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These publications enjoy the largest circulation of any similar journals published.

THE JOURNAL OF MORPHOLOGY

Devoted to the publication of original research on animal morphology, including cytology,
protozoology, and the embryology of vertebrates and invertebrates. Articles do not usually
exceed 50 pages in length.

Issued bimonthly, 2 vols. annually: $20.00 Domestic, $21.00 Foreign, per year.
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THE ANATOMICAL RECORD
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SPOTLIGHT COosT

\

A series devoted to giving you brief facts about those
vital, health-giving factors — the vitamins.

A Capsule History. 1913 was the year. Two teams working
independently with animal feeding
experiments discovered that a d et
which was good in all other respects
but which varied only in the source
of fat caused young animals to
thrive or sicken as the fat was
varied. The work of these teams

(McCollum and Davis; Osborne and Mendel) led to the dis-

covery of the food factor which we know as vitamin A.

Composition and Action. A pale yellow, oil-soluble substance,
vitamin A is expressed in the chemist’s shorthand as C,,(H.,90H.
It is necessary in the diets of men and animals to promote the
body’s growth and development. Vitamin A is a vital require-
ment in guarding the health of the eyes and skin, and for
resistance against infection. It helps maintain the health of
mucous membranes and other specialized epithelial and glandu-
lar tissues.

The paragraphs above have been taken from “The Vital Story cf
Vitamin A” which is available on request without charge as is the
newest Roche publication: “The Story of Natures Yellow — Beta
Carotene.” Send today for your copies.

If you are engaged in the manufacture of foods or pharmaceuticals,
our technical service is at your disposal . . . in confidence, of course.

VITAMIN DIVISION »«  HOFFMANN-LA ROCHE INC. . NUTLEY 10, N. J.

ROCHE ROUND THE WORLC

AFFILIATED COMPANIES: BASEL « BOGOTA +« BOMBAY « BRUSSELS + BUENOS AIRES +« GRENZACH (BADEN)

HAVANA -

ISTANBUL « JOHANNESBURG +« LONDON m MADRID « MEXICO CITY « MILAN « MONTEVIDEO

« PARIS

RIO DE JANEIRO =+ STOCKHOLM + SYDNEY =« TOKYO =+ VIENNA =+ AGENCIES IN OTHER COUNTRIES
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The American Anatomical Memoirs

PUBLISHED BY THE WISTAR INSTITUTE

. Early Stages of Vasculogenesis in the Cat (Felis domestica) with Especial

Reference to the Mesenchymal Origin of Endothelium, by H. von W. Schulte,
Department of Anatomy, Columbia University, New York City. 90 pages of text and
33 text figures, of which 14 are in colors. $0.75.

. The Development of the Lymphatic System in Fishes, with Especial Reference to

its Development in the Trout, by C. F. W. McClure, Department of Comparative
Anatomy, Princeton University. 140 pages, 41 figures, 11 of which are in colors. $1.25.

. An Experimental Analysis of the Origin of Blood and Vascular Endothelium, by

Charles R. Stockard, Department of Anatomy, Cornell University Medical School, new
York City. 174 pages. $1.25.

. On the Behavior of Bufo and Rana toward Colloidal Dyes of the Acid Azo Group

(trypan blue and dye no. 161), by Charles F. W. McClure, Laboratory of Comparative
Anatomy, Princeton University. 64 pages. $0.75.

. The Morphology and Evolutional Significance of the Pineal Body, by Frederick

Tilney, M.D., Ph.D., Professor of Neurology, Columbia University, New York, and
Luther F. Warren, A.B., M.D., Professor of Medicine, Long Island College Hospital,
New York. Part 1. A contribution to the study of the epiphysis cerebri with an
interpretation of the morphological, physiological, and clinical evidence. 258 pages,
97 text figures. $1.50.

Anatomical and P hysiological Studies on the Growth of the Inner Ear of the
Albino Rat, by Tokujiro Wada, The Wistar Institute of Anatomy and Biology. 174
pages, 124 tables, 42 charts, 12 figures, 2 plates. $2.00.

The Pigmentary, Growth, and Endocrine Disturbances Induced in the Anuran
Tadpole by the Early Ablation of the Pars Buccalis of the Hypophysis, by
P. E. Smith, Assistant Professor of Anatomy, University of California. 112 pages of
text, 40 pages of illustrations, including 2 colored figures and 7 heliotype plates. $1.50.

An Experimental Analysis of Oedema in the Frog, with Special Reference to the
Oedema in Red-leg Disease, by Charles F. W. McClure, A.M., Sc.D., Professor of
Comparative Anatomy, Princeton University. 40 pages, 3 figures. $0.50.

On the Problem of Lymph Flow between Capillaries of the Blood-vascular System
and Blindly-ending Capillaries of the Lymphatics, by Charles F. W. McClure,
Professor of Comparative Anatomy, Princeton University. 50 pages, 24 charts. $1.00.

Life Processes and Size of the Body and Organs of the Gray Norway Rat During
Ten Generations in Captivity, by Helen Dean King and Henry H. Donaldson, The
Wi istar Institute of Anatomy and Biology. 106 pages, 22 charts. $2.50.

The Mammalian Vena Cava Posterior. An ontogenetic interpretation of the atypical
forms of vena cava posterior (inferior) found in the adult domestic cat (Felis
domestica) and in man, by Charles F. W. McClure, A.M., Sc.D., Professor of Comparative
Anatomy, Princeton University, and the late George S. Huntington, Professor of Anatomy,
Columbia University. 150 pages, 46 plates (63 figures, of which 21 are in colors). $3.75.

The Embryology of the Opossum, by Edward McCrady, Jr. 234 pages, 66 text figures,
3 plates. $3.50.

Life Processes in Gray Norway Rats During Fourteen Years in Captivity, by Helen
Dean King. 78 pages, 13 text figures, 2 plates. $2.00.

A Resurvey of the Development of Lymphatics and Associated Blood Vessels in
Anuran Amphibia by the Method of Injection, by Henry McE. Knower. 126 pages,
5 text figures, 19 plates. $2.00.

Palmar and Plantar Dermatoglyphics in Primates, by Charles Midlo and Harold
Cummins. 198 pp. 602 figures. $3.00.

(New — Now in Press) Weight Changes with Age in the Organs of Rats. Two parts.
Part I — Albino Rats (60 tables). Part Il — Gray Norway Rats C56 tables). Thirty
collaborators engaged in this important contribution to the study ot aging. By Edmond
J. Farris and Eleanor H. Yeakel. Price to be announced.

Note: Nos. 1, 2, 5, 6, and 19 are out of print

Order from

THE WISTAR INSTITUTE PRESS
3631 SPRUCE STREET, PHILADELPHIA 4, PA.
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VIOBIN

TOASTED
WHEAT GERIVI

Defatted —Stable —35% Protein —equal
to meat in biological value. A delicious protein
supplement for any food.

Available in raw untoasted form.

Wheat Germ Concentrate 90% protein.
Fish Flour (deodorized) 90% protein.
Meat Flour 90% protein.

VIOBIN CORPORATION wonticelio, niinois

Original first edition back volumes and numbers of

THE JOURNAL OF NUTRITION

i Price per
Sgiﬂﬁ!‘é? Year perp\;cl)(l:ﬁme In\f(;)ITrg!eeste Year e,
1-7 1928-1929 $18.00 16, nos. 1, 2, 4, 5 6 1938 $4.00
9-12 1935-1936 15.00 18, nos. 3-6 1939 4.00
24 1942 12.00 19, nos. 1,2, 4 1940 3.00
26 1943 12.00 20, nos. 2, 3, 6 1940 3.00
29-32 1945-1946 10.00 21, nos. 1, 4, 6 1941 3.00
34-51 1947-1953 9.00 22, nos. 5, 6 1941 3.00
52-57 1954r-1955 7.50 23, nos. 2, 3, 5 6 1942 3.00
59-63 1956-1957 7.50 25, nos. 2-6 1943 3.00
64766 1958 7.50 27, nos. 5 6 1944 2.50
28, nos. 2-6 1944 2.50

Index to volumes 1-15 75 33, nos. 2-6 1947 2.50
Index to volumes 16-36 2.25 58, nos. 1-4 1956 2.50

ALL UNLISTED VOLUMES AND NUMBERS PRIOR TO VOLUME 66 ARE OUT-OF-PRINT
Prices subject to change without notice. Availability depends upon prior sales
Volumes 67-69 current for 1959
Annual subscription $22.50 domestic; $24.00 foreign. Single copies $2.25 each

Send order with remittance to
THE WISTAR INSTITUTE OF ANATOMY AND BIOLOGY
THIRTY-SIXTH STREET AT SPRUCE, PHILADELPHIA 4, PA
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An experimental study of nail growth.
By Kenneth O. Godwin.

Volatile fatty acid rations for %row-
ing lambs. By H. W. Essig, E. E.
Hatfield, and B. C. Johnson.

The reaction of the rat to different
levels of manganese following hep-
atectomy. By Theodore J. Urban.

Galactose ingestion and urinary ex-
cretion of calcium and magnesium.
By Franklin W. Heggeness.

The effect of age and supplemental
amino acids on the utilization of
milk and soya protein by the young
pig. By V. W. Hays, V. C. Speer,
P. A Hartman and D. V. Catron.

Serum polyunsaturated fatty acids in
groups of Africans with low and
high fat intake. By O. A Roels,
P. Leurquin, and M. Trout.

Protein depletion and amino acid re-
quirement in the growing chick.
By H. Fisher, P. Griminger, and
G. A Leveille.

Effects of excess thiamine and pyri-
doxine on growth and reproduction
in rats. By A B. Morrison and
H. P. Sarett.

Biochemical observations on aortas of
chickens. Effect of different fats
and varying levels of protein, fat
and cholesterol. By H. Fisher, A
Feigenbaum, G. A Leveille, H. S
Weiss and P. Griminger.

of Nutrition

Influence of body composition of
weanling pigs on survival under
stress. By L. S. Baur and L. J.
Filer, Jr.

Serial determinations of serum pro-
tein-bound carbohydrates and pro-
teins during protein depletion and
repletion in the adult rat. By H. E.
Weimer, H. Nishihara and S. H.
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Dietary modification of serum chol-
esterol in the chick. By B, E.
March and J. Biely.
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mouse. By B. H. Ershoff and H. J.
Hernandez.

Interrelation of cholesterol, palmitic
acid and unsaturated fatty acids in
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HANDBOOK OF DIET THERAPY

THIRD EDITION

Written and Compiled by Dorothea Turner for the
American Dietetic Association

Since its first publication in
1946, the Handbook op Diet
Therapy has proved an invalu-
able tool in the planning of diets
to meet special health require-
ments.

This third edition reflects
changes and developments in
medical thinking and diet ther-
apy research since the 1952 edi-
tion. Basic organization remains
substantially the same, but the
book has been expanded to in-
clude new chapters on diet dur-

Through your bookseller

ing pregnancy, adolescence, and
old age; energy expenditure;
fatty acid modifications; and
phenylalanine restrictions. Also
new tables on food composition;
revised Recommended Dietary
Allowances and Glossary of
Dietetic Terms.

“Well organized, scientifically
accurate, and easily understood

. the most practical book that
has appeared in this field.”—a
Journal of the AMA (review of
2nd edition). $5.00

|A-
'"AicafO PRESS 6750 Etlis Avenue, Chicago 37, ilinois

In Canada: The University of Toronto Press, Toronto 5, Ontario

UNIVERSITY OF

THE BRITISH JOURNAL OF NUTRITION

Published for the Nutrition Society

SHORTENED VERSIONS OF TITLES OP ARTICLES IN VOLUME 13, NO. 3, 1959

Comparison of methods for examining the
nutritive value of proteins. By W.
Rippon.

Hyperphagla and gastric hypertrophy in rats
adapted to intermittent starvation.” By E
Holedbkova and P. Fabry.

Daily endogenous creatinine excretion as a
measure of bodz composition in rats. By 1.
Kumar, and and A. W. Boyne.

Amino-acid composition of three mixed diets.
By B. P. Hughes.

Malnutrition in African adults. 4. Intestinal ~ Distribution of chromium sesquioxide and poly-
absorption. By E. G. Holmes and Sylvia ethyleneglycol in the reticulo-rumen of cattle.
J. Darke. By J. L. Corbett, J D. Greenhalgh

and E. Florence.

Malnutrition in African adults. 5. Effects of

hookworm infestation on absorption of food-
stuffs By Sylvia J. Darke.

Techniques in longitudinal
skeletal development of the rat.
Acheson, M. Neil
nor Oldham.

Effect on chick %rowth of inactivated penicillin,
mineral sul ates or furazolldone suﬁple»
ments. . Coates and

studies of the rison.

By Roy M.
Macintyre and Elea-  Apsorption and excretion of ~ACa and 8%r by
Blackface wethers. By H. G. Jones and

The calorie reqmrements of Nigerian peasant W. S. Mackie.
farmers. By B. M. Nicol. Availability to pigs of nicotinic acid in tortilla
The protein requirements of ngerlan peasant baked from maize treated with lime-water.

farmers. By B. M. Niool By E. Kddicek, R. Braude and S. K. Kon.

The combined subscription rate for the British Jourr.al of Nutrition (4 issues)
and the Proceedings of the Nutrition Society (2 issues) is $28.50
Published by ths
Cambridge University Press

32 East 57tR Street, New York 22, N. Y.
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A LABORATORY ATLAS

OF THE 13-MM PIG EMBRYO

(Prefaced by younger stages of the chick embryo)

ty

EDWARD A. BOYDEN

Professor of Anatomy
University of Minnesota

THIRD EDITION
(Reprinted 1955)

Revised and supplemented by
three new original models cov-
ering the facial processes, the
olfactory organ and the body
cavities.

This Atlas is designed as a
contribution to the science and
teaching of organogeny and its
object is to give the student of
vertebrate, and particularly hu-
man, anatomy a detailed first-
hand knowledge of the develop-
ment of mammalian organs and
systems without the mechanical
labor of making innumerable
drawings. Forty representative
sections through a carefully se-
lected embryo have been drawn
under the Edinger projection
apparatus. These have been sup-
plemented by drawings of origi-
nal wax models and by a
graphic reconstruction from the
same embryo, designed to assist
the student in interpreting the
sections being studied under the
microscope as well as in labeling
the sections drawn in the Atlas.

Since the primary object is
mammalian organogeny, as lit-
tle space as possible has been
devoted to earlier stages in de-
velopment. The eight sections
of the 48-hour chick have been
selected as those best adapted
for making the transition be-
tween the 36-hour chick and the
13-mm pig embryo. Blank pages
have been provided throughout
the book for drawings of such
supplementary material as germ
cells, germ-layer stages, histo-
genesis, dissections of older em-
bryos, etc., to make the Atlas
more adaptable to various types
of courses given in zoological and
anatomical departments.

The Atlas is printed on heavy
ledger paper so that the tissues
and organs studied may be la-
beled or colored on the printed
drawings, iv+ 104 pages, 69
figures, bound in substantial
cloth-covered boards.

Price $3.00

THE WISTAR INSTITUTE PRESS
3631 SPRUCE STREET
PHILADELPHIA 4, PA.



A GUIDE FOR CONTRIBUTORS

to Jhe Journal of

NUTRITION'

A COPYRIGHTED SCIENCE PERIODICAL PUBLISHED MONTHLY BY THE WISTAR INSTITUTE

The Journal of Nutrition welcomes con-
cise reports of original research bearing
on the nutrition of any organism. Prelim-
inary notices, or papers already published
or in press elsewhere are not acceptable.
Consideration will be given to the publica-
tion of supplements at the author’s ex-
pense.

MANUSCRIPTS should be typewritten,
double-spaced throughout, on bend paper
(8V2 x 11 inches). An original and a car-
bon copy should be sent flat, by registered
mail, to Richard H. Barnes, Editor, The
Journal of Nutrition, Graduate School of
Nutrition, Cornell University, Savage Hall,
Ithaca, New York. The following informa-
tion should be listed on page 1.

. Complete title of paper.

Name or names of authors.

Institution or laboratory, with city and state.
Shortened form of title (not more than 48
letters and spaces).

. Address and name of author to whom proof
is to be sent.

The text should begin on page 2. The
manuscript should be prepared with a uni-
form style, and submitted in complete and
finished form exactly as the author wishes
it to appear in type. Citations of the liter-
ature in the text should be made by author
and year of publication. For any year from
1900 and after, use abbreviation, for ex-
am(!ole (’34). Never divide a word at the
end of a line, for, it might be set incor-
rectly with a hyphen. Number all pages
consecutively in the following order: title
Fage, text, tables, figures and legends,
iterature cited and footnotes.

Each of the following sections, usually
set in smaller type, should be started on
a new page and typed double-spaced: (1)

ECINTS

2]

tables, with appropriate heading Ea sepa-
rate sheet for each table), (2) explanation
of figures, numbered and listed consecu-
tively, (3) literature cited, arranged alpha-
betically by authors—see current issue for
exact form, and (4) footnotes.

Footnotes. In the text, footnotes should
be numbered consecutively, including any
indicated on page 1. In a table, footnotes
should be made part of the table, typed
directly beneath it, and numbered 1, 2, 3,
etc. These are independent of other foot-
note numbers used in the manuscript.

Acknowledgments. Financial support
may be listed as a footnote to the title.
Credit for materials may be listed as a foot-
note in the text. Technical assistance and
advice may be cited in a section headed
Acknowledgments, which will follow the
summary.

Literature Cited. Accuracy and ade-
quacy of the references are the responsi-
bility of the author. Literature cited should
be checked carefully with the original pub-
lication. References to abstracts, personal
communications or unedited reports are
generally treated as text footnotes. Refer-
ence to a paper in press may be included
in Literature Cited. If such a Pa er would
be useful in the evaluation of the manu-
script under consideration, it is advisable
to make a copy of it available to the Editor.
When a manuscript is one of a series of
papers, the preceding paper should be in-
cluded in Literature Cited.

Numbers. If possible, avoid using a
number as the first word in a sentence.
Numbers so used should always be spelled
out, but no abbreviations should follow
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such numbers. Numbers indicating time,
weight and measurements are to be ex-
pressed in Arabic figures when followed by
an abbreviation (e.g., 2 mm; 1sec.; 3 gm,
10 mm3). Except as indicated, the num-
bers one, two and three will be written out
in the text %e.g., two days; one dog). All
higher numbers will be given in Arabic
figures. Use Arabic numerals throughout.

Abbreviations. The word figure, writ-
ten in the text, is not abbreviated exceft
when appearing in parentheses, as (fig. 2)
(figs. 4-6).

