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A STUDY OF THE ACTION OF CERTAIN BACTERIA, YHASTS AND MOLDS ON THE
KEAZPING QUALITY O BUTTER IN COLD STORAGE.
by
M. Grimes.

The development of the practice of cold~storing butter,

manmufactured during the Spring and early Surmer, for sale during the
Winter months hasg resulted in much work being done to detcrmine the
factors which influence the keeping quality of butter in cold stor-
age; for to the congumer, butter is as old as it tastes, whether it
is & weck old or six months old is immaterial to him, and if the buttor
has detoriorated in flavor it means a consequent depreciation of its |
commercial value. |

Sayer, Rahn and Farrand 1908 (23) reviewed the literature
relative to the keeping qualities of butter and Rahn and his co-work-
ers 1909 (18) stated "It may and possibly ‘i's the type of micro-organ-
ism .present that is of importance, and the enzyme or disintegration
products therefrom." Rogers and co~workers 1912 (20) stated "Butter
frequently undergoes marked changes, even when stored at very low
temperatures. These changes are more marked as the acidity of the
eream from vhich the butter is made increasses.® Brown 1915 (3) con-
cluded that the casein in butter during storage is.slcwly broken
down into amino acids and ammonia. Dyer 1916 (4) stated "The pro-

duction of off flavorg so commonly met with in cold stdrage hutter

A summary of work carried out in partial fulfilment of the require?
ments for the Degree of Doector of Philosophy in the Faculty of Agri-

culture Iowa State College.
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is attributable to a chemical change expressed through a slow oxi=-
dation progressing in some one or more of the non-fatty. substances
oceurring in the butter. The extent of the chemical change is direct-
ly proportional to the quantity of acid present in the cream from
which the butter was prepared.' Hammer 1917 (7) reviewed the liter=
ature upon the production of fishy flavor in milk and butter and gstated
that ggg§4“igh§hzgﬁgug§_ failed to produce fishiness when inoculated
into butter. Washburn and Lahlberg 1917‘(26) concluded that little
_if‘any relationship exiated between the bacteria, the acidity aad the
score of the butter, Russell and Hastings 1920 (22) stated "In general _
it may be said that any and all types of'organisms in the cream affect
the keeping gquality of the butter, to a greater or less extent, in an
unfavorable manner, while the lactic bacteria seem to be the least in-
jurious of all organisms." Hunziker 1920 (12) and Redfield and Stéck-
ing 1921 (19) agree that the quality of the cream largely governs the
.keeping quality of the butter in storage. Bouska and Browh 1921 (2)
stated "The deterioration of butter is mainly the result of physical
or'biﬁchemical causes. An indirect part may be played by microorgan=-
isms? Hammer 1921 (10).di$cussing butter flavorg stateal tWhen butter.
is held in storage it may go rancid, fishy, metallic, unclean, or any
ons of a ﬁumber of other flavors, The tempqratﬁros usually used for
the storage of butter are so low that the g;ommh of microorganisms is
very unlikely, and it is now believed that the deterioration in flaver
ig due to sloﬁ chiemical change." Fryhoffer 1922 (5) stated "One thing‘
commonly agreed upon is:that acid in cream is essential to the devel-

opment of fishy flavor.® as a result of work carried out at the Iowa

State College, Mortensen 1922 (16) stated "pdutter made from ripened
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cream deteriorates faster than either butter made from sweet cream

" or from sweet cream and starter, but--where low ripening was employed,
the ripeﬁed butter at the end of a two months cold storage period was
about of the same quality as tho sweet cream butter and the sweet cream
and starter butter." This lack of agreement as to the cause of deteri-
oration of buttor in cold storage led to the work herein described.

| STATEMINT OF THE PROBLSM.

