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IITTRODUCTION

Bacteriological changes constitute one of the importunt
factors in the deterioration of bubter., Orgenisms of
various types ure able to grow and produce consnicuous
defects in both the umsulted or szlted product, The growth
of organisms and the accompanying development of defects are
influenced by the temperature at which butter is held., At
storuge bemperatures, such ag -23.39C, (-100F.}, no growth
oceurs but at4temper&tures s low ag 09C, (32°F.) some types
of organisms zre able to multiply and bring about various
kinds of deterioration. 4t still higher temperatures ad-
ditional nicroorganisms develop and couse & greater number
of defects.

Baoteriological defects In butter that huve been common
during the past few years zre those described as cheesiness.
The putrid type of chessiness is particularly widespread and
hag cuused much soncern In the nwjor butter producing
countries, In Canada the defect is designated surfaece taint,
in Aaustralia rabblto or a disagreezble aroma, in New Zealand
a foetid odor, in Dennark a putrid odor and in the United
States a putrid odor, limburger odor, or cheesiness. ‘hile
mich study, in different countries, has been devoted to the
cauge of the defect the problem is still not satisfactorily



solved, -

Because of the serious losses that have resulted to
.t}w industry from the putrid type of cheesiness and the
necessity for further information on its cuuse, the work
herein reported was undertaken. The invectigotion deals
principally with the bacteriological examination of defec-
tive cormerecial butter and the isclation of the causative

organisms, It ineludes a study of ischromchacler putrefaciens

in experimentsl butter and the effectz of various factors on

the development of the putrid defect by this spseies,



GRIERAL CONSIDAR.LTIONS

The Problen of Designation

The term cheeoginess as applied to bubter defeeté
includes & wide range of off flevors and cdors which
vary from those suggestive of roguefort or of limburger
cheese to those supgestive of swisgs or of cheddar cheese,
The roquefort like defect is probably due to the formution
of a methyl ketons, such as methyl n-amyl ketone, fron
caprylic acid liberated from the butter fat and is readily
distinguished from the other types. The llmburger defect,
often desecribed as pubrid or surface taint, is undoubtedly
caused by protein breaskdowmn and when typicual is distinct
from the swiss or cheddar types of cheesiness, The defsct
suggestive of swiss cheese appeurs to lie between the
linmburger and cheddar types ond may arise from a combination
of protein breakdown and fat hydrolysis. The characteristic
cheddar odor is less suggestive of protein brezkdown and may
be more closely assoclated with hydrolysis of fat.

There is no sharp dividing linc between the different
types since, like other bucteriological defects, eaeh under-
goes a progressive sequence of changes according to the
growth of the cousative organism. At some stage of develop-

ment one type of defect may resemble another. Furthermore,
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since organisms capable of causing different types of
cheesiness may be present at the sume tiie, various
conbinations of the limburger, swiss, and cheddar defects
may oecur in butter. In these combinations one type of
defect may predominate and then give way to znother, or

& blending may result in a defect suggestive of wnore

than one type of cheesiness, Under such conditions a
definite description of the defect is diffieult.,

The putrid type of cheesiness is the nost impordant
because of itc obJectionavle characteristics and certain
peeuliarities in its development. Outbrecks are not
confined $o plants obviously having unsatisfuctory sanitary
conditlons but often oecur spasmodieally where adequate
precoutions apparently are used. The defect develops in
butter from erean of high cuality as well as in hutter
from the lower grades. The fuct thut the defect is often
not apparent until the butter is 1in retcil trade channels

makes it particularly objectionable,

Reproduction of Bactericlogical Defects

HMiceroblological defects of bubter are charactorized
by the fze¢t that often they eun be reproduced by inoculsting
defective butter iabto pasteurized cream and churning the
crean. Freguently, defects may be carried through four or

five successive generations by churning erean inoculated
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with the butter just previously made, Suech & reproduction
18 evidence thot the defect 1s caused by microorganisus.

In studying defective butter with the object of
isolating the causatlve organisms there are several factors
that affect the situztion, The age of the sample is
important since the isolation is frequently hendiecapped by
the fact that in old samples only the nmore hardy typss of
nmieroorgenisms hove survived. Unless the original defect
is definite, it may be difficult to recognize in experi-
nental bubtter when reproduced by an isolated organism,

The stage of the defect should be considered when attemp-
ting to reproduce the condition.

After the isolation of a suspected organism, certain
points must be considered in studying its effect on bhutter.
Such factors as temperature and time of storing, salting
and working influence the development of defects by bacs
teriz and must be considered in experimental procsdures
and in interpretation of results.

Host bacterisa causing defects In commercial butter
grov at comparatively low temperatures, 5° to 10°C. or
lower. 4t such temperatures defects are produced relatively
slowly and nmay be somewhat different than those produced by
the organisms at roonm temperature.

The time of holding butter influences the degree and
sonetimes the type of defect. 4o memtioned previously,

the progressive changes that occur due to the growth of
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the organisems may result in defects thut differ from one
exanination pseriod to the next.

Salt 1s known to be an inhibiting factor in the growth
of bacteris, the effect varying with the concentration, In
a lot of butter the conccuntration is seldon uniform through-
out, and organisms may grow at some poinbs and cause a
defect even though the general salt conbent, as indicated
by the ususl methods of wnalysis, should be sufficient to
prevent growth. The distribution of salt iz closely corre-~
lated with the size and distribution of the molsture drop-~
lets, which in turn arec controlled 1a;gely by the amount of
working the butter receives,

In unsalted butter it has been shown that thorough
working is a factor in comtrolling bacterial defects
{6, 17; 22). The moisturs droplets are incressed in number
and the proportion infected becomes smaller; they are slso
reduced in size and the food supply avallable for the
growth of organisms is correspondingly less.

Since some of the above conditions muy not be the
same in butter made in small lots as in commercial butter,
results obtained experimentally should be interpreted

carefully.
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HISTORICAL

L

Relationship of Bucterial Flora to the Keeping
¢uality of Butter

In studying the relationship of bacteria to the
quality of graded butter, Sadler and Vollum (28) considered
that there was no correlation between bacterial count and
grade. Similerly, Grimes (11) found no relstionship between
filavor score and the nicroblological condition of butter.

From an investigution of the fuctors inflweneclng the
keeping quality of salted butter in cold storage, Loftus-
Hill, Scharp and Bellair (19) conecluded thut bacteris had
little effect in deterioration. The counts before storage
did not correlate with the grade of the butter, neither
4id the change in grade during storag@ show any relation-
ship to the bacteria present.

Guthrie, Scheldb and Stark (12) stated that the
bacterial spoilage of butter under commereial conditions
was of ninor importance, "--but that the importance of
spoilage due to the growth of certain types of bacteria
in butter previous to and after removal from commercial
storage should not be minimized"”. They added further
that recontanlnation after pasteurization should not be

overlooked ag a faetor in butter spoilage.



From thelr work on the keeping quality of butter from
sour cream, Flake and Parfitt (9} comcluded that large
nunbers of lipolytic crganisms ufter storsge were elosely
associated with poor keeping quality., The correlation was
particularly close with samples developing & putrid defect.
Iiigh counts of proteolytic organisms apparently 4id not
show as constant a relationship. Later, the same suthors
(10) studied some causes of deterioration at 15.5° €, of
salted butter from sour coreanm. They obssrved that the
group of samples dropping 2 to 2.5 points in scors and also
the group dropping 4 pointe or nore, generally contained
large nubers of pr@taélytic organisma, The group dropping
3 to 3.6 pointe in score, however, generally showed small
numbers of proteolytlc organisms. The suggestion was mdée
that the organisns causing the deterioration my have died.
Butter developing & putrid defect usually had higher
proteolytic counts than that developing other off flavors.

Jacobsen (16) observed no correlation betwsen the
nutbers of lipolytic and proteolytic bacteria and gpecific

flavor dsfects ln butter.

utrid or Surface Talnt Dubter

TFoasible causes of the defect

The mutrid defect in butter has been attributed to a

variety of orgenlsms and other fzctors.
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Zekles (8) considered Bacterium fluorescens liguew-

facisns one of the main ecausative organlsms in the putrid
butter investiguted by hin in 1901,

Hunziker (15) stated that abnormmlly low acidity of
the crean brought about by excessive peubralization
appeared to favor the limburger flavor defect in bubter,
when such factors as bacterial contamination were present,

The putrid defect of bubtter has recelved considerable
study in Canada under the designation surface taint., Sadler
and Yollum {28) investigated an outbreak of the defeet in
western Canada, They stoted that newly cut surfaces of the
defective butter did not have the nutrid odor but soon
developed it., These investlipgators falled to arrive at a
definite conclusion concerning the cause of the defect.
They found colon types and Baclillus types of bucteria in
large numbers, both in the butter and in the wash wuter used
in the plants concermned. Subsecuent improvement in sanitation
renmedisd the outbreak of surface taint butter. IExperinents
with combinations of orgenisas isolzted from defective dbubtter
gave some suggestion of producing surface taint when used in
neutralized crean. These workers considered that neutraliza-
tion of the cream nmicght be a partial eszuse of the defect in
the resuliing butter.

Browvn {4), in reporting on the guality of New South
Wales butitor, descrihed a disugreeable aroms which was

evidently sirdilar to the putrid odor in utter in the
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United States, Listing the principal characteristics of
the defect, he stated that the flavor was not ag bad as
ﬁ‘ﬁe odor. In mildly affected butter the Tlavor was of a
slightly cooked netures 7The defect occurred in comporo-
tively high seld bubter as well a3 in low acid bubtter.

It was noted oecasionally that when butter was mde in
different churns wilth crcam from the szme lot only some
of the churnings developed the disagreesble odor. in
interssting observation was that the odor never developed
in rew or paateurized cream or in butter from raw ¢rean.
The prescnce of the slightly hested flavor and the fzct
that the defect wos found only in butter from pasteurized
crean supgested that the process of pastourization con-

tributed to the defect. DRucterial action was considered

)

to be partially responsible, but the defect could not be
satisfactorily attributed to this cause alone.

drown {(4) quoted from a report stating that putrefying
bacteria were not constantly present in lerge encugh numbers
to be the cause of the defect. It was thought that
putrescent materlal wae squeezed from ¢racks in the churn
and spread through the butter during working. This material
continued to decompose and gave rise to the disagreesbls
odor in the butter.

In & study of an outbrsuak of surface talnt, ilood and
White (14) found laerge numbers of yeasts, molds,and

proteolytic organisms in much of the defective butter.
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The acidity and the curd contents of the utber were
normal, The water supplies were considered the source of
the ecausotive organism, Pure cultures of protecliytic
bucteria from the water produced the defect in experinental
bubter. Surface taint was observed in bubtter having a
salt content of 2.67 per cent. High salt econtent as =z
preventive measure in controlling the defect wus considered
impractical due to the demand for low salt butter.

Shutt (29) pointed out that many surfuce taint out-
breaks occurred in plants using apparently adequate sani-
tary precautions and churning a high grade of cream. ile

aggoclated the defect with croam of low acidity. Iseudo-

monas fluorescens, entering the butter through the wash
water, was considered the causatlve orpunisn.

In deseribing the dsconposed odor occurring in bubter,
Sutton (31) stated that the defect possessed two striking
characteristics, namely: the rapidity with which the
defect developed in apparently satisfauctory butter, and
the apparent lack of correlation between numbers anté  types
of bucberia and the defect,

Derby and Hammer (7) considered thut there was little
correlation between the general types of bacteris in butter,
as showvn by beef infusion agar plates, and the occurrencs
of surface taint., “While the defective butter frequently
ghowed large numbers of nicroorganlsmg, particulsrly at

the surface, some samples had rather low counts. The flora
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obtained from surface taint butter differed little fronm
thot of normal butter. The predominant orgenisms on
plates poured with the off flawvored butter failed to
glve a typicecal surface taint defect when inoeulsted into
crean and the erean churned.

