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INTRODUCTION

Under present conditliens of butter distribution considerable time ia
involved in the movement of butter from the manufscturing plant to the
consumer. Xven when gurrent production is goimg direstly into consumer
e¢hannels, there may be from 2 weeks t0 2 moniths required for the process
of distribution. When ssasonal production is greater than consumption,
the time between mamufacturer and consumer is considerably extended and
may involve storags over g peried of several months. In either case the
question of keeping quality is one of paramount importance since deteriora-
tion in flavor means a lowering in ultimate market value.

The relative keeping qualities of various lots of butter are of ut-
wost importance to the butter manufeeturer. If the kesping qualities of
various lots can be predicted it enables the megnufacturer tc dispose of
the butter of poor keeping quality before asrious losses in flavoer score
and, conseguently, in market value hsve occcurred.

Numercus attempts have been made to predict the keeping quality of
butter on the basis of verious laboratory testa., Flate counis eof total,
lipolytie, and proteclytic bacteria and of yeasts and molds have been
atudied in relation to keeping quality but no definite correlation has
baen established. Nierosecopic examinations of stained butter serum have
indicated that valuable informamtion on keeping quality may be gained by
a study of the numbers and types of bacteria in the fresh butter. This

method, however, is limited to the plants equipped with laboratories



manned by trained technicians. Teits based on the ehemical conditions in
butter, as indicated by the titrable seidity, the peroxidase content, and
the catalase content, have been suggested but have not been widely ap-
plied,

A teat which has been smployed coumercislly and found to be useful
under certain conditions is the holding test. This test involves the
holding of small samples of butter at relatively higk temperatures amnd
observing the flavor desteriorstion over a period of 7 Yo 10 days. Since
both chemical and bacteriological ectivities increase as temperatures
rise within certain limits, it appears reasonable thet = keeping guality
tast made at 21° C. should give coneiderable information on the changes
which may be expected at lower iLemperstures. DBefore such a keeplng qual-
ity test can be widely accepted, more definite information must be obtain-
ed on the comparative time required at different temperstures for the
development of certain flevor defects. It is necessary to determine
whether or not & defect ceourring at 21° ¢. will also develop at lower

texperatures when sufficient time has elapsed.



STATEMENT OF PROBLEM

A satisfactory test for keeping quality, consisting of holding
small samples of butter at comparatively high temperstures, involves
three important relationships: first, the time required for the develop-
ment of off-flavors should be short enough at such temperatures to make
the method practicable; second, the changes giving rise to the off-
flavors should occur at progressively decreasing rates in butter held at
lower temperatures so that accurate predictions can be made; and third,
the off-flavors developing at the higher temperatures should also develop
at lower temperatures when sufficient time hae elspsed.

This investigation considered the time of appearance of specific
flavor defects in butter held at different temperatures, and the numbers
of total, lipolytic, and proteclytic bacterin present at certain stages
in the holding period. The rate of deterioration and the flavor defects
appearing at 21° ¢, were compared with the rete of deteriorestion =nd the
flavor defects occurring at lower temperatures. Sucl comparisons were
used in judging the reliability of the changes taking place in butter at
21o C. as criteria of keeplng quality of butter at lower temperatures.

4 comparison was made of the nunbers of bacteria in salted snd un-
salted butter held at different temperatures to show the influence of
salt on the growth of bacteris in these products. The numbers of lipo-
lytic and proteolytic bacteria were studied to show the relationship

sxisting between these types of bacteria and the development of specific



flavor defects. Information on such relationships would aid in deter-~
mining the causes of flavor deterioration and might be an aid in pre-

dicting the keeping quality of butter.



LITSRATURE REVIEW

The influence of storage tempsrature on the rate of flavor deteriora-
tion in butter has long been the subject of research. According to
Hunziker (26), a rise in storage temperature accelerates all of the forces
which operate to lower the flavor score of butter. He states, "Heat in-
tensifies every type of butter deterioration. It hastens oxidation, it
enhances the action of bacteria and enzymes, it accelerates chemical
ection, and it favors mold development.”

Gray and McKay (15),in 1906, studied the effect of different storage
temperstures on butter quality and found that -10° F. (-25.3° C.) was
superior to any of the higher temperatures tried. When stored at this
temperature the butter kept better, both in storasge and after removal from
storage, than butter stored at higher temperatures. The butter was stored
for periode of 5 to B months,

kogers, Thompson, and Keithley (42) compared the loss in score on

butter stored at 0° F. (-17.8° C.), 10° ¥. (-12.2° C.), and 20° *. (-6.8° C.).

The study included raw cream butter and pasteurized, ripened cream butter
and pasteurized, unripened cream butter. Storage at o° r. gave the best
results. The advantage of 0° ¥. over 10° ¥, was enough to warrant the use
of the lower temperature for butter storage.

A number of investigators have considered the generel relationship

of microorganisms to butter spoilage., Sayer, Rahn, and Farrand (44) econ-

cluded that bacteria might cause butter deterioration without any multi-



plication. 3Samples of salted butter held at -6° C. showed slowly incress-
ing bacterial counts but no definite relation betwsen this increase and
flavor deterioration was detected.

Kogers, Berg, Fotteiger, and Davis (41) investigated the factors
which influence the change in flavor of storage butter. Experiments with
raw, pasteurized, and pasteurized cream, reinoculated with cultures from
raw cream, showed that micrecorganiasms were responsible for butiter defects
such a3 woody, rencid, and unclean. The raw cream butter w»as the poorest
after storage. No significant difference between the pasteurized =znd
reinoculated cream butier was noted.

daahburn and Dahlberg (53) compared the changes in bacterial counts
and in score of salted and unsalted butter held for 284 days at -15° ¥,
(-26° C.) followed by 20 days at 58° F. (14.5° C.). Little, if any, re-
lationship existed between the number of bacteria, the =2cidity, and the
change in score of either the salted or the unsalted butter in storage.

Brown, 3mith, and Ruehle {5; studied the types 2nd numbers of micro-
orgonisms occurring in aalted butter at the end of various pericds of
storags up to one year at 0° ¢. Thetir investigation failed to show any
definite relationship between the numbers and types of organisms and the
quality of butter after storage. The most common types found in off-

flavored butter were liquefying yeasts and Gidium lactis.

Redfield (39?) noted that the low grade butier on the market generally
showed high microscopic counts of yemats and molds. High bacterial counts
wore not considered to be significant because such a large proportion of

the bacteria werse found to be acid producing types from the butter culture



-Qu

used,

Grimes {16) considered the ection of bacteria, yeasts, and molds
in butter stored at -6° ¥. (-21.1° C.)., He found that from 95 to 99 per
cent of the baeteria in ripened cresm butter died off during € montha of
storage. The average decrease in count in pasteurized sweet cream butter
during the ssme period was 20 per cent. The principal types whieh sur-
vived in the pasteurized sweet cream hutter were slow reducing

Streptococcus lactia, micrococel, alkali-formers, and inert types. He

stated that, "Thers was no evidence that enzymes produced durinz growth or
the disintegration products produced on death of microorganisms affectad
the keeping‘quality of the butter in cold storage.”

Fuehle (43) concludad that the flavor ordinarily termed metallic may
be produced by metals, bacteria, or added amino aoids. Hg listed = vari-
ety of bacteris, yeasts, and molds which were encountered in butter after
storage but failed to find any definite relationships between numbers or
types and specific off-flavors.

Mecy {30) reported a quantitative atudy of the microflora of butter
during storage at tempsratures varying from 0° to -23° ¢, a comparison of
the bacterial counts before end after storage indicated that, in genersal,
the unsalted samples increased in count while the salted {sbove 1 per
cent) samples decreased.

Butter Jdefects were conasidered by Virtanen (52) to be of two types:

(2) non-enzymatic reactions resulting in defects such as oily and fishy;
and (b) enzymatic reactions resulting in defects such as femented,

hoiled, cheese-sour, putrified, and rank. He stated that enzymes causing



butter defects were as a rule produced by gelatine liquefying water bac-
teria, These gelatine ligquefiers were characterized by their resisgtance
to high temperaturza, their inability to grow in such high acid medis as
ripened cream butter, and their suaceptibility to the influence of salt.

Demetser and i“aier {11) compared the score and microbiological com-
position of 500 samples of pasteurized sour cream butter which were stored
at about 38° F, (3.30 ) for a period of 10 days. Counts were made of the
yeasts and molds, total bactieria on lactose china-blue agar, total bac-
teria on itandard agar, and total and proteolytic bacteria on casein agar.
No significant relationships between score and bacterial counts were noted
except with the total counts on the casein agar. Baeterial counts above
2,000,000 per ml. on casein sgar were considered indicative of objection-
eble bacterial types which accompanied poor quality in butter. No specific
relationship preveiled between the microflora found in the butter and such
flavors as rancid, cowy, oily, and unclean.

Grimes (17) attempted to correlate the flavor grade of 135 samples of
butter with the acidity and microbiological condition. The dbutter had
been held at temperatures varying from 0o to 15° C. for a period of 2
weeks. Counts were made of the total bacteria on nutrient lactose agar
(pH 6.8),0f liquefying bacteria on nutrient gelatine(pH 6.8), and of
yeasts and molds on nutrient lactose agar (pf 3.5). No definite correla-
tions were noted betwsen the flavor score and either the microbiological
content or the acidity of the butter. W¥ide varistions in numbers of ligque-
fying bacteria, yeasts and molds occurred in each grede of butter after

the 2 weeks storage.
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Nelson (34) observed the changes in numbers of bacteria in butter
held for 7 dayi at 21° C. by means of the microscopic method developed by
Hammer and Nelson (23) and also by the plate method. The studies showed
that large numbers of gram negative rods were associated with poor keep-
ing guality in butter but no corrslation between plate counts and butter
quality was noted.

Gilmour and Cruess-Callaghan (13) studied the rate of growth of
microorganisms in Irish Free State butter. They found that bacteria
developed rapidly in fresh cresm butter held st lO0 C., the moat rapid
growth occurring in the low salted samples.

In a study of the comparative keepring qualities of butter from clean
churns 2nd contaminated churns, Clson and Hammer {35) found no significant
difference with salted butter. #ith unsalted buttier, however, the samples
from the clesn churns showed keeping qualities distinctly superior to the
butter from contaminated churns. The deterioration in the unsalted butter
was much more rapid than in the salted butter and was more rapid at 7° ¢c.
than at 0o c.

Loftus-Hills, Scharp, and Bellair (29) c¢onsidered the factors influ-
encing the keeping qualities of Victorian, salted butter astored at 120 F.
(-11.1° C.) for 3 months. They found that there was no relationship
between bacteriasl counts on gelatine before storage and the change in
butter score @uring storage. Similar negeative results were obtained in
comparing total bacterial coumts, and counts of liquefiers, yeasts, molds,
or coliform orgenisms with change in grade. Grimes ani Hennerty (18)

reported similer results when they stored sweet cream, sslted butter at
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15° F. (=9.5° C.) for 2 to 8 months.

Shepard (46) held salted and upsalted butter at 0° and 210 C. and
' compared the changes in numbers of bacterim with the changes in score.

In salted butter thé numbers of bacterias decreased at both OOand 21o C.
but no ¢lose correlation between the bacteriasl eocunts and the gradual loss
in score was noted. In unsalted butter the bacterial counts incressed

and the flavor score decreased at both 0o and 21o C. In 22 of 25 lots of
unsalted butter the first pronounced decreases in scores occurred con-
currently with the first mericed increases in bacterial content.

Guthrie, Scheib, and Stark (20) investigested the relationship of the
nunbers of total, fat splitting, and casein digesting bacteria in butter
to the changes in scores on butter. The study included salted and ua-
@alted butter mede from cream of the following classes: raw aweet, pas-
‘teurized sweet, raw sour, and pasteurized sour. The samples were held at
50, 100, and 24° C., and plated at intervals up to 36 days. Their results
showed that, "In the sbsence of other spoilage factors, s direct correla-
tion seems to exist hetween the pumber of fat splitting and casein digest-
ing bacteris and the keeping quality of the butter .* 411 of the butter
examined spoiled more rapidly at the higher holding temperatures.

That the praesence of szlt causes a decrease in numbers of bscteria
in butter during holding at ordinary storage temperatures is indicated by
the resulte of verious investigators. Washburn and Dshlberg {53) noted a
rapid decrease in hecterisl counts in salted butter held =t -150 R.

(-26° C.) for 284 deys. Grimes (16) held salted, pasteurized sweet cream

o
butter at -8 ¥, (-2l.l° C.) for 6 to 7 months and found =an average de-
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crease of 20 per cent in the numbers of bacteria during storage. MHacy
{30) studied 483 samples of salted butter held at various temperatures
from Oo to 23° C. and found that 73.7 per cent of the samples decreased
in counts during storege. A later report by lMacy, Coulter, and Combs (31)
indicated that there was a general decrease in numbers of bacteria,
yeasts, and molds in salted butter stored at 35° 7. (1.4° C.). The high-
er concentrations of salt effected greater reductions in nunmbers, espe-
eially in the cese of yeasts and bacteris. Hammer and Hussong (22) held
salted butter st 7° and 21° c. and found that the numbers of beacterie
decreased at both temperatures. Shépard (48) reported that; in general,
the numbers of bacteris in salted butter decreased during holding =t
aither 0° or 21° ¢.

In contrast to the reports of decreases in numbers of bacteria in
salted butter are the findings of Gilmour and Cruess-Callaghan (13), and
Grimes and Hennerty (13). The former reported that bacteris developed
rapidly in salted, fresh cream butter held st 10° C.; however, the most
rapid growth cccurred in the low salted samples. Grimes and Hennerty held
salted, sweet cream butfer at 15° F. (-9.5° C.) for psriods varying from
2 to 3 months, They found that the samples generally showed increases in
bacterial counts. The apparent disagreement with the findings cf the
majority of the investigators may be partly explained by the fact that the
butter samples used in the study had relatively low salt contents { from
.5 to 2.0 per cent). Thirty of the 49 churnings had less than 1.%5 per
cent salt.

#aahburn and Dahlberg (53) coneluded that the numbers of bacteria



in unseli{ed butter decreased more rapidly at-l5 ° F. (-26° C.) than in
salted butter and increased mors rapidly at 58° F. (14.5% C.). Macy (30)
studled the bacterial counts of 122 samples of unsalted butter held at
temperstures from O0 to -230 C. and found thmt 72.1 per cent of the ssm-
ples shomed increases ip counts on holding, while 27.9 per cent of the
eamples showed decreases. Hammer and Ilussong(22) reported increases in
bacterial counts in unsalted butter held either at 7° or 21° ¢. and
Shepard (48) noted increasss in unsalted butter at 0% and 21° ¢,

Mieroorganisms are considerad to be of importance in the development
of certain flavor defects. The principal defects of microbisl origin are
rancid, cheesy and unclean.

The exact pature of the butter {lavor defects referred 4o in the
literature es rancid is somewhat uncertain. dJome of the early investiga-
tors no doubt referred 1o all butter which had turned bitter or atrong as
raneid. In this review only those investigations which desl with hydro-
lytic rancidity ere reported. Guthrie (19} differentiated between hydro-
lytic rancidity and oxidetive rancidity in butter 2nd ssserted that only
hydrolytie rancidity in butter should be termed rancidity. This flavor
defect was charscterized as giving the odor of butyriec acid.

A number of investigators have indicateq that microorganisms are an
important czuse of rancidity in dbutter. In an early reference, Browne (8)
differentiated betwesn the rancidity of whole butter and of pure butter-
fat. The rancid condition in the whole butter was characterized by the
development of acidity, while rancidity in pure butterfat involved a chem-
ical change in the fat. The author concluded that microorgzanisms could

produce rancidity in whole butter but were unable to produce the defect
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in pure butterfat. FKeinmann (40) found that the addition of santiseptics
prevented spoilage in butter at room temperature. This fact supported
the vie; of bacterial rather than chemical causes of spoilsge. From a
review of the results of various investigators on the subject of fat de-
composition by microorgenisms, and from his own studies, 3ehreiber (45)
concluded that: (a) pure butterfat by itself is not a food for micro-
organisns; (b) s number of bacteris which occur in nature have the ability,
in the presence of food oxygen, not only to split fat but to destroy it;
(¢} the breakdown of Pat is more repid the finer the fat is emulsified;
and (d) the splitting of fat by decteria and molds is greatly limited by
anaercbic eonditions.

Orla-Jensen (3%6) isolated a number of types of organisms which were

associated with rancidity ir tutter. OSome of the most common types found

were Cidium lactis, Cledosporium butyri, Mycoderma varieties, lactoss fer-

menting yeasts, lsctobaeilli and Penicillium glaucum. His work indiecated
that these microorganiasms snd oxygen of the air wers the chief cau#os of
rancidity. Sayer, Rahn and Farrané (44) falled to find sny relationship
between the microflora of butter and the development of rancidity. They
held butter at -6° C. and studied the changes in numbers of both total
and lipolytie bacisria. The lipolytic bacterias were determined by the
use of litmus lactose agar containing fat. Very few of the samples of
butter contained fat splitting organisms, e&s indicated by the method used,
and no correlation waes noted between the number of lipolytic bacteria and
deterioration.

Investigationa by Stokoe (50) into the cause of rancidity in butter



and cleomargarine indicated that this defect in both products was caused
by microorganisms. Gratz (14) conecluded that microorganisms in butter

were of prime importance in the development of rancidity. He found that
the numbers of lipolytic microorganisms and the sctivities of their en-

zymes determined the fat splitting. Oidium lactis was found to be one of

the most active agents in the development of rancidity.

Collins (7) studied the changes in numbers of lipolytic bacteris in
unsalted, raw cream butter at 60 C. He coneluded that, although there was
at first a rapid increase in bacteria as rancidity developsd, there was
later a progressive end rapid development of rancidity concurrent with a
rapid decrease in numbers of bacteria. His conclusions suggested the pos-
8ibility of enzymatic or chemicsl action in the later steges of the defect.
In a study of the action of lipolytic bacteris in butter, Collins (3)
found that unsalted, pasteurized cream butter :ade in a carelessly cleaned
churn very freguently developed rancidity shen held at 00 €. for 7 months.
Large numbers of lipolytic bacieria were found associated with the defect.
The actively lipolytic bacteris isclated from rancid butter were inhibited
by more than 1 per cent salt in butter.

Hussong (28) isolated Pseudomonas fragi from rancid butter and found

that this orgsnism was alsc widely distributed in milk, cream, and other
deiry products. His results indicated that the organism increased rapidly
in unsalted butter and brought about a rancid condition in as short 2 par-
fod as 4 days at 210 C.

Olson and Hammer (35), in a study of the keeping qualities of butter

from c¢lean and contaminated churns, found that rancidity was the most



common flavor defect developing in unsalted butter from contaminated churns.
The butter was held at 32° ¥. (0° C.) and 45° F. (7.2° C.) and scored at
various intervals until definite flavor defects daveloped. Rancidity de-
veloped much more quickly in the samples held at 45° F. than those held at
32° ¥,

Hemmer and Collins (21) studied the numbers of lipolytic bacteria in
butter by the nile-blue sulphate method. They found comparatively few
lipolytic bacteria in fresh, lightly salted butter of good quality, such
as exhibition butter. In 24 lots of butter held at 0° to 10° C. the
counts veried from less than 1,000 to 40,000 per ml. In the ten samples
in which lipolytic bacteris were detected, from 0.3 to 18.5 per cent of
the total bacteria weare lipolytic. 1In 12 samples of unsalted pesteurized
cream butter held at c® ¢. for 7 months, the numbers of lipolytic bacteria
varied from 6,00C to 12,000,00C per ml. snd from 0.l to 23.5 per cent of
the total bacteria were lipolytic; all of these samples showed some ran-
cidity after storage.

Further studies by Collins snd Hammer (9) included a comparison of
the lipolytic action of certein bacterial cultures opn beef infusion agar
containing fat emulsion and in unsalted butter held at 21° ¢. Eighty
cultures which hydrolyzed fat dispersed in beef infusjion agar rlates, as
shomn by nile-blue sulphate, were studied for their sction om unsathd
butter at 21° C. Of these 80 cultures, 60 (75.0 per cent) produced ran-
cidity in the butter. Certain of the cultures of lipolytic bacteries
which produced rancidity in butter produced another defect along with ran-

eidity. Cut of a total of 159 lipolytic ecultures studied, 102 (g4.2 per
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cent] very evidently proteolyzed milk, as shown by litmus milk cultures.

Shepard {48) used the nile-blue sulphate method to detect the num-
bers of lipolytic bacteria in butter held at 0° and 21° C. ‘arked deteri-
oration of the unsalted butter occurred at o C.; the most common flavor
defects noted were rancidity and cheesiness. No correlation between the
numbers of lipolytic bacteria and the appearance cf rancidity was noted.

Froteolysis induced in astorage butter by microorganisms has been
considered zn important cause of off-flavors by & number of investigators.
Rahn, Brown, and Smith (38) showed that an increase in amide nitrogen
occurred in all samples of butter during storage concurrently with a de-
eresase in flavor score. Although the numbers of microorganisms increased
slowly in the butter held at -6° 7, (-21.1C C.), no correlation between
the numbers of microorganisms and flavor deterioration could be noted.
Brown (4) found that casein decomposition cccurred in both salted and un-
salted butter in storage and suggested that at least s part of this de-
composition was caused by the bacterial flore of the buiter., Hunziker,
Spitzer, %ills, and Switzer (27) reported that protein dacomposition was
greater in raw cream butter than in pasteurized cream butter. They con-
cluded that proteolysis was accelerated by microorganisms and enzymes,
scids, salts, and metala through catalytic action. The microorganisms
and enzymes which were active in the raw creasm dbutter were rendered in-
active in the pasteurized cream butter by the pasteurization process.

