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INTRODUCTION

When optimum growth conditions prewvail for any microorganism its
rate of reproduction is maximun., Its reproduction rate can be retarded
by limiting food mutrients, removing noipt;:u, chang ing temperature,
altering the oxygen supply, changing the hydrogen-ion concentration,
varying the amount of 1light and by adding preservatives. The rate may
be lowered considerably whenever one or more of the most effective of
these changes are brought about. Therefore increases in the number of
organisms can be controlled to a certain extent when it is not practical
to destroy the organisms.

Butter will not lend itself to any of the methods available for
destroying microorganisms without sacrificing some of its original high
quality. Therefore controlling the growth of organisms must be relied
upon to improve the keeping queality of butter if presence of organisms
is responsible for deterioration of butter while it is in storage.

Hammer (9) reports that cotamination by the introduction of micro-
organisms after pasteurization frequently occurs in the commercial manue-
facture of butter even when great care is exercised to avoid it, In
such cases, some of the benefits of pasteurization are mullified so far
as the keeping quality of butter is concerned, and holding butter at
fairly low temperatures is not sufficient to insure that the butter will
retain its high quality over an extended period of time. Limiting the
food nutrients upon which the organisms subsist would be one means of
improving the keeping quality of butter in these instances. If the
concentration of nutrients in a single moisture droplet in butter could

be reduced sufficiently growth of any living organism in the droplet
could be controlled., This is accomplished to a certain extent by dilution



of the buttermilk on the surfaces of butter granules with wash water,

and imprisonment of most of the living organisms in these diluted butter-
milk droplets. In this menner most of the organisms are separated fram
the larger portion of their food supply. Most of the food is contained
in the smaller droplets wiich were incorporated in the butter granules
during churning. It is thought by Rehn and Boysen (16) that there is

no dilution of these smaller droplets of buttermilk, They (16) have
calculated that more than 99,99 per cent of these would be sterile in
properly worked butter if the total count of bacteria on the butter was
50,000 per gram.

It is possible to disperse added moisture so finely in butter that
the number of droplets would be greater than the number of organisms
commonly found in butter. This means that many droplets would contain
only a single living cell. Not only is it possible that the diluted
med ium might hinder growth but the space within the small droplet would
soon become so crowded that further reproduction would be practically
impossible.

Salt retards the growth of most miercorganisms. For this reason
it has been used as & preservative for certain foods for many years.
However when salt alone is depended upon to prevent food spoilage very
high concentrations are necessary. Butter preserved in this manner
certeinly would not be marketable as a high quality food.

It is genmerally accepted that the small percentage of salt added
to butter to increase its palatability is sufficient to improve its
keeping quslity over similar butter not salted. The added protection
of limiting food nmutrients by sufficient working offers & possibility
of maximum keeping quality of salted butter when held at low temperatures



if lipolytie or proteolytic microorganisms have gained entrance to it.

Early investigations of the deterioration of butter were confined
almost entirely to studies of intensity of flavor and odor defects and
changes in titratable acidity. Some work was begun on determinations of
substances formed from the decomposition of the natural constituents of
butter, but these studies were very limited until recently. Most of these
investigations dealt with fat acidity and pi.

There is need for more data concerning decomposition of fat in
butter. Protein decomposition in butter also needs to be studied further
because comparatively little work has been done relative to the amine
nitrogen and anmonia content of butter showing protein decamposition.
Little informeation is available concerning the abilities of wvarious
organisms to liberate amino nitrogen and ammonia when they cause a
break domn of proteins in butter.

The present study will be comcerned with deterioration of butter as
determined by flavor and odor defects, titratable acidity and pH of the
butter plasme, acidity of the fat and the amino nitrogen and ammonia
content of the plasma when known organisms are responsible for the de=-
terioration. It will also be comcerned with the most practical method
for delaying or preventing deterioration for a reasonable time when
microorganisms are responsible for lowering the quelity of butter while
in storage.



HISTORICAL

Butter, obtained by churning milk in erude churns of animal skins,
was used f'or food by man even before recorded history. Few attempts
were made by primitive man to preserve it to be used during seasons of
the year when little or no milk was produced. The use of high concen~-
trations of salt brine into which wrapped butier was sulmerged was the
first attempt to prolong extreme deterioration, but even this frequent-
ly resulted in a product which was unedible sccording to our present
standards. The preservation of many foods became very essential as more
and more people were removed farther from the sources of feod production.
Because butter was very perishable at ordinary temperstures investi-
gations were undertaken to find the causes for its deterioration and
find methods to prevent it. This marks the beginning of studies to
improve the keeping quality of butter during storage.

Holding butter at low temperatures was the greatest single factor
in its pm-mtieh. but this did not entirely prevent deterioration. It
was soon discovered that microorganisms were partially responsible for
these changes during storage. Many of these organisms have been isolated
and identirfied.

Because differences in flavors and odors of butter have the greatest
influence on its score and market wvalue most of the investigations concerne-
ing its deterioration have dealt with defects of these items. Claydon
and Hammer (3) were able to detect the putrid defect in unsalted butter

when a pure culture of Achramabacter putrefaciens was added to cresam and

the cream churned, and also when a similar culture was added to the water
used for washing butter made from sterile cream. The rancid off flaver

and odor which is sccording to Grimes (8) characteristic of the lower



fatty acids, especially butyric, was produced when certain lipolytie
organisms caused hydrolysis of butterfat. 0. lsctis has been found to
produce ketonic rancidity in butter. It is recognized by the fruity
flavor and odor defect which resembles the aroma of apples and other
fruits. Hammer (9) reported the isolation of an organism capable of pro-
ducing a skunke-like odor in butter when ineculated into pasteuriged
cream and the cream churned., Numerous other organisms, some unidentified,
that were used by Fouts (6) in studies on development of fat acidity, pro=-
duced different flaver defects in butter. Stark and Scheid (18) studied
486 different organisms capeble of splitting fat or digesting proteins.

In reviewing the literature on the effect of 0. lactis, Wildman (19)
states:

"ees 8 symposium of dairy scientists meeting in 1935 had failed
to find 0. lactis to be of importance in judging eream and butter."

