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INTRODUCTION

The purpose of this experimental observation was to study the effects
of various temperatures of storing cream, and the time element on the pro-
duction of high quality cream. This study was made from the standpoint of
the conditions as they exist on the average cresm producing farm in Oklahama.

In Oklahoma, as well as in many other states, the production of good
quality cream 1s & complex problem. Most of the cream is produced by
farmers having comparatively few cows. Only a small volume of cream is
produced per farm. Since the sale of cream is not a main source of
ineome for individual farmers, they are of the opinion that extra efforts
would not inecrease the profits enough to warrant additiomal care in the
production of high quality eream, Another drawback to quality creem
production is the distance the average producer lives from the eream
station or creamery. On an averape this distance is about twelve miles,
which means that oream will be delivered whenever the farmer feels it is
convenient to go to town.

The rapid .dmlopant of the dairy industry has created considerable
misunderstanding between the cream producers, station operators, and
buttermakers. Each censures the other for the poor quality butter pro-
duceds The eream station operator, and the buttermaker believe that
poor gquality eream production is due to lack of low temperatures of coole
ing and storing eoream, and the lack of sanitary conditions on the farm.
However, the oresm producers are of the opiniom that the recomsendations
by dairy specialists are too rigid and impractical, especially if they
refer to temperatures of 50° F. or less for cooling and storing cream.

From the standpoint of economy, it is not profitable to these proe
ducers to obtain such low temperatures, especially if one considers the
fact that most Oklahome farmers produce cream in small quantities.



Therefore, the problem presents itself as to whether or not it is possible
to produce high quality eream and still not use lower temperatures than
are available on the average Oklahoma cream producing farm.



PLAN OF STUDY

The plan of this study was to determine the effects of storing the
cream at different temperatures, for verying periods of time. Considering
such factors ass flavor which was determined on the initial samples and
on samples after being held for 2, 3, 4, and 7 days at 40° F,, 50° F.,
80° F,, and 70° F, Acidity was determined by titrating a 9 gm. ssmple
of oream with N/10 NaOH using phenolphthalein as indicator. Bacteria
counts were made on Bacto nutrient agar, and Bacto nutrient caseinate agar.
Mo@muﬂonmﬂhgtatho standards as given in the Standard
Methods of Milk Analysis, Sixth Bdition 1934. The cream was graded on the
bagis of flaver and acidity as set up by the United States Standards in
Grading of Cream..

In order to expsriment with cream produced under two different cone
ditions, milk was obtained from the college herd. The conditions of
production were more or less ideal as compared with the second lot which
was obtained from a representative milk producer selling only a small
volume of eream.

The milk was heated to 95° F., and separated by a thoroughly cleaned
loe 1 De Laval Separator. This separator was washed and dried before skim-
ming the second lot of milk, thus minimizing the possibility of contamie
nating one lot of eream with the previous lot separated.

Irmediately after separation sterile cream jars were filled with each
lot of eream, and the samples stored at 40° F,, 50° F., 60° F., and 70° F.
for 2, 3, 4, and 7 days. Percent of fat, percent of acidity, flavor, sedie
ment, and grade of cream were determined om the initial lots of cream. The
bacteria counts were made on standard agar and caseinate agar. Dilutions
plated were 1«10,000, 1~100,000, 1=1,000,000, 1=100,000,000, and 1l-
1,000,000,000s The high dilutions were used in plating caseinate agar, and
low dilutions on standerd agare
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The bacteria plates were held at 37.5° F., and counts were made at the
end of 48 hours, The cream was graded for each temperature, and for each
holding periocd on basis of flavor and acidity,



REVIEW OF LITERATURE

larsen and Jones (13) stated that cream must be stored at low tempera-
tures in order to produce good quality butter. They recommended using as
low & temperature as possible without actually freezing the product.
Wilster, Hoffmann end Brandt (28) indicated that with a minimm temperature
of 44° F,, and & maximum of 65° F., the acidity of the cream increased to
064 of one percent, and because of the sour undesirable flavor developed,
only & 90 score, or perhaps a 91 score butter could be made., Anthony (1)
recommended for all cream to be cooled to 45° F., and kept under such cone
ditions until enough was accumulated for churning, then raising the temperae
ture to 75° F, until sufficient acidity had developed, Farrington (6)
claimed that cream ccoled immediately to 56° F. and kept at that temperature
would produce excollent gquality butter. Clark (5) was convinced that
desirable results would be obtained if cream was cooled to 45° F. to 50° F.
immediately after separation. Frandsen (8) reported that low temperatures
were essential in retarding the growth of organisms, and were pertinent in
the production of good quality eream.

Temperatures below 50° F, assist in delaying the development of off-
flavors. They retard the growth of some undesirable organisms, and inhibit
excess lactic acid production brought about by the Streptococcus lactis
bacteria.

