
fafl//(PA*' A 'Vr/ 

BACTERIOLOGICAL STUDIES 
ON LIMBURGER CHEESE 

NN08201,451 

mtt>tt°tTV 

V ^ 

A. F. M. EL-ERIAN 



637.353.3:637.333.92:637.322:576.8 

BACTERIOLOGICAL STUDIES 
ON LIMBURGER CHEESE 

(with a summary in Dutch) 

PROEFSCHRIFT 

TER VERKRIJGING VAN DE GRAAD 
VAN DOCTOR IN DE LANDBOUWWETENSCHAPPEN 

OP GEZAG VAN DE RECTOR MAGNIFICUS, DR. IR. F. HELLINGA, 
HOOGLERAAR IN DE CULTUURTECHNIEK, 

TE VERDEDIGEN TEGEN DE BEDENKINGEN 
VAN EEN COMMISSIE UIT DE SENAAT 

VAN DE LANDBOUWHOGESCHOOL TE WAGENINGEN 
OP VR1JDAG 4 JULI 1969 TE 16 UUR 

DOOR 

A. F. M. EL-ERIAN 

H.VEENMAN & ZONEN N .V . -WAGENINGEN-1969 



T H E O R E M S 

I 

Organisms of the Brevibacterium linens type can not be considered as the 
main ripening agent in Limburger cheese. It may be stated that other cheese 
coryneforms, mainly arthrobacters, are responsible for the ripening process 
in this particular type of cheese. 

This thesis 

II 

The colour of ripe Limburger cheese depends on the type of micro-organisms 
present on the cheese surface as well as on the presence or absence of light 
during the ripening period. 

This thesis 

III 
In developing countries, knowledge of engineers and research workers could 

be easily transferred to the farmers in rural areas if those workers practise the 
same religion and follow the same way of living and thinking as the people in 
such areas. 

IV 
In developing countries bread and salt should be supplemented with different 

minerals and vitamins to avoid different cases of malnutrition. 

V 
In aiding developing countries, priority should be given to sending experts 

and to allowing as many students as possible from these countries to study 
abroad, and not to giving direct financial aid. 

Thesis of A .F .M.EL-ERIAN 
Wageningen, 4th July, 1969 
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1. G E N E R A L O U T L I N E 

1.1. INTRODUCTION 

1.1.1. Limburger cheese 
Limburger cheese is a semi-soft cheese on which a surface smear or slime, 

largely consisting of micro-organisms, is the main cause of the ripening process. 
The microbial flora of this surface layer includes many different micro-orga­
nisms. Therefore it is not surprising that various investigators have failed to 
agree in respect of the micro-organisms assumed to be of greatest importance 
for the ripening of this particular type of cheese. 

WEIGMANN (1898) thought that spore-forming bacteria were responsible for 
the ripening of Limburger cheese. He reported that an anaerobic bacterium 
with polar spores was responsible for the typical aroma and flavour of this 
cheese. WEIGMANN considered this organism, which he identified as Paraplec­
trum foetidum, was associated in the smear with an aerobic spore-former, 
Clostridium licheniforme (Bacillus licheniformis). He thought that the latter 
organism was preparing the way for Paraplectrum foetidum by breaking down the 
lactic acid and making the medium more alkaline. He also thought that the red 
smear, which covered the cheese surface, produced anaerobic conditions per­
mitting growth of Paraplectrum foetidum. 

In 1899 LAXA studied the flora of Harrack and Knoppist cheeses, two Bohe­
mian varieties of Backstein cheese resembling Limburger. He stated that the 
organism Oospora lactis consumed a portion of the free acid and thus prepared 
the cheese for the bacteria which, growing together in symbiosis, produced the 
typical cheese aroma. 

ORLA-JENSEN (1904) occasionally found Oospora lactis in young Limburger 
cheeses but did not consider it to contribute to the ripening. ORLA-JENSEN 

claimed that Bacterium casei limburgensis FREUDENREICH was of great importan­
ce in the cheese ripening process. He found that the most characteristic property 
of this bacterium was its ability to carry further the decomposition of the 
products of protein hydrolysis produced by other micro-organisms. When 
grown in milk in the presence of Micrococcus casei liquefaciens, protein decom­
position was carried much further than when the latter was grown alone. 

MAZE (1905) studied the non-spore-forming bacteria growing in the reddish 
smear or 'rouge' of Camembert cheese. He believed that the presence of these 
bacteria was desirable since they might help to digest the casein and render the 
medium alkaline. 

In 1906 THOM maintained that Camembert cheese may have the typical 
Camembert flavour without development of any specific surface growth of 
bacteria. 

The work of WOLFF (1909) is of special interest. He isolated nine different 
pigment-forming bacteria from smears on Tilsiter, Romadour and Woringer 
cheeses. 

Organism I was a reddish-yellow short rod that liquefied gelatin and pro-
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duced a faint alkaline reaction when grown in milk for three weeks. This organ­
ism originally was thought to be an important agent in cheese ripening, making 15 
to 20 percent of the total flora, but eventually proved to be of lesser importance. 

