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INTRODUCTION

High-flavored mswad butter has iancrcased greatly in commereial |
inmportanse during recent years, the prineipal areas of production being
the mid-western states. This type of butter is sometimes called sweet
butter and is mede from elther sweet or newtralized sour arsm‘ that has
been ripened by the addition of butter culture. Distinet from this tpr
of butter is the unsalted butter used in ive oreanm mixes end other
pmdu&tn this is made without butter sulture from cream having a low
soidity at the time of churning.

In the absence of salt it is necessary that the dutter have a high
flavor ir it is to satiafy econsumers. Accordingly, the problems with
unsalted table butter differ from those of salted butter. The lack of
sult permits anidities to b§ developed diiring eresm ripening and holding
of butter that would be prohibitive with salted butter because of the
probability of fishiness developing} unsalted bubter rarely beoomes
fishy. Development of acidity favors the produstion of flavor and alse
limits beoterial detericration. |

8ince discetyl is considered the most important eompound contributing
to the desiradble flavor and aroma of butter, the smount of discetyl was
determined and used as an index of flavor development, The sommon
sssumption that dimeetyl is formed by the biﬂlogiui oxidation of acetyls
methyloarbinol prompted the determination of acetylmethylearbinol also.
There may be other materials, for example, velatile aelds and esters of

fatty aolds, contributing to butter flavor, but they sre of miner
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importance, _

The results reported herein cover s study of the sffsots of various
factors on the contents .ew dincetyl .5» its probeble precursor, acetyl-
methyloardinol, in ripened oresi and in butter ehurned from the ripened
eream; the effects of the factors on the flavor and keeping quality of
butter also wers considered. :

Preliminary investigations were conducted under laboratory condie
tions on the following faotors that might influence the ocontents of
discetyl and scstylmethyloarbinol in sweet or neutralised sour ersam
| ripened to relatively #_»mv scidities and in the corresponding butter:

(a) Effect of the percentage of acid developed in orsam on the
discetyl and acetylmethylearbinol contents. _

(v) Effect of the addition of sitric acid on dimesty) and aae«u,w...,
methyloardinol contents of ripensd cresm. .

(0) Effect of agitation during ripening on diasetyl and acetyl~
methyloarbinol contents of oreanm,

(d) EBffeot of ripening temperatures an dissstyl and acetylmethyle
oarbinol contents of oresm.

(o) Influence of different butter oultures on diacetyl and ascetyls
meothyloarbinel contents of ersam.

{(£) Effeot of various percentages of fat in oresm or milk on
discetyl and sg&wwn.ﬁu,waﬁnﬁaew contents.

These studies were then used as a basis for trisls under commeroial
conditions. In addition to determining the discetyl and asetylmethyle
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- ¢arbinol oontents of the oresn jJust before ag and of the fresh
butter, & sample of tutter was snalyzed waw. these sompounds after holding
1 week st 36 _g g; 1 month at 36 to LO%F,, and 3 dsys at 60°F,
followed mw | ?wd_ at 36 to gaw. Samples of butter were soored for
flavor after holding 1 week at 36 to LOOF., after 1 month st 36 to LOOP.,
and after 6 months st «10 to 0°F.
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BISTORICAL

Piaoetyl end panaqguaa#«aga&&»uav as
flavor constituents of butter

The importence of diasetyl as a flavor constituent of butter was
indicated by the work of van Niel, Kluyver and Derx {29), im 1929. Van
Fiel cbserved that specific strains of propionic aeid basteris, which
apparently ylelded ascetylmethyloarbinol, produsced an odor similar to
that of butter with a high flavor. Smmples of higheflavored butter gave
positive reactions to acetylmethyloarbinol tests, However, purified
aeaqusnarqwapﬁ¢»Wew wag odorless. It was concluded that diacetyl,
oxidized from ocarbinol, gave the characteristic aroma to butter. Analyses
revealed that fine butter contained frem 0.0002 to 0.000L per cent
diacetyl and, by the addition of & similar smount to butber whioh lacked
flavor, a desirable flavor wes m&uaanow, Studies concerning the source
of butter flaver indiocated that cultures of osrtain organisms, used in
the aqsrn before manufacturing, mwuﬁﬁaom s desirable flavor, tut most
organisms did not appear to have the ability to produce this flavor.
This latter fact had previocusly been suggested by several investigators.
conn (6), as early as 1889, suggested that proper oresm ripening wus the
result of the astion of baoteris, seversl speoies being involved,

Boskhout and Ott de ¥ries (L), Hemmer and Bailey (9) and Storch (26)
snnounsed, about the sams time, that two types of basteris are present
in butter cultures, the lactic acid producers and snother type which

produced a desirable flavor sand aroma. The formation of volatile apid
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hy'tko latter type was stressed by Hammer and Bailey. Hemmer (8) later
indieated the importance of sitric acid as a souree of volatile acid

production by the two speeies of this type, which he named Streptococous

paracitroverus and %ﬂy@owwm aiﬁmvam.
Sohmelfuss (23) noted the odor of dimcetyl in & milk culture of
Streptoccgeus seidl lactiel and Streptocosccus cremeris and confirmed

its presence., He considered dlacetyl to be an sssimlilation produet of
the organisms.

In studying butter oultures it was observed by Michaelian, Farmer,
and Hemmer (12) that most of the acetylmethylearbinol plus ﬁincbtyl»wt
produced in the latter stages of ripening, There seemed to be a definite
pE limit of L.0 to Li.3 for rapid production of flavor. It also appeared
that the butber culture orgenisme might cause & destruotion of acetyls
mothyloarbinol plus dimeetyl. High scidities helped to retard the des~
truotion and neutralisation acoslerated the sectiom.

It is generally conceded that any process which adds oxygen to a
ripening butter culture will cause larger yields of the flavor sonstite
uents., Prill and Hemmer (20) aerated oultures by shaking and obtained
large incresses in diacetyl em holding, Virtanen (30) observed that, if
the ripening process were conducted in thin layers, the production of
discetyl and moetylmethyloarbinol was more active, while the opposite was
true under more anaerobie conditions. He mlso reported that bubbling air
through oresnm gave high~flavored butter, but the flaver diminighed during

storage. Brewer st al. (5) greatly inoreased the production of acstyl~
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methylearbdinol and dissetyl by aeration of butter cultures under pressure.
Wiley ot al. (33) reported investigations on the effect of temperature
and am%ri on the dimcetyl and flavor {taste) of ripemed cream and the
‘resulting ’buﬂbr.. Starters with no ’ﬁrigh&m&n”iupamd as mush flsvor
+0 bu%nr as those having much "brightness”. "Brighinesa” correlated
well with the dissetyl sontent, However, the diaoety) content of oream
did not correlate with the dimeetyl content of the starter, and Strepbe-

cocous eremoris produced the same smount of diacetyl at L5%P. (79C.) as

at 70°F. (21%C.) but less mié} at the lower temperaturs,

Mohr (15) oonsidered the optimum temperature and aecldity for growth
of Wutter culture organisms was not the best for the formation ot
discetyl, His date indicated one-fourth of the diaawyi and om%rimmth
of the acetylmethylearbinol present in the oresm were retained in dutter,
the washing operation eliminating much diagetyl and scetylmethyloarbinel.
During storage of butter at 50°F, (109C.) the diwaﬁyl inereased up to
ly days and sfter 10 to 12 days it deeressed. At 1l to 329F, («10 to 0°C.)
the diecetyl of butter underwent no change. Mohr and Wellm (17) con~
oluded thet diucetyl seemed to behave the game in the storage of uns
salted or salted butter, They reported that firstequality Germen butter
 showsd little relationship betwsen the diasetyl mﬁtmﬁ end flavor.

~ Barnisoat (1) (2) {3}, in reviewing the work of others, stated that
the varistion reported ia literature for butter was from 0.05 %0 5 p.p.m. _

in dimeetyl content; sweet eream butter averaged sbout 0.05 p.pem,
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mild starter butter from 0.3 to 0.4 p.p.m. and higheflavored stavter
butter 1.5 p.p.me He reported that the peroentage of dincetyl retained
by butter in the manufacturing process varied from 0 to 33 per cent and
averaged 15 per cent. In storing salted butter at LO®F. the dissetyl
sontent inoressed for several days after mamufasture. Thers was little
change in butter stored tﬁ~1h,e€ 17°%, for 6 months, except in butter
containing large qnuntiﬁiam and the loss then was considerable,.

Prill end Hammer (21) emphasized that aeration of butter cultures
increased the discetyl sontent. There seemed to be a general relation
between the diacetyl content of the cresm before shurning and that of
the butter, but the relationship wes not close,

Prom his studies Davies (7) concluded that high-flavored butter did
not keep well, This was not bessuse of the dimcetyl content but because
of other constituents or conditions of mmnufacture assvelated with this

type of butter.



- 11 =- |
Pormation of diacetyl and acetylmethylearbinel

Attempts have been made by various investigators to explein the
formation of dimcetyl from citric acid in butter cultures. The moat
widely acospted ides is thet dlacetyl is formed from its precursor,
agetylmethylearbinol, by a biologieal oxidation. It is assumed that
soetylmethyloarbinel is one of the products of the btreakdown of oitrie
acld in an aolid medium.

Tapernoux (27), in 1932, suggested the development of diacetyl as
follows; Hexose sugar from lestoss breaks down to yleld methylglyoxal.
A molecule of water is taken up to give methylglyoxal hydrate which forms
lastis asid by hydrogen rearrangement, The lactie acld then breaks down -
to soetaldehyde, carbon dioxide, and hydrogen. 4 condensation of two
moleoules of icokﬂéohydo results in the formation of 2«hydroxy butaldew
hyde which ehanges into another compound having the same empirieal formu-
la, scetylmethyloarbinol. The acetylmethylearbinocl is éitmr oxidisged bto
disoetyl or redused %o 2,3-bubtylene glyesol, depending upon the
vonditions,

Michaelimn and Hammer (13) (1L) showed thet the production of
diascetyl from scetylmethylearbinol is not a simple chemlical oxidation.
Dissetyl was not formed after the scitrio aeid fermenting orgenisms were
killed with formalin, chloroform, or heat. Suspensions of dead organisms
failed to produce disecetyl, although provided with the usual temperature
and pX econditions, Purified ssetylmethylcarbincl added to sterile skim
milk which was adjusted for pH falled to yield diacetyl when oxygen was
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AHALYTICAL METHODS

Aoid determinstion
Nine grems of oream was weighed on & balance and titrated, without
diluting, using 0.1 normel sodium hydroxide; phenclphthalein was ussd s
an indicator. 7The results were caloulated as lactic soid to the nearest
0.01 per cent, |

pH determination
pH determinations on eream and on serum obtained from butter by
melting and oentrifuging were made with & Leeds and Northrup potentio~
netor, modified quinhydrone sleotrode and a ocalomel halfwoell, From the
voltage and temperature the pH values were u};ouzwm to the nearest .01
of a pE unit,

Fat determination
¥hen necessary, the percsntage of butterfat in the orsam was dster~
mined socording to the official Babsosck method.

Disoetyl and acetylmethyloarbinel determination
Cream and butter were analysed for diacetyl and asetylmethylesrbinol
by the colorimetric method of Prill and Hemmer (19), with a fow minor modi~
fioations used by Hoecker (10). Fifty greams of dutter was weighed into a
500 ml. flask for the dimcetyl analysis and the ﬂ? displaced with carbon
dioxide by allowing n small stream to flow into the flask for 5 minutes.
The sample was refluxed for 5 minutes by boiling with steam. The diacetyl
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wag distilled into a tube contalning 1 ml. of hydroxylamine ucetate
solution (19), sllowlng 5 to 6 ml. of distillate to collect im about 15
minutes. The d;_imaf;yl in the distillate was comverted inte the sumono-
ferrous salt, a rose~red ocolored compound, with ssmmonium hydroxide and
ferrous sulphate and made up to 10 ml. with distilled water. The intensity
of the color was measured with a Klett-Summerson photoelesotris colori-
meter. Resadings were obtained with standerd solutions of known strength
snd used to caloulate the smount of disestyl, which was expresssd in parts
por million {pep.m.).

The acstylmethylearbinel mlyais was essentially the ssme. Twentyw
five grams of butter wﬁa weighed into a 500 ml. flm}:.»_ Thirtesn ml, of
& L0 per oent ferrie chloride solution was added and the mixture refluxed
for 10 minutes with steam to oxidize the asetylmethyloarbinol to diacetyl.
Allowing approximately 15 minutes, the distillate wes colleeted in 1 ml.
of hydroxylamine acetate solution (19) until the volume was 10 ml. One
mls of the 10 ml. of distillate was transferred into another tube, ocon«
verted into the ammono-ferrous selt with smmonium hydroxide and ferrous
sulphate and made up to 10 ml. with distilled water. The intensity of
the color was measured with the photoeleotrie colorimeter. The results
were caloulated as parts per million of acetylmethyloarbinmel but astually
represent acetylmethyloarbinol plus disoetyl. 8ince the amount of
diecetyl was insignifioant compared to the amounts of acetylmethyloarbinel,
this procedure did not materially affeot the scetylmethyloardinel results.
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EBffect of the persentage of acld developed in scresm on
the dlasetyl and mcetylmethyloarbinel conbents

Aoidity is ome of the important factors in the produstion of large
amounts of dimcetyl and asetylmethylearbdinol in th wlm”. Hows
sver, in ripening orsam for the mutnm of unsalted wm, it is
not feasible to develop as high acidities as cosmonly are developed in
butter cultures. The data on the production of dincetyl and acetyl~
methylearbine) in eream ripsned to different acidities involve both
swest and aour oremmj trials also were carried out with akim milk.

