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UNIFORM, high quality casein was produced by the
A following standard method of manufacture:

1. Skim milk with a fat content of approximately 0.01
per cent or less.

2. Titratable acidity of skim milk of 0.18 per cent or
less.

3. Sufficient whey starter added to raise the acidity of
the skim milk to 0.30 per cent. Temperature of the skim
milk not below 70° F. and acidity of the starter not below
1.15 per cent or above 1.35 per cent.

4. Set at a temperature of 104° F. Allow to set until
0.64 per cent acidity has developed.

5. Coagulate by heating to 120° F., stir constantly.

6. Drain off the whey and break the curd into pieces
about the size of an egg.

7. Wash the curd with cold water, use one-half as
much water as original skim milk. Allow to stand in the
cold water for 15 minutes, stir frequently.

8. Drain the wash water from the curd.

9. Press continuously at not less than 500 pounds
pressure for 16 hours.

10. Dry at 120° F. for 8 to 10 hours. The drying tunne!
should be of proper construction, equipped with accurate
temperature controls and have sufficient air circulation.
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INTRODUCTION

MANUFACTURE of casein by the natural sour method never
has been standardized and no attemnt has been made to cor-
relate the methods of manufacture with the physical and chemical
properties of the finished casein. Many buyers are using some
physical or chemical tests in an attempt to measure the suitabil-
ity of the casein for their specific purposes. Little uniformity
exists in the tests used and opinions differ as to their respective
value. The need for standards in grading and evaluating casein
used for different purposes has been emphasized by several in-
vestigators (1, 4, 5, 6, 7, 8, 10, 12). Many writers (1, 2, 3, 5, 6, 7.
8, 10, 11) have suggested the possibility of some relationship be-
tween the methods of manufacture and the physical and chemical
properties of casein.

The purpose of the work discussed in this bulletin was three-
fold: first, to determine the effect of various phases in the manu-
facture of casein by the natural sour method on its physical and
chemical properties; second, to correlate, if possible, the phases
of manufacture with the physical and chemical properties; and
third, to suggest improved methods of manufacture.

A ctandard method for manufacturing casein by the natural
csour method is presented in this bulletin. Casein made by this
method was used as a standerd for comparison with caseins re-
sulting from deviations within the various phases of manufacture.
The phases studied were: original acidity of skim milk, original
fat content of skim milk, setting temperature, acidity at time of
coagulation, cooking temperature, time curd left in whey, number
of washings, temperature of wash water, moisture in green curd,
and drying temperature. Results were measured by selected phy-
sical and chemical tests.

EXPERIMENTAL PROCEDURE.

Whole milk from the University of Idaho Jersey and Holstein
herds was used. The fat content of the skim milk was approxi-

*The data in this bulletin are taken from the theses presented to the Graduate Faculty,
University of Idaho, by R. E. Wood and R. L. Olmstead in partial fulfiliment of the re-
quirements for the degrees of master of science.
1Associate Dairy Husbandman, *Assistant Dairy Husbandman, *Associate Agricultural

(3]
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mately 0.01 per cent and the titratable acidity about 0.17 per cent
Standard Method of Manufacture Selected

1. Al curd was made in four 50-gallon cheese vats. Skim milk
was weighed into the vats and warmed to 70° F.

2. Sufficient whey starter was added to raise the acidity of the
skim milk to 0.30 per cent. The whey starter was developed and
stored in a wooden barrel. Enough fresh whey was added to the
barrel each day to maintain an acidity of from 1.15 to 1.35 per cent.
Preliminary work demonstrated that a starter with an acidity of
less than 1.15 per cent or above 1.35 per cent greatly increased the
time necessary for coagulation.

3. Each batch was warmed to 104° F. and allowed to set until
0.64 per cent acidity had developed. Complete precipitation of the
milk occurred at 0.64 per cent acidity.

4. The curd was coagulated by heating the milk to 120° ¥, stir-
ring constantly. In heating the milk, steam was introduced directly.

5. All the whey was drained off and the curd broken into pieces
about the size of an egg to facilitate draining and washing.

6. The curd was washed with cold water (55° F.), using one half
as much water as original skim milk. It was allowed to stand in
the cold water for 15 minutes, being stirred frequently. and then
drained.

7. The curd was placed in a five-pound cheese mold and pressed
in a continuous cheese press for 16 hours at a pressure of 1000
pounds per square inch.

8. After being ground in a food chopper the curd was spread
one-fourth inch deep on drying trays.

9. The curd was dried for 16 hours in a thermostatically con-
trolled drying tunnel at 120° F. The velocity of air was 95 cubic
feet per minute through an intake 6 inches in diameter. Prelimi-
nary work (6) showed these drying conditions to be equivalent to
8 to 10 hours drying under commercial conditions.

METHODS OF ANALYSIS

Physical Tests

Color. Color was determined by comparison, using a color scale
with the following gradations: 1 point, brown; 2 points, light
brown; 8 points, amber; 4 points, light amber; 5 points, cream:
6 points, light cream; 7 points, straw; 8 points, light straw;
9 points, very light straw; 10 points, white. Samples for the stan-
dard color scale were made up of casein that would pass through
a 20-mesh but not a 40-mesh screen. Preliminary results showed
that the size and uniformity of the casein particles influenced coloy
score. Samples were sealed in test tubes and kept in a dark, cool
place when not in use.

