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The work herein reported involved: e
a. Development of an isolation procedure

b. Studies on its distribution in dairy
gmém‘fm and other materisls

¢, Btudies on the general prope
*Biw organism, and

4. Preparation of a description of the
organism.




Duclaux (1), in 1893, investigated the :mapiax
problem of cheese ripening and noted the protective
role played by ecertain c¢olor producing bacteria
which appear on the surfaces of some soft cheeses.

He belleved that oxygen consumed by these organi=ms
- tends to prevent oxidation of the fat constituents.

The surface flora of tilsiter, romadour and

rahmkase which had developed & reddish-yellow

surface color during holding in the curing rooms was
investigated by Wolff (15)., ¥When the colored material
was ecultured on cheese gelatin or cheese agar, he
obtained various chromogenic organisms. These in-
cluded a gram positive rod which produced a reddishe
yellow to brown pigment; it was identified as organism
IX, Later, Wolff (16) emphasized the importance of
organism IX ag 8 cause of w}.w formation in the slime
of cheeses. At the suggestion of Weigman, Wolff (17)
named the organism Bact. linens.

Mazé (9) isolated 40 strains of red baecteria

{bactérie du rouge) from camembert and brie cheeses
and reported 8 of the strains were useful in cheese




e

ripening, He thought that the red bacteria repre~
sented a ﬁaselgx group of arganisms, The eoclor
produced over the surtaees,af cheeses was used as
an index of the ripening progress. Mazé reported a
general laek afwfesis%an&e of the arganig&a to acid
and classified the strains according to theilr secid
resistance. The organisme were killed in 5 mimutes
at 65%, |
According to Welgmann (14) Bact. ;ggggg\plays
a wajar role in the ecolor production and %ﬁa protein
breakdown of certain soft cheeses, such asg limhurgar«
Bteinfatt {13} investigated the proteolysis of
linens. After 2 months at 15°C. milk
imaaulateﬁ with the nrganiam.@anﬁaiaaé 50 per cent
goluble nitrogen, 28 per eent amino nitrogen and

7 per ecent ammonia. In symbiosis with variouns other
organisms, proteolysis by Bact. linens

creased. Steinfatt emphagized the impartaaﬁa of
Bact. linens in cheese ripening and in eolor pro-
duection,

That red bacteria (microbes du rouge) are
essential for the ripening of soft cheeses was



emphasized by Kayser (4). These organisms retard
growth of molds and produce ammonia through the de~
composition of casein.

Grimmer and Schmid (2) investigated the products
resulting from the decomposition of casein by Baect
;1gg§§¢ Leucine, isoleucine and tyrosine were found
in appreciable &m€ﬁ§t$¢

Rosell (10) indicated that agar made of 10 per

cent cheese, 1 per cent potassium cltrate and water

gave good growth and increased color production by
Bact. linens.

Changes in the flora on the surface of limburger
cheese were studied by’K&liy {5). Yeasts developed
2 ar'3 dayes after the cheese were mamufactured and in
4 to 5 days were present in large masses. After about
6 or 7 days Bact. linens appeared and by the eighth
day reasched large numbers., At this time a reddish
color was present on the cheese and was due to the
large numbers of Bagt. linens. Kelly belleved that
this surface growth was largely responsible for
protein breakdown in the cheese.

Later work by Kﬁliy and ¥arquardt {6) indicated
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that the high concentration of salt on the surface of
“limburger cheese suppresses maﬁy niscellaneous organe
‘1sms found there and allows the development of yeasts
which dan tolerate the low pH produced by the lactie
acld streptocoeei. The yeasts ralse the pH to the
point at which Bact, linens
protein, this organism ralses the pH still higher

‘can grow., Acting on the

and is believed to complete the ripening of the
cheese. Maximum growth of ﬁgggg linens was found

to oceur at pH 6,53 no growth oeceurred below pH 9.8%
but growth d4id occur at pH 9.5.

Yale (18) reported that Bact. linens ordinarily
is not the yra&aminaﬁiag bacterial species on the
surface of iimhnrgsr cheese, being less numerous than
members of a group of alkali f&rmiag rods which fail
to produce color or liguefy gelatin., Surface inoccula-
tion of limburger ahﬁﬁﬁa msde from raw milk with

Bact. 1 inens did not improve the quality, compared
to cheese held under good factory conditions. The
flavor of limburger cheese made from pasteurized
milk imacalateé.wiﬁh Bact. linens was usually
slightly better than that of cheese made from the

uninoculated milk.,



Development of an Isolation Teehnic for Bact. linens

The first isolations of Baet. linens were made
on nutrient or cheese agar (15). Small portions of
colored slime from the surfaces of cheeses were
smeared on the media and the plates were incubated
at 219, or 30°%C. for a few days. With this pro~
cedure the organism commonly was obtained but be
eause of the many other types of bacteria which
developed well, including large mumbers of micro-
coecl, attempts were made to develop a special

isolation technie which would ald in the isolation
of the organism from materials in which it was
prmsﬁazkin~ra1at§?ek? small numbers.

In the early attempts to develop an lsolation
procedure, tryptone glucose extract ager (12) was
used as the basic medium. It was modified in
various ways in order to determine the effects of
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various factors on growth of Bact

material from the su“rf&ws of faraiw type t;he@sés was
smeared on th«a agar !mt when Bact. m was believed
to be present in 1&5& mws in the material used,
éﬁ.mtmns m sterile w&te:r were employed in makizlg

the inoeu

’é’srims amounts of
sodium chloride were aﬁ&aﬁ to the agar in an attempt
‘to prevent growth of bacteria other than Bact. linens.
Conecentrations of 9, '?, 10 and 12 per cent were used
and the plates were smeared and incubated at 8%, 10°
and 21°C. In most of the trials micrococei developed
rather well on the plates, while the growth of Bact.
linens was retarded on plates containing 7, 10 and

12 per cent sodium chloride at 8° and 10°C. However,
addition of § per cent sodium chloride was of some
velue in checking the development of certain non-
salt resistant bacteria and apparently had no
significant retarding effect -ém the growth of Bact.

