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Abstract — The characterisation of naturally occurring bacterial species present in cheese made
from raw milk and/or the study of the equilibrium of the floras present during the ripening process ne-
cessitates the use of reliable culture media. Currently, there are relatively few methods available for
specifically counting these microorganisms in the dairy environment. Three media were developed.
These media were compared with Chapman and TSA/NaCl media for their ability to select and to al-
low the growth of the researched germs in 25 samples of different cheeses (Camembert, Pont
I’Evéque, Livarot, Comté, Saint-Nectaire, Salers), as well as in 4 samples of raw milk. The CRBM
medium (Cheese Ripening Bacteria Medium) permitted the recuperation of all ripening bacteria; this
medium supplemented with bacitracine selected for the staphylococci, while supplemented with
furazolidone, it permitted the numeration of corynebacteria present includidithecoccaceae

These media were more selective against undesirable floras (enterob&deiilas spp., strepto-

cocci, yeasts and molds) and allowed a better growth of the studied bacteria. For all the types of
cheese studied, the specificity of the media was satisfactory. The use of CRBM media therefore ap-
pears interesting in view of the microbiological characterisation of milk or cheeses made from raw
milk.

corynebacteria /Micrococcaceaé cheese / ripening / numeration

Résumé— Nouveaux milieux pour le dénombrement de la flore de surface des fromagdse re-
censement des espéces naturellement présentes dans les fromages au lait cru et/ou I'étude de I'équi-
libre des flores au cours de I'affinage nécessitent de disposer de milieux fiables. Or, il existe
relativement peu de milieux de dénombrement spécifiques pour ces micro-organismes dans le do-
maine laitier. Trois milieux ont été développés. La performance de ces milieux, enterme de sélectivité

et d’électivité, a été évaluée pour 25 échantillons de fromages (Camembert, Pont 'Evéque, Livarot,
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Comté, Saint-Nectaire, Salers) et pour 4 échantillons de lait cru, en comparaison avec les milieux
Chapman et TSA/NaCl. Le milieu CRBM permettait la récupération des bactéries d’affinage dans
leur ensemble ; supplémenté en bacitracine, il sélectionnait les staphylocoques tandis que la furazoli-
done permettait de dénombrer les bactéries corynéformes, y compvictesoccaceaele milieu

CRBM et le milieu CRBM modifié par addition d’antibiotiques étaient plus sélectifs vis-a-vis de flo-

res indésirables (entérobactériBacillus streptocoques, levures-moisissures). lls présentaient par
ailleurs une meilleure électivité vis-a-vis des bactéries d'affinage, la diversité des espéces recensées
étant plus importante. Pour tous les fromages étudiés, la spécificité des milieux était satisfaisante.
L'utilisation des milieux CRBM apparait intéressante pour la caractérisation microbiologique des
laits ou des fromages au lait cru.

bactérie corynéforme /Micrococcacead fromage / affinage / dénombrement

1. INTRODUCTION tassium tellurite AGAR) or of phyto-
pathogens.

In order to make up for the lack of cul-
One of the major concerns of industrialture media adapted for cheese originating
cheese producers is the insufficient taste o§pecies, researchers have used media ini-
the products. Now, the organoleptic charactjally directed towards numerating the aero-
teristics of cheeses are largely linked to theyic mesophilic flora in the food industry
development of the ripening flora. (PCA, PCA with milk or modified
_ i ) _nutrititive AGAR according to Lenoir
In comparison to lactic acid bacteria, 110]), or media used in the medical domain
WhIC.h have been the subject of numerou ealing with demanding bacteria (brain
studies (for example [6-7, 17]), there cur-neart AGAR [16]; Mueller-Hinton [11];
rently exists relatively few studies towards colombia AGAR). Sometimes these media
the ecology of the ripening bacteria presenhaye added blood or are further enriched in
in milk and in their evolution on cheese sur- 5 mino acids, in vitamin complexes or with
faces. This type of research requires reliyeen 8o [20]in order to respond to the nu-

able analytical methods for counting, yritional needs of the corynebacteria.
!dentlfymg and _select|.ng' the microorgan- Although these very rich media allow a
isms being studied. This is even more com- 9 y

plex as this group is not well defined from a PEUEr recuperation of - corynebacteria

taxonomical point of view and is undergo- n compariso_n W.ith the PCA medium [.1.5]’
ing constant changes. For example, th hey are lacking in selectivity. The addition