From a number of samples of surface taint butter,
Derby and Hammer (7) isolated an organism which they named

sehromobacter nutrefaclens. By plating on beef infusion

agar, they were unable {o obtain this organism conslstently
from defective butter aund they =zttenpbed to develop an en-
richnent method which would glve better results, Since

the organism grew well at low tenperatures they inoculated
surface taint butter into litrmus nilk, incubated at ©OC,
until reduction occurred, and then plated on beef infusion

agar. This nethod resulted in additionesl isolations of

Achromobacter putrefaciens, although 1t was obtained only
in small numbers. The organism was capable of producing a
strong surface taint defect in butter at both 21° and 5°C,
Several other types of bacteria capable of producing the
defect were isolubed, slthough a variety of enrichment
nethods were used, a number of sanmplss of surface taint
bubtter failed to yleld organisms capable of producing the
defect.

Herreid, Macy and Combs (13) investigeted the causes
of cheesy {lavors of the cieddar typé in unsalted butter.

They obtained nixed cultures fronm defective butter that
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raprodueed the cheesy defects when wdded o the eream used
for c¢hurning, The cultwres would clso nroduce a defect in
the butter vhen inoculated into the waeter usged for washing.
Certain of the nmixed cultures produced a pubtrid rather than
cheesy odor in butter at some stage of the holdimg pericd.

According to Flake and Parfitt (9), putrid flavors in
butter wvere agsoeciated with i values of &,.75 to0 7.85 as
well ag with low salt contents.

Bacterdwn fluoresceng licuefceicens, among other organ~

isns, was associated with putrid flavors in butier by Sproule
end Hanmilton (30). Low scidity and low salt cntent were
also suggested as conditions favoring the defect, Gater
supplies were considered a source of contamination.

Cullity znd Griffin (6) cited ths work of Loftus-Hill,
Scharp and Searle In whilch organisns capable of producing
rabbito were isolated fronm fectory weter supplies, churns,
and row and pasteurized cream. The water supplies were
congidercd to be their natwsasl hebitat. The orgenisms were
ginilar to those isolated by Derby and Harmer (7) fron
surface taint hutter. Loftus-ilill, Scharp and Searles con-
gidered that poor texture in butter favored the production
of the putrid condition.

The rabbito defect in ‘ustralian butter was & scussed
by Cullity and Griffin (6). They stated that a sweetish
flavor suggestive of condensed ndlk was sometines noted in

the defective bubter. aftor the bubtber wag held for some



tinme at comparatively high temperutures, this fluvor becume
vary objectionable but the putrid odor seemed to disanpesar.
The authors reporided a number of investigations nade ag
plants experienclng outbrecks of rabbito., The exaninations
were thorough and in each case the cause was traced even-
tually to the factory water. liew water sourees elininated
the trouble., During the investigations, muny tyres of
bacteria, purticularly proteolytic types, were used in
experinental churnings, These organisnms failed to repro-
duce the typiecal defzet. Otler orgonisms were isolated
from water suppliss and, on sterlile butter plates, guve

an odor resembling surface taint. The cultures were short
lived which suggested that the orpganisms causing rabbito
might have the same characteristic, ‘pnarently, Achrono-

bucter putrefaclens was isoleted from two wutar supplies.

&

The cuthors steted that there appeared to be some variation
in the types of Lhese organigns. 4An instance wus deseribed
in which the defect developed after faulty working of the
butter.

Culiity amnd Griffin (6) conecluded tentatively tmut the
causative organisn was probably water borne and thot foel
of contemination were built un in churns and eculipment fron
initial contaminatien from the water., Thorough working and
high salt content of the Wutter, as well as high aeldity in
the cream, were factors thut retarded the developrent of the

defect. The authorsc remcrked thuet the whole story was not
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known,

rubreracisns hoe been isoloted from swfoce taint bubtter

as well as from vieter suppliss of plants experiencing

trouble with the defect (33).

Water supplies ac a source of organisms Gususing the pubtrid
Iefect

Various investigators have considered that the organ-
isme causing cheesy or nubtrid butter come from contaminsted
wash water. IJurly workers demonstrated that butter washed
with water having ¢ high baecterial count, or containing par-
ticular types of bucterin, was usuxlly of poor keeping cuali-
LY.

Milich (23), in studying the effect of bacteriu in
wash water, found that butter washeé with water of low
bacterial count kept better than that washed with wuter
of a higher count.

Bacterium fluorescens liguefaciens was found by Busch

{5) in 13 per cent of the water samples examined. The
abllity of the orgenism to hydrolyze fat and its influence
on the keeping quality of butter were noted. Gensral
caution was adviged regerding the wash water used in butier
plants.

Virtanen (52) considcred that the grestest bucterial
spoilage in butter was due to water types, such a2 Bacterium

fluorescens and Baeteriun nuncbtatum. e stuted that these
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organisms could withstund high temperstures but were
susceptible Lo salt und acid, Virbunen suggested that
nzynes produccd in the ereanm might not be destroyed
by pusteurization and hence could cause defects in
butter, cven though the bacteria themselves were not
present, Gelatin liguefying bucteris were considered
the caunse of most bacteriolorical defects in butter.
Anong the conclusions resched by Rument (27) on
the relationship of wash water to the keeping quality
of butter were: asweel crecan butter held more bacteria
than sour éream.butter during washing; butter retuined
fewsr bacteria froi the wagh water when the consistency

was fimm wnd the lwws lorge; Dacteriun fluorescens

licuefaciens wos one of the nore common water types
«ffecting butter; the fluorescent bacteria genorslly .

¢id no mnltiﬂ1v in butter at a DI of 4.2 to 4.9,

Jedler and Vollum (28), Shutt {29), ilood und Yhite
{14), Herreid, ilacy and Combs {13) and Cullity and Grif-
£in {8) have all considered that the organimms causing
surface taint znd cheesiness freguently come Iron con-
taninated wash water; a nunber of insbances have been
cited in vhich a change of water supply was a renedy for

rutrid butter outbreaks.

The churn ss o source of orgonisms causing the putrid defect

For o number of yeurs it has been recognized that the



churn is a significant source of mdcroblological contani-
nation of butter,

In studying the niceroorganisns in churns, Olson and
Hamnmer (84) lsolated @ nwiber of orgnnisms that produced
cheesiness in expoerinental dbutter., They found with une
salted bubter thot rancidity was the most common defect
in butter from contaminated churns, while cheessiness was
the mogt cormon defect in butter from clean churas,

The redort of Cullity and Griffin {6) showed that
churns and other egulpnont were an Lmmediacte source of
organisms caueing the putrid defect. The water supplies,
however, were considercd to be the nprimury source of these

organisms,.
Distribution and Development of Bacteria in Bubter

Rohn, Brown snd Sudth (26) rnde successive bacterio-
logical exaninations of sarples of bubtter and found that
dally »letings dld not always show the same types of boc-
teric. A ecertuln species mipght be found in roasoncbly
large numbers on the first day, not appear in the next
several exaninations, and then be observed on final ex-
aninction. The cexplanctlion offered was that thers were
only a few plaoces in the butter where such organlisnms
occurrad and perhaps rmmultiplied. These organisms were

regarded &5 too rure to be of zignificonee., The zuthors
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also sugce other ploces the sazlt =night not



reach all the smellest butbtermilk dropes even after careful
working, Orpganisms would develop readily in thess plaeces,

In a study of the distribution and growth of bacteria
in butter, Rehn and Boysen (25) pointed out that there were
more than 100 molsture droplets to every bacterial cell
present. The amount of moisture infected depended on the '
nunber of bacterla and the amount of working of the butter,
In overworked bubter more moisture was made sterlls., They
suggested that scid might diffuse from one droplet to the
next and hence allow more bacterial growth in the first
droplet, @Working butter as much as possidble assisted in
preventing deterioration by bvacteria,

Knudsen and Jensen {17} stated that butber worked
conslderably and having a fins distribution of water kept
better than butter worked little and having « coarse dis-
tribution of water. 4lso, sueh butter, when unsalted,
kept better than salted butter with a less thorough dls-
tribution of water. They offersd the explanation that
the salt drew the water and made coarser droplets and
that organisns not inhibited by salt could grow. ZXEnudsen
{18) also showed thut large molsture droplets favored mold
growth in butter in a manner similar to bacterial growth.

Long and Hammer (21) demonstrated by the use of the
Burri smear culture technmie that the distribution of bac-
teria in butier was very irregular, both in numbers and

types. They further showed thut types not obtuined by
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the usual plating nethod sonetimes could be obtalned by
smearing small portions (approximately 1/20,000 gram) of
the butter on agar.

The same workers (22) found that, in unsalted butter,
the growth of various organisus and the production of de-
fects by them were influenced by the extent of working,
there being less growth and deterioration with ineremsed
workinge The results were atiributed to the finer dise
porsion of molsture obtained and to the corresponding
decrease in food snpply available for nmicroorganlsns in

infected droplets.



HETHODS

Samples Studled

The sarples of defective butter studied come fronm
plants in several states of the middle west. The original
sources of a nunmber of sumplesc were unknown since they were
obtained fron marketing organizations. Some of the samples
were 4 or 5 days of age but the majorlity was from several
weeks to several ronths old. The samples showed the putrid
defect to varying degrees, some being very marked and typi-
cal while others were nild or questionable; a few samples
definitely sugpgested other types of defects. Host of the

butter was salted.
dethods of DBacteriological Zxamination

In most cases the buacterioloslcal examination was
begun as soon as the butter sauple was received. When
this was impossible the sample was held at about 5°C. and
examined as soon as convenient,

Butter was preparcd for plating by placing & portion
in & sterile petrl plate, warming gently over a small flame
and stirring with a warmed, sterlile pipette, Care was teken

to avoid settling of the scerum. Dilutlon blanks were warmed



in a 45%¢, incubator.

Beef infusion ugur huaving a pi of 6,8 to 7.0 was used
in all bacteriological exzanminations. Various other medis
and modifications were used from time to time in compara~
tive studies but wers discarded as inferior to beef in-
fusion agar. For the purpose of demonstrating lipolytie
énd proteolytic characteristics of the bacterisl flors,
fat enulsion and sterile skin nilk were added to the nedia
before plating. The fat emmision was prepered. according
to the nethod of Long apd ilammer (20), Five per cent of
both fat emulsion and skim milk were used. Plates were
incubated at roonm temperature for 5 duys; frequently dupli-
cate sebs were held at 5° or 109C, for 10 to 14 days. Ix-~

aminutions were made often during incubation.
iiethods for pH of Serum and Acid Number on Fat

Vhen the original butter samples were larges enough,
pE values were deternined on the bubter serum, The serum
was obbained by nmelting the sanmple and then centrifuging.
The pH deteminations were made with a cuinhydrone electrode,.
;4614 numbers on fat were deterndnasd on 10 gronm semples
aceording $0 the msthod of Breazeale and Bird (3), and

expressed as rdlliliters of 0.1 normal TOH,
Churming liethods

For muking the experimental churnings sweel cream of
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good flavor was thoroughly pasteurized at 85° to 20°¢, for
s about 30 minutes. After being cooled the creanm was divided
among -1 number of quart mason Jars In each of which a pint
of cream could be churned., Defective butter, sultures of
organisns or water samples were then Inoculated into the
eragn and the Jjars placed at about 10°C. overnizht for in-
cubztion. When inocculuting with butfer, 5 to 10 grams were
used; the orcam was warmed and the butter well mized with
it. After coollng again it was placed at the incubation
temperature,. The eultures or water samples were added
directly in varying amounts.

The c¢hurning was done in an experimsntal churn having
compartments for holding the mason jars, The devise was
connected with =z motor and zgltation was obtained by ro-
tation of the shaft. The bubter from each Jar was washed,
worked with hand paddles in enamel bowls and divided into
two portions. These portions were placed in smsll glass
jars {covered) and stored =t 21°C. and sbout 5°C,

All eguipment, wash water and salt (where used) were
sterilized by autoeclaving.

