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INTRODUCTION

The eddition of selected cultures of bacterie to oreem intended
for buttermaking was introduced etout the same time as the pasteurisation
of the creem, Before this the cream was camxnonly inoculated with sour
milk or orvam, or with buttermilk fyom a lot of fine hutter, in an attempt
to obtain the desired flavor in the butlter,

Tho studles on selocted sultures of tacteria for use in tuttermaling
socn indicated that, in mmny cases, ardinary creom souri:w; did not give
the desired flavor and arome production. Same investigators rocamnended
the use of pure oultures while others immediatoly rocognized the
necessity for a mixed culture, if tho desired results wors to be obtained.

The mixtures of orgenisms necessary in o desirable culturs are now
woll known. Attenpbs havo been made to relate certnin of the campounds
formod in such a bLutter oulture to the desirable flavor of the culture.

A hiph volatile ocid contont in e butter culture has been considored
of importance for some time. Noro recently the acotylmethylcartinol
end diacetyl contents have Leon given & ;roat deal of consideration,

It has boon shown that high voletile acid and high scetylmsthylearbinol
and discetyl contents are assoointed with a desirable flavor and

arams in o oulture, This information is of value from the stendpoint

of tho praeparation of desirable cultures,
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Various modifications of the milk used in making butter culture
have rosulted in inoreasod voletile acidity, acetylmethylearbinel and
diacetyl production by the butter culture orpgenisms, Certain prowing
ooaditions and spocial straine of orgeniams havs Leen found nore
offoctive then otherse However, the question as to whether or not the
desireble cheracteristics of e buttor culture sre transferred to butter
by the simple addition of the culiuxe to oream, or whethor certain
mothods are necessory to bring the desired rosults hes received
relativoly 1ittls ettention,.



an

STATEMENT OF THE PROBLEX

The work herein reportod vas urdertaken for the purpose of
obtaining additional information on ths influence of certain
characteriatics of butter cultures axl the mmnner in whioh the
cultures are used on the flavor and koeeplny quelity of the result-
ing butter. It is divided in four pertsc as follows:

Part 1. The influence of warious methods of using butier
culture mn the flavor and keseping quality of butter.

Part 2. The influence of the type of buitter culture on the
flavor and beeping quelity of tutter.

“art 3, The influence of the addition of acetylmethylearbinol
or diacetyl to butter on its flevor and keeping quality.

Part 4, Tho mexufacture of high scoring buttors
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HISTORICAL
Eerly Methods of Cream Ripening

Yhan attempts were first made to influence the ripening of cresm
intended for butter making, they consisted of adding, to the cream,
butternilk from a chusning of good tutter, or clean flavored sour
milk or oream. Conn (6), as early as 1889, quostioned whether or nok
erean ripening was merely a matter of scuringe In 1896, he (8)
polntad out that it was possible to have souring without thw desired
arame production,

Storch (45) isolated pure culturss of becterie from cremm, bubter
and buttermilk in an effort to find orpanisms that would rive the
desired high erome to butter. In Germany, Yeigmann (49) fou:d that
the uss of organisms civing the desirvd aroas to butter resulfed in
poor keeping quality, while the use of organiams piving little aroma
resulted in rood keeping quality, Henoe heo sugpested a nmixsd culturo

in order to pet a high aromsn and also rood keepiny quality.

The Influsnoe of the Various Methods of Using Butter

Culturs on the Flevor and Keeping Quality of Butter

Caongidersble work has bean done on tho influanoe of thas mothod

of using butier culture an the flavor and keeping quality of butter,
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&5 enrly as 1889, Comn (4) recommended thet milk intended for bubter
making be kept cool before ssparation and thet the cream be held wam
80 as to get e desirable fermentation., Samswhat later, ha (7) recommonded
thoe use of a pure culture which he hsd designated B4l, The orgeniem
vwos isclated fran a semple of 50ecalled "preserved milk" from Uruguay
which had besn sent to the Columbisn exposition in 1893, This milk hed
developed & very bitter taste. Conn stated that the use of this culture
improved the flavor of Connectlout tutter 20 per cemt, according to
estimates by expertse Comn (8) also recommended the inoculatian of
orogm with o large smount of & deairable bactoriel culture to prevent
the growth of undesireble organiams, Veigmann (5), in sme carly work,
gtated that adding pure cultures to cremm could be used as s means of

-

preventing the develomment of a fishy flavor in butter,

Farrington end Russell (15) reported that butter made using‘
Com's culturc B4l, did not score as high when {resh or after storage
a8 butter from normsl (separatsd at the plent) or gathered orsam held
for 1 day at 70° ¥, or longer at 60° F, In four trials, Dean (9)
found that ripened cream butter was supsrior to sweot creem butter
aftor § or 4 wesks, Scmowhat later, he {10) reported that the addition
of oculture o cream was morv satisfactory than the practics of ripening
tie oream, He found that the addition of 20 to 20 per cent oculturs to
oream pave butter which wam superior to sweet cremm butter. He glso

stated that ths addition of 28 much a8 27,5 per cent culture gave butter



.
of better keeping quality than the practice of ripening the crsem,.

hocording to Patrick, Leighton and Heileman (32), oream ripensd
for 17 to 21 hours at 60° F, was inferior to sweet cresm butber in
keaping quslity when etored at 50° F, They also stated that during
this storage period tho sweet creem buttsr, in a measure, gained the
flavor characteristics of the ripened oreem product.

Eckles (14) made a study of one of the sarly outbreaks of putrid
butter, He stated that it was primarily due to insanitary conditlions
on the farm. It was overooms by the introduction of more sanitary
methods of handling the milk on the farm and the use of butter culture
in thes butter plant,

Shutt and Cherrom (41) decided sweet oresm butter was deoidedly
supericr to ripered cream butter. Sayor, Rehn and Farrand (3%9), in
a study of butter made in a number of Michigan plents, reported that
the use of tutter culture always gave improvement in score when the
butter was scorod freshe

Rogers (37) found thet butter from pasteurized cream with enough
culturs added to give & oream acidity of 0,219 per cent did not tecoms
fishy during a 9 manth storage poriod at 10° F, while butter fron creem
ripened to 0,623 per cent acid boocmms fishy whon held under timsse
conditions, He stated that although this work indicated a direct
relationship betwsen the acidity of the cream at the tims of chuming
and the development of fishiness, hiph acid oream did not always
rogult in this defect, Hence he oconcluded that other factors, such

as overworking the butter, may be important in the development of
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fishiness. He also noted that butber fram oream received fram certain
farms had a tendency to develop this defect,

Rogers and Gray {38) sampared butter made from sweet cream, from
sweet oroam to vhich sulture wus cdded, from oream ripencd to & medium
degree of aocidity and from oream ripened to a high degrce of acidity;
two series of churnings were made, In the Mirst sories the butbter
from the sweet oream seored highest, tho butter from theo sweet cream
with culturec added second, the buttor from the medium ripened oreanm
third, and tho butter from the highly ripomed cream fowrth when
examined after 20 days at 32° F, The sam relationship oxisted be-
twoon the soores aftter 6 momths ot 0° F, The ripened oream butter
was distinsily inforiar, both when fresh and aftter storage. In the
socond sories the bubtor fram sweet oream to which oculture had beon
added vas highest in score, the buttor from sweet cream was second,
the tutter from the oream ripened to a medium degree of asidily was
third and the butter fran the highly riponed crecm was fourth when
examined after 20 doys at 32° Fe The some rolationship existed eftor
6 manths at O° . except the sweet oream butter ranked highor than
{tho butter from sweet oream to which culturc had heen added,

Ropers, Thompsen and Xeithloy (39) found that, when scored fresh
butter mde fron oream pasteurized and then riponod was bettor than
buttor mnde from swest pasteurized oreams Thoy also stated that the
ripened erecm butter did not loep as well as the butter ifrom Sweot

oream when stored at o terperaturo of 20° F,
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Acoording to Dyér {13) the productian of an off flavor in cold
storage butter was attributable to a slow oxidation of the non-fatty
substances occouming in buttormilk, and the extent of this change was
diroctly proportional to the quontity of acid present in the creem
fran which the butter was mode., Guthrie (19) concluded that a high
goidity in erecam was the cause of motallic flavored butbter. Hmsiber
and Hosmen (23) found thet the developmont of some acid in the erean
slowed down the developmsnt of tallowiness in btutter. According %o
Supples (46}, fishiness s & result of the change of leoithin to
trimethylemine and he considered that acid fosters this chenge.
Ibsen (24) found that to oomdbat cheesy flavor in Danish butter during
August and September the crmaxm should be ripened to a high degree of
aoidity. Fryerhofer (17) statod thot the development of a high acidity
in cream was responsible for fishy, oily, snd metallic flavors in butter.

Mortensen (30) made & comparisom of butter from sweet oresm and
butter from ripensd oreame Two ripvening procedurss were usod. In the
one case the cream was ¢oolal to 40° ¥, after pasteurisation, then wormed
to 60° ¥, and 10 to 20 per oent bubtter culture sdded, In the other
onase the pasiteurized crecn was coolod to 60° to 700 F, and 10 to 20
per cent culture added. He reported that, when soored fresh, the Lutter
from the ripenod cream was higher in score, after 2 months tho scores
waro nbout equal, vhile after 9 months the butter from sweet cream was
superior,

Acocording to Johnetone, {25) oither the oxidation of lseithin in
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the orsem or its prevention in butter will overcom the development
of a fishy flavor,

Grimes (18} in e study of butter detericration, attrikuied the
poor keoeping quality of butter to the quality of c¢remm rather them to
the acld or orgenisms added through the use of buttor culture.
Acoording to Scmmer and Smit {42), fishiness was caused by high
acidity, high selt, overworking the Lubter end the presence of copper
end iron aslts. They stated that tho acid helped hydrolyze lecithin
and also dissolved copper md iron whisch in tum catalized the oxidetion
of lecithin, Spitser, Parfitt, Manhart and Epple (44) reported that
butter with a pi of five to six wos most desirsble frum the standpoint
of keopins guelily,

Reed (85) compared butter from sweb cream, bLutter fran crwam ripened
to 030 to 0.456 per cant and, bLubbter from cream Lo wWaich 0,5 per cent
culturo had besen added and bubtter made by the adiitian of the culturs
directly to the butter. He reported that all tho butter made with
oculture was superior to the ubtter from swect creanm sshen soored
fresh d also after 1 tc 3 monthe at -X0% to 10° ¥, He also otated
that after a 3 mornth storoge poriod at -10% to 10° ¥, some of the
butter made with culture wns as much as two points higher in saore than
the sweet creom butters

Lucas, Bell, Vincent aad Trout (27) cazparod butter made wita

the following methodss
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1. Butter churned from aweet croam.
2. DButter made by the dirsct sadditiom of culture +to the butter at the
rate of 3 per ocent of the weight of the salt added,
Ss DBubtter churned fran oream to which 3 per osnt cultuye was added
Just before churning.
4, Butter chumeld from cream ripened to 0,30 to 0435 per cent acid.
S5¢ Butter cimrned from cream ripened to 0.45 to 0.42 psr ocemt acid,

When scored, the Wtter ranked as follows:

Rankiny when Ranking after Rankineg after
Trectment scored fresh 30 days at 00 Fe 3 months at O° T,
1 5th 4th 3rd
2 3rd 2nd 2nd
3 2nd 1st lst
4 let Srd 4th
5 4th 5¢h 5th

Derby snd Hammer (11) reported that the use of butter culture in
craam holped prevent the developmnt of surfacs teint in butter.
During & study of the use o« butter culture Sparks (43) made
but ter with the following methodss
1. Butter churned from sweat oraanm,
2» Butber churmed Irom oream to which 8 per cont butter culture was
sdded at 70° Fe ripmsd to 0,27 to 0.28 por cent poid, ocoled to

40° F, and held overnipghte
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The averege ssores on the bubter were as lollows:

Avorage score

Number of Avorage score after 6 months

Treatment shurnings of fresh butter at 0° to 10° ¥,
1 13 9243 91.9
2 25 93.3 92,3

Sixtesn churnings were made with cash of the following treatments:

1, Butter churned from swect oreanm.

2+ Butter churned from sream to which 3 por cent culturs was added at
the tims of shwrninge

3+ Butter churned from oream Lo which 8 por cent culbure was added at
40° F, and hold overnight.

4, Buttor from cream to vhich § por cent sulture was added at 70° F,
riponed to C.27 to 0.28 por cont acid, cooled to 40° F, and held
overnipght,

The following summary gives the averags soores on the bubter:

Avorage soore of Avorage scoro aitor
Treatment frosh butter 1 month at 45° F,
1 92.41 92,53
2 92.73 92.565
3 93424 93.18
4 93629 92,99

hesording to Bouskn (4), mach of the difficulty with choesy and



«l5e
surfece taint butter in Censda is due to the practice of not using

butter cul ture.

The Influence of the Type of Tutter Culture on the Flavor

and Kseping Quality of Butter

Efforts have been mads to improve butter oculturee by various
modifications of the milk used in making the culturss but not many of
these cultures nave sctually besen employed in the manufacture of butter,
Acoarding to Hummor (20), tho additian of Q.1 to 0,2 per oent of
elther citrle or lactic acdd to milk for butter sulture resulted in
an improvement. Bsker and Hmmmer (2) sdded lactoss, milk ash, and
butterfat to milk for butter culbtures without any noteble improvement
in the quelity., Orla~Jensen, Orls-Jensen and Spur {31) stated that
the arcma tacterie are sble to ferment oitric acid with the productim
of carbon dioxids. They reported that the organisms lose this
characteristic after being growm for a tims in pure culture. Therefore,
thoy conaldored the addition of coitric acid to milk for butter culture
ge of minor importance sinoe it did not produce consistent results,
Temploton and Sommer (47) found that the addition of oitrle asid to milk
for butter culturs increassd the wvolatile acid production approximately
50 par oent and the total acidity not over 10 per ocent,

Kicheelien and Hmmor (28) showed that laotio moid was not essentisl
far volatile aocid praduction by the oitris aocid fermemting organisms

Streptocooous citrovorug and Streptoooomus paracitrovorus since s high
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production was brought about by acidifying milk ocultures with othey
acids. ‘lorking along this same gemeral line Raffay (34), reported that
the addition of 0.1 to 0.4 per cent oltric acid to milk containing
tutter culture organisms gave lerge increeses in arame produstion.
Templeton and Scomer (48) stated that the addition of citric acid to
milk for butter culture gaeve butter aof & noticeably higher scors.
¥iohaslian and Hemmer (29) found that the addition of eitric acid to
milk for tutter culture resulted in & largs production of acetylwethyle

oarbinel end diascetyl.

The Influenes of the Addition of Certain Chemicals to

Cream and Butter on the Flaver and Xeeping Quality of Butter

As sarly as 1894, de Schweinits (12) supgested that the dosirable
flavor and aroma of butter are dw to chemicals producel by bacteris.
Congsequently he recommended that these chemicals b® produced and sdded
to the butter rather than adding & mixture of banoteria, Tho addition
of citrio aoid to cream, according to Ritter and Strussi (S6), may
rosult in the production of excossive flavor and poor keeping quality
in the butter, honoe such a practios was not reoanzended, Baraicort (3)
added 4 parts per million of disoetyl directly to butter chumed from crean
with or vithout culturs edded., ILs reported that, when large quentitiss of
dlacetyl wers prsssnt, the losses durin; storsge of the butter wore
great, dboth in butter from cremm with and without oculture added, In

the case of butter from oream to which cultwre was added, the dimcetyl



was not lost but merely reduced to lts precursor, acetylmethylearbinel.
Templeton and Samaer (48) found that the addition of 0,2 per cent
oitric acid, or its equivalont as sodium citrate, to crean along with

butter culture wes sufficient to increass the score of the resulting

butter.



EQUIPIENT, BATERIALS AND IITHOIS

Bquipment Used in the Yanufasture of the Butter

4 number of oream vats worc omployed in the hendling of the
creane The Chorry-Burrell Corpany vats were as follows: a 300 gallon
horizontel twin <cil wvat, a 100 gallon horizantal coil wvat, and two
70 gallon horizontal soil -mts, The following Croamery Paclnge Compasy
vats were also used: a 300 gallon horizontal zoil wat, a 200 gallon
norinontal ooil wmt, and a 50 gal len horizontal coil vot,.

Two vertioal, solid agitator, jaoket type butter oculturc wvuts
were used; the one was o Creamery Faclamge conpuy lass linod vat and
the other a Chorry=-bBurrell Company strinless steol vat. In 3010
instances the culiure was made in 1C pgallon nilk cans held in o tank
of mmtere.

The butter wns mde in churns varying in zepacity from GC to GOG
pounds of butter, The Cherry=furrcll Company shurmsused worc as
follows: o 600 pound sapasity zhurn lios 283 two GO pound capasity
i‘odel 2 B ohurns; and one 40 pownd oepasity Jodel 1 5 shurne A Croumery

nclmge Sorpany Vietor shurn of 800 pounds cepacity was alse employede
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Hatorials Used

All of the cream was gathered cream delivered to two stations
and to the utler department opsrated by the lows State Coliege, The
milk for butter culture was delivered to the milk departwent apsrated

by the Iowe State College from eight farms in the vioinity.
Proparation of the Putter Culture

7he milk used for buttsr culture was recsived at about B8:00 A.M,
and wes hold in the oooler until noon. In some oases an effort was
made to seleot milic for buttsr culture on the basis of its flevor and
sonetimes the mothylens blue test wes made a baslas for the selection,
In a few ingtances mixed milk fram all the patrons wes used. The
milk was pastouriszed at 190° ¥, for 1 haur; direct steam was uesd in
tho Creamery Packape Company vat and hot water in the Chsrryw-Burrell
Campany vate. The pasteurized milk was cooled to 71° Ts and inooulsted
with about 2 per cont mother culture. The mcther culture was addel to
the milk slowly, with tho agitators in motion, and the milk was then
stirred vipgorously with a aterile stirring rod, The tamparature of
tho butter oulture room wes thermostatiocally controlled at 71° F. during
the cool months while in the warm mouths no mesna were availabie for
controlling the tempsrature of the room,

The tubtter culture was ususlly ready to be cooled in about 16
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homrs. It was cooled as low as possible in the wats, usuelly to 58° Fe 3
end then placed in cans in a ¢ooler and stirred from time to time until

tho temperature rsached about 40° F,

Hothod of lanufacture of the Butter

The oream used for the manufacsture of the butter vams usually
pastoeurized at 145° ¥, for 30 minutes. In ell oases tho steam Jot
system of forced circulation was employed. The croam was usually cooled
directly to the holding tomperature of 38° ¥, vater at o temperature
of about 52° F, was used to sool the oream to 60° Fe In the lerge wvats
the cream was then cooled to 38° F,, using brine at abmut 20° Fe, while
in the smell vats ico water vas circulsted by the self sirculating
methods Tho genoral practice of holding tho oream aboxt 16 howrs
(ovornight) at o low tomperature before chwrning was followede lilien
ncld in the large vats the temperature of the orecam inercased about
4% =, during tho nighte The small vats wore found umsatisfactory for
holding the orecam se vhen the oreanm was treated in the small wvats it
was cooled and drasm into oarefully sterilized 10 gamllon eans wihich
were placed in a ocoler. The room used for this purposo had a tempera-
ture of aboub 380 7,

Beforo using the ohurns they were filled ono~third {full of cold
wator and rotated sbout 10 minutes. During this timpe the oreanm was
adjusted to a temporature that would give a churning time of about

50 to 50 minutos. To adjust the ochurning temperature the soils were



.
filled with vater and the steam valve merely cracked so the adjustment
took plance slowly. In the case of tho large churnings a contrifugal
creem pump vas used to transfer the oream from the wats to tho churns,
while with the emall churnings ocans were employed for transferringe

A high grade vogetable color was used in varying amounts during
the scason whon color addition was neoessary. This was added dirootly
to the oream in the churn.

