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Summary

Several traditional Swiss red smear cheese varieties depend on the presence and

functioning of a specific surface microflora with regard to their organoleptic properties.

During cheese ripening a complex succession of different microorganisms within the

microflora takes place. The limited knowledge of the composition of the smear and of

its functions including e.g., production of aroma and flavour notes by proteolysis and

lipolysis, typical appearance and competitive displacement of undesirable microbes

demanded explanation. The aim of this thesis was to elucidate the basic microbiology

and biochemistry of the Gram-positive surface microflora of a selection of typical Swiss

red smear cheeses.

About 70 Gram-positive bacterial strains from the surface of 12 different types of

mature red smear cheeses (Bündner Bergkäse, Appenzeller, Tilsiter, Gruyère, a Swiss

soft cheese, Küssnachter, Limburger, Chaume1, St. Paulin, Tête de Moine, Farmer and

Arenenberger) were isolated. Then a surface ripened Swiss soft cheese was focused on.

From this cheese another 50 strains were isolated over a period of about 50 days during

ripening. Thus the succession of its Gram-positive microflora was determined. The

isolates were collected for further investigations. First, they were identified with

traditional and modern molecular methods down to genus and partly to species levels.

Identification of the Micrococcineae-isohtes, was realised by colony-hybridisation with

three genus- or group-specific oligonucleotide probes targeting the 16S rDNA regions

of the genera or genus-group, Brevibacterium, Microbacterium and

Arthrobacter/Micrococcus respectively. For confirmation, the polymerase chain

reaction (PCR) technique with two group/genus specific oligonucleotides each was

used. The rest of the isolates was identified by sequencing part of their 16S rDNA.

Enterococci, lactococci, staphylococci, corynebacteria and one Brachybacterium were

found and the former three were confirmed by API 20 Strep and API Staph

identification. Most isolates were assigned to the genus or genus-group, Brevibacterium

and Arthrobacter/Micrococcus, followed by staphylococci, corynebacteria, enterococci

and lactococci.

Brevibacterium /imw-strains were differentiated by genome comparison using PFGE

(pulsed-field gel electrophoresis). Twenty-six Si/n^HS-isolates showed 9 different

restriction patterns indicating a great genetic variety within this well-known orange

cheese surface species.

Antibiotic resistances to 14 different antibiotics of most isolates and starter cultures

were determined by disc-test procedure. In general, only few or no antibiotic resistances

were found in the Micrococcineae-isolates and -starter cultures.
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Most of the brevibacteria exhibited methicillin resistance which is probably intrinsic. In

contrast, the Lactococcus- and Enterococcus-isoVàtes showed several multiple antibiotic

resistances.

The Brevibacterium linens-holates were additionally subjected to a preliminary test for

their ability to produce antibacterial agents against undesirable microorganisms such as

e.g. Listeria. However, none of the tested isolates inhibited growth of the indicator

strain Listeria innocua LMELI7.

A first biochemical characterisation yielded insights into the distribution of proteolytic

and lipolytic strains. At a temperature of 16°C about 55% of the tested Gram-positive
isolates showed proteolytic activity and about 30% showed lipolytic activity indicating

potential important contribution to cheese ripening.

Specificities of proteolytic activity were determined by SDS-PAGEand the zymogram-

technique using bovine caseins as substrates. The proteolytic activities of

Brevibacterium //«(»/«-strains was focused on. Breakdown products from a-, ß- and k-

caseins were produced by all tested strains but at different velocities. Most strains

showed preference for ß-casein degradation. Zymograms revealed that most

brevibacteria possess one or two heat stable proteases or peptidases at molecular

weights of about 30 and 50 kDa, respectively and several (from about 2 to 8) heat

sensitive proteases or peptidases as well.

Parallel to the investigations summarised above, two different types of Swiss semi-hard

cheeses (2 Tête de Moines and 2 Gruyères from different cheese producers) were

investigated in a longitudinal study observing the development of their surface

microflora over a ripening period of 80 days. The smear composition of the 4 cheeses

was monitored by in situ hybridisation after 5, 14, 25 and 80 days of ripening. The

percentages of brevibacteria and bacteria with high DNAG+C content were analysed

with the corresponding fluorescent labelled probes. Brevibacteria were detected within a

range of about 7 to 23% in mature cheese which is a generally well known value.

With the gained knowledge from this study and the results from the other 2 parts of the

«Swiss Priority Programme Biotechnology» project analysing Gram-negative bacteria

and yeasts and moulds of the cheese surface, the development of a suitable surface

starter culture with reliable functions for a safe cheese production on pilot scale could

be started. But before testing a starter culture mixture it might be advisable to acquire

more detailed information on enzymes of the smear microorganisms and their genetic

aspects as well as to identify all isolates to species level



Zusammenfassung

Das Vorhandensein und die Funktion einer spezifischen Oberflächenmikroflora sind für

die organoleptischen Eigenschaften verschiedener traditioneller Schweizer

Rotschmierekäse von Bedeutung. Im Verlaufe der Käsereifung kommt es zu einer

komplexen Folge verschiedener Mikroorganismen. Die genauen Vorgänge und die

Identifizierung der Oberflächenflora einschliesslich deren biochemischen und

technologischen Funktionen sind für Schweizer Rotschmierekäse noch weitgehend

ungeklärt. Ziel dieser Arbeit war die taxonomische Zuordnung der Gram-positiven

Bakterien und die Aufklärung biochemischer Vorgänge, welche massgeblich zur

Reifung und somit zum Erscheinungsbild und Geschmack der Rotschmierekäse

beitragen.

Es wurden zunächst etwa 70 Gram-positive Stämme aus 12 verschiedenen reifen

Käsesorten (Bündner Bergkäse, Appenzeller, Tilsiter, Gruyère, ein Schweizer

Weichkäse, Küssnachter, Limburger, Chaume1, St. Paulin, Tête de Moine, Farmer und

Arenenberger) isoliert und oberflächlich charakterisiert. Dann wurden während der

Reifung eines Schweizer Weichkäses täglich Bakterien isoliert und es wurde

beobachtet, wie sich die Rindenflora über die Zeit von ca. 50 Tagen veränderte. Die

Isolate aus den 12 verschiedenen Käsen und diejenigen aus dem Schweizer Weichkäse

wurden gemeinsam weiteren Untersuchungen unterworfen. Zunächst wurden sie mittels

moderner molekularbiologischer und klassischer Methoden identifiziert. Die

Micrococcineae-l&olate wurden mittels Koloniehybridisierung mit spezifischen Sonden

für Brevibakterien, Arthrobacter/Mikrokokken und Mikrobakterien bestimmt. Eine

Bestätigung dieser Identifikation erfolgte mittels PCR-Technik mit je zwei spezifischen

Oligonukleotiden. Der Rest der Mikroflora, welche etwa die Hälfte aller Isolate

ausmachte, wurde mittels 16S rDNS-Teilsequenzierung identifiziert. Es wurden

Enterokokken, Laktokokken, Staphylokokken, Corynebakterien und ein

Brachybacterium gefunden. Die Identifizierung der Enterokokken, Laktokokken und

Staphylokokken wurde mittels API 20 Strep respektive API Staph bestätigt,

Brevibacterium //nrns-Stämme wurden am häufigsten isoliert und deshalb einer

Speziesuntscheidung mittels WFGE(Wechselfeldgelektrophorese) unterworfen. Die

Genome von 26 untersuchten Brevibacterium Unens-l&oMe zeigten 9 verschiedene

Restriktionsmuster, was auf eine grosse genetisch klonale Vielfalt innerhalb des am

besten beschriebenen Käseoberflächenbakterium hinweist.

Des weiteren wurden einige Isolate und Starterkulturen auf Antibiotikaresistenzen

untersucht. Es wurden 14 verschiedene Antibiotika eingesetzt. Im allgemeinen zeigten

Französischer Käse



die Micwcoccineae-lscHate und -Starterkulturen keine bis wenige Resistenzen gegen die

verwendeten Antibiotika. Viele Brevibakterien wiesen eine vermutlich intrinsische

Methicillin-Resistenz auf. Im Gegensatz dazu fanden sich in den Laktokokken und

Enterokokken einige Mehrfachresistenzen.

Die Brevibacterium /mmç-Isolate wurden mittels einer einfachen Testmethode auf ihre

Fähigkeit, antimikrobielle Substanzen (Bacteriozine etc.) gegen unerwünschte

Begleitfloren z.B. Li steilen zu produzieren, geprüft. Keines der getesteten Isolate

vermochte jedoch das Wachstum des Indikatorstammes Listeria innocua LMEL17 /u

beeinflussen.

Erste biochemische Untersuchungen gaben Aufschluss über die Verbreitung

proteolytischer und lipolytischer Aktivitäten unter den Isolaten und Starterkulturen. Bei

Temperaturen von 16°C zeigten etwa 55% aller getesteter Stämme proteolytische und

etwa 30% lipolytische Aktivität, was darauf hinweist, dass diese Stämme massgeblich

zur Reifung eines Käses beitragen können.

Die proteolytisch aktiven Brevibacterium linens-SVâmmc und ein paar wenige andere

proteolytisch aktive Stämme wurden danach auf ihre Fähigkeit, a-, ß- und K-Casein

abzubauen getestet. Es stellte sich heraus, dass sämtliche Stämme alle drei Caséine

abbauen konnten aber verschieden schnell und zu verschiedenen Abbauprodukten. Mit

Zymogrammen konnte gezeigt werden, dass verschiedene Brevibacterium linens-

Stämme eine oder zwei hitzestabile Proteasen von ca. 30 bzw. 50 kDa aufweisen.

Anhand von Oberflächenmiki*ofloren von 4 Käsen, je zwei Gruyère und 2 Tête de

Moine, wurden noch einmal Reifungsverlaufe beobachtet. Die Reifungsverlaufe wurden

während einer Zeit von 80 Tagen beobachtet, nach 5, 14 und 25 Tagen wurden Stämme

isoliert und teilweise identifiziert. Der Anteil an Brevibakterien und Bakterien mit

hohem G+CGehalt in der DNSwurde mittels in situ Hybridisierung ermittelt. In den

reifen Käsen konnte ein Brevibakterienanteil von 7 bis 23% ausgemacht werden, was

etwa den Werten in anderen v.a. ausländischer Käsesorten entspricht.

Aus den in dieser Arbeit gewonnenen Erkenntnissen und zusammen mit den Resultaten

der anderen 2 Arbeiten, welche zum selben SPP-Projekt gehören, könnte man nun damit

beginnen, Starterkulturen zu definieren und damit Testkäse zu produzieren. Vorher oder

parallel dazu wäre es sicherlich angebracht, sich mehr Erkenntnisse übei die Enzyme

der Schmiereflora und deren genetischen Aspekte anzueignen, und alle Isolate auf

Spezies-Ebene zu identifizieren.



1 Introduction

1 Introduction

1.1 Red smear cheeses

Red smear cheeses are economically important in Austria, Germany, France,

Scandinavia and Switzerland (Eppert et al, 1997). The surface of these cheeses is

coated with a orange-red-brown smear, which is a complex microflora of yeasts and

bacteria contributing to the typical appearance and aroma of these cheeses and

protecting the surface from growth of undesirable microorganisms like moulds and

pathogenic bacteria (Reps, 1993).

In Switzerland, a variety of smeared hard, semi-hard and soft cheeses are produced

either by traditional or modern manufacturing methods. The hard and semi-hard cheeses

are produced from pasteurised as well as from raw milk. Some of the most popular
Swiss red smear cheese varieties are: Gruyère for the hard cheeses, Appenzeller,

Tilsiter, Tête de Moine, different Mountain cheeses and Raclette for the semi-hard

cheeses and Hohle Gasse for the soft cheeses. Foreign red smear cheeses are e.g.

Limburger, Harzerkäse, Weinkäse, Münster, Brick, Saint Paulin, Romadur, Esrom,

Trappist, Taleggio, Compté and Beaufort.

The smear flora of traditionally produced cheeses originates from the milk, the brine,

the ripening room and the equipment of the dairy plant ("house-flora"). Reps (1993)

reports that coloured and uncoloured colonies of different bacteria appear non-

uniformly on the cheese surface after a few days of ripening. These colonies are then

distributed equally over the whole surface of the cheese by a procedure called smearing.

Sodium chloride in solution (2-3%) is used in addition. In order to accelerate the

development of the smear the young cheeses are treated with the smear solution of

mature cheeses using the so called "old-young-smearing"-technique. This procedure can

result in a continuous spreading of pathogenic contaminants such as e.g. L.

monocytogenes and Gram-negative bacteria (Carnio et al, 1999, Eppert et al, 1997,

Bockelmann et al, 1997a, Philipp, 1993). For this reason, many cheese producers have

changed their habits and treat the cheeses by smearing the young cheeses first using a

fresh smear solution containing commercial starter cultures with yeasts and bacteria for

a fast development of the smear (Bockelmann et al, 1997b, Dulmovits, 1993). Weak or

too slow development of the smear has a negative effect on the cheese quality;
undesirable microorganisms like moulds and Gram-negative bacteria may become

predominant causing a sticky white smear with unpleasant organoleptic properties

(Reps, 1993; Schärf«/., 1990).

According to Reps (1993) the development and the microbiological composition of the

smear flora is depending on the following factors: (a) composition of the microflora in
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the brine and in rooms in which the cheeses are ripened, (b) water activity, acidity and

salt content in the surface layer of the cheese, (c) humidity and temperature in the

ripening room, (d) rate of growth of the particular groups of microorganisms, (e)

symbiosis and antibiosis between the microorganisms and (f) the regularity with which

smearing is conducted in a particular dairy plant.

1.2 The composition and succession of the microflora of red smear

cheeses

For a long time the composition of the smear microflora was completely unknown and

is still investigated for more understanding of its microbiology, biochemistry, ecology
and application. This may be due to the complex interactions between the members of

the microbial consortia on the cheese surface, where simultaneous growth of salt

tolerant bacteria, yeasts and moulds results in the formation of a variety of ecological

niches, which cannot be reproduced easily on agar plates (Carnio et al, 1999). Rattray

and Fox (1998) state that at present the surface microflora of smear-ripened cheese is

ill-defined. Reps (1993) refers to various authors who isolated and investigated red

smear cheese microorganisms and concludes that on the basis of these studies one fact

appears certain, i.e., that yeasts are the first microorganisms which develop on the

surface of smear cheeses followed by other microorganisms, especially coryneforms of

the Arthrobacter and Brevibacterium types. He states that the composition of the smear

is therefore not known exactly. The first study he reports on dates from 1899.

During the last 10 years several additional studies on the composition and the

succession of red smear microfloras from various European cheeses were carried out

partly with modern molecular identification methods. In few studies the whole

microflora including yeasts, moulds. Gram-positive and Gram-negative bacteria was

analysed. Philipp (1993) a collaborator of a starter culture manufacture company defines

the surface flora of red smear cheese quite vaguely as yeasts, moulds, coryneform

bacteria, micrococci and Gram-negative rods. He reports that during ripening a pressure

of selection is made up by appropriate measures in favour of the desired

microorganisms, i.e. yeasts and coryneforms. These measures are not described in

detail. Only interactions between pH, water activity, temperature, humidity, periodic

smearing and the cheese smear development are stated to be important.

Yeasts

Yeasts are stated to be the first microorganisms thriving spontaneously on the fresh

cheese surface. Their role is most of all seen in the de-acidification of the cheese surface
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by degradation of lactic acid and thereby the preparation of favourable conditions for

the desired smear bacteria (Bockelmann et al, 1997a; Valdés-Stauber et al, 1997;

Reps, 1993; Dulmovits, 1993; Keller and Puhan, 1985: Busse, 1983; Brandi, 1980).

When the pH increases to values above pH 6.0, Brevibacterium linens, other

coryneform bacteria, staphylococci and micrococci begin to grow and eventually cover

the whole cheese surface (Bockelmann et al, 1998).

Moulds

Moulds are actually not a part of the microflora of surface ripened cheeses and are

generally regarded as undesirable contaminants except for the most common cheese

surface mould Geotrichum candidum (Reps, 1993).

Gram-negative bacteria

Insufficient knowledge exists about the function and existence of Gram-negative

bacteria on the cheese surface. Busse (1989) calls the Gram-negative

Enterobacteriaceae "bacteria who have no business to be on the cheese surface but are

although often found in cheese". The occurrence of such potentially pathogenic bacteria

is explained by a general lack of hygiene in the production process. As Gram-negative

bacteria are nevertheless found on cheese surfaces (Piton-Malleret and Gorrieri, 1992;

Grand et al, 1992; Busse, 1989; Piton, 1988) the question has come up if non¬

pathogenic Gram-negatives eventually might be necessary for the ripening process of

these cheeses.

1.2.1 The Gram-positive microflora

The main part of the surface microflora of mature red smear cheeses consist of Gram-

positive bacteria. Many authors assign these bacteria mostly to white, grey and yellow

coryneforms, staphylococci and/or micrococci, Arthrobacter and Brevibacterium

(Bockelmann et al, 1997a; Valdés-Stauber et al, 1997; Eliskases-Lechner and

Ginzinger, 1995; Ryser et al, 1994; Reps, 1993; Piton-Malleret and Gorrieri, 1992;

Piton, 1988; Seiler, 1986). Yellow and cream-coloured coryneform bacteria form the

biggest part of the surface flora and are often assigned to the genera Arthrobacter,

Corynebacterium or Brevibacterium. This part is found to play an important role in the

ripening process contributing to taste and appearance by proteolytic and lipolytic

activities and by colour formation (Bockelmann et al, 1997b and 1997c; Eliskases-

Lechner and Ginzinger, 1995; Reps, 1993; Seiler, 1986). The rest of the Gram-positive

cheese surface bacteria belong e.g. to the genus Enterococcus (Bockelmann et al.
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1997a; Ryser et al, 1994). Table 1.1 shows a combination of mostly coryneform Gram¬

positive bacteria found on various European red smear cheeses.

Table 1.1. Different Gram-positive cheese surface isolates identified by different identification methods.

Gram-positive bacteria isolated from red smear

cheese

References Identification methods

Arthrobacter variabilis; Arthrobacter nieoiianae.

Arthrobacter spp., Brevibacterium linens. Brevtbat. tenum

ammoniagenes, Corxnebactenum spp., Rhodococcus sp.

Micrococci, orance and yellow coryneform bacteria

Seiler. 1986

Piton-Malleret and Gorrieri

1992

Eliskases-Lechnerand

GmzitiLvr. 1995

Valdés-Stauber et al, 1997

Arthrobacter citreus, Arthrobacterglobiformis,

Arthrobacter variabilis, Brevibacterium linens:

Brevibacterium fuscum, Brevibacterium ammoniagenes,

Brevibacterium helvolum, Brevibacterium imperiale,

Brevibacterium oxydans, Corxnebactenum betae,

Corynebacteriwn insidiosum, Corynebacterium

poinsettiae

Arthrobacter citreus, Arthrobacter nicotianae,

Arthrobacter spp., Brevibacterium fermentons,

Brevibacterium linens, Brevibacterium oxxdans,

Corynebacterium ammoniagenes, Connebactcrium spp.,

Corynebacterium variabilis, Microbacterium spp.,

Microbacterium imperiale, Rhodococcus fa sei an s

Arthrobacter globiformis, Arthrobacter sp.. Arthrobacter Bockclmann etui, 1997a

group, Brevibacterium linens, Corynebacterium otitidh,

Corynebacterium xerosis, Corxnebacterium sp..

Staphylococcus equorum

Numeric identi ficalion

system (Seiler, 1980;

Seiler, 1983)

Various physiological tests

Numeric identification

system (Seiler, 1980;

Seiler, 1983; Seiler, 1986)

Numeric identification

system (Seiler. 1980;

Seiler, 1983)

Routine biochemical

methods of classical

bacteriology (Bergey's

Manual of Systematic

Bacteriology Vol. 2, 1986)

and 16S rRNA analysis

The order of listed bacteria docs not indicate the order ol frequency the bacteria ^eie lound on the cheese surlace.

1.2.1.1 Classification and nomenclature of members of the coryneform bacteria

In many reports about the Gram-positive microflora of cheese surface the isolates are

classified quite equivocally and also bacterial nomenclature seems to be of lesser

importance. Some scientific names of bacteria listed in table 1.1 are not valid anymore.

To give a standardised nomenclature, the following table 1.2 is based on the definitions

which the organisation "German Collection of Microorganisms and Cell Cultures"

applies for its catalogue of bacteria; «The scientific names of bacteria listed in the

catalogue are in accordance with the presently accepted nomenclature in bacteriology

(per April 1993). Names are valid only when listed in the "Approved Lists of Bacterial

Names" (Skerman et al 1980).» Table 1.2 gives valid names for the bacteria in table 1.1

(last update: 9/1999, available on http://\v\v\\\dsm:.de/bactnom/bactnanie.htm).
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Table 1.2. Presently validly published names of some bacteria listed in table 1.1.

Gram-positive bacteria in table 1.1 Presently valid name References

Arthrobacter variabilis

Brevibacterium ammoniagenes

Brevibacterium fuscum

(invalid name)

Brevibacterium helvolum

(invalid name)

Brevibacterium o xydans

Brevibacterium imperiale

Corynebacterium betae

Corynebacterium insidiosum

Corynebacterium poinsettiae

Corynebacterium variabilc or

Corxnebacterium variabilis

Corvnebacterium ammoniagenes

Arthrobacter sp.

Brevibacterium sp.

Microbacterium oxyckms

Microbacterium imperiale

Curtobacterium flaccumfaciens subsp. betae

Clavibacter michiganense .subsp. isidiosum

Curtobacterium flaccumfaciens subsp. poisettiae

Collins. 1987a

Collins, 1987b

Stackebrandt fr (7/..

1983

Döpferrtrt/,,1982

Schumann et al., 1999

Collins et al.. 1983

Collins mid Jones, 1983

Davis et ed.. 1984

Collins and Jones, 1983

Unlike bacterial nomenclature there is no "official" classification of bacteria (Staley and

Krieg, 1984). The Gram-positive bacteria and especially the coryneform bacteria have

been subjected to numerous taxonomical changes depending on different identification

methods (reported in Kollöffel, 1998). Stackebrandt et al (1997) proposed a new

hierarchic classification system solely based on 16S rDNA/rRNA sequence-based

phylogenetic clustering for the members of the division Firmacutes (Gibbons and

Murray, 1978): the class Actinobacteria. Thus the genera Micrococcus and

Staphylococcus do no longer belong to the same family Micrococcaceae described by

Schleifer (1986 in Bergey's Manual of Systematic Bacteriology, Vol. 2). Table 1.3 gives

a selected description of the class Actinobacteria containing the cheese surface relevant

bacteria.
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Table 1.3. Part of the hierarchic classification system of the class Actinobacteria according to

Stackebrandt et al. (1997). Cheese surface relevant taxa.

Division Firmacutes, Class Actinobacteria. Order Actin omxcétales

Family Genus

Micrococcaccae Micrococcus, Arthrobacter, Kocitria, Renibacterium,

Rothia, Sromatococcus, Nesterenkonia

Brevibacteriaceae Brevibacterium

Microbactenaceae Microbacterium, Aureobacterium *, Agrococcus.
Agroimces, Clavibucter, Curtobacterium, Rathayibacter

Dermabacteraceae Dermabai fer, Brachybacterium

Corynebacteriaceae Corynebacterium, Turicella

Nocariaceae Nocardia, Rhodococcus

* The genus Aureobacterium was united with the genus Microbacterium ("laieucht and Halano, 1998)

Bold printed genera were tound on various cheese surfaces.

1.3 The relevance of Brevibacterium linens to red smear cheeses

Brevibacterium linens is the most noticeable bacterium from the surface of red smear

cheese due to its orange colony colour, though there are strains which show almost no

or only weak pigmentation. Many ancient studies report on Brevibacterium linens as the

most important and the most numerous species thriving on the cheese surface (Mulder,

1966; Kelly, 1937). More recent studies revealed that Brevibacterium linens makes only

about 0-30% of the bacteria on red smear cheeses (Bockelmann et al, 1997a; Eliskases-

Lechner and Ginzinger, 1995; Philipp, 1993; Busse, 1989). Moreover Brevibacterium

linens was shown to constitute at least two different species by studies of DNA-DNA

homology (Fiedler et al, 1981) and the same was assumed by biochemical tests like e.g.

casein degradation and other observations (Lamberet et al, 1997; Dulmovits, 1993;

Frings, 1993). Thus the situation is further complicated when Brevibacterium linens has

to be described in its functions and properties and to be selected as a part of a starter

culture.

Brevibacterium linens is stated to contribute to cheese ripening in various ways and is

therefore the best studied component of the microflora, although in comparison with

other dairy-related microorganisms, it is poorly characterised (Rattray and Fox, 1999;

Rattray and Fox, 1998). Extracellular, cell-wall associated and intracellular proteinases

and peptidases have been reported for the species (Rattray et al, 1995; Clancy and

O'Sullivan, 1993; El Soda et al, 1991; Hayashi et al, 1990; Juhasz and Skarka, 1990;

Hayashi and Law, 1989; Brezina et al, 1987: Tokita and Hosono, 1972; Friedmann et

al, 1953). According to Gripon et al. (1991) the proteolytic and peptidolytic activities

of Brevibacterium linens and other cheese related bacteria lead to the liberation of e.g.

free amino acids as precursors of volatile aroma compounds. Extracellular lipases and

Suborder

Micrococcineae

Corynebaeterineae
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esterases and intracellular esterases which are known for their contribution to cheese

flavour through the liberation of free fatty acids (Gripon et ah, 1991) have been partly

purified and characterised (reviewed in Rattray and Fox, 1999).