“When 4t wus desirable to have more than two szmples
of butter fron one churning, & one gullon Duzey chum was
used. This churn was sterilized by fllling with a chlorine
solubion and allowing it to stundé overnight. It wes rinsed
with sterilc water before using.

Traninations of experimental butter held at 21°C, were
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nede daily. Samples held st 59C, were exanined at intervals

of sbout 3 to 4 days,.



Prelininery Studies

fzamination of defective butter by plating original samples

In the early part of the work attempits were nadse to

relate the putrid defecet to the doninant types of organisms
rpearing on beef infuslon cgur plates poured with commercial
defective butter, Various samples of tynicually rubrid butter
of different ages were plated and the plates incubated at
roon termperature. Colonica representing the modn types were
picked into litmus milik. after developmsnt the culbures

were inoculated into pucteurized crecam and the crean churned,
The unsalted bubter was held at 212 and 59C. and exanined
frequently for the appearance of o defect similar to the
original. Mo pooitive results wore obtained, the defects
which developed being indefinite und not suggestive of the
typleal putrid condition.

Attention wac next directed to the isolation of
organianms which night be expected to cause a notliceable
change 1n butter. /ith the aid of skim =milk and fat
ermulsion added to the agar, nunerous proteolytic and
lipolytic types were plcked and, after development, zdded

+0 erzan for chuming. Varlous combinotions of the cultures



were also used in attempts to reproduce the original defect.
Hany of the organisms appearing on the plates, when used in
pure culturs or combinations, produced defects in dbutter
and these varied widely., llone of the odors produced, how-
ever, wére of the characteristle putrid type, and hence the
organisms could not be considered the ccuse of the original
defect,.

' The exanination of the oririnal butter indicated thut
the florg as ghown by beef infusion agar plates, was not
related to the defeot and that other methods of isolating

the causetive organisnm would need to be applied.

Development of enrichment nmethods

Since the nutrid defect develops commercially at
camparatively low temperatures, it was thought that en~-
richnent methods at about 10°C. would increase the relutive
nutbers of the causative organisms., Accordingly, the
following schene was adopted, Pasteurized cream was
inoculated with defective butter and incubated overnight
at about 10°C., It was then churned, the resulting unsalted
putter stored ot 21° and 59, =znd exanined frequently for
the development of & defect sinilar to the original. Uhen
the butter becanme pubrid it was plated and colonies picked
in the nanner used with the original commercial samples,

In a number of cases the defective experimental dbutter

was again inoculated into ¢ream which was then held overnight



at about 10°C, and churned, The butter wus stored as
before and the sure bacteriolosleal exanination was applied.
In ather cases the original bubter was inoculuted into
1itmus nmilk whieh was incubated at 109C. for 4 days or at
59, for 2 weeks. These culbures were then used in making
experimental butber which was examined and plated as usual.

The purvose of the above procedures was to increazse the
nunbers of organisms capable of groving at low terperatures
and a&lso to assist in recognizing thut certnin organisns
were not the cause of the defect. For exumple, if the flavor
defects of the original bubter and the succeeding experi-
mental samples were simllar while the florms shown on plates
differed significuntly, organisns not common to the varlous
floras probably could be eliminated as the cuuse of the
defect,

From the plutes poured with the experinental butter,
colonises of different types were picked into litmus nilk,
Particular attention was given to those types that appeared
eo&éistently in samples that developed the putrid defect
through successive chumings., TFrom the colonles pilcked,
cerbain culbures were selected for inoculation into cresm
which was subseguently churned., Some cultures were selected
on the basls of thelir ability to cause noticesble changes in
litmues milk snd also on the freguency with which they
oceurred in the butter. In the early stages of the work
it was believed that cultures night =il to produce an
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objectionable chanre in litmus nilk and yet cuuse strong
flavor and odor defects in butter. Conseguently, cultures
producing little change in litnus nilk were slso investi-
gated.

It was congidered thut organisms bringing about little
change in 1litmus ndlk nisght produce off odors in other
meéla. Agcordingly, severcl different liculd nedic were
tried, These consicted of crean, coseln mediun (2),
casein median plus peptone, and eaeh of ithe two latter
medla adjusted to a slichtly alkoline recctione ILitmus
nilk was uzed oo a basis for comparison. Ilo consistent
ndventage was obtained from the use of these nedia,

A nunmber of diffcrent solid nmedis were also used for
plating the butter in an effort to obizin growth of organ-
isme not appearing on ordinary beef infusion agar plates.
These consisted of easeln ager mediun jz), casein agar
me@iun plue peptone, beef infusion agar plus butterfat
and cssein, and beef infusion agar with a pH of approximately
7«5¢ The results with these mediz on different butter
semples showed no consistent advantage over beef infusion
agar and ssveral were quite inferior,

In the attempis to use enrichuent methods, no success
wag achieved in isolating, from defective bubter, organisns
capable of producing a putrid odor characteristic of the
original butter when they were inocculated into erean and

he orsapn churned.



- 31 -

application of the Durrl Technic to the
Zxamination of Defective Dutter

-4

n applying the Burri srear culture techniec to the
exenination of butter, Loung und Jumer (21) found that the
method sometines demonstrated tynes of organisus not evident
~on plates poured in the usuul manner, They belleve that
organisme were better able to initiaste growth when elumps
of cells were seeded on the agar, as with the Burri nethod,
and that organisms present in smsll numbers were not diluted
out when portions of butter containing then were smeared on
agar.

The procedurc (£1) consisted of pleking tiny vortions
of butter {about 1/20,000 gran) with a platinum needle and
the a8id of a 6% binocular wndé smn&ring then thoroughly over
the surface of a 4Gry beef infusion agsr slant, Usually 10
to 25 gcrtié £ were picked from different points in the
butter and smeszred on separute cpur slants. The slants
were incubated at'room.tem§er&ture for 4 days and then

exanined for numbers and types of orpaniems present,

todification of the method as applied to the problen

Sae&use of the fulilure of previous efforts to 1lsolate
the causative organism fron pubtrid butter, the asbove proce-
durs, with slight nmodifications, was applied to the exanlna-
tion of defectlive samples., In place of the agar slants,
petrl plates were poured with beef infusion agar nlue

fat emulsion and skim milk and allowsd to solicdify.



Attempte wers nade to avold the formution of wabter droplets
on the agar, sund if such occurred the plates were placed at
37°C. until dry. The plates were marked into six sectors
and esach sector sneared with é tiny portion of butter,
Usually three plates were smeared from each sample of
butter. These were incubated at room temperature for 5

days and were exanined daily for the appearance of different

types of organisms. The use of plates in place of glants

ot

v

of aGvantage in thut colonles were edasler to exanine

4]

and pick, while the addition of fat emulsion and skim milk
to toe agar nade possible the detection of lﬁpolytic and
proteolytic colonies. '

The effectivencss of the sgmear technic in demonstrating
types of orgapnlsms not obbtained by the uswal plaﬁing PIroce-
dure #&s shown by axaainations of scmples of butter having
various defects. A nuﬁber of typical examples arc outlined
below. |

General types of organisms obtained from defective butter
by olating and snearing '

EXAMPLE NO. 1, The usual plating method gave largely

orange and white Micrococcus colonies with a sasll
number of moist, dark colonies.

On smearing the butter the same three types of
colonies were apparent., In addition, & nusber of
small dark colonies, many brownish white, proteolytic

colonies, und slso a number of colonies rother similar
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to the aAch. nutrefuclens type, but not proteolytie,

were present; these three additional types were guite
conspicuous.
EXAMPLE NOs 2. The types appearing on poured plates were

entirely orange and white Licrococcus colonies,

The smear nethod dcmonstrated the same lilerococcus

types and in addition a number of dark, proteolytic
colonies,

X GWLE XQ. Se On poured plates moist, white eolonies that
were both lipolytic and slightly proteolytic con-
stituted practically the whole flor& of the butter.

Plates smeared with butter showed the same type
t0 be most common. lowever, other types were readily
apparent. These iﬁciud@d a snall transparent colony
and & rather white, transparent, non-proteolytic
golony. _

ELAMPLE NO. 4. The plating method demonstrated the fol~
lowing types: mnainly white proteolytic colonles

suggestive of Pseudomonuas frugls; o few Bacillus

colonies; a nwiber of slightly fluoreseccnt colonies,
The smcar nethod gave types as follows: many

colonies siniler to Pseudonenas fragl: o nusber of

strongly fluorescent colonies; some smull transparent
types und o few Baelllus colonies, In addédition,

colonies resenmbling those of Ach. putrefaciens were

readily observed.
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With very few exceptiongs, results similar to the above
were obtained when samples of butter were examined by thé two
nethods.,.

The smear technle rather regularly demonstrated types
of organisms that 4id not appeur on poured plates., Freguent-
ly, an organism that was absent'on the pourad plates was
obtained in almost pure culture on one or more smeared sec-
tions. The superiority of the smear method for isolsting
the various species of organisme from butter was recognized
and it was éccordingly used in attempts to isolate the
organisas responsible for the pubtrid defect in commercial
butter.

Effcctiveness of the Burrl Technic in Isolating

Achromobacter putrefaciens from Commercial
ubria pButter

Becguse of the effectiveness of the Burrli method in
demnnétrating in butter, organisms that were not found by
plating, the method was used in conjunction with the
plating procedure in atterptling to isolate the causative
orgenism from putrid butter. The excminations involved
comuerceial putrid butter and also bubtter made by churning
cream inoculatéd with an original sample. In many cases
experimental butter was inoculated into crezm and the
crean churned so that additional experimental churnings
were available for study. Occasionally, other modifications

in enrichment procedure were applied. In testing isolated



- 35 -

organisms for their action on butter they were lnoculated
~into ersan and the cream churned; the butter was held at
21° and 59, and examined freguently. Data involving a
nunber of examinations and leading to the detection of
the causative organism are presented in the following

exarplesS.

Sample A,

The sanple was obtained from a car of butter and
represented an ordinary commercial chuming. The putrid
defect was so distinet that the bubter was practically
unsalable and resulted in a significant loss to the pro-
ducing plant. The sample was relatively fresh and mildly
éalﬁed. Since the Burrl procedure was not applied until
the later stages of the exanination, some of the data
comparing the Burri and plating methods are not us complete
as with later sarples.

The original butter was plated in the usual nanner.
The baeterial counts and the colony types on the piates

woere as follows:

Bacterial countsg Remarks on maln colony types
Total 125,000 per ml. The doninant types were vhite
- ' proteolytic and non-proteolytic
Proteolytie 35,000 " ¢ colonies and pale orange, pHTo-
teolytic colonles, Helther these
Lipolytic 1,000 " " nor less common types reproduced
the origlnal defect experi-
nentally.

4t the time of pluting the original butter a portion

was ingculated into pasteurized cream, held overnight at
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about 109C., and then churned., Portlions of butter from this
churning were held at 21° and 59C, and exemined freguently.

The sample held at 21°9C, became putrid in 2 days, The
bacterial counts and general colony types shown by plating
were ags follows:

Bacterial counts Remarks oun main colony types

Total 31,000,000 per ml. OGenerally the same types
were present as with the

Proteolytic 2,800,000 " " original bubttsr. A few other
types were present in small

Lipolytie 4,500,000 " " numbers., None produced a
putrid defect in sxperimental
butier.

The sample held at 5°C. was putrid in 7 days. Plating

showed the following bacterial counts and colony types:

Bacterial counts Remarks on main colony types
Total 6,200,000 per ml, Large, molist, lipolytie
colonies constituted the main
Proteolytic 1,060 " ® +{ype; they 4id not reproduce

the original dsfect in ex-
Lipolytie 3,500,600 " " vperimental bubter.

“hen the first ezperimental churning was nade a small
pértion of the original butter was Iincculated into litmus
nilk, After incubating for § days at 109C, it was added to
creanm, and the ercom churned; the butter was divided and

stored at 219 and 59C.



