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TECHNOLOGICAL DEVELOPMENTS IN THE BUTTER I1DUSTRY

Marvelous developments in all branohes of scientific activity

have taken plaoe during the past 50 years. There has been the adop-

tion of new methods and processes in the established industries,

and through inventions now industries of far-reaching importance

have been established giving employment to millions of people and

contributing to the health, wealth, and general happiness of human

beings.

A period of fifty years is a relatively short time. Yet, dur-

ing this brief span we have seen the introduction in the butter in-

dustry of pasteurization, the combined churn and worke-, the air

tight separator, butter culture, automatic butter printers and wrap-

pers, to mention a few of the outstanding developments, and scientists

have shown that butter possesses natural nutritional properties neces-

sary for our general welfare.

CHURNS

It is not many years ago inoe I received my first lesson in

buttermaking, This was in a Danish creamery. The pasteurized sweet

cream, ripened to a high aoidtby, was churned in a "Holstein" type

of ohurn. This churn consisted of a straight-sided oak barrel hay-

ing a smaller diameter at the top than at the bottom. The cream was

added through the top opening. The barrel was sationary. Agitation

was by means of a revolving paddle. The butter granules were lifted

out of the churn by means of a hair sieve and were plaoad in a tub of

water for washing. For working the butter, a revolving table "Mason

Butter Workert' was used. When I, seine time later, hired out as a

butter maker in a large creamery in Queensland, Australia, we did not

pasteurize the cream, Three box ohurns and a large Mason butter worker

were used in the butter room.

In New Zealand the "Simplex" type of churn and butter worker has

been oonmion. A capacity of these churns (nOw of a combined type) of

one hundred 56-pound boxes is not unoonmon. For a number of years

only minor changes in churn construction took place. The most radical

change occurring in the United States, has been the elimination of the

internal rolls. Instead of employing the principle of pressing the
butter between rolls, with the roll-less type of ohurn the butter is

worked into a homogeneous mass by pounding.

A definite disadvantage of the present-day obtu'n is its wooden

construction, Milk solids which lodge between the staves and in oraok

are difficult to remove. Thorough washing and rinsing with water at

near boiling point followed by drying are necessary, As sterilization
of the churn is impossible, either with chemicals or with hot water,
microorganisms are always present in these milk solids. There are

reoords of a large number of ohurnings that have been spoiled, during
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short time storage, by the activity of microorganisms that originated

in the churn. Cheesy and even putrid flavors and moldiness are the
most coximion defects in butter that result from contamination of ohurn.

The use of metal for churns has been contemplated by auanufactur-
si's for many years. The chief disadvantage of using metal for churns

is that the butter is apt to adhere to the metal surface. By experi-

mentation Mitohel, of Los Angeles, found that cast aluminum alloy, be-

oause of it porous rough surfaoe, oould be used satisfactorily as a

material for churns. A considerable number of these all-metal cube
shaped churns are being used in the west. Many millions of pounds of

butter have been manufactured with this churn. One definite advantage

of this type of churn is that all parts of the inner surface can be

completely sterilized with hot water and steam.

Some western creameries have replaced the wooden butter packing
utensils wibh utensils made from oast aluminum alloy. Aluiml.num butter

tampers, paddles, and strikers are more sanitary than if they were

made from wood.

Stainless steel butter moulds have been introduced. These are

safer to use than wooden moulds as they can be easily cleaned and

completely sterilized.

The metal churn constructed from stainless steel sandblasted on
the inside was tested before the war in the Danish Experimental Creamery

at Ilillerod, Denmark. An innovation made was the mechanical removal

of the butter from the churn. The finished butter was s oftened. by

spraying warm water on the outside of the churn while revolving. For

suumer-made butter the churn was revolved 10 revolutions per minute.

Water at a temperature of 104° to 107° P. was used. By spraying the

revolving churn for two mhiutes with warm water and continuing revolv-

ing for an additional five munutes the temperature of the butter was

increased 3.20 F. A similar treatr.ient also for two and five minutes
resulted in an increase of 2.70 F. while a third similar treatment re-

sulted in a further increase of 2.2° F. Thus, if the butter at the

beginning was at a temperature of 610 F., the increase was 8 degrees,

giving a final butter teiperature of 69° F. This was followed by re-
volving the churn, without applying water to the outside, for an ad-

ditional ten minutes.

For winter-made butter a slightly different procedure was followed.

The churn room was maintained at a temperature of 610 to 640 F. Colder

water was used so as to avoid melting the high-melting point glyceridea
as this would result in crumbly butter. The water temperature varied

from 82.40 to 860 F. In three treatments the temperature of the butter

was increased from 590 to 750 F. before it was in a satisfactory

physical condition for removal. Pressure at about 3 to 5 pounds per

square inoh, using filtered air, was then applied to the interior of

the churn. The butter could be forced out through a sanitary conductor
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to the butter firkin, standing on scales, by this means. It was re-
ported that this treatment of butter had no detrimental effect upon
the body and texture. This m.ethod of unloading churns has so far as
is known not been tried in the United States. (See 28th Report,
State Experimental Creamery, Hi].lerod, Denmark.)

pH Value

Research at several state experiment stations and in commercial
plants has definitely shown that butter which shows a low pH of the
serum keeps poorly, even in cold storage at zero degree Fahrenheit.
The most common and objectionable defect which develops is a fishy
flavor. Fishiness in salted butter can be controlled by keeping metal-
lic contamination to a minimum and by so regulating the acidity of the
cream at churning that the pH of the butter serum ranges from 6,6 to
7.0. Control laboratories can assist the buttermakera in their effort
to maintain a correct pH of the butter serum, Hussong in discussing
the signifioance of the measurement of the p11 of butter stated that:
"The experience of three storage periods has confirmed the value of
using pH as a means of controlling keeping quality. This season the
p11 of all butter sohedulod for storage was determined and. those churn-
ings falling outside the desired range were not stored. The results
of this procedure to date have been very satisfactory. In previous
years those churnings which developed a fishy flavor showed pH values
below the desired limit and confirmed observations made in the labora-
tory. The pH found to be most useful under the conditions studied was
7.0 ± 0.2 and it seems likely that the butter with pH values near the
top of the range possessed better keeping quality than that in the lower
range."

YEAST AND MOLDS

A few years ago it was demonstrated both in Canada and in the
United States that a high yeast and mold content of the butter general-
ly resulted when the cream was not pasteurized efficiently or when the
equipment used for transferring pasteurized oream and the churn and
butter packing utensils had not been properly cleaned and sanitized.
With a high yeast and mold count would be associated a high bacterial

count. As a result of the work recommendations for properly pasteur-
izing cream and for cleaning and sterilizing pumps, pipes, strainers,
valves, churns, moulds etc., have boon published. By fo].lowing these
directions it is possible for efficient buttermakers to make butter
whiøh regularly has a low yeast and mold count, provided, of course,
that the equipment is in a satisfactory physical condition.

PARC1T WRAPS

The proper preparation of parchment butter wraps is often over-
looked, When received from the manufacturer, either in rolls or in
reams, the paper is praotioally free from microorganisms. After it is
exposed to the air in the creamery or has become damp it may be a
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eouroe of bacteria, yeaat, and molds. If ueed wet a good method of

preparing wraps is to boil them in brine in a closed tank the evening

before they are to be used. A metal tank, having steam coils in the

bottom, with all parts constructed from stainless steel containing
molybdenum is very satisfactory for this purpose. Treating parohnient

wraps with a solution of sodium prop rionat e is also satisfactory.

PASTEURIZATION

The temperature used for pasteurizing cream for butter has been
increased during the past 10 years. The higher temperatures have been
found beneficial in improving the keeping property of the butter. In-

stead of using a temperature of 1450 to 1500 F., as was common a number
of years ago when pasteurizing in a vat, a temperature of 1550 to 1580

F. for neutralized cream and 1600 to 1620 F. for sweet cream is

commonly used in western creameries. With the flash method, instead

of the former 1800 F., a temperature of 1900 to 2000 F. is now used.
In pasteurization of cream for butter the aim should be to destroy all

enzymes and practically al]. microorganisms. All pathogenic organisms
must be destroyed by any method of pasteurization. A scorched, or
burnt, flavor should be avoided.

No method of pasteurization is a substitute for sanitation and
proper care of milk and cream on the farm and in the creamery. By thie
process good quality butter cannot be made from poor quality cream. It

is claimed that certain undesirable feed and weed flavors can be expell-
ed by pasteurization. By the usual methods not much improvement is

effected. Hunziker, a number of years ago, experimented with methods
for the removal of undesirable feed and weed flavors. He found, that
when treated in a vacuum some of the volatile substances responsible
for the flavors could be removed. Equipment is now on the market ex-
emplified by the Rogers high temperature pasteurizer, for removing ob-
jectionable feed and weed flavor.

VACREATION

In Now Zealand there has been developed a combination vacuum proc-
ess of pasteurization and removal of feed and weed flavor, as well as
other loosely bound extraneous flavors, by steam distillation, known
as vacreation. This method of pasteurization has been tested at the

Oregon, Iowa, and Manitoba experiment stations. Favorable reports have
been published. The pasteurizer used, known as a "Vaoreator",* i now
being manufactured in the United States. In this process dry saturated
steam is expanded as it continuously enters the vertical vacuum pasteur-
izing section and is thereby reduced in temperature to the desired
pasteurizing point -- usually between 195° and 2000 F. The steam being

* "Vaoreator" is the registered trademark designating the Murray
vacuum pasteurizors.



introduced at the top of the pasteurizer travels downwardly, and into
it is rained the inooining cream to intermingle and travel its course
with the steam. At the steam temperature the cream-steam mixture enters
a second or steam distillation seotion where a higher vaouuzn reduces
the temperature to between 1600 and 1800 F. and where volatile flavor
compounds are distilled off. In the third or high vacuum section
further temperature reduction and vapor removal 000urs thus bringing
the cream temperature dowm to between 1000 and 1100 F. and restoring
the oream to its original consistency. The flaw cycle is from about
8 to 10 seoonds of time only. The method gives exceptionally high
pasteurizing efficiency, produoes clean natural flavor in cream, and
greatly enhances keeping quality. Vacreation of cream for butter seems
also to have a bearing on the improvement of body and texture. There
is very little butter being made in either New Zealand or Australia
today that is not produced from vaoreated oream. About one hundred
butter plants in Canada and the United States are now using this system
of pasteurizing cream.

BUTTER TEXTURE

Crumbliness, stickiness and exoessive hardness of fall and winter-
made butter has been coimnon, especially in sections where a large
quantity of hay is fed to the cows. Buyers have oomplained that suoh
butter out badly when a meohanioal butter cutter was used. Leakage of
brine was excessive. Because of the hard and crumbly condition this
type of butter did not enjoy favorable market acceptance when butter of
a softer and waxier consistency was available. The problem was given
attention by the Oregon Agrioultural Experiment Station. In studies
on the chemical and physical properties of the milk fat produced in
the hay-feeding sections during fall and winter, it was found that the
fat had a high melting point and oontained a low peroentage of the un-
saturated and volatile fatty acids. Farm management practices did
not permit a change in the feed in order to produce a lower melting
point fat. It was necessary to develop a modified butter-making tech-
nique if butter of more desirable body and texture was to be made Dur-
ing five years of experimentation one-third million pounds of butter in
383 churnings was made. A satisfaotory method of manufacture, known
as the fl5045_40*t method was developed. In brief this is as follows:

(1) The cream used must be in a good physical condition (not
frozen, ourdy, watery, etc.).

(2) The fat content of the cream should be controlled to range
from 32 to 38 percent.

(3) The cream after pasteurization should be cooled to a temper-
ature of 500 F.

(4) The cream should be held overnight at a temperature of from
50° to 55° F.

(5) Dilution of the cream with water must be reduced to a
minimum.



(6) The temperature of the cream at the time of churning should
be regulated so that the buttermilk can be drained within
40 to 50 minutes after churning is commenced.

(7) The butter granules should be the size of small peas.
(8) The butter granules should be washed and thoroughly chilled

by means of cold water at a temperature not higher than
450 F.

(9) The buttermaker should adjust the amount of water added
with the salt so that the butter when not completely worked
will contain within 1 percent of the desired moisture.

(10) The final working after the make-up water is added should
be so thorough that leakiness is not observed on the surface
of the printed butter.

(11) The churn and butter worker must be in such condition that
the butter does not stick to them.

(12) The ohurning, working, and packing operations must be done
with dispatoh.

(13) The freshly packed moulds or cubes of butter should be
placed in a refrigerator maintained at a temperature of

40° F.
(14) The whole process of buttermaking must be done as directed

with no deviation.

If the full benefit of this method is to be obtained there must
be no short outs. Expert worlonanship on the part of the butterniaker
is essential.

Thia method of butter manufacture is now used by a large number
of western creameries and is being recommended by several large butter
distributors in California, Washington, and Oregon.

FAT LOSS

Dairy technologists havo given much attention to the control of
the amount of fat lost during butter manufacture. Many creamery
managers have not been aware of the importance of properly controlling
this. Before research on this problem was started at the Oregon Agri-
cultural Experiment Station a survey showed that in a large creamery,
using the vat method of pasteurization, losses as high as 3 percent of
the total fat churned were observed. The causes of an excessive quanti-
ty of fat being lost in the buttermilk are:

(1) Low testing or excessively high testing cream.
(2) Diluting the cream with water or with an excessive amount

of starter.
(3) Improper neutralization and pasteurization.

(4) Slow cooling, excessive agitation during cooling, or for-
getting to stop the coil when cooling is finished.

(5) Partial churning during pumping.

(6) Churning too soon after pasteurization and 000lin, especial-
ly during spring and sumner.



(7) Not holding cooled cream at low enough temperature after
pasteurization.

(8) Churning at too high temperature.
(9) Warming the cream during churning.

(10) Excessive speed of churn.

(11) Overloading the churn.

Any one of these may cause an excessive 1os. In an efficiently

operated creamery, it should be possible to keep this loss of fat

down to nearly 1 percent.

MOISTURE CONTENT

The control of the peroentage of moisture in butter is important
in any creamery, large or small. With modern churns and using good
butter making practices it is now possible to control the moisture
within narrow limits. A method of calculating the amount of water to
add to ohurnings of partly finished butter has been dve1oped at the
Oregon Agrioultural Experiment Station. On the baie of an algebraic
formula a table has been prepared which shows the amount of water to
add to various ohurnings ranging in size from 300 to 2,000 pounds fat
and with moisture contents in the partly finished butter ranging from
13.5 to 16.4 percent when the desired moisture content of the finished
butter is 16.5 percento The table has been found very useful in many
of the western creameries.

Not until the butter moisture standard was eliminated in Oregon
in 1930 was it coimnon to determine the fat content of the butter made

in the creameries. The change to the single (fat) standard resulted
in a lowering of the average salt percentage by 0.6 percent and a

raising of the average moisture percentage of Oregon butter by 0.6 per-

cent, As the composition of the butter marketed showed considerable
fluctuation, it beoame neoessary to assist the butterrnakers in their
composition control work. Specific directions for analyzing butter for
fat, moisture, and salt were outlined. A manufacturer upon request con-
structed a balance with beams that permit the direct reading of both the
fat and moisture percentages. A table was prepared that shows the
pounds of fat in different lots of cream varying from 500 to 5,000
pounds with fat contents ranging from 29 to 42 percent, the pounds of
butter that can be obtained (22.92 percent overrun) and the pounds of
salt that must be added to the butter in each churning in order that

the finished butter will contain 2.3 percent salt (allowing for a 0,1

percent loss). The composition of finished butter to be 80.5 percent
fat, 16.5 percent moisture, 2.3 peroent fat, and. 0.7 percent curd.
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A patent (No. 2,331,656) was granted October 143 to Conner,
Bird, Flakker, and Johnson for "A Method of Controlling the Composi-
tion of Butter", The method involves the following steps: "Determin-
ing the percentage butterfat content of an unknown volume of homogen-
eous cream, determining the weight of the churning by churning the

cream to the point of 'break' and then reading the liquid level of the

buttermilk on a scale calibrated in weight units of the total churn-
ing based on the volumetric capacity of the churn, then, from knowledge

of the peroentage butterfat content and the vight of the churning,
determining the weight of the butterfat in the churning, separating
the butterfat from the buttermilk, determining the percentages of color-
ing matter, salt and moisture to be added to produoe a uniform composi-
tion, then from said percentages and the weight of the butterfat deter-
mining the amounts of each to be added to the butterfat and thereafter
thoroughly incorporating in the butterfat the determined amounts o
coloring matter, salt and moisture."

LEAKAGE LOSS

A large percentage of the butter manufactured in the United
States is printed by means of power printers. The butter must possess

good "printability." That is, it must have a waxy body and a well-

knit texture. It must not be hard and brittle, or greasy and leaky.
The moisture droplets must be small and well distributed in the butter.

A loss of brine of from 1 to 3 percent on the weight of the butter as

the total loss during and subsequent to printing has been reported by

butter distributors. With butter at 40 cents a pound, a loss of 1 per-

cent due to brine leakage would amount to 4,OOO on 1,000,000 pounds

butter. Short-weight butter may be seized by regulatory officials.
Work with a number of creameries marketing their butter through a cen-
tral marketing organization has resulted in a substantial lowering in
the leakage losses, It is not uncommon for these losses to range from
on]j 0.1 to 0.5 percent when well-made butter is printed.

Loss of brine during and subsequent to printing is prevented by:

(1) Having the cream in the proper physical condition for churn-
ing.

(2) Placing the right amount of cream in the churn.

(3) Revolving the churn at the proper speed.

(4) Churning to granules the size of small peas.

(5) Using wash water at the proper temperature.

(6) Proper distribution of the salt.

(7) Working the butter until it is dry, but not so much as to
cause salviness during sunmier or stickiness during winter.
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CONTINUOUS CHURN

The "continuous" method of manufaoturing butter is still in the

oxperbnental stage. It is claimed for the method that the butter made

has a close texture, free from any leakiness, and has a waxy, pliable

body. The fat loss in the buttermilk is said. to be small, A definite

advantage is that the butter can be extruded from the churn and placed

in the final package without previous hardening. Another advantage of

this method is that yeasts, molds, and undesirable bacteria can be

effectively controlled. If this method of butter manufacture is found

satisfactory under pilot plant operation, it will be the most outstand-

ing development in buttermaking since H. E. Sohulcneoht first pasteuriz-

ed cream in commercial butterrnaking almost fifty years ago (1897) in

Mimics ota,

SELF-CLEANING FARM SEPARATOR

The twice a day disassembling and cleaning of a farm separator

may soon be uiineoessary if the "self-cleaning" separator now being

tested at the University of Illinois proves satisfactory. An English-

man, H. W. Fawoett, has equipped a separator bowl with three ports,

located in the bowl wall. These ports, closed when the bowl revolves

at separating speed, open when the speed is reduced. When, after us-

ing the separator, cleaning solution, followed by a sterilizing solu-

tion, is run through the bowl, all milk and cream remnants and slime

deposit are removed by the surging action of the solution, and the

interior of the bowl 18 left clean and dry. A dependable supply of

hot water must be available. Tests now being made by the Illinois

Agricultural Experiment Station will show whether the separator bowl

can be satisfactorily cleaned without disassembling it. The research

workers will determine if the bowl can be adequately cleaned by this

method twice a day for periods extending up to one or two weeks. The

preliminary work by Tracy, Hus song, and Herreid shows no significant

trend between the bacterial counts of the milk before separation and

the counts of the cream and skim milk after separation during a seven-

day test involving 14 separations. The counts of the raw milk and the

counts of the cream and skim milI have the same relation to each other

in the 14 runs. During the test the separator bow), was not disassem-

bled, With the exception of a slight milk stone deposit on the disks,

the bowl and parts were free from any milk or cream remnants or slime

deposit at the conclusion of the test.

QUALITY CREAM

Good quality cream is fundamental to butter of good quality. It

may be aaid that buttermaking begins on the farm, Cleanliness during

produotion and handling of the milk and cream is necessary and preserv-

ation of the quality of the products by proper cooling and storage will
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moan greater returns to the producers. Prefabricated inilic houses will

soon be available, Automatic electric or gas water heaters are avail-

able at a reasonable price. A good supply of hot water is necessary

on any dairy farm. New types of meohanioal refrigerators for farm use

are being developed. One of these new refrigerators hae a side-opening

door, thus eliminating any lifting. The compressor is operated by a

1/4 h.p. motor. During 000ling, refrigerated water at a temperature

of 330 F. is sprayed on the cans. The smallest cabinet a000xmnodatos

four ten gallon cans. Milic may be poured directly through a strainer

into the can. The strainer fits in an opening in the top of the

cabinet. Law-ooat refrigerators for use in cooling cream on farms are

being developed. The introduction of these on the thousands of farms

that now have inadequate facilities for cooling cream will be a large

factor in improving the quality of cream marketed, Cream stations

will find the air-cooled cabinet developed by Do1ms and Yung of the

Nebraska Agricultural Experiment Station satisfactory for storing

cream held for shipment, or they may use the single-can cooler where

a cooling unit is inserted into the can.

TECHNICAL ADVANCES MADE IN THE DEVELOP1ENT OF NEW LIETHODS A!1D

NEW TYPES OF DAIRY PRODUCTS

Pronounced acceleration in the development of numerous fooda

took place during the war period. There was urgent need for foods

that would possess the military oharaoteristios and would be acceptable

by the troops in different parts of the world under varying olimatio

conditions. The object was to supply the army with foods that would

possess the qualities of palatability, eye appeal (color, etc.), and

high nutritional value after the period from 6 to 12 months which

elapses before the food is consumed in the field.

Among the dairy products that have been technologically advanced

and manufactured in large quantities during the war period can especial-

ly be mentioned dry whole milk, dry joe cream mix, bread spread, and

butter oil. Although perfection in the manufacture of these foods has

not been reached, the products have, in general, been quite acceptable

to the Quartermaster Corps.

Dry whole milk to meet the army specifications must have a fat

content not loss than 26 percent and a moisture content not above 2.25

percent. The acidity, copper, iron, bacteria1 and sediment content :

must be quite law,

In a western plant which has manufactured several million pounds

of dry whole milk for military and lend-lease purposes, condensed milk

containing 40-41 percent total solida is sprayed at 1400 F. through

a #69 or #72 nozzle into a chamber. The largest size, all stainless

steel drier used at this plant has a drying capacity of 600 pounds
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finished product per hour. The paoking procedure includea:

(l)ttsweeping out" of oxygen between powder particles by carbon

dioxide, (2) vacuum treatment of each container, and (3) addition

of nitrogen gas to eaoh can irmediately before sealing.

Electricity from the Bonneville power plant on the Columbia

River is used for the heating of the air used in drying on one of

the driers in an Oregon dry milk plant. It is claimed that this

eleotrio heating unit is the first of its kind in the United States.

The equipment will make an annual power demand of approximately

2,000,000 K.W.H. With this equipment the outgoing hot air is used

partly to heat the ingoing air, thus effecting a saving of over one-

third of the heat units required.

Dry IQO cream mix is another produott1rnt has been made in in.-

creasing amounts during the war period. The Quartermaster Corps

Tentative Specifications (January 1945) require that the produot con'

tam not less than 27 percent total fat, not less than 9.75 percent

protein, and not over 2.25 percent moisture. For reconstitution 4*

pounds of the powder is mixed with 7 pints water.

Methods of manufacturing dry ice cream mix will vary in a000rdanoe

with the conditions in the various plants and the raw materials avail-

able. Dr. P. H. Tracy of the Illinois Agricultural ExperiLlent Sta-

tion has outlined the following procedure (In Ice Cream Trade Journal,

41, no. 9, 1945):

(1) Combine the milk solids, stabilizer and one-fourth the

sugar to be used together in such proportions as to obtain

the desired ratio of solids to one another. For example,

f you desired to make an ice cream powder which when re-

constituted tested 12 percent fat, 10.8 percent serum solids,

15 percent sugar and 0.24 percent stabilizer you would oom-

bine cream, whole milk, sugar and stabilizer together in

suoh proportions that for every one pound of fat there would

be 0.9 pound of serum solids, 1.25 pounds of sugar, and 0.02

pound of stabilizer.

(2) Preheat to 1700 F. for 20 minutes.

(3) Condense as far as the stabilizer used will permit (32-36

percent.)

(4) Cool and store until sufficient volume is available for dry-

ing.

(5) Preheat to 150° F. In some plants it may be desirable to

add the sugar and stabilizer at this po.nt rather than be-

fore condensing.

(6) Spray a rather coarse partiole if this can be done without

too great a sacrifice to plant capacity.
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to obtain the
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of sugar with dried mix in proper proportion
desired sugar-fat ratio. In this case this

15:12 At the same t line the powdered

be added.

Paokago arid gas in usual maimer,

The mix should be made of milk produots of high quality. Steps

should be taken to reduce copper and iron contamination to a minimum.

Government standards such as for sediment, solubility, solids, and

bacteria must of course be complied with.

Army spread for bread is a produeb prepared from butter, cheese

curd, and nonfat dry milk solids. It may also contain: not over

047 percent vegetable gum, not over 2 percent emulsifying agent, not

over 0.1 percent benzoate of soda, not over 0.1 peroent antioxidant,

and, approximately 2 percent salt. In addition not less than 8,500

U.S.P. units of vitamin A shall be added per pound of finished product

(Q.M. Corps Tent. Spec., July 1943).

In manufaoturing army spread, the ingredients shall be thoroughly

mixed and comminuted while heating into a homogeneous mass. The mix-

ture shall be heated to a temperature of not less than 160° F., nor

more than 1800 F, The containers shall be filled with the product at

a temperature not lower than 1450 F. and shall be held at a temperature

not lower than 142° F. for not less than 20 minutes, the latter hold-

ing time to be included in the cooling process.

The finished product shall not oil off when held for 24 hours at

1200 F. It shall have a butterfat content of not less than 56 percent,

and a moisture content of not more than 29.5 percent.

Cartera Spread, in accordance with the army specifications,

shall be prepared from butter, hydrogenated cottonseed oil, and, in

addition, 0.1 percent benzoate of soda, not more than 0.5 peroont

emulsifying agent, not more than 0.1 percent antioxidant, and approx-

imately 4 percent salt. In addition, not less than 7,500 U.s .1'. units

of Vitamin A shall be added per pound finished product. The spread

must contain not less than 68 poroent butterfat.

In manufacturing this product, the butter and vegetable oil shall

be melted together, and the other ingredients added to the mixture,

the whole being thoroughly mixed into a homogeneous mass. The mixture

shall be heated to a temperature of not less than 1500 F. nor more

than 180° F. and held at a temperature within that range for not lose

than 10 minutes, The mixture shall then be cooled as rapidly as

possible under agitation or any other mechanical means which produce

a satisfactory emulsion. The containers shall be filled with the pro-

duct at a temperature not to exceed 90° F.
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The finished product shall have a melting point (Wiley) of not
less than 118° F. It shall not oil off when held for 24 hours at a
temperature of 1100 F. The total fat content shall be ilot less than
80 percent.

Dairy Spreads utilizing cream, milk, dry milk, condensed milk,
cultured milk with added oolor, vitamins and flavor have been develop-
ed during the past two or three years.

One product known as ttDynett was developed in 1943 by the
University of Wisconsin Department of Dairy Industry. Dyne is the
collected trademark of the Wisconsin Alumni Research Foundation. Dr.
K. G. Weckel, in a private oomrnunioation, reported that ItDynett is pre-
pared as follows: "28 percent fat, 19-20 percent solids not fat, us-
ing either a oondensed product (a mix condensed in the pan) or by mix-
ing whole or skim powder and cream. To the mixture is added 20 percent
by weight of cultured buttermilk, 1.3 percent salt and laotio acid
(25 grams per 25 pounds total mixture). The product is then pasteur-
ized at 145° for 30 minutes. When the holding period is over, starter
distillate is added and the product homogenized at the pressure neces-
sary to impart a slight but definite thickening. It is filled immediat-
ely(hot) into oontainers, whioh are then 000led by storage in the re-
frigerator. Upon cooling the produots develops a body or 'set'." The
label on the oontainer gives the following composition of the produot
"Cream, milk, cultured buttermilk, lactic aoid, flavor derived from
cultured buttermilk, salt, Vitamin A and Vitamin P. Moisture 56 per-
cent, butterfat 26 percent, milk solids not fat 16 percent, a1t 1 per.-
oent, Vitamin A -- 9,000 U.S.?. units per pound, derived from fish
liver oils, Vitamin D -- 3,200 U.S.?. units per pound, derived from
irradiated ergosterol."

"Dyne" spread has been sold in half pint milk bottles at 23 oent.
The product keeps satisfactorily for two to three weeks,

Several types of commercial butter spreads may be made. Four
general types aret (1) whipped butter; (2) a combination of whipped
butter and other dairy products, a water-in-oil emulsion; (3) a homo-
genized oil-in-water emulsion made from butter and other dairy produots,
aid (4) a liquid oil-in-water emulsion discharged under nitrous oxide
pressure resulting in a whipped butter spread.

Dre. H. Fyenson aril P. H. Tracy of the Illinois Agricultural Ex-
periment Station, in 15, 1943, nos. 9 to 11 of Food Industries give
the formulas for "Stabilized, Homogenized Butter Spreads" and "Whipped
Butter Spreads."
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Examples of stabilized homogenized spread ares

Salted butter
Cream, 19 percent *
Skim milk
Skim milk powdor
Gelatin
Salt
Butter color
Starter distillate

(a) (b)

55.5 lb. 43.0 lb.

54.7 lb.

42.2 lb.

2,0 lb. 2.0 lb.

0.3 lb. 0.3 lb.

5,0 lb. 5.0 lb.

75 ml, 25 ml,
25 ml. 25 ml,

* The equivalent of heavier cream and skim milk
may be used,

DIRECT IONS S

Add the gelatin, salt and skim milk powder to the mix at 90° F.
Agitate and heat to 150° F. for 30 minutes. Homogenize at 3,500 lb.
pressure. Cool, add starter distillate, package and allow to set in
refrigerator until firm.

An alternative formula, using heavr cream, contains:

Cream, 46 percent 98.0 lb.

Skim milk powder 1.7 lb.

Gelatin 0.3 lb.

Salt 1.5 lb0

Butter color 150 ml.

Starter distillate 30 ml,

PJMRKS

The product obtained by this method is very smooth d can be
spread easily as soon as it is removed from the refrigerator. It

can be packaged hot, directly from the homogenizer, but better results
are obtained when packaged after cooling.

Spreads of this type can be made in plants equipped with either
a visoolizer or homogenizer.

The butter color oan be omitted, The starter distillate is added
to improve the butter flavor and aroma, and should be added to the
'inished product after cooling. There are various commercial products
containing coloring and vitamins that iiay be added to improve the ap-
pearance and increase the nutritional value of such spreads.
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Since the iioisture content is much greater than that of butter,

there is a tendency for a slight shrinkage to take place on storage,

and properly waterproofed containers, such as the paraffined contain-

ers used for cottage cheese, are necessary. A slight syneresis may

occur if t1- spread is not kept under refrigeration.

When properly refrigerated, and when mdo fran high quality

products, these spreads should keep well for two or three weeks.

Examples of the whipped butter and butter spread are:

Whipped Whipped
Butter Butter Spread

Salted butter 100 lbs. 50 lb.

Cream, 19 peroent* 50 lb.

Butter color 50 ml. 90 ml.

Starter distillate 25 ml.

Salt 8 oz. 6 oz.

* Or the equivalent in cream and skim milk.

DIRECTIONS

For the whipped butter, soften to about 65-75° F., so that it is

soft enough to work easily. Add the salt and butter color, Whip

until the desired overrun (50 to 100 percent) is obtained, then run

directly into packages and place in the refrigerator at 4Q0 F. to

harden.

The butter spread is made by whipping the butter in the same way.

Add the starter distillate and salt to the cream, then slowly add this

to the whipped butter, and continue whipPing until the desired over-

run is obtained. The greater the overrun in the whipped butte; the

greater will be the overrun in the finished product, The finished

spread should test about 50 percent butterfat and 4 percent milk so1id

not-fat.

In an unpublished paper, Pyonson and Tracy state the following re-

garding the food value of butter spreads: "Since these spreads con-

tain only 45 peroent to 50 percent of butterfat, their caloric value

is less than that of butter. Butter and whipped butter contain approx-
imately 3,470 calories per pound or 108 calories per serving of 1/2

ounce; type 2 spread contains 2,191 calories per pound or 69 calories

pr 1/2 ounce; and type three and four spreads contain aunroximetely
2,019 calories per pound or 63 calories per serving of 1/2 ounce.

Butter normally contains 0.7 percent milk solids-not-fat whereas these

spreads contain up to 6 percent of milk solids-not-fat depending on

the type of spread. Spreads made as directed are rich in pure milk

fat, which is the most digestible of all fate and the best source of

body energy obtainable. Butterfat is the only food fat which contains
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oertai.n natural elements that are essential for growth arid health.

These butter spreads bosides containing the vitamins A and D con-

tain a liberal amount of the water soluble vitamins such as ribo-

flavin,"

Note: These spreads, 11' sold, may violate the present Federal
Food, Drug and Cosmetio Aot and perhaps oertain state laws.

Butter oil or milk oil is the almost moisture-free milk fat ob-

tained in various ways from cream or from butter Booause of its

high food value, it lends itself admirably to overseas shipment. It

is also valuable as a product to be stored for use during periods of

scarcity of butterfat. A bibliography on butter oil can be obtained

from the United States Department of Agriculture, Washington, D.C.

The Quartermaster Corps has no specifications for butter oil but
the requirements for the produot would be: 0.0 peroxide value9 not

more than 0.2 peroent free fatty acid, and not more than 0,05 per-

cent moisture as determined by the Fischer Titration Method (Special

Communication by Lt. R. J. Remaley., Chief, Dairy Products Branch, Q.
M.C. Subsistence Research and Development Laboratory.)0

A. New Zealand. Method (The Commercial Production of Dry Butterfat.
New Zealid Jour. Science Tech., Vol. XXIV, no0 2B, 1942.)

This method was developed in New Zealand during the war, The

object was to prepare pure dry butterfat on a large scale with equip-
ment obtainable within the country.

Procedure
1. Extrude the butter from a bulk-butter packer into a closed

melter-cylinder.
2, Melt the butter, using 1 pound per sq.in. steam pressure0

3. Pump the melted butter to separating cylinders. Gravity

separation of serum takes plaoe,
4. Pass fatty portion through a cream separator and then through

a pasteurizer to two other separators.
5. The nearly dry fat is run down the steam-jacketed walls of a

vacuum pan for drying at a vacuum of 29 inches,

6. Pump the dry fat through a rotary cooler to the filling line,

7. The serum from the separating cylinder and from the first and

second series separators is reseparated twice as above.

8. The fat loss amounts to from 0.9 to 1.3 percent of the fat

in the butter.
9. The butter fat produced is free from toffee flavor.

10. The dry fat has a moisture content of from 0.02 to 0.04 per-

cent.

11. There is no loss of Vitamin A during processing.
12. The oil ia placed in tinned containers and is then stored at

450 F.



B. American Method:

The following is a general ortline of the procedure for prepar-

ing butter oil by one of the methoda developed in the United States.

1. Ide it the butter.

2. Dilute the melted butter with warm water,

3. Neutralize the free fatty acids.

4. Separate the oil and the serum, using a specially designed

separator.
5. Continuously subject the oil to high teperature vacuum

steam treatment, steam distillation, and vacuum cooling.

This is effeotive in removing the last traces of moisture

resulting in dry oil free from curd.

In a patented process, where cream is used at the beginning, one

additional centrifugal separation is employed in the continuous oper-

ation to prepare butter oil.

Dehydrated Cheese. A new method of dehydrating cheese has been

developed by Dr. G. P. Sanders of the U.S.D.A. Bureau of Dairy In-

dustry. By removal of the water 2rom Cheddar oheeso the weight can

be reduced about one-third. As dehydrated cheese may by compressed
into rectangular blocks, the spoe conserved, as compared with the

original cylindrical form, is from 40 to 46 percent. This was a

definite advantage in saving shipping and storage space during the

war.

The method developed is as follows:

1. Under an air current out the edible portion of the cheese

into rectangular hare and grate it by means of a mechanical

grater into small, thin flakes,

2. Allow flakes to fall onto trays in a uniform layer contain-
Ing about 0.35 to 0.5 pound of cheese per square foot.

3. A preliminary drying consists of forcing air at a tempera-

ture of from 72° to 82° F. and a relative humidity of from

25 to 35 percent or lower between the oheese particles. The

moisture content during 30 to 90 minutes is reduced to about

10 percent.
4. Final drying is aocornplishod by placing the trays on shelves

in a tunnel and passing air at a temperature of about 145° F.

through the layers of cheese partioles. This reduces the

moisture content to less than 3 poroent in l- to 2 hours.

5. After drying, the particles of cheese are cooled in order to

solidify the fat.

The two stages of drying could be combined in a continuous pro-

cess,
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Uses. Dehydrated cheese may be used in cooking as for macaroni
and. cheese, It may also be used with salads, desserts, and in spreads.

Further information on this product may be obtained from the
Bureau of Dairy Industry.

Sterilized cream has been made in California plants for several

years. The bottled product can be kept at ordinary temperature for

many months without deterioration,

Before processing 0.25 percent stabilizer is added. The purpose

is to prevent separation during storage. The cream is sterilized. at

a temperature of from 2600 to 2500 F. The bottles and caps are steam
sterilized under pressure before they are used. The air in the bottl-

ing room is cleaned by an electrio dust precipitator before it enters
the room. Ultraviolet lamps are used in the room as a means of de-

stroying airborne microorganisms. The operators in the bottling room

must wear sterilized uniforms, gloves and face masks, Random seleoted

samples from each batch undergo a thorough laboratory examination ex-
tending over a period of several days.

Milk pudding is a new development by the U.S.D.A. Western Region-
al Laboratory, Albany, California. The pudding can be prepared. in a

few minutes and no heating is required.

Formula:

A. Low-methoxyl pectin 4 grams

Sugar 4 grains

B, Sugar 40 grams

Powdered milk 60 grams

Salt 3. gram

flavor -- chocolate, vanilla,
butterscotch, or other non-
aoid flavor materials.

Directions:

To UA add 2 cups of cold water and stir until the peotin is
dissolved (requires 1 to 2 minutes). Add "B" and stir until
milk has been completely dispersed, resulting in a smooth tex-
ture. Pour into moulds and allow to stand for 5 minutes or

1ner. Chill if desired.



Canned chocolate-malt flavored milk is now being marketed. One

of these produots is packed in accordance with a new, patented method.
It is a "full cream milk" with sugar, 0000a, malt extract, algae
stabilizer, salt, and artifioia]. flavor. The milk, when kept in the

hermetically sealed can, will keep well without refrigeration.

Casein fiber, popularly known as casein wool, is now being com-

mercially made in several countries. Its use in the textile industry

is still in the development stage. It is unoerta.in whether oasein

wool will ever find the same acceptance as rayon. Doctor Whittier of

the Bureau of Dairy Industry has pointed out that the annual supply
of skim milk, over and above that used for food and manufactured pro-
ducts is 40 billion pounds. This, he stated, is equivalentto one

billion pounds of oasein. As 1 pound of fiber oan be made from 1 lb.
of oasein, 1. billion pounds casein fiber could be produced. This is

equal to about one-half the annual world production of rayon and is
more than twioe the yearly consumption of wool in the United States.

U S. Patent .2,l4O74 by Whittier and Gould of the Bureau of
Dairy Industry is for "a fiber comprising easein, salts of casein,
and fat acids and for a fiber in which the aluminum salt of oasein is
specifioally claimed as a component. Any acid-precipitated casein of
reasonably good quality may be used in this process, compounds of
aluminum or other amphoterlo element being added to the alkaline oasein
solution to increase tensile strength and water-resistance of the fiber.
Fat acids are added to overcome the tendency to brittleness or, in
other words, to make the fibers flexible. The solution is extruded,
with no preliminary aging, through a spinneret into an acid bath con-
taining formaldehyde and aubstances, such as salts or sugars, to in-
crease the osmotic pressure in the bath and thereby hasten the "setting-

up" of the fiber. The fiber is then stretched and wound." A discussion
of the advantages and commercial possibilities of casein fiber is out-
side the scope of the present discussion.

Cheese whey is a potential source of a number of products. In
1944 a total of 141 million pounds of dry whey mas manufactured. The
product contains lactose, albumin, minerals, and vitamins. The chief
use of dry whey is in the preparation of poultry feed. The constituents
of whey also find use in the manufaoture of human foods, plastics, and
pharmaceutical produota.

The Bureau of Dairy Industry, U.S.D.A. has been active in conduct-
ing researoh on whey utilization. The chief of the Bureau, Mr. 0. E.

Reed, has reported on the following:

1. Separation of the whey constituents by a new method based on
removal of the lactose from oonoentrted whey by alcohol.

2. Production of a syrup containing a mixture of dextrose, galao-
tose, and lactose.
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3. Utilization of whey solids in the manufacture of taffy,
fudge, and caranels, A new type of candy, containing 40
percent Wiley solids was devised.

4. Incorporation of whey solids in dehydrated pea soup.
5. Preparation of a oanned pudding, utilizing whey solids in

place of eggs,
6. New produots, such as plastics from the lactose in the whey.

One of these is polymethylacrylate, which is reported to
have the optical properties of the oo]mnercial roathylacrylate
plastics and possessing a high degree of elasticity and sol-
ubility which permits its use in impregnating fabrics, in
insulation, and numerous other industrial applications.

Another important use of lactose from whey is in the manufacture
of the wonder drug penicillin. In 1944 a total of 5 million pounds
lactose were used for this purpose.

Of 1 million pounds lactose manufactured in 1942 about 3 million
pounds were used in baby foods, about 2* million pounds for pharinaoeuti-
cals and 2 million pounds were used in various food and industrial
products.

It has been reported that lactic acid has been used in the manu-
facture of rubber. The acid is transformed into niethylacrylate and
this, in turn, to the synthetic rubber -- laotoprene.

We can look forward to seeing further expansion in the use of
whey solids -- through research.

Caimed acidophilus milk in pure culture for administering by
dairy farmers to new-born calves as a preventive of scours, and
similarly by sheepmen for the control of dysentery in new-born lambs,
was developed by the dairy department at Oregon State College after
Dre. Shiaw and Muth of the Veterinary Department had demonstrated the
efficacy of the cultured milk for this purpose. Several hundred gal-
lons of this product, placed in 15 oz. cans are sold annually, on a
cost basis, by the dairy department to dairymen and stookmen. Full
information regarding the preparation of the produot i given in
Station Technical Bulletin 5 obtainable free from the Oregon Agricul-
tural Exper:Lment Station, Corvallis, Oregon.

Homogenized market milk was first sold connneroia].ly in 1935. It
is estimated that about 10 to 15 percent of the market milk now sold
is homogenized. The industry was confronted with a number of problems
incident to the processing, paokaging, distribution, laboratory con-
trol, cooking, and utilization of returns, of homogenized milk. The
extensive work of Trout and associates of the Michigan Agricultural
Experiment Station and of other scientists has solved many of the pro-
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blems. When appearing on the program of the annual Oregon Dairy
Manufacturers' "Dairy Week" in 1942, Doctor Trout discussed the pro-
blems and outlined methods for overcoming them. The following is
taken from his talk:

1. The chief problem in homogenizing milk is that of the devel-.
opment of rancidity. The milk must be pasteurized at a tem-
perature sufficiently high to inactivate the enzyme lipase,
in order to prevent the development of a rancid, bitter, or
soapy flavor. The milk must be pasteurized prior to homogen-
ization or immediately following the process. The honiogeri-
ized, pasteurized milk must not be contaminated with raw milk.

2. Sediment in the bottom of the container is another problem.
The sediment oonsiats largely of milk cells, milk solids,
colloidal dirt, and some milk fat. It is similar to separator
slime. Clarification of the milk by a centrifugal clarifier
will overcome sedimentation.

3. Homogenization may cause an increase in baoteria2. count as
determined by the plate method. If properly washed and steri-
lized, the homogenizer is not a factor in increasing the oount.
The increase is due to the breaking up of clumps and ohains
of bacteria during homogenization.

4. A cream plug may form on the surface of the milk. The milk
may be improperly homogenized, or non-homogenized. milk may
have been added. With proper homogenizing a cream plug will
not form.

5. Foaming may 000ur during bottling of homogenized milk. Carry-
ing a high head in the cooler trough and bottling supply
tank, and eliminating air leaks in the lines will aid in over-
coming this difficulty.

6. To prevent seepage around the cap seat, bottles may be filled
to within one-quarter inch of the cap seat. Proper refriger-
ation of the bottled milk at al]. times is neoessary. Freez-
ing of the milk must be prevented.

7. When testing homogenized milk for fat by the Babcock method,
follow the correct procedure, but add the aoid in three in-
stallments and mix thoroughly and longer than usual before
centrifuging.

8. Homogenized milk may sometimes curdle when used in cooking.
It is apparently more sensitive to heat than is non-homogen-
ized. milk. This may be an advantage with some forms of
cookery.
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9. As separation of fat from homogenized milk is difficult,
daily surpluses should be kept to a minimum. Unused homo-.

genized milk may be successfully used for buttermilk,
cottage cheese, or ice cream.

Vacreation of cream for butter was studied by the Iovm,Manitoba,

and Oregon Experiment Stations. The method, which is a triple-treat-

ment process of (].) quick-time pasteurization, (2) partial distill-

ation and removal of certain volatile products, and (3) cooling, all

under a partial vacuum ranging from about 6 inches to 28 inches, was
found to have a benefioia]. effeot on butter quality when good cream
was used at each of these experiment stations. The method was found

to be efficient in destroying bacteria.

Vaoreation of milk for cheese and vaoreation of ice cream mix
was found satisfactory at the Oregon Agricultural Experiment Station

in preliminary tests made by Mr. R. P. Robiohaux.

Condensing milk with the Vacreator is a new development at the

Oregon Agricultural Experiment Station. Although the Vaoreator* was

designed by Murray and Board for the specific purpose of pasteuriz-

ing and conditioning cream and other milk products, it was found that

the Vacreator could be used as an efficient milk oondenser. With the

"Baby" model Vaoreator it was possible to remove 500 pounds of water
per hour from the milk and with the "Junior" machine 1,000 pounds per

hour oould be removed. The condensed milk had an excellent flavor.
Oregon Agricultural Experiment Station Bulletin 430, by G. H. Wilater

gives the results of the research and the appiloation of the method

to the preparation of ice cream mix. See Food Industries, 17, Octo-

ber, 1945, and Ice Cream Field, 46 November, 1945.

Frozen concentrated milk appears to have some market possibilities

in areas where fluid milk is scarce1 It also would be satisfactory

to use on ocean going ships. Studies during recent years on the manu-
facture of frozen oonoeritrated milk indicate that a product which keeps
well and reoonstitutes satisfactorily can be made. Messrs. Doan and

Leeder of the Pennsylvania Agricultural Experiment Station after hav-

ing conducted researc1 on the problem of freezing milk condensed to
one-third its volume suggested (Food Industries, 16, 562, 1944) the

following manufacturing procedure; Clarify high quality milk, pasteur-

ize at a high temperature1 condense, homogenize, freeze in ice oream
freezer (preferably continuous), place in paokages, finish freezing in

a room at -- 100 F. They stated that "The frozen concentrated milk

i defrosted and reconstituted to the fluid state by undisturbed thaw-

ing in hot water. This results in a fluid milk havd.ñg properties

* "Vaoreator" ia the registered trademark designating the Murray

vacuum pasteurizers.
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whioh the average consumer would find difficulty in distinguishing

from those of fresh fluid milk,

This presentation would not be oomplete without briefly referring

to several other important developments in the field of dairy tech-

nology.

Short-time pasteurization of market milk has gained in popularity

in recent years. All-automatic maohino, utilizing either hot water

or electricity as a heating medium, is a marvelous improvement over
the milk pasteurizers that were in use 20 to 30 years ago.

Vacuum treatment of market milk prior to short-time pasteuriza-

tion was found beneficial by the New York (Cornell) Experiment Station

in preventing the development of an oxidized flavor in milk and also

in preserving the Vitamin C content of the milk.

Square Glass Milk Bottles have become popular owing to the smaller

space this shape of bottle ocoupies in a household refrigerator.

Paper milk containers have come into use sinoe 1929. They are

rapidly gaining in popularity. In a study by Drs. Pruoha and Tracy

of the Illinois Agricultural Experiment Station, it was found that

after four years of using glass and paper bottles at intervals, 95

percent of the consumers preferred the paper bottle. The investiga-

tion shciwed that paper milk containers are sanitary as well as pract-

ical for fluid-milk distribution. (Agricultural Experiment Station,

Bulletin 495, University of Illinois, Urbana, Illinois).

In the cheese industry important developments have been (1)

wider use of pasteurization of milk to be used for cheese, (2) cur-

ing of cheese in oans, (3) merchandising cheese in transparent

wrapping rateria1.

The field of cheese manufacture, including the ripening of cheese,

offers an opportunity for unlimited research.

In oontrol work the greatest development in recent years is per-

haps the application of the phosphatase test for checking on the

efficiency of pasteurization. Recently Sanders and Sager of the U.S.

Bureau of Dairy Industry have modified the phosphatase test as used

for milk so that it can be used with cheese to determine whether the

milk used had been adequately pasteurized. (Bureau of Dairy Industry,

U.S. Department of Agrioulture, Washington, D.C., Circular of Infor-

mation no. 22, I'iay 1945. See also J. Ivitlk Technol., 9 (1946), LJay-

June, p. 171-2.)
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TBE OREGON PROGRAM OF LICENSING CHEESE-MMCERS,

BUT TER-iAKERS AND PASTEURIZER OPERATORS

The licensing of cheese-makers, butter-makers, and pasteurizer
operators is an important link in Oregon's dairy products quality

improvement program. A law which provides for the licensing of cheese-
makers and butter-makers has been on the statute books since 1917. In

1939 an amendment was made to this law requiring the issuanoe of licen-
ses upon the passing of an examination conducted by the Oregon State

Department of Agrioulture. This provision greatly strengthened the

law and has made it effective,

The production of Cheddar cheese has trebled since 1917. The

average yearly production in recent years was nearly 30 million pounds.
Butter production has doubled and reached 32 million pounds prior to

the war. Inasmuch as during the prewar years, approximately 75 per-
cent of the cheese and 33 percent of the butter manufactured was sold
in California in competition with cheese and butter from a number of
other states, dairy leaders in Oregon have recognized that it is neces-
sary to market only products of a high and uniform quality, of correct

composition, and possessing good keeping properties.

The compulsory milk and cream grading law enacted by the state
legislature in 1937 provides for the grading of milk and cream when
received at the factories and creameries and also provides for the
licensing of the persons who are doing the grading, as wel]. as for pay-
ment for the milk and cream in accordance with quality. Inferior

quality milk and cream must be denatured by the addition of a red
coloring matter, and must be tagged and returned to the place of origin.
In other words, milk and cream unfit for human consumption cannot be
sold at manufacturing plants in the state. The licensing of the men

in the plants who are doing the manufacturing work was deemed neces-
sary in order to raise the standard of profioionoy of these men and
for the manufacture of uniform products of correct composition.

These two laws, then, are very necessary in Oregon's program of
orderly marketing of dairy products.

In 1945 a new law pertaining to the pasteurization of milk and
milk products and licensing of pasteurizer operators was passed. With
reference to the licensing provision the law states that: It shall be

unlawful for any person to be in charge of, supervise, ireot, or en-

gage in the operation of any pasteurization equipment unless he shall
first have procured from the State Department of Agriculture a pasteur-

izer operator's license. It further provides that a pasteurizer oper-
ator's lioense shall be issued by the department to any person who
shall apply for it in writing and pass satisfactorily an examination
including an actual demonstration of his ability to operate paeteuriz-
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ation equipment in compliance with the provisions of the law and regu-
lations pertaining thereto. The license is not transferable and is
valid for one calendar year. The annual fee for the license is one

dollar. A permit to operate pasteurizing equipment for a limited
time may be granted by the department.

T LAW PROVIDING FOR LICENSING OF BUTTER- A1D CBEESE-1VIAKERS

The revised law as enacted in 1939 is as follows

"For the purpose of this chapter of the Oregon Compiled Laws
the term butter-maker and cheese-maker shall respectively mean and
inciud3 any person employed in, engaged in, acting in or who nay be
employed in any butter or oheese factory who has charge of any super-
vision over the actual process of manufacturing butter or cheese, but
shall not include a person employed in the butter or cheese faotory
for the purpose of aiding or assisting in the manufacture of such
products. This chapter of the Oregon Code shall not affect a person
making up a product produced on his owm farm.

'11t shall be unlawful for any person to engage in the manufacture
of butter or cheese as a butter-maker or cheese-maker as above de-
fined unless he shall first have secured a license from the State
Department of Agriculture. Suoh license for butter or cheese-makers
shall be issued by the department under certain rules and regulations
as it shall prescribe relating to the qualification of applicants
for securing such license. Such qualifioation shall include among
other things previous record in operating and keeping in sanitary
condition the butter or cheese faotory in which he has been employed.
The State Department of Agriculture shall also by regulation require
the written and oral exarlination of any applicant for either or both
a butter-maker's or cheese-maker's license in this state. Such rulea
and regulations shall be published in pamphlet form as prescribed by
the Department of Agriculture statute.

"Application for a butter-maker's or oheese-maker's lioene shall
be made upon an apolioation blank furnished by the State Department of
Agriculture. Upon receipt of any such application the department may,
in its discretion, issue a permit to such applicant to carry on the
work of butter-maker or cheese-maker for such period as may be pre-
scribed therein not to exceed 60 days. Such permit shall have the
full force and effect of a license to carry on the work of a butter-
maker or cheese-maker durin the period mentioned therein. At the
time such permit is issued the department shall furnish to the appli-
cant the rules and regulations incident to securing a license and also
suggestions relating to the proper method of operating butter or
cheese factories.

"Each application for such license shall be accompanied by a fee
of 1.00 payable to the Department of Agriculture of the State of
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Oregon and no license shall be issued until suoh fee has been paid to
said department, by which it shall be transmitted to the State Treasur-
er to be deposited in the Department of Agriculture aocount to be used
by the department toward the payment of salaries, costs, and expenses
in carrying out the provisions of this act. Such money shall be
drawn upon vouchers with the approval of the Director of Agriculture
endorsed thereon and audited by the Secretary of State, who shall
draw his warrant on the State Treasurer. In case license is refused
the foe accompanying such application shall be returned by notifica-
tion of refusal

"Each butter-maker's or cheese-maker's license shall be subject
to revocation by the State Department of Agriculture if the butter-
maker or cheese-maker, as the case may be, has violated any of the.
rules and regulations prescribed by the department, or has violated
any of the laws of the State of Oregon in relation to milk or cream,
or milk and cream products.

"Each butter-maker's or cheese-maker's license shall expire on
the first day of July next succeeding the day of its issue.

"The State Department of Agriculture shall make such rules and
regulations as may be necessary to carry into effect the provision
of this chapter of the Oregon Compiled Laws nd f or the government of
licenses under this chapter.

'Any person violating any of the provisions of this chapter of
the Oregon Compiled Laws shall, upon conviction thereof, be fined not
less than $25.00, nor more than e150.00, for each violation of this
chapter."

QWbLIFICATIONS AND REQUIREMENTS FOR CI]EESE-MAKERS'

AND BUTTER-MMERS' EXAMINATION

In a000rdanoe with the law, the Division of Foods and Dairies
of the Oregon State Department of Agriculture has prescribed the
following regulations for the examinations:

CBEESE

1. A knowledge of the following Oregon laws:

Sanitary regulations.
Miscellaneous provisions relative to milk and dairy products.
Licensing of butter and ohee5e makers.
Duties of the Department of Agriculture in reference to Foods

and Dairies.
Oregon Food Act.
Milk container brands,
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Registration of private brands.
Registration of private brands for containers.
Milk, cream, and butter grades and iloensing of graders.
Purchase of milk and cream standard glassware.

2. Ability to perform satisfactorily a practical analysis of cheese
for composition, fat, and moisture.

3. Ability to demonstrate the methylene blue test and interpret its

results.

4. Ability to demonstrate the fermentation curd test.

5. Ability to demonstrate satisfactorily the judging of cheese as

to quality.

6, A thorough practical knowledge of the fundamentals of cheese-

waking, expocially:

The effect of the quality of milk on the finished cheese.
Sanitation of cheese factories.
Composition o milk.
Preparation of starter.
Rennet and faotors affecting its use,
Acid control.
Composition control.
Pasteurization of milk as used for cheese-making.
Primary knowledge of yeasts, molds, and bacteria and how to

control them.
Conunon cheese defects, their cause and correction.

7. At least one year practical experience in a cheese factory.

8. Ability to demonstrate practically, the proper operation of the
Babcock test unless the applicant has an Oregon license to operate

the same.

9. Ability to calculate practical dairy arithmetic problems such as
the value of milk and dairy products when weight, test, and values are
given; standardization of milk for ccnposition control; value of

spillage and fat leakage losses, etc.; also the calculation of cheese

yields.
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BUTTER

1. A 1iowledge of the following Oregon laws:
Sanitary regulations.
Ilisoellaneous provisions relative to milk and dairy products.
Licensing of butter and cheese makers,
Duties of the Department of Agriculture in reference to

Foods and Dairies,
Oregon Food Aot.
Milk container brands,
Registration of private brands.
Registration of private brands for containers.
Milk, cream, and butter grades and licensing of graders.
Purchase of milk and cream standard glassware.

2. Ability to perform satisfactorily a practical analysis of
butter for composition.

3. If applicant does not posses a butter grader's license, he must
give satisfaotory demonstration of the ability to grade the same.

4. A thorough practical knowledge of the fundamentals of butter-
making especially:

Neutralization and aoid standards.
Neutralization problems.
Pasteurization of cream,
Preparation and use of starter.
Preparation, care, and cleansing of equipment.
Control of butter composition.
Coiwnon defects in butter and method of overcoming them.
Primary knowledge of yeasts, molds, and bacteria and how

to control them,

5. At least one year practical experience in a creamery or other
acceptable dairy manufacturing plant.

6. Ability to demonstrate practically, the proper operation of the
Bab000k test unless the applicant has an Oregon license to oper-
ate the same, In either case the butter-maker must possess biow-
ledge of the proper method of testing buttermilk for fat.

7. Ability to run quick tests for acidity.

8. Ability to oaloulate practical dairy arithmetio problems such as
overrun calculations; the value of overrun losses; spillage
losses; and the value of dairy products when weighk test, and unit
values are given.



Examinations will be both written and oral. Ability to spell
and use oorreot English will not be considered.

