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new high values

fOr frozen citrus

Recent assays by the Wisconsin Alumni Research
Foundationlreveal frozen citrus juices significantly
higher in vitamin C than shown by the latest
U.S.D.A. Handbook (No. 8, 1950), with orange
juice averaging 20% higher... further proof itis
the “nutritive equal” 2of fresh juice. Recommended
Daily Allowances for vitamin C as provided

by frozen citrus juices are shown below.

Reconstituted frozen Reconstituted frozen

orange juice grapefruit juice
75 mg.— normal adults 5 fl. oz 6\2 fl. oz.
100 mg.— late adoles- 7 1 oz 8A fl. oz

cence or pregnancy

30 mg.—infants to

1 year of age AU tablespoonfuls

Florida Citrus Commission, Lakeland, Fionda

1. J. Agr. & Food
Chem. 4:418, 1956,

2. A.M.A., Coun-
cil on Foods & Nu-
trition: J.A.M.A.
146:35, 1951.
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Meat...

and the Needfor Adequate
Protein in Therapeutic Nutrition

Liberal protein intake is considered to be of therapeutic value in a
wide variety of pathologic conditions.1 Advances in the understanding
of protein metabolism indicate that dietary protein should provide
amino acids in proportions paralleling physiologic needs.22 In ex-
perimental studies with animals, low protein diets supplying amino
acids disproportionate to needs have been shown to effect physiologic
harm by depressing growth, by inducing amino acid and B-vitamin
deficiencies, and by causing deposition of fat in the liver.4

Hence not only the amount of protein but also its quality (in terms of
its amino acid proportions) is important. It has been suggestedl that
for therapeutic purposes about two-thirds of the ingested protein come
from foods of animal source, whose protein resembles human body pro-
tein in amino acid interrelationships. Depending on the needs of the
patient, the therapeutic diet may supply 1.0 or more grams of protein
per kilogram of body weight. Adequate caloric intake is required to
protect the dietary protein from dissipation for energy purposes.

Meat, with its high content of top-quality protein, holds a prominent
place among foods which supply this essential for establishing satis-
factory levels of amino acids in physiologic proportions. It also con-
tributes valuable amounts of B vitamins and essential minerals—
nutrients which play a basic role in intermediate metabolism.

1. Proudfit, P. T., anc Robinson, C. H.: Nutrition and Diet Therapy, ed. 11, New York, The M ac-

millan Company, 1955, pp. 314-320.

2. Harper, A. E.:Amino Acid Imbalance, Toxicities and Antagonisms, Nutrition Rev. 14225 jAug.)

1956
3. Amino Acid Requirements of Adult Man, Nutrition Rev. 14232 (Aug.) 1956.

4. Amino Acid Imbalance and Supplementation, Editorial, J.A.M .A. 7(57:884 (June 30) 1956

Council on Foods and Nutrition, American Medical Association Importance of Amino Acid

Balance in Nutrition, J.A .M .A 75<7:655 (June 25) 1955
The nutritional statements made in this advertisement
have been reviewed by the Council on Foods and N utri-
tion of the American Medical Association and found

consistent with current authoritative medical opinion.

American Meat Institute
Main Office, Chicago...Members Throughout the United States
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B reak fast

are L ow

At leading professional meetings, in profession-
al journals, and in health columns and articles
in the lay press during the year, there has been
a noticeable increase in the tendency to discuss
the fat content of the daily food intake.

In dietary regimens recommended by nutrition
and medical authorities for the purpose of re-
ducing fat in the diet the importance of the
morning meal is given full recognition.

In the low-fat diet, breakfast cereals deserve con-

Cereals

in Fat

sideration because they are low in fat as shown
in the following table. Whole grain, enriched and
restored cereals, hot and ready to eat, consid-
ered as a group can be counted on to supply
vitamins of the entire B-complex, important
minerals including iron, appreciable quantities
of protein in addition to the carbohydrates
needed for energy. Thus, breakfast cereals
merit inclusion in dietary regimens planned for
the purpose of reducing the fat intake in the
daily diet.

Nutritive Value of Breakfast Cereals

(Based on composite average)

Calories...cocovceees v

Protein ..

Cereal,*
1o0z. Dry
Weight Basis

~Cereal Institute, Inc.: The Nutritional Contribution o fBreakfast Cereals. Chicago: Cereal Institute, Inc., 1956.

CEREAL INSTITUTE, INC. - 135 south LaSalle Street, Chicago 3

A research and educational

endeavor devoted to the betterment of national

nutrition



IN health and disease

Regardless of the dietary
adjustment indicated,
Enriched Bread helps supply
needed nutrients... protein,
energy, vitamins, minerals...

and is always compatible.

AMERICAN BAKERS ASSOCIATION

20 North Wacker Drive . Chicago 6, lllinois
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THE VITAL

INSIDE
SCIENCE

Breakfast

STORY OF

Cereals

with essential vitamins and minerals restored

AVERICA LIKES BREAKFAST FOODS

Let no one doubt the popularity of breakfast cereals among Amer-
icans. The chart below traces the consumption of these fine foods
between_1950 and 1955. During that period annual consumption
rose by 765?0(0’8 In just one year, 1955, Americans ate 2 M Ibs.
of hot and 4.8 Ibs. of cold cereals per person!

Why are breakfast cereals so well-
liked? They are tasty; they are easily
served; they appeal to busy homemak-
ers, as well as institutional dietitians,
because they are readily available in
a variety of flavors at a modest cost.
They add interest and value to an im-
portant but sometimes neglected meal
—breakfast. Their use is extending to
between-meal and party snacks, too.

Many grains are processed to make breakfast cereals: wheat, corn,
oats, rice. Eaten with fruit and milk or light cream, they contribute
an excellent combination of basic, flavorful, nutritious foods to
the diet.

Better Foods for Better Health
Through Restoration

The science of nutrition

has advanced rapidly. In

the manufacturing proc-

ess of some cereals,

some of the essential “B”

vitamins and minerals

are subject to some loss,

just as with other foods.

These losses are inescapable when such grams are prepared for
human use. When this became known, manufacturers acted to
overcome the losses. They adopted restoration.

Restoration simply means that certain important vitamins and
minerals are restored to the cereal food during processing, so that
the vitamin and mineral values in the finished product are gen-
erally equal to the whole grain values of those elements. Wheat,
corn and rice products are customarily so treated. Vitamins Bj
(thiamine), B2 (riboflavin), niacin (another “B” vitamin), and the
mineral, iron, are those most widely restored. Vitamins C and D
are also sometimes added.

Pre-sweetened cold cereals emphasize the nutritional importance
of added vitamins. Increased calories require more “B” vitamins
for best utilization of the food.

Why the Vitamins are Important

Physicians and diet experts have proved that vitamins are essen-
tial to prevent certain deficiency diseases and to contribute to
robust good health.

tyScience Writer

JWoskleowy e

N ~- Edl

Vitamin B, (thiamine) helps build and maintain paysical and
mental health. It is essential for normal appetite, intestinal activity,
and sound nerves. A lack of this vitamin leads to beriberi, a rarity
inthe U. S. A,, but still a very serious health problem in other parts
of the world.

Vitamin B, (riboflavin) is essential for growth. It helps to keep
body tissues healthy and to maintain proper function of the eyes.

Niacin is needed for healthy body tissues. Its use in the American
diet has been largely responsible for the virtual disappearance of
pellagra, a serious disease.

Vitamin D helps children develop nor-
mal teeth and bones. It prevents the de-
velopment of certain abnormal bone
conditions in adults.

Iron is essential for making good red
blood and for the prevention of nutri-
tional anemia.

Where Do the Vitamins Come From?

At about the same time that processing losses in breakfast cereals
became known, other developments in the scientific world made
available ample supplies of vitamins at economical prices. Thus,
the nutritional contribution of some breakfast cerea s could be,
and was, greatly improved through restoration.

Since the early days of breakfast food restoration and of white
flour and white bread enrichment, the world-famoys firm of
HofTmann-La Roche has supplied top quality vitamins Ey
Pioneering work in its laboratories and by its collaborators resulted
in the “duplication” of some of nature’s extremely complex sub-
stances. First, the chemical composition of the vitamin was learned.
Second, the pure substance was isolated. Third, the “duplicate”
was made by synthesis. And fourth, the laboratory techniques
were extended to large scale commercial operations.

The manufactured “duplicate” is identical chemically and in bio-
logical activity with nature’s own prod-
uct. A vitamin is still avitamin regardless
of whether nature or man made it. So ef-
ficient is large-scale manufacturing, that
vitamins are sold at a lower cost than if
they were extracted from natural sources.

This article is one of a series devoted to the story of vitamin en-
riched or restored cereal products: white flour, white bread and
rolls, corn meal and grits, macaroni products, white rice, breakfast
cereals, farina. Reprints of this article, of any other in the series,
or of all are available without charge. Please send your request to
the Vitamin Division, HofTmann-La Roche Inc., Nutley 10, New
Jersey. In Canada, HofTmann-La Roche Ltd., 286 St. Paul Street,
West; Montreal, Quebec.



APPLICATION OF THE PROTEIN DEPLETION-
REPLETION TECHNIQUE IN BABY PIG
FEEDING EXPERIMENTS

I. A COMPARISON OP Levers AND SOURCES OP PROTEIN
POR BABY PIGS 12

E. R. PEO, JR.,3V. W. HAYS, G. C. ASHTON,4V. C. SPEER,
C. H. LIU AND D. V. CATRON

Department 0f Animal Husbandry, lowa Agricultural
Experiment Station, Ames

(Received for publication December 29, 1956)

The most widely used method for testing the adequacy of
protein in baby pig diets has been to compare the responses of
the pigs fed different kinds and amounts of protein in terms
of efficiency of feed utilization, and the magnitude of weight
gain during periods of uninterrupted growth. However, this
method has been criticized on the grounds of sensitivity.
It appeared, therefore, that there is need for a more sensitive
method that would allow the detection of smaller differences
in responses both between sources of protein and between
levels of protein.

There are several methods that have been used for this
purpose. These methods include the protein efficiency method

‘Journal paper no. J-3097 of the lowa Agricultural Experiment Station, Ames,
lowa. Project no. 959.

2Acknowledgment is made to Western Condensing Company, Appleton, Wisconsin
and to Merck & Co., Ine., Rahway, New Jersey for grants-in-aid and materials
which partially supported this research.

3Present address: Department of Animal Husbandry, University of Nebraska,
Lincoln.

4Present address: Department of Physics, Ontario Agricultural College, Ontario,
Canada.
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proposed by Osborne, Mendel and Ferry (’19), Mitchell’s
('24) nitrogen balance method, the measurement of liver
enzyme activity as proposed by Lightbody and Kleinman
('39), Potter and Klug (’'47), Miller (’48), Seifter et al. ('48),
and Williams and Elvelrjem (’49) and the rat repletion method
of Cannon and associates ('44).

The rat repletion method employs the production of a
biological deficit in the animal in order to measure the replace-
ment value of a test material. It provides a rapid assay since
the feeding period is relatively short. Cabell and Earle (’54)
made an extensive comparison of the rat repletion method with
other methods of assaying the nutritive value of proteins in
cottonseed meal. They reported the method to have marked
advantages such as the elimination of effects of palatability
and of unequal protein intake by quantitatively measuring or
restricting protein intake.

This paper reports the results of a study of levels and
sources of proteins in baby pig nutrition using the protein
depletion-repletion technique.

EXPERIMENTAL

The results to be reported here were obtained from lowa
State College Swine Nutrition Experiments 692 and 699.

Animals. Experiment 692 called for a total of 12 pigs, two
per pen (two replications of three ration treatments). The
pigs were three-way crossbreds taken from the sows at an
average weight of 8.6 Ibs. and at an average age of 11.4 days.
Initially, 60 pigs were started on experiment 699 but after
a one week pre-experimental period during which all pigs
were fed a common ration, the pig whose weight was most
distant from the mean pig weight of each pen was removed,
this left 4 pigs per pen for the experimental period. They
also were three-way crossbreds and were weaned at an average
weight of 7.4 Ibs. at an average age of 15.0 days.

The pigs were confined in concrete floored pens equipped
with self-feeders and float operated water founts. Wood
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shavings were used for bedding and the pens were cleaned
daily. Thermostats were set to hold the temperature of the
rooms at 18 and 21°C. for experiments 692 and 699, respec-
tively.

Rations. In both experiments a 24% protein prestarter
ration (1.S.C. Pre-starter * 75,” Speer et al.,, '54) was fed

TABLE 1
Composition of basal rations

PROTEIN-FREE 20 % -PROTEIN 12% -PROTEIN
INGREDIENT DEPLETION REPLETION REPLETION
RATION BASAL RATION BASAL RATION
Ibs. Ibs. Ibs.
Dried skimmilk (low-heat,

spray-dried) 58.80 35.30
Sucrose 10.00 10.00 10.00
Lactose 78.02 20.17 42.29
Lard (stabilized) 2.50 4.70 4.82
Dicalcium phosphate 4.70 1.50 2.76
Calcium carbonate 0.30 0.35 0.35
Trace mineral mixture 1 1.63 1.63 1.63
Woodflock 2 2.00 2.00 2.00
lodized salt 0.50 0.50 0.50
Vitamin-antibiotic premix 3 0.35 0.35 0.35

1Contributed the following minerals in p.p.m.: Fe, 362.5; Cu, 7.6; Co, 3.1;
Zn, 32.4; Mn, 101.5; K, 3979.0; I, 0.4.

2Manufacture! by Brown Company, 110 South Dearborn, Chicago, lllinois.

3Each pound of complete ration contained at least the following amounts of
vitamins and antibiotics: vit. A, 5000 1.U.; vit. D2 1000 1.U.; riboflavin, 5.0 mg;
pantothenic acid, 10 mg; niacin, 30 mg; choline chloride, 450 mg; ascorbic acid,
300 mg; a-tocopheryl acetate, 10 mg; biotin, 20.0 mg; folic acid, 9mg; inositol,
250 mg; Menadione, 3.0 mg; PABA, 8.0 mg; pyridoxine Hd, 1.2 mg; thiamine-HC1,
5.0 mg; vit. B2 20.0 Mg; chlortetraeycline, 15.0 mg; oxytetracycline, 15.0 mg;
penicillin, 10.0 mg; bacitracin, 10.0 mg.

to the pigs for a pre-experimental period of one week. All
rations were fed in the meal form. Feed consumption was
determined weekly and the feeders were meticulously cleaned
between the pre-experimental, the protein-depletion and the
protein-repletion periods.

In experiment 692 a single cycle of a one-week depletion and
a one-week repletion was employed; in experiment 6S9 the
pigs were carried through three such cycles in succession.
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The depletion ration and two repletion rations (12 and
20% protein) are presented in table 1

Sucrose and lactose were the main sources of carbohydrate.
The proportion of sucrose was standardized for all rations. A
constant level of 5% fat was maintained in all repletion
rations.

The protein in the three different rations in experiment
692 was supplied at the 20% level by dried slrimmilk, or by
solvent-processed soybean oil meal (50% protein) unsupple-
mented or supplemented with 0.1% of DL-methionine. In
experiment 699 dried skimmilk supplied all of the protein
but it was incorporated in the ration in proportions to give
6 levels of protein, namely, 12, 14, 16, 18, 20, and 22%.

Analysis of the data. Both experiments were conducted
using a randomized block design. The pigs were alloted to the
experimental rations at random within a replication in each
experiment with the restriction that no littermates appear in
the same pen. In experiment 692 the pen of two pigs was
used as the experimental unit while in experiment 699 the
pen of 4 pigs constituted the experimental unit. The average
per pig response for live weight, repletion gains and feed
per pound of repletion gain were analyzed statistically ac-
cording to the analysis of variance plans below:

Analysis of Variance Plan

Experiment 692

Experiment 699

Source of variation D.F. Source of variation D.F.
Replication 1 Replication 1
Ration treatments 2 Ration treatments 5
DSM vs both SBOM 1 Linear regression 1
SBOM rations 1 Quadratic regression 1
Cubic regression 1
Remainder 2
Exp. error 2 Exp. error 5
Total 5 Total 1

.Unless otherwise specified all statements concerning statistical
significance of ration treatment effects are at P = 0.05 or

less. ;
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RESULTS AND DISCUSSION
Experiment 692

A summary of the effect of protein depletion and protein
repletion on gains and feed efficiencies of baby pigs is pre-
sented in table 2.

Gain. During the one-week protein-depletion period, the
pigs lost approximately 0.3 to 0.5 Ib. of body weight per pig.
Depletion starting weight did not appear to influence the
amount of weight lost during the depletion period. During

TABLE 2

Exp. 692. Summary of the effect of protein depletion and repletion on gains
and feed efficiene.es of hdby pigs

RATION TREATMENT

ITEMS 50% 50%

i mili Soybean et~ 01
oil meal DL-methionine
Ibs./pig Ibs./pig Ibs./pig
Depletion starting weight 9.8 1 9.9 9.4
Depletion final weight 9.3 9.5 9.1
Depletion loss 0.50 0.37 0.31
Repletion final weight 14.2 12.9 12.4
Repletion gain 2 4.9 3.3 3.2
Repletion feed/gain 1.51 1.84 1.69

1Values are averages of 4 pigs per treatment.
2The experimental error mean squares for repletion gain and feed/pound gain
were 0.7613 and 0.1887, respectively.

the one-week repletion period, those pigs repleted with the
dried skimmilk diet gained approximately 1.6 Ibs. more per
pig than those fed the diets in which soybean oil meal was used
as the source of protein. Supplementation of the soybean oil
meal diets with 0.1% of DL-methionine did not improve gains.
Statistical analysis of the gain data did not reveal any sig-
nificant differences with the replications and degrees of free-
dom available in this experiment.

Feed per pound of gain. As expected from the gain data,
it required less feed to produce a pound of repletion gain with
the dried skimmilk than with soybean oil meal ration. Supple-
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mentation of soybean oil meal with 0.1% of DL-methionine
appeared to improve feed efficiency over unsupplemented
soybean oil meal. The magnitude of the apparent differences
in these feed efficiency data were not great enough to attain
statistical significance.

Experiment 699

Gain. A statistical analysis of the gain data showed the
coefficients of variation were decreased from 4.81 for the
first repletion period gains to 2.94 for the summed gains of
the three repletion periods and the treatment F (treatment
mean square/experimental mean square) values were in-
creased from 33.6 to 48.3 for these two periods, respectively.
Both of these F values are beyond the 14.94 required for
significance at the probability level of 0.5%. In view of this
reduced variability by successive depletion-repletion cycles
the repletion gain and feed efficiency data used for evaluating
the ration effects were those obtained by summing gains and
feed intakes over the three repletion periods.

Weight losses during the depletion period did not appear
to be affected by previous treatment as evidenced by the close
parallelism which exists in the growth curves of the pigs for
the depletion periods (fig. 1). Figure 1 shows that the spread
between the average live weights of the pigs on the different
levels of protein increased with each depletion-repletion cycle.
After the first cycle the live weights for the different levels
of protein remained in the same order and increased regularly
with each increment of protein with the exception of the 14
and 16% levels. This retainment of relative position might
be expected in view of the parallelism of the depletion losses.
That is, if the pigs that gained the most during the repletion
period lost no more weight than the pigs that gained the least
during the repletion period, then the initial advantage would
still be maintained by the pigs that had previously made the
greater gains.

The most rapid gains were made by the pigs repleted with
22% protein. As expected, the least gains were made by the
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pigs fed 12% protein. However, the pigs on 16% protein
failed to gain as rapidly as those on 14% protein. In view of
the superiority of 20% protein over 18% protein for repleting
protein-depleted pigs, one would expect 16% protein to replete
the pigs as well or better than the 14% protein ration. Kjeldahl
nitrogen determinations on the rations left no doubt in the
authors’ opinion that the pigs did receive their proper rations.

Examination of the growth curves (fig. 1) and the gain
data in table 3 reveal that the average initial weight of the

PERIODS 17 DAY INTERVALS
Pig. 1 Exp. 699. Growth curves of protein-depleted and protein-repleted baby
pigs.
Figures in chart indicate percentage of protein in the ration. The protein was
supplied by dried skimmilk.
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pigs fed 16% protein was on the average 0.41b. per pig less
than that of the pigs fed 14% protein. In fact, the pigs fed
16% protein had the smallest average initial weight in the
experiment. The pigs repleted with 16% protein overcame
this handicap in comparison with those repleted with 12%
protein during the first repletion period, but did not do so

TABLE 3

Exp. 699. Effect of protein depletion and repletion on, gains and feed
efficiencies of bahy pigs 1

PROTEIN LEVEL. %2
ITEM

12 14 16 18 20 22
lefig sy Is/ig IsAig IsAig Ishig

Initial weight 7.3 74 7.0 7.3 7.5 7.5
First depletion loss 0.65 0.65 0.65 0.60 0.80 0.80
Pirst repletion gain 2.61 3.66 3.44 4.21 4.38 4.69
Second depletion loss 0.84 1.03 0.90 1.03 1.19 0.75
Second repletion gain 5.16 7.25 6.66 8.03 8.12 8.81
Third depletion loss 1.44 1.78 1.78 1.75 1.62 1.37
Third repletion gain 7.69 9.78 9.62 10.06 10.75 10.00
Depletion loss 2.93 3.46 343 3.38 3.61 2.92
Summed repletion gain 3 15.5 20.7 19.7 22.3 23.2 234

Peed consumed 4 26.4 26.6 24.9 27.5 27.4 28.5
Feed/pound gain3 1.71 1.29 1.26 1.24 1.18 121

1Analyses of variance performed on the summed gains and average feed con-
sumed for the three repletion periods using the average of 4 pigs as the experi-
mental observation.

2Protein supplied by dried skimniilk.

aQuadratic effect of protein levels significant at P = 0.05 or less.

4Linear effect of protein levels significant, at P = 0.05 or less.

The experimental error mean squares for repletion gain, feed consumed and feed
per pound of gain were 0.5009, 1.0949 and 0.00134, respectively.

compared to the pigs fed the other levels of protein. Even
with this reversal of the 16 and 14% protein-repletion re-
sponse, statistical analysis of the data revealed that the linear
regression component for level of protein was statistically
significant.

Feed per pound of gain. The averages for total feed con-
sumed and feed required per pound of gain are presented in
table 3. The feed required per pound of gain was remarkably
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low for all levels of protein. The pigs repleted with 12%
protein required the most feed, 1.71 Ibs. per pound of gain.
The value of 1.18 Ibs. for the pigs fed 20% protein was the
least amount of feed required per pound of gain. Statistical
analysis of the data revealed that the linear and quadratic
regression components of the protein level effects were sta-
tistically significant. This parabolic curvature in the response
to protein level is largely the result of the high value of 1.71
Ibs. of feed required per pound of gain for the 12% protein
ration, since the values for the other levels were relatively
similar.

It is realized that a direct comparison of the depletion-
repletion technique with uninterrupted feeding is needed to
evaluate the reliability or validity of the results obtained in
this manner. However, the low variability of response ob-
tained in these experiments as compared to similar uninter-
rupted feeding trials indicates that this type of experiment
may prove useful in future work of this nature.

SUMMARY

Sixty baby pigs were used in two experiments where the
protein depletion-repletion technique was employed to measure
the effectiveness of three different sources and 6 different
levels of protein in promoting growth.

In the first experiment, the pigs that were protein repleted
with dried skimmilk diets showed greater repletion gains on
less feed per pound of repletion gain than those repleted
with soybean oil meal diets with or without 0.1% of nL-methi-
onine. There was little difference in the repletion gains or
in feed utilization by the pigs fed the two soybean oil meal
diets. Less of the methionine supplemented ration was re-
quired to produce a pound of gain, however this difference
was not statistically significant.

When 6 levels of protein were tested using dried skimmilk
as the source of protein, the greatest gains were made by
the pigs repleted with 22% protein whereas the least gains
were male by the pigs repleted with 12% protein. Statistical
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analyses of the data revealed that the quadratic regression
component of ration treatment effects on gain was significant.

The feed required per pound of repletion gain decreased
as the levels of protein were increased from 12 to 20%. The
decrease was large from the 12 to 14% protein level and
relatively small per interval of protein increment thereafter.
The quadratic regression component of ration treatment effect
on feed efficiency was statistically significant.

Acknowledgment is made to Mr. Don Quinn, Swine Nutrition
Research Farm Superintendent and his associates for their
assistance; also to Professor P. G. Homeyer, Department of
Statistics, for his advice and computational assistance with
certain of the data.
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In the first paper of this series, it was reported by Peo et
al. ('57) that the greatest repletion gains were made by pigs
fed 22% protein, the highest level fed. Therefore, it would
appear that this level, or perhaps even a higher level of protein,
is necessary to obtain maximum repletion gains. It was the
purpose of this experiment, therefore, to establish the min-
imum level of protein (employing dried skimmilk as the
source of protein) for maximum response from protein-
depleted baby pigs.

Although the repletion gain was accepted as a good criterion
of response, it was considered that other criteria might be
more sensitive. Thus, it was also the purpose of this experi-
ment to determine the effect of protein depletion and repletion
on the albumin/globulin ratio and on other blood components
of the blood serum of baby pigs.

‘Journal paper no. J-3113 of the lowa Agricultural Experiment Station, Ames,
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EXPERIMENTAL

Animals. Thirty-six crossbred pigs weaned at an average
age of 15.5 days and at an average weight of 7.8 Ibs., were used
in this experiment. The pigs were allotted to 6 ration treat-
ments on the basis of initial weight within litters (in most
instances pigs from the same litter constituted a replication),
and were confined to individual pens for the entire experi-
mental (one week preliminary, 5-week experimental) period. A
group of pigs was also maintained under approximately the
same experimental conditions as the individually-fed pigs until
the end of the first depletion period. This provided a source
of replacement for any pigs that died or were unintentionally
lost during heart puncture for blood samples during this
first part of the experiment. After a one-week preliminary
period, the pigs selected for the experiment were depleted
one week, repleted one week, depleted two weeks and repleted
one week. The pigs were weighed at weekly intervals and blood
samples were obtained at the end of the preliminary, the
depletion, and the repletion periods.

The pens were equipped with self-feeders and constant-flow
type water cups. The floors of the pens were heated by a
thermostatically controlled radiant heat system. Initially the
floor temperature was held at 28°C., and was then reduced
5°C. each week to 18°C. and held at this level for the remainder
of the experiment. Room temperature was thermostatically
held at 24°C. for the first three weeks and at 20°C. for the
last three weeks of the experiment.

Rations. During the one-week preliminary period, all pigs
were fed a 24% protein diet (Speer et al., '54). Protein levels
of 12, 15, 18, 21, 24 and 27% were fed during the repletion
periods. Composition of the protein-free diet and 12% protein-
repletion basal ration was the same as that previously de-
scribed by Peo et al. ('57). For this experiment, a 3% protein
interval was selected in order to expand the range of the 6
levels of protein used by Peo et al. ('57) to higher levels and
yet still allow the use of a 12% protein-repletion basal
ration. Twenty-seven per cent protein was the maximum level
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of protein that could be obtained with dried skimmilk as the
sole source of protein and with the other ration components
(and levels of each) used.

Blood. The pigs were bled by the heart puncture technique
at the end of the preliminary, the depletion, and the repletion
periods. A 5-ml syringe equipped with a number 19 needle
was used to obtain a blood sample from each pig. The needles
were autoclaved and the syringes were scrupulously cleaned
after each bleeding period. Immediately after the blocd was
drawn from the pig, a portion was allocated (in a citrated
tube) for hemoglobin, hematocrit and red and white blood
cell determinations. The remainder of the blood was allowed
to clot and then centrifuged at 1500 revolutions per minute for
15 minutes. After centrifugation, the serum vBs removed
by pipette, transferred to a test tube and taken to the labora-
tory for serum protein determinations. All determinations
were made within 24 hours after the blood samples were taken.
The serum proteins were determined according to the method
of Kingsley, described by Hawk et al. ('51). Globulin con-
centration was taken as the difference between the determined
total serum protein and the determined albumin concentra-
tions. Hemoglobin determinations were made according to
the acid hematin method as outlined by Klett-Summerson
('47).

Analysis of the data. All data (gain, feed and blood) were
analyzed by pooling the data for the two depletion and two
repletion periods and testing according to the following
analysis of variance plan.

Analysis of Variance Plan
Source of variation Degrees of freedom
Replication (litters) 5
Levels of protein 5
Linear regression component
Quadratic regression component

Cubic regression comoponent

NP R =

Remainder
Remainder (Experimental error) 25
Total 35

All statements concerning statistical significance are made at a probability

level of 5% or less
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RESULTS AND DISCUSSION

The results of the treatment effects on repletion gains and
feed efficiencies are shown in figure 1.

Gains. For the first protein-repletion period, as the protein
levels were increased, pig gains also increased and reached
a maximum at the 21% level of protein. Gains made by the
pigs repleted with 24 and 27% protein were, on the average, 0.6

Fig. I Effect of protein levels on repletion gains and feed required per pound
gain in baby pigs.

and 0.9 Ib., respectively, per pig less than those made by the
pigs repleted with 21% protein. During the second repletion
period, the greatest gains were made by the pigs fed 18%
protein. With the exception of 18% protein, the gains made
by the pigs fed 15% protein were greater than those made
by the pigs repleted with the other levels of protein. When
the gains for the two repletion periods were averaged, the
greatest gains were made by the pigs fed 18% protein.
Statistical analyses of the pooled repletion gain data revealed
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that the quadratic regression component of the effects of
protein levels was significant.

Feed per pound of gain. For the first repletion period, the
feed required per pound of gain (fig. 1) decreased as protein
levels were increased up to 21% protein. Except perhaps for
12% protein, the feed efficiencies for all levels of protein were
exceptionally good. At the end of the second repletion period,

PROTEIN LEVELS (%)

Fig. 2 Effect of protein depletion and repletion on hemoglobin levels of baby
pigs.

less feed was required to produce a pound of repletion gain
with 18% protein than with any of the other levels of protein.
The feed data for the two repletion periods were pooled and
analyzed according to the previously described analysis of
variance plan. Both the linear and quadratic regression com-
ponents of the treatment effect of protein levels were statis-
tically significant with the largest portion of the mean squares

for protein levels being accounted for by the quadratic com-
ponent.
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Blood data. With the exception of the hematocrits, the
blood data were considered in two ways; namely, (1) as
averages of the values at the end of the two depletion periods
and similarly at the end of the two repletion periods, and
(2) as differences between the averages of the values observed
at the end of these two regimes (average change over the
repletion period).

Hemoglobin. Hemoglobin levels of the protein-depleted
and protein-repleted pigs are shown graphically in figure 2.
During the depletion period, hemoglobin values averaged
over all protein levels showed an apparent increase followed
by a severe decrease after protein repletion. This was con-
trary to what was expected. One would expect hemoglobin
levels to decrease or at least remain relatively constant during
protein depletion and to either increase or remain relatively
constant during protein repletion. Two possible explanations
of the results obtained are (1) the changes observed in hemo-
globin levels are real changes or (2) the changes in hemoglobin
observed are a reflection of alterations in blood volume. This
latter explanation appears to be more plausible in view of
the work of Allison et al. ('46) and Hegsted and associates
('53) who observed that plasma volume is decreased during
protein depletion and extracellular fluid outside the blood
system is incerased. This, then, could account for the measured
increase in hemoglobin during protein depletion and its de-
crease during protein repletion. If the plasma volume did
fluctuate during protein depletion and repletion as evidenced
by the hemoglobin levels, then the results observed with the
other blood components are also affected by this change in
plasma volume. However, the work of Allison et al. ('46)
with dogs showed that plasma proteins decreased on depletion
and returned to normal on repletion. They also observed
changes in blood volume on depletion and repletion but these
did not mask the changes in plasma proteins.

The highest hemoglobin level during the first repletion was
for the pigs fed 24% protein. There appeared to be no dif-
ferences in hemoglobin levels of the pigs fed protein levels
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above 18% protein for the second repletion period. O:i the
average, the lowest level of hemoglobin was observed in the
pigs fed 12 and 15% protein during the repletion period.
However, statistical analyses of the pooled data failed to
reveal any significant difference in hemoglobin levels attribut-
able to the protein levels fed during the repletion periods.
This was also the case for the depletion periods and for the
average differences between the two periods.

PERIOD: Q DEPLETION (D) Q REPLETION (R)

Fig. 3 Effect of protein depletion and repletion on the hematocrit of baby
pigs.

