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FOREWORD

The method of pasteurizing cream under vacuum was
first studied by the Oregon Agricultural Experimtht Sta-
tion in 1938, the results being presented in Bulletin 368.
The experimental use of this method of pasteurization
for ice cream was studied by the Station in 1939. The
operation was so successful that it became routine practice
in the experiment station laboratory and its pilot plant.

In 1942, stimulated by the deficiency of nonfat dry
milk solids, the dairy research staff saw the possibility of
adapting the Vacreator* vacuum pasteurizer for condens-
ing milk. After repeated trials, the necessary adjustments
were determined. A systematic study was made. The
method developed is fully outlined herein.

It is now apparent that in addition to manufacturing
with this equipment ice cream of delectable flavor, excel-
lent texture, and irreproachable sanitary quality, the
whole field of milk concentration is opened to new pos-
sibilities. Owners of this type of equipment who have
access to an adequate supply of milk may economically
evaporate it if such a procedure is desirable.

The results from this research suggest not only revo-
lutionary developments in the ice cream industry but the
possibility of new methods of preparing milk solids for
other uses in the dairy manufacturing industry.

WM. A. SCHOENFELD
Dean and Director

Vacreator" is the registered trademark designating the Murray vacuum
I pasteurizers.
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SUMMARY

1. The quality of the ice cream made when the mix was
homogenized,
vacuum pasteurized with a Vacreator at 198° F.,
immediately cooled

was superior to that of ice cream made when the mix was
pasteurized by the vat-holding method (1600 F.

for 30 minutes),
homogenized,
cooled.

The new method of high temperature vacuum pas-
teurization of ice cream mix has been standard procedure
in the dairy products laboratory, Oregon Agricultural Ex-
periment Station, during the past five years.

2. A member of the experiment station staff in 1939 had con-
sidered the possibility of condensing milk for ice cream
mix with the Vacreator.

3. War period scarcity of dry milk late in 1942 prompted a
study of condensing milk and ice cream mix with the sta-
tion-owned 'Baby" size Vacreator (vacuum pasteurizer).

4. After about one year of experimentation a simple, practi-
cal, and inexpensive method of condensing skim milk to
the concentration desired for ice cream mix, using the
Vacreator without any mechanical change as a milk con-
denser, was devised. Condensed milk of a highly satis-
factory quality was obtained.

5. Condensing the complete mix, using cream and either whole
milk or skim milk as sources of fat and milk solids-not-fat,
was found to be possible but not entirely satisfactory. A
more convenient and simple procedure was first to con-
dense the skim milk to the desired concentration.

6. The method of condensing skim milk with the Vacreator
is fully described in this bulletin. Directions for determiri-
ing the density of the condensed milk and for the subse-
quent standardization of the condensed milk, as necessary,
are also given.

7. The "Baby" size Vacreator used in this experiment had suf-
ficient capacity to remove up to 500 pounds of water from
skim milk per hour, when operated as described in the
bulletin.



SUMMARYContinued

8. After condensing, the other mix ingredients were added
to the condensed milk in the vat. The complete mix was
then homogenized, vacreated at 198° F., and immediately
cooled.

9. The bacterial content of the homogenized, vacreated, cooled
ice cream mix was very low. Negative phosphatase tests
were always obtained.

10. Ice cream of highly satisfactory flavor, body and texture,
and melt-down characteristic was made when:

the required skim milk was condensed by the Vac-
reator to the density desired;

the required other mix ingredients were added to
the condensed skim milk;

the mix was homogenized, vacuum pasteurized
and immediately cooled.

11. Trials involving the condensing of skim milk in a commer-
cial ice cream factory with a "Junior" size Vacreator
showed that it was possible to remove approximately 1,000
pounds of water per hour from the milk when the density
was increased to that desired for condensed milk to be
used in ice cream mix.

12. Whole milk was successfully condensed with both ma-
chines.

13. The ice cream made from the mix with which condensed
whole milk was used had a superior flavor to that made
from mix with which condensed skim milk was used.

14. The steam, water, and electric cost of condensing skim
milk with the "Baby" Vacreator in the experiment station
laboratory to the density required for ice cream mix con-
taining 10 per cent milk solids-not-fat averaged 8.50 for 100
pounds of mix. This cost would be less under commercial
conditions.

15. The method of condensing milk with the Vacreator and
subsequent vacreation of the ice cream mix was practical
and resulted in ice cream of fine quality.

6



The Dual Use of the Vacreator for
Condensing Milk and Pasteur-

izing Ice Cream Mix
By

G. H. WILSTER*
Professor of Dairy Manufacturing

INTRODUCTION

USING THE VACREATOR FOR PASTEURIZING (VACREAT-
1MG) ICE CREAM MIX

THE first Vacreator on the American continent was received
from New Zealand and installed in the dairy products labora-

tory at the Oregon Agricultural Experiment Station in September
1938. A report covering a study of 86 churnings of butter made
from cream pasteurized by the usual vat method and 86 churnings
made from cream pasteurized by the new method was published.f It
was found that "Vacreation resulted in increasing the average score
of the butter when fresh 0.83 point," and "The vacreation method
of pasteurization was found to be more efficient in killing bacteria
than the coil vat method at the temperatures used." Vacreators
were also installed by the dairy departments of the University of
Manitoba and Iowa State College. Experimental churnings were
made. Results obtained in Manitoba showed that "Of the 153 direct
comparisons made in this study between butter made from pasteur-
ized and vacreated cream, all but eight or 145 are in favor of the
vacreated on the basis of flavor scores," and "The Vacreator is an
-

Cooperating in this work were: Mr. H. P. C. Nielsen, instructor in dairy rnanufac
turing; also J. K. Glynn and Wm. S. McFadden, senior students in dairy manufacturing.
On graduation both men joined the United States armed forces and served overseas.
McFadden was killed in action in France in 1944. The contribution of these men to this
research is acknowledged.

The Oregon Agricultural Experiment Station acknowledges the excellent cooperation
given in connection with the research by Mr. I. N. Hagan, Mr. A. J. Hagan, the staff of
the I. N. Hagan Ice Cream Company, Mr. C. F. Weinreich of the Clierry-Burrell Cor-
poration, and Mr. F. S. Board.

Several drawings were furnished by the Cherry-Burrell Corporation and one photo-
graph was furnished by the Taylor Instrument Companies. For ihe use- of these the Ex.
perimnent Station extends its thanks.

TIme author expresses us appreciation to Dr. j. R. Haag, nutrition chemist, Oregon
Agricultural Experiment Station, for reading the manuscript and offering helpful sug.
gestions.

Dr. 0. F. Hunziker, Chicago Illinois, very kindly read tile manuscript and made valu-
able comments.

t G, H. Wilster, Viacuiim Pasteurization of Cream for Butter, Bulletin 368, Oregon
Agricultural Experiment Station, January 1940.
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efficient pasteurizer."* The Iowa results showed that 'The vacuum
pasteurization 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 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 re-
sult of the high temperature of pasteurization."t

The outstanding results obtained at Corvallis with the new
method of pasteurizing cream for butter led to a consideration of
using the method for ice cream mix. It had been reported that ice
cream mix was being successfully pasteurized in Australia at as
high as 205° F. by this method.

As ice cream mix had generally been pasteurized at from 1550
to 160° F. for 30 minutes prior to homogenization, it was with some
skepticism that this method of high-temperature, vacuum pasteuriza-
tion of ice cream mix was tried by the Oregon Agricultural Experi-
ment Station. It was feared that the heat treatment, even at 190° to
200° F., might cause a caramel or butterscotch 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 prob-
ably a poor melt-down characteristic. As the mix would emerge
from the vacuum pasteurizer at a temperature of about 1100 F., it
would be necessary to heat the mix again if homogenization were to
follow 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:

The ingredients for the mixcream, milk, dry milk, sugar,
whole egg, gelatinwere blended in a coil vat and heated to a
temperature of 150° F.
The temperature of the mix was maintained at 150° F.
while being homogenized. Homogenization consisted of ap-
plying a pressure of 2,500 pounds per square inch.
The homogenized mix was discharged into a surge tank.
The homogenized mix was vacuum pasteurized as follows:
First chamber (6 inches vacuum) 200° F.
Second chamber (20 inches vacuum) 161° F.
Third chamber (28 inches vacuum) 100° F.
The pasteurized mix was cooled to 35° F. on a surface
cooler and was then stored in an insulated tank until used.

R. \V. Brown, Department of Dairy Husbandry, University of Manitoba, \vinnipeg,
Manitoba, "Vacreated Cream" published in The Cano4ian Dairy and Ice Cream Journal
Vol. XIX, No. 3, March 1940.

tN E. Fabricius and E. Vi'. Bird, The Quality of Butter Made From Vacuum.Pa.s-
tcurized and t'at.Po.stestriaed Lots of the Same Cream, Bulletin 284, Iowa Agricultural Ex-
periment Station, November 1940.
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The mix treated by this method, where homogenized mix was
vacuum pasteurized, was compared for flavor, body, bacteria! con-
tent, and whipping property, with a mix processed by the usua!
method of vat pasteurization followed by homogenization and cool-
ing. The results obtained were surprisingly good. In a considerable
number of comparisons, involving split batches, it was found that
the mix treated by the new method 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 bacteria! content.

The process has also been found satisfactory at the Iowa Agri-
cultural Experiment Station.* It was reported that "vacreation of
ice cream mix improved the flavor of ice cream when scored fresh,"
and "there was less tendency for vacreated mix ice cream to develop
a stale, oxidized, or metallic flavor." In this work homogenization
followed vacuum pasteurization.

As a result of these tests made during the year 1939, it was de-
cided to use the vacreation method as a standard procedure for all
ice cream mix prepared in the Oregon State College dairy products
laboratory. The results of this application during the past five years
have been very 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 for contami-
nation subsequent to pasteurization.

USING THE VACREATOR FOR CONDENSING MILK
OR ICE CREAM MIX

The possibility of using the Vacreator either for condensing
milk to be used in ice cream mix, or for condensing the mix, was
considered by the Oregon Agricultural Experiment Station in 1939.
Because of pressure of other work, extensive studies were not taken
up until later.

With the United States in active participation in World War II
and the lend-lease plan in effect, there developed a scarcity of spray
process nonfat dry milk solids. This product had been in general
use for increasing the amount of milk solids-not-fat in ice cream
mix. As difficulty was experienced in obtaining sufficient dry milk
for ice cream mix, it was decided to activate the project on condens-
ing milk, or ice cream mix, by means of the Vacreator.

N. E. Fabricius, "Vacreation of Ice Cream Mix" in Report of Proceedings of the
40th Annwal Convention, International Assocjcotsc'n of Ice Cream Manufacturers, 1940.

t order DA-t made mandatory the setting aside for govermental and
military use at least 90 per cent spray process nonfat dry milk solids manufactured, begin-
ning November 5, 1942.
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The problem resolved itself into a choice of whether the milk
needed to supply the extra nonfat solids should first be condensed
alone or the entire ice cream mix should be prepared and then con-
densed to the desired composition.

The following two procedures were outlined:
Place sufficient skim milk, or whole milk, required to supply
the necessary amount of solids in addition to the solids sup-
plied by the cream, in a vat and circulate this through the
Vacreator until the desired concentration is reached. Then
add the other ingredients required for the mix, homogenize,
and pasteurize.
Prepare the mix by using combinations of the necessary
amounts of cream, butter, whole milk or skim milk to supply
the desired amounts of fat and milk solids-not-fat, as well as
the other necessary ingredients. Circulate this mixture
through the Vacreator until a sufficient amount of water is
removed to give the mix the correct percentage cbmposition.
Follow this by homogenization and vacuum pasteurization
of the mix.

DESCRIPTION OF' THE VACREATOR AND VACREATION

The Vacreator constitutes a combination of: (1) vacuum pas-
teurizer, (2) steam distillation chamber, and (3) high vacuum cham-
ber. The end result obtained from vacreation is more than asum-
mation of the results of the component units, were these to be oper-
ated separately.

Figure 1 illustrates the flow cycle of the vacuum process when
the Vacreator is used as a pasteurizer.

The dairy productmilk, cream, ice cream mix, etcdelivered
by the feed pump "X" is admitted by a float-controlled valve to a
perforated spray pan located in the top of the first, or pasteurizing,
chamber, "A." It falls in droplets from the spray pan and is heated
by direct contact with steam admitted through valve "B." The pres-
sure in the pasteurizing section is below atmospheric pressure and
may be held at any desired point, usually between 11 inches and 6
inches of vacuum, thus maintaining 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 cham-
ber is located a spring-actuated equilibrium valve "C." The second
chamber "E" and the pipe "D" are kept at a reduced pressure of
about 1,5 to 25 inches of mercury by the action of the ejector con-
denser "F," depending on the product being treated. The relative
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Figure 1. Diagram illustrating flow cycle of the Vacreator.
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pressures in "A" and "E" are controlled by the adjustment of the
tension on the equilibrium valve "C."

The product on reaching the bottom of the pasteurizing cham-
ber "A" is drawn past the equilibrium valve, passes up the pipe "D"
and is discharged tangentially into the cylindrical chamber "E."
Under the influence of the lower pressure in the uptake pipe "D" in
chamber "F," the product boils at from 160° to 180° F., and releases
as water vapor a portion of its water content to the ejector condenser,
the. ater vapor carrying with it other volatile substances present in
the product. The intermediate float valve "G" controls the flow of
product through pipe "H" into a third chamber "I," where a still
higher vacuum, usually 28 or 28 inches, is maintained. The product
on entering this final chamber loses more water vapor and volatile
substances and is cooled in the process to about 110° F. The prod-
uct is pumped from the bottom of the last chamber to the cooler by
a multistage centrifugal pump "Y."

