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DeliverableD6.1.1.1
Report describing the preparation of microbial cwhgm adapted to farm and
SME production

With the collaboration of Catherine Denis and EmoedriCoton (ADRIA Normandie) and
Florence Postollec (ADRIA Développement)

Summary

This deliverable describes the optimisation of tdoenposition of a microbial consortium
selected in WP2A and its preparation for use imtSdectaire and Pont L'Evéque cheese
manufacturing. The initial consortium was composeidll lactic acid bacteria and 10 Gram +
catalase + bacteria. A simplified consortium congabosf 7 species of lactic acid bacteria
belonging to the_actobacillus(Lb. casei, Lb. plantarum, Lb. curvatus, Lb. faraig) and
Leuconosto¢Ln. pseudomesenteroides, Ln. citr@¢uganera and 7 species of Gram Catalase+
(C. casei, C. flavescens, B. linens, B. rhamnosumicAtianae, M. caseolyticus, S. equojum
presented a similar level of inhibition agaibhstmonocytogena$an the original consortium.
This microbial consortium will be prepared for edelnm assay in Saint-Nectaire cheese
production and Pont L’'Evéque production from frobacterial strains. The strains stored at -
20°C will be mixed together in adequate concerdretithe day before their use and stored at
4°C during one night until the inoculation in milk.

Introduction

The guaranty of cheese safety (inhibitionLadteria monocytogengsvithout affecting their
sensorial properties (flavour, aspect) is a magml dor traditional cheese producers. In this
context, in task 2 of WP2A of the Truefood projecticrobial consortia or strains with
antagonistic activities have been studied in otdepropose to small cheese producers a
microbial consortium exhibiting an aritisteria activity. Among the studied antagonist
consortia, one seemed particularly interestindpat been defined by simplifying a complex
consortium from raw milk with high anti- listeriattivities and its efficiency is similar to the
complex consortium. It is composed of lactic acidcteria, Staphylococcusand
Corynebacteriaable to inhibit the development disteria in the core of cheese or at the
surface in our experimental ripening conditionslif@eable D22.10 aboutFinal report on
efficiency of strains or consortia for inhibitingafhogenic bacteria). The efficiency of this
consortium was tested at an experimental pilotescalan uncooked model cheese prepared
with pasteurised milk. Before proposing this cotisan to small cheese producers it is
important to evaluate its easiness of use andffitsemcy in real conditions (plant or farm
production), and, moreover, to test its effect lo@ $ensorial properties in small plant cheese
production. In a first step, the composition ofstlwonsortium must be improved as some
bacterial species may not fit with the recommermatatiof safety defined in the QPS concept
(EFSA authority). Moreover, this consortium must dsapted to the two kinds of cheese
chosen for application at industrial scale: rawknflaint-Nectaire cheese manufactured in
farms and a soft cheese Pont L’'Evéque. It musabeand easy to use.

Objectives

The objective was to improve the composition of @rabial consortium exhibiting anti-
Listeria activities. The optimisation of the compositiontbis consortium and its preparation
and condition of use are described in this deliblera



Optimisation of the composition of the consortium
1. Initial consortium

The initial antiListeria consortium isolated by Saubusse 2007 was compafs8d species
belonging to lactic acid bacteria (group A), Granon-lactic acid bacteria (group B), Gram-
bacteria (group C) and yeasts (group D). This cdiso was successively simplified as
described in task WP2A to evaluate which microp@pulations or strains of the consortium
obtained from raw milk are involved in the inhibiti of Listeria monocytogenes the core of
cheese. It was concluded that the reduced conso®B presented antiisteria properties
similar to the complex consortium. This AB congamti (lactic acid bacteria and Gram+ non-
lactic acid bacteria) obtained after all simplificas in WP2A is described in table 1.