The metric system should be used in
preference to others for measurements,
weights, etc. Temperatures should always
be expressed in Centigrade scale. Metric
abbreviations listed below are shown in
the approved lower-case style, without

periods:
Weight Length
kg kilogram km  kilometer
gm gram m meter
mg milligram cm  centimeter
/;g microgram mm  millimeter
m/i millimicrogram /A micron
m micromicrogram mii millimicron
nl] micromicron
Volume
m3 cubic meter
cm3 cubic centimeter Area
mm3 cubic millimeter m2 square meter
1 liter cm2 squarecentimeter
ml  milliliter mm2 squaremillimeter
Symbols.  When preceded by a figure,

the following symbols are used:

A Angstrom units 0 degree o
% percent ppm parts per million

Tables and figures. Authors are urged
to economize on space used for tables and
figures. These should fit one column width
(2% inches) or when necessary, two col-
umn widths (512 inches). A charge will
be made for that space used for tables and
figures which exceeds one-half of the space
used for the manuscript exclusive of tables
and figures. A table or figure should be
constructed so as to be intelligible without
reference to the text. Lengthy tabulation
of essentially similar data can often be
avoided by giving the number of experi-
mental results and their mean values, with
standard deviations or ranges within which
the values fall. Statements that significant
differences exist between the mean values
of two %roups of data should be accom-
panied by indications of fprobability de-
rived from the test of significance applied.

Original drawings, with two reproduc-
tions, to be sent to reviewers, or in the
case of photographs, two glossy prints,
should accompany the manuscript. They

OF NUTRITION

should be marked on the back in ink with
the author’s name and complete address.
Such drawings and ﬂhotographs must not
exceed 8\2 x 11 inches in size and must
be at least 514 inches wide in order to fit
the 238-inch single column width when
reduced by one-half. When a complicated
figure requires more space for clarity, a
proportionately larger illustration will be
acceptable. Drawings should be on white
or blue-white paper or bristol board—not
cream-white. They should be prepared for
reproduction as line or halftone engrav-
ings. Letters and numbers should be uni-
form and large enough so that no character
will be less than 2 mm high after reduc-
tion. A line of 0.4 mm wide reproduces
satisfactorilh/ when reduced by one-half.

Figures should be lettered in black India
ink. For any charts made on cross-section
paper, use black India ink on paper printed
In light blue only. Graphs and charts
should be given consecutive figure numbers
as they will appear in the text.

American Documentation Institute. To
conserve space in the Journal, lengthy de-
scriptions of experimental procedures, de-
tailed data such as that on individual
animals or subjects, extra figures and other
material considered important supplemen-
tary information, may be deposited with
the American Documentation Institute,
Library of Congress. The deposition of the
above material will be made by the Editor’s
office. A footnote will be included in the
published paper to the effect that photo-
stats or microfilm copies are available at
moderate cost.

Abstract. Each paper should be accom-
panied by an abstract not to exceed 225
words, and should carry the complete title
of the paper, author’s full name, the insti-
tution and address.

Reprints. Reprint order forms and rates
will be sent with ﬁage proofs. Anyone
other than an author desiring reprints
must have orders approved by the author,
and give written assurance that (1) dis-
tribution will be restricted to those inter-
ested in the science of nutrition, and (2)
no advertising or imprinting will be at-
tached to the reprints thus furnished.

This Guide for Contributors has been
reprinted and is available upon request to
the Editor. It is recommended that you
obtain copies for the use of secretaries,
associates and students.
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David Breese Jones

~ A Biographical Sketch

(October 5, 1879 — September 5, 1954)

A hundred years or so ago, the town of
Cambria, Wisconsin, was the center of a
growing Welsh community, most of whose
people came from agricultural northern
Wales to farm the rich prairie land north-
east of Madison. Among the arrivals in
1848 was a Jones family and their young
son, John. This family was known as
Jones, Coety (a contraction of “Coed Ty,”
meaning “Wooden House™), as it was a
custom of the Welsh to add the name of
the family farm to the surname in order
to distinguish between the many Joneses,
Evanses, Williamses, or other names which
were S0 common.

John D. Jones, Coety, later married Mary
Breese, whose parents had also come from
Wales, and on October 5, 1879, their first
son, David Breese Jones, was born. Two
more sons were added to the family—
John Edward, who was later to go into the
Prestglterian ministry and is now retired
in Indiana where he served one church for
over 30 years; and Llewelyn, who followed
his eldest brother’s profession, becoming a
chemist in the U. S. Food and Drug Ad-
ministration laboratories in Chicago and
Kansas City; he is now retired in Denver,
Colorado.

The three brothers—Dave, John, and
Lew—qgrew up in Cambria, working on the
Coety farm and, when the family moved
into town, engaging in numerous activities
of which those in the Welsh Church took
an important part. Young Dave had two
teachers in school who left a lasting im-

ression on him—an English teacher who
instilled in the pupils a deep appreciation
of literature and poetry, and a science
teacher who sparked their imagination by
having them perform simple experiments
at home. One of Dave’s earliest experi-
ments was the demonstration of “organic
matter” in bone by tying a knot In a
chicken femur after soaking it in dilute
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acid, and of “mineral matter” by ashing
another bone. It was apparently this
teacher who first awakened David Breese
Jones’s interest in science.

After a three-year course at Ripon Col-
lege Preparatory School in Ripon, Wiscon-
sin, from which he was graduated in 1899,
Dave taught for a winter term in a one-
room country school three miles south of
Cambria. He walked the three miles from
home and built the fire in the schoolhouse
each morning before opening school for
his 20-cdd pupils. Among his later recol-
lections of this period was his surprise one
snowy January morning to find a roaring
fire in the stove and several other indica-
tions that tramps had spent a cozy night
in the schoolhouse.

Dave entered Ripon College in 1900 and
was graduated in the class of 04. He took
all the chemistry courses offered, supple-
menting these and the other science
courses with a sound background in the
classics, on which more emphasis was
placed then than nowadays. Four years of
Latin and three each of Greek and German
came easily to one who was linguistically
inclined and who had spoken Welsh at
home before he spoke English. He earned
almost all of his way through college—as
janitor in a church, waiting on table, cut-
ting wood, and at a wide variety of other
jobs. But the I)K/ears at Ripon were not all
study and work by any means; there were
many social events in which he took part,
as well as declamatory contests, choir sing-
ing, college club activities, and tours as a
member of the glee club and the football
team.

After receiving the Bachelor of Arts
degree from Ripon, David Jones (or D.
Breese Jones, as he usually signed his
name from about that time) taught high
school for two years in Princeton, Min-
nesota. He was not only the science

n
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teacher—teaching chemistry, physics, and
zoology—but he also taught bookkeeping,
algebra, geometry, and history, coached
the football team, and served for a while
as acting principal.

He obtained an appointment as assistant
in chemistry at Yale University and, in the
fall of 1906, he left the Midwest to take up
his new duties in New Haven. He soon ar-
ranged with Russell H. Chittenden, then
Director of the Sheffield Scientific School,
and with Dean Phillips of the Yale Grad-
uate School to take courses toward an ad-
vanced degree; his first research was car-
ried out under the direction of Professor
Treat B. Johnson in the organic chemistry
department during the winter term of
1907-08. The results of this work were
published in the American Chemical Jour-
nal as two papers in Johnson’s extensive
series on “Researches on Pyrimidines.”

In the spring of 1908 he left the Sheffield
campus to take a research fellowship va-
cated by F. W. Heyl (who later became
research director of the Upjohn Company)
in the laboratory of Thomas B. Osborne at
the Connecticut Agricultural Experiment
Station at New Haven. Osborne was al-
ready recognized as the outstanding author-
ity in the field of vegetable proteins and,
aided by a grant from the Carnegie Insti-
tution, he and his associates were inten-
sively engaged in characterizing proteins
by their amino acid composition. This was
an active period of early development in the
chemistry of proteins, as improved meth-
ods were being devised to cope with their
complexity. Osborne had recently modified
Hausmann’s method for the differentiation
of proteins based on their nitrogen distribu-
tion; Sorensen had just published his titra-
tion method; and from the laboratories of
Fischer, Kossel, Abderhalden, and others
results were being published which were
to form the basis of much of the later
progress in protein chemistry. It is not
surprising that the experience in Osbhorne’s
laboratory was to be a decisive factor in
setting the course of D. Breese Jones’s later
career.

During the year and a half spent at the
Experiment Station before resuming his
graduate work under Professor Johnson, he
analyzed scallop muscle, ox muscle, egg
albumin, and vitellin, by the Fischer ester

distillation method. This method, intro-
duced by Emil Fischer in 1901, required
large amounts (300 to 500 gm) of protein
and involved an extremely laborious and
time-consuming procedure whereby each
individual amino acid was isolated and
weighed in pure form as determined by
elementary analysis. The method was be-
ing used extensively in Osborne’s labora-
tory because, in spite of its shortcomings,
it provided the most elegant means known
for characterizing a protein. The last two
joint publications by Osborne and Jones,
in 1910, described a modification of the
Fischer method and a critical examination
of the method to ascertain the sources of
the errors involved.

Returning to the Sheffield Scientific
School, he completed his graduate work
and was awarded the doctoral degree in
1910. He received an appointment as head
of the chemistry department at Morning-
side College in Sioux City, lowa, for the
following year, and in August he married
Clara Abigail Chase, with whom he had
become enamored when they were both
on the high school faculty in Princeton.
While he had been in New Haven, Miss
Chase had continued teaching, having ob-
tained her Master of Arts degree in English
at the University of Michigan; of course
Breese (as he was often called) had man-
aged to go to Wisconsin each summer to
visit his family and to see Clara Chase.
One summer he worked for a month or so
as a streetcar conductor in New Haven,
and otherwise he supplemented his income
by tutoring.

The year at Sioux City was followed by
4 years as instructor In organic chem-
istry at the University of Wisconsin. The
teaching schedule in Professor Louis Kah-
lenberg’s department at Madison was a
full one; many were the evenings spent cor-
recting papers and abstracting articles for
Chemical Abstracts, the latter being an ac-
tivity Doctor Jones pursued for many years
to come. The research for which he found
time was on certain organic reactions of
alpha-halogen palmitic acids. One sum-
mer he taught organic chemistry at the
University of Pittsburgh. In 1915 he left
Madison and the academic field to enter
the government service in the U. S. Depart-
ment of Agriculture, a service in which he
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was to continue even after his retirement
in 1949,

Under Harvey W. Wiley, who may be
regarded as “the father of pure food and
drug legislation in the United States,” the
Chemical Division of the U. S. Department
of Agriculture had become designated by
an Act of Congress in 1901 as the Bureau
of Chemistry. Wiley resigned as chief of
the Bureau in 1912 and was succeeded by
Carl L Alsberg to whom the suggestion was
made by T. B. Osborne that, in view of the
importance of proteins as essential factors
in human nutrition and in the feeding of
farm animals, the Bureau of Chemistry
should have a labora:ory devoted to the
study of proteins. Upon Alsberg’s recom-
mendation, the Protein Investigation Labor-
atory was established in 1914; and Carl O.
Johns, assistant professor of organic chem-
istry at the Sheffield Scientific School of
Yale, was appointed chemist in charge of
the new protein unit. Actual work on pro-
teins began the followin% year when D.
Breese Jones joined the laboratory, having
received the second highest rating on the
Civil Service examination.

The Joneses arrived in Washington with
their three-year-old son, Chase, during an
unseasonably hot spell in September. A
house was soon located, and in the fall of
the following year a daughter, Clara
Gwendolyn, was born. The environment
at the Bureau of Chemistry was very con-
genial; Doctor Johns had been an instruc-
tor at Yale during the time Doctor Jones
was a graduate student there, the two had
often sailed together on Long Island Sound,
and now a friendship developed not only
between their families, but also with the
other members of the newly organized
laboratory.

On first arriving in Washington, Doctor
Jones started work immediatel¥ on the
isolation and characterization of proteins
from the jack bean, Canavalia ensiformis.
Three proteins were isolated and were char-
acterized by elementary analysis and nitro-
gen distribution: an albumin, and two
globulins to which the names canavalin
and concanavalin were assigned. The re-
port of this work was the first of 13 papers
published with Johns on the composition
of proteins of various seeds, including the
peanut, coconut, Kkafir, corn, several spe-

cies of beans, and on lactalbumin. The
methods used in the investigation of these
Broteins were essentially those that Os-
orne was using in New Haven, with new
modifications as these were developed. In
a paper on the determination of tyrosine
in proteins, Johns and Jones called atten-
tion to the higher value they had found for
this amino acid in kafirin when determined
by the colorimetric method of Folin and
Dennis than by actual isolation. Later,
the use of amino acid isolation methods in
the analysis of proteins yielded more and
more to the use of such methods as Van
Slyke’s nitrogen distribution method and
the more newly developed colorimetric
methods.

As an example of the regard in which
the early work of this laboratory was held,
we may cite a letter dated October 29,
1919, from Donald D. Van Slyke, editor
of the Journal of Biological Chemistry, to
Doctor Alsberg, chief of the Bureau of
Chemistry. The letter reads in part: “Dear
Carl: We just received a paper from Jones
and Johns on, The hydrolysis of stizolobin,
the globulin of the Chinese velvet bean,
Stizolobium niveum,” which is so well done
a piece of work that | want to express my
admiration of it to you. | am afraid that
they are about the only ones who are con-
tinuing the systematic attempt to make the
amino-acid analysis of proteins complete,
and | hope they will keep it up.”

While the chemical work on proteins
was proceeding, a rat colony was estab-
lished :n 1917, and nutrition studies were
begun following the general line of ap-
proach that Osborne and Mendel had been
pioneering since 1909. The first feeding
experiment D. Breese Jones carried out was
with Finks and Johns on the comparative
nutritive properties of the proteins of the
cow-pea, Vigna sinensis, and the field pea,
Pisum sativum. It was found that the cow-
pea proteins are deficient in cystine and
are indigestible before cooking, being sim-
ilar in these respects to beans of the genus
Phaseolus to which the cow-pea is closely
related botanically, whereas the field pea
proteins promoted good growth in rats
without requiring cystine supplementation
or cooking.

After Doctor Johns resigned in 1920 to
become director of research in the develop-
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ment department of the Standard Oil Com-
pany of New Jersey, Doctor Jones was
placed in charge of the Protein Investiga-
tion Laboratory, which was later named the
Protein and Nutrition Research Division,
as its scope was extended to include in-
vestigations on vitamins and other aspects
of nutrition. In 1927, the Bureau of Chem-
istr?/ was combined with the Bureau of
Soils and the Nitrogen Fixation Laboratory
to become the Bureau of Chemistry and
Soils, and this was later reorganized into
the Bureau of Agricultural Chemistry and
Engineering. Throughout these changes
the Protein and Nutrition Division con-
tinued under Doctor Jones’s direction as an
integral unit of the Bureau. The labora-
tory was located in the old red brick Bu-
reau of Chemistry building on 13th Street,
SW., until 1935 when the newly con-
structed South Building of the Department
of Agriculture was occupied. In 1943, the
Division was consolidated with the Bureau
of Home Economics to form the Bureau of
Human Nutrition and Home Economics,
located in Beltsville, Maryland. Henry C.
Sherman of Columbia University headed
the new bureau for its first year and was
then succeeded by Dr. Hazel K Stiebeling.

From the time Doctor Jones assumed full
responsibility for the Protein Investigation
Laboratory, he and his team of co-workers
continued the s?/stematic studies on pro-
teins, being the first to isolate the proteins
from scores of foods, especially seeds and
grains, and to characterize these proteins
by amino acid analyses. The studies on
proteins of different species of beans were
extended, and they revealed that all, ex-
cept the proteins of the soybean, are de-
ficient in cystine and are characterized by
indigestibility which can be corrected by
heating. Without cystine supplementation
or heating, neither the isolated proteins
nor the bean meals supported growth at a
satisfactor%/ rate; indeed some of them, par-
ticularly the proteins of the navy bean,
supported life in rats for only a short time
when furnished as the sole source of pro-
tein in an otherwise adequate diet.

The proteins of cereals were the subject
of many publications. Among those inves-
tigated were; wheat, corn, oats, rye, barley,
buckwheat, rice, feterita, and milo. A
series of three papers described the chem-

ical and nutritive properties of a globulin,
an albumin, and a prolamin, isolated from
wheat bran. The glutelins of several
cereals were given special attention in a
series of 6 papers appearing between 1927
and 1930.

In 1931, a U. S. Department of Agri-
culture Bulletin was published which made
available a new set of factors Doctor Jones
had worked out for converting the per-
centages of nitrogen in foods and feeds Into
percentages of protein equivalents. By the
use of these factors, protein contents could
be calculated with a much higher degree of
accuracy than by the indiscriminate use
of the conventional factor 6.25 hitherto
generall¥ employed. The new factors were

erived from data on the nitrogen contents
of more than 100 different proteins ob-
tained from plant and animal sources,
more than half of which had been isolated
under Doctor Jones’s direction.

A series of 7 papers was published on

the digestibility of proteins in vitro, in
which one of the reported findings was
that addition of a small amount of gossy-
pol to casein or to the globulin isolated
from cottonseed inhibited to a marked de-
gree the digestibility of the (protein by pep-
sin and trypsin, thus explaining the in-
complete digestion by animals of the
?rotein content of cottonseed meals and
lours, in which gossypol is an ingredient.
Also, the effects of peptic and tryptic di-
gestions of casein were studied, with spe-
cial attention to the comparative amino
acid contents of the partial cleavage prod-
ucts, the rate of liberation of cystine, and
the lability of cystine toward alkali.

In the vitamin work, attention was given
to the study of methods and techniques
for vitamin assay, the vitamin contents of
certain sea foods, and to the effect upon
vitamins of commercial processes used in
connection with the production and prepa-
ration of foods. Studies were made on the
effect of long continued storage at low
temperature on the vitamin A content of
eggs, the effect upon the vitamin content
of tomatoes when the unripe fruit is treated
with ethylene gas to develop the color
characteristic of the ripe fruit, and the
effect upon vitamin C when such fruits as
apricots are treated with sulfur dioxide as
in the commercial drying of the fruit.
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Feeding experiments and chemical stud-
ies ﬁublished in the 1930% on the problem
of the toxicity of wheat grown on selenium-
containing soils led to the isolation by
Horn and Jones of a crystalline substance
that appeared to be an isomorphous com-
bination of an unsymmetrical thio-ether
diamino acidlwith its selenium analogue.
Pursuing this work further, Horn, Jones
and Ringel isolated for the first time a sym-
metrical thio-ether diamino acid, which
they named lanthionine, from the acid
hydrolysate of wool that had been treated
with hot dilute sodium carbonate solution.
They showed this compound to be the thio-
ether analogue of cystine. Subsequently,
they isolated lanthionine from other kera-
tins, and from lactalbumin, after treat-
ment with dilute alkali; they suggested the
probability that lanthionine may be sim-
ilarly obtained from most cystine-contain-
ing proteins. Both the meso and racemic
diastereoisomers were isolated, and feeding
experiments showed that DL-lanthionine
can replace cystine and methionine for
growth, whereas mesolanthionine cannot
do so.