The amount of steam passing through valve "B" is in excess of
that necessary to raise the temperature of the product to the pas-
teurizing temperature. This excess of steam aids in the freeing
and carrying away of certain volatile substances from the product,
such as may be imparted by feed and weeds. The rise in tempera-
ture of the cold water, forced through the ejector-condener by
pump "Z," is an indication of theamount of water vapor drawn off
from the hot product in. the reduced pressure chamber.

At present Vacreators, constructed from stainless steel, are
made in three sizes. The specifications for the machines are as
follows

Capacity, pounds per hour
when pasteurizing 2,500 (cream) 5,000 (cream)

15,000 (milk)
12,000 (cream)

Height 6'o" 6'o"
Length 3'O" 4'ó" 10'o"
Depth 2'lO" 3'O" 3,3,,
Water requiredU. S. gal-

lons per minute* 18-24 29-42 35-51
Steam requiredpounds per

1,000 pounds cream (less
for vacreating milk or
mix) 120-160 120-160 120- 160

Motor requirements
Cream discharge pump 2 hp 2 hp 3 hp
Water pump 3 to 5 hp 5 hp (2) 7k hp
Shipping weight (without

motor) 1,350 lb 2,000 lb 3,700 lb

Although the vacreation process had its genesis in the con-

One Un,ted States gallon of water equals 8.3 pounds.



densed milk industry the method evolved applied specifically to the

past eurizaton and treatment of milk, cream, and other milk prod-
ucts in enclosed chambers under reduced pressure. With reference
to this the following is of historical interest: Referring to the evo-
lution of the vacreation system of pasteurization, H. Lamont Murray,
the inventor of the Vacreator, in New Zealand on May 3, 1934,

declared,*" That borne of my experience in the manufacture of
condensed milk I long since realized that the boiling of milk in
vacuotended to eliminate feed flavors." .....In 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 ap-
paratus for the continuous treatment of a flow of cream while boiling
in vacuo."

Vacreation involves the following steps:
Heating the milk, cream, mix, or other milk product, instan-
taneously, by mingling with steam under a reduced pressure,
in the first chamber, to the desired pasteurizing temperature.
Admitting the product to the second chamber, maintained at
a lower pressure, where boiling occurs, for removal of gases
and volatile substances and excess steam to the water con-
denser.
Brief exposure of the product in the third chamber, main-
tained at nearly complete vacuum, where boiling again occurs
for additional removal of water vapor and volatile products.

In brief, then, vacreation means effectively pasteurizing 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 sub-
stances, and finally reducing the temperature of the product quickly
to about 1100 F.

By boiling is understood the bubbling of a liquid with the giving
off of vapor. The boiling point is defined as the temperature at
which the bubbling of the liquid begins. This takes plac.e at differ-
ent temperatures, depending on the pressure on the liquid. Water
boils at a temperature of 212° F. at sea-level pressure (14.696 pounds
absolute per square inch). When the pressure is increased, as in a
steam boiler, it boils at a higher temperature (at 100 pounds per
square inch gauge pressure, or 115 pounds absolute, the boiling point
is 338° F.), while at a pressure less than atmospheric it boils at a
lower temperature (see Appeodix).

The use of the Vacreator not as an apparatus for high-tempera-
ture, short-time pasteurization, as previously outlined, but as a con-

New Zealand Gazelle, No. 30, May 3, 1934, page 1231. Copies of Declarations sub.
mttted to the author by H. Lamont Murray.

DUAL USE OF THE VACREATOR 13
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densing unit, involved a number of problems. Simply circulating
milk or mix through the machine and operating it with steam, as a
vacuum pasteurizer, did not result in any material alteration of the
composition of the milk or mix. It was necessary to evolve a differ-
ent and considerably modified treatment.

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

The condensing process must not cause an undesirable cara-
melized, cooked, or scorched flavor in the product.
The physical condition of the condensed product must be
satisfactory. No undesirable curdling must take place.
The length of time required for condensing must not be ex-
cessive.

The amount of steam, water, and power must not be so large
that the cost becomes excessive.
The process should be semiautomatic so that the cost of
supervision during condensing is not excessive.
A dependable, simple method of determining when the con-
densing process is completed must be provided.

II

JI

Figure 2. The experimental equipment used at Corvallis.

EXPERIMENTAL PROCEDURE

The active research on the problem of condensing and vacreat-
ing ice cream mix was begun in January 1943. Because of the
unique experimental work attempted and the possible implication of
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the use of the process in dairy manufacturing, a description more
complete than usual is given of the procedure followed.

The equipment available for the work consisted of one each of
the following units, which were available in the dairy products labor-
atory:

1,700 pounds capacity coil pasteurizing vat.
Sanitary pump.
2,500 pounds of cream per hour pasteurizing capacity

"Baby" Vacreator.
Homogenizer and surge tank.
Small vertical centrifugal flash preheater.
Surface cooler.
Refrigerated coil storage vat.

A. CONDENSING MILK

It was decided that the preliminary trials should be made with
skim milk rather than with a more expensive product.

Trial 1
In trial 1 cold skim milk was placed in the coil vat. With the

machine assembled and operating as for cream pasteurization, ex-
cept with no steam entering the first (pasteurizing) chamber, the
skim milk, preheated in .the vat to 150° F., was fed to the machine.
Although the vacuum gauge on the third chamber showed 28 inches
vacuum, no milk could be obtained from the machine; it mixed with
the water in the condenser unit and was discharged into the drain.
When steam was added to increase the temperature of the milk in
the first chamber to between 160° to 170° F., however, and with the
ball in the equilibrium valve removed, the milk reached the boiling
stage as during ordinary vacreation, and passed through the appara-
tus but still with considerable loss into the condenser. Circulating
the milk in this manner for several hours resulted in slightly increas-
ing the density of the milk.

Although it must be conceded that the experiment was a failure,
it did indicate that it was possible to effect some concentration of
the milk. The solids of the milk were increased from about 9 per
cent to 11.3 per cent.

Trial 2
In trial 2, 350 pounds of skim milk were placed in the coil vat.

With the lids kept open the milk was heated to 150° F. The milk
was circulated through the Vacreator at a rate of 2,000 pounds per
hour. With the coil in the vat revolving continuously and the milk
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maintained at a temperature that ranged from 143° to 175° F., and
enough steam added to the milk in the first chamber of the machine
to maintain a temperature of approximately 170° F., it was possible
to concentrate the milk to some extent over a period of 1 hours.
The Baumé reading at the end of the run was 12.8, which corre-
sponds to a total solids content of 24.3 per cent. The concentration

24.3
was: =2.7, or 2.7 to 1.

9

It was concluded that:

The time required for condensing was excessive.
Too much steam and water were required.
Too much milk adhered to the coil, making cleaning difficult
and also causing a loss of milk solids.

Trial 3
In order to speed up the process and avoid collecting milk solids

on the vat coil it was decided to employ in trial 3 a small vertical
flash heater for th heating of the milk prior to its entrance to the
Vacreator. This was installed between the coil vat and the Vac-
reator.

For this trial 600 pounds of skim milk were used. The tem-
perature of the milk was maintained at 120° F. in the coil vat. The
rate of flow of milk was 2,000 pounds per hour through the flash
heater and Vacreator. The heating temperature averaged 192° F.
and the temperature of the milk as it emerged from the Vacreator
ranged from 105° to 115° F. No steam was used with the Vac-
reator. The pressure in the second chamber was maintained at from
24 to 25 inches vacuum, and in the third chamber at from 27 to 28
inches vacuum.

After 2k hours of circulating the milk the Baumé reading of
the condensed milk was 16, which corresponds to a total solids con-
tent of 30.3 per cent. This was a concentration of 3.4 to 1. The
flavor and physical appearance of the condensed milk were satis-
factory. The milk was used for the manufacture of ice cream.

Trial 5
Trial 5 was a repetition of trial 4. Using 500 pounds of skim

milk, in 2 hours the condensed milk had a Baumé reading of 17.2.
This corresponded to a total solids content of 32.6 per cent. Diffi-
culty was still experienced with some loss of milk as a result of et-
cessive foaming in the Vacreator.



Trial 6
In trial 6, 1,000 pounds of skim milk were used. The milk was

heated in the flash heater to approximately 2000 F. No steam was
used in the Vacreator.

In three hours the milk had been concentrated to give a Baumé
reading of 17.2. This corresponds to a total solids content of 32.6.
The concentration was 3.6 to 1.

Summary of trials involving condensing milk
The experimental work so far had shown that:

Using the Vacreator for condensing skim milk was feasible.
Condensed skim milk of desirable properties was obtained.
The method appeared practical.

B. CONDENSING ICE CREAM MIX

Having been able to condense skim milk by circulating it hot
through the Vacreator, a series of trials was then made on the prob-
lem of using the machine for condensing ice cream mix. The con-
ventional methods of calculating the amount of the different ingredi-
ents for the uncondensed mix and determining the density of the
finished mix were used when ice cream mix was condensed with
the Vacreator.*

Mixes were prepared and each was condensed to give the per-
centage composition desired, as shown in Table 1.

Table 1. coMposiTion o Ice cREAM Mix.

Each batch of finished mix was of 900 pounds weight.

H. H. Sommer, Theory asid Practice of ice Cream Making, 3d edition, published by
the author in Madison, Wisconsin, 1938, and W. C. Cole, Methods of Standardizing ice
Cream Mires, Circular 333, California Agricultural Experiment Station, 1943.

Ingredients Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6

Pounds Pounds Pounds Pounds Pounds Pounds
Milk 4.0% iat 92.0 78.87 78.87
Milk 4.4% fat 102.79 92.00 80.50
Unsalted butter 87% fat 7.3 6.85
Cream 34% fat 20.13 20.13
Cream 38% fat 21.00
Cream 35% fat 18.50
Sugar (sucrose) 16.0 16.00 16.00 14.00 16.00 16.00
Sugar (dextrose) 2.00 3.00
Corn sirup 3.75 6.70
Gelatin 0.4 0.50 0.50 040 0.50 0.50
whole egg 4.0 4.00 4.00 2.00 4.00 4.00
Water 4.0

Total 123.7 121.90 122.50 140.15 123.10 126.20
Finished mix 100.0 100.00 100.00 100.00 100.00 100.00

Per cent Per cent Per cent Per cent Per cent Per cent
Per cent fat 10.0 10.00 10.00 12.50 10.00 10.00
Per cent milk solids-not-

fat 8.0 8.00 8.00 10.00 8.00 8.00
Per cent total solids 35.4 37.50 38.50 37.40 38.50 40.80

DUAL USE OF THE VACREATOR 17
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It was necessary to remove from 21-k to 40 pounds of water
from. the mixture for each 100 pounds finished mix. From the
mixture for each 900 pounds of the 10 per cent tat and 8 per cent
milk solids-not-fat mix it was necessary to remove from 193 to 236
pounds of water, and from the mixture for the 12.5 per cent fat and
10 per cent milk solids-not-fat 361 pounds of water would have to be
removed.

The ingredients for each batch were mixed together in the
1,700-pound coil pasteurizing vat. The mixture was then heated to
about 130° F. This temperature was maintained during the con-

1

Figure 3. The Vacreator used at Corvallis.



densing period, keeping the coil revolving and the Vat covers open.
The mix was pumped to the heater at a rate of 1,800 pounds per
hour. It was heated to a temperature of 195° to 198° F. for the
first several runs and to 205° F.* for the last several runs on its
way to the Vacreator. No steam was added to the mix in the Vac-
reator. The ball in the equilibrium valve was removed. The vacuum
in the second chamber was maintained at 24 to 25 inches and in the
third chamber at 27 to 28 inches.

Approximately 1-. hours of circulation were required to bring
the 10-8 mix to the desired density and 2 hours were required to
bring the 12.5-10 mix to the desired density.

It was presumed that the high heat treatment of the mix would
be injurious to the flavor, to the whipping property, and to the body
and texture of the ice cream. It was thought that the jelling prop-
erty of the gelatin would be greatly injured. When compared with
a mix made by the conventional method, using spray-process nonfat
dry milk solids as a source of milk solids, little change could be de-
tected in the whipping property of the two types of mixes. The
flavor of the ice cream made from the condensed mix was very satis-
factory and the body, texture, and melt-down characteristics were
just as good as those of the ice cream made from the noncondensed
mix.

Summary of trials involving condensing ice cream mix
The experiments have shown that it was possible to use the

Vacreator for condensing ice cream mix satisfactorily without caus-
ing injury to the desirable characteristics of the mix or the finished
product. It was felt, however, that this was not the final solution to
the problem. The time required for condensing was too long; too
much steam and water were used; the process was too involved and
did not appear practical.

C. CONDENSING SKIM MILK TO THE DENSITY
DESIRED FOR ICE CREAM MIX

Following the preliminary trials on condensing milk and the
trials on condensing ice cream mix, it was decided that the most de-
sirable procedure, for both practical and economic reasons, would be
first to condense the milk and then add the other mix ingredients
prior to homogenizing and vacreating.

