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Introduction 

The dairy industry is on the verge of a change that wi ll affect every 
dairy farmer, every dairy cooperative, and every fluid milk distribu tor in 
the United States. Causing this change is the introduction and sale of 
concentrated milk in fresh, sterile, or dry form that can be used as a 
substitute for fresh whole mille Concentrated milk is likely to have an 
even greater impact upon the fluid milk industry than foreign cars and 
small American cars have had upon the automobi le industry during the 
past two or three years. 

Papers presented at the Agricultural Industries Forums in 1960 and 1961 
tell something about the technical processes used in the production of 
milk concentrates. 



E. O . HERREID' H. K. WILSON' 

Problems in Making Sterile Concentrated Milk 
with Ultrahigh Temperatures 

In making 3: 1 concentrated milk, water is removed from whole milk in 
the vacuum pan in the same way as it is removed for regular evaporated 
milk . The milk is preheated before it is condensed, and the time and 
tempera ture of preheating greatly affect the physical properties of both 
the fresh and the stored product. The concentrated milk containing 36 to 
38 per cent of total solids may be sterilized in a tubular heater, in a plate 
heater, or by direct steam injection. There are several modifications of the 
conduction heaters, and there a re combinat ions of steam injection and 
conduction heaters. The product may be preheated and heated to steri­
lizing temperature in one to two seconds and held for two to six seconds, 
depending on the type of equipment and the temperature. There are 
many time-temperature combinations that might be used for ultrahigh­
temperature heating. Insofar as is known, the best and most practical 
combination has not been reported - that is, the combination that 
affects the desirable flavor and physical structures of the products least 
and maintains them longest. The concentrated product may be cooled 
in four to ten seconds, depending on the type of cooler and temperature 
and velocity of the coolant. This product is canned, aseptically, after it 
is steril ized. 

Concentrated sterile milk produced by the ultrahigh-temperature process 
is not noticeably different in color from the original mille It reconsti ­
tutes to an acceptable glass of beverage milk, but one that trained 
observers can distinguish from regular pasteurized milk. It does have a 

1 Professor of Dairy Technology, Food T echnology Department, University of 
Illinois. 

'Assistant Professor of Dairy Technology, Food T echnology Department, Univer­
sity of Illinois. 
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cooked or heated flavor that gradually lessens during storage but does 
not disappear entirely. This flavor is inevitable; it can not be avoided 
when the conventional conduction and steam injection heating methods 
are used to achieve sterility. The concentrated milk will maintain appear­
ance and palatability acceptability to the consumer for about two months 
at 70 0 F. storage, for about three weeks at 100 0 F. storage, for three to 
four months at 60 ° F. storage, and for five to six months at 32 0 to 40 0 F. 

The most important problem in processing and storing sterile 3: 1 concen­
trated milk is gelation. It is accompanied by increased viscosity and 
solidification upon separation of the whey. Gelation occurs most rapidly 
at the higher storage temperatures (above 70 0 F.). Concentrated milk 
can be reconstituted after storage for five to seven months at 32 0 to 40 0 

F., but eventually a solid gel forms with separation of the whey and 
lactose crystallization may occur. How much gelation can be retarded 
without injury to the flavor and to the desired physical properties of 
concentrated milk can not be determined now, but some information has 
been obtained. 

Preheating whole milk at 180 0 F. and holding it for 10 to 30 minutes 
abou t doubles the viscosity of 3: 1 concentrate compared with preheating 
whole milk at 180 0 F. for four seconds. Concentrated milk with a high 
initial viscosity gels faster than that with a low initial viscosity. 

Sterilization temperatures affect viscosity and rate of gelation. Con­
centrated milk sterilized at 285 0 F. and held for two seconds will have a 
higher initial viscosity, increase in viscosity faster, and gel faster than the 
same milk sterilized at 300 0 F. for two seconds. After eight weeks of 
storage, the milk sterilized at 285 0 F. was about three times more 
viscous than the same milk sterilized at 300 0 F., and gel had begun 
to form. 

Gelation can be retarded by heating concentrated milk considerably 
above the temperatures required for sterilization without having much 
effect on the color, but the body of the product becomes coarse and 
gramy. 

Sufficient initial viscosity is needed in concentrated milk to prevent 
settling of solids during storage, and this is related to the preheating 
temperature. Heating whole milk in a tubulex heater to 180 0 F. and 
holding it for four seconds develops sufficient viscosity, but preheating it to 
140 0 F . and holding it for 30 minutes is not sufficient to prevent settling 
of solids in sterile concentrated milk during storage at 70° and 100 0 F. 

To prevent as much damage as possible to the milk and to retard burning 
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milk solids onto tubes and plates, it is necessary to have a small temper­
ature difference between the milk product and the steam, This difference 
is about 5° to 6 0 F, for our tubular heater at the final heating cycle, but 
is much greater at the beginning, High temperature differences between 
heating medium and the fluid mill, product cause the formation of par­
ticles of milk solids large enough to be seen with a microscope at a 
magnification of about 450 times, These large particles increase viscosity 
and, presumably, accelerate gelation. 

Homogenization has profound effects on the structure of sterile milk. It 
causes the formation of fat-protein combinations. Un homogenized sterile 
milk does not have measurable combinations of fats and proteins. 
Homogenizing sterile milk at 150° to 160 0 F, results in deep formations 
of fat-protein structures, but they are very shallow in milk homogenized 
at steril izing temperatures. These structures in mass were observed by 
spinning milk in a high-speed centrifuge, at the same time tak ing pic­
tures of the settling so lids, and then measuring the depth of these solids 
from a negative of the picture, Undoubtedly this fat-protein combination 
functions to maintain a stable system whereby the fat will remain dis­
tributed and the proteins will not se ttle dlll'ing storage, The effect of 
this fat-protein combination on the gelation of concentrated milk has 
not been determined. 

For 3: 1 concentrated miJk to make an impact in the dairy industry under 
variable temperatures of storage and transport such as are imposed on 
regular canned evaporated milk, it will be necessary to solve the problem 
of gelation. Present knowledge indicates that the product must be 
refrigerated and that the required temperature will depend upon the 
duration of storage. 

Finally, we might need to revise our ideas about the storage qualities 
that we demand of sterile fluid milk products. We may be demanding 
the maintenance of storage qualities that are difficult, if not impossible, 
to achieve. At storage temperatures of 80° to 100° F. , fluid milk products 
quickly develop off-flavors and the objectionable brown color. In fact, 
this color develops in dried milk powders at high storage temperatures. 
Insofar as is known, the natural flavors, nutritional properties, and 
physical characteristics of the more simple foods can not be maintained 
at high storage temperatures for relatively long periods. This has been 
emphasized at various times during the past decade. Tbe logical, simple, 
and more certain way is to use refrigeration to preserve the natural 
properties of sterile fluid milk products. Undoubtedly physical and 
chemical stability are associated with both flavor stability and consumer 
acceptability. 
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Processing Sterilized 
Concentrated Milk 
ARTHUR M. SWANSON' 

The dairy industry has recognized the need for a concentrated milk 
product that will store for a considerable period without appreciable 
changes in flavor and body characteristics. On reconstitution with water 
the product should be comparable to fluid milk. To achieve these keep­
ing qualities, the product must be sterilized - hence the name "sterile" 
or "sterilized" concentrated mille 

A review of the scientific and patent literature shows that this has been 
the objective of many individuals over the years. Researchers had found 
that the heated flavor and color changes could be minimized by steri­
lizing the product at a higher temperature for a shorter period. The 
difficulty with this type of treatment was that the resulting product did 
not have storage stability. Gelation would occur. Fat separation and 
flavor deterioration were also encountered. 

These reported observations were far from encouraging, but the desir­
ability of having a sterilized concentrated milk prompted others as well 
as ourselves to continue work on this product. The work at the Univer­
sity of Wisconsin has been a team effort in which many departments 
have shared in various phases. 

I will attempt to describe our approach to the problem and our work in 
developing a process for the manufacture of a sterilized concentrated 
milk. 

The problem that intrigued some of us most was gelation. In order to 
study gelation, we had to install eCJuipment for manufacturing the 
product we wanted to study. This was not a test-tube procedure or even 
a laboratory bench setup. It required the installation of a pilot plant 
capable of heating milk and concentrate up to 295 0 F., concentrating 
the milk, homogenizing it, and canning the sterilized product under 
aseptic conditions. ''''e decided on a setup that would process milk at 

'Department of Dairy and Food Industries, University of Wisconsin, Madison 6, 
Wisconsin. 
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the rate of 1,200 pounds per hour. Our first setup was definitely a batch 
operation . It has been revised from time to time as refinements in the 
process have been developed. 

Our work has been principally on a 3: 1 concentrated milk. This product 
is of such concentration that one part of concentrate mixed with two 
parts of water will give a reconstituted product similar in total solids 
content to the milk from which it was made. The question is often 
raised, "Why did you decide on the 3: 1 concentrate when it was known 
that such a product was difficult to produce?" We decided that if the 
objective was to remove water to minimize shipping and storage costs, 
then we should try to remove as much water as possible. Again, we are 
asked, "If this "vas the reason for 3: 1, why didn't you go to a higher 
concentration, such as 4: l?" ·We knew that there was a critical range 
in regard to lactose crystallization, and if the sol ids concen tra tion was 
around 36.0 per cent (3: 1) or less, lactose crystallization would not be a 
problem. 

Evaporated milk has long been a stable item of commerce. It is pro­
duced by concentrating milk to 25.9 per cent total solids. Sterility is 
achieved by heating the concentrated milk in cans from 242 0 to 245 0 F. 
for fifteen minutes. To achieve stability during sterilizing, the milk, before 
being concentrated, is subjected to a forewarming treatment; and a 
stabi lizing salt, such as disodium phosphate, is often added to the milk 
or concentrate. The interesting thing is that evaporated milk will store 
for at least a year at room temperatures and will not ge l. It is true that 
on rare occasions gelat ion may be found, but it is the exception rather 
than the rule. The principal storage defects of evaporated milk are 
fat separation due to age-thinning of the product rather than age­
thickening, color changes, and flavor changes. 

"Ve looked to evaporated milk to furnish some of the answers to the 
problem of gelation. vVe reasoned that during the processing of evapo­
rated milk the product undergoes some form of gelation, which is evident 
from the increase in viscosity during the sterilizing process. The addi­
tional heat and agitation brings the product through the ge lation phase. 
After sterilization, the product is stab le so far as gelation is concerned . 

Considering the problem of gelation in high-temperature, short-time 
ste rilized concentrated milk, we reasoned that the heat treatment and 
agitation were not of sufficient duration to bring about changes in the 
physical-chemical properties of the product that would produce stability. 
To achieve this objective, we started to develop processing procedures 
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to increase the viscosity (body) and then reduce viscosity by vIgorous 
agitation. 

Before working on sterilized concentrated milk, we had done some work 
on improving fresh concentrated mille Gelation was found to be the 
principal defect. We decided to obtain maximum keeping properties 
without applying too much heat to the product in concentrated form. 
It was possible to do this by subjecting the fluid milk to sterilizing temper­
atures of 295 0 F. for two to three seconds and then cooling it immedi­
ately by flashing into the evaporator. This treatment proved successful 
in reducing the bacterial count, because it is easier to destroy micro­
organisms in the fluid milk than in the concentrate. Also, flashing the 
milk into the evaporator reduced the heated flavor in the finished 
product. 

This step, which we considered very desirable, was made a part of the 
sterilized milk concentrate processing procedure. After being concen­
trated, the product was standardized. Then it was again subjected to 
another sterilizing treatment. In the system that was first used, the 
product was partially cooled as it came from the high-temperature, short­
time sterilizing treatment and then collected in an aseptic collection 
vessel. As the product was held in this vessel, it increased in body. This 
suggested the possibility of reducing the viscosity by homogenization. 
We found that the rate of viscosity buildup would be changed by chang­
ing the forewarming temperature of the milk before the high-temperature 
treatment. Reducing the forewarming temperature causes the product to 
become more viscous. We found it possible to control gelation by homog­
enization of the concentrate. The degree of success depends upon 
homogenizing at the proper viscosity. This is achieved by controlling the 
forewarming temperature and the temperature of the concentrate from 
the cooling unit following sterilization. 

We found that seasons of the year affect the rate of body buildup, which 
follows the same pattern as for evaporated mille In 3: 1 high-temperature, 
short-time sterilized concentrate gelation can not be controlled as effec­
tively by adding stabilizing salts as it can be in evaporated milk. 

In summary, to make sterilized concentrated milk, we first subjected the 
milk to a forewarming heat treatment. Temperature on time of holding 
is dependent upon the individual milk supply and the time of the year. 
The milk is then subjected to a sterilizing treatment before being con­
centrated. After being concentrated and standardized, the product is 
agam sterilized and subjected to a viscosity buildup treatment. This 
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treatment may occur cithcr before or after sterilization. The product IS 

then homogenizcd and aseptically canned. 

It is difficult to state definite processing times and temperatures, because 
various pieces of processing equipment will have different heating char­
actenstlcs. For cach installation it will be necessary to work out a 
dillcrent pro :::essing procedure. 