: reaction ¢ ed w A solution of
10 per cent lactic acid in water was added to the



agar in various amounts but it wasz soon evident that

et. linens did not develop satisfactorily on media
that were definitely acid, even when the plates were
heavily inoceulated with materlial from the surfaces
of cheeses and incubsted at 21°C. or room temperature.

Additions of alkali were more suecessful. To

100 ml. of tryptone glucose exiract agar, 2.0, 3.0,
4.0 and 5.0 ml. of a 0.1 normal solution of sodium
hydroxide were added at the time of pouring the
plates. HMore than 3.0 ml. of the sodium hydroxide
solution prevented or decreased growth of the desired
organism, while less than 3,0 ml. apparently d1d not
check development of the objectionable species.
sdaition of 3.0 ml. of the alkali solution gave a
definitely alkaline reaction and was considered the
maximum quantity without objectionable effeets on
growth of Bact. linens;
little resistsnce to alkali were almost completely
ng. Ammonium hydroxide also was
used and yielded about the same results asé sodium
hydroxide but, because of various inconveniences

moreover, organisms with
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> % ‘of sodium oxalate on golor production.
Seppilll (11) noted that the elimination of all soluble
caleium salts from a culture medium helped certain

pigment forming bacteria to produce a2 more intense
color. He suggested that 0.2 per cent sodium oxalate
be added to the media. |

Tryptone glucose extract agar was prepared with
the addition of 0.2 per cent sodium oxslate and inocu~
lated with several strains of Baet. linens. 411 the
strains showed a definlte inerease in color production
on either plates or slopes of the oxalate medium
incubated at 21°C.

It was reported by Wolff (15) that Bact.
showed a more luxuriant grmsﬁh when eultivated on
cheese agar than when grown on any other medium. He
also noted that the color produced by the organism
is intmsified on sueh & modium.
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 Rosell (10) suggested the following formula for
cheese agars | | |
| Ripened cheese 10,0 per cent
Potassium eitrate 1.0 per cent
Agar -~ 1.9 per cent
Water to make 100.0 per ecent
In preparing this agar, 100 grams of ripened
cheese was ground in a morter with 10 grams of
potassium citrate and sbout 300 ml, of warm water.
When th&*@heasé was dispersed in the water, the
mixture wﬁs placed in a eylinder at 50°C. for
gravity separation of the fat, After about 30
mimtes the fat layer was removed by suction and
the squeocus pﬁaﬁﬁ’ﬁﬁﬁ adjusted with water to 1 liter,
' ?ifﬁaéﬁ‘gﬁaﬁskef"gga§~wgﬁ diesolved in the material
aﬁﬁvgtarilizatiaﬁ~maxwzarriea out in the umal

manner.,

On the cheese agar Bact. line
and after a few days colonies were falrly large and
showed a rather characteristie color. Eﬁﬂﬁ%~¥; on the
basis of colony sppearance it still was imposesible to

= developed readily

distinguish with any great accuracy between colonles
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of Bact. linens and colonies of certain mierocoeci.

| Effect of oxalates. In order to inerease the
color produetion of Baet. linens, 0.2 per cent sodlum
oxalate, ammonium oxalate and ecaleium oxalate were
used in the cheese sger. With sodium oxalate the
intensity of the color produced by Bact. linens wase
significantly increased, but ammonium oxalate and cal-
clum malatae had no influence on the eolor produetion.
oculated with Bact
dioxide, ,n;tregén or oxygen gave very different re-
sults. The inoculated plates were placed in a bell
‘Jar and the gas was allowed to run into the container
for a few minutes. The inlet and the cutlet tubes

. were then closed and the container was held at 21%.

ous gases. Incubating plates ine
inens in atmospheres of carbon

or room temperature. With carbon dioxide or nitrogen
'thsre:ma no evidence of growth. %ith oxygen color
production was more intense than when the plates were
incubated in air. An increase in growth also was
noted. With this technie of ineubating t’hé plates

in an atmosphere of oxygen, colonies of Bact. llnens
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were readily picked out in an area seeded with other
gp@ai&a, ineluding mierococel.

~ On the basis of the tests carried out, a special
isolation procedure for Bact. linens is suggested.
It permits a selective growth of the desired organism
and also increases its color production. ‘
A sgpeelal cheese agar having the following compo-
sition is employed:s
Ripened cheese 10.0 per ecent
Potassium citrate 1.0 per cent
Peptone 1.0 per cent
Sodium ehloride | 5.0 per cent
Sodium oxalate 0,2 per cent
- Agar 1.5 per cent
Water to make | 100.0 per cent
pH 7.4 |
To prepare the medium, 1@@' grams of cheese is
suspended in 300 ml. of distilled water containing
10 grams of potassium eitrate, When the cheese is
well distributed the mixture is warmed to about 50°C.
and placed in a eylinder for separation of the fat.
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One week at either temperature ususlly 1is required

and most characteristic color pro- .

for best growth
duction. In general, any eolony having a brownish-
orange color and & sh:tay surface should be mam«»-
gated, After %aiamsa@;aia a‘tssmﬂians reveal that
the organism is rod sheped and gram positive,

material from the same colony can be smeaved tax% the
surface of the cheese agar for purification. Only
a short ineubation period is necessary to produce

colonies -f&&rgé enough to transfer to various media.

~ The éi&tﬁmﬁm of ﬁm_. m was smémé by
examining éa:iry ;amén&ta and m&mxs mteriai from
dairy fa.ms and ottxser swmas wﬁ'&: ‘!:Exe general iso~-
iatiﬁn ;zrmméﬁm mgge@m faa» the arganimf. Host
of the studies were egmrmetéﬁ: at Ames, Iowa, but
some were earriaé out at sitm%*w:mtﬁg, Québec.