Micrococcusgroup has been divided into of antibiotics generally prevents the growth
four —genera: Micrococcus —Kocuria, of yeasts and of Gram-negative flora; how-

Dermacoccusaind Nesterenkonig21]. Re-  €Ver the undesirable Gram-positive flora
cently, it has been proposed to remove théSUeptococcaceaeactobacillaceae. ) re-
staphylococci from theMicrococcaceae m_ams,whlch |sapr_oble_m especially as cer-
family. This family has integrated other tain surface bacteria will grow slower.
genera and has been linked to the Mediahave been made selective against
corynebacteria [22]. this undesirable Gram-positive flora by the
addition of NaCl on account of the
The media described in the literature arehalotolerant character of ripening bacteria
especially oriented towards the differentia-present on the surface of cheeses. In this
tion of pathogenic staphylococci [3, 5], of way, the PCA medium enriched with 6.5%
clinically originating corynebacteria (po- NaCl has been used by Accolas et al. [1]
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for Camembert, while Seiler [19] chose caseolyticuATCC 13548,Staphylococcus
PCA with only 3% NacCl for Cheddar. The equoruniP 103502 Staphylococcus xylosus
Chapman medium, initially used for UCMA 852) and 5 coryneform bacteria
staphylococci (NaCl content of 7.5%), has(Arthrobacter nicotianadVsS 2231 Brevi-
also often been used [10] with, in certainbacterium linens ATCC 9175, Coryne-
cases, the addition of antifungicide like bacterium variabilis ATCC 33010,
fongizone [12, 13]. Corynebacterium  species WS 2220,
Due to the sensitivity of corynebacteria Microbacterium  lacticum ATCC 8180).
to the acidification of the medium resulting APProximately 100 strains of ripening bac-
from the development of staphylococci andt€riaisolated from milk and diverse types of
remaining floras such as lactic acid bacterig¢heeses were also tested.
and enterococci, numerous authors have Twelve members of the undesirable
buffered the media with calcium carbonatefiora were selectedEnterococcus faecalis
[23, 25] or with phosphate [25]. IP 5855 Streptococcus bovidCMA 5623,
Other authors have searched for away t(BaCi”US subtilisUCMA 1, Bacillus cereus
come closer to the physical and chemicaHCMA A30, Leuconostoc mesenteroides
conditions present in curdled milk by UCMA 32, Weissella paramesenteroides
replacing the carbon source (in generaHCMA 235, Listeria  monocytogenes
g|ucose) by sodium lactate [8' g] This Com-UCMA 205. Wild strains isolated from

pound corresponds, in cheese, to the sutslairy products were also studietafnia
strate for growth of ripening flora; alvei, E. coli Pseudomonas fluorescens

furthermore, it has the advantage of limit-Lactobacillus plantarunmandLactobacillus
ing the acidification of the medium. casel

The use of these different media shows The strains were stored at —80 in
that it is difficult to have a relatively com- cryovialsin TSBY medium with 15% glyc-
plete recuperation of the surface flora aserol.
well asto analyse the counts, inthe frame of 5, oacn experiment, 2 successive

ecological microbial studies, as the undeyecyltures were made in TSBY broth and

sirable flora can sometimes be numerous;n~,pated under agitation for 24—48 h (the
This research has therefore been aimedultures were used during the stationary

at optimising three new counting mediaphase).

adapted to cheese: the first being for all sur-

face bacteria, the second for coryneform

bacteria (includingMicrococcusand re- 2.2. Development of the CRBM
lated genera) and the third for staphylo- media (Cheese Ripening
cocci. Bacteria Media)