To study the effest of asidity on the production of diacety)l and
ascetylmethylearbinel Aurlng the ripening of oream or skim milk, a mln
was prepsred for each asidity desired. The general procedure sonsisted
- of preparing thrse or four samples snd thus obtaining s number of
soldities by ripening various perlods. The ssidities uvsually were within
the limits of 0.30 and 0.55 per cent. Ocossionally, the eream plus
oulture also was held in loe water to prevent shanges by the sulture
~organisms; presumebly, the discetyl and asetylmethylearbinol sontents

‘then ragxumﬂd the smounts added by the butter oulture and quantities
~ already present from fermentations prior to pasteurisation. |

A. Sweet creem ripened to verious acidities

Results of 36 trials on sweet cream ripened to various mecldities are
recorded in Suwmmeary 1. The discetyl ineressed with the development of a
higher moidity in the oreanm inﬁ? (8&.5 per cent) of the trials, while
the soestylmethylearbinol inoreased in 32 {88.9 per ocent) of the irialm
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Sumsary 1. Comparative disostyl (;mﬂ) and acetylmethyloarbinel (Ame)

sontents of sweet oream ripensd to various scidities

From Table 1
Number of trials showing an inorease in :
A, or Auc with an inorease in eeldity 29 32

Fumber of trisls showing a deorenss in
Acy or Ame with an inorease in acidity 2 2

Number of trials showing an ineresie and
then a deoresse mngwmﬁ%hm

inoveass in scidit; 3 1
Famber of triale showing an ivereass, a

deorsase and then an inoresase in Aop ) (

or Ame with an inoresse in acidity 2 1

36

oML 36
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0f the 29 dlasetyl incresses, 20 wers ai;nitim%. ‘wmn nine inoreased
less than 0.1 p.p.m. in dissetyl with a substantiel desrease in pH (0.10
of & unit from & pH of 5.00 to 6.00). Most of the mcstylmethylearbdinel
inoresses were signifisant sonsidering the desrease in pi.

The deata in Table 1 indicate that generally the discetyl inorease was
soall in the pH range of 6.5 to 5.5, while at a lower pH the increase in
dincetyl was much greater per unit deeresss in pH. Acetylmethylearbinol
yields displayed aimilar trends under the same conditions. | |

The diecetyl deoreased in two (5.5 per cent) of the trisls with an |
incresse in acldity, the first snalysis being made at approximately 0.30
per sent asidity. ém of these discetyl decreases was slight, from 0.57
t0 0.4l p.pem. The other decresse was greater and presumsbly csused by
& poor sulture. The acetylmethyloarbinol, likewise, deoreased in two
trials (5.5 per cent) with an increase in acidity, the decresmse being
large in both cames. One of ‘the deoreases was in the trial that showed
e degrease in discetyl.

~ An inoresse in diagetyl followed by s deocresse cccurred in three
(8.3 per cent) of the trials. One of the decromses was small., The remaine
ing two deorsases ococourred at high acidities, one being especially high.
In t:iw three trials corresponding changes in acetylmethyloarbinel did not
ocour, but in another trial (2.8 per oent) the carbinol content incremsed
and then desreased slightly, from 29.7 to 29.0 p.p.m.3 the desreass
probably is within the Mui& of experimental error.

There was an increase in dlacetyl, then a decrease and finally an~



other incresse in two trials (5.5 per cent) and a similar series of
changes in sarbimol in one trisl (2.8 per cent). The decresses were
small with the final inoremse being much larger then the first in all
cases,

The diacetyl contents of the six lots of ersam plus butter sulture
held during the normal ripening period st 32°P, renged from 0.12 %o 0.28
p.pom. with an average of 0,22 p.pem.s the ascetylmethylourbinol sontents
varied from 3.5 to 16,5 p.p.n. and averaged 10.6 p.p.m. The ratic of
disestyl to acetylmethylearbinel ranged from 1115.2 to 11116.6.

B. Sour oream ripened to various ascidities
 Bummary 2 gives the results of thres trials on nmeutralised sour oresm

ripened %o various acidities. The diacetyl inoreased in three (100.0 per
oent) of the trisls with the development of & higher mi&itj. These ine
ereases regularly were large considering the decrease in pH. The scetyl
methylearbinol sontents also inoressed in the thres trials with an in~
oreass in soidity. One of the inoreases was small but the other two were
large. |

The smount of diacetyl or asetylmethylearbinol in the neutralised
sour cream plus starter held at 329F, for the normal ripening period was
generally greater than in sweet oream plus starter, the average diacetyl
eontent belng 0.42 p.p.m. (range from 0.35 to 0.55 p.p.ms) compared u
0.22 p.pums for the sweet oream. The average carbinol eontent was 22,1
pePems (range from 20.9 to 23.3 p.p.n.) compared %0 10.6 p.p.m. for the
swest creams This relationship probably is explained by the development



Summary 2. Comparative disestyl (Aep) and scetylmethyloarbinol (Ams)
gontents of neutralized sour eoresm ripsned %o verious asidities

_From Table 2 ;
| _ Avg Ans
Number of trials showing an inerease in
Acg or Amo with an ineresss in asidity 3 3
Fumber of trials showing a deorease in
Asg or Amo with sn inoresse in woidity 0 0
T07AL 3 3
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of the two sompounds during the originel scuring. The ratio of diacetyl
to earbinol was from 1138.0 to 1:166.6, | ’

C. Sweet skim milk ripened to varieus seidities

Results of four trials on skim milk ripened to verious acidities are
given in Summary 3. Both discetyl and acetylmethylosrbinol insressed with
an increase in scidity in the four trisls (100.0 per eent). Table 3 shows
that in most cases the increases in the compounds were comparatively
small despite large inereases in the soidities. The results suggest that
the presence of butterfat may esuse larger amounts of the two compounds
to be produced.



Suanery 3. Comperative diagetyl (Aoa) and waﬁylm%ylauﬂmi (Ams)
econtents of skim milk ripensd to various aclidities

From ZTable 3 | .
| Mg L Ane
Fumber of trials showing an inecreage in
Aoy or Amo with an inerease in asidity L L
Fumber of trials showing a deorease in
“"E or Ame with an inorease ln aeidity ] 6‘

T07AL b

= |
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Sumsary . Comparative discetyl (is,) snd ssetylusthyloarbinol (Ame)
ocontents of sweet oream, with and without added oitrie seid,

ripsned to the ssme pHi

Prom Teble L
,, Mg Amg
Number of trials showing a greater production _
of Aoy or Ams with added sitrie acid 1L 12
Fumber of trials ao%'shmg a grester proe-
duotion of Aoy or Amo with sdded oitrie ‘
aoid ‘ 0

El

TOTAL 1Y
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Sunmery 5. Comparative dlsoetyl (4ep) and scetylmethylearbinol (imo)
contents of neutralized sour oresm, with wverious smounts of
added eitrie acld, ripened to the seme pK

| Prom Table 5 |

sy e

Number of trials showing an equal mF greater
production of Awg or Amo with added oitrie
sold '

Number of trisle not showing an sequal or
greater predustion of Aep or Ame with added
sitris acid 1 °

POTAL 8 8
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trisls are pressnted in Summary 6. In all trials the addition of oitrie
a0id resulted in a greater piemuan of dimnoetyl. The inoresses in
diegetyl generally were not large. In all the wm,ﬂ the samples con-
taining added oltric asid had larger ylelds of acetylmethyloarbinol.
The amount of inorease was generally small., The difference in production
of diasetyl and scetylmethyloarbinol between the oresm with added citrie
aoid and that without added ocitrie seld was not entirely the result of
citric soid serving es & source of flavor substanses. (itrie soid alse
tended to deerease the pH to some extent whiech should slightly favor
disoetyl and mctylmathylmhiml produstion. Comparative ph velues on
the samples of ;ipmad oream with and without the addition of 0.05 per
sent sitric ssid were as follows: 5.10, 5.173 L.90, 5.053 L.78, L.8Ty
5:57s 5805 5.43, 5.613 5,36, 5.li23 5.51, 5.6@5 5.2, 5.581 5.61, 5.78
5¢89, 5358 5.23, 5.361 and 5.34, 5.65. Probably all the decrease in pi
was not directly caused by the addition of 0.05 per cent oitrie seid)
part may have been the result of insreased sotivity of culture organisms.



Summary 6. Comparative disoetyl (Aop) and soetylmethyloarbinel (Amo)
sontents of sweet cream, with and without added citrie soid,
ripened for equal periods

From Table 6
An Anmy
'3 —
Number of trials showing a greater production
of Avp or Amo with added citric acid 12 iz
Humber of trisls not showing e grester pro-
duotion of Aep or Amo with added oitrie
aid 0 0

TOTAL 12 i
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Sumsary 7. Comparstive diasetyl (Aep) and ssetylmethyloarbinol (Ame)
sontents of oresm ripened with and without agitation
From Table 7

o

Mzg | Amo

Husber of trieals showing & greater produstion

of Asg or Amo in agitated oresm 9 9
Fusber of trials ;}mdng s greater production :
#fug or Amp in unagitated oream 0 0

T0T4L | | 9 9
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Summery 8. Comparative dincetyl (Asy) and acetylmethylesrdinol (imo)
sontents of oream containing 0.1 per cent added eitric acid
ripened with and without agitation

From Table B I ;

Fumber of trials showing a greater produetion
Miz»ﬁ or Ame in agitated eresm plus sitrie p ‘
acid ’ :

Bumber of trials showing a greater production

of Aop or Ame in unagitsted eresm plus
sitric acld 0

TOTAL - Y 3
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Bffect of ripening temperatures on diacetyl
snd ssetylmethyloarbinel contents of eresn

8ince temperature ‘utfea{w the growth of butter oculture organisms
trials were eanﬁueu& to determine the effect of the oresm ripening
tempersture on the production of dimcetyl and sestylmethyloarbinol.

The ripq:ﬂ.ag temperatures used were 50°, 60°%, and 70°F, Cream with
5 per cent culturs was warmed to these m;:arﬁwns and yipened to con~
stant temperature incubators to approximately the seme pH. The ripening
time varied from 5 to L5 hours, depending on the temperature and the
degree of aoidity desired. Determinations of the diagetyl and sgetyl~
mothyloarbinol in the oream were made soon after the desired pH was
resched. Sweet oream was used in all the trials,

The raaﬁl‘bz of 18 trials are given in Sumary 9.\ In 14 triels (77.7
per vent) the largest amount of diacetyl was produced in the cream ripened
at 50°F., the mext largest in the cream ripened at 60%P., and the lowest

_in the eream ripened at 70°F. In 11 trisls (61.1 per sent) the acetyl
methyloarbinol contents ranked in the same order (50°%, 60°, and T0°F.);
ineluded in this renking are equal econtents betwsen the oream ripa;nad st
70°F, and at 60°F. in two owses and between 50°F, and 60°F. in one ocase.
In two triels (11,1 per cent) the produetion of dimsetyl was largest in
the oream ripened at 50°P., next lurgest in oream ripened at 70°P., and
lowest in the cream ripened at 60°F, In two trials (11,1 per cent) the
agetylmethyloarbinol ylelds varied in the same order (50°, 70%, and 60°F.).
In one trisl (5.5 per sent) the yield of diasetyl was greatest at a
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Summary 9. Comparative diacetyl (ma) and aoetylmethyloarbinol (Ame)
contents of sweet eresnm ripened at 509, 609, and TOOF,
from Tadble 9

Nusher of trials showing the highest pro |
duetion of Aey or Amo in eream ripened
at 509., and the lowsst production at .
T0°F. 411 1

Fusber of trials showing the highest pro-
duotion of Acy or Amo in oream ripensd
at 50°P., and the lowest production a%
% e 2

Humber of trisls showing the highest pro-
duotion of Asgy or Ame in eream ripened ,
at 60%F,, and the lowest production st '
T09P. 1 5

Kumber of trials showing the highest proe-
dustion of Avp or Ams in eresm ripened
at TOPF., and the lowest produstion at
6097, , 1 ]

TOTAL 18 18
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ripening tempersture of S0°F., was next greatsst st W?., and lowest at

?G’F._ In five trials (27.7 per ecent) the scetylmethylearbinel yioldl
varied in the same order {60°, 50°, and 70°F.). One trisl (5.5 per eent)
showed the lurgest dimcetyl sontent in sream ripunoﬁ st T0°F., the next
largest content at S0°F,., and the lowsst content at 60°F. None of the
trials showed acetylmethylearbinel contents according to the same order
(70°, 50°, and 60°F.). In nearly all trials the difference in discetyl
and asetylmethylearbinol contents among the three ripening temperatures

was very small.
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Influence of different butter cultures onm discotyl
and aa«tymﬁylowkinfo}. sontents of oreem

The smount of dissetyl and acetylmethyloarbinol in & butter sulture
varies greatly. Trials were conducted to determine the influence of
various tutter oultures on the diacetyl and scetylmethylosrbdinol ecntents
of ripened cresnm.

Butter cultures frm seversl creameries making unsalted butter were
sarried until sctive (two transfers) and thsn used in preparing bulk -
cultures for the trials. After being used three times in the preparation
of tulk cultures they were discarded to eliminate the possibility that
tranaferring under the same oconditions would tend to sause uniform results.

Sweet croemm wus employed in all trials.