After examining 570 samples of sour cream Wildmen (19) was able to show
a direct nhtiml;u.p between the percentage of samples having abnormal
flavors and the amount of mold mycelia as detemined by the M. B, B,
method. Fouts (6) found that a rancid off flavor was produced and the
scidity of the fat increased appreciably at the end of 14 days of storage
at 5° C. when 0. lactis was inoculated into sterile cream and the cream
churned. Hunziker (11) lists Oidium lactis (Oospora lactis) as one of

the better known miecrcorganisms capable of hydrolyzing butterfat to a
marked degree and producing & pronounced rancid flaver and odor.

Flake and Parfitt (4) investigating the numbers of organisms in
salted butter made from sour oream observed a marked correlation between
both high proteclytic counts and high lipolytic counts and poor keeping



Commenting on the elimination of organisms from butter Hammer (9)
states:

"The camplexity of the problem is emphasized by the instances
in which a serious attempt is made to control all the sources
from which the pasteurized cream and the butter can bs ccn~-
taminated only to find that certain churnings of butter develop
choesiness, rancidity or some other defeect under commercial
condl tions."

Rehn and Boysen (16) found that overworked unsalted butter had
better keeping qualities, as determined by titratable acidities, than
underworked unsalted butter. They attribute this to an incresse in the
fineness of moisture dispersion in the overworked butter,

Long and Hammer (13) state:

"With the finer dispersion of the moisture, the droplets that are

infected do not contain as much food for the growth of organisms,

and this results in less deterioration.”
Reworking butter is harmmful to its keeping qualities, according to Long
and Hearmer (14). These investigators found that rewerking frequently
increased growth rates of bacteria and cammonly decreased the time re~
quired for the development of defscts. Shephard and Olson (17) report
that salt in butter retards the growth of microorgsnisms both at 32° F.
and at 70° F.

The conclusion of Long and Hemmer (13) wass:

"The measurement of some products formed in butter by organisms

is probably a more satisfactory indication of their activities

then plate counts,."
Fouts (6) states:

"0f the two biological agencies causing fat hydrolysis in raw

cream, organisms were found to be of greater significance than

lipase.”

The relationship of fat acidity to butter quality has not received

extensive investigation umtil very recently. Fouts (5) concluded that



no close correlation existed betwsen the acidity of the fat and the
quelity of commercial unsalted butter. He reported finding a sample of
commercial butter scoring 89,5 which had a fat acidity of 0.5 and another
sample scoring 91,5 with a fat acidity of 1l.7. In another investigation
Fouts (7) found that there was nc close relationship between the degree
of rancidity and the percentage of total free fatty acids in the fat
which were volatile.

Jacobsen (12), using Sorensen's method for determining the amino
nitrogen in butter and expressing values as percentages of total nitro-
gen, found & general trend in which the amino nitrogen content increased
as the quality of the butter decreased.

Comparisons of all deterioration factors in a single sample of
butter are lacking. Also lacking is & comparison of the influence of the
fineness of moisture dispersion in salted butter with a similar conditien
in unsalted butter.



STATTIEHT OF PULOBLENM
The work herein reported was undertsken to cellect more ecamplete
date on the deterioration of butter and to obteir informetion concom=
ing the effects of some mleroorganisms on the kesping qualities of
wisalted and salted butiter as influenced by the degrse of working. In
these studies consideration was given the fellowing peints:
I. 4 prsliminary experiment to selcet some miorocorgmnisms caamonly
fournd in butter which ere most harmful to its keopling guelities.
Iie 4 comparison of Sorsnsen's and Van Slyke's mothods for the
determination of amino nitrogen in butter plesma freom which the
crude protein had not been completely removed.
11T, The value of incubating samples eof butter at 70° Fe in predicting
koeping guelities of similar samples of butter when stored at
40-45° F.
iVe. The influence of the degree of working on the keeping quulities
of unsalicd butter and salted butter when certain organisms are

presente



EXPERIMENTAL PROCEDURE

Equipment Used for Churning, Working and
Preparing Semples

A churn for experimental purposes was made by fastening a special
type 10 gallon cream can in & specially built frame which permitted end
over end rotation similar to the hand type barrel churn. This churn was
very desirable becsuse it could be easily cleaned and sterilized. A
rubber ring under the lid provided a seal. It was selected alsc because
it was of the proper capacity for the amount of cream used in each churne-
ing.

Strainers made of cheese cloth were used to remove the coagulated
lactalbumin from the autoclaved cream. Following churning and subseguent
washing, each portion of butter was worked, using a small hand type wooden
butter worker. Samples were placed into half pint milk bottles by means
of slender wooden paddles. The bottles constituted the storage containers.
In addition to the regular disc caps, parchment hoods held in place by
rubber bands, were used to protect the samples from contamination.

Products Used

Each batch of cream used in this experiment was sweet cream from
the college dairy herds It was free from objectionable flavors and odors.

Sterile distilled water was used for washing the butter from each
churning. Tap water was not used because its hardness varied considerably
during such extended periods of time as used in this experiment.

A commercial grade of salt (sodium chloride), sterilized by dry hest,
was worked inte the salted samples, Attempts were made to incorporate 2
per cent salt into each portion of butter that was salted. This was con-

sidered to be the average amount in most commercial salted butter.
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Microorganisms Used

The microorganisms used in this study were Achromobacter putre-

faciens, Mycotorula lipelytica, Oospors lactis and Pseudomonas fragi.

Treatment of Apparatus

The churn was thoroughly washed by hand and steamed over a high
pressure steam jet after each churning. As only one churning was made
per week, the chum was washed again just before using. It was then
subjeoted to prolonged steaming o‘nr the steam Jet. Upon cooling,
the churn was treated with a chlorine solution, 100 parts per million
of available chlorine, as an added precaution against contemination of
the cream from this source,

All storage containers, wooden paddles, strainers and the butter
worker were autoclaved at 15 pounds pressure for 45 minutes to insure
absolute sterilization.

Treatment of Produects

Each bateh of cream was standardized to 33 per cent butterfat. It
was sterilized in the autoclave at 15 pounds pressure for 20 minutes.
After allowing the cream to cool scmewhat it was placed into a cold room
maintained at about 40° F. where it was left for approximately 16 hours.

Distilled water, for washing the butter, was sealed in half gallon
Jars and sterilized in the autoclave. It was cooled to the desired
temperature before using.