Strains

Lb. casei FH1
Lb. curvatus FH11
Lb. paracasei FH2
Lb. plantarum FH3 Group A

Lb. farciminis FH4 Lactic acid bacteria
Ln. citreum MSE2

Ln. pseudomeseteroides MSE7

St. saprophyticus RPF10
St. equorum RPF6

A. nicotianae T9

C. flavescens CRBM7
C. casei CRBM9

B. linens CRBM12 Group B
Exiguobacteriunsp. NL5 Gram+ .
St. haemolyticus NL8 non-lactic acid bacteria

Brachybacterium rhamnosum PCA7
M. caseolyticus RPF8

Table 1: Initial AB consortium before optimisatiQivVP2A)
2. Methodology

In this task WP6, this AB microbial consortium wagtimised even more by omitting the
species -Staphylococcus saprophyticus, St. haemolyticus Eaiduobacteriunmsp.- which
may be considered as unsafe according to QPS reendatons.
In this way, a set of experiment was conducted artgurized uncooked pressed cheeses
according to the same protocol than in the othey geexperiment (WP2A) (see protocol in
deliverable D22.10 aboutFtnal report on efficiency of strains or consortiar inhibiting
pathogenic bacteria).
Six assays were performed in parallel:
1. assay 1l = AB: all lactic acid bacteria of gréug all Gram + catalase + bacteria
2. assay 2 =AB Lactobacillus& Leuconosto& all Gram + catalase + bacteria
3. assay 3 = AB:Lactobacillus spp. & Leuconostocspp. & B without S.
saprophyticuandS. haemolyticus,



4. assay 4 = AB:Lactobacillus spp. & Leuconostocspp. + B without
Exiguobacteriunsp.,

5. assay 5 = AB :Lactobacillus spp.& Leuconostocspp. + B without S.
saprophyticuandS. haemolyticus and Exiguobacterism,

6. assay 6 = control inoculated with ol thermophilus

L. monocytogenewas enumerated in the core and at the surfadeeothiieeses according to
the 1ISO112090-2 recommendations. The pH was meahsarihe core and at the surface of
the cheeses after 1, 8, 18, 28 days of ripening.

2. Results

a. Inthe core

The counts ofL. monocytogenem the core of cheeses (Table 2) varied accordinghée

simplified consortia inoculated:

- The counts of.. monocytogeneis one day old cheeses were similar in all assagept
in cheeses inoculated with leuconostocs and lactiibend bacteria of group B without
Exiguobacteriunsp.(assay 4(0.5 to 0.75 logy units lower than the other assays).

- At 8 days of ripening, counts &f monocytogenes cheeses were the lowest for those
inoculated with complex consortium AB (assay 1)emconostocs and lactobacilli as well
as bacteria of group B exceptaphylococcuspp. andeExiguobacteriunsp.(assays 4 and
5) (1.4 to 1.8 log units lower than the control cheese (assay 6)).

- At 18 days of ripening, the lowest countsLofmonocytogenewere observed in cheeses
inoculated with only the species of thieactobacillus and Leuconostocgenera
complemented with all bacteria of group B (assay2}o 2.2 lower than the control
cheese).

- At 28 days of ripening, the count &f monocytogenewas the lowest and under the
detection limit in cheeses inoculated with only thgecies of thd.actobacillusand
Leuconostogenera complemented with bacteria of group B ex8¢gbhylococcuspp.
or Exiguobacteriunsp.(assays 3, 4 ang.5

Whatever the ripening considered, the highestbitibn of L. monocytogenesvas not

associated with the highest pH , except for assaty8days which had the highest counts and

the highest pH.

b. At the surface
At the surface of cheeses until 18 days all thensttuted consortia were more inhibitory
than the control. But the inhibition was not asosty as the ones observed in the core,
associated with higher PH values. At 28 days, tbasertium with leuconostocs and
lactobacilli complemented with bacteria of group éXcept Staphylococcusspp. and
Exiguobacteriunsp. ( assay 5) was the most inhibitory (1.15Jagits lower than the control
cheese).

