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A FORMER bulletin summarized the
results of anal yzing butter from 3,000

churnings made in the majority of the
creameries in Oregon. It was found that
the butter in a large percentage of churn-
ings was of abnormal composition.

This bulletin outlines methods to use
by butterniakei-s and laboratory tech-
nicians for controlling the composition of
butter.

Illustration on Cover
Uniformity in the composition of butter is

possible only through technical control.
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I
SUMMARY

1. Of nearly 3,000 one-pound samples of butter which have been
analyzed at Oregon State Agricultural College during the six
years, 1929-1935, only 60 per cent contained 80 to 81 per cent fat,
13 per cent contained less than 80 per cent, and 27 per cent con-
tained from 81.1 to 84 per cent fat.

2. The State and Federal regulations require butter to contain at
least 80 per cent fat. All butter made in Oregon should con-
form to this standard. It is poor economy to make butter that
contains more than 81 per cent fat.

3. If one fourth of the amount of butter that is now made in Ore-
gon contains 1 per &nt fat in excess, with fat at a price of 35
cents a pound, this means an annual loss to the creameries of
about $25,000.

4. There is a considerable variation in the percentages of moisture
and salt present in a large percentage of the butter made.

5. There is a need fr more thorough standardization of the com-
position of the butter made in a large number of creameries.

6. Greater uniformity in the composition of Oregon's butter can
be accomplished through better technical control. By this is
meant:

Determining accurately the amount of fat that is present in each lot of
cream used for the churriings.
Calculating accurately the amount of salt necessary for each churning
of butter.
Incorporating the desired amount of moisture and salt in the butter.
Testtng each churning of finished butter for moisture, fat, salt, and curd.

7. The following apparatus has been designed and constructed at
the Oregon Agricultural Experiment Station:

A water tank with two compartments to accommodate either two alumi-
num cups or an aluminum cup and a jar, for warming the sample of
butter prior to stirring it, and for cooling the aluminum cup with con-
tents after the moisture and the fat have been abstracted.
A water bath to accommodate 24 sample jars with butter for warming
the butter to the desired temperature for stirring. The tank is equipped
with a thermostat that will maintain the water in the tank at a temper-
ature that fluctuates only slightly.
An eight-compartment water tank for cooling aluminum cups with con-
tents after the fat and moisture have been abstracted.
A device for stirring the butter samples prior to weighing. A geared
motor was used as part of this equipment.
A heating device, which utilizes Steam, for the distillation of petroleum
ether from the fat-petroleum ether mixture obtained during the fat
extraction.
A balance beam that permits the direct reading of the moisture and fat
percentages to the nearest one-tenth per cent has been designed. This
was constructed by the balance manufacturer.

Any capable metal worker can construct these various pieces of
apparatus, with the exception of the balance beam.

8. Specific directions for analyzing butter for moisture, fat, salt,
and curd are given.

9. A table which shows the amounts of fat in different lots of
cream from 500 to 2,500 pounds with the fat percentages rang-
ing from 29 to 34 has been prepared. The table also shows
the amount of butter that can be obtained from each lot of
cream, and the amount of salt to add to the butter in each
churning.



Methods of Controlling the Com-
position of Oregon Butter

By

G. H. WILSTELt'

THE control of the composition of the nearly thirty million pounds of
butter that are made annually in Oregon so that the butter meets the

State and Federal requirements for fat and contains as nearly as possible
the amounts of fat, moisture, salt, and curd desired, is no small task.

In order to make butter that is always uniform in composition, the
buttermaker must (1) accurately calculate the amount of fat that is present
in the cream used for each churning, (2) calculate the correct amount of
salt, (3) adjust the churning operation so that the butter contains the
proper amount of moisture antI salt, (4) avoid excessive curd content by
correct methods of manufacture, and (5) test every churning of finished
butter for salt, moisture, and curd.

A study of the composition of the butter made in the majority of the
104 creameries in Oregon over a period of six yearst, involving the analysis
of about 3,000 one-pound samples of butter, each from a different churning,
showed that there was considerable variation in the fat, moisture, salt, and
curd contents of the butter. Only 60 per cent of the samples contained
from 80 to 81 per cent fat. As butter must contain at least 80 per cent fat,
as required by law, creameries should fix a standard of 80.5 to 80.7 per cent
in order to allow for a small margin of safety.

A number of buttermakers for the six years have sent samples of
butter to the monthly analytical service conducted by the State College,
most of which have contained regularly between SO and 81 per cent fat.
A large number of buttermakers, on the other hand, have sent samples
that showed great variation in the composition from month to month,

OBJECT OF THIS BULLETIN

On account of the large percentage of the samples of butter that were
of abnormal composition during the past six years (27 per cent contained
81.1 to 84 per cent fat and 13 per cent contained less than 80 per cent fat)
the Oregon Agricultural Experiment Station through the medium of this
bulletin is giving the buttermakers and laboratory technicians information
regarding methods to use that will be helpful in controlling the composition
of butter. Some experience has been gained in analyzing the several thou-
sand samples of butter that have been sent to the State College during the

Acknowledgments: The author gratefully acknowledges the helpful suggestions which
have been made by Dr. J. R. J-Iag of the Depat-tinent of Agricultural Chemistry; by Pro-
fessor P. M. Brandi, I-lead of the Derartment of Dairy Husbandry; and by Professor F. E.
Price of the Department of Agriculiural Engineering. He acknowledges the assistance
given by Mr. C. G, Wiltshire of the Department of Plumbing and Steamfitting, and by
Mr. F. L. Cooper of the Braun-Knecht-Heimann Company of San Francisco in connection
with desgntng and constructing various pieces of apparatus and equipment.

tWTilster, G. H. Six Yeors of Progress in Improving the Quality and Standardtztng the
Composition of Oregon Butter, Bul. 335, Oregon Agr. Exp. Sta., 1)35.
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past few years, and some improvements in the equipment used for analysis
have been made.

If the buttermakers will test every churning of butter for composition,
using the methods described in this bulletin, the result should be much
greater uniformity in the composition of Oregon butter.

ECONOMIC AND OTHER CONSIDERATIONS
In the earlier bullctin* which summarized the work of six years of

scoring and analysis, it was shown that the creameries which made butter
containing more than 81 per cent fat had obtained smaller returns than
those which made butter containing 80 to 81 per cent fat.

If a churning of 1,000 pounds of butter contains as much as 1 per cent
fat in excess of that desired, it contains 10 pounds of fat in excess. \Vith
butter fat at 35 cents a pound, this ioss will amount to $3.50 for the churn-
ing. For 1,000,000 pounds of butter the loss would be $3,500. For
30,000,000 pounds, the approximate amount of butter made in Oregon
every year, the loss would be $105,000.

If one fourth of Oregon's butter now contains 1 per cent too much fat,
with butterfat at 35 cents a pound, the annual loss is about $25,000. Such
a loss should be viewed with concern by the industry.

The average salt content of the samples of butter analyzed during the
sixth year of the analysis service was 2.1 per cent, but considerable varia-
tion in the percentages was noticed. The salt percentages varied from
1 per cent to 3.5 per cent. Only 60 per cent contained 2 to 2.5 per cent.
This variation is considered excessive. The consumers object to an exces-
sive amount of salt and will quickly note variations in the salt content. If
the salt content is too low, the flavor of the butter may be flat and the
beneficial effect of the salt in checking the growth of certain types of
micro-organisms, such as those causing protein digestion, is not taken
advantage of.

Occasionally, butter sent to the State College for analysis has con-
tained an excessive amount of curd. The average curd content of the
samples analyzed during the last year was .8 per cent. The maximum curd
content noted in a sample of butter was 1.6 and the minimum was .3 per
cent. The majority of the samples contained .7 to 1.1 per cent curd. When
butter contains a high percentage of curd, some abnormal condition has
surrounded the manufacturing process in the creamery.

COMPUTATION OF THE FAT IN EACH CHURNING
AND THE AMOUNT OF SALT TO BE ADDED

It is estimated that the Oregon buttermakers make approximately
40,000 churnings of butter per year. It is necessary to know the pounds
of cream present in the vat for each churning and the test of the cream in
order that the amount of butterfat can be calculated. The amount of
cream present is obtained by adding together the weights of the various
portions of cream which are placed in the vat. Some buttermakers use
graduated measuring sticks for measuring the amount of cream in the vat.

"\Vilster, G. H. Si., Years of Progress in Imp-roving tI,e Qua! jt,' and Standardizing the
Composition of Oregon Buttcr. Bal. 335, O-ego,i Agr. E.p. Sta., ih3L
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April

The test of the cream is obtained by testing a sample of the vell-mixed
cream in the vat. When the pounds and test of the cream present are
known, the weight of butterfat can be calculated.

The amount of butter which should be obtained from the crcam is
usually estimated by adding the anticipated "overrun" to the fat present.
\'Vith a normal fat loss in the buttermilk, a minimum miscellaneous fat loss
during churning, and a fat content of the butter slightly above 80 per cent,
an overrun of 23.5 per cent is generally obtained. With no fat loss and a
fat content of butter of 80 per cent, the overrun will be 25 per cent.

It is important to estimate as nearly as possible the amount of butter
that should be obtained from each batch of cream. It is possible to add
the correct amount of salt and to incorporate the desired amount of mois-
ture only when the amount of butter is calculated to within a few pounds
of that which will be obtained.

Table 1. VARIATiON IN THE SALT PERCENTAGES OF SAMFLESr OF BUTTER ANALYZED DURING
APRIL AND MAY, 1935

The samples for the two months were not from identical creameries.

2.4 2.3 2.4 .1
2.5 2.3 2.5 2.3 .... .2
2.5 2.5 2.7 2.1 .... .6
2.2 2.2 2.2 2.2 0 0
2.5 2.4 2.7 .3
2.1 2.1 2. 1 2.1 0 0
2.6 3.0 2.3 .... .7
2.4 3.1 1.6 1.5
2.0 1.9 2.1 1.8 .... .3
2.5 2.5 2.7 .2
2.0 1.9
2.0 3.0 2.1 9
2.5 2.5
2.4 2.4 2.2 .2
2.0 2.2 2.0 .... .2
2.3 2.4 2.1 .... .3
2.5 2.5 2.2 .... .3
2.3 2.3 2.4 2.0 .... .4
1.8 1.5 1.7 1.5 .... .2
2.4 2.4 2.4 2.3 .1
2.25 2.3 2.4 2.2 .2
2.5 2.6 2.9 .3

May
2.4 2.4 2.1 .... .3
2.3 2.4 2.3 .1
2.0 2.3 2.0 .... .3
2.5 2.6 2.2 2.3 .1
2.0 2.5 1.6 ... .9
2.0 2.6 2.3 .... .3
2.0 2.1 2.5 2.0 . .. .5
2.0 1.9 2.1 1.8 .... .3
1.8 1.7 2.3 2.2 .... .1
2.2 2.2 2.1 2.0 .1
2.5 2.2 2.3 2.2 .... .1
2.0 2.1 2.1 2.1 0 0
2.6 3.0 2.1 .9
2.3 3.0 1.8 .... 1.2

2.7 2.3 2.8 .5
2.3 2.3 2.1 .2

Percentage of salt
added to butter
calculated from

Difference

More Lessamount of salt Salt content
Salt Salt added on basis of of butter than than

content content actual amount of analyzed (1 calcu- calcu-
desired reported butter obtained pound print) laled lated

Per ccitt Per ccitt Per cent Per cent Per ccitt Per cent
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If the butter contains one half of one per cent salt and one half of one
per cent moisture in excess of the desired percentages, the result may be
butter that does not meet the requirements for fat, while if the percentages
are low, the fat content of the butter will be high, resulting in a financial
loss to the manufacturer.