The objeet of the work carried out was to determine the ac-
tion of certain bacteria, yeasts and mold on the keeping quality of
butter in cold storage. Bacteriological studies were made of the num-
" bers and flora of the raw sweet cream and of the pasteurized sweet
| crean, and of the butter made therefrom, to seek to determine if any
of these.were a factor in the keeping quality of the butter in cold
'stofage, and also serve as a check upon the other experiments. To de=-
termiﬁe the influence of the aci@ity of.the cream the pasteurized sweet
: cream was divided into several portions and startsr added and clmra-

- ing experiments mde with cream of different acidities ,both with and
without the addition of varioué microorganisms. As the enzymeé in the
eream were not destroyed at the pasteurization temperature‘of 145° F.
lfOr o5 mimytes it was sought to determine if the enzymes produced or
other disintegration products of the bacteria were a factor in the
keeping guality of the butter in cold storage. The étartersvused were
prepared from MW and mmwum

© 1921 (8) as it was hoped that the use of pure cultures, which give a -
_good flavcr and aroma without rapld acid development, would result in

the production of butter with exceptional keeping qualities.
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IAETHODS USED

The raw sweet cream delivered at the Iowa State
College was pusteurized st 145° @, for 25 minutes and treated
2. follows: _' |
l. Pasteurized sweet cream, acidity .14 to .21,
2. Pasteurized sweet cream with 10% starter added, not ripened.
3s Pasteurized sweel cream, sStarter sdded, ripened %o serum x

« 0063,

4., ZPasteurized sweel cream, starter added, ripened to an

acidity 0.5C to U.61.

Lots 2, 3, and 4 were divided into btwo or more portions of
11C %o 140 pounds each, and to one or more duplicates before
churning & pure culture of the mieroorganisms to be tested
was added. The méterial added consisted of 50 to 100 c.cs milk
culture, 72 hours old,plus the scraped off 72 hour old growth
on two whey agar slsnts, The incubation wss at room temperature.
_Every effort was madé to standardize workmanship in manufacturing
the butter. The moisturo content was kept us near 16% as prac-
ticable snd the salt content ranged between 1.5 and £.1%. Bacter-
ioclogical studies were mede of the cream before churning and of
the butter when manufactured and when Tinally scored. The butter
was packed in ten pound tubs and stored for from six to seven
months at-6° B, The bacteriz used were, in addition to those in

the starter, (S. lsctis and S. paracitrovorus)
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Bacterium ichthyosmius (7)

Peptonizing coccus. Digested milk in from two to four days.

The mold used wes Qidiunm lactis, as this is the mold usually

found in dairy products.

Owing to the unsatisfactory condition of the class-

ification of dairy yessts, it is not possible to give definite

pnames to the organisms used, but the following was used as a

basis for the series of the experiments.

1.

2e

&o

Forming regular white colonies on whey agar.
L.  Lectose fermenters., (9)
B, Common white.
Three types of eﬁmmon white yeasts were used in these

experiments.

" A. Iarge oval yeast, makes milk alkaline in from 18 %o

21 days.
B. ZILarge oval yeast, sweet curdles milk in from 11 to 17
days. | |
C. Large oval yeast, spore-forming, inert in milk.
Forming spresding colonies on whey ager.
A. Mycoderma  Inert in milk.
B. Rapid liquefying yeasts. Iiquefy milk in from 2 to
3 days. |
Pink yeasts,.

Type intermediate between yeast and mold. Inert in milk,

They agar was used for plating cream to which starter had

been added and the bubtter menufactured therefrom. Whey agar
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plus 1 c.c. 1% tartaric acid was used for estimation of yeasts
snd molds in c¢ream and butter. Beef infusion agar was used for
platiﬁg raw sweet cream, pasteurized sweet cream and the butter
manufactured therefrom,as it was found to give higher counts
than the whey agar,as there are types mainly micrococci = that
will not grow on the latber medium. The bacteria were differen-
tiated into verious groups by the litmus milk tube method. The
acldity of the butter wes estimated by dissolving 10 grams in
35 cecCe ether and 10 cec. zlcohol and, using phenolphthalen as
indicetor, titrating with tenth-normal scdiwn hydrate solution.
A1l counts reported are total plate counts.

RESULTS OBTAINED

Data relative to the acidity, the bacteriel count and
the types of bacteria found in the raw and. pasteurized swee?
cream are given in Table 1, There were 28 lots of cream studied
during the period from June to November 1922, The cream wes
pasteurized at 145° o for 5 minutes.

