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IRTRODUCTION

Changes coourring in the fat of dutter are of great importance from
the stendpoints of flaver and keeping quality of the produet. Hydrolysis
of the fat may set free some of the lower fatty sclds, particularly butyrie,
eaproic and eaprylic, csusing & condition commonly referred tc as rencidity,
constituting one of the most serious defects ococurring in butter. Rancidity
frequently develops in samples of cammercial butter when they are subjested
to keeping qnality'tut:.

In butter made from unheated cresm the lipase normally present in milk
may cause fat hydrolysis. However, this enzyme is readily destroyed by the
usual pasteurization procedure. Since there is little opportunity for
slgnificant resontamination of pasteurized oresm or of butter with lipase,
it probably has little effest on the keeping qualities of commereial butter,

Many mieroorganisms are able to hydrolyse butterfat. Orgenisms of this
type are widespread in nature, often belng present in rew oream, water and
dsiry plant equipment. They are ordinarily killed by pasteurisation but
recontamination after pasteurization mey ococur, If suoch organisms gain
entrance to pasteurized oresm in sufficient numbers and find oonditions
sultable for growth, they may ceuse serious defects in the resulting butter,
Salt retards the growth of these organisms, so thet they produce the most
serious defects in unsalted butter.

The soid number has proved to be & walusble adjunct to the organcleptie



.
method of determining the degree of hydrolysis in the fat of oream or butter.

However, certain organisms may utilize fatty aolds as food. Also, when the

oresm acidlty is standardised the scids in the fat as well as those in the

serum are partially neutralised. Under such conditions the scid number is

not an exact index to the degree of fat hydrolysis.



T

STATEMENT OF PROBLEM

The work herein reported was undertaken to obtain information cone
corning the effect §t growth of mieroorganisms on acid numbers of fat in
oream and in butter. In the studies the following points wers comsidered:

I. Relatlonship of acld number variations to the qualities and flaver
defects of commercisl butter,
I1. Factors responsible for variations in the acld numbers of the fat
in eresm and in commercial butter.
I1X. Relation of volatile acidity of butterfat to rancidity.

IV, Changes in the aecid number of butterfat during storage.



HISTORICAL

In the latter part of the ninsteenth century butter defects were of
congiderable interest in Germany, Demmark, Switzerland and other Europesn
countries. Much work was done in an effort to ascertain the cause of
rencidity and to find a preventive for it. This particular field was of
especial importance at that time ehiafly because the manufecture of butter
on & commercial seale was in its infancy and was beset with many problems,
one of the most important being kesping quality. The development of
rancidity was probably the most cammon defest of butter and the most serious
problem confronting the butter industry. The early studies included little
on the acidity of butterfat but since increased aoid numbers most always
aceampany hydrolytio rancidity in butterfat, e review of the literature con-
cerning rancidity is pertinent.

The early literature is somewhat confusing because of the multiplieity
of defects ocourring in butter and the lack of clear, concise statements as
to the exeet nature of the defects studled. This confusion ls largely the
result of the different conceptions of variocus workers of the ocondition
known as raneidity.

Workers in the dairy industry commonly use the term rancidity to desige
nate specifically the condition resulting from hydrolysis of the fat.
Hagemann (18) believed that rancidity was the result of the splitting of the

glycerides of the futty aecids with lidberation of butyric moid which was
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responsible for the odor of ranoid butter. He reported that whem lactle
acid was mixed with butter, the butter became rencid quickly. PFrom this
finding he ooncluded that the natural formation of laotic seid in deiry
products might be responsible for the development of rancidity. He noted
slso that the glycerol content of reneid butter was less than of fresh
butter end suggested that the desomposition of glyecerol might be responsi-
ble for the off-flavor. Duclaux (13) thought that rancidity was the result
of an oxidation proosss in which the higher scids were oxidiged to the
lower ones.

The term ransidity was socepted by Browne (8) to imply the condition
resulting from any change in the character of the fat and not jJust the
development of free acid. His data reveal that fata may become rancid
without necessarily becoming very acid. He further belleved that ranecidity
in butter was primarily the result of the setivity of btacteria in the whole
butter, with its lactose, oaselin and other constituents serving as bactsrial
foods Be did not belleve, however, that pure fat supported micrcorganic
life. He considered unwarranted the statement often made that ramoidity in
whole butter wes produced by the sction of a butyric ferment cn the fat with
the formation of butyric ecid. He thought it more likely that the milk suger
was changed into lactic ameid and that the lmctic scid was converted inte
butyrie soid causing the charscteristic odor of rancid butter, Reimmenn (31)
studied the development of rancidity in an effort to determine its cause. Be
found that by ineoulating sterile oream with rancid butter he could reproduce

the rancid condition. He was unable, howsver, to reproduce the condition by
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inoculation of sterile butter with pure cultures of organisms isolated from
rancid butter. He believed that the rancid condition was the result of the
sotion of organisms or enzymes but hls work failed to establish either as
the speeific cause.

The work of Orls=Jensen {28) on the problem of rencidity in butter
proved definitely that mioroorganiems were able to hydrolyze butterfat. He
danonstrated that the aotion of orgsnisms resulted in the liberation of
volatile acids which were responsible for the characteristic odor of rancid

butter. His dets show that Oidiwm lactis, Cladesporium butyri, Baoterium

fluorescens and Basillus prodigiosus were the most important of the orgeniems

studied from the standpoint of ranocidity in butter. In many ceses his data
reveal that rancidity was accompanied by & decided increase in the ssid
nunber of the fat. Contrary to the ideas of many of the eerlier workers, he
did not believe that light and oxygen were factors in the develepment of
rancidity, except as the oxygen influenced the growth of the organisms
splitting the fat. He believed that rancidity could be prevented easily by
heating the cream to 86° C., in which process all undesirable organisms are
destroyed. He further directed that cream should be cooled and churned in
such 6 manner as to prevent recontamination of the orsam and butter with
organisms from air, wash water and dairy equipment.

Guthrie (16) believed that sctual rancidity in butter seldom oceours and
eonsidered that the average person confuses the flavor of strong butter with
rencidity. Ee found that exposure of butter te warmth, light and air did net

eause rancidity.
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Accerding to Hunsziker and Hosman (20), the hydrolysis leading to
rancidity is sscomplished under ordinary conditions only by fermentation
while oxidation is strictly a chemioanl change.

Mojonnier and Troy (27) believed that the fat of butter becomes rancid
as & result of the splitting of the fat molecule snd that the fatty acids,
when freed {rom the glycercl radiosl, have charscteristic pungent odors end
flavors.

A chemical teat for the sarly detection of rameidity in fats was
developed by Kerr (22). This test shows the presence of certain ketones and
sldehydes which sre knomm to be present in rancid fat. He suggested that it
is especially useful for detesting rancidity in fats which are mixed in such
a manner that & slight rancidity might be missed by tasting or smelling.

Eorr and Sorber (23) defined rsancidity as & characteristic change which
takes place in fats. They stated that the definition was not entirely satise
fectory as it included certaln sonditions which ere commonly ocalled rancidity
but are not in fast true rancidity. A notable cxsmpl§ is the so=called
raneldity of butter, the lnvestigation of which has shown it is caused in
most oases by a decomposition of mllk proteins with or without scoompanying
hydrolyeis of fat., These statements give evidence that the authors were
dealing with oxidative changes.

Powick (30) studled the development of rencidity im fats. He indicated
that while the term rancidity wes sometimes used to deseribe changes caused
by beeteria and fungi in butier, in his studies the term was limited teo

spoilage that occurred in purified fats under conditions precluding the sction
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of biological agents. Such a qualifying stetement indicates that the work
was not concerned with hydrolytic splitting of the fat.

While sgreeing with the generally accepted theory that in butter the
raneid flavor and odor sre due to the presence of free fatty acids resulting
from the hydrolysis of fat, Hunziker (19) alsc suggested that the oxidation
of the free fatty ascids may play an important role in the production of
rancid butter. He further suggested that the free glycercl resulting from
the hydrolysis of the fat, which in itself is neutral and free of rencid
taste, may yleld to oxidation with the formation of acids and aldehydes
which have a very pungent odor resembling rancidity,

.Gronrold and Battay (14) found that one part of butyric secid in 12,500
perts of a msdium ococuld be detected by the sense of smell.

In general, there are three types of fat deterloration each considered
_as rancidity, according to Triebold (36) and the end products are quite
different. The oxidative rancidity is thought to be due to the additien of
molecular oxygen to unsaturated glycerides with the formeation of peroxides
which subsequently decompose into aldehydes, ketomes and fatty acids. In
hydrolytic rancidity there is hydrolysis of the glyserides with the liberatioxn
of free fatty scids as end producta. This type of rancidity is of special
interest in spoilage of dairy products due to the liberation of butyric aecid
with its characteristic odor and taste. The liberation of small amounts of
the higher fatty aclds does not appreciably affeet the odor and taste of a
fat. Ketonic rancidity is due to the formation of methyl ketones through the
action of certalin molds on the lower fuatty acids.

In studying the development of rancidity in raw milk when homogeniczed,
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Dorner end Widmer (12) noted a merked difference betwsen this flavor and the
flevor obtained when milk becames rancid without being homogenized. They
believed that the rmoidity‘ in the unhomogenised milk was more in the odor
than in the taste, and that it was an aramatic rancidity which did not have
the sharp, bitter taste evident in the hcmogenized samples. They suggested
that this type of rancidity cocurred without an eppreciable increase in
acidity, and that it prodbably resulted primerily from the breakdown of the
glycerides of the volatile acids. The rancidity produced by homogenization
wes sccompanied by e sharp bitter taste, probably as a result of the de~-
composition of the entire milk fat. Aseptically drawn milk became rancid
on homogenizing as rapidly as ordinary milk whish indicated that bacteria
were probably not a factor in its development. They expressed the opimion
that all milk would became rancid in time if it were not for the fact that
bacteria cause acidity or spoilage before rancidity ocours.

Collins (9) defined the term rancidity es a condition of fats which is
characterized by the odor and flavor of the lower fatty acids, especlally
butyrie acid. He indiocated that rancidity iz more easily detected by the
senses of taste and smell than by chemiocal means. After exsmining a large
number of samples of ccmmercial butter of varylng qualities Clark, et al.
(8) concluded that the acid mumbsr of the butterfat was a good indication of
the quality of the cream from which the butter was made. It was obaserved
that the higher the quality of the butter the lower was the acid number of
the fat. These workers apparently did not consider the possibility that -
the free fatty scids might have been partially neutralized at the time the

eresm acidity was stenderdiszed.
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According to Hammer (17) butyric and caproic acids are set free through
the hydrolysis of butterfat and & flavor suggestive of these acids somstimes
develops in butter and is described as rancid. Microorganisms constitute
ths most important cause of this hydrolysis. They are widely distributed
and are commonly present in raw cream. In general, they are readily de-
stroyed by pasteurization and the defeot 1s easily controlled.

Comparatively little work has been reported concerning the effect of
mioroorganisms on the acid number of butterfat. The work of Browne (6)
dealt largely with the oxidative changes ococurring in butterfat and he noted
that in general as the degree of tallowiness incressed the acid number also
inoreased. Seigfeld (34) compared the acid numbers of several samples of
fresh sweet and sour cream butter and found no apprecieble differences be~
tween them. Veriations in the acid numbers of fresh sour cream butter were
studied by Burr and Weise (7). They found very little variation in the acid
numbers throughout the year although the values were lowest between October
and February and highest in March and April.

In studying the oxidation of fat, Briggs (5) showed that as oxidation
progressed the change in the acid value did not show a close relationship to
the absorption of oxygen. He conclﬁded that the mold value does not give a
satisfactory means of detecting oxidation.

According to Barniooat‘ (2) it is generally recognized in scientifio
literature that no absolute relationship exists betwsen free acid content
;nd rancidity of fats, since rancid fats do not invariably possess a high

free acidity.
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It is evident that much confusion exists in the literature concerning
the definition and canses of the defeot known as rancidity. Helther has
the relationship of the acid number of butterfat to rancidity been defi-
nitely established. The term has often been used without camplete emough
deseription of the defect in question to enable a person reviewing the
literature to deaide definitely the specifie nature of the defect referred
to.