Manufacturing reports sent with the butter to the monthly scoring
and analysis at the State College show the pounds of cream used, the test
of the cream, the pounds of fat and the pounds of salt added, the desired
salt percentage, and the actual pounds of butter obtained. The desired
percentage of salt often is not the same as the percentage found in the
butter. Table 1 shows the variations that occurred in sonic of the butter
submitted for analysis during April and May, 1935.

Differences have also been noted between the moisture percentages
reported by the buttermakers when they sent butter to the State College for
analysis and those obtained in the State College analytical laboratory. The
moisture percentages reported by a number of buttermakers and those ob-
tained upon analysis at the College during April and May, 1935, are shown
in Table 2.

Table 2. MOISTURE PERCENTAGES OF SAMFLESn OF BUTTER ANALYZED DURING APRIL
AND MAY, 1935

April

May

Moisture
reported

Per cent

17.0
16.2
16.8
16.7
16.2
16.8
17.0
16.9
16.8
16.5
16.8
16.0
17.2
16.8
16.9
17.4
15.6
16.6

16.9
17.0
16.3
16.0
16.4
17. 1
17.5
16.6
16.8
16.4
16.3
16.8
16.7
16.6
15.6
16.0

Difference
Moisture in

butter analyzed More than Less than
(1 pound print) reported reported

Per cent Per cent Per Cent

16.5
16.4
16.5
16.6
16.5
16.8
16.0
15.7
16.5
16.1
16.6
15.8
16.9
16.9
17.8
17.2
16.1
16.5

16.3
t7.2
16.0
I 7.2
16.4
1 7.0
17.1
16.0
16.9
16.2
15.9
16.6
16.0
14.8
15.7 .1
16.1

nThe samples for the two months were not from identical creatneries.

U
1.0
1.2

.3

.4

.2

.3

.1

.4

.6

.4

.2
.7

1.8
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It is a common practice for buttermakers to test the butter in the churn
for its moisture content before the butter is removed to the moulds or the
cubes. If the moisture percentage is less than that required, additional
water is added. If it is so high that there is a possibility that the butter
contains less than 80 per cent fat, an attempt to remove the extra water is
usually made. The common method is to pound it out of the butter by
revolving the churn several times with the workers in neutral position.
'vVhen the moisture has been finely incorporated with the butter, little
moisture can be expelled by this method. Placing the butter in a cooler to
harden and then working it in the churn may result in removing the surplus
moisture.

Most buttermakers attempt to make butter that contains the desired
percentage of moisture at the time when the first test is made, so that
it is not necessary to make any adjustments. If it falls short of the desired
percentage, however, and water is added, the amount is usually calculated
on the basis of the difference between the first and the desired moisture
percentage, and the amount of finished butter which should be obtained.
This method is not entirely correct and will result in a lower percentage
than is desired because the first moisture test represents less than the
finished amount of butter.

The correct amount of water to add to a churning of butter, and the
amount that is added in accordance with the usual method of calculation,
are shown as follows:

2,500 lb. 30 per cent crearn750 lb. fat.
750X1.235z926 lb. finished butter. (Overrun 23.5 per cent.)
926X.022=20.4 lb. salt in finished butter. (2.2 per cent salt.)
926X.0087.4 lb. curd in finished butter. (0.8 per cent

cii rd.)
Desired moisture content of finished butter: 16.5 per cent.
Per cent of total fat lost during manufacturing: 0.72 (est.).
750-72 per cent fat loss744.6 lb. fat available for butter.
744.6+20.4+7.4=772.4 lb. fat, salt, and curd for butter.

(a) If the first moisture test is 14 per cent the amount of butter in
the churn will be 772'4X100898 lb. Pounds water to add:

926-898=28.

(b) Pounds water to add if calculated by incorrect method:
16.5_14.0=22.5 per cent water to add. 926X.02523.
Too little water added: 28-23=5 lb.
If all free water is drained from the churn after the first test
is made, the moisture content of the finished butter will be only
16.0 per cent.

(a) If the first moisture test is 15 per cent, the amount of butter in
772.4>< 100the churn will be ------------- = 909 lb. Pounds water to add:

926-909= 17.
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(b) Pounds water to add if calculated by incorrect method:
16.5-15.0=1.5 per cent. 926X.015=14. Too little water added:
17-14=3. If all free water is drained from the churn after the
first test is made, the moisture content of the finished butter
will be only 16.2 per cent.

3. (a) If the first moisture test is 16.0 per cent the amount of butter
772.4X 100in the churn will be - =919.1 lb. Pounds water to add:

84
926-919.5=6.5.

(b) Pounds water to add if calculated by incorrect method:
16.5-16.0=.5 per cent. 926X.005=4.6. Too little water added:
6.5-4.619. If all free water is drained from the churn after
the first test is made the moisture content of the butter will bc
only 16.3 per cent.

It is observed that the error in calculating diminishes the closer the
first moisture test is to the desired test.

When 16.5 per cent is the desired moisture test of the butter, the final
moisture percentages, on account of using the incorrect way of calculating
when the initial moisture contents are 14.0, 15.0, and 16.0 per cent, would
be .5 per cent, .3 per cent, and .2 per cent lower, respectively. This has
been found true in tests made under controlled conditions.

The foregoing has shown that it is possible to calculate with accuracy
the amount of water that it is necessary to add to a churning of butter in
order to bring the moisture content up to that desired. It is necessary to-

Calculate the pounds of fat present in the cream.
Calculate the pounds of fat present in the butter, at the time of
making the first moisture test. (The losses during churning should
be considered.)
Calculate the pounds of butter containing the desired amount of fat
that can be obtained.
Calculate the pounds of salt present in the butter, allowing for any
loss.
Calculate the pounds of curd present. The usual curd percentage
of the butter made may be used for the calculation.
Determine the pounds of butter that are present in the churn at the
time of making the first moisture test.
Subtract the pounds of butter calculated in 6 from tile pounds of
butter calculated in 3 to give the amount of water to add.

COMPOSITION OF THE BUTTER SENT BY TWO
OREGON CREAMERIES TO THE MONTHLY

BUTTER SCORING AND ANALYSIS
DURING SIX YEARS

A study has been made of the composition of the samples of butter
sent by two Oregon creameries to the State College monthly scoring and
analysis service for the six years 1929-1935. The butter from one cream-
ery was of uniform composition and seldom exceeded 81 per cent fat or
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fell below 80 per cent. Butter from the other creamery was of variable
composition. The data are presented in Table 3.

Table 3. FREQUENCY DISTRIBUTION OF THE Fsz PERCENTAGES OF SAMPLES OF BUTTER SENT TO
THE OREGON STATE COLLEGE BUTTER SCORING AND ANALYSIS BY Two OREGON

CREAMERIES-SIX YEARS, 1929-1935

Fat content
of samples

Creamery A,
percentage of
all samples

Creamery B,
percentage of

all samples

The buttermaker in Creamery A has not been able to show any notice-
able improvement in the composition of his butter. More than one half of
the samples have contained above 81 per cent fat and only a little more than
one third have contained the desirable amount of fat, 80 to 81 per cent.

The buttermaker in Creamery B has been able to show good imprOve-
ment in the composition of his butter since the second year of the analysts
service. He has made an effort to make butter containing between 80
and 81 per cent fat. If the samples analyzed during the six years are all
considered, 80.6 per cent of them contained from 80 to 81 per cent fat.

Since it would be of interest to know if the butter made daily in the
creameries would be of the composition shown in the monthly analysis at
the State College, the buttermaker in Creamery B was asked to analyze
every churning of butter made during the 12 months, July 1, 1933, to June
30, 1934, and report the results obtained. The summarized data show that
85 per cent of the churnings contained 80 to 81 per cent fat. The remainder

First year Per Cent Per cent
Below 80 per cent 8.3 8.3
80 to 51 per cent 8.3 58.4
81,1 to 82 per cent 50.0 16.7
82.1 to 83 per cent 33.4 8.3
83.1 to 84 per cent 8.3

Second year
Below 80 per Cent 8.3 16.7
80 to 81 per Cent 41.7 75.0
81.1 to 82 per cent

I

41.7 8.3
82.1 to 83 per cent 8.3

Third year
Below 80 per cent 8.3
80 to 81 per cent 8.3 100.0
81.1 to 82 per cent 66.7
82.1 to 83 per cent 16.7

Fourth year
Below 80 per cent 8.3 25.0
80 to St per cent 66.7 66.7
81.1 to 82 per cent 25.0 8.3

1'tjth year
Below 80 per cent 25.0
50 to 81 per cent 37.5 100.0
51.1 to 82 per cent 37.5

.S'ii'th year
Below 80 per cent
80 to 81 per cent 57.1 83.3
81.1 to 82 per ccItt 14.3 16.7
82.1 to 83 per cent 14.3
83.1 to 84 per cent 14.3

Stunntaey
Below SO per cent 9.5 8.3
80 to 81 pet' cent 34.9 80.6
St.t per cent and above 55.6 11.1
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contained either slightly less than 80 per cent or slightly more than 81 pet
cent fat. This buttermaker used the practice of testing the butter for
moisture when the working of the butter was almost finished. Whenever
the moisture percentage was lower than that desired, water was added and
the butter worked a few revolutions more. When the percentage was
higher than that desired, an attempt was made to expel the surplus water by
the pounding method. The buttermaker did not follow the practice of test-
ing every churning of butter for fat before the butter was removed from the
churn. Samples of butter were taken when the butter was packed, and the
analysis was made at a later time.