In addition to the mentioned metabolic activities Bdinens is known to metabolise

methionine with the production of various sulphur compounds which are very highly
flavoured and contribute to the strong characteristic flavours of smear ripened cheeses

(reviewed in Weimer et al, 1999). The compound methanethiol was shown to be toxic

towards moulds (Busse, 1989; Beattie and Torrey, 1986; Lewis, 1981). Brevibacterium

linens also shows strong decarboxylase activity, with the production of high levels of

amines which are as well major contributors to the taste and aroma of these cheeses.

Besides it possess deaminases; the MLproduced contributes to the increase in the pH

of cheeses and perhaps to their flavour (reviewed in Rattray and Fox, 1999; Rattray and

Fox, 1998; Reps, 1993; Hemmet«/., 1982).

Another useful trait of Brevibacterium linens in cheese ripening is its potential to

contribute to the suppression of undesirable microorganisms which eventually
contaminate the cheese surface. The production of bacteriocins and other antimicrobial

substances was reported (Carnio et ah, 1999; Valdés-Stauber and Scherrer, 1996;

Valdés-Stauber and Scherrer, 1994; Kato et al, 1991; Kato et al, 1984).

Regarding the red-orange colour of the cheese surface it seems to be clear that this

colour is not determined by the absolute proportion of Brevibacterium linens alone

(Bockelmann et al, 1997b and 1997c; Seiler, 1986) if only for the reason of its

participation of maximally 0-30% to the coryneform microflora. The pigmentation of

Bdinens is stated to be NaCl-dependent (Busse, 1989), light-dependent (Mulder, 1966)

or L-methionine- and oxygen-dependent (Ferchichi et al. 1986). The pigments were

identified as aromatic carotenoids (Kohl et ah, 1983) and located as cell-bound

(Bockelmann et ah, 1997b and 1997c). Rattray and Fox (1999) summarise that the

characteristic red-orange cheese surface colour is primarily due to the pigments

produced by Brevibacterium sp., Corynebacterium sp., Micrococcus sp. and

Arthrobacter sp. and that the precise contribution of these species to the colour

determination is unknown. Nevertheless Brevibacterium linens is recognised as one of

the main contributors to the characteristic rind colour.

Bockelmann et ah (1997b and 1997c) conclude from various experiments that Bdinens

is essential for the ripening of a high quality cheese. They showed that the orange

pigments of Bdinens do not contribute directly to colour development but that Bdinens

increases colour development and growth of other coryneform bacteria (above all of

yellow Arthrobacter species) through its strong proteolytic properties.
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Despite the accomplished research concerning Brevibacterium linens, Rattray and Fox

(in reviews dating from 1999 and 1998) declare the definition of the precise role of

Bdinens in relation to smear surface-ripened cheese remaining difficult until more

knowledge is available about its metabolite production and enzymatic activities.

1.4 Definition of suitable surface starter cultures for red smear cheeses

In recent years the investigations concerning the microflora of the cheese surface were

aimed to the development of defined starter cultures. These starter cultures should

enable the manufacturer to produce safe surface ripened cheeses of controllable and

even quality. Reps (1993) refers to the complicated ripening process of such cheeses

and explains the marked increase of the global production of smear ripened cheese by

the risk of undesirable surface microflora development and thereby caused money loss.

As the composition and the interaction of the microorganisms on such cheeses during

ripening is still widely unknown and very complex (Rattray and Fox, 1998; Eppert et

ah, 1997; Reps, 1993) and traditional old-young-smearing is regarded as superior to

treatment with pure cultures (Philipp, 1993; Schär, 1990) limited attempts have been

made to develop defined starter cultures. Such starter cultures mostly consist of Bdinetis

as the sole culture organism or of B.linens in combination with yeasts (Rattray and Fox,

1998; Eliskases-Lechner and Ginzinger, 1995; Reps, 1993). Dulmovits (1993) considers

the application of yeasts as starter culture organisms as quite difficult because strongly

proteolytic yeasts bear the risk of creating a spongy cheese surface which would avoid

the development of the coryneform microflora. Reps (1993) refers to experiments in

which cheeses were inoculated with Bdinens only or with B.linens in combination with

yeasts. In both cases no characteristic flavour was developed. Bockelmann et ah

(1997b) found that using Bdinens as the sole culture organism for cheese surface

ripening leads to intense fishy, ammoniacal off-flavour. Additionally other experiments

revealed that cheeses, ripened under quite sterile conditions (disinfected cheese making

equipment, no touching of the cheeses with bare hands) and inoculated with a

combination of Bdinens and Debaryomyces hansenii (yeast), did not develop a "normal"

surface mainly because of fungal growth. However, at the end of the ripening these

cheeses showed a relatively normal bacterial smear composition including coryneform

species. Thereafter it was concluded that the air of the ripening facilities must have been

the source for inoculation of these coryneforms.

Bockelmann et ah (1997b) defined a starter culture consisting of 5 microorganisms
which was able to start growth of the typical surface flora of Tilsit cheese. The starter

culture consisted of Debaryomyces hansenii as the yeast, a non-pigmented, proteolytic



9 Introduction

Brevibacterium linens, a yellow Arthrobacter strain, a cream-coloured coryneform

bacterium and a proteolytic Staphylococcus sciuri. However, according to the authors

this starter culture needs further optimising. Rattray and Fox (1998) claim further

characterisation of the enzymes produced by the smear microorganisms for the

development of better defined starter cultures.

Thus the definition of reliable surface starter cultures remains an interesting field of

future research and development.

1.5 Aim of the thesis

The aim of this thesis was to draw up an inventory of the Gram-positive bacterial

microflora thriving on the surface of typical traditional Swiss cheese varieties.

Afterwards, selected biochemical functions of the above mentioned microflora had to be

elucidated for the purpose of defining suitable starter cultures in the future.
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Material and Methods

2 Material and Methods

2.1 Isolation and cultivation of Gram-positive cheese surface bacteria

Isolation was earned out on different semi-selective media (Table 2.1). 20 g of cheese

surface was added to 180 ml of dilution-buffer (0.8% NaCl, 0.1% peptone, 2% sodium

citrate dihydrate). Cheese surface was defined as the upper 2 to max. 5 mmof the

cheese's rind, an area as thin as possible. Dilutions from 105 to 1010 were plated on

various agar-media. The plates were incubated at 30°C for 3 days, following an

exposure to daylight for about 2 days to enhance pigment production.

Table 2.1. Tested media for the isolation of Gram-positive bacteria from cheese surfaces.

Basic media Additives

Milk-agar (Merck) 39c NaCl

Milk-agar 37c NaCl and 1 Wecycloheximide or 6%NaCl and 10%

cycloheximide or 47c NaCl and 10% cycloheximide

Milk-agar 47c NaCl and 109c pimaricine

Milk-agar 4%NaCl and 0.25% amphotericine

PC-agar (Merck) 37c NaCl or 6%NaCl

PC-agar 37c NaCl and 0.17c skim milk powder

PC-agar = Plate counl-agar for the determination of total viable cell counts

2.1.1 Isolation from 12 different types of surface-ripened Swiss cheeses.

For the isolation of the Gram-positive surface flora from 12 different types of cheese

most of the time milk-agar containing 3% NaCl and 10% cycloheximide (Sigma) was

used.

From the highest dilution colonies were picked and purified by repeated streaking (at

least 8 times) on milk-agar plates containing 4% sodium chloride. Stock cultures were

frozen in Cb broth (1% casein peptone, tryptic digest, 0.5% glucose, 0.5% NaCl, 0.5%

yeast extract) with 25% glycerol and stored at -70°C. In table 2 the isolated strains with

their origins are listed.

Table 2.2. Bacterial isolates from 12 different types of Swiss red smear cheeses.

Cheeses further description of the cheeses Isolates (designation)

Bündner Bergkäse (BBJ) Semi-hard cheese, raw milk, full-fat SB 1-2

Appenzeller (AP 2) Semi-hard cheese, raw milk, full-fat SB 3-4

Tilsiter (TI 3) Semi-hard cheese, raw milk, full-fat SB 6-8
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Table 2.2-continued

Cheeses further description of the cheeses Isolates (designation)

Gruyère (GR 4)

Swiss soft cheese (SC 5)

Swiss soft cheese (SC 6)

Swiss soft cheese (SC 7)

Kiissnachter (KÜ 8)

Appenzeller (AP 9)

Gruyère (GR 10)

Tilsiter (Till)

Limburger (LI 12)

*Châume(CH13)

St. Paulin (SP 14)

Tête de Moine (TM 15)

*Châume(CH16)

Farmer (FA 17)

Arenenberger (AR 18)

Hard cheese, raw milk, full-fat

Soft cheese, pasteurised milk, full-fat

Soft cheese, pasteurised milk, full-fat

Soft cheese, pasteurised milk, full-fat

Semi-hard cheese, raw milk

Semi-hard cheese, raw milk, full-fat.

Hard cheese, raw milk, full-fat

Semi-hard cheese, raw milk, full-fat

Soft cheese, pasteurised milk, full-fat

Soft cheese, pasteurised milk, full-fat

Semi-hard cheese, pasteurised milk, full-fat

Semi-hard cheese, raw milk, full-fat

Soft cheese, pasteurised milk, full-fat

Semi-hard cheese, pasteurised milk, full-fat

Semi-hard cheese, pasteurised milk, full-fat

SB 9-14

SB 15-16. 18

SB 20

SB 22

SB 24-27

SB 31-33

SB 34-36

SB 28-30

SB 37-39

SB 40-45

SB 47-48

SB 49-50, 52-53

SB 54-56, 69

SB 60, 70-72

SB 63-64, 66-68, 73-75

•' FRENCHCHEF.SR

2.1.2 Isolation from a Swiss soft cheese and determination of bacterial succession

For the isolation of the Gram-positive surface flora from a Swiss soft cheese milk-agar

containing 4% NaCl and either 10% cycloheximide or 10% pimaricine or 0.25%

amphotericine to suppress growth of yeasts and moulds was used. The investigation of

the Swiss soft cheese included the determination of the succession of the cheese's

bacterial microflora. For this reason isolates were taken every day from the day when

the cheeses were treated with the surface starter culture spray solution.

From the highest dilution colonies were picked and purified by repeated streaking (at

least 8 times) on milk-agar plates containing 4% sodium chloride. Stock cultures were

kept as described in chapter 2.1.1.

In Table 2.3 the strains originating from a Swiss soft cheese isolated over a period of 10

days of ripening are listed.



13 Material and Methods

Table 2.3. Bacterial isolates from a Swiss soft cheese, its starter culture spray solution and brine.

Source stage of maturity Isolates

Brine SB 101, 103

Starter culture spray solution SB 104-107

1 SC 1 after the brine no isolates

1 SC 2 after spraying SB 108-110

ISC 3 1 day after spraying SB 111-114

ISC 4 2 days after spraying SB115-U8

1 SC 5 3 days after spraying SB 119-123

ISC 6 4 days after spraying SB 124-126

ISC 7 5 days after spraying SB 128

ISC 8 6 days after spraying SB 130-132

1 SC 9 7 days after spraying SB 134-135,137-138

ISC 10 8 days after spraying SB 139, 141

1 SC 11 9 days after spraying SB 145-147, 150

1 SC 12 10 days after spraying SB 151-152

SC= soft cheese

2.1.3 Isolation from Tête de Moine and Gruyère and determination of bacterial

successions

For the isolation of the Gram-positive surface flora from Tête de Moine and Gruyère,
both produced from raw milk, milk-agar containing 4% NaCl and 0.25% amphotericine

to suppress growth of yeasts and moulds was used. Isolation was carried out over a

ripening period of 25 days, taking isolates after 5, 14 and 25 days. The successions of

the cheeses' bacterial flora were determined over 80 days by in situ hybridisation (see

chapter 2.3.5).

From the highest dilution colonies were picked and purified and streaked 5 times on

milk-agar plates containing 4% sodium chloride to obtain pure cultures. Stock cultures

were kept as described in chapter 2.1.1.

2.1.4 Cultivation of starter cultures

Eleven starter cultures were received from 3 different manufacturers as freeze-dried

powders (Table 2.4). The powders were reconstituted by adding them to Cb-broth (1%

casein peptone, tryptic digest, 0.5% glucose, 0.5% NaCl, 0.5% yeast extract). After

stirring the mixture the bacterial suspension was plated on milk-agar containing 4%

NaCl. Stock cultures were kept as described in chapter 2.1.1.
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Table 2.4. Starter cultures from 3 different manufacturers.

Nameof the Identification of the starter culture Product Origin (manufacturer)

starter culture according to the manufacturer group

LB Brevibacterium linens Lactolabo® 'Groupe Rhône-Poulenc/France

SR3 Brevibacterium linens Lactolabo© Groupe Rhône-Poulenc/France

SRI Brevibacterium linens Lactolabo® Groupe Rhône-Poulenc/France

LR Brevibacterium linens Lactolabo® Groupe Rhône-Poulenc/France

SR2 Microbacterium sp. Lactolabo© Groupe Rhône-Poulenc/France

MGE Brevibacterium sp. Lactolabo© Groupe Rhône-Poulenc/France

BC Brevibacterium casei SWING CHRIIan sen/Denmark

BL1 Brevibacterium linens SWING CHRHansen/Denmark

BL2 Brevibacterium linens SWING CHRHansen/Denmark

BLR Brevibacterium linens Roger® 2Sanofi-Bio-Industries/France

BLO Brevibacterium linens Roger® Sanofi, Bio-Industries/France

'"The cunenl names of these manulactuimg companies die Rhodia ( level) and SKW, respeetnely

2.2 Methods of DNAisolation and agarose gel electrophoresis

2.2.1 Small scale total DNAextraction from cultured cells

A loopful of cells grown on milk-agar containing 4% NaCl was suspended in 100 pi

TE-buffer (10 mMTris-HCl, 10 mMEDTA, pH 8.0). By addition of I pi proteinase K

(20mg ml"1) cells were lysed at 55°C for 30 minutes. Nucleic acids were purified by

extraction with 100 pT phenol (saturated with 3%NaCl) followed by 100 pi methylene

chloride/isoamyl alcohol (24:1 [v/v]). 1 pi of the upper phase was directly used for PCR

experiments.

2.2.2 Large scale total DNAextraction

The total DNAisolation was performed with the Nucleobond® AX kit according to the

manufacturer's instructions (Macherey-Nagel).

2.2.3 Agarose gel electrophoresis

DNAwas separated in 0.8% agarose gels in 1 x TBE buffer (89 mMTris-HCl, 89 mM

boric acid, 2.5 mMEDTA, pH 8.0). As a reference size marker a 1 kb DNAladder

(Gibco BRL) was used. Electrophoresis was performed in 1 x TBE buffer at 100 V (Gel

Electrophoresis Apparatus GNA100, Pharmacia), The agarose gels were stained in a 5
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pi ml"1 ethidium bromide (Sigma) solution for 10 minutes and incubated in water for 10

minutes before visualisation on ultraviolet light (302 nm). The gel was photographed
with an UVBcamera and printed (AlphaImager1M 2000, Alpha Tnnotech).

2.3 Identification of Gram-positive cheese surface bacteria

2.3.1 Colony-hybridisation

The cheese surface isolates were subjected to colony-hybridisation with probes designed

by Kollöffel et ah (1997) for members of the suborder Micrococcineae namely,

Brevibacterium, Arthrobacter/Micrococcus and Microbacterium.

Oligonucleotides (Table 2.5) were synthesised commercially (Microsynth) and labelled

at the 5'-end with [y-32P]deoxyadenosine-5'-triphosphate (DuPont) by using the phage

T4 polynucleotide kinase (BioLabs) according to the manufacturer's manual. Labelled

probes were purified on a NAP-Column (Sephadex®G-25, Pharmacia).

Pure colonies of cheese surface isolates, starter cultures and reference strains were

transferred onto a nylon-membrane (Amersham). The bacteria were lysed by incubating
the membrane for 60 minutes at 37°C on a blotting paper which was saturated with lysis
buffer (5 nig ml"1 lysozyme, 250 mMsucrose, 10 mMTris-HCl, pH 7.5). By the same

way the membranes were treated with denaturation solution (0.5 MNaOH, IM NaCl)

for 2 minutes, then with neutralisation solution ( 1 MTris-HCl, pH 8.0) for 4 minutes

and finally with washing solution (0.1% SDS, 0.3M NaCl, 30 mMsodium citrate, pH

7.0) for another 4 minutes, each step was carried out at room temperature.

Prehybridisation and hybridisation and the washing were earned out at hybridisation

temperatures (54°C for BRE1239 and M1C841; 45°C for M1B1473) in the absence of

formamid according to the manufacturer's instruction (Amersham). The membranes

were sealed into plastic bags and the positions where the probes hybridised the 16S

rDNA target sites were visualised on X-ray films (Fuji RX).

2.3.2 Polymerase chain reaction (PCR)

PCRwas used as a confirmation method after colony-hybridisation (Kollöffel et ah,

1997). PCRs were performed in a total volume of 50 pi containing 0.4 pi Taq DNA

polymerase (Pharmacia), 5 pi I Ox Taq buffer (Pharmacia), 0.5 pi dNTP-mixture (dATP,

dCTP, dGTP, dTTP, Pharmacia), I pi of each primer (Table 2.5) diluted to 200 pM and

the required amount of sterile, bidistilled water. DNAwas added in the form of whole

cells or as isolated total DNAextract (1 pi). The mixture was subjected to 35 cycles of

amplification in a thermal cycler (Biometra, Personal Cycler). The first cycle
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proceeded by initial denaturation at 96°C for 5 minutes. Each following cycle consisted

of denaturation at 95°C for 30 seconds, annealing at hybridisation temperature (54° for

BRE1239 and BRE845; 58°C for MIC841 and MIC 138; 51°C for M1B1471 and

MIB439) for 30 seconds and extension at 72°C for 60 seconds. After the last cycle a

final extension step was performed at 72°C for 10 minutes. Electrophoresis of the PCR-

products was carried out as described above in chapter 2,2.3.

Table 2.5. Primers (Kollöffel et al., 1097) targeting seirmanable domains within the 16S iDNA used for

the identification of cheese surface bacteria by colony-hybridisation and PCR.

Primer Sequence Target site1 Specificity

BRE1239 * 5'-TCTCTCTGTACCAGCCAT-3'

BRE845 5M2GTTCTCCGCGCCGTA-3'

MIC841 * 5,-GCGCGGAAAACGTGGAAT-3'

MIC 138 .V-TTRACTCTGGGATAAGCC-3'

MIB 1473 * 5-CTAATTACCGATCCC-V

MIB1471 5'-CCTAATTACCGATCCCAC-V

MIB439 5'-TTAGCAGGGAAGAAGCG-V

1E coli numbering (Brosius et at.. 1981).

* OUGONUOLPOTIDrSOSFDTORCOI ONY-HYBRID1SA1ION.

1239-1256 Brevibacterium

845-869 Brevibacterium

841-856 Arth robacter/ Micrococci! s

138-155 Arthrobacter/Micrococcus

147V1487 Microbacterium

1471-1488 Microbacterium

419-455 Microbacterium

2.3.3 Partial 16S rDNA sequencing

Isolates which remained unidentified after colony-hybridisation were subjected to cycle-

sequencing of their partial 16S rDNA on the ALFexprcss1M DNA Sequencer

(Pharmacia Biotech).

Amplification of 16S rDNA was carried out by PCRs which were performed in a total

volume of 100 pi containing 0.8 pi Taq DNApolymerase (Pharmacia), 10 pi lOx Taq

buffer (Pharmacia), 1 pi dNTP-mixture (dATP, dCTP, dGTP, dTTP; Pharmacia), 2 pi

of each universal primer; Bakl Iw (Goldenberger, 1997) and Bak4 (Greisen et ah, 1994

modified by Dasen et ah, 1998) and the required amount of sterile, bidistilled water.

PCR-products were purified with the NucleoSpin Extract kit (Macherey-Nagel)

according to the manufacturer's instructions. Elution from the DNAbinding column was

carried out with Tris-HCl buffer (10 mM, pH 8.5).

Automated cycle sequencing of purified I6S rDNA was performed using the Thermo

Sequenase fluorescent labelled primer cycle sequencing kit with 7-deaza-dGTP

according to the manufacturer's instructions (Amersham), Synthetic oligonucleotide

primers EUB338 (Amann et ah, 1990) and unil392rev (Boesch, 1998) specific for

eubacteria were Cy51M-labelled. Cycle sequencing was performed on a Biometra,

Personal Cycler with the following parameters: 95°C, 30 sec; 50°C, 30 sec; 72°C, 60
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sec and 25 cycles (Dasen et ah, 1998). Detection of the denatured (85°C, 3 min) cycle-

sequenced samples was performed on an ALFexpress1M DNASequencer (Pharmacia)

using a hydrolink long ranger gel; instructions were taken from the "Standard operating

procedure"-protocol (Pharmacia). The received sequences were compared to all

accessible 16S rDNA sequences in GenBank (Benson et ah, 1997) and EMBL

databases (Stoesser et ah, 1997) using the program PASTA (Pearson and Lipman,

1988). The isolates were given genus identification when identity with the 16S rDNA of

the corresponding strains exceeded 90% in the sequenced bp overlap.

2.3.4 Identification by API identification systems

Staphylococcus-, Enterococcus- and Lactococcus- isolates identified by cycle

sequencing of partial 16S rDNA were confirmed by API Staph and API 20 Strep

identification systems (bioMérieux), respectively. Procedure and identification was

according to the manufacturer's instructions.

2.3.5 In situ hybridisation

The contribution of certain bacteria to the surface microflora of Tête de Moine and

Gruyère cheeses was determined by in situ hybridisation according to a modified

method developed by Kollöffel (1998).

An area of 10 cm" of the surface from each cheese after 5, 14, 25 and 80 days of

ripening was scraped off with a sterile knife (ca 2 mmtowards the curd) and dispersed
in 100 ml of dilution-solution (0.8% NaCl, 0.1% peptone) by a stomaching of 5

minutes. 1 ml of the stomached mixture was centrifuged at 8000 rpm for 5 minutes

afterward the pellet was resuspended in I ml of 4% paraformaldehyde/PBS (130 mM

NaCl, 10 mMNa^POa, pH 7.2) and stored at 4°C overnight. The suspension was

centrifuged and the cells were resuspended in 50%) (v/v) ethanol/PBS and stored at -

20°C prior to spotting onto tefloncoated microscopic slides.

Glass microscope slides containing 8 separate hybridisation wells were prepared by

washing with distilled water and rinsing with 95% ethanol. Then they were coated by

dipping in prewarmed (60°C) 0.1% gelatine, 0.01% KCr(S04)2 solution and dried

vertically at room temperature. 500 pi of the fixed cells were mixed with 500 pi of 0.1%

pyrophosphate in 50% ethanol and centrifuged at 8000 rpm for 5 minutes. The

supernatant was discarded and the pellet was resuspended for a second time in 500 pi of

0.1% pyrophosphate in 50% ethanol and centrifuged again as described above.

Depending on the ripening state of the cheese the pellet was then resuspended in either

10 (5 days), 50 (14 and 25 days) or 500 ul (mature, 80 days) of 0.1% pyrophosphate in
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50% ethanol. A 2 pli aliquot was applied to each well and air dried at 37°C for 30

minutes. The cells were dehydrated in increasing concentrations of ethanol (50, 80 and

95% ethanol for 3 min each) and then air dried. Each well with applied cells was treated

with 30 pi of lysozyme (1 mg dissolved in 1 ml of 5 mMEDTA, 100 mMTris-HCl, pH

7.5) at room temperature for 5 min then the slides were rinsed with distilled water and

dehydrated in the ethanol series as described above.

Hybridisation with fluorescent labelled oligonucleotide probes (Table 2.6) was carried

out overnight in 7 pi of hybridisation buffer (0.9 MNaCl; 0.02% SDS; 5 mMEDTA;

10 mMTris-HCl, pH 7.2; 30% formamid) and 1 pi of the probe (25 ng) at 37°C in an

equilibrated humid chamber.

Table 2.6. Oligonucleotides targeting semivariable domains within the 16S rDNA or the 23S rDNA used

for in situ hybridisation.

Oligonucleotides Sequence Target site1 Specificity References

EUB338 .V-GtTGCCTCCCGTAGGAGT-3' *>38-355 Bacteria Ammanet ah, 1990

HGC1901 5'-TATAGTTACCACCGCCGT-3' 1901-19182 Gram-positive Roller et al, 1994

bacteria with

high DNA

G+Ccontent

BRE1239 5'-TCTCTCTGTACCAGCCAT-3' 1239-1256 Brevibacterium Kollöffel et al., 1997

"e.coIi numbering (Brosms et al, 1981). :2~*S rDNA (HGC69a)
' —___——-_-

Unbound oligonucleotides were removed by dipping the slides in washing buffer (112

mMNaCl; 20 mMTris-HCl pH 7.4; 5 mMEDTA; 0.01% SDS) at 37°C for 20 min.

The samples were incubated in 10 pi of DAPI solution (4'6-diamino-2-phenylindole, 10

pi mF1 in bidistilled water, stored at 4°C) at room temperature for 5 min, rinsed with

water and air-dried. The cells were embedded in 35 pi of mounting fluid (FluoroGuard

Antifade Reagent, Bio-Rad, in bidistilled water 1:1 [v/v]). The slides were evaluated

with a Zeiss epifluorescence microscope (Axiophot TV AIJFL) with a mercury arc

lamp (HBO 50, Osram), a lOOx Plan Apochromat (Zeiss) objective and two filtersets.

For each cheese sample the hybridisation was repeated at least 4 times. For each

hybridisation between 700 and 1000 DAPI-coloured-cells were counted, corresponding

to 10-20 independent microscopic fields (Llobet-Brossa et ah, 1998).

2.4 Methods of genome characterisation

27 Brevibacterium linens-isohtes and two Brevibacterium linens-starter cultures (BLO,

SR3) were subjected to macrorestriction analysis by PFGE. Restriction enzymes were

chosen according to McClelland et ah (1987),
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2.4.1 Pulsed-field gel electrophoresis (PFGE) of digested genomic DNA

Procedure of high molecular mass chromosomal DNApreparation was based on the

method described by Smith et ah (1988) and modified according to Gianotti (personal

communication).