Direotions as to how and where to obtain the above information
will be sent anyone wishing it by addressing the Division of Foods
and Dairies, State Department of Agriculture, Salem, Oregon.

METHOD OF CONDUCTING TBE EXAMINATIONS

All the examinations are held in the Agrioultural Building
o3oupied by the State Department of Agriculture at Salem, Oregon.
The examination cunittee has consisted of a member of the staff of
the Division of Foods and Dairies, State Department of Agriculture,
a member of the industry, and a member of the staff of the Department

of Dairy Husbandry, Oregon State College.

The oral examination is divided into two parts, taking about one-

half hour for each. One part covers the Oregon laws as indicated in
the requirements above, and the other covers the practical manufacture

of cheese or butter. The plan has been to call in the applicants be-
fore the examining board of three men one at a time and quiz them for

30 minutes over the laws. Later they are given a half-hour quiz over

the manufacturing methods. It is believed that this oral examination
is the most important part of the whole examination. An applicant

may not be able to express himself clearly in a written examination.

He is u8ually able to answer questions verbally, provided of course

he has a fair knowledge of the subject.

The questions asked are in all oases fair. No attempt is made

to confuse the butter-maker or cheese-maker appearing before the com-

mittee, and only practical questions are asked. The examining com-
mittee does not expect the applicant to answer all questions, but there

are a number of questions that should be answered correctly by all

applicants. For instance, the committee expects all the applicants to
have a fundamental knowledge of the sanitary regulations pertaining to

cheese factories or creameries as well as a knowledge of the important

tests used in grading milk. In view of the information available on
the subject, the ooiwnittee has also felt that applicants should know

the correct methods to use for standardizing milk, for preparing
starter, for pasteurizing milk, and for controlling the composition of

cheese or butter. A lack of knowledge of the state and federal stan-

dards governing the composition of cheese or butter or standards for

these produots, is inexcusable.

Each applicant has been required to solve practical dairy arith-

metic problems common in cheese factory or creamery operation. He has

also been given between 100 and 200 true or false questions, which
require the marking with a plus or zero sign for an answer.
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In the eveni an applicant fails in the examination he is given
an opportunity to appear again for another examination. During the
past, examinations have been held twice a year. It is contemplated
to give the examinations four times a year, or oftener if necessary.

The committee has refrained from recommending to the Department
of Agriculture that a license be issued unless it is reasonably sure
that the cheese-iiaker or butter-maker is sufficiently well informed
to inanufaoture cheese or butter without getting into serious quality
and composition difficulties. In some cases it has been necessary
for the applicant to appear for the examination two or three times.
About one-half of the men who have appeared have passed the first time.
The reason for failure generally has been carelessness in preparing
for the examination by not studying the laws and regulations, and
bulletins and manuals dealing with the practical manufacture of cheese
or butter.

A sunmary of the results of the butter- and oheese-malcers' exam-
inations as conducted under the present law as enaoted by the 1939
legislature is as follows:

Total taking examination.............
Total passing first examination .....
Total failing on first examination
Failed twice . . . . . . . . . . . . . . . . . . . . . .

Passed on seoond examination
Passed on third examination ........

Butter- Cheese-
makers makers

85 38

48 16

37 22

4 3

4 2

2 0

Reason for some of the failures is best shown by the results of
March, 1941, butter-makers' examination:

Laws Oral Written
and B. B. Lab. Final

Regulations making making Pract. Grade

P P F F F

P P F P P
F F F F F

P P F F F

P F P P P
F F F P F
P F F P F

P Pass.
F Fail.
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There was some fear at first that the committee would be unreason-
able in its requirements. It is doubtful now if there is a single per-

son in the industry who is not thoroughly sold on Oregon's program of

licensing butter-makers and ohoese-makers.

A number of persons representing the industry have participated
in giving the examinations. They have even proclaimed that they would

not care to hire some of the butter-makers or cheese-makers who have
failed during the examination once, twice, or even three times. They
know that it is not necessary to possess a degree from a college or
university in order to pass the examination, but they know that any
cheese-maker or butter-maker who has prepared himself for the examin-
ation and who has had proper experienoe in a plant oan pass the exam-

ii-iation, It is recognized, however, that the attendance at college or
university special dairy courses where the cheese-makers or butter-
makers can obtain practical information is of great value in the train-
ing of young men for the cheese-making or butter-making profession.

It should be pointedout here that the cheese-makers or butter-
makers who held a license prior to 1939 have not been required to take
the examination. Most of those who have appeared for the examination
have therefore been young men who have worked as helpers in creameries
or cheese factories.

WHPT WILL BE THE EFFECT OF THE LICENSING LAW?

The dairy leaders who suggested that cheese-makers and butter-
makers submit themselves to an examination prior to obtaining a license
had in mind the gradual raising of the standards of profioienoy of the
cheese-makers and butter-makers as part of a long-time program of

quality and composition standardization.

The proper enforcement of the law should,

1. Encourage young men to acquaint themselves with the laws that
pertain to sanitation, grading, testing, and compositioi stan-
dards for milk, cheese, and butter.

2. Stimulate in assistant oheeso-makers and butter-makers a de-
sire to obtain a thorough knowledge of all phases of the manu-
faoture of cheese and butter.

The ultimate goal is:

1. To raise the general standard of profiolenoy of the Oregon
butter-makers and cheese-makers.

2. To manufacture the highest quality cheese and butter of

correct composition.
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3. To increase the demand for Oregon cheese and butter in out-

of-state markets,

4. To increase the returns to the Oregon dairy farmers.

LICENSING PASTEURIZER OPERATORS

The applicant for a license must satisfy the examining board

that he has a good. knowledge of the following:

1. The law and regulations under which license or permit is

granted,

2, Bacteria, yeasts and molds -- what they are; where they

coins from; what they do; and. how they may be controlled.

3. Flavor defects in milk or cream -- their causes and control,

4. Pasteurizing and cooling.

5, Cleaning and sterilizing equipment and utensils used in the

pasteurizing roomo

6. Tests and problems:
a. Reading knowledge of standard. plate count, direct inioro-

scopic count, and phosphatase test.

b. Ability to demonCtrate Babcock fat test and acid test.

a. Ability to work problems in
(i) Standardization of milk and cream;

(2) Neutralizing cream.

A list of the publications such as extension bulletins, manuals,

etc., which contain information on the above may be secured from the

State Department of grloulture by each applIcant fc,r a license.

The method of conduoting the examination is as follows:

The State Department of agriculture will appoint an examining

board whose duty it wI].]. be to examine each candidate, The board

will, at the conclusion of the examination, file with the State Depart-

ment of Agriculture a report of the results of the examination, Only

two grades will be given. (1) 75 to 100 - Pass; and (2) le8s than

75 -- Fail. Those who fall may present themselves for a re-examina-

tion at suoh time and place as may be scheduled by the department.

They must again take the complete examination.

The examining board shall consist of three men. One shall be a

member of the Oregon market milk industry selected by the State Depart-

ment of Agriculture, one shall be a member of the staff of the Divisi,



34

of Foods and Dairies, State Department of Agriculture, and one shall

be a member of the De,artment of Dairy Husbandry at Oregon State

College or a nominee by bhe head of the dairy department.

The examination shall consist of:

1. An oral examination.

2. A written examimation.

3. A demonstration of the candidate's ability to operate a

pasteurizer.

Part three shall be supervised by the Chief of the Division of

Foods and Dairies or his deputy.

Candidates for the license must apply to the State Department of

Agriculture at least 15 days before the examination is to be given

for aission to the examination. On an appropriate form he (or she)

must indicate the steps taken to obGain the information necessary in

order to meet the six above listed requirements.

VACREATION OF CREAM, MILK, AND ICE CREAM MIX

AND CONDENSING MILK WITH TBE VACREATOR*

The process of vaoreation had its birth in New Zealand, a country

known for its well advanced dairy industry and the high quality of the

butter and cheese manufacture. It was developed by H. Lamont Murray,

the inventor of the Vacreator, ond F. S. Board. The term ve.oreation

applies specifically bo the panteurization and treatment of milk,

cream, and other milk products. It is a relatively new process.

Through Murray's long experience in the manufacture of condensed

milk in New Zealand he realized that the boiling of milk under a part-

ial vacuum was effective in eliminating feed flavors, In a declara-

tion he stated that, 'tln the year 1923 I gave thought to the extraction

of feed, flavors from cream intended for buttermaking and toward this

end devised a method and apparatus for the continuous treatment of a

flaw of cream while boiling in aouo".

* Vaoreator is a Trade iIark Reg. U.S. Pat. Off., in Canada and

other countries.
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WHAT IS VACRE.ATION?

It is a three stage process that consists of:

1. Heating the milk, cream, mix or other milk product, instan-
taneously, by mingling with steam under a reduoed pressure,
in the first chamber, to the desired pasteurizing temperature.

2, Admitting the product to the seoond chamber, maintained at
a lower pressure, where boiling occurs, for removal of gases
and volatile substances and exoass steam to the water con-

denser.

3., Briefly exposing the product in the third chamber maintained
at nearly oomplete vaouum, where boiling again occurs, for
additional removal of water vapor and volatile products.

Vacreation, then, means effectively pasteurizing milk, cream, or
other dairy products, under reduced pressure by steam, followed by a
removal of a part of the water vapor as well as volatile substances,
and finally reducing the temperature of the product quickly in a vacuum

chamber to about 1100 F.

TH DEVELOPINT OF TI PROCESS

Murray and Board did not develop the process overnight. It may

be of interest to briefly outline the several steps in the evolution

of the vacreation prooess. They were:

First stage: Continuously passing hot flash pasteurized cream

thràugh a vessel under vacuum.

Second stage: Introduoing steam into the flow of flash pasteur-
ized creañn its way to the vacuum chamber so as to obtain
steain-dist illati on.

Third stage: Elimination of the conventional flash pasteurizer
itTn of a direct steam oontaot section to the vacuum

ohamber, thus obtaining vacuum pasteurization and steam-distilla-

tion in the one unit.

Fourth stage: The addition of a sea ond and high vacuum chamber
wherein ttain further distillation and cooling.

The recently perfected machine of stainless steel construction is
now extensively used for vaoreating cream for butter in New Zealand,

Australia and South Africa.

S
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OPERATItI OF TJfl VACI?EATOR

The Vacreator constitutes a combination of: (1) vaouum paeteur

izer, (2) steam distillation ohamber, and (3) high vacuum chamber.

The end result obtained from vaoreation is more than a sunation of

the results of the component units, wore these to be operated separate.

ly.

In the a000nanying illustration i shown the flaw oyoie of the

vaouum pr000ss when the Vaoreator is used, as a pasteurizer.

The dairy product -- milk, cream, ice cream mix, etc. -- deliver-

ed by the feed pump "X1' is adnitted by a float - controlled valve to

a perforated spray pan located in the top of the first, or pasteuriz-

ing, Chamber, "A". It falls in droplets from the spray pan and is

heated by direct contact with steam admitted through valve "B". The

pressure in the pasteurizing section is below atmospheric pressure

and may be held at an desired point, usually between 11 inches and

6 inohes of vacuum, thus naintaining any temperature from 190 to

200° F. Lower temperatures may also be used as desired, as when

pasteurizing milk for cheese. In the bottom of the pasteurizing

chamber is located a stringactuated equilibrium valve "C". The second

chamber "E" and the pipe "D" are kept at a reduood pressure of about

15 to 25 inches of mercury by be action of the ejector condenser "F",

depending o: the prothiot being treated. The relative pressures in "A"

and "B" are controlled by the adjustment of the tension on the equi-

librium valve "C".

The product on reaching the bottom of the pasteurizing chamber

"A" is drawn rast the equilibrium valve, l'asses up the pipe "D" and

is discharged tangentially into the cylindrical chamber "E". Under

the ini'luenoe oi the lower pressure in the uptake pipe "D" in chamber

"1' the product boils at from 1600 to 1800 F., and releases as water

vapor a portion of it water content to the ejector condenser, the

water vaioor carrying vrith it other volatile substances present in the

product. The intermediate float valve "G" controls the flow of prod-

uct through pine "xI" into a third chamber "I", 'here a still higher
vacuum, usually 28 or 28- inches, is maintained. The product enters.

thia final ohambor,loses more water vapor and volatile substances and

is cooled in the process to about 1100 F. The produot is pumped from

the bottom of the last chamber to the cooler by a multistage centri-

fuga]. pump "D'.

The amount of steam passing through valve U)31 is in exoess of

that necessary to raise the tenperature of the product to the pasteur-

izing temperature. This excess of steam aida in the freeing and

carrying away of certain volatile substances from the product, such

as ry be imparted by feed and weeds. The rise in teiperature of the

cold water, forced through the ejector-condenser by pump "Z", is an

indication of the amount of water vapor drawn off from the hot product

in the reduced pressure chamber,
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At present Vacreators, oonstruoted frorLt stainless steel, are made

in three sizes. The specifications for the machines are as follcwst

Capacity, pounds per hour
15,000(milk)

When pasteurizing 2,500(oream) 5,000(oream) 12,000(oream)

Height 6' 6" 6' 9" 6' 6"

Length 3' 0" 4' 6" 10' 6"

Depth 2' 10" 3' 0" 3t 38

Water required (U.S.
gallons per minute) 18-24 29-42 35-5).

Steam required (lbs.per
1,000 lbs cream - less
for vaoreating milk or
mix) 120-160 120-160 120-160

1otor requirements

Cream discharge pump 2 hp 2 hp 3 hp

Water pump 3-5 hp 5 hp (2) 7* hp

Shipping weight
(without motor) 1,350 lb 2,000 lb. 3,700 lb.

VACREATION OF CREAM FOR BUTTER

The first Vaoroator on the .Amerioan continent was received from

New Zealand and installed in the dairy produots laboratory at the

Oregon Agrioultural Experimemb sation in September 1938. A report

covering a study of 86 ohurnings of butter made from oream pasteurized

by the usual vat method and 86 churnings made from cream pasteurized

by the new method was published. It was found that "Vacreation re-
sulted in increasing the average soore of the butter when fresh 0.83

pojntI, and "The vasreation method of pasteurization was found to be

more efficient in killing baoteria than the coil vat method at the

temperatures used." Vaoreators were also installed by the dairy depar

rnents of the University of i5anitoba and Iowa State College. Experi-

mental ohurnings were made. Results obtained in Lianitoba showed that
"Of the 153 direct comparisons made in this study between butter made
from pasteurized and vacreated cream, all but eight of 145 are in favor

of the vacreated on the basis of flavor scores," and it was reported

that the Vaoreator was an efficient pasteurizer. The Iowa results show

that "the vacuum pasteurization of good quality cream gave butter of

significantly higher score than vat pasteurization of portions of the

same oream". There was an average difference of 0.97 point in score

in favor of the butter made from vacuum pasteurized cream. It was also

found that " No deleterious heated or cooked flavors are introduced, as

a result of the high temperature of pasteurization."



VACREATION OF MILK FOR C1DDA.R CESE

The possibility of vacreatixig milk for cheese was considered at

Oregon Agr:!.oultural Experiment Station. It was known from previous

teats with cream that this continuous method of pasteurization and

cream treatment resulted in:

1. Efficient deatruotion of microorganisms.

2. Removal of objectionable feed and weed flavor.

3. Reduction in the temperature of the pasteurized product by

about 900 F. by vacuum cooling.

If the same could be acoomplished when vaoreating milk for cheese per-

haps a product of a superior quality could he manufactured.

In preliminary tests it was found that when a temperature of 1600

to 1650 F. was maintained in the first, or pasteurizing chamber, with-

out any rtarding, the enzyme lipase was not destroyed. The flavor of

the cheese beoame slightly ranoid during storage. A method of pro-

heating prior to vacreation was therefore tried. It was found that

preheating the milk by means of a tubular heater to at least 145° F.

followed by vaoreation using a pasteurization temperature of 1650 F.

was effective in controlling the rancid flavor development.

With a bacterial count in 15 batches of raw milk ranging from

2,500 to 4,800,000 per milliliter and a geometric average of 75,500,

the numbers of bacteria in the vacreated milk ranged from less than

100 to 56,000 per milliliter.

A total of 24 batches of cheese was manufactured from 12 1ot

of coxieroial grade milk. Twelve batches were manufactured from raw

milk and twelve batches were made from vacreated milk. These were

split batohes.

The cheese was scored by the federal grader at Portland, Oregon.

Of the 12 batches of vacreated milk-cheese 11 scored higher than the

raw-milk cheese. The scores of the raw-milk choose ranged from 85 to

91, and averaged 89.87. The scores of the vaoreated milk-cheese ranged

from 89.50 to 92, ard averaged 90.92. Thus, the average score of the

cheese from the vacreated milk was 1.05 points higher than that of the

cheese made from raw milk.

Since these experiments were conducted large 8ze Vacreatora of

a oapaoity of 15,000 pounds milk per hour have been installed in

several cheese faotories. It is reported that Cheddar cheese of ex-

cellont quality is being manufactured by these factories. This vacuum

method of pasteurization is proving effective in eliminating onion and

other weed flavors from otherwise good quality milk.

The war interrupted the cheese experiments at Oregon State Co11og
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It is planned to do further research on the vacreation of milk for
cheese.

MWFACTTJRE OF RCX.UEFORTS.TYPE OF CBEESE FROM VACREATED MILK

A method of milk treatment in which the Vacreator is used that
would have the same beneficial effect during the ripening of Roquefort-
type cheese as homogenization was developed by Fabriotus and Nielsen
at the Iowa Agricultural Experiment Station. By preheating the milk
to 1100 F. followed by vaoreation, using a temperature of 165° to 1700

1, in the Vaoreator the lipolytio activity of the milk was stimulated
similar to that caused by homogenization. This favored the develop-
nient of desirable flavor in the cheese. Competent judgeø pronounced
the Roquefort-type cheese, made from Vacreator-treated milk, excellent
in quality.

VACREAT ION OF MAR1T MILK AND CREAM

No experiments have been made so far on vacreation of market milk
or cream, This method of milk and cream treatment offers some poe-
sibilitios, At present the two accepted methods of pasteurization gf
market milk and cream ares (a) 143° F. for 30 minutes and. (b) 160 F.

for 15 seconds.

Tests to determine the effeot of vacreation when using different
temperatures in the pasteurizing section on the destruction of bacteria
and enzymes are now underway in the dairy inanufactu re s laboratories

at the University of Illinois Agricultural Experiment Station.

VACREATION OF ICE CREAM MIX

As ice cream mix had generally been pasteurized at from 155° to
1600 F. for 30 minutes prior to homogenization, it was with some
skepticism that this method of high-temperature, vaouum pasteurization.
of ice cream mix was tried by the Oregon Agricultural Experiment Sta-
tion, It was expected that the heat treatment, even at 1900 to 2000 F.,

might oauso a caramel or buttersootoh flavor in the mix, and that the
whipping property of the mix would be injured. It was also suspected
that the ice cream would have a weak body and probably a poor melt-
down characteristic, As the mix would emerge from the vacun pasteur-

izer at a temperature of about 1100 F., it would be necessary to heat

the mix again if homogenization were to fol)OW pasteurization.

It was decided, however, to study the effect of this method on the

quality of ice cream. The procedure decided upon consisted of the

following steps:



1, The ingredients for the mix -- cream, milk, dry milk, sugar,
whole egg, gelatin -- were blended in a coil vat and heated
to a temperature of 1500 F.

2. The temperature of the mix was maintained at 1500 F. while
being homogenized. Homogenization consisted of applying a
pressure of 2,500 pounds per square inch.

3. The homogenized mix was discharged into a surge tank,

4, The homogenized mix was vacuum pasteurized as follows:
First chamber (6 inches vaouum) 2000 F.
Second chamber (20 inches vacuum) 1610 F.
Third chamber (28 inches vacuum) 100° F.

5. The pasteurized mix was cooled to 350 F. on a surface cooler
and was then stored in an insulated tank until used.

The mix treated by this method, where homogenized mix was vacuum
pasteurized, was oompared for flavor, body, bacterial content, and
whipping property, with a mix processed by the usual method of vat
pasteurization followed by homogenization and cooling. The results
obtained were surprisingly good. In a considerable number of compar-
isons, involving split batches, it was found that the mix treated by
the now nothod had a more palatable flavor, a less viscous body, and
a better whipping property than the mix treated by the usual method.
The vacuum pasteurized mix had a low bacterial content.

The process was also found satisfactory at the Iowa Agricultural
Experiment Station. It was reported that "vaoreation of ice cream mix
improved the flavor o ice cream when scored fresh", and "there was
less tendency for vaoreated mix ice cream to develop a stale, oxidized,
or metallic flavor", In this work homogenization followed vacuum
pasteurization.

As a result of the tests made at Corvallis during the year 1939,
it was decided to use the vaoreation method as a standard procedure
for all ice cream mix prepared in the Oregon State College dairy pro-
ducts laboratory. The results of this application during the past
five years have been vOry satisfactory.

In deciding to adopt homogenization before pasteurization as
standard practice with the introduction of the vacreation method, it
was felt that this departure would reduce the chances f or contamination
subsequent to pasteurization.
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CONDENSING MILK WITH TI VACREATOR

This is the latest reported use of the Vacreator in the dairy
field.

A member of the Oregon Agricultural Experiment Station staff in
1939 had considered the possibility of condensing milk for ice cream
mix th the Vacreator, With the united States active participaon
in Vforid War II and the lend-lease plan in effect, there developed a
soarcity of spray process nonfat dry milk solids. This product ad
been in general use for increasing the amount of milk solids-not-fat
in ice cream mix. As difficulty was experienced in obtaining suffic-
ient dry milk for ioe cream mix, it was decided to activate an experi-
mental project on condensing milk1 or ice cream mix, by means of the
Vaoreat or,

The use of the Vaoreator not s an apparatus for high-temperature,
short-time pasteurization, as previously outlined, but as a condensing
unit involved a number of problems. Simply circulating milk or mix
through the machine and operatthg it with steam, as a vacuum pasteur-
izer, did not result in any material alteration of the composition of
the milk or mix. It wasneoesary to evolve a different and consider-
ably modified treatment. The maohthe had not been used for thie pur-
pose before,

For the satisfactory condensing of milk or mix by the Vacreator
it was necessary to postulate the following:

1. Condensing process must not cause an undesirable oarazoljzed
cooked, or scorched flavor in the produot.

2. The physical condition of the condensed product must be sat-
isfactory. No undesirable curdling must take place.

3. The length of time required for condensing uust not be ox-
oesaivo.

4. The amount of stean, weter, end power must not be so large
that tho cost becomes excessive.

5, The process should bo semiautomatic so the cost of super-
vision during condensing is not excessive.

6. A dependable, simple method of determining when the condens-
ing process is completed must be provided.

After about one year of experimentation a simple, practical, and
inexpensive method of condensing milk to the concentration desired for
ice cream mix, using the Vaoreator without any mechanical change as a
milk condenser, was devised. Condensed milk of a highly satisfactory
quality was obtained.
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The method of condensing is as follows:

1. Place the necessary amount of skim milk in a tank,
2. Pump the milk through a oontinuous preheater and heat it to

2OO - 205°.
3, Allow the hot milk to enter the first chamber through the

float valve.
4. Tith the equilibrium valve removed maintain a vacuum of 24 to

25 inches in the seoond chamber and a vaounm of 27j to 28 r:
inches in the third chamber, Use no steam.

5. Continuously return the condensed milk to the supply tank.
6. Continue to circulate the milk through the Vacreator until

the milk in the tank is of the desired concentration,

With a rate of flow of milk of 5,000 pounds per hour approximately
500 pounds of water can be removed per hour with the Baby Size Vacreat-
or,

With a rate of flow of milk of 12,000 pounds per hour approximate-
ly 900 to 1,000 pounds of water can be removed per hour with the Junior
Vacreat or.

The condensed milk will have a fine flavor, free from any cooked
character. The milk will letve the Vacreator at a temperature of
approxixuatoly 110° F. About 45 minutes condensing with the Baby Size
Vacreator ware required to remove sufficient water from the milk to
result in a condensed product of the proper density for a 900 lb. ice
cream mix of standard composition, limnediately after condensing, the
oream, sugar, gelatin, etc., are added to the condensed milk and the
complete mix can then he homogenized, vacroated and cooled,

Whole milk can also be satisfactorily condensed but sufficient
data from research on this is not available,

The complete milk-cream-sugar-gelatin-mixture can also be con-
densed, but it is considered more practiôal to first condense the
milk.

In the tests made in Oregon and also in a commercial ice cream
factory in Pennsylvania, ice cream of an excellent quality was obtained
from vacreated ice cream mix with which Vaoreated-condensed milk was
used, The cost of condensing milk by this method was found to be
reasonable,

Condensing milk with the Vacreator may find considerable applica-
tion in ice cream factories that do not have a vacuum pan. The Vacrea-
tor can be used for the dual purpose of condensing milk and vacroat-
ing ice cream mix,

Additional experiments involving the use of the Vacreator for con-
densing buttermilk, whey, chocolate milk and for removing water from
other dairy products are contemplated.
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CONTROL OF TI QUALITY AND COPOSITION OF BUTTER

Norma].iy about l billion pounds butter are manufactured annually
in the creameries in the United States. Next to fluid imilk and cream,
butter a000unts for a greater amount of milk fat than all other manu-
factured dairy products combined. This is seen from the following data
for the pro-war year of 1940 as reported by the United States Deart-
ment of Agriculture,

Consumptionof Butterfat Per Person for Year 1940

Fluid milk and cream 14.20 pounds butterfat
Butter 13,40 " 11

Cheese 1.92 "

Evaporated milk 1.38 " 11

Ice Cream 1,38 U

Condensed, dry whole, and malted milk 0.11 " It

Total 32.39 pounds

We sometimes wonder if any progress has been made in improving
the. quality end composition of butter through improved butbermaking
methods and by the use of butter equipment during the time most of us
have been engaged in this industry. I think that remarkable progress
has been made. I should like to briefly enumerate some of the fact-
ors in the improvement.

1. The use of chrome-niokel steel alloys for surfaces of pasteur-
izers, vats, pipes, fittings, cooler, eta,, with which milk and cream
come into contact in the creameries,

2, Elimination of iron cream pumps and the use of sanitary pwripa
constructed from non-corrosive met1 and equipped with sanitary rotary
seal in place of stuffing boxes.

3. Provision for a separate pump f or buttermilk.

4. Adoption of flush valves for pacteurizing vats and storage
tanks,

5. Installation of recording thermometers on cream pasteurizers.

6, Improved, more exact methods of neutralization.

7, Prevention of oily-fishy flavor development in butter through
control of the manufacturing process and avoidance of contamination of
the cream and butter with copper and iron,

8, Controlled methods of preparing and using starter when suoh
is used.
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9. Introduction of rolls-less churns and all-metal churns,

10. Development of metal butter tampers, ladles, and strikers.

11. Improved treatment of parchment paper.

12. Superior methods of cleaning churns.

13. Adoption of methods of cleaning and sterilizing equipment
to prevent the development of putrid, and other bacteria-induced
flavors, during the storage of butter,

14, Improvement in the quality of butter salt.

15. Improved workmanship arid processing technique to control
leakiness of butter.

But butter has been "knocked about" during the last several years.
Not only has the quantity manufactured greatly decreased but the qual-
ity has suffered considerably. Now is the time for a vigorous quality
improvement program. We should intensify our research relating to
butter. AmerioanE like fino-quality butter and will eat generous a-
mounts of it if it haa a good flavor and possesses a fine waxy body so
that it spreads mell on bread or on rolls.

In the overall improvement in butter quality it is necessary that
the improvement in the production and assembling of the milk and cream
goes hand in hand with improved application in the manufacturing plax

The factors that enter into the quality of butter are:

Flavor
Body and texture
Color
Salt
Appearance, package
Freedom from extraneous matter, molds, yeasts,

undesirable bacteria, copper and iron.

The present discussion deals with the methods the buttermaker
has in controlling the quality of butter.

The flavor. This is the most important of the factors which
make up quality. In the score card for butter 45 points are allotted
for flavor.

The flavor of fine butter may be characterized as clean and
delicate, fresh, mildly salty, mellow. There must be no taint present
from feed, weed, old cream, dirty utensils, from fermentation due to



undesirable microorganisms, or from enzymatic or other chemical
aotion.

The butterinaker has no direct control over the methods of
produoing and handling the milk and cream on the farm. But he
should be familiar with the causes on the producing farms of certain
undesirable flavors in order that the creamery field man or the oream-
ery manager may advise the producer to use corrective measures in
order to control the defects. Speedy pickup of cream from the farms
and early arrival of the cream at the creamery are aids in preserv-
ing the good flavor of milk and cream. Shady roadside stands and
closed trucks are desirable.

All supplies of milk and cream should be graded on their arrival
at the creamery. If milk or sweet cream are received, the grader
must place into a second grade any milk or cream that has a pronounced
feed or weed flavor, an unclean flavor, an acid flavor, or a slight
rancid flavor. 1'iilk or cream which is dirty, and cream which is
yeasty, pronouncedly rancid, cheesy, iioldy, metallic, tallowy, stale
etc., should be returned to the producer. If sour cream is being
received, any cream 4ii.eh is only mildly sour but is not stale may
be placed in the top grade and good flavored medium, or high acid,
cream may be placed in the next lower grade, while definitely off-
flavored cream should either be returned to the producer or sold to
some creamery that can rnalce ohurnings of second grade or cooking
grade.

There is no known method that the butternaker can use for elimin-
ating stale, metallic, rancid, yeasty, and similar off flavors from
cream.

When sour cream is received it is necessary to reduoe the acidity
by neutralization with an alkali, The oontrol of the acidity of the
oream is very important, especially if the butter is to be stored for
seine time. The acidity should be adjusted to suoh a point that the
serum of the butter will have a pH of from 6.7 to 7.0. For long-time
storage the neutral point is preferable. A high acidity (low pH)
favors the development of oily-fishy flavor. Oior-neutralization must
be avoided.

Correct pasteurization is one of the important steps in controll-
ing butter quality. The temperature and time of exposure should be
such that all pathogenic bacteria and all yeasts and molds are destrr-
ed. The enzymes should be inactivated. A high percentage of the non-
pathogenic bacteria should be killed. Contamination with mioroorgan-
isms from air, equipment, and water after pasteurization must be avoid-
ed and the pasteurized oream should be protected from light and metals
such as copper and iron.
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The expulsion of flavors imparted to cream by feeds and weeds
consumed by the cow, and oertain loosely bound extraneous flavors,
may be accomplished by using a vacuum method of pasteurization.

Some markets prefer butter that has a flavor that is more pro-
nounoed than is obtained when sweet cream, or cream that has been
neutralized, is churned. The addition of a small amount, 3 to 5 per-
cent, of fine-flavored starter, may be added to the cream, either
just before churning, or several hours before, without ripening to
increase the acidity. The addition of starter to cream of low quality
is of doubtful value. The addition of artificial flavoring compounds
is prohibited by regulatory agencies.

Body and Texture. Well-made butter possesses a waxy character-
istiodose, well-knit texture. This is much appreciated by
the conswaers. 'iThen at the proper temperature for spreading, butter

can be spread evenly on bread without crumbling.

The buttermaker has in his control the inanufaoture of butter
that possesses a desirable spreading property and that is neither
greasy nor leaky.

Proper control of the body and texture of butter oonsist of:

1. Cooling the cream to 400 F. during spring and suer and
not below 50° F. during winter.

2, The churn in a good physical oondition.

3. Not overfilling or greatly underfili5.ng the churn.

4. The cream in the churn of the correct temperature for churn-
ing in the time required for exhaustive churning and to give

a firm-bodied butter,

5. Washing with water of a temperature to properly chill the

butter granules.

6. Thorough distribution of the salt.

7. Working the butter until the brine droplets are uniformly
inooxporated and thoro'.ghly subdividad but not so muoh that
the outter becomes either saivy or stioky.

The buttermaker who is able to manufacture butter that has a

fine waxy body and a close texture is indeed an artist, lie should

strive to make every churning of butter superior in body and texture.



Color. It is sometimes overlooked that color is rated 15 of the
100 points on the score card. The attractive golden-yellow color of
butter is much appreciated by the consumers. It is very fortunate
that nature has given milk fat a color whioh is so pleasing 'to the
eye. No other color would be as attractive.

The shade of yellow color varies with the kind of feed eaten by
the cow, When green feed is eaten, the color of the fat is deeper
than when dry feed is consumed, Consumers prefer butter which has
a uniform color throughout the year. The color of butter is satis-
2aotory during spring, surrner and early fall, but during the balance
of the year a small amount of color must be added to the cream in
order to maintain the desirable shade of yellow.

The butter muat have a good lustre, A "lifeless" dull color is
not wanted, The color should be uniform. There must be no streaks or
mottles.

Salt. Most Americans prefer salted butter, About 2* percent is
oonsiied best on the Pacific Coast. The a1t must be all dissolved.
If the brine is finely &meoprated the butter will be free from a
harsh, briny taste. Clean salt, free from an undesirable bitter taste,
should be used,

Package and Finish. The butter prints must be neat, and even,
free ?ii Ioes and fingerinarks.

Control of Extraneous Matter, Yeasts and Molda. Modern operations
praotTriintee that the butter is free from undesirable extran-
eous matter and from yeasts and molds, If the equipment is in a
first-class condition, if filtered water is used, if clean salt is
added to the butter, if the creamery is free from flies and other in-
sects, and if the atmosphere is kept reasonably free from soot and
dust (preferably air conditioned and the incoming air filtered) the
butter will be free from objectionable extraneous matter. Yeasts arid
molds can be controlled by (1) efficient pasteurization, (2) the
use of clean, sterilized pipe lines and fittings, pumps, strainers,
churns, butter packing equipment and moulds and (3) using water that
is free from these organisms. The finished butter must be protected
from contamination and must be printed with clean sterilized equip-
rnent. Mold-free parchment paper should be used for wrapping.

Control of Composition. A modern butter manufacturing operation
has suffiólent controIio that every churning of butter shows practic-
ally no deviation from the desired composition. A "must" is that every
ohurning contains at least 80 peroent fat as required by law. No cream-
ery can afford to jeopardize its reputation by manufacturing butter
that contains less than the legal amount of fat.
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Every creamery should have equipment for analyzing butter for fat,
moisture and salt. The finished butter in each churning should be
analyzed and a record made of the results, The maximum deviation
from the standard in the fat content should not exceed 0,3 in the
percentage. A standard for fat nay be 80.3 per cent in a oroamer
that has good composition control. If the standard for salt is 2
per cent, a maximum deviation in the percentage should not oxoeod

0.1

A sample of butter from each churning should also be used for a
two-week keeping quality test and for an examination for extraneous
matter,

The following is an outline of the method of controlling the

composition of butter;

1. Accurately determine the pounds of cream in each churning.
Also, weigh the trirmnings if these are to be added to the

cream,

2, Determine the fat percentage of the cream in the vat and
compute the pounds fat present.

3. Compute the amount of butter that should be obtained.

Example:
1000 pounds fat available

1 per cent of fat lost in buttermilk
lb. fat lost through foam and dripping

989,5 lbs. fat for butter

989.5 x 100 1229 lbs. butter containing 80.5
80.5 per cent fat,

229 x 100 22.9 per oent over-run
1000

A table has been prepared by the author that shows (1) the

pounds of fat in different lots of cream varying from 500 to 5000
pounds, with fat contents ranging from 29 to 42 per cent, (2) the

pounds of butter that can he obtained (22.9 per cent over-run), and
(3) the pounds of salt that must be added to the butter in each churn-
ing in order that the finished butter will contain 2.3 per oent salt.
It is considered that the composition of the finished butter is 16.5
per cent moisture, 80.5 per cent fat, 2.3 per cent salt, and 0.7 per
cent curd.

4, When the salt is added, also add some water, enough to give
nearly the desired amount of moisture in the butter,



50

5. Work the butter until it is almost dry.

6. By means of a spatula, remove a representative sample of the

butter from the churn for a moisture determination, Test

for moisture.

7. Calculate the amount of water to add to the butter in order
to obtain butter of the desired moisture content, Add
filtered water of the same temperature as the butter.

A table has been prepared by the author that shows the pounds of

water to add to ohurnings of unfinished butter, when the fat in the

cream before ohurning varies from 300 to 2,000 pounds and the moisture
in the unfinished butter at the time of making the first moisture test

iiaries from 13.5 to 16.4 per cent.

The amounts of water have been calculated from the application of

an algebraic formula.

5, Work the butter until the added water has been thoroughly

inoorporated. The butter should be thoroughly worked so

that the moisture droplets are finely divided. Unless this

is done, the butter will leak during and subsequent to print-

ing,

9. Finally, analyze the butter for total composition: moisture,

fat, salt, and curd.

OREGON BUTTER IW'R0VEIiENT PROGIAM

The oonsumption of dairy products in Oregon about balanced pro-

duction during 1917 to ].9]$. By 1920 there was an excess of about

2 million pounds fat. The surplus dairy products, mainly butter and

cheese, were sold on out-of-state markets. Increasing amounts of

surplus butter and cheese became available each year following 1920.

Improvement of butter quality and composition beosme a tlmusttt in

Oregon during the late twenties. The 104 creameries manufactured 25
million pounds butter during 1929 of which 20 million pounds were sold

in the state and the remainder in California and Washington. Comp1aix

of low quality, irregular composition and of poor keeping property

reached agricultural leaders.

A survey of the marketing problems of Oregon creameries, includ-

ing a study of the underlying causes of poor butter, was made in 1926

by the Oregon Agricultural Experiment Station. Praotioally every

oreamery in the state was visited by the investigators. The markets

of Los Angeles, San Francisco, Seattle, and Spokane were studied.
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Nearly all jobbers and wholesalers in Portland were interviewed.

Mid-20'a Study Sumnarized

In the survey suxxunary it was stateds "Practically every creamery

in the state is oonfronted with acute marketing problems. Each cream-

ery is attempting to sell its own products independently of the otherer

therefore, there are about as many competitors as there are creameries

in operation. Even with so large a number of creameries there is a

greater uniformity in the method of marketing than would ordinarily be

expected.

"The most serious difficulty is with the quality of the product
which they have to market, sinoe there is a wide variation in its

quality. Butter scoring from 83 to 95 points is being offered for

sale in various markets of th state and the common criticism of the
wholesalers and jobbers in the largest oentral market in the state,
Portland, was that the butter sent them by the various creameries
varied so much in the quality and quantity, one shipment with another,
that it was practically impossible to build up any regular trade on
the produot received from the different creameries.

"As a consequence it was necessary for them to determine the
quality of each lot of butter received and try to dispose of it to
a particular trade that required that grade of butter. Thus a con-

sumer oould got the butter from a oertain creamery one time and pos-

sibly from another the next. The better way, of course, would be for
the creameries to furnish a uniform quality regularly, thus making it

possible to build up a regular trade with the oonswn.ers."

A scoring of 56 samples of oorameroial butter collected during

1926 ahowed that the quality was as follows:

Percentage of all
samplo_

92 score and above 5.3

91 to 92 score 7.1

90 to 91 score 18.0

83 to 90 score 69.6

In the sumsary report, it was also stated that:. "The trend of

the óonsumer demand is for higher quality butter. The inoreasing

demand for better quality butter is recognized by most creameries.

"The future success of Oregon's dairy industry depends upon united
action within the industry in improving the quality of butter and the

correction and elimination of present evils existing in the purchase
of raw materials and group aotion in the marketing of the manufactured

product."
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Later Study of Butter Quality

A detailed study of the oonditions in the butter industry in the
state was made by the Oregon Agricultural Experiment Station in 1928-
1929. In the field study where detailed observations of the quality
of cream reoeived, cream grading, methods of manufacturing, and other
factors were made, it was found that a considerable variation existed
in the quality of the cream received at the different creameries.
Cream quality was influenced more by the attitude of the creamery
management than by reason of any regional, olixnatio, or other conditionc.
There was intense competition for cream among the different creameries
in the state, With no compulsory system of paying for cream in a000r-
dance with quality, the competition resulted in a sacrifice of quality
in order to maintain volume.

In nearly every plant visited, some undesirable practices were
noticed. The most common of these were the laok of proper grading
of the cream before churning and failure to keep out the old and off-
flavored cream for churnin separately. It was customary for the
buttermakers in many of the plants to include with the regular churn-
ing the poorer lots of cream received in the hope that the defective
flavor would be concealed. Incorrect methods of neutralizing and
pasteurizing cream were common. Ordinary cheap glass thermometers
were used by most plants. Yeast and mold control was inadequate.

With such conditions, it is not surprising that an undesirable
flavor developed in some of the butter during its trip from the
creamery to the consumer's table. Some of the oomp].aints received
from out-of-state markets can be explained partly by the presence in
the butter at the time of manufacture of an excessive number of un-
desirable microorganisms.

A grading of 104 samples of commercial butter during the winter
1928-1929 showed scores that ranged from 87 to 93. Only 9.6 per cent

of the samples scored 92 to 93, while 21.2 per cent scored less than
90.

Quality and Composition Program Started

Beoause of the great variation in the quality of the bitter made
and the small quantity of high-scoring butter found on the market, the
Oregon Agricultural Experiment Station, in }Iarch 1929, started a free
monthly butter-scoring and analy.s service. It was thought that such
a project would help to improve its marketability. The plan for the
service was perfected during a meeting at Portland in February 1929.
Those present were H. C. Raven, R. E. Cavett, commercial creamery
operators; L.B. Ziemer, Deputy Dairy and Food Commissioner; and G. H.
luster, Oregon State College.
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This service was offered to all creameries and the first year
was taken advantage of by 60 different plants. The number using this

service increased gradually until about three-fourths of the state's
95 creameries took advantage of the service, In view of the public-

service character of the work, no research or other special legis-
lative funds were used for defraying the cost.

Each of the participating creameries has mailed two one-pound
prints of butter from its regular first grade ohurnings on the second
Monday of eaoh month. One of the pound prints has been scored when
fresh - about one week old - and the other has been used f or a keep-

ing quality test. Before scoring each print has been rewrapped in
plain parchment paper and given a number for identification. The work

of soing has been done by a group of competent butter judges consis-
ting of Federal and State officials and orznmeroial men, usually in
the dairy building at Oregon State College.

Survey Kept Confidential

The work has been kept confidential. The judges have had no
knowledge of whose butter they were scoring. In addition to the scor-

ing, a determination of the amount of fat, moisture, salt, and curd,
and the number of yeasts and molds present, has been made. During
later years, a determination of the pH value was included, Frcan the

results obtained, an efficiency score for each sample has been ca1oiila

ed.

Samples from approximately 7500 churnings have been scored and
analyzed and resoored after the keeping quality period. Monthly sum-

mary reports have been sent to the participating creameries. Sugges-

tions for improvement in quality and composition of the butter have

been made. Methods for controlling yeasts and molds have been out-

lined. Numerous "Timely Topics" of interest to buttermakers have beeu

discussed. A manual was published. Important meetings have been held

in various parts of the state. Complaints from markets are now rare.
The following comparison shows the improvement that has taken place
in the quality during the 13 years of the improvement work,

COJ1PARIS0N OF SCORES OF BUTTER, 1ST YEAR AND 13TH YEAR

Score

92 and above
91

90
Below 90

1929-30
let Year

435 Churnings

7.8%
33,1%
38.6%
20.5%

1941-42
13th Year

621 Churnings

59.1%

S /0

Change 13th
Year Compared
with let Year

f 51.3(inorease)
+ 2,5(inorease)

-34 .4 ( decrease )

-19,4(deorease)
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The economio importance of making high-grade butter is recognized.
The difference between the average yearly wholesale price of 92 and

90 score butter at San Francisco for 1941 was 1.79 cents. On 32,000,

000 pounds butter (oregon's production for that year), this would be

a difference of 572,8OO.00 or over one-half million dollars.

The demand is for butter that possesses the following oharacter-

istios:
1. Fine flavor and aroma, uniform throughout the year.
2. A good body and texture. Good sproadability. Must not lose

brine when printed.

3. A medium salt content, the salt uniformly incorporated.

4. An attractive oolor of uniform shade during all seasons.

5. A fat content that meets the legal requirements.

6. A good keeping quality. A fishy, rancid, or putrid flavor

must not develop.

7. Made from efficiently pasteurized cream in a sanitary cream-
ery so the butter does not become moldy.

8. Completely free from extraneous matter such as hair, dirt,

etc.
9. IiIarketed in a neat clean package.

Color Made More Uniform

Consumers are sensitive to a ohange in the color of butter. They
demand that it be kept uniform from day to day throughout the year.
It is, therefore, necessary for the butterniakers to standardize the
color of the butter they are marketing. All samples of butter re-
ceived have been graded for color since the fifth year of the soor-
inga. Chr. Hansen's Standard color-comparison cards have been sold.

Whereas during the fifth year only 62.3 per cent of the samples
were of the preferred shade; during the 13th year 96.6 per cent were

of this shade of yellow color.

Improvement in Composition

Marked improvement has taken place in composition as will be

seen from the data herewith. During the first year of the work, only
56.9 per oent contained 80 to 81 percent fat with 15.6 per cent below

80 per cent fat. During the 13th year, 82.2 per cent contained 80
to 81 per cent fat and only 3.5 fell below the legal standard of 80

per cent fat,

If a creamery makes 1,000,000 pounds of butter in one year and
the butter contains 1 per cent fat in excess of the normal, it loses

the value of 10,000 pounds fat. If this fat is worth 50 cents a

pound, the loss sustained is 5,0O0.



CIANGE IN TIlE FAT CONTENT OF BUTTER ANALYZED

1929-30 1941-42

Per Cent 1st Year 13th Year Change 13th

of Percentage of Percentage of Year Compared

Fat. All Samples All Samples with 1st Year

Less than 80 15.6% 3.5% -12.1% (decrease)

80.0 to 81.0 56.9% 82.2% 4.25.3% (increase)

31.1 and above 27.5% 14.3% -13.2% (decrease)

Salt Content Reduced

Consumers prefer light-salted butter. About 2.2 to 2.3 per cent

seems to be ideal. This peroentage was deoided upon by the creamery

industry in 1931 when the single standard for composition of butter

(win, 80 per cent fat) was adopted. The data in the a000mpanying tabs

very strikingly show the effectiveness of the program to reduce the

salt content to meet market requireuents. Scores were undoubtedly

increased by lowering the salt content. During the 13th year, 96.8

per cent of the samples contained less than 2.6 per cent salt and the

average salt percentage of all the samples was 2.2 per cent.

CHANGE IN TIlE SALT CONTENT OF THE SAIIIPLES ANALYZED

Per Cent
of
Salt

Less than 2.6
2.6 to 3.0
3.1 and above

1929-30
1st Year

Percentage of
All samples

28 5%
AQ '1CzJ. i

22.8%

1941-42
13th Year

Percentage of
All Samples

96.8%
3,2%

Yeasts and Molds in Butter

Change 13th
Year Compared
with 1st Year

4.68.3% (increase)
-45.5% (decrease)
-22.8% (decrease)

The yeast and mold oontent of the fresh samples of butter is, to

a large extent, an indication of the efficiency of pasteurization of

the cream and of the efficiency in the cleaning and the sterilizing

of the buttermaking equipment. The yeast and mold counts were high

during the first several years. Some improvement hag been effected,

but too many of the ohurnings of butter during the 13th year contained

an exoessive number of these organisms. Butter should be free from

yeasts and molds. Moldy butter on the market means not only a tobal

loss of the particular lot, but a more serious loss due to buyer re-

sistance to furbher purchase of butter from the same source.



CHANGE IN TI YEABT AND MOLD COUNTS OF TI SAMPLES ANALYZED

Y & M 1930-33. 1941-42
Per cc. 2nd Year 13th Year Change 13th

of Melted Percentage of Percentage of Year Compared
Butter A1lflamplea_ All Samples with 2nd Year

Less than 10 5,1 13.6 4. 8.5
10 to 100 30.1 28.6 - 1.5
101 to 1,000 47.3 30.8 -16.5
More than 1,000 17.5 27.0 4 9.5

Suimiary of Improvement and Standardization Work

1. The fla'uor end body and texture of the butter made in the
majority of Oregon's creameries have shawn substantial improvement.

2. Through better methods of manufacture, the keeping quality
of the butter has been improved.

3, The color of the butter has been made more uniform.

4. A higher peroentage of the butter during the 13th year con-
tained the ideal percentage of fat than was the ease during the first
year.

5. The salt oontent of the butter has been reduced to suit
market requirements.

6. The general quality of the butter has been made more uniform
and more suitable for shipment to out-of-state markets.

7. The market value of the butter made has been greatly in-
creased.

Compulsory Milk and Cream Grading

An important step in Oregon' a program of improving and standard-
izing the quality of the butter manufactured was the establishing of
uniform grades for milk and cream and making it compulsory for the
creameries to pay for these products in accordance with the grade.
The law provides for the licensing of graders and for the return to
the producer of milk or cream which is unfit for human consumption,
The State Department of Agriculture was given authority to en.foroe the
law. Each creamery must employ at least one grader.
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Licensing Buttermaker s

Another step in Oregon' s butter improvement program was the en-
actment by the State Legislature in 1939 of a law that provides for
the licensing by the State Department of Agriculture of all butter-
makers in the creameries. Each buttermaker must pass a written and
an oral examination before he can obtain a license. One year's ex-
perience in a creamery is a prerequisite for obtaining a lioense.

TIE VACREATION OF CREAM FOR BUTTER MAKING

Introduction of Pasteurization

It was in 1897 when H. E. Sohukneoht in the Farmers Cooperative
Creamery, Albert Lea, lviiimesota, first used the method of pasteuriz-
ing cream for butter manufacture. He found that this new process re-
sulted in butter that possessed a greater uniformity in flavor and had
a better keeping quality as compared with butter made from unpasteur-
ized cream. Mr. Schukneoht found a market in Europe for this new
type of butter. Today there is probably not a single creamery of the
some 4,000 plants in the United States that is not pasteurizing the
cream before it is used for butter.

Development of Vaoreation

In New Zealand, a country that is well known for the advanoed
state of development of its dairy industry and for the high quality of
the butter and cheese manufactured, was recently developed a new method
of pasteurization which is known as "Vaoreation." The inventor is
H. Lamont Murray, who with Frank S. Board perfected this vacuum method
of pasteurization. A pasteurizer known as a "Vaoroator" was designed.

When Murray was operating a condensed milk factory in the Waikato
district, Auckland Province, New Zealand, he observed that feed flavoi
which was ooimnon in the milk, was largely eliminated during the con-
densing process. He later reasoned that if these volatile flavors
could be removed from milk while boiling at reduced pressure without
any deleterious effect on the natural flavor or other properties of
the milk, a similar method might be employed in the treatment of cream
used in buttermaking. Flavors in milk and cream arising from turnips,
clovers, spring grass,and various weeds,00nsumed by the cows, were oom-

mon. In 1923 Murray and Board while operators of the Te Aroha Dairy
Company, Ltd., whioh had an annual output of 4 to 5 million pounds of
butter, set out to apply this principle to the treatment of cream,



Influence of Vaoreation on the Quality of Butter

1. Tests at the Oregon Agrioultural Experiment Station

The investigation extended over one year. In a series of 86
comparisons involving 200 gallon-lots, cream of good quality was

divided into equal parts. One part was pasteurized by the usual
coil vat method (155 deg. F. for 30 minutes) and the other was

vacreated. Additional lots of weed-flavored oream and cream of

variable quality were also used. The butter was graded weekly by

a ooiirnittee of three or four men. The samples were known by num-

ber only and the numbering system was such that the judges obtained

no olue through the use even or uneven numbers or of consecutive

numbering regarding the method of pasteurization.

For the 86 comparisons the vaoreated-oream butter scored high-

est 71 times. The average score of the butter from vacreated cream

was 92.38 and the average score of that from the vat-pasteurized

cream was 91.55. Thus vacreation resulted in increasing the aver-

age score 0.83 point. This represents a very remarkable improve-

ment when it is considered that the difference in score between

mediocre quality butter and the finest commercial butter is only

three points, 93 score being the top commercial grade.

The greatest improvement took place during the spring months.

This was due, primarily, to the freeing of feed, weed, end certain

loosely bound extraneous flavors from the cream during vacreation.

Butter in 33 comparisons was shipped in 68-pound boxes to Port-

land for scoring by the Federal butter grader stationed there. Of

the butter from vat-pasteurized cream 10 lots scored 92-93 whereas

of the butter from vacreated cream 25 lots scored 92-93,

When butter in 79 comparisons was stored at a temperature of 0

to 10 deg. F. for four months, there was a difference of 0.78 point

in favor of the average score of the butter made from vacreated cream.

The vaoreation method was found tobe more efficient in killing

bacteria than the vat pasteurization method. In 35 comparisons the

geometric average number of bacteria per ml. in the vat-pasteurized

cream was 9,284 and in the vacreated oream it was 495.

When oream badly tainted with onion, or with Frenoh weed, was

used in the experiments the vat method was not effective in removing

the undesirable flavor but the vacreation method was effective.

Since these tests were made all butter manufactured in the Oregon

State College Dairy Products Laboratory has been made from vacreated

cream,
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2, Tests at the University of Manitoba

It was reported tInt of 153 direct comparisons made in the study
between butter made from vat pasteurized arid vacreated cream1 all but
8, or 145, were in favor of the buttor made from vacreated cream on
the basis of the flavor scores,

3. Tests Made at the Iowa Agricultural Experiment Station.

The results qhowed that vacreation of good quality cream gave
butter of significantly higher score than vat pasteurization of
portions of the same cream. There was an average difference of 0.97
point in the score in favor of the butter made from the vaoreated
cream, Butter made from fine quality vacreated cream was sent to ten
different state and national butter oontests. The scores ranged from
93 to 95 points. Although the cream was vacuum pasteurized at a tem-
perature of 1900 to 2000 F. in the vacreator no undesirable heated or
cooked flavor was present n the butter.

BEFERE NOES

1. Brawn, R. L, 'tVacreatod" Cream for Buttermaking. Report by
Department of Dairy Husbandry, University of Manitoba, Tfinruipeg
Manitoba, Canada, in the Canadian Dairy and Ice Cream Journal,
Vol. XIX, No. 9, 1940.

2, Fabricius, N. E. and Bird, E. W., The Quality of Butter Made
from Vacuum-Pasteurized and Vat-Pasteurized Lots of the Same
Cream. Iowa Agriculture Experiment Station Bulletin 284, 1940.

3. Wilster, G. H., Vacuum Pasteurization of Cream for Butter.
Oregon Agricultural Experiment Station Bulletin, 368, 1940.

4, Wi].ster, G. H., The Dual Use of the Vacreator £ or Condensing
Milk and Pasteurizing the Ice Cream Mix. Oregon Agrioultural
Experiment Station1 Corvallis, Oregon, Bulletin 430, 1945.



CONDITIONS IN AND TIlE FUTURE OF THE DAIRY INDUSTRY IN TIlE NORTThE8T

AS IT AFFECTS THE REM&INDER OF TIlE COUNTRY

The three Faa ifio Northwest states -- Washington, Idaho, and
Oregon, cover an area of 1/4 million square miles. This area is 4-
times larger than the state of Illinois. Prewar population in the
three states was only 3-1/3 million compared with Illinois' 8 mil-

lion, It is a section of considerable natural wealth, Important

industries are lumbering, cattle and sheep raising, wheat growing,
dairying, fruit and vegetable growing, mining, fishing, while tour-
ists are a source of considerable income.

The three states have had a surplus of dairy products. California
markets have been the natural outlet for them. Of 88 million pounds

of butter received at San Franoisoo and Los Angeles during 1945,
Idaho supplied 20 million, Washington 1 million, and Oregon 32nillion.
The four states -- Illinois, Iowa, 1iinnesota, Nebraska -- sold 26
million pounds during that year on these two markets.

Of 34 million pouids cheese received on the two markets, Idaho
furnished 5 million pounds, Oregon 5 million pounds and Washington
200 thousand pounds. Wisconsin f'nished 9 million and Illinois 2
million pounds.

In addition to bitter and cheese, considerable amounts of dry
milk, evaporated milk and dry whey manufactured in the Northwest have
been regularly sold in California.

With the looation of shipyards, war industry plants, and army
and navy camps in the Northwest, much milk has been diverted to the
fluid milk trade and to ice cream plants during the last several years.
The production of butter, particularly, has been greatly curtailed.
In prewar years, Oregon shipped 25 million pounds total butter and
cheese to California.

A large area of the Pacific Northwest consists of timber and
grazing land. The numerous mountain ranges are covered with dense
forest to timberline of about 6000 feet elevation. Agriculture in
the area is perhaps more diversified than in any other similar area

in the United States. The climate, precipitation, soil, and eleva-
tions are quite different in sections of this area. Whereas in West-

ern Washington and Oregon the rainfall and climate favor green feeds
throughout the greater part of the year, on the plateaus of Eastern
Oregon and Washington dry farming is practiced, and in the valleys of
these states as well as in Idaho irrigation of crop land and pastures

is common.

The dairy industry is an important part of agriculture in the

three states. As the states have a surplus agrioultural production,
economists have encouraged the production of concentrated products,
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such as dairy produots, for shipment to out-of-state markets.

Let me diaouss in a little detail the dairy conditions in Oregon

as I am most familiar with them.

Of the 62,000 farms In Oregon, 85% are privately wnod. Irriga-

tion is praoticed on 10,000 £rms. The farms occupy only 29 per cent

of the total land area, The balanoe consists of forest land ed range

grazing land.

The dairy industry is the largest single item source of cash farm

income In the state, accounting for about one-sixth of the total cash

farm Income, In 1943, the farmers received 40 million dollars for

their milk. The 300,000 oaws produced in 1944, ].- billion pounds

milk. This is small when compared with the 5 billion pounds produced

in Illinois that year.

The production of major dairy produots in Oregon during 1944 weres

Butter
Cheese
Cottage Cheese
Evaporated milk
Non-fat dry milk

solids
Dry whole milk
Dry whey
Ice Cream

24,000,000 lbs.
27,000,000 lbs.
2,000,000 lbs.

42,000,000 lbs.

9,000,000 lbs.
5,500,000 lbs.
11,000,000 lbs.
4,000,000 gals.

(Down 8 million from prewar)
(tip 6 million from prewar)

(Nothin before the war)

(Up to 1 million from prewar)

The dairy cattle in Oregon are predominantly Jersey. About 80

per cent of the total are of the Jersey breed. The average fat con-

tent of the milk produced is 4.4. More world records have been pro-
duced by Oregon Jerseys than by any other state. But Oregon has re-
presentation in the top production records and honors in all of the
five leading dairy breeds. In the butterfat production for the five
highest records for each age and class of reoords, Oregon holds 48 of
a possible 725 such records. Of the 48 records, 38 are Jerseys.
Oregon holds 18 of the country'a 576 one-thousand-and-above pound fat

producers, 13 of which are Jerseys. Oregon holds one 20-thousand
pound milk producer in the Brown Swiss breed and eight 30-thousand
pound. milk produoer among the liolsteins.