Zat: Linens in émmmmm

,%e sm-faaa ngh on
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various foreign type cheeses was examined for Bact.
;;g§g§4hy smearing on plates, either directly or
after ﬁisyaraing,in sﬁﬁyila &isﬁille& water. Thé
~cheese included blue cheese from Iliinois, Towa,
Hinnesota an&f%ﬁébse; brick cheese from Wiseonsing
camembert cheese from Illinois, Ontaric and Québee;
 limburger cheese from Illinois, New York and
Wisconsing and oka cheese from Guébec. Bact. linens
was readily obtained from most of the 51 samples
investigated, Commonly, larger numbers of Bact.

were obtained when the material used for
s&a&ringlthﬁ plates had a reddish-brown color than
when it did not. |

Cheddar cheese. The interiors of cheddar
cheese were examined for Bact. linens by obtaine
ing & small smount of cheese with aszeptice pre-
cautions, grinding it in a sterile mortar with a
small volume of sterile sodium cltrate solution and
smearing the susyanﬁiaa on the plates. Of 35
- gamples of raw milk cheese made in Ontario and

Qaéﬁﬁe, a rather laige percentage ylelded EBact.



dinens in relatively small numbers. The cheese
were from 2 to 18 months old and the organism was
. found as freguently in the old cheese as in the
young cheese. Bact. linens also was found in some
of 2 small number of cheese made in Towa from
pasteurized milks the cheese were examined when

- they were from 15 hma to 2 months old, Since
Bact. ;wg is easlly destroyed by heat, its
pregence in pasteurized milk cheese undoubtedly

is due to contsmination of the milk subsequent

to the heat treatment.

from Iowa and (uébec were examined for Bact. linens
by smearing directly on plates, and the organism

eream. Porty samples of raw milk

‘was present in mmwh#t more than half of them.
It algo was found in most of 2 small number of
samples of raw sweet and sour c¢resm which were

examined in Towa.

Bact. linens m materials other than dairy produets.

Mﬁ Bact. 11 linens was recovered from most
of 59 samples of varimm kinds of feeds, including
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corn, oats, barley, wheat, ete., whieh were examined
4in Iowa and Québec by &w&r&g directly on plates.
From a considerable percentage of the samples, the

organism was obtaine d in relatively large numbers.

. Five samples of rather old, corn
sllage prepared in Jowa falled to yleld Bact.
linens when smeared dieetly on plates. However,
25 samples of rather old, corn and grass silage
examined in Québec ylelded the organism in a
mamber of instances; when the silage wag taken
from the mangers, where it could have been con-
taminated with feeds, the rumbers of organisms
present were larger than when the silage was taken
from the silo., |

Green plants. Eight samples of green plants
nined in Yowa yielded Bact
half of the instances,

linens in about onew
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watering cows or sﬁming, in the stables or basrn
yards, Bact. linens was recovered rather regularly
by smearing directly on plates; the samples were
all from Québec. Water from a small Towa lake
did not #iam the organism in c¢old weather but it
- often was sﬁtméé during the warmer season.
Honthe of cowg. In the examination of mouths
“of cows for gggg linens, a a‘kwﬂe, m:tsfk, eotton

swadb was smeared over the

tongue or teeth of an
enimal, after which the cotton commonly was

ghalkcen in 10 ml, of sterile water and some of
the water sme

red on plates; in a few instances
the swabs were smeared directly., With both
methods the organism was recovered in relatively
large mmbers in 12 exsminations made in Québec
when the cows were in the stables. It was not
found in 15 examinations made in Yows when the
cows were on pasture. In Québec the mouths of
two calves receiving only milk yielded Bagt.
linens on culturing.
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. Mamure. Samples of menure were examined for
Bact. linens by smearing directly on plates. The
organism was obbained from more than half of 50
samples eollected in Towa snd Québec. Some of the
examined while

samples were thoroughly dry when
others were fresh.

Alr. The presence of Bagt. linens in cheddar
cheese made from pasteurized milk suggests that
1t may e:mtmimtﬁ milk or cheese by falling from
the air, Examinations of the air of dairy plants,

cheese ripening rooms, wash rooms, stables, ete.

were carried out by exposing plates for different
periods in various locations. The organism was
found in the alr rather freguently in Jowa and
Québec, but commonly it was present in relatively
small numbe:

% Thirty samples of =g0il were examined
in Jowa and Québee. None of them ylelded Bagt.
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The data indleate that Bact. linens is a widely
distributed specles. It common]

milk and eyeﬁmfanﬁ on the s

v was found in

rfaces of various
foreign type cheeses, and algo was encountered in
the interiores of cheddar cheese, even in those
made from pasteurized milk. Since the organism

frequently is present in feeds, water and other

materiale around stables, there is abundant oppor-
tunity for contamination of milk and cream on the
farms. The p&a&anee of the species in the air

of stables, dairy plants, ete, provides an
additional opportunity for the contamination of
dairy products, not only &ﬁ?iﬁg their production
but also during their handling in dairy plants.

 Speelal Studies on Bact. linensg

neral setion in litmus milk.

In litmus milk in test tubes, Bact. linens
slowly produced an alkaline reaction and then
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later there #as, congpienous pmt@lysi&. On the
basis éf the m}i@? of tiw :Livs, a eﬁasnga in pH
usually was noted after 6 days, and a definite
inerease in pH generally was evident after 10 days,
when a myiaia or yellowish sediment was present
and the first signs of proteolysis were evident.
The proteclysis Inereased ag the holding time was
-th@a&eﬁ; generally, rather complete digestion
required from several weeks to more than 1 month.
The p‘ﬁ asf milk Skwmg the first év&&m&a of
: ﬁige@im eommonly was about 7.3, while after
extended incubation at 21°C. the pH of milk cule
tures mgaﬁ from B.0 to 8.3. N
In plain skim milk in test tubes, no change
was evident until after about 10 days had
elapsed. Then the original white color of the
milk often had changed to a slight orange~red.
With some strains of Baet. linens a yellow-
orange ring developed on the wall of the tube.
The digestion proceeded ag with 1itmms milk,

L
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© When either 1itmus milk or plain skim milk was
in thin layers, for example, in a plate, Bact.
linens produced changes in them much more rapidly.