It 18 evident that the term rancidity hes been used to desoribe several
entirely unlike conditions. One of the common uses of the term was to de-
soribe the condition resulting from oxidetion of unsaturated fatty ecids, a
condition referred to today in deiry research as tallowiness. A second use
of the term desoribed the condition resulting from hydrolysis of the fat,
which today 1s commonly known in the dairy industry as typical ranocidity.
Ketonic rancidity ls the result of the formation of methyl ketemes through
the action of certsain molds and perhaps other erganisms on the lower fatty
aelds. To further compliocate the situstion, eertain workers in food chemlistry,
other than dairy produots, consider any shange ococurring in fat as rancidity.

It appears the best eriterion to use in detormining whether literature
coneerning rancidity spplieas to hydrolytic changes in the fat or otherwise is
to consider carefully the writer of the artiecle. Fram a knowledge of the
field in which a worker is interested, his interpretation of the term ran~-
eidity oan usually be determined.

For substantial opinicns concerning rancidity in deiry products, its

definition and causes, the statements of those workers who have a dairy
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viewpoint and who have studied products possesaing the defect may be relied
upon. The opinions of Orla~Jensen (28), Hunziker (19), Hammer (17), and
others ean readily be accepted. These men concur in the belief that in
general rancidity in butterfet is the result of hydrolytic splitting of the
glycerides of the fatty scids in which butyriec, caproic and caprylic acids
are set free and are responsible for the ranocid flavor and odor. Unless
qualified, the term rancidity in this thesis will imply changes in the fat
of oream or butter resulting in the development of the charscoteristie

flavor and odor of the lower fatty acids. An incorease in the scid number of
the fat will not be acoepted as rancidity, unless accompanied by a rancid

odor or flavor.
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METHODS
Aeid Number of Butterfat

The ususl method of expressing the acid number of fat is as the number
of milliliters of K/1 alkali regquired to neutralize the free acid in 100
grems of fat. All references to scld number will imply this meaning. The

butter samples were melted, the fat aspirated off send filtered through
| peper. The saumples were melted and filtered in a 45° C. ineubator.

The acidity of the fat was determined by the method devised by
Breageale and Bird (4). !‘oxi grams of filtered fat were weighed into & 125
ml, Erlemmeyer flask, 25 ml. of petrolic ethser and 10 ml. of absolute ethyl
alcohol were added, snd the contents of the flask thoroughly mixsd. The
petrolic ether dissolved the fat and fatty acids and the aloochol dissolved
any soap formed during the titration. Ten drops of alcoholie phenolphthale-
in were added and the sample was titrated sgainst N/10 potassium hydroxide
made up in absolute alcohol. The number of milliliters of §/10 potassium
hydroxide required to neutralize the free ecid in 10 gm. of sample corre-

sponded to the ecid number of the fat,
Volatile Acidity of Butterfat

For determining the volatile scidity of fat, 10 gm. of fat were steanm
distilled under standardized oconditions until 200 ml. of distillate were

obtained. The distillate was titrated against N/10 agueous sodium hydroxide
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using phenolphthalein as an indisator. The volatile acldity was expressed
as the number of milliliters of K/10 scdium hydroxide required to meutrslize

the first 200 ml, of distillate from & 10 gm. sample of fat.
Types of Cream Used

In studying the effest of selected microorgenisms on the acid mmber
of fat in eream and butter, cream of good quality was sterilized in an
autoclave after which it was cooled and ineculated with the erpnilﬁ. The
oresm was either churned af; onoce or inoubated and churned later. The cream
was cimmd and the butter was handled in such & manner that contn#imtion
wes negligible. In studying the effect of adding lactic aoid or certain
alkalies to ocream on the ecid number of fat the same procedure was followed.

In scme cases the effeet of the normel mixed flora or the lipase of

cream was investigated and then rew oream was used,
Organimns Used

The organisms used in the triala were Penicilliumm roqueforti,

Myootoruls lipelytics, Pseudomonas fregi, Pseudomenss fluorescens,

Achromobacter lipolyticum, Alcaligenes lipolyticus, Oospors lsectis, lacto-

baoillus bulgaricus, and certain unidentified lipolytic bmeilll designated

4, B, C, and D; butter oultures were slso employed.



SECTIOR I

RELATIONSHIP OF ACID NUMBER VARIATIONS TO THE QUALITIES

AND FLAVOR DEFECTS OF COMMERCIAL BUTTER

Samples of commercial butter of varying qualities were studied to de~-
termine any possible eorfehi:ian between acid number of the fat and quality

of the butter., Both unsalted and salted butter were used.
Unsalted Butter

Ths unsalted butter came from various Iowa oreameries and was obtained
through a merketing association. Immediately on recelipt and after 2, 4 and
6 days at 21° C. the semples were examined for flavor defects. After the 6
days, the fat scid numbers wers determined. Whenever sufficient guantities
of samples were available, acid numbers of the fat of the fresh butter were
also determined.

Table I shows the data on 14 samples of butters The samples were
divided into two groups, those not developing rancldity during holding at
21° ¢, end those which did. The acid mmbers of the fat were not determined
in the fresh samples but judging fram titrations of meny similer samples, it
is probable that the original soid mumbers were all less than 1.0. In
examination of thess samples particular attohtion was glven to the detection
of ranoidity.

In general, the samples which became rancid developed the higher acid
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TABLE 1

Relationshdp of Acid Number to the General
Quelity of Unsalted Butter

Samples from varicus lows Creameries

‘. Flavor of butter after thold number of
gﬁ« st 21° ¢ ifat aftor 6
m-umnia..lm days ys s M days__ sdays at 21° c.
les not developing raneidi

T 1good = 1good sgood MN S.4
2 good 1good tgood ] 2.8
3 sgoed sgood sgood s 3.6
4 sgood tgood 1good L] 4.0
8 sgoed sgoed 1good s 13.8
8 :good sgood tgood t 2.3
7 sgood tgood tgood $ 1.0
8 good sgood sgood 3 2.9
$ sgood 1good 1good s 2.4

Ssmples developing rancidliy

TI0 skunk odor sakunk oder srancid t 4.8
11 sester odor*irancid t1ve yancid 62
12 sester onaﬁu.gpa 18l. rancid 10.8
13 sester odor srancid sranoid ) 6.6
14 raneid srancid irancid ] 5.8

* The ester odor definitely suggested the odor prodused
in butter by Ps. fragi.



numbers. Samples 10 to 14 inclusive becsme rancid and in gensral the acid
numbers were considersably higher than on the non-rancid samples. Sample §
was an exception having & good flavor and yet having an acid number of
13.63 alsc semples 1, S, 4 and 8 had higher eoid numbers than are ususlly
found in nenmerancid butter.

The results on another series of 32 samples are given in table IIX.

The semples were again divided inte those not developing rancidity and those
whish did. The scid numbers of the fat when the utter wes received were
below 1.0 in all cases except sample 28, which was l.1., After € days at

21° ¢., the moid numbers of the nonersneid semples ranged fram 0.8 to 11.63
the rancid ssmples from 2.4 to 14.0. In genersl, the nonerancid samples had
relatively low fat ecid numbers, 2, 3, 4, 8, 9, 10, 11, 17, 18, 20 snd 24
having acid numbers of 1.0 or slightly higher after 6 deys at 21° C. Ssmples
16 and 26 were exseptions with acld mumbers of 9.8 and 11.8 respectively. Of
unususl interest were samples 28 and 31, YNeither sample was rancid when re~
eeived but within 2 days sample 28 beosme slightly rencid send only increased
from the origimal aoid mumber of l.1 to l.6. Sample 31 beceme distinetly
rancld during the same period and only incressed from 0.8 to 1.3.

It may be noted in the samples developing rancidity after holding, that
other flavor defesects frequently preceded the raneid odor and flavor. In some
osgea an ester odor was the first indication of the approach of rancidity.
The ester odor definitely suggested the edor produced in butter by Ps. fragi.
In every ssmple in which the ester odor was present, rancidity soon followed.
A cheesy flavor oceasionally preceded rancidity; however, all samples showing

cheesy flavor did not become rancid during the 6 day holding period.
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TABLE II

Relationship of Acid Number to the Genersl
Quality of Unsalted Butter

Semples from various Iowa Creameries

N Flavor of butter after 1 Aold mmber

: _inoubating at 21° C. s of fat

' 1 1 0 tafter g days
Semples 2days ¢ 4 days 1 6deys 3 fresh : at 21” C.

Samples not developing raneidiézq
s .

1 ioheesy toheesy tcheeay N 1.2
2 good sgood sgood t 7 3 «8
$ sgood sgood sgood 8 o7 3 .8
4 good tgood sgood 1 W7 3 8
B sgood sgood sgood 3 o8 3 3.4
6 1igood 1good s1good 1t o7 2.8
7 sgood sgood tgood t 8 3 1.8
8 sgood sgood 1goed 8 <8 12 9
$ sgood 1goad sgood 8 o9 3 1.8
10 1good 1good tgood 1t 8 1.1
11 sgood sgoed sgood 8t o8 1,0
12 sgood sgood sgood t <7 3 1.8
13 sgoed sgood 1good 1 o8 3 2.2
14 sgood sgood tgood 1 T 1 1,6
156 good sgood sgood 1 o7 2 S.1
16 good sgood t1good $  oT 13 9.8
17 sgood tgood 1good . o7 s 1.0
18 sgood 1good sgood 8 o8 ¢ 1.0
18 sgood tgood sgood t o8 3 1.4
20 good sgood tgood 1 o7 1.0
21 ioheesy tcheesy scheesy 8 o7 3 1.8
22 good sgood sgood 1 8 1 1.8
28 good sgood 1good T o7 2 1.4
24 good sgood tgood t <7 3 1.0
26 igood 1good 1good 1«8 1 11.6
_ mples developing ranecidl

%6 sgood s:?;oé :ﬂ?sranoid A 2.0
27 good 1good 18l. rancid ¢+ 46 1 3.2
28 ¢sl. rancid srencid srancid 1 lel 3 2.4
29 sgood sgood 18l, rancid s T 1 14,0
30  scheesy s8l. rancid 18l, rancid s 8 4.8
51 1sl. rancid irancid srancid 1 <8 1 7.8
32 ssl, rencid :sl. rancid ssl. rancid 3 .8 5.2
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These contrasting conditions in which some of the non-rancid ssmples
had high acid nunbers and some rancid semples had low mcid mmbers agree
with the findings of Reimmenn (31), Guthrie (15) and Barnicoat (2), that
there is little correlation between the ecid number of butterfat and the
development of rancidity. It ie possible that some lipolytic organiams
have a selective sction on certein of the glycerides of the fatty acids.

In the one case only the higher sclds may be liberated which yield ine
ocreased acid numbere on the fat without causing serious off=flavors. Other
organisms mey liberate primarily the lower fatty solds inoluding a small
quantity of butyric soid, which while insufficlent to incresse the acld
mmber, may cause & rancid flavor, Results reported later show that certain
organisms, partioularly O. lsctis, when growing in oresm or butter liberate
only & very small smount of velatile soid from the fat. This may be &
seleotive action on the fats or the lower acids may be consumed by the
growing cells as rapidly as they sre liberated as suggested by Orla-Jensen
(28).

8alted Butter

The salted butter ocame from various scoring contests and exhibits and
in general was two or more wesks old when received.

The data in table III show the acid mumbers of 8 samples of fine quality,
lizghtly salted contest butter scoring 92 to 95. These ssmples were obtained
fram creameries sulmitting entries in the 1938 National Cold Storage butter

contest. The acid numbers of the samples ranged from 0.5 to 0.8 and were



TABLE IXI

Relationship of Acid Number to the
General Quelity of Salted Butter

Samples entered in the 1988
Natlonal Cold Storage Contest

s '
Bun?m Seore 3 Acid mumber

$ g‘ -

2 92 ] 6

S 92 ] b

4 3 92 3 «8

b 1 5 ] «8

8 1 94 3 o8

7 98  § «8

8 o4 s o7
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1ittle different from the mcid mumbers of fat of aversge quality commercial
salted butter as shown in table IV,

Table IV shows the acid mumbers of the fat of 27 samples of butter
from an Iows State College BEducational Butter Sooring Comtest, Some of
these samplez were made from neutraliszed ecresm, The scores rangsd from 90
to 93 and the acid walues from 0.5 to 0.8. Judging from the scores of the
lots of butter there must have been eonsiderable difference in the qualities
of the cream from which they were made. It appears that there was little
correlation between acid numbers of the fat of neutralized oresm butter and
the quality of the cream from which it was made. In fact sample 1, a §3
soore butter, had an acid mumber of 0.8 while sample 35, & 90 score butter,
had an acid mumber of 0.8. |

The data shown in table V indicate that Oklahoma butter exhibited et
the Oklahome State Fair had slightly higher ﬁt. acid mumbers than Iowa butter
of similar quality. The exwat age of these samples and the conditions under
which they were mamifaotured were not known. Possibly the age and quality
of the sream when churned, age of the butier and period of lactation of the
produsing oows may have influenced the aold wvalues.