The sample held at 219C. became putrid in 1 day.
Plating showed the followlng bacterlal counts and general
colony types:

Bacterizl counts ferarks on nain colony types
Total 4,700,000 per ml, The najority of the colonles
were white non-proteolytic and
Proteolytic 65,000 n ¢ non-lipolytic. A pubrid
defect was not obtalned in
Lipolytic 30,0006 o exparimental butter with these
“ types.

The 5°C, sample developed a putrid defect in 7 days.
The bacterisl counts and colony types obtained on plates

were as follows:

Bacterial counts Remarks on main colony types

Total 25,000,000 per mli. Practiecally the whole flora
was nade up of lipolytice, non-

Proteolytic 20,000 * "  proteolyiic colonies whieh did
not produce & putrid condition

Lipolytie 17,000,000 " " in experimental butter,

At this point the smear method was first applied in
attempting to lsolate the causative organism. Tiny portions
of the 5°C, sample were snmeared on agar plates which were
exanined frequently for the appearance of variocus colony
typeB.

The colonies that developed included those found on
the poured plutes and two types not previously noted. One
of these was a small, white, non-proteolytic colony and

the other was typieal of jAch. putrefseiens. DBoth of the

types were obtalned in relatively large numbers, with

several sneared sections showing almost pure cultures of
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one or the other, ‘hen tested, the ich, pubtrefuciens type

produced a pubtrid defect similar to that of the original
butter while the other type dld not,

Prom on exomination of the plates poured with the
original butter znd with subsequent experimental samples,
it was evident that the nubers asnd types of organisms
ghown by this rethod bore no relation to the defect since
a great variation in both numbers and types resulted in no
¢hunge In the development of the »nubtrid odor, The situs~
tion sugpested that organisms other than those appearing
on the usunl plates were concerned with the defect, This
| was suppﬁrteéAby ﬁhe faet that ag the baecteriological
exanination progressed many cultures md combinations of
cultures obtained from poured plates were used to inoculate
eroan for experimental churnings, without reproducing the
original defect, With the application of the smear nethod
to the experimental butter, additional bacterizl types were

irmediately made evident. Of these Ach. putrefaciesns was

present in conslderable numbers and was the only type;i30~

lated that was capable ol producing the putrid defect.

Sanple. B.

The shipment of butter from which this samuple was
obtained was of high cuality when sold to the wholesalerx.
Shortly afterwards, however, it developed the putrid defect

and was returned., The sample, which was lightly salted,
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was relatively fresh when received at the laboratory.
The original butter, when plated, showed the following

bacterial counbts and general colony types:

Bacterial counts ~ Remarks on main colcng;gypes
Total 9,800,000 per ml,  liost of the colonies were

vhite mieroececi whieh pro-
Proteolytic 300,000 ™ "  dueced no defect in experi-
mantal butter,

The smear mcthod showed the same colony types ag the
plating method apd in addition a number of fluorescent,
ﬁrateclytic colonies.

Cresn was inoculated with & portion of ihe original
butter, held overnight at lG°C;,and churned. The butter
wag divided and stored at 21° and §°C,

The 219C. sample developed the putrid odor in 2 days.
The bacterial counts znd gensral colony types obtained on
.poured plates were ag follows:

Bagterial counts Remerks on main colony types

Total - 105,000,000 per nl, The dominant types were
“ mierocoecci and grey, proteo~
Proteolytic 35,000,000 " ™ 1lytie colonies., & few fluo- =
, rescent colonles wers present,
llone produced a typleal putrid
defect In experimental butter.
- The smear aetﬁod showed a large number of the fluores-
cent, proteolytic colonies in addition to the above types.
There were also a number of colonies of the Ach.putrefaclens
type. Only the latter type produced a pubrid defect in |

butter.



The sample held at 5°C, became putrid in 4 days and
when examined by plating showed the following bacterial

counts and colony types:

Becterial counts Hemarke on main eolony Lypes
Potol 4,500,000 per ml, The sane general flora was

| obtained as with the 21°C.
Proteolytiec 1,800,000 " " sample,

Lipolytie 1,100,000 #» ¢
Smearing gave fewer fluoresecent colonies than were
obteined from the 21°C. sample, Host colonies were dark

and proteolytic and & number were bypical of ich. putre-

faciens. When tested, only the jch. putrefaciens type

reproduced the originel defect.
The early use of the smear technic In the examination
of the sample resulted in Aech, gutrefagians being isolated

gooner than was the case with sanmple A,

Sanple C.

This sample, which was nildly sualted, was from a ‘
cormereial churning that had developed the putrld defect.
It had been held at roon tempefature to test the keeping
quaiity. On the development of the defect it was sent to

the laboratory for examination,



The numbers of organisms and the colony types obtalned

by plating were as follows:

Bagterisl counts Remarks on main colony types
Total 6,3@0,009 per nl, A1l the colonles appeared

to be Hicrocogcus or Streg
Proteolytie 1,000 " ® tococeus types which EIﬁ to

produce o defect in experi-
Lipolytic 1,800 ¢ mental butter.

The smear nethod showed the same types as the poured
plates and In addition a number of dark colonles, lione
reproduced the putrid odor in butter.

At the tine of smearing and plating, the original
butter was inoculated into oream, which was held at 109C.
overnight and churned, A4As before, the bubter was stored
at 21° and 5°C, _

In 2 days the sample held ut 21°C. becanme putrid.
The results of the examination by plating were as bhelow:

Bacterial counts

Remarks on nain eolony tvpes

Total $,100,000 per ml, Host colonles were white,
noist and lipolytie. Helther
Proteolytic 35,000 ¢ " this type, nor the less
, ' common iypes studled repro-
Lipolybic 1,400,000 * ¢ duce the defect In experi-
nental butter,

In addition to the types evident on plating, the
smearing m@thé& showed & number of colonies typical of

Ach. pubrefaclens as well as some less typieal. Only

the typieal iAch. putrefaciens type reproduced the original

defect,
The sample stored at 5°C, developed the putrid defect

in 7 days. On plabting, the following bacterial counts and
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colony types were oblained:

Bacterlal counts Remarks on meln colony types

Total 9,760,000 per ni, The typebB were the sane as
" with the 21°C, sample.
Proteolytie 300,000 b
Lipoiytie 2,800,000 *~ "
Smeared ?13%@3 fron the 59C, sample gave the same types
ap smeared plates from the 21°9C, sanmple, but showed a greater

nuzber of Ach. nubrefaciens colonles.

Since the sch. putrefaciens eultures obtained during

the above exanination were the only ones that reproduced
the putrid condlitlon they were considered the cuuse of the

originel defect.,

General congiderations in the Isolation of iAch, putrefaciens

The resulbs presented above arc typleal of the majority
of those obtalned on samples of putrid butter. The smear

technic was effective In demonstreting Ach. putrefuciens

in varlious samples of pubrid butter from which it other-
wise could not be isolated. ‘hile colonies of the organism
were often present in small numbers and scattered among
other types, they sometimes formed & heavy growth on certain
of the mmeared sectors of the plates.

Figure 1 shows the development of Aech. putrefaciens on

a plate smeared withvgutrid butter and, for comparison, a
plate poured in the usual mamner with the sample. The .ch.

pubrefaciens colonies are very evident on several of the

[ TS e e et e ey



Figure 1. A smeared plate (lower) and & poured plate
from the same sample of putrid butter, Several colonies
of the Ach, putrefuclens type are indicated.




sections, The other colonles are mierocoeci, On the

poured plates no Hch., putrefaciens colonies weres present

and niecrococcli constlituted the whole flora,
From the reports of examinations of samples A, B, and
C it will be noted thai, even with the use of the smearing

nethod, foh, putrefaclens was not isolated from the original

butter. In only one of the samples subsequently examined
was the organisn obtained from the originnl sample, This
may have been due to the age of the bubter :nd the poesl~
bility that nsny of the organisms had died before exami-
nation was begun. Later studies seemed to beur out this
suggestion. Had the bubtter been examined when the defect
first developed, Ach, putrefacieng might have been isoloted
from the original.

The reports also sghow that Agh, putrefaciens was
freguently obtained fron butter made from cream inoculated
with the original sample. Apparently, the process stimulated
the growth of the organisme and resulted in the presencs of
greater nusbers in the experimental butter, This may have
been due partlally to the incubaticn of the inoculated cream
at low temperatures before churning. In some of the subse-

guent examinations where Ach. pubrefaciens could not be

obtained fron the flrst experimental butter, it was found
when & second generation churning was prepared.

In general, Ach, putrefgeieng was obtained in larger

numbers from plates smeared with the experimental bubter



held at 5°C. than from plates smecred with the butter held
at 219C. This was more evident with a nwiber of the s:mples

studied luter, from soe of which ich. pubtrefacieng could

not be obiuined when the cxperimentcl butter was held at
21%C. The lower tenperaturcs undoubtedly inhibited some
types of organisas that grew well ot 219C, amd allowed Ach.

vutrelaciens to develop nore readily and be detected,

-

in 2 nwher of cuges gsmpared plates from pubrld experi-
nental scuples were incubated ot 5°C, Occasionally these

plates ghowed o eater percentage of jch, sutrefociens

colonles than 4id plates incubated ot room tempesrature,

and in one or two cases they were the only plates fronm a

sample on which tic organism wag found.
With some experimental butter semples, smears wers
nade on guecessive days after the development-cf the defect.

In several Iinstuneces Acgh, pubrefuclens was obtained on the

second or third set of smears {(made on the sscond or third
dzy alfter the defect doveloped) when it wes not observed on
the first set of smcars. .hile the varlous samples exunmined
were not consistent In this respect, the procedure occasion-
ally resulted in the isolation of the organism when it was
not obtained obherwise.

It was frequently noted that jch. pubrefzelens was

obtoined in larper nubers from the interior of & sanple of
experinental pubrid butter than from the surface. Yhile

this seldon applied to butter that woes only a few duys old,
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it was often true of saples that were held s wesk or more
at 2190, Furthermore, in the ccse where the orgenism was
isolated from the original butter, it wus obtained from the

interior but not fronm the surface.

Suggested proeedure for isolation

Prom the foregoing observations it is apparent that

the isolation of Aeh, vubrefuclens from putrid hutter con-

taining the organism is often difficult. Various procedures
facilitate the i&eiaﬁian but they were not suecessful in
all cases and several samples of putrid butter falled to
yield the organism. IMore Informastion is requirsd concerne-

ing the growth charscterlstics of Jch. putrefaciens in

order to develop a more effective nethod of isolztion. The
following procedure 1s suggested as being.reiatively suc~
cessful and con be used in whole or iﬁ part.

The original butter ic gmeared on a number of plates
{aebout 8}, some of which are ineubsied ot room tempershure
and some at 59C, The bubter is also inoculated into
ﬁheraughl& pasteurized ercan whilch is held overnight ot
16°C. and churned, The resulting butber 15 divided and
hald at 210 and 59C. After Jevolopnent of the defsct
these experinental sumples are smeared in a sinilar manner
to the original and are used to inoculate crean for the
sroduction of sseond genorstion saaples; these are also

smeared ag goon as the defect develops. JZven @ third
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successive churning may be advisable In case the orgenisnm
has not been isolated, At the time of excnining the originsl
butter & portion 18 inoculated into litmus milk and held at
about 59%C. until reduction oceurs. Thic reduced culture is
then smeared and the plates incubated at room temperzturse

and at 5°C. It is also used to inoceculate eream for churning
and the resulting butter 1s held and smeared when the defect
appears. All smeared plates held «t room tempereture are

examined dslly for Ach. putrefcciens coloniesg; the plates

held at 5°C. are exomined when the colonies are reasonably
well developed. The purpose of the whole procedure is to

obtain sufficient enrlchment of Ach, pubrefaciens to allow

its appearance on sone of the plates.