Organism II was a lemon-yellow short rod closely related to, but not identical 
with, Bacterium erythrogenes LEHMAN and NEUMANN. 

Organism III was similar to II except for its more irregular colonies. 
Organisms IV, V, VI, VII and VIII were found by WOLFF to be micrococci, 

related to, or identifiable with, Sarcina aurantiaca FLUGGE, Micrococcus sul-
fureus ZIMMERMAN, Micrococcus bicolor ZIMMERMAN and Sarcina lutea SCHROE-

TER. Growth of these organisms on cheese after five weeks was insignificant in 
comparison with that of organisms II and IX. 

Organism IX grew rapidly on a special milk medium with an orange-yellow, 
wet, shining growth and yielded an intensive typical odour like the cheese smear. 
Experimental Romadour (Limburger type) cheeses inoculated with cultures of 
this micro-organism were superior in every respect to control cheeses. A mixture 
of cultures II and IX when added to the cheese seemed to be more active than 
only one culture. 

WOLFF continued his studies on organism IX and in 1910 he published a 
description, naming the organism Bacterium linens, according to a proposal 
made by WEIGMANN. 

Other workers who have described the bacteria found on the surface of vari­
ous types of surface-ripened cheeses were MAZE (1910), GRATZ and VAS (1914), 
FILIPOVIC (1923), PETER (1924) and HENNEBERG (1926). 

STEINFATT (1930) gave a more detailed description of Bacterium linens WEIG­

MANN. It is a Gram-positive, aerobic, non-spore-forming, non-motile rod. 
Gelatin is liquefied. Little or no change in pH is produced in milk after 10 days, 
but afterwards the reaction gradually becomes alkaline. Growth on potato is 
mouse-grey in colour. No acid is formed from carbohydrates. The optimum 
growth temperature is 25 °C. A shiny orange growth is produced on agar. 
STEINFATT found that certain organisms, when growing together with Bacte­
rium linens, increased protein degradation, while other organisms checked it, 
indicating that certain organisms present in the cheese smear may be undesirable. 

WEIGMANN (1933) stated that the red smear was built up by red bacteria 
which covered the surface of the cheese and produced anaerobic conditions 
permitting the growth of Paraplectrum or Plectridium foetidum. 

The nature of the protein decomposition products formed from casein by 
Bacterium linens was determined by GRIMMER and SCHMID (1936). Leucine, 
isoleucine and tyrosine were obtained in large amounts. Indol and skatol were 
never found. 

KELLY (1937) made microscopic examinations of slides pressed against the 
surface of Limburger cheeses at 14 New York State factories and found a 
definite sequence in the microbiological changes from day to day. Budding 
yeasts appeared within 2 to 3 days and were present in large masses within 4 to 
5 days. About the sixth or seventh day, short slender rods resembling Bacterium 
linens appeared and increased to large numbers at about the eighth day. From 
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10 to 18 days, the yeast cells tended to decrease in size, became destroyed, and 
disappeared entirely. 

In 1937 MACY and EREKSON studied the microflora of the slime on Roquefort, 
Port de Salut, Tilsit and Limburger types of cheese. They found much the same 
sequence of changes as KELLY did for Limburger, the development of yeasts 
being followed by a predominance of rod-shaped bacteria. 

KELLY and MARQUARDT (1939) stated that Bacterium linens does not grow 
below pH 5.85 and grows best at pH 6.5. Inasmuch as the pH of Limburger 
cheese is usually below 5.0 at the age of one day, Bacterium linens is not able to 
grow at this stage. The yeasts acting on both the protein and lactic acid, raise 
the pH above 5.85 at which point Bacterium linens becomes established and 
overgoes the yeasts. 

LANGHUS and PRICE (1941) showed that the micro-organisms growing on the 
surface of Brick cheese were necessary for the development of the typical 
flavour. After salting, the surface flora of Brick cheese at first consisted largely 
of yeast-like organisms. About 4 days after salting, the latter began to be replaced 
by micrococci, many of them being capsulated. Small rod-shaped micro-orga­
nisms also appeared but more slowly than the micrococci. 

YALE (1943) found that the surface smear of Limburger cheeses ranging from 
2 to 14 days of age at two factories yielded a maximum yeast count of 6.3 x 109 

per gram of smear on the fourth day, a maximum count of salt-tolerant bacteria 
of 1.29 X 1011 per gram of smear on the fourteenth day, and a maximum total 
bacterial count of 3.60 X 1011 per gram of smear also on the fourteenth day. 

YALE made a study of 243 cultures of bacteria isolated from the surface of 
various types of surface-ripened cheeses. He showed that the predominant 
organism was a Gram-positive, non-chromogenic, non-spore-forming rod, 
producing a marked alkaline reaction in litmus milk and not liquefying gelatin. 
The next most common micro-organism was Bacterium linens, a strictly aerobic, 
Gram-positive, non-spore-forming rod, producing a neutral or slightly alkaline 
reaction in milk and liquefying gelatin. The colour of the growth of Bacterium 
linens on an agar medium ranged from light cream to deep orange. 