In reviewing the studies on unsalted and salted oommeroial butter of
widely varing qualities, oertain cbservations should be pointed cut. There
was no definite relationship between the acid mumber of the fat of unsalted
butter and flavor defeots. The fat of fresh unsalted butter invarisbly hed
low acid munbers and incresses after holding 6 days at 21° ¢, were always
evident., About 25 per oent of the samples of unsalted commercial butter
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TABLE IV

Relationship of Acigd Number to the General

Quality of Sslted Butter

Samples {rom Iowa State College Educsational
Butter Scoring Contest « same made from

nsutralized cremm

t Origin of 3 s Aoid
Je: butter 3 Score 1 number

1lewn s 58,0 : 0.8

2 tIom H 92.8 H o7
3 1Texas 3 90,0 ] «8
4 slom 3 91.5 : o7
8 t1lom | 2.0 | § 5
8§ 1lom ] 91,5 3 8
7T tlows ] 92,0 ] 7
8 s0regon ] 91.0 3 8
® i1Nebraska 3 91.5 [ 3 o7
10 slom ' 1.5 3 o7
11 1lom ] 92,0 3 8
12 i1Jom ] 23.0 ' o7
13 i1lom ' 80,0 s o7
4 lowm 3 905 ' o7
15 i1Yowa 3 91.0 ] o6
18 slowm ) 91,0 ' o7
17 1Iowmm t 91.0 3 ob
18 slow s 91.0 s «8
19 slemn ] 91.6 ] o7
20 1lom ] 91,5 ] 8
21 1lows 1 80,8 s «8
22 slom ] 91.0 s o7
23 1lowm s 91.0 : o7
24 i1lowm H 81.0 3 8
26 i1lowm ] 90,0 ' o8
26 1lowa ] 90¢5 ] o8
&7 i1lowm ] 90,6 1 o7
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TABLE V

Relationship of Acid Number to the General
Quality of Salted Butter

Samples exhibited at the 1938 Cklahoma

State Fair

' ' Asld

1e3 Score : maber

3 a $ I

2 93.0 8 o7
- | 82,6 H o8
4 3 93.0 s o8
B 90,5 4 b
g 3 82,0 t 8
7T 82.0  § 1.0
8 89,0 ; 2.2
$ 95.0 3 «8
10 1 92,0 ] 8
11 92,0 s o6
12 89.0 1 1.8
13 88.5 ] 9
4 92,8 ] 6
16 80,0 [ ] o7
16 83.0 ] 5
17 80,0 | «8
18 89.6 t «6
19 88,86 ] 1.2
20 91.5 s 1,7
21 1 90.0 s o9
22 | SQO | H.QQ
23 1 20.0 s 1.0
“_’ 80@ ] «®
26 ¢ 1.0 . 9
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observed beeame ranocid during the holding period. In the samples not de-
veloping rancidity with a few exceptions, the incrsases in the seid
mumbers were small. In the semples developing raneidity however, the
inereases were significant although exceptions to this generalization were
also encountered. Some samples of unsalted butter of good flaver had very
high acld mmbers after the holding pericd while certain rancid samples had
low acid numbers.

Many samplez of salted dbutter were subjseted to keeping quality tests
but since very few of the samples besame rancid, acid walues were not de-
termined after ths holding period. The acid numbers of the fat of fine
quality, lightly salted contest butter wers similar to those of commerecial
salted butier of ocomasidorably lower quality. There was no sorrelation

between the scores of salted butter and the acid mmbers of the fat.
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SECTION II

FACTORS RESPONSIBLE FOR VARIATIONS IN THE ACID NUMBERS
OF THE FAT IN CREAM AND IN COMMERCIAL BUTTER
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Effest of the Normal Mixed Flora and Milk Lipase in
Baw Cream on the Acid Number of the Fat

Reaw cresx from several sources was used in the trials to determine
the degres of hydrolysis caused by lipolytic erganisms and by lipase in
oream, Palmer (29) reported that 1 part formaldehyde in 1500 parts of
orean inhibited the growth of mest organisms with no detrimental effect on
the milk lipase®s In order to determine the effect of formsldehyde on pure
ocultures of same of the lipolytic organisms commonly present in reaw cream,
sxall lots of sterilised oreaz wore inocculated with knmewn lipelytie
erganimme. Formaldehyde was immediately added to the eream in concen-
trations renging from 1 part in 4800 parts to 1 part in 1200 parts éf oresm.
These lots of oream were clmrned after holding 6 days at 21° C. The effest
ef formaldehyde on the organisms was determined by their ability to grow as
evidenced by incresses in the acid mmber of the fat.

Organisms varied sonsiderably in their tolerance for formaldehyde
(table VI). Ach. lipelyticwm, Nyo. lipelytios and Ps. fluorescens grew

vory little in a concentration of 1 part formaldehyde to 4800 parts of eream,
while 0. laetis grew luxuriantly in all concentrations up to 1 part in 2000
parts of eream. None of the organisms showed appresisble activity in oresm
containing 1 pert of fermaldehyde in 1800 parts of sream. As & result of
thess trials it was assumed that any lipelysis whioch ocourred in rew cﬁu
eontaining 1 part formaldehyde to 1500 parts eream was due largely to the
* Resont work by B, L. Herrington and V. N. Krukovsky has established the
prosemce of two lipases in milk, One is inmhibited completely by small

snounts of formaldehyde, the other is not sensitive to moderate amounts
of it. J« Dairy Sei. 22 127.155. 1939,
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TABLE VI

Resistence of Certsin Lipelytiec Miecroorganisms teo
Formaldehyde in Cresm

Acid number of origimal fat 0.8

s Acid mumber of bDutterfat after inoubating

Concentrations oream 6 days at 21° ¢c.
of formalde~ 3 Creanm inoculated with L
hyde in cresm: iy

5 t 1 3 3 t 3o X
14800 | 1,0 1 H 1.5 13 16.4
1-3600 ¢t 8 ] 1.8 1] 1.4 ] 13.3
1-2400 | o8 ] 1.2 ] 1.2 3 Te®
1-2000 3 8 3 1.1 3 1.1 s BT
1~1600 : 9 ] le2 1 1.0 : «8
1-1400 | 9 H 1.3 s 1.0 ] o7
11200 t 1.0 t le6 8 1.2 % o8
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sction of milk lipeio while in the cream containing ne fermaldehyde, the
lipolysis was due to the combined action of lipase and miercvorganisms.

Small portions of several lots of raw oream from different sources,
with and without formaldehyde added, were stored for 2, 4, 6, 10 and 14
days at 68°, 15° and 21° C. The lots of cream were then churned and soid
mmbers of the butterfat determined.

The dats shown in tables VII, VIII and IX reveal that in genersl, the
lipolysis in the semples conteining no formaldehyde was greatest at the
lowest temperature. At 21° C. the rete of scid formstion was conaiderably
grester than st the lowsr temperatures which apparently tended to check the
growth of sams of the lipolytic organisms. Exceptions to this gensrali-
gation were cccasionally encountered, as for sexample in table VII, the cream
stored at 21° C. for 14 days showed & higher fat scid mumber than d4id snother
lot of the same cream stored at lower temperatures. In the ssmples containing
formaldehyde supposedly only the milk lipsse was sctive in splitting the fat,
The lipase in these sanmples caused hydrolysis at ell temperatures studied
but inereases in its sctivity were evident as the temperature of storage
increased. The acid numbers of the fat of one group of these samples con-
taining formaldehyde (table VII) after 14 deys storage at 5°, 13° and 21° ¢,
ware 6.0, 7.6 and 13.2, respectively. Increases in the titratable scidity
of the samples of cresmm trested with formaldehyde alsec occurred at all
temperatures studied. From the caﬁn table it may be observed that from the
original titratable moidity 0f0.,16 per cent, the acidity of the semples con=
taining formaldehyde increased in 14 deys at §°, 13° and 21° C. to 0.36,

0.40 and 0,48 per cent, respectively. These increases were prob.‘biy due to



TABLE VI

Effect of thes Normal Mixed Flora and M¥ilk Lipase
in Haw Cream on the Acid Number of the Fat

Cream separated from mixed milk of several cows

Tayss N

held: Normal rew oresm ' Formaldehyde added
at s . (1-1500)

sPer cents Acid 3 sPer centt Acid i
1acidity smumbers Flavor 1soidity smmber: Flever
5° €.

TO0 1 Gel6 1 0.9 sgood T 0ol s 0.9 igood’
23«26 ¢+ 6,5 sbitter, rancids 21 1 3.6 soxidized
41 35 1 13.2 sbitter, rencids .24 1 3.9 soxidized
6t o851 3 11,1 sbitter, rancids .28 1 4.5 trancid
10 ¢+ 480 1t 15.2 sditter, rancids .28 1 6.3 srancid
14 ¢ .89 3 17,1 sbitter, ranclds 36 @ 6.0 irancid

13° c.
0t 16 31 <9 sgood T <18 t <9 1good
23 o658 &t 7.8 srancid 1 +22 ¢t 4.0 irancid
41 70 : 8.2 srancid t <24 t 4.8 strencid
8t 88 1 7.6 srencid 1 30 1 5.5 srancid
10 ¢+ 1,00 s 10.1 srancid t #3585 &t 6.2 srancid
14 1+ 1,14 3 11.5 sranmcid 1 o400 3 7.5 srancid

21° c. .

TO 1 o8 1t <9 igood T o168 1 <9 sgood
21 70 s 8.5 tgood 1 <22 1 4.9 soxldized
41 o700 : 8.2 svery sour $  «28 1 4.8 soxidized
63 97 1 9.0 iranocid, cheesy:s 38 1 7.6 srancid
10 1+ 103 1 11,5 srmncid, cheesys 40 1 9.6 srencid
14 3+ 1,06 1 22,2 srancid, cheesys 48 3 13.2 irancid

* Pormaldehyde was deteotable in all samples containing it;
the term "good” was used to indicate the absence of & rancid
flaver or odor,



TABLE VIII

Bffect of the Norwal Mixed Flora and Milk lipase
in Raw Cream on the Acid Number of the Fat

Creaem geparated from mixed milk of several oows

ﬁlyls

1

helds Formal raw cream 1 Formaldehyde added
at 4 : ' (1-1500)

sTer oents Aold sPer oents Acld s
1s0idity immmber: Flavor sacidity smumber: Flavor
5° ¢c.

0 : 0.4 1 0.6 1good t UOedd 1 08 sgood”
21 26 3 6.5 1rancid t 21 ¢ $¢b irancid
4 ¢t o35 ; 13.2 i;rancid t 24 ¢ 3.8 jrancid
8 ¢ +51 ¢ 16,0 :rancid F} o8 1 4,1 irancid
10 82 1 211 srancid t «30 3 5.0 srancid
14 1 75 1 27.0 srancid t o33 3 8,8 irancid

18° c.