Although we have pilot plant facilities and arc capable of making several 
hundred cans at a time, we are not sure that these procedures can all be 
directly adapted to large-scale operations. We are satisfied that at the 
prcsent time there are no insurmountable problems. We are counseling 
and have counseled with organizations that are interested in developing 
sterilized concentrated mille' 

I wish to acknowledge the contribution of the United States Steel Cor­
poration in supplying funds for this study. 

2 Sterilized concentrated milk has been sold in our salesroom for the past two 
years. The comments as a whole have been very favorable to the product. The 
principal complaint is that, because of limited facilities and demand for research 
studies, we have not been able to give customers a regular supply and the quanti­
ties they desire. 
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Eight Years' EXjJerience 
with Fresh Concentrate 
C. A. IVERSON ' 

Fresh concentrated milk originated a hundred years ago, but it became 
an industrial rather than a consumer product. Its revival as a consumer 
product was attempted abou t 1934 and again abou t 1950 at several 
places. 

Work on fresh concen trate at Iowa State began in March 1951 with 
relatively high-temperature vacuum evaporation and high pasteurization 
temperatures. The results were favorable, and the conclusions drawn 
from this study are summarized as follows: 

1. High-quality milk must be used to prepare this product. 

2. A preheating or pasteurizing treatment is necessary before condensing. 

3. Experience with the single-stage homogenizer indicates that the 
product must be homogenized both before and after condensing to pre­
vent a cream layer from forming after storage for seven to ten days. 
However, one homogenization might suffice when other types of 
homogenizers are used. 

4. An acceptable product can be produced by condensing at the usual 
vacuum pan temperatures of 125 0 to 135 0 F. However, condensing at 
these temperatures will produce varying degrees of a flavor which we 
have called "harsh cooked" and "stale." This flavor can be changed to 
a pleasing, mellow-cooked, rich flavor by pasteurizing a t 180 0 F. for 16 
seconds after concentration. 

5. Most people agree that the reconstituted product has a fresh milk 
flavor and is relatively free from volatile feed and grass Aavors. 

6. Experience has shown that any major deviation in the processing 
procedure will be reflected in the flavor score of the finished product. 

7. The relatively good keeping quality of the product is due to pasteuri­
zation at high temperatures, double pasteurization, and low holding 
temperatures. The concentration of milk solids is not sufficient to inhibit 

1 Professor of Dairy Industry, Iowa State University, Ames, Iowa . 
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bacterial growth, and the vacuum treatment does not have any demon­
strable effect on the bacterial population during storage. 

With the development of a superior product came the need to decide 
what to do with it, since similar products on a low-temperature basis 
had not been successful. The dec ision was made to attempt to sell the 
product in the rural areas surrounding Ames, since at the time no 
pasteu rized milk was being delivered. 

Two side results accrued from this research and development work: 

1. Since highe r temperatures were used successfully in pro::essing con­
cen trated milk, recommendations were made that all homogenized milk 
be pasteurized at higher temperatures than had previously been used 
(this was an important contribution to the industry). 

2. \Vith the development of rural sa les of concentrated milk, many 
milk processo rs began successfully experimenting with retail rural de­
liveries of regular fresh milk. 

For rural deliveries a spec ial truck body made from magnesium metal 
was developed , and a mechanical refrigeration unit was insta ll ed. De­
liveries were made to farm homes once a week. Besides concentrated 
milk, such other dairy products as ice cream, prepackaged cheese, and 
cottage cheese were included. The concentrated milk was welcomed by 
the rural population : 

1. On farms where only one or two cows were kept to produce milk for 
home consumption because : (a) cost of home-prod uced milk was very 
high - one farme r estimated it at nearly 50 cents per quart; and (b) 
home pasteurization was laborious and resulted in milk with a marked 
heated flavo r. 

2. On farms selling milk and ueam because of: (a) health hazards in 
consuming "raw" milk ; and (b) difficulties involved in pasteurizing milk 
in the horne. 

farm families reported a tremendous increase in the per capita con­
sumption of milk and ice cream with home delivery of these products. 
Although exact records were not available on previolls milk consumption, 
rural housewives estimated that per capita consumption of milk in­
creased by approximately 50 per cent almost immedia tely. 

Arriving at a su itable margin for the vendor of fresh concen trate became 
an immediate problem. No cost figures were available on rural distribu­
tion of milk. Distances traveled were much g rea ter in most instances, 
although, in certain cases the distance was less ( i.e., in one instance 60 
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quarts of fresh milk equivalent were delivered within a relatively small 
a rea). A figure of 12 cents per quart of concentrate was established, 
inasmuch as the vendor of our fresh milk in Ames was receiving four 
cents a quart at the time, allowing eight cents a quart for the raw 
product and plant costs. On the basis of further study, the 12-cent figure 
appears to have been reasonably fair to the vendor and the processor on 
a rural basis. 

Keeping quality of the product has never become a problem. Processing 
has been carefully done, and the product has been consumed well within 
its useful life. Elsewhere some undesi rable results have been experienced 
(western Iowa distribution center, experience of large milk cooperative 
in Illinois ) . 

Keeping quality has been unusually good in some instances; some milk 
has been sent by ship to Venezuela, and some has been shipped by air to 
Winnipeg. Processing results and keeping quality have been checked in 
every lot produced during the year by a staff member using a sample in 
his own home, notwithstanding the fact that the product was not sold 
at retail in Ames. 

The type and quality of water used in reconstituting the milk has not 
been a problem to our knowledge except in two instances : 

1. Of all the farms serviced with concentrate in the Ames area, only one 
farm well produced unsatisfactory water. 

2. The Modern Dairies of Winnipeg, Manitoba, encountered treated 
water at certain seasons of the year that proved to be unsatisfactory for 
reconsti tu ting purposes. 

The higher heat treatment for producing fresh concentrated milk has been 
adapted elsewhere: 

1. Prai rie farms Creamery, operating in 13 counties in central Illinoi s, 
has successfully produced and distributed fresh concentrate from Bloom­
ing ton and Henry. 

2. A large dairy in Winnipeg, Manitoba, is distributing fresh concentrate 
at Fort Churchill on Hudson Bay at a saving of five and one-half cents 
per quart ( Imperial ) of fresh milk equivalent, due mainly to a transpor­
tation cost of seven and one-half cents per quart from Winnipeg for 
either concentrate or fresh fluid. 

3. A large grocery chain operating extensively on the Pacific Coast used 
the heat treatment on its fresh concentrate, which constitutes a large 
sales item. 
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4. A large milk plant in eastern Iowa attempted to process and distribute 
fresh concen trate both in that area and in western Iowa through a dis­
tribution center. The results were not satisfactory because of technical 
difficulties and a poor sales program. 

5. A large cooperative milk marketing organiza tion in Illinois says it 
abandoned its attempts to produce and se ll the product, largely because 
of over-op timism regarding keeping quality and lack of uniformity in 
keeping quality. 

6. Other universities have been experimenting further in developing 
sterile fresh concentrate. 

Fresh concentrate may have some unusual qualities that are not present 
in the original milk. It may also be a means of getting larger amounts 
of milk into children's diets without giving them too much liquid. 

Frozen fresh concentrated milk looked very promising, but year-round 
trials indicated that unstable milk in late May and in June produced 
a product that thickened at household deep-freeze temperatures. Altering 
the degree of concentration shou ld help to correct th is fault , or the 
method may still be useful in a country like Japan with a winter surplus. 
Freezing fresh concentrate offers a satisfactory method of storing milk 
solids for use in the plant, however. 

The byproducts of eight years' exper ience with fresh concentrate may 
easily be more important than the production and retail sale of the 
product itself. Experience with higher temperatures used for pasteur­
izing the milk both going into and out of the vacuum pan have altered 
our concepts of proper heating for homogenized fresh milk . The experi­
ence of having th is product available for use in other products in the 
plant has encouraged us to believe that these uses may be more important 
than the retail sales. Some examples are use in half and half, in low-fat 
milks - skim milk and 2 per cent - and in ice cream mixes. High­
quality milk solids can be stot'ed as fresh concentrate for short periods, 
and frozen concentrate for longer periods. 
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Production and Sale of Sterile 
Milk from Our Laurel, 
Maryland, Plant 
WILLIAM B. HOOPER' 

I have been asked to partiCipate In this discussion today with respect to 
the "Production and Sale of Sterile Milk" from our manufacturing 
division plant in Laurel, Maryland. As background, it may be of interest 
to take a brief look at the Maryland and Virginia Milk Producers Asso­
ciation, which is a dairy farmers' cooperative supplying approximately 
80 per cent of the fluid milk for the metropolitan Washington, D.C., 
area, and handling 100 per cent of the surplus. Our association is com­
posed of some 1,800 dairy farmers, most of whom are located in the 
states of Maryland and Virginia, with a small number in West Virginia 
and Pennsylvania. We have an approximate average daily volume of 
235,000 gallons of milk, with fluid sales of about 185,000 gallons per day. 
All association members produce "Grade A" milk for the metropolitan 
Washington area. We are rather proud of the fact that our average 
bacteria count is less than 20,000. 

The association was first organized as a cooperative in 1920 and for a 
brief time operated a small surplus manufacturing plant in Washington. 
This was unsuccessful and was soon abandoned. From 1924 until 1954 
the association operated wholly as a bargaining association and had no 
processing facilities. 

In 1954 the association purchased Embassy Dairy, a fluid milk plant 
operating in Washington, D.C. , and since that date has operated this 
dairy, which distributes under its own name 35,000 gallons of fluid milk 
per day in the Washington market. 

In December, 1955, the association purchased a small manufacturing 
plant located at Laurel, Maryland. This plant had been operated mainly 
as an ice cream mix processor ; its capacity was limited to about 35,000 
gallons of milk daily. Up to the time of purchase of the Laurel plant, 
the association's surplus was handled wholly by a manufacturing plant 

'General Manager, Maryland and Virginia Milk Producers Association, .. Inc., 
Washington, D.C. 
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owned and operated by the National Dairy Products Corporation, Fred­
erick, Maryland. The Laurel plant was acquired because a need was 
felt for additional manufacturing facilities in the market and also to give 
the associa tion its own outlet for surplus milk. 

Shortly thereafter the plant and its operations were ex panded to give 
greater capacity and flex ibility. The roller powder dryi ng equipment ,"vas 
disposed of, and spray powder machines with a total capacity of 5,000 
pounds of powder per hour were installed. More condensing equipment 
was added to balance the powder operation, as well as a continuous 
butter operation capable of processi ng 2,200 pounds of butter per houL 
We are a lso currently enlarging the operation to provide additional 
storage of 60,000 ga llons of fluid milk; we are putting in a separation 
line which will handle 8,700 gallons of milk per hour, and adding a cottage 
cheese operation designed to prod uce abou t 70,000 pounds of cottage 
cheese per day. 

In 1958, while expanding and se tting up these new processes in the 
Laurel plant, the association also decided to install a sterile milk opera­
tion with aseptic filler equipment. Since we looked at the sterile milk 
process as a means of converting some of the surplus milk on our market 
into a higher dolla r return product, our interest was at first confined 
solely to the possibilities of sterile ice cream mix and milk shake mixes. 
The various processes that we checked did not fit into our contemplated 
operation; the ma in deterren ts were the small-volume prod llction and the 
manpower required. We we re interested in a process which would u tilize 
to the utmost the efficiencies of our particula r plant and its big vo lume 
and high-speed production . 

Finally we investigated a sterile operation in Switzerland, a process 
known by the trade name of "Uperisation" operated by the Bernese 
Alps Milk Company. After thorough study we decided that this process 
was the best for our purpose; we entered into a contract with th e Swiss 
people to purchase the process ing equipment together with the necessary 
licenses and franchi ses to operate in the United States and its territories. 

Most of yOll here a re familiar with the process. It is steam injection 
whereby the milk is subjected to superheated steam at about 304 0 F. 
for 2.4· seconds, immediately cooled, and aseptically canned by the Dole 
Aseptic Filler. We have a maximum capacity of 1,250 gallons of sterile 
milk per hour, using a # 10 can. The production rate is reduced pro­
portionate ly when smaller size cans a re used. At the present time we are 
using only the one size, the # 10. In this connection it might be of 
interest to know that we have contracted for the installation of a sterile 
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paper Tetra-Pak half-pint line, but it will not be installed or be operating 
for approx imately three to five months. 

As stated, our primary purpose in investigating and adopting a sterile 
milk process was to increase the dollar return from manufactured 

products, primarily ice cream and milk shake mixes. It appeared to us 
that there was a very considerable market for ice cream mix and milk 

shake mix which was not being fully tapped by the present method of 
distribution in 3, 5, and 10 gallon cans. We felt that there was a tre­
mendous untouched market for a product with long shelf life which 

could be put up economically in smaller containers. We have made some 
experimenta l runs with both steri le ice cream mix and milk shake mix: 
we are very well pleased with the quality as well as the products' shelf 
life and plan to go into volume production of these products in the 
near future. 

As Auid milk market people we recognize the dominant position of fluid 
milk sales in any market. There would be no point in doing anything 
which could harm our fresh milk Class I fluid sales except as a com­
petitive measure. Our li ving is based on sales of Class I milk. And it is 
doubtful whether milk merchandised in sterile form could command the 
full Class I price. Therefore, protection of our C lass I markets is an 
economic consideration that we can not overlook. ,'" e are not in teres ted 
in replacing fresh fluid milk sales with sterile milk if its effect is to 
reduce returns to dairy farmers. 