Surface inoculation of Limburger cheese, made of raw milk, with strains of 
Bacterium linens did not improve the quality when compared with cheese held 
under good factory conditions. The addition of pure cultures of Bacterium 
linens, grown in milk, to pasteurized milk improved the flavour of the majority 
of the lots of experimental Limburger cheeses made in four trials at two fac­
tories, indicating that such a procedure may be of value. 

TUCKEY and SAHASRABUDHE (1957) studied the ripening of Limburger and 
Brick cheeses by determining the quantity of individual amino acids liberated 
throughout the ripening period. They found that the ripening proceeds more 
rapidly in the rind portion than in the interior of the cheeses, but not exclusively 
in this area. The difference in amino acids in the rind and in the centre repre­
sented a quantitative rather than a qualitative difference, for the same amino 
acids were present in both areas at essentially the same time, but in higher 
concentration in the rind. 
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Bacterium linens was able to hydrolyse milk proteins more rapidly than 
other agents, including milk and rennet enzymes and other bacteria involved in 
the manufacture and ripening of Limburger cheese. The surface of the cheese 
was heavily inoculated with a culture of these organisms and, therefore, 
Bacterium linens was probably responsible for the rapid ripening of the exterior. 

TUCKEY and SAHASRABUDHE (1957) also found a quantitative and a qualitative 
difference in the amino acid patterns at the end of ten weeks of ageing in the 
lots of the studied Brick and Limburger cheeses. After Limburger cheese was 
wrapped, the free amino acids continued to increase in concentration, whereas, 
after the Brick cheese was waxed, the rate of liberation of amino acids was 
reduced as compared with Limburger. Hydroxyproline was found to be 
markedly higher in concentration in the Brick cheese than in the Limburger. 

These authors stated that there was no correlation between the presence of 
any single amino acid and the characteristic flavour development in Limburger 
or Brick cheese. This was established during the ageing period by organoleptic 
judging of the samples. 

MULDER et al. (1966) found that more than 90% of the total surface flora of 
Limburger cheese were coryneforms. The majority of these coryneforms were 
grey-white coloured strains, followed by a smaller group of orange-coloured 
ones (9 to 24 % of the total). They found that 2.0 to 3.0 % of the total flora were 
yellow coryneforms. 

1.1.2. Cheese coryneforms 

Many reports in the literature are dealing with the importance of the Gram-
- positive rods in the ripening of soft cheeses. There has always been some 
confusion concerning the classification of these Gram-positive rods. 

Coryneforms are easily recognized with the aid of a microscope, by their 
angular and palisade arrangement of cells. Many workers have reported the 
presence of coryneforms in aseptically drawn, raw and pasteurized milk 
(ABD-EL-MALEK and GIBSON, 1952; EDGELL and BIRD, 1949/50; and GALE-

SLOOT 1951, 1952, and 1953). 
STADHOUDERS and MULDER (1958), not agreeing with the classification of the 

Gram-positive rods mentioned in BERGEY'S Manual (7th ed., 1957), used the 
following criteria in characterizing such bacteria which they isolated from milk 
and from the interior and surface of cheeses: liquefaction of gelatin, acid pro­
duction from glucose, anaerobic growth at pH 7.0, colour, reduction of nitrate, 
growth in a protein-deficient medium, acid-fast staining and fat hydrolysis. 

They divided their strains into three groups. Bacteria of group I were able to 
develop slowly under anaerobic conditions at pH 7.0; they werd white, did not 
liquefy gelatin and were related to Corynebacterium bovis types. Group II 
contained obligately aerobic strains which formed orange-coloured colonies, 
did not produce acid from glucose and liquefied gelatin. They classified this 
group as related to Br. linens. Bacteria of the third group belonged to the genus 
Microbacterium. 

STADHOUDERS and MULDER continued their investigations and in 1959 they 
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published a study of the cheese surface organisms associated with fat hydrolysis 
in cheese. They isolated 53 strains from the surface of Gouda and Edam cheeses 
and arranged them into three groups. First the types related to Corynebacterium 
bovis, followed by intermediates between this group and the third group, which 
included the types related to Br. linens. They did not succeed in isolating any 
microbacteria from the cheese surface. They found that very few of the isolated 
strains were able to hydrolyse cheese fat to any extent. 

MULDER and ANTHEUNISSE (1963) and MULDER (1964), in their studies about 
the bacteria belonging to the genus Arthrobacter, isolated a group of strains 
from the surface of different types of cheese and from milk. Most of the isolated 
cheese strains were found to be Arthrobacter-like bacteria. In 1966 MULDER 

et al., in their study about the relationship between Brevibacterium linens and 
bacteria of the genus Arthrobacter, found grey-white arthrobacters to be the 
main group on the surface of Limburger cheese. 