A. Cream ripened with different butter cultures from the same acurce

A dozen sultures were obtained from Nebraska oreameries, whish were
originally from the same commercial source. Three trials wers conducted,
of which two eontained eight samples and one contained six samples., The
semples of eash trial were ripemed to the same approximste pH with &
different culture.

The ranges in diasetyl and aeetylmethylosrbinol contents are presented
in Summary 10 and the other diacetyl and acetylmethylearbinol values are
given in Takle 10. In Trisl 1 the discetyl contents of the eight samples
ranged from 0.4l to 0.80 p.p.m.

Three other disocetyl contents in this trial were 0.72, 0.70, and
0.78 p.pem, and the remaining contents were 0.52, 0.56, snd 0.L5 p.p.m.
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Swmaery 10. Range in discetyl (uﬁ) and acetylmethylearbinol {Ame)

contents of ereem ripened with butter eultures

from the seme mother culture

, Prom Table 10 |
Trial Ho. of Range in Mz Range in Ame
Bo. samples PPRe PePeme
8 0.41 ¢o 0.80 19.4 te 3.0
2 8 0.6 ¢o 0,92 15.2 to L8
12.1 to 2.1

6 2.50 to 0.76
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The oarbinel contemts varied frem 19.L to 34.0 pepemsj contents of the
six smmples within these extremes were 29,1, 256.0, 20.6, 20.5, 20.3, md
20.1 p.pem. In Trial 2 the diacetyl contents were from 0.L4S to 0.92 p.p.m.
and the other sontents were &398. 0.78, 0.78, 0.Th, 0.69, and 0.55 p.p.m.
The lowest scetylmethylearbinol content was 13.2 p.p.m. and the largest
U8 pop.m. Contenmts between these extremes wers 33.8, 31.2, 20,3, 18.L,
L4o0.2, and 3.8 p.pem. In Trial 3 the production varied from 0.50 to 0.76
pep.m. and the remaluming four ssmples had contents of 0.53, 0.62, 0.63,
snd 0.67 p.pem. Aostylmethyloarbinel contents of this trial ranged from
32.1 to 24.1 p.p.m. and the other four contents were 14,1, 15,8, 20.8, and
22,1, pepom, The difference in dimsetyl content between the highest snd
lowsat samples in Trial 1 snd Trial 2 is rather large while the difference
in Prial 3 is rather small, However, the discetyl contents of several of
the samples within the extremes in mll three trials were nearly the same,
The extremes in ascetylmethyloarbinel contents were rather large in all
three trials, but some of the differences among the samples of each trial

were very small,

B« Cresm ripened with different butter osultures

8everal cultures were obtained from various Iows oreameries for the
trials, which were originally from mother sultures of seversl commeroial
coneerns. Sweet oream was used in all trisls and samples of each trisl
were ripened to the same epproximate pH. Two trials contained six samples
and one trial contained five samples.

Summary 11 gives the extremes of the dimcetyl and acetylmethyloarbinol



Susmary 11. Range in discetyl (“k} and sootylmethylearbinol (ime)

~ oontents of eream ripsnsd with different
commersiel dutter sultures

- ‘ From Teble 11 , -
Trial ¥o. of Range in Asy Renge in Ane
No. ssmples | ‘ PePelie PePola
1 5 0.47 to 0.86 5.7 to 26,1
2 6 1.0k to 2,17 17.8 to 60.L

3 6 0.91 %o 1.46

11.5 te 20.0
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sontents of three trials, and the other diaocetyl and m&tﬁmtﬁy’b
oarbinol values are glven in Table 11, In Trial 1 the range was from
0.47 to 0.86 p.p.m. The other three samples of oream in the trisls con~
tained 0.67, 0.73, and 0.75 p.pem. The acetylmethylearbinel contents
varied from 5.7 to 26,1 p.p.m., while the remaining values were 1L.3,
18.0, and 25.9 p.p.m. In Trial 2 diecetyl yields varied from 1.0k to
2,17 p.pem. snd the other values were 1,10, 1.16, 1.35, und 1.88 p.p.m.
In the same trial the aoetylmsthyloardinol ylelds were between 17.8 and
60,4 p.pem. with the remsaining four yields being ﬁéd, £8.2, 37.3, and
1. popum. Trinl 3 conmtained samples thet varied in dissetyl econtent
from 0.91 to 1.46 p.p.m. The discetyl eontents of the other samples were
1,03, 1.04, 1.14, and 140 p.p.m. Asetylmethyloarbinol contents of the
same tﬂtl ranged from 11.5 to 20.0 p.p.m. The four remaining contents
were 12.4, 4.2, 15,0, and 15.3 pspemte The difference in both dimeetyl
imd ascetylmethyloarbinol production between the highest sample and the
lowest sample of all three trisls was large. The difference in production
of disecetyl and svetylmethyloarbinol smong samples within the extremes

was frequently small,

¢« Cream ripened with different butter cultures carried under the ssme
conditions
The trial consisted of ripening eight samples of swest orean ﬂth
different butter cultures regularly oarried by the Dairy Baoteriology
Laboratories of Iowa State College. An attempt wes made to ripen ail

samples to the same pH. As these cultures were oarried under the same
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vonditions, a difference in diacetyl end scetylmethyloarbinol production
should be due to differences in the cultures.

Swmnsry 12 gives the range of diacetyl and acetylmethyloarbdinel pro~
duotion in one trial, while the other diacetyl and seetylmethylearbinol
values are given in Table 12, The range in discetyl sontemt of the |
ripened oream was from 0.71 to 0.93 p.p.m. The contents of five other
samples were from 0.74 to 0.76 p.p.m. and the remsining eontent was 0.87
P-pems of diacetyl, The scetylmethyloarbinol contents of the same samples
varied from 26. vo L0.0 p.p.m, The other contents were 26.8, 29.1, 30.6,
%0.7, 31.54, and 3.7 p.pum. The difference in discetyl content betwsen
any two of the eight samples was small, The differemce in acetylmethyl-

_ oarbinol contents of the same sesples was not very large.



Summary 12. Renge in dimcetyl {Asp) and acetylmethylomrbinel (Ame)
contents of eream ripensd with different butter cultures

sarried under the seme conditions

- __From Table 12
Triel - No. of Range in ua Rengs in Ame

o, samples PeDoms PePeitte
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Effect of various pwe»mgu of fat in cream or milk on
discetyl and acetylmethyloardinel contents
The resulte of previous trials on diacetyl and asetylmethyleoarbine}

aontents of skim milk reported in this paper suggested that butterfat ine
fluenced diacetyl and seostylmethylearbinol production. Skim milk and
oream with various amounts of butterfet were ripened to approximately the
same pH and then the diasetyl and asetylmethyloarbinel contents deters
mined, 'm.m with skim milk containing verious smounts of added mineral
65.1 or added butter oil also were conducted.

A. Comparison of diseetyl and asetylmethylosrbinol contents of skim
milk and oresm

Oreanm snd skim milk were obtained at the same time during the sepa~
ration of fresh, high quality milk, Butterfat content of the oresm wes
approximately LO per sent snd that of the skim milk wes 0.02 per cent,
The ssmples plus 5 per cent butter culture were ripened to approximately
the same pH, |

Summary 13 shows the results of 12 trisle. In 12 trials (100,00 per
eent) the discety) awd asetylmethylearbinol contents of the oream wers
largsr than the oontents of the skim milk, The diasetyl sontent was
about 25 to per cent higher in the oream und acetylmethylearbinol
eontents wore nearly as large, indiesting that butterfet has & beneficial
effect on the predustion of these two compounds.



Sumary 13, Oomparstive discetyl (Aeg) and agetylmethyloarbinol (Ame)
sontents of skim milk and cream ripened to the same pH

From Table 13
An ‘ )
| | _ g  Ame
Number of trials showing & greater produstion
-of Aog or Amo in eream 12 b+
 FWumber of trials showing a greater production
of Aog or Ame in skim milk o 0

T0TAL | ! 12
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Summary 1. Comparative diacetyl (Mg} and ssetylmethylosrbinol (Ame)
sontents of skim milk and wm with varicus percentages of
butterfat ripened to the same pE
Prom Table 1L

tg e

o

Fumbey of trials showing & greater production
of Aop or Ame in eream with an inerease in
butterfat sontent 7 é

Bumber of trials not showing & greater pros

dustion of Aep or Ame in oream with an
insresse in butterfat content 1 2

TOTAL | » 8 8
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Suwomary 15. Comparative discetyl (5a3)~aad acetylmethyloarbinol (Ame)
contents of skim milk and oream with various percentages of
butterfat ripened under partisl vasuum and under
stmospheric pressure to the same 'px‘

From Table 15 ;
4 — ; W A
Humber of trials showing & greater produetion
of Aog o Ame in oream with sn increased
butterfat content ripened under partial
vacuum or under atmospheric pressure 2 2
Rumber of triale not showing & greabter pro~
dustion of Aog or Ame in oream with sn
insreased butterfat content ripened
under partial vacuum or under atmos»
pherie pressure 0 0
2

TOTAL . ,; 2
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Summary 16, Comparative dissetyl ?«&v and asetylmethyloardinol {Ams)
sontents of skim milk with various smounts of sdded
mineral oil ripened to the same pH
_From Table 16

Ao  ams

Bunber of trials showing a greater produstion

of or Asc in skim milk with an inorease ,

in & mineral oil 2 2
Fumber of trials not shewing & greater pro-

duotion of Asg or Ame in skim milk with an

{neresss in added mineral oil 0 0

A g

0

TOTAL 2




Swmmary 17. Comparative dissetyl (As,) and asetylmsthyloarbinol (Ame)
contents of skim milk with various smounte of added
butter oil ripened to the seme pH
e, From Table 17

Fumber of trials showing & greater produotion
of Aop or Ams in skim milk with sn ineresse
in added butter oil 1 i

Funber of trials not showing & greater produotion
of Aoy or Ame in skim milk with an inorease
in sdded butter oil 0

i

TOTAL 1

1o
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content inocreased in the gwa., guargum_ incressed additions of butter
oil. Acetylmethylearbinel contents of the same smmples showed similar
results. The disocetyl incresses were fairly large for each 10 per cent
i{ncrease in the amount of butter ¢il added to the sumple, but the asetyle

methyloarbinol inorsases were comparatively smeller.
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(b) one sample was held for 7 days st 36 to LO®F. before scoring for
flaver and analysing for piH, a»gww& and acetylmethylearbinols (o) ome
sample wos held 3 days at 60°F. followed by L daye at 56 to LO®F. and
then the pH, disoetyl, and scetylmethylsarbinol were determined; {d) ome
ssmple was held 1 month at 36 to LOPP., scored for flavor and the pH,
discetyl, and agetylmethylesrbinel xﬁa determined; and {e) §u sample
was frosen immediately and held at epproximately «10 to 0%P. for 6 months
before scoring.

The results were pregsented in the same general manner as those obe
tained in the preliminary churnings. The mmwmer was desoribed under the
hoad, Presentation of resulta.
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Effeot of the peroentage of aoid a§w1¢w¢ in oream on the
discetyl and acetylmethylearbinol contents

In studying the effect of the perdentuge of seid dinlnpaé in cream
on the diasetyl and acetylmethyloarbimol eontents, care was teken to
maintain aa many of the conditions alike in emch trisl as was possible.
An attempt was made to develop acidities between 0.30 and 0.L5 per sent
{in a fow cases the ascidity was higher) and to have lk diftMa of at
loast 0.05 per cent between the acidities of eash vat of eream in a
somparigon, Oooasionally the pH, diacetyl, and ssetylmethyloarbinel
contents were determined on the pasteurized oream both befors and after
the butter culture hed been added. ZHach of the first three trials cone
sisted of three ohurnings &t different soidities, and esch of the remaine
ing seven trials consisted of two churnings at different ssidities,
Sweot oresm was used in seven trisls and neutralized sour cream in three
triale. |

Results of the 10 triale are presented in Summary 18. The produstion
of diacetyl was greater in nine (50.0 per cent) of the trials as the
aoidity incressed. The incresse was smsll in four of these trials, being
Oul pupsme or less for O.1 or mors units decrease in pH, In one trial
(10.0 per cent) the discetyl content deoreased as the acidity inoreased.
Table 18 shows the decresse was from 1.88 to 1.49 p.pum. with asidities
of 0.37 and 0.9 per cent, respectively. In seven trials (70.0 per cent)
the soetylmethylearbinol sontents inoressed ms the acidity developed.
One incresse was small, from 11.8 te 11.9 p.pums In three trials (30.0
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Summary 18, Comparstive discetyl (Aoa-) and soetylmethyloarbinel (Ame)
sontents of oroam ripened to various soidities
_Prom Table 18

- el

“ "

Fumber of trials showing an inoresse in :
“& and Aoe with an inerease in eocidity 9 7

Number of trials showing a deoreass in
Aoy and Amo with an inorease in acidity | 3

TOTAL 10 10
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Summary 19. Comparstive discetyl “‘*’a’ and acetylmethylearbinol (Ame)
contents of oream, with and without added oitriec seld,
ripened to the sume pE
_JTrom Table 19

Fumber of trials showing a« greater produstion

of Ao, or Amo with edded oitric meid 3 3
Tusber of trials not showlng & greater pro-

duostion of As, or Ame with added sitrie

seid 2 1 L

TOTAL 7 7
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Effest of aglitation during ripening on discetyl and
. agetylmethyloarbinol contents of oream |

To study the effeet of agitating ¢reem during ripening on the pro=~
dustion of discetyl and mq‘kthylmr‘biml, erean plus butter cultwrs
wae placed in vats late in the afternocon and ripened over night. The
next morning approximately 3 hours before the ripening wasx complete the
cream was szitated by revolving the vat coils for ome~half hour, The
vata wers only one~third fully thus the agitation was more vigorous than
if the vats had been full, The contrels were not ngiteted but the other
conditions were maintained as nearly elike as poseible, including the pH,
There wers five trials of whieh thres were with sweet cream and two with
neutralized sour oream, |

Bumsary 20 glvee the results, The disocetyl ylelds were inoressed in
all five trials by sgitating the eream during ripening. The incresses in
the ylelds were large, frequently being 25 to 100 per ecsnt. The acetyle
methyloarbinol yields likewise were grestly increased by sgitation in all
five trials. The agitated sewples commonly contaired twice as much asetylw
methyloarbinol as the unagitated samples.