For the development of the base me-
2. MATERIALS AND METHODS dium, the following components were
tested on all or part of the microorganisms:
carbon source: D-L sodium lactate (Sigma,
2.1. Microorganisms and culture St-Quentin Fallavier, France) (60% solu-
conditions tion) at 1.5% or 2% with or without the ad-
dition of glucose (Prolabo, Fontenay-
Ten collection strains were used:sous-bois, France) (0.5%); nitrogen source:
6 Micrococcaceae (Micrococcus luteus casein tryptopeptone (BBL distributed by
UCMA 741AL, Kocuria rosealP 7115, AES, Combourg, France) at 1% with or
Kocuria variansIP 8173, Staphylococcus without the addition of yeast extract (BBL)
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(0.7%); Tween 80 (Sigma) at 0.1%; NaCland pigmentation. Given the incubation
(Sigma) (0% to 7%); buffers: 50 mmbt!  conditions, 20 mL of media was put into
Tris (Sigma), 50 mmelL—1 Tris maleate 90 mm diameter Petri dishes.
(Sigma), 50 and 200 mmatl, calcium
carbonate, 15 and 29 mmiot! dipotassium _
phosphate, 15 mmal-!dipotassiumphos-  2.3. Reference media
phate (Panreac, Touzart & Matignon,
Vitry-sur-Seine, France) +0.2% sodium Two media were compared: Chapman
glycerophosphate (Merck, Fontenay-sousmedium (BK O30, Biokar, Pantin, France)
bois, France), 23 mmal-! dipotassium with or without a supplement of 2.5% of
phosphate +0.25% sodium glycerophosphatejeast extract (AEB 171 106, AES,
vitamin complex from Kao and Michayluk Combourg, France) and TSA (Tryptone
(Sigma) incorporated at 1% just before useéSoja Agar) medium (AEB 152 852, AES,
of the medium; MgSQ@7H,0 (Prolabo) at Combourg, France) enriched with NaCl
0.2% and 0.5%; calcium chloride (Prolabo)(5%) and with natamycine (9 nig?).
CaCl, 2H,0 (0.5 to 2 g for 100 g) or cal-
cium carbonate CaC{0.5 to 0.75 g for a4 of 7.5% NaCl is usually used for the
100 g); 0.01% choline (Prolabo). numeration of the halotole)r/ant flora in
For selectivity of the base medium: dairy products. This medium has been
natamycine (Delvocid Gist-Brocades, tested with or without a supplement of yeast
Seclin, France) at 9 and 18 rg!; extract because of the nutritional require-
nalidixic acid Sigma at 40 and 60 nhig?; = ments of corynebacteria. For the same rea-
lithium chloride at 0.5% and 1.5%. sons, TSA medium has been preferred to
PCA medium. TSA medium is enriched
.with 5% NaCl as for the CRBM medium to
‘allow a better recovery of surface bacteria
which are less salt resistant. Natamycine
(9 mgLY) is also added to TSA/NaCl me-
dium.

The Chapman medium with a concen-

For the development of media for the
differentiation of cheese ripening bacteria
bacitracine (Sigma) 5 and 40 rg? or
furazolidone (Sigma) 1 and 20 mig?! (the
furazolidone solution is prepared in ace-
tone and conserved away from light).
Incubation conditions were identical to

Once optimised, the CRBM base M€ those used for the CRBM media.

dium was composed of the following com-
pounds (g.-1), in order of incorporation:
dipotassium phosphate, 5; sodium lactate 2 4. Origin and preparation
(60% solution), 33.4; MgSQ7H,0, 2, of samples

tryptone, 10; yeast extract, 7; NaCl, 50;

Tween 80, 1; agar agar, 15; adjusted 10, yhq comparison between the CRBM
pH 7.3 and autoclaved at 130, 15 min. and Chapman media: 4 raw milk samples
Two antibiotics were added at the mo-from Basse-Normandie with a quality level
ment of usage of the medium: natamycinesuper A (<50 000 germs per mL and
9 mgL-1and nalidixic acid 40 mg;~%, for < 25 000 somatic cells per mL) and 8 sam-
the elimination of the fungal flora, plesofripenedcheesesmade fromraw milk
Gram-negative bacteria anBacillus re- (Comté, Pont I'Evéque, Livarot, Camem-
spectively. bert) obtained from different sellers were