Odor. Odor was determined by comparison, using an arbitrary
odor scale with the following gradations: 5 points, musty, moldy,
and cheesy; 6 points, rancid; 7 points, slightly ranecid- points,
sour; 9 points, slightly sour; 10 points, clean. Before judging
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the casein for odor the lids were removed from the jars and the
dead air allowed to escape.

Solubility. Instead of using the standard solubility test recom-
mended by Sutermeister (5), a revised miniature test was de-
veloped. Casein was ground to pass a 20-mesh but not a 40-mesh
screen to have all particles practically the same size. The same
proportions of borax, water, and casein were used as in the stan-
dard method, but the amounts were varied.

Ten cubic centimeters of a 2.5 per cent sodium borate (Na.-
B,0;.10H,0) solution were placed in % x6-inch tubes; 1.66
grams of casein and a few drops of a one per cent alcoholic solu-
tion of corallin were added. The test tubes were then placed in
warm water, 60° to 65° C., and stirred constantly with a glass rod
until the casein was completely dissolved. When stirring was stop-
ped any casein remaining undissolved immediately settled out. By
continuing the stirring until no casein settled out the relative solu-
bility of the different samples could be measured in minutes. This
test had the following advantages over the Sutermeister test: first,
the red color of the solution made it easier to distinguish rapidly
any undissolved particles of casein; and second, the color together
with the smaller quantity of solution in a test tube made it possible
to establish a more definite end-point of solubility.

Viscosity. An orifice viscosimeter was assembled and used as
follows: a 50 c.c. pipette with a 2 m.m. orifice was placed inside
a water heated jacket in which a temperature of 60° C. was main-
tained by a gas burner. A 25 c.c. graduate was placed under the
outlet of the pipette to receive the efflux from the orifice. The solu-
tion used was the standard Sutermeister solution (5) diluted with
75 c.c. of water. Dilution was found necessary to assure a steady
flow of solution through the orifice. The time in seconds required
for 25 c.c. of solution to flow through the orifice was used as the
comparative viscosity.

Chemical Tests

Chemical tests for moisture, ash, fat, nitrogen, pH value, total
acidity, free acidity, and conductivity were made according to the
modified methods recommended by Snyder and Hansen (4). Con-
ductivity as measured by resistance in ohms was used as an indica-
tion of the presence of impurities. All samples were placed in air-
tight glass jars and stored in a dark room until analyzed.

PRESENTATION OF DATA

Original Acidity of Skim Milk. The original acidity of skim milk
was varied from 0.16 to 0.25 per cent. An acidity of 0.25 per cent
was considered the maximum limit at which milk could be separated
efficiently with the average cream separator. Trimble and Bell
(7, 8) recommend that only clean sweet skim milk, free from ab-
normal fermentations, be used for casein manufacture.

Results of this investigation, (Section B of Table I), indicate that
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the original acidity of the skim milk when varied from 0.16 to 0.25
per cent had little or no influence on any property of the finished
cacein. Apparently any milk free from abnormal fermentations
will produce a good quality casein if it can be efficiently separated.

Original Fat Content of Skim Milk. When the original fat con-
tent of the skim milk was varied from 0.01 to 0.50 per cent, the
physical properties of the finished casein were influenced much more
than were the chemical properties (Section C, Table I). As the fat
content of the skim milk was increased from 0.01 to 0.10 per cent,
then to 0.25, and finally to 0.50 per cent, there was a decrease in
the color score of 1.5 points, 2.0 points, and 2.23 points, respectively.
The decrease in odor score was even more marked, for withthe same
increases in the fat content of the skim milk there were decreases
in the odor score of 1.0 point, 3.25 points, and 3.75 points, respec-
tively. When the fat content of the skim milk was 0.25 and 0.50
per cent, the finished casein in every instance had a distinctly ran-
cid odor.

Rate of solubility was apparently influenced by the fat content of
the skim milk. As the fat content increased the rate of solubility in-
creased from 11.31 to 9.18 minutes.

When the fat content was increased from 0.01 to 0.50 per cent
the viscosity decreased from 11.88 to 10.36 seconds, and the yield
of casein per hundred pounds of skim milk was increased from
2.82 to 3.13 pounds, an increase of 11.0 per cent.

Moisture, ash, pH value, total acidity, free acidity, and resistance
in ohms were not influenced to any marked extent by the fat con-
tent of the skim milk. However, an increase in fat content of the
skim milk significiently influenced both the fat and nitrogen content
of the casein. The increase in the fat content of the casein was
159 per cent, 382 per cent, and 1028 per cent when the fat content
of the skim milk was increased from 0.01 per cent to 0.10, 0.25,
and 0.50 per cent, respectively. This great increase in fat content
of casein accounts, at least in part, for the increase in rate of solu-
bility and decrease in viscosity, as well as increase in yield. Al-
though the nitrogen content of the finished casein was not de-
creased appreciably when 0.10 and 0.25 per cent fat were present
in the skim milk, nevertheless, when the fat content was increased
to 0.50 per cent the nitrogen content was decreased 6 per cent.