The action of specific organisms in milk and synthetic butter wmas
determined by Spitzer, Farfitt, and Epple (48). The lots of synthetic

butter, inocculated with selected purs cultures and held at 0° to 4° c.
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for 120 days, showed increases in protein degradation products during
storage. No attempt to judge flavors in these samples was reported.

Spitzer, Parfitt, Manhart, and Epple (49) observed that the quality
of butter decreased in proportion to the protein hydrolysis and that pro-
teolytic action was accelerated by proteolytic enzymes. Salting of butter
had no influence in retarding hydrolysis although the growth of micro-
organisms wag retarded. The pasteurization of cream destroyed mieroorgan-
isms and salting restrsined their activity but the enzymes were not de~
gtroyed. Avlater study by Spitzer and Parfitt (47) ahowed that bacterial
cultures inoculated into butter tended to increase proteolysis, as indi-
cated by an increase in nitrogen not precipitated by phosphotungstic acid.
The numbers of total and gelatine liquefying bacteria were determined on
69 samples of contest butter held for 3 months at 0° to 4° C. 4ll the
samples which decreased in score during storage also showed incrsases in
proteolytic counts. The greatest increases in both total and proteolytie
counts cccurred in the butter of lowest salt content.

Hammer and Patil (24) studied the proteolytic activity of various

strains of Streptococcus lactis in milk and butter. Certaln cultures

evidently proteolyzed milk but showed no proteolysis in butter at any of
the storage temperatures smployed. The authors concluded that atrains of

Streptococcus lactis causing proteolysis in milk were of no aignificance

from the standpoint of thea keeping quality of dbutter.
Among the butter defects caused by enzyme action, Virtanen (52)
listed fermented, boiled, cheese-sour, putrified, and rank. He indicated

that, as a rule, the enzymes causing these defects were produced by gel-
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atine liquefying water bacteria, although yeasts and molds were also pos-
sible sources.

In a consideration of the various factors influencing the deteriora-
tion of storage butter, Bendixen and Ellington (2) observed that neither
the counts of proteclytic bacteria nor the increases in the products of
proteolysis could be correlated with the loases in score.

Indications that cheesiness is a common defect of unsalted butter
are preaented in the report of Derby and Hammer {12). By {ncculating
cream with cultures of bacteria isolated from surface taint butter they
found that cheesy flavors, associated with protein decomposition, were
produced. Nelson (34) noted that the most common defects encountersd in
butter samples held st 21° ¢. for 7 deys were protein decomposition,
chessiness, and putrid. Microscopie examinations made before and after
the holding period indicated that bacteriological rather than chemieal
detsrioration was responsible for the defects developsd. Olson and
Hemmer (35) observed that unsalted butter from clean churns very fre-
quently became cheesy after storage at either 32° 7. (0° C.) or 45° 7.
(7.2°c.).

Herried, lacy, and Combs (25}, in sn exhaustive atudy of the micro-
biology of cheese-like flavors in unsalted butter, found that microorgan-
isms capable of producing cheesiness wers widely distributed in raw cream.
The predominating bacteris found in mixed cultures capable of produeing
cheesy flavors of the Cheddar type were gram negative rods. In some
cases pure cultures of bacteria isolated from cheesy butter, when inoc-

ulated into cream, were able to induce cheesiness in unsulted butter.
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Artifrieiaslly-mixed cultures were more consistent while naturally mixed
cultures were most consistent in this respect. The development of
Cheddar cheese flevors in ¢ream or unsalted butter occurred most typical-
ly at 10° C. or lower.

The importance of microorgeniams in the development of butter fla-
vors, other than rancidity and cheesinesg, has not been well estadblished.
Cusick (10) produced fishy flavor in butter by inocculating the cream with

Bacterium icthyoamius (Proteus icthycsmius). The decomposition products

of lecithin were considered to aet as pabulum for the growth of the organ-
isms which ultimately formed trimethylemine and gave the fishy flavor.
Supplee (51) coneidered the bacterial counts of fishy and non-fishy lots
of butter but found no correlation between counts or types and fishy fle-
vor.

Humerous tests for keeping gquality of buiter have been investigeted,
many of which havs employed either the types and numbers of microorgan-
isms or thelr products as criteria of keeping quality. Certain investi-
gators have baged the prediction of kesping quelity on the changes aprear-
ing in small semples of butter hsld at relatively high temperatures.
'Bonaka and Brown (3) suggzested = keeping quality test consisting of ob-
serving the changes in smsll samples of bdbutter held at 15.5°to 21.5° c.
for 7 days. Their results showed that butter of pood keeping quality had
a satisfactory flavor after as long as 2 weeks.

Macy and Richie (32) reviewed the results of numerous investigations
dealing with the relationship of yeast and mold counts to the keeping

quality of butter. They also studied the yeast and mold counts of 597
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lots of commercial butter. From the review of previoua work and their
own studies they concluded that no definite prediction of keeping quality
covuld be mads on the basis of yeast and mold counts on fresh butter. The
sampleg of butter with low yeast snd mold counts showed slightly better
keeping qualities as a group than those with higher counts. The yeast
and mold counts of individual samples, however, did not serve as a reli-
able index to keeping quality.

Hinster (33) held samples of butter at 37° C. and also measured the
catalase and reductase contents of the butter to give what he termed a
keeping quality value. Butter samples which showed high catalsse and re-
ductase content and developed off-flavors at 37° ¢. ierovround to have
poor keeping quality at lower temperatures.

Nelson (34) employed the microscopic examination of stained butter
serum and a8 "holding test" consisting of holding small ssmples for 7 days
at 310 C. as bases for forecasting keeping quality of butter. These tests
ware used on 303 lots of commercial salted, 93 lots of commercial unsalt-
ed, and 53 lots of exhibition butter. The microscopic examination was
made on the fresh butter for the purpose of indicating the numbers and
types of bacteria present. From the results of the microscopic examina-
tlon and of the "holding test"”, the keeping quality was accurately pre-
éicted irn 96.4 per cent of the commercisl salted, 79.6 per cent of the
commercial unsalted, and 84.9 per cent of the exhibition butter. #Hhen
aumerous clumps of rods were pressnt in the stained butter serum, it was
almost always a sign of poor keeping quality. The suthor concluded fur-

ther that the high microscopie ecunis associated with the defects devel-
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oped in dutter indicated that the deterioration was biological rather

than chenmical.
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GENERAL METHODS

Source of Butter

The butter used in this work was taken from regular commercial churn-
ings. Cream which contained in excess of 0.25 per cent ncid was neutral-
ized to about 0.21 per cent. All cream was pasteurized by the holding
method at 62.5°C. for 30 minutes. Churning wes carried cut in commercisl
churns of 100 to 750 pound capacity.

All of the trials in which bacteriological studies were made included
both saltel and unsalted butter., The sanples of unsalted butter were
obtained st the time of the first moisture test while the samples of salt-
od butter represented the finished product. Salt was added at such a

rate that the finished butter contsined approximately 2.5 per cent.

Holding Conditions

The samples, which mere subjected to the various holding conditions,
consisted of 5 ounce portiopns of butter taken directly from the churns
with sterile, wooden spatulas, and then placed in sterile screw top glass
jars with sterile parchment papers betwesan the butter and the topa. The
samples were then subjected to the prescfibed holding temperatures. For

O 0% end -25° C. The 21° and 15° C.

Section A, these were 21°, 15°, 5
holding cabinets were thermostatically controlled to within tlo C. of the

required temperatures. The 5°, O°, and -25° C. storage roome were equip-
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ved with brine refrigeration coils and the temperatures in these rooms
fluctuated within the usual limits found in rooms used for holding butter.
The holding temperatures employed in Section B were “room" (21° to
26° .}, 50, and 0° ¢, The 5° C. holding chamber was thermostatically
controlled to within ¥1° C. while the 0° C. storage room was a regular

holding room equipped with brine refrigeration coils.

Sampling Methods

Every precaution was taken to prevent the contamination of the
samples. Sterile wooden spatulas were used for removing all samples for
plating and flavor inapection. The samples were kept in the laboratory
only for the few minutes required for flavor examination and sampling.
This was considered of importance because of the possible detrimental in-
fluence of warming samples to room temperature at each sampling.

The butter was examined for flavor deterioration and bacterioclogical
condition on a regular time schedule. Ko attempt was made to obtain bac-
terial counts when flavor defects were first noted, because of the dif-
fieculty in judging the first appearsnce of off-flavors in a sample. The
butter samples were plated when fresh and after the following holding
periods:

21° C. holding after 2, 4, and 7 days.

15° C. holding after 7, 14, 21, and 28 days.

5° C. holding after 7, 14, 21, 28, end 56 days.

0° C. holding after 14, 28, and 56 days.

~25° C. holding after 1 and 90 days.
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Bacteriological Metheods

The methods used in all plating procedures wers adaptations of those
described by the Committee Report onm Suggested Methods for the KMicrobiolog-
ical analysis of Butter (1). The small portions of butter for plating
included both surface and subsurface material and were obtained by the use
of sterile wooden spatulas. The samples were melted by placing the petri
dishes containing them on dilution bottles that had been heated to 45° to
50° C. and put in a horizontal position. This method precluded overheat-
ing and poasidble destruction of some of the less heat tolerant forms.

Total bacterial counts were made on beef 1qruaion agar. For the de-
tection of proteolytic and lipolytic bacteria a second set of plates was
poured from the msame dilution blanks using beef infusion agar to which
was added nile-~blue sulphete solution, fat emulsion, end milk. The fat
emulsion was prepared by adding & ml. of Wesson 01l to 100 ml. of 0.5 per
cent agar; this mixture was sterilized by autoclaving at 15 pounds for
20 minutes and after cooling to 20° to 25° C. 1t was sheken until a fine
emuzlsion was produced. The nile-blue sulphate solution was made by dis-
solving 2 grams of nile-blue sulphate in 1,000 ml. of distilled water
and sterilizing in the usual menner. The materials were added to the
agar in the following amounts. To each 100 ml. of beef infusion agar,
there was added 2 ml. of fat emulsion, § ml. of 0.2 per cent nile-blue

sulphate solution, and 5 ml. of sterile skimmed milk.

As noted by Hammer and Collins (21), a more intense pink color in the
fat is produced by holding the fat and nile-~blue sulphate in the hot sgar

medium for a few minutes before pouring the plates. This method was used
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in the present work and aided materially in the differentigtion of lip-
olytic and non-lipolytic colonies on the plates. The fat globules which
wers not lipolyzed remained pinik while those which were lipolyzed appeared
deep blue in the medium. Ths skimmed milk was added at the time of pour-
ing the plates. It wes noted that a troublesome precipitate was some-
times formed when the milk was held in the presencs of the nile-blue
sulphate for any length of time, Adding the milk just at the time of
pouring effectively prevented the formation of such a precipitate,

The plutes for total ¢ounta, as well as those for lipolytic and pro-
teolytic counts, were incubated for 3 to 4 dzys at 21% to 25° ¢, In
Section A the counting was done with the =214 of a wide field binocular
microscope with 6x magnifiocation, while in Section B a bBuck colony counter
with 2.5x magnificetion was used.

The colonies which produced clesr aress in the medium to which milk
had been added were counted ss proteolytic. The colonies which effected o
change in the dispersed fat from pink to blus were reported as lipolytie.
dhen colonies of doubtful proteclytic or lipolytic resction sppeared on
the plates, they were cultured by streaking on plates to permit more oppor-
tunity for inspection. Transfers were also made into litmus milk tubes
and the tubes incubated for 5 to 7 deys at 21° to 25° C. In most cases
the lipolytiec colonies were metive casein digesters, as noted on the plates

and elso in the litmus milk cultures.
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Expression of Data

Wherever the typs of data would permit, the comparisons of bacterial
counts were made on the basis of the geometric mesns. This method was
gelected because it interpreted the relationship tetween the differsnt
sets of data more accurately than the arithmetic averages. (bviously,
such a method could be applied only with studies in which definite numer
ical data were recorded on each sample in a series. This limited the
application of the method to the tables of total bacterial counts,

The geometric mean was determined by adding the logarithms of the
nunbers of bacteris, dividing by the number af counts, and finding the
anti~log of the quotient. The anti-log was the geomeiric mean, or G. ¥.,

as noted in the tables.

Methods of Flavor Inspection

The butter was examined for flavor deterioration on the schedule used
in making the bacteriologicel examinations. The ssmples were not acored
but were described as satisfactiory or defective, according to the flavors
noted. The type of flavor dafect, as well as the intensity, was recorded.
Particular attention was given to the detection of incipient rancidity
and cheesiness, since these defects sre typicsl mierobial defects. When
no definite flavor deterioration was noted, the butter was examined again
after the next time interval. The various observations were recorded to

show the trend of flavor deterioration.
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EXPERIMERTAL

SECTION A

FLAVOR DETERIORATION AND BACTERICLOGICAL CHANGES IN BUTTER MADE
WITH BUTTER CULTUBRE AND EHELD AT VARIOUS TEMPERATURES

The trials reported in Seotion i were mede on dutter manufaciured in
the dutter laboratory &t Iowa State College over a periocd extending froa
December to June. The creem was received from farmers in the vieinity and
was of good quality. Righteen of the twenty-rive churnings inecluded in
Bection A were made from sweet cream while seven were made from cresm rang-
ing irp soidity from 0.30 to 0.60 per cent. Butter culture was added to all
churnings at the rate of 7 per cent in the pasteurized cooled crean and the
mixture of eream and culture held at about 4.4° C. uatil churned. Inm fif-
teen of the shurnings bdoth salted and unsalted butter samples were odtained
and studies were made of the bacteriological changes snd flavor deteriora-
tion. From the remaining ehurnings, only the unsalted butter was used and

" a atudy was made of flavor deteriorsation only.
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Part I

Comparison of Changes in Bseterial Content snd of Plavor
Detericration in Butter and in Butter Serum

Held at 21° c.

The mora'flpid growth of bacteris when the serum is separsted from
butter than when the butter i{s in s normal condition, as indicated by
the results of Hammer and Hu;iong(ze), suggests the possibility of using
the serum of butter in detsarmining the keeping quality.

The trials in Part I were carried out to compsre (a) the changes in
aumbers of bacteria in bdutter and in serum during 7 days at 21° C. and
(b) the type and rate of flavor deterioraticn in these produots.

The butter, obtained directly from the churn, was 4ivided into two
portions, one of which was held in a mormal condition yhilo the cther
was used as a source of the serurm. The serum was separated from the
butter by heating a 5 ounce portion in a water bath held at 40° to 45° C.
A falirly complete separation was obtained in a period of approximately
20 minutes. The serum was drawn off with a sterile pipette and trans-
ferred to a steriles, screw top, glass jar. The butter amd butter serum
were plated for total, lipolytie, and proteoclytic bacteria and then
placed at 21° c. After 2, 4, end 7 days the samples were sgain plated

and wers also examined for flavor and odor.

Changes in numbers of total bacteria and the appearance of flavor defectis

in butter and in the corresponding serum at 2° ¢,
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Table I presents the total bacterial counts amd the time of appear-
ance of flavor defects with mine churnings of unsalted buttier eamd un-
salted butter serum held 7 days at 21°C. In general, the bacterial
counts inereassd in both the unsalted butter and the serum at 21° C.
but thers was considerable variation among churnings in the time at which
the highest counts wers reached. In butter the highest counts were re-
corded as follows: after 2 days with four lots, after 4 days with two
lots, and efter 7 days with three lots. In the serum the highest counts
ware recorded after £ days with three lots, after 4 days with cme lot,
and after 7 days with five lots. The highest count recorded on butter
was 188,000,000 per ml. while the highest count recorded on serum was
4,020,000,000 per ml.

A comparison of the magnitude of the counts in the unsslted butter
and in the corresponding serum indicates that the numbers of bacteria in
the serum were much greater than would de expected from the ratio of
tpyroi;ﬁutcly 5:1 existing datween whole butter and the ssrum content of
butter." 2h1- eondition may be explained by the greater availability of
oxygen a:ﬁ putrients for bacterial growth in the serum. Ais indfcated by
Rahn and Boysen (37), a oonsiderable number of the meoisture droplets in
butter must de sterile and therefore the nutrients available for bacte-
rial growth are limited to those contained in infected moisture droplets.
In the serum, however, the moisturs is the continuous phase and nutrients
are available to a much greater degrse than in dutter.

Ho definite correlation between the baoterial counts and the inci-

dence of flavor dsfects of individual lots could be noted in either the
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Table I

Changes in Nuubers of Toial Bacteria and the Appearance of
Flavor Defects in Unsalted Butter end the Correspending
Serum Held 7 Daya at 21° C.

Definite flavor defects indicatsd by *

Churaiag Hunbera ef bacteria per ml.
ne. 0 days 2 days 4 days 7 days
, Butter 780,000 8,400,000 15,800,000 5,400,000
Serum | 76,100,000 8,200,000 72,060,000* £62,000,000*
o Butter 540,000 26,700,000 - 188,000,000 38,000,000
Serum 810,000 111,000,000 476,000,000 * 830,000,000 *
g Butter | 3,140,000 91,000,000 19,000,000 6,000,000 *
Serum | 11,500,000 123,000,000 * 165,000,000 * 450,000,000 *
4 Dutter 420,000 44,000,000 42,000,000% 7,000,000 *
" Serum | 970,000 556,000,000 579,000,000*  4,020,000,000 *
g Butter 540,000 6,400,000 5,400,000 19,300,009,:
Serum | 3,200,000 188,000,000 # 351,000,000*% g,550,000,000
o Dutter 104,000 28,500,000 44,000,000 69,000,000 *
Serum 530,000  940,000,000*  590,000,000* 750,000,000 *
o Butter 640,000 17,700,000 16,300,000 12,800,000 :
Serum | 24,800,000 1,170,000,000  1,1%50,000,000* 1,060,000,000
g Butter | 2,030,000 43,000,000 12,300,000 14,800,000 :
Serum | 23,200,000 840,000,000 * 810,000,000 * 176,000,000
o Butter | 2,640,000 £9, 900,000 21,800,000, 20,000,000
Serum | 26,600,000 287,000,000 796,000,000 * 197,000,000
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unsalted butter or serum, All of the serum samples developed extremely
high counts and all showed flavor deterioration. 4ll of the lots of
butter inocreased rapidly in counts but only six of the nine lota deteri-
orated in flavor. The counts on the lots which deteriorated were not
significantly different from the counts on the lots which kept.

Table II presents the total bacterial counts and the time of appesr-
ance of flavor defects with nine churnings of salted dutter and salted
butter serum held 7 days at 211°c. a4 comparison of the bacterial eounts
on salted butter and serum indicates that the trends in counts were guite
different in the two produets. With the butter there was a general tread
tomard lower counts, while with the serum there was a marked trend toward
higher counts. Seven lots of butter showed decreasses in counts and two
lots showed small ineresses after 7 days holding, while eight lots of
sesrunm incressed in counts and only ons lot showed a decrease after 7 days
holding.

The preservative action of salt in butter was very svident, while
in eight of the nine lots of serum the zalt epparently prevented bac-
terial growth for only the first 2 to 4 days of the holding period. The
typss developing on plates made from the salted butter serum indicated
that the acid producing bacteria of the butter culture, 3, lactis, be-
came scclimated to the conditions in the salted serum and showed com-
sideratle increase in numbers at the 4 and 7 day perioda. Although the
salt sffectively prevented flaver deterioration in butter, it failed te
prevent flsvor deterioration im four of the nine serum samples,

A suxmary eof the changes oceurriang in the numbere of bacteria in



Table 1I

Changes in Numbers of Total Bacteria and the Appearance of Flavor

Defects in Salted Butter and the Corresponding

Serum Held 7 Days st 21° C.