In the raw cream the high bacterial counts and the
predominance of S. léctié will be noticed., When the acidity of
the cream reached U.20 and over, S, lsctis formed 80% or over
of the total flora. There was no definite relutionship between
the flors of the raw cream and its acidity when the acidity was
0,18 or less, nor between the total bacteriﬁl count and the
acidity. This is to be expected since the scidity depends on
the acid-producing oiganisms present, and whether their environ-

ment is suitable or not, whereas the total count is the sum of



..
several different types. Remnet-acid digesting micrococci and
proteolytic types were present to the extenit of approximately
1% eaeﬁ in the raw cream; epproximately 2% of the flora consist-

ed of Bact. wviscosum, Ps. flvor. liguefaciens, Eythrobacillus

prodigiosus snd members of the coli~aerogenes group. IFrom 50

to 200 Oidium lactis was found in esch lot of raw cresm and

from 60.}0 3,000 yeasts. These yeasts were of the same general
typesaa/;gzzéin the inoculation ex@eriments,

It is evident thet the cream after pasteurization con-
teins relatively few organisms as compared with the original
count, but these counts are highér than are usually considered
t0 be present in pssteurized sweet creaw. In 28 experiments
the average pasteurization efficiency was 99.55%, which is slight~
ly lower than the efficiency of 99.95% which ﬁas previously
reported (6}, The difference may be due to the media used; in
the previous work the pasteurized sweet cream was plsted on whey
agar and this did not peruwit various staplylocoeel to
.grow, thus giving lower counis and consequent higher pesteurization
efficiency. _The typical S. lsectis type was not found in the
pasteurized cresm, and gince it was present in the sweet cream
butter, it is probable that the cells surviving pasteﬁrization

_were missed in the dilutions used, or suffered injury during

pasteurization and showed an abnormal lag phase, and were included

in the slow S. lmebis group. BH. lactis var. maltigenas wes not

found in the pasteurized cream nor in the bubtter, so it seems

evident thaut it does not survive s pasteurization temperature of
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145° 7. for 25 minutcs. The main surviving types werec the slow
S. lactis and the acid~forming, non-coagulating types. In this

1atter'group viere ideatiried S. parascitrovorus and lactic

acld procucing, non-citric acid fermenting Gram positive strep=-
tococel which included a thermophilic tyve which grew best at
45° C. grew well at 37° ¢. and poorly at 200 C. There were also
found two types of Gram positive micrococei easily differentiated
because one produccd yellow pigment and the one did not on the media
uged. The - percentage of the yellow pigment-forming type tunded
to inecrease with decreasing b;ctcrial counts. They were not found
in the raw cream, probably owing to the high dilutibn used (1:
ons~-million).

The alkali-forming group, which accbrding to Ayers and
his co~workers (1) are primarily soil organisms, largely decreassd
in number during pastcurization, but increésed in relati.-¢ amount.
No member of this group was found in 12 out of the 28 experiments.
The group of bacteria incrt in milk largely decreassd in number dur-
-ing pasteurizatigu, but held their relative percentage of the flora.
Thev were found in 8 out oi 28 experiments. The aerobic spore-roruing
bacueria werc not identified in the pastourized cream, bubt were foun.
in dome of the butter when taken out of cold storage. They were
probably missed in the high dilutions ﬁscd for plating the cream
(1 to 10,000). N» molds nor yeasts were found in the pastourized
cream. Lund (14) and Thom and ayers (25) have shown that Qidium
lactis will not survive heating at 145° 7. for 10 minutes, and the
namber of veasts originally present in the raw cream was too small

to draw any conclusion as to their ability to survive pasteurization.




PTable 1.
ACIDITY, BACTERIAL COUNT AND TYPES OF BACTERIA
FOUND IN RAW AND PASTEURIZED SWEET CREAIL

Raw Sweet Cream

Reenlts of 28 exvoriwments,

i Bsgcteria
Der CeCGa : % Type

. Acidity : Millioms : A B¢ D B

Ave. « 18 210 ?l 14 5 14 14
| Max. .21 588 96 3% 22 50 31 17
Min. 14 65 32 0 0 0O 0 0
Pasteurized Sweet Cream
% Type
:Bact.per c.c.: Sffigiency :

Acidity : Thousands : of Past. : ¢ D E F ¥
AV. 957 99,55 34 b6 B 2
Max, <20 4,100 99.93 91 94 4% 23 11
Yin. .15 185 98,54 0 13 0 G O

A=S. lactis BoS. loctis ver maltigense C=Slow S. lactis type

Dufcid~-forming, non-coagulating type E=zAlkali-~forming type

F=Types inert in milk Y=Gram positive micrococci producing

yellow pigment. Column Y is inclwded under Column D since

they sre acid-forming non-cosgulating, Column B is lncluded

under column A since S, lactis ver maltigenae belongs to the

S« lactis group. The organisms ineluded under slow S. lactis

" are so-named for want of definite knowledge of this group.