Results indicate that as the fat content of the original skim
milk increases there is a detrimental influence exerted on the fin-
ished casein as indicated by some of its physical and chemical
properties, particularly color, odor, nitrogen, and fat content.
Although under commercial conditions the fat content of the skim
milk is low and fairly constant, it must be remembered that small
increases in the fat multiply their effect many times in the finished
cascein.

Setting Temperature. The time required to develop the desired
acidity of 0.64 per cent at time of coagulation varied inversely
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with the increase in setting temperature from 80° to 110° F. At
a setting temperature of 80° F. 13 hours were required to reach
an acidity of 0.64 per cent; at 90° F., 8 hours; at 100° F., 4 hours;
and at 110° F., 3 hours. With the longer time required for the
setting temperatures of 80° and 90° F., the curd frequently de-
veloped gas and was crumbly, making it difficult to wash without
loss in yield.

Differences in setting temperatures had no appreciable influence
on color score, odor score, viscosity, moisture, ash, nitrogen, total
acidity, or free acidity of the finished casein (Section D, Table I).
In the standard method, setting temperature 104° F., the rate ot
solubility was 11.60 minutes. Either raising or lowering the set-
ting temperature caused a decrease in the rate of solubility, it be-
ing 12.50 minutes at 80° F. and 13.38 minutes at 110° F. As the
cetting temperature was increased there was a slight but uniform
decrease in pH value, a decrease in resistance in ohms, and an in-
crease in yield.

Setting temperatures of 100° to 110° F. are to be preferred
Iecause they lessen the time of manufacture and, with the excep-
tion of a slight decrease in rate of solubility, do not detrimentally
influence the quality of casein.

Acidity at Time of Coagulation. Acidity of the skim milk at
the time of coagulation is a very important factor in the manu-
facture of natural sour casein since it influences quite markedly
the guality of the finished casein as measured by physical and
chemical properties. Three acidities were used, 0.45, 0.60*, and
0.75 per cent. Titratable acidity was used in this work in prefer-
ence to hydrogen-ion concentration because the average plant does
not have the proper facilities for making pH determinations.

An acidity of 0.45 per cent had some very striking influences
on solubility, ash, resistance in ohms, yield, color, and odor when
compared with the standard method (Section E, Table I). When
the acidity was lowered from 0.60 per cent to 0.45 per cent the
rate of solubility decreased from 11.60 to 24.5 minutes; ash in-
creased 56 per cent; resistance in ohms decreased 37 per cent;
and yield decreased 58 per cent. Color score was decreased 1.11
points and odor score 1.0 point. The great decrease in rate of
solubility and yield and the increase in ash may undoubtedly he
attributed to the incomplete precipitation of the casein.

When the acidity was increased from 0.60 to 0.75 per cent, the
color score decreased 2 points, viscosity decreased 17.6 per cent,
and yield decreased 4.0 per cent. Rate of solubility was decreased
from 11.60 to 15.44 minutes, pH value was increased 12.6 per
cent, and resistance in ohms 13.0 per cent. When using an acidity
of 0.75 per cent decreases in rate of solubility and yield apparently
were due to the very hard granular character of the curd.

*An acidity of 0.60 per cent was used in the first series as a standard for comparison,
Since it was noted that this acidity was not quite the iso-electric point, all other casein
was coagulated at an acidity of 0.64 per cent.
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These results indicate that at the time of coagulation a very
careful adjustment of the acidity is desirable. Apparently 0.64 per
cent of titratable acidity is very close to the iso-electric point and
is the best acidity to use for coagulation. Any appreciable devia-
tion, either below or above this acidity, gave much less satisfactory
results as measured by the color, odor, solubility, and yield of the
finished casein, because of either the incomplete coagulation or the
hard, granular character of the curd. Low acidities increased the
ash content and the resistance in ohms because of the incomplete
precipitation of the casein.

Cooking Temperatures. As the cooking temperature was in-
creased there was an increase in the rate of solubility and ash con-
tent and a decrease in pH value and total and free acidity (Section
F, Table I). The changes in pH value and total acidity, while not
particularly marked, nevertheless were regular and fairly uniform.
The most outstanding effect of change in cooking temperature was
the influence on solubility and yield when the temperature was
lowered to 110° F. from the standard method of 120° F. At 110° F.
the solubility was decreased from 11.60 to 16.06 minutes and the
vield was decreased from 2.81 to 2.13 pounds. The decreased yield,
which amounted to 24 per cent, may be accounted for by the in-
complete coagulation of the curd. When the cooking temperature
was raised above the temperature used in the standard method to

140° F. a very tough curd was formed and the ash was increased
27 per cent.

These results show that a cooking temperature of 120° F. was
the best of those tried. A temperature of 110° F. should not be
used because of the decrease in solubility and yield, while a tem-
perature of 140° F. is undesirable because a tough curd is pro-
duced which makes it more difficult to wash out impurities, thereby
resulting in a casein of higher ash content.

Time Curd Left in Whey. Leaving the curd in the whey 0, 10,
15, or 25 minutes affected none of the physical or chemical prop-
erties of the finished casein with the exception of solubility and
resistance in ohms (Section G, Table 1). Rate of solubility was
slightly decreased when the curd was left in the whey 15 or 25
minutes. Resistance in ohms was increased directly with the in-
crease in length of time the curd was left in the whey. In com-
merical practice the whey is removed from the curd as soon as
possible to save time in manufacturing. These results indicate that
leaving the curd in the whey up to 25 minutes will have no detri-
mental effect in the finished casein as measured by its physical and
chemical properties.