As our experimental work continued, it was not very long before the 
potential of sterile milk became obvious. It could not be ignored. Our 
experimental runs of ster il e milk proved the product to be goocl - not 
equal to fresh milk in our opinion, but better than most reconstituted 
products. The armed services offered a ready-made market, particu­
larly for overseas use or aboard ship. To date that is the only market we 
have attempted to supply. In order to exploit to the utmost our par­
ticular operation, we have limited Our production to the armed services, 
standardizing on # 10 cans, and only bid on contracts which would give 
us at least three to five days' run at the rate of about 6,000 gal lons of 
product per day. 

We recognized the fact that we were primarily set up to handle volume 
production, and not retail distribution. It is not our intention, unless 
forced to, to enter into retail distribution of steri le milk or milk products. 
We feel that in our particular operation we can most efficiently operate 
by staying strictly in the production and processing field. Further, 
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we have no intention of using sterile milk to compete in the fresh milk 
market unless we are forced to in defense of our own market. 

I would like to discuss with you some other aspects of the sterile milk 
process which I believe are of prime importance. 

\lVe, and I believe many others in the eastern markets, are acutely aware 
of the implications and importance of sterile milk. It is being given a 
lot of attention by the milk industry and the farmer organizations in the 
East. I can not speak officially for the other eastern markets and do 
not set myself up as their spokesman or representative, but I feel certain 
that most of the responsible fluid milk cooperatives will concur in most 
of what I have to say in regard to sterile milk and our fluid markets. 

When I use the phrase "sterile milk," it is in the broad sense to cover 
both whole milk and concentrate. Sterile milk can either be a boon to 
the fluid milk industry and the dairy farmers, or it can be a nightmare. 
If this process is utilized by special groups to dump either total or surplus 
production in fluid markets, then I think we have serious problems. A 
surplus created in one market is going to find its way back to other 
markets. The ability to convert surplus milk into sterile milk, for in­
stance, is not the sale prerogative of any group, and used as a retaliatory 
measure it could mean complete and utter demoralization of the fluid 
milk markets, not only in the East but in the Midwest. 

Used properly , this process, in my opinion, can certainly be a benefit to 
the Auid milk markets all over the country - to producer, distributor, 
and consumer. It can supplement the use of fresh milk and can increase 
over-aU sales. Let us look at this sterile process not as a basis for usurping 
other established sales, but as a way of increasing total fluid milk con­
sumption and thus benefiting all segments of our economy - producer, 
dis tribu tor, and consumer. 

In my opinion the first thing that we all should do is work diligently 
and with a free exchange of information and experience to improve the 
flavor and the quality of sterile milk. I believe that we should set stand­
ards with respect to quality. Nothing can do more harm to the eventual 
sales potential than to have a few irresponsible, get-rich-quick people put 
out an inferior product that will set the whole process back many years as 
far as the general public is concerned. Only raw milk that meets the 
standards for fluid "Grade A" should be used. There is also much 
work to be done on the containers. 

Then, certainly, a great deal of work should be done with respect to edu­
cating the public in the use of this milk . Here our colleges and market-
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ing services can do much to help the milk industry. There must be an 
intelligent and extensive campaign. Naturally I am thinking primarily 
of the producers and their organizations, who can contribute by conduct­
ing surveys, for example, to determine where markets exist for this milk, 
where it is needed, where it can be used to best advantage - not to take 
the place of, but as a supplement to, fresh whole mille Advertising and 
publicity of the right kind can do a tremendous job, but the wrong kind 
of advertising, price - the price-cu tting type - can do the whole in­
dustry incalculable harm. 

From my own experience I can visualize many supplemental markets for 
sterile milk. There are the armed forces, which have a definite need for 
this product. Then there are many places in this country where, because 
of location, transportation difficulties, lack of refrigeration , etc., fresh 
milk is not readily available . Certainly before trying to move in on 
established Class I markets we should take care of these areas. We have 
the weekend buyers who, because of lack of refrigeration space, can not 
carry enough milk to take care of their holiday and weekend needs. 

All this time we have been thinking solely, or at leas t I have, in terms 
of sterile whole milk packaged in aseptic containers. But it seems to me 
this does not represent the big potential for sterile milk. There is no 
reason why sterile whole milk can not be put into conventional containers 
with an improved cap and sealing device. Thus even without refrigera­
tion it would stay fresh and good tasting for a week or more. The 
sav ings in distribution costs alone could amount to many millions of 
dollars a year, most of which could be passed on to the consumer. 

Now let's take a look at another sterile milk product which has received 
a great deaL of publicity and about which many predictions are being 
made as to its potential and how it will revolutionize the milk-buying 
habits of the public. (God forbid I) I am speaking of a concen trated 
sterile mille Let's assume - and I believe this assumption will soon be­
come a reality - that production will be improved to the point that large 
volumes can be processed and packaged economically and the result will 
be a product of the highest flavor and quality. Further, imagine that an 
attempt is made to displace 10caUy produced milk sold through regular 
channels in various markets with this concentrated product. I am 
assuming that it would be marketed on a price basis - that is, offered 
a t a cheaper price than fresh standard whole milk. At leas t, lhat is the 
theme song as I have heard it. 

Under these circumstances the most efficient volume distribution would 
naturally be through stores and supermarkets. I wonder with what 
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degree of enthusiasm your su permarkets will welcome this product? Are 
these markets looking for milk which the housewife would have to pur­
chase only once a week or every ten days, or are they more partial to a 
product with less keeping characteristics that will cause the housewife 
to come back two or three times a week. I am not a chain store operator, 
nor do I know much about their operations; but it would seem to me 
that if I were operating one, I would certainly not be too much in favor 
of supplanting my fresh milk, which I have made a point of advertising 
and which the housewife has to come back to my store several times a 
week to purchase. I would be willing to wager that very seldom does a 
housewife go into a store to purchase milk without picking up other 
commodities at the same time. 

While we are speaking of the housewife, let us consider the lady herself. 
To what extent is she vitally interested in saving two or three pennies a 
day versus extra work? There has been a lot of ballyhoo, a lot of talk, 
about the cost of milk, and about how milk sales could be increased if 
the price of milk were reduced . Bu t I have found no evidence that there 
has been any corresponding increase in the sale of milk through a 
reduction in price. In our own market when the gallon jug was first 
introduced in 1955 at a reduction of 20 cents per gallon under the 
standard price, there was a limited switch from home delivery to the 
volume package; however, it was merely a switch and total sales did not 
change. Again using our own market as an example, one of our major 
distributors is currently selling milk for home delivery at a cent a quart 
under the other distribu tors; yet an actual survey has shown that prac­
tically none of that particular dairy's customers realize that they are 
paying less than the price charged by other distributors. 

From my experience I would say that the housewife is interested, of 
course, in saving money. But she is less interested in increasing her work 
load. So does it seem reasonable to assume that this same housewife who 
buys automatic cleaners, sprays in containers for her windows ... every-
thing and anything to save labor and to make her life easier ... will 
look kindly upon a product that will cause her more work? Will she 
happily buy a product requiring her to measure out quantities of the 
concentrate, add water, put it in other containers, and, in most cities, 
use some device to take out the objectionable flavors from the water 
such as a filter at tached to the faucet or some other method? All this 
is work . And is she going to go through all this to save, what - two cents 
a quart, or even three cents? What will it mean to her at the end of the 
month - a dollar, a dollar and a half, or two dollars at the most in a 
country where income is increasing every year. In most large markets 
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she can buy fresh milk in gallon or half-gallon containers at approxi­
mately 20 or 21 cents a quart. 

Now it is proposed, according to what I have read, that steri le concen­
trate would be made available to the housewife at a considerable saving. 
How much? Let's assume that you can sell her the concentrate at the 
equivalent of 17 cents a quart. The distributor or store operator, as the 
case may be, will make his profit. For our purpose, we will assume that 
the product will be distributed in a large eastern city. So we have 
transportation from, say, a point in Minnesota, adding another cent or 
so to the cost. The cost of the container, if the milk is aseptically 
canned, will not be insignificant. Handling and processing will not be 
less than standard local processing. Allow a profit for the processor, and 
what do we have left for the farmer who is supplying the milk? How 
much over the price he is now getting? To what extent is the farmer 
going to benefit? Just who is going to benefit? 

In this theoretical problem the most overlooked fact is that the local 
markets will meet the competition , as I mentioned a few moments ago. 
Take our market for instance. Is anyone here so naive as to think that 
we would not meet this competition, but would just sit back and let our 
Class I milk become Class III without acting to protect ourselves? We 
have plants, know-how, and funds. All would be used. 

Also, let us not overlook the fact that federal orders would be adjusted 
to meet the new competition. Certainly if the federal order program is 
going to be maintained, it can not price fresh local milk at Class I prices 
and ignore sterile milk. If this sterile milk is priced as Class I, it would 
price itself competitively out of the market. This means, of course, that 
the whole problem of classification and classified pricing will need re­
viewing. If sterile milk is required to be made from Grade A milk, it 
will be necessary to price this milk to producers above the level paid for 
manufacturing grade milk. This is not to say that it would be priced at 
the full Class I price. It probably would not. 

Trial and error no doubt would be relied upon to establish proper classi­
fication and class prices in light of competitive conditions which may 
come to the surface as a result of growth patterns for sterilized milk. In 
this regard the classification and pricing of whole sterile milk probably 
would not be the same as for concentrated sterile milk because of the 
variance in transportation costs between the two products. Prices paid 
producers for sterile milk, whether in whole or in concentrate form, 
would be limited to levels established for midwestern markets, plus the 
cost of freight. 
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Eastern and midwestern producers then would be in the same relative 
position with respect to each other as they are in at the present time. 
The lower freight cost of concentrated milk, and the storability of whole 
or concentrated milk , would probably mean a somewhat lower spread 
between midwestern prices and easte rn prices than presen tly preva!ls for 
fresh whole milk in Class I lIses. 

\Ve are inclined to believe that many people look at the price problem 
through rose-colored g lasses. They vision increased sa les in eastern mar­
kets by se lling milk for less money than the established prices in such 
markets. The same people also objec t to eas tern prices because they are 
too high. They fail to rea lize that if the eastern prices were lower, the 
markets would not look so attractive from the Midwes t. They also fail 
to realize that if the apparent att ractiveness really gave an advantage to 
midwestern milk, and if eastern milk were replaced, we would immedi­
ately move to reduce our own prices as the only means of preserving 
Class I sales. 

Milk, like any other commodity, will be produced where it can be pro­
duced and delivered most economically. Freight costs from the Midwes t 
and the population concentration of the East make it possible and nec­
essary for Class I prices to be higher on the eastern seaboard than in 
Wisconsin, Minnesota, or Illinois. Any downward adjustment in prices 
would apply eq ual pressures to eastern producers and to midwestern 
producers, and , of course, time alone would tell who "vould survive. 

Sterile milk, then, will probably change to some degree our competitive 
relationships. Bu t ste rile milk will in no way alter the fundamental 
economic considerations of milk pricing. For this reason we are of the 
opinion that we should all concentrate on building more sales and on 
improving prices for all producers. 

Let's quit schem ing for ways of displacing markets, because all farmers 
can get hurt in the process. 

These are just a few of the things which I think should be considered 
before embarking on an ambitious program with the objective that sterile 
milk is going to make a Utopia for any group of producers by taking 
over other producers' markets. Believe me, gentlemen, producers for the 
eastern markets - and that is where this would be aimed - are not going 
to sit back and see their markets taken over or even substantially lost. They 
are ready to fight to retain their own outlets for milk. What I am saying 
is not to be considered as a threat; it is merely a plain statement of fact 
and morals. We can not benefit ourselves at the expense of our feU ow-
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man. The producers supplying each market are going to try to keep 
those markets. Let there be no misunderstanding of that basic fact. 

Sterile milk and the sterile process can be beneficial. It can greatly 
extend the shelf life of milk products. It can make milk products available 
where they have not been freely available before. It can be a major 
factor in bringing more milk more economically to more people by cutting 
down on distribution costs and allowing the housewife to set up inven­
tories. It can revolutionize our whole distribution system through its 
ability to better the keeping qualities of milk . It can benefit distributors 
by cutting down on distribution costs and on losses through returns, 
spoilage, etc. 

H wisely handled on the basis that it is an industry improvement which 
makes more milk available for more uses, makes its use more flexible so 
that \Ve can increase total consumption and move more milk ou t of 
manufacturing categories to the fluid and semi-fluid categories - then 
sterile milk and the sterile process will be beneficial, increase consump­
tion, and ultimately give a greater return to all producers. But, used the 
wrong way, it will demoralize all markets and cause untold chaos and 
damage to the dairy industry and the dairy farmer. 
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Production of Sterile Canned 
Products in klajor Brands 

Plant at Corning, Iowa 
A. P. STEWART' 

Major Brancls' plant operation is locatecl at Corning, Iowa. This location 
was selected after careful study of many possibilities throughout the 
Middle West. Primarily the reasons we went to Corning were the ab ility 
to obtain a high quality milk supply ; avail a bility of this milk throughout 
the year [or steady plant operation; and a potential for increasing the 
milk supply which paralleled our own plans for expansion. 