The crean wes churned to granules about the size of a pea and the
buttermilk drawne. The granules wore then rinsed with water 4° ¥, colder
than the buttormilk during the warm months and 29 F, solder during the
cold monthse After the water ran slear from the bubtternill: went, wash
wator cqual in volume to tho buttermill was edded end the shurn revolved
four times in high gear. Then the buttor was drained nearly dry through
the buttormilk vont, worked a fow rovoluticis and o first moisture test
radoe hile muking the first nmoisture test all the lossc moisturs vms
drained through a loocsely fastoncd door. On the basis of the moistursc
tost, wator and solt were added to giwe about 1.5 per cont salt and
16 por cent moisture in the finished bulior., The salt was added in 2o
tronch and enough of the required vater vas added to tho trench to
moisten the salt, The tronch was then carefully olosed and the remainder
of tho woter nddeds The butter was worked until droplets of the free
moisture were visible only on the churn door and no roisture could be
sgueezed out of the butior with paddlos.

After using a shurn it wms cleaned as follows: a luke varm water
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was added and the churn revolved a few times and drained. Then the
churn was Tilled one-third full of water at 150° to 160° F,, to which
was added one~half pound of lime, and rovolved for one«half hour. The
water was then drained end the churn filled oneehalf full of water a%
190° to 195° ¥, and revolved again for ons-half hour. The churn was
then drained and sllowed to drye Feriodically the ochurns were treated
with & hypochlorite solution.

Scoring the Butter

The semples of butber for the fresh scoring and the scoring
afber a few weoks at 289 F, were put in carthemware jars of atout 2
pounds capacitys The samples for cold storage were put in 10 oxr 20
pound butter tubs and stored at about 00 F, Ths cold storape samples
worotempered 1 to 2 days at 38° F. bafore they wers soored.

The butter wes scored by O« A, Storvick of ths Gude Brothors
Kieffer Company, He D« Reynolds of the Fitoh Cornsll Coapany, Re Oe
Storvick of the Iowa State Brand Creameries, Ino., Foy Soolas of the
State Departmsnt of Agriculture, As e Rudnick and Bubert Meir of
the Iowa Stete College Extension Servics, and i, lMortemsen and B, W,

Hemmer of the Iown Stabe College Dalry Industry Depexrtment.
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Statisticel Treatment

The scores on the butter were treated statistieally with the method
described by Brandt (5). This is & procedure devised to test the
significance of the results in a unigue sample when differonces ore
rooorded as plus, minus or zero or quantative dabe are lackinge In
the rosulis obteined quantetive data ere available but since, in rany
cases, tlero vas considerable variation in the scores given by the
difforent judges, it was considered best to give the results the oon-
servative treatment to bo desoribed. The accompanying alignment chart
is basod on the binominal (P = Q) and the femiliar tost for the signi-
ficanco of & nean difference, the ratio of the mean differomcs to its
stendard deviation,

In using the approximie method, the differences are taken so
the plus onos shall be in excess. The wariables have been dosignated
as follows:

Py = observed proportion af plus differences.

P « oxpeoted proportion of plus differonces,

Q »1=P,

H » numbor of differences dbgerved,

Ky = number of differences for hiphly significant (1 por cent )
points.

Ng = number of differences for sipnificant {5 por cent) points.

f-rTm‘"{



Py, 7,
Of these omly P, must be calculated. The formule ic

Py = number of plus differences plus half the number of zoros
total number of differences

If the two treatmente are cxpected to have the sams result,
P = § = ¢S5« Under those conditiams
VE :m
= S NN
The difforence botwsen the observed number of successes and the
expested number is
Py » W (o5) =0 (Py = o5)e
The ratio of the difference to its standard deviation is
N (P, ~ «5)
o5\
vhich reducos to
‘(zT(Po = o5) = o451

In Table I of Fishor (16) tho value of X for the highly significant

» X

(1 per oent) point is 24576, and for the sipgnificant (5 por cent) point
it is 14960 Thesc valucs gsubstituted in the nbove equation give far the
1 per cent point
iy (Py = o5) = 1,288
or taking loparithins of both sides,

5 Log '.“!1 - ID{; (PO - o5) 0.1099 (1)

"

and far tho 5 per cont point

Vg (P, = +6) = 04380

o5 Log N5 = Log (Py = «8) = -0.0088, (2)
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The accanpenying chart is then based m equation (1) and (2)
logeritims of (PO - «5) for velues of P, fram 055 = 1,00 are plotted
on the first 1line but the values of P, instead of (P, - +5)are shown.
The logarithms of the squars roots of Nj and N5 are plotted on the
second and third lines respectively, recording the values of N, and
Ng instead of thelr square rootse If a straight odge is placsd on any
value of P, at a right angle to the three parallol lines the corrsspande

ing value of N, and N5 can be read et the interseotim with the second

1
and third lines,
If K is ogual to N3 there is but one chance in & hundred thet as
greet a proportion of sucoess as that cbserved could be obtained on the
basgis of chance alone; the difference then would be highly significant.
if I is equal to Ny there are not more thsn five chances in a hundred

that as great a proportion of successes as that ohserved could have

beon secured on tho basles of chanoe alone, or the differsnce is

gignificant,

Hothods of Amalysis

Acldity Determination. The acidities were determined by titrating

10 gm. somples with n/10 sodium hydroxide, using phenophthalein as the

indioator,

Acstyimothyloarbinel plus Discetyl Determinaticns Tho reagents used for

the asetylmothylearbinol plus diacetyl determination wore as follows:
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Perric chloride solutions 40 gme to 100 mle with distilied wmter.
Hydroxylamine hydrochloride solutiony 2C gme to 100 ml, with distilled
vator. Nickel chloride solution; 10 gme to 100 ml. with distilled wmter.
After adding 49 mle of ferric chloride solution to oxidize the
ccotylmethyloerbinol to discetyl, a 200 gme portion of the material
was distilled with stean generated from distilled wabers. The distillate
vas sollected 1n a mixtuwre of hydroxylamine hydroshloride and sodium
acetato solutions by means of an adaptor comectod to the end of the
sondensers, Then the niskel ohloride solution was added, The mixture
of hydroxylamine hydroshloride (20 por cent solution) and sodium
acetate {20 per ocent solution) consisted of 1 part hydroxylamine
hydrochloride to 2 parts sodiwm asetate, The quantity of this reagent
uged was varied with the wmmount of diacetyl expected. The distillate,
with the reagent added, vms allowed te stand at leoast ¢ days Lo permit
ocorplote erystallization of the nickel dimethylglyoximate. This
nickel salt vas thon filtored into a weighed crucible and vashed with
distilled wvater. After drying to constant woigh in an oven held at
221° to 230° F, (105° to 110° C,) and the results wore resorded as tho
rilligrams of nislkel salt equivalont to asotylmethylsurbinol nlus

diacetyl por 200 gm. of mterianl.



EXPERIMUHTAL

The Influence of the Method of Using Bubtter Culture on the

Flavor and Keeping Quality of Butter

The date oblained in the studies on the influence of ths methods
of using butter culture on the flavor and keeping quality of butter are
presented in tables 1 to 5§ inclusivo,
Table 1 pives the results of 28 trials in whish the addition of
butter culture to the croam 16 howrs before churning wac sompared to
the addition at the time of cshurning. The oroom used was gathored
creoan varying in asidity from 0.14 to 0.27 por gent; harever, in all
but three trinls the asidities wero below 0.20 per cenb.
Tho oream was pesteurized and cooled 4o 38° F, in tho larpge wats.
Two 150 pound lots were removed and plased in serefully sterilized cans,
Bight per ceat of butbter sulture vms added to one lot immediatbely.
Both 1ots wore held in a scoler (37° to 41° Fo) until the following
morning. Eight per cent of the same butter sulturo, widsh had besn held
cold overnight, was then added to the other lot and both lots were churncd.
The asidities of tho oream at ohurninpg varied from 0421 to 0,34
por ocent, and the aciditios of the oream serum from 0,29 to 0,56 per cent.
However, most of tho oream acidities were Delow 0,26 por cent and most

of the serum aoidities were below 0436 per cent. In 8ight of the {rials



Influense of the lothod of Using Butter Culture on the Flavor and Keeping Quality of Sweet Cream Butter

Comparison of the additi
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of butter sulture 16 hours before churning and at the time of churning
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Table I, {Continued)
Influense of the lethod of Using Butter Culturo on the Flavor and Keeping fuality of Sweet Cream Bubter

Comparison of tho addition of buttor sulture 16 howrs before shurning and at the time of ochurning
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the acidities of the oream at churring were slightly hipgher when the
butter zultwre was added 16 hours before churning than when it vms
added at shurning, although in all cases the differences were within
the limits of error of the acidity test, 1In the other 20 trials the
acidities were tho same,

Aoetylmethylsarbinel plus diacetyl determimations wore rmade on
tho oream just before churning in eleven of the trials. In nine
instances the acetylmethyloarbinol plus diecetyl content was higher
when butter sulbure was added 16 hours before shurning, in e trial
it vams higher vhan the culture was added at chwuming, and in onc triasl
the walues wrore oquale.

The first scores on tlhe bubter were obtained botwoen the third
and forty~Lifth day after mnufacture, although the butbter vas uswally
scored within 12 days; this butter was held at about 28° 7, Tho bLutter
was also scored after 168 to 210 days in cold storago ab about 0° 7,
The scores on the fresh butter ranged from 81 to 95 and on the cold
storage butter from 88 to 92, Thoe differonces in scores of the
buttor, as & result of the two treatments, were not great but wore
quite consistent. fThe relationships of the soores are shown in the

following summarye
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resh :  Storage
butter : butter

Number of high scores vhon culturc vwas

" es oo for ov

added 16 hours before churning 21 2 18

lumber of high scores when culture was :

added at chuning 3 3 : 5
s -

Number of tie scares 3 4 : 5

Total : 28 : 28

The addition of sultwe 16 howrs before zhurning gave a greater
number of high scores then its addition at churning when the butlor was
scored fresh and also when scored aftor sold storaze. thon treatod
stetistioally a vnluc of 14 was deternined for XNj in the case of the
fresh bhutter, Since W or 28 is groater than N3 or 14 the difference
in the number of hiph scores is highly significant. A4 wvelue of 19 wms
ms dotermined for Ny in $he case of the seld storage bubttor. OSince
W or 28 is nreater than liy or 19 this difference in the nwber of high
seores is significant,

Table 2 presents tho data obtainod when adding bubtter culture
various lengths of tims before shurning, as comparcd to the usc of no
sulture. The cream employed was 2ll sweet gathered cremm varying from
GelG Lo Cul8 por vont in acidity.

The sream was pasteurized and coolod to 38° F. in the large wabs.
Then {rom three to fouwr lots of 150 pounds each were romoved snd placed

in carefully sterilized ocans. The following treatments wero used with

the oroam:



Influsense of the ilethod of

Comparison of addition
conbent

Table 11

Using Butter Culture on the Flavor and Keoping Cuolity of Sweet Cream Butter

of bubter sulture at various lengths of time beforc churning on the AT
of the crean and flavor end kseping quality of the butter

: : : 3 tiipelil salt ¢ s
tO0riginal: Tire of sJolding :icidity at churningie to A0 - ¢ Fresh bubtter 33 Starage butter
Trialigosdity ¢ odding s Lomperaws in ¢ :4Cy per 200:_held at 28° ¥, :: held at 0° 7,
!of sreamt butter tture of : ¥ Croam :pme Cream : Age in ¢ t: Age in
t_in % sulbure t_oroan s Cropm ¢ servm  sab ohurning: deyvg . ¢ Sgore :: devs : Scors
: t1ie hree bDotore: : : : t : e : )
: : churning & s 0,27 : 0.38 ¢ 00,0008 : 93F s s 91%
: : 88 hrs, before: s t : : : s :
1 1 0.16 : _ churning : 3%% 020 36 0036 1 G de : 93 33 177 da: 92
: : 40 hrs, before: s t : : t v t: s
t : churning ¢ : 024 3 34 ¢ <0053 t 95F 11 : 91‘.%:___
: : 1& hrs, baforo: : : : 2 : e H
s t shurning ¢ s 24 3 234 +0038 : 93 K s 92
: +112 hrs. before: : : 2 $ : $: s .
H : shurning : : «2G 1t 037 : 0019 : 93 HE] xm‘g}.;___.
: : 88 hrs. before: 5 ' : $ : _ 2 ¢
2+ ,15 shurning : 39 1 W36 s 37 3 L0031 ¢+ 3 : 93 :: 178 3 9L
H s 40 Ixrs, beforo: s : : H : 3t :
' : shurning ¢ : 25 36 3 +0014 @ : 93 e 92
H : 16 hrs. nefores : : : : 2 3 : .
: : shurning ¢ t  e25 1 $36 ¢ #0033 ¢ : 93- a3 1 90%
s : 58 nrse beforos : : : : : s s
3 : shurning ¢ 3 24 1t 3% g 0021 ¢ 93 s t 93
g : 64 hrs, before: : : : : H L :
3 .18 churning ¢ 379 ¢ .24 o34 ¢ L0020 ¢+ S : 93 1t 17T+ 93
s : 40 hrs. bofore: : : : : : ts :
: : shurning ¢ : 23 L .c018 ¢ : 93 e : 63
? t : 5 : : : H i1 ]
: : st chwning : 23 35 «COL3 & ;98 33 : 93
: t 6 hras. boforo: : 1 : Tt : T e :
: i churming : 425 1 o34 3 L0029 s 935 :
: :T % nrc, before: : : : K : R :
4 17 = shurning @ 389 1 .25 34t «CO56 : & : 93 :
3 H H H H 3 : : 22 :
: : At shurning ¢ H ooh 1 33 3 «0021 : 93 s s
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1, Posteurized croam wes held overnight at 36° to 33° F, and churned
without adding butter oulture.

2¢ Pasteurized cream was held overnight at 36° to 59° F, s 8 per cent
culture was then added, and some lots were churned immediately, scame
after 3 howrs, and sme after 6§ hours,

3« Pasteurized cream to which & per cont culture wes added immediately
aftor cooling was held at 36° to 39° . and churned after 16, 40,
G4, 38 or 112 hourse

The acidities of the oream al churning varied from 0417 por =ent
(without eulture added) to 0.27 per sent (with sultur. added). The
sorum acidity of the oream wvariod from 0.24 por cent (without culture
added) to C.38 por cent (with zulture addedje The increass in
acidity, vven with the relatively long holding periods alter the culiure
vas odded, were very slight and wsunlly within the 1limits of error of
tho asidity test.

Asotylmethylsarbincl plus diacetyl determinations wers made on
cach lot of oream just bofore churning. lione of the sumples without
butter culture contaimyd cny ceetylmethyloarbinol wnlus diacotyl.
Irzepdiately affter mixing the crowa and butter sulture, acetylmethylcarbinol
pius diasetyl was regularly presente After & 3 hour holding pericd the
acetylmothylourbinol plus discotyl csontent wvms inoreased in two itriels
and deereased in two, and after § hours thore was an inoroase in iihnco
{rials and a deerease in one tricl. In all four brisis wiore croam

conteining butter culture was hold 16 hours before churning, the



w3
acotylmethylearbinol plus diacetyl cotent was hisher than when
held for shorter poricdse Héldin[; periods of longer thian 16 hours
were comperod in throe of tho trialse. in one trial the acetylmethyl-
carbinol plus diasotyl sontent of the creas was higher after a 40 hour
nolding peried than immediately aftor adding the cultare. In ome
trial the acetylmethylearbinel plus diascetyl was inorensed af'ter a
40 houwr holding period, as sommred to a 168 hour period, while in
enothor trial e deorease had takon place, & 64 hour holding period
rosulted in a higher acetylmethyloarbinol plus diacetyl confiont than o
40 hour holding period in one trial. Cream held for 83 lhours showed a
s81igh®tly higher acetylmethylcarbinol plus content than cream held 64
hours in one trial and the same vams true in another trial wherc en 88
hour noriod was corpared to a 40 hour noriod, while in a third frial
g definite deorease toolr placs between 40 ond 88 hours. Holding
pericis ol 112 howrs were used in twe trials and in Loth coses a
doecrense in acetrlmothylsarbinol nlus diacetyl had taken plucs when
cecmmred to the content afbter an 88 hour holding poriod,.

The scores on the fresh butler wore obtained betweon the third
and ninth day. The butter was again soored after 159 to 177 days ab
about 0% Fo The scores on tiv fresh buttor ranged frow 92 t;a 954 and
on the sold storage butbor from 90} to 93. The butter made using
culture was hiruer in score than the bubtber made without zulture in

21l but one 4rial and in this case theo soores wore the smme.



The prastice of holding cream 3 to 6 hours after adding the butter
culture before schurning gave slightly more high ssores than when cream
vas shurned irmediately efter adding culture. A holding period of 16
hours after adding the culbure pave higher scoring butter in threoe out
of four trials than the use of shorter holding pericds asnd it wes also
higher in score than the butter churned immediately after adding culture
in four out of four trisls, In general this agrees with the results
in teble 1, wherc a holding period of 16 howrs after adding oculture
gave butter superior to that made from oream churned immediately after
adding oulture. Holding poeriods of over 16 howrs l1id not roszult in
increases in tho score of the buttere.

The seores on tho ¢old storapge butter were in goneral slightly
lowor than on the fresh butter. In oertain triels all the loks of
bt tar secmed to doteriorats rore than in others while in somc casos
tivre vms no change in sooro. There wms cvidontly no differcnco in
veping quelity as a result of the differont treatrpnts. The scorss
were not treatod statistically becauso of the fow trials made with
each of the various ireatmonts.

Tho results of 13 trials in whisch tho addition of bubtbter cultwre
4o tho oreem 16 hours before churning was compared to its addition at
tho time of shurning are given in table 3. In these trials only sour
gatisred orcam was used, The original aciditiss of the oream varied

from 0,43 to 0.65 por cente.



Table IIX

Inf'luence of the lethod of Using Bubtior Cultwe on the Flavor and Keeping Cuality of Sour Cream Bubter

Comparison of the asddition of butter

sulture 16 hows before churning and at the time of shurning

H : 3 : K t 34
t Original : Ting of : Holding ¢ Acidity at churning : Fresh bubtter :: Storage butter
Tricl: a-idity : adding ¢ tempera- in &% : held at 28° F. 13 held at 0° F.