The buttermakers desire the prevention of sour cream flavor caused by
excessive acidity. Greater amounts of neutralizer must be used to reduce
the acidity which usually makes butter show neutraliger flavor. This flavor
oftten causes the butter to fall below the score of 90, the lower limit of
standard quality as determined by the butter market. The control over the
acid production enables the oreamerymen to inhibit the yeast and mold growth
because of the preference of these particular orzanisms for an acid medium.
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According to vhite (21) Maine was the first state in the United States
to grade cream in 1908 and 1908, After a brief introduction to grading of
eream, those using this practice were firmly convinced that it was a step-
ping stonme in improving the quality of cream. Hunziker (11) ‘stahd that
at first the eream was tasted. However, as the grading progressed, the
eream buyers soon developed thelr sense of sight and smell. Noldy, caked
croan, fermented and gassy cream was easily detected.

According %o White, in 1910 the best plan provided for two grades of
crosm as follows:

"No. le==Cream must be sweet with a clean flavor and a premium of
from leS¢ per 1b. be paids

"Noe 2e==Cream may be sour but must have a clean flavor, for this
grade a price which will follow market quotations of
prices shall be paid.

Cream mot clean in flavor and consequently not inmcluded in
either of these grades shall be rejected."

Many of the dairy authorities stated that before grading system wes
installed, 90% of the oream delivered to cream stations was sour, while
afterwards about 95% of the cream reached the creameries in sweet conditione

Thite (22) stated that premium cream is fresh, sweet, and has less than
0s2 of one percent acidity. First grade cream contains less than 0.4 of
one percent acidity with no objectionable flavors or odors.

Fumziker, Mills and Switzer (12) observed that cooling of cresm wes
essential in the production of good quality butter. By this process
undesirable formentation, animel heat, and foreign odors were rertially
eliminated. They determined the effect of tank cooled and nonetank cooled
cream upon the socore, acidity, and the condition of butter. The temperature
of cooling water was on an average 58.8° F., the acidity of non-tank cooled
eream averaged 0,62 of one percent while the tank cooled cream the acidity
averaged 0.88 of one percent. Upon shipping this butter to the New York
market the nonetank cooled cresm butter, two weeks later, scored on an



average of 88436, while the tank cooled eream butter scored 90,69 These
observations indicated that when crcam was cooled, the butter, two woeks
later, scored 25 points higher than the butter from the non-tank cooled
crosme

Manhart (15) compared the effects of cooling and not cooling of oresm
upon the score of butter. A seven and a four day accumulation of cream were
used and divided into two lots, ome lot being cooled with water at 54° F.,
while the other lot was mot cooleds It was observed that the minimum
difference in score between cooled cream bubtters and not cooled cresm
butters was 0.5 of one point, and the maximm difference was 3.5 points.

The average score of cocoled cream butters was 2,056 points higher than not
cooled cream butters.

The benefits derived from cooling of cream om the farm cen easily be
destroyed if the product is not kept under sove refripgeration during transe
portation. Aecording to Manhart, Horrall and Hienton (16) refrigeration of
croam at the station during the period of accumulation is essential. If the
temperature is not controlled while the eream is in transit, the quality of
butter nade from this cream will decrease. Mechanieal refrigeration pre-
vents, to some extent, mechanical loss ceused by foamy cream. However,
the practicability of cooling eream by mechanical refrigeration at the
station is questiomable.

Potts (19) reported that the productiom of good quality cream depends
considerably upon inhibiting the development of high percent of acidity.

In order to allow the proper amount of acidity to be produced, the ecream
should be cooled to at least 50° F¢ Warm cream should not be mixed with
colder cream; for this practice speeds up acidity production, thus hastening
souringe

Hopkins and Trout (10) stated that cream should be ccoled to 55° T,
during swmmer months and be delivered at least every other daye In winter



twice a week delivery is sufficient. Clean production and proper ccoling
enables the producers to furnish eream that will keep longer. Cream that
is held for a long periocd of time, though still sweet, may become musty,
stale, or otherwise off-{lavored.

The cream producers must understand the market grades of cream, the
requirements and characteristies of each grade. Without this knowledge,
the producer works without a definite goal. In general, Hopkins and Trout
state that the grades of cream adopted by the menufacturers of dairy prod-
uets are as follows:

"First Grade oream shall be that which is clean, sweet, and free
from all undesirable flavors or odorse

"Second Grade oream shall be that which may be slightly sour, which

may contain undesirable flavors and odors to a moderate degres,
which may be slightly foamy, yeasty, or "off" in flavor; or which
may be too old or stale to grade as first,

"Third Grade, or rejected crecam consists of oream which is putrid,
cheesy, rancid, curdy, musty, dirty, or otherwise unwholesome and
should not be accepted by the creamerymane"

Sommer (20) stated that flavor and aroma of butter depend upon many
factors. They are as follows;

"(a) The fat itself,

(b) Foreign flavors and odors transmitted by the feed through the

cow, and absorbed from surroundings,

(a; Flavors and odors arising from fermentations, _
(d) Flavors resulting from chemical changes such as oily, tallowy,
and fishy."