Corning is a town of 2,000 people located in the sou thvvest part of Iowa 
85 miles southeast of Omaha, 90 mi les southwest of Des Moines , ancl 160 
miles north of Kansas City. This section, known as the Nodaway Valley 
area, is similar to the better dairying regions of Wisconsin . 

'vVe have an arrangement with the Farmers Cooperative Creamery at 
Corning whereby the creamery collects the milk from its patrons and se ll s 
it to us. Our processing eq uipment, offices, warehouse, and laboratory 
facilities are in a common building with the creamery. This building is 
new, being completed approximately one year ago. 

To date we have been mak ing test packs on canned sterilized clairy 
products for storage studies prior to any major marketing. However, our 
facilities have proved icleal for the manufacture of not only canned 
sterilized dairy products, but a lso other items where retention of fresh 
flavor and color provide us with a quality advantage over that of com­
pe titive products. Consequently we have been engaged in producing and 
marketing canned fruit juice drinks plus chocolate milk and table cream 
for the past three to four months. Ollr intention is to introdllce other 
products, including concentratecl milk, whipp ing cream, half ancl half, 
whole milk, a nd certain specialty clairy items. 

Glen Gillet, manager of the Farmers Cooperative Creamery a t Corning, 
was kind enough to take a ser ies of color pictures of our operation. Since 
these pictures can explain far more clearly than I the manner in which 
we produce our products, I will show them on the screen. 

'Formerly Vice- Pres id ent, Maj or Brands, Inc ., Corning, Iowa . Currently Vice­
President, Nodaway Valley Foods, Inc., Corning, Iowa. 
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Corning is the county seat of Adams County, Iowa. The county has a 
population of about 10,000. The average size of farm is 260 acres. The 
dairy population is about 9,000 cows, primarily Holsteins, with an average 
of 6,500 pounds of milk per cow. This milk is almost entirely available to 
us, as also is that in immediately surrounding counties. The first pictures 
show the farm of a typical patron serving the creamery. All milk in the 
creamery is brought by bulk pick-up. This particular farm has 60 cows. 
The milking parlor arrangement and handling techniques are shown 
clearly in the pictures. This farmer has a direct-expansion 300-gallon 
farm tank, which is the most common size in the area. The pictures show 
the sequence of preparing to milk, the milking operation itself, and the 
sanitation practices. 

The next scenes show the bulk tank hauler sampling the tank for later 
fat and bacteria tests, gauging the tank, and then pumping in to the 
tanker. On arrival of the tanker at the plant, one wing of which is shown 
here, the milk is pumped into refrigerated storage tanks. The receiving 
room is equipped to handle three tankers at a time. Each storage tank is 
gauged to show its contents, with dual gauges in other parts of the plant 
which are using the milk from the tanks. 

After being received, the milk is pumped through the raw milk processing 
room, where it can be clarified and sent to the canning operation. Also, 
it can be separated into cream and skim mille The HTST unit will fore­
warm the milk prior to clarifying or separation, as well as pasteurize and 
cool it after separation when so desired. 

The offices are pleasant and well arranged, completely air-conditioned, 
and equipped with telephone switchboard. 

Our laboratory is designed and equipped for both quality control and re­
search. Here we have equipment for bacteriological testing, spectro­
photometer, Aame photolometer, ultracentrifuge, Kjeldahl apparatus, 
and other special apparatus we believe absolutely necessary for manu­
facturing HTST sterilized, aseptically canned dairy products. 

The electrical panel room houses all switches for the approximately 800 
connected horsepower in the canning area. This room also has a 15 h.p. 
air compressor to furnish compressed air for the numerous items of air­
operated equipment. 

The plant has two boilers capable of generating about 600 h.p. of steam. 
Cooling is done primarily with ice water from two sweet water tanks. 

In the sterile processing area, all tanks are accurately gauged. Tanks 
are equipped for both heating and cooling and have heavy agitators for 
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preparing all kinds of special formulas. The tanks in this area are used 
primarily as surge tanks feeding the sterilizer and canners, although they 
are also used for mixing and standardizing. 

Our eva porator is almost 100 per cent automatic and is capable of evap­
orating milk at temperatures no higher than 138 0 F. any place in the 
evaporator. All operating valves in the plant are automatic, with panel 
push-button control. Hand valves are used only to start an operation and 
to lea\e it in a fixed position. The evaporator has an interstage vapor 
heating and recompression unit. Temperatures are automatically con­
trolled throughout. 

The product to be sterilized and canned is high-temperature, short-time 
sterilized with equipment designed to utilize heat regeneration to a 
maximum extent. We are equipped for deaeration, homogenization, and 
a wide Aexibility in temperature and holding-time steril ization conditions. 
We believe sLich flexibility is necessary because of the difference in re­
quired processing conditions for various types of products. Special con ­
trols , some of which are oLir own design, are employed to provide 
completely au tomatic operation. Again, all valves used during operation 
itself are automatic. 

The warehouse is air-condi tioned at 60° F. Palletized handl ing of empty 
cans and fini shed product is employed. Cans are received in reshipper 
cartons and feel to the canners via an unscrambling table and magnetic 
belt lift. We have two Dole aseptic canners handling a range of 8 oz. 
to 96 oz. cans. These canners are of the small, single-section size but 'w ill 
be replaced with larger canners. The evaporation and sterilization equip­
ment is a lready of sufficient size to produce the volume required by larger 
canners. 

The empty cans are steri lized with super-hea ted steam and then filled 
with the HTST sterilized, cooled product. After being sea led with 
sterile lids, the filled , seamed cans are washed with a chlorinated solution, 
rinsed, and dried. 

Our casing operation is not yet completed, but provisions are being made 
to install au tomatic casers and case gluers in the near fu ture. Please note 
that the point where empty cans are dumped onto the unscrambling table 
is adjacent to the casing station. When cans are being labeled, the 
labelcr is inserted into the line just before casing. 

Shipments from the plant are handled by both palletized truck-loading 
and power-conveying individual cases to the trucks. 

Sales are presently being made to about 200 grocery stores in the area. 
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It is somewhat early to obtain a clear picture of the sa les react ion except 
to say that the response to our products to date has exceeded our expec­
tations. Our 46 oz. can sales of chocolate milk and fruit juice drinks 
together seem to be averaging abou t 40 cases ( 12 cans per case) per 
week per $12,000 total weekly grocery store sales. Information on table 
cream sales and consumer acceptance is not available because of the short 
time we have been marketing this product. However, the grocer's reac­
tion has been quite gratifying. He believes that it is a good item and 
there has been no difficulty in getting him to stock it in his store. 

Concentrated milk of course can have an enormous potential and repre­
sents a challenge in production and marketing which many of us will 
enjoy. We have taken the attitude that most dairy products are bever­
ages; and our canned chocolate milk, concentrate milk, specialty items, 
such as eggnog, etc., will be marketed right along with tbe rest of our 
beverage line, including the fruit juice drinks. An indication of the 
possibilities in such an attitude is reAected in a number of " Mix or 
Match" promotions we have conducted where chocolate milk and eggnog 
were ineluded in four-for-a-dollar sales. The dairy items held their own 
very vvell with the fruit juice drinks in these promotions, and we were 
able to get better mass displays with the entire beverage line than with 
just one or two items. 

The ultimate person we must satisfy is the consumer. We believe Mrs. 
Housewife will accept the new products in cans if they are manufactured 
of proper quality, merchandised correctly, and sold to her at a price 
which reAects the economy provided in a canned product. 

29 



PTocessing and StoTage PToble1ns 
with ConcentTated Milk SteT£lized by the 
High- TernpeTatuTe ShOTt- Time 111ethod 
E. O. HERREID' AND H. K. WILSON' 

R esearch on the high-temperature short-time sterilization of fluid milk 
products is a new frontier. Ten years ago sterile fluid milk products 
were laboratory curiosities. They are now appearing in the market places. 
The interest in these products is increasing. Yesterday 141 people came 
to our dairy manufacturing building and tasted ste ri le milk, reconst ituted 
sterile milk, and sterile cream from differen t sources. The palatability 
of these products h as improved ove r last year and further improvements 
can be expected in the future. 

Our objectives for research on the effects of sterilizing temperatures on 
the properties of fluid milk products are to develop products with 
superior flavor, physical and chemical stability. The regular evaporated 
milk being produced can not be reconstituted with water to an acceptable 
glass of beverage milk. 

We would be na"ive, indeed, if we assumed that the dairy industry will 
continue in the future as it has in the past. This industry is constantly 
agitating for new knowledge through research. This leads to progress on 
all fronts of public and industrial interest. Changes are inevitable and 
scientific findings can grea tl y change our industry. Research is the most 
powerful single influence in our society today as it has been during the 
past 300 years and our country is now the greatest sc ientifi c community 
in the world. We are part of a rapidly changi ng world which has seen 
atomic fission destroy human life and, at the same time, benefit mankind 
in many ways through applied research. 

PROCESSING STERILE CONCENTRATED MILK 

In making 3: 1 concentrated milk, water is removed from whole milk in 
the vacuum pan in the same way that it is removed for regular eva po-

'Professor Herre id has done pioneering work in the production of sterile con­
centrated milk. At our 1960 Forum, 960 glasses of his reconstituted sterile con ­
centrate wcre dispensed at meals. Most people did not distinguish thi s product 
from fresh whole milk. 
) During the past few years, Assistant Professor Wilson has spen t the major part of 
his time assisting Professor Herreid in the experimentiltion directed toward improv­
ing the qualit ), of sterile concentrated milk. 
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rated milk. The milk is preheated before it is placed in the vacuum pan, 
and the time and temperature of preheating affect greatly the physical 
properties of both the fresh and the stored product. The concentrated 
milk containing 36 to 38 per cent of total solids may be sterilized in a 
tubular heater, in a plate heater, or by direct steam injection. There are 
several types of conduction heaters and there are combinations of steam 
injection and conduction heaters. The concentrated milk may be pre­
heated and heated to sterilization temperatures in from a fraction of a 
second to two or three seconds and held from a fraction of a second to 
about fifteen seconds, depending on the temperatures and the types of 
equipment. 

CANNING CONCENTRATED MILK 

Concentrated milk or any fluid milk product sterilized by the HTST 
method must be put into containers, aseptically. Airborne microorgan­
isms must be eliminated as sources of contamination. Furthermore, the 
containers and their closures and the canning equipment must be sterile 
beyond all doubt. This is necessary because microorganisms that might 
accidentally get into cans of milk could spoil them. For this reason every 
microorganism in the immediate environment becomes an important 
hazard. 

PROPERTIES OF CONCENTRATED MILK 

Flavor. Large groups of people have reacted favorably to the flavor of 
sterile concentrated mille It can be diluted to an acceptable glass of 
beverage milk, but experts can distinguish it from regular pasteurized 
milk. Concentrated milk has a cooked or heated flavor that gradually 
lessens during storage but it does not disappear entirely. The cooked 
flavor is inevitable and it can not be avoided when conduction and steam 
injection heating methods are used to sterilize natural fluid milk products. 

Color. Concentrated milk sterilized by the HTST method has the same 
color as raw milk. The reason that this method does nol darken milk is 
because it passes through the sterilizing cycle in a few seconds or in a 
fraction of a second depending on the method of heating. Stated more 
precisely, the slope of the time-temperature line which shows that milk 
is sterilized is much steeper than the line which shows the brown color 
development. The more heat resistant bacteria are destroyed before 
browning occurs or reactions begin that are responsible for browning dur­
ing heating. The color of concentrated milk remained visibly unchanged 
for six months at 40° F., but there was a slight darkening after three 
months at 70° and after three weeks at 100° F. 
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Advantages. There are advantages of 3: 1 concentrated milk over evapo­
rated mille In regu lar evaporated milk about 63 per cent of the water 
is removed and the final volume would be about 44 lb. per 100 lb. of 
whole milk. For 3: 1 concentrated milk about 76 per cent of the water 
is removed and the final volume would be about 33 lb. per 100 lb. of 
whole mille This would result in a weigh t decrease of 11 lb. per 100 lb. 
of milk processed. It wou ld not be practical to concentrate milk above 
a fluid ratio of 3: 1 with present processing procedures because lactose 
would more quickly crystallize out of solution. A concentration ratio of 
3: 1 was neither an accident nor an arbitrary cboice. It was based on a 
well-known property of mille. 

PROPERTIES OF MILK 

Milk as it comes from the cow IS m an active state. In a biological way 
it is very much alive, even when it is drawn from the cow without any 
exterior contamination. There are a few unimportant bacte ria in normal 
milk as it comes from the udder, but there are very important enzymes 
at work such as lipases, the proteases, the oxidases, the phosphatases, the 
amylases and possibly others. Milk is synthes ized in the cow's udder 
during a period of abo ut 12 hours. And almost at the same instant it 
is drawn from the udder, some of these enzymes start breaking c10vvn 
the proteins, fat, and sugar to simpler com pounds. These changes may 
occur slowly at temperatures near the freezing point of milk - but are 
accele ra ted as the temperatures increase. They involve complicated 
molecular reactions which involve ions and atoms, and probably undis­
covered particles of matter. Even after milk has been sterilized and 
when we have destroyed the most heat-res istant spo re-forming bacteria 
as indicated by the usual methods for determining sterility and we think 
we have inactiva ted the enzymes, this sterile milk still shows certa in 
peculiar changes. It is in a restless stage. Such changes that occu r are 
not well understood at the present time. 

