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Nutritive Value of Casein as Influenced by Alcohol Extraction.*

P. H. DersE, H. Nartn,’ C. A. ELvEHJEM, AND E. B. HarT.
From the Department of Biochemistry, College of Agriculture, Universily of Wisconsin,
Madison.

Since casein is an important constituent of
most purified rations, methods of preparing
and purifying this protein are of importance to
all nutritionists. Many workers have used
alcohol extraction and there is definite evi-
dence that traces of vitamins remaining in
crude casein are removed by the procedure.
Hartman and Cary'?3#4 found that rats grow
at a much slower rate when fed casein thor-
oughly extracted with 95% alcohol than when
fed the untreated casein. They believe that
an unknown factor necessary for the normal
growth of the rat is removed and they termed
the substance factor X, or a factor of pala-
tability. The reduced rate of growth of rats
fed the alcohol extracted casein was accompan-
ied by a decreased food consumption. Normal
growth was secured by supplementing the
alcchol extracted casein ration with certain
liver concentrates.

The following study was undertaken in
order to determine if similar results could be
obtained under our experimental conditions
and if the alcohol treatment could have any
effect on the release of the amino acids in the
treated casein.

Experimental. Pregnant rats of the
Sprague-Dawley strain, were placed at par-

* Published with the approval of the Director
of the Wisconsin Agricultural Experiment Station.
This work was supported in part by grants from
the Evaporated Milk Association, Chicago, and the
National Dairy Council, Chicago, in behalf of the
American Dairy Association.

t Government of India Research Fellow.
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turition on a diet consisting of sucrose or
dextrin 55%, alcohol extracted casein 20%,
cotton seed oil containing the fat soluble
vitamins (Table I) 10%, brewers yeast 10%,
and salts IV (Hegsted ef @l.5) 5%. When
the young from these females were 21 days
of age they were placed in individual cages
with raised screen floors. Care was taken
to ensure equal distribution of the young on
the basis of weight, sex, and parentage. Ex-
perimental diets and water were fed ad libi-
tum and individual body weights were re-
corded weekly over a 5 week period. Compo-
sition of the rations and the total weight gains
are given in Table I.

The extracted casein was prepared by boil-
ing 2.5 kg of crude casein with 4 liters of
95% ethanol for 8 hours with continuous
stirring. This procedure was repeated 10
successive times. It is evident from Table I,
Experiments 1 and 2, that a definite decrease
in rate of growth occurred in all the male rats
receiving extracted casein as compared to
those receiving the ration containing crude
casein. The female rats showed a much
smaller difference.

For the following experiments the extraction
of the casein with ethanol was increased to
10-24 hour periods, and dextrin was used
as the carbohydrate. With this more thor-
oughly extracted casein greater differences
were observed with both male and female rats.
When the protein was increased to 40% of
the ration, the difference was somewhat less
but could be attributed to the reduced rate
of growth of the rats fed the high level of
crude casein. Likewise, when the yeast sup-
plement was replaced by synthetic vitamins,
the rate of growth over the 5 week experi-
mental period was decreased significantly when

5 Hegsted, D. M., Mills, R. C., Elvehjem, C. A.,
and Hart, E. B., J. Biol. Chem., 1940, 138, 459.
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TABLE II.
Amino Acid Content of Raw and Aleohol Extracted Casein After Hydrolysis with Acid or
Enzymes,
Acid hydrolysis* Enzyme hydrolysist
L4 A} —
Aleohol Aleohol
Raw extracted Raw extracted
Arginine 3.54 3.27 4.48 4.11
Aspartic acid 6.50 6.82 0.3 0.5
Cystine 0.20 0.17 0.08 0.06
Glutamie acid 20.1 20.9 11.0 9.75
Histidine 2.46 2.55 1.14 1.04
Isoleucine 5.05 5.26 5.93 4.09
Leucine 9.0 9.15 8.82 8.77
Lysine 6.45 6.35 4.69 4.7
Phenylalanine 4.77 5.1 4.43 4.27
Proline 10.1 10.3 3.70 3.60
Threonine 3.87 4.25 3.48 3.36
Tryptophan 1.05 1.16 1.13 1.08
Tyrosine 4.1 425 4.08 4.6
Valine 6.45 6.92 5.86 5.54
a-Amino nitrogent 100 100 53 55

* Casein was autoclaved for 10 hours with 25 vol. of 6 N HCI at 15 lbs pressure, except in
the case of tryptophan, where 20 vol. of 5 N NaOH was used and autoclaved for 5 hours at

15 1bs pressure.

t 1 g of casein was digested with 100 mg pancreatin (Merck 4 20 mg hog intestinal mucosa
(Wilson), with shaking at 37°C for 3 days at pH 8-6, after making the volume to 100 ml.
} Per cent liberation of g-amino nitrogen (Van Slyke) based upon complete liberation of

amino groups after acid hydrolysis.

the extracted casein was used.

Rats ingesting the more completely ex-
tracted casein developed a characteristic hair
loss on the dorsal, anterior and posterior areas
of the body. This hair loss gradually en-
veloped the entire dorsal region of the animal.