Effeet of Number of Washings. In the commercial manufac-
ture of casein the curd is usually washed once. A study was made
of the effect of 0, 1, 2, 3, and 4 washings on the well-broken curd.
Each washing was of 15 minutes duration, using a quantity of
wash water equal to one-half the amount of the original skim milk.
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Results show an improvement in the quality of casein with each
additional washing (Seection H, Table I). Although no commercial
plant would attempt to produce casein without any washing, never-
theless, observation indicates that frequently the one washing
they do use is not much better than no washing because of the
prevalence of large masses of unbroken curd which make thorough
washing impossible.

No washing resulted in a casein of poor quality, low in color
score and solubility, high in ash and total and free acidity. The
low resistance in ohms indicates the presence of impurities.

One washing distinetly improved the casein by increasing the
color score, odor score, pH value, resistance in ohms, and the rate
of rolubility and by decreasing the ash content, and free and total
acidity.

Two washings continued to improve the quality, but the effect
was not o noticeable as with one washing except in the decrease
in ash content from 3.15 to 2.41 per cent.

Three and four washings each continued to improve the quality,
but the improvement was limited in comparison with the effect of
one washing over no washing.

Successive washings reduced the impurities in casein as indicated
by the decreased ash content, total acidity, and free acidity, and
the in-reased pH wvalue and resistance in ohms. Yield was de-
creased because of impurities washed out and the loss of small
particles of curd in each wash water.

These results indicate that one thorough washing of well-broken
curd is sufficient to produce a very good grade of commercial casein.

Effect of Temperature of Wash Water. Wash waters at tem-
peratures of 55°, 65° 85° and 110° F. were used (Section I,
Table I). As the temperature of wash water was increased above
that of the standard method, 50° F., there was a marked increase
in viscosity of the casein. Wash water at temperatures of 85°
and 110° F. produced a very rubbery, tough curd, which when
dried was flinty and difficult to grind. As the temperature of wash
water was increased from 55° F. to 110° F. the fat content of the
casein was reduced from 0.64 to 0.17 per cent and the viscosity was
increased from 14.98 to 18.26 seconds. Wash water with a tem-
perature at about 55° F. gave best results. Water with a tempera-
ture above 85° F. should not be used because a tough, rubbery
curd results unless a casein high in viscosity is specially desired.

Effect of Moisture in Green Curd. Pressing the excess moisture
out of the curd before it goes to the drier is of economic importance
since it is cheaper to remove moisture and impurities by pressure
than to drive off moisture by heat. The green curd was subjected
to the following pressures: no pressure, 500 pounds per square
inch, and 1000 pounds per square inch. The moisture content of
g‘acbh was 64.16, 53.61, and 49.10 per cent, respectively (Seetion J,

able I).
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The reduction of moisture of the green curd from 64.16 to 49.10
per cent, due to increased pressure, improved the color score of the
resulting casein 2.26 points and odor score 3.50 points. When
green curd was held over night before pressing or drying, the
resulting casein had a lower color and odor score, due primarily
to growth of mold. No manufacturer would consider drying casein
without pressing out the excess moisture unless the pressing
facilities were limited.

These results indicate that excessive moisture in the green curd
had no effect on any of the chemical or physical properties of the
resulting casein with the exception of color and odor. It seems to
make little difference, as far as the quality of the casein is con-
cerned, whether the moisture is pressed out or driven off by heat.
Since the former is more economical it is of interest to note that
500 pounds pressure was almost as effective as 1000 pounds in
removing moisture.

Effect of Drying Temperature. Drying temperatures of 80°,
100°, 120°, and 140° F. were used (Section K Table I). Whittier
and Gould (11) recommend drying temperatures of 128.8° to
131° F. In this investigation drying temperatures up to 140° F.
had little or no effect on any property of casein except moisture,
vield, and to a slight extent viscosity. It naturally follows that the
lower the drying temperature the less moisture will be driven off,
resulting in a higher moisture content of the casein, which in turn
increases the yield. The slight increase in viscosity at 140° F.
could be due to more casein and less moisture in the sample tested.
The high yield at 80° F. is undesirable because the excessively
high moisture content of the casein tends to cause spoilage. Drying
at 140° F. drives out more moisture than necessary and lowers
the yield. A drying temperature of abeut 120° F. would seem to be
most satisfactory because it gave standard yields, accompanied by
comparatively low moisture content and good color and odor scores.

DISCUSSION OF RESULTS

The standard method of manufacturing casein by the natural
sour method, as used in this investigation, produced a uniform,
high quality casein as measured by selected physical and chemical
tests. Section A of Table I shows the average results {(arithmetic
means), standard deviations, and coefficients of variation of 60
lots of casein made by the standard method. Properties of color,
odor, solubility, yield, and nitrogen content were controlled within
very narrow margins, as indicated by the small coefficients of varia-
tion. Viscosity, ash, pH value, and conductivity were more diffi-
cult to control within narrow limits; while moisture and fat were
found to be extremely variable. Determinations for total and free
acidity were considered of little value because of difficulty in
determining the exact end-point. Users of casein may expect a
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uniform, high quality casein from their producers if the directions
for this standard method are followed.