: of oreem : butter : ture of t Creom t Age in : 1t Age in ¢
t+ ind culture : oream OF, : Cream : Sorum : days : Soore :3 days : Score
t ¢ 16 hrs.beforo : : : : H ss :

1 : 0.55 @ shurning 389 : 0,37 2 0.38 3 § de 92% :: 210 das 21
3 : .3 : H : H ] :
2 : At shurning @ : «27 2 38 : 92 L : 903
2 s 18 nrse.before : : s : : i ¢

2 60 ¢ churning ¢ 38° : W32 & W3 ¢t 8 t 91 :: 208 s 91
H H H - H : H HE H
: s At ehwening : 32 ¢ 24 s 02 31 s 90}
: : 16 hrSebefore ° : : 3 : X :

3 #80 ghurning 39 : $27 «37 8 2 91 i 205 s 91
H 2 H $ H b H e H
: 1 AL churning @ 3 28 3 «39 ¢ s 50 X t 90
: i 15 hrse.beforo : s s : $s 3

4 3 52 ¢ churning ¢ 400 s 20 : 29 : G : 905 :: 201 :  90%
: s A ¢ t : H : 3 :
2 : At shurning t 218 26 ¢ : 89% s :  89%
: t 16 hrs.before : H : : : 13 3

5 3 66 : shwrning ¢ 39° W26 36 8 :  91F sz 198 : 90
: b3 H ¢ $ : : 3 .
s 1 A churning ¢ ! 25 1 36 @ : 91 st : 89
: ¢ 15 hre.before : : : s ts 3

5 3 85 shurning ¢ 39° t 21 ¢ 29 ¢ 10 : 89% s+t 195  : 88
: H H H H H H i :
: t AL churning ¢ s 21 29 3 3 89 X : 89
: : 18 hrs.before : o 3 : T : T1 : ‘

7T o «55 3 shurning 3: 40 : 21 ¢ «29 : G : a1 s 192 H 90;;
: : AL shuraing : 21 29 @ i 00k 1 s 89
: 1 16 hrs.heforo @ : : 2 : j $: :

8 W53 3 shurning 39° W21 : W29 6 : 895 184+ g9}
: s t : s H : t: :
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The crecam w.as neutralized to as near 0,20 por cent acidity as
possible before msteurigatione One-half of the exsess acid was reduced
with ragnesium oxlde and the other one=half with sodium bicarbonsto.

The calculated emount of each neutralizer was made up to a 15 per cent
suspension or solution and added to the oream at least 20 minutes before
heating,

The croanm was psteurized in the larpge wvuts at 1500 Fe for 30
minutes, instead of the usual exposurse, then cooled to 38° F, Two 150
pound portions were removed and treated in exactly tho same manner vwith
raspect to the use of oulture as ths oream employed in obtaining the
data givon in table 1, The orcam was held overnmipht at 36° to 40° F,
and churned the next morning.

The acidities of the cream at shurning ronged from C.21 to 0,32
per cont and the asidities of the cream serum {rom 0.29 to 0W.44 per
cent. These large variations in acidity were probably due to the
inaccuracsies in the neutralization of relatively small lots of creem
with the highly insoluble ragnesiuwn oxide noutralizer, In two trials
the acidities of the oream at shurning wore slightly highor when sulture
was addod 16 hours before churning than when it was added at shuwrning,
in 10 %trials the acidities wore the same und in omo trial the crean
%o which culture was added at churning was higher in acidity. In cvory
case the difference in asidity was within the limits of orror of the
acidity test.

The soores on the {resh buttor were obtained between the sixth and



«58e
tenth day after manufacture. The butter was again scored afier 168 to
210 days at about 0° F, The fresh buiter rangod from 88} to 92% in score
and tho cold storage butter from 88 to 91.

The following summary shows the rolatiomships of the scores.

:  Ircsh :  Storage
:  butter t  bubtor
tumber of high scores when culture : :
vas added 1§ hours before churning s 1C : 11
Humber of high scores vwhen culture : :
was added at churning : 1 : 2
Number of tie scoros : 2 : 0
Total : 13 d 13

The addition of culture 1 hows before chwrning pave & reater
number of high socores than its addition at shurning vhen the butter ms
soored frosh snd also aftter oold storage. The results were tronted
statistiocally and e valuo of 9 was oblained for liz in tho oase of tho
fresh butter. Since ¥ or 13 1s grenter than 125 or 9 thesc rosulis aro
significants 4 value of ¢ vms obtalmsd for lig in the ocase of the 20ld
storage butter. N or 13 being grenter than Ny the results ere significant,

The somparative ef”eots of adding 8 por sent or 10 per sent of
sulture to orean after cooling, or of adding 8 per cent culture ot 70% R,
and ripening 1 hour bhefore cooling, on the rosulting butler arc presented
in table 4. In these ten trinls svicel gathored cream, wvarying in acidity
from 0411 Lo 0417 per cent, was used,

The oream was pasteurized ond cooled to 70° P, in tho large wets.

One 150 pound lot was then romoved and placed in a smell 70 pallon vat
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Table IV,
Influence of the Method of Using Butter Culture on the Flaver a

Comparison of the addition of (A) 8 per cent butter culture added
added at 70° F. cooled at onoe and (C) 8 per cent sdded at T

t : ¢ Acidity :lolding :  Asidity at :ige ni salt - 1¥g, ni sall
:Original: Yoethod of :afber add-:tempera-s shurning tto I = ADp tto ANC = A(
Trialsacidity ¢+ wusing the :ing bubter:ture of : in % iafter adding :after ripe:
tof orecam: butter : culbwre : cremm t+ Croam  :b.z. por ting per 20
:dn % ¢ oulture ¢ 3in % : %P, i Clream : serum  :200 gm.oreoam : pme 0rsar
3 T 8% DeBe @ : 1 : : :
t s not ripened ¢ 0,21 : 0,22 : 0,30 : 0,0031 '
: ¢ 107 Dele ¢ : : : : t
1 t 016 : not ripened W22 1 489 1 .26 36 0050 3 9 da
: t 8% DeSo ¢ : : : t s
: tripened 1 hr.d 22 T W24 033 <0045 t 0061
' t 8% bDeGe ¢ s : : . :
: ¢ not ripened : 18 P W22 ¢ 30 o072 :
H : 107 Dete : : : : :
2 : 14 : not ripened : 20 t 3B 1 L83 ¢ W31 «0085 :
: H 8% DeSs 3 t : s s :
: iripened 1 hr.: 219 ¢ P e84 1t 33 3 00066 : «0085
: s 85 DG s : : : : s
: : not ripened: 19 ¢ «19 ¢ 27 2 » 0053 :
t t 10% beCe ¢ : : : : :
3 ¢ W14 i not ripened @ 20 1 35 ot W2L 1 .29 0042 :
: s % BaGe : s : : s 1
s sriponod 1 hire: W19 2 t 420 27 3 0040 7 0072
s : B DO : : E 1
: ¢ not rirened : W15 ¢ 20 427 ¢ o 054 :
H : 10 bete @ : s : s :
4 ¢13 : not ripened : 20 ¢+ 37 1 22 5 <0265 t
: : 80: beDe ¢ : H : 3 t
t tripened 1 hret 18 ¢ t W23 ¢ o3l 052 1 »C076
t t 85 bLeDs ¢ : : 3 : t
: ¢ not ripened : W18 ¢ ? 422 ¢ 30 « 0058 ;
s ¢ 105 LeBo s , : s : : s
§ t 13 : not riponed 21 . 38 1 422 & 31 1t 0088 s
1 s 8% boCe s H : - 3 t
t :riponed 1 hra: 17 ¢ t el .20 046 t + 0065
t 1 8% beCs ¢ : : ! :
H : not ripenad : 24 : W23 32 @ 20058 :
: t 100 bete @ : : : 1 t
6 «17 : not ripened : 24 35  : . W25 w3 <0070 H
: 1 8% heGe : s : 3 : :
t tripomad 1 hre: 24 i T 423 ot w32t 0060 : 0084
: : G beCo t 3 ) ! t H
: t not ripened : 17 1 1 820 W27 @ Lraoe 3
H H 10}3 bo'\". H 3 H H b4 :
7 o1l ¢ not riponod : 3 B 39 : W20 : w8 3 trace ¥ .
t t" 0% DeCe 3 : 1t 1 : '
t sripened 1 hr.: W17 2 t W21 W29 1t trace t » 0032
) t B% beBe 3 X : t ) i :
t t not rimoned ¢ «19 P e@3 t W31 8 <049 :
t : 10% batte ¢ : g f : t
8 t  L13 : not ripencd.: 20 1 43 & W28 ¢ W31 ¢ «(X058 t
t t 8% DeOe ¢ 3 t t : !



e IV,
+ on the Flavor and Keeping Quality

;2r culture added at 70° F. cooled
 cent added at 700 F, ripened 1

| of Sweet Cream Butter

at once (B) 10 per cent
“thour and cooled

At = ilige ni salt =ilf. ni salt -t :

: Fresh butter :: BZutter heldfor:: Storage butter
1}02 :to AU - ACz t1to AMO - AC, 1. held at 11 & few weeks s hel% at
ing c:after ripen- :at churning :: 28° 1, o at 2807, i 0" Fe
‘ing per 200 :per 200 gm. :: Age In ¢ 1 Age ins Tt Ago in:
ean gre cream : cream t:, days ¢ Score :: days : Socore :: days : Soore
: b 3 : s H s H
: 10,0068 e : 93% i : 925 1 : 93
3 : HE ‘ - HE H i1 :
: 9de @ £0094 1t 9de : 93: :: 27da: 927 :: 174 dm: 928
H H b $ 1 H e H
s L0061 i L0146  :: : 98 13 s 93% & s 925
N s t <0111 23 t 92 e T 98 s : 925};
H H el $ 1 H ¢ 2
: : L0133 1§ :+ 92 21 24 2 92k :: 171 : 83}
: 2 L) H s H $s :
0085 ¢ 00209 = : 921 13 s 92% & t  S3
: : H s $: : [ :
: : 0061 3 i 95 1t 1 93 ot : 93
: t L0089 :: 0§ : 93 : 16 : 93 :: 163 : 93}
H 3 H H : : e H
T L0072 i L0075 s t 924 i t 9% 1 935
b4 H H 1 b4 k1 ) ¢
: : « 0076 X + 93 s 3 893 = 92
H H H H i :. e H
: : D083 : <] t_ 93 3 24 : 93  :: 1683 : 92;-
H < 3¢ H t H :: 4
: .0076 s W0162 13 : 9% 1: : 93 @ : 92
H H tt H 19 3 4 H
: : 0103 3t : 9 : 1 928 1 : 9
H : : s - . 3 : : 3 Y . 2
. : 0124 3¢ 8~ : 93 t: 21 1 92% =3 260 1 93
M : LR ’ 2 HE H 3 H
: J0085 ¢ L1251t ;93 1 s 927 13 1 9%
: : LRS H 2 H RE t
s H +CC58 t + 92 e r 922 a: ] 93
: 2 te a EE 1 JRE 1
o : .0078 1 3 : 927 : 18 ¢ 923 s: 157 i 83
: : 3] : s t 1 :
o 0084 1 LOO2 & : 92% 1 t 93 u: 9%
t B 1t : R t t: t ]
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end 8 por cemt butisr cultore added, After ripaning for )} hour the
oreem was cooled to 38° F,, and placed in carefully sterilized cans,
The cream remeining in the large vat was cooled to 38° ¥, and two lots
of 150 pounds each were vamoved, Using the same batoh of culture
that was employed in ripening the cream, 8 par cent culture was edded
4o one of theoss lota and 10 per cent to the other. AlIl thres lots
wore held in o cooler (350 to 48° r,) until the next morning, and
churned.

The acldlities of the ocream immediatoly after adding the butter
culture varied fron 0,17 to 0.24 per osnt. In nine trials the lots
to which 10 per cent culture wes added wore slightly algher in aoidity
than the lots to which B por cent multure was added, end in cne
trisl the acidities wereeuale The soldities of the oreem at the tims
of churning varied fran 0,19 to 0,26 por cent and the sorum acidities
from 0,27 to 0.36 per cent.s The oream to which 10 per omt culture was
edded was highor in gcidity atl churning than the cream to which 8 per
cent culture was addel after cooling in ssven out of ten trinls, while
in three trials tho acidities wers tho sems. In soven of the ten trials
the ripensd cream was sliphtly highar in coldity at the time of chuming
than the oream to which 8 por cent culture was added after cooling, while
in one trial tho situation was reversed, snd in two triels the acidities
were the semo, The crsam to whioh 10 per cent cultwre was added was higher
in ecidity at churning than the riponed creem in (ive trials, in threec

trials the situstion was roverasd anxd in two trinls the aciditios wure
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Acetylmethylearbinol plus discetyl determinations were mede on
all ths creem immediately after addinrz tho butter culture, after ripen-
ine in the case of the ons lot in ead: trial, md again at the time of
ohurning., Imrediately after adding the butter culture the lote to
vihich 10 por cent culture wes addel were higher in scetylmethylearbinol
plus diacetyl then the lots to which 8 per cent culture was edded in
every trial except omes In this triel only & trace of ancetylmethyl-
carbinol plus diacetyl wes present in eny of the lots. At the time of
chuming, tho portions of creen to which 10 por sent culture was added
were higher in acetylmethylcarbinol plus diacetyl, thon the portlons to
v1ich 8 per cent culture wes added after cooling in soven of tho ten
triels, while in two itrianls tho situvation was reversed, and in one
triasl the deterxination ou a sample was lost, 7ho ripensd lots of
eroam vore higher in acotylmethylcerbinol plus diacstyl at churning than
the lo%s to which 8 end 10 por cent culture wos eddol after coolinr in
nine out of ten triels and in the other trial the sample wms lost, 111
the lots in every trial increasad in acelylmethylearbinol plus dismestyl
during the holding period which confimms the rasults presented in tablos
1 and 2.

The scores on the fresh butter wero obtained between the third and
ninth day aftor menufacture, T butter was scored npgain after 16 to 27
days nt about 28° F., and after 148 to 174 days at about 0° ¥, The

socres on the fresh butter ranped from 92 to 943, those on the tutter
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after holding at akout 28° F. ranged from 92 to 93 3/4 and those on
the cold storsge butter renged fram 92 to 93 3/4, The reletionships
of these scoares are shown in the following swmmaries,

Comparison of the uvee of 8 and 10 per cent culture added
to the oream after cooling

s I'rosh Butter held: Storage

3 2utter : at 28° ¥ : butter
Number of high scores using 10 por omut: s 3
culture added after washing : 4 ¢ 4 : G
Tumber of high coores using 8 per oent 3 : :
culture addel after cooling : 0 : Q : 1

3 4 H
Numbeyr of tle scores s 6 : 6 H 2

3 : 3
Total : 10 : 10 : 2

Comparison of the use of 10 per cent culture added to the
cream afteyr cooling with ripening of the creanm

Frogh :butter held: Storape

3

¢ butter : at 28° F, : butter
mumbeyr of high scorss with : H :
riponed cresam : 6 ¢ 8 s 1
flumter of high scores using 10 per cont: t :
culture sdded after cooling s 1 s Y t 2

: 14 -4
fumber of tie scores : 3 t 2 3 6

H 1] :
Total s 10 3 10 : 9
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Comparison of tho use of & per cent culture added to the
oream after cooling with ripening of the oream

:+ TFresh sButter held : Storage
: butter : et 280 %, : butter
Humber of high scores with ripened 3 : :
oreamn : 7 $ 9 : 5
Humbey of hipgh scorss ugins 8 per = : :
cent culture added after cooline : 1 z O : 1
3 H H
hambor of tie scores 3 2 3 1 9
3 b H
Total : 10 ¢ 10 : 9

The addition of' 8 and 10 per cent culture to oream after cooling
was comperel in the first sumsrys. The use of 10 per cent culture pave
more hirh scoring butter than the use of 8 per cent culture when the
butter was scored fresh, slso cfter holding et about 25° ¥, ond epein
after cold storsges A valuo of 25 wes dobermined for N; in case of the
fresh butter, a value of 25 for the butter after holding at abtout 28° ¥,
ard & value of 14 for the butter alfter cold sitorago, fince N or 3 is
less than my of thess values for iis the differsnce in the mmber of
hi-h scores is in no cose sipni ficant,

In the second swmary the use o 10 per cent cultire added to the
oroom after cooling was cocpered with ripening the creamm, Tho riponed
cream butter save moro hipgh soores when scored fresh, also when scored
aftor holding at about 28° F, wiile aftor cold storepe the unripened cream
butter gave the preator nmumber of high scoress A value of 1C wae deter-
minod for Hg in omse of the (resh butter. Since il or 10 is less than Ng

or 16 the differences in the manber of high scores is nol sirnifleente A
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L value of 7 was determine: for Kg in case of the butter after holding
at 28° P4 N or 10 is greater than Ny or 7 and, mocordinzly, the
differeme in the number of high sccres is cignificant. 4 value of
over 400 was determined for Ng in case of the cold starapge butter,
With N or 8 less than N5 or 400, the differeance in the number of high
scores is not eigni ficant,

The uso of 8 per cent cultwre cdded to cream afber cooling was
compered with ripening of the oream in the third summary. The ripened
cream butter was nore often high in score than the butter mede fran
oream to which 8 per cent culture was added after cooling when scored
frash, alsc after holding at about 28° F. and arain after cold storage.
A velue of 11 was determined for Ny in case of the fresh buttor.

Sinoo ¥ or 10 is less than N5 or 11 the diffeoronos in the mmber of
high gseores is not sigmificant, 4 value of 3 was determined for Ky
in ocase of the butter held at about 28° iy I or 10 is rroater than
By or 9 so that the difference in the number of high scores is hirhly
sirnif'icant, In case of thoe cold atofage buttsyr, a value of 44 was
determinea for Ng. Since N or 9 is loss than N5 or 44 the differonce
in the nunber of hirh scores is not significant,

Tabls 5 gives the results of soven trials in which butter was
made usin- the following treatments: 8 per osnt buttor culture wes
odded to cream after cooling end the oream them held st 380 to 38° Fe
8 por cont tutter oculture was added to cream after cooling snd the

cream then held at 42° to 51° ©,3 8 por cemt butter culture wes added



Table V.