Definite flavor defects indicated dy *

Churning Kumbers of bsoteria per ml,
no. 0 days 2 days 4 days 7 days
1 Butter 346,000 50,000 125,000 161,000
Serun 5,300, 000 75,000 1,700,000 7,380, 000
o Butter 111,000 54,000 152,000 | 17,'500*
Serun 245,000 117,000 210,000 56,300,000
g Butter 213,000 10,000 2,500 6,000
Serum 1,390,000 58,000 1,440,000 145,000,000
o Dutter 84,000 31,000 32,000 250,000
Serum 104,000 380,000 44,400,000 98,000, 000
g Butter 330,000 120,000 11,000 3,500
Serum 360,000 111,000 250,000 43,200,000
o Butter 18,000 8,800 96,000 199,000
Serun 84,000 196,000 19,800,000 174,000, 000
, Butter 196,000 108,000 93,000 84,500
Serum 1,490,000 940,000 145,000 £1,900,000
g Butter 295,000 309, 000 344,000 130,000
Serum 3,150,000 238,000 650,000 260,000*
9' Butter 390,000 263,000 146,000 107,000
Serum 1,087,000 1,420,000 6,500,000 29,900,000
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butter and dutter serum is presented in Table III. It is evident from
these results that a very different series of changes occurred im the
butter and in the serum separated from it. The bracterial counts on un-
salted butter incressed during the first 2 days but decrsased slightly
during the remainder of the 7 day period while the baeterial counts on
the unsalted serun showed a aimilar marked increase at 2 days and‘cen-
tinued to ashow a significant increase to the end of the 7 day pericd.
The counts ranged much higher and the {ncreases in counts persisted over
& longsr period in the case of the unsalted serum than in the caase of
the corresposding butter. The numbers of bacteris in salted dutier de-
ereazed abruptly during the firat 2 days and then decreased more alowly
to the end of 7 days while the bacteria in salted butter serum decreased
during the first 2 daya but then increased asharply to the end of 7 days.
The sbove results agres, in general, with those cf Hammer and Hus-
song (22) for the holding period which they investigated. Their results
eovering the changes in bagterial counts during 2 days with the fat and
asrum of butter sepsrsted, but atill in contact, showed that the separa-~
tion of aerum increassd the rate of growth in the unselted lots and in-
creased the rate of destruction in the selted lots. These results,
dealing with saltsd serum, apparently disagres with the results of the
present trials. The increases in countis on salted serum, ir the triala
reported in Table I1I, however, ogcurred largely after the 2 day holding
pcried. As shown in Table II, four of the nims lots showed increases
over the initial eounts at 4 days while eight showed incresses at the

end of 7 days holding. The bacterial counts reported in Table III range
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Table 111

Corresponding Butter Serum Held 7 Days at 21° ¢.

Geometric Meana of Bacterial Counts on Butter and on the

Rumbers of dacteria per ml.
Geometric means of nine lots of

Days Unsalted Sslted
held
Butter Butter sarum Butter Butter serum
¢} 980,000 6,390,000 160,000 670,000
2 24,900,000 244,000,000 58,000 222,000
4 23,800,000 544,000,000 57,800 1,600,000
7 19,800,000 677,000,000 52,900 27,000,000
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considerably higher, both on salted and unsslted butter and on serum
soparated from the asame, than the counts reported by Hammer and Hussong.
This is probably accounted for by the fact that the bdbutter included in
the present trisl was made with buiter culture, while that used by

Hammexr and Hussong was made without dutter culture.

Fluvor deterioration in butter and in the corrssponding serum at 2° ¢,

4 comparison of the flavor defects appearing in butter and in the
corresponding serum held 7 days at 21° C. is presentsd in Table IV. Fla-
vor defects developed in all the lots of unsslted serum and in six of the
nine lots of unasalted butter. The flavor defects appsared sooner and
were more pronounced in the butter serum than im the corresponding dutter.
Flavor defects developed in four of the nine lots of salted serum dut
were not noted in‘the salted butter within the 7 day period.

A comparison of the flavor deterioration in butter and serum record-
ed in Teble IV and the changes in dacterial counts on the corresponding
lots recorded in Tables I and II show some interesting relationships.

The rapid flavor deterioration in the unsalted serun was accompenied by
marked increases in bdacterial counts, while the slover and less exten-
sive flavor deterioration in unsalted butter was acecmpanied by smaller
inersases in bacterisl counts. Four of the nine lots of salted serum de-
teriorated in flavor end in $hree of the four lots the bacterial counts
inereased extensively. The fact that the large increases is numbers of
bacteria in some of the lots were not accompanied by flavor defects,

however, suggests that the growih of bacteria was not the only cause of



Table IY

Comparison of the Development of Flavor D-rccti in Butter and in the Corresponding
Butter Serum Held 7 Days at £1° C.

Unsalted Salted
Ghurning Butter Serum Butter Serum
no- Days Defect Days  Defect Days  Defect Days Defect | Days Defect
1 7 -—- 2 sl. ofr* 7  yeasty 9 - yoasty
2 7 - 4 fermented 7 cheeay 7 - stale
3 7 sl. off* 4 fermented 7 putrid ? ——- -—
4 ? raneid 4 cheesy 7 rogquefort K4 -—— ——
-] K4 raneid 2 bitter 7 eheesy 7 — N
6 K4 sl. off* 2 bitter 7  roguefort 7 ——— —
7 7 sour 4 fruity 7?7 cheesy 7 - e
8 7 sl. off* 2 fermented 7 metallie 7 - bitter
) 7 ——— 4 fermented 7 eheosy 4 - bitter

s=e HOo definite flavor deterioration noted
* Slightly off in flaver
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deterioration in the salted aerum. Flavor defects were not noted in the
salted butter and the bacterial counts decreased in asven of the nine lots.
In general, it appeared that flavor defects occurred concurrently
with ineregses in bacteriesl counts, since the mosat extensive flavor deter-
ioration occurred in the butter and serum which showed marked increases
in counts after holding, end no flavor deterioration occurred in the salt-
od butter in which the bacterisl counts decressed. Although flavor de-
terioration appeared only inm the butter which increased significantly in
ecounts, there vwas no close egresment between flavor dbreakdown and the bac-

terial counta on individual lots.

Relationship of numbers of lipolytic basteria to the development of fla-

yor defects in umsslted butter and in the eorresponding serum at 21° C.

One of the purposes of the irisls was to study the numbers of lip-
olytic and proteolytic bacterie sccompanying the development of specific
flavor defects. FPreliminary work, mot reported here, showed that a
system of plating only at times when flavor defepts sere noted, preseat-
ed some diffieculty. Flavor deterioration, being s gradusl process, could
nct be definitely recorded. The system of plating at fixed intervals
may have migsed certain sigalficast high and low counts but it was con-
sidered superior to sn indefinite plating sehedule,

Teble V preseats s comparison of the numbers of lipolytic bacteria
in unsalied butter and butter serum with the flavor defects noted during
7 days at 21° C. The numbers of lipolytic bacteria in the butter ranged

from 25,000 to 12,00G,000 per ml. while the numbera in the serum ranged



Table V
Numbers of Lipolytic Bacteria Accompanying Flavor Defects in Ungalted Butter and
in the Corresponding Butter Serum Held 7 Days at 21" C.

0 dsys 2 days 4 days 7 days

Churning Lipolytie Lipolytic Lipolytic Lipelytic
no bacteria [Defect Dacteria Defect bacteria Defect bacteria

) per ml. per ml. per ml, per ml.

1 Butter < 100 < 1,000 3,000 14,000
Serunm <100 g1, oft* <1,000 |yeasty < 1,000 yeasty < 10,000

o ‘Butter 3,500 < 1,000 ¢ 1,000 < 10,000
Serum 10,000 <1,000 |fermented < 1,000 cheesy < 10,000

3 Butter < 100 280,000 800,000 sl. offs 25,000
Serum 300 sour 1,900,000 |fermented 780,000 putrid 850,000
Butter 1,000 1,480,000 |sl. rameid 1,800,000 | ranecid 4,950,000

4 Serum 3,000 7,800,000 {eheesy 10,000,000 roquefort 23,000,000
Butter 2,000 55,000 145,000 rancid 410,000
5 gerum 1,500 |[pitter 850,000 |metallie £,200,000 | echeesy 4,400,000
s Butter 250 6,100,000 7,400,000 sl. oft 12,000,000
Serum 1,100 |bitter 3,700,000 |bitter 7,000,000 roquefort 16,000,000

" Butter 200 850,000 1,800,000 sour 165,000
Serum 5,000 400,000 | fruity 350,000 | cheesy 2,000, 000

8 Butter < 100 < 1,000 < 1,000 sl. off 370,000
Serum - 150 |rermented <1,000 jmetalliec < 1,000 metallic < 10,000
9 Butter 3,600 1,600,000 1,300,000 2,800,000
Serunm 1,500 jsour xxx | fermanted 850, 000 ¢cheesy 400,000

m?‘oo many to eount

* Siightly off in flavoer



from less than 10,000 to 23,000,000 per ml.

No very definite reletionship detween the muabders of lipolytic buce
teria and flevor defects wae svident in efither the unsalted butter or
the serux. Rancid flavors were noted in omly teo lots of butter and the
nurbars of lipolytic bacterie in thess lots were not significantly high-
er than the numbers in some lots that were not ramcid. A similer con-
dition was notsd with respect to ths relationship of flavor defects and

\lipolytia dacteria in the serun.

Relationship of numbers of proteclytioc bacteris to the development of

flavor defects in unsalted butter snd ip the corresponding serum at 21%.

Some of the flavor dafects which developed in the unsalted butter
and sarum appearsd to he the result of protsclysis rather than fat split-
ting. Table VI gives the numbers of proteclytic bactsris and the flavor
defects in the unsalted dutter snd butter serum held 7 days at 21° C.

The numbars of rroteclytic bacteria wers usually =uch greater ia unsalt-

ed serum than in the corresponding bdutter. The unaslted dutter contsined
frox less than 10,000 to 3,500,000 proteolytic bacteria per ml. while

the serur contaiped from less than 16,000 %o 43,00¢,00C proteclytic bso-

terig per ml. Six of the nine lots of unsalied butter deteriorated with-
in 7 days while ell of the lots of serum deteriorated within 4 days.

Thers was some indicetion that the large numbers of proteclytic bac-
teris {n unsalted serum were a fector in the flavor deterioration, sines
the flavor defects in serum sugpested proteclytic decomposition. The
relationship ér proteclytic bactaria to flaver deterioration in unsalted

butter, however, was mot 30 apparent. Although large numbers of proteo-



Table VI

Rumbers of Protsolytic Bacterie Accompenying Flavor Dofﬁetl in Unsalted Butter and

in the Corresponding Butter Serum Held 7 Days at 21° ¢,

4 dayl

0 days 2 days 7 days ,

Churaing Proteolytie Proteolytic Proteolytic Proteolytic

no bacteria Defect Dbacteria Defect bacteris Defect bacteris

‘ per ml. per ml, per ml, per ml.
Butter 100 < 1,000 <10,000 < 10,000
1 Serum 100 sl. off 40,000 |yeasty 20,000 yeasty XXX
Butter 2,500 200,000 700,000 3,500,000
2 Serum 5,500 140,000 | Permsnted 350, 000 cheesy 2,100,000
Batter < 100 £50,000 1,900,000 sl. ore* £0,000
3  Berum 150 sour 3,400,000 | Permented xxx putrid 660,000
Butter 1,700 1,680,000 |sl. reneid 2,100,000 reneid 2,700,000
4 Serum 7,000 9,200,000 |eheesy 13,000,000 roguefort 17,000,000
Butter 1,500 5,000 90,000 rancid §80,000
5 Serum 1,100 bitter 1,450,000 |metallie 2,000,000 cheesy 43,000,000
Butter 250 <1,000 < 10,000 sl. off < 10,000
6 Serum < 100 bitter 5,500,000 {bitter 12,500,000 roquefort 9,000,000
Butter 200 2,800,000 2,750,000 sour 50,000
? Serum 6,000 2,080,000 fruity 1,300,000 cheeny 3,000,000
Butter < 100 <1,000 <10,000 sl. off 400,000
8 Serum 100 formented <1,000 |metallic <10,000 metallic < 10,000
Butter 3,800 400,000 200,000 3,300,000
9 Serum 800 seur xxx |fermented 1,100,000 cheosy 19,800,000

XXx Too many to count * 3Slightly off in flavor



lytic bacteria were found in certain lota of unsslted butter, only two
of the nine lots of butter showed distinet flavor defects and these two
were rancid. The apparent resistance to proteolytic action might e
attributed to the predominsnce of butter culture bacteria in this dutter.
The holding temperature of 21° C. was favorsble to these types and, no
doubs, permitted them to multiply rapidly and preserve acid conditions

shich definitely inhibited proteclysis.

Lipolytic 2né proteolytic bacteris in salted butter and the corresponding

butter serum at 21° Q.

The counts of lipolytic and proteolytic bacteria in sslted buttsr
and serum are not presented. The plating of these materials, waing dil-
utions as low as 1:10, feiled to show either lipolytic or protsolytic
bacteria. The presence of 2.5 per ceant salt in this butter apparently
prevented the development of these types end also prevented the develop-

ment of the off«flavors usually attridbuted to them.



Part 11

The Influence of Freezing Butter at -25° C. as Indicated by
(a) the Numbers of Bacteris Surviving and (d) the Subsequent

Changes Oceurring in the Butter at 21° C.

Trials were carried out to study the i{nfluence of freezing on the
pumbers of bacteria in salted and unsalted butter. The samples of butier,
ir S ounce glass jars, were placed at -25° C. soon after cehureing, except
for lot No. 1 whieh was held at 0° to -4° C. for the first day and then
placed at -26° C. Plate counts were made on the fresh butter snd on the
butter after 1 3ay and 90 days at -25° C. To avoid the effect of meliing
and refreezing, the jars were removed from the sharp room at the first ex-
emination for only the few minutes required to obtain samples for anal-
yses. Each portion plated included surface and subsurface butter obtain-
ed by means of a sterile metal spatula.

After being frozen for 50 deys the butter was held for an addition-
al 7 deays at 21° €. to compare the changes in numbers of bacteria and the
development of flavor defects in the frozen butter with the results ob-
tained on portions of the same butter placed at 21° C. when fresh. Bac-
terial counts and flavor examinations were made affer 2, 4, and 7 days at

21° c.

Changes in numbers of bacteria in butter held at -25° ¢. for 90 days

Table VII presents the total bacterial eounts on the butter before
and after freezing. The freezing effected a significant reduction in the



Tabls VIX

Influence of Freezing at -25° C. on Numbers of Total Bacteris ia Butter

¥umbers of bacteria per ml.

Churring
Unsalted butter Selted butter
Unfrozen Frozen Unfrozen Frozen
Bo.
0. days 1 day 20 days 0 days 1 day 90 days
1 280,000 956 ,000* 490,000 346,000 291, 000* 15,800
2 540,000 59,000 40,000 111,000 60,000 45,000
3 3,140,000 58,000 2,100 £13,000 65,000 2,100
4 420,000 70,000 52,000 84,000 41,000 30,400
5 540,000 186,000 32,000 330,000 211,000 32,000
] 104,000 14,500 15,100 18,000 9,900 12,8500
7 640,000 143,000 97,000 198,000 181,000 83,000
8 2,030,000 522,000 193,000 £986,000 278,000 73,000
9 2,640,000 486,000 130,000 90,000 324,000 87,000
10 380,000 105,000 9,000 85,000 27,000 1G,000C
1 1,180,000 380,000 166,000 280,000 178,000 93,000
12 1,530,000 194,000 129,000 272,000 173,000 180,000
13 1,620,000 160,000 210,000 130,000 69,000 6,500
14 1,330,000 327,000 169,0C0 175,600 167,000 69,000
15 $30,000 257,000 90,000 181,000 97,000 22,000
Avg. 1,185,800 259,630 121,610 203,730 144,130 48,090
G. M, 877,000 167,000 45,000 181,000 101,000 £2¢,400

* Held at 0° to -4° C. for 1 day

t* |
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pumbers of bacteria in the unsalted butter, the greatest decrease cecurr-
ing during the first day at -25° C. Lot Neo. 1, which feiled to show &
decrease in count at the 1 day sampling, was the lot held at 0° to -4° c.
during the first day.

Freezing caused a significant reduction in the bacterial counts on
all lots of salted butter after 90 days but the reduction was less marked
than sithk the unsalted butter. When fresh, the salted butter contained
much smaller numbers of becteria than were found in the unsalted butter
due, undoubtedly, to the deatructive action of salt. The comparatively
saall decrease in the numbers of bacteriea in the salted butter after 90
days at -25° C. indicated that the salt effected some protestive influ-
ence and preventsd the destruction of as large a percentsage of the bao-
teria ss were destroyed in the unsalted butter. The freeszing point low-
oring due to the salt brine, in the buttsr serum, appears ss the dest
explanation of the protective action to the bacterial flors in the salt-
ed butter. The preasnce of salt may have prevented crushing to some ex-
tent by interfering with the complete crystallization of the moiature in
the butter. The salt dbrine concentration was approximately 18 per ceat,
and & brine of this concentration has a freezing point of -12.2° ¢.

Lipclytic and proteolytic bacteria were not detected on the platea
poured with the frozen dbutter, even though dilutions as low as 1:100 were
regularly made. These results indicate that the small numbers of lipo-
lytic and proteclytic bactieria present iz the freshly mede butter, as

shown in Tables V and VI, were destroyed dy the freeszing process.
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Changes in numbers of total bacteris in fresh butter snd in frozen butter

held 7 days at 21° C.

Tadle VIII presents the numbers of total bacteria and the time of
appearance of flavor defects in the frezen unsalted butter held 7 days
at 21°c. The numbers of bacteris increased rapidly; the rate and ex-
tent of increase, however, varied widely aﬁong the different shurnings.
The highest average number for the series was reached after 7 days.

Marked flavor deterioration was noted after 7 dsys, dbut no correlation
between the numbers of total bacteria and the appearance of flavor defects
in individual lots could be noted.

The results obtained on the frozen, salted butter held 7 days at 21°
C. are presented in Table IX. XNo regular increase or decresse in numbers
of bacteris was noted in the frozen, salted butter held at 21° ¢. Ten
lots ahowed lower counts after 7 days while five lots showed higher counts
than were found at the initisl plating. In general, the changes in numders
were irregular and were not of great magnitude. The low initial eounts in
salted butter, as compared with unsalted, indicate thet the influence of
8alt in reducing counts was prodbadbly s more important factor than the low
temperature of holding.

Table X presents a zummary of the changes in numbers of bacteris in
butter held at 21° C. after freazing and in the corresponding butter held
at 21° C. when fresh. The numbers of bacteria incressed more rapidly in
the frozen unsalted bdbutier held at 21° C. than in the corresponding fresh,
unsalted butter held at £1° C. The dacterisl counts on the two types of

butter mere approximately the same after the 7 days, even though the ini-
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Table VIII

Changes in Numbers of Total Bacterie in Unsalted Butter Held

7 days at 21° C. Subsequent to Freezing

Tlavor deterioration indiecated by *

Numbers of bacteris psr ml.

Churning
no. 0 days 2 days 4 daya 7 days
1 490,000 7,900,000 10,400,000 8,700, 000
2 40,000 87,700,000 130, 400,000* 85,400,000*
3 2,100 7,700,000 10,200, 000* §,800,000*
4 52,000 17,900,000 31,900,000* 34,200,000*
5 32,000 1,690,000 4,800, 000* 630,000*
¢ 15,100 16,000,000 27,600,000* 39,400,000*
” $7,000 16,400,000 27,000,000 29,500, 000*
8 193,000 28,500,000 27,300,000 32,200,000
¢ 130,000 57,600,000 45,600,000 78,300,00C
10 9,000 33,100,000 ¥,500,000 6,950, 000*
11 168,000 81,900,000 133,000,000 155, 000, 000*
12 129,000 6,000,000 37,600,000* ?9,500,000*
13 210,000 020,000 6,000,000 19,800,000%
14 169,000 8,200,000 13,700,000* 30,800,000*
15 20,000 10, 200,000 11,400,000 £4,100,000*
Avg. {121,600 23,314,000 34,960,000 41,872,000
G. M, 65,000 13,000,000 21,000,000 20,300,000
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Table IX

Changes in Numbers of Total Bacteria in Salted Butter Held 7
Days at 21° C. Subsequent to Freezing

Churning Kumbers of bacteria per ml.
no. 0 days 2 days 4 days ? days
1l 15,800 11,700 42,300 49,000
2 45,000 15,600 47,000 17,600
3 5,400 1,000 2,100 780
4 30,400 8,700 6,700 2,200
8 32,000 5,000 8,700 6,300
8 12,500 8,200 14,400 128,000
? 83,000 37,000 9,300 20,000
8 73,000 145,000 210,000 75,000
9 67,000 91,000 7,500 87,000
10 10,000 315,000 9,0¢CC 2,000
11 93,000 5,300 12,500 9,200
12 140, 00¢C 11,000 12,500 31,000
i3 6,500 14,8500 6,000 30,000
14 69,000 1€9,C00 104,000 44,000
15 22,000 26,000 8,800 48,000
Avg. 48,300 53,300 33,400 42,380
G. M. 29,400 18,700 14,900 22,900




Tadle X

Changes in Total Bacterial Counts on Frash Butter and on

Frozen Butter Held 7 Days at 21° C.

Rumber Bacteria per ml. (gecmstric means)
Butter|  of Unsalted butter Salted butter
Churnisgs|  saye 7 days 0 deys 7 deys
Fresh | 15 877,000 | 22,500,000 161,000 50,900
Frozea| 15 65,000 | 20,300,000 20,400 | 28,900
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%1ial counts on the frozen butter were comparatively low. The numbers of

bacterie decreassd slightly in both the fresh end frozen, salted butter

and were somewhat lower on the frozen bhutter than on the freash buttier

after 7 deys at 21° C.

Flavor deterioration in fresh apd frozen,unsalted butter held 7 days at

21° ¢.