Summary 20. UComparative diacetyl (”a’ and acetylmethyloarbinol (kme)
contents of erean ripemed with and without agitetion
From Table 20

| Aey fno
Fusber of triale showing a grester production
of Aoy or ims in agitated sresm ‘ 5 5
Humbor of triale showing a greater produetion
of Mg oy Ame in wmagitated urean ]
TOTAL .




- -
Effeot of ripening temperatures on diasetyl and
sostylmethyloarbinol contents of oresm

Trials were aéuduutaé to study the diassetyl and asetylmethylearbinel
sontents of oream ripened at various temperatures, B8inee it was impossible
to control adequately the ripening tempersture in the small vats, oresm
plus butter sulture was warmed to the desired ripening temperature and then
drawn ints ten«gallon cans. &havcmn wers plased in coolers, whioh were
refrigerated to about the same tempersature as that used for ripening and
held until the desired pH was attained. A uniform temperature of 55°PF,
required too long a ripening period under the conditions used snd was
discontinued after one attempt. The comparisons consisted of cream
ripened at 70°F. and at 61%F.; it was attempted to ripen the cresm in esch
trial to the nﬁ. pH., On resching the desired pH, oream ripened at T0°F.
was oooled by placing the sans in ice water and atirring. The temperature
of the cream was lowered to L5%P. and then the oream was held over night
in a gooler at 36 to LO®F, The next morning after werming ths oream to
L8P, 1t wes churned. The oream ripened at 61%F. reashed the desired
pH after ripening over night., The cans were plaged in ice water, scoled
to LBOF. and the churning process carried out as usual. Four trials were
condusted of which thres wers with sweet oream and one with neutralised
sour orean,

In three trials & special wvat of cream was ripened slong with the
oresm used for the tempsrature comparisons. The trestment of the spesial

vat of oream consisted of adding 0.1 per oent oltric aoid and agitating



« 70 =

during the ripening over night to about 0.L45 per cent asidity.

The results of the temperature comparisons are given in Swmmery 21.
The diasetyl production in the eream ripened at 619%., was larger in two
trials (50.0 per cent), while in the other two trials it was larger in
the eream ripened at 70%F, The difference generally was very slipght in
the ocompsrisons. The asebylmethylearbinel production showed similer
results, In two trisls (50.0 per oent) the contents were larger in the
oream ripened at 619F, and in two they were lerger in the oresm ripened
at T0°F, The dimoetyl and acetylmsthyloarbinel contents of the cream
from the special vals wers much larger in all three trials then the
dissetyl and acetylmethyloarbinol contents of the oresm ripened either
et T0°P, or at 61°F.



Summary 21. Comparative discetyl (Ae,) and asetylmethyloarbinol (ame)
| sontents of oresm ripened at 6197, and at 70°P,

_JFrom Table 21
Ao, Amg
e 2

Fumber of trials showing a greater production
of Aoy or Ame in oream ripemed at 70F, 2 2

Numbey of trials showing a greater produestion
of Asp or Ame in oresm ripened st 619P, 2 2
b

TOTAL L
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Summary 22, Range in dlecetyl (Mg) and acetylmethylearbdinol (Ame)
eontents of oresm ripened with different butbter cultures

From Tabls &ﬂ

Trial Yo. of Range in Acy Range in Ame
o samples PaPeMe ‘ PeDele

3 1.68 to 2.09 39.3 to k1.9
3 3.40 to L.90 Bb.l; to 122.2
3 1.07 to 1.43 22,0 to 28,6
3 1.30 to 1.19 9.2 to 2ii.6
3 2.36 to 2,40 1.6 to T72.6

LU -




- T o«
The remsining trials showed differemces of 0.41, 0.36, and 0,19 p.p.m.
batween the highest and lowest values. Trial 2 also showed the largest
difference in acetylmethylearbinel contents among the three samplesy it
was 35.8 p.pem. (Bb.L to 122,2). The amsllest difference in secetyle
methyloarbinol contents wes 2.6 p.p.m. {39.3 to 41,9 p.p.m.) and ocourred
in Triel 1. 1In the other trials the differences in seetylmethylcarbinel
contents were 6.6, 15.l, and 31.0 p.p.n.
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Ratlio of the diacetyl and acetylmethyloarbinol contents

of ripened cresm to those of the
corresponding unsalted butter

The oresm studied in the trisls under plant conditions wss manuw
fastured into unsalted butter. The results of the pH, dimesetyl, and
scetylmethyloarbinol determinations on the butter are recorded in Tables
18 to 22, inclusive, together with the data on the oroam. The retention
of dismeetyl or acetylmethylearbinol in the butter is indicated dy the
figures representing the ratio of the econtent of the wnwoﬁaa orear to the
content of the eorrespomding butter. |

In the 74 comparisons of sream and butter, the retios of the
discetyl eontents of the cream to the gontents of the butter veried from
1:0.1L2 to 150.7085 the average ratioc was 110.351. The ratics of the
scetylmethylearbinol contents in the same comparigons ranged from 1:0,059
o0 110.679, the average ratio being 1:0.216.

The ratios of diacetyl and acetylmethyloerbinol contents in ripened
oream and in the corresponding butter were grouped aceording to the pro-
oedure used in ripening the oream. In the studles on the effect of seidity
of the eream, 23 comparisons of oream and butter were invelved; the average
of the ratios of the diacetyl contents of the oream to the contents of the
butber was 110.389; the average scetylmethylearbinel ratio was 110,215,

In the trials on the effeat of adding citrle acld to the oream, there were
1l; comparisons. The average dissetyl ratio was 110,327, and the average
scetylmethyloarbinol ratio was 110.21L. Ten comparisons were made in the



*Jo3qnq Juppuwed
~882100 oYy Uy dJYSUCIIVIeL Y3 POUBNTJUT 0 WNSS J0U PIp Weeus pavedps
oy3 uy sjuejuoo youpqumorlyjewrieece pue 1hyeceip sup Jo dyysuoypywyea
oyl *reieund Laes sem osyv dyyRUCRIes eyy JO33NQ SYF UT  *URJIOA OO1A
pus Squequod Tourqaworiygentigete ity eaey jqou pIP $3UesU00 1LJe0%WTP
4314 yate serduwes eyy s{wIJLS ASJ ® uy ‘204080 *weeso pouedil ey Jo
FIueju00 ToutqLecTAygeuthyecw oyy pue 1A3e0wWTp oYy ussamjeq dyywuojieyed
Tedeted JouIEX ¥ SWA 0JOUI FUYS MOYUS ‘eApsnuisuyl ‘2 04 QY MOTqel
*lBe Qi1 wen o73ea Youtqlentiugemplsecs efwaeaw
oYy 1I2C 011 Jo oygwd (ijecwip sdeaeaw uw pwy suosysedmon §7 ‘seangyno
deajnq Jo eowsniyut ey} JuTATOAUT PYRIA: UY ‘CHBTOIY JO OFRIWI [OUTQIND
~tdyppeutiyncy sSviean uw puw Lof*0iY JO 0T3ed [L3e0wip odviesw we pemoys
saostaeduod Y ey wWwess Jo eanyeedmesy Jupuedyx Jo 3083Je oyl UG ST
®I QLU0 swa oY3ed Toutquesthusewiiyecy edeieaw ouy puw QOEeOIY ews
033w (A3009Tp oFwdeaw oyp ‘weedo Jo wotawayde jo aean,wt_ oy} w0 STYTAG
- gl =



| Uy Sosvelosp sdem oasYy (3ueo Jod t°z¢) syevsy gt wl wrded ¢+) puw
1°¢ ueemgeq OF uy puwe f+wed-d gr¢ puw (1 ueeajeq Yz uy fruweded Qey weyy
8807 PORNVOIOUT BRUEIUOO a@ﬁﬁﬁhﬁaﬁh&%ﬁ oYG STWILL ueaes uy *weded
€°L 03 1°0 WoLZ VUM BOFROIDUT JO ewam.a YL *dgOt °% 9f 3¢ 3sem [ Fupanp
PosveIOu] Squeguod fouiqaweriugenyiqeow euy (3uec Jed golg) sTviaa gf ur
rurded [trp wﬁc f89°0 "G50 edem eungTno Jejang suee oy Supaosut ‘eeay
puw ...3&& 11°0 PUW O1°0 UPenyeq vJom sexiy [+wrdsd 10*Q Fum esveJo
L% Uy *EoENd .n,d.ucgu up (rems Jugeq sesweacep eyy 'Fujpyoy eys IFupanp
POswRI0ep #uUUOD TAYe0WTP eu3 (Juee xed §egY) sTeiay ueass uy 3uy
~PIOY J03J% PUB 610J0q GWME OYY olem SUUOD YAjeowrp eyg (jues Jed S°C)
sTeTay omy uy ‘weded g0 ea0qe 0T WY puw fewrded L0 PUR [2°0 USAReq
LT wy frucded gz pue 1°0 uwesmgeq 6 uy frmeded 0T°0 Pu® 20°0 usemyeq
Sl0A BOPVOLOUT SYY BTOTAY T Uy weded QL0 03 200 WOLY POTIEA SeNveIOU] .
oYL ‘400 ©% 9§ 3° Yeem Y Buyanp Je3ang Uy Jo #3UEIW0 [A3e09Tp oy uY
Sogvaiony oJem sdoyy (3ues Jed 6eCg) SYVYAY L WX 43 STqWL WY oW wawp pe
:ﬁﬁ,yu oJom ISTRESY 94 UY Je33nq Uy UWe syrnses eys sestd ez Lsvemng
, *dg0f 03 9¢ 3@ Xeea T JoJ Burproy
Suganp Jeqquq Jo mymesuod [oupqueeriujeurdzece pue pdyeceyp uy seduwyy vy

*gspotaed snojawa J0J
seanywledmes JuedeIITP 3¢ JUTPIoq JUTLnp SUEqUSO [OUIQIVOTANROWTLe0w pure
Aqe0vip Ul #eTuwYD SY3 WO ESTPRAE JOJ DPOUTWRA0 OJ4eM Jejyng pegresun oy Jo
soyduvws ‘seanpescsd snojdes eyy 3Le pousdis wweso oy wﬁﬁﬁa %
Jdegqnq pegresun Jo Suyproy 3uz.mp
#Ee3E00 (eutqavoTiyieutdleoy pue td3eowip Wy seduwyp
-l -



Sumsary 23a. Oomparative dimeetyl (M_ﬁ) and scetylmethylosrbinol (Ame)
sontents of unsalted butter before and after ’
holding ) week at 36 to LoOF.

From Table 23 |
Ao Ame
; e — 2
Number of trials with a higher Agy or Ame
gontent in unsalted butter held 1 week
st 36 o Lovp, L7 38
Humber of trials with a higher Avy or Amo ‘
eontent in unsslted butter before holding 7 18

Bumber of triels with no differense in Aaa
or Amg ocontent

R
&
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wwylmﬁhylnwbmnl sontents ranging fwi 0.3 to L.7 pepem. during the
holding. Mive of the desreases were 1.0 p.p.n. or lessy 11 were 1.1 to
340 pepemsy and 2 wore larger than 3.0 p.p.ms In five of the seven
trials in which there were decreasses in dlasetyl contents during the
holding for 1 week at 36 to LO®F. there also were decreases in svetyle
methylosrbinol. In the other two trials the smaples showing deoreases in
dinoetyl gave very small ineresases in acetylmethylearbinel, 0.9 and 0.1
pepem. Noither the addition of citrie ameid mor sgitation of oreem during
ripening consistently prevented decreases in diasetyl and acetylmethyl.
earbinol in butter made from the eream.

_a. Compurative changes in diasetyl and asetylmethylosrbinel contents of
butter during holding for 1 week at 36 to LOSF. and for 3 days
at 609F. followed by L days at 36 to Lo°F.

Summary 2Lb giwn the results; more detailed data are given in
Table 23. The diacetyl contents in L2 trials (75.0 per cent) were higher
in butter held for 3 days at H0°F. and then L days at 36 to LO®P, than in
the bdutter held 1 week at 36 to W?. The differences ranged from 0.0l to
0.69 p.pem. In 19 trials the differencses wers betwsen 0.0l snd 0.10
PePem.j in ten betweea 0,11 and 0,20 p.p.asy in eight between 0,21 and
0.30 pupemes and in five above 0,30 p.p.m. In 13 trials (£3.2 per cent)
the butter had lower diecetyl contents after 3 deys at 60°F. snd L days
at 36 to LOOF. than after 1 week at 36 to LOYF. The differences waried
from 0.01 to 0.6L pup.m. In seven trials the differenses were 0.1 p«p.m.
or lesss in three between 0.1l and 0.20; and in three above 0.30 p.p.m.