The first exposure of the product te foreign flavors and odors comes
during the milking process. Nilk is a very good solvent for voletile
substances in the air, and is a good medium for growth of bacteria, yeast,
and mwoldss The improper cooling of cream makes for undesirable farmen=-
tations, producing unclean, fruity, yeasty, and cheesy flavors depending
upon the tyne of contamination.

The production of good quality eream goes back to the milking of the

cows under sanitary conditions. There may develop a characteristic flavor
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of butter dus to hydrolysis of milk fat, brought about by en enzyme Lipase

which causes the decomposition of the fat into its component parts, fatty
acids and glycercle The free butyric aecid, if present in mimute traces,
may have & desirable influence upon the flaver, but in large quantities
ceuses rancidity. The possible prevention of this undesirable flavor may
be brought about by pasteurization at 145° F. for 30 minutes. It is,
however, almost impossible for the farmers to pasteurize the small quare
tities of cream produced to destroy the enzyme Lipase. Therefore the cream
should be properly coaled and delivered frequently. This is especially
true toward the later part of the lactation period.

Hesmer (9) econcluded that the proper development of flavor and arcme
depend, in addition tc Streptococcus lactis, upon associated orgenisms
Streptococeus citrovorus and Streptococous parscitrovorus. Conditioms
favoring the development of the above crganisms appear tc be essemtial in
the production of flavor and aroma in butter. Temperatures below 65° F,
are not faverable for the growth of Streptoccceus lactis and its associsted
organisms. Those bacteria grow together most favorably between 68° Fe to
70° F.

Winkjer, Burns and Burke (24) stated that butter of good gquality could
be made from creex received ct the «reamery fresh, sweet, and clean in
flavor. That the most effective method for improving quality of cream
delivered to the creamery is to pay for cream on the basis of grade of butter
it will produce. It has been observed through past experience thet when a
creamery pays the same price for old, sour cream as for fresh cream, it
will receive little of the latter. The cream producers will have no incente
ive to produce high quality cream since no extra profit would be obtained
for additiomal care,

The following grade requirements have been reccmmended for creameries
in sections where much of the cream is sour when delivered to the creamerye
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“Grade 1; Cream from which the bubtter will score 82 points or higher.
The croam shall be fresh and clean in flavor. The acidity shall not
exceed 0.2 of one percent, and the fat content shall be not less than
30% nor more than 407,

"Grade 23 Cream from which the butter will score at least 90 points.
The eream shall be clean in flavor, the acidity shall not exceed 0.4
of one percent, and the fat content shall be not less than 30% nor
more than 407,

"Grade 51 Cream from which the butter will score at least 87 points.
The cream way have undesirable and cobjectionable ({lavors but shall be
free fram strongly objectionable and foreign flavors such as onion,
gasoline, and cheesys

"Grede 43 Cream that camot meet the requirements of Grade 3. Such
eream should be rejected beecause butter made from filthy or badly
decomposed cream cannot be sold legally as foods"

In order to deliver eream that is fresh, e¢lean, and fine in flaver
the cream producer must prevent off-flavors from getting into the milk
during the milking process. The farmer should have properly constructed
utensils that are clean and in good condition. Ie should cool the cream
promptly, keep it ccol, and deliver it to the creamery or oream station
four times each week. If no cooling facilities are available on the farm,
the oream should be delivered daily.

Baltzer and Trout (5) have classified eream into seversl grades each
heving definite, wellw-defined characteristics. Supplies of cream received
at the various creeneries fall into several grades. Although the creameries
may receive the eream without grading it, they are generally aware of the
quality of eresm being received, recognizing that a high quality produet
cammot be made from inferior raw material. In gemeral the grades of cresm
recognized by creamery men are as followss

"Special Grades Special grade cream shall be that cream which is
clean and entirely free from any "off" flavor or odor and which
shall contain not to exceed 20 percent acidity calculated as lactic
acids Such oream lends itself readily to the making of 92 to 94
soore butter. This is cammonly called sweet cream.

"First Grade: First grade cream shall be that cream which is free from

any objectionable flavor or odor and which shall contain not to exceed
0460 percent acidity ealculated as lactic mcid, Such ecream lends itself



readily to the making of 90 or higher score butter. This is mildly
sour cream.

"Second Grade: Second grade cream shall be that eream which contains
undesirable flavors such as weedy, cowy, unclean, barny, smothered,
cellar, cheesy, stale, old, and others. It contains more than .60%
acidity calculated as lactic acid. Such oream lends itself readily

to the making of 87-89 score butter. It is very sour and lacks good

flavor.