A comparison of the flavor deterioration in fresh and frozen, un-
salted butter held at 21° C. is presented in Table XI. The fifteen lots
wore examined after £, 4, and 7 days. Since no off-flavors were noted
previous to the 4 day sxamination, the table gives the data for only the
4 and 7 day exsminations. A flavor defect developed in only one lot of
fresh butter during the first 4 days, shile six lots of frozen butter
showsd some flavor deterioration at 4 daya. After 7 days th.ic was no
significant difference in the number of lotz of fresh and of frozen but-
ter showing flavor defects, but the flavor defects were mors pronounced
in the frozen butter than they were in the fresh butter. Flaver defscta
wore detected after 7 days in certain lots of fresh butter when they were
not dstected in the corresponding frozen lots, and vice versa. Defects
of mild and indefinite character, however, may have been overlooked. The
moat common defects noted were rancid and roquefort flavors; there were
two lota of fresh buttsr and five loia of frozen butter daveloping one or
the other of these defects.

Flavor defecta were not developed in either the fresh or frozenm,

selted butter during the 7 days st 21° C.



Table XI

Flavor Deterioration in Fresh and ir Prozen Unsslted Butter Held 7 Days at 21° ¢.

Flavor comnents

c "
hurning 4 days 7 days
0. Freah butter Frozen butter Fresh butter Frozen butter
1 - - - - -
2 -—— slightly off -——— roquefors
3 — alightly off alightly off slightly off
4 slightly rancid oily rancid slightly bitter
5 - —mo rancid -
6 -—— slightly off slightly off slightly off
? - —— sour -
8 - - slightly off -
9 LAt ] - . - e -
10 -—— - — roquefort
11 -~ —— slightly of?f roquefort
12 —— slightly oily 8lightly raneid rogquefort
13 —— - -—- roguefort
14 ——— slightly oily slightly oily meldy
15 -—— —— ——

slightly oily

wsw Flavor satisfactory
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Lipolytic and proteolytie bacteria in frozen, unsslted butter held 7 days

at 81° C.

Table XII presents the numbers of lipolytic and proteoclytic bacteria
in frozen, unselted butter held at 21° C. Although lipolytic and proteo-
1ytic bacteria were nog detected in the initial platings they increased
rapidly in the frozen, unsalted butter whean it was held at 21° ¢. In the
ten lots which showed flavor deterioration at 7 days, the numbers of lipo-
lytic bacteria ranged from less than 1,000 to 8,000,000 per ml. The five
lots which kept contained from less than 10,000 to 1,550,000 lipolytie
bacteria per ml. The numbers of proteolytic bacteria in the butter which
developed flavor defects ranged from 5,000 to 34,000,000 per mi. while
the lots which kept ranged from less than 10,000 to 1,900,000 per ml. Ko
correlation between the numbers of lipolytic or proteolytic bacteria and
apecific flavor defects could Se noted. The lots whick developed roque-
fort flavor did not contain larger numbers of lipolytic bacteria than
some of the lots which showed either indefinite flavor defectis or no fla-
vor defects. A similer lack of agreement existed bdetween the numbers of
proteolytic bacteria and flavor defects.

Feither lipolytic nor proteclytic bacteria were detected in the salt-

od butter held 7 4days at zx° C. subsequent to freezing.
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Table XII

Bumbers of Lipolytic and Proteolytic Becteris snd the Appreerence of Flavor
Defects in Frozen Umsalted Butter Held 7 Days at 21° C.
(Time flavor deterioretion first moted indicated by * )

Churn-| qype of Numbers of bacteria per al. Flavor defects
ing bacteria
ne. 0 dqays 2 daya 4 days 7 days after 7 days
1 Lip. <100  <10,000 < 10,000 < 10,000
Frot. |<100 <¢10,000 <10,000 < 10,000
Lip. <100 <10,000 < 10,000, < 10,000
2 | prot. <100 630,000 3,000,000 34,000,000 | roduefort
Lip. <100 130,000 45,000, 10,000
3 Prot. <100 < 10,000 500,000 15,000 | 81ightly off
Lip. <100 300,000 200,000, 400,000
4 | Prot. |<100 800,000 100,000 1,000,000 | S1ighitly bit
5 Lip. <100 20,000 85,000 < 10,000
Frot. <100 < 10,000 < 10,000 < 10,000
Lip. <100 xxx  4,300,00C, 4,700,00C
6 | Prot. | <100 xxx 100,000 < 10,000 | ®iightly off
” Lip. <100 390,000 1,400,000 500,000
Prot. |<100 15,000 1,200,000 850, 000
s | Lip. <100 355,000 150, 000 55, 000
Frot. |<100 100,000 135,000 25,000
o | Lip. 4100 5,600,000 4,900,000 1,5%50,000
Prot. |<100 900,000 1,900,000 1,900,000
Lip. <100 4,500 20, 000 8, 000,
10 Prot. <100 5,000 55, 000 10,000 | Toquefort
Lip. <100 160,000 450,000 8,000,000,
1 Prot. |<100 200,000 6,200,000 18,000,000 | roduefort
Lip. <100 130,000 2,200,000, 6,000,000 | .
12} ppot. <100 50.000  1.800.000 7.500.000 | roduefort
\ Lip. <100 55,000 30,000 160,000,
13 1 frot. |<1c0  45.000 32,000 170,000 | Toduetert
Lip. < 100 7,500 < 1,000 < 1,000
14 | prot. |<100 6,500 5,000 5,000 | 2°+9¥
Lip. <100 35,000 20,000 2,100,000
15 | Prot. |<100  35.000 190,000 £.100,000" | #1i&htly oily

xxx Too meny

to

count with dilutions used



Part 111

Changes in Numbers of Bacteria and Flavor Deterioration in

Butter Held at Different Temperatures

Saxples of sslted and unsalted butter made with butter culture were
held at different temperatures for the study of: (a) the changes in num-
bers of bacteria; (b) the comparative time required for flavor defects
t0 appear; and (e) the relationship betwesn the changes in numbers of
bacteria and the appearance of flavor defects. The study of flavor dete-
rioration and bscteriological changes involved fifteen sets of samples.
Each set was taken from one churning and consisted of six or eight lots
of butter, half of which were salted and half of which were unsalted.
Two lots from each set, one salted and one unsalted, were then pleced at
each of the different holding temperatures. FPlatings for total, lipo-
lytic, end proteolytic bacteris and exsminations for flavor deteriora-
tion were made after definite time intervels, regardlesa of the progress
of flavor deterioration. Bo'datn on the numbers of lipolytie or proteo-
lytic bacteria in salted butter are presented because these types of
bacteria were not noted on plates made from dilutions as low as 1:10.
Flavor defects were also absent in the salted butter during the periods
of observation.

Ten additional seta of samples of unsalted butter wers obtained as
described sbove aﬁd were atudied only for comparative flavor detesriora-

tion at the different holding temperatures.
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Changes in numbers of bdecterie and in the flasvor of butter held at 21° ¢.

Teble XIII gives the totel bacteriasl counts on the uasalted butter
held 7 days at 210 C. The average counts showed marked incresses up to
4 days. The highest counts on the varicus lots, however, were not reg-
ularly obtained at any one time but were found after 2 deys with five
lots, after 4 days with two lots, and after 7 days with eight lots. The
ranges of counts were as follows:

Initial counts 104,000 to 3,140,000 per ml.

Aftsr 2 days 2,860,000 $o 91,000,000 per ml.

After 4 days 5,400,000 to 188,000,000 per ml.

After 7 days 5,400,000 to 69,000,000 per ml.

The total bacterial eounts on salted butter held 7 days at 21° ¢. are
presented in Table XIV. The average counts on salted bhutter decreased
during the 7 day holding psriod. The lowest counts wers recorded after
2 days with five lots, after 4 days with two lots, and after 7 days with
eight lotas. With two lots, higher counts were found after 7 days than
were found in the fresh butter.

The influsnce of salt on the numbers of bacteria in butier held at
21° ¢. is 1ndicated by a comparison of the results in Tables XIII and
XIV. As indicated by the G. M. before and after holding, the numbers of
tofal bacteria in unsalted butter increased about twenty-threefold, while
the numbers of bacteria in the salted butter decreamsed to about one-third
of the initisl numbers. Salt exerted s marked inhibiting action on the

growth of bacteria in thirteen of the fifteen lots of salted butter.



Table XIII

Changes in Numbers of Total Bacteria in Unsalted Butter Held 7
Days at 21° C,

Churning Numbers of bacteria per ml.
no. 0 days 2 days 4 days 7 daya
1 780,000 8,400,000 15,800,000 5,400,000
2 540,000 26,700,000 186,000,000 38,000,000
s 3,140,000 91,000,000 19,000,000 8,000,000
4 420,000 44,000,000 42,000,000 67,000,000
5 540,000 8,400,000 5,460,000 19,800,000
8 104,000 28,800,000 44,000,000 69,000,000
? 640,000 17,700,000 16,30C,000 12,860,000
8 2,030,000 43,000,000 12,300,000 14,800,000
9 2,640,000 29,800,000 21,800,000 £0,000,00C
10 360,000 9,000,000 7,060,000 5,700,000
11 1,180,000 16,100,000 17,100,000 24,100,000
12 1,530,000 15,300,000 33,000,000 62,500,000
13 1,820,000 19,000,000 18,500,000 £9,300,000
14 1,330,000 4,250,000 14,900,000 21,800,000
15 930,000 2,850,000 13,900,000 17,800,000
Avg. 1,186,000 24,140,000 31,137,000 27,600,000
G. M. 877,000 18,540,000 20,180,000 20,300,000




Table XIV

Changes in Numdbers of Total Bacteris in Salted Butter Held

? Days at 21° C.

Churning Rumbers of bacteria per ml.
no. 0 deys 2 days 4 days 7 days
1 346,000 50,000 125,000 151,000
2 111,000 64,000 152,000 17,800
3 213,000 10,000 2,500 6,000
4 64,000 31,000 32,000 250,000
5 330,000 120,000 11,000 3,500
6 18,000 8,800 96,000 199,000
7 196,000 108,000 93,000 84,9500
8 295,000 309,000 344,000 130,000
9 390,000 263,000 146,000 167,000
10 58,000 8,100 ©,500 13,400
11 280, 0C0 231,000 123,000 77,000
12 272,000 106,000 127,000 115,000
13 130,000 11,400 11,5860 75,0600
14 175,000 182,000 124,000 175,000
15 181,000 48,800 47,0600 8,000
Avg. 204,000 102,800 96,200 94,100
G. M. 161,000 88,000 63,100 51,000
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The results in Table XV include the numbers of lipolytiec and proteo~
lytic bactsria and the flavor defects in unsalted butter held at 21° ¢.
The numbers of lipolytic bacteria in the fresh butter were very low. The
highest number recorded at O days wes 3,600 per ml. and aix lois contain-
¢d less than 100 per ml. The numbers of lipolytic bacteria incressed in
fourteen of the fifteen lots but considerable variation was noted in the
time at which the highest counte occurred. The numbers of lipolytic dbae-
terie exceeded 1,000,000 per ml. in seven of the fifteen lots at some
time during the 7 day holding period. Only three lots of butter becams
rencid and these lots did not contain significantly higher numbers of
lipolytic bacteria than some of the lots which showed indefinite off-fla-
vors or no off-flavors.

The numbers of proteclytic bacterie increassed in thirteen of the
fifteen lots of unselted butter held st 21° C. The increases in two of
these lots, however, were questionabls because of fhc amall numbers of
colonies on which the counts wers based. In those lots in which the
counts inereased, the highest counts were noted either at 4 days or at 7
days., Orf-flavors usually associated with proteolytic activity were not
detected in any of the unsalted butter even though counts exceeding
1,000,000 proteolytic becteria per ml. were obtained on six of the fifteen
lots at some time during the 7 days.

Ho definite correlation was noted heiwsen the rumbers of either lipo-
lytic or proteclytic bescteria and the development of flavor defects at
21° ¢. Keither the type nor the intensity of the flaver defect appeared

to be indicated by the counts of lipolytiec or proteolytic bscteria.



Defects in Unsalted Butter Held 7 Days at 21 C,
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Table XV
Gomparilon of Numbers of Lipolytic and Proteolytic Bactgria and Flavor

(Time flavor detertoration first noted indicated by *)

Churn- Numbers of bacteria per ml. Flavor defects
Type of
por  [bacterts | frer 7 &
Ro. 0 days 2 days 4 days 7 days after 7 days
) Lip. | <100  <1,000 3,900 14,000
Prot. | <100 <1,000 <1,000 <10,000
o Lip. | 3,300 <1,000 <1,000 <1,000
Prot. | 2,500 200,000 760,000 350,000
5 Lip. | <100 250,000 800,000 25,000, | o1 s
Prot. <100 £50,000 1,900,000 20,000 i
. Lip. | 1,000 1,480,000 1,600,000 4,950,000 | .
Prot. | 1,700 1,680,000 2,100,000* 2,700,000 ¢
Lip. | 2,000 55,000 145,000 410,000
5 Prot. | 1,500 B,000 90,000 550,000% |Teneid
Lip. 250 6,100,000 7,400,000 12,000,000 | . ..
6 Prot. 250 < 1,000 <1,000 <10,000% .
’ Lip. 200 650,000 1,500,000 165,000 |
Prot. 200 2,500,000 2,750,000 50,000"
8 Ltp. | <100 <1,000 <1,000 370,000 | .
Prot. | <100 <1,000 <1,000  400,000% | %+ ©
o Lip. | 3,600 1,600,000 1,300,000 2,800,000
Prot. | 3,800. = 400,000 700,000 3,300,000
10 Lip. | <100 280,000 230,000 175,000
Prot. | <100 2,000 5,000 < 10,000
Lip. | <100 155,000 600,00C 1,050,000
n Prot. | <100 145,000 600,000 1,050,000* | ®1- off
' Lip. 450 530,000 2,500,000 360,000
iz Prot. 400 60,000  650,000° 700,000 | 31- rameid
13 Lip. | <100 4,050,000 1,500,000 1,400,000
Prot. | <100 1,050,000 1,200,000 3,450,000
14 Lip. 300 32,000 20,000 50,000
Prot. | €100  <1,000 < 1,000* 5,000 | SOWF
Lip. 500 5,000 245,000 285,000
18 Prot. | <100 5,000 75,000 550,000

sl. = slightly



w8l

Changes in numbers of bacteries and im the flavor of bdbutter held at 15° ¢c.

Table XVI presents the total becterial counts on seven lots of un-
salted butter held 28 days at 15° C. In gensral, the bacterial counts
increased during the first 14 days of the holding period. The highest
counts were cbtained on one lot at 7 days, on four lots at 14 days, and
on two lota at 28 days. The ranges of counts were as follows:

Initial counts 360,000 to 2,640,000 per mi.

After 7 days 3,050,000 to 88,900,000 per ml.

After 14 days 17,200,000 to 157,000,000 per ml.

After 28 days 6,900,000 to 90,800,000 per mli.

The total bacterial counts on seven lots of selted butter held 28
days at 15° C. are given in Table XVII. In general, the bacterial counts
decreased as indicated by the average counts after holding. The moast sig-
nificant change in counts oceurred during the first 7 days when a decrease
in numbers of beacteria was noted in six of the seven lota. The later
changes in counts were irregular and indicated no marked irends in either
direction.

4 comparison of the results in Tables XVI and XVII shows the effect
of salt or changes in bacterial counts on butter held at 15° C. As in-
dieated by the G, M. of the counts hefore and after holding, the bacte-~
rial counts on unsalted butter inecreased about twenty~fivefold, while the
counts on salied bhutter decressed to about two-fifths of the initial num-
ber.

Table XVIII pressnts the numbers of lipolytiec and proteolytic bac-

terie and the flevor defects developed in unsalted buttier held 28 days
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Table XVI

Changez in Numbers of Total Bacteria in Unsalted Butter Held

28 Days at 15° ¢.

Churning Numbers of bacteria per ml.
ne. 0 days 7 days 14 deays 28 days
9 2,640,000 88,900,000 33,000,000 20,200,000
10 360,000 5,800,000 21,000,000 10,800,000
11 1,180,000 13,900,000 68, 300,000 37,500,000
12 1,530,000 19,300,000 157,000,000 $0,80C,000
13 1,620,000 17,000,000 17,300,000 6,90G,000
14 1,330,000 3,050,000 17,200,000 18,300,000
15 $30, 000 19,100,000 27,900,000 67,100,000
Avg. 1,370,000 23,900,000 48,800,000 36,030,000
G. M. 979,000 14,600,000 34,800,000 25,200,000
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Table XVI1l

Changes in Numbers of Total Bacteria in Salted Butter Held

28 Days at 15° C.

-1’

Churning Numbers of bacteris per ml.

no. O days 7?7 days 14 days 28 days

9 390,000 180,000 147,000 95,000
10 55,000 8,400 8,700 4,900
11 £80,000 11£,000 120,000 59,000
12 272,000 126,00C 130, 000 183,000
13 130,000 4,500 237,000 215,000
14 175,060 176,000 190,000 210,000
15 181,000 79,000 14,000 47,000
AVZ. 212,000 97.800 121,000 118,000
G. N. 183,000 54,000 59,100 7%,600




Comparison of Numbers of Lipolytic and Proteolytic Bacteria and Flavor Defects

Table AVIII

in Unsalted Butter Held 28 Days at 15° ¢C.

Churn-| Type 0 days 7 days 14 adeys 28 days
ing of Bacteris Bacteria Flavor Bacteria Flavor Bacteria Plavor
no, | bacterie per ml. per ml. defect per ml. defect per ml. defect
Lip. 3,600 | 1,900,000 2,950,000 1,300,000
o Prot. 3,800 | 1,100,000 1,400,000 “1-TOWOLOTE |- 0 000  Unelean
1 Prot. < 100 < 1,000 800, 000 18,000 3
Lip. <100 70,000 1,500,000 | 3,900, 000
11 Prot. <100 45.000 sl. ort 1.800. 000 sl. rancid 4,500,000 sl.roquefort
Lip. 450 810,000 1,800,000 1,000,000
12 Prot. 400 650,000 L' °Tf | ) 4s0.000 roauefort 2,450,000 Touefort
Lip. <100 | 1,350,000 600,000 18,000
13 Prot. <100 400,000 °1* °TT | 00,000 Ol °Off 30,000 roauefort
Lip. 300 4,000 1,100, 000 2,500,000
14 Prot. < 100 < 1,000 1,450,000 %1- Tamcid 2,500,000 roauefort
Lip. 500 195,000 1,000,000 4,800,000
18 sl. off chees
Prot. 4100 800, 000 1,200,000 8,500,000 v
sl. - slightly
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at 15° C. The numbers of lipolytic bacteria incressed in all lots and
five of the seven lots showaed off-flavors denoting lipolysis at the end
of 28 days. The numbers of proteclytic bacterias increased in all lots
but the maximum numbers were reached somswhait later in the holding period
than was ths case with the numbers of lipolytlo bacteria. The higheat
gount of proteolytic bacteria was obtained on the lot which developed a
cheesy flavor at 28 days. The results indicate that lipolytic and proteo-
lytic bacteria were relatively numesrous im the lots shich showed definite

flavor defects.

Chenges in numbers of bacteria and in the flavor of butter held 56 days

at s° ¢.

Table XIX presents the numbers of total bacteria in unsalted butter
held 58 days at 5% . as indicated by averages, the numbers of total
bacteria in the unsalted butter st 5° C. incressed to the end of 56 days.
The highest counts, on individusl lots, however, were obtained on two lots
at 21 days, on four lots at 28 days, and on nine lots at 56 days. The
ranges of countis wers as follows:

Initial 104,000 to 3,140,000 per ml.

After 7 days 980,000 to 28,500,000 per ml.

After £l days 13,800,000 to 88,500,000 per ml.

After 28 days 3,400,000 to 103,000,000 per ml.

After 56 days 3,900,000 to 90,800,000 per ml.

The numbers of bacteria in salted butter held 56 days at 5° €. are
presented in Table XX. A amall but definite decrease in average numbers

of bacteria occurred in the salted butter at 5° C. Twelve of the fifteen



Table XIX

Changes in Numbers of Total Bacteria in Unsslted Butter Held 56 Days at bo C.

Churning Numbers of bacteria per ml.

BO. 0 days 7 days £1 days 28 days 56 days
1 780,000 1,030,000 19,000,000 16,200,000 90,800,000
2 $40,000 11,400,000 13,400,000 19,000,000 52,000,000
3 3,140,000 $80,000 83,000,000 57,000,000 47,500,000
4 420,000 10,900,000 88,500,000 37,700,000 24,000,000
8 $40,000 1,320,000 25,900,000 27,000,000 34,600,000
6 104,000 6,100,000 54,000,000 7¢.000,000 £2, 600,000
? 840,000 26,500,000 21, 200,000 31,000,000 64,900,000
8 2,030,000 3,900,000 18, 200,000 22,800,000 33,400,000
] 2,640,000 20,300,000 43,400,000 85,000,000 66,500,000

10 360, 000 1,780,000 16,400,000 28,900,000 3,900,000

11 1,180,000 16,700,000 19,200,000 13,000,000 70, 900,000

12 1,530,000 17,500,000 17,500,000 24,500,000 54,200,000

13 1,820,000 4,900,000 41,100,000 268, 200,000 79,400,000

14 1,330,000 £,110.000 13,200,000 3,400,000 41,400,000

18 930,000 14,300,000 79,600,000 103,000,000 79,400,000

Avg. 1,185,000 9,315,000 36,900, 000 31,667,000 51,000,000

G. M. 877,000 5,590,000 29,300,000 £8, 200,000 42,200,000

-99 -



Table XX

Changes in Rumbers of Total Bacteria in Salted Butter Held 56 Days at s° c.