REGULATION OF THE COMPOSITION OF OREGON
BUTTER THROUGH LABORATORY CONTROL

Owing to the difficulty that the butterniakers have in regulating the
composition of their butter, it appears that it would be desirable to exercise
better laboratory control. The only way a buttermaker can be absolutely
sure of the composition of his butter is to test every churning, Some
creameries require that whenever the analysis shows that the fat percent-
age is below the legal standard, some moisture be removed so that the
requirements for fat can be met. They also prescribe a standard for the
composition of butter and the buttermakers are asked to make butter
which is of that composition. One large organization has adopted the
following standard for the composition of its butter:

Fat 80.5 per cent
Moisture 16.5 per cent
Salt 2.2 per cent
Curd .8 per cent

It is understood that very few buttermakers test every churning of
butter for fat before it is packed. 'fhc chief reason for omitting this im-
portant step in the manufacture of butter is that it consumes some time.
Only the largest creameries have a laboratory where a technician can tcst
the butter. In the majority of the creameries the buttermaker has to do the
testing. Some of the older creamerynien can remember when the moisture
test was first introduced. They state that the test did not at first find
favor with the buttermakers, because of the additional equipment required
and the extra time necessary to conduct the test. There are very few
buttermakers at present, however, who do not make an analysis for niois-
ture. It is not many years ago since the present test for determining the
amount of fat in butter was introduced.

Fat tests should be more widely used by creameries. The test in use
at the Oregon Agricultural Experiment Station when analyzing butter
samples sent to the Station Technical Dairy Laboratory for analysis is
that suggested by Kohman.5 This test is simpler in operatlotl and more
satisfactory to use in a creamery than the test suggested by the Association
of Official Agricultural Chemists. The latter test is known as the 'official
test." The Kohman test is used by Federal and State chemists; but the "offi-

Kohnian, Edwa,d S. Journal Industrial and Engineering Cliern,stry, Vol. XI, No. I,
p. 36, 1919.
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cial test" is used by the Food and Drug Administration* before a creamery
is prosecuted for selling butter containing less than the legal amount of fat.

The Kohman test for the determination of fat in butter was published
in 1919. The originator of the test felt that 'inasmuch as a fat standard
for butter is advocated by many, it would be desirable to have some simple
and rapid method for the determination of fat in butter to be used in
creamery control work. vVe have found that with very little added time,
the fat can be determined in connection with the moisture test."

The test as described by Kohman is as follows:
'The moisture is determined as usual over a small flame in a tall,

rather narrow, lipped aluminum beaker, with a capacity of about 100 cc.,
using a 10 gram sample. After the beaker is weighed to determine
the loss of moisture, it is filled with petroleum ether and the contents
stirred with a glass rod to secure a thorough mixture. It is then cov-
ered with a watch crystal and allowed to stand two or three minutes
for the mixture of curd and salt to settle, when the solvent is gently
decanted off without disturbing th-e sediment. The beaker is then
filled with fresh solvent. The curd and salt mixture settles rapidly in
the fresh solvent and the mixture can be decanted off after a very
short time. By gently heating the beaker now either on a water bath,
a hot plate, or directly over a small flame, but not so rapidly as to
cause sputtering, the sediment can be completely freed of petroleum
ether by evaporation in a very short time. The per cent fat is then
determined by difference upon re-weighing the beaker with its con-
tents. The salt is now in ideal condition to be determined by titration,
using a solution of such strength that the number of cc. used repre-
sents the per cent of salt."

Kohman states further that:
"In heating the butter to drive off the moisture, the slightest

noticeable browning of the sample should be taken as the end point,
but it is surprising how little the results are affected if the sample is
heated until it reaches. a coffee-brown color"

The results obtained were found by Kohman to be "as accurate as
those obtained by the Association of Official Agricultural Chemists
method" and data were presented to show that this was true. Other re-
search workers have also found the test to be dependable. Guthriet found
that analyzing butter for fat by the Kohman method required le.s time
than by the A. 0. A. C. method and was fully as accurate.

Hunziker states that the test is simple enough to permit of successful
operation without special laboratory training. He refers to the work by
Gregory, Lucas, and Spitzcr, by Overman and Ok-imoto, and by Nissen,
which showed that the results obtained by the Kohman method agreed
very closely with those of the chemical methods.

- Letier to time author from John L. Harvey, Chief, Seattle Siation, Food amid Drug
Adniinisiramion, U. S. Department 01 Agriculiure, May 1, 1935.

fGuihrie, E. S. Co,iiposilioim amid Body of Butter. IJul. 477, N. V. (Cornell) Agr. Exp.
Sta., 1929.

lHunzii<er, 0. F. F/ic Butter Immdmmstry, 2d ed. Published by the author at La Grange,
Illinois, 1927.
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DETERMINING THE COMPOSITION OF BUTTER
The Oregon Agricultural Experiment Station has made a study of the

method of analyzing butter for fat, moisture, salt, and curd where the
Kohman method of testing for fat was used entirely. With the informa-
tion at hand, obtained from a study of the procedure in testing several
thousand samples of butter, the Station believes that it can safely recom-
mend to buttermakers and laboratory technicians in the state the complete
procedure of testing butter for the above-named ingredients.

Some refinements in the procedure as it is generally known have been
made, and some special beams for the balance used in connection with the
test which allow direct readings of moisture and fat, thus simplifying the
procedure, have been constructed. These beams are much superior to
those on the older-style balances that did not permit the direct readings of
both the moisture and fat percentages. The sensitiveness of the scale has
not been changed.

1. SAMPLING BUTTER FOR ANALYSIS

From the churn. When the sample is to be tested immediately,
small portions of butter are taken by means of a spatula from various parts
of the churn and placed in an aluminum beaker or a jar. Care should be
taken that no free moisture Is present in the places where the sample is
taken. Another method is to use a butter trier and take a sample from
several places in the churn. The butter on the trier is scraped into an
aluminum cup or a glass by means of a spatula without including that which
adheres to the back of the trier. Thomsen* compared the results obtained
in seven trials by each of the foregoing methods of sampling with those
obtained where 100 samples were taken from churnings of 1,000 pounds of
butter to make a composite sample of 10 pounds. He assumed that the
composite sample was the most representative of any that might be
obtained. He concluded that the trier method was more accurate than
the method of taking the sample by a spatula. The average test was 16.807
for the seven composite samples, 16.779 for the trier samples, and 16.732
for the spatula samples.

When the sample is not to be tested immediately, the butter should
be placed in a tightly sealed dry jar or bottle. A straight-sided one-pint
glass cottage-cheese container tightly fitted with a paraffined cardboard
lid has been found satisfactory at Oregon State College when samples are
kept for a short time only.

From cube or mould. The following is the method of sampling
used by the U. S. Food and Drug Administrationt:

"Each subdivision shall consist of the cores obtained from three
trierfuls taken from individual cubes sampled. Where the number of
cubes in the lot is less than 10, sample I cube. When the number of
cubes in the lot is more than 10, sample 2 cubes. In obtaining samples
from cube butter the regulation trough butter trier should be used.

'T!iomsen, L. C. Co,npo.s-ition Corarol of Butler. Naiional Putter and Cheese Journal,\ol. 25, Dec. 10, 1934.

fLetier io the auihcr front San Francisco Siaiion, Food and Drug Adniinistraiion,
U. S. Deparinieni of Agricultui-e, March 8, 1933.
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In case the butter is not hard frozen, an unflamed' trier should be
used. In the case of hard frozen butter, before inserting the trier, it
should be warmed until it reaches a temperature which may just be
borne by the hand. When the butter is so hard frozen that sampling
even with a heated trier is impossible, it is necessary to soften the but-
ter by placing it in a tempering room for 24 hours before sampling
with a trier. Immediately insert the trier into the butter in a diagonal
direction, passing from a point near one corner through the center and
to the bottom of the cube, diagonally. After the trier is seated, give it
a full turn in one direction and withdraw it with a full core. By means
of a spatula fitted to the groove of the trier and beginning at the point,
remove the core with the exception of the upper inch, detaching sec-
tions of about three inches at a time and placing them in the container.
During the operation, the point of the trier is held in the mouth of
the container, after the water on the outside of the trier has been
wiped off, and the butter is worked from the trier in pieces by means
of the spatula, the pieces dropping directly into the receptacle. The
small plug of butter remaining in the top of the trier, about one inch
in length, may be replaced in the hole from which the core was re-
moved. The moisture adhering to the outside of the trier should not
be included in the sample. The moisture adhering to the inside of the
trier goes with the sample. Before drawing each core, the trier should
be wiped clean and dry."

When the butter is sampled by the trier method, loose moisture is often
noticed on the back of the, trier. It was stated above that this moisture
should not be included with the sample. In order to reduce the amount of
moisture that is expelled from the butter by the trier, a properly con-
structed trier should be used. Ellenberger and Newlander* studied the
effect of using fifteen different triers for sampling butter on the moisture
percentages obtained when analyzing the samples. They found that the
triers that gave the most accurate results were those with curvatures near-
est that of a true arc or slightly more contracted than this.

C. From prints. For most accurate work, either the whole print is
used for a sample or two quarter-pound samples are obtained by dividing
the pound print (if of the western flat style) into four parts by cutting it
lengthwise and crosswise with the print lying flat, and using two quarters
lying diagonally to each other.

If a smaller sample is desired, slices of about I to inch thick can be
obtained from different parts of the print by cutting the print crosswise
with a knife.

2. PREPARING THE SAMPLE FOR ANALYSIS

The sample of butter obtained directly from the churn is warmed
slightly and while being warmed is stirred by means of a steel or plastic
spatula until the moisture has been finely distributed in the butter. Heat-
ing should be stopped before any melting of the fat is noticed. The common
practice is to hold the aluminum cup or the glass containing the sample in
a vessel of hot water while stirring the butter. This practice is not entirely

*Ellenberger, H. B., and Newlander, J. A. The Trier Method of S,nphng Butter fo,-
Antyis. Biil. 265, Univ. of Vt. Agr. Exo. Sta., 1927.



16 AGRICULTURAL EXPERIMENT STATION BULLETIN 338

satisfactory. Water may splash into the cup or glass unless considerable
care is taken. A small closed tank has been constructed at the Oregon
Agricultural Experiment Station that fills the need for a convenient place
for warming the samples. The tank has two compartments, closed at the
bottom, each of which has a diameter slightly larger than the aluminum cup
used. When the cup is placed in the compartment one-fourth of the
height of the cup extends above the top of the tank. The tank is almost
full of water. The water is heated by steam. Surplus water is conducted

Figure I. Stainless steel tank for ivarming the butter sample prior to stirring it and
for cooling the aluminum cup with contents after the moisture and the fat have been
abstracted. The tank is connected with the steam and the water supply.

to the sewer by means of an overflow pipe. The tank has a dual purpose.
It can also be used for cooling the cup and contents after the moisture and
the fat have been abstracted. The tank is connected by means of a valve to
the cold-water line. It is also equipped with a thermometer. This inexpen-
sive piece of equipment has been found very useful in the State College
Dairy Products Laboratory. Figure 1 shows this tank. The two com-
partments are of the same size. If desired, they can be of different sizes,
one to accommodate an aluminum moisture cup and the other to accommo-
date a sample jar.