Sumsary 23b. Comparative discetyl (uz) and seetylmethylearbine) (Ams)
sontents of unsalted dutter held ) week at 36 to L0SP. and
held 3 daye at §0°P. then L days at 36 to LooF,

Prom Table 23

“2 Ams

Sumber of trials with s higher Aos or Amo
sontent in unsalted butter held 1 week
at 36 o LiooF, 12 1n

Hunber of trisls with a higher

oontent in unsalted butter hels m |

at 60°P, and then | days at 36 %o L3 Le
Number of trials with ne difference in Aoy ;

or Ame sontent 1 4

707AL 56 55
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In one trial {1.8 per sent) the dlacetyl sontents were the sume after both
holdings. The acebylmethyloarbinol eontents in LO trials (72.7 per eent)
wers higher in the butter held 3 days at 60°P., and then b days at 36 to
LOOF. The differences wers from a..m t0 18.2 p.pm. In 8 trials the
differences were from 0.2 to 1.0 pepemes in 12 triale from 1.1 to 3.0
pspsms; and in 20 trials from 3.0 to 18.2 p.p.n. In four trials (7.3 per
sent) the asetylmethylearbinel contents were the same with the different
holding conditions. ,

In 11 trials (20.0 per cent) the asetylmethyloarbinol contents were
lower in the dutter held 3 days st 609F. and i days at 36 to g% The
differences ranged from 1.6 to 12.8 p.p.m. FPour of the %mn*wasaau wers
betwsen 1.6 and 3.0 p.v.m.j three between 3.1 and 6.0 p.pem.j and four
between 6.1 and 12.8 p.p.m.

¢, Ohanges in dissetyl and acetylmethylearbinol contents of butter during
holding for 1 month at 36 to LO®F,

Bummary 230 presents the w«.__zm,aa and Table 23 gives more ?ﬁ»w&
data. Dissetyl sontents in 39 trials (90.7 per oent) showed increases
during 1 month st 36 to LO®F. The inoreases wvaried from 0,02 to 0.88
peipem. 8ix incresses were between 0.02 and 0.10 p.p.m.3 13 between 0.11
and 0,30 pepemes and the remaining 20 between 0,31 and 0.88 ppwm. In
four trials (9.3 ,waw oent) the dimcetyl contents decreased during helding.
The desreases were 0,03, 0.11, 0.16, and 0.27 p.p.n. The acetylmethyl~
oarbinol contents in 29 trisls (65.9 per cent) showed increases during 1
month et wm. to ga?_ The inoreasss varied from 0.1 to 10.6 p.pem. Ten



Summary 23¢. Comparative d’-ima%ﬂ (Aag} and ssetylmethyloarbinol (Ame)
eontents of unsalbted butter before and after
holding 1 month at 36 te LO%P.

From Table @ , ,
Nusber of trials with a« higher Acp or Ame
gontent in bLutter held 1 month &t %6 teo
Loor. 39 29
Kumber of trisls with a higher Asg or Amo
sontent in unsalted butter before holding B Y i
Fumber of trials with no difference in hop
or Amo content ' o 1
TOTAL L3 I




| -8 -
inoreases renged from 0.1 to 2.0 p.p.m.s 11 from 2.1 to L.0 p.p.m.s and
8 from L.l to 10.6 p.pm; In 1l trials {31.8 per sent) the butter de-
uranaa in agetylmethylearbinol content &uunﬁ the holding. The decreases
wers from 0.2 to 6.0 p.p.m. In nine trials the ineresses were betwsen
0.1 and 2,0 p.peme.j in two between 2.1 and .0 p.p.m.; and in three
between Li.1 and 6,0 p.pem.

Data in Table 23 show that 72.0 per cent of the eamples held 1 month
at 36 to LO°P, had slightly higher discetyl contemts than corresponding
samples held 1 week at 36 to LOPF. Abdout 50 per cent of the acetylmethyle

ecarbinol contents were higher in the butter held 1 month,

D. pH wvalues of ripened eresn and of the corresponding butter

pH values of the ripened eresm and of the corresponding butter are
given in Table 23, The pH of the butter immediately after churning
generally was higher than the pil of the ripsned eresm from which it was
churned, In 55 commercisl trials 51 lots {90.9 per cent) of unsalted
butter were higher in pH tham the sream, The difference in pH was not
unifor;u, varying from a few hundredths to geveral tenths of s unit. Four
lots (7.3 per cent) of butter were lower in pﬂv' than the ripened oresm,
but the differences t;re very smell, 0.0L of a unit or less. One lot
{1.8 per cent) showed the ssme pH in the oream and in the butter, The
decreases in pH of the butter during holding veried aceording to the
temperature and time of holding, and with any of the three holding periocds
studied (1 week at 36 to LOPP., ) month at 36 to LO®F., and 3 days at
60°F. and then L days at 36 to LOPF.) the final pH of the butter seemed to
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sorrelate more closely with the pH of the fresh butter then with the pi

of the ripened oresm from which it was churned.
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Swnmary 2La. Comparative scores on the flavor of unsalted butter
from eream ripened to twoe asidities

Butter held Butter held
1 month at 6 months at

From Table 2
Butter held
1 week at
36 to Lj0°F,
Humber of higher soores in
unsalted butter from oream
that was ripened to the
higher soidity 5

Famber of higher scores in
unsalted butter from cream
that was not ripened to the

higher scldity  §
Yumber of svores with no ,
differenae 1
TOTAL 7

3 7
2 0
2 o
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with the lower acidity. The seldity spresd in this trial was not large,
from 0.48 o 0.51 per sent, and was the mnaﬁk in any of the trials.
In ths two trials in whieh the lots of eresm had the largest differences
in seidity, 0.08 per cent {0.38 teo 0.L6 per cent) and 0,12 per ocent (0.37
to 0.49 per sent) the differenses in the scores .af the butter were the
largest, being 0.75 of u point.

Butter from the same churnings alsc was held 1 month at 36 to LOOF.
In three trials (L2.9 per cent) butter from the higher acid oream gave
the higher score by 0.85 to 0.50 of a point. In two trisls (28.6 per
cont) butter from both acidities scored the same and in two trisls
(28.6 per cent) the butter from the oresm ripened to the higher meidity
goored 0.50 of & point lower.

Comparisons betwsen butter held 1 week at 36 to L%, snd 1 monmth
st 36 to LOOF, from the same ohurnings showed that the smmples after 1
month had generally deoreased in score from 0.25 to 1.50 points.

The tutter from the same churnings also was held approximately 6
months at <10 to OSF. before scoring. Butter from oream ripened to higher
soldity scored from 0,25 to 0«?5 of a point more in all trials, indicating
that the butter from the higher acid sream kept uqmliy well or better
than the butter from cream with the lower acidity when held froxen for 6
months.

The butter that was held frozen generally soored from 0.75 to 2.00
points less than the same butter held 1 week st 36 to LO9FP,, indicating
s definite deterioration in flavor, | |



*do0f 03 9F 9% Xeem T JuTpTOU Je3Je Uy BYIUOW O JegJw seet sguyed G2°@
03 05°0 PeJoos PIOW OTJLIO PEPPY UGTA WeedD WodJ Jejgnq eyy Jo 48oR
*PIOW OTILIO POPPE UG TM WeesD
WoLJ 4994nq UY Jemoy Juted W Jo 0G0 SWA 1008 ey (jued Jeod CeNT) YeYSY
ouo ux cjutod ¥ Jo GL°0 0% G2°0 WOLJ SWA GI0DR U ewwsiout eyy (pjow
OTJ3T0 POPPR JNOYGTA WWOIO WOLY Jegang AYy3 W] sedo9s Jeydty Supmoys
33, D350 POPPV JWTAWY WRRID WOLT .ﬁ.&pﬁ Jo pepduwes ueses oyY3 JO XI¥ Uy
POITAROL MYIUOR § J0F (*de0 O3 QL) UETOLF PIOY STUTJF O3 WY L63q0g
*dolf ©3 9f 3% yeeam | BuUTpPIOY Je3J% 0J008 $33 O3 peawdmoo eued
00°2 03 52°0 WOJJ eJ00# Y peswesosp Arreuen yIuow [ PIeY Jegyng
*ours Oyg PeL0os JLeqqng eyl (queo zed £ W) TYILL ouwo WY ‘edom
guiod » Jo GL°0 03 G2°0 pPedoe® pIow 034330 enpd mwelo WoLJ Jejqng STRTLY
UeASS UL JO XTI UT PUW ‘01 03 9f 3% UIWOW [ POy wea Jejang eyl
| *s3008 asudyy v weayd eq oy
Yinowe j0um gng ‘pyow oyJ431e snid mwedso wodLy %ﬁs‘aﬁ uy Jegjeq ATaydyye
BeM JOABTS 843 WY JOUI0 OWY WI *BIGAWLI-JFO OIS puw Amoriwy
Aq pexsex Sus JCANYJ STQPAINOR Uy DU POSN SRA WBOJO JNOS BTYILY OOy
~ Jo omy uy ng sy peaces Jejanq Jo setdwes wioq (juwes xed £°3Mh) sywia
soayy uy *(ywes Jod Y°LG) ST JNOJ UT POV OTJYIO POPPY SNOUITA WSLD
WOLF Jegang Uy Weyy Jeudyy quyed w Jo 0400 0% G20 WOLJ PJIOPS PPP weeq
e PIOV 0TJ4TO UOTHA 0F WS40 WOLF 40430 *do0N 9% 9f 39 yeem [ Sujproy
NIV *a0j304 wo STYII} UeARS JO #3TNRGS oqy syuesead qiz Arewang
PIOP 014310 peppY W3TA peusdil WNOJIs WOJZ Je3anq pesrwsu g
- gg e



Sumary 24b. Comparative scores on the flavor of unsalted buttsr from
erean ripened with and without 0,05 per oent added citric seid

_From Table 2L R
Butter held Butter held Butter held
1 week at 1 month &% 6 months at
36 to LOOP., 36 to LO®F. <10 to OOF.

Fumber of higher scores in
unaalted butter from crsam
ripened with added oitrie
aoid L 6 6

Bugbor of higher scores in
unsalted butter from oream
ripened without added sitrie

0id 0 0 1

Bumber of scores with no
difference 3 i 0
TOTAL . 7 7 7
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Summary 2ho. Comparstive secores on the flavor of unsalted butter
from oresm riw with and without agitation

From Table 24 ‘ ,
Butter held  Butter held  Butter held
1 week at 1 month at 6 months at
36 to L4OOF. 36 to Lo%F. =10 to 0°F,

Fumber of higher scores in un=~
salted butier from cream
ripened with agitation - S e L

Bumber of higher scores in ume
sslted butter from cream

ripened without egitation 0 N 0
Number of scores with no »
difference 2 2 1

ToTAL | 5 5 5
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Summary 2L,d. Comparative scores on the flavor of unsalted butter
from cresm ripened at two temperatures

From Teble 214

Bubter held  Butbter held  Bubbter held
1 week ab 1 month at 6 months at
36 to L0°F. 36 to L,0%F., 10 te O°P.

Bumber of higher scores in ume
salted butter from oream
ripensd st 70°F. 1 0 2

Fumber of higher scores in un=
salted butter from eresm

ripened at 61°F, 2 3 2
Wumber of soores with ne

difference 1 0 0

TOTAL L 3 L
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E., Unsalted butter from oream ripened with various butter cultures

Sunmary 2lie presents the results of the trials., After holding 1
wesk at 36 to LO®F, the three samples of butter from oream ripened with
dirforant butter oultures did not score the same in any of the five
trisls, The difference in score was at lemst 0.25 of a point. In one
of the five trials two of the samples scored the ssme and the third was
three-fourths of & point lower., In the remaining four trials (B0.0 per
cent) the three samples all scored differently, ranging in difference
from 0,25 to 0.75 of a point, _

In the only trial the butter held 1 month at 36 to LOPF, showed twe
samples with the same score and the third sample with a score of 0,26 of
a point less, ‘ '

The butter in five trials was held for 6 months at -10 to OPP. In
one triasl (20.0 per ocent) the three samples of butter from oream ripened
with different butter cultures scored the same; this mey be sxplained by
the development of & pronounced stele flavor., In four trisls (80.0 per
gent) the three samples of butter were each given a different secore whieh
did not wery more than one point in any of the four trials,

Neerly all samples of butter held & months at ~10 to (PF, decressed
in sgore ocompared to their scores after 1 week at 36 to LIPF, The de-

orease in score varlied from 0.50 %o 2,25 points.,



Summary 2lie. Comperative scores on the flavor of unsalted butter

from orean ripened with different butter cultures

Prom Table 2l ‘ ——
Butter held  Butter held  Butter held
1 weak at 3 month at é months at
36 to Lo%P. 36 to LOPP.  ~10 to O°P,

Thasber of trials in which the
three samples of unkalted
butter from cresm ripened
with different ouliures
scored the smme

Humber of trials in which two
of the thres samples of
unsalted buttey from oresam
ripened with different
oultures scored the same

Xumber of trials in which none
of the three samples of une
salted butter from oream

 ripened with different
cultures scored the same

0 1
1 0
0 b
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ripened with different butter oultures frequently varied, especially with
culturss that previcusly had been carried under different conditions.
This was true of %ﬁswwsgw trials )3& of plant trisls. Contamination
with other orgsnisms and mﬁ.’wﬁ;ﬁw growth ,n.gﬁﬁgu which wo;ﬁwgw in
the partisl elimination of the eitrie acid fermenting organisms are
possible explanations.