Cells were incubated in BHl-broth (Biolife) and harvested in late log phase at 4°C

(Beckman centrifuge, 15 min, 6000 x g). The pellet was washed twice with Pett IV (10

mMTris-HCl; 1 MNaCl; 1 mMEDTA, pH 7.6; stored at 4°C). Final centrifligation

was 15 min at 14000 rpm at room temperature. The pellet was resuspended with 300 pi

of Pett IV and incubated for 10 min at 37°C. Then 300 pi of prewarmed (50°C) 1.8%

Low Melting Point agarose was added to the cell suspension, mixed and poured in 20 x

9 x 1 mmwells in a mould plate (Bio-Rad) and allowed to solidify at 4°C for 1 h. The

resulting blocks (inserts) were treated each with 7 ml of EC-Lysisbuffer (6 mMTris-

HCl; I mMNaCl; 0.5% Bilj-58; 0.2% deoxycholate; 0.5%N-laurylsarcosin, pH 7.6))

containing I mg mf1 lysozyme (Fluka) and 20 pg ml"1 RNase first for 10 min at room

temperature under gentle rotation then overnight at 37°C. Inserts were washed twice in

TE buffer (10 mMTris-HCl, 1 mMEDTA, pH 8.0) for I h under gentle rotation and

stored at 4°C. Then inserts were placed each in 7 ml of NDSbuffer (0.5 MEDTA, 1%

N-laurylsarcosin, pH 9.25) containing I mg ml" Proteinase K (Sigma) first for 10 mm

at room temperature under gentle rotation then overnight at 37°C. After proteinase K

digestion inserts were washed each twice in 7 ml of TE buffer containing

32 pi of PMSF(phenylmethylsulfonylfluoride) for 1 h under gentle rotation. Then they

were washed 3 times for 30 min with TE buffer. Inserts were stored in TE buffer at 4°C.

For restriction analyses a 5 mmlarge piece was cut from the inserts and preincubated

with 200 pi of restriction buffer (One phor all buffer, Pharmacia) at room temperature

for 2 h. The buffer was removed and the inserts were digested in 200 pT of restriction

buffer with 30 U of restriction enzymes DRAl or Spel (Pharmacia) for 22 hours. After

digestion, the inserts were washed in TE buffer for 30 min at room temperature under

gentle rotation. Electrophoresis of the restriction digests was performed at 4°C in 1 %

agarose in 1 x TBE (89 mMTils-Base; 2.5 mMboric acid; 89 mMEDTA) on the

CHEF(clamped homogeneous electric fields) system CHEF-DR U (Bio-Rad) for 24 h

at 190 V and with a pulse time ramping from 5 to 50 s. After electrophoresis, the gel

was stained in a 5 pi ml"1 ethidium bromide (Sigma) solution for 45 minutes and

incubated in water for 45 minutes before visualisation on ultraviolet light (302 nm), The

gel was photographed with an UVB camera and printed (Alphalmager 2000, Alpha

Innotech).
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2.4.2 RandomAmplified Primer Dimorphism (RAPD)

PCRs were performed as described above in chapter 2.3.2 with slight modifications

concerning the primers and the amplification conditions; only one primer was used (SK;

5'-GCCGCCGCCGCC-3') and the mixture was subjected to 45 cycles of amplification
in a thermal cycler (Biometra, Personal Cycler1 M). The first cycle proceeded by initial

denaturation at 94°C for 4 minutes. Each following cycle consisted of denaturation at

94°C for 60 seconds, annealing at hybridisation temperature 43°C for 60 seconds and

extension at 72°C for 2 minutes. A final extension after the last cycle was performed at

72°C for 10 minutes. Electrophoresis of the RAPD-products was carried out as

described above in chapter 2.2.3 but in 1.6% agarose gels.

2.5 Characterisation of Gram-positive cheese surface bacteria

2.5.1 Preliminary characterisations of the cheese surface isolates

The following tests were carried out as preliminary characterisations: definition of cell-

morphology and colony-colour, microscopy, Gram-staining and catalase-activity. The

isolates from 12 different types of Swiss red smear cheeses were additionally subjected

to a test for their abilities to hydrolyse xanthine, tyrosine, starch, gelatine and casein by

the following agarplate-method. PC-agar was mixed with the corresponding substrates.

Solutions of 2.5% xanthine and of 3.5% tyrosine were added to PC-agar in a ratio of

1:9. For casein hydrolysis 10 ml of skim milk as the substrate was added to 990 ml of

PC-agar. Gelatine and soluble starch were added to a medium containing 1% meat

extract, 1% peptone, 0.5% NaCl and 1% agar in final concentrations of 0.4 and 1%,

respectively. Bacterial suspensions were spotted on these agars and incubated for about

4 to 10 days. To visualise clear halos around the tested strains which indicate hydrolysis
of the substrate colonies were first washed away after incubation. Xanthine- and

tyrosine-agars were observed for clearing zones with the naked eye after 10 days.

Starch-agar was flooded with Lugol's solution and read for hydrolysis after 4 and 10

days. Gelatine- and casein-agars were flooded with mercuric solution (HgClo, 12g; 16

ml of concentrated HCl; 80 ml of distilled water) to be read for hydrolysis after 4 and 10

days as well.

2.5.2 Determination of antibiotic resistance

Antibiotic resistance was tested by the agar diffusion method (Barry and Thornesberry,

1985) using discs containing 10 pg ampicillin, 30 pg cefotaxime, 10 pg gentamicin, 10

pg streptomycin, 30 pg neomycin, 30 pg kanamycin, 5 pg ofloxacin, 30 pg rifampicin.
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30 pg chloramphenicol, 30 pg tetracycline, 15 pg lincomycin, 15 pg erythromycin,

30 pg vancomycin and 5 pg methicillin. The antibiotics were stored and used according

to the manufacturer's suggestions (bioMérieux). Antibiograms were performed on either

Mueller-Hinton-agar ÏÏ (Biolife) or antibiotic agar no.l (Merck) and evaluated after 2-3

days of incubation at 30°C. The evaluation of the inhibitory zones was carried out

according to the NCCLS (National Committee for Clinical Laboratory Standards)

guidelines.

2.5.3 Determination of production of antibacterial agents (bacteriocins etc.)

The potential to produce antibacterial agents was determined of 27 Brevibacterium

linens-isolates, from cheese surface, of 8 Brevibacterium linens-starter cultures and of

one type strain Brevibacterium linens1 DSM20425 as test strains. As indicator strains

Listeria innocua LMELI7, Brevibacterium linens1 DSM20425, Brevibacterium linens

SSS SB105, Brevibacterium linens SSS SB107 and Arthrobacter/Micrococcus sp, SSS

SB106 were tested. The test strains were spotted on milk-agar containing 4% sodium

chloride, then 200 pi of the indicator strains which were grown overnight in BHI broth

were added to 6 ml of BHI-softagar (45°C) and poured over the agar where the test

strains were spotted on before. After 3 days of incubation at 30 or 37°C (depending on

the temperature optimum of the indicator strain) the agar plates were analysed for

inhibition zones around the test strains.

2.5.4 Determination of proteolytic and lipolytic activities

Proteolytic and lipolytic activity was tested by an agar-plate method similar to the one

described above in chapter 2.5.1. For proteolytic activity determination 5% skim milk

was added to CASO-agar (Biolife). Bacterial strains were picked onto the agar and after

5 to 8 days of incubation at 16 and 30°C the agar was read for clear halos around the

tested strains. For lipase activity determination the basic medium consisted of 0.5%

peptone, 0.3% yeast extract and 1.2% agar to which 10ml l"1 glyceroltributyrate as the

substrate and 0.4% tweenSO as a detergent was added. The bacterial strains were picked
onto the agar and after 5 to 10 days oi incubation at 4, 16 and 30°C the agar was

observed for clarification halos around the colonies.

2.6 Determination of casein degradation

Casein degradation on bovine a-, ß- and K-casein was monitored by SDS-PAGE

(sodium dodecylsulfate-polyacrylamide gel electrophoresis) with cell-suspensions
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added to the corresponding casein solution. Enzymes responsible for degradation were

monitored by zymogram technique.

2.6.1 Degradation products of bovine a-, ß- an K-casein

Cells were incubated in BHI-broth dissolved in 50 mMpotassium phosphate buffer, pH

7.0 (1 M KH2PO4, 1 M K2HPO4 mixed according to Sambrook et ah, [1989D and

harvested by centrifugation at 4°C (Beckman centrifuge, 15 min, 6000 x g). The pellets

were washed twice and stored at -20°C. For degradation analysis cells were

resuspended in I ml of 50 mMpotassium phosphate buffer, pH 7.0 and incubated at

30°C in an equal volume of the corresponding casein solution (lmg/ml casein in 50 mM

potassium phosphate buffer, pH 7.0). At regular intervals samples of the mixtures were

taken and centrifuged to remove the cells. The cell-free hydrolysed casein solutions

were heated for 5 min to stop casein degradation and stored at -20°C. The hydrolysates

were either prepared for SDS-PAGE to visualise the degradation products and their

molecular weight or for zymogram (renatured SDS-PAGE) to visualise the molecular

weight and the intensity of the enzymes acting on the incorporated ß casein.

2.7 Methods of protein electrophoresis and proteinase activity
measurement

2.7.1 Polyacrylamide gel electrophoresis (SDS-PAGE)

Denaturing sodium dodecylsulfate (SDS)-PAGE was performed with 10, 12 and 15%

Polyacrylamide gels (Laemmli, 1970). The protein samples (casein hydrolysates or

protein fractions after different purification steps) were prepared as follows: 20 pi of

casein hydrolysate or other protein sample was mixed with 8 pi of loading buffer (62.5

mMTris-HCl; 2%SDS; 0.5% DTT; 10% glycerol; 0.008% bromphenole blue, pH 6.8).

The mixture was heated for 5 minutes and let cool down to room temperature before it

was loaded on the SDS-gel. Electrophoresis was performed at room temperature and at

90V. The protein bands were stained with Gelcode (Socochim) and their size was

estimated with the broad range SDS standard (GibcoBRL). For storage the gels were

sealed into plastic bags and kept at 4°C.

2.7.2 Proteinase activity measurement (renatured SDS-PAGE)

This method is based on SDS-PAGE. The proteins dissolved by electrophoresis are

renatured thereafter and act on incorporated substrates in the SDS-gels. By Coomassie

blue staining the whole gel is stained while the sites where enzymatic degradation on
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the substrate took place appear as white bands. The Zymogram technique was used as a

qualitative method to detect proteinase or peptidase activity.

The zymogram running- and stacking-gels were prepared the same way as for SDS-

PAGE(Laemmli, 1970) but with the addition of ß-casein solution (1 mg ml"1) to the

running gel. 10 pi of the samples (casein hydrolysates or protein fractions after different

purification steps) were mixed with 20 pi of zymogram sample buffer (Bio-Rad) and

loaded on the gel. Electrophoresis was performed at 100 V at room temperature. After

electrophoresis, gels were soaked in 2.5% Triton X-100 for 1 h under gentle rotation to

renature the enzymes. Then they were incubated in development buffer (Bio-Rad) at

27°C for about 18 hours under gentle shaking. Staining and destaining of gels was

performed at room temperature for 1 hour each with staining solution (0.5% Coomassie

blue, 10% acetic acid, 40% methanol) and destaining solution (10% acetic acid and 40%

methanol). For better visualisation of the bands the gels were transferred into distilled

water and kept at 4°C. Storage was in sealed plastic bags at 4°C.
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3 Results

3.1 Isolation of Gram-positive cheese surface bacteria

In order to get an idea of the Gram-positive cheese surface bacteria which thrive on

different red smear cheeses about 70 Gram-positive bacteria were isolated from 12

different types of cheese first (see chapter 2.1.1). At this stage different media were

tested for the isolation of Gram-positive bacteria, it was decided on a quite selective

medium based on milk-agar (Merck) containing 4% sodium chloride and an effective

agent against yeasts and moulds. Then a surface ripened Swiss soft cheese was focused

on. The succession of its surface flora from the first day of ripening until maturity was

observed and about 50 Gram-positive isolates were taken additionally. Thus a

preliminary inventory of the dominant Gram-positive bacterial microflora was drawn

up. Later 2 different red smear cheeses, Tête de Moine and Gruyère, were subjected to

another longitudinal study. The surface microfloras of 4 cheeses from different cheese-

producers, 2 of the above mentioned each, were analysed 3 or 4 times over a ripening

period of 80 days. Another 58 Gram-positive bacteria were isolated during this study.

3.1.1 Isolation from different cheese surfaces

Isolation of Gram-positive bacteria from 18 samples of different surface ripened cheeses

was carried out on quite selective media (Milk-agar or PC-agar) containing 3-6%

sodium chloride and partly 10% cycloheximide to put down growth of yeasts and

moulds. The average total count of viable cells determined on PC-agar was mostly

between 108 and 1010/g (Table 3.1). The total count of viable cells determined on the

different semi-selective media for Gram-positive bacteria was more or less the same as

the total count of viable cells determined on PC-agar. Deviations generally kept within

limits of plus or minus one log unit and were individual for every cheese (Table 3.1).

For further isolation of Gram-positive cheese-isolates milk-agar containing 4% sodium

chloride and a suitable agent (like cycloheximide, amphothericine or pimaricine) against

yeasts and moulds was used. From each investigated cheese colonies of different

appearance were picked from the highest dilution. A total of 62 pure cultures was

obtained.
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Table 3.1. Total counts of viable bacterial cells from 18 surface-ripened cheeses determined on different

media.

Cheeses Total counts

of viable cells

per gram

cheese surface

(on PC-agar)

Total counts of viable cells per gram cheese surface

on different semi-selective media for Gram-positive
bacteria (isolation media)

Bündner Bergkäse (BB1 ) 1.3 x 108

"Appenzeller (AP 2) 3.1 xlO8

'Tilsiter (TI 3) 9,6 xlO7

'Gruyère (GR 4) 6.8x10"

Swiss soft cheese (SC 5) 2.1 x 109

Swiss soft cheese (SC 6) 1.3 x 1Û9

Swiss soft cheese (SC 7) 1.3 x 109

Küssnachter (KÜ 8) 1.9 xlO9
*

Appenzeller (AP 9) 2.2 x 109

"Gruyère (GR 10) 2.0 xlO9

'Tilsiter (Till) 1.5 xlO9

Limburger (LI 12) 2.1 x 108

Chaume (CH 13) 7.0x10"

St. Paulin (SP 14) 2.2 xlO10

'Tête de Moine (TM 15) 3.0 x 109

Chaume (CH 16)

Farmer (FA 17)

1.0 x 10y

l.Ox 10
10

Arenenberger (AR 18) 2.6x10

1.2 x 10s (PC-agar + 37c NaCl)

1.1 x 108 (PC-agar + 3%NaCl)

7.5 x 10* (PC-agar + 3%NaCl)

4.9 x 10'1 (PC-agar + 3%NaCl)

1.8 x 1()Q (PC-agar + 3%NaCl)

1.8 x 1()9 (Milk-agar + 10% cycloheximide)

7.7 x 108 (Milk-agar + 10% cycloheximide)

1.9 x 109 (Milk-agar + 10% cycloheximide)

1.7 x 1010 (Milk-agar + 10% cycloheximide)
3.1 x 1010 (Milk-agar + 37o NaCl + 10% cycloheximide)

1.6 x 109 (Milk-agar + 3% NaCl + 10% cycloheximide)

5.0 x 10° (Milk-agar + 3% NaCl + 10% cycloheximide)
9.0 x 109 (Milk-agar + 6%NaCl + 10% cycloheximide)

1.2 x 109 (PC-agar + 3%NaCl)

1.0 x 1019 (Milk-agar + 37c NaCl + 10% cycloheximide)
1.4 x 1010 (Milk-agar + 6%NaCl + 10% cycloheximide)

3.4 x 10'° (Milk-agar + 3%NaCl + 10% cycloheximide)
4.0 xlO10 (Milk-agar + 6%NaCl + 10% cycloheximide)

1.6 x 10'° (Milk-agar + 3%NaCl + 10% cycloheximide)
4.3 x 10K) (Milk-agar + 6%NaCl + 10% cycloheximide)

7.0 x 109 (Milk-agar + 3%NaCl + 10% cycloheximide)

1.1 x 10" (Milk-agar + 3%NaCl + 10% cycloheximide)

7.0 x 109 (Milk-agar + 3% NaCl + 10%» cycloheximide)
Cheeses made from raw milk.

3.1.2 Isolation from a Swiss soft cheese and succession of the bacterial flora

Gram-positive bacteria were isolated from the surface of a Swiss soft cheese over a

period of about 20 days beginning with the first day when the young cheese was

smeared by a starter culture spray solution. Isolation was carried out on milk-agar

containing 4%sodium chloride and cycloheximide or amphotericine. In addition, some

isolates from the cheese's brine and its starter culture spray solution were taken. Total

counts of Gram-positive viable cells were determined over a period of 46 days. Samples

were taken daily until 10 days after spraying of the cheese with starter culture spray

solution. Then the cheeses were packed and samples were taken once a week. Total

count of Gram-positive viable cells increased from about 106 to 1010/g and reached the

average total count of viable cells after about 18 days (Figure 3.1). From each stage of
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maturity, different appearing colonies were picked from the highest dilution. Four to

seven different colony types (different in colour and shape) were found. A total of 53

pure cultures was obtained.

1.00K+06 - J

1.00H+05 I ~ > ----- • 1
0 5 10 15 20 25 30 35 40 45 50

days of ripening

—•#— - Gram-positive bacteria - - » - Total count of surface flora

Figure 3.1 Succession of the Gram-positive and the total surface-flora of a Swiss soft cheese over a period

of 46 days determined on milk-agar containing 4% sodium chloride and 10% cycloheximide and/or

0.25% amphotericine and on PC-agar, respectively. The first two values of bacterial counts indicate 1.

when the cheese was taken out of the brine and 2. when the cheese was treated with starter culture spray

solution. Packaging of the cheese was 8 days after this treatment.

At the beginning of the soft cheese's ripening white coloured colonies dominated the

agar plates until about the 6lh day after spraying. In the meantime yellow and few

orange colonies could be isolated also. The orange colonies could be divided into dark

orange and light-orange types. After about 8 days of ripening, light-orange and yellow

colonies clearly dominated the agar plates and the cheeses showed a distinctive orange

surface.

3.1.3 Isolation from Tête de Moine and Gruyère

Gram-positive bacteria were isolated from 2 different red smear cheeses, Tête de Moine

and Gruyère, two of them each. Isolation was carried out over 3 stages of ripening (5,

14 and 25 days) on milk-agar containing sodium chloride and amphotericine. Total cell

counts were determined on PC-Agar. Different colonies were picked from the highest

dilution after 5, 14 and 25 day of ripening. From these 4 different cheeses a total of 58

pure cultures was obtained.
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Table 3.2. Total counts of Gram-positive bacteria over a ripening period of 25 days.

Cheese, designation Total counts of Gram-positive bacteria per g cheese surface on milk-agar

containing 4% NaCl and 0.25% amphotericine.

after 5 days after 14 days after 25 days

Tête de Moine, TM20 5.3 x 106

Tête de Moine. TM21 7.7 x 107

Gruyère. GR22 1.3 x 107

Gruyère, GR23 2.0 x 10"

The total counts of viable cells determined on PC-agar was more or less the same as

determined on milk-agar with additives. Differences were most often in 25 days old

cheese surface when cell counts determined on PC-agar was about one log unit lower.

3.2 Identification of the isolates

A qualitative and unequivocal assignment of about 150 isolates from 23 different cheese

samples (including the Swiss soft cheese) to taxonomic entities (genus, species) was

carried out with modern molecular methods. Identification protocols including colony-

hybridisation, PCR, cycle-sequencing and in situ hybridisation were used. First some

preliminary classical characterisations were made like microscopy, Gram-staining,

catalase-test etc. For some bacteria API identification systems (bioMérieux) based on

standardised and miniaturised biochemical tests with dehydrated substrates as reagents

were used as a confirmation of the first identification.

3.2.1 Identification of the isolates from different cheese surfaces

3.2.1.1 Preliminary characterisation

Sixty-two colonies from cheese surfaces of 18 red smear cheeses were characterised by

cell morphology macroscopically as well as microscopically. Gram-staining and

catalase activity (see Appendix 1). In addition, they were tested for their abilities to

hydrolyse xanthine, tyrosine, starch, gelatine and casein by an agar plate-method (Table

3.3, Appendix 2).

1.2 xlO10 l.lxlOK'

3.4 xlO10 3.3 xlO10

3.3xl09 8.7 xlO9

4.6x10° 1.3xl0!n
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Table 3.3. Number of strains isolated from different cheese surfaces hydrolysing different substrates.

Number

of tested strains

xanthine-

hydrolysis

tyrosine-

hydrolysis

starch-

hydrolysis

gelatine-

hydrolysis

casein-

hydrolysis

62 12 28 19 31 28

Ihe numbers mcolumn 2 lo 6 indicate how many strains out ol 62 exhibit the ability to hydrolyse the coircspondmg substrate

3.2.1.2 Identification by colony-hybridisation and partial sequencing of 16S rDNA

Thirty out of 62 isolates were identified by colony-hybridisation (data not shown) with

3 oligonucleotide probes targeted on the 16S rDNA region, specific for members of the

suborder Micrococcineae, i.e. Brevibacterium, Arthrobacter/Micrococcus and

Microbacterium (Kollöffel et ah, 1997). Thirteen brevibacteria, 14

arthrobacter/micrococci and 3 microbacteria were detected with the above mentioned

probes. Ten brevibacteria belong to the species Brevibacterium linens as they showed a

change in colour from orange to red when contacted with 10% KOH. The remaining 32

isolates were identified by sequencing parts of their 16S rDNA using probe EUB338

(Amman et ah, 1990). Seven isolates were identified as enterococci, 14 as staphylococci

and 9 as corynebacteria. Two isolates turned out to be Gram-negative. In general, about

500 to 800 bp were sequenced at least twice for every isolate. In order to test the

reliability of the method, partial 16S rDNA of 20 reference strains of known genera was

sequenced as well. All identifications were confirmed by the partial sequencing method

with probe EUB338 (data not shown). Table 3.4 shows the identification of the 30

Gram-positive isolates which were not identified by colony-hybridisation. Enterococci

and staphylococci were subjected to confirmation by commercial biochemical

identification systems API 20 Strep or API Staph, respectively (see chapter 3.2.1.3).

Whenidentified by cycle sequencing of partial 16S rDNA the isolates were given genus

identification only.

Table 3.4. 16 S rRNA similarity of strains which were not identified by colony-hybridisation.

Isolate Cycle sequencing of partial 16S rDNA: in[%] confirmed as (by API

best phylogenetic relationship to 20 Strep or API Staph)

BB1 SB2 Enterococcus saccharolyticus U309311 95.0% (763 bp)2 Enterococcus faecal is

T13 SB6 Enterococcus saccharohticus U30931 95.5% (685 bp) Enterococcus faecalis

T13 SB7 Enterococcus saccharolyticus U30931 93.6% (468 bp) Enterococcus faecalis

GR4SB11 Enterococcus sp. LMG12316 96.7% (516 bp) Enterococcus faecium

GR4SB12 Enterococcus sp. LMG12316 97.0% (795 bp) Enterococcus faecium

GR4SB14 Enterococcus sp. LMG12316 97.77c (734 bp) Enterococcus faecium
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Table 3.4-continued

Isolate Cycle sequencing of partial 16S rDNA: in [%]

best phylogenetic relationship to

confirmed as (by API

20 Strep or API Staph)

SC5 SB16 Enterococcus faecalis AFO39902

AP2 SB4 Staphylococcus auricularis D83358

GR4SB9 Staphylococcus saproplntkus Ü83374

KU8 SB24 Staphylococcus cohnii D83361

KU8 SB25 Staphylococcus cohnii D83361

KU8 SB26 Staphylococcus gallinarurn D83366

LI12 SB37 Staphylococcus warneri L37603

LI12 SB38 Staphylococcus warneri L37603

LI12 SB39 Staphylococcus warneri L37603

CH13 SB41 Staphylococcus warneri L37603

CH13 SB44 Staphylococcus warneri L37603

SP14 SB47 Staphylococcus lentus D83370

SP14 SB48 Staphylococcus lentus D83370

Fal7 SB72 Staphylococcus xylosus D83374

AR18 SB74 Staphylococcus hominis 1.37601

SC5 SB15 Corynebacterium flavescens X84441

KU8 SB27 Corynebacterium variabilis X53185

AP9 SB32 Corynebacterium sp. X89778

GR10 SB36 Corynebacterium sp. X89778

TM15 SB50 Corynebacterium sp. X89778

FA17 SB60 Corynebacterium variabilis X53185

AR18 SB64 Corynebacterium variabilis X53185

AR18 SB67 Corynebacterium ammoniagenes X84440

AR18 SB68 Corynebacterium variabilis X53185

99 6% (1021 bp)

97.37 (624 bp)

95.8% (644 bp)

98.27 (710 bp)

98 0% (792 bp)

95.8% (360 bp)

97.0% (570 bp)

93.1% (464 bp)

99.1%(805bp)

94.3% (438 bp)

96.0% (471 bp)

96.9% (620 bp)

96.1% (438 bp)

98.1% (690 bp)

96.0% (597 bp)

98.7% (594 bp)

96.0% (607 bp)

97.4% (582 bp)

98.1%(537bp)

97 0% (492 bp)

95.2% (790 bp)

94.9% (475 bp)

93.27 (499 bp)

96.6% (524 bp)

not confirmed

Micrococcus varions

Staphy lococcus sp.

Staphylococcus sp,

Micrococcus sp.

Staphylococcus sp.

Staphylococcus sp.