Hematocrits. During the second protein depletion and re-
pletion periods, hematocrit determinations were made to help
clarify plasma volume changes. As shown in figure 3, the
hematocrit was definitely lowered from the depletion level
after the pigs were protein repleted. This indicates (although
not conclusively) that plasma volume decreases during protein
depletion and increases with protein repletion. Hematocrit
changes were greatest on 12 and 15% protein. This indicates,
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perhaps, that either plasma volumes fluctuated to a greater
extent on these levels of protein (12 and 15%) or that these
levels were not adequate for maintaining or repleting cell
volume to the same extent as were the other levels of protein.

Red blood cells. The red blood cell counts of protein
depleted and protein repleted pigs are presented graphically
in figure 4. The trends observed with red blod cell counts

Fig. 4 Effect of protein depletion and repletion on the red blood cell count of
baby pigs.

are similar to those observed with hemoglobin levels. Within
each level of protein, red blod cell counts were higher during
protein depletion than during protein repletion. For the first
repletion period, maximum red blood cell counts were observed
in the pigs repleted with 24% protein. For the second reple-
tion period, maximum red blood cells were observed in the
pigs fed 27% protein. On the average for both repletion
periods, minimum red blood cell counts were observed in the
pigs fed 15% protein. Statistical analyses of the pooled
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repletion red blood cell counts revealed that the linear regres-
sion component of the effect of protein levels was statistically
significant. While no regression component was significant
for the depletion period, the linear component was for the
difference between the two periods. As the level of protein was
increased the difference in the red blood cell count became
less (fig. 4).

PROTEIN LEVELS (%)

Pig. 5 Effect of protein depletion and repletion on the white blood cell count
of baby pigs.

White blood cells. The white blood cell counts are pre-
sented in figure 5. Since white blood cells fluctuate in ac-
cordance with disease level, the observed white blood cell
count does not in all instances follow the same trends as the
hemoglobin level or the red blood cell count. The pigs were
bled by heart puncture once each week at the experiment sta-
tion farm and extreme aseptic techniques such as might be
practiced in an animal clinic were not feasible. This may
account for the relatively high white blood cell count observed
in these pigs (Scarborough, '31, reported that on an average,
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the normal white blood cell count of pigs was 15,280 cells per
cubic millimeter). Except for the two highest levels of
protein (24 and 27%), the white blood cell count did not
fluctuate a great deal between the depletion and repletion
periods. White blood cell count of the pigs fed 12, 15 and
18% protein increased from the initial to the end of the
second repletion periods. From the second depletion to the
second repletion, the white blood cell count of the pigs repleted
with 21, 24 and 27% protein decreased. This may indicate
that factors responsible for leucoeytosis were decreased or
eliminated with these levels of protein, since the management
of the pigs on all treatments was essentially the same. Statis-
tical analyses of the white blood cell repletion data gave a
guadratic regression mean square for protein levels just
short of the 5% probability level of significance.

; Total serum. The results of protein depletion and protein
repletion on total serum protein of baby pigs are summarized
in figure 6. There was little difference in the total serum
protein of the pigs fed any of the levels of protein during the
first repletion period. For the second repletion period, the
pigs repleted with 15% protein maintained a somewhat higher
level of total serum protein than those repleted with the other
levels of protein. Here again, the actual effect of protein
repletion on total serum protein is probably masked by
changes in plasma volume between the protein depletion and
repletion periods. Consequently, any positive interpretation
of the results may not be valid. However, it would appear
from the observed data that there was little effect of protein
levels on total serum protein.

Albumin and globulin. The levels of the albumin and
globulin fractions of the blood serum of protein-depleted and
protein-repleted baby pigs are presented in figure 7. The
albumin levels of the pigs repleted with 15 and 18% protein
were higher after protein repletion than they were after
protein depletion for both of the depletion and the repletion
periods. The albumin levels of the pigs fed 12% protein
showed a consistent decline from the initial level to the final
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level observed at the end of the second protein-repletion
period. Such a consistent decline in serum albumin was not
quite as evident in the pigs repleted with higher levels of
protein. The globulin fraction of the serum protein (fig. 7)
did not appear to change as much as the albumin fraction.
This is in agreement with the results of Zeldis et al. ('45)
who showed that restriction of dietary protein results in a

Fig. 6 Effects of protein depletion and repletion on total serum protein of
baby pigs (chemical method).

decreased albumin level while globulin concentrations remain
essentially normal. None of the mean squares for the regres-
sions of either albumin or globulin approached statistical
significance at the 5% probability level. The albumin/globulin
ratio (fig. 7) decreased with protein depletion and increased
with protein repletion. This response is in agreement with
results reported by Allison (’48). If the globulin fraction
remains fairly constant during protein depletion as reported
by Zeldis et al. (’45), then the albumin fraction is changing
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with, protein depletion and repletion. The pigs repleted with
12% protein showed the smallest albumin/globulin ratio. The
average depletion albnmin/globulin ratio increased with in-
creasing protein levels in a significantly linear manner. Al-
though a consistent change in the albnmin/globulin ratio was
noted with each protein depletion and repletion period, during
the repletion periods the greatest albumin/globulin ratio

PROTEIN LEVELS (%)

PERICO
m INITIAL (1) O DEPLETION (D) [2 REPLETION (R)

Fig. 7 Effect of protein depletion and repletion on total serum albumin,
globulin and A/G ratio of baby pigs.
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was observed with 21 and 18% protein which were also the
levels that supported maximum repletion gains for the first
and second repletion periods, respectively. Although the
albumin/glooulin ratio was greater when pigs were repleted
with levels of protein higher than 12%, statistical analyses
of protein level effects oil the albumin/globulin ratio did not
reveal this to be a significant difference.

SUMMARY

Thirty-six individually-fed baby pigs were used to determine
the effect of 6 levels of protein (using dried skimmilk as the
source of protein) on the repletion gains and certain blood
constituents of protein-depleted baby pigs.

Maximum repletion gains and feed utilization occurred in
the pigs fed 21 and 18% protein during the first and second
repletion periods, respectively. Statistical analysis showed
the quadratic responses to be significant at P = 0.05 or less.

The effects of protein levels on the blood components studied
were probably masked by changes in plasma volume. If plasma
volumes had been determined, then it is possible that the
protein source and levels might have had a significant effect
on blood components. Of the blood constituents studied, the
albumin/globulin ratio appears to be the most promising
criterion of the effects of protein depletion and repletion and
warrants further investigation.
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In two previous studies (Coons and Schiefelbusch, '32;
McKay et al., '42) the calcium and phosphorus intakes of
young college women consuming self-selected diets were de-
termined. These intakes averag*ed 0.93 gm (range of 0.52 to
155) and 1.19gm (range of 0.82 to 1.17) for calcium and
phosphorus in the first study and 0.94gm (range of 0.32 to
2.32) and 1.18 gm (range of 0.66 to 2.13) in the second study.
Coons and Schiefelbusch (’32), using 1gm per day as the
standard intake for both calcium and phosphorus, concluded
that 10 of the 17 subjects were receiving too little of both
elements. McKay et al. (’'42) determined the calcium and
phosphorus of the feces and urine as well as the daily intake
of their subjects. Although approximately 50% of their 124
subjects were in negative calcium balance on less than 1gm
intake, it was concluded that 0.8 gm could maintain calcium
equilibrium in these subjects. While only slightly more than
a third of these same subjects were in negative phosphorus
balance on 1 gm, this amount was stated to be necessary for
phosphorus equilibrium. No study of the magnesium met-
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abolism of young college women consuming self-selected diets
was found, although Duckworth and Warnock ('42) estimate
the adult woman’s magnesium requirement to be 220 mg while
Sherman (’52) gives the average of 150 American dietaries
as 340 mg (range of 140 to 670). In 1946, a long-time metabolic
balance study of young Texas college women consuming
self-selected diets was initiated at North Texas State College.
The present paper is a report on the calcium, phosphorus
and magnesium balances of the subjects participating between

1948 and 1956.
PROCEDURE

The subjects were young college women 17 to 27 years
of age who were living in the Home Management House
Duplex at the time of this study. One hundred and twenty-
nine subjects participated in the calcium, 125 in the phosphorus
and 86 in the magnesium balance studies. They engaged in
the usual home and social activities in addition to their regular
class work during the 5-day (Monday through Friday) periods
reported. They were responsible for planning the menus and
preparing the food to satisfy the appetites of the individual
members of the group. The technique used in collecting the
food and excreta was reported by Holt and Scoular ('48).
In brief, this involved the placing of a serving of each food
from each meal (composite food sample), similar in all re-
spects to that eaten by the college women, in weighed glass
jars at the same time that the subjects were served at the
table. Milk was analyzed separately by removing daily ali-
guots to give one homogeneous sample for analysis. This
permitted each girl to consume the amount desired. A record
was kept of the amount of fluid milk consumed by each girl
each day, and suitable additions were made to each individual's
record of food intake, to include the milk.

Only one series of analyses was made of the carbonated
beverage consumed since the determined values were so small
and only one brand was permitted ad libitum during the 5-day
period. A liter of tap water was evaporated to dryness and
analyzed at the beginning and again near the end of the study.
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Carmine was used as the fecal marker for the 5-day periods.
Aliquots of both food and feces were obtained for analysis
after being weighed and macerated in a Waring Blendor.
Aliquots were removed from the 24-hour urine collections
which had been made directly into the amber gallon bottles.

The food and fecal aliquots were dried before they were
analyzed gravimetrically for calcium, phosphorus and mag-
nesium. Scott's oxalate method (Furman, '39) was used for
the determination of calcium, the molybdate method (Fur-
man, '39) for phosphorus and the ammonium phosphate
method (Association of Official Agricultural Chemists, '50)
was used in determining the magnesium in the filtrate from
the calcium determinations. The data from these analyses
were used in obtaining the total daily intakes and retentions 3
reported in the present study.

RESULTS AND DISCUSSION

The total calcium intake (food, milk, carbonated beverage
and tap water) of the young Texas college women was deter-
mined for 645 days, the phosphorus intake for 500 days and the
magnesium intake for 430 days. The daily urinary calcium,
phosphorus and magnesium were also determined for these
women while the fecal calcium, phosphorus and magnesium
were determined for the 5-day period and computed to daily
values in order to determine the retentions.3

The percentage of the intake absorbed 4 by each subject
was calculated for calcium, phosphorus and magnesium to
see if the subject’'s ability to absorb these elements might
influence the retentions obtained. The average absorption
values were 36% of the calcium, 69% of the phosphorus and
74% of the magnesium ingested. Since both the calcium and
phosphorus percentages are higher than the usually accepted

total intake minus fecal and urinary output i
3Calculated as i X 100 = % retained.
total intake

total intake minus fecal output
*Calculated as i X 100 = % absorbed.
total intake
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ones of 30% and 42%, respectively, it may be assumed that
the negative retentions reported in the present study are
probably due to other factors than the inability to absorb these
elements. No reported value for magnesium absorption was
available for comparison purposes.

In the two previous reports (Davis and Scoular, '57 and
Secular et al.,, '57) from this long-time study, the subjects
were divided into two groups (group I, 16 to 20 years and
group II, over 20 years) for comparison with the National
Research Council’s (’'53) recommended daily allowances for
the 16- to 20-year-old girl and for women 25 years of age.
This grouping has been used in the present report for the
same reason.

Total daily intake. The total daily intakes of calcium,
phosphorus and magnesium are given in table 1 for the two
groups of subjects together with their retentions. The calcium
intake of group | (66 subjects) ranged from 0.50 to 2.40
gm/day as compared to a range of 0.70 to 2.60 gm/day for
group Il (63 subjects). The intakes of 2 gm or more of calcium
and phosphorus were associated with high fluid milk intakes.
The NRC's ('53) recommended daily allowances for the 16-
to 20-year-old girl (group 1) is 1.3 gm and for the 25-year-old
woman (group I1), 0.8 gm. Fifty per cent of the self-selected
diets of group | and 3% of the diets of group Il contained
less than the recommended amounts of calcium. Further-
more, three times as many negative calcium balances occurred
below 1.3gm as above (20 as compared to 8) in group I,
although 13 (38%) of the positive retentions occurred on
less than 1.3 gm, and 18 (53%) on intakes above 1.3 gm. The
positive retentions on the lower levels of intake suggest that
these subjects had been accustomed to lower calcium intakes
and that they exhibited the ability to adapt to long continued
practices as suggested by Nicolaysen et al. ('53). Further
support is given to this theory by the fact that many of these
subjects had positive retentions on extremely high levels of
intake which implies depleted stores.
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1Group I composed of girls 16 to 20 years of age.

ZGr(Bp Il composed of girls 20 years or more of age.
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The average total intake of the subjects in group | with
positive calcium balances was lower (1.50 gm) than the 1.70
gm average of those with positive balances in group Il. Since
the percentages of positive balances were identical (57 and
56%) in the two groups, it implies that the subjects of group
Il may require more calcium than the amount recommended
for women 25 years and over. From the standpoint of intakes
and retentions of the present study, group I1's need for cal-
cium appears to be similar to that of group 1. This is further
emphasized by the fact that the negative balances of group 11
occurred on a higher average total intake (1.30 gm) than in
group | (1.14 gm) and that positive retentions occurred on
intakes of two or more grams of calcium per day.

The National Research Council ('53) suggests that the
phosphorus intake should be about one and one-half times
that of the calcium for adults (non-pregnant and non-lac-
tating). Applying this suggestion to group | (63 subjects)
and group Il (62 subjects) gives 1.95 and 1.20 gm phosphorus,
respectively, for comparison with the phosphorus content of
these self-selected diets. All of the negative balances (11)
in group | occurred below the 1.20 gm level of intake while
group Il had three negative balances above and 18 below this
level. Although the average daily intakes of phosphorus for
the subjects in positive balance in both groups are similar
(1.17 and 1.14gm) group | had 83% in positive balance
compared with 60% for group Il. The younger women (group
1) were apparently able to utilize the phosphorus of their
diets to a greater extent than the older women (group I1).

The total daily intake of magnesium provided by these
self-selected diets ranged from 0.16 to 2.55 gun (the highest
value from one composite food supply) 5 for both groups.
This range exceeds that of 140 to 670 mg given by Sherman
('52) as characteristic of 150 American dietaries. The values
obtained in the present study represent 430 days’ food supply
(group |, 42 subjects and group Il, 44 subjects during 5-day
balance periods) obtained over a period of three years. In

“ Cause for this high value was not due to contamination or to any particular food.
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group |, 24 of the 25 negative balances and 8 of the 14 in
group 11 occurred on intakes between 0.10 and 0.30 gm mag-
nesium. The positive balances of the two groups occurred
on similar average intakes of 0.95 and 1.02 gm, respectively.

Height in relation to calcium, phosphorus and magnesium
balances. In the two previous reports of the present long-
time study (Davis and Scoular, '57; Scoular et al., '57), both
height and weight were used in an attempt to obtain some
common reference for comparison of the nutrient intake. In
these reports the use of height as a basis for comparison of
the caloric and protein intakes of the two groups was found
to be better than weight although the young Texas college
women were both taller and heavier than the National Re-
search Council’s 16- to 20-year olds (group 1) and women
25 years of age and over (group Il). Consequently, calcium,
phosphorus and magnesium (all of which occur in large
amounts in the skeleton) intakes are tabulated only as milli-
grams per centimeter of height for the subjects for the present
study in table 2

The difference between the average milligrams per centi-
meter intake of the subjects of groups | and Il who were in
positive balance was small for calcium (9.1 and 10.3mg/cm)
and for phosphorus (8.2 and 7.0 mg/cm) or negligible in the
case of magnesium (6.1 and 6.4mg/cm). The greatest dif-
ferences existed between the average intakes producing posi-
tive and negative calcium balances in each group, namely
2.3 for group | and 24 mg/cm for group Il. Seventy-eight
per cent of the negative calcium balances of group | and
82% of those in group Il occurred on intakes below the
average intake of those having positive balances. Similarly,
91% of the negative phosphorus balances in group | and
67% in group Il occurred on intakes below the average in-
takes of those in positive phosphorus balances. The mag-
nesium intakes producing positive and negative balances were
practically identical for the two groups (6.1 and 1.8 mg/cm
and 6.4 and 2.1 mg/cm, respectively).
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Simultaneously determined calcium, phosphorus and mag-
nesium balances. Seventy-three of the subjects included in
tables 1 and 2 (35 from group | and 38 from group I1) partici-
pated in the calcium, phosphorus and magnesium balances
simultaneously and are reported in table 3. To show any rela-
tionship which may exist between the utilization of these

TABLE 2

Retentions of calcium, phosphorus and magnesium distributed for age and
average daily intake per centimeter of height

CALCIUM PHOSPHORUS MAGNESIUM

RANGE Group 11 Groupil2 Groupl1l Groupll2 Groupi1l Groupll2
<> (v) +) () +) (M (+) () +) () > ()

mg/cm no no no. eno. no no. no. no. no no no. no.
0.0-1.0 i 3 2 4
1.0-2.0 2 17 1 7
2.0-3.0 3
3.0-4.0 6 4 i 2 3 1 2
4.0-5.0 i 2 2 6 1 2 7 1
5.0-6.0 4 4 7 10 4 ii 9 1 5 1
C0-7.0 5 6 3 2 13 4 6 5 2 1 2 1
7.0-8.0 4 6 5 4 6 2 9 6 2 4

=8.0-9.0 2 1 7 1 2 7 2 2 4
9.0-10.0 5 3 3 7 1 2

10.0-11.0 4 2 2 2 1

11.0-12.0 4 2 3 3 3 1 1

12.0-13.0 2 6 3

13.0-14.0 2 4.

14.0-15.0 1 3 1 1

15.0-16.0 2 3 1 2

Total no. 32 32 35 28 52 11 37 25 17 25 30 14

Av. mg/em 91 68 103 79 8.2 6.8 70 6.2 61 18 6.4 21

1Group | composed of girls 16 to 20 years of age.
2Group Il composed of girls 20 years or more of age.

elements and the height of the individual, the intakes and
retentions are tabulated for height. Schofield et al. ('56) state
that they have a report in preparation which describes their
taller and heavier 1952-53 subjects who failed to store as much

calcium and phosphorus as the 1950-51 subjects on supple-
mented diets.
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There were twice as many (11 as compared to 5) of the
“ taller” women of group | of the present study in negative
calcium balance, but only two in negative phosphorus balance.
The distribution of the positive and negative balances of
magnesium in group | practically coincided with those for
calcium. According to Stearns (’'50) this may be accounted
for by the fact that the solubility of magnesium is similar to
that of calcium.

Group Il ingested more calcium but less phosphorus than
group I. Ten of the 14 negative calcium balances and 14 of
the 16 negative phosphorus balances of group Il occurred in
the “ taller” women. LeBovit and Stiebeling ('57) have sug-
gested changes in applying the 1953 dietary allowances to
U. S. population groups which include increasing the average
height of women 21 to 34 years of age from 62 to 64 inches,
but no change in the calcium allowance for this age group.
With this adjustment the number of * taller” women who
were in negative balance would be decreased to 7 in negative
calcium balance and 9 in negative phosphorus balance. In
group Il where both the calcium and magnesium intakes
were high, the calcium retentions appeared to be unrelated
to the magnesium retentions.

There is no unanimity of opinion regarding the effect of the
calcium-to-phosphorus ratio upon calcium retentions. In the
present study, group Il had the higher ratio, 1.45 and a higher
percentage '63%) of positive calcium retentions than group
I with a ratio of 1.2 and 40% positive retentions. Schofield
and others ('56) state that the source of the calcium and
phosphorus rather than the level of dietary phosphorus may
influence calcium utilization in humans. They found that the
same level of mineral ingestion from natural foods was better
utilized than that from calcium salt. In the present study,
group Il consumed more milk, had higher calcium intakes and
more positive retentions than group | with less milk.

The reason for the greater ingestion of milk by group 1l
is not known since both age groups are usually included in
each 5-day balance period and had access to the same food.
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Although the total calcium of the diet is a deciding factor
in its utilization there are other factors which affect it. One
of these factors which might apply to self-selected diets is
that of day-to-day variation in other nutrients. Protein, which
is associated with calcium utilization, was found by Scoular
and Davis ('57) to vary from 130 to 500% of the minimum
daily intake in a 5-day period. The day-to-day variation of
calcium was from 140 to 360% and phosphorus from 120 to
400% of the minimum daily intake in the same period of
time. Additional studies, including the day-to-day variation
in nutrients, of self-selected diets are under way in this
laboratory as a part of the continuing long-time balance
study.

SUMMARY

Calcium balances of 129 young college women (645 days),
phosphorus balances of 125 women (500 days) and magnesium
balances of 86 women (430 days) were determined.

The average total intakes of calcium, phosphorus and mag-
nesium permitting positive balances in group | (16- to 20-
year-old girls) were 1.50, 1.17 and 0.95gm as compared to
1.70, 1.14 and 1.02 gm, respectively, for group Il (over 20
years).

Based on height the average total intakes for positive
balances were 9.1, 8.2 and 6.1 mg/cm for group | and 10.3,
7.0 and 6.4 mg/cm of calcium, phosphorus and magnesium,
respectively, for group II.

The older subjects (group I1) drank more milk, had higher
calcium intakes and more positive retentions than the younger
subjects (group 1), while group I consumed more phosphorus
and had more positive phosphorus retentions than group I1I.

Groups | and Il consumed the same amounts of magnesium
but group I had more negative balances than group II.

In general, more of the negative retentions occurred among
the “ taller” young women than among those below the aver-
age in height in each age grouping.
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NUTRITIONAL IMPROVEMENT OF WHITE FLOUR
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INTRODUCTION

Osborne and Mendel (’'14) and Mitchell and Smuts ('32)
showed that the proteins of wheat could be improved by the
addition of lysine. Sure (’52, '53, '54) reported that the
addition of threonine along with lysine to whole or milled
wheat flour had a beneficial effect on growth and protein
efficiency in rats.

Rosenberg, Rohdenberg and Baldini ('54) investigated the
effect on the growth of rats, of adding lysine, threonine, valine
and methionine to a diet in which the protein was derived
from white bread which contained 3% non-fat milk solids.
From their results they concluded that the only amino acid
which was deficient in this commercial white bread was lysine,
since no further improvement in growth was obtained by
supplementing the diet with other amino acids.

However, Hundley, Ing and Krauss ('56) who explored the
possibility of using algae as sources of lysine and threonine in
wheat flour and bread diets, observed a growth response to

1Published with the approval of the Director of the Wisconsin Agricultural
Experiment Station. This work was supported in part by grants from The Nutrition
Foundation, Inc., New York, and The National Livestock and Meat Board, Chicago,
Illinois. The crystalline vitamins were kindly provided by Merck and Co., Rahway,

New Jersey.
503



504 DESHPANDE, HARPER AND ELVEHJEM

threonine above that obtained with lysine, in both the cases.
The algae served as a good source of threonine hut were
not a satisfactory source of lysine.

Hutchinson, Moran and Pace ('56a) observed that the
protein of ‘whole meal bread promoted a better rate of growth
of young rats than that of white bread. They used breads that
did not contain any milk solids. They attributed this effect to
the lower lysine content of white bread. When Avhite bread
was supplemented with lysine, it was no longer inferior to the
whole meal bread, in promoting growth in rats. The authors,
in a subsequent investigation (Hutchinson et al., '56b) studied
the extreme sensitivity of the weanling rat to small changes
in the lysine content of diets in which the protein was provided
by wheat flour. Their best growth rate of 24gm/wk. was
obtained with a total of 0.5% of lysine in the diet.

One striking observation emerges from these studies,
namely, the rate of growth of young rats, with lysine and
threonine as supplements to wheat flour, is inferior to that
obtained with the same amino acids added to bread which
contains about 3% non-fat milk solids. The possibility re-
mains, therefore, that some other amino acids, which are
necessary for optimal growth, are limiting in the wheat
flour diet. The present investigation was therefore undertaken
with a view to improving white flour with amino acid supple-
ments to support a growth rate comparable to that obtained
with an adequate synthetic diet.

Since fat accumulated in the livers of rats fed on polished
rice (Harper et al., '55; Deshpande et al., '55) this aspect was
also studied in the present work.

EXPERIMENTAL

Male weanling rats of the Sprague-Dawley strain, about 21
days old and weighing 40 to 50 gm were used. They were
divided into similar groups of 6 animals each and were
housed individually in suspended, wide mesh, wire bottom
cages. Food was given ad libitum and animals were weighed
weekly.
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At the end of two weeks the rats were sacrificed for the
determination of liver fat. Each animal was stunned and
decapitated and the liver was removed and stored at — 4°
until the determinations were made. For the determination
of liver fat, the livers were homogenized in a Potter-Elvehjem
homogenizer and dried at 100°. The dried material, after
grinding to a fine mesh, was extracted with ether.

The basal ration contained, in per cent, the following in-
gredients: white flour,2 78; corn oil, 5; salts, 4 (Hegsted,
Mills, Elvehjem and Hart, ’'41), 4; choline chloride, 0.15;
vitamin mixture, 0.25; and the various supplements of amino
acids and proteins as indicated. Dextrin was added to make
up to 100%. The vitamin mixture supplied in milligrams/100
gm of the ration: Thiamine HC1, 0.5; riboflavin, 0.5; niacin,
2.5; calcium pantothenate, 2.0; pyridoxine, 0.25; biotin, 0.01;
folic acic, 0.02; vitamin B12 0.002 and inositol, 10.0. Fifty
milligrams of vitamin C/kg of diet was added to minimize any
possible destruction of thiamine (lvandutsch and Baumann,
'53). Two drops of halibut liver oil, fortified with vitamins
E and K and diluted with corn oil to provide vitamin A, 400
I.U.; vitamin D, 4 1.U.; vitamin E, 4.0mg and vitamin K
(2-methyl-l, 4-naphthoquinone), 0.04mg, were given orally
each week.

RESULTS

From the amino acid composition of white flour (Block and
Bolling, '51) it is evident that when the diet contains 78%
white flour as the only source of protein, all the essential
amino acids except arginine, are provided at levels below the
accepted requirements for the growth of the rat (Rose, '37).
Since lysine was calculated to be the most limiting amino
acid and was shown by Sure ('54) to give some growth
response when added singly, and a correspondingly better
growth response when added along with threonine to a diet
containing whole wheat flour, the effect of supplementing
white flour with these amino acids at various levels are
recorded. The data summarized in table 1 (exp. 1) show that

2Pillsburv’s enriched white flour, purchased from the open market, was used.
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L-threonine.

L-lysine and 0.26%

protein (N X 6.25), 0.19%

‘ This contained 9.6%

1

DL-methionine, 0.6% ;

DL-tryptophan, 0.3%);

0.6% ;

L-lysine, 0.9% ; di-threonine,

L-leueine,,

2The following amino acids were supplied:

histidine,

and DL-valine, 0.6%.

DL-isoleueine, 0.2% ;

0.2%;

DL-phenylalanine, 0.4% ;

2%

0

3The following non-essential amino acids, in per cent, were supplied: L-tyrosine, 0.32; L-cystine, 0.12; DL-serine, 0.7; L-glut.ami

and L-proiine, 0.3

0.3; DL-alanine, 0.22;

glycine,

acid, 0.82; i)L-aspartic acid, 0.64;
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the addition of 0.25% of L-lysine to a diet containing 78%
of the flour increased the growth from 3.1 to 12.2 gm/wk. The
addition of 0.2% of DL-threonine along with lysine did not
further improve the growth. Increasing the level of lysine to
0.5% had no additional effect hut when 0.4% of DL-threonine
was included along with the higher level of lysine, the growth
was increased to 21.3 gm/wk. A still better growth response
(26.3 gm/wk.) was obtained when the diet was supplemented
with 6% of casein.

In contrast to our previous study with polished rice (Desh-
pande et al.,, '55) where it was observed that rats fed on a
90% rice diet developed fatty livers, which were prevented
by the addition of lysine, no accumulation of liver fat was
observed in any of the groups fed on the white flour, although
lysine was still the limiting amino acid for growth.

In the second experiment, groups of rats were fed the
white flour supplemented with amino acids or 6% of either
casein or fibrin together with amino acids as indicated in
table 1. The results show that the highest levels of lysine
and threonine (0.9 and 0.6% respectively) did not support
quite as good growth as did the intermediate levels (group
5 exp. 1). A significant increase in growth was observed
when certain limiting amino acids were provided Avith either
casein or fibrin. These supplements were such that they
were calculated to satisfy the requirements of the rat. When,
hoAvever, a mixture of amino acids was added to meet the
requirements (group 12), growth was not as good as when
intact protein was included as part of the supplement. The
amino acid mixture for group 12 was calculated to provide
amounts equal to those provided for groups 9 and 11.

Experiments 3, 4 and 5 were included with a view to
obtaining information on growth of rats when glutamic acid
Avas added to diets containing white flour supplemented with
various combinations of amino acids. It is evident that
neither glutamic acid alone, nor a combination of 7 non-
essential amino acids contained in 6% fibrin further improved
the groAvth of rats fed on Avhite flour supplemented with 9
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essential amino acids. Maximum growth was obtained con-
sistently in groups fed on the basal diet supplemented with
6% fibrin together with lysine and methionine.

Since the nutritive value of cereal proteins could be im-
proved by adding small quantities of animal proteins, the
effect of various animal protein supplements on the growth of
rats fed on white flour was studied and the results are shown
in table 2.

Of the proteins tested at the 6% level as supplements to
white flour, casein, fibrin and beef were most effective ; egg al-

TABLE 2

Rate of growth of rats fed white flour supplemented with various animal proteins

GROUP

NO. COMPOSITION OF THE DIET GROWTH

gm/wk.

I 78% White flour (basal) 2.2+ 0.2
2 Basal + 6% casein 308+ 25
3 Basal + 6% fibrin 315+ 14
4 Basal + 6% egg albumin 21.6 + 0.8
5 Basal + 6% kidney meal 220+ 17
6 Basal + 6% fish meal 21.0 =t 1.9
7 Basal + 6% beef 330+ 16
8 Basal + 6% pork 26.6 £+ 15
9 Basal + 6% gelatin 149 + 09
10 Basal + 6% fibrin + 0.4% lysine + 0.4% methionine 382+ 17

bumin, kidney meal, fish meal and pork were intermediate,
whereas gelatin seemed to be a rather poor supplement.
Some further improvement in growth was obtained when
additional amino acids were included with either fibrin or
casein. So, it seems clear that diets containing- white flour
supplemented with 6% of a nutritionally well-balanced protein
are still deficient in certain amino acids.

The amount of fat in the liver was normal in all groups
with various amino acid combinations and hence values for
only two experiments are given (table 1). Since a lysine
deficiency in rice affected growth as well as liver fat, whereas
in the case of white flour fat did not accumulate in the liver
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in the presence of a lysine deficiency which depressed growth,
it appeared important to investigate why no fatty livers
were produced in the present experiments. The obvious
difference seemed to be in the level of protein supplied by
the white flour. Groups of rats were, therefore, fed on 44.2%
of white flour, supplying the same protein level (N X 6.25=
5.4) as provided by 90% of rice. The effects on growth and
liver fat are given in table 3.

TABLE 3

Growth and liver fat in rats fed white flour supplemented with amino acids
GROLP

NO. COVPCSITION OF THE DIET GROWTH LIVEREAT

gm/wk. % dry wt.
| 44.2% Flourl-j-0.6% DL-threonine (Basal 1) 0.8+ 0.8 334+ 09
2 Basal 1+ 0.3% L-lysine 57+ 1.0 114+ 11
3 Basal 1+ 0.6% L-lysine 52+ 0.8 11.7 + 0.7
4 Basal 1+ 0.9% L-lysine 48 £ 12 13.0 £ 10
5 44.2% Flour + 0.3% L-lysine (Basal 2) 13+ 01 138+ 25
6 Basal 2 + 0.2% DL-tlireonine 105+ 1.0 16.1 + 2.3
7 Basal 2 + 0.4% DL-threonine 99+ 05 144 + 1.6
8 Basal 2 + 0.6% DL-threonine 57+ 10 114 + 1.0

1This contained 0.11% L-lysine and 0.15% L-threonine.

It is clear that when an acute lysine deficiency was created
by supplying excess threonine, rats failed to grow and at the
same time fat accumulated in the liver. The addition of 0.3%
of L-lysine brought the liver fat to normal but a satisfactory
growth response was not obtained. Higher levels of lysine had
no additional effect on growth. When, on the other hand, a
threonine deficiency was created by including 0.3% of lysine
in the diet, liver fat remained normal but growth was ad-
versely affected. The addition of 0.2% of DL-threonine im-
proved the growth from 1.3 to 10.5 gm/wk. Higher levels of
threonine had a tendency to depress growth.