What happens to milk during heating is of grea t importance. The con­
stituents in milk affected early in th e sterilization process arc the whey 
proteins, which are found for the most part in the casein and fat-free 
portion of milk. These whey proteins are present in milk to the extent 
of about 0.7 per cent. The most important member of the whey protein 
group is beta-lactoglobulin and it is affected most by hea t. For our 
purpose we can state that it is in solution in milk, but during heating 
coagu lation occurs, similar to what happens to the white of an egg when 
it is boiled. The serum proteins in raw milk have globular or coi led 
shapes, but when they are heated at a certain temperatu re, their shapes 

32 



change greatly and they decrease in solubility, and certain of their 
chemical groups become very reactive. One form of chem ical activity is 
the formation of hydrogen sulfide, and the cooked flavor. Furthermore, 
certain sulfur compounds, known as sulfhydryl groups (-SH ) are ex­
posed at certain points in the protein molecule. These groups (- SH) 
are the most reactive ones in proteins and are powerful antioxidants that 
are capable of retarding the development of the oxidized flavor that so 
frequently occurs in mille This is the principal reason why market milk 
is being pasteurized at temperatures as high as 180 0 F. for 15 seconds. 
This improves shelf life and preserves the flavor of milk. These heat 
changes in the whey proteins are frequently referred to as d enaturation. 
They are easy to detect. Ordinary pasteurization temperatures do not 
affect greatly the whey proteins, but sterilization temperatures change or 
denature them almost completely. 

The other important protein in milk is casein. It constitutes about 
2.6 per cent of mille Casein is very complex and it is associated with 
calcium, inorganic phosphate, magnesium and citrate. It may be called 
a calcium caseinate-phosphate mixture. The casein particles in raw m;lk 
are very large as compared to the whey proteins, but only the largest 
ones can be seen under the microscope. They are presumed to have a 
rounded structure like the fat globules and most of them vary in size from 
25 to 300 millimicrons (0.000001 to 0.000012 in.). If we assume that 
the average size of fat globules in milk is four microns, then we can m3.ke 
a simple calcu lation and find that the casein particles in milk are abou t 
V3 to 1/ 1,000 times smaller than the fat globules . There are about ten 
trillion casein particles per milliliter of milk as compared to about 3 bil­
lion fat globules. These casein particles are very sensitive to heat, salts, 
and acid. They are held in suspension in normal milk by a delicate 
balance of electrical charges and are associated with calcium and mag­
nesium. Because the casein particles are stabil ized by electrical charges, 
they are very sensitive to acid development and to changes in calcium 
and magnesium which always occur in milk at certain seasons of the 
year. The casein particles quickly come together when calcium and 
magnesUlm increase and break apart when these elements decrease in 
milk. 

The casein particles are more resis ta nt to heat and are not affected at 
temperatures that change the structure of the whey proteins. Neverthe­
less the casein particles can be destabilized by sterilization temperatures 
and they form some kind of network with the serum proteins. This 
network causes an increase in viscosity, then as more heat is applied, the 
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caseinate-whey protein network visibly separates from the milk system. 

This is known as heat coagulation. 

The effects of HTST sterilization temperatures on the salts in milk have 
not been studied extensively, but we know that they are affected in 
important ways. The evidence indicates that heat lowers the amount of 
dissolved calcium and phosphate in mille It is probable that both 

calcium and phosphate become insoluble and are transformed into larger 
particles. This transformation may be influenced by changes that occur 

in the calcium caseinate-phosphate complex. We know that if calcium 
and magnesium are present in excessive quantities, the heat stability of 

evaporated milk is decreased. 

PROBLEMS 

Gelation. This is without doubt the number one problem in the com­
mercial production of concentrated milk by the HTST method . It has 
been stated that the caseinate system in milk is very heat stable, but the 
addition of small amounts of whey proteins make the milk more suscep­
tible to heat coagulation. It is possible the whey proteins combine with 
the caseinate in some way to form a complex. Gelation appears to be 
a form of destabilization but different from that caused by heat alone. 

A smooth gel may form in a few weeks depending on the storage temper­
ature. It will shrink and whey separates out. In the early stages of 
gelation, it is possible to break the gel by shaking and it apparently 
becomes -fluid again. Bu t eventually the gel can not be broken to a 
uniform condition and its structure becomes permanent. Gelation occurs, 
but not frequently, in regular evaporated milk which is subjected to a 
much more severe heat treatment than is 3: 1 concentrated milk made by 
the HTST method. This suggests that the more severe treatment of 
regular evaporated milk changes the protein system in such a way that 
during heating it passes the critical stage for gelation. This defect can 
be retarded by sterilizing concentrated milk at about 295 0 F . for 20 to 
25 seconds; however, the body and texture and flavor of the product are 
impaired by this more severe heat treatment. Gelation occurs also in 
sterile whole milk but it takes much longer. 

We have followed the course of gel development in our laboratory with 
viscosity measurements. It is not possible, as yet, to give a viscosity value 
in the storage life of a concentrated milk and state that this is where the 
product changed to a gel and this is where it was fluid. The transition 
from a solution to a gel is gradual, depending on the temperature of 
storage . At storage temperatures of 60 0 F. and above this transition is 
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rapid. At 100° F., concentrated milk will gel within three weeks while 
at 32 to 40° F., it can be reconstituted to whole milk after it has been 
in storage for six months. It is evident that a drastic change in structure 
of the milk occurs during gelation. 

Preheating Effects. Gelation appears to be affected by the preheating 
history of milk. It is well known that preheating or forewarming milk 
before putting it in the vacuum pan increases greatly the stability agains t 
coagulation of evaporated milk during sterilization. The reasons are not 
known. Regular evaporated milk develops enough viscosity to hold the 
fat in suspension and to prevent the solids-not-fat from settling out. This 
condition is necessary also for concentrated milk sterilized by the HTST 
method. The viscosity of this product is usually low and for this reason 
it may be critical in the early stages of storage. During preheating there 
is an increase in the size of the particles in milk. This involves chieA.y 
the protein particles and the fat is also involved. The size of these 
particles is dependent, within certain limits, on the time and temperature 
of heating; the more severe the heating, the larger the particles. Of 
course there is an upper limit, beyond which they do not increase in size. 

In our studies we have preheated milk for 30 minutes at 180° F. and for 
as little as two seconds at 180° F. Then we sterilized the milks at 285° 
and at 300° F. and stored them at 40, 70, and 100° F. We determined 
the relative particle sizes by spinning samples of sterile milk in a high­
speed centrifuge, like the Babcock centrifuge, except that it can be 
made to spin faster and produce greater forces. As this centrifuge was 
spinning, we took pictures of the settling sediment at different times. 
Large particles formed a deeper layer of sediment than the small par­
ticles. Of course the time of spinning the centrifuge was also considered. 
We made some curves which showed that as the temperature of pre­
heating was increased, the particles became larger. There may have been 
changes, also, in the shape of the particles. 

We started with raw milk presumed to have casein particles with an av­
erage diameter of about 100 mJ..l. ( = about 0 .000004 in.), but we found 
particles in the final sterile concentrate with an average diameter of 
2000 mJ..l. (= about 0.00008 in.). In other words these particles had 
increased 20 times in diameter, due to preheating, homogenizing, and 
sterilizing. They had become microscopically visible. These particles 
were counted and found to be sufficiently numerous to account for all of 
the fat, casein, and denatured serum proteins. The fat plays an important 
role in fixing the final structure of the particles found in sterile concen­
trated milk. When samples of concentrated milk were centrifuged lm-
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mediately after sterilization, from one-third to one-half of the fat was 
found with the protein in the sediment. A stable fat-protein union was 
form ed during homogenization. When gelled samples of milk were 
centrifuged, practically all of the fat was found with the proteins in the 
sedimented layer. 

The microscopic appearance of ster ile concentrated milks was observed 
during gel formation and it was found that the larger particles formed 
groups of twos and threes and these joined to form larger groups. As 
these groups grew to form a sponge-like network, their movement was 
no longer detectable in the microscope. These large particles, formed 
during gelation, were thrown down very quickly during centrifugation. 

We cen trih'geel whole milks which had been in storage for aboll t two 
mon ths and were su rprised to finel that the protein particles hac! de­
creased in size during sto rage at 70 and 100° F., but there were only 
slight changes at 40° F . storage. This is an example of sterilized milk 
being in a restless stage. All bacteria had been destroyed as indicated 
by usual methods for showing their destruction, yet the structure of the 
protein particles changed. There are also signs of other biological life 
reappearing in ster ile milks during storage, such as the reactiva tion of 
the enzyme, phosphatase. These stud ies are being continued on ster ile 
concentrated milk with hopes of getting some clues concerning the 
causes of gelation. 

The centrifugation procedlll'e is useful in determining the physical 
stability of milk subjected to various preheating, homogenizing and 
sterilizing conditions. It can be presented in a mathematical way. The 
results of our work in this paper have been presented in a very Cjualita­
tive and over-simplified way.:l 

It is questionable if we can prevent ge lation in concentrated milk at 
elevated storage temperatures and have a product of acceptable pala­
tability. There may be an optimum time-temperature combination for 
processing and for sterilizing that may retard this defect. The best and 
most practical combination has not been reported, that is the one that 
affects the flavor and structures of the product the least and maintains 
them the longest. Our present experience indicates that the product 
must be refrigerated during storage and the temperature required will 
depend upon the duration of storage. 

Finally, we may need to revise our ideas about the shelf-life of sterile 

3 For a technical presentation of this material, the read er is referred to papers in 
the Journal 0/ Dairy Science for February and December, 1960 and March, 1961. 
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fluid milk products. We may be demanding the maintenance of storage 
qualities that are difficult, if not impossible, to achieve. At 80 to 100° F., 
fluid milk products quickly develop off-flavors and the objectionable 
brown color. In fact, this color develops in dried milk powders at high 
storage temperatures. Insofar as is known, the natural flavors, nutritional 
properties, and physical characteristics of the more simple foods can not 
be maintained at high storage temperatures for relatively long periods. 
This has been emphasized by au thorities during the past decade. The 
logical, simple, and better way is to use refrigeration to preserve, as 
much as possible, the desired properties of sterile fluid milk products. 
Undoubtedly physical and chemical stability are associated with flavor 
stability. 
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Can Quality of Fresh Concentrated 
Milk Be Maintained 

fOT Long-Distance ShijJrnents? 
CHARLES STUBE' 

Iv1 y answer to thi s question is "yes." Fresh concen trated milk is good 
quality whole milk that has been condensed 3: 1 in a vacuum pan. If it 
is stored for any le ng th of time, it must be refrigerated to prevent deteri­
oration. Normall y it is marketed in paper containers. 

The foregoing definition is genera lly accepted for fresh concentrated 
milk. Rochester D airy produces many types of fresh concentrates, bu t 
not this particular type . Our fresh concentrates are built to suit the 
buyer, and the concentrate ra tio depends upon the desired final produc t. 
Some of the fresh concen trates prepa red a t Rochester D ai ry a re as fo ll ows: 

Fat Solids not fat 

21.5 % . . .19% 
16.25% . . . . . 14<jr 
26 % . .. . . . .... . . . .. . . . . . ... . . 22.5 Yr 
22 % . . . . . . . ... .. . . .. . 15 5,/;;. 
16.4%. . . . . . . .. . .. . .. . .. .. . . 14% 

"Ve a lso p roduce a 32 per cent fresh butte rmi lk concentrate. Our COllCen­
o·ates are shipped as far east as the Atlantic and as far west as the 
l~ ock i es. The concentrates are used in the manufacture of ice cream. 

The demand fo r concen trate bas been increasing every year as the trend 
toward larger production in ice cream plants continues. Greater produc­
tion volume usually results in lower unit costs, so the smaller plants are 
being closed. Bulk handling, because of its labor-saving ad vantages, is 
becoming more importan t in efficient plan t operation. In the past, many 
plants have changed over to liquid handling of suga r and are now re­
ceiving their milk fats and solids in the same way. 

R oc hester Dairy sta rted manufacturing and shipping fre sh concentrate 
011 a large scale several years ago. Since that time the volume of product 
moving from our plant has risen steadily. During 1960 we sh ipped over 

, General Manager, R oc hester Cooperative Dairy, Rochester, Minnesota . 
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200 truckloads of fresh concentrate to vanous points. The concentrate 
is shipped in bulk, each load being approximately 35,000 pounds. On a 
load of concentrate with a 26 per cent fat and 22.5 per cent solids not fat, 
260,000 pounds of milk is represented in the fat portion and 90,000 
pounds in the solids-not-fat portion. 

Transportation is a real factor in long-distance shipments. The hauling 
cost of shipping a load of concentrate to the East Coast would be $630 
in comparison with $4,410 for seven loads of whole milk, or a transpor­
tation saving of $3,780 on the same amount of milk fats and solids. 

We have had no quality problems on fresh concentrate shipped over long 
distances. To maintain quality on fresh concentrate, we control three 
important phases: (1) raw ingredients, (2) processing techniques, and 
(3) load-out and shipping. 

