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SUMMARY 

Product flexibility in a dairy plant~the ability to shift from the proc
essing of one product to another-was the concern of this study. As dairy 
product prices change, this to shift might be desirable to obtain 
greater returns from the plant v~-''"'""u•uu. 

The primary purpose of this study was to determine it is 
more profitable to equip and operate a flexible dairy manufacturing plant 
than a specialized plant. The general conclusion was that for the period 
1959-66, specialized butter and nonfat dry milk plant would have 
yielded. higher average yearly net returns than the flexible plant. On the 
other hand, the Jl.e:xible plant would have yielded higher net retums 
than the specialized cheese and dry whey plant. 

To analyze the operations of a :flexible dairy manufacturing plant, a 
model plant with facilities for man.ufaci:ur:i.ng either butter, nonfat 
milk, and dry buttermilk or cheese, dry whey, and whey cream butter 



was synthesized. Processing costs based on engineering input-output data 
were developed for each of the two product groups. Product prices were 
applied to output in determining net returns to the flexible plant. 

Costs and returns to specialized dairy plants were synthesized from 
the flexible plant data. Two types of specialized dairy plants were con
sidered. One was assumed to manufacture only butter, nonfat dry milk, 
and dry buttermilk; the other was assumed to manufacture only cheese, 
dry whey, and whey cream butter. The period 1959-66 was used as the 
base, for obtaining price data and deriving monthly net ret~rns. 

Estimated monthly processing costs in the flexible plant ranged from 
$2.70 to $4.49 per thousand pounds of wholemilk processed in the butter 
operation with a yearly average of $3.16. Costs. of .the cheese operation 
ranged from $4.55 to $6.51 with a yearly average o£)$5.05. These costs 
took into account the seasonality of milk receipts. 

Estimated processing costs were lower ~n the specialized plants than 
in the flexible plant. In the specialized butter and nonfat dry milk plant, 
the yearly average was $2.91 with a range from $2.51 to $4.07 per thous
and pounds of milk processed. For the cheese plant, the yearly average 
was $4.98 and the range was $4.48 to $6.40. 

Estimated monthly net returns to the flexible plant, assuming that the 
plant shifted to the most profitable product group each month, were com
pared to each of the specialized plants. From 1959 to mid-1966 ( 90 
months), there would have been 30 months in which the flexible plant 
would have yielded greater net returns than the specialized butter and 
nonfat dry milk plant. In 2 years, 1960 and 1965, the yearly returns would 
have been larger for the flexible plant. 

Compared with the specialized cheese and dry whey plant, the fLexi
ble plant would have been more profitable in 56 months of the period 
1959-66. On a yearly basis, the flexible plant would have been more pro
fitable than the cheese and dry whey plant in the yeats 1959, 1961, and 
1962. 

A second comparison between the flexible and specialized plants was 
made using different price relationships. It was assumed that the butter 
and cheese price relationships existing from July 1965 to June 1966 were 
in effect for the whole period 1959-66. 

With the 1965-66 price relationships, net returns to the flexible plant 
would have been larger in 57 months than those to the specialized butter 
and nonfat dry milk plant. There were 28 months in which the flexible 
plant would have yielded greater net returns than the specialized cheese 
and dry whey plant. 

Based on net returns, the performance of the flexible plant depends 
largely on the product prices considered. With one set of price relation
ships: the flexible plant may be more profitable than the specialized 
plants, but with a different set of prices the opposite may be true. 

In addition to economic considerations; the establishment and opera
tion of a flexible plant is affected by institutional factors such as labor 
skills, technical knowledge, market outlets, and capital considerations. 
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ECONOMIC ASPECTS Of flEXIBlE DAIRY MANUFACTURING 
PLANTS 

Orval G. Kerchner':' 

Should dairy manufacturing plants be equipped with facilities to pro
duce more than one product? Are the costs of maintaining duplicate 
facilities or equipment used only part of the time greater than the addi
tional returns from the products produced? Are net returns greater for 
a flexible plant than a specialized plant? These and other questions have 
concerned plant operators in the Minnesota and Wisconsin dairy manu
facturing areas. During the last two decades, operators of a number of 
butter and nonfat dry milk plants have added cheese equipment to their 
plants to take advantage of higher cheese prices and to net greater re
turns. Consideration also has been given to shifting plant production 
back and forth between cheese and butter as prices shifted. This shifting 
was expected to result in greater net returns than returns to single
product plants. 

In many of these flexible plants, newly-installed cheese equipment 
was used only for short periods. As cheese adjusted to their previ
ous levels, cheese equipment was left idle and plants returned to the 
manufacture of butter and nonfat dry milk. They returned for a number 
of reasons. Among them were problems of shifting price relationships, 
seeming adequate market outlets for several products, acquiring the 
varied technological skills for dual plant operations, and maintaining 
consistent product quality. 

Price relationships for frequently in 
the past. Changes in prices more profitable 
in one period and cheese more in another. Product 
price fluctuations are reflected in returns attained by plants. As product 
prices change, it would seem advantageous to operate a flexible plant 
with facilities for producing various products. By shifting milk-the raw 
material-from one product to another, the flexible could take ad
vantage of changing price relations. 

This study concerns dairy plant f!exibility-the ability to 
shift production from one product to another as price advantages change. 
Net returns from a :flexible plant are compared with those from special
ized ( nonflexible) plants to determine the advantage one type of plant 
has over the other. 

"' Orval G. Kerchner formerly was an agricultural economist with the Marketing 
Economics Division of the Economic Research Service, USDA, stationed at the Uni
versity of Minnesota. 

The author acknowledges the generous cooperation of dairy plant managers, 
dairy equipment suppliers, daily technologists, engineers, and others in the industry 
who helped in supplying the basic data for this study. The author also gratefully 
acknowledges E. Fred Koller, professor, Department of Agricultural Economics, Uni
versity of Minnesota, for his guidance, counsel, and helpful criticism throughout the 
development and completion of this study. 
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Employees of a milk co-op processing plant remove butter from the churn. 

PlANT flEXIBiliTY AND DIVERSIFICATION IN MINNESOTA 

First, a distinction should be made between flexibility and diversi
fication as used in this study. Flexibility refers to a dairy plant's facilities 
and organization, which permit the manufacture of several products or 
groups of products. Flexibility is the plant's potential to produce with 
present equipment. Diversification refers to current utilization of the 
plant's facilities. It involves the current, rather than the potential, pro
duction of dairy products. 

Carley and Cryer studied diversification in dairy manufacturing plants 
in 1961 and changes since 1944.1 They found that the production of 
manufactured dairy products was becoming concentrated in fewer but 
more diversified plants.2 

Many dairy manufacturing plants in Minnesota are diversified in their 
operations. In 1961, 151-31 percent-of the dairy manufacturing plants 
in Minnesota were multi-product plants.3 The remaining 69 percent pro
duced only one product; many processed only butter, selling skim milk 
to other plants. 

l Carley, D. H. and T. L. Cryer, Flexibility of Operation in Dairy Manufacturing 
Plants: Changes 1944 to 1961, USDA Agri. Econ. Rpt. No. 61, Oct. 1964, pp. l-44. 

2 Carley and Cryer used the term "diversified plants" for plants in which there 
was a competitive use of skim milk and butterfat that was nearly in balance. Two 
types of diversified plants were distinguished. A partially diversified plant was one 
that manufactured products with 50 percent but less than 90 percent of the total 
product value in a single product. A fully diversified plant was one that manufactured 
at least four different products with any single product having a value of less than 
50 percent of the total value of all products. 

3 Carley and Cryer, op. cit., table 6, p. 13. 
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Based on the definitions of flexibility and diversification stated earli
er, Carley and Cryer dealt primarily with diversification, or the plant's 
actual operation. Presumably, their data understated flexibility of dairy 
plant operations. 

To determine the degree of flexibility and diversification of Minnesota 
dairy manufacturing plants, survey data were obtained from 83 plant 
managers in 1964. These 83 plants were selected randomly. 

The plants were divided into five classes based on annual volume of 
milk receipts. Classes were: class I, less than 10 million pounds; class II, 
10-17.9 million pounds; class III, 18-29.9 million pounds; class IV, 30-
99.9 million pounds; and class V, 100 million pounds or more. The larg
est plant in the survey received 340 million pounds of milk annually. 

Plant Diversification 

The 83 dairy manufacturing plants in the survey produced a variety 
of products (table 1). Butter was produced by 68 plants and nonfat dry 
milk by 38 plants. Of the other dried products, dried buttermilk was 
manufactured in more plants than dried whole milk or dry whey. Ameri
can cheese was the cheese most frequently manufactured. Other prod
ucts made in the 83 plants included various evaporated and condensed 
milks, plastic cream, and food products used by bakeries. 

On a percentage basis, 82 percent of all plants surveyed manufactured 
butter, 46 percent manufactured nonfat dry milk, 10 percent manufac
tured American cheese, and 11 manufactured dried buttermilk 
(table 1). Butter and American cheese were produced by at least one 
plant in each class. Eighty-nine percent of the class II and III plants 
produced while 67 percent of the class I plants manufactured 
butter. In classes IV and V, 85 and 74 percent, respectively, produced 
butter. The percent of plants producing American cheese ranged from 
2 percent of class IV to 33 percent of class I plants. 

Plants in each of the classes produced butter and cheese, but plants 
in only two classes produced nonfat dry milk and plants in three classes 
manufactured dry whey. Those plants producing nonfat dry milk had 
annual milk receipts of 30 million pounds or more. Dry whey was manu
factured by plants with annual receipt volumes ranging from less than 
10 million pounds of milk to more than 100 million pounds. The number 
of plants drying skim milk in class IV was less than the number of plants 
producing butter, indicating some plant concentration of skim milk for 
drying purposes. All plants received some whole milk, so the butter 
plants would have had some skim milk for disposal. The small plants 
probably disposed of their skim milk to larger plants. 

Concentration of plants engaged in drying whey was less than in 
skim drying. Eleven plants produced various types of cheese, with five 
plants drying whey. Three of the five plants were in class V and there 
was one plant each in classes I and IlL 
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Table 1. Number and percent of plants manufacturing specified dairy products, 83 plants, Minnesota, 1964 
--~~----·----

Products manufactured 

Cheese Dried milk products 
Annual milk 

Plant receipts Number Butter- Whole Condensed Other 
class (million pounds) in class Butter American Other* Cottage Skim milk milk Whey milkt products:j: 

number of plants ................................ 
Less than 10 ..... 6 4 2 1 1 

II 10.0-17.9 ...... 9 8 2 1 

Ill 18.0-29.9 ...... 9 8 1 1 
IV 30.0-99.9 ..... 40 34 1 1 24 5 3 7 3 

v 100 and larger 19 14 2 14 4 3 3 1 
-- -- -- -- -- -- --

Total ........ 83 68 8 2 1 38 9 3 5 10 4 

. . . . . . . . ...... percent of plants . . 

I Less than 10 .... 6 67 33 17 17 

II 10.0-17.9 ....... 9 89 22 11 

Ill 18.0-29.9 ....... 9 89 11 11 

IV 30.0-99.9 .... 40 85 2 2 60 12 8 20 8 

v 100 and larger 19 74 11 74 21 16 16 5 
-- -- -- -- -- -- -- -- -- -

Total ........ 83 82 10 2 1 46 11 4 6 12 5 

'' Foreign types of cheese. 
t Includes ice cream mix, evaporated milk, and skimmed and unskimmed condensed milk. 
:j: Plastic cream and food products for bakeries. 
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Plant Flexibility 

With present equipment and facilities, managers indicated that addi
tional products could be manufactured by plants in classes III, IV, and 
V (table 2). The larger the size group, the greater would be the number 
of additional products that could be made. The overall average would 
be .41 additional products per plant (table 3). 

These facts give some indication of the degree of flexibility in Min
nesota dairy manufacturing plants. The average for the 83 plants shows 
that the plants were diversified to the extent of 1.78 products per plant 
but had a flexibility of 2.19 products per plant in 1964. 

The most flexible plants were the largest; they had a flexibility of 
1.37. The degree of flexibility was computed by dividing the number of 
products that could be manufactured by the number of products that 
currently were being manufactured. 

The least flexible plants were those in classes I and II, where the 
degree of flexibility was 1.00. These plants were small and not equipped 
to manufacture products other than those currently in production. The 
average flexibility for all plants surveyed was 1.23 per plant. 

CHARACTERISTICS OF THE MODEL FLEXIBLE PLANT 

A basic approach to the desirability of flexible plants is determina
tion of the cost of dairy product manufacture in flexible and specialized 
plants. 

Relatively little published information is available on the costs of 
operating a flexible dairy manufacturing plant as defined in this study. 
The information available is lacking in detail that would provide com
parisons between flexible and nonflexible or specialized dairy manu
facturing plants. 

To obtain detail on processing costs, the synthetic method of cost 
analysis was used for both types of plants. Basic cost data in the analysis 
were obtained from engineering input-output data. Those consulted in
cluded equipment sales engineers, plant production supervisors, agricul
tural engineers, and a dairy plant operations consultant. 

The model flexible plant was assumed to receive only whole milk 
with a maximum volume of 500,000 pounds per day. The model plant 
was equipped to produce two combinations of products: sweet cream 
butter, nonfat dry milk, and dry buttermilk and Cheddar cheese, whey 
cream butter, and dry whey. It was assumed that butter and nonfat dry 
milk would not be produced at the same time cheese and dry whey were 
being manufactured. The purpose of limiting production to either butter 
or cheese at one time was to permit a clear-cut decision on the feasi
bility of shifting between products. 

The assumption also was made that the model plant was equipped to 
produce a dry whey product suitable for human consumption. This 
meant that the dryer center had to contain the necessary equipment 
for the production of nonhygroscopic dry whey. 
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Table 2. Number of plants that could manufacture additional dairy products, 83 plants, Minnesota, 1964 

Products that could be manufactured 

Annual milk Dried milk products 

Plant receipts Number Other Whole Condensed Other 
class (million pounds) in class cheese* Skim Buttermilk milk Whey milkt products:j: 

I 
II 
Ill 
IV 
v 

number of plants 
Less than 10 ..................... 6 
10.0-17.9 - - ...................... 9 
18.0-29.9 ........................ 9 1 
30.0-99.9 ........................ 40 1 3 5 
100 and larger .................... 19 .. 1 3 5 

-- -- -- -- -
Total ......................... 83 2 1 6 10 

* Foreign types of cheese. 
t Includes ice cream mix, evaporated milk, and skimmed and unskimmed condensed milk. 
:j: Plastic cream and food products for bakeries. 

Table 3. Comparison of diversification and flexibility in Minnesota dairy manufacturing plants, 1964 

2 3 
3 3 

5 6 

Annual milk Total number of products Number of products per plant Additional 

Plant volume Number Could Could products 
class (million pounds) in class Manufactured manufacture Manufactured manufacture per plant 

I Less than 10 ............... 6 8 8 1.33 1.33 0 
II 10.0-17.9 .................. 9 11 11 1.22 1.22 0 
Ill 18.0-29.9 .................. 9 10 11 1.11 1.22 .11 
IV 30.0-99.9 .................. 40 78 96 1.95 2.40 .45 
v 100 and larger .............. 19 41 56 2.16 2.95 .79 

-- -- -- --
Total ................... 83 148 182 1.78 2.19 .41 

* Number of products "could manufacture" divided by those "manufactured." 

4 

4 

Degree 
of 

flexibility* 

1.00 
1.00 
1.10 
1.23 
1.37 

1.23 



Although plants drying whey today generally are not equipped with 
special nonhygroscopic whey drying facilities, there were several reasons 
for considering such equipment in the model plant. Some users of nonfat 
dry milk (bakers, for example) substitute dry whey in their products. 
The market value of dry whey suitable for human use is considerably 
higher than the animal feed dry whey product. Thus, it seemed desirable 
to include data on a human food dry whey operation. 

To obtain the input-output information needed to construct operating 
costs for the flexible plant, engineers were given the general specifica
tions for two types of plants- a butter-powder plant and a cheese-dry 
whey plant. They were asked to provide detailed specifications on the 
equipment, to estimate the cost and life of equipment, to determine the 
various utility inputs required for the equipment, and to estimate the 
building and land requirements. 

To determine the revenue side of the plant operation, returns to the 
model plant were based on historical dairy product prices recorded in 
published reports of the U.S. Department of Agriculture. These prices 
were average monthly prices received for a specific type of product and 
for a specific grade and location of sale. 

The operating costs developed and the net returns derived in this 
study should not be construed as statistically representative of costs and 
returns experienced in any one dairy plant producing butter and cheese 
and their byproducts. Rather, they are the costs of producing butter and 
nonfat dry milk or cheese and dry whey in an ideally organized flexible 
plant. The costs can be considered as attainable costs. In like manner, 
the returns are those that would accrue to an operating plant if all prod
ucts were sold at the average monthly prices and at the locations speci
fied. The returns also can be considered as attainable. 