8ince Baet. linens falled to produce a raneld
odor when developing in milk containing appre-
clable amounte of fat, no liwiysm was expected
with it. However, a number of representative cul-
tures were examined for lipolysis with the methods
suggested by Long and Hammer (8). Usually, the
natural fat technic was first used and the plates
were then flooded with a solution of nile blue
sulfate but in some Instances the indicator wae
asdded directly to the apar. None of the enltures
any evidence of being lipolytie.

investigated gave

The action of Bact. line
investigated with five representative strains
which were used to inoeulate portions of highly

on butter was
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pasteurized cream. The cream was churned and worked
with sterile equipment, and the unsalted butter was
held in sterile containers at 21°C.

Bach of the ﬁ% strains produced a putrid
econdition in the unsalted butter. With four of
them the defect wae evident in 3 days while with
one, 7 days were reqguired for its development,

However, under practiesl cmmﬁms, thé organism
probably 1s of no significance as a cause of the
putrid defect in tutter. UYsuslly the condition
is sttributed to other species, and if Bact.
linens were present in putrid butter in signifi.
cant numbers 1t should have been noted in the many
studies on butter of this type. |

The protein breakdosn in skim milk was In-

vestigated with Tive representative strains of
Bact. linens. Fach strain was inoeulated into sev-
ersl 100-ml. portions of sterile skim milk in
eotton stoppered botiles and the bottles were ine-




cubated at 21°C. Analyses were made on the serum
from each eulture after periods ranging from 8 to
89 days. The serum was recovered from a culture
by bringing the welght to the original with dise
t11led water, adding 1.5 ml. of glacial acetic
acid and heating In boiling water for 20 mimtes
with frequent agitation, The eultwre then was
cooled and filtered through paper. The chemical
analysesz on the serun included deterninations
of total nitrogen, amino nitrogen and varioue
fractions of proteins and protein decomposition
produets which were soluble or insoluble in tri-
chloracetic acid, ethyl aleohol or phospho-
tungstic aeld. The procedure developed by Lane
and Hammer (7) was afmp}@yeﬁ and is as follows:
Total nitrogen. TPive ml. of serum was
analyzed for tobtal nitrogen by the
Kieldahl method.
analyzed by the Van Slyke gasometric

One nl. of serum was




nitrogen fractions.

added to 40 ml. of water and 5 ml, of 20 per
cent agueons trichloracetie acid. A&fter
standing 10 to 12 hours the mixture was
filtered through paper. 4 solution con- -
taining 5 ml. of 20 per ecent agueous tri-
chloracetic acid and 45 ml, of water was
used to wasgh the precipitate. The nitre-
gen was determined on the filtrate and on
the precipitate.

Ethyl aleohol soluble and insoluble nitrop
ractions. Five ml. of water and 5 ml, of serum
were added to 85 mi. of 95 per cent ethyl
aleohol. aftarklﬂ to 12 hours the mixture was
filtered and the precipitate was washed with a
solution of 85 ml. of 95 per cent ethyl aleohol
and 10 ml, of water. Both the filtrate and the

precipitate were analyzed for nitrogen.
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cent aguecusg sulfuriec acid and 10 ml. of

10 per cent agueous phogphotungstic acid.
After 10 to 12 hours the mixture wase
filtered and the precipitate was washed
with a phosphotungstiec acid golution made
up with 50 ml, of water, 15 ml. of 25 per
eent agueous sulfuric aeid and 10 ml. of
10 per cent agqueous phosphotungstic aecid.
The nitrogen was determined on the filtrate
and on the ymﬁ;ﬂt&t&.

The data,which are given in Tables 1 and 2,
show that Bact. linens greatly increased the
soluble nitrogen in milk in which it had grown,
Commonly, the increase continued over a relatively
long p&riad* In Table 1 the increases from 30
days to 43 days often were relatively large and



Table 1. Protein breakdown in skim milk by Bact. linens ~ fTrial 1
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Table 2. Protein breakdown in skim milk by Bact. linens - Trial 2

s mwz B Kitmgm fmetmmta& into sal, and msal, s mg. amino
Culture’bation’ Total * : portions 'ﬂ‘im ; mii:z‘am in .
No., ! time *nitrogen? i‘rwhmmaemw ‘ Ethyl Y ?mmmm@tm*f’ ml. serum
3{days)t 1 ;,gg,i& ) - g&g_gﬁ% , ig‘ geid ¢
RN _3 8ol., s Insol.s Sol. s Insol.: Bol. 1 Insol, :

1 g% 13.3
2 89 14.6
3 11.0 )

4 gé 14.0 0.
, 540 0

5 3 &1 59 9
0

0

ﬁhm g’r 2@6 }» #:

6.87
9.47

11.80
1.3

5

? .

5 4.0 2.1 3.8 3.5 3.31
5 Lo 1 .0 e.é 1.5 0.43

~o€~
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in Table 2 the increases from 51 days to 89 days
sometimes were significant. There was some
 variation in th&‘prataﬁiygiaguaatian,Qf@tha
different eultures; in both trials culture
 number 5 gave relatively low values for soluble
nitrogen: -

The distribution of the soluble nitrogen
in the various cultures wag essentially the
same, Amino nitrogen was significantly ine
creased in all instances, as were algo the
fractions soluble in trichloracetic acid and
the fractions soluble and ingoluble 1n ethyl
alechol and in phosphotungstic aecid. As would
be expected the largest fraction was the |
fraction soluble in trichloracetic acid while
the fraction soluble in ethyl alechol often was
the second largest, The fraatiaa ingoluble in
- trichloracetic acid aid not show any sﬁgnifiaan%
change éz:ring the : incubation.
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{e) 5 per cent peptone and Y per cent casein

(d) 5 per cent peptone and 5 per cent caseinj
when the plates were poured, 0.2 ml. of
rennet extract, which had been f1ltered |
through a bacteria-proof filter, was
added |

(&) none.