For the purpose of this series of trials it was thought best again
* The altitude of Corvallis is 224 feet. The boiling point of water at this elevation at

a barometric pressure of 29.75 inches is 211.7 F. At an altitude of 3,642 feet above sea
level and a barometric pressure of 26.11 inches the boiling point of water is 2O5- F. For a
full discussion of the thermodynamics of condensing, the reader is referred to the book
Condensed Milk and Milk Powder, by Dr. 0. F. Hunziker.

DUAL USE OF THE VACREATOR 19
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to use skim milk in preference to whole milk. Certain aspects of the
condensing phase remained to be perfected. The checking of the
density in the absence of the fat factor would be simplified and the
proportioning of the mix composition would be less complicated.

The plan involved the placing of a sufficient amount of skim
milk, to be subsequently used in ice cream mix, in the coil vat to fur-
nish the necessary amount of milk solids-not-fat in addition to the
milk solids-not-fat to be supplied by the cream when added. This
skim milk was then condensed to the desired concentration.

The problem was as follows:
Determine the exact Baumé reading for the finished con-

densed skim milk.
Eliminate loss of skim milk during condensing.
Speed up the condensing process.

1. Determining density and solids content of condensed milk
A standard mix containing 12.5 per cent fat and 10 per cent

milk solids-not-fat was desired. Condensed skim milk and cream
containing 38 per cent fat were to supply the milk solids. Other
ingredients for 100 pounds mix were: 15 pounds sugar, 2 pounds
fresh whole egg, 0.4 pound gelatin.

As the cream for this mix must supply all the fat required,
100 pounds finished mix must contain 12.5 pounds fat, the amount
of cream to use was:

12.5 X 100
= 32.9 pounds 38 per cent cream.

38

The solids-not-fat content of the cream, it being accepted that
the fat-free portion of the cream contained 9 per cent solids, was
calculated as follows:

(100 - 38) >< 0.09 = 5.58 per cent solids-not-fat of cream.
32.9 )< 0.05 58 = 1.84 pounds solids-not-fat of cream.

Since a total of 10 pounds of solids-not-fat is desired, the con-
densed skim milk must supply:

10 - 1.84 = 8.16 pounds solids-not-fat.

The pounds of condensed skim milk to use would be:
100 (32.9+ 15+2+0.4)=49.7 pounds.

The per cent of solids-not-fat of the condensed milk must be:
8.16X 100

16.418 per cent (16.4 per cent)
49.7



The pounds of skim milk to use in order to supply 49.7 pounds
of 16.4 18 per cent condensed milk would be:

XX9= 16.418X49.7
16.418 X 49.7

9

X = 90.66 pounds of skim milk

The amount of skim milk can also be calculated in a simpler
way assuming the solids content of the skim milk to be 9 per cent:

8.16>< 100
= 90.66 pounds

9

The amount of water to abstract from this quantity of milk
would therefore be 90.66-49.7=40.96 pounds (41 pounds).

The per cent of total solids in unsweetened condensed skim
milk, when the specific gravity is known, can be calculated as
follows :*

[(sp.gr.at6O°F.10O)_lOO] )<2.751

sp. gr. at 60° F.

In this research the density of the condensed skim milk was
determined by means of a Baumé hydrometer. The density of the
finished condensed milk, as measured by a Baumé hydrometer, for
a given total solids percentage, can be calculated by the application
of the following formula:

275.1 X degree Baumé at 60° F.
Total solids =

145

As the per cent of total solids desired in the foregoing problem is
16.418 the calculation becomes:

275.1 >( Baumé
16.418 =

145

16.418>< 145 = 275.1 X Baumé

16.418>< 145
Baumé =

275.1

Baumé desired = 8.653

F. J. Doan, in Butter and Cheese Journal, July 11, 1928, and in National Butter
and Cheese Journal, July 25, 1936, p. 28.
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EQUIPMENT FOR CONDENSING MILK; MIXING, HOMOGENIZING,
PASTEURIZING, COOLING, AND STORING ICE CREAM MIX

4.
I-'.

STORAGE TANK

th

SflETY. IIIISMAL

- COUTSOLLER1

Lk

LIQUID LiVEI.

Figure 4. Suggested lay-out for the dual use of the Vacreator for condensing the milk and vacreating ice cream mix.
The milk as required for the batch of mix is placed in the jacketed milk and mix vat shown at the right. The milk is pumped through the

milk heater to the Vacreator. The Vacreator discharge pump returns the milk from the Vacreator to the milk vat. This cycle is continued
until the qsilk has been condensed to the desired concentration.

Now add the other mix ingredientscream, sugar, gelatin, eggto the warm condensed milk. Heat to from t4O to 15O F., then homo-
genize, vacreate, anti cool the mix. The finished mix is stored in the tank shown at the left.

JACKETED MILK AND
MIX VAT

VACREATOR
(vrcu,, PTiURIZFQI

HOMOGENIZER MILK
HE ATE R

CABINET
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In the event it is desired to convert the Baumé reading to spe-
cific gravity the following formula can be used:

145
Baumé= 145-

sp. gr.
145

Sp. gr. =
145-Baumé

If the Baumé reading is 8.653 the calculation becomes:
145

Sp. gr. zr

.145 8.653

Sp. gr. = 1.06343
Table 2 has been prepared to show the relation of degree

Baumé to specific gravity and total solids in unsweetened condensed
milk. It will be seen from the table that the total solids content of

Table 2. RELATION OF DEGREE BAUMÉ TO SPECIFIC GRAVITY AND TOTAL SOLIDS IN UN-
SWEETENED CONDENSED SKIM MILK.
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275.1 X Baumé at 60 F.
Total Solids

145

145
Sgecific Gravity =

145 - Baumé at 60 F.

145
Baumé = 145--

SpeCific gravity at 60 F.

Baumé
degrees
at 60 F.

SpeCifiC
gravity

at 60 F.
Total
solids

Baumé
degrees
as 60 F.

Specific
gravity

at 60 F.

Total
solids

Per cent Per cent
8.30 1.0607 15.75 9.50 1.0701 18.02
8.35 1.0611 15.84 9.55 1.0705 18.12
8.40 1.0615 15.94 9.60 1.0709 18.21
8.45 1.0619 16.03 9.65 1.0713 18.31
8.50 1.0623 16.13 9.70 1.0717 18.40
8.53" 1.0627 16.22 9.75 1.0721 18.50
8.60 1.0630 16.32 9.80 1.0725 18.59
8.65 1.0634 16.41 9.85 1.0729 18.69
8.70 1.0638 16.51 9.90 1.0733 18.78
8.75 1.0642 16.60 9.95 1.0717 18.88
8.80 1.0646 16.70 10.00 1.0741 18.97
8.85 1.0650 16.79 10.05 1.0745 19.07
8.90 1.0654 16.89 10.10 1.0749 19.16
8.95 1.0658 16.98 10.15 1.0753 19.26
9.00 1.0662 17.08 10.20 1.0757 19.35
9.05 1.0666 17.17 10.25 1.0761 19.45
9.10 1.0670 17.26 10.30 1.0765 19.54
9.15 1.0674 17.36 10.35 1.0769 19.64
9.20 1.0677 17.45 10.40 1.0773 19.73
9.25 1.0681 17.55 10.45 1.0777 19.83
9.30 1.0685 17.64 10.50 1.0781 19.92
9.35 1.0689 17,74 10.55 1.0785 20.02
9.40 1.0693 17.83 10.60 1.0789 20.11
9.45 1.0697 17.93
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unsweetened condensed skim milk that shows a Baumé reading of
8.653 has a specific gravity of 1.06343 and a total solids content of
16.418 per cent.

The sample of milk obtained from the coil vat during the con-
densing period for density measurement was generally cooled to a
temperature of between 1000 and 110° F. before the Baumé reading
was made. A correction factor was used to convert the Baumé read-
ing made at this higher temperature to the Baumé reading at 60° F.
It has been reported, and confirmed in this research, that the Baumé
reading decreases 0.025 for each degree Fahrenheit increase in tem-
perature. For convenience in making the correction a table that
shows the Baumé readings at temperatures ranging from 90° to
120° F. was prepared (Table 3).

If the desired reading at 60° F. is 8.6 and the density measure-
ment is made at 90° F., the Baumé reading at this temperature
would therefore be:

90°-60°F.=30° F.
30 >< 0.025 = 0.75 degree Baumé correction
8.6 0.75 = 7.850 degree Baumé corrected to 90° F.

The ice cream mix referred to above was of the composition of
the regular mix prepared in the dairy products laboratory prior to
the wartime regulation* that established a ratio of 1 pound of fat to
0.8 pound of solids-not-fat and stipulated that the amount of fat and
milk solids-not-fat used in the manufacture of ice cream must not
exceed 65 per cent of the amounts used during a specified base period.
A large number of these mixes prepared during the war period in
the dairy products laboratory have contained only 10 per cent
fat and 8 per cent solids-not-fat. Sometimes unsalted butter was
used instead of cream. Because of the scarcity of sugar consid-
erable corn sirup was used. The amount of whole fresh egg was
increased. With these mixes it was necessary to use condensed
skim milk of a lower solids-not-fat content than for the regular mix.
A common milk solids-not-fat percentage of the mix was 15.7. This
corresponded to a Baumé reading of 8.3 at 60° F. Later, when the
wartime regulation was modifiedf, mixes containing a higher percent-
age of milk solids-not-fat were prepared.

2. Overcoming loss of milk in the condensing water
The difficulty with a loss of milk in the condensing water was

finally overcome by avoiding a too high vacuum in the second cham-
War Food Administration, Food Distribution Order No. 8, January 19, 1943.

t War Food Administration, Amendment No. 4, Food Distribution Order No. 8, August
5, 1944, and Amendment No. 7, March 1, 1945.



ber. In the case of such entrainment this, it was found, could be
rectified by increasing the pressure in the chamber by adjusting the

Table 3. DEGREES BAUME OF UNSWEETENED CONDENSED SKIM MILK AT TEMPERATURES RANGING
FROM 90' TO 120' F. WHEN THE DEGREE BAUMÉ AT 60' F. RANGES FROM 8.3 TO 9.2.

Baumé of unsweetened condensed milk

snifter valve, thus decreasing the vacuum and increasing the boiling
point. It was also necessary.to maintain at least a difference of 3
to 4 inches in the vacuums of the second and third chambers. The
ideal vacuums appeared to be approximately 24 inches in the second
chamber and 27. to 28 inches in the third chamber. The difficulty
could also be overcome by temporarily reducing the rate of inflow of
milk and by turning a little steam into the first chamber.

3. Increasing the rate of condensing
In order, to speed up the condensing process it was decidea to:

Maintain the temperature of the skim milk in the coil vat at
1400 to 150° F. during condensing.

Heat the skim milk to approximately 205° F. before it enters
the Vacreator.

Degrees
Fahrenheit

Whn
Baumé
at6O'
F. is
8.3

When
Baumé
atOO'
F. is
8.4

When
Baumé
at60'
F. is
8.5

When
Baumé
at6O'
F. is
8.6

When
Baumé
atóO'
F. is
8.7

When
Baumé
at6O'
F. is
8.8

When
Baumé
at6O'
F. is
8.9

When
Baumé
atéO'

F. is
9.0

When
Baumé
at6O'
F. is
9.1

When
Baumé
at6O'
F. is

9.2

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

90 7.550 7.650 7.750 7.850 7.950 8.050 8.150 8.250 8.350 8.450
91 7.525 7.625 7.725 7,825 7.925 8.025 8.125 8.225 8.325 8.425
92 7.500 7.600 7.700 7.800 7.900 8.000 8.100 8.200 8.300 8.400
93 7.475 7.575 7.675 7.775 7.875 7.975 8.075 8.175 8.275 8.375
94 7.450 7.550 7.680 7.750 7.850 7.950 8.050 8.150 8.250 8.350
95 7.425 7.525 7.625 7.725 7.825 7.925 8.025 8.125 8.225 8.325
96 7.400 7.500 7.600 7.700 7.800 7.900 8.000 8.100 8.200 8.300
97 7.375 7.475 7.675 7.675 7.775 7.875 7.975 8.075 8.175 8.275
98 7.350 7.450 7.550 7.650 7.750 7.850 7.950 8.050 8.150 8.250
99 7.325 7.425 7.525 1.625 7.725 7.825 7.925 8.025 8.125 8.225

100 7.300 7.400 7.500 7.600 7.700 7.800 7.900 8.000 8.100 8.200
101 7.275 7.375 7.475 7.575 7.675 7.775 7.875 7.975 8.075 8.175
102 7.250 7.350 7.450 7.550 7.650 7.750 7.850 7.950 8.050 8.150
103 7.225 7.325 7.425 7.525 7.625 7.725 7.825 7.925 8.025 8.125
104 7.200 7.300 7.400 7.500 7.600 7.700 7.800 7.900 8.000 8.100
105 7.175 7.275 7.375 7.475 7.515 7.675 7.775 7.875 7.975 8.075
106 7.150 7.250 7.350 7.450 7.550 7.650 7.750 7.850 7.950 8.050
107 7.125 7.225 7.325 7.425 7.525 7.625 7.725 7.825 7.925 8.025
108 7.100 7.200 7.300 7.400 7.500 7.600 7.700 7.800 7.900 8.000
109 7.075 7.175 7.275 7.375 7.475 7.575 7.675 7.775 7.875 7.975
110 7.050 7.150 7.250 7.350 7.450 7.550 7.650 7.750 7.850 7.950
111 7.025 7.125 7.225 7.325 7.425 7.525 7.625 7.725 7.825 7.925
112 7.000 7.100 7.200 7.300 7.400 7.500 7.600 7.700 7.800 7.900
113 6.975 7.075 7.175 7.275 7.375 7.475 7.575 7.675 7.775 7.875
114 6.950 7:050 7.150 7.250 7.350 7.450 7.550 7.650 7.750 7.850
115 6.925 7.025 7.125 7.225 7.325 7.425 7.525 7.625 7.725 7.825
116 6.900 7.000 7.100 7.200 7.300 7.400 7.500 7.600 7.700 7.800
117 6.875 6.975 7.075 7.175 7.275 7.375 7.475 7.575 7.675 7.775
118 6.850 6.950 7.050 7.150 7.250 7.380 7.450 7.550 7.650 7.750
119 6.825 6.925 7.025 7.125 7.225 7.325 7.426 7.525 7.625 7.725
120 6.800 6.900 7.000 7.100 7.200 7.300 7.4O0 7.500 7.600 7.700
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c. Circulate the milk through the Vacreator at a rate of 5,000
to 7,000 pounds or more per hour.