The model flexible plant was organized into processing centers. The 
bases for defining processing centers or plant areas were: ( 1 ) the changes 
in composition and rate of product flow through the plant, ( 2) the ac
cepted designations of processing centers by the industry, and ( 3) the 
supporting activities essential to plant operation. 

Composition of product flow refers to the alteration of the product 
within the center. For instance, in the butter center, whole milk is se
parated into cream and skim milk and butter is produced. Rate of 
product flow refers to a certain number of units of milk or product pro
duced per given time period. Supporting activities are such areas as 
the boiler center and office, which do not handle products directly but 
are necessary functions in the plant operation. 
; Storage facilities were not considered separate processing centers 

but as parts of processing centers where further changes in the milk take 
place or where the product is held before being moved to the next center. 

Clean-in-place equipment was used in all milk handling centers where 
applicable. 

The processing centers were assumed to be equipped with new equip
ment. The list of equipment, installed cost, and estimated annual de
preciation is shown in the appendix. Building costs for each processing 
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center also are listed in the appendix. Building life was assumed to be 
33 years for each center. Land requirements per center were assumed 
to be five times greater than the building area to allow for parking and 
truck maneuvering. The market value of land was estimated to be $6,700 
per acre or $0.1538 per square foot. 

Twelve processing centers were defined as follows: 

Receiving: Equipped to receive bulk milk only. 

Butter: Whole milk storage, milk separation, cream pasteurization, 
and butter churning and packaging. 

Evaporator and dryer: Evaporation and drying of liquid skim milk 
and whey. 

Powder packaging and warehouse: Dried material from dryer bagged 
and stored. 

Starter room: Culture for cheese making developed and stored. 

Cheese: Pasteurized whole milk made into Cheddar cheese and pack
aged. 

Cooler: Storage area for butter and cheese. 

Boiler: Equipped to furnish steam and hot water for entire plant 
operation. 

Refrigeration: Equipped to supply refrigerated water for cooling 
purposes. 

Laboratory: Testing of ra"v milk and finished products for various 
quality factors. 

General service: Shop and parts used in repairs and maintenance plus 
areas for employees' personal convenience. 

Office: Administrative duties associated with plant operation carried 
out. 

PROCESSING COSTS 

For complete analytical interpretation of flexibility, it was necessary 
to allocate costs to individual centers within the plant. Certain centers 
would be in operation whenever the plant processed milk. Others would 
operate only when a particular set of products was being manufactured. 
Center costs that contribute to the total plant operating cost would vary 
depending on whether the center was completely used, partially used, 
or not used. 

Cost Categories 

Operating costs were broken into three categories. These categories
sunk fixed costs, other fixed costs, and variable costs-have a theoretical 
relationship to each other as shown in figure 1 and as discussed below. 
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Sunk Fixed Costs 

Economic production theory generally distinguishes between two 
types of costs-fixed and variable. A close examination indicates that 
fixed costs may be further subdivided into sunk and other costs. 

Sunk fixed costs are those that are incurred whether or not the plant 
operates; they remain constant regardless of the volume of material 
processed. Once a building has been erected and equipment has been 
purchased, the cost of these items (depreciation) must be borne whether 
or not the plant produces. Other costs falling into this category are 
taxes on building and equipment, interest on the investment, and insur
ance. A certain amount of repairs and maintenance may be required 
even though the building is not in use. 

In this study, each center was assigned certain sunk fixed costs based 
on the depreciation, insurance, taxes, and interest ascertained from the 
investment in plant and equipment. Repairs and maintenance were not 
considered sunk costs. Sunk fixed costs were the same for both the butter 
and nonfat dry milk and the cheese and dry whey operations. 

Other Fixed Costs 

When a plant begins putting raw material through the production 
processes, certain costs are incurred that do not change as more raw 
material is processed. It is generally accepted throughout the dairy 
manufacturing industry that all pieces of equipment may be operated 
only a certain length of time before they must be stopped and cleaned. 
The usual policy is to maintain cleanup in a dairy manufacturing plant 
once in each 24-hour period with a specified cleanup time allotted for 
each piece of equipment. 

Cleaning time and setup time, or preparing the equipment for opera
tion, are not incurred unless the product is to How through the plant. 
For example, when butter and nonfat dry milk are being manufactured, 
the cheese and starter room centers are not in operation. Cleaning and 
setup costs would not be incurred, but the sunk costs of depreciation, 
insurance, taxes, and interest would continue in these centers. 

On the other hand, when butter and nonfat dry milk are produced, 
certain amounts of time are required to get a separator to operating speed 
or a pasteurization unit to the proper temperature. Labor, fuel, water, 
electricity, cleaning compounds, and repairs and maintenance are con
sidered as other fixed costs for setup and cleanup in each center. 

Variable Costs 

Variable costs are those that vary with the rate of the plant. As out
put increases or decreases, variable costs increase or decrease. Variable 
costs are assumed to be linear in the model plant operation. The major 
components of the variable cost in each center are labor, fuel, electricity, 
and packaging supplies. 

The time element was used to determine several of the variable costs. 
Engineering data established the required times for various processes. 
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Figure 1. Theoretical cost relationship for a dairy manufacturing plant. 

k 

Time usually was expressed in hours per pound of product made or 
pounds of input handled. From this information, the time needed for 
motors to run, fuel to be used in producing steam, and labor required 
for tending the equipment could be estimated. These time factors were 
converted to hours per thousand pounds of whole milk and were used 
to compute electricity costs, fuel costs, and labor costs. Packaging sup
plies costs were determined by the pounds of products that required 
packaging. These costs also were converted to a whole milk basis. 

Estimation of Processing Costs 
Labor 

Discussions with plant managers and a consulting engineer and review 
of dairy manufacturing cost studies provided most of the data necessary 
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Table 4. Labor requirements by processing centers, model flexible Minnesota dairy manu· 
facturing plant, 1965 

Processing center* 

Receiving ............................. . 
Butter (B-P) ........................... . 

(C-W) ........................... . 
Evaporator and dryer (B-P) ................ . 

(C-W) ................ . 
Powder packaging and warehouse (B-P) ...... . 

(C-W) ..... . 
Cheese 
Starter room ........................... . 
Cooler ............................... . 
Refrigeration ........................... . 
Boiler ................................ . 
Laboratory ............................. . 
Office ................................. . 
General service ......................... . 

Man-hours of labor 

Fixedt 

1.00 
9.50 
9.50 

16.00 
16.00 

2.00 
2.00 

11.00 
4.00 

.50 

.25 
8.00 
4.00 

32.00 
.25 

Variable:j: 

.0100 

.0281 

.0014 

.0350 

.0300 

.0344 

.0234 

.3030 

* B-P represents butter and nonfat dry milk; C·W represents cheese and dry 
whey. 

t Per 24-hour day. 
:j: Per thousand pounds of whole milk. 

for determining labor costs. Labor was divided into other fixed and vari
able cost categories. All labor needed was estimated on the basis of 
man-hour requirements by job in each center.4 

The man-hour figures, both fixed and variable, were estimated on the 
basis of actual time needed to perform a specific operation (table 4). 
It was assumed that the times also included personal time needed. 

Fixed times in the receiving, butter, evaporator and dryer, powder 
packaging and warehouse, and cheese centers were estimates of man
hours required for setup and cleanup of model plant equipment. Fixed 
labor in the receiving center did not include cleaning milk trucks. It was 
assumed that each driver washed his own truck, as is the practice in 
many plants. The fixed time in the starter room and laboratory was an 
estimate of the man-hours needed to perform the functions of these 
centers. The time of an engineer was included in the fixed time for the 
boiler center. The cooler, refrigeration, and general service fixed man
hours were for cleanup time. 

The office center was assumed to require four persons for 8 hours 
each day. The personnel included the general manager, plant super
intendent, and two clerical employees. 

The variable man-hours were estimated per thousand pounds of ma
terial processed in the center. The butter and evaporator and dryer cen
ters require different variable man-hours depending on whether butter 

• Frank . Barta, Matrix Engineering Co., Minneapolis, Minnesota, provided val
uable assistance in estimating labor requirements based on engineering data taken 
from the model plant equipment specifications. 
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and nonfat dry milk or cheese and dry whey are produced. Much more 
butter is produced in the butter and nonfat dry milk operation than in 
the cheese and dry whey operation, requiring a greater amount of labor 
per thousand pounds of whole milk in the butter center. 

The man-hours per thousand pounds of whole milk in the evaporator 
and dryer center for processing skim milk also include the processing 
of buttermilk into a dry product. It was assumed that the evaporating 
and drying rate for buttermilk was the same as for skim milk. Variable 
man-hours for the powder packaging and warehouse center also differed 
because of the difference in yields of nonfat dry milk and dry whey per 
unit of whole milk. 

Wage rates to apply to fixed and variable labor were obtained from 
a labor union contract in effect in the dairy manufacturing area of Min
nesota. This wage rate was adjusted to allow for annual leave, sick leave, 
and holidays. It was assumed that each employee received 2 weeks of 
annual leave per year. Sick leave was computed on the basis of 7 days 
per year and assumed to be an obligation of the plant, even though 
each employee might not use the full amount each year. Seven holidays, 
for which the plant paid workers, were listed in the contract. 

The total paid time away from work amounted to 192 hours per 
year. Assuming a 40-hour work week, total possible work time per year 
was 2,080 hours. This figure was the number of hours on which the 
hourly wage rates in the contract were based. Actual working time for 
each employee was 1,888 hours per year. Thus, each employee was paid 
for 10 percent more hours than he actually worked to account for annual 
and sick leave. The base wage rate (table 5) is 10 percent greater than 
the wage rate specified in the contract to account for the annual leave, 
sick leave, and holiday time. 

Additions to the base wage rate were made for certain fringe bene
fits. One of these items was unemployment insurance at the rate of 3.1 
percent on the first $3,000 of annual salary per laborer. The social se
curity rate applied was 4.2 percent on the first $6,600 of annual• income 
per worker and was added to the base wage rate. Workmen's Compen
sation and employee's liability insurance at $1.56 and $0.162, respec
tively, per $100 of payroll were figured in the wage rate also. The Work
men's Compensation rate was subject to a 15-percent discount, provided 
the total annual premium was greater than $500. For this plant, the 
premium was greater than $500 and the discount was taken into account 
in computing the cost. A description of the work classification and details 
of the wage rates and fringe benefits appear in table 5. 

The employees in the office center were assumed to be salaried on 
the following basis: 

General manager ............................................... .. 
Plant superintendent ................................................ .. 
Bookkeeper ............................................................. . 
Clerk-typist .................... . 

Total 

Annual salary 
$15,000 
10,000 
5,200 
4,400 

$34,600. 
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Table 5. Job classification, hourly base wage, fringe benefits, and gross wage for labor used, model flexible Minnesota dairy manufacturing plant, 1965 

Job classification and description 
Unemployment Social Workmen's Employee's 

Base wage'' insurancet security:j: Compensation§ liabilityn Gross wage'''* 

• • • • 0, •• • •• 0 •• 0 •••••••• hourly rate in dollars ........................... 
General-includes all help not otherwise 

classified ........... . 

Semi-skilled-cleanup and setup help and 
apprentice operators ... 

Skilled-regular pan operator, dryer box op
erator, butter maker, and cheese maker. 

Engineer-first class 

second class 

Foreman 

Laboratory operator .. 

2.40 .045 

2.51 .045 

2.68 .045 

2.83 .045 

2.68 .045 

2.83 .045 

2.56 .045 

.101 .032 .004 2.58 

.105 .033 .004 2.70 

.113 .036 .004 2.88 

.119 .038 .005 3.04 

.113 .036 .004 2.88 

.119 .038 .005 3.04 

.108 .034 .004 2.75 

*Adapted from labor union contract of United Packing-House Workers of America, C.I.O., Local No. 512. The following type of 
clause generally is found in labor union contracts: New employees shall be hired at a rate of 5 cents be!ow the rate of their classi
fication. After 30 days employment, their rate shall be increased to a mimmum rate for their classification. Any employee whose reg
ular duties require work between the hours of 6 p.m. and 6 a.m. shall receive as additional compensation a premium of 10 cents per 
hour for the time so worked. 

t Based on rate of 3.1 percent on first $3,000 of earnings. 
:j: Based on rate effective January 1, 1966, of 4.2 percent on first $6,600 of earnings. 
§ Based on rate of $1.56 per $100 payroll adjusted for a 15 percent dividend when total annual premium is greater than $500. 
~Based on rate of $0.162 per $100 payroll. '"' Rounded to nearest whole cent. 



Fuel 
The choice of fuel was determined by the type of boiler and dryer 

installed. It was planned that both units be fired with natural gas and 
that the plant subscribe to interruptible service (i.e., when residential 
gas consumption is great, such as during severe weather, gas supplied 
to the plant may be temporarily suspended). The plant therefore had 
to be equipped with a temporary gas supply, usually bottled gas. The 
fixed fuel input was computed in each center by determining the Brit
ish thermal units (B.t.u.'s) or pounds of steam needed to accomplish 
cleanup and setup requirements. The variable fuel utilization was de
termined from the engineering requirements of the equipment involved 
in heating the milk and milk products. 

The rate of 37.2 cents per thousand cubic feet of gas was applied for 
all fuel used in the plant. This interruptible service rate was obtained 
from the Northern States Power Company, which supplies gas to many 
Minnesota dairy plants. 

A standard boiler efficiency of 80 percent was assumed for the con
version of fuel B.t.u.'s into steam B.t.u.'s. It also was assumed that heat 
losses and allowances for heating during the winter months would be 
covered in this factor. 

Variable fuel costs were computed on the basis of the B.t.u. require
ments for heating milk or other materials in various pieces of equip-
ment in the centers. Temperature changes required for different proc
esses were determined for each piece of equipment where applicable.5 

The following formula was used to convert the temperature requirements 
into B.t.u.'s: 6 

Q X (t1- tz) X 1.125 = B.t.u.'s per hour 
Where: Q = quantity of milk per hour 
( t1 - t2) = temperature change of milk 
1.125 = efficiency factor 

The B.t.u.'s per hour then were divided by the pounds of material to 
determine the B.t.u.'s required from the fuel per thousand pounds of 
material. 

Other fixed fuel costs were developed on the basis of time required 
to heat_ the various pieces of equipment to operating temperature with 
steam or hot water. The amount of hot water required for cleanup also 
was included in computing fixed fuel costs. Fuel for heating· hot water 
was computed from the estimation of hot water requirements based on 
heating well water from 50° F. to 180° F. The B.t.u.'s required were 
computed and the amount of fuel was determined. 

Electricity 
The number of electric motors and their horsepower were obtained 

from equipment specifications. The fixed and variable operation times 

5 Details of temperature changes for different processes appear in the appendix. 
6 All formulas for determining B.t.u. requirements are from Farrall, Arthur W., 

Dairy Engineering, Second Edition, John Wiley and Sons, Inc., N.Y., 1952. 
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Table 6. Electricity rates, model flexible Minnesota dairy manufacturing plant, 1965* 

Demand charge for secondary voltage service: 
First - 100 kilovolt-amperes or less of demand-$185.00 per month 
Next - 100 kilovolt-amperes of demand at $1.55 per kva per month 
Excess- kilovolt-amperes of demand at $1.27 per kva per month 

Energy charge: Kilowatt hours 
per month 

Cents per 
kilowatt hours 

First .............................. · 
Ne~ .............................. . 
N~ .............................. . 
N~ .............................. . 
N~ .............................. . 
N~ .............................. . 
N~ .............................. . 
Excess ............................ . 

20,000 
30,000 
50,000 

400,000 
500,000 

1,000,000 
3,000,000 

*A discount of 5 percent is allowed for payment within 10 days. 
Source: Northern States Power Company Schedule GK025. 

1.55 
1.20 
1.05 

.94 

.80 

.75 

.70 

.65 

were determined from the cleanup and setup times plus processing time. 
The latter was based on the technological coefficients of the equipment. 
Horsepower requirements were converted to horsepower hours and then 
to kilowatt hours. One kilowatt hour per horsepower hour was used in tbe 
conversion. This conversion factor, used by engineers, takes into account 
energy losses and inefficiencies in motor operation. 

The applicable electricity rates appear in table 6. The demand charge 
for electricity was computed for each center. This charge, along with 
electricity costs for setup and cleanup, constituted the other fixed costs 
in the plant operation. 

Variable electricity costs were based on an average rate of 1.166 
cents per kilowatt hour. This rate was based on the total kilowatt usage 
of the plant if it processed 500,000 pounds of milk per day, as computed 
from the electrical energy charge rates in table 6. The electricity costs 
in the butter, evaporator and dryer, and refrigeration centers differed ac
cording to the types of products produced. 

Water and Sewage 
The cost of all water was assumed to be 7 cents per 100 cubic feet. 7 

Water usage in a dairy manufacturing plant is primarily for cleanup. 
It was assumed that "cow water," water evaporated from skim milk, was 
utilized in the operation of the boiler and the cooling tower and that 
water in the refrigeration system was recovered. Estimates of water used 
for cleanup were based on information from plant managers and tech
nical personnel in the industry. Cleanup was assumed to be accom
plished as much as possible by the use of clean-in-place equipment. 