"Third Grades Third grade cream shall be that cream which possesses
objectionable flevor such as garlic, leeks, onions, kerosene, gasoline,
and has excessive high acidity."

Cream should be scored on the basis of what the butter made from it
will score. It follows then, that a cream scoring 92 points should yield
a butter scoring 92 pointsy; a cream scoring 88 should yield amn 89 score
butter, the condition of churning being the same in each case. The butter
flavor is cbtained from and is similar to the flavor observed in the creanm
from which it was made.

A premium product cammot be made from poor, second rate, raw material.
If a good, clean-{lavored creem is to be had, it must be obtained, first
of all, from milk of similar characteristics. Dirty milk yields an unclean,
off-flavored cream, and onion milk yields onion oream.

Yost of the deiry specialists advocate cooling eream to at least 50° F.
or lese inmediately after separation. The product may be clean as far as
freedom from dirt, contact with unclean utensils, or offe-flavors are cone
cerned, yet sufficient microrganisms are present to sour the cream if they
are given the opportunity te thrive.

Most of the bacteria found in milk or cream grow best between 65° F,.
to 100° P, During growth they change the lactose, or milk surar, inte lactic
acid. When a sufficient quantity of laetie aecid is produced, the cream
becomes sour. [owever, cooling cream irmedistely to 50° F, after sepa=
ration will retard the multiplication of the organisms presents

Although bacterial growth in oresm may have been prohibited by the



control of temperature, crecem does deteriorate with age., The cream should,
therefore, be delivered to the creamery at frequent intervals to assure its
arrival in first class condition. In general, this means that the cream
should be delivered twice a week during the winter months and three times
a week during summer months.

Pruche (18) obtained results which favor other factors besides cooling
of eresm as being essential in the production of good quality oream. It
was observed that off-flavors developed at all tamperatures, that raneidity
and cowy flavors appeared at low temperetures, and yeasty and moldy flavors
developed between 80° F, to 90° F. in three days. Prucha claims that the
following factors are essential in the production of good quality oream;

"(a) Frequency of delivery,

b) Utensils in good conditiom,

¢) Cleanliness, cows, barns, milkers, etc.,

d) Temperatures at which cream is stored."

Prucha believes that the goal in good suality eream production is to
produce cream that is mildly sour, clean, and free from off-flavers. This
goal is best arrived at by cooling end storing eream at temperatures favore
ing lactic acid production. Storage temperatures of €600 F, to 65° F, are
within the reach of most farmers, and this is a good temperature to cool
and hold oream if it is delivered to the eream station or creamery twice
a weeke

The grading of cream is not a diffieult task according to the Chio's
Cream Grading Msnuel (gg)e It simply requires the intelligent use of
sight, smell, and taste senses.

The Mississippi Cream Grading Mammal (pg) presents the fact that the
cream station operator must wateh carefully for lumpy, feed flavor, and
oily cream.

In the Southern States the grades of cream vary fram those used in ths
NHorthern States. For example, Mississippi has four grades: sweet cream,

first grede, second grade, and unlawful or rejected cremm. Oklahoma's laws,



rules and regulations include first, second, and third grade, the latter
grade being rejected. Indiana hes several grades including sweet, first
grade, second grade, third grade, and rejected creems The third grade
includes cresm having cheesy, tallowy, stale, sour, oniom, or metalliec
flavor,

Manhart (14) states that the Four Day Delivery Plan introduced in
Indiana in 1927 has established & uniform system of buying oresm on a
grade basis. This system is steble and understandable to the producer as
well as to the croam station operator. Aceording to this plan the cream is
graded as follows: Premium cream is sold at periocds of not over four days,
is free fram objectionable flavors and odors at the time of delivery;
Regular cresm is sold at intervals of more than four days, or cream sold
at intervals of four days or less with undesirable flavors and cdors.
Bejected cream is rancid, moldy, dirty, oily, onion, or garlic flavors,
or in other words, unfit for humen consumption.

The success of this plan depends largely upon the proper use of the
Four Day Teg. This distinguishes the period of delivery. It permits the
eream producer to sell his four day cream to any creamery operating on the
Four Day Flan, and obtain the premium price because the date of the previous
delivery is attached to the cream container. By means of this tag and the
crean buyers record of cream purchases, the creamery and the grading indi-
vidual are able to check on the interval of delivery. By this method, it
is possible to prevent buyers of cream fram paying the premiwm price to
producers who are not entitled te it from the standpoint of freguency of
delivery. Therefore, it is readily observed that all cream station operators
are on the same basis in buying eream, thus a buyer is umable to take
adventage of another by favoring certain eream producers.

