


PREFACE AND ACKNOWLEDGMENTS

This report presents the results of a study dealing with composition-volume-weight
relationships for milk and fluid milk products. While the project was initiated primarily
to determine appropriate volume-weight conversion factors to be used in administering
Federal milk orders, the findings are of widespread interest and application throughout
the dairy industry.

The project was undertaken in recognition of the need for developing more reliable
and, if feasible, uniform factors for converting volumes of fluid milk products to pound
equivalents. The need for up-to-date conversion factors was accelerated by the growth in
the number and scope of Federal milk marketing areas, the increased movement of fluid
milk products between markets, and the introduction of new products and the modification
of others. Thirteen Federal order markets, located in representative parts of the country,
participated in the experimental work, either using their own laboratory facilities or
contracting for such facilities with a university or other outside laboratory.

A Committee comprised of technical personnel in these markets was set up to carry
out the research, and two Subcommittees were organized to report on the project: one to
describe the methods and procedures employed in the research work; the other to compile
and report the findihgs. Members of the Subcommittees are listed separately on page ii.
Special recognition is due Dr. B. L. Herrington of Cornell University, Committee Chair-
man, who developed the laboratory procedures, supervised and guided the laboratory
work, and offered many helpful suggestions in other phases of the project. Chapman E.
Dunham and Richard Fleming who were Chairmen of the Findings and Procedures Sub-
committees, respectively, did the major work involved in preparing their Subcommittee
Reports. Dr. H. C. Olson of Oklahoma State University and Dr. W. C. Vanderzant of
Texas A. and M. University contributed important technical assistance, Dr. R. W.
Baughman of Jowa State University participated in the study as a member of the Findings
Subcommittee, Anna A. Schlenker of the Dairy Division, Consumer and Marketing Service,
assisted by Dorothy S. Cohen, summarized and analyzed the voluminous raw and proc-
essed data and did extensive research on previous work in the field of composition-
volume-weight relationships for milk. Others of the Dairy Division who contributed to the
project were Robert W. March, Joseph J. Westwater, Glenn W. Freemyer, Ellen
Henderson, Floyd Fenton, Joel L. Blum, Fred Stein, and Robert E. Freeman (now with
Economic Research Service). Paul D. Watson, now retired from Agricultural Research
Service, was most helpful in the preparatory phases of the study. Elsie D. Anderson,
Economic Research Service, developed the statistical procedures and served as a
statistical consultant throughout the project.






SUMMARY

The administration of Federal milk orders requires the conversion of volumes of
milk and cream to pounds. Conversion factors presently in use are based on early
studies which sometimes overlooked such factors as the nonfat solids content of the prod-
uct and the precise temperature at which the weights were determined. Previously no
single set of factors has been considered acceptable in all areas.

This report covers the results of testing more than eight thousand samples of raw
and processed whole milk, skim milk, and cream, including products fortified by the addi-
tion of nonfat milk solids. Samples were collected at producers' farms, handlers' plants,
and some at retail stores. The markets from which the samples were drawn represent
a cross section of the country. The testing was conducted for a full year, and weights
were determined at four temperatures. Samples were tested for fat and nonfat milk
solids content and precisely weighed to ascertain the specific gravity and hence the
weight per gallon. Differences due to composition, temperature, geographic location,
season, and other possible influences on volume-weight relationships were carefully
investigated.

The procedures used for determining the milk solids content of the milk and cream
were those in general use in the dairy industry. In testing for milkfat, the procedure
outlined in the Laboratory Manual published by the Milk Industry Foundation was
followed, except that some modifications were made for testing homogenized milk and
half-and-half. Total solids content was determined by gravimetric methods.

The procedure for determining specific gravity was developed by Dr. B. L.
Herrington of Cornell University. It involved the use of Babcock bottles in which the
weight of a precise volume of the milk product was compared with the weight of the
same volume of distilled water at regulated temperatures of 409, 50°, 689, and 102°
Fahrenheit. The specific gravity so determined when multiplied by the appropriate
weight of a gallon of water gives the weight of a gallon of the milk product.

Laboratory reports of percentages of fat and nonfat solids content, specific gravi-
ties, and other pertinent data were verified for arithmetical accuracy and tabulated by
data processing equipment. These tabulations provide a permanent record, and were
the basis for computing average composition and weight for each product in each market,
as well as regression equations which show the average relationship between fat, solids-
not-fat, and weight per gallon.

The regression equations for each market were used to compute the weights of
products with exactly the same composition. The results showed that products of like
composition had such closely similar weights in all the participating markets as to
indicate the feasibility of preparing tables of weights of all fluid milk products accord-
ing to their fat and nonfat solids content. In order to prepare such tables, it was nec-
essary to develop an.overall or "universal' equation for a desired temperature which,
when applied to the composition of any product from fortified skim milk to heavy cream,
would give a weight per gallon which would fit closely the average of actual weights
found for such composition by actual weighing.

A basic formula was used to develop such a universal equation for each of the
four temperatures:

100
100 + (% BF X BF factor)-(% SNF X SNF factor)

X wt. of water = wt. of milk product
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Full Committee Report of Study Conducted
in 13 Federal Milk Order Markets on
Volume-Weight Conversion Factors for Milk

Report of Market Administrators' Committee

Section I

INTRODUCTION

Federal milk marketing orders are part of the broad program of marketing agree-
ments and orders authorized by the Agricultural Marketing Agreement Act of 1937.
Orders are legal instruments designed to promote and maintain orderly marketing con-
ditions with respect to the sale of milk by dairy farmerstoregulated milk handlers. They
establish classes of utilization and prescribe methods of allocating receipts of milk and
milk products to the established classes. These orders specify minimum prices on a
hundredweight basis to be paid by handlers to producers for milk in each class of utiliza-
tion,

Milk orders are administered by market administrators who are agents of the Secre-
tary of Agriculture. It is their responsibility to ascertain that handlers are in fact paying
not less than the established minimum prices for milk received from producers in ac-
cocrdance with its classification. Producer prices are a blend of the minimum class
prices resulting from the pooling of milk utilized and paid for at each class price. Milk
utilized as whole milk carries a higher price than milk processed into cheese or butter.
Thus, it is incumbent upon the market administrators in administering the terms and
provisions of the current orders to determine the pounds of skim milk and butterfat re-
ceived and disposed of by regulated handlers.

Producers are paid for their milk on a hundredweight basis and handlers maintain
their records of receipts and disposition in pounds. Butterfat and solids-not-fat tests
are reported in percentage by weight. On the other hand, the weight of bulk tank producer
milk is computed from volumetric measurements in the bulk tanks. Also, fluid milk prod-
ucts are distributed on wholesale and retail routes in half-pints, pints, quarts, half-
gallons, gallons, and more recently in even larger size containers. It is thus necessary
for purposes of product accounting in milk plants to convert these volumes to pounds.

In recent years, the standardization of whole milk has become more prevalent. Fluid
milk products standardized by the addition or removal of fat and cream and fortified prod-
ucts produced either by concentration or by the addition of condensed or dried milk be-
gan to have an impact on the market. Along with these changes came the practice of
accounting for added nonfat solids in terms of skim milk equivalent. The consumption of
plain and fortified skim milk increased substantially. The use of flavored whole milk be-
came more prevalent; yogurt sales increased. Sales of mixtures of milk and cream,
sour cream, and eggnog increased. Flavored skim milk showed gains in some markets.
Little information was available about the weight of these products, particularly since
composition varied widely among handlers.

During the past decade, with supplies of approved milk increasing and with a con-
centration of milk bottling and processing operations into fewer but larger plants, regu-
lated handlers used greater volumes of producer milk in the manufacture of such
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Additional information developed incidental to the main line of research is available
for further analysis.

This report deals primarily with the subject '"development and application of stand-
ard weight conversion factors for fluid dairy products' and presents conclusions on the
major objectives for which the study was undertaken. The findings of the committee,
however, suggest the following other areas of investigation:

1. Establishing the weight per gallon of milk received directly from dairy farmers
when the solids-not-fat content is not available. -- The study shows there are sig-
nificant differences in weights of producer milk due to composition. It does not
provide a procedure for computing the weight per gallon from butterfat tests
alone; further work is needed to determine whether sufficiently accurate weights
per gallon of producer milk can be derived from butterfat tests when the nonfat
solids content is not known.

2. Determining the weight per gallon of such products as ice cream mix, chocolate
milk, chocolate drink, plain and sweetened condensed milk, etc.--It is possible
that the universal equation described in the report can be applied to those prod-
ucts not tested which do not contain added sugar. More laboratory tests are
needed to confirm this tentative finding. For sweetened products, the equation
may need a factor to be multiplied by the percent of sucrose. The value of this
factor might be derived from the specific gravities of sucrose solutions. The
reliability of such an equation must be established in the laboratory. Its applica-
tion would be relatively simple because the composition of these products is usu-~
ally known,

3. Establishing the temperature at which milk containers should contain the speci-
fied volume. -- At higher temperatures, a given weight will appear to over-fill a
container, and at lower temperatures the same weight will appear to under-fill
the container. This is a legal question, but data developed incidental to this study
should be of value to those responsible for weights and measures.

Section II

REPORT OF THE PROCEDURES SUBCOMMITTEE

Methods and Procedures Involved in Arriving at Standard
Weight Factors for Dairy Products

After extensive preliminary studies, Dr. B. L. Herrington prepared a handbook of
instructions for the weighing and testing program. The purpose of the handbook was to
aid in obtaining uniformity in procedures in each of the participating laboratories. Fur-
ther assurance of uniformity in testing was achieved by visits of the co-ordinator to each
of the laboratories. In addition, cans of evaporated milk, taken from one standardized
batch, were sent to each of the participating laboratories, They were periodically tested
for total solids along with samples collected throughout the duration of the testing proj~
ect. This procedure was used to determine uniformity and consistency of total solids
results in individual laboratories and also was used to compare uniformity among the dif-
ferent laboratories. Control samples of kerosene were also sent to each participating
laboratory for determinations of specific gravity.

The basic program for collection of data included the measurements of fat, total
solids and specific gravity on a wide range of dairy products with primary emphasis on
raw producer milk, processed milk, skim milk and cream. The collection of samples
varied somewhat among the different laboratories. Individual producer samples were
collected at the farm or plant by some, while others collected samples of producer milk






3. Ten ml of acid was used for the first addition and 9 ml of acid for the second
addition.

The remaining procedure was the same as that outlined for homogenized milk.
D. Skim Milk
The American Association test, as outlined in the Laboratory Manual by the Milk

Industry Foundation was used for determining percent fat in skim milk low enough
in fat content to be tested in a 0.50% skim milk test bottle,

A few of the laboratories used the Mojonnier procedure for all of their butterfat test-
ing, while others used it only for testing certain products. All samples tested, regard-
less of the type procedure, were run in duplicate.

DETERMINATION OF PERCENT TOTAL SOLIDS

Several types of equipment, all of which give satisfactory results, were used in the
participating laboratories. Five of the laboratories used Mojonnier equipment and pro-
cedures; six used forced air-drying ovens at 100° C., allowing from 3 to 4 hours dry-
ing; and two laboratories used Dietert equipment and procedures. Analytical balances
were used by all laboratories, with the majority using a one-pan, direct reading type
balance.

Cans of evaporated milk, taken from one standardized.batch, were collected and
sent to each laboratory. These were used as control samples. Each laboratory periodi-
cally ran total solids tests on the control samples along with samples collected through-
out the duration of the testing project. These results were used as a means of comparing
uniformity and consistency in total solids testing, not only in the individual laboratories,
but among different laboratories as well.

All samples tested were run in duplicate, with some of the laboratories testing the
control samples in triplicate and quadruplicate.

DETERMINATION OF SPECIFIC GRAVITY BY THE BABCOCK BOTTLE METHOD

Specific gravity determinations were made on all products by a technique involving
the use of 8% Babcock test bottles. This procedure was used because precision lac-
tometers were not available with a range sufficiently great to test cream, milk, skim
milk, and modified skim milk, Furthermore, lactometers could not be used to test
cream at low temperatures because of its high viscosity. With this method, the changes
in volume of weighed samples of milk products at various temperatures were measured
in the calibrated part of the neck of the Babcock bottles.

The accuracy of the graduation of Babcock milk test bottles was pointed out in an
article by Dr. B. L. Herrington and R. A. Scanlan, published in the May 1960 issue of
the Journal of Dairy Science. Their data indicated that Babcock bottles are graduated
quite accurately.