When samples obtained from pound prints are to be prepared for
analysis, thorough mixing is important. If the sample has been kept in a
cooler for some time, the butter will be quite firm. Stirring at this time
may cause moisture to be expelled from the butter. The best method is
to place the vessel containing the butter in one of the compartments of the
tank shown in the accompanying illustration, with the water in the tank
maintained at from 900 to 930 F. When the butter has acquired a soft
consistency, it is thoroughly mixed by means of a spatula.
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The following is the official method of preparing a butter sample for
analysis by the Association of Official Agricultural Cheinists*:

'Soften the entire sample in a closed vessel at as low a tempera-
ture as possible. Shake vigorously until a perfectly homogeneous,
semi-solid mass is obtained. Weigh the portions for analysis at once.
If the sample is kept for any length of time, it must be softened and
shaken until semi-solid before portions are withdrawn for analysis."

The tentative method by the same Association for the mechanical
stirrer method of preparing butter samples is as follows:

"Soften the sample, 250 to 500 grams, in a closed vessel, to such an
extent that on stirring for 2-3 minutes the product will reach a tempera-
ture of 31° to 34° C. (88° to 93° F.). Stir with a malted milk stirrer for
two to three minutes with an up-and-down movement of the stirring
device, at the same time slowly moving the vessel horizontally so that
the stirrer teaches all parts of the sample. The final temperature must
be 31° to 34° C. (88 to 93° F.). If the temperature is below 31° C.
(88° F.) continue the softening and stirring until the temperature is
reached. A temperature above 34° C. (93° F.) usually indicates that
the sample has been softened too much, and is likely to separate. In
this case, cool the sample until solid and repeat the softening and mix-
ing. Weigh the portion for analysis within three to four hours if the
room temperature is approximately 25° C. (77° F.) or within one-half
hour if the room temperature is 28° C. (82° F.) or above. Do not per-
mit the butter to cool below 23° C. (73° F.) before weighing the por-
tions for analysis."

When a large number of butter samples have to be tested, it is desir-
able to use a water bath for tempering the samples of butter. A tank that
is suitable for this has recently been constructed at the Oregon Agricul-
tural Experiment Station. Figure 2 shows this tank. The water in the
tank is heated by electricity and by means of a thermostat is maintained
at a temperature that fluctuates only slightly. A special construction
favors circulation of the water in the tank so that the temperature of the
water that surrounds the jars can be kept uniform. The jars containing
the butter are placed in the bath about one-half hour or one hour before the
butter is to be tested.

It has been found that during the fall and winter seasons when the
butterfat has a relatively high melting point, best results were obtained
when the water was kept at a temperature ranging from 92° to 93° F. Dur-
ing the spring and summer seasons when the fat was of a lower melting
point, a temperature ranging from 90° to 91° F. was satisfactory. These
temperatures are for Oregon conditions.

For stirring the butter prior to weighing out the ten-gram sample, a
spatula may be used quite satisfactorily. Where many samples are to be
tested, a mechanical stirrer will be found to be inore convenient. Such a
stirrer is used at the Oregon Agricultural Experiment Station. Figure 3
shows this stirrert. The motor is of "heavy duty" construction and is of

"Official and Tentative Methods of Analysis, published by the Association of Official
Agricultural Chemists, Washington, D. C., '1 hird edition, 1930.

tSee catalog No. 34, Braun-Knecht-Heimann Co., San Francisco; stirrer No. 58960.
The stirrer proper was designed and constructed at Oregon State College.
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1/30 lip. The speed of the stirrer can be regulated from 0 to 1,725 revolu-
tions per minute in either direction.

Figure 2. Water bath for warming samples of butter prior to stirring them. The
water is heated by electricity and is maintained at a temperature that fluctuates only
slightly.

3. THE BALANCE AND CUP USED IN THE TEST

The weighing balance. The balance to use in connection with the test
of butter for composition should have the requisites given below:

It should be of simple construction and easy to operate.
It should be durable and easy to keep in good condition.
It should be accurate and of the proper sensitiveness.
It should lend itself to speed in operation.
It should be so constructed that, when a definite amount of butter
is weighed out, the percentages of moisture and fat can be read inde-
pendently of each other directly on the scale beams tc the nearest
one tenth of one per cent.

The balances that are used in chemical analytical laboratories do not
meet all of the foregoing requirements. There are balances on the market,
however, that meet nearly all of them. Some of these are commonly re-
ferred to as torsion balances. In the torsion type balance a flexible steel
band takes the place of the ordinary knife-edge fulcrum, Other balances are
equipped with agate bearings and steel-knife edges. Both of these types of
balances are now equipped with scale beams for direct reading of the
moisture percentage when 10 grams of butter are used.

The balances that have been used for testing the samples sent to
Oregon State College for analysis have been of the type that meets all of
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Figure 3. A stirrer for butter samples. This is useful when a large number of samples
is to he tested. The operator is shown pressing the platform down. A spring holds the
plattorm, on which the jar of butter is placed, in position while the butter is being stirred.
I borough mixing of the butter can be accomplished in a few seconds, depending on the
speed of the stirrer.

the foregoing reqttirements with the exception of the last one. The bal-
ances have a sensibility reciprocal of not more than 15 milligrams. With
the view of meeting the last-named requirement, a wholesale chemical sup-
plies and equipment organization5 was asked by the author to obtain
from the factory a balance to be equipped with a set of four scale beams in

"Braun.Knecht-Heimann Company, San Francisco, California.
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addition to the usual tare beam. The factory at first hesitated about making
a balance having four beams instead of the conventional balance equipped
with two scale beams. It was felt that the sensitiveness of the balance
would be impaired. After considerable experimentation, a balance has
been constructed that is equipped with the four required beams and has a
sensibility reciprocal of 15 milligrams*, which is the same as that of the
previously manufactured balances. The diameter of the scale pans was
reduced from 3 inches to 2 inches. This facilitates easier operation of
the balance. This modified balance has also been very useful in connection
with the testing of samples of cheese and ice cream.

The balance equipped with the new beams has proved to be very satis-
factory. Both the moisture and the fat percentages can be read indepen-
dently of each other directly on the beams. No special counterpoise is
necessary. The 1O.gram weight is not moved throughout the whole test
and is the only loose weight used. The readings are niade by moving the
riders from the left to the right. Check readings can be made as all riders
are left in the positions they were in when the original readings were made.

Figure 4 illustrates the new beams. The two upper beams are for the
moisture determination and the two lower beams are for the fat determina-
tion. The method for operating the balance is giv,n on pages 33-34.

Preparing the balance for weighing. The balance should be placed on
a firm and level table in a room where there is a minimum of air movement.
With the torsion type of scales the riders on the scale beams should be
placed at the zero marks, the large rider on the tare beam should be moved
as far to the right as possible, and the small rider on the tare beam should
be at the zero mark. The scales can now be balanced by means qf adjusting
the leveling screws. Other types of balances should also be brought into
equilibrium before they are used. It is important to see that the balance
is left in the same position until the test has been completed.

Figure 4. Beams for the direci reading of moisiure and fai percentages in ihe nearest
one ienih of one per cent svhen ten grams of butter are used.

The cup used for the test. A number of different aluminum cups have
been tried at the Experitnent Station. The one that has been found most

Braun-KnechtHeiniann Company, San Francisco, California, advice from Torsion
Balance Company, Nesv York.
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satisfactory is a light-weight polished cup measuring 2 inches in diameter
at the bottom (outside) and 2 inches in diameter at the top (outside).
'fOe height of the cup is 2 inches, The top of the cup is flared and has
a well-defined pouring lip. The weight of the cup is approximately 21
grams. Its capacity (to overflowing) is 150 cubic centimeters.

4. DETERMINATION OF THE PERCENTAGE OF MOISTURE

The weighing cup should be clean ansi dry. Drying can be done by
heating the cup over a flame or on an electric heater followed by cooling
to room temperature, or it can be wiped with a clean, dry towel. The cup
is placed on the right-hand pan on the scales and is balanced by moving
first the large tare rider and then the small tare rider. 'When an equilibrium
has been obtained, ten grams of the prepared butter is quickly weighed
into the cup. The cup should be at the room temperature. If the weighing
is not done rapidly, there will be some evaporation of moisture before the
weighing is completed, The air in the room should be reasonably dry.

The moisture is removed by means of heating the cup and contents to
a temperature above the boiling point of water. The heating is best done
by placing the cup on an electric heating plate or on anasbestos mat over a
low gas or alcohol flame. The U. S. Food and Drug Administration* states
that the heating must be continued until the butter ceases to foam and a
definite browning takes place. The required temperature is approximately
150° C. (302° F.)." Thomsent in comparing an electric heating plate, a
gas burner, and an alcohol lamp, found that the least mean deviation in
the moisture percentages was with the alcohol lamp and with the electric
heating plate. The temperature of the material in the cup when the gas
burner was used varied from 230° to 320° F.; when the electric heating
plate was used it varied from 225° to 270° F., and when the alcohol lamp
was used it varied from 212° to 262° F. He was of the opinion that exces-
sive heating would cause the elimination of some volatile fat so that thc
moisture content of the butter would appear higher.

The general rule is to heat until the i'naterial in the ci.il) assumes a
golden-brown color. A dark, almost black, color indicates overheating. The
result is a high reading caused by the elimination of certain volatile sub-
stances from the butter and by the loss, through oxidation, of a certain
amount of the fat in the form of carbon compounds such as carbon mon-
oxide and carbon dioxide. The cup should be kept in a circular motion
during the heating so as to facilitate the elimination of moisture, reduce
foaming, and prevent sputtering.

A test on samples of butter to determine the temperatures of the ma-
terial in the cups at the time of discontinuing heating when the color of it
was (1) light brown, (2) medium brown, and (3) dark brown, was made
at the Oregon Agricultural Experiment Station. The moisture percentages
at the various stages were also determined. The tests were made in dupli-
cate. One of these was used for the temperature determination. The other
was used for the moisture determination. An engraved-stern chemical ther-

°Letter io the autho,- from the Food and Drug Administration, San Francisco Siaiion,
U. S. Department ot Agriculture. March 8, 1933.

fThomsen, L. S. Composition Control of Butter. National Butter and Cheese Journal,
Vol. 25, Dec. 10, 1934.
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mometer was used for measuring the temperature of the material in the
cups. The results are shown in Table 4.