4 Procedure followed when condensing skim milk
The procedure followed when condensing skim milk was to

place the skim milk required for each 900-pound batch of finished
ice cream mix in the coil vat and condense this until the desired
solids-not-fat content was reached. The other ingredients were
then added to the condensed milk in the vat and the mixture heated,
homogenized, vacuum pasteurized, and cooled.

Figure 5. Condensing milk with the 'Junior" Vacreator.

Table 4 shows the data for the condensing of representative
batches of skim milk. Note that it has been possible to step up the
water-evaporating capacity of the Vacreator from 300 to 500 pounds
of water per hour. This was done by increasing the flow of milk
through the flash heater and by operating the Vacreator as outlined
above. No steam was used in the Vacreator and no water was used
in either of the chamber jackets.

The time for condensing the skim milk to the concentration de-
sired was reduced to 45 minutes for a 900-pound batch of mix. The
final Baumé reading of the condensed milk as recorded was made
at 60° F.



Table 4. OPERATING DATA WHEN CONDENSING SKIM MILK WITH ISIS "BABY" VACI1EATOR.

Water

Tem-
perature
ingoing

Degrees
F.

Differ-
ence

between
tem-

perature
Tent- of Ingo-

perature ing and
out- outgoing

going water

Degrees
F.

Degrees
F.

Average
tem-

perature
of milk

from
Vacre-

ator

Degrees
F.

Baumé
finished

con-
densed

at
60° F.

Degrees
F.

1,020 pounds 130 210 24 271 105 57 .77 20 108 8.5 16.13 90 451 301
1,020 pounds
1,020 pounds

130
130

198
200

24
24

275
27

105
105

57
55

98
76

41
21

113
110

8.6
8.6

16.32 75 457
16.32 so 457

3611
343

1,020 pounds 130 205 24 275 105 57 88 31 111 8.3 15.75 70 437 375
1,020 pounds 140 205 24 275 105 61 85 24 111 8.3 15.75 75 437 350

853 pounds 115 203 24 275 105 63 88 25 108 9.1 17.26 65 408 377
1,020 pounds 140 205 24 27 105 62 92 30 - 1.14 8.4 15.94 71 444 355

860 pounds 145 205 25 28 105 - 55 84 29 103 8.8 16.70 60 397 197
853 pounds 140 205 24 275 105 56 85 29 112 8.4 15.94 60 371 371
890 pounds 145 200 25 275 101 00 90 35 112 9_ 3 17.64 52 436 503
890 pounds 148 192 25 275 105 54 87 33 110 8.7 16.51 50 405 486
835 pounds 152 198 25 275 105 53 88 35 110 8.85 16.79 45 387 516
835 pounds 150 196 25 275 105 53 87 34 108 11.7 22.20 60 496 496
860 pounds 160 208 265 285 105 47 73 26 98 9.8 18.59 63 444 423

Tem-
Tem-

perature Vacu- Vacu- Pres-
perature
of milk

in

of milk
entering
Vacre-

um,
second
cham-

um,
third

cham-

sure
per

square
Skim milk coil vat ator ber ber inch

Degrees Degrees Inches Inches Pounds
F. F.

Rate of
Amount condens-

Total Time of Water ing-
solids required removed Water

finished for from evapo-
con- con dens- skim rated

densed ing milk per hour

Per ce,lt Minutes t-°ounds Pounds



Figure 6. At left: (juevenne lactometer equipped with thermometer.
At right: Baumé hydrometer and thermometer.

28



An examination of the data for the runs that gave the highest
water evaporation per hour showed that from 5.38 to 5.85 minutes
were required for 100 pounds original milk used. When the milk
was treated at the highest rate of flow the greatest amount of water
was removed per hour.

Standardization of the condensed milk
It should be possible with fair-sized batches of milk to stop the

condensing process when the skim milk is of the correct density, as
shown by the Baumé reading. It may happen occasionally, especially
with small batches, that the milk becomes slightly overcondensed. It
will then be necessary to standardize it by the addition of water,

The method of standardization followed during this research
has. been as follows:

Example.
860 pounds of skim milk used
Pounds of solids in skim milk: 860>< 0.09* 774
Desired solids content of condensed milk : 16.7 per cent
Desired Baumé reading at 60° F.:

275.1 >< Baumé
16.7 =

145

16.7 >< 145 = 275.1 )< Baumé

16.7)< 145
Baumé -

275.1

Baumé = 8.8
9

Pounds of finished condensed desired: 860 )< -- = 463.5
16.7

Baumé of condensed obtained: 8.9
275.1 >( Baumé

Total solids of condensed obtained:
145

275.1 X 8.9
- 16.89 per cent

145
9

Pounds condensed obtained: 860 X - 458.3
16.89

Difierence between pounds condensed desired and pounds con-
densed obtained: 463.5 458.3 = 5.2

Pounds water to add 5.2 pounds

Quality of the condensed milk
The flavor, color, and general appearance of the condensed milk

made have been entirely satisfactory. The milk was remarkably free
° The value of 9 per cent solids-not-fat in skim milk is generally used in Oregon when

calculating ice cream mixes. For absolute accuracy the total solids content of the skim milk
must he determined gravimetrically.
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Figure 7. Equipment for the determination of the spedhe gravity of milk and
condensed milk.

At 1cf: Quevenne lactometer in milk.
At right. Baumé hydrometer in condensed milk.
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from a cooked flavor. Various members of the Dairy Department
have pronounced the quality of the milk excellent. They were un-
able to detect any trace of undesirable flavor in the mills.

QUALITY OF THE ICE CREAM MANUFACTURED

The total volume of ice cream made in the experiment station
dairy products laboratory is sold retail through the dairy sales store
located in the dairy building and to college dormitories. The stu-
dents and faculty are discriminating consumers of ice cream. They
have commented favorably on the quality of the ice cream. Although
no information has been given to consumers regarding the details of
the method of manufacture, they have favored the dairy store with
repeated purchases of ice cream. Frequently during afternoons
from 50 to 100 persons "line up" for ice cream.

The flavor of the vanilla ice cream has been pronounced de-
licioüs by consumers. Many favorable comments have been re-
ceived. The melt-down characteristic has been exceilent.

All the ice cream in which the condensed skim milk, referred
to in this report, was incorporated and of which the mix was first
homogenized and then vacuum pasteurized, was sold over the dairy
sales counter in the usual way and to the college dormitories, and
formed part of the regular supply of ice cream consumed by stu-
dents and faculty.

A sample of the ice cream from a regular batch, made in the
usual manner from mix prepared since condensing and vacreating
were adopted as "standard" procedure, was submitted as a compli-
mentary entry in the 1944 annual ice cream contest sponsored by
the Oregon Dairy Manufacturers' Association. It receivedthe high-
est score (95f) of the samples entered.

BACTERIA PRESENT IN THE CONDENSED MILK
AND IN THE VACREATED MIX

Representative samples of the finished condensed milk and the
vacreated, cooled mix were examined for the number of bacteria
present. The standard agar plate method, using tryptone glucose
extract milk agar in accordance with Standard Methods for the Ex-
amination of Dairy Products, American Public Health Association,
8th edition, was used. The counts obtained are shown in Table 5.

PHOSPHATASE DETERMINATIONS

A number of batches of vacreated ice cream mix have been
tested for the presence of phosphatase. In all cases the test was
negative.
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Table 5. NUMBER OF BACTERIA PRESENT IN CONDENSED MILK, VACREATED ICE CREAM Mix,
AND ICE CREAM.

G. GRAVIMETRIC DETERMINATION OF THE TOTAL
SOLIDS CONTENT OF THE FINISHED

CONDENSED MILK

The measurement of the density of condensed milk by means
of a Baumé hydrometer is simple and convenient. Another method
is to use a pycnometer.*

Figure 8. Metal pycnometers to use for determining the weight of a volume of milk or
condensed milk.

As the per cent total solids in the condensed milk must be calcu-
lated when a Baumé hydrometer is used, it is necessary to know the

As devised by 0. A. Dahlberg and modified by F. R. Evans, Joarnai of Dairy Sci.ence,
Vol. VIII, p. 37, 1925. The standard iycnometer and scale are obtainable from dairy and
chemical supply houses.

Sample number Condense milk
Vacreated

ice cream mix Ice cream

Bacteria er ml Bacteria per in! Bacteria per ml

2

100 400
100 400

10 100 1,400
6 50 100

5 0 0
8 5 0 0
9 10 300 300

10 5 0



The analyses were made in duplicate. The average of the dupli-
cate results are recorded in Table 6. Practically no difference oc-
curred in the per cent of solids in the duplicates. It is noted that
the difference in the per cent of total solids as obtained from the
Baumé hydrometer method and the gravimetric method is so slight
as to be insignificant. It would seem therefore that, by using an ac-
curate Baumé hydrometer and making the determination for density
correctly, this method is dependable. For absolute accuracy, how-
ever, and for the purpose of checking, the gravimetric method must
be used.

H. RATE OF EVAPORATING WATER FROM MILK

The maximum amount of water evaporated from skim milk
when the Vacreator was used as a milk condenser, under the condi-
tions of-this research, was found to be 500 pounds per hour, or 8
pounds per minute. -

The rated cream pasteurizing capacities of the three different-
sized Vacreators are: 2,500, 5,000 and 12,000 (15,000 milk) pounds
per hour respective'. The water evaporating capacities of the
larger-sized pasteurizers, with the capacities of the larger models
calculated on the basis of the evaporating capacity of the small ma-
chine and on the different pasteurizing capacities, would be: 1,000
pounds and 3,000 pounds respectively. The water evaporation with
the experiment station machine would be considered very satisfactory

Sample number
Degree Baumé

at 60' F.
Calculated
total solids

Actual total
solids

Difference in
per cent of
total solids

8.5
Per cent

16.13
Per ce-nt

16.20 0.07
2 8.3 15.75 15.80 0.05

8.8 16.70 16.60 0.10
4 9.3 17.64 1760 0.04

8.7 16.51 16.45 0.06
6 8.85

11.7
16.79
22.20

16.85
22.12

0.06
0.08

8 9.8 18.59 18.65 0.06
9 8.6 16.32 16.30 0.02

10 8.5 16.13 16.10 0.03
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degree of accuracy of this method. A number of samples of the fin-
ished condensed milk, made in this experiment during different parts
of the year when the Baumé hydrometer method was used, were
therefore analyzed in duplicate gravimetrically for total solids con-
tent. A vacuum oven was used for drying the samples. The re-
suits are shown in Table 6.

Table 6. COMPARISON OF CALCULATED PER CENT TOTAL SOLIDS AND ACTUAL PER CENT
TOTAL SOLIDS IN CONDENSED SKIM MILK
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performance when compared with a small-sized standard milk-con-
densing vacuum pan.

The water evaporating capacities of different-sized vacuum.
pans are approximately as follows:

Diameter of pan Water evaporation per hour
28 inches

. 450 to 600
36 inches 1,100 to 1,400
42 inches 2,000 to 2,600
48 inches 3,000 to 4,000

I. WATER CONSUMPTION BY THE VACREATOR
The range in temperature of the water used for the ejector

condenser of the Vacreator employedin these experiments was from
470 to 63° F. The water pressure used, when pasteurizing the mix
with the Vacreator, varied from 55 to 75 pounds per square inch, but
when the machine was used as a milk condenser the pressure was
raised to 105 pounds per square inch. This was accomplished by
regulation of a bypass valve fitted on the water pressure pump.
When during pasteurization of the mix the pressures ranged from
55 to 75 pounds per square inch the water consumption was from
8,500 pounds to 10,000 pounds per hour. During the condensing
process when the water pressure was raised to 105 pounds per square
inch the water consumption was increased to 12,000 pounds per hour.

Assuming that two-thirds of the water evaporated from the milk
is removed in the second chamber at a boiling point of 140° F. and
one-third is removed in the third chamber at a boiling point of 111°
F., the theoretical amount of 60° F. water necessary to condense the
vapor, when there is a 350 F. increase in water temperature, would
be

Heat content of water vapor at 140 F.: 1 X >< 1,121 747 Btu.
Heat content of water vapor at 111° F.: I X >< 1,108 369 Btu.
Total heat content of 1 pound vapor from Vacreator =

747 + 369 1,116 Btu.

One pound of condensing water at 95° F. contains a total of
(60+35)-32==63 Btu.

The net heat to remove from 1 pound of water vapor from the
milk is: 1,116 63 = 1,053 Btu.