Following is a detailed procedure of the Babcock bottle method for determining spe-
cific gravity:

A. Equipment and Material

1. Constant-temperature water baths, thermostatically controlled and capable
cf operating at 102° and 68° Fahrenheit (+ 0.3° F.), were used. Water baths
capable of being operated at 400 and 500 F. were also used. Determinations
of specific gravity were made at each of these four temperatures by as many
laboratories as possible. Some of the laboratories made determinations at






5.

The weight of water that each bottle contazined at the 4. 0% mark was deter-
mined as follows:

a, The weight of the empty bottle was subtracted from the weight of the bottle
plus water to obtain the actual weight of water. -

b. This weight was then corrected, if the reading was not at the 4. 0% mark,
by multiplying the number of small divisions between the observed read-
ing and the 4. 0% mark by 0.020 grams. The correction was added if the
observed reading was less than 4.0% and subtracted if above 4. 0%.

c. The weight of water contained at the 4. 0% mark at the other temperatures
was arrived at by multiplying the weight of water at 102° F. by the follow-
ing factors:

For 40° F,, 1.00642 For 50° F., 1,00631 For 68° F., 1,00508

For the laboratories that calibrated their bottles at the 68° F. tempera-
ture, the following factors were used:

For 40°F., 1.00133 For 50° F., 1.00122 For 102° F., .99494

These factors contain a correction for the expansion of both the water and
the glass used by the Kimble Glass Company for test bottles.

d. Several determinations were made for each bottle and an average was
taken establishing the weight of'water at the different temperatures. Tables
were then prepared to show for each bottle number the weight of the empty
bottle and the weight of the water contained at the 4. 0% mark for each of
the different temperatures.

e. Throughout the testing program checks were made to see that bottle weights
did not differ more than 5 milligrams from the established weights.

C. Procedure for the Determination of Specific Gravity of Milk and Skim Milk

1.

2.,

All determinations were made in duplicate.

Fach sample was warmed to approximately 105° F. and then poured back and
forth between two containers to mix it thoroughly. It was then transferred to
a test bottle to approximately the 2.5% mark.

The test bottles were then centrifuged in an unheated Babcock centrifuge for
approximately 15 seconds to expel air bubbles. Prolonged centrifuging was
found to be undesirable and was avoided.

The inside of the necks of the bottles were cleaned to the 3.0% mark with cot-
ton tipped applicators that had been dipped in a detergent solution and pressed
nearly dry.

The weight of each bottle was then determined to the nearest milligram.

To each bottle 0.75 ml of colored kerosene at a temperature of 70° to 75° F.
was then added.

Rubber caps were then placed over the bottle necks and the bottles were im-
mersed in the 102° F, water bath almost to the rubber caps.

After the bath was warmed back up to 102° F., and ample time was allowed
for the contents of the bottles to reach constant temperature, readings were
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10.

11.

12

13,

14,

To each bottle 1. 50 ml of colored kerosene, measured at about 75° F., was
then added.

Rubber caps were again placed over the necks of the bottles and the bottles
were immersed almost to the cap in the 102°© F. water bath. (When testing
heavy cream, a difference of 0.2° F. equals 1/4 division in the volume read-
ing, thus emphasizing the importance of accurately controlling the tempera-
ture at exactly 102° F.)

After allowing sufficient time for the bath to warm back to 102° F, and after
there had been no detectable change in the position of the meniscus during a
5 minute period, the bottles were lifted part way out of the bath, only high
enough to observe the meniscus against a lighted background without parallax
error. The top of the kerosene meniscus was then read to the nearest half
division.

The bottles were then transferred to the water bath at the lowest temperature
to be used, and held at constant temperature for at least 15 hours before they
were read, (Crystallization of the fat approaches completion very slowly.

See appendix 8. )

In case the meniscus fell below the 0.0% mark another 0.75 ml portion of
kerosene measured at 40° - 50° F, was added, and then a reading was made.

The bottles were then transferred to a water bath at the next higher tempera-
ture and held at least 90 minutes before being read. (Cream warms more
slowly than milk. Part of the fat will melt quickly, with the remainder dissolv-
ing at a slower rate in the melted portion. This requires time, but it is much
faster than the crystallization which takes place when cooling. Extreme care
was taken to prevent overheating. )

The calculation of specific gravity at each temperature was as follows:

a. The weight of the empty bottle was subtracted from the weight of the sam-
ple plus bottle.

b. The standard weight of water at the 4. 0% mark was recorded.

c. The water weight correction tables for cream (appendixes 4-7) were then
used to correct for the volume of kerosene used, and to adjust the weight
of water contained at the 4. 0% mark to that of a volume equal to the vol-
ume of the cream in the Babcock bottle. Special water weight correction
tables were established for cream because two additions of kerosene
(1.50 ml) and in some cases, three additions (2.25 ml) were used.

d. The specific gravity was then obtained by dividing the weight of the sample
by the weight of water equal to the volume of the sample. This was done
for each of the given temperatures.

DETERMINATION OF SPECIFIC GRAVITY BY THE WATSON LACTOMETER

The specific gravity of milk and of some skim milk samples was also determined at
102° F. by the use of Watson lactometers. All of the lactometers used were recalibrated
under the direction and suggestions of Mr, Paul Watson, United States Department of
Agriculture, retired. Appropriate corrections were made for lactometers that were found
to have errors existing in their lactometer scale, The procedure for using the Watson
lactometer was as follows:

Constant temperature water baths at 102° F. were used. The baths were deep
enough that the water came within at least one inch of the tops of the cylinders.

9












To observe differences in weight due to product composition, the effects of varia-
tions in the average butterfat and solids-not-fat contents of the samples tested in each
market were eliminated by computing weights for products of identical compositions by
use of regression equations derived for each product in each market. The identical com-
positions used for each product in this analysis approximated the average composition of
each product tested in all participating markets. Appendix 19 shows the weights per gal-
lon computed by individual market product regression equations for products with iden-
tical butterfat and solids-not-fat content at each of the recorded temperatures. For ex-
ample, following are average weights per gallon for five products of average composition
at specified temperatures:

Pounds Per Gallon

40° F. 50° F, 68° F. 1029 F,
Fortified skim milk 8.677 8.671 8. 652 8.597
Homogenized milk 8.613 8. 604 8.581 8.518
Half-and-half 8.559 8. 544 8.502 8.420
Light cream 8.511 8.488 8.433 8.333
Heavy cream 8.406 8.376 8.290 8.154

THE EFFECT OF TEMPERATURE ON WEIGHTS OF
FLUID MILK PRODUCTS

Volumes of fluid milk products, and hence weights per gallon, vary with changes in
their temperature. Appendix 19 shows that as temperature increases, weight per gallon
decreases. The amount of weight change per unit volume of a fluid milk product for each
degree change in temperature is dependent primarily upon the amount of butterfat and
solids-not-fat in the product. The weight changes for high fat products are greater than
for low fat products. This is because the milkfat expands and contracts more than solids-
not-fat with changing temperatures. For example, the weight of a gallon of heavy cream
is one-quarter pound greater at 40° than at 102° F.:

Weight Per Gallon of Cream Containing 36.60% BF and 5. 55% SNF

40° F. 8.406 pounds
50° F. 8.376 pounds
68° F. 8.290 pounds
102° F. 8. 154 pounds

The weight of a gallon of fortified skim milk, on the other hand, varied only from
8. 677 pounds at 40° F. to 8.597 pounds at 102° F.:

Weight Per Gallon of Fortified Skim Milk Containing
0.15% BF and 10. 15% SNF

40° F 8. 677 pounds
50° F. 8. 671 pounds
68° F. 8. 652 pounds
102° F. 8. 597 pounds

Because of the significant effect of temperature on weight per unit volume of fluid
milk products, it is important to establish all volume-weight conversion factors at spe-
cified temperatures. The effect of temperature on weight is shown graphically in appen-
dix 20, which is based on the weights per gallon (computed by use of all market product
regression equations), shown in appendix 19 for mixed breed producer milk, homogenized
milk, and plain skim milk,
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year, or breed of cow. Therefore, it appears feasible to develop a mean of ascertaining
a set of weight factors for use in all markets if product composition and temperatures
are known.

REGRESSION EQUATIONS

As indicated previously, regression equations were obtained for each of the major
products tested, where a sufficient number of samples was analyzed for each of the par-
ticipating markets, with a regression equation being computed for all participating mar-
kets for each of the major products tested. These individual market and all market re-
gression equations for the four temperatures (409, 50°, 689, and 102° F.) are shown
in appendixes 10 through 13,

After determining that weights per gallon of fluid milk products with identical com-
position when computed from individual market regression equations did not differ sub-
stantially among markets, regression equations were calculated for like products for all
participating markets. This resulted in eight principal regression equations, one each
for (a) raw producer milk, (b) homogenized milk, (c) skim milk, (d) fortified skim milk,
(e) half-and-half, (f) fortified half-and-half, (g) light cream and {(h) heavy cream.

UNIVERSAL EQUATIONS

Realizing that the use of this number of different equations was impractical in com-
puting weights of fluid milk products, the feasibility of using single equations at 400,
500, 68%9and 102° F. for all products was investigated. A review was made of previous
published research relating to mathematical determination of the weight of fluid milk
products by use of equations. It was concluded that the use of equations that related
weight to composition of the mixture was sound.

The formula, which involves the specific gravity approach, is as follows:

S s 5 100
pecific gravity =
of mixture A . B + C

Sp. gr. of BF Sp, gr. of SNF Sp. gr. of water

or
Specific volume _ A + B + C
factor?t Sp. gr. of BF Sp. gr. of SNF Sp. gr. of water

100
Sp. vol. factor

il

Specific gravity

where: A = % by weight of butterfat in the mixture
B = % by weight of solids-not-fat in the mixture
% by weight of water in the mixture

1

For example, if a specific gravity of . 9541 for butter fat and 1. 6275 for solids-not-
fat, are assumed, then starting with a volume of 100 percent of water and substituting
3.5 percent butterfat and 8.5 percent solids-not-fat for equal weights of water, the vol-
ume of the resulting product would be 96. 8911 percent of the starting volume of water.
Dividing 96. 8911 (the specific volume factor) into 100 would give the specific gravity,
1.0321.

100 - 100 - 1 9321
3.5% , 8.5% , 88%  96.8911
9541  1.6275 1

1 The term specific volume factor is used here to refer to the specific volyme x 100.
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The weight and test data collected for skim milk in this study served as the basis for
calculating the apparent specific gravities of solids-not-fat in fluid skim milk products.
Using the formula:

% SNF

100 ( % BF . % H,0 )
(Sp. gr. of mixture) (Sp. gr. of BF Sp. gr. of H,0)
P- 8 g P. 8 2

= Sp. gr. of SNF

Specific gravities of solids-not-fat were calculated from a number of skim milk samples
in several widely scattered markets at each of the four temperatures., (See appendixes 29
through 32) The following is a summary of the apparent specific gravities determined for
solids-not-fat at the different recorded temperatures.

Apparent Specific Gravities of SNF at Selected Temperatures

Temperature Apparent sp. gr. of SNF
40°/ 40° F, 1.6453
50°/ 50° F. 1.6275
68°/ 68° F. 1.6167
102°/102° F. 1.5952

It is appropriate to point out that even though a constant specific gravity for milk
solids -not-fat was used for each temperature in this universal formula, recognition is
given to the fact that changes in the composition of milk solids-not-fat will result in
small changes in the specific gravity of the milk solids-not-fat. Previous studies have
shown that as the level of milk solids-not-fat increases in natural milk, the specific
gravities increase at a decreasing rate. These studies have shown that the lactose
(sugar) and the ash content in the milk solids-not-fat change very little as total milk
solids-not-fat increase, but the principal change is in the amount of protein. Protein is
the lightest component of milk solids-not-fat. Thus, when total milk solids-not-fat in-
crease, most of the increase is due to increased amounts of protein with the resulting
change (decreasing rate) in the specific gravity of the total milk solids-not-fat.

After consideration of all pertinent data, the committee concluded that the small
effect resulting from this change in specific gravity of milk solids-not-fat would have no
appreciable effect on the end result: computed weight per gallon of fluid milk products.

In the universal formula shown in appendix 28, the specific gravities used for butter-
fat were computed from the density values determined by Sharp. A review of the work
of others (previously referenced) in this area revealed that Sharp's values were near the
average for all work reviewed. Sharp's data were based on extensive work over a wide
range of temperatures. It is generally agreed that the specific gravity of milk fat is
relatively constant for a specific temperature regardless of geographic location or
breeds. The variations in the specific gravity of butterfat which occur would vesult in
very few, if any, differences in resultant weight computations.