It is to be noted that the temperature of the light-brown material
ranged from 266° to 289° F., that of the medium-brown material ranged
from 290° to 320° F., and that of the dark-brown material ranged from 320°
to 347° F. The moisture percentages were the same for all three methods
of heating, with one exception. Sample No. 2 showed .1 per cent moisture
less when heated to a medium-brown color than it did when heated to either
a light-brown or a dark-brown color. This, however, cannot be considered
a significant variation.

Considerably more foaming of the samples was noted when the electric
heating plate was operated on high heat than when medium heat was used.
It should be noted that it required, on an average, 2.7 minutes longer for
the heating process when the medium heat than when the high heat was
used to obtain a medium-brown color.

The samples were at no time heated so long that smoking began. A
test was made, however, to determine the effect on the moisture readings
of heating the samples to such temperature that decomposition took place.
Using different degrees of heat on the heating plate, smoking of the
samples was permitted for 4 to 5 minutes. \Vith the highest degree of
heat, the smoking was very profuse.

It was found that considerable of the material in the cups was lost.
The readings on the scales, using those previously obtained for comparison,
were increased from .1 to .4.

In the light of this experiment and of those conducted elsewhere, it
appears that satisfactory results can be obtained when determining the
moisture content of butter if the samples of butter are heated to a tempera-
ture of about 300° F. A medium-brown color of the material in the cup
is an indication that this temperature has been reached.

Another test was made for the purpose of obtaining some information
regarding the temperature of the butter when 10 grams were heated in an
aluminum cup on an electric heating plate and on a - Precision" heater,
using various degrees of heat.

The electric plate used was S inches in diameter and was equipped with
a three-heat switch.

The Precision" heater was the R. H." 550-watt type and waS
equipped with a rheostat for the control of the temperature of the heating
element. An arbitrarily graduated scale attached to the heater with mark-
ings from zero to 100 enabled the operator to regulate the rheostat for
uniform temperature control. The heating coil proper occupied a space
of 6.75 square inches and was laid in grooves in a porcelain refractory.
Above this was another refractory, the top of which was U inches above
the heating coil. The center opening in this refractory was 3 inches in
diameter. This construction favored conservation of the heat to a greater
extent than was possible with an open hot plate.

A thermocouple was used to determine the temperature on the sur
faces of the two heating appliances. A Thermo-Electric Pyrometer
Hoskins Type H. A." was used for recording the temperature. A brass well
that had a bottom flange 1 inches in diameter and A inch in thickness and
the well proper a height of inch and a capacity of one cubic centimeter
was partly filled with either mercury or lead and then placed on the heating



Table 4. TILE TEMPERATURE OF TILE MATEILIAI. IN ALUMiNUM Curs \VLILN EVAI'ORATIN(; TILE MOUTURE FROM 10 CRAM SAMPLES OF BUTTER. '1 111FF-

hEAT 8" DIAMETER 550-WATT ELECTRIC HEATING PLATE USED

Temperature on
surface of heatjng

Color

J

of material after moisture evaporated

Dark brownLight brown Medjultt brown

Length of Temperature Length of Temperature Mois- Length of iremperature Mois-Heat plate when heat svaS Mois-
Sample used turned on time heated I heated to ture time heated heated to lure t,me heated heated to ture

Degrees F. Minutes Degrees F. Per cent Minutes Degrees F. Per cent Minutes Degrees F. Per CcItt
High 81 8 266 17.5 9 290 17.5 tO 320 17.5

2 High 293 7 280 16.9 8 320 111.8 9 347 16.9
High 392 6 284 17.0 7 302 17.0 8 338 17.0
Medium 230 10 289 16.0 11 295 16.0 12 325 16.0
Medium 221 10 284 16.2 11 297 16.2 12 329 16.2
Med jul11 338 9 275 16.5 tO 302 16.5 It 347 16.5
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surface. Whenever the temperature became constant, the thermocouple
was inserted in the well and the temperature recorded.

For determining the temperature of the butter, the cup containing 10
grams of butter was placed on the heating surface when the temperature
had become constant. The thermocouple was then placed inside near the
bottom of the cup and the temperature recorded for every minute or frac-
tion of a minute of heating.

The aluminum cup used was the size and weight of the cup described
on pages 20-21. The results obtained with the two heaters are recorded in
'Tables 5 and 6.

The length of time required to bring the temperature of the butter to
the boiling point of water, when using the 8-inch heating plate, was ap-
proximately 7 minutes when the low heat was used, 3 minutes when the
medium heat was used, and 1 minute when the high heat was used. The
total time for the heating process was 14, 7, and 3 minutes for the three
different degrees of heat. When the "Precision" heater was used, the
length of time to reach approximately the boiling point of water ranged
from less than 1 minute to 3 minutes when the different degrees of heat
were used. The total time used to complete the heating process was 8
minutes when the lowest degree of heat was used and 1 minutes when
the highest degree of heat was used,

Because of the conservation of the heat in the "Precision" heater, the
temperature of the butter increased at a greater rate with similar tempera-
tures of the heating plate when this heater was used than it did when the
open heating plate was used.

When the heating was clone very rapidly, as when the complete heating
process occupied only 2 to 4 minutes, considerable foam was produced in
the cup and some sputtering was noticed.

Satisfactory results were obtained when a medium degree of heat was
used. With a temperature of 680° F. on the surface of the open heating
plate, a medium-brown color was produced in 7 minutes. With a tempera-
ture of 660° F. on the surface of the plate in the "Precision" heater, a
medium-brown color was produced in 6 minutes. No sputtering and very
little foaming occurred.

Cooling to room temperature the aluminum cup and the moisture-free
material after heating is important. The U. S. Food and Drug Administra-
tion uses the method of cooling by placing the cup in a pan of water oron
a metallic surface. Cooling can also be accomplished rapidly by placing
the cup in One of the compartments of the previously described water tank.
This is a better method than placing the cup directly in the water because
the cup remains dry. If the cup is placed in the water direct, great care
must be taken to wipe the cup with a towel until it is dry. When a large
number of determinations are to be made, a tank containing a larger num-
ber of compartments can be used. Figure 5 shows a tank containing eight
compartments. If eight balances are used, the samples can be cooled in one
operation.

If the cup with contents is not cooled before it is weighed, the result
of the determination will be inaccurate. Because of the heat of the cup,
convection currents will be produced, causing an upward pull on the cup
on the scale pan. This obviously results in an incorrect reading of the per-



Table 5. TEMI'ERATURE OF BIJTTEI \VHEN HEATED IN AN ALUMINUM Cur ON AN EI.I:cTttic HEATING PLATE, 8 INCItES IN DIAMETER. HEATING

DISCONTINUED WHEN MATERIAL IN Cut' OF MEDIUM-BROWN COLOR. TEN (;I(AMs OF BUTTER USED.

Duration of
heating

Tem-
perature

on
surtace
of plate

De-
grees F.

lemperature of
butter in cup

Del ermi-
nation 1

De-
grees F.

Low heat

Determi-
nation 2

De-
grees F.

Average
of two

determi-
natIons

De-
grees F.

Color of heating element when determined in a dark room:
Low Not red
Meditlln Slightly red
High Medium red

Tens-
perature

on
surface
of plate

De-
grees F.

Determi-
nation I

De-
grees F.

High heat

'l'emperature of
butter in cup

Determi-
nation 2

De-
grees F.

2t0
260
300
330

Average
of two

(let cmli-
nat ions

De-
grees F.

205
250
290
335

1 minute 440 120 130 130 680 160 150 155 860 200
2 mInutes 440 170 170 t70 680 210 180 195 860 240
3 minutes 440 180 180 180 680 220 200 210 860 280
3.3 minutes 440 860 340
4 minutes 440 190 190 190 680 230 230 230
5 nsinutes 440 200 195 197.5 680 260 270 265
6 minutes 440 210 200 205 680 290 300 295
7 Ininutes 440 220 210 215 680 320 320 320
8 minuSes 440 240 230 235
9 minutes 440 260 250 255

10 minutes 440 270 270 270
It minutes 440 280 280 280
12 minutes 440 290 290 290
13 minutes 440 295 295 295
14 nsinutes 440 300 300 300

Medium heat

Temperature of Tein-
butter in cup Average

of two
determi-

perature
on

surlaceDetermi- Determi-
natIon 1 nation 2 nations of plate

De- Dc- De- De-
grees F. grees F. grees F. grees F.



Tahle 6. TEMPERATURE OF BUTTER \V]IEN HEATED IN AN ALUMINUM CuP ON A "PRECISION" ELECTRIC HEATER. HEATING DISCONTINUED \\THEN
MATERIAL IN CUP OF MEDIUM-BROWN COLOR. TEN GRAMS OF BUTTER U.ES.

Duration
of

heating

De-
grees

F.
145

195

215
230
250
280

300
310

1 2

Dc Dc De-
grees gree grecs

F. F. F.
660 160 160

660 210 200
660
660 230 210
660 250 230
660 290 260
660 320 300
660 310

Color of heating &ement when determined in a dark room:
0 not red.

25 faintly red
50 slightly red
75 (lark red

100 bright red

Units on arbitrary scale

ilROE

-I- E.E
De- De

grees grees
F. F.
t6C 820

20 820

220 820
240 820
275
310

DO
1 2 t 1 2 t 2 :w

De- De- Dc. De- De- De- De- De- De- Dc- De-
grees grees grees grees grees grees grees grees grees grees grees

F. F. F. F. F. 1. F. F. F. F.
200 200 200 1,040 220 220 220 1,200 280 300 290

1,200 380 370 375
240 240 240 1,040 300 300 300

1,040 380 370 375
280 280 280
360 350 355

1 minute 500 150 140
minutes 500

2 minutes 500 200 190
2 minutes 500
3 minutes 500 220 210
4 minutes 500 240 220
5 minutes 500 260 240
6 mInutes 500 280 280
6 minutes 500
7 minutes 500 300 300
8 minutes 500 310 310

50 75 100

Tempera-
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centage of moisture. A correct reading can not be obtained until the cup
with contents is cooled to room temperature.

It has already been pointed out that the work of analyzing should be
done in a room where the air is reasonably dry. Accurate results can not
be expected when the air in the room contains considerable water vapor.

Figure 5. Tank with eight compartments for cooling aluminum cups and contents.
For use when a large number of samples are analyzed.