Incubation was carried out in aerobic €St€d:
conditions at 2%C for 5 d, then at room For the comparison between the CRBM
temperature and daylight for 4 to 15 d to al-and TSA/NaCl media: 17 samples of either
low for maximum development of colonies industrial or farm cheeses (Comté, Pont
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I'Evéque, Livarot, Camembert, Salers and sumed to be enterococci or streptococci,

Saint-Nectaire) were collected at different (i) if bacilli, a catalase test was first

stages of the ripening process at the produc- used to differentiate between lactobacilli

tion sites. and coryneforms, then the coryneforms
The analyses were carried outon 10 mL  Were studied using the API Coryne sys-

of milk diluted to 1/10in tryptone-saltoron  tém (Biomérieux, Lyon, France).

10 g of cheese rind diluted to 1/10 in a solu-

tion of dipotassium phosphate. 2.7. Statistical analysis

2.5 Microbial numeration To compare the numerations on the dif-
ferent media, a mean comparison test

The cultures were plated on the surfacdStatgraphics plus) has been done. Twelve
of the media using a spiral plater. After theS@mples have been analysed for the com-
incubation period, the numeration was per-Parison between CRBM and Chapman, and

formed on Petri dishes showing a good sep}?7_Samples for the comparison between
aration of colonies (between 30 andCRBM and TSA/NaCl with 2 repetitions
300 colonies per plate). The diverse typedOr €ach sample.

of colonies that appeared were counted ac-

cording to their speed of appearance and

their traits (morphology, pigmentation, 3. RESULTS

opagqueness).
3.1. Validation of CRBM medium
2.6. Phenotypic identification test in milk and cheese: comparison
between the Chapman
The square root corresponding to the and TSA/NaCl media

number of each type of colony was taken in o
each type of medium. A primary purifica- ~ 3.1.1. Quantitative aspect:
tion was done by two successive isolations numeration

on TSA medium. )
Numerations on Chapman and CRBM

The |dent|f|pat|0n of more than 900 IS0~ media showed that the bacterial population
Iatgs was carried out by following these cri-, -« atween 7.91% and 6.4x
teria: 103 CFUmL-for the 4 raw milks, between
— mobility and morphology on fresh cul- 3.5x1(° and 3.3x10° CFU.g™! for the

ture (24 to 48 h) and old culture (1 week)samples of ripened Pont I'Evéque, Livarot

in a way to observe an eventual changeand Comté and a bit less high for Camem-

(Mulder and Antheunisse, 1963; cited bybert.

Richard and Zadi [14]); Numerations on TSA/NaCl and CRBM
— Gram coloration on young culture; media showed that the population was be-
— for the Gram-positives: (i) if catalase tween2.4x10°and8.3x 10°CFU-g?, but
positive cocci, a differentiation test using variations were observable according to the
antibiotics was used (furazolidone cheese studied and its ripening level
20pug:-mL~1 + bacitracine 0.04 Ul ac- (Tab. 1).
cording to Bergére and Tourneur [4]and  No significant difference at a threshold
inoculation of an API 20 or 32 Staph gal- of P = 0.05 was observed between CRBM
lery (Biomérieux, Lyon, France), (ii) if medium and the two reference media.
catalase negative cocci, they were asMoreover, the CRBM medium showed a
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Table I. Comparison of counts of cheese surface bacteria on CRBM and TSA/NaCl media.

Cheese Origin CRBM TSA/NaCl
Pont 'Evéque industrial / ripened ><00P 7.3x10°
industrial / half-ripened 5.910° 9.3x10¢
farm / ripened 2.410° 5.5x 108
farm / half-ripened 1.%1090 1.3x10%
Livarot industrial / ripened 7.%10° 1.2x10°
industrial / half-ripened 1.%100 1.5x10%
farm / ripened 4100 8.3x 10
farm / half-ripened 2.410% 2.6x101°
Camembert industrial / ripened 2a.0° 8.5x1(¢°
industrial / half-ripened 3.410° 5.9x10°
farm / ripened 4.%1C° 7.1x1C°
farm / half-ripened 1.310° 2.4x10°
Comté 4 months ripening 5010° 7.7x10
6 months ripening 5.810° 7.3x10°
13 months ripening 3.810 5.7x10Y
Saint-Nectaire ripened 1610 3.1x10Y
Salers ripened 4X10° 7.7x10°

superior size of colonies, more marked(rods) and undesirable floras and, on the
pigmentation and a larger variety of other hand, by studying the intensity of col-

morphologies. ony pigmentation.
3.1.2. Qualitative aspect: medium The proportions between floras differed
selectivity and diversity from one mediumto another (Figs. 1 and 2).