T0 s 1% 1 o8 tgood t oM 1«8 tgood
2 1 o858 3 7.8 grancid 1 22 3 4,0 ;rancid
41 +70 3 B4 srancid t 24 ¢ 4.8 srancid
6 ¢ 88 3 9.1 srancid 1t ¢330 ¢ 5.0 srancid
10 ¢+ +80 1 1l.2 srancid 1 o352 1 63 irancid
14 «92 ¢ 1341 irancid [ o34 1 7.6 prancid

21° ¢,

T0 1 oId 1 o8 1good 1 oI% 3«8 agoed
2, +70 @ 6.5 sraneid t 22 ] 4.9 srancid
4 1 T8 31 9.8 srancid g 28 : 5.7 srancid
6 ¢ o968 1 11,0 srancid t 38 ¢ 8.0 srancid
10 ¢ 85 1 123 irancid t 80 : 7.6 srancid
14 1 97 3 14.5 jrancid t o4l 3 9.2 jraneid

* See fooctnote, table VII.
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TABLE IX

Effect of the FKormal Mixed Flors and Milk Lipase
in Raw Cream on the Acid Number of the Fat

Crem: separated from mixed milk of several cows

Tays: '
helds Kormal raw oresm ' Formaldehyde added
at 3 s (1~1800)
sPor oent: Aold tPer oent: Aeld 3
sacidity saumber:; Flavor soidity smumber: Flavor
-
§ Cs
T0 1 0.8 1 14 1good t OddB ¢ 0.8 sgood”
21 A6 1 2.8 1g00d t 18 ¢ o8 sgood
4z o168 ¢ 2,2 ;0ld t o16 3 6 sgood
835 21 ;3 3.8 iaeld t o177 1 o8 igood
10 ¢ 49 ¢ 548 ). rancid 3 AT 5 9 igood
14 1+ 68 2 8.1 raneid t 17 1 140 sgood
13°¢c. |
TU v 18 ¢ T8 good t  «IB & o8 sgood
21 47 ¢ 140 sultter, aside 18 1 o8 3good
4 6% 1 10 tacid, bitter, o186 o7 3good
€1 70 1 163 sacld, rancid; <16 1 48 sgood
JO 5 o8B0 & 242 ihcid, rancid: 18 : o8 pgood
16 ¢+ T4 '+ 3.0 3seid, rancids 18 3 1.0 sgoed
21° ¢c.
s o386 t le& ygood t o161 o6 rgoed
21 59 3 1,0 iacid, bitter: W17 3 o8 pgood
4 1 T4 1 1% 1%e¢id, rancid, 16 «8 3good
€ 3 476 1 16 suecid, putrid:s 18 : 1.0 igood
10 ¢ o885 1 4.5 s0id, putrids 18 1 1.6 soxidised
14 ¢+ 77 31 849 sseld, putrids 22 ; le7 roxidized

* See footnete, table VII.
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liberation of certain fatty acids by lipase. Inoreases in the acid numbers
of the fat were roughly proportional to the inoremses in tltratable scidity.
The incresses in scid numbers and titrstable aciditlies were thought to be

due largely to the action of milk lipase on the fat since plate counts on
these samples revealed relatively few organisms, Rarely did the plates

show more than a few hundred organisms per milliliter. Long (28) and

* Collins (8) reported that organisms must be present in reasonsbly large
mambers to cause defegts and it is believed that there were too few organisms
in these samples to cause the acidity increases observed. This statement
agrees with the findings of Krukovsky and Sharp (24) who showed that rew milk
on steanding et temperatures too low for baoterial growth, incressed consider-
ably in titratable acidity.

In some of the samples ocontaining no formaldshyde marked increases in
the acid number of the fat were noted betwsen 10 and 14 days of storage.
These sharp inereases probably were caused by more rapid mold growth during
this peried.

The dsta in table X show that when milk from individual cows was held
at 8° c. SLatty decomposltion coourred due to growth of organisms and aetion
of lipase very similer to that observed in mixed herd milk,

Of the two blologleal mgenoies capable of ceusing lipolysiz as measured
by the acid number of the fat, the action of miercorganisms was of somewhat
greater inpertance than the action of milk lipese. In the rew eream in
which both micrcorganisms and normal milk lipase had been sctive the asold

numbers of the fat were often 3 to 4 times greater than in the samples
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TABIE X

Effeet of the Normal Mixed Flora and Nilk Lipese
in Reaw Cream on the Acid Number of the Fat

Creanm separated from milk of individual coms

T Yresh 1 o
1 crean 1 Cream after 14 days at 5§ C.
s Aoid 1 [’
CowynumberFlaver, Bormal t+ Formmldehyde added
sof fat, ’ ' (1-1600)
% ] t Aeld 3 v Acid ¢
3 1 smmbers  Flavor ¢ mumber Flavor
"Xt 0.8 igoed 1 4.0 srancid, scurs ok srEncid
235 o8 sgoed ;3 2.6 grancid, sour: «8 jsreaneid
S 2 o8 sgood 5 2.2 smour t 19 putrid, sour
4 o8 sgood 8.1 fair E o8 sputrid
531 o8 1good ; 2.0 sfair, renoid; 1.7 sraneid
8¢ o8 3good ;1 1.8 yraneid, sour: @ srancid
7 o7 igood 3 5.0 srancid 1 3.0 18l rencid
81 o9 igood 1 2.2 sraneid t o2 #le rencid
9 3 o7 igood : 2.8 srancid 1t leb 3s0ld
10 s o7 sgood ¢ 1.6 srancid t 1.0 praneid
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containing formaldehyde. This is particularly well demonstrated by the data
shown in table VIII. The samples held at §° C, eontaining formaldehyde at

4, 8, 10 and 14 days hsd acid numbers of 3.6, 4.1, 5.0 and 6.8, respectively
while similarly held samples of the same cream containing no formeldehyde had
acid numbers of 13.2, 18,0, 21.1 and 27,0, respectively. The increases in
aoid numbers due to growth of miercorganisms were much greater than the ine
oreases dus to milk lipase. The data presented reveal an umusual circumstance
in that in every oase the total lipolysis at 13° C. was less than at either
5° or 21° C. after 14 days of storage. No explanation is offered for this
condition.

Davies (11) reported that certsin metals tended to inhibit lipase
activity in butter. In order of their inmhibiting power were copper, irom,
nickel, cobalt, mangsnese and shromium. Tin and salumimm had no effeoct. Im
the trials reported no effort was made to ocheck or control the normel metal
contamination. The results cobtained may have been influenced by this faoter.

Rice and Markley (32) reported that cne of the canses of rancidity in
dairy produets is the ocarrying ever of the engyme into the mamufuotured pro-
ducts. In view of the wide use of the pasteurisation process for dairy pro-
duets it sesms doubtful that e significant oarry-over of lipese would ocour
under ordinary factory conditions.

From the data presented it may be readily seen that fatty descomposition
ocourred in oream even when stored at low temperatures. All samples of
normsl raw oresm contained lipolytic mioroorganisms which were capable of

eausing hydrolysis of fat if eonditions favored their growth. These results
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agree with the findings of Hammer and Collins (18) who showed thet lipelytioe
organiems were common in fresh raw milk and oream. A fat splitting enzme
was also present in all samples studied. Both of these agenoles were active
throughout a wide range of temperature. There was, howsver, eonsiderably mere
hydrolysis of the fat at all temperatures in the samplea sontaining ne for-
maldshyde which indicates that mioroorganisms were aeotive in splitting the
fat. While oonsiderable variation may be expected in the degree of fat
desomposition in ersam from different gources, the Importance of prosuring

and processing ersam by the oresmery soon after it is produced is emphasized,



Bffeet of the Growth of Butter Culture Organisms and
Ls bulgarious on the Acid Humber of the Fat of Cresm

Host of the butter mamufactured in the United States l1s made from
gathered oresam, only a comparatively small smount being made from milk
separated in oreameries. Gathered oream iz received by cremmeries in
some aress in & sweet condition while inm others it often in excessivaly
soure In most of the butter producing areas the maximum aeidity encocuntered
in crean is 0.8 to 1.0 per oent end this aoid is largely the result ef the
growth of S. leoctis erganisms. In scme sections however, partisularly in
the southwest, oream sometimes develops an acidity oonsiderably in excess
of 1.0 per cent. Such an asidity is largely the result of the grevl*.h of
lactobacilli. Because of poorly organised proourement systems and lax
orean grading regulations, ocream often remains on farms and in oream stations
for prelonged periods before delivery. Thie situation, coupled with high
temperatures, provides conditions suitable for the growth of lactobaeilli,

Flant praotices often involve the ripening of oream. In this process
the acidity may be inereased materially before the oream is ochurned. Under
the conditions deseribed the acidity produced is primarily the result of
the fermentation of lactose by 8. lactis which results in the produetion of
laotic acid. The effect of the grewth of these homofermentative organisms
in ecresm on the acid number of the fat has been investigated. In trials,

portions of sweet oroam wers sterilized, insoulated with 1 per sent butter



*3%F oYy Jo Jequnu pos

®[} WO SOMON[IU] O p¥Y viIe30uq JUTINON NTTH AIWMIPIO JUYS MOUS BIWD esoum
(92) wxeT jo pue (g2) Wesuep~sTI0 Jo SIUTPUL oYy WILIUOO PUW Jujiezang

JO JeqUERR PIoe Y3 Rl 20¥veIOU] J07 STqTIUCdsel 30u ST wwelo Wy wwsTwede
SATIWIUSHIAJOWOY UOWmOd 043 JO Yjmodd eyl e3woTpul s ThEel oseyl 3% en

Jo Jequrx pIoe Y3 Je3T¥ 03 POTTe) SnOTIRIInG ¥ Uy Jo Ymodd &y Jwy

TU0ASI ITY 97q%) Ul w3ep eyj ‘estmexyy °L1qwicexdde peluwyo jou sem 3w

oq3 JO Jequnu pioe eyy “A37pios Jujnango [wwiou ey saoqe A{qesepisuco sy

goyum ‘susiusdio elnjIno JO330q JO WnWIYeE [WRLION 03 03 PORVEJOUT Slem
WeeI0 Y3 JO SSTITPION oUR yInous ueAe Jwyy moYs IYX O1quy uT wywp oyl

*POUTELS}OP 39 SY3I JO SIOQEAW PIOV OY} PUM peuinye ‘petroos

USHq OJom WWeIO JO €307 oYl °3ueo Jeod [ ssoqu LIquIepTsUCO S8I3IPIO

03 *0 1% 3% Pousdid puUV SHOTIRALNQ *] JO SOIRI[NO UITM PORUTNOOUT eJea

WeI0 JO 8301 JeY3D °*EOTATPIOE Fuphiva 03 *) I¥ 3% PewediX puw samgino

.!.ﬂd!.



TABLE XX

Effect of the growth of Butter Culture Organisms
on the Acid Mumber of the Fat of Cremm

Cream inoubated at 21° C.
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TABLE XXX
Effect of the Growth of L. bulﬁ&m on
the Acid Xumber of the of Crosm

Cream inocubated at 37° C,
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Effect of Adding laetic Aeid to Cresm on the Hydrolysis
of Fat by Pure Cultures of Lipolytie Morocrganisms

Work reported later in this paper indicates that the grewth of butter
oulture organisms resulting &n the formation of lestic acid tended to
inhibit the lipelytic sction of sertain of the organimms studied. In
those trials the bascterial species studied were far more readily inhibited
in their action on fat then were the molds and yeasts.

The quegtion arose as to whether this inhibition was simply the result
" of the formation of lactic acid in the ocream or whether the prosence of
growing butber culture organisms might have exerted some influence on the
oxygen demande or other growth needs of the lipolytie organisms. In order
to determine this point, laoctic acid was sterilized and added to sterilized
creem in sueh smounts that samples of the same lot of cream were obtained,
varying in reaction from sweet in the check sample Lo very sour in the
scidulated samples, These sumples of aream were inoculated with various
lipolytic mioroorganisms. After incubating for 6 days at 21° C., the
ssmples were churned and the asid mmbers of the fat determined. As a
cheek oiz the effect of the acid on the soid mmber of the fat, a series of
scidulated but uninooulated samples was held for the same period as the
inoculated semples and the acid numbers of the fat determined,

As shown in table XIII, the unineculated cream renged in titratable
acidity from 0,20 per cent (cheok ssmple) to 2.61 per cent in the ssmple



TABLE X111

Effeot of the Addition of Laetio Acid on the
Growth of Lipolytie Mlorcorganisms in Cream
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receiving the largest portion of added lastic acide No differences were
cbserved in the aecid mmbers of the fat of this entire series of cresm
samples after inoubation, These data indieate thet lastic acid, even in
soncentrations greater than normally formed in oresm, did not cause an
inorease in the acid mumber of fat. These reasults are confirmed by
similar date shown in table XIV,.