DISCUSSION

The results confirm the previous observations regarding
lysine (Osborne and Mendel, '14; Mitchell and Smuts, ’'32)
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and threonine (Sure, '54; Rosenberg et al., '54) as the most
limiting amino acids in a diet consisting entirely of wheat
proteins. A growth response superior to that obtained by
Sure (’'54) with supplements of only lysine and threonine may
he due to the higher levels of both of these amino acids,
particularly of threonine, used in the present experiments.
Hutchinson, Moran and Pace (’'56a) reported a somewhat
higher average growth rate with only lysine as a supplement
than those obtained in the present study. However, this
would he expected on the basis of the longer experimental
period (4 weeks) they have used.

It is interesting that no abnormal accumulation of liver fat
occurred in rats receiving any of the diets that contained 78%
of wheat flour. In previous Avork (Heshpande et al.,, '55)
fatty livers developed in rats fed on diets containing between
80 and 90% of rice. The calculated lysine content of both
diets Avas 0.19%. However, growth was considerably better
in the case of rice. When the protein content of the wheat
flour diet Avas dropped to 5.4%, equivalent to that of the rice
diet, fatty livers developed. These fatty livers, like those that
occurred in rats receiving the rice, could he prevented by
lysine supplementation. In the case of rice, the better groAvth
of the rats probably created a greater demand for lysine
for general tissue synthesis, so that even though the same
amount of lysine was present, less was available for the control
of liver fat deposition. In the case of the rats fed on the
Aldreat flour diets groAvth was poor and thus the demand for
lysine Avas probably less and fatty livers did not develop
until the quantity of available lysine was still further de-
creased. Whether these effects reflect a loAver availability of
lysine in white flour or whether the differences, in the ratios
of other amino acids in relation to lysine in these two cereals
are responsible, remains to be determined. It should be noted,
however, that the accumulation of liver fat occurred only under
extremely strenuous conditions which would probably not he
encountered in practical nutrition. However, it is important
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to study the role of amino acids under a wide variety of
conditions.

In the experiment cited in table 3, the higher level of
threonine apparently created an imbalance resulting in a
retardation of growth. The higher level of lysine was not
more effective than the lower level but it did not create an
imbalance. In contrast, in earlier work using rice diets
(Deshpande et al.,, '55) an imbalance was created when the
lysine level was increased whereas no imbalance was created
by increasing the threonine level.

The growth of animals fed on diets containing a supplement
of 6% of intact protein could be further increased by adding
certain free amino acids, but 9 essential amino acids had to
be added to support a rate of growth equivalent to that
obtained with wheat flour supplemented with 6% of fibrin,
beef or casein. Less complete combinations of amino acids
tested had little effect beyond that obtained with lysine and
threonine. Although several of the amino acid mixtures
produced a substantial growth response, the finding that a
mixture of essential amino acids simulating fibrin was not
able to support as good a growth as the intact protein indicates
some superiority of intact protein over amino acids as a
dietary supplement under the conditions of the present ex-
periments.

SUMMARY

Rate of growth of young rats was increased from 3 to 21
gm/wk when their diet, containing 78% of white flour was
supplemented with 0.5% of L-lysine and 0.4% of «.-threonine.
Further improvement in growth was obtained only when 7
more essential amino acids were added.

Although lysine was limiting for growth, liver fat did not
accumulate when the diet contained 78% of white flour. How-
ever, fatty infiltration, which occurred when the flour was
fed at a 5.4% protein level, was prevented by a lysine
supplement.

Maximum growth was obtained when intact protein formed
part of the supplements but growth was not as rapid when
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the protein was replaced by equivalent quantities of crystal-
line essential and non-essential amino acids.
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The present study of the quantitative utilization of tryp-
tophan from foods by the rat represents a selected phase of
the over-all evaluation of the nutritional quality of food
proteins. Earlier work on the quantitative utilization of lysine
(Schweigert and Outlineck, '53; Guthneck et al, '53) and
methionine (Schweigert and Guthneck, '54) established the
validity of the general approach and techniques used in this
research. Further refinements of these methods have been
used in the present study, and experiments on the composi-
tion of the tryptophan-deficient basal diet, the consistency
and repeatability of the assays, and other criteria of reli-
ability have been performed. Results are given for the
amounts of tryptophan utilized for weight gains and in certain
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experiments for the amounts excreted in the feces when foods
of plant or animal origin were fed.

EXPERIMENTAL METHODS

Male weanling rats4 were fed a commercial laboratory
chow 5for one day. Groups of 5 or 7 rats were then equalized
by weight, the animals placed in cages with raised screen
floors, and started on experiment at 23 days of age, with
food and water provided ad libitum. A basal ration deficient
in tryptophan was designed to include casein, oxidized with
hydrogen peroxide in the presence of formic acid (Toennies,
'42; Bennett and Toennies, '42; Lyman et al.,, '46; Wilken-
ing et al.,, '47) to destroy all detectable tryptophan, as the
major source of protein. The basal ration contained 10%
oxidized casein, 4% untreated casein, 4% Salts 1V,6 4.7%
corn oil, 0.3% fish liver oil (2,250 A, 400 D/gm), 0.4% L-cys-
tine, 0.8% DL-methionine, 0.8% 1-tyrosine, B vitamins and
menadione as required (Schweigert and Guthneck, '53), and
sucrose to make 100%. This ration provided 38 mg of tryp-
tophan and 2mg of niacin per 100 gm of ration. The use of
untreated casein provided a basal level of normal, untreated
protein in the diet and eliminated the need for large amounts
of purified amino acids. Cystine, methionine and tyrosine
were added, since these amino acids were destroyed by the
oxidation treatment of casein. The tryptophan supplements
were added as a 5% mix of L-tryptophan in sucrose. All
supplements of L-tryptophan or test foods were included in
the rations at the expense of sucrose.

The fresh meat samples were lyophilized, ether-extracted,
and ground in a hammer-mill. Paired cuts were roasted by
standard procedures, lyophilized, ether-extracted and ground.
The soybean meals and nonfat dry milk were used as received,
and the rolled oats and split peas were ground in a hammer-
mill prior to use. Samples of the foods, oxidized casein, and

4 Holtzman.

sRalston-Purma.
“Hegsted et al. ('41).
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untreated casein were analyzed for total nitrogen (macro-
Kjeldahl), and the crude protein content (N X 6.25) calculated.
The tryptopaan content of the foods was assayed both micro-
biologically and chemically, and the results were in good
agreement. Samples were hydrolyzed in 4 N NaOH for micro-
biological assay, using Lactobacillus arabinosus 17-5 (ATCC
8014) as the test organism. The Bates method ('37), as
modified by Graham et al., ('47), was used for the colorimetric
determination of tryptophan with p-dimethylaminobenzalde-
hyde. Thirty minutes at 40°C, in the dark, gave maximum
color development.

One or more levels of each of the selected foods was added
to the basal diet to provide known amounts of tryptophan
(20 to 80mg/100gm) as calculated from the microbiological
assay results. The percentage of tryptophan utilized for
growth was calculated on the basis of the rates of gain for
groups fed graded levels of L-tryptophan.

Fecal tryptophan excretion was determined in two feeding
experiments. Composite collections of the feces of each group
were made daily over a three-day period, and the tryptophan
content assayed microbiologically, using Lactobacillus arab-
inosus 17-5 (ATCC 8014) as the test organism. Net food
intake of each group was measured (gross intake minus
spillage) and the total intake of tryptophan calculated for
each group.

Experiments on the composition of the basal ration were
conducted, in which variations in the amounts and proportions
of oxidized and untreated casein were compared. Additional
supplements of niacin and threonine alone and in combination
were also tested.

RESULTS AND DISCUSSION

Assay methods. Results obtained with the use of the two
tryptophan assay methods were within +5% of the mean
values for all foods, and recovery experiments gave good
results. The tryptophan/protein ratios were similar for all
foods except splif peas, and diets providing a chosen level of
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tryptophan supplement from the foods were very nearly
equivalent in total protein (see table 1).

The rate of gain of 23-day-old male weanling rats fed the
basal ration plus excess L-tryptophan (240 mg/100 gm) was
rapid and uniform, but it was not equivalent to the growth
obtained on feeding the stock laboratory ration. Total gain
approximated 50 gm for the 14-day test period, compared
with 95 gm for the stock-fed animals. Tests with graded levels

TABLE 1

Percentage of protein in foods (N X 6.25) and percentage of
tryptophan in protein of foods

TRYPTOPHAN IN PROTEIN

FOOD TESTED 1 PROTEIN Microbiological Chemical

assay assay

% % %

Raw beef rib 93.3 1.36 1.37
Roast beef rib 91.9 1.44 1.31
Raw liam (uneured) 88.1 1.32 1.26
Roast ham (uncured) 90.9 1.43 1.30
Raw lamb leg 91.5 1.31 1.22
Roast lamb leg 92.9 1.27 1.20
Unheated soybean meal 48.3 1.26 1.34
Normally processed soybean meal 49.6 1.25 1.27
Overheated soybean meal 49.4 1.22 1.16
Nonfat dry milk 35.2 1.54 1.43
Rolled oats 17.7 1.30 141
Split peas 23.8 0.84 0.76

1For all meat samples, the values shown were obtained on lyophilized, ether-
extracted meat.

of L-tryptophan gave a graded, essentially linear response
when the tests were conducted for 7, 11, or 14 days, and the
tryptophan requirement approximated 160 mg/100 gm ration
(fig. 1). Tests with DL-tryptophan showed that the D-isomer
was utilized to the extent of approximately 90%.

The fecal tryptophan excretion data obtained indicated that
essentially all of the tryptophan fed was made available for
digestion and absorbed by the rat, both in the pure form, and
when provided by each of the foods tested. Calculation of
the digestibility of tryptophan (100 minus (/;fecal tryptophan
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excretion) gave no indication that tryptophan digestibility
varied to any extent for the foods tested. These values ranged
from 90% (split peas fed at a high level) to 99% digestibility
(L-tryptophan fed in excess). When corrected for fecal tryp-
tophan excretion on the basal ration (no tryptophan supple-
ment added), tryptophan digestibility approximated 100%
for all foods, ranging from 94 to 103%.

Fig. 1 Bates of gain for groups of male weanling rats fed the tryptophan-
deficient basal ration plus graded tryptophan supplements for periods of 7, 11
and 14 days.

Experiments were conducted to ascertain whether modifi-
cations in the basal diet would provide increased rates of gain
or result in altered tryptophan utilization values, and to give
assurance that the basal ration was as complete as possible
in all known nutrients. The results indicated that the nutrients
other than protein (vitamins, minerals, fats, carbohydrate,
and amino acid supplements) supported weight gains equiva-
lent to those observed on the stock ration, when fed with 20
or 30% of untreated casein. It was concluded that the reduced
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growth obtained with the basal ration, when supplemented
with excess tryptophan, was due to some factor(s) present in
the oxidized casein. Although this reduced growth limited
the sensitivity of the assay method to some extent, it did
not negate the validity of the experimental results obtained
with the use of this ration.

In one experiment, the amounts and proportions of oxi-
dized and untreated casein were varied in the presence of
excess tryptophan. The results suggested that the desired
improvement in growth response could be obtained by inclu-
sion of increased amounts of untreated casein in the ration,
but the amount of tryptophan supplied would be increased
as well.

It was important to determine whether increased amounts
of niacin or threonine or both in the basal diet would result
in increased growth response. When the basal ration was
fed with 40 or 240 mg of L-tryptophan/100 gm, some im-
provement in growth response was observed with 3mg of
additional niacin/100 gm, and with 100 mg of DL-threonine/100
gm. In a subsequent test, niacin and threonine were added
to the basal ration alone and in combination at various levels,
and the ration supplemented with 40 or 240 mg of L-tryp-
tophan/100 gm. Maximum growth response at the 40 mg tryp-
tophan level was obtained with 3mg of additional niacin +
600 mg of DL-threonine/100 gm ration. At the 240 mg tryp-
tophan level, maximum growth response was observed with
3 mg of additional niacin -f- 300 mg of DL-threonine (44 gm),
and a decrease in growth response occurred when the thre-
onine was increased to 600mg/100gm ration (39 gm). The
optimum growth response throughout the range of tryptophan
supplementation used in the bioassay favored supplements
of 3mg of additional niacin + 300 mg of DL-threonine/100
gm ration.

In the subsequent feeding tests in which several food sup-
plements were included, the basal ration, and the basal ra-
tion + 3 mg of niacin -f- 300 mg of DL-threonine/100 gm were
fed. The rations containing supplements of niacin and thre-
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onine gave slightly decreased growth response, compared to
that obtained with the unsupplemented basal ration when
tested at the 40- and 80-mg levels of tryptophan supplementa-
tion. The results with added niacin and threonine in the basal
ration showed decreasing tryptophan utilization with increas-
ing levels of food supplements, an effect which was not ob-
served in any of the feeding trials using the unsupplemented
basal ration. This may have resulted from an amino acid
imbalance caused by use of the threonine supplement.

TABLE 2

Percentage of tryptophan utilized from several foods after 11-
and 14-day experimental periodsl

TRYPTOPHAN UTILIZED
FOOD TESTED

11 days 14 days
% %
Raw ham (uncnred) 113 103
Roast ham (uncured) 88 86
Unheated soybean meal 124 118
Normally processed soybean meal 125 125
Rolled oats 110 111

'Foods added to provide 40 mg of tryptophan/100 gm ration.

Thus, although the preliminary results described above
indicated the potential value of adding additional niacin and
threonine, these observations were not confirmed. It was con-
cluded that the basal ration as originally designed was the
one most satisfactory for determining the tryptophan utili-
zation from foods.

Utilisation of tryptophan from foods. The tryptophan utili-
zation results obtained after 11 and 14 days are shown in
table 2 for several of the foods studied, at the level of 40 mg
of tryptophan/100 gm ration. These results indicate the
high consistency observed in these studies for varying experi-
mental periods. Results obtained after 7 days were more
variable, and it appears desirable to study the quantitative
utilization of tryptophan in the male weanling rat for a period
somewhat longer than 7 days.
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The results shown in table 3 indicate that the percentage
utilization of tryptophan from each of several foods was not
dependent upon the level of tryptophan in the diet within
the range of 40 to 80 mg/100 gm. Tests of foods at the 20-mg
level of tryptophan resulted in greater variability in the

TABLE 3

Percentage of tryptophan utilized when foods were fed at various levels for 14 days

AMOUNT OP AVERAGE
POOD TESTED DRY POOD TRV:;S;;AN TRS:TS;:;N TRYPTOPHAN
ADDED UTILIZED
gm /100 gm mg/100 gm % %
Rawvw ham 34 40 103
(uncured) 52 ao 109 107 += 41
69 80 110
Roast ham 31 40 8
(uncured) [S$=4 80 Q0 8+ 3
Unheated soybean 6.6 40 118
neal 29 ao 1as 1o+ 2
131 8 jubza B
Nomally processed 64 40 1>s
soybean rmeal Q7 ao 136 128+ 8
129 80 ju b=
Rolled oats 17.4 40 111
261 (e} 1z2s 120+ 8
347 80 124

1Standard deviation.

tryptophan utilization results obtained, with a tendency to-
ward higher values. Tests at this lower level were less
accurate, however, due to the low total weight gains achieved,
and the large relative effect of small variations in weight.

An evaluation of the repeatability of the results obtained
in these experiments may be made from the data shown in
table 4. Most of the results are in good agreement, with raw
beef and unheated soybean meal showing the greatest vari-
ation between the results obtained in experiment 1 and sub-
sequent experiments. Although the reasons for these vari-
ations are not apparent, the standard growjth curve in the
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first experiment was obtained using 0, 20, 40, 60, 120, and
240 mg of L-tryptophan/100 gm ration. Thus the shape of
the standard curve was not defined by experimental results
in the region between 60- and 120-mg tryptophan supplement
levels (see fig. 1). The weight gains observed for those foods
fed at the 80 mg level of tryptophan supplementation were
near the asymptotic portion of the growth curve and small
differences in gain resulted in large differences in the calcu-
lated percentage utilization of tryptophan. AIll subsequent
experiments included L-tryptophan at 80- and 100-mg levels
as well, to provide additional information on the shape and
configuration of the curve between the 60- and 120-mg levels.

TABLE 4

Comparison of tryptophan utilization values observed in repeat experiments 1

FOOD TESTED EXP. 1 EXP. 2 exp.6-a EXP. 6-b 2
Rawv beef 68 112 104
Roast beef 82 108 89
Unlieated soybean nmeal 152 118
Normally processed soybean real 138 125 116 123
Rolled ocats 107 111 111 104

1Foods added to provide 40 mg of tryptophan/100 gm ration.
“Basal ration supplemented with 3 mg of niacin + 300 mg of DL-tlireoune/100

gm.

It was also important to determine the recovery of tryp-
tophan when pure L-tryptophan was fed to provide 40 mg/100
gm ration in addition to an equivalent amount provided by
each of several foods. Total tryptophan utilization values for
L-tryptophan -j- test food of 95, 100, 111 and 103% were ob-
tained for raw ham (uncured), unheated soybean meal, nor-
mally processed soybean meal, and rolled oats, respectively.
These results indicate that tryptophan is readily utilized to
support growth of the male weanling rat, whether obtained
as the purified amino acid or as it occurs naturally in these
food proteins.

Table 5 summarizes the values observed for the utilization
of tryptophan from the foods tested in these studies, ranging
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from 75% for split peas to 132% for unheated soybean meal.
These results indicate that tryptophan from fresh and cooked
meats, milk, legumes, and cereal foods is very well utilized
to support growth in the male weanling rat. Values for the
utilization of tryptophan were much higher than those ob-
served in the earlier studies of lysine and methionine utiliza-
tion (Gruthneck et al., '53; Schweigert and Guthneck, '54).
For example, percentage values for lysine, methionine, and
tryptophan were 79, 87, and 95 respectively, for raw beef;
48, 49, and 132, for unheated soybean meal; and 70, 77, andl

TABLE 5

Summary of tryptophan utilization from test foods by the rat

FOOD TESTED TRYPTOPHAN UTILIZED
%
Rawvv beef rib 35
Roast beef rib ==
Ravv ham (uncured) 107
Roast han (uncured) =3
Rawv lanb leg 83
Roast lanb leg 24
Uinheated soybean nmeal 122
Normally processed soybean neal 121
Overheated soybean nmeal B
Nonfat dry rmilk =
Rolled cats 117
Split peas s

117, respectively, for rolled oats. The high utilization of
tryptophan from unheated soybean meal is in marked con-
trast to the low value observed with the chick (20%) (Schwei-
gert, '48). The results obtained with the rat in the present
study were confirmed in repeat experiments, and led to the
conclusion that tryptophan is essentially 100% utilized from
foods which have not been subjected to cooking or heat-
processing. In such foods, tryptophan utilization values
ranged from 75 to 94% for the foods studied.

Tryptophan utilization values greater than 100% have been
observed in several instances in these studies. The figure of
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107% obtained for raw ham (uncured) is within the range
of experimental error of the chemical and microbiological
tryptophan assay methods and rat bioassay methods employed.
The figures of 132, 121 and 117% observed for unheated soy-
bean meal, normally processed soybean meal and rolled oats,
respectively, suggest that the assay results for the tryptophan
content of these foods may have been low. Other studies have
shown that the presence of carbohydrates in foods may result
in some destruction of tryptophan during hydrolysis of the
sample, resulting in low values for tryptophan content. The
use of alkali and cysteine is designed to minimize these losses
in the hydrolysis procedures for microbiological analyses.
Since the chemical and microbiological assay values agree,
however, it is concluded that appreciable destruction of tryp-
tophan did not occur during preparation of the samples for
the microbiological assays. In the chemical method, the sample
is merely solubilized by mild heating in alkali. The tryp-
tophan values for the meats studied appear reliable, and the
small amounts of carbohydrate present would not be expected
to result in low values for the tryptophan assays. If the
tryptophan assay results for the unheated and normally-
processed soybean meals and rolled oats were too low by 10
to 15%, “ true” tryptophan utilization values for these foods
would lie close to 100%. It is also possible that tryptophan
may be more effectively utilized from these food proteins
than from L-tryptophan supplements.

The possibility that net synthesis or destruction of tryp-
tophan by microorganisms in the intestinal tract might affect
the results was considered. If this did occur, its effect was
negligible in terms of the tryptophan utilization results ob-
tained, in view of the consistency of the results for foods fed
at several levels. Similarly, the possibility that such organ-
isms might respond differently to tryptophan obtained from
food proteins than to the pure amino acid was also considered,
but the results of the recovery experiment indicate that any
such differential response was of negligible effect on the
tryptophan utilization values observed.
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There is some indication that tryptophan is less available
from overheated soybean meal than from nnheated or nor-
mally processed soybean meal. A similar effect was noted in
the studies of lysine utilization (Gfuthneck et al., '53). There
was no tendency toward increased fecal excretion of tryp-
tophan for the cooked or overheated foods. The effect of
processing may also explain the lower tryptophan utilization
values observed for nonfat dry milk and split peas than for
some of the other foods.

A reliable assay for the determination of the utilization
of tryptophan in foods and feeds has been developed in the
course of these studies, using the techniques described. While
more expensive and time-consuming than the chemical and
microbiological methods commonly employed, it possesses
certain advantages, such as elimination of the problems in-
volved in assays for tryptophan in foods high in carbohy-
drates, and provision of a basis for evaluating the effects of
cooking or processing on the availability of the tryptophan
present, for the support of growth.

SUMMARY

Experiments were conducted to provide a test procedure
for the quantitative evaluation of the utilization of tryptophan
from foods using the male weanling rat. The method de-
veloped is of short duration and provides an adequate range
of response to tryptophan supplementation of the diet. A
tryptophan-deficient basal ration composed of 10% of oxidized
casein + 4% of untreated casein, supplemented with cystine,
methionine, and tyrosine, was used. The weight gain of rats
fed the basal ration plus graded levels of L-tryptophan or
known amounts of tryptophan in foods, was used as the
criterion for determining the quantitative utilization of tryp-
tophan from those foods. The repeatability of the results
using different levels of the test foods, after varying experi-
mental periods, and in independently repeated experiments
gives support to the validity of the methods employed. At-
tempts to obtain improved growth response’ with supplements
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of niacin and threonine resulted in decreasing tryptophan
utilization values as the amount of test food was increased.

The percentage of tryptophan utilized for growth of the
male weanling rat when fed raw and roast beef, ham and
lamb, nonfat dry milk, overheated soybean meal, and split
peas ranged from 75 to 107%. Tryptophan utilization results
for unheated and normally-processed soybean meals, and
rolled oats ranged from 117 to 132%. The results suggest
that cooking or heat processing may result in reductions in
the availability of tryptophan to support growth. The per-
centage of ingested tryptophan excreted in the feces ranged
from 1 to 10%.

The high values observed for tryptophan utilization in these
studies gain added significance when compared to those ob-
served in the earlier studies on lysine and methionine. The
ranges in the observed amino acid utilization values for the
foods tested were 49 to 98% for lysine, 48 to 83% for methi-
onine, and 75 to 132% for tryptophan.
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In recent years increasing interest has been shown in the
study of hypervitaminosis A, the intoxication resulting from
excessive intake of vitamin A. The subject is of interest not
only because hypervitaminosis A has been observed in man
but also because the condition serves as a useful tool for
gaining insight into the metabolic behavior of vitamin A,
particularly in regard to its interaction with other nutrients
invivo (Nieman and Obbink, '54). Available data indicate that
the prolonged ingestion of massive doses of vitamin A results
in growth retardation, spontaneous fractures, paralysis and
other toxic manifestations in the immature rat, the severity of
symptoms and their rapidity of onset being- proportional to
the dosage of vitamin A administered (See Rodahl, '50, and
Nieman and Obbink, '54, for review of the literature). In
the present communication data are presented indicating that
alfalfa and other materials of plant and animal origin contain
a factor or factors, apparently distinct from any of the known

a Conmrrunication 425 from the Departrertt of Biochemistry and Nutrition,
University of Southern Califormia
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nutrients, which significantly increase the toxic manifestations
of hypervitaminosis A in immature rats fed massive doses
of this vitamin.

PROCEDURE

A series of experiments was designed to study the effects of
the addition of alfalfa and other materials of plant and animal
origin on symptoms of hypervitaminosis A in immature rats
fed a purified ration containing a massive but relatively non-
toxic dose of vitamin A. The basal diet employed in these
experiments consisted of sucrose, 66%; casein,2 24%; salt
mixture,35% ; and corn oil, 5%. To each kilogram of the above
diet were added the following crystalline vitamins: thiamine
hydrochloride, 10 mg; riboflavin, 10 mg; pyridoxine hydro-
chloride, 10 mg; calcium pantothenate, 60 mg; nicotinic acid,
100 mg; ascorbic acid, 200 mg; biotin, 4 mg; folic acid, 10 mg;
para-aminobenzoic acid, 400 mg; inositol, 800 mg; vitamin B12
150 gg; 2-methyl-naphthoquinone, 5 mg; choline chloride, 2gm;
vitamin A, 5000 U.S.P. units; vitamin D2 500 U.S.P. units; and
alpha-tocopherol acetate, 100 mg. The vitamins and supple-
ments to be tested were added in place of equal amounts of
sucrose (table 1). The rats were housed in metal cages with
raised screen bottoms (two or three animals per cage) and
were provided with water and food ad libitum. Diets were
made up weekly and stored under refrigeration when not in
use. The animals were fed daily and all food not consumed
24 hours after feeding was discarded. These measures were
employed to minimze oxidative changes in the diet. The
feeding was continued for 6 weeks or until death, whichever
occurred first. For all of the experiments female rats of the
Wistar strain were selected at 21 to 23 days of age and an
average body weight of approximately 43 gm (range 38 to
50 gm). In each experiment one group was fed the basal diet;
the remaining groups were fed the basal diet with the supple-
ments listed in table 1.

2Vitamin-free Test Casein, Gerneral Biochemicals, Inc., Chagrin Falls, Chio.

SHubbell, NMendel and Wakenman Salt NMixture, Gereral Biochemicals, Inc.,
Chagrin Falls, Chio.



POTENTIATION OP HYPEBVITAMINOSIS A 529

BESULTS
Experiment 1. Effects of graded levels of vitamin
A acetate and vitamin A palmitate on symptoms
of hypervitaminosis A in the rat

In agreement with earlier findings (Rodahl, ’'50) the
ingestion of massive doses of vitamin A resulted in a signifi-
cant retardation in growth, the occurrence of spontaneous
bone fractures in the legs and other manifestations of hyper-
vitaminosis A toxicity including death. The severity and
rapidity of onset of symptoms were proportional to the dosage
of vitamin A administered. The ingestion of rations supple-
mented with 2.5 million U. S. P. units of vitamin A per
kilogram of diet (either as the acetate or the palmitate)
resulted in a slight retardation in growth but other manifesta-
tions of hypervitaminosis A toxicity including the occurrence
of grossly detectable spontaneous leg fractures and paralysis
were lacking. With the exception of a slight reduction in size
these animals appeared grossly normal in all respects and
were indistinguishable from rats fed the basal diet. The
ingestion of diets supplemented with 3 or 3.75 million U.S.P.
units of vitamin A per kilogram of diet (either as the acetate
or the palmitate) resulted in a more pronounced retardation in
growth and the occurrence of grossly detectable spontaneous
leg fractures or paralysis or both in approximately 53% of
the animals in these groups. The ingestion of diets supple-
mented with 5 million U.S.P. units of vitamin A per kilogram
of diet (either as the acetate or the palmitate) resulted in a
100% incidence of leg fractures (and paralysis) and the
death of 15 of the 16 rats in these groups within an experimen-
tal period of 6 weeks. No significant difference was observed
at the various levels of supplementation between rats fed
vitamin A acetate and those administered a comparable
amount of vitamin A palmitate.

Experiment 2. Potentiating effect of alfalfa meal
on symptoms of hypervitaminosis A in the rat
The findings indicate that supplements of alfalfa meal when
fed at a 20% level in the diet resulted in a striking increase in
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42.7

43.1

43.0

43.0
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43.5
43.6
43.5

43.4

43.5

43.
43.
43
43.
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Experiment 3

42.2

42.7

43.0
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54 (8)

20 (4)
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33 (6)
61 (6)
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37
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70
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TABLE 1 (continued)

Comparative effects of alfalfa meal and other supplements on symptoms of hypervitaminosis A in the rat ==

NUMBER GAIN IN BODY WEIGHT RATS WITH ATVIEAREA(;E
SUPPLEMENTS FED oF INITIAL  FOLLOWING DAYS OF FEEDING PER CENT ERAC- ONSET OF
WITH EASAL DIET AnimaLs WEIGHT 21 42 SURVIVING TURES # FRAC-
TURE 3
(m ym ym % days
25 million units of vitamin A
palmitate/kg of diet plus the
follonwing supplements:
2096 alfalfa meal, lot 3 8 420 40 (® 51 (8 100 o 17
2096 defatted alfalfa meal%s 8 a3 46 (8) 58 @ 100 100 21
B vitamins, C and K “ 8 a32 55 (6 97 (6) s 50 14
Vitamins A, D, and E7 8 434 54 (8 %6 (B) 100 375 24
1026 caseing® 8 922 e (8) 105 (8) 100 [Se) 24
10%6 cellulose3 8 430 55 (8) 106 (8) 100 375 >1
5%6 cormn oil 8 43.0 57 (7 108 (7) 875 s g
2.5%6 salt mixture T 8 423 [ScN¢S)] 111 (8) 100 b= 17z
Conrbined supplements 11 8 420 a0 (8) 108 (8) 100 Se) 21
2.5%6 alfalfa ash 8 a5 &4 (8) 115 (8 100 125 2
Aureonycin HC1P 8 a42.6 a2 (s SH¢S)) 100 s 2
Nixed tocopherolsB 8 4249 50 (8) 114 (8) 100 b= 53 >3
Experiment 4
Norne 8 a2.3 X ¢S] 121 (8) 100 o
20206 alfalfa neal, lot 4 8 420 77 (3 119 (8) 100 (o]
25 million units vitamin A
palmitate/kg of diet 12 a3.0 64 (12 107 (12) 100 o
3 million units vitamin A
palmitate/kg of diet 8 43.0 54 (8) a4 (8) 100 125 22
25 million units of vitamin A
palmitate/kg of diet plus the
following supplenments:
596 alfalfa rmeal, lot 4 rd a7 az (7) 73 (7)) 100 57 19
1026 alfalfa neal, lot 4 7 43.0 a3 (7 66 (6) 86 86 16
20%6 alfalfa meal, lot 4 8 a42.8 26 (8) 36 3 37.5 100 10
20%6 rye grass 7 a5 =2 (7) e (D a3 86 15
20%6 orchard grass 7 429 28 (7 &6 () 29 85 17z
20%6 wheat grass 7 43.0 =2 (7 a0 (5) 71 100 21
20206 fescue grass 7 a42.6 a4 (7) a0 (5) 71 85 19
20% oat grass 7 43.0 a4 (7) 50 (7) 100 a6 24
10%6 desiccated liver NUP. 8 a2.2 a5 (8) 80 (M 87.5 100 14
1026 liver residue 7 a2.8 57 (7 76 (7)) 100 s 53 23
2.5%06 liver corncentrate NLF 7 43.0 52 (7)) DO (6) 86 71 14
1026 yeastH 8 a3.0 e (8 110 (8) 100 a5 22
2.5%6 Vigofachb 7 a43.0 a5 (6) B (5) Keas yan a3
5%6 tuna meal 8 426 &4 (8) 1056 (8) 100 o
5% tuna solubles 8 a42.8 =2 (8 B (B) 100 p=S3 p==§

1The values within parentheses indicate the number of animals which survived and on which averages are based.

2The alfalfa samples were kindly provided by Dr. S. Tenkoff of Nutrilite Products, Inc., Buena Park, California. The
dehydrated rye gass, orchard grass, wheat grass, fescue grass and oat grass were obtained from the National Chlorophyll
and Chemical Company, Lamar, Colorado. The desiccated liver N.P., liver concentrate N.P. and liver residue were provided
by Dr. David Klein of Wilson Laboratories, Chicago, 111 Dr. E. Geiger of the Yan Camp Sea Poods Company, Terminal
Island, California, supplied the tuna meal and tuna solubles (50% solids). The vitamin A supplements employed in the
present experiment were synthetic vitamin A acetate in corn oil (1million U.S.P. units/gm) and synthetic vitamin A
palmitate in corn oil (1 million U S.P. units/gm), obtained from Hoffman-La Roche, Inc., Nutley, New Jersey.

" 3hDa|t_a \évere based only on animals with grossly detectable leg fractures sufficiently marked to result in dragging or disuse
of the limb.

4The water-washed alfalfa pulp remaining after the extraction of the juice.