They 8lowly reduce litmus milk and finally cosgulste it after

from 4 to 8 days.



Teble 2.
ACTION OF PROTROLYTIC BACTERIA ON THE YEEPING
QUALITY OF BUMER IH COLD-STORAGE

A=Bact. ichthyosimius B=Peptonizing coccus *
: : Miero-

: No, of : Aeidity : orgesnism :
seoring : Exp8e : of Cream : inoculated : Score
Initial 2 +50 A 92.75
Final - 91.75
Initial 1 «50 Check exp. 92.5
Finel 92,9
Initial 3 Y A 92418
final ' 91,83
Initial 1l 22 CheeX exp. 92.0
Final _ _ 92.0
Initial 3 » 50 B . 98,00
Finsl 92417
Initial 1 «H0 Check exp. 98,5
BFinsl _ 925

* Peptonizing coccus was a Gram positive peptonizing micrococcus

igdlated from raw s8weet cream.

Data relative to the action of Baét, lchthyosmius and
& pepbonizing coccus on the keeping quality of butter cold-stored
for six months &b ~6° F, are given in Peble 2., Although the
butters to which proteolytic bécteria.were added decreased Some-
what in score, the decrease was not enough to indicate that the
addition of the proteclybtic bhacteris was an important cause of

deterioration in butter in cold storage. _Baet. ichthyosmius

was inoculated into oresm ripened to «5U0Fand into cream to which
starter had been added butbt not ripened; the results indicate that
the acidity of the cream did not favor the production in the

bﬁtter of undesirable flavors as & result of the asction of protec-

lytic bacteris.
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Data relative to the action of various types of yeasts
oni the keeping quality of butter made from cream ripened to
verying acidities and cold stored for six months are given in

Table 3. Considering that flavor and aroma are qualities in

butter that are diifficult to give a definite value to when scor-

ing at different intcrvals, it will be seen that the scores of

the butter made from the uninoculated cream and the inoculated
cream agree very well. Although in many experiments there was

gome decrease in score, a study of the figures show that the yeasts
were not a factor in the keeping cuality of the bubtter in cold
storage and that their action was not influenced by the acidity of
the cream since the yeasts were inoculated into cream of varying
acidities and in several cases the check experiments decreased

in score more than the buttcr made from inoculatcd cream. Somse
types oif yeasts were more resistant to the adverse conditions

than others. ZPink veast and Mycoderma did not survive. 80 to 93%

of the lactose fermenting types (T.cremoris and T. sphaerica)
and Common White +typos died off in cold storage. The most re-
sistant type was the Digesting yeast of which an average of 43%

survived. from 10 to 25% of the yeast count per c.c. in cream

was found per c.c. in butter, except with the Pink yeast whiech

apvarcntly found conditions advcrse from the start.




LUREOH OF Y
OF BUT

2Table Se

0N TRy RKREPING QU

IH COLDmETORAGH

o
2 ‘-AL\?Y

i

TG, 0L ACIAItY ¢ BlOPOOPLAnLa  fH0s 3R §40e im0t & TINCroaus or LBCIAuSS :
Beoring Expse 3ol Gream: incoulated Craom  sPutter :Scors: in Seorg :
; ‘ Per cc¢  Per cc A ' '
g?itéala» & P Common “lte Yeast 10,0600 830 ©R.83
Fiuna ‘ nw oo oo w3 E
Initiel 3 228 heel: URpG. i é%:?; .58
Pinel , o2, 52 (ol
inftial G ik Comnon ihAle YOLah onp800 | Galls 91:?9 =24
Finel B0 91,21 ~0.58
Initial G a4 Cheal #x 524,10
Fingl Q0 4 80 wl o 20
Initiel BRI «05 Sommon vnito Yonsh 04,400 | Ga000 Dl.00 :
Finsl . . _ 110 ©1,.5U 0,50
Inttiel 8 <50 LRCTOBB~L B hGat ANE Cog U0 | BalRl  UeeUl ‘
vegsshs _
Pinal 840 91,75 (25
Initia}l 2 oBl Ohaek BXxpo. 92,12
¥insl ] G1a.54 wl) o 86
?3??&&1 g ) YT XN AL 10 ST IV ¢ BN WA & T
¥inal 55680 $1.90 40,20
Initiel 2 T Check 2RDS. 82400
Final : 21,50 =) 4 B
initial i e Pirmg ToN vl teG 1,200  ©&,18
Final nondy 81 87 IR
initinl b5 24 Chatlk Bxpte SRL00
1\,‘3 ng_l . *:‘:"-‘2 ca{} 30.0
Thitind 5 ) nvcoua: R G TEED
Pinal nong  §8.430 +0 50
Initlal 2 21 Cheok SxDba G850 )

