of the bacterial flora on the
surface of a smear cheese, Appl. Environ.
Microbiol. 68 (2002) 820–830.

[5] Brouillaud-Delattre A.,MaireM., Collette C.,
Mattei C., Lahellec C., Predictive microbi-
ology of dairy products: influence of bio-
logical factors affecting growth of Listeria
monocytogenes, J. AOAC Int. 80 (1997)
913–919.

[6] Callon C., Berdagué J.L., Dufour E., Montel
M.C., The effect of raw milk microbial flora

on the sensory characteristics of Salers-type
cheeses, J. Dairy Sci. 88 (2005) 3840–3850.

[7] Callon C., Duthoit F., Delbès C., Ferrand M.,
Le Frileux Y., De Crémoux R., Montel M.C.,
Stability of microbial communities in goat
milk during a lactation year: molecular
approaches, Syst. Appl. Microbiol. 30
(2007) 547–560.

[8] Carnio M.C., Eppert I., Scherer S., Analysis
of the bacterial surface ripening flora of
German and French smeared cheeses with
respect to their antilisterial potential, Int. J.
Food Microbiol. 47 (1999) 89–97.

[9] D’Amico D.J., Druart M.J., Donnelly C.W.,
Sixty-day aging requirement does not ensure
safety of surface-mold-ripened soft cheeses
manufactured from raw or pasteurized milk
when Listeria monocytogenes is introduced
as a postprocessing contaminant, J. Food
Prot. 71 (2008) 1563–1571.

[10] De Buyser M.L., Dufour B., Maire M.,
Lafarge V., Implication of milk and milk
products in food-borne diseases in France
and in different industrialised countries, Int.
J. Food Microbiol. 67 (2001) 1–17.

[11] Delbès C., Ali Mandjee L., Montel M.C.,
Monitoring bacterial communities in raw
milk and cheese by culture-dependent and
-independent 16S rRNA gene-based analy-
ses, Appl. Environ. Microbiol. 73 (2007)
1882–1891.

[12] El-Baradei G., Delacroix-Buchet A., Ogier
J.-C., Biodiversity of bacterial ecosystems in
traditional Egyptian domiati cheese, Appl.
Environ. Microbiol. 73 (2007) 1248–1255.

[13] Eppert I., Valdes-Stauber N., Gotz H., Busse
M., Scherer S., Growth reduction of Listeria
spp. caused by undefined industrial red
smear cheese cultures and bacteriocin-pro-
ducing Brevibacterium linens as evaluated
in situ on soft cheese, Appl. Environ.
Microbiol. 63 (1997) 4812–4817.

[14] Feurer C., Irlinger F., Spinnler H.E., Glaser P.,
Vallaeys T., Assessment of the rind
microbial diversity in a farmhouse-produced
vs a pasteurized industrially produced soft
red-smear cheese using both cultivation and
rDNA-based methods, J. Appl. Microbiol.
97 (2004) 546–556.

[15] Gay M., Amgar A., Factors moderating
Listeria monocytogenes growth in raw milk
and soft cheese made from raw milk, Lait 85
(2005) 153–170.

[16] Goerges S., Aigner U., Silakowski B.,
Scherer S., Inhibition of Listeria

Inhibition of Listeria monocytogenes in cheeses 397



monocytogenes by food-borne yeasts, Appl.
Environ. Microbiol. 72 (2006) 313–318.

[17] Guillier L., Stahl V., Hezard B., Notz E.,
Briandet R., Modelling the competitive
growth between Listeria monocytogenes
and biofilm microflora of smear cheese
wooden shelves, Int. J. Food Microbiol.
128 (2008) 51–57.

[18] Hemme D., Foucaud-Scheunemann C., Leu-
conostoc, characteristics, use in dairy tech-
nology and prospects in functional foods,
Int. Dairy J. 14 (2004) 467–494.

[19] Larsen A.G., Knochel S., Antimicrobial activ-
ity of food-related Penicillium sp. against
pathogenic bacteria in laboratory media and a
cheese model system, J. Appl. Microbiol. 83
(1997) 111–119.