5Alfalfa meal was extracted for 15 hours with n-hexane followed by an 8-hour extraction with 80% acetone-water solvent.
'‘The carotenoid content of the resulting meal was 0.15 rig per gram.

6The following vitamins were added per kilogram of diet:thiamine hydrochloride, 10 mg; riboflavin, 10 mg; pyridoxine
hydrochloride, 10 mg; calcium pantothenate, 60 mg; nicotinic acid, 100 mg; ascorbic acid, 200 mg; biotin, 4 mg; folic
acid, 10 mg; paraaminobenzoic acii, 400 mg; inositol, 800 mg; vitamin B12 150 fig] and 2-methyl-naphthoquinone, 5 mg.
-0f7d5000 U.S.P. units of vitamin A, 500 0U.S.P. units of vitamin D2 and 100 mg alpha-tocopherol acetate per kilogram

iet.

8vitamin-free Test Casein, General Bioehemicals, Inc., Chagrin Palls, Ohio.

9 Solka-floc BW 200, Brown and Co., Berlin, New Hampshire.

10Hubbell, Mendel and Wakeman Salt Mixture, General Biochemicals, Inc., Chagrin Palls, Ohio.

1110% casein, 10% _cellulose, 5% corn oil, 2.5% salt mixture and the vitamin supplements indicated in footnotes 7 and 8.

100 mg aureomycin HC1 per kilogram of diet.

13The mixed tocopherols were supplied at a level of 500 I.U. per kilogram of diet. The product employed was Vitamin
E, Type 4-50 Concentrate (assaying 372 |I.U. per gram), Distillation Products Industries, Rochester, New York.

JPrimary Dried Yeast, Strain no. 200, Anheuser, Busch, Inc., St. Louis, Missouri.

BVigofac, Chas. Pfizer and Co., Brooklyn, New York.
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the toxic manifestations of hypervitaminosis A in the imma-
ture rat. These effects were manifest not only by the increased
growth retardation of animals fed alfalfa meal in conjunction
with the vitamin A supplement but also by the high incidence
of leg fractures in the alfalfa groups (100%) as compared to
the 0% incidence in animals fed a similar diet with the alfalfa
meal omitted. Dried alfalfa juice when fed at a 5% level in
the diet and alfalfa residue when incorporated at a 15% level
in the diet were also active in potentiating symptoms of hyper-
vitaminosis A in the rat. The effects obtained with the latter
supplements were less pronounced, however, than those
obtained with the whole alfalfa meal. The potentiating effects
of alfalfa meal and the alfalfa fractions on symptoms of
hypervitaminosis A in the rat were demonstrable both when
vitamin A acetate and vitamin A palmitate were employed as
sources of excess vitamin A.4

Experiment 3. Comparative effects of alfalfa meal
and supplements of the knoivn nutrients on
symptoms of hypervitaminosis A
in the rat

In agreement with observations made in experiment 2,
supplements of alfalfa meal when fed at a 20% level in the
diet resulted in a striking potentiation of the symptoms of
hypervitaminosis A in the rat. Defatted (carotenoid-free)
alfalfa had a similar potentiating effect. In contrast to the
results obtained above, supplements of all the known vitamins,
salt mixture, cellulose, protein in the form of casein, or fat in
the form of corn oil, either when fed alone or with one another.

*Preliminary data indicate that the reduced growwth increment of rats fed the
diets containing alfalfa nmeal was associated with a reduced food irmtake as
compared to that of rats fed the diets containing a similar anount of vitamin A
but Wwith the alfalfa omitted. Since the vitamin A weas incorporated in the diet,
this mearnt that a reduction in food intake wwas associated with a reduction in the
anout of vitamin Al ingested. The higher incidence of fractures in rats fed te
alfalfa-containing diets occurred despite the fact that the total anount of vitamin
A\ ingested by these aninmals was less than that of rats fed similar diets with the
alfalfa nmeal omitted.
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had little if any potentiating effect. Alfalfa ash at a level
corresponding to the amount provided by 20% alfalfa meal
in the diet and mixed tocopherols at a level of 500 I.U. per
kilogram of diet were also without significant effect. Aureomy-
cin HC1 at a level of 100 mg per kilogram of diet had little if
any effect on weight increment but did appear to increase the
incidence of leg fractures. The potentiation of the symptoms
of hypervitaminosis A resulting from supplementation with
alfalfa meal does not appear to be due to the ingestion of
vitamin A precursors (carotenoids) in this material. This is
indicated by the fact that the defatted carotenoid-free alfalfa
meal was just as active as unextracted alfalfa meal in
potentiating the symptoms of hypervitaminosis A in the
present experiment. Furthermore, the severity of symptoms
(i.e., growth retardation and incidence of leg fractures)
obtained in animals fed the alfalfa supplements was signifi-
cantly greater than that of animals fed the diet supplemented
with 3million U.S.P. units of vitamin A palmitate per kilogram
of diet in spite of the fact that the latter ration contained
425,000 and 500,000 units more of vitamin A per kilogram of
diet than the unextracted and defatted alfalfa meal rations,
respectively.

Experiment 4. Comparative effects of alfalfa m.eal
and ether materials of plant and animal origin
on symptoms of hypervitaminosis A in the rat

In agreement with previous finding supplements of alfalfa
meal resulted in a striking increase in the toxic manifesta-
tions of hypervitaminosis A in the immature rat. The effects
obtained were proportional to the alfalfa content of the ration.
A supplement of 5% alfalfa meal significantly increased the
growth retardation and incidence of leg fractures of rats fed
the basal diet supplemented with 2.5 million U.S.P. units of
vitamin A palmitate per kilogram of diet as compared to the
results obtained on a similar ration with the alfalfa meal
omitted. The effects obtained were less marked, however, than
those which occurred at the 10% level of supplementation;
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and the latter in turn were less marked than those obtained
with the diet containing 20% alfalfa meal. The alfalfa meal
employed in this experiment (lot 4) appeared to be more
potent in accentuating symptoms of hypervitaminosis A than
the alfalfa meals tested in experiments 1 and 2. This is
indicated by the greater growth retardation and higher inci-
dence of mortality of rats fed the diet containing 20% alfalfa
meal, lot 4, as compared to the growth retardation and in-
cidence of mortality of rats fed a similar level of the other
alfalfa meal samples. These findings suggest that different
batches of alfalfa meal may vary significantly in their capacity
to potentiate symptoms of hypervitaminosis A.

In addition to alfalfa meal a number of other materials of
both plant and animal origin were also active in potentiating
symptoms of hypervitaminosis A in the immature rat. De-
hydrated rye grass, orchard grass, wheat grass, fescue grass
and oat grass when fed at a 20% level in the diet were as
active as an equal amount of alfalfa meal in this respect.
Desiccated liver when fed at a 10% level in the diet also showed
significant activity. Both the water-insoluble liver residue and
the water-soluble liver concentrate were active in this regard.
A product derived from fermentation sources 5when fed at a
2.5% level in the diet also exhibited significant activity. Tuna
solubles at a 5% level in the diet also appeared to have some
activity although less than the supplements indicated above.
Yeast at a 10% level in the diet had no effect on weight incre-
ment but did increase the incidence of fractures. Tuna meal at
a 5% level in the diet was without significant effect. In view
of the marked growth retardation obtained with alfalfa meal
when fed at a 20% level in the ration together with 2.5 million
U.S.P. units of vitamin A per kilogram of diet, tests were
conducted to determine whether this amount of alfalfa meal
would depress growth when fed in a comparable diet with the
excess vitamin A omitted. The findings indicated that the
addition of alfalfa meal, lot 4, at a 20% level to the basal diet
was without deleterious effect on either weight increment or

5Vigofac, Ghes. Pfizer and Co., Brooklyn, New Yorik
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gross appearance. Rats fed the latter ration appeared normal
in all respects and were indistinguishable grossly from the rats
fed the basal diet.

DISCUSSION

The findings indicate that supplements of alfalfa and other
succulent plants accentuated the symptoms of hypervitam-
inosis A in immature rats fed massive but relatively non-toxic
doses of this vitamin. Desiccated liver, yeast, a product
derived from fermentation sources and aureomycin HC1 also
showed some activity in this regard. In contrast to the above,
supplements of all the known nutrients, either when fed alone
or with one another, had little if any potentiating effect. These
findings suggest that alfalfa and the other materials indicated
above contain a factor (or factors) apparently distinct from
any of the known nutrients which significantly increases the
toxic manifestations of hypervitaminosis A in immature rats
fed massive doses of this vitamin. No data are available to
indicate the mechanism whereby the factor (or factors) indic-
ated above exerts its physiologic effects. The possibility that
alfalfa and the other active materials contain antioxidants
that prevent the destruction of vitamin A in the diet and
hence leave more of the vitamin present for absorption ap-
pears to be ruled out by chemical tests which indicate that no
detectable destruction of vitamin A occurred in the purified
basal diet supplemented with 2.5 million U. S. P. units of
vitamin A palmitate per kilogram of ration after 30 days of
refrigeration. Under conditions of the present experiment
diets were made up at weekly intervals and were consumed
within 10 days of the time they were made. In addition, no
significant difference in response occurred between rats fed the
above ration and animals fed an identical diet which was made
up daily immediately before feeding. Furthermore, if an
antioxidant effect were involved, one might have anticipated
that the mixed tocopherols when fed at a level of 500 I. U. per
kilogram of diet would have been active in potentiating
symptoms of hypervitaminosis A. Such was not the case. The
possibility that ;dfalfa and the other active materials contain
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an antioxidant (or antioxidants) with specialized follow-
through activity which protected vitamin A from oxidation in
the intestinal tract or the animals’ tissues, however, has not
been excluded. In this regard, Deuel et al. ('56) have observed
that DPPD (N, N ldiphenyl-p-phenylenediamine) was ex-
tremely active in potentiating symptoms of hypervitaminosis
A under conditions comparable to those employed in the
present experiment. In contrast to the effects obtained with
DPPD. 6-ethoxy-2, 2, 4-trimethyl-1, 2-dihydroquinoline,6 or
alpha-tocopherol acetate were without significant effect. In
more recent work the antioxidants DBH (2, 5-di-tert-butylhy-
droquinone) and BHT (2, 6-di-tert-butyl-p-cresol) were also
found to be without effect.7 The mechanism whereby DPPD
accentuates symptoms of hypervitaminosis A has not been
established. Since other antioxidants did not behave in a
similar manner, it is possible that the effects obtained with
DPPD may have been due to some property other than its
antioxidant activity.

The symptoms of hypervitaminosis A exhibited in the
present experiment by rats fed supplements of alfalfa meal
and other materials appeared to be identical in appearance,
time of onset, severity and incidence to those of rats fed the
purified basal diet supplemented with amounts of vitamin A
considerably in excess of the amounts present in the above
rations. These findings suggest that supplements of alfalfa
meal (and other materials) may have promoted an increased
absorption or utilization (or both) of vitamin A. That un-
identified factors exist in natural foodstuffs which promote
utilization of vitamin A has been reported by a number of
investigators. Palm kernel meal, coconut cake, acetone-
extracted herring roe (Tainsh and Wilkinson, '39; Gridgeman
et al., '40), soybean lecithin (Slanetz and Scharf, '43, '45),
yeast (Patrick and Morgan, '43) and fish solubles (Harms et
al., '56a, b) have all been shown to increase vitamin A utiliza-

8Sauitoquin, NMonsarto Chemmical Co.,, St Louis, NMb.

T Cox, R P, R B AlfinSlater, H J. Devel, Jr. and B H Ershoff. Unpublished

data.
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tion in experimental animals. A similar effect lias been re-
ported for aureomycin (Murray and Campbell, '55a, b). That
at least two separate factors exist in the above supplements
would seem to be indicated by the observation that the yeast
factor is soluble in fat solvents (Patrick and Morgan, ’'43)
whereas the fish factor is water-soluble (Harms et al., '56b).
Whether alfalfa and the other materials which potentiated
symptoms of hypervitaminosis A in the present experiment
would increase the absorption or utilization of vitamin A when
the latter is ingested in suboptimal amounts has noi been
determined. It is of interest, however, that both yeast and
aureomycin which were effective in increasing the absorption
or utilization of suboptimal amounts of vitamin A (Patrick and
Morgan, '43; Murray and Campbell, '55a, b) resulted in a
significant increase in the incidence of fractures in rats fed a
massive but relatively non-toxic dose of vitamin A under
conditions of the present experiment.

SUNMMARY

Immature rats were fed a purified ration containing a
massive but relatively non-toxic dose of vitamin A. Supple-
ments of alfalfa meal and other succulent plants resulted in a
significant potentiation of the symptoms of hypervitaminosis
A. Both the dried alfalfa juice and the water-washed pulp
remaining after the extraction of the juice were active in this
regard. Desiccated liver, yeast, a product derived from fer-
mentation sources 8and aureomycin HC1 also showed activity.
In contrast to the above, supplements of all the known
nutrients had little if any potentiating effect.
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It lias been recognized from the time of the early studies
with vitamin B22that the requirement for this vitamin may he
influenced by other nutrients in the diet. Schaefer and co-
workers ('49) reported that choline could lower the vitamin
B12 requirement of chicks from hens receiving a standard
breeder diet. Thus, these chicks did not have low vitamin
B12 stores. Briggs et al. ('50) reported that the growth of
nondepleted chicks was stimulated by supplemental choline
or methionine in the absence of vitamin B12 Sunde et al. ('51)
observed vitamin B12sparing effects with choline and methi-
onine in chicks fed a peanut oil meal basal ration. Machlin et
al. (’'52) observed similar sparing effects with methionine in
chicks fed a vitamin B12free corn-soybean oil meal diet.
Some workers, however, have failed to obtain a sparing effect
upon the vitamin B 2requirement with methionine (Jukes and
Stokstad, ’'51; Titus et al., '55); it appears that a sparing
effect might have occurred if higher supplemental levels of
methionine had been used. Early studies of the “ animal
protein factor,” which are pertinent to the general topic of
vitamin B2 activity as affected by constitution of the diet,
have been reviewed by Briggs et ah (’'50).

1 Aprelininaryreportofsa’reofﬂ’esedatamesgi\enatﬂ'ea’rl_elweeﬁrg
of the Amrerican Institute of Nutrition, Atlantic Gty, April 12-16, 1954,
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In previous reports from this laboratory it was shown
that the vitamin B 22deficiency and requirement in non-depleted
chicks could be markedly enhanced by increasing the fat
content of a corn-soybean oil meal diet (Spivey et al., '54;
Pox et al., '56). Attempts to produce a vitamin B 12 deficiency
in nondepleted chicks by increasing the fat content of purified
diets containing casein were unsuccessful2 In the present
studies, the high-fat corn-soybean oil meal diet has been
employed to evaluate the vitamin Bi2 sparing activity of
nutrients in the purified diets.

EXPERINMENTAL PROCEDURE

Female New Hampshire chicks from a commercial hatchery
were distributed into groups of 6 chicks each at one day of
age. The chicks were maintained in standard electrically
heated batteries with screen wire floors. Peed and water were
supplied ad libitum; records of feed intake during the 4-week
period were kept. The chicks were weighed at weekly intervals
and the 4-week weight at the termination of the experiments
was the chief criterion used in evaluating the response to
dietary treatment.

Diet C30 was used in these experiments. This vitamin B12
free diet has the following composition per kilogram: soybean
oil meal 350 gm, ground yellow corn 375 gm, glucose 10 gm,
corn oil 5gm, lard 200 gm, chick salts A 3 60 gm, riboflavin
8 mg, vitamin D3 0.02mg, and 2-methyl-l,4-naphthoquinone
1mg. The small amounts of glucose and corn oil served as
vehicles for the vitamins. Incorporation of other nutrients
into the diet was made by their substitution for an equivalent
weight of corn.

Since we had been unable to modify a purified casein diet
to produce a vitamin B2 deficiency in chicks, the noncar-
bohydrate portion of purified chick diet C2 (Fox et al., '55)
was incorporated into the corn-soybean oil meal diet in
order to evaluate the vitamin BI12sparing activity of these

2UnNnpublished data.
3Briggs et al. (’'52).
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components. The C2 concentrate 4 (diet C2 less carbohydrate
and vitamin B12 was substituted for corn in diet C30; various
incomplete 02 concentrates were also fed, as indicated in table
1. The amino acid mixture AA5,5 which was used in some
experiments, was formulated to simulate the amino acid
composition of casein.

In some experiments the chicks were decapitated and the
livers, pooled by experimental group, were assayed for vitamin
B2 with Lactobacillus leichmannii by the IT. S. P. procedure
('55).

RESULTS

The data in table 1 are from one experiment that dem-
onstrates the typical effects observed upon supplementing the
basal corn-soybean oil meal diet with vitamin B12and various
ingredients of the C2 diet. Chicks receiving the basal diet
alone grew very poorly during the 4-week period, utilized the
diet inefficiently, and had low stores of vitamin B R2in the liver.
The addition of 100 Jig of vitamin B2 per kilogram of diet
improved growth, feed efficiency, and elevated the concentra-
tion of vitamin B2 in the liver. Inclusion of 219gm of C2
concentrate (which contained no vitamin B12 per kilogram
of basal diet C30 markedly improved growth and feed efficiency
but did not raise the concentration of vitamin B in the liver.
The C2 concentrate, from which methionine was omitted,

ANhen “he C2 concentrate was incorporated into diet C30, it fumished the
following per kilogram of diet: casein 100 g gelatin 40 gn Dl-nrethionirne 1.5
gm, com oil 20gm chick salts A 30gm glucose 185 gm (carrier for the B
vitamins), thiamine hydrochloride 4ng, riboflavin 4ng, calciun pantothenate
10 ng, chcline chloride 1000 g, nicotinic acid 50 ng, pyridoxine hydrochloride
4nygy, d-biotin 015 Ny, pteroyiglutamie acid 1.5 ng, vitamin A acetate 1.5 nyg,
vitamin D3 001 ng, atocopherol acetate Sng, and Z2-metliyi-1,4-naphthoquinone
o5 ng

5When amino acid mix AAS was incorporated in the diet at a level of 5926,
it contributed the following quantities of amino acids in grams per kilogram
of diet: DL-alanine 1.56, L-arginine hydrochloride 21.61, DL-aspartic acid 257,
L-cystine O22, L-glutamic acid 965, glycine 088, L-histidine hydrochloride 126,
DL-isoleucine 545, DL-leucine 4.16, L-lysine hydrochloride 345, DL-methicnine 1.50,
DL-plienylalanine 206, DL-serine 231, m,-threonine 4.03, L-tryptophan 359, L-ty-
rosine 290, and DL-valine 580.
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caused an increase in growth; however, the 4-week weight of
this group was poorer than that of chicks receiving the
complete C2 concentrate. When both methionine and the B
vitamins (including choline) were omitted from the C2 con-
centrate, growth was not increased significantly over that
of the basal group. The omission of the fat-soluble vitamins
and gelatin from the supplemental C2 concentrate did not
significantly alter the good growth supported by the complete
concentrate. The data thus far indicate that methionine and
one or more of the B vitamins were the chief constituents
in the diet C2 that spared vitamin B 12

The simultaneous incorporation of vitamin Bi2 and the
complete C2 concentrate into the basal diet resulted in a
very marked improvement of growth. It has been reported
previously (Fox et al., '56) that 100 pg of vitamin B12 per
kilogram of diet supported a maximal growth response with
this diet; therefore, the improved growth with both supple-
ments over that with only vitamin B2 indicated that this
basal corn-soybean oil meal diet was somewhat deficient in
nutrients other than vitamin B2 for optimal growth of the
young chick.

In table 2 data are presented from 5 series of experiments
on the vitamin B,2sparing capacities of individual nutrients
and combinations of nutrients present in the C2 concentrate.
The column headed “ Average” is the mean weight and
standard error of the total number of chicks from all series
that were fed the indicated supplement. Since all supplements
were not included in each series, evaluation of the average
values must be tempered by the data of the specific series in-
volved. Mortality in all groups was negligible. When the fat-
soluble vitamins, the complete B vitamin mix, or the B vitamin
mix minus choline was incorporated in the basal diet, there
was no improvement in growth. The addition of 0.2% choline
chloride always resulted in mean weight gains. These weight
increases were not statistically significant on the basis of
comparisons within each series; however, upon consideration
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of all 5 series together choline did cause a significant increase
in weight gain.

The addition of 0.15% methionine to the basal diet caused
marked improvement of growth, which was as good as that
with vitamin B12 Data obtained from feeding levels of
methionine below 0.15% down to 0.05% were not presented
in table 2 since the increases in growth were quite variable.
These results may be related to slight variations in the
methionine content of crude materials in the diet. Supple-
mentary cystine was completely without effect upon growth of
vitamin B212deficient chicks. The effect of feeding the com-
bination of choline and methionine was little different from
the result due to methionine alone. Feeding 5% of casein,
which should contribute approximately 1.5 gm of methionine
per kilogram of diet, did not improve the growth of vitamin
B 12deficient chicks to the same extent as this level of free
methionine. In two of the 5 series the casein caused sig-
nificantly improved growth; however, the combination of
casein and choline supported growth that in general was
superior to That attained with either alone.

The amino acid mix AA5, whose composition was based on
the amino acid content of casein, stimulated growth of vitamin
B 12deficient chicks in a manner similar to that of the same
level of casein. Again, the combination Avith choline Avas
superior to either alone. Omission of methionine from the
amino acid mix caused a marked depression of growth of the
vitamin B12deficient chicks, but feeding vitamin B2 with the
methionine-free amino acid mix resulted in groAvth similar to
that of the control group receiving vitamin B12 alone. The
addition of 0.2% choline chloride at least partially overcame
the groAvth depression caused by the methionine-free amino
acid mix.

Many of the supplements that supported improved growth
in the deficient chicks Avere also fed in the presence of vitamin
B12 The growth increments caused by the various supple-
ments in the presence of vitamin B2 Avere much smaller than
the groAvth increments of the supplements seen in the absence
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of vitamin Bi2. Only in the case of methionine plus choline
(group 13) was growth with the supplement plus vitamin
B 12 significantly better than that of the vitamin B212 control
group. However, these are data from only one series.

DISCUSSION

From the results presented, it is clear that a number of
factors affect vitamin B 12 deficiency and requirement in non-
depleted chicks. The failure to produce a vitamin B2 de-
ficiency in chicks fed a purified diet containing casein was due
solely to the presence of nutrients which decreased the chick’s
dietary requirement for vitamin B12

The data also show that the only nutrients in the purified diet
that significantly spared vitamin B2 were methionine and
choline. It would appear, therefore, that increasing the fat
content of the corn-soybean oil meal diet created a dietary
demand that could be satisfied with either vitamin B2 or
additional methionine or partially satisfied with additional
choline. It is of interest that the same nutrients that have been
reported by other workers (as reviewed above) as sparing
the vitamin B2 requirement of chicks are the same nutrients
that spared vitamin B 2in the presence of high fat.

The primary effect of high fat under these dietary conditions
was probably to increase the methionine requirement. Baldini
and Rosenberg ('55) demonstrated that the methionine re-
guirement of young chicks increased with increasing per-
centage of fat in the diet. Since choline had a relatively small
sparing effect in the present experiments, it appears that a
deficiency of preformed methyl groups was not a significant
factor. The role of vitamin Bi2in the synthesis and transfer
of methyl groups has been recently reviewed by Arnstein
('55) and this general area of vitamin B2 function will be
studied further under the dietary conditions employed in the
present investigation.

The superiority of free methionine over that in casein for
supporting good growth seems to be due to a methionine-
depressing action of the other amino acids present in casein
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rather than to limited availability of the methionine, The
amino acid mix AA5, which was based on the composition
of casein, elicited growth responses under various conditions
comparable to those with the intact protein. In addition, the
same amino acid mix minus methionine depressed growth
below that obtained with the basal diet alone. This nutritional
stress is comparable to that of high fat in that either meth-
ionine or vitamin B12 could overcome the effect. The growth
depression observed with the methionine-free amino acid mix
may be due to an amino acid imbalance involving specific
amino acids, or it may be a non-specific increase in methionine
requirement associated with increased protein in the diet.

The combination of choline with casein or the complete
amino acid mix was similar to the equivalent amount of free
methionine fed alone. Under these conditions, choline may
have been counteracting the suppression of methionine by
the other amino acids present, or it may have been exerting
some other beneficial effect unrelated to the amino acid content
of the diet.

Diet C30 is limiting chiefly in methionine; therefore, when
determining the vitamin B12 potency for the chick of crude
concentrates or compounds related to vitamin B12 it is
necessary to keep the methionine content of the material being
assayed at a minimum. On the other hand, it is desirable to
limit the methionine content of the diet to the lowest possible
level consistent with good growth in order to obtain the
greatest growth stimulation upon addition of vitamin B12

SUMMARY

The effect of certain constituents of purified diets upon the
vitamin B 2 requirement of chicks fed a high fat corn-soybean
oil meal diet has been studied. It is concluded that:

1. The only nutrients having a significant vitamin B12spar-
ing activity were methionine and choline. Methionine at a
level of 0.15% completely replaced vitamin B12 whereas ad-
dition of 0.2% choline chloride to the diet resulted in only
a small sparing ejfect.
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2. Free methionine was more effective in sparing vitamin
B2 than an equivalent amount of methionine present in
casein (5% of the diet) or in an amino acid mix based on
the amino acid composition of casein.

3. This same amino acid mix without methionine markedly
suppressed growth of chicks below that of the group receiving
no vitamin Bi2 The addition of vitamin B12 to the basal
diet containing the methionine-free amino acid mix supported
optimal growth. Thus, a greater response to vitamin B2 was
obtained under these conditions.
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The problems of how food is utilized under various condi-
tions have been discussed by nutritionists for many years.
Practically every worker in this field has made contributions
to these questions. A new facet of the old problem was revealed
in studies of the food requirements for weight maintenance
and growth of rats kept at constant weight by restricted
feeding. As previously shown (Kaunitz et al., '56a, b), meas-
urements of food and water intake and organ weights of such
animals disclosed the existence of certain adaptive mech-
anisms. It therefore seemed worth while to study food utili-
zation for weight maintenance and growth of rats of various
ages and weights after different periods of food restriction.
The findings are discussed in this paper.

PROCEDURE

The male albino rats used for the experiments were drawn
from a homogeneous colony known to us for 15 years. When
they were 20 days old and weighed 45 to 50 gm, they were
placed on a complete stock diet containing 30% protein. They
were weighed at 24 and at 28 days, and, at the latter time,
those of suitable weights (usually about two-thirds of the
total) were divided into matching groups of 8 animals whose
average weights at 24 and again at 28 days were identical.
When these groups were permitted to eat freely, their average

551
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weights and food consumptions differed by only a few grams
during the subsequent weeks.

At 29 days of age, the rats were placed in single unit cages
witu wire bottoms and were given the experimental diet,
which consisted of 30% casein, 54% dextrose, 10% lard, 4%
salts, 2% cellulose, and liberal amounts of all known vitamins.
Measurement of food intakes, restricted and unrestricted, was
begun at this time. The freely eating animals were given
weighed food cups having an inner metal plate with a small
hole and an outer cover. Any spilled food was replaced.

The animals on restricted intake were weighed daily on
a scale accurate to one gram and given measured amounts of
food (weighed on a scale accurate to 0.1 gm) just sufficient
to keep their weights constant within £ 2gm. On the first
day of food restriction, an amount of food corresponding to
roughly 6 to 8% of the body weight was fed (with heavier
animals receiving the lower percentage). We soon learned
to compensate for the small daily fluctuations in body weight
by changing the food intake (by approximately 0.5 to 1.0 gm
of food for each gram of body weight change).

As previously discussed for other species (Rubner, '02;
Cowgill, '28), the maintenance requirements are influenced
by the environmental temperature. In our experiments, it
was observed in one series that a decline of 10°F. in the
average weekly temperature increased the requirements of
animals on restricted intakes of diets differing widely in
composition by approximately 25%. We have encountered
similar effects in the 15 experimental series on restricted
intakes which we have studied in the last three years. Al-
though these findings are incidental as far as the main subject
of this paper is concerned, they deserve consideration if com-
parisons are made between groups.

The experiments were intended to yield the food require-
ments for weight maintenance and growth at different ages
and body weights after varying periods of restricted food
intake. For this purpose, studies on two experimental series
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with 5 and 6 groups of 8 rats each were carried out, the results
of which are summarized in table 1.

In the first series, one group was restricted immediately
when the experiment began, and the restriction was continued
for 4 weeks (group 1, column 1). The next group was re-
stricted one week later (group 2), and the subsequent groups
were begun on successive weeks (groups 3 and 4). One group
was never restricted (group 5). After the first group had
been restricted for 4 weeks and the 4th group, for one week,
all groups were permitted to eat freely. In the second series,
the duration of food restriction, as well as the age and body
weight at which it was started, were varied as indicated in
table 1.

RESULTS

Requirements for iveight maintenance. The basis for the
calculation of the weekly requirements for weight maintenance
was the measured food intake of the rats whose weight had
been kept constant. In calculating the weekly requirements,
which were expressed in grams of food per gram of body
weight, a correction was made for the minor differences in
body weight between the beginning and the end of the week.
As an approximation, one gram was added to or subtracted
from the weekly intake for each gram of body weight lost
or gained (see requirements for weight increment described
below). The average weekly intake divided by the average
body weight at the beginning of the week gave the desired
value.

It has been shown previously (Quimby, '48; Kaunitz et al.,
'56a) that the food requirements for weight maintenance de-
cline steeply when the food restriction is prolonged. Keys
('50) observed this to be accompanied by a decline in basal
metabolic rate. The decline in food intake also occurred in
the current experiments, where the weekly requirements de-
clined from 0.51 to 0.37 gm of food per gram of body weight
for the group in the first experimental series which had been
kept on restricted intake for 4 weeks and whose maintenance



POOD UTILIZATION 555

weight was 97 gm and from 0.41 to 0.33 gm for the group in
the second series which was kept at 128 gm for 6 weeks.

When the animals were restricetd for one week at different
ages and weights, the requirements for the maintenance of
one gram of body weight declined with increasing body weight.
This is evident from the data from the second series, where
the average body weight increased from 61 to 180 gm (column
4) and the maintenance requirements per gram of body weight
decreased from 0.51 to 0.40 (column 5). This was also true
for the animals in the first series when the requirements were
calculated after one week of food restriction at different
weight levels. The average body weight varied, among 4
groups, from 95 to 177 gm, and the maintenance requirements
decreased from 0.51 to 0.43 gm.

The decreasing maintenance requirements for higher body
weights are in agreement with many studies of the relation
of food requirements to body surface in that heavier animals
have a relatively smaller surface. It is not probable that the
differences in age in these experiments were of consequence
because animals restricted for a short period earlier in the
experiments and having, thus, comparatively reduced body
weights had requirements similar to those of younger animals
of comparable weights which had eaten freely throughout
the experiment.

Requirements for weight increase. For the determination
of the requirements for weight increase, the groups which
had been restricted for varying periods of time and then
permitted to eat freely were used. The weight gain and food
consumption of only the first three days of realimentation
were used because, on the one hand, the period was long enough
for accurate measurements and, on the other hand, was short
enough to permit the assumption that the basic requirement
for the maintenance of one gram of body weight would not
have changed with the return to “ luxury” food consumption.
The rats’ maintenance requirements for this three-day period
were calculated by multiplying the requirement at the lower
body weight, as known from the previous week’s restriction,



556 H. KAUNITZ, 0. A. SL.ANETZ AND R. E. JOHNSON

by the average body weight for the three-day period, because
this was the average amount of body tissue which they had
to maintain, and then correcting for a three-day period instead
of one week. This requirement for weight maintenance was
then deducted from the total food consumption for the three-
day period and the result divided by the weight increase to
give the amount of food utilized for each gram of body weight
gained.

This can be illustrated by an example from series I. For
group 1, the weekly requirements for weight maintenance at
the end of the restricted period were 0.37 gm per gram of
body weight per week or a total of 35.8gm. The animals
weighed, at the beginning of the three-day period, 97 gm and
they gained 23 gm. Their average weight for the period,
therefore, was 108.5, which, when multiplied by 0.37, indicated
maintenance requirements of 40.1 gm for one week or 17.2 gm
for the three-day period. When this was deducted from 38.1
gm (their total food consumption for the period), the re-
mainder of 20.9 gm was the amount of food they had used
for growth. This divided by the weight increase of 23 gm
gave a factor of 0.91 gm of food needed for each gram of body
weight gained. From the data presented in table 1, it can
be seen that the food requirements for one gram of body weight
increase ranged from 0.76 to 1.00 in the first series. Although
the body weights varied from 97 to 214 gm and the previous
period of food restriction from zero to 4 weeks, there was
probably no significant difference in the requirements for the
building of new substance.