Preliminary studies of the author confirmed the phenomenon found by MUL­
DER et al. (1966) (Chapter III). 

1.1.2.1. Arthrobacter 

Arthrobacter is an aerobic, pleomorphic micro-organism belonging to the 
Corynebacteriaceae. In young cultures the cells appear as rods which may vary 
in size and shape, from straight to bent, swollen or club-shaped forms; some­
times developing filaments and true branching. Snapping division may give rise 
to angular cell arrangement. Upon ageing, the rod-shaped cells turn into coc-
coid forms. The coccoid cells are persistent as the predominant form in older 
cultures. It can be generally said that bacteria of this genus are characterized 
mainly by their cell morphology. 

Bacteria of the Arthrobacter type, under the name of Bacterium globiformis, 
were described by CONN (1928) as typical soil bacteria. Long before the name 
Arthrobacter was introduced, JENSEN (1934) had described this group in detail as 
soil corynebacteria. The most commonly occurring species in his experience was 
Corynebacterium helvolum which is apparently identical with, or very closely 
related to Arthrobacter globiformis. Other cultures studied by JENSEN were 
found to be identical with other Arthrobacter spp. Throughout, JENSEN stressed 
the close relationship of the soil corynebacteria and certain species of Nocar-
dia, and it seems highly probable that KRASSILNIKOW'S mycobacteria and 
micrococci of the soil include also the arthrobacters (KRASSILNIKOW, 1934; 
BERGEY'S Manual, 1957). 

It was not until 1947 that bacteria of this type were described by CONN and 
DIMMICK under the name of Arthrobacter globiformis. 

Extensive investigations concerning the morphology and physiology of bac­
teria of the genus Arthrobacter have been carried out by several workers. 
Morphological studies on these micro-organisms have been reported by TOP­

PING (1937), TAYLOR (1938), SACKS (1954), SGUROS (1955, 1957), CHAPLIN 

(1957), SUNDMAN (1958), BLANKENSHIP and DOETSCH (1961), STEVENSON (1961, 
1962, 1963), STARR and KUHN (1962), ENSIGN and WOLFE (1964), SIEBURTH 
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(1964), MULDER and ANTHEUNISSE (1963), MULDER (1964) and MULDER et al. 
(1966). Nutritonal studies have been made by CAMPBELL and WILLIAMS (1951), 
MULLER (1957), MORRIS (1960), LOCHHEAD and his collaborators (1953, 1955, 
1957, 1958) as well as by MULDER et al. (1962, 1966). 

In studies of the arthrobacters from soil, activated sludge and dairy products, 
particularly the surface of cheeses, MULDER and ANTHEUNISSE (1963) and 
MULDER (1964) suggested that those from activated sludge would have a closer 
physiological relationship to the soil arthrobacters than those from cheese. 

Of special interest is the work of MULDER et al. (1966) in which an extensive 
study was carried out about the relationship between Brevibacterium linens and 
bacteria of the genus Arthrobacter. The data collected by those authors, only 
partially agreed with the description given in BERGEY'S Manual (1957). The 
majority of the soil arthrobacters were found to be Gram-negative or Gram-
-variable in the'rod stage with only a slight tendency to become Gram-positive 
with age. MULDER et al. (1966) suggested that the cheese coryneforms should 
not be placed in the genus Arthrobacter because of the several existing differen­
ces, mainly physiological ones, between these organisms and the arthrobacters 
from soil. They found two distinct types of coryneform bacteria occurring on the 
surface of Edam, Gouda, Hervse, Hohenheim, Kernhemmer, Leidse kanter, Lim-
burger, Mamirolle, Marville, Meshanger, Munster, Penitent, Romadour, 
St. Paulin and Vacherin Mont d'Or cheeses, one forming grey-white colonies, 
sometimes with a light yellow or pink shade, and the other giving orange co­
lonies. They stated that although both types had a number of characters in 
common, in other respects they were clearly distinct. 

MULDER et al. (1966) found the grey-white type occurring as relatively short 
rods which tended to transform into cocci more readily than did the orange 
cheese strains and the soil arthrobacters. The orange type was found to be 
identical with Brevibacterium linens. They also showed that the formation of 
the orange pigment was light-dependent in more than half of the tested strains. 

As to the nutritional requirements, expecially those of nitrogen compounds 
and vitamins, all but one of the orange strains tested required organic nitrogen. 
A number of strains gave good growth with glutamic acid, but more often other 
amino acids were needed. As for the grey-white strains, they were found to be 
more or less intermediate between the orange ones and the soil strains. Ammo­
nium nitrogen was assimilated by approximately 85 % of the tested grey-white 
strains partly requiring amino acids (methionine or glutamic acid) and/or 
vitamins. 

MULDER et al. (1966) also stressed the ability of both types of cheese coryne-
bacteria to tolerate large amounts of salt and, under certain conditions, even 
requiring relatively high concentrations of it. They suggested this to be an im­
portant character in both taxonomical and ecological respects. 