Preparation of Cultures of Microorganisms

After three consecutive transfers, two days apart, a culture
incubated for 48 hours was used for the inoculation of each batch of
cream. The mold, O. lactis, was grown on agar slants. The test tubes

containing the growth covered slants were partially filled with sterile



11
water. Using a sterile inoculation needle, the mats of mycelia were
broken up into very small particles which were distributed in the water.
Four slants supplied the orgenisms used to inoculate one batch of cream.

Pure cultures of Ach. putrefaciens, lyc. lipolytica and Ps. fragi were

propagated in litmus milk. On the basis of 0,05 per cent inoculation,
10 ml. of a culture were used per batch of creanm.
Churning and Working

All visible lactalbumin was removed from the autoclaved cream as
it was strained into the churn. The cream was inoculated and churning
started immediately. It was continued until the butter granules had
increased to the size of small peas. After the buttemilk was drawm,
the butter was washed twice with the sterile distilled water,

The butter from sach churning was divided into six parts, three
left unsalted and three salted. The unsalted portions were worked first.

One portion of the unsalted butter was worked slightly, at which
point many droplets of moisture were visible on its surface. A second
portion was worked & moderate amount after which only a few small droplets
of water were visible on the surface of the butter., A third portion was
sufficiently worked and was free of all visible moisture. The salted
portions of butter were worked in a similar manner., Efforts were made
to be consistent in the amount of working fiven all slightly, moderately
and sufficiently worked portions of butter.

Taking Samples

All samples were transferred to the storage containers by means of
sterile wooden paddles. Care was taken to avoid contamination.

After the desired degrees of working, samples from each of the six

portions of butter were taken for each incubation period and each storage
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3§ OF LEALYSIS
The original saaples were exmuined {or flavor and odor defects and

anelyveed by the various methods scon efter they vere taken. Eseh of the

[

neubated samnles was handled in e sinmller mermer upon removal freom the
incubstor. Gsmples reasved from cold storaps were allowed to becme
tempered at roos temperature, sbont 30 minutes, before they were exaninod

for flevor end eder defects. These sumples were also mnalyzed by the

Flavor snd Odor

The sanples of butter were not soored. However, they were ciunmlned

very eriticelly for flavor &nd cdor defects caussd by the organisms

usod. The tem "good" signifies thet the only flaver criticism wes the
caranclized effect due to the heat trzatment. "OPL" means thet the
flaver and odor defact wee not of sulflicient intensity for ummistakable
dentification.
Provaring Smuples

L . % 4. 4 5 . N 2 oy o T & z

The seznles of butter were wermed not to oxcesd 120 Fe While in
ha il sbete they were poured inte se atory funrnels. Thess wore
the liguid state thay veared inte retory funnel These wore

v oa ﬁe -y E - = * . 3
placed in the 118 7. ineubator iz order teo permit the fat and plasma to
sepurete. Finally, the samples were cenbrifuged to bring sbout a more
conplete separation. The plasma was drawn of f inte test tubes. The fet
was returned to the 113° P, incubmbor where it wes filtered through paper
into tost tubss,

Aeidity of Fat
A& variaticn in the method Gevissd by Breszeale and Bird (2) was

enployed Lo cetommine aeldity of the fat. It consisted of weighing 10

gre of Tiltered fat, into a 125 ml. Irlemeyer flask. Ten mle of



absolute alcohol end 25 mle of petrolewn cther wore added and the

mixture titrated with Ol normwl alecholic potagsiwn hydroxide tc tho

1.

sid palnt using aleololie phonolphthalein as the indicater. The value
derived in this manmer iz the sold degree of the fat ond is exprossed us

il

the number of »illiliters of 1 normel alkall reguired

froo fatty ecids in 100 gne of fwt.
Anine Miregssn Deborminatiens

Zhe »illigrame of anmino nitrogen were derived from values cbbeined

by Zorensen's formal tiltraticn motheld and Van Slvke's micro=-mothed; both

are teatetive (1). The velues were cbimined on sanples of butter zlasme

th

from which ne ercde proteins wers rewcvade Jacobsen (12) uscd Soremsents
mothed on eream and butter withoul remeving proteins fros these produets.

I i3 recomnized thwt cxpreassing miliigroms of anine nitrogen frem such

results doss net sgree with values obteined by the methods cubliped in

A Ds Ae Ca (1)s Tevertheless, the sdditiecnsl simplicity of the dctormi-
astiene and the smaller ancunts of bulter nceessary for samples seomed

te justify such an experiment on this producke.

sorensen's formal titration mothed for asin

Lo
£
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£

nitrogen, as acdified by the suthor, involved titraticn of 10 ma. of
pldasme with Ce.l nomal sodiumm hydroxide %o the nsutral point using

phernolphthaleln as the indicater. The determinetion was ccaplebed by
Fy l}

adding 3 mle of noutral fermeldchydc (1) and subsoguently titreting So

the neutral point azein with C.l nommel seodlum hydroxides Tho milli-
liters of 0.1 normal scdiuwm hydroxide used in the second titration minus
the milliliters of tho same base used in 8 blamk bitration times 2.8
equal the milligrams of amino nitrogen. This value is the same as is

obtained Ly multiplying the milliliters of 0.2 normsml base by 2.8 whon a



20 me sanple is used (1).

Vhonever the term "amine nitregen" is used to express the values

chtainad by Jorenson's mothod in this study it will be understcod to

include amino nitrogen, amwnonis, and other substancaes in butler plasms
which ontor inte a nsutralization reaction with sodium hydroxide during

the asoond titration of the determination as outlined previously.

23

ebe

Slyke's spparatus 1 ml. samples were

In ail deterningtions with Van

used. TFach saudle was reacted upon exactly five minutes (stop wateh) in

the deaminizing bulb. Attempts sere mads te maintain the ssme rate of

shaking for all determinutions.
Roon temperature and the baraaciric pressure were rocorded as well

as the miililiters of nitrogea gas for cach determination, The milli-
grans of anino nitrogen wero derived fros the table propared by Horrow

{15), Those were nultiplied by 20 in order to have ihe values compare=-

ble 4o those by Sorensen's method.
Determination of pE
Tha Coloan glass electrods potontiomelber was wsed for detemining

the pE of all bubtter plasma. Readings were mnde to the nearest Q.1

value and sstinated with feir acouracy to the nearest (,01 valus.
Titratable Acidity

The tibrateble seiditlics were caleulatad fron the milliliters of

Qa1 normal sedium hydroxide used in the first psrt of Sorensen's mothod

for amine aitrogen (see amino nitrogen determinations).