In the preliminary trials inoreased amounts of butterfat resulted in
larger ylelds of diacetyl and scetylmethylcarbinol in the ripened aream,
Mineral oil or butter oil added to skim milk omused similar results, ine

dicating that the effeet of fat may be physieal, vua«ﬁﬁww. by the retention
of air. C(resm ripened under partial vaouum wga&a& less dlacetyl and
acetylmethylosrbinol than ereem A«wmugm under atmogpheric pressure, un-
doubtedly because of the removal of sir. The difference was greater with
an increase in the butterfat content of the eoream whioch mey have been due
to the tendency of the fat to retaln the air,

Obviously, there is nc advantage in developing large smounts of
discetyl and acetylmethylearbinol in ripensd oream if the corresponding
unaslted butter does not retain satisfactory amounts or develop satise
factory amounts on holding. For reasons not yet kmown the correlation
between the discetyl and ﬁ%«gﬁoﬁwgw contents of the awmcﬁan ;
eream and the fresh butber was only very general in twth preliminery and
plant trials. Although large smounts of diacetyl snd secetylmethyloarbinel
in the aresm usually are necessary for. large amounts in butter, relatively

large amounts of the two compounde in q»_uagm eroam 4id not necessarily
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SUMMARY

, Part I, Preliminary Churnings

Discetyl and seetylmethyloarbinol contents of sweet or neutralised
sour oream and of skim milk generslly increased as acid dﬁ-layod during
the ripening. Infrequently, the dlacetyl and acetylmethylosrbinol son~
tents decreased or other trends ccourred. '

Diacetyl and acetylmethyloarbinol contents of ripened sweet or
neutralised sour eream generally were slightly inoreased by adding small
amounts of citriec acid at the time of incoulation.

Diacetyl and acetylmethyloarbinel contents of sweet or neutralised
aour sream were greutly iseressed by agitating (shaking) during the
ripening. |

In temperature comperisons the highest dissetyl snd asetylmethyl-
oarbinol contents generally developed in he sremn ripened at 50°F.;
the next highest in the eream ripenmed st &0°F.; and the lowest in the
oresm ripened at 70°F. Thers were a few varistions from this order.
Ordinarily, the differences among the thres temperatures were small with
both the discetyl and agetylmethyloarbincl sontents.

When different butter eultures were used to ripen sream, the differ-
ences betwesn the extremes in diacetyl and acetylmethyleoarbinel contente
gonerally were rather large, but several of the values withln the
extremes wers much the same.

In general, disscstyl and acetylmethyloarbinol contents of ripened

oream inoreased with an inocresse in butterfat content. Similar results
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Part II. Plant Churaings

Discetyl and ssetylmethylearbinol sontents of sweet or neutralised
sour oream generally inoreased as scld developed during the ripening.

Disgetyl and acetylmethylearbinol econtents of ripenad swest or
aeutralized sour cream maﬁagﬁ.% were slightly inocreased by adding small |
amounts of citric acid at the time of inooulation.

Dlecetyl and acetylmethyloarbinel 3ww§«a were increased in sweet
or neutralized sour cream by sgitating (revolving the coils) periodically
during the ripening. |

Dlacetyl and acetylmethyloarbincl contents of sweet or neutralised
sour oream ripened at 70%F, and at 61°F. showed only small differences.

The differsnces between ths extremes in discetyl and geaﬂwzw«w%,f
osrbinol sontents of sweot or neutralized sour cream ripened with
different butter oultures were large in gome trials and very small in
others.

The ratios of dimcetyl to acetylmethyloarbinel in the 7L samples
of oream ripened with different progedures varied extensively. The
ratios of discetyl to mestylmethyloarbinol in the corresponding butter
slso varied, but the variation was smaller than ocourred in the oream,

In 7L samples the average ratioc of the diacetyl im the oream %o |
the diacetyl in the corresponding unsalted butter was 110,351 and the
average asetylmethyloarbinol ratic in the same samples was 110,216,

Discetyl and acetylmethyloarbinol contents of most samples of
butter were higher after holding 1 week st 36 to LOOF, or 1 monmth et



- 10l =
36 to LO®F. than before holding. Holding 3 days at 60°F, snd the re
mainder of the week at 36 to LOPP. was superior to holding ) week at 36 teo
LoPF. from the standpoint of the numbers of increases in diseetyl and
acstylmethylonrbinel contents,

After holding 1 week at 36 to LO®P., 1 month at 36 to LOOP., or &
months et ~10 to OPF., butter manufeotured from ersam ripened to higher
acidities (0.03 to 0.12 per cent higher), from oream with citric acid
added previous to ripening or from oream agitated during ripening
gmhlly scored higher than the control churnings. There wers some
variations from these relationships. The scores on the butter from cress
‘ripened at TO°F. and at 61°F, differed very little. Using different
butter sultures to ripen oream resulted in the corresponding butter
differing in score as much as 0.75 of & point, Unsalted butber that waa
held 1 month at 36 to LO®F. generally decressed in flavor score from 0.5
to 1.5 points, and unsalted butter that was held 6 months et =10 to O°F.
deoressed in Tlavor soore from 1.0 to 2.5 points.
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OF SWEET CREAM, ax?m T0 VARIOUS ACIDITIES, AND

OF THE CORRESPONDING UNSALTED BUTTER
, m«;-u’e»: Trials

DIACETYL (Aep) ARD ACETYLMETHYLCARBINOL (Ame) CONTENTS

| Cream auw
Trial| Ripeming Por cent pu .  Amo s,  Am
. Ma sedid — ?ﬁﬂnﬂb pogm. PaPeite  PoPalite
Mb @t 7 013 ﬁ*ﬂ; ié | ﬂt?& m»h
70 ih 2&9 1.9 g-? 1.8  13.7
70 33 5.5L b aw | J 18,
7“ 448 Se Th i? ' % 0.4
70 . 35 5.60 .z #h.8 A8 5.2
70 38 sse Gk s o 69
70 " 5. 71 52 2.6 *M 9.0
70 W 535 & g ds e
;ﬁ .33 g,éy ;;g | 57@ ..gg ;.g |
A % 73
70 41 540 31 259 a2 18.9
75 v/sﬂ zcm &ﬁ %n@ n“ : 13&6
1@ vr5§ ) 0% ol W.ﬁ 0& 12,0
70 % 554 .52 33.8 .08 22,7
70 &y 5.32 ST z E 1.1% 3.2
70 J{h 5.09 2 5 1.30 235
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TABLE 1. OContinued

Cream Butter
Trial | Ripening Per ocent pH Ao Amo pB Ac Amg
Yo. temp, acid pvp?‘m. PeDelie p.p?n. PePelte

&

op, 0.42 E.ez 0.90 36,8 | b,.?é 1.6 214
L7 £l 1.05 ?‘g.h L80 1.33 27.1
S5l L7708 N LT 1,13 20.)

456 hc?} 14»75 v 55:14. ) hc?S 1.81 37.14.

30 547 .71 19.L | sho ke 6.7
10 .~§ 5.23 T  17.3 5.3 «Th T.5

Jo 535 72 1200 | 5.5 48 7.

. 5.00 5 0 12,0 5.07 80 0.9

L6 W77 1Ak 0.0 | L6L 177 5& s'
1 50 L.75  1.30 1.2 L.6%  1.3%

53 LTI 2.78 68.6 L.63  1.50 18,5
59  Lé7  2.32 858 L6 1. 26.2

um 5:61 aw 23.7 5073 «20 3.9
38 Sss 7 mo | % w5
ol 5450 J2  21.3 5.5% 29 5.y

g giz gg e %:?2 % o8

13
[ *98 # 39.9 «95 '5& 10.1

I3 5.78 «58 3.8 5.87 .22 5.6
‘ﬁ9 5.5 59 .9 5.56 23 é.L
445 5.28 60 h? 3 539 25 T.2

‘Eﬁ 5.22 1.0 3.9 | LS8 107 20.1
53{ 1.5  36.1 LoL  1.06 1oL

15 .l
49 L.8k 1,76 582.4 L.78 1.39  30.6

R
3% 8% 3838 | 288| $88| FFRF| FERG| &&

% L s nilih 3% 93

16 R .
52 L.70 .77 52.5 L.72 55 14.8
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| Grmv Butter
Trisl | Ripening Per cent pH Aoa Amo pH Aaﬂ Amo
¥o. temp. anld PePels PuPele PsPsMs  PaPeM,
-] 60°P, 0,35 S5.48 0.6 28,0 5., o.72 0.2
17 60 : Ja 589 ceh 28.5 5.14 «98 L.
60 Q6 5.0 32.6 5.03 84  15.0
&0 36 5.2 .8, UL | 5.8 1dy 29
18 60 'ag 5&25 QGS M‘aé 5»% 23¢6
60 45 5.09 7 . 5.00 1.@5 18.9
60 32 5.78 66 N h 5.62 +20 5.8
19 60 uaz 5.52 T0 5.4 5,67 27 6.3
& (2 ¢ 5.58 4-72 52. 5.58 -3@ 5.2
’e .m 6'1‘6 .23 16.5
55 28 5.9 56 19,9 5.43 33 10.6
% ) 55 03& 5»3’.‘. 682 1301 5.59 ‘35 ”
55 BZ 5.81 86  15.2 5.1 .38 Ly
P 55 ) ki 5‘@9 ‘ 450 19&5 5008 tsa 7@1}
32 L9 5.62 .27 10.0
55 il 5.11 87 3.4 L.8) 1.80 30.82
21 gg ‘?{ ?:gg l*g‘; 311; t.&h isglé gg.a
55 % Lee 11 los | Lad 16 omé
55 wl‘l‘ thl 1‘&.' 5901 hgé’ lu 5 2!4.;5
e 55 A9  LT9 18L . L,65 1.ER 2.0
55 58 11.3-?3 2,06 7ha L.6a 1.53 23,6
55 27 5.5 .59 21,6
23 55 :ﬁg 5.33 S0 249
95 5.03 o782 26.9
55 olily 82 AL 340
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TABLE 1. Continuved
Urenm Butter |
Trial | Ripening Per cent pH Ag, Ame pR Aoy Ame
Wo. tenp. aoid ‘ PasPslls PaPsle PsPolls PaPeMe
329F, 0,18 6.3 0.20 9.9
55 29 5.53 b2 29.2
2l 55 zs 5.38 1 RL2
55 413 5.21 «75 31.2
55 . L.92 8L 32l
53 10 6n§l4 133 ; 05
55 ozg 5.06 +90 3ias
25 55 . L.97 1.11 ag‘?
55 bhs lﬁim 1‘% 07
55 52 L.78 1.8k  52.3
32 .20 639 .21 9L
55 A 5.15 1.13 39.9
26 55 50  L.85 1,72 5.3
85 .55 e TS 2.02 69.6
55 60 49  3.86 81,0
32 .18 6.57 12 1.1
55 30 5.85 L6 2.5
a7 55 . 5,01 21 2.5
55 olis 5'67 t’m\l 2.3
55 *2‘5 5056 l19 21&
55 +28 5.80 +59 25.9
28 55 33 5.6 £5  25.9
55 * ) 5‘1‘8 v?& 36.6
55 .35 5.7 .57 21,9 | 5.2 1.0k 17.0
29 5% 45 5 .05 AT 22,4 5.07 1.22 11,3
55 51 87 «5 23,9 L.97 1.10 12,1
55 of Lo7h 35.8 L.80 99 10.0

l.18
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Cream | Butter
Trial | Ripening Per cent pH Ac Amg pB Ao Amng
‘nﬁ' ‘ m' wié p'Pgm‘ PePollie p.pgm. PePelta
5598, 0.35 5.72 0.56 Lks.h 5.55 o 12,9
30 55 29 5.56 59 Ls.0 5.22 5l 13,5
55 5435 60  L7.0 | S.10 i3 10,8
55 'hﬁ 5'56 41 5‘”& 5.12 . 7*6
90 ¢35 5'62 ‘89 MO9 5&76 .27 1200
31 50 .ZZ 5.42 90  LL.o 5.65 zh 7.3
50 . 5.17 1.12 Ls.7 5.20 7 7.6
50 dio 5,36 £0  27.4 5.34 Sk 10,2
32 %0 «51 5.0l .88 32.2 t06 A1 5.4
5° ¢58 ho% 1&0}4 3502 h.q 569 18&6
Sﬁ '}3 5*66 ‘79 hﬁ.'é 5076 -m 6»1
33 % . S'ho ‘89 ’ h&? 5051 652 6»1
5@ - 5&% 1;0@ M&.B 5¢21 ;53 8;9
50 «37 SJB 1.12 35.6 +03 1.08 pEI
3L 50 . 4.99 1.1 38.6 80 1.48 21.6
50 +»50 Li-c ‘ 1&85 ; 58-3 hu?? 1091& 5601&
% | % P oim B B 1P 5 LS
50 T3 ol a ses |2 B e
50 L.96 1.32 37.2 L.83 1.23 1.1
36 50 .hh L.8,  1.63 ié.é
50 «50 L.72 537 Le70 1.72 16‘.8

2,03
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TABLE 2. DIACETYL (Aes) AND J i} m(m}a&aﬁm
OF NBOUTRALIZED SOUR CREAN, mm 10 VARIOUS ACIDITIRS, AND
OF THE CORRESPONDING UNSALTED BUTTER