The storage of large quantities of grain
in the United States raised the question as
to the effect of stor%lge on grain proteins.
Jones, Gersdorff and Divine investigated
the chemical and nutritive changes that
occurred under various conditions of stor-
age during periods up to two years in the
proteins of soybean meal, wheat, white
flour, whole wheat flour, ground corn, and
whole shelled corn.

In connection with the characterization
of proteins by amino acid analyses, men-
tion should be made of the development
of methods published between 1945 and
1950 by Horn, Jones and Blum for the
determination of each of the ten so-called
essential amino acids. The methods con-
sist of microbiological assa¥s, except for
the colorimetric procedures for tryptophan
and methionine. These methods were ap-
plied to the analyses of over 30 proteins
and foods, and the results were published
with other reported values for comparison.

It was J)erhaps fitting that the last paper
published by D. Breese Jones, submitted
almost a year and a half after his retire-
ment, should have been published in this
Journal, and that it should have had as its

raison détre a careful survey he had made
of a large number of feeding experiments
conducted under his supervision over a
period of several years. The survey brought
to light a correlation between sex and
growth behavior of young rats on experi-
mental diets. When either the quality or
the quantity of the protein in the diet was
inadequate, the females showed greater
weight gains than the males; on the other
hand, the males showed the greater weight
gains in experiments that were similar ex-
cept that the diets were adequate in all
respects. This paper also reported experi-
ments in which it was found that the fe-
males were better able to survive than the
males on a diet grossly inadequate in pro-
tein quality and quantity.

Over the course of 40-odd years, more
than 160 publications appeared with D.
Breese Jones as author or co-author, of
which about 60 were published in the
Journal of Biological Chemistry and most
of the rest in other journals concerned with
some aspect of protein chemistry or nutri-
tion. In government publications, lectures,
and semi-popular articles, he was instru-
mental in disseminating current knowledge
of nutrition, emphasizing among other as-
pects the importance of the nutritive qual-
ities of proteins in the diet. He regretted
that with the passing years his executive
duties allowed him less time for actual
laboratory work; whenever possible he ar-
ranged to have a small laboratory near his
office, where he could “get his hand in” as
opportunity permitted. All the work which
he had the responsibilit?/ of supervising, as
that which he himself conducted, was
marked by its thoroughness and meticulous
attention to details.

In 1947, the first year that Department
of Agriculture Honor Awards were made,
he was presented by Clinton P. Anderson,
Secretary of Agriculture, with a Superior
Service Award. The citation read: “For his
contribution to science through research
into the chemical nature, digestibility, and
biological value of proteins and their con-
stituent amino acids.” In the same year
he was awarded a Ripon College Alumni
Citation, “in recognition of outstanding

1 This compound was later synthesized by

Brown and du Vigneaud; they named it cysta-
thionine.
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ability and distinguished accomplishments
in the field of Biochemistry.” After he
reached the compulsory retirement age of
70, in 1949, his desk, books, and files were
taken from Beltsville to the South Building
in Washington where office space with
ready access to the library was made avail-
able for his use. He was thus enabled to
keep in touch with the Department and was
available for consultation in the field of his
specialties. This was a volunteer service
on his part and a recognition on the part
of the Department of the contributions he
could continue to make to its program.
He enjoyed the freedom of his retirement,
taking advantage of pleasant days to get
out on the golf course, and making more
frequent trips to visit his relatives and close
friends. However, he devoted almost half
his time to the field in which he had taken
such an active part for so many years. He
was at his desk in the South Building for
the last time only a few days before he
suffered a fatal heart attack on August
31, 1954.

hobby, my father took and processed scores
of pictures recording these trips. At a later
period this interest in nature centered
around the field study of birds. Among my
own early memories are those of accom-
panying my father and mother on early
Sunday morning walks with field glasses,
bird guide, and notebook through wooded
areas around Washington that have long
since disappeared with the growth of the
suburbs.

My father and mother enjoyed travelling,
and they often combined this with camp-
ing and with visiting sites of scenic and his-
toric interest. One of the features they
liked about living in Washington was the
ready accessibility of scenic and historic
places in nearby Virginia, Maryland, and
Pennsylvania. During the era of the “tin
can tourists,” our family went on many
week-end and vacation trips, and pitching
the tent became a routine procedure.

My mother had been a source of inspira-
tion for my father and had shared many
common interests with him. After her

I have mentioned my father’s thoroughédeath in 1925, he did not resume so many

ness and attention to detail in his scientific
work. These same attributes applied also
to his cFersonal life. He practised and often
guoted a maxim of Theodore Roosevelt’s:
“If a job is worth doing, it is worth doing
well.” Orderliness, precision, and punctu-
ality are characteristics descriptive of the
manner in which he conducted his affairs.
To these should be added kindness, sterling
integrity, imagination, and a quiet sense
of humor. Although by nature quite re-
served, he had a warm and lively spirit
that expressed itself to those who were
close to him. He possessed a quiet dignity
that was manifested in the erect bearing
with which he carried his tall, somewhat
slender frame.

Throughout his life he had a great lik-
ing of nature and the out-of-doors; this

robably stemmed from the experiences of

is boyhood days on the farm and in the
countryside around Cambria. As a young
man, he keenly enjoyed tramping through
fields and woods. My mother shared this
love of nature and combined with it a good
knowledge of botany. During their early
married life they went on many fishing
trips in the wilds of northern Wisconsin
and Michigan and, with photography as a

activities with his former enthusiasm.
Gardening was a recreation he had enjoyed
for several years, and he took pride in his
vegetables and flowers, some of which he
raised on a semi-experimental basis. He
continued this activity until he moved from
the suburbs into an apartment in Wash-
in%ton when my sister and | went away to
school in 1930; for the rest of his life his
main outdoor recreation was golf.

My father was always allured by ad-
venture, both the experiencing of it and
the hearing or reading of accounts by
others. As a boy he had thrilled to the
tales told by men who had returned from
“Indian Territory” farther west; in later
life he enjoyed reading the works of such
naturalists and explorers as Burroughs,
Muir, Theodore Roosevelt, Amundsen, and
Stefansson. Historical biographies also
attracted his interest, and “The Diary of
John Quincy Adams” was one of his later
favorites.

When he attended the 1938 Interna-
tional Physiological Congress in Zurich as
a delegate of the U. S. Department of Agri-
culture, one of the highlights of the trip,
on which my sister accompanied him, was
a side trip to Wales—especially the region
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around Mount Snowdon where his father
had lived as a young boy—and the oppor-
tunity it afforded him to speak the Welsh
language in its native land. He always en-
joyed reading and speaking Welsh when-
ever occasion permitted. He was an active
member and one time president of the St.
David’s Society of Washington, named
after the patron saint of Wales and made
u|i)1 of persons of Welsh birth or ancestry.
The Welsh are noted for their choral sing-
ing, and of course this was one of the
favorite activities of the Society where my
father also sang bass in the male quartet.

He was active in a number of scientific
societies and organizations. In the Amer-
ican Chemical Society he was elected chair-
man of the Division of Biological Chemistry
in 1930 and was president of the Washing-
ton Section of the Society in 1934. He was
a Fellow of the American Public Health
Association, in which he served as chair-
man of the Committee on Nutritional Prob-
lems from 1934 to 1938, and as chairman
of the Food and Nutrition Section in 1939.
He was elected chairman of the Washing-

ton Section of the Society for Experimental
Biology and Medicine for the year 1941,
and was a member of at least two com-
mittees of the National Research Council.
His memberships also included the Amer-
ican Institute of Nutrition, the Institute of
Food Technologists, the American Society
of Biological Chemists, the Washington
Academy of Science, and the Cosmos Club.
In the field of protein chemistry and
nutrition, the amount of progress my
father and his co-workers made may in-
deed be considered remarkable when the
limited methods then available are viewed
in contrast to the much more rapid and
ﬁrecise methods of today. The work that
as teen reviewed in outline here, as well
as other contributions which could not be
included in a sketch such as this, consti-
tuted an essential part in the development
of knowledge in this area. As time goes on,
those who continue in this field of research
will find that their own task has been made
easier and their efforts more fruitful as a
result of this earlier work.

CHASE BREESE JONES
Biochemical Research Laboratory
The Gillette Safety Razor Company
Boston, Massachusetts



Vitamin K Deficiency in Rats Induced by the Feeding

of Irradiated Beef%

V. CHALAM METTA, M. S. MAMEESH ana B. CONNOR JOHNSON
Division of Animal Nutrition, University of Illinois, Urbana

Evaluation of the nutritive value and ap-
praisal of the toxicity of irradiated foods
are imperative before this processing meth-
od is commercially applied. In short-term
studies, it was shown that irradiation ster-
ilization had little or no deleterious effect
on the biological value of animal, legume
and cereal proteins (Metta and Johnson,
’56; Metta, Norton and Johnson, 57; Metta
and Johnson, 59) or on the metabolizable
energy of synthetic diets and their macro-
nutrients (Johnson and Metta, 56). The
authors then undertook a longevity-repro-
duction study for zﬁ)praising the whole-
someness of beef and flour irradiated with
gamma radiation and stored for 6 months
at 76°F. When irradiated beef and flour,
incorporated into balanced diets at 35%
dry solids each according to a factorial
design, were fed to growing rats ad libi-
tum, a significant number of male rats
(but not females) died from hemorrhaﬂe
in less than 8 weeks of feeding of the
irradiated beef diets. After confirming this
unexpected observation, a series of experi-
ments was undertaken to elucidate the
mechanism involved in this syndrome.

The purpose of this paper is to report on
the hemorrhagic syndrome observed in rats
consuming irradiated2beef and on its pre-
}[/_ention by dietary vitamin K supplementa-
ion.

METHODS

Ground beef, irradiated at 2.79 and 5.58
million rad,3 and raw ground beef were
supplied to us in sealed cans by the De-
partment of the Army. The raw beef was
stored at 0°F. and the irradiated beef at
76°F. for 6 months after processing. Prox-
imate analysis of the beef samples gave
average values of 61.1% moisture, 19.8%
protein and 17.9% ether extract. The raw
and the irradiated beef were cooked in an
autoclave for 25 minutes at 17 pounds
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pressure, and then incorporated wet into
two balanced diets to provide 35% dry
solids (see table 1 for diet composition).
These diets contained all the known vita-
mins and minerals required in the diet of
the rat. No vitamin K was added to any
of the basal diets. Sufficient diets were
mixed once at the beginning of each ex-
periment to last for the entire period (4 to
8 weeks). After mixing, the diets were pre-
served in closed jars and stored frozen at
0°F. The food jars were removed from the
freezer every third or 4th day and kept in
the cold room (40°F.); the rats were fed

TABLE 1
Composition of the experimental diets

Constituents Per cent
Ground beef (untreated or irradiated) 351
Wheat flour 35
Sucrose 19
Cod liver oil 15
W heat germ oil 0.5
Mineral mixture 4462 4
Vitaminized cerelose3 5

1Dry substance; however, wet beef was used in
the diets.

2 Spector (’48).

3The percentage composition of the vitaminized
cerelose is as follows; Calcium pantothenate 100
mg; nicotinic acid 40 mg; thiamine hydrochloride
and riboflavin 20 mg each; pyridoxine hydro-
chloride 10 mg; folic acid 2 mg; vitamin B12 0.1
mg; biotin 0.06 mg; choline chloride 2 gm; and
cerelose 97.8 gm.

Received for publication March 7, 1959.

1These studies were supported in part under
contract no. DA-49-007-Md-544, with the Office of
the Surgeon General, Department of the Army.
The opinions expressed in this publication are
those of the authors and not necessarily those of
the Department of the Army.

2lrradiation with gamma rays was carried out
at the Atomic Energy Commission’s Material Test-
ing Reactor (MTR) at Arco, ldaho, by the Phillips
Petroleum Company.

3Rad is defined as 100 ergs of radiant energy
absorbed per gram of the substance.

J. Nutrition, 89: '59
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from these jars ad libitum. Left-over diets
after 4 days of feeding were discarded and
freshly withdrawn diets were used for
feeding. Proximate analysis of the diets
when calculated on a moisture-free basis
ave average values of 22.3% for protein
%N X 6.25) and 20.1% for fat (ether ex-
tract). Prothrombin times were deter-
r(ningd on whole plasma according to Quick

38).

Weanling rats of the Sprague-Dawley
strain were used in all experiments. The
rats were housed in individual wire cages
and had access to drinking water and food
at all times.

EXPERIMENTAL RESULTS
AND DISCUSSION

Series A experiments. Growth and mor-
tality data on male and female rats eating
irradiated and non-irradiated beef are
shown in table 2.

A significant number of rats consuming
irradiated beef died from internal hemor-
rhage within 46 days, the first death of a
male rat occurring on the 11th day of
feeding. This rat became sluggish on the
8th day of the regimen and started refus-
ing food. He continued morbid during the
next two days, did not eat any food, lost
weight and appeared anemic. He was
found dead on the 11th day. Post-mortem
examination showed hemothorax, the blood
had not clotted; there was bleeding also
in the epididymis. Autopsy of the other 13
male rats also revealed epididymal hemor-
rhage. Hemothorax, subcutaneous hem-
orrhages and hypertrophy of the thymus

TABLE 2
Effect of irradiated beef on growth and mortality

No. and sex Dail Deaths from
of rats growth hemorrhage
gml
Non-irradiated beef
20 males 6.9 + 0.13 0
20 females 49 + 0.15 0
Irradiated beef2
20 males 6.73+ 0.34 14
20 females 4.7 + 0.07 1

1Average daily gains (with standard errors)
during the first 20 days of feeding.

2Beef irradiated at 5.58 mega rad.

3Average of 5 rats.

gland were also observed in a few rats. In
the case of the dead female rat fed irradi-
ated beef, profuse bleeding in the thorax
was found.

After 46 days of feeding, the surviving
male rats were removed from the experi-
ment but the female rats were continued
on their respective regimens for 34 more
days. During this period the female rats
were apparently healthy and active, and no
hemorrhages were observed.

This hemorrhagic syndrome in the rat
consuming irradiated beef was confirmed
in a second experiment and has since been
produced in 12 subsequent experiments.
Anumber of agents may be responsible for
the hemorrhagic diathesis. Since the com-
position of the diets is the same except for
the irradiation of the beef, the syndrome
must be due to irradiation-induced changes
in the beef. Radiation will induce autoxi-
dation (Mead, 52; Polister and Mead, 54)

TABLE 3
Effect of oral supplements on the survival of male rats fed irradiated beef

Diet

No. of Deaths from

Oral supplement rats hemorrhage

Beefol+ CLO2+ WGO3 8 i
BeefR4+ CLO + WGO — 8 3
BeefR+ CLO WGO 8 6
BeefR4 CLO Vitamin E + methyl

linoleate 8 1
BeefR4- WGO CLO 8 4
Beefa - WGO Vitamins A and D 8 4
BeefR Vitamins A, D and E + 8 4

methyl linoleate

1Non-irradiated beef.
2Cod liver oil.
3Wheat germ oil.

4Beef gamma irradiated at 5.58 million rad.
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and might conceivably produce compounds
causing this syndrome.

Series B experiments. In order to test
the Jaossibility that free radicals, oxidation
products, etc., produced in beef by irradi-
ation might react with the unsaturated fats
of wheat germ oil and cod liver oil of the
diet to produce a hemorrhagic agent such
as a-tocopherylquinone ﬁWooIIey, ’45) for
example, wheat germ oil and cod liver oil
were withdrawn from the diet. In one
experiment these oils were orally admin-
istered to the rats separately or in com-
bination and in another experiment they
were replaced by vitamins A and D, a
tocopherol and methyl linoleate. It was
found that when the oils were withdrawn
from the diet, hemorrhage still occurred al-
though somewhat less extensively (see
table 3).

Series C experiments. The original lon-
gevity-reproduction study was designed to
appraise the wholesomeness of irradiated
stored beef. Therefore, the irradiated beef
used in these experiments had been stored
for over 6 months at room tmperature af-
ter irradiation. The question arose as to
whether hemorrhage was induced as a re-
sult of changes which occurred during
irradiation of the beef, storage of the ir-
radiated beef, or storage of the diets. This
series was designed to study this problem.

Four experimental diets similar in com-
position to that reported in table 1 were
used. Beef was irradiated at 5.58 mega
rad. Cod liver oil (1.5% ) and 0.5% of
wheat germ oil were incorporated into each
of these diets during mixing. No vitamin

S. MAMEESH AND B. CONNOR JOHNSON

TABLE 4

Effect of the storage of irradiated.1 beef and of
irradiated beef diet on survival of male rats

Deaths

Type of beef in diet No. ofrats  haor-

rhage
Stored irradiated beef2 9 9
Fresh irradiated beef2 9 2
Non-irradiated beef2 6 0
Stored irradiated beef3 9 9

1Ground beef was gamma ray irradiated at
5.58 mega rad.

2Diet was mixed and stored frozen for the
entire feeding period of 40 days.

3Diet was mixed every other day; no storage
of diet.

Kwas added to any of the diets. In diet 1,
irradiated beef, which was stored for over
6 months at 76°F., was used. In diet 2
freshly irradiated beef was used. Diet 3
contained control beef. These three diets
were mixed and stored frozen for 4 weeks
before the start of the experiment. Diet 4
was similar to diet 1, except that it was
mixed every other day, and thus there was
no appreciable storage of this diet after
mixing.

These diets were fed ad libitum to 4
groups of male rats for 40 days. From the
data in table 4 it is obvious that the harm-
ful effects caused by ingesting irradiated
beef are not due solely to storage of the
beef or of the diets.

Series D experiments. It has been re-
ported many times ée.g., Nightingale et
al., ’47) that the rat does not require vita-
min Kin the diet and that the requirement
of this vitamin is normally supplied by in-

TABLE 5
Effect of vitamin K oral supplementation on survival of rats fed irradiated beef

No. of Deaths from

Type of beef ;
YPS Qlet Supplementation rats hemorrhage

Experiment 1

Beefol None 10 0

Beefo 1-3 tig vitamin Kn/gm of diet 4 0

Beef«2 None 14 9

BeefR 1-3 /tg vitamin Ks/gm of diet 14 0
Experiment 2

BeefR 3tigvitamin Ks/day 8 0

BeefR 10 tig vitamin Ks 8 0

BeefR 30 ng vitamin K3 8 0

1Non-irradiated beef.
2Beef gamma irradiated at 5.58 mega rad.
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TABLE 6

Relative effectiveness of xvater-versus fat-soluble vitamin K in rats fed irradiated
beef (a three-iveek trial)

Oral supplement
per rat per day

None

1wmgvitamin K3lin water

3 ftgvitamin K3in water

6 Mg vitamin K3in water

One drop corn oil

One drop com oil + 1wmg vitamin K2
One drop corn oil + 3 ué vitamin K3
One drop corn oil + 6 Mgvitamin K3

Plasma
prothrom-
bin time

Deaths from

No. of
s hemorrhage

rats

Seconds
24
27
16
16
23
20
15
14

DO OO O
[eleloloNoNeNaN V]

1Sodium salt of 2-methyl-l,4-napththoquinone diphosphate ester.