Bach grade of cream is marked by & colored tag; a blue tag represents
premium grade; a red tag regular creamy a yellow tag onion eream. The
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Four Day Tag is attached to the producer's cream container as a means of

determining the last sale of creams

Foubs and Keith (7) concluded that the proper cooling of eream on the
farm is one of the essential steps in the production of good quality butter.
However, they claim that under the conditions in Oklahoma, that it is not
profitable to employ mechanicel refrigeration due to small quantity of
eream produced by individual farmers. Little cooling was, nevertheless,
more desirable than no cooling. Due to these conditions, more weight should
be placed upon frequency of delivery. If cream was produced under sanitary
conditions, cooled to 50° F. or less and delivered three times a week it
would grade Hos 1 cream, Twice-a-week delivery will make the oream fall
into the second classe. If the cream was held at 75° F, it would fall inte
the second class unless daily deliveries are made. From these deductioms
one may conclude that Fouts and Keith are placing greater stress upon fre-
quency of delivery than the previous workers indicated in their recommen-
dationse

Since the temperature of well water on the Oklahoma farms averages
about 58° Fe to 60° Fe it would be valuable for the producers to use either
the Barrel Cooler or Evaporation Cooler reconmended by Fouts and Keith,
depending upon the volume of cream produced.

The Barrel Cocler can be used when fairly large quantity of cream is
produced. The cooler consists of a barrel large enough te hold desired
number of ocream cans. It should be located between the well and the stock
tank, in a shady place or in the milk house, By this arrangement the
barrel can be kept supplied with fresh water at its minimum temperature
while the stock tank is kent full,

If no objectionable off-flavors are present the cream can be held
three days and still be graded first grade when delivered to the cream
station.



The evaporation cocler is suitable tc use when small quantities of
cream are produced. This type of cooler consists of two pans, one being
the size of can cover and the other at least six inches greater in diameter
than the cream can. A piece of muslin sufficient in size to completely cover
the 1id and container is needed. The muslin is immersed in the water held
in the two pans. This cooler should be placed in the shade and in a breeze
beecsuse the cooling depends upon the evaporation of water. The two pans
should be kept supplied with water so that the muslin will be saturated with
water,

According Yo Fouts and Keith it was possible to cool cream to 75° F.
by water having a tempersture of 90° F., the outdoor tempersture ranged
between 100° F. to 105° F,

Post (17) lists the following creem prading states: Alabama, Arkansas,
California, Illinois, Indiana, Iowa, Kansas, Kentucky, Mimmesota, North
Dakota, South Dekota, Missouri, Mississippi, Oklahama, Oregon, Texas, Utakh,
Tennessee, Chio, Washingtone

Cream grading laws have been passed by Mississippi effective Wovember
28, 1936; and by Alsbema effective Jamuary 1, 1937, Oklahoma wes the first
state to pass a cream grading law; this law wes passed in 1919,

According to Clarke (4) the cream improvement program was established
in 1934. About this time the Food and Drug Administation, in cooperst ion
with various state organizations, undertook the examination of extensive
quantities of eream for butler makings The unfit eream being seized or
condermed by the state authorities.

In 1835 four percent of the cans of cream examined were condemmed
while in 1937 only 2.88% were condemmed.

In any cream improvement program it can easily be observed that
corrective measures must be used to prevent cream from becoming unfit for



lnman use. This program should be aware of the following essentialss

1, Farm sanitation.

2+ Frequency of delivery.

3¢ Cooling on farm and in transit.

4+ Cresmery sanitation.

It must be admitted that considerable progress haes been made in teache-
ing end encouraging ecream producers to deliver their oream more frequently.
However, the greatest problem before any cream producer is the produetion
of milk and cream under sanitary conditions. At least 75% of the foreignm
material finding its way into milk is soluble. This cannot be removed by

any process now knowne
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Table I
Average Bacteria Counts on Standard Agar and Caseinate Agar

on Thirtye-lline Cream Smmples Held at the Various Temperatures

and Storage Periods. Lot I Creams.
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FIGURE 1. EFFECT OF TEMPERATURE AND
TIME OF STORAGE ON BACTERIAL COUNTS OF CREAM
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Table 2

Average Bacteris Counts on Standard Ager and Caseinate Agar
on Thirty-line Cream Samples Held at the Various Temperatures

and Storage Periods. Lo%_mg.m

: ' : Caseinate
3 Held 3 Agar 3 Agar

2 Day Storage : 40° ¥, : 4,298,000 : 19,050,000
: 50° P, : 8,024,000 : 37,140,000
: 60° 7. : 21,990,000 : 393,700,000
¢ 700 7, . $3,500,000 :z.uz,ooo,oao
& 2 :

3 Day Storage : 40° F. : 10,528,900 : 18,659,700
: 50° ¥, : 36,084,400 . 119,328,000
: 80° Fo : 30,290,000 : 713,000,000
: 70° ¥, - 46,800,000 : 939,000,000
L 3 L

4 Dey Storage : 40° F. : 17,649,000 : 33,420,000
: 50° Fe : 56,584,000 : 271,400,000
; 60° F, : 72,130,000 : 462,000,000
: 70° F. : 79,600,000 :4 128,000,000
5 : e

7 Day Storage 3 400 F, : 12,029,000 § 87,960,000
: 50° Fe : 28,85C,000 : 153, 700,000
: 60° 7, : $3,180,000 :1.025,300.000
: M0 Fe : 48,600,000 :4.951,000.000
L L
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FIGURE 2. EFFECT OF TEMPERATUBE AND
TIME OF STORAGE ON BACTERIAL COUNTS OF CREAM
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From Tables 1 and 2, and Figures 1 and 2, it may be observed that
in only one case were the standard agar counts higher than the caseinate
agar counts on the same samples of eream held at the same temperature.