DISCUSSION OF RESULTS 16
SECTION I
PRELIMINARY EXPERIMENT TO SELECT MICROORGANISMS

A few deviations from the outlined procedure were made in con=-
duction of the preliminary experiment.

Cultures of 12 different organisms were used. Only sufficient
sterile cream was inoculated and churned for one sample of unsalted
butter for each organism. Churning wes done in quart fruit jars. After
the specified washing, each portion of butter was worked a moderate
amount, This was done in small sterile pans by means of the sterile
slender paddles.

The 12 samples of butter were incubated at 70° F. for 6 days. The
methods of analyses were followed for all samples including one not
inoculated which was analyzed soon after churning.

Results on 5 organisms are recorded in table I. All others pro-
duced smaller changes and are therefore omitted.

The bacterium, Ach, putrefaciens, was selected because it liber-

ated amino nitrogen and produced the putrid defect. 0. lactis, a mold,
showed the greatest amount of lipolytic activity and imparted a fruity
flavor and odor defect to the product. The yeast, Mya lipelytica, pro-
duced the second highest fat acidity end same proteolysis. Fourth
choice was Ps. fragl because of its ability to produce the rancid
flavor and odor defect with very little lipolysis as shown by the small
increase in fat acidity.



TABLE I

Deterioration of Butter by Microorganisms

(Cream Inoculated, Butter Churned and Held at 70° F. for 6 Days)

Quality determminations

' ' Changes produced by miocroorganisms

Flavor and odor

sFresh i Ache t B H 2. P £8., 3 ‘IO-
sbuthr:putrﬁolm:h&;ug lactis :fregl :lipolyticus
L] ] i8l. DU : ] :

sgood 1ve putrid isl. yeastyive fruitysrancids =---

1 : ' ' 1 [
pH of plasma 3 8447 3 €.48 3 5440 3t 5.94 1 6.40: 6430
t ' . 1 ' '
Per cent acidity in plasma i 0014 3 0.22 3 0s32 3 0.17 & 0.17s 0.15
¥1ligrams of amino nitrogen in ¢ ' ' i ' T
ﬁlm (Van e's method) 1 0,00 3 1.40 ' 0s22 1 0,65 3 0,32 0422
ligrams of amino nitrogen in ' ' ' 3 3 1
plasma (Sorensen's method) 1 4448 3 T.28 : 6.16 : 2,80 1 5.32: 4,34
' : ' ' ' '
Acidity of fat (mcid degree) t 1,96+ 1,86 + 8,70 : 13,00 : 2,20: 2,15

8l.=-slight Vewvery

LT
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SECTION II
COMPARISON OF SORENSEN'S AND VAN SLYKE'S METHODS OF
DETERMINING AMINO NITROGEN IN PLASMA OF BUTTER

The milligrams of amino nitrogen in more than 300 samples of butter
plasma were determined by both Sorensen's method and Van Slyke's methed.
The experiments involved studies on the effects of specific organisms on
protein decamposition of unsalted butter and salted butter.

Table II contains data of 96 comparisons which are representative
of all those obtained. These data show that Sorensen's method is of
greater value than Van Slyke's method for detemmining protein decompe-
sitlon in plasma of butter from which proteins were not completely re-
moved.

The data obtained on Ach. putrefaciens show continual incresses in

amino nitrogen by Sorensen's method on all unsalted samples as storage
periods were lengthened., These data also show an inconsistency in the
values by Van Slyke's method on samples taken from the same portions of
plasma. In one instance the value dropped from 4.14 to 0,96 in 4 weeks,
and in another from 4.46 to 2,00 and then to 0.64 in consecutive 4-week
intervals. The latter then rose to 4.86 in the last 4 weeks.

Data on the same organism show all values except one by Sorensen's
methed to be less in sufficiently worked than in slightly worked un=-
salted butter. Exactly the opposite was found by Van Slyke's method.

The data on Myc. lipolytica also support Sorensen's methed. Slight
irregularities were found in emino nitrogen values by Sorensen's method
as storage periods were lengthened for samples of unsalted butter. How-
ever, data show very consistent decreases in amino nitrogen with in-
creases in degree of working. Values by Van Slyke's method are also
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Comparison of Amino Nitrogen in Butter Plasma es
Determined by Sorensen's and Van Slyke's Methods

“VWeeks : Method of 1@ Milli of amino nitrogen
stored : analysis : 1 3 2 a_; T R T

TSorensen's 1 4.61 1 E.ﬁ : i.ﬁ $ 4402 1 .92 3 b.04

4 1Van Slyke's 1 4,14 1 3,48 1+ 4.46 1 3,90 1 2.60 12,94
150rensen’'s i 5.60 i 8,96 31 4,76 1 2,24 1 2.10 : 3.36

8 1Van Slyke's 1 0,96 : 3,80 1 2,00 1 2,54 3 ———= t 0,22 _
I50TeNsen's 1 Us2d § U.b2 1 5.2 1 Be80 1 5,64 &t 5,04

12 sVen 'S 1 1,38 3 1,92 3 0.04 3 0,96 1 0s96 3 =—===
sSorensen’'s s 11,48 3 20,16 ¢+ 7.00 1+ 3,08 : 3,36 5 3.92

16 sVan Slyke's i 2,64 i 16450 : 4,86 1 1.40 : 11,64 : 1.48
iSorensen's 3 9.52 1 5,% : g.ﬁ t 4440 3§ 4,20 1 4.20

4 3Van Blyke's 1 4.04 1 35.084 1 0O.82 1 1,21 1 5,10 s 1,98
150renSen’'s 1§ 11e76 § ==—= t 7Te04 t ODodd 1 0odd 1 5,04

8 a_'!nn §lgko'a t DelO 3 8e28 3 2,40 1 1010 3 0e82 § www=
tSorensen's i ﬁ.i! H iO-“ 3 _é-:ﬁ_l Te 3 «44 3 5058