22-Methyl-1,4-naphthoquinone.

testinal bacterial synthesis. Thus, our ex-
perimental diets contained no added vita-
min K even though ionizing radiation has
been shown to destroy vitamin K in beef
(Richardson et al., 56). However, the ir-
radiated beef in the diet might in some
way alter this normal pattern, and so ex-
periments involving vitamin K supplemen-
tation were carried out.

The results are given in table 5. These
data show that while no hemorrhages oc-
curred in growing rats receiving non-ir-
radiated beef with or without oral supple-
mentation of vitamin K, 9 of 14 rats re-
ceiving irradiated beef without added vita-
min Kdied in 4 to 8 weeks, and that oral
administration of vitamin K3 (as the sodi-
um salt of the phosphate ester of menadi-
one) completely prevented deaths due to
hemorrhage in rats receiving irradiated
beef. One rat on the irradiated beef diet
plus vitamin K did develop anemia af-
ter 35 days gossibly due to hemorrhage and
was cured by giving 50 fig of vitamin K-
sodium-phosphate salt intraperitonially.
These results indicated that a dietary re-
quirement for vitamin K became necessary
when rats were fed irradiated beef.

A second experiment was undertaken to
determine the lowest level of vitamin K
that would prevent hemorrhage in rats re-
ceiving irradiated beef. The data gtable 5)
clearly show that as low as 4 fig of vitamin
K3 per day administered orally can effec-
tively protect the rat.

Another experiment (table 6) has dem-
onstrated that 3 jxgof water-soluble or 3 jig
of fat-soluble vitamin K3were equally able

to completely prevent hemorrhage and re-
store the plasma prothrombin times to nor-
mal in rats consuming irradiated beef.
These data indicate that there is nothing
in the irradiated beef which severely in-
hibits the absorption of dietary vitamin K

SUMMARY AND CONCLUSIONS

Consumption of diets containing gam-
ma-rav irradiated (2.79 or 5.58 X 106rad)
beef resulted in internal hemorrhages and
prolonged prothrombin times in growing
male rats. Generally the female rat did
not show this syndrome. The lesion was
induced by freshly irradiated beef as well
as irradiated beef which has been stored
for over 6 months at room temperature.

Supplementation with vitamin K pre-
vented the hemorrhagic diathesis in rats
consuming irradiated beef.
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The Site of Action of Lactose in the Enhancement

of Calcium Utilization

F. W. LENGEMANNZ
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University of Tennessee, Memphis

Although the inclusion of lactose in a
diet has long been recognized as a means
of improving the utilization of calcium,
the mechanism by which this is_accom-
plished has remained obscure. Fournier
(’55a) and Dupuis and Fournier (58), in
attacking this problem, have presented evi-
dence that the action is more than just
fermentation of lactose with the subse-
quent beneficial acidification of the in-
testinal contents. Some of the sugars that
had the greatest effects on calcium me-
tabolism were those which were attacked
with difficulty by intestinal bacteria. The
sugars which improved calcium utilization
included lactose, D-galactose, «- and 1-
xylose, a- and L-arabinose, mannose, meli-
biose, and raffinose. These were designated
by Fournier (54, 55b) as “structural car-
bohydrates” and considered to act by par-
ticlilpating in some manner with the bone
cell.

In investié;ations by Lengemann, Was-
serman and Comar (’59) lactose was
shown to increase calcium absorption from
the intestine within 30 minutes after ad-
ministration; this leads one to doubt that
the primary action of lactose is on the bone
cell and suggests that it acts in the in-
testine. The experiments presented in this
paper were initiated to test the suggestion
that lactose acts primarily on the bone cell.

METHODS

The male and female albino rats used in
these studies were of Yale-Wistar origin
and had been raised and maintained on a
commercial pelleted dog food.2 For most
of the experiments the animals were fasted
for 24 hours and then the test solutions
were administered while the animals were
under light ether anesthesia. After an ad-
ditional 24-hour fast, the rats were sacri-
ficed and their femurs removed. The radio-

J. Nutrition, 69: '59

isotope content of the femurs, as employed
by Wasserman, Comar and Nold (’56) was
used as an index for the extent of absorp-
tion.

When the radioisotope administered was
a gamma emitter (Bal® Sr& MgR and
RaZB the fresh bones were counted in a
deep well scintillation counter. When Ca%
was the nuclide the bones were ashed, dis-
solved in 2 N HCL and brought to 50 ml
volume. Suitable aliquots were used for
recipitation of the calcium as the oxa-
ate; the precipitates were then transferred
to counting cups, as described by Comar
(55), and assayed under a Geiger-Mueller
tube. The results were expressed as the
percentage of the administered dose con-
tained in two femurs.

Further details will be provided in the
body of the results.

RESULTS

It was of interest to first determine if
lactose in the body proper could influence
the passage of calcium from the intestinal
tract. For this purpose female rats re-
ceived oral doses of 0.13 mmole of Ca*Cl»
and oral or intraperitoneal administration
of 1 mmole of lactose. In addition, a group
received the Ca*CI> intra-abdominally and
was contrasted with rats receiving both
lactose and Ca*Cl2in this manner. The
data of this experiment étable 1) demon-
strated that lactose placed in the intestinal
tract had a remarkable ability to stimulate
calcium absorption (P L 0.01) but when
placed in the abdominal cavity had no
effect. The animals that received the
Ca*Cl2 intraperitoneally showed that lac-

Received for publication February 20, 1959.

1Present Address: Laboratory of Radiation
Biology, New York State Veterinary College,
Ithaca, New York.

2Purina.
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tose had no significant ability to influence
the utilization of calcium once the calcium
had gained access to the body.

Since it was possible that a lactose effect
upon bone might require a period of time
before becoming noticeable, an experiment
was devised in which rats were given daily
injections of lactose for two weeks before
receiving the test dose of Ca*. The male
rats used for this purpose weighed from
160 to 200 gm at the start and were di-
vided into three groups of 5 rats each.
Each rat received a daily intraperitoneal
dose of 5 ml of either isotonic saline, glu-
cose or lactose. The sugar solutions were
made so that each rat received 2 mmole of
sugar per day. Two weeks later the ani-
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mals were given the test dose of Ca* after
having been fasted for 24 hours; however,
the daily injection routine was continued.

The “Uptake” experiment of table 2
shows that long term predosing with lac-
tose had no statistically significant effect
upon the absorption of calcium from the
intestine. The “Removal” experiment was
carried out in the same manner as that
for uptake except that the rats received the
Ca*Cl2 24 hours prior to the start of the
daily injections. Again, no statistically
significant differences existed between
groups and so it can be concluded that the
lactose within the body is without marked
effect upon the absorption of calcium or
its removal from the skeleton.

TABLE 1
The effect of the site of administration upon the lactose enhancement of calcium absorptionl

Solutions administered

. Femur uptake R Igtive
Oral Intraperitoneal mnadex
do of dose

Ca*Cl2 3.34 zt 0.41 100
Ca*Cl2+ lactose - 5.80 + 0.23 174
Ca*Cl2 Lactose 3.39 £ 045 100
— Ca*Cl2 7.24 + 0.24 216

— Ca*Cl2 + lactose 7.34 £ 0.14 229

1Values represent mean =*
to 150 gm, composed a group.
lactose, respectively.

standard error of the mean.

Six female rats, weighing 110

Dosing solutions contained 0.13 mmole Ca and 1 mmole

TABLE 2

The effect of long-time intraperitoneal administration of saline, glucose and lactose
solutions upon the uptake of calcium from the intestinal tract and upon its
removal from bonel

Experiment .
Saline

Uptake 2.69 + 0.14

Removal 7.22 £ 0.15

Per cent of dose in femur

Glucose Lactose
2.69 + 0.09 2.70 £ 0.48
6.85 + 0.06 7.08 + 0.13

1Five male rats per group; weight at start: from 160 to 200 gm. Each rat received daily
intraperitoneal injections of isotonic saline, or 2 mmole of a glucose solution or 2 mmole
of a lactose solution for a two-week period. The “Uptake” rats received an oral test dose
of 0.13 mmole of Ca*Cl2 at the end of this period while the “Removal” rats received this
dose intraperitoneally 24 hours before the start of the daily injections.

TABLE 3
The absorption of Sr& when lactose was present in the same or adjacent ileal segmentsl

ite of F Relati

Group admlsntlstration euns{,lark%rﬂi ndex
CaCl2only Single segment 1.63 + 0.27 100
CacCl2; lactose Adjacent segments 165+ 041 101
CaCl24- lactose Same segment 3.76 + 0.73 230

1Mean + standard error of the mean. Six male rats, weighing 120 to 150 gm, composed
a group. One half milliliter of dosing solution, containing 0.065 mmole of Ca or 0.25 mmole

lactose or both, was injected into the ileal segments as indicated above.

killed 4 hours after dosing.

The animals were
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In support of this, embryonic chick bone,
cultured in a medium containing 0, 104
10~3 or 10~2M of lactose, showed no dif-
ferences in Ca* uptake after 24 hours and
7 days of culture.

The injection of lactose into the abdom-
inal cavity did not eliminate the possibil-
it)é that metabolic products of lactose, pos-
sibly produced in the lumen or the walls
of the intestine, could affect the metab-
olism of the bone cell. Therefore, an ex-
periment was performed (table 3) in which
0.065 mmole of labeled calcium was placed
in a Iidgated segment of the ileum of the
rat and 0.25 mmole of lactose was placed
in an adjacent portion. Control animals
received only labeled calcium or a mixture
of lactose and the radioactive calcium
chloride. To facilitate the experiment Sr&%
was used to label the calcium; however,
the results could be expected to be quite
similar to those for Ca%b (Lengemann, Was-
serman and Comar, 59). As seen from
table 3, lactose was effective (P L 0.01)
only when it and the calcium were present

in the same segment, tending to rule out
the possibility that a metabolite was in-
volved.

Since a theoretical metabolite might re-
quire time to condition the bone cell, male
rats were fed for two weeks on the stock
ration to which had been added either
10% (by weight) of glucose or lactose.
The animals were then fasted and given
oral doses of the test solutions indicated in
table 4. As can be seen, prolonged feeding
of lactcse had no effect upon the absorp-
tion of calcium from the intestine when
glucose was included in the test solution.
This, in conjunction with the data of table
3, made it unlikely that a metabolite of
lactose was affecting the metabolism of
the bone cell. It is of interest that the re-
sponse to lactose by rats prefed on glucose
was equivalent to that of those receiving
lactose in their ration. This indicated that
the development of a flora capable of at-
tacking lactose was not essential for the
effect and that the enhancement of cal-
cium absorption by lactose was capable of

TABLE 4

Prefeeding of glucose and lactose and their effects upon calcium absorption when
glucose or lactose was contained in the test dosel

Carbohydrate Carbohydrate
pref%d in testyc?ose
Glucose Glucose
Glucose Lactose
Lactose Glucose
Lactose Lactose

Femur Ca%b Ri%lgg;(/e
% of dose

3.19 £ 0.09 100
6.07 + 0.29 190
3.12 £+ 0.20 97
6.81 £ 0.39 215

1Six male rats per group; average weight; 165 gm. Prior to dosing the rats were fed the

stock ration to which had been added either 10% glucose or lactose.

The dosing solutions

contained 0.13 mmole Ca*CL and 1 mmole of glucose or lactose.

TABLE 5
The effect of lactose and lysine upon the absorption of some alkaline earth metals

; Alkaljne
Aélé?{hne ienaerttbl Control
metal in dose
0,
g " i
MgZ3 2.6 3.35+ 0.16
Cab 4.0 3.87 + 0.24
Srd 2.0 3.29+ 0.14
Bal3 0.9 2.66 = 0.29
RaZ8 0.08 1.67 + 0.09

Lactose Lysine

% of dose % of dose

in femurs in femurs
451 + 0.14 3.78 + 0.18
6.87 £+ 0.34 5.74 + 0.15
6.82 + 0.19 6.54 = 0.16
8.52 + 0.75 10.34 + 0.52
10.49 + 0.29 10.62 £ 0.63

1Six female rats per group; weight ranged from 100 to 150 gm. The dosing solutions con-
tained the indicated milligrams of the alkaline earth as the chloride, except that radium was

in the form of the bromide.
dose when indicated.

One millimole of lactose or lysine was included in the test
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being sustained over at least a two-week
period.

The enhancing effect of lactose was not
limited solely to calcium but was general
for the members of group Ha of the peri-
odic table (table 5). The increase was sig-
nificant for all (P L0.05). Lysine also
enhances calcium absorption (Wasserman,
Comar and Nold, 56), and so it was of
interest to contrast the effect of lysine with
that of lactose. Lysine acted in a similar
manner to lactose except that it did not
enhance the absorption of magnesium.
This may indicate that though both lac-
tose and lysine can increase the absorption
gfﬁcalcium their modes of action may

iffer.

DISCUSSION

In attempting to explain the mechanism
of action of lactose and other sugars upon
calcium absorption, Fournier (’54) sug-
gested the existence of a group of sugars
that exert a beneficial effect upon ossifica-
tion and named these “structural carbo-
hydrates.” It was implied that these sugars
or some metabolite act at some point with-
in the body and result in an increasing
utilization of calcium. The purpose of the
experiments reported here was to test this
concept. The results have demonstrated
that lactose per se in the tissues of the
body had no effect upon the absorption of
calcium from the intestine or the distribu-
tion of absorbed calcium. Allowing lac-
tose a period of two weeks to prime a
possible mechanism also failed to produce
favorable evidence.

The possibility that an intermediate of
lactose metabolism was the functional ma-
terial to act on the bone cell had pre-
viously been challenged by finding that
glucose and galactose could not reproduce
the effect of lactose, and that a favorable
influence on calcium absorption could be
detected as early as 30 minutes after the
administration of lactose (Lengemann,
Wasserman and Comar, 59). The data of
table 3 reinforced this argument against
a metabolite by showing that the lactose
had to be in the same ileal segment as the
calcium to be effective. In addition, gly-
cine, an intermediate mentioned by Fourn-
ier (B5b), and calcium salts of acetate,
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lactate, and glucuronate have been shown
to be ineffective in promoting calcium ab-
sorption (Wasserman, Comar and Nold,
gg) Lengemann, Wasserman and Comar,

Fournier (’55a) and Dupuis and Fourn-
ier (’58) dispelled the possibility that the
intestinal bacteria might be involved in
the production of intermediates by noting
that some of the “structural carbohydrates”
are attacked with difficulty, and that feed-
ing of aureomycin failed to stop the lac-
tose effect. Lengemann, Wasserman and
Comar (59) found that neither feeding of
sulfadiazine or injection of neomycin into
the intestine could stop the response to
lactose. This also removed acidification
of the digestive tract as a factor, as did the
fact that lactose did not reduce the pH of
the digestive tract of rats fed a meat diet
(Robinson and Duncan, ’31) but still im-
proved calcium absorption.

In all, the data of this paper suggest that
lactose acts in the digestive tract and not
at some site within the body. The mecha-
nism is still unknown.

SUMMARY

1 Single or multiple intraperitoneal
injections of lactose failed to stimulate the
absorption of calcium from the intestine
of the rat.

2. Daily intraperitoneal doses of lac-
tose, given for a period of two weeks, failed
to influence the mobilization of labeled cal-
cium from the skeleton of the male rats.

3. Calcium absorption from the ileum
could be stimulated only if calcium and
lactose were together in the same segment;
if in adjacent segments no effect was ob-
served.

4. Rats fed for two weeks on a diet
containing 10% of lactose did not absorb
a greater proportion of a test dose of
Ca*CL than did rats fed a diet containing
10% of glucose.

5. The enhancing effect of lactose was
not limited to calcium hut included mag-
nesium, strontium, barium and radium.
Lysine resembled lactose but failed to stim-
ulate the absorption of magnesium.

6. It was concluded that the site of
action of lactose is in the intestine and
not within the body.
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Effect of a Physiological Cation-Anion Imbalance on
the Growth and Mineral Nutrition of Rabbits

EDWARD J. THACKER

U. S. Plant, Soil and Nutrition Laboratory, Agricultural Research Service,

USDA, Ithaca, New York

Keener and Thacker (’58) have re-
ported that calves and rabbits suffered
oor growth, anemia, inappetence and en-
arged thyroids when fed a timothy hay
grown on heavily fertilized Paxton loam
soils. The land producing this forage was
limed and seeded in 1950 and fertilized
each subsequent year with a fertilizer mix-
ture containing 7% nitrogen, 7% phos-
phorus and 7% potassium at a rate of
600 Ibs. per acre in April and 400 Ibs. per
acre after the first crop of the season was
removed. Their first assumption was that
the timothy hay was deficient in iodine
and one or more organic factors. How-
ever, in the continuation of these inves-
tigations it became evident that the de-
ficiency in the hay was related to its
mineral composition. The studies to be
reported demonstrate that the rabbit
responds to mineral supplements of a
particular nature that suggests that when
a diet is fed containing timothy hay from
an area in New Hampshire a physiological
cation-anion imbalance is created that has
implications in the metabolism of calcium,
potassium, sodium and magnesium by the

rabbit.
EXPERIMENTAL

Dutch belted rabbits of mixed sexes, 4
to 5 weeks of age, were used. When the
rabbits were two weeks of age, the stock
colony ration was replaced by a basic ex-
perimental ration. The dams were re-
moved daily for supplemental feeding of
the stock ration (alfalfa haﬁ and wheat
and oat grain). At three weeks of age, the
young were weaned, caged individually
and fed, preexperimentally, for one to two
weeks on the basic experimental ration.
The experimental rabbits were selected on
the basis of an adequate food consumption
in the preliminary period and divided into
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groups according to weight and sex. The
size and number of groups was deter-
mined by the number of diets to be ex-
amined and the replications desired. The
individuals of a weight-sex group were
randomly assigned to diets and to cage
space. Water and feed were available to
the rabbit at all times. Food consumption
was recorded daily and body weights
weekly.

After preliminary studies had suggested
that the growth response obtained with a
salt mixture supplement might not be
related to a specific mineral deficiency,
the effect of supplementing a basal diet
with calcium, Iootassium, magnesium and
phosphorus salts in all possible combina-
tions was studied in the first experiment
étable 1). The basal and preexperimental

iet was composed of timothy 50%, soy-
bean proteint20% , dextrose221.5% , sodi-
um chloride (iodized) 0.5% , hydrogenated
vegetable 0il3 8.0%, plus the fat soluble
and water-soluble vitamins.% By analysis,
this diet contained 0.65% K, 0.25% Ca
and 0.1% Mg. All supplements were added
at the expense of the dextrose. The diet-
ary levels and salts selected for the min-
eral supplements were: calcium, 0.45%
as calcium citrate, potassium, 0.7% as

Received for publication February 7, 1959.