% All figures glven are the average figures for the experiments carried out.

#%x These experiments were duplicates of experiments averaged in 5%,

Three types

of Common Yhite yeast were used in the experiments, but as the results secured
with them were essentially slike, they are 1included under one heading in ahove

tableo




Table 4.

ACTION OF OIDIUi LACIIDB AND Y48y AND OIDIUM LACHIS ALONE

O0li THE XEEPING GUALITY 0F BUTIFR IN COLD STORAGE

I = Oidium lectis T = Yessts

: : : : : : :Increase
: ;Agidity:Micro- :No. in : or
Scoring:Ne. of; of sorganism:No. in  :Butter :Score :Decrease
1Exps. i Cream :used :Cream : :in Score
Initial 7 +48 M plus L 335,360 ¥ 8.100 ¥ 92:.70
L2710 M 234 M
Mnal , 820 Y 90493 =1.77
Initial 7 48 Check 924 57
ExXps,
Final 91,00 -1.57
Initial 3 044 Jid 24730 M 1led70 M 92¢33 ;
Finsl None 92,18 0.1
Initial 3 044 Check 91:83
, ExpS.
Final o 91469 =0,14
Initial 2 « b7 M 3,160 K 1.700 ¥ 92:00
Final None 90, 50 -1.50
Initial 2 « 57 Check 92400
Exps.
Binal | ) 90:75 -1:25

Date relative to the action of (s8) Oidium lactis and

yeasts and (b) Oidium lactis alone, inoculated into cream at vary-

ing scidities, in relation to the keeping quality of butter in cold
storage are given in Table 4.

Although there weas s decrease in score of the butter, it

‘is evident that the combinetion of yeasts and Oidium lactis, or

Oidium 1ad£is alone did not csuse deteriorabion in cold storage,

and that the seidity of the ripened cream did not favor deteriora-
tion by these microorganisms., These results confirm those of

Rogers 1909 (£1) who was uneble to produce fishy butter by the in-

oculation of Qidium lsctis into cream although 0'Callaghan 1907

(17) hed eclsimed thet Oldium lsctis produces fishiness in butter.
The fact thet no Qidium lectis survived in the cold storage butter

Shows that it was in an unfavorable environment,




Table 5,
BACTERIAL COUNT, FLORA AND SCORE OF SUSET CREAM
BUTTER AT INITIAL AND ¥INAL SCORINGS

: : : :Mon-coag=: : :

: ‘Bact. : : sulating : :

1per C.C. S. Blow S.: acid tAlkall :Pepton=
Seoring :thousands:lactis :lacitis & . ing forming: iz
Initial* 167 0 20 70 6 4 0
Final * 141 6 8 80 2 1 3

: :Bact. per c.c. : :

tAcidity ¢ in Butter t Acidity @

rof cream :__ _Thousands :of Butter: Score

: +Tnitial Finagl «<Initial Final Initial Final -
Av. ¥ .18 167 141 - 1.08 1.17 91.71 91.76
Max., 21 630 600 1,40 1.50 93.0 93.0