Staphylococcus sp.

Staphylococcus warneri

Staphylococcus aureus

Staphylococcus sp.

Staphylococcus sp.

n.i.

Staphylococcal s xvlosu s

Staphylococcus sp.

Accession number ot GenLMBI, database

' numbers in brackets indicate the number of sequenced basepairs
'

For the corynebacteria no suitable identification system v, as available 1 he API system API Cory tie is designed to identity medical

species ol the genus Connebaitermm such as e g Connebat lemon diphtenae

3.2.1.3 Confirmation of the identification

The identification of 29 isolates by colony-hybridisation was confirmed by PCRwith

two genus- or group specific oligonucleotides each (Figure 3.2, Figure 3.3 and Figure

3.4). One isolate identified by colony-hybridisation as well was not confirmed by PCR.

This isolate was identified by sequencing part of its 16S rDNA and turned out to be a

Brachybacterium sp. previously belonging to the genus Arthrobacter
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(Schubert et ah, 1996). Partial confirmation of the isolates identified by partial 16S

rDNA-sequencing was carried out by using API 20 Strep and API Staph identification

systems (bioMérieux). The corynebacteria remained unconfirmed. Table 3.5 shows the

assignment of the isolates to taxonomic entities determined with 4 different methods.

Table 3.5. Identification of the 62 isolates from 12 different types of red smear cheeses.

Genus / Genus-group Colony- Confirmation Sequencing of Confirmation by

hybridisation by PCR partial 16S rDNA API

identification

systems

(bioMérieux)

Brevibacterium 13 13

Arthrobacter/Micrococcus 14 13 3*

Brachybacterium 1

Microbacterium 3 3

Corynebacterium 9 .

Staphylococcus 14 11

Enterococcus 7 7

Gram-negative bacteria 2

*•
= used as a second continuation method and as a test lor the methods reliability

- = unconfirmed

The enterococci are either Enterococcus faecalis (3) or Enterococcus faecium (3) by

API 20 Strep. One Enterococcus-isolate remained unconfirmed by API 20 Strep, we

sequenced about 1000 bp with 6 different oligonucleotides (EUB338 [Amann et ah,

19901, MS350 [Amann et ah, 1990J, uni515 [Boesch, 1998], uni775 [Boesch, 1998],

unil088rev [Amann et ah, 1995] and unil392rev [Boesch, 1998]). The consensus

sequence showed 99.6% identity with the partial 16S ribosomal RNAgene sequence of

Enterococcus faecalis AF039902 from a clinical isolate (Patel et ah, 1998).

Some staphylococci were further identified to species-level by API Staph as either

Staphylococcus xylosus (FA17 SB72), S. warneri (LI12 SB39) or S. aureus (CHI3

SB41). Eight were confirmed on genus-level and 3 remained unconfirmed one as

Micrococcus varians, one as Micrococcus sp. and one unidentified (unacceptable

profile). Additional characteristics like coagulase-reaction, growth on Baird Parker agar

and hemolysis were determined (Table 3.6),
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Table 3.6. Identification and characteristics of Staphylococcus-isolates from 8 different red smear

cheeses.

Isolates Identification by Identification by API Growth on Coagulase Hemolysis

partial 16S rDNA- Staph identification Baird

sequencing system (bio Mérieux) Parker

Agar

AP2 SB4 Staphylococcus sp. Micrococcus varians +

GR4SB9 Staphylococcus sp. Staphylococcus sp. +

KU8 SB24 Staphylococcus sp. Staphylococ eus sp. +

KU8 SB25 Staphylococcus sp. Micrococcus sp.

KU8 SB26 Staphylococcus sp. Staphylococcus sp. +

LI12 SB37 Staphylococcus sp. Staphylococcus sp. +

L112SB38 Staphylococcus sp. Staphylococcus sp. +

LI 12 SB39 Staphylococcus sp. Staphylococcus warneri +

CHI3 SB41 Staphylococcus sp. Staphylococci!s aureus +

CHI3 SB44 Staphylococcus sp. Staphylococcus sp. +

SP14SB47 Staphylococcus sp. Staphylococcus sp. +

SP14SB48 Staphylococcus sp. n.i. +

FA17SB72 Staphylococcus sp. Staphylococcus xy losus +

AR18 SB74 Staphylococcus sp. Staphylococcus sp. +

n.i. = not identified

The isolates AP2 SB4 and KU8 SB25 were subjected to PCRwith two group-specific

probes for Arthrobacter/Micrococcus MIC841 and MIC 138 (Kollöffel et ah, 1997). No

specific fragment was amplified (Figure 3.3).

Figure 3.2. PCRof Brevibacterium strains isolated from 12 different types of red smear cheeses and

of reference strains with specific primers BRE1239 and BRE845. The fragments have a size of 394 kb

and were separated on a 0.8% agarose gel in 1 x TBE buffer. Lanes 1-13: 13 Brevibacterium-isoMes

determined by colony-hybridisation: BB1 SBI; GR4 SB10; GR4 SB13; SC5 SB18; GR10 SB34; CHI3

SB45; TM15 SB53; CH16 SB54; AR18 SB66: CH16 SB69; CH16 SB70; FA17 SB71 and AR18 SB75,

14 and 15: 2 Brevibacterium-rèt'erùnce strains: Brevibacterium linens DSM20425 and Brevibacterium

epidermidis DSM20660. 16: Kb-Ladder: 17: without DNA
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'018 kb

~ 517 kb

Figure 3.3. PCR of Arthrobacter/Micrococcus strains isolated from 12 different types of red smear

cheeses and of reference strains with specific primers MIC841 and MIC138. The fragments have a size of

703 kb and were separated on a 0.8% agarose gel in 1 x TBE buffer. Lanes: 1, AP2 SB4 Staphylococcus

sp. identified by partial 16S rDNA sequencing; 2, KU8 SB25 Staphylococcus sp. identified by partial 16S

rDNA sequencing; 3, GR10 SB35 Brachybacterium sp. identified by partial 16S rDNA sequencing. 4-16:

1.3 Arthrobactet/MicrococcusAsolates determined by colony-hybridisation: Till SB28; Til 1 SB29; Till

SB30; AP9 SB31; CH13 SB40; CH13 SB42; CH13 SB43; TM15 SB49; TM15 SB52; CH16 SB55; CH16

SB56: AR18 SB63 and AR18 SB73. 17 and 18: 2 Arthrobacter-tefevcnce strains: Arthrobacter nicotianae

ATCC15236 and Arthrobacterprotophormiae DSM20168T. 19: Kb-Ladder; 20: without DNA.

['018 kb

Figure 3.4. PCR of Microbacterium strains isolated

from 12 different types of red smear cheeses, of one

starter culture and of reference strains with specific

primers MLB1471 and M1C439. The fragments have a

size of t'032 kb and were separated on a 0,8% agarose

gel in 1 x TBE buffer. Lanes 1-3: Microbacterium-

isolates determined by colony-hybridisation: AP2 SB3,

GR4 SB9 and AP9 SB33. Lane 4: starter culture SR2

described as Microbacterium sp. by the manufacturer

and identified as Corynebacterium sp. by partial 16S

rDNA sequencing in this study. Lanes 5-10: reference

strains: Microbacterium lacticum. DSM 20427';

Curtobacterium flaccumfaciens sp. poinsettiae DSM

20149; Microbacterium testaceum DSM 20166T;

Microbacterium lacticum DSM20427r (isolated DNAas

template); Microbacterium imperiale DSM 20530r;

Microbacterium liquefaciens DSM 20638l. Lane 11:

Kb-Ladder.

The distribution of the 60 Gram-positive isolates among the identified genera shows that

most bacteria on the surface of the 18 cheeses (12 different types of cheese) belong to

the brevibacteria, arthrobacter/micrococci, staphylococci and corynebacteria.
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3.2.2 Identification of the isolates from a Swiss soft cheese

3.2.2.1 Preliminary characterisation

Fifty-three colonies from the surface of a Swiss soft cheese made from pasteurised milk

were characterised by cell morphology macroscopically as well as microscopically,

Gram-staining and catalase activity (see Appendix 3), Thirteen colonies showed

uncertain Gram-reaction.

3.2.2.2 Identification by colony-hybridisation and partial sequencing of 16S rDNA

Twenty-eight out of 53 isolates were identified by colony-hybridisation (data not

shown) with 3 oligonucleotides probes targeted on the 16S rDNA region, specific for

the Micrococcineae-gcnera Brevibacterium, Arthrobacter/Micrococcus and

Microbacterium (Kollöffel et ah, 1997). Seventeen brevibacteria, 11 arthrobacter/

micrococci and no microbacteria were determined. All brevibacteria belonged to the

species Brevibacterium linens as they showed a change in colour from orange to red

when contacted with 10% KOH. The remaining 25 isolates were identified by

sequencing part of their 16 S rDNA using probe EUB 338 (Amman et ah, 1990) as 11

lactococci, one Corynebacterium sp. and 13 Gram-negative bacteria.

3.2.2.3 Confirmation of the identification

The identification of 28 isolates by colony-hybridisation was confirmed by PCRwith

two genus- or group specific oligonucleotides each (Figure 3.7 and Figure 3.8).

Confirmation of the Lactococcus-lsolates was earned out by using API 20 Strep

identification system (bioMérieux). The Corynebacterium sp. remained unconfirmed.

Table 3.7 shows the assignment of the isolates to taxonomic entities determined with 4

different methods.

Table 3.7. Identification of the 53 isolates from a Swiss red smear soft cheese.

Genus Colony- Confirmation Sequencing of Confirmation by

hybridisation by PCR partial 16S API identification

rDNA systems

____________^

(bioMérieux)

Brevibacterium

Arthrobacter/Micrococcus

Microbacterium

Corynebacterium

Eactococcus

Gram-negative bacteria

17

11

0

17

11

0

1

11

13

11

- = unconi ii med
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Figure 3 7 PCRof Brexibacteitum strains isolated horn a Swiss solt cheese and one staiter culture

with specific primers BRE1239 and BRP845 The fragments have a size of 394 kb and weie separated on

a 0 8% agarose gel mix TBE buffet Lanes 1-17 17 Bieubactenum-holàtes determined by colony-

hybndtsation SSS SB105, SSS SB107, 1SC2 SB108, ISC"; SB11 1, 1SC4 SB115, 1SC4 SB116, ISC5

SBU9, 1SC5 SB120, 1SC6 SB124, 1SC7 SB128, 1SC8 SBO0, 1SC9 SBB4, 1SC9 SB135, 1SC11

SB145, 1SC11 SB146, 1SC12 SB151 and 1SC12 SB152 18. Kb-Ladder 19. Brexibactenum linens

DSM20425 20 starter culture MGEdescribed as Breiibactertum sp by the manulactuier and identified

as Ar throbcu tei/Micrococt us by colony-hybridisation and PCRin this study

Figure 3 8 PCR of Arthrobacter/Micrococcus strains isolated from a Swiss soft cheeses and of

reference strains with specific primers MIC841 and MIC 13 The fragments have a si/e of 703 kb and

were separated on a 0 8% agarose gel in 1 x TBE buffer lanes 1-11 11 Arthrobacter/Mtcrococcus-

isolates determined by colony-hybridisation Brine SB101, Brine SBltH, SSS SB106, 1SC2 SB110;

ISC3 SB112, 1SC4 SB117, 1SC5 SB121, LSC6 SB125, ISC8 SB131, ISC9 SB138 and 1SC10 SB139.

Lanes 12-15. Atthiobaitei/Miaotoccus reference strains Arthrobacter nuotianae ATCC 15236;

Arthrobacter globifoi mis DSM201241, Micrococcus luteus DSM20030 and Mtciococcus vcmans DSM

20033 16 Breubactenum linens DSM 20425 17 and 18 stattet cultute MGL described as

Brevibacterium sp by the manulactuier and identified as Arthrobacter/Micrococcus by colony-

hybridisation and PCRmthis study 19 Kb-Ladder
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Ihe disttibution ot the 40 Gram-positive isolates among the identified genet a shows that

most baetena on the surface of the Swiss soft cheese belong to the brevibactena,

aithiobactet/miciococci and lactococci
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Liguie 3 9 Shaie of the Gumpositive mictoflota on the siufice ot i Swiss ted s meat sott cheese

isolated cluitng its ttpemng 1 he isolates weie identified bv means ot colonv hv bndisation and paitiaf 16S

tDNA sequencing C ontnmation was bv PCRot with A.PI identification systems (btoMetieux)

3.2.3 Identification of starter cultures

Fleven sut lace staitei cultutes fiom 3 ditteient manutact meis weie enclosed into

vaitous analyses Fust ot all, the identification ot the 11 startet cultuies was tested by

colonv-hvbttdisation (data not shown), PCR (Figuie 3 4, Figuie 3 7, Figuie 3 8 and

Figuie } 10) and sequencing ot then paitial 16S tDNA (data not shown) The

identification tinned out to match the manufactmeis desctiption in 9 cases Bl O. BL1,

BL2, BLR LB, LR, SRI SR3 and BC weie identified as Bie\ibaitenum sp (Figute

3 10) wheieas 8 stiains (all but BC. Biexibatteitum easel accotding to the

manutactuici) showed colout change ttom otange to ted when contacted with KOH

indicating that they belong to the species Btevibactenum linens Two startet cultutes

MGF and SR2 horn Lactolabo^ Gtoupe Rhône-Poulenc 1 tance weie found to be

misidentified b> the manufactuiei namely as Bunihattenum sp and Muiobactenum

sp MGF was identified by PCR and partial 16S tDNA sequencing as

At tin abac lu/Mit toe otcus (Figuie 3 8) and SR2 by the same methods as

Cotxnebac tenum sp (negative bv PCRin Figure 3 4)

VA
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Figure 3.10. PCRof starter cultures from 3 different manufacturers. 10 starter cultures were described as

Brevibacterium sp. 9 strains were confirmed in this study with specific primers BREI239 and BRE845.

The fragments have a size of 394 kb and were separated on a 0.8% agarose gel in 1. x TBE buffer. Lanes

1-9: 9 Brevibacteriurn-sVàïteï cultures: BLO Brevibacterium linens, BLl Brevibacterium linens, BL2

Brevibacterium linens, BLR Brevibacterium linens, LB Brevibacterium linens, LR Brevibacterium. linens,

SRI Brevibacterium linens, SR3 Brevibacterium linens and BC Brevibacterium casei. 10: Brevibacterium

linens DSM20425\ 11: starter culture MGEdescribed as Brevibacterium sp. by the manufacturer and

identified as Arthrobacter/Micrococcus by colony-hybridisation and PCR in this study. 12-14:

Microbacterium lacticum DSM204271, Arthrobacter nicotianae ATCC 15236 and without DNA. 15:

Kb-Ladder.

3.2.4 Partial identification of the isolates from Tête de Moine and Gruyère
(produced from raw milk)

Fifty-eight isolates were taken after 5, 14 and 25 days of ripening from Tête de Moines

designated TM20 and TM21 and from Gruyères designated GR22 and GR23. The

isolates were identified by colony-hybridisation (data not shown) with three

oligonucleotides probes targeted on the 16S rDNA region, specific for the members of

the suborder Micrococcineae: Brevibacterium, Arthrobacter/Micrococcus and

Microbacterium (Kollöffel et ah, 1997) and with one oligonucleotide probe targeted on

the 23S rDNA region specific for bacteria with high DNAG+C content (Roller et ah

1994).

Tête de Moine TM20» (modern production method)

Tête de Moine TM20 was produced by a modem production method i.e., the cheeses

were smeared with a defined starter culture solution. According to the producer this

starter culture solution consisted of Brevibacterium linens (40%), Brevibacterium casei

(25%), an undefined but obviously small amount of Staphylococcus xylosus, of a yeast

designated DH2 (20%) and of a yeast designated CU(15%). The cheeses were smeared
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with the fresh starter culture solution on the 3ld and 5th day of ripening and afterwards

only with brine. They were ripened in the presence of a pallet of older cheeses which in

the producer's opinion promotes the ripening of the young cheeses.

From a total of 14 isolates 5 were identified as brevibacteria whereas 4 of them as

Brevibacterium linens showing colour change from orange to red when contacted with

10% KOH. One isolate was found to belong to the cluster of bacteria with high DNA

G+C content without belonging to any of the probed Micrococcineae-genera

Brevibacterium, Arthrobacter/Micrococcus or Microbacterium. Eight isolates remained

unidentified and only gave a signal with probe EUB338 specific for bacteria.

Tête de Moine TM21, (traditional production method)

Tête de Moine TM21 was produced by the traditional production method i.e., without

defined starter cultures by spontaneous ripening acquiring the so called house-flora of

the dairy plant.

From a total of 14 isolates 4 were identified as brevibacteria whereas 3 of them as

Brevibacterium linens showing colour change from orange to red when contacted with

10% KOH. One isolate was identified as Microbacterium sp. Six isolates were found to

belong to the cluster of bacteria with high DNAG+Ccontent without belonging to any

of the probed Micrococcineae-genera Brevibacterium, Arthrobacter/Micrococcus or

Microbacterium. 3 isolates remained unidentified and only gave a signal with probe

EUB338 specific for bacteria.

Gruyère GR22

From a total of 17 isolates 4 were identified as brevibacteria whereas 2 of them as

Brevibacterium linens showing colour change from orange to red when contacted with

10% KOH. One isolate was identified as Microbacterium sp. Seven isolates were found

to belong to the cluster of bacteria with high DNAG+C content without belonging to

any of the probed Micrococcineae-genera Brevibacterium, Arthrobacter/Micrococcus or

Microbacterium. Five isolates remained unidentified and only gave a signal with probe

EUB338 specific for bacteria.

Gruyère GR23

From a total of 13 isolates 4 were identified as brevibacteria whereas 2 of them as

Brevibacterium linens showing colour change from orange to red when contacted with

10% KOH, One isolate was identified as Microbacterium sp. Seven isolates were found

to belong to the cluster of bacteria with high DNAG+C content without belonging to

any of the probed Micrococcineae-genera Brevibacterium, Arthrobacter/Micrococcus or

Microbacterium. Five isolates remained unidentified.
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3.2.5 Contribution of certain bacteria to the surface flora of Tête de Moine and

Gruyère determined by in situ hybridisation

Cheese surface bacteria from two Tête de Moine- and two Gruyère-cheeses (TM20,

TM21, GR22 and GR23) were analysed by in situ hybridisation (by "top to bottom

approach") using the fluorescent labelled oligonucleotides probes EUB338 a universal

probe for eubacteria (Amman et ah, 1990), HGC1901 specific for Gram-positive

bacteria with high DNAG+C content (Roller et ah, 1994) and BRE1239 specific for

brevibacteria (Kollöffel et ah, 1997). The specific dye DAP1 which stains all cells was

used to control the staining after in situ hybridisation, /// situ hybridisation analyses

were carried out with the cheese surface microflora from cheeses in different stages of

maturity. From 5 days old Tête de Moine-cheeses TM20 and TM21 and from 14, 25 and

80 days old cheeses Tête de Moine- and Gruyère-cheeses TM20, TM21, GR22 and

GR23 surface samples were taken.

Tête de Moine TM20, (modern production method)

The development of the surface flora of Tête de Moine designated TM20 with respect to

eubacteria, bacteria with high DNAG+Ccontent and brevibacteria is shown in Figure

3.11 (for exact values see Appendix 6). The percentage of detectable eubacteria was

between 80% after 5 days of ripening and 95% in mature state with respect to all

existing cells stained with DAP1. At the very beginning of the cheese's ripening when

no red-orange surface was visible only 2% of all DAP1 stained cells belonged to

bacteria with high DNAG+C-content. This value increased after 14 days of ripening

and reached a maximum of about 70% in mature cheese after 80 days of ripening. The

proportion of brevibacteria was not detectable after 5 days of ripening and reached a

maximum of ca 18% after 25 days. In mature cheese only 6 to 1% brevibacteria

contributed to the surface flora. Figure 3.12 shows microscopic fields photographed

while counting DAP1 stained and either the corresponding HCG1901 or BRE1239

hybridised cells of mature Tête de Moine TM20.
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Tête de Moine TM21, (traditional production method)

The development of the surface flora of Tête de Moine designated TM21 with respect to

eubacteria, bacteria with high DNAG+Ccontent and brevibacteria is shown in Figure

3.13 (for exact values see Appendix 7). The proportion of detectable eubacteria was

within a range of ca 70% at the beginning of ripening to 95%> in mature state compared

to DAPI stained cells. After 5 days of ripening, bacteria with high DNAG+Ccontent

made only 2%) of DAPI stained cells. At this stage no rind was made up yet. But when

the cheese reached its maturity nearly 80% of all existing bacteria stained with DAPI

were part of bacteria with high DNAG+Ccontent. The brevibacteria accounted for zero

percent at the beginning of ripening to about 23% in mature state of the microbial cells

visualised by DAPI or about zero to 18% of HGC1901 stained cells. Figure 3.14 shows

microscopic fields photographed while counting DAPI stained and either the

corresponding HCG1901 or BRE1239 hybridised cells of mature Tête de Moine TM21.
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mictoscopic fields visualised with an epifiuoiescence micioscopv using filtetsets specific tot fluotescent

labelled HGC1901 specific tot Gtam positive btaena with a high D\ v G+C content (( ) «id fot D\PI

st nnmg all existing cells (D)



Results 44

Gruyère GR22

The development of the Gram-positive surface flora on Gruyère (Figure 3.15, for exact

values see Appendix 8.) was observed from 14 days of ripening to 80 days (mature

cheese) taking another sample after 25 days. On the surface of Gruyère designated

GR22 the proportion of detectable eubacteria was within a range of 85%) after 14 days

of ripening to 95% in mature state compared to DAPI stained cells. After a fortnight of

ripening, bacteria with high DNAG+C content made only about 4% of DAPI stained

cells. At this stage the cheese's rind was still thin and most of all white. But when the

cheese reached its maturity 85% of all existing bacteria stained with DAPI were part of

bacteria with high DNAG+C content. The brevibacteria accounted for zero percent

after 14 days of ripening to about 16% in mature state of the microbial cells visualised

by DAPI. After 25 days of ripening, the maximum percentage of brevibacteria was

detected namely about 25%. Figure 3.16 shows microscopic fields photographed while

counting DAPI stained and either the corresponding HCG1901 or BRE1239 hybridised

cells of mature Gruyère GR22.
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• HGC1901

,
BRL 1239
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da\s

I igiue 3 15 Development ot the ptopottion ot detectable eubactetia (H B) Champositive bactena with

high DN v G+C content (HGC) and bievibactetia (BRI) thtiving on the suiface of Giuyeie (GR22) ovet

a ttpenmg petiod horn 14 to 80 clays

A B

D

Itgute 3 16 In situ hybtidisation of bactetia gtowing on the siutace of matuie Giuyete (GR22d) with

fluoiescent labelled iR\ \ taigeted oligonucleotides (A.) and (B) Identical mictoscopic fields visualised

with an epifiuoiescence micioscopv using filtetsets specific tot fluotescent labelled BRL 1239 specific fot

bievibactetia (A) and fot D \PI staining all existing cells (B) (C) and (D) Identical nucioscopic fields

visualised with an epifiuoiescence micioscopv using filtetsets specific tot fluotescent labelled HGC1901

specific foi Gtam positive bactena with a high D\A. G+Ccontent (( ) and toi DAPI staining all existing

cells (D)
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Gruyère GR23

The development of the Gram-positive surface flora on Gruyère (Figure 3.17, for exact

values see Appendix 9.) was observed from 14 days of ripening to 80 days (mature

cheese) taking another sample after 25 days. On the surface of Gruyère designated

GR23 the proportion of detectable eubacteria was within a range of about 85% after 14

days of ripening to nearly 100% in mature state compared to DAPI stained cells. After a

fortnight of ripening, bacteria with high DNAG+C content made only about 4% of

DAPI stained cells. At this stage the cheese's rind was still thin and most of all white.

But when the cheese reached its maturity 85% of all existing bacteria stained with DAPI

were part of bacteria with high DNAG+C content like in the other Gruyère cheese

GR22. The brevibacteria accounted for zero percent after 14 days of ripening to about

15% which was the maximum percentage in mature state of the microbial cells

visualised by DAPI. Figure 3.18 shows microscopic fields photographed while counting

DAPI stained and either the corresponding HCG1901 or BRE1239 hybridised cells of

Gruyère GR23.
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A A BRI 1239

80

1 tguie 3 17 Development ot the piopoition ot detectable eubacteni (11 B) Gtam positive bicteiia with

high DNAG+C content (HG( ) and bievibacteni (BRF) tluivmg on the suit ice ot Giuyeie (GR23) ovei

a tipening peuod fiom 14 to 80 davs

A B

C D

1 igtite 3 18 In situ hvbtidisatton ot bactena gtowing on the suiface ot matuie Giuyeie (GR2M) with

fluoiescent labelled tRNA taigeted oligonucleotides ( \) and (B) Identical micioscopic fields visualised

with an epifiuoiescence mictoscop) using filteisets specific tot fluoiescent labelled BRI 1239 specific tot

bievibactetia (A) and toi DAPI staining all existing cells (B) (C ) rnd (D) Identical nucioscopic fields

visualised with an epifiuoiescence micioscopv using filtetsets specific fot fluoiescent labelled LKrC 1901

specific tot Gtam positive bactetia with a high D\ \ G+C content i( ) uid toi DAPI staining all existing

cells (D)
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3.3 Comparison of the genomes of Brevibacterium linens-isoMes

As Brevibacterium linens was the most often isolated Gram-positive species from the

investigated cheeses and completely identified on species-level, it was of interest to find

out if the strains differed from each other or if there was one Brevibacterium linens

strain in common use for the investigated Swiss cheeses. For this purpose, the main

method was Pulsed-field gel electrophoresis (PFGE) Random amplified primer

dimorphism (RAPD) was used as another method which was tested for eventual

confirmation of the results obtained by PFGE.