Churaing Rumbers of bacteria per ml,
no. 0 days 7 dsys 2l days 28 days 56 days
1l 346,000 182,000 12,000 8,000 12,600
2 111,000 46,000 87,000 22,000 75,000
3 213,000 136,000 $,000 980 36,000
4 84,000 69,000 37,000 30,000 270,000
5 330,000 215,000 48,000 5,000 8,000
] 18,000 19,800 18,400 80,000 8g,000
7 196,000 18,400 91,000 36,000 15,000
8 205,000 304,000 215,000 185,000 15,400
9 390,000 330,000 157,000 142,000 1,080
10 88, 000 42,000 12,100 6,800 11,000
il 280,060 149,000 116,000 117,000 41,000
12 272,000 178,000 155,000 170,000 130,000
13 130,000 4,900 32,000 52,000 195,000
14 178,000 263,000 154,000 179,000 71,000
15 181,000 191,000 38,000 218,000 1,800
Avg. 204,000 143,000 77,000 82,100 64,300
. M. 161,000 88,800 46,400 37,400 26,200
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lots showed lower counts after 56 days than were found on the fresh buitsr.
It 18 of interest to note that lots No. 4 and 8, which increased in

counts during the 56 days holding, were the same two lots which showed
ineresses at 21° C., as recorded in Table XIV.

The influence of salt on the numbers of bacteria in butter at S° C.
is indicated by a comparison of the results in Tables XIX and XX. As in-
dicsted by the G. M, of the counts before and after holding, the numbers
of bacteria inereased shout fiftyfold in unsalted butter while the numbers
in salted bdbutter decreased to about one-sixth of the inftial numbers.

Table XIXI presents the numbers of lipolytie and protsolytic bacteria
and the flavor defects in unsalted butter held 58 days et 5° C. The num-
bars of lipolytic bdacterie increased in all the lots. In fourteen of the
fifteen lots the highest ecunts were reached after from 21 tc 56 days.

In general, the lots with high lipolytic counts developed typiesl rancid-
ity before the £8 day exsmination. Lots which develored a ruencid flaver
contained from 150,000 tc 11,000,000 lipolytic bacteria per ml. st the
time the defect was first detected. Many of the lots of unsalted butter
which were described as rencid had a "¥ay app}o" arome, The "May apple”

aroma on the butter snd alsc on plates made from the butter suggested

that the lipbi&ﬂia was frequently caused by Fseudomonas fragi.

The nﬁﬁbers of proteclytic bscteris increased in fourteen of thas
£ifteen lots of butter held at 5° C. In four of the fifteen lots proteo-
lytic ¢§éomposition was i{ndicsted by the development of cheesy flavors.
The nunbers of_proteolytic bacteris in lots which showed cheesy flavor

ranged from 2,750,000 to 23,000,000 per ml. at the tims the defect was



Table XII

Comparison of Numbers of Lipolytic snd Proteolytioc Becteris and Plavor Defects in Unsalted
Butter Held 56 Days at 5° C.

Churn-| Type | O %e¥s | 9 aays 21 days 28 days 58 days
:::‘ bno::ﬂa Becteria| Bacterie| Baoteria Flavor Baoteria Flavor Bacteria Flavor
' per ml.| per mi.] per ml. defect per ml. defeot per ml. defect

Lip. < 100 800 < 1,000 30,000 8,000,000 sl.

1 Prot. | <100 < 100 < 1,000 s2.000 *2°fT | ¢'100 000 raneid
Lip. 3,500 | 195,000 1s0,c00 _ 81. 850,000 1,750, 000

2 Prot. | 2.800 | 20.000] 190,000 o214 seolo00 T*201 | 14’000, 000 cheesy
Lip. <100 | 130,000} 11,000,000 8,200,000 2,100,000 a

3 Prot. | <100 | 180.000] 11.000.000 2%} 2a’000 000 °P***¥ | 2 800,000 ranci
Lip. 1,000 |1,850,000{ 9,500,000 1,000, 600 2,000,000

4 Frot. | 1.700 |1.900.c00] 18.000,00c T2 2'ooo.000 TR | 1leso 006 TeRed
Lip. 2,000 22,800| 1,380,000 450,000 750, 000 cheesy,

5 Pros. | 1.500 | 80.000] 4.300.000 "*"%14{ ¢ 100,000 T®2%4 | s 200,000  ranetd
Lip. 250 | 610,000] 1,000,000 . 8,100,000  sl. 1,080, 000

s Prot. 250 3s.000| 7.000.000 °1°°TF|18'500.000 Teneid | 3's00 000 rancid
Lip. 200 |7,000,000] 2,880,000 1,850,000  el. 650, 000 el.

7 ’ 2 ] » . »
Prot. 200 {1.000.000] 2,700,000 "I*°Tf| 3. @so,00c Teneid 650,000 rancid

2 Lip. <100 | 132,000] 2,100,000 s1, | 2,250,000 i, 3,180, 000 o1,
Prot. | <100 | 132,000 8,400,000 TARe1d}1 5 905 oc0 TAReld | 5 s00,000 rancid

{aontinued on following pege)



Table XXI (econtinued)

Comparison of Numbers of Lipolytic and Proteolytic Bacteria and Flavor Defects in Unsslted
Butter Held 56 Days at 5° C.

Churnd Type 0 days 7 days 21 days 28 days 5¢ days
ing of :
no acteris Bacteria | Bacteria] Bacteria TFlavor Bacteria Flavor Basteria Flavor
* 1b per ml, per ml. per ml. defect per ml. defect per ml. defect
o | Lt 3,600 | 210,000 390,000 sl.rog-| 4,55C,000 sl, | 4,000,000 are1a
Prot. 3,800 | 850,000 |1,600,000 uefort | ) 600,000 Tancid { 3 000,000
Lip. < 100 50,000 | 1,100,000 al. 900,000 al. 120,000 sl,
10 | prot. <100 | <1,000 | <10,000 Ta8edd | 90 000 TAmeld | 35 000 Tameid
1 Lip. < 100 - | 120,000 150,000 210,000 3, 400, 000
Prot. <100 | 100,000 400,000 -off 25,000 °1°ff| 3'g00.000 TORCiC
12 | Lip. 450 | < 1,000 250,000 300,000 a1, 400,000 roquetort
Prot. 400 | <1,000 | < 10,000 < 10,000 1,300,000
Lip. <100 | < 1,000 200,000 400,000 900, 000
13 1 prot. <100 | 650,000 | e10.000 °F°fF | so0l000 B1-°fT| 3 9s0.000 TOIReTOTE
Lip. 300 1,000 15,000 30, 000 sl. | 3,000,000 a
14 | prot. <100 5,000 | 150,000 140,000 Taneld | 3'ig5'000 2RO
| uip. 500 40,000 | 2,300,000  sl. 3,300, 000 s1. | 2,100,000
15 | prot. <100 | 330,000 | 3,500,000 Tereid | 5 450 0o Oheesy soo.000 Taneld




detected.

Changes in numbers of bacteris and in the flavors of butter held at 0° ¢.

Table XXIi1 presents the numbers of dacteria in unsalted butter held
58 days at 0° C. The highest average counts on butter held at 0° ¢. were
obtained after 56 days. This general tendency was quite consistent with
the various samples, as indicated by the fact that only two of the fif-
tesn lois showed the highest count before the 56 day examination. The
ranges of counts were as follows:

Initial 104,000 to 3,140,000 per ml.

After 14 days 85,000 to 11,800,000 per ml.

After 28 days 65,000 to 50,200,000 per ml.

After 568 days 2,900,000 to 146,000,060 per ml.

The results of the total bacterial counts on salted dutter held 56
days at 0o C. are presented in Tsble XXIII. In general, the numbers of
bacterie decreased in the salied butter held at 0° C. The lowest counts
were found after 56 days at 0° C. and the trend was quite consistent, as
indicated by the fact that the loweat counts on thirteen of the fifteen
lots occurred at 56 days.

A ocomparison of the trends of the counts recorded in Tables XXIl1 and
XXIII shows the influence of salt on the numbers of bdacteria in bdutter
hol& at O° C. As indicated by the G. M. of the ecounta before and after
holding, the numbers of bacteria increased thirtyfold in the unsalted
butter at 56 days, while the numbers in the corresponding salted butter

decreassd to about one-fifth of the initial numbers.



Table XXI1

Changes in Numbers of Total Bactorga in Unsalted Butter Held

56 Days at O C.

Churning Rumbers of bacteria per ml.
Re. 0 days 14,days 28 days 56 days
1 780,000 4,660,000 17,500,000 148,000,000
2 $40,000 207,000 690,000 17,800,000
3 3,140,000 3,200,000 6,700,000 - 80,200,000
4 420,000 11,800,000 48,000,000 114,000,000
5 540,000 10,900,000 8,800,000 20, 300, 000
.} 104,000 85,000 85,000 2,900,000
7 840,000 4,100,000 50,200,000 142,000,000
8 2,030,000 5,300,000 18,100,000 7,900,000
9 2,640,000 5,400,000 22,000,000 11,900,000
10 360,000 380,000 145,000 9,100,000
1 1,180,000 970,000 11,100,000 28,800,000
1g 1,530,000 450,000 3,500,000 48,700, 000
13 1,620,000 900,000 22,500,000 37,000,000
14 1,330,000 870,000 370,000 22,300,000
15 930, 000 2,580,000 £3,100,000 27,800, 000
AYg. 1,188,000 3,437,000 15,520,000 46,110,000
G. M. 877,000 1,566,000 5,150,000 27,300,000
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Table XXIII
Changes in Numbers of Total Bacteria in Salted Butter Held 56
Days at 0° C.
Churning Numbers of bacteria per aml.
ne. 0 days 14 days 28 days 56 days
1 346,000 98,000 43,000 112,000
2 111,000 56,000 47,000 47,000
3 213,000 43,000 11,900 4,900
4 64,000 56,000 21,400 7,700
<] 330,000 7,300 10,600 4,900
] 18,000 37,000 17,500 15,300
7 16,000 198,000 92,000 23,300
8 295,000 312,000 277,000 118,000
o 390,000 243,000 160,000 126,000
10 55,000 54,000 7,700 2,250
11 280,000 113,000 147,000 230,000
12 278,000 218,000 197,000 149,000
13 130,000 120,000 175,000 12,000
14 175,000 210,000 132,000 116,000
18 181,000 173,000 88,000 . 34,000
Avg. 204,000 129,200 95,100 66,800
G. M. 161,000 92,600 56, 200 30,500
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The results of lipolytic and proteclytic counts and flavor examins-
tions on unsalted butter held 56 days at 0o Q. are presented in Table
XXIV. The pumbers of lipolytic bacteris incremsed in fourteen of the
fifteen lots of unsalted butter held at 0° C. With one notable excep-
tion the samples which contzined larze numbers of lipolytic dbacteria also
developed off-flavors. The predominating type of off-flavor was rancid-
ity with nine of the fifteen lots showing such 2 defect after 58 days.
The range of counts of lipolytic bacteria in the lots which dsveloped
rapcidity was from less tham 1,000 to 11,200,000 per =ml.

The numbers of proteolytic bacteria increased in fourteen of ths
fifteon lota of unsalted butter at o° C. but the rlavof defects suggested

proteclytic changes in only one lct.

Comparison of the changes in numbers of bacteria snd the oceurrence of

flavor defects im unsalted butter held at different temparatures

In preceding trisls the numbers of bacteria in unazlted butter in-
ereased at each of the Aifferent holding temperatures, The relationship
of such bacterial activity to flavor detericoration in unsalted butter is
indigatad in Table XXV by & comparison of the trends in count: and the
appsaranca of flavor Jdefects.

A comparison of the trends {n numbers of bacteriz in unsalted butter
at di fferent temperatures indicates that corresponding high points were
reachad after a longer holding period with each succesaively lower temper-
ature. These high roints do not nescessarily repreasent the maximm num-

bers resched at the different temperaturss but rather the peints st which
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Table XXIV

Comparison of Numbers of Lipolytic and Proteclytic Bactoria and Flavor
Defects in Unsalted Butter Held 56 Days at o° c.

Churn-| Type O daya | 14 days 28 days 56 days
ing Ba°£ .y Bacteria! Bacteria| Bacteria Flavor| Bacteris Flavor
Rno. cterid! erml.| perml.| per ml. defect| per ml. defect
Lip. ¢ 100 < 100 46,000 sl. | 8,000,000 sl.
1] Prot. | ¢ 100 650 | 50,000 bi¥®erps 500,000 raneid
Lip. 3,500 450 28,000 310,000
2 | prot. 2. 500 1,200 86,000 3,000,000 T2neid
s Lip. < 100 420,000 | 1,500,000 sl. | 3,850,000 ’lid
' Prot. <100 | 480,000 | 1,600,000 uncleay g 500 ooo FoN¢
Lip. 1,000 | 200,000 | 4,000,000 11,200,000
4 | Prot. 1.700 | 590.000 | 3,800.000 T22%14 15 600,000 TARCIE
s Lip. 2,000 | 215,000 300,000  sl. 350,000
Prot. 1,500 | 130,000 | 1,200,000 URcleanj j aqq ooo raneid
6 Lip. £50 <100 5,400 < 1,000 '1ia
Prot. £50 < 100 5,400 5,000 T0°
’ Lip. 200 20,000 | 3,300,000 'lid 600,000 8l.
Prot. 200 | 120,000 | 4,900,000 T28¢id} 100,000 TeRcid
8 Lip. < 100 | 125,000 250,000 38,000
Prot. < 100 { 120,000 | 1,450,000 65,000
0 Lip. 3,600 20,000 | 3,500,000 80,000
Prot. 3,800 20,000 | 3,500,000 125,000
16 Lip. < 100 $,000 | < 1,000 950,000 sl
Prot. < 100 5,000 < 1,000 1,450,000 rapeid
al.
1 1ip. < 100 15,000 £5,000 900,000 &=-
Prot. < 100 20,000 265,000 1,300,000
Lip. 450 500 < 1,000 310,000 _ol.
12 | prot. 460 500 40,000 < 10,000 Sheesy
Lip. <100 < 100 450,000 2,100,000
13 Prot. < 100 5,000 700, 000 1.700.000 "L+ °ff
14 Lip. 300 < 100 < 1,000 < 10,000
Prot. < 100 < 100 < 1,000 < 10,000
15 Lip. 500 20,000 400,000 1,350,000
Prot. <100 | 100,000 700, 000 < 10,000




Table XXV

A Comparison of the Numbers of Total Bacteria snd the Occurrence of Flavor Defects in
Unsalted Butter Held at Different Temperatures

Rumbers of bacteria expressed as goometiric means

]
Temperaturs of holding 21° c. 18° c. 5° c. 0° ¢c.
Number of churnings 18 7 15 15
1st Age of butter 0 days 0 days 0 days 0 days
extuination| pycteria per mi. 877,000 979,000 877,000 877,000
fnd Age of butter 2 days 7 days 7 days 14 days
examination Bacteria per ml. 16,540,000 14,600,000 5,590,000 1,560,000
Ko. defective lots three two two
s Age of butter 4 days 14 days 21 Adays 28 days
o %%htion Bacteria per ml. 20,180,000 34,800,000 29,300,000 5,150,000
Ho. defective lots three seven twelve five
ath Age of butter 7 days 28 days 28 days 56 days
oxamination Bacteria per ml,. 20,300,000 25,800,000 28, 200,000 27,300,000
Ko. defective lots nine seven fifteen eleven
5th Age of butter 56 days
examination Bagteria per ml, 42,200,000
No. defective lots fiftean
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much.slower growth or sctual decreases in mumbers were noted. The corre-
sponding high points in e¢ounts ware as follows: |

After 2 days holding at 21° .

After 7 days holding at 15° C.

After 21 days holding st 5° C.

after 56 days holding at O  C.

In general, the dacterial counts in unsalted butier inereased more
rapidly at the higher holding tempsratures. The numbers increased most
rapidly in butter at 21° C. but the counts failed to reach as high a
level within 7 days at 21° C. as was reached in the butter held for long-
or pericds at the lower temperatures, viz. 18°, 5°, and 0° C. Since the
upward trend in numbers of bacteriz was accelerated with eech smuccenssive
bincruaao in holding temperature, it might be expected that ducteriolog-
ical deterioration in bButter would likewise be accelerated.

There appeared to be a general agreement betwsen the time at which
the unsalted butter became defective and the time at which the highest
counts were obtained except in the case of ihe butter held at 21° ¢. At
thia tempsrature, only three of the fifteen lots were defective at 4 days
in apite of the fect that the éounts were comparatively high at this time.

All of the lots held at 15° C. were defective in flavor within 14
days and the higheat count at this temperature was also noted at this
time. Twelve of the fiftasn lots held at 5° C. were defective in flavor
at 21 days and at this time the counts had reached a level corresponding
to the highest counts noted at 210 and at 15° ¢. The gresatest number of

defective lots were noted in the butter st 0° C. sfter the 5¢ day examin-
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ation and the bacterial counts were appro£1natoly at the same level as
those noted at higher temperstures when extensive flavor deterioration
had occurred.

The fact that there was a closer agresment betwesn large increases
in numbers of total dacteria and the occurrence of flavor defects in but-
ter held at the lower temperatures than in the corresponding butter held
at 21° C. suggests that e comparison of the types of dacteria at these
different tempsratures might offer some explanation. The tempsrature of
21° ¢. was favorable to the butter culture types and, no doubt, these
types predominated at this temperature and mainmtained conditions which
prevented extensive bacteriological deterioration. The lower itempera-
tures were less favorable to the butter culture iypes than to the other

types such as fat splitting and casein digesting bacteria.

Compariscn of numbers of lipolytie and proteolytic bacteris in unsalted

butter held at different temperatures

The comparative growth of lipolytic and proteolytie bacterie in un-
salted butter held at 81° C. and 1n butter held at lower tempsratures is
indicated in Tables XXVI and XXVII,

A summary showing the numbers of lipolytic bacteria in unsalted but-
ter held at differeat temperatures is given in Table XXVI. The numbders
of lipolytic bacteria in the fresh butter weres very small as is indicated
by the range in counts from less than 100 to 3,600 per ml. The lipolytie
bacteria increased in unsalted butter at all of the different temperatures

of holding. The extent of the inoresse is indicated by the range of
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Table XXVI

Held at Different Temperatures

Bumbers of Lipolytic Bacteria in Unsalted Butter

Temperature| Time Kumber | Range in numbers of | Fercentage of lota
of of of lipelytie developing over
holding plating| 1lots bacterie per ml. 1,000,000 per ml.
0 days 15 < 160 ~ 3,800
o 2 days <1,000 -~ 6,100,000
gl C. 4 days 15 <1,000 - 7,400,000 46.7
7 days <1,000 - 12,000,000
7 days 4,000 - 1,900,000
15° ¢. | 14 dayse 7 600,000 - 2,950,000 100
£8 days 15,000 - 4,800,000
7 days < 1,000 - 7,000,233
o 21 days < 1,000 -~ 11,000,
5" C. | 23 aaya| 15 30,000 - 8,200,000 86.7
56 days 120,000 - 6,000,000
s 14 days 4 100 - 420,000
0 C. 28 days 15 <1,000 - 4,000,000 48.7

58 days

<1,000

:
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eounts of lipolytic bacteria and the percentage of the lots in which the
numbers of lipolytic bacteria sxceeded 1,000,000 per ml. at some time
~ during holding. The numbers of lipolytie bacteria incressed more regu-
larly and reeched above 1,000,000 per ml. more freguently at 15° ena 8° ¢.
than at 21° and 0° C. All of the lots held at 15° C. showed lipolytiec
bacteria st each period of examinztion and all contained more than
1,000,000 lipolytic becteria per ml. at some time during the holding per-
1od. At 5° C. all lots showed lipolytic bacteria at the £28 and 58 day
examinations and 86.7 per cent of the lots contained more than 1,000,000
lipolytic bacteria per ml. at some time during the holding period. The
oeeurrence of lipolytic becteria in unsalted butter at 21° C. and 0° C.
was much more irregular. In either case the numbers of lipolytie bacte-
ria reached 1,000,000 perml.in 46.7 per cent of the lots.

A summary of the pumbers of proteoclytic dacteria oocurring in un-
salted butter held at different temperatures is given in Table XXVII.
The numders of proteolytic bacteria in the fresh butter were very low,
as indicated by the range in countis of from less than 100 to 3,800 per
ml. The protsolytic bacteria incressed in unealted butter held at each
of the different temperatures. The most extensive inerease was noted in
the butter held at s° c. a8 indicated by the generally higher range of
eounts and the fact that 93.3 per cent of the lots contained aver
1,000,000 proteclytie bacteria per ml. at some time during the hold!ﬁc
period. All lots of butter held at 15° C. showed proteclytic bdacteria at
the 14 and 28 day examinations, and 71.4 per cent of the lots developed

mere than 1,000,000 proteolytic bacteria per ml. The numbeére of proteo-
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Padle XXVII.