To show the reliability of the all market regression equations and universal equation
for computing the weight per gallon of fluid milk products, five samples (where avail-
able) were selected at random from each participating market for each group of products:
(1) raw producer milk, (2) homogenized milk, (3) skim milk, (4) fortified skim milk,

(5) half-and-half, (6) fortified half-and-half, (7) light cream, and (8) heavy cream. The
weights per gallon of the fluid milk products were computed using the regression equa-
tion for each specific group of products from all participating markets at each of the
recorded temperatures. The universal equation with the specific gravities for milk
solids-not-fat and butterfat, previously described, was applied to these same random
selected samples and weights per gallon were computed. Appendixes 33 through 36 show
a comparison of the weights of the selected samples as determined by (1) the bottle
method, (2) the all market product regression equations, and (3) the universal equation
for cach of the four temperatures.
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APPENDIX 1.--CALCULATION OF STANDARD WEIGHTS OF WATER

Based on table in Volume I of International Critical Tables, page 80, the following
values for the volume of 1 gram of water weighed in air with brass weights, were used:

1.00106% ml

at 40°F. or 2l s
507F . or 10.04C. 1.00133 ml
68OF. or 20.000, 1.00283 ml
102°F. or 38.9°¢C 1.00846% ml

*The values for fractional degrees centigrade were
obtained by interpolation.

The weight of water occupying 1 ml of space at different temperatures was calculated
by taking the reciprocals of the volumes per gram. Values below are for those who cal-
ibrated their bottles at 102°F.

Temperatures Actual values Relative values
40 of - .998941 1.00739
5OOF. .998672 100712
680F. .997178 1.00561

1027F. .991611 1.00000

Values below are for those who calibrated their bottles at 68°F.

Temperatures Actual values Relative values
408F. .998941 1.00177
SOOF. .998672 1.00150
680F. .997178 1.00000

102°F. .991611 . 99442

We can measure the weight of water required to fill a test bottle at lO2OF. by direct
weighing. We can calculate the weight of water required to fill it at other tempera-
tures by making two corrections:

1s The changing weight of 1 ml of water is shown in part B.
24 The change in the number of ml as the bottle expands or contracts is shown in
part D.

The Kimble Glass Company reported that the coefficient of cubical expansion of their
glass was 0.0000279 per degree centigrade. If the original measurements were made at
102°F. the correction factor for volume will be:

at  40°F. .

x 1-(34.5O x 0.0000279) or .999037
at 50°F. 1-(28.97C. x 0.0000279)  or .99919/
at 68°F. 1-(18.9%. x 0.0000279) or .999473

If the original measurements were made at 68°F. the correction factor for volume
will be:

(0]

at 402F. 1-(15.6,C. x 0.0000279) or  .999565
at 50F. 1-(10.0,C. x 0.0000279) or  .999721
at 102°F. 1+(18.9°C. x 0.0000279) or  1.000527

We can combine the correction factors for changing weight of 1 ml of water, last columm
of part B, and the correction for changing volume of the glass bottle, part D, by
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APPENDIX 3.--WATER WEIGHT CORRECTIONS FOR MILK AND SKIM MILK--Continued

Water weight correction Water weight correction
0il 0il .

reading  40°-50°F.  68°F.  102°F.  reading 40°-50°F.  68°F. 102°F.
Percent Grams Percent Grams
4.90 .56 i .58 6.60 s 22 « 23 .24
4.95 +55 .56 57 6.65 .21 22 23
5.00 .54 s 3] .56 6.70 .20 21 .22
5.05 «93 .54 .55 6475 .19 .20 w2l
5.10 .52 .53 .54, 6.80 .18 .19 .20
5 .15 il .52 <53 6.85 .17 .18 «19
5.20 .50 .51 .52 6.90 .16 Sl .18
8. 25 .49 50 el 6.95 .15 .16 .17
5.30 48 .49 .50 7.00 14 .15 .16
5435 47 48 49 705 «13 o 14 «15
5.40 46 A .48 710 <12 A3 14
5.45 45 46 47 P .11 odli2 «13
5.50 A 45 46 7.20 «10 il a2
5455 .43 A 45 725 .09 +10 11
5.60 42 43 by 7.30 .08 .09 .10
5.65 4l 42 %3 7:35 07 .08 .09
5.70 .40 41 42 7.40 .06 <07 .08
5.75 :39 40 41 {8 .05 .06 .07
5.80 .38 .39 40 7.50 .04 <05 .06
5.85 .37 .38 .39 755 .03 .04 .05
5.90 + 36 «37 .38 7.60 .02 +03 .04
5495 G535 .36 37 7.65 .01 .02 <03
6.00 .34 .35 .36 7,70 .00 .01 =02
6.05 .33 .34 .35 775 +.01 .00 01
6.10 32 «33 34 7.80 +.02 +.01 .00
6.15 .31 .32 .33 7.85 +.03 +.02 +.01
6.20 .30 .31 .32 7.90 +.04 +.03 +.02
6.25 .29 .30 <1 7.95 +.05 +.04 +.03
6.30 .08 .29 .30 8.00 +.06 +.05 +.04
6.35 .o .28 .29 8.05 +.07 +.06 +.05
6.40 .26 .27 .28 8.10 +.08 +.07 +.06
6.45 .25 .26 .07 8.15 +.09 +.08 +.07
6.50 DA .25 .26 8.20 +.10 +.09 +.08
6.55 .23 A .25 8.25 +.11 +.10 +.09

Values marked + should be added instead of subtracted.
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APPENDIX 5.--WATER WEIGHT CORRECTIONS FOR CREAM AT 68CF.

Th%s table for cream assumes that exactly 1.50 ml of kerosene, measured at 700-
757F., has been added to each bottle. If additional kerosene 1s needed to read
heavy cream at 1ow8r temperatures, the extra amount should be exactly 0.75 ml
measured at 40 -50"F,

68" F.
1.50 m1l kerosene added 2.25 ml kerosene added
Percent Grams Percent Grams Percent Gramns Percent Grams
3.00 1.70 4,75 1.35 4.50 2.15 6.30 1.79
3.05 1.69 4.80 1.34 4,55 2.14 6.35 1.78
3.10 1.68 .85 1.33 4,60 2.13 6.40 1.78
3.15 1.67 4.90 1.32 4.65 2412 6.45 1.77
3.20 1.66 4 .95 1.31 4,70 2.11 6.50 1.76
3.25 1.65 5.00 1.30 4.75 2.10 6.55 1.75
3.30 1.64 5.05 1.29 4.80 2.09 6.60 1.74
3.35 1.63 9,10 1.28 4.85 2.08 6.65 1.73
3.40 1.62 5.15 1.27 4.90 2.07 6.70 1.72
3.45 1.61 5.20 1.26 4,95 2.06 6.75 1.71
3.50 1.60 5625 1.25 5.00 2.05 6.80 1.70
3.55 1.59 5.30 1.24 5.05 2.04 6.85 1.69
3.60 1.58 5.35 1.23 5.10 2.03 6.90 1.68
3.65 1.57 5.40 1.22 5.15 2.02 6.95 1.67
3.70 1.56 5.45 1.21 5.20 2.01 7.00 1.66
375 1.55 5.50 1.20 5.25 2.00 7.05 1.65
3.80 1.54 5.55 1.19 5.30 1.99 7.10 1.64
3.85 1.53 5.60 1.18 5.35 1.98 715 1.63
3.90 1.52 5.65 1.17 5.40 1.97 7.20 1.62
3.95 1.51 5.70 1.16 5.45 1.96 7.25 1.61
4.00 1.50 5.75 1.15 5.50 1.95 7.30 1.60
4,05 1.49 5.80 1.14 5.55 1.94 7.35 1.59
4 .10 1.48 5.85 1.13 5.60 1.93 7.40 1.58
4.15 1.47 5.90 1.12 5.65 1.92 7.45 1.57
4,20 1.46 5.95 1.11 5.70 1.91 7.50 1.56
4,25 1.45 6,00 1.10 5.75 1.90 P55 1.55
4,30 1.44 6.05 1.09 5.80 1.89 7.60 1.54
4,35 1.43 6,10 1.08 5.85 1.88 7.65 153
4,40 1.42 6.15 1.07 5.90 1.87 7.70 1.52
445 1.41 6.20 1.06 5.95 1.86 Z 7D 1.51
4,50 1.40 6.25 1,05 6.00 1.85 7.80 1.50
4.55 1.39 6.30 1.04 6.05 1.84 7.85 1.49
4,60 1.38 6.35 1.03 6.10 1.83 7.90 1.48
4.65 1.37 6.40 1.02 6.15 1.82 7.95 1.47
4,70 1.36 6.45 1.01 6.20 1.81 8.00 1.46
6.50 1.00 6.25 1.80
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APPENDIX 7.--WATER WEIGHT CORRECTIONS FOR CREAM AT 400—5OOF.

2.25 ml kerosene added

40°-50°F.

Percent Grams Percent Grams
1.00 2.83 3.00 2.43
1.05 2.82 3.05 2.42
1.10 281, 3.10 2.41
L.15 2.80 3:.15 2.40
1.20 2.79 3.20 2.39
1.25 2.78 3.25 2.38
1.30 277 3.30 2.37
1:35 2.76 3.35 2.36
1.40 2.75 3.40 2:35
1.45 2.7 3.45 2.34
1.50 2.73 3.50 2.33
1.55 2.72 3.55 2.32
1.60 2:71 3..60 2.31
1.65 2.70 3.65 2.30
1.70 2.69 3.70 2.29
155 2.68 3.75 2.28
1.80 2.67 3.80 2.2
1.85 2.66 3.85 2:26
1.90 2.65 3.90 2.25
1.95 2 .64 3.95 2.24
2.00 2.63 4.00 2.23
2.05 2.62 4.05 222
2.10 2.61 4.10 2.21
215 2.60 4,15 2.20
2.20 299 4.20 2+19
2.25 2.58 4.25 2.18
2.30 257 4.30 217
23D 2.56 4,35 2.16
2.40 2.55 4.40 2.15
2.45 2 .54 4,45 214
2.50 2.53 4.50 2.13
2455 202 4,55 2:12
2.60 2.51 4 .60 2.1%
2.65 2450 4.65 2.10
270 2.49 4.70 2.09
2.75 2.48 4.75 2.08
2.80 2.47 4.80 207
2.85 2.46 4 .85 2.06
2.90 2.45 4.90 205
2.95 2 .44 4495 2.04

5.00 2.03
29












APPENDIX 10.--MARKET REGRESSION EQUATIONS FOR DIFFERENT PRODUCTS TESTED* - 40° F.

Product and market

Mixed breed producer milk

New York3

North Texas

Oklahoma Metropolitan
Puget Sound
Washington, D.C.

All markets”

Homogenized milk, packaged

Central Arizona

Chicago

Minneapolis-St. Paul

New York - all regions
Region
Region
Region
Region

North Texas

Oklahoma Metropolitan

Puget Sound

Washington, D.C.

A1 markets”

6

=W o

& 4
& 5

Skim milk, packaged
Central Arizona
Minneapolis-St. Paul
New York - all regions

Region
Region
Region
Region
Puget Sound
Washington, D.C.
A1 markets®

6

=W o

& 4
& 5

Fortified skim milk, packaged

Central Arizona
Minneapolis-St. Paul
New York - all regions
Region 6
Region 2
Region 3
Region 1
Puget Sound
A1l markets”*

6

& 4
& 5

Half-and-half, packaged
Central Arizona
Minneapolis-St. Paul
New York?

Oklahoma Metropolitan
Puget Sound
Washington, D.C.