A: CORE OF CHEESES

Listeria pH
Assay Assay Assay Assay Assay Assay | Assay Assay Assay Assay Assay Assay
core 1 2 3 4 5 6 1 2 3 4 5 6

1 day 3,23 3,14 3,34 2,64 3,49 3,39 54 5,44 5,44 54 5,45 541
8 days 2,56 3,2 3,56 2,92 2,95 4,32 5,28 5,27 5,32 5,27 5,27 5,32
18 days 2.34 1,78 29 2,7 1,95 3,95 5,16 5,08 5,14 5,08 5,06 5,19
28days 1,7 1,6 <1 <1 1 2,23 5,07 51 5,06 5,09 51 519




B: SURFACE OF CHEESES

Listeria pH
Assay Assay Assay Assay Assay Assay Assay Assay Assay Assay Assay  Assay
1 2 3 4 5 6 1 2 3 4 5 6

1 day 2,87 3 3,59 3,28 3,46 3,73 5,63 5,64 5,63 5,64 5,6 5,66
8 days 3,2 3,8 3,9 3,8 3,9 4,97 6,36 6,47 6,23 6,85 6,76 6,86
18days 3,85 3,68 3,99 3,74 3,7 4,64 6,01 6,81 7,08 7,08 6,93 6,98
28days 3,49 3581 4,1 3,38 2,97 4,11 6,62 7,09 7,29 7,31 7,07 7,11

Table 2. Counts dfisteria monocytogeneandpH valuesn A) the core of cheeses, B) at the surface iradedl
with: assay 1 : all lactic acid bacteria of group&Aall Gram + catalase + bacteria of group d&say 2 :
(Lactobacillusspp.+ Leuconostoc spp& all Gram + catalase + bacteria of groupaBsay 3 :l(actobacillus
spp.+ Leuconostoc sppd B without S. saprophyticuand S. haemolyticusassay 4 (Lactobacillusspp. +

Leuconostoc spp& B without Exiguobacteriunsp., assay 5 : l(actobacillusspp. + Leuconostoc spp& B

without S. saprophyticuandS. haemolyticus and Exiguobacterigp, assay 6 : control inoculated with orgy.
thermophilus

3. Conclusions
The final consortium is composed of 7 species afidaacid bacteria belonging to the
Lactobacillus(Lb. casei, Lb. plantarum, Lb. curvatus, Lb. fareimi andLeuconostogLn.
pseudomesenteroides, Ln. citrgugenera and 7 species of Gram+ Catalase+ badteria
casei, C. flavescens, B. linens, B. rhamnosumjoltianae, M. caseolyticus, S. equojum
Compare to the original consortium (as describedable 1), the following species were
omitted : $aphylococcus saprophyticus, St. haemolytansExiguobacteriunsp.

Preparation of the consortium
1. Culture of strains and storage
One pre-culture of individual strains

in broth (Table3) and agar medium to check foristparity

Second culture in broth (11 ml)
culture are stopped at stationary phase

Enumeration of each culture on agar medium (taple 3
Centrifugation 20’ at 6500 rpm

10 ml of milk UHT with glycerol at 10% is added to the pellet

Distribution of each culture in 2 ml tubes (1.8 ml)

Frozen at -20°C

Table 3 : Final composition of consortium AB, cudand count media of strains and level of
inoculation in milk.

culture Count level of

media media inoculation in milk



Lb casei-paracasei MRS FH 4,0

Lb curvatus MRS FH 3,0
Lb plantarum MRS FH 4,0
Lb farciminis MRS FH 3,0
Ln pseudomesenteroides M17 MSE 3,0
Ln citreum M17 MSE 3,0
St. equorum BHI BHI 2,5
A. nicotianae BHI BHI 3,0
C. flavescens BHI BHI 2,0
C. casei BHI BHI 2,0
Br. Linens BHI BHI 2,0
Brachy. rhamnosum BHI BHI 2,0
M. caseolyticus BHI BHI 2,0

All consortium strains have been sent by INRA toRAB Normandie and the same protocol
of preparation and conservation of strains willdpglied for the assays of validation in Farm
Saint-Nectaire PDO Cheeses and in Pont-L’'Evéquesghe

2. Preparation of the consortium

As the lyophilisation’s focusing of strains may twme consuming, it was chosen to use
frozen cells.
The consortium will be prepared the day beforenia@ufacturing (in the evening)

- One tube of 2 ml of each strain will be thawedoain temperature

- Adequate quantities of each strain for the fingklgtable 3) expected in milk (600L
of milk) will be mixed in a sterile tube of 50 mIhe final level was defined according to the
level of these species in milk ( Saubusse et &790

- Then, the mix will be immediately cold stored oe @nd transported to the farm or
plant. It will be stocked at 4°C until the next day

3. Inoculation in milk
- The consortium will be added to milk at the begngnof the milking at the same time
that commercial bacterial starter culture used .