1ADM Assay Protein, Arcker-Daniels-Midland
Co., Cincinnati 41, Ohio.

2Cerelose, Corn Products Refining Co.

3Primex, Procter and Gamble, Cincinnati,
Ohio.

4The vitamins were supplied in milligrams per
100 grams of diet: thiamine-HCI 0.7, riboflavin
1, calcium pantothenate 2.5, pyridoxine 0.7, nia-
cin 20, inositol 10, p-aminobenzoic acid 10, folic
acid 0.1, biotin 0.05, choline 100, orotic acid 1,
thioctic acid 0.1, vitamin A 666, calciferol 0.01,
a-tocopherol 7, menadione 0.075 and cobalamin
5 fig.
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potassium acetate, magnesium, 0,06% as
magnesium oxide, phosphorus, 0.27% as
sodium dihydrogen phosphate. The con-
centration of the mineral elements in this
supplement are comparable to their con-
centration in the Hawk-Oser salt mixture
(31). Atreatment was included for com-
parative purposes in which the basal diet
was supplemented with 4% of the Hawk-
Oser salt mixture. The 17 treatments were
examined in a randomized block designed
in 8 replications.

All surviving rabbits were autopsied and
the left tibia and fibula removed, dried at
100°C, extracted with di-ethyl ether and
dried for bone ash determinations. Car-
diac and skeletal muscle, and kidney tis-
sues from moribund animals sacrificed in
the course of the experiment and from
selected animals autopsied at the comple-
tion of the first experiment were examined
histologically.

The second experiment was designed to
study the supplementary value of compar-
able milliequivalent levels (22.5 meq./100
gm diet at the expense of dextrose) of the
acetate, bicarbonate (or carbonate), chlor-
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ide or sulfate salts of sodium, potassium,
calcium or magnesium. The basal diet
was similar to that used in the first exper-
iment except for the addition, at the ex-
pense of dextrose, of the following mineral
supplement (mg/100 gm diet): MgSCh,
148; MgO, 50; Ca(HP04)2HD, 755;
CaSCVHIO, 755; KX04 900; and a trace
mineral mixture. This supplement raised
the mineral composition of the basal diet
to approximately: potassium 1.0%, cal-
cium 0.6%, magnesium 0.1% and phos-
phorus 0.48% . The trace mineral supple-
ment furnished in p.p.m. : copper 10, iron
100, manganese 30, zinc 50, molybdenum
2, cobalt 1 and selenium 1 The 16 salts
were examined in a randomized block de-
sign with 6 replications. A basal and a
4% Hawk-Oser salt mixture supplemented
diet with 12 rabbits on each treatment
were included in the randomization.

RESULTS

The results of the first experiment are
shown in table 1 Potassium and magnes-
ium salts substantially improved growth
and survival of the rabbits although the

TABLE 1

Response of the rabbit to the factorial supplementation of a timothy diet with salts of
phosphorus, magnesium, potassium and calcium
Experiment 1

Gain Gain

Additions Initial Bone
to basal diet weight 3 Weeks 6 Weeks Feed ashl
gvz gm/day %
None2 272 2.6(7) 2.0(2) 50.8(1)
0.27% P3 282 3.0(7) 3.0(2) — 57.0(2)
0.06% Mg 278 13.8 10.6 0.27 57.4
Mg + P 282 12.1 10.9 0.27 62.0
0.7% K 277 14.1 12.7 0.27 58.5
K+ P 279 12.3 12.9 0.30 61.4
K+ Mg 271 15.8 13.2 0.28 60.8
K+ Mg+ P 272 10.6 11.4 0.28 60.5(7)
0.45% Ca 274 17.7 17.1 0.32 64.5
Ca+ P 281 20.6 18.7 0.31 67.7
Ca + Mg 277 18.2 18.0 0.32 66.4
Ca+ K 264 18.0 18.2 0.31 66.5
Ca+ Mg+ P 279 18.1 17.4 0.30 68.4
Ca+ K--P 270 21.2 19.2 0.32 68.1
Ca+ Mg+ K 279 189 18.0 0.31 66.6
Ca-fMg+ K+ P 278 18.6 17.9 0.32 67.3
4% Hawk-Oser minerals 271 19.9 18.3 0.31 66.9
Standard error4 +1.14 +0.98 +0.010 +0.64

1Dry fat-free bone.

2Eight animals on each treatment, survivors indicated within parentheses.
3Fed as NaHZ2 04-H20, Mg as MgO, K as K CH32 Ca as Ca3(C,H® 7)2-4HD,
4 Standard errors were derived from analysis of variance.
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growth response was not as great as that
observed in the presence of the calcium
salt. Supplements of the potassium salt
generally resulted in a greater gain than
did those of magnesium but the differences
were not of sufficient magnitude to be sta-
tistically significant. The growth and sur-
vival of the rabbits receiving the supple-
ment of sodium dihydrogen phosphate
were not different from those of the ani-
mals fed the basal diet. In terms of body
gain, additive effects or interactions
among the mineral supplements were ab-
sent. However, the second order interac-
tions were significant when the bone ash
data were considered. Each of the min-
eral supplements alone increased bone ash
with calcium effecting the greatest in-
crease over that of the basal diet. Any
combination of minerals increased the
bone ash level further and if calcium was
present in the combination, the level was
comparable to that found when the diet
was supplemented with the Hawk-Oser
salt mixture.

THACKER

The rabbits fed the basal and phosphor-
us-supplemented diets exhibited definite
hindquarter I:Jaralysis and extremely thin
bones as well as a decided growth failure.
The presence of normal reflexes and re-
Feated recovery and relfé{ase of the para-
ytic condition suggested that it was of
muscular origin. Histologically, the skele-
tal muscle appeared to be edematous,
showed areas of muscle nuclei prolifera-
tion and cellular infiltration. This syn-
drome is reminiscent of potassium deficien-
cy in the rabbit, although not as severe as
that described by Hove and Herndon (’55?.
These authors also mentioned the fragile
bones in their potassium-deficient animals.
They concluded that the rabbit has a high
requirement for potassium. Their diets
contained salts with only inorganic anions.

In the absence of additive effects, in
relation to growth, of the several minerals
in combination, a simple deficiency of
calcium, potassium and magnesium did
not appear to be an adequate explanation
of the observed results. The response sug-

TABLE 2

Response of the rabbit to supplementation of a timothy diet with organic or inorganic
salts of sodium, potassium, calcium or magnesium

Experiment 2

Initial

Gain

Additions Dail Hemoglobin/  jjngy Bone
to basal diet V\Peoig)ﬁt gan¥ feed %?ggg' pH y ashl
gm gm gm %
None 321 2619)2 0:12 7.8 5.1 49.1
NaCHIID B 322 17.9 0.32 11.4 6.2 59.3
NaHCOs 299 18.7 0.31 11.3 6.5 59.6
NaCl 322 2.7(5) 0.12 8.3 5.2 51.0
Na2SC>4 339 4.0(4) 0.17 8.2 5.1 47.1
kc2h o2 330 18.6 0.32 11.3 6.4 59.0
KHCOa 304 18.3 0.32 10.6 6.7 59.1
KC1 317 3.0(5) 0.12 7.5 5.0 51.3
k204 338 2.3(4) 0.10 7.5 5.3 49.0
Ca(CHD2)2 329 20.1 0.32 10.9 5.4 59.5
CaCo03 312 20.9 0.33 11.0 5.1 59.8
CaCl2 300 S () I - - -
CaS04 324 ~ (0) - - - —
Mg(CH 2)2 323 16.3 0.32 11.3 6.2 57.4
MgCOa 323 16.8 0.32 11.4 5.9 58.6
MgClI2 322 1.1(3) 0.05 7.8 5.2 45.9
MgS04 310 13 0.07 7.8 5.0 50.4
4% Hawk-Oser salts 315 16.2 0.29 10.8 5.1 59.6
Standard error +0.75"* +0.0134 +0.35 +0.12 +0.374
1Dry, fat-free bone.
2Six rabbits on each treatment with 12 animals on the two control rations. Number of

survivors shown within parentheses.

Five-week growth period.

3All salts added at a level to furnish 22.5 meq. per 100 gm diet.
4Standard error associated with response of rabbits fed CH300-, HCO3 or CO;:= salts.
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gested that a non-specific or sparing ac-
tion of the salts used was involved with
the possibility that an absolute calcium
deficiency existed to account for the great-
ter response in the presence of calcium
supplements. The mineral supplements
aplpeared to be effective only when the
salts carried an anion capable of being
oxidized to C02 and HD by the animal
body.

In the second experiment the mean
daily gain and ratio of gain to feed con-
sumed (table 2) were calculated from a
5-week growth period. The blood hemo-
globin concentration was determined in
the 4th week and the urinary pH values
were measured on a 24-hour sample col-
lected in the third or 4th experimental
week. The acetate, bicarbonate or carbo-
nate salts of sodium, potassium or cal-
cium or the Hawk-Oser salt mixture when
added to the basal diet at comparable milli-
equivalent levels gave a remarkably simi-
lar response in body gain, efficiency of feed
utilization, blood hemoglobin levels and
bone ash levels. When these cations were
fed as the chloride or sulfate salts, no
improvement was noted in performance
over that shown by the rabbits fed the
basal diet. The chloride and sulfate salts
of calcium were the only ones that in-
creased the toxicity of the basal diet.

The rabbits fed the diets supplemented
E?/ calcium acetate or carbonate or the

awk-Oser salt mixture excreted urine at
pH values as low as did those animals fed
the basal or the diets supplemented with
the chloride and sulfate salts.

The bone ash values obtained in the
second experiment were consistently lower
than those found in the first experiment.
An explanation for this change in level of
bone mineralization is not readily appar-
ent. The basal diet of the second experi-
ment was supplemented with trace and
macro minerals and the animals were two
to three weeks younger at the time of
sacrifice than they were in the first ex-

eriment. The bone ash levels of the rab-
its fed the basal diet and those diets
supplemented with the chloride and sul-
fate salts were consistently lower than
those fed the acetate or bicarbonate or
carbonate salts. No statistically significant
differences were evident within the two

classes of salts, those carrying chloride or
sulfate anions and those with anions met-
gbglizable to C02and HD by the animal
ody.

DISCUSSION

These data demonstrate that a timothy
hay type of ration which does not support
growth, normal hemoglobin or bone ash
levels was rendered nutritionally adequate
in terms of these criteria when supple-
mented with a salt of sodium, potassium,
calcium or magnesium carrying an anion
capable of being oxidized to C02and HD
by the animal body. These results support
the hypothesis that in an effort to satisfy
the chemical and physiological require-
ment that an ion of one charge be con-
comitantly metabolized with an ion of the
opposite charge, the rabbit, under some
dietary conditions, is forced to draw on
its body stores of certain mineral cations
to excrete the physiological excess of an-
ions. Morgen and Beger (T5) found that
sodium carbonate increased the mineral
content of rabbit bones whereas sodium
chloride was ineffective. These authors
suggested that the carbonate salt acted to
increase the alkaline reserve. By infer-
ence, this hypothesis suggests that cal-
cium, potassium, magnesium and sodium
deficiencies could be induced in the pre-
sence of what otherwise would be ade-

uate dietary levels of these elements by
the manipulation of their level and cation-
anion balance of the ration.

Woolekl (’54) and Wocley and Mickel-
sen (’54) reported that potassium and
sodium bicarbonate, potassium acetate or
calcium carbonate were satisfactor?/ re-
placements for supplements to kale in
purified diets for the rabbit. These au-
thors also indicated that these salts over-
came an apparent toxicity associated with
the level of casein in their purified diets.
We have noted with the timothy type of
basal diet that mortality increased as the
source of the protein component was
changed from wheat gluten to soybean
protein or to casein. high-phosphorus
protein such as soybean protein or casein
in the diet (the phosphate of the protein
main(ljy balanced by an organic cation)
would increase the stress on the physio-
logical cation-anion balance of the ani-
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mal. This increased stress would explain
the marked deterioration in the condi-
tion of the rabbit with the above changes
in level or source of dietary protein.

SUMMARY

The failure of rabbits to grow, maintain
normal blood hemoglobin and bone ash
levels when fed a basal diet containing a
timothy hay grown at a particular location
in New Hampshire was corrected when
this diet was supplemented with salts of
sodium, potassium, calcium or magnesium
carrying an anion metabolized to C02and
HoO by the animal body. Salts of these
elements carrying a chloride or sulfate
anion fed at the same milliequivalent level
were ineffective. It is suggested that un-
der the dietary conditions of this experi-
ment the rabbit suffers a physiological
cation-anion imbalance or an acidosis, and
that this condition is interrelated with the
mineral metabolism of the animal. It
was shown that this mineral imbalance in-
duces calcium and potassium deficiencies
in the presence of apparent adequate diet-
ary levels of these elements, and it is
further suggested that this interrelation-
ship might involve the metabolism of other
cations.

THACKER
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The Effect of Ascorbic Acid in the Diet of Adult
Chickens on Calcium Utilization

by the Progeny%

P. A. THORNTON, C. W. WEBER23 and R, E. MORENG
Colorado State University, Fort Collins

The use of ascorbic acid in the ration of
the domestic chicken has been studied only
occasionally since it is universally known
and accepted that this species can synthe-
size this vitamin. In the current study it
was noted, however, that the presence of
vitamin C in the parents’ diet had a rather
striking effect on the skeletal retention and
blood levels of Cakbin progeny given a ra-
chitogenic diet.

The exact mode of action or influence of
vitamin D on the prevention of rickets has
been a controversial subject for many
years. It has been established experimen-
tally by many workers as reviewed by
Nicolaysen and Eeg-Larsen (’53), that
vitamin D is necessary for intestinal ab-
sorption of calcium or phosphorus or both,
thereby preventing the development of
rickets. It was also brought out in this
review that others have demonstrated the
necessity of vitamin D for normal bone
deposition. It follows, then, that vitamin
D is necessary for normal bone develop-
ment and apparently performs this func-
tion by either increasing calcium and phos-
phorus absorption or by promoting the
metabolism of these minerals after absorp-
tion. It is also probable that vitamin D
may be functional at both sites.

The role of ascorbic acid in calcium me-
tabolism has also been studied somewnhat
in animal species other than the chicken
and appears to have some influence.
For example, Lanford (’39) found that the
addition of orange juice to the diet of rats
increased calcium retention. Henry and
Kon (’39) conversely, reported that the
addition of 2 mg daily of ascorbic acid had
no influence on the retention of calcium
in rats. Ruskin (’38) and Ruskin and
Jonnard (38 a and b) as reported by

J Nutrition, 69: ’59

Bourne (56) held that there was an inti-
mate association between ascorbic acid
and calcium, believing that calcium was
absorbed from the intestine as calcium as-
corbate. Leichsenring et al. (’57? found
that both orange juice and crystalline as-
corbic acid increased calcium retention in
women.

The relationship of these two vitamins
as regards calcium absorption and metab-
olism has not been studied to the authors’
knowledge. Since both of these vitamins
have been shown to influence calcium
utilization when studied separately it
seems that such studies should be made.

EXPERIMENTAL

A New Hampshire-Delaware cross chick
was used in the experiments described
here. One-day-old chicks were placed in
electrically heated batteries where the tem-
erature was maintained at recommended
evels. These batteries were located in a
room where the temperature was kept at
74°F. with a uniform light-day of 14 hours.
During the first three days the chicks were
laced on ground milo and subsequently
ed the rations (table 1) for the remaining
25 days. General management conditions
recommended for growing chicks were
maintained throughout the experiment.
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1Published with the approval of the Director
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TABLE 1
Composition of the deficient ration

Ingredient Luegggs
Ground milo 70.00
Soybean oil meal (50% protein) 25.00
Ground alfalfa meal (17% protein) 1.50
Ground limestone 0.50
Steamed bone meal 2.50
Salt, iodized 0.50
Manganese sulfate supplement

(70% MnSO,,) 0.022
Vitamin mix12 0.113

1The vitamin mixture supplied 110,000 I.U.
vitamin A, 75 mg riboflavin, 100 mg niacin, 200
mg calcium pantothenate, 40 gm aqueous choline
chloride (70% ) and 400 /,g vitamin B12 per 100
pounds of ration.

2The control chicks were fed this same diet,
but with the addition of 13,500 I.C.U. of vitamin
D3 per 100 pounds of ration.

At three days of age the chicks were
divided in a random manner into two
groups. The first group was given the
vitamin Da-deficient ration (table 1) and
the second was given this same ration sup-
plemented with a recommended level of
vitamin D3 (National Research Council,
’54). The vitamin D3deficient ration was
shown to produce rachitic symptoms read-
ily, in approximately three weeks. Rachitic
symptoms were determined visually by an
ungainly walk, softness of the beak, un-
thrifty appearance and slow growth. At
4 weeks of age, the chicks were injected
with 0.5 ml of a solution containing ap-
proximately 10 fic of Ca%k plus 15 mg of
Evans Blue dye. The Casbwas in the form
of CaCl2in hydrochloric acid solution.

The injection procedure was carried out
by making a small incision just over the
crop, thereby exposing this organ, and then
injecting the solution directly into the
lumen. The birds were sacrificed by as-
phyxiation in an ether container at specific
time intervals following injection. These
time intervals were 15, 30, 45, and 60
minutes. Just prior to sacrifice a 1.8-ml
blood sample was collected by cardiac
puncture in a tube containing a 0.2%
solution of sodium oxalate. After sacrifice,
the esophagus, crop, proventriculus and
ventriculus “upper bowel” were removed
as a unit and prepared for Cab analysis
by a method described later. For concise-
ness and clarity the above intestinal tract

A. THORNTON, C. W. WEBER AND R. E

MORENG

sections will be referred to as the “upper
bowel.” The division of the intestinal tract
was made at this particular point since it
is commonly accepted that intestinal ab-
sorption of most materials does not occur
until such substances reach the duodenal
loop area. It follows then, that the “upper
bowel” in this case can be considered as the
non-absorptive segment in relation to Ca%b
while the “lower bowel” will be thought of
as the absorptive area.

The tibiae were next removed and meas-
urements of the epiﬁhyseal-cartilaginous
plates were made. The values were then
averaged to give an estimate of the de-
gree of vitamin D3 deficiency. Each of
these component parts was then ashed
completely at 700°C. After ashing, the
ash was taken up in a 25% nitric acid
solution and transferred quantitatively to
a volumetric flask and made to 100 ml
volume. After allowing time for equilibra-
tion, a 0.5 ml sample was removed and
placed in a small glass planchet. The solu-
tion was then dried under a heat lamp.
The Casb activity of these samples was
then determined in a gas flow, windowless
type scaler.4 Suitable calculations for self-
absorption were made on all samples.