We all know that the finished product can be no better than the raw 
ingredients that go to make up the final product. The incoming raw 
milk undergoes a series of quality checks that help to guarantee the 
quality of the finished product. The checks that are made are as 
follows: (1) temperature, (2) acidity, (3) direct microscopic count, 
(4) methylene blue, and (5) standard plate coun t. 

The temperature of all milk coming into the plant is chechd and 
recorded daily. An acidity check is run on each tankload of milk re­
corded. Direct microscopic counts are run daily on milk from receiving 
stations and member creameries. Methylene blue tests are run semi­
monthly on all direct patrons, and standard plate counts are run semi­
monthly on milk from all Grade A patrons. To produce quality concen­
trate, we strive for the following conditions: (1) direct microscopic 
count, less than three million, (2) acidity, .15, and (3) methylene blue, 
over five and one-half hours. 

Over 90 per cent of the milk we receive meets these requirements. The 
milk that does not is segregated and used for other purposes. A large 
percentage of the milk we receive from our members is handled by the 
modern farm bulk method. Six years ago we made a complete conversion 
from milk cans to bulk in our Grade A plant. In the last few years 
conversion has also resulted in our having a large percentage of the 
manufactured milk handled in bulk. Rapid cooling and improved sani­
tation practices are favorable considerations in farm bulk milk handling. 
Naturally we are intensely interested in the subject of bulk concentrated 
milk, as we represent an area where 80 per cent of the quality milk pro­
duction is surplus and must be transported out of the state. 
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Milk for fresh concentrate is normally processed as follows: 

1. Classified and standardized to 3.5 per cent butterfat 

2. Pasteurized 180° F. for 16 seconds 

3. Homogenized at 2500 pounds per square inch and cooled to 130° F . 

4. Condensed to slightly over 3: 1 concentrat ion in vacuum pan 

5. "Vater added to adjust fat to 10.5 per cent 

6. The concentrate homogenized and pasteurized to 180 ° F. for 20 to 
25 seconds and cooled to 40° F. 

Our method of preparing fresh concentrate varies considerably from the 
above. We manufactu re as fo llows: 

1. Separate the whole milk into 40 per cent cream and skim milk 

2. Pasteurize cream at 170° F. for 25 seconds 

3. Cool to 40 ° F. 

4·. Skim the pasteurized at 165 ° F . in hot well, 10-minute hold 

5. Concen trate to des ired ratio 

6. Cool to 40° F. 

The 40 per cent cream and concentrate are pumped together into a 
storage vat, where they are agitated and checked by Mojonnier for rat 
and solids. Cream concen trate or water is added to standardize the 
concentrate. The concentrate is heated to 145° F., homogenized at 1500 
pounds per square inch, and cooled to 34° prior to shipping. All fresh 
concentrate is stored in cold wall -storage tanks to maintain a temperaLure 
of 34° F. Naturally, all equipment used in processing must be in ex­
cellen t repair and free of any con taminating factors. 

To maintain quality during loading and sh ipping, special precaut ions are 
taken in preparing lines and truck for loading. The tanker is scrubbed 
manually just before loading. After being washed, it is inspected and 
sanitized. The Jines and pump from the storage tank undergo the same 
trea tment before any product is pumped. Certain checks arc made on 
the concentrate before it is a llowed to be loaded . They are: ( 1) acidity, 
(2 ) tempera ture, (3) coliform coun t, and ("}) fat-solids ratio. The 
acidity mllst be normal for the particular concentrate being loaded. 
Temperature must be 34·° F. or less. Coliform count should be less than 
lO/ m l. Finally, the fat and so lids not fat must be correc t. If any of the 
above are off, the load is held up until the situation is corrected. 

We use conventional milk transport trucks for shipping fresh concen­
trate. No additional refrigeration is provided once the load is in the 
tramport. On long-distance shipments, we expect very littl e temperature 
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rise - only 2° to 4° under average conditions. Travel time to the East 
Coast is about 36 hours. All tanks are sealed before they leave our plant 
so that the con ten ts are protected. 

At present Rochester Dairy is not manufacturing a Grade A 3: 1 fresh 
concentrate, but we manufacture many other types of fresh concentrate 
that are used for manufacturing purposes. We have had no difficulty in 
maintaining quality in our concentrates in long-distance shipments. The 
quality of the fresh concentrate is maintained by controlling (1) raw 
ingredients, (2) processing, and (3) load-out and shipping. 

Contamination of a product is difficult to prevent during load-out, trans­
port, and pumping into another plant. The final pasteurization of the 
fresh concentrate should be done just before final packaging. 

We believe the quality of fresh concentrated milk can be maintained for 
long-distance shipments and, further, that the demand and potential sale 
for this product will increase substantially. 

I also call your attention to the following statements made by men or 
organizations whose authority is recognized by all the people of the 
world: 

The United States Public Health Service says, "Of all the factors of 
man's environment, none is more important to his welfare than food. 
Of all foods, none is more important than mille" 

The United States Department of Agriculture says, "Milk does more for 
the body than any other food. It provides high quality protein, calcium, 
and vitamins A and G." 

The late Dr. Charles Mayo said, "Every person, young or old, should 
drink mille Milk contains a large variety of nutritional constituents, and, 
considering its cost per pound, more food for the money than any other 
food material available." 
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A Progress RejJort on AsejJt£c 
Paclting and Marlteting Milk 

In Fle:x£ble Containers 
ROBERT J. GRAVES' 

Today I am representing two companies of a four-way partnership who 
joined in a research project in late 1957 to exploit the possibili ties a f­
fo rded by the Tetra-Pak equipment in aseptic packaging of sterile fluids . 

These companies inc luded T etra-Pak of Lund, Sweden, Crown­
Zellerbach of San F ra ncisco, and the two companies which I represent 
today. T he Graves-Stam baugh Corpora tion is a patent developmen t 
company whose p atented processes on equipmen t inc lude those on sterile 
processing of milk, developed by Roy R. Graves, and initia ll y used at the 
plants owned a nd operated by Foremost Dai ries a t Stanwood, Wash ing­
ton, and Ridgeland, Wisconsin. 

Rea l Fresh Milk , Incorpora ted, of Visa lia, California, a licensee of 
Graves-Stambaugh, is now entering its tenth yea r in aseptic process ing and 
packaging of dairy products for worldwide dist ribution. 

The missions of the four partners in the experiment were as follows: 

1. The Tetra-Pak Company of Sweden, already in production on a m3.­
chine wh ich formed , fill ed , and sealed fluids in a flex ible pap er and 
polyethylene container, to provide modified equipment. 

2 . The Crown-Zellerbach Corporation, manufacturers of the paper for 
the Tetra-Pak conta iners, to deve lop a laminated paper which, when 
fi ll ed and sealed by the Tetra-Pak machine, would be non-brea thing in 
c i1arac ter, would withstand shipmen t, and could be p ackaged in cartons 
that could be moved through normal channels of transportation. 

3. The Graves-Stambaugh Corporation to develop a process fo r pre­
ste riliz!ng and aseptically filling the container with a pre-sterilized 
product. 

4. Real Fresh Milk, Incorporated , to adapt the com bined opera tion for 
pract ical production, and to engage in test-marketing the aseptica ll y 
packaged products. 

, Presi den t, Real Fresh Milk , Inc., Visalia, California. 
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To can')' out the missions, the Tetra-Pak Company produced a modified 
Tetra-Pak filler and sealer with a heat-sealing unit capable of what is 
known as "impulse sealing" as differentiated from their standard "con­
stant heat" principle, in order to effec tuaJl y seal through an aluminum 
foil laminated paper. 

The Crown-Zellerbach Corporation produced a laminated 90-pound 
paper with one-mi l aluminum foi l and an inner ply of two-mil polyethy­
lene, which was non-breathing. This paper was put up in rolls of 7500 
units per roll. Further, they developed several one-way fibre containers 
for these Tetra-Pak units which cou ld be automatically packaged on the 
Tetra-Pak machine, and shipped either on a palletized basis for con­
trolled distribution, or encased in sea led sleeves for transporting by 
common carner. 

The Graves-Stambaugh Corporation evolved a method of pre-sterilizing 
the unrolling paper web with a fogged-on chlorine spray, the mainte­
nance of this steri le paper performed by a combination of bactericidal 
lamps plus an atmosphere of sterile nitrogen. The filling and sealing of 
the pre-sterilized liquid in a tube formed by the paper is done in an 
atmosphere of sterile nitrogen gas . 

Experimental work began on this project in 1957. The first experimental 
machine was delivered to Real Fresh Milk at Visalia for perfecting the 
process in early 1958. Subsequently, the experimental equipment was re­
placed by production equipment supplied by Tetra-Pak, modified in 
accordance with recommendations of the joint venturers. 

Real Fresh Milk began test-marketing steri le fluids in the form of fruit 
juice drinks in September of 1958. This experiment was done with the 
assistance of the Bireley's Division of General Foods, and their distribu­
tor in the Oakland-San Francisco area. That company had been search­
ing for a disposable package for use in schools where refrigeration and 
inventorying of refrigerated drinks was a problem, and where previously 
they had been distributing in cans. 

A cost comparison of these two methods reveals that the e ig~lt- oun:e can 
unit plus the prorated portion of the case, was $.03243, whereas the 
eight-ounce sterile Tetra-Pak, plus the prorated portion of its case, was 
$.01399, a sav ings of 56 per cent. "',lith the addition of pallet prorations, 
and strapping for shipment on this basis, savings approximated 45 per 
cent. Production royalties, machine amortization, and processing costs 
brought this eight-ounce unit up to $.02104 at the machine speed of 
72 per minute, or 25.2 cents per dozen. 
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A similar operation, using aseptic packaging in eight-ounce cans at the 
Real Fresh Milk plant cost 50.4 cents per dozen at the same machine 
speed. A comparison of tbe eight-ounce unit on a non-palletized basis, by 
packaging in a fibre sleeve for common carrier transportation, does not 
reflect so great a saving. The unit cost per eight-ounce unit in Tetra-Pak 
in sleeves is $.02626 or 31.5 cents per dozen , a savings of 18.9 cents per 
dozen over cans. 

These cost comparisons are based on mechanical packing of eight-ounce 
cans at the equivalent speeds with the Tetra-Pak machine, reflecting 
hand-packing costs of the three l8/8-ounce tetrahedron containers into 
the outer sleeve, without the assistance of jigs or mechanical packing. 
A comparison with higher-speed aseptic packaging can units would 
reflect a lesser saving, depending upon the machines being compared. 

Preliminary market analysis revealed that there 'were a number of oppor­
tunities for introducing a sterile Tetra-Pak container into areas in which 
Real Fresh Milk already had established outlets for aseptically packaged 
dairy products in cans. Since the most successful operation for the Tetra­
Pak package for FRESH products had been in areas where the user could 
be educated in the appropriate method of opening, or in which an 
operator opened the package for the customer, tbe first avenues of 
distribution "vere obvious. 

These included schools, sporting events, theatres, and similar areas of 
controlled distribution in quantity, including the Armed Forces. 

The Armed Forces, and particularly the Navy, had long been searching 
for a cheaper package than a metal can to provide certain features. 
First, portion control - it has been the custom of the Navy to obtain 
sterilized dairy products in one-quart and three-quart con tainers, trans­
ferring their contents in the galley to a pitcher wi th attendant loss, and 
lack of portion con trol. Second, a single-service disposable unit at a 
favorable cost to offer a means of serving from the "chow I ine" a sani­
tary package which could be opened by the individual user with no 
possibility of contamination prior to use. This disposable package elimi­
nated the need for drinking cups and their attendant washing or disposal. 
Also, the savings in weight, approximately 11 per cent, was reflected in 
transportation costs. 

Storage ashore or aboard ship on a nonrefrigerated basis would be com­
parable to sterile milk in cans, and cheaper than storage for frozen or 
fresh milk or frozen concentrate. 

The Navy began a trial, using this aseptic package for milk, on its 
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Military Sea Transportation Service vessels in February of 1960. Five 
vessels carrying troops and dependen ts between San Francisco and the 
Far East used the package for a period of trial as a substitution for the 
sterile product in cans. On July 11, 1960, the U .S. Navy Subsistence 
Office, authorized West Coast stock points fot' a broader trial for this 
product, purchased through the Quartermaster Corps, under U. S. De­
partment of Agriculture inspection, for issue to afloat consumers. Since 
that time, sterile Tetra-Pak units have been used by 30 of the Navy ships 
departing from San Francisco, Los Angeles, and San Diego. Consump­
tion each month has increased as acceptance of this new package and 
satisfactory usage were reported. 

Progress to date, although encouraging, has not been without problems. 
Difficulties in opening have had to be conquered by education through 
poster-type advertising, at the point of sale or usage. 

Post-contamination problems encountered in the early test-marketing 
were traced to two factors : Pre-oxidation of the polyethylene-lined paper 
rolls in storage, resulting in failure of the seals of the packages after 
extended storage at high temperatures. This defec t was cured by storing 
the paper rolls at temperatures which precluded pre-oxidation. Then 
the shipping cases failed to withstand the rigorous handling of common 
carriers; and stronger cases, together wi th cushion fibre inserts, were 
developed to overcome this problem. 