A1l markets®

Fortified half-and-half,
packaged
Chicago
New York®
Oklahoma Metiropolitan
A1l markets®

Light cream, packaged
Central Arizona
Minneapolis~-St. Paul
New York - all regions®

Region 6

Region 2

Region 3 & 4

Region 1 & 5
Oklahoma Metropolitan
Puget Sound
Washington, D.C.
All markeis*

Number Std. dev. Std. dev Std. error Coefficient
of of B of C of est.? of multiple
samples A B + or - C + or - #.0r = determination
18 98.941959 +.060101 .020679 -.276663 .043712 .053417 . 728586
T4 99.060849 -.016316 .014841 -.261055 .023364 .028881 .930241
48 98.964646 +.024648 - .010537 -.270249 .023400 055839 .872694
407 98.773096 -.015733 .005027 -.228876 .008283 .038254 .831779
62 98.514512 -.105030 .022940 -.161752 .032327 .038440 . 732145

> 562 98.801944 ~-.017527 .004595 -.,231511 .007345 .037883 .838974
105 98.740952 +.005993 .026793 -.230379 .036519 . 046464 .302424
55 96.914470 -.028334 .119416 +.000448 .051236 038583 .001083
126 98.094259 +.047762 .007802 -.170769 023747 .034530 475720
891 98.875169 -.021579 .006920 -.232053 .007749 .044193 .609548
144 98.381843 -.035590 019592 -.167481 -020410 .048115 489974
184 99.318453 +.002189 .012876 -.294362 .014586 .051165 . 740077
297 98.933634 -.014965 .010602 -.241800 .013856 .035609 .657607
266 98.382244 -.050020 .019146 -.161639 .016214 .040929 .297628
100 99.038060 +.020426 .012129 -.267959 .021672 .038677 .611856
82 99.523205 +.007979 012797 ~.323751 .015883 .024615 .862649
100 98.937735 +.045709 .006734 -.273827 .016126 .030393 .790312
264 98.964609 -.013562 .010397 -.252074 .015886 .054417 .561090
1,737 99.134288 -.002757 .004309 -.271933 .005599 .051368 .604523
106 99.005922 -.054351 .030179 -.277240 .019834 .038264 .667573
24 99.341147 +.020342 .037525 -.314973 .090262 .106503 .367032
405 99.721225 -.066483 .034352 -.356059 .005743 .048919 .905918
90 99.549532 +.037715 .073138 -.337355 .013592 .039927 .879056
126 99.686100 -.085747 -051964 -.350974 .007618 .039574 . 946696
164 99.656788 -.084368 .061289 -.348588 .014170 .058473 . 790094
25 99.936817 -.116528 - 173934 ~.383545 .010497 .022485 .992980
34 99.689292 -.036621 .056291 -.356363 .022651 .025532 .892666
72 99.492542 +.102377 .055295 -.335707 .026935 .040678 .715538
650 99.636628 -.003920 .012356 -.348242 .005458 .050816 .862859
29 99.460937 -.056821 .288305 -.332106 .040181 .084661 .731488
46 99.740390 -.047674 .071030 ~.356601 .006605 .031708 .988170
248 99.827523 +.035554 .037054 -~ 371927 .005115 .038458 .955938
29 99.812185 -.194092 .100200 -.367386 .021576 .032457 .939278
45 99.782021 +.021595 .096290 -.368008 .015241 .038509 . 940341
25 99.668597 +.125296 .123427 -.354855 .014688 .046776 . 970655
149 99.801547 +.062314 .049693 -.369822 .009120 .037508 .919627
25 99.958260 +.000287 .105270 -.384275 .008201 .028249 . 990974
351 99.834863 +.0064414 .033110 = 372357 .004380 L046424 . 954434
96 96.486188 +.056791 .016175 +.030252 .026014 .073838 .12289C
5 96.239268 +.074141 .011603 +.026180 .021854 .070740 .354360
28 99.654249  +.040915 .013978 -.348488 .039808 .071707 .892180
38 98.633920 +.024819 -020081 -.198643 .031668 .064876 .530175
45 96.989856 +.040936 .020217 -.015427 .048132 .069104 .108975
81 97.640045 +.077356 .013833 -.157102 .040671 .102326 .491194
398 97.104886 +.056161 .005789 -.055549 010772 .092151 .335864
56 97.311652 -.005862 . 042436 -.019043 .043110 .092426 .003790
24 99.979017 +.031635 .016058 -.379730 .027273 .068706 .902431
18 98.535981 +.050677 .026349 -.236139 .038055 .063194 773947
115 100.113516 -.009341 .019238 -.339908 .022760 .171178 .675893
90 96.785108 +.053395 .009987 +.011898 .025113 .081443 .257658
47 95.982904 +.088756 .012305 +.028176 .035248 .098740 .580330
98 97.543508 +.061416 . 004884 -.106896 .025622 .112093 . 727356
27 96.806933 +.063305 .003639 -.005855 .030539 .046493 .945215
20 97.489884 +.045611 .016284 -.057728 .048273 .152871 .365815
28 98.574931 +.051827 .011362 -.227954 .069270 .097348 .819908
23 98.783280 +.05729% .015654 -.274533 .098579 .125254 .697862
22 95.875361 +.073703 .032993 +.071407 .058299 .101388 .215263
40 97.388275 +.062862 .014461 -.099798 .063854 .144918 .440751
89 95.783032 +.092331 .011805 +.049827 .028909 .138319 432748
400 96.902881 +.065543 .003888 -.035325 .013199 .124665 .473550
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APPENDIX 11.--MARKET REGRESSION EQUATIONS FOR DIFFERENT PRODUCTS TESTED' - 50° F.

Product and market

Mixed breed producer milk
New York?
Puget Sound
All markets®

Homogenized milk, packaged

New York - all regionsé
Region 6
Region 2
Region 3 & 4
Region 1 & 5
Puget Sound
Al1 markets”

Skim milk, packaged

New York - all regions®
Region 6
Region 2
Region 3 & 4
Region 1 & 5

Puget Sound

All markets®

Fortified skim milk,
packaged
New York
Region
Region
Region
Region
Puget Sound
A1l markets®

all reg‘ions6

HwNn o

& 4
& 5

Half-and-half, packaged
New York3
Puget Sound
A1l markets®

Fortified half-and-
half, packaged
New York3
A1l markets®

Light cream, packaged
New York - all regions®

Region 6
Region 2
Region 3 & 4
Region 1 & 5
Puget Sound
All markets®

Heavy cream, packaged

New York - all regions®
Region 6
Region 2
Region 3 & 4
Region 1 & 5
Puget Sound
A1l markets®

1 Basic formula: A + B (Percent BF) + C (Percent SNF) = Specific volume factor.
2 Standard error of estimating the specific volume factor.
3 Data by region not available.

Number Std. dev. Std. dev. Std. error Coefficient
of of B _of C of est.? of multiple
samples A B + or - C + or - + or - determination
18 99.918191  +.066945 .020467 268341 .043263 .052869 .723713
408 98.798819  -.011123 .004990 .225668 .008229 .038008 822746
5408 98.798819  -.011123 ..004990 225668 -008229 .038008 822746
875 98.879545  -.017897 .006968 .225698 -007783 .043996 .590133
131 98.364219  -.033919 .021090 157676 .021186 .048213 .434013
184 99.318413  +.009631 .012640 .288931 .014319 .050228 .734897
296 98.901255  -.014359 .010675 .229869 .013917 .035761 .633152
264 98.386049  -.047655 .019352 154644 -016482 .041151 .273220
99 98.967627  +.051774 .007040 .271771 - 016856 . 031755 .782812
988 99.176825  +.012672 .006137 .274237 .007080 .048970 .634343
396 99.748570  -.058886 .034599 .353801 .005794 049045 .905275
81 99.574480  +.075341 .067056 .334692 .012632 .035328 .902766
126 99.708437  -.080666 .054139 .348180 -007937 .041231 1941562
164 99.657929  -,069822 .061251 .343579 .014161 .058437 .785365
25 99.977155  -.124689 .195748 .382671 .011813 .025305 .991103
33 99.675440  -.018891 .054953 .349301 .022114 .024588 .898188
429 99.770308  -.077420 .031312 .356251 .005557 .048032 .906254
245 99.825528  +.055075 .038333 366721 .005221 .039116 .953584
27 99.836050  -.168461 .105151 .364772 .020115 .029064 .952991
4y 99.758162  +,021947 .100799 .360587 .015817 .039847 .934287
25 99.654544  +.155758 .126211 348596 .015020 .047831 .968583
149 99.815271  +.078984 .051020 -366103 .009364 038510 .913905
24 99.963939  +.025272 .106202 .380088 .008262 .028448 .991096
269 99.856749  +.050267 .035620 .369788 .004505 .038277 1962211
28 99.721409  +.048213 .013129 .350163 .037390 .067352 .910616
41 97.128454  +.042303 .018913 .019326 .044270 -063209 .145752
69 98.850858  +.050453 .011759 246922 .035354 .083793 .682243
24 99.945121  +.040344 .015258 .371886 .025914 .065281 907469
35 99.236842  -.039891 .022493 .211291 .047903 .171680 489844
98 97.754589  +.064609 .004898 .115886 .025692 .112399 «TLTITL
27 97.033389  +.067170 .003529 .020828 .029618 .045090 .954992
20 97.639761  +.053069 .016993 .068366 .050375 -159529 .419100
28 98.558498  +.059347 .012629 .217216 .076992 .108200 .807694
23 98.941936  +.058471 .014336 .268842 .090276 .114706 .735017
36 98.097040  +.055121 .013025 148411 .053971 .116483 .505117
134 98.094396  +.059091 .004665 .151283 022992 .118609 .684171
590 97.930240  +.060479 .003046 .104532 .019870 .158928 .538456
101 97.004991  +.068087 .004787 +.000133 .033352 .136746 733907
124 98.195205 +.064145 .007339 .183375 .055544 .183509 .568850
205 98.464120  +.053545 .005330 .146912 .028767 148174 .522838
160 97.509007 - +.066783 .008673 .069118 048692 .148963 .367926
47 98.132081  +.044795 .006255 -080070 041510 .102460 . 688496
649 97.238053  +.070156 .003135 .050478 .020316 .181986 .554151

4 Individual market regression equations were not made for markets having small numbers of samples, but all markets

participating were included in the all market regression equations.
> New York samples not included, as these were from individual cows.

6 New York was divided into six geographic regions in respect to where the samples were collected.
(Region 6 - Mohawk Valley; Reglon 2 - Southern New York State; Reglons 3 & 4 - New Jersey; Regions 1 & 5 - New York City

and Long Island.)
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APPENDIX 12.--MARKET REGRESSION EQUATIONS FOR DIFFERENT PRODUCTS TESTED! - 68° F.

Preduct and market

Mixed breed producer milk

New York3

North Texas

QOklahoma

Metropolitan

Puget Scund

¥ashington, D.C.

A11 markets®

Homogenized milk, packaged

Central Arizona

Chicago

Kansas City

Louisville-Lexington

Minneapolis-St. Paul

New York - all regions®
Region 6

Region 1 & 5
North Texas
Oklahoma

Metropolitan
Puget Sound
Washington, D.C.
A11 markets®

Skim milk, packaged
Central Arizona

Kansas Cily

Minneapolis-St. Paul

New York - all regions®
Region 6
Region 2
Regivn 3

ashington, D.C.
A1l markets4

Fortified skim milk,
packaged
Cerntral Arizona
Minneapolis-St. Paul
New York - all regions®
Region ©
Region 2
Regien 3 & 4
Region 1 & 5
Fuget Sound
All markeis*

Half-and-half, packaged
Central Arizona
Kansas City
Minneapolis-St. Paul
New York3
Oklahoma

Metropolitan
Puget Sound
Washington, D.C.
A1l markets?®

Fortified half-and-half
packaged

Chicago

Kansas City

New York?