Butterfat production per cow in Oregon has materially increased
since a vigorous state-wide planned program of better sires, production
testing, better feeding, pasture improvement, and dairy management,
was inaugurated in 1924, following a general agricultural conference.
In 1924, the average production of milk fat per cow in Oregon was only

168 pounds. For 1943, average production was 249 pounds, an in-

crease of 81 pounds or 48 per cent - a most notable achievement. The
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average production per cow in the United States during 1943 was only
133 pounds. The Oregon average for 1943 was equalled by New Jersey
and exoeoded only by California with a production per cow of 256
pounds.

The state of Oregon has an area of 96,000 square miles. It ex-
tends from the Columbia River on the north 250 miles to the California
borcer on the south, and fron the Pacific Coast on the west 400 miles
to Idaho on the eaet. The Cascade range of mountains of an average
elevation of 8 to 10,000 feet, extends through the state from the north
to the south, The Blue iountains and the Wallowa Liountains in North-
eastern Oregon (Amerioas Switzerland) have an elevation ranging from
5,000 to 10,000 feet.

The elevation of towns located in various parts of the state
vary from 9 feet for Coos Bay, located on the eoast, to 4,148 feet
for Burns, located in the oeniral part of the state.

Precipitation varies greatly throughout the state, On the coast
it ranges froxa 60 to 96 iziohes per year. This is a very fine dairy
seotion. The winters are mud and summers cool.Grass is abundant.
Oregon's cheese industry is located in this section.

The rainfall in the Willamette and Umpqua Valleys located be-
tween the coast range of mountains an.d the Casoade Mountains averages
40 inches per year. But the precipitation is poorly distributed
throughout the year. The three summer months are practically devoid
of rain, Flood control is neoessary during the winter and irrigation
is required during the summer for pastures, for gardens, and for truck
crops, The climate is mild, snow is uncommon and temperatures seldom
roach 90 or above during the summer. This is a very fine agricultural
section with dairying holding a prominent position. The large towns
as Portland, Salem, and Eugene, in this area necessitates that a
large proportion of the ritilk produced is used as fluid milk and cream
and for the manufacture of ice cream. About one half of the state's
butter output was produced in this section before the war.

The area located east of the Cascade Mountains differs greatly
climatologioally and agriculturally from the rest of the state. The
oonditions are similar to those of southern Idaho and northern Utah.
The elevation of this area varies from about 1000 to 4000 feet. The
precipitation is light, varying from S to 20 inches per year. The
humidity is low, evaporation rapid and there is considerable sunshine
in this section of Oregon. The winters are cold and the summer hot.
This is a great alfalfa, clover and potato-producing region as water
is made available for irrigation. Some parts are unexoelled for
dairying. The part that cannot be irrigated is stocked with range
cattle and sheep.

It was about the year 1920 when the production of dairy products



in Oregon began to exceed the cone miption. Shipments of butter and
cheese to California were commenced,

In 1923 it was recognized by the Oregon dairy leaders that a
definite planned program for dairy products quality improvement wa
neoessary As dairying was considered the baais around which Oregon's
diversified farming system should be developed, it became necessary
to take steps to consider the things which must be done to develop
the industry. The improvement in the quality of dairy produots, be-
ginning with correot methods of producing milk and cream on the farine,
was felt to be an all-important matter. It was recognized that out-
side ma1cots were not open on salable terms to Oregon dairy products
except when they compared favorably in quality with those of other
surplus-producing regions. Payment for milk and cream in accordance
with quality was consIdered of utmost importance. Other important
points wore oonsidered.

The actual improvement work did not start until 1929 when a
state-wide butter soorinc and analysis service was inaugurated by
Oregon State College. The dairy commissioner's offioe cooperated.

This program continued uninterrupted for 14 years until the war
conditions forced a halt. Vhereas Oregon buer was not aooeptable
on the California markets on account of low quality and variable com-
position at the time the program was atarted after a few years the
improvement effeoted was such that the butter was readily accepted.
To illustrate some of the improvement that took place, of the churn-
ings of butter examined during the first year (1929-1930) only 8 per-
cent scored 92 and above, whereas during the 14th year (1942-1943)
42 per oent scored 92 and above, The keeping quality, color, and
composition wore also greatly improved. Yeasts and molds were reduced.
Speoifio defects were eliminated.

A similar program of improving Oregon's cheese was in operation
until 1943.

Now Oregon butter and cheese have a good reputation on the Calif-
ornia market. Losses from inferior products are no longer encountered,
and the returns to the creameries and cheese factories have been in-
creased. This program was temporarily interrupted b: the war and I
am sry to admit that the quality has slipped hadly. It will be
some tine before we can recover the lost ground.

Significant stato dairy laws have been enacted in recent years.
The milk-cream-and butter-grading law became effective in 1937, This
provides for the compulsory grading bir state-licensed graders of all
milk and cream received at manufaoturing plants and the pannent of a
minimt differential of one cent per pound fat between the grades.
1111k and cream unfit to use ist be colored and returned to the pro-
ducer. Milk, cream and butter grades have been established bi the
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State Department of Agriculture. Each creamery must have in its
employ a state-licensed grader who is responsible for grading and
labeling the consumer po.ages of butter with the proper state grade,
either A, B, or C. This program was very effective until the war
conditions interferred with the proper enforcement of the law.

Another effective law provides for the licensing of buttoriakors

and oheesemakers. This was enacted in 1939. Before obtaining a

license the b.thtermaker or cheesemaker must satisfy an examining
comnittee appointed by the State Department of Agriculture that he

is qualified to manufaoture butter or cheese. If the standards of

Oregon's butter and ohQeae are to remain high it is necessary to have
these products made by qualified men.

The Oregon state legislature in 1943 passed a bill that provided

for the collection fr the producers of one cent per pound for all

butterfat sold during the month of Liay each year. The fund must be

used for the purpose of promoting the sale of dairy products. The

Oregon Dairy Products 0onision administors the fund.

A oommittee repreeonting both the producer and manufacturer
groups sponsored the enotnent by the 1945 logislature of several

significant dairy lvs, One law establishes a poiicy of the fullest
cooperation between the state board of health and the stats depart-

mont of agriculture. The funotions of each state department are

clearly delineated. One of the new lawa provides for modified on-
pulsory pasteurization and a modified method of brucellosis (Bang's

disease) control. All mil] and cream and their products sold in
Oregon, with the exception of Cheddar cheese, dry milk and eporated
milk (the latter two being sufficiently heat treated during manufaotux.)

must either be pasteurized or come from herds that are disease-free,
in accordance with this new law. The licensing of all pasteurizer
operators following the paesiug of an examination is also provided

for.

The Oregon Agricultural Experiment Station's program for research

involving dairy produota was commenced in 1937 when experiments to
develop methods of preventing crumbliness and stickiness in fall and

winter-made butter were started, A system of manufacturing butter
entitled "The 50-46-40 ithcd of butter manufacture" was announced

in 1942. Other research tvolving the major dairy products manufactu
ed has received attention by the Experiment Station.

With the large influx of people to the Pacific Coast states
during the war years, greater amounts of dairy roducts have been

purchased from the eastern states. The demand for butter exceeded

the available supply. Although many shipyard, aircraft, and war
plant workers have returned to thor homes in the states farther
east, indications are that the Pacific ooast population will remain
considerably above the prewar figure. The production of electric
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power by the Bonneville and Coulee dam power projects will result

in greater industrial activity in the northwest.

The average daily consumption of market milk in Portland now is

1/2 million pounds daily as compared with an average daily consump-
tion of 300 thousand pounds during the years 1937-41. The consump-

tion of ice cream and cheese has also increased. But butter is in

short supply.

The total production of milk in Oregon during 1945 was 3 per

oent below that during 1944. This is accounted for by the deorease

in cow population of 10,000 head.

These changes in Oregon's dairy picture undoubtedly have had a

counterpart in the state of Washington.

It will be some time before the prewar volume of shipments of

butter and cheese to California will be reached,

The development of the Grand Coulee irrigation project in north-

east Washington during the next few years will have effect in in-

creasing dairy production. It has been estimated that when the land

in the project is oompletely in production about * million cows will

be added to the northwest. But this will probably not increase the

prewar ratio of cows to the human population0

The northwest purchase8 large quantities of dairy farm and dairy

plant equipment, supplies and foodstuffs from middle western and

eastern states.

Practically all equipment such as separators, coolers, milking

maohines, barn equipment, trucks, pasteuisers, freezers, churns,

cheese vats, can washers, pails and cans are obtained from these

states Nearly all dairy supplies such a; bottles and caps, brushes,

parchrtent papr washing powder, pai.nt o or:a syrup, and chemical and

bacteriological supplies are also shipped in, Concentrates for dairy

cow rations, such as soybean meal and cottonseed meal also account

for a large business.
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I1EW THINGS IN DAIRY MENUFACTURING

A Resume of Recent Developments Based on Research

Frox- the distribution of mostly raw milk, to the distribution
of safe and palatable homogenized, continuously pasteurized and cooled
milk automatically filled into machine-washed bottles,

From laborious batch-churning of cream in a box-type churn and
working the butter on a revolving table, to the continuous manufacture
of butter in all stainless steel equipment under controlled conditions.

From back breaking freezing of ice cream in a tub freezer using
lao and salt, to streamlined, automatic, continuous manufacture and
packaging of ice cream and dispensing it in refrigerated cabinets.

From the manufacture and merchandising of large wheels of cheese
for dispensing in triangular pie-shaped sections in food stores, to
merchandising rind-less, pasteurized cheese in sanitary cans, glass,
or transparent film.

From no commercial manufacture of dry milks to a production of
nearly 1 billion pounds in 1944 -- are some of the developments in
dairy manufacturing that have been observed by those who have been
engaged in the Dairy Industry during the greater part of this century.

The annual production of creamery butter in the United States in-
oreased from 400 million pounds in 1899 to ].j billion pounds in 1944.
Cheese increased during the same period from 300 million pounds to 1
billion pounds. Condensed and, evaporated milk from 200 thousand poun
to 3-3/4 billion pounds. Ice Cream from 24 million gallons to nearly
1/2 billion gallons. The products dry nonfat milk solids, dry whole
milk, and process cheese made their appearance in conmiercial channels
during the second decade of the century. The total of all dairy pro-
duots manufactured in the United States during 1944 was 10* billion
pounds, For this was used 54-3//4 billion pounds whole milk and 12
billion pounds skimmilk (1)

Among the methods of processing and manufacturing adopted commer-
cially since 1900 were: TEholcIirig niot1id of pasteurization of
milk and cream, clarification of milk by centrifugal force, pasteuriz-
ation by electricity, homogenization of several milk products, contin-
uous sterilization of evaporated milk, continuous ice cream manufacture,
rapid hardening of ice cream to temperatures below zero degree F.,
spray. drying of milk,

Of dairy manufacturing equipment developed during thia century
may be miTtione combin'Tohurn and butter worker, coil vat, spray
vat, homogenizer, automatic vacuum milk bottle filler, direct expan-
sion cabinet 000ler for milk and milk products, automatic butter
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wrapping machine, automatic can and bottle washers, recording ther-
mometer.

Of developments in materials used for dairy equipment were:
steel-chromium-nickel alTT cast aluminum, and for milk products
were 2 paper containers for ice cream, cottage cheese and other prod-
uct, transparent moisture-proof film for wrapping cheese, aluminum
foil and wax impregnated paper as a protective covering for milk
bottles.

The application of the sciences: chemistry, physics, bacteriol-
ogy and mathematics has greatly aided in sound and rapid development
of the dairy manufacturing industry in the United States.

In giving a resume of the most recent developments in dairy manu-
faoturing I will o onfine the discussion to the most important advance-
ments made in market milk and cream, followed by butter, cheese, ice
cream, concentrated and dehydrated milk and milk products and. misoe].*
laneous milk foods.

Fluid Milk

Milk, Of the 118 billion pounds of milk produced on farms during
1944 about one-half was consumed in fluid milk form as milk and cream.
In cities and villages 441 billion pounds were oonsuined. (2)

Although many milk plants are now using the conventional vat meth-
od of pasteurization, cooling the milk on a surface cooler, and bottl-
ing and capping in the presence of air, research by dairy engineers
and dairy teohno1ists has led to the development of this zrthod:
olarifioation, homogenization, high-temperature short-time pasteuiz-
ation in a totally enclosed apparatus, and 000ling in an enclosed cool-
er. The milk is then conducted through a sanitary stainless steel
tube to a vacuum bottle filler with which is connected an automatic
capper.

By olarification is understood the removal, by centrifugal force,
of the major potion of suspended matter which in milk of high quality
oonist chiefly of oellular material such as leucooytes and epithelial
cells. C].arifioation effectively prevents sedimentation in bottled,
homogenized milk. Although the clarifier removes dirt from milk,
clarification is not a substitute for the production of clean milk, as
milk produoed under dirty conditions always has an undesirable flavor
and contains large numbers of bacteria.

The purpose of homogenization is (1) to finely divide the fat
globules to prevent the fo iatioxiof cream on the surface of the bott].-
ed milk and (2) to decrease the curd tension. It is aocoxnplished by
subjecting the warm milk to a pressure of about 2500 to 3000 pounds
per square inch and foroing it through a specially designed valve,



High-temperature short-time continuous pasteurization. In one

type of th.c quit&newèthod of paiEirizingiI1Vthe regenerative
system is used. The incoming cold milk is heated by the hot, pasteur-
ized inil] using thin stainless steel plates as dividing walls.
this means the temperature of raw milk is heated to about 120-130 F.

while the pasteurized milk is partially cooled by the raw milk. The

warmed. milk then travels to the pasteurizing section, where it is
heated through stainless steel plates by hot water to a temperature

of not less than 160° F. It is then held for a minimum of 15 seoonds
in a stainless steel tube on its way to the cooling seotion.

Cooling. Without exposing the milk to the light it is cooled in
a plate cooler, which is an integral part of the apparatus, by means

of refrigerated water to a temperature of 38 - 400 F.

When pasteurized by this method, as with the orthodox methods of
pasteurization, all pathogenic bacteria, if present, are destroyed.

The milk will be phosphatase negative. The apparatus is fully auto-

xnatio. In the event the temperature of the pasteurized milk, before
it enters the holding oomparment, drops below that required, an
automatic flow diversion valve will divert the flow of the milk to
the raw milk intake until the temperature again is as required.

A modern automatic pasteurizer of this type may handle contin-
uously up to 22,000 pounds milk per hour during a full working day,
with no diversion of the milk, with no deviating line on the auto-
matic temperature recorder. Some plants operate the equipment for

15-20 hours daily.

Homogenization of raw milk causes activation of the enzyme lipase
with the subsequent development of a rancid flavor. When combined
with pasteurization this is avoided as the enzyme is inactivated.

The curd tension of milk may be reduced about 50 per cent by

standard homogenization. In a series of experiments, when milk at
120°F. having curd tensions that ranged from 53 grams to 112 grams
was homogenized at 3000 pounds pressure, the tensions of the homo-
genized milk renged from 20 to 36, as determined by the Hill test.

(3) One method has been developed that will result in curd tensions

as low as 10. In this process the cream from the milk is homogeniz-
ed and is then mixed with the sldmmilk.

Homogenized milk Is generally preferred by consumers because of
its more pleasing oIor and appearance end its more mellow flavor. In
a survey it was preferred to unhomogenized milk by the majority of the
consumers, who reported 20 different advantages. (4). It is consider-
ed superior to unhomogenized milk when used for both baked and soft
custard, (5) but is loas satiefaotoz'y, because of its lower heat sta-
bility, when used for cooked oereal and esoalloped potatoes, as it
may show curdling. (6) Hard water and a slight acidity of the milk
will favor the curdling.



The removal of the air from milk before pasteurization has been
found advantageous in preserving the vitamin C oontent of the milk
during a short time of storage ad in preventing the development of
oxidized flavors. The oxygen content of milk in the udder is practic-
ally zero, but at the tine the product reaches the milk plant the
oxygen content may have risen to about 10-12 milligrams per liter.
After pasteurization and cooling by the oontinuous nethod the milk
in the bottle may contain about 11 milligrams per liter. With a
deasrator installed between the pre-heating section and the pasteur-
izing section of the continuous pasteurizer all the oxygen from the
milk can be removed. This is accomplished by spraying the milk at
115° F. into the deaerating ohztmber maintained at about 29 inches of
vaouum. It was reported that: "During 30 months of the operation
of the continuous deaerator the average of 250 aimlyses of fresh
milk was 17.19 milligrams of vitamin C per liter. The 'in-bottom'
filled', the 'commercially filled', end the 'air reincorporatod'
safrpies of 7-days-old milk averaed 15.26, 13.03 and 6,08 milligrams
of vitamin C per liter, re8peotively. The flavor of the milk at the
age of 7 days for the three methods was: "good, fair, and poor res-
pectively." (7)

Single-service oontainere for milk have come into use sinoe 1929.
Reoenius were oiiuoted to answer two fundamental questions
about paper milk containers -- are they sanitary, and are they prac-
tical for the fluid milk trade? The investigation showed that they
were sanitary and practical to use. After four years of using glass
and paper bottles, at intervals, 95 per cent of the consumers who par-
ticipated in the tests preferred the paper btle. The reduction in
the ascorbic acid content and the development of an undesirable burnt
flavor when the milk was exposed to sunlight occurred lees rapidly
when the milk was stored in paper rather than in glass containers. In
four hours the ascorbic acid content of the milk was reduced from
18.3 mg. when glass was used to 7.14 mg. when paper was used. The
flavor score of the homogenized milk was reduced 2* points after 1
hour exposure to the sun when kept in a glass bottle, and only 3/4
point when kept in a heavy-weight paper bottle. (8)

The effect of light on riboflavin in milk has also been invest-
igated. When homogenized pasteurized milk was exposed to direct sun-
light the percentage reduction in the riboflavin content, which wa
1.75mg/i at the begiiming, was 77.5 per cent when stored in a clear
glass bottle, 4.6 per cent when stored in a brown bottle and from
5.3 to 16.9 ler cent when stored in four different paper quart con-
tainers. Precaution should be taken to prevent photolysis of ribo-
flavin in milk, (9) Sterilized cream marketed in sealed bottles is
a new product covered bypabent baen several years of research.
It is reported that the cream can be kept f or a year, or onger, at
room temperature without deterioration. The product has a light
color similar to ordinary cream and only a slight heated flavor.
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Before processing, .1 - .25 per cent vegetable stabilizer is
added to the cream. The purpose is to prevent separation during
storage. The cream, preheated to 212-230 degrees F., is sterilized
in continuous flow apparatus at a temperature of from 260 to 2800 F.

for 30 seconds. The bottles and caps are steam sterilized under
pressure at 2750 F. for 30 minutes before they are used. The con-
tainers are filled under aseptic conditions. The air which enters
the bottling room is filtered and washed and the dust is collected
by an electric precipitator. In the air duct are located ultra
violet lamps used to destroy microorganisms in the air by light rays.
The operators in the bottling room wear sterilized uniforms, caps,
gloves and masks, Representative samples from each day8 run under-
go a thorough laboratory examination extending over a period of
several thys. (10)

Sterilized milk which is high in "quick energy" value and suit-
able for drinking directly from the container was developed during
1945 in response to requests by the ArmyQuartermaster Corps. The

milk was wanted I or use on invasion beachheads where landing forces
frequently needed a "pick-up" for sluggish appetites. The milk oon-
taina approximately 16 per cent total solids as compared with 13 per
cent for average milk. The extra aolids were largely sugars of dif-
ferent kinds and a small amount of extra fat. (11)

Cultured cream is widely used in European oountries. Creme d'
IsignuIEFed cream that originated in the Normandy dairies.
TEEiies its name from the town of Isigny in Normandy, France. A

similar product was made experimentally in the United States from
fine quality sweet cream containing 20 per cent fat. The cream was
pasteurized at 185° F. and held 30 minutes. It was then cooled to
7Q0 F., placed in glass containers or enameled cans and inoculated
with 2 per cent fine flavored lactic acid culture and ripened at 70°
F. I or 15 hours. The containers were then vacuum sealed and plaoed
in a refrigerator at 35 degrees F. The addition of 5 per cent sugar

was preferred by many consumers, especially when the product was used
with fruit, such as strawberries, raspberries ami fresh apricots. This
palatabe, easy to digest sour oroam product deserves a wider use in
the human dietary. A bulletin which disousses the method of manufac-
ture in more detail is available. (12)

Butter Progress

Butter has not been overlooked by research workers during the
past few years. The efforts have been directed toward the manufac-
ture of butter of more uniform flavor, salt and o olor of better keep..
ing property, and possessing a desirable spreadability.

The age-old method of working butter by kneading has been largely
discarded in favor of working it by pounding '.- a very radical change.
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This permits the whole prooess of churning, washing the granules,

salting, and working to be done in the churn, which is free from

internal revolving devices.

Au important development was the all-metal churn. The churn is

electrically operated, arid is constructed of cast aluminum alloy. It

is oube-shaped in form and ha no parts in the interior. It is built

in several sizes up to one ton butter oapaoity. This type of churn

permits the sterilization of the interior surfaces, with which the

cream arid butter come into contact by means of boiling water or steam.

Consumers desire butter which has a smooth, waxy body. They

object to butter which is grainy, crumbly, sticky or greasy. They

do not like butter that is leaky or has a harsh, briny taste. Several

research workers have done fundamental work to improve butter texture

and body. One experiment station has recently announced a method of

butter manufacture, termed the "5O454O method," which, if correctly

followed, will result in butter of a fine texture and of a superior

body. (13)

More efficient pasteurization of the cream, at high temperature,

without soorohing it1 end adjustment of the hydrogen ion concentra-

tion of the cream to a definite point have been shown to greatly im-

prove the keeping quality of butter.

A now method of pasteurization, evolved in New Zealand, has

been introduced in the United States. The process is continuous

in the destruction of all harmful baoteria, if present, and in a

high peroentage of the oommon ]aotio aoid or other bacteria. Al-

though the cream is heated to a high temperature the pasteurized

cream does not have a scorched or cooked flavor, The keeping quality

of the butter was found to be excellent in a series of experiments

recently conducted, (14) (15)

The continuous manufaoture of butter appears to have possibilit-

ies of adoption by the creameries, Several European and American

methods have been developed during the last five years, As they are

still in the evolutionary stage a discussion of them at this time

would seem premature.

New But Old

Dry Butterfat, or butteroil is not a new product as it has been

made ndiii 'Egypt for centuries, but it is a relatively new

produot in the United States. Large quantities were made during the

war for shipment in barrels without refrigeration to Russia and to

other countries. It is probabie that dry butterfat will find good

use in this country in the future. In the past it was necessary to

first churn the cream by the oonventional batch method, but through
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researoh a satisfactory method of continuous manufacture has been

developed.

Although this process will be protected by patent, I have been
granted permission by the patent right owners to discuss this new

:ethod,

1. Cream of fine quality is separated at approximately 1200 F.

by means of a speolally constructed centrifugal separator to
give a high-test produot containing 90-95 per cent fat.

2. The oil is re-separated so that butteroil containing less
than one per cent moisture is obtained.

3. The buteroil is continuously sueoted to high temperature
pasteurization at 195-200 degrees F. under partial vacuum, to
steam distillation, and to partial cooling in a chamber main-
tained at nearly complete vacuum in a Vaoreator. This treatment
effectively removes all traces of moisture and insures keeping

quality. Beoause the product moves through the vacuum chambers
continuously, and is briefly subjected to the high heat treat-
ment, the total time 2 or vaoreation treatment being only three

seconds, there is no impairment of the flavor of the oil caused

by the heat. Split batches have been made, using a vacuum pan

and a Vacreator. The vacuum pantreatriient had a scorched flavor.

4. The moisture-free oil is congealed continuously in .a mach-
ine constructed like a oontinuous ice cream freezer to be extrud-

ed and placed in containers,

Research has shown that the nutritive value of dry butter-

fat is tiequal to that of buttor,' on the basis of animal feed-

ing trials. Addition of vitamin D to the fat in amounts up to
20 U.S.P. units per milliliter did not have any detrimental
effect on the keeping quality of the product. (16)

It should be emphasized that it is of utmost importance to

use cream of the highest quality in the manufacture of dry butter-

fat. If made from inferior oream, even though the final pro-
duct may taste perfeotly bland, upon emulsification in skimuilk

the undesirable flavor becomes discernible,

Dry butterfat, if of good quality, may take a very impor-

tant place among the dairy products. It keeps 11 without
refrigeration and because it contains no moisture it is more
praotioal to store it than butter, frozen cream and plastic

cream, It will take an important part in the manufacture of
ice cream, in baking, and in other foods where butter or cream
have previously been used. The fat, if properly packaged, will

keep for one year without refrigeration at ordinary warehouse
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temperature, but if it is to be stored for over a year it is safer to

store it at zero degree F.

Cheese, Past and Present

The high nutritive value of cheese is recognized by nutrition

authorities. During 1944 a total of 1 billion pounda of cheese, not
including cottage ohee8o, were manufactured in the United States. Of
this total, 800 million pounda were of the Cheddar variety.

Only a relatively small percentage of the unprocessed cheese
manufactured in the United States has been made from pasteurized

milk. Pasteurization of milk which is to be used in the manufacture
of Cheddar oheese has been shcrn by carefully oonduoted research and
field investigation to be advantageous. (17) (18). The chief ob-

jections to pasteurization of milk for cheese have been (a) that
pasteurization would favor the use of low-grade milk, and (b) that
a typical Cheddar cheese flavor does not develop in the cheese when

the milk has been pasteurized.

Research has shown that when low-grade milk is used, cheese of
inferior grade will be obtained, whether the milk is pasteurized or

not. Pasteurization is definitely not a substitute for sanitary
methods of producing and handling milk or for incorrect manufactur-
ing methods. Results from experiients when first grade pasteurized
milk was used in Cheddar cheese manufacture have shown that a fine
quality cheese can be obtained. It is essential that an active lao-
tic acid culture be added to the pasteurized milk; that the xnanu-

facturing method be properly controlled; and that the cheese be

ripened at about 500 F. The ripening period must be long enough to
allow for the necessary chemioal and physical changes to take place
in order that a fine flavor and smooth, waxy body aee produced in

the cheeses This will take longer than is required for cheese made

from raw milk. A typical Cheddar cheese flavor vrill develop.
Pasteurized-milk cheese, if correctly manufactured and ripened, is
generally free from the high-acid, bitey and bitter flavor which is
present in so much raw-milk cheese on the inarket

A modIfication of the phosphatase test applicable to cheese has
recently been made. (19)

The method of packaging Cheddar cheese at time of manufacture
in valve-ventel oana, and curing the cheese in the cans has been

perfected during the last ten years. (20) The desirable features of

this method are: (a) the cheese is completely protected against con-

tamination; (b) the oheose is free from rind and is thus completely

edible; (c) molding is prevented; (a) oases of cheese can be con-

veniently stored in refrigerators; (e) shrinkage is prevented; (f)

several cans can be stored in a home refrigerator.



The round cans contain 3/4 lb. and 2 lbs. cheese. The square

can contains 2 and 5 lbs.

The cheese may be sliced prior to placing it in the can. This

is very desirable when the cheese is to be used for saniohes,
especially at lunch counters. A parchment paper ribbon may be in-

serted between the 8110e8.

Modern Package

The modern trend appears to be the merchandising of food in

single service containers, attractively paokaged. Another method of

packaging cheese which has recently been developed is that of wrap-

ping bricks of cheese in special transparent, moisture-proof sheets

of different composition. The oheese may be ripened in this material

or the cured choose may be printed and then wrapped. The oheese will

all be edible as there is no rind.

It is my opinion and also that of many oheese manufacturers and

distributors, who have expressed themselves, that the merchandising

of uniformly high quality pasteurized milk cheese in attraotive con-

tainers will have a stabilizing influence on the cheese industry and

will result in greater cheese consumption.

Other recent research in the cheese field has led to the perfeo-

tion of methods for the manufacture of Romano and Parmesan type grate

ing oheeses, Roquefor type cheese, dehydrated cheese, and army cheese

spread.

The Italian ype cheeses were imported in considerable volume be-

fore lomano-type cheese of desirable flavor characteristics

was developed at one agricultural experiment station (21) and a grat-

ing cheese which possesses a high piquant flavor and good grating

qualities was developed at another station (22) A characteristic

flavor in the grating cheese was produced by adding homogenized pas-

teurized cream to raw skinitned milk in the choose vat. The cheese was

ready f or consumption after iive months' ripening, although 10 months

was preferable.

The research at experiment stations to develop Roquefort-type

cheese of excellent quality has been suooessful. Roufbrt cheese

mad rom homogenized raw milk or from milk heated in a Vaoroator at

165-170 degrees F. has been pronounced excellent in flavor and body

and texture by connoisseurs of this tasty oheese. Mould cultures

of desirable typo have been developed by research laboratories and

are available to cheese factories. (23) (24)

There was a neod during the war period for the conservation of

space on shipboard when food was shipped overseas. For this reason
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many food products wore prepared in a dried form. A satisfactory
method of dehydrating and compressing Cheddar cheese was developed.
By removal of the water from the cheese the weight was reduced about
one third. By onpressing the cheese into rectangular blocks the
spaoe conserved, as compared with the original cylindrical form, was
from 40 to 46 per cent. The moisture content of the dry cheese was
reduced to below 3 per cent. Dehydrated chee8o may be used in 000k-
ing, as for macaroni arid cheese end We1h rabbit, It may also be
used with salads, desserts, in soup, and in spreads. (25)

Army Choesepread was made during the war period in oonsider-
able amount. In its manufacture was used butter9 Cheddar cheese
ourd inade from pasteurized milk, and nonfat dry milk solids, It was

permitted to contain: not over 0.17 per cent vegetable gum, not over
2 per cent emulsifying agent, riot over 0.1 per cent benzoate of soda,
not over 0,1 per cent antioxidant, and approximately 2 per cent salt.
In addition, not less than 8,500 U.S.P. units of vitamin A was to be
added per pound of finished product.

In manufacturing army read, the ingredients are thoroughly
mixed and ooinminuted while heating in a homogeneous mass. The mix-

ture must be heated tc a temperature of not less than 160° F., and
not more than 180° F. The containers must be filled with the product
at a temperature not lower than 1450 F. and must be held at a tempera-
ture not lower than 142° F. for not less than 20 minutes, the latter
holding time to be included in the cooling process.

The finished produot must not
l20 F. It was required to have a
56 per cent and a moisture content
(26)

oil off when held for 24 hours at
butterfat content of not less than
of not more than 29.5 per cent .

Ice Cream

America's favorite food -- toe cream -- is continuously being
improved. Research workers have directed their attention to improv-

ing: (1) flavor, (2) texture, and (3) sanitary quality of this
delicious food. Finer quality cream, milk solids, flavoring, fruits,
nuts and other ingredients are now used, so that ice cream will have
a fresh, palatable flavor. A finer textured toe cream is being pro-
duced through better proportioning of the ice oream ingredients, more
efficient processing, the use of the continuous ice cream freezer,
and quick hardening of the ice cream at a temperature of _100 F. or
lower, in order to produce minute ice crystals. The filling of pint
and quart cartons direct from the freezer has beoome common, Research
has shown how undeeirable stale, oxidized or metallic flavor, and
coarse and sandy texture may be avoided.
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The method of continuous flash pasteurization was found satie-

factory, and the dual use of Vacreator vacuum pasteurizer for con-

densing the ini]k for ice cream mix and for pasteurizing the mix was

found advantageous. (27) (28)

Dry Ice Cream Mix was made in considerable quantity during

World 1tii' tI. Ice ream made from dry mix was very popular among

the men and women of our armed forces. Ice cream made from powdered

mix was a great morale builder and was an important part of the

daily diet of wounded men in overseas hospitals or on board trans-

ports. Enough dry ice cream mix to make 75 million gallons of ice

cream was made during 1945. (29)

It was extremely fascinating for ice cream makers in the Ar-

ioan dry mix factories to manufacture a product which would be sent

to far distant places and become the most popular of the foods of

the men and women of the army and navy.

In brief the method of manufacture is as follows:

1. Combine the milk so1id, stabilizer and * the sugar to

be used together in such proportions as to obtain the desired

ratio of solids to one another. For example, if desired to

make an be cream powder which when reconstituted tested 12

per cent fat, 10.8 per cent solids, 15 per cent sugar and 0.24

per cent stabilizer, combine cream, whole milk, sugar and sta-

bilizer together in such proportions that for every one pound

of fat there would be 0.9 pound of serum solids, 1.25 pounds

of sugar, and 0.02 pound of stabilizer,

2. Preheat to 1700 F. for 20 minutes.

3. Condense as far as the stabilizer used will permit (32 to

36 per cent).

4. Homogenize at 2500 lbs. pressure at 130° F. or higher.

5. Cool and store until sufficient volume is available for

drying.

6. Preheat to 150° F. In some plants it may be desirable to

add the sugar and stabilizer at this point rather than before

condone ing.

7. Spray a rather coarse particle if this can be done without

too great a sacrifice of plant capacity.

8. Mix remainder of sugar with dried mix in proper proportion

to obtain the desired sugar'-fat ratio. In this case this ratio

would be ].5l2. At the same time the powdered vanilla should

be added.



77

9. Package and gas in usual manner. (30)

The army required that the product should contain not less than
27 per cent total fat, not leasthan 9.75 per oent protoin, and not
over 2.25 per cent moisture.

For reconstituting, 4- pounds of the powder is mixed with seven
pints water. A wire whip may be used for mixing. (31)

Five-ounce packages of dry ice cream mix can now be obtained in
food stores.

Dry Whole Milk

Dry IJhole Milk was manufactured in insignificant amount before
1941 (only 30 million pounds in 1940), but with America's active
participation in the war the problem was to furnish the army and
navy personnel with an adequate and nutritious ration. Dry whole
milk was required in large amounts. During 1944 a total of 178
million pounds wore manufactured by 97 plants. .Iost of this was
for the men of the armed forces. The standard container was a cylin-
drical can with a capacity of five pounds powder.

To meet army specifications the product was required to have a
fat content of not less than 26 per cent and a moisture content not
above 2.25 per cent. The aoidiy, copper, iron, bacteria and sedi-
ment content was to be quite low. (32)

Research at several experiment stations has been in progress
with the view of improving the flavor, keeping quality and reoon-
stitutability of dry whole milk. Some of this has been in coopera-
tion with tI Army Quartermaster Corps Subaistence Reaearoh and Dev-
elopment Iboratory (now Quartermaster food and Container Inetitute
for the Armed Forces). Very marked iLiprovernent, especially in the
keeping quality and method of packaging, has been effected. (33)
lTithout going into a detailed description of the methods of manufac-
ture and paokaging I shall briefly mention the methods which have
been found by research and exerienoe to be satisfactory, but I
hasten to mention that perfection has not been reached in the manu-
facture of dry whole milk, which, whether when fresh or after storage,
in the rocistituted form is equivalent to fine quality fresh homo-
genized milk. But an acceptable product can be made.

For manufacture, the fresh whole milk is adjusted in composition
so that it contains a riaximum of 2.675 pounds solids not fat per
pound fat. The method of manufaoture varies with the different drier
systems. With the spray method a typical sequence is t1 following:



1. Clarify the raw milk with a centrifugal clarifier.

2. Pasteurize at 1700 F. for 20 minutes, or 230°- 2400 F.

in a continuous flash heater,

3. Condense the milk to a 3:1 concentration, The condensed

milk will contain about 40 per cent total aolids.

4. Homogenize the condensed milk at 120° - 130° F. at a

pressure of 3000-4000 pounds per square inch and cool to 400

unless dried at once.

5. At a high pressure, force the homogenized condensed milk
at 140° F. through a spray nozzle into the drying chamber. The

milk beocmes atomized as it leaves the nozzle. The fine spray

at this point canes into contact with the hot air blast and the

milk quickly loses its moisture. A high spraying pressure, us-

ing a nozzle with a small orifice reaults in a fine-grain powder,

and a low spraying pressure, using a nozzle with a large orifice,

results in a coarse-grain powder. Overheating results in a

soorohed flavor.

6. The packaging operation consists of (a) automatically fill-

ing cans with powder; (b) evacuation of the cans; (o) adding

Nitrogen gas, and (3) sealing. The dry milk before pao1ging

may be cooled by means of refrigerated air or by carbon dioxide

gas.

The oxygen content of the gas surrounding the powder parti-

cles and of the gas in the headspace of the cans usually in-

crease slowly during the first 7-10 days after the cans have

been sealed. This is beoause of the escape of oxygen from the

bubbles of air in the inerior of the powder particles until an

equilibrium of gases in the can has been reached. (34)

Whole milk powder in cans that have not been evacuated

keeps poorly. An oxidized, or cardboard flavor develops. Pub-
lished data have showrx that as the oxygen oontont is reduced an

improvement in the keeping quality is effected. (35)

Reconstituting Dry Whole Milk

Research is now in progress at one agrioultural experiment sta-

tion, having for its purpose the improvement of the roe onstitutability

of dry whole milk. This is the most important problem of the dry

whole milk industry. The results obtained so far have shown that to

produoe reconstituted milk which compares favorably with fresh homo-

genized milk in physical appearance, when water at 750 F. and an

electric malted milk mixer are used when reconstituting, the milk
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sprayed must contain the fat g].obules in a finely dispersed form, the

powder particles must be uniformly small, and overheating during dry-

ing must be avoided. (36)

Recently tableta have been made from a mixture of dry milk, but-

terfat and sugar, compressed by hydraulic pressure, from which a

palatable drink was prepared by using either hot or cold vmter. The

tablets could be crumbled by hand to a powder. Cocoa, coffee, tea,

custard and milk pudding blocks were also made. When melted fat was

added, to give a fat content of 20 per cent of the mixture, on cool-

ing inmuøulds these blooics contained the fat as a continuous phase

which cemented the material. Then blocks could be broken into the

desired size and stirred into boiling water. Such blocks could also

be eaten without reconstitution and were found to have a good keeping

quality when wrapped in waxed paper. It was reported that they oould
be stored for eight months at 68° F. and retain their desirable pro-

perties. (37)

In order to find out how dry whole milk and nonfat dry milk sol-

idn would be accepted by the oonsumer a survey mas recently made. The

study indicated that consumer acceptance of dry milks was neither an

unqualified success nor wholly a failure. Of 247 women who expressed

their opinion, 22 per cent named the difficulty of reoonstitution and

the taste as the two chief qualities disliked about dry whole milk.

This would indioate need for a simple device for reconstituting dry

whole milk and for further research to improve the flavor of this

product. (38)

Dry Cream Mix for whipping by aeration is a newr developed pro-

duct. Its composition is 68.8 per cent fat and 18.5 per cent milk

solids-not-fat, 11.5 per cent sugar and 0.69 per cent whipping agent.

For whipping, water is added to give the liquid produot a fat

content of 30 per oent. The cream can be whipped instantaneously by

releasing it from a container which contains nitrous oxide gas under

high pressure.

The whipped product is quite similar to that whipped by the

same method from fresh cream.

Dry cream mix may be stored satisfactorily in sealed containers

from whioh the air is removed and replaced with nitrogen. (39)

A Sweetened Dry Nonfat Solids Milk Product made by the spray

process from sweetened condensed skixmned milk is a recent development.

It contains 59 per cent suorose, 39 per cent milk solids-not-fat and

2 per oent moisture. It is reported that this new product has found

great favor with manufacturers of chocolate ooating, pie filling,

cake frosting, various types of dry milk preparations containing malt



and cereal, and it has been used by bakeries, ice cream plants, and
for chocolate milk drinks.

Frozen Concentrated Milk appears to have some market poesibil-

itiea in areas where fluid lk is scarce. It would also be satis-

factory to use on ocean-going ships. Studies during recent years on
the manufacture of frozen concentrated milk indicate that a product
which keeps well and r000nstitutes satisfactorily can be made. One

method of inanufaoturing frozen conoentrated milk developed is:
"Clarify high quality milk, pasteurize at a high temperature, con-
dense to one-third the volume, homogenize, freeze in an ice cream
freezer, place in paokages, and finally finish freezing in a room
maintained at -10° F. All equipment should be copper-free. The

milk may be defrosted and reconstituted to the fluid state by undis-

turbed thawing in a vessel containing the necessary amount of water

at 180° F. required for bringing the milk to the concentration de-

sired. (40)

A study whioh involved the storage of whole0milk, condensed to

one-third its volume, for 18 to 20 months at -12 to -15° F., has

just been completed. (41) One-quart paraffined fiber containers

were used, for the milk. Exa4nation of samples of milk at intervals
showed very slight change in the score of the milk. At the end of
the storage period the flavor of the reconstituted milk was very
similar to that of the milk when it was placed into storage.

The fresh milk was pasteurized at 170° F. for 30 minutes follow-
ed by condensing and cooling to 40° F. All stainless steel equipment

was used.

Reconstitution was done by adding 2 quarts hot water at 165° to
170° F. to the 1 quart block of frozen milk in a container. The

reconstituted milk appeared like fresh, homogenized milk in physioal

condition.

The addition of from 1.5 to 3.0 per cent dextrose to the con-
densed milk was of no advantae. Pre-freezing the condensed milk in

a continuous joe oream freezer was of no advauage, It had the die-

advantage that about 20 per cent air wa whipped into it. This caused

foaming during reconstitution.

Cheeee Whey is a potential source of a number of produots. In

1944 a total of 141 million pounds of dry whey was manufactured. The

product contains lactose, albumin, minerals and vitamins. The chief

use of dry whey is in the preparation of poultry feed. The constit-

uents of whey also find use in the manufacture of human foods, plas-

tics and pharmaceutical products.

The Bureau of Dairy Industry, U.S.D.A., has been active in
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conctuoting research on whey utilization. The chief of the bureau,

0. E. Reed, has reported on the following ix ways of utilizing whey:

Separation of the whey constituents by a new method based on re-

moval of the lactose from concentrated whey by alcohol,

Production of a syrup containing a mixture of dextrose, galac-

tose and lactose.

Utilization of whey solids in the manufacture of taffr, fudge,

and caramsis, A new type of candy, containing 40 per cent whey solide

was developed.

Incorporation of whey solids in dehydrated pea soup.

Preparation of a canned pudding, utilizing whey solids in place

of eggs.

New produots, such as plastics, from the lactose in the whey.

One of these is polymethylacrylate, whioh is reported to have optioal

properties of the oonuneroial methylaorylate plastics and possessing

a high degree of elasticity and solubility which permits its use in

imprognating fabrics, in insulation and numerous other industrial

applications.

An important use of lactose from whey is in the manufacture of

the Wonder Drug" penicillin. In 1944 a total of 5 million pounds

were used for this purpose.

Of 7 million pounds lactose in 1942 about 3 million pounds were

used in baby foods, about 2* million pounds for pharmaoeutioals and

2 million pounds were used in various food and industrial products.

The methods of manufacture have recently been suimnarized. (42)

We can look forward to seeing further expansion in the use of

whey solids as new methods of production are developed through re-

search.

Dairy Spreads utilizing creams milk, dry milk, condensed milk,

cultured milk, with added oolor, vitamins and flavor, have emerged

during the past two or three years.

Future Developments

The Future. What significant developments will likely take

place in tTlry manufacturing field during the next few years?

A greater percentage oi' olarif led, homogenized, end short-time

pasteurized milk will likely 'be marketed. Soft ourd milk will find



greater uae Attention will be given to retaining the vitamins
present when the milk is produced.

Single-service containers for milk, cream, chocolate milk, andbuek Toore ppular.
Sterilized cream in single-service containers will find wider

use.

Evaporated milk which is free from a cooked flavor will be
develope.

Dry whole milk will beone a staple article in grocery stores.
The developxaeiôfctale and oxidized flavors in the product during
storage will be overcome. The roe onstitutability of the milk will
be greatly improved and simple appliances for use when reconstitut-
ing the dry milk will be developed. Dry whole milk in suitable con-
tainers that will, at ordinary room temperature, maintain its fresh
flavor for a year or more will be developed.

Dry ice cream mix will be further developed. It will be exten-
through retail channela, A good market

will be found for this product in small towns and in rural areas. It
will be used to a large extent by the 15-20 percent of the housewives
who make their own joe oreara. (6) It will beoome popular on ocean-
going ships.

Great developmer±s can be forsoen in the cheese industry. The
manufacture of amuoh larger amount of cheese seTi3d milk
will take place. Nanufaoturing methods will be greatly improved.
Through the use of good cultures, the use of precise manufacturing
methods and better curing methods the quality of cheese will be im-

proved and stabilized. Cheese will be merchandised in attractive
containers or wrapping materials such as plastic film. Attention
will be given to research on several varietiea of cheese.

The quality of ice cream and novelties will be further improved
and standardized.

Butter was one of the fooda that was insufficient in quantity
duriniiral war years. The American people olamored f or more
butter. Perhaps during the next few years the supply will again
become adequate. Now is the time to intensify research. Now is the
time to extend quality improvement so that butter only of finest
qua lity shall be manufactured and marketed. Grading of milk and
cream and payment in accordance with quality is of paramount impor-
tance. Efficient manufacture is essential as a concomitant of
quality production and to keep the cost reasonable1 A great amount
of research is neode to improve and standardize the quality and
keeping property of butter. The flavor should be improved. The
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body should be waxier in much of the butter made and the texture
could be more oompaot so as to prevent leaking of brine. As
millions of pounds of butter are generally placed in cold storage
during spring and sunner, for fall and winter consumption, research
is needed on problems involving flavor deterioration during storage.
The American people ieed arid like butter and will eat considerably
more of it provided it is of the top quality.
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IIEV MILK PRODUCTS

In the near future, the problem of utilizing milk by-products

that we have previously wasted or fed to animals will be a major

problem for the dairy industry. With thia fact in mind the results

from reoent developments are reported here.

The general utilization of milk during recent years is shown

in the following table:

Per Cent of Total Milk Produced

for

Other Fed to

Year Milk Butter Cheese Products Livestock

1935-38 41.5 41.0 6.3 8.6 2.6

1939 41.3 40.4 6.5 9.1 2.7

1940 40.6 40.0 7.0 9.7 2.7

1941 39.6 36,3 8,]. 11.4 2.6

1942 40.6 34.8 9.1 12.8 2.7

1943 44.6 33.6 8.2 10.9 2.7

1944 46.3 30.0 8.4 12.6 2.7

1945* 46.7 27.3 8.9 14,5 2.6

194w 48.8 24.4 8.9 15.3 2.6

Source of data: Borden's Eoonoinio Digest 2: Sept. 1946.

* Preliminary estimate
Tentative estimate

From the above data it can be seen that there have been two

major changes in the utilization of milk. There ha been a definite

increase in the produotion of the products other than fluid milk,

butter, and creese. The produotion of cheese ha increased apprec-

iably while butter has dropped materially. 1any of the products

coming under the column of other products are reported in this paper.

We have had available 11 billion pounds of whey from the manu-

facture of cheese and casein annually. Eighty per cent of this a-

mount is either wasted or fed to animals, We recover only 8 per

cent of the protein of skim milk or buttermilk if it is fed to hogs

and the quality of the protein is aDrreciably lowered, (2) Some

investigators state that 10 per cent to 12 per cent of the protein

may be recovered.

The United States Department of Agriculture (3) has forecast

that the wartime developments in the use of nonfat dry milk solids

for the preparation of a great variety of foods will probably assist

in maintaining domestic production above prewar levels. They f ore-

cast a oasein production in 1947 twice as high as that of 1946 and

a large increase in the production of sweetened condensed skim milk.



Some of the new developments for increased utilization of milk

and milk by-products are considered in the following:

Ca.rainel Milk

This new beverage was developed during the war by the Department

of Agriculture and an evaporated mi].Ic firm, (4) It is manufactured

by boiling sugar and milk in an open kettle. The caramel mixture

is combined with plain and condensed milk and canned the same as

evaporated milk is canned. USDA believes it may be used to advantage

in the home, soda fountains, and restauraits, not only as a drink

but as a base for ice creams, sherbets, oustards, puddings, and

fountain drinks such as milk shakos, malta, and floats.

Sterilizsd Milk

Although the evaporated milk industry has for many years manu-

factured sterilized milk that Is palatable, greater emphasis was

placed on this product during the war because of transportation and

storage requirements of our armed forces. A new sterilized product

was developed in 1945 in response to the request of the Army Quarter-

master Corps. (5) It contained approximately 16 per cent total sol-

ids and could be drunk from the container by our troops. Recently

patents have been granted on new methods of manufacture of sterilized

milk and the future will undoubtedly see sterilized milk placed on

the market that does not have an objectionable caramolized flavor.

Dry Whole Milk

Dry whole milk was manufactured in insignificant amount before

194]. (only 30 million pounds in 1940), but with America's active

participation in the war the problem was to furnish the army and

navy personnel with an adequate and nutritious ration, Many mil-

lions of pounds of dry whole milk were supplied to our armed forces

during the war. Future research in overcoming flavor defects and.

improving roe onstitutability will aid in maintaining production of

this new produob.

Dry Milk Combinations

Many foods have been developed recently in which powdered milk

is used. Custards of different flavors, dry pie mix and dry cake

mix have been suoceasfully prepared.

Powdered milk and powdered eggs, whipped up into frothy protein-

rich egg-flogs are now being used In hospital diets for cutting by

a third the long periods of convalescence after an operation or severe



illness (6) In addition, the smp1e mix is daily performing life-

saving roles in the treatment of bad burns and in giving surgery
subjects that extra bit of stamina they need before an operation.

Any kind of flavoz' may be added to increase it palatability.

Tablets made from dry whole milk, butterfat, and sugar, and

compressed by hydraulio pressure have been developed. (7) The

tablets may be added to either hot or cold water to make a palatable

drink. Cocoa, coffee, tea, custard, and milk pudding blocks have

also been made. Melted butterfat is added to give a fat content

of 20 per cent and on cooling the fat in a continuous phase cements

the material. They may be consumed dry also.

Sterilized Cream

Sterilized oreamu, with a keeping quality so good that it may

be kept for longer than a year at room temperatures has now been

piaoed on the market in sealed bottles. (8) A vegetable stabilizer

is added before processing. The orsain is preheated and sterilized

at temperatures of 2600 to 270° F. It is then bottled under aseptic

conditions. For table use cream of 18 per cent butterfat is used.
Sterilized whipping cream oontains 30 per cent butterfat.

Dairy Spreads

Types of new dairy products now on the market are dairy spreads.

The products are generally (a) whipped butter, (b) a oonbination of

whipped butter and other dairy products, (o) a homogenized water-in-

oil emuls ion made from butter and other dairy products, (d) or a liq-

ud oil-in-water emulsion disoharged under nitrous oxide pressure re-
sulting in a whipped butter spread.

Dry Cream Mix

Dry cream mix along with many of our other dried dairy products,

is a relatively new product. Ita composition is 68.8 per cent fat,
18.5 per cent solids-not-fat, 11,5 per cent sugar, and 0,69 per cent

whipping agent. Water is added in reconstituting to give a product

containing 30 per cent fat for whipping purposes. This product is

now being used in restaurants, hotels, and institutions as well as

the home.

Dry Butter and Butter Oil

This produot is a new development in the dairy inducty
Several different methodø of manufacture are used. One method is



continuous. With this method the fat is removed from high-testing

creams pasteurized at temperatures of 1950 to 2000 F. under partial

vacuum, and then packed in barrels or in cans. In one method per-

fected by Dr. George E. Hoirn, in charge of the Bureau of Dairy md-

ustry fat.spoi1age reearoh, butteroil is extracted from the butter

granules or finished butter by melting and is then placed in cans,

evacuated and gaspacked with nitrogen. It is necessary to remove

all of the oxygen to prevent fat spoilage. Butteroil and skim milk

powder are mixed together when reconstituting for use in tropioal

countries. (10) (11)

In Australia, a product similar to this is now being inanufactur-

ed. It is oalled "Tropical Spread" and contains 1 per cent salt, 2

per cent spray-dried skim milk, 77 per cent dry butterfat, and 20

per cent fully hydrogenated butterfat. (12) During the war Australia

produced 8,330,844 pounds of "Tropical Spread" and concentrated butter

for the armed forces of the Allied Nations.

Another product called uButter Concentrated Hardened" was inanu-

factured in Australia during the war. It is especially suited for

tropical use. One part water to five parts butter are used in re-

constituting. In the manufacturing process there is no loss of vita-

mins A or D and it has a caloric value of 4,000 calories per pound.

Australia produced 2,769,264 pounds of "Butter Concentrated Hardened"

during the war.

Dry Ice Cream Mix

New developments in the method of packaging dry toe cream mix

have helped in increasing the production of this product. Although

it cannot be considered a new product, new developments in its manu-

Lacture have made it available for use all over the world. The armed

forces used millions of pounds of this dairy product during the war

and considerable quantities of it will undoubtedly be exported in

peacetime trade in the future. Housewives in small towns and in rur-

al areas will be able to purchase dry ice cream mix of high quality
in food stores for use in the home. (13)

los Cream Combinations

There have been many new developments in oombinations id flavors

of Ice cream. During the war 2 per cent alamat was used as a flavor-

ing ingredient. (14) Alamat is made from sweet potato flour and in

using 2 per cent alamat an ice cream was produced that had a distinct

flavor with satisfactory color and melting properties. }iiore use of

different fruits and other flavoring ingredients will be developed in

the near future.
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Skim Milk Products

A new product that utilizes skim milk and potatoes can be made
in the form of wafers, sticks, or croutons. (15) They differ from
potato chips in that they contain skim milk solids but no fat. It

is a product that will promote the use of skim milk, will also add
a new outlet for potatoes, and provide a new product that has a
nutritional and flavor appeal for bakers, biscuit and specialty inanu-

faoturers. it is made by whipiing air into a mixture of skim milk,
rice, boiled potatoes, sa1, pepper and other flavoring.

A concentrated skim milk produot containing 25 per cent to 30
per cent solids content that can be whipped to an overrun of 250
per cent has been developed for use by bakeries. (16) This product
will whip to a stiff white foam with high stability as is done with
egg whites. Fruit whips similar to a product from egg whitea have
been prepared by adding sugar to this product and stabilizing the
whip by stirring fruit pu.ip into it.

Another new product from skim milk is a dry nonfat solids milk
that is sweetened. It contains 59 per cent sucrose, 39 per cent
solids-not-fat, and 2 per cent moisture, The manufacture of this
product has been limited because of the sugar shortage, but it will
probably find great use in the manufacture of foods by food xnanufao-.

turers, Consumers are now aware of the groat nutritional value of
milk solids-not-fat and this will aid in the development of new uses
for this product.

Case in

Casein has found many new uses in recent years and ha developed into

a 20 million dollar industry annually. (17) Casein is used in three

general ways: (a) in nutrition, (b) medicine, and (a) in ohemurgie
industries for the manufacture of many products ranging from paper to
clothes.

It is particularly important in the manufacture of coated papers
and paints. Beoause of their waterproof quality and durability,
casein-coated papers have been in great demand for such items as
labels, photographic paper, indioator sheets, maps and certain forms
of educational literature whore appearance is an important factor.

The paper industry is now using one half of the oasein produced.
Casein water paints have been found easy to apply, inexpensive, and
may be washed. It has found new use in the manufacture of resin-
emulelon paints. Many new plastic products like buttons, knobs and
ornaments are now xnado from case in, Seven per cent of the case in

now goes into the inanufaoture of these products. It is also used in
the manufacture of wall papers to impart body, as well as a binding
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agent in the manufacture of wall board, to stabilize rubber latex
compounds, and in finishing leather goods. (16)

Bristles made from oasein are no longer in the experimental
stage. Research vms commenoed four years ago at the Eastern Regional
Researoh Laboratory in Philadelphia to find a substitute for imported
bristles and has reached a successful oonolusion. (19) The artifiolal

fibre was developed by Dr. Thomas L. MoMeekin aid his associates.
The interest created by manufacturers has oaused the opening of a new
plant at Salesbury, Md., for the manufacture of casein bristles and
brushes using the process developed by the Department of Agriculture.

The artificial bristle is made by extrusion of a mixture of
oasein and water through a suitable die, and then subjected to finish-
ing operations. The final product resembles horsehair or pig bristle.
It can be produced in say length desired and in a range of diameters.
The bristle is particularly suitable for paint brushes since it is
resistant to oils sad organic solvents. Casein from waste skim milk
is the source of the constituent used in making the bristles. Al-

though the supply of natural bristles has improved, it is anticipated
that there will be an increasing demand for high quality, low-cost
artifioial bristles,

Casein Fibre for Clothes

Although protein base fibres have been manufactured for many
years, principally in Italy, a successful protein-base fibre was not
produced commercially in the United States until 1939 when the
National Dairy Products Corp. comiienoed manufacturing a fibre from
easein of milk. (20) t'Aralao," their trade name, is a light, fluffy
and resilient fibre, It is being manufactured at the rate of sev-
eral million pounds a year. It may be used alone or blended with
other fibres. It is warm, absorbs moisture quickly like wool, it
lends crease and wrinkle-resistance to fabrios, it is soft and drapes
well. It requires special oare in dyeing, but if properly handled
it produces effects of unusual beauty.

The type of blend or ultimate use pre-determines the procedure
which will be used in processing textile combinations containing
ttAralao.tI The casein is chemically treated and heated to a honey-
like consistency. The liquid is forced through tiny nozzles of spin-
nerets to emerge in a continuous filament. The soft fragile oasein
fibres are given a complex but inexpensive chemical treatment which
rearranges the molecular structure, making the casein chemically
akin to resin.

"Aralac" is used to replace rabbit hair in hats, in woven and
knit goods, sports wear, interlinings, neckties, and numerous other
articles of clothing. I-b was first used in upholstery in 1942.



93

The oushions and upholstery held up very well after pounding
tests equal to five years in a home. Cushions of HAralaott lose
little of their thickness and are highly resilient, The fibre
does not move up or dovn in upholstery and pillows will hold.
their shape without constant patting. It has been found ideal
for oomforters, mattresses and interlinings due to its light
weight and warmth. (21)

"Aralao" is now being considered in surgical work bercause
it is inexpensive, plentiful, extremely uniform chemically, and
has physioal properties which recommend it for use in surgical
work. (22) A pledget made from 'tAralao" to stop bleeding does
not need to be removed. It is absorbed as was shown in experi-
ments on oats by Spitz, Ziff, Brenner, and Davidson. They
found that casein fibre is rapidly absorbed after septic liii-
planation in the brain, musole or subcutaneous tissue of the
oat. They found no toxic effect on the cortical cells.