The maximm standard agar counts were obtained on Lot 1 cream at
all temperatures between two and three dﬁu of storage, and thereafter
the counts decreased. Lot 2 creem produced maximum standard agar counts
between three and four days of storage after which a slight decrease
cccurred. These results would indicate that in Lot 2 cream organisms
other than Streptococeus lactis variety were dominant because the aecid
producers show comparatively little growth on standard agar.

It may be also observed that in all but one case after the maximm
standard agar counts were produced the caseinate counts increased while
the standard agar counts decreased. This indicates that the acid pro-
ducing organisms retarded the growth of bacteria incapable of souring
the cream.

From the bacteria counts on standard and caseinate agar it may be
observed that as temperature of storage increased, the difference between
the counts became much greater. This again would indicate that few, if
any, Streptococcus lactis bacteria thrive on standard apar, and that these
aeid producers retard the growth of other bacteria such as the proleoclytic
group, alkali and inert types.

There was very little difference between the ratios of the caseinate
and standerd agar counts. This would indicate that the percent of seid
producers was about the same in the initial samples of the two lots of
cream. At the end of two days of storage at 70° F. there occurred a
sharp decline in mumber of bacteria on both lots of creem as indicated
by the caseinate agar counts. This drop, however, did not have similar
effect on the production of acidity. This would indicate that there was
a decrease in the mmber of organisms other than Streptococeus lactis variety.



At 60° F. the caseinate sgar counts on both lots of eresm increased
rapidly during the first two days of storage. After this period the counts
increased rather slowly. This indicates that the acid produeing organisms
reach their maximum rate of growth during the first twe days of storage.
8ince 60° F. is below the temperature at which the Streptococcus lactis
growth dominetes, these organisms produce a steady rate of growth instead
of a more rapid inerease in growth. It is also probable that the other
organisms have some retarding effect on the rate of growth of the
Streptococous lactis organisms.

At 40° ¥, and 50° P, the caseinate agar counts on both lots of eream
increacsed rapidly after two days of storage after which the rate of multie
plication decreased. It may be alsc cbserved that the rate of grewth of
bacteria on caseinate and standard agar was about the same. This would
indicate that at these low temperatures the acid producers and non-acid
producers reproduced at about the same rate. However, after two days of
storage, the Streptoccceus lactis organisms established themselves more
firmly in the eream. This had @ greater retarding effect on the growth
of the other bacteria than the low temperatures had on the growth of the
ordinary souring bacteria present in cream.

It may be observed that the caseinate counts on lot two cresm decreased
at 50° F. after four days of storape; this is possibly due to the irregularity
in the caseinate counts encountered during the entire experiment on cresm
samples held at the same temperature and storage period.



Table 3

Average Bacteria Counts Obtained on Standard Agar and
Cageinate Agar on All Samples of Cream at Various Temperatures
at the End of Seven Deys of Storage.

$

' : Bacleria CCe
lice of : Storage ¢ Standard [ %m
Samples  : Temperature : Agar ' Agar
ot 1 Cream : : :
0 i b osmaes b e
39 : 40° F, : 18,650,750 : 30,855,000
39 : 509 Fe : 36,777,350 : 115,118,750
39 : 60° F, : 52,625,500 : 519,105,000
39 : 70° ¥, : 66,365,000 : 697,975,000
; ; -
Lot 2 Cream % ' H
10 : Initial Lot : 18,950 : 64,490
39 : 40° ¥, : 11,126,250 : 39,972,425
39 : 50° ¥, : 32,085,600 : 145,592,000
39 . 60° Fe : 41,897,500 : 648,475,000
39 . ° F. s 52,125,000 :s.mo,ooo,ooo
3 1 H

It may be observed from Table 3 that the caseinate agar counts were
much greater than the standard agar counts, It may also be nmoticed that
caseinate agar produced a groater variation in counts as temperature
inoreased than did the standard agars

The indicatioms from Table 3 are that it does not necessarily mean
that eream produced under sanitary conditions will have low standard apar
counts. The above data indicate that lot one oresm produced under sanie
tary conditions inveriably gave higher counts on standard agar than the

lot twe cream. IHowever, on caseinate agar the lot two cream produced



greater counts then lot one cream at the various storage temperatures.
It may be observed from these results that there was little correlation
between the becteria counts and quality of eream, since lot two coream
showed the lower count and still was produced under the least sanitary
conditionse
Table 4
Average Aeidity of the Cream Samples at Different Temperatures
and Storage Periods of the Two Lots of Creame
. Lot . Lot 2