of the collected species Overall, the CRBM medium was much

3.1.2.1. Comparison between Chapmanmore selective than the Chapman media

medium supplemented was.
or not with yeast extract .
and CRBMymedium The nature of the counted undesirable

germs differed according to the medium
The comparison between Chapman andlactic acid bacteria and enterococci on
CRBM mediawas carried out, on one hand CRBM with small colonies easy to spot;
by studying the proportions between micro-yeasts andBacillusspp. essentially on
cocci/staphylococci, coryneform bacteriaChapman medium).
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CRBM CHAPMAN

O Micrococci/Staphylococci
W Coryneform bacteria
O Moraxella

I Undesirables

44%

Figure 1. Distribution of the counted floras from raw milk on CRBM and Chapman media (average
of the results obtained for 4 samples of milk obtained from 4 different farms).

CRBM CHAPMAN

14%
0%

19% |0 Micrococci/Staphylococci

W Coryneform bacteria

O Moraxella

I Undesirables

80% 67%

Figure 2. Distribution of the counted floras from cheeses on CRBM and Chapman media (average of
the results obtained for 8 cheeses: Pont 'Evéque, Livarot, Camembert, Comté).

Concerning the surface bacteria, whosehe different biotypes were frozen at—80
pigmentation on CRBM medium was moreand were used in a growth test in the pres-
pronounced, the coryneforms were preence of NaCl (5 to 7.5%). The majority of
dominant. Furthermore, th8taphylococ- the isolates resisted at 7.5% NacCl but 4 of
cus spp. were more frequent than thethem isolated from CRBM medium were
Micrococcusspp. sensitive to levels greater than 6% of salt

) o and therefore would not have been detected

The phenotypic characterisation of g Chapman medium.
more than 200 isolates systematically per-
mitted us to take an inventory of more bio- CRBM medium gave a more complete
types on CRBM medium (7 to 18) than onlisting of the different species present due
Chapman medium (2 to 11) (Tab. Il). Fromto its ability to have a better bacterial
the 200 isolates, 84 strains representative ajrowth and diversity.
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Table I1. Identification of the surface bacteria isolated from raw milk and cheeses; () number of dif-

ferent biotypes.

C. Denis et al.

Origin Chapman CRBM
Raw milk Brevibacterium(1) Brevibacterium(3)
Corynebacteriung6) Corynebacteriunt7)
Staphylococcus lenti$) Staphylococcus lenty$)
St. saprophyticug?) St. hyicug?2)
St. xylosugl) St. sciuri(2)
Micrococcussp.(2)
Moraxella(1)
Comté Brevibacterium(4) Brevibacterium(4)
Corynebacteriung2) Corynebacteriungl)
Staphylococcus capit{d)
Kocuria varians(1)
Moraxella(1)
Pont 'Evéque Brevibacterium(1) Brevibacterium(2)
Corynebacteriungl) Corynebacteriungl)

Staphylococcus capit{d)
St. sciuri(1)
St. xylosugl)

Staphylococcus sciufl)
St. xylosugl)

Kocuria varians(2)
Kocuria rosea(1)

Livarot Brevibacterium(2) Brevibacterium(6)
Corynebacteriungl) Corynebacteriung6)
Staphylococcus capit{d) Kocuria varians(7)
St. saprophyticug?)