Iunber of samples yielding Ach. putrefzciens

The proeedure suggcested sbove wae used In more or
less detall on various samples of ccmmeréial pubtrid bubter.
Sone of these were not typically putrid end when inoculated
Ainto erean and the crcam chumed usuzlly pruduced rancidlty
or the cheddar type of cheesiness in the butter. The
sanples were of diffcrent sges und represented churnings
nade from sour crsum as well as from sweet creanm, They
came from plants in widely separated parts of the United
Stutes. Zach sample did not necessarlly represent a separate
source sinee a nunber of sanples were cobtalned st intervals

from the same plants and repregented churnings made ot
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different periods., “hilec some of the plants apparently
produced only an occasional churning.of the defective
butter, others experienced outbreaks of considerable
duration. There were undoubtedly variations in the cone-
ditions under which the bubter was produced. ihile seﬁs
plents wére attempting to use adequate sanitary precautioms,
it is probuable that conditions were less desirable in the
others,

Fifty-eight sauples of typical comerceisl putrid butter
were examined. Of these 41 or 70.7 per cent yielded ich.
utrefaciens, €6 or 10,3 per cent contalned a type of orgen-

Cigm that was similar to Ach. putrefaclens, but different

in certain charscteristics, and 3 or 5.2 per cent yielded
& dirferent type of organism thet wes capable of preducing
a1putrid defect gomewhat 1like the original. Fronm the
remalning 8 or 13.8 per cent, the causative organism could
not be obtained.

The 41 sanples Irom which typical Ach. putrefaciens

was obtained varled in age bubl were generally less thsn 1
nonth old with many of the samples being less then 2 weeks
old. All produced a putrid odor in experinental bubtter
when inceculated into cream and the eream churned. The
defect was ocecasionally slight in the first churning but
usually became nore marked if a second chﬁrniag wers made
using the previous experimental butter as lnocculating

naterisl.
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From one sam@le possessing the defect to a very
marked degree, Aech, putrefaciens wus obtained from the
original butter; the age of this butter was not known.
lost of the definitely putrid samples ylelded the organisnm
in conmparatively large numbers from the first experimental
churning, The samples showlng the defect to a lesser
degree usually did not give .ch, putrefuclens till a later

stage of the examination procedure was reached and then in
'small numbers.,

Defective samples from the same source were rather
consistent in yielding

Ach, putrefcelens. Tor exampls,

12 out of 15 samples from ome plunt, S out of 4 samples
from a secon&, and 3 out of 4 samples from a third yielded
the organisn.

The ¢ samples from which ich. putrefaciens was not

obtained, but fronm which a similar type of organism was
isolated, did not differ greatly from the others. In
general, the defect was less marked in both the original
butter and in the butter nude from eream into which the
original sample had been inoculsted. The orgenisms were
obtained at varlous stages of the exanination procedure
and ususlly in comparatively large numbers. Thore was no
evident connection between thls apparent varisnt form of

isch. putrefaciens and the source of the originsl butter,

asince the organisn was found in semples fronm different

gources.,
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The 3 sumples from which orgunisns different than

Ach._;utrafaeiens were obtuined were distincetly putrid.

However, when they were inoculated into creunm and the
cream churned, the resulting buttsr was not typileal of
the defect and failed to show the charzcterlstic stages
of change, The same gencral type of defect was produced
by the organisms lsolated from the pamples.

The 8 samples from which the causative organisms
could not be odbbained were véry definitely putrid., ihile
organlisns were isolated that were capable of causing off
ogors in butter they 4id no% reproduce the orlginal defect
and hence were not considered the causative tyus.

It appeared that jAch, putrefsciens was a common

cause of the putrid defect in the butter studled., ihile
it could not be obtained from all the samples, it was
isolated from most of the butter that was fresh enough

to reproduce the defect in experinental chumings.

Zraminations of Churns and Water Supplies
for Achromobacter pubtrefaciens

Since Ach. putrefsclens is casily destroyed by hest,

its presence in bubter suggests thut the pasteurized creoan

has been recontaminuted by the scuivment or that the butter
iz contaninsted by the water used for washing., An attempt

weg therefors made Lo deternine the prevalence of the

orgenisn in churns and in water suppliegs of comnercial plants.



ixanination of churns

In making the examinutions, different parts of a chum
were cultured with sterile cotton swabs nolstened in'sterile
water. OSwabs were made on doors, rolls, =znd cnds of churns
in 10 different plants. The swabs were placed in sterile
test tubes ané returned to the laborutory the same day. 0n
arrivai, sach swab was placed in a tube of litmus milk and
ineubated ot 10°C, until a noticeable change ocourred, The
cultures were then inoculated into cream, the cream churned,
and the butter held st 21° and at 59C,

In most caces the bubiter developed off odors in 2 to 4
days ab 21°C. and in about 10 days abt 5°C. while many of

the odors were disagreesble none were of the typieal putrid

type. Attenpss to isuvlate Lch., putrefselens by smearing the
_butter were unsuccessful, alﬁhcugh one of the more pubtrid
sauples yielded an organism capable of reproducing o some-
what sginilar defect,

The results indiested thet ich, putrefaciens was not a

type commonly present in the churns in the commerecial plants
studied, although the difficulties involved in isolating the

organism might account for the fallure to obtain 1it.

Sxamination of water supplies

fxaninztions were nade on samples taken fron water
supplies of three commercial plunts,

Sample 1 was from the supply uscd for washing butter



in e plant exparieneiﬂg difficulty with the putrid defect,
The sample was taken at the pump after 10 minutes cperation.
In examining the water as z possible cause of the putrid
defect, a portion was used for washing a semple of butter
made from uninoculated cream, Another portion (aﬁaut 50 ml.)
was inoculated into oream (about 400 ml.) znd the crean
churned. With each procedure the butter was held at 21°C,
and ot 10°C,

Butter washed with the wuter becsme pubrid in 2 days
at 21°C, and in 6 days at 109C. The sample nade from eresm
into wiieh the water had been inoculcted devcloped an off
odor in 3 dsys at 219C. and in 8 days at 109C.; this odor
was not typically putrid. On smearing the butter, jich.

putrefaciens was obtained from that washed with the water,

but rnot {ronm the other,
At the tine of churning, the water was smeared on apga
slants. 4 comparsetively large numbey of colonies was obw

tained, scme of which were suggestive of Aigh, putrefzelens.

When thesge colonles wers picked into litmus milk there was

& rapid reduction characterlistic of ich. putrefazciens. The

cultures, when inoculsted into erean and the eream churned,
rapidly produced the putrid defect.

Sinllar examinations were mede on water samples
obtained from two other plants experiencing occasional
defective churnings. while butter washed with the water

developed an objectlionable odor somewhat resembling the
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putrid defect, :ich, pubrefuciens could not be obtained

either from the water or the butter. Some of the organ-
ismes isolated caused strong off odors in butter bub these
were not of the typiecal putrid type.

The exaninations indicuted thut contaminated water
supplies from commercial plants were capable of causing
defects when used for washing butter., ‘hile only one of

the three samples yielded ich, putrefaciens, the data

sugsest that the water supply may be a source of the

organisn.

Observations on ..chromobacter putrefaclens

Relction to original desceriptlion

The Ach. putrefaciens cultures isolated from putrid
butter generally confomed to the deacription given by
Qérby and Hammer (7). They agreed in morphology, cultural
characteristics, and most blochemical characteristies,
glthough slight variations oecurred in reactlon chuanges
in some sugar bouillons. Almost all cultures produced acid
from meltose and sucrose and the variability occurred in
the action on glucose, galuctose, lactose, and levulose.
Iowever, as suggested by Derby and Harmer, the rapid pro-
duction of ammonia is an intexfering factor in the sugar
fermentations and may explain the differences in reactions.
It was noted that strains isolated from samples of butter

from the same source generally produced similar reactions



in sugar nedia,
Come varistion was also noted in growth temperctures
with a number of cultures grouing ot 37°C. However, as the

teots were made several nonths clter isolsation, the tempera-

ture reluationshipe may have been influenced, The thernal

o

resistenco of the orgenlenm was low and freshly isolated
culbures wers destroyed by hesting ot 60°C. for 2 ninutes,

One of the ich. putrefeciens culturcs obbtulned was slow

in growing both on agor and in litmus nilk, Two dsys at
21°9C, were generally required for the development of ¢olonies
on agar and from 1 to 2 days vere reguired for the complete
reduction of litmus nilk. 7The gtrain was probubly similar

to the slow culture obtained by Derby and Harmer (7) since
acid wae similarly produced from glucose. Bubsequent study
indicated that the strain reculired heavy inoeulations for
the Initiation of pgrowth on crtificial nmedia, The aanme
charactoristic, to a losser dspgree, was found to be true

of 4ch, putrefaciens generally.

Variant forms

In zddition to the cuwlturcs conesidered us typical

Ach. putrefacieng, several others wero obtalned that, vhile
differing in a number of respects, were sufficlently simila

to Ach. putrefucliens to bhe regarded as a possible variant

forn. This type produced a putrid defect in butier, but to

a milder degraes and at a slower rate than Ach. putrefuciens,
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It possessed the sane morphology and produced the same sort
of colony, although'growth was less abundant.

The prinelpal difference was in the action in litmus
mllk, Normal reduction did not occur, but after 6 to 8 duys
at roon teuperature tlie culture was partially proteolyzed
and possessed the characteristic zmber color of typleal

Ache putrefaciens cultures of the same age. In general,

the type was nore fastidious in growth requirements than
typieal ich, uutfefaciens and, occasionally, transfers of
the organism to litmus milk or boulllons failed to develop.
Heavy inoculatlons were required for growth on agar or in
liguid media., 4 significant point was that this variant
formnm was usually isolsated from butter showing the putrid
defect to a comparatively nild degree and fronm which tynicsl
Leh, putrefaciens was seldom obtalned.

In general, the observations made suggest the possi-

bility of varliant forms of Ach. putrefaclens being the

cause of some outbreaks of pubtrid butter.

Growth on artificial nedia

The ineffectiveness of the plating method in demon-

strating the presence of :ch. putrefaciens in putrid butter,

fron which it could be obtained by the smear technic, sug-
gested sone pecullarity in the growth of the organism.
Since developuent was abundent after once established, it

appeared that the peculiarity lay in the difficulty of



initiating growth on artificial mwedia., When heavy inocu~
lations were obtalned, as was more likely with the smear
nethod, the organisms peemed better able 10 develop colonies.

- Plate counts on nilk cultures of ich, putrefaclens

further emphasized the pecullarity by showing little
corﬁelatisn between the different dilutions, The plates
from one or mors dilutions of a serles were sometimes
crowded while those from the next higher dilution had
very few or no colonies although on a comparative basis
they should have had considerable numbers. |

Cbservations on the growth of Ac¢h. putrefaclens in

litmus milk further indlcated tiat the orgenism was slow in
establishing itéelf. when very small colonies were pleked
into the nediun, several days were often required for re-
duction. With one of the more fastidlious strains, reduc-
tion would not ceccur at all unless large amounts of
inoculun were used, Iowever, once growth was well estab-
lished regular lgop transfers brought about rupid reduction
in succeeding cultures.

sbbempts were nmade to obltain nore satisfuactory growth
of Ach, putrefaciens by using different media 6: modifications
of media. Tonato ju;ee, liver infusion, and tryptone-glu-
cose agars were tried but were found to be generslly infericr
to beef infusion agar. Variation of the resactlion of & nediun
was trieﬁ by adding different anmounts of lzetiec acid or

sodiun hydroxide to cover a pH range of approximately 5.0
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to 8,56, While the organisns were cble to grow over a wide
pi range, developnent vwas best when the reasction was ap-
proximately neutral., OSterile butter serunm and sterile
butter fat, alone or in combination, were added to beef

infusion agar but did not improve the growth of Ach. putre-~

faciens.