In the second series, the requirements for growth varied
only from 0.93 to 1.16 gm of food per gram of weight increase
although the determinations were carried out on animals rang-
ing in weight from 61 to 180 gm and in age from 4 to 13 weeks
and although the previous periods of food restriction varied
from one to 6 weeks.

The food requirements for growth could also be obtained
by deducting the weight maintenance requirements of re-
stricted groups from the total food intake of freely growing
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groups. The total requirements for weight maintenance during
the first week of food restriction of two well-matched groups
whose restriction had begun on successive weeks were aver-
aged because the similarity in the requirements of different
groups made it permissible to assume that the value thus
obtained would be approximately that of any well-matched
freely eating group of the same series over the same weight
range. This was now deducted from the total food intake of
the freely eating group, and the difference was divided by
the gain in body weight to give the amount required for one
gram of weight increase. The values obtained by this pro-
cedure varied, with one exception, from 0.75 to 1.25 gm of
food for one gram of body weight increase and were in fair
agreement with the data obtained by the first method. In the
table, only the values obtained by the first method are given
with the exception of the value for group 5, series I, which
was calculated by the second method.

When considering errors in the determination of the re-
quirements for weight maintenance and for weight increase,
it must be kept in mind that the calculation of the latter is
based on three variables, namely, weight maintenance require-
ments, weight gain, and total food consumption. This con-
tributes to greater variability in the values for weight increase
requirements than in those for weight maintenance require-
ments because the latter are merely based on the determination
of the daily food requirements. For this reason and also
because we have noted considerable constancy in 15 experi-
mental series with several groups in each one, differences of
as little as 5 to 10% are usually significant in the determina-
tion of weight maintenance requirements. In the determination
of the requirement for weight increase, the data indicated
that, in all probability, only differences exceeding 25% are
significant. Direct statistical analyses of the weight increase
requirements are difficult in view of the above-noted three
variables.
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DISCUSSION

In studies of food utilization, investigators sometimes divide
the total food consumption by the weight gain during a cer-
tain period and relate the value obtained to the efficiency of
food utilization. However, inasmuch as the emphasis is usu-
ally placed on utilization for growth, errors may arise from
the failure to distinguish the two aspects of food utilization
— that for weight maintenance and that for the building of
new tissue.

The capacity of the animal to lower its maintenance require-
ments during reduced food intake should also be taken into
consideration in experiments involving paired feeding or
paired weighing. If differences in average body weights be-
tween two groups of pair-fed animals are noted, one is not
entitled to conclude, as is so frequently done, that the dif-
ferences are due to variations in the requirements for weight
gain. This was illustrated in paired-feeding experiments with
rats fed a diet containing either oxidized or fresh fat (Kaunitz
et al., '55). The animals on fresh fat paired to those on oxi-
dized fat grew better, which first led us to believe that the food
utilization of the former was better. However, the animals on
oxidized fat ate freely but in such small amounts that their
paired mates living on fresh fat were fed like animals on
a restricted diet. Furthermore, by direct measurement, we
later found that the requirements for weight maintenance over
a protracted period were much higher among the animals
fed oxidized fat (Kaunitz et al., '56b, c). Therefore, the dif-
ference in growth on the same food intake between the two
groups could have resulted from the ability of the animals
on fresh fat to adapt more easily to a restricted intake and,
thus, to spare more food for growth. Similar considerations
must be made in analyzing results from paired weighing
techniques.

SUMMARY

1. Food requirements for weight maintenance and weight
increase were determined by measurements of the food intake
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of rats kept at constant weight by restricted feeding of a
complete, purified diet and of the food intake and weight
increase of well-matched rats permitted to eat freely of the
same diet.

2. The requirements for the maintenance of one gram of
body weight were found to be influenced by the duration of
food restriction, the body weight, and the room temperature
but hardly by the age of the animals. Continued food restric-
tion led to a reduction of about 30% in the weight maintenance
requirements.

3. Food requirements for weight increase did not seem
to be influenced by the above factors. Approximately one
gram of food was necessary to build one gram of body
substance under widely different conditions.

4. The implications of these findings for studies of food
utilization and paired weighing and paired feeding techniques
are discussed.
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Fluorine occurs naturally in virtually all foods and drinking
water and it is present in the bodies of all higher animals.
Even though the element is of practical significance in the
partial protection of teeth from dental caries, conclusive
studies have not been reported concerning its essentiality
in nutrition.

Sharpless and McCollum (’33) investigated the essentiality
of fluorine for rats using a semipurified diet containing casein,
starch, butterfat, yeast, and salts. The femurs of the animals
contained about 150 My of fluorine per gram at 120 days of
age, indicating that appreciable amounts of the element re-
mained in the diet. Under these conditions there was no
indication that fluorine is essential.

Phillips, Hart and Bohstedt ('34) fed rats a mineralized
milk diet reported to contain only 0.1 to 0.2 ppm of fluorine.
Nevertheless, at 140 days of age the animals contained several
hundred micrograms of the element. Evans and Phillips (’39)
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reinvestigated the problem using the same type of mineralized
milk diet, and reported that the bones of their animals con-
tained some 10 to 15 micrograms of fluorine per gram, regard-
less of the age of the animals. There were no indications that
the element is essential in nutrition. Muhler ('51, '54) has
reported on the storage of fluorine in the femurs of rats fed
diets which contained not more than 0.1 ppm of fluorine. The
fluorine concentration in the bones was maximal at about
80 days of age. At that time the femurs of the females con-
tained about 23 ppm of fluorine, and those of the males con-
tained about 39 ppm. Unfortunately the purified diet would
not sustain reproduction.

McClendon (’44) and McClendon and Gershon-Cohen ('53)
have reported that fluorine is definitely an essential element.
Eats were raised on a diet based principally on the use of corn
and sunflowers. The plants were grown by culture in rain
water which was reported to contain only 0.002 to 0.004 ppm of
fluorine. The control animals received a diet compounded of
ordinary soil grown crops. No data were given on the fluorine
content of either the diet or the animals. The “ deficient”
animals were a great deal smaller and had a much higher
incidence of caries than the control group. McClendon and
Gershon-Cohen (’54) have also claimed that periodontoclasia
is characteristic of fluorine deficiency.

The object of the present investigation was to prepare a
substantially fluorine-free diet and observe the growth, repro-
duction, and general well-being of rats on it through several
generations. The deficient animals were to be compared with
controls given small amounts of sodium fluoride in the drink-
ing water.

EXPERIMENTAL

Analytical methods. The analytical procedure for the de-
termination of fluorine was a modification of the method of
Smith and Gardner ('48). As used here, the method was
sensitive for the determination of no less than 1.0 pg of
fluorine. For this reason it was necessary to employ large
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samples of material when the concentration of fluorine was
very small.

In the analysis of samples containing large amounts of
salts a single Willard and Winter (’33) distillation did not
suffice to separate all the fluorine from the elements which
interfere in the determination. Savchuck and Armstrong (’51)
had already noted the necessity of employing a double dis-
tillation procedure for the determination of fluorine in some
cases. The technique employed here was to collect 200 ml of
distillate during the primary distillation and then return this
to the rinsed still for evaporation to near dryness with highly
purified calcium oxide (Weddle and Maurer, '54). A second
distillation was then run. Samples were ashed in silica or
platinum dishes, first over a Meker burner and then for 8
hours at 550 to 600°C. in a muffle furnace fitted with a silica
lining to prevent contamination.

Alkaline and acid phosphatase were determined according
to the procedure of King and Armstrong ('34).

Experimental diet. The diet was composed of casein, 18;
DL-methionine, 0.5; corn oil, 15; vitamin mixture, 1; salts, 4;
and corn starch, 61.5%. The composition of the salt mixture
was, in grams, sodium chloride, 293; monopotassium phos-
phate, 817 ; calcium oxide, 488 ; magnesium sulfate, 120; ferric
sulfate, 138; manganese sulfate, 9; zinc sulfate, 3; cupric
sulfate, 1; potassium iodide, 2; molybdic oxide, 2. The vitamin
mixture contained thiamine hydrochloride, 1400 mg; inositol,
1400 mg; calcium pantothenate, 700 mg; pyridoxine hydro-
chloride, 700 mg; riboflavin, 1400 mg; nicotinic acid, 1400 mg;
folic acid, 350 mg; menadione, 350 mg; vitamin B12 14mg;
biotin, 2mg; choline chloride, 42 gm; corn starch carrier,
302 gm. The vitamins were all the purest crystalline materials
available commercially and were used without further purifica-
tion. Each 15gm of corn oil was fortified with 2500 units of
vitamin A and 360 units of vitamin D added as percormorph
oil, and 15 mg of a-tocopherol.

All equipment used in the purification, storage, compound-
ing and dispensing of the diet was cleaned by boiling in either
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a 10% NaOH solution or a H2504 cleaning solution. After
this treatment the equipment was rinsed thoroughly in redis-
tilled water. The latter was obtained by distilling ordinary
distilled water from an alkaline permanganate solution in all-
pyrex stills.

Purification of dietary components. Commercial cornstarch
was washed by stirring and filtering 600 gm hatches three
times with 3% HC1 and then three more times with redistilled
water. The starch was finally dried by washing it on the filter
with three portions of acetone redistilled slowly from fluorine-
free calcium oxide (Weddle and Maurer, '54). The acetone
was allowed to evaporate before the starch was bottled for
future use.

The commercial DL-methionine was recrystallized 4 times
from hot redistilled water and dried by vacuum desiccation.

Commercial corn oil was purified in pint lots by extracting
it continuously for one week with hot redistilled water in a
suitably designed liquid-liquid extractor. After being cooled,
vitamins A, D and E were added, and the oil was stored at
4°C. in clean pyrex glass-stoppered bottles.

The most troublesome dietary component was the casein.
It was extremely difficult to obtain a product which was both
low enough in fluorine content and of the proper physical
character for inclusion in the diet. Briefly, the purification
procedure used consisted of dissolving the casein in dilute
NaOH and filtering it. The casein was then precipitated over
a 12- to 18-hour period with a mixture of 2 parts of 1.0N
acetic acid and 1 part of 0.5 N HC1l. The precipitation was
concluded when the material had reached pH 4.7. Vigorous
stirring was used during the precipitation. The mixture was
allowed to settle under refrigeration and then the casein was
filtered off and washed 4 times with redistilled water. De-
hydration was accomplished by washing and filtering three
more times with acetone redistilled from fluorine-free calcium
oxide. After the final acetone wash the casein was turned into
clean glass trays and the acetone volatilized beneath infrared
heat lamps. It was essential that the casein be stirred fre-
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quently for the two hours required to evaporate all traces of
acetone.

Sodium chloride, monopotassium phosphate, and cupric sul-
fate were purified by multiple recrystallizations from redis-
tilled water. Calcium oxide was prepared according to the
procedure of Weddle and Maurer ('54), and contained no
more than 0.2 ppm of fluorine. Magnesium, ferric, zinc, and
manganous salts were purified by procedures involving re-
crystallizations from redistilled water and ignition to red
heat with sulfuric acid. Molybdic acid was dissolved with the
aid of NH40H, filtered, reprecipitated with HC1, and ignited
to red heat. Potassium iodide was purified by fractional
recrystallizations from redistilled absolute ethanol.

General care of animals. The animals were housed indi-
vidually in special round metabolism cages mounted on pyrex
cake pans. The cages were constructed entirely of stainless
steel, and were fabricated by techniques which eliminated the
use of welding and soldering fluxes containing fluorine. The
bottoms were 8 inches in diameter and made of 3-mesh stain-
less steel wire. The excreta required for analysis were col-
lected on filter paper circles,5 which had an especially low
fluorine content. The caged animals were kept in a special
air-tight chamber supplied with air washed with water. This
was necessary owing to the presence of some fluorine at all
times in unfiltered or unwashed air. The temperature and
humidity were controlled at approximately 25°C. and 70%,
respectively. All fluorine-containing materials except fluo-
ridized water for the control animals were rigorously excluded
from the room.

The experimental animals were obtained in the following
manner: a pair of weanling albino rats of the Wistar strain
was obtained from a dealer and placed on a stock corn diet
(Muhler and Day, '51) and redistilled water. The diet con-
tained only about 0.6 ppm of fluorine. When sexually mature,
the animals were mated and their pups in turn were raised to
maturity on the corn diet and then transferred to clean cages,

5CS and S filter paper no. 470.
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provided with the highly purified diet and mated. The litters
from this mating were designated as first generation animals.
Thereafter the highly purified diet was used exclusively. In
each generation a few rats were carefully selected to serve
as controls. All the animals were weaned at 25 days of age.
The controls were given water containing 2 ppm of fluorine
as sodium fluoride. Owing to space limitations in the animal
chamber a number of the litters were destroyed at weaning.

All the animals were weighed by difference, in their cages,
every 5 days from weaning until they reached 100 days of
age. Thereafter the females were weighed only occasionally
owing to pregnancy and lactation. Growth data were obtained
on the males as long as they were allowed to survive.

RESULTS

One hundred and ten animals representing 4 generations
were conceived, born, and weaned on the fluorine-deficient
diet. All the mated females became pregnant and they gave
birth to live pups. Thus fluorine deficiency did not seem to
impair this aspect of reproduction. However, only approxi-
mately one-half of the pups born were successfully weaned.
Controls given fluorine also failed to wean more than about
one-half of their pups; hence it is improbable that this defect
is attributable to the deficiency of fluorine. All of the losses
may have been due to imbalances in the diet other than fluorine
deficiency or to the type of cages used because the growth rate
of the survivors was not affected by the provision of fluorine
in the drinking water.

A summary of the representative growth data is given
in table 1. As shown in the table, 18 fluorine-deficient males
and females were compared with 9 males and females given
fluorine. There was no indication of difference between the
fluorine-deficient and fluorine-supplemented males. Super-
ficial inspection of the data suggests that the control females
may have received some growth stimulus from the fluorine,
but the average initial weights of these animals was a little
higher than those of the experimentais. Thus the slight addi-
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TABLE 1

Growth of fluorine-deficient rats compared with controls given sodium fluoride -

GENERATION Fi.'ORINE

AND SEX ADDED
25 35 45 55 65

~
o

85 95 105 120 150

I M - 6 119 176 237 294 319 312 348 3H8 374 434
I M — 101 151 213 261 288 284 313 324 353 380
I M + 5% 9% 160 215 268 317 307 347 3H5 3B 35
I M + 128 184 215 270 34 311 32 3% 3B 363
I F - 62 107 142 159 178 199 205 209 213 24
I F - 58 100 138 158 178 198 193 221
I F — 36 103 171 185 197 212 214
I F + 5 100 134 153 178 192 231 241 242 246 250
2 M — 51 no 220 253 286 298 320 330 3B 3K/
2 M — 63 128 172 244 280 311 327 345 B2 374 35
2 M + 50 116 166 229 270 295 308 324 340 38 405
2 F - 52 104 18 158 177 18 18 1%
2 F — 45 94 119 136 155 178 166 170 197
2 F — 2 A 130 164 186 212 226 24 259
2 F — 37 8 119 143 160 178 188 200 220
2 F - 5% 97 120 145 185 187 1% 211 227 221
2 F — 46 91 135 145 164 172 180 178 193 220
2 F + 5 98 126 150 173 189 194 204 214
2 F + M R 1B 183 194 195 19 203
2 F + 45 A 134 160 178 19 1% 200 214 258
3 M - 49 108 143 202 250 285 300 295 273
3 M — 5 115 161 227 276 30© 307 313 310
3 M — 42 110 158 238 283 310 320 332 35
3 M + 53 117 173 220 275 287 300 314 289
3 F - 46 93 117 138 150 173 170 170 180
3 F — 46 100 123 154 161 180 180 180 170
3 F + 5 102 132 160 171 190 200 206 205
Mean Meales (7) - 54 113 160 226 271 301 307 324 329 36 32
Males 4 + 56 114 170 220 271 301 306 326 327 366 3B
Fein. 11) - 48 97 129 152 169 187 190 195 1%
Fem. ( 5) + 52 9 1 1% 176 192 2083 210 215

1The weights of the animals are given in grans.
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tiorial growth may have been due only to appreciably imperfect
matching of the females. The growth of most of the animals
was observed for 150 days but two pairs, one deficient and
one supplemented in each pair, were kept on the diet 325 days.
All 4 of the latter were in good condition and their weights
remained essentially alike throughout the long period of ob-
servation. All the fluorine-deficient animals had sleek coats
and, in all respects, they appeared to be in good condition.
They could not be distinguished from the controls which were
given fluorine.

Owing to the apparent importance of phosphatase in the
growth and metabolism of hone it was supposed that this
principal site of fluorine in the body might undergo some
change in phosphatase activity if fluorine deficiency really
has any metabolic effect on the hones. Accordingly the activity
of both alkaline and acid phosphatase was determined not
only in hone hut in liver and kidneys. The results are sum-
marized in table 2. The analyses were made on 10 different
pairs of rats from 105 to 325 days of age. In two pairs both
animals were on the fluorine-free regimen but in each of the
others one received fluorine from weaning and the other did
not. The experimental error was large, especially in the de-
termination of alkaline phosphatase. Certainly there was no
indication of significant differences attributable to the de-
ficiency in fluorine.

The teeth of the animals were examined with the aid of a
dental probe. There was no evidence of gross caries or other
dental defects. The diet was not conducive to impaction and
it contained no fermentable sugar; thus the results indicate
that fluorine is dispensable in the maintenance of sound teeth
if cariogenic factors such as high concentrations of sugar
are not operative.

Because the diet and the environment of the rats appeared
to be essentially'fluorine free, a dependable measure of the
possible fortuituous acquirement of the element was through
the determination of fluorine in the tissues. Table 3 presents
the results of fluorine determinations on animals at various
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ages. No distinction was made according to generation, since
the pups in the first generation, as well as in subsequent
generations, were free of detectable amounts of fluorine until
they were over 10 days of age. Such fluorine as was present
in the animals must therefore have been accumulated from

TABLE 2

Phosphatase activity of tissues of deficient and supplemented animals

ALKALINE ACID

AGE SEX ELUORINE PHOSPHATASE 1 PHOSPHATASE 1

Kidney Liver Bone Kidney Liver Bone
105 M — 183 86 15 18 10
105 M . 155 1.2 63 14 16 13
125 F — 198 0.4 61 20 14 9
125 F N 149 0.8 38 15 13 18
130 F — 198 0.9 61 14 17 12
130 F + 190 2.6 82 17 20 16
145 F - 207 0.6 66 15 12 10
145 F —_— 299 0.7 29 17 12 4
145 M - 94 0.1 78 20 14
145 M + 122 0.6 81 22 16
153 F - 291 1.1 25 18
153 F + 184 1.2 24 16
160 F - 235 1-0 66 27 13 8
160 F <+ 140 1.0 62 22 9 7
190 F - 252 1.2 55 22 15 9
210 M _— 183 1.2 51 25 11 6
325 M - 120 0.6 38 24 12 9
325 M + 150 1.1 35 21 12 8
325 F — 326 0.5 46 26 15 6
325 F + 167 0.5 51 17 12 5
Av. — 210 0.70 62 21 15 9
Sd 59 0.38 15 4.8 2.2 1.7
Av. + 174 0.92 55 19 14 10
S.d. 28 0.28 19 4.0 3.3 5.3

1Milligrams of phenol liberated from disodium phenylphosphate per hour per
gram of tissue.
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TABLE 3

Fluorine content of individual unsupplemented animals

TOTAL FLUORINE 1 FLUORINE CONCENTRATION
AGE
Males Females Males Females
days fig go/gmash go/gmash
Whole carcasses

S0 30 16

S0 18 1.2

45 10 02

50 15 04

55 25 0.6

&0 42 10

65 29 05

65 84 11

65 7.0 12

70 17.8 30

1) 70 12

Ie) 48 01

& 232 26

&b 38 06

b 6.2 10
100 102 09
105 6.0 08
105 85 12
110 80 11
120 75 0.7
145 285 23
145 80 16
150 124 18

Both femurs only

105 22 32
145 00 00
150 00 00
160 00 00
165 40 45
190 00 00
195 45 88
300 28 47
325 18 19
325 14 24

1The analytical method was sensitive for no less than 1.0/ig of total fluorine.
The absolute error in the method was equivalent to about 0.5 ¢ig of fluorine.
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the diet, the drinking water, and the environment. A few
fluorine determinations were made on the femora of older
animals for purposes of comparison. It should be noted that
even at 160 days of age the fluorine content of both femora
was often too small to be measured. Even the rats that had
been on the diet 325 days had only approximately 2 ppm
fluorine in the femora. The whole carcasses, including skin
and hair, or femora of over 33 rats on the fluorine-deficient
regimen were analyzed. The results indicated considerable
variability in the amounts of fluorine present but in only two
or three cases were the amounts high enough to suggest that
less than maximum care had been exercised to prevent ap-
preciable contact with the element.

DISCUSSION

Under the extremely rigorous conditions of this study
fluorine was not found to have any influence on the growth
and well-being of rats. There were not even any grossly
detectable dental defects. Thus it is justifiable to conclude
that under some conditions fluorine may not have any value
in nutrition or even in the maintenance of dental health. Con-
cerning dental caries, it should be noted that the experimental
diet was sugar free and it was not conducive to impaction of
food in the fissures of the teeth. Thus, on the basis of the
current views regarding dental caries (Muhler, Hine and
Day, '54', fluorine would not be expected to play an important
role in the protection of the teeth from decay under the con-
ditions of this experiment.

Several attempts were made to analyze the compounded
diet for fluorine, but the content was apparently so low that
the analytical method would not measure it accurately. There-
fore, the amount of fluorine which accumulated in the experi-
mental rats became an important criterion of the success in
producing a diet and environment extremely low in fluorine.

When the total amount of fluorine is so extraordcnarily
small, probably of greater importance is the amount that is
utilizable. If it is assumed that a 150-day-old animal con-
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taining 10 ng of fluorine acquired all of the fluorine from the
diet, and that the animal ate at least 1500 gm, then the con-
centration of utilizable fluorine in the diet may have been
about 0.007 ppm. Apparently this level is far less than has
been achieved in any other controlled studies so far reported.

SUMMARY

By means of exhaustive purification procedures it was
possible to prepare a diet which proved to be nutritionally
adequate for the maintenance of experimental rats through
three generations and the beginning of the 4th generation
when the experiment was terminated. The diet was estimated
to contain no more than 0.007 ppm of utilizable fluorine.

Bats maintained on this diet, but receiving 2 ppm of fluoride
in their drinking water, did not show significant improvements
in health or weight gain over similar animals receiving the
same diet and redistilled water.

Alkaline and acid phosphatase determinations on the kid-
neys, livers and bones of deficient and supplemented animals
showed no differences which could be attributed to the fluorine
supplementation.

The teeth of both supplemented and deficient animals ap-
peared to be sound and without gross evidences of decay or
defects.

The investigation has demonstrated that under the rigorous
experimental conditions employed, fluorine is not a dietary
essential. Thus its value in the body is apparently limited
to the promotion of resistance to dental caries.
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Several recent studies have been made on the nutritive
value of high-protein corn. Flynn, Zuber, Leweke, Grainger
and Hogan ('54) and Sauberlich, Chang and Salmon (’53)
reported that the percentages of lysine and tryptophan in the
protein decreased with the increase in the protein content of
corn. The decrease in the relative amounts of these essential
amino acids is usually explained on the basis that in high-
protein corn the poorer quality zein protein contained in the
horny endosperm increases at a faster rate than the high
qguality protein of the germ portion of the corn.

Mitchell, Hamilton and Beadles ('52) found that for rats
the biological value of the protein decreased considerably as
the protein content of the corn increased. Eggert, Brinegar
and Anderson (’'53) concluded that high-protein corn was
superior to low-protein corn when fed to pigs; however, the
protein quality of low-protein corn was found to be better
than that of high-protein corn. Ross, Carigus, Hamilton and
Earley ('54) found that the high- and medium-protein corns
gave better weight gain and wool production in lambs. Schulz
and Thomas ('49) fed the germ and endosperm from waxy
and starchy inbred corns of different genetic constitution to
rats for determination of a biological value based on nitrogen
balance experiments. No highly significant differences were
noted in biological values among these germ and endosperm

samples.
575
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The purpose of this study was to compare the protein quality
of regular corn to experimental high-oil corn samples. In
addition to the whole corns themselves, the grits and germ
components of the regular and experimental corns were also
fed to determine differences in protein quality. Amino acid
determinations were made of grits and germ to compare the
growth obtained with amino acid patterns.

EXPERIMENTAL

A special high-oil corn, a special three-way cross hybrid, and
a regular yellow corn were studied. The special corns were
experimental samples which were bred for their high oil con-
tents.1 The grits and germ used in the rat-feeding tests were
separated by a commercial dry-milling process.2 Smaller
samples of grits and germ were obtained for amino acid
analyses by soaking the corn in distilled water at 40°C. for
24 hours, followed by a separation of the bran, grits and
germ by hand. This process was used to give a better sepa-
ration than the commercial dry-milling process. The grits
and germ were then dried in the vacuum oven for 16 hours
at 50°C., after which amino acid analyses were made. Amino
acid analyses were done by the method of Henderson and
Snell (’48). The protein, fat and moisture contents of the
various corn samples are given in table 1

For the feeding tests the corn samples were pulverized in
a Fitzpatrick mill. Vitamins and minerals, which are essen-
tial for the rat, were blended with the various corn samples
in a Hobart mixer to make one group of diets (group 1). In
a second group of diets (Il1) constarch was added to the
special corn samples to adjust the protein to a calculated
level of 7.5%. Corn oil was also added to give a calculated
level of 6% fat. A third group of diets (111) was made in which
the corn germ and grits samples were similarly adjusted to
equal levels of protein and fat. Diets (group 1V) were also

1 Funk Brothers Seed Company, Bloomington, Illinois.
“Corn Mill Division of General Foods Corporation, Kankakee, Illinois.
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tablb: |

Analysis of corn samples 1

SAMPLE PROTEIN 2 EAT 2 MOISTURE

% % %
High-oil corn 130 86 102
Three-way cross corn 115 7.0 115
Regular yellow com 93 51 14.0
High-oil corn grits 11.8 23 11.6
Regular corn grits 82 12 9.7
High-oil corn germ 131 275 6.7
Regular corn germ 14.6 2.7 23

1Values for grits and germ obtained from commercial dry-process separation.
2Calculated on dry basis.

TABLE 2
Composition of test diets

RATION COMPONENTS

DIET Minerall Corn- Corn Dex-  Alpha- Vitamin 2

Corn mix  starch oil trose mix
% % % % % % %
Group |
High-oil corn %58 40 02
Three-way cross 95.8 40 02
Regular corn 95.8 40 02
Group 11
High-oil corn 645 40 303 10 02
Three-way cross 739 40 205 14 02
Regular corn A2 40 16 02
Group 111
Regular corn germ 8L7 40 6.0 81 02
High-oil corn germ 95.8 40 0.2
Regular corn grits 0.9 40 49 02
High-oil corn grits 647 40 2711 40 0.2
Group IV
Nitrogen-free 4.0 6.0 878 20 02
High-oil B8 40 0.2
Regular corn 939 40 19 . 02

1U.S.P. Salt Mix XIV.

2Vitamins added per 1,000 gm of each of the diets: 2 methyl-naphthoquinone,
2mg; thiamine hydrochloride, 12mg; pyridoxine hydrochloride, 20mg; biotin,
0.3 mg; vitamin Bu, 1 mg; folic acid, 0.9 mg; calcium pantothenate, 50 mg; nico-
tinic acid, 90 mg; inositol, 200 mg; p-aminobenzoic acid, 300 mg; riboflavin, 50
mg; choline chloride, 1,000 mg; dl-atocopherol diacetate, 100 mg. These vitamins
were diluted to 2 gm with cornstarch before addition to the diets.
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made for a protein digestibility determination of the high-oil
and regular corn sample, using the method developed by
Mitchell (°'24) in which a correction was made for the meta-
bolic nitrogen in the feces obtained from feeding a “ nitrogen-
free” diet. The composition of the test diets is given in table 2

Weanling 28- to 29-day-old Wistar albino rats were used
as test animals.3 Six rats were fed each test diet for 4 weeks.
The animals were housed in individual raised-bottom wire
cages in an air-conditioned room kept at 75 + 2°F. Distilled
water was given ad libitum to all animals. No restriction was
placed on the food consumption in group I. Daily food intakes
were adjusted in groups Il and Ill to give equal food con-
sumption where the diets were being compared at the same
protein level. Three drops of cod liver oil were given by
medicine dropper twice a week to supply vitamin A and vita-
min D.

RESULTS

The body weight gain and protein efficiencies obtained from
this study are given in table 3 and the “ P” values are listed
in table 4. It is shown that when the samples were fed ad
libitum (group 1) without adjusting the protein levels, both
of the higher protein corns gave significantly better growth
and protein efficiency than the regular corn (all P values
< 0.05). However, when the same samples were fed at equal
protein levels (group Il) the experimental corns gave slight
increases in body weight gain and protein efficiency, which
were not significant (all P values > 0.1).

When the grits from the regular corn were compared with
the high-oil corn grits at a 7% protein level, there were no
significant differences in growth and protein efficiency (P >
0.05). On the other hand, at a 12% protein level the regular
corn germ gave better body weight gain (P < 0.05) and much
better protein efficiency (P < 0.01) than the high oil variety.
A digestibility determination showed that the high-oil sample
had a protein digestibility value of 91% as compared to 87%
for regular corn.

3 Carworth Farms, New City, Rockland County, New York.
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TABLE 3

Summary of test data

PROTEIN AVERAGE AVERAGE AVERAGE
DIET CONTENT POOD PROTEIN BODY WEIGHT
OF DIET EATEN EATEN GAIN
Group |
High-oil eorn 108 264.9 286 3B6+ 422
Three-way cross corn 98 275.7 273 378+ 31
Regular corn 84 254.8 214 191+ 43
Group 11
High-oil corn 73 181.8 133 6.7+ 17
Three-way cross corn 75 1831 137 94. 22
Regular corn 7.7 1819 14.0 55. 17
Group 111
Regular corn germ 11.8 2545 300 645+ 52
High-oil corn germ 121 248.3 300 521. 19
Regular eorn grits 6.9 185.8 128 23. 10
High-oil corn grits 71 180.7 128 0 . 06

579

AVERAGE
PROTEIN
EFFICIENCY 1

133+ 0082
139+ 007
089+ 0.18

051+ 013
069 014
040. 012

215. 008
174. 005
018:. 008

1Protein efficiency calculated as grams gain in weight per gram of protein eaten.

2Standard error of mean.

TABLE 4
Significance of means

BODY WEIGHT GAIN
DIETS COMPARED

“t” value P

Group |

High-oil vs. regular corn 324 . 001

Three-way cross vs. regular corn 29 - 002
Group 11

High-oil vs. regular corn 050 . 01

Three-way cross vs. regular corn 133 . 01
Group 111

Regular corn germ vs.

high-oil corn germ 224 < 005

Regular corn grits vs.
high-oil corn grits 197 > 0.05

PROTEIN EFFICIENCY

“t” value P
231 < 005
2.39 < 005
0.62 >0.1
137 >0.1
4.02 < 001
103 >0.1



G. REUSSNER, JR. AND R. THIESSEN, JR,

580

‘62’9 X usboiuN

uauodwiod uelq ayy wiouy uijoad ou Buiunsse ‘uisyoad Jo wib oor J4ad syub pue wush wiody pioe oule Jo swelh se pareinoed
‘w0 Aup Jo wb oor Jad pioe oulwe jo surelb se paye|noed
'SIseg-Aup e uo psienofed ||v

cq O ft b- ft ft ft
03 O ft ® © W @ o

ft

IQ ft

ft
ft

od ft

cd ft*
k2
03
ft
ft

o o

o8 o
[Sleg
286
Bo o
830
Bz o

285

I
ft
0

B 8
o

o8
LS
ge
ZT
A
e1
Ll
85
L'
8¢
98

W

- _EMﬁ E.:m
uj u|

s 8
8 & o=
00 88 Oco
8gd 8Q &=
=60 g8 5o
00 sh  so
830 8= £#30
£20 b 88
834 8 Qe
83 SBo &£
880 =8 8875
Ao 85 O,
o= 88 &8k
o ob
= @
s D283
DN ©
W

Ao LN deufles00 0 o

S .37gavl

£ 8 388
88 0o 88 8o
&8 =) e [iege}
88 8o =8 83>
8% o 25 s oXe)
88 SO 28 2P
s& o 8¢ Fo
of 885 o8 80
oer 88« e 281
8& oBo o O
=8 88% 88 =80
&8 o ©8 S
] *
uRle £ 3 S.@ N qoLE | 88ce
ul °= s =
£, P aq
R ETO,

o wn

»nV

¢

@O 245



PROTEIN QUALITY OF HIGH-OIL CORN 581

Table 5 lists the amino acid contents of the germ and grits
from the high-oil and the regular corn. These analyses were
made on the hand-separated samples. Calculations based on
the percentage composition of corn grits showed that the
high-oil sample had greater amounts of all the amino acids
than the regular grits sample except cystine. The regular corn
germ had higher levels of all the amino acids except cystine
than the high-oil corn germ. On a percentage of protein basis
the high-oil grits did not contain as much lysine as the regular
corn grits. On the other hand the higli-oil corn germ contained
more lysine than the regular corn grits.