Ten chicks were used for each control
and experimental group with an equal dis-
tribution between males and females in
each group whenever possible. Statistical
differences were determined by calculat-
ing the standard error and applying the
“t” test to such data.

RESULTS AND DISCUSSION

In studying the absorption of materials
from the intestinal tract, it seems impor-
tant that the rate of feed movement to the
absorptive area should also be determined.
In this study it was observed that the dis-
appearance of Cakbfrom the “upper bowel”
in the control chicks occurred at an ex-
ponential rate (fig. 1). The vitamin D3
deficient group showed this same rate to
45 minutes after Casb injection. The 60-
minute group showed a very low disap-
pearance value. Since the latter value was
approximately equal to the 30-minute con-
trol and deficient groups, however, it does

4 Nuclear Measurements Corporation, Indian-

apolis, Indiana.
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Fig. 1 The recovery of calcium4b from the
upper digestive tract. The term upper digestive
tract, as used here, applies to the crop, esophagus,
proventriculus and ventriculus.

Fig. 2 The recovery of calcium4 from the
blood.

not seem probable that the vitamin D3
deficiency was instrumental in producing
this result.

An estimate of intestinal absorption of
Casbis indicated by the amount of isotope
recovered from the blood as well as that
deposited in the skeleton. It will be noted
(fig. 2) that 15 minutes after injection,
Casb blood levels had gone up sharply in
both deficient and control chicks. This
may be explained by the rapid movement
of the isotope from the upper to the lower
bowel during this time. Following this
initial uptake of Cad the level of this iso-
tope in the blood remained in a rather uni-
form state for the next 30 minutes.

Sixty minutes after injection, blood Ca%b
levels of both groups again increased.
These blood curves are quite different from
those appearing in the literature. For ex-
ample, Migicovsky and Jamieson (55) and
Keane et al. (6) showed that specific

35

Ca8blood activity reached a maximum in
control chicks approximately 10 minutes
after injection, followed by a progressive
decline. In the two cases cited, deficient
chicks required a much longer period of
time to attain a maximal blood Cabactivity
(ﬁo to 90 minutes) which also declined
thereafter and in each instance the specific
activity of the control was much greater
than that of the deficient chicks.

The amount of Ca%b deposited in the
tibiae (fig. 3) showed variable differences
in the control and deficient groups to 45
minutes post injection. The wide differ-
ence exhibited at 60 minutes may be ex-
plained by the failure of the deficient group
to send sufficient Casb from the upper to
the lower bowel (fig. 1). This statement
is supported by the result of a correlation
analysis made between the amount of Ca%b
leaving the upper bowel and that recovered
from the tibiae. The values obtained for
the control and deficient groups were 0.979
and 0.941 respectively, which were sig-
nificant to the one per cent level of prob-
ability. It appeared, from these results,
that the degree of Casbaccumulation in the
tibiae was dependent upon the amount pre-
sented to the intestinal absorptive area
with the vitamin D3deficiency apparently
exerting no influence.

Since the above results are
ferent from those found in the literature
cited, it appeared that some factor was
present which was producing these un-
usual results. Evidence that the deficient

uite dif-

Fig. 3 The recovery of calcium4 from the
tibiae.
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chicks were rachitic is shown by the data
in table 2. In all cases the control chicks
were heavier to a highly significant degree.
Furthermore, measurements of the epi-
physeal-cartilaginous plates of the tibiae
differed markedly between the control and
deficient groups. Visual observations of
the chicks also indicated strongly that the
deficient chicks showed rachitic symptoms
whereas the controls showed none.

In reviewing some data from a previous
experiment it was noted that the deposi-
tion of Caskin the tibiae of chicks (fig. 3)
was quite similar to the values of Migicov-
sky and Jamieson (55) and Keane et al.

’56). The chicks used in both studies in
this laboratory were Jorogeny of a similar
strain. The diet used for the two experi-
ments was also identical, except that as-
corbic acid had been added to the parental
diet in the last experiment. The vitamin
C additions were made at 10, 20, and 40
mg per pound of ration. In view of these
differences it :y)peared that the presence
of ascorbic acid in the parents’ diet could
be influencing the Ca%k uptake and reten-
tion in progeny given the rachitogenic diet.

The apparent difference in the data of
the two experiments was further illustrated

A. THORNTON, C. W. WEBER AND R. E. MORENG

by determining the correlation coefficient
between the amount of Casb leaving the
u_gper bowel and that recovered from the
tiblae. The values obtained, when the
parents were not given dietary vitamin C,
were —0.196 and 0.685 for the vitamin Da-
deficient and control chicks respectively.
The value for the control chicks was of a
highly significant nature. It was shown
previously in this study that this relation-
ship was highly correlated in both control
and deficient progeny from ascorbic acid
supplemented parents.

In view of the above results, a small
pilot study was initiated to test further the
influence of parental dietary ascorbic acid
on rachitic progeny. In this study, eggs
were hatched from the control hens and
from hens receiving a supplement of 10,
20, or 40 mg of ascorbic acid. All other
procedures were similar to those previously
described.

The uptake of Ca8in the tibiae was in-
creased statistically, to a highly significant
degree in vitamin Ds-deficient females
when the parents were given supplemen-
tary ascorbic acid (table 3). It was .also
observed that the width of the epiphyseal
plate was increased slightly in the female

TABLE 2

The effect of vitamin D3 deficiency on the body weight and tibiae epiphyseal
plate width of the chick

Treatmentl

15 minute control
15 minute deficient

15 minute control34
15 minute deficient34

30 minute control
30 minute deficient

30 minute control34
30 minute deficient34

45 minute control
45 minute deficient

60 minute control
60 minute deficient

Mean bod Epiphyseal plate
welght * PPt P
gm ram

244 + 8.02

148 + 8.93 429 + 0.13

365 + 17.6 1.04 + 0.01

233 £ 14.0s 3.31 + 0.32s
257 + 4.5 0.96 + 0.03

128 + 9.85 3.32 + 0.38=
338 + 15.6 0.99 + 0.01

209 + 4.4s 3.39 + 0.52s
265 + 11.7 0.86 = 0.03

139 + 9.9s 3.50 + 0.565
251 + 14.4 1.00 + 0.01

121 + 9.33 4.29 + 0.35s

1Values refer to time of sacrifice after Ca'sinjection.

2Standard error.

8No ascorbic acid present in the parents’ diet, all other progeny were produced by parents

given supplementary ascorbic acid.

4The heavier average body weights of these groups were due to the chicks being older

at the time of weight determination.

s Significantly different at the 1.0% level of probability.
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TABLE 3
The effect of ascorbic acid in the diet of the parents on calcium metabolism

by vitamin

No. of

Parental diet chicks

Female:

Basal

Basal + 10 mg2
Basal + 20 mg
Basal + 40 mg

Male:
Basal
Basal + 10 mg
Basal + 20 mg
Basal -f 40 mg

ENENENEN]

< X< ENEN]

1Mean + standard error.

I>-deficient progeny

Tibia Ca4s
uptake

cpm/100 gm
PEody Wi

Tibia epiphyseal
plate width

mm

[EN

55

76.
85.
83.

NN
N = P ©
cooo»
+ I+ I+ |+
cooo
0 0 © »
=g

3
4
6
0

O

0.25
0.54
0.423
0.92

w
o
w

+ S

2Refers to level of ascorbic acid per pound of ration in the parental diet.
3Significant at 1.0% level of probability when compared to the basal group.

groups by this treatment. In the males,
however, Ca%b determinations were not
made but the epiphyseal plate width was
increased noticeably at all three levels of
parental ascorbic acid supplementation
(table 3).

To show further the effects of ascorbic
acid, certain correlation calculations were
made concerning the relationship of bone
development and the chick’ ability to
utilize Ca%b as measured by Casb content
in the tibiae (table 4). In the case of the
progeny from the vitamin C-supplemented
adults, there was no relationship between
epi hxseal plate width, tibiae ash weight
and the amount of Cas utilized whereas
these factors were highly related in prog-
eny of parents not given vitamin C.

These results further indicated that the
presence of vitamin Cin the parents’ diet
has an influence on calcium uptake in
rachitic progeny. In addition, the results
_sufﬁzgested that this uptake effect had little
influence in preventing the aﬁpearance of
rachitic symptoms. In fact, the last study
indicated that the presence of vitamin Cin
the parents’ diet may have increased the
severity of rickets despite the birds’ ability
to deposit more Casbin the bone.

In light of the data observed in this
study, several suggestions may be made.
First, it appears that the birds’ ability to
absorb calcium will not necessarily prevent
the appearance of rachitic symptoms.
Secondly, these results indicated that vita-
min D3does not function primarily for pro-

TABLE 4

The influence of parental ascorbic acid on bone
development and Ca4b utilization by
rachitic progeny

Correlation calculation r Value
Tibiae epiphyseal plate width and
Caf3 uptake:1
non-supplemented parents2 —0.9414
supplemented parents3 -0.190
Tibiae ash weight and Ca4b uptake:
non-supplemented parents 0.7974
supplemented parents 0.258
Tibiae ash weight and epiphyseal
plate width:
non-supplemented parents 0.9394
0.482

supplemented parents

1Casbuptake refers to that amount found in the
combined tibiae.

2Parental diet contained no vitamin C.

3Parental diet contained vitamin C.

4 Significant at the 1.0% level of probability.

inoting intestinal absorption of calcium.
Thirdly, it was shown that ascorbic acid
or some agent produced by the presence of
this vitamin in the parental diet acts on
rachitic progeny to help maintain calcium
absorption. Fourthly, it appeared that the
presence of this vitamin In the parents’
diet may increase the degree of rickets
when the progeny are given vitamin De-
deficient diets.
SUMMARY

The influence of ascorbic acid in the

parental diet on the subsequent utilization

of Ca by rachitic and non-rachitic prog-
eny has been studied using the chick.
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The presence of vitamin C in the ration
of the parents apparently changed the early
Cat uptake by the progeny. The absence
of vitamin D3in the diet of the progeny
appeared to have no effect on these results.
In control and vitamin IT-deficient chicks
produced from parents given dietary as-
corbic acid, it was observed that the
amount of Casb retained by the tibiae to
60 minutes post-injection was dependent
on the amount of isotope presented to the
absorptive area of the intestinal tract.
This same relationship was observed in
control progeny from non-ascorbic acid-
supplemented parents; however, vitamin
D,-deficient progeny failed to show this
relationship. 1t was also observed that both
control and deficient chicks from the as-
corbic acid-supplemented parents showed
increasing blood levels of Cab as late as
60 minutes after injection. These results
were widely different from those normally
expected, suggesting that the presence of
vitamin C in the maternal diet had an
influence on the intestinal absorption of
both control and vitamin Ds-deficient
chicks.

The above results suggested that vitamin
Dj was not involved primarily with intes-
tinal absorption. Furthermore, it was
shown that even though parental dietary
ascorbic acid promoted normal intestinal
absorption of Ca during vitamin D3 de-
ficiency, appearance of rachitic symptoms

A. THORNTON, C. W. WEBER AND R. E. MORENG

was not alleviated. In short, it appeared
that rachitic symptoms may be even more
severe under such conditions.

In light of these observations, it seemed
that calcium uptake alone, in this case,
was not sufficient to prevent rickets. This
leads to the suggestion that vitamin D3 is
necessary for normal bone development
and that factors other than this vitamin

can sustain normal calcium intestinal
absorption.
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The Effects of Dietary Nitrate on

Rabbits and Rats

LOIS KILGORE, LOIS ALMON,2 and MARVIN GIEGER
Mississippi Agricultural Experiment Station, State College

The growing trend toward the use of
fertilizers of high nitrogen content in the
production of vegetables leads to the ques-
tion of possible injurious effects upon those
who consume the food thus grown; for
under some conditions nitrogen in abun-
dant supply in the soil may accumulate in
the form of nitrate in the plant up to lev-
els as high as 6.4% in Swiss chard and
11.1% (as KNOs) in turnips (Gilbert et
al., 46). Nitrate as such is a diuretic, but
otherwise has no untoward effects in non-
ruminant mammals. Varying amounts of
it, however, are probably reduced to ni-
trite in the system, and this ion is known
to exert a number of undesirable effects.
Of these the conversion of some of the
hemoglobin to methemoglobin is the most
easily measured, and is probably potenti-
ally the most deleterious. In ruminants,
toxic effects from this cause have some-
times proved fatal (Bradley et al., ’40;
Campbell et al., '54; Davidson e~ al., "41;
Lindner et al., '48; Olson and Moxon, 42;
Savage, 49). Effects of this kind in hu-
mans are much rarer, but methemoglobi-
nemia and occasional deaths have been re-
ported in infants ingesting well water high
In nitrates (Walton, ’51%. No injury of
any degree has been reported for non-ru-
minants attributable to nitrate in plant
food. But as far as we have been able to
discover no investi?ation of marginal tox-
icity has been published.

The work here reported is concerned pri-
marily with levels of methemoglobin com-
pared with levels of nitrate added to or
naturally present in the food of laboratory
rabbits and rats. Evidence for the com-
Bound resgonsible for the changes in the

lood has been sought by means of nitrate
balance studies.

J. XUTRITIOX, 69 : '59

Levels of methemoglobin compared with
levels of sodium nitrate added
to food

Rabbits and rats were chosen as test
animals. There were 10 animals of each
species in each test group. Rabbits were of
mixed breed, half males, half females, and
ranged in age from 11 to 15 months dur-
ing this experiment. Their weight range
was from 3150 to 3750 gm. Male rats
were used and they ranged in age from 11
to 13 weeks, and in weight from 170 to
217 gm. They were housed in individual
cages and all animals remained healthy
throughout the experiments.

A double 5 by 5interlaced Latin square
design was used to minimize the effects
due to animals and day sequences. In this
design, day sequences were rows, animals
were columns, nitrate levels were the
dietary treatments, and in the rabbit ex-
periments the time interval of bleeding
would be represented by three sub-units in
each square (see table 1). The rest Joeriod
between the day sequences averaged three
days since preliminary studies had indi-
cated that a time interval of this duration
was adequate in removing carry-over ef-
fects of previous treatment.

Trial determinations of methemoglobin
were undertaken with rats and rabbits
to determine the interval after feeding

Received for publication February 21, 1959.

1Published with the approval of the Director,
Mississippi  Agricultural Experiment Station,
Journal Paper No. 752, 1959. This is a report
of work done by the Mississippi Agricultural Ex-
periment Station contributory to Southern Re-
gional Cooperative Project S-32 on “Quality and
Nutritive Value of Vegetables as Influenced by
Cultural Conditions and Post-harvest Practices.”

2Present address: Mount Sinai Hospital, Mil-
waukee, Wisconsin.
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TABLE 1
Double, interlaced latin square design

Animals
1 2 3 4 5 6 7 8 9 10
Tg c c D E B D A B A E
s E A A B D C E D o B
O D B E A A E D C B c
B D C D E B C A E A
% A E B C C A B E D D

Ratjon for rabbits consuming increasing

levels of nitrate as sodium nitrate

90 gm oats
90 gm Purina Rabbit Chow

mgoow>

Rations for rats consuming increasing levels

of nitrate as sodium nitrate
A 5 gm oats

B 5gm Purina Laboratory Chow + 3.4 mg NaN03

5 gm laboratory chow + 0.2 gm NaNO03kg body wt.
D 5 gm laboratory chow + 0.4 gm NaNO03kg body wt.
E 5 gm laboratory chow + | gm NaN03kg body wt.

Rations for rabbits consuming increasing levels
of nitrate as it occurs naturally in plants

90 gm oats
90 gm Purina Rabbit Chow

15 gm collards
25 gm collards

I
moow>

Rations for rats consumin

A 5 gm oats

B 0.06 gm greens + 0.01 gm egg
v C 0.5 gm greens + 0.08 gm egg

D 1.1 gm greens + 0.18 gm egg

E 2.7 gm greens -f 0.45 gm egg

when highest levels would be found. Min-
imum methemoglobin levels were obtained
in fasting animals while maximum methe-
moglobin readings were obtained in the
rabbits between 4 and 7 hours after in-
gestion of the nitrate and the intervals of
4, 55, and 7 hours were therefore used.
Only one bleeding time (5.5 hours after
feeding) was used for the rats since close-
ly spaced bleedings are not feasible in so
small an animal. The method of Evelyn
and Malloy (°38) was used for methemo-
globin determinations.

Oats were used as one dietary treatment
because they were lower in nitrate than
the complete ration otherwise fed. The

90 gm rabbit chow + 0.2 gm NaN03kg body wt.
90 gm rabbit chow + 0.4 gm NaN03kg body wt.
90 gm rabbit chow + 1 gm NaNOa/kg body wt.

10 gm collards + 45 gm Purina Rabbit Chow

. increasing levels
of nitrate as it occurs naturally in plants

NaNC>3equivalent.in
grams intake per animal

0.004
0.074
0.672 (av.)
1.344 (av.)
3.380 (av.)

NaNC=8equivalent in
grams intake per animal

0.0002
0.004
0.040 (av.)
0.080 (av.)
0.200 (av.)

NaNC=3equivalent.in
grams intake per animal

0.004
0.074

0.120 (av.)
0.124 (av.)
0.207 (av.)

NaNOQ3 equivalent. in
grams intake per animal

0.0002
0.007
0.061
0.133
0.328

other rations are shown in table 1, sec-
tions | and Il. The xylenol method of the
AOAC as modified by U. S. Plant, Sail, and
Nutrition Laboratory3 (53) was used for
all nitrate determinations.

The data were analyzed for variance and
the treatment means tested by Duncan’s
new Multiﬁle Range Test (55). The re-
sults are shown in table 2, lines 1 and 2.
Of primary interest are the highly sig-
nificant differences in treatment means.
Although statistical significance did not
accompany the rise in methemoglobin val-
ues at every step, the overall indication is

3Personal communication from C. J. Morris.
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TABLE 2
Methemoglobin, in grams per 100 ml of blood, in animals consuming increasing levels

of nitrate. Means of 1C animals.

See table 1 for description of rations

Rations in gm NO.;/kg

A B C D Ei

0.007 0.15 0.15 0.29 0.73

1. Rabbits—NaNO03CVv2—48 0.07 0.11 0.12 0.14 0.16
2. Rats—NaNOs CV—55 0.11 0.19 0.24 0.26 0.38
3. Rabbits—plant NO3CV—46 0.12 C.16 0.18 0.19 0.18
4. Rats—plant NO3CV—60 0.04 0.09 0.12 0.19 0.23

Values not underscored by the same line differ significantly from each other at the 1% level.
1Possibly due to the taste the rabbits would not always consume all of the ration contain-
ing I gm NaNOs/kg body weight in a short period of time and the intake was slightly less

than 1 gm NaNO03kg body weight.

were not the same nitrate/body weight ratio as other C, D and E rations.