Camembert Corynebacteriungl) Brevibacterium(2)
Staphylococcus capit{d) Corynebacteriungl)

Staphylococcusp. (1)
St. xylosug2)

St. sciuri(1)

St. capitig(1)
Moraxella(1)

3.1.2.2. Comparison between TSA/NaClindesirable flora was detected on the me-
and CRBM media dium. For the other cheeses, Pont 'Evéque,
Livarot, Camembert and Comté, the unde-

The comparison between TSA/NaC|siraple flora level was lower on CRBM
and CRBM mediawas based on colony piginedium (20%, 1%, 26% and 18% respec-
mentation (once again more prominent orfively) than on TSA/NaCl medium (34%,
CRBM medium), the selectivity against the 14%, 42% and 34% respectively). The na-
undesirable floras and on the proportions ofure of the detected undesirable flora is de-
Micrococcus spp. and corynebacteria asScribed in Table Ill. The CRBM medium
well as Staphylococcuspp. (Fig. 3). For Was more selective than the TSA/NacCl

2 cheeses, Salers and Saint-Nectaire, ngedium. Forthe TSA/NaCl medium, the
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COMTE CRBM COMTE TSA/NaCl
4%

1
34%

PONT L'EVEQUE CRBM PONT L'EVEQUE TSA/NaCl

20%
34%

80%

LIVAROT CRBM LIVAROT TSA/NaC
1%
14%

99% 86%

CAMEMBERT CRBM CAMEMBERT TSA/NaCl

26%

42%
58%

74%

Figure 3. Distribution of the counted floras from cheeses on CRBM and TSA/NaCl media (Comté:
average of the results obtained for 3 cheeses; Pont 'Evéque, Livarot, Camembert: average result from
4 cheesesM CorynebacteriaMicrococcus 1 Staphylococcys—1 Undesirable flora.
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Table 111 . Distribution of the undesirable floras (percentage of growing microorganismBad®l-
lus, EB, enterobacteria, EC, enterococci, L, lactobacilli, M, Molds, Y, Yeast.

Cheese (1) Medium (2)
TSA/NaCl CRBM CRBM/furazolidone CRBM/bacitracine

Pont 'Evéque B2 B8
EB 18 EB 28
EC6 EC1
Y9 Y 19 Y 24 Y 15

Livarot B 15
EB 9 EB<1 EB 74
L5 Y<1 Y 11

Camembert B<1
EB 12 EB<1 EB 33
EC9 EC2 EC 22
L12 L 23 L5
Y9 Y1 Y5/M8 M2

Comté EB 19
L 32 L16 L 25 L 28
Y 2 Y2

Saint-Nectaire no undesirable floras

Salers no undesirable floras

(1) Pont 'Evéque, Livarot and Camembert (average of the results obtained for 4 samples), Comté (average of
the results obtained for 3 samples), Saint-Nectaire and Salers (one sample).

(2) CRBM with nalidixic acid (40 md.~%) and natamycine (9 mig™%); CRBM/furazolidone (10 mg ™) with
natamycine (9 mg%); CRBM/bacitracine (30 mg 1) with natamycine (9 mg 2 for Pont I'Evéque, Livarot

and Camembert and with nalidixic acid (40 +#ng) and natamycine (9 mig™) for Comté, Salers and
St-Nectaire.

undesirable flora was principally repre-0.3% to 16% of the cheese ripening bacte-
sented by lactobacilli, enterobacteria andial population (Fig. 4).

yeasts while with the CRBM medium, it

was essentially lactobacilli and yeasts but

in lower numbers. . . _
ower numbers 3.2. Differentiation within the surface

floras: validation
of the CRBM/furazolidone
and CRBM/bacitracine media

Concerning the surface flora, the exam-
ined samples of Pont L'Evéque, Livarot and
Camembert showed a large dominance of
Micrococcusspp. and corynebacteria over
the staphylococci on either TSA/NaCl or  The sensitivity of the collection strains
CRBM medium. For the Comté, Saint-and of the cheese originating strains to-
Nectaire and Salers samples, the staphylavards the two antibiotics was studied with
cocci, although in a minority, representedthe intention of differentiating the micro-
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Figure 4. Distribution of the counted floras from the cheeses on CRBM, CRBM modified and TSA/
NaCl media. Livarot, Pont 'Evéque and Camembert: average of the results obtained for 4 samples of
cheese (2 different sites and 2 degrees of ripening: half-ripened and ripened); Comté: average of the
results obtained for one site of production and 3 durations of ripening; Saint-Nectaire and Salers: one
sample of each ripened cheeleCorynebacteriaMicrococcus 1 Staphylococcys= Undesir-

able flora 1 =TSA + NaCl (5%) with natamycin@ = CRBM with nalidixic acid and natamycine, 3=
CRBM / furazolidone with natamycine, 4 = CRBM / bacitracine with natamycine.