Oklahoma

Metropolitan
All markets®

Number Std. dev.
of of B
samples A B + Or -
18 98.900707 +.089161 .019468
2 98.923813 +.003838 .015086
44, 98.703247 +.032744 .008347
393 98.745740 +.014673 .005360
63 98.439837 -.062126 .022390
5549 98.796063 +.013420 .004812
109 09.214918 +.000805 .022523
55 07.061066 -.012089 .124332
78 99.664888 -.012453 .029790
22 97.579111 -.001071 .098593
126 98.025887 +.07R924  .COT076
894 98.852800 +.008020 .006692
145 98.353993 -.015315 .018402
185 99.262004 +.033664 012776
299 98.9765C0 +.018215 .009566
265 98.406361 -.025061 .018960
200 98.965534 +.053642 .012559
82 99.519397 +.034755 .011801
100 98.894754 +.077421 .CO7591
286 %3.886936 +.027712 .009518
1866 992.036303 +.031012 .004141
105 98.958859 -.030240 .030182
24 99.963016 +.099841 .C56426
24 99.182259 +.038803 .023877
405 $9.727391 -.038247 .(35129
G 99.550471 +.056981 .073387
126 99.707370 -.0U58588 .053492
164 99.680332 -.04889¢ .063092
25 99.937566 -.115445 .173318
34 99.665431 +.000174 .057217
72 99.440624  +.159014 .053450
673 99.625087 +.028602 .011982
29 99.489499 -.123202 .278739
46 99.753096 -.000470 .073031
247 99.831944 +.069049 .039206
29 99.752181 -.188802 .098805
45 99.799959 +.059612 .104786
25 99.671905 +.156573 .132454
148 99.780258 +.096175 .052522
25 99.988981 +.050637 .101657
357 99.848705 +.088212 .033285
104 96.285188 +.086200 .012099
30 97.810729 +.119793 .028068
a5 96.206234 +.105258 .010612
28 99.585074 +.075513 .015054
38 98.736111 +.052007 .016169
45 97.319040 +.063769 .015210
16 97.501227 +.106805 .012723
441 96.481092 +.106851 .005644
56 97.197157 +.044443 .034053
26 98.388045 +.074992 .029275
24 100.04550% +.069655 .012816
18 98.457685 +.072648 .024764
141 100.420337 +.014116 .017301,
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i

i

o+ o+

258909
.228613

.221174
214641
.146733
219736

-262525
.001372
. 310667
.073961
.151276
.218245
. 148702
. 277484
.237061
.151716
. 249353

310723
.259430
235076
1251116

1261418
376719
. 284335
345896
. 326684
. 342309
- 340577
. 372388
343411
319900
.336255

.322213
.347951
.361899
351209
- 359316
. 344557
.357249
. 377305
.363238

-065462
. 168630
. 045744
.333488

.193251
.034946
.119676

+.006962

.023417
-191642
.383365

.202892
.352678

Std dev.
of C

+ Oor -

L41152
.023749

.018212
.008815
.031551
.007659

.030955
.053345
.024220
098490
.021536
.007507
.019451
Q14460
.012450
.016210
-022440

014647
018177
.014976
.005392

.019843
. 024499
.057432
.005872
.013638
.007842
.014587
.010459
.023023
.026026
.005270

.038848
.U08791
005413
.021275
.016586
.015763
-009645
.007920
-004433

.C18035
101637
.019986
042872

.025499
-036212
.037369
.010279

.034594
.082803
-021768

-035766
.022629

Std. error
of est.?

$ Q" =

. (50289
-029357

.042110
~039731
.037529
.038843

.040222
.040171
029296
(098491
.021314
.042805
046179
.050769
.032019
040514
040047

02270

.024258
.052702
050763

.028255
+017078
067766
.050025
.C40063
.040738
.060193
022405
025952
.039320
-049412

.081852
032602
040690
032005
. 041906
.050197
.039644
.027280
.047070

.056306
.138691
. 064693
.077226

.052237
.051990
.095731
.094988

-074168
.116761
.054836

.059393
-176992

Coefficient
of multiple

determination

749290
.847856

.872181
L742457
619722
.761532

.422336
.000195
.703187
.028872
.635358
.556532
414990
697089
64492

.259710
.576587

545403

649402
.920914
546345

.941186
772041
L52612
.883904

.858985

.335362
499909
559533

905006

.640305
.358431
.591605

043929
- 244712
1937515

-777286
.638096






APPENDIX 13.--MARKET REGRESSION EQUATIONS FOR DIFFERENT PRODUCTS TESTED™

Number
of
“rcduct and market samples
Mixed breed producer milk
New York> 18
North Texas T4
Oklahoma
Metropelitan 48
Pugel Sound 408
Washington, D.C. 63
A1l markets® 5564
Homogenized milk, packaged
Central Arizona 108
Chicago 55
Kensas City 78
Louisville-Lexington 78
Minneapolis-St. Paul 126

New York - All regions® 898

Region 6 144
Region 2 183
fegion 3 & 4 304
Region 1 & 5 267
North Texas 100
Oklahoma
Metropolitan 82
fuget Sound 100
Southern Michigan 335
Washington, D.C. 286
11 markets® 2272
Skim milk, packaged
Central Arizona 105
Kansas City 24
Mimneapolis-St. Paul 24
New York - All regions® 404
Region 6 90
Region 2 126
Region 3 & 4 163
Region 1 & 5 25
Puget Sound 34
Southern Michigan 52
Washington, D.C. 72
A1l markets* 729
Fortified skim milk, packaged
Cenlral Arizona 29
Minneapolis-St. Paul 46
New York - All regions® 248
Region 6 ' 30
Region 2 (4
Region 3 & 4 25
Region 1 & 5 149
Puget Sound 25
411 markets* 361
Half -and-half, packaged
Centranl Arizona 104
Kansas City 29
Minneapolis-St Paul 95
New York? 28
Cklahoma
Matropolitan 28
Puget Sound 45
Washington, D.C. 86
411 markets® 455
Fortified half-and-half, pkgd.
Chicego
Kansas City 25
liew York’ 24
Ukiehoma
Metropolitan 18
A1)l markets*® 143

o
- 102 F.

Std. dev. Std. dev. Std error Coefficient
of B of ¢ of est.? of multiple
A B + or - Cc + or - + Or -~ determination

98.983418 +.119356 .021454 -.262085 045351 .055420 .754938
99.037925 +.048164 .015723 -.241435 .024752 -030597 .816707
98.614633 +.076862 .008574 -.210941 .019039 .045434 L732147°
98.804332 +.060770 . 004905 -.222760 .008090 .037366 .689829
98.315703 -.038697 ,018277 -.123218 025756 .030636 + 588049
98.873909 +.058403 . 004469 ~.229255 .007148 . 036876 . 707349
99.408994 +.035756 .029298 -.276777 . 040067 .051718 .357203
97.525872 +.062955 «173220 -.067847 074321 .055967 .018195
99.691001 +.017346 .030448 -.308409 024755 . 029943 682944
98.670803 +.038041 .047502 -.203770 .040322 .034189 289653
97.941108 +.103569 . 007004 -. 133444 .021318 .030998 . 714610
98,760932 +.039338 .006908 -.201684 007776 044232 459510
98.197628 +.013364 .020246 -.123307 .021421 030779 .238462
99.167294 +.065011 .012641 -.260688 .014371 . 049974 656555
98.950850 +.054148 .010057 ~.230487 .013134 .033932 £ 547192
98.236275 +.016920 .019213 -.130029 .016275 .041089 .194810
98.836758 +.085166 .012243 -.228081 .021876 .039041 593250
99.367492 +.063720 .011415 -.286651 .014168 .021958 .842010
98.951585 +.111430 .006495 -.261599 .015553 .029312 . 870479
99.311009 -.002060 .016657 -.249733 .017136 - .050539 434208
98.732252 +.060404 .008420 -.212455 .013248 . 046622 476623
99.073110 +.059137 .004334 -.248363 . 005441 055925 478750
98.997132 -.017615 .031014 -.256746 .020379 .039303 .633172
101.872577 +.076326 .293803 -.585868 127564 .088924 .505067
99.190492 +.064325 . 025406 -.278015 .061112 .072108 .535032
99.762833 -.003421 .035921 -.342323 .005973 .050956 .892330
99.525243 +,113499 .068895 -.315774 .012803 .037611 .879481
99.723640 -.012314 .051651 ~.336996 .007572 1.039326 . 943692
99.696462 ~-.016350 066440 -.334854 .015286 .063268 « 749954
99.971242 -.130149 .190137 -.368538 .011474 .024579 .990972
99.745714 +.007022 065761 -.344720 .026461 .029827 +853597
99.744960 +.073139 . 024024 -. 342544 .018109 ,04.0880 .881801
99.354869 +.160851 .051092 -.301927 024887 .037586 .720315
99.690452 +.054283 .011568 -.32568% .£105380 .052243 844194
99.501617 +.027536 .280842 -.318514 .039141 .082470 722873
99.734658 -.027138 .080070 -.337917 .007445 .035744 JIB3271
99.842837 +.099274 .039845 ~.355530 .005499 .041406 :945122
100.004140 -.001240 .084983 ~.368842 .018677 .028097 .94782%
99.755988 +.088795 .108691 ~.347757 .017278 042022 .922833
99.677978 +.163189 ..137459 -.337557 .016358 .05209%4 .960730
99,845249 +.118185 .054810 -.356139 .010059 .041371 896327
99.923375 +.173972 . 100900 -.366131 .007861 .027076 991076
99.844994  +.131264 .034386 -.355614 004563 049439 .944969
96.785902 +.088277 .011514 +.051557 .018115 .053585 » 376600
97.221658 +.160505 .039406 -.108501 .141523 .192657 43757
96.022580 +.137982 .010872 +.066870 .020476 066281 670171
99.564293 +.105557 .015118 -.325141 043054 077554 .924114
98.747266 +.060209 .017026 ~.155501 026849 .055005 540911
97.943222 +.086402 .010714 -.101628 .025508 .036623 . 728686
97.405713 +.128323 .012293 -.091827 .036107 .092498 .659715
96.,780275 +.122792 .005867 -.005524 .010654 .09994.5 .546052
97.544415 +.093143 .029847 -.084382 .020322 .065008

98.880336 -.041488 042153 ~.168972 067227 .094792

99.905718 +.105932 .012231 -.371200 . 020774 .052333

98.082231 +.118185 .025927 -.172696 .037445 .062181 . 788819
100.332178 +.037934 .016062 -.331041 .019361 .149027 676321
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APPENDIX 17.--AVERAGE TESTS, STANDARD DEVIATIONS, RANGES OF BUTTERFAT AND SOLIDS-NOT-FAT,
AND WEIGHTS PER GALION AT 102° F.

Number Percent fat content Percent SNF content Weight Difference
of Std. dev. Std. dev. per from
Product and market samples Average + or - Range Average + or - Range gﬂllonl average
Pet. Pet. Pet. Pet. Pect. Pct. Pounds  Pounds
Mixed breed

roducer milk
New York? 18 3.671 .681 2.60- 5.23  9.108 .322 8.40- 9.71  8.528 +.003
North Texas 74 3.959 575 3.15- 5.20 8.670 .365 7.94- 9.43 8.519 -.006
Oklahoma

Metropolitan 48 4.594 1.402 2.98- 7.62 9.315 .631 7.91-10.91 8.531 +.006
Puget Sound 408 4.101 .562 3.10- 6.10 8.898 341 7.94-10.09 8.525 000
Washington, D.C. 63 3.874 .305 3.10- 4.35 8.755 .216 8.16- 9.10 8.523 -.002

Total/Average 611 4,040 8.949 8.525

Homogenized milk,

packaged (Includes a few samples of premium grade milk)
Southern Michigan 335 3.567 .181 3.00- 4.58 8.474 .176 7.81- 9.16 8.514 -.004
Kansas City 78 3.408 .115 3.05- 3.80 8.411 .142 7.85- 8.67 8.518 .000
Louisville- .

Lexington 78 3.702 .210 3.10- 4.35 8.588 247 7.81- 9.28 8.526 +.008
Central Arizona 108 3.614 .178 3.28- 3.88 8.444 «130 8.13- 8.90 8.513 -.005
Chicago 55 3.420 L0444 3.30- 3.50 8.578 <102 8.41- 8.79 8.517 -.001
Minneapolis-

St. Paul 126 3.585 404 3.10- 4.80 8.717 .133 8.27- 9.21 8.518 .000
New York?

Region 6 144 3.560 .258 3.08- 4.72 8.511 244 7.87- 9.94 8.514 -.004

Region 2 183 3.656 332 2.70- 5.14 8.585 292 8.05- 9.62 8.517 -.001

Region 3 & 4 304 3.580 <291 3.07- 4.98 8.502 .192 8.15- 9.45 8515 -.003

Region 1 & 5 267 3.481 .132 2.98- 4.26 8.418 155 7.61- 9.57 8.513 -.005
North Texas 100 3.664 323 3.15- 4.80 8.674 .181 8.28- 9.39 8.516 -.002
Oklahoma

Metropolitan 82 3.512 .237 2.98- 4.12 8.753 .191 8.26- 9.13 8.524 +.006
Puget Sound 100 3.639 457 3.10- 6.70 8.789 .191 8.41- 9.38 8.526 +.008
Washington, D.C. 286 3.739 .359 2.50- 5.35 8.626 228 7-91- 9.52 8.520 +.002

Total/Average 2246 3.581 8.576 8.518

Skim milk, packaged
Southern Michigan 52 .229 .238 .04- .24 8.731 +316 8.35-10.09 8.551 -.006
Kansas City 24 .132 .063 .02- .26 8.707 .146 8.46- 9.18 8.551 -.006
Central Arizona 105 150 <133 .01- .60 8.779 .202 8.11- 9.87 8.554 -.C03
Minneapolis-

St. Paul 24 511 .599 .05- 2.10 9.082 .249 8.72- 9.85 8.557 .000
New York?