Os lactis when inooulated into sweet or moderately sour oresm ine
ocreased the titratable acidity apprecisbly probably due to the liberation
of acids from the fat. As the amount of added lastic acid was ineressed
the action of the molds on the fat decreased, The samples of cream having
titratable scldities of less than approximately 0.50 psr eent whem inoou=
inted, showed inoredses in titr-ahhlc aeidity due to the growth of the
molds samples having titratable acidities over approximatsly 0.50 per eent
when inoculated, showed decreases. In genersl, the lower the titratable
acidity of the oream when inooulated with 0. laetis, the higher the aecid
mmber of the fat became, dus to mold grewthe From the data (table XIV)
it may be seon however that marked incresses in the soid number of the
fat were observed even when the mold was inceulated into eresm having
titratable scidities in excess of 1.0 per cent,

Mye. lipolyties when inosulated into ssmples of eream having varying

scidities due to added laotie mcid apparently grew luxuriantly even in
the samples having very high titratebls acidities. In table XIV it may
be observed that a marked inorease in the acid number of the fat cocurred
when orean having an asidity of 2.08 per cent was incoulated with this
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TABLE XIV

Bffeot of the Addition of lactiec Acid on the Growth of
Iipolytic Miercorganiams in Cresm
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organisms In the oream having acidities above approximately 0.70 per
oent, the organimms apparently utilized the aeid in their groeth since
decreases in titratable acidities were cbserved in these samples.

Achs lipolytioum formed scme acid when growing in oream and in some

of the trials was sble to hydrolyze fat when imoculated inte orsam having
& titratable secidity of asbout 1.0 per osnt (table XIV) as is evidenced
by increased aoid mumbers of the fat in these samples. |

The organisme studied were types which are commenly found in creanm,
and it seems that it iz not safe to assume the undesirable types of
orgsniems will be controlled in oream having high titratable acidity. It
can readily be seen that any of the organisms studied might esuse sppreei-
able damage .to the quality of oresm even though it was sour. laetic acid
in erean in quantities greatly exceeding the amowunt normally produced by
ordinary milk souring organisms, was definitely not a faotor comtributing

to inereased agid mmbers in Mtofat.



Effect of lastic Acld Production in Cream on the
Hydrolysis of Fat by Miercorganizms

It has been reported that the development of laotis asid in milk or
ocreem ham & restraining influence on the growth of undesirable types of
miorcorganisms. 7To study this problem, sterilised eream was inooulated
et approximately the seme time with a butter culture snd & culturs of &
ccmmon lipelytie mieroorganism, Lipolytic molde, yeasts and bacteris were
used in these trials and included O. lactis, Mye. lipeclytica, Ach,

lipolyticum, Alc. lipolyticus and Ps. fluorescens, After imoculation, the

lots of cream were held at 21° C. The aeidity snd flavor of the oresm and
a0id number of the fat were determined after 2, 4 and 8 days.

After 8 deys incubation at 21° Ce (table XV) the fat in the sample
inoculated only with the mold had an acid mmmber of 40.4 while the sample
inooculated with butlier sulture organisms as well as O« lactis had an acid
number of 10.4. It is very ovident that the growth of butter culture
ergarismms with the resultant formation of laotic aeid inhibited the
lipelytic activity of O« laotis in oream.

After 8 days incubation the sample containing only Myo, lipolytiecs

had & fat aclid rumber of 37.9 while the aoid number of the fat in the
sample inoculated with butter culture organisms as well as the yeast was
47.9. This indicates that the leaetio organisms growing in the ocream were

rexlly an incentiwe for incressed lipolytie action by the yeastis.
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TABLE XV

Effest of the Growth of Butter Culture Organisms in
Cream on the Growth of Lipolytic Organisms

3 :
2 BUTTER cumm ADDED 3 BO BUTTER CULTURE ADDED
“Tays s ' t '

held iPer emg Aold ; Flavor sPer cent; Aeld ¢ Flavor
a'b 1soidity smmbery; of oresm sacidity pmmbers of oremm
21° Cus ] 3 1 % 3

T 088 3 10,0 jaeld, re neid + 12,5 sfrulty
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6 3 77 ¢ 104 sacid, rancid s 24 3 4044 grancid, frulty
T v B8 1 2.7 ;ﬂmﬁ s o883 3 0.8 srancid
4 3 1408 1 20,1 shitter, rancids <38 1 20,1 srancid, bitter
8 ¢ J98 3 47.9 sbitter, rancld; 38 1 37.9 irancid, bitter
2 1 18 1 L8 -ég. ﬁ 3 o8 3 Rk jold
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After 8 days inoubation, the aecid mmbers of the fat of eresm inoou-
lated with oultures of lipolytic beoteris, with and without butter cultures

respectively, were as follows; Achs lipolyticum 2.5 and 8.5; Ale. lipo=

lytious 1.8 and 2,5 and Ps. fluoressens 2.5 and 4.4. All three species of

lipolytic basteria used in this study were definitely inhibited in their
activity by the growth of butter culture organisms.

In general the results obtained in these trials agreed guite olosely
with the results obtained when pure lastic aoid was added to oresm containing

these orgsnisms. The one exeeptional organism was Mys. lipolytica which was

defiritely inhibited by acidulating the ocream to 0,50 to 0,60 per esnt, When
grown in oombination with butter oculture organisms, its growth was definitely
acoelerated even when the acidity reached 0,98 per cent, Further work should

bes done to determine the significance of thess results.
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Effect of Growth of Certain Lipolytic Organiems in
Crean and Buiter on the Aeld Number of the Fat

&nﬁl organisms which showed definite lipolysis when grown on an
agar mediwm oontaining fat emulsion were inosulated into portions eof
aterilized cream. After 7 days inoubstion st 21° C. the oream samples
were ohurned and the acid numbers of the fat determined.

While all of the organisms showed definite lipolysis on agar plates
{table XVI), some of them failed to produce ransidity in eream or butter
or to osuse marked inoresses in the acid number of the fat. Some of the
organizmg caused inoresses in the acld number of the fat and yet failed ¢o
produce & typieally raneid oder,

Esmmer and Collins (18) reported thet the highest lipolytic counts
were socured on butter that was cheesy rather than renoid. Long (26) alse
found that certain oultures showing lipolysis on plates containing fat
often failed to produce rancidity in butter. Various flavers were pro-
duced by the organisms studied, ineluding old, scidy, roguefort, putrid,
cheesy and rancid. The acid mmbers on the fat of the inoculated samples
after inoubation ranged from 0.6 to 18,8,

Orla=Jensen (28) showed that certein organisms were able to bring
about rancidity and cause high scid walues on the fat, In working with
pare oultures of Ps. fragi, Hussong (31) found that this organism was quite
actively lipolytio and caused an inorease in the acid mumber of the fat
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TABIE XV1

Effeet of Growth of

Lipolytioc Organisms in Cream

on the Acid Mumber of the Fat

Cresm inoubated 7 days at

1o oent: Aold i
sasidity mumber; Flaver of oream
tin ereamsof fad;

21° ¢, after inooulation

. Tortl T UeSE 1 B8 sroguefort
' 01yt 3 1e87 & 1244 jsacid, yeasty
4 85 1 o8 gold
s o0 3 Beb tﬂld, patrid
Ache oum t 39 3 9.4 yputrid, rancid
Cs ous 1«43 ; 18,8 jcheesy, rancid
0. 180%: ¥ 48 ; 10,1 iseidy
TridentiTied bacillus A 1 30 & 1.8 iputrid
Unidentified basillus B t o83 3 35 yputrid
Unidentified bacillus C 1 32 ¢ 34 putrid, rancid
Unidentified baeillus D t  o37 ¢t 1.9 irequefort, rancid
Crewn before sterilization 1 o168 ;8 ;good
Cream after storilisation 3 <13 : o7 sgood, heated
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’lﬁieh was accompanied by & rancid flavor and odor. His work ealso showed
that certain érgmiﬂm csused marked inoreases in the aeid mupaber of the
fat but failed to produce a rancid eder and that many lipolytic organisms
are also proteoclytis.

It has been shown by many workers that ocertain microorganisms have
the ability to hydrolyse fat when growing in oresm and in butter. A
series of trials were made to determine the comparative lipolytic setivity
of severasl organisms when growing in eream and in butter. Swest cream was
sterilized in an autoclave, cooled %o 2° Ce, and incoulated with a culture
of the organism under consideration. The inoculated cream was well mixed
and divided into two porticns. One of these portions was churned, the
butter was packed in sterile containers and placed in storsge st §°, 13°
and 21° C. The other portion of the incculated cream was carefully trans~
ferred to sterilised fruit jars and placed in storage at the same tempera-
tures as the butter. After 4, 6, 10 and 14 days of storage, samples of
cream and butter were remeved fram storage. The oream was churned and
flavor of the butter and acid mmber of the fat of saeh sample were detere
mined. In addition the titratable acidity of the eream was determined.

The data showing the lipolytic sotivity of Ach. 1lipolytioum is pre-

sented in table IVII, The acid mumbers on both th§ fat of orear and of
butter increased progressively throughout the 14 day period, In gensral
the grewth at all temperztures was more rapid in oream than in butter am
is ovidenced by the greater acid mumbers on the fat of oream than on the
fat of butter wnder the same holding conditions, The acid numbers in beth



TABLE XVII

Comparative Lipolytie Aection of Aeh. lipelytioum
in Cresm and in Butter

ﬁws
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creen and butter ineressed most rapidly at the higher temperatures, being
at the end of 14 days in the cream S.1, 5,9 and 7.1 when held at 5°, 13°
and 21° C., respeotively, and in the butter under the ssme holding cone
ditions the acid values were l.7, 3.1 and 4.6, This organism formed come
paratively little acid at any temperature, 0.41 per cent being the maxie
zma. In general, off-flavors were evidenced in the eream and butter after
about the same period of storage at each temperature regardless of diffore
enees in acid numbers.

The results with Myo. 1ipolytion (table XVIII) were similar to those

obtained with Ach. lipolytioum with the exception that greater increases

in the acid mmbers of the fat were observed at all temperatures and all
storage periods. After 14 days the acid mmbers of the fat of the cresm
wore 34.0, 39,7 and 42.0 at 8%, 18° and 21° C., respectively, amd in
similarly handled butter the correspondingy wvelues were 7.0, 27.9 and 32.6,
0o lactis grew more luxuriantly in cream than in butter at all temper-
aturess This greater growth was evidenced by larger acid numbers on the
fat of cresm as shown in table XIX, After 14 days the seid values in oreem
were 18.5, 1944 and 48.0; in butter the corresponding values were 4.1, 14.8
and 38,6« This organism caused greater fetty breskdewn in both cresm and
butter at all temperatures than did the Ache lipolytieum but did not cause

as much fat hydrolysis es Myc. lipolyties at 5° er 13° C.

The data presented substantiate the statement that the orgsnisms
studied, which included cemmon baeterial, mold and yeast spesies, grew
mors luxurisntly in eream than they did in butter, The differences wers
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TABLE XVII1

Comparative Lipolytio Action of Myc. lipelytica
in Cream and in Mt‘ﬂgﬂ v

Tays: "

held, Cream ) Butter
at ¢ t

1For cents T Aeid T A63d
ieoldity o Flavor smmbery Flavor 1mmber
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TABLE XIX

Comparative Iipolytic Aetion of Q. lactis
in Cream and in Butter
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groater at 5° than st 13° and 21° C. It is recognized thet the amount of
working butter receives influences the reate of growth of the organimms it
eantains. Since 1t was impossible to accurately control the degree of
working, comparisons between the rate of fat breakdowm in the various lots
of butter containing different organisms should not be seriously considered.
However since all lots of cream were very similer in fat content and other
properties it seems logioal that comparisors could be made of the lipolytie
activity in cream of the various organisms studied,

A1l of the lota of experimental coream and butter became off-flavered
and ummarketsble after a few days of storege at all temperatures studied.
Using the flavor of the butter and the aglid number of the fat as sriteris,
it may be coneluded that all of the organisms studied were extremely damag-
ing to the quality of oream and butter. It may be further soneluded that
the bacterial spesoles studied, inocluding Achs lipelytioum, Ps. fluorescens

and Ale. lipolytious (deta on latter two mot shown), were lese dsmaging to

oreax and butter from the standpoint of fatty deeamposition than either
0. laotis or Mye. lipolyties.