Various substances were added to beel infusion agar
in an attenpt to alter the oxidation-reduction potential
of the nmedlun and thereby faclllitate growth., The materials
included reduced iron, sodium thiosulfate, cystelne, and
potagsiun permanganate, each of which was sterilized znd
used separately in the agar. The reduced iron was plauced
in petri plates or added to the agar before pouring, using
about 0.5 gram per plate. The sodium thiosulfate, cysteine,
and potassiun vermanganaste were added to the agar before
pouring in amounts from 0.1 to 1.0 per eent, from 0.05 to
0.1 per cent and from 0.01 to 0,05 per cent, respectively;
they were also used 1n agar blocks according toe the method
of Allyn and Baldwin (1).

In general, the results were disappointing. While
some of the nodifications, particularly the addition of
sodiun thiosulfate, resulted in nmorc abundant developnment

of asgh, putrefuciens they did not alter the irregular

- results obtained on plating cultures in various dilutions.
Futhermore, matericls that incrcased the growth of Ach.

putrefaciens likewise stimulated other types and hence
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were of no advontaege in the isolction of the organisn fron

defective butter.

Zffeets of Varilous Factors on the Production of the Putrid
Defeect in Experimental Butier by Achromobacter putrelaciens

Since Agh. putrefaciens sppears to be z cormon cause of

the pubrid defect in comercial butter, further information
regarding its sction in butter was desired. sLccordingly,
studies were conducted on the effectsc of various factors on

the production of the pubrid defect by thiz orgunisnm,

Time reguired for production of the putrid defect in unsalted
ubtter at & and §Y O,

Litmus milk eultures of various strains of Ach, putrefa-

cieng were added to separate lots of ersum used for churning.
The unsslted butter was stored at 219 and 59¢C.

Table 1 shows that the produection of the defect was ex-
trenely rapid. Vhile some wvuriztion oceurred in the tine
reguired, in nmost cases the defect was evident in 1 day atb
21°C. and in 7 duys or less st 59C. The putrid defect pussed
through different stuges of development. .4t 219C, the bubter
had a distincetly putrid odor in 1 or 2 dayse which gresatly
decreased during the next 5 or 6 days beconing somewhat suge
gestive of swiss cheese. At 5°C. the chunges were of the
same general type but were slower in development.

Production of the pubrid defect with wuryincs cmounts of
inoculun added to the cresn

Zinee the usual plating method gove unsatisfactory



: in exverimental unsalted
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Table 1.

butter at 21Y and 59C.
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Leh. pubrefaclien
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Time required for production of the putrid defect
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results in attenpts to count the numbers of ich, pubrefazciens

organisme, 1t wags not poscibls to determine, by plating, the
minimun nusber of organisms in the cream which would cause
the putrid defect in the vubtter. Nevertheless, genercl obe
servations concerning the nunbers required were nmade by con-~
trolling the amount of inoculunm used and determining spproxi-
nabe numbers by smearing loops of inoculated crean on agar
plates.

In’ﬁuafirst triol different anounts of a litnus nmilk

culture of ich. pubrefaciens, varying from 0,01 nl. %o 1,0

ril.,, were éﬁé@d to five lots of crousm of sbout 420 nml. each,
After inoculation, 1 loop* of sach lot was sieared on agar.
The nwibers ofAcolonies obtuined per loop varied from none
on the plate swmeared with the crcam having the samllest
inoculation to 200 on the plates smeared with the ersam
having the heaviest inoculastion. The inoculated crean was
held 20 hours at 109C,, aguin smeuared on agar, and chumed,
The nwbers of organisms present in the cream at the tine
of churning had Incrcased grectly and the smeared plates
fron each lot were erowded with colonies. The putrid odor
~developed in all five sumples of the unsalted butter in
less than 24 hours at 2109C. It was very intense with 1little
or no variation between the different samples.

The results indicatsd that, with a 20 hour holding

* The loon used for sreuring wus not standardized since the
work was on & corpurctive bvusis.
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pericd at 109 €. before churning, a small initial conbamina-
'tion of the cream was zpparently as offective ao u larger
one in producing the putrid defsect in unsalted butter.

The experiment wus repsated with the holding period
after inoculation shortened to 2 hours and the termperature
lowered to 5° C. to avold the increase in the numbers of
orgenlsms before churning., The nwaber of colonies obtain-
ed by smeafing 1 loop of each lot of cream {after the
holding) varied from 2 with the lot having .0l ml, of
added culture to 60 with the lot having 1.0 ml., of added
eulture. The ungalicd butter from the erean having the
largest inoculation developed the pubrid defect in 1 day
at 21° ¢, wﬁile the samples fron the lots of cream recsiv-
‘ ing the lower inoculations developed the defect in 2 days.

It ie probable that the nurbers of organisgms in the
different lots of cream were greater than the method of
exzmination Indicated. HNevertheless, the trials suggest
that the putrid defect night develop in butiter made fron

ercan contzining such low numbers of ek, putrefacliens

organisns that they would be very difficult to detect.

Production of the putrid defect by washing with contamin-
sted water '

Since wash water has been suggested as the scures of
orgenisms causing putrld mutter outbreaks, trials were

conducted to determiine whether ich, putrefaciens present
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in the wash water would produce the defect in butter.
Sanples of butter were churned from 400 ml. lots of
cream and each washed with 400 nl, of water containing

different azmounts of a litmus rdlk culture of iAch. pubre-

facisns. 4 general indicstion of the numbers of orzonisms
in the water was obtained by emearing 1 loop from cach
pcrtion'

Trial 1 contained five lots of unsalted butter. The
enount of inoculum added to the diffsrent lots of wash
water varied from 0,01 ml. to 1.0 nml. The numbers of
colonies obbained by smearing 1 loop of the inocuvlated
water ranged from 5 with the lot recelving the smllest
inoculation to 50 with the lot receiving the largest inocu-
lation. The butter was stored at 219 C. The pubrid dsfect
developed in 1 day in the sumple washed with water huving
1.0 nl, of added culturs and in 2 days in the remwining
sanples,

8incs the defcet deovelopod so rapidly in the firs
trial, the czperiment was repeated using smeller inocula-
tions. Trial 2 included three sanples of unsulied butter,
The amounts of inoculun zdded to the water used to wash
the different lots of butter were 0.001 ml., 0.002 ml.,
and 0,02 nl. respectively. On snsaring,l colony was
obtained from a loop of each lot of water., The defect
developed in 2 days in all those samples of butter at 21° o,

The trisls demongtrobed that wash woter contaninitsd
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witl Achy putrefoclens was capable of producling the putrid

defect In thoe unsalted bubtter. IEvidently sufficient numbers
of organisms were retalned in the butter during washing to
produce spollaze under favoruble conditions. The numbers
of srgaaisms'present in the different lots of water were
probably larger than the method of examination indlcated.
However, the data suggest that buttor night develop the
putrid defect when waghed with water in which the number

of ich. putrefaciens organisus was low cnough to make de-

tection daifficult.

Iffoct of pil of the crean

The pubrid defect in butter has often been atiributed
to the neubralization of the crenm to a relatively high pil.
weeordingly, pll velues ware deternined on the sera of a
nuaber of samples of commercizl vutrid bubter. .weid
nwabers were also obbaudned on most of the samples,

The results are présenteé in table 2. The pI vulues
range from 5.8 to 6.8 and indicats that the defect is not
necessarily confined to bubtter with o high pll value but
develops over the same range a2 mosh bacteriologleal defects.
In none of the instances do the pH values Indicate over-
neutralizetion. The acld nwsboers range from 0.85 10 6.25
and do not seen to indicate & relationshlp to the defect.

Since considerable variztion was noted In the dl
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Table Z.

pil values of serun and acid numbers of fut from
sanples of commereial putridé butter,

Sample no,. ‘ pH value Acid number
1 % 6,8 ; 1.35
2 é 6.2 E 1.18
3 % 6.4 E 1,60
4 : 6.1 : 3.45
5 ; 6.1 : 6.25
6 % 6.4 ; 4,45
7 : 6.6 : 1.40
8 : 6.6 g 1.70
9 ; 5.8 E 0.85

10 g 6.3 g 1.00
11 E 6.5 :
12 g 5.8 % £4.60
13 : 6.4 : 4,35
14 ; 6.0 ; 2.60
15 : 6.4 :




values of commereial putrid buttcor, several experiments
sere carried out to deternine the effect of pH of the cresn

on productlion of the defect by ich. putrefaciens, In each

trial, after removing sbout 400 nl. of crean to be churned
a8 a control sample, a lot.of crean wag inoculated with a

litzus nilk eulture of .ach. putrefacicens and divided into

five portions of about 400 ml. each, Zach of the five
portions was then adjusted to a different pll value with
godium bicarbonate or lactic acid.

Table 3 shows the results obbtained on the development
of the defect in the unsalted butter at 21° and 5°C., The
putrid defect dQVBlopeé over a wide pi renge as deternined
on the cream fron which the bulter was churned. In trisl 1,
where the pIH ronge was from 6.5 to 7.2, the defect appsared
té & narked degree in all samples of butter after 1 day at
219C, and after 7 days at 5°C. In trial 2 where the pil range
was from 5.2 to 7.3, the three lots of cream having pH
values of 6.7, 7.1, and 7.2 developed the putrid odor to &
very marked extent while the sumples from the two lots of
eresm having pH values of 5.2 and 6.0 were only slightly
defective after 1 day., wWith trial 3 the pH range in the
cerean was fron 4.5 to 7.8. The samples from the four lots
of creanm having pl values of 6.3, 7.1, 7.4, and 7.5 res-
pectively becane strongly putrid in 1 day at 219C. and in
7 days at 5°C. chavér,'the sumple from eream having a pil

value of 4.5 failed to show the defect after 7 days at 21°C.



Table 3.

Effect of pH of the eream into which ich. putrefaciens

was inoculuted on development of tho pubrid
defect in unsalted butter.

“Trial

T Bample T pH of Degree of defect
no. : _no, : oream : I day & . : 7 dayc &t b9C,
“bontrol 6.5 : none : none
; 1 ; GeS ; narked ; mederate
1 ; 2 ; 6.7 ; extrene ; moderate
; 3 ; 6.9 ; marked ; narked
; 4 ; 7.0 ; extrene ; marked
; 5 ; 7. ; extrene ; marked
*control: 6.0 : nonme : none
; 1 ‘; 5.8 ; very slight ; very slight
2 ¢ 2 i 6.0 : slight : slight
: 3 : 6.7 : extreme ; narked
; 4 ; 7.1 ; extrene ; marked
: 5 : 7.2 : extreme : marked
t*eontrol: : none : none
;Y : 4.5 : none s none
3 ; b ; 6.0 ; narked ; noderate
; S ; 7.1 ; extrene ; narked
4 7.4 extrene marked
: 5 : 7.8 : extrome s morked
®

¥ Control = creanm not inoculated.
** Sample falled to show & dsfect after 7 duys at
219¢. or 20 days at 5°C.
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or 20 days at 59C.

. It was noted on subszeguent exunination of the butter
that the samples showing a slight defect at one day (mde
from e¢ream with the lower pll values) were usuzlly as
strongly putrid after several dayes as those which had
praviously been more notliceable, Furtherpore, as all
sanples becane older they tended to sassune a swiss cheese
‘odor, ihe degrae of wiich varied considerably between
sanples of different pll values but seemed to bear no
definite correlation to these values.

The dats show that Ach, putrefaciens is capable of

producing the putrid defect in unsulted butter m:de from
ersam having pH values below that commonly used in com-
mercial churning as well as in the higher range. Since
the defect developed strongly ab pli values such zs were
obtained fron original defective samples, further evidence

is obtained for saﬁsiderin@ sch. putrefceciens as & probable

couse of the original defect.

iffect of salt and of working

521t is kmown to have an Inhibitory effect on the
development of bocterial defects in butter. Accordingly,
it was of interest to detormine the sult content of a
nurber of the commercial swaples of typleally putrid
butber.