Region 6 90 .077 .058 .02- .26 8.761 «314 7.42- 9.75 8.551 -.006

Region 2 126 .086 .Q70 .00- .28 9.052 475 7.82-10.41 8.560 +.003

Region 3 & 4 163 .122 .075 .00- .30 8.783 -325 7.94- 9.82 8.553 -.004

Region 1 & 5 25 .060 .040 .02- .16 9.208 .658 8.43-10.61 8.569 +.012
Puget Sound 34 .159 .081 J04- .36 9.096 .202 8.81- 9.79 8.566 +.009
Washington, D.C. _72 .128 .089 .02- .46  8.885 .182 8.39- 9.33 8.558 +.001

Total/Average 715 .165 8.908 8.557

Fortified skim milk,

packaged
Central Arizona 29 223 .056 .08- .29 9.749 404 8.79-10.80 8.584 -.012
Minneapolis-

St. Paul 46 ey 073 .02- .29 9.992 .790 8.98-11.14 8.588 -.008
New York> -

Region 6 30 .109 .069 .02- .27 10.570 #3213 9.97-11.12 8.610 +.014

Region 2 44 .093 .064 .02- .27 10.356 402 94551131 8.605 +.009

Region 3 & 4 25 .116 .085 .02- .28 9.496 713 8.49-10.83 8.576 -.020

Region 1 & 5 149 .095 .063 .00- .29 10.185 342 9.37=11.35 8.599 +.003
Puget Sound 25 135 .057 .07- .29 10.554 737 9.42-12.26 8.613 +.017

Total/Average 348 L1131 10.129 8.596

Half-and-half,

packaged
Kansas City 29 12.112 .958 11.00-14.50 8.133 . 267 7.66- 8.70 8.420 -.003
Central Arizona 104 12.222 -543 10.95-13.40 7.138 . 345 6.21- 8.23 8.424 +.001
Minneapolis-

St. Paul 95 13.043 774 11.25-16.50 7.361 411 6.15- 8.26 8.417 -.006
New York? 28 11.264 1.303 7.97-12.20  8.000 .458 7.56- 8.90 8.431 +.008
Oklahoma

Metropolitan 38 12.524 .536 11.60-13.65 7.878 .340 7.27- 8.65 8.420 -.003
Puget Sound 45 12.170 . 544 11.30-13.50 7.944 .228 7.44- 8.39 8.428 +.005
washington, D.C. 86 12.468 .887 10.30-16.20  7.689 .302 6.77- 8.22 8.418 -.005

Total/Average 425 12.258 7735 8.423
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APPENDIX 17.--AVERAGE TESTS, STANDARD DEVIATIONS, RA.NGES OF BUTTERFAT AND SOLIDS-NOT-FAT,
A.ND WEIGHTS PER GALLON AT 102° F.--Continued

Number Percent fat content Percent SNF content Weight Difference
of Std. dev. Std. dev. per froem
Product and market samples Average + or - Range Average + or - Range gallon* average
Poks Pt Pct. Pct. Pct. Pct. Pounds Pounds
Fortified half-and-
haelf, packaged
Kansas City 2 11.500 .408 10.50-12.50 .298 8.52- 9.65 4. 454 -.007
Chicago 56 11.663 . 296 11.85-13.20 292 B.16- 9.74 8.454 -.007
New York?® 24 10.745 .908 9.68-12.90 939 R.,95-11.54 8.450 +.029
Oklahoma
Metropolitan 18 11.164 601 10.45-12.90 8.255 416 7.58- 9.42 8.446 -.015
Total/Average 123 11.268 8.533 8.461
Light cream,
packaged
Central Arizona 98 20,120 .905 18.50-23.50 6.954 367 6. 11= 7.78 8.283 +.001
Minneapolis-
5t. Paul 48 20.506 1.329 18.50-25.50  7.355 469 5.99- 8.14 §.322 -G
New Yorx® -
Region 6 29 2.914 17.02-27.02  7.0352 347 8 -.
2. 15.48-25.21  7.329 728 8. +.
2.4 16.38-25.33  7.195 .395 8. +.
2. 17.20-25.88 6.855 .324 8. +.0
20.126 .938 18.00-21.50 7.586 » 533 6:73= 9.23 8 +.
20.39 1.703 15.00-23.50  7.406 .3886 6.04- 8.08 8. #ul
19.504 1.369 15.50-25.00 T A6 564 5.67- 8.34 3. +
19.986 7.211 8
2.701 32.00-40.30 466 4.35- 6.16 45812
STL7 33.25-37.50 423 4.28- 6.6 +.012
.654 29.00-34.50 260 5.22- 6.30 +. 045
35.975 2.364 31.00-41.00 5.714 +922 4.55- 7.36 8.160 +.D05
39. 3.298 28.98-31.22 4.29- 7.9 8.124 =
32. 2.695 33.79-47 .62 4.54- 7.5 8.128 -
38.° 2.165 30.72-47.88 4.50~ 7.24 8.127 -
3% 1.528 .33.15-42.€8 4.85~ 6.77 #.142 -
36.847 2.662 33.25-45.00 3 S.04- 6 8.153 J
34.125 2.780 30.25-45.25 422 4.7~ 7.01 8.188 +.
37.806 1.152 34.25-40.25 .585 3.22- 6.37 8 -
36.611 8.155

er gallon as oc wpu ed by use of each market's product reg
eights determined by Uliie bottle method.

egio ilable.

was divided intc six geographie regicns in respe t to where the samples were collected., (Region 6 -
Mohawk Valley; Region ¢ - Scuthern New York State; Region 3 & 4 - New Jersey; Regions 1 & 5 - New York City and
Long Island.)

ion equation wnich is the same as an

average of i
Data by
New York
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APPENDIX 18.--AVERAGE BUTTERFAT AND SOLIDS-NOT-FAT TESTS AND WEIGgTS PER GALLON -
SUMMARY OF DATA FROM ALL PARTICIPATING MARKETS - 1027 F.

Product and market

Mixed breed producer
milk
New York?
North Texas
Northeastern Ohio
Oklahoma

Metropolitan

Puget Sound
Southeastern Florida
Washington, D.C.

Breed milk

Holstein
Central Arizona
Chicago
Southeastern Florida

Jersey
Central Arizona

Southeastern Florida

Guernse
Central Arizona
Southeastern Florida

Ayrshire

Central Arizona
Chicago

Brown Swiss
Central Arizona

Unprocessed milk at
plant
Chicago
Des Moines
Kansas City
Minneapolis-St. Paul
North Texas
Northeastern Chio
Oklahoma
Metropolitan
Puget Sound
Washington, D.C.

Homogenized milk,

packaged (Includes a few samples of premium

Central Arizona
Chicago

Des Moines
Kansas City

Percent fat content

Percent SNF content

Number

of

samples  Average
Peit,

18 3.671
T4 3.959
8 4.625
48 4,594
408 4.101
16 3.694
63 3.874
50 3.468
63 3.723
13 3.825
50 4,537
15 4,457
52 4,738
8 4,415
92 3.944
50 4.337
52 3.946
52 3.510
16 3.778
1 3.750
2 3.715
1 3.900
5 3.600
3 3.947
103 3.914
65 3.554

108
55
L5
78

3.614
3.420
3.548
3.408

Range Average
Fet. Pot.
2.60- 5.23 9.108
3,15~ 5.20 8.670
4.00- 5.80 8.990
2.98- 7.62 9.315
3.10- 6.10 8.898
3.15- 4.42 8.644
3.10- 4.35 8.755
2.95- 4.00 8.177
3.50- 4.40 8.591
3.40- 4.00 8.678
3.60- 5.20 9.263
3.80- 4.75 9.053
4.25- 5.32 8.901
4.00- 4.85 8.902
3.28- 4.48 8.772
4.00- 4.70 8.859
3.50- 4.48 8.898
3.30- 3.78 8.564
3.40- 5.00 8.686
——- 8.540
3.75- 3.68 8.725
- 8.380
3.30- 3.90 8.500
3.80- 4.12 9.007
3.20- 5.55 8.743
2.29- 4.20 8.513
grade milk)
3.28- 3.88 8. 444
3.30- 3.50 8.578
3.30- 3.70 8.832
3.05- 3.80 8.411

47

Weight
per

Range gallonl
Pct. Pounds
8.40- 9.71 8.528
7.94- 9.43 8.519
8.36- 9.58 8.515
7.91-10.91 8.531
7.94-10.09 8.525
8.45- 8.96 8.523
8.16- 9.10 8.523
7.30- 8.77 8.507
7.98- 9.08 8.517
8.51- 8.79 8.522
8,44~ 9,64 8.531
8.45~ 9.29 8.527
8.57- 9.25 8.517
8.77- 9.09 8.522
8.39- 9.18 8.521
8.66- 9.13 8.519
8.43- 9.46 8.526
8.15- 8.96 8.517
8.31- 9.28 8.520
-— 8.516
8.63- 8.82 8.516
-— 8.516
8.39- 8.54 8.511
8.90- 9.06 8.528
7.54~ 9.9% 8.523
7.71- 8.84 8.519
8.13- 8.90 8.513
8.41- 8.79 8.517
8.31- 9.32 8.528
7.85- 8.67 8.518



APPENDIX 18.--AVERAGE BUTTERFAT AND SOLIDS-NOT-FAT TESTS AND WEIGHTS PER GALLON -
SUMMARY OF DATA FROM ALL PARTICIPATING MARKETS - 102° F.--Continued

Number Weight
of Percent fat content Percent SNF content per
Product and market samples Average Range Average Range gallonl
Pet. Pct. Pet. Pct. Pounds
Homogenized milk,
packaged--Cont.
ILouisville-~Lexington 78 3.702 3.10-.4.35 8.588 7.81- 9.28 8.526
Minneapolis-St. Paul 126 3.585 3.10- 4.80 8.717 8.27- 9.21 8.518
New York’® -

Region 6 144 3.560 3.08- 4.72 8.511. 7.87- 9.94 8.514

Hegion 2 183 3.656 2.70- 5.14 8.585 8.05- 9.62 8.517

HRegion 3 & 4 304 3.580 3.07- 4.98 8.502 8.15- 9.45 8.515

Region 1 & 5 267 3.481 2.98- 4.26 8.418 7.61- 9.57 8.513
North Iecxas 100 3.664 3.15- 4.80 8.674 8.28~ 9.39 8.516
Northeastern Ohio 11 3.650 3.40- 4.40 8.495 8.13- 8.72 8.508
Oklahoma

Metropolitan 32 3,512 2.98- 4.12 8.753 8.26- 9.13 8.524
Puget Sound 100 3.639 3.10- 6.70 8.789 8.41- 9.38 8.526
Southern Michigan 335 3.567 3.00- 4.58 8.474 7.81- 9.16 8.514
Washington, D.C. 286 3.739 2.50- 5.35 8.626 7.91- 9.52 8.520

Creamline whole milk,

packaged

Central Arizona 52 3.343 3.12- 3.60 8.588 8.19- 9.00 8.515
Des Moines 12 4,267 3.90- 4.65 8.282 8.11- 8.51 8.507
Minneapolis-St. Paul 5 3.612 3.30- 4.50 8.970 8.47- 9.58 8.522
New York?® 35 3.795 3.07~ 5.24 8723 8.23-10.15 8.516
Nertheastern Chio 7 3.514 3.30- 3.60 8.560 8.36- 8.78 8.512
Oklahoma -

Metropolitan 2 3.390 3.20- 3.58 8.820 8.79- 8.85 8.524
Puget Sound 81 3.808 3.25- 6.88 8.771 8.46- 9.28 8.523
Southern Michigan 50 3.774 3.20- 5.10 8.395 7.87- 8.89 8.511
Washington, D.C. 120 4.026 3.35- 4.80 8.542 7.80- 9.30 8,513