Most of the water was assumed to be another fixed cost. Only the 
receiving and butter centers were assumed to require water in the actual 
operation. The receiving center used water to wash the milk trucks at 

7 This typical municipal water rate was supplied by the Mineral Development 
Department, Great Northern Railway. 
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A worker measures butter into 68-pound cartons. 

a rate of 14 gallons per 1,000 pounds of milk received. \Nell water was 
used to cool cream in the butter center. 

Some cleaning water must be heated. It was estimated that 60 percent 
of the cleaning water was heated to a temperature of 180° F. Thus, an 
additional fuel cost was incurred by each center for heating water. Water 
allocated to the office and general service centers was for personnel. 

It was assumed that all water used for cleanup was drained into the 
municipal sewer system. The rate of sewage disposal was estimated at 1 
cent per 100 cubic feet. Combining the water and sewage rates, the 
charge for water and sewage was computed to be 11 cents per thousand 
gallons of water used. 

Packaging Supplies 
A list of packaging supplies and unit prices appears in table 7. Boxes 

for butter packing hold 68 pounds of butter each. The bags for packaging 

Table 7. Packaging supplies and prices, model flexible Minnesota dairy manufacturing 
plant, 1965* 

Packaging item 

Butter box, 12%" x 12%" x 13" (68#), per box .............. . 
Parchment butter box liners, two per box .................... . 
Gummed tape for sealing box, per box ...................... . 
Type G-bag for nonfat dry milk (100#), 

including thread and tape, per bag ....................... . 
Bag for dry whey (100#), including thread and tape, per bag ... . 
Polyfoil sheet for wrapping cheese, per sheet .............. . 
Cheese box, 113,4" x 143,4" x 7Vs" with 

double wall liner, per box ............................... . 

Pricet 

$ .16 
.032 
.0065 

.30 

.25 

.18 

.191 

''' Prices obtained from North Star Dairy, St. Paul, Minnesota, and Land 
O'Lakes Creameries, Inc., Minneapolis, Minnesota. 

t Based on the purchase of a thousand units. 
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and storing nonfat dry milk meet government specifications, and the 
price includes the thread for sewing them shut and the tape for sealing 
them. The dry whey bag is less expensive because dry whey is sold pri
marily in commercial channels and the bags do not have to meet gov
ernment specifications. 

To package cheese in 40-pound blocks, each block must be sealed 
with heat in a polyfoil sheet. The corrugated box is lined with a paper
coated veneer innerliner before the block of cheese is placed in it and 
stored. All packaging costs were allocated to the appropriate center 
on the basis of product in terms of thousand pounds of whole milk. 

General Supplies 

Salt used in butter and cheese making was priced at $1.58 per 100-
pound bag delivered to the plant. On a whole milk basis, 1.08 pounds of 
salt were required in butter making per thousand pounds of whole milk. 
In cheese making, 2.5 pounds of salt were needed per thousand pounds 
of whole milk processed. 

Laboratory supplies were specified at 4.5 cents per hundred pounds 
milk received. 8 Cleaning supplies costs were obtained from accounting 

data of a plant that manufactured butter and nonfat dry milk. The daily 
costs for cleaning supplies, including brushes, washingpowder, and CIP 
cleaning agents, were allocated according to the cleaning water usage. 

Accounting data also were for estimating office supplies and 
uniforms and laundry. Office center supplies included supplies needed 
to out duties--telephone, advertising, bank charges, 
and miscellaneous costs. The daily fixed general supplies cost as-
signed to the office center was $25.21, based on the accounting data. 
Uniforms and laundry cost for personnel was considered a fixed 
cost and was assigned to the general service at per 

Depreciation 

Depreciation was computed for each piece of equipment based on 
the estimated life obtained from equipment sales personnel (see appen
dix). Building depreciation was based on an estimated life of 33 years, 
a rate of 3 percent per year. 

Insurance 

Insurance coverage was for fire and extended coverage including 
such risks as wind, hail, and vandalism. The applicable yearly rate used 
was 36 cents per $100 of building and equipment. The dollar value used 
was 80 percent of the original cost of plant and equipment. No provision 
was made for inventory. Boiler insurance was an additional $165 per 
year. 

8 Johnson, A. C., Jr., Olan D. Forker, and D. A. Clarke, Jr., Operations and Costs 
of Manufacturing Dairy Products in California, Calif. Agr. Exp. Sta., Giannini Foun
dation Res. Rpt. No. 272, Jan. 1964, p. 51. 
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Repairs and Maintenance 

Repair and maintenance cost was assumed to be part of other fixed 
costs in each center. This cost was incurred only if the center received 
milk or a milk product to process. Generally, industry personnel assume 
that repair and maintenance cost rates are one-half the building de
preciation cost rate in dairy manufacturing plants. Thus, 1.5 percent was 
the rate applied to each center's building and equipment costs. Certain 
spare parts are kept in the general service center, but it was assumed 
that they would be replaced immediately. 

Taxes 

The Minnesota Deparhnent of Taxation was consulted for property 
tax rates. The tax was computed by a formula involving a millage rate 
on the assessed value of buildings and equipment. The state average 
millage rate for dairy plants was 244.8 mills per $1,000 of assessed value. 
The computed rate of 3.264 percent was applied to the market value of 
land, building, and equipment in the model plant. Equipment was in
cluded in real estate because major pieces of equipment are considered 
nonportable. The value of portable equipment was considered relatively 
small in the plant under study, so all equipment was assumed to be 
nonpcrtable. 

Other taxes incurred by the plant included those relating to payroll 
and were accounted for in labor cost. 

Interest 
Recent studies have used interest rates varying from 5.5 to 6.0 per

cent. Taking into account the dividend returned to the organization, a 
cooperative plant could borrow money from the St. Paul Bank for Co
operatives in 1965 for approximately 5.5 percent. A rate of 5.5 percent 
was applied to the midlife value of the building and equipment costs 
in each processing center. It was assumed that if money was not bor
rowed for plant investment it could obtain a return in an alternative use. 

Summary of Costs 

Processing costs for the model flexible plant are summarized in ta
bles 8-ll. The various costs are shown by the three cost categories of 
sunk fixed, other fixed, and variable costs for each of the processing 
centers. The sunk fixed and other fixed costs are shown on a daily basis. 
The variable costs are on the basis of thousand pounds of milk. Tables 
8 and 9 summarize the costs for the butter and nonfat dry milk operation; 
a summary of cheese and dry whey operation costs appears in tables 
10 and ll. 

Costs in a Flexible Plant 

As indicated earlier, the model flexible dairy manufacturing plant 
was defined as one that had facilities for utilizing quantities of whole 
milk in the production of either of two product groups. A restriction 
placed on the flexible plant was that it could not produce the two product 
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Table 8. Daily sunk and other fixed costs for manufacturing butter and nonfat dry milk, model flexible Minnesota dairy manufacturing plant, 1965 

Other fixed costs 

Sunk fixed costs Repairs 
and Elec- Water General Total 

De pre- lnsur- main- tri- and sup- fixed 
Processing center ciation ance Taxes Interest Total tenance Labor Fuel city sewage plies Total costs 

. . . . . . . . . . . . . dollars .. 

Receiving ....... 3.68 .15 1.70 1.43 6.96 .76 2.58 .88 .57 .11 2.07 6.97 13.93 

Butter ..... ..... 32.16 1.37 15.65 12.35 61.53 7.15 25.84 3.79 4.70 .79 14.94 57.21 118.74 

Evaporator and dryer 76.77 2.59 29.55 24.89 133.80 13.48 46.08 12.87 5.47 1.10 20.75 99.75 233.55 

Powder packaging and 
warehouse ..... 16.06 .86 10.49 8.83 36.24 4.48 5.40 .60 10.48 46.72 

Cheese ....... . . . . . 45.49 2.15 24.72 20.83 93.19 . ... . ... 93.19 

Starter room .... 1.61 .11 1.29 1.09 4.10 4.10 

Cooler ... 7.41 .75 8.78 7.40 24.34 3.90 1.79 1.10 6.79 31.13 

Refrigeration 10.31 .49 5.68 4.79 21.27 2.59 .65 .06 3.36 .02 .41 7.09 28.36 

Boiler • 0 •••• 13.16 1.05 7.03 5.91 27.15 3.14 23.68 .71 1.14 .02 .41 29.10 56.25 

laboratory . . . . . . . 1.43 .09 1.06 .89 3.47 .48 11.00 .18 .06 .02 .41 12.15 15.62 

Office •• 0 •• 4.01 .20 2.36 1.99 8.56 1.07 94.79 .04 .20 .01 25.21 121.32 129.88 

I.Qeneral service 1.78 .08 .95 .80 3.61 .42 .65 .23 .08 5.48 6.86 10.47 
-- - -- -- -- -- -- --

Total ... ..... 213.87 9.89 109.26 91.20 424.22 37.47 212.46 18.76 17.20 2.15 69.68 357.72 781.94 
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Table 9. Variable processing costs per thousand pounds of whole milk for manufacturing butter and nonfat dry milk, model flexible Minnesota dairy 
manufacturing plant, 1965 

Water and Packaging General 
Processing center Labor Fuel Electricity sewage supplies supplies Total 

dollars 

Receiving ................................ .0258 .0003 .0012 .0020 . ... .0293 

Butter . . . . . . . .................... . 0783 .0092 .0342 .0060 .1256 .0163 .2696 

Evaporator and dryer . . . . . . . .1008 .2570 .0593 .... .4171 

Powder packaging and warehouse ..... . .... .0929 .0033 .2509 . ... .3471 

Cooler .... . ............... . 0011 .0011 

Refrigeration . ' ... ......... .0174 .0174 

Boiler . . . . . . . . . . . . . . . . . . . . . . . . . .0126 .... .0126 

laboratory . . . . . . . . . . . . . . . . .... .0450 .0450 

Office 

General service .......... 
--- --- --- --- --- --

Total .................................. .2978 .2665 .1291 .0080 .3765 .0613 1.1392 
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Table 10. Daily sunk and other fixed costs for manufacturing cheese and dry whey, model flexible Minnesota dairy manufacturing plant, 1965 

Sunk fixed costs Other fixed costs 

Repairs 
and Elec- Water General Total 

De pre- insur- main- tri- and sup- fixed 
Processing center ciation a nee Taxes Interest Total tenance Labor Fuel city sewage plies Total costs 

dollars 

Receiving ...... 3.68 .15 1.70 1.43 6.96 .76 2.58 .88 .57 .11 2.07 6.97 13.93 

Butter ... ..... 32.16 1.37 15.65 12.35 61.53 7.15 25.84 4.14 4.70 .79 14.94 57.56 119.09 

Evaporator and dryer 76.77 2.59 29.55 24.89 133.80 13.48 46.08 12.87 5.47 1.10 20.75 99.75 233.55 

Powder packaging and 
warehouse 16.06 .86 10.49 8.83 36.24 4.48 5.40 .60 10.48 46.72 

Cheese . . . . . . . 45.49 2.15 24.72 20.83 93.19 11.19 29.70 5.00 .46 .94 17.59 64.88 158.07 

Starter room ..... 1.61 .11 1.29 1.09 4.10 3.33 11.00 .18 .28 .02 .41 15.27 19.37 

Cooler 7.41 .75 8.78 7.40 24.34 3.90 1.79 1.10 6.79 31.13 

Refrigeration ..... 10.31 .49 5.68 4.79 21.27 2.59 .65 .06 3.36 .02 .41 7.09 28.36 

Boiler 13.16 1.05 7.03 5.91 27.15 3.14 23.68 .71 1.14 .02 .41 29.10 56.25 

Laboratory 1.43 .09 1.06 .89 3.47 .48 11.00 .18 .06 .02 .41 12.15 15.62 

Office 0 ••• 4.01 .20 2.36 1.99 8.56 1.07 94.79 .04 .20 .01 25.21 121.32 129.88 

General service 1.78 .08 .95 .80 3.61 .42 .65 .23 .08 5.48 6.86 10.47 
-- - -- -- -- -- -- -- -- - -- -- --

Total 213.87 9.89 109.26 91.20 424.22 52.04 253.16 24.29 17.94 3.11 87.68 438.22 862.44 
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Table 11. Variable processing costs per thousand pounds of whole milk for manufacturing cheese and dry whey, model flexible Minnesota dairy manu
facturing plant, 1965 

Water and Packaging General 
Processing center Labor Fuel Electricity sewage supplies supplies Total 

•••••••••••• 0 •••••••••••••• dollars . ...... . . . . . . . 

Receiving . . . . . . . . . . .... . ... .0258 .0003 .0012 .0020 .0293 

Butter . . . . . . . ...... .0038 .0246 .0240 .0005 .0062 .0014 .0605 

Evaporator and dryer .1042 .2780 .0622 .4444 

Powder packaging and warehouse .0623 .... .0023 .1417 .2063 

Cheese . . . ............ . 8176 .0082 .0134 . ... .8810 .2894 2.0096 

Starter room 

Cooler ....... . ... .0027 .0027 

Refrigeration .... .0138 .0138 

Boiler . . . . . . . . . . . . . . , .... ....... .0126 . ... .0126 

Laboratory . . . . . . . . . . . . ... ... .0450 .0450 

Office .... • •••••••••••••••••• 0 •• '' •• 

General service 
--- --- --- --

Total 1.0137 .3111 .1322 .0025 1.0289 .3358 2.8242 
----



groups simultaneously. All milk received had to be utilized in one or the 
other group. 

Butter and Nonfat Dry Milk Operation 

The first group of products considered in the flexible plant was butter, 
nonfat dry milk, and dry buttermilk. Daily sunk costs for the butter and 
nonfat dry milk operation (table 8) were the same as for the cheese 
and dry whey operation (table 10). These costs were incurred in the 
flexible plant whether it operated or not. The other fixed costs for the 
cheese and starter room centers were omitted from the total cost for 
the butter and nonfat dry milk operation because they are not needed 
in the operation. The cheese and starter room centers were not required 
for the production of butter, nonfat dry milk, or dry buttermilk. Total 
sunk costs amounted to $424.22 for the butter and nonfat dry milk opera
tion. The total other fixed costs of $357.72 added to the total sunk costs 
brought the total fixed cost to $781.94 per day in the production of butter 
and nonfat dry milk. 

Of the total sunk fixed costs, 50 percent was attributed to deprecia
tion and 25 percent to taxes. Nearly 60 percent of the other fixed costs 
was for labor. Much labor was required in the cleanup of the butter, 
evaporator, and dryer centers" Another large fixed labor item was the 
office center, which accounted for 45 percent of the total other fixed labor 
cost. Taken on a total cost and labor accounted 
for more than 50 percent of the $781.94 total. 

The variable costs for processing 1,000 pounds of milk into 
butter and nonfat dry milk totaled $1.14 (table 9). Packaging supplies 
represented one-third of the variable cost, and labor and fuel represented 
about one-fourth each. 

Cheese ami 

The cheese and dry whey operation processing costs also are discussed 
in terms of the three cost categories. The sunk fixed, other fixed, and 
variable costs for the flexible plant to produce cheese, dry whey, and 
whey cream butter are shown in tables 10 and 11. 

The daily sunk fixed costs, $4:24.22, were identical to those for the 
butter and nonfat milk operation. 'The first cost difference noted be-
tween the two was in other fixed costs. The cheese and starter 
centers were to these costs, bringing the total other fixed costs to 
$438.22. The other fuel costs in the butter center differed from those 
in the butter and nonfat dry milk operation because of the additional 
steam needed to heat the pasteurizer to operating temperature for the 
processing of whole milk. Other heat exchanges were similar. 

Total fixed costs in the cheese and dry whey operation were $862.44, 
10 percent higher than in the butter and nonfat dry milk operation. The 
processing of milk into cheese required two additional centers-the 
cheese and starter rooms. largest other fixed cost items in these two 
centers were labor and general supplies. Both were used primarily in 
equipment cleanup. 
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Total variable processing costs were $2.82 per thousand pounds of 
milk, nearly two and one-half times greater than in the butter and nonfat 
dry milk operation. Most of this difference was accounted for in the 
cheese processing center, where labor and packaging costs were high 
compared with similar costs in the butter center. Cheese making is a 
more extensive labor using operation than butter making. Also, boxes 
for cheese storage have an additional liner and special paper for heat 
sealing to prevent spoilage. Total variable labor was three times greater 
in the butter and nonfat dry milk operation than in the cheese and dry 
whey operation. Fuel and electricity costs were about the same for both. 

Comparison of Operations 
Information in the foregoing tables indicates that other fixed costs 

were greater in the cheese and dry whey operation. Variable costs in 
the butter and nonfat dry milk operation were less than half those in 
the cheese and dry whey operation. This fact is presented graphically 

Dollars 

2,500 

2, 000 

1,500 

1,000 

500 

0 100 

Total cost, cheese 

Total cost, butter 

Other fixed cost, cheese 

Other fixed cost, butter 

Sunk fixed cost, cheese and butter 

200 300 
Volume of whole milk 

(thousand pounds) 

400 500 

Figure 2. Comparison of daily processing costs, butter and nonfat dry milk versus 
cheese and dry whey, model flexible Minnesota dairy manufacturing plant, 1965. 
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in figure 2. When the model plant was shifted to cheese and dry whey 
production, other fixed costs increased by $80.50 per day. 