12 :Van Slyke's s+ 4,58 : 2,66 : 1,80 3 1,28 3 1.02 3 1,16 _
iforensen's : 13.72 § 12,08 s 12,82 5 4,76 : 4,76 s+ 5,04

16 :Van ©'5 1 D.72 1 0,26 1 5,02 3 1.98 1 2,80 : 0.04

Qe hﬁu

150TONSON'S 1 Ded0 1 5.84 § 5,08 § 1.90 1 2438 1 2480

4 sVan Slyke's 5 0,64 3 2,14 s+ 1,88 1 0,10 s 0.74 3 1,06
150rensen’'s 1 5eB38 : TeBd 3 Teb6 1 4.70 : 2.50 1 8.64

8 iVan TS 1 Oeb2 § 1.26 1 1.26 3 2,00 § 1,06 1 1.26
150reNSeNn's : B.40 § 7Teb8 1 D5eB2 1 1,90 & 2.52 t 4,20

12 sVan S1yke's 3 2.2 1 2,82 1 0.96 1 ==—= 31 0.74 § ===
I50TENSON'S § 14400 3 25e02 t 0.10 8 1400 8 2.24 3 5,08

16 i1Ven Slyke's i1 7.28 : 1714 & B8.22 3 __ 2,08 : 0,09 & 0,07
so0rensen’'s s 7.00 §.& 3 t-ﬁl 3 So38 § S8 3 3S.38

4 ;Vean 'S 3 3 - . s 1.62 3 0u50 3 0.64
mm‘n‘. | m 1 5.24 1 4:73_3 m H m s 08

8 sVen Slyke's 3 O.84 § 1,90 & =-== § === 3 O.E t_0.20
sSorensen's i 7.28 1 6,44 3 5.88 3 4,76 3+ 5,04 1 _S.

12 :Ven ﬁqto's 3 1,70 3 1.60 ¢ 2,24 3 1,38 3 2.98 f 42_.33
1S0rensen’'s 3 5.02 § B5.08 8.64 t 4420 1 .68 1 B.86

16 sVan Siyke's 3 1.16 1 452 1 0.4 0420 1t 1,26 § wwwe=

1-Unsalted~=~~--glightly worked-----4-Salted
2-Unsalted-=--moderately worked----5-Salted
S-Unsalted---sufficiently worked---6-Salted



fairly consistent in the latter comparison but fail to establish any
correlation with storage time.

Dats on O. lactis and Ps. fragi show trends on unsalted samples
which tend to favor Sorensen's method slightly.

Very few of the comparisons of amino nitrogen on salted butter
containing either of the organisms favor one or the other of the methods.
Most values are so small and differences so insignificant that very
little importance can be attached to them. The small advantages that
were found favor Sorensen's method,

As the operation of Van Slyke's apparatus requires considerably
more skill and time than are involved in determinations by Sorensen's
method, the latter has the greater advantage if many deteminations are
to be made.

Perhaps Van Slyke's method could be used with an equal advantage to
Sorensen's method on serum of dairy products. No data were obtained to
establish any facts regarding this possibility.

It has been established that Sorensen's method excels Van Slyke's
method for smino nitrogen on plasme of butter from which protoim. have
not been completely removed. Therefore no further use will be made of
data by Van Slyke's method. Data by Sorensen's method will be used in
all other amino nitrogen comparisons.
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SECTION III
VALUE OF INCUBATING SAMPLES OF BUTTER AT 70° F. IN PREDICTING
KEEPING QUALITIES OF THE SAME BUTTER STORED AT 40-45° F,

It was found (table III) that keeping qualities of sufficiently
worked unsalted butter stored at 40-45° F. were predicted by values
obtained on samples incubated at 70° F, for 6 days.

Flavor and odor defects and changes in amino nitrogen produced by
Ach. putrefaciens at the end of € days at 70° F. cerresponded very

closely to values in & sample of the same butter stored 16 weeks at 40
45° F. The other values are not in close agreement. The small differe
ence in the acidity of the fat can be attributed to experimental error.

In every instance, deterioration of unsalted butter caused by Myc.
lipolytica was greater after 4 weeks at 40-45° F. than after 6 days at
70° F. By extrapolation, it was found that most values after 6 days at
70° F. ccmpared with values after 2 weeks at 40-45° F, Predictions can
be based on this correlation. These data show alse that temperatures of
40-45° F, were not low enough to retard the growth of Myc. lipolytica
appreciably.

Some inconsistency was found in the changes of values brought about
by O. lactis on unsalted butter. By interpolation it was revealed that
smine nitrogen and fat acidity values cbtained after € days at 70° F.
compared favorably with similar wvalues found after 15 weeks at 40-45° F,

At 40-45° P, Ps. fragi grew nearly as luxuriantly as Myc. lipolytica.

It produced the slight rancid defect in 4 weeks at 40-45° F, and the same
defect but of greater intensity in 4 days at 70° F. In order to have
comparable values it was necessary to interpolate those found on the

semples stored at 40-45° P, The interpolated values were found to be



Table III

Comparison of Keeping Qualities of Sufficiently Worked Unsalted Butter
when Incubated at 70° F. and when Stored at 40-467 F,

(Cream Inoculated with Specific Organisms)

Quality : Days &t 700 F. : Weeks at 40~45° F,
1 4 $

determinations 1 2 8 1 4 f 8 ' s ¢ T 16

Tlavor and odor tgoodisle. Eﬁidul. putridsoff 1off iputrid sputrid
2 0.22

Por cent aoidity in plasma 10,201 $ 0,80 1 0.7 1 0,20 1 0s21 1 0,78

PE_of plasma 6,391 6.89 6,22 6,51 €,50 6,50 1 4,98
)&T&im- of amino nitrogen in plm:m : Teld : 4,76 _ : 4,76 : 5482 00
] i H B