Buyers of casein place considerable importance on color and
odor as they consider them an index of the purity and keeping
quality. The most desirable casein is alm. * pure white and prac-
tically odarless. Apparently calor and odor are adversely affected
by the following conditions:

Insufficient pressure on the green curd,

Fat content of the skim milk of 0.10 per cent or above,
Any washing less than one thorough washing,

An appreciable increase or decrease in the acidity
from 0.64 per cent at time of coagulation.

The influence of an increase of moisture in the green curd on
color and odor agrees with the findings of Dahlberg (1) and the
statements of Sutermeister (5). Drying temperatures up to 140°
F. had no appreciable effect either on color or odor. The import-
ance attached to color and odor by buyers of casein should be limited
since results of this investigation show that, although they may be
regarded as an indication of the usability of casein, they are not
an index of all its physical and chemical properties. A light-colored
casein free from any undesirable odors may be produced by follow-
ing the standard method of manufacture given.

Principal users of casein want it to be quickly and completely
soluble; therefore, a high rate of solubility is desirable. Rate of
solubility was decreased by having an acidity at time of coagulation
either above or below 0.64 per cent and by increasing the setting
and cooking temperatures above those of the standard method.
Increase in rate of solubility resulted from increased washing,
increased moisture content in green curd, and increased fat content
of skim milk. An increase in fat is undesirable since it is un-
economical. Contrary to statements of Trimble and Bell (7),
neither increased temperatures of wash water nor increased tem-
peratures of drying, as used in this work, made the casein more
insoluble. However, in agreement with the same investigators,
higher temperatures of setting and cooking decreased the rate of
solubility because of the formation of a tougher curd. Rate of
solubility may be controlled by changes in technique, as above
demonsixated. A high rabe-of selubility is desirable from the user’s
standpoint, but this test is a measure only of rate of solubility
and not an index of quality.

Viscosity is considered an important property of casein by all
users and is influenced by almost every phase in its manufacture.
Increases in temperature at any point in the process of manufac-
ture always increased the viscosity. Increasing the fat content of
the skim milk decreased viscosity, probably because of the decreased
amount of pure casein present. A high acidity at time of coagula-
tion decreased viscosity, which is exactly opposite to Dahlberg's
(1) results with grain curd casein. An increase in the acidity of

e oe
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the original skim milk and number of washings of the curd caused
an inecrease in viscosity, which is in agreement with his work. Data
presented support Dahlberg’s contention that “the ash content in
general indicates the viscosity.” If a casein with a viscosity even
higher than that resulting from the standard method is desired,
it may be obtained by any one or a combination of the following
changes: (a) increasing the temperature of the wash water;
(b) increasing number of washings; (c) increasing the acidity
of the original skim milk; (d) increasing the cooking tempera-
ture; (e) increasing the drying temperature; (f) increasing
the moisture in the green curd. If a casein with a viscosity lower
than that resulting from the standard method is desired, it may be
obtained by increasing the acidity at time of coagulation to 0.75
per cent or by decreases in one or more of the above listed con-
ditions below the standard method.

Yield of casein is determined by: first, completeness of pre-
cipitation from skim milk; second, loss of curd by draining and
washing; third, loss of impurities by washing and pressing; and,
fourth, loss of moisture in drying. Although more than one
washing produces a higher quality casein, more than one wash-
ing is not desirable unless a premium can be secured which
will more than compensate for the loss in yield caused by extra
washing. Under a controlled period of time, high drying tempera-
tures lower the yield because of the additional loss of moisture.
Low drying temperatures result in a higher moisture content and
corresponding higher yield, but the higher moisture may cause
more spoilage in storage. Maximum yields commensurate with
best quality can be secured with a setting temperature of 104° F.,
an acidity of 0.64 per cent at time of coagulation, a cooking tem-
perature of 120° F., one thorough washing, and a drying temper-
ature of 120° F.

According to Gould and Whittier (2) the ash content of casein
is an indication of purity and adhesive strength, the less ash
present the purer the casein and the greater the strength. In-
complete precipitation and poor washing increase ash content.
Cooking at high temperatures causes a tough, rubbery curd which.
since it is not easily washed, has a high ash content. Ash is
materially reduced by successive, thorough washings. This agrees
with the findings of Dahlberg (1) and Gould and Whittier (2).
One thorough washing gives satisfactory results unless a premium
may be secured for casein of lower ash content, since losses in yield
occur with each successive washing.

Care should be exercised to maintain as low a fat content as
possible in the skim milk for two reasons: first, even small in-
creases in the fat content of the skim milk cause large increases in
the fat content of the casein; and second, no manufacturer would
knowingly sell fat at casein prices. Increased temperatures during
any phase of manufacture, with the exception of drying tempera-
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tures, caused a decrease in the fat content. However, high tem-
peratures of cooking or of wash water cause a tough curd, which
lowers the quality of the casein. Under ordinary conditions the
fat content of casein should not be a source of worry to users of
casein, which has been indicated by Theophilus, Hansen, and
Snyder (6) in their work on commercial casein. If abnormal quan-
tities of fat are present, they are readily detected by a typical
rancid odor.