Also the C, D and E ration for rabbits on plant nitrate

They were

limited by amount of collards the rabbit would eat, see table 1, section III.

2Coefficient of variability.

of a significant effect on methemoglobin
levels of increase in nitrate in the diet.

To determine whether levels of methe-
moglobin of this order, or associated ef-
fects, could be harmful would require more
intensive  physiological measurements.
Gross discomfort as evidenced by abnor-
mal behavior was not apparent. None of
the values in table 2 approached the level
where cyanosis would appear in humans
(Finch, "48) and no cyanosis was seen in
the animals. The transitory nature of
methemoglobin in the living animal in the
absence of a continuing stimulus (Gelin-
sky, 40; Neill, "25; Spicer, 50) mitigates
against injury.

Levels of methemoglobin compared zvith
amount of nitrate fed in
plant food

In order to see whether nitrates as they
occur in plants would cause a rise in
methemoglobin levels of the same order as
those accompanying the NaNO: additions
just reported, a similar experiment was per-
formed using collards for rabbits and tur-
nip greens for rats. The collards were
g_rown with no special intent of producing a

igh nitrate content and contained 0.61%
of nitrate (dry basis). The turnip greens

were grown using cultural conditions
known to cause nitrate accumulation and
contained 8.85% of nitrate (dry basis).

The methods and design used were the
same as those described in the previous
experiment. The same rabbits were used
after a rest period. The ages ranged from
14 to 18 months and weights from 3150
to 3800 gm. The rats ranged in age from
39 to 43 weeks and in weight from 300 to
340 gm.

The results given in table 2, lines 3 and
4, are similar to those reported in lines
1 and 2 in that highly significant rises in
methemoglobin levels accompanied cer-
tain ranges of rise in nitrate consumed.
The fgenerall higher methemoglobin lev-
els of the rabbits In this study as compared
with the previous one. including the high-
er level on the oat ration, may have been
an effect of temperature. We obtained
higher methemoglobin levels regularly dur-
ing hot weather. Differences in tempera-
ture between the time of the two rat ex-
periments were not marked and the levels
of methemoglobin in the second experi-
ment were lower than in the first one.

Mindful of the relation of methemoglo-
bin to total hemoglobin and the fact that
nitrates are known to have a diuretic ef-
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feet on humans and animals, hematocrits
and methemoglobin were determined si-
multaneously on rats being fed varied ra-
tions. The correlation coefficient was not
significant [r =0.16, rs =0.025], Less than
3% of the change in methemoglobin can
be accounted for by the change in hem-
atocrit.

Highest levels of
methemoglobin found

Since the levels of the methemoglobin
reported in the foregoing experiments were
not manifestly injurious, an effort was
made to discover how high the methemo-
%Iobin levels could be caused to go, for
this is the crux of our interest in this prob-
lem. Some individual animals would eat
nitrate more readily than others, and for
the purposes of this determination these
animals were fed as much sodium nitrate
as they would consume. The highest level
of methemoglobin recorded under these
circumstances was 2.49 gm per 100 ml of
blood. This occurred in a rat which was
eating nitrate at the rate of 10 gm per kilo-
gram of body weight. A high level of
methemoglobin was also obtained in one
rabbit owing to a peculiarity which caused
its levels to rise above the levels found in
other rabbits on the same regimen. This
occurred during the preliminary studies
and by the time the experiment proper
was conducted this animal did not show
this difference. During the time when the
methemoglobin levels were higher than
those of the other rabbits a methemoglobin
value of 3.2 gm per 100 ml was obtained
with the animal on a ration containing
NaNOs at a level of 3 gm per kilogram of
body weight. Some cyanosis was evident
in the albino rat at the time of the high
methemoglobin.  No such observation
could be made on the rabbit because of its
natural pigment. Methemoglobin levels of
the order just cited represent reduction in
oxygen carrying hemoglobin of ap‘oroxi-
mately 20% . In non-anemic animals not
subject to undue exertion this is probably
not serious but in animals already anemic
the effects could well be critical.

Balance studies

The foregoing results showing rise in
methemoglobin with rise in ingestion of

nitrates rp})ose the problem of the mecha-
nism of the reaction. Since methemoglobin
formation is known to result from the
presence of nitrites in the circulation, the
assumption has been made throughout
the literature that the toxic effects of ni-
trate manifested by cyanosis are due to
the reduction of nitrate to nitrite ions.
Tracer studies involving some analyses on
blood and tissue would be the best means
of obtaining evidence bearing on this
problem. Lacking facilities for such stud-
les, we turned to balance studies to supply
some evidence.

Only rabbits were used in the balance
studies. The urinarP/ excretion of nitrate
at various intake levels was measured.
Percentages recovered are given in table 3
and agree in general with the findings of
Greene and Hiatt (54).

TABLE 3

Urinary nitrate recovery in rabbits in 24 hours
(10 rabbits, 4 24-hour -periods)

SUPPITIEL M ! REHH"

%
None (Av. equivalent 22 mg NaNOs/

kg body wt.) 49.2
22 mg NaN03kg body wt. 35.3
44 mg NaNOs/kg body wt. 35.4
66 mg NaN03kg body wt. 41.1
132 mg NaNOs/kg body wt. 48.4
198 mg NaN03kg body wt. 56.1

Total nitrogen in the feces was deter-
mined at two levels of nitrate intake (pro-
tein intake being constant), in order to
rule out the possibility of nitrate being ex-
creted in the feces.

In an effort to answer the question, “Is
any nitrite excreted, and if so how
much?,” a modification of the alpha-naph-
thylamine method of the AOAC was used
(Dawson, ’56) for the determination of
nitrite in the urine of 5 rabbits collected
for 4 24-hour periods, while the daily in-
gestion of each rabbit was 90 gm of com-
mercial chow* with 200 mg of NaNOs.
Nitrates were determined also. Then af-
ter a rest period the same 5 rabbits were
fed 90 gm of oats for 9 days and nitrites
and nitrates were determined in the urine
for the last 7 days of this 9 day period.
Trﬁ results of these analyses are shown in
table 4.

4 Purina Rabbit Chow.
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TABLE 4

Urinary nitrate and nitrite recovery in rabbits.

Mean values of several consecutive 24-hour

collections (5 animals per group)

Ration

90 gm oats
90 gm Purina Rabbit Chow + 200 mg
NaNO03kg body wt.

Meppal  Megn Menpe
BB niligigder  nifiteper Recovery
mg mg mg %
21 9 0.10 44
2023 774 7.61 39

1The percentage recovery was calculated by adding the total urinary nitrate excreted to
the total nitrate equivalent of the urinary nitrite and dividing by the total nitrate fed. In
each case the nitrate equivalent of the nitrite in the urine represents 0.5% of the amount

recovered.

The chow and nitrate solution were
analyzed for nitrite and this small amount
of nitrite in the ration was subtracted from
the amount of nitrite excreted in urine
to obtain the urinary nitrite figures in the
table. These results agree with those in
table 3 and with those reported by Kameoka
and Morimoto (’53), who found that when
nitrate was fed to rabbits as 2% of their
diet it was completely absorbed but only
about 50% excreted. These workers also
found an increase in the amount of nitrite
in the urine where nitrate in the food was
increased. This increase in nitrite excre-
tion following increased nitrate ingestion
supports the hypothesis of some conver-
sion of nitrate to nitrite.

SUMMARY

Methemoglobin rises significantly in the
circulation of rabbits and rats with in-
creases in the levels of nitrate ingested
either as sodium nitrate or as it occurs
naturally in plant food.

The levels to which methemoglobin rises
are not high enough to cause abnormal
behavior or appearance except in occasion-
al animals temporarily aberrant due to
unexplained causes, or in a larger number
of animals ingestin? amounts of nitrate
greater than would likely occur under na-
tural conditions.

The fact that large amounts of nitrate
ingested cannot be recovered in that form
in the excreta permits the assumption that
some of it is reduced in the body. The re-
covery of small amounts of nitrite in the
urine substantiates this assumption and
provides evidence for its existence in the
blood where it could act on the hemo-

globin. Some nitrate remains unaccounted
for and this raises the question of its fate
and the reaction in the system of any
other products which might be formed.
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The Effect of Radiation Sterilization on the

Nutritive Value of Foods

V. ON THE AMINO ACID COMPOSITION OF MILK AND BEEF

W. S. TSIEN ana B. CONNOR JOHNSON
Department of Animal Science, University of Illinois, Urlana

Earlier work on the effect of irradiation
on the destruction of amino acids in pro-
teins has been reviewed previously (John-
son, '57).

The ﬁurpose of the present paper is to
report the effect of irradiation on the amino
acid composition of milk and beef proteins.

EXPERIMENTAL

Protein hydrolysates of non-irradiated
beef and milk, 2.8 million rad irradiated
beef and milk, 5.6 million rad irradiated
beef, and 9.3 million rad irradiated milk
have been analyzed by the column chro-
matographic method of Moore and Stein
(’48, '51). )

Preparation of samples

Evaporated milk was bought locally,
frozen, and stored at —20°C. Three cans
of this milk were irradiated with 2.8 mil-
lion rad y-ray irradiation;%three, with 9.3
million rad; and three were not irradiated.
The milk was held frozen before and after
irradiation.

Beef round steak was purchased from
the University Meats Division. After the
visible fat was trimmed off, the steak was
ground, canned under vacuum, and frozen.
Some cans were irradiated at 2.8 million
rad, some at 5.6 million rad, and some
were not irradiated.

The milk, after irradiation, was coagu-
lated, making it difficult to obtain repre-
sentative samples for assay. Therefore,
both non-irradiated and irradiated milk
proteins were precipitated with 10% tri-
chloracetic acid; the precipitate was fil-
tered, washed with ethanol, acetone, and
ether, dried at 40°C under vacuum and
stored in a vacuum desiccator at 4°C. The

J. Nutrition, 69 ; '59

filtrates showed no protein by biuret or
ninhydrin tests. Nitrogen recovery was
from 98 to 99% .

Both non-irradiated and irradiated beef
were extracted with hot ether for 48 hours
and dried to constant Wei%ht in a drying
oven at 50°C under 29 inches of vacuum.
The samples were then ground to a fine

powder and stored in a vacuum desiccator
at 4°C.

Hydrolysis of samples

Both milk and beef samples were glaced
in sealed tubes and hydrolyzed in 500 vol-
umes of 6 N HCL for 24 hours in a 110°C
oven. The hydrolysates were concentrated
at 45°C under reduced pressure until near-
ly dry. Ten milliliters of water were added
and the samples reconcentrated to near
dryness. They were then made up to vol-
ume with pH 3.42 buffer.

The determination of cystine
and tryptophan

Although the cystine peak appeared in
each determination, it was low, spread-out,
and irregular, with at least one dent on the
top, and greatly variable. Consequentl
cystine was determined as cysteic acid.
Cystine and cysteine were converted to
cysteic acid by performic acid oxidation b
the method of Schram et al. (’54). Accord-
ing to previous determinations, the hydroly-
sates contained no other strongly acidic
ninhydrin-positive constituents, and cysteic
acid was determined on the Dowex-50, 100-

Received for publication March 5, 1959.

1 1 rad = 100 ergs energy dissipated per gram
of tissue. Gamma irradiation was used to “steri-
lize” the foods.
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TABLE 1
The effect of irradiation on amino acids of milk
(Calculated as grams per 100 gm of crude protein, N x 6.25)

Amino acid .
Aspartic acid 7.05 £ 0.091
Threonine 4.04 = 0.11
Serine 5.14 0.12
Glutamic acid 21.01 = 0.24
Proline 9.01 + 0.15
Glycine 2.15 0.06
Alanine 351 0.04
Cystine—cysteine3 0.93 £ 0.02
Valine 5.21 zb 0.02
Methionine 2.66 * 0.06
Isoleucine 5.20 + 0.03
Leucine 9.44 0.04
Tyrosine 4.17 0.03
Phenylalanine 4.48 = 0.04
Tryptophan3 1.02 bz 0.03
Histidine 2.64 0.06
Lysine 7.30 0.09
Arginine 3.23 0.08
Ammonia 1.76 + 0.14
Total 99.95

1Standard error.

Irradiation dosage in million rad4

2.8 9.3
6.46 £ 0.071 5.24 ®0.061
3.54 it 0.13 3.33 it 0.08
3.71 £ 0.16 3.71 + 0.07

21.00 0.23 10.67 0.16
9.02 0.08 9.00 0.07
2.14 £ 0.05 1.63 it 0.03
3.72 £:0.07 3.61 0.06
0.92 £ 0.04 0.89 + 0.05
530 0.03 5.26 it 0.03
2.06 £ 0.05 1.90 it 0.06
471 + 0.04 3.59 0.02
9.30 0.05 8.22 0.03
4.20 + 0.02 4.21 =+ 0.03
454 0.06 3.98 it 0.05
1.06 + 0.02 0.98 + 0.05
2.64 it 0.05 1.85 0.05
7.21 it 0.06 6.94 = 0.07
3.22 it 0.12 3.03 0.10
1.75 + 0.16 1.94 =+ 0.20

96.54 80J[1

2Cystine and cysteine were determined as cysteic acid.
3Tryptophan was determined microbiologically.

4Four determinations.

cm column. It emerged as a sharp peak
from fraction 22 to 25 at 37.5°C and pH
3.42. Standardization indicated that 0.5
mg of cystine yielded 0.4 mg of cysteic
acild from the column. Therefore, the
quantities of cysteic acid measured in the
hydrolysates have routinely been divided
by 0.8 to give the final percentage of cys-
tine in the hydrolysate.

TryFtophan was determined microbio-
logically by the Miller and Ruttinger meth-
od (50).

RESULTS

The effect of irradiation on amino acid
composition of milk

Statistical analysis of the data tabulated
in table 1 indicated the following: (a) at
the 1% level, aspartic acid, serine, methio-
nine and isoleucine in the 2.8 million rad-
irradiated milk were significantly lower
than in non-irradiated milk; (b) at the
1% level, aspartic acid, glutamic acid, gly-
cine, methionine, isoleucine, leucine, phen-
ylalanine and histidine in the 9.3 million
rad irradiated milk were significantly low-

er than in the 2.8 million rad irradiated
milk.

The effect of irradiation on amino acid
composition of beef

Statistical analysis of the data in table 2
indicated the following (a) at the 1%
level, aspartic acid, threonine, serine, glu-
tamic acid, glycine, methionine and argi-
nine in the 2.8 million rad irradiated beef
were significantly lower than in the non-
irradiated beef; (b) at the 1% level, as-
partic acid, threonine, serine, glutamic
acid, glycine, methionine, histidine and
lysine in the 5.6 million rad irradiated beef
were significantly lower than in 2.8 million
rad irradiated beef; (c) the order of de-
struction of the amino acids in beef was
glutamic acid —» serine —»aspartic acid —
threonine —» glycine  lysine —» methio-
nine —» arginine —» histidine —» proling;
(d) although the average effect of irradia-
tion on proline content was not significant®
the linear functional relationship (Snede-
cor, ’50? between the level of irradiation
and proline content of beef was significant
at the 1% level.
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TABLE 2
The effect of irradiation on amino acids of beef
(Calculated as grams per 100 grams of crude protein, N X 6.25)

Amino acid
0
Aspartic acid 8.23 + 0.08*
Threonine 456 + 0.10
Serine 4.42 + 0.07
Glutamic acid 15.07 + 0.13
Proline 479 + 0.11
Glycine 6.49 + 0.09
Alanine 6.22 + 0.08
Cystine—cysteine2 1.25 + 0.04
Valine 451 + 0.05
Methionine 2.93 + 0.06
Isoleucine 458 + 0.07
Leucine 7.98 + 0.10
Tyrosine 3.37 £+ 0.09
Phenylalanine 4.50 + 0.08
Tryptophan3 1.32 + 0.01
Histidine 2.46 + 0.03
Lysine 8.73 + 0.11
Arginine 6.90 + 0.09
Ammonia 140 + 0.21
Total 99.71

1Standard error.

Irradiation dosage in million rad4

2.8 5.6
6.94 + 0.061 4.08 0.061
3.61 £ 0.09 2.84 +0.05
2.75 + 0.06 1.10 == 0.05
8.15 + 0.12 3.38 +~ 0.06
4.67 + 0.07 4.40 +0.08
5.80 = 0.07 5.09 + 0.07
5.90 £ 0.09 6.24 -+~ 0.06
1.20 + 0.03 1.18 + 0.03
4.43 + 0.06 4.44 + 0.03
2.45 + 0.02 2.16 -+ 0.04
4.44 + 0.04 4.57 +0.02
7.77 + 0.03 7.53 +0.09
3.31 + 0.08 3.26 + 0.02
4.57 + 0.01 4.14 + 0.03
1.29 + 0.03 1.30 + 0.02
2.37 + 0.06 1.98 + 0.05
8.46 + 0.08 6.88 + 0.10
5.59 + 0.08 536 + 0.12
1.32 £ 0.19 171 + 0.18

85.02 71.64

2Cystine and cysteine were determined as cysteic acid.
3Tryptophan was determined microbiologically.

4Three determinations.

DISCUSSION

Irradiation effects on sulfur
amino acids

The determination of cystine in terms
of cysteic acid gives no information as to
how much cystine-cysteine in the protein
was rendered useless for nutritional pur-
poses by oxidation to cysteic acid or some
intermediate oxidation products. Metta
and Johnson ('56) previously shown that
the biological value of milk proteins was
reduced by 8% upon irradiation at 2.8
million rad. Later the same authors dem-
onstrated that additional cystine restored
the biological value of irradiated milk pro-
teins. Thus, some such destruction of cys-
tine must have occurred during irradiation.
In addition, some lowering of methionine
was found in this study which might also
account for the effect of added cystine.

Proctor and Bhatia (’53) found that the
order of deamination of the amino acids
in aqueous solution, upon irradiation with
a cathode ray dose of 250,000 rep was his-
tidine —» cystine —phenylalanine — tyro-
sine —>tryptophan. In this study no sig-
nificant changes of histidine, tyrosine and

phenylalanine were found upon irradia-
tion of 2.8 million rad in milk or beef pro-
teins. The susceptibility to damage may
depend on the “exposed position” of the
amino acid (Bellamy and Lawton, 54).
Glutamic acid, aspartic acid, serine and
glycine were most seriously damaged in
both beef and milk upon irradiation. For-
tunately they are non-essential amino
acids for animals and man.

SUMMARY

The effect of irradiation at 2.8 million,
5.6 million, and 9.3 million rad levels on
the amino acid composition of milk and
beef was studied.