‘ “;E‘i:te‘, portions were sterlilized snd plates poured.
The casein rmm& in msgengi@m The various
plates were m&ﬁla%é lightly by smearing pure
eultures over ttzé surfaces. One~half the plates
was incubated at 21°C. in oxygen while the other
half was ineubated at 21°C. in air. Ten strains
of Bagt. linens were investigated. The plates were
examined 1 week after inoenlation, |

With incubation in either oxygen or air, cul-
on the medium containing 10 per cent
| th and the color
was very similar to that encountered on varions
cheeses. With the medium containing 10 per cent

tures grown

peptone showed a lnmrimt e e




casein the Wt& was rather poor but the color was
somewhat 1ike that found on the medium with 10 per
cent peptone, Five per cent peptone and § per cent
casein gave the same results as 10 per cent peptone,
The rennet »extréxm uged in one portion of the
medium did not influence the color production. On
tryptone glucose extract agar alone, there was very
3.&'&‘1:1@ color yrmaﬁ.

The plates incubated in oxygen showed a more
intense color than those incubated in air; however,
the differences in the color production on the
various media were evident with elither type of ine
cubation.

From the results it appears that addition of
10 per cent peptone or 5 per cent peptone and 5 per
- eent casein to tryptone gjlamw extract agar en-
courages the growth of Bact. linens and results in
production of a2 color which has more similarity to
the one appearing normally on various cheeses than
' has the eolor produced on the medium without the
additions. They also suggest that the color pro-



linens when 1t 1= growing on chesses
may be due in part to certain produets resulting from
 the protein breakdown.

‘The effect, on milk eultures of Bact. linens,
of various materials that might be formed in or on
cheeses during curing was investigated by adding the
materials to the cultures, either at the time of in-
“oeulation or after growth was under way. Ethyl
aleohol wag included becausze it conld produced
readily through the action of certain yeasts or
ﬁthgr organisms on lactose. Litmus milk cultures

‘ Linens to whieh ethyl aleohol had m
added in snitable concentrations developed a red
cﬁi&r,ara‘hher than the blue color which is normal
without the addition of alcohol. This general
effect of added alechol on the 1itmus milk cultures

suggested an oxidation of ethyl dlechol to acetie
acid.

A& more detalled test was carried out using a




medium congisting of a 0.3 per cent solution of
dehydrated yeast extract. The medium, in 250 ml.
quantities, was sterilized in 6 liter Erlenmeyer
flasks and the organism was permitted to grow for
several days with frequent shaking of the flasks.
Ethyl aleohol wag then added and the frequent shake
Ing was continued. Eventually, the medium was dis-
tilled after adding a small amount of sulfuric acid,
The distillation involved a coneentration and then
distillation with steam. The distillate showed
considerable acid and it was examined for acetie
acid by the partition procedure.® The acid in the
distillate proved to be practicslly 100 per ecent
acetic,

Detailed tests were then conducted with higher
alecohols, using the procedure cutlined. In general,
the higher the aleohol the smaller the amount of
acid found in the éis%illate, whieh saggests ine

* The actual partitiens were carried out in the
laboratories of the Bacteriology fection of the Iowa
CAgricultursl Experiment Station.



creasing difficulty in the oxidation as the
molecular weight increased. Propyl alcohol yielded
largely proplonic acid btut there was some eviﬁ«mee
of another acid, butyl aleochol yielded essentially
only butyrie acid and amyl aleohol yielded largely
valeric acld with a trace of some other acid.
In the tests with hexyl and i;ia;}tyl aimh@ls only
very small amounts of acid were found in the dis-
tillates and, accordingly, no attempt was made to
carry’fmt the partition procedure. |

The results on the oxidation of different
aleohols by Bact.

inens suggest some interesting
possibilities in connection with the kﬁra@mtﬁm of

various compounds in cheeses.
pH tolerance.

The abllity of M« 1ine 18 to grow at various

pH levels was tested with 15 representative strains.

A 2 per cent peptone solution was prepared and
divided into ten lotz. The reactions of elight lots
were adjusted to pH values of approximately 2.0,
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4,0, 5.0, 6.0, 7.0, 8.0, 9.0 and 9.8 with hydro-
ehlorie aeid or sodium hydroxide and 0.1 and 0.5
per cent sodium hydroxide were &ﬂﬁaﬁ to tim rew
maining two lots. The final pH values were obtained
after sterilization, using a Beckman glass electrode
pH meter. Bach of the 15 strains was inoculated
into tubes contalning 10 ml. of the various lots
of peptone solution and one tube of each lot was
held as a eontrol.

A11 15 strains grew at a pH of apprﬁﬁmtaly
6.0 but none of them grew at a pH of approximately
5,0. All of them grew at a pH of approximately 9.8
and with 0,1 per cent sodium hydroxide added to the
medium but only eight of the strains grew with 0.5
per cent sodium hydroxide added. The most luxuriant
growth was obtained when the peptone solution had a
pH of approximately 6.0 or 7.0. The general resulte
agree with those of Kelly and Marguardt (6) who
found that Bact. linens did not grow below pH 5.85
but grew at pH 9.5 and grew best at pH 6.5