Determination of nitrogen has been employed by many users as
a measure of the purity of casein. Variations in nitrogen content
are caused by increased or decreased amounts of impurities in
casein. These variations, while small, are significant in that they
indicate the value of nitrogen determinations as a measure of im-
purities. Results of this investigation agree with the work of
Theophilus, Hansen, and Snyder (6) which showed that the nitre-
gen content of casein is rather uniform and varies little and with
the conclusion of Snyder and Hansen (4) that nitrogen should be
reported on a moisture free basis. Sixty samples of casein made
by the standard method and used in this investigation had an
average nitrogen content of 14.36 per cent when calculated on a
moisture free basis and a standard deviation of 0.33. When, there-
fore, the nitrogen content, calculated on a moisture free basis,
falls below 14.00 per cent, the quality of the casein should be
questioned.

Users of casein are vitally interested in knowing the amount
of alkali necessary to dissolve the casein and bring it to a desired
reaction. Determinations of acidity are used as a relative measure
of the alkali requirements of casein. The only phase of manufacture
which appreciably affected the acid content of casein was the num-
ber of washings. Successive washings reduced the acidity. Extreme
variations in results within the same group when determining free
and total acidity made these determinations unreliable. The de-
termination of pH value is the most reliable measure of acidity
of any method used.

Conductivity has been suggested as a test for purity of casein
by Snyder and Hansen (4), who state that “its extreme sensitive-
ness to variable factors in the preparation of casein makes its
determination of value.” Any phase of manufacture which lowers
the ash content, such as increased washing, increase in acidity
at time of coagulation, low setting temperature, or leaving the
curd in the whey for any appreciable time, invariably increased
the resistance in ohms. Since it has been established that ash
content usually indicates viscosity, it is believed that conductivity
may, in general, be used as a measure of the ash content and vis-
cosity of casein.

Data presented demonstrate the feasibility of producing casein
to meet s_-peclﬁc needs if definite standards or specifications are
made available. It appears that a good index of the quality of casein
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may be secured by determining color, odor, solubility, viscosity,
nitrogen, pH value, and conductivity.

SUMMARY AND CONCLUSIONS

1. Results obtained from analyzing 220 lots of casein manu-
factured by the natural sour method under controlled conditions are
reported.

2. The standard method of manufacturing used in this investi-
gation resulted in a uniform, high quality casein.

3. Properties of color, odor, solubility, yield, and nitrogen con-
tent were controlled within narrow limits, but it was found more
difficult to control as closely such properties as viscosity, ash, pH
value, and conductivity. Moisture and fat were extremely variable.
Of the physical and chemical properties studied, total and free
acidity were of little value because of difficulty in determining the
exact end point.

4. Each step in the manufacturing process was varied while
the other steps were held constant in order to determine the effect
of such variation on the physical and chemical properties of the
resulting casein as measured by comparison with the casein made
by the standard method.

5. Buyers prefer casein which is almost pure white and prac-
tically odorless. Thoroughness of washing was the most important
factor of all the various changes made from the standard method.
Either increasing or decreasing the acidity of the milk from 0.64
per cent at time of coagulation resulted in a lower color and odor
score. A fat content of the skim milk of 0.10 per cent or above
and insufficient pressure on the green curd adversely affected color
and odor, but economy of manufacture would ordinarily result in
control of these two factors.

6. Casein with a high rate of solubility is desired by buyers.
Thoroughness of washing and an acidity of the skim milk either
above or below 0.64 per cent at time of coagulation were again the
most important of all factors studied. Both a setting temperature
higher than 104° F. and a cooking temperature higher than 120°
F. decreased the solubility due to the formation of a tough curd.
Both a high fat content of the original skim milk and excessive
moisture in the curd after pressing increased the rate of solubility
of the finished casein but other considerations preclude such pro-
cedures except under special conditions.

7. All users of casein consider viscosity an important property.
Viscosity was increased as the temperature at any step in the
manufacturing process was increased: that is, cooking tempera-
ture of curd, temperature of wash water, and drying temperature.
Increasing the original acidity of the skim milk resulted in a higher
viscosity, but decreased the odor score and increased the acidity
of the casein. Acidity of milk at time of coagulation should not
be over 0.64 per cent. Increasing the number of washings and the
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moicture in the green curd increased viscosity. The extent to which
some of these changes are made will depend upon their compat-
ability with other desirable characteristics of the casein.

8. Yield of casein is determined by: completeness of precipita-
tion, loss of curd in draining and washing, loss of impurities by
washing and pressing, and loss of moisture in drying. Lower yields
are compensated for by casein of higher purity and better keeping
qualities. Prices paid for different grades of casein will, therefore,
affect manufacturing procedures.

9. DMoisture content of the casein depended entirely on the dry-
ing process. This involved not only the drying temperature but
also c:];ref ul control of temperature and air eirculation in the drying
tunnel.

10. Low ash content of casein is usually considered as being
indicative of greater purity and greater adhesive strength. Low
ash content depends on the use of an acidity of 0.64 per cent at
time of coagulation of the skim milk to obtain complete precipita-
tion and thorough washing. The cooking temperature should not
be over 120° F. as higher temperatures cause a tough, rubbery
curd which is more difficult to wash.