Min. .14 o4 30 0.90 1.00 90.5 90,0
¥ayorage of 19 experiments. o |

Data relating to the bacterial count, flora and score
of sweet creoam bubtter are given in Table 5. The data shows that
organisms of the various groups can survive in butter that has been
cold stored six months at -6° F. The acid~forning, ﬁon~coagulating
type formed 70% of the flora ot the initial scoring and 80% at
the final scoring. It is evident that $. paracitrovorus,lactic=
acid producing, non-citric acid rermenting streptococci and various
types of micrococci can resist pasteurization and cold storage con-
ditions, and thus show themselves to be very recistant to unfavor-
able conditions. S. lactis was not found in the butter when manu-
factured, but was found after cold storage. The butter manufactured
from the sweet cream retained 5 to 30% of the bacteria per c.c. of
the eream; usually between 20 and 30% was found; and 35 to 1009
of the bacteria per c.c. originally in the bﬁtter wzs found after

the cold storage period. It is evident from the score that the




butter showed excellont keeping quality, having a slightly
higher average score when it came out of cold storage than
it had when it went in and that the {lora of the pasteurized

swecet cream did not cause deterioration in cold storage.
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Data relative to the bacterial count per c¢c.c. of the cream,

buttermilk and butter; the =zcidity of the cream and butter, and thne

score of the butter at the initial and final scorings are given

in Table 6. The number of bacteria por c.c. as determined by the

plate method, in the cream to which starter had been added, had

no definite relation to the acidity of the eream. This is to be

expedted since the production of acidity is a function (a) of the

ratio of S. lactis to S. paracitrovorus (b) the rate of acid pro-

duction of the S. lactis inoculated and (c¢) whother these strep-
tococei grow in long or short chains. Tne buttecrmilk, except in

a Tew instances, showed a higher bacterial count per c.c. than

the cream did, out no definite rélationsnip existed, Tne follow=
ing causes arc suggested as to why a higher count should be ob-
tained per c.c. in the buttersilk than in the cream: (a) rewoval

of the butteriat containing comparatiscly few bacteria, (b) break-
ing up of bacterial clumps by agitation dwuring churning. The flora
the cream to whieh startor had been added was found to consist

ol 8. lactis and S. paracitrovorus ,. the S. lactis forming 90 to

100% of the flora. Other orgenisms must have been preseant, but
were probably missed owing to the high dilution necessary for plat-
ing (1 to 1 million).
The butter made from cream to which starter had been
and ’ ‘ _
added and (a) not ripened/(b) ripened to varying acicdities,
retained per c.c. (rom 0.5 to 2% of thec bacteria per c.c. in thu croam,

generally about 1%. Thae flora of the butter was iound to con-

sist of S. lactis and S,.paracitrovorus, the 8. lactis forming

70 to 1009 of the flora, usually over 90%. The dilution usecd

(
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for plating (1 to 10,000) probably accounts for othor organisms
not being found. The average dying off of bacteria during the
six months cold storagu at =6° F. was over 98%; This, consider-
ing the larger initial bacterial count of the butter, is in
marked contradistinction to the results obbaincd with the sweet
cream buttor. Yhen taken out of cold storage, the sweet cream
butter .often had & higher bacterial count per c.c. than the
butter made from cfaam to which starter had been added. This
seems to show that the normal flora of pasteurized cream {ind
an acid environment unfavoréble; also the utilization of the
lactose by S. lactis and S. paracitrovorus may be a factor,

The rcason that S. lactis and S. paracitrovorus die off so

markedly may also be dus to what Sherman and Alovus (24) term
"physiological youth,” that is vhere bacteria arc repro-
ducing rapidly they ars most sensitive to an unfavorable snvi-
ronment. The flora of the butter when taken out ol cold storage
was found to consist clhiiefly of S. lactis und the acid~forming
nou~coagulatin,: typeé and usually contzined from 13630 to 2,000

yellow pigment forming micrococci per c.c. S. paracitrovorus

was usually present. The ¢ of 8. lactis varied from O to 100%,

but was usucwlly present in some amount. The acid-forming non-
coagulating type varied from O to 100%; usuully the lower the
bacterial count of the butter the greator the perceutage of
this type.

The butter made from sweet cream 1o which startor had
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been added, but not ripened, had 8 higher initial score then
the sweet oream dbubtter., The Score decreased on the average
Oedd points whereas the sweebt cream butter increased its score
on the average 0,056 points, yet the final score was higher by
0«36 points than the swaet cream'butter, This shows that thls
method of butter manufaecture is practicableland 1t has the
sdventage that the butter has a flavor which makes it more
desirable, . | - -

The sverage score of the butter made from the wnin-
oculated creem, ripened to serum x .0063,was 92.34 poinis.