1.1.2.2. Brevibacterium linens 

In the literature on cheese ripening the significance of Br. linens is well 
documented. It was found to be usually present in large numbers in the slimy 
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orange or orange-brown growth developing on the surface of many soft cheeses, 
and was thought to contribute to the ripening process of such cheeses (WOLFF, 

1909,1910; WEIGMANN, 1911; STEINFATT, 1930; GRIMMER and SCHMID, 1936; KEL-

LEY, 1937; KELLY and MARQUARDT,'1939 and ALBERT, LONG and HAMMER, 1944). 
BREED (1953) gave this organism its present name. According to BREED, 

Brevibacterium linens, which forms orange-coloured colonies, should be a short, 
unbranched rod. LOCHHEAD (1955) considered the whole genus to exist of 
simple rod forms without any of the morphological implications of the soil 
coryneform bacteria. 

This organism has been described in BERGEY'S Manual (1957) as a rod, aero­
bic, catalase-positive, gelatin-liquefying and salt-tolerant. It belongs to the 
family of Brevibacteriaceae. 

SCHEFFERLE (1957) observed that Brevibacterium linens resembles the coryne-
bacteria and she showed it to be closely related to Arthrobacter globiformis. 

STADHOUDERS and MULDER (1958) observed that Br. linens resembles the 
corynebacteria in their angular and palisade arrangement of cells. 

MULDER et al. (1966) stated the close relationship between orange cheese 
coryneforms of the Br. linens type, and the grey-white cheese arthrobacters. 
They also stated that in spite of the presence of a number of characters in com­
mon, these two types, in some respects, were clearly distinct (see 1.1.2.1.). 

1.2. SCOPE OF THE PRESENT STUDY 

The purpose of the present investigation was to gain more information 
concerning the microbial flora of ripening Limburger cheese, particularly as to 
the effect of various types of organisms on the ripening process. An additional 
aim was to contribute to the classification of the Gram-positive coryneforms 
occurring on the surface of Limburger cheese. A study of the general amino 
acid pattern of Limburger cheese and of the effect of organisms of different ty­
pes on this pattern was also made. 

The following steps were included in the investigation: 
a. A survey of the micro-organisms found on the surface of Limburger cheese 

throughout the different stages of ripening with special respect to the chemi­
cal composition of cheese during these ripening stages. 

b. A taxonomical study of the micro-organisms growing on the surface of this 
particular type of cheese. 

c. An investigation of strains isolated from ripening Limburger cheeses and 
thought to be responsible for the ripening process. These strains were intro­
duced to sterilized fresh cheese slices and their growth was studied. 

d. A comparison of the amino acid pattern of Limburger cheese, at different 
stages of ripening, with that of sterilized fresh cheese slices inoculated with 
different strains of coryneform bacteria, and that of Casamino acids-con­
taining media inoculated with the same strains. 

e. A study of the effect of a number of these micro-organisms on individual 
amino acids. 
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2. E X P E R I M E N T A L M A T E R I A L A N D M E T H O D S 

2.1. BACTERIOLOGICAL METHODS 

2.1.1. Total viable count 
Plate counts were performed on tryptone soya agar and tryptone glucose 

extract agar. One ml of alcohol was placed in a sterile mortar and ignited. The 
pestle was stirred around the inner surface of the mortar to be touched by the 
burning alcohol. This procedure served to sterilize the mortar as well as to warm 
it and thus facilitating the homogenization of the scraped surface material of the 
cheese. After about one minute, 1 ml of a sterile solution of 20% sodium citrate 
and one gram of the prepared sample were placed in the mortar and homoge­
nized. Then 8 ml of sterile water were gradually added to the suspension while 
stirring, thus obtaining a 1:10 dilution. From this suspension a dilution series 
was made, which was used for the inoculation of the plates. These plates had 
been dried by storage at 30 °C for 24 hrs prior to use. Colonies were counted 
after 5 days incubation at 25 °C. 

2.1.2. Replica method 

Strains isolated were tested for proteolytic activity, catalase reaction, utili­
zation of carbon compounds and for Arthrobacter characteristics with the repli­
ca method of MALING (1960). 

2.1.3. Grants stain 

The Gram's stain was carried out according to HUCKER'S modification 
described in the 'Manual of Microbiological Methods' (1957). 

2.1.4. Media 

2.1.4.1. Oxoid t r yp t one g lucose ex t r ac t aga r (T.G.E.A.) 
This medium contains: beef extract, 3 g; tryptone, 5 g; glucose, 1 g; agar, 

12 g; tap water, 1000 ml; pH: 7.0. 

2.1.4.2. Oxoid t r yp tone soya agar (T.S.A.) 
This medium consists of: tryptone, 17 g; soya peptone, 3 g; glucose, 2.5 g; 

NaCl, 5 g; K2HP04, 2.5 g; agar, 12 g; tap water, 1000 ml; pH: 7.0. 