Average costs per thousand pounds of whole milk were computed for 
both operations, assuming daily plant capacity at 500,000 pounds of 
milk. The total average cost in the butter and nonfat dry milk operation 
was $2.70-40 percent less than the cheese and dry whey cost ( $4.55 
per thousand pounds). Note, however, that these costs are based on a 
plant capacity of .500,000 pounds of whole milk per day. In all but 1 
month a year the volume of milk processed would have been below 
this level and costs per thousand pounds of milk would have been some
what higher (see following section). 

The average variable cost for the cheese and dry whey operation was 
about equal to the average total cost for the butter and nonfat dry milk 
operation. As noted previously, the relatively high variable cost in the 
cheese operation occurred because of the more extensive labor and higher 
packaging costs associated with cheese making. 

The difference in variable costs for the butter center occurred be
cause of the greater amount of butter manufactured per thousand pounds 
of milk in the butter and nonfat dry milk operation. For similar reasons, 
the variable cost differences in the evaporator and dryer center and the 
powder packaging and warehouse center resulted from different yields 
of dry material per unit of whole mille 

The costs in the 
the plant at 
day. When operating 
processing cost would be 
do not change with "·n,o·mmP 

section were based on the assumption that 
of pounds of whole milk per 

500,000 pounds, the average daily 
in either operation because fixed costs 

To operate the plant at capacity the year round would mean 
that milk supplies would have to be available in that quantity each day, 
which generally is not the case in actual operations. Because of season
ality in milk production, plants receive varying amounts of milk through
out the year. So monthly and annual processing costs per thousand 
pounds of whole milk differ from daily costs where it was assumed that 
the plant received milk in the amount of its capacity each day. 

In order to make a reasonable estimate of monthly and annual proc
essing costs for the model plant, a seasonality factor was used to de
termine whole milk receipts. The seasonality factor used was 
a monthly index of milk receipts in Minnesota butter and nonfat dry 
milk plants developed by J. William Hanlon.9 This index was used to 
derive the total monthly receipts for the model plant (table 12). 

In computing monthly receipts, May was considered the peak month 
based on the index. It was assumed that in May the model plant re-

milk each day to its capacity of .500,000 pounds of whole 

9 Hanlon, J, William, unpublished Ph.D. thesis, Dept. of Agr. Econ., Univ. of 
Minn., 1965. 
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Table 12. Monthly distribution of whole milk receipts, model flexible Minnesota dairy 
manufacturing plant, 1965 

Whole milk Average daily 
receipts receipts 

_M_o_n_:_th~~~~~~~~~r_th_o_u_s_a_n_d_.p_o_u_n_d_s,__) ___,(-'-th_o_u__cs_a_n_d_,_p_o_u_n_d~s )"----~l_ndex''' 

January , , . . 13,175 425 
February . . . 13,020 465 
March . . . . 14,725 475 
April . . . . . . 14,570 486 
May . . . . . . . 15,500 500 
June . . . . . . 14,260 475 
July . . . . . . . . . 10,850 350 
August . . . . 8,370 270 
September . . . . . . . 6,975 232 
October . . . . . . . . . . . . . . 8,060 260 
November .......... , , . 9,455 315 
December ...... , . . . . . . 12,245 395 

Year . . . . . . . . . . . . . . . 141,205 387 

85 
84 
95 
94 

100 
92 
70 
54 
45 
52 
61 
79 

'" Index of monthly milk receipts for Minnesota butter and nonfat dry milk 
plants as computed by J. William Hanlon in his unpublished Ph.D. thesis, Depart
ment of Agricultural Economics, University of Minnesota, 1965. 

milk. The receipts for the other months were computed by applying the 
monthly index for each month to the total receipts of 15.5 million pounds 
during the peak month. 

The synthesized costs developed in the previous section were used 
to construct the monthly costs for the two operations of the flexible plant 
and are shown in table 13. 

The processing cost per thousand pounds of milk for the butter and 
nonfat dry milk operation ranged from a low of $2.70 in May to a high 
of $4.49 in September. The average for the year was $3.16 per thousand 
pounds of whole milk receipts. 

In the cheese and dry whey operation, the processing cost per 
thousand pounds of milk ranged from a low of $4.55 in May to a high 
of $6.51 in September. The yearly average was $5.05 per thousand 
pounds of whole milk received at the plant. 

Comparison of model plant costs with actual plant operations pre
sented several problems. Model plant data were based on the engineer
ing requirements used to develop labor and other input coefficients. 
These data may differ considerably from an operating plant equipped 
with machines having different specifications or a plant that developed 
over a period of years. Some plants have grown through additions to 
existing equipment and may not be geared for a continuous and even 
flow of milk as in the model plant. Labor was assumed at the minimum 
required to perform the given duties in the model plant. No overtime 
was considered, whereas many operational plants regularly hire over
time labor. Therefore, costs for the model plant were expected to be 
less than for similar operational plants. 

The flexible plant costs were compared with accounting data of a 
group of specialized butter and nonfat dry milk plants. The weighted 
annual average processing cost for five plants was $3.40 per thousand 
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Table 13. Monthly costs for butter and nonfat dry milk operation and cheese and dry whey operation, model flexible Minnesota dairy manufacturing 
plant, 1965 

Processing costs 

Butter and nonfat dry milk Cheese and dry whey 

Average per Average per 
thousand thousand 

pounds pounds 
Month Fixed Variable Total whole milk Fixed Variable Total whole milk 

.................................... dollars 0 •••••••••• 0 •••••••••••••••• 

January ...... 24,240 15,008 39,248 2.98 26,736 37,208 63,944 4.85 

February 21,894 14,831 36,725 2.82 24,148 36,770 60,918 4.68 

March .. ...... 24,240 16,773 41,013 2.79 26,736 41,585 68,321 4.65 

April 23,458 16,597 40,055 2.71 25,873 41,147 67,020 4.61 

May . . . . . 24,240 17,656 41,896 2.70 26,736 43,774 70,510 4.55 

June 23,458 16,244 39,702 2.78 25,873 40,272 66,145 4.62 

July .... 24,240 12,359 36,599 3.39 26,736 30,641 57,377 5.31 

August 24,240 9,534 33,774 4.02 26,736 23,638 50,374 5.99 

September 23,458 7,945 31,403 4.49 25,873 19,698 45,571 6.51 

October ... 24,240 9,181 33,421 4.13 26,736 22,762 49,498 6011 

November ....... 23,458 10,770 34,228 3o60 25,873 26,702 52,575 5.54 

December 24,240 13,948 38,188 3.13 26,736 34,581 61,317 5.03 
--- --- --- -- --- --- --- --

Year ........ 0 ....... 0 .... 0 . 285,406 160,846 446,252 3ol6 314,792 398,778 713,570 5.05 



Table 14. Average processing costs per thousand pounds of whole milk in five Minnesota 
butter and nonfat dry milk plants, 1962* 

Plant number 

1.. 
2. 

Average daily whole 
milk processed 

(thousand pounds) 

3 ............................... . 

122 
260 
458 
466 
628 

4 ........................... . 
5 ........... . 
Weighted average .. 

Average total costs 
per thousand pounds 

(dollars) 

4.93 
3.57 
2.84 
3.48 
3.34 
3.40 

''' Data taken from unpublished cost estimates derived from annual audit re
ports by E. Fred Koller, professor, Department of Agricultural Economics, Univer
sity of Minnesota. 

pounds of milk (table 14). The lowest figure was $2.84 per thousand 
pounds of milk processed. 

The flexible plant annual average cost of $3.16 for the butter and 
nonfat dry milk operation was lower than the average for the five plants 
but higher than that of the lowest plant. The model flexible plant costs 
were developed assuming an ideal plant operation, which could account 
for the cost being less than the five-plant average. On the other hand, 
the flexible plant cost includes cheese equipment not used in the butter 
operation, which could account for the cost being larger than that of 
the lowest cost plant. 

Comparison of the cheese and dry whey operation costs with an actual 
plant situation was not possible with the same degree of consistency as 
the butter and nonfat dry milk operation. Comprehensive cost studies 
of cheese and dry whey plants were not available for recent years. Cost 
data for cheese operations only are not readily available and usually are 
for plants with smaller milk volumes than the model plant. 

Material from the Wisconsin Department of Agriculture was used 
for very limited cheese processing cost comparisonsY1 The largest cheese 
plants in the Wisconsin data had only 30 percent of the yearly volume of 
the model plant. Apparently, the plants produced only cheese and did 
not have whey drying facilities. 

The average processing cost for the largest cheese plants in the Wis
consin study was $4.54 per thousand pounds of whole milk containing 
3.5 percent butterfat. The model plant cheese and dry whey operation 
in this study had an annual average processing cost of $5.05 per thousand 
pounds of milk (table 13). 

Again, it must be emphasized that cost data for actual operational 
plants that are flexible to the extent of the model plant are not available, 
so the comparisons made here are limited. 

' 0 The Wisconsin Department of Agriculture, Division of Dairy, Food and Trade, 
has made cost studies of Wisconsin cheese plants for several years. The data dis
cussed here were the sixth and last in the series. There were 25 plants surveyed in 
1962. These plants were private as well as cooperative operations ranging in size 
from $100,000 to $2,000,000 total annual volume. The cost analysis made was based 
on plant accounting data. 
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Table 15. Processing costs for specialized butter and nonfat milk and cheese and whey plants, Minnesota, 1965* 

Butter and nonfat dry milk Cheese and dry whey 

Average per Average per 
thousand thousand 

pounds pounds 
Month Fixed Variable Total whole milk Fixed Variable Total whole milk 

•••••••••• 0 ••••••••• . . . . . . dollars . ............. 

January 21,224 15,008 36,232 2.75 25,905 37,208 63,113 4.78 

February 19,170 14,831 34,001 2.62 23,398 36,770 60,168 4.63 

March ..... 21,224 16,773 37,997 2.59 25,905 41,585 67,490 4.59 

April 20,540 16,597 37,137 2.51 25,070 41,147 66,217 4.48 

May 21,224 17,656 38,880 2.51 25,905 43,774 69,679 4.49 

June 20,540 16,244 36,784 2.57 25,070 40,272 65,342 4.57 

July 21,224 12,359 33,583 3.11 25,905 30,641 56,546 5.24 

August 21,224 9,534 30,758 3.66 25,905 23,638 49,543 5.90 

September 20,540 7,945 28,485 4.07 25,070 19,698 44,768 6.40 

October .. 21,224 9,181 30,405 3.76 25,905 22,762 48,667 6.01 

November 20,540 10,770 31,310 3.30 25,070 26,702 51,772 5.45 

December 21,224 13,948 35,172 2.89 25,905 34,581 60,486 4.96 
-- --- -·-- -- --- --- --- ·--

Year ... .... 249,898 160,846 410,744 2.91 305,013 398,778 703,791 4.98 

'' Developed from processing cost data synthesized for model flexible Minnesota dairy manufacturing plant. 



Costs in a Specialized Plant 

From the flexible plant cost data, it was possible to develop operat
ing costs for specialized butter and nonfat dry milk and cheese and dry 
whey plants. These costs were developed by making adjustments in the 
processing center costs. 

In a specialized butter and nonfat dry milk plant, the cheese and 
starter centers would not be included. Therefore, the sunk fixed costs 
for these two centers in the flexible plant could be disregarded in the 
butter plant. The other fixed costs and the variable costs remained the 
same as they were in the flexible plant's butter and nonfat dry milk 
operation. 

Similarly, the sunk fixed costs in the butter center of the flexible plant 
were the only ones that changed when processing costs were developed 
for a specialized cheese plant. The butter center costs were less in the 
specialized plant. Whey cream butter was produced but in considerably 
smaller quantities than sweet cream butter in the butter plant. This pro
duction required less equipment, so the associated sunk fixed costs were 
reduced. 

The average monthly processing costs for both specialized plants are 
shown in table 15. The average yearly cost for the butter and nonfat dry 
milk plant was $2.91 per thousand pounds of milk. This cost was near 
to the low plant cost of $2.84 ascertained from the accounting data of 
an operating plant (see previous section) . 

The specialized cheese and dry whey plant cost was determined to 
be $4.98 per thousand pounds of whole milk. This cost was 7 cents less 
than the average yearly cost of the cheese operation in the flexible plant. 

MODEl PlANT RETURNS 
With the model plant costs in hand, the next task was to determine 

the net returns to the flexible plant and the two specialized plants. These 
net returns could then be compared to determine the relative profitability 
differences between the two types of plants. 

Butter and Cheese Prices 

Dairy product prices have fluctuated widely throughout the period 
for which prices have been reported. Not only have individual products 
experienced price fluctuation, but price relationships between different 
products also have fluctuated. A comparison of the yearly average prices 
for butter and cheese illustrated this fact. The comparison was made by 
using a cheese-butter price ratio.11 The prices selected were the weighted 
average price per pound of American Cheddar cheese sold on the Wis
consin Cheese Exchange and the average wholesale price per pound of 

11 Cheese price per pound . . 
~=c:::...E~~==--_E_::_~=- = cheese-butter pnce raho 
Butter price per pound 
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Table 16. Cheese-butter price ratios, 1910-64* 

Year 

1910 ................... . 
1911 ................... . 
1912 ................... . 
1913 ................... . 
1914 ................... . 
1915 ................... . 
1916 ................... . 
1917 ................... . 
1918 ................... . 
1919 ................... . 
1920 ................... . 
1921 ................... . 
1922 ................... . 
1923 ................... . 
1924 ................... . 
1925 ................... . 
1926 ................... . 
1927 ................... . 
1928 ................... . 
1929 ................... . 
1930 ................... . 
1931 ................... . 
1932 ................... . 
1933 ................... . 
1934 ................... . 
1935 ................... . 
1936 ................... . 
1937 ................... . 

Ratio 

.504 

.483 

.525 

.460 

.509 

.502 

.539 

.548 

.524 

.498 

.428 

.439 

.492 

. 481 

. 442 

.488 

.470 

.496 

.481 

.461 

.464 

.463 

.498 

.491 

.472 

.497 

.478 

. 479 

Year 

1938 ................... . 
1939 ................... . 
1940 ................... . 
1941 ................... . 
1942 ................... . 
1943 ................... . 
1944 ................... . 
1945 ................... . 
1946 ................... . 
1947 ................... . 
1948 ................... . 
1949 ................... . 
1950 ................... . 
1951 ................... . 
1952 ................... . 
1953 ................... . 
1954 ................... . 
1955 ................... . 
1956 ................... . 
1957 ................... . 
1958 ................... . 
1959 ................... . 
1960 ................... . 
1961 ................... . 
1962 ................... . 
1963 ................... . 
1964 ................... . 
1965 ................... . 

* ~h~ese p~ice per pou~d = Cheese-butter price ratio 
u er pnce per poun 

Ratio 

.465 

.504 

.498 

.574 

.547 

.527 

.559 

.549 

.562 

.510 

.541 

.498 

.499 

.542 

.536 

.542 

.541 

.551 

.554 

.559 

.549 

.536 

.586 

.576 

.579 

.589 

.593 

.595 

Butter prices are for 92 score, grade A, creamery butter, average wholesale price 
at Chicago. Cheese prices are the weighted average price per pound of American 
Cheddars sales on the Wisconsin Cheese Exchange. 

Source: Ratio computed from data published in Dairy Statistics, ERS, USDA, 
Stat. Bull. No. 303, pp. 311 and 317. 

92 score (grade A) creamery butter at Chicago. The yearly averages 
of these prices were used to compute the cheese-butter price ratios shown 
in table 16 and figure 3. 

The ratios indicate that, although cheese prices have never equaled 
butter prices, variations between the two have occurred from year to 
year. There were periods of large variation during the years 1910-64. 
Two of these periods were during World Wars I and II (see figure 3). 

Both butter and cheese prices increased during the war periods as 
the use of these products by the armed forces and the allied nations com
peted with the domestic market. Cheese prices rose more than butter 
prices partly because cheese was used as a meat substitute by the military 
and the domestic demand for cheese increased. 

Between World Wars I and II, cheese-butter price ratio fluctuations 
were relatively limited and exhibited only a slight upward trend. Follow
ing World War II, there was a considerable upward trend in the ratio. 
The Korean War may have stimulated the ratio increase during the 
early 1950's. 
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Figure 3. Ratio of cheese prices to butter prices, 1910-65_ 
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Since the Korean War, the upward trend of the cheese-butter price 
ratio has continued. A relatively large increase occurred in 1960, the 
year in which the facilities of several butter and nonfat dry milk plants 
were enlarged to include cheese manufacture. 