To condense 1 pound vapor from the milk, with water enter-
ing the condenser at 60° F. and leaving at 95° F., there would be
required: .

1,053
= 30.1 pounds. ofwater

For 500 pounds vapor there would be required
30.1 >< 500 15,050 pounds of water
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It should be possible to obtain satisfactory performance by using
a smaller amount of water. This would mean that there will be more
heat units removed per pound of water.

If the water enters the condenser at 60° F. and leaves at 1100

F. the rise in temperature is: 110 60 = 50° F. The pounds
water required would be:

1,053
= 21.06 pounds for 1 pound of vapor, or

50

10,530 pounds of water for 500 pounds of vapor.
With a 60° rise in the condenser water temperature a total of

only 8,775 pounds of water would be necessary to condense 500
pounds vapor. This latter figure compares closely with that given
by Hunziker* as the theoretical requirement.

It would appear, therefore, that when water at a temperature of
60° F. is used for the ejector condenser there is an ample margin of
condenser water available when the total amount of water used is
12,000 pounds.t The colder the water used the less will be required
when the temperature of the outgoing condenser water remains
constant.

CONDENSING MILK AND VACREATING ICE CREAM
MIX UNDER COMMERCIAL CONDITIONS

After having successfully employed the Experiment Station
Vacreator for the dual purpose of condensing skim milk and pas-
teurizing ice cream mix it was desired to make some tests under
commercial conditions. No Vacreators were in use in Oregon or
in other western states, so far as was known, for vacreating ke cream
mix. It was known that a "Junior" size Vacreator had been used by
the I. N. Hagan Ice Cream Company, Uniontown, Pennsylvania, for
several years. This was the first commercial ice cream factory in
the United States to vacreate ice cream mix. This pioneer establish-
ment was reported to be manufacturing high-quality ice cream in
substantial aniounts. Mr. I. N. Hagan, president, very graciously
agreed to have a member of the Oregon Agricultural Experiment
Station conduct tests on the problem in his plant over a period of

two weeks. Professor A. A. Borland, head of the dairy department,
Pennsylvania State College, was informed of the author's study; he
expressed pleasure in learning of the proposed visit to Pennsylvania.

0, F. Hunziker, Condensed Milk and Milk Powder, 5th ed., 1935. Published by the
author, LaGrange, Ill. -

t The water used need not be wasted. It can be cooled by spraying on a tower and
used again.
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TESTS AT I. N. HAGEN ICE CREAM FACTORY

The study at Uniontown was made during January 1945.
Through the courtesy of Mr. C. F. Weinreich, head of the research
department, Cherry-Burrell Corporation, Chicago, loan of a tubular
heater was obtained for the work. No other additional equipment
was necessary.

The equipment used at the Hagan ice cream factory for the
processing and handling of ice cream mix consisted of: two jacketed
5,000 pound capacity stainless steel mix tanks, one homogenizer, one
surge tank, one variable speed mix feed pump, one 5,000 pound per
hour capacity "Junior" Vacreator, one surface cooler, and several
stainless steel storage vats.

The method of preparing and handling the mix was as follows
All the ingredients were mixed in the mix tank and heated to 145°
F., homogenized at 2,500 pounds and 500 pounds, vacreated at 198°
to 200° F., and cooled to approximately 40° F.

It was decided to make no change in the composition of the mix
or in the manner of handling it, with the exception that, instead of
using condensed milk purchased from another plant, fluid skim milk
was condensed with-the Vacreator and the condensed milk used in
the ice cream mix.

The tubular milk heater was installed between the mix tank and
the Vacreator The mix feed pump and the homogenizer were used
jointly for pumping th'e milk from the mix tank through the heater.

The mix was simple in composition. It consisted of: cream,
milk, sugar, egg yolk, and gelatin. Pure vanilla was added before
freezing.

The method of condensing was planned as follows:
Place the necessary amount of skim milk in the mix tank.
Determine the specific gravity of the milk by means of a
lactometer.
Obtain a sample for total solids determination.
Heat the milk to from 100° to 110° F.
Start the Vacreator.

-6. Start circulating the milk through the heater, bypassing it to
the mix tank.
When the temperature of the milk is 200° to 202° F. and
with full vacuums on the Vacreator chambers, turn the milk
into the machine.
Continue condensing until the milk is of the desired density.
Determine the level of the milk in the vat. There should be
little change in the final amount of condensed milk from day
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to day if skim milk from the same source is obtained and if
the density measurement of the condensed milk is correctly
made.

This plan was followed.
Immediately at the conclusion of condensing, the other mix in-

gredients were added and the mixture heated to 145° F. The mix
was then homogenized, vacreated, and cooled.

The finished condensed milk was analyzed for total solids, and
tested for the presence of phosphatase. The number of bacteria
present was determined in a number of batches. Samples of the
raw skim milk and the finished condensed milk were kept for flavor
determination. The number of bacteria present in several batches
of vacreated ice cream mix was also determined.

It was anticipated that twice the volume of milk as used for the
"Baby" Vacreator could be fed to the "Junior" machine and that the
water-evaporating capacity of the larger machine would be twice that
of the experiment station-owned "Baby" machine. It was decided
to increase cautiously the flow of milk to the machine until the maxi-
mum capacity was reached. It was found that the top flow was ap-
proximately 14,000 pounds of milk per hour, but in order to be sure
that the Vacreator was not overloaded it was deemed best to maintain
a conservative flow of 12,000 pounds per hour.

A gauge glass was attached to the outside of the mix tank to
use for determining the level of the milk in the tank. At intervals
during the condensing process a sample of milk was removed from
the tank through a stopcock and placed in a metal cylinder for the
determination of the density by a Baumé hydrometer.

The skim milk used was supplied by another Hagan-owned plant
located at Uniontown. A good quality whole milk of manufacturing
grade wa-s separated. The milk had a definite feed flavor.

Mr. I. N. Hagan expressed a desire to use whole milk for con-
densing instead of skim milk. This would save the extra work and
cost of separating and handling. The whole milk could be delivered
directly to the ice cream plant. It was recognized that this would
involve a determination of the fat and solids-not-fat content of the
milk and a correct calculation of the amounts of milk and cream to
use in order to supply the desired percentages of fat and solids-not-
fat in the mix. Although it was not the intention to engage in any
new research at Uniontown it was decided to make a trial batch of
condensed whole milk and to use this in ice cream mix. If this
proved successful, additional batches would be processed by this
method. Milk containing approximately 4 per cent fat was available
for this.
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RESULTS OBTAINED AT THE I. N. HAGAN ICE CREAM
FACTORY

1. Condensing skim milk
During the two weeks a total of eight batches of skim milk was

condensed. The milk totaled 22,130 pounds. The solids content of
the milk varied considerably. By gravimetric analysis it ranged from
8.65 to 9.0 per cent.

The amount of milk solids desired in the finished condensed
milk was 13 per cent. By using the formula for calculating the de-
gree Baumé from the per cent of total solids this was found to cor-
respond to a Baumé reading of 6.85. Whereas close correlation was
obtained at Corvallis between the calculated amount of total solids,
based on the Baumé measurement, and the per cent of total solids as
determined by the gravimetric method, not as satisfactory results
were obtained at Uniontown. The solids percentages calculated from
the Baumé readings were from 0.2 to 0.3 higher than the values
obtained by the gravimetric method. The reason for this was not
investigated. Perhaps the formula used for calculation is less ac-
curate when low-solids condensed milk is tested. This will require
further study. Perhaps the pycnometer method may be found
suitable.

In Table 7 are given the data for the condensing of the eight
batches of milk.

The method of condensing was essentially the same as that
developed at Corvallis. It was thought that twice the amount of
water might be removed per hour as was extracted with the "Baby"
Vacreator. The maximum removal per hour with the "Baby" ma-
chine was 516 pounds; the maximum removed when the "Junior"
Vacreator was used was 1,098, or slightly more than double the ef-
ficiency of the smaller machine. This was accomplished when 14,000
pounds of milk per hour were circulated. When 12,000 pounds per
hour were circulated the amount of Water removed wasP 926 pounds
as an average for 5 runs, with a range of from 857 to 978 pounds.
In the two most efficient of the eight runs there was a differential
increase in the condensing water temperature of 57 and 58 degrees
Fahrenheit.

The amount of milk used for a full batch of ice cream mix was
3,667 pounds. It was possible to condense this to the desired con-
centration in 60 minutes when the milk was circulated at 14,000
pounds per hour and in 68 minutes when the rate of flow was 12,000
pounds per hour.



Table 7. OPERATiNG DATA WREN CONDENSING SKIM MILK WITH THE 'Jusios" VACREATOR.

3,667 pounds -- 8.90 118 110 190 106 84 8,500 158 24 27 85 50 77 27 12.80 97 1,117 691
3,667 pounds -- 8.92 104 106 200 112 88 10,847 160 24 27 85 44 96 52 12.70 88 1,091 744
3,667 pounds -- 8.90 113 los 201 112 89 14,000 163 249 27 85 40 97 57 12.75 60.'. 1,107 1,098
3,667 pounds - 8.80 109 108 201 111 90 12,000 161 239 27 85 40 98 58 32.65 689 1,116 978
1,834 pounds 8.74 103 105 198 110 88 12,000 160 239 27 85 50 89 39 13.70 46 664 857
1,834 pounds -- 8.65 118 112 199 111 88 12,000 160 239 27 85 46 91 45 12.9 38 604 954
1,897 pounds 9.00 120 117 202 109 03 12,000 162 24 27 85 39 94 55 12.85 38 568 885
1,897 pounds 8.93 118 114 201 115 86 12,000 164 229 269 85 45 98 53 13.3 39 623 958
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Condensing whole milk
It was calculated that it was necessary to condense whole milk

Containing 4 per cent fat until it contained approximately 18 per cent
total solids. As the trial batch was successfully condensed, it was
decided to condense four additional batches. Apparently milk from
different sources was obtained during the five days when whole milk
was condensed as the composition of the milk was variable. It was
possible, however, after the first two runs to obtain condensed milk
that approximated the desired composition fairly closely. The milk
was of manufacturing grade. It had a pronounced feed flavor.

A total of 12,110 pounds of milk was condensed during the 5
days. The condensed milk was used in the preparation of ice cream
mix. Table 8 shows the data for the five runs.

When 12,000 pounds of milk was fed per hour to the Vacreator
from 720 to 827 pounds of water with an average of 784 pounds
were removed per hour from the milk. This was slightly less than
was removed per hour from skim milk. Perhaps this lower efficiency
was caused by the higher solids content of the whole milk and its
lower fluidity. It is possible that by further experimentation the
efficiency can be increased. As only a few trial runs using whole
milk were made at the beginning of the experiments at Corvallis no
data for comparison with the water-evaporating capacity of the
"Baby" model were available.

Quality of condensed skim milk
Whereas the raw skim milk used generally had a definite feed

flavor and sometimes a barny flavor the condensed skim milk had no
trace of these flavors. Although the milk had been heated to a tem-
perature of approximately 200° F. in the continuous heater during
the period of condensing no cooked or scorched flavor was discern-
ible in the finished condensed milk. This is of considerable signifi-
cance as a cooked flavor would have an undesirable effect on the
flavor of the ice cream. The milk was tested for flavor by the execu-
tives and plant personnel of the I. N. Hagan Ice Cream Company
and by the author.

Quality of condensed whole milk
The whole milk used was a good grade of manufacturing milk.

The milk was purchased by the plant on a graded basis. It generally
had a definite feed flavor.

The flavor of the condensed milk was excellent. There was no
trace of either a feed flavor or a cooked or scorched flavor.

An outstanding characteristic was a smooth and quite "heavy"
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body. This was surprising as the concentration was only about 1.325
to 1. There are two explanations for the production of. this excel-
lent body. One is the greater dispersion of the fat globules in the
condensed milk. A microscopic examination showed the condensed
milk to contain fat globules of small size with an absence of clumps.
It is true that the homogenizer was used as a pump, but no pressure
was applied to the homogenizing valve. After storage of the con-
densed milk for several days only a very shallow cream layer formed.
When the condensed milk was poured into hot coffee no "feathering"
occurred. Definite "whitening" of the coffee took place. Apparently
the process used had a homogenizing effect on the milk. Another
reason for the superior body of the condensed milk may be that a
superheating effect probably took place during the heating in the
continuous heater.

The keeping quality of the condensed milk was excellent. There
was no development of any undesirable flavor, such as for instance
an oxidized flavor, after storage for a number of days. Although
the keeping quality of the condensed milk during prolonged storage
was not studied this may receive consideration in later studies. Re-
search at the Pennsylvania Agricultural Experiment Station* has
shown that cream flash pasteurized at a temperature of 170° F., then
held under vacuum for 10 minuteS possessed superior keeping quality
when stored at 10° F. for 8 months. The vacuum treatment re-
sulted in lower Eh values. It also resulted in less cooked flavor,
probably because of the removal of some of the sulphur odors.

Mixing, homogenizing, vacreating, and cooling ice cream
mix

As soon as the condensing process had been completed the
necessary cream, sugar, egg yolk, and gelatin were added to the
warm, condensed milk present in the mix tank. The mix was heated
to a temperature of 145° F. and was then homogenized, vacreated,
and cooled in the usual manner.