Rumbers of Proteolytic Bacteria in Unsalied Butter

Held st Different Temperaturss

! .
Temperaturs | Time [Number Range iu numbers of | Percentage of lots
of of of | proteolytic developing over
holding plating | lots baecteria per nl. 1,000,000 per ml.
O days 15 100 - 3,800
o 2 deays 1,000 - 2,500,000 '
21 C. 4 days 15 1,000 - 2,750,000 40
? days 10,000 - 3,500,000
o 7 days 1,000 - 1,100,000
15 C. 14 dsys 7 1%00,000 -~ 1,500,000 71.4
28 days 15,000 - 8,500,000
7 days 100 - 1,900,000
o 21 daya 10,000 - 18,000,000 -
5 C. |28 aays | 1% | 10,000 - 23,000,000 93.8
56 days 10,000 - 16,000,000
o 14 deys 100 - 590,000
58 dsys 10,000 -~ 15,500,000
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lytic bacteria increased to more than 1,000,000 per ml. in 73.3 per cent
of the lots held at 0° C. and in 40 per cent of the lots held at 2° c.
In general, the numbers of lipolytic and proteolytic bacteris in-
ereased more extensively and reached counts above 1,000,000 per ml. more
frequently in unsalted butter held at 5° C. than in the butter at either

higher or lower temperatures.

Changes in numbers of total bseteria in salted butter held at differemt

temperatures

In the preceding trisls the numbers of bacteria iz salted bButter de-
creased at sach of the different holding temperstures. 4 comparison of
the trends in counts ati the different temperatures is presented in Table
XXVILI. Corresponding low points in the trends were noted after a longer
holding period with each successively lower tesmperature. These low
pointe do pot represent the lowest counts cbteined on salted butter at
each temperature but rather the points at which definite changes in trends
ocourred. Corresponding low points in the trends of bacterial countas were
recorded as follows:

After 4 days at 21° ¢.

After 7 days at 15° C.

After 21 days at 8° C.

After 28 days at 0° C.

It may be noted that the timea at which eorresponding low points wers
observed with salted butter coincide fairly well with the times at which

high poinis were cbserved with the counts on unsalted dutter.



Table XXVIII

Changes in Numbders of Total Bacteria in Salted Butter Held at Different Temperatures

Rumbers of bacteris expressed as gaometric means

Tempsrature of holding 21° c. 15° ¢. 8° ¢. 0° ¢,
Nusber of churnings 15 ” 18 15
1st Age of butter 0 days 0 days 0 Adays 0 days
examinetion| p.cteria per mi. | 161,000 183,000 161,000 161,000
2nd Age of butter 2 days 7 days 7 days 14 days
examimation| p..seria per ml. 88,000 54,000 89,800 92,600
3rd Age of butter 4 days 14 days 2l days 28 days
$Xamination! o cteria per ml. 53,100 59,100 48,400 56,200
4%h Age of dutter 7 days B8 days 28 days 56 days
examination} p.oterta per ml. 51,000 72,600 37,400 30,500
S¢h age of butter 86 days
dn B
examination Bacteria per ml. g6, 200

-2~
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The decrease ir counts was more rapid with the higher temperatures;
howaver, the two loweast counts resulted after holding at the two lowest
temperatures. Whether or mot the reduction in numbers of bacteria would
have continued with longer holding periods at 21° and 15° €. 1s dcubtful.
The counts at 21° C. failed to show signifieant reduction after 4 days,
while the counts on butter held at 15° C. sppeared to imerease slightly

toward the end of the 28 day periocd.

Time of appesrsnce and nature of flavor defects in unsalted bdutter held

at different temperatures

The flevor defects appearing in the unsalted dbutter of churnings 1
20 15 inclusive have besn reported in previous tables for comparison with
the cecurrence 6f lipolytic end proteolytic bacteria. Table XXIX gives a
susmary of the flavor defects oceurring in the unsalted butter held at
4i{fferent temperatures. The periods at which flavor examinstions were
made wers the same as those used in making the bacteriological examina-
tion reported in previous tebles. The data on each sample inecludes the
defect first noted and the final defect desveloped during holding at each
temperaturs.

For the purpose of showing the value of holding butter at 81° C. for
the prediction of kesping qualities at the lower temperatures, the follow-
ing comparisons are presented. Seven lots of unsalted dutter held at 15°
C. showed Tlavor defects after 14 days and only three of these lots devel-
oped flavor defects within 7 days at 21° C. Fifteen lots of unsalted

butter held at 5° C. showed fTlavor defeects after periods varying from 21
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Table XXIX

Comparison of Time of Appearance and FHature of Flavor Defects in
Unsalted Butter Held at Different Temperatures

Charn- Flavor comnsnts on dutter held at
sog | EL C. 15° c. 5 c. 0©°c.
Flavor Plavor Flavor Flavor
mo. |DOY8 yorect [ D278 serect | PN goregt | °°7® aeteot
1 28 =sl. oft 28 sl.bitter
7 —— 56 al.rancid §6 sl.rancid
2 21 sl.rancid
4 ——— 28 rancid 56 rancid
s 21 rencid 28 unclean
7 al. off £8 cheesy 86 sl.rancid
4 4 sl.rancid £l rancid 28 rencid
7 rancid 28 rancid 56 rencid
5 21 rencid 28 sl.unclean
7 raneid 56 cheesy,rancid| 58 raneid
6 21 sl. offt
? al. off 28 sl.raneid 56 sl.ranciad
P 281 sl. off £8 sl.rancid
7 sour 28 sl.rancid 56 sl.rancid
8 21 sl.rancid ‘
7 s8l. off 28 sl.rancid 56 ---
9 21 sl.roquefort
7 we- 14 sl.roquefort| 56 rancid 56 v
10 21 sl.ranecid
7 - 14 sl.rancid 56 sl.raneid %6 sl.rancid
1 9?2 sl. off 21 8. off
7 8l, orf 14 »sl.ranciad 8¢ rancid 56 sl.rancid
12 4 =l. off 7 al. offt 28 sl. rancid
7 sl.rancid| 14 roquefort $6 roguefort 56 sl.cheesy
7 - 14 sl. off 5¢ roquefort 56 sl. off
4 sour 28 sl.raneid,
14 mstallic
7 __sour 14 sl.rancid 56 rancid 56 ---
15 21 sl.rancid
7 we- 14 sl. off 28 sl.cheesy B8 we.

=== Flavor satisfactory
sl. = slightly
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to 28 days and only nizne of thease lots showed flavor defeets within 7
days at 21° C. Eleven lots of unselted butter held at 0° C. showsd fla-
vor defects within the 56 day period and only seven of these lots showed
flavor defscts within 7 days at 21° G. The off-flavors which were noted
in the unsaltsd butter at 81° C. wors generally of a milder and less def-
inite nature thah those noted at lower temperatures. tnrthorncro,'thc
growth of butter culture organisma imperted a definite ripened flavor
which may have masked the incipient stages of specific flevor defects.

The resulta in Table XXIX suggest that a longer period of observation
at 21° C. might give more acocurate information on the keeping quality of
unsalted butter held at lower temperatures. Flavor defects did not appear
within 7 days at 21° C. in certain lota when the corresponding lots held
at lower tempsratures showed pronounced flavor deterioration, Siace the
eff-flavors developed in the unsalted butter held at 21° . were frequent-
ly of & mild and indefinite nature, it appeared possidle that defects in
eertain lots may have been overlocked.

The trial reported in Tadble XXX was carried out to show tﬁt value of
an extended period of observation at 21° C. for the prediction of keeping
quality at lower tempersturez. A new series of ten churnings of unsalted
butter were sampled and one lot from each churning was pleced at each of
the dffferent tanperaturss. The pericds of eramination were ss follows:

4, 7, and 10 days at 21° ¢.

4, 7, 10, and 14 days at 15° C.

7, 14, 21, 28, and 60 days at 5° C.

14, 21, 28, and 60 days at 0° C.
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Table

XXX

Comparison of Time of Appearance and Nature of Flavor Defects
in Unsalted Butter Held at Differsnt Temperatures

Churn- Flevor comments. on butter held at
tng 21° c. 18° c. s° c. ° ¢c. |

Days Flavor Flavor Flavor Flevor

O, Days Days
. defect.. defect Days defect &y defect
18 10 wee 14 sl. fruity {28 sl. rancid{60 sl. rancid
17 10 sl. cheesy |14 sl. cheesy|ld al. woody
? cheesy 14 cheeay 21 cheesy 28 bitter, cheeay

18 10 «=- 14 ~e- 60 ~-- 80 «~w-
1% 10 «ee 14 -~~~ 60 «w- 80 <o
20 10 sl. rencid {14 sl. rancid

10 rancid 14 oily,rancid{ 2l sl. rancid|{80 <.~
21 4 s8l. cheesy 7 sl. off 10 sl. off 21 sl. cheeay

7 8l. cheesyl0 sl. chessy |28 cheesy 80 cheesy

10 ~-- 14 «-- 80 «e- 60 ~--
23 21 sl. rancid

10 ~=- 14 sl. oft 28 roquefort {60 ==
24 4 sour 10 stale 14 unclean

10 sal.cheesyjl4 sl. cheesy |28 chessy 80 sl. cheesy
25 10 #1. of?

10 sour 14 sour 28 sour 80 ranecid

-=s Flavor satisfactory
sl. = alightly
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The data recorded in Table XXX ineclude. the flavor defects first
noted and the final defect noted during the periocd of holding et each
temperature. The seven lots of unsalted butter held at 15° C. showed fla-
vor defects after 14 days and five of the correaponding lots becams dof-
ective within 10 days at 21° ¢. Seven of the lots held at 5° C. showed
flavor defects after 21 to 28 days and five of the corresponding lots
held at 2l° . bacame defective within 10 days. Five of the lots held at
0o C. showed flavor defects at the 80 day examination and four of the
gorresponding lote became defective within 10 daysz when held at 21° ¢.
The butter which deteriorated at 21° C. frequently showed the aame flavor
defects that wers found in the corresponding butter after holding at low-
er temperatures. The extension of the periocd of observation to 10 days
at 21° C. svidently gave added informetion on keeping quality =2s indicat-
ed by the closer agresment ¢f the results at 21° ¢. with the results at
lower temperatuics. In three of the five lots which deteriorated when
held at 21° C., the flavor defect was not detected until the 10 day ex-
emination. This indicates that flavor deterioration in unsalted butter
held at 21° C. oocurred toc alowly to be detected regularly within 7 days.

When portions of & churning of unsalted butter showed flavor defocts
at 5° ¢. and 0°% C. the corresponding butter became defective within 14
days at 15o C. but in two cases 414 not develop defeets within 10 days at
£1° C. In the portions which deteriorated at both 15° and 21° G., how-
ever, the dafects required more time for development at 15° C. than at
21° C. The elose sgresment of flavor deterioraticn at 15° C. with deter-

toration at lower temperatures indicates that the bacteriel action in
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dbutter at 15° C. compared more closely with the action of bacteria in
butter at lower holding temperatures than did the bacterisl action at
819 C. This relationship has been indicated previously in the compar-
ison of changes in pumbers of lipolytic and proteolytic dacteria in

butter held at the different temperaturas.
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SECTION B

FLAVOR DETERIORATION AND BACTERIOLOGICAL CHANGES IN BUTTER MADR
WITHOUT BUTTER CULTURE AND HELD AT DIYFERENT TEMPERATURES

The trials in Section B wers planned to give additional information
on the comparative periods required for flavor deterioration and on the
changes in numbers of bacteria in butter held at different tempsratures.
The plen of inveatigation was similar to that used in Part IIl exceps
that non-culture butter was used. The butter was obtained from the dut-
ter laboratory at South Dakota State College. Ths cream for churning
was received from producers in the vicinity of the plant and was of rela-
tively good quality. Twanty~four of the thirty-four churnings used in
this atudy were made from cream of less than 0.35 per cent acidity and
nonre of the chumings involved eream containing in excess of 0.80 per
cent mcidity. The trials included butter mede over a period extending
from 3eptenmber tc Pebruary.

Inciuded in Section B weare 18 ssts of samples taken from churnings
made without butter culture. Two samples from each set, one malted and
one unsalted, were placed at each temperature and stulies were made of
the flavor deteriormtion and of the changes in numbers of total, lipo-
lytic, and proteolytic bacteria. Eighteen additionel churnings of un-
salted, non-culturs butter were studied for flavor deteriorstion oanly.
These churnings differed from the first group only in the time at which

they ware made. They were made over a period extending from Deocember 1
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to February 1 while the first group was made betwesn Sepiember 1 and Dee-

smber 1.

Changes in numbers of bacteria end in the flavor of butter held 7 days at

21° to 26° ¢.

Table XXXI pressnts the bacterial counts on the unsalted butter held
7 days at 210 to 260 C. The average numbers of bacteria increased during
the firat 4 days and then decreased. The highest counts were obtained
after 2 days with five lota, after 4 days nith five lots, and after 7 &ays
with six lots. The most signifieant increase occurred during the first
two days of the holdimg period. The ranges of counts were as follows:

Initial counts 16,000 to 2,120,000 per ml.

After 2 days 4,300,000 to 76,300,000 per ml.

After 4 dsys 3,800,000 to 211,000,000 per ml.

After 7 days 5,300,000 to 101,000,000 per ml.

A comparieon of the changas in numbers of dasateria in this non-cul-
turs butter with the chenges iz counts in the culture butter reported in
Table XIII indicates that the increases were much more extenaive in the
- non-eulture butter held at 21° to 26° C. than in culture dutter held at
21° C. The non-culture butter inoreased ip counts more than one hundred-
fold, while the culture butter increased about twenty-threefold.

The total bacterial counts on the salted butter held 7 days at 21° to
86° C. are presented in Table XXXII. 1In direct conirast t¢ the results in
Table XIV on the salted butter containing butter culture, the number of
bacteria in the mon-culture, salted butter incressed somewhat at 21° to

26° C. Thirteen of sixteer lots contained grester numbers of bacteris



Table XXXI

Changes in Numbers of Total Bacteria in Unsalted Butter

Held 7 Days at 21° to 26° C.

Churning Kumbers of bacteria per ml.

no. 0 days 2 daya 4 days 7 days

26 16,000 41,300,000 211,000,000 78,000,000
27 97,000 76,300,000 144,000,000 73,000,000
28 175,000 28,300,000 23,000,000 9,900,000
29 147,C00 13,900,000 12,900,000 9,100,000
30 103,000 53,000,000 34,000,000 54,000,000
31 2,120,000 17,000,000 18,600,000 64,000,000
32 446,000 4,300,000 149,000,000 45,000,000
33 350,000 —— 79,000,000 $8,000,000
34 830,000 17,300,000 ° 18,500,000 27,500,000
35 990,000 78,000,000 70,000,000 38,800,000
38 760,000 5,900,000 3,800,000 5,300,000
37 760,000 34,100,000 37,000,000 41,000,000
38 1,390,000 49,000,000 54,500,000 80,000,000
39 910,000 47,000,000 36,000,000 101,000,000
40 160,000 86,000,000 53,000,000 35,400,000
41 90,000 11,200,000 22,000,000 20,800,000
AvVg. 584,000 35,800,000 60, 300,000 46,300,000
G. M. 315,000 26,300,000 38,700,000 35,500,000

--« Sample missed
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Table XXXII

Changes in Numbers of Total Bacteria in Salted Butter

Held 7 Days at 21° to 28° ¢.

Churning Numbers of bacteria per ml.

no. O days 2 days 4 days 7 days

26 11,000 101,000 354,000 2,300,000
27 87,000 407,000 470,000 784,000
28 179,000 327,000 1,960,000 922,000
29 101,000 86,000 102,000 £80,000
30 134,000 47,000 30,000 £67,000
31 123,000 108,000 129,000 874,000
32 178,000 22,000 970,000 900,000
33 174,000 - 125,000 888,000
34 158,000 12%,000 550,000 348,000
35 181,000 280,000 830,000 2,730,000
36 170,000 89,000 104,000 112,000
37 142,000 106,000 680,000 1,950,000
38 28,000 147,000 902, 000 1,440,000
39 239,000 68,000 53,000 90,000
40 88,000 44,000 86,000 313,000
4] 42,000 42,000 3,900 8,900
Avg. 124,000 130,000 481,000 884,000
G, M. 115,000 129,000 203,000 464,000

-« Sample missed



after 7 days than wers present at the initial examination. The results
indicate that the butter culture organisms in the salted butter insluded
in Table XIV were more succeptible to ths destructive sction of salt than
the natural flora of the butter included in Table XXXII.

A comparison of the results in Tables XXXI and XXXII shows the in-
fluence of salt on the numbers of bacteria im butter held at 21° to 26° C.
As indicated by the G. M. of the counts dbafore end after holding, the
gumbers of bacteria in unsalted butter incressed approximately one hundred-
fold while the numbers in salted butter increased adbout fourfold.

The numbers of lipolytic and proteolytic bacteria snd the flavor de-~
fects developsd in the unsalted butter held 7 days at 21° to 26° C. are
presentad in Table XXXIII. Lipolytic bdacteria were fourd in only three
of the sixteen lots of fresh butter and in these the numbders did not ex-
ceed 500 per ml. The pumbers increased in nins of the szixteen lots bdut
counts of over 1,000,000 per ml. were noted on only twe lots. There was
no close correlation betwesn the cccurrence of lipolytiec dacteris and the
development of rencid or roquefort flavors.

Proteolytic bacteria were found in seven of the sixtesn lots of un-
salted butter at the initial exsmination and the numbers in these seven
lots ranged from 200 $o 25,000 per ml. The numbers of proteolytic dac-

teria increased in fourteen of the sixteen lots and reached counis of
over 1,000,000 per ml. in eight lots. In general, the lots with high
counts ¢f proteclytic bacteria showed flavor deterioration within 7 days
but the flavor defects indicated proteolysis in only three instances.

The highest count of proteclytic bacteria was obteined on churning 39



Tadble XXXIIX

Comparison of Numbers of Lipolytie and Proteolytic Bacteria and Flavor Defects
in Unsalted Butter Held 7 Days at £1° to 26° C.

Type 0 days 2 deays 4 days 7 days
Churnins of y s
no bacteri Bacterie | Bactaria Flaver Baoteria Flavor ‘Bacteria Flavor
. o a per ml. per ml. defect per ml, dafect per mi. defect
Lip. 500 < 10,000 < 10,000 < 10,000
26 Prot. 3,000 900, 000 61,000,000 70Tt | o 000,000 Toduefort
Lip. < 100 < 10,000 < 10,000 1 < 10,000
27 Prot. 92,000 | 10,900;000 17,500,000 TOIUSTOTY | o 100,000 TOAueTOTt
©
28 Lip. < 100 < 10,000 < 10,000 < 10,000 '
Prot. < 100 38, 000 850, 000 1,250,000
Prot. 2,000 < 10,000 < 10,000 < 10,000
50 Lip. < 100 < 10,000 < 10,000 < 10,000 _ ..
Prot. < 100 2,500, 000 »,500,000 2,300, 000
Lip. < 100 < 10,000 < 10,000 500, 000
31 Prot. 200 63,000 %°%F p30,000  POUT 3,100,000 °NesY
Lip. 400 50,000 100,000 < 10,000
52 [] 1 [ ] d
Prot. 400 50, 000 200, 000 800000 roni
33 Prot. < 100 - < 10,000 < 10,000 B1-cheesy

(table continued on following page)



Table XXXIII (continued)

Comparison of Numbers of Lipolytic and Proteolytic Bacteria and Flavor Defectis
in Unsalted Butter Held 7 Days at 21° to 26° ¢,

0 2 days 44 74
Ohuraing Tof days ay! ays ays
no. bacteria Bacteria Bacteria Flavor| Dacteria Flavor Bacteris Flavor
per ml. per ml. defeot per mli., defect per ml. defect
Lip. 500 55,000 800, 000 20,000
34 Prot. 200 30,000 "% | <10,000 TOMOTOTE | L 15000 TOWOTOTE
Lip. < 100 1,350,000 1,800,000 1,980,000
36 Prot. <100 |1.300.000 T |1 200,000 21 TaRe1| L’ o00.00p TOAUSTOTY
2 Lip. < 100 < 10,000 < 10,000 20,000
Prot. < 100 < 10,000 < 10,000 20,000
a7 Lip. < 100 < 10,000 < 10,000 < 10,000
Prot. < 100 7,000 < 10,000 < 10,000
a8 Lip. < 100 55,000 100, 000 100, 000
Prot. < 100 20, 000 250,000 700,000
Lip. < 100 400,000 1,200,000 500,000
39 Prot. 25,000 2,700,000 2,060,000 *°"F  |16,000,000 chesay
40 Lip. < 100 < 10,000 < 10,000 400,000
Prot. < 100 < 10,000 70, 000 800,000
a Lip. < 100 < 10,000 200,000 o . < 10,000
Prot. < 100 1,200,000 300, 000 800,000

~ws Sample missed
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whigh contained 16,000,000 proteolytic bactaris per al. at ths time thst

the cheesy fiavor uas detscted.

Changes in numbers of bacteria and in flavor of butter held 56 deys at_5°C.

Toble X1V presents the totel bacterial counts on the unemlted but-
ter held 56 days at 5  C. In general, the mumbers of bagteria ineressed
but the time at wvhich the higheat counts were obtained varied with diff-
erent lcts. The zexizum numbers were recorded at 7 days sith one lot, at
14 days with one lot, at £3 days with six lots,and st 58 days with eight
lots.

The ranges of counts were as follows:

Initisl 18,060 to £,120,000 per ml.

After 7 days 30,000 to 55,000,000 per ml.

After 14 days 151,000 %o 130,000,000 per ml.