3.3.1 Pulsed-field gel electrophoresis (PFGE)

The fragment patterns of restricted genomes of 26 Brevibacterium linens-isolates

originating from the surfaces of 4 different types of red smear cheeses (Bündner

Bergkäse, Gruyère, Chaume and Swiss soft cheese) and from the starter culture spray

solution for the Swiss soft cheese were compared by pulsed-field gel electrophoresis

(PFGE). In addition, two Brevibacterium linens-starter cultures, BLO (Roger®, Sanofi

Bio-Industries, France) and SR3 (Lactolabo®, Groupe Rhône-Poulenc, France) were

included in the analyses. The producer of the Swiss soft cheese stated to use one of

these two starter cultures among others in the production of the Swiss soft cheese.

Since Brevibacterium linens belongs to bacteria with high DNAG+Ccontent restriction

enzymes with A+T-rich recognition sequences were chosen such as DRAl and Spel, The

comparison revealed 10 different fragment patterns among the 28 Brevibacterium

linens-strains (Table 3.8). The digested genome of the brevibacteria isolated from Swiss

soft cheese and from its starter culture spray solution showed 4 different fragment

patterns. Fragment pattern no.l represents the BLO starter culture which was isolated

from the starter culture spray solution of the Swiss soft cheese (SSS SB 107) and found

again among 7 isolates from the Swiss soft cheese in different stages of maturity. From

the starter culture spray solution another strain of Bdinens was isolated i.e., SSS SB 105

showing fragment pattern no. 9. This fragment pattern was found again among one

isolate (ISC 12 SB151) from mature Swiss soft cheese. Clonal differentiation of the

remaining 7 B.linens-isolates from the Swiss soft cheese revealed further two clones (6

x fragment pattern no. 10 and 1 x fragment pattern no, 6). The rest of the fragment

patterns were found among Brevibacterium linens-isolates from the surfaces of the other

3 different types of cheese and among the starter culture SR3. In 2 different Gruyère
cheeses 2 different Brevibacterium linens-clones were found whereas in 2 different

Chaumecheeses, the same Brevibacterium linens-clones were isolated.
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lable 3 8 Clonal diffeienfiation and gioupmg ot Brevibacterium linens by PFG1 Ihe genomes ot

Brevibac tenuin linens weie îestiicted with DRAl md 3/>t I

Brevibactenum linens-

isolates and-starter

cultures

Source/Origin

131 0

SR3

Stattet ciiltiite

Rogen« Sanofi Bio IndiMties/f

Stattet eu I tine

I actolabo Gioupe Rhône Poulenc/I

BBt SB1

GR4SR10

GR4SB 13

SCS SB lb

Gi 10 SB 34

CHBSB-h

CH16SBS4

( FI16SB69

(HI 6 SB70

FU7SB71

Bundnei Beigkase

semi hatd cheese t tvv milk full fit

Giuveie haul cheese i tw milk full tit

Giuveie haul cheese i ivv milk full tat

Swiss soft cheese pastetittsed milk full tat

Giuveie haul cheese iav\ milk full fit

Sott cheese pasteunsed milk full fit

Soft cheese ptstemiscd milk full fit

Soft cheese pasteunsed milk lull fit

Soft cheese pasteunsed milk full tat

Soft cheese pasteunsed milk full tit

SSS SB 107 (BIO) Staltet culture sptav solution toi Swiss soft

cheese

I SC2 SB 108

1SC3SB1U (BLO)

1SC4SB11S MBLO)

ISC5SB119 (BIO)

1SC8SB130 '(BIO)

ISC 9 SB134 (BLO)

Swiss soft cheese pistemtsed milk lull t a

Swiss soft cheese pasteunsed milk full fat

Swiss soft cheese pasteunsed milk lull lit

Swiss soft cheese pasteunsed milk full tit

Swiss soft cheese pasteunsed milk hill fit

Swiss soft cheese pasteunsed milk full lal

1 SCI I SB 14^s "(BIO) Swiss soft cheese pasteunsed milk full fit

1 SCI2 SB 1 Si (Bl0) Swiss soft cheese pasteunsed milk lull fat

SSS SBIOS "

1SC4SB116

ISC s SB 120

ISC6SB124 '

ISC / SB 128

1SC9SB13S

ISCTl SB1 16

ISC 12 SB 1st

Stattet uiituie spiav solution tot Swiss sott

cheese

Swiss soft cheese pasteunsed milk tull fat

Swiss soft cheese pasteunsed milk full fit

Swiss soft cheese pisteuiised milk tull fat

Swiss soft cheese pisteuiised milk full t it

Swiss soft cheese pasteunsed milk full fit

Swiss soft cheese pasteunsed milk full tit

Sw iss soft cheese p lstemiscd mi Ik full tit

Clonal differentiation

DRAl

no lesult

Spel

4 4

*4 4

6 6

j 7

7 7

7 7

8 8

no i est It no tesult

t "nui il imul put 1 tin tibk Bi hu um hi i is htcs tiom the Swiss s n (.he esc md its stutei uiltuu spn\ solution

isohted mthe e uisi t the ditnmunti n ct the succissi n t the Gumpssitne bti tant Jl n net i iipenm > pi nod if *0 divs

11 In ns stt uns shown« the sink tcstitilion put nts in men the stmt numbtrs (1 1 )i me luniti
*

md4

vloutcdutts CIon tl v in mts t"umd utioiu the B In i s is litis t the Swiss s sit tins md its stiitct ailtiui spuv solution <«id

Bl Ostittu lultua)

"
- dukoiinit B hrei lsditcs trotn the Swiss seit chase ^*

- luht srn«e B hi n is hits it sin the Swiss sott ihtcst

BB - Bundn'i Bu >k)sc GR-bra\ue C H - t h uime rV-Fitmci SSS = startei ultui spin solution St Swiss s< it die esc

bigute 3 19 shows an example of Spd-testnited genomic DNAof some Bteyihac tenum

linens isolates separated bv agarose gel electrophotesis
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Figure 3 19 BuKed-field agaiose gel electiophoiesis of testnction en/vme Spel digested genomic DNA.

of" 9 Brevibeu ter turn //wm-stiains isolated fiom ditfetent cheese sut face s Lanes. 1, DNA-\laikei i^Pulse

Maikei1M 50-100 kb), 2 10, 3>4-digest ot B /m<v?s-isolates 2. BB1 SB1, 3, GR10 SB 34, 4, 1SC4

SB 119, 5, 1SC6 SB 124, 6, 1SC7 SB 128, 7, 1SC8 SB 130, 8, ISC9 SB 134, 9, 1SC9 SB 135, 10, ISC 11

SB 146 Digests wete sepaiated on 17 agaiose gels fot 22 h at a voltage of 190 V and a pulse time

lamping horn 5-50 seconds B linens isolates in lane 5, 6, 9 and 10 and the ones m lane 4, 7 and 8 show

the same lestnetion patterns

3.4 Antibiotic resistance

In Gram-negative isolates originating from the same cheese surfaces as investigated m

this study many multiple resistances to several antibiotics were found (Gianolti 1999)

It was speculated that the resistances ot Gram-negatrve bactetia could eventually be

transferred to the Gram-positive microflora of the cheese surface. Therefore the same

antibiotics were tested as for the Gram-negatives whenever making sense.

3.4.1 Antibiotic resistance among 66 Gram-positive isolates and 11 starter

cultures

Sixty-six Gram-positive isolates and II commercially available Gram-positive starter

cultures were monitored for antibiotic susceptibility by the use of antibiotic discs.

Fourteen different antiobiotics were tested namely ampicillin. cefotaxime, gentanuein,

streptomycin, neomycin, kanamyem, ofloxacin, nfampicin. chloramphenicol,

tetracycline, lincomycin, erythromycin, vancomycin and methicillin. About 2/3 of the

brevibacteria tested were found to be resistant to methicillin. In general, only few

resistances were found among the Murococcineac-isolates and -starter cultures and the

5ra/;//y/otY)cr;/,v-isolates But several multiple resistances were determined for the

enterococci and the lactococci (Table 3 9) One Fnterococcic;-strain showed

vancomycin-resistance,
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fable 3 9 Antibiotic susceptibility of Gram-positive cheese surface isolates from different red smeai

cheeses

Number and genus of AM CTX GM s N K OFX RA c TE L E VA DP

tested strains 10 30 10 10 30 30 5 30 30 30 15 15 30 5

31 Br e\ ihac 1er mmsp 0 0 0 0 0 0 0 0 i 0 Ï 2 0 2£M

14 Aithi abutter/ 0 0 f 0 0 1 0 0 0 0 i 0 0 3

Mit locate us sp

10 Staphxloccxcus sp 0 0 0 0 0 0 0 0 0 0 % 2 0 1 =

8 Iztctococtus sp 0 0 $ « % s 1 0 % 0 & a 0 * \
1 Enterococcus sp 0 1

,
& 1 - 4 1 1 0 4 4 4 7„ I 7 1

4 Corwebacteruini sp 0 0 0 0 0 0 0 0 i 0 0 0 0 I

2 Microbac ter win sp 0 0 0 0 0 Î 0 0 0 0 \3t
1 2-% 0 0

J Brachsbacteiium sp 0 0 0 0 0 0 0 0 0 0 i. 0 0 0

Numbers, (column 2 to 15, lines 1-8) indicate the number ot tesistam bactena per tested antibiotic

AM10=Ampiullin (10 pg), C1 XS0=Cefotaxime O0 ug) GM10=Gentamiun (10 ug) S10=Streptomycm (10 Ug) NW=Neom>tm

(SO Ug), KS0=Kanamyem 00 Ug) OFXs=Ofloxacm (S ug), RAM)=Rifampiem (SO ug) CS()=Chloramphenicol OÜ ug),

Tn0=rettac>dme (SO Ug) I IS=I mcom>un (H ug) Tls=rivtlrrom\em (Is ug) VAS0=Vaneomycm(SO pg) DPS=Methiulhn

Ci Mg)

3.5 Antibacterial activities (bacteriocins etc.) produced by
Brevibacterium linens-isolates and -starter cultures

In order to find out if the isolated Brevibacterium linens- strains or the Brevibacterium

linens-starter cultures secrete antibacterial agents (like e.g. bacteriocins) against other

potential but rather undesirable cheese surface bacteria such as Listeria, a simple agar-

overlay-screening was carried out, Test strains (36) were picked on milk-agar

containing 4% sodium chloride, then the indicator strains were inoculated in BHI-

softagar and poured over the agar with the test strains. Bacteria which produce

antibacterial agents such as e.g. bacteriocins often inhibit bacteria from the same genera

or from closely related bacteria, Therefore indicator strains like Brevibacterium linens1

DSM20425, Brevibacterium linens SSS SB 105, Brevibacterium linens SSS SB107 and

Arthrobacter/Micrococcus: sp. SSS SB106 were included mthe screening with Listeria

innocua LME L17 as the main indicator strain. Only one starter culture BLR

(RogercDSanofi Bio-Industries/F) showed clear inhibition of the indicator strain

Brevibacterium linens1 DSM20425 (Figure 3.20). In Table 3.10 the strains tested for

antibacterial agents against 5 different indicator strains are listed
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Table 3.10. Bacteriocin-like agents in Brevibacterium linens-isohitcs and -starter cultures

Tested strains Indicator strains

Listeria Brexibactenum ^SSSSBIOS > SSS SB107 ASSSSB10ft

innocua linens DSM Bre\ibattenum Brevibacterium Arthrobacter

LMEL17 2042S1 linens linens /Micrococcus sp

B linens HTM. SRI

Blmens GrASBlO

B linens Gr4 SB 13

B linens SCS SB18

/J/'«e/ivGilOSB34

B/»wnCH13SB4S

B.linens CHlb SB54

B.linens CHI 6-3B69

B linens CHI bSBK)

B.linens Fal7 SB71

ß/w^v*SSSSBlOS

Ä//ne«.c + SSSSB107

&/'»em-lSC2SB108

B.hnens ISC3SB111

ß.//««i.vlSC4SBUS

B.linens \SC4 SB 116

B.linens 1SC5SBÏÎ9

B.linens \SC5 SB120

B.linens \SC6 SB124

B.linens 1SC7 SBm

£'mémlSC8SB13()

&/tncnvlSC9SB134

&*'«éwtSC9SBt35

B.linens ISC 11 SB145

B.linenslSCW SB146

linens 1SC12SB151

linens ISC 12 SB152

linens LB

linens SR3

linens SRI

linens LR

linens Bl 1

linens BL2

linens Bl R

linens BLO

//new DSM2042'*
'd

+ strong inhibition, inhibition /one larget than 1 em diameter

no inhibition

* SSS Starter culture spray solution tor Swiss solt cheese

DSM: Get man Collection oi Mierootgamsms and Ceil Cultutes

I ME Laboratory ioi Food-Microbiology, 1~ IH Zurich

I B, SRS, SRI, LR. BU, Bl 2 Bl R, Bl 0 designations loi B linens startet cultures
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Figure3.20. Inhibition zone (arrow) in Bre\ibacteiium-linens DSM20425 inoculation caused by a

Brevibacterium Imens-starter culture BLR (Roger®Sanofi Bio-Industries/Prance)

3.6 Proteolytic and lipolytic activity

One of the main functions of the microflora of surface ripened cheeses is their

contribution to cheese flavour and appearance by proteolytic and lipolytic activities.

Therefore the cheese surface isolates were tested for these activities.

All Gram-positive isolates from cheese surfaces of 12 different types of red smear

cheeses (60) and of the Swiss soft cheese (40), 11 starter cultures and 12 reference

strains were tested for protease- and lipase-activities. The screening was carried out at

incubation temperatures of 30 and 16°C (and additionally at 4°C for lipolysis) using

agar containing skim milk and glyceroltributyrate as substrates for proteolysis and

lipolysis, respectively. The agar plates were incubated up to 8 days. Clear halos around

the tested colonies indicated proteolytic/lipolytic activity (Appendix 4). At 16°C which

is close to ripening temperature of most cheeses, most brevibacteria (26 out of 39) and

enterococci (6 out of 7), about half of the arthrobacter/micrococci (13 out of 25) and all

lactococci showed proteolytic activity. Little or no proteolytic activity was found in

staphylococci (in 3 out of 14), corynebacteria (in I out of 10) and microbacteria (in 0

out of 3) (Table 3.11). Lipolytic activity was found in most staphylococci (in 11 out of

14). Also brevibacteria (22 out of 39) and corynebacteria (4 out of 11) showed

considerable contribution to lipolytic activity. No lipolytic activity was found in

lactococci, microbacteria and in Braclnbacterium sp. (Table 3.11).
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Table 3.11. Proteolytic and lipolytic activities of cheese surface-isolates (100) and starter cultures

(11) at different incubation temperatures.

Number and genus of tested strains Proteolysis Proteolysis Lipolysis Lipolysis Lipolysis

(Gram-positive isolates and starter 30 C 16 X 30 °C lr>°C 4CC

cultures)

39 Bre\ ibtit ter mmsp. <0 26 18 22 28

2S Arthrobat ter/Mic rococcus sp. 17 IS 1 1 1

14 Staphs lococcus sp.
s. 1 0 11 6

11 Ixu toe actus sp. 9 "J 0 0 0

1 Enterococcus sp. 1 6 0 2 0

11 Corsnebactenum sp. 0 I 1 4 ?

3 Microbacterium sp. 0 0 0 0 0

1 Brathybuctenum sp. 1 1 0 0 0

Numbers (column 2 to 6. lines 1-8) indicate the number ot pioteoljtie or lipolytic bacteria out ot the number ot tested strains

Shaded columns Most realistic results tor cheese isolates because giowth-lempeiature (l6nC) is close to cheese npemng

temperature.

3.7 Casein degradation

The specificity of the proteolytic activities was determined using bovine a-, ß- and k-

casein as substrates and was monitored by SDS-PAGEand the zymogram technique.

Analyses were carried out with 27 Brevibacterium linens-isolates, 2 Brevibacterium

linens-starter cultures, one Brevibacterium linens type strain (DSM 20425°, one

Arthrobacter/Micrococcus ^.-isolate, one Arthtvbacter/Micrococcus sp.-starter culture

and one Enterococcus faecal'«-isolate.

3.7.1 Degradation products

Cell-suspensions (frozen cells resuspended in 1 ml of potassium phosphate buffer, pH

7.0) were incubated at 30°C with 1 ml of bovine a-, ß- or K-casein solution (lmg/ml

casein in potassium phosphate buffer, pH 7.0). At regular intervals samples of the

mixtures were taken and centrifuged to remove the cells. The cell-free casein

hydrolysate solution was heated for 5 min to stop casein degradation by extracellular

proteases and stored at -20°C. Degradation products were separated by SDS-PAGE

which revealed that all strains were able to degrade a-, ß- and K-casein but at different

velocities and to different degradation products. B.linens type strain (DSM 20425T)

emerged as the fastest strain to degrade all types of casein with a preference for ß-casein

and K-casein. The strains liberated various degradation products with reference to

molecular weight and number (Figure 3.21). Most strains showed a preference for ß-

casein and needed a long time to degrade a-casein completely (Table 3.12).
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fable "i 12 Tune lor complete degradation ot a-, ß- or K-casein, lespecttvely bv pioteases andVoi

peptidases horn dtffeient cheese sutlace isolates, *i startet cultures and one type sttain Biesibachnum

lmensT DSM20425

Strains Time for total degradation

0-5 hours 5-10 hours 10-24 hours 24-72 hours > 72 hours

tjpe of degraded casein

BlmensBBl SB1

B linens GR4SB10

B linens GR4SB13

B linens SC5 SB18

B linens GR10 SB34

B hnens C1U3 SB4S

5/(wnvCH16SB*î4

B/menîCH16SB69

ß/me/oCH16SB70

B/;n<?nv FA17SB71

ß/me«iSSSSB105

B linens 1 SSS SB107

i?Z/«ençlSC2SB108

B hnens 1SC3SB1U

B/me«çlSC4SBU5

B hnens 1SC4SB116

B hnens 1SC5SBU9

Bhnens 1 SC5 SB120

B hnens 1SC6SB124

B hnens 1SC7SB128

Bhnens 1SC8 SB130

B hnens 1 SCOSB134

B hnens 1SC9SB13S

B hnens 1SC11 SB145

B hnens ÎSC11 SB146

B hnens 1 SC12 SB151

B hnens 1SC12SB152

Ai throbac tei/Mici oc oc eus sp

SSS SB106

Ai throbac ter/Mie i oc oc eus sp

MGEstarter culture

B hnens

Bl O starter cultuie

B hnens

SR3 starter cultute

B hnens1 DSM20423

tX-,TC-

ß-

ß-

a-, ß-, k-

ß-

a-, ß- K-

a-, ß-, k-

ß-

a-, ß-, te-

ß-

ß

ß

ß~

K-,ß-

a-, ß-, k-

a-, ß-, . K-

a-, K-

a-, ß- K-

ß- a-, k-

ß- a-, K-

a-, ß- K-

a-, ß-, .K

a-

K- a-

a-,K-

ß- a-,K-

a-, ß-, k-

K- a-

tt-, ß-, K-

K- a-

K- a-

K- a-

a-, ß,- K-

ß-,K- a-

ß-,K- a-

ß" a-,-k

ß-, K ex¬

Kc a¬

ß- ct-

a-

a-, 15-, Kr
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3.7.2 Proteolytic activity by zymogram technique

Enzyme activity was analysed by the zymogram technique. The zymogram shows size

and activity of the enzymes acting on the incorporated substrate in SDS-PA-gels. ß-
casein was chosen as the substrate. Analyses were carried out with the same strains as

tested for casein degradation. Cell suspensions (frozen cells resuspended in 1 ml of

potassium phosphate buffer, pH 7.0) were incubated at 30°C with I ml of casein

solution (lmg/ml casein in potassium phosphate buffer, pH 7.0). At different intervals

samples of the mixtures were taken and centrifuged to remove the cells. The cell-free

casein hydrolysate solution was now either heated for 5 min or immediately frozen to

stop casein degradation by extracellular proteases. The samples were separated on SDS-

PA-gels with the incorporated ß-casein. After electrophoresis, the gel was renatured by

TritonX-100 so that the enzymes in the gel were able to hydrolyse the incorporated ß-
casein. The gel was stained with Coomassie blue and washed with acetic acid-methanol-

solution. White bands on the gel show where casein degradation took place and indicate

the presence of caseolyticly active proteases. It was shown that there are heat stable and

heat sensitive proteases and/or peptidases. When heated for 5 min at 100°C one or two

proteolytic activities were detectable on the zymogram. Without heating 4 to 7 activities

were present on the zymogram gel. Figure 3.22 shows an example of zymograms with

heated and unheated samples. Zymograms also showed that after different degradation

times different active enzymes with respect to molecular weight and intensity were

present (Figure 3.23).

Figure 3 22. Examples of zymograms with incorporated ß-casein On zymogram no. I samples were

heated for 5 min, on zymogram no. 2 the same samples weie not heated but immediately put on ice to

stop degradation, both after a degradation time of 20 hours Lanes; 1, prestamed molecular mass marker;

2-8, proteolytic enzymes of, 2. MGEArthrobat ter/Mic roc occus sp -starter culture; 3, SR3 B linens-starter

culture, 4, BLO B.hnens-starter culture, 5. SSS SB 105 B linens-isoMe; 6, SSS SB106

Arthrobacter/Micrococcus sp -isolate, 7. SSS SB107 B I mens-isoMe: 8, 1SC8 SBHOB /?«<*« ?-isolate
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102 kDa

81 kDa

47 kDa

33 kDa

Figure 3.23, Zymogram of unheated samples as in Figure 3 22 no. 2, but after a degradation time of

14 days. Lanes; 1, prestained molecular mass marker; 2-8, proteolytic enzymes of: 2, MGE

Arthrobacter/Micrococcus ,s/>.-starter culture; 3. SR3 B hnens-stniter culture; 4, BLO B linens-stoïter

culture; 5, SSS SB105 B.linens-\solate; 6, SSS SB106 Arthrobacter/Micrococcus ?/;.-isolate; 7, SSS

SBlOl B.linens-iso\&te; 8, 1SC8 SB130/J./mem-isolate.
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4 Discussion

4.1 Isolation and Identification of Gram-positive bacteria from the

surface of Swiss red smear cheeses

About 150 strains were isolated from the surfaces of a variety of Swiss hard, semi-hard

and soft red smear cheeses. Milk-agar containing 4% sodium chloride and an agent

against yeasts and moulds was considered as a suitable quite selective medium for the

isolation of Gram-positive bacteria. Seiler (1986) and Valdés-Stauber et al. (1997) used

2-4% NaCl in PC-agar for the isolation of coryneform bacteria from cheese smears as it

met best the requirements for an appropriate agar medium. According to Busse (1989)

coloured colonies are not detectable without NaCl in the medium. Busse recommends

the addition of 3%NaCl to PC-agar. Bockelmann et al. (1997a) considered the addition

of 5%NaCl to a modified PC-agar containing casein hydrolysate and vitamins ideal for

growth of most bacteria and added 10% for growth of coryneform bacteria and

staphylococci. Weobserved a decrease in bacterial cell counts when adding 1%NaCl to

milk-agar and therefore decided on a lower amount of 47c.

Total cell counts from mature cheese surfaces determined on milk-agar with 4% NaCl

were most of the time equal or even slightly higher than the average total count of

viable cells determined on PC-agar. Probably, milk-agar containing sodium chloride

comes closer to an imitation of the cheese surface than PC-agar and thus promotes

growth of its predominant microflora. Richard et al. (1983) also found that PC-agar is

not a satisfying medium for the majority of coryneform bacteria and Micrococcaceae

from cheese.

When bacteria were isolated, differently appearing colonies were picked from the

highest dilution. This procedure is only more or less useful when exact percentage of

certain bacteria of the whole microflora is required. Bacterial colonies with striking

features such as colour e.g. the orange Brevibacterium linens can be picked more often

than other colonies appearing more or less equal to the naked eye. Therefore in situ

hybridisation was used for the determination of the contribution of certain bacteria to

the surface of Gruyère and Tête de Moine cheeses (see chapter 4.1,3),

Most isolates were preliminary characterised by definition of cell-morphology and

colony-colour, microscopy, Gram-staining and catalase-activity (see Appendices 1

and 3), Identification of the isolates was earned out by colony-hybridisation and

subsequent confirmation by PCRas described by Kollöffel et cd. (1997) who developed

three (and additionally three for PCR, respectively) genus- or group-specific probes for

the detection of cheese surface relevant Micrococcineae namely, Brevibacterium,

Arthrobacter/Micrococcus and Microbacterium. Isolates which remained unidentified
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by these methods were subjected to partial sequencing of their 16S rDNA with the

oligonucleotide EUB338 (Amman et al, 1990). To confirm the method's reliability

partial 16S rDNA of several reference strains was sequenced in addition. Bockelmann et

al. (1997a) classified previously identified bacteria by sequencing partial 16S rDNA as

well using primers with matching positions 41 to 60 forward and 685 to 705 reverse

(E.coli numbering system by Brosius et al, 1981) to sequence both strands of DNA

amplified with the same primers. Wesequenced one strand generally 400 to 800 bases

from primer matching position 338 to 355 and thus analysed parts of the same 16S

rDNA region of as the above mentioned author did. After comparing the obtained

sequences to 16S rDNA sequences in GenBank (Benson et al, 1997) and EMBL

databases (Stoesser et ed., 1997), identification of the genus was accepted when identity

with the compared 16S rDNA of a bacterial strain exceeded 90%. Bockelmann et al

(1997a) gave genus identification when more than 5 bases in the determined sequence

were different from the most similar sequence in databases and species identification for

less than 5 different bases. Many previous authors (Valdés-Stauber et al, 1997;

Eliskases-Lechner and Ginzinger, 1995; Seiler, 1986) used a quite time consuming and

complicated numeric taxonomy system developed by Seiler (1983) and Seiler et al.