The price of "Aralac" is cheaper than wool but more ex-
pensive than rayon or cotton. It has not varied from 64 cents
a pound although the prioe of oasein has varied from 15 cents
to 30 cents a pound. This comparison along with the statement
that it can be produced cheaper, would indicate that it probably
will be an iinportant fibre in the future of the textile industry.
(23) The textile industry must have a low cost fibre for its
manufacturing purposes. The expansion of the oasein fibre in-
dustry will depend in a postwur economy on relative prioe and
relative quantity. Further development of the wet and dry
strengths will enhance its competitive position.
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Cheese Spread

A cheese spread was developed for the army during the war. (24)
In its manufacture was used butter, cheddar cheese curd made from
pasteurized milk, and nonfat dry milk solids. Thic spread contained
66 per cent butterfat, not more than 29.5 per cent moisture, 2 per
cent emulsifying agent, 0.1 per cent antioxidant, 0.1 per cent ben-
zoate of soda, 0.17 per cent vegetable gum, and not less than 8,500
units of vitamin A per pound, The finished product must not oil off
when held £ or 24 hours at 120° F.

"Homo cheese", a similar cheese developed in Australia during
the war, is reported to have a fine flavor and a good texture. It
did not oi]. off when kept for six days at a temperature of 145° F.
Australian dairy experts predict a promising future for this new
cheese, (25)

Grating Cheese

Due to the lack of highly flavored dry cheese used for grating
purposes which had been imported before the war, a cheese of this
type was developed in the United States, Phillips made a cheese
having a decidedly characteristic odor and a good body for grating.
It was made from Holstein milk and use is made of rennet paste rather
than rennet f or enhancing the flavor, In another method on which an
experiment station has done research, the flavor whioh comes from
the free fatty acids such as butyric, is developed faster by homogen
ization of the milk,

Dehydrated Cheese

A dehydrated cheese was developed during the last war, (26)
The weight was reduced one third by removing all of the moisture.
By compressing, the size was reduced 40 per cent to 46 per oent.
This type of cheese was developed to save shipping space. This
cheese may be used in cooking and for salade, desserts, in soup, and
in spreads.

Dried and Condensed Whey

Dried and condensed whey have found many new uses in confections,
bakery goods and cheese foods. In confections they are used to re-
place the skim milk in fudge and some of the caramel. Whey fudge
and whey caramel are two new candies manufactured, In Canada up to
30 per cent dried whey solids have been used in the manufaoture of
fudge, caramel and taffy candy. (27)

In bakery goods, oondensed whey has been found to produce a more
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oaks-like texture than skim milk in sweet bakery products. Canned
whey pudding is a new product. (28) It is an intermediate produot
between canned plum pudding and canned nut bread or brown bread,
with less shortening and richness than plum pudding but more cake-
texture and sweetness than canned breads,

Whey gives it a pleasant flavor, improves the body and leaven-
ing, and is high in nutritional value. Whey pudding contains 22 per-
cent whey solids. Puddings of different flavors have been developed
and fruits have also been used in whey puddings. A dry mix for pud-
dings is also a new use for whey. Canned cream style soups and
sauces are now being manufactured that oontain 3.5 per cent to 5 per
cent whey solids. Newest uses loom in the field of medicine.

During the war, whey solids were used to rep.aoe milk solids-
not-fat in the manufacture of ioe cream. (29) leighton found that
whey solids improved the body and the whipping qualities of the mix.
The use of whey solids in the manufacture of ice cream will undoubt-
edly be continued in the future.

Lactose

Whey contains 90 per cent of the milk sugar or lactose found in
whole milk. A yield of 4 pound per 100 pound of cheese, or casein
whey oan be obtained,

Because of its nutritive value it has found new uses in the
preparation of baby foods to increase the lactose oontent. (30) One
of the major uses for whey was developed during the war when peni-
cillin was disoovered. Lactose is used in penicillin manufacture as
a nutrient for the mold which produces penicillin, and to regulate
the acidity of the medium. As the fermentation process proceeds,
the alkalinity of the culture medium increases to a point where the
penicillin molds cease to grow. Lactose is used as a carbohydrate
to regulate the acidity of the medium. It has been estimated that
4,610,000 pounds of lactose was used in this industry,in 1946. (31)

One of the newest uses of lactose is in the medicinal and phar-
maceutical fields, Lactose is used in hypodermics. It is used in
tablets beoause it is harmless, soluble, odorless, and the small
quantity is practically tasteless for compressed tablets and vitamin
capsules. Greater uses will be found in these fields for lactose.

Chemioal Products From Whey

Although the manufacture of lactic aoid from whey has been car-
ried on for years, new developments in the use of lactic acid has in-
creased its production. (32) Before the war approximately 5 million



pounds of lactic acid were produces annually. Mow its produotion
has doubled. Its main uses in the United States are in the leather
industry, for paoking olives, as a modifier for oows milk in infant
feeding, and in the manufacture of plastics.

In Australia, where its uses have developed most extensively
to replace imported acids, it is used in food industries as an acid-
u].ant in fruit juices, oordial, jams, pickles, confectionery, and
jelly orysta].e. (33) It is also used as a mordant in the dyeing of
textiles, the leather industry, and in the manufacture of pharmaceut-
icals, Lactic acid is used in the manufaoture of plastics and also
in the laquer industry.

Calcium lactate is a orystalline solid made by the reaction of
oaloium carbonate or calcium hydroxide with laotio acid produced
from whey. Calcium laotate is used in pharmaceuticals and baking
powder,

Methyl acrylate, a colorless liquid, has found new uses as a
basic chemical in the manufacture of resins, synthetic rubber, and
plastics.

A lactic aoid laquer for milk cane has been developed through
research carried on by the Bureau of Dairy Industry. The new pro-
duct is a polymer made from lactic acid and semidrying vegetable
such as castor oil or soybean oil, Preliminary results were enoour-
aging, It withstands steam and strong alkali solutions. (34)

Protein Hydrolysatea

Protein hydrolysatee are protein substanoes derived from the
proteins of skim milk and buttermilk and the albumin in whey. They
may be either amino acids or peptones. Peptones are partioularly
digested proteins containing simple combinations of amino acids.
Amino acids are degradation products from proteins.

They are new products developed recently and have found great
use due to their nutritional value in medicine and foods. They are
used for human and bacterial nutrition, in pharmaceuticals, and as
flavoring agents in foods.

In human nutrition, when serious loss of protein has occurred,
they are administered intravenously. They are used in extensive
wounding, serious burns and in the treatment of pathological cond-
itions, They have been used. intravenously in cases where absorption
is defective following gastric reaction, oholeoystectomy or gastro-
enteritis, in the treatment of infants with chronic diarrhea, vomit-
ing, and dehydration in feeding premature babies. They can be used
to improve the nutritional state in cases of coricanoina, intestinal
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obstruction, hypothyroidism, nephritis, ulcerative colitis, and
cirrhosis of the liver, (35)

Protein hydrolysates may be added to soups, stews, broths,
bouillon and bouillon cubes, fish, gravies and sorapple to increase
the nutritional value and to add flavoring. One authority on the

subject listed 34 foods in which they are used.

In microbiology they are important in the manufacture of peni-
oiilin. Peptones are used along with lactose in the mold grcwth.

Dr. Frank Wang had been doing some experiments with hydroly-
sates and has fed them to several patients having ulcers as prepar-
ation f or operation. He was surprised to find the patients became
cured without surgery. (36) When fed to 47 control patients, every
two hours, some were free from pain in two days, and after three
days ulcers no longer showed up on the X-ray films of many of the
patients. Many of them gained weight.

Conclusions

Dairy research has concentrated on improving quality and in-
oreasing the variety and usefulness of dairy products. Much of
this work has been carried on by our own Government and state ex-
periment stations. Research programs carried on by private individ-
uals and companies have also been important. Researoh in the future
will play a groat part in the utilization of milk and milk by-prod-
uots.

Many of the new products and uses for milk in the past several
years are now important to the dairy industry in eliminating waste
and finding profitable outlets f or dairy products. The future use
in plastios and mediolne will continue to play an important part.
Our increased knowledge of the nutritional value of milk has aided
materially in the development of new uses for milk and milk by-

products,
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CARE A1D HA1DLING OF STARTER

In the preparation of the starter to be used in cheese manu-

faoture, the technique must be similar to that followed in a baa-

teriologioal laboratory. The person in oharge of the starter
laboratory should possess a fundamental knowledge oonoerning bacteria;

what they are, where they come from, how they grow, and how they

may be controlled. The mother starter laboratory must be perfectly

clean, the operator should wear olean clothes and should have clean

hands.

Mother Starter Room

Constructed to:

1. Maintain a uniform temperature, the walls may be insulated.

2. Glass blocks or artificial light used.

3. Air entering the room should be purified. Precipitation

of dust particles advisable. Destruction of air-borne

bacteria and bacteriophage necessary.

4. The air from the room to be exhausted.

5. The room sprayed occasionally with a germioide.

6. The room used for no other purpose than for the prepar-
ation of starter.

Equipment

1. Facilities for convenient sterilization of transfer equip-

ment must be available.

2. Facilities for pasteurization or sterilization of milk
and cooling milk in jars or flasks available.

3. Facilities for incubation of the inoculated milk at the
exact temperature.
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4. Facilities for cooling the coagulated cultures must be
available.

5. Facilities for storing the cultures after coagulation at
a temperature of 32° to 35° F.

Milk

1. Obtain the milk from a dependable source. The mixed milk
from a herd is best. Pay a premium for the milk.

2. Examine the milk regularly for bacteria by means of
Methylene blue or Rezasurin test, or agar plate method.

Do not use mixed milk obtained from the pasteurizer or the
supply tank. The milk may contain inhibitory products not
destroyed by heat. It may also contain numerous thermodurio
bacteria.

Type of Culture

Cheese starter is a mixture of strains of rapid lactic acid
producers of Strept00000us lactis bacteria with the associated
organisms either Streptococcus oitrovorus or Streptococcus
para citrovorus.

Obtain a new culture regularly. When propagated for some time
and found active and hardy, discard the oldest culture. Always
maintain two cultures.

Pasteurization of Milk for Mother Culture.

The temperature and time held must be high enough to kill
nearly all bacterial life in the milk. Boiling does not kllla].l
bacteria. It is necessary to use 2500 for 20 to 30 minutes
for complete sterilization. This results in browning, ob-
scures the flavor of the starter and makes judging of the starter
difficult. Heat containers of milk in boiling water or flow-
ing steam.

1. Use glass top fruit jars or similar satisfactory glass
oontainers. The mouth of the jar and closure must be

completely subjected to the heating process.

2. Heat the jars of milk in a tank of water. The tank should
be covered,
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3. Use a recording or long-stem thermometer in the water.

4. The jars should be 3/4 full of milk,

5. Maintain a temperature of 2050 to 2100 F, for 1 to 2 hours.

6. Very slight browning is a good indication of sufficient
heating.

7. Cool carefully to 70° F., or to 45° to 50° F., if the milk

is to be held several hours.

8. Keep the milk at 70° F., water temperature for one-half
hour before inoculation. Never place the thermometer in
the pasteurized milk. Can use jar with water with a thor-
inometer inserted if desired.

Inoculation

1. Use a graduated, sterilized glass pipette, or tube for

inoculation.

2. Plunge pipette into unshaken starter. Avoid contamination.

Draw starter into pipette.

3. Tip open the lid to jar of pasteurized milk.

4. Allow the necessary amount of starter to drain out. If
one per cent is used, add 9 ml. per quart, or if 3/4 per
cent is used add 6 ml. per quart. Do not blow into the
pipette. Adjust the amount of inoculation to give the
correct acidity of the starter at the end of 14 hours.

5. Mix with a rotary motion. Avoid splashing milk into the
mouth of the jar.

6. Incubate the milk at 70° F. ' 1° F. for about 14 hours.

Acidity of Starter After 14 to 16 Hours Incubation

1. An aoidity of 0.70 - 0.75 per oont results in a large num-
ber of bacteria.

2. With higher acidity, fewer bacteria will be present. The

elder cells die off. Continued o'ver-ripening weakens the

organisms.

3. Always make starter daily.
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Cooling Starter

1. Arrest the growth of the bacteria and preserve their vitality

by cooling the starter to 400 F. or below.

2. Place the jars in a tank of clean ice water. Do not shake.

Air cooling is unsatisfactory.

Appearance

Good starter should show a smooth curd, At the oompleti.on of

the incubation period there ehould be no separation of the whey

from the curd. After the 000].ed star-her has been stirred or

shaken it should be of the oonsistenoy of rich oream. It should

be glossy in appearance, not of a dull or chalky luster. The

starter should show no large curd pariioles or lumps, and when

poured from the container it should not show a ropy condition.

The flavor should be pronounced, yet delicate. Neither a flat

flavor nor a sharp acid taste is desired.

Defects in Starter

1. Sharp acid taste - A sharp acid taste is caused by over-
ripening the starter. The defect may be prevented by re-
ducing the amount of inoculation and seeing that the temper-
ature during inoubation does not exceed 700 F.

2, Bitter taste - A bitter taste may oe from using milk that
has this taste or from the growth in the milk of bacteria
that produce a bitter taste. To prevent this condition,

use milk that is free from bitterness, see that the milk is
properly pasteurized, avoid contamination of the pasteurized
milk with undesirable bacteria, and use only a culture of
the desirable types of bacteria for inoculation.

3. Cheesy flavor - A cheesy flavor is caused by the growth in
the milk of certain undesirable types of baoteria. To
remedy this condition, pasteurize the milk thoroughly, avoid
contamination, and use a desirable culture for inoculation.
Also, avoid contaminating the finished starter with undesir-
able bacteria.

4. Metallio flavor - Metallic flavor is caused by over-ripening
the starter and keeping it in poorly-tinned containers, The
condition can quiokly be overoome by using either glass or
stain1ea steel containers for the milk and the finished
product, and by avoiding over-ripening.



104

5. Flat flavor - A flat flavor is caused by using milk that
contains only a small amount of eitrio acid or using a cul-
ture in which the citric-acid fermenting baoteria are either
present in small numbers, or the conditions for the produc-
tion of flavor compounds are not satisfactory. To improve
the flavor uee milk from a different source, preferably of
a higher solids-not-fat oontent. It may be desirable to
obtain a new culture from a oonnneroial laboratory.

6. Unooagulated - When the starter is uncoagulated at the end
of the incubation period, it indioates one or more of the
following conditions: (1) the temperature during inoubation
was too law; (2) the amount used for inoculation was not
sufficient; (3) the inoculation material contained relatively
few viable bacteria; (4) presence of bacteriophage. To
remedy this situation it is necessary to follow the correct
methods for making starter and using a culture of bacteria
of desirable oharacteristios.

7. Gassy starter - When the starter shows a gassy condition or
an undesirable flavor, it suggests one or more of the follow-
ing conditions: (1) the milk used was not properly pasteur-
ized; (2) the milk was contaminated after pasteurization;
(3) unsterilized transfer equipment or other equipment was
used; (4) a contaminated culture was used for inoculation,
A starter that shows this defect should be immediately dis-
carded, the proper methods for preparing starter should be
followed, and a new culture should be obtained.

Vitality Test

A vitality test should be made frequently on the different cul-
tures in order to determine which are active and whiah are in-
active,

Preparing Bulk Starter

1. Use selected milk.

2. Straight sided, stainless steel oans are satisfactory. Use
well-fitting stainless steel covers. Sloping tops are best.

3. Agitator through opening in lid. Tightly fitting.
4. Accurate thermometer in water (an accurate test thermometer

should always be available).

5. Thermostat and heater attached. Recording thermometer desir-
able.



6. Heat to 2000 F. for one hour,

7. Cool to 700 F.

8. Stir little as this may activate bacteriophage through
incorporation of air.

9. Use the necessary amount of milk required for inoculation
of each vat. Use one can for each vat.

10. Inoculate the cans with from 3/4 to 1 per cent of active
mother starter. Ay decrease inoculation of the milk for
the cans which are to be used last for inoculation of the
vats of milk for cheese.

11. Acidity should be 0.70 to 0.75 after 14 to 15 hours incu-
bation at 70° F.

12. Cool with running water. If star(er is not to be used until
noon it iy be cooled to 4Q0

F. or below by means of refrig-
erated water or ioe water.
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I3VORTANCE OF STARTER fT T! MANUFACTURE OF CIDDAR CIESE

Reasons for Using Starter

1. It governs the flavor and the body and texture of the cheese.

2. Through the acid produced it aids rennet action.

3. The acid aids in moisture expulsion.

4, The aoid produced influences favorably the changes that
take place in the curd during oheddaring.

5. The growth of undesirable bacteria in the curd and cheese
is checked.

It is impossible to manufacture Cheddar cheese without the use
of a culture of lactic acid producing bacteria, Coimneroial cultures
containing a mixture of selected strains of bacteria, are available.
Only proven cultures that are hardy and that are satisfactory for
Cheddar cheese should be used.

The Oasein in milk is present in a colloidal form and is known
as calcium oaseinate. During the coagulation with rennet, the eal-
oium oaaeinate is changed to calcium para-caseinate. The acid pro-
duced from the activity of the bacteria also activates the pepsin
of the rennet extract. A certain amount of soluble calcium salt is
formed through the action of the lactic aoid on dioaloium phosphate
in the milk. The soluble calcium salt is necessary for the coagu-
lation of the calcium oaseinate in the milk by the rennet enzyme.

The acid produced by the lactic aoid bacteria from the milk
sugar aids in the expulsion of moisture from the curd particles dur-
ing cooking and from the curd after the whey has been drained.

The lactic acid aids in the formation of a brine soluble, cal-
cium oaseinate from the insoluble calcium caseinate during the ohed-

daring process. This favors the matting of the ourd partiolea and
results in ourd of a compact texture.

The acid produced aids in retarding the growth of undesirable
types of baoteria in the curd during manufacture and during the ripen-
ing of the cheese. The growth of bacteria which cause a putrefactive
or protein decomposition and gas formation with the accompanying un-
desirable flavor is retarded through the action of the acid produced.

Normally one to two billion bacteria per ml. usually are present
in good quality starter. If two billion bacteria are present and the
milk contains 50,000 bacteria per ml., and if one ml. of starter is
added to 100 ml. of milk, there would be present 19,851,485 total
bacteria in one ml. mixture of milk and starter.
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If the bacteria would double in number every half hour there
would be present after one hour, 79,405,940 total bacteria per ml,
of which 198,020 would be frcan the milk.

It is important to U80 milk containing only a few bacteria while
the starter should contain as many active baoteria as possible.

It is advisable to make a test for activity of the starter,
frequently.

Time of Adding Starter

The time of adding the starter to milk is important. Only fresh-
ly made starter should be used. Old starter is generally inactive,
It contains fewer active bacteria than fresh starter. Do not use
high-acid starter. The baoteria in high-acid starter are not in an
actively growing condition. An acidity of about 0.70 to 0.75 per
cent in freshly made starter is considered. boot foroheOsO.

Add starter in time so that when the vat is full or ready to set
the starter will have been in the milk the proper length of time, If
for instanoe, the vat is usually filled and ready to set at 9:00, and
a one-hour ripening time, using 1 per cent starter, is rep ired, add
about 3/4 of the required amount of starter at about 8:10 when the
vat is about 1/4 full. When all the milk has been placed in the vat
add the balance of the starter. It is always better to wait 5 or 10
minutes for ripening and have a uniform ripening time and acidity than
it is for the starter to be in too long.

With fine quality milk, from 1/2 to 3/4 per cent starter is usual-
ly sufficient, while some may use as much as 1 per cent. Too muoh
starter results in acid flavored cheese. The rule of developing from
0.01 to 0.02 per cent acid above the acidity of the milk before set-
ting may be followed. Experience from day to day will help to serve
as a guide. This increase will generally take place in pasteurized
milk in about one hour.

Bacteriophage

Difficulty has been experienced in Oregon cheese faotories with
slow development of acid during the manufacture of cheese. This was
attributed to the presence of bacteriophage. Acid production was
completely stopped about 3 or 4 hours after the addition of rennet.

F. J. Babel at the Iowa Agricultural Experiment Station stated
that very little difficulty was experienced with slow acid production
in the oheese laboratories of Iowa State College prior to November
1944, However, at this time considerable difficulty was encountered
and the principal cause of it was bacteriophage. He, therefore, corn-
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inenced studies on the problem to control bacteriophage, A report was
given by him in Volume 29, No. 9, Journal of Dairy Science, 1946.
The sununary of the report is as follows:

"Slow aoid production, due to the presence of bacteriophage, in
the manufacture of Cheddar cheese usually was apparent at the
time of draining the whey or shortly thereafter.

"The presence of bacteriophage resulted in almost complete ces-
sation of acid produotion in the manufacture of Cheddar cheese
when either single-strain or multiple-strain cheese cultures
were employed.

"Cheddaring for a long period of time (4 or 5 hi's.) did not re-
suit in an appreciable increase in acidity when acid production
was slow because of bacteriophage action.

"The presence of bacteriophage in bacteria-free filtrates of
whey, culture, starter, etc., could be demonstrated by adding a
small amount of the filtrate to pure cultures of S. laotis
isolated from the culture used in the manufacturing process and
also by the production of bacteriophage plaques on a solid medium.

'When a vat of skim milk intended f or cottage oheese was contamin-
ated slightly with bacteriophage active against the culture em-
ployed, acid formation was very slow for about 24 hours after
setting. During this same period the bacteria count showed a
slight increase, then a large decrease, and finally a large in-
crease."

The effect of bacteriophage on acid production in the manufacture
of Cheddar cheese was illustrated by the data in the following table:

Bacteriophage Absent

Titrable
$tago of Iilanufaoture Time Acidity

Bacteriophage Present

TitrabLe
Time Aoidity

Milk (pasteurized) 8:00 0.16 8:00 0.16
Milk plus 1% oulture 8:10 0.165 8:10 0.165
Setting 9:10 0.175 9:10 0.175
Cutting curd 9:40 0.12 9:40 0.12
Draining whey 11:10 0.14 11:10 0.13
Milling curd 1:45 0.52 4:00 0.17
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Frequency of Transfer

Starters should be made daily. Recent experiments by A. C. Dahi-
berg and Fred Ferris olearly show this. In a recent reporb in Journal
of Dairy Soienoe, Vol. 28, Oøt. 1945, they stated that "When lactic
starters were inoculated every day or every third day and carried
under excellent conditions, their quality was identical as judged by
appearance, flavor, and acid development. When incubated in milk at
temperatures used in cheese making there were slight differences in
the starters. When incubated at 860 F. acid development was rapid
and the same for both starters; at 1000 F. acid development was very
slow; and at 86° F. for 2 hours followed by 100° F. for 6 hours the
acid development was good and the caine for both starters.

"When the freshly coagulated starters were used in cheese making
the results were not identical to those secured in milk. The greatest
difference was that in the cheese making process the starter trans-
ferred every third day gave slower aoid development in the ourd. When
inoculated and set in milk at 100° F.the acid development was almost
arrested in the curd and both starters gave comparable results. Cool-
ing the cooked curd back to 86° F. did not affect the rate of increase
in acid. An initial incubation of the cultures at 86° F. in the oheeae
milk was very important in securing the desired increase of acid in the
curd at higher temperatures. Aging starters generally slowed the in-
creases in aoidity.

"Cheese manufaotured with starters transferred daily developed
more flavor of better quality in less time than when made with starters
transferred every third day. This was true even though the starters
appeared to be of equal quality. The old starters produced unclean
flavors in the cheese. However, the cheeses that developed flavor
sooner also over-ripened in less time so that they should be put in
cold storage earlier to maintain their fine flavor.

"The data show that transfer of lactic cultures every third day
as compared with daily transfer reduced the acid produced during the
Cheddar cheese making process and incubation at 86° F. in the cheese
milk increased the production of acid at the cooking temperature.H

Effect of Cooking Temperature on Acid Production By
Lactic Acid Bacteria

The oheesenaker must not overcook, as this retards the growth
of the starter bacteria. The acid production is slowed up. Recently
Golding, Aanundson, and Wageriaar, in Journal of Dairy Science, Vol. 28
Oct0 1943, found that a cooking temperature of 102° F. caused a pro-
nounced retardation in the increase of aoidity. This has been oon-
firmed by raotioal observation in cheese factories. One Oregon
oheesemaker has reported that by using fine outs and cooking at 1000 F.
the starter worked faster and he could set the milk sweeter. This
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has considerable significance from the point of view of the ripening
of oheese and a production of desirable flavor, If, on the other
hand, a large peroentage of starter was used, the curd out coarse
(3/8"), and a cooking temperature of 102° or 103° F. was employed it
would be easy to "cook ahead" of the acid. This is an undesirable
practice. It will result in acid, bitter, poorodied cheese. Dr.
Babel also studied this problem. Ho reported in Journal of Dairy
Science, Vol. 29, Sept. 1946, that "The rate of acid production of
7 cheese cultures held at temperatures of 860, 890, 1010, and 1040 F.,
were determined, Three cultures produced acid more rapidly at 860 F.,
while 4 cultures produced acid more rapidly at 980 F. All of the
cultures produced acid slowly at temperatures of 1010 and 1040 F.

"The rates of acid production of 7 cheese cultures held contin-
uously for 7 hours at 860 F., were compared with those of the same
cultures held 2 hours at 86° F., then 2 hours at 104° F., and then
3 hours at 860 F. Six of the 7 cultures produced loss acid as a
result of the higher temperature and 1 culture produced slightly more
acid.

"In actual oheese-inakiw operations a cooking temperature of 1020
F. slightly retarded acid velopment with 5 of the 7 cultures when
compared with a cooking temperature of 1000 F. A cooking temperature
of 104° F. appreciably retarded acid production as compared with a
cooking temperature of 100° F.

"Ripening the milk for a longer period before setting appears to
be more time-saving in the manufacture of Cheddar cheese when 000k-
ing temperatures of 1040 F. are employed than dces following the
regular procedure and waiting for acid development just prior to mill-
ing.

"A slightly high cooking temperature (104° F.) may be an explan-
ation for somewhat retarded acid development in the manufacture of
Cheddar cheese, but it does not explain oases of greatly decreased
acid production or the actual stopping of acid production by oheese
culture s."

Importance of the Starter Bacteria in the Ripening of Cheese,

The starter bacteria are of utmost izaporbanco in. regulating the
ripening of the cheese. However, if bacteriophage is present in the
oheese, ripening may be abnormal. Recently, in England, A. A. Niohole
and J, Z. Wolf, found that bacteriophage was present in cheese three
weeks and 3 months old when the oheese was made from a starter which
contained bacteriophage. The bacteriophage was demonstrated in cheese
made in 7 different vats, using three starters in two different local-
ities. In one batch of cheese made from raw milk decimal solutions
of the filtered extract showed that after 3 months ripening bacterlo-



111

phage was present in quantities of cheese as small as 0.00005 gram
(Journal O Dairy Science, Vol. 26, No. 7, 1943, p Aa.124).

In normal cheese the following ohanges are among some that
occur in Cheddar cheese during ripenings

1. Rapid growth takes place during the first few days of the
ripening period. One gram of two or three-day-old cheese
may contain several hundred million bacteria. The author
found that in a number of samples of one-month-old cheese
the counts ranged from 1,678,000 to 20,742,000 per grain.
In three-months-old cheese the counts ranged from 1,100,000
to 12,150,000,

2, During the first several months the Strept00000us lactic
organisms, chiefly from the starter, are in the majority.
Later Laotobaoilli and other forms predominate.

3, The lactose present usually disappears in the cheese in
from one to two weeks.

4, There is a slow deorcase in the peroentage of moisture,
even in praffinod cheese,

5. There is an increase in total acidity even after the die-
appoaranoe of lactose as the ripening progresses. Soneof
this acid oombine vdth calcium and phosphorus to form a
soluble salt,

6. The pH is the lowest (most acid) in the cheese about the
third or fourth day after pressing. It then increases
slowly during the ripening period. A mild, low-acid cheese
several days old may have a p11 of from 5.]. to 5.3. A
medium-aoid cheese several days old may have a pH of about
5,0. A distinctly sour or very acid cheese may have a
p11 of from 4,8 to 4,9.

CLOSE TEXTUBE IN CHEDflAR CI3EESE

The typical cured Cheddar cheese has a oomnpaot texture and a
waxy, fi.rm body. The plug of Cheddar cheese should be free from
mechanical aid gas holes, It should be possible to bend it consider-
ably. Vflien the plug is bent it should be springy and coherent; not
short-grained, crumbly, or friable. The break should be flinty. When
a piece of the plug is pressed between the fingers it should mold down
like molding wax. The body of the cheese must not be wealc, pasty,
mealy, or greasy. It must not be oorky, dry, or rubbery.

When a piece of oheese is placed in the mouth and chewed, it
should feel smooth and firm. It must be neithor corky nor sticky,
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but should be vmxr. It should work down slaily and completely with-

out leaving a grainy mi;:ture in the mouth.

Connoisseurs of Cheddar cheese value the desirable close texture

and firm, plastic oharaoteristio of well-cured cheese, at a desirable

temperature of about 500 F., when it is eaten in the form of pieces

or chunks.

U. S SPEC IFICAT IONS FOR BODY AND TEXTURE OF CEDDAR C1ESE

U.S. Grade AP., or U. S. Fancy:

The plug should have the appearance of being solid, compact,

and close boring. It may have a few mechanical openings, but no

large openings. It shall be free from sweet holee, yeast holes, or

gas holes of any kind,

1. Fresh or Current Make - s1ll be firm, smooth and curdy,
or it may be partially broken down if the cheese is over

three weeks old.

2. Medium Cured Cheese - shall be firm, smooth and waxy, or

it may be slightly ourdy or not entirely broken dam.

3. Cured or Aged Cheese - shall be firm, smooth and waxy.

U.S. Grade A, o' U.S. No. 1

The plug when
and compact, close,
openings, but these
an 000acional sweet
pulled by a regular
gas or yeast holes.

irawn should have the appearanoe of being solid
or medium close. It may have a few mechauioal
should not be large and ooxrneoting. It may have

or Swiss hole, but not more than two on a plug

size cheese trier. It shall be free from other

1. Fresh or Current i;Iake - shall be firm, smooth and ourdy,

or it may be partially broken down if the cheese is over

three weeks old.

2. Medium Cured Cheese - shall be reasonably firm, smooth and

waxy, or it may be slightly curdy or not entirely broken

down. It may be slightly short or mealy, or slightly weak.

3. Cured or Aged Cheese - may be reasonably firm, smooth and
waxy. It ay be slightly short or mealy, or slightly weak

and pasty.
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U.S. Grade B, or U.S. No. 2

May be loose and open. May have numerous sweet holes or scattered

gas holes or yeast holes.

1. Fresh or 'Jur'ent Male Cheese - may have a weak body but not
to the extei that it is pasty. It may be entirely or part-

ially brokcn dwr. A firm, dry, coarse, short, mealy body
or a corky body.

2, Medium Cured Cheese - may have a weak pasty body but nt to
the eztet cf being soft and snieary It may have a firm,

shortD mealy body, or a slightly oorky body.

3. Cured or Aged Cheese - may have a weak, pasty body, but not
to the extent of being extremely soft and smeary4 It may

have a firm, short,mealy body.

U.S. Grade C, or U.S. Undergrade

May be loose and open. May have sweet holes, yeast holes, or

gas holes.

1. Fresh or Current Make - may be weak and pasty, but not to
the extent of bong soft and smeary. It may have a firm,

coarse, short, mealy body, or a definitely corky body.

2. Medium Cured Cheese - may be weak and pasty, but not to the
ex-bnt of oeing extremely soft and arnearyc It may have a
firm, coarse, short, mealy body, or a slightly corky body.

3. Cured or Aged Chees; - may be weak and pasty, but not to
the extent of being extremely soft and srnary. It may have
a firm, shore, ooar3e, mealy body3

No Grade Cheese

Weak, to the extent a normal plug cannot be dravm from the cheese.

In these standards the following terms are listed to desoribe body
and texture:

Teture Characteristics

1. Dzy and coarse - feels rough, sandy, not smooth.

2. Gas holes - any kind of holes oaued by gas fermentation.
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3. Large and comiecing hoies - has the appearance of being loose
and open, which is an indication of poor worlananship.

4. Large niechan.oal openings - so large that they weaken the plug
and when taken oirb cf the trier it has a tendency to break a-
part at the ope.ng.

5. Loose, open cheese - a o1eese having meohanioal openings the full
length of the plug. No scud portions.

6. Mechanical openings - irregular shaped openings which may be
few or many, large or small, caused by poor wor1nanship rather
than gas fermentation,

7. Pin holes - o called because the holes are very small and the
cheese has the appearanoe of having been pricked with a pin.

8. Solid and compact - practically free from openings of any kind.

9. Sweet or Swiss holes - spherical openings, glossy in appearance,
usually about the size of BB shots; also referred to as shot
holes.

10, Yeast holes - slit-like openings, elliptical in shape; often
referred to as fish eyes.

Body Characteristics

1. Curdy - young cheese before the curd is broken down.

2. Firm - feels solid, not soft or weak,

3. Pasty - usually weak body. When rubbed between the thumb and

finger it beoos sticky and smeary.

4. Reasonably firm - slightly weak, but not to the extent of mater-
ially injuring the keeping quality of the cheese.

5. Slightly ourdy but not entirely broken doin - a plug that is
smooth but firm and rubs down ourdy, not waxy.

6. Smooth and waxy - free from lumps or hard particles.

7. Soft and emeary - very weak body, very sticky and pasty.

8. Waxy - a cheese that molds well, like wax or cold butter.

9. Weak - requires little pressure to mash, not firm,
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Body and Texture Characteristics

1. Broken down - A chaige in the body from a firm, smooth, or
ooaree,curdy, or rubbery condition to a waxy condition like
cold butter, or to a naly, or pasty condition.

2, Corky - Dry, coarse, crumbly, and springy. Will not mold to-
gether.

3. Mealy - Short body; no elasticity when worked between the thumb
and finger, it fee1 and looks like corn meal, It is not waxy.
It does not mold well,

4. Normal plug - Round, aane diameter as trier. Should not have
the appearance f oottage cheese curd and the body of the cheese
should not be so weak that the plug stretches or shrinks from
the trier0

5. Short - No elasticity to plug. When rubbed between thumb and
finger it tends toward inealiness.

6. Smooth and ourdy - Feels silky, not dry; coarse and rough

Meaning of the Term Body and Texture

The dictionary definition of body is "consistency, thickness,
substance, strength, as this color has body; or wine of a good body";
and of texture it is "The disposition or manner of union of the par-
ticles or smaller constituent parts of the body or substance; fine
structure; as the texture of earthy substances or minerals; the
texture of a plant or bone; loose or compact texture."

It is somewhat difficult to discuss texture of cheese without
making some reference to the body of cheese. The following factors,
in general, affect the texture but may, to some extent, affect the
bodye

1. The Quality of Milk Used

The quality of the milk has a considerable influence on the body
and texture of the cheese. If low-grade milk containing numerous
undesirable microorganisms s used, gassiness, openness, or weak-
pasty body, will result. The cheese may puff. Whether the milk
is used raw or is pasteurized it is important to use high-grade milk.
If considerable numbers of hect-rosistant bacteria are present, the
pasteurized milk may contain nny of these organisms. Pasteurization
is no cure-all. The skim milk used for standardizing should be of a
quality equivalent of the whole milk. Use clean sterilized equipment
and do not let skim milk remain, for any length of time, at a temper-
ature that favors the growth of microorganisms.
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2. Purity of Stb.rte,

The starter should contain only active strains of the organism
Streptococcus lactis and ;e associated organism Streptococcus cit-
rovorus, o treEoocous parc. oitrovorus. The presence of other
bacteria, such as gas formers, or yeasts will cause open texture and
gas holes in the cheose

The higher the quality of the milk the greater the need for
active starter. limotive starter used with high quality pasteurized
milk result in spongy, weak-1odied, open-textured cheese.

As all the plants of this organization manufaoture cheese from
pasteurized milk, it is particularly ixaportant that only the finest
quality starter be used.

3. Efficiency of Pasteurization

Partial or inefficient pasteurization has no place in a cheese
factory. The cheese made from improperly pasteurized milk may be
gassy and open. Because of the presence of undesirable bacteria in
the pasteurized milk, acid development may be rapid id the result-
ant cheese may show a "short-grained" body and also mealiness. Do
not overheat the milk and do not repasteurize milk.

4. Cleanliness of Equipment

Millions of unseen, undesirable bacteria aze present on equip-
ment that has not been properly cleaned. Numerous bacteria may be
present in milk stone. The bacteria from the unoleaned equipment
may cause an undesirable fermentation in the curd and the cheese.
Openness due to the production of considerable amounts of gas, such
as carbon dioxide gas, may result.

5. Time of Adding Starter and Amount Added

Adding the starter too early and in too large amounts is a sure
way to produce cheese th-'.t 1-ias a mealy body and texture and is also
pasty, and weak-bodie&, The addition of 3/4 to 1 per cent active
starter to the pasteurized milk about one hour before setting is one
of the important steps in mahing cheese that has a close texture and
a firm waxy body. If the starter is added too late, or in too small
amounts, sufficient lactic acid is not produoed in large enough a-
mounts during the cooking proc.s8 to aid sufficiently in expelling
moisture from the our9. particles, and the acid production during
oheddaring is too slow. The curd will not close up. A certain amount
of acid, is necessary in order to change the physical characteristios
of the curd from a tough, oorky condition to a velvety condition,
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resembling the appearance of the cooked breast meat of chicken.
Furthermore, gas-forming bacteria if present may develop readily in
the low acid curd. When acid production is slow because the bacteria
are inactive, or if it is completely stopped as the result of the

action of bacteriophage, open-textured, spongy, weak-bodied cheese
results. The moisture content is apt to be high.

6. Time from 3etting to Draining

The production of acid and the expulsion of moisture from the
curd particles should be syt.hronized, so that in about 2 hours and
15 minutes from the time o setting, using pasteurized milk, the
acidity of the whey is 0.14 tc 0.15 per cent0 If the production of
acid is too rapid, a mealy-pasty body and texture of the cheese may
result. If the produ'tion of acid is too slow,, a spongy texture,
weak body, and probably gas holes will result.

7. Packing and Cheddaring

This is one of the most important steps in the Cheddar cheese
making process in regulating the body and texture. The curd should
be matted in such a way that whey drainage is facilitated and the
temperature kept unifcrm. Frequent turning of the curd slabs and
correct piling is necessary if a close textured cheese of a firm,
plastic body is to be obtained. The method of oheddaring as outlined
by hr. H. L. Wilson is very satisfactory. The method is as follows:

As soon as the curd has matted sufficiently, so that it can be
turned without breaking it, cut it into slabs 5 or 6 inches
wide. The slabs should be turned often, or every 10 or 15
minutes, and on all four sides during the first hour vrhilo the
curd is warm and tender, This will make all sides smooth and
will prevent some of the mechanical openings in the cheese.
Always keep the vat covfed and when necessary, in order to
prevent the curd from cooling too rapidly, admit enough steam
into the jacket of the vat each time the slabs are turned to
keep the bottom of the vat warm.

1. At the first turning give each slab a 1/4 turn and reverse
the ends of every other slab.

2. After 10 or 15 minutes give each slab a half turn. Keep
the slabs tight cgainst the wall of the vat and tight a-
gainst each other.

3. After another 10 or 15 minutes, give each slab a 1/4 turn
and place the rough side dovm.
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4. After another 10 or 15 minutes, give all slabs a half
turn. If thi whey has practically stopped draining and
the curd begins to feel dry, the slabs can be piled two
deep.

5, After another 15 minutes, separate the slabs and repile
two deep, putting the top slab on the bottom.

6. From now on until milling time, separate and repile the
slabs two 3.ee. every 15 minutes, or often enough to keep
the temperature of the curd uniform, and do not al1w the
temperature to go lower than the temperature at which the
curd is to be mil3d. If the curd is sufficiently firm,
the slabs can be piled three or four deep.

Too slow development of acid and a1laing the temperature of
the curd to decrease several degrees results in open-textured cheese.

Too fast development of acid and piling too high results in
weak, pasty and mealy-bodied cheese.

Control of the temperature of the curd during Cheddaring is
very important0

8, Aod:.ty at Li].ling

When the a.idit.y has developed normally and moisture expulsion
has a10 been a:-rma1 the ourd will have acquired a desirable close
texturc. The -rd will c.per 1ko oockd chiken meat. The acidity,
when this oon;ion has been reached, usually Ln 4- hours after set-
ting, is about 0.5 per cent calculated at laoio acid.

9. Stirring the Cur3. After ]i1ling

Careful stirring of the warm curd for some time until the
freshly exposed surfoe of the pieces of curd have "healed" is
neoessary. Some cooling of the curd takes place.

10. Salting

If salt is added immediately after milling, moisture and fat are
quickly drawn to the surface. A coating of fat will remain, result-
ing in greasy textured cheese and in white lines, The addition of
coarse salt in two or three installments evenly applied to t} ourd,
when at a temperature of 85° to 90° F. while stirring is ideal.
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11. flooping

When the curd has regained its silky feel it can be placed in
hoops. The temperature must not be allowed to fall below 85° F.

12. Pressing

Pressing should be done carefully. Pressure should be applied
gradually until full pressure is applied.

Applying too muoh pressure at first causes the pressing out of
too much fat from the curd, This results in:

a. Excessive loss of fat.
b. Greasy surface of the cheese and of the ourd particles.
o. White lines, giving the oheese a mottled appearance.
d. Not cementing the ourd particles.

If a hydraulio press equipped with a pressure-controlling device
is used it is possible to increase the pressure slowly. Starting
with a beginning pressure of five pounds per sq. inch on the water
guage, a pressure of 25 pounds may be reached in about 20 minutes.

After dressing when the cheese is returned to the press use
slightly more pressure than was used before dressing. Before the
oheesemaker leaves the faotory full pressure - 40 pounds for loaves,
and 50-60 pounds or more for daisy, triplet, or Cheddar sizes - is
applied. It is advisable also to throw several pails of water at
a temperature of 130° to 140° F. over the hoops to facilitate the
formation of a good rind on the cheese. The cheese should be pressed
at full pressure for from 14 to 16 hours. Maintain a temperature of
the room of about 70° F.

Defeats in Texture

1. Gassy ourd. Causes:

a. Using milk that contains gas-producing bacteria. The

bacteria may have gained access to the milk from unoleaned,
unsterilized utensils, such as milking machines, stratner
cloths, pails, cans, etc.

b. Dirty udders.
o. Dirty hands.

Using starter containing gas-producing bacteria. These may have
gained aooess to the starter from:

a. Unsterilized utensils, pipettes, bottles, thermometers,
stirrers, eta,
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b, Improperly pasteurized milk.
o. Contamination of pasteurized milk used for cheese from

equipment, etc.
d. Contamination of pasteurized milk when transferring starter.
e. Using a starter that contains gas-producing bacteria, as

when starter is obtained from another factory.

Using unsterilized eciipinent in the cheese factory - vats, hoops,
rakes, press oloths, etc.

Returning unpasteurized whey in milk oana.

how to avoid the defect,

a. Improve the milk supply.
b, Pasteurize the milk efficiently.
o. Use pure starter.
d. Keep all cheese manufacturing equipment in sanitary condition

All equipment should be sterilized with boiling water or
steamed before being used.

e. Employ the Curd-Rennet test on milk received from each pro-
ducer to determine if the milk is in a satisfactory condition
for cheese making.

A Gassy curd is best handled by:

a. Developing 0.16 to 0.165 acid in the whey at draining.
b. Piling 3, 4, or 5, high during oheddaring.
o. Allowing 0.6 per cent acid to develop before milling.
d. Delaying salting until gas holes have mostly disappeared.

The acidity may have increased to 0.8 or 0.9 per cent.
0. Rinse curd with from 5 to 10 gallons of water at 85° to

90° F., depending on the amount of curd.
f. Cure cheese if possible at a temperature of 400 F. or below.

The most common bacteria responsible for the gassy condition of
curd and cheese are those belonging to the Esoheriohia-aerobacter
group. They are commonly knovii as the colon or ooliform organTs.
They gain entrance to the milk when this is produced under insanitary
conditions on the farm, They will grow rapidly in poorly cooled milk,
They also gain entrance to the milk when improperly washed and steri-
lized equipment is used in the cheese factory. Gassy cheese may con-
tain many millions of these organisms per gram.

If the milk contains largo numbers of these organisms the control
measures given may not be effective oven if the starter is very active.
If the starter is slow or inactive, control of the gassy condition is
impossible.
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2. Greasy Texture

This in indicated by the presence of free butterfat between the
particles of curd. The particles are not properly cemented together
as result of:

a. Using very rich milk. High fat to oasein ratios milk
frozen or milk two days old.

b. Setting the milk at too high temperature.
c. Cheddaring the curd too .ong at a high temperature, and

piling excessively high.
d. Excessive heating in jacket of vat during oheddaring.
e, Not allowing the curd to cool to 900 F. or below before

salting.
f, Applying pressure too quickly at the begiruiing of pressing.

3. Open Texture

This is a very objectionable condition. The cheese may crumble
when out, and dries out quickly. Retailers object to open-
textured Cheddar cheese.

An open texture, other than openings caused by gas-forming bac-
teria, may be osused by:

a. Insufficient acid production during oheddaring.
b. Allowing curd to become too cold during oheddaring.
o. Not piling normal curd during cheddaring.
ci. Curd too cold when placed in press.
e. Insufficient pressing.
f. Curing cheese at a high temperature.

4. Crumbly Texture

Thie may be oaused by:

a, Insufficient cheddar ing.
b. Cooling curd too much before pressing.
a. Insufficient pressing.
di.. Freezing cheese.

5. Gorky body and Texture

The causes are:

a. Using low-fat milk. The cheese contains a low percent-
age of fat in the dry matter.

b. Low moisture oontent of the oheese accompanied with a
low acidity in the curd at milling and. salting.

a. Over cooking.
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d. Over salting.
e. Excessive drying before paraffining.
fe Placing cheese at a temperature of less than 400 F.

iniediately after manufacture,

6. Mealy-pasty body and texture
These two related defects may be oaused by:

a, Developing too much acid before the whey has been

drained,
b. High moisture in the curd at time of draining the whey,

o. Short period from setting to draining.
d. Cutting curd coarse and not 000king sufficiently.

e, Developing too muoh acidity in high moisture curd at

time of milling.
f. Insufficient salting.

g. High temperature in curing room,

INFLUENCE OF TBE PERCENT CYGEN IN TBE NEADSPACE GAS OF CONTAINER

ON TNE QUALITY OF DRY WHOLE MILK DURING STORAGE FOR ONE YEAR

This report covers one phase of a research projeot that involved

the manufacture, storage and rehydration of dry whole milk. The

investigation was conducted by the Department of Dairy Husbandry of

the University of Illinois at Urbana, Illinois, in cooperation with

the Food and Container Institute for the Armed Foroes, Chicago, Ill,

Dr. P. H. Tracy, Professor of Dairy nufaotures, was leader of the

project. Assisting in the work was Mr. 0. M. Sohreiter, graduate

student,

The method of manufacture consisted of:
a, Heating the standardized milk, which had previously

been centrifugally clarified, in a stainless steel
pasteurizer in about 45 to 50 minutes to a tempera-
ture of 1700 F., and holding it at thia temperature
for 30 minutes;

b, Cooling the milk to 145° F.

o. Condensing in n. stainless steel 3-feet diameter vacuum
pan to 3 to 1 oonoentration

d. Homogenizing at 1500 pounds per square inoh, first stage
and 500 pounds per square inch, second stage, at the
temperature as obtained from the vacuum pan.

e. Cooling on a stainless steel surface cooler to about 3507

f. Preheating the condensed milk in a 10-gallon capacity
stainless steel tank, and finally

g. Spray drying the condensed milk in a 6' x 17' x 9$
chamber,
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When packing, 155 grams dry milk were weighed into size No. 3.

tin containers. The cans were then sealed. A total of 71 packs,
usually 24 cans to each pack, was made. When evacuating and gassing,
the punctured cans were placed in an evacuation chamber and evacuated
and gassed as desired. Iim'nodiately after removing the cans from the
chamber they wore quickly soldered.

The samples of dry milk for all packs were stored for one year
at a temperature of 800 to 900 F. At monthly intervals were deter-
mined the following:

Flavor of the reconstituted milk.
Percent oxygen in the headepace gas of container.
Percent carbon dioxide in headspaoe gas of container.
Solubility index3
Ascorbic acid content of the freshly reoonstituted milk.

Approximately 4000 values were obtained. The 'following is a
suimnarization of the changes that took place in the values during
the one-year storage period.

The valüGs for the 71 packs of dry milk were arranged into five
groups in accordanoe with the oxygen percentage in the headspaoe gas
at equilibrium, These groups were as follows:

Group 1 - Air Pack (20.8 per cent oxygen).
Group 2 - 3.04 to 3.50 per cent oxygen.
Group 3 - 2.00 to 2.84 per cent oxygen.
Group 4 - 1.04 to 1.96 per cent oxygen.
Group 5 - 0.27 to 0.97 per cent oxygen.

Change in Per oent (cygen in Headspaoe Gas

The oxygen content of the headapace gas decreased gradually dur-
ing the storage period. ie Total decrease in the per cent oxygen
averaged 3.66 for the air packed samples to 0.66 for the samples
packed with the least amount of oxygen.

Change in Per Cent Carbon Dioxide in Headepace Gas

The carbon dioxide values increased during the 12 months from 0
to an average of 0.37 per cent for the air paok samples to 0.13 per
cent and 0.14 per cent for the groups packed with the least amount
of oxygen.
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Solubility Index

An increase in iO colubility index was observed for most samples
during the storage period. The changes were variable arid could not be
correlated with the per cent oxygen in the headspaoe gas.

Increases up to 1.76 in the solubility index took place. With
some packs of powder no increase took place during the storage period.

Ascorbic Aoid Content of the Dry Milic

The ascorbic acid content gradually decreased during the storage
period.

The greatest change took place in the air pack samples. With
some of these the ascorbic acid had completely disappeared before
the end of the storage period. There was little difference in the
average decrease for the four groups of the gas packed powder.

Change in the Flavor Score During Storage

The main purpose of the experiment was to determine the change
that took place in sealed containers of dry whole milk paoked with
different oxygen contents in the headspaoe gas when stored at 800 to
900 F, for one year.

All powder, whether packed with all air, or with less than 1
per cent oxygen at equilibrium showed deoreases in flavor (reoonstitut
ed milk was scored) during the storage period. Usually four or five
members of the staff of the University of Illinois, Department of

Dairy Manufactures,. scored the milk. All the samples were known
by number only.

The average flavor score of the air packed samples was 10.9 points
lower after 12 months than the average of the fresh samples. The

gas packed samples showed smaller decreases. The powder packed with
the smaller oxygen percentage at equilibrium kept better than that
packed with a higher uxygen content. The samples paoked with from
3.04 to 3.50 per cent oxygen decreased in average score 4.53 points
during the year, and the samples paoked with 0.27 to 0.97 per cent
oxygen decreased 3.09 points. This was a difference of 1.44 in favor
of the dry milk packed with the least amount of oxygen.
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The average soores for the five groups were:

At Packing After Storage

Group 1 21,43 10,53
Group 2 21.50 16.97

Group 3 21.28 16.87
Group 4 21.34 17.81
Group 5 21,18 18.09

Influence of Particle Size on Keeping Quality

The influence of the dry milk particles on the keeping quality
was studied. Eight batches of powder were manufactured. The average

size of the milk particles ranged from 8.15 microns in diameter to
19.29 microns in diameter. When the 32 packs of powder were grouped
in a000rdanoe with the amount of oxygen in the headspaoe of the con-
tainer at equilibrium and the decreases in the flavor score were
averaged, it was found that the ooarser-grained powder possessed a
better-keeping quality than the fine-grained powder. For the air
packed samples the ooarsest particle powder scored 2.50 points higher
than the finest particle powder at the end of the storage period. For
the gas-packed samples the coarsest powder soored 0.63 point higher
than the finest powder.

CONDENS 1KG WHOLE MILK FOR ICE CREAM MIX

WITH TNS VACREATOR

The practioability of using the Vaoreator for condensing skin
milk for ice cream mix has been demonstrated earlier; (1) the ex-
periments showed that with the "Baby" size machine approxImately 500
pounds of water per hour could be removed from the milk, and with the
"Junior" size machine approximately 1000 pounds of water per hour
oould be removed. No tests were made with the larger "M" unit which
hae a milk pasteurizing oapaoity three tines greater than the "Junior"
machine. The method of condensing was found to be practical and
simple.

For convenience many ice cream plants would prefer to condense
whole milk instead of skim milk if they followed the method of using
the Vacreator for the dual purpose of condensing and vacreating.
Separation of milk would be an additional operation and some ioe
cream plants do not have cream separators.
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Condensing whole milk with the Vaoreator was found entirely
feasible in. preliminary tests, but one of the difficulties in using
whole milk for ctcensing is that the fat and solids not fat con-
tent of whole milk is variable.

On the other hand, viith oondsnsed skim milk when the Baume read-
ing is known the per cent total solids oan be calculated (2). If
a given per cent total solids in the condensed skim milk is desired,
the corresponding Baume reading can also be calculated (3). Because
of the lack of a suitable formula it has not been possible to deter-
mine the per cent total solids or fat of condensed whole milk when
the Baumo reading is known, As Hunziker (4) has pointed out, "the

pan operator who is striking batches d3ily knors from experience what
the Baume reading of the next batch should be0tt He suggested that
"information is needed as to the correct Baumo reading for any de-
sired composition or concentration of the finished product."

The purpose of the present research was:

a. To determine the efficiency of the Vaoreator when used as
a condensing unit for whole milk.

b. To determine the relation of the fat and total solids per-
oententages, and Baume reading of oondensod whole milk.

o. To develop satisfactory formulae for use in calculating
the per cent fat and per cent total solids in unsweetened
condensed whole milk when the Baume reading is known,

d. To determine the effect of the process on the number of
bacteria in the milk.

After a considerable number of preliminary batches of condensed
milk wore made, 10 batohos of unsweetened oondensed milk were pre-
pared from hiFh-testing milk (4 to 5 per oent fat) and 5 batches
were mado fro low-teting milk (3.2 to 3.5 per cent fat). A "Baby"
size Vaorea;or was used,

The whole milk to be condensed was first placed in a storage
vat and was then either pumped through a flash preheater, or a tub-
ulr preheater, heating it to 2000 F. 5g., and then evaporating
it under 24 and 28 inches of partial vacuums conseoutivoly in the
Vaoreator. The partially condensed whole milk as it emerged from
the machine was returned to the storage vat. By contInuously cir-
culating it through the Vaoreator, the milk was condensed to the
desired ratio of concentration of about 2.lal for use in ice cream
mix, This condensing ratio is about the same as that used in the
manufacture of ocnmkeroial evaporated milk.
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Efficiency of the Vaoreator

When Used as a Condensing Unit for Whole Milk

With a rate of inflow of 5400 pounds milk per hour 383 pounds
water were removed from the milk per hour. With a rate of inflow
of 6,300 pounds milk per hour 482 pounds water were removed from the
milk per hour.

Relation between the Total Solids Content1 Fat Content,

and Baume reading of Condensed Whole Milk

The total solids content, fat content, and Baume reading of
condensed milk of various oonoentrations in 10 lots of high-testing
milk, and in 5 lots of low-testing milk were determined.

Developing Equations

From the 49 sets of values each of total solids percentages,
fat peroentages, and Bauine readings for the high testing lots of
milk, and the 24 sets values each of total solids, fat, and Baumet
readings for the law testing lots of milk, several equations were
developed, They show the relation between the total solids (Y),
the fat content (z), and the Baume reading (x). (E denotes that
the value of the variable is est5.ited by the equation in question.)

The equations for the condensed whole milk made from the high
testing milk are as follows:

1. Y 3.2651 X - 0.9584, with a oorr4ation coefficient of
0.9831 and a standard error of estimate of 0.8262.

2. Z 1.1324 X - 0.4193, with a correlation coefficient of
0.9450 and a standard error of estimate of 0.5332,

3. The meaning of 4-- 0.3427, or 34.27 per cent, with a
standard deviation of 1.123 per cent.

4. E 1.5642 X 4. 1.5020 Z - 0.3206, with a multiple corre-
lation coefficient of 0.9989 and a standard error of
0.2112.

The equations for the condensed whole milk made from the low-.
testing milk are as follows:

1. E= 2.9356 X - 1.5085, with a correlation coefficient of
0.9727 and a standard error of estimate of 0.8480.
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2. ZE 0.8687 X - 0.5863, wIth a correlation coefficient of
0.9383 and a standard error of estimate of 0.3875.

3, The meaning of 0.2866 or 28.66 per cent, with a
standard deviation of 1.388 per cent.

' E 1.3560 X 4' 1.2429 Z - 0.7802, with a multiple cor-
relation coefficient of 0.9816 and a standard error of
estimate of 0.5109,

Calculating the Per Cent Total Solida
When the Bauine Reading is Known.

To test the applicability of the equations for determining the
per oent total solids in condensed whole milk when the Baue reading
is known, 5 batohea of condensed milk were made from high-testing
milk and 4 batches were made from low-testing milk.

When the equation Y 3.2651 X - 0.9584 was used for condensed
milk obtained from high Eesting milk, the calculated per cent total
solids showed variations from the actual per cent total solids as
determined grav3.metrioally that varied from - 0.84 to 1.13.

When the equation YE 2.9356 X 1.5085 was used for condensed
milk obtained from low testing milk, the calculated per cent total
aolids showed variations from the actual per cent total solids as
determined graviinetrioally that varied from + 0,32 to + 0.92.

Calculating the Per Cent Total Solids
When the Banne Reading and the Fat Test are Known

When the equation E
1.5642 X 4. 1.5020 Z - 0.3286 was used

for condensed milk obtained from high testing milk, the calculated
per cent total solids showed variations from the actual per cent
total solids as determined gravimetrically that varied from - 0.27 to
+ 0.29,

When the equation T 1.8560 X + 1,2429 Z - 0.7802 was ueed for
condensed milk obtained 1rom low-testing milk, the oaloulated per
cent total solids showed variations from the aotual per cent total
solids as determined gravimetrioally that varied from - 0.33 to + 0.41.

Calculating the Per Cent Fat When the Bauine Reading is Known

When the equation Z, 1.1324 X - 0.4193 was used for condensed
milk obtained from high-besting milk, the calculated per cent fat
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showed variation from the actual per cent fat as determined gravi-
metrically that varied from - 0.47 to 4, 0,85.

When the equation ZE 0.8687 X - 0.5863 was used for condensed
milk obtained from low-testing milk, the calculated per cent fat
showed variation from the actual per cent fat as determined gravi-
metrically that varied from - 0.75 to 4. 0.64.