To gain further insight into these latter price fluctuations, monthly 
butter and cheese prices since 1950 were examined (see figure 4). The 
Korean War period was highlighted by increases in both butter and 
cheese prices. The monthly cheese-butter price ratios (figure 5 and ap
pendix table 31), indicate that for a very short time cheese prices in
creased proportionately more than butter prices. 

Following the Korean War and especially between 1953 and 1958, 
cheese and butter prices were relatively stable, although fluctuations in 
the cheese-butter price ratio indicate that price changes for the two 
periods did not necessarily occur in the same direction or, if they did, 
were not of the same magnitude. 

Cheese and butter prices have fluctuated more since 1959 than they 
did between 1953 and 1958. The reasons for these fluctuations lie partly 
in the prices the government paid for butter and cheese under the price 
support program. Since 1958, the purchase price for Chicago grade A 
butter has been between 57.75 cents and 60.97 cents per pound, the latter 
price being in effect in April 1966.12 However, the cheese purchase price 
per pound has followed a different pattern. In 1958, the government 
purchase price for cheese dropped from 35 cents per pound in March 
to 32.75 cents in April. The latter price remained in effect until Septem-· 
ber 1960, the price rose to 34.25 cents. The price per pound rose 
and was at 35.60 cents in April 1963 and at 39,30 cents in April 1966. 

Other reasons behind the fluctuations in the cheese-butter price ratio 
since 1958 are related to the demand for the two products. Per capita 
consumption of butter fell from 10.7 pounds in 1950 to 6.5 pounds in 
1965.13 The consumption of whole milk and skim milk cheese, excluding 
cottage cheese, increased from 7.7 pounds in 1950 to 9.6 pounds per 
person in 1965. 

In the past, price fluctuations have been frequent, but the price posi
tions of cheese and butter have been of short duration. The periods of a 
relatively high cheese-butter price ratio have been short lived. The 
longest period of a constant ratio was 3 months in early 1960. Three 
months later the ratio was higher but was fluctuating considerably. 

In late 1965, the cheese-butter ratio began moving upward, 
reaching .635 in December. The ratio was the highest during 1950-66, 
reaching .695 in March 1966. 

If history provides a glimpse of the future, continued :fluctuation of 
manufactured dairy product prices can be expected. Price differences 
arising from these fluctuations can be expected to provide opportunities 
for the successful operation of a flexible dairy plant that can shift its 
operations between two groups of dairy products. 
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Figure 4. Monthly prices for grade A butter at Chicago and American Cheddar cheese on the Wisconsin Cheese Ex· 
change, 1950-65. 
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Between 1960 and 1966, when cheese prices were relatively favorable 
compared to butter, many midwest dairy plants added a cheese process
ing operation to their butter or butter and nonfat dry milk operations. 
This development suggests that there were at least shortrun economic 
advantages involved in making such a change. 

The returns obtainable from a flexible dairy plant operation are an
alyzed in the following section. The period selected for detailed study 
was from 1959 through the first 6 months of 1966. During this period, 
butter and cheese prices underwent extreme price variations. If a flexi
ble plant found it advantageous to shift from one product to another, 
this period provided one of the essential considerations-wide variation 
in product prices. , 

Net Returns from Product Sales 

Knowledge of net returns is necessary for the flexible plant manager 
to determine the feasibility of shifting from one operation to another. 
Knowledge of returns also is important in determining whether a flexible 
plant equipped to shift between selected dairy products is more pro
fitable than a specialized dairy plant producing only one product or a 
closely related group of products. 

Net returns to a plant are based on processing costs and prices re
ceived for all products produced by the plant. In the model flexible 
plant, a total of six products could be produced. These products were 
butter, nonfat dry milk, and dry buttermilk and cheese, dry whey, and 
whey cream butter. 

Butter and cheese were only two of the six products that could be 
produced in the model flexible plant. However, they were the most im
portant products from the standpoint of the market. The products associ
ated with butter and cheese generally have been considered byproducts 
and their market prices are somewhat tempered by those of butter and 
cheese. For the model plant, it was necessary to consider all product 
prices to compute the gross returns and, in turn, net returns to the butter 
and 11onfat dry milk operation and the cheese and dry whey operation. 

Product Prices 
The prices used to compute the gross returns for each operation were 

obtained from published reports of the U.S. Department of Agriculture.14 

Butter prices used were those for grade AA bulk butter received by 
Iowa, Minnesota, and Wisconsin shippers f.o.b. shipping point. Nonfat 
dry milk prices used were the manufacturers' average selling prices 
f.o.b. plant for spray process nonfat dry milk for human food. The dry 
buttermilk prices were those quoted as manufacturers' selling prices 
f.o.b. plant for product used as human food. 

14 Dairy and Poultry Market Statistics 1964, C & MS, USDA, Stat. Bull. No. 355, 
Mar. 1965, and earlier years for all prices except those for nonfat dry milk and dry 
buttermilk, which were obtained from the Evaporated, Condensed and Dry Milk Re
port, Stat. Rpt. Ser., USDA. 
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As the first step in making Cheddar cheese, a "starter," or culture of bacteria, is 
poured into a vat of milk. 

Products made in the cheese and dry whey operation were American 
Cheddar cheese, dry whey for human use, and whey cream butter. 
Cheese prices used were those reported for American Cheddar cheese 

on the Wisconsin Cheese Exchange. cream butter prices used 
were the quoted prices for grade A bulk butter at Iowa, Minnesota, and 
Wisconsin shipping 

Dry whey used in computing gross returns were those for ani-
mal feed. These prices were used because of the lack of recorded prices 
for human dry whey and the conditions surrounding demand (discussed 
below). Later in the analysis, however, dry whey for human use prices 
are assumed in examining net returns to the plant. 

The plant was designed to produce dry whey for human use. How
ever, prices for human food dry whey were not recorded by any of the 
major reporting services, because there has been insufficient demand to 
establish a general market price. 

Groves and Graf pointed out several factors that affect the demand 
for whey products.15 One is price of nonfat dry milk. Other things being 
equal, the higher the price for nonfat dry milk, the greater is the demand 
for dry whey and vice versa. This relationship exists because there is a 
certain amount of substitutability between the two products. For exam
ple, bakeries use both products, and many bakeries substitute nonfat 
dry milk for dry whey or vice versa. 

According to Groves and Graf, another factor that has affected the 
demand for dry whey in the past has been the "whey bias"-the opinion 
that whey is only "fit for hogs." There is some indication that this bias 

lfi Groves, Francis vV., and Truman F. Graf, An Economic Analysis of Whey 
Utilization and Disposal in Wisconsin, Dept. of Agr. Econ., Univ. of Wis., Agri. 
Econ. 44, July 1965, p. 8. 
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is disappearing as dry whey is substituted more and more for nonfat 
dry milk. 

Product Yields 

In order to compute the monthly gross returns for the flexible plant, 
it was necessary to determine the monthly production of the various 
products. This production was ascertained through use of conversion 
factors applied to monthly milk receipts. The conversion factors used 
were developed from information on product yields obtained from in
dustry personnel and research publications. All conversion factors were 
developed on the basis of 1 pound of whole milk containing 3.5 percent 
butterfat. The conversion factors and the monthly product yields used 
are shown in table 17. 

The net returns for each operation of the flexible plant were deriyed 
by computing the gross returns and then subtracting the processing costs. 
The net returns of milk for the butter and nonfat dry ·milk operations 
appear in table 18 and those for the cheese and dry whey operation ap
pear in table 19. 

To determine the feasibility of shifting between the two operations, 
the difference between the net returns per thousand pounds of milk was 
computed. Table 20 shows the difference by months. There were only 
10 months during the period when the cheese and dry whey operation 
(animal feed basis) would have netted greater returns than the butter 
and nonfat dry milk operation. Those months were the last 3 months of 
1960, 1 month in 1965, and 5 months in 1966. 

Table 17. Theoretical monthly production from butter and nonfat dry milk or cheese and 
dry whey operation, model flexible Minnesota dairy manufacturing plant, 1965* 

Butter and nonfat dry milk 
operation 

Cheese and dry whey 
operation 

Nonfat Dry Dry Whey cream 
Month Butter dry milk buttermilk Cheese whey butter 

.................. thousand pounds ................. . 
January . . . . . . . 568 1,053 53 1,254 748 32 
February . . . . . . . 560 1,037 52 1,235 738 31 
March . . . . . . . . . 633 1,173 59 1,396 833 16 
April . . . . . . . . . . 637 1,181 59 1,406 839 37 
May . . . . . . . . . . 667 1,237 62 1.472 879 38 
June . . . . . . . . . . 616 1,141 57 1,358 811 35 
July . . . . . . . . . . 465 862 43 1,026 612 27 
August . . . . . . . . 362 670 34 798 476 21 
September . . . . . 301 559 28 665 397 17 
October . . . . . . . 349 646 33 770 459 20 
November . . . . . . 409 758 38 902 539 23 
December . . . . . 525 974 49 1,159 692 30 

Total ........ 6,092 11,291 567 13,441 8,023 327 

'' Conversion factors used to convert 1 pound of whole milk containing 3.5 
percent butterfat to: butter, .04305; nonfat dry milk, .0798; dry buttermilk, 
.00402; cheese, .095; dry whey, .0567; and whey cream butter, .00246. 
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Table 18. Net returns per thousand pounds of whole milk from products made in butter 
and nonfat dry milk operation, model flexible Minnesota dairy manufacturing 
plant 

Month 1959 1960 1961 1962 1963 1964 1965 1966 

. . . . . . . . dollars . . ........ 

January ...... 33.28 33.28 34.56 36.31 33.81 34.11 33.88 35.17 
February ..... 33.30 33.45 34.68 36.30 33.84 34.14 34.07 36.37 
March ....... 33.32 33.52 35.09 36.31 33.93 34.14 34.07 37.40 
April ...... 33.39 33.33 36.10 34.21 34.07 34.27 34.54 38.19 
May .. .. 33.41 33.35 36.31 33.73 33.99 34.31 34.57 38.77 
June .. ..... 33.34 33.27 36.35 33.62 33.90 34.25 34.60 40.10 
July ......... 32.87 32.60 37.50 33.15 33.34 33.52 34.08 
August .33.08 32.49 35.22 32.61 32.96 33.68 34.39 
September .. 33.87 33.15 34.87 32.58 32.01 34.15 34.30 
October ...... 34.21 33.59 35.20 32.60 33.10 34.21 35.20 
November .. 35.38 34.43 36.23 33.27 33.49 35.17 35.91 
December .. 35.01 34.69 36.33 33.78 34.11 34.52 36.57 

Year .. 33.71 33.50 35.77 34.31 33.59 34.27 34.71 

Table 19. Net returns per thousand pounds of whole milk from products made in cheese 
and dry whey operation, model flexible Minnesota dairy manufacturing plant* 

Month 1959 1960 1961 1962 1963 1964 1965 1966 

. . . . . . . . . . . . . . . . . . dollars ......... . 
January . 29.94 32.90 34.49 33.12 32.44 33.20 31.23 38.28 
February ... 30.14 33.14 30.68 33.45 32.61 33.22 33.07 39.53 
March ....... 30.12 33.12 32.78 33.05 32.03 32.23 33.18 41.62 
April ........ 30.08 30.96 32.85 31.64 32.25 31.91 33.26 39.34 
May ......... 29.48 30.51 32.44 31.15 32.12 31.67 32.70 38.97 
June . . . . . 29.36 30.55 32.29 30.97 32.01 31.73 32.71 40.59 
July ......... 28.89 29.72 31.85 30.37 31.39 31.11 32.04 
August ....... 28.56 29.99 31.54 29.75 30.90 31.54 31.65 
September .... 28.44 32.72 31.15 29.44 30.29 32.44 31.43 
October ...... 29.02 34.33 31.86 30.50 31.25 33.34 32.97 
November .... 31.17 34.75 32.33 31.48 32.22 33.91 35.06 
December .. 32.88 35.34 32.96 32.14 32.96 34.36 37.88 

Year ... 29.98 32.28 32.43 31.67 31.92 32.56 33.18 

* Assumes dry whey sold at animal feed prices. 

Dry Whey Prices Altered 

Because the model plant had the facilities for producing human food 
dry whey, the prices estimated for this product were used for part of 
the analysis. Using these prices permitted an additional examination of 
returns to the plant if part or all of the dry whey were sold for human 
consumption. 

Groves and Graf indicated that the animal feed market price usually 
has been 3-4 cents a pound lower than the price for dry whey used for 
human food. 16 Industry people maintain that the difference is seldom 

10 Groves and Graf, op. cit., p. 25. 
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Table 20. Amount by which net returns per thousand pounds of whole milk from butter and 
nonfat dry milk operation exceeded those from cheese and dry whey operation, 
model flexible Minnesota dairy manufacturing plant* 

Month 1959 1960 1961 1962 1963 1964 1965 1966 

......... dollars 
January 3.34 .38 .07 3.19 1.37 .91 2.65 (3.11 t 
February 3.16 .31 4.00 2.85 1.23 .92 1.00 (3.16 
March 3.20 .40 2.31 3.26 1.90 1.91 .89 (4.22 
April 3.31 2.37 3.25 2.57 1.82 2.36 1.28 (1.15 
May 3.93 2.84 3.87 2.58 1.87 2.64 1.87 ( .20 
June 3.98 2.72 4.06 2.65 2.51 2.52 1.89 ( .49 
July 3.98 2.88 5.65 2.78 2.44 2.41 2.04 
August 4.52 2.50 3.68 2.86 2.06 2.14 2.74 
September 5.43 .43 3.72 3.14 1.72 1.71 2.87 
October 5.19 ( .74) 3.34 2.10 1.85 .87 2.?3 
November 4.21 ( .32) 3.90 1.79 1.27 1.26 .85 
December 2.13 ( .65) 3.37 1.64 1.15 .16 ( 1.31) 

Year 3.73 1.22 3.34 2.64 1.67 1.71 1.53 

'''Assumes dry whey sold at animal feed prices. 
t Parentheses ( ) indicate negative. values. 

that great. One manager of a large cheese and whey drying plant stated 
that, on the average, he expected from 1 to 1.5 cents per pound more 
than the animal feed price for his plant's human food whey. He based 
his estimate on total yearly sales. 

Based on this information, the analysis was expanded to include two 
other price series for dry whey. Analyses of the cheese and dry whey 
operation were made assuming dry whey prices at the animal feed price 
and at human food prices that were 1 and 3 cents higher. It was as
sumed that all dry whey sold at 3 cents, the highest price, was sold for 
human consumption. 

Assuming the dry whey price was 1 cent higher than the animal feed 
price, cheese and dry whey would have yielded greater net returns than 
the butter and nonfat dry milk operation in 16 months during the period 
1959-66. Seven of those months were in 1960, but the yearly average 
favored the butter and nonfat dry milk operation that year. 

Changing the assumption of the dry whey price to 3 cents per pound 
above the animal feed price or the human food price, there were 31 
months in which it would have been more profitable to produce cheese 
and dry whey in the flexible plant. On a yearly average basis, 1960, 
1963, and 1965 would have netted greater returns to the plant by 48, 3, 
and 17 cents per thousand pounds of whole milk, respectively. For 1964, 
the net returns from the butter and nonfat dry milk operation were only 
1 cent per thousand pounds of milk greater than from the cheese and 
dry whey operation. 

The analysis indicated that even if the total plant production of dry 
whey were sold for human consumption, the cheese and dry whey opera
tion would have been more profitable in about one-third of the months 
from 1959 to 1966. 
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Table 21. Amount by which net returns per thousand pounds of whole milk from spe&ial
ized butter and nonfat dry milk plant exceeded those from flexible plant shifting 
to most profitable operation with dry whey priced 3 cents above animal feed 

Month 1959 1960 1961 1962 1963 1964 1965 1966 

January 
February 
March 
April 
May 
June 
July 
August .. 
September 
October 
November 
December . 

Year 

.23 
.20 
.20 
.20 
.19 
.21 
.28 
.36 
.42 
.37 
.30 
.24 

.25 

. . . . . . . . . . . . . . dollars 
( 1.09)''' ( 1.40) 
( 1.19) (2.10) 
(1.10) (.41) 

.20 .20 

.19 .19 

.21 .21 

.28 .28 

.36 .36 

.85) .42 
2.07) .37 
1.72) .30 
2.11) .24 

.25 

.23 (.10) 

.20 (.27) 

.20 .20 

.20 .20 

.19 .19 

.21 .21 

.28 .28 

.36 .36 

.42 .42 
.37 .37 
.30 (.13) 
.16 ( .31) 

.25 .22 

* Parentheses ( ) indicate negative values. 