( 1980) for the identification of the cheese surface microflora. Bockelmann et al ( 1997a)

identified bacteria of German Tilsit cheese surface using the routine biochemical

methods of classical bacteriology according to Bergey's Manual of Systematic

Bacteriology and as mentioned above analysed the 16S rRNA for further classification,

Confirmation of the genera Staphylococcus, Enterococcus and Lactococcus was

partially realised by commercial identification systems (bioMérieux, France) API Staph

and API 20 Strep, respectively.

4.1.1 Gram-positive bacteria from different mature cheese surfaces

The average total count of viable cells from 18 different mature red smear cheeses

determined on PC-agar was mostly in the ranges of 108 and 1010cfu/g. The total count of

viable cells determined on different semi-selective media for Gram-positive bacteria

(Table 3.1) was more or less the same as the total count of viable cells determined on

PC-agar. Deviations generally kept within limits of plus or minus one log unit and were

individual for every cheese. Bockelmann et al (1997a) found about 107 to 108 cfu/cnr

on PC-agar containing 1% casein hydrolysate and vitamins from the rind of mature

German Tilsit cheese. Valdés-Stauber et al. (1997) determined bacterial counts between

108 and 10() cfu/cnr on PC-agar with 3% NaCl from the surface of German brick

cheeses. Bacterial counts between 10° and 10u cfu/cm2 were reached on the same agar

from Austrian surface ripened cheese by Eliskascs-Lechner and Ginzinger (1995). El
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Erian (1969) who also determined cell counts per gram cheese surface found about 10'}

cfu/g (PC-agar) on the surface layer of mature Limburger cheese.

Sixty-two colonies from the 18 cheese surfaces were isolated and characterised by cell

morphology macroscopically as well as microscopically. Cream-coloured (ca 32%) and

light-yellow (ca 30%) colonies dominated the macroscopic appearance of the isolates,

other colonies appeared transparently cream-coloured or light-yellow-coloured. About

16% (10 colonies) were either dark orange or light-orange indicating their probable

belonging to the species Brevibacterium linens. When contacted with 10% KOHall

orange colonies changed colour to dark red which is a characteristic behaviour almost

exclusively shown by Brevibacterium linens (Jones and Watkins, 1973). About 50% of

all isolates showed cell-forms like irregular rods and coccoid rods sometimes arranging

in V-forms, the others appeared like cocci. The coccal cell-forms could also belong to

coryneform bacteria like brevibacteria or arthrobacter as these genera show a marked

rod-coccus-cycle during growth (Bergey's Manual of determinative Bacteriology 9,

1994).

Sauter (1986) isolated bacteria from the surface of Weinkäse and found white and

cream-coloured colonies to make the main part (40%) of the whole surface microflora

too, yellow strains made 36% and orange-pigmented 22%. According to Eliskases and

Ginzinger ( 1995) Brevibacterium linens accounted for 30% of the bacterial surface flora

from randomly selected Austrian red smear cheeses, the other main types found in the

heterogeneous flora were cream-coloured and yellow-pigmented coryneforms.

Identification by colony-hybridisation with specific oligonucleotide probes (Kollöffel et

al, 1997) revealed that 30 out of the 62 isolates belonged to the genera or genus-groups,

respectively Brevibacterium (13), Arthrobacter/Micrococcus (14) and Microbacterium

(3). Ten Brevibacterium linens-strains identified previously by their orange colour and

colour change with KOHwere confirmed by this method. The other three brevibacteria

are supposed to belong either to the species Brevibacterium casei or Brevibacterium

epidermidis. All isolates identified by colony-hybridisation but one were confirmed by

PCRusing two specific oligonucleotides each. No specific fragment was amplified from

the DNAof the isolate GR10 SB35 from the surface of Gruyère cheese. By partial 16S

rDNA sequencing GR10 SB35 was assigned to the genus Brachybacterium (Schubert et

al, 1996). Kollöffel (1998) explained that it was not possible to design an

Arthrobacter/Micrococcus specific oligonucleotide without including e.g. some

Brachybacterium species among others, because some Arthrobacter and Micrococcus

species are intermixed and form a heterogeneous cluster, However, he found that

Brachybacterium can be distinguished from the Arthrobacter/Micrococcus cluster by

the PCRapproach.
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The remaining 32 isolates were assigned to the genera Staphylococcus (14),

Corynebacterium (9) and Enterococcus (7) by sequencing partial 16S rDNA. Two

isolates emerged as Gram-negatives. They showed uncertain Gram-stain in the previous

microscopic characterisations but were not excluded because it is known that some

bacteria from the genus Arthrobacter can appear as Gram-negative rods in young

cultures (Jones and Keddie, 1992) and bacteria from the genus Brevibacterium

decolourise readily in older cultures (Collins, 1992). The staphylococci and the

enterococci were partially confirmed by commercially available miniaturised

identification systems (bioMérieux) API Staph and API 20 Strep, respectively. The

enterococci were either Enterococcus faecalis (3) or Enterococcus faecium (3) by API

20 Strep. One Enterococcus-isolate remained unconfirmed ("unacceptable profile" by

API 20 Strep) so about 1000 bp of its 16S rDNA were sequenced with 6 different

oligonucleotides. The consensus sequence showed 99.6% identity with the partial 16S

ribosomal RNA gene sequence of Enterococcus faecalis AF039902 from a clinical

isolate (Patel et al, 1998). The identification systems (bioMérieux) are primarily

designed for the identification of clinical species (Busse et al. 1996) and therefore lack

identification keys for not so popular species like e.g. Staphylococcus equorum or

Staphylococcus sciuri which were found both on the surface of German Tilsit cheese by
Bockelmann et al (1997a). In this study only three staphylococci were further identified

to species-level by API Staph as Staphylococcus xylosus, S. warneri and S. aureus.

Eight were confirmed on genus-level and 3 remained unconfirmed one as Micrococcus

varians, one as Micrococcus sp. and one unidentified (unacceptable profile). The two

isolates AP2 SB4 Micrococcus varians and KU8 SB25 Micrococcus sp. were subjected

to PCR with two group-specific probes for Arthrobacter/Micrococcus MIC841 and

MIC138 (Kollöffel et al, 1997). According to Kollöffel et al (1997) Micrococcus

varians or Kocuria varians, respectively (Stackebrandt et al, 1995) showed a positive
result by PCR. As no specific fragment was amplified (Figure 3.3) the two isolates were

still given the identification Staphylococcus sp. as well as the other unconfirmed isolate.

Busse et al. (1996) stated that there is a high probability of detecting a new species,

which has not been included in the database of the API system but possessing a

substrate utilisation similar to a strain within the database. And therefore such a system

(API) should be used in context of chemo- or molecular taxonomic investigations.

From the surfaces of the 18 different red smear cheeses bacteria of 6 different genera

and one genus-group were isolated, namely Brevibacterium, Arthrobacter/Micrococcus,

Microbacterium, Brachybacterium, Corynebacterium, Staphylococcus and

Enterococcus. The distribution of the 60 Gram-positive isolates among the identified

genera showed that the predominant microflora consisted of brevibacteria (22%),
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staphylococci (22%), arthrobacter/micrococci (22%), and corynebacteria (15%).

Bockelmann et al. (1997a) found 0-15% brevibacteria, 5-15% staphylococci and 75%-

95% coryneform bacteria including arthrobacter in German Tilsit cheese. Valdés-

Stauber et al. (1997) and Seiler (1986) found the following species in significant

numbers on the surface of German brick cheeses and on the surface of several German,

French, Danish and Swiss soft and semi-hard cheese varieties: Arthrobacter nicotianae,

Brevibacterium linens, Corynebacterium ammoniagenes, Corynebacterium variabilis

and Rhodococcus fuscans.

The predominant genera on the surface of Swiss Tilsit (Tilsiter) in this study consist of

Arthrobacter/Micrococcus, Microbacterium and Enterococcus. However, microbacteria

were only isolated from Tilsiter and Appenzeller. According to Seiler (1983),

Microbacterium sp. do not tolerate high salt concentrations. Maybe on the other

cheeses, salt stress was to high for growth of microbacteria. Staphylococci and

brevibacteria were found among most Swiss red smear cheeses.

Enterococci emerged in Biindner Bergkäse, Tilsiter, Gruyère and in a Swiss soft cheese.

The former three cheeses are all raw milk hard- and semi-hard cheeses. The Swiss soft

cheese is made from pasteurised milk. According to Teuber (1999) enterococci are

detected in cheeses made from pasteurised milk either i) because of post-pasteurisation-

contamination or ii) because of high levels of enterococci before pasteurisation or iii)

because of the use of starter cultures containing enterococci. In the case of the isolate

SC5 SB16 Enterococcus faecalis from a Swiss soft cheese, post-pasteurisation-

contamination is assumed. During the observation of the succession of the microflora

from the same kind of Swiss soft cheese, no enterococci were isolated anymore.

4.1.2 Gram-positive bacteria from the surface of a Swiss soft cheese

Total counts of Gram-positive viable cells determined on the semi-selective medium

increased from about 106 in young cheese to 1010cfu/g in mature cheese and reached the

average total count of viable cells determined on PC-agar after about 25 days

(Figure 3.1).

At the beginning of the soft cheese's ripening white coloured colonies dominated the

agar plates until about the 6lh day after spraying. In the meantime yellow and few

orange colonies could be isolated too. The orange colonies could be divided into dark

orange and light-orange ones. It was speculated that these yellow and orange colonies

belonged to the genera or species Arthrobacter or Brevibacterium linens, respectively.
After about 8 days after spraying with starter culture spray solution, light-orange and

yellow colonies clearly dominated the agar plates and the cheeses showed a distinctive

orange surface as well.
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Out of 28 isolates which were identified by colony-hybridisation and subsequently

confirmed by PCR, 17 were assigned to the genus Brevibacterium and 11 to the genus-

group Arthrobacter/Micrococcus. As the isolates belonging to the

Arthrobacter/Micrococcus genus-group showed cell forms like coccoid short rods

arranged in V-forms none of them were supposed to belong to the genus Micrococcus

but rather to the genus Arthrobacter. All brevibacteria belonged to the species

Brevibacterium linens as they showed a change in colour from orange to red when

contacted with 10% KOH(Jones and Watkins, 1973). The other isolates (25) identified

by partial 16S rDNA sequencing belonged to lactococci (11), Corynebacterium sp, (1)

and Gram-negative bacteria (13). The number of 13 Gram-negative bacteria was

surprisingly high as growth of Gram-negatives was not expected in the presence of 4%

NaCl in the medium. Most of these isolates were identified as Halomonas sp. and

Klebsiella sp. Gianotti (1999) found Klebsiella sp. too in her study concerning the

Enterobacteriaceae from the surface of Swiss red smear cheeses. Halomonas elongata

is a familiar starter culture organism for meat found e.g. in bacon curing brines

(Hammes and Hertel, 1998). As far as we know there is no report on Halomonas

isolated from cheese.

The distribution of the 40 Gram-positive isolates among the identified genera showed

that the predominant bacteria on the surface of the Swiss soft cheese belonged to the

species Brevibacterium linens (42%), and to the genera Arthrobacter (28%) and

Lactococcus (27%). Only one Corynebacterium sp. was found. Six out of these 40

isolates were not taken from the cheese surface but from its brine (2) and its starter

culture spray solution (4). The isolates from the brine were assigned to the genus

Arthrobacter, in the starter culture spray solution 2 brevibacteria, I Arthrobacter and I

Lactococcus were found. Most isolated lactococci might originate from the inner part of

the cheese which was included when taking samples. The cheese producer confirmed

the addition of Brevibacterium linens (BLO starter culture from Roger®, Sanofi, Bio-

Industries/France) and Arthrobacter (MGE starter culture from Lactolabo®, Groupe

Rhône-Poulenc/France) to the starter culture spray solution and the use of Lactococcus

lactis as a lactic acid starter culture (1998, cheese producer of the Swiss soft cheese,

personal communication), About 50% of the B.linens-isolates were found to be clones

of the BLOstarterculture as shown by PFGE(see table 3.8 and chapter 4.1.5).

Observing the development of the cheese surface microflora by determining total cell

counts we found about 106 to 107 cfu/g cheese surface until 10 days after spraying when

yeasts dominated the microflora (data not shown). In cheese older than 10 days total cell

counts were between 109 and 1010 cfu/g. It is stated that the typical bacterial smear flora

needs about 7 to 10 days to develop, during this time yeasts lower the acidity of the
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cheese surface which allows growth of the Gram-positive microflora such as e.g.

Brevibacterium linens, Arthrobacter and Corynebacterium (Eliskases-Lechner and

Ginzinger, 1995: Reps, 1993; Busse, 1989; Brandi, 1980). Eliskases-Lechner and

Ginzinger (1995) observed, that a characteristic change from yeast dominance to

bacterial dominance was only found in soft cheese but not in semi-hard cheese varieties.

Keller and Puhan (1985) also found that the yeast counts on Tilsit cheese (semi-hard)

was never greater than the bacterial counts. In the analysed Swiss soft cheese the Gram-

positive bacterial flora needed about 30 days to reach a maximum stable value of about

1010 cfu/g and was until 9 days of ripening about 1 log unit lower than the yeast flora.

4.1.3 Gram-positive bacteria from Tête de Moine and Gruyère

The total counts of viable cells determined on PC-agar was more or less the same as

determined on milk-agar including 4%NaCl and amphotericine ranging between 106 in

5 days old cheese to 1010 cfu/g in 25 days old cheese. Differences occurred often in 25

days old cheese surface when cell counts determined on PC-agar were about I or 2 log

units lower. Again the reason might be that milk-agar with NaCl provides more

favourable conditions for the growth of cheese surface bacteria than PC-agar does.

Gram-positive bacteria were isolated from 2 Tête de Moine and 2 Gruyère cheeses

produced from raw milk. Isolation was earned out over 3 stages of ripening (5, 14 and

25 days). Thus about 15 isolates per cheese or 5 isolates per ripening stage, respectively

were taken randomly. Identification was carried out by colony-hybridisation with the

oligonucleotide probes used so far. Additionally the oligonucleotide HGC1901 (Roller

et al, 1994) was used to determine the part of bacteria with high DNAG+C-content

apart from the genera or genus-group Brevibacterium, Arthrobacter/Micrococcus and

Microbacterium. No isolates which were taken from these Gruyère and Tête de Moine

cheeses, were identified as Arthrobacter/Micrococcus although about 10% showed

yellow colony-colour. The bacteria isolated from 2 mature Gruyère and l Tête de Moine

cheeses as described in chapter 4.1.1 could be assigned to the genera Brevibacterium,

Staphylococcus, Corynebacterium, Enterococcus and Brachybacterium for Gruyère

cheese and to Brevibacterium, Corynebacterium and Arthrobacter for Tête de Moine.

However, it is difficult to compare and interpret these results because the amount of

Isolates taken is considered to low and the cheeses were not the same age when isolates

were taken. Besides, the identification of the isolates from the 2 Gruyère and the 2 Tête

de Moine cheeses was not repeated or confirmed. However, in Tête de Moine produced

by a modern production method (TM20) brevibacteria, bacteria with high DNAG+C

content and unidentified bacteria were found. In Tête de Moine produced the traditional

way (TM21) microbacteria were found in addition. Unidentified isolates, thus isolates
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with low DNAG+Ccontent, may above all originate from 5 days old cheeses when no

rind was made up yet. These isolates could be lactic acid bacteria from the inner part of

the cheeses. On the surfaces of the two Gruyère cheeses designated GR22 and GR23

the same bacteria as in TM21 and TM20, respectively were detected.

For the determination of the exact contribution of brevibacteria and bacteria with high

DNAG+Ccontent at different ripening stages (5, 14, 25 and 80 days), the surfaces of

the 4 different cheeses were additionally analysed by the fluorescent in situ

hybridisation approach (FISH) using the oligonucleotides BRE1239 (Kollöffel et al,

1997) and FIGC1901 (Roller et al, 1994). It has been observed that conventional

cultivation methods like the plating technique do not yield sufficient information on the

actual composition of a complex bacterial community such as in activated sludge for

instance (Bruns and Berthe-Corti, 1998; Snaidr et al, 1997). With the use of fluorescent

labelled rRNA targeted oligonucleotides the direct microscopic analysis of bacterial

communities of environment samples is stated feasible (Amman et al, 1995).

The DNA specific dye, DAPI was used to control the staining after whole cell

hybridisation (Halm et al, 1992) as well as for the analysis of the total bacterial

population (Porter and Feig, 1980). Probe EUB338 (Amann et al, 1990) specific for the

detection of eubacteria was used to test the application of the fluorescent

oligonucleotides. For all 4 cheeses about 80 to 95% of the cells visualised by DAPI

could be detected by probe EUB338 (Figures 3.11, 3.13, 3.15 and 3.17). These values

are higher than the ones found by Kollöffel et al (1999) who analysed cheese surfaces

by the same approach. The percentages of the genus Brevibacterium on the surface of

the two different Tête de Moine cheeses developed from not detectable after 5 days of

ripening to about 7% in mature (80 days) TM20 produced by a modern production

method and to about 24% in mature TM21 produced by a traditional production

method. Values for 14 and 25 days old cheese surfaces were about 17% for TM20

whereas the part of brevibacteria on TM21 developed within 14 days to more or less

stable values 20, 22 and 24 %for 14, 25 and 80 days of ripening. On Gruyère cheese

surfaces GR22 and GR23 the brevibacteria were still not detectable in 14 days old

cheese surface and reached percentages of 23 and 16% after 25 and 80 days (GR22) and

12 and 14% after 25 and 80 days (GR23). Again one cheese surface showed the main

part of brevibacteria after 25 days and not in mature state. These findings are within the

highly variable ranges of 0 to 32% for the share of brevibacteria, especially

Brevibacterium linens, on cheese surface described previously by various authors

(Bockelmann et al, 1997a; Eliskases-Lechner and Ginzinger, 1995; Grand et al, 1992;

Sauter, 1986; Seiler, 1986; El-Erian, 1969).
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The percentage of bacteria with high G+C content developed from about 3% after 5

days of ripening on the surface of all 4 cheeses to 70-80% on the mature Tête de Moine

cheeses and to about 85% on the mature Gruyère cheeses. These high values and the

values describing the share of brevibacteria show that a considerable part of the mature

cheese surface consists of other Actinobacteria than brevibacteria and that it is not

necessary that brevibacteria dominate the flora for the development of a normal orange-

brown cheese surface. This is in agreement with the findings of Bockelmann et al,

(1997a, b and c) and Seiler (1986),

A different development of the Actinobacteria-flora among the 4 different cheeses

concerning rapidity was observed as well. On the surface of the traditionally produced

Tête de Moine (TM21) the values for the percentage of bacteria with high G+Ccontent

increased faster than the ones on the surface of the cheese produced the modern way

(TM20). For 5, 14, 25 and 80 days old cheese the HGC-values for TM21 were; 2, 54, 69

and 77% whereas for TM20 they were; 2, 35, 40 and 70%. It seems that the surface

develops faster when more bacteria of the class Actinobacteria are present which is the

case in traditionally produced Tête de Moine. On the surface of the two Gruyère cheeses

the development of HGC-bacteria is similar. For 14, 25 and 80 days old cheeses the

values for GR22 were; 4, 65 and 85% and for GR23; 3, 40 and 85% reaching the same

percentage for the surface of mature cheese. Comparing the brevibacterial percentages

of the 4 cheeses, brevibacteria in Tête de Moine produced by a modern production

method make the lowest part (only 7%) although the producer specified the composition

of the smear solution as follows: Brevibacterium linens (40%), Brevibacterium casei

(25%) and Staphylococcus xylosus (no information about the amount) and two different

yeasts (35%). Bockelmann (1999) reports on similar cases when brevibacteria were

added to the smear liquid but later were not found on the surface of the mature cheese.

However, the surfaces of the two Tête de Moine cheeses did both look characteristic

and quite the same.

The total average count of viable cells from 5, 14 and 25 days old cheeses was

determined by counting DAPI stained cells as well as by the conventional plating

technique. As the presence of non-cultivatable bacteria was demonstrated (Amman et

al, 1995; Ward et al, 1992) we expected higher cell counts determined by the

microscopic method of counting DAPI cells. Wefound slightly lower counts for all 14

and 25 days old cheese surface samples when counting the DAPI stained cells on the

microscopic slide. Only with the samples of the 5 days old surfaces of Tête de Moine

bacterial cell counts were one or two log units higher than cell counts determined by the

plating technique. This could be due to the unsuitable conditions PC-agar provides for

lactic acid bacteria which dominate the surface of fresh cheese. A reason for lower cell
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counts determined by counting DAPI stained cells might be that some microorganisms

did not stick on the microscopic slide and were washed away after hybridisation. Or

probably not enough DAPI cells were counted to yield a reliable value considering the

fact that the cells were always quite unevenly scattered on the microscopic slide.

However, Kollöffel et al (1999) detected only 10-15% of DAPI stained cells on Cb

agar (nutritionally rich medium) when using the plating method. He stated that there

was a considerable part of non-cultivatable bacteria on the surface of the analysed

mature Gruyère cheese. These findings could not be confirmed in this study. It is

assumed that non-cultivatable bacteria did not contribute significantly to the surface

microflora of the two analysed cheeses Tête de Moine and Gruyère and that the

predominant surface organisms were recovered on agar media. This is in good

agreement with the findings of Carnio et al (1999) who analysed 19 different French

smeared cheeses and found that comparison of the total viable cell count determined by

the plating method to the direct microscopic count did not yield indication of a

significant amount of non-cultivatable bacteria among the undefined, complex ripening

floras.

4.1.4 Commercially available starter cultures

Eleven starter cultures from 3 different manufacturers were enclosed into various

analyses. First of all their identification was tested by colony-hybridisation, PCRand

sequencing of their partial 16S rDNA. The identification turned out to match the

manufacturers' descriptions in 9 cases. BLO, BLi, BL2, BLR, LB, LR, SRI, SR3 and

BC were identified as Brevibacterium sp. whereas 8 (all but BC) as Brevibacterium

linens by using the KOH-test (Jones and Watkins, 1973). Two starter cultures MGEand

SR2 from Lactolabo®, Groupe Rhône-Poulenc in France, were found to be

misidcntified by the manufacturer. MGE was described as «special strain

Brevibacterium sp.» but the genus-specific probe BRE 1239 for brevibacteria (Kollöffel

et al, 1997) did not match its 16S rDNA target-site when carrying out colony-

hybridisation neither a specific fragment was amplified by PCR. However, the group-

specific probe MIC841 (Kollöffel et al, 1997) for Arthrobacter/Micrococcus gave a

positive signal which was confirmed by PCRwith two specific oligonucleotide probes

MTC841 and MIC 138 (Kollöffel et al, 1997). The cell morphology of MGEby

microscopy showed coccoid or short rods, arranged in V-forms, therefore MGEis rather

assigned to the genus Arthrobacter than to the genus Micrococcus. MGEdid also turn

out to belong to the genus Arthrobacter by sequencing part of its 16S rDNA with probe

EUB338 (Amman et ai, 1990),
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SR2 was described as «special strain Microbacterium sp.» but in colony-hybridisation

experiments with genus-specific probe MIB1473 (Kollöffel et al, 1997) no positive
result was obtained. In addition no fragment could be amplified by PCR with two

genus-specific oligonucleotides M1B1471 and MIB439 (Kollöffel et al, 1997) for

microbacteria. Partial 16S rDNA sequencing revealed that SR2 is a Cotynebacterium.

4.1.5 Genomecharacterisation of Brevibacterium linens-isolates

The digestion of bacterial genomes with rare-cutting restriction endonucleases and the

following separation of the fragments by pulsed-field gel electrophoresis (PFGE) was

used to identify the cheese surface isolates classified In the species Brevibacterium

linens. This procedure has been applied successfully to Pseudomonas species (Grotheus

and Tümmler, 1991), Lactococcus lactis (Tanskanen et al, 1990), Corynebacterium

glutamicum (Bathe et al, 1996) and Propionibacterium freudenreichii (Rehberger,

1993).

The fragment patterns of digested genomes of 26 Brevibacterium linens-isolates

originating from the surfaces of 4 different types of red smear cheeses (Bündner

Bergkäse, Gruyère, Chaume and Swiss soft cheese) and from starter culture spray

solution for the Swiss soft cheese were compared by pulsed-field gel electrophoresis

(PFGE). In addition two commercially available Brevibacterium linens-starter cultures

were included in the analysis i.e., BLO starter culture from Roger®, Sanofi, Bio-

Industries/France and SR3 starter culture from Lactolabo®, Groupe Rhône

Poulenc/France. Since Brevibacterium linens belongs to bacteria with high DNAG+C

content restriction enzymes with A+T-rich recognition sequences were chosen such as

DRAl and Spel (Correia et ed., 1994; McClelland et al, 1987). Restriction enzyme Spel

digested the chromosomal DNAinto more fragments than DRAl did and the small

fragments did not always show accurate resolution. Nevertheless, a clear fragment

pattern differentiation was possible (Figure 3.19). The comparison of the restricted

genomes revealed 10 different fragment patterns among the 28 Brevibacterium linens-

strains.