Calculating the Per Cent Fat

When the Per Cent Total Solids is Known

When the equation Z : Y x 34.27 per cent was used for condensed
milk obtained from high-testing milk, the calculated per cent fat
showed variations from the actual per cent fat as determined gravi-
metrically that varied from 0.34 to 4' 0.44.

When the equation Z Y x 28.66 per cent was used for condensed
milk obtained from low-testing milk, the calculated per cent fat
showed variations from the actual per oent fat as determined gravi-
metrically that varied from - 0.55 to 4. 0.21.

Influence of the Condensing Process

On the Bacteria Present in the Milk

It was found that the bacterial count of the milk in the storage
vat dropped rapidly during the first 30 minutes of condensing. The

average bacterial count of the milk in the storage vat before con-
densing was 85,600 per ml, Thia was reduced to an average of 1480
per ml. at the end of 30 minutes of condensing. The average bacterial
count of the oondened milk when leaving the Vaoreator at the oon-
elusion of the process was 90 per ml., and the count of the finished
condensed product in a storage vat was 200 per ml.
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T RECONSTITUTABILITY OF DRY WHOlE MILK

The improvement in the reoonstitutability of dry whole milk
was listed as the moat important of 10 problems involving studies
pertaining to the manufacture, analysis and storage of dry whole milk

and dry ice cream mix by the steering oonuriittee during a teohnioal
conference of the dry milk and ice cream mix industry held under the
auspices of the Llilitary Planning Division, Research and Development
Branch, Subsistence Research and Development Laboratory, Quartermaster
Corps, U. S. Army at Chicago, Illinois, January 1945, There 'was a
real need for systematic research on this problem. It was reported
by mess officers in the armed Throes that considerable difficulty
was experienced in preparing reconstituted milk that was free from
lumps. It became necessary to instigate researoh on methods of inanu-
faoture of dry whole milk so that the produot would reconstitute
easily without the use of elaborate equipment. The reconstituted
milk should be required to appear like homogenized fresh milk in
physical oharaoteristios.

Large amounts of dry whole milk were manufactured during the war
years. The United Statea Department of Agriculture has published the
following data showing the amounts of this product manufactured dur-
ing the period 1935-1946:

1935 19,432,000 1941 45,6-27,000

1936 18,180,000 1942 62,107,000

1937 13,676,000 1943 137,766,000

1938 21,496,000 1944 177,766,000

1939 24,472,000 1945 217,276,000

1940 29,409,000 1946 188,153,000 (prel.)

The Dairy Manufactures section of the Illinois Agricultural
Experiment Station was requested by the Quartermaster General's
office to conduct research on the problem. Active experimentation
was begun during Fall, 1945. Dr. P. H. Tracy had oharge of the
work.

This research had for its purpose the development of methods
of inanufaoturing dry whole milk that would reoonatitute easily and.
completely with the use of ordinary cold water without the use of
elaborate equipment.

The following is a brief report covering a part of the results
obtained. Authorization for presentation was obtained from Doctor
Tracy.



131

Preliminary Studios

The preliminary phase of the work involved the fo1lowing

a. A study of various methods of reconstituting, using dif-
ferent mixing devices.

b. The development of a method for evaluating the degree of
dispersion of the dry milk in water.

o. The effect of passing the dry milk-water mixture through
a homogenizer, on the completeness of the reconstitution.

d. Heating the dry milk-water mixture to 150° F. and then
homogenizing.

e. The effect of passing the dry milk-water mixture through
a centrifugal clarifier on the dispersion of the dry milk
particles.

When reconstituting, the dry milk and water were mixed in the
ratio of 14 grams milk to 100 ml. water. For these preliminary tests
a mixing time of one-half minute was used. The dry milk was obtained
from a batch of condensed milk that had been sprayed at a temperature
of 1400 F. and at a pressure of 800 pounds per square inch through a
No. 72-20 nozzle and using air at a temperature of 3250 F. for drying.

A total of 15 different mixing devices was tested in order to
determine the ease of and completeness of reoonstituion with each
mixer. Dry milk was mixed with water at four different temperatures.
40° F., 75" F., 110° F., and 150° F. The use of the mixing methods
that produced relatively little agitation, suoh as with a spoon, a
milk stirrer, or a household churn, resulted in poor reconstitution
as measured by filtration through a black organdy filter pad having
74 meshes to an inch, Somewhat better results, but not quite satis-
factory, were obtained by using hand or eleotrio egg beaters, cream
whippers, or a wire whip. An eleotz-io malted milk mixer (Stevens)
operating at a speed of 9,500 revolixtions per minute gave the most
satisfactory dispersion of the dry milk in the water, Only occasion-
ally was a small undispersed particle of powder observed on the filter
disc when this method was used.

The use of water at 1100 F. was most satisfactory. Next was
water at 750 p When 400 F. water was used reconstitution was poor.
When 150° F. water wa used many of the powder particles formed
large, gumny aggregates; considerable foam was also produced.

The addition of the dry milk to the water in the container used
for mixing was the most satisfactory of several methods tried of
combining dry milk and water when reconstituting.



After considerable experimentation, it was decided to use the
following methods for measuring the completeness of reconstitution:

1. Miorosøopio examination of milk film.

2. Solubility index.

3. Appearance of milk in a one-half filled milk bottle after
shaking.

The preliminary research which involved (a) a study of the re-
oonstitutability of spray process dry whole milk composed of different
size particles and (b) a study of different methods of reconstitut-
ing showed that:

1. A snail particle powder dispersed more oompletely than a
large particle powder. A distinot sediment would form in
the bottom of the container of reconstituted milk from the
large particle powder after a short t:.me.

2. Water at 1100 F. gave better dispersion than water at
1500 F., 75° F. or 40° F.

3. Of 15 different mixing devices tested, a high-speed eleotrio
malted milk mixer and a portable electrio mixer equipped
(10 gal, cap.) with a fast revolving propellor were the
most satisfactory. With all the other mixers, luns of
varying size would float on the surface of the reconstituted
milk.

4. Homogenization of or passing the dry-rti].k water mixture
through a clarifier was effective in dispersing the dry
milk particles in the water.

5. Heating the dry milk-water mixture to 150 F. then cooling,
was practically equivalent to homogenization at a temper-
ature of 750 F. and a pressure of 1000 pounds per square
inch.

The results from the preliminary research to develop dry whole
milk that would reconstitute satisfaotorily, using cold water and a
simple mixing device can be suxtmarized as follows:

1. Homogenization of the condensed milk at a high pressure
(above 2000 pounds per square inch, preferably 3000 tø
4000 pounds per square inch) and avoiding overheating in
the milk-drying chamber were necessary to obtain reconstitut-
ed milk which would have the fat globules uniformly dis-
tributed,
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2. The addition of sodium citrate, at the rate of 0.2 per cent
on the basis of the reconstituted milk, to the water used
for reconstituting, had an effeot of reducing the number
of undispersed particles in the reconstituted milk as de-
termined by the miorosoopic method which had been developed.

3, The addition of sodium citrate in amounts of 0.20 and 0.60
per cent to the condensed milk before spraying greatly
improved the reoonstitutability of the dry milk without
adversely affecting the flavor. The effeot was notiosabie
both when a large particle and a small particle powder was
manufactured.

Having found by experimentation that a number of factors were
favorable and a number of factors were detrimental to the reconstitut-
ability of dry whole milk jt was decided to prepare condensed milk
that would be most desirable, from the point of view of the reoon-
stitutability of 1te dry milk obtained from it (and considering the
plreioa1 factor of film and scum). The method of spraying would be
varied so as to obtain a fine-particle powder and also a coarse-
partio].e powder. Although the previously made coaree-grained powders
did not reconstitute satisfactorily it was felt that, through experi-
mentation, a coarse-particle powder which would possess a good re-

constitutability could be manufaotured. There are a number of ad-

vantages in manufacturing a coarse-particle powder.

The outline of the experiment was as follows:

A. Pre-Drying Treatment

1. Add 0.2 per cent sodium citrate to the standardized milk.
2. Heat the milk to 170° F, and maintain this temperature

for 20 minutes,
3. Cool to 1400 F.
4. Condense to about one-third the volume.
5. Homogenize the condensed milk at the temperature when re-

moved from the vacuum pan and at a pressure of 4000 pounds,
first etage, arul 5000 pounds second stage.

6, Cool the condensed milk to about 35° F.

B. Drying

1. Preheat the condensed milk to:
(a.) 3.00°- 120°F.

(b.) 140° F.
2. Use nozzles and cores:

Number 80-10 (0,0135" diameter
0.010" width, 0.018" depth.
Number 79-16 (0.0145" diameter
0.016" width, 0.024" depth.

orifice; 2 groove cores

orifice; 2 groove core,
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Nwaber 65-21 (0,035" diameter orifioe; 4 groove oore,
0.020" width, 0.035" depth.

3. Spray at pressures:
(a) 3500 to 4000 pounds with small orifice nozzle.
(b) 800 pounds with large orifice nozzle.

4. Dilute the condensed milk with water before spraying, in
one batch, so that it is of the same composition as the
milk before it was condensed.

5. Regulate the temperature of the air to the drier so that
the temperature of the air leaving the drier is approxi.inate-
ly 1800 to 190° F., except with one batoh reduoe the tern-
perature sufficiently to result in dry milk of a higher
than normal moisture content.

The manufacturing and analytical data for five batches of dry
milk made one day and for t7o batches made another day from this lot
of condensed milk are given in tables 1 and 2.

Tests for Reoonstitutability of Powder in Lots 32 and 33
The following tests were used:

1. Solubi].ity index.

2, Visual examinai4on of reconstituted milk in partly filled
quart bottles.

3. Examination of defatted fi3in of reconstituted milk by
means of a adorosoope.

4. Determi.naton of the difference in the composition of the
top 100 ml. of milk after storage in a filled quart bottle
(milk) at 350 F. and the composition of the remainder of
the milk in the bottle.

5. Filtration through a black organdy filter diso.

Re sultø

1. Solubility index

When the electric malted milk mixer was used the solubility In-
dexes were 0.05, or slightly less, for all seven batches. 53.inilar

indexec were obtained when the hand operated malted milk mixer was
used,
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2. Visual Ezamination

The reconstituted milk from all seven batohes appeared, after
the foam had subsided, like freshly homogenized pasteurized, cooled
milk when the eleotrio mixer was used. When the hand operated malted
milk mixer was used the reconstituted milk from Lot 32, numbers 3. and
5, showed a slight scum on the surfaoe, but the milk from the other
batches appeared like homogenized, pasteurized milk. Even after
storage in a refrigerator for 18-24 hours, the pbysioal appearance ot

the milk was excellent,

3. Microscopic Examination

The dry milk films when examined microscopically showed the oom
plete absence of undispersed particles with the exoeption of the fi].m
of reconstituted milk from Lot 32, number 1 and 5 (electrically mixed),

and Lot 32, number 1, hand mixed, which showed a few undispersed

particles.

The appearance of these milk films was in remarkable contrast
to that of the films of reconstituted milk from most of earlier batches
of dry milk manufactured. The improvement was very pronounced.

Methods of Reconstituting

Seven different mixing methods were used wLth powder composed
of small particles and large particles manufactured with and without
the use of sodium citrate. On the basis of this test, the mixers

would be rated as follows:

Electric malted milk mixer First

Portable electric mixer equipped with
propeller stirrer Second

Hand malted milk mixer Third

Wire whip Fourth

Egg beater Fifth

Milk bottle Sixth

Milk stirrer and shotgun pail Seventh

0±' these mixers, the portable electric mixer of 10 gallon or
over capacity would appear to be the most satisfactory to use in

army kitchens where electricity isavai1abe. The electric stirrer
could be used with milk cans, mixing bawls and similar commonly used

containers.
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Table 1. Manufacturing and Analytical Data

B iPer cent 1Homo- Composition of Condensed Size of Spraying Temp. of Tenip. Temp.IAver- Composition of Dry
a sodium geniza- Milk when Sprayed spray pressure condensed of of age Milk

Per Per cent Ratio of Per Per atict oitrate tion nozzle per square milk air air size
c added to pressure cent total fat to inch when to from f cent cent at to
h raw milk for con- fat solids total sprayed drier drierj dry fat total total
M, before densed solids milk solidsl solids

pasteur- milk, parti-
ization double des

stage
system

1
Pounds Number Pounds 0 F. 0 F. 0 F. Microns
per sq.
inch I

1 0,2 4000-500 10.313 39.38 1:3.86 79-16 4000 l00-l18 1285_295 182- 9.51 24.49 97.8 1:3.99

2 0.2 4000-500 10.318 39.88 1:3.86 79-16 3300-4000 l30_l50 270-290 185- 9.55 24.57 97.7 1:3.97

I

1190
3 0.2 4000-500 10.318 39.88 1:3.86 79-16 4000 134-140 270-295 185- 9,94 , 24,32 98.7 1:4.06

187
4 0.2 4000-500 10.318 39.88 1:3.86 79-16 4000 130-155 295-3O5l87- 3,93 24,40 93.4 1:4.032

1
192

5 0.2 .4000-500 10.318

I

39.88 1:3,86 79-16 4000-4500 130-140 2l5-25O 145- 8.51 24.72 96.8 1:3,9231 165

Solubility index 0.05 or below f-i



LOT 33
Table 2. Manufacturing and Analytical Data

B Per cent Homo- Composition of Condensed Size of'Spraying Temp. Temp. Temp. Ave. Composition of 1y
a sodium geniza- L Milk when Sprayed spray pressure of con- of of size Milk

t citrate tion tPer Per cent Ratio of nozzle per square densed air air of I Per Per patio of

c added to pressure cent total fat to inch milk to front dry cent cent at to

h raw milk for tfat solids total when drier drier milk fat total Itotal

No. before condensed solids sprayed parti- solids solids

pasteur- milk, des
ization double

stage
I

system

4-
Pounds per Number Pounds 0 F. 0 F. 0 F. Microns

I

sq.inch
J______

1

1
3

0.2 4000-500 tLO.318 39.88 1:3.86 80-10
I

350O-4O00

_____
140

____
I

235-

____f

175- 4.84

I

24.80 98.2 1:3.96

1

255 190

12 0.2 4000-500 L0.3l8 39.88 1:3.86 65-21 800 140 315- 180- 21.75 24.51 97.3 1:3.97

330 200i
I_____ _____ I

Solubility index 0.05 or below

H
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ST.A1'IDARDIZATION OF TBE ACIDITY OF CRRAM

Reason for Standardizing The Acidity of Sour Cream

1. Control of the flavor of the fresh butter.

2. Control of the amount of fat lost during churning.

. The manufacture of butter of desirable texture,

i. Control of the keeping quality of the butter.

5. Manufacturing butter of uniform quality from day to day.

When one is ecmsideriug the 'value of a vat of cream, the butter-
maker has an important task in correctly reducing the acidity of the
cream. But much oream in our creameries is not properly standardized.
Butter buyers report that much butter has a neutralizer flavor. If

2300 pounds, 35 per cent cream, are churned, 1000 pounds of butter

are obtained. At the present this would have a value of 7OO.00.

Unless the job of neutralizing i properly performed, a loss of $10,
$20, or more on a churning due to lomer quality may be incurred, and
in addition, there -will 1e the consumer resistance to poor taste and
an abnormal texture of the butter; a loss of one cent a pound on
100,000 pounds means a loss of $1,000.

If 2,300 pounds of cream contains 0.5 per cent acid it will oon-

tam a total of 11.5 pounds acid calculated as lactic. If the acid-
ity is to be reduced to 0.15 per cent it is necessary to remove 8
pounds of aoid.

Requirements for Correct Acid Standardization

1. Knawiug the oorrect pounds of cream in each vat,

2. Thorough mixing of cream in order to obtain a representative
sample. It may be necessary to heat the oream slightly.

3. Removing a sample from the vat for acidity determination.

4. An accurate determination of the acidity of the cream. It

is neoessary to have available correct strength N/b NaOH

solution for titration. A clean burette, easy to read,
should be used and good lighting is essential.

5. A decision on the final acidity or the acidity of the cream
bef ore churning.

6. Selection of the proper neutralizer or neutralizers.
gamble with poor neutralizers.
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7. A knowledge of the proper alkalinity of the neutralizer and

ability to calculate oorreot].y the nooecsary amount of

neutralizer to use in order to reduce the acidity of the

cream 0.01 per cent in each 100 pounds.

8. Calculation of the amount of dry neutralizer, or the weight

or volume of the neutralizer solution to use, is required.

9. Correctly preparing the amount of neutralizer solution of

proper strength to add to the vat of cream.

10. The addition to the cream through a distributor of the

neutralizer solution.

11. Correctly checking the acidity of the cream after pasteuriz-
ation end, if necessary, the addition of more neutralizer

if the acidity i not reduced sufficiently.

12. Always testing the cream for acidity immediately before

churning and enter the results on the manufacturing record.

13. A determination of the pH of the butter serum on all churn-

ings which are to be placed in storage, or which are to be

held for one or two months,

14. Always follow the same practice of neutralizing in order to

make butter of uniform quality.

Factors to Consider

1. Determination of the amount of cream in the vat.

It is absolutely essential to know within about 50 pounds, the

pounds of cream present in each vat to be standardized. A correctly
calibrated metal measuring stick may be used. Measuring is not

accurate if the cream contains considerable air or gas. Always

measure the cream when it is at the came temperature. One gallon of

35 per cent cream weighs 8.3 pounds at 700 F. A more correct method

is to use the weight of the individual lots of cream that were dumped

into the vat, plus the amount of water from the steamings of the cans

(it is advisable to separate all steaming and rinsing).

2. Determination of the acidity of the oream.

Use tenth normal alkali solution (N/b NaOH), that is known to

be accurate, It is possible to use a tenth normal acid solution for

checking. Ten ml. tenth normal hydrochloric or sulphuric acid will

exactly neutralize ten ml. of tenth normal alkali solution. If
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preparing tenth normal solution from a concentrated solution, use
fresh distilled water, measure accurately.

Obtain a sample which is representative of the whole vat of cream.
Tare a dry pyrex glass beaker on a cream balance. Place exactly 9

grams cream in the beaker. With a clean pipette, add 9 grams soft or
distilled water. With medium and high acid cream, bring the diluted
mixture to a boil in order to eli.ininate carbon dioxide, whioh in the
form of oarbonio acid gas in the cream, would reaot with alkali. Cool
the diluted cream by holding the beaker in. oold water for about half
a minute. Add four to five drops of phenolphthalein. Add tenth
normal alkali while rotating the solution in the beaker until the
color is faintly pink and remains pink for a brief time, To facili-
tate seeing thpin1c color, place a flat porcelain plate under the

beaker, The per oen'b acid. can be read direct on the burette.

3. Neutralizers to use.

There are two general types of neutralizers available the soda

compounds and the lime compounds.

The sodas used in oDearn neutralization are:

(1) Sodium bicarbonate - NaHCO3
(2) Sodium carbonate Na2003
(3) A mixture of sodium bicarbonate and sodium carbonate

These are relatively mild alkalies. A stronger alkali is a mix-

ture of sodium hydroxide NaOH and sodium oarbonate - Na2CO3, and
also straight caustic soda - NaOH.

The limes used in cream acidity standardization are:

(1) Hydrated lime known as calcium hydroxide (Ca(OH)2).
(2) A mixture of calcium hydroxide and magnesium oxiae.
(3) A mixture of calcium oxide, biown as quioklime (CaO)

and magnesium oxide (MgO).

The neutralizing strength of these limes varies. The first is

the mildest and t1a third is the strongest.

A clean lime should be used. The chemical purity should be high.

Solubility of Neutralizers

Lime is only slightly soluble in water. Calcium hydroxide is
soluble in cold water to the extent of 0.185 gram per 100 ml, and in

boiling water 0.077 per 100 ml. Quicklime, or calcium oxide, has a
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solubility of 0.l1 in cold water and 0,07 in hot water at 176° F.

Sodium carbonate Na2CO3 is soluble in cold water to the extent
of 7.1 grams in 100 ml. and in boiling water to the extent of 45.5

gramse

Sodium bicarbonate NaHC0. is soluble in cold water to the extent
of 6.9 grams in 100 ml. and )..4 grams in 100 ml. of water at 140° F.

Sesquicarbonate (Na2CO3 NaECO3 2B0 ) has a solubility
of 13 grams in 100 ml. cold water and 42 grams in 100 ml. boiling
water,

When making a neutralizer solution the sodas will be in complete
solution at the strength of neutralizer reoended, but the limes
will be in suspension. When standing for some time the lime particles
will settle to the bottom of the container, leaving a clear layer on
top, A euitable tank equipped with a mechanical stirrer is desirable
to use if a lime solution is to be kept for some time,

It is possible to prepare a o1ution that will contain consider-
able lime in solution in. the form of lime suorate, or 'visoogen.t'
A product oontaining about 10 per cent calcium hydroxide in solution
when sugar was added was made at Oregon State College.

Neutralizing Strength and Action of Soda and Limo Neutralizers

Lime combines slowly with the acid in the cream and some of it

combines physically with the casein, On account of the lcw solubility
of the lime nearly all of the lime is present in the lime mix, in the
form of lime partiolec.

Lime increases the viscosity of cream. When high acid cream i
neutralized with lime pronounced thickening of the cream takes place.
A scorched or burnt flavor may result when the cream is pasteurized.
A mealy texture in the butter will also result and considerable fat

nay be lost In the buttermilk. Care should, therefore, be taken in
not using an excess:Lve amount of lime. As the lactic acid in cream
is a weak acid, the reaction between the lime and the acid is jLow,

More lime than is theoretically sufficient for neutralization, on
account of the affinity of oasein for lime, is necessary.

Soda is completely soluble in water in the conoentration used;
it, therefore, combines rapidly with the acid of the cream. ThIs is
an advantage in. acidity control. WhUe there is much less danger of

scorched flavor when soda is used, an exoocs of soda ray cause a soda.

or soapy flavor, Caustic soda solution when used in high acid cream

may gi the butter a soapy flavor wid a bitoy taste, Irritating to
the tongue. The solution is corrosive to metals. Soda does not oause
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a marked thickening of the oreani, The texture of the butter is not
injured. When the soda neutralizer contains sodium bicarbonate,
carbon dioxide is given off, causing the formation of foam on the
surface of the oream. The more oarbon dioxide that is present in
the neutralizer, the greater is the amount of foam. The higher the
temperature of the oreain the faster is the g.s given off. Then
testing cream for acid when this has been neutralized with sodium
bicarbonate it is necessary to first expel the carbon dioxide by
heating,

One definite advantage of using soda in neutralization is that
at aertain seasons in some seotions, soda aids in speeding the fi].-
tration of the oroaiu,

In oonsidering the neutralizing strength of the neutralizer, it
is necessary to kaow what the neutralizing strength of it is when it
is used in cream0

To outralizo one pound of lactic acid in cream when soda is
the neutralizer, thez'e will be required:

1. Sodium bioarboiate - 0.93 pound for eaoh pound of laotio
acid,

Example of calculation:
90 pounds lactic acid. oombines with 84 parts
sodium bicarbonate.

(Molecular weight of lactic acid : 90)
(Molecular weight of sodium bicarbonate 84)

0.93
Therefore 0.93 pound sodium bicarbonate will neutral-
ize 1.0 pound of laotic acid.

2. Sodium oarbouato - When technical grade sodium carbonate is
used 0.63 pound will neutralize one pound of lautic acid.

3. Mixture of sodium carbonate and sodium bicarbonate - When
a mixture of sodium carbonate and sodium bicarbonate is
used, the neu.tralizing strength per pound of lactic acid
is 0.77 to 0.85 pound, depending on the noutralizer used.

4. Caustlo soda - Pcwdered caustic soda has a neutralizing
value of 0.44 pound for each pound of lactic aoid.

5. Modified caustic (Special alkali) - A number of mixtures
containing different amounts of caustic soda (NaOH) and
sodium carbonate (Na2033) are available. Thus, one product
may contain 90 per cent caustic soda and 10 per cent sodium
carbonate. Another product may contain 5 per cent caustic
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soda and 95 per cent sodium oarbonate.

A mixture which contains 60 per cent caustic and 40 per
cent sodium carbonate has a lactic acid neutralizing factor

of 0.50. This is considered a very satisfactory neutralizer
for high acid cream. There is no foaming and the cream may

be filtered. The cream acidity may be reduced to 0.40 per
cent with this neutralizer and then with a milder alkali to

the desired acidity.

Note: Caustio soda is corrosive to metals such as copper, tin,

and zinc, It forms soap with fat. Caustic soda will

burn the skin and clothes, particularly wool. It must be

used with care when neutralizing.

In the event of contact of caustic soda with the body,

apply plenty of cold water; then apply a 10 per cent sol-
ution of boric or citi'io acid. For lip or eye burn, apply

a 2 per oent solution of boric or citrio acid,

6. Lime - When :Uiue is used as a neutralizer the following a-
mounts are necessary for each pound of lactic acid in the

creams

a. Calcium hydroxide 0.5 pound
b. Mixture of calcium hydroxide and magnesium oxide: 0.38

pound (example)
o. Calcium o::ide and magnesium oxide: 0.3 pound (example)

Nanufaoturere and dealers will give information regarding the

neutralizing value of the neutralizer supplied when used for cream,

How to Use Neutralizers

In a small or medium sized creamery, it is most convenient to

weigh out the neutralizer aeoessary for each vat of cream. In a

large plant, a stock solution may be prepared. The recp irod amount

of this stock solution is then diluted before it i added to the

o ream.

It is convenient to prepare a table showing the amount of dry

neutralizer required for a wide range of acidities for reduction to

any desired per cent of soidity. It is necessary to know the amount

of dry neutralizer that is necessary for each 0.01 per cent acid in

100 pounds oream. For example, if the acidity is to be reduced from

0.60 to 0.30 per cent, the table will show the pounds neutralizer cal-

culated to the nearest tenth pound, necessary for reducing the acid-

ity in quantities of oream ranging from 100 pounds to 3,500 pounds or
more with intervals of 50 pounds.
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Example of Calculation using lime

Assume a neutralizing value of lime: 0.003 pound for 0.01 per

cent aoid in 100 pounds cream. If the acidity is to be reduced from

0.75 to 0.45, use 30 x 0.003 0.090 pound.

If 2,300 pounds cream are to be neutralized use 0.09 x 23 2.1

pounds lime.

The limo should be weighed out on a scale which is accurate to

0.1 pound. It should then be mixed thoroughly with from 10 to 15

times its weight of warm water, or sufficient to make 3 or 4 gallons

of solution for a 2,300 pound lot of cream.

If this particular limo were to be used for making a stock sol-
ution of lime neutralizer, thia may be made up so that eaoh pound or

pint of solution will neutralize a definite amount of lactic acid in

the cream.

If it is desired that one pint of the lime solution shall neutra-

lize a half pound lactic acid, the solution must be made up as followsi

If 0.3 pound lime : 1 pound lactic acid and
0.15 pound lime pound lactic acid.

Therefore, each pint of solution must contain 0.15 pound limo.
If 10 gallons of solution is to be prepared use 10 x 8.0 x 0.15

12.00 pounds lime,

Add the lime to a 10-gallon crock and add warm water while stir-

ring until the solution reaches the 10-gallon mark,

If 2,300 pounds of cream are to he neutralized from 0.75 to 0.45

per cent, the amount of lime solution to use is:
0.75 - 0.45 : 0.30 per cent acid to be neutralized.

230 x . 0
100

: 6.9 pounds acid to be neutralized.

6.9 x 2 13.8 pints of solution

Before this solution is to be added to the cream it should be
diluted with water to give approximately 3 to 4 gallons.

Proof of Accuracy of Calculation

0.15 pound lime in 3. pint
0.15 x 13,8 2.1 pounds dry lime.

A table that shw the pints of lime to use for different acid-

ities and for varying amounts of cream can easily be prepared.
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Be sure to stir the lime solution thoroughly before measuring
the amount to use. A mechanical agitator is desirable. Keep the

container well covered and clean it thoroughly when a new batch is

to be made up.

Example of Caloulation Using Soda

Assume that the neutralizing value of the soda used is: 0.008
pound soda for eaoh 0.01 par cent aoid in 100 pounds of oroain. If

the acidity is to be reduced from 0.45 to 0.15 per oent use 30 x

0.008 : 0.24 pound.

If 2,300 pounds of cream are to be neutralized, use 0.24 x 23 =

5.52 pounds of soda,

Convenient tables that show the amount of soda to add to batohes
of cream varying from 100 pounds to 3,500 pounds for different acidity
reductions can easily be prepared, if the neutralizing value of the

soda is known.

The soda used shou.d be weighed on an accurate scale. The soda

should be thoroughly disaolved in 3 to 4 gallons of warm water.

Using Two Neutralizers

With cream that exceeds 0.65 per cent acid, it is advisable to
first neutralize it with lime and then with soda.

If 11 is used as the sole neutralizer with high acid cream,
thickening of the cream takes place; a scorched, neutralizer flavor
may be produced during pasteurization. The butter may be mealy. Be

cause so much lime was used the butter nay have a pronounoed hey
flavor,

If soda is the only neutralizer, a definite soda or soapy flavor

may be present in the butter. The soda, however, causes no thioken-

ing of the cream. If the soda neutralizer is a mixture of sodium
carbonate and sodium bicarbonate, or if it is al]. sodium bicarbonate,

a considerable amount of carbon dioxide will be given off after the

soda solution has been added to the warm cream, This results in so

much foam that some of this may be lost due to overflowing. This is

a definite disadvantage of the use of bicarbonate. The amount of
carbon dioxide liberated from the cream can be reduced if the soda ie

dissolved in hot water.

The practice of using two neutralizers with high acid cream is
well established and is generally practiced. Some buttermakers
neutralize down to 0.45 or 0.50 per oent with lime and then with soda
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to the desired acidity, Others follow the practioe of neutralizing
with lime 1/3 of the acidity to be reduced and the other 2/3 of the

acidity with soda,

Some oreameries prefer to use a special alkali containing caustie

soda and sodium carbonate as the sole neutralizer for high acid oream.

The value of using sodium bicarbonate with the object of remov'

moving undeirab1e flavor in the foam has been greatly over estimated,

Serum Acidity

The acid in the cream is for the most part present in the fat-

free part of the cream known as the serum.

Theoretically, acidity reduction ahould be based on the acid

present in the serum, By sertmi is understood the fat-free portion

of the cream,

If two vats of cream, 2,300 pounds each, one testing 30 per

oent fat and the other 40 per cent fat, each contains 0.75 per cent

acid, what is the per cent acid present in the serum of each vat of

oream? Example:

(a) Low fat cream
2,300 x .30
2,300 - 690
2,300 x 0075
17.25 x 100

1610

(b) High-fat cream
2,300 x .40 :
2,300 - 920 :
2,300 x 0075

17.25 x 100
138

690 pounds fat
1610 pounds serum
: 17.25 pounds acid

1.07 per oent acid in serum

920 pounds fat
1380 pounds serum

17.25 pounds acid

1.25 per cent acid in serum

Assuming that the acidity of both vats of cream is reduced to

0,20 per cent, What would be the serum acidity of each vat of cream?

(a) Low-fat cream
2,300 x .002 4.6 pounds acid

4.6 x 100
16].O

- 0.28 per cent acid in serum

(b) High-fat cream
2,300 x .002 4.6 pounds acid

4.6x 100 -
0,33 per cent aoid in serum
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It would be desirable to have the serum acidities of the neutral-
ized cream the same in order to obtain butter that has a pH that is
similar,

If the serum acidity of the 30 per cent cream is taken as the
desired acidity to which to neutralize, the cream acidity is 0.20
per cent, and the serum acidity is 0.28 per cent, what should be
the final acidity of the 40 per cent cream in order to obtain the
same serum aoidity? Examplet

100 - 40 60 per cent serum in 40 per oerrb oream

60 x 0,28
100 : 0.17 per cent aoid in 40 per cent cream.

kmount of Acid Reduction

The acidity should be reduced sufficiently so that:

a. The flavor of the fresh butter is satisfactory.
b. The loss of fat during churning will be at a minimum,
o. The butter is not mealy.

d. The butter oan be safely stored, if necessary, for an ex-

tended time.

The buttermaker is depending on the acidity test to regulate
the aoidity of the butter serum. It is necessary, however, that
the acidity of the cream at churning should be such that the reaction
of the butter serum, spoken of in terms of the hydrogen ion oonoen-
tration and as indicated by the "pH" is neither too high nor too low,

A pH of 7,0 is neutral. A higher pH than 7.0 is alkaline and a pH

below 7.0 is acid.

If the pH of the butter serum is too ow (too high acid), the
flavor of the butter may be "coarse-acid" and if suoh butter is stored
an undesirable oily flavor and even a fishy flavor may develop in

salted butter stored at a law temperature. The development of these

defects is favored by exposure of the pasteurized cream to copper or

iron.

On the other hand, if the pH is too high (alkaline) the butter

may have a neutralizer flavor, When stored, a tallowy flavor caused

by oxidation, may develop. Healiness in the butter may be caused by
over-neutralization of high acid cream with lime, and if the neutral-
izer used contains oaustic soda, a soapy and bitey flavor may be

present.

Correct neutralization to an acidity slightly above the neutral

point, as measured by the titration nOthod using N/b NaOH and pheno-
lphthaleins eliminates coarse-acid flavor, but if the cream ia neutral-



148

ized to a point that will result in butter with a serum pH of 7.0
(neutral), the flavor will be flat, or insipid. The ideal method

to use when the butter is to be retailed shortly after manufacture,
would be to neutralize medium or low-acid cream to about 0.13 -
0.15 per cent acid and high acid cream to about 0.17 or 0.18 per
cent acid, and adding about 5 per oent of fine-flavored starter,

either after the cream ha been cooled or just before churning. If

starter is not used, neutralize to a slightly higher aoidity, about

0.02 to 0.03 higher. Avoid neutralizer flavor. This cannot be

covered up by starter. The addition of artificial butter flavor is
prohibited by federal regulations,

The serum pH of the butter made fran auch cream will range

from 6.6 to 6.9. If the butter is to be stored for several months,
neutralization to an acidity that will give a pH of the butter serum
which is neutral (7.0 4 0,1) has been found most satisfactory in

order to preserve the original flavor of the butter and avoid storage

defeots.

Laboratory Tests

If to an acid solution is added an alkali such as sodium hy-

droxide, using phonolphthalein as an indicator until a slight pink

color is produced, tho solution will have a pH of 8.3. As 7.0 pH

is the neutral point the solution is, therefore, alkaline. If cream

is neutralized so that the soidity is zero by the acid test using

phonolphthalein as an indicator, the cream will, therefore, be alka-

line,

Unless the serum of the butter is checked for pH it is a pro-

blem for the buttermaker to know if the neutralization of the cream

has been correct, A dependable method of determining the reaction

of the butter serum is by means of a pH meter, It is not reoonunended

that every creamery should use this method of cheoking. For stan-

dardization purpose, however, the pH of the serum of butter sent to
a oentral marketing organization should be determined and the results

should be sent to each creamery.

Considerable variation in the pH of the butter serum in the

butter sent to the Oregon State College monthly educational butter

scoring and analysis service has been observed. During the 13th year

of this service, 584 ohurnings of butter showed the following pH

values of the butter serums
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pH Value No. of Semplee Percent of all

5.]. to 5.5 2 0.4

5.6 to 6.0 83 14.2

6.1 to 6.5 317 54.3

6.6 to 7.0 163 27.9

7.]. to 7.5 18 3.0

7.6 to 8.0 1 0.2

584 100.0

Such a variation shows a definite lack of sufficient attention

to the important work of cream acidity standardization. A contin-

uous laboratory service and a study of accurate butter manufactur-

ing reports, together with the butter grading reports, would enable

the laboratory teohnician or technologist in charge to suggest to the

various butterrnakers methods for improvement of neutralizing technic

when abnormal pH values are encountered.

This matter should, of course, not be over-emphasized as there

are a number of factors, in addition to that of acidity control,
that have a pronounced effect on the quality of the butter and the

zorage property.

Any creamery that stores a considerable amount of butter and

any buyer of butter, intended for storage, ahould ascertain the pH
value of the butter serum of each 1t of butter. If the pH values

vary too much from the standard, the eoonomio risk will be great.

No creamery, marketing organization, or butter dealer who stores a

considerable amount of butter, can afford the risk of storing butter

that is likely to beccmte oily-fishy, or oxidized-tallowy during

storage.

SulmTIary of Method of Acidity Standardization

Using Lime and Soda

1. Accurately weigh the amount of each neutralizer to use, Dilute

with 10 to 15 times the weight of warm water. Mix well. Allow
lime mix to stand 10 minutes before using. The soda dissolves

readily.

2. Prepare the cream in the vat by agitating it and heating it to

70° - 80° F. Be sure it is free from lumps and that no unmixed

heavy cream remains in the bottom of the vat. Stir with a hand

stirrer or metal paddle, if necessary.

3. Plaoe the prepared lime neutralizer in an elevated metal can, the

bottu of which is connected with a perforated, sanitary pipe,
inserted below the surface of the cream, and add it slowly (in

about 5 minutes) to the cream in the vat. Keep the oream stirred.
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4. After 15 minutes add the soda solution in the same maimer. Be

sure all the soda is dissolved.

5. Add no sour cream after the neutralization process ha been corn-

menoeci, Sweet cream may be added direotly after neutralization

and before pasteurization.

6. Pasteurization can be commenced five minutes after the soda

solution has been added.

7. Sweet cream lowering aoidity in vat does not constitute neutral-

ization; the sour cream must first be neutralized.

Causes of Over-Neutralization of the Cream

1. Less cream in the vat than calculated,

2. Using more than the required amount of cream for the acid test.

3. Using a weak alkaline solution when determining the acidity.

4, Using incorrect strength neutralizer (too strong).

5. Using too much neutralizer - improper calculation and weighing.

6. Not boiling sour cream oontainin.g carbon dioxide for the aoidity

test.

Causes of Under-Neutralization of the Cream

1. More cream in the 'vat than oa].oulated.

2. Using less than the required amount of cream for the acid test.

3. Using a strong alkaline solution when determining the acidity.

4. Using incorrect strength neutralizer (too weak).

5. Using too little neutralizer - improper calculation when weigh-

ing.

Causes of Neutralizer Flavor

1. Improper acidity determination (too high acidity reading obtained).

2. Adding neutralizer to cold, heavy and lumpy cream.
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3. Cold, heavy oream in bottom of vat.

4, Too concentrated neutralizer solution.

5. Lumpy neutralizer or too much lime neutralizer1 or using oaustio

neutralizer. A soapy flavor may be produoed if too much soda

neutralizer is used.

6. $ingle neutralization of high acid cream.

7. Improper addition of neutralizer to cream,

a, Adding it too fast.

b. Adding it to one end of the vat.

o. Not spraying it into the oream.

8. Adding more neutralizer than oa3.oulated (my mistake or moor-

root weighing of neutralizer).

9. Incorrect calculation of the amount of neutralizer.

10. Less cream in the vat than calculated.

11. Reducing acidity below standard (appreciably above normal pH

ci' the butter serum),

12. Adding neutralizer to the cream before all the sour oream has

been added.

Prevention of Neutralizer Flavor

1. Have the cream in a homogeneous condition.

2. Heat the cream slightly if it is cold and thiok.

3. Use a milk neutralizer with cream of medium or low acidity.

4. Use two neutralizers, lime and soda, with high acid cream.

5. Add the correct amount of well-diluted neutralizer solution

to the cream.

6. Spray the solution slowly into the crown while it is being

stirred.

7. Add sufficient neutralizer so that the butter serm will have

a pH from 6.6 to 7.0 depending on whether the butter is to be

consumed soon or is to be held in storage.
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Causes of Soorohed - Acid Flavor

Among the causes of this flavor can be mentioned,

1. Under-neutralization.

2. Adding small amounts of sour cream to sweet oream in a vat
without first neutraliz3.ng the sour cream.

3. Adding sour cream to neutralized cream.

4. Adding sour cream to pasteurized oream.

5. Adding high-aoid starter to pasteurized cream, or using too

much starter.

Causes of Scorched - Neutralizer Flavor

One of the causes of this defeot is heating the cream to too

high a temperature, in a coil vat, expeoia].].y when tho cream baa

been neutralized to a low point with lime,

To avoid this defect it is neoessary to first heat thick, lumpy

cream to about 700 to 800 before neutralization. Add the neutralizer

slowly and evenly. After the cream has been properly neutralized it

may be heated to the pasteurization temperature. Do not employ an ex-

cessively high temperature for the heating medium, especially when

heating cream which has been thickened by lime. The heating surface

should be free from a deposit of minerals and other milk olida.

With the coil vat method, a scorched-neutralizer flavor oan usually

be avoided if the cream is carefully heated to l55 or 158° F, With

cream of medium acidity, properly neutralized, a slightly higher

temperature such as 1600 or 1620 F. may be used. It is necessary

that the inside heating surface is free from a deposit of minerals.

Cause of Mealy Texture of Butter From Neutralized Cream

1. This undesirable defect will be present in butter when the cream

either has been under-neutralized or over-neutralized, If the

cream was under-neutralized, extensive hardening of the casein

takes place. The particles of oasein become embedded in the

butterfat.

2. When the cream, especially high-acid cream, has been over-

neutralized with lime, because of the affinity of casein for

calcium, large aggregate parl4oles of casein and lime are formed,

These also will become embedded in the butterfat. The butter

will be pronounoedly mealy or grainy.
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Neutralizing a Mixture of Sweet and Sour Cream

When a considrb1e amount of sweet cream is to be mixed with
sour cream in the vat it is desirable to neutralize the sour cream

first. If this is not done, the butter may have a sour or vinegary
flavor, and if curdling takes place during pasteurization mealy tex-
tured butter will result.

Supposing 2,000 pounds of sweet cream with an acidity of 0.13
per cent and 500 pounds of sour cream with an acidity of 0,40 per

cent are mixed, The acidity of the mixture theoretically would be
0,184 per cent. Ordinarily cream of this acidity would not need to

be neutralized. However, the flavor of the sour cream added would
have a pronounced influence on the flavor of the butter, The criti-

cism of the finished butter will be coarso-aoid or sour flavor.

It is advisable to a1vays neutralize the sour cream before it
is mixed with the sweet cream. A better plan is, of course, to
pasteurize and churn the sweet and the neutralized sour cream sepa-

rately.

Correction of O'ver-Neutra1ization

Occasionally a vat of cream is over-neutralized because of an

error in calculating the amount of neutralizer. There is little

that can be done to overcome the damage. The butter will invariably
have a neutralizer flavor and if lime was used for neutralization
the butter will undoubtedly be mealy.

If some fine-flavored starter, or some cultured buttermilk is
available, the addition of two or three cans of these to the vat of
cream would have a benefioial effeót and it would be possible to

obtain butter of nearly the desired pH value.

Problem:

It is desired to churn oreani of an acidity of 0.20 per cent.
If S per cent starter is used and the acidity of the cream is not
increased during the holding period of the cream until churning,
how law shou3d the cream be neutralized?

Reduoo to 0.17 per cent acid so that the acidity of the cream
immediately after the addition of the starter is 0.20 per cent. Cool
the cream before the starter is added to a temperature of 400 F.

If the cream is to be cooled to only 500 F. s during the fall and

winter months add the starter shortly before churning.



154

Relation of Titratable Acidity of Cream to pH
of Butter Serum

The butterinaker is interested in manufacturing the finest flavor-
ed butter possible from the cream that is available. He is also
interested in manufacturing the butter in such a way that it will
not show appreciable deterioration in quality either during short-
time or long-time storage.

Research at several state experiment stations and in commercial
plants has definitely shown that butter which shc,ws a low pH of the
serum keeps poorly, even in cold storage at zero degree F. The
most conniion and objectionable defect which develops is a fishy flavor.
Fishiness in salted butter can be controlled by keeping metallic con-
tamination to a minimum and by so regulating the aoidity of the cream
at churning that the pH of the butter serum ranges from 6.6 to 7.0.
Control laboratories can assist the buttermakers in their effort to
maintain a correct pH of the butter serum. Huesong,in discussing
the significance of the measurement of the pH of butter stated that
"The experience of three storage periods has oonfirmed the value of
using pH as a means of controlling keeping quality. This season the
pH of all butter scheduled for storage was determined and those
ohurnings falling outside the desired range were not stored. The

results of t]-2o procedure to date have been very satiafaotory. In
previous years those ohurnings which developed a fishy flavor showed
pH values below the desired limit and. confirmed observations made in
the laboratory. The pH found to be most useful under the conditions
studied was 7.0 ± 0.2 and it seems likely that the butter with pH
values near the top of the range possessed better keeping quality
than that in the lower range."

Unless the butterinaker has a pH meter it is difficult for him
to determine what should be the titratable acidity of the cream at
churning. The results from research, abstracted below, by White
(Department of Agriculture, Ottowa, Canada, published in the Canadian
Dairy and Ice Cream Journal, Vol. 26, June 1947) will serve as a
guide to buttermakers in connection with cream aoidity and butter
serum control.

"When ohurnings with pH of 6.7 to 6.9 ond 6.91 to 7.2 are grouped ac-

cording to the original acidity of the cream, see table, the data
show that as the original acidity of the cream inoreased the actual
titratable acidities and the oaloilated acidity at the churn in-
creased accordingly. For oream of approximately 0.25 per oent
acidity, the calculated acidity at the churn was slightly less than
0.12 per oent for a pH of 6.79, while for creams between 0.51 and
0.6 per cent acid with an average initial acidity of 0.56 per cent,
the calculated acidity after pasteurization was nearly 0.15 per cent.
For butters with an average pH of about 7.0, the average aoiditiee
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after neutralization were lower than for butters with an average $
of about 6.8'

Average Aoiditiec of Creams for Butters
within a Definite pH Range

Acidity Average Titratable Acidities of Cream Average
Range No. of Initiil Desired At Churn Calcu- pH of

Percent Samples lated Butter

__%,
pH Range 6.7 6.9

.2 - .3 9 .255 .123 .148 .118 6.79

.31 - .4 28 .347 .122 .149 .122 6.81

.41 - .5 13 .454 .140 .170 .128 6.82

.51 - .6 10 .560 .148 .176 .148 6.80

.61 - .7 2 .645 .160 .205 .165 6.76

pH Range 6.9 - 7.2

2 .30 11 .2o .108 .128 .113 7.03

.31 - .40 16 .354 .116 .138 107 7.05

.41 - .50 18 .454 133 .158 .112 7.05

.51 - .60 9 .564 .148 150 ].12 7.07

The calculated acidities at churning time were determined by cal-
oulating the quantity of aoid which would be theoretia11y neutralized
by the quantity of neutralizer used as shown on the report forms, and
subtraoting this figure from the total pounds of acid in the cream.
The resulting figure represented the pounds of acid which rexnined
in the cream, and with the pol.thds of cream known, the per cent aoidity
was readily calculated0

On the basis of the data obtained it was concluded that "the
neutralizing data of the ooxnmeroial and aemi-oomuieroial churnings
used in this study, indicate that a uniform pH value can be maintain-
ed in the butter without too much difficulty. To obtain uniformity
however, it is necessary to adjust the desired acidity at the churn
according to the initial aoidity of the cream, and to carry out the
details of various steps in the neutralizing procedure carefully and
accurately.

"The acidities of vats of cream during any particular season
will not vary a great deal under average conditions in Canadian cream-
eries, so that only slight adjustments in the desired acidity will be

necessary. To obtain a pH of approximately 6.8 in the butter, the
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data indicate that cream with an initial acidity of 0.25 to 0.3 per
cent should be reduced to 0.11 or 0.12 per cent acid. When the
initial acidity is 0.4 to 0.5 per cent, the desired acidity at the
churn should be 0.13 to 0.14 per cent. In general, for eaoh in-
crease of 0.10 per cent in the initial acidity of the cream the de-
sired acidity should be increased by 0.01 per cent. One creamery
used this method o adjusting the acidity at the churn with very
satisfactory re suits.

"Hawever, with soda-type neutralizers and vat pasteurization,
the titratabie acidity at the churn will be somewhat higher than
the desired or calculated acidity due to the evolution and retention
of carbon dioxide in the cream during the neutralizing reaction. For
cream with an initial acidity of 0.4 to 0.5 per cent, this increase
will be approximately 0.03 or 0.04 per cent, but in some instances
may be more. he difference between the titratable acidity and the
desired or calculated acidity should be determined for the conditions
in each plant. As shovm in these studies and by Dumkley and Wood,
these differences will vary with the initial acidity of the cream, with
the type. and fullness of the vat, and probably to some extent with
the typo of soda neutralizer used.

"Under the neutralizing and pasteurizing conditions at the Dairy
School, Kemptville, the results of the acidity tests on boiled samples
agreed very closely with the desired or calculated acidity. The ti.'

tratable acidity of a boiled sample would, thus, appear to be a good
check on the aocuracy of the neutralizing process under usual plant
conditions.

"If the neutralizing procedure is done carefully and accurately,
and the acidity is reduced to a level which will give a pH of 6.8 to
7.0 in the butter serum, too much attention need not be given to the
titratabie acidity at the churn. It is a wise precaution, however,
to keep a record of the titratablo acidity at the churn and thus
have a day-to.'day check on the neutralizing process."
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T FLAVOR OF MILK

Production of milk during 1946

By oovrs on farms 119,730,000,000 lb.
Civilian consumption of fluid milk and cream 59,000,000,000 lb.

This is alout one-halt (49.3%) of all the milk produced. The
annual per oapita oonáumption of fluid milk was 425 pounds.

This should be added to the 2,389,000,000 pounds evaporated
milk which represents approximately 4,389,000,000 pounds of fluid
milk. The balance of the milk produced was used for the manufacture
of dairy products with a small amount used as a feed for calves.

Fran a human welfare point of view there is no more important
activity than that of supplying the .Amerioan people with clean,
wholesome, fine flavored milk. The producers of milk, the trans-
porters of milk, the processors, and the distributors have a tre-
mendous obligation in furnishing the consumers-babies, growing
children, and adults - with this, nature's most important and al-
most perfect food.

The requirements for milk of excellent quality are:

1. It must be obtained from healthy cows, properly kept and fed.
The persons handling the milk must be healthy.

2. The cows, barn, milk house, milking utensils, etc., must be
clean 80 that the milk will not contain any foreign matter.

3. Such precautions must be taken during the production that the
milk is not contaminated with baoteria, dust, insects, or
foreign matter of any kind.

4. The milk should be cooled quickly after it has been obtained
from the cow to a low enough temperature to chsck bacterial
growth. It should be stored in odor-free, ol3an, well-tinned
sterilized cans and protected from odors and dust until it is
shipped to the milk plant.

5. While cans of milk stand at the roadside, they should be pro-
teobed s.gainst sun, dust, rain and mud, and the cans should
be proteoed against dust and sun during transportation to
the milk plant.

6, Processing and bottling by healthy persons in a sanitary plant.

Proper grading at the milk plant or receiving station includes
grading for flavor. By flavor is understood a combination of the
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taste and odor of a substance. There are only four primary tastes,
namely, sweet, acid, bitter and salty. They are determined chiefly
by the taste buds located on the tongue, soft palate, and larynx.
The sweet taste is primarily determined with the tip of the tongue,
the bitter with the rear, the acid with the sidee,and the salt with
the upper surface of the tongue. Dry substances cannot be tasted.
They must be in a liquid or semi-liquid form. Very infinitesimal
substances are responsible for the odor. They are determined by the

organs of smell. Some of them can be observed by smelling the food
before it is placed in the mouth while others are observed when the
food is being masticated and swallctwed.

A milk grader cannot smell a salty or a bitter taste in milk.
lie must place the sample of milk in the mouth. If the milk has an

acid taste, it may also have an undesirable odor. The baoteria whioh
were responsible for the production of acid may also cause the pro-

duction of certain aromatic products.

Milk is one of our most nutritious foods and for thiø reason
it should be produced and handled in such a way that the flavor is
never damaged either by feeding of strongly flavored feed or weeds
to oc$?i8 or by handling it in an insanitary or faulty manner. The

milk should be cooled to a law temperature as soon as it has been
produced.

It is more important to have a program of producing milk of
fine flavor by better production and handling practices than to
emphasize a program of improvement by processing in the milk plant.
This does not mean that the use of the best methods of handling the
milk in the milk plant should be minimized.

The Milk Score Card

(American Dairy Science Association)

Maximum

Flavor 45
Sediment 10
Container and closure 5

Baoteria 35

Temperature 5

Total 100

It will be observed that 45 points of the 100 points are allot-
ted for flavor. If the milk scores 39.5 or below, it usually has
one of the following objeotionable flavors: Barny or oowy, feed,
inalty, rancid, bitter, flat, musty, salty, cooked, foreign, card-
board-tallawy, unclean, garlic or onion, high acid, disinfectant,
metallic, or weedy.
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Flavor of Milk From Individual Cows

There may be a considerable variation in the flavor of milk from
individual cows, In onc series of tests (California Experiment
Station) the flavor scores of the milk from 24 cows ranged from 15
to 24,5 (maximum score 25). Feed had been withheld from the cows
five hours before milking with the view of avoiding the masking of
the primary flavor of the milk by a secondary flavor as might be
caused by feed. Some of the defects that were present in the milk
that was scored 22 or below were: Slightly salty, bitter, strongly
salty, disagreeable taste and odor, rancid.

The milk from 536 cows in 12 herds produced during winter was
also examined. That from 68 cows had an abnormal flavor, Of the

68 lots of milk, 34 had a salty taste, 17 had a rancid flavor after
6 hours, and 17 had an undesirable flavor.

Flavor of Milk From Herds of Cows

Over a period of five years, 349 samples of milk entered in the
California State Fir were seored when the milk was from 24 to 54
hours old, Two-thirds of the samples were raw and one-third had been
pasteurized, A total of 42.3 per cent of the samples had an abnormal
flavor distributed as follows:

% of All
Samples

Feed flavor 11.6
Salty taste 0,6
Rancid flavor 4.6
Oxidized flavor 24.2
Heated flavor 1,1

Practically all the feed, salty and rancid flavors were ooamion
in the raw milk, and the oxidized and heated flavors were connon in
the pasteurized milk.

Classification of Flavors

1. Flavors oaused by the Feed and Weeds consumed by the cow.
To this group belong feeds such as si].age, alfalfa hay,
turnips, kale, apples, potatoes, beet pulp, beet tops,
rape, cabbage, and also weeds suoh as garlic, acaleweed,
dog-fennel, tarweed, pepper-grass, wild mustard and
others.



2. flavors oaused by the condition of the animal.
To these belong:
(a) Those due to advanced lactation
(b) Those due to the individuality of the cow
(o) Those due to digestive disturbance
(a) Thoeó due to an infected udder

3. Flavors produoed after the milk is obtained from the cow,

(a) Absorbed-cellar, musty, smoky, ga5oline, barfly, unclean,

refrigerator, vegetably, fruity.
(b) Due to bacteria - sour, gassy, cheesy, and others.
(a) Due to chemical and physical changes tallowy, oily

(freezing), rancid, oily-fishy, metallic.
Cd) Due to the addition of foreign materials soapy, alkaline,

disinfectant, medicinal salves, etc.

Rancid Flavor

1. Cause.

RaflQid flavor in milk is ooimnon during the fall and winter
months when the cows are late in their laotat ion period. It appears

that the feeding of dry feeds, and especially poor-quality hay, favors
the development of the defect.

The milk obtained from the cws that are in an advanced stage
of the lactation period may be salty. It should not be used for
human consumption. The rancid-bitter flavor develops in the milk
when this &e stored for some time, The flavor is more pronounced
in the cream. Pasteurization will not eliminate the rancid flavor
but the heating process (if high enough) destroys the chemical
substance involved in the production of the flavor. This chemical
substance is the enzyme lipase which is present in the milk when
this is obtained from the cow. It acts on the butterfat. Objeot ion-

able rancid-bitter flavored fatty acids (Butyric, eapyrlio, oaprio
acids) are produced. Storing the milk at a law temperature appears
to havo no retarding effeot on the activity of the enzyme. Fluctua-
tion of the temperature of the milk and shaking or agitating the
milk accelerates the activity of the enzyme.

2. ContrGl Measures.

(a) Do not use milk from cows that are late in their lactation
period.

(b) Dry off oow that are late in their lactation period.
(o) Do not use milk that is salty.
(d) Obtain a sample of milk from each oow in the herd Store this

in glass bottles for 48 hours at a temperature of from 400 50°F.
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Heat the milk to 1000 F. and note the odor and flavor,
(e) Dry off cows whose milk turns rancid after storage for 48 hours.

Barny Flavor

1. Cause1

Milk from dirty cows milked in a poorly cleaned and insufficient-
ly ventilated barn by a produoer who has dirty hands and clothes
will have a pronounced barny flavor. Some of the dirt will fall into
the milk, In addition, there are certain bacteria, imturally found
in manure, that may produce the flavor in milk if they have been in-
troduced into the milk and allowed to multiply in it,

2. Prevention.

It is unnecessary to go into details regarding the prevention
of the flavor. Briefly, it meaneg

(a) Clean cows
(b) Clean and well-ventilated barns
(c) Clean hands and clothes
(d) Removal of the milk from the barn as soon as it has been

obtained from the cow.

Foreign Flavor

(Gasoline, Medicine, Turpentine, Disinfectant, Chemical.)

1. Cause.

If milk cane or other utensils have been used for gasoline,
turpentine or kerosene, it is practically impossible to removo the
odor from the cans, The milk, if placed in such cans, will invariably
possess an undesirable tato from the materials, If such milk is used
it may taint the balance of the milk plaoed in the milk plant supply
tank. Medicinal flavors, suggesting iodine, iodoform, and carbolic
acid, have been observed in milk, They may be caused by medicine
administered to the cow. The feeding of seed grain preserved with
paradiohlorbenzene (Montana) was found to give an objectionable for-
eign, medicinal flavor to milk.

2, prevention.

To prevent the flavor never use milk cans or pails for gasoline
or kerosene or other similar products. Avoid using strong-smelling
fly sprays immediately before or during milking time, Do not use
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soap for washing utensils. For chemical sterilization of utensils
do not use coal-tar disinfeotants, Use approved chemical steri3.iz-
ing compounds. Prepare the chemical solution as recommended. Do.
not use milk that has an objectionable foreign flavor. If ointment
is used on cows' teats, be sure that none of this comes in contaot
with the milk.

S our Flavor

1. Cause.

The use of improperly cleaned and sterilized pails, rnilicing
machine, strainer, cooler, and cans, and the lack of cooling the
milk to a low temperature is the cause of this defect. Lactic acid
bacteria in large quantity are added to the milk by unclean and un-
sterilized utensils. If the milk is kept at a temperature favorable
for the grawth of the organisms (600 to 1000 F.) a portion of the
milk sugar is changed to lactic acid with the production of a sour
flavor. The undesirable flavor may be noticed by smell and. taste
when only a slight development in acidity has taken place.