Tnfluence of the Hethod of Using Butter Culture on ths Flav

Comparison of (a) the addition of 8 per cent butter cult
per cent added at 70° F, ripened 1 hour u

: s s Aoldity siiolding @ 2idity at ::lige nl salt ~tlg.
:Original ¢ Method of caftor cdde: tompora-: shurning ttho Al ~ AC, tto A
Trialsacidity s using the ting buttersture of : in % :tafteor adding :aftor
sof cream : butter : culture : eroeam : : Cream ttbeCs por sing )
: in % : oculture : in % : OF, ¢ Cream : sorum t:200 {H.Orean 3 grie
: ' 8% DeCs ¢ N s ? T3 :
: : not ripenad  : 0,19 ¢ 28° F.: 0420 1 0,27 st 0,0020
s t 8% Dy0e ! : : : ) :
I :  0Qel3 : not ripomed : 19 : 48 P 422 1 430 s: #0026 ¢
s s 8% DeCa ¢ : : s Y :
: : riponod 1 hra 20 1 28 s «20 28 3t 0021 2 (
: : 8 heOe ¢ : : : t: :
: + not riponed A9 1 31 : #19 «26 13 0046 2
: : 85% DeCe ¢ : : : 11 :
2 «13 : not riponed 19 ¢ 42 : 01D 027 1t L0044
3 : % GeOe $ s : s T3 3
H : ripened 1 hr, ¢ Jd9 1 351 : «20 3 27 23 L0084 e
t : 85 beGs ¢ s : : $: :
: t not ripened A8 ¢ 31 s +138 ¢ «26 21 JL007 s
: $ 8% DeDe : : H t i H
3 13 ¢t nob riponed W18 3 43 2 2D 27 22 20006
s H “: DeOs t 1 : : PR} :
: 1 riponed 1 hre t 18 ¢ 31 t o1H 3 «26 3 0008z
: : 85 DeSs ¢ : 3 t Tt :
: not ripencd 3 213 ¢ 32 5 220 1 07 33 0014
: ] B LeCe 3 : : : T3 :
4 @ «13 : mnot ripened «18 42 s 220 2B §: «0011 ¢
t : 87 0ale 1 s : : HE H
: : ripenod 1 hr,t: «18 : 32 : «21 = 029 «0008 :
: : éﬁﬂfb.c.. : : . t 2 :
: :  not ripomed ¢ 20 36 1o W2l 1,29 11 L0005
: ? 8% BaGs 3 s : : T T
5 «15 : not ripenod 20 ¢ 48 1 «23 @ w3l 1t 20004
t : 87 BeBs : : t 3 :
: t riponcd 1 hre t 20 : 36 t  e2l 1t 29 11 JO004 s
t t 875 LaCo 3 H : : - t
H : not riponed @ 21 1 28 3 .22 @ 30 3 S013
: t 87 DeZe : t t t: :
6 «15 : mnot ripenod : «21 t G7 t eR0 40 11 2C036 3
t 1 8 beGe : : 1 te :
t : riponed 1 hra 21 + 28 T <24 X L0484
: 1 8% DeCe : : t: t
! + not ripenod 1t J18 1 34 : 018 : D 11 JL033 s
o t 2 heBe ¢ t 3 f T3 :
7T o4 1 nct riponoed : 18 : 50 t e2l t ol 11t #0026 ¢
: t B, DeBs f T t t e :
t + riponod 1 hr. s 19 1 34 1 22 3 30 112 0028 ¢
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to cresm at 70° ¥,, the creem ripened 1 hour and then cocled and held
et 28° to 36% F, In these trisls sweet cream varying from 0,13 to 0,15
por cont aoldity was usode

Tho creem vas pasteurized in the large vats and cooled to 70° F,
One 150 pound lot was romoved armd placed in a 70 gallon vat and 8 per
cont culture added. After ripening for 1 hour at 70° ¥, this creem was
cooled to 32° F, and held at 280 Lo 360 T, overnight, The remninder
of the crean in the large vat wes coolsd to 48° ¥, and another 150 pound
lot was placed in cerefully sterilized cans, and 8 por cent of the same
culture was thon ndded. This lot of cream was held overnirht at 42° %o
51° ¥, The rent of the cream inm the large vet was cooled to 32° I, end
s third 150 pound lot was removed and plaoced in cans, After adding 8
por cent of the ssme culturs this lot of croam wms held ovemipght st
280 to 36° F, Ths poxt moming all throe lots of cream were churned,

Tho eoiditing of the cream imnediatoly after adding the culture
varied fraoa 0.18 to 0,21 por conte The differsnces in acidities
botwosn tho lots in & trial imediately aftor adding the culture wore
very slicht anml all within the limits of orror of the acidily test,
Tho acidities of ths oresm at the time of churning varied fram 0,19
to 0429 por cent and the socidities of th® corsam sorum from 0,20 to 0.40
por cont. The unripened oream held at 42° to 51° ¥, was hisher in
acidity then the unripened oreem held at 28° to 36°F. in five trials and
the acidities were equal in two trials. lowover, ths differences in

acidity wore, in most cases, very slipht and wero often within the
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limite of error of the acldity test. In fowr triels the unripened
creem held at 42° to 51° F, was higher in acidity than the ripemed
cresm hold at 28° to 36° F,, while in threo trials the situwtion was
roversods

Acetylmethyloarbinol plus diamcetyl determinations were made on
the coream immediately after adding the butter culture, afber riponing in
cage of the omo lot in each trial, and apnin at the time of churning,
Imnediately afber adding the culture the acetylmethylearbinol plus
diacetyl contents wore sc nearly the same vith the lots in a trisl that
they were within the limits of orror of tho determination. At the time
of churninz the unripsmod creem hold at 42° to 51° F, was hicher in
scotylmothylcarbinol plus disostyl than the umripened ¢ream held at
28° to 36° ¥, in pix of the trisls, while in one trial the situation was
roeversode In four trimls tho ripensd oream held at 28° 4o 36° 7, was
nighor in acstylmothylearbinol plus diamcetyl than the unripened cream
held at 42° to 51° F., ville in three trinls the situation was rovorsed,
Ths riponed cream held at 25° to 36° F, was higher in asocetylmethylearbinol
plus dinostyl than the uaripenei cremn held at 28° to 36° F, in every
trial, In ovory ceso ther- was an inereoase in acetylmethylcarbinol plu
discetyl during holdin; which confirms the results presented in tables
1, 2 ond 4.

The butter was scored batweon the third snd ninth day after menu-
facturo, again after 13 to 42 days at about 28° F, and after oold storage

for 156 to 180 days at about 0° 7, Tho scores of the fresh tuttor varied
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from 92} to 93 3/4, those o the bubter held at about 28° ¥, from 92 to
93%, and thoso on the cold storage butter fran 91 to 934, The relatione
ships of theso scores are shom in the following summaries.

Comparison of tho use of unripemdd cream held at 42° o 51° ¥,
and unripened cream held at 28° to 36° ¥,

Fresh :Butter nelds:Storage
butter: at 28°%¢, :butter

LTI 7Y

Humber of high scores using holding temporgm:

3 :

tures of 42° 4o 51° ¥, on wnripenel orosm : 5 3 4 : 4
Burber of hizh scores using holding btempern=-: : 3

tures of 28° to 369 F, on unripened creem 3 O  : 0 : 1
1 3 3

Humbey of tie scores : 2 3 i 2
: : 3

Total : T 3 4 '

Comparison of the usa of unriponed creem held at 422 to 51° P,
and riponed croam hold at 280 to 36° 7,

s¥rogh Putter held:Storape
sbutter: at 2807, :butter
Number of high scores using holding temporaw:

.-

tures of 28° to 36° F. on rivened creom : § . 2 : 3
Jambar of high scores using holdinc tenmpera-: : 3
tures of 420 to 51° I, on unripencd oream  : § 1 : 0
3 : s
Hunbeyr of tie scores : 1 3 4 : 4
: g :
Total : 7 : 7 : 7
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Comparison of the use of unripened cremm held at 28° to 36° ¥,
and ripened cream held et 28° <o 36° T,

Fresh : Butter held: Storage

: butter: at 28° ¥, : butter
Humber of high soores using ripensd s 3 t
creen held at 28° to 36 ¥, : 4 3 : 5
Rumber of hign scores using unripened : 3 :
croam held at 25° to 36° F, 1 0 Q : Q

3 H H
lumber of tie scores - 4 3 2

3 3 :
Total 5 7 H 7 3 7

In the first summary the use of holding temperatures of 28° to 36° F,
and of 42° to 51° ¥, on oream to which 8 por cent oulture was added after
cooling, were campered. The butter fram the cream held at 42° to 51° F,
was more often hich in score than the tutter from ¢iw oream held at 28°
4o 36° ¥, when soored fresh, again after holding at about 28° 7., and
elso &f'ter cold stornge. A valus of 8 wns determined for Ng in cess of
the frosh butter, a valus of 13 for the butter after holding at about 28°
7, and & value of 22 for the cold storape butter., N or 7 is less than any
of the velues for Hs, so the differences in the numbers of hipgh scores are
in no cass significant,

Butter from unripencd cream held at 42° to 510 I, was compared with
butter from riponed cresm held at 28° to 36° ¥, in the second sumaery.
“hen scorod fresh thess two troatments resultod in an egual number of
high scorin; samples of butter, Vhon scorsd after holding at about 28° Fe
and after cold stornge the butter made fran the ripensd orsam was more

often high in score than ths butter from the unripened oresms A valus of



50w
400 was determined for g in case of the butber after holding at about
280 Fey and 8 value of 22 for the cold storage butter. Uith ¥ or 7 less
than either of' these velues for Ng, the differences in the aumbers of
high scores are not significsnt.

In the third sumery butter from uiripened creem held at 28° to 36° F,
was compared with tutter from ripened cream held at 28° to 362 ¥, The
buttor {ron the ripensd oream wes more often high in score then bubter
fron the unripensd creamn whem scored fresh, again after holding at sbout
28° ¥., anl also after cald storage. The wvalue for B35 was 13 in case of
the {reosh tutter, 22 in case of tho butter after holdinpg at about 28° 7,
and 8 in cass of the cold storage butter. OSince N or 7 is less then any
of tiesc valuoes, the differences In the numbers of high scores are in

no case sipgnificant,

The Influence of the Type of Fubter Culture ocn the Flavor amd

Heoping Quality of Butter

The data obtained in the study of the influonce of the type of
butter culture on the flavor and keopin; quality of butter eare presonted
in tables 6 to 10 inclusive,

Table J gives the results of 15 trials in whioch the use of repulsr
butter culturs, mmodifisd butter culture, and no culture wers cuparel from
the stondpoiné of their offeot on tho butiere. The cream used was sweot
catherod cream varyling in acidlty from 0414 to 0,18 por cents The

modified culture was made fram whiole milk hoated to 180° ¥. for 1 hour



Table VI

Influence of the Type of Butier Culture on tho Flavor and Keoping Quality of Sweet Cream Butter

Camparison of {(a) 8 porcent regular butier culture added at 709F. cooled at once (b) 8 percent nodified
buttor culture added at 709F. cooled at once and (e¢) no butter culture

t H t Acidity :Holding : 3 :t Score of butter
10riginal:s Kind of :after add-:tompora=:fcidity at churning:: Score of fresh ::aftor a few wosks
Trial:acidity : bubter 1ing butteriture of s in % sthutter held at 28%.q: at 289F.

tof orean: culture : oculture : orean e Uream i: Age In 1 Age in :
1 in% : added : in % 1 O, 3 Crecam : sBerum :: days : Score :: days : Score
t :8% regular : : : $: g _ s :
1 t DeCe s 0,22 : s 0,23 1 0,31 R s 9%% ) s 92
1 :87% modified: s 3 ‘ 2 e 1 te 1

1 5 0.7 beCe 3 22 ¢ 389 . ,23 231 :r 3da oz 93%F  :: 27 da: 81
: : ' ¢ t P e t 22 T 2
1 150 be O, t «17 s : «18 225 11 2 93 $: s 9lp
1 18% reagular i ! t ] ts ' st H
3 1 DuCe 2 o2l ] : o8 3 + 30 ] H 935 13 ) 91
] 18% modifiod: 3 t H 1 H 1 %

2 3 16 beC, : 220 1 38 H 22 +30 t: 3 t 83 X 27 ] 92
1 s t t s ! e : 12 g
s $HO by Ceo 1 016 3 t W17 3 23 : 93 1 s 92
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: 3 beCo 8 21 3 s «22 3 «30 s s 93 22 ) 91%
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3 1 W6 ¢ beCe 8 02l 3 BT 1 422 30 12 9 : 93 i1 86 .92}
[} H] ) ] ] 2 ¥ H ¥ H
1 sHO Dace t 16 3 3 15 ¢ 22 g t 92 3/4 s ] 92%
t t8: regular t s 1 3 'K 2 ts ¢
: : DeCa ¢ 20 % s 421 30 2 v 93 i i 91%
t :8% modified: ¢ 3 i 23 s 13 t

4 3 L1& 2 beCs 2 20 2 37T 1 .20 3 27 11 6 : 93 1 33 92k
: : 1 t t 3 1t 1 3 t
3 3o be Ge 3 14 3 5 15 3 220 1 s 92 3/4 13 : 922
: 185 rezular 1 2 t 1 1 2 T :
t H BeCe ] 21 t s w2l 3 30 2t z 93 e : 92%
: t8% modifieds s ? 1 £ t s t

B ¢ o158 DeCo : 22 ¢ 37 H 23 s «31 s: & s 93% T 30 : 92%
2 2 : 3 : 1 22 s 22 t
3 150 be Ce ] +15 ] s ol8 3 o223 23 : 92 te : 92
3 185% regular t 3 3 13 s $: :
2 ) DeCe t 2l 1t s 422 ¢ o0 2 : 93 11 : 93
: 18% modified: t t 1 o 3 ) 2 : .

- e el
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4 [ 4 » - . ve - - -
3 s byCe ¢ 20 3 t 421 3 30  :: s 93 32 : 91"5
] 18% modified: H t F s H 12 t

4 1 W14 baCo 3 B0 : 37T+ L,20 1 27 1t 6 : 93 1 33 @ 92%
: : t t s t e 1 t: H
1 slio be ce : oid 3 3 «lb 1 «20 1 : 92 3/4 13 : 922
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in & culiure vat, cooled to 70° F. and inoculatel with & pure culture

of Streplococcus paracitrovorus in sterile milk. After growing the

organism in the pasteurized milk for 24 hours, 0.3 per ceat sulfuric
acid end 0,15 per cent sitric nocid wore added to tho milk, A&fter
anothor 24 hours at 70° ¥s the culiure was cooled to 400 I,

The cream was pasteurized and cooled Lo 38° ¥, in the larpe vebs.
Three 150 pound lotes of creem were removed and placed in carefully
storilized canse Tight por cent of regular culture wag added to the
one lot, 8 per cent of modified culture to enother, and one lot was
held without adding culture., 4All thres lots were kept in a cooler
at 35° to 41° F, until the noxt morning and then churned.

The acidities of the creem imediately after adding the culture
variod from 0,14 (without culture) to0 0425 per cent(with culture)e.

In six trisls the acidity of tho cremm Yo wnich regulsr culture was

addei was higher than the acidity of the cream to which the modified
ocultur: was added, while in threo trials ths situation was reversed,

and in six trialaz the acidities were equal. The lots contwining regular
end modified culture wore hipgher in acidity in evory trial then the

lots without oculture, At the tinme of chuming tho acidities of the oream
ranred fram 0.14 (without culturs) to 0426 por cent (with culture) snd
the serum soidities from 0,19 (without culture) to 0,36 per comt {with
oulture)s At The time of churning the orown containing the recular
culture wes hipher in scidity than the cream omtaining the modifisd

oulture in six trianls, in three trinls the situalion wms reversed and

in six trials tho acidities were tho ssmo. The lot oontaining ropuler
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ond modified culture were highor in aocidity in every case than the lots

containing no culture, In every case the differences in aocidity, between
the cream containing the repuler culture and tho modified culture, wore
within the limits of error of the acidity test, both imediately after
edding the oulture snd at the time of chuming,

The butter was goored between the third and ninth day after manus-
facture, md egain efter 21 to 36 doye at about 28° F. The fresh
scores ranged fram 52 to 92}, those on the butter after holding at 28° F,
from 013 4o 93 3/4. The relationship of these scores are shown in the

followin;: cumnries,

Comparison of thoe use of regular and modified butter culture

3 Frogh : Butter held
: butter : at 269 ¥,
hurber of hiph scorss using modified : 3
Lutter culture . 3 10 : 11
Fumber of high scores usiny regular 3 2
butter culiurs H 0 3 3
: 3
Huaber of tis scores : 5 3 1
Total 3 15 : 15
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Camparisca of the use of regular butter culture and no culture

3 Tresh s Butier held
:  bubter : at 28° 1,
Numoer of hirh scoryes using regular : :
butter culture : 13 : 9
fumber of high scores using no : :
culture : 0 : 4
Liumber of tlo scorass s 2 3 2
: :
Total : 15 t 15

Canperison of the use of malifiod WutPar culture ond no culture

s frosh : utter held
+ butter : at 28° 7,
humber of high scores using modified : :
butter culture 3 14 3 13
Humber of' ldyh scores using no ] :
culture : 3 : 0
H b4
Humhoer of tie soores : 1 3 2
H H
Total : 15 : 15

In the first sumumry butter made with modifiod cultwre and regular
culture was compareds Tho use of the medifisd culture resulted in
more high scores than the use of rogular culture, both vhan the butbter
was fresh end after holding at about 28° F, A value of 9 was dotermined
for Hg in case of the frosh butter and a vnlue of 14 in the oase of the
butter aftaer o holding at abmut 28¢ F, N or 15 is grenter than either
of these valuss for Hg, so the differences in the mumbers of high scores

axe gignificant,
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The use of regular culture and ne cwlture was compared iu the
second sumnary. The use of regular culture resulted in mors hirh score
ing butber than the use of no culture both vhen the butter wes scored
fresh, end when scored after holdine at about 28° F, A value of 10
wag determined for N; in case of the fresh mutter, Since N or 15 is
greater than Ny or 10 the 4ifference in the number of high scorss is
hirhly significant. 2 value of 35 was determined for Ny after holding
the butter at 28° ¥, Since  or 15 is less than Ny or 35, the
difference in the nwnber of high scores is not significant,

Tho use of modified oculture and no culture was caapared in
the third summary. The btuttor made with the modified culture was more
often hich in score then the tter mnde without culture when scored
frosh and also after holdin; at 28° ¥, : value of 8 was determined for
Nl in case of the freosh bLutbter and & value of 10 for Hy in the cage of
the butter after holdine at 28° ¥, W or 15 is greater then oithor of
these values so the difforence in the mmber of hirh scorss is simmifiomt
in both onses,.