(.56) 
(.58) 
.~0 
.20 
.19 
.21 
.28 
.36 
.42 

( .46) 
( .14) 

( 1.30) 

.23 
(.46) 
( .61) 
( .21) 
.19 
.21 
.28 
.36 
.42 
.37 

(.53) 
(2.53) 

.25 (.78) 

(4.55) 
(.61) 
5.70) 
2.63) 
1.68) 
1.99) 

Table 22. Amount by which net returns per thousand pounds of whole milk hom special
ized cheese and dry whey plant exceeded those from flexible plant shifting to 
most profitable operation with dry whey priced 3 cents above animal feed 

Month 1959 1960 1961 1962 1963 1964 1965 1966 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
Deceml::er 

. ( 1.57) ,,, 
... ' ( 1.41) 

. ( 1.44) 
' . ' . ( 1.56) 

. '(2.17) 
' .. (2.23) 
.. (2,.21) 

. (2.73) 
.. (3.62) 

. (3.39) 
.. (2.42) 
.. ( .36) 

.07 

.05 

.06 
.62 

.97 
1.11 

.71 
.11 
.10 
.09 
.07 

.07 

.05 

.06 
( 1.50) 
(2.11) 
( 2.31) 
(3.88) 
( 1.89) 
( 1.91) 
( 1.54) 
( 2.41) 
( 1.60) 

dollars 
1.42) .07 
LlO) .05 
1.50) .14) 

.82) .07) 

.82) .11) 

.90) .76) 
1.01) .67) 
1.07) .27) 
1.33) .09 

.30) ( .05) 
.00 .09 
.07 .07 

Year ....... ( 1.96) .07 ( 1.57) ( .87) .07 

''' Parentheses ( ) indicate negative values. 

.07 ( .91) 

.05 .05 

.15) .06 

.61) .05 

.88) ( .13) 

.77) (.14) 

.64) ( .28) 

.35) (1.08) 

.10 (1.15) 

.10 ( .50) 

.09 .00 

.07 .41 

.OS .07 

.07 

.05 

.06 

.05 

.06 

.06 

It was apparent from the data that, based on prices used, the flexible 
plant could have profitably shifted operations between butter awl nonfat 
dry milk and cheese and dry whey. 

Flexible Plant Compared to Specialized Plants 
The net returns per thousand pounds of milk were computed for 

each of the specialized plants using the same product price data and 
the synthesized processing costs applicable to each plant. This computa
tion was done so that a comparison could be made between the flexible 
and nonflexible plants. The central question was: Is it more profitable 
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to operate a flexible plant that can shift between products or to operate 
specialized dairy plants that can produce only one of the products? 

For this analysis, it was assumed that the model flexible plant did 
receiye the dry whey price at 3 cents above the animal feed price and 
did shift its operation to the most profitable products each month. 

The first comparison made was between the specialized butter and 
nonfat dry milk plant and the flexible plant. There were 30 months from 
1959 to 1966 in which the flexible plant would have yielded greater net 
returns (table 21). On a yearly average basis, the net returns compari
son showed that in 1960 and 1965 the flexible plant would have been 
more profitable. For the other 5 full years, the specialized butter and 
nonfat dry milk plant would have netted greater returns for the year. 

Next, the net returns to the flexible plant were compared with those 
from the specialized cheese and dry whey plant (table 22). There were 
56 months during the period when the flexible plant would have yielded 
greater net returns than the specialized plant. On a yearly basis, 1959, 
1961, and 1962 would have been years of greater profitability for the 
flexible plant. 

Results Assuming Different Price Relationships 

The foregoing results were based on the cheese and butter price re
lationships that have been observed since 1959. An infinite number of 
other price relationships that would have yielded a different set of net 
returns could have occurred during the period analyzed. The cheese 
and butter price relationships from July 1965 to June 1966 were used 
to illustrate how dependent the magnitude of the net returns for the 
flexible or a specialized plant is on product price relationships. 

The difference between butter and cheese prices (July 1965-June 
1966) was used to determine the increase or decrease in net returns per 
thousand pounds of milk for the cheese operation for 1959-66. These 

Table 23. Increase or decrease in net returns per thousand pounds of whole milk for a 
cheese operation based on 1965-66 butter and cheese price relationships 

Month 1959 1960 1961 1962 1963 1964 1965 1966 

............ 0 0 0 dollars 0 0 ....... 

January 6.96 4.20 4.47 5.79 4.32 3.79 5.37 0 
February ..... 5.40 2.79 5.81 4.26 3.05 2.3'3 2.18 0 
March . . . . . . . 5.73 3.05 5.45 4.84 3.90 3.65 2.57 0 
April . . . . . . . . . 4.62 4.00 4.09 4.76 2.63 2.72 2.00 0 
May ......... 4.11 3.30 3.33 1.95 1.58 1.80 1.62 0 
June ........ 3.28 2.33 2.49 1.06 .35 .87 .82 0 
July ......... 2.41 1.24 1.25 .29 ( .75) .09 0 
August ....... 2.47 ( .16)'~( .57) ( .97) ( 2.04) ( .94) 0 
September 4.31 ( 1.92) ( 1.15) ( 1.24) ( 1.54) ( 1.62) 0 
October • 0 4.08 (3.14) ( 1.20) ( 2.38) (2.03) ( 2.47) 0 
November 4.88 ( 1.42) ( .13) ( 1.40) ( 1.56) .12 0 
December 4.03 ( .14) 1.68 .36 .12 ( .39) 0 

Year ....... 4.36 ( 1.18) 2.13 1.30 .68 1.80 1.06 

'~ Parentheses ( ) indicate negative values. 
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Table 24. Amount by which net returns per thousand pounds of whole milk from butter and 
nonfat dry milk operation exceeded those from cheese and dry whey operation 
assuming 1965-66 butler and cheese price relationships·~ 

Month 1959 1960 1961 1962 1963 1964 1965 1966 

dollars . . ... . . . . . . . . 
January . . . . . . (3.62)t(3.82) 4.40) 2.60) 2.95) 2.88) (2.72) (3.11) 
February . .. (2.24) (2.48) 1.81) 1.41) 1.82) 1.56) (1.18) (3.16) 
March (2.53) (2.65) 3.14) 1.58) 2.00) 1.74) ( 1.68) (4.22) 
April . ( 1.31) ( 1.63) .84) 2.19) .81) .36) ( .72) (1.15) 
May ... ( .18) ( .46) .54 .63 .29 .84 .25 ( .20) 
June .70 .39 1.57 1.59 2.16 1.65 1.07 ( .49) 
July 1.57 1.64 4.40 2.49 3.19 2.32 2.04 
August 2.05 2.66 4.25 3.83 4.10 3.08 2.74 
September 1.12 2.35 4.87 4.38 3.26 3.33 2.87 
October .. 1.11 (2.40) 4.54 4.48 3.88 3.34 2.23 
November .. ( .67) ( 1.10) 4.03 3.19 2.83 1.14 .85 
December ( 1.90) ( .51) 2.22 1.28 1.03 .55 ( 1.31) 

Year . ( .63) 2.40 1.21 1.34 1.29 .09 .47 

''' Dry whey priced at animal feed price. 
t Parentheses ( ) indicate negative values. 

Table 25. Amount by which net returns per thousand pounds of whole milk hom specialized 
butler and nonfat dry milk plant exceeded those from flexible plant shifting to 
most profitable operation':' 

Month 

January 
February 
March 
April .. 
May .. 
June .. 
July 
August .. 
September 
October 
November 
December 

1959 1960 1961 1962 1963 1964 1965 1966. 

.......... , . dollars . . . . , , . , . . ...... , 
5.09)t(5.29) (5.87) (4.07) (4.42) (4.35) (4.19) 
3.74) (3.98) (3.31) (2.91) (3.32) (3.06) (2.68) 

) (4.15) (4.64) (3.08) (3.50) (3.24) (3.18) 
2.81) (3.13) (2.34) (3.69) (2.31) (1.86) (2.22) 
1.69) (1.97) ( .97) ( .88) (1.22) ( .67) (1.26) 
.79) ( 1.10) .08 .10 .67 .16 ( .42) 
.15 .22 2.98 1.07 1.77 .90 .62 
.71 1.32 2.91 2.49 2.85 1.74 1.40 

. . . . ( .16) 1.07 3.59 3.10 1.98 2.05 1.59 

.... ( .22) (3.73) 3.21 3.15 2.55 2.01 .90 
' ( 2.07) ( 2.50) 2.63 1.79 1.43 ( .26) ( .55) 
. (3.36) (1.97) .76 ( .18) ( .43) ( .91) (2.77) 

Year (2.08) .95 ( .24) ( .11) ( .16) (1.36) ( .98) 

'''Cheese and butter price relationships existing between July 1965 and 
June 1966 were assumed for entire period. Dry whey was priced at 3 cents above 
animal feed price. 

t Parentheses ( ) indicate negative values. 

results are shown in table 23. The original butter prices remained un
changed in this analysis. There were 22 months during the period ( 90 
months) in which net returns would have been lower than those de
rived from the original prices (table 19). During only 1 year, 1960, was 
there a decrease in net returns to the cheese operation. 

If the 1965-66 price relationships had been in effect during the entire 
period, there would have been 42 months when the cheese and dry whey 
operation would have yielded greater net returns than the butter and 
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Table 26. Amount by which net returns per thousand pounds of whole milk from specialized 
cheese and dry whey plant exceeded those from flexible plant shifting to most 
profitable operation* 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Year 

1959 1960 1961 1962 1963 1964 1965 1966 

.07 

.05 

.06 

.05 

.06 
1.05 

.20 
( .26) 
.69 
.69 
.09 
.07 

.07 

.07 

.05 

.06 

.05 

.06 
1.36 

.13 
( .87) 
(.54) 
.10 
.09 
.07 

( .63) 

.07 

.05 

.06 

.05 
1.22 

.18 
(2.63) 
(2.46) 
(3.06) 
(2.74) 
( 2.24) 
( .45) 

.56 

. . dollars ... 
. 07 .07 
.05 .05 
.06 .06 
.05 .05 

1.13 1.47 
.16 ( .41)t 

( .72) ( 1.42) 
(2.04) (2.31) 
( 2.57) ( 1.45) 
(2.68) (2.08) 
(1.40) (1.04) 

.49 .74 

.07 

.05 

.06 

.05 

.92 

.10 
.55 

1.29 
1.52 
1.54 
.65 

1.22 

.07 

.05 

.06 

.05 
1.51 

.68 

.27 

.95 
1.06 

.43 

.94 

.07 

.43 .48 1.68 1.30 

.07 

.05 

.06 

.05 

.06 

.05 

''Cheese and butter price relationships existing between July 1965 and June 
1966 were assumed for entire period. Dry whey was priced at 3 cents above an· 
imal feed price. 

t Parentheses ( ) indicate negative values. 

nonfat dry milk operation in the flexible plant (table 24). This compares 
with 10 months favoring the cheese and dry whey operation when the 
original product prices were considered (table 20). 

Comparisons of the flexible plant with the specialized plants suggest 
that the cheese operation would have been more profitable when using 
1965-66 price relationships for the period 1959-66_17 

Net returns from the specialized butter and nonfat dry milk plant 
were compared to those from the flexible plant shifting to the most pro
fitable operation. Of the 90 months in the period, 57 would have yielded 
greater net returns to the flexible plant (table 25). On a yearly basis, 
the net returns for 6 of the 7 full years favored the flexible plant over 
the specialized butter and nonfat dry milk plant. 

There were 28 months in which the flexible plant would have yielded 
greater net returns than the specialized cheese and dry whey plant ( ta
ble 26). On a yearly basis, only 1960 would have yielded greater pro
fitability for the flexible plant. 

The results of the comparisons between the flexible and specialized 
plants indicate that differences in price relationships do markedly affect 
which type of plant is most profitable from month to month. 

Product prices during one period should not be assumed relevant for 
all time periods. Prices do change in relation to one another and these 
changes must be taken into account when the merits of one type of plant 
over another are considered. 

17 For these comparisons, the dry whey price was assumed to be 3 cents above 
the animal feed price. Therefore, the data presented here are comparable with those 
presented in tables 21 and 22. 
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After a soft curd forms, workers on opposite sides of the vat cut it by pulling 
knives strung with fine wire through it. 

INSTiTUTIONAl fACTORS AFfECTING THE flEXIBlE PlANT 

Certain institutional factors may prevent successful shifting in the 
flexible plant Since it is difficult to place dollar values on these 
their influence on could not be included in preceding sections. 

The section points out some of these institutional factors 
and the ways in which they can affect the flexible plant. Much of 
material used in preparing this section was obtained from discussions 
with plant managers. 

labor Considerations 

One of the foremost considerations in any dairy plant, and especially 
in a flexible dairy plant, is labor. To make cheese part of the year and 
butter and nonfat dry milk part of the year requires two different types 
of labor. Somewhat more skill is required in cheese making than in 
butter and nonfat dry milk production. Several days or weeks may be 
required for the men to regain their skill in making quality cheese, A 
few days of low grade cheese production resulting in discounted prices 
for the product could result in a loss to the plant for the year's opera
tion. 

More men are required to process a given volume of milk into cheese 
than are needed to manufacture butter and nonfat dry milk. Laborers are 
not always willing to sign on for work knowing they might be laid off 
when the plant shifts to the manufacture of another product. 

Certain individuals prefer working with only one product and 
not consider employment at a plant that shifts from one product to an
other, Men with special skills, such as butter making or cheese making, 
are artisans who prefer to practice their skills the year around, If asked 
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to perform duties in the making of butter, a cheese maker frequently 
will seek employment elsewhere. Experienced cheese makers are not 
numerous and command salaries exceeding those of men working in 
butter and nonfat dry milk operations. A plant can hardly afford the ad
ditional cost of having a cheese maker perform the duties of a butter 
packer or powder warehouseman. 

Labor requirements for producing butter and nonfat dry milk differ 
considerably from those for cheese. Under a union contract, certain re
quirements make it extremely difficult for a plant to shift from one prod
uct to another on a 1- or 2-day notice. Some contracts require that the 
plant inform the worker 1 week in advance if he is not to report for 
work. When laid off, the worker must be paid unemployment compensa
tion that may amount to as much as 50 percent of the cost incurred if 
he had worked. The returns from the product to which production is 
shifted must be sufficient to cover this additional cost. 

Technical Considerations 

The starter used in cheese making is a critical component. A slight 
variation in the composition of the starter will cause fluctuations in the 
techniques and time involved in cheese processing. The amount of time 
needed for curd to set, the method of cutting curd, and times for ched
daring are affected by the type of starter used. 

Fresh starter must be made at regular intervals to insure proper 
composition of the cheese being manufactured. Even when the cheese 
operation is shut down for a time, starter must be made regularly or the 
starter room must be closed until cheese is processed again. Either way 
involves an added cost to the total plant operation. Keeping the starter 
room in operation means increased costs for labor and use of facilities 
when no cheese is processed unless the shutdown period is relatively 
short-1-2 weeks. Closing the starter room and reopening when cheese 
is made again involves the risk of not attaining the same composition 
in the starter and the same quality of cheese produced previously. 

Market Considerations 

The acquiring and holding of market outlets for products is another 
factor affecting flexibility. Buyers prefer to have a relatively constant 
quantity and uniform quality of a product available to them throughout 
the year or a longer period. Shifting from one product to another does 
not readily enable a plant to provide that type of service. Also, cheese 
quality may not always be consistent when a plant must switch from a 
butter and nonfat dry milk operation. 

Freight rates are a part of market considerations for a plant desiring 
flexibility. High freight rates to markets make it desirable to have as 
large a volume as possible for shipment. Shipping charges are different 
for butter than for cheese. Therefore, to gain the most from freight rates 
for a given quantity of milk, shipping one product is the best alternative. 
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Capital Considerations 

In establishing the model flexible plant, consideration was not given 
to the availability of capital. There may be difficulty in obtaining the 
necessary capital for an investment such as that needed for a flexible 
plant of the type studied here (a little more than $1.2 million). Most 
cooperative organizations have insufficient reserves to finance an invest
ment of that size, so borrowing is essential. 

Financiers would be quick to notice certain risks. A plant equipped 
to shift from one product to another certainly would have some idle 
facilities all the time. These facilities are not providing any returns 
towards amortization of the equipment. Therefore, the returns from the 
equipment in use must be sufficient to cover the depreciation and other 
sunk fixed costs for ali equipment in the plant. \Vith risks of this nature, 
money suppliers are very cautious about loaning funds. 

AlTERNATIVES TO INTRAPLANT FlEXIBiliTY 

Flexibility as defined and in this study has dealt with a 
single plant's ability to divert a given raw material, whole milk, into two 
groups of products that utilize both the fat and nonfat components of 
milk. Variations in use of milk in the cheese making process have 
been regard to the costs of and returns 
from the The arises whether this sort of flexibility 
is the only choice open to owners and operators. 

Product Variation 

The flexible plant with product variation may place itself in a more 
favorable position compared to other plants. The whole milk received 
may be utilized in butter and nonfat dry milk or cheese and dry whey 
as outlined in previous sections. Other possibilities for the use of whole 
milk include drying whole milk or casein and other whey derivatives. 
This possibility may involve some idle standby equipment, but this prob
lem could be overcome. 

Only one type of cheese was considered in the model plant. Cheese 
types are numerous and processing methods vary according to the type 
of cheese. Basically, aU types of cheese start with milk being heated and 
treated with starter. Setting of the curd may require different lengths of 
time for different types of cheese. The handling of the curd following 
setting varies also. Technically, the basic equipment found in the model 
plant is essential to all cheese making processes. 