Before PFGEwas carried out it was assumed that there were at least 2 different types of

Brevibacterium linens-isolates on the surface of the Swiss soft cheese; one of dark

orange and one of light-orange coloured colonies. PFGErevealed then, that there were 2

different dark orange and 2 different light-orange Brevibacterium linens species on the

surface of the Swiss soft cheese. These 4 different fragment patterns (table 3.8) were

found in different amounts among the 15 B.linens-isolates and the two isolates from the

starter culture spray solution. The two starter culture spray solution-isolates (SSS
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SB105, light-orange and SSS SB 107, dark orange) were found to be two different

clones (see table 3.8, fragment patterns no. 1 and no. 9). The dark orange isolate SSS

SB107 showed the same fragment pattern as the BLO starter culture and was found

again among 7 (out of 15) cheese isolates. The light-orange isolate SSS SB 105 also

from starter culture spray solution (fragment pattern no.9), was found again only among

I cheese isolate. Another six light-orange cheese isolates showed a fragment pattern

different from the one of SSS SB 105. The cheese producer stated to use maximally two

different Brevibacterium linens-strains for the starter culture spray solution and said that

he was changing the combination of the organisms now and then for the purpose of

developing an optimal starter culture mixture. The finding of 4 different clonal variants

of B.linens on the surface of a cheese of one production unit in this study supports the

existence of a typical "house-flora" (Reps, 1993). And it suggests that different bacteria

once used in a certain area or brought in accidentally (brine, ripening rooms etc.) may

remain there and contribute to the "house-flora" of a dairy plant. The fact that

Brevibacterium linens SSS SB105 isolated from the starter culture spray solution was

found less frequent than another species variant which was not added to the starter

culture may suggest that certain strains of the species Brevibacterium linens are more

cheese-adapted or more cheese-appropriate than others.

The remaining 6 fragment patterns were found among Brevibacterium linens-isolates

from the surfaces of the other 3 different types of cheeses and from the other analysed

starter culture SR3. In 2 different Gruyère cheeses 2 different Brevibacterium linens-

strains were found whereas in 2 different Chaume cheeses the same Brevibacterium

linens-strains were isolated.

In order to confirm the results obtained by PFGE, RAPDwas tested as an alternative

confirmation-method. The patterns of amplified DNAfragments were not reproducible.

Besides, RAPD-analyses of samples without DNAresulted in patterns with several

distinctive bands (data not shown). Therefore the method was not further used. Busse et

al (1996) refer to many papers in which the high discriminatory power of RAPD

patterns is described but Saulnier et al. (1993) was not satisfied with the RAPDmethod

too and found that PFGE was more useful than RAPD patterns in distinguishing
between strains of Staphylococcus aureus. Probably the RAPDapproach is only useful

for certain bacterial taxa.
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4.2 Characterisation of Gram-positive bacteria from the surface of Swiss

red smear cheeses

4.2.1 Antibiotic resistance

In Gram-negative isolates from the same cheese surfaces as investigated in this study

many multiple resistances to several antibiotics were found (Gianotti, 1999). Seventy-

seven Gram-positive strains were monitored for antibiotic susceptibility by the use of

antibiotic discs. Fourteen different antiobiotics were tested i.e., ampicillin, cefotaxime,

gentamicin, streptomycin, neomycin, kanamycin, ofloxacin, rifampicin,

chloramphenicol, tetracycline, lincomycin, erythromycin, vancomycin and methicillin.

About 2/3 of the tested brevibacteria were found to be resistant to methicillin. In a

previous study (Reinbold et al, 1974) on the resistance of various dairy microorganisms

Brevibacterium linens was also found to be resistant to methicillin. In general, only few

resistances were found among the Micrococcineae-isolates and -starter cultures and the

Staphylococcus-isolates (see Appendix 5).

But several multiple resistances were determined for the enterococci and the lactococci

which do not really belong to the actual surface microflora. One Enterococcus-strain

even showed vancomycin-resistance. Perreten (1995) found several antibiotic

resistances in enterococci and in lactococci from cheese as well. For the enterococci he

found most resistances to tetracycline, lincomycin, gentamicin, chloramphenicol and

erythromycin. The most frequently occurring resistances found in our Enterococcus-

isolates were similar namely, methicillin, erythromycin, gentamicin, tetracycline,

lincomycin, chloramphenicol and neomycin. Murray (1998) refers to the naturally

occurring or inherent enterococcal resistances to various drugs including cephalosporins

(like cefotaxim), semisynthetic penicillinase-resistant penicillins and clinically

achievable concentrations of clindamycin and aminoglycosides (like neomycin).

Additionally many enterococci were found tolerant to the killing effects of cell-wall

active agents like ampicillin and vancomycin, but not as hereditary features but rather as

acquired after exposure to antibiotics. These findings are partly in agreement with the

resistances found in the 7 Enterococcus-strains isolated in this study. Only I

Enterococcus feacalis-isolate was found to be resistant to cefotaxim, two were

intermediate. Neomycin resistances were found in 4 isolates. Considering ampicillin
and vancomycin resistances only two intermediate isolates and one resistant isolate,

respectively were found, Teuber (1999) mentions that antibiotic-resistant enterococci

were normally not detected in cheeses made from pasteurised milk but that they have

been isolated without difficulty from raw milk cheeses The multiple resistant
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enterococci isolated in this study originate from 3 raw milk cheeses (Bündner Bergkäse,

Tilsiter, Gruyère) and from one Swiss soft cheese made from pasteurised milk.

Among the 8 tested Lactococcus-strains isolated from the mentioned type of Swiss soft

cheese we found all to be resistant to gentamicin, streptomycin, neomycin, kanamycin

and methicillin. Two isolates each showed chloramphenicol, lincomycin and

erythromycin resistance. Perreten (1995) found partially the same resistances in

lactococci from cheese that is, rifampicin, neomycin, streptomycin, gentamicin,

tetracycline and chloramphenicol, Lactococci together with lactobacilli are commonly

used starter cultures in the dairy industry (Teuber, 1995) and may also be found together

with enterococci and staphylococci in the cow's microflora. Perreten et al (1997) found

a plasmid (pK214) in a Lactococcus-isolate from cheese which had acquired several

antibiotic resistance genes from other species. The multiple resistances found in the 8

lactococci applied as starter cultures for the Swiss soft cheese might have been acquired

similarly.

In general, it can be stated that antibiotic resistance is not a problem in typical red smear

cheese surface bacteria such as brevibacteria, arthrobacter, staphylococci and

corynebacteria.

4.2.2 Antibacterial activities (bacteriocins etc.)

In order to find out if the isolated Brevibacterium linens-strains, the Brevibacterium

linens-starter cultures or the Brevibacterium linens-type strain DSM20425J secrete

antibacterial agents especially bacteriocins against other potential but rather undesirable

cheese surface bacteria such as Listeria sp. a simple agar-overlay-screening was carried

out. Indicator strains like Brevibacterium linens1 DSM20425, Brevibacterium linens

SSS SB105, Brevibacterium linens SSS SB107 and Arthrobacter/Micrococcus sp, SSS

SB106, Listeria innocua LMEL17 were chosen for the screening.

Bacteria which produce bacteriocins usually inhibit bacteria from the same genera and

species or from closely related bacteria. Production of bacteriocins is thought to provide

an ecological advantage to the producer over other bacteria living in a particular habitat.

Usually Listeria is not a competitive member of the red smear bacterial flora but it can

occur in contamination of the dairy equipment. Listeria are ubiquitous in the

environment and show quite enduring characteristics like the ability to grow at

refrigeration temperature, and to tolerate low pH values and high NaCl levels of up to

10%(Carniocra/., 1999).

Several studies report on anti-listeriai effects of coryneform bacteria (Martin et al,

1995; Ryser et al, 1994; Valdés-Stauber et al, 1991; Valdés-Stauber et al, 1990; Hug-

Michel et al, 1989). The bacteriocin linocin M18, showing an anti-listerial effect
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among others, produced by Brevibacterium linens has been characterised at the

molecular level (Valdés-Stauber and Scherrer, 1994 and 1996). The structural gene Un

from linocin M18 was found to have a wide spread taxonomic distribution within

coryneform bacteria (Valdés-Stauber and Scherrer, 1996). Besides the anti-listerial

agents, additional antimicrobial agents produced by Brevibacterium linens and by other

coryneform bacteria were found; an inhibitory agent against Clostridium botulinum by

Grecz et al. (1959), a bacteriocin designated linecin A produced by two Brevibacterium

linens strains inhibitory against two other Brevibacterium linens strains by Kato et cd.

(1984) and linenscin OC2 produced by a Brevibacterium linens strain with inhibitory

potential against foodborne pathogens like Staphylococcus aureus and Listeria

monocytogenes by Maisnier-Patin and Richard (1995).

In this study only one starter culture Brevibacterium linens BLR (Roger®Sanofi Bio-

Tndustries/F) was found to be clearly inhibitory against the indicator strain

Brevibacterium linens1 DSM20425. This behaviour indicates possible production of a

bacteriocin. But investigations on this subject were not continued as only anti-listerial

effects were focused on. Compared to the immense study of Ryser et al (1994) who

tested 125'000 cheese smear microorganisms and only found 19 to exhibit varying

degrees of inhibition towards 21 tested Listeria strains this result of no inhibitory strain

out of 36 tested against 1 Listeria strain was not surprising. Besides, preliminary

experiments demonstrated a loss of antagonistic activity of undefined cheese surface

microbial consortia against L. monocytogenes upon continuous cultivation under

laboratory conditions (Carnio et al, 1999). Perhaps the Brevibacterium linens-strains

isolated in this study lost their anti-listerial activity too as they were purified and sub-

cultivated several times before analysis.

Eppert et al. (1997) observed almost complete inhibition of Listeria on model cheeses

by some unidentified microbial floras derived from the surface of ripened cheeses.

When inoculating these cheeses with the linocin producing M18 Brevibacterium linens

strain growth of Listeria was only reduced by 1 or 2 log units. Thus more anti-listerial

agents must have been secreted additionally from the undefined microflora. Probably

those anti-listerial effects might be due to anti-listerial agents secreted by

Microbacterium lacticum or Enterococcus faecium, which both could be a part of the

surface microflora as Carminati et al. (1999) and Giraffa and Carminati (1997) showed

in their studies on the inhibition of Listeria monocytogenes on the rind of Taleggio

cheese. Hug-Michel et al. (1989) found Arthrobacter sp. and Serratia sp. isolated from

Vacherin Mont d'or cheeses to show inhibitory effects on Listeria sp.

Bockelmann (1999) reports on authors who have proposed listeriolytic or listeriostatic

strains as protective measures against contamination of Listeria monocytogenes.
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Siswanto et al. (1996) have further analysed the inhibitory potential of linenscin OC2

and found that spreading of bacteriocin-resistant Listeria strains might be a realistic

threat if the application of linenscin OC2 producing B.linens strains is relied on as a

measure to control the potential contamination with Listeria. Martin et al (1995) stated

as well that microbiological control of the growth of Listeria by antagonistic Bdinens

strains cannot replace hygiene measures in cheese factories for controlling Listeria

monocytogenes.

4.2.3 Proteolytic and lipolytic activity

One of the main functions of the microflora of surface ripened cheeses is their

contribution to cheese flavour and appearance by proteolytic and lipolytic activities.

Among other things proteolysis and lipolysis lead to the formation of aroma compounds

like e.g. free amino acids as precursors of volatile aroma compounds or free fatty acids

known for their specific flavour particularly for acids between C-4:0 and C-12:0

(GriponetaL, 1991).

Proteolytic and lipolytic enzymes were believed to penetrate the body of the cheeses

and to participate in this way in the ripening process (Reps, 1993; Friedmann et al,

1953). Today it seems more likely that low-molecular-weight compounds produced at

the surface through the action of various enzymes from the smear microflora diffuse

into the interior of each cheese and contribute thereby to the characteristic qualities of

these cheeses. The extracellular enzymes are stated to be much too large to diffuse into

the cheese (Rattray et al, 1995; Keller and Puhan, 1985). For the detection of lipolytic

microorganisms many agar-plate methods have been described but there is no

universally effective method. However, the most popular methods are those based on

either tributyrin or Victoria blue-stained butterfat (Shelley et al, 1987; Rapp, 1978).

The Gram-positive isolates from cheese surfaces of 19 different Swiss red smear

cheeses (100), 11 starter cultures and 12 reference strains were tested for protease- and

lipase-activities. At 16°C which is close to ripening temperature of most cheeses, ca

66% of the brevibacteria and 85% of the enterococci, about 50% of the

arthrobacter/micrococci and all lactococci showed proteolytic activity. Proteolysis of

lactococci is a well known subject and has been studied and reported on for several

years (Tan et al, 1993; Bruinenberg and Limsowtin, 1995). Also brevibacteria,

especially Brevibacterium linens are considered as proteolytic and peptidolytic active

bacteria (reviewed in Rattray and Fox, 1999), Proteolytic activity was shown by only

20% of the staphylococci, 9% of the corynebacteria and by no microbacteria. One

Brachybacterium sp, isolated showed proteolytic activity. Bockelmann et al. (1997)

found extracellular proteinases in Brevibacterium linens, arthrobacter and staphylococci
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from German Tilsit cheese using the FITC-casein-method as described by Rattray et al.

(1995).

In this study lipolytic activity was found in most staphylococci (in ca 80%). The

existence of staphylococcal lipases is reported in several publications especially

referring to Staphylococcus aureus and Staphylococcus hyicus strains and their

pathogenicity aspects (Jaeger et al, 1994; Brune and Götz, 1992). Sörensen (1997)

reports on lipolysis by a Staphylococcus xylosus meat starter culture determined using

pork fat emulsions. The Staphylococcus xylosus isolate found in Swiss red smear

Farmer cheese did not show lipolytic activity on the substrate tributyrin. Irlinger et al.

(1997) report on the identification of coagulase negative staphylococci from French

cheese. The authors refer to previous findings that foodborne coagulase-negative

staphylococci produce extracellular proteolytic and lipolytic enzymes without excessive

alteration of the cheese texture and aroma. Massa and Turtura (1989) found that these

staphylococci produce volatile acids through lipolysis which not only intervene in

aroma production but also affect the microflora by inhibiting the Gram-negative

bacteria and stimulating the lactobacilli.

Brevibacteria (ca 55%) and corynebacteria (40%) showed considerable contribution to

lipolytic activity too. Brandi and Petutschnig (1972) found a relationship between the

proteolytic and lipolytic activities in Brevibacterium linens; strains with medium or

strong proteolytic activity showed also relatively high lipolytic activity. This finding is

only partly in agreement with our results; 60% of the Brevibacterium linens strains

showing proteolytic activity also exhibited lipolytic activity at the same temperature.

Several authors reported on lipolytic and esterolytic activities in Brevibacterium linens

(reviewed in Rattray and Fox, 1999), No lipolytic activity was found in lactococci,

microbacteria and in the Brachybacterium sp. Meyers et al (1996) found lipolytic as

well as non-lipolytic lactococci for the substrate tributyrin.

Because of the manifold methods for the determination of proteolytic and/or lipolytic

microorganisms results are not easily to compare among one another and we think that

protease- and lipase production might considerably depend on environmental factors

like e.g. the habitat of the microorganism and the surrounding microbial consortium.

4.2.4 Casein degradation

The specificity of the proteolytic activities was determined using bovine a-, ß- and k~

casein as substrates and was monitored by SDS-PAGEand the zymogram technique.

Analyses focused mainly on Brevibacterium linens strains. SDS-PAGErevealed that all

strains tested were able to degrade a-, ß- and K-casein but at different velocities.
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B.linens type strain (DSM 20425T) emerged as the fastest strain to degrade all types of

casein with a preference for ß- and K-casein. It degraded the two caseins in less than I

h. No other tested strain was able to degrade any type of casein this fast. The strains

build up quite different degradation products as to molecular weight and number. Most

strains showed a preference for ß-casein and needed a long time to degrade cx-casein to

completion. As whole cells were incubated with the casein solutions for degradation we

focused on extracellular and cell-wall-associated proteases or peptidases, respectively.

Analysing the proteolytic activity of Brevibacterium linens most of the studies have

focused on the extracellular proteinases of the microorganism, largely because of their

high activity and importance with respect to cheese ripening (reviewed in Rattray and

Fox, 1999).

Whenthe casein degradation potential of Brevibacterium linens-isolates was analysed a

connection between the identification by PFGE and specific proteolytic activity was

assumed. But most strains showing the same restriction pattern did not show the same

behaviour on casein degradation. Only for the light-orange isolates from the Swiss soft

cheese which were divided into 2 clonal variants it was noticed that one group showed

faster ß-casein degradation than the other. In general, the light-orange strains degraded

ß-casein faster than the dark orange strains (divided into 2 clonal variants as well).

Considering all strains tested, a preference for ß-casein was noticed concerning rapidity

of hydrolysis and formation of different degradation products. Frings et al. (1993)

studied the hydrolysis of otsi-casein and ß-casein by 5 different B.linens strains and also

found that those strains hydrolysed ß-casein more rapidly than ast-casein and to a

greater extent.

Enzyme activity on ß-casein was analysed by the zymogram technique, ß-casein

hydrolysates were separated on SDS-PA gels with incorporated ß-casein. The

hydrolysates were either heated for 5 min at 100°C before loading on the zymogram or

loaded immediately without heating. Zymograms then revealed heat stable and heat

sensitive proteolytic or activities. When heated for 5 min at 100°C one or 2 activities

were detectable on the zymogram. One at about 50 kDa and another one at about 30k

DA. Without heating, 4 to 7 activities were present. Zymograms also showed that after

different degradation times different proteolytic activities with respect to molecular

weight and intensity were present. This might correspond to the findings of Friedman et

al (1953) who observed that proteinase production of Bdinens was cyclical and had 2

maxima after 2 and 8 d of growth possibly indicating the presence of 2 distinct

enzymes.

Regarding the importance of casein degradation through surface related microorganisms

a recent study of Bockelmann et al (1998) showed that the influence of the surface flora



77 Discussion

on casein degradation is rather limited. They analysed casein degradation in Tilsit

cheeses and tested the specific influence of the surface flora on proteolysis by

comparing proteolysis on the rind and in the core region of cheese in cheese with a

defined starter culture, to proteolysis in cheeses (rind and core region too) which were

plastic coated so that no surface flora could grow. Cheeses with a smear flora showed a

fast aroma development in contrast to the plastic coated cheeses. But surprisingly no

considerable effect of the smear flora on casein degradation was detected, both cheeses

showed approximately the same degree of casein hydrolysis in the core region as well as

on the rind. Differences were found when the formation of smaller peptides was

analysed. Therefore the further degradation of peptides to amino acids and amino acid

conversion to aromatic compounds seems to be the major reason for the observed

differences in smeared cheeses concerning the very intense aroma after few weeks of

ripening,

4.3 Conclusions and prospects

The aims of this thesis were first to find out what the dominant Gram-positive bacterial

microflora from several traditional Swiss hard, semi-hard and soft red smear cheeses is

composed of and to describe the succession of this flora during cheese ripening. Then

biochemical functions of the identified isolates like proteolytic activity against casein

and lipolytic activity against milk fat had to be evaluated. A further field of interest was

the antibiotic susceptibility of the isolated strains and their potential to reduce

undesirable microbes like enterobacteria, listerias or green moulds.

Eight different genera of Gram-positive bacteria were found on the surface of different

Swiss red smear cheeses. The predominant Gram-positive microflora consists mainly of

the 4 genera; Brevibacterium (especially the species Brevibacterium linens),

Micrococcus/Arthrobacter (most of all Arthrobacter as cocci were found rather

seldom), Corynebacterium and Staphylococcus. Enterococci were also found in a

considerable number but are assumed to originate from the inner part of the cheese or to

be the result of post-pasteurisation-contamination.

Longitudinal studies revealed the succession of Gram-positive bacteria over certain

periods of ripening time. Thus the typical smear flora develops after about 10 to 25 days
of ripening depending on the specific kind of cheese, cell counts remain more or less the

same thereafter.

Many isolates of the 4 predominant genera exhibit strong proteolytic as well as lipolytic

activity indicating their participation in the formation of typical aroma compounds. All

extracellular or cell-bound proteases or peptidases, respectively from the tested

Brevibacterium linens-isolates are able to degrade bovine a-, ß- and K-casein.
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No proof of anti-listerial potential was made for the isolated Brevibacterium linens

strains but additional investigations on more different indicator strains should be earned

out with freshly isolated test strains and with mixtures of isolated red smear microfloras.

Antibiotic resistance is not considered an emerging problem in brevibacteria,

arthrobacter/micrococci, corynebacteria and staphylococci which represent the typical

surface microflora. Brevibacteria show intrinsic methicillin resistance. For the

arthrobacter/micrococci and the staphylococci some resistances were sporadically
observed. In contrast, lactococci and enterococci exhibit multiple resistances which

must be considered most of all when they appear in commercial starter cultures as it is

the case for the lactococci from the analysed Swiss soft cheese.

Before tackling the definition of a starter culture for surface ripened cheese it should be

clear for what type of cheese the starter culture should be developed, because every

cheese has its individual characteristic and typical organoleptic properties. Then genera

or genus-groups should be further identified to species level especially the

arthrobacter/micrococci, the corynebacteria and the staphylococci. The Brevibacterium

linens strains should be investigated for their potentials to produce sulphur-containing

compounds and to form biogenic amines like histamine and tyramine or to degrade

them. Degradation to amino acids and amino acid conversion should be considered as

well. Furthermore, the metabolite production and enzyme activities should be

investigated by purification and characterisation of important enzymes of predominant

smear bacteria.

Then starter cultures and their application mode should be defined and tested under

production conditions as authentic as possible, Among other things like e.g.

investigating the role of the "house-flora" this means, consideration of the whole

microbial consortium on the cheese surface (including yeasts and probably moulds and

Gram-negative bacteria) as a microecological system functioning by various

interactions. In any case the 4 predominant genera isolated from the investigated Swiss

red smear cheese surface isolated in this study should be tested as a starter culture

mixture.
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6 Appendix

Appendix 1. Preliminary characterisation of the Gram-positive cheese surface microflora isolated from 12

different types of Swiss red smear cheeses.

0)

x;

8
M

O

Cell morphology

S ,.

a .3

2*

M
IS

Colour

BB1 SB1 Irregular rods, many arranged in V-forms + - + dark orange

BB1 SB2 Cocci 4- . cream-coloured, transparent

Ap2 SB3 Irregular, coccoid rods 4 4- 4, cream-coloured

Ap2 SB4 Cocci, arranged in clusters + + cream-coloured

Ïi3 SB6 Cocci + - - cream-coloured, transparent

TO SB7 Cocci + - cream-coloured, transparent

TO SB8 Irregular, coccoid rods + + + cream-coloured

Gr4 SB9 Cocci + + cream-coloured

Ür4 SB 10 Irregular rods, many arranged in V-forms + - + light-orange

Gr4 SB11 Cocci + cream-coloured, transparent

Gr4 SB 12 Cocci + cream-coloured, transparent

Gr4 SB13 Irregular rods, many arranged in V-forms + - + light-orange

Gr4 SB 14 Cocci + cream-coloured, transparent

SC5 SB 15 Short rods + - + light-yellow

SC5 SB 16 Cocci + . 4- light-yellow, transparent

SC5 SB18 Irregular rods, many arranged in V-forms + + dark orange

SC6 SB20 Rods +/ + yellow; transparent

SC7 SB22 Rock ,(,/., - +• cream-coloured

Ku8 SB24 Cocci + . + light-yellow

Ku8 SB25 Cocci + 4 light-yellow

Kii8 SB26 Cocci + + light-yellow

Kü8 SB27 Short rods, some arranged in V-forms 4- 4" light-yellow

Till SB28 Slender, short rods, some arranged in V-forms + + 4 cream-coloured, slightly yellow

Till SB29 Slender, short rods, some arranged in V-forms 4- + 4- cream-coloured, slightly yellow

Till SB30 Slender, short rods, some arranged in V-lorms + + 4- cream-coloured, slightly yellow

Ap9 SB31 Irregular, short rods + -t- 4 cream-coloured

Ap9 SB32 Short rods, some arranged in V-forms + . + cream-coloui cd

Ap9 SB33 Irregular, coccoid rods + - + cream-coloured

GrlO SB34 Irregular rods + •t light-orange

GrlO SB35 Coccoid, .short rods, some arranged in V-forms + - + cream-coloured

GrlO SB36 Short rods + 4- cream-coloured

Li 12 SB37 Cocci + 4- light-yellow

Li 12 SB38 Cocci 4- 4- light-yellow

U12 SB39 Cocci + • + light-yellow

CHI 3 SB40 Coccoid, short rods + 4- light-yellow

CHI 3 SB4t Cocci + + cream-coloured

CHI 3 SB42 Coccoid, short rods 4- - + light-yellow

CHI 3 SB43 Coccoid, short rods + + light-yellow

CH13 SB44 Cocci 4 + light-yellow

CHI 3 SB45 Irregular rods + + dark orange

SP14 SB47 Cocci + + light-yellow

SP14 SB4S Cocci, arranged in clusters + + light-yellow

TM15 SB49 Coccoid. short rods + + + cream-coloured

TM15 SB50 Short rods + - + cream-coloured

TM15 SB52 Coccoid. short rods + t + cream-coloured
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Appendix 1-continued

X 3 Cell i morphology *'

4>

Colour

TM15 SB53 Irregular rods, many arranged mV- - forms 4- - 4- cream-coloured

CHI 6 SB54 Irregular rods, many arranged in V-lorms + + dark oranec

CHI 6 SB55 Coccoid. short rods + 4- 4 cream-coloured

CHI 6 SB36 Coccoid, short rods + + light yellow

Fal7 SB60 Short rods 4- - + light-yellow

Ar 18 SB63 Coccoid. short rods 4- + cream-coloured

Ar)8 SB64 Short rods 4 - + light-yellow

Arl8 SB66 Irregular rods, many arranged in V- •forms 4- + cream-coloured

Arl8 SB67 Short rods 4- - + light-yellow

Arl8 SB68 Short rods 4- - + cream-coloured

CH16 SB69 Irregular rods, many arranged in V-forms + + dark orange

CHI 6 SB70 Irregular rods + - + light-orange

Fal7 SB71 Irregular rods + + light-orange

Fal7 SB72 Cocci + + cream-coloured

Arl8 SB73 Coccoid. short rods + + cream-coloured

Ar18 SB74 Cocci + + light-yellow

Arl8 SB75 Irregular rods, many arranged in V- •forms + - + cream-coloured

in ilalics: isolates showing uncertain Gram-reaction.