11. High fat content of the finished casein is usually undesir-
able. The most important factor contributing to this condition was
the fat content of the original skim milk. Higher cooking tempera-
tures and more thorough washing with water of higher tempera-
ture tended to reduce the fat content but these procedures caused
a tough curd which lowered the quality of casein.

12. Nitrogen content has been used as a measure of purity of
casein. The number and thoroughness of washings, and the fat
content of the original skim milk were the most important factors
affecting nitrogen content. The extra fat in the skim milk would
ordinarily be prevented because of the higher value of the fat.
Higher nitrogen content was obtained by additional washing but
resulted in lower yield. When the nitrogen content, calculated on
the moisture free basis, falls below 14.00 per cent, the quality of
the casein should be questioned.

13. The only important consideration found in producing casein
of low acid content was thorough washing of the curd.

14. Conductivity, as measured by resistance in ohms, has been
suggested as a test for purity of casein. Any phase of manufacture
which lowered the ash content increased the resistance in ohm-.
Since ash content usually indicates viscosity, conductivity may be
used as a measure of ash content and viscosity of cascein.

15. Variations in the manufacturing process which had the
greatest effect on the quality of casein were: thoroughness of
washing, acidity at time of coagulation, setting temperature, and
cooking temperature.

16. Quality of casein may vary according to the purpose for
which it is used. Of the various physical and chemical tests studied
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the following seemed to be the best indexes of quality: color,
odor, solubility, viscosity, nitrogen, pH value, and conductivity.

17. Study of the results obtained by varying different steps
in the manufacturing procedure indicated that casein of special
characteristics can be made to meet definite specifications if
desired.
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TABLE L

Physical and Chemical Properties of Casein Resulting From Variations in the Manufacturing Process Compared With
Casein Made By the Standard Method.

| | |
- - - - Ty -+ - 3
w 2 g z, n - Y- - - - o ow
Be b =4 8 el E L = g k] - o e s n
5| 5| 5 | 52| %% (38| 8% |8 | z8 | $8 |w3 |39 | 8% | 35
za|l & o | 24 QE S5 | 2y | <5 | =g By | % | RgY | w38 | 22
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A.—Casein Manufactured by Standard Method.
——— — —— -~ VTN [ A
:Inmlnrd Method || 60 | 7.8 | 0.1 | 11.60 | 1164 l 2.81 5.02 J 280 | 041 | 1436 | 443 | 1381 ’ 783 | 074
tandard * | S = g | | l |
De vli‘ullon | | 035 | o046 | 042 | om | 0.10 1 1061 | 036 | 017 | 03267 I___oiz_t 1.836 | ?g_| 145
Coeflicient 1 r i o (R I | | | ' |
of Varlation || 44 J' 4.7 l 3.6 ! 6.6 3.6 211 | 1289 | 415 | 23 | 85 | 133 [ 220 | 14.9

B.—Effect of Original Acidity of Skim Milk (See section A for comparison. Average original acidity of skim milk, 60
batches by standard method, 0.165 per cent.)

Tl 016 || 6 | 800 | 1000 | 1163 | 11,30 | 288 | 527 | 277 | 040 | 1430 | 445 | 1407 | 702 | 880
-5'%3 019|| 6 | B.05 |'w.ua I11.68 [ 1175 | 298 | 6552 | 262 | 042 | 1443 | 448 | 1430 | 810 | 895
Hhak 022 (|6 | 815 | 995 | 11.86 1_ 1230 | 285 | 568 | 297 | 043 | 1453 462 | 1428 |> .60 ; 871
O®0& 0350 6 | 8.18 | ﬁm | 11.66 12,57 | 2.88 | 494 | 280 | 045 14.38 458 | 14.68 820 845

(.—Effect of Fat Content of Original Skim Milk (See section A for wmparison. Average fat content of skim milk, 60
batches by standard method, 0.012 per cent,)

L 001 6 | 800 | 975 | 1131 | 1188 | 282 282 1499 | 433 0.61 14.19 __421 | 1211 | 9811 | 830
gSEY 0007 6 | 650 | 875 | 1042 ' {167 | 292 T 500 | 293 | 158 | 143 | 422 | 1101 | 898 974
~EEw 025 || 6 | 600 | "650 | 9.68 | 1125 | 302 | 450 | 309 | 204 | 1410 | 428 | 1180 | 6.52 | 1054
(SRt 0507| 6 | 587 | 6.00 | 9.18 | 1036 ™ 813 | 411 [ 8087 | 688 | 13327 | 4.3 | uau | 942 | 067
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TABLE I (Cont.)
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D.—Effect of Setting Temperature (See section A for comparison. Average setting temperature, 60 batches by standard
method, 104° F.)

é&;‘r _BO || 6 | 800 | 900 | 1250° | 1107 | 27 4.16 2,75 064 | 14.49 414 | 1523 | 1163 | 1279
= S07[[ 6 | 8.87 | 900 | 11937 | 1143 ' 201 | 0940 | 245 | 060 | 1447 4.28 1489 | 8.80 | 1276

§ 100 (/76 | 8.2 | 900 | 11.68 | 1102 | 292 | 430 2,88 025 | 1437 | 4482 | 1527 | 940 | 691
_EE 1107|767 | 800|926 | 13.38 | 11.60 | 3.00 | 415 295 | 033 | 1431 44987 1564 | 928 | 801

E.—Effect of Acidity at Time of Coagulstion (See section A for comparison. Average acidity, 60 batches by standard
me{ho_d. 0.64 per cent.)