Excluding cottage cheese, of the total cheese consumed in the United 
States on a per capita basis, two-thirds is American cheese. Thus, for the 
flexible plant to take advantage of a large market, it was considered best 
for the plant to produce American Cheddar cheese. 
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Raw Material Variation 

So far, only the processing of other milk products has been considered 
as an alternative. With some minor alterations to the basic drying equip
ment, there is the possibility of drying other products. Many products 
can be dehydrated, and water removal is the basic idea behind the 
evaporator and dryer in the dairy manufacturing plant. Such items as 
eggs, baby foods, and dietetic foods could be processed in the evaporator 
and dryer center of the model plant. 

lnterplant Flexibility 

The owners of a dairy manufacturing plant may find interplan' or 
firm flexibility a more desirable alternative for processing milk than 
intraplant flexibility. This might involve a firm that has more than one 
plant. For illustrative purposes, it was assumed that a firm had two plants 
located 30 miles apart. In one plant, butter and nonfat dry milk were 
produced from whole milk; in the other, cheese and dry whey were 
manufactured. Under this situation, it would be possible for both plants 
to operate at full capacity during the flush season. 

During the low season, two alternatives would be possible. One alter
native would be to close the plant producing the product yielding the 
lowest returns. The milk from that plant could be shipped to the other 
and the labor from the closed plant could be utilized for repair and 
maintenance of both the closed and operating plant, for vacation time 
for members of the closed plant, and possibly for vacation time for un
skilled members of the operating plant. The second alternative would 
be to operate both plants in the slack season but cut the operation sched
ule in one plant to the minimum required under the labor union contract. 
Any milk in excess of that amount could be shipped to the other plant 
for processing. Which plant received the milk from the other plant would 
be determined by the returns from the product that contributed most 
to the fixed costs of the two-plant operation. 

CONCLUSIONS 

This study concerned the question of whether a flexible dairy manu
facturing plant or a specialized plant is more profitable. 

The synthetic method of cost analysis was used to determine the 
costs of processing milk in a flexible plant-one that manufactured either 
butter, nonfat dry milk, and dry buttermilk or cheese, dry whey, and 
whey cream butter. To facilitate making comparisons, processing costs 
for a specialized butter and nonfat dry milk plant and a specialized 
cheese and dry whey plant also were developed. 

Plant operating cost data plus product price data were used to deter
mine monthly net returns to each type of plant. These monthly net re
turns for the years 1959-66 were used as a basis for comparing plant 
operations and determining the relative profitability of plants. 
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The general conclusion was that choosing between a flexible dairy 
manufacturing plant and a specialized plant depends primarily on prod
uct price relationships for the products manufactured. Costs were as
sumed to be constant in the analysis, but they too are subject to variation. 

On one hand, the original price data for the period 1959-66 indicated 
that if the choice had been between the specialized butter and nonfat 
dry milk plant and the flexible plant, the specialized plant should have 
been chosen. However, the flexible plant should have been chosen over 
the specialized cheese and dry whey plant. These indications do not 
imply that some plants were not obtaining a positive net return. They 
do mean that net returns were higher in one situation than in the other. 

On the other hand, if the butter and cheese price relationships from 
July 1965 to June 1966 had been in effect during the entire period 1959-
66, the results would have been different. The flexible plant would have 
yielded larger net returns than the specialized butter and nonfat dry 
milk plant in all years except one. In contrast, the specialized cheese 
and dry whey plant would have been a better choice than the flexible 
plant, because there were 62 out of 90 months in which the specialized 
plant would have been more profitable. 

Other considerations must be taken into account before deciding the 
merits of flexibility. The costs of operating a plant also must be consid
ered when choosing between a flexible or a specialized operation. This 
study assumed a constant cost relationship, but costs do vary from one 
time period to another. In general, cost variation is not 
as price fluctuation, but increases in equipment costs, 
processing costs should be considered when looking at 
operation. 

Another consideration involves institutional factors. Factors involving 
labor skills, technology, markets, and capital may prevent successful 
shifting between products in a flexible plant. It is not always possible 
to place dollar values on these institutional factors, but plant managers 
must consider them when making decisions involving plant organization. 

Therefore, price relationships during one time period cannot be the 
sole consideration in decisions involving flexibility. Product price fluctua
tions, costs of plant operation, and institutional characteristics of plants 
must be considered by plant managers when making decisions concerning 
plant organization and operation. 
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APPENDIX 

Table 27. Estimated life, installed cost, and annual depreciation for equipment by centers, 
model flexible Minnesota dairy manufacturing plant, 1965 

Estimated Installed 
Equipment life cost 

Annual 
depreciation 

years .... dollars . 
Receiving 

Automatic clean system .. 
Hoist, trolley, and spray ball for cleaning 

bulk tank truck ................. . 
Circulating transport tanker washer 
Pump for unloading tank trucks (2) ..... . 
Sanitary turbine meter 100,000 pound per 

hour .................. . 
Refrigerated cabinet for 864 composite 

milk samples ................ . 
Hose, nozzle, water, and steam valves, 

temperature gage and hose rack ...... . 

Total 

Butter 

Milk pump to feed 60,000 pounds per hour 
through two 30,000 pounds per hour se-
parators with 5 HP motor ........... . 

Plate type heat exchanger (milk) ........ . 
Milk separators, capacity each of 30,000 

pounds per hour with 25 HP motor (2) .. 
Plate type heat exchanger (cream) ...... . 
Rectangular cream storage tanks (3) 4,000 

gallon ........................... . 
Storage tanks for whole milk, skim milk, 

buttermilk, and whey, 26,000 gallon ... 
Positive pump for pumping cream to churns 

and buttermilk through cooling plate .. . 
High turbulence washer .............. . 
Crane hoist for separator bowls ........ . 
Table cart ......................... . 
Hose, nozzle, water and steam valves, tem-

perature gage and hose rack ........ . 
Solution tanks (2) ................... . 
Clean-in-place centrifugal pump ........ . 
Butter churn ....................... . 
Butter boats (2) .................... . 
Butter moisture scale ................ . 
Scale ............................. . 
Strainer ........................... . 
Butter liner soaker .................. . 
Automatic packer unit ................ . 

Total .......................... . 

10 

10 
10 
10 

10 

10 

10 

15 
10 

10 
10 

15 

20 

10 
15 
20 
20 

10 
10 
10 
20 
20 
10 
10 
10 
10 
20 

$4,757 $475.70 

750 75.00 
1,043 104.30 

620 62.00 

2,579 257.90 

942 94.20 

588 58.80 

$11,279 $1,127.90 

$ 507 $ 33.80 
14,123 1,412.30 

21,759 2,175.90 
16,138 1,613.80 

25,739 1,715.93 

25,797 1,289.85 

1,309 130.90 
3,900 260.00 

665 33.25 
360 18.00 

545 54.50 
2,627 262.70 

380 38.00 
21,800 1,090.00 

3,740 187.00 
139 13.90 
789 78.90 
254 25.40 
277 27.70 

13,980 699.00 

$154,828 $11,160.83 
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Table 27 (continued)" Estimated life, installed cost, and annual depreciation for equip
ment by centers, model flexible Minnesota dairy manufacturing 
plant, 1965 

Estimated Installed 
Equipment life cost 

Evaporator and dryer 

Double effect evaporator including: 
liquid and vapor separators, vapor and 
interstate heaters, condenser, pumps 
(6), thermo-compressor, ejectors for 
steam, piping, liquid level controls, sup
port frame, platform, stairs and railings, 
preheater, electric motor-55 HP, fittings 
and accessories, instrument panel, sani-
tary construction . . . ....... . 

Cooling tower including: 
Cold water basin, distribution system, fan 
drive, circulating pump ......... . 

Heater . . . . . . . . .......... . 
CIP pump . . ............. . 
Hot well, 200 gallon ............. . 
Storage tank for buttermilk, 6,000 gallon .. 
Horizontal tanks for skim milk (2), 10,000 

gallon ........................... . 
Vertical spray drier with redryer unit ..... . 
Hose, valves, gage 
Moisture balance kit ......... . 
Scorched particles tester 

Total ...... . 

Air compressor ... . 
Scale ....................... . 
Vacuum cleaner . . . . . ....... . 
Powder pump ...................... . 
Powder hopper for skim or whey powder .. . 
Powder packer for drums and bags 
Powder packer for buttermilk powder 
Automatic sewing machine .. . 
Fork lift truck ....... . 
Hand fork truck ..................... . 
Pallets . 

Total 

Starter room 
Starter pasteurizers, 400 gallon (2), with 

years 

10 

10 
10 
10 
20 
20 

20 
10 
10 
lO 
10 

10 
15 
10 
10 
15 
15 
15 

5 
5 

10 
5 

thermometers . . . . . . . . . . . . . . . . . . . . 20 
Pressure cooker . . . . . . . . . . . . . . . . . . . . . . 7 
Culture cabinet . . . . . . . . . . . . . . . . . . . . . . 15 
Stainless steel table . . . . . . . . . . . . . . . . . . 20 

Total 

$108,345 

10,101 
8,106 

430 
2,646 
6,727 

19,070 
123,474 

837 
289 
48 

$280,073 

$ 696 
745 
318 

5,953 
8,191 
4,748 
3,522 
2,220 
6,545 

403 
1,500 

$34,841 

$7,160 
69 

250 
100 

$7,579 

Annual 
depreciation 

. dollars ..... 

$10,834.50 

1,010.10 
810.60 

43.00 
132.30 
336.35 

953.50 
12,347.40 

83.70 
28.97 
4.80 

$26,585.15 

$ 69.60 
49.67 
31.80 

595.30 
546.07 
316.53 
234.80 
444.00 

1,309.00 
40.30 

300.00 

$3,937.07 

$358.00 
9.86 

16.67 
5.00 

$389.53 
-----~~-~-----------
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Table 27 (continued). Estimated life, installed cost, and annual depreciation for equip
ment by centers, model flexible Minnesota dairy manufacturing 
plant, 1965 

Estimated Installed 
Equipment life cost 

Annual 
depreciation 

years ....... dollars ...... . 
Cheese 

Cooking vats, 23,100 pounds per vat (7). . 10 
Agitators, 30' carriage (7) . . . . . . . . . . . . . . 10 
Cheese vats for cheddaring (7) . . . . . . . . . 10 
Motors, % HP each (14) . . . . . . . . . . . . . . 10 
Milk stirring paddles (28) . . . . . . . . . . . . . . 15 
Whey savers (3) . . . . . . . . . . . . . . . . . . . . . 10 
Inside vat strainers (2) . . . . . . . . . . . . . . . 10 
Agitators, 30' carriage (7) . . . . . . . . . . . . . . 10 
Curd forkers (28) . . . . . . . . . . . . . . . . . . . . 10 
Double row hydraulic cheese presses (10) 15 
Square cheese hoops, 40 pound (750) . . . . 15 
Hoop washing machine . . . . . . . . . . . . . . . . 15 
Set curd knives . . . . . . . . . . . . . . . . . . . . . . 15 
Curd mill . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Motor for mill, lllz HP . . . . . . . . . . . . . . . 15 
Curd forks (4) . . . . . . . . . . . . . . . . . . . . . . . 15 
Cheese knives (4) . . . . . . . . . . . . . . . . . . . . 15 
Vat thermometers (4) . . . . . . . . . . . . . . . . . 15 
Curd rakes (4) . . . . . . . . . . . . . . . . . . . . . . . 15 
Vat squeeges (2) . . . . . . . . . . . . . . . . . . . . . 10 
Curd shovels (2) . . . . . . . . . . . . . . . . . . . . . 15 
Curd pails (2) . . . . . . . . . . . . . . . . . . . . . . . 15 
Storage tanks, milk or whey (4) . . . . . . . . . 15 
Whey and curd pump, 5 HP . . . . . . . . . . . . . 10 
Cheese wrapping machine . . . . . . . . . . . . . . 10 
Stainless steel table . . . . . . . . . . . . . . . . . . . 20 
Cheese slicer . . . . . . . . . . . . . . . . . . . . . . . . 15 
Scale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Hand pallet lift truck . . . . . . . . . . . . . . . . . . 10 
Dollies for moving cheese hoops (10) 20 
Heat sealer for 41 lb. blocks . . . . . . . . . . . 15 

Total 

Cooler 

Water-cooled freon unit, 20 HP including: 
Recold blower coil (2), expansion valves 
(2),. thermostat, drier, sight glass and 
band valve, solenoid valve, freon to 
charge system . . . . . . . . . . . . . . . . . . . . . 20 

Boiler 

400 HP gas-fired boiler units including: 
Steel stub stack, blow down unit, boiler 
feed pump, flanged gate valve, flanged 
stop, and check valve . . . . . . . . . . . . . . . 15 

$ 30,478 
10,535 
28,560 

902 
840 

1,005 
200 

1,535 
980 

22,100 
17,025 
5,200 

245 
740 

52 
87 
18 
98 

124 
21 
98 
80 

32,800 
2,825 

800 
142 
125 

1,350 
350 
650 

3,105 

$163,070 

$11,000 

$54,931 

$ 3,047.80 
1,053.50 
2,856.00 

90.16 
56.00 

100.50 
10.00 

153.50 
98.00 

1,473.33 
1,135.00 

346.00 
16.33 
49.33 

3.45 
5.81 
1.20 
6.53 
8.27 
2.10 
6.53 
5.33 

2,187.00 
282.50 

80.00 
7.10 
8.33 

67.50 
35.00 
32.50 

207.00 

$13,431.60 

$550.00 

$3,662.07 
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Table 27 (continued). Estimated life, installed cost, and annual depreciation for equip· 
ment by centers, model flexible Minnesota dairy manufacturing 
plant, 1965 

Estimated Installed 
Equipment life cost 

years 
Boiler (continued) 

Condensed milk vapor steel storage tank 
and electronic condensate monitor 10 

Pressure supply tank, hot water pump, and 
chemical feed unit . . . . . . . 20 

Total 

Refrigeration 

Air-agitated ice builder with capacity of 
33,000 pounds of ice at 2% inches ice 
thickness including: 
Compressor unit, 60 HP motor, vertical 
suction trap, ammonia receiver, evapora
tor condenser, 3 HP water pump, 10 HP 
fan motor black steel inside water tank 
for evaporator condenser above, and 
sweet water pump 15 HP and 3 HP 20 

Laboratory 

Centrifuges (2) ..................... . 
Methylene blue set ................ 0 •• 

Electric water heater .... 0 ••••••• 0 ••••• 

Acidity tester ......... 0 •••••• 0 ••••• 0 • 

Sediment guns (4) .......... 0 •• 0 ••••• 

Torsion balance scales {2) . , ... , ...... 0 

Hotplate .. 0 • • ••• 0 0 0 •••• 0 0 •• 

Sa It titration set ...... 0 ••••••• 0 ••••• 0 • 

Acid dispenser .................... 0 • 0 

Trays and hot water bath ....... 0 •••••• 

Glassware . . . . . .... 0 0 ••••• 0 •• 0 •• 

Majonnier tester 
Sterilizer .......................... . 
Incubator ... . 
Refrigerator ... . 
Balance for tester ........ 0 •••• 0 ••••• 0 

Microscope ... 
Moisture tester 
Miscellaneous items 

Total 0 ••• 

General services 

Shop: 
Portable electric drill 
Bench vise ..... 0 0 •••••••• 0 •••••••• 

Acetylene torch .... 0 ••••••••• 0 • 0 ••• 

Electric welder ............. 0 •••••• 0 
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10 
10 
15 
10 

5 
20 
10 
15 
12 
12 

3 
40 
15 
15 
15 
40 
40 
30 

5 

10 
15 

9 
11 

4,682 

1,405 

$61,018 

$51,000 

$ 177 
72 

150 
33 
12 

378 
20 

200 
21 

116 
244 

4,000 
100 
300 
560 
250 
500 
500 
200 

$7,833 

$ 20 
20 
65 

125 

Annual 
depreciation 

dollars 

468.20 

70.25 

$4,200.52 

$2,550.00 

$ 17.70 
7.20 

10.00 
3.30 
2.40 

18.90 
2.00 

13.33 
L71 
9.67 

81.46 
100.00 

6.67 
20.00 
37.33 

6.25 
12.50 
16.67 
40.00 

$407.09 

$ 2000 

1.35 
7.25 

11.00 



Table 27 (continued). Estimated life, installed cost, and annual depreciation for equip· 
ment by centers, model flexible Minnesota dairy manufacturing 
plant, 1965 

Estimated Installed Annual 
depreciation Equipment life cost 

years ....... dollars ...... . 
General services, shop (continued) 