After the whole corn samples were separated by hand, it
was found that on a dry basis the regular corn contained
80.9% grits and 10.3% germ, whereas the high-oil sample
yielded 76.0% grits and 14.3% germ. Table 5 lists the amino
acid composition of the regular and high-oil samples supplied
by the grits and germ when the amino acid values were com-
bined in the proper proportions according to yield. These
calculations do not include the amino acids supplied by the
bran portions which were not analyzed. It was shown that
the high-oil sample contained higher levels of all the amino
acids listed, except cystine, than the regular corn sample
when the calculations were based on grams of amino acid
per 100 gm of corn. On a percentage of protein basis, the
liigh-oil sample had lower amounts of histidine, methionine,
lysine, phenylalanine, threonine and cystine than the regular
corn.

DISCUSSION

The growth and protein efficiency data obtained by feeding
the whole corn samples indicated that the high-oil sample
was significantly better than that from the regular corn
when protein levels were not adjusted. The values in table 5
do not include the amino acid content of the bran portion of
the corn which was removed and discarded in the separation
of the germ and grits. The bran furnished very little of the
protein content of the corn; therefore, it is probable that these
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values would not differ very much if the bran were included.
The data indicate that, on a whole corn basis, the high-oil
sample had greater amounts of all the essential amino acids,
including lysine and threonine. Therefore, it might be expected
that the high-oil variety would give equal or better protein
efficiency than the regular variety when fed on a whole corn
basis. Table 5 also shows that with the exception of threonine
and cystine, the amino acid composition of the protein from
the high-oil sample approximates that of the regular corn.
The protein digestibility was found to be higher in the liigh-oil
sample than the regular corn. Since lysine and tryptophan
are considered the limiting amino acids of corn, it might be
expected that on an equal protein basis, the high-oil sample
would not show poorer protein quality than the regular corn.
This was confirmed by the feeding results reported in table 3,
in which the high-oil corn showed slightly better but insignifi-
cant growth and protein efficiency than the regular corn when
both were adjusted to equalize the protein levels.

When the feeding tests of the grits and corn samples are
compared with the amino acid analyses in table 5, it must be
remembered that the samples used in the rat assay were
separated by a commercial dry-mill process, and this, no doubt,
does not give as clear-cut a separation as the hand-separated
samples which were used for the amino acid analyses. In the
dry-milling process the corn is steeped in warm water before
degermination, a step which might also affect the amino acid
quality of the samples. The high-oil grits were shown to be
somewhat lower in lysine than the regular corn grits on a
percentage of protein basis (2.5 vs. 3.0%). From the lower
lysine content it might be expected that the high-oil grits
would not result in as high a protein efficiency as that obtained
by the regular grits. The feeding tests have shown that the
regular grits did result in slightly better protein efficiency
and growth. However, these differences were not significant.

The regular corn genu gave significantly better growth and
protein efficiency than the high-oil sample when both were fed
at a 12% protein level. This may not have been expected,



PEOTEIN QUALITY OP HIGH-OIL COEN 583

since the amino acid data in table 5 indicated that the lysine
content of the regular germ was lower than that of the high-
oil sample (6.9 vs. 7.7%), while the threonine and tryptophan
contents were approximately the same on a percentage of
protein basis. Other factors, such as differences in digestibility
of protein and availability of amino acids, the “ balance” of
all, including the non-essential amino acids, and components
in the samples other than protein, may all affect the growth
and protein efficiency. However, with the exception of the
germ samples, good correlation was obtained between rat
growth and amino acid analyses in this study.

SUMMARY

1. Two high-oil, high-protein corn varieties (13.0% protein
with 8.6% oil and 11.5% protein with 7.0% oil) gave significant
increases in growth and protein quality over that obtained
from regular corn (9.3% protein with 5.1% oil) in ad libitum
feeding with rats.

2. When the protein levels were adjusted to 7.5%, no sig-
nificant differences in growth or protein quality were shown
by the high-oil corns over the regular corn.

3. On an equal protein level of 7%, grits from one of the
high-oil samples (8.6% oil) did not shown significant dif-
ferences in growth or protein efficiency when compared to a
sample of regular corn grits. When fed at 12% protein levels,
the germ from regular corn gave significantly better growth
and protein efficiency than did the high-oil variety.

4. Microbiological amino acid analyses correlated rather
well with rat growth tests. However, a corn germ sample con-
taining high oil resulted in poorer growth and protein ef-
ficiency than regular corn germ which seemed to have a poorer
amino acid pattern including a lower level of lysine.
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Several investigators (Chow et al., '55; Watson and Florey,
'55; Nieweg et al.,, '56) have studied the assimilation of
radioactive vitamin B2 by gastrectomized rats and have
concluded that the vitamin is not absorbed from the intestinal
tract in these animals.

In the present report, the amount of vitamin Bi2 stored
in the livers of gastrectomized rats has been measured. Since
the values obtained were low when compared with those of
non-operated rats fed the same diet, it became of particular
interest to study the effect of oral and injected supplements
of vitamin B12 on the anemia which invariably develops in
gastrectomized rats (Bussabarger and Jung, '36). Further-
more, since the antibiotic Aureomycin (chlortetracycline) has
been found to increase the amount of free vitamin Bi2 in
the intestine of rats (Peterson et al., '53) and to increase the
growth rate of several species of animals (Jukes, ’'55), the

1Part of the data in this paper is taken from a thesis submitted by Norma J.

Long to the Graduate School of the University of California in partial fulfillment
of the requirements for the Master of Science degree in Home Economics, June,

1955.
2Supported in part by grants from the Upjohn Company, Kalamazoo, Michigan,

and Organon. Inc., Orange, New Jersey.
3Present address: Veterans Administration Hospital, Syracuse, New York.
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effect of adding Anreomycin to the diet of gastrectomized
rats was also tested. Especially pertinent is the finding of
Toon and Wangensteen ('50) that the anemia produced in
rats with a blind intestinal loop was corrected by the admin-
istration of Aureomycin.

The common experience of investigators working with gas-
trectomized rats has been that these animals develop an
anemia and lose weight during the post-operative period
(Jung, ’'33; Bussabarger and Jung, '36). In the presence of
iron salt supplementation, the anemia is usually normocytic
and does not respond to folic acid, B-eomplex vitamins, liver
extract, or protein hydrolysates (Higgins et ah, '47; Balfour
et al., '50). Neutralized human gastric juice, however, was
reported to be an anti-anemia agent (Balfour et al., '50).

In the study reported here, the anemia developing in the
gastrectomized rat was not affected by vitamin B2 given
orally or injected, but it was corrected by the inclusion of
Aureomycin as a diet supplement.

METHODS

Male rats of the Long-Evans strain were selected for opera-
tion when they weighed approximately 150 gm. The gastrec-
tomy was performed according to the procedure of Balfour
et al. ('50). The animals were then placed on a semi-synthetic
diet of the following percentage composition: sucrose 73;
purified casein 18; salt mixture 4 4; corn oil 4; cod liver oil
4; with added vitamins (milligrams per kilogram of ration):
thiamine chloride 4; riboflavin 8; pyridoxine hydrochloride 4;
calcium pantothenate 25; niacin 40; 2-methyl naphthoquinone
4; choline chloride 1000. For selected groups, dietary supple-
ments of vitamin B12 folic acid or Aureomycin were given.
Vitamin B2 was also given with a source of intrinsic factor
and in some experiments it was injected. Animals not re-
gaining their pre-operative weight within 30 days were dis-
carded from the experiment. A like number of non-operated

4 Hubbell, Mendel and Wakeman ('37).
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animals were simultaneously placed on the same dietary regi-
men and served as controls for the experimental procedures.
The animals were sacrificed after 90 days on the experimental
diet. Liver tissue was removed and analyzed for vitamin B1
using L. leichmannii ATCC 4797 (Wright et al., '48).

RESULTS

Table 1 shows the values obtained when the liver tissue of
gastrectomized rats was analyzed for vitamin B12 In two
separate experiments the range and average values show that
the vitamin BX2content was approximately 10% of the amount
present in liver tissue of non-operated control animals. This
is evidence that a 90-day period on this dietary regimen
results in a depletion of the vitamin B12 liver content of the
gastrectomized rat.

TABLE 1

Vitamin Bn in liver tissue of gastrectomized and control rats

GASTRECTOMIZED RATS CONTROL RATS
erove RATS fig B12per gm liver fig Bu per gm liver
Range Average Range Average
i 6 4-20 13 130-250 166
ii 7 13-26 23 109-215 190

A moderate reduction in hemoglobin concentration was
found in gastrectomized rats at the end of the experimental
period (table 2) when values were compared to those of control
animals fed the same unsupplemented diet. The addition
of vitamin Bi2to the diet had no effect on hemoglobin values.
Similar results were obtained when a hog gastric mucosal
concentrate of intrinsic factor 5was fed in conjunction with
vitamin Bi3and also when vitamin B12was injected or given
orally with a folic acid supplement. In experiments where
Aureomycin was added to the diet, hemoglobin values were
increased to the normal range. This effect of Aureomycin

6Bifacton Sec. obtained through the courtesy of Dr. K. J. Thompson of Organon,
Inc., Orange, New Jersey.
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occurred whether the antibiotic was added alone or together
with folic acid and vitamin B12

No evidence could he obtained from assaying liver tissue
for vitamin B12that Aureomycin feeding increased the stores
of this vitamin. Table 3 shows the amount of vitamin Bi2 in

TABLE 2

Comparison of hemoglobin values in gastrectomized and control rats
on various diet supplements

GASTRECTOMIZED RATS CONTROL, RATS
PER 100 GM RATS firm % Eb am % Eb
Range Average Range Average
7 10.1-13.5 12.4 15.5-16.8 16.0
Vitamin e . 2gg 7 9.8-13.1 11.9 14.9-16.6 15.8
Vitamin &, 2 fig
Bifacton Sec,11gm 6 10.1-12.4 11.9 15.1-17.8 16.5
Vitamin &, 0.5gg,
injected daily 8 10.2-13.9 12.4 15.1-16.4 16.2
Vitamin e », 2fig +
folic acid, 500 gg 5 6.0-12.1 10.2 14.7-17.0 15.5
Vitamin s 1a, 2gg +
folic acid, 500 gg -+
Aureomycin, 50 mg 7 14.3-16.8 15.7 15.3-16.6 15.8
Aureomycin, 50 mg 8 13.9-16.0 15.2 14.1-16.4 15.7

1A hog gastric, mucosal concentrate of intrinsic factor, obtained through the
courtesy of Dr. K. J. Thompson of Organon Inc., Orange, New Jersey.

TABLE 3

Vitamin B2 in liver tissues of gastrectomized and control rats on
diets containing Aureomycin

GASTRECTOMIZED RATS CONTROL RATS
PER 100 GM figBjo per gm tiver Bg B x2per gm liver
Range Average Range Average
None 10-41 26 120-225 176
Aureomycin, 50 mg 4-26 li 130-400 260

Aureomycin, 50 mg + 2gg B,a-f-
500 gg folic acid 3-31 18 50-250 130
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livers of antibiotic-fed gastrectomized rats to be below normal
values and similar to values obtained for unsupplemented
gastrectomized rats (table 1). Other workers (Peterson et
al.,, '53; Chow et al., '53) likewise found no increase in the
storage of vitamin B2 in antibiotic-fed animals.

DISCUSSION

The reduction in vitamin Bi2 liver content occurring in
gastrectomized rats can be explained on the basis that the
vitamin is not absorbed from the intestinal tract in the ab-
sence of intrinsic factor (Chow et al., '55; Watson and Florey,
'55; Nieweg et al.,, '56). The extremely low values obtained
after 90 experimental days are unexpected considering the
difficulties encountered in producing a vitamin Bi2 deficiency
in the normal weanling rat. The depletion of vitamin B12in
gastrectomized rats apparently has no effect on blood cell
production, since Aureomycin-fed animals have normal hemo-
globin values associated with low vitamin B2 liver stores.
This would confirm the conclusion of other workers (Jukes
and Williams, '54) that a vitamin B212 deficiency does not
greatly affect the hemopoietic process in the rat.

The results of these experiments show that the anemia
occurring in gastrectomized rats on an adequate iron intake
can be corrected by Aureomycin feeding. The treatment for
this anemia is therefore similar to that for the anemia in
the blind intestinal loop syndrome where Toon and Wangen-
steen (’50) found antibiotic supplements to be an effective
therapy.

Although no adequate explanation is at hand, it would
appear that Aureomycin could act, presumably through its
effect on intestinal microflora, either to enhance the produc-
tion of some unknown hemopoietic factor or to inhibit the
formation of a hemolytic toxin.

SUMMARY

Ninety days after operation, the vitamin B 12 liver content
of gastrectomized rats was found to be greatly reduced when
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compared to that of non-operated animals. The moderate
anemia present in the gastrectomized animals could not be
corrected by giving vitamin B2 either orally or by injection.
Vitamin Bi2 administered in conjunction with folic acid or
a hog stomach preparation as a source of intrinsic factor
likewise had no effect in preventing the development of the
anemia. However, hemoglobin values were found to he within
the normal range in gastrectomized rats fed a supplement of
Aureomycin. There was no apparent increase in vitamin
B2 liver stores of the antibiotic-fed gastrectomized animals.
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Folic acid has been found to be essential for serine synthesis
in microorganisms (Holland and Meinke, '49) and rat liver
(Plaut et al., '50). Totter et al. ('50) found that livers of folic
acid-repleted chicks were capable of converting glycine to
serine more rapidly than deficient chicks. Naber et al. (’52)
showed that glycine was more toxic for chicks fed a ration
deficient in folic acid than for those fed a supplemented ration.
Machlin et al. ('52) found folic acid and vitamin Bi2 to be
effective in counteracting glycine toxicity in chicks. More
recent work has shown that a folic acid derivative, tetrahy-
drofolic acid, serves as a single carbon carrier in the con-
version of glycine to serine in microorganisms, rats and
pigeons (Blakley, '54; Elwyn et al., '55; Kisliuk and Sakami,
'55; and Alexander and Greenberg, '55). The same mechanism
may operate in turkey poults since the livers of poults deficient
in folic acid showed a greater reduction in the ability to
incorporate the alpha carbon of glycine into the beta carbon of
serine than into the alpha position of serine (Vohra et al., '56).

Naber et al. ('56) were unable to simulate a toxicity of
glycine in chickens by feeding compounds related to glycine,
including oxalic acid, glyoxylic acid and serine. Dietary
glycine did not depress the folic acid content of the tissues and
folic acid did not depress the glycine level in the blood.

Cervical paralysis has been described as a symptom of a folic
acid deficiency in poults by Richardson et al. ('45), Jukes
et al. ('47) and Lance and Hogan (’48). The rations used in
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these studies contained 10.8 and 10% of gelatin respectively
which supplied fairly large amounts of glycine.

In the present study, 6 experiments were conducted to
determine whether the level of folic acid can influence the
tolerance for glycine in poults and whether cervical paralysis
is a symptom of the toxicity of glycine or of a deficiency of
folic acid.

EXPERIMENTAL

Poults used in experiments 1, 2, 4 and 5 were hatched from
Broad Breasted Bronze turkey hens which had been main-
tained on a ration deficient in folic acid (Kratzer et al., '56).
Hatchability of the breeder hens was slightly reduced at the
time these experiments were conducted, indicating that the
stores of the vitamin in the poults were reduced from that in
poults from hens fed a normal ration. Poults used in experi-
ments 3 and 6 were from hens fed a practical breeder ration.
The poults for all experiments were fed a folic acid-low ration
for about a week before they were divided into comparable
groups and started on the experiment.

The basal ration used in experiments 1, 2 and 3 contained the
following per 100 gm: soybean protein,1 30.0 gm; cellu flour,
3.0 gm; soybean oil, 3.5gm; dicalcium phosphate, 3.0 gm;
calcium carbonate, 2.5 gm; salt mixture (Kratzer et al., '49),
2.5 gm; DL-methionine,2 0.35 gm; d-alpha tocopheryl acetate
concentrate (44 units/gm), 0.2gm; dimethylaminoethanol,
0.2gm; dry vitamin A (10,000 units/gm), 0.1 gm; dry vitamin
Ds (1,500 units/gm), 0.1 gm; homocystine, 0.1 gm; niacin,
10.0mg; aureomycin2 (92% pure), 5.0mg; calcium panto-
thenate, 3.0 mg; thiamine chloride, 1.0 mg; riboflavin, 1.0 mg;
pyridoxine HG1, 1.0 mg; menadione, 1.0 mg; biotin, 0.04mg;
vitamin B122 1.0 Mg; and corn starch to equal 100 gm. Addi-
tions of glycine, DL-serine, and betaine-HC1 were made at

1Drackett assay protein, 0-1. The Draekett Products Company, Cincinnati, Ohio.

We are indebted to Merck and Company, Rahway, N. J., Lederle Laboratories

Division, American Cyanamid Company, Pearl River, N. Y .; and The Dow

Chemical Company, Midland, Michigan for kindly donating vitamins and amino
acids used in this work.
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the expense of cornstarch. In experiments 4 and 5, 38% of
acetone-extracted fishmeal replaced the soybean protein,
dicalcium phosphate and calcium carbonate. In experiment
6, 30% of acid-washed casein and 0.6% of L-arginine replaced
the soybean protein.

The poults were housed in electrically heated batteries with

raised wire floors and were weighed and examined at frequent
intervals.

TABLE 1

The effect of glycine, serine, betaine and folic acid upon the growth
of poults deficient in folic acid1®

VER CENT DAILY GAIK (IK % ) AND SURVIVAL

SUPPLEMENT level No folic acid Eolie acid (10 nig,'kg)

Exp. 1 Exp.2 Av. Exp. 1 Exp. 2 Av.
%
None 87 4/4271 4/5 7.9 8/9 87 4/4 9.2 5/5 9.0 9/9
Glycine 4.0 19 2/4 41 4/5 3.0 6/9 9.7 4/4 81 5/5 89 9/9
DL-Serine 5.6 9.7 4/4 87 4/5 9.2 8/9 10.1 4/4 86 4/5 9.4 8/9
Betaine-HC1 05 7.7 4/4 83 4/5 8.0 8/9 9.6 4/4 86 5/5 9.1 9/9

1Duration — 9 and 10 days in experiments 1 and 2 respectively.
2Number of survivors

Initial number

RESULTS

In experiment 1 and 2 (table 1) glycine in the absence of
folic acid caused a marked depression in growth. Three of the
9 birds in the glycine supplemented groups exhibited cervical
paralysis which was very similar to that described by Richard-
son et al. ('45), and no cervical paralysis was noted in any of
the other groups. Folic acid prevented the growth depressions
as well as the cervical paralysis caused by glycine. DL-Serine
at an equimolar level caused neither a growth depression nor
cervical paralysis. Betaine-HC1, although used at a lower
level than glycine, was not growth depressing, nor did it
improve growth above the control rations. This indicates that
the basal ration contained adequate methyl groups for growth,
although it contained homocystine and dimethylethanolamine
in an attempt to provide a low level of available methyl groups.
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Poults from hens fed normal rations were used in the third
experiment (table 2) and were fed the experimental rations
for 24 days. There was only a slight depression in growth with
4% of glycine. Cervical paralysis was increased as glycine
was added to the ration. No growth depression or cervical
paralysis was noted when folic acid was added to the ration.
The low mortality and less severe growth depression with
glycine compared to that in other experiments probably
indicates greater stores of folic acid in the poults used.

TABLE 2

Effect of glycine and folic acid on growth, survival and incidence of cervical
paralysis of poults fed diets containing soybean protein (experiment 3)1

GLYCINE POLIC ACID DAILY GAIN SURVIVAL 2 PiERRAVLIVCSAILS
% mg/kg % % incidence
0 0 6.1 717 0
2 0 6.0 717 14
4 0 5.6 5/7 71
0 10 6.2 717 0
2 10 6.0 717 0
4

10 6.2 717 0
1Duration — 24 days.
2Number of survivors

Initial number

In experiments 4 and 5 (table 3) an attempt was made to
lower the amount of folic acid in the basal ration by substitut-
ing extracted fish meal for the soybean protein. The commer-
cial soybean protein is reported to contain 2.5 ng of folic acid
per gram (Anonymous, '55) while fish meal has been found to
be a very poor source of the vitamin (Lillie and Briggs, '47).
Depleted chicks were used in these trials. Excessive mortality
was observed in the basal group of experiment 4 and there
were no survivors when 2% of glycine was fed. Only one bird
in each of these groups exhibited cervical paralysis, probably
because the birds were so severely depleted of folic acid that
they died before showing the symptoms. Essentially similar
results were observed in experiment 5, even with a low level
of folic acid added to the basal ration.
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The glycine content of the basal ration was reduced in ex-
periment 6 (table 4) by the use of casein and arginine as a
source of amino acids. This basal ration contained 0.1 to 0.2%
of glycine, by calculation. Normal poults were used and were
continued on the experiment for 34 days. Growth was reduced
and mortality increased by the addition of glycine to the basal.
Cervical paralysis was noted in 4 of the 6 birds in the group
without glycine and folic acid. When glycine was added the
poults died sooner than in the control group and there were

TABLE 3

Effect of glycine and folic acid on growth, survival, and incidence of cervical
paralysis of poults fed diets containing fish meal

DAILY

DURATION GLYCINE FOLIC ACID GAIN — l -
days % mg/kg % ot incidence
Experiment 4
10 0 0 5.5 5/10 10
2 0 0/10 10
0 10 8.3 9/10 0
2 10 7.9 7/10 0

Experiment 6

9 0 0.4 7.5 1/5 0
2 0.4 0/5 0
0 10.4 7.4 5/5 0
2 10.4 8.8 4/5 0

1Number of survivors
Initial number
TABLE 4
Effect of glycine and folic acid on growth, cervical paralysis, and survival of
poults fed a low-glycine diet (experiment 6)

SURVIVAL 1

19-DAY CERVICAL
GLYCINE FOLIC ACID DAILY GAIN PARALYSIS 19 clays 34 days
% mg/kg %
0 0 5.4 4/6 3/6 0/6
B 0 2.6 1/6 1/6 0/6
0 10 6.7 0 416 416
4 10 6.9 0 6/6 5/6

1Number of survivors

Initial number
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fewer cases of cervical paralysis; with folic acid present no
cases of cervical paralysis were observed.

DISCUSSION

Glycine caused a depression of growth in poults which was
similar to its effect in chicks (Machlin et al., '52; Naber et al.,
'52). Growth could be improved by a high level of folic acid in
the diet. DL-Serine at an equimolar level was not growth
depressing. However, it is not known whether the « form of
serine can be utilized by the poult. The level used (equivalent
to 4% glycine) was great enough so that a growth depression
should have been noted, even if the I form were the only one
utilized.

Liver homogenate studies (Yohra et al,, '56) have shown
that serine can be formed from glycine in turkeys by a
mechanism similar to that in other species (Blakley, ’54;
Elwyn et al.,, '55; Kisliuk and Sakami, ’'55; Alexander and
Greenberg, '55). We would expect folic acid to be converted to
tetrahydrofolic acid which could transfer a hydroxymethyl
group originally derived from the alpha carbon of glycine to
become the beta carbon of serine. An excess of glycine could
either overload the system so that free glycine would ac-
cumulate or it could react with tetrahydrofolic acid to the
extent that the available supply of folic acid would be limited.
Naber et al. ('56) showed that in chicks, a deficiency of folic
acid caused no increase in glycine in the blood. They also
showed that there was no decrease in folic acid in the tissues
of chicks fed toxic levels of glycine. These data, suggest that
the growth depression is not caused by an accumulation of
glycine but by a lack of folic acid for other functions when
excessive amounts are used in converting glycine to serine.
Higher levels of dietary folic acid are effective in counteract-
ing the toxic effects of glycine.

The basal rations used by Richardson et al. ('45) Jukes
et al. ('47) and Lance and Hogan ('48) in studying a deficiency
of folic acid contained, by calculation, approximately 2.5, 2.0
and 2.5% of glycine respectively, while the basal diets with
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soybean protein, in the present studies, contained approxi-
mately 1.2% of glycine. These are rather high levels of glycine
in comparison to a requirement of 0.9% (Kratzer and
Williams, '48a) and might suggest that it is essential for the
production of cervical paralysis. In experiment 6, however,
it was shown that cervical paralysis could be produced in
poults fed a ration low in glycine, and is thus actually a
symptom of a folic acid deficiency. This fact gives further
support to the theory that glycine is toxic by creating a folic
acid deficiency.

The cervical paralysis seems to be a symptom of a chronic
deficiency since poults which were depleted when hatched and
fed an extremely deficient ration showed less cervical paralysis
than poults fed higher levels of folic acid or less glycine. This
is analogous to a deficiency of pantothenic acid in which early
mortality may prevent the development of typical symptoms
(Kratzer and Williams, '48b).

SUMMARY

In poults fed rations low in folic acid, glycine caused
depressed growth, increased mortality and cervical paralysis.
The effects could be prevented by supplementing the rations
with folic acid. DL-Serine at an equimolar level had no adverse
effect upon the birds. Poults fed a ration deficient in glycine
as well as folic acid also developed cervical paralysis. This
indicates that the cervical paralysis is a result of a deficiency
of folic acid rather than an excess of glycine.
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The non-ionic surface-active agents, such as the sorbitan
and polyoxyethylene derivatives of fatty acids, have a number
of attractive uses in food technology, particularly as emulsi-
fiers. It is important, therefore, to establish the effects of
these compounds, in amounts proposed for technological pur-
poses, on the nutrition and health of the consumer. Data
presented in the literature can be interpreted to mean that
these compounds should not be classified as substitutes for
fats but rattier be considered as food additives, compounds
which could be used in relatively small amounts whenever or
wherever they develop technological advantage.

One of the most difficult tasks presented to food technologists
is the determination of safety, particularly of compounds
that are not recognized as normal to foods and work on this
problem has been done by Bourke and Fitzhugh, '53; Chow
et al.,, '53; Culver et al.,, '51; Harris et al., '50; Jones et ah,
'48; Krantz et al., '51; Schweigert et al., '51; Wang et al.,
'50; Allison et al.,, '52. The task is difficult, in part, because
any substance, whether it be classified as inert, as a food,

1The authors acknowledge the outstanding scientific advice received from Dr.

Peter Kass now located at Pabst Research Laboratories, Milwaukee. These studies
were made possible by a grant-in-aid from the Atlas Powder Company.
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or as a food additive, may appear to be harmless, beneficial,
or toxic according to the experimental design and concentra-
tions nsed. The pathologies associated with toxicity may be
a result of an increase in abnormalities associated with the
growth and aging of a colony of laboratory animals, or they
may be specific for the compound added to the food, or a
combination of the two.

One error that is sometimes made in determining the safety
of a group of compounds such as the emulsifiers is to treat
them as if all members of the group had uniform effects on
the living system. Even related compounds such the poly-
oxyethylene stearates Myrj E5 and Myrj 52 which differ only
in the number of polyoxyethylene units in the molecule may
be absorbed and metabolized entirely differently. The fol-
lowing experiments involve these two emulsifiers together
with a polyoxyethylene sorbitan monostearate (Tween E60).

THE EXPERIMENTAL DESIGN

Essentially the same experimental design was used with
three different species of animals, the hamster, the mouse
and the dog. The emulsifiers Myrj 452 Myrj 522 and Tween
602were fed in several concentrations, but the amounts were
usually small and did not replace essential dietary components,
so that nutritional imbalances were to a large extent avoided.
The compounds were fed throughout the youth of the hamsters
and mice and into adulthood, the experiments being ter-
minated before senility itself caused a high degree of path-
ological changes. The experimental design employed involved
measurement of growth and food efficiencies, a search for
pathological conditions specific to the compound fed, and the
determination of changes in incidence of pathology common to
the colony of animals used in the test. Normal biological
growth is an integrated process where the whole animal and

2Produced and furnished by Atlas Powder Compahy; chemically designated,

respectively, as follows: polyoxyethylene (8) stearate, polyoxyethylene (40)
stearate and polyoxyethylene (20) sorbitan monostearate.
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all of its parts increase in weight or volume in a definite
pattern. This pattern of growth was determined by measuring
not only the weight of the whole animal but also some of its
parts. The process of growth is a function of food intake
and its utilization, a function which was expressed as food
efficiency. Abnormalities were detected by histopathological

techniques.

INGREDIENT

Casein (vitamin-free)
Sucrose

Dextrose

Dextrin

Lard

Salt mixturel

Agar

Cod liver oil

Liver powder

Water

Casein (vitamin-free)
Suerose

Dextrose

Dextrin

Lard

Salt mixturel

Agar

Water

Wesson ('32).

agm

180
134
202
140
241
40
33
20
10

1000

1400

2400

250

366
187
153
17
27

1000

1400

2400

TABLE 1

Basal diets

INGREDIENT

Diet A
Thiamine
Riboflavin
Pyridoxine
Vitamin K
Niacin
Pantothenie acid
Inositol
Polic acid
Biotin
Alpha-tocopherol
PABA
Choline
Ascorbic acid
Vitamin A
Vitamin D

Diet B
Thiamine
Riboflavin
Nicotinic acid

Calcium pantothenate

Pyridoxine
Choline

2-Methyl-naphthoquinone

Alplia-tocopherol
Biotin

Polic acid
Vitamin A
Vitamin D

mg!1000 gm
o?drydigt

10
20
10
15
80
80
200
0.5
0.5
40 units
80
2000
2
40,000 units
4,000 units

2.0

1.6

16.0

13.0

1.0

1000.0
0.0006

30.0

0.6

0.6
55.000 units
11.000 units
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THE DIET

Diet A, recorded in table 1, was used in some of the hamster
and all of the mouse experiments. Both species of animals
have been maintained on this diet from weaning to a year
of age or more with no evidence of abnormalities except the
development of obesity in some mice in old age an obesity
attributed to the high caloric density of the diet. A commercial
preparation 3was also fed to hamsters to protect them from
a disease called by ns “ Wet Spot.” Dogs were fed a synthetic
diet closely reseinbling diet A, called diet B (table 1).
(See Allison, Wannemacher and Migliarese, '54).

EXPERIMENTS WITH HAMSTERS

Preliminary work with a synthetic diet. While developing
the vitamin requirements of the hamster, diet A (table 1)
was fed with roughly one half the recorded vitamins. Four
groups of 12 animals each were fed this low vitamin diet to
which 0, 1, 25 or 5% of Myrj 52 (dry basis) was added.
All groups of animals grew well initially. Many, however,
reduced their food intake markedly after 66 days, and two
animals in the 5% Myrj 52 group died. Thiamine deficiency
was suspected because of symptoms similar to those of poly-
neuritis. Increasing all vitamins to the concentrations in
diet A (to avoid other possible deficiencies) was accompanied
by improved appetite and return to normal growth. From then
on until approximately 200 days animals in all groups received
this diet and were in good condition. At this time 6 control
animals and 4 animals from the group fed 5% Myrj 52 were
autopsied. There was some evidence of fatty accumulation in
the liver of animals receiving the Myrj 52, otherwise no gross
or microscopic pathology was observed. The remaining an-
imals in all groups lived for approximately one year, at which
time a severe epidemic of “Wet Spot” caused deaths in all
groups. Attempts to repeat these experiments failed because
of the prevalence of *“ Wet Spot” in all animals, including
the controls.

8Purina Pox Chow.
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Diet and the disease “ Wet Spot”. Itis possible that many
experiments where synthetic diets are fed to hamsters may
be comp_icated by the disease “ Wet Spot” which is character-
ized primarily by a wet posterior end, with bloody diarrhea and
inanition. A private communication from Ben-Menachem at
Hebrew University, Jerusalem, suggests that the disease may
be similar to the obscure and fatal “ Wet Tail” referred to
by Hindle 'see Worden, '47). Hamsters fed diet A grew and
were in excellent condition provided they were free from this
disease. Exposure to “ Wet Spot” was impossible to avoid,
however, and occurred when animals were placed in cages
that had contained sick animals or that were adjacent to sick
animals.