Additionnl data e the use of rerular calture, modified cultur:, and
no culture ars prosented in teble 7, Iight trials were oorried out,
using sour rathiored cream varying fran 0.46 to 0,53 por oent in ao¥dity,

The oream was neutrulised to as nesr 0420 per cent acidity as
possible bofors mstourizations One=-hnlf of the oxeess aocid was
neutraliged with magnesium oxide, and the other mo=-half with sodium

bicarbonate. The caloulated amounts of neutroliger were made up to 15



Influence of the Type of Bubtor Culture on the Flavor of Sowr Crean Butter

Teble VII

Comparison of (a) & percent regular buttor oulture added at 70° acoled at onse (b) 8 percent

rodified butter sulturc added at 70°

oooled at once and {¢) no butter oculbtwe

3 s tazidiby  sllolding 12
s+ Original: {dnd of saftor add-ttempere-:  Acidity at churning e
Trial:azidity : butter ting butter:turs of : in ¢ st Soore of fresh butter
s of croam: culture teulbure toream @ t Sream s Age in s
: in 9 : added : in 4 : Op, : Jream @ serum s days : Score
' :8;: regular s : : s ¥ :
: :  baoe : 0425 : 0,25 0,35 se : oLk
1 : 0449 18 modified : : 349 1 t: 7 da :
H H HeZe : o224 H : o248 H .36 $3 H 92
: 187 regular ¢ : : : T : ]
b4 : DaeCoe H .27 H 4 .27 H »37 :: H 90;;
2+ .52 1B modified ¢ : 389 : t: 7 :
s s DeCoe 3 «24 s : 25 ¢ «35 e s 91
s $ 10 DeCo e «20 s 1 220 : «27 ] s 90
: :8% regular ¢ : s 3 22 :
s : Delo : o238 : 025 3 ¢35 $3 s 30
3 : 54 :187. modified : s 36° H : s 4 H
3 s beZe ¢ »23 ¢ : o34 t 36 X : 91%
s $ 0 DeTe t 20 3 : 20 1 027 s s 91
: £ 8, ragular @ $ : : T : '
H H boco $ 022 H 4 .23 : 31 s H 89:;“
4 1 .47 87 modified ¢ : 379 : : 4 :
3 s LeOo % 22 ¢t : «23 : 31 v : 90
: t No bece ¢ 019 t +20 27 s : 89
s 185 regulnar : : : $: s
: ¢ bete : 025 1 : 25 ¢ o35 e : 91
5 ' «4G 187 modified : 379 : 3 s 4 :
4 : TeCo H .25 H H .25 H 935 13K H 92
3 : ¢ : H H et
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per cent susponsions or solutions and wers added t¢ the crean at
least 20 minutes before neating. The megreaiun oxide was always
edded et least 10 minutes before adiing the sodium bicarbanate. The
orean was pagsteurized in the large vaets at 150° F, for 30 minutes,
instead of the usual oxposure, and then cooled to 38° F, Thros 150
pound lots of croam wers placed in carefully sterilized cans and treat-
od with oculture in exactly tho same manner as the crsem used in
obtaining the data in table &6, All three lots were held in the cooler
(349 to 38° F,) until the next morning and then churned.

The acidities of the orean izmpdiately after adding culture varied
from 0019 (without culture) to 0,27 per cemt (with oulture). In four
trials the acidity of tho oremm containing regular culture was higher
thaa thet of the cream containing modified culture, 4in one trisl the
gituation was reverssd, end in three triales the aocidities wore the somo,
The lcto oonteining; rogular amd modified culture were higher in acidity
thon the lots without oculture in every trial,

£t tho timp of churning the creom containing ¢hs regular culture
wos highor in acidity than ths oream containing the modified culture
in four trials,; and tho acldities were the sare in four trisls, The
lots of creom containing repular and modifisd oculturs were hirher in
acidity in every triel than tho oremm without culture.

The butter wes acored beotween tho fourth and sewventh day after
monufectures Tno scores on ths bLutter mnped {rom 88 to 92, The

following, sumeries show tho relationships of the scores,
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Comperison of the uwse of regular and modilfied butter culture

H Fresh

: butter
Humber of high scores usiang modified butter culture ; 7
Humber of hirh scorss using ropular butter culture . D
Humber of tie scores f 1
Total i 8

Canparison of the use of regular butter culture and no culture

: Fresh

s butter
umber of hiprh scores usin: rogular butter culture : 6
Hurber of hirh scores usianz no culture : 1
Bumber of tie scores : 0
Total : 7

Comparison of the use of medified butter cultwrse and no culturs

2 Fresh

: but ter
Tumbor of hipgh seores using modified butter culture : 7
Numbeyr of high scores using no culture f O
Number of tie scores : 0
Total : 7
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In the first summory butter made with regular butter culiure end
modified culture was compared, The use of the modified culture
rosulied in more high scores than the use of regular culture. A valus
of 6 was dotermined for Wge Simoe N or 8 is pgreater than Ny or &,
the cifference in the anumber of Iigh soares is sipgnificant,

Butter made with mpgular culture vms compared to butter made withe
out culture, in tho sscond sumary, The butler made with repuler culture
wag more often high in score than the butter made without culture,

A valus of § was determined for Ng. N or 7 was less thexn li or 8 so the
difference in the number of high soores is not significant,

In the third summary the use of modified culture snd no culture
was comparede The modified culture gave higher scoring butter in every
trisle & valuo of 7 was determined f{or Hj, Since N or 7 is the same
as N] or 7 tho difference in the mumber of high scores is hiphly
simnifisent,

Tablo 8 presents tho rosulis obtained in nins trinle comparing the
ugs of rsgrular culture, regular culture neutrslized and no culiure,.
Gathered swoot orean, varying fran 0,15 to 0,17 per ocent in acidity
was used in those comparisons, 7Tho neutralirod culiure wms rsduced to
as noar 0.3 por oent acidity as possible, using sodium biecarbonate in
tho first four trials, and S sodiun hydroxide in tho last fives It
was found thet amounts in oxcess of those oalculated were necessary to
neutralizo tho eoiditiea to the desired degreo.

The cream was pasteuriszed in tho large vats, cooled to 70° F, and



Table VIII
Influence of the Type of Butter Culture on the Flavor and Kespin: Jualit; of Sweet Cream Butter

Comparison of {u) § percent modified butter culture added at 70%'. cooled at once (b) 8 percent modified
butter culture and added at 709F. cosled at onoe and (e) no bubter culture

3 : t Acicaty holding : Acidity at ::Storazge butter
sOrizinal: Zind of after adde:tempera~s churning :: held at 1t a few weeks :: held at
Trial:geidity : butter  :ing butter:ture of : in §} :: 289 iz et 289%. 3 OO
tof creams culbure s culbure 1 cream 3 Uroems:Age in:.  :iAge in: s:Age 1in:
: in % ¢ added : in % s OF. :Cream :serum:: days :Score :: days :Score :: daye :Score
z d> reular ¢ 3 : H $: ) i3 : :3 R
: s DeCo 3 0e20 : t 0421 3 0.29:: 393 13 191  ae s 92
: 26> re;cular e : s s 3 s: 2 Y 3
H H TeCa H 3 3 H t3 H 33 H HIH 3
1 : 0,15 :neutralized: 20 s 38% : ,20 : .28:3 6 da 193 13 &9 dazﬁZ% 33180 da: 92
s : s : : ) st s ] : 23 3
: 3 50 Lo Ge 3 wdb 3 i ol5 i 2033 :93 X 9Lh s : 91
: 137 re;ular s 3 : 3 13 : 'R : Y] s .
: : S5eCe 8 28 3 i e23 1t 4321 198 o 92 33 : 91 3/4
3 187 re;ular : : : s 3 i3 : st 2
2 : L17 LeCe : s 38 3 ] 22 3 s t2 31 ¢ 22171 s
: ineutralized: <19 : : &l7 3 #2313 :93% :92 8/4:: : 91
3 3 s . 1 3 s i3 s s : 3t 3
: 5 1o Le Co 3 «17 : 1 W17 2 e233: $93 (X :Qg% 3 : 81 3/%
: :8 . rojuler s s s s : $2 : 1 :
: : DeCe 3 «22 : 2 W22 31 W31 :93 32 :93 i3 1 9§%
3 387 rogular 1 3 s : 33 : H H :3 :
3 o16 : DeCoe : 1 37 : : 1t 2 t s 27 : 11166 :
3 sneutralized: «17 t 3 W18 &t J2D1: 193 ! 202 3/413 s 93
s 3 3 3 : 3 32 1 i3 : ] 3
: : X0 Se Cs t &1€ 3 : olG 1 4221: 292 3/4:: 1027 23 : 932
: 8. roular s t 1 21 f 22 s 22 s
s s FeCo 1 421 3 1 420 3 <2B:: 193  :: $00% 3 : 91%
s :5. rojular s s : ¥ s ] s I} s
4 =15 ¢ HeCa : : 36 3 : 1: 2 3 :: 60 : ::163 ]
: mmcutralized: .16 : T 15 1 421:: 198 L 1925 a1 : 93
: : : H s z 33 3 $: : 13 3
: t 50 Ue Ceo ¢ «15 s : 18 1 &20:: :93 t3 :9;%, st s 98
3 :8., rojuaiar ¢ 3 3 ) 12 3 13 3 22 3
: : DeCe 3 o21 t :t o821 1 o28: :93& KX :98) T3 s 92%
: 38, rosular 3 : : : H] 3 13 : $3 3
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two 150 lots were removed and pleced in 70 gallon vatse Fight per cent
of mgular culture was added to one lot and £ per cent of the neutralized
culture to the other. Hoth lots were then immediately cooled to 38° F,
and placed in carsfully sterilised cens., The remaindsr of the cream in
the large vet was cooled to 38° F, and a third lot of 150 pounds was
placed in cens, 2£11 three lots were held at 36° to 38% I’y until the
noxt morning and churndus

Acidity determinations were made on the creem in five triels.
Imnediately after adding tho oulture the aciditiss ranged fram 0415
(without culture) to 0422 por cent (with cultura). In four of the five
trials the acidity of the cream conbtaining the regular culture was
hAigher than that of the croamm to which nsutralized culture was added,
while in oue trial the moidities wore tho sene. Yhe crean 4o wiich
rogular culture was addod wes hizher in acidity +then the c¢reem withe
out culture in every triml. The creem to which neutrrlirzed culturs
wes added was higher in acidity than the oremn without culture in
evory triml, At the timo of churniug tho aciditiss of the cream wvaried
from 0,15 {withaat culture) 0 0,25 per cent (with culture) and the
soruz acidities from 0420 {without oulture) to 0,32 por cont {with
culture)s The cremm omteining rogulor culture was higher in acidity
than the orean to which noutralized oculture was added in all five
trialse The creex to which neutralirzed culture wos added was hiphor
in soidity than the cream without culturs in three trials and with two

trials the acidities were the smue. Ths lots to which reguler culture
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was addel were higher ir acldity than the lots without culture in all
the trialse.

The fresh butter was scored betwwen the socond snd tenth day
after nenufacture. 7ihe butter wes apain scored after 27 to 60 deys
at atout 28° ¥, and also after 138 to 180 deys at about 0° ¥,

On the fresh Witer the scores ranged from 92 3/4 to 93 3/, afber
nolding alt about 28° ¥, the scores varied from 90} to 93%, ond after
00ld storage the soores ranged fram 36 to 932-::. The following sumaary

ghows the relationships of the scores,

Camparison of Ww uss of pregular culture and regular
culture neutralized

: rrosh  ilubter held : Storage
: buttor ¢ at 28° ¥, : butter
Hlumber of high scores using regular : 3 :
culture neutralized : 3 3 6 : 2
lumber o hirh scorss using reguler @ : 3
guliure : 2 3 1 : 4
Hunber of tie scores : 4 t 2 s 3
H H H
Totsl 1 9 3 g ¢ 8
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Comparison of the use of reguler culture and no culture

s Fresh  :Butter held : Storags
: butter : at 28° F, : butter
Hunber of high scores using s D :
resular culture : 7 H 2 : 4
humber of high scores using s 3 :
nc culture : 1 : 4 : 3
N : 3
Humber of itie scores s 1 : 3 : 2
H H H
Total : 9 : 9 s 9

Comparison of the use of regular culturs neutralized and

no culturs

s rresh  :Zutter hoeld : Storage

: outter : at 280 ¥, : butter
Humber of high scorss using : : ¢
rogular cultwre neutral ized : 7 3 7 : 3
HJunmber of high scores using 3 3 s
no oulture : 0 3 0 : 4

H H :
Humber of tie soorea : 2 : 2 : 2
Total : 9 : 9 5 9

In the first sumery the use of regular culture and regular culture
neutralized was ocompareds Tho butter mads with the reguler culture
noutralized pave slichtly more hich scores vhen fresh, after holding
at about 28° ¥, and egain after oeld storage. . valuo of 400 wes
dotormined for Ny in theo ocase of the fresh butter, a value of 13 in
the cess of the butter efter holding et aboat 28° F and s value of
over 400 in the case of the cold storage tutter, Since K or 9 is lass

then any of those values tho differences in the numbers of high scores



w33
are not significant.

Eutter made with reguler oculturs and without culture waa oanpered
in the seconi sumsary. ‘hen scored fresh the butter made with culture
was more often high in score than the tutter without oulture, while
after holding et ebout 28° ¥y the tutter made without ocultwre was more
often high in scores ALter ocold storege there was an equal mumber of
high scores. A value of 9 was detemined for Hg in case of the fresh
butter. ¥ or 9 is equal to lg or 9 so the cdifference in the number of
kizh scores is significant. 4 velue of 400 was determined for Ng in
case of the butber hold at 28° ¥, and also for the butter afber cold
storag8e. Sinoe N or 9 is less than Ng or 400 the differences in the
numbers of high soores are not significant.

The use of regulsr culture noutralized and no culture was compared
in the third summary. The butter mads with regular cul tre neutralised
was more ofton high in score then the butter made without ouliurs when
acored fresh ond nlsc eftor holding at about 28° ¥, After cold storuge
the butter made without culturs gave slightly more hich scorea than the
butiar made with regular culture noutralized. A value of 7 was determined
for Hg both in the case of ths fresh utter and the butter after holiing
et 28° ¥y Since N or 2 is groater than Ns or 7, the differencs in the
nunber of high scores ls sipnificant in sach case. A value of over 400
was determined for Ng in oase of ¢he cold storage.bubter. Gince ¥ or 9
is loss than Hg or over 400, the difference in the number of high ascores

is not significent,

e o e e e
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The jafluence of waing modified culture, modifisd oulture neutralized
end no culture on sweet cream butter is shown in table 9, Nine triels
were made using pathered sweet oream varying in acidity fram 0415 to 0.17
per cent, The modified culture used has been described, An effort was
made to reduce the neutralized culture to an acidity of 0.3 per sent.
In the first four trials sodium bicarbonate was ussd for neutralizing
and in the last five trials sodium hydroxide was employede In every cass
it vms found that quantities in excess of the smounts calculeted were
necessary to noutralize the acidiby to the desired point.

The cream wes pasteuriged in ths large vats anl cooled to 70° 7,
Two 150 pound lots were removed ami placed in small 70 pallon vats,
‘Eight per cent of modified oulture was added to ono lot and 8 per cent
of modified oulturs noutralized wes added to the other;y both lots were
immediatoly cooled to 38% F, and placed in carofully storilised cans.
The crean remaining in the lerge vat was cooled to 38° F, and & 150
pound lot removed and placed in cang without adding any culturo. All
thirec lots wore hwld overnight at 36° to 360 F, ani churned the next
norninge

Irunediatoly afttor treatment with oulturo the asoldities of the cream
renged fran 0,15 (without culture) to 0423 por cent (with culture). In
overy trial the cream to whioh the modified sulture had vesn added was
higher in acidity than tho crsam to which modified culture noutrnlized
had been added, and both wore higher in aclidity than the cream without

culture, At the timo of churning the soidities of the oream ranged

R



Table 1I¥,

Influence of the Typo of Butter Culture on the rlavor and Keeping Quality of Sweet Creasm Butter

Comparison of (a) 8 pereent modified butter uulture added at 70° 7, cooled et once (b) 8 percent modified
butter culture noutralized and added at 70° F. cooled at oncs and (¢) no vutter culture

: 3 tAcidity  :ilolding : Aeidity ot ::rresh butber ::butter held r:Storage butter
iOriginal: Rind of :after add-:tempora-: churaning :: held at ::a ffew weeks :: held at
Trialiscidity : butter 1ing outter:ture of : in 4 :: 289 F, :: et 28° P, 1 OOV,
iof cream: culture :culture  :cream :Cream ::Age in: s:Ape in: s:Age in:
: in 4+ addei : 4n i : 9P, sCream :gerum :: doys :Score :: days :Score:: deys :Score
H 185 modified : H : R H . ) 3 ) :
: 3 beCa : 0,20 : 0,21 : 0,29 :: : 933 :: : 93% & : 927
Pl SN & (chodZ SO

: 182 nodified : [ : st : s ' st :

1 : 0,15 : beCe s : : 38° . : :: 6 da 2 49 da: 22180 da:
s smeutralized:; o19 : : W19 : W27 :: 3 955 : 93 : 92
3 s s : : : 23 : s : s :
3 :  No bece 18 : ol5 1 420 :&: : 93 i : 91 & : 9]
: :8% modified : : : i : 12 : e £
] s LeCe $ 23 H s o2 3 431 :: : 93 $s : 93 & : 92
: ;8,2 moditried : : : ¥ H e : : s

2 «17 LyCe : : 3a : g s 3 s2 31 s 171 :
P sneutralized :: Jd8 : 16 1 W22 :: s 93L  as : 92% :: : 91%
: : : : : 3 s2 : 12 s 1: :
: :  No b.ce A7 s : WLT 1 423 1 : 93 : : 92% 1 : 91 3/
: 18 modified : ) : : : ) : R : 1t :
: s DeCe H 22 : T 22 : <31 :: : 93 s s 93 s : 932
s 185 modified : : : s 3 : : s: :

5 ¢ 16 : LeCa : : 37 : : 5: 2 : R 27 1: 166 : ]
3 sneutralized 17 s t G117 : W24 s s 933 13 s 92% & 1 93z
: : : : : : 1z : 1: : e 3
: s o heCe : #16 2 416 3 422 :: : 9284 12 2 923 1t s 935
s 85 modified : : 5 £ : a1 s : s : .
: : HeCo : 20 : : o200 : 428 :: : 935 s : 98 s+ 933

bl - T
s 18, modified : H 3 : i s 1: : s :
4 H +15 b t : 38 : : i 2 : :: 60 1: 163 :

t :neutralized 16 3 3 W17 1 W24 :: : 92 s : 90 3 s 92
k4 H 2 s 2 : i M $2 ! s H
[ 3 Mo bece @ 15 2 [ t ¢20 :2: : 93 532 3 93.%- 2 ¢ 93
: 187 modified : 3 3 it 3 i3 : gt : 3
: : BDeCo : 21 3 : o18 i 425 :: : 94 it : 92 X 1 92 >
s 185% molified : s 2 t s2 s ¥ : e :

4 3 o185 GeCo : 3 36 3 3 s: 10 : i+ 56 3 159 3
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0.15 (without culiure) %o 0,22 per cent (with culture) and the serum
aoidities varied from 0420 {without culture) 4o 0,31 per cent (with
oulture), In every case cresn conteining modified culture was hisher

in gcidity than elther the cream containing modified culture neutrelized,

or the crean churned without culture, Ths oresm containing modified culture
neutralized was highor in acidity than the crear churned without culture

in all except ome trial vhore the sitwntisn was roversed,

The bubter was scored between the second emi tenth dey after
menufacture, again after 27 to 60 days et ebout 28° I, and after 138 to
180 days at about 0° F, The scorss on the fresh tutter renmjed from 923
to 94, on the buttor held at about 28° F, the scores veried from 90 to
93%, while the range in scare of the butter after cold storage was from
31 to 9%%. Tho relationships of these scores aro shown in the following

BUATArios o

Camperison of the use of modified oculture and modifisd culture

neutrelized

tfrogh @ utter hold : GStoraro

sbutter ¢ at 289 F, 3 Lubter
Number of high scores using modified : 2 :
culture : 8 H 7 3 G
tiumber of hirh scores using modified : H :
eulture neutraliszed t 3 3 2 ¢ 1

s 3 3
Funber of tie scores :r 3 : 0 3 2
Totn} : 9 : 9 : 8




Camparison of the use of modified culture and no culture

: Tresh : Butter held : Stornze
: butter :  at 28° F, : bubter
Number of high scores using 2 : s
modifisd culiure s 7 : 8 : 7
Humher of high scores using : : E
no culturs Y : 1 : 1
Number of tie scores s @ : 0 : 1
H H 4
Total : 8 : 9 : 9

In tho first swmary the use of modifisd culturc and modified
noutralized was oomparede The butter made with modified culture was
more often high in score than the butter nade with modified culture
neutralized whon scored after holdinsg et 28° ¥, and when scored after
cold storage, while whon scored fresh the number of high gcores were
oqual, A value of over 400 was dotormined for Ny in osse of the fresh
butter, e value of 14 in oase of tho btutter after holding at about 28°%,
end a value of 14 for the cold atorage butter, Since N or 2 is less
than any of these valuaes, the differences in the numbers of hiyh scores
are not sipnificant,

Butter made with modified culture was oompared with butter made
without culture in the socond summarys The butter made with modified
culture vms more often high in soore when scored fresh, again aftor
holding at about 28° r¥,, and also after oold storage. & valuwo of 8
was detormined for Ns in omse of the fresh butter and for ths butter
after holding at about 289 F,, while 9 was the voluo for the cold

astorapy buttor. Since N or 8 is as great or grestor than any of these
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valuee for N5, the difference in the mumber of high scores is
simificant in each casa,

In the third summary butter made with modified culture neutralized
and without culture was oompared, The butter made with modified culture
neutralized was more oftenr hich in score than the btutber mads without
culture when scored frash, also when scored afier holding at about 28°
e and vhen scored after cold storags. « valus of 6§ was determined
for By in case of the fresh Wutter. N or 9 being greater than L or 8,
the difference in the mmber of high scores is sipnificent. A value of
20 was determined for Ng in case of the buttor after holding at about
28° F., ond & value of over 400 for tho butter after cold storage. Sicoce
K or 9 is less than theso valuos, tne difference in tho number of high
acorec is not significant in olthor cases

Table 10 gives the results of 10 trisls in which the use of repular
culture was canpared with the use of culture vhiic: wns posteurized after
ripening. The oreem used in these trials was gathored cream verying in
acidity fron 0.14 to 0.1¢ per cents The msteurized culture wns made
by heating regular culituro to 145° ©, for 30 minutes and filterins off
the curd; the remaining serum was cooled to 40° F. and used in the cream.