Anvil ............................. 20 15 .75 
Air compressor ............. . . . . . . 15 200 13.50 
Tube and die set ................... 12 85 7.00 
Pipe threader ...................... 12 50 4.00 
Paint sprayer •••••••••••••• 0 ••••••• 8 30 4.00 
Pipe reamer .... • • • • • • • • • • • • 0 •••••• 5 3 .60 
Small electric grinder ••••••••••• 0 ••• 10 15 1.50 
Large electric grinder •• 0 •••••••••••• 12 65 5.45 
Wheelbarrow •••••••••••••• 0 ••••••• 12 15 1.25 
Small tools ••••••••••• 0. 0 ••••••••• 5 50 10.00 
Drill press •• 0 ••••••••••••• 0 0 ••• 0 •• 15 65 4.35 
Reseating tools ••••••• 0 •••••••••••• 8 15 2.00 
Wood table saw ••••••••• 0 •••••••••• 2 65 32.50 
Metal table saw .................... 5 20 4.00 
Chain hoist •• 0 ••••••••••••••••• 0 •• 12 100 8.35 

Spare equipment: 
Positive milk pump •••••• 0 •••••••••• 10 $ 700 $ 70.00 
Regular milk pumps (3) ............. 10 1,680 168.00 
Positive milk pump head ............. 10 400 40.00 
Motors, 3 HP (4) ••••••••••• 0 ••••••• 15 200 13.50 
Motors, 5 HP (2) •• 0 •• 0 ••••••• 0 0. 0 •• 15 130 9.00 
Motor, 10 HP ..................... 15 100 6.75 

Personal convenience: 
Lockers ••••••••••••• 0 •• 0 0 •••••••• 15 $ 800 $ 54.00 
Benches ••••• 0 •••••••••••••••••••• 12 60 5.00 
Chairs and sofas ................... 10 150 15.00 
Medicine chests ................... 10 60 6.00 

Total ............................ $5,303 $508.10 

Office 

Billing machine ...................... 25 $ 450 $ 18.00 
Calculators ......................... 15 4,000 266.67 
Adding machines .................... 10 480 48.00 
Desks and tables ..................... 15 1,745 116.33 
Chairs ............................. 10 1,290 129.00 
Typewriters ......................... 12 800 66.67 
Safe ............................... 30 320 10.67 
Time clock .......................... 10 900 90.00 
Filing cabinets ....................... 15 1,024 68.27 
Lighting and miscellaneous ............. 12 1,500 125.00 
Storage cabinets ..................... 30 350 11.67 
Cash register ........................ 15 750 50.00 
Postal scale ......................... 10 15 1.50 

57 



Table 27 (continued). Estimated life, installed cost, and annual depreciation for equip
ment by centers, model flexible Minnesota dairy manufacturing 
plant, 1965 

Estimated Installed Annual 
depreciation Equipment 

Office (continued) 

Check protector ................. . 
Record binders ........... . 
Stencil machine 
Addressograph 
Water cooler 
Intercommunication system .. 
Posting trays ..................... . 
Photo copying machine ........... . 

Total ..... 

life cost 

years ....... dollars .. 

12 200 16.67 
20 180 9.00 
15 500 33.33 
20 500 25.00 
10 150 15.00 
10 250 25.00 
25 20 .80 
10 299 29.90 

$15,723 $1,156.48 

Table 28. Construction costs by centers, model flexible Minnesota dairy manufacturing 
plant, 1965 

Center 

Receiving ......................... . 
Churning . . . . ................... . 
Evaporator and dryer .......... . 
Powder packaging and warehouse ...... . 
Cheese . . ............... . 
Starter room 
Cooler 
Refrigeration 
Boiler ... 
laboratory ... 
Office 
General service 

Total 

Area 

square feet 

720 
1,200 
3,000 

10,600 
7,200 

384 
4,200 

800 
2,400 

240 
600 
680 

32,024 

Unit cost Total cost 

.. dollars. 

$10.00 
16.00 
16.00 
7.00 

16.00 
17.00 
20.00 
15.00 
6.50 

16.00 
1"1.00 
7.00 

$ 7,200 
19,200 
48,000 
74,200 

115,200 
6f528 

84,000 
12,000 
15,600 
3,840 

10,200 
4,760 

$400,728 

Table 29. Temperature progressions in various pieces of equipment in butter and cheese 
centers, model flexible Minnesota dairy manufacturing plant, 1965 

Butter center-heat exchanger and pasteurizer 

L Milk preparation for separating and skim milk cooling at a rate of 60,000 
pounds of milk per hour and with 75 percent regeneration in the pasteurizer. 
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Temperature progressions: 
40° to 85° F. with regeneration 
85° to 100° F. with steam 

100° to 55° F. with regeneration 
55° to 40° F. with refrigeration 



Table 29. Temperature progressions in various pieces of equipment in butter and cheese 
centers, model flexible Minnesota manufacturing plant, 1965 

Butter center-heat exchanger and pasteurizer (continued) 

2. Cream pasteurization and cooling at the rate of 6,000 pounds per hour. 
Temperature progressions: 

100° to 155° F. with regeneration 
155° to 195° F. with steam 
195° to 140° F. with regeneration 
140° to 70° F. with well water 

70° to 4r F. with refrigeration 

3. Milk pasteurization and cooling for cheese making at the rate of 60,000 pounds 
of milk per hour and with 75 percent regeneration in the pasteurizer. 

Temperature progressions: 
40° to 114 o F. with regeneration 

114 o to 162° F. with steam 
162° to 86° F. with regeneration 

Cheese center-cooking vats 

Heating of cheese vat for one-half hour during cooking of curd at the rate of 
25,100 pounds of milk per vat. 

Temperature progression: 
86° to 102° F. with steam 

Table 30. Average monthly prices for various manufactured dairy products, selected years* 

Year and 
month 

1959 

January 
February 
March 
April 
May .......... . 
June 
July 
August 
September 
October .. 
November 
December 

Average 

Butter 

57.35 
57.28 
57.26 
57.29 
57.35 
57.35 
57.71 
59.76 
62.42 
62.07 
63.52 
61.74 

59.26 

Nonfat 
dry 
milk 

13.68 
13.69 
13.67 
13.66 
13.65 
13.68 
13.71 
13.60 
13.67 
13.68 
13.80 
13.78 

13.69 

Dry 
buttermilk 

American 
Cheddar 
cheese 

cents per 

13.51 
13.94 
13.46 
13.62 
13.53 
13.43 
13.55 
13.62 
13.99 
13.96 
14.08 
13.79 

13.71 

pound 

31.75 
31.75 
31.75 
31.60 
31.10 
31.00 
31.10 
31.53 
31.69 
31.88 
33.69 
34.75 

31.97 

Dry 
whey 

5.55 
5.55 
5.55 
5.55 
5.55 
5.55 
5.55 
5.55 
5.62 
5.62 
5.75 
5.75 

5.59 

Whey 
cream 
butter 

57.03 
56.97 
56.93 
56.95 
56.91 
56.83 
57.34 
59.10 
61.96 
61.49 
62.85 
61.62 

58.81 

* Butter, cheese, dry whey, and whey cream butter prices are based on data 
in Dairy and Poultry Market Statistics, published by the USDA. Butter prices are 
grade AA f.o.b. shipping points for Iowa, Minnesota, and Wisconsin. Cheese prices 
are American Cheddar cheese sales on the Wisconsin Cheese Exchange. Dry whey 
prices are for animal feed dry whey. Whey cream butter prices are taken as the 
grade A butter price recorded for Iowa, Minnesota, and Wisconsin. Nonfat dry 
milk and dry buttermilk prices were obtained from the Evaporated, Condensed 
and Dry Milk Report, published monthly by USDA and at the manufacturer's 
selling price f.o.b. the plant. 
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Table 30 (continued). Average monthly prices for various mamdadured dairy products, 
selected years 

Nonfat American Whey 
Year and dry Dry Cheddar Dry cream 

month Butter milk buttermilk cheese whey butter 

1960 cents per pound 

January 57.44 13.76 13.82 34.75 5.75 56.94 
February 57.54 13.78 13.72 34.75 5.75 56.92 
March 57.44 13.87 13.65 34.75 5.80 56.96 
April 57.39 13.50 13.59 32.35 5.80 56.96 
May 57.37 1358 13.44 32.00 5.80 56.89 
June 57.35 13.57 13.37 32.00 6.00 56.84 
July 57.38 13.48 13.41 32.00 5.50 59.92 
August ... 58.52 13.50 13.51 33.06 5.50 57.92 
September 60.77 13.71 13.74 36.60 5.30 59.99 
October ... 60.35 13.90 13.85 37.75 5.25 59.87 
November 60.94 14.03 14.28 37.75 525 60.54 
December 60.35 14.09 13.74 37.75 5.25 59.94 

Average 58.57 13.73 13.68 34.63 5.58 58.05 

1961 
January 59.73 14.06 13.74 36.75 5.25 59.41 
February ... 59.91 13.99 13.76 33.94 5.25 59.59 
March ..... 59.92 14.48 13.68 34.70 5.25 59.48 
April 59.76 15.65 14.29 34.62 5.25 59.43 
May ....... 59.17 15.93 14.43 34.34 5.25 59.36 
June ...... 59.77 16.04 14.60 34.25 5.25 59.37 
July . ' .... 59.77 15.99 14.81 34.38 5.25 59.36 
August .. 59.78 16.13 14.87 34.75 5.25 59.43 
September 60.00 16.09 14.82 35.02 5.25 59.56 
October ... 59.89 16.13 15.08 35.25 5.25 59.44 
November 59.80 16.17 15.04 35.25 5.25 59.34 
December 59.77 16.39 14.98 35.25 5.30 59.35 

Average 59.82 15.59 14.51 34.88 5.25 59.43 

1962 
January 59.61 16.30 14.88 35.25 5.38 59.14 
February 0. 59.58 16.22 14.64 35.25 5.50 59.11 
March 59.43 16.20 14.13 34.85 5.50 58.92 
April .. . . . ' ..... 59.09 14.85 12.58 33.25 5.50 56.84 
May .... 57.03 14.31 12.61 33.06 5.25 56.67 
June .......... 57.02 14.30 12.38 33.00 5.12 56.40 
July .... 57.38 14.29 12.42 33.00 5.12 56.63 
August ........ 57.61 14.24 12.57 33.00 5.12 56.79 
September .. 0 58.20 14.43 12.69 33.31 5.25 57.49 
October 57.39 14.29 12.71 34.00 5.00 56.74 
November 57.72 14.44 12.86 34.50 5.12 57.08 
December 57.63 14.49 12.85 34.50 5.25 57.00 

Average 57.98 14.86 13.11 33.91 5.26 57.41 

1963 
January 57.38 14.48 12.97 34.56 5.38 56.76 
February 57.37 14.38 12.88 34.31 5.67 56.75 
March ....... 57.38 14.42 13.02 33.79 5.67 56.75 
April .... 0 •••••• 57.40 14.49 12.95 33.80 5.67 56.80 
May • 0 ••••••••• 57.38 14.45 12.83 33.80 5.67 56.53 
June . . ........ 57.27 14.42 13.07 34.00 5.25 56.34 
July 57.41 14.46 13.20 34.13 5.00 56.70 

60 



Table 30 (continued). Average monthly prices for various manufactured dairy products, 
selected years 

Nonfat American Whey 
Year and dry Dry Cheddar Dry cream 

month Butter milk buttermilk cheese whey butter 

1963 (continued) ............... cents per pound . .............. 
August ......... 57.73 14.47 14.40 34.25 5.10 57.16 
September ••••• 0 58.82 13.30 13.40 34.25 5.25 58.36 
October 0 • • • • • • • 58.26 14.44 13.71 34.50 5.38 57.63 
November 58.05 14.43 13.74 35.00 5.62 57.31 
December ...... 58.01 14.62 13.92 35.13 5.62 57.24 

--
Average 0 ••••••• 57.71 14.36 13.34 34.29 5.44 57.03 

1964 
January ........ 57.51 14.61 14.08 35.25 5.62 56.89 
February . . . . . . . 57.49 14.65 14.06 35.13 5.38 56.85 
March ......... 57.51 14.62 14.13 34.19 5.25 56.88 
April ........... 57.50 14.67 14.00 33.81 5.12 56.86 
May ........... 57.51 14.66 13.98 33.70 5.12 56.71 
June .......... 57.57 14.62 14.00 33.75 5.12 56.78 
July •••••••• 0. 0 57.91 14.33 14.00 33.75 5.12 57.38 
August ••••• 0 ••• 59.02 14.65 13.97 34.38 5.88 58.65 
September ...... 60.79 14.79 14.21 36.31 5.42 60.53 
October ••••••• 0 60.05 14.77 14.22 36.75 5.18 59.74 
November 61.57 14.63 14.17 36.75 5.50 61.30 
December ...... 59.09 14.58 14.33 36.75 5.25 58.74 

Average ........ 58.63 14.63 14.10 35.04 5.33 58.11 

1965 
January .... •'• .. 57.30 14.54 14.32 33.38 5.18 57.00 
February ....... 57.39 14.60 14.30 35.25 5.18 57.04 
March ......... 57.44 14.45 14.31 35.25 5.18 57.07 
April ••••••••• 0 58.13 14.51 14.31 35.20 5.00 57.74 
May ........... 58.38 14.54 14.19 34.75 5.06 58.00 
June .......... 58.51 14.55 14.23 34.75 5.12 58.15 
July ........... 58.82 14.57 14.28 34.75 5.12 58.53 
August ......... 60.63 14.72 14.26 35.00 5.12 60.26 
September ...... 61.41 14.76 14.46 35.22 5.20 60.95 
October . . . . . . . . 62.25 14.86 14.53 36.35 5.25 61.88 
November 62.69 14.95 14.82 38.00 5.25 62.36 
December ...... 63.05 15.00 14.73 40.30 5.45 62.72 

Average ••••••• 0 59.67 14.67 14.40 35.85 5.18 59.31 

1966 
January ••• 0 0 ••• 58.77 15.31 15.00 40.50 5.65 58.50 
February ....... 61.47 15.23 15.21 41.62 5.75 61.16 
March ......... 62.98 15.57 15.89 43.50 6.00 62.59 
April ........... 61.93 16.88 17.01 41.10 5.75 61.67 
May . . . . . . . . . . . 62.73 17.25 17.53 40.81 5.75 62.48 
June . . . . . . . . . . 65.28 17.43 18.37 42.38 5.75 65.02 
July ........... 
August ......... 
September . . . . . . 
October 0 ••••••• 

November 
December ...... 

Average ........ 

6J; 



m Table 31. Cheese-butter price ratios by months, 1950-66* N 

Year 

Month 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 

•••••• 0' ••••• 0 ••••••••••••• 0 •• 0. 0 ••••• 0 0 •• 0 ratio 0 "o 0 0 o 0 0 o 0 0 o 0 0 o 0 0 o 0 0 o 0 , o o 0 o o oO o o o o 0 o 0 • 0 0 • 

January ....... .502 .574 .489 .552 .538 .554 .554 .559 .559 .551 .600 .608 .583 .596 .608 .576 .692 

February ....... .502 .588 .460 .550 .527 .554 .554 .562 .559 .551 .600 .560 .583 .592 .606 .608 .681 

March ......... .502 .580 .525 .539 .524 .554 .552 .564 .55:3 .550 .600 .574 .576 .583 .590 .608 .695 

April .. ' ....... .495 .535 .540 .547 .538 .555 .563 .559 .538 .547 .559 .572 .574 .583 .583 .597 .666 

May " ...... .492 .529 .553 .545 .534 .552 .561 .559 .549 .537 .553 .567 .571 .583 .581 .589 .653 

June .......... .492 .543 .544 .538 .538 .546 .562 .559 .550 .534 .552 .565 .570 .587 .582 .589 .642 

July .......... .492 .534 .531 .536 .550 .546 .561 .559 .550 .536 .552 .569 .569 .589 .581 .586 

August . . . . . . . . .493 .545 .541 .536 .561 .545 .558 .557 .547 .523 .561 .575 .569 .591 .578 .573 

September ..... .485 .528 .567 .530 .548 .541 .551 .543 .533 .506 .597 .579 .572 .575 .591 .566 

October ........ .495 .525 .577 .534 .548 .554 .544 .555 .560 .511 .622 .582 .587 .590 .607 .578 

November .500 .521 .568 .547 .552 .549 .533 .559 .553 .527 .615 .582 .594 .602 .590 .601 

December ... .533 .503 .554 .544 .545 .551 .553 .556 .528 .562 .625 .582 .594 .605 .618 .635 
--- --- --- --- --- --- --- --·- --- --- --- --- --- --- --- --

Year .... .499 .542 .536 .542 .541 .551 .554 .559 .549 .536 .586 .576 .579 .589 .593 .595 

·~ ~h~tese price per pou~d =Cheese-butter price ratio. 
u er pnce per poun 

Butter prices are for 92 score, grade A, creamery butter, average wholesale price at Chicago. Cheese prices are the weighted average 
price per pound of American Cheddar cheese sales on the Wisconsin Cheese Exchange 

Source: Ratios computed from data found in Dairy Statistics, ERS, USDA, Stat. Bull. No. 303, pp. 311 and 317 for the years 1950-
1960 and comparable data for later years. 
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