Thié type of bﬁfter lost 1,84 points in cold storage, thus
having a lower average sSgore Ey O.Ve_points thaﬁ the sweel
cream butter, but the average score of 91.0 points after six
months'cold storage shows betterlkeeping quality than is usu-
8l1ly credited to this type of butter.

Tha average score of the butter made from the unin-
oeulated eream,ripened to 0.50 o O.61,was 92.21 points. This
t&pe of butter lost 1l.64 poinis during six months cold etorage,
and the corresponding &ecrease for the butter made f;dm inoou~-
lated ripened cream wes Cad? points, The finsl average score
of 9C.57 points for the uninoculated butter an& 91.62 points
for the inoculated butte;“shows better keeping quality thau is
usually credited to this type of buﬁter, and also that the
addition of the microorganisms did not cause deterioration, It

is also evident that wﬂile lactic acid may be & factor in deter-
ioration it ie not a cause of it.




Table é
BACTERIOLOGICAL COUNT O PHE CRZak, BUTILRLILYL
AND BUTTER, ACIDIYY OF IHE CREAMN AND BUTTER |
AND SCORE OF BUTPYR AT INITIAL AED FINAL
SCORINGS.

Sweet Cream plus 10% Starter {8 Experiments)

:Bacterial Count . Acldity
Acidity :Cream Butter-: Butter : of :
of milk  :Initisl Final: Butter ;. Score
Cream : Millions :  Thoussnds :;Initisl Pinal:inigisd Final
Ave 28 278 336 4,100 95 1.30 1.92 9Ri56 92,12
MaXe o35 530 610 8,500 28b6 1l.50 1.50 84,0 93,0
Mine, .22 77 20 650 3 1.20 1,20 91.0 90,0

Sweet Cream plus 10% Starter plus sdded Mieroorganisms (23 experi-

ments. )

AVe .27 256 302 3,260 91 1,28 1432 91,94 91.84
lax,.35 510 600 71800 460 1e45 150 9345  94.0
Minu « 28 SW 70 ‘ ?8 600 3 10 20 1.15 9140 9C.0

Sweet Cream Ripened Vo Serum x .0083 (22 Ixperiments)

Ave .44 196 211 2,813 69 1,55 1,68 92¢34 91.00
Max..46 510 540 12,400 336 2,00 2420 93,5 92.5
Mino 042 6? 75 520 1 10 55 10'50 91n5 8800

Sweet Cream Ripened to serum X «0063 plus added Microorganisms
(17 Zxperiments)

AVe o44 106 127 1,170 28 le64  1.75 92,03 91.41

MeXeo46 160 206 1,850 86 2,20 2,20 93.0 93,5
Wine .42 63 79 440 2 1,40 1.40 91,0  88.0

Sweet Cream ripened to from C.50 to C.561 (7 Experiments)

Lve 0D 232 28 2,6b0 o2 1.96 1e96 9Ee2 9045
I"&&Xo-o 01 550 ’?30 5,300 270 2. 20 20'4:0 920& giog
Mine.50 123 144 960 3 1,76 1.75 91,5 90.0

Sweeb Cream Ripened %o from 0.50 0 U.61 plus added Microorganisms
(16 Experiments)
AVa. o3 319 391 3,305 78 1.81 1.96 92,09 9l1.68

Mex..61 800 960 7,300 305 2.35 . 2,85 95,0 93,0
Mille o 50 "4 87 630 2 1.45 1,50 90,5 90,0




1B
Thet lactic acid mey ald as a factor in deteriorg-

tion is showa by the feet thet seversl churnings decreased from

& 92 to an 88 point score, while the check churning made from

the sweet cream without the addition of stbarter revained its

score or only slightly decreased in score. It is this faelt that

has led to the essoclation of eccidity of cream with deterioration

of butter in cold storage; and the increasing demoend for sweeb

cream butter for storage purposes. A proof thab S. lactis and

Ye varacitrovorus are not & direct cause of deterioration is

shown by the keeping guality of the butter mede From cream bo

which starter had been added but not ripened.

The scidity of the butber inereased &s the ascidity of
the cream iﬁcreased, but the individual range is so wide, that
it seems that the acidity of the butter is not in proportfdn to
the acidlty of the eream; but is influenced by other factors,
such as the:treatment during menufacture.