2.1.4.3. Casein agar 
This medium is composed of: casein, 1 g; yeast extract, 0.7 g; glucose, 1 g; 

K2HP04, 1 g; Ca(H2P04)2, 0.25 g; MgS04.7H20, 0.25 g; (NH4)2S04, 0.25 g; 
agar, 10 g; tap water, 1000 ml; pH: 7.0. 

2.1.4.4. Yeast ex t rac t g lucose agar 
This medium had the following composition: yeast extract, 7 g; glucose, 10 g; 

agar, 12 g; tap water, 1000 ml; pH: 7.0. 
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2.1.4.5. The minera l n u t r i en t med ium 
The mineral nutrient medium employed for certain nutritional tests had the 

following composition: K2HP04 , 1; MgS04.7H20, 0.3; CaCl2.2H20, 0.05; 
FeCl3.6H20, 0.01 g per litre; CuS04.5H20, 0.1; ZnS04.7H20, 0.1; MnS04 . 
7H20,1.0; Na2Mo04,0.01 and H3B03, 0.01 mg per litre of medium. The pH of 
this medium was 7.0. 

2.1.4.6. The v i t amin m ix tu re 
The vitamin mixture used, consisted of: biotin, 2; folic acid, 20; riboflavin, 

100; thiamin, 100; pyridoxine, 100; nicotinic acid, 100; pantothenic acid, 100; 
p-amino-benzoic acid, 100 and vitamin B12, 1 \xg per litre of medium. 

2.1.5. Nutritional requirements 

2.1.5.1. U t i l i z a t i on of c a rbon c ompound s 
The effect of different carbon compounds was tested on agar media containing 

0.15 percent yeast extract and 0.5 percent of the compound to be tested. 

2.1.5.2. N i t r ogen and v i t amin r e qu i r emen t s 
In this investigation, use was made of the mineral nutrient medium, supplied 

with 0.25 gram nitrogen in the form of ammonium sulphate or Casamino acids, 
and 5 g glucose per litre of medium; pH: 7.0. The vitamin mixture was added in 
this experiment. 

2.2. CHEMICAL METHODS 

2.2.1. Moisture content 
About 5 g of cheese were weighed and thoroughly mixed with previously 

washed and heated sand, then dried until constant weight at 100°C. 

2.2.2. Total nitrogen 
About 1 g of cheese was weighed in a Kjeldahl flask, 10 ml of distilled water 

were added and the mixutre was digested with 10 ml concentrated H2S04, 3 g 
K2S04 and 0.3 g CuS04.5H20. 

After the addition of NaOH to the mixture, the ammonia was steam-distilled 
into N/50 H2S04. The excess of acid was titrated with N/50 NaOH. 

2.2.3. Soluble nitrogen 

A whole block of cheese was ground in a sterilized mortar. About 20 g of it 
were weighed into a 300 ml Erlenmeyer flask. Then 150 ml of distilled water and 
0.5 ml of a 50% alcoholic phenol solution, to stop further biological changes, 
were added. The mixture was well stirred and then shaken according to the 
method of Sirks (1943). The flask was warmed to 40 °C and its contents were 
quantitatively transferred to another Erlenmeyer flask and brought up to 250 
ml. It was then cooled to solidify the fat and filtered. Ten ml of this extract were 
used in the digestion followed by steam distillation. 
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2.2.4. Amino acid nitrogen 
As the addition of 95 % alcohol to a cheese extract in the proportion of 5 to 1 

precipitates proteins and peptides, but no amino acids, it was used in preparing 
the samples for the amino acid estimations. A full obtaining of the amino acids 
in the cheese extract could be achieved in this way. 

To each 50 ml of the filtrated cheese extract 250 ml of 95% alcohol were 
added. The mixture was shaken, allowed to settle for about 15 minutes for the 
precipitation of any remaining protein, and then centrifuged. Of the clear 
solution, 150 ml were evaporated at 60 °C using a rotary evaporator. The residue 
was quantitatively transferred into a volumetric flask. A quantity of 10 ml, 
equivalent to 2 g of cheese, or 20 ml, equivalent to 4 g of cheese were used in the 
determination. 

2.2.5. Salt 
Salt was determined by the method of DAVIES (1932). 2 g of cheese sample 

were digested using 25 ml HNOa + 10 ml saturated potassium permanganate 
in the presence of silver nitrate. Excess AgN03 was titrated back with potassium 
thiocyanate using iron alum as an indicator. 

2.2.6. ThepH 
2 g of cheese were weighed and 30 ml of neutralized boiled distilled water 

were added and mixed with the cheese by means of a glass rod. The mixture 
was heated to 50 °C while stirring until a milky mixture of cheese in water 
resulted. After cooling to 20°C,thej>H was determined by using a Radiometer 
glass electrode pH meter. 

2.3. QUALITATIVE PAPER CHROMATOGRAPHY OF AMINO ACIDS 

The sample was applied to a sheet of filter paper &t a point 8 cm from the top 
and the side of the paper and was confined to a circle 1-1.5 cm in diameter 
(drops of 0.01 ml were used). After drying, the paper was transferred to a 
cabinet in which the chromatography (descending method) was carried out. 