Bacteria present in condensed milk and vacreated mix
The number of bacteria present in seven batches of condensed

milk and in seven batches of vacreated mix are recorded in Table 9.
It will be noted that the number of bacteria present in the fin-

ished condensed milk from the Vacreator ranged from 0 to 600 per
ml and in the vacreated mix obtained from the top of the mix cooler
from 200 to 1,200 per ml. This compares with the data obtained at
Corvallis, although the counts were slightly higher at Uniontown.

c. D. Dahle, R. K. Lawhorn, and J. L. Barnhart, The Effect of Certain Factors on
the Keeping Quality of Frozen cream." Report of Proceedngs of the 40th Ann,,al Coavei.
tion, !nternatioual Association of Ice Crea,a IvIan-ufacturevs, 1940.
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Phosphatase tests on raw milk, condensed milk, and vacre-
ated mix

The phosphatase test on all samples of raw milk was positive,
and on all samples of condensed milk from the Vacreator and vacre-
ated mix it was negative.

Quality of ice cream manufactured
The freezing of the ice cream mix during the 2 weeks at Union-

town was supervised by the plant superintendent, Mr. Carten Glass.
No information was given to the foreman of the freezing room or
his assistants regarding the procedure followed in the mixing depart-
ment. The freezing room was located on the first floor and the mix-
ing room on the second floor. The freezers were of the continuous
type. The freezer room foreman and the girls who operated the
freezers and fillers voluntarily remarked to Mr. Glass that the mix
possessed a better freezing quality and "dried up" better than that
previously made. At the end of the two-week period the freezing
room foreman expressed a similar opinion to the author.

Samples of ice cream made from each batch of the mix pre-
pared during the second week, when one-half of the batches was
made with condensed skim milk and one-half was made with con-
densed whole milk, were examined during the last day of the re-
search at Uniontown. Each sample was given a code letter and was
critically examined by eight persons.

All samples were pronounced excellent. No undesirable flavor
could be detected. The vanilla flavor was not pronounced. It was
believed by the management of Hagan's that a strong, or pungent,
flavor is undesirable in fine quality ice cream.

Although the solids-not-fat content was somewhat lower than
in prewar ice cream the body and texture were very good. The
texture was smooth and the body firm. The melt-down quality of
all samples was excellent.

Each person who examined the samples recorded his opinions

Table 9. NUMBER OF BACTERIA PRESENT IN CONDENSED MILK AND ICE CDEAM FROM
VACREATOR.

Condensed milk from Vacreator

Batch number At beginning At finish Ice cream mix from Vacreator

Bac!eri per in! Bacteria
per In!

Bac!era er in!

300 100 (skim) 800 (Condensed skim milk used)
2 100 0 (skim) 200 (Condensed skim milk used)
3 200 600 (skim) 800 (Condensed whole milk used)
4 300 0 (skim) 900 (Condensed skim milk used)

100 600 (whole) 500 (Condensed whole milk used)
6 700 300 (skim) 1,200 (Condensed skim milk used)

300 300 (whole) 700 (Condensed whole milk used)
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on a report card. An analysis of the preferences showed that the
ice cream made with the condensed whole milk was rated first eleven
times and the ice cream made with condensed skim milk was rated
first only once.

Summary of research conducted at Uniontown
Condensing skim milk to the concentration desired for use in

ice cream mix was found practicable under commercial conditions,
using a "Junior" Vacreator. The amount of water removed per
hour from the milk approximated 1,000 pounds.

When whole milk was condensed with the "Junior" Vacreator
to the concentration desired for ice cream mix, it was found possible
to remove approximately 800 pounds of water from the milk in
1 hour.

The process, especially when whole milk was condensed, was
simple and convenient, and fitted in well with the subsequent mixing,
homogenizing, and vacreating of ice cream mix.

Ice cream was made and hardened the same day the milk was
delivered to the ice cream factory.

The bacterial content of the cotdensed milk and of the vacre-
ated mix was low.

The phosphatase test on the condensed milk and vacreated
mix was negative.

The ice cream manufactured was of excellent quality. That
made from a mix in which condensed whole milk was used was
superior in quality to that made from a mix in which condensed skim
milk was used.

The mix possessed a superior freezing quality and the ice
cream had a finer flavor than that previously made, in accordance
with the judgment of those in charge of the I. N. Hagan Ice Cream
Factory.

CONDENSING WHOLE MILK WITH THE "BABY"
VACREATOR AT CORVALLIS

Although it was decided earlier to omit a study of the condensing
of whole milk in the present series of experiments the trial runs made
at Uniontown were so successful that it was deemed desirable to
make a few batches of condensed whole milk with the "Baby" Vac-
reator at Corvallis prior to publication of the present bulletin.

Approximately 1,000 pounds of milk were used for each trial.
The milk was placed in a circular tank. It was not preheated before
it entered the continuous preheater. Otherwise, the condensing
process was identical to that used when skim milk was condensed.
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The milk was condensed to a concentration of approximately 1.6 to
1. The condensed milk was tested for fat and standardized before
being used in the preparation of ice cream mix.

The results were entirely satisfactory. They confirmed those
obtained earlier in Pennsylvania. The condensed milk had an excel-
lent flavor and a smooth, creamy body. The operation of the Vac-
reator as a condenser was just as easy as when skim milk was being
condensed, and the work of separating and washing the separator
was of course saved.

The vacreated ice cream mix containing condensed whole milk
had an excellent flavor. The mix whipped quickly to a dry consist-
ency. The finished ice cream had delicious flavor, smooth texture,
and desirable body and melt-down characteristic. A sample from
one of the regular batches of ice cream was entered as complimentary
in the Oregon Dairy Manufacturers' Association's ice cream contest
in February 1945. The product was scored by a committee of four
men. The score was 94k, and the comment was "excellent." It was
the highest scoring sampl.e.

As the method of preparing ice cream mix using condensed
whole milk may find considerable application in the plants that have
Vacreators a practical, simple method for calculating a mix is given
below. This is the method that was followed earlier in this research
when ice cream mixes were being condensed. A full description of
the method is given by W. C. Cole in Circular 333, California Agri-
cultural Experiment Station. Copies of this publication may be ob-
tained from the California Agricultural Experiment Station, Berke-
ley, California.

COMPOSITION OF MIX DESIRED

12.00 per cent fat
10.00 per cent milk solids-not-fat
15.00 per cent sugar
200 per cent whole fresh egg
0.45 per cent gelatin

PER CENT OF FAT IN MILK-CREAM MIXTURE

If milk solids-not-fat in the serum is 9 per cent the following equation
may be used:

0.09>< 0.12
- 0.0975, or 9.75 per cent fat in milk-cream

0.10 + (0.09 X 0.12) mixture

In the above equation
0.09 = milk solids-not-fat fraction of fat-free serum of milk-cream

mixture
0.12 = fat fraction of mix
0.10 = milk solids-not-fat fraction of mix
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POUNDS MILK AND CREAM REQUIRED

12
- 123.1 pounds of milk-cream mixture containing 9.75 per

0.0975 cent fat
40 per cent cream and 4 per cent milk available.

SUMMARY

For the 100 pounds finished ice cream mix use the following quantities
of the different products:

103.44 pounds 4 per cent milk containing 4.14 pounds of fat and 8.94
pounds of milk solids-not-fat

19.66 pounds 40per cent cream containing 7.86 pounds of fat and 1.06
pounds of milk solids-not-fat

15.00 pounds of sugar
2.00 pounds of whole egg
0.45 pound of gelatin

140.55 pounds

The mixture contains the required amount of fat and milk
solids-not-fat, namely 12 pounds of fat and 10 pounds of milk solids-
not-fat. But it contains 40.55 pounds excess water. This can be
removed by condensing the milk from 103.44 pounds to 62.89
pounds. This is a concentration of 1.645 to 1. The condensed milk

4.14 X 100
must therefore contain: = 6.58 per cent of fat. The

62.89

finished mix will weigh 100 pounds and will contain the desired per-
centages of fat, milk solids-not-fat, and other ingredients.

COST OF CONDENSING MILK WITH THE 4'BABY"
VACREATOR AT CORVALLIS

The following data based on observed conditions in two tests
were prepared by W. C. Baker, assistant professor; and C. A. Arents,
assistant professor, Department of Mechanical Engineering, Oregon
State College.

40

4

5.75

3025

123.1 )< 5.75
- 19.66 40pounds per cent cream

9.75 36

123.1 >< 30.25 - 103.44 pounds 4 per cent milk
36

36.00



DUAL USE OF THE VACREATOR 47

Test 1
A total of 1,020 pounds of skim milk was reduced to 574.92

pounds by the evaporation of water. The milk was heated to a tem-
perature that ranged from 140° to 150° F. in the coil vat and to a
temperature of 210° to 212° F. in the heater before it entered the
Vacreator.

CALCULATIONS

Water metered to boiler 91,022.0 - 91,006.9 = 15.1 cubic feet
1 cubic foot of water = 62.4 pounds
15.1 X 62.4 =944 pounds of steam from boiler
Original weight of milk = 1,020 pounds
Final weight of milk = 574.92 pounds
Water taken out of milk = 1,020 574.92 445.08 pounds.
The temperature of the water used for the condenser as it en-

tered was 62° F. It left at 92° F. The temperature of the milk as
it left the Vacreator averaged 114° F.

85 pounds
Water rate )< 3,600 = 10,930 pounds per hour

28 sec.

85.25 pounds

28.5 sec.
)< 3,600 = 10,760 pounds per hour

Average = 10,845 pounds per hour

Heat required to bring milk up to 145° F. in coil pasteurizing
vat: 1,020 pounds >< 0.935>< (145 - 45° F.) = 95,300 Btu.

10 gallons water in circulating system to be heated from 62° to
167° F.

10 >< 8.33)< 105 = 8,750 Btu.

Total heat required:
95,300 + 8,750 = 104,050 Btu.

Steam required to heat milk and circulating water:
Heat content of steam at 105 pounds = 1,188.1 Btu per

pound
Heat content of water at 167° F. = 134.89 Btu per pound

104,050
= 96.2 pounds steam

1,188.1 - 134.89
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Heat left in milk at end of process:
574.92 pounds X 0.94 >< 95 Btu = 51,300 Btu

51,300
= 47.6 pounds steam

1,188-112.89
Net steam required for process:

944 + 96.2 - 47.6 = 992.6 pounds steam
Cost of steam

Assume boiler efficiency at 50 per cent.
1 barrel of oil = 6,140,000 Btu.
6,140,000 X 0.50 = 3,070,000 Btu.

3,070,000 Btu
= 2,650 pounds steam per barrel of

1,158 Btu/Pound oil

Oil cost per barrel = $1.60
1.60

Cost per 1,000 pounds steam=

Cost of process (steam)
992.6

>< 60.4 = 59.9
1,000

60.4 cents per
2,650 1,000 pounds

steam

Test 2
In test 2, 889 pounds of skim milk was condensed to 558 pounds.
The cost of the steam used was 550.
The average steam cost in the two tests for condensing the skim

milk for a 900 pound mix containing 10 per cent milk solids-not-fat
was

The cost of the water used for condensing under the conditions
of the experiment was 140 for the milk for a 900 pound mix and
the cost of electricity was 60. The total cost of the steam, water,
and electricity for condensing the milk for a 900 pound mix con-
taining 10 per cent milk solids-not-fat was 57 + 14 + 6 77g.

This cost can undoubtedly be reduced. The milk heater was
operated at foregoing capacity and for that reason was inefficient.
The amount of water used was greater than was theoretically neces-
sary, while the electric power consumption could be reduced if a
tubular milk heater, instead of the centrifugal heater, was used.

See APPENDIX for detailed data covering the engineering as-
pects of the condensing process.
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ECONOMIC CONSIDERATIONS IN USING THE
VACREATOR FOR CONDENSING

When not condensing, the amounts of cream, skim milk and
nonfat dry milk solids to use for 100 pounds of ice cream mix con-
taining 12.5 per cent fat and 10 per cent milk solids-not-fat are:

32.9 pounds cream containing 38 per cent fat
45.5 pounds skim milk
4.2 pounds nonfat dry milk solids containing 97 per cent

total solids
These amounts will furnish 10 pounds of milk solids-not-fat.
When condensing, the amount of cream and skim milk to use

for 100 pounds of mix containing 12.5 per cent fat and 10 per cent
milk solids-not-fat are:

32.9 pounds cream containing 38 per cent fat
90.66 pounds skim milk

These amounts will furnish 10 pounds of milk solids-not-fat.
Unit cost of milk and cream:

Sweet cream-60 per pound fat
Skim milk-65Ø per 100 pounds
Spray process nonfat dry milk solids-16 per pound.

Method 1:
Cost of cream $7.500
Cost of skim milk 0.296
Cost of dry milk 0.672

Total $8468

Method 2:
Cost of cream $7.500
Cost of skim milk 0.589

Total $8089

Plus cost of condensing with the "Baby"
Vacreator 0.085

Total $8174

In the foregoing calculations the cost of handling and storing
dry milk, cost of separating skim milk, and labor and equipment
cost of condensing were not considered.
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The difference in the cost of the dairy products for 100 pounds
each of the two mixes is:

Method 1 $8.468
Method 2 8.174

Difference $0294
The saving for different quantities of mix when the condensing

method is used would be:
100 pounds mix $ 0.294

1,000 pounds mix 2.94
2,000 pounds mix 5.88
3,000 pounds mix 8.82
4,000 pounds mix 11.76
5,000 pounds mix 14.70

10,000 pounds mix 29.40

It is recognized that prices of cream, milk, and dry milk vary
with the locality. The unit costs used here are those that prevail in
Oregon at this writing.