After 23 days 2,270,600 to 182,000,000 per ml.

After 58 days 4,700,000 to 254,000,000 per ml.

A comparison of the increase {5 the bacterial couats on this non-
culture, unsalied butter with the ineremse in the bacterial counts on the
butter made with butter culture in Table XIX indicates that the numbers
of bucteria in the non-culiurs butter increased about one hundred-fifty-
fold, while the numbers of bacteria in the culture butter held under the
same conditions increased about fifsyfold.

The results reported in Table zxxv‘anoa the changes in total bscte-
riel eounts on the salted butter held 58 days at 5° C. ‘The puuabers of
beacteria generslly deooreased and in fourtesn of the sixtesn lots, lower

counts wers obtained et 56 dayes than were obtained at the initiel exam-



Table XXXIV

Changes in Numbers of Total Bacteria in Unsalted Butter

Held 56 Days at 5° C.

Churning Rumbers of bacteria per ml.

no. O Gays 7 days 14 days 28 days 56 days

28 18,000 30,000 5,780,000 18,600,000} 38,000,000
27 97,00 32,000 2,580,000 18,000,000} 10,200,000
28 175,000 45,000 859,000 61,000,000| 43,000,000
29 147,000 143,000 151,000 2,270,000 4,700,000
30 103,000 150,000 21,800,000 54,000,000 | 234,000,000
31 2,120,000 329,000 15,200,000 | 62,000,000 90,000,000
32 446,000‘ 390,000 24,000,000 76,000,000 | 129,000,000
33 350,000 890,000 3,380,000 82,000,000 ¢ 58,000,000
34 830,000 ——- 840,000 66,000,000 | 85,000,000
35 $90,000{ 1,750,000 19,000,000 | 159,000,000 &7,000,000
3¢ 760,000{ 3,200,000 11,200,000 | 103,000,000 { 125,000,000
37 760,000 580,000 42,000,000 43,200,000 72,000,000
38 1,380,000 305,000 29,400,000 | 162,000,000} 79,000,000
39 910,000} 55,000,000 41,000,000 51,000,000 { 20,600,000
40 160,000{ 1,510,000 130,000,000 81,000,000 | 95,000,000
41 90,000| 1,420,000 40,000,000 66,000,000 | 33,000,000
Avg. 584,000{ 4,385,000 24,186,000 69,070,000 | 73,200,000
G. M. 315,000 471,000 9,150,000 50,840,000 § 51,130,000

-~ Sample missed



Changes in Numbers of Total Bacteria in Salted Butter

Table XXXV

Held 56 Days at 5° C.

Churaing Numbers of bacteria per ml.
no. O daya 7 days 14 deys £8 days 56 daya
26 11,000 3,900 7,100 3,700 3,700
29 87,000 46,000 82,000 41,000 5,000
28 179,000 33,000 92,000 68,000 43,000
29 101,000 72,000 120,000 29,000 59,000
30 134,000 61,000 46,000 38,000 112,000
31 183,000 31,000 $8,0600 06,000 9,000
32 178,000 $3,000 91,000 14,400 14,600
33 174,000 161,000 46,000 58,000 55,800
34 188,000 — 116,000 108,000 2,100
35 151,000 144,000 81,000 155,000 259,000
36 170,000 103,000 101,000 49,000 4,200
37 142,000 188,000 192,000 294,000 132,000
38 28,000 377,000 458,000 270,000 £80,000
390 238,000 104,000 130,000 92,000 9,900
40 48,000 70,000 8,000 4,500 2,500
41 42,000 3,800 6,900 5,600 3,800
Avg. 184,000 97,400 102,200 81,300 82,200
G. N, 115,000 58, 200 61,600 42,700 19,100

e== Sample xiesed
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ination.

A gomparison of the resulte in Tedble XXXV with those on the corres-
ponding unsalted butter in Table XXXIV shows the influence of salt on
the changes in numbers of dacteria in duiter. 4is indiocated by the 4. M.
of counts before and after holding, the bacterial counta on unsalted dbut-
ter increaaed approximately one hundred-fifiyfold, while the dacterisl
eounts on the corresponding selted butter decreased to about one-aixth of
the initiel numbers.

Table XXXVI presents the numbers of lipolytic and proteolytic base-
teria in unsalted butter held 56 days at 5° C. The numbers of lipolytie
bacteria increased in thirteen of the sixteen lots and in all of these
lots the counts were adbove 1,000,000 per mi. at some time during the 56
day period. The lots containing large numbers of lipolytie bacteria com-
monly showed flavor defects at the 28 day exsmination and the most common
defect developed was rancidity. The lots which developed rancid flavor
contained from less than 1,000 $o 20,000,000 lipolytiec bacteria per ml.
at the time that rancidiiy was first noted.

The numbers of protsolytic bacteria increased in fourtesn of the six-
teen lots of umsalted butter at 5° C. and in all of these lots the counts
sxceeded 1,000,000 per ml. at scme time during the holding period. The
flavor defects noted at 56 days very frequently suggested proteclytic ac-
tivity. The lots which develcped cheesy flavors contained from less than
10,000 to 30,000,000 proteolytic bacteria per ml.

The most marked increaaes i{in numbers of lipolytic and proteolytie
baeteria occurred up to the 23 day exemination, concurrently with the de-

velopment of definite flavor defects. In most of the lots held at 5° C.,



Table XXXVI

Comparison of Numbers of Lipolytic and Proteolytic Bacteriz and Flavor Defects
in Unsalted Butter Held 56 Days at 5° C.

Churnd Type 0 days | 7 adays 14 deys 28 days 56 days
:z? nuc::ria Bacteria |Bacteria [Bacteris Flavor Baeteria Flavor Bacteria Flavor
per ml. per ml. | per ml. defsct per ml. defect per ml. defect

Lip. 500 <100 | 400,000 1,180,000 3,300,000 raneid,

28 | prot. 3,000 <100 | 440,000 1,950.000% -T2 | L y00.000 Uity

27 Lip. <100 < 100 350,0004; | lean | 4,600,000 cheesy, 1,100,000 cheesy,
Prot. 92,000 as0 | 420,000 """ | 4 400,000sl.rancid | 1 200,000 Tenei
Lip. <100 1,450 | 59,000 7,400,000 4,100,000

28 | prot. <100 1,900 59,000 10,500,000 1+ 788814 | 5’ k60, 000% CRO0sY
Lip. <100 <100 | <1,000 < 10,000 < 10,000

22 | Prot. 2,000 <100 | <1,000 < 10,000 < 10, 000" - Taneid
Lip. <100 <100 | <1,000 20,000,000 reneid, | 30,000,000

30 1 prot. <100 <100 | 780.000°%-T2P48 17y 000,000 fTULty | 30) 000,000 C°h®*%Y
Lip. <100 <100 | < 1,000 400,000 5,500,000 rapeia

31 | prot. 200 <100 | 640,000 50 000 UP010AR | 7o 000 roquetekt

s | Lip. 400 <100 | <1,000 < 10,000 < 10,000 cheesy,
Prot. 400 <100 | <1,000 < 10,000 < 10,000 putrid

ss | Lip. < 100 3,800 | 410,000 3,500,000 fraity, | 1,500,000 ocheesy,
Prot. <100 1,500 | 520,000 16,000,000 raneid 3,900,000 putrid

sq | L1P 500 -—- 80,000 12,000,000 ,41oqq | 10,000,000 cheesy,
Prot. £00 -== | 110,000 12,000,000 23,000,000 rancid

{continued on following page)
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Table XXXVI

(continued)

Comparison of Numbers of Lipolytic and Proteolytic Bacteria and Flavor Defects
in Unsalted Butter Held &6 Days at 8° C.

8¢
churnd Type 0 days 7 days 14 days 28 days _ days
ing b Ofri Bacteris] Bacstsrias! Bacteria Flaver Bacteria Flavor Bacteria Flavor
no. ibacteria| ... m1.| per ml. per ml. defect per ml. defect per ml. defect
a5 Lip. < 100 30,000 < 1,000 £00,000 frutity, | 2,100,000 chessy
Prot. < 100 115,000 800,000 $00,000 Tancid 2,600,000
26 Lip. < 100 §5,000| 1,850,000 4,000,000 fruity, <10,000 .0 .0
Frot. <100 55,000{ 2,200,000 14,600,000 raneid | 28,000,000
59 11ip. < 100 < 100| 8,000,000 4,000,000 .y o0ge 3,000,000 fruity,
Prot. <100 < 100| 9,500,000 3,800,000 8,500,000 Trancid
Lip. <100 20,000} 1,800,000 < 10,000 £00,000
38 | Prot. <100| 25,000 2,900,000 11,000,000 1:CRe®8Y | 5 150 000 CDOO%
30 Lip. <100 | 1,800,000| 2,000,000 2,500,000 rancid, 750,000 rancid,
Frot. 25,000 | 2,650,000{ 3,100,000 ¢heeay! 14 500,000 cheesy 2,200,000 cheesy
Lip. < 100 <100 < 1,000 < 10,000 sl.cheesy,| < 10,000
10 | Prot. <100 9,500] 6,450.000°°"®*%7 | 1, 000,000 unclean |11,500.000 °Ch®®%Y
Lip. < 100 < 100{ 5,500,000 6,500,000 2,500,000
4 | prot. <100| 85,000|16.500,000 T2¢14} 14°s00,000 CD®Y | 4 coo,000 SN

==« Sample miased
* cheesy
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high counts ol either typs were rather closely associated with the devel-
opment of rancid or cheesy flavors. In certain lots, however, reancid or
cheeay flavors developed without lipolytic or proteclytic bacteria being

detected.

Changes in numbers of bacteria and in flavor defects of butter held 56

days at 0° ¢.

The total bacterial counis on the unsalted butter held 5¢ days at
0° G. are given in Table XXXVII. The bacterial counts ineressed in all of
the lots at 0° C. and reached surprisingly large numbers at 56 days. In
fifteon cf the sixteen lota {he counts were higher after 56 days than at
any previous examination. The counts had the following ranges:

Initial 16,000 to 2,120,000 per ml.

14 days 40,000 to 38,000,000 per ml.

28 days 1,970,000 to 85,000,000 per ml.

56 deys 4,500,000 to 233,000,000 per ml.

A comparison of the increases in numbers of bacteria in this unsalt-
ed, non-culture butter with the incresses in that made with butter culture
in Table XXII indicates that the numbers {n the non-culture dutter increas-
ed sbout two hundredfold, while the numbers of bacteria im the culture but-
ter held ufidér the same conditions, increased about thirtyfold.

Table XXXVIII presents the tbtal bacterial ecunts or the salted bdut-
ter held 58 dayz at o° ¢. In general, a marked decrease in numhers of
bacteria occurred in the salted butter. The lowest average count was

obtained after 56 days when fourteen of the sixtiteen lots contained smeller
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Table XXXVII

Changss in Numbers of Total Bacteria in Unsalted Butter

Held 56 Days at 0° C.

Chumning Humbers of bacteria per ml.
no. 0 days 14 days £8 days 56 days
28 16,000 780,000 42,300,000 103,000,000
27 o7,000 147,000 8,800,000 12,200,000
28 175,000 97,000 53,000,000 40,900,000
29 147,000 77,000 1,970,000 4,500,000
30 103,000 48,000 77,900,000 £33,000,000
31 2,120,000 3,850,000 56,000,000 69,000,000
32 446,000 21,300,000 68,800,000 132,000,000
33 350,000 £,400,000 31,600,000 61,000,000
34 830,000 980,000 20,200,000 122,000,000
35 990,000 10,900,000 85,000,000 120,000,000
S8 780,000 5,400,000 64,000,000 208,000,000
37 760,000 27,000,000 £6,500,000 128,000,000
38 1,390,000 700,000 75,000,000 80,000,000
S9 910,000 38, 000,000 41,000,000 $9,000,000
40 160,000 40,000 35,000,000 181,000,000
4] $0,000 230,000 4%,000,000 49,000,000
Avg. 584,000 7,015,500 45,740,000 100,160,000
G, M. 315,400 1,150,000 35,080,000 71,710,000
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Table XXXVIII

Held 36 Days at 0° C.

Changes in Numbers of Total Bacteria in Salted Butter

Churning Kumbers Of bacteria per ml.
no. 0 days 14 day» £8 days 56 days
26 11,000 5,800 13,700 6,100
27 87,000 86,000 62,000 206,000
28 179,000 60,000 277,000 60,000
29 101,000 150,000 153,000 62,000
30 134,000 46,000 12,000 85,000
31 123,000 86,000 9,900 6,300
32 178,000 137,000 42,000 18,000
33 174,000 76,000 7,500 30,400
34 158,000 85,000 45,000 1,700
35 181,000 127,000 181,000 48,000
38 170,000 74,000 44,000 9,700
37 142,000 97,000 12,800 13,200
38 28,000 426,000 225,000 206,000
39 239,000 124,000 63,000 15,200
40 68,000 34,000 5,200 1,700
41 42,000 2,000 8,800 3,400
Avg. 124,000 98,500 72,600 48,900
G. M. 115,000 60,100 34,400 18,300




-103-

aumbers of bacteria than were found in the fresh butter.

A comparison of the results in Tables XXXVII and XXXVIII shows the
influence of salt on the changes im numbers of becteries in butter held at
0° C. The G, M. of counts before and after holding show tlmt the numbers
of bacteria in unsalted dutter increased more than two hundredfold, while
the pumbers in salted butter were reduced to absut one-sixth of the ini-
tial aumber.

Table XXXIX presents the numbers of lipolytic and proteolytic bacte-
rie in the unsalted butter held 56 days st O C. The nusbers of lipolytie
bacteria increased in twelve of the sixteen lots and in nine of these lots
the numbers exceeded 1,000,000 per mli. Raneid flavor was noted in eight
lots of butter at £8 days and five of these contained large numbers of
lipolytic bscteria.

The numbers of proteclytic bacteria increased in fourteen of the six-
tesn lots and counts of over 1,000,000 per ml. were recoried in these
fourteen lots at 2B days and at 58 days. The flavor defscts at 56 days
frequently suggested proteolytie action. The lots which developed cheesy
flavors ocontatned from less than 10,000 to 26,000,000 per ml. at the time
that the cheeay flavor was detected. Proteolytic bacteria were not de-
tected in lot NHo. 32, even though the sample was replated after the 56
day exemination When a pronounced cheesy flavor was noted.

The moat marked incresses in numbers of lipolytic and proteoclytie
bacteris cgcurred previous to the 28 day examination, elthough the num-
bers inereased very extensively between ithe 28 day and the 56 day exam-

inetions. The development of flavor defsots was frequently accompanied
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Table XXXIX

Comparisor of NHumbers of Lipolytie amd Proteclytic Bacteria and Flavor
Defects in Unsalted Butter Held 56 Days at 0° C.

Churs- To’ fpt 0 days 14 days 28 days 56 days
1
n:? becteria Bacteria] Bacteria |Bacteria Flavor|Bacteria Flavor
perml.] perml. | per mi. defectiper ml. defect
26 | Ltp. 500 <100 | 1,500,000 1. [25,000,000 raneid,
Prot. | 3,000 <100 | 2,500,000 rancid]ps 000,000 Sheesy
Lip. < 100 200 | 1,700,000 sl. |11,000,000
27 | prot. | 92,000 00 | 2,150,000 choesy|11 000,000 DY
Lip. < 100", <100 | 18,000,000 sl. | 8,700,000
28 | Prot. | <100 <100 | 16,000,000 rancid| o 700,000 T*"014
29 Lip. <100 < 100 < 10,000 < 10,0004, op
Prot. | 2,000 <100 | <10,000 < 10,000 -oheesy
Prot. | <100 <100 | 9,000,000 2814|149 500,000 cheesy
Lip. <100 | <1,000 10,000 1,050,000
31 Prot. 200 xxx | 2,600,000°°°FF | 1100,000%" - TaR014
Lip. 400| <1,000| <10,000 < 10,000
3 1 Prot. 400! «<1,000] <10,000 < 10,000 SRSV
Lip. <100| 10,000 | 5,100,000 sl. | 3,200,000
33 | Prot. | <100| 140,000 | &,300,000 Taneid] 3 sg0,000 POV
Lip. 500 | <1,000| 3,100,000 _ 81,.1 9,000,000, op
34 | prot. 200 | 50,000 | 3.100.000 T21% 14" 000" 000"t* °BeeSY
3 | Prot. | <100 }1,850.000 }10,000,000 T™®2¢18}14 coo.000 O o)
Lip. <100 | 700,000 | < 10,000 s1 < 10,000
3 | prot.| <100l 900,000 | 7,000 000 T*8S18] 90 000 000 ®20%%Y
Lip. <100 | &70,000 | 450,000 11,000,000 fyui
3 | prot.| <100| 520,000 2,500,000 ***°Tf]1e 000,000 Faneil’
Lip. <100 | 14,000 | < 10,000 sl. 450,000 cpees
38 | prot. | <100] 12,000 |11,000,000 cheesy| 5 180 000 v
- Lip. <100 <1,000} <10,000 sl. 200, 000
3 | rrot. | 25,000 | 4,000.000% 4,200,000 Tencid g 100,000 °TM0TOT*
Lip. <100 | <1,000] < 10,000 < 10,000 © .
0 | Shl <loo| <1%000 | 3.900°000 *-°TT 14 500 000 PALFiS
Lip. <100] <1,000] 400,000 _si.| 3,000,000
“ | Prot.| <100]| 180,000 3,200,000 ®h®#37]10 500,000 PO
xxx Too many to count

* unclesn
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by a marked increase in numbers of lipolytic and proteolytic bacieris.

Rancidity was the most common flavor defect noted at the 28 day examina-
tion, while cheesy flavor wes the most common defect in the unsalted but-
ter after 56 days. In many cases the lots with raneid flavor at 28 days

had developed a pronounced cheesy flavor at 58 days.

Comparison of the changes in numbers of baoteria and the appesrance of
flavor defects in unsalted dutter at different temperatures

Table XL presents a summary of the changes in mumbers of bacteris
and of the occurrence of flavor defects in unsslted butter held at the
different temperatures. The numbers of bacteria incressed at esch of the
holding temperstures. A comparison ¢f the trends in numbers of bacteria
at the different temperatures indiceates that ecorresponding high points
wers reached after longer holding pericds with the lower temperstures.
These points represent dresks in the trends of counts which were followed
either by decreasss or by much alower increasese in counts. The corresspon-
ding values were noted as follows:

After 4 days holding at 21° to 26° C.

After 28 days holding st 8° C.

After 28 days holding at 0° C.

In general, the bacterial counts increased more rapidly at the higher
helding temperstures. The numbers of bacteris increased most rapidly in
the butter held at 81° to 26° 0. but the numbers failed to reach as high
& level within 7 days at thia temparsture as was reached after longer

pericds of holding at elther 5° or 0° C. The higheat count was recorded



Table IL

A Comparison of the Numbers of Total Bacteria and the Oeourrence of Flavor Defects in
Unsaltsd Butter Held at Differsnt Temperatures

Numbers of dacteria expressed as geomeiric means

) 0 o 6
Temperature of holding 21 - 28 C. 5 C. 0o ¢.
Rumber of churnings 18 18 18
1st Age of butter 0 days 0 days 0 days
examination | Bacteria per ml. 315,000 315,000 318,000
Age of butter 2 days 7 Qays 14 days
2nd *
o (nation Bacteria per ml. 26,380,000 470,800 1,180,000
Rumber defective lots three one one
Age of butter 4 days 14 days 28 days
3rd Bacteria per ml. 38,660,000 9,180, 000 35,160,000
examination
Number defective lota seven five fourteen
ath Age of butter 7 days £28 days 56 days
o -;ition Bacteria per ml. 35,510,000 50,840,000 71,710,000
Number defective lois ten fourtesn sixteen
Sth Age of butter 58 days
exuni;:iion Bacteria per ml. 51,180,000
‘|Number derective lots sixtesn

* G. M. of 15 lots

-901-
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on the butter held 56 days at 0° C.

The more repid incresse in numdbers of bacteris in ugsalted butier st
the higher temperatures suggesta that bacteriological dsteriorstion in
this butter would be accelersted as the temperaturs of holding was in-
creased. The relationship of the changes in eocunts to the ocourreance of
flavor defects is shown in Table XL.

The occurrence of defects in the butter sgreed in gemeral with the
extensive increases in total basterial counts or dutier. The bdacterial
counts had increased extensively in the butter after 28 days at 5° and Oo
C. snd fourteen of the sixteen lots were defective at the 28 day examina-
tion. At room temperature the relationship between inerease im counts
and the aoceurrence of defective lots was not as close, since only seven
of the sixtesn lots became defectiive within the 4 day pericd even though

the highest average count for this tezmpersture was recorded at this tima.