By~ 045 6 | 687 | 875 | 2450 | 1160 | 117 | 1703 | | 042 | 1406 | 497 | 1193 | 1030 | 611
g E 0.60 [| 6 | 8,00 | 1000 | 11.62 | 11.60 | 8.2 | 613 | 812 | 051 | 1416 | 458 | 1250 | 1030 | 792
L 075 || 6 | 600 | 075 | 1544 | 0956 | 270 | 684 286 | 045 | 1416 | 387 [ 1380 | 1070 | 1100

F.—Effect of Cooking Temperatures (See section A for comparison, Average cooking temperature, 60 batches bjr.standlrd
method, 120° F.)

"ﬁ.ér:i 110 || 6 | 7.87 950 | 1606 | 1161 | 213 | 4.8 3.01 068 | 1404 | 414 | 152 | 105 | 086

g 120 || 6 | 8,00 | 1000 | 11,87 | 1200 | 282 | 4.50 208 | 062 | 1405 | 4217 | 150 | 9.0 | 1067

8 EE 140 || 6 | 8.00 0.00 | 1162 | 1266 | 200 455 | 35 058 | 14.38 430 | 143 | T8 | 861

G.—Effect of Time Curd Left in Whey (See section A for comparison, Time left in whey, 60 batches by standard method,

zero,)

Has |18 | 187 9.75 1186 | 1112 | 283 | 549 2.51 044 | 1461 | 421 | 1144 | 1731 | 1048
o UHR 10| 6 | 787 995 | 1175 | 1146 286 | 5011 275 | 040 | 1462 417 | 1238 | 7.21 | 1084
-F'§§ 15 || 6 | 7.38 | 10.00 1250 | 1118 288 | 579 286 | 054 | 1477 | 423 | 1290 | T.BT | 1156
pies TS5 6 | 788 | 9756 | 1250 | 1146 | 2.86

| 4.50 241 | 040 | 1454 | 402 | 1293 | 840 | 1234
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TABLE I (Cont,)
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H.—Effect of Number of Washings (See section A for comparison. Number of washings, 60 batches by standard method,
one

| 700 | 925 | 19.87 | 1122 | 283 506 | 347 | 030 | 1430 | 417 r 16.02 1093 | 837
j—ufo—m—m: i | ] ‘t—zr — 515 | 315 | 034 | 1454 | 450 u.so__‘ 492 | 1453
2( 6| .00 | 1000 | 1054 | 1186 | 284 | 535 | 241 | 035 | 1470 | 470 | 13.09 283 | 1663
3'|_s_:__soo 11000 | 1060 | 1232 | 271 534 296 | 0.20 [ T80 489 12_.93_!_2.31_1_1&1:
__ 461 95 | 1000 | 1050 | 12.05 | 385 | 565 | 228 | o037 | 1468 | 507 | 1387 | 277 | 221

L—Effect of Temperature of Wash Water (See section A for oomparlsnn. Average temperature of wash water, 60 batches
by standard method, 55° F.)

Number
of
Washings

éug 55 (1 6 | 800 | 1000 | 1186 | 1498 | 202 521 | 308 | 064 | 1435 | 491 | 1310 | 650 | 916

058~ 65 16 | 8.00 |1014'Ji'i_|_n.9§ | 1648 | 308 o4 | 406 | 043 | 1464 | 401 | 1320 | 688 | 898

EEcd 8576 | 800 | 1000 | 11.50 | 1639 [ 3.06 | 4.60 507 | 021 | 1453 | 493 | T 1308 | 7.917| 953

!?‘agg 110 6 8.00 IITGD 1144 | 1826 | 318 501 | 315 | 017 | 1455 | 493 | 1297 | 634 | 991
E

J.—Effect of Moisture in Green Curd (See section A for comparison. Average moisture in green curd, 60 batches by
standard method, 49.23 per cent.)

§ 64.16 || 6 | 5.87 6.25 | m.za 12.95 2,84 370 | 228 | 04D | 1437 | 482 | 131 | 891 | 950
E 5361 || 6 | 8.00 9.00 | | a8 [ A0 | 2.08 | 044 | 1436 | 427 | 144 1200 | 922
40010 || 6 | 8.12 075 Il. 1160 EALY 4.80 207 | 027 | 1453 | 427 | 138 8.97 | 1048

K.-—Eﬂect of Drying Temperature (See section A for mp:“rfsm; ,Avera:e drying temperature, 60 batches by standaﬂ.
me! by A

'6; B0 || 6 | 842 | 9.00 1125 | 1100 325 | 885 | 226 | uxz | 1467 | 471 | 1055 | 605 | 1230

g il 100 [[ 6 | 810 | 025 38 162 | 300 | 535 | 2863 [ M4BT 440 | 1135 | 648 | 1039
120 [ 6 1 605 | 095 [ 1144 | 1184 [ 281 | 508 Hm 1438 [ 442 |__!S_31___ [ 783 | 974"

85 1401 6 [ 810 | 035 | 1150 | 1228 | 256 | 323 L TR | A WG
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