[20] Leclercq-Perlat M.N., Oumer A., Bergère J.L.,
Spinnler H.E., Corrieu G., Growth of
Debaryomyces hansenii on a bacterial sur-
face-ripened soft cheese, J. Dairy Res. 66
(1999) 271–281.

[21] Liu S.Q., Practical implications of lactate
and pyruvate metabolism by lactic acid
bacteria in food and beverage fermentations,
Int. J. Food Microbiol. 83 (2003) 115–131.

[22] Loessner M., Guenther S., Steffan S.,
Scherer S., A pediocin-producing Lactoba-
cillus plantarum strain inhibits Listeria
monocytogenes in a multispecies cheese
surface microbial ripening consortium, Appl.
Environ. Microbiol. 69 (2003) 1854–1857.

[23] Mansour S., Beckerich J.M., Bonnarme P.,
Lactate and amino acid catabolism in the
cheese-ripening yeast Yarrowia lipolytica,

Appl. Environ. Microbiol. 74 (2008) 6505–
6512.

[24] Maoz A., Mayr R., Scherer S., Temporal
stability and biodiversity of two complex
antilisterial cheese-ripening microbial con-
sortia, Appl. Environ. Microbiol. 69 (2003)
4012–4018.

[25] Millet L., Saubusse M., Didienne R., Tessier
L., Montel M.C., Control of Listeria mon-
ocytogenes in raw-milk cheeses, Int. J. Food
Microbiol. 108 (2006) 105–114.

[26] Ostling C.E., Lindgren S.E., Inhibition of
enterobacteria and listeria growth by lactic,
acetic and formic acids, J. Appl. Bacteriol.
75 (1993) 18–24.

[27] Sarantinopoulos P., Kalantzopoulos G.,
Tsakalidou E., Citrate metabolism by
Enterococcus faecalis FAIR-E 229, Appl.
Environ. Microbiol. 67 (2001) 5482–5487.

[28] Saubusse M., Millet L., Delbès C., Callon C.,
Montel M.C., Application of single strand
conformation polymorphism – PCR method
for distinguishing cheese bacterial commu-
nities that inhibit Listeria monocytogenes,
Int. J. Food Microbiol. 116 (2007) 126–135.

[29] Teixeira de Carvalho A.A., Aparecida de
Paula R., Mantovani H.C., Alencar de
Moraes C., Inhibition of Listeria monocyt-
ogenes by a lactic acid bacterium isolated
from Italian salami, Food Microbiol. 23
(2006) 213–219.

[30] Valdes-Stauber N., Gotz H., Busse M.,
Antagonistic effect of coryneform bacteria
from red smear cheese against listeria species,
Int. J. Food Microbiol. 13 (1991) 119–130.

398 É. Retureau et al.


	INTRODUCTION
	MATERIALS AND METHODS
	Preparation of undefined complex consortia from �cheese surfaces
	Bacterial strains and microbial community isolates
	Listeria monocytogenes
	Characterisation of microbial isolates from complex cheese surface consortium TR15 cultivated on cheese
	Collection of bacterial and yeast isolates from TR15 cultivated on cheese
	Total DNA extraction
	Identification of bacterial isolates
	Identification of yeast isolates
	Antilisterial effect of microbial isolates
	Creating defined microbial consortia
	Challenge test �with L. monocytogenes �on the surface of an uncooked pressed type cheese
	Cheese manufacturing
	Inoculation of experimental cheese surfaces
	Microbial analysis
	Calculation of area�of inhibition
	Single strand conformation polymorphism analysis�of the cheese rinds
	Chemical analysis
	pH measurements
	Analysis of sugar and organic acid contents of cheese surfaces by high pressure liquid chromatography

	RESULTS
	Inhibition of L. monocytogenes on the surfaces of uncooked pressed type cheeses
	Identification of strains from culture of cheese complex consortium TR15
	Antilisterial properties on cheese surfaces of complex consortium TR15 and defined consortia
	Evolution of pH
	Dynamics of microbial populations by culture-dependent methods
	Evaluation of bacterial balance on cheese rinds by a culture-independent method (direct SSCP) and by plate counting
	Sugar and organic acid contents on cheese surfaces

	DISCUSSION
	CONCLUSION
	Acknowledgements
	REFERENCES