Recently a new combination shipper and container to replace the two 
units now being used has been developed which the first tests show will 
be superior to the method now used, and less expensive from a packing 
standpoint. 

Further research by Crown is still in progress to develop outer cases for 
these units to further reduce packaging and handling costs and prevent 
damage of the interior cartons under adverse handling conditions. Re­
search is being carried on to develop jigs for loading the cartons from 
the packer into the sleeve, which is now being hand-packed . 

The most recent major development in overcoming the consumer ac­
ceptance of this package on a domestic market, has been the perfection 
of a wrapped, pointed, polystyrene straw which is used to pierce the 
package without the difficulties encountered in tearing off a corner to 
open. This method has now been used successfully in the theatre trade 
in California and Arizona, and in such controlled distribution as sporting 
events in the San Francisco Bay area, and is on a trial basis in a chain 
cafeteria in California. Preliminary results from these marketing channels 
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indicate that this method of opening will result in a much wider con­
sumer acceptance than has previously been possible. 

Successfully packaged and test-marketed products to date include: 
Sterile Milk, flavored drinks, half and half, whipping cream, juices and 
juice concentrates. Other sterile fluids are in the process of being tested 
in storage. 

I t is now feasible to aseptically process and package some pre-sterilized 
fluids in this form of flexible container on a basis which will result in 
a non-breathing package which can be stored and transported through 
normal channels of trade, without refrigeration. Undoubtedly, future 
research will provide for more conventional packages embodying desir­
able features not now present in this somewhat unusual pyramid-type 
package. 

At the present time, however, this unit provides the only flexible, non­
breathing con tainer for sterile fluids capable of being aseptically pack­
aged, shipped, and stored in present-day commercial channels. 
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Why Aseptic Canning 
in the Dairy Industry? 
FRED M. JOHNSON' 

Following World War II, there were sufficient pressures and trends within 
the food industry to stimulate enterprising food equipment and process 
engineers toward the development of imaginative new techniques which 
would make available to the consumer new food products in a convenient 
form and would improve the quality of certain existing products long in 
need of such improvement. It was to this task that Dole Engineering Co. 
directed itself, with the belief that a vast field of application existed were 
the processing virtues of short-time, high-temperature sterilization to be 
made commercially available to industry. The results of these several 
years of development work have in no other way been as important nor 
possessed greater potential than as applied to the milk industry. Today 
there are over fifty installations of the Dole equipment in the United 
States and Europe, and the use of the aseptic canning method is rapidly 
expanding. Of interest to this group is the fact that the majority of these 
installations are in use in the dairy industry for the sterile processing of 
milk and milk products. 

Since the basic and revolutionary work of Nicholas Apperl and Louis 
Pasteur in the field of food sterilization there has been a continuous effort 
on the part of food scientists successfully to combat the perishability 
characteristic of milk. The innovations of Gail Borden and others in the 
fielcls of sweetened condensed milk and then evaporated milk were stim­
ulated by the great demands of the Civil War and then by the Spanish­
American War, and were the remarkable forerunners of today's greatly 
advanced milk technology. 

These early products confirmed in commercial practice that an acceptably 
palatable milk product could be derived from a concentrated form. 
Further, that a product could be sterilized or bacterial growth inhibited 
so that the resultant product could be kept for extended periods of time 
without spoilage, and that a major percentage of the original nutritive 

, James Dole Engineering Company, San Francisco, California. 
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values of this superior food source could be retained in such a concentrat­
ing and sterilizing process. 

In the evaporated milk products the undesirable flavors imparted by the 
long sterilizing process were most obvious, but improvements in flavo r 
quality were long delayed because engineering methods, processing tech­
niques and control instrumentation were not developed to a point enabling 
replacement of the conventional retort operation . 

Accordingly, scientific advances in beverage milk were directed toward 
fluid milk, ancl innovat ions of pasteurization and homogenization as de­
partures from the raw milk form were tremendous strides in improved 
milk quality. 

In more recent years forces and influences have brought into the milk 
industry developments and resultant products which stand to change the 
entire picture of the industry. The approach by dairy science is now one 
of attacking the perishab le nature of milk products by producing sterile 
products comparable in flavor characteristics with the fresh, a nd possess­
ing stability va lues necessary to provide extended she lf li fe. Organoleptic 
aspects now have a primary place in today's c1airy research directed 
toward nonperishable products with fresh product flavor and extended 
stabiEt)! the ultimate goals. 

The developme nt effort directed toward sterile milk products has been 
accelerated as a result of increasing costs of marketing perishable products, 
by the increas ing problem of surplus milk supplies, and by certain trends 
in consumer buying habits associated wi th a requirement for increased 
convenience in food products generall y. 

In recent years major strides have been made in milk research by uni­
versities and industry representatives relating to the steri le processing 
of both fluid and concentrated milk, and manufactured milk products. 
Much of this work, and the subsequent translation to commercial opera­
tion in industry, has been made possible as a result of important engineer­
ing design and process developments in the field of aseptic canning 
equipment and short-time, high-temperature heat exchange techniques. 
These necessar)! tools have proceeded from the state of laboratory ap­
paratus to today's broadly accepted commercially designed and operating 
units of equ ipment possessing a high degree of technical advance. 

The question is asked, " Why aseptic canning in the milk industry?" With 
the trends for product change and improvement which exist in the milk 
industry, it appears that one of the primary lines of approach is that of 
producing a fresh tasting steri le and stabl e product by high-temperature, 
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short-time methods, and to preserve the virtues of the HTST method, an 
aseptic canning process is a necessary adjunct. Earlier work by Ball and 
others showed that in the thermal sterilization of canned foods, a short 
process at high temperature produces a finished product of better flavor, 
color and texture than an equivalent process at low temperature. Our 
work with the aseptic canning process was undertaken with the object 
of developing equipment of simple design for operation with various types 
of heat exchangers available for the HTST sterilization of fluid products 
- equipment designed to capture the virtues of so-called "flash" steriliza­
tion. 

The milk technology involved in many phases of aseptic canning can be 
complex. Destruction of spoilage bacteria is only a single aspect of con­
sideration. Attendant are also the problems of stability and gelation, of 
enzymatic action and biochemical interactions, of viscosity changes and 
the direct flavor effects of heat. However, great progress has been made 
and continues to be made. The increasing acceptance of the aseptic 
canning process as a milk treating method has placed numerous installa­
tions in the laboratories and pilot plants of universities and industry where 
continuous progress is indicated in advancing the work in this field of 
technology. And as gains are made and results determined, the accom­
plishments are transferred to commercial operation so that each month 
sees new milk products of sterile, nonperishable nature on the market, 
with the promise of more to come in the near future. 

This is a broad movement underway which is bound to have an increasing 
influence upon the thinking and planning of the milk industry. The 
factors prompting it are all in place. However, a broad acceptance of 
the process in the vast volume areas of milk usage, such as a concentrated 
milk for beverage purposes, will face many obvious barriers. Milk tech­
nology must develop products which the consumer is willing to substitute 
for existing and traditional products; flavor, keeping, and texture charac­
teristics must be acceptable. The price of the end product in the market 
must be attractive. The legal barriers established by the numerous 
regulatory bodies must be removed. And members of the milk industry 
must first recognize the trend of change and become part of it. 
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THOSE ATTENDING THE DAIRY MARKETING SESSIONS OF UNIVERSITY OF ILLINOIS 

AGRICULTURAL INDUSTRIES FORUM, FEBRUARY 1 AND 2, 1960 

California 

HARRY GOFF 

James Dole Engineering Company 
Room 2800 Russ Building, 
San francisco 4 

Colorado 

GEORGE PURVIS 

Research Associate, Department 
of Dairy Ind ustr)' 

Colorado State University 
Fort Coll ins 

PROfESSOR WALTER E. SNYDeR 

Department of Dairy Industry 
Colorado State University 
fort Collins 

Washington, D . C. 

WILBUR PATTERSON 

United States Department of 
Agriculturc, Dairy Section 

Washington 25, D. C. 

Illinois 

F. W. ACKERMAN 

34 1 West Harding Road, Lombard 

BJLL ALLEN 

Illinois Agricultural Association 
43 East Ohio Street, Chicago 11 

D. V. ALSTRA N D 

American Can Company 
11th Avenue & St. Charles Road, 
Maywood 

J. S. ANDERSEN 

Dixie Dairy 
2015 Chicago Road, Chicago Heights 

VERNON AUSSIEKER 

Washington County Farm Bureau 
Richview 

HUBERT BAKER 

:Macon Coun ty Farm Bureau 
Dalton City 

RICHAHD BANGERT 

Allied Mills 
130V? South Randolph Street, 
Macomb 
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F. J. BAHTER 

Borden Company 
1815 South Kilbourn Avenue, 
Chicago 23 

WILLIAM BAUH 

522 East Kenilworth, Villa Park 

ROBERT BUNDUS 

Beatrice Foods Company 
1526 South State, Chicago 5 

JOlIN CA~IP3ELL 
Prairic farms of Southern Illinois 
Carlinville 

C. VAlDEMAN CHRISTIANSEN 

Dircctor of Laboratories, Bowman Dairy 
802 Woodbine Avenue, Oak Park 

N. H. COONEN 

American Can Company 
I I th Avenue & St. Charles Road, 
Maywood 

WILLARD J. CORBETT 

Dean Milk Company 
1126 Kilburn Avenue, Rockford 

EARL CROUSE 

President, Farm Business Council, Inc. 
801 South Race Street, Urbana 

GWRGE S. CURTISS 

Stockton 

DON DEAN 

221 North Race Street, Urbana 

SAMUEL DEAN 

Board Chairman, Dean Milk Company 
3600 North River Road, franklin Park 

LAWRENCE DIETZ 

Director, Prairie Farms of Southern 
Illinois 

Carlinville 

LYMAN DUNN 

City Products Corporation 
2555 South Parkway, Chicago 16 

WILLIAM DUPPERT 

Milk Procurement Supervisor, Borden 
Company 

222 Kathryn Street, Washington 



RICHARD FARRELL 

American C8n Company 
200 South Michigan, Chicago 4 

WILLIAM E, FERGUSON 

Supervisor, Federal Milk Market 
Administration 

3912 North Nora Avenue, Chicago 34· 

FRED FREDRICK 

Field Supervision, Seal tes t Foods 
1225 North 5th Street, Vandalia 

CLYDE FRUIT 

223 West Park, Edwardsvi lle 

ALBERT E, GEISS 

Assistant Vice-President, Bowman 
Dairy 

4 [I Edgewood Avenue, 
LaGrange Park 

MILTON C. GEUTHF.R 

Man8ger, American Dairy Association 
of Illinois 

505 North Scott Street, Joliet 

VI/ AYNE GINGRICH 

Quality Check Dairy Producers 
Association 

632 South LaGrange Road, LaGrange 

STANLEY GOLDER 

First National Bank 
38 South Dea rborn Street, Chicago 

M, D, GRAHAM 

Section Chief, Research Center, Pet 
Milk Company 

Greenville 

ROBERT GRIFFITHS 

4813 Lawn Avenue, Wes tern Springs 

RICHARD GRISWOLD 

Service M a nager, Milk Department, 
Food Machinery & Chemical 
Corporation 

821 East Elm, Hoopeston 

PROfESSOR HERMAN M, HAAG 

School of Agriculture 
Southern Illinois University 
Carbondale 

CARL HANSEN 

Vice-President, Beatrice Foods 
Company 

64 Greencroft, Champaign 

EDWIN G, HASSHBACHER 

Peoria Milk Producers 
Elmwood 

WALTER HEDIN 

Borden Company 
1815 South Kilbourn Avenue, 
Chic8go 23 

J. H, HETRI CK 

De8n Milk Company 
1 [26 Kilburn Avenue, Rockford 

FRANCIS HICKEY 

Director, Midwest Dairyme n's 
Company 

4311 West State Street, Rockford 

DON HIRSCH 

Assistant Director, American Farm 
Bureau 

316 East Euclid Street, 
Arlington Heights 

H, R, HITCHNER 

Federal Milk Market Administration 
St 2, Box 95, Hampshire 

FRANK HUELSMANN 

Director, Clinton County Farm 
Bureau 

R. R. # 1, Breese 

F, M, JOHNSO N 

James Dole Engineering Company 
(San Francisco) 

716 Cedar Street, Rockford 

VIRGIL }Ol-INSON 

Prairie Farms of Southern Illinois 
Carlinville 

ORAN KEACH 

President, Prairie Farms of Southern 
Illinois 

Rose Hill 

LEROY KRUSE 

St. Clair County Farm Bureau 
407 East Lincoln, Belleville 

RALPH LARSON 

Continental Can Company 
7622 South Racine Avenue, 
Chicago 20 

BERTON S, LOGUE 

Sales Engineer, Mojonnier Brothers 
Company 

4601 West Ohio Street, Chicago 44 
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LOREN J. MASSEY 

Route #2, Woodstock 

EUGENE F. MAY 

4601 West Ohio Street, Chicago 44 

W. H. MAY 

Division of Markets 
Emerson Building, Fairgrounds, 
Springfield 

CUARLES MAYFIELD 

Illinois Agricultural Association 
14932 Vine Avenue, Harvey 

CLARENCE MCCAULEY 

R. R. #6, Mount Vernon 

LAWRENCE MCCLAY 

Oakdale 

ROBERT MCGRIFF 

I I 16 North Church Street, 
Gibson City 

ARTHUR F. MExER 

Chebanse 

BURTON R. MILLER 

Illinois Crop Reporting Service 
P. O. Box 429, Springfield 

ROBERT MILLER 

Mid-West Dairymen's Company 
431 I West State Street, Rockford 

GEORGE MO)ONNI£R 

Mojonnier Brothers Company 
550 North Grace Street, Lombard 

ROBERT W. MO]ONNIER 

Mojonnier Brothers Company 
312 Hawthorne Boulevard, Lombard 

RICHARD K. MONTGOMERY 

Compton Advertising 
200 South Michigan, Chicago 4 

RALPH L. N ICHOLS 

Hebron 

G. C. NORTH 

Beatrice Foods Company 
1526 South State Street, Chicago 5 

PETER P. NOZNICK 

Beatrice Foods Company 
1526 South State Street, Chicago 5 
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CARL OOENAUG 

Beatrice Foods Company 
1526 South State Street, Chicago 5 

DO NALD OLSON 

Krim Ko Corporation 
4830 South Christiana Avenue, 
Chicago 32 

BERT OTTING 

Evaporated Milk Association 
228 North LaSalle Street, Chicago 

C,W,L E. PETERSON 

Dixie Dairy 
2015 Chicago Road, Chicago Heights 

J OSEPJ[ PETERSON 

Central Division, Borden Company 
1815 South Kilbourn Avenue. 
Chicago 23 . 