The use of sour-smelling milking machines, strainers, or cans
for milk results in giving the milk an undesirable flavor and odor.

2. Prevention.

Sour flavor is easily prevented by keeping dirt out of milk by
using properly cleaned and sterilized utensils and by cooling the
milk quiokly to a low temperature (40° to 50° F.) and keeping it
cold until it is shipped to the milk plant.

Unclean Flavor

1. Cause.

An unclean flavor may be characterized as a very unpleasant
flavor suggestive as being oaused by a combination of milking un.
clean cows in a dirty barn, using either dirty hands or an unclean
milking machine, using poorly cleaned utensils, and straining the
milk through a dirty strainer cloth.

2. Prevention.

To avoid the flavor it is necessary to use sanitary methods
during the production and handling of the milk.
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Salty

Milk fr cows that are late in their lactation period often
has a salty taste. The only remedy for this defect is to turn the
ocwa dry.

Feed and Weed Flavor in Milk

At the Montana Experiment Station, milk was examined at inter-uale
over a three-year period. One hundred fifty-one lots of milk were
examined before and after pasteurization; feed flavor was present in
61 lots of milk and cowy or smothered flavor was present in 24 lota.
The milk was examined by experienced judges after storing for 8, 32,
and 56, hours' storage at 380 F. The feed flavor was generally in-
tensified during the storage period. Pasteurization seems to remove
the feed flavor but a definite oxidized flavor developed in 44 samples
of pasteurized milk.

In Oregon, a state-wide market milk and cream grading was held
during 1942. The flavor scores of 102 samples of pasteurized milk
ranged from 30 to 41 and averaged 38 points (maximum 45 points).
Cnmon defeota were feed, 000ked, oxidized. A total of 41 samples
(40 per cent) wore criticized for feed flavor.

Influence of Season of Year on Flavor of Milk

The period of the year when certain objectionable flavors are
most common in milk was determined by Trout at the Michigan Agri-
cultural Experiment station:

Flavors Time of Year

Grassy May, June, september, October
Rye April, May
Silage November, December, January, February,

March, April
Alfalfa pasture July, August, September
High acid, sour June, July, August, September
Malty June, July, August, September
Salty October, November, December, January

February, Marob
Barmy November, December, January, February
Rancid November, December, January, February,

March
Oxidized December, January, February, March,

April, May
Foreign Occasionally or spotty
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The influenoe of feeding various feeds to cows at different in'
tervals before milking on the flavor of milk has been studied by a.
number of investigators,

At the California Experiment Station it was found that when full
rations of alfalfa hay (15 pounds), green alfalfa (34-40 pounds),
clover hay or corn silage (5l2 pounds) fed 1 to 2 hours before milk-
ing produced strong undesirable feed flavors and odors. When these
feeds were withheld during the 5-hour interval before milk.ng,
objectionable feed flavors were eliminated. Smaller quantities of
the flavor-producing roughages - for example, 5 pounds of alfalfa
hay, 10 pounds of green alfalfa, or 10 pounds of corn silage - fed
1 to 2 hours before milking, imparted to the milk a distinct and
undesirable flavor, evident to one accustomed to judging milk.

When green barley, wild oats, foxtail and filaree were fed to
oowa,as sole sources of roughage in quantities required for satis-
faotory nutrition, 2 hours before milking, undesirable feed flavors
varying from slight to strong were imparted to the milk in every in-
stance. Cows being grazed on these feeds should be removed from the
pasture at least 5 hours before milking, if such flavors are to be
avoided, it was recommended,

It was found that when tame oat hay was fed in the amount of 8
to 9 pounds to cows two hours before milking, only a slight after-
flavor in the milk was produced.

Improperly cured hay having a musty odor was found to transmit
a musty flavor to the milk.

The usual concentrate feeds - rolled barley, 0000nut meal, soy-
bean meal, cottonseed meal, wheat bran, and dried beet pulp - when
fed 1 or 2 hours before milking, in quantities used by the average
commercial dairyman, did not give milk sufficient flavor to make it
undesirable to the average consumer,

Rolled barley and beet pulp, however, when fed alone in 5-pound
quantities or more, 1 and 2 hours before milking, gave either a
detectable flavor or an after-flavor; but the judges believed that
these would not be noticed in cold milk by the average consumer.

Wheat bran seemed to improve the flavor of the milk when fed in
6 to 7 'poi.md quantities 1 hour before milking. It gave more flavor
to the milk than was present in the control samples, and the flavor
was reported as pleasing.

Babocok of the Bureau of Dairy Industry, United States Departmeni
of Agriculture summarised in the Journal of Ililk Technology, Vol. 3,
No. 1, 1940, the Bureau's extensive work in connection with the
studies of the influence of feeds on the flavor of milk. He stated
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that, "feed flavors are transmitted to the milk mainly through the
body of the cow and as a rule, only for a few hours after the cows
consume the feed. Because of this faot most highly flavored feeds
can be fed ixmiediately after milking without affecting the flavor of
the milk produced at the next milking. In fact, in the case of
green alfalfa, it ha been shown that changing the time of feeding
from one hour before milking to three hours before milking, de-
creased the intensity of the abnormal flavor, and feeding five houre
before milking practically eliminated it. On the other hand, large
quantities of feeds like oabbage and turnips even though fed imnedi-
ately after milking, may at times slightly taint the flavor of the
milk produced at the next milking. Those taints, however, are slight
and would seldom be noticed by the average consumer. Feeds that had
only a slight effect when fed before milking had no detrimental effect
when fed after milking.

"Feeding experiments with garlic showed more conclusively that
feed flavors enter milk mainly through the body of the cow. These
experiments also showed the tiine required for flavors to enter the
milk. This work showed that garlic flavor and odor can be detected
in the milk when the milk samples are taken one minute after garlicis fed. The intensity of the garlio flavor increases and at 10 min-
utes after feeding a high degree of intensity is reached. Garlio
flavor is present to a very objectionable degree in milk from cows
that have consumed one-half pound of garlic 4 hours before milking.
Milk drawn 7 hours after the cows consume one-half pound of garlic
is practically free from garlic flavor. Strong garlic flavor is
found in milk drawn 2 minutes after the cows Inhale garlic odor for
ten minutes, and practically disappears in 90 minutes after such
inhalation, Garlic odor is readily perceived in samples of blood
drawn 30 minutes after the cows are fed 2 pounds of garlic tops, and
strong garlic odor is present in the blood drawn 45 minutes after
such feeding, indicating that the flavor is transmitted by the bloodto the udder.

"Work with bitterweed further confirmed the fact that flavors
enter milk mainly through the body of the cow. This weed is fre-
quently found in southern pastures and although it is practically
odorless, it imparts its flavor to the milk when the cows eat it,
Work with this weed also showed it to be an exoeption to the usual
rule 'That feed flavors are more pronounced in cream than in the milk
from which the cream is taken,'t the flavor produced by bitterweed
being more pronounced in skim milk than in whole milk and much less
pronounced in the cream than in the skim milk. It further showed
that there also may be exceptions to the rule that 'feed flavors are
not imparted to milk except for a few hours after feeding.' When
oowe consume 10 pounds of bittorweed, the flavor is present in the
milk produoed 24 hours later, but milk produced 27 hours later is
practically free from a bitter flavor."
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Babcock stated that abnormal flavors in milk as delivered by
the producer can be prevented by adopting the following practices:
"Feed all highly flavored feeds immediately after, never just before,
milking. Remove cows from weed-infested pastures from 4 to 7 hours
before milking."

In a discussion of the effect of feed on the flavor of milk
(News from the News, Staley iIfg, Co., Vol. IV, No. 9, 1943), Espe
stated: "The flavor imparted to milk by garlic is due to allyl
suiphide which is split off during the process of digestion.

"Most undesirable, weed flavors are due to certain volatile fatty
acids and essential oils which pass through the blood into the milk.
Most of the essential oils (non-lipid produots consisting primarily
of aromatic esters, aldehydes and ethers) are eliminated in the urine.
As these undesirable products are destroyed or eliminated from the
blood, their concentration in the milk also decreases due to dif-
fusion back into the blood or through some metabolic activity.

"The off-flavor imparted by Frenchweed, is probably due to the
production of excessive amounts of indole,

"Cockle burr is most serious when young; other types of weeds
develop a bitterness as the stein becomes woody or as the fruit
(seeds) develops."

Relation of the Color of Milk to its Flavor

Experiments to determine the relation of the color of milk to
the flavor were conducted at the New Jersey Agricultural Experiment
Station by Bartlett, Garrett, Reese and Hartinan. They used a Lacto'
obrometer for measuring the color of milk.

The investigators concluded from their studies that "Milks that
are higher in color than the average of the breed are most likely
to have the best flavor and are least likely to develop objection-
able oxidized flavors."

Cooked Flavor in Milk

Consumers of nilk object to a cooked flavor in the pasteurized
product. Much of the former objection to pasteurized milk can be
attributed to a cooked flavor. The defect is much loss common now
when the pasteurization temperature of the milk and the length of
the time of holding are much better controlled than formerly.

Gould and Sonimer conducted research to obtain a better insight
into the ohemica]. changes that occur when milk is heat treated.

Their results are tabulated below:



Teiie rature

Milk heated to,
not held

Deg.C, Deg. F.
Not heated

70 158.0
72 161.6
74 165.2
76 168.8
78 172,4
80 176.0
82 179.6
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MILK 1ED

Holstein Guernsey Jersey Skimmed 20% 35% 50%

Flavor Score
0,0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.5 2.0
0.0 0.4 0.4 0.0 0.8 1.5 3.0
1.0 1.4 1.8 0.0 2.3 1.8 3.0
3.0 3,6 3.2 0.2 3.8 3.0 3.8
4.0 4.0 4.0 1.6 3.8 3.8 4.0
- - - 2 6 - - -

Total time to reach highest temperature 15 minutes,
0 = No cooked flavor.
3. Questionable cooked flavor.
2 Faint 000ked flavor.
3 Distinct cooked flavor.
4 : Strong cooked flavor

These data show that heating milk momentarily to 76° to 75° C. (168.8°
to 172.4°:F.) caused a cooked flavor in milk. If the milk was held
for 3 minutes at the various temperatures, a cooked flavor was notice.'
able when a temperature of

740
to 76° C. (165° to 168.8°F.) was used.

When the milk was held for 30 minutes, a cooked flavor was observed
in the milk heated to 700 to 72° C. (158° to 161.6° F.).

The investigators attributed the cooked flavor of milk to the
formation of sulphides during heating. Although the heat labile
(unstable) suiphides are contributed by milk serum,, the protein
material associated with the fat globules in whole milk and cream
caused more intense liberation of sulphides. This material passes
out into the buttermilk. The higher the fat content of the cream,
the lower the temperature to cause cooked flavor intensity.

1. ...Causec.

(a) Too high pasteurization temperature.
b) Too high temperature of heating medium,
a) Too little agitation of milk during heating with vat method.
d) Too small rate of flow of milk through short-time pasteurizer.

(e) Deposit of milkstone on heating surface.
(f) Holding mjlk too long at pasteurization teaperature,
(g) Inaccurate thermometers.

2. Prevention.

(a) Use equipment free from n4lkstone,
(b) Operate the pasteurizer correctly.
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(o) Maintain a proper temperature of heating medium.
(d) Use tested thermometers.
(o) With a H.T.8.T. pasteurizer, operate this to as near capacity

as possible.

Rancid Flavor in Homogenized Milk

Homogenization of whole milk at a temperature from 800 to 120° Ft
was found by Trout to be the temperature zone that would result in
a definite rancid flavor of the milk upon standing. A homogenization
temperature of 200 F. below or above those temperatures also resulted
in the developrnt of rancid flavor and accompanying increase in
acidity. When homogenized at temperatures from 80° to 120° F. and
the milk cooled and held at below 40° F., a definite rancid flavor
appeared in the milk after 2 hours. Trout found that there was no
advantage so far as the flavor of the pasteurized milk was concerned
in homogenizing before or after pasteurization. A temperature of
1300 F. at which to homogenize before pasteurization involves less
risk from rancid flavor development in the event of a delay of pas-
teurization, ho concluded.

Homogenization prior to pasteurization is to be preferred from
a sanitary point of view. Raw non-homogenized milk must never be
added to homogenized milk as this will result in lipaso aotivity
and the development of rancid flavor, he warned.

Oxidized Fat-Tallowy-Cardboard Flavor

Oxidized fat-tallowy-oardboard flavor is generally recognized
as being the most common objectionable flavor defect of pasteurized
market milk in the United States at the present time. It may also
appear in raw milk. The flavor may occur daring all seasons of the
year, but it is most prevalent during the fall and winter months.

By oxidation is commonly meant:
(a) To combIne the product with oxygen, or the addition of more

oxygen.
(b) To remove hydrogen in the substance by oxygen.

Conversely, reduction means
(a) The removal or oxygen.
(b) The addition of hydrogen.
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Causes of ccidized Flavor in Milk

1. The feed eonsmied by the cow.

It has been observed that a change from a ration that consists
primarily of dry feeds to a ration that contains oonsiderable suo-
oulent feeds, such as pasture, aided in overcoming the defect when
this was present in the milk. Certain feeds high in Carotene (pro..
vitamin A) content have been found to prevent the development of the
oxidized flavor in some oases, The feeding of feeds high in vitamin
C (ascorbic acid) content has also been demonstrated to aid in pre-
venting the development of the defect. Simply a change of feed has
been found to be beneficial in some instancea,

2. The cow.

The milk from certain cows may be more susceptible to the devel-
opment of oxidized flavor than that of others. It has been shown
that an oxidized flavor may develop in the milk from certain individ-
ual cows when the milk has not come in contact with the metal or
catalytic agent. This is known as the ttspontaneou&t type of oxida-
tion. When this milk is mixed with the balance of the milk produoed
by the herd, an oxidized flavor may develop in the mixed milk. The
breed of the cow and the age of the cow appear not to influence the
occurrence of oxidized flavor.

3. The presence of oxygen in the milk.

Milk as it is obtained directly from the cow's udder contains
practically no oxygen. During the production of the milk several
milligrams of oxygen are added to each quart of milk, and by the
time the milk reaches the milk plant it may contain approximately
8 to 10 milligrams. The presence of this oxygen, plus the oxygen
added during processing and handling, favors development of oxidized
flavor in the milk. Recently published findings (by Sharp, Guthrie,
and Hand of New York (Cornell) Agricultural Experiment Station in
Jour, Dairy Sci., Vol. XXIV, p. A253) indicate that the presenee of
oxygen in the milk favors the development of oxidized flavor and also
favors the destruction of vitamin C. It was found that:

The oxidizing potential of milk is expressed as the oxidation -
reduction potential (Eli). It is measured in volts, Fresh milk has
a potential of + 0.3 volt. The positive reading is due chiefly to
the presence of dissolved oxygen. If the oxygen is completely re-
moved by deaeration(or as in law quality milk allowing the bacteria
to consume it) the reading is reduced to - 0.2 volt.
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Factors whioh reduce the Eh and the susceptibility of milk to
oxidized flavor are:

(a) Oxygen removal
(b) Vitamin C addition
(o) High tenperature treatment

(Suiphydry]. reducing Substance)

Factors which increase the Eli and the susceptibility of milk
to oxidized flavor are:

(a) Copper
(b) Hydrogen peroxide
(o) Oxygen
(d) Oxidizing agents

The oxidation reduction potential is a measure of the intensity
factor with respect to oxidation or reduction.

A strongly positive 4. potential indicates intense oxidizing
conditions.

A strongly negative - potential indicates intense reducing
conditions.

(a) The development of oxidized flavor and destruction of vitamin
C in pasteurized milk may be prevented by the removal of oxygen
from the milk at the time of pasteurization.

(b) Milk at the time it is produced contains an average of 22.2
milligrams of vitamin C per liter, but this is reduced to 2.0
mil]Jgrams br the time the panteurized milk is consumed.

(o) Mixed night and morning milk as delivered to a country milk
plant was found to contain 18.9 milligrams vitamin C per liter,

(d) Passage through the country milk plant did not decrease the
vitamin C content much, but increased the susceptibility to
oxidation due to increases in copper and air content.

(e) Tank oar transportation to New York City resulted in a further
3 to 5 milligrams loss of vitamin C.

(f) At the city the cold milk was practically saturated with oxygen,
the average being 10.3 milligrams per liter.

(g) During pasteurization by the holding method, 2 to 5 milligrams
of vitamin C may disappear.
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(h) When milk is heated over external surfaces it loses some oxygen,
but it takes more on when cooled over similar surfaces,

(1) As milk is introduced irrto a high-vacuum chamber at from 105° to
1150 F. a drop in temperature of from 7 to 15 degrees occurs and
the oxygen along with 0.5 per cent water vapor from the milk
passes off as the milk boils. The total oost Ia 3 to 4 oents
per 1000 pounds milk.

(j) True vacuum bottle fillers or bottom-up type fillers will pre-
vent re-entry of oxygen.

(k) Milk with 1.4 milligrams of vitamin C per liter when aerated
raw and pasteurized at 1600 F. for 15 seconds showed 19.1 milli-
grams ascorbic acid (vitamin C) after three days and no oxidized
flavor.

Summary

De-aerated milk that had been kept for three to four weeks main-
tained a high flavor score and no oxidized flavor developed, whereas
a pronounced oxidized flavor developed in the original milk which had
not been de-a3ratd. The de-aeration process removed some of the
flavor not desirable in milk.

It was noiued out by these investigators in another report,
that if the vitamin C originally present in milk and milk products
which enter human consumption were preserved it would equal approx-
imately one-half of the vitamin C of the citrus crop in the United
States,

4. Number of bacteria in the milk.

Oxidized flavor is more common in milk containing only a few
bacteria than in milk that contains a large number. In low-oount
milk there is little utilization of oxygen by the bacteria; hence,
there is a greater opportunity for oxidation of certain milk con-c
stituents.

The production of high-count milk, or the addition of bacteria,
or certain anti-oxidants, are definitely not methods to use for
control.

5. Metals.

Copper and iron and certain metal alloys containing copper, such
as nickel, silver, bronze, nonel metal, etc., when in contact with
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milk, may react with the milk to form metallic salts. These salts
act as catalysts; that is, they effect a change in some of the milk
constituents. They are responsible for oxidation of some of the
constituents of the milk and giving rise to an oxidized-tallowy-card-
board flavor. Copper is the most active of the metals. The exposure
of the milk to a small copper alloy surface, as f or instance to a
short length of pipe, a copper thermometer bulb, or to a coil that
shows exposed copper, is sufficient to cause oxidation.

Stainless steel, tin, and aluminum nonreactive with milk and
cream.

6. Pasteurization.

Milk may develop an oxidized flavor even where pasteurized in
glass or other non-metal containers. Such developxnexxb is referred

to as being "spontaneous." There is no known prevention except to
change the feed of the cows. An oxidized flavor will usually develop
within a short time in milk that is normally not of the "spontaneous"
type, but "auseptible," when it is handled in oontaot with copper
or iron or alloys of copper. Only a minute amount of copper - less
than one part per million - in the milk may cause the oxidized flavor.

7. Test for copper.

A test for copper may be used. to determine the presence of
copper in milk (Ritter's method):

(1) Add 10 ml. milk to a test tube.
(2) Heat milk to 194° F. by placing the tube in boiling water for

3 minutes,
(3) Cool to 700 F.
(4) Add one drop of each reagent (see below) and mix well.
(5) Let stand at 700 F.
(6) Observe the development of a blue color, If considerable

copper is present in the milk the blue color will develop qu1ckl
With a small amount of copper the blue color may not appear for
1 or 2 hours or longer.
Samples obtained from different plaoes during the processing
and handling of the milk should be tested. A copper-free
sample should be used as a check.
Reagent A -- Dissolve 100 milligrams para-amino-diniethylanilin'-
sulphate in 10 ml. distilled water. Boil in the preaenOe of

bone black. This removes certain colored oxidation compound.
Filter through filter paper. Prepare fresh solution as used.
Reagent B -- One per cent alpha-naphthol in ethyl alcohol.
Reagent C -- One per cant hydrogen peroxide.
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8. Exposure to light.

The exposure of milk for only a short time, such as 15 minutes,
to sunlight favors the development of a ballowy-oxidized flavor. The
exolusion of wave lengths below 740 mu will protect the milk (Ohio).

Milk Constituents Involved Wizen Ccidized Flavor Develops.

When the oxidized flavor is caused by copper or certain other
metals it appears that the fatty compounds known as phospholipids
are oxidized and the resulting products are responsible for the un-
desirable flavor. Average milk contains 0.075 per cent of the phos-
pholipids biown as lecithin and oephalin. Lecithin contains the
fatty acids, atearlo acid and oleio acid. The oleio acid is un-
saturated and chemically active.

When milk is exposed to light the oxidized flavor appears to
be the result of the oxidation of some of the milk fat. Perhaps
some of the less known unsaturated fatty acids of milk fat are in-
volved.

Determining the Susceptibility of Milk to
The Development of Oxidized Flavor

A simple test for determining the susceptibility of milk to the
development of oxidized flavor is as follows: (Based on method
developed by G.M. Trout).

1. Divide one quart raw milk equally between 3 one-pint milk bottles
2. Keep one bottle as a control. Pasteurize the two others in a

water bath at 143° F. for 30 minutes and 000l to 40° F. To one
bottle of pasteurized milk add 3 ml. of copper sulphate solution
prepared by adding 100 milligrams copper sulphate (CuZO4 51120)
to one liter distilled water. Approximately 0,25 parts per
million of copper is added to the milk.

3. Store the three samples for 3 or 4 days at 40 F.
4, Examine each sample for flavor.
5. If no oxidized-tallowy flavor develops in the milk containing

no added copper but develops in the milk which contains copper,
the milk is susceptible to the development of the defect when
copper-exposed equipment for milk processing is used.

6. Instead of adding 3 ml. of copper solution 6 ml. may be added,
If no oxidized-tallowy flavor develops during storage the milk
is little susceptible to the development of the defect.
Another method is to use different lengths of bright copper
wire in test tubes containing milk during laboratory pasteuriza-
tion of these.
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Swnmary

To prevent oxidised-tallcwr-oardboard flavor in market milk,
observe the following:

1. Determine the susceptibility of the milk in each vat of milk
pasteurized in the milk plant to the development of the oxidized
defect.

2. If neoessary, test also for susceptibility of the milk furnished
by each producer. Eliininate the milk from cows whose milk
quickly oxidizes.

3. If possible add more succulent feed to the cows1 ration. Simply
a change in the feed may also be helpful.

4. On the farms use utensils that are free from exposed copper or
iron, or copper-bearing alloys.

5. Recondition utensils that show rust spots.
6. Do not expose milk to sunlight or strong light.
7. In milk plant8 be sure all copper and iron surfaces are covered

with a good coating of tin. This includes pumps, bearings,
pipes, pipe fittings, thermometer bulbs.

8. Do not expose milk to copper-bearing alloys. Use atainless
steel or alumintun for dairy equipment, or if copper is used be
sure that all parts are covered with a heavy coating of tin,

9. Do not expose the bottleimilk to sunlight or strong light.
10. Avoid incorporation of air with milk.

Old Flavor

A study to determine the length of tirie pasteurized milk could
be held at different temperatures was recently made at the Cornell
University Agricultural Experinent Station by Dahlberg. The follow-
ing are excerpts from his conclusions based on the data obtained.
"Modern Electric household refrigerators maintain temperatures well
under 500 F. At such temperatures pasteurized milk was found to keep
well for 3 or 4 days or even longer in the stuwr months, as judged
by bacterial content and flavor scores. The keeping quality of the
pasteurized milk was good enough to permit every-other-day delivery
of milk without any 3mpairment in wholesomeness. It should be em-
phasized, however, that milk does not improve with age. Milk deliver-
ed every other day is freshly pasteurized before delivery and is not
a day old. The storage problem applies only to the home refrigerator
which must have capacity for a two-days' supply of milk.

"Pasteurized milk should not be stored above 50° F. in the
home refrigerator.

"When August or October milk was stored at 35 to 400 F., the
flavor was good for seven days at which time the samples were dis-
carded.
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"When milk was held at 45 to 500 F. the flavor was good for
four days in August and for seven days in October and February.

ftig0 milk wa stored at 55 to 600 F., the flavor of the August
milk was good with certainty for two days as o azupared with three
days in October and February."

- 0 0 o --

"We had just moved into a new apartment and were besieged
by sale snen for everything from laundry service to life
insurance. One busy day a dairyman caine to the door. "No,"
I said firmly, "my husband and I don't drink milk."

"Be glad to deliver a quart every morning for cooking."

"That's more than I need," I replied, starting to close
the door.

"Well, ma'am, how about some cream? Berries commt in
now, and . . ."

"No," I said shortly, "we never use cream."

The little man retired slowly, and I congratulated myself
on my sales resistance. The truth was that I had al ready
ordered from another dairy and this seemed the easiest way
out.

The following morning, however, the same dairyman appeared
at the door, a bowl of dewy strawberries held oarefully in
one hand and a half-pint bottle of cream in the other,

"Lady," he announced, as he poured the cream over the
berries and handed them to me, "I got to thinkint -- you
sure have missed a lot', "

"Readers' Digest"
We changed dairies.
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RENNET AND ITS IORTANCE IN ChEESE MA.KING

Rennet extraot contains an enzyme which is obtained from the
fourth stomach of a young calf which had been milk-fed. The enzyme
(or enzymes) is extracted from the dry, salted ttreimets" by brine.
The extract is generally adjusted with salt so that it has a Batmie
reading of 18 degrees. The extract is clarified and stored in large
vats in a coo]. room for several months and is then filtered before
it is shipped to the trade. The extract is accurately standardized
so that it will have standard curdling power.

In a warm room a good cmnercial extract in a closed vessel will
lose about 3 per cent of its strength a month. In a cool cellar it
will lose 1 per cent or less a month, and in cold storage, above the
freezing point, the loss in strength is still smaller.

It is not advisable to compare a sample of rennet just received
from the manufacturer with rennet which has boeu held, in storage a
long time, expeoially in a warm room, and it is inadvisable to judge
the relative strength of rennet extract by changing brands from one
day to another in different vats of milk as these may vary greatly
in action with the sane rennet.

One rennet manufacturer points out that when a rennet extract
is made to a standard curdling power at shipping time1 there are two
factors that should be considered by the cheese maker when judging
the effectiveness of different rennet extracts in curdling milk.
They are:

1. The variation in the curdling time of the milk with the
same extract.

2. The length of time and manner of storing the extract.

Hales ha cmimented as follows with reference to testing the co-'
agulating power of rennet.

"In view of the changing character of milk from one season of
the year to another, definite rules cannot be followed in cheese-
making. Because of the many conditions that affeot the coagulation
of milk by rennet, a practical test, which indicates the changing
properties of milk from day to day, has been devised. This is Iciownas the rennet test. This test not only changes with an increase in
acidity, but is also affected by the ohanges in the composition of
milk and its curdling properties. In making the rennet test, cheese-.
makers are, therefore, really measuring in a practical way many pro-.
perties of milk other than its ripeness which is often thought to be
the thing that determines the complete results of this test.

"To be most valuable in daily cheesernaking operations, the rennet
test should be made with rennet extract of the same curdling power
and with milk at the same temperature, When oheesernakers wish to
test the comparative strength of two different lots of rennet, it is
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essential that both samples be tested in the same milk and the best
comparison can be made in sweet milk which is not changing rapidly
in acidity. The results should he checked by making rennet tests in
the following orders 1. Sample A; 2. Sa:iple B; 3. Sample B;
4. Sample A.

"After the tests have been made in this manner, the average of
the two results of each sample should be ealculated, This procedure
will compensate for changes in acidity of milk between tests, pro
viding that they are made in consecutive order without any more tfrie
elapsing than is necessary to clean out the rennet test cup and pre-
pare for the next test. Hence, the average of the tests will give a
true comparison of the strength of the two samples.

"To further illustrate the method of figuring the comparative
strength of the two samples, we will assume that the rennet tests
wore as follows:

1. Sample A - 3.0 divisions on the Rennet Test Cup.
2. Sample B - 3.5 diviions on the Rennet Test Cup.
3. Sample B - 3,25 divisions on the Rennet Test Cup.
4. Sample A - 2.75 divisions on the Rennet Test Cup.

The average of the two tests for Sample A would be:
3.0 4' 2.75 6.75-i- 2 2.875

The average of the two tests for Sample B would be:
3.5 + 3.25 6.75 e 2 3.375

Sample A. obviously is the stronger, for it curdled. the milk
quicker. Expressing the per cent of strength in terms of A, the
calculation would be made as follows:

A.

Average test of sample A -- 2.875

Average test of sample B -- 3,375
X 100 : 85 per cent

In other words, sample B is 85 per cent the strength of sample

What is Meant by the Word Enzyme

An enzyme is defined as an organic catalyst which is produced
by a vegetable or an animal cell and the activity of which is entire-
ly independent of the life prooesses of such oell.

Organic : pertaining to, or obtained from living matter or
organisms.

Catalyst a subctanoe which alters the velocity of the chemical
reaction without undergoing any apparent chemical or
physical change ite1f and which does not become a
part of the product formed.
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The enzyme rennin or chyinase in rennet extract is protein co-

agulating. Other enzymes not present in rennet extract may act on
fats, carbohydrates and other compounds. The rennet enzyme coagu-
lates the milk casein but does not coagulate milk albumin.

One part of rennin is sufficient to coagulate 3 million parts
of milk. The rennin enzyme itself is thought to be a protein, sim-
ilar to albumin. It is possible that the optimum temperature is

near the body temperature. (optimum best for action). The

enzyme is destroyed when exposed for a few minutes at a temperature
of 1400 to 149° F.

Nature of Coagulation of Casein by Rennin

The oasein in milk exists as colloidal calcium oaseinate. The

rennin aotion is dependent on the presence of a soluble calcium salt.
Coagulation of casein with rennin is best at approximately 6.0 to
6.4 pH and at a temperature of 104° to 107° F. It is slower at a

lower acidity (higher pH). No coagulation takes place when the

temperature falls below 550 F. or above 1400 F. The coagulated

oasein is known as calcium paracaseinate.

The exact chemical reaotion and physical change that takes
place during coagu]ation of case in with rennin has not been fully

determined.

(Colloid a substance of gelatinous nature, diffusing very
slowly or not at all through animal or vegetable membranes
(parchment). Examples are milk and egg albumin, mi.k oasein,

starch. The colloidal casein can be obtained from milk by
centrifugation.)

There must be a proper relation of the calcium, potassium and
sodium salts in the milk for proper rennin action. Too high a
content of calcium salt results in a firm coagulum and too low a
calcium content results in a soft coagulum. If the coagulum is
too firm a small amount of water (3 to 5 per cent) may be added to
the milk before the rennin is added, Pasteurization if at too high
a temperature, causes a softer coagulum on account of a ohange in
the soluble calcium salt present. A softer coagulum results if the
oream from the milk is homogenized, then added. The cream should

not test over 20 per oent. When this cream is added to the milk,
the adsorption of the oasein on the larger fat surface increases
the water-holding capacity of the casein.

If the milk has been. over pasteurized or if it is low in cal-
cium salt, a firm coagulum can be obtained by the addition of a small

amount of calcium chloride.

Swedish experiments have shown that the addition of 9 grams of
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oaloium chloride to 100 pounds milk (0,02 per cent) and using less
than the normal amount of rennet gave a good flavor, body and tex-
ture, a 3 per cent greater yield and faster ripening than when the
normal amount of rennet and no oalciuin chloride were used. Too much
calcium chloride, however, results in a oorlcy body and an open tex-
ture.

The Influence of Rennin Enzyme on the Ripening of Cheese

Experiments were conducted at Massey Agricultural College in
New Zealand to determine the influence of different amounts of rennet
extract on the speed of ripening of cheddar cheese. (N.Z. Iiryman,
January 19, 1935, and Bul. 38, N.Z. Dept. of Scientific and Industrial
Research, 1933.)

The control cheese was made from milk with which 3 ounces rennet
per 1000 pounds was used and the experimental cheese was made with
the addition of 5 ounces of rennet per 1000 pounds milk.

Cheese of different moisture contents and firmness was made.
The cheese ripened at different teaperatures. Split batches of
cheese were made. The milk was flash heated at 1500 F. then cooled
to 880 F. before used in manufacturing,

The following observations were made during the manufacture of
the cheese:

1. The use of the larger amount of rennet shortened the time from
setting to cutting, 5 to 10 minutes.

2. To prevent too rapid expulsion of whey from the curd particles,
the increase in the temperature during cooking was slower at
first with the experimental cheese with the view of facilitat-
ing the development of acid at the name rate as in the control
vat.

3. The cooking time was the name for both lots.

4. The increased amount of rennet used did not change the loss of
fat in the whey.

On the basis of the examination of the finished cheese, the
following conclusions were made:

1. The use of a higher percentage of rennet caused a more rapid
ripening. Even aier 14 days oi curing the cheese made with
larger amount of rennet showed a soTher body. Later during
the ripening period, after the first 14 weeks, a pasty, sticky
condition developed in the experimental cheese made with the
larger amount of rennet.
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2. A more pronounced cheese flavor developed during the first 14
weeks in the cheese made with a greater amount of rennet. How-

ever, the cheese lacked real Cheddar flavor or "bouquet." The

normal rennet cheese had an insipid flavor.

3. The quality of the cheese made with more rennet was not as good
as that of the control cheese as the ripening period progressed.
A dfinite undesirable flavor developed in the cheese that con-
tained a high moisture content. Bitter flavor was ooinon. When

ripened at a high temperature (600 F.) the experimental cheese
was inferior to that of the control cheese. Closeness of the

cheese was not affected by the use of more rennet.

The heating of the curing room to maintain cheese at 600 F. in
cold weather had a less pronounced effect on the rate of development
of ripeness in cheese than had the use of additional rennet in the
manufacturing process, if the cheese were to be sold at the age of

14 to 16 weeks. The cheese was first held on the factory shelves
for periods up to one month, after which it was held in grading ware-
houses, an on board ship from New Zealand to England at a tempera-
ture of 50 F.

All of the cheese held in factory curing rooms at 45° to 50° F.
and examined at 9 weeks of age had a better flavor score than cheese
held at 60° F. for the first fourteen days.

Most of the cheese held at the lower temperature on the factory
shelves for the first one-month also graded better than those held
at 60° F. for the same length of time and examined at the age of 13
or 14 weeks.

None of these groups of cheese developed typical Cheddar flavor.
The cheese that was cured at a low temperature retained a clean fla-
vor while those cured at a high temperature had an unclean flavor
which often was described as metallic and which was recognized as a
transitional stage in the ripening of pasteurized milk cheese held
at 50° F.

The effect of increased curing room temoerature (600 F.) on
the soft bodied cheese, was particularly apparent, as a distinctive
accentuation of bad flavors. Additional rennet, further accentuated
the bad flavor. The higher teiperature of curing also made cheese
examined at 9 weeks of age more open in texture.

If spring made cheese were to be sold at the age of 9 weeks,
the heating of curing rooms alone as a means of speeding up the
ripening prooess would likely give disappointing results.

The conoluson from the experiment was that the use of a
larger percentage of rennet extract was an advantage only when the
cheese was to be sold before it was fully ripened, No undesirable
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flavor developed when vl1 made cheese was cured at 450 to 500 F.

It was apparent from the results that the use of 4 ounces of
rennet extract in 1000 pounds of milk could be used to accelerate
the ripening of New Zealand Cheddar cheese made from August to

October, From then on 3 ounces would be sufficient,

Clean good quality milk must be used, the curd must be properly
cooked and salted if a poor flavor is to be avoided.

When additional rennet is used, it is desirable to reduce the
temperature of setting 1 to 2 degrees F. in order to avoid too

rapid coagulation. The heating of the curd during cooking should
be done more slowly during the first 15 minutes to prevent a film
from forming on the curd particles too quickly.

So4S4o METHOD OF BUTTER MANUFACTURE

For a number of years buyers and distributors of butter on
Pacific Coast markets have complained that the butter made in the
irrigated sections of Oregon during the fall and winter months was
hard and either crumbly or sticky. Complaints of excessive brine
leakage during printing and subsequent to printing were also made.
The butter on printing cut badly and was diffioult to handle. Be-

cause of its hard and crumbly condition and poor spreading property,

it did not enjoy favorable acceptance by butter buyers. As this
butter was marketed in competition with butter made in seotions where
less dry feeds were fed to the cows, the Oregon Agricultural Experi-
ment Station was requested by the industry to study the problem with
a view of finding a possible solution. Funds for the research were
provided by the state legislature.

Consumers desire butter that has a medium soft, waxy body. The

physical make-up must be such that when the butter is out with a
knife, spread on bread or toast at the usual temperatures, it does
not crumble or stick to the blade. Undesirable qualities of body

and texture of butter are: weak, greasy, leaky, hard, crumbly,

sticky, and salvy. To please the consumers, the butter must have
an attractive appearance and must be of such a consistenoy that it

oan be readily handled in kitchens and at the table.

In a private communication Dr. 0. F. Hunzikor stated that the
problem of overcoming the defects crumbliness, stiokiness, and ex-
cessive hardness of butter was by far the most stubborn of all butter
problems. With reference to the facts and theories that have been
advanced relative to the probable causes of poor spreadability of
butter, he stated, "The factors and combinations of factors that
determine or influence the body and texture of butter are numerous.
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On the basis of our present knowledge they have to do with the com-
position of the butterfat, structure of liquid fat and size of fat
crystals in the butter. Sowe of these factors are in turn related
to certain phases in the process of manufacture, suoh as intensity
of cream cooling, temperature of butter, wash water, manner and in-
tensity of working, and temperature at which the butter is held
iiwnediately after manufacture.

"The science of the relationship between some of these factors
and their effect on body and texture is generally understood, while
that of other factors is as yet largely undetermined. The proper
adjustment of the multitude of factors that influence the body and
texture of butter to the fluctuating character of the raw material
is further complicated by the usual endeavor dictated by competitive
expediency of incorporating in butter the xnaxiimrm percentage of
moisture permitted by law."

The research worker King, of Estonia, concluded "That the fat
in butter exists in two forms; namely, in the form of globules and
as a dispersion agent for the globules and water droplets." He point..
ed out that the so-called unprotected part of the fat must be the
fat that as a continuous phase fills up the space between the fat
globules and water droplets. This is the liquid fat fraction that
in his opinion acts as the real dispersion agent for the water drop-
lets, which for the greater part are between the fat globulec, He
referred to the work of Boysen, which showed that the number of
water droplets in 1 gram of butter normally ranges from 6 to 16
billion and that the fat globules range from 9 to 25 billion,

The liquid fat phase is iniportant from the point of view of
the spreadability of butter. With respect to this Mulder of Hol-
land stated that, "The spreadability of butter is apDarently due to
the sliding over each other of the fat globules and water droplets;
this is favored by the liquid fat present."

Before research involving the actual experimentation to develop
a satisfactory method of butter manufacture during fall and winter
was begun, the Oregon Agricultural Experiment Station made a detail-
ed study of the chemical and physical properties of the butterfat
produced in the alfaUa-produoing seotions in Oregon. It was found
that the fat of the butter during the period, October to March-
April, had a relatively high melting point and a low content of un-
saturated and of volatile fatty acids. These fatty acids have low
melting points and if present in the fat in relatively small amounts
hard butter is obtained. Crumbliness and stickiness and lack of
spreadability were conmon in butter when the unsaturated and vola-
tile fatty acid content of the fat was low. It was found that the
feeding of grain supplements with an alfalfa hay ration did not
materially change the physical and chemical properties of the milk
fat. It was evident, therefore, that the immediate and practical
solution of the problem of crumbliness, stickiness and excessive
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hardness involved a modification of the butter making methods,

Research begun in 1937.

The research on the problem to solve the problem of ortuubli-
ness, stickiness and excessive hardxiess of butter was in progress frcm
November, 1937, to Janunry, 1942, Cooperating with the author was
R. W. Stein and R. E. Stout, graduate students. The research in-
volved

1. Experimentation to determine the influence of different
manufacturing methods on the body, texture, and spread-
ability of butter made from cream produced during the
fall and winter months in the alfalfa-producing sections,

2, Manufaoture of butter under comuiercia. conditions in
creameries by the methods that experimentation had shown
were the best.

3. Examination by competent butter graders of the butter
made in final tests.

4. Determinat ion of "printability" and "spreadability" of
the butter made in final tests.

5. Determination of moisture losses during and subsequent
to printing of the butter wade in final tests.

6. Submission to consumers of representative samp]e s of
butter made in final tests for their decision as to
the butter they prefer.

PreflziUnary Experiments.

For preliminary churning experiments during the fall, and
winter months, 1937-38 and 1938-39, was obtained cream from eight
creameries located in sections where the dairy cows received a
ration restricted chiefly to alfalfa hay. A total of 70 experimental
ohurnings was made during the two seasons. The results from the
preliminary work were as fol1ows

1. There was no detectable difference in the body and tex-
ture of the butter whether the cream was pasteurized by
the flash (1800 F.) or the vat (1500 F. for 30 mm.)
method, when all other processes of the churning pro-
cedure were the same.

2. The butter made from cream cooled by means of a surface
cooler was firmer and was more often crumbly than was
the butter made from the cream that was cooled in a coil
vat.
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3. Cream cooled to a temperature of 50 F. or slightly
above after pasteurization and held at this temperature
until the time of churning resulted in butter that was
less crumbly than was butter from cream cooled to a lower
temperature.

4. Cream that was churned within two hours after it had
been pasteurized and cooled usually resulted in butter
that was free from stickiness, but it was brittle, cruia-
bly and short-rained. Cream that was cooled to tempera-
tures below 48° F. following pasteurization, and held
from 12 to 20 hours at this temperature and then churned,
resulted in butt that showed both stickiness and crum-
bliness. When the pasteurized and cooled cream was held
overnight; in the morning heated to 1200 F. and held at
thi8 temperature for 15 minutes, then cooled rapidly in
the vat to a suitable churning temperature and churned
immediately, the butter obtained had similar body and
texture characteristics to that churned soon after pas-
teurization and cooling.

5. Butter that had been treated by the cold wash-water method
(38° to 440 F. water) was harder in the churn than butter
washed with water at a higher temperature. After storage,
however, the butter made by the cold wash-water method
possessed a definitely softer body than did the butter
made by the orthodox method.

6. The method of slow working of the butter at one-half
normal speed required a longer time for complete working
of the butter and the texture of the butter treated by
this method was not uniformly better than that worked at
normal speed.

Ccnmieroial-sizo Churnings Made.

During the two fall-winter seasons, 1939-1940 and 1940-1941,
a total of 130 commercial-size ohurnings was made in the dairy pro-
ducts laboratory at the experiment. station and in the creameries
which 000perated in the study. The cream used was typical fall and
winter cream produced in sections of the state where the cows were
fed a ration that consisted principally of alfalfa hay.

All samples were examined when at a temperature from 48° to 550
F. The triers, when not in use, were kept in cold running tap water
at a temperature of approximately 50° F.
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It was concluded from the results obtained that

1. Churning cream irunediately after vat pasteurization and
cooling; or holding the pasteurized, cooled cream over-
night, then reheating to 110° F., cooling quickly to a
suitable churning temperature and churning at once, re-
duced the sticky condition, but emphasized the crumbly,
hard condition.

2. Holding the ut-pasteurized, cooled cream at a tempera-
ture of from 500 to 600 F. overnight before churning
largely overcame the hard, orumbly condition, but sticki-
ness was quite coiimion.

3. When low-temperature wash water was used for washing the
butter granules with the hold-over, not-preheat method
the sticky condition was not quite overcome, but the
butter when examined was considerably softer and possess-
ed a good spreading property.

4. Cooling the pasteurized cream to a low temperature either
in a vat or on a surface cooler and holding the cream at
a low temperature overnight appeared detrimental to the
body and texture of the butter.

5. The addition of hot water to the cream in the churn at
the time of "breaking" had no merit.

6. Extending the working time proved of no benefit under the
conditions employed.

Final Study Made.

An opportunity to make a final study of the problem pre-
sented itself during December, 1941, and January, 1942, when
"a colder t1-n usual" winter was experienced. There was an absence
of green feed of any kind in the fields and the cows' ration consist..
ed. of dry feeds, principally alfalfa hay and limited grain.

A total of six creameries cooperated in this particular study.
Observations were made on a large number of oomnercial-size churn-
ings representing somewhat more than one-quarter million pounds
butter. By special arrangement with Dr. D. R. Theophilus, Head,
Department of Dairy Th.zsbandry, University of Idaho, LIosoow, Idaho,
and with the managers of two Idaho creameries, some of the experi-
ments were made in two creameries located in southwestern Idaho.
These creameries obtain milk and cream from certain eastern Oregon
irrigated districts as well as from the irrigated districts in the
Idaho territory. Samples of the butter made in the six creameries
were examined separately, by Dr. Theophilus at Moeoaw, by the Federal



Butter Grader at Portland, and by the author of this report at

Corvallis.

The study involved visits to the creameries and making full-
sized churnings by the following three methods:

Method A. Churn cream imnediately after pasteurization and cooling.

1. Use cold wash water (400 to 45° F.)

2. Use wash water of slightly lower temperature than butter-
milk,

Method B. Cool cream after pasteurization to about 500 F. Hold over-
night. Next morning heat the cream to about 110° F. and
hold for 15 minutes, or to 130° F. without holding. Cool
to a satisfactory temperature for churning.

1. Use cold wash water (40° to 45° F.)

2. Use wash water of slightly lower temperature than butter-
milk.

Method C. Cool cream after pasteurization to about 500 F. Hold
overnight. Churn next morning without preheating.

1. Use cold wash water (40° to 45° F.)

2. Use wash water of slightly lower temperature than butter-
milk.

The temperature of the butter when examined in laboratories at
Corval].ic and Moscow was regulated to 400 to 450 p, The trier was
cooled and then wiped with a paper napkin before the plug of butter
was obtained, When determining the spreadability of the butter a
portion of the plug of butter was spread on oo].d, hard-toasted bread
by nans of a sharp, thin-bladed, stainless steel knife. It is

acknowledged that the butter would show a much better spreading pro-
perty at a temperature of from 500 to 60° F. It was desired, however,
to make the test when the butter was of as near household refrigerator
temperature as possible. Differences in spreadability were more
easily determined at the lower temperature.

From the results obtained in this particular series of experi-
ments, it was concluded that:

1, Churning the cream immediately after pasteurization, then
cooling to about 440

p and churning at once, or holding
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the pasteurized cream cold overnight; next morning pre-
heating and cooling it quickly to about 44° F. and churn-
ing at once, resulted in butter that was comparatively
hard and ahowed definite orumblineas but only slight
stickiness. The spreadability was generally poor. The
use of cold wash water was of no particular benefit; in
fact, it had the disadvantage in that it caused lumpiness
and a mottled color of the butter.

2. When the cream was cooled after pasteurization to a tem-
perature of 500 F. or slightly below and held overnight
at from 50° to 550 F. for churning the following morning
without further treatment, it generally resulted in butter
that was free from crumbliness, but the butter showed sou
degree of stickiness. The body was quite soft and the
spreading property, considering of course that the butter
was made during the winter and contained high melting
point fat, was good. The use of this method, churning to
granules the size of small peas, then chilling and wash-
ing the granules with large batch of cold water at a
temperature of from 40 to 45° F. followed by a thorough
working, unmistakably resulted in butter that had the
best body and texture oharacterTtios in the s?rei
Stiekiñessuld be pr icaIlyelimineTy expert
wor1manship, The spreading property was excellent. It
should be eniphasized, however, that careful attention to
temperatures and the exercise of expert worlananship on
the part of the buttermaker are necessary if butter with
a desirable spreading property is to be obtained.

Effect of Storage Temperature on Butter Firmness.

The effect of the storage temperature on the firmness of butter
was also studied. Butter made during the fall, winter and early
spring seasons in the irrigated. seotion, when held at a household
or restaurant-refrigerator temperature of about 400 to 450 F.iay be
somewhat firm for satisfactory cutting and spreading because of the
physical and chemical properties of the fat, Any modification of
the method of manufacture and subsequent storage of the butter that
will result in a softer, waxier, and more spreadable body would be
desirable,

Some butter distributors have advised creameries to store the
fall and winter made butter after manufacture at a somewhat higher
temperature than is ooxmnon during the suimner months, This is, ap-
parently, poor advice, Our research showed that when duplicate or
triplicate small samples, or 68-pound cubes of butter, were taken
directly from the churns in each creamery and placed at different
temperatures for periods of 24 hours and sometimes for several weeks,
and then kept at a temperature of about 45° F. until the temperature
of the samples became uniform, it was definitely shown that the butter



stored at the lower temperature always had the softest consistency.

Butter placed at a temperature of 00 F. and then tempered,
after the tempering period was always softer then buter that had
initially been stored at churn-room temperature of 60 to 650 F.

When 68-pound cubes or small samples of butter made by the
three methods were place direoly in a refrigerator maintained at
a temperature of from 35 to 40 F., it was observed that the butter
made by Method C (cream held over and not preheated, cold wash water
used) was always softer than the butter made by the other two methods.
It was easy to pick out from Ei mixed lots oTThTher made the
three methods the butter made by Method C. It was reported from one
of the markets that butter made by Method C when cold wash water was
used was too soft to print with a power printer when printed at the
same temperature as butter made by the other two methods, Distribu-
tors prefer all the butter handled to be made by similar methods in
order that print-room methods may be standardized.

Controlling Brine Loss

A study was also made of the 1068 of brine during and subse-
quent to printing of fall- and winter-made butter. A high percent-
age of the butter handled by the butter distributors in the Pacific
Coast markets is printed by means of power machines. Butter is re-
oeived by the distributors from widely separated sections. It is of
importance that the butter from the irrigated sections of Oregon
during the period October to Maroh-April be manufactured to possess
as good printability as that from other sections. The butter should
have a waxy body. It should not be too hard. It should possess a
well-knit texture. Considerable attention should be given to the
proper incorporation of the brine with the butter. If the butter is
soft and greasy, the incorporation of the brine in the form of minute
droplets is impossible unless the butter is worked to such an extent
that it becomes pronouncedly sticky or salvy. If too firm when be-
ing worked, the butter will not "take up" the moisture.

Expert butterinakors follow the system of regulating the mois-
ture content of the butter so that when the butter is almost worked
to completion and the first moisture test is made the moisture con-
tent will fall between 15 and 16 per cent. Trying to obtain the
exact amount of moisture (usually 16.5 per cent), without having to
adjust the percentage by adding water, often results in a higher
moisture content than desired. Attempts to remove the surplus raois-
ture often cause damage to the texture of the butter.

Leakiness is a Serious Butter Defect,

There are several reasons why butter should be made in such
a way that it does not show leakiness either before, during, or
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subsequent to printing. They ares

1. If brine leaks from a cube of butter, there is an econom-
io loss either to the creamery or to the buyer on account
of short weight.

2. If brine leaks during printing, an economic loss is
sustained by the distributor.

3. If leaky butter is printed, or if the type of butter
that usually leaks after printing is printed, it is
necessary to compensate for the subsequent loss in weight
of the printed butter while it is kept in the refrigerat-
or by printing overweight units.

4. When dry wraps are used, as is common with many auto-
matic power printers, leaky butter causes an unsightly
wrinkled appearance of the parchment.

5. Leakiness favors the growth of mold and bacteria.

6. Restaurant operators and housewives object to leaky
butter because they think the butter contains an ex-
cessive amount of moisture,

7. When leaky butter is exposed to the air evaporation of
moisture takes place, leaving white salt crystals. These
are objected to by customers.

8. Leaky butter has a briny, harsh taste.

9. When leaky butter is spread on bread or toast, brine may
spurt out to the surprise and irritation of the customer.

Comments by Buyers of Butter and Others.

It was the chief purpose of the experiments to develop a method
of manufacture of butter that would result in a product that would
find favorable market and consumer acceptance. Therefore, it was
decided to obtain the opinions of butter dealers, butter print room
operators, restaurant operators, and consumers on typical examples
of the butter made by several methods.

A butter dealer in Seattle stated, "We find that the consumer
prefers butter that is spreadable, and does not show leakiness.
Also from the distributors' point of view they are now preferring
a type-bodied butter that is waxy and does riot have free moisture.
The reason for this is the fact that many distributors have power
cutters and if the body is leaky, the loss in brine while cutting
will be tremendous,



"From our point of view as marketing agents, we would much
prefer the above-mentioned type as it will work in Simpson outters
or powEr cutters as well."

Print room operators in the creameries remarked that the
butter made by the two methods "pro-heat" or "churned at once"
after pasteurization and 000ling was too hard and crumbly. It out
badly by means of a wire butter cutter they reported. The butter
would"roll-up" or crumble on the surface when the 96-pound blook of
butter was out. The wires broke frequently. Difficulty with wrap-
ping by means of an automatic wrapping machine was also experienced.
A print room operator reported that when butter that had been churn-
ed immediately after pasteurization and cooling was printed, it was
crumbly and hard and would not stick together.

When butter that was made by the "preheat" or "ohurned at
once" method was sold to restaurants in several of the towns visit-
ed complaints on account of the butter being hard and orumbly were
made by the restaurant owners. They demanded butter with bettor
handling and spreading properties.

When butter made in acoordanoe with the "50-45-40" method
which had proved most satisfactory, was sold to restaurant operators
they reported that they were well satisfied with the cutting and
spreading properties of the butter. Uniform patties could easily
be out from the pound prints. One restaurant operator demonstrated
this by displaying a neat stack of patties that he had cut prior to
the visit. The butter had been made in accordance with the "50-45-40"
method. This man was emphatic in stating that he did not want hard,
crumbly butter.

A number of Oregon State College faculty members, state offic1al
and legislators also expressed their preference for the butter made
in accordance with the method that had been found most satisfactory.

RECOIE1'DED 1TH0D OF BUTTER MANUFACTU1 DURING FALL AND WINTER

"50-45-40" Method

1. Cool the cream after pasteurization to 500 F. and maintain a
temperature of the cream from 500 to 550 F. overnight. Do not
000l below 500 F.

2. Inasmuch as the churning temperature varies with the amount,
test, acidity of the cream, the size and type of churn, and
other factors, it is important that the churning temperature
be adjusted so that granules the size of small peas are formed
in from 40 to 50 minutes of churning. Cream testing from 32 to
38 per cent fat is satisfactory. If the churn is filled to 40
per cent of the total oapaoity, a temperature of the cream from
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550
to 600 F. is usually satisfactory. Do not overchurn.

Large granule8 cannot be thoroughly washed or chilled. Do
not overload the churn. Slightly underloading is preferable.

3. Spray the granules with a small amount of chilled water and
allow the rinsings to drain from the churn. Do not add the
rinse water from the regular supply line; place it in a tank
or in a clean cream vat and correctly adjust the temperature.

4. For washing and chilling, with a normal-sized churning, add
enough filtered water at a temperature of not more than 45°F.
so that the water and granules occupy two-thirds of the apace
of the churn, or add at least as much water as there was cream,
Do not allow the temperature of the wash water to exceed that
reoozmuended. It may be less than

450
F., but not above this

temperature.

5. Revolve the churn in high gear 12 to 15 revolutions. Then, if
a roll churn, revolve in low gear, with worker connected, 10
to 15 revolution3. With a roll-less churn revolve in high
gear a little longer. As the granules will be firm they will
break up to a uniform size resulting in a uniform chilling of
the butter during washing.

6. Drain the wash water.

7. With the churn door ajar work the granules until they have
formed into a mass. Considerable water wili escape.

8. Drain the water from the churn, Then add the salt, The
temperature of the salt should be adjusted to 45° to 500 F.
Add scene chilled water in order that the moisture content of
E butter at the time of making the first moisture teat is
15.6 to 16.0 per cent. The amount of water to add will de-
pend on the churning conditions as they may prevail in the
different creameries. This water should be poured over the
salt to aid in it solution.

9. Work the butter until it is fairly dry. Avoid overworking at
this point. Then test for moisture. Working low-oisture
butter almost dry, then adding necessary water to increase
the moisture to the amount desired, and again working the
butter until it is dry causes an increase in the working time
resulting in stickiness, and as the added water may not be
finely divided in the butter, leakines generally results.

10. Add the required amount of water in order to increase the
moisture to that desired. The temperature of the water should
be the same as the temperature of the butter, Be sure to cor-
rectly caloulate and weigh this water. Complete the working
of the btthter, Work the butter thoroughly. There should be
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no free moisture visible. Because the butter will be firm,

the working time will be longer than under summer conditions,

and also when wash water warmer than recommended is used under

winter conditions.

.1. Store the butter in a refrigerator maintained at a temperature

of from 35° to
0 F.

After 12 hours or longer, if the butter is examined.

when it has been brought to a temperature of 450 to 500 F.,

it will not be brittle or crumbly. It may be slightly sticky,

especially if it is worked quite dry, but it will have a
fairly soft consistency and a good spreading property. It

will find satisfactory consumer aoceptanoe.

Comments Received Regarding Application of "50-45-40" Method.

Kiamath Falls, Oregon:

"The '50-45-40' method of butter manufacture is proving very

satisfactory under our fall and winter conditions."

R.W. Waggoner
October, 1947

Los Angeles, California:

"We have been using your original method during the fall

season of the year, and have found it quite satisfactory."

G.H. Brookineyer
December, 1943

Salt Lake City, Utah:

"We received this bulletin and, because of the very valuable

information contained in it, we would very much like to ob-
tain at least seven more copies for distribution among our
various plants."

M.K. Rankin
January, 1943

Seattle, Washington:

"I am pleased to inform you that the station bulletin No. 414

entitled 'The 50-45-40 Method icr Making Butter' whioh I re-

quested you to send two copies to each of our 32 plants have

been put to excellent use.
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"First we sent out the summary of the bulletin which you
had in one of your monthly reports by multigraphing copies
of the report I received. Then we followed up with the
bulletin about two weeks later, Shortly after that I made
a trip to each plant and along with my other work inquired
about the method to see how many were following it and al].
the plants had started using it.

"Some of them said that it was necessary to work butter much
more and they didn't like that, but they had noticed how much
brighter, more waxy and pliable the body was. They feel the
extra working is worth the improved body condition and appear-
anoe,

"We feel the change over to the '50-45-40' method has not only
improved the body but it seems to give an improved flavor to
the butter, as well, Which only goes to prove body of butter
has something to do with flavor condition. We have never
stressed body too strongly in our grading in this country."

Arthur E. Groth
February, 1944

Portland, Oregon:

"If creameries in the dry hay feeding areas of the western
United States will follow the methods of butterinaking reo-
mended as result of this research, the annual savings made
by these creameries will repay many times the expense incur-
red in doing the researoh.