Acidity of fat (ecid degree) 12,061 2,06 2,08 1,92 —=-= 2,00+ 2,10
Flavor and odor 10ff iranci v, rancid irancid  srancid  sraneid  srancid
Por cent mcidity in plasma 100201 === 1 0,20 1 0.4b : 0,82 1 0,08 1 0,78
Pl of plasma 16,001 ==== 1 5,60 1 5, ., R . & T 4,90
Milligrems of emino nitrogen in plasmaide90i  =--- 1 B,82 1  Be16 1  7+84 1  B.72 1 12,32
Acidity of fat (acid degree) 11,0081 ==== 1 4,85 1 7.40 1 11,90 1 . t 20,
Flavor and oder toff 1sl, fruityssl. fruityssl. fruityisl. fruityisl. fruitysfrul’
Por cent acidity in plasma 10,161 __ O, 1
pi of plasme 16,831 6,20 1 5,26 1 6,56 1 6,02 1 6,10 1 6.00
Milligrems of emino nitrogen in plasmaiBe741  B:80 1 6,00 1 5,08 1 T.B6 Sj i 6.16
Acldity of fat (ecid degree) 12,001 4,96 1 6,50 1 2,80 1 8,10 1 3,80 1 6,00
Flavor and odor soff irencid  srancid _ sl, rancidisl, rencidssl, rancid:v, rancid
Por cent acidity in plasme TOsBES OeB0 1 OuS1 1§ 039 & Uldb 0,68 1 0.48
H of plasma 16,1215, t 5, 1B, i 5, t_B,19 3 B,
Tigrams of emino nitrogen in plasmai6.16s 5,04 1 6,04 1 b, 1 4,78 1 5,88 1 3,
Aoldity of fat (acid degree) 124601  B.75 1t 4.60 1 D5eB0 1 7480 1+ 9470 3 12,00

8l,-slight Vewvery
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about the same after 6 weeks at 40-45 F. as actual values after 6 days
at 70° .

Data show (ﬁ‘bh IV) that values obtained from samples of sufficient-
ly worked salted butter incubated at 70° F, for 6 days are of little aid
in predicting keeping qualities at 40-45° F. This is because changes in
values as a rule are so small that they are within the range of experi-
mental error.

By extrapolation of data on Myc. lipolytica it was found, however,
that values after 6 days at 70° F. were about the same as values after
1% weeks at 40-45° P,

Changes produced in salted butter by 0. lactis after 6 days at 70°

F. were about the same as those produced after 8 to 12 weeks at 40-45° F,



Table IV

Comparison of Keeping Qualities of Sufficiently Worked Salted Butter
when Incubated at 70° F. and when Stored at 40-459 F,

(Cream Inocculated with Specific Organisms)

Quality . ' “Days at 700 T, : Weoks at 40-450 T, &
determinations stk ¢ % 8 A | R, T S R Tl
i »
Flavor and odor g+t 1goodisl, pu?i%ug. putridigood 1good toff  soff
Per cent acidity in plasma 10.16:¢ 0,16 0-!7_ s 0,15 : 0,14 : 0,16 : 0.14
pH of plasma S 16,00 6,02 ¢ 6,064 1 6,06 1 6,00 1 6,07 t 6.08
Milligrems of amino nitro in plasmaib.52t 4,48 & 5,04 5.04 B0l t 5,08 1 85.92
Acidity of fat (mcid acgjgiu 12,008 2,00 3 2,06 1 1,92 3 === 3 2,00 1 2,00
Flavor and odor 1good: on 181, rancidssl, rancidisl, rancidisl, rancid
Per cent acidity in plasma SULABL  Gud8 t- Oul .t Oud% 1 OuE ¢ 0s38 1 0.46
PE of plasma 15,881 6,80 1 B, i 5,08 B, 15,80 1 65,28
Milligrams of amino nitrogen in plasmai4.48: 4,90 1  4.62 1 4,20 ¢ 5,08 1 8,88 i 5,04
Acidity of fet (acid dosri?f 31,008 1,80 & 1,40 1  4.40 3  7.80 3 10,70 ¢ 18.70
Flavor and odor 1good: good 1good 1 good joff ' seff . aeff
Per cent acidity in plasma 10,101 0,14 : 0,14 :+ 0,1 s 0,18 ¢+ 0,13 : 0,14
pH of plasma 18,96: 6,02 1 B.08 & D.98 1 B.97 1 5.95 1 6,01
Milligrams of amino nitrogen in plasma:3,60: 8,92 1 3,64 1 2,80 1+ 8,64 1 4,20 : 85.08
Acid ty of fat (acid degree) 12.80: 1.08 1 S.00 1+ 1,90 ¢  1.00 ¢ 2.00 3 £.10
Flavor and odor 1good:o 181, ranoidigood 1off  soff sl rencid
Per cent ecidity in plasme 80,185 0,18 ¢ 0,17 3 0,17 ¢ 0,18 1 0,18 1 0.14
PE of plasma 16,001 5.97 1 5,88 1 6,00 & 5,82 1 5,88 1 5,70
illigrams of amino nitrogen in plasma:3,36: 2,80 1 2,04 1  8.86 1 8,08 1 8,92 1 3.36
Acidity of fat (acid degree) 11,801 2. t 2,00 ¢ 2,80 ¢ 2,70 1 3,00 3,40

8l.~slight Vewvery



SECTION IV
INFLUENCE OF DEGREE OF WORKING ON KEEPING QUALITIES
OF UNSALTED BUTTER AND SALTED BUTTER CHURNED
FROM CREAM WHICH WAS INOCULATED
WITH SPECIFIC ORGANISMS
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Reletion of Flavor and Odor of Stored Butter

to Degree of Working
In most instances (table V) there were definite correlations
between the development of flaver and odor defects in unsalted butter
and the degree of working which the butter received. In order to
eliminate repetition of the lengthy term "flavor and odor defect” the
term "flavor defect™ will be used to imply the same meaning.

During the first 4 weeks at 40-45° F. Ach. putrefaciens did not

produce a flavor defect that could be identified. At the end of 8 weeks
at the same temperature the putrid defect had developed in slightly
worked butter and moderately worked butter. The sufficiently worked
butter received the same flaver oriticism given it at the end of the
previous storage period. This butter developed the putrid defect after
an additional storage period of 4 weeks.

The presence of molds, due to contamination, no doubt were responsie
ble for the fruity flavor defects found in samples 1 and 2 after 12 and
16 weeks of storage. It is believed that the putrid defect would have
been more pronounced had it not been masked in this manner.

Myc. lipolytice produced a very rancid flavor defect in slightly
worked and moderately worked unsalted butter after 4 weeks storage. The
same flavor defect but of lesser intensity was found in the sufficiently
worked butter when it was examined after a similar storage poriold. The
intensity of this flavor defect did not inerease during the remainder of
the storage periods. Fouts (8) found that this organism caused unsalted
butter to exhibit a very rancid flavor defeot at the end of 14 days of
storage at 41° .