A comparison of the cost of the dairy products for a mix made
with cream, whole milk, or skim milk and commercial plain con-
densed skim milk with the cost of the dairy products when cream,
whole milk, or skim milk is used, using the Vacreator as a condenser,
may also be made. The O.P.A. ceiling price of plain condensed
skim milk, containing 29 per cent milk solids, in 10-gallon cans, f.o.b.
plant, effective April 3, 1944, was 4.06 per pound. The price of
sweetened condensed skim milk containing 29 per cent milk solids
and 42 per cent sugar was 7.330 per pound, in 10-gallon cans. The
Federal Register for March 1, 1945, also shows these maximum
prices applicable in Zone A and 4.130 for plain condensed milk and
7.400 for sweetened condensed skim milk in Zone B.

MISCELLANEOUS CONSIDERATIONS OF THE
NEW PROCESS

In addition to the savings effected by condensing as indicated by
the calculations above and the beneficial effect on the quality of the
ice cream, there are a number of advantages in using the Vacreator
as a milk condenser.

It is possible to utilize a larger amount of locally produced milk;
pasteurized condensed milk can be sold to other ice cream factories,
to bakeries, and candy manufacturers; sweet buttermilk can be con-
densed; sweetened condensed milk can be made and stored for fur-
ther use; the method may be useful when manufacturing mix con-
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taming a high percentage of solids and also in connection with the
manufacture of certain dehydrated dairy products. If sweet cream
is unobtainable, as during the peak ice cream producing season, un-
salted sweet cream butter and condensed skim milk or whole milk
can be successfully used for ice cream mix.

The present research did not include studies having for their
purpose the development of the method as a "continuous" process.
It is believed feasible to modify the present developed method in
such a way that large dairy plants can continuously condense milk to
the desired concentration. This may require some additional equip-
ment, such as stainless-steel tanks and automatic density regulators.

DISCUSSION

The experiments reported on have shown that skim milk and
whole milk can be condensed to the desired concentration for use in
ice cream mix by the use of a Vacreator. The process as developed
by the Oregon Agricultural Experiment Station is simple and prac-
tical. Assuming that a Vacreator is already available for pasteuriz-
irig the mix, as the final step in its preparation, the only additional
equipment necessary for the condensing process would be a suitable
continuous-type heater and a pump. The condensing process re-
quires a relatively short time and is easily controlled. Only little
supervision is necessary during coidensing. The density of the con-
densed milk may be easily and reliably determined by means of a
Baumé hydrometer or a pycnometer. The fact that only a relatively
small amount of milk is present in the Vacreator when condensing
30 pounds in the "Baby" machineand the milk passes through
the machine at the rapid rate of about 1.5 to 1.9 pounds per second
explains the efficiency of the machine in removing vapor from the
boiling milk. The temperature of the milk during the brief time it
is exposed to the vacuum in the chambers is reduced about 90 degrees
Fahrenheit. When making mix of the same composition from day
to day, and using cream of the same fat content, the Baumé reading,
or weight of a given volume of condensed milk, will remain constant.
Aithoughit is not necessary to install elaborate laboratory equipment
for determining, by gravimetric method, the total solids content of
the condensed milk made, it is desirable for any fair-sized ice cream
factory to have simple equipment for determining the total solids
content of the condensed milk and of the finished mix.

The research was not conducted for the purpose of comparing
the quality of ice cream made when different condensed or dehy-
drated milk products were used in the mix. The quality of the con-
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densed milk prepared by the method described and the quality of
the mix and ice cream made were highly satisfactory.*

A study of the cost involved when skim milk was condensed
with the Vacreator to the density required for use in ice cream mix
indicated that this method of condensing was economical. It was
also found that the cost of the milk solids made available for ice
cream by this method in comparison with the outlay for milk solids
in other cdmmercial forms showed the practice developed to be
profitable.

As no steam was used in the machine during condensing only a
slight amount of milk solids was deposited on the inside surfaces. It
was unnecessary to dismantle and clean the apparatus after the milk
had been condensed when the mix was subsequently vacreated.

* Pasteurization of ice cream mix, whether done with a Vacreator or any
other type of pasteurizer, should not be used as a substitute for sanitation and
proper care of milk or cream on the farm. When once contaminated milk or
cream can never be restored by any me/hod of processing to its original high
standard of purity and excellence. There is no known method to use that will
cover up low quality in milk or cream.



Appendix

RELATION OF PRESSURE TO THE BOILING POINT
OF WATER

Zero inch mercury on vacuum gauge = 760 mm. mercury column or 14.7 pounds per
square inch absolute.

29.92 inches mercury on vacuum gauge zero mm. mercury column or total vacuum.

DETERMINATION OF THE SPECIFIC GRAVITY OF
MILK AND MILK PRODUCTS

The specific gravity of a liquid refers to the relative weights of equal
volumes of the liquid and of water at definitely stated temperatures.

The specific gravity of a liquid can be determined by several methods. One
is by using a hydrometer. Another is by using a pycnometer and a balance.
USING HYDROMETER

For determining the density of whole milk and skim milk a specially con-
structed hydrometer known as a lactometer is used. The Quevenne type is
most frequently used. It registers the density in degrees ranging from 15 to
40. It is graduated to give a correct reading at 600 F. A correction can be
made if the temperature varies a few degrees from 60. If it is above 6O F.
add 0.1 to the reading for each degree Fahrenheit, and if it is below subtract
0.1 from the reading for each degree Fahrenheit. A lactometer reading of 15
corresponds to a specific gravity of 1.015, a reading of 32 corresponds to 1.032,
and a reading of 40 corresponds to a specific gravity of 1.040.

Hydrometers having specific gravity scales at intervals varying from below
1.000 to 2.000 are obtainable from dairy supply houses. Instead of the specific
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Table 10. Bou.ING POINTS OF WATER AT DIFFERENT PARTIAL VACUUMS.

Vacuum gauge Boiling point Vacuum gauge Boiling point

Inches DegFees F. Inchej Degree.e F.
0 212.0 23.5 143.4
1 210.2 24.0 140.4
2 208.6 24.5 136.9
3 207.0 25.0 133.2
4 204.8 25.5 129.2
5 203.0 26.0 124.7
6 201.0 26.5 119.7
7 198.9 27.0 114.1
8 196.7 27.5 107.6
9 194.5 28.0 99.9

10 192.2 28.1 98.1
11 189.7 28.2 96.3
12 187.2 28.3 94.3
13 184.6 28.4 92.1
14 181.8 28.5 90.0
15 178.9 28.6 87.6
16 175.8 28.7 85.3
17 172.6 28.8 82.6
18 169.0 28.9 80.4
19 165.2 29.0 76.6
20 161.2 29.1 73.2
20.5 159.1 29.2 69.3
21.0 156.7 29.3 64.9
21.5 154.4 29.4 59.9
22.0 151.9 29.5 54.1
22.5 149.2 29.6 46.9
23.0 147.2 29.7 37.0
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gravity scale the hydrometer may be graduated to give the reading in the
Baumé scale.

UsING PYCNOMETER

A practical and reliable method of determining the weight of a given
volume of product is by means of a metal pycnometer and a balance.

A small conical-shaped container usually of a capacity of approximately
150 ml is used. The empty container is placed on a direct-reading balance and
by means of counter weights the balance is brought to equilibrium. It is then
filled with the product. The pycnometer must be made level full. Then place
it on the balance and ascertain the net weight of the product. Immediately
after weighing determine the temperature of the product in the pycnometer by
means of a small straight-stem thermometer.

The specific gravity of the product can be calculated by dividing the weight
of the product by the weight of an equal volume of freshly boiled distilled
water at the same temperature.

For example: Weight of milk = 103.5 grams at 60° F.
Weight of water = 100.0 grams at 60° F.

103.5
Specific gravity of milk = = 1.035

- 100

or, Weight of condensed milk = 107.25 grams at 60° F.
Weight of water = 100.00 grams at 60° F.

107.25
Specific gravity of milk - 1.0725

100

or, if the milk is at a higher temperature,
Weight of condensed milk = 106.50 grams at 110° F.
Weight of water = 99.50 grams at 110° F.

106.50
Specific gravity of milk - - 1.0705

99.50

If the specific gravity of condensed milk at 60° F. is 1.0725, 1 gallon of
condensed milk at this temperature would weigh:

8.337)< 1.0725 8.94 pounds

The following shows the weight of condensed skim milk contained in a
metal pycnometer cup and the weight of the same volume of water at the same
temperature:

Weight of condensed skim milk at 64° F. = 157.32 grams
Weight of distilled water at 64° F. = 147.95 grams

The specific gravity of the milk at this temperature is
157.32

- 1.0633
14795

Using this method of calculating, the specific gravity at different tempera-
tures can be calculated.



Example:
Sample I

Hydrometer method:
Specific gravity at 60° F. = 1.068

Pycnometer method:
Specific gravity at 90° F. 1.0673
Specific gravity at 100° F. 1.0667
Specific gravity at 110° F. 1.0663
Specific gravity at 120° F. 1.0660

Sample 2
Hydrometer method:

Specific gravity at 60° F. = 1.076
Pycnometer method:

Specific gravity at 60° F. 1.0761
Specific gravity at 70° F. = 1.0760
Specific gravity at 80° F. = 1.0759
Specific gravity at 90° F. 1.0758
Specific gravity at 100° F. = 1.0757
Specific gravity at 110° F.=1.0751
Specific gravity at 120° F. = 1.0740

DETERMINATION OF THE VOLUME OF MILK, CON-
DENSED MILK, AND ICE CREAM MIX IN TANKS
A common problem in an ice cream plant is to determine the amount of

milk or mix present in a tank or vat. It is often impossible to determine the
amount of milk or mix present by actual weight.

Measuring the milk required for a batch of ice cream mix by using milk
cans is not a very accurate method as the weight of the milk varies with its
temperature. The condition of the cans may also influence the weight of the
milk in the cans. Old, dented cans may contain considerably less milk than
new cans.

If a cylindrical tank is used it should be possible to determine fairly ac-
curately the volume of milk, cream, or mix in it by means of a calibrated metal
measuring rod. Conversion of the volume to weight can be made by a simple
calculation, provided the weight of a given volume of the product at the tem-
perature measured is known. This can be easily determined by the use of a
pycnometer and a balance.

If the Vacreator is to be used for the dual purpose of condensing milk and
vacreating mix it will be desirable also to employ an electric method for de-
termining the level of the fresh milk and of the condensed milk in the tank.
There are a number of these electric level controls advertised in the dairy
magazines. The cost of an electric control is not great. The control is cap-
able of activating either a bell, a light, or a buzzer to signal when a certain
level has been reached. The control unit can be installed in a location some
distance from the tank containing the electrodes.

GRAVIMETRIC DETERMINATION OF THE TOTAL
SOLIDS CONTENT OF MILK, CONDENSED MILK,

AND ICE CREAM MIX IN ICE CREAM
FACTORIES

Oregon ice cream factories generally do not determine the total solids
content of the milk and cream used and of the finished ice cream mix. It is
advantageous, from both an economic and a quality point of view, for an ice
cream factory, periodically at least, to make such analyses. Elaborate equip-
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ment is not necessary and the method is relatively simple. When a factory
does not have a laboratory the following is suggested:

1. Equipment
Torsion or similar balance graduated for direct reading of percent-

ages.

Automatic vacuum oven. The oven is heated by electricity. The vacu-
um is produced by a simple water pump connected to the city water
system. This pump is commonly known as a "filter pump" and costs
about $1.50.

A supply of aluminum milk bottle caps to use as dishes, size inch in
depth and 2i inches in diameter.

2. Procedure
Place a dry aluminum dish on the right balance pan. Bring balance

into equilibrium.
Quickly weigh into the dish 10 grams (about 10 cc) of the product.
Add 4 to 5 drops of dilute chemically pure glacial acetic acid to the

product, mixing by moving the dish in a rotary fashion. The acid
causes the casein to coagulate with exudation of whey. The purpose
is to prevent the formation of a tough film on the sorface of the
product. The acid may be diluted by using 1 part acid and 3 parts
distilled water.

Evaporate the sample to dryness on an electric hot plate maintained
on "low" heat until a light tan color is produced. Be careful not to
scorch.

Place the dish in the vacuum oven and maintain a vacuum of about
25 inches or higher and a temperature of 212° F. for at least one
hour.

Cool the dish slowly to room temperature, place on the balance, and
bring the balance into equilibrium.

Subtract the reading on the beams froni 100 to give the per cent of
total solids in the sample.

The aim should be to obtain results from duplicate determinations that
do not vary more than 0.1 in the percentage.

USEFUL INFORMATION REGARDING WEIGHTS
AND MEASURES

I liter 1,000 millilifers (ml)
1 milliliter (ml) 1.000027 cubic centimeters ("cc")
1,000 milliliters pure water at 4° C. 1-000 grams
1 gallon 3,785.332 milliliters (ml)
1 gallon = 3785332 liters
1 fluid ounce 29.5729 milliliters (ml)
Note: Liter and milliliter are units of liquid measure. Cubic centimeter is

a unit of volume. For practical purposes the units milliliter and cubic
centimeter may be considered equivalent.