4. Cheese making
This consortium will be tested in:

a. Saint-Nectaire : a small farm producing Sainttdiee raw milk cheese (non
cooked pressed cheeses)
b. Pont L’'Evéque : a technological hall pradgcpasteurised Pont L'Evéque

cheese (soft cheese).

= Farm Saint-Nectaire cheeses manufacturing andiripen

The farm cheeses will be prepared as follow: ra¥k,nust after milking, will be inoculated
with the usual starter culture (control) or withethisual starter culture added to the anti-
Listeria consortium The control and the assay will not tepared the same day but the same
week (2 weeks of cheese-making with two or fourdptions per week). The farmer will
prepare its cheeses as usual. Cheeses withistdria will be ripened in the industrial

! Saubusse, M., Millet, L., Delbés, C., Callon, C., MbnM.C. 2007. Application of Single Strand Confotina
Polymorphism — PCR method to differentiate the cheleseterial communities inhibitind.isteria monocytogenes
International Journal of Food Microbiologyt.16 :126-135



conditions (28 days at 9°C and near 98% hygromeatryhe same cellar than for task 2 of
WP6 (Lanobre). At day one, 6 cheeses of each metufiag will be transferred to INRA for
Listeriainoculation and will be ripened in INRA cellar 19°C at 97% of RH conditions of. 3
repetitions of manufacturing (control + assay wiitb consortium) will be performed.

= Pont L’Evéque manufacturing and ripening
For soft cheese, cheese production will be conduatea small scale production in a
technological hall. Production vats, each contgnB0 | of pasteurized milk, will be
inoculated either with the traditional Pont L’Evé@gstarter cocktail (control) or with the same
starters supplemented with the dnsteria consortium (same levels of inoculation as those
used for Saint-Nectairept day 2, the cheese will be salted; then, halfhef control and test
cheeses will be sent to the ACTIA-ADRIA Quimper tpar for theListeria monocytogenes
inoculation. The other half will be kept in the h@ological hall and will follow the classical
ripening Pont L'Evéque stages (At day 5, a smeasteg then 10 days at 12°C and 98% of
humidity followed by conservation step at 8°C up5® days). After inoculation with.
monocytogeneshe inoculated cheeses will follow the same psece

Preparation and inoculation of Listeria monocytogenes at the surface of cheeses

The strain SN 167 will be prepared and conservethé same way that the consortium
strains.

- Just before inoculation (on 1 day old cheeses ttdtetaire technology and on 3 days
old cheeses for Pont-L’'Evéque technology), one ufmilk (1.8 ml) will be thawed at room
temperature and then diluted in Ringer solutiorlbtain a final inoculation level of 2 to 5
CFU/cnf .

- Both cheese faces will be inoculated by deposiBimgL of Listeria solution on all the
surface and spreading using a sterile toothbrush.

Analysis

- Microbial, physical (pH, DM, Aw) and biochemicphrameters will be analysed at 2, 8, 18
and 28 days of ripening for St-Nectaire cheesesatride same times + 40 and 55 days for
Pont-L’Evéque cheeses.

- L. monocytogenewill be enumerated at the surface of the cheesmsulated according to
ISO112090-2 recommendations at 1, 4, 8, 13, 1&mB28 days in St- Nectaire and at 3, 5,
14, 19, 25, 31,38 and 53 days for Pont L'Evéque.

- At the end of ripening, the sensorial qualitiéscleese (aspect, flavour) inoculated or not
with the antikisteria consortium will be determined by sensory evaluaggpert panels.