0. lactis produced & slight fruity flaver defect in sufficiently



Table V

Effect of Degree of Working on Flaver and Odor of
Unsalted Butter Stored at 40-45° F,

“Degree

Flavor eriticisms

of 3 : . Weeks in nhnﬁ
working :Freshs 4 s 8 t T 16
Agh. putrefaciens «
3 3 : :8l. frulty:sl. fruity
Slight tgood soff sputrid sputrid sputrid
3 [ : sfruity s fruity
Moderate :good soff sputrid sputrid sputrid
: $ : 3 [}
Sufficientsgood soff soff sputrid sputrid
Myec. Jipelvtica

s 1 3 s
sve rancid :v, rancid sv. rancid :v. rancid

Slight sgood
3

Moderate igood
]

] P : 3
3v. raneid :v. rancid :v, rancid :v. rancid

Sufficientsgood

2 3 3 :
srancid srancid srancid srancid

sle Auodiy

Slight 1good

3 3 3 18, rancid
sfruity 1ve frulty :fruity s fruity
: t

3
lModerate :good

:ll. ﬁ'uitéruit]_ i8l. fruity:fruity
: s s f

Sufficientigood 3:sl. fruityssl. fruity:sl. fruity:sl., fruity
Es. fragi
3 s 3 H H
Slight sgood srancid srancid tve. rancid sv. rancid
: 3 s : 3
Moderate :good irancid srancid irancid i1ve. rancid
: s 3 3 s
Sufficientigood i1sl, rancidsrancid $sl, rancidiv. rencid
Sl.-slight Ve=very
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worked and nmederately worked unsalied buttor. This dofect was nore
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butter afber of storego, The intansity of this dofeebt was less

in the sufficlently workoed than In the moderately or slizhtly worked

2ogree of working given selted butteor (teble VI) hed a direct

the devolopment of flavor defaets during storage st 40406

paent of defects weore deferred by sulficient working.

o¥

Aeho putrcfacions did not alter the flavor of sulfiecisntly worked

zalbed butter until the butter hed beon stored For 12 wsaels. Dven afber

E&

1€ wesks storage tho Intensity of the defect was nebt sulficient for

identificatione This orzanism produced o slight  tallowy defect in

slightly worked salted butber during the first 4 wodks of storage.
After 12 weoks & slight putrid defect had bosn produced.

The importsnce of sufficient working in retarding develepment of
flavor defects is alse ecrphasized by the differences prodnesd by Ps.
fragi. o change was found in flaver of sufficlently worked butber
after 4 weeks of shorage. Examination revieled moderately worksd butter
to e off in Plavor and slightly worked butler to possess the slizht
ancid defects The slicht rancid .cf-v ¢t wne first detected in mcderately'

worked and sufficiently worked butber after 16 wocks of storage, Tho

!*"

nbensity of this defect incremssd in the slizhtly weorkad butter during
these same storage intervals.
After 4 weeks of sbersgs thers was no change in flaver of sul-

Ticiently worked salted buticr made fron crcem inreculsted with O. lactis.

Even afber 1€ weeks no flevor defact which oould be identifisd haed
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Table VI

Effect of Degree of Working on Flaver and Odor of
Salted Butter Stored at 40-45° F.

“Degree 1 Flavor oriticisms
of s 3 Weeks in m{?o
working sFresh: 4 3 8 3 [ 16
Ach. putrefeciens
3 s s ' 3
Slight igood :sl, tallowioff 1sl, putridisl. putrid
' N s t t
Moderate sgood 3sl. tallowsoff 1of f soff
3 : : t t
Sufficientigood :good sgood soff soff
sye. lipoliticn
: 3 3 $ s
Slight sgood srancid srancid irancid srancid
3 3 3 1 3
Moderate :good sraneid srancid srancid srancid
3 3 : : s
Sufficientigood :sl, rancid:sl. rancidssl. rancidssl. rancid
Q. lactis
3 : 3 3 t
Slight igood soff toff soff ssl. fruity
: t : s $
Moderate :good toff soff 10ff toff
t s 8 3 3
Sufficientigood :good soff 1off toff
Es. fragl
t 3 3 3 1
Slight sgood 31sl. rancidssl, putrid:sl, rancid:rancid
t t s 3 '

Moderate igood ioff soff toff ssl. rancid
: t 3 f [
Sufficientsgood :pood soff sof f ssl. rancid

Sl.-slight Ve=very



developed in this bubter.
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Relation of Acidity of Fat of Stored Butter
to Degree of Working

Date show (figure 1) that the acidity of the fat was highest in
slightly worked unsalted butter and lowest in sufficiently worked salted
butter at the end of each storage period.

It was found that each organism produced lipolysis very rapidly in
slightly worked unsalted butter at storage temperatures of 40-45° F.
The demeging effect of each organism used was reduced somewhat in un-
salted butter which was sufficiently worked. These effects were inter-
mediate in unsalted butter which was moderately worked.

Sufficient working of unsalted butter that was stored at 40-45° F.
was very effective in preventing large increases in fat acldity by 0.
lactis. This was true especially for 12 weeks of storage. Differences
in fat acidity are not great enocugh to establish sufficient working as
an effective means of controlling Myc. lipolytice and Ps. fragi.

The aeidity of the fat was increased very little by 0. lactis in
sufficiently worked salted butters The increase was almost negligible
even after 16 weeks of storage. Sufflcient working of salted butter was
also effective in deferring lipelysis caused by Ps. fragi. Very little
difference was found in the scidity of the fat of slightly worked and
sufficiently worked salted butter when Myc. lipolytica was responsible
for lipolysis.
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Effect of Degree of Working on Acldity of Fat
of Butter Stored at 40-45° F,

(Cresm Inoculated with Specific Organisms)
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In general all organisms employed decomposaed protein most rapidly
in slightly worked unsalted butter.

In a mumber of comparisons (figure 2) the milligrams of emine
nitrogen werse oo-midanbly less in the sufficlently worked butter than
in the moderately worked butter. These differences were consistently
great for all storage periods when proteclysis was caused by Ach. putre-
faciens. Therefore these data support sufficient working as an
effective means of controlling proteclysis in unsalted butter by this
organism.