The crecm was pasteurized in the largo wats and cooled to 70° ¥,

Tvwo lote of 150 pounds cach wero romoved and placed in small 70 gellon
vatse Tight per cent of repuler culituro vas added to the ono vat and
8 per cent of the pasteurised culbure to tho other. Zoth lots wore then

immedintely cooled to 38C ¥,, hold in the coolor (36° to 38° 1,) overnipht



Teble X

Influence of the Type of Butter Culture on the Flavor and Keeping Qxiality of Sweet Cream Butter

Comparisan of (a) 8 per cent regulsr butter oculture added at 70° F, oooled at once end (b) 8 per cemt
regular butter oculture pastsurized added at 70° F, cooled at once

3 : tAcidityilolding s Acidity at 1: Fresh butter :: Butter held 3: Storage butter
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end churned the next morning,

The acidities of the oream ranged from 0.22 to 0,25 per cent
immediately after adding the culturese At churning the cream acidities
varied from 0.23 to 0,25 per cent end the szorum acidities fran 0,32 to
0435 por cent, Tho acidities of the oreom in each trial, within the
limits of evror of the aocidity test, were the same immedistely after
edding the oulture and ageain at the tiwe of churning,

The butter was soored betweern the second and fifth day aftor
menufacture. It was soored again after 25 to 60 days at about 28° ¥,
ond after 145 to 180 days in cold storage et sbout 0° Fo The fresh
scores varied fran 923 to 933, after holding st about 28° F. the scores
ranged from 81 to 93 and after cold storapgs the socores varied from 91 to
93, The following sumnery shows the relationships of the scores,

Compariscen of the use of resular culturs and pasteurized
butter culture

s Frogh : Sutter held : Storage
s butter : at 282 ¥, : butter
Iflumber of high scores using ropular: s g
culture : 6 3 € 3 5
Humber of high soares using 3 : :
pastourized culturs : 0 3 0 3 1
H H 3
Rumber of tie scoros s 1 g 1 3 1
? ! 3
Total s 7 t 7 3 7
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The summery shows that the butter made using regular culbture wes
mors often hipgh in score than that mads with the pasteurized culture.
A value of 6 was determined for N in the case of the fresh butter and
also in the case of tho butter held at avout 28° F, Since N is s
which is greeter them Ng or 6, the differences in the scores are
sisnificant. After cold storage a value of 12 vms deternined for Hg.
N or 7 being less than Ng or 12, the Jiffersnce in ascore is not

sipnificant,

The Influence of the Addition of Diacetyl and Acetylmothyloarbinol

to Cutter on its Flevor and Keeping Guality

The deta obtained on the influence of tho addition of dlacetyl end
acotylmo thyloaerbinol to batter on the flever and keeping quelity are
prascnted in tables 11 to 14 inclusive,

Teble 11 zives the results of fiwve triels camparing the uso of
regular butter culture, the addition of dimcetyl directly to butter, and
the use of no butter culture, The oream used in these trials was
gethered oream varying in acidity from 0.16 o 0,20 per cont,

The orec: was pastourized in the large vats and cooled to 70° F,
One lot of 150 pounis was placed in o gnall 70 pnllon vate Eipht per
cant of rogular culture was then added and the cream immoedistely coolod
to 38° 7, The cream raemaining in the large vat wes cooled to 380 ¥,

and two 150 pound lots were placed in carefully sterilised cuns. All

$ lots wore held in e cooler (36° to 38° F,) overnicht ond churned the



Teble XI

Influence of Adding Acstylmethylcarbinel and Discetyl on ¢

Camparison of {(A) 8 per cent butter culture added
sddad direet to the butter and !
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' t¢d 00, dlaootyl: s 3 3t 3
1 : 0,16 :per 100# butter: 36° : L,16 : 22 3 +0012 $ tzooec
s : v : : : st t
t t H0sDeCe : s 16 RYEEX 0015 : none
: t 8% regular ! t e :
t : DeO e t «235 3 31 5t 0033 3 none
t t o3 00, dinocebyl: H : Te :
2 :  L17 :per 1004 bubter: 36 t W17 1 W24 =i L0024 : none
: 1 : : : s :
$ : R ! : 17 3 24 i »C025 : none
: :+ 8% regular @ 3 $ e :
$ t DeCo t : o206 ¢ 038 21 »0048 : T1oNn0
t ted 20e diacobyl: : : T :
3+ L19 :por 100F bubter: 37 $ 0 L19 ¢+ L,27 :: L0012 : none
: s : t : e :
H H Ho b.co H M 019 H o27 {31 .0013 2 none
: ¢t 8% regular s : 32 :
s s beGs : : 28 ¢ W28 22 « 0035 2 none
! 243 00, dipoebyls : 3 s :
4 1 .20 :par 100) bubber: 37 ¢ W19 : 22 2 L0052 s none
: : : 3 t L :
: : Ho Do t A 028 1 GCIB) 3 no:c
: : 8% regular t s oy :
: : VeOe t H 25 ¢ 026 2@ «0053 : n0Nne
: $ 0 00, dinsetyl: t : ¥ :
5 : .19 :por 1007 bubter: 36 e W29 1t J0044 ¢ neno
4 H H & $ 1 $
t : No WeGs t : 18 & W29 33 + 00350 t nono




XX

71 on the Flavor and Kseping Guality of Sweet Creem DButier

wded at 70° F, cooled nt once (B) oS ©0e of ACZ
» and {¢) no butter culture
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next morning, At the time of adding the smalt, dlacetyl was added to wne
of the lots churned without culturs, et the rate of 0.3 ce, of a 10 per
cent solution per 10C pounds of butterfat,

The acidities of the cream 2t the time of churning ranged from 0,16
(vithaut culture) to 0,26 per cent (with culture) and tho serum acidities
from 0,19 (without culture) to 0,36 por cent (.ith culture)s The
lots of crean containing culture were higher in acidity than tho lots
withaut culture in evory trial,

Acetylmothylcarbinel plus diacetyl determinations were maede on the
sorun cf the butter and on the pure butterfat, immediately after chum-
ing; and egain after 7 deays. The serun of the butter mede with culture
was higher in acetylmethylearbinel plus diacetyl than the serum of the
butter made by tho dirsot addition of disostyl in four of the five
trials, 1In the other triel the acetylmethylcarbinol plus diacetyl
contents of the serums were vory nearly equal in gll three lots of
buttor. The pure butterfat contoined acetylmsthylcsrbinel plus dincotyl
in only two of the 10U lote and then the quantities were swnll, After
T days the acetylmethylcarbinel plus diancetyl content of the serum of
the butter made with culture had either romained the same or increased
slightlys The acetylmethylcarbinol plus diacetyl content of the serum of
the butter made by the direct addition of diamcotyl had deoreased in
thres trials end remained about the smne in two triclsy with the seyum
of the butter made without culture the values had decreased in all five

trialse At this tims thero wes not more than a trace of acetylmothyl-
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carbinol plus diecetyl in the pure butterfat in sny of the butter.
The butter wns scored from 2 to 4 days after menufacture, sgain
afber 26 to 40 days at sbout 28° F. and after 200 to 221 days at about
0° ¥, The scores an the frosh butter ranged from 92 to 83%, the scores
on the butter held at about 28° ¥, ranged from 917 to 93 and the scores
on the cold chorage butter vaeried from 91 to 933, The following sumraries

show the relationships of the scores,

Canparison of the use of butter culture and diacetyl

: rresh 3 Lutter held : Storage
: butter : at 289 F, ; butter
: s :
Numbor of hirh scores usin: diacetyl Y 3 2 ;8
Number of higk scores using butter t : :
culturse 8 1 : 0 : 2
2 13 4
Number of tie scores s 4 f 3 : O
H H 3
Total : 5 2 5 s 5

Camparison of the uso ef bhutter culture and no culture

¢+ rresh 1 iutier held s Storage
: butter : at 28° ¥, : butter
Humker of high scores uging Lutter s g !
culture : 5 : S : 2
) : 3
Number of hirh scores using no culture: Q 3 0 : 1
H H H
Kumber of tic scores 3 0 : 0 s 2
1 s H
Totul : 5 3 5 s 5




Comparison of the use of diacetyl and no culture

: Fresh : Butter heid : SLOregs

: butter 1 ot 289 F, : butter
Number of high scores using : : 3
diascetyl : 5 3 5 : 5

$ H :
Humber of hirh scores using no culture: g ¢ 0 : 0

3 : !
Number of tile scores : 0 3 0 s O
Total : 5 : 5 : 5

In the first summary the use of reguluer culture and diascetyl wes
oconpared at each sgoring. There was very little difference between the
two treatments in the number of hish soorsse Values of over 400 were
detornmined for g in case of the fresh butber and the butbter scored after
holding at ubout 28° F,, while & valuc of 35 was determired in thws case
of tho colld storepe butter. Since H or S is less than these valuss, the
differonces in thio nmumbars of hiph scores are not significant,

Tepuler culture and no culture wore sonpared in the second BUWTNArYe
The butter mndo using rejuiar culture gave a greater nunber of high
scores when scored frash, aftor holding at ebat 28° ¥, end mlso after
gold storage. Values of 4 were detemined for Hy in tho oase of the
frash butter and the butter held ot about 280 F, N or § 4o proster than
N5 or 4, and accordingly, the differsnces in scores are signi floant,
After storage a value of 350 was deterzined for lge Since N ox 5 is
loss then Kg or 350, the difference in the mmber of high soores is not

significant,



Teble XII

Infiuence of Addmg Asetylmothyloarbinol and Diacetyl on the Flavor and Keeping
Sweet Croam Butter

Comparison of (a) 8 percent butter culture added at 70° P, sooled at once (b) 4 oo,
to 100# of the butter and (c¢) no butter culture
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Teble X1I

dding Acetylmothylearbinol and Diacetyl on the Flavor and Keeping Guality of
- Sweet Cream Buttor

8 percent butter sulture added at 700 Fe cooled at onoe (b) 4 oo AID added direoct
to 100t of the butter and (o) no butter culture

tllolaing ¢ hoidity  s:Fresh butter  :: Dubter held  :: otorago butter
nt :tompera-:ot churning s: hcldoa'b 21 a few wecks ¢+ held st 0° F,
n :twe of : in % 1t 28°F, :: abt 28° F, 1
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In the third swomary the use of diacetyl and no culture was

compared. The butter made using diacotyl was more often hish in ucore
then the butter made without culture when scored fresh, when scored
efter holdinz at about 28° F. and also whon soored nfter cold storage.
& wive of 4 woe determined for Hs in theo case of the fresh butter, the
buttor held at about 28° ¥, and the butter after cold storages Since
¥ or 5 is groster than Ny or 4, these differences in the numbers of
high scores are all simmificant,

The results of five trinls camering the use of butbter culture,
the direot addition of acetylmothylearbinol to butter, and the use of
no oculture are glven in tadble 12, The oream used in the series of
churnings wes sethered cream veryin: in ecidity from 0,16 to 0,21
por cent.

The cream was pasteurized in the large vats cooled to 70° &, and
& 150 pound lot placed in e snall 70 rallon vat, Eisht por cent tutter
culture wos eddei and tho cream was cooled to 38° F¢ and place? in canse
Tho cream remaining in the large vat was cooled to 38% ¥, and two 150
pound lots were placed in cens. £11 3 lote worc held in = coolor (360
to 37° ¥, ovornicht and churned the noxt morninge At the time of
adding salt, O.4 cce of a 10 per cent sclution of noetylmethylcarbinol
per 100 pounds of fat wes added to one of the lots churned withaut culture,
The acetylmethylcarbinel was a commercial proparation end undoubtedly
contained omsiderable diecetyl.

The secidities of the cream st churning varied fram 0,16 (without
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culbure) to 0.28 por cent (with culbure) and the acidities of the serum
Tron 0,22 (without culture) to 0,38 per cent (with culture). The orsanm
containing culture wms hiéhar in acidity than the cream without culture
in every trial.

The bLutter was scored between the second and twelfth day efter
nenufacturs, afver 52 to 69 deys at about 282 F, and also efter 140 to
155 days at about 00 ¥, Tho scores on the fresh butter varied fram 91%
to 93 3/4, the scores on the butter held at atout 28° F, ranged from
88 to 92 and on the cold storage Lutter the scores varied fraa 89% to

924, Tho rolationships of the scores are sown in the following swmmaries.

Canparison of ths use of butbter culture and acetylmoethvlearbinol

: tFrosh ¢ Dutter held : Storage

: bubber : at 282 1, : bubter
Kumbor of hirh socores uwsing butter @ z :
culfure : S 3 1 : 1
Rumber of high scores using s t 3
acobtylimotivlearbinol 2 0 g i : 3
Yumbor of tio acores : 2 : g 3 1

z 3 :
Total : 5 : 5 : 5
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Comparison of the use of butter culture and no culture

: Fresh : Butter held : Storage
: butber : at 26° r, : butter
Number of high scores using butier 3 3 :
culture 3 4 : 5 : 2
Number of high scores using no : s :
culture 3 1 : 0 s 3
H 3 H
Yumber of tie scores 3 0 s 0 s 0
H b E]
Total 3 3 : ) : 5

Camparison of the use of acetylmethylearbinol and no culture

:+ PFresh 3 Sutber held : Storege
t butter : at 280 F, : butter
Number of hizh soores using t z 3
acetylmethylcarbinol : 3 3 4 : 1
Humber of high scores using no 3 2 t
culture 2 1 3 0 : &
: : :
Number of tie scores 3 1 z 1 : 0
3 3 B
Total $ 5 3 5 : 5

In the first sumary the use of butter culture and acstyliethylearbinol
was comparede Tho ugse of butbter culture gave the preater mmber of high
scoras whon the butter was scored fresh, Afber holding et about 28° 7,
tho number of hizh scores wers equal with the two treatments while after
cold storage the buttor mede with sostylmethylearbinol gave the preater
number of high scores., A value of 1l was detormined for Ng in the oase
of the fresh butter, a vnlue of 400 in the ocaso of the butter after

holding at about 289 ¥,, and o value of 25 in the cnse of the butter
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after cold starege. Since K or 5 is less than any of these values,
the differences in the mmbers of high scores are not significant.

In the second summary ths use of butiter culture and no cul ture
wus canpareds The butter made with culture zave the preater number of
high scores when scored fresh and after hoiding at about 28° Fe,
while the butter without culture pave the greater number of high scores
after cold storage, 4 value of 11 was determined for Ny in cmse of the
fresh butior and & value of over 400 in the camse of the cold storapge
butter. Simge & or 5 is less than either of the values, the differences
in the numbers of high scores are not sisnificant. A velue of 4
was determined for N in the case of the butter aftor holding at 28° ¥,
KN or 5 is greater than li or 4 soc the difference in the number of nigh
scores is significant,

Tho use of acotylmethyloarbincl and no culture are canpared in the
third sumary. The aoetylmsthyloarbinol gavs the greater number of high
soores vhen tho butter was scored fresh and also when scored after hold-
ins at about 28° F., while after cold storage tho butter without culture
rave the gpreater nuwnber of high scores. & value of 2T was dotermined
for Hy in onse of the frosh butter, & valus of 7 after holding at
obout 28° ¥,, and & value of 11 aftor oold storsge. Since ¥ or 5 is
loss than gny of these values, tho differences in tho number of high
soorss arc not si mificant.