CONCLUSIONS

1+ There was an gverage pasteurization efficiency of 99.55%
whén sweet cream was pasteurized at 145° F., for 25 minutes.

2+ 'The bacterial count of the ripened cream hed little or no
relation to the acidity of the cream.

'%s The bacterial count per c.c. 0f the butier made from ripened
eream had no definite velation to the bacterial count per c.c.
of the ripened cIrean.

4, The butter retalned PEr ce.cs Trom 0.5 to 87 of the bacteria

per ce.c. of the ripened cream, generally sbout 1%.
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5.

6.

7e

8,

9.

10

11.

wlda
The butter made Lromn pasteurized sweel cream retained per
e Co from 5 to 30% of the bacteris per c.c. of the pasteur-
izéd gweet cream, generslly between 20 to 30%.
From 95 to 99% of the bacteria of the ripened cresm died
off during six months cold storage, generslly from 98 to 99%.
The average decrease in}%gaéggﬁﬁgfg'fgéﬁﬂggsteurized sweet
eream during six months cold storage was approximately £0%,
the maximun decfease was 65%; the bacterial count per c.c.
of some butters did not show any decrease.
Resistant strains of 5. lactis, slow §L~l§g§i§_type, S, para-

citrovorus , lactic acid forming, non-coaguleting, non-~citric

acid fermenting streptococei, various types of micrococeil,
inert types, alkali-forming types and proteolytic types lived
over in the butter, cold-stored for sig months.

Taking the acidity of the butter as a criterion, there was
little or no detectable hydrolysis of the butterfat during
six months cold storage.

The acidity of the butter increased as the acidity of the
cream incresased, ﬁut there was no definit§ relation between
the acidity of the butter and the acidiby of the cream.
Proteolytic beetberis, verious types of yeasts found in dairy

products, and Qidium lactis were added to ripened and un-

rlnened crean oontainlng starter: yefore churning snd were

found not %0 be a significant factor in the deterioration of

butter in cold storsge for six months at «6° m,




12,

14.

15,

16,

=15~
There was no svidence that the enzymes produced during the
growbh of the microorganisms or the disintegration pfoduots
produced on the death of the microorganisms affected the
keeping quality of the bubtter in cold storage.
sweet ereum butier wes found %o keep well in cold storage
and for the most part to reftain its original score. Omne
hundred per cent of the/%%%%egé secored 20 and over both
when put into and taken out of cold storage.
Butter mede from sweet cresm plus 10% starter, unripened,
was found to have good keering quslity and to have &
slightly higher saverage score when taken oui of cold sSHOf-

age than the churnings mede from pasteurized sweet cream.

. One hwndred per cent of the butters scored 90 and over,

both when put into and tsken out of cold storage.
Butter made from Sweet cream ripened with a mixture of

3. lactis end S. paracitrovorus showed good keeping quel-

ity in cold storage, but marked deterioration of occzsional
churnings occurred. One hundred per cent of the butters
scored 90 and over when put into gold storage, and 83% of
these bubbters scored 90 2nd over when itaken out of cold
ST0ragee

Where deberioration of butter occurs in oold storage it is
not due to the normsl flore of pasteurized cream, nor %o

<

S. lachis or S. paracitrovorus,, nor to the lasctic aecid form-

ed duriang the ripening of cream by & starter.
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17; The cccurrence of errstic deercsses in score of bubter

| made from ripensd cream, which rarely occurs when the

crean is not ripened, suggests that the deterioration of

butter made from ripened ciream is due to some &8 yeb un-
determined cause, which may be sided in its aciion by the
lactic acid produced during the ripeniag of the cream.

18. The quelity of the cream when delivered at the cresmery is
probebly the main factor that determines the Keeping gual~
ity of butter in cold storage.

I desire to return thanks to Professor M. iortensen,

for providing means for carrying cut this work; to bector B, W,

Hammer, for nis helpful advice «nd criticism at 2ll stages of.

the work and bto the following who acted as judges in scoring

”

the butter: kir. Howard D. Reynolds, NMason

& e

ity, Iows; Professor
L. Y. Rudnieck, Dxtensiocn Departuent, Iows State Ccllege, snd Mr.
Jo J. Bruner, Extensicn Department, ILowe bisnte College.
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