A test was made at the Oregon Agricultural Experiment Station to
compare the moisture percentages obtained when the cup with moisture-
free material was (1) cooled by standing on a metal surface, (2) cooled in
a desiccator, and (3) cooled in a compartment in a water tank. Three
'Torsion" balances were used for the weighing. They were found to have
a sensibility reciprocal of less than 15 milligrams. Aluminum cups meas-
tiring 2 inches in outside diameter, at the bottom, and 2 inches in height,
were used. The cups were rinsed with warm water, followed by drying
with a dry towel and cooling to room temperature before they were tared
on the balances. This method was found by test to be quite as satistactory
as that of heating the cups on an electric plate followed by cooling them
in a desiccator to room temperature before they were tared on the balances.
An electric heating plate of 8-inch diameter was used, operated on "medium"
heat, The evaporation of the moisture required, on an average, 7 minutes.
The heating was discontinued as soon as the material in the cups acquired
a medium-brown color. The temperature of th room ranged from 72 to
78° F. The relative humidity ranged from 54 to 57 per cent. The cooling
of the cups with contents required about 3 minutes for the water compart-
inent, 10 minutes for the metal surface, and about 30 niinutes for the desic-
cator method of cooling. Table 7 shows the data obtained.

The moisture percentages obtained with the methods of cooling on a
metal surface and in a compartment in a water tank varied at no time more
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than .1 from those obtained when the desiccator was used. In the eight
comparisons, the method of cooling on a metal surface gave variations
from the desiccator method 5 times. When the cooling was done in a
water compartment variations occurred 6 times. With the cooling on a
metal surface the percentages were lower than those obtained with the
desiccator 5 times, while with the water tank method they were lower 3
times and higher 3 times.

Table 7. A COMPARISON OF THE MOISTURE PERCENTAGEC OBTAINED, Usive ThREE DIFFERENT
METHODS os COOLING

Sample number

Moisture
percentage,
cooling on

metal
surface

Moisture
percentage
cooling in
desiccator

Per cent Per ceiit

Moisture
percentage,
cooling in

compartment
in water tank

Per cent

In the light of this experiment it appears that cooling the cup with
moisture-free material either on a metal surface or in a compartment in a
water tank will give results that vary not more than .1 from those obtained
when the most satisfactory method (desiccator) of cooling is used. The
superiority of the method of cooling in a compartment in a water tank lies
in the time that is saved.

When the graduated beams on tile balance as shown in Figure 4
are used, the percentage of moisture present in the butter is determined by
first moving the rider on the 10% beam second froni the top from the zero
to the ten-per-cent mark, and the rider on the upper 10% beam to a position
where equilibrium is reached and the pointer stands in zero position. The
readings on the two beams are added to give the per cent moisture.

Whenever the graduations on the scale beams have become dull in
color they can be brightened by first scraping away the old paint, then
cleaning the beams with petroleum ether, and finally applying a coat of
'Chinese White" paint. The wet paint on the part of the beams that has
no markings should be removed immediately by means of a piece of tissue
paper or a cloth. Sotiie paint will remain in the vertical markings in the
beams.

The following factors may cause variations when testing butter for
moisture:

1. Sample not representative. The sample taken is not representative
of the churning of butter; loose moisture may be present, or the
sample is taken before the butter is completely worked. The sam-
ple should be taken froni the finished butter from different parts of

16.9 16.9 17.0
2 17.2 17.2 17.3
.3 16.4 16.4 16.4
4 16.5 16.6 16.5
3 15.3 15.4 15.3
6 17.4 17.5 17.6

15.1 15.2 15.1
5 16.9 17.0 17.0

Average 16.46 16.52 6.52

Times higher than desiccator test 0 3
Times lower than desiccator test 5 3
Times the same as desiccator lest 3 2
Maximum variation from desiccator test 0.1 0.1
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the churn. If printed butter is to be tested, at least one-fourth
pound should be used.
Evaporation from the sample if held for some time before testing.
The container with the butter should be kept well covered until
the determination is made.
Improper mixing of the sample. If the butter is hard and leaky, a
thorough emulsion of fat and moisture cannot be made. Mixing
is best done after the butter has been warmed to about 900 F.
Scales not sensitive. If the scales stick or if the steel bands in thc
scales have become rusty, an accurate determination cannot be
made. The scales should be kept in a dry, clean place.
Inaccurate 10-gram weight. The weight should be checked from
time to time against an inspector's accurate weight.
Scales not level or on a solid table. It is important to place the
scales on a level table that is free from vibrations.
Cup wet before butter is weighed. The cup should be cool and
dry. Have the cup at room temperature.

8, Cup with moisture-free material warm before the moisture per-
centage is read. It should be cooled to room temperature.
Scales standing in a draft. With sensitive scales, a slight draft will
affect the reading.
Atmosphere too moist. If the air in the room is too moist, as when
there is considerable steam, a correct determination of moisture
cannot be made. The air should be kept as dry as possible while
making the determination.
Moisture not expelled. To properly expel the moisture, heat the
sample until the fat is of a golden brown color. If the sample is
overheated to give the fat a dark brown or almost black color, a
new determination should be made.
Fat sputters. If the heating is done rapidly, without agitation,
sputtering may occur. This will result in a too high reading of mois-
ture. A new determination should be made.

5. DETERMINATION OF THE PERCENTAGE OF FAT

A fat solvent is now added to the material in the cup for the purpose
of separating the fat from the salt and curd. Petroleum ether has been
found highly satisfactory for this purpose. This product is also used by
the U. S. Food and Drug Administration. Gasoline has been used by
some analysts. This product has been tried at Oregon State College also,
but it was found to volatilize too slowly. The State Chemist does not
recommend gasoline except in case of necessity* because of the moisture
and other impurities that are present. He has found the residue to consist
of a light lubricating oil. He prefers to use petroleum ether because it is
easily volatilized.

Petroleum ether (Purified Petroleum Benzin) is a purified distillate
from American petroleum, consisting of hydrocarbons, chiefly of the
methane series.

'Wells, A. S. Letters to the author. December 6 and 24, 1934.
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The U. S. Pharmacopoeia* requirements for petroleum ether are as
follows: Specific gravity 0.634 to 0.660 at 25° C. (77° F.). U. S. P. distilla-
tiOn: distils between 35° and 800 C. (950 to 176° F.).

The petroleum ether used for fat extraction when testing butter should
meet the U. S. P. requirements. One of the oil companiest that manufac-
tures petroleum ether was asked to furnish the Experiment Station with
the results of an analysis of the product. The following determinations
show the analysis:

Gravity A. P. I. at 770 F 86.8°
Specific gravity .6482
Color Saybolt Plus 30
Non-volatile matter (non-weighable) Trace
U. S. P. distillation:

Initial boiling point 100° F.
Dry point 160° F.

As "Lighter Fluid" is less volatile than petroleum ether, it would not,
in the opinion of this company, prove as satisfactory.

If a cup with a capacity of 150 cubic centimeters is used, this is filled
about three-fourths full of the solvent. A rubber-tipped glass rod is used
for mixing the fat and the solvent. As petroleum ether affects rubber
after prolonged use, a new rubber tip should replace the old one where
indications of deterioration are present.

The salt and curd that remain in the bottom of the cup should be
scraped to the side of the bottom of the cup directly below the pouring lip.
This will enable the operator to decant the liquid with little disturbance of
the materials in the bottom. After three or four minutes of standing to
allow the curd and salt to sink to the bottom, the liquid is poured off. Care
should be taken to prevent any curd and salt from being poured out. A
similar amount of solvent is again added for the purpose of freeing the curd
and salt of any fat that is still left. After three niinutes of standing the
liquid is carefully decanted. The material that remains in the cup is distrib-
uted over the bottom by gently tapping the cup on the table. The petroleum
ether that remains in the cup is removed by placing the cup on a hot sur-
face. If an electric heating plate was used when evaporating the moisture,
sufficient heat is usually retained in the plate for volatilization of the ether.
Slow heating is necessary at first, otherwise the ether will be volatilized so
rapidly that small explosions may occur and some of the curd and salt may
be blown out of the cup. The curd and salt that remain should be of a
light tan color, and should be powdery. If this residue is not powdery,
but sticks to the bottom of the cup, some fat may remain with it. It then
becomes necessary to make a third extraction.

The cup is now cooled to room temperature. This can be quickly
done by placing it in a water-cooled compartment in the tank previously
referred to.

The percentage of fat present in the butter is ascertained by moving
the riders on the two lower scale-beams to points where equilibrium is ob-
tained. The graduations on the bottom beam indicate ten per cent each.
The large ones on the beam above indicate one per cent each, and these are

"The Pharmacopoeia of the United States of America. Tenth Decennial Revision.
J. 13. Lippincolt Company, Philadelphia, Pa.

?Standard Oil Company of California. Private communication March 21, ills.
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divided into smaller divisions, each of which represents one tenth of one
per cent. The reading is made to the nearest one tenth of one per cent.

The recorded fat percentage added to the moisture percentage sub-
tracted from 100 gives the percentage of salt and curd present

The present price of petroleum ether purchased by the case of four
gallons each is $1.50 per gallon. If eight ounces of solvent is used for
each sample, the cost per sample is 9.4 cents. It is possible to effect a
saving by using for the succeeding extractions the ether used tor the
second extractions. Theether may be reclaimed by distilling in a properly
constructed still. Steam under pressure should be used as the heating me-
dium. Distillation should not be attempted unless considerable quantities
of petroleum ether are used. In order to reduce the fire hazard, it Is wise to
do the distillation in a well-ventilated room where there are no free flames
or electric heating plates in operation. As a safety measure, all equipment
should be grounded to water pipes. Figure 6 shows the still used for this
purpose at the Oregon Agricultural Experiment Station. The jacicet sur-
rounding the still was constructed at the State College. This double-walled
jacket is one inch thick. It is filled with asbestos to retain heat. In the
bottom of the jacket is a copper coil made from one-fourth-inch copper
tubing. Steam under pressure is maintained in this coil during distillation.

Fiu,e 6. Still for reclaiming petroleum ether from the fat-petroleum ether nimture.
Steam is used as the heating medium. Nate the ground wire.

6. DETERMINATION OF THE PERCENTAGE OF SALT

The determination of the amount of salt present is based on a chemical
reaction between silver nitrate (AgNO3) and common salt (sodium chlor-
ide, NaCI). When silver nitrate reacts with sodium chloride, a white pre-
cipitate of silver chloride (AgCl) is produced. In order to determine when
exactly enough silver nitrate has been added to convert all of the sodium
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chloride to silver chloride, potassium chromate (KCrO,) is used as an indi-
cator. As soon as even a slight excess of silver nitrate is added, it reacts
with potassium chromate to give silver chromate (AgCrO), which is red
in color. Addition of silver nitrate should be stopped as soon as the solu-
tion in the titrating cup or glass becomes slightly oiange-red in color.

Silver nitrate and sodium chloride react with each other in the ratio of
169.89 parts of the former to 5846 parts of the latter.

As 169.89 grams of silver nitrate react with 58.46 grams of sodium
chloride, 2906 grams of silver nitrate will react with 1 gram of sodium
chloride.