Since “ Wet Spot” was seldom found in animals fed the
commercial “ Fox Chow,” variations were made in diet A
to include this and certain natural foodstuffs. Addition of
30% of “ Fox Chow,” yeast, or alfalfa meal to diet A reduced
the incidence of “ Wet Spot,” and reduced mortality from
close to 100% to under 50%. Decreasing the fat in diet A
by one-half, to approximate more nearly the low fat content
(3%) of “ Fox Chow,” did not protect the animals from the
disease entirely, but delayed its onset. Much work needs to
be done to characterize the disease and the protective effect
of foods, but these preliminary observations are mentioned
at this time since the disease may be prevalent in other
colonies of hamsters. Our work was continued using “ Fox
Chow” as the basal diet.

Surface-active agents in the “Fox Chow” diet. Two ex-
periments were carried out with the same general experimental
pattern. Weanling hamsters were divided at random into
groups of 12 animals each, the groups having the same average
body weight, and fed “ Fox Chow” alone or * Fox Chow”
containing varying amounts, in terms of percentage weight,
of the surface-active agents Myrj 45, Myrj 52, Tween 60, or
1% of vegetable fat. In one experiment, hamsters weighing
approximately 27 gm were divided into 4 groups fed * Fox
Chow” containing 0, 2.5, 5 or 10% of Myrj 52, respectively.
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The other experiment carried out ayear later and in triplicate
(experiments 19, 20 and 21) contained 8 groups, a “ Fox
Chow” control and groups fed * Fox Chow” plus 1% vegetable
fat (in one of the triplicates a duplicate “ Fox Chow” control
group was substituted for the 1% fat group), 1% and 5%
of Myrj 45, 1% and 5% Myrj 52, and 1% and 5% of Tween
60. The “ Fox Chow” with 1% of vegetable fat was considered
as another control group, to include the effects of altering
the texture and caloric value of the “ Fox Chow,” to approx-
imate some of the non-specific changes that might he associated
with addition of surface-active agents. Experiment 20 was
started one month following experiment 19 and experiment
21 three months following experiment 20. This division was
made to determine the validity of one experimental design
repeated at different times and using 12 animals in each
group.

For the first 6 weeks of the experimental period the amount
of food consumed by each group in the triplicate experiment
was accurately measured so that food efficiency (grams weight
gained per gram of food consumed) could he calculated for
the period of most rapid growth of the animals. All animals
were weighed twice weekly at first, then at weekly and monthly
intervals. At the end of 12 or 13 months of maintenance on
the control and experimental diets all animals were autopsied
and heart, liver, kidneys and spleen weighed. Duplicate
samples of lymph node, thyroid, lung, heart, kidney, liver,
adrenal, spleen, stomach, jejunum, duodenum, ileum, colon,
cecum, bladder and testis were fixed in Bouin’s solution or
in 10% formalin, sectioned and examined for histopathology.
Body weights and organ weights of animals in each experi-
ment, at autopsy, were subjected to statistical tests for sig-
nificance.

Body weight gain, food efficiency and organ weights. NoO
difference was observed among any of the groups, individually
or when averaged, in body weight gained or in grams of weight
gained per gram of food consumed (food efficiency) over the
first 6 weeks (see table 2). The average weight of all groups
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Food efficiency and body weights in hamsters fed “ Fox Chow’’ or “ Fox Chow’’
containing Myrj 45, Myrj 58, Tween 60 or a vegetable fat

DIET

Fox Chow

Myrj 52, 2.5%
Myrj 52, 5%
Myrj 52, 1C%

Fox Chow

Vegetable fat,
Myrj 45, 1%
Myrj 45, 5%
Myrj 52, 1%
Myrj 52, 5%
Tween 60, 1%
Tween 60, 5%

Fox Chow

Vegetable fat,
Myrj 45, 1%
Myrj 45, 5%
Myrj 52, 1%
Myrj 52, 5%
Tween 60, 1%
Tween 60, 5%

Fox Chow A
Fox Chow B
Myrj 45, 1%
Myrj 45, 5%
Myrj 52, 1%
Myrj 52, 5%
Tween 60, 1%
Tween 60, 5%

1%

1%

FOOD EFFICIENCY 1
FIRST 6 WEEKS

Experiment 17

Experiment 19

0.20
0.25
0.26
0.19
0.22
0.21
0.24
0.19

Experiment 20

0.19
0.19
0.20
0.20
0.20
0.18
0.19
0.19

Experiment 21

0.16
0.16
0.16
0.16
0.17
0.14
0.16
0.16

am

27
26
27
27

50
43
52
52
52
53
53
53

40
40
40
40
40
40
40
40

49
49
49
49
49
49
49
49

1Grams weight gained par gram of food consumed.
2Twelve animals in each dietary group.

BODY WEIGHT 3
MONTHS ON DIET

3

am

76
79
79
81

98
920
96
920
93
92
97
98

100
96
107
100
98
94
97
98

100
94
98
98
97
87
95
97

6

am

87
98
95
94

110
103
110
103
103
109
111
110

103
100
104
104
104

99

9
101

107
108
104
99
113
97

109

am

101
108
100
101

106
94
99

102
96

102

108

103

101
104
105
108
101

96

94
104

104
104
101

90
103

90
107
104
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decreased at 12 months in experiment 19, a decrease which was
significantly greater than that of the * Fox Chow” controls in
the group fed the diet containing 1% of vegetable fat (see
table 3). No difference between the “ Fox Chow” control and
the vegetable fat control groups was observed, however, in
experiment 20. Loss in body weight at 12 months was also
observed in experiment 21 where the loss was significantly
greater than that of the controls in animals fed 5% of Myrj
45 and 5% of Myrj 52. It is doubtful, however, that these
losses in weight in the older animals are associated with the
addition of surface-active agents per se since it was not con-
sistent in the three experiments and occurred also in one
of the vegetable fat control groups. With one exception, the
weights of the heart, liver, kidneys, and spleen relative to
body weight were not altered from the controls by the presence
of Myrj 45, Myrj 52 or Tween, 60 in the diet (see table 3).
The one exception was an average liver weight which was
significantly larger (p —0.05) than that of the “ Fox Chow”
control in animals fed 5% of Myrj 45 in experiment 20. This
larger liver was not observed in experiments 19 or 21.

If the data obtained from the three groups of animals
in the triplicate experiment are combined into one set, these
differences disappear except for one instance. The average
weight of the groups fed 5% of Myrj 52 is still significantly
less than that of the “ Fox Chow” controls at 12 months but
not significantly lighter than the control animals fed 1% of
vegetable fat. This can be interpreted to mean that the
occasional differences noted while feeding groups of 12 an-
imals, not observed when considering the 36 as a group, may
be statistically significant because of a different distribution
of unknown stresses in the triplicate experiment. Even though
all experiments were done in the same animal room under as
similar conditions as could be established, a stress such as
a respiratory infection could occur asymmetrically with re-
spect to distribution of groups in the cages and with re-
spect to time. Care must be taken, therefore, in the interpreta-



SUBFACE-ACTIVE AGENTS IN THE DIET 609

TABLE 3

Average body weight and organ weights of hamsters fed control and
experimental diets for 12 to IS months2

DIET ANTR(;I).ALS W?E?GD;T HEART LIVER KIDNEY SPLEEN
gm gm gm gm gm

Experiment 17 !Started 3/19/52)
Fox Chow (Control) 9 101 0.403 3.93 0.767 0.078
Myrj 52, 2.5% 11 108 0.430 3.99 0.815 0.089
Myrj 52, 5% 8 100 0.476 3.68 0.859 0.110
Myrj 52, 10% 11 101 0.400 3.91 0.851 0.081

Experiment 19 (Started 2/16/53)

Fox Chow (Control) 11 106 0.398 4.28 0.899 0.076
Vegetable fat, 1% 12 941 03571 3.80 0.7521 0.067
Myrj 45, 1% 10 99 0.377 4.05 0.869 0.079
Myrj 45, 5% 12 102 0.380 4.24 0.893 0.070
Myrj 52, 1% 11 96 0.401 3841 0.911 0.071
Myrj 52, 5% 11 103 0.387 4.04 0.886 0.072
Tween 60, 1% 12 108 0.414 3.99 0.967 0.076
Tween 60, 5% 12 103 0.396 3.94 0.955 0.072

Experiment 20 'Started 3/23/53)

Fox Cliow (Control) 12 101 0.413 3.42 0.815 0.082
Vegetable fat, 1% 10 104 0.411 3.45 0.724 0.076
Myrj 45, 1% 10 105 0.460 3.73 0.810 0.079
Myrj 45, 5% 10 108 0.403 4.23 »* 0.841 0.072
Myrj 52, 1% 11 101 0.398 3.58 0.796 0.075
Myrj 52, 5% 11 97 0.376 3.49 0.776 0.073
Tween 60, 1% 12 94 03791 3.37 0.776 0.074
Tween 60, 5% 9 104 0.397 3.61 0.870 0.088

Experiment 21 'Started 6/11/53)

Fox Chow (Control) 11 104 0.420 3.91 0.824 0.109
Fox Chow (Control) 12 105 0.418 3.97 0.831 0.101
Myrj 45, 1% 11 101 0.404 3.63 0.780 0.085
Myrj 45, 5% 11 901 0.3751 3.50 0.7331 0.086
Myrj 52, 1% 12 103 0.410 3.74 0.874 0.092
Myrj 52, 5% 10 901 0.383 3.65 0.786 0.086
Tween 60, 1% 12 107 0.432 3.96 0.822 0.103
Tween 60, 5% 12 104 0.413 3.92 0.839 0.098

1Significant at P ~ 0.05 confidence level.

20nly weight significantly different from control (at P == 0.05 confidence level)
when values expressed per 100 gm body weight.
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tion of so-called “ significant differences” where asymmetry
of stresses or other variables may exist.

Pathology. The data recorded in table 4 demonstrate that
mortality was low in all groups of hamsters and was not
altered by the presence of any of the surface-active agents
in the diet. The histological examination of all the tissues
at the end of one year was performed by a pathologist without
knowledge of the diet fed the animal from which the tissues
were taken. The report stated * All tissues examined were
within normal limits except the following.” Following this
statement was a report of pathological diagnosis in terms of
incidence in each group of hamsters such as 1/11 (i.e. one
out of 11 of the hamsters in a certain group) had chronic
interstitial nephritis. The results in each experiment were
discussed and conclusions were drawn.

Significant pathology of three types was observed. The
first was a sub-clinical colony infection characterized by mild
to moderate generalized lymphoid hyperplasia, focal paren-
chymal hepatitis with perivascular cuffing of portal veins
which rarely progressed to granulomatous degeneration in
the liver, fibrosis of the spleen, and atrophy of the adrenal
cortex, especially the zonae fasciculata and reticularis. The
frequency of occurrence of this pathology was 32% in the
controls and 28% in the hamsters receiving diets containing
surface-active agents. Comparison of data between individual
groups demonstrated that this pathology was not correlated
with the presence or absence of surface-active agents.

The second type of pathology observed was mild testicular
atrophy. In the year-old animals the incidence was above
that in the controls in one experiment where hamsters were
fed 5 and 10% of Myrj 52 (see table 4). The incidence was
not increased, however, in triplicate experiments where an-
imals were fed 5% of Myrj 52. Grossly, the incidence of
testicular atrophy with “ brown discoloration” was observed
to be higher in the animals fed 10% of Myrj 52 for one year
than in the controls.
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The third type of pathology was concerned with the kidneys.
This pathology could be divided into a primary type character-
ized by the formation of hyaline casts in the renal tubules
and a secondary type characterized by hyaline tubule casts
accompanied by chronic interstitial nephritis. The data in-
dicate that whenever diarrhea was present the incidence of
casts and chronic interstitial nephritis generally increased

TABLE 4

Pathologies in hamsters fed “ Fox Chow” or “ Fox Chow’’ containing vegetable
fat, Myrj 46, Myrj 62, or Tween 60

DIET NER T Derrea T}%\S'\I'I/"CUD_AR osTS1 ONL
Fox Chow 36 2 — | 9 2
Vegetable fat, 1% 24 2 — | 8 1
Myrj 45, 1% 36 5 — 1 4 1
Myrj 45, 5% 36 s — 0 12 0
Myrj 52, 1% 36 3 — | 10 3
Myrj 52, 5% 36 3 + 0 17 5
Tween 60, 1% 36 0 — 0 11 0
Tween 60, 5% 36 3 + 1 18 6
Fox Chow 12 3 — 1 2 0
Myrj 52, 2.5% 12 1 — 1 4 1
Myrj 52, 5% 12 3 + 4 8 1
Myrj 52, 10% 12 1 + 7 10 6

1Casts and chronic interstitial nephritis (CHST) in kidney.

significantly above the controls and other groups fed surface-
active agents without resulting diarrhea (see table 4). Di-
arrhea was obvious in animals fed 5 and 10% of Myrj 52
and 5% of Tween 60 and absent in animals fed 1 or 2.5% of
Myrj 52,1% of Tween 60 and 1 or 5% of Myrj 45.

In order to investigate further the cause of increased kidney
pathology in hamsters fed higher concentrations of Myrj 52
and Tween 60, 4 groups of 10 young male hamsters each were
fed, ad libitum, diets of “ Fox Chow” alone or “ Fox Chow”
containing 5% of Myrj 45, 5% of Myrj 52, or 5% of Tween
60 for one week. For the next three days, while the animals
were fed the same diets, food and water intakes were measured
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and feces collected quantitatively. Slight diarrhea in the
hamsters fed Myrj 52 and Tween 60 rendered the fecal collec-
tions not completely accurate. Analysis of food and feces for
oxyethylene content4made possible calculation of the percent-
age of ingested oxyethylene excreted in the feces. Twenty-four
per cent of the ingested oxyethylene of Myrj 45 was excreted
in the feces in contrast to 110% for Myrj 52 and 96% for
Tween 60. Animals fed * Fox Chow” drank approximately
6.7 ml of -water per day while those fed 5% of Tween 60
drank 8.1 ml per day. Thus complete non-absorption of the
ingested molecules is associated with increased water intake
and diarrhea. The resulting water imbalance may in turn
be related to the increased incidence of casts and chronic
interstitial nephritis in animals fed 5% or more of Myrj
52 and Tween 60.

EXPERIMENTS WITH MICE

The effect of surface-active agents on growth and main-
tenance of mice was determined in order to reveal possible
species differences in reaction. These animals have dietary
requirements similar to those of the hamster, and they are
not susceptible to the disease “ Wet Spot.”

Experimental plan. In each experiment, groups of 10 to
12 weanling mice, male or female, were fed diet A either
alone or with concentrations of from 2.5 to 10% (dry basis)
of the surface-active agents Myrj 45, Myrj 52 or Tween 60.
Daily food intake was measured for the first three weeks.
Twice-weekly, weekly and then twice-monthly body weights
were also determined. In one experiment, female mice were
maintained on a diet containing Myrj 52 at concentrations
from 25 to 15%, from weaning through gestation and lacta-
tion. The animals were maintained on experiment for periods
varying from three months to over a year. At the termination
of the experiment all animals were autopsied, and the same

4These analyses were done by Dr. Charles Smullin of The Central Research
Laboratory of Atlas Powder Company.
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organs weighed and tissues sectioned, stained and examined
for iiistopathology as in the case of the hamsters.
Environmental factors. High mortality was observed in
early experiments in groups of mice fed diet A containing
15% of Myrj 52 or Tween 60. This high mortality was con-
current with an erythema and loss of hair. Data were obtained
to suggest that these conditions were due to direct skin
contact with the experimental diets and resulting cannibalism.
Although similar effects were produced by the control diet
alone when it was rubbed onto the skin of the animals, the

TABLE 5

Average body weight and organ weights of mice fed various amounts of
Myrj 45, Myrj 53 or Tween 60 in diet A for 3 to 4 monthsl

DIET ANAS vESr  HERT UMR KDNEYS  SLEEN
gm gm gm gm gm

Diet A (Control) 13 38.7 0.156 161 0.526 0.213
+ Myrj 45, 5% 9 41.6 0.182 1.70 0.645 0.235
+ Myrj 45, 10% 12 42.3 0.176 1.83 0.005 0.225
+ Myrj 52, 2.5% 11 43.4 0.160 1.74 0.537 0.236
+ Myrj 52, 5% 10 40.3 0.163 1.6S 0.554 0.251
+ Myrj 52, 10% 10 40.3 0.168 1.64 0.538 0.184
+ Tween 60, 2.5% 6 42.1 0.186 1.82 0.576 0.196
+ Tween 60, 5% 9 41.2 0.173 1.68 0.552 0.202
+ Tween 60, 10% 9 42.0 0.161 1.92 0.550 0.234

1There is no difference, at the P ~ 0.05 confidence level, between the average
body wciglns and organ weights of any of the experimental groups and the controls.

condition was aggravated when the food contained the surface-
active agents. Lowering of mortality and improvement of the
skin condition occurred when wood shavings were kept in the
wire or metal-bottom cages in which the mice Avere housed
and when food was available only from overhead wire baskets.
Therefore all subsequent experiments were conducted in this
fashion.

Body weight gain and organ weights. There were no out-
standing differences in average body weights of animals fed
the various experimental diets over periods of from three
to 4 months, nor did the organ weights of these animals
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determined on autopsy at three to 4 months differ (table 5).
Those mice fed Myrj 45 seemed to have slightly larger kidneys,
hut kidney weights, expressed per 100gm of body weight,
did not differ significantly, at P — 0.05 confidence level, from
the controls.

Mice fed 10 or 15% of Myrj 52 or Tween 60 developed
pruritis ani and diarrhea, with no associated pathology. There
were no gastrointestinal disturbances in animals fed 10% or
more of Myrj 45.

Gestation and lactation. Two and one half to 15% of Myrj
52 added to the control diet caused no deviation from the
normal pattern of gestation and lactation in female mice

TABLE 6

Female mice fed various amounts of Myrj 52 from, weaning through the
first gestation and lactationl

DIET NUVBER G AERACE IN AERACE
MCEBED LTTER BIRTHWI.
gm
Diet A (Control) 8 7.9 1.655
Myrj 52, 2.5% 8 9.1 1.515
Myrj 52, 5% 9 9.0 1.444
Myrj 52, 10% 8 8.0 1.607
Myrj 52, 15% 7 10.6 1.511

1There is no difference, at the P = 0.05 confidence level, between the litter size
and birth weight of any of the experimental groups and the controls.

maintained on these diets from weaning on (table 6). This
was true despite some gastrointestinal disturbances at the
higher concentrations as indicated above.

Pathology. In the experiments lasting three to 4 months all
of the tissues examined from animals fed the three surface-
active agents Myrj 45, Myrj 52 and Tween 60 were normal
with the exception of those described below. A sub-clinical
colony infection present in 11 of the mice in the control group,
fed diet A alone, was characterized by generalized lymphoid
hyperplasia, focal parenchymal hepatitis with occasional to
many intranuclear inclusion bodies and tubular nephritis.
The latter was accompanied by tubule cast formation and
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mononuclear perivascular cuffing in the bladder, which ap-
proximated early cystitis. Eight of the 9 mice fed 5% and
9 of the 12 fed 10% of Myrj 45 showed signs of the generalized
colony infection. Two mice fed 5% of Myrj 45 and none in
the 10% Myrj 45 group had marked infiltration of the liver,
with intranuclear inclusion bodies. No pathological conditions
attributable to the presence of Myrj 45 in the diet were evident.
Five of the 11 mice fed 2.5%, 6 of the 10 fed 5%, and 8 of the
10 fed 10% of Myrj 52 demonstrated pathology that was
associated in whole or in part with the colony infection.
There were no abnormalities attributable to the feeding of
Myrj 52. In the experiments involving Tween 60, 5 of the 6
mice fed 2.5% of this surface-active agent, 7 of the 9 fed 5%
and 7 of the 9 fed 10% had evidence of the colony infection.
Two animals, one fed 2.5% and one fed 10% of Tween 60,
evidenced a mild gastritis. There were no pathological con-
ditions specific for Tween 60.

EXPEKIMENTS WITH BEAGLES

Weanling beagle puppies were fed an agar gel diet B (table
1) containing O, 5, or 10% (dry basis) of Myrj 45, Myrj 52
or Tween 60. The basal diet, containing 25% of casein, has
been used for a number of years to grow and maintain dogs.
Protein efficiencies are recorded in table 7. More data are
needed to determine the variation in protein efficiencies of
beagle puppies but these values are of the same order of
magnitude as those determined previously on this diet in our
laboratories, and the variation is small when it is considered
that each value represents a single animal. None of the animals
developed diarrhea on any of these diets. One animal fed 5%
of Myrj 45 for approximately one year and two receiving
10% of Myrj 45 for 40 weeks were autopsied and the same
group of tissues listed for hamsters and mice were examined
for histopathology. No significant pathology attributable to
the feeding of Myrj 45 was found. Two dogs, one male and one
female, receiving 5% of Myrj 52 were autopsied at the end
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of 9 months. No significant pathology was found. All other
dogs, including those fed Tween 60, were kept on the diets
for ayear or more and since they were in good condition they
are being used for other nutritional experiments.

TABLE 7

Gain in body weight, nitrogen intake, and protein efficiency in beagle puppies fed
basal diet, and the same diet plus various amounts of Myrj 45, Myrj 53
or Tween 60 in the 14 weeks after weaning

SEELS DIET Nez=ns NAE EROECY
kg leg kg wt. gain/kg N eaten
Males
i Basal diet 5.5 0.60 9.2
2 Basal diet 6.1 0.66 9.2
3 Basal diet 5.5 0.58 9.5
4 Basal diet 6.3 0.68 9.3
5 + Myrj 52, 5% 54 0.53 10.2
6 + Myrj 52, 10% 5.2 0.62 8.4
7 + Myrj 45, 10% 5.9 0.56 105
8 + Myrj 45, 10% 5.7 0.55 10.3
9 + Tween 60, 5% 7.6 0.76 10.0
10 + Tween 60, 5% 4.4 0.49 8.9
11 + Tween 60, 10% 7.8 0.79 9.8
Females
12 Basal diet 3.8 0.49 7.5
13 Basal diet 55 0.67 8.1
14 + Myrj 52, 5% 39 0.52 75
15 + Myrj 52, 5% 4.9 0.66 7.4
16 + Myrj 52, 10% 4.9 0.55 8.9
17 4- Tween 60, 10% 3.6 0.53 6.8
DISCUSSION

The experiments involving hamsters emphasize the necessity
of feeding a diet that protects the animal from severe effects
of variable stresses such as colony infections. Such uncon-
trolled stresses can sweep through the colony at random
so that significant differences may be observed between groups,
differences that are a function of the nature of the stress
and not of the experimental variable. It was found impossible
to use a synthetic diet for the experiments involving hamsters
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because of the lack of protection by the diet against a disease
we have called “ Wet Spot.”” Partial protection could be ob-
tained by adding alfalfa meal, certain yeasts or “ Fox Chow”
to the synthetic diet. For that reason, “ Fox Chow” was used
as the basal diet. Even with some asymmetry of stresses
between groups may be one explanation of the fact that in
triplicate experiments some significant differences (P — 0.05)
occurred in one member of the triplicate which disappeared
when the data were considered as a whole.

The addition of Myrj 45, Myrj 52 or Tween 60 at varying
concentrations to the diet of hamsters, mice or dogs did not
alter growth or food efficiency. Myrj 45 did not produce
diarrhea in any of the animals or any abnormalities that could
be attributed to this surface-active agent per se. The pos-
sibility that 5% of Myrj 45 could be considered the upper
limit for feeding surface-active agents to hamsters might be
argued because in a single experiment there was a significant
fall in body weight in year-old animals below the “ Fox Chow”
control, a significance, however, that disappeared when tri-
plicate experiments were analyzed. A reduction in growth and
food efficiencies was reported by Schweigert et al. (’'50) for
hamsters fed 5 and 15% of Myrj 45 in place of an equivalent
amount cf lard in a semi-synthetic diet. The gastrointestinal
disturbances found by these authors in hamsters fed Myrj
45 and the accompanying pathologies (see Wang et al., '50)
were not observed in any of our animals. Possibly there were
added stresses in their experiments, such as a nutritional
imbalance due to substitution of Myrj 45 for lard. Recently
Krehl, Cowgill and Wihedon ('55) concluded from their studies
on the effects of polyoxyethylene esters in the diet of the rat
fend the cat that Myrj 45 up to 20% of the diet, or the
oxyethylene moiety at a level of 6%, had no deleterious effect.

Diets containing 5% of Myrj 52 or Tween 60 did produce
diarrhea in hamsters. Higher concentrations of these surface-
active agents up to 10 and 20% were necessary to produce
diarrhea in mice or dogs. Increase in the incidence of kidney
casts and of chronic interstitial nephritis occurred in hamsters
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fed 5% or more Myrj 52 or Tween 60 in “ Fox Chow.” Chow
et al. ('53) reported that a semi-synthetic diet supplemented
with 5% of Tween 60 produced diarrhea and growth retarda-
tion in rats. This same emulsifier, or Myrj 52, could be fed by
them in a soybean meal basal diet even at the 15% level
without any observable toxic effects. These observations,
together with those presented here, suggest that the abnormal
effects associated with the feeding of Myrj 52 and Tween 60
may be the result, at least in part, of non-absorption of the
oxyethylene moiety from the gut and complete excretion in
the feces. Absorption of roughly three quarters of the oxy-
ethylene portion of the Myrj 45 molecule may have prevented
diarrhea and associated kidney pathology in animals fed this
compound. Only those compounds produced pathological kid-
ney conditions that, at the concentrations fed, caused diarrhea.
Perhaps the higher incidence of mild testicular atrophy ob-
served in hamsters fed 10% of Myrj 52 for one year could
he associated with the stress of long-continued diarrhea. The
incidence of this mild testicular atrophy was higher in animals
fed 5% of Myrj 52 than in the controls in one experiment
but was not higher than the controls in three other experi-
ments. These results indicate that 5% of Myrj 52 is near the
upper limit for feeding this surface-active agent to hamsters.
No other histopathologies were observed while feeding Myrj
52 or Tween 60 to hamsters.

No histopathologies specific for Myrj 45, Myrj 52 or Tween
60 were observed in mice, results which indicate that hamsters
are more susceptible than mice to the effects of diarrhea or
other stresses associated with these agents.

REFERENCES

Allison, J. B., H. L. Rosenthal and A. H. Mills 1952 Effects of nonionic
surface active agents on the growth of animals. Fed. Proc., 11:
435,

Allison, J. B.,, R. W. Wannemacheb, Je. and J. F. Migliaeese 1954 Diet
and the metabolism of 2-aminofluorene. J. Nutrition, 52: 415.

Boueke, A. R.,, and O. G. Fitzhugh 1953 High and low levels of emulsifiers on
rat intestinal flora. Fed. Proc., 12: 302.



SURFACE-ACTIVE AGENTS IN THE DIET 619

Chow, B. F., J. M. Burnett, C. T. Ling and L. Barrows 1953 Effects of basal
diets on the response of rats to certain dietary non-ionic surface-active
agents. J. Nutrition, 49: 563.

Culver, P. J, C. S. Wilcox, C. M. Jones and R. S. Rose, Jr. 1951 Studies
in the intermediary metabolism of certain polyoxyethylene derivatives
in man. Recovery of the polyoxyethylene moiety from urine and
feces following ingestion of polyoxyethylene (20) sorbitan monooleate
and polyoxyethylene (40) monostearate. J. Pharm. Exp. Therap.,
103: 377.

Harris, R. S.,, H. Sherman and W. W. Jetter 1950 Effect of surface active
agents when fed in diets of rats. Fed. Proc., 9: 361

Jones, C. M, P. J. Culver, G. D. Drummey and A. E. Ryan 1948 Modification
of fat digestion in the digestive tract by the use of an emulsifying
agent. Ann. Int. Med., 29: 1.

Krantz, J. C, Jr,, P. J. Culver, C. J. Carr and C. M. Jones 1951 Sugar
alcohols. XXV III. Toxicologic, pharmacodynamic and clinical observa-
tions on Tween 80. Bull. Med. Sch. Univ. of Md., 38 (2).

Krehl, W. A., G. R. Cowgill and A. D. Whedon 1955 Nondeleterious effects
of polyoxyethylene esters in the nutrition of rats and cats. J. Nutrition,
So: 35.

Schweigert, B. S.,, B. H. McBride and A. J. Carlson 1950 Effect of feeding
polyoxyethylene monostearates on growth rate and gross pathology of
weanling hamsters. Proc. Soc. Exp. Biol. Med., 13: 427.

Wang, H. B.,, B. Il. McBride and B. S. Schweigert 1950 Histological
manifestations of feeding polyoxyethylene monostearate to weanling
hamsters. lbid., 75: 342.

Wesson, L. G. 1932 A modification of the Osborne-Mendel salt mixture con-
taining only inorganic constituents. Science, 75: 339.

Worden, A. A., Edit. 1947 The U. F. A. W. Handbook on the Care and
Management of Laboratory Animals. Balliere, Tindall and Co., London.



INDEX

BSORPTION, gastrointestinal, of cal-

cium-45 in the rat and chick, interre-
lated effects of L-lysine and other dietary-
factors on 367.

Aftergood, L., H. J. Deuel, Jr.,
B. AIfin-Stater. The comparative effects
of cottonseed oil and lard on cholesterol
levels in the tissues of rats, 129.

Alexander, Il. D. See Day, E. J., 27; 107.

Alfalfa and ither succulent plants, "beneficial
effects on the growth of immature guinea
pigs fed a mineralized dried-milk ration,
295.

Alfin-Stlater, R. B. See Aftergood, L 129.

Allison, J. B. See Brush, M. K.,

Amino amd(s) and niacin content of millet
(Setaria italica) and its supplementary
nutritive value for corn (maize), 377.

requirements, dietary hulk and, 61.

- of men and women. 1. Lysine, 71.

supplements, nutritional improvement

of white flour with protein and, 503.

-—-test diet for chinoolc salmon. Nutrition
of salmoncid fishes. 1V., 245.

— = utilization of from foods 'by the rat.
1Y. Tryptophan, 513.

Anderson, J. T., A. Keys and F. Grande.
The effects of different food fats on serum
cholesterol concentration in man, 421.

Anemia in gastrectomized rats, effect of vita-
min B12 and Aureomycin supplements on
vitamin B~ liver stores and on the develop-
ment of, 585.

Antibiotics, studies on the effect of on the
intestinal weights of chicks, 253.

Ascorbic acid and carotene content of turnip
greens, influence of shading upon changes
in as compared with changes in fresh
weight, dry weight and nitrogen fractions,
39.

--------- The Vanderbilt cooperative study of
maternal and infant nutrition. X., 201.

Ashton, G. G. See Peo, E. R., Jr., 465;
475.

Aureomycin (Vitamin B~ and) supplements,
effect of on vitamin B~ liver stores and on
the development of anemia in gastreeto-
mized rats, 585.

and R.

jgAIRD, 0. D. C. See Nelson, M. M., 395.

Beef exposed to gamma radiation, bioassay
of thiamine in, 107.

— water-soluble vitamins in raw ground,
effects of gamma radiation on, 27.

Berg, R. T. See Sibbald, I. R., 171; 185.

Bird, H. R. See Sulllvan T. W, 1 3.

Blood serum components of baby pigs, effect
of levels of protein on repletion gains and.
Application of the protein depletion-reple-
tion technique in bay pig feeding experi-
ments. 11.. 475.

Bowland, J. P. See Sibbald, I. R., 171;
185.

Bridgforth, E. See artin, M. P., 201.

Briggs, G. M. See Fox, M. R. S., 539.

Brush, M. K., J. R. McCoy, H. L. Rosen-
thal, L. A. Stauber and J. B. Allison.
The addition of non-ionic surface-active
agents of the polyoxyethylene type to the
diet of the hamster, the mouse and the dog,
601.

Bulk, dietary, and amino acid requirements,
61.

/'CALCIUM, phosphorus and magnesium
balances of young college women con-
suming self-selected diets, 489.

— -45, gastrointestinal absorption of in the
rat and chick, interrelated effects of L-
lysine and other dietary factors on, 367.

— physiological behavior of in the rat, 325.

Carotene content (Ascorbic acid and) of
turnip greens, influence of shading upon
changes in as compared with changes in
fresh weight, dry weight and nitrogen
fractions, 39.

Casein as a source of protein for the chick,
97.

Catron, D. V. See Peo, E. R., Jr,, 465; 475.

Chick (s), casein as a source of protein for
the, 97.