"Our creameries have been following the pasteurizing and
churning methods developed in this research project for the
past two winters. The butter made during the winter months
as result of following these methods has had much less ten-
dency to crumbliness and stickiness than under any other
method we know of. The butter has shown the minimum of leaki-
ness in the print room to the definite financial benefit of
the 8,000 dairy farm families who own this enterprise."

G, A. Brown
October, 1942

Philadelphia, Pennsylvania:

"Your operations are not unlike those we use for bringing a-
bout the most desirable crystallization of the fatty acid
glycerides in cocoa butter, If improperly done, chocolate
is likely to become crumbly and of poor texture."

Joseph R. Maxwell
March, 1944
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Caldwell, Idaho:

"It seems that an increasing number of butterinakers through-
out the Northwest are using the Oregon method of manufactur-
ing butter during the winter months, and are more than pleased
with the success they are having with it.

"1 understand also that the ... Cooperative Creamery in Idaho
here is using the '50-45-40' method this winter and having
very good success.

"I have found that butter made under various other methods
cannot compare with the Oregon method of manufaoturing of
butter in regard to body, texture and spreadability of butter;
also in regard to leakiness and loss of moisture during cutting
-- especially where automatic cutters are used."

R. W. Van Auker
January, 1945

Chicago, Illinois:

"You have done a great piece of researoh work on an economical-
ly, tremendously praotioal subject that has shown itself ex-
asperatingly evasive in the past, in its reaction to soientific
study. You have done an unusual job of digesting your experi-
mental results. Your summary and conclusions are backed by a
most convincing array of factual experimental results, and
your directions of how to best utilize your findings to insure
a pliable body with satisfactory spreadability constitute a
real contribution to the Industry. My sincere congratulatione
to you.

"Frankly, I have read your bulletin with the greatest of inter-
est and am convinced of the soundness of your conclusions and
the merits of your '50-45.'40' method and all the precautions
that a000mpany it, for fall- and winter-made butter. There is
only one suggestion that I can offer, and that is that the
work be continued by switching to summer-made butter with a
view to accomplishing proper firmness and standing-up property
without sacrifioing spreadability."

0. F. Hunziker
April, 1943
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RECENT DEVELOPMENTS IN TRE PACK1GING AND CURING

OF CEIDDAR CBEESE

Curing Cheese in Sealed Cans

The first attempts in this country to package Cheddar cheese
appear to have been made by- E. F. Pernot, bacteriologist at the
Oregon Agricultural Experiment Station during the first few years
of the present oentury. He used tin cans paraffined on the inside
as containers for the cheese. The curd was placed directly into
the cans and then pressed. After pressing covers were fitted on
the cans and soldered, thus hermetically sealing the cans. He also
placed curd in hoops in the regular maimer and, after pressing, the
bandage was removed and the cheese then slipped into cans, which
were made to fit, and oovers were inmiediately soldered on. Five-
pound and 23-pound cheese were zade in this maimer.

Pernot stated that a good feature of canned cheese was the
curing which obviated the constant care incident to the ordinary
methods, for after the cans were placed in the curing room they re-
quired no further attention other than to keep the temperature low
and constant. Humidity, dryness, vermin and mold could not affect
it. He found that a satisfactory quality cheese was obtained when
the product was cured at a constant temperature of 600 F. lie

pointed to the market demand for placing foods in sealed packages
and for the smaller demand for food in bulk form as formerly. He
felt that the sale of oheese would be increased if the product
could be purchased in cans or packages upon which was marked ite
age and flavor; the latter being desinated by letter or by name.
He stated this could be accomplished by the use of pure oulture
and by curing the cheese in cans, or by some other means which
would exclude the influence of undesirable bacteria.

Pernot apparently did not continue his project as there are
no further records of any further research available in the experi-
ment station files. If he had continued the experiments and had
been successful in perfecting a practical method of packaging cheese,
the cheese industry in the United States may have expanded enormous-

ly.

Caimed Cheese Perfected

About a quarter of a century later, Rogers and associates
of the Bureau of Dairy Industry, U. S. Department of Agriculture
developed a method of packaging and curing cheese in a valve-vented

can. With this method, developed carbon dioxide is permitted to
pass to the outside of the can as this gas is produced during the
ripening of the oheoe. Since air will not enter the can, condi-

tions for the growth of mold on the cheese are thus prevented.



They found that the increased cost of the cheese marketed this way
was largely offset by the elimination of loss through evaporation,
the necessity for paraf fining, and the care of the cheese in the
curing room.

With such types of cheese that cannot be ripened in cans, suoh
as Swiss cheese, the blocks or wheels may first be ripened on shelves1
then they may be out into prints and placed in aealed cans or glass
jars. Before sealing, however, it is necessary to displaoe the air
around the cheese with a gas such as carbon dioxide or nitrogen in
order to prevent the growth of mold.

In a U. S. Department of Agriculture circular, published April,
1935, Wilson gave full directions for packaging, curing, and mar-
chandisIng,Ainerioan Cheddar oheese in valve-vented cans. Two types

of oans were euggested the round type for either 12-ounce, one-
pound, or two-pound prints of cheese, and the five-pound oblong can
for a loaf that can be out into slices for sandwiches.

At the Oregon Agricultural Experiment Station in 1934 and 1935,
Reynolds and Wilater tested this new method of packaging and curing
of cheese as developed by the U. S. Department of Agriculture. Using
the method of manufacture as suggested by Wilson, it was found that
cheese of a good flavor and a fine body and texture was obtained
when the cheese was cured for three months at a temperature of 500
to 60° F., or in six months when cured at 42° F. It was found that
curing the cheese at temperatures above 600 F. was unsatisfactory.
A preliminary experiment involving the curing of cheese in sealed
glass jars from which the air was exhausted at the time of packing
was also made. Although a slight swelling of the lids was observed,
it was felt that this type of packaging and curing of cheese would
have promise of praotioal application.

During the next several years Reynolds supervised the paokag-
ing and curing of several hundred thousand pounds of cheese, both in
valve-vented cans and in vacuum-sealed cans in the plant of the Dairy
Cooperative Association in Portland, Oregon. Cheese scoring regular-
ly 92 to 94 was made and considerable success in the marketing of
cheese in this form was attained until, as a result of World War II,
cans were unobtainable.

Tests to determine the retail and household conditions of
temperature necessary for vacuum-sealed cans of Ainerios.n Cheddar
cheese to maintain the high quality when used were made by Golding
at the State of Washington Agricultural Experiment Station. For
the tests he obtained 24 vacuum-sealed cans of one-year-old high
quality cheese representing six different batches of cheese made
in the plant of the Dairy Cooperative Association, Portland. He
concluded from his findings that, "High-quality, year-old, vacuum-
oanned, American Cheddar cheese to reach the consumers' table in
fine condition should be held at 52° F. or below. If held at higher
temperatures, around 7O F. for 50 days, gas will be produced and
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the high quality of the cheese is spoiled. Long periods of holding
at adverse conditions are much more objectionable than those of only
a few days. There is little to be gained in producing fully-mature
high-quality American Cheddar oheese if it is to be 8poiled by high
temperatures as in the retail store or household."

The New York State Agricultural Experiment Station studied
methods to limit gas production. in canned cheese. Dahlberg found
that when the cheese was made from milk of the best sanitary quality,
which had been properly pasteurized, gas production was low and the
gas itself was almost pure carbon dioxide. Atter pressing the cheese,
it was out into a suitable size, wrapped in parchment paper, and
placed in a can. A small parchment envelope containing about two
grams powdered magnesium hydroxide (milk of magnesia) was placed on
the parchment paper in which the cheese was wrapped. The can of
cheese was then sealed under 25 inches of vaouum, and the cheese
was ready to be plaoed on the shelf in the curing room at approxi-
mately F. As carbon dioxide was developed, the magnesium hy-
droxide combined with it to form magnesium oarbonate and water.
The material in the envelope slowly hardened and remained white,
Dah].berg stated, "In the first few days in the can the bacteria in
the cheese utilized all available oxygen. Even if the cheese is
sealed at atmospherio pressure, the can will develop a small vacuum.
The purpose of vacuum packing is to remove the air from the can,
especially the inert gas nitrogen, thereby creating a vaounn in the
can to hold some of the carbon dioxide liberated from the cheese,
In the absence of oxygen and in the presence of much carbon dioxide
there is no mold growth. Whom cheese is vacuum packed it will not
develop a gas pressure within three to six months, or longer, and
most cheese is consumed within this period. However, when magnes-
ium hydroxide is present, there will be no gas pressure £ or several
years. Actually, gas pressure in oanned cheese does not indicate
spoilage, but consumers know that gas pressure in other canned foods
does mean spoiled food. Thus it is essential to prevent gas pres-
sure in canned cheese to obtain consumer acceptance."

Packaging Cheese in Transparent Film

Although Pernot, in his bulletin published in 1904, predicted
the merchandising of cheese in cans or packages, very little pro-
gress was made until very recently in marketing natural cheese in
the package form. Cheddar cheese has invariably been marketed in
the form of the customary 22- to 24-pound round Daisy or Triplet
form, cloth covered and paraffined, from which wedges are cut by the
retail merchants,

Considerable progress has been made, however, in the merchan-
dising of process cheese in convenient, attractive packages. During
the year 1939 a total of 296 million of pounds of process cheese was
manufactured, in accordance with the U. S. Census of Manufactures.
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A considerable interest in the merchandising of rindless
natural cheese in half-pound, one-pound, or larger aizes, in either
tranapareut or nontransparent wrapping material, has developed
since World War II. We are at the threshold of a considerable de-
velopment in the field of merchandising of natural Cheddar oheese.
One authority recently remarked to the author that the orthodox,
paraffined Daisy or Triplet size cheese would disappear from the
market within the next ten years.

Several manufacturers of cheese in the Paoifio Northwest
are now marketing limited amounts of rindless natural oheese, A-
mong these may be mentioned Whatoom County Dairymen's Association
at Lyndon, Washington: C]ark County Dairymen's Association, Battle.-
ground, Washington; Dairy Cooperative Association, Portland; and
Tillamook County Creamery Association, whioh operates sixteen plants
in Tillamook County. Recently iIr. Lawson, manager of the Tillamook
association, commented, "There is still much room for improvement
in Cheddar cheese packaging. The small type of oheese package pro-
vides greater convenience and increases consumer acceptance. The
added cost incident to packaging can be offset by laok of waste
from dryness and trim. Natural cheese is inherently subject to mold,
which in practically all oases is harmless, but wasteful. The
Cheddar cheese industry is devoting extensive research to the problem
in connection with the manufacture and merchandising of the rindlesa
package. The quality of cheese for rindless packaging must be select
to begin with if the best results in flavor and elimination of mold
are to be attained,"

In a recent bulletin by the Bureau of Agricultural Economics,
T.J. S. Department of Agriculture, entitled Postr Packages and
Containers for Marketing Foods," it was pointed out that new types
of containers and packages and materials for their construction are
in prospect for postwar food marketing. It was pointed out that
technological advances in this field have been rapid in recent years,
and experiences of the war period in packing for Military purposes
will be applicable to packaging for civilian use when materials and
labor become available. It was predioted that the effects of these
changes in packaging were likely to extend beyond the food market-
ing processes to other aspects of our economic life.

In discussing the flexible sheet packaging material for food
products, the author of the bulletin, D. R. Eronoh, stated, that
there are three omnon types of such material; paper, transparent
film, and metal foil. He discussed these as follows: "Paper, in
the form of kraft wrapping paper and bags, has long been widely used
and it will continue to be important in the grocery trade. Vegetable
parchment has long served as the wrapper for butter and is used
suooeasfully as the wrapper for fresh vegetables where tonsil strength
must be retained when the paper is wet. Glassine is a water-impreg-.
nated paper, transparent with a shiny surface. It is resistant to
grease but it can be treated with lacquer to make it even more
resistant to crease, water vapor, gas, and odors, and to make it
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sealable with heat. The transparent plastic films which have given
excellent praiection to food and metallic equipment shipped over-
seas during the war, are likely to find greatly increased use in
postwar marketing of food. The three general types of these films
have many characteristics in common. They are transparent, resis-
tant to grease, generally odorless and tasteless, and maintain their
flexibility under extremes of temperature. Cellulose films are not
all moisture-vapor-proof in single sheet form. This moisture per-
meability is desirable in wrapping fresh produots as it permits the
passage of carbon dioxide and of moisture-vapor which would other-
wise cloud the inner surface of the film. The vinyl films and the
rubber-base films both have high resistance to moisture vapor. This
makes them excellent wrappers for substances needing such protection.
Metal foils are likely to be more widely used in food packaging now
that the war is over, They offer many of the proteotive qualities
of the plastic film. In addition they are light-proof and have a
decorative metallic brightness to offset, for some products, the
disadvantage of opaqueness." In the above mentioned bulletin are
listed the quantity of materials used in packaging farm-food pro-
ducts during the year 1944. For dairy products were used:

Sawed lumber 27,312,000 board feet
Veneer 10,189,000 board feet
Paperboard 156,744 tons
Paper 273,013 tons
Steel 372,078 tons
Glass 4,935,000 gross

At the present time, three methods of wrapping small prints of
natural Cheddar cheese without rind in transparent films are used.
"Pliofiiin" is used in one method. The film is a trade-marked pro-
duct of the Goodyear Tire and Rubber Company. With another method
is used "Parakote." This wrapper is proteoted by patents held by
the Marathon Corporation. With the third method is used "F].ex-Vao,"
sold by the Standard Cap and Seal Company.

Packaging Cheese in Pliofilm*

The curd when ready is weighed out accurately into a square,
metal hoop. Place approximately 21 pounds 7 ounces of curd into
each hoop.

* This discussion is based on description of process given in a
mimeographed bulletin, "How to Cure and Package Natural Cheddar
cheese in Pliofilm" the Goodyear Tire and Rubber Co., Inc., 1945,
and on special communication to the author by L. H. Jones, Packag-
ing Supply Co., Kaukauna, Wisconsin.



After 45 minutes of pressing, the blocks of curd are weighed
and the weight correctly adjusted so that each block weighs 20

pounds 10 ounces. The cheese is then dressed using unbleaohed

muslin, Inside dimensions of the hoop are 14 inches by 11 inches

by 3* inches deep. The ôheoae is pressed overnight using uniform

continuous pressure.

The next morning the cheese is ready for wrapping in Plio-

film (40 GA NI 0.0004 inch thick). One at a time the blocks of
cheese should be relieved of the all-over oloth and wrapped in
Pliofilm so that no time for drying is allowed. Two sheets of

wrapping material are made ready. The first is a sheet of 30 pounds
bleached glaseine. (Another paper has been recommended for this
purpose; it is called Orange Superoalendered MG, and is essentially

a one side waxed paper, glazed on the other size. The paper is
applied with the wax side next to the Plioflim and the glazed side

out. This affords better adhesion of Scotch tape in fixing the
wrapper, and the wax inside is additional greaseprfness for box

protection in cases where the curing block exudes fat.) The paper

is laid out on the wrapping table. On top of it is placed a sheet
of 40 gauge NI Plioflim 20 inches by 31 inches in size, The block

of cheese is then placed on the Pliofilm wrapper and the wra is

made and fastened in place with short strips of Scotch tape inch

wide, Inunediately thereafter, the glassine is used to overwrap the
Pliofilm wrapped square and the glasaine wrap in turn is also held
in place with short strips of Scotch tape. The resulting double
wrapped block is then turned bottom side up and is ready for boxing.

A newly designed curing box has been found better adapted es-
pecially where the cheese is to be sent to a central packaging depot.
The box is similar to the one used formerly but is deeper providing
for use of a heavier and deeper cover. The new cover is 3/8 inch

thick. This is not nailed onto the box but is pressed into the
boxes when the cheese is stacked. The thicker cover has less ten-
dency to become disarranged and generally fits in a box better. It
stays level better. The inside depth of the box is 3 5/8 inches to
provide for the thicker cover. Slats across the covers are placed
2 nohes away from the ends and these slat a are l or l inches
wide.

To prepare the pack, the box is inverted above the double-
wrapped square of cheese -which has been turned over, and lowered to
enclose the wrapped package. The box is then turned right side up
and the slip-in cover is plaoed on top of the choose. The three
slats are then spaced properly over the slip-in cover and are nailed
to the thick ends of the box, drawing dawn the slip-in cover to
squeeze all air from the unsealed package within the box. Care
should be taken to see that the grain, when slip-in covers are wood,
is running the direction of the short diineneioii to bxing it at right
angles to that of the three slats.
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Pressure is now required for a period of at least two days.
Pressure is obtained by stacking one box on top of the other. The
position of the two top boxes must be reversed every six hours so
that the very top box receives its share of pressure. The oheese
should be held at a minimum temperature of 800 F. for two days.

After this pressing, the cheese is now ready to he plaoed in
the curing room, The temperature should be maintained at approxi-
mately 45" F. It should not be below 400 or above 50° F. When
cheese is made from high quality milk that has been pasteurized,
and when the manu.faoturing method has been satisfactory, cheese
can be cured satisfaotorily at 450 F. Moisture evaporation from the
oheese is negligible.

The length of time for curing may be varied. If a mild flavor
is desired, about two months would be sufficient, whereas if a ful-
ler flavor is desired, from four to six months would be required.

After curing, and before the boxes of cheese are out into
prints, it is necessary to place the boxes of cheese in a room at
750 to 800 F. for a warminga-up treatment, The boxes of cheese
hou1d be stacked to permit air circulation between them. Usually

24 hours or 48 hours in this room are sufficient to temper the
cheese,

The boxes, when removed from the tempering room are placed
one at a time on a table where the slats and the slip-in covers are
removed. The cheese is taken from the box and the outer wrap is re-
moved. The wooden boxes may be reused.

The Pliofilin wrap is now removed and the block of cheese is
placed on a cutter for cutting into the desired size of either one-
half, one-, two-, or five-pound prints. The weight of the prints
should be ohecked and should be adjusted so that it is accurate.

As soon as the cutting has been oo1npleted, the cheese is re-
moved from the cutter in four sections of five pounds each. The
sections are assembled on simple platforms, with skid runner bottoms,
in the seine relation to each other as previously existed in -the
uncut square. Each print is then wrapped with 40 gauge NI Pliofilm.

The amount of Pliofilm necessary depends on the size of the
print. For one-half pound prints, one pound Pliofilm is sufficient
for 500 pounds, and for 1-pound size prints one pound is eufficient
for 640 pounds.

The Pliofilm is quickly and easily applied. No seal is made
but the creases are set in the folds by sliding the wrapped print
on the table top f or an inoh qr so as the operator finishes the end
folds. As each print is wrapped, it is placed on a seoond tray in
the identical relationship to its neighboring prints that it bore
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on the first tray and in the original square.

For an outer wrap is used 80 gauge untensilized film which
possesses the qualities desired in an outer wrap:

1. It remains smooth -- does not wrinkle,
2. It clings to the inner wrap and thus to product.

3. Has high brilliance and easy printability and adds
sales appeal.

The outer wrappers are sealed but not in the regular sense of

the term. No attempt is made to seal the initial lap from edge to
edge. The cheese print is actually 3* inches wide where this seal
is made and a 2-inch wide stationary sealing bar makes the seal.
Then the end folds are sealed lightly, quick contact with the seal-
ing plates being used only to insure retention of the folds. Do

not seal the package airtight. ]Ihen being pressure packed later,
it is desirable to expel the trapped air from packages. This is
possible without rupture of the wrapper provided the package was
previously only partially sealed. There is another highly import-

ant reason for care in sealing. Too high temperature shrinks the
40 gauge Pliofilm inner wrapper. When this occurs it is generally
disastrous because the tendency to shrink is so great that rupture
of the film results. Then the cheese molds.

The finished packages would mold within a few days if nothing
further were done to prevent it. Therefore, the necessity of the
next step -- the pressure pack. A tray accomrnodatos 20 one-half
pound paokaged units, Over the top of these 20 packages is placed
one of the 10-pound size die-out sheets. A metal sleeve is pressed
down around this assembly, A box is inverted above and lowered to
encircle all four corner posts until the box comes to rest on the
posts. These should extend two inches above the sleeve body proper.
Tho cheese is then pressure packed as has previously been discussed.
Stein recommends holding the cheese in the warm room a minimum of
36 hours. It is then stored in a refrigerator for not less than 24
hours before it is shipped.

A more recent development is the use of a fibre-board box for
10 pounds of the finished wrapped cheese. At first the sleeve type
carton was used, but this is gradually being displaced by the lower-
priced carton which is glued and held under pressure during the
setting of the glue. Equipment for handling these boxes is now
available.

It has been reported that there is a possibility of the dovelep*
mont of wrapping machines. The use of these would out dawn the high
cost of hand wrapping natural cheese. It has also been reported
that the manufacturer of Pliofiim is planning to develop a suitable
film that oan be used for packaging as a single wrapper to out-mode
the present double-wrapper system. With reference to the slight
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oiling off which takes place when the cheese is held at from 700

to 80 F,, Mr. Jones in a letter to the writer had the following
comments to make, "While the slight oiling out of cheese has been
found beneficial generally without too great detriment in the pack-
aging of natural Cheddar cheese in Pliofilm, it has never been
made the aubjeot of worthy study till your present interest so far
as I knaw of, and for that reason there is little to say of depend-

able data that can be furnished as yet. We have found that just
the right amount of grease on the surface where 40 Gauge Pliofilm
is applied is greatly to be desired. Too much is not too good and
sometimes results in slight ranoidity. We might say that hardly
too little can be brought out if any at all is produced on the
surface, for the slightest oiling does the work required. Heavy

oil is not necessary. When 40 Gauge tensilized film is applied,
the grease on. the cheese surface does several things, namely:

(1) Aids in hand wrapping operations.
(2) Increases cling of film to oheese.
(3) Smothers mold development -- Probably proportionately.
(4) Aids in air removal in pressure-packing.

"Packing plant operators are steadily finding out what is
desired in the volume of fat on the surface and are generally
observant in their production program of what temperature and for
what time it is necessary to produce the desired effect. Generally
it has become a matter of experience and constant study and observa-
tion. I wish there were more definitely something I could report
on this, as I realize this leaves it all very vague."

Cost of Wrapping Cheese in. Pliofilm

Based on the use of semi-automatic equipment and using the
methods previously described, the costs have been eatiinatedas
follows during 1945.

Size of Package

Inner Wrap
Outer Wrap
(2-color printed)

Labor
Fibre Carton
10 lb. size

Total 4 items
Cost per lb. oheese

1/2 lb. 1 lb. 2 lb. 5 lb.

.23 .18 .136 .103

.766 .587 .407 .13

1.25 1.00 .75 .60

.63 .63 .63 .63

2.876i 2.397j l.9235i 1.463j
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Parakote Method*

When the Parakote wrapper is used for oheese, the following
method is used.

The standard Wilson 20& rectangular hoops are utilized for
this pressing operation. Two press cloths, which have been soaked
in a brine solution (to provide easy removal later on), each measur-
ing approximately 11" x 14" are made available. Place one press
cloth in the bottom of the hoop and distribute the curd (21.4 lbs.)
in the hoop. Spread the curd evenly, especially in the corners and
along the sides of the hoop. Next, place the second press cloth
over the curd and put the hoop cover in place. Then, place the hoop
in a standard cheese press under full pressure. Be sure that the
hoop is "square" in the press so that a uniform rectangular shape
will result,,

After about one to two hours in the press, take the hoop out.
Remove the square of pressed curd, place it on a work table and
strip off the rough pressing cloths. Cut it in half 1engt}ise
with the blade cutter and place a metal separator 3*" x 14", wrapped
in brine-soaked cloth, in the out. Then wrap the two 10 lb. squares
as one unit in a brine-soaked cloth.

Fit the sleeve of the hoop around the entire unit and slip the
hoop over the sleeve. Next, turn the entire assembly right-side up
and put the hoop cover in place. Again, place the hoop in the press.
This time allow it to remain under full pressure for a minimum of
three hours. Then remove the hoop from the press and strip off the
pressing cloths from each 10 lb. print and then they are ready to
be wrapped in a Marathon Parakote natural cheese wrapper.

Peel two 21" x 21" Parakote wrappers from their a000mpanying
slip sheets and lay coated side up on the work table. (The slip
sheet of embossed stock is provided to prevent blocking of wrappers
in transit in storage arid is not used in the packaging operation
except as a possible overwrap for the Parakote package.) Place each
10 pound square on its Parakote wrapper, carefully centering each
square on the individual wrapper. Then, proceed with the actual
wrapping.

The resulting Parakote wrapped squares are then overwrappsd
with the slip sheet which originally came with the wrapper and both
10 pound squares are returned to the hoop and the original metal
serator (this time without a press cloth wrapping) is placed be..
tween them. Place the hoop into the press and allow it to remain
that way under full, pressure overnight. At this point, warm water

* From memorandum prepared by Marathon Corporation, Menasha,

Wisconsin.
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may be poured over the hoop to bring the surface temperature of the
hoop up to 1000 - 1050 F. which helps insure a good seal with the

Parakote wrapper. The plastic characteristics of the cheese and
wrapper respond more readily to a moderately high temperature con-
dition during the final pressing operation. This heat factor plus
the pressure of the hoop insures a good seal with the Parakote
wrapper and the pressure of the press helps in forcing air out of

the wrapped square before the seal is oompleted. Packaging tests
and factory conditions determine whether a high room temperature
or the use of warm w.ter or steam is more adaptable for the final
pressing operati. on.

The next morning, remove the squares from the hoop. Leav-

ing the squares overwrapped with the white slip sheet, place them
in a container (either wood, fiber,. or corrugated) measuring 3*'x
14" x 11-1/8" (inside dimensions). The containers may then be stor-
ed in the curing room and the process is oomplete.

Five-pound, 2j-pound, 2-pound, or 1-pound units can easily
be made by altering the cutting process previously described and
by using different sized metal separators in the hoop during the
last two pressing operations.

In a comunication to the writer under date of September 23,
1947, Mr. J. R. MoNevins, of the Marathon Corporation stated that
Parakote has been used successfully in packagi2lg a close surface
natural cheese as it allows the cheese to become aged in the
wrapper, and inedible rind is eliminated, He stated that the coat-
ing has been developed to permit mnoistureproofness, film strength,
and heat-sealing qualities, and this has been added to the fine
transparency and strength of two laminated sheets of oellophane.
He stated that the price of the Parakote wrapper ranges from approx'
imately 5O.00 per thousand for 5 pound wrappers to approximately
480.Oo per thousand for the 10 pound size.

Flex- Vao Method*

"The laminated film is supplied to the user in bag form, The
bags are made up to the correct dimensions to fit fairly snugly on
the cheese outs. It is necessary that the cheese by cut in uniform
size pieces so that they will fit properly into the bags.

"The cheese is placed into the bag with the aid of a loading
device. The bags are opened to the proper dimensions by an expand-
ing mandrel and the oheee is then propelled into the bags by a
plunger.

* Information furnished by Standard Seal and Cap Corporation,
Chioago, Illinois,
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"The loaded bags are then placed into pockets of the Flex-Vac
vacuuming machine and rotated up under the vacuum head. The present
size machine can accommodate three units at a time under the head.
A vacuum of approxlmately thirty inches ia drawn in the chamber and
the bags are then sealed off by a heat sealing bar. The bags are
then given a final inspection, preferably at the end of one half
hour and are then packed into the shipping oases.

"It is possible to print this laminated film in attractive
multi-colored label designs.

"The bags and equipment are available through the Standard
Cap and Seal Corporation. The machinery is available on a rental
basis."

In the opinion of Mr. H. W. Stein, of the Dairy Cooperative
Association, Portland, within a few years most of the natural
Cheddar cheese for retail sale will be sold in the packaged form.
He foresees considerable modification in the present methods of
film wrapping of cheese, The process will be streamlined and
automatic wrapping machinery will be introduced. The problem of
mold control imist be given more study as it may be neoessary for
the cheese factories to make cheese that is "free from mold spores,"
he stated.

RECENT ADV.A10ES Alfl) FUTURE OPPORTUNITIES

IN T CBEESE INDUSTRY

The amount of cheese consumed in the United States has in-
creased in reoent years but the average per capita consumption of
the product is still quite small. During 1946 the average daily
consumption of cheese, excluding cottage, was only 0.28 ounce per
day or 6.9 pounds for the year.

The production of all cheese, except cottage, increased dur-
ing the ten-year period, 1937-1946, from 648,825,000 to 1,099,200,
000 pounds, or 69 per cent. The production of cottage cheese in-
oroased during the same period from 132,355,000 pounds to 248,eOO,
000 pounds, or 80 per cent. The U. S. per oapita consumption of
all cheese, except oottage, increased from 5.5 pounds during 1937
to 6.9 pounds during 1946 and was estimated to be 7.2 pounds during
1947. Consumption of cottage cheese increased from one pound in
1937 to one and a half pound per person in 1946.

Exports of cheese increased, and imports decreased during the
war and post-war years.
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When the amount of the different varieties of cheese manu-
factured during 1937 and 1946 are compared it is seen that the
production of American Cheddar cheese increased 60 per cent and
considerable increases took place in Italian, cream and Neufohatel,
blue-mold and miscellaneous varieties. The production of cottage
cheese nearly doubled. Of all cheese produoed during 1946, 62 per
cent wa& of the Cheddar variety.

The increase in blue-mold cheese manufaotured in the United
States is of interest. During 1937 none of this variety was of
domestic production and only 2 million pounds were imported. During
1946 very little blue-mold cheese was imported but l2 iniUion
pounds were manufactured in this country.

Now if you forget all these figures, just remember that pro-
duction of cheese in the United States has increased greatly in the
past 10 years and that consumption increased by a third but heavy
exports and army use were a big factor in disposing of the larger
output.

We eat cheese because we enjoy eating it. We like the color,
the aroma, and the flavor of the many varieties of cheese that are
available in food stores. Nearly everybody likes well-ripened,
fine-flavored, waxy-bodied Cheddar cheese. Many people enjoy the
piquant flavored, firm-bodied Parmesan and Roinano oheeses. If
we like a soft variety that has a more pronounced flavor, Limburger
or Camembert cheese are available. Orwe can choose a medium-hard
cheese as brick or Roquefort.

A large number of "natural" varieties of cheese are available
and, in addition, cheese which has been "processed", grated, comminut-
ed, as well as cheese foods and spreads, are being marketed.
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Cheese Production in the United States

1937 1946

Pounds Total Pounds Total

American 492,041,000 75.8 801,117,000 72.9

Part Skim 4,794,000 0.7 2,655,000 0.2

Swiss 41,504,000 6.4 55,030,000 5.0

Munster 7,450,000 1,2 9,235,000 0.8

Brick 28,193,000 4.3 8,443,000 0.8

Limburger 8,165,000 1.3 9,548,000 0.9

Italian 13,520,000 2.1 74,926,000 6.8

Cream 43,987,000 6.8 65,630,000 6.0

Neufohatel 7,226,000 0.7

Blue Mold --- 12,604,000 1.1

All other varieties 9,171,000 1.4 52,786,000 4.8

Total 648,825,000 1,099,200,000

Cottage Cheese curd 132,355,000 248,800,000

How the 1937 and 1946 U. S. Milk Supply Was Used

1937 1946

Total Milk Produoed: 105,958,000,000 122,556,000,000 lbs.

Fluid Milk
Used in Cities and Villages 30.48 39.2

Used on Farms where produced 11.96 10.0

Butter
Creamery Butter 30.65 18.7

Farm Butter 9.70 54

Cheese 6.12 8.8

Evaporated & Condensed Milk 4.34 6.0

Ice Cream 3.13 6.9

Fed to Calves on Farms 2.61 2.7

Dried Milk 0.10 1.3

Other Used 0.90 1.0

100 % io

Source: U.S.D.A. and Milk Industry Foundation.



Cheese

U. S. Production - Export and Import - Consumption

1937 1946 Increase

lbs.

Production
(All varieties
except cottage) 648,825,000 1,099,200,000 69

Imported 55,490,000 20,800,000 63 (decrease.

Exported 1,336,000 186,000,000

Produotion
(Cottage) 132,355,000 248,800,000 88

Constnnption
Per Capita
(excluding cottage) 5.5 6.9 25

Consumption
(all cheese) 6.5 8.6 32

Source: U.S. Department of Agriculture.

Why Has the Consumption of Cheese Increased?

The better buying power of the American people during recent
years, shortage of meats, the availability of more U. S. made
varieties of cheese, more cheese sold in convenient size packages,
improved merchandising methods, including tho introduction of at-
tractive refrigerated display oases, and magazine and radio adver-
tising are the factors that have chiefly been responsible for in-
creased sales of cheese. Results from technological research have
also been a factor.

Statistics show that when the consumer income increases there
is an accompanying increase in the oonsumption of all dairy products,
including cheese. City peopj.e consume considerably more cheese than
rural people. The following data show the per capita consumption
of cheese by income level in the United States during 1941. Con-
sumpt ion more than doubled from the low income to the high income
group.
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Per Capita Consumption of Cheese

by inoome levels.

Under $500- $1,000- $1,500- $2,000- $3,000- $5,000

$500 $999 $1,499 $1,999 $2,999 $4,999 and over

lbs. lbs. lbs.

1.8 2.7 4.7

5.3 6.1 7.1

lbs. lbs. lbs. lbs.

FARM FAMILIES

6.4 6.4 6.5 6.8

N0NFA FAMILIES

8.6 9.7 10.4 11.4

Source: U. S. Department of Agriculture.

In this connection it should be considered that a high rate

of employment means well-filled lunchpails and also the sale of

many sandwiches at lunch counters, Cheese has been used to a ]arge

extent f or lunches and for sandwiches.

Colorful full-page advertisements in newspapers and magazines,

radio programs with advertising, eduoational literature, and demon-

strations, have been factors in telling the consumer about cheese.

It has been emphasized that cheese can be used in many ways. It

can be eaten with a number of other foods such as with crackers,

bread1 fruit, vegetables, macaroni, pie and soup, and it has many

uses in cookery. Well ripened cheese when served as a pre-dinzier

appetizer is greatly enjoyed by connoisseurs.

Distributors of processed cheese have aggressively promoted

by means of advertising, efficient distribution, and modern merohan-

dining, the sale of many varieties of cheese foods in small contain-

ers. This has greatly increased the popularity of cheese.

Cheese was used extensively in the ration of the armed forces.

Cheese was considered an essential item of food during World War II

and the U. S. Government requested the cheese industry to increase

the output of cheese. This was a great factor in popularizing

cheese among milliona of men and women. Observations in Canada dur-

ing the war showed that oonawnption of cheese by the Canadian sol-

dier increased when first grade quality, well-ripened cheese was

part of the ration.
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All cheese purchased for Lend-Lease was graded by government
graders. This resulted in a gradual improvement in the quality of
the oheese manufactured and the effect of this improvement has been
maintained since the discontinuance of the Lends.Lease program. The
improvement and standardization of quality have increased, sales.

A large faotor in increasing the 8ale of cheese has been the
modernization and establishment of dairy departments in food stores
and the wide use of attractive "reach in" refrigerated display oases.
Distributors of cheese have reported that when a retailer takes his
cheese out of a side-wall refrigerator and displays it in a modern
open case, sales of cheese have increased up to 300 or 400 per cent.
Cheese is still an 'mpulse item" instead of a "habit buying item"
with many people. If many varieties of attractively packaged cheese
are displayed in a well-lighted refrigerated case many people who
did not plan to purchase cheese may select several packages. It

has been reported that one large food chain is now' getting 18 per
cent ot its gross volume from its dairy counters.

Merohandiaing natural cheese by cutting off wedges from a
wheel of cheese at the time of sale is about a thing of the past.
The modern method is to sell either pro-weighed portions of cheese
wrapped in transparent film, or 4-ounce to 5-pound portions which
have been packed in gla8s, tin,, cans, or transparent film in the
cheese factory or central warehouse. The sale of cheese in individ-
ual packages has been a major factor in increasing sales and it is
likely that cheese sales will be materially stimulated in the future
by further improvement in packaging. The purohaser likes the avail-
ability, visibility, id economy of rindless cheese in transparent
film.

Neat, attractive displays of varieties of cheese appeal to the
public and attract their attention as well as stimulate their
appetites for cheese.

Education of the retailer in methods of oaring for cheese in
the store, outting bulk cheeses and wrapping the individual portions,
and the reduction Ct waste has been a program of a number of cheese
distributors. Attractive, illustrated booklets and sales manuals
whjch describe how different varieties of cheese are manufactured
and cured and how the cheese may best be merchandised have been
distributed among retailers.

Technological research has been a factor in increased cheese
sales, but only to a smaller extent. Soientific development in
the oheese industry has been lacking. In general the present
manufacture of cheese is similar to what it was .40 or 50 years ago.
To be sure, there has been some development but oheesemaking is still
pretty much an art and it requires a oonaiderable amount of manual
work and a long working day to make a batch of cheese, There has
been improvement in the rennet and starter used in cheese manufacture
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and, with the inttoduotion of pasteurization during recent years,
the method of manufacture of Cheddar cheese has been standardized
through educational work done by the Bureau of Dairy Industry and
by others.

Many oheesemakers have known the tihowalt but not the ttwhystt
of oheesernaking. Without the proper application of science to
oheeseanaking, progress is slow. There ha been a lack of team work
between the oheesemaker and the soiontist during the past, much to
the detriment of the industry. Under the leadership of national
organizations the industry is now taking hold of soientifio develop-
ments, An important factor in technological development is the
construction of larger nianufaoturing units properly manned with
trained persons and equipped to produce an adequate amount of steam
and having facilities for maintaining the desired temperature and
humidity as well as for mold control in ouring rooms.

An illustration of how the application of research findings
to practical manufacture has been followed by increased sales may
be given. The Geneva method of manufacturing cream cheese was
demonstrated in 1926 and information regarding the process was given
to the industry in 1927, From an output in the state of New York
of 8 million pounds of cream cheese during 1926, the production
increased to 21 million pounds in 1930. The increase was attributed
to (1) the shorter end more certain procedure, (2) the method be-
ing especially adapted to a variety of flavors, (3) the improved
keeping quality of the product, (4) the appeal which the cheese
makes to consumers, (5) the very prompt and active adaptation of
the method to commercial use by a few manufacturers, and (6) the
general promotion of all ty-pes of cream cheese by manufacturers.

An example of the applioation of results from technological
research is given in a recent University of Wisconsin bulletin. In
this is outlined a routine procedure f or the manufacture of Cheddar
cheese which utilizes a controlled acid development in terms of time
and acidity developed which uses directly the findings of research
in related fields, mainly those of the results of pasteurization
and acidity studies as reported by a number of research workers.
The method outlined in the bulletin is widely used when inanufactur-
ing cheese from pasteurized milk.

The marked expansion of the blue-mold cheese industry in the
United States was possible only because of the application of the
findings from technological research.

Sometimes the results from research are not so quickly adopt-
ed by the industry. It was at the beginning of the present century
when an Oregon research worker developed a method of curing rind-
less cheese in cane, This method did not find application in indus-
try for many years.

The cheese industry cannot continue to develop along sound
lines unless milk used j'or cheese is clean and is obtained from
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healthy cows, The quality of milk used for cheese should be equiv-
alent to that used for city milk consumption. Clarification, filtra-
tion, and pasteurization are definitely not processes that can
substitute for sanitary production methods and proper cooling of
milk on the dairy farms.

Pasteurization of milk is gradually being adopted by the
industry as a public health measure to increase the safety of
cheese as a food and to enable the oheesexnaker to manufacture
cheese of more uniform quality. All milk used for cottage and
cream cheese is pasteurized and a large percentage of the milk
used for Cheddar cheese is now being pasteurized. Research is
under way to determine if it will be possible to make Swiss, Lim-
burger, blue-mold, and other varieties of cheese from pasteurized
milk. One large organization has reported that it is successfully
manufacturing Camembert, Limburger, and other varieties from
pasteurize4 milk. The cheese industry cannot risk the adverse
publicity which follows reports by health departments that cheese
is the oause of an outbreak of disease.

The use of the phosphatase test by regulatory agencies to
determine if the milk used f or a particular dairy product has been
adequately pasteurized is of considerable imortanoe from a public
health standpoint. Of course, even though the milk has been ade-
quately pasteurized, this does not preclude that the product manu-
factured may not contain pathogenic bacteria. If the water used in
the cheese factory is contaminated with pathogenic bacteria, if
diseased persons are handling the milk and curd in the cheese
factory, or if the cheese is contaminated by insects or rodents,
there is a possibility of infection. The teat is, nevertheless,
of great value,

In the mind of the consumer, cheese is a nutritiDus food, It
was not until recent years that the average consumer came to realize
more fully that cheese is a very valuable food. Information has
not been generally available for consumers, however, with respect to
the several nutrients that are present in cheese. They know in a
general way that cheese (such as kmerioan Cheese) oontaina some fat
and protein. They do not know how muoh of eaoh is present in cheese
as packages containing cheese do not generally show the composition
of the product. Some people incorrectly believe that cheese is dif-
ficult to digest. They may associate a tough, corky-bodied cheese
with poor' digestibility. The reoently published Dairy Council
bulletin on oheose fills a long-felt need for a concise treatise re-
garding cheese and its nutritional value. The dissemination of the
information given in the bulletin regarding the nutrient content of
oheese and the value of cheese as a food wi.11 result in an increase
in cheese consumption,

To sum up, I would say that while the consumption of cheese in
the United States has shown a marked increase in the past 10 years,
thia increase has come about more through bettOr merchandising, in-
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creased oonsair income, and scarcity of competing foods than it has
through fundamental improvement in the product.

Cheese has been improved to some extent, but in general the
cheese industry has been the slowest among the manufacturers of
dairy products to adapt technological research results to manufactur'-
ing methods and fundamental quality improvement. If recent gains
are to be maintained and new advances made it will behoove the In-
dustry to make full use of the findings of science both to improve
the produot and to assure the public that cheese is a safe, whole-
some and nutritious food easily available at all times for a wide
variety of uses.

LOOKING INTO TIE FUTURE

In the light of developments that have taken place in the
oheese industry in the past it would seem timely to consider the
plans for the future. Should greater or lesser emphasis be on
technological research, packaging methods, merohandi sing methods,
public health safeguards, etc., than during the past?

There is an opportunity to improve all phases of the cheese
industry - the production of milk, manufacturing, ripening, packag.
ing, and marketing of cheese. Some people feel that improvement in
the milk supply is most importarrtj others feel that improvement in
packaging deserves the greatest emphasis. The consensus seems to be
that in a long-time program most emphasis should be given to IMPROV.
ING TIE MANUFACTURING AND RIPENING PROCESSES OF TIE CI3EESE.

The opinion that milk for cheese should be of equivalent grade
as that used for market milk purpose is widespread. This opinion is
shared by oheese factory operators who have adopted pasteurization
of milk for oheese manufacture, The standards for production should
be based on reasonable and sensible requirements.

It ±as properly been pointed out that the industry has not
been able to arrive at the proper approaoh to the milk producers.
Whenever it is able to do so, the milk quality improvement program
will make rapid strides. What is needed is an effective milk grad-
ing program in each state. In the market milk industry milk that
does not meet a certain grade standard must not be used. Such a
quality program calls for state licensed persons doing the grading
for flavor, cleanliness, and bacterial content of the milk. The
only way to obtain real improvement in milk quality, in the opinion
of some people is "to hit a man's heart through his pocketbook."
A certain amount of educational work with the producers is, of
course, necessary and advisable.

The following illustrates what can be accomplished through a
vigorous milk quality improvement program. A cheese factory in the
Pacific Northwest, before it launched an improvement program, reoeid
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milk which contained from 0.18 to 0.20 per oent acid. After two
years of improvement work the milk averaged 0.14 to 0.15 per cent
acid and much of the volne of milk received was used for Grade A
bottled milk.

It is appropriate to consider in the program of improving the
milk supply also the method of collecting the milk from the farms,
It is also important to consider the sanitation of the cheese factor..
ies, Attraotive factories1 with clean and orderly surroundings and
with the interior kept orderly and ixxunaoulately clean, are a good
advertisement for the cheese industry. Unless proper attention Is
given to the sanitary condition of the factory, the milk quality im
provement program is of little value.

Whether greater emphasis should be given to improvement in
the milk or to improvement in the manufacturing and ripening methods
18 debatable. Certainly high quality milk is basic. But the two
are inseparable. In the opinion of one observer the control of the
xnanufaoturing operations so as to produce a uniform product from
day to day is of most iaportanoe to the group of cheese factories
which he represents.

A member of an organization which operates a considerable
number of cheese factories feels that the future development and
expansion of the cheese industry depends entirely on the industry
and on the amount of research whioh the cheese manufacturing organ-
izations and the colleges will do.

There are many problems that should be investigated - too many
to enumerate here, While the art of cheesemaking is one of the
oldest, the science of oheesemaking is still in its infancy. We
need teams of investigators in different research laboratories and
pilot plants. We need the fullest 000peration of the chemist, the
physicist, the bacteriologist, and the dairy technologist in solving
the intricate problems Involved in (1) producing satisfactory
bacterial and mold cultures; (2) developing practical methods of
processing and handling the milk and curd in the cheese factory;
and (3) studying the chemical and physical changes that take place
during ripening. We need scientific explanations for the causes of
the, many defects that may occur in cheese quality, and we need the
engineer, trained to understand dairy processes, to develop more
convenient, labor-saving and sanitary methods of handling milk and
curd in the factory.

Cheese is now the most laborious of all dairy products to
make, "The eheesemaking process will never be right,tt stated one
authority on cheese manufaoture, "until we can take the milk from
the weigh stand and keep it out of sight until the finished product
appears at the end or close of the oheesemalcing operations. The
product should be as completely protected as our fluid milk is toda'

TebnologIoal research, in addition to that involving meohani-
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zation of the manufacturing and packaging operations, should have

for its purposes (1) the manufacture of cheese true to type which

has a fine flavor, body, and texture; (2) reduction of the ripen-

ing time; (3) greater utilization of whey for human consumption;
(4) better disposal of cheese factory Waste; and (5) adequate mold

control on the surface of cheese. Such research will pay big divi-

dends. Quality will improve, oocts will be reduced, and sales will
inorease under such a program. (U.S.D.A. and several states spent

a total of 10 million dollars over a period of 30 years on corn

crop research. The farmers have benefited from this through obtain-
ing better corn and higher yields resulting in increased annual
estimated returns of $750,000,000.00).

The training of young men to become either oheesemaker, milk
grader, oheese grader, analyst, or research worker should be empha-
sized by the agricultural colleges. Such training may require from
one to four years or even longer. If all oheesemakers were to re
oeive a one-year college training course which would include elemen'.
tary courses in bacteriology and sanitation in addition to special-
ized dairy aubjeots Improvement in cheese manufacture would be re-
markable.

State licensing of oheesemakera, who have demonstrated their
qualifications to make cheese and who successfully pass a satie-
faotory oral and written examination, is a auooeseful program in
Oregon. Canadian cheese factories employ certified oheesernakers.

I wish to quote a statement here which was made by a noted
Canadian authority on cheese. "As new men o into the industry

they do not often have sufficient approiation of the fundamental
principles involved in the manufacture of cheese, with the result
that they are not able, exoept by trial and error to appraise oor-
reotly the effect of suggested modifioationa in the 1nakin of cheese

which might result in a saving of time and labor. It seems, there-
fore,that more emphasis could well be placed to good advantage on
technological research involving manufacture and ripening of cheese,
so that when attempts are made to reduce the labor in making cheese
by the introduction of new methods or machines there will be less
danger of these affecting, adversely, the ultimate quality of the
particular type of cheese being made. It is felt by many in this
country that the work of making cheese and the time required to
ripen cheese properly needs to be reduced, but this should not be
done at the expense of those fine distinctive characteristics of
high quality oh4ese."

The next important emphasis should be on research to improve
the varieties of cheese in addition to Cheddar. It is believed
that sales can be materially increased if several varieties of cheese
of a standardized quality were always available in food stores. The

cheese must be attractively packaged and preferably rindlese. The

price must not be excessive for the majority of the consumers. It

is not beyond the realm of possibility that several new varieties
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oould be developed. There appears to be an opportunity alao to

promote the sale of brick, domestic Swiss and certain soft and

semi-soft ripened cheese.

Has the development of the cottage cheese marketing program
been neglected in some states? There appears to be an opportunity

to materially inorease the sale of cottage cheese. This palatable

food containing valuable milk nutrients could be consumed in much

larger quantity. Cottage cheese is a versatile food. It can be

used as a base in the preparation of a number of different salads

as it blends well with many vegetables, fruits and nuta. Creamed

cottage cheese may be prepared With the addition of olives, pimento,

chive, relish, eta, Let us look at the consumption of cottage

cheese in California. During the ten-year period 1937-1946 pro-
duction of cottage cheese (unoreamed) increased from 19 million to

40 million pounds. A total of 57 million pounds of the creamed

product was sold in 1946. The consumption per capita in California

of unareamed cottage cheese was 4 pounds and of oreamed cottage

oheese 6-1/3 pounds during the year 1946. Comparing the California
consumption of uncreamed cottage cheese with the average of that
of the United &tates it is seen that California's consumption was
265 per cent greater than the U. 8. average. Surely by manufactur-

ing a high quality product and using good merchandising methods
sales of cottage cheese in the states where consumption is low could

be greatly increased. The manufacture of cottage cheese would give
a good market outlet for milk solids not-fat.

Neat, attractive displays of varieties of cheese will appeal
to the public and will stimulate their appetite for cheese, Most
anyone who enjoys food at all usually will like to eat cheese. To

those who feel they do not like cheese, the likely answer is they
haven't tried enough varieties.

Many varieties of cheese are sold as processed cheese. It is

likely that consumer acceptance of varieties of processed cheese
put up in glass or wrapped in transparent film will continue. Cheese
foods and spreads will also be sold in increased amount. Research
on these products will continue. A chemist in one organization has
stated that it is theoretically possible to prepare processed cheese
with probably all of the advantages of natural cheese plus its own
special advantages of almost complete sterility and better keeping
quality.

When American people buy food they trust that it is wholesome.
They leave to the food regulatory officials to throw the necessary
safeguards around the production and handling of food as well as

the water supply. It is the responsibility of the cheese industry
to supply the consumers with a clean, safe product. This can be ao-
complished by using milk produced under sanitary conditions, proper-
ly cooled, and by manufacturing cheese in a sanitary plant. Persona
handling milk and curd must be healthy. Pasteurization of milk or
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cheese is an added safeguard, as all onmon pathogenic bacteria,
if present, are killed. An aging period of the cheese of not loss
than 60 days for raw milk cheese may also be used as a safeguard as
pathogenic bacteria find conditions in cheese unsuitable for their
growth It is liksly that before too long all cheese will be made
from pasteurized milk and we will undoubtedly see the introduction
of new methods of pasteurizing milk such as pasteurizing in a
partial vacuum, the use of electricity, etc. The new Federal Food
& Drug Administration's standards of identity for cheeses, prooessed
cheeses, cheese foods, cheese spreads, and related foods, when pro-
mulgated, will be an important factor in safeguarding public health.
All of the larger cheese manufacturing organizations are, at pre-
sent, vigorously promoting more sanitary milk production and cooling
of milk on the farms. Through their own initiative, with the adopt.
tion of pasteurization, the installation of stainless steel equip-
ment, sediment testing, grading of milk, and the adoption of striot
sanitary methods in the factories, they have worked for the appli-
cation of further safeguards of public health.

If future progress of the cheese industry is to be made it
will depend to a great extent on research. Further studies on
nutritional properties of cheese, ohoeso foods, and whey products
should be sponsored in a large way and the findings from such
research should be given to the public.

Packaging of '1natural" cheese in consumer-size, sanitary
packages should be emphasized. The cheese sold in this manner
must be rindless, it must not shrink in weight and it must not
becoma moldy. There are many unsolved problems in oonneotion with
the marketing of cheese in this form, As the trend is for all
oheese to be sold in packages of various size, research is needed
to develop the best methods of packaging. It is essential, if
oheese is to be sold in the form of consumer packages, to (1)

standardize the quality of cheese placed in the packages; (2) use
only superior quality cheese; (3) keep the packaged cheese refriger-
ated in the retail stores; and (4) sell the old stock first, To
please all the customers it will be necessary to sell Cheddar cheese
of different degrees of ripeness; namely s.ightly aged, medium
aged, and fully aged. Quality is the real risk in. a cheese paokaged
at the factory. If the quality of the product when the consumer re-
moves the wrapper is not satisfactory or if the cheese is moldy on
the surface, the wrapper only servos to identify for the ooneumer
the kind of cheese which he will not want to purchase again. The
prediction haa been made that after another ten years praotioal].y
all cheese will be sold in consumer-size paokages.

Merchandising methods need further study and improvement. If
cheese sales are to be increased proper attention should be given
to providing satisfactory refrigerated display oases in all food
stores. This is of paramount inportanoo. The quality of natural
cheese is severely damaged if the cheese is kept at room temperature
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for some time in the stores. Saleinen can render a great service
by seeing that cheese is properly refrigerated, protected against
contamination and attractively displayed in retail stores.

The oheese industry has a bright future. The trend in con-
sumption will likely be upward. The factors involved in the ex-
pansion of cheese sales are:

(1) Continued high consumer income and the desire by the
consumers for good food of which cheese is one.

(2) Shortage of meat and meat products. The forecast is
f or a decrease of ]. billion pounds in meat production
in 1948. Less chickens and eggs will be available,

(3) Cheese quality improvement and standardization of
quality, More aged cheese having a pronounced flavor
should be marketed.

(4) Varieties of cheese other than Cheddar should be offered
for sale.

(5) Reduction in cost of production through developing
economies in the manufacturing and packaging of oheeso
and more effioient utilization of whey.

(6) Improved merchandising methods.

(7) Further education of consumers regarding the nutritional
value of oheese and in the methods of using cheese to
advantage in preparing menus.

(8) Eduoation of homemakers in methods of serving and oar'
ing for cheese in the home so that the product will
have maximum palatability.

Acknowledgment. To the loaders in the cheese industry in the
United States and Canada who so kindly have given their opinion
regarding the manufacture and marketing of cheese, jhe author of
this paper extends his sincere thanks.
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CONS IDERA,TIONS IN TBE MANUFACTUBE

OF ICE CREAM OF EXCELLENT QUALITY

After a journey through the tropics with the thermometer
registering about 1000 F. the writer arrived at Ames, Iowa, one
exceptionally cold winter morning a number of years ago. The
temperature was 25 degrees below zero Fahrenheit, The annual
Dairy Manufacturers' short course was being held at Iowa State
College and the writer was invited to attend the evening meeting.
To hie great surprise ice cream was served as refreshment at the
end of the session, Although it was biting cold outside and the
windows were frosted over, the interior of the building was very

omzfortable. The ice cream was delicious and was enjoyed by all

present.

This incident is mentioned here as an illustration to show
the fondness of the .Ameioan people for "America's Favorite Food,"

Ice Cream Liked by All

Ice cream is one food that is enjoyed by all people, young
and old. It is fit for royalty. Ice cream was a part of the wed-
ding breakfast at Buokingham Palaoe, London, England, given by
the King and Queen of Great Britain, following the marriage of their
daughter, Princess Elizabeth to Philip Mountbatten. All of Europe's

royalty attended. The breakfast menu consisted of fish, partridge,

ice cream and cake.

We eat ice cream because we like:

1. The delicious flavor
2, The sweet taste
3. The attractive color
4. The fine smooth texture and the mellow body
5. The refreshing 000lness of the product

Ice cream is a highly nutritious food. There is no waste.
It is made from fine materials that are pasteurized, and it is
made by means of modern equipment In sanitary plants by skilled
persons.

During the year 1946 a total of 709 million gallons (2,832,
000,000 quarts) of ice cream was manufactured in the United States.
This was 50 per cent more than during 1945 and 190 per cent more
than the year 1936, ten years earlier. There was an increase of

460 per cent in 25 years.
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Goal One Billion Gallons Per rear

The joe cream industry is planning for a further increase
in the amount of ice cream manufactured, The goal is one billion
gallons of ice cream per year before 1950 and sono manufacturers
are optimistic enough to predict a yearly production of two bil-
lion gallons a year before another 25 years.

Quality Comes First

The industry program as outlined by the executive secretary
of the International Ass ooiation of Ice Cream Manufacturers, Mr.
R. C. Hibben is:

(a) Quality products.

(b) Aggressive, intelligent merchandising

(c) Good public relations

(d) Sensible industry relations

(e) Meeting competition from outside industry

(f) Intelligent handling of detrimental legislation

(g) Taking advantage of new inventions and new economic
conditions.

It will be noted that quality is listed first. We are here
today to diaouas the subject of the essentials for high quality in
ice cream. Those essentials may be listed as follows:

1. The use of clean, fresh, sweet oresm of fine flavor.

2, The use of condensed milk or dry milk that is fresh
and that hae no undesirable heated or other undesir-
able flavor.

3. The use of the proper amount of sweetening agent suoh
as sugar or bland syrup.

4. The use of sound and fresh flavored fruits and nuts in
an adequate amount,

5. The use of the correct amount of a satisfactory stabil-
izer,

6. The use of flavoring materials that will result in a
delicious flavor of the ice cream.
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The ice cream maker has the responsibility of (1) correctly

mixing the cream, sugar, milk eolids, flavor, etc., in correct

proportions, and (2) processing and freezing the mix in uoh a

maimer, that the ice oream will possess all the desirable character-

itioø. The ice cream maker should at all times endeavor to imnu-

faoture the highest quality of ice cream.

Ianprovemonte Made.

Groat strides have been made during the past 25 years in

the equipment and facilities used and the methods employed in the

manufacture and distribution of ice cream. During this time we

have seen the disappearance of the brine freezer, ice and salt

cabinets and tubs, pans for brick ice cream, and we have seen the

introduction of stainless steol equipment, efficient pasteurizera

equipped with control instruments, improved homogenizers, cabinet

and plate 000lers, direct expansion batch and continuous freezers,

and automatic refrigeration machinery. The method of quick harden-

ing of ice cream is employed and packaging in single service paper

containers is widely used. be cream is maw being transferred from
plant to retail outlets by the use of attractive refrigerated trucks.

Ice cream is no longer a produot made chiefly during the summer, but

as a result of good merchandising methods it is sold in large quan-

tities throughout the year.

Plain ice cream is a dairy product which consists of approxi-

mately 86 parts cream with added milk solids; 14 or 15 parts sugar;

and one part stabilizer, egg and flavor. The total milk solids

average 23 per cent and the food solids per gallon of finished ice

cream will range from 1,6 to 1.8 pounds. The weight of the ice

cream per gallon will be approximately 4.5 pounds. For fruit ice

cream is used from 13 per cent (strawberries) to 25 per oont

(peaches) of ripe fine-flavored fruit or fruit juice. Some sugar

may be added with the fruit. A small amount of food color is some-

tlmes added to the ice cream.