A 2-dimensional procedure was used, first with phenol-water and then with 
collidine-lutidine-water as the moving phases. The cabinet used contained three 
troughs; in each trough two sheets of filter paper might be placed. The papers 
were held in the troughs by a heavy glass rod in such a way that the sample lay 
approximately 3.5 cm beyond the edge of the trough. Dishes with phenol-water 
(2:3) were placed at the bottom of the cabinet to allow the papers and the at­
mosphere to equilibrate with the solvent before adding the latter to the troughs 

Then 80 ml of phenol-water (3:1, pH 5-5.5) were added to the troughs 
through a small hole in the top of the cabinet which was closed by a stopper. The 
phenol solution travelled through the paper, downwards, carrying the different 
amino acids at different rates. When the solvent had moved for approximately 
45 cm, i.e. when it had reached a distance of approximately 1-2 cm from the 
lower edge (36 hours at 20 °C) the paper was removed from the cabinet and 
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allowed to dry at room temperature in an air stream for about 20 hours. A 
margin of about 2 cm, containing the phenol front was cut out from the paper. 
The paper was then transferred to a second cabinet in which a similar prodecure 
was carried out with collidine-lutidine-water (1:3:3, pH 8.0) in a direction at 
right angles to the first. As with the phenol treatment, the second cabinet 
contained dishes with the solvent to ensure equilibrium between paper and 
atmosphere. After equilibrium had been reached (4-6 hours), 80 ml of the 
collidine-lutidine-water mixture were added to the troughs and the second phase 
of the chromatography began. After 20-24 hours at 20 °C when the solvent had 
moved for approximately 35 cm, the procedure was stopped and the paper was 
again dried in an air stream (about 16 hours). 

The chromatogram was now ready for spraying with ninhydrin. A solution 
of 1 % ninhydrin in 95 % ethanol containing 2 % of a collidine-lutidine mixure 
(1:3) was used for that purpose. A hand sprayer activated by compressed C0 2 

was used. 
The sheets were then transferred to the colour development cabinet which is a 

modification of the apparatus of THOMPSON et al. (1951). It consisted of a tank 
54 by 34 by 60 cm in which the chromatograms were heated under ethanol-
-saturated anaerobic conditions. The bottom of the tank contained a layer of 
ethanol. Three perforated pipes connected to a metal cylinder containing COa 

were immersed in this layer so that a flow of ethanol-saturated COa passed 
across the paper sheets. The tank had accomodation for three sheets. A per­
forated shield above the surface of the ethanol prevented splashing of the pa­
pers. The chromatograms were hung vertically in the tank with the initial spot 
at the lower end. In order to keep the atmosphere saturated with ethanol, two 
filter papers were hung down along the walls of the tank from shallow troughs at 
the top. These filters papers were dipped into the ethanol at the bottom of the 
tank; the troughs also contained alcohol. The tank was contained in an outer 
cabinet with a constant-temperature control. 

Under these conditions an optimum colour development was found to take 
place within 20-25 minutes at 60°C. The sheets were then dried and photo­
graphed. 

2.4. MATERIALS 

2.4.1. Samples used for the survey analysis 

These samples were brought from three different factories, two in The Nether­
lands and one in Belgium, specialized in manufacturing Limburger cheese. The 
three factories are owned by: P. GEELEN, Berg en Terblijt, The Netherlands, 
J. PINCKERS, Epen, The Netherlands, and P. PINCKERS, Neu-Moresnet, Bel­
gium. 

The samples taken from those factories included cheeses of different ages, 
brine and samples of scraped material from the shelves, the tables and the walls 
of the curing rooms. 

Meded. Landbouwhogeschool Wageningen 69-12 (1969) 11 



2.4.2. Cheese manufacture 

2.4.2.1. Cheese made unde r commerc ia l c ond i t i on s 
The Limburger cheese used in this investigation was made in the factory of 

P. GEELEN, Berg en Terblijt, South Limburg, The Netherlands. This factory is 
specialized in manufacturing Limburger cheese which is its only product. 
Samples were taken from the running production in the factory. This was done 
to be sure of having samples of cheese made, handled and ripened in the same 
way as usual for the commercial process of manufacturing Limburger cheese. 

The cheese was made from pasteurized cow.'s milk. Starter was added and 
rennet used for forming a curd. After cutting and dewatering, the curd was 
placed in wooden forms. When the curd was firm enough, it was cut to blocks 
weighing about 250 grams each. Brine salting was applied by dipping the cheese 
blocks into brine for overnight. 

The cheese was now ready for the ripening process. This was carried out in a 
curing room maintained at about 15°C and kept always at a high relative hu­
midity. While being in this room, the cheese was rubbed a few times to close the 
surface openings and to help in distributing the ripening organisms all over the 
surface. After about 3 to 4 weeks of ripening, the cheeses were ready for con­
sumption. 