4
g e e e ey
Held s Aeidity THeld T Midi_tz_

3
gmymm:mmm: 61 ¢ Initial Yot + 144
, 40°F. + W78 + 40P, : .81
. B0°F. 1 4202 5  509F. 5 .199
! B09F. 1 41 1 60°F. 1 43
: 70° F, : «567 : 70° F. : «563
3 Day Storage s Initial lot s 161 4 Initial Yot & o144
s 40°Fs 1 o282 1 40 F. 1 .84
: 50° Fe : «269 : 500 F. : 274
: B09F, 1 561 1  60°F. ; 568
i 0% Fs 1 4680 s T0° Fu 3 4639
4 Dy Storage s Initial lot + 261 s Initisl lot : 144
: 409F. 4 JA85 3 400 F. 5 o193
: B00F. 1 o870 3 500 F. 3 344
. 60°F. 1 622 1  60°F. 1 4625
s T00Fs 3 o742 3 700 Fa s o671
7 Day Storage : Initial Tob : o161 : Initdal Yot s .144
, 40OF. 1 855 1 40°F. 3 277
t BO0°F, g «665 3 SOOF, 1 4618
t 60°F, 1 .46 1  GO° Fu 1 o708
. T°F. 1 804 3  T0OF. s 57




FIGURE 3. TREND OF ACIDITY
DEVELOPMENT IN CREAM DURING STORAGE
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Table §

Average Acidity of All Samples of Creeam Held at Different
Temperatures After Seven Days of Storage.
:

Lot 1 : Lot 2 Cresm
Hoe OF g!m% sPeroent ; Noes Of ;lCLpPOrature srercent
Samples 3 _Held tAoidity ;Samples ; FHeld sdeidity
1 | : 1 H§
10 : Imitial Yob: 162 : 10 : Initial lot: 144
H H H |
39 3 40°F, : 199 : 39 :+  40°F., 1 209
4 H 3 3 H
39 1 50° Fo 1 o548 : 39 : 50° Fo 1 4358
] H 3 H H
39 : 60° Fo 1 4562 1 39 ' 80° F. : .582
4 ] H ] H
89 3 TO°F. 3 698 3 39 3 TOOF, : 4857
] 3 H L ]

It may be observed from Figure 3 that the two lots of cream showed
& similar trend of acidity production at the different storage tempers=
tures, From the data it may be observed that if cream is cooled and stored
at 60° F,, the minimm temperature of well water in Oklahoma, the acidity
will be less than 0.6 of one percent. The cream would fall into the B
grade from which a 90 score butter ecould be made provided no objeectionable
off«flavors were present. However, due to the fact that objectionable
offeflavors developed in the cream samples studied ocnly 20 percent of
lot one and 50 percent of lot two cream samples would produce a 90 score
butter after seven days of storage.

It must be admitted that acidity is only a mimor factor in cream
grading. However, in this experiment if the acidity of the cream was not
within the limit established by the system used, the ecresm naturally fell
into a lower grade even though it did not have bad off-flavors. Thus it
mey be stated that 90 percent of the oream ssmples held at 60° F, for three
days would produce a 90 score butter. However, this cream must be produced
under sanitary conditioms and have no foreign material or objectionable
offeflavorss.
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The cream samples were graded according to the United States Grades

of Crosm;

®iA. Grade: To make 93 score butlter. Cream that is fresh, fine, clean
and sweet, acidity of 0.2% or below.

"A, Grade: To make 92 score butter. Cream that is fresh, clean, and
fairly sweet, acidity of 0«4 or belows

"Be Grades To make 90 score butter. Cream that is fairly fresh, fairly
clean and fairly sweet, acidity mot to exceed 0.7%.

"Ce Grade: To meke 88 score butter. Cream that is yeasty, extremely
stale, oily, metallie, bitter, cheesy, extremely sour, musty, weedy,
or uncleans

"De Grades (Reject eresm) To mske 87 scors butter or lower."”
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Table 6

Percent of Each Grade of Cream Resulting at Various Temperatures

and Storage Periods. Lot le

Storage Temperatures

50°r,

70°7F.

80°r.

m° l'.'

Grades of Cresm
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Table 7

Percent of Bach Grade of Cresm Resulting at Various Temperatures

and Storage Periods. Lot 2.

Storage Temperatures
50° Pe

70° F.

60° F.