Comparison of numbers of lipolytic and proteolytic bacteria in unsalted

butter held at differsnt ratures

The ranges of the naanrl of 1ipolytic bacteria in the unsalted but-
ter held at different temperaturesz are given in Teble XLI. In general,
the numbers of lipclytic bacteria inoreased at each of the holding tem-
peratures but the rate and extent of the increases varied considersdly.
The increases at 5° C. wers move extensive than at either 21°to‘86° C. or
at 0° C. The numbers of lipolytic bacteris excesded 1,000,000 per ml. in
81.2 per cent of the lots held at 5° C. shile 56.2 per cent of the lots

held at O° C. reachsd counts of over 1,000,000 per mi. The numbers of
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Table XLI

Numbers of Lipolytic Bacteria in Unsalted Butter

Held at Different Temperatures

Tenmperature Time Number Range in numbers of | Percentage of
of of of lipolytic lots developing
holding plating | lota bacteria per ml. over 1,000,000
per ml.
0 days 18 100 - 500
° o 2 days 10,000 - 1,350,000
2l -~ 28" C! 4 days 16 10,000 -~ 1,200,000 1z2.5%
7 days 10,000 - 1,950,000
7 days 100 - 1,800,000
] 14 days 1,000 - 6,000,000
& ¢ 28 days | 1° | 10,000 - 20,000,000 81.2
58 days 10,000 - 30,000,000
o 14 days 100 « 700, 000
0 C. 28 days 18 10,000 - 18,000,000 56.2
56 days 10,000 - 83,000,000
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lipolytic bacteria exceeded 1,000,000 per ml. in only 12.5 per cent of
the lots held at 21° to 2¢° C.

Table XLII presesnts the ranges of numbers of proteoclytic bacseria
in the unsalted butter held at different temperatures, The aumbers of
proteolytic bdacteris increesed extensively at esach of the holding temper-
atures. The increases were more extensive et 5° and 0° . than ut 21° %0
86° C.,a3 indicated by the fact that at either 5° or 0° C. 87.5 per cent
of the lots dovnlopoé over 1,000,000 proteclytic bacteria per ml., while
only 50 per cemt of the corresponding lots held at 21° 1o 26° c. devel-

oped over 1,000,000 protesolytic bscteria per ml.

Chenges in numbers of total bacteria in salted butter held at different

temperatures

Table XLIII presents a comparison of the trends im toial bacterial
counts on salted butter held at different Semperatures. A small increase
iz pumbers of total bacteria occurred in the butter held at £1° to zs° c.
while at the lower temperatures the numbers of bacteria decreased grad-
uslly to the end of the 56 day holding period.

Fo data on the numbers of lipolytic or proteolytic bacieria in salt-
od butter are presented since the plates made with dilutions as low as
1:100 failed to show coloniss of thess types. Flavor defests other than
tallowy were not noted in the salted butter during the periods of cbserva-~

tion.

"' Comparstive time required for flavor defects to develop in butter held at

different temperstures




Table XLiI

Rumbers of Proteolytic Bacteria in Unsalted Eutter Held

at Different Temperatures

Texperature | Time Number { Range in numbers of | Fercentags of lots
of of of proteoclytic developing over
holding plating| lots bacteria per ml. 1,000,000 per ml.
0 days 16 100 - ¢2,000
o ° 2 days 10,00 - 10,900,000
Bl - 26 0, 4 days 1e 10,000 - 61,000,000 50
7 days 10,000 - 16,C00,C00
7 days 10¢ - 2,850,000
° 14 days 1,000 ~ 16,500,000
5 c. 28 days| 16 10,000 - 17,000,000 87.5
56 days 10,00¢ - 30,000,000
o 14 deys 100 - 4,000,000
o C. 28 days 16 10,000 - 16,000,000 a7.5
56 days 10,000 - 26,000,000




Table XLIIX
Changes in Numbers of Total Bacteria in Salted Butter Held at Diffarent Temperatures

Numbars of bacteria expressed as geometric means

Temperature of holding 2° - 2¢° c. 5° ¢c. o° ¢c.
Number of churnings 16 18 1s
18% Age of butter 0 days 0 days 0 daya
examination | po.yeria par ml. 115,000 115,000 115,000
2ia Age of butter 2 days 7 days 14 days
examination | p,.teria per ml. 129,000 88,200* €0,100
3rd Age of butter 4 days 14 deys 28 days
examination | p..teria per ml. 203,000 61,600 34,400
4th Age of butter 7 days 28 days 56 days
examination | p.oyeria per ml. 464,000 42,700 18,500
Sth Age of butter 56 days
examination
Bacteria per nl. 19,100

* G. M. of 15 churnings

-111~
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The flaver defscts appearing in the unsalted butter of churninge
26 to 41 have been reported in previous tables for comparieon with the
occurrence of lipolyti§ and proteolytic bacteria. Table XLIV gives a
sumsary showing the compsrative flavor deterioration in unsalted butter
held at different temperatures.

. Of the 14 churaings which showed flavor defects within 28 days at
5° C. only nime became defective in flavor within 7 days at 21° 10 28° o.
The two churnings which kept at 5° C. for 28 days failed to keep for 7
days at 21° t0 26° C. There wes some indfcation that the unsalted butter
which deteriorated within 7 days when held at 21° to 26° C. showed flavor
deterioration sooner whem held at 5° C. then the churnings which kept at
the higher tempsrature.

Of the thirteen chumings which showed flavor deterioration within
£8 days at e° C., only sight becams defective in flavor within 7 days st
21° to 26° C. The three churnings which kept wt 0° C. for 28 days failed
to keep for 7 days at 21° 0o 26° C. There was no spparent difference in
keeping quality nt'0° C. between the churnings which kept and those whisch
failed to keep for 7 days at 21° to 26° c.

The results in Table XLIV show that, in certain cases, flavor defects
did not appear in unealted butter held at 21° to 26° C. when flavor deter-
ioration occurred in the corresponding dutier at lowsr temperstures. The
mild and indefinite character of the flavor defects in certain lots held
at 21° to 28° c. suggested that additional time might bring out defects
which were probably deing overlooked. Thes results in Table XLV 1n¢1udo

observations on & new series of eighteen churnings of unsalted butter made
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Tabdle

XLIV

Comparison of Time of Appsarance and Nature of Flavor Defects in Unsalted
Butter Held at Different Temperatures

Flavor comuents on butter held at

Churaing
21° - 26° ¢. s° ¢. 0° ¢.
RO,
Flavor Flavor Flavor
Dey® defect Deye  defect Per®__ defect
26 4 raoguefort 28 sl. rancid 28 sl. rancid
7 roquefort 56 rancid, fruity 56 rancid, chessy
27 4 7roquefort 14 sl. ugclean 28 sl. cheesy
? roquefort 28 ohessy, rancid 56 cheesy
28 88 sl. rancid 28 sl. rapeid
P - 58 sl. cheesy 56 al. raneid
29 7?7 sl. fermented 56 sl. rancid 56 sl. cheesy
50 ' 14 sl. rancid 28 )., raneid
7 rencid 28 fruity, rancid 56 fruity, chessy
51 2 sour 28 unclean 28 sl., off
7 cheesy 56 roguefort, rancid 56 al. rancid
32 ? 7rancid 56 cheesy, putrid 56 fruity, cheesy
% 28 fruity, rancid 28 sl. rancid
7 8l. cheesy 56 cheesay, putrid 56 cheesy
34 2 sour 28 sl. rancia
4 rggnifort 56 rancid, cheesy 56 sl. chesay
a5 2 =al. sour 28 fruity, rancid 28 fruity, rancid
4 s»l. rancid 56 ocheeay 5¢ cheesy
36 28 fruity, rancid 28 sl. rancid
7 - 568 cheesy 56 cheesy
=97 28 cheeay 28 sl. off
7 e-e 56 fruity, raneid 56 frulty, ranecid
38 28 s8l. chessy 28 sl. cheesy
7 we- 56 cheesy 58 ocheasy
30 4 sour 7?7 ocheesy 14 unclean
7 cheeay 14 chaesy 28 sl. rancid
40 14 sl. cheesy 28 sl. off
7 —-- 28 sl.oheesy,unclean} 56 cheesy, putrid
4 4 sour 14 raneid 28 sl. cheesy
7 sour 28 cheeay 56 cheesy

-== Flavor satisfactory
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Table XLV

- Comparison of Time of Appearance and Nature of Flavor Defects in
Unsalted Butter Held at Different Temperatures

BJ Flavor comments on butter held at
Churni o
RO. “Flavor Tlavor ~ Flavor
Days  serect D88 gqrect Days  4qrect
e 7 sour 14 81, off 14 sl. off
~ - 110 - sour £1 al. cheesy 28 frity, reneid
43 7 &8l. cheesy 21 rancid, chessy
' 4 cheesy 21 putrid
“ 4 sl. cheeay 10 sl. cheesy 14 sl. cheesy
7 cheesy 14 putrid 28 cheesy, unclean
4 rancid 21 fruity 2l sl. cheesy
7 cheesy £8 cheesy 28 cheesy, rancid
7 sl. moldy 14 sl. cheesy 14 sl. unclean
10 sl. cheesy 28 fruity 29 woody, olly
47 14 sl. cheesy 21 sl. oft
10 === 28 ranecid 28 oily, putrid
48 4 sour 10 s8l. cheesy 14 fruity
7 cheeasy 21 cheesy, rancid 28 rancid
49 14 fruity, ranecid 14 sl. unoclean
10 «=w 38 cheesy, rancid 28 cheesy
50 10 -w- 56 --- 56 ---
51 14 3al. off 28 sl. off
10 sl. sour 28 sl. rancid 58 cheesy
82 10 doughy 42 3)l. cheesy 56 fruity
53 21 sl. ramcid 21 =l, fruity
10 =we 28 =sl. frulty $6 rancid, cheesy
64 10 «-- 56 -~- 88 wwe
55 21 flat 21 unclean
10 ~=a 28 cheesy 56 al. stale
86 28 sl. fruity 28 sl. fruity
10 sl. sour 56 fruity 56 cheesy
57 28 fruity 28 sl. fruity
10 ~w- 56 fruity 58 cheesy
58 7 s8l. alkaline £l sl. fruity
7 chessy 21 sl. cheesy 28 alkeline, putrid
59 7 sl. sour
10 rancid 58 cheesy 86 sl. fruity
-«= Flavor satisfactory




-115-

without butter culture. Flavor examinations were made at the following
periocds:

€ 7, and 10 days at 21° %o 26° C.

7, 10, 14, 21, 28, 42, and 56 days at 5° C.

7, 14, 21, 28, 42, and 56 days at 0° C.

The dats include  the first flavor detected and the fimal flavor de-
fect noted on esch lot. Pronounced flavor deterioration was evident withim
28 days in the unsalted butter at either 5% or 0° C. In general, the flax
vor dsfects were more pronounced and appeared soomer at 5° ¢. than at 0O°
C. Of the sixteen lota which deteriorated at both 5° and 0° C., eleven
showed flavor defecte within 10 days at 21° to 26° C. 1In two churnings
flavor deterioration did not occur at any of the temperatures used. Fle-
vor deterioration in unsalted butter within 10 days at 21° to 26° C. in-
dlcated poor keeping quality in butter held at 5  and 0° C. but feilure
to show deterioration at m" to 86° C. 414 pot insure good kesping quality

at the lower temperatures in every case,
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SUMMARY AND CONBLUSIONS
SECTION A
Part I
Butter Made With Butter Culture

When unsalted buiter and serum from this butter wers held at 21° c.,
a much more rapid and extensivs flavor deterioration and a more rapid
increase in numbers of bacteria occurred in the ssrum thes in the

corresponding butter.

The presence of salt in butter held at 2% ¢. effectively preventsd

flavor detertoration and reduced the numbsrs of dacteria, while the
salt in aerum restirained the grewth of bacteria at 21° C. for only the
first 2 to 4 days of the 7 day holding period and flavor dsterioration
occurred in four of the nine lots. |

Lipolytic and proteolytiec dacteria increased extensively in both the
unsalied butter and the butter serum from certain churnings. No olose
correlation betwsen the numbers of these types and specific flavor de-
fects wes noted in unsslted butter but in butter serum large numbers
of proteolytic bacteria occurred concurrently with cheeay flavors.
Proteolytic bacterie increased much more extensively in unsalted bute
ter serum than in the corresponding dutter.

The flavor defects occurring in unsalted, butter serum frequently

suggested proteolytic decomposiiion, while the flavor defects in un-



salted buttor;eannnnlyrouqzcatodilipolytio:ehangpa.

5. Neither lipolytiec mor proteolytic bacteria were found in the selted
butter or butter serum held at 21° C.

6. A study of flavor deterioration in unsslted butter serum at z° ¢.
414 not aid materially in the prediction of the keeping quality of the
gorresponding butter held at 21° C. The flavor defects appeared soon-
or in the serum than in the corresponding butter dut they were fre-

quently quite different from those produced inm the butter.
Part 11
Butter Made With Butter Culture

1. ?roozing at -25° C. offected marked decreases in the numdbers of total
bacteris present in either salted or unsalted butter but the decreases
were much less marked in the salted butter than in the corresponding
unealted butter. The destructive action of salt was apparently of
greater importence than freezing in reducing the numbers of bacteria
iz salted butter.

2. Freezing reduced the numbers of lipolytic and proteolytic bacteria in
salted and unsslted butter as indicated by the abasence of these types
on the plates made from the frozen butter. Lipolytic and proteolytie
bacteria developed in a majority of the unsalted lots held at 21° ¢.
subssquent to freezing, indicating that bacteries of these types were
not completely destroyed.

3. The number# of total bacteria increased more rapidly in unsalted dut-

ter held at 2l° C. subsequent to freezing than in the fresh butter
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held under the same conditions.

Flavor deterioration was more rapid and sxtensive in unsalted butter
held 7 days at 21° C. subsequent to freezing than in the fresh dutter
held under the same conditions.

The development of flavor defscts in unsalted butter held 7 days at
21° C. subsequent to freezing was often accompanied by large increases
in numbers of lipolytic end proteclytie bacteria.

The nambers of total dacteris 4id not change significantly in salted
butter held 7 days at zl° C. subsequent to freezing.

Netither lipolytic nor proteclytic bacteria were detected in the salted
butter which had besen held 7 days at 810 C. subsequant to freezing.
Flavor defects other than tallowiness were not detected in the salted

butter when it was held 7 days at £1° ¢. subseguent to freezing.
Part 111
Butter Mads ¥ith Butter Culture

The numbers of total bacteria generelly incrsased in unsalted butter
held at alo, 150, 50. or 0° C. The rates of increase were greater
with the higher temperatures. Counts of similar megnitude were reached
after about 2 days at 210 C., 7 daya at 15° C., and 56 days :tyoo c.
The numbers of total bacteris in salted butter generally decressed at
210, 156, 50, or O° C. The rates of decrease were greater with the
higher temperatures. The counts were reduced to aimilar levels alter
about 4 days et £1° C., 7 days at 15° C., and 56 days at O C.

The numbers of totel bacteria, as indicated by the (. M. of counts be-~



7.

-119-

fore and after holding at each temperature, increased in the unsalted
butter from twenty to fiftyfold while on the corresponding salted dut-
ter the numbers after holding were from two-fifths to ome-sixth of

the initial numbers.

Lipolytic and proteclytiec bacteria were sither very few or were not
detectsd in the fresh, unsalted butter and were regularly not detected
in the fresh, salted dutter.

The nuambers of lipolytic and proteolytic dacteria generally inoreased
in the unsalted butier held at 21° C. but the presence of thess types
was not closely corrslated with the development of efither rancid or
cheesy flatg;s in individuel lots. Only three lots bscams rancid and
chossy flavors were not detected in any of thé lots held 7 days at 21°C.
The numbers of lipolytic and proteolytic dmseteris increased extensively
in unsalted butter held st either 15° or 50 €. Thers appeared t0 be a
close correlation between the appearance of large numbers of lipolytic
bacteria and the development o} typical rencidity st either temperature.
Flavor defects denoting proteoiysis were not{ fraquently detected even
though large numbers of proteclyiic bscteris wers commonly present in
unsalted butter after holding at either 15° or 5e c.

The numbers of lipolytic end proteclytic bacteris inersased in four-

: 0
teen of the fifteen lots of unsalted butter held at 0 C. In general,

.4tho‘iot: which developed rancidity contained large numbers of lipolytic

| baetéria; however, large numbersz of lipolytic bscieris were not always

neeémpaaied by rancidity. A flevor denoting proteolysis was detected

in only one lot even though proteclytic bacteris were found freguently
in the unsalted butter after holding at 0° C.
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Lipolytic dacterias occurred more commonly and counts of over 1,000,000
per ml. more frequently in unsalted butter held at 15° or 5° C. than

in the corresponding lots held at either 21° or Oo C. Proteolytic bac-
teria occurred more commonly and counts of over 1,000,000 per ml. were
reached more frequently at 6° C. then at sny of the other temperatures
studied.

There appeareld to be a genersl agreement between the time of appear-
ance of flavor defects and the time at which the highest level of total
bacterial counts had been reeched in the unsalted butter at each of the
temperatures excepnt 21° c.

Flavor deterioration in unsalted butter withirn either 7 or 10 days at
21° C. indicated flavor deterioraticn within 56 days at ef ther 5°or

Oo C. but a failure to show flavor detericration at 21° C. 414 not in-
sure good keeping quality at the lower tempsratures.

The flavor deterioration at 15° ¢. compared more clesely with flavor
deterioration et lower temperatures than did the results at 21° C. but
the holding test at 15° C. required a longer time before flavor deter-
ioration bhecame mpparsnt.

Feither lipolytic nor proteclytic bdacteria werec detected in the salted
butter aftsr holding at any of the tampsraitres.

Flavor detericretion other than tallowiness was not detected in sslted

butter after holding at any of the temperatures.
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SECTIOR B
Butter Made Without Butter Culture

1. The numbaers of total bacteris generally inoressed in unsalted bdutter
held at temperatures of 21° to 26°, 5° or 0° C., The rates of increase
vo;a-greatqr with the higher temperaturesz. Counts of similar magnit-
ude mere obtained after about 4 days at 21° to 26° C., 8 days at 5°
C., and 2€ days at o’ ¢.

2. Thg aumbers of total bacteris increased slightly in salted butter held
at 21° to 26° C. while at 5° ar 0° C. marked decrsases in the numbers

- occurred.
3. The numbers of total bacteria, as indicated by the G. M. of counts be-
_ffors end after holding at sach temperature, inereased in the unsslted
Sutter from ons hundred to two hundredfold while the numbers in sali-
ed butter at 5° to O° . decreased $0 one-sixth of the initial numbers,
and st 21° to 26° C. increased about fourfold.

4. Lipolytic bucteria wers usually not detected in f{resh unsalted Satter.
Proteclytic bacteria wers found in about half of the lots of fresh
uaselted butter and in those lots whiech yielded proteclytic bactarias,
the numbsrs ranged from éoo to 25,000 per ml.

§. Lipolytic bacteria were not frequently detected in unsalted butter held
at 21° to 260 C. Proteolytiec bacteria increased rather extensively and
although the lot containing the largest number of proteolytic becteria

devesloped a cheesy flavor, there was usually no correlation between the
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numbers of proteclytic bacteria and flavor deterioretion.

8., Large numbers of lipolytic and proteolytic bacteria wers commonly
asmociated with the developusnt of flavor defects in unsalted butisr
held at sither 6 or 0° C.

7. The time mt which the largest number of defective lots of unsalsed dut-
‘ter ware noted at sach temperature agreed, in genersl, mith ths time
at which the average bactesrial countents reached the highest lewvel. This
relationship was only s general ons, however, as indioated by the fact
that no close correlation could be noted betwesn the numders of total
bacteris in individual lots and the developmsnt of flavor defecta.

8. Flavor deterioration in unsslted dutter within 7 or 10 days at 210 to
26° C. frequently indiosted flavor deterioration in the correspomding
butter held st lower temperaturez, dut a fallure to show flavor deter-
foration at 21° to 2¢° C. 214 not insare good keeping quality ia the
butter at lower temperatures. ,

9. Neither lipolytic nor proteclytic bacteria wers noted in salted bdutter
held at sny of the temperstures.

10. Flavor deterioration other than tallowiness was not detected in salted

butter held et any of the temperatures.
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GENERAL CONCLUSIONS

A "holding test™, consisting of holding smal) portions of unsalted dut-
ter for 7 to 10 days at 21° C., gives useful information on the kesping
quelity of unsalted butter at lower temperatures.

The salted butter included in this investigation 4id not show flavor

deterioration, excspt for tallowiness st the higher temperaturss of hold-

ing, thersfore no information was cbtained on the value of a"holding test™

for the prediction of keeping quality of salted butster.

The increases in numbers of total bacteria and the flavor dsterioration
in unsalted, non-culture butter were mueh more extensive than in the un-
salted, culture butter held under similar tempsrature conditions.

The growth of bacteria in unsalted butter at 21° C. was spparently not
as mach of a factor in flavor deterioration ss the growsh of similer
numbers of bascteria in unsalted butter at lower tempsratures. The more
extensive develomment of lipolytic and proteolytiec bacteria at the low-
or temperatures than at 21° C. was indicated as the reason for this eon-
dition.

The baeterial eoloniss which showed lipolytiec activity on plates mmde
from defective butter,in many cases, also showad proteolytic activity.
The flavor defects in unsalted butter suggested that fat splitting and
casein digestion often occurred in the same sample.

The development of rancidity in unsalted butter at either 5° or 0° ¢.
was frsquently eccompanied by large numbers of lipolytic baectseria and

cheesy flavors were often accompanied dy large numbers of proteolytie
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bacteria under the same holding comditions.
7. Salt in butter at the rate of 2.5 per cent sffectively prevented the

growth of lipolytie sad proteolytic bacteria under the holdinmg econditions.

¢f this investigation.
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