2.4.2.2. Manufac tu re of cheese for the p r e p a r a t i o n of cheese 
p la tes 

Pasteurized cow's skim milk was used for making cheese for the cheese 
plates. The milk was warmed to 30 °C and the following substances were added 
for every 100 litre of milk: CaCl2, 10 ml of a 35 % solution, and standard rennet, 
30 ml. 

After about 45 minutes of rennetting, when the curd became firm enough, it 
was cut to small cubes. These cubes were then turned, by hand, in the vat until 
the curd particles reached the desired firmness. This normally took about ten 
minutes after which the whey was drained. While draining, the curd was stirred 
by hand, to prevent the cheese particles from matting together. The curd was 
then placed into forms; it was not pressed but the hoops were turned several 
times during the first few hours after manufacturing. The cheeses were removed 
from the hoops 18 hours after they had been placed into them. 

The cheeses were now ready for preparing the cheese plates. These were made 
by cutting the cheeses to round slices weighing about 40 grams each. The slices 
were placed into Petri dishes and every group of 4 plates wrapped in cellophane 
paper. The plates were sterilized twice in two following days at 105°C for 20 mi­
nutes, after which they were ready for inoculation with the pure strains. 

12 
Meded. Landbouwhogeschool Wageningen 69-12 (1969) 



3. S A M P L I N G A N D C H O I C E OF THE P R O P E R M E D I A F O R 
C O U N T I N G D I F F E R E N T M I C R O - O R G A N I S M S I S O L A T E D 

F R O M THE S U R F A C E OF L I M B U R G E R CHEESE 

3.1. SAMPLING TECHNIQUE 

In a preliminary experiment two methods for sampling were applied for 
counting and isolating micro-organisms from the surface of Limburger 
cheese. 

3.1.1. The scraping method 

This method was applied by scraping exactly 16 cm2 of cheese surface until 
the whole slime layer, which reaches to a depth of 2 to 3 millimeters of the cheese 
surface, had been collected. A special apparatus was designed to adjust the 
cheese surface to be scraped. This apparatus, as shown in Plate 1, consisted of a 
thick metal frame of 10 X 10 cm, through which 4 thin stainless steel wires 
were stretched cross-wise, giving an inner square of 16 cm2. By pressing this 
frame on the cheese, a block of cheese having a square surface of 16 cm2 was 
cut out. 

3.1.2. The core method 

The core method was employed by removing a core of cheese with a thickness 
of about 2 cm. Only the highest 0.5 cm of the cheese core was used for the ana­
lysis. A circular surface of 12.57 cm2 was obtained by this method. 

PLATE 1. Apparatus used for the scraping method. 
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3.1.3. Results 
3.1.3.1. Total count 

With both methods mentioned above, the whole isolated sample was weighed, 
homogenized in a sterilized mortar and one gram weighed and used for the 
analysis. Tryptone glucose extract agar (T.G.E.A.) was used as the medium for 
the total viable count. The results were expressed as total plate count per gram 
of sample derived from equal areas of cheese surface in order to get as close a 
comparison, between the two methods, as possible. As it is shown in Tables 1 
and 2, it was found that in both experiments A and B the total plate count per 
gram of sample was higher with the scraping method than with the core method. 
The values obtained amounted to 2.83 X 1010 and 5.45 X 1010 with the scraping 
method, and to 1.97 x 109 and 3.5 x 109 with the core method in experiments 
A and B, respectively. 

3.1.3.2. Grouping of the isolated micro-organisms 
All colonies, growing in a representative sector of the plates, were isolated 

and purified on yeast extract glucose agar. These isolated pure strains were 
used for the identification experiment. 

3.1.3.2.1. Identification procedure 
The isolated strains were tested for the following morphological characteris­

tics: 
a. Colour of the colonies on yeast extract glucose agar. 

TABLE 1. Comparison between two methods of sampling the surface of Limburger cheese1 

(Exp. A). 

Type of organism 

Arthrobacter 
Br. linens 
'Other coryneforms' 
Micrococcus 
Sarcina 
'Other rods'3 

Yeast 
Total 

Figures expres 

Scraping 

C4 o 

58 

9 
3 

2 
72 

16 

16 

ised as 

; metho 

R 

3 

3 

% of the number2 of isolated org; 

d 

G 

9 

9 

Core method 

c o 

62.5 -
- 15 
7.5 -

~ 
— 
— — 
5 -

75 15 

R 

2.5 

— 

__ 
_ 

2.5 

anisms 

G 

7.5 

~ 
— 

7,5 
1 Market cheese, ready for consumption. 
2 Total count per gram of sample derived from equal surface areas: 2.83 X 1010(scraping 

method) and 1.97 x 109 (core method). 
Number of isolated organisms: 100 (scraping method) and 80 (core method). 

3 Non-coryneforms. 
4 Colour: C, cream + white; O, orange; R, red; G, greenish-yellow. 
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