If it is desired to make up a solution of silver nitrate of such a strength
that each cubic centimeter used represents one tenth of one per cent saIl
when 10 grams of butter are tested, there will be required for every litei-
(1,000cc.) of solution prepared, 29.06 grams silver nitrate.

The indicator is a 5-per-cent water solution of potassium chi-omate.
In performing the test, add to the residue left in the cup, after the

moisture and fat have been abstracted, some water, preferably hot, (about
50 cc.) and pour the mixture into a 250-cc, glass beaker. Again add water,
rotating the cup so as to free any adhering particles of curd and salt from
the cup, and pour this mixture into the beaker. The total amount of water
to use is about 150 cc. Add 5 or 6 drops of the indicator. While stirring
the mixture in the beaker with a glass rod, add slowly silver nitrate solu-
tion until the color of the mixture becomes permanently orange-red. If
22 cc. solution is used, the per cent of salt in the butter is 2.2.

With some salt tests now used in creameries, it is necessary to dilute
the material in the cup with water to make 250 cc. of solution. From this,
25 cc., representing 1 gram of butter, are titrated with silver nitrate which
is of such a strength that I cc. used represents either I per cent salt or

per cent salt, the burettes being graduated to give direct readings in per-
centage of salt.

Whenever it is not desired to make a complete analysis of butter for
the amount of moisture, fat, salt, and curd present, the amount of salt can
be determined by the following method: Weigh out 10 grams of butter
and heat this until it is melted. (The sample used for the moisture deter-
mination can be used.) Add 50 cc. of hot water to the cup, and after mixing
pour the mixture into a 250-cc, volumetric flask. Repeat this operation sev-
eral times until no more fat and salt remain in the cup. Then add warm
water until the bottom of the fat column reaches the 250 cc. mark. Shake
the contents of the flask thoroughly, and then transfer 25 cc. of the salt
solution to a 250-cc, beaker. Add several drops of indicator and sufficient
silver nitrate to give the mixture an orange-red color. As the 10-graiii
sample was diluted with water to make 250 cc., and as 25 cc. of this solution
was tested, it is seen that only one gram of butter is represented in the
2 cc. portion. If the silver-nitrate solution contains 29.06 gran'is silver
nitrate in 1,000 cc. solution, each cubic centimeter of this used will indicate
1 per cent of salt in the butter. The silver-nitrate solution may also be
made of such a strength that 2 cubic centimeters of it is equal to one per
cent salt.

The present cost of silver nitrate (spring, 1935) is $10.50 a pound. Th.e
cost is higher than usual on account of the increased value of silver. When
all the residue from the 10-gram sample used in the Kohman test is tested
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for salt, the cost of the silver nitrate used in making the test for salt when
the salt percentage is found to be 2.2, and silver nitrate is at the price indi-
cated above, is 1.5 cents. With silver nitrate at a price of $7.50 a pound,
the cost of making the salt test would be only 1.1 cents.

7. CALCULATION OF THE PERCENTAGE OF CURD
The sum of the moisture, fat, and salt percentages subtracted from 100

gives the percentage of curd in the butter.

TIME REQUIRED FOR ANALYZING BUTTER

When conveniences such as a water-tempering bath and a water cooler
are available, a total of from 50 to 60 samples of butter can be analyzed
ocr clay (8 hours), when 8 or 10 balances are used. It is assumed that the
samples have been placed in jars ready for analysis previous to the test,
and that time is not used for washing the jars after the test has been made.

\'Vhen analyzing butter taken directly from the churn, the time required
for the complete work of analyzing a sample of butter, counting from the
time the sample is warmed, has been found to be about 25 minutes. An
electric heating plate was used and the heating and cooling device shown
in Figure 1 was employed. The time required for each step in making
the analysis is recorded in Table 8.

Table 8. TSME REQUIRED TO DETERMiNE TEIE AMOUNT OF MOISTURE, FAT, SALT, AND CURD IN
ONE SAMPLE OF BUTTER

Operator A-
avera5e of 2

determinations

Operator B
average of 2

determinations

iV1iiites Mustites

These data show that of the total time used when analyzing butter
for composition, nearly one half was used for the preparation of the sample
and determining the moisture, and a little more than one half was used
for determining the fat and salt and calculating the curd.

GENERAL DIRECTIONS FOR ANALYZING BUTTER
IN OREGON CREAMERIES

Prepare the sample of butter for weighing by heating it in a water
bath until it is soft, and stir it vigorously so as to thoroughly mix the fat
and moisture.

Weigh quickly 10 grams of butter into a dry, cool, tared aluminum
cup on a balance that has a sensibility reciprocal of not more than 15 mg.

Heat the cup and butter slowly on an asbestos mat over a flame,
or on an electric heating plate, until the color of the contents of the cup is
golden brown. The time required for this is about 6 to 7 minutes.

Preparation of the sample
Determination of the moisture

2 11,
10

Determination of the fat 91 12
Deteitnination of the salt 2b
Calculation of the curd I *

Total minutes required 24 231
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Cool the cup with contents to room temperature and place on the
ba lane e.

Move the riders on the two top beams until equilibrium is obtained.
Read the percentage moisture present to the nearest one tenth of one per
cent.

Add about 100 to 120 cc. U. S. P. petroleum ether and stir well.
Allow curd and salt to settle to the bottom of the cup for three or

four minutes.
Pour off the liquid.
Add 100 to 120 cc. U. S. P. petroleum ether, Stir vell, and allow the

curd and salt to settle for three or four minutes.
Pour off the liquid.
Dry the residue slowly on a heating plate o.r over a low flame.
Cool cup and contents to room temperature.
Place cup on scale pan and move riders on the lower beams to the

right until equilibrium is obtained. Read the per cent fat present to the
nearest tenth.

Rinse the cup in several installments with a total of about 150 cc.
warm water and place the solution in a 250 cc. glass beaker. Add 5 or 6
drops of a 5-per-cent solution of potassium chromate. From a graduated
burette add silver-nitrate solution, which is of such a strength that each
cubic centimeter represents one tenth of one per cent salt when the residue
from 10 grams butter is tested, until the mixture is of an orange-red color.
Calculate the per cent salt present. (If desired, the curd and salt in the
cup may be diluted with water to make exactly 250 cc. and 25 cc. of this
tested for salt. Since this represents only 1 gram of butter, each cubic
centimeter of silver nitrate (containing 29.06 grams per liter) represents
1 per cent of salt.

IS. Subtract the sum of the moisture, fat, and salt percentages from
100 to obtain the percentage of curd present.



CALCULATION OF AMOUNT
OF BUTTER AND SALT

Table 9 has been prepared in order to aid
buttermakers in determining the amount of but-
ter that can be obtained from cream of different
fat contents and the amount of salt that is re-

quirecl for each churning.

For example: 2,000 pounds of 30 per cent
cream are available. This contains 600 pounds
of fat and will yield 741 pounds of butter. A total
of 17 pounds of salt should be added.

33



fable 9. 1ILE POUNDS OF FAT IN I)IFFEDENT LOTS OF CREAM VARYINc; FROM 500 TO 2,500 Pousi,s \VLTLI FAT CONFENTS VARYING FRoM 29 TO 34
PER CENT. TEE TABLE ALSO Suows THE POUNDS OF BUTTER THAT CAN BE OBTAINED Wi-LEN TILE OVERRUN IS 23.5 PER CENT, ANt) TILE POUNDS
OF SALT THAT SHOULD 5p ADDED TO THE BUTTER IN EACH CHURNING WHEN 2.3 PER CENT SALT IS ADDED AND ISLE FILSI5I-IED BUTTER IS TO
CONTAIN 2.2 PER CENT.

Amount of Cream

Fat Content Fat content
29 per Cent 29.5 per Cent

Fat Content Fat Content
30 per Cent 30.5 per Cent

Fat Content
31 per cent

Fat Content
31.5 per Cent

SaltFat
But-
ler Salt Fat

But-
tel Salt

But-
Fat let Salt Fat

Lb.

But-
ter

Lb.

Salt Fat
But-
ter Salt Fat

But-
ler

Lb. Lb. Lb. Lb. Lb. Lb. I Lb. Lb. Lb. Lb. Lb. Lb. Lb. I Lb. Lb. Lb.
500 pounds 145.0 179 4.1 147.5 182 4.2 150.0 185 4.3 152.5 188 4.3 155.0 191 4.4 157.5 195 4.5
550 pounds 159.5 19 4.5 162.2 200 4.6 165.0 204 4.7 067.7 207 4.8 170.5 211 4. 173.2 214 4.9
600 pounds 174.0 215 4.9 177.0 219 5.0 180.0 222 5.1 083.0 226 5.2 186.0 230 5.3 189.0 233 5.4
650 pounds 233 5.4 191.7 237 5.5 195.0

I

241 5.5 198.2 245 5.6 201.5 249 5.7 204.7 253 5.8
700 pounds 203.0 251 5.8 206.5 255 5.9 210.0 259 6.0 213.5 264 6.! 217.0 268 6.2 220.5 272 6.3
750 pounds 217.5 269 6.2 221.2 273 6.3 225.0 278 6.4 228.7 282 6.5 232.5 287 6.6 236.2 292 6.7
800 pounds 232.0 287 6.6 236.0 291 6.7 240.0 296 6.8 244.0 301 6.9 248.0 306 7.0 252.0 31! 7.2
850 pounds 246.5 304 7.0 250.7 310 7. 1 255.0 315 7.2 259.2 320 7.4 263.5 35 7.5 267.1 33 1 7.6
900 pollnds 261.0 322 7.4 265.5 328 7.5 270.0 333 7.7 274.5 33) 7.8 279.0 345 7.9 283.5 350 8.1
950 pounds 275.5 340 7.8 280.2 346 8.0 285.0 352 8.1 289.7 358 8.2 294.5 364 8.4 299.2 370 8.5