The resulte are presented in table 4, Although the



Table 4,

Salt content of samples of
commerclial putrid butter

Sample no. ; Per ecent salt
r1 : 1.08
X
T2 : 1,20
3 : 1.27
F4 1.18
¥5 : 1.62
Sa : 2.41
5 33 : 1,76
5 41 : 1,40
81 : 2.1

te
&
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salt content of some of the szmples was low, several
containing only slightly nore than 1 per cant, four of
the samples had & saltd content of over 2 per c¢ent which
indicates that ordinary salting did not necessarily prevent
the development of the defect.

To investigute the effsct of sclt, snd also of working,

on the development of the pubtrid defect by :ach, putrefaciens

three experimental trials were nade. In sach triael crean

wag inoeulated with a litmus nilk culbure of ich. pubre-

faciens and then churned in a one gallon Dazey churn. The
butter was divided into seven portions; £ per cent salt was
added to three portions, 1 per cent szlt was added to thres
othser portions, and one nortion was unsalied, The three
samples in cech of the salted sebs were worked to different
degress designated as slight, noderste, znd thorough. The
unsalted sample was worked nmoderatesly. The bubter was held
at 21°C,

The results obtalned are presented in table 5. In each
cage the unsalteé'butter, which was moderately worked, becane
putrid in 1 day. The production of the defect In the salted
samples was dependent on the amount of working as well as on
the smount of salt. Of the samples heving 1 per cent salt,
those worked little becanme putrid in 1 or 2 days; those
worked moderately were slightly or questionably defective
at 2 days, while those woriked thoroughly falled to develop

the defect after ¢ daye. Of the sanples having £ per ecent
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Table B,

Affect of sclt and of working on development of the pubrid
defect in butter made from cream inoculated
with .ch. putrefaciens,

Semples held at 219C,
Trial : Joount of ¢ Degree of : Days to show : Degree of
no, : salt* : working defect ¢ defoet
I nones : noderate 1 : extreme
: : little : P : extrexne
1 : 1 per cent: moderate 2 : glight
: : : : none at
: : thorouch : : 6 duvs
: : little : 2 : oxtreme
: : : : none at
: 2 per ¢ent: moderate @ : § days
: : : : none ot
: : _thorough : 6 days
s none s neodsrate 3 1 : axtreme
: : little : 1 : definite
2 : 1 per cent: moderste ¢ 2 : guestionable
: ‘ : : : none at
: : thoroush @ :+ & days
: s 1little : o : definite
: & per cent: noderats 2 s glicht
: : : : none ot
: : thorouch ¢ 1 6 days
T nene : nmoderate @ 1 : slight
: : iittle : 1 : slight
3 ¢ 1 per cent: woderate 2 : slight
: : : ¢ none at
2 : tuorough ¢ . 6 days
: : little : 2 : deflinite
: H ‘ : ! none at
: 2 per cent: noderate ¢ : 6 days
: : : T none at
: : thorough : & days

* mne per cent of salt represents the amount added rather
than the asnount on analysis,.
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salt those worked little were putrid in £ doys; only one of
the samples worked moderately bcocame putrid; none of the
thoroughly worked sumples developed the defect in 6 duys,
The results of the different trials were fairly con-
gistent and demonstreted thot the anount of working thet
the butter reccives is an inportant factor in controlling
the defect. ©Salt, while tending to inhibit the defect,
wag not completely effective unless combined with thorough

working.

iffect of butter cultures

S

Since the use of butter cultures aids in controlling
many bacterial defects of butter, two trials were conducted
to deternins ite effect on the development of the putrid
defect, The sanples of bubter in euch trizl were churned
fronm approximately 400 ml, of cream. The butter culture
wag alded to the crean the night before churning, and the
erean was held at 109, Five hundred ml., of wabter were
used for washing the bubtter, The samples were unsulted

and held at 21°C.

In tricl 1 ich, putrefuciens (24 hr, culture in litmus

nilk) was added to the crean irmedictely prior to the ad-

dition of the butter culture. The amount of seh. nutre=~

faclensg culture added $9 cach lob of crcom was 0.5 nl. while
E o TR ey
the anount of butter culture used varied fron 5.0 per cent

to 12.0 per cent. The butter was wached with sterile water.
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In trial 2 Ach,., putrefaclens wae not «dded 40 the

erean with the bubber cuibture but wms inoculated into the
waber uged for washing the butter. The anount of butter
culture uscd in each lot of c¢ream was 10.0 per csnt while

the wnounts of jch. putrofuciens culbure used in the water

for the different sayp les of butter vuried fron 0.01 nl.
to 1.0 ml.
The results are pressunted in teble 6. In trial 1,

whers Ach. vutrefaciens wag added to the erean, nonc of

the samples with butter culture developed the putrid

. defect in 6 deye while the sample with no butter culture
becaue narkedly putrid. Five per cent of culture inhibited
the defect as affectively ag 12.0 per cant,

In trial 2, where Ach, pubrefscliens was adéed to the

1’&*”1 waber, the sampler with bultter culture siwowed no
defect in 6 days while the sumple having no butter ceulture
developed z strong defect. The butter culture inhibited
the defoct as effectively when the wash water contalned

1.0 ml, of ich. pubtrefacliens culbture as when 1t contained

01‘11:}" G‘Ol .
The resulis incleated that butter culture had an
inhibiting effect on the development of the putrid defect

in unselied butier when Jche putrefueciens goined entrance

%0 the butter either fronm the eream or fron the wash wabtsr,

Tne use of butter culture, o suggested by Derby and Hammer

{7), would appear to be an lmportunt meusure in abtempting



Table 6.

Effect of adding butter culture to the cresu on
the develomment of the nutrid defaet in the
butter when Ach, putrefaciens w:.g inccu-

lated into the crsam or into the

wash water.

Butter unsalted and stored st 21°C.

: iTor cent: Til. of LCh, ¢ Degroe oF
Trial H : butter :putrefuciens defect
No.. tSample: culture: culture H after
i . no. : added :  added : 6 days
l H 1 0.0 0.5 : narkesd
Ache 2 ¢ 5.0 0.5 : mnone
subreféciena: : o :
added t0 ¢ 300 8.0 : 0.5 ¢ none
400 nl, : : :
portions : 4 10,0 0.5 : none
of crean @ H H M
: S  12.0 : 0.5 : none
s & 0.0 : 0.0 s none
: s : :
2 : 1l 0.0 0.0 :  marked
Ach . H 2 ¢ 10,0 0,01 T none
subrereciens: : ' : :
adde o ¢ & : 10,0 : 0.1 ! none
500 nl., @ : : :
portioms of ¢ 4 : 10.0 : 0.5 : none
wagh wateyr ¢ : : :
H 5 ¢ 10,0 : 1.0 :  none
: 6 : 10,0 : 0.0 : none




to control the putrid defect under comnmercial cornditions,

Sffect of adding calciun propionate to the cream

Since czleiunm proplenste hag an inhibitory effect on
the growth of certain miernorgarnieons, =everal tricls were
conducted to determine its influence on the development,
by 4ch, putrcfaclens, of the nutrid defect In unsalted

hutter at 21° and 5°C,

In $rials 1 and 2, after inoculating with litmus nmilk

cultures of Ach, »mutrefaciens, the cream was held 16 hours

=t 10°9C, before churning. In triols 3 end 4 no holding

eriod was used and the ‘ch. nutrefueiens and calecium

Fao

nropionate were added at the sanme time, The culeium
propionnte wos preopared by aXing an 8 per cent sclution
in wster; iﬁ was udded to the cream in amounts vorying from
0.02 per cent to 1.0 per cent.

The results are nresentsd in table 7. OCaleiun pro-
pionate in amounts less than 0.5 per cent (czleulated on
the basis of the amount of croanm) fa2iled to completely
inhibit the putrid odor in the butter, while amounto of
0.8 per cent or nmore effectively controlled the defcct.

In those cases whoere the defect wae prevented a slight but

distinet odor of proplonic acld was detsceted, This odor

The results indicete that caleium propionaste added to

o
oy
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W
&
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o
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e development of the putrid defect
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Table 7 .
dding caleiun proplonnte to the eream into

A0h. putrefaciens was inoculated on develonrent of the

o

utrid derect in unsulted mtter.

jo

Zffect of
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in the butter, Iowever, relutively large umounte were

reguired to definitely prevent thoe condition,

Zffect of age of the buiter on the nunber of orgenisms

present

The difficulty of isolating iAch, putrefsciens fronm

most samples of putrid butter and the fzilure to obtain

it from others suggest that the organisms die compara-

tively rapidly after causing the defect. accordingly,

several experinents were conducted té study the effect

of age of the butter on the nwiber of organisns present.
Portions of cream were inoculated with verying amounts

of a litmus nmilk culture of hLcih., pubrefacisns, churned in

the usuzl manner, ond stored at 219C, When the putrid
defect developed invthe vutber, and at subsequent intervals,
sariples were exXanined for the approximute numbers of organ-
isnms present. The nodified Burri method wes used in pre-
ferenee to the plating procedure becuuse of the extreme
inconsgistency of the latter.

Table 8 presents the duba on the unsalted butter in
which all samples were woried to a noderute degree. it
21°9¢C, there appeared to be a definite tendency for the
organisns to dié as the storage period inecreased. thile
a few irregularities occurred, in oll cuses the counts at
the last exaninotion were nueh gaaller than ot the first.

In trials 1 and 2 the nunbers of colonies obteined on



Table S.

Effect of age of the butter made from ¢rcam into which
aeh, putrefaclens was inoculated on the number
of organisms present.

Eutter wnseltod and stored at 319C,

3 Degree i Approximate nuuber of colonies per

3 of : smeared plate after butter held
Semple : defeet L ¢ &8 : 8 : 15 : 25
no,  at 2 days : day : days : days : days : days

3
e
e
£
[
|

1 : extremo : 450 : 275 : 275 g 175
5 : extreme : 450 : 300 : 295 : G5 :
5 & oxtreme ¢ 1000 : 600 : 450 : 300 :
4 % definite g 300 ; 3 : 22 g 16 ;
§ : dofinite : 900 : 300 : 280 : 75 :
, Trial & , '
1 : dofinite : 120 : 180 : 100 : % 0
2 : eztrene ; 250 ; 285 ; 50 ; % 3
5 i extreme : 1500 : 400 : 400 ; % 4
4 g extrene ; 1500 ; 800 % 200 g g 50
5  : oxtreme i 2000 : 1600 & : : 0
Tri;l 3 ' i .
1 % definite g § 75 § 1 § g
2 : definite : s 11 0 :




T
;i

smeared plates at 1 day were often high, renging from 120
to 2000 per plate, and the dolfact produced wzs very marked.
In trial 3 mmch sanller aaounts of culture were used und
although the defect wos not correspondingly lessened, the
auwabers of colonies obtalned on plutes were considerably

i showed 75 colonles and sauple 2 showed 11
colonies at 3 days. It is evident that the nwibers of
colonise oblained at the end of the sxzuninution reriod
bore o relationzshin to the nuaber obtcined on the first
exanination. The semples showing the lowest nudbeors of
colonies on the Tirst exwuluatlion generally showsd the
ha end of the poriod., This iz perti-

1

lowest pumbers ab %

o
€3

culorly svident in tric sheve sample 1 gave 1 eclony end
gsanple 2 gave none afbter 8 days. In two other ilnstances

< e . E- S 2 - & % IR NPV o S
A 5 P | &3 . & ¥ fz’iu t 1 3
{cauples 1 and 5, trial no ccloniss could be obtained ut

25 days, though the original cound was high in the cuse of
szmple O,
In tricl 3 « portion of butter fron the same churning
sample 1 was frozea irmedictely «fter churning wnd held
in this condition for 3 duys. 4t the end of this tinme it
was placed ob 219C. and in 3 duys developed u slicht but

.

definitely »utrid odor. On smwcuxing the sample no _ch,

putrefaciens colonies ¢ould bhe oblained., 4 cubseguent
gzanination at O doys likewise fulled to reveal cny coloniaes

Table 9 presents the dat. on samplec that were salted

and worked to varying degrees, It aguin wppewred that, at



Table S

Zffect of age of the butter nade from crean inbo whiich
aeh. putrefucisne was inoculated on the nunber
of organisns present.