Effeot of Neutralization of Scur Cream on thw

Acid Wumber of the Mt

Raw e¢ream was inoeculated with a culture of a lipolytic organism,
Adoh. lipolytioum, and ineubated until the asidity of the oreem and the soid

mmber of the fat had inoreased appreeiably. To a seriee of quart jars,
esch containing 1 pound of oresm at 30° Cs, ms added nsutralizer in ine
oreasing smounts so that portions of oresm at different seidities were
obtained. Scdium carbonate and magnesium oxide were used., The ocream wus
then pasteurised at 62° C. for S0 minutes and cooled. The lots of cream
wore churned and asid numbers of the fat were determined.

While the data (table XX) reveal s very definite reduetion of the free
acidity in the fat, the neutralization of this acidity was somewhat slower
and less oomplete than the neutralization of the serum scidity. The free
fatty aeids weres reduced in all samples of cream to which alkm)i was added
but the rate of reduction was slow until the titratable ssidity of the
eream was reduced apprsciablye. Using sodium carbonate, comparatively little
reduction wag noted in the acldity of the fat until the titratable acidity
of the eream had been reduced to 0.20 per ocent; with meagnesium oxide, to
0415 per cent. After sufficient allmli had besn added to reduce the eoream
to the neutral point using phenolphthalein as an indicetor, some free asid
#till remained in the fat. Although there was no appreciable difference in
the degres of reduction of the fatty ecids by the two alkalies, magnesium
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TABLE XX

Effect of Seutraliszation of Sour Cresm on
Asid Rumber of the Fat

Cresm pasteurized at 62° C. for 30 mimtes

i
Neutralised with

t'fodia- WWW siwm
sJor oent: Aeld oent; Aeld
Treatment of acidity : mwber midi‘ky + mmber
orean tin cream; of fat iin cm: of fat
-ﬁl‘l 1 . H . F 'y !TI
Pasteourized, net t ' s
neutralized t oTL ¢ 19 5 T 1.8
(s 40 1 1.8 1 44 3 1.8
(1 o209 1 18 ;3% 4 1.8
( 3 .20 1.‘ 3 on H 1.7
Pagtourized and ( ¢+ 17 : 140 3 186 1.2
neutralized ( 1 13 8 ] 1l 1 le2
( 4 019 | o7 t «10 s 1.2
{ ¢ 00 1 & 1 JO0 g o2




wf2a

oxide appeared to be slightly more effective than sodium carbonate. Re-
sults of experiments by Bird and Breazeale (3) show that a definite
reduotion in the fatty ecids of oresm occourred when it was neutraliszed.

The work of Clark, et al. (8) included a study of the esid mmbers
of many samples of commercial butter of varying qualitye They oconsidered
that & good correlation existed between the acid mumbers of the fat of
butter and the quality of the cream from which it was made and oconcluded
that on the average, the poorer the quality the oream the higher the acid
muber of the fat of the resulting butter.

In generel, the lets of high quality butter had low soid mumbers om
the fat. It did not follow however that low quality cresm slways proe
duoed butter with the higher acid numbers on the fat, Foor quality butter
made from neutralized oresm, often showed a relatively low aoid mmber,
depending on the degree of fat hyirolysis, the typs and amount of neutrale
izer used in the oream, Judging from these data and from the results of
others (8), one is not justified in sssuming that butter with s low acid
mmber on the fat was wade from goed quality ereem.

4 study was made on ¢resm delivered to an Oklahoma Cooperative
oreamery, as related to the effest of the neutralization process on the
acld mmber of the butterfat, In eaeh trial the oream was regeived at the
creanery, weighed, esampled and dumped into the pasteurizimg wat without
regard to quality. %When the vat waz full, the cream was warmed to about
30° C., & sample of the mixed cream was removed fram the vat snd immediately
sooled, The acidity of the eresm in the wat was then standardized to
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approximately 0.25 per oent with a lime neutraliszer. After the cresm had
besn pasteurized and eocled a second sample was removed from the wat. A
sample of butter was also taken from the ccmpleted ecmrning. The samples
of cream were churned and the aeld numbers of the fut of the cream as well
as of the butisr were determined.

The titratable soidities of the umneutrslized oream (table XXI) varied
from 047 to 082 per cent and the acid mumbers of the fat from 1.2 to 5.9.
After standardiszation of the oream with alkali to acidities ranging from
0e2% to 0.27 per oent, the acld mumbers of the fat ranged from 1,0 to l.5.
The acid mumbers of the fat of the resulting butter ranged from 0.9 to 1.7,
In every instance the aoid mmber of the fat was reduced when the acidity
of the cream was standardized. While there was considersble wariation in
the acid mmberz of the fat of the wmeutralized eream, the acid mmbers
after neutralization were comparatively uniform. ?This indicates that the
percentage reduction of the fat acidity due to mesutralization was oonsiderw
ably greatsr in the ssmples of raw oream with high acid rmumbers than in the
samples with low acid numbers. The oreem with the high acid mmbers before
neutralization made slightly lower quality butter than the cresm with low
aoid mumbers. Samples 8, € and 10 had higher actid mmbers than the other
samples and the resulting butter was of slightly lower quality,
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SECTION IIX

BELATION OF VOIATILE ACIDITY OF
BUTTERFAT TO RANCIDITY



Effeet of the Growth of Various Lipolytie Miercorganisms
on the Percentages of Total Acid of Fat that are

Volatile and Nonevolatile

During a study of many oases of rancidity in experimental butter
osused by the growth of microorganisms, an excellent opportunity was
afforded te obtain information ooncerning the relationship between the
volatile and nenevolatile acidity in the fat of rancid butter. Portions
of steriliszed swest oream were incoulated with the organisms to be studied.
The oream was then ineubated at 13° or 21° C. for 6 days. The soid mmbers
and the wlatile scldities of the fat were determined in the usuxl manner
and the percentages ef total moid that were volatile were sslculated; the
percentages of the total aoid that were nonevolatile were obtained by
differsnee. The four trials with each organism were purpossly net rum
simltansously and beoause of the fast that cultures of different ages
were used and different inoubation temperatures employesd, the degree of
fat hydrolysis in the trials was not uniform. The objeot was teo deternine
whether the organisms would hydrolyse the fat into the same velatile~nonw
volatile noid relationship under varying oconditions of growth.

The average percentage of the acid that was volatile in the four trisls
with 0, lactis was 1.9 (table XXIX). In other trials not reported, slightly
higher values were obtained but none of them were over 5.0 per cent. With
Mye. lipolytioa the percentage of total asid that was volatile was higher
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than with Q. lactlis, the aversage being 8.4. All the apeciss of baeteria
studied gﬂa relatively high volatile acid walues and were uniform in
their volatile-nonevolatile aoid relationship. Four trials each with

Ps. fluoresoens, Ach. lipolytioum, and Alcs lipolyticus gave averages of

14,7, 11.5 and 11.2 per cent, respectively.

Thers was & relatively cleose relationship betwsen the wolatile and
non=volatile acid values in all the tfinls with sn organism, regardless
of age of culture used for inoculating the oresm, inecubation temperature
or degrees of hydrolysis as shown by the acid numbers, The different
organisms veried considerably in the degree of hydrolysis produced, as
well as in the pereentages of the total acid that were wolatile &nd non-
volatile. The 0. laotis culture, as has previcusly been shown, wae
sotively lipolytiec but the wolatile aecidity of the fat on whieh it had
aoted wae scmewhat low as compared with all other organisms studieds This
cbservation confirms the belief of Orla~-Jensen (28) who sugrested that the
organimm utilised in its metabolism, the volatile fatty acide liberated by
its growth,

For reasons previously oited the degres of hydrolysis caused by the
saxe organiem in different trials, as determined by acid numbers, waried
somewhat. With a few exceptions, all the trials with an organism gave
volatile acid walues that were quite uniform, regardless of the degrse of
hydrolysis. In the ease of 0. lactis the aoid mmbers renged from 18.8
to 52.8 but the volatile moid percentages wvaried only from 1.6 to 2.4.
With Myo. lipelytica the seid numbers ranged from 9.9 to 21,0 and the
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volatile acid percentages from 8¢1 to 9.1+ With Ache 1lipolyticum the

acid numbere varied from 2.8 to 8.8 and the volatile acid percentages
from 1046 to 12.5; other bsoterial species produced volatile acid values

similar to thoss prodused by Ash. lipol;hieﬁ. The organisms studied

varied econsiderably in the relatiwe peroentages of the total aoid libverated
that were volatile and nonevolatile. In all trials with the same organism
however this relationship was ocomparatively uniform.

One organism may have attaocked the fat of ecream in a scmewhat differ-
ent manner than another, or at least the end produsts of the metabolie
processes were éifﬁnnt. ¥ith O¢ luotis only a relatively amall per-
centage of the total acid was wletile after the mold had grown while with
all bacterial speoies studied a oomparatively large percentags remained
after growths With all the bacterial speeies studied about the same pere
gentages of the total acid produced from the fat were volatile which in
all cases were considerably higher than thoss produced by either Mys.
lipolytica or Ce lactis. |
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Volatile and Nonevolatile Acidity Relationships in
the Fat of Commeroial Butter Showing Rancidity

In the trials reported in other seections of this thesis the acid
mmbers of the fat of many samples of fresh oream wore dotermined. Withe
ocut exoeption the aocid numbers of fresh fat were less than 1.0 and were
usually between 0.5 and 0.8, Volatile acidity determinations on these
samples of fat invariably yielded such low values that no dependence
oould be placed on them because they were ususlly lower than the limit of
srror of the titration method employed,

Among the many samples of cammercial butter examined there were a
mmber which were reaneide. Acid number and volatile scidity determinations
were made on the fat of these samples.

The data shown in table XXIXI WI that the samples of commercial
butter which were deseribed as rancid in some degres had aoid numbers on
the fat ranging from le3 to 14.0s Samples 1, 4 and 5 were desoribed as
rancid with acid mmmbers of 4.8, 5.6, and 5.8, respectively, while samples
3 and 9 were desoribed as slightly reancid and had acid mmbers of 10,8 and

14,0, respectively. Sample 15 was very rancid and had an aocid mmber of
only 1.6 and sample 14 was rancid with an acid mmber of only l.3. Thers
was no ocorrelation betwesn the intensity of the rancid flavor and the acid
mmber of the fat.

S8amples 1 toc 12, inclusive, revealed relatively little wvariation in
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TABLE XXIII

Volatile and Non~Volatile Acid Relationships in
the Fat of Compercial Butter Showing Reneidity

P T t 1 Yor oent of total
Semple: Flaver ¢ Aecid ;Volatile; scid in the fat

' :mborm%g%gx's 0 o 1 Jon~vo

sraneid T 48 1 Ue Tt 38e7 1t .
2 sveryraneid ¢ 6,2 : 10 s 16,1 83.9
3 8l rancid 4 108 : 1856 ¢ 143 ¢ 85.7
4 reneid t B8 ¢t 468 1 11.8 88 .4
§ iraneid 1 548 1 98 3 164 88.8
68 18le rancid : 2.8 , A8 1 18,1 1 83,9
7 nle vancid 3 3.2 o8 1 ldel 1 85,9
8 irancid 1t 2441 4 1 16,7 83.3
9 g8l. rancid : 1440 ¢+ 1.8 : 13,8 88.4
10 srencid t 4e8 1 68 1 1l 88.6
11 srencid 3 Te8 3 136 : 181 84.9
12 ). rancid : BeR ¢ T8 1 1444 1 85.68
13 sveryrancid ¢ 1le€ 1 3%  ; wewe —
14 sraneid 1t le8 3 % 4 wwen 3 vt

* See tadle XXII.
quantity too mmall to measure securately.
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the volatile-nonevolatile soid relationships of the fat scidity. The per-
centages of the total scid that were wolatile ranged from 1l.4 to 16.7.

8amples 13 and 14 had very low acid mmbers and did not yield a sufficient
quantity of volatile aeldity to measure scourately by the method employed.