1,000 pounds 290.0 358 8.2 295.0 364 8.4 300.0 370 8.5 305.0 377 8.7 310.0 383 8.8 315.0 389 8.9
1,050 pounds 304.5 376 8.6 309.7 382 8.8 315.0 389 8.9 320.2 395 9.1 325.5 402 9.2 330.7 408 9.4
1,100 pounds 319.0 394 9.1 324.5 401 9.2 330.0 408 9.4 335.5 414 9.5 341.0 42! 9.7 346.5 428 9.8
1,150 pounds 333.5 412 9.5 339.2 419 9.6 345.0 426 9.8 350.7 433 10.0 356.5 440 10.1 362.2 447 10.3
1,200 pounds 348.0 430 9.9 354.0 437 10.1 360.0 445 10.2 366.0 452 10.4 372.0 459 10.6 378.0 467 10.7
1,250 pounds 362.5 448 10.3 368.7 455 10.5 375.0 I 463 10.6 381.2 471 10.8 387.5 479 11.0 393.7 486 11.2
1.300 1,ounds 377.0 466 10.7 383.5 474 10.9 390.0 482 11.1 396.5 490 113 403.0 498 01.5 409.5 506 11.6
1,350 pounds 391.5 484 11.1 398.2 492 11.3 405.0 500 11.5 411.7 SQL 11.7 418.5 517 11.9 425.2 525 12.1
1,400 pounds 406.0 501 11.5 413.0 510 11.7 420.0 519 11.9 427.0 527 12.1 434.0 536 12.3 44t.0 545 12.5
1,450 pounds 420.5 519 11.9 427.7 528 12.1 435.0 537 12.4 442.2 54c. 12.6 449.5 555 12.8 456.7 564 1 3.0
1,500 pounds 435.0 537 12.4 442.5 546 12.6 450.0 556 12.8 457 565 13.0 465.0 574 13.2 472.5 584 13.4
1,550 pounds 449.5 555 12.8 457.2 565 13.0 465.0 574 13.2 472.1 584- 13.4 480.5 593 13.6 488. 603 13.9
1,600 pounds 464.0 573 13.2 472.0 583 13.4 480.0 593 13.6 488.0 603 13.9 496.0 613 14.1 504.0 622 14.3
1,650 pounds 478.5 591 13.6 486.7 601 13.8 495.0 6tt 14.1 503.2 621 632 14.5 519.7 642 14.8
1,700 pounds 493.0 609 14.0 501.5 619 14.2 510.0 630 14.5 518.5 640 14.7 527.0 651 15.0 535.5 661 5.2
1,750 pottnds 507.5 627 14.4 516.2 638 14.7 525.0 648 14.9 533.7 659 15.2 542.5 670 15.4 551.2 681 15.7
1,800 pounds 522.0 645 14.8 531.0 656 15.1 540.0 667 15.3 I 549.0 678 15.6 558.0 689 15.8 567.0 700 16.1
1,850 pounds 536.5 I 663 15.2 545.7 674 15.5 555.0 685 15.8 p 564.2 697 16.0 573.5 708 16.3 582.7 720 16.6
1,900 pounds 551.0 680 15.6 560.5 692 15.9 570.0 704 16.2 579.5 716 16.5 589.0 727 16.7 598.5 739 17.0
1,930 pounds 565.5 698 16.1 575.2 710 16.3 585.0 722 16.6 1594.7 73-16.9 604.5 747 17.2 614.2 759 17.5
2,000 pounds 580.0 716 16.5 590.0 726 16.8 600.0 741 17.0 610.0 75 17.3 620.0 766 17.6 630.0 778 17.9
2,050 pounds 594.5 734 16.9 604.7 747 17.2 615.0 760 17.5 625.2 77-17.8 635.5 785 18.1 645.7 797 18.3
2,100 pounds 609.0 752 17.3 619.5 765 17.6 630.0 778 17.9 '40.5 79! 18.2 651.0 $04 18.5 661.5 817 18.8
2,150 pounds 623.5 770 17.7 634.2 783 18.0 645.0 797 18.3 855.7 810 18.6 666.5 823 18.9 677.2 836 19.2
2,200 pounds 638.0 788 18.1 649.0 802 18.4 660.0

i
815 18.7 71.0 826 19.1 682.6 842 19.4 693.0 856 19.7

2,250 pounds 652.5 806 18.5 663.7 820 18.9 675.0 834 19.2 86.2 847 19.5 697.0 861 19.8 708.7 875 20.1
2,300 pounds 667.0 824 19.0 (78.5 838 19.3 690.0 852 19.6 /01.5 866 19.9 713.0 881 20.3 724.5 895 20.6
2,350 bUiLds 681.5 842 19.4 693.2 856 19.7 705.0 871 20.0 '16.7 885 20.4 728.5 900 20.7 740.2 914 21.0
2,400 pounds 696.0 860 19.8 708.0 874 20.1 720.0 I 889 20.4 732.0 904 20.8 744.0 919 21.1 756.0 934 21.5
2,450 pounds 710.5 877 20.2 722.7 893 20.5 735.0 908 20.9 747.2 92.1 21.2 759.5 938 21.6 771.7 953 21.9
2,500 pounds 725.0 895 20.6 737.5 911 21.0 750.0

I

926 25.3 .62.5 I 942 21.6 775.0 957 22.0 787.5 973 22.4



Table 9-Continued.

Amount (Jf cream

Fat content
32 per cent

Fat content
32.5 per cent

Fat content
33 per cent

Fat content
33.5 pet cent

Fat Content
34 per cent

Fat
But-

er Salt Fat
But-
ter Salt Fat

But-
ter Salt Fat

But-
tet- Salt Fat

But.
ter Salt

Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb. I Lb.
500 pounds 160.0 198 4.6 162.5 201 4.6 165.0 204 4.7 167.5 207 4.8 170.0 210 4.8
550 pounds 176.0 217 5.0 178.7 221 5.1 181.5 224 5.2 184.2 227 5.2 187.0 231 5.3
600 pounds 192.0 237 5.5 195.0 241 5.5 198.0 245 5.6 201.0 248 5.7 204.0 252 5.8
650 pounds 208.0 257 5.9 211.2 261 6.0 214.5 265 6.1 217.7 269 6.2 221.0 273 6.3
700 pounds . 224.0 277 6.4 227.5 281 6.5 231.0 285 6.6 234.3 290 6.7 238.0 294 6.8
750 pounds 240.0 296 6.8 243.7 301 6.9 247.5 306 7.0 251.2 310 7.1 255.0 315 7.2
800 pounds 256.0 316 7.3 260.0 321 7.4 264.0 326 7.5 268.0 331 7.6 272.0 336 7-7850 pounds 272.0 336 7.7 276.2 341 7.8 280.5 346 8.0 284., 352 8.1 289.0 357 8.2
900 pounds 288.0 356 8.2 292.5 361 8.3 297.,. 367 8.4 301... 372 8.6 306.0 378 8.7
950 pounds 304.0 375 8.6 308.7 381 8.8 313.5 387 8.9 318." 393 9.0 323.0 399 9.2

1,000 pounds 320.0 395 9.1 325.0 401 9.2 130.0 408 9.4 335.' 414 9.5 340.0 420 9.7
1,050 pounds 336.0 415 9.5 341.2 421 9.7 346. 428 9.8 351., 434 10.0 357.0 441 10.1
1,100 pounds 352.0 435 10.0 357.5 442 10.2 363.0 448 10.3 368.' 455 10.5 374.0 462 10.6
1,150 pounds 368.0 454 10.4 373.7 462 10.6 379. 469 10.8 385. 476 10.9 391.0 483 11.1
1,200 pounds 384.0 474 10.9 390.0 482 11.1 396.0 489 11.2 402. 496 11.4 408.0 504 11.6
1,250 pounds 400.0 494 11.4 406.2 502 11.5 412. 509 11.7 4 18.7 517 11.9 425.0 525 12.1
1,300 pounds 416.0 514 11.8 422.5 522 12.0 4i9.' 530 12.2 435. 538 12.4 442.0 546 12.6
1,350 pounds 432.0 534 12.3 438.7 542 12.5 445. 550 12.7 452., 558 12.8 459.0 567 13.1
1,400 pounds.- 448.0 553 12.7 455.0 562 12.9 462.0 571 13.1 4 69.' 579 13.3 476.0 588 13.3
1,450 pounds 464.0 573 13.2 471.2 582 13.4 478.., 591 13.6 485., 600 13.8 493.0 609 14.0
1,500 pounds ... 480.0 593 13.6 487.5 602 13.8 495.0 611 14.1 502. 621 14.3 510.0 630 14.5
1,550 pounds 496.0 613 14.1 503.7 622 114.3 511.5 632 14.5 519. 641 14.7 527.0 651 15.0
1,600 pounds 512.0 I 632 14.5 520.0 642 14.8 528.0 652 15.0 53 6.0 662 05.2 544.0 672 15.5
1,650 pounds 528.0 652 15.0 536.2 662 i 15.2 544.5 672 15.5 552.7 683 15.7 561.0 693 15.9
1,700 pounds 544.0 672 15.5 552.5 682 15.7 561.0 693 15.9 569.5 703 16.2 578.0 714 16.4
1,750 pounds . 560.0 692 15.9 568.7 702 16.1 577.5 713 16.4 586.2 724 16.7 595.0 735 16.9
1,800 pounds 576.0 711 16.4 585.0 722 16.6 594.0 734 16.9 603.0 745 17.1 612.0 756 17.4
1,850 pounds 592.0 731 16.8 601.2 742 17.1 610.5 754 17.3 619.7 765 17.6 629.0 777 17.9
1,900 pounds 608.0 751 17.3 617.5 763 17.5 627.0 774 17.8 636.5 786 18.1 646.0 798 18.4
1,950 pounds 624.0 771 17.7 633.7 783 18.0 643.5 795 18.3 653.2 807 18.6 663.0 819 t8.8
2,000 pounds 640.0 790 18.2 650.0 803 18.5 660.0 815 18.7 670.0 827 19.0 680.0 840 19.3
2,050 pounds 656.0 810 18.6 666.2 823 18.9 676.5 835 19.2 686.7 848 19.5 697.0 861 19.8
2,100 pounds - 672.0 830 19.1 682.5 843 19.4 693.0 856 19.7 703.5 869 20.0 714.0 882 20.3
2,150 pounds 688.0 850 19.6 698.7 863 19.9 709.5 876 20.1 720.2 889 20.4 731.0 903 20.8
2,200 pounds 704.0 869 20.0 715.0 883 20.3 726.0 897 20.6 737.0 910 20.9 748.0 924 21.3
2,250 pounds 720.0 889 20.4 731.2 903 20.8 742.5 917 21.1 753.7 931 21.4 765.0 945 21.7
2,300 pounds 736.0 909 20.9 747.5 923 21.2 759.0 937 21.6 770.5 952 21.9 782.0 966 22.2
2,350 pounds 752.0 i 929 21.4 763.7 943 21.7 775.5 958 22.0 787.3 972 22.4 799.0 987 22.7
2,400 pounds 768.0 948 21.8 780.0 963 22.1 792.0 978 I 22.5 804.0 993 22.8 816.0 1008 33.2
2,450 pounds 784.0 968 22.3 796.2 983 22.6 808.5 998 23.0 820.8 1014 33.3 833.0 1029 33.7
2.500 pounds 800.0 988 22.7 812.5 1003 23.1 825.0 1019 23.4 837.5 1034 33.8 850.0 1050 34.2
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