In order to study the survival of Bagt. linens




in litmus milk in which Streptoeoceus lactis was
growing, eight flasks, each containing 150 ml. of
litmus milk, were prepared and sterilized. Eaeh
.+ linens was then used to
inoculate two of t:i:m flasks., After Incubating
made on the
milk in one flask containing each strain; it was
assumed that the milk in the other flask had
essentially the same bacterial count. One flask

of four strains of Bac

3 days at Qti."‘c‘l, a bacterial count was

econtaining each strain then was inoculated with
8. lactis and counts of Bact. linens were made on
each of the eight flasks after 7, 10, 13 and 17
days (4, 7, 10 and 14 days after adding §. lactie).
The counts were made by smearing dilutions of the
milk, or the milk direet in some of ttm later counts,
on the surface of the special cheese agar and in-
cubating the plates in oxygen at 21°C. Table 3
gives the data,

 From the results 1t is evident that in the pure
cultures in milk Baet. linens devecioped extensively;
the maximum numbers noted with the various cultures




Table 3. Effect of §. lactis on survival of Bact
in 1itmus milk at 21°C,

Mf N

PR LT . ] ~:, . 4

Culture 8. lactls
No. ‘

¢  not added 55,000,000 310,000,000 520,000,000 180,000,000 54,000,000
‘added 55,000,000* 70,000 30 2 >
g ~ not added 21,000,000 160,000,000 130,000,000 230,000,000 120,000,000
added 21,000,000* 46,000 30 3 ‘ 51

. not added 130,000,000 300,000,000 230,000,000 280,000,000 75,000,000
8  added 130,000,000% - 670,000 ' 18§ g TN

o  mot added 132,000,000 150,000,000 250,000,000 480,000,000 260,000,000
added  132,000,000* 430,000 MET TN e >1

| per ml, a!'tm-

o %% el L

3éays . 7days , 10days , 13days , 17 days

Ll A g

* 5, lactis was added after count of Bact. linens was made on a 3-day
litmue milk culture. ' -



el

were reached ‘after 7, 10, or 13 days and there then
was a decrease. With 8. laetis added, the counts of
inens decreased rather rapidly; after 10 days
100 per ml,, after 13 days
they were below 10 per mi?.; and after 17 days they

the counts were below

were less than 1 per ml.,

vity in Litms milk.

The longevity of Bagt. limens in litmus milk
was studied by inoculating each of 1% representative
strains into a test tube of the milk and holding at
room temperature. From time to time transfers were
made from each tube to fresh tubes of 1itmus milks
thesge were incubated at room temperature and later
examined for growth. Each of the cultures was still
alive after 4 months, which was as long as the tests
were continued. During this perlod there was ex-

tensive concentration of the milk.,

Effect of desloccation.

Eleven representative strains of Baect. linens
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were investigated for their resistanee to desicecation.
Several strips of sterile filter paper were sosked
for a few mimites in a 48-hour xzﬁltum, in 1 per

cent peptone solution, of eafm of the strains and

then placed in sterile plates at

oom temperature

to dry. Fach strip was given ample room and drying

appeared to be rather rapild., From time to time a

strip of paper representing each culture was trans-

ferred to a tube of 2 per cent peptone solution.

After ineubating for 7 days at room temperature,

each tube of peptone solution was cultured for the

presence of Bact. linene, using the speclial cheese

agar and ineubating the plates in oxygen, #@ establish

the ldentity of the speeles developing.

| Transfers of the stz*ipg ai’ ‘paper to peptone
solution were made after 1, %, 11, 17, 22, 29, 36,

and 90 days. In each test with sach of the 11

strains of Bact. linens

active which indicates that in the dry state Bact.

;@ggg survives for extend:d periods.

s the organism was still
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The sodium chloride tolerance of Bact. M
was investigated with both skim milk and 2 per eent
peptone solution, In the case of the skim milk,
the amounts of sodium chloride necessary to give the
percentages desired to 10 ml., of the milk were | |
welghed into cotton stoppered test tubes and steril-
ized. Then 10 ml. of sterile skim milk was added
to each tube, with precautions agaimt émﬁamﬁmﬁm‘
In the cage of the 2 per cent peptone solution, s,:he
ﬁesﬁ.raé amounts of sodium chloride were added to
mlat:!.wly‘ large volumes of the g@lﬁtﬁ@, after
which 10 ml. portions were put into test mhés and
the tubes sterilized. Fifteen fayra~3@ntativa
strains of Bset. linens were mmmtm intoc both
skim milk and peptone solution emntaming 5, 8, 10, k
12, 15, 20, 25, 30, 35 and 40 per cent sodium
chloride; with 40 per cent sodium chloride, solution
was not complete and with czviain of the other con-
mntratima erystallization was evident as drying
occurred.



Growth of Bact. linens apparently was not delayed
by concentrations of sodium chloride up to 15 per
cent., In skim milk the organism eventually grew in
all the concentrations employed, but with the higher
coneentrations growth was delayed. In peptone solu-
tion growth eventually oecurred with all the strains
in all the concentrations of 30 per cent or less,
but with concentrations of 35 and 40 per cent 5 of
the 15 strains failed to grow.

The results indicate the great resistance of
Bact. linens to sodium chlorlde., They are in agree-
ment with those of Kelly and Marguardt (6) who noted
that Bact. linens contirnues to grow on the surface
of limburger cheese even when the salt concentration

reaches about the saturation point.

The heat resistance of Bact. linens was investi-
gated with 12 representative strains. One-tenth ml,of
a 2~day culture of each strain, grown in 1 per cent
peptone solution at Qlﬁﬁ., was added to 10 ml. of a

1 per cent peptone solution and 2 ml., portions were
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placed in éte?«ile agglutination tubes. The tubes
then were sealed and exposed in a water hath at
62.8%. for 5, 10, 15 and 20 mimutes. At the end
of the exposures the sealesé tubes were removed from
the water bath and cooled rapldly in ice water.
Then each tube was broken and the contents were
transferred to a tube of 1 per g¢ent peptone solu-
tion. After 3 days tubes showing growth were cul-
tured for Bact. linens to establish the identity of
the organism developing.