Appendix 2. Determination of the ability to hydrolyse xanthine, tyrosine, starch, gelatine and casein as a

first characterisation of the Gram-positive cheese surface microflora isolated from 12 different types of

Swiss red smear cheeses.

it

X

u

I

BB1 SB1

BB1 SB2

Ap2 SB3

Ap2 SB4

Ti3 SB6

TO SB7

TO SB8

Gr4 SB9

Gr4 SB10

Gr4 SB 11

Gr4 SB12

Gr4 SB13

Gr4 SB 14

SC5 SB15

SC5 SB 16

SC5 SB 18

SC6 SB20

SC7 SB22

Kii8 SB24

Kii8 SB25

Kii8 SB26

Kü8 SB27

Ti 11 SB28

xanthine tyrosine

Hydrolysis of

starch gelatine

+

4-

4-
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Appendix 2-continued

"3 X! int nine

y m

Ti 11 SB29 -

Till SB30 .

Ap9 SB31 .

Ap9 SB32 -

Ap9 SB33

GrlO SB34 +

GrlO SB35 -

GrlO SB36 .

Lil2 SB3 7 -

Lil2 SB38 -

Li 12 SB39 -

CH13 SB40 +

CH13 SB41 -

CHI 3 SB42 -

CH13 SB43 -

C1I13 SB44 -

CHI 3 SB45 +

SP14 SB47 -

SP14 SB48 .

TM15 SB49 -

TM15 SB50 -

TM15 SB52 -

TM15 SB53 -

CHI 6 SB54 4-

CHI 6 SB55 -

CHI 6 SB56 -

Fal7 SB60 .

Arl8 SB63 -

Arl8 SB64 -

Arl8 SB66 +

Arl8 SB67 -

Arl8 SB68 -

CH16 SB69 +

CHI 6 SB70 -

Fal7 SB71 .

Fal7 SB72 -

Ar 18 SB73 -

Arl8 SB74 -

Arl8 SB75 .

Startercultures

MGE -

LB +

SR3

SRI +

LR +

SR2 -

BC 4-

BLi +

BL2 4-

tyrosine

Hydrolysis of

starch gelatine
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Appendix 2-continued

u

Hydrolysis of

xanthine tyrosine starch gelatine

BLR - - - 4- 4-

BLO 4- 4- - 4- +

Reference strains

Arthrobacter + + f

nicolumae

ATCC 15236

WS1765

Arthrobacter + + t- + +

simplex
ATCC 6946

WS2097

Arthrobacter + + - + +

protophormiae
DSM 201681'
WS1779

Arthrobacter + 4- + + +

globiformis
DSM20124r
Brevibacterium + + +

fuscum
A.1 3124

WS1941

Brevibacterium - + +

fermentans
C1P 6611

WS1957

Brevibacterium 4- t- +

tielvorum

A.S 1447

WS1656

Microbacterium --44

liquefaciens
DSM20638T
Microbacterium + - + + 4

imperiale
DSM2053ÛT
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Appendix 3. Preliminary characterisation of the Gram-positive surface microflora isolated from a Swiss

soft cheese.

4)

D

1
Cell morphology

S e
a .3

*H 1?

I a
Colour

brine SB101 Coccoid, short rods 4- 4- yellow
brine SB102 Roels +/- + vellow-orange
brine SB 103 Coccoid, short rods + + yellow
SSS SB 104 Cocci, many arranged in chain-forms 4- white

SSS SB 105 Irregular rods, many arranged mV-forms + + light-orange
SSS SB 106 Coccoid, short rods, some arranged mV-forms + + yellow
SSS SB 107 Irregular rods, many arranged in V-forms + 4 dark orange
1SC2 SB108 Irregular rods, many arranged in V-forms + + dark orange
1SC2 SB 109 Cocci, many arranged in chain-forms 4- . white

1SC2 SB110 Coccoid, short rods, some arranged in V-forms + + yellow
1SC3 SB111 Irregular rods, many arranged in V-forms + + dark orange
1SC3 SB112 Coccoid, short rods, some arranged in V-forms + + yellow
1SC3 SB 113 Cocci, many arranged in chain-forms + . white

1SC4 SB115 Irregular rods, many arranged in V-forms + + dark orange
1SC4 SB116 Irregular rods, many arranged in V-forms + 4- light-orange
ISC4 SB 117 Coccoid, short rods, some arranged mV-forms 4- + yellow
1SC4 SB118 Cocci, many arranged in chain-forms + - while

1SC5 SB! 19 Irregular rods, many arranged in V-forms + + dark orange
1SC5 SB120 Irregular rods, many arranged in V-forms + + light-orange
1SC5 SB121 Coccoid. short rods, some arranged in V-forms 4- + yellow
1SC5 SB122 Cocci, many arranged in chain-forms 4- . white

1SC5 SB123 Cocci, many arranged in chain-forms + white.

1SC6 SB124 Irregular rods, many arranged in V-forms + + light-orange
1SC6 SB125 Coccoid, short rods, some arranged in V-forms + + yellow
1SC6 SB 126 Cocci, many arranged in chain-forms 4 - white

1SC7 SB127 Coccoid, short rods +/- + yellow-orange
1SC7 SB 128 Irregular rods, many arranged in V-forms + + light-orange
1SC7 SB129 Coccoid. short rods +/- + Mute

ISC8 SB 130 Irregular rods, many arranged in V-forms + + dark orange
1SC8 SB 131 Coccoid, short rods, some arranged in V-forms 4- + yellow
1SC8 SB132 Cocci, many arranged in chain-forms + - white

1SC9 SB13 J Coccoid. short rods +/- -|. light-yellow, transparent
1SC9 SB 134 Irregular rods, many arranged in V-forms 4- + dark orange,
1SC9 SB 135 Irregular rods, many arranged in V-forms 4- + light-orange
1SC9 SB136 Coccoid. short roils +/- 4 light-vellow, transparent
1SC9 SB 137 Cocci, many arranged in chain-forms + . white

1SC9 SB 138 Coccoid, short rods, some arranged in V-forms 4- + yellow
ISC10 SB 139 Coccoid, short rods, some arranged in V-forms + 4- yellow
1SC10 SB140 Coccoid, short rods +/. + light-orange, transparent
ISC 10 SB 141 Cocci, many arranged in chain-forms + . white

JSC1Û SB142 Coccoid, short rods +/- +. light-yellow, brownish

1SC10 SB143 Coccoid, short rods +/- + light-orange, transparent
1SC10 SB144 Coccoid, short rods +/- + light-orange, transparent
ISC 11 SB145 Irregular rods, many arranged in V-forms + + dark orange
ISC 11 SB 146 Irregular rods, many arranged in V-forms f + light-orange
1SC11 SB147 Cocci, many arranged in chain-forms + . white

1SCU SBI4S Coccoid, short rods +/- + light-yellow, brownish
iscn SB149 Coccoid, short rods +/- + light-yellow', transparent
1SC11 SB 150 Short rods 4- 4- light-yellow
1SC12 SB 151 Irregular rods, many arranged in V-forms + + light-orange
ISC 12 SB 152 Irregular rods, many arranged in V-forms + 4- dark orange
1SC12 SB153 Irregulär, short rods +/. + light-orange
tscn SB154 Irregular, short roth +/- + orange

in italics: isolates showing uncertain Gram-reaclion.
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Appendix 4. Proteolytic and lipolytic activities of cheese surface-isolates (100), starter cultures (II) and

reference strains (12) at different incubation temperatures.

Identification Proteohsis Proteolysis Lipolysis Lipolysis Lipolysis
30CC

'

16CC
"

30=C* 16°C" 4°C

6

BBl SB1 Brevibacterium linens

BB1 SB2 Enterococcus faecalis

Ap2 SB3 Microbacterium sp.

Ap2 SB4 Staphylex accus sp.

Ti3 SB6 Enterococcus faecalis
Ti3 SB7 Enterococcus faecalis
TO SB8 Microbacterium sp.

Gr4 SB9 Staphylococcus sp.

Gr4 SB 10 Brevibacterium linens

Gr4 SB II Enterococcus faecium
Gr4 SB12 Enterococcus faecium

Gr4 SB 13 Brevibacterium linens

Gr4 SB 14 Enterococcus faecium
SC5 SB 15 Corynebacterium sp.

SC5 SB 16 Enterococcus faecalis
SC5 SB18 Brevibacterium linens

Kü8 SB24 Staphylococcus sp.

Kü8 SB25 Staphylococcus sp.

Kü8 SB26 Staphylococcus sp.

Kü8 SB27 Corynebacterium sp.

Till SB28 Arthrobacter/Micrococcus sp.

Till SB29 Arthrobacter/Micrococcus sp.

Till SB30 Arthrobacter/Micrococcus sp,

Ap9 SB31 Arthrobacter/Micrococcus sp.

Ap9 SB32 Corynebacterium sp.

Ap9 SB33 Microbacterium sp.

GrlO SB34 Brevibacterium sp.

GrlO SB35 Brachybacterium sp.

GrlO SB36 Corynebacterium sp.

Li 12 SB37 Staphylococcus sp.

Li 12 SB3 8 Staphylococcus sp.

Lii2 SB39 Staphylococcus warneri

CHT3 SB40 Arthrobacter/Micrococcus sp.
CH13 SB41 Staphylococcus aureus

CH13 SB42 Arthrobacter/Micrococcus sp.

CHI 3 SB43 Arthrobacter/Micrococcus sp.

CH13 SB44 Staphylococcus sp.

C1I13 SB45 Brevibacterium linens

SP14 SB47 Staphylococcus sp.

SP14 SB48 Staphylococcus sp.

TM15 SB49 Arthrobacter/Micrococcus- .sp.

TMI5 SB50 Corynebacterium sp.

TM15 SB52 Arthrobacter/Micrococcus sp.

TM15 SB53 Brevibacterium sp.

CH16 SB54 Brevibacterium linens

CH16 SB55 Arthrobacter/Micrococcus sp.

CHI6 SB56 Arthrobacter/Micrococcus sp.
Fa 17 SB60 Corynebacterium sp.

+

4-

4-

+ -

+ + - -

+ + -

4- + +

+ + + 4

- - + f +

- + 4-

- + + +

- - + + -

- + 4-

. + 4-

+ +

+ . .

+

+

4-

+

+ +

- + +

+ +

+ + -

4- 4-
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Appendix 4-continued

Identification Proteolysis Proteolysis Lipolysis Lipolysis Lipolysis
30 "C

*

16°C 30°C* 16°c" 4°C

ArI8 SB63 Arthrobacter/Micrococcus sp. + . - -

Ar 18 SB64 Corynebacterium sp. - - + + -

Ar 18 SB66 Brevibacterium sp. + + - +

AiTS SB67 Corynebacterium sp. - -

Ar 18 SB68 Corynebacterium sp. - - 4- 4-

CII16 SB69 Brevibacterium linen s - + .

CII16 SB70 Brevihacteriuin linens - - - .

Fa 17 SB71 Brevibacterium linens + + + + +

Fa 17 SB72 Staphylococcus xs lo sus - - - -

Ar 18 SB73 Arlhrobacter/Micrococcu s sp. + 4- - - -

Ar 18 SB74 Staphylococcus sp. - - + + -

Ar 18 SB75 Brevibacterium linens + + + + +

brine SB 101 Arthrobacter/Micrococcus sp. + + + + +

brine SB103 Arthrobacter/Micrococcus sp. . - - -

SSS SB 104 Lactococcus sp. + + -

SSS SB105 Brevibacterium linens 4- 4. + + +

SSS SB 106 Arthrobacter/Micrococcus sp. 4- + - -

SSS SB 107 Brevibacterium linens 4- + 4-

1SC2 SB 108 Brevibacterium linens + + +

1SC2 SB 109 Lactococcus sp. + + -

1SC2 SB 110 Arthrobacter/Micrococcus sp. + + . -

ISC'*. SB111 Brevibacterium linens + + . +

1SC3 SB112 Arthrobacter/Micrococcus sp. 4- 4- - -

1SC3 SB 113 Lactococcus sp. + +• . -

1SC4 SB 115 Brevibacterium linens . - - +

1SC4 SB116 Brevibacterium linens + - f

1SC4 SB 117 Arthrobacter/Micrococcus sp. + 4- - - -

1SC4 SB118 Lactococcus sp. - . - -

1SC5 SB 119 Brevibacterium linens + + - +

1SC5 SB120 Brevibacterium linens 4- - - 4-

1SC5 SB121 Arthrobacter/Micrococcus sp. + + -

1SC5 SB122 Lactococcus sp. 4- 4- -

1SC5 SB123 Lactococcus sp. + + - -

1SC6 SB124 Brevibacterium linens + + + - +

1SC6 SB125 Arthrobacter/Micrococcus sp. + + - - -

1SC6 SB 126 Lactococcus sp. + + - .

ISC7 SB128 Brevibacterium linens + + - 4

1SC8 SB130 Brevibacterium linens - + + 4-

ISC8 SB131 Arthrobacter/Micrococcus sp. + + -

1SC8 SB132 Lactococcus sp. 4- + - - -

1SC9 SB 134 Brevibacterium linens - + + +

ISO SB 135 Brevibacterium linens + + + + +

1SC9 SB137 Lactococcus sp, + + . . -

1SC9 SB 138 Arthrobacter/Micrococcus sp. 4- ( -

1SC10 SB139 Arthrobacter/Micrococcus sp. + + - -

ISC 10 SB141 Lactococcus sp. .

ISC 11 SB145 Brevibacterium linens 4- -

ISC 11 SB 146 Brevibacterium linens - + . +

ISC 11 SB147 Lactococcus sp. + +

ISCll SB 150 Corynebacterium sp. . + . -

Ü
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Appendix 4-continued

Identification Proteolysis Proteolysis Lipolysis Lipolysis Lipolysis

4* M

30°C lfi°C 30°C 16*C 4°C
4>

J3 S

U £

1SC12 SB 151 Brevibcieterium linens 4- + + + +

1SC12 SB152 Brevibacterium linens - + + 4- +

Slariercultures

MGli Arthrobacter/Micrococcus sp. + + - .

LB Brevibacleruim linens + + + + +

SR3 Brevibcieterium linens 4- + + + +

SRI Brevibacterium linen s + + - -

LR Brevibacterium linens H- + 4- 4- +

SR2 Corynebacterium sp. . -

BC Brevibacteriumceisei 4- + -

BIT Brevibacterium linen s 4. 4- 4- +

BL2 Brevibacterium linens 4- . + + +

BLR Brevibacterium linen s + 4- 4- + +

BI.O Brevibacterium linens 4- + 4- + +

Reference strains

Brevibacterium 4- 4- .

linens

DSM20425T
Brevibacterium . 4- 4- 4- .

casei

DSM20657T
Brevibacterium 4- + .

ioelinum

DSM20626T
Arthrobacter + + - . .

nicolianae

ATCC 15236

WS1765

Arthrobacter + 4- 4- f +

simplex
ATCC 6946

WS2097

Arthrobacter - 4- - _

protophormiae
DSM 20168T
WS1779

Arthrobacter
-

globiformis
DSM201241"
Brevibacterium + 4- + .

fuscum
AJ 3124

WS1941

Brevibacterium + 4- - . .

fermentons
CIP 6611

WS1957

Brevibacterium + + + + „

helvorum

AJ 1447

WS1656

Microbacterium 4- 4- ~

liquefaciens
DSM20638T

Microbacterium -
- „

imperiale
DSM20530T
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Appendix 5. Antibiotic susceptibility of Gram-positive cheese surface isolates from different Swiss red

smear cheeses.

"Tested strains / Antibiotics AM CTX GM S N K OFX~~RA C "te "T^^TT^"^T~1dP~
10 30 10 10 10 30 5 30 30 30 15 15 30 5

TïïïTsbI s
' _______

Bre\ ihacterium linens

Gr4SB10 S

Brevibae terium linens

Gr4SB13 S

Brevibacterium linen s

SC5SB18 S

Brevibeictenum hnens

GrK)SB34 S

Brevibacterium linens

Arl8SB66 S

Brevibacterium sp.

CH16 SB69 S

Brevibacterium linen s

Fal7SB7I S

Brevibacterium linen s

Arl8 SB75 S

Brevibacterium sp.

SSS SB 105 S

Brevibacterium linen s

ISC2SB108 S

Brevibacterium linens

1SC3SBU1 S

Brevibacterium Hnens

1SC4SB116 S

Brevibacterium linens

1SC5SB120 S

Brevibacterium linens

1SC6SB124 S

Brevibacterium linens

1SC7SB128 S

Brevibacterium Hnens

1SC8SB130 S

Brevibacterium linen s

1S09SB134 S

Brevibacterium linens

ISO SB 135 S

Brevibae terium linens

ISCll SB 146 S

Brevibacterium linens

1SC12SB151 S

Brevibacterium linen s

ISC12SB152 S

Brevibacterium hnens

LB S

Brevibacterium hnens

SR3 S

Bresibactenum hnens

SRI S

Bresibeicterium hnens

S s s s s s s s s s s s R

s s s s s s s s s s s s R

s s s s s s s s s s s s R

s s s s s s s s s s I s R

s s s s s s s s s s s s R

s s s s s s s s s s s s s

s s s s s s s s s s s s R

s s s s s s s s s R s s s

s s s s s s s s s s s s R

s s s s s s s s s s s s s

s s s s s s s s s s s s s

s s s s s s s s s s I s R

s s s s s I s s s s s s s

s s s s s s s s s s I s R

s s s s s s s s s s I s R

s s s s s s s s s s I s R

s s s s s s s s s s s s s

s s s s s s s s s s s s R

s s s s s s s s s s s s R

s s s s s s s s s s s s s

s s s s s s s s s s s s s

s s s s s s s s s s s s s

s s s s s 1 s s s s s s R

s s s s s s s s s s s s s

s s s s s s s s s s s s R
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Appendix 5-continued

Tested strains / Antibiotics

LR

Brevibacterium linens

BC

lires ibacterium casei

BLI

Brevibacterium linen s

BI.2

Brevibacterium linen s

BLR

Brevibacterium linens

BLO

Brevibacterium linens

CH16SB55

Arthrobacter/Micrococcus sp,

Arl8 SB63

Arthrobacter/Micrococcu s sp.

Arl8SB73

Arthrobacter/Micrococcus sp.

SSS SB106

Arthrobacter/Micrococcus sp.

1SC2SB1K)

Arthrobacter/Microe occus sp.

1SC3SB112

Arthrobacter/Micrococcu s sp,

1SC4SB117

Arthrobacter/Micrococcu s sp.

1SC5SB121

Arthrobacter/Micrococcu s sp.

1SC6SB125

Arthrobacter/Micrococe us sp.

1SC8SB131

Arthrobacter/Micrococcus sp.

ISO SB138

Arthrobacter/Micrococcu s sp.

1SC10SB139

Arthrobacter/Micrococcus sp.

MGF

Arthrobacter/Mie rococcus sp

Ap2 SB4

Staphylococcus sp.

Gr4 SB9

Steiplnlomccus sp.

Ku8 SB24

Staphylococcus sp.

Ku8 SB26

Staphylococcus sp.

I.Ü2SB37

Staphylococcus sp.

Li12SB*8

Staphylococcus s p.

Li12SB39

Staphylococcus warneri

AM CTX GM S N

10 30 10 10 10
____________

1 I S S s

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

S S S S 1

S S R S I

S S S S 1

S S S S I

S S S S s

S S S S I

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

s s s s s

s S S S l

K OFX RA C

30 5 30 30
____ _ _

S S S R

S 1 S S

S i S S

S S S s

s s s s

s s s s

s s s s

R S S I

S S S S

s s s s

s s s s

S 1 s s

S s s s

s s s s

s s s s

s s s s

s s s s

s s s s

s s s s

s s s s

s s s s

s s s s

s s s s

s s s s

s s s s

TE L F, VA DP

30 15 15 30 5
__. __

^
_.___

^

S S I S R

S S S S R

S S S S R

s s s s s

S S R S R

S S s s s

s s s s s

s s s s s

S S S S R

S S S S s

S I s s s

S T S S R

S S S S R

s s s s s

S 1 s s s

S I s s s

s s s s s

s s s s s

s s s s s

S R S S S

S I I s s

S R I S R

S S S s s

S S R S S

S S s s s
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Appendix 5-eontiuned

Tested strains /Antibiotics AM CTX GM S N K OFX RA C TE L E VA DP

10 30 10 10 10 30 5 30 30 30 15 15 30 5

CH13SB41

Staphslococcti s aureu s

SPI4SB47

Staphylococcus sp.

SP14SB48

Staphylococcus sp,

SSS SB 104

Lactococcus sp.

1SC3SB113

Lactococcus sp.

SC5SB122

Lactococcus sp.

1SC5SB123

Lactococcus sp.

1SC6SB126

Lactococcus sp.

1SC8SB132

ImcIococcus Sp.

1SC9SB137

Lactococcus sp.

ISCll SB147

Lactococcus sp.

BB1SB2

Enterococcus faecalis

Ti3 SB6

Enterococcus faecalis

Ti3 SB7

Enterococcus faecalis

Gr4SBll

Enterococcus faecium

Gr4SB12

Enterococcus faecium

Gr4SB14

Enterococcus faecium

SC5SB16

Enterococcus faecalis

Kii8 SB27

Corynebacterium sp.

Fal7SB60

Corynebacterium sp.

Arl8 SB64

Corynebacterium sp.

SR2

Corynebacterium sp.

Ap2 SB3

Microbacterium sp.

Ti3 SB8

Microbacterium sp.

Gil0SB35

Brachybacterium sp.

S s s s s s s s s s R R S s

s s s s s s s s s s S S S s

s s s s s s s s s s S s s s

s I R R R R 1 I I s R R s R

s I R R R R R I R s R R s R

s s R R R R I I 1 s t 1 s R

s s R R R R I I I s I I s R

s s R R R R I I s s S 1 s S

s s R R R R 1 I R s l I s R

s s R R R R I I s s 1 I s R

s I R R R R I I I s I I s R

s s R R 1\ R I I R R R R s R

s R R R R R 1 I R R R R s R

s s R R R R I s R R R R s R

I s R S R 1 R s f S S R s R

s I R S S S R s S R S R s R

s I R S S S I s S S S R s R

I s s s S s I I R S R R R R

s s S s s s S s R S S s s S

s s S s s s S s I S S s s S

s s S s s s S s S S S S s S

s s s s s s s s S S I S s R

s s s s s R s s s S R R s S

s s s s s S s s s S R R s s

s s s s s s s s s S R S s s

R=resistant, I=intermediale, S=seiiMli\e

AM10=Ampicillm (10 ug). CTX30=Cefotaxime (30 agi, GM10=Gentamicm ( 10 ug), S10=Streptomycm (10 ug), N30=Neomycin

(30 ug). K30=Kanamycm (30 Ug), 01 X5=Oflo\acin (5 ug), RA30=Rifampicm (30 ug), C30=Chloramphemcol (*0 fig),
'1 F30=Tetracyeline ( WJlg), L15=Lmeom>em(15 (lg), Ef"=Er\thromyein (15 u.g). VA i()=Vancomyem (30 lie). DP5=MethicilIin

(ß Mg)-
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Appendices 6 to 9. Contribution of eubacteria (EUB338), Gram-positive bacteria with high DNAG+C-

content (HGC1901) and brevibacteria (BRE1239) to the surface of 6. Tête de Moine (TM20), 7. Tête de

Moine (TM21), 8. Gruyère (GR22) and 9. Gruyère (GR23) in different stages of maturity. DAPI stained

cells represent the whole surface flora. The data indicate the ratio of EUB338/DA1T, of HCG1901/DAPI

and of BREI 239/DAP1 stained cells, respectively.

6. Tête de Moine (TM20, modern production method)

Age EUB338/DAPI

(days)

HGC1901/DAPI BRE1239/DAPI

5 80.4% ±4.1% (n=4)

14 90.7% ± 2.5% (11=4)

25 86.0% ±5.3% (n=4)

80 95.2% ± 0.4% (n=2)

2%+ 0.4% (n=4) n. d.

35% ± 3.6% (n=4) 16.5% ±2.1% (n=4)

39.4% ±5.2% (n=4) 17.5% ±4.0% (n=8)

69.5% ±2.5% (n=4) 6.2% ± 0.8% (n=4)

7. Tête de Moine (TM21, traditional production method)

Age EUB338/DAP1

(days)

HGC1901/DAPI BRE1239/DAPI

5 72.5% ± 5.2% (n=4)

14 94.07c ± 0.8% (n=4)

25 83.7% ± 4.9% (n=4)

80 95.3% ±1.3% (n=4)

2.3% ± 0.4% (n=4) n.d.

54.5% ±1.7% (n-4) 18.9% ±4.2% (n-8)

69.1% ±2.0% (n=4) 21,7% ±7.9% (n=8)

77.4% ±1.7% (n=4) 23.4% ±1.4% (n=4)

8. Gruyère (GR22)

Age

(days)

EUB338/DAPI HGC1901/DAPI BRE1239/DAPI

14 86.0% ± 2.9% (n=4)

25 92.5% ± 2.0% (n=4)

80 94.3% ± 0.9% (n=4)

3.7% ± 0.5% (n=4) n.d.

63.3% ± 5.2% (n=4) 23.0% ± 3.3% (n=4)

85.0% ± 0.8% (n=4) 16.0%± 1,7% (n=4)

9. Gruyère (GR2)

Age EUB338/DAPI

(days)

HGC1901/DAPI BRE1239/DAPI

14 82.5% ± 2.6% (n=4)

25 95.1% ±2.0% (n=4)

80 98.1% ±0.6% (n=4)

3.2% ±0.2% (n=4)

39.4% ±3.1% (n=4)

84.9% ±1.7% (n=4)

n.d.

11.6% ±3.1% (n=8)

14.3 ±0.9% (n=4)

n d.: no labelled cells delectable

Values are given as the mean ± standard deviation
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