L. RATZESBURGER, JR. 

Illinois Canning Company 
526 East Pennsylvania Street, 
Hoopeston 

CI·(,\RL£S ROSIVELL 

Chicago Stainless Equipment 
Corpora tion 

1699 Whitcomb Avenue, Des Plaines 

NORMAN RUSHING 

Prairie Farms of Southern Illinois 
Carbondale 

C. C. SCHMIEGI, 

Continental Can Company 
537 South Kensington, La Grange 

RICI!,\RD SHADE 

Mid- West Dairymen's Company 
431 I West State Street, RockfOl-d 

WILFRED SII '\IV 

Illinois Agricultural Association 
43 East Ohio, Chicago II 

C. J. SMITH 

State Department of Agriculture 
Fairgrounds Division of Institution 

Farms 
Springfield 

HENRY SOLDWEDEL 

Central Division, Borden Company 
1815 South Kilbourn Avenue, 
Chicago 23 



KEN WALLACE 

207 Eas t Green Wood, J acksonv ille 

W . N. WATERSTRE£T 

Cen tra l D ivision, Borden Company 
18 15 South Kilbourn Avenue, 
Chicago 23 

CLIffORD WHITNEY 

Mid-Wes t Dairymen 's Compa ny 
43 11 Wes t Sta te Street, Rockford 

E RNEST WI NJNGS 

Pure Milk Association 
R . R . # 1, Lovington 

L Es WI NTERS 

Cherry-Burre ll Corpora t ion 
822 Wes t Washington Boulevard, 
C hicago i 

J AMES D . YORK 

Danville Producers D airy 
11 24 North Logan Ave nue, Danvi lle 

I owa 

CALVIN BOL TON 

Flynn Dairy Company 
811 40th S tree t Place, Des Moines 

C . B . C UNNI NGHAM 

Des Moines Coopera tive D airy 
1935 Des Moines, Des Moines 

JOHN HWBERG 

Griffith H edberg D a iry 
728 West Monroe, Washington 

J. K . HunBA RD 

M a rketing M anage r, Pillsbury 
Company 

C linton 

J. ROBERT STR AIN 

Econom ist, Iowa Sta te Exte nsion 
Serv ice 

3654 Story Street, Ames 

Kansas 

WILLI S CURLESS 

Arkansas C ity Coopera ti ve Mil k 
Associa tion, Inc. 

Arkansas City 

CARL FITZGERALD 

General Manage r, Arkansas City 
Cooperati ve Mi lk Assoc iation, Inc. 

Arkansas City 

LLO YD GHRAM 

Sales Manager, Arkansas City 
Cooperative Milk Association, Inc. 

Arka nsas City 

Ken tucky 

J [SS L ATHROP 

Sales Manager, Dean Milk Company 
2818 D ell Brooke Avenue, Louisvi ll e 5 

TOM THOMPSON 

Dea n Milk Compan y 
1700 Spruce Lane, Louisv iJle 7 

M aryland 

WILLIAM MOATS 

United States Depar tmen t 
of Agriculture 

9 110 48th Place, College Park 

Michigan 

CHRIS BOOKER 

25440 FenkeIl, Detroit 39 

H AR RY BRICKLEY 

Brickley Dairy Farms 
1635 East McN ichols, DetJ'o it 3 

R ICHARD O. LINDGRE 

Vice-President, Farr View Da iry 
3 130 Farr Road, Fruitport 

GERALD MANNES 

676 Michi gan Avenue, Holland 

B ENTON MEEKS 

United Da iries, Inc. 
4055 Puritan, Detroit 38 

D ON A L D R. MOORE 

Capital Business Servi ce 
2717 La ke Lansing Road, Lansing 12 

Minnesota 

ROBERT BADGER 

Minnesota Farm Burea u f edera tion 
405 Com merce Bu ilding, St. Paul I 

Lf.R OY J ARL 

Sales M anager, Twin City Milk 
Prod ucers 

2424 Territorial R oad, St. Paul 14 
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Missou ri 

SAM BOEHMS 

Seal test 
874 Greeley Avenue, 
Webster Groves 19 

GRANT GRAYSON 

Market Administrator, 220 Esplanade 
Building 

424 Nichols Road, Kansas City 12 

GARY I-IAN rvIAN 

2710 Hampton Avenue, St. Louis 39 

H. E. O. H EINE,'IAN 

Director, Product D evelopme nt 
Pet Milk Company 
1402 Arcade Building, 
8th & Olive Streets, St. Loui s 1 

JOHN KIl-:G 

Manager, Price Research Sec tion, 
D oanne Ag ri cul tural Service 

5144 Delma r Boulevard , St. Louis 8 

JERRY PARR 

Adams Diliry Company 
Route #4, Lee's Summit 

R. D. PENN EWELL 

Farm Credit Board (St. Louis ) 
Palmyra 

FRED L. SHIPLEY 

Market Administrator 
2710 H ampton Avenue, St. Louis 39 

PAUL A. STEINLAGE 

Quality D a iry Company 
46 30 Wes t Florissant Avenue, 
St. Loui s 15 

ROSERT D. \<VR IGIIT 

Fed eral Milk Market Administrator 
220 Esplilnade Building, 
424 Nichols ROild, Kilnsas City 12 

Nebraska 

CLARENCE B . DEFfENBAUGH 

Robert Dairy Com pany 
4469 Farnam Street, Omaha 

ROBERT JOSLIN 

Fairmont Foods Compa ny 
8110 Keys tone Drive, Omaha 
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New Jersey 

JOIlN HUNTER 

Assistant Extension Specialist, 
Extension Service, Rutgers U niversi ty 

111 North 7th Avenue, Hi ghla nd Park 

New York 

LOUIS BRUCE 

Compton Advertising Agency 
625 Madison Avenue, New York 

]O!!i\' D. CARROLL 

Glass Con tainer Manufacturers 
99 Park Avenue, ,\Jew York 16 

REX DIAMOND 

Vice-President, Research Rich 
Products Corporation, Wilber 
Farms D airy 

1145 Niilgra Street, BufFalo 13 

ROBERT C. FORSYTHe 

Metropolitan Cooperative Milk 
Producers' Bargain ing Age ncy 

118 Hotel Onondaga, Syracuse 2 

DAVID HATHERLY 

Sales Man ager , APV Cornpilny, Inc. 
13 7 Arthur, Buffalo 7 

HENR Y L EGER 

Produ cts Research Specialist, 
Da irymcn ' s L t'aguc Coopera tive 
Association, In c. 

402 Park Street, Syracuse 8 

ARTHUR. QUENCE R 

D a irymen 's League Cooperiltive 
Association, Inc. 

4·02 Park Street, Syrac use 8 

HEl\DERT SAAL 

Ameri can Milk Review 
92 W ar ren, New York 7 

Roy WALTER S 

Gencral Foocl Corpora tion 
241 Rock Creek Lane, Scarsdale 

BYRON H. WEllB 

National Dairy Produ ce rs Corporation 
P . O. Box 97, O akd a le 

No rth Carolina 

HE~'R\, A. HOMME 

N orth Carolina State Collcge 
Ral e igh 



Pennsylvania 

NELS CHRISTF.NSEN 

Abbotts Dairies, Inc. 
437 Hilltop Road, Paoli 

Country Bell e Cooperative 
1623 Saw Mill Run Boulevard, 
Pittsburgh 

DON DERB ER 

U. S. Steel Corporation 
525 William Penn Place, Pittsburgh 30 

HOLLIS H ATFIELD 

Pennsylvania Farmer's Associa tion 
21 st and Chestnut, Camp Hill 

HARRY L EST ER 

239 Nantucket Drive, Pittsburgh, 56 

C . D . MAGDSICK 

U. S. Steel Corporation 
525 William Penn Place, Pittsburgh 30 

WJ[.L1A!VI L. M ATHAI' 

3339 Bethel Church Road, 
Bethel Park 

ROBERT 1>[£1<1 ELL Y 

U. S. Steel Corporation 
525 William Penn Place, Pittsburgh 30 

H ARRY L. SNYDER 

U. S. Steel Corporation 
525 William Penn Pl ace, Pittsburgh 30 

South Carolina 

f. L. HMHIACK 

Palmetto Dairym en's federation 
306 Westfield Street, Greenville 

J J JANZE N 

Clemson Coll ege 
211 Highlanu Drive, Clemson 

Texas 

JAMES H. ALEX,\NDER 

H ygcia Dairy Company 
720 South "F" Street, H arlingen 

HARVEY L. RICHARDS, SR. 

Hygeia Dairy Company 
no South "f" Street, Harlingen 

H. LEE RICHARDS, JR. 

Hygeia Dairy Company 
720 South "F" Street, Harlingen 

ROBERT SPENCER 

Oak Farms, Inc. 
2916 Southwestern, Dallas 25 

Virginia 

J RIDGELY PARKS 

fluid Milk Division 
Maryland & Virginia Milk Producers 

Association 
1530 Wilson Boulevard, Arlington 9 

West Virginia 

PROFESSOR ROBERT H. THOMAS 

Dairy Husbandry Depar tment 
West Virginia University 
329V, South High Street, Morgantown 

Wisconsin 

DR. NOBLE CLARK 

Associate Director, College 
of Agriculture 

University of Wisconsin 
Madison 6 

CLYDE GO NY O 

Saks Man ager, Chicago Stainless 
(C hicago) 

2706 Lake Shore Drive, Fond du Lac 

HOWARD HAN SEN 

Vice-P,'esiclen t, H ansen's Dairy, Inc. 
1756 Willow Street, Green Bay 

GEORGE J KUEIl:-OL 

Attorney, Univcrsity of Wisconsin 
835 Wisconsin Avenuc, Racine 

AL J Rr.ZBA 

White House Milk Division of Great 
A & P Tea Company, Inc. 

102 Revere Dri ve, Manitowoc 

H. E. THEW 

Adison Milk Producers Coopera tive 
Dai ry 

1707 South Park Stree t, Madison 5 

Canada 

PROFESSOR DOUGLAS BULLOCH 

Ontario Agricultural College 
Guelph, Ontario 

JOHN fORDE 

Donlands Dairy Ltd . 
135 Duncairn RoaJ, Toronto, Ontario 
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LEON,\RD V. GRATES 

COW and Crate 'Can' Ltd. 
198 PC8rl Street (East), 
Brockville, Ontario 

PROfESSOR DOUGLAS L. GIBSON 

Depa rtment of Dairy Science 
University of Saskatchewan 
404 Clarence Avenue (Sou th), 
Saska toon, Saska tchewa n 

FReD GILLIES 

Manager, Canada Dairies 
·Corporation, Ltd. 

R . R. # I , Burgessvi lle, Ontario 

WILLIAM A. H ,\RLEY 

Dominion D airies, Ltd. 
Ste. 19, 2340 Lucerne Road, 
Town of Mount Royal, Quebec 

RI C"ARD HILI. 

M anager, Tetra-Pak Company, Ltd. 
1470 Don Mills Road, 
Don Mills, Ontario 
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GRANT B. LARKIN 

Chief Bacteriologist, Fraser Valley 
Milk Producers Association 

405 Wes t 8th Avenue, 
Vancouver, British Columbia 

J OI·IN M. N £SBITT 

Departmen t of Dairy Science 
University of Manitoba 
127 Buxton Road, 
Winnipeg 9, Manitoba 

W. W. PASCOE 
Sta-Fresh Ltd. 
390 Ritson Road (North), 
Oshawa, Ontario 

il.LGER C. SCHRICKER 
Dominion Dairies, Ltd . 
Ste. 19, 2340 Lucerne Road, 
Town of Mount Roya l, Quebec 

WILLIAM J. WlLSON 

Cow an d Crate 'Can' Ltd. 
198 Pearl Street ( East ), 
Brockvjlle, Ontario 
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