The results indicated that Bact. m is very
susceptible to destruction by heat., Only 2 of the
12 strains survived 62.8°C. for % minutes which was
the shortest exposure used. The results were cone
firmed in additional trials. Apparently, the
organism is readily destroyed by any adequate pas~-

teurization procedure.

Most of the strains of Bact. linens which were

isolated were tested for catalase. The usual pro-



cedure was to add 3 drops of a 3 per cent solution
aw,ww@xamam peroxide to a depression in a black
spot plate and then mix with it about 0.2 ml, of a
10-day litmus milk cnlture; the development of gas
was then noted. Usually, gas was liberated rapidly
in relatively large amounts.

411 the strains of Bact. linens which were

exsmined were catalase positive. Materisls other
than 1litmus milk in which Bact. linens had grown
also were satisfactory for catalase tests. These
ineluded peptone solution and liquefied gelatin.
Growth from agar slopes likewise rapidly liberated
oxygen from hydrogen peroxide. |
With 1itmus milk cultures of Baet. linens,
the maximum gas liberation oceurred after growth
for about 10 days. Cultures grown 24 hours liberated
only very little gas; as the culture aged the cata-
lase activity inereased until the culture was sbout
10 days old.
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General Deseription of Bact. linens

The following deseription of Baet. lineng is
basged on a study of more than 300 strains igﬁlated
from various materials in Jowa and Quebec. In 1ts
praparation the &aaariptiaa of Wolff (1%) was used
for comparison,
| Morphology (eultures grown at 21°C.)

Form and size: Rods; 0.5 to 0,75 by 0.5 to 4.0
microns (averaging about 0.62 by 2.9) when
grown 1 to 2 days on T. G, E.* agar.

Arrangement: Singly, in pairs and short chains.

Staining reactions: Stains readily with common
stainsy gram positive,

Spores: HNone observed; the organiesm was easily
destroyed by heat.

¥Yotility: Fone observed.

Cultural characteristies {eultures grown at 21°C.)

Agar slant: On T, G. E, agar after 2 days, growth
was abundant, glistening, filiform, non-viscid

* v, G. B, = Tryptone glucose extract (12).



Agar

Agar
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and cream colored., With extended inecubation,
the color usually was brown., On epeecial cheese
agar in an atmosphere of oxygen, growth was
bright orange to reddish-~brown in 4 or 5 days.
stab: Heavy surface growth on T. G. E. agar,
with no growth along the line of inoculation.
colony: On T, G. E. agar (surface inoculation)
after 1 or 2 days, colonies were convex,
glistening, smooth-edged and cream colored,
becoming brown on extended ineubation, OSome
eultures were viseld, Colony dlameters were

2 to 5 mm. On special cheese agar with incuba-
tion in oxygen, growth was more vigorous than
on T. G. B, agar in air and the color became
bright orange to reddish~brown in 4 or 5 days
{(See Pigures 1 to 4 inelus$v¢};

Gelatin stab: Crateriform liguefaction, becoming

infundibuliform on extended incubation. Rate
of ligquefaction varied considerably with dif-
ferent eultures, some completing it in 1% days,
others not completing it even with long incuba-
tion.
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13 on tryptone glucose extract
agars; grown

days at 21°%C, in air.




1?13;;.. 2. Bact. linens on special cheese agar;
grown 10 days at 21°C, in oxygen.



Flg. 3. ﬁ%ﬁ‘ inens on tryptone glucose extract
agsr plus 5 per cent peptone and 5 per cent
caseiny grown 10 days at 21°C. in oxygen.
Plate heavily seeded to give mass of growth
rather than well isolated colonies.
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Pig. 4. mﬁi‘ Lin on special cheese agar
inoculated with material frgm bel paese
cheesgey grown 10 days at 21°C. in oxygen.’
Other speeles are evident on the plate,



Beef extraet broth: Turbidity, sediment.

Potato: After 5 days growth was scanty, smooth,
glistening and varying in color from grayish
to brownish-orange., Medinm became grayish.

On extended incubation the growth sometimes
became abundant.

Litmas milk: At the begimning the changes were
very slow. After 6 or 7 days the reaction
beecame alkaline and a yellow sediment appeared.
After approximetely 10 days some digestion was
evident, Digestion generally reguired several
weeks to more than 1 month for completion.
Some cultures digested milk only slightly.

A distinet ammoniacal odor, more or less
objectionable, was produced in old cultures.
Coagulation never occurred. Ropiness often
was produced on extended incubation.
Biochemical features (eultures grown at 21°C,)
Indol: Not produced
Hitrates: Reduced to nitrites.

Methyl red reaction: Negative.

Voges Proskauer reaction: Negative,
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Hydrogen sulfide: Fxcellent growth on peptone iron
- medium, both as broth and as agar; production
of hydrogen sulfide was noted with some cultures
but not with others.

Lipolysis: Natural fats not hydrolyzed.

Fermenting powers Neo acid or gas from arabinose, .
dextrin, dextrose, duleitol, galaectose, inulin,
lactose, levnlose, maltose, mannitol, raffinose,
rhamnose, sallein, sorbitel, sucrose or xylose.

Catalase: Rapidly produced in or on various media.

Growth conditions

- Oxygen relationships: Aerobic.

Growth temperatures: Growth at 8% and 37°C. but not
at 45°C., with the optimum at about 21°¢C.

Heat resistance: Hest resistance low, eultures
being killed at 62.8%C. in a few minutes.

Identificatiaon procedure

Colonies that show the proper characteristies
on the special cheese agar are inoculated into litmus
milk., If the milk develops an alkaline reaction and
later i1z proteolyzed and the cells are gram positive



rods, the litmus milk cultures are tested for catalase.
If positive the cunltures are inoculated into gelatin
to determine theilr liguefying ability. Any addi-

tional tests that seem advisable are then carried out.