2

1)

40° 7,

Gredes of Cream 3

Percent of Each Grade

oomoo

W R S an s W SR e W W

ommoo

B R B e S M e W e e

momoe

L B B B

mooo

:

2 4 4« m o a
g

ar A n

0.0mmo

WS W SR mE A SR W e A M W

SR BT ®

B e e =B WS AN a0 M M B W

womﬂvo

:

£ 4 « m o a

>
&

sez348

B s s M oW e
O © a n o
S M B W R s B S W oW

8 3 3 ° °

AE S W % B S8 SR W e a8 =

noaoo

L B B B B B BRI

m,u...ncn

]

&
<

B S T

i S B W W S W O W W S n

oowmw

B & AR B M G S M B e

g S8

W W S e 4 e W W W e

B 3 § 8 °

M B A N W N W W

wullcb

7 Day




Table 8

Distribution of All Samples Studied According to Grade When
Held at 60° F, for Four Days.
1

] Percent of Each Grade at 80° F,.
3 : :
Grades of Cream : Lot 1 Cream s Lot 2 Cream ; Average FPercent

I : :

AA : 0 5 4] t 0
3 : :

A $ 0 3 0 B 0
: 3 3

B ' 87 3 89 ] 78
3 : B

¢ : 22 : 11 3 1645
: 3 3

D ' 11 3 0 : 55

From the above data it may be concluded that 78 percent of the cream
samples of the two lots of cream could be cooled and stored at 60° F., and
be delivered to the cremmery at the end of four days and still produce &
90 score bubter.

Figures 4 to 7 present the percent of each grade of cresm obtained
from 78 oream samples held at various temperatures and storage periodse
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FIGURE 4 PER CENT OF AA GRADE CREAM
RESULTING AFTER 2,3, 4, AND 7 DAYS OF
STORAGE AT 40° 50° 60%°, AND 70° F.
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FIGURE 5. PER CENT OF A GRADE CREAM
RESULTING AFTER 2, 3, 4, AND 7 DAYS OF
STORAGE AT 40°, 50° 60° AND 70° F.
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FIGURE 6. PER CENT OF B GRADE CREAM
RESULTING AFTER 2, 3, 4, AND 7 DAYS OF
STORAGE AT 40° 50° 60% AND 70° F.
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FIGURE 7. PER CENT OF C GRADE CREAM
RESULTING AFTER 2, 3, 4, AND 7 DAYS OF
STORAGE AT 40°, 50°,60° AND 70° F.
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Figure 4 presents the percent of AA grade cream from which a 93 score
butter could be made. It may be cbserved that as the temperature and time
of storage increased, the percent of AA grade decreased. At 40° F. and
50° F. at least GO¥ of the cream samples would produce a 93 score butter
after 3 days of storagey at 60° F. no samples graded AA after 3 days of
storape; at 70° F. all the samples were out of the AA grade after 2 days
of storage.

Figure 5 presents the percent of A grade cream from which a 82 score
butter could be made. It may be observed that 85X of the 78 samples would
produce & 92 score butter after 7 days of storage at 40° Fe; at 50° F,
only 56% would produce a 92 seore butter after 4 days of storage; at 60° F.
and T0° F, none of the semples graded A after 3 days of storages

Figure € presents the percent of B grade oream from which a 90 score
butter could be made. It may be observed that the entire lot of 78 samples
would produce a 90 seore butter after 4 days of storage at 40° F. or 50° Fe3
at 60° P,, 78%, and at 70° F, only 28% of the 78 semples would produce a
90 score butter after 4 days of storage.

Figare 7 presents the percent of C grade eream from which an 86 score
butter could be produceds At 40° F. all the samples would produce an 88
score butter after 7 days of storage; at 50° F,, 85%; at 60° F,, 80%; and
at 70° F,, TOX of the cream semples would produce an 88 score butter,
Bowever, all producers should prevent any of this grade of cream from being
delivered to the cream station or creamery, thus eliminating from the
mariet, butter scoring below 90.



CONCLUSIONS

1. Seventyweight percent of all cream samples studied when cooled
and stored at 60° F, would have produced a 90 score butter at the end of
four days of storages

2. Only sbout twenty-eight percent of the samples held at 70° Fe
for four days would yield a 90 score butters

3+ The prevention of foreign material and objectionable off-flavers
from contaminating the cream is more important in the production of high
quality oream than are low temperatures in retarding acid production.

4, Temperature of 40° F, had the greatest retarding effect on acid
production.

5. Aeid production was more uniform at 40° P, and 50° F. than at
60° Py and 70° F.

8. A1l the sarples of both lots of cream stored at 40° F, and 50° F.
would produce a 90 score butter after four days of storage.

7« Off-flavors developed more frequently at high temperatures than
at low temperatures.

8¢ Streptococeus lactis growth was less effected by low temperatures
than was the growth of nonesouring types of organisms by the presence of
the aeid producers.

9¢ Practically no correlation existed between gquality of cream and
bacteria counts.

10s Bacteria counts cannot be used as a sole eriterion by which
gquality of cream can be judgeds

37
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