The alcohol filtrates were reduced to a
volume of 200 cc and used as a crude con-
centrate. A more purified concentrate was
prepared by allowing the crude filtrate to
stand in the cold (-4° C) for 24 hours, filter-
ing and drying the precipitates at 65° C.

The addition of either the crude or the
purified alcohol concentrate from casein at
a level equivalent to 209% casein (Experi-
ments 4 and 6) failed to enhance growth but
did prevent hair loss. In all cases, the use
of crude unextracted casein increased the rate
of growth. The addition of fresh liver at
the rate of one gram per rat per day brought
the rate of growth of the rats receiving ex-
tracted casein to normal and also prevented
hair loss. Solubilized liver powder at a level
of 2% in the ration did not affect the growth
rate or hair loss.

In order to determine if the reduced nu-
tritive value of the casein was due to the

loss of or change in any of the constituent
amino acids, the raw and extracted casein were
analyzed for 14 different amino acids using
the method of Henderson and Snell.8 In one
series the determinations were made after acid
hydrolysis and in the other series enzymatic
digestion was used in order to detect any pos-
sible difference in the rate of release. The
results are given in Table I and it is evident
that the values for the 2 caseins are almost
identical. Methionine values are not recorded
because the standard curve was not acceptable.
However, there was no difference in the re-
sponse of the test organism to the hydroly-
sates prepared from the two caseins. The
values for aspartic acid and.glutamic acid
in the enzyme hydrolysates may not be true
values since no attempt was made to determine
asparagine and glutamine. Since not all the
amino acids especially serine were studied it
is still possible that changes occur in certain
amino acids which are responsible for the
observed difference in nutritive value. It is
also possible that the iz vifro methods used
do not give a true indication of the in vivo

6 Henderson, L. M., and Snell, E. E., J. Biok,
Chem., 1948, 172, 15.
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release of amino acids from the two caseins.

If the greater nutritive value of crude
casein is due to an impurity, this growth pro-
moting factor must be fairly heat stable since
it is present in crude casein which is heated
during its preparation. However, after ex-
traction with alcohol and concentration of
the extracts, the activity cannot be recovered.
The fact that the extract prevents hair loss
indicates that either a partial loss of the fac-
tor occurred during concentration or that two
factors are involved—one with prevention of
hair loss and one with growth.

It is also important to point out that the
alcohol treatment used may produce toxic
substances which appear in both the extracted
casein and the alcohol extracts. The fact
that similar results were obtained with sucrose,
dextrose and dextrin and the fact that the
addition of the concentrates gave further
weight retardation, give added weight to this
possibility. Food consumption records also
showed a decreased food consumption associ-
ated with the reduced growth. If the effect

HistoLocy oF TRYPTOPHAN DEFICIENCY

is due to the presence of a toxic factor, the
addition of fresh liver overcomes this action
either by counteracting the toxicity or by
supplying factors which cannot be produced
by intestinal flora in the presence of the
toxic material.

Summary.  The nutritive quality of
crude casein is reduced by continuous ex-
traction with hot 95% ethanol. These re-
sults confirm the observations of Hartman and
Cary. Rats fed rations containing such ex-
tracted casein grow at a reduced rate and
develop a characteristic hair loss. The alcohol
extracts obtained from the extraction of crude
casein do not increase the rate of growth of
rats ingesting extracted casein but do pre-
vent the characteristic hair loss. The growth
rate of rats ingesting alcohol extracted casein
can be increased to normal by feeding fresh
liver. The analysis of the extracted casein
and the crude casein for 14 amino acids fol-
lowing enzymatic or acid hydrolysis failed to
show any appreciable differences.
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Some Histological Manifestations of a Tryptophan Deficiency in the Chick.

S. O. BrowN, M. C. WILKENING,* AND B. S. SCHWEIGERT. !
From the Departments of Biology and Biochemistry and Nutrition, Agricultural and
Mechanical College of Texas, College Station.

Although many investigations have been
conducted on the effect of amino acid de-
ficiencies on the growth rate and on the amino
acid composition of tissues and excreta, few
studies have been conducted on the histo-
logical changes in the various tissues attribu-
table to the ingestion of amino acid deficient
diets by the animal. Particular attention how-
ever, has been given to changes in blood
composition, primarily in the level of hemo-
globin and plasma proteins.! Other studies

® Present addrers, Research Lahoratories, Secur-
ity Mills, Ine., Knoxville, Tenn.

t Present address, Division of Biochemistry and
Nutrition, American Meat Institute Foundation,
Dniversity of Chicago, Chicago, Il

have revealed corneal vascularization result-
ing from various amino acid deficiencies®3
and atrophy of the thymus, adrenal cortex,
liver and epithelial cells of the seminiferous
tubules when leucine deficient diets were fed
to rats.* Similar studies have been conducted

1 Cannon, P. R., Addvances in Protein Chemistry,
1945, 2, 135.

2 Sydenstricker, V. P., Schmidt, H. L., and Hall,
W. K., Proc. Soc. Exp. BioL. AND MEp., 1947,
64, 59.

3 Sydenstricker, V. P., Hall, W. K., Bowles,
L. L., and Schmidt, H. L., J. Nutrition, 1947,
34, 481.

4 Maun, M. E., Cahill, W. M., and Davis, R. M,,
Arch. Path., 1945, 40, 173.