»— effects of antibiotics on the intestinal
weights of, 255.

— growing, phenylalanine and tyrosine re-

quirement of, with special reference to the
utilization of the D-isomer of phenylalanine,
349.

— nutrients affecting the vitamin B12 re-
quirement of, 539.

«— and poults, comparative metabolism of
phytate and inorganic P2 by, IE.

— (rat and), interrelated effects of L-lysine
and other dietary factors on the gastroin-
testinal absorption of calcium-45 in the,
367.

— utilization of the hydroxy analogues of
methionine and glycine by, effect of quan-
tity and source of dietary nitrogen on, 143.

Chinook salmon, an amino acid test diet for.
Nutrition of salmonoid fishes. 1V., 245.

— ®m— U'ater-soluble vitamin requirements of.
Nutrition of salmonoid fishes. HI., 225.

Cholesterol levels in the tissues of rats, the
comparative effects of cottonseed oil and
lard on, 129.

—aserum, in man, effects of different food
fats on, 421.

Clark, H. E., E. T. Mertz, E. H. Kwong,
J. H Howe and D. C. DeLong. Amino
acid requirements of men and women. |I.
Lysine, 71.

Cole, J. J, See Hogan, A. G., 97.

Coltins, R. A. See Gillis, M. B., 13.

Comar, C. L. See "Wasserman, R. H., 367.

Common, R. H.,, E. W. Crampton, F. Far-
mer and A. S. W. DeFreitas. Studies to
determine the nature of the damage to the
nutritive value of menhaden oil from heat
treatment, 341.

Corn, high-oil, high-protein,
protein quality of, 575.

studies on the

621



622

— (maize), supplementary nutritive value of
millet (Setaria italica) for, 377.

Cottonseed oil and lard, comparative effects
of on cholesterol levels in the tissues of

rats, 129.
Couch, J. R. See Creech, B. G., 83.
Courtney, P. W. See Scoular, F. I., 489.

Craghead, R. W. See Hogan, A. G, 97.

Crampton, E. W. See Common, R. H., 341.

Creech, B. G.,, G. L. Fetdman, T. M. Fer-
guson, B. L. Reid and J. R. Couch.
Exudative diathesis and vitamin E defi-
ciency in turkey poults, 83.

Crowder, H. M. See Hansard, S. L., 325.

ARBY, W. J. See Mangay, A. S., 377,

Martin, M. P., 201; Pearson, W. N,
445,
Davis, A. N. See Scoular, F. 1., 489.

Day, E. J., H. D. Alezander, H. E. Sau-
berlich and W. D. Salmon. Effects of
gamma radiation on certain water-soluble
vitamins in raw ground beef, 27.

— H. E. Sauberlich, H. D. Alexander
and W. D. Salmon. The bioassay of thia-
mine in beef exposed to gamma radiation,
107.

Day, H. G. See Maurer, R. L., 561.

DeFreitas, A. S. W. See Common, R. H.,
341.

DelLong, D. C. See Clark, H. E., 71.

Deshpande, P. D., A. E. Harper and C.
A. Etvehjem. Nutritional improvement of
white flour with protein and amino acid
supplements, 503.

Deuel, H. J., Jr. See Aftergood, L., 129.

Diathesis, exudative, and vitamin E deficiency
in turkey poults, 83.

Diet(s), amino acid test for chinook salmon.
Nutrition of salmonoid fishes. 1V., 245.

— of the hamster, the mouse and the dog,
addition of non-ionic surface-active agents
of the polyoxyethylene type to, 601.

— self-selected, calcium, phosphorus and
magnesium balances of young college wo-
men consuming, 489.

— trypsin inhibitor, effect of on the intesti-
nal and pancreatic nitrogen in the rat, 285.

Dog, addition of non-ionic surface-active
agents of the polyoxyethylene type to the
diet of the, 601.

— growing, effect of increased dietary fat
upon the protein requirement of, 163.

LVEHJEM, C. a. See Deshpande, P. D.,
503; Gupta, J. D, 313.

Ershoff, B. H. Beneficial effects of alfalfa
and other succulent plants on the growth
of immature guinea pigs fed a mineralized
dried-milk ration, 295.

— H. J. Hernandez, and J. M. Mucken-
thaler. Potentiating effects of materials
of plant and animal origin on symptoms of
liypervitaminosis A in the rat, 527.

Evans, H. M. See Nelson, M. M., 395.

J"ARMER, F. See Common, R. H., 341.

Fat, deficiency, relation of thyroid activity to
increased metabolism induced by, 119.

— increased dietary, effect of upon the pro-
tein requirement of the growing dog, 163.

Feldman, G. L. See Creech, B. G., 83.

Ferguson, T. M. See Creech, B. G., 83.

Finerty, J. C. See Morris, D. M., 119.

Fintley, M. H. See Scoular, F. 1., 489.

INDEX

Fisher, H.,, D. Johnson, Jr. and G. A. Le-
veille. The phenylalanine and tyrosine re-
quirement of the growing chick with spe-
cial reference to the utilization of the d-
isomer of phenylalanine, 349.

Fishes, salmonoid, nutrition of. Il1l. Water-
soluble vitamin requirements of chinook
salmon, 225; IV. An amino acid test diet
for chinook salmon, 245.

Flour, improving the nutritive value of.
VI1Il. Lysine, tryptophan, valine and meth-
ionine as supplements to the protein in
flour, 151.

— white, nutritional improvement of with
protein and amino acid supplements, 503.

Fluorine, non-essentiality of in nutrition, 561.

Folic acid, effect of on the use of glycine by
the turkey poult, 593.

Food intake and nitrogen retention of wean-
ling rats fed protein-free rations, 171.

influence of nitrogen

source on, 185.

= utilization of for weight maintenance and
growth, 551.

Forbes, R. M. See Griminger, P., 61.

Fox, M. R. S.,, G. M. Briggs and L. O. Or-
tiz. Nutrients affecting the vitamin B12
requirements of chicks, 539.

/MILLIS, M. B, K. W. Keane and R. A.

Collins. Comparative metabolism of

phytate and inorganic P3 by chicks and
poults, 13

Glycine (methionine and), hydroxy analogues
of, effect of quantity and source of dietary
nitrogen on the utilization of by chicks,
143.

—- use of by the turkey poult, effect of folic
acid on. 593.

Grande, F. See Anderson, J. T., 421.

Grijns. Gerrit (May 28, 1865 - November
11, 1944), 1

Griminger, P, H. M. Scott and R. M.
Forbes. Dietary bulk and amino acid re-
quirements, 61.

Growth, utilization of food for weight mainte-
nance and, 551.

Guinea pigs, immature, fed a mineralized
dried-milk ration, beneficial effects of al-
falfa and other succulent plants on the
growth of, 295.

Gupta, J. D, and C. A. Elvehjem.
logical availability of tryptophan, 313.

Bio-

ALSTED, J. A. See Swendseid, M. E.,
585.

Hatver. J. E. Nutrition of salmonoid fishes.
ITT. Water-soluble vitamin requirements of
chinook salmon, 225; IV. An amino acid
test diet for chinook salmon, 245.

Hamster, addition of non-ionic surface-active
agents of the polyoxyethylene type to the
diet of the, 601.

Hansard, S. L., and H. M. Crowder. The
physiological behavior of calcium in the
rat, 325.

Harper. A. E. See Deshpande, P. D., 503.

Hays, V. W. See Peo, E. R., Jr,, 465; 475.

Hernandez, H. J. See Ershoff, B. H., 527.

Hirr, C. H., A. D. Keeling and J. W.
Kelly. Studies on the effect of antibiotics
on the intestinal weights of chicks, 255.

Histidine as an essential nutrient for the
adult rat, 357.

Hoefer, J. A. See Miller, E. R., 407.



INDEX

Hogan, A. G, R. W. Craghead, J. E.
Savage, J. J. Cole and B. L. ODell.
Casein as a source of protein for the chick,
97.

Howe, J. M. See Clark, H. E., 71.

Hypervitamiaosis A in the rat, potentiating
effects of materials of plant and animal
origin on symptoms of, 527.

JOHNSON, D., Jr. See Fisher, H, 349.
Johnson, R. E. See Kaunitz, H., 551.
Jones, M. M. See Scoular, F. I., 489.

JMANNARR, J. See Westerman, B. D., 151.

Kaunitz, H.,, C. A. Slanetz and R. E.
Johnson. Utilization of food for weight
maintenance and growth, 551.

Keane, K. W. See Gillis, M. B., 13.

Keeling, A. D. See Hill, C, H., 255.

Kelly, J. W. See Hill, C. H., 255.

Kelly, W. C. See Somers, G. F., 39.

Keys, A. See Anderson, J. T., 421.

Kik, M. C. Gerrit Grijns (May 28, 1865 —
November 11, 1944), 1.

Kirkland, S. See Scoular, F. I., 489.

Krein, G. F. See Morris, D. M., 119.

Kratzer, F. H.,, and F. H. Lantz. The ef-
fect of folic acid on the use of glycine by
the turkey poult, 593.

KwonG, E. H. See Clark, H. E., 71.

J MANTZ, F. H. See Kratzer, F. H., 593.

Lard (cottonseed oil and), comparative ef-
fects of on cholesterol levels in the tissues
of rats, 129.

Lengemann, F. W.
367.

Lepkovsky, S. See Lyman, R. L., 269.

Leveille, G. A. See Fisher, H., 349.

Liu, C. H. See Peo, E. R., Jr., 465; 475.

Long, N. J. See Swendseid, M. E., 585.

Luecke, R. W. See Miller, E. R., 407.

Lushbough, C. H.,, T. Porter and B. S.
Schweigert. Utilization of amino acids
from foods by the rat. 1Y. Tryptophan,
513.

Lyman, R. L. The effect of raw soybean meal
and trypsin inhibitor diets on the intesti-
nal and pancreatic nitrogen in the rat, 285.

= and S. Lepkovsky. The effect of raw
soybean meal and trypsin inhibitor diets
on pancreatic enzyme secretion in the rat,
269.

Lysine. Amino acid requirements of men and
women. |.. 71.

= (1-) and other dietary factors, interre-
lated effects of on the gastrointestinal ab-
sorption of calc:um-45 in the rat and chick,
367.

— tryptophan, valine and methionine as
supplements to the protein in flour. Im-
proving the nutritive value of flour. VII1.,
151.

See Wasserman, R. H.,

mjV/TAGNESIUM (Calcium, phosphorus and)
balances of young eollesu women con-
suming self-selected diets, 489.
Maize, cooked vs. raw, influence on the
growth of rats receiving a 9% casein ra-
tion, 445.

623

Man, serum cholesterol concentration in, ef-
fects of different food fats on, 421.

Mangay, A. S., W. N. Pearson and W. J.
Darby. Millet (Setaria italica) : Its niacin
content and supplementary nutritive value
for corn (maize), 377.

Martin, M. P., E. Bridgforth, W. J. Mc-
Ganity and W. J. Darby. The Vanderbilt
study of maternal and infant nutrition. X.
Ascorbic acid, 201.

Maurer, R. L., and H. G. Day. The non-
essentiality of fluorine in nutrition, 561.

McCoy, J, R. See Brush, M. K., 601.

McGanity, W. J. See Martin, M. P., 201.

Men and women, amino acid requirements of.
I. Lysine, 71.

Menhaden oil, studies to determine the nature
of the damage to the nutritive value of
from heat treatment, 341.

Mertz, E. T. See Clark, H. E., 71.

Metabolism, increased, induced by fat defi-
ciency, relation of thyroid activity to, 119.

— of phytate and inorganic P2 by chicks
and poults, 13

Methionine and glycine, hydroxy analogues
of, effect of quantity and source of dietary
nitrogen on the utilization of by chicks,
143.

— (Lysine, tryptophan, valine and) as sup-
plements to the protein in flour. Improv-
ing the nutritive value of flour. VIII., 151.

Milk (mineralized) ration, beneficial effects
of alfalfa and other succulent plants on the
growth of immature guinea pigs fed a, 295.

Miller, E. R, D. A. Schmidt, J. A. Hoefer
and R. W. Luecke. The pyridoxine re-
quirement of the baby pig, 407.

Millet (Setaria italica) : Its amine acid and
niacin content and supplementary nutritive
value for corn (maize), 377.

Moore, T. B., and J. E. Wilson. Histidine
as an essential nutrient for the adult rat,
357.

Morris, D. M., T. C. Panos, J. C. Finerty,
R. L. Wall and G. F. Kiein. Relation
of thyroid activity to increased metabolism
induced by fat deficiency, 119.

Mouse, addition of non-ionic surface-active
agents of the polyoxyethylene type to the
diet of the, 601.

Muckenthaler, J. M.
527.

See Ershcff, B. H.,

elson, m.m., h.v.Wright, c. d. o.

Baird and H. M. Evans. Teratogenic
effects of pantothenic acid deficiency in the
rat, 395.

Niacin (amino acid and) content of millet
(Setaria italica) and its supplementary nu-
tritive value for corn (maize), 377.

Nitrogen, dietary, effect of quantity and
source of on the utilization of the hydroxy
analogues of methionine and glycine by
chicks, 143.

—-eretention (food intake and) of weanling

rats fed protein-free rations, 171.

nfluence of nitrogen

source on, 185.
— source, influence of on food intake and

nitrogen retention of weanling rats, 185.
Nutrition, non-essentiality of fluorine in, 561.
Nutritive value of menhaden oil, studies to

determine the nature of the damage to

from heat treatment, 341.

Nutrition, Vanderbilt cooperative study of
rzrgzlfernal and infant. X. Ascorbic acid,



624

~~yDELL, B. L. See Hogan, A. G., 97.

Ontko, J. A, R. E. Wuthier and P. H.
Phittips. The effect of increased dietary-
fat npon the protein requirement of the
growing dog, 163.

Ortiz, L. O. See Fox, M. R. S., 539.

pPACE, J. K. See Scoular, F. I., 489.

Panos, T. C. See Morris, D. M., 119.

Pantothenic acid deficiency in the rat, terato-
genic effects of, 395.

Pearson, W. N. See Mangay, A. S. 377.
Pearson, W. N, . J. Stempfer, J. S.
Vatenzueta, M. W. Uttey and W. J.

Darby. The influence of cooked vs. raw
maize on the growth of rats receiving a
9% casein ration, 445.

Peo, E. R, Jr, V. W. Hays, G. C. Ashton,
V. C. Speer, C. H. Liu and D. V. Catron.
Application of the protein depletion-reple-
tion technique in baby pig feeding experi-
ments. 1. A comparison of levels and
sources of protein for baby pigs, 465; II.
Effect of levels of protein on repletion gains
and blood serum components of baby pigs,
475.

Phenylalanine and tyrosine requirement of
the growing chick with special reference to
the utilization of the D-isomer of phenylala-
nine, 349.

—e (d- ) utilization of by the growing chick,
349

Phllllps, P. H. See Ontko, J. A, 163. =

Phosphorus and magnesium (Calcium) bal-
ance of young college women consuming
self-selected diets, 489.

Phytate and inorganic P3 comparative
metabolism of by chicks and poults, 13.
Pig (baby) feeding experiments, application
of the protein depletion-repletion technique
in. I. A comparison of levels and sources
of protein for baby pigs, 465; Il. Effect of
levels of protein on repletion gains and
bloocl serum components of baby pigs, 475.

— baby, pvridoxine requirement of, 407.

Polyoxyethylene type of surface-active agents,
non-ionic, addition of to the diet of the
hamster, the mouse and the dog, 601.

Porter, T. See Lushbough, C. Il 513.

Poults (chicks and), comparative metabolism
of phytate and inorganic P2 by, 13.

Protein and amino acid supplements, nutri-
tional improvement of white flour with,
503.

— for the chick, casein as a source of, 97.

— depletion-repletion technique, application
of in baby pig feeding experiments. 1. A
comparison of levels and sources of protein
for baby pigs, 465; Il. Effects of levels of
protein on repletion gains and blood serum
components of baby pigs, 475.

— effect of levels of on repletion gains and
blood serum components of baby pigs. Ap-
plication of the protein depletion-repletion
technique in baby pig feeding experiments.
1., 475.

* -free rations, food intake and nitrogen re-
tention of weanling rats fed, 171.

— levels and sources of for baby pigs, a
comparison of. Application of the protein

depletion-repletion technique in baby pig
feeding experiments. 1., 465.
— quality of high-oil, high-protein corn,

studies on, 575,

INDES

— requirement of the growing dog, effeet of
increased dietary fat upon, 163.
Pyridoxine requirement of the baby pig, 407.

R ADIATION, gamma, bioassay of thiamine
in beef exposed to, 107.

—se=— effects of on certain water-soluble vita-
mins in raw ground beef, 27.

Rat(s), adult, histidine as an essential nutri-
ent for the, 357.

— and chick, interrelated effects of L-lysine
and other dietary factors on the gastroin-
testinal absorption of calcium-45 in the,
367.

— comparative effects of cottonseed oil and
lard on cholesterol levels in the tissues of,
129.

«— utilization of amino acids from foods by.
IV. Tryptophan, 513.

— gastrectomiz-ed, effect of vitamin and
Aureomycin supplements on vitamin Bx2
liver stores and on the development of
anemia in, 585.

— hypervitaminosis A in, potentiating ef-
fects of materials of plant and animal
origin on, 527.

— intestinal and pancreatic nitrogen in, ef-
fect of raw soybean meal and trypsin in-
hibitor diets on, 285.

— pancreatic enzyme secretion in, effect of
raw soybean meal and trypsin inhibitor
diets on, 269.

— pantothenic acid deficiency in, teratogenic
effects of, 395.

— physiological behavior of calcium in, 325.

— receiving a 9% casein ration, influence of
cooked vs. raw maize on the growth of,
445.

= weanling, fed protein-free rations,
intake and nitrogen retention of, 171.

— = influence of the nitrogen source on the
food intake and nitrogen retention of, 185,

Reid, B. L. See Creech, B. G., 83.

Reussner, G., Jr., and R. Thiessen, Jr.
Studies on the protein quality of high-oil,
high-protein corn, 575.

Robblee, S. R. See Sibbald, I. R., 171; 185.

Rohrbough, M. See Westerman, B. D., 151.

Rosenthal, H. L. See Brush, M. K., 601.

food

gALMON, W. D. See Day, E. J, 27; 107.

Sauberlich, H. E. See Day, E. J., 27; 107.

Savage, J. E See Hogan, A. G, 97

Schmidt, D. A. See Miller, E. R., 407.

Schooley, J. C. See Wasserman, R. H.,
367.

Schweigert, B. S. See Lushbough, C. H.,
513.

Scott, H. M. See Griminger, P., 61.

Scoular, F. I, J. K. Pace and A. N. Davis,
with tiie technical assistance of M.
H. Fintey, S. Kirkland, S. Terry, J.
S. Wells, P. W. Courtney and M. M.
Jones. The calcium, phosphorus and mag-
nesium balances of young college women
consuming self-selected diets, 489.

Serum cholesterol concentration in man, ef-
fects of different food fats on, 421.

Sibbald, I. R., J. P. Bowland, R. T. Berg
and A. R. Robblee. The food intake and
nitrogen retention of weanling rats fed
protein-free rations, 171.

A. R. Robblee and R. T: Berg. The

influence of nitrogen source on the food in-

take and nitrogen retention of weanling

rats, 185.



INDEX

Stanetz, C. A. See Kaunitz, H., 551.
Somers, G. F., and W. C. Kelly. Influence
of shading upon changes in the ascorbic
acid and carotene content of turnip greens
as compared with changes in fresh weight,
dry weight and nitrogen fractions, 39.
Soybean meal (raw), effect of on the intesti-
nal and pancreatic nitrogen in the rat, 285.
-------------------------- pancreatic enzyme secre-
tion in the rat, 269.
Speer, V. 0. See Peo, E. R., Jr., 465; 475.
Staxjber, L. A._ See Brush, M. K., 601.
Stempfel, S. J. See Pearson, W. N., 445,
Sultivan, T. W., and H. R. Bird. Effect of
quantity and source of dietary nitrogen on
the utilization of the hydroxy analogues of
methionine and glycine by chicks, 143.
Surface-active agents, non-ionic, of the poly-
oxyethylene type, addition of to the diet of
the hamster, the mouse and the dog, 601.
Swendseid, M. E.,, N. J. Long and J. A.
Halsted. Effect of vitamin B12and Aureo-
mycin supplements on vitamin liver
stores and on the development of anemia
in gastrectomized rats, 585.

fJIERRY, S. See Scoular, F. I., 489.

Thiamine in beef exposed to gamma radiation,
bioassay of, 107.

Thiessen, R., Jr.
575.

Thyroid activity, relation of to increased
metabolism induced by fat deficiency, 119.

Trypsin inhibitor diets, effect of on pancreatic
enzyme secretion in the rat, 269.

Tryptophan, biological availability of, 313.

— (Lysine), valine and methionine as sup-

See Reussner, G., Jr.,,

plements to the protein in flour. Improv-
ing the nutritive value of flour. VIII., 151.
—e Utilization of amino acids from foods by

the rat. 1V,, 513.

Turkey poult(s), effect of folic acid on the
use of glycine by the, 593.

———————— exudative diathesis and vitamin E de-
ficiency in, 83.

Turnip greens, influence of shading upon
changes in the ascorbic acid and carotene
content of as compared with changes in
fresh weight, cry weight and nitrogen frac-
tions, 39.

625

Tyrosine (Phenylalanine and) requirement of
the growing chick with special reference to
the utilization of the D-isomer of phenylala-
nine, 349.

INJTLEY, M. W. See Pearson, W. N., 445.

ALENZUELA, J. S. See Pearson, W. N,
445,

Valine (Lysine, tryptophan) and methionine
as supplements to the protein in flour. Im-
proving the nutritive value of flour. VIII.,
151.

Vanderbilt cooperative study of maternal and
infant nutrition. X. Ascorbic acid, 201.
Vitamin B12 and Aureomycin, effect of on
vitamin B~ liver stores and on the develop-
ment of anemia in gastrectomized rats, 585.

— = liver stores, effect of vitamin B12 and
Aureomycin supplements on and on the
development of anemia in gastrectomized
rats, 585.

—-— requirement of chicks,
fecting, 539.

— E deficiency in turkey poults,
diathesis and, 83.

=~ (water-soluble)
salmon.
225.

Vitamins, water-soluble in raw ground beef,
effects of gamma radiation on, 27.

myyALL, R. L. See Morris, D. W., 119.

nutrients af-
exudative

requirement of chinook
Nutrition of solmonoid fishes, I11.,

Wasserman, R. H., C. L. Comar, J. C
Schooley and F. W. Lengemann. Inter-
related effects of L-lysine and other dietary
factors on the gastrointestinal absorption
of calcium-45 in the rat and chick, 367.

Wellts, J. S. See Scoular, F. I., 489.

Westerman, B. D, J. Kannarr and M.
ROHRBOUGH. Improving the nutritive value
of flour. VIII. Lysine, tryptophan, valine
and methionine as supplements to the pro-
tein in flour, 151.

Wilson, J. E. See Moore, T. B., 357.

Women, young college, consuming self-selected
diets, calcium, phosphorus and magnesium
balances of, 489.

Wright, H. V. See Nelson, M. M., 395.

Wuthier, R. E. See Ontko, J. A., 163.



NOTICE TO CONTRIBUTORS

The Journal of Nutrition, a copyrighted periodical, appears monthly for the
publication cf original research bearing on the subject of nutrition and occasional reviews
of the literature dealing with this subject.

The Journal of Nutrition IS the official organ o¢ the American Institute ot
Nutrition. The officers of the Institute for 1957-58 are: B. E. Williams, President;
William J. Darby, Vice-President; George M. Briggs, Secretary; J. B. Brown, Treas-
urer; L. A. Maynard, E. W. McHenry, Paul Gyorgy, Councillors.

Preliminary notices, or papers already published or in press elsewhere, will not be
accepted. Unusually Ior_ng pa,%e_rs that would take a disproportionate part of a single issue
can be considered only it published as a supplement, the entire cost of which is assumed
by the author.

The Paggr must be accompanied by an author’s abstract not to exceed 225 words,
which will be published in The Wistar Institute Advance Abstract Card Service.

Manuscripts and drawings should be sent by express prepaid or by r%gstered mail to
the Editor, Dr. George E. Cownill, Yale University Nutrition Laboratory, Cedar Street,
New Haven 11, Conn. If two complete copies of the paper are submitted, consideration
by the Journal can be expedited.

Manuscripts and drawings should be submitted in complete and finished form with
the author’s complete address. All drawings should be marked with the author’'s name.
The Wistar Institute reserves the right to return to the author for revision material
which is not in I;q)r_op_er form for the printer. When the amount of tabular or Elustrative
material or both is judged to be excessive, or unusually expensive, authors may be re-
guested to pay the excess cost. . . .

Manuscripts should be typed in double spacing on one side of bond or heavy-bodied

aper 84 X 11 inches and should be sent flat. Page 1 should include, in the following
order: complete title, author’s name, institution from which the paper came, with city ana
state, total number of figures, shortened form of title (not more than 35 letters and
spaces), address to which the proof is to be sent. The text starts on page 2.

Tables, quotations (extracts of over 5 lines), and all other material usually setin
smaller than the text, should be typed each on a separate sheet. Footnotes to the text
should be numbered consecutively (including those on page 1) and typed in order on a
separate sheet. Explanations of figures should be treated in the same manner. Footnotes
to a table should be made a part of the table, and should be typed directly beneath it.
Citations of literature in the text should be made by author and by numerals to indicate
the year of publication. Authors’ names (followed by year, title of paper, etc.) should be
arranged alphabetically in a list at the end of the text.

. original drawings, not photo%gaf)hs of drawings, should accompany the manu-
script. When photographs are used for halftone reproduction, glossy prints should be sent.
Authors should indicate on the manuscript the approximate position of text figures. If
there are illustrations so large as to require mailing separately, reduced copies of them
that can be mailed with the manuscript should be provided In order to expedite con-
sideration of the r. . . .

Figures should be drawn for reproduction as line or halftone engravings, unless the
author 1s preﬁgred to defray the cost of a more expensive form of illustration. Letters
and figures should be uniform and large enough so that no character will be less than
2 mm high after reduction to at least width of the page 84\] inches). Double plates
will not be accepted. Figures should be numbered consecutively beginning with the text
figures and continuing through the plates. The reduction desired should be clearly indi-
cated on the margin of the drawing. . .

Drawings intended for photographic reproduction should be made on white cr blue-
white paper or bristol board —not on cream-white or yellow-tone. Photographs
intended for halftone r_ewoductlon should be securely mounted with colorless paste
— never with glue, which discolors the photograph.

Galley proofs and engraver’s proofs of figures are sent to the author. All correc-
tions should be clearly marked thereon. FOr further details important for the prepara-
tion of a satisfactory manuscript, ask The Wistar Institute for a copy of its leaflet
entitled: A GUIDE FOE AUTHOES. . o L .

The Journal of Nutrition IS @ copyrighted scientific periodical and reprints
are intended primarily for the author’'s use. Authors are furnished 50 reprints, with
covers, gratis. Additional C(%ﬁiees may be obtained according to the rates which will be
sent the authors as soon as the manuscript has been examined at The Wistar Institute,
after acceptance. Other parties ordering reprints must have their orders approved by the
authors, and must give written assurance that distribution will be restricted to
professional personnel and others interested in the science of nutrition, and that
no advertising or imprinting will be attached to the reprints thus furnished.



THIS NUMBER COMPLETES VOLUME 62

CONTENTS

E. R. Peo, Jr., V. W. Hays, G. C. Ashton, Y. C. Speer, C. H. Liu and D. V.
Catron. Application of the protein depletion-repletion technique in baby
pig feeding experiments. I. A comparison of levels and sources of protein
FOr Daby PIgS e

E. R Peo, Jr., V. W. Hays, G. C. Ashton, V. C. Speer, C H. Liuana D. Y.
Catron. Application of the protein depletion-repletion technique in baby
pig feeding experiments. Il. Effect of levels of protein on repletion
gains and blood serum components of baby PIgS ......ccccveereriiiieieeennnens

Florence l. Scoular, June Kelsay Pace and A. Nell Davis with the
technical assistance O Mattie Hall Finley, Sandra Kirkland,
Sylvia Terry, Julia Shelton Wells, Patty Whitley Courtney and
Margie Marshall Jones. The calcium, #ohorus and magnesium
balances of young college wormen consuming sel elected diets............

P. D. Deshpande, A. E. Harper and C A Elvehjem. Nutritional improve-
ment of white flour with protein and amino acid supplements .............

C H. Lushbough, Thelma Porter and B. s Schweigert. Utilization of
amino acids from foods by the rat. IV. Tryptophan ..........cccccceevneeen.

B. H. Ershoff, H. J. Hernandez and Joan M. Muceenthaler. Potenti-
ating effects of materials of plant and animal origin on symptoms of
hypervitaminosis A in the rat ..o

M. R. Spivey Fox, G. M. Briggs ana L. 0. Ortiz. Nutrients af'fecting the
vitamin BKrequirement of ChiCKS .......cccoiiiiriiiiiiiiiiiiiiiiiiieiieeeeeee e

Hans Kaunitz, C. A. Stanetz and R. E. Johnson. Ultilization of food for
weight maintenance and growth ...........cccoccvieiiieeriie e

Richard |_ Maurer and Harry G. Day. The non-essentiality of fluorine in
NUETEION ettt e e e e e e e e e e e e e e e a e e enaas

G. Reussner, Jr. and R. Thiessen, Jr. Studies on the protein quality of
high-oil, high-protein corn ...........ccocoeiiiiiiii e

Marian E_. Swendseid, Norma J. Long and James A Halsted. Effect of
vitamin B,, and aureomycin supplements on vitamin Bu liver stores and
on the development of anemia in gastrectomized rats .............cccoceveennee

F. H Kratzer and Fayne H. Lantz. The effect of folic acid on the use of
glycine by the turkey poult ..........cooeiiiiiiiiiiie e

Miriam: K. Brush, J. R_. McCoy, H. L Rosenthal, L A. Stauber and J. B.
Arrison. The addition of non-ionic surface-active agents of the poly-
oxyethylene type to the diet of the hamster, the mouse and the dog ....

PRESS OF
THE WISTAR INSTITUTE
OF ANATOMY AND BIOLOGY
PHILADELPHIA

Printed in the United States of America

465

475

489

503

513

527

551

561

575

601



	THE JOURNAL OF NUTRITION 1957 VOL.62 NO.4
	APPLICATION OF THE PROTEIN DEPLETION- REPLETION TECHNIQUE IN BABY PIG FEEDING EXPERIMENTS I. A COMPARISON OP LEVELS AND SOURCES OF PROTEIN FOR BABY PIGS 1,2
	APPLICATION OF THE PROTEIN DEPLETION- REPLETION TECHNIQUE IN BABY PIG FEEDING EXPERIMENTS II. EFFECT OF LEVELS OF PROTEIN ON REPLETION GAINS AND BLOOD SERUM COMPONENTS OF BABY PIGS 1,2
	THE CALCIUM, PHOSPHORUS AND MAGNESIUM BALANCES OF YOUNG COLLEGE WOMEN CONSUMING SELF-SELECTED DIETS¹
	NUTRITIONAL IMPROVEMENT OF WHITE FLOUR WITH PROTEIN AND AMINO ACID SUPPLEMENTS¹
	UTILIZATION OF AMINO ACIDS FROM FOODS BY THE RAT
	POTENTIATING EFFECTS OF MATERIALS OF PLANT AND ANIMAL ORIGIN ON SYMPTOMS OF HYPERVITAMINOSIS A IN THE RAT¹
	NUTRIENTS AFFECTING THE VITAMIN B12 REQUIREMENT OF CHICKS¹
	UTILIZATION OF FOOD FOB WEIGHT MAINTENANCE AND GROWTH
	THE NON-ESSENTIALITY OF FLUORINE IN NUTRITION¹’²
	STUDIES ON THE PROTEIN QUALITY OF HIGH-OIL, HIGH-PROTEIN CORN
	EFFECT OF VITAMIN Bu AND AUREOMYCIN SUPPLEMENTS ON VITAMIN B12 LIVER STORES AND ON THE DEVELOPMENT OP ANEMIA IN GASTRECTOMIZED RATS¹’²
	THE EFFECT OF FOLIC ACID ON THE USE OF GLYCINE BY THE TURKEY POULT
	THE ADDITION OF NON-IONIC SURFACE-ACTIVE AGENTS OF THE POLYOXYETHYLENE TYPE TO THE DIET OF THE HAMSTER, THE MOUSE AND THE DOG¹
	INDEX
	NOTICE TO CONTRIBUTORS