The ice cream industry used during 1946 the following approxi-

mate amounts of major ingredients:

734,000,000 pounds total milk solids
500,000,000 pounds sugar and syrup
30,000,000 pounds stabilizer, egg solids and flavor

75,000,000 pounds fruit
10,000,000 pounds nuts

Qua 1ity Paramount

In oonneotion with the periodic checking of the quality of the

ice cream, E. L. Walker of Arden Farms Company recomnended that,



223

"every ice cream production department, whether large or small,

could very well afford to have one or more individuals to do noth-

ing else but test and taste and check for color, flavor, and tex-

ture of every product before and after it is manufactured and before

it leaves the plant to go to dealers and consumers. One of the

most serious faults in our industry is the careless practice of

some plants in allowing products to get by their doors without

double checking. And they often find out, after it is too late,

that they could very easily have corrected a number of defects in

the product and thus have improved its quality materially without

extra cost. Remember we are responsible for our products from the

grower to consumers, It is well to remember that consumers are now

buying more and more in accordance with sight, taste, and purse.

The honeymoon of loose spending is about over and from now on a

product has got. to measure up to the consumer's idea of full and

veal value or he just wont t buy it and the judnent and the ability

of oonsumers to appraise values is becoming keener every day. They

are not easily fooled any more,"

The writer, previous to the war, for several years, made trips

to a large ice cream factory in Oregon to check on the methods of

manufacture, inspect the plsnt for sanitation, check the sanitary

condition of the equipment, end make tests on the ice oream for

quality. This latter included the scoring of a number of samples of

ice cream for flavor, texture and body, melting quality and color,

and the analyzing of the samples for composition, including a deter-

mination of the numbers of bacteria present0 At the time of the

visit, one of the salesmen would purchase samples of toe cream,

made in other factories, in retail stores. The samples of ice cream

were then placed in plain oontainers and numbered. They were then

examined and the quality was compared with that of the toe cream

manufaotured in the plant being visited. The results from all this

work aided the management of the organization in improving the con-

ditions and methods employed in the factory.

Unless a comparison with the quality of the toe cream made in

other factories is made, from time to time, it is somewhat diffioult

to discover in what respect the quality of the toe cream manufactur-

ed is weak. Such a comparison of the quality of toe cream samples
will generally show that a considerable variation exists. Eaoh

manufacturer, as a rule, thinks that his ice cream is the best,

and that, of course, should be his goal, He may be surprised, how-

ever, that when 14s ice oream is compared with other samples of ice

cream, it may be less satisfactory in one or more of the factors

that make up quality than some of the samples. This should urge

him to do everything within his means to improve his product.

Commercial ice cream now manufactured hows less variation in

quality than it did several years ago. The flavor is much better as

a result of using fresher and higher quality milk, cream, and con-

oentrated milk products, superior flavoring materials and less
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imitation flavoring products. The texture is much superior. It is

smoother as a result of using better freezing and hardening methods.
The body is less apt to be soggr, a coimnon complaint a number of

years ago. In melting quality we still have some defects such as
"does not melt" and "ourdy when melted." Although the color of plain
vanilla ice cream is generally satisfactory occasionally the ice
cream will have an unnatural shade of color or a too..high color.
Fruit ice cream is sometimes greatly overco].ored.

For' the annual college students1 ice cream judging contest
held during the time of the Pacific International Livestock Exposi-
tion at Portland, ten one-gallon samples of coimnercial ice cream
obtained from different plants are used. For the 1947 contest tvo
ice cream manufacturers and an experienced ice cream maker placed
the official scores on the samples.

Three samples were not criticized for flavor. The remainder
were criticized for either egg, lack of flavoring, coarse, cooked,
acidy, unnatural flavoring, high sweetness.

Three samples were given a perfect score for body and texture.
The remainder were oritiized for being weak, coarse, or ioy, soggy.

Six samples had a satisfactory inciting quality. The remainder

were criticized for either ouc1y or "does not neiL,"

Seven s'inples had a satisfactory color. The remainder were
criticized for unnatural or too-high color.

For the manufacture of ioo cream of excellent quality are required:

. A sanitary plant - well lighted and ventilated; clean
malls, floors, doors and windows in manufacturing rooms;
well arranged hardening room kept at uniform l temper-

ature; a satisfactory water supply.

B. Milk, cream, condensed milk products fresh and low in
bacterial oontent.

C. Fruit, flavors, sweeteners, stabilizer, egg, colors of
fine quality.

D. Modern, clean, well kept equipment.

E. Correct mix standardization, mixing, homogenization, and
freezing.

F. Efficient hardening.
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G, Maintaining fresh stocks of ice cream.

A dependable supply of milk and cream is a primary neoossity.
At certain times, especially during July, August, and September a

sufficient amount of street cream may not be available, It may be

necessary to use either stored frozen sweet cream, unsalted butter,
or plastic cream.

Fine Quality Milk and Other Milk Products Must be Used.

The milk used should be satisfactory to at least 5 hours'

methylene blue test. It should be free from extraneous matter and
should not havc a sta], rancid, salty, or other undesirable flavor.

The cream used for storage purpose should be of the highest
quality and should not come into contact with copper equipment. It

should contain 40-45 er cent fat. To retain the desirable physical
property of the cream either 12 per cent sugar or 15 per cent corn
syrup may be added. Pasteurization at 170° - 1800 F. for 30 minutes
is reoonended. Sterilized well-timined containers should be used.
Place a parchment caper wider the lid, Store the cream at a tempera-
ture of -lO°to -20 F. Jse the thawed cream quickly, otherwise a

tallowy flavor may soon develop. To conserve space high testing
plastic cream (75 to 80 per cent fat) can be stored.

Unsalted butter made from fine quality sweet oream may be
stored. To improve the whipping property egg yolk may be used in
the mix. The melted butter may be first emulsified with skim milk
and egg yolk by passing the mixture through a homogenizer.

A recent important development is the preparation of dry
butterfat and storing thic £ or future use in ice cream. One method
of manufacture whioh vill be protected by patent is as follows:

T. Cream of fine quality is separated at approximately
120° F. by means of especially constructed centrifugal
separator to get a high-test product containing 90 to
95 per cent fat.

2. The product is re-separated so that butter oil contain-
ing less than one per cent moisture is obtained.

3. The butter oil is continuously subjeotod to high tem-
perature pasteurization at 1950 to 2000 F. under
partial vacuum, to steam distillation, and to partial
cooling in a chamber maintained at nearly complete
vaoutnn in a Vacreatoro This treatment effectively re-
moves all traces of moisture and insures keeping quality.
Because the product moves through vacuum chambers con-
tinuously and is briefly subjected to the high heat
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treatment, the total time for vaoroatiøn treatment
being only 3 seconds, there is no impairment of the

flavor of the ol]. caused by the heat.

4. The moisture-free oil is congealed continuously in a
machine constructed like a continuous ioe cream freezer

to be extruded and placed in containers.

It must be emphasized that it is of utmost importance to use

cream of the highest quality in the manufacture of dry butter fat.

If made from inferior cream, even though the final product may taste

perfectly bland, upon homogenization in sldmmilk, the undesirable

flavor becomes discernible,

Dry butterfat keeps well without refrigeration and because it

oontains no moisture it is more practical to store than butter, frozen

oream, and, plastic cream. The tat, if properly packaged, will keep
I or one year without refrigeration at ordinary warehouse temperature,
but if it is to be stored for over one year it is safer to store it

at 0 F.

ing:

The source of additional milk solids may be one of the follow-

1. Spray process nonfat dry milk solids.

2. Unsweetened condensed slthnmilk.

3, Sweetened condensed skimmailk,

If equipment for the condensing of milk is available, the
factory may profitably utilize locally-produced milk in the prepar-
ation of oondensed milk. A small condensing pan or a Vacreator may

be used, A dependable supply of milk must always be available for
any ioe oream factory. Condensing the milk to a concentration
sufficient so that when added to the mix, this will be exactly of the
desired composition, is the most economical method. If purchased

from a nearby plant either unsweetened or sweetened 3:1 condensed
skiimnilk may be purchased.

Dry milk so lids should be manufactured from fine quality milk.

The solubility should be high. No brovm particles or extraneoua

matter must be present. Frequent purohases of freshly-.made powder

should. be used. Never use stale-flavored dry milk for ice cream mix.

If in doubt reconstitute the powder and taste the milk. Always store

the powder in a dry storage room at a temperature of 500 F. or below.

If egg yolk is used it ahould be of extra grade. Dry egg
yolk will beomo stale if stored too long at a high temperature. It

should be stored, in a refrigerator.
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Correct compounding of the mix ingredients as well as oorrect
homogenization, pasteurization, and cooling of the mix are necessary
if ice cream of fine flavor and of good body and texture, is to be

obtained.

Correct Processing of the Mix Importarrb

With the batch method of pasteurization, homogenization usual-

ly follows pasteurization. With the high temperature quiok time

oontinuous method of pasteurization, homogenization may precede pas-

teurization.

Efficient homogenization consite of breaking up the fat
globules so they are uniformly small in size, about one micron in

diameter if possible - never over two microns in diameter. With the

modern homogenizer, subsequent fat clumping is prevented. Homoeni-
zation of a mix of standard composition at a temperature of 160 to

165° F., and at:a pressure of 3000 to 3500 pounds, first stage, will

be found very satisfactory.

A high homogenizing pressure is desirable for thorough sub-
division of the fat globules resulting in a superior whipping property

of the mix. An excessive pressure may cause a too high viscosity.
A desirable per oent overrun is obtained quicker and the ice cream
will have a superior body and texture than if the fat globulec are

not sufficiently subdivided. It is important that mix proteins be
adsorbed in adequate amount on the fat globules during and immediately
following homogenization. Otherwise the mix will whip poorly. In

order to accomplish this it is necessary, as suggested by Leighton
(Vol. 31, No. 2., The Ice Cream Review) to consider such factors as
size and type of homogenizing valves, condition of valves, and the
amount of mix which passes through the homogenizer. Measuring the
degree of fat dispersion is, therefore, not sufficient for determin-
ing the effioiency of homogenization. Leighton recommended preparing
whipping curves when a batoh freezer is used. If the overrun is
plotted against the temperature existing in the freezer at intervals
as the ice cream warms up, after the refrigeration is shut off, a
reproducible straight line will result, which oan be used as a measure
of the whipping capacity of the particular mix. With mixes of identi-
cal composition the one which incorporates the most air at a given
temperature may be considered to possess the best whipping quality,
he stated.

According to Wakeman and Gillespie (Milk Plant Monthly, Vol.
35, No. 2) the amount of butter that appears on the freezer dasher
after a period of freezing is the best index for judging the effioien-
oy of mix homogenization. Ilomogenizing pressures which are either

too high or too 10w may cause excessive buttering on the freezer dash-
er, even though microscopic examination would show fair homogenization.
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If the ice cream mix is held at a high temperature, more than one.

haLf hour after pasteurization, the mix may partially destabilize,

causing buttering out on the freezer,

Stabilizers to Use.

Recently Tracy (The Ice Cream Review, Vol. 31, No. 2) gave

a auznnary with reference to the use of stabilizers and whipping agents

in ice cream mix. The following are exoerpts

"Gelatin can be added to the cold mix or blended with some

of the other dry imgreclientn. The amount of gelatin needed varies

from 0.25 to 0.5 depandiig upon the strength of the gelatin, its

type, the percentage of total solids in the mix, the rate at which

the mix is cooled, the type of freezer used, and the drawing tempera-

ture. High pasteurizing temperatures affect the gel a.otion only

slightly. Mixes containing gelatin develop riaeosity upon aging and

have their minimum viscosity during proceBsing. This may or may not

be an advantage. It is a disadvantage when mixes are prepared for re-

a1e to small ice cream manufacturers who are confused by mixes vary-

ing in visoosity. The light viscosity of the gelatin mixes at the

cooler makes it possible to use higher refrigeration temperatures at

the cooler and facilitate the pumping and cooling processes. It 16

important v:hen cooling a gelatin mix 'o lower the temperature rapidly

to 40° F. If for some reason the mix is cooled to only 60 to 70° F.

at the cooler and then permitted to continue cooling to 40 F. at a

slow rate during storage, the gelatin, will produce a greater viscosity

than If the temperature had been lowered rapidly to 400 F. at the

cooler. A slowly cooled mix will whip less rapidly and will have a

more resistant body after being frozen. Gelatin dooe not destabilize

the mix protein. Ice cream properly stabilized with gelatin will
have a desirable type body and texture with good melt-down character-

istics. Gelatin is less favorable to ahril]kago in ice cream than

some stabilizers.

gum called Carob bean, or 1oouct bean, imported from

France and Belgium, ha been used in ice oroam, sherbets, and ices.

The product has good mix stabilizing properties, even when used at

low levels (0.12 per cent), but unfortunately it reacts with pasein

of the mix causing whoying off. For this reason when uaod in ice

cream it is usually combined with some other gum or with gelatin.

"Pectin i a colloidal carbohydrate obtained fro apples and

citrus fruit waøtea. Pectin Is usually sold to the ice oreaa trade

as a blend With other types of gum stabilizers and has proven most

useful in the manufacture of sherbets and ices and in the preparation

of syrup for ripple ice cream.

" 'Dariloid' is a colloidal carbohydrate found in kelp that

grows on the Pacific Coast of the United States. From 0.2 to 0.3 per
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oent is usually suffioient for stabilizing the finished ice cream.
The product is usua.ly mixed with a portion of the sugar and added
to the mix at 1600 F, It may be added in a water solution at a lower

temperature. 'Dariloid p4%1oeo an immediate visoosity effect in
the mix which changes bttt little during aging. Mixes containing thie
stabilizer have good whipping qualities and the ice cream has desir-

able melt-down charaoteristios. Mixes to which certain sodium salts,
and neutralizers have, been added may develop excessive viscosity when

stabilized with sodium alginate. Raising the pasteurizing temperature

beyond 160° P. and extending the holding period at 160° F. increase

the mix viscosity. Slow 000ling of the mixes stabilized with sodium
alginate also causes an increase in mix viscosity,

U Irish moss is a derivative of a marine plant, oarz'ageen,
grown off the coast of Ireland, 1'anoe, and Massachusetts. When
used alone only about 0,12 per cent is necessary to stabilize a mix,
However, in order to obtain better results in the ice cream other
gums are usually added together with corn sugar which acts as a

carrier for the gwn', There is a ooumsroial product on the market
containing essentially Irish moss called 'Krageleen. About 0,2

per cent is needed to stabilize the mix.

"Quince seed contains a water soluble gum with distinct

colloidal proporties Only about- one-tenth as muoh is needed to

stabi].lzo the mix as in the case of 225 Bloom gelatin,

"One of the newer gums to be used in ice cream is Oat gum,
It is a derivative of the oat grain. It produces an iimiediate vis-

cosity in the mix and has oertain anti-oxidant properties. Approx-

imately 0.5 per oent is necessary for stabilizing so that it is some-
times combined with other gums or gelatin,

"Sodium-oarboxy-methyl-ee1lu1oee has colloidal properties,
When used alone abouto.18 per cent will stabilize a mix oontaining
37 per cent total solids. It is compatible with other types of sta-
bilizers and is often blended with gum or gelatin when used in ice
oream. An imnediate visoosity is formed in the mix by this stabiliz-
er. The mix whips well and the ice cream has good body and melt-down
characteristics. There is no deleterious effect upon flavor.

"The use of mono- or di-acid glycerides of either plant or
animal origin for emulsifying ice cream mixes has been patented by
Swift & Company, 'Veatirine', a ocnnneroial product on the market,
containing a combination of the glyderide and gelatins has been suc-
cessfully used in ice cream. The whipping agents, which have strong

emulsifying properties result in faster whipping, smaller air cells,
a drier ice cream, and a smoother texture. The ice cream seema to be
creamier giving the inpression of greater richness or higher fat con-

tent. Because of the effect of the emulsifying agent in producing
smaller air oells and smoother texture, the ice cream is more likely
to shrink. For this reason consideration should be given to all other
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factors that favor shrinkage and avoid having too niany suoh factors

present in the same mix,."

Specifications for an ideal stabilizer, based on a discussion

with Dr. P. H. Tracy were recently (January 1948) made by one manu-'

facturer of ice cream stabilizer. He reported that they ares

u , Prioe - the stabilizer should be economical to use.

2. The stabilizer should be easy to add to the mix.

3. The stabilizer should be completely dispersible.

4. Aging of the mix should not be necessary, in order to

obtain full benefit from the stabilizer,

5. The stabilizer should not produce an extraordinary
heavy imnediate viscosity, which would be troublesome

in cooling and pumping.
6. The stabilizer should be stable to pH changes in mix,

7. The stabilizer should not be affected by the use of

neutralizer in the mix,

8. The stabilizer should produoe a desirable texture.

(a) A ohewy texture
(b) Small ice crystals
(c) The texture should hold up over a long period

of time and withstand heat hcok,

9. The stabilizer should have desirable whipping properties.

However, he expressed the opinion that this was not too

important, inasmuch, as the whipping oould be controlled

rather' easily by the use of emulsifying agents.

LU. The stabilizer should not accelerate shrinkage. The

ideal case, of course, would be if it prevented shrink-'

age.

11, stabilizer that can be used in both sherbets and ice

cream would be highly desirable,

12. The quantity used should not be so great as to beoome

an actual faotor, nor should it be so snail as to in-

troduce difficulty in using.
13. The stabilizer should be uniform, "

Freezing and Hardening, Other Important Steps

It has been reported that in some of the larger cities in

the Uiited States 90 per cent of the 1.ce cream is frozen in contin-

uous freezers. Among the many advantages of the continuous freezer

may be mentioned: (1) It is possible to obtain a smoother and more
uniform textured ice cream than with a batch freezer; (2) The con-

trol of overrun is better; and (3) it is possible to fill pint and

quart containers directly from the freezer.

The fr'oezer, whether of the batoh or continuous typo, should

be maintained in top mechanical working condition. The scraper blades

must be sharp and straight. The supply of refrigerant must be ample
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so as to permit operating the freezer to its full capacity. With a
modern freezer a large percentage of the water in the mix can be

frozen during the freezing process, and air can be incorporated to

obtain maximum overrun when the partly frozen mix is quite stiff.

With the batch freezer the temperature is generally about 24° F. when

the refrigerant is shut off. With the continuous freezer the temper-
ature of the ice cream as it leaves the machine is about 220 F., as-

suming that a mix of normal composition is frozen.

The amount of water frozen in ice cream at various tempera-

tures is shown in the acoompanying table.

The temperature of the hardening room should be uniform dur-

ing the night and day, with the temperature maintained at -15° F. and

the air in the room oiroulated. The temperature of joe cream in five

gallon cans can be reduced to that of the hardening room in about 12

to 14 hours. Quick hardening and uniform temperature in the harden-

ing room favor the formation of fine ice crystals and are thus im-

portant in producing ice cream that has a fine texture. Brdening
tunnels maintained at a temperature of -$O to _400 F., and the air

circulated, arc also used for packaged goods. The be cream wiU
harden in about 1 to 2 hours depending upon the size of the package.



DISTRIBUTION OF WATER, ICE AND SUGARS IN ICE CREAM AT VARIOUS TEMPERATURES

Composition: 12% Fat, 10% Serum Solids, 14% Stgar

Condit5;on of
Ice Cream

Amount of Water Concentratic-n of

and Ice Sugar in Syrup
Not Frozen

Tompera_

p ture Water
Percentage

Ice of water
as ice

Sucrose1 Lactose Sugar
Total

rcight of

Unfrozen
Syrup

!OF lbs. lbs.[ % % % lbs.

At freezing point 127.9 64 0 0.0 16.8 6.5 23.3 83.4

Start freezing 127.7
60 4 6.2 17.6 6.9 24.5 79.4

Drawn soft 26.8 50 15 21.9 20.2 7.8 28.0 69.4

Drawn fi t25.5 40 24 37.5 23.5 9.2 32.7 59.4

Drawn hard (24.4 35 29 45.3 25.7 10.0 35.7 54.4

Drawn very harc 122.9
30

i
34 53.1 28.3 11.0 39.3 49.4

Semi-hardened 17.5 20 44 68.7 35.5 13.6 49.3 39.4

Serving(triflo soft1.l.8 15 49 76.5 40.6 15.8 56.4 34.4

Hard 1.0

I

10 54

I

84.3 47.5 18.5 66.0

I

29.4

The above data by A. C. Dahlberg in "Ice Cream Trade Journal" Vol. 28, No. 1, p. 31, 1932.

C',

1',
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A ROUND-UP OF DEVELOPMENTS IN DAIRY MkNUFACTURING

AND DAIRY TECOLOGY SINCE.WORLD WAR II

The amount of milk produced in the United States was boosted
from a prewar produotion of 112 billion pounds during 1940 to over
120 billion during the war yearc. For 1947 it was still above this
figure with 122 billion poun.dc being produced. The milk came from

about 25 million cows.

Of this amount of milk about 1/2 was consumed in the fluid
fcrm and the other half was used in the manufacture of dairy products.
The percentage 5.ist:ibution of the utilization of milk for various
purposes during 1947 in a000rdanoe with the United States Department

of Agrioulture (1) was:

For fluid milk and cream
For butter
For icee
For c.Lnned millS

For dry milk
For ice cream
For other used

Total

46.89 per cent
26.78 per oent
9.85 per cent
6.27 per cent
1.45 per cent
610 per cent
2.66 per oent

100.00 per cent

In addition to the products made from whole milk and cream
large quantiiies of nonfat milk solids, dry and condensed whey and
cottage cheese were manufactured. The production of nonfat dry milk
solids set a new reoord of 676 million pounds for 1947.

Many advances in the field of dairy manufacturing and dairy
technology have been made during the war years and during the three
years sinoe V-E day. It is difficult to single out any one piece of
reeearoh that has been the most important. The developments have
come about through the combined effort of the chemist, the physicist,
the engineer, the bacteriologist, the nutritionist, and the dairy
teohnologiet. With the stressing by nutritionists of the importance
of an adequate amount of dairy foods in the American diet, our gener-
al health has not suffered as a result of the war conditions; this
is in oontrast to that of the people in certain foreign countries
where dairy products have been scarce for a number of years. The

American people consider dairy products among the most valuable food

products.

Of the produots cold from the farms milk and cream brought an
income in 1946 of 3-3/4 billion dollars. This was 15 per cent of the

total farm income from the sale of farm products.
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The following are some of the developments that have taken

place in recent years. No attempt is made to list them in order of

their importance.

Developments in the Market Milk Field

One of the important conservtion measures introduced during

the war was the every other day delivery of milk to homes. Costs

were reduoed, This method of milk delivery is generally used through-

out the country today. A study was made recently to determine wheth
this method of handling city milk supplies would adversely affect

the wholesomeness or the flavor of the product. The results from
this study showed that the keeping quality of milk was good enough
at all seasons of the year to permit every seoond day delivery with-

out impairment of milk quality. It is neosesary, it was pointed out,
that storage of pasteurized milk in homes should not be above 50° F.

to safeguard the healthfulness of milk. (2)

The war and postwar conditions have oauaed a marked increase
in the demand for all dairy products. On account of shifts in popu-
lation caused by war activities shortages of milk and dairy products
developed in many areas. As a result milk and oream had to be trans'.
ported sometimes long distances to these milk deficient areas, The

situation still exists. This haa brought up the question of whether
there should be a single minimum standard for milk quality regardless
of the utilization of the milk. The subjeot haa been discussed by
the leaders in the industry. Recently one authority speaking before
a state-wide conference was of the opinion that a single minimum
standard of quality for milk would be a blessing to the dairy industry
and to mankind in general as all the milk solids thus could be used
for human consumption rather than converting some of them to cheaper

animal feede as at present. He said that in many states there are
established minimum quality standards for milk, but due to the in-
adequacy of personnl, the regulations cannot be enforced at the origu
of production. The burden of enforcement cannot be borne by regula-
tory officials alone; it must rest in large part with the milk buyer,
he pointed out. The legal maxim "Let the buyer beware" may soon apply
to milk buyers as to persons in other industries, he warned. The

time is at hand when all milk aolida, either for bottle or for manu-
£aoturing purposes should meet certain minimum quality standards.(3)

A method of collecting milk from farms in tanks instead of
in cane has been introduced. The advantages claimed for this method

aro (1) a better quality of milk as the milk is at a lower tempera-
ture, (2) protection of the milk from dust contamination, (3) saving
of labor, and (4) lower cost of transportation. During a symposium
on the subject held in August 1947 it was reported that the routes
now operating collect from 100 to 800 gallons of milk at each dairy
with an average of 300 gallons. The night and morning milkings are
cooled at the dairy to 400 F. or below as soon as it is produced.
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It is stored in a covered insulated stainless steel tank and held
at the dairy until the tank truck arrives. It is than agitated to
give a uniform mixture, measured by a graduated stainless steel rul-
ér1 sampled for daily tests at the plant and then pumped into the
truck tank. Some of the farm storage tanks are equipped with re-
frigeration coils and agitators. A sanitary stainless steel centri-
ñigal pump is installed at each dairy and the milk is pumped through
stainless steel piping and a white rubber tube connection to the
truck tank. The rubber tube is loft connected with the nan-hole
cover of the tank between stops and is ooiled under the dust cap
of the man-hole cover to protect it from dust contamination. (4)

Improvement inglass milk bottle design to provide a lighter,
more convenient container has been effected. Many milk plants have
during the postwar period adopted these bottles. One type is a
a "squat" round bottle, the quart size weighing 17-3/4 ounces, having
a diameter of 3-7/8 inches; the other is a square bottle weighing
also l7-/4 ounces, and having a diameter of 3-5/16 inches. Both
bottles utilize a cap of a di.aaneter of 1-5/16 inch. The round bottle
requires a bottom shelf refrigerator area of 15.015 square inches
and the square bottle requires 10.972 square inches. The old style
round bottle was taller, wider, and heavier. For the square bottle
is o1amed that it saves refrigerator space, it is easier to handle,
consumers prefer it, and more bottles per delivery truck can be
carried. A manufacturer reports that between 40 and 50 per cent of
glass bottles now being purohased are of the square type.

There has been a tremendous increase in the use of single-
service paraffmned paper containers since World War II. The increase
has been fourfold and the yearly manufacture is now about four or
five billion containers per year. The use of paper containers for
this purpose is rapidly increasing. A quart paper container fabri-
cated by one manufacturer has a bottom area of 7.91 square inches
and weighs only 1.52 ounces, A number of advantages are claimed for
the use of single service paper containers for milk: seventeen for
the milk plant, nine for the food store, and eight for the consumer.
Among these advantages are: lighter and easier to carry; no empties
to wash and return; refrigerator space is utilized advantageously,
containers stack well, no deposits on container, milk pours easily,
the milk is protected against light. (5) The sanitary and practical
aspects of paper milk containers were studied several years ago. The
results of this investigation showed that paper milk containers were
sanitary, as well as practical, for fluid milk distribution. (6)

A more economical method of homogenizing milk was put into
commercial use in 1945. The dairy plant in which the method was
developed had experienced difficulty in common with many others in
synchronizing the fixed capacity of an homogenizer into an otherwise
flexible capacity produotion line for continuous pasteurization and
bottle filling. The problem was solved by inserting a separator in
place of the milk olarifier so that only that part of the product
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leaving the cream outlet of the separator would pass through the
homogenizer., this part being reunited with the portion of the milk
from the skimmilk outlet of the separator just prior to passage
through the final heating section of the high-temperature short-

time pasteurizer. The cream control valve was removed from the
separator to allow the hcsnoenizer to draw its full capacity (4,300
pounds per hour) from the separator in order to avoid air incorpor-
ation. The fat content of the "Cream" going to the homogenizer
ranged from 9 to 12 per oent and that of the sklimnilk ranged from
0.01 to 0.02 per cent. An homogenizing pressure of 3000 pounds per
square inch was used for the highest efficiency. The complete unit
was operated under this system at a capacity as high as 16,000 pounds

per hour. The new method which was approved by the health depart-
ment had the advantages of decreased cost of operation and resulted
in increased plant efficiency by reducing the operation of the plant
on homogenized milk to about one-third. The homogenized milk was
demonstrated to be a satisfactory product as judged by top and bottom
fat test differentials, ourd tension, microscopic appearance, and
sedimentation due to leuccoytes. (7) This method was studied by a
state experii.nt station. The conclusion was that a highly satis-
factory homogenized milk can be produced when the cream portion, con-
taining 10 to 12 per cent fat, is homogenized and then combined with
the skinmilk, followed by pasteurization. (8)

A new type heat exchanger imown as a ttMallorizerfl was offer-
ed to the dairy industry a short time ago. The exchanger is equipped
with a small diameter internal tube through which the milk product to
be treated flows at a relatively high velocity and turbulence. It is
reported that the over-all heat transfer with the heater is in the
order to 1200 B.T.U. per square foot, per hour, per degree F. log
mean temperature difference. It was also reported that it was pos-
sible to produoe from the Mallorizer sterile milk or cream, place it
in a container, where it would keep without refrigeration for ten days
or two weeks minimum, with no greater change in flavor than that occur-
ring in the change due to pasteurizing good raw milk. It was reported
that Mallorization, because of its ability to sterilize the product
completely, would protect both the public and the produot. (9)

The use of ultraviolet rays for destroying bacteria in milk
has been reported. A method for which a patent has been applied con-
sists of exposing a 1/64 inch thick film of milk to the rays produced
by a germicidal lamp. The milk flows over a series of slowly revolv-
ing oyl.nders arranged in pairs one above the other. The parts of
the equipment with which milk comes in contact are of stainless steel.
The lamps are attached to sliding racks that will slide between each
bank of cylinders, and slide out for cleaning. In tests made it was
found that the flavor of the milk was excellent. The equipment is
suitable for farm use as well as for milk plant use. (10) Another
method has been developed by German scientists. The milk in each bank
of quartz tubes is irradiated by 12 mercury vapor lamps. Effective
penetration of the rays is restricted to about 3. nm. The optimum wave
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length for bactericidal treatment was given as 2537 2ngstrm units.
(U)

A method I*e been developed and apparatus designed to pre-
serve the vitamin C content and retard the development of certain
off-flavors in milk by deacrating the milk prior to bottling under
air-free conditions, The milk is deaerated by spraying it at a
temperature of 1050 to 1150 F. into a vacuum chamber where an amount
of water is evaporated equal to about 0.5 to 2 per cent of the
woight of the milk. The temperature is reduced 70 to 15° F.. The
deaerated milk is removed continuously from the bottom of the chamber
at approximately the rate at which it enters and is then cooled and
packaged under sub-atmospheric pressure. (12)

With the wider adoption of automatic, continuous processing
of milk there is a need for control devices, such as floatless liquid
level controls. There are two types of these controls now on the
market. One is based on the use of an electronic tube in conjunotion
with a relay; this is very senitivo. Another is based on an induotkti
type relay. The controls prevent waste, save labor, and increase the
effiolenoy of the milk plant. (13)

The flow diversion valve which is an integral part of a high
temperature short-time pastourizer and is required on the 1600 F. -
15 seconds continuous pasteurizers has been simplified and improved.
All parts o the new valve that oome in contact with milk are 18-8
stain]ass steel; the valve is made more foolproof in its operation,
due to improvement in design of the solenoid valve and interlocking
mioro-switch; there is no possibility of obtaining forward flow of
sub-legal temperature of milk, if air or power fails, milk is auto-
matically diverted f or re-heating; the micro-switch, solenoid valve,
and diaphragm motor are completely enclosed. (14)

A new oontrol system for high temperature short time pasteur-
izers was announced in the 1ading dairy magazines during May this
year. Heretofore, the instruments used to control a short-time pas-
teurizer consisted of separate units. These now have been oombined
in one unit a.ong with a number of major refinements designed to
provide the user with a simpler and more reliable controller system.
The improved controller combines safety thermal limit recorder, water
temperature indicating oontrol, and cold milk record. The frequency
pen in the safety thermal limit controller oan now always be depended
upon to give a written record since the pen is moved more slowly by
a small electric motor. Also the speed of response of the thermal
element in this instrument has been decreased to 2-1/2 seconds, which
is twice as fast as allowed by the present U.S.P.H.S. Code. (15)

Improved thermometers to use in vats, milk lines, storage
tanks, etc. are now available. They are oonstruoted with 3A Sanitary
18-8 fittings. They are easily road and the Pyrex outer housing is
non-fogging. The thermometers are liernietically sealed. (16)
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The use of tinned copper for lining milk and cream heating
vats, and tinned copper heating and cooling coils in vats, is steadily
being di300ntinued in favor of stainless steel surfaces. With these
new typos of vats, water at a controlled temperature is sprayed on
the side of the lining in a fast continuous stream, thereby heating

the milk or cream inside the vat, Inaanitary stuffing boxes are dis-

pensed with and the vat are equipped with stainless steel g1tators

for adequate stizr'ing of the milk of cream during heating. (17)

Further improvement in the Babcock method of testing milk
and cream br butterfat oontent was effected when a new centrifuge

was developed. The interior of the oentrifuge is automatically main-

tained at the correct temperature. The machine is equipped with an
air circulating duct, an adequate size heating element, and provision
for proper speed adjustment and measurement. (16)

Frozen milk was used to some extent during World War II. The
quality of the product was variable. Experiments on the manufactuio
and storage of frozen milk have been in progress during and subsequent
to the war. The present Iciowledge on the Subject was recently sum-

marized. (19) Of first importance is the U80 of fine quality milk.
Heat the milk to 1700 - 1800 F. and condense it to one-third hé

volume. Homogenize it at 3000 pounds per square inch, cool to 400 F.

and plaoe it in containers. Quick freeze the milk in a freezing
tunnel and store at -15° F. or lower. Prevent a fluôtuation in tem-
perature. When reconstituting place the block of frozen milk in the
desired amount of water at a temperature of about 1700 - 1800 F.,
and without agitation, allow it to melt. It is predicted that frozen
milk ha a promising future, but further research is necessary to
perfect the procedures to be used.

Sterilized caramel milk was developed in response to a demand
by the army for a beverage that could be used hot or cold as a quick
source of energy on invasion beachheads when appetites were sluggish.
In the experiments to develop the product the caramel base was pro-
pared from a mixture of cream, milk, corn syrup, sucrose and salt.
The mixture, totalling 106.3 pounds was heated with stirring to 160°F.
and homogenized at a pressure of 2500 pounds per square inch. It was
then cooked in a candy kettle with a double action stirrer to 238° F.,
000led slightly, and diluted with 8-1/4 pounds water and vanilla fla-
vor. The yield was 84 pounds with a moisture content of 20 per oent.
The oaramel milk was prepared by adding 14 pounds of the base to 86
pounds milk containing 4.07 per cent fat and 9.18 per cent solids-.
not-fat. The product would contain 5 per cent fat and 22 per cent
total solids. The milk could then be canned and heat sterilized simi-
larly to evaporated milk, (20)
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Important Developments in Butter Manufacture

The orthodox method of churning oream and salting and work-
ing butter is on the way out and the continuous method of inanufactur-
ing butter will be introduced. At this writing the continuous method
is in the pilot stage in the United States but within ashort time
several "experimental" ceroial installations will be in operation.
The American methods developed by the Creamery Package Manufacturing
Company and the Cherry-Burrell Corporation as well as the AustraI.iari
"New Way" method, the German "Fritz" and "Alfa" methods the Swedish
"Alfa-Laval" method, and the Swiss "Seim" method have already been
fully described in former .issuea of Food Industries, (21) (22) (23)
The Butter Plant of Tommorrow promises (1) complete sanitation by
eliminating manual handling of butter and exposure to air, (2) less
moisture loss during printing and from out prints, (3) improved keep-
trig quality of the product, (4) easier composition control, (5) leec
floor space required, (6) fewer man hours per thousand pounds of but-
ter, and (7) lower cost of manufacture.

The All-Metal cast aluminum alloy chum 'ihich vas developed several
years before the war has been inproved considerably during the last
three years, As this churn meets modern ideas of sanitation the
mention of the improvements is justified. The castings which make up
the churn barrel are now welded, thus making the churn a one-piece
unit with a smooth interior. The churn drive is located in a water-
proof compartment and is of the noiseless, roller-chain drive type,
By means of a variable speed control the speed of the standard size
churn barrel may be varied from 23 r.p.m. to 36 r.p.m. The new style
churn is equipped with an ingenious safety switch look. The key from
this switch look must be inserted in the churn door before thia can
be opened. Thus it is impossible to start the churn with the door
open. The advantage of this is clearly seen. (24)

The use of carotene, obtained from plants, as a coloring agent
for butter has been studied during the postwar years. (25) As carotene
is the preoursor of vitamin A nutritionists favor the use of the pro-
duct. Studies are now underwa y to determine the most suitable car-
rier for the oarotene. It must be bland in flavor and must have no
unfavorable effect on the flavor of butter when this is held. in stor-
age. Whether the color of butter is being enriched with carotene or
with some other approved coloring agent it is desirable for the butter'-
makers to make butter which has a uniform color,

A ample method for standardizing the color of butter has re-
cently been devised. (26) Ordinary creamery litterfat testing equip.-
mezrt is used when making a test on cream to determine the color of the
fat of the cream to be churned. A simple procedure is followed. The
principle of the test is to warm the cream to 300 C. (86° F.) in a
Bab000k 18 gram test bottle and shake with a few glass beads, to about
400 C, and to extract the fat with petroleum ether, bringing the



solvent containing the fat into the nook of the bottle and adjusting
to a known volume. Then by the use of a photometer or color stan-
dards it is possible to calculate the amount of carotene or other
color to add to the cream to seq.zre the shade desired in the final
butter. Some oomeroial oarotie coloring concentrates available for
use as color have been found to contain from 2000 to 5000 meg. of
carotene per ml.

Recent Developments in the Cheese Field

The domestic oonsumption of cheese has increased considerably
since World War II. It reached an all-time high of 6.9 pounds per
oapita in 1946, excluding cottage, or almost 1,000,000,000 pounds. In
addition about one-fourth billion pounds of cottage cheese were con-
sumed. Consumption of cheese was estimated to be still higher in
1947. Reasons for the increased oonsumption of cheese wore: the
better buying power of the American people during recent years; short-
age of meats; the availability of more U. S. made varieties of cheese;
more cheese sold in convenient size packages; improved merchandising
methods, including the introduction of attractive refrigerated dis-
play oases. Results from technological research have also been a
factor. It has been emphasized that cheese can be used in many ways.
It can be eaten with a number of other foods suoh as with crackers,
bread, fruit, vegetables, macaroni, pie and soup, and it has many
uses in cookery. Well-ripened cheese when served as a pro-dinner ap-
petizer is greatly enjoyed by connoisseurs. Merohandising natural
cheese by cutting off wedges from a wheel of cheese at the time of
sale is about a thing of the past. The modern method is to sell eith'
pro-weighed portions of cheese wrapped in transparent film, or 4-ounce
to 5-pound portions which have been packed in glass, tin cans, or
transparent film in the cheese factory or central warehouse. The
sale of oheese in individual packages has been a major factor in in-
creasing sales and it is likely that oheese sales will be materially
stimulated in the future by further :improvement in packaging. The
purchaser likes the availability, visibility, and economy of rindless
cheese in transparent film. Pasteurization of milk is gradually be-
ing adopted by the industry as a public health measure to increase
the safety of cheese as a food and to enable the oheesemaker to manu-
facture cheese of more uniform quality. All milk used for cottage
and cream cheese is pasteurized and a large percentage of the milk
used for Cheddar oheese is now being pasteurized. Research is under
way to determine if it will be possible to make Swiss, Limburger,
blue-mold, and other varieties of cheese from pasteurized milk. One
large organization has reported that it is successfully manufacturing
Camembert, Limburger, and other varieties from pasteurized milk. (27)

In the manufacture of cheese about one-half of the milk solids
remain in the whey. The total solids content of whey ranges from 6 to



241

7 per cent. These solids consist of albumen, lactose, fat and miner-

als. Of the solids, 60 million pounds protein, 92 million pounds

lactose, 3 million pounds fat, and 14 million pounds minerals, a total

of 169 million pounds were used for human food in 1944. These were

in the form of dry whey solids, sweetened and plain oondensed whey.

For animal feed were used 17-1/2 million pounds protein, 95.4 million pounds

laetose, 0.7 million pounds fat, and 12.7 million pounds minerals, a

total of 126.3 million pounds. But, of all the liquid whey available

6 billion pounds were returned to the producers or lost. This whey

contained 48 million pounds protein, 270 million pounds lactose, 3

million pounds fat, and 36 million pounds minerals, a total of 357

million pounds. (28) With the further expansion of the cheese indus-

try since 1944 still larger quantities of whey solids are available.

Condensed whey and dry whey may be used for a variety of food products

such as cheese spreads, bakery products, infant foods, soups, and

candy. They may also be used for a number of industrial and pharmaccu-
tioal products such as pills, penicillin, vinegar, plastics, ribofla-

vin conoentrate, protein hydrolyzato, etc. Cheese whey may be used.

for the production of ethyl alcohol, using a yeast Torula oremors
for fermenting the milk sugar. The method was reoeñliIiscüssed,
(29) A yield of alcohol averaging 90.73 in the laboratory and as low

as 84 per oent under pilot plant operation was reported.

A new type of cheese vat has been developed. The temperature

of the milk and of the curd and whey is regulated by water sprayed
at a controlled temperature against the stainless steel inner lining,
This type of heating is much superior to the use of either direct
steam or hot water in the jacket. There will be no hot spots caus-

ing uneven firming of the curd. The heated water is foroed by a
pump through headers located at the top between the inner lining and
outer jacket. The vat can be used for both cottage cheese and Cheddar

cheese. (30)

A new short method of manufacturing oottage cheese from non-
fat dry milk solids wa announced a fevt months ago. It oall for the

use of 20 pounds of solids to each 80 pounds water, to give a product
of 20 per cent concentration, or about 2-1/2 times the concentration
of ordinary fluid skimmilk. To this reconstituted milk is added 12
per cent starter and 12 cc. of a coagulator. The time for "setting"
until outting the coagulum into oubes with wire knives is about three
hours. The balance of the prooess is in accordance with the establish'.
ed procedures. (31) A new dry milk product knovii as Lacal which con-
tains less of the soluble solids of milk is reported to be of particu-
lar value for the manufacture of cottage cheese.

The war caused a scarcity of foreign-made Parmesan cheese,
whioh is in considerable demand as a grating cheese to be used with
soup, spaghetti, and other foods. A new method has been developed
for making grating cheese that has a high piquant flavor. A satis-
factory quality cheese can be obtained when the cream is homogenized
before it is added to the raw skinmilk, thus promoting the deve1opent



242

of fatty acid that confers a characteristic flavor during a shorter
ripening period than was formerly used. (32)

An ingenious method of using electricity for heating water
to use for -various purposes in a cheese factory in Switzerland has
been in use since 1945. The patented system is known as the "Magro."
The temperature of water in two boilers with a capacity of 900 gallons
is automatioally maintained at 244° to 248° F. This water is used for
heating milk, whey, curd, and is used for heating the curing cellar
and for cleaning the equipment. The installation oost was $6,000.00.
With electricity costing 0.61 cent per kwh, the energy cost per ton
of milk ranged during April to June, 1946 from $0.52 to $0.64. This
was less than if wood had been used and, was much more satisfactory.
(33)

Reports of developments in the dairy manufacturing field in
Canada are printed regularly in Canadian and American Journals and
magazines. A new method for determining the "setting" time in Cheddar
cheese making was announced a short time ago. In brief the test do'.
ponds upon the reduction of resazurin dye in a sample of milk to its
pink end point. Yftien the milk is incubated at 86° F. for five mintrbes
and the color changes to pink, the milk is ready for the addition of
rennet. (34) A rapid method for determining extraneous matter in
Cheddar cheese was published several months ago. As a solvent for the
cheese is used a ten per cent solution of sodium citrate. (35)

Developments in Dry 1Vholo Milk Manufacture

A new typo of spray milk drier in which the milk is dried in
an inert gas such as nitrogen or carbon dioxide has recently been de-
veloped and proven satisfactory for laboratory purposes. The exhaust
gas from the drier is dehumidified and is re-used. This is accom-
plished by cooling with not more than 20 gallons of 50° F. water per
pound of water removed. The inventor of the drier believes that this
method of drying would be coiiuneroially satisfactory. (36)

Over 500 million pounds dry whole milk were manufactured dur-
ing the last three war years. Research was in progress at the close
of the war in different research laboratories on methods of improv-
ing the storage property and reoonstitutability of dry whole milk.
Some of the researoh has been completed, other is still in progress.
It was stated recently that so far as dry whole milk is concerned
we advanced further indurially in four years than we had in the pre-
vious 10 to 15 years because the industry accepted the results from
basic research and put this into practice. (37) Perhaps the product
still needs to be improved but further work will show how the flavor
of the product can be improved, how the fresh flavor oan be retained
during storage, and how the product can be quickly and easily re-
constituted.
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Dry Ice Cream Mix and Other Developments in the Ice Cream Fiöld

In the opinion of Colonel Rohland A. laker, former direotor
Q.M.C. Subsistence Research and Development Laboratory, when discuss-
ing the aooeptability of food by the Aiierioan soldier, some foods in-
herently have a high morale value. He stated that bread, milk, pota-
toes, ice oreaan, ohioken and cheese were favorites. (38) The manu-

faoture of dry joe cream mix in large quantity for use by the armed
forces during World War II was the greatest single achievement of the
American dairy industry during the war, according to Colonel laker.
(39) Since the war, and particularly since sugar has become more
available, dry ice cream mix has been marketed in small pokagea
through food stores. The Army still uses large quantities,. The U. S.
Army Quartermaster Corps reoently asked for bids on 19 million pounds
of dry ice cream mix for delivery during April to September 1948. The
commercial manufacture of dry ice cream mix is as follows: (40) (4].)

" 1. The ingredients for spray drying oan be oonibined in the
following ways: (a) the fluid milk-cream mixture is ad-
justed to the desired ratio of fat to solids-not-fat
prior to condensing. After condensing, the stabilizer,
whipping agent and part of the sugar is added. The sta-
bilizer is usually dissolved in hot water prior to add-
ing to the mix in this method. (b) the fluid milk-cream
mixture is adjusted to the desired ratio of fat to solida-
not-fat prior to condensing as in (a) above, but the sta-
bilizer, whipping agent, and 25 per cent of the sugar is
added before condensing. All the sugar is not added to
the mix before drying for the following reasons: 1. in-

creases difficulties of drying; 2. decreases capacity
of the drier; 3. a caramel-like flavor may develop in
the dried mix,

2. The prepared mix or the fluid milk-cream mixture should
be preheated to a relatively high temperature especial-
ly if the powder is to be gassed and kept for any length
of time. A temperature of 170° F. for 20 minutes, 1800F.
for 10 minutes, 1900 F. for 5 minutes, or momentary hold-
ing at a high temperature may be used.

3. If the condensing method of making the mix is used the
liquid ingredients are condensed to a 30 to 36 per cent
total solids depending on whether the stabilizer is
added before or after condensing and the viscosity of
the mix.

4. If continuous operation is desired the mix is brought to
1500 F., the stabilizer is added in a water solution
and the mix is homogenized (2500 pounds first stage, and
500 pounds second stage).
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5. The fluid mix should be pre-heatod to 1500 F. before

spray drying.

6. The mix should be spray dried to contain not over 1.5
per cent moisture. The inlet temperature should be as
low as possible to obtain this moisture as high inlet
temperatures tend to give powder a cooked, scorched
flavor,

7. For 000ling, the powder must be removed continuously
from the drying chamber and cooled to at least 100° F.

before packaging in barrels or tina.

8, The remainder of the sugar is added to the powdered
mix to obtain the desired sugar-fat ratio. Powdered
vanilla is usually added to the mix at this time also.

9. The powdered mix is usually packaged in 25k-pound tins
and in tins holding 4-pounds 6-ounces of powder. The

containers are then gassed to contain a minixmnn of

oxygen.

Additional information regarding the manufacture of dry ice
oream mix was given in a reoent article in Food Industries. (42)

The continuous, high temperature method of pasteurization of
ice cream mix was shown to be satisfactory several years ago, but it
is only in recent years that this method has been introduced by the
ice cream industry for pasteurizing ice cream mix, It has been re-
ported that the method has been approved by at least two state regu-

latory departments. Equipment for heating ice cream continuously

to a high temperature without burn-on are now on the market. One

nationally-known ice cream authority ha stated that this method of
pasteurization is one of the outstanding developments of the past few
years. A Ste-Vac heater will heat, if installed and properly operated.
fluid produots to 190° F. in a one stage operation and to as high as
2400 F. in a two stage operation, and concentrated products from 40°F.
or less to as high as 1900 F. in a two stage operation. No "burn-on"

takes place. (43) The Vaoreator* vacuum pasteurizer which has been
manufactured in the United States since the war, is used for heating
oream for butter, ice cream mix, and market grealn, instantly by steam
là a chamber to a temperature of 1900 - 200 F. followed by a treat..
ment in two vacuum chambers maintained usually at about 20 inches and

28 nohea vacuum. The product emerges from the third chamber at about

100 F. Low bacteria counts and negative phosphatase tests of the
products were obtained in teats made. (44) The Vaoreator is now being

* Vaoreator, a trade-mark registered U.S. Patent Office, Canada
and other countries.
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used for the treatment of milk to be used in the manufacture of
cheese. The milk is first preheated to a temperature of not less
than 145° F. followed by treatment in the Vacreator at a maximum
temperature of 165° to 1700 F. Since the milk emerges from the
third chamber of the Vacreator at a temperature of about 1000 F.

it needs to be cooled or4y 150 F. to the "setting" temperature.

The announcement of a method of first condensing milk for ice
cream mix with a Vacreator followed by high temperature pasteurization
at 195° - 200° F. of the complete homogenized mix in the Vacreator
was released in 1946. (45) When condensing, a maximum of 500 pounds
water per hour could be removed from the milk with the "Baby" size
Vaoroator and 100 pounds per hour with the "Junior" size machine. At
the University of Manitoba 41,000 pounds condensed skiinnilk contain-
ing 28 per cent total solids have recently been made by this method.
The product was sold to ice cream manufacturers, Condensing the

oomplete mix with the Vacreator to the desired concentration followed
by homogenization and vacreation of the mix has also been found satis-

factory.

Utilization of the method of determining the true lactic acid
content of ice cream as a means of determining the quality of ice
cream was recently announced. The results from such an analysis would
aid in determining whether the ice cream was made from fresh sweet
milk or cream or from soured products. In the studies made it wa
found that the oolorimetrio method was accurate generally within 2 mg
per cent. No relationship was found to exist between the lactic acid
content and the titratable acidity and pH of the mixes. It was con-
cluded that fresh, unflavored ice cream mix should contain less than
10 mg. per cent (0.01%) of lactic acid as measured by the oolorimetrio
method. (46)

Recent resoarqh on the use of high quality spray process dry
whey solids in ice cream has shown that up to 7 per cent of the pro-
duct could be used in vanilla ice cream and as much as 10 per cent
could be used in chocolate and strawberry ice creams. (47)

New types of ice cream stabilizers and emulsifiers, or com-
binations of both, have been introduced since the war. The baslo
materials used for the stabilizers have, in general, not been changed.
They consist mostly of gelatin, gums, sodium alginate, and Irish Moss.
A recent stabilizer is sodium oarboxy-methylcellulose. Emulsifiers,
either added separately to the mix or in combination with a stabiliz-
er, favor the formation of small air cells in the ice cream during
freezing with the result that the ice cream will have a smoother tex-
ture. The ice cream appears "drier." The oomueroial einulsifiers
consist of mono- or di-fatty acid glycerides; esters of fatty acids
with sorbitan; or sorbitol; or esters of fatty acids and polyoxyalky-
lane derivatives of sorbitan. The addition of only 0.1 per cent emul-
sifier to ice cream mix has been observed to result in a considerable
improvement in the texture of ice cream when a batch freezer was used.
(48)



Miscellaneous Developments

The prevention of the development of an objectionable flavor
in food fat when this is 8torOd has been the subjeot for experiment-
ation by food chemists for many years. A concerted effort was made
during the war years to develop chemical agents that would act as
inhibitors of the oxidation of fats. Partial lists of antioxidants
have been prepared and the characteristics and the limitations of
antioxidants as well as synergists have been discussed in the liter-
ature. The effectiveness of flavones and other phenylbenzopyrone
derivatives as antioxidants for animal fats have recently been deter-
mined. It was found that the flavones queroetin, quercitrin, and
rutin were effective antioxidants for milk fat and lard. (49) A list
of 51 references is given in the published report on this subject.

The development of a flew dairy food was announced during the
March 1948 meeting of the Federated Societies. The food consists

largely of various milk solids supplemented with dried brewers' or
cultured yeast, iron and calcium salts, vitamins A and D. The chem-

ical composition is: Protein 21.8 per cent; fat 3.5 per cent; miner-
als 4.3 per cent; water 54.0 per cent. Non-reported ingredients

16.4 per cent. It was reported that the food can be served as fried
patties in sandwiches, as dairy balls and loaves, with spaghetti,
and as oroquettes. The loaves and balls are claimed to have a distinct
meaty taste. (50)

Changes in the method of merchandising ice cream have taken
place. In a survey completed sometime ago it was found that about
one-third of the total ice cream production was sold in packaged
form as compared with only 20 per oont before the war. (51) Fewer
retailers are willing to hand pack ice cream for take home sales.
The survey showed that 82 per cent of those polled considered the
grocery store the boat outlet for their product; 64 per cent con-
sidered drug stores a satisfactory outlet; and 50 per cent reported
using frozen food stores as regular outlets. Of the manufacturers
that were doing a large package business, 75 per cent stated that a
re-styling of the package for better eye and sales appeal was desir-
able.

The trend in merchandising ice cream for home oonsumption
is in the sale of ice cream in attractive packages which the consumer
oan take home in insulated bags. Sometimes a small two-or three-
ounoe piece of dry ice is placed inside the bag. Buyers of food in
food stores prefer factory packaged goods. They li1 to obtain the
packages of frozen foods and of ice cream from the self service cabin-
ets that are now extensively used in stores. When attractively dia-'
played the sale of packaged ice oream may increase considerably as
the product is still an "inpulse buying" item. It was predicted (52)
that if progress in merchandising continues the next few years, 75 to
80 per cent of ice cream will be consumed out of packages in the home,
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It was also pointed out that many of the wide awake manufacturers
are merchandising factory packed ice cream of approximately 70 per
cent overrun, which conforms to what the public wants and, in the past
could only be found in dipped ioe cream.

Improvement in the phoaphatase test as a public health safe-
guard to assure consumers that the milk or cream used for bottling
purpose or for manufacturing has been adequately pasteurized has re-
cently been made. The teat as improved has been adopted as an official
method by the A.0.A.C. in October 1947, for use with fluid milk and
cream, Cheddar cheese, and soft, unripened cheeses. (53)

Several methods of preparing dry milk fat have recently been
developed. One of these, proteoted by a patent, (54) involves pan-
teurizing fresh, sweet cream at 170° - 1800 F., then centrifugally
separating this to obtain a high testing product containing 80 per
cent fat, followed by homogenising and passing the produot through a
settling tank. The fat when decanted contains about 2 per cent mois-
ture and is freed from this moisture by passing through a centrifugal
separator. If of high quality, dry milk fat will show little change
when stored at 400 F. for six months. Dry milk fat has many uses.
It can be used in place of butter; it is satisfactory for use in ice
cream mix, cream cheese nix, creaming of cottage cheese, confections,
baked goods, etc., and when combined with reconstituted nonfat dry
milk solids, it can be used for the preparation of recombined milk,
cream, butter, and ice cream. (55) Dry milk-fat has been shown to
keep well where packed in inert gas with less than 0.50 per cent of
the container volume as free and dissolved oxygen. (56)

Although not in the field of dairy research referenoe should
be made to the development and wide use of the newer insecticides
such as DDT and Chiordane. The periodic application of these insecti-
oides is effective in ridding dairy plants of flies and cookroaohea.
For the destruction of rodents has been invented a "Radar" trap. The
apparatus is automatio and after the animal has been killed, without
burning, with electricity, it is automatically oxpelled from the trap.

Wartime and postwar research has brought out new cleaning
compounds and improved methods of cleaning dairy equipment, The
cleaning agents now contain compounds that will emilsify fat, pene:.
trate to the surface of the equipment, condition the water used, and
react with the milk protein. The compounds should favor good rins-
ing. The newer commercial cleaning compounds are mixtures of several
alkalies. Complex phosphate is generally present as is also one of
the wetting agents. Speola]. aluminum cleansers are available. For
destruction of micro-organisms that remain on the cleaned equipment
have been developed a group of quaternary animonium compounds. The
effectiveness of these germicides in various concentrations is being
investigated. Several tests for determining the concentration of a
number of these compounds have recently been developed. One method
is based on formation of a rod precipitate on addition of quaternary
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aonium compound to eosin yellowish and subsequent titration to a
colorless compound with anionic surface active agent. (57) The test
suggests wide applications for determining the concentration of dilute
quaternary aimnonium solutions. It also may be used to detect the
presence of quaternaries in raw milk. A paper teat where only rough
estimations of quaternary concentrations are desired was also devel-
oped.

Advanoes in improving materials for dairy equipment are con-
tinuously being made. A new stainless steel ttNo. 20" has recently
been developed. It is stated that the metal is very corrosion-resis-
tant as it contains 3 per cent oopper in so-called cold solution,
The copper is not soluble and does not affect the quality of milk or
cream with which it comes in contact. The composition of the metal

carbon 0.07 per cent; manganese 0.75 per cent; nickel 29 per
cent; molybdenum 2 per cent; silicon 1 per cent; chromium 20 per oenij
copper 3 per cent; and the remainder iron. (58)

In addition to the many developments that have been discussed
above, several others can be mentioned. They are: Coil pasteurizing
vats equipped with sanitary rotary seals for coil shafts; Improved
construction of continuous ice cream freezers; automatic equipment
for manufacturing chocolate coated bars; improvement in the construc-
tion of milk and cream pumps; automatically operated self-contained
steam generators; automatic dispensers for bottled milk and packaged
ice cream; improved ice oreain packaging equipment; the use of alum-
inum foil for the wrapping of butter; improved gaskets for plate
pasteurizers and for sanitary milk pipes; new equipment for re-
constituting dry milk and for combining dry milk, butter oil and
water; improved ice cream and cheese package design; an improved
all electric atrbomatio continuous milk pasteurizer; now paints that
are mold resistant, acid and alkali resistant, and non-blistering
when painted on damp surfaces; all-metal cheese vats and hydraulic
metal cheese presses; a new refrigerant for keeping packages of milk,
cheese, ice cream fresh druing transit -- the light-weight bricks or
bags can be re-activated and used again; home eleotrio pasteurizers.
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