Data show that Mye. lipolytica caused more proteolysis in suf-
ficiently worked unsalted butter than any other organism studied. This
organisn decamposed protein very rapidly in moderately worked butter as
wall as in slightly worked butter.

O. lactis liberated considerable amounts of amino nitrogen during
16 weeks of storage. The importance of sufficient working in controlling
proteclysis caused by this organism is showm by the large differences in
values cobtained after 12 and 16 weeks., The same support was given suf-
ficient working by the values obtained after each storage period when
proteclysis was caused by Ps. fragi.

Protein decomposition in butter was controlled very o.rfutiwly by
the incorporation of 2 per cent salt.

Data show (figure 3) many of the amino nitrogen values to be less
after storage than before storage. No explanation is offered for this
condition, However it was noted that the milligrams of nfunsmpn
were less in each fresh salted sample than in the wgrr;imdigg nruh
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unsalted sample.

The salt tolerance of Mye. lipolytica is indicated by its ability
to liberate appreciable quantities of amino nitrogen in salted butter.
Other organisms studied were able to do this only to a very limited
extent.

Deta on Myc. lipolytiea and Ps. fragl support the statement that

sufficient working is an aid in limiting protein decamposition in salted
butter.
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Relation of pH of Plasma of Stored Butter
to Degree of Working
In general it was found that less change in pH had oeccurred in
sufficiently worked than in moderatd y worked or slightly worked un-
salted butter.
It is shown in figure 4 that all organisms reduced the pH of butter

plasma as the periocds of storage were increaseds The smallest reductions

were found with Ach. putrefaciens. The large decrease in pH of each
sample after 1€ weeks m be atiributed to the mold which contaminated
these samples. Myc. lipolytica reduced the pH of plasma of suffieciently
worked unsalted butter far more during the first storage period than
during any of the others. This organisam caused differences in pH to be-
came greater between sufficiently, moderately and slightly worked butter
as storage was lengthened. Similar trends in pH were found with Q.
lactis and Ps. fragi. These data show the importance of sufficient work-
ing in controlling pH of plasma of unsalted butter.

Smaller changes in pH were produced by all organisms in salted
butter than in unsalted butter. However sufficient working was an asset
in controlling pH of salted butter as is shown in figure 5. The differ=-
ence in pH between any two degrecs of working with Myc. lipolytioca and
Ps. fragl are feirly consistent for each storage period.
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Relation of Titratable Acidity of Plasme of Stored
Butter to Degree of Working

In general, the titratable acidity of the plasma of sufficiently
worked unsalted butter was less than of moderately worked or of slightly
worked unsalted butter (figure 6).

There was an increase in plasma acldity with increased storage
regardless of the degree of working which unsalted butter received. The
largest increase was found with Mye. lipolytica. This organism in-
creased the plasma acidity considerably in four weeks as did Ps. fragi.
Both increased plasme acidities nearly the same amounts in sufficiently
worked butter with increased storage.

Data show that sufficient working was very important in controlling
the plasma acidity in unsalted butter when Myc. lipolytica was responsible
for changes in acidity. Also with 0. lactis and Ps. fragl sufficient
working was effective in controlling plasma acidity.

It is evident (figure 7) that Myc. lipolytica is more salt tolerant
than any other organism studied. Ps. fragi was next in this respect.

An abnomal condition was found with Ach. putrefaciens and 0, lactis.

The titratable acidities of plasma of nearly all of these samples were
less after storage than before storage. Because of the method of
handling it is doubtful that any lactic acid had been formed in the cream
prior to churning. Therefore these decreases likely could not be at-
tributed to utilization of lactic acid by these organisms. The reduction
in titratable acidity may be due to breakdown and utilization of the acid
constituents of the plasma by the organisms. MNost important of these
are citric acid and phosphorus pentoxide.

Hammer (10) states that & high titratable acidity in salted butter
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faveors the davelopment of & fishy flavor defeect. It is therefore
impertant thet titratable scidities of salted butter be kept at a very
minime in commereial practices in order to assurs good keeping
auality of salted butier,

Suffielent werking was important in preventing Ps. {regl from in-

creasing tiltretable aciditios of salted butter during sborsge, It wes

of little importsnce with ijyc. lipolytice.

Table VII is introduced because it conteins ell data horein dise
cussaed oxcept dota in teble T and the portions of tables III and IV
dealing with incubation of samples at 70° P. Data for all fipares wore

nlso taken fros this tabls.
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CORCLESIONS
1.

Sorensen's formal titration method was found to be mors

valuable than Van Slyke's micro=-method for determining protein decom=-

nogition in plasma of unsalted buiier.

It was of little value, but
more than Vsn Slyke's, on plaama of salted butter,

2. & 70° F. incubstion period of € days was valuable in predicting
koeping qualities of unsalted butter stored at 40-45° ¥,

The valune of
the incubmtlon perlod was almost neglizible on salted butter.
Se

suffiecient werking wes important in retarding the development

of flavor defects in unsalted butter.

It was of greater importsnce in
controlling flaver defects in selted butter,

4.

The acidity of the fet was highest in slightly worked unsalted

butter aad lowsst in sufficiently worked salted butter.
=y

e

Sufficient working was valuasble in controlling protein dscom~
position in unselted buttor.

&, In most instances sslt ndded to butieor was more effective than

sufficient working in preventing inercases in smino nitrogen.
er

7. Small/chenges in pH occvrred in sufficiently worked unsalted

butter then in moderstely or slightly worked unsalted butter. This was
true slso of salted butter.
o

e

Sufficient working was wvaluable in preventing appreeieble in=-

ereases in titratable acidity of plasma in unselied butier.
Te

leasurement of chemieal chenges in butter were found to be
aids to the organoleptic method for determination of buttsr cuality.
10.

Sufficient working was veluable in controlling the growth of
- Aehe putrefaciens.

Selt wms also very effective.
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11. Myc. lipolytica demaged butter quslity to such an extent that
the benefits of sufficient working and salt were not important.

12. The keeping quality of unsalted butter was severely damaged by
0. loctis. Salt was very effective in reducing this damege.

13. Salt was more effective than sufficient working in controlling

Ps. fragl.
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