In snother seetion of tﬁis thesis it was shown that 1little or ne
correlation existed between rancidity and aeid mmber of the butterfat. In
the data (table XXIII), it may be noted that the acid mmber of the fat and
the peroentage of the total aeid that was volatile was not related directly
to the intensity of the rancid edors Thile it is rather unsatisfectory to
determine the degree of rencidity by organoleptic teats, no other method
exists which will detect the defeet with equal reliability. Probably the
agent responaible for the hydrolysis ie an important fastor in determining
the degree of ranoidity that will sccompany a certain seid number on the fat.
For example, in some experimental trials, samples of butterfat on which 0.
lactis had acted showed relatively high aeid mmbers with no indieation ef
reaneid edor. It is poasible, as has been suggested by OrlsJensen (28),
that certain lipelytic molds are able to sonsume the wlatile acids ss
rapidly as they are liberated from the fat ylelding a fat with a relatiwly
high aoid nmber and yet showing no signs of rancidity.

Hemmer (17), Bmsiker {19) and others have stated that the odor of
rancid butiter is due to the presence of some of the lower fatty acids
particulsrly, butyrio, caproic and caprylis. Grossfeld and Battay (14)
reported that one part of butyrie acid in 12,500 parts of & medimm could
be detested by sense of smell, Stark and Soheid (35) believed that amounts
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of MM° acid in rancid butter may be sc smmall that though they can be
deteoted in butter by tasing and smelling, they oannot be measured by
ordinary chemioal means. Since the acld numbers of some of the samples of
good butter, as shown in table I, were very high and the acid mumbers of
some of the rancid samples shown in table XXIII were low the agencies
responsible for rancidity mmst have exerted s seleotive astion on certain
of the glyessrides of the faity acids. Only the higher acids mmst have aow
comtlated in the good butter showing & high acid mmber on the fat. Cone
verssly, in the rancid ssmples having very low acid numbers, & relatively
large percentage of the total acid scowmmlated must have been wolatile.
From the dats presented it ias evident that no doﬁnito relationship existed
between the quantity of aeid liberated from the fat and the degree of ranw
cidity present.

The relationships between the volatile and non-volatile acidities of
the fat of samples 1 to 12 of the raneid butter were comparatively uniform
regardless of the scid numbers of the fat which ranged from 2.4 to 14.0.
Thers was no relationship between the degree of ruancidity and the wolatile
aeldity, that is, in general the slightly rancid samples had the ssme volae
tile=non~volatile acid relationship as d4id the raneid and very rmeid samples.

In conclusion, the peroentages of the total acid in the fat that were
volatile varied only slightly in the ssmples ef rancid butter gtudied. There
was no correlstion between the percentages of the totsl aecid in the fat that

were wolatile and the degree of rancidity.
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Ability of Various Lipolytic Organisms to Utilise Salés
of the lower Fatiy Acids as the Sole Source of Carbon

Both experimental and commeroial rancid butter showed some wari.
ation in the volatileesnonevolatile seid relationships of the fat,.
Various workers haw suggested that gertain misrvorganisme utilize some
of the lowsr wolatile fatty solds in their growth. In order to detemmine
whether the orgenisms used in the previously reported experiments eculd
grow in media in which a sodium or caloium salt of a single wvolatile fatty
soid oomprised the sole scuree of ocarbon, a series of susch media were pre~
pared following the general formula of Ayres, st al. (1). These medis had
the following compositions

sodium ammonium phosphats 2.0 gme
poﬁlsim ohleride ‘ ol gme
salt of fatty aecid 8.0 gm,
distilled water 1000 m1,

The saits used were sodium and caloium butyrate, caloium caproate and
caleium eaprylates Forty ml. portions of iaoh medium weye placed in glass
containers with sorew eape and sterilised in the autoolave, The media
were then inocoulated with microorganiams to be studied and inoubsted at 21°
Ce Afber 7 days and also after 14 days of inoubation, a complete series
of the inooculated media were treated as follows:

The contents of sash bottle were placed in a Xjeldahl flask cemtaining
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226 ml. of distilled water. Five mle of /) sulphurio acid were sdded
to each flask %o free any remaining fatiy aecid from the salt. The flasks
were then placed on the distilling apparatus and heated until 200 ml, of
distillate were cbtained. These distillates were titrated against %/10
sodivwm hydroxide, using pheneolphthalein as an indicator. Handled in an
identical manner, uninocculated 40 ml. portions of eash medium served ss
cheoks. 1t was assumed for comparative purposes that any dedrease in the
volatile acid ebtained from s medium after grewth of an orgsnism, compared
with the ocheok, was dus to utilisation of the aeid by the growing organisms.

There was no epparent uniformity in the ability of different organiems
to utilize the fatty acids (table XXIV). 0. lectis grew luzuriantly in the
rodis oontaining sodium and ealoium butyrate and lowered ths wolatile aeid
cbtainable from the sodiwm butyrate medium from 16.1 ml. (cheok) to 3.4 ml,
after T days and to 1.2 ml. after 14 days. Almost oomplete disappearance
of the butyric acid may be noted. Similar redustions were shown in the
salcium butyrate and ealcium eaprylate medie. In the calcium eapreate
medium some growth was evident but it was not nearly so lumriant as in
the other media. The deta further substantiate earlier suggestions that
Os laotis is able to utilise volatile fatty acids.

Myo. lipolytios grew in all the medis but grew less lumsriantly than

O« lactiz in the medium centaining osloiwm butyrate, as detsrmined by the
titration walues after 14 deys, the value for O. lagtis being 0.6 ml. and
for Myas lipolytica 11.0 ml. This organism showed grester growth after 14

days in the media containing the caleium salts of caproic and caprylie



TABLE XXIV

Ability of Certain lipolytic Microorganisme to Utilize the Zalts of the
Lower Fatty Aclids as the Sole Source of Carben

The values represent the milliliters of K/10 sodium hydroxide reguired
to neutralise the acid-in 40 ml, of medium. The difference betwesn the
walues given for an organism and the check samples (mo inoeulation) em
the same medium represents the milliliters of N/10 eeid utiliszed by

the growing organism
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t Bodlum 3 Calelwm gy Caloium 1 Calelum
3 bu te : butyrate : oaproate : caprylate
Organism D e L,,“ mbaﬂon at 219 C.

A “I& ' s W 1 T 14

Ve Inotis T Sed 3 t Se7 a t o9 1 8.8 3 T.1; 0.
l ™ I! 1 ion s 12,3 5-0 8!1.3 T 11.0 1 Be2 1 448 3 1o3: .8
g- fluoreseena 1 1248 1 1248 113,00 ; 13,0 3 4.7 1 3.6 ; 2,05 1.7
Ach,. Iiglgm t 1602 ¢ 16844 11740 ; A7l 1 Te2 5  Te2 ¢ 2,25 1.9
o -3 ous 3 1885 1 Bed 11042 ¢ 8.3 t Te2 3 Te2 3 2.2 1.8
SE (RO 1noogy ation) (] 18,1 ] 16.2 31705 17.1 [ ] Tel t Te2 t 3'9‘ 249
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acids than did 0. lactis. Ps. fluoreseens utilized all of the zalts to some

extent; hohs lipelytioum did not skhow appreciable growth in any of the media
and eonsequently utilised very little of the fatty ameidse Alos. lipolytieus

utilized sodium and cslecium dbutyrats but was unsble to utilise the caleium
saltr of saproic and eaprylic seids to any extent.

The organisms studied waried greatly in ability to use the salts of
the lower fatty aocids ai their sole source of carbon. The fact was establiashed,
however, that same of the organimms studled were definitely sble to destroy by
their growth certain of the wletile fatty scide. Cooclhass (10) showed that
certein bacteria were able to ferment & large number of fatty acid salts, It
ies possible also that certain organiems may be able to act on the higher
fatty aoids in such a manmer as to split off asetic aoid vausing increased
titration values. It is therefore evident that the scid number of s fat is
not an exaot index of the degree of hydrolysis of the fat. Another point to
consider 1s that sven though certaim organisme uwtilized the lower fatty acids
in synthetic medin in which the fatty aeids were the only source of énrbon.
this does not necessarily prove that they would utilize them when growing im
eresm or butter. Under different eircumstances they might obtain their
@M fre- a more readily available leufo. and leawe the fats unhypdrolyszed.
Theas results eateblish the poeaiblity of the utiliszation of the lower
fatty seids by osrtain miorcorganisms growing in cresm.
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Effect of Storing Filtered Butterfat at Various

Temperatures on the Aeid Number of the Fat

During the course of the studies difficulty was encountered ceeasione
ally in titrating sll the fat samples in a series at approximately the
same time. BSome samples filtered more alowly than otheres and in some
cases it was necessary to leave samples of fat at 46° C. overnight and
titrate them the next morning. In ordsr to determine the effeet of
holding the filtered fat for varying periods on the acid mmber, 26
seamples with a considersble wariation in aeid numbers were stored at 45°
Ce and the acid values determined originally, after 2 weeks and, with soame
of the samples, after 6 weeks., The samples were from several sources.
Some wers from commercial butter and others from miseellaneous experimental
lots; & portion of them were rancid. |

At the beginning of ths trials the fat varied in aeid mmbers (tsble
XXV) from 0.86 to 13.0. Without exesption the acid numbers after 2 weeks
storage were practiocally the same as initially. Twelve of the samples
were held for 8 weeks and no appreciable changes in the acid numbers oe=
ourred although slight inoresses were observed with two samples ~ samples
20 and 28, Apparently the agencies responsible for hydrolytic decompo~
sition were not actiwe in pure fat st 45° C. during the 6 weeks storage
pericdes In the two samples in which slight inoreases in acid mmbers oo=
ourred tallowiness was noted but other ssmples showing mo acid mumber
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TABLE XXV

Effect of Storing Filtered Butterfat at
 48% Q. on the Acid Humber ef the Fat

Some of the samples from commercial butter
and others from experimental dbutter

Acld mumber of fat

%
Sample ore 3 Alter g Alter
3 :te%:go t 2 weoks ; & weeks
1 $ * 575 ]
2 1 14 14
3 s +85 85
4 t 2486 2.86
8§ 1 8.95 ;3 3.95% ;
8 3 3.95 40 3
7 H zoz 4 2.2 |
8 3 2,35 3 208 s
9 [ 3.06 3 801 ]
10 ¢+ 28 3 2.6°
11 3 326 1 3.28
12 t 3.856 T ¢
13 t 7.9 Ta9 )
14 H 5.5 ] 502 t
15 t 10 1 105 ; 1.08*
13 4 1025 4 102 1015
17 1 T 3 o768 T8
18 1 S84 Sed 1 34
19 1 BeBE 5 B8 3 5,8
20 1 8.8 ¢ GE* ; 6,75
31 4 200 4 301 201
22 s 2.8 4 24 ¢ 2.3
23 1 14 ld 1.8
24 1 8,86 68 1 8,78
26 ¢ 1le7 1 11e6° ;4 11.6°
26 1 13,0 ¢ 13.0° ; 13,5°
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TABLE XXVI

Effest of Storing Filtored Butterfat at Various
Temperatures on the Acid Fumber of the Fat

Trial 1
doid mmber at the beginning 5.0; fat raneid

Temperaws
ture of iheid mumber of butterfat after stor;go (woeks)
storeage 1+ 1 ¢ & 1t 8 1 & 1 t 6
3“5.: B0 1 B0 1 B0 1 Bel 1 Bel 1 Bol
13° ;4 840 3 5.0 4 BsO 3 5.0 3 5.0 1 8.0
20° 5 Bs0 1 4.9 31 B0 1 B0 5 5.0 3 5.0
S7° 1 5.0 1 4.8 1 5.17 ¢ 6odY s 6e5% 1 5.6Y
46° 1 Bl 1 641" 1 6,1 s 8.3 4 5.7 1 6.2
¥ Baxples tallowy.

Prial 2

Aoid number at the begimming 0.,65; fat not rancid

Yanpera=,
ture of pAoid number of butterfat after storage (weeks 2

storsge ¢ 1 & ¢ s % ' )
5‘5- U85 ;: 0.8

-

: | | (4 3 [ ] | 4 - H 6.!
13° $ o885 s o865 : o8 3 oT t JT6E 1 o7
21° g oT g e85 1 o7 1 &85 1 485 ; 65
37° E +85 2 o7 3 +85 o «86 o7 ) OVY ’
48° ] o856 3 o856 ; o865 3 0_‘_ 1 <86 o7




Effect of Lipolytiec Miercerganisms on the Acid Mumber
When Inoculated into Filtered Fat and into a
Fat-NHater Buleion

It is generally mecopted that pure fat will not suppert growth of
mioroorganisms. Schreiber (33) reported that fat alone was not a suitable
mitrient medium for micrecorganisms, but that in the presenmce of other
nutrisnts and oxygen certain organisms couid destroy the fat, He found
this process proceeded most repidly in the presence of caloium earbonate
and when the fat was in & finely divided state. In order to determine
whether the method used in preparing the fat for acid mumber determinations
removed the food elements other than fat sufficiently to prevent the growth
of miecroorganisms, the following experiments were performed. Tubes con=
taining 10 gm. of rencid fat and others eontaining the ssme quantity of
none=rancid fat were inoculated with oertain lipolytic organimms, To ons
series of the tubes sterile distilled water was added to the extent of 28
per cent of the volume of the fat, the tubes being shaken until some degres
of emlsification was evident and the fat had solidified. Both series of
tubes were then inoubated at 21° C. and the acid mmbers were determined
after 14 and again after 30 days of storage.