Table 18 gives the results of 19 trials in which buibter was nade

using the following treatments: (A) the adlition of butter culturo to



Table XIII
Influpnce of Adding Acetylmethylcarbinel and diacetyl on the Flavor and Xeepins Quality of Sweet Cream Butter

Camparison of (&) 8 percent recular butter culture added ot 70%F. cooled at once (b) .4 c.ce. AHC added to 100 #
butter and varioua cultures of S, lactls added to the sream and (c¢) no butter culture

1Orirlanlis silolding sAeidity at chuminra:: Frosh batter:: Butter held o s sStorase- butter
sacidity ¢ Treatment s TOMPOTa=: in % ::held at 289F,::few weoks at 28°F.::held at 0°F, .
Triasl:of cream: of the cresm  :ture of : Cream ::Ape in: ::Are In sshpe in :
: in # ;oream’-"F.:Cream : gsorun :: days :Score :: day8 :  Score :: days : Scors
: 185 recular : H 3t : s ] 33 H
: :  beCe : 0425 3 0,84 33 $95% s : 93 i 191%
H te €O AMC ar‘dau: 3 : 1 H L : s t
1 : 0.18 :%to 100} butter +: 36° 3 iz 4 da iz 27 da £:183 da
s : S,Le 16 : t W19 : 27 i3 $93% 13 392 3/4:: 191 3/4
: : : 3 3 ¥ H 13 s 13 t
s : Mo b. c. : : L18 025 11 :93 s : 92 13 :91%
s :8% recular : 2 s $3 3 $e 2 Y :
: 3 bele $ : 27 : 37 23 192 5[4:: s 92 3/4:: :912
¢ t ¢4 o, AYC added: 3 3 3 H Ty : e s
2 : L20 :to 100f butter +1 37 3 : 1t 3 s t: 28 3 $¢175 :
: s Seiie 16 : s W21 30 s 192 s2 s 92% a3 195
s : i : s 1 : 23 : s: H
3 :  lNo bs ce : : 21 ] 30 2@ 9] 3 /213 : . 92;}; 32 291
: :8% resular 3 3 s 2 : 3 :t s :
: : beCe : t 426 & e36 13 192 3/4:: i 95r 1 :92 5/4
: 1.4 Cce AMC ndced: : t ¥ : tH 1 s2 :
3 1 .20 1to 100] butter +:3 36 : s 1 2 : 1: 23 : 11170 ¢
: : Sele 16 ] 1 <20 ] o8 13 :93 32 s 93 ts :91 3(4
3 : . : s 3 s ¢ st s ] H
: : fo b. Ce : s 420 s 028 13 1923 2 : 921 g 192
: 18,0 recular t 1 2 3 : e : 18 s
3 3 DeCo 3 s 27 : «37 12 £92% 23 : 89% ¥ 191
H 1e% cCo AMC added: : : 3¢ s 12 : s H
4 : .20 :to 1007 butter +: 37 : : :s 3 : 1 37 : +3168 :
: : Eele 16 g : <20 3 «28 12 1925 s : 913‘5 3 191
: : 1 $ : $2 : s % HE 3
: : 7o Le Co s :  +20 : 28 23 192 $3 2 90 32 291
: 18, re-uler : s t . Y :g s : , s 3
3 : DeCo 3 1 42D : o3 33 393 2z : 915 13 :92 3/4
: s¢& ctc, AY¥C addoi: s : ts s s 3 13 :
5 : L19  :to 100/ butter +: 37 : L19 27 :: 2 292 3/4:: 42 : 91} ::163 193
: : Selie 16 : 1 : e : X : $: 3
H 3 3 3 - 2 $ HE H L8 2
. . A . » . - 149 - ary .- .manlL ~ _——




: ] Mo by o 3 s «20 ? 28 33 392 ¥ ) 80 Y] 191
t :18% recular : s : ) : ) 3 it 3
: t  D.Ce : t 25 2 o34 53 :93 s s 91X s :92 3/4
] ta4 cC, AMC addedis : : [ s L2 : s :
§ : .19 :to 100} butter +: 37 : o119 27 13 2 292 3/45: 42 : 91} ::183 193
: t Selie 16 : : : ts : s : 33 :
: 3 s $ : 1 : e s 2t :
3 31 Lo be Co : : W19 s 27 i3 192%~ 1 : 91 ¥ 1925
3 13/ resular s g 3 $t 2 s : K 2
: 1 DaCe : : «25 ¢ 34 i 1928 5 £ 905 s 1923
H o4 cc, AMC added: : : L2 ) s £ 3¢ H
& 1 ,16 :to 100} tutter +: 37 3 s $s 4 : 2z 66 3 :3161 s
s : S,Le 16 s t W17 : 23 s :92% s H 91 ¥ 2192
: : 3 : 3 it : £3 : 33 P
g ¢ Ho be ce 2 1 el 022 3@ $92 s s 90F i :91 3/4
: +8,: regular “v s : t it t 3 : 38 3
3 : DeCo - 3 : «26 3 36 13 193 i :  90% i 292
: te% Ccc. AMC added: : s 11 s $3 : 3 3
7 ¢ #18  sto 1004 butter +: 37 3 : it 9 : 13 61 s :31156 :
: ¢ Selia 26 ° 1. t o118 : 24 12 193 X :  90% 31 :91 3/4
s fl s s : se : s : g -
$ : Ho be €, : t W17 s 23 : £92% & : S0 13 $91
: :8,> regular : 3 s 3t : 3 : 33 ¢
] s beCa : t o285 s o34 $2 192 $e : 91t . 191 3/4
: ¢4 CCo AYC added: H : ] : 12 s s 3
8 : W17 :to 100} bubtor +: 37 : 2 12 7 1 1: 59 : 1:154 t
s s S.Ls 16 : : o183 24 33 :92% P : 92 1z £92
: : s : : st H ¥ 5 st 3
: i 1o bece : : W17 W23 1 292 3/45: s 91k 4 1913
: 185 rerular 3 : s 1 s 12 : 83 z
: 3 beCo : 2 o206 : 36 s 191 3/4.: : 90 $2 191 3{4
: te& c¢, ANC added: 3 : ¥ 2 $2 : s :
g : ,18 : 100# butter +: 37 : : te 1) ¢ 1 48 : £:150 :
: : S.Le 18 : s o19 ¢ 27 £923% 1 t 90 g3 391%
s s : : s s3 H 21 3 3t s
s t Ho b. G t s #1801 424  1: 192 313 s 90 3 192
: 18> resular : 3 : s : s : Y s
g 3 beCe 3 s 27 : 37 ¥ :92% £ : 91% T 180
t 1 ¢4 cc, AMC added: : t 3t ¢ HE H R H
10 : .19 :to 1007 butter +: 35 1 : i3 10 :: 47 : 11149 :
s : S.Le 16 : : 20 : *28 1 {gg L3 H 91+ 11 :91
} 4 2 H 4 . 4 £ H $2 4 e H
: t  Ho be Co : : 18 : e24 33 192 X s 91 X 92
: 187 repular s ¢ s Y ¢ I : it :
: 1 beOo s 1 28 s «38 i3 195§ st s 92% 53 :92%
s ted €O, ANC added: : 1 it : st 3 : )
"M . .17 t+n 1002 butter +: 36 t 2 s 9 t :3 76 z 1:146 s




. s MU Us Ce t T G lIB t +24 g 392 1 3 90 X
3 18 resulayr : s 3 23 : sz s st :
t H beCe H 3 W27 3 «37 s :g?} s: H 914 ¥ 90
: ted C0e AMC amdded: : s X ) i3 H T ]

10 ¢ .19 sto 1005 butter +: 35 3 : 2 10 s 12 47 s £3149 :
3 : Sels 16 : t <20 H 028 X :92 :3 : 913 ¢3 3191
¢ : : T . 3 33 : 22 : 13 :
: t Ho be co : t_ <18 3 o2d 1 192 X L g3 102
s 18Z rerpuler s : : 11 : 33 : : :
: ' beGe s 5«26 3 36 13 198% 1 i 92F s 392%
3 ted cO, A¥YC added: t 3 11 H :t t 11 :

1) s 17 ito 100) butter +: 36 t 3 : 9 $ :s 78 s 1:146 :
H % S.le 16 t 1 <18 3 24 13 :93%~ 33 : a2 11 xQZi
s ! H s t te s Tt 3 13 z
s s+ lo b, c. $ : &17 2 23 :3 393 g3 1 92 32 1925
: 85 regrular ] 1 : 13 t i s 3 ] 3
'l % beCo ] 1 24 3 ¢33 : s93% 11 : 91 3¢ 389
: 1.2 GDe AZC added: t 3 i1 t it ' s s

12 31 L1686 :te 100# butter +3 37 3 1 1t 8 : tt 74 3 :e144 s
: . SeLe 16 : t_&17 3 023 31 193% 13 s 91%F s 291
s % s : 3 52 3 ts g 13 B
s t Ho b, cs ) $ ol 3 22 3 193 ts 1 9% s =9Q§
X 15,5 Tefular : $ s it R : L : ~z
t t BeCe : : «26 3 e36 13 393 t3 H 915 t: t9
s 104 tce ANC added: % s 13 H ts ¢ Y s

13 5 W17  sto 100f butter +3 37 : : 1t 7 s t: 68 2 13142 2
] 2 S.Le 16 s t 18 : 24 13 :93& 3 : 91% ) 391%
: : t t 3 1 f 2t ) 5 t
1 1 No b, c. 3 1 017 : 23 33 193 1 : 91 13 291
: 184 reralar 5. f $ e s 13 3 s s
! ! beCe ¢ t  #25 3 o34 23 :91'3{4:: s 91% e3 :91%
s 1.4 CC. AZC added: 3 3 s : : : 33 :

14 : .18 140 1001 butter +: 38 : ' 1z 6 : ts 67 3 ::140 3
2 1 Sele 1& : I X : 23 s ¢91: 1 : 91% £s :90%
: 2 t : 3 3 1 13 s ts '
s :  Ho b, Co : : 416 @ 22 1 191 1 ;91 21 390%
1 18/ rezuler : s 3 56 t: :93 53 ¢ N 2 'g
: 3 heCo : 1 W26 3 . t: H : : 921 st 192
s to3 cc, AMC added: ' 3 s s $3 : te 2

15 1 .18 sto 100} butter +: 38 t : s 12 it 65 3 £:339 | s
s s S.Le 16 1 : W18 s 24 st 192 3/4:: : 92 12 1913
: Il 3 s 1 12 : 12 : s t
$ t Ho be Ca 3 t W17 023 192 ts : 92 X 191 3/4




the oresmm, (B) the sdditim of Streptococcus lactis to the cream nd

acetylmethyloarbinol te the resulting butter, and (¢) the eddition of no
culture to the oreane The oream used in this series was swest gathered
cream varying in acidity fram 0,16 to 0420 per cent.

The oremz was pasteurized in the large vats and cocled to 707 e
Cne lot of 150 pounds was then placed in a smsil voat and & per cent of
butter culture added. It was ther cooled to 38° ¥, and removed to cans,
The remainder of the cremm was cocled in the large vat to 38° ¥, and

two 150 pound lots were put into cans. A pure culture of Streptoccccus

lactisg, which hed besn grown in sterile milk wns added to the ons lot
while no culture was added to the other., All three lots were held in
the coolar (350 to 58° Fe) overnight and churmed the next morning, At
the time of adiin); selt to the butter frem the cream inoculeted with
Se lactis, Oe4 cce. of & 10 per gent solution of aeetylumethylearbinol
per 100 pouniz of butterfal was added directly to +the butter,

The acidities of the cremn at the time of churning varied froam 0,16
(vithout culture) to 0427 per cent (with c:lture), and the serum
aciditics ransed fran 0.22 (without culture) to 0437 ver cent {with
culture}. ihe cream to widch butter culture was adied was consistently
higher in acidity than the creea to which a culture - of S, lectis wes
added and sliso higher than the coream chumed withoul culture. The
creau te which the culture of S. laotls was added was hizher in acidity
than that churned ¥ithat culture in 11 triasls, wille the acidities wers

squal in ¢ trials,
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The butter was scored between the seccond and twelfth day after
nanufacture, agein after 23 4o 76 days et about 28° ¥,, and after 138
to 163 days et about 0° I, The scores on the fresh tmtter varied
from 917 to 933, the scores on the butter after holding at sbout 28° ¥,
rangzed from 89% to 93%, while the scores after cold storage ranged
fran 90 to 93, The following sumearies show the reletionships of
the ascores, |

Canparison of tho use of buitter culture vith tho use of a
pure oulture of S. lactis end the addition of acetylmsthylcarbinol

# fresh s Butter held : Storage
: butter 3 at 28° Fo 3 butier
Humber of high scores using butter : : :
culture t 7 : 8 : 9
Numbor of hich scores using Ue lactiss s 3
end sootylmothylcarbinol z 3 3 4 )
H 14 H
Humbor of tie scores : 5 : 3 : 0
H 4 :
Totnl : 15 : 15 : 15

Cozparison of tho uso of Lutter oulture and ne multwae

t i'resh 3 Jutier held i cvorage

: butber : at 282 P, 1 hutter
Kumbor of hiph scares using butter : t
culture : 13 1 10 : 10
fiumber of hirh scorss using no 3 1 :
culture s 2 s 2 s 3

S : 3
Humber of tie scores 2 ) : 3 : 2

: 3 $
Total : 15 : 15 : 15




Camparison of the use of a culture of S, lactis and the additimm
of ncetylmethyloarbinol with the use of no culture

t Fresh : Butter heid : Storage
. : butter : at 28° ¥, : butter
Humber of high scores using .. lactis: : 3
and scetylmethyloarbinol 2 13 3 10 s 9
liumber of high scores using no : s s
culture 3 1 : 1 : 5

b} H :
Tumber of tie scorss 3 1 : & ;1

b H 3

: 15 s 15 s 18

Total

In the first sumary the use of butter oulture was compared to the
use of S, lactis end acetylmethylcarbinols The butter mede using
butter culture gave & preater number of high scores when scored fresh,
whar scored after holding at about 28° F, and also when scored after
cold storage. A valw of 56 was determinsd for Ns in case of the fresh
butter, a velue of 56 for the butter after holding at 28° F, end &
value of 96 for the butter after cold storages N or 15 is less than
any of those valuss for Mg so the difference in the mumber of high
scorss is in no case sipgnificant,

In the ssoond sumaery butter made with and without butter culture
was compared. The butter made with culture gave the groater number of
high scores when scored fresh, when scored after holding at about 28° 7,
and elso when scored after cold storage, A value of 13 was determined
for N in case of the fresh butter. Sincs ¥ or 15 is preater than Ny
or 13 the ¢ifference in score is highly significant, 4 velue of 14 was

dotermined for Ng in the case of the butter held at about 28° F, Sinoe
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R or 15 is preater than Ns or 14, the difference in the number of high
agores is signifiocant. A value of 19 was determined for Ny in case of
the cold storage butters N or 15 ia less then Ny or 19 and, accordingly,
the difference in tho number of high scores is not significant,

In the third sumary the use of S. lactis and acetylmethylcarbinol
was compared with the use of no culture. The butter made using S,
lactis and socetylmethylearbinol pave a preater number of high scores
when scored fresh, when soored after holding st 28° F., and also when
scored after cold storage. ;i value of 11 was dotermined for Ng or 1
8o, the differsnce in the number of high scores is highly si,gxiz‘ioant.
4 value of 11 was determined for Ny in casa of ithe butter held at
cbout 28° ¥s Uince N or 15 is greater than Ng or 11, the difference
in the number of high scores is significant. In the case of the cold
storage butter a value of 58 wes determinsed for Nge N or 15 is less
than N5 or 58, and, accordingly, the difference in the number of high

gscorsg is not significent,

Table 14 presents tho results of 4 trialas in which butter was made
using the following treatmente: (A) the addition of bhutter culture to

croon, (B) the addition of Streptococcus paraoitrovorus to the croam and

aootylmothylearbinol to the resulting tubter, mnd (C) the addition of
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ne culture to the cresm. The cream used was pathered sweed cream
varying in acldity from 0,17 to 0,19 per cemt,

The cream was pasteurized in the large vats and coocled to 70° ¥,
A 150 pound lot of creem was remcved snd placed in a small 70 gallon
vat, 2ight per cent of butter culture was added to this cream and it
wag inmediately cooled to 38° F, and plnoed in cans. The remasinder
of the cream in the large vat was cooled to 38° F, and two 150 pound

lots were removed to cans. 4 pure culture of Streptococcus

paracitrovorus that had been grown in slerile milk was added to ome

of thess lots. No culture was added to the other lots. All thres
lots werc held overnight in e cooler (36° to 38° F.) ord churned the
next moming. At the tims of edding salt, 04 coe of s 10 por coat
solution of socetylmethyloarbinol por 100 pounds of butterfat wos

added tc e butter fron the crsam inooulated with 5. paracitrovoruge.

The aeotyluethyloarbinol undoubtally cuntained diasetyl as it was a
commercial proparations

The eoidities of the cream at churning ranzed from 0.17 (without
culture) to 0,28 per cent {withi culture) and the surum aciditios ranged
fram 0,28 (without oulturs) %o 0,38 per cent (with culturs), In every
trial tho lots to which Lutber oculbures wes edded were higher in aecidity

then the lots ceutaining the culturs of S. puracitrovorus and also aigher

then the lots withaut culturss The lots containing l. peracitrovorus

and the lots without culture were very neerly the soms in acidity end

any differences were within the limits o oxror of the acldity test.
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The butier wes scored hetween the second and fifth day after
menufacture, again after 26 to 65 days at sbout 28° F, and after 160
‘to 131 days at about 00 F, The scores on the fresh buiter ranged from
91 %o 923, the scores after noldin- at ebout 28° F, ranped from 893
to 921, and the scores after cold storage ranged from 89 to 913,
The relationships of the scores are shown in the following sumaries.

Conparison of the use of butter culturo with the use of pure
culture of Se parscitrovorus and the addition of acetylmethylcarbinoel

t Fresh s Butter held : Storape
: butter : at 282 ¥, : bubter
Humber of high scores using butter 1 : :
culture o 2 3 2 3 : 2
Number of hirh scores using Se. t : :
pargoitroyorug and acetylmethyleariind: 1 : 1 RY
s H 3
Number of tio scores : 0 : 0 : 2
H : :
Total H 4 s 4 : 2

Commarism of the use aof butter culture and no culturs

Fregh s Butter held: Storage

:
: Dntter :  at 2839 ¥, : hutter
Number of high scores using butter : H s
culture 3 2 : 3 s 2
Kumber of high scores using no s 3 :
culbure H 0 : 0 : 1
: s :
Bumber of tloe sccres : 2 3 1 : 1
) 3 I3
Totel : 4 3 4 r 4
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Camparison of the use of & culture of S. paracitrovorus and the
addition of acetylmethylearbinol with the use of no culture

t frosn ¢ bubter held : .torage
: butter : at 28° F. : butter
Number of high scores using S. para- : s )
Sitroyorus and acetylmethylearbinel s 2 3 4 : 1
Humber of hizh scores using no : : :
culture 1 2 : 0 s 3
3 3 :
Humbey of tie scores : O s 0 3 0
H H H
Total : 4 5 4 3 4

In the first summary butter nede using regular culture was compered

to butter mede with a culture of S. paracitrovorus and acetylmethylcarbinol.