) Memm Triale _
trial | Ripening Per cent pn Ao, Mmo | pE Ao,  Ams
3‘&; ‘ temp. “1d ‘ ?g?dﬁv Pn?~i!§t - PeDeMe  PuPalte
6& n% &3 u5§ ﬂ?ag 5&‘6 {8 g? $i$
e e h:sﬁ e | 152; 7e 90 U7
32 Ay 6T 3 23. 3 | |
e gg fgg 5-7'@ iwé? 8 ; z-g Jédg g.é;
é0 4 2.35 190 0.6 | LAl .58 68
3& om 60@ is ﬁ@.? k
5 55 ‘ﬂé 5‘55 102@ gha z-% iw 2'9
5& - hnw 1&” ‘iﬁ f 8’ cw a0
58 b b Rl Ry | S b b
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ngg ?:%%
OF SKIM MIL

RIPENED g ﬂmwngm »ﬁﬂuﬂn&

laboratory Trisls

thgv%g

R ks mi | |

Trial Ripening Per oent i Avg Amo
Mo, - temp. anid PePoitie PePoliie
558, 0. 5,54 0.3 18,0

1 55 A9 5.30 .m 18.8
h WW ‘%P maﬁm u—.m.w &th

. 55 TJ1 - 88 57 ﬁ.w

, 55 «36 575 .38 18. p
WW s“@ W;W@ » H. wﬁ @

wm o .65 L.92 +50 ”wow

_WW | -8 m«ﬂm QWO ﬂmt@

» | A B
55 A £.98 .ﬁ | 20.8

55 +30 5.7% 37 10.5

h 55 N mqg , .-Nb 11.3
55 58 5.085 A5 12.9

55 86 Le7s 51 18.1
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TABLE li. DIACETYL (Acp) AND ACETYLMETHYLCARBINOL (Ame) CONTENTS OF
SWEET CREAM, mmm% WITH AND WITHOUT ADDED OITRIC ACID TO THE
SAME pH, AND OF THE CORRESPONDING UNSALTEBD BUTTER

- Laboratory Trials

Croom Butter
Per écxit '
Trisl] eitrie Ripening Per cent pH Asy Amo pB ‘“’2 Amo

No. |aoid added temp. acid PePela PePome PePsBe PuDele
1 0 55 F. 0.36 5.06 0.90 34L.5 1.20 30.7
0,05 55 35 5,15 1,01 32,6 1.6 30.6
2 0 55 A2 L9T 111 37,7 1,30 31.2
0.05 55 Ao 5.02 15 36,5 2,10 26,9
3 ] 5% 48 L.85 1.20 L6.7 1.80 L2.1
0.05 55 L6 4.9l 149 19,2 1.30 28,4
L 0 55 .52 L.78 1.8 52,3 1.20 27.8
0.05 55 S50 L.81 2,52 58,2 L 27.6
5 o 55 30 5,85 47 12,5 | 5.90 .09 .7
0.05 5 .32 5.75 | .98 18,5 | 5.68 .13 9
6 0 55 3L 5.8 27 2.5 | 5.80 .07 7
| 0,05 55 35 S84 98 13.1 |s.64 .07 o7
7 0 55 056 5Q&7 wah’- 2.[‘. 5.67 006 07
= 0&05 55 «36 5'61 a&} 502 5;58 L7 t6
8 ﬁ 55 ‘37 5‘56 tlB 2.3 5-55 006 n6
0.05 55 .37 5.51 56 2.7 1552 .10 .8
9 0 55 56 LT 1,19 KE.B L4.80 1,00 10.0
0.05 55 57 bh72 1.7 LA [ L7899 12,2

6 | o 55 .39 5.19 75 35.0

0,05 55 39 5.19 .78 58,6
11 0 sl 30 5.69 L0 10.2 |5.49 .25 L3
0.05 sl 31 5.65 25 12,1 |5.5 .27 L.0
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PABLE lis Continued

Por cent :

Trial] eltrie Ripening Per cent pH Aoy Ao pE Ao,  Ame
¥o. |acid added temp, asld  PePR. PepeRe | PP PuPeme
12 0 5%, 0.3, 5.52 0.19 10.8 |5.6 0.6 3.2

0.05 5h 3h 5.55 &9 12-5 5&&3 20 2.8
13 0 55 35 5.56 .59 Lb.0 [5.22 .51 13.5
| 0.05 55 .% 5.58 66 sh.h 5;&} «37 9.0
A ' 60 A2 s.08 .87 ?‘9 iL80 .70 9.3
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TABLE 6. DIACETYL (Aop) AND ACETYLMETHYLCARBINOL (Ame) CONTENTS OF
BWEBT ORBAM, gxmﬁn WITH AND WITHOUT ADDED CITRIC ACID FPOR
 BQUAL PERIODS, AND OF THE CORRESPONDING UNSALTED BUTTER

Laboratory s:yma

Cream o | Putter
Per oent | | ' :
Triall oitrie [Ripening Per cent pE Aep Ame pE Asg  Ame
Ko, [aoid mm tup seid PePele PuDemie PeDolie PePele
[* | | . B
1 0 55#. 0.35 5.7 0.57 21.9 | 5.26 .04  17.0
0.05 55 36 5.0 N 9.9 |52 .85 133
2 [ 5 . 5,05 .67 224 | 5.07 1.22 113
| 0.5 5% .ﬁ? Z.w 92 30,0 | L35 1.00 o
31 o 585 51 L.87 .56 25,9 | L.97 1.0 121
. 0.05 g5 | Sk lté?ﬁ ‘- | 37.4 | L.88 l-lh 4.7
b | o 55 .28 5.80 .58 25.9 o
0.05 55 31 55T 59 325 |
5 | o 55 .33 5*61 85 29|
3 o 55 .36 5.&2 2 30.6
0.05 55 ST 536 LT Kg.a |
7] o 55 .35 5.6 .2k 0. [ S.6 .22 3.6
0.05 55 37 651 .27 12.0 | 543 .20 3.6
e | o 55 .36 532 .85 10k | 541 B0 3.2
0.05 55 38 5. ST 18|53k .22 3.9
9 0 56 33 5,72 .55 LS. | 5.55 WL 12.9
6«95 56 0,3 tél 165 5@*5 5* 5 CM 1&3
10 0 56 36 5.35 .61 L7.0 | 5.0 Al 10.8
| 0.0 56 31 5.8 69 59.0 | 5.1k .50 1.6
0.05 56 .38 5.23 69 55.2 |5.08 .51 13.3
12 0 70 32 5.§Z .52 51.5 5.57 .36 7.2
0.10 70 34 5, g7 398 | 550 o 1.7
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PABLE 9, DIACETYL (Aop) AND ACETYLMETHYLCARBINOL (Ame) CONTENTS
OF SWEET CREAM, RIPENED AT DIFFERENT TEMPERATURES, AND
OF THE CORRESPONDING UNSALTED BUTTER |
_Laberatory Trials | |
; Cream Butter ,
Trisl | Ripening Per cent pX Ao, Ams pH ~ Ams
Fo. | ‘Wu soid 1 ‘ PaPelie  DaPelte PuPeiBe  PePels
A 70°F. 0.33 5.3 o8 37,5 | 5.68 0.20 7.9
1 éﬁ ‘3@ 5.?3 &66 ' i 5:& .&& 5:6
50 33  5.62 49 L2 5.76 27 12,0
70 39 ’5&9 &9 5 5.49 .36 9.9
2 69 '39 ZE agvﬂ 5*67 *i 6&5
50 +39 5 *39 hﬁ;ﬁ 5. of T3
y zg .ﬁ 5. 3!4 .% h&.i g.sﬂé .26 g.g
50 Wooar v Is7 | o i1 7
T0 S 5.7 -»,% J .6 5.69 L0 2.0
70 4o 548 .& k1.3 546 59 1L
5 60 tg 5.45 58 LLL9 56 «23 6.1
‘N ' »M‘t 5e }5 t&’ m«. 7 Be SB chs 8 gh
3 é0 J5 5,28 & L7.3 5.39 .26 7.2
50 47 520 100 LhB | 521 .53 8.9
| 70 40 50 31 260 | 5.3 a2 18,9
| 50 . 5.36 . gr.h | B3k .55 10.2
m ‘e@ §Q w§7 %hn 50@2 . 067 1806
3 w * 5.1@ L D 3 2918 5‘3& 056 9:5
50 SL 5.0k B2 32.2 | 5.06 Ja s
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TABLE 9. Continued
Crean ‘ ‘ mm |
Trial | Ripening Per oent ol Ame pH 1y Ams
h»ﬁ ‘ tomp. snid p.ym.’ PePolla Payoﬁo ‘ptpgmt
| 70°", 0.5 L.95 o.hh  29.0 | L9 0.0 12,0
9 60 Sl 498 JAh 290 | b9 85 100
50 58 hso 1.0k 5.2 | Lee M0 126
70 . £ 5.0 .28 2.8 | 5.60 .8 8.2
10 66 5 5;61 0% %Jf 50” 21 v .9
50 33 5.68 55  85.8 5.T% S R:ﬁ
70 38 5,50 .ﬁ)‘ 25.9 | 553 .2 6.9
1 o 38 B.55 i1 25.9 5.59 20 5.2
‘ 59 &,59 ; 5«52 ‘ u& 97*9 ] ; aw ,35 .8
70 A2 39 212 | sds .2 s.0
12 éo A2 g.,b,s 39 213 | 8.8 .29 5.&
| 50 A3 5d3 M 35 g+ S
70 37 543 W8k 35.6 | o5 .76 12
50 .ﬁg 11,96 ‘1‘53 373 | L& 1z a
70 J L8 149 L3.0 | LT3 155 13.8
1Y 60 Lib Iuﬁ .52 L4 L.81 99 17.7
‘ 5& "m@ hl &63 M.k
10 Sl LT 228 s2dy | LSk .97 215
15 é0 B2 L0 L7 525 | k72 .55 1.8
- 50 51 71&572 2.03 53.7 ’:‘.;.7@ hﬁ w.a
70 35 5.2L 5 348 | L.k .98 16.6
16 60 .5‘2 g.aa 1.0 ’3‘!2.9 498  1.07 20.3
50 5.3 1.2 35.6 | 503 1.08

«37 ;

b
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TABLE 9. Continued

Creanm | ’But:to‘r |

Trial | Bipening Per cent pH mg Aws P Ma m'
No. » tomp. soid ?crpﬁm‘ ?oybﬂc DsPells  DuDusllle
17 zgﬂr e.ﬁ‘ 5.%% i.ﬁg g'ég ig: g.gg g&z

) ol . .‘ 1Y 5y s # Q.

' 5@ 0115 Etw lvhs 5806 h.aﬂ 1.!}5 31‘6

70 A9 b8k .67  so | kST 1.2 25.6

18 60 A9 L8k 170 sal | L.78 139 30.6
50 +50 L4.85 1.85% 58.5 h.?? 1.9 56.14 |
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TABLE 12,

DIACETYL (Acg) AND ACETYLMETHYLCARBINOL (Ame) CONTENTS OF

CREAM, RIPENED WITH nm‘mm BUTTER CULTURES CARRIED UNDER THE
SAME CONDITIONS, AND OF THE CORRESPONDING UNSALTED BUTTER

Labarwory Trialas

Cream Butter

Trial | Culture Ripening Per eant pH ”2 Amo | pH Mﬂ Amp
Xo. Ko. mp. aoid PsDsls PePei PsPolia PePoms
i 62 r. 0.1 s5.00 0.7 30.7|L.9L 0.60 9.0

2 62 A5 5.06 .87 29.1]5.00 .39 7.4

E 62 Lo 5.0 .76 30.6|5.22 .32 8.2

b ¥ 62 L2 89 1 264 15.03 .30 6.3
5 62 Ab L9 W7k ﬁ;" L.9o . 123

6 62 A5 Lok .75 Lo.ofh.9e .53 9.3

7 62 A3 L8T .93 A4LILTE .51 9.3

é 62 L.87 .76 @28, & L.78  .5% 9.8




TABLE 13, DIACETYL (Aep) AND ACETYLMETHYLCARBINOL (Ame) CONTENTS
OF SKIM MILK AND CREAM RIPENED TO THE SAME pR

Laboratory Trisls

Cresm Skin milk

?rial | Ripening Per cent pH Asg  Amo | Per cent M lep  Ame
temp, aoid PePalis Poperios f  sodd  p.pems pepame

| 559, 0.9 5.53 0.2 9.2 [ 0.36 575 0,39 18.1
55 .35 538 .M 3.2 | Lu0 549 .37 19.2
55 A3 521 .75 265 | .50 5;56 A6 19.3
B A6 bse & b & L® 50 B
55 29 5.80 .59 5.9 S 575 31 15.9

5 3k 5.6 .65 5.9 1 5.5 16.8

¥

o

55 A3 5.9 .75 35.0 Ly hoe £20.8

55 .2? 5965 ‘39 21;6‘?: ‘.3@ 5;?5 | . w,s

. 3

55 37 Sd2 .72 30.6 | .53 5.ak A2 17.6
L3
14

v*
S |

ol

55 39 5.0 2 26.9 | .58 5.05 A5 123

®

R L7552 181
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TABLE 1. DIACETYL (Aay) AND ACETYLMETHYLCARS
OF SXIM MILX ORPCREAM WITH VARIOUS PERCENTAGES OF
BUTTERFAT RIPENED TO THE SAME pR

_Laboratory Trials

Mal. mm Per ocent Ripening Per cent pR un 'm
No. " fat wlmo | tenp. aeid | PePela  PePelis
ﬁ 5 myu 6. ‘ 5.2? 60% 3&:6