1 cc of pure water at 39.2° F. weighs 1 gram.
I cubic foot of water at 39.2° F. weighs 62.43 pounds.
I cubic foot of water at 60° F. weighs 62.37 pounds.
1 gallon of water at 59° F. weighs 8.337 pounds.
1 cubic foot = 7.481 gallons.
1 cc of whole milk at 60° F. weighs from 1.028 to 1.035 grams depending

upon the composition (average 1.032).
1 cubic foot of whole milk at 60° F. weighs from 64.1 to 64.6 pounds, de-

pending on the composition.
1 gallon of whole milk at 60° F., if the specific gravity is 1.032, weighs

8.337>< 1032 8.60 pounds.
1 cc of skim milk at 60° F. weighs 1.036 grams (average).
1 gallon of skim milk at 60° F. weighs 8.64 pounds.
1 cc of 30 per cent cream weighs 1.006 grams at 60° F.
1 cc of 35 per cent cream weighs 1.003 grams at 60° F.
1 cc of 40 per cent cream weighs 0.999 grams at 60° F.
1 gallon of 30 per cent cream weighs 8.39 pounds at 60° F.
1 gallon of 35 per cent cream weighs 8.36 pounds at 60° F.
1 gallon of 40 per cent cream weighs 8.33 pounds at 60° F.

The specific gravity of a liquid can be determined by several methods. One
is by using a hydrometer. Another is by using a pycnometer and a balance.

TEMPERATURE CONVERSION
When converting degrees Fahrenheit to degrees Centigrade use the follow-

ing formula:
5

(Degrees Fahrenheit-32) >< -
9

When converting degrees Centigrade to degrees Fahrenheit use the follow-
ing formula:

9
(Degrees Centigrade X + 32

5

Examples:
212° F. =
212-32 = 180

5
180 X=100° C.

I 9

100° C.=
9

100 X - = 180
5

180+32=212°F.
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ENGINEERING ASPECTS OF CONDENSING SKIM
MILK WITH THE VACREATOR

By

- W. C. BAKER
Assistant Professor of Mechanical Engineering

and

C. A. AgENTS
Assistant Professor of Mechanical Engineering

Oregon State College

I. Introduction
Since only a few tests were made and a limited amount of data taken on

the engineering aspects of the method f condensing skim milk by use-of the
Vacreator, the results obtained should be taken as indications rather than as
final conclusions. Final conclusions must wait for further investigation which
is now being considered. This section includes two salient features: (1) The
complete heat balance method for determining the circulation rate of the milk
and thermal efficiency without weighing the condensate and measuring the rate
at which the milk was circulated. (2) A method for determining the time for
condensing skim milk to the desired specifiê gravity.

Table 11. Tast DATA FOR CONDENSING SHIM Miix WITH TilE VACREATOR.
Oregon State College Dairy Products Laboratory

- 2/6/45
I. \-Vater Meter Reading to Boiler: II. Burner (running or not running)

Initial - 99,154.3 cubic feet Initial running
Final 99,168.0 cubic feet Finish running

III. \Vater Meter Reading (to Vacreator) IV. Milk
Initial 185,167 cubic feet Initial amount 837 pounds
Final 185,309 cubic feet Final amount 439 pounds

Amount of waler re-
moved 398 pounds

V. City waler temperature 45 F. -

II. Procedure
A schematic diagram of the test is shown on page 59. It will be noted that

the flash heater and holding vat are shown as one heat exchanger unit. When

Reading
number Time

11 :12 am.

Vacre-
ator

discharge
milk

Flash
heater
inlet
nh 1k

Vacre-
ator
inlet
milk

Vacre-
ator

discharge
water

Steam
pressure

psi
gauge

78.0

Specific
gravity
of milk

at 60 F.

1.03 85

Degrees
F.

Degrees
F.

Degrees
F.

Degrees
F.

2 11. :17 am. 112.5 149.0 202.0 80.0 54.0 1.0 390
11 :22 am. 118.0 140.0 194.0 85.0 77.0 1.0 40 5
11 :27 am. 110.0 148.0 195.0 55.0 64.0 1.0 430
11 :32 am. 120.0 156.0 202.0 87.0 68.0 1.04 60

6 11 :37 am. 118.0 156.0 202.0 88.0 75.0 1.0490
11 :42 a.m. 119.0 156.0 202.0 88.0 73.0 1.0530

8 11 :47 am. 119.0 155.0 199.0 86.0 67.0 1.05 70
9 11 :52 am. 157.0 154.0 200.0 85.0 72.0 1.0620

10 11:57 am. 117.0 153.0 201.0 86.0 82.0 1.0 650
11 12 :02 p.m. 117.0 155.0 203.0 86.0 76.0 5.07(30
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making a heat balance the two units are considered as a single heat exchanger;
hence they are shown as one unit in the diagram.

The Vacreator unit shows "water out to waste." This is the cooling
water from the city supply plus the water taken from the milk.

Meters were used to determine the feed water to the boiler and water to
the Vacreator. The following temperature readings were recorded at five min-
ute intervals throughout the test Vacreator discharge milk, flash heater inlet
milk, Vacreator inlet milk, Vacreator discharge Water, steam pressure, and
specific gravity. City water inlet temperature was recorded at the beginning
and finish of the test and was found to be the same. The data for a repre-
sentative tests are shown in Table 11.

III. Methods of calculation
The figures used in these calculations are typical and were taken from the

test data on page 58. In making these calculations, average readings for tem-
perature and pressure were used.

STEP 1. Total pounds of steam used in the process

Water meter reading to boiler:

Final 99,168.0 cubic feet
Initial 99,154.3 cubic feet

Amount used 13.7 cubic feet

Total pounds of steam used
One cubic foot of water was assumed to weigh 62.43 pounds.
13.7 cu ft X 62.43 lb/cu ft = 855 pounds of steam.

STEP 2. Total heat furnished by boiler to produce 855 pounds of steam

Average steam pressure during test, 74.2 psi gauge
Btu in a pound of steam at 74.2 psi gauge 1,185.0
Btu in a pound of feed water at 45 F. 13.0

Btu added by boiler to make one pound of
steam 1,172.0

Total heat added by boiler to produce 855 lb steam (luring run of
50 minutes:

855 lb steam )< 1172 Btu/lb steam 1,002,000 Btu

Placed on an hourly basis, the boiler would add

1,002,000 60 mm
Btu X - 1,202,000 Btu/hr

50 mm hr

STEP 3. Rate of water removal from milk during the te.ct
The rate of removal of water is determined after the process has
reached equilibrium. As equilibrium is reached during the first 10

minutes of the run, the rate of water removal was determined on the
basis of the last 40 minutes of the 50 minute test.



Weight of water removed the last 40 minutes of test: 358 pounds
Rate in pounds of water removed per hour:

358 lb 60 mm
- 537 pounds per hour.

40mm hr

Rate in pounds of water removed per minute:

537
= 8.95 piunds of water removed per minute.
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STEP 4. Amount of cooling water furnished to Vacreator during process
(50 minutes)

Water meter reading to Vacreator:
Final 185,309 cubic feet
Initial 185,167 cubic feet

Amount used 142 cubic feet
Total pounds of water used:

142 cu ft >< 62.43 lb/cu ft = 8,870 pounds
Rate of water used in pounds per minute:

8,870
= 177.4 pounds per mi.nute

50

STEP 5. Pounds of milk flowing through system per minute (average value)
Specific heat of milk is taken as 0.95.

VACR EATOR

MILK IN
X LB/ MIN AT 159.5
BTU/LB

CITY WATER IN
177.4 LB/MIN AT
13 BTU/ LB

COOLING WATER 'UT
(177+ 8.95) LB/MIN
AT 53.5 BTU/LB

MILK OUT
(X.-8.95) LB/MIN
AT 81.3 BTU/LB

Let X be the rate of milk flowing in pounds per minute. Assuming
no radiation loss, the amount of heat put into the machine must equal
the amount taken out. Therefore:

Heat in = Heat out
+ (81.3) (X 8.95)

77.7X = 6,918
X = 89.0 pounds milk per minute

(177.4)
2305 +

(13)
159X

+ 159.5 X = (185.95)
= 9,950 + 81.3X 727

(53.5)

DUAL USE OF THE VACREATOR 61



62 AGRICULTURAL EXPERIMENT STATION BULLETIN 430

Since there is some radiation, a 5 per cent radiation loss will be as-
sumed to get the approximate milk circulation rate

89.0
= 93.8 pounds milk per minute

0.95
or

5,630 pounds milk per hour

STEP 6. Theoretical amount of steam required for this ,Oroces.c (50 minutes)
using the milk circulation rate calculated above of 93.8 lb/mm.

MILK IN
84.85 LB/MIN AT
81.3 BTU/LB

STEAM IN )
Z LB/MIN AT 1185
BTU / LB

HEATING VAT

a
FLASH HEATER

CONDENSATE OUJ
Z LB/MIN AT ISO
BTU/ LB

MILK OUT
93.8 LB/MIN AT
159.5 BTU/LB

Let 2 be the rate of steam flowing in pounds per minute. Assuming
no radiation loss, the amount of heat put into the heat exchanger must
equal the amount taken Out. Therefore

Heat in Heat out
(84.85) (813) + 1,1852 = 1802 + (93.8) (159.5)
6,900 + l,185Z = 1802 14,960
1,0052 = 8060

2 8.02 pounds of steam per minute
Since there is considerable radiation, a radiation loss of 7 per cent will
be assumed to get the approximate steam rate.

8.02
= 8.63 pounds of steam per minute or

0.93 517 pounds of steam per hour

STEP 7. Thermal efficiency of process

Rate of steam furnished per hour (actual)
855

)< 60 = 1,025 pounds of steam per hour
50

Rate of steam per hour needed for ideal conditions including radiation
loss = 517 pounds per hour. (This value calculated under step 6.)



w2-
(1.0385) (1.076)-10385

837 (00375)

(1.0385) (1.076) - 1.0385

= 398 pounds. The negative sign indicates that the water
was removed.

This shows that during the 50 minute test 398 pounds of water was
removed from 837 pounds of skim milk and 439 pounds of condensed
milk was produced.

Ideal rate
Efficiency - >< 100

Actual rate

517
= X 100 = 50.3 per cent

1,025

STEP 8. Method for delermining the amount of waler removed from skim
milk by condensing with the 1/acreator when only the following is
given:

(I) Weight of skim milk at beginning of process
Specific gravity of skim milk at beginning of process
Specific gravity of milk at any time during process

Example: It is desired to determine the amount of water removed
for a run. Using the derived equation:

W1(S1S,,)
w--

S1S,,S,
Where W2 = Weight of water removed, pounds

W1 Weight of skim milk at beginning of process, pounds
S1 = Specific gravity of milk at beginning of process

= Specific gravity of milk at any time during process.

Referring to the data sheet

W 837 pounds
S = 1.0385 sp gr at beginning

S,, = 1.0760 sp gr at end
Substituting these values in the foregoing equation

837 (1.0385 - 1.0760)
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IV. Conclusions
EFFICIENCY

The thermal efficiency of the process at the Oregon State College dairy
products laboratory using the present equipment was calculated to be 50.3 per
cent, which is rather low. The principal reason for this low efficiency lies in
the fact that the flash heater, used as a heat exchanger, did not take all the
heat out of the steam but discharged a large amount of uncondensed steam to
waste. The efficiency of the process calculated on a similar test run at Union-
town, Pennsylvania, using an efficient heat exchanger, was 915-per cent. From
the data at hand it can be concluded that one can reasonably expect an ef-
ficiency of 85 per cent if the plant is well-designed using an efficient heat
exchanger.

CONTROL

The two control curves for the condensing process at the Oregon State
College dairy products laboratory are shown, in Figures 9 and 10. Suppose it
is desired to start with 1,000 pounds of skim milk with a specific. gravity of
1.0385 and to finish with a specific gravity of 1.0585. Looking at the Specific
Gravity Curve, the water removed would be 0.33 pound of water per pound of
milk. The total pounds of water removed would be 1,000 times 0.33 or 330
pounds. Going to the Water Removal Time Curve the time in minutes for tile
actual condensing process would be 43 minutes. Similar curves can be drawn
for anyplant where this process is being used.

EQUILIBRIUM AND WATER REMOVAL RATE

Referring again to the Water Removal Time Curve it can be seen that
the rate of water removed per unit time does not reach a constant until 8 min-
utes after the condensing process has started. It takes approximately 10 min-
utes for the process to reach equilibrium. Future investigation will reveal how
long the water removal rate will remain constant.

COSTS

The cost of removing 1 pound of water from skim milk with the "Baby"
Vacreator at the Oregon State College dairy products laboratory under the
conditions of the experiment was approximately 0.193. Calculations on a simi-
lar test conducted with a "Junior" model at Uniontown, Pennsylvania, using
Corvallis, Oregon, unit cost figures for steam, water, and electric power re-
sulted in a cost of 0.127 for removing 1 pound of water. It cost 35.4 per cent
more to remove 1 pound of water using the equipment at Oregon State College
than it would using the equipment at Uniontown.

The condensate from the heating means is shown as going to waste. While
this is true of the experimental runs made at Corvallis and Uniontown, in
actual commercial practice under good conditions this condensate would be
returned to tile boiler. The heat units contained in the condensate would thus
be recovered, less sopie radiational loss. Had this been done at Corvallis and
Uniontown it is fair to assume that the costs of removing each pound of water
from the milk would have been reduced from 0.193 'to 0.112ct and from 0.12,7
to 0.109 respectively.

If an efficient heat exchanger were installed at Oregon State College, rais-
ing the thermal efficiency to that of the Uniontown plant, the cost of water re-
moved would be practically the same for the two plants. This is interesting
considering that a "Baby" Vacreator is installed at tile College and a "Junior"
machine is installed at Uniontown.
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