Butter salted, worked t0 varying
degrees and stored at 219C,

: pproxilacte number of.
: colonies per smeared
ct :__plate aftoer bubter held

sy =8
i

o g
w
+

Sample
no.

1T & : 10 =+ &0
day : days : days : days
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1 : 0,0 smwderstetextreone ¢ 80 ¢ 275 : 200 0 20
b : 1.0 :1little :definite : 45 : 90 : 90 : 4
3 ¢ 1.0 :moderate:slicht : 10 : 25 0 : O
4 : 1.0 :thorough:none : 0: 14 : o @ 0
5 t 2.0 :11ittle :definite : 15 : 100 :+ 20 : O
6 v 2.0 :moderate:none : g : & & 0
7 1 240 sthorcough:nonc : 0 O s Q : 0O
Trial 2
1 : 0.0 modoraterextresms @ 120 ¢ 270 : 150 &
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81°G the organians died comparatively ropidly, BSvidently
fewer orgunisns were present originally thon with the
samples revorted in table 8 since ot 1 day the nuaboers of
colonies obtained on egnsared plate ranced from none to 1203
in nmany i stances no colonies could be obbtuained after 20
days. The nudbers of colonies obtulned on gwearing
generally increased during the firset few daye and then

decresged, Thige gituation was not observed in the wnsalied

It 1o of interest $o nobe thut in those cases where
the defeet wag nresoent to a slight degree colonies could
be obtained at 1 and 4 days but not ufter 10 or 20 days.

An ezmcepbion was sanple 3 in trial 2 where the defect wus
congiderasd questionable., This sazmple showed 30 colonies
per plate after 20 days.

The relationghlp belween the amount of salt, the extent
of working the bulter, and the development of the defect to
the nuzbe. ¢ of colonies obtalned on ampuring ls of interest.
48 pointed out in o previous cxperinment the degree of worke-
ing affected the developnent of the defect, It muy be ssen
fron table 9 that the dsgree of working definitely uffected
the deve1a>tenﬁ of the orgonisnas,

In general the samples containing & per cent sald
showed fewer colorles than the sanples containing 1 per
cend éalt. In both cuszs . incrousc in the amount of work-

ing deersusced the nwbsr of colonics obtoined. The summles
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conbaining £ per cent sald und recciving o thoroush working

-

4id not develop the defeet und L no tine showed any

i

eolonies on smeared plates,

In samples 4 and 6 {tricl 1, table 9 and in

[#1]

arple 4,

trial 2, table 9) whilc no defcet develoned in the butter,

Aathe mutrefaclicons orcanicns were obbtained ot certain ex-

aninations.
The experiment indicated that, itk butter contalning

Ach. nubtrcfaciens, colonies of the organilsm boceme nore

difficult to obtain as the bhubter aped. The anount of
inoculwn that had been added to the croan represented a
contaninatlon wundoubtedly rmch hishier than wuld be Obe

tained under plunt conditions. Iven with a large initic

i.Jv

inoculation, .ch, pubtrefaciens in some instonees waus not

i

regeined from the defective bubttor after 20 days, and in

s

ne instance {semple 2, trial 3, toble 8) not after 3 davs.

O

secordingly, it is not unusucl thot there should be much
g¢ifficulty in isolating the orgunisn from cavwrelal de-
fective bubter which has been held for sone tins, partie-

ularly at 21°9C. or cbove.



DISCUSSION

The failure to find organisns capable of reproducing
the original defect when comnmercial putrid butter was
plated on beef infusion agar is in accordance with the
obgervations of Derby and larmer (7) and emphasizes the
difficulty of isolating the causative organisms by the
vlating procedure,

The effectiveness of the Burrl smear technie in
denonstrating organisms not obtzined by plating butter
suggests its use in studying the putrid defect. Probably
it would be of value in s?udying other bactericlogical
defects of butter and various other products, when dif-
ficulty is encountersd in isolating the cousative orpan-
isms,. Idven with the  urri smescr method the isoclation is
not simple since the aunber of organisms involved appeers
to be smmll and many nay have diel by the time the bac-
teriological ezamination is begun, Some enrichment
procedure to inerease the relatlve nwiber of the cousative
organisng should be used in conjunctlion with the Burri
riethods The application of such methods to the study of
cormercial putrid butter resulted in verious samples

yielding Ach. putrefaciens.
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The isolation of ich, pubrefacienms from 70.7 per cent

of the typically putrid samples studied indicates that 1t

is = commwon Bype in bubter showing the defect. Its isolstion
from a nwiber of defective samples fron ths gane source, for
sxanple, from 12 of 15 typically mubrild swmples roceived at

intervaels from onsg
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to the defsct.

The fect thut ch, pubtrefaclens wac the only orgonisnm

isoclated from moot of tho tyolcclly putrid butter that could

rid odor in dubtter and bring about the
changas characteriaztic of the condltion comercinlly 1s
additional evidence on the rclationshly of the organim to
the defect. |

»

The inabllity of Ach, putrefocicons to initiate grovth

readily on artificial nmedic nay partislly cecount for the
difficulty of isclabing thc organisnm from putrid butter

and hence the dAifficulty of regularly copgocliating it with

One of the prinecipel objections to cecepting .ch.

pubrefaciens as a cauce of the putrld defsct has been the

Tact thut it is oftsn obtained in very small numbers.

iowever, experimentally jch, putrefaciens was capsble of




producing a distincet putrid defect in the butter when added
to eream in such small amounts that reisolatlon wes
¢ifficult, Because of the difficulty of growing .ch,

putrefaciens, this does not necessarily prove that the

organism actuslly was present in very gmell nwbers in
the crcam, dbut it st least sugpgeststhut a similar situstion
night exist when plating comereial butter and the organe-

ignes not be discovered, The fact thet Ach. putrefoeliens

produced a definite putrid odor in buwbter when added to
the wash water in such small amounts that rolsolation

was difficult is also significant. As well as showing
that conteninated wash water ngy be regponsible for defsc-
tive butter, it indicates that the water nmay contaln suf-

flclent sch. nutrefaclens orpanisms to cause a putrid

defect even though thelr presence nay not be resdily
demonstrated.

While relatively low pI values in the creanm did not
prevent the dovelopment of the defect in the unsalied bubter

by Ach. nutrefaclens, the use of butter culbture in tlie cream

prevented the development of the defect. Apparently the
presence of the butter culiure organismes, rather than a
relatively low pH of the erean, vas the controlling factor.
However, the use of bubter culture is not a conpletely
gffective control reasure under all conditions, since sone
of the commerecial pulrid sarples were nade fron cream con-

taining butter culture,



3
b

The presence of the pubrid defect in butter contalning

over 2 per ceunt salt and the ability of ich, putrefaciens

to produce the pubtrid defect in poorly worked butter when

2 per cent salt was added is in sccordance with the report
of Iood and White (14) who noted thut the pubtrid condition
may occur in butter having comparatively hirh salt content.

Since Ach. pubrefaciens in experimental pubtrid mutter

beocane inercasingly difficult to regain as the tabber aged,
the same situatlion would be expected with commercisl butter
containing the organism. The greater difficuldy of iso-~

lating 4ch. putrefuaciens from old comriereial scmples than

fron those that were comparatively fresh may be partially
explained on this basis,

The isolstion of .Ach., putrefaciens from the wober

supply of a plant having difficulty with the defect is an
indicution of one of the nrobasble sources of the organism
and is in agreement with the observations of other workers.

The failure to obtuin sch. putrefaciens from a nwder of

churns in plants not experiencing difficulty wita the
defect may indicate that the organism is not a common type
under normal conditions. However, the difficulties assoeci-
abted with the isolation of the organisme must be consldered

in interpreting the resulits.
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SUMLRY AND CONCLUSIONS

The predoninating organisng that developed on
Leef infusion agar platez poured with commercial
putrid bubter 4id not reprroduce the defect when
they were inoculated into c¢ream snd the crean churned.

The use of tho Durri smear technle in the ex-
anination of =samples of butter having various defects
demonatrated iypes of organigne not detected by the
usual plating procedurse.

By means of the Burri smear technic and certain

enrichment »rocedures, ich, putrefgciens was obiained

fron various samples of commaercial putrid butter.
With few excepbions it was the only organism obtalned
that wos cspable of reproducing the typleal defect,

Ach, putrefaciens was most easily isolunted from

cormercial pubtrid butter by inoculating the butter
into thoroughly pacteurlzed crean, churning the crean,
and smearinge portions of the resulting butter on agar
after the defect Lad developed, Inoculation of defec~-
tive ezparimentai butter into cream for the produetion
of second or third gencration samples occasionally
resulted in isolution of the orgunism vhen it had not

veen obtalned previously.



5.

G

7.

Incubation of the inoculcted cream, the szperli-
nental butter, and the smeared plates at 5% to 109C.,
ruther than ot 21°C., further facilitated the isolaw
tion; certain other modifications wsre also of
asgistance,

ieh, putrefacleons did not readily initiate growth

in artificiael media, which probably accounts, in part,
for the difficulty of isolating it fron putrid butter;
for the scme reason the numbers of the organisms in
butter and other moterials could not be satisfuaectorily
counted by culbtural nethoda.

Of 58 comercial samples having the typical putrid

defect, 41 {70.7 per cemt) yielded ,ch. putrefucieng

and 6.(1G.5 per gent) yielded an apparent variant of
the organisn. Three (5.2 per cent) ylelded other types
of organisms capable of producing objactionable odors
which were nobt tyoical of the putrid defect, From 8
(135 por cent) the cuusative orgenism could not be
solsted.
The ape of the bhubtter seened to bear a relation-

ghip to the euse with which ;ich, putrefacieng was

isolated since fresh sanples yielded the organism more
roudlily than older samples.

Ach. putrefaciens was isolated from the water

supply of a plant having difficulty with the putrid

defect.
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dhen inoculated into the ercsm used for churning,

ach, putrefaciens produced o typleul defect in unsulted

butter in 1 day at 21°C. cnd uswlly in 7 days at 59C,
The defect passed through the sane stages as thoss
occurring in cormercisl butter showing the typleal
defect.

Agch,. putrefccliens cdded to the crean in such gwell

anmounte that reisolatlon was difficult ccused a pubrid
defect In the unsalted butter.

Ach. putrefaciensg edded to the wosh weoter in such

small snounts that relsolation was difficult caused a

pubrid defect in the unsalted butter.

commercial butter with »I values varying fron 5.8 to

Jhen added to lots of creanm adjucted to piH values

varying fron 5.2 to 7.8, Ach. putrefaclienc produced the

putrid defect in the unsalied butter; when the pil of
the corean woe 4.5 no defect developed,

The salt contaent of ¢ nusher of saaples of cone-
serceisl pubrid bubter ranged from 1,08 per cent to 2.41
ner ccnb.

Althourh salt tended to prevent the development of

the defsct produced by sch., putrefoclens, it was not

entirely effective unlcss the bubter was thoroughly

worked .



17, Five per cent butter culture added to the cream
had an inhibitory effect on the »nroduction of the

putrid defeet in unsalted butter by Ach. putrefaciens.

18, Calciun proplonate added to ercz=n at the rate of
0.5 per cent, or nore, had an inhibitory effcet on
the production of the pubtrid defect in unsalted dbutter

by Leh. pubrefaciens. maller amounts of calelunm

propionate were ineffective,

% In experinmental butbter Aech, nubrefuaclons decreaged

in nuwibers as the bubter znged and becane increasingly
diffioculd to regain,

20. Becuuse of Its characteristics, actlion in experi-
rienbal butter, and presence in ruch cormercisl putrid

butter, lch., nutrefuciensg was considered an inmportant

cause of the pubrid tvoe of cheesiness in commereisl
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