Plain skim milk, packaged
Central Arizona 105 .150 .01- .60 8.779 8.11- 9.87 8.554
Kansas City 24 .132 .02- .26 8.707 8.46- 9.18 8.551
Minneapolis-St. Paul 24 .511 +05- 2,10 9.082 8.72- 9.85 8557
New York® -

egion 6 90 077 .02- .26 8. 78l 7.42~ 9.75 8.55L

Region 2 126 .086 .00- .28 9.052 7.82-10.41 8.560

Region 3 & 4 163 <122 .00- .30 8.783 7.94- 9.82 8,553

Hegion 1 & 5 25 .060 .02- .16 9.208 8.43-10.61 8.569
North Texas 9 .108 .08- .11 8.938 8.81- 9.20 &.561
Northeastern Chio 5 .098 .08- .12 2.884 8.72- 9.08 8.550
Puget Sound 34 .159 04— .36 9.096 8.81- 9.79 8.566
Southern Michigan 52 w229 04— 24 8.731 8.35-1C.09 8551
Washington, D.C. 72 .128 .02- .46 8.885 8.39- 9.33 8.558

Fortified skim
milk, packaged
Central Arizona 29 .223 .08~ .29 9.749 8.79-10.80 8.584
Kansas City 7 .137 .07- .28 10.280 10.07-10.72 8.603
Minneapolis-St. Paul 46 147 .02~ .29 9.992 8.98-11.14 8.588
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APPENDIX 18.--AVERAGE BUTERFAT AND SOLIDS-NOT-FAT TESTS AND WEIGHTS PER GALLON -
SUMMARY OF DATA FROM ALL PARTICIPATING MARKETS 102° F.--Continued

Number Weight
of Percent fat content Percent SNF content per
Product and market samples  Average Range Average Range gallonl
Pet. Pet. Pect., Pct. Pounds
Fortified skim milk,
packaged--Cont.
New York’
Region 6 30 .109 .02- .27 10.570 9.97-11.12 8.610
Region 2 44 .093 02- .27 10.356 9.55-11.31 8.605
Region 3 & 4 25 .116 .02- .28 9.496 8.49-10.83 8.576
Region 1 & 5 149 095 .00- .29 10.185 9.37-11.35 8.599
North Texas 3 .183 .17- .20 10.147 9.90-10.47 8.602
Puget Sound 25 .135 .07- .29 10.554 9.42-12.26 8.613
Southern Michigan 3 157 Jd1- .14 9.867 8.36-11.20 8.580
Unprocessed skim milk
Chicago 66 .078 L04- .15 9.057 8.77- 9.74 8.560
Kansas City 1 .090 -—- 8.750 -—- 8.555
New York? 16 6 .08- 1.94  9.310  8.44-10.03 8.566
North Texas I .090 -—= 8.810 ——- 8.599
Northeastern Ohio 3 .100 .08- .14 8.780 8.65- 8.89 8.544
Puget Sound 18 454 .04~ 2.30 9.228 8.78-10.57 8.566
Washington, D.C. 62 135 .01- .36 8.835 8.17- 9.15 8.558
Skim milk, packaged”
Kansas City 35 1.421 .30- 2.55 8.690 8.33- 9.63 8.542
New York?
Regior 6, 2 & 1 33 1.070 .08- 2.80 8.639 8.19- 9.41 8.539
Region 3 & 4 68 .690 .31- 2.52 8.667 7.86- 9.66 8.546
North Texas 11 1.496 1.25- 1.86 8.677 8.37- 8.91 8.540
Oklahoma
Metropolitan 25 1.441 .62- 1.85 8.757 8.48- 9.12 8.543
Puget Sound 13 1.554 .30- 2.48 9.027 8.60- 9.90 8.551
Washington, D.C. 72 1.225 .30- 2.80 8.800 8.24- 9.52 8.548

Fortified skim

milk, packaged”

Central Arizona 125 1.747 .30- 2.88 9.915 8.91-11.45 8.579
Chicago 56 2.106 1.80- 2.30 9.753 8.72-10.23 8.569
Des Moines 24 1.398 .70- 2.10 9.370 8.60- 9.88 8.560
Kansas City 69 1.685 .30- 2.40 10.050 9.10-11.00 8.586
Louisville-lexington 26 1.492 .30- 2.68 9.858 8.85-11.01 8.580
Minneapolis-St. Paul 123 1.653 .32- 2.32 9,977 8.71-10.95 8.576
New York? 72 .629 .30- 2.18  10.133 9.03-11.12 8.594
North Texas 31 1.555 .42~ 2.38 10.048 8.48-11.02 8.584
Northeastern Ohio 10 2.122 1.90- 2.30 10.559 10.30-10.81 8.591
Oklahoma

Metropolitan 20 .696 .35- 1.20 9.311 8.74-~ 9.76 8.568
Puget Sound 50 2.009 .52- 2.90 10.000 8.69-10.95 8.580
Southern Michigan 1 .820 _— 10.100 -—= 8.594

Unprocessed light cream

New York~ 15 22.012  18.72-26.74 7.619 7.07- 8.52 8.319
Washington, D.C. 25 21.192 17.00-24.75 6.726 6.24- 7.14 8.323
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APPENDIX 18.--AVERAGE BUTTERFAT AND SOLIDS-NOT-FAT TESTS éND WEIGHTS PER GALLON -
SUMMARY OF DATA FROM ALL PARTICIPATING MARKETS 102~ F.-~--Continued

Number Weight
of Percent fat content Percent SNF content per
Product and market samples  Average Range Average Range gallon?t
Pct. Pet. Pet. Pet. Pounds
Unprocessed heavy cream
New York? 1 27.620 ——— 7.210 ——- 8.260
North Texas 2 32.235 31.79-32.68 6.320 6.21- 6.43 8.207
Northeastern Ohio 5 37.950 33.00-41.50 5.424 4.71- 6.03 8.132
Puget Sound 1 31.250 -— 6.330 ——— 8.210
Washington, D.C. 34 38.092 33.50-49,00 4,703 2.34~ 5.94 8.148
Half-and-half, packaged
Central Arizona 104 12.222 10.95-13.40 7.138 3.00- 8.23 8.424
Kansas City 29 12.112 11.00-14.50 8.133 7.66- 8.70 8.420
Minneapolis-St. Paul 95 13.043 11.25-16.50 7.361 6.15- 8.26 8.417
New York? 28 11.264  7.97-12.20  8.000  7.56- 8.90 8,431
North Texas 15 12,160 11.20-13.60  7.975 7.48- 8.51 8.430
Northeastern Ohio 12 12.189  11.65-13.22 7.648 6.84- 8.75 8.415
Oklahoma Metropolitan 38 12.524  11.60-13.65 7.878 7.27- 8.65 8.420
Puget Sound 45 12,170 11.30-13.50 7.944 7.44- 8,39 8.428
Soulhern Michigan 3 10.750 10.50-11.00 8.270 8.02- 8.57 8.446
Washington, D.C. 86 12.468  10.30-16.20 7.689 6.77- 8.22 8.418
“ortified half-and-half,
packaged
Chicago 56 11.663 11.05-13.20 8.871 8.16- 9.74 8.454
Des Moines 12 13.125 12.50-13.50 10.098 7.83-11.29 8.506
Kansas City 25 11.500 10.50-12.50 8.970 8.52-~ 9.65 8.454
New York? 24 10.745 9.68-12.90 9.635 8.95-11.54 8.490
North Texas 5 12.100 11.80-12.30 8.662 8.17- 9.06 8.441
Oklahoma
Metropolitan 18 11.164  10.45-12.90 8.255 7.58- 9.42 8.446
Southern Michigan 3 10.667  10.50-11.00 8.977 8,76~ 9.14 8.465
Light cream, packaged
Central Arizona 98 20.120 18.50-23.50 6.954 6.11~- 7.78 8.333
Kansas City 1 25.500 - 6.270 —_— 8.275
Minneupo%is—St. Paul 48 20.506  18.50-25.50 7.355 5.99- 8.14 8.322
New York”’ -
Region 6 27 21.134  17.02-27.02 7.052 6.48- 8.03 8.316
Region 2 20 19.244  15.48-25.21 7.329 6.73-10.12 8.338
Region 3 & 4 28 19.422 16.38-25.33 7.195 6.40- 8.14 §.336
Hegion 1 & 5 23 19.422  17.20-25.88 6.855 6.09- 7.51 8.333
North Texas 13 19.356  17.86-20.98 7.250 6.52- 8.11 8.341
Northeastern Chio 11 18.295 17.00-19.75 7.668 6.98- 3.26 = 8.347
Oklahoma
iletropolitan 22 20.126  18,00-21.50 7.586 6.73- 9,23 8.338
Puget Sound 40 20.394  15.00-23.50 7.406 6.04- 8.08 8.335
Southern Michigan 7 18.893 17.25-21.50 7.080 5.71- 8.62 8.342
Washington, D.C. 95 19.504  15.50-25.00 7,167 5,67- 8.54 8,335

50



APPENDIX 18.--AVERAGE BUTTERFAT AND SOLIDS-NOT-FAT TESTS AND WEIGHTS PER GALLON -
SUMMARY OF DATA FROM ALL PARTICIPATING MARKETS 102° F.--Continued

Number . Weight
of Percent fat content Percent SNF content per
Product and market samples  Average Range Average Range gallonl
Pct. - Pet. Pct. Pet. Pounds
Heavy cream, packaged
Central Arizona 99 35.896  33,25-37.50 5.231 4.28- 6.69 8.167
Chicago 51 32.358  29.00-34.50 5.855 5.22- 6.50 8.200
Des Moines 12 39.125  37.50-40.00 4 .681 4.08- 5.28 8.153
Kansas City 26 35.067  32.00-40.50 5.491 4.55- 6.16 8.167
Minneapolis~St. Paul 94 35.975  31.00-40.88 5.714 4.55- 7.36 8.160
New York? -
Region 6 101 39.212  28.98-51.22 5.478 4.29- 7.95 8.124
Region 2 132 39.149  33.79-47.62 5.506 b 5b= T7.51 8.128
Region 3 & 4 209 38.780  30.72-47.88 5.499 4.50- 7.24 8.127
Region 1 & 5 164 37.506  33.15-42.68 5.569 4.85- 6.77 8.142
North Texas 12 38.097 34.36-42.34 5.665 5.24- 6,10 8.140
Northeastern Ohio 6 33.833  32.00-35.00 5.555 4.98- 6.10 8.166
Oklahoma
Metropolitan 31 36.847  33.25-45.00 5.728 5.04- 6.55 8.155
Puget Sound 50 34.125  30.25-45.25 6.057 4.71- 7.01 8.188
Southern Michigan 7 34.643  31.50-38.50 5.517 4.85- 6.69 8.173
Washington, D.C. 71 37.806  34.25-40.25 4,881 3.22- 6.37 8.145

1 Weights per gallon as computed by use of each market's product regression equation,
which is the same as an average of the weights determined by the bottle method.
2 Data by region not available.

New York was divided into six geographic regions in respect to where the samples were
collected. (Region 6 - Mohawk Valley; Region 2 - Southern New York State; Regions 3 & 4 -
New Jersey; Regions 1 & 5 - New York City and Long Island. )

4 Skim and fortified skim of somewhat higher butterfat content than the previously shown
plain skim and fortified skim.
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APPENDIX 19.--COMPARISON OF WEIGHTS COMPUTED FOR A PRODUCT OF AN AVERAGE BUTTERFAT AND
<-SOLIDS-NOT-FAT CONTENT BY USE OF INDIVIDUAL MARKET REGRESSION EQUATIONS AND ALL MARKET
' PRODUCT REGRESSION EQUATIONS AT 40°, 50°, 68°, 102" F.