bial groups composing the bacterial floralevels of Micrococcus Kocuriaspp. and
present on the surface of cheeses. corynebacteria were 80% to 100%
(Tab. IV). A decrease in concentration of
furazolidone (5 md-—Y) did not improve
the performance of the medium; rather it al-
lowed a growth of 40% of the staphylococci

. . ) strains.
Tested with either collection or cheese

collected pure strains, the CRBM medium A furazolidone concentration of
with furazolidone (10 md. ) inhibited all 10 mgL-1was kept for the validation of the
staphylococci strains while recuperationmedium for cheese. Taking into accountthe

3.2.1. Validation of CRBM
+ furazolidone medium
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Table IV. Behaviour ofStaphylococcuand corynebacterial strains (includiMicrococcaceagin
the presence of furazolidone or bacitracine.

Genus Origin ND Addition to CRBM:

5mgL? 10mgL* 30mgL* 40mgL™?
furazolidone furazolidone bacitracine bacitracine

Staphylococcus Collection 8 0 0 & (100¥) 8@ (1009)
Cheese 24 13 (540) 0 192 (799) 17 (71)
Total 32 13 (409) 0 272 (84®) 252 (78%)
Micrococcus Collection 3 3 (100) 3 (100) 0 0
and related Cheese 19 15 (79) 15 (79) 0 0
genera Total 22 18 (82) 18 (82) 0 0
B. linens Collection 1 1(100) 1 (100) 0 0
Cheese 14  14(100) 14 (100) 1(7) 1(7)
Total 15  15(100) 15 (100) 1(7) 1(7)
Corynebacteria Collection 5 4 (80) 4 (80) 0 0
Milk/Cheese 52 44 (85) 44 (85) 2 (4) 24
Total 57  48(84) 48 (84) 2(3) 2(3)

(@ Number of strains teste® number of growing strain§ percentage of growing strains.

inhibitory character of the furazolidone lated genera strains as well as 96% of the
towards certain undesirable bacteriacorynebacteria strains; the recuperation
natamycine was added in the base mediurtevel of the staphylococci strains was 80%
but not nalidixic acid. to 100% (Tab. V). A lower concentration
. . in bacitracine (25 m¢~?) did not increase
The growth of enterobacterigacil- s rate, but (instgz:\% 2)0% of micrococci
lusspp and Staphylococcuspp. was in- graing and 14% of corynebacteria strains
hibited. The medium was therefore Spec'f'cdeveloped (results not shown). An increase

towards the Micrococcus/Kocuria and ¢ 4he hacitracine concentration (40 rogh)
corynebacteriagenera (Fig. 4). Lactobacilligave g |arger inhibition of the coryne-
sometimes interfered on the medium bUly,cieria put also further limited the recu-

the colonies (small and translucid) were, ti f the staphvl i (Tab. IV
easily detected. On the other hand, yeasthJera lon of the staphylococci (Tab. V).

were able to develop in spite of the use of With the cheeses, the CRBM medium

hatamycine. containing bacitracine (30 Mgl was
first tested without nalidixic acid. Under
3.2.2. Validation of CRBM these conditions, the medium lacked selec-
+ bacitracine medium tivity against the undesirable floras. Con-

trary to the furazolidone, the bacitracine

On the pure cultures, the CRBM me-was not able on its own to eliminate
dium with bacitracine (30 mgg—3) allowed Gram-negative bacteria aracillusspp.