5 5 70 @ Se2ly 38 19.7

1 1o 5 T0 47 5.06 i? 20.3
20 5 70 43 5‘51 , £1.6

zg 5 70 39 5. A7 25.3

0 ] 60 «5E 5400 58 21.T

5 5 60 E 5.12 52 21.7

2 10 5 60 A7 .19 . .52 21.8
20 g f‘g .ﬁg ge;ﬂg .g ﬁg.g

ko 5 é0 Ao s e Lo

0 ; 60 A5 5.40 A3 22.4

10 ﬁ.ﬁ 60 43 5.0 Bl 26.9

3 20 L &0 4o 5.5 +69 33.1
ﬁ 3#5 69 &56 5:59 fw 7!&

[ 3 6 w5 99 e

0 60 45 5.k Ji2 22.2

L 3.5 é0 &3 5.48 53 ga.l

L 20 L 6o A1 507 63 27.3
, zg 3.5 60 .38 5.6 80 29.0
f 3 69 | 35 52 ~5‘5 ) 335

0 61 +59 L.83% «6) 25.6

10 2,5 é1 .26 5421 69 30.8

? % 55 & BOih 1w wy
b 37 & M Lot .5 2e.m

. 0 ] 61 59 h‘aa w60 25.3
é 10 4.5 6 dib 5.30 63 21.6
20 L 61 A5 5.86 .70 27.6
30 345 631 | L9 5+00 .88 8.2
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TABLE 1. Continued

Trial | Per cent Per cent Ripsuing Per oent  pH Mﬁ ™
¥o. fat oulture tenp, asid PsPels  DePele
o TP, 0,50  L.S1  0.52 27,3

10 E«'} 70 .Zg 5.0l Bl 29.2
|8 K F B oM o= g
o 37 R 2 e ud g

0 5 70 of 5.43 40 25.7

3‘5 h»ﬁ 'N t‘@ 505@ QS? 3@&6

8 20 L 70 Lo 553 AL 36,9
Ea 3.5 70 . 5.52 .80 1.5

L] 3 T0 36 5.11 1.0l 5L.1




TABLE 15. DIACETYL (Aap) AND ACETYLMETHYLCARBINOL {Ams) CONTENTS
ar SKIM MILX OR amg WITH VARIOUS PERCENTACES OF BUTTERFAT
RIPENED UNDER PARTIAL VACUUM AND UNDER
ATMOSPHERIC PRESSURE 170 THE SAME pi

Laboratory Trials

Trial Per cent Per cent Ripening Per oent pE Ao
No. | Treatment fat sulture temp. asid y.pﬂn p.pm.
None 0 5 TO%F. 0.1;9 543 040 ﬁﬁ«?
Vaowun 20 5 70 e 5.7 38 27.0
{ Vagaum 2&3 5 To R 1»85 «65 27.8
Noune o 5 70 ST L9 52 27.3
Vasuum 0 5 70 S50 5.83 .38 10.])
2 Hone 20 5 73 J&s 5&9& u% 56.9
Yaouum 20 5 T0 A3 s.0h L2 17.8
None Lo 5 70 Lo ﬁ..aa 1.0k 1.6
Vaouwm ko ] 70 45 L.86 .51 18,6
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TABLE 17.

DIACEYYL (Aco)
OF BKIM MILK RI
BUTTER OIL 70 THE SAME pH

WITH VARIOUS AMOUNTS OF ADDED

Laboratory 't’riglu

ARD ACETYLMETRYLCARBINOL (Ame) CONTENTS

Per ocent
Trial butter Per eent Ripening Per cent pE Aay Amg
¥o. oil aulturo temp. u&é PePelle  PeDele
5] 5 61’?‘ .l;? 5 L0 ¢ O nm 07
10 4.5 61 A7 4,83 éz.a
3 20 b 63 45 L.89 1. 18 469
, 3 é1 o e 1.7 L9.9
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TABLE 18, mmm {Aog) AND ACRTYLMETHYLCARBINOL (Ame) CONTENTS
OF CREAN, nxm& TO VARIOUS ACIDITIES, AND OF THE
CORRRSPONDING UNSALTED BUTTER

_Plant Trials — ‘
Cream Butter
Trial] Type ﬁ:lponiug Por unt pE Aey Ams pH “2 Ame
Bo. «ot‘ sresn temp, ni& PePelBe PeDole PePels PoDeMe
| ewt. 53, e.zg 5,39 mu; 11.8 |5.70 0.23 3.7
) 3 Bwt, 53 . Z«&} 11.9 |50 .18 3.1
Swt, 53 49 91 .fsh 5.3 15.21 .33 2.9
Bwt. 53 .35 .3& A3 17.9 |5.64 .16 6.9
3 . Mu 5% ﬁg 5« ﬁé@ Q& 5.59 611
Swt, 53 .ls§ 5.17 .72 38;5 5.&5 .}8 9.0
] » Mv 53 Qw »n% ﬁW ) 5041 5‘&29 u&‘ 7t°
L | se. 50 A8 179 he2s 374 L.79 1k 9.3
Mu 50 csa l&c?} L&»M 191&,4 }4«77 c99 6:6
] 8wk, 52 48  L.oo 294 87.h)s.02 71 8.2
Bwt. e 51 L.B3 3.78 62.2 5.1 6B 6.5
6 | swt. 5l; 35 5.33 1.19 28.9 554 .31 3.6
8wt 5!& i 5»35 1&35 3315 ) 5w2§ i‘ﬁ? 9aﬁ
Swt. 56 » - h'w a,xg_ 32.8 [5.55 .60 ?*ﬁ
8 Br. 51 31 5,35 1.5 62,0 |54 .72 13.6
Sr * 51 055 5&% 1 t% 7&&& 5 ¢35 t% 11 0?

9 8r. Plus oult. # % 6 *h? 28 %QQ
8r. 5& iw 5.92 té? 32&&1 50‘% 055 8.0
8r. 5}4. .38 5.69 o6 31.7 |5.72 «30 506

| 8r. After past.. vi? 6m58 u% 290 8
10 8r. Plus cult, «18 6&5& 063 Mwﬁ
Br. 55 27 Eoﬁg 1.88 &497 5&53 ‘ﬁ 9:)4

8r. 53 16&9 £8.8 5'51 ol 5T



TABLE 19. DIACETYL (e ACETYLME ; , ' CREAM.
AXD WITHOUT ADDED C. cmmmmmﬂ,maymwmmﬁamm
| Pleat Trisls
' Per esnt |
Trial Type eltrie Ripening Per cent s 4 , Ame pH , Amp
Fo. | of orsam acid added temp. ssid y».p.a. y.y‘m. PePolls PePole
1 Swt, 0 S20P, o448 L.76 76.1 | L.9o o.88 12.6
Swt. - 0.05 52 -51 k.70 E,k& 108.7 | 5.0k «%‘ 16.2
2 Swt. 'S 50 48 L9 374 | b7 LU 9.3
Bwt. 0.05 50 .53 L.71 a.m 21.6 | L.87 L7 13.5
3 Swt. o 53 42 5.2 1.50 L6.2 | 5.32 .82 9.8
| Swt. 0.05 53 <k 5.2, 2.28 59.0 S.12 .69 9.0
N Swt. o 5 51 L85 3.78 62.2 | 5.0k .62 6.5
Swt. 0.05 £l 853 k,.fz: 5&@ 97.0 L.95 .8 xa.é
S‘?t Gt@ 51 tﬁ 5‘% o }iu&? &.a 5%?2 ’ igé 3@#3
6 8. 0 5k 32 5.92 .67 34.0 | 5.88 .35 8.0
$r. 0.05 sh 35 5.55 .82 30.0 5.53 .35 6.8
7 sr. 0 53 37 5.3 1o 39.3 | s.62 A8 8.
8r. 0.05 53 .37 5.31 1&9 33.2 | 5.53 Jb 64

- 161 ~
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TABLE 21. DIACETYL {Aep) AND ACETYL ' HOL (Awo) CONTENTS OF CREAM, RIPENED
AT DIFFERENT TEMPERATURES, AND OF THE CORRESPONDING UNSALTED BUTTER

Plant Trisls ‘
| Cream Butter
Trial fyps  Per cent PR Aoy Ams | pE Ay  Ame

Ho. | Treatment of orean ui& p-p-m. p.p.m. p.p.n. PPoMls
Ripened at TO°F.  Swt. 0.57 L1 29 5.8 L, 1.06 8.9
1 Ripensd at 62 Swt. .55 L.es 274 L2.6 L.89 91 8.9
Bipened at 55 Swt, .55 L.9s 2.57 36.8 | 5.09 53 5.5
 Ripensd at 70 swt. .52 LT3 L 3o | L7393 1.0
2 | Ripensd at 62 Swt. .55 h. 1.95 9 | L& gg 7.9
Speeisl Swt. J2 k.6 2.3, 1146 L.os 1. 2.0
‘*ﬁipmé &t 70 Swt. .36 L9 .19 8.2 | s.60 56 5.6
3 Ripened st 61 Swt. .3 hos 1.68 36.2 5.38 40 7.9
| Spesial Swt. .36 5.18 2.39 82.2 | 5.76 76 121
Ripensd at 70 $r. .51 L7 213 k6.2 | Lo .70 11d

| Bpeotal sr. 50 L.79 I;.m 190.0 | 5.25 1.37 20.3

- €61 -



Br.

1.6

" 5.23

i‘m 22, DIACETYL (Acp) AND ACETYLMETHYLCARBINOL (Ame) CONTENTS OF CREAM, RIPENED
WITH DIFFERENT BUTTER CULTURES, AXD OF THE CORRESPONDIEG UNSALTED BUTTER
or Butter
Trial | Culture Type !ipuﬁ.n; Per cont pit As, Ame pH As, Amo

Ro. | Ro. of oresa V*kup, aeid PePsila  PePelle PePeRe PoDela
Lé Swt. 55°F. o) 5.17 1.68 Lo.o | 5.16 0.58 7.2

1 27 Swt. 55 A3 LT 2,09 ﬁ.& | s.2b 7 8.9

: ! 12 Mﬂn ’ 55 ’ Oél i 5‘& XG% ) 09 ’ ‘ 5&1& ’ aé? 3 9‘5
7 L6 Swt, sl 49 L& 3o 101.2 LeTh .98  16.9
1A swt. 56 36 LB9  1.07 286 5.35 .52 8.9

3 xg Swt. 56 «36 L8y 143 28.5 5,33 ohly 6.8
105 8r. 53 A5 LS ‘1..3@ 9.2 | 509 A5 3.6

E | 1 Sr. 53 Aib L.ee 1.9 2.6 5.07 5 6.8
12 Br. 53 37 5.30 1.2 1?.3 5,69 «39 34.5

s 8r. 53 B6 b8 238 7126 | 5.5 2 13.0

5 27 8r. 5% 46 L.82 2@ 19.1 5.09 68 9.0
m‘ 53 ;&s | L8, 2. »59 7.8




TABLE 23. DIACETYL (Aop) AND ACETYIMETHYLCARBINOL (Amc) cam*m OF RIPENED CREAM AND

OF UNSALTED ER HELD FOR Vﬁim PERIODS AT DIFFERENT TEMPERATURES
_Plant Trials
Crean Butter
[ | “Held 3 days at| “

Held 1 week « and i dayd  Held 30 days

Not held at 36 to LoOOF. &t 36 to pPF. | at 36 to Wr

Trisll pi Ae, Ame | pH Ao, dms | pH e, me | P Ac, dms | PE Aoy Ame
Fo. PrPeBs DePelid  PoPele PePemd PeDelie PePelid  PeDelie PePeld  Popelic Popelie
1 |5.291.50 k6.2|5.320.62 9.8|5.28 0.81 10.7]5.12 0.8, 11.8{5.25 1.4 131
2 | 5.2 2.8 59.0]5.i2 .6 9.0 5.39 ol 16.3]5.10 .59 19.7]5.20 1.28 13.7
3 | b76 328 76.1/L.99 .88 12.6/L.99 1.0 17|k.921.29 15.5(5.13 .95 13.9
L | b.7o bk 108.7|5.0k .92 16.2|4.821.02 18.4|L.681.38 21.5]L.82 1.37 19.h
5 | k.80 5.90 16L.0]L4.99 1.43 23‘;‘ Lo 1.86 25.2| L.78 1.89 27.8 | L.88 1.80 35;&
6 | b9k A{LT9 1AL 9.3] 119 151 10L.5] 176 1.36 1.7 k.61 139 109
7 | b7t b0 2.6 b8y 1.27 13.5|b.85 142 13.1| b7 12 13.3‘ L85 1.50 13.5
8 | L73lto 1004|477 .9 66[L75135 T5|k611ak  87[hTu108 89
9 | 5.351.55 62.0|s5kk .12 13.6 5.52 .75 13.7/5.38 1.01 16.3[5.36 .79 121
0 | 5.20 1.67 62.0) 5.72 56 10.3| 5.63 .56 9.8) 5.3 57 9.8 5.57 ;65 8.9
1 | 5.26 1.95 72.4 5.83 .56 I1.7/5.7% .60 10.1|5.73 .62 11.6[5.59 .70 10.0
12 |Loo2sl o7.4|5.02 . 82|h99 .16 5.6|hé0 .2 2.0|L9% Ak heo

- &1 -
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The author sincerely sppreciates the advice and valuable direction
of Dr. ’B. W. Hammer in condusting these studies and his helpful sug~
gestions in writing the mamusoripti the facilitles and opportunities
provided by Dr. ¥. B, Pabricius for conduoting the commercial churnings;
and many helpful suggestions from colleagues in the Depsriment of Dairy
Industry st Iows State College.
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