Product
composition Weight Per Gallon at
Product and market B.F. S.N.F. 400F. 500F. 680F. 1020F.
Percent Percent Pounds
Mixed breed producer milk
New York 4.00 8.95 8.621 8.611 8.585 8.521
North Texas 4.00 8.95 8.625 - 8.589 8.525
Oklahoma Metropolitan 4.00 8.95 8.627 - 8.592 8.527
Puget Sound 4.00 8.95 8.624 8.616 8.590 8.527
Washington, D.C. 4.00 8.95 8.626 - 8.590 8.526
Average 8.625 8.614 8.589 8.525
All market product regression equation 8.625 8.616 8.590 8.526
Homogenized milk, packaged
Ceatral Arizona 3.60 8.60 8.614 - 8.583 8.518
Chicago 3.60 8.60 8.611 - 8.579 8.516
Kansas City 3.60 8.60 - - 8.58%4 8.523
Louisville-lexington 3.60 8.60 - - 8.585 8.526
Minneapolis-St. Paul 3.60 8.60 8612 - 8.578 8.51%
New York?® -
Regicn 6 3.60 8.60 8.611 8.602 8.577 8.515
legion 2 3.60 8.60 8.612 8.604 &.,580 &.517
Region 3 & 4 3.60 8.60 8.612 8.603 8.579 2.517
Region 1 & 5 3.60 8.60 8.611 8.602 8.578 8.515
North Texas 3.60 8.60 8.612 - B.578 &.515
Oklahoma Metropolitan 3.60 8.60 8.615 - 8.581 8.519
Puget Sound 3.60 8.60 8.617 8.608 8.584 8.52Z
Southern Michigan 3.60 8.60 ~ ~ - 8.518
Washington, D.C. 3.60 8.60 8.617 N 8.582 8.518
Average 8.613 8.604 8.581 8.518
A1 market product regression equation 8.613 8.604 8.580 8.518
Skim milk, packaged
Central Arizona .15 &.90 8.636 - 8.632 B.556
Kansas City w15 8.90 - - g.612 8.560
Minneapolis-St. Paul .15 8.90 8.635 - 8.610 6.556
New York! -
Region 6 L) 8.90 8.634 8.627 8.610 8.355
Region 2 .15 8.90 8.634 8.627 8.610 8.
Regicn 3 & 4 «15 8.90 8.635 8.628 8.610 8.5
Region 1 & 5 .15 8.90 8.638 8.632 8.614 3.2
Puget Sound .15 8.90 8.637 8.631 8.614 8.
Southern Michigan .15 8.90 - - - B,
Washington, D.C. «15 8.90 8.637 - 8.¢13 2.
Average 8.636 8.629 8.¢l2 8.
A11 market product regression eqguation 8.635 8.628 8.611 8.
Fortified skim milk, packaged
Central Arizona .15 10.15 8.677 - 8.650 8.595
Minneapolis-St. Paul +15 10.15 8.673 - 8.649 8.593
New Yorkt -
Region 6 § LD 10,15 8.¢79 8.672 8.654 8.597
Region 2 .15 10.15 8.679 8.672 8.654 8.599
Region 3 & 4 .15 10.15 8.676 8.669 8.650 &8.595
Region 1 & 5 D 10.15 8.678 8.672 8.653 8.598
Puget Sound .15 10.15 8.678 8.672 8.654 8.599
Average 8.677 8.671 652 8,597

8
All market product regression eguation &3 8.678 8.672 8.652 £.597



APPENDIX 19.--COMPARISON OF WEIGHTS COMPUTED FOR A PRODUCT OF AN AVERAGE BUTTERFAT AND
SOLIDS-NOT-FAT CONTENT BY USE OF IgDIVIgUAL gARKETOREGRESSION EQUATIONS AND ALL MARKET
PRODUCT REGRESSION EQUATIONS AT 407, 507, 687, 102 F.--Continued

Product
composition Weight Per Gallon at
Product and market B.F. S.N.F, 40°F. 50°F. 68°F. 102CF.
Percent. Percent Pounds
Half-and-half, packaged
Central Arizona 12.25 775 8.557 - 8.505 8.421
Kansas City 12.25 7«75 - - 8.494 8.414
Minneapolis-St. Paul 12.25 P T 8.563 - 8.505 8.424
New York - All regions? 12.25 7+75 8.554 8.539 8.498 8.415
Oklahoma Metrcpolitan 12.25 %% 8.559 - 8.502 8.420
Puget Sound 12.25 775 8.561 8.548 8.506 8.426
Washington, D.C. 12.25 Lo 0D 8.561 - 8.501 8.421
Average 8.559 8.544 8.502 8.420
A1l market product regression equation 8.562 8.542 8.506 8.423
Fortified half-and-half, packaged
Chicago 11.30 8.90 8.587 - 8.536 8.457
Kansas City 11.30 8.90 - - 8.532 B8.452
New York - All regions? 11.30 8.90 8.598 8.584 8.542 8.461
Oklahoma Metropolitan 11.30 8.90 8.594 - 8.53%7 B8.459
Average 8.593 8.584 8.537 8.456
A1l market product regression equation 8.596 8.600 8.541 8.461
Light cream, packaged
Central Arizona 20.00 7.20 8.511 - 8.442 8.333
Minneapolis-St. Paul 20.00 7.20 8.510 - 8.427 8.329
New York' -
Hegion 6 20.00 7.20 8.504 8.485 8.427 8.326
Region 2 20.00 7.20 8.507 8.486 8.431 8.331
Region 3 & 4 20.00 7.20 8.509 8.488 8.432 8.331
Region 1 & 5 20.00 7.20 8.511 8.489 8.433 8.336
Oklahoma Metropolitan 20.00 7.20 8.518 - 8.441 8.342
Puget Sound 20.00 720 8.513 8.492 8.435 8.336
Washington, D.C. 20.00 720 8.507 - 8.426 8.329
Average 8.511 8.488 8.433 8.333
All market product regression equation 8.510 8.487 8.433 8.331
Heavy cream, packaged
Central Arizona 36.60 5.55 8.415 - 8.308 8.159
Chiczago 36.60 5.55 8.390 - 8.298 8.153
Kansas City 36.60 5.55 - - 8.286 8.153
Minneapolis-iiz, iaul 36.€0 5.55 8.412 - 8.284 8.154
New York! -
Regicn 6 36.60 5.55 8.403 8.376 8.284 8.150
Region 2 36.60 5:95 8.401 8.374 8.283 8.153
Region 3 & 4 36..60 5.55 8.395 8.367 8.279 8.147
Region 1 & 5 36.60 5:55 g8.398 8.370 8.280 8.149
Oklahoma Metropolitan 36.60 D499 8.419 - 8.300 8.159
fuget Sound 36.60 5.95 8.417 8.391 8.299 8.166
Washington, D.C. 36.60 5.55 8.411 - 8.288 8.151
Average 8.406 8.376 8.290 8.154
A1l market product regression equation 8.406 8.373 8.288 8.154

1 Region 6 - Mohawk Valley; Region 2 - Southern New York State; Region 3 & 4 - New
Jersey; Region 1 & 5 - New York City and ILong Island.
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APPENDIX 20.- WEIGHTS PER GALLON
AT TEMPERATURES OF 40°TO 102°F

FAT SNF
Mixed breed producer milk 4.00% 8.95%
Homogenized milk «coreeereenees 3.60 8.60
Bleim mitlle ssesevamsinniion spaiensnsis sasimen 15 8.90

( Source of data— Appendix 19 )

TEMPERATURE Prod.uéer
e O milk ’m,,,’. Plain skim milk -
90°F
700 F hll,‘:""
L Homogeniz i ""»,," _
mi"( ~\~ "o"
50°F ? oo,
\ L N "',,
AT Y
— ® e ©-
30°F | | | | | | ]

851 853 855 857 859 861 863
WEIGHT PER GALLON IN POUNDS

U. S. DEPARTMENT OF AGRICULTURE NEG., C&MS 57-65{6) CONSUMER AND MARKETING SERVICE
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APPENDIX 26.--HOLSTEIN PRODUCER MILK

Averages of Butterfat, Solids-Not-Fat, and Actual Weights per Gallon as Determined by the
Babcock Bottle Method Compared with Computed Weights Per Gallon at 40° F.

(¢]

40" F.
Number - Actual Diff. Computed Computed
of Average  Average wt. per from wt. per Wwt. minus
Market and Month Samples BF SNF gallon average gallon?t actual
Percent Percent Pounds Pounds Pounds Pounds
Central Arizona
October 1961 3 3.453 8.287 8.608 +.004 8. 604 -.004
November 4 3.695 8.415 8.610 +.006 8.608 -.002
December 3 3.800 8.400 8.609 +.005 8.607 -.002
January 1962 5 3.820 8.316 8.604 .000 8.604 .000
February 4 3.690 8.072 8.59 -.010 8.596 +.002
March 4 3.670 8.302 8.611 +.007 8.604 -.007
April 4 3.292 8.088 8.601 -.003 8.598 -.003
May 4 3.330 8.170 8.606 +.002 8.601 -.005
June 3 3.427 8.207 8.610 +.006 8.601 -.009
July 2 3.115 7.985 8.600 -.004 8.595 -.005
August 4 3.110 8.045 8.600 -.004 8.597 -.003
September 4 31,130 7.888 8.596 -.008 8.591 -.005
October 4 3.420 8.130 8.603 -.001 8.599 - . 004
Total/Average 48 3.473 8.181 8.604 8.600
Chicago
November 1961 4 3.625 8.130 8.594 -.015 8.598 +.004
December 4 3.562 8.042 8.591 -.018 8.596 +.005
January 1962 5 3.690 8.446 8.608 -.001 8.609 +.001
February 3 3.677 8.607 8.615 +.006 8.615 .000
March 5 3.59% 8.686 8.616 +.007 8.618 +.002
April 6 3.887 8.718 8.615 +.006 8.618 +.003
May 8 4.034 8.814 8.615 +.006 8.621 +.006
June 4 3.625 8.672 8.607 -.002 8.617 +.010
July 4 3.645 8.795 8.611 +.002 8.622 +.011
August 4 3.750 8.798 8.610 +.001 8.622 +.012
September 5 3.624 8.59% 8.607 -.002 8.615 +.008
October 3 3..657 8.523 8.611 +.002 8.612 +.001
November 4 3.625 8.582 8.612 +.003 8.614 +.002
December 4 3.780 8.578 8.614 +.005 8.613 -.001
Total/Average 63 3.723 8.591 8.609 8.614

1 Computed by use of universal equation:

100
100 + (% BF x .03928) - (% SNF x .39221)

= Specific gravity at 40°F.

Sp. gr. x 8.3364 (wt./gal. water at AOOF.) = Computed weight per gallon at 40°F.
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APPENDIX 29.--COMPUTED SPECIFIC GRAVITY OF SOLIDS-NOT-FAT AT 40° F.

40° F.
Number Average Average
of Average Average sp. gr. of sSp. gr.
Product and Market samples butterfat SNF product of SNF?
Percent Percent Sp. gr. Sp. gr.
Skim milk, packaged
North Texas 9 .108 8.938 1.03632 1.64649
New York? 25 .060 9.208 1.03737 1.64323
Puget Sound 34 .159 9.096 1.03689 1.6444]
Central Arizona 105 .150 8.779 1.03558 1.64582
Raw skim milk .
Washington, D.C. 62 + 135 8.835 1.03608 1.65225
New York? 16 . 446 9.310 1.03731 1.63525
Fortified skim,
packaged
Central Arizona 29 .223 9.749 1.03939 1.63882
Total/Average3 280 .1830 9.1307 1.036991 1.6453

1 The following equation was used in computing the apparent specific gravity of SNF for
each of the individual samples for each market:

% SNF
100 i % BF
Sp. gr. product ~ [.9622 sp. gr. Fat 1 sp. gr. H2O]

= e}
%Hjo ] ) Sp. gr. SNF at 40~ F.

2 Data from samples collected from Regions 1 and 5 only.

3 Averages for % butterfat, % SNF, and specific gravity of product are all simple aver-
ages, whereas the average for specific gravity of SNF 1s a weighted average.

APPENDIX 30.--COMPUTED SPECIFIC GRAVITY OF SOLIDS-NCT-FAT AT 50° F.

50° F.

Number Average Average

of Average Average sp. gr. of Sps gr.

Product and Market samples butterfat SNF product of SNF*
Skim milk, packaged Percent Percent Sp. gr. Sp. gr.

B
New York 25 .060 9.208 1.03686 1.62930
Puget Sound 33 .160 9.101 1.0363% 1.62914
Raw skim milk

New York? 16 446 9.310 1.03673 1.62103
Total/Average? T 222 9.2063 1.036643 1.6275

1 The following equation was used in computing the apparent specific gravity of SNF for
each of the individual samples for each market:

% SNF = Sp. gr. SNF at 50° F.
100 [ % BF . % H20 ]

Sp. gr. product [.9541 sp. gr. Fat 1 sp. gr. Hy0 ]

2 Data from samples collected from Regions 1 and 5 only.

3 Averages for % butterfat, % SNF, and specific gravity of product, are all simple aver-
ages, whereas the average for specific gravity of SNF is a weighted average.
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DIX 38.--WEIGHTS AT 0
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APPENDIX 39.--WEIGHTS AT 68° F. OF FLUID MILK PRODUCTS CONTAINING SPECIFIED PERCENTAGES OF BUTTERFAT AND MILK SOLIDS-NOT-FAT
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