the elimination of all micrococci and re- The comparison between the CRBM/baci-
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tracine medium with and without nalidixic separation  of  staphylococci  from
acid was carried out for 3 different cheesesnicrococci [24]. For this reason, these two
(results not presented) and confirmed thaantibiotics were chosen for the differentia-
the incorporation of nalidixic acid in this tion of the surface bacteria. The results ob-
medium is recommended. tained for the collection and wild types pure
The efficiency of the bacitracine strains as well as for the cheeses showed

supplementation for recuperating the]tchatthedadr(]jition of baci;racg;te (?;]0 lr-ngl)
staphylococci is illustrated by Figure 4. 'avoured the recuperation Gitaphylococ-

Being the minority in all the cheese sample<LUSSPP- While the furazolidone (10 nig)

analysed, they represented up to 95% of théeleCted. foMicrococcusspp. and _related
counted flora on CRBM/bacitracine. genera like th_e coryneform ba}cterla. These
results were in agreement with the recent

evolution in bacterial taxonomy that tends
to show that théicrococcusspp. are much
more closely related to the coryneform bac-
teria than to the staphylococci [2, 22].

The performance of the CRBM medium  The population of species present in the
was compared to that of two other mediadifferent media showed that the
currently used for the numeration of cheesecoryneform bacteria were majorly present
surface bacteria. The Chapman mediuniollowed by Staphylococcuspp. and then
was relatively selective on account of theMicrococcugKocuriaspp.
high level of NaCl (75 d-) but it did not For the soft cheeses (Pont I'Evéque,

include antibiotics; the composition of the Livarot. Camembert). the counted surface
TSA/NaCl medium was closer to that of bacteri’a on TSA )C,:RBM and CRBM/

CRBM in terms of selective compounds a5 0ligone were essentially coryneform
(NaCl ‘i’? gL-*and addition of natamycine ) teria (includingMicrococcusand re-
9 mgL~). lated genera). The staphylococci were only
Compared to these two media, thedetected on CRBM/bacitracine medium
CRBM medium composition was much while no coryneform bacteria were isolated
closer to that of a cheese and allowed drom this medium. Compared to the refer-
better growth and diversity of the ripening ence media, the CRBM/bacitracine me-
bacteria. Moreover, it was much more se-dium was the only one allowing for the
lective against the undesirable floras, whichrecuperation of a large number of staphylo-
were inhibited or gave only small and easilycocci and that also gave a total inhibition of
detectable colonies (lactic acid bacteria)the corynebacteria from the soft cheeses
However, the yeasts, in some cases, intettested. For the hard cheeses, this medium
fered in an important way on the mediumperformed equally well; however, the pres-
even though there was added natamycineence of coryneform bacteria was some-
This problem may however be partially times noticed in large quantities. An
avoided by the utilisation of increased con-anaerobic incubation could allow an in-
centrations of added natamycine or of othecrease of the specificity of this medium.

antibiotics (for example amphotericine). The CRBM/furazolidone medium in-

The resistance towards furazolidonehibited theStaphylococcuspp. In this me-
(20pg-mL-Y) and bacitracine (0.04 Ul) dium, the suppression of nalidixic acid
constituted a discrimination test for the allowed better colony formation and did not
Micrococcusand Staphylococcugienera affect its selectivity; therefore the
[18]. A peptone agar with 20g CRBM/furazolidone may be used without
furazolidonemL-1is recommended for the nalidixic acid.

4. DISCUSSION
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On the contrary, concerning the (3]
CRBM/bacitracine medium, the addition
of nalidixic acid is recommended. This dif-
ference in behaviour is not to be linked to[4]
the action of the 2 antibiotics which have no
effect with Gram-negative bacteria. It is
likely that this was due to competition
events: the staphylococci being the minorys)
ity, the undesirable floras were favoured.

In conclusion, the CRBM media ap-
peared to be an interesting tool for studying
the microbial ecology of surface bacteria
presenton cheeses. The CRBM media were
not only more selective against undesirablem
floras than the Chapman and TSA/NaCl
media but they also gave a better colony
pigmentation thus allowing a better inven-
tory of the population diversity.

In raw milk, the use of CRBM media al-
lowed the recuperation of ripening bacteria
even though they were clearly less domi-
nant than in the food products. This can bggj
of great interest for the study of milk
biodiversity.
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