DISCUSEION OF REEULTS

| The method developed for the isolation of Bact.

inens, whieh includes the use of a special cheese
agar and the ineubation of the smeared plates in |
oxygen, offers some interesting possibilities from
the standpoint of the study of the organism. It
should ald in investigating the nmumbers and dis-
tribution of Bact. linens on and in various cheeses
and in the milk from which the cheeses are made.
The selective action of the medium is based on
various factors, such as control of certain organ-
sms with 5 per cent sodium chloride, a high pH or
" a combination of the two and the intensification
of the color produced with an atmosphere of oxygen
and with sodium oxalate.

The wide distribution of Baet. linens about
the stables and in the air of dairy plants un-
éeubﬁeély accounts for a,ﬁﬁée or less regular
eontamination of milk and eream with this species.
Tts high resistance to desiceation probably explains
its presence in dried materials of different types,



ineluding various feeds, hay and straw, and also in

the air. .
%&w.wwcwwwﬁ is the principal constituent of milk

attacked by Bact. linens. While fat and laetose are

not attacked by the mwmﬁaum%w the breakdown of protein

is extensive. This proteolytic action aceounts for

the importance of the orgenism in the ripening of

nawwwww cheeses on which the organism i: present

in large numbers in the surface slime, The finding

of Bact. linens in cheddar cheese suggests that its

importance there needs investigation, although with

the fallure of the Wﬁmmmﬁmﬁ to reslst high acldities

any @wﬁw@amwww@ growth in cheddar aWQmww feems W=

likely. However, there remains the possibility that

in awﬁwwwm products the buffer capacity may permit

wwm growth of wwm organism when it otherwise would

not oceur. Another possibility is that the production

of an alkaline reaction by the orgsnism may ald in

wﬁm;wmﬁqnaww in acid media, and even the produection

of alkali by other species may tend to protect Baet.

Jneng as well as the organism that was responsible

for the production, Yale (18) reported an organism
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on the surface of limburger cheese which might be of
importance in this commeetion, Cultures which
apparently were of this same general type were fre~
guently encountered on the plates prepared with
material from the zurfaces of varions cheeses.
However, the oxygen reguirements of Bact. linens
suggest that even with no other limiting factor its
growth in cheddar cheese would be greatly delayed
if not prevented. |

In all probability Bact.
spicuous role in the color production on ﬁﬁ& SUL -

linens playe a con-

faces of certain cheeses. Presumably, this color
production adds to %he general appearance of the
cheese, at least in the eyes of certain ﬁ@ﬁsamars*
From the studies carried out it seems that this color
production ig igfi&eﬁ&ad by certain products of pro-
tein decompogition and, of course, these may be the
result of the activity of either Bact. linens or
some other ripening sgent.

The action of Bact. linens on wvarlous aleohols

suggests some interesting possibilities in connection



with &airy products which undergo extensive bacterial
action. One species might produce an alechol which

later wonld be oxidized to the corresponding acld by
Bact. linen

organisms growing on or in cheeses conld be respon-

or sam& similar specles. Various micro-

sible for the aleohol production. |

The salt resistance of Baet. linens undoubtedly
is one of the characteristics which permits its _k
growth on the surfaces of various cheeses where the
salt content is eomparatively high. |

The active production of c¢atalase by the organism
may be of significance in clearing up the relation-
ship of Baet. linens to other species, particularly
in view of the fact that it is a2 gram positive

organism,
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SUMMARY

1. A satisfactory method was developed for the
isolation of Bact. linens from various sources,
A special cheese agar, in which are included
potassium citrate, sodium oxalate and 5 per cent
sodium chloride, is used and the smeared platas’are

inecubated in oxygen. With this general procedure

ens developed readily and the color pro-
duction was much aéwe intense than when tryptone
glucose extract agar was used and plates incoubated
in air, | '

2. Bact. linens was found widely distributed
in dairy preoducts and materials about stables,
especially in feeds, hay, straw, water and manure.
It also was found in‘thﬁ mouthe of cows and in the

air of stables and dairy plants, but was not found
in soil. |

3. Baet. linens produced an alkaline reaction
in iitmu5 milk and then conspicuous proteolysis.
On extended incubation it greatly increased the
s#lnb}& nitrogen in milk; but different strains



byl

varied considerably in the extent of the proteolysis.
Amino nitrogen was significantly increased, as well
as the fraction soluble in trichloracetic acid and
the fractions soluble and insoluble in ethyl aleohol
or phosphotungstic acié;

4. Eﬁg&, iinens was not lipolytlec. In unsalted
butter at 21°C., it produced a putrid condition.

5. ﬁaiarppraﬁmetimn on tryptone glucose extract
agar by §§gg*;;g§§g§“wag increased by adding 10 per
ﬁanklpeytaae @f 5 per cent pagtang and Skper cent
- ecasein.

6. In a medium consisting of 0.3 per cent
desiceated yeast extract in water, Baet. linens
produced volatile acids from various aleohols.

Ethyl alcohol yialéed practically only acetic acldy
propyl alechol yielded largely propionie ascid and
th&r@‘éas evidence of some athﬁf acid; butyl aleohel
yielded essentially only butyric acid; and amyl
alcohol ylelded largely valeric aecid with a trace
of some other acid. In the medium under the condi~

tions used, hexyl and heptyl alcohols ylelded very
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‘1ittle volatile acid.

7. In 2 per cent peptone solution Bact. linens
grew at a pH of approximately 6.0 but not at a pH
of approximately 5.0. It also grew at a pH of
approximately 9.8. In litmus milk in the presence
of 8. ;§g§g§! Bact. linens deereased in numbers
rather rapidly. '

8. Bact. linens survived in litmus milk at
roonm temperature for at least 4 months. When dried
on filter paper 1t survived for at least 3 months,

9. Bagt. linens grew in the presence of large
amounts of sodium chloride; all strains grew in
skim milk saturated with 1%t and some grew in peptone
golution saturated with it,

10. Bact. linens was rather easily destroyed

11. Bact. linens actively produced catalase
grown in or on various media.
12. A& description of Bact. llnensg was prepared.
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