The Watter made with butter culbure geve the grsater number of hipgh scores
vhen scored fresh, whon scorsd after holding at about 28° F, and also
aftor vold storege. A value of 16 was determined for Nz in the caso of
each set of scores. Since N or 4 is less than Rg or 16 the differences
in the numbers of hiph scores are not significent,

In the gecoxd sumary butter made with and without cultwuro was
compared. The butter made with culture gave more high ccores when
scored fresh and also after holding at abait 28° F, or in cold storage.
A value of 16 was deternined for Ns in the omse of the fresh butter, a
value of 7 in the case of the Lutiter held at about 28° F, and a valus of
over 400 in the czse of the ccld storage butter. N or 4 is less than
any of these wvalwes so that the differcnoes in the numbers of high scores

are not significant,
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In the third sumnary butter made with S. paracitrovorus and acetyle

mothylearbinol was compared to butter mede using no culture. Ths butter

made with S. paracitrovorus and ecetylmethyloarbinol gave more high scores

the: the butter mede without eulture when scored after holding at abaut
3280 Fe, vhon soored afber cold storege tho hutter made without culture was
most often high in score; vhiile when scored fresh there were an equel
number of high scores., £ value of 4 was dotermined for Ny in the case

of the butter held at sbout 28° ¥, Since ¥ or 4 is equal to Ng or 4

the difference in the mumber of hizh scores is signd ficant. After cold
storage a velus of 16 was determined for Ny, Since N or 4 is less than

‘Hg or 1¢ the difference in the number of high scores is not signifioant,

The Mepnufacture of High Scoring Butter

In some instances it is desirable to make butter higher 4in score
than any of ths established cammercial grades. The trestments used in
the manufscture of 45 churnings of butter entered in state and national
butter contests during the years 1332 to 1835, inclusive, are presented
in table 13, Tho oremn used wus always carsefully selected on the basia
of its {lavor, and the acidities immediately after selection varied
from 0,13 to 0,19 ver cent. In all ceases the cream was pastesurized st
1459 F, for 30 minutes,

From the standpoint of the type of oulture used, the method of use,

oand the neutralization of tho oream before adding oculture, various
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Table XV

The Hanufacture of Hipgh Scoring B

: Original

¢

tAcid

saoidity ofs Treatment : ¢ Amowmt of : Ilethod of :

Trigl:the orean : ag to : Kind of tbutter culture: using the :

:+ 3in % : neutralization :butter oulture : in % 1butter culture: Cre
: H 3 tHNot ripened @

1 : 0.,1% : ——— 1Regular t 8 thold 6 hre t O,
: : e : shlot ripened

2 ¢ W15 : e tRogular : 8 theld 6 hr, Y
s t : : iNot riponed

S 1t W15 2 et 1Regular s 9 theld 6 hr, ! .
: : t ! tilot ripened 1

4 ¢ Ll4 $ asmoene tRegular t 7 theld 6 hr, t .
H t : : tlot ripened t

5 ¢ 13 s e :Regular t 8 theld € hr. t .
: s [ t tRipened 1 hre :

6 : W16 : R tlezular s 7 thold 12 hr, .
s t H : 1ot ripened

7 14 : D sliodified s 8 theld 12 hr,. ] o
: s : : tliot ripened @

8§ : L18 : e liodified t 7 theld 12 hre ¢ &
ot : : H sllot riponed

9 ¢ W17 : D e sRezular : 7 theld 12 hry 1t
t . : H sliot ripened

10 ¢+ .16 t e 1 Regular ! 7 sheld 12 hr. t .
2 H s : tilot ripened

11 ¢ L18 t —— 1Regular $ 7 theld 12 hre ¢ o
: 3 t H tiiot riponed 1

12 16 : w—— tiodified 3 8 theld 12 hr, : .
t 5 H 1 tliot ripened t

18 ¢+ W14 : B tlodifiod t g8 theld 12 hre ¢ o
H ] 1 t 1..ot ripened @

12 ¢ 14 : oo sllodifiod 1 8 thold 12 hr, T e
3 H t s 1ot ripemed

15 18 2 Y siodified s 3 theld 12 hr, 3 .
t : : : iJiot ripenod

16 ¢ 18 : R tRegulor ) 8 theld 12 hr, : o
% : 1 . | 1ot ripenod ?

17 017 1 e 1Ropular t 8 shold 12 hr. t .
: : : : iliot riponed 1

18 ¢ 418 t o s Regular ] 7 thold 12 ire 1 &

] t ¢ : tHot ripened ‘

19 +16 t ——acnrnn tlRegulaxr b 7 theld 12 hr, t .
: ? tRoular + 04150 tiot ripened

20 o135 1 ———— : citrio acid B theld 12 hr, s .
: : ' tReguiar + 0.15,0 1ot ripensd 1

21 3 W14 : e 1 oitric acid 6 theld 12 hree 1 o
t t sRegular + 04150t tliot riponed 3

22 2 18 ¢ v :+ oitric acid 8 theld 8 hir, 1 o
: : tRegular + 0,155 tllot ripenod 1t

23 1 13 H -sacnin t oitric acid 12 theld 8 hr, 1 N
: : sRopular + 0.5/t tllot ripened

24 ¢ LB ' e : citric acid 12 theld B hr, t .
: s tRaegular + 0,15/ 1ot ripenod

256 ¢ Ll2 : - 2 oitric acid 10 theld 8 hr, ? »
¢ ] :

tRegular + 0,}5?3

sﬂot ripenod
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of High Scoring Butter

-

‘ethod of
wing the

ster culturo: .

Acidity at churniﬁg

in %

t Cream
serum

» ripened :
4 6 hre 3
» ripened ¢
d&hr. e
; riponed 3
dGhr. 3
» ripened 3
d 6 hre t
- ripened 3

d 6 hr,

oned i hre :

4 12 hre.
riponed

d 12 hr,
ripened

d 12 hr.
ripon

d 12 hre
Tipense

112 hr,
ripen

112 hr,
ripen

112 hr,
ripcned
112 hl‘.
ripene
i1l2 hre
ripemec

3 12 hr,
ripencd

i 12 hr.
riperod
112 hre
riponga '
i 12 hrg
ripened

i 12 hr,
ripened

1 12 hr.
ripen

I 12 hre
riponed

| 8 hy
ripon

| 8 hi,
ripeno
. B hr.
ripenod
. 8 hra
ripened @
. B hre t

@O LT M 2m ee S0 R G0 M 2 Se eh B2 B s GB A SR SR S0 B 40 48 05 06 2t 4 oh 60 46 20 6% 4 42 W5 00 " ae o2 e

023
24
27
24
26
o4

027

0,33
«32
37
033
36
»37
33
«37
36
*36
035
¢33

o351
035
37
236
«36
#3535
+31
*33
+36
»33
+36
*33

s
b}
t
H
$
H
$
3
3
]
3
H
H
b
:
H
H
3
:
H
s
2
3 30
H
H
H
t
H
t
H
4
3
?
3
3
$
:
H
3
H
$
¢
4
¢
t
H

+36

H 3 H H H
8 1 : Mresh : Storage :
¢+ Time of 1 Type of : butber : butter : Criticism
¢ contest : contest & score ¢t score 3
$ 1 H $ H
:Dec, '31 t State t 94,00 :
: : k! 3 H
tJan, '32 1 State : 94,00 :
H 1 : b 3
:Febr. '32 : Hational 1 93,16 3 s Sl. coarse
: 3 : $ 3
slinreh *32 1 State t 92,00 s 3
: : : : ?
sApril 32 1 State : 03,50 ¢ + S1, coarse
2 1 ! : :
Caklay Y32 s State : 93,66 :+ S1, coarse
: 3 : : :
sdJune '32 1 lNatlonal : 94,25 : 95,50
H ) H 3 H
sJuly '32 ¢ Stato : 92,00 : 1 Coarse
$ H H H b
shuge '32 1 National : 83,00 2 : Sl. coarse
s 1 H 3 :
" iHov, '32 1 State : 93.16 3 3
: 3 t 3 :
:Dec, '32 : State t 93,00 3 t
3 t s : :
tJane '33  :State t 94,00 s
H t | H H
sFaebr, '33 ¢ Hational 3 94,00 :
3 1 : s ?
stlerch '33 : State t 94,00 3
: : s t :
- dApril *3% ¢ State 1 92,50 1 Coarse acid
3 s : : !
tlay 133 s State t 92,00 1 Coarso acid
3 b $ t F
gJune '33 ¢ Jational 1 €4,00 t 93,50
: t H : 3
wJuly '35 1 State 1 92,00 1 1 Coarse acid
$ 3 H H :
Das, 33 @ State : 93,00 1 S1l. conrse
t 1 t : :
sJane '34 1 Stato s 94,60 :
? : e : H
iFobr, *34 : Letional : 94,00 ¢
¥ g 1 ¢ :
ikiarch '34¢ : State ¢ 93.00 = t Sl, coarso
3 H t ] 2
tApril '3¢ : Stato t 94,60 1
t : 5 1 t
iy 134 1 Stato : 93,00 t Sl, coarse
? H : H s
tJune '34 3 letlonal t 94,26 1 54,00
3 2 t ] H
sdJuly '34 1 Hational s 93,00 s Sle coarso
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: oo tRegular

s t

3 e tRegular

t t

H ———a. 1Regular

1 tRegular + 0,150
H wseson 1 cliric acid
1 ' tRegular + 0,15%;
3 - t__citric acid ¢
s sRegular + 0,15/:
t

3

1

:

!

3

:

3

$

3

H

S 2 e 5w o

D — s__citric acid
tRegular + 04157;

s t__ocitric acid
sRegular + Q15%:

—— 1__citric acid
tRogular + 0,157

e s__citric acid
tRegular + 0,15/0:

e t__oitric aocid
tRegular + 0,157:

-t—r—e :__citric acid o
tleutralized to :Regular + 0,15,
tol ugin> MRHCOst citric asid i
tileutralized o :Regular + 0.157¢
1.1% using NaliCOz: citric acid
tNeutralized to sRogular + D.16%t

:.1% uair?'; Eiaiicoﬁa citric ascid
tNeu zod to sHogular + O.105%
3.08%using Sesquis oitric acid
zh‘euﬁ'ai; zed to sRegular + 04,155

1,08%uging Sesquit  oitric mcid g
tHeutralized to Regular + O.l1bioe
1,087 usine Sesquis citric soid g
slisutraiized to sRegular + O.15.%¢
3087 using Sesquia oitric soid i
theutralized tc :Regular + O.ltuos
2087 usin: Sesquis citrio seoid
tiioutralized to :Regular + O.ilbn
to17 using Sosgui.e  citric acid
tlioutralizod to tRegular + Oslbie
1ol usine Sesquis  oitric acid
tlioutralizod to :Regular + O.15..
14170 using Sesquis oitric acid
sHoutralized €o silozular + Ol.1% 3

1.1 using Sosquis ocitric acid - s
aﬂouﬁafizé’ﬁ to  skeopgular + 0.1 i
1,15 using Sesquis ocitric acid
sHeutralized to tRegular + O.ip @
$1% uaine Sesquis_ oitris aoid_r__:
tioutralized to iRegular + O.lj 1
telf using Sesquia  oitric aocid
tlioutralised to Regular + O.d%
:.17 usdng Walll : citrio mcid :
sHoutraliged to iRegular + 0.5 @
2.1% using HaOH ¢ c¢itrioc acid

!

t

s

tNoutraiized to tRegular +‘5:1}3.~
1.1 using NaOH ¢ oitric acid
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procedures were employeds These are summarized as followss

1, Twolve churnings were made by adding 7 to 9 per cent of regular
culture to the cream after cooling.

2o One churning was mede by adding 7 per cent repuler culture 4o the
oresm at 70° Fe, rTipening for 1 hour and cooling,

3¢ In 8ix churnings 7 to 8 per cent of modlified culture wes added to
the creom after cooling,.

4, Sixteen churnings were made, using 7 to 14 per cent culture which
wag prepared by addingQlS per cent citric acid to the milk, the
culture was ndded to the cooled cream,

5¢ Ten churnings were made uitb 7 to 10 per ocent oculture which wms
proepared by adding 0,15 per cent citric acid to the milk; the oculture
was added to the cream at 70° F, and the oream was then ripened 1
hour and coolod.

G¢ In 18 churnings the acidity of the cream was noutralized to 0,08
per cent and after pnstéurization, using various soda neutralisers,
The cream was treated with culture and cooled; it was usually held
froam 6 to 12 hours at & low temperature before churning.

Since numerous treatments were uasd and only ome chuming was made
fran each lot of cream, comperiscms are impossible. The rosults indicate
that hiph scoring butter ocan be made with any of the treatments supggested.
Using modified culture, butter entsred in two national contests recoived
scores of 94 and 94425, In a geeral wy it can be statsd that the

eddition of 0,15 per osnt citrio acid to the milk intended for culture
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resulted in the manufacture of higher scoring butter than had
previously been obteined. The butter appeared to have & fuller flavor
and thizs would be expected heoause of the importeance of ¢ itric aoid
a8 & source of butter flavor and arama materirls, Still further inprove-
ment in the scores of the butier was noted as & result of neutrelizing
the acldity of the sweet oream back to 0,08 to 0,10 per cent after
pasteurization, This practice made it possible to develop a higher
degree of flavor in the butter, either by the aildition of more culture
or by ripening the cream, without the danger of developing a socur or

goarae flavor,



w2

GENERAL CONSIDERATIONS

Some of the results obtained which do not warrant definite
canclusions are of interest in comnaction with the problem of flavor
develommentt in butters. ‘ihen butter culture orpanisms ere grown in
milk veryl 1ittle flavor production takes place until the milk reaches
8 hizh dsgree of acidity, Howsver, the additiam of butter oulture to
pasteurized and cooled crsam several hours before churning broucht
about little change in the acidity of the cream, but usually gave
definite increases in the acatylmsthyicarbincl plus diacetyl content
of the cream, It was also noted that ripening the oream for & short
period at 70% ¥, did not greatly affect the acidity of the cream, but
did rosult in inoreanges in the acetylmethyloarbinol plus diacetyl content
of the orean in almost every trial,

hen butter culture is hald for long periods after ripening, some
of its {lavor constituents are often destroyeds Similarly, whon cream
to which butter culture had been ndded was held for a long period at s
low temperature, thero was a deorcass in the acetylmethylearbinol plus
dieostyl conmtent of the cream in many casen,

In general a hi;h acetylmethylosrbinol plus diacetyl content in the
orsam was assoclatsd with a high scoring butter., Ths acetylmethylcarbinol

end diacetyl were present in the bubter serum and anly a trace wns ever
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found in the butterfat.

The advantege shown by the use of modified sulture over the use
of ordinary culture was mot so much & question of regular supoeriority of
the modified culture as it was a quostion of uniformity of the culture.
This indicates that much of the difficulty in the mnufacturs of regular
butter culture is dus to the failure of the noamal butter culture orpanisms
to grow in the proper proportiom,

In the manufacture of butter higher in score than any of the
canmerclal grades, the results indicate that the flavor of 4he cream axd
1ts subsequeont treatment, with respect to neutralization and use of
butter culture are of eoxtrems importence. In many ocases high scores
were abtained on butter made from creem with a comparatively high
originnl acidity. The fact that butter which won prizes in stets and
national contests was made from oreum of rather ardinary quality,
aince thero was but little opportunity to select the orsem, emphasiges
the value of the propor troatment of the cream in the manufacture of
high sooring butter. Since many of the high scoring lots of butter
wors churned from cream of a low serum acidity, the judges evidently

preferred e high flavor without much acld devolopment,
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CONCLUSIONS

yiith either swveet or sour ereewn, the addition of butter culiure to
pasteurized end cooled creem 16 hours tefors diwning yieldsd tutter
vhiich was signilficantly higher in score than btutter mmde by the
eddition of the butter culture &t the time of churninpg. This was
true both when the butler wies scored fresh and after cold storape.
The additian of oul ture to creenm 40, 64, EC or 112 hours before
churning did not give bubtter sipgnificently hihwr in score then
the addition of the culture 10 howrs bofore churninge This was
trus both when the utter was scored frosh and nfter cold storage.
vhen conpared to the addition of € or 10 per cont itter culture to
pastourizod ond coclod orown, tho addition of 8 por cent tubter
cultuwre to pesteurized crowa ot 70° 7. followed by ripeaing for 1
hour before cooling, cave bulier of & significantly higher soore
after the buttor had btesa held for o fow weoks at aiout 200 T3
vihen scorod fresh and after cold storage there was no sipnif'icant
difference in the scores.

(4) The addition of 8 por cent culitun: to pasteurized and coolod
crean followed by holdins at 28°% to 360 7,, (B) tho addition of

8 per cant culture to pasteurized and cooled oreamm with holding at

41° to 52° ¥, and (C) the additim of & per omt culture to
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pastourizel croam at 70° F, followed by ripening for 1 hour, cooling
and holding at 28° to 36° F,, did not result in butter significantly
different in score when fresh, after holding a few weeks at about
28° Fo or after cold storage.
Butber uiade by {ne addition of 8 per cent butter culture to
pustourizod and cooled crean was usually sigol flcantly higher in
score than butter made without cultwre when seored fresh and also
alter nolding a few woeks ot avout 230 143 after cold storage thore
was commonly litilo Jdifferenco in tho scores.
With oither swoot or sour crean, the us of modified culture resulted
in bubter sigmificautly ulgher in score than the use of regular
ouliuwre, or the uso of az culturs, wiwa e buiier was scored Iresh
or after holding a feow wooks b about 237 To3 after cold storage
thore was no signilicent difforonce in e scoreg.
Tre noutralization of eituer reguler or modified culturc did not
give Luiter signilicantly aighor in score than the use of unneutrale
ized cultwrs when tho butler was scored fresh, after holding a few
woeks at about 23% ¥. or after cold storaga.
The use of eitinr repular or modified culture that had been
neutralizod gave butler significantly higher in score than the use
of no culture when the vutter wvas freshy after cold storsge thers
was not o significant diflerence in the goorses.
Butler made using regular culture was signilicantly hi:heyr in

score thau butber made using: pasteurized culiwre wheu scored
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fregh or after hold.ing a few weeks at about 28° F.; after cold
storage there vas no significant difference in the scores,

Butter made by the addition of diacetyl vms not significantly
different in score than butter mede using hutter culture when
scored fresh, after holding a few weeks at about 28° F, or after
cold storage.

Butter made by the addition of diecetyl vas sipgnificantly higher
in score than butter made without culture when scored fresh, after
holding a few weeks at about 28° F., and after oold storage.
Butter mnde with the addition of scstylmethyloarbinol was not
significantly different in score than butter made with or without
oulture, when scored frash, after holding & few weoks at ahout 28° F.
or after ccld storage.

The addition of a culture of Streptococcus lactis to crean and

acotylnethyloarbinol to the resulting butter did not give butter
significantly different in score than buttor made with butter
culturo whon scored fresh, when scored after holding a few weeks
at abtout 28% Fo, or when scored after cold atorage.

Butter made by the addition of a culture of Stroptococous lsctis

to cream and acetylmethyloarbinol to the resulting butter was
sirnificantly higher in gcore than butier made without culture
when fresh and after holding a few wecks at about 280 F.; after

cold storage there was not & sipgnifioant Jdifference in the scores.
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The sdditicn of mcetylmethlyearbinol to butter made fran creem

inoculated with a cultm:e of Streptocoocus paracitrovorus did not

result in butter significantly hicher in score than butter made
with or without culture when scored fresh or after cold storapge;
the butter made with the additlon of acetylmsthylearbinel anmd

Se paracitrovorus was significently hisher in score than the

butter made without culture when scared after holding a few woeks
at atout 28° ¥,

In the manufacture of butter higher in score than any of the
camercinl grades, either the addition of citric acid to the milk
used in making the culture or the nsutraliszation of the sweet cream

after pastourisation resul t8d in higher scoring buttor,
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