In the trials using both the rencid and non=rancid fat (table XXVII)
there were no appreciable changes in the acid rmumbers of the fat alone or
of the fat in the fate-water emulsion. Growth of organisms in the pure fat
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TABLE XXVII

Effsct of Lipolytic Mioroorganiems on the Acid Number
When Incoulated into Filtered Fat and inte a
Fat-Tater Bmzlsion

Trial 1
Aoid number at the beginning 5.8; fat rancid

1 Acid monber of fat afver storsge &t

21° c.
Organism s__u Tare % iTat-water eumision
) days 3 days 1 14 days t S0 da
0o 1s0tis 2 B‘.‘G’ : 5:31' : K:E:' 1t Des
- SR 3 7% -1 ) 5.6 t 5.8 s £5
. uoresoens ] 547 ] Bl ] Be6 ] 5.6
Aeh, 1lpolytioum t B8 1 Bed 1 B4 ¢ BB
* A1PO, ous 3 Be5 3 8.8 3 5.4 ] Be8
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would not be expscted even in the presence of suitable mitrient material
becsuse of the absence of moisture, but in the trisls in which ﬁﬁr was
present it would be logical to expset sme growth if the proper mbmti;m
of matrient materials was present, even in mmall guantities. Sinee no |
changes in the acid mumbers were evident after 30 da‘ys storage 1t wes ase
suned that no growth took place with any of the organisme studied and that
the filtered fat ﬁl stable toward the setion of lipelytie organisms.

Thess data support the conelusicn that certain organisms which were
definitely able %o hydrolyse fat in oream and in butter were uneble te
hydrelyse filtersd butterfat or the fat in a bdutterfatewater emulsion.
These results indicate that any changes in the acid mmber of butterfat
during a 30 day storage period at 21° C. wore probably due to agensciss
other than mieroorganiems.
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DISCUSSIOR OF RESULTS

Aftor subjesting good quality, unsalted commereial butter from many
sourcss to keeping quality tests, rancidity was a common defeot. All of
the samples were made from pasteurized oream. Since lipese is readily
insotivated or destroyed by heat, and since there was little chance for
- contamination of the oream with the enzyme after pasteurization, the
rancidity which developed probably was the result of the growth of mierce
organisms. Most of the lipolytic organlsme commonly found in milk and
orean are readily destroyed by ordinary pasteurization temperatures, there-
for the organisms responsible must have gained entranve subseguent to
pasteurization. Very few of the samples of salted butter observed beomme
raneid when subjected to keeping quality tests. The salt evidently was
very inhibitory to the organisms responsible for the rancidity, since the
oppertunities for contamination of salted butter were essentially the same
az with the umsalted butter.

The aocid numbers of the fat of the fresh, unsalted samples were uni-
formly low, usually less than 1.0, After holding at 21° ¢. for 6 days,
many of the samples showed inoreased acid mmbers. However, thers was
no definite correlation betweon the acid mmbere of the fat and the quality
of the butter after storage. W¥While high seid numbers usually scoompanied
the development of ransidity, rancid samples with low acid numbers were

sometimes encountersd. Conversely, samples not showing ranoidity,
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frequently had relatively high eocid numbers. In the rancid samples with
low acid numbers on the fat, the proportions of the total fat ascid that
were volatile, while often ummeasurable by the methed employed, probably
were considerably higher than in the rancid samples with relatively high
acld numbers.

Lipolytic organisms waried considerably in their ability to produce
rancidity in unsalted buttsr, 3Some organisms which definitely caused hy-
drolysis of fat, as evidenced by inoreased acid numbers, failed to cause
& rancid condition. O. laetis, for example, greatly increased the aecid
mumbers of the fat in oream or in butter and yet, in some instances, &
rancid flavor did not develop. Three bacterial species produced rencidity
regularly even with very slight increases in the fat seid waluss. Differe
ences in the proportions of total aeid that were wilatile as a result of
the growth of the warlous organisms were signifioant and ascounted for the
conditions mentioned.

Iactioc seid in oresm in amounts greater than are normally present,
elther produeed by the growth of the common laotic organisms or added
directly, had nc effeoet on the acid nmumber of the fat. The mcid was com=
pletely absent from the fat after ohurning, apperently being left in the
buttermilks Aecid tended to inhibit the growth of the lipelytic organisms
but was not effeotive in controlling theme Ripening cream to a relatively
high aeidity for umsalted butter no doubt aids in the control of certain
ergenisms., This practise, however, cannot be expeoted to prewvent growth of
the undesirsble types.
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The growth of organisms in unsalted butter was somewhat more limited
than in eresm. In butter, the food supply was not as plentiful as in oresm
and beeause of the physical structure of butter the organisms were somewhat
sonfinsd and were less able to migrate to new food supplies: The organisms
studied, however, were all very detrimental to the quality of unsalted
butter stored at tempsratures as low as 5° C. |

The neutrslizing prooess, as applied to sour oresm in the mamafacture
of butter, was definitely effective in lowering the asid number of the fat,
This indieates that the alkali not only neutralized the water soluble fatty
acids that were in the serum but also partially neutralized the acids present
in the fat: It is probable that the hydrolysis of fat in cresm is essential-
ly a surface phenamenon, since the lipese is water soluble and is present
chiefly in the ux;un The possibility that only the surfaces of the fat
globules are acted upon during the neutralization process offers an expla-
nation for the fast that even though the titratable aeidity of cream was
redused lowsr than the phenclphthalein endwpoint, the fat still had a
positive acid value. The faet that the fatty aclids in the cream fat are
largely neutralized during the prooessing of the cream preparatory toc oharn=
ing eliminates the possibility of a good sorrelstion between the acid number
of the fat of butter and the quality of the ¢reen from whish it war made.

In triale in which O« laotis was grown m orean or butter, the per-
oentage of the total aeid libermted that was velatile was very smalle
Certain organiams, partiocularly O. laectis, were eapable of growing in a
medium in which salts of the lower fatty aolds provided the sole socurce of
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earbon. It is probable that Q. lactis largely consumed the wolatile acids
liberated from the fat, However, it is possible that this organiem may
have exsrted a selective action on the fat, liberating only the higher acids,
and that it would not have consumed the lewer fatty acids in the symthetic
media if other food materials had been availsble. ¥%ith other erganimms
grown in cream or butter, the ratios of volatile to non«volstile acids
liberated were wry uriform in all trials with the same organism, which
indicated that the fut hydrolysis proceeded in s definite wanner with each
organisms This relationship prevailed in all trials with an organiem
regardleas of warying grewth oconditions or the degree of fat hydrolysis pro-
duced.

In sommercial unsalted butter showing remoidity this same uniform
volatile nonevelatile acid relationship was very evident, regardless of
the degree of rameidity. In all of these samples the percentages of the
total aeids in the fat that were wlatile were comparstively high. This
might indioste that basteria were chiefly responsible for the ranecid ocne
dition in cammercial unsalted butter, since 0, laectis and Myv. lipolyties

in pure cultures both produced relatively low volatile acid walues.

i Filtered butterfat from commercial unsalted dutter was wery stable
toward hydrolytic ohanges when stored at temperatures ranging from 5° to
45° C. Butterfat slome was not & suitable food for micrserganisms, for
even when partially emulsified with water and inmoculated with lipelytie

organisms, no acid number increases resulted after 30 days at 21° o,
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CORCLUSIONS

Host samples of unsalted butter increased in acid numbers of the fat
during helding for 6 days at 21° c.

When samples of commereial unsalted butter were held at 2° Ce, 8p=
proximately 26 per oent became rancid within 6 days.

Fo close correlation existed between the acid mmber of the fat and
the quality of commercial unsalted butter; butter of good quality
often had relatively high acid mmbers, while some rancid ssmples had
relatively low acid numbers.

When ssmples of commercial salted butter were held at 21° Co, OB~
paratively few of the eamples beeame rancid in 6 days.

Of the two biologleal agencies causing fat hydrolysis in raw ocream,

organisms were found to be of greater significance than lipase.

In raw oream containing no formaldehyds in whioh both lipase and mierce

organisms were sotive, the lipolysis was greater at 5° than at 18° or
21° Ge; in oream containing formaldehyde, in which lipase only was
active, the degree of hydrolysis increassed as the holding temperature
of the sream increased within the range studied.

The growth of butter culture organisms or L. bulgarieus in sterilized

eream, resulting in titratable asidities ranging up to 0.89 per cent
with the former and up to 2.02 per cent with the latter, failed to

ocsuss cshanges in the acid numbers of the fat,
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8. The addition of lactiec aeld to sterilised eream in amounts sufficient
%o inorease the titratable acidity up to 2,61 per cent did not cause
ohanges in the acid mmbers of the fat after holding 8 days at 21° C.

9¢ 0+ lactis, Myo. lipolytios and Ach. lipolyticum were definitely ine

hibited by the addition to eream of excessive amounts of lactic acid,
However, they all grew well in oream containing suffiocient added lactie
acid to glve a titratable acidity of approximately 1.0 per cent. The
first two species causedlipolysis in cream with an acidity of 2,08 per
eente

10. O+ laotis and all of the spsoies of bacteria studied were inhibited
somewhat by the growth of butter oulture organisms in cresm; Mye.
lipolytica showed increased growth in the presence of the butter
oulture organisms. Lipelylil, even in high soid oream, was extensive
enough with all organisms investigated to be of importance in eream
quality.

1l. With the exception of Ps. fragl, all organiams studied which showed
lipelysis on agar plates containing fat oaused increases in the aeid
mmbers of the fat when inosulated into sterilized oream, although
rancidity did not result in every instance.

12, All organisms studied were more sctively lipoelytioc in cream than in
butter, especially at §° .

18, When the titratable acidity of sour oream was redused by the additien
of an alksli, the acid mumber of the fat wns also reduced, but not

proportiomately.
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Because of the decrease in the acid number of fat resulting from the
neutralisation process, it cannot be assumed that butﬁor with a low
acld number on the fat was made from good gquality eream.

The different organisms studied varied considersbly in the percentages
of the total fat aeid that were volatile and non-volatile. The aver-
age percentage of the totel acid of the fat that was volatile in the
trials with 0. lectis was 1.9; with Myo. lipolytiea 8.4; with Ps.

flucrescens 14.7; with Aehe lipolytioum 1145 and with Alo. lipolytiocus

1142, '

There was a relstively close relationship between the volatile and
nen-volatile acid values on the fat in all the trials with each
organism, regardless of the age of the culture used for inoculating
the oresm, the incubation temperature or the degree of fat hydrolysis.
In samples of commercial unsalted butter showing widely varying degrees
of rencidity, the percentages of the total aoid in the fat that were
volatile varied only slightly; there was no olose correlation betwsen
the percentages of the total asid in the fat that were volatile amd
the degree of rancidity.

Certain lipolytic organisms grew well in media in which & sedium or
oalcium salt of butyrie, caproiec or caprylic scid was the sole source

of ocarbonsg others grew little or not at all in thess media.

O« lactis grew more luxuriantly in all of the synthetic media than any

of the other organisms investigated.
In general, filtered fat from commeroial unsalted butter wes very
resistant to hydrolytic changes when stored at 5°, 139, 21°, 37° or
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48° C. ¥o changes were noted in the acid mumbers of any of the
samples until after 2 weeks at 46° C.; many ssmples showed no changes
at 45° C. even after 6 weeks.

Neither filtered fat nor a hWter mﬁhicm supperted growth of
any of the lipolytic orgenisms studied.
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