It was found that glutamic acid, aspar-
tic acic, serine and glycine were most seri-
ously reduced by irradiation in both milk
and beef.
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The nutritive value of torula yeast pro-
tein has been extensively studied in this
laboratory using different biological pro-
cedures (Goyco and Asenjo, 46, 47, 48a,
49, 54; Goyco, '56). The main limitation
of this protein appears to be its low con-
tent of physiologically available methio-
nine. This finding is in agreement with
observations made by Klose and Fevold,
(’44); Carter and Phillips, (’44) and Har-
ris, Hajny and Johnson, (’51).

Our studies, so far, had been performed
using the albino rat as the experimental
subject. Considering that findings made
in the rat are not necessarily transferable
to other species, particularly man, studies
using human subjects became necessary
in view of the fact that our ultimate ob-
jective is to determine the value of torula
yeast protein in human nutrition. One of
the main research interests of this depart-
ment has been the search for a readily
available, nutritionally acceptable, low-
price protein source to improve the Puerto
Rican dietary.

This paper reports the effects of sup-
plementary torula yeast and torula ?/east
plus methionine on the nitrogen balance
of normal young male Puerto Ricans con-
suming a diet typical in low-income groups.
Also the effect of various other supple-
ments was investigated.

EXPERIMENTAL

Subjects. In this investigation healthy
young adult male volunteers served as ex-
perimental subjects. These were carefully
selected from a population of about 400
delinquents in a governmental#ail.B They
ranged from 18 to 24 years of age, from

J. Nutrition, 69: '59

163 to 168 cm in height, and from 56.8 to
65.9 kg in weight. A thorough medical
examination4 was made upon a groulg of
about 30 selected subjects and only those
found to be physically fitted for the ex-
periment were used. In each trial, 4 sub-
Jects were used. They were maintained in
a metabolic ward under close supervision
day and night. Normal physical activity
was permitted. Radio, television and sev-
eral table games were furnished for their
entertainment when restricted to the met-
abolic ward. Excellent cooperation was
obtained from these individuals.
Composition of diets. The basal diet
used was representative of the food con-
sumed by the low income group of the
Puerto Rican population. It was com-
pounded according to the recommenda-
tions made by the Bureau of Nutrition and
Dietetics of the Department of Health of
the Government of Puerto Rico. The items
included in this diet were determined from
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survey studies carried out previously by
different governmental agencies e/Des-
cartes, Diaz Pacheco and Nogueras, ’41;
Roberts and Stefani, *49). The composition
of the basal diet was as follows: (grams
per day): rice (polished, enriched), 181;
red kidney beans, 47; dry codfish, 30;
white sweet potato, 100; plantain (green),
50; banana (green), 50; corn meal, 24,
tanier, 50; sugar, 100; lard, 48; salad oil,
35; tomato sauce, 25; sweet pepper, 10;
onion, 10. Garlic vinegar and table salt
were used as condiments. A cup of hot
black coffee was included with each meal;
besides, 50 ml of strained orange juice
was also given, this serving as the vehicle
for the supplements.

The meals were prepared by an ex-
perienced graduate dietitian. Three dif-
ferent menus virtually identical in com-
position were developed and used through-
out. They were alternated successively to
provide a constant intake in proteins and
calories and at the same time variation
in taste and appearance. Five individual
portions were prepared daily from care-
fully weighed ingredients; 4 of these to be
consumed by the subjects and one for
chemical analyses.

The calculated average caloric require-
ment for the type of subject used was
from 2400 to 2700 or from 40 to 42 Cal.
per kilogram of body weight. The basal
diet as compounded will not supply this
amount, therefore, additional calories were
administered in the form of sugar-cane
molasses and a flavored cornstarch dessert.
The calculated daily total caloric intake
for all the subjects was 2800 Cal. No
difficulties were encountered for the com-
plete consumption of every meal. Body
weights were recorded daily before break-
fast, and all subjects either maintained or
gained weight slightly during the experi-
mental periods suggesting that the caloric
content of the diet was adequate.

The reduced protein diet used during
the depletion periods contained the same
ingredients as the basal diet, but the
amount of rice, red kidney beans and cod-
fish was reduced to half. Adequate adjust-
ment for calories was made by increasing
items such as sugar, lard, molasses, etc.

To reduce, as much as possible, varia-
tion in composition all food items that
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were not perishable were purchased in
bulk lots and after mixing were stored in
a cooled environment. Perishable food
items were purchased in amounts suffi-
cient for each trial.

Balance periods. The nitrogen balance
experiment consisted of three different
successive periods:

1 A two-day preliminary period dur-
ing which the subjects continued to con-
sume the institutional diet, but 24-hour
urine collections were made. Also, a repre-
sentative sample of the three meals served
and consumed during these two days was
collected for analysis. The purpose of this
preliminary period was to obtain informa-
tion as to the amount of nitrogen intake
and urinary nitrogen excretion immedi-
ately before the subjects were started on
the nitrogen metabolism experiment.

2. A 4-day metabolic depletion period
during which the reduced protein diet was
consumed and complete 24-hour urine and
stool collections were made.

3. An 8-day metabolic experimental
period during which the basal diet, with
or without suptplement was consumed. A
daily portion of the supplement was equal-
ly distributed during the three meals. At
mealtime, the dietitian carefully trans-
ferred the portion into the orange juice and
required the subjects to consume it com-
pletely. During several trials, as indicated
in table 2, one multi-vitamin capsule5was
given daily. Complete 24-hour urine and
stool collections were made.

PREPARATION OF SAMPLES AND
METHODS OF ANALYSIS

Diets. The sample representing the total
daily intake by the subjects was quanti-
tatively transferred to a large, weighed

5 Perfolin capsules was a gift of the American
Cyanamid Co., Lederle Laboratory Division, Pearl
River, N. Y., through Dr. Fernando Otati, Direc-
tor of Clinical Research. The inclusion of this
multi-vitamin capsule in some trials only, was
done on purpose. We wanted to see the over-all
effect, on the nitrogen balance, of torula alone
and also the effect, if any, of this additional
vitamin supplementation. In those trials where
the nitrogenous supplement did not supply vita-
mins a capsule was given to compensate for
the vitamins in torula.

In trials (nos. 2—¥; 3-8 and 6—1) where only
half of the subjects received the vitamin capsule,
the difference in nitrogen balance between the
two groups was found not significant statistically.
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blendor cup. After homogenization ali-
quot samples were placed in covered glass
jars and kept frozen until analyzed. Total
solids and total nitrogen determinations
were made.

Stools. All samples of stools collected
were kept frozen until combined into a
composite for a given period. With few
exceptions, the proper separation of stools
from the different periods by the use of
0.6 gm of carmine was very satisfactory.
The frozen pooled stools were allowed to
thaw and then quantitatively transferred
to a weighed blandor cup for homogeniza-
tion. Aliquot samples were taken In cov-
ered glass jars and kept until analyzed.
Total solids and total nitrogen determina-
tions were made.

Urine. Daily 24-hour urine samples
were measured and diluted to adppropriate
volumes with distilled water, and analyzed
for their total nitrogen and creatinine con-
tent.

Analyses. Total nitrogen was deter-
mined In diets, stools and urine, according
to the Kjeldahl procedure (A.O.A.C., 55).
Duplicate homogenized samples for nitro-
gen determinations in stools and in food
were weighed in specially prepared cov-
ered weighing bottles. The weighing bot-
tle together with the accurately weighed
samples was put into the digestion flask.
This procedure proved to be very accurate
and convenient for working with homog-
enized samples.

Creatinine was determined by the meth-
od of Clark and Thompson (49).

Total solid determinations in diets and
stool samples were made by standard of-
ficial methods. Samples were dried at
110°C until constant weight was recorded.

RESULTS AND DISCUSSION

Preliminary period

The nitrogen balance for each ?roup of
subjects during the two-day preliminary
period was calculated. The value for ni-
trogen output in the stool was estimated
from the average nitrogen excretion in the
stool, found by analysis for each grou

during the various experimental periods
in which they participated. All subjects
were in positive nitrogen balance, the av-
erage value was +2.73 £ 0.45 gm6of nitro-
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gen per day. The average nitrogen intake
during these preliminary periods was 12.75
—0.44 gm nitrogen per day. These indi-
viduals were excellent experimental sub-
jects for this type of balance studies, con-
sidering that they had been in confine-
ment, at this jail, for at least one year
Brior to our studies and, therefore, had
een subject to a uniform and rather con-
stant nutritional regime for a substantial
period of time. The influence of previous
nutritional status of subjects used in bal-
ance studies upon the results obtained has
been indicated by several authors (Alli-
son, Anderson and Seeley, ’46; Hegsted,
Trulson, White and White, '55).

Depletion period

In table 1 are summarized the average
nitrogen balances for each metabolic de-
pletion period. During these 4 days the
subjects were partially depleted of protein,
a condition obviously essential for studies
upon biological value determinations using
the refeeding technique. The degree of
negative nitrogen balance achieved in each
individual subject did not vary greatly
from the average value of all the depletion
trials, —2.79 + 0.14 gm. The fluctuations
observed are similar to those reported by
Rose, (49), and by Swendseid, Williams
and Dunn, (56).

Experimental periods

Table 2 summarizes data on the aver-
age nitrogen balances for each experi-
mental metabolic period. The average
daily output of nitrogen in the urine for
the last 4 days of the experimental period
was used in computing the nitrogen bal-
ance. A constant daily fecal nitrogen out-
put by each subject during each period
was assumed. Daily nitrogen balance was
calculated for each individual using the
daily urinary nitrogen values and the av-
erage values for nitrogen intake and fecal
nitrogen, but for brevity, only average val-
ues for each experimental metabolic period
are presented.

The criterion used in evaluating the
shifts in nitrogen balance produced by the
different supplements given after each de-
pletion period was the one proposed by

6 Standard error of the mean.
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TABLE 1
Nitrogen metabolism of subjects on depletion diet

Total nitrogen
(Gm ?n 24 hgurs)

Tria Nurgber of
no. subjects
Intake .
Urine
1 4 2.90 4.88
2-7 8 3.02 4,58
3-8 8 3.09 4.69
4 4 3.25 474
6-11 8 3.21 4,79
13 5 3.19 5.48
10 3 3.29 4,99
12 4 3.38 4.44
5 4 3.00 4.89
9 4 3.29 4,77
Average:: 3.14 + 0.051  4.80it 0.08

1Standard error of the mean.

Leverton et al. (56): “Nitrogen equili-
brium is the zone in which the difference
between the intake and the excretion does
not exceed 5% , i.e., the excretion is with-
in 95 to 105% of the intake.” Therefore,
a negative balance, or nitrogen loss from
the body, was considered to exist when-
ever the excretion was more than 105%
of the intake. Conversely, a positive bal-
ance or nitrogen retention existed when-
ever the excretion was less than 95% of
the intake.

The statistical significance of changes
in N balances was obtained from the daily
N balance data for each subject during
the last 4 days of the experimental peri-
ods. Standard errors for all periods were
calculated using the conventional method.
The results of the “t” test and the p values
obbtlaingd using Fisher’ table are given in
table 3.

Nitrogen balance on
basal diet

In trial 1, the basal diet without any
supplement was investigated. The amount
of nitrogen consumed was low, 4.61 gm of
nitrogen per day. With the exception of
the nitrogen supplied by the small amount
of dry codfish, all the rest was of vegetable
origin. Three of the 4 subjects showed a
slightlﬁ negative nitrogen balance and one
a slightly positive balance, the average
value being on the negative side but falling
within the “zone” of equilibrium.

The performance of these subjects upon
the basal diet is of interest. It would ap-

Output Balance
Stool Total
1.38 6.26 -3.36
1.27 5.85 -2.83
1.16 5.85 -2.76
1.05 5.79 -2.54
1.12 5.91 -2.70
1.17 6.65 -3.46
131 6.30 -3.01
0.81 5.25 -1.87
1.01 5.90 -2.90
0.94 5.71 -2.42

1.13 + 0.04 593 + 0.14 -2.79 + 0.14

pear that the protein in the diet supplied
all the essential amino acids in adequate
amounts for the maintenance of nitrogen
equilibrium and in one case, even more
than the required amount, allowing for a
slight storage of nitrogen.

Effect on nitrogen balance of a supplement
of torula yeast7

During trials 2 and 7 a supplement of
15 gm of torula yeast was given. This
amount of yeast added approximately 1 gm
of nitrogen to the basal diet. The effect of
this supplement on the nitrogen balance is
of considerable interest. Five subjects
showed a positive nitrogen balance that
reﬁresents definite nitrogen storage. The
other three subjects, although in positive
nitrogen balance, fell within the “zone” of
e?uillbrium. The average nitrogen balance
of this group represented a slight but sig-
nificant nitrogen storage, +0.58 + 0.08 gm
(table 3).

The effect of increasing the torula yeast
supplement to 30 gm per day was in-
vestigated during trial 10. Four subjects
were started in this trial but one had to
withdraw because of sickness. This sub-
ject, after being in the experimental period
for two days, had a mild diarrhea and
some vomiting. It appeared that he could
not tolerate the supplement. Therefore,

7 The torula yeast used was supplied by the
laboratories of the Puerto Rico Economic Devel-
opment Co. at Hato Rey, Puerto Rico, under the
direction of Mr: Carlos Vincenty.
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TABLE 3
Test of significance of differences between nitrogen balances
Trial Supplement dif'}é‘,?grr]‘cel N Df‘?ggﬁ%sn?f t P
gm N/day %
2-7 Torula yeast (15 gm) 0.74 48 46 4.93 0.1
3-8 Skimmed milk 131 48 46 7.89 0.1
4 Glycine 0.02 32 30 0.11 90
i T heomine 1.00 48 46 6.94 0.1
13 To%uilﬁugeﬁzg_(ggag? ) 0.55 36 34 3.10 1.0-0.1
10 Torula yeast (30 gm) 124 28 26 6.66 0.1
12 Brewers’ yeast 0.41 32 30 1.82 10-5
Rice and beans 0.79 32 30 4.59 0.1
Rice and beans plus
DL-methionine 1.16 32 30 5.94 0.1

1Basal diet vs. supplement.

the values for only three subjects are re-
ported.

The nitrogen intake during this trial
was higher because of the extra 15 gm of
torula yeast consumed. All three subjects
showed a positive nitrogen balance with an
average value of +1.07 £ 0.24 gm. This
value is considerably higher than that ob-
tained when 15 gm of torula were fed.

Although no true diarrhea was observed
among the subjects that tolerated the
higher level of torula yeast, all stool sam-
ples were of a semisolid consistency and
several times stomach discomfort was re-
ported. Besides, on questioning the sub-
Jects they all agreed that this higher level
of torula yeast was disagreeable organo-
leptically. Whether the undesirable side
effects observed when the torula supple-
ment was increased from 15 to 30 gm are
outweighed by the concomitant improve-
ment recorded in nitrogen balance and
storage, respectively, is difficult to evalu-
ate at the present time and will require
further investigation.

Effect on nitrogen balance of a supplement
of torula yeast with the simultaneous
removal of an equivalent amount
(nitrogen) of rice and beans

In trial 13, 30 gm of torula yeast were
given again to 5 new subjects. In this
case, however, 1 gm of nitrogen in the
form of rice and beans was removed from

the basal diet and thus the nitrogen intake
was maintained at the same level as that
in the standard trials. The conditions es-
tablished in this trial were, therefore, simi-
lar to those in trials 2 and 7, except for the
substitution of 1 gm of nitrogen of rice and
beans by the same amount of nitrogen in
the form of torula yeast.

The results obtained appear to show
that this substitution caused untoward ef-
fects on the nutritive value of the protein
in the diet. The average value for the ni-
trogen balance was reduced from +0.58
+ 0.08 to +0.38 = 0.14 gm per day and a
corresponding reduction of the nitrogen
stored was also produced.

If we compare the results obtained in
this trial with those of trial 10, when 30
gm of torula yeast were fed as supple-
ment, the difference is still greater. In the
present case the untoward effects are more
evident, thus indicatin% that although tor-
ula yeast could be a fairly good supplement
to the basal diet protein, it is not a good
substitute for the same.

Combined effect on nitrogen balance of a
supplement of torula yeast
and methionine

The effect of the simultaneous supple-
mentation of the basal diet with 15 gm of
torula yeast and 1.1 gm of DL-methionine
was evaluated during trials 6 and 11. Of
the 8 subjects utilized, 6 showed a strong
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positive nitrogen balance that represents
a very significant nitrogen storage (table
3). The value for the other two subjects
falls within the zone of equilibrium.

The subjects in these two trials, except
one, were the same previously used in trials
2 and 7, where 15 gm of torula yeast was
the only supplement fed. The over-all re-
sponse of the grouF under these two dif-
ferent experimental conditions appears to
indicate a better utilization of the protein
of the diet when DL-methionine is given
together with torula yeast. This confirms
observations previously made in this lab-
oratory using the rat as experimental ani-
mal (Goyco and Asenjo, '54).

Effect on nitrogen balance of a supplement
of brewers’ yeast8

Goyco and Asenjo (’48c, 49) have re-
ported, on the basis of rat experiments,
that brewers’ yeast is superior to torula
yeast in terms of protein quality. These
observations have been confirmed by
others. (Harris, Hajny and Johnson, ’51).

In order to investigate whether this dif-
ference could also be demonstrated in
human subjects, the effect of a supple-
ment of brewers’ %/east, equivalent in ni-
trogen to 15 gm of torula yeast, was used
in trial 12.

The 4 subjects used in this trial were
the same ones utilized in trial 2, when 15
gm of torula yeast was used as a supple-
ment. Although our observations were not
extensive, the results obtained with these
4 subjects indicated that under the con-
ditions of this experiment brewers’ yeast
protein seems to be inferior to torula pro-
tein. The average nitrogen balance for
the 4 subjects that consumed 15 gm of
torula was +0.49 gm with a value of 91%
storage. The corresponding values for
these same subjects on an equivalent
amount of brewers’ yeast supplement were
+0.24 £ 0.20 gm and 96 + 3.17%, respec-
tively. This group appeared to retain more
of the dietary nitrogen when the supple-
ment was torula than when it was brew-
ers’yeast.

Effect on nitrogen balance of supplements
of skimmed milk and glycine

To investigate whether the conditions
established for these series of nitrogen met-
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abolism studies could demonstrate the ef-
fect between a high quality protein sup-
plement and one supplying only non-es-
sential nitrogen, three additional experi-
ments were performed. Dry skimmed milk
and the non-essential amino acid glycine
were the supplements used. They were
supplied in amounts equivalent to approxi-
mately 1 gm of nitrogen, that is, similar
to the level used with other supplements.

Skimmed milk was consumed during
trials 3 and 8, and all 8 subjects par-
ticipated. It is apparent from the results
presented in table 2, that 1 gm of nitrogen
in the form of skimmed milk produced the
strongest nitrogen balance (+1.14 + 0.10
gm) of all trials performed. This repre-
sents a marked and highly significant ni-
trogen storage (table 3).

These results indicated that the experi-
mental conditions established could dem-
onstrate the effect, on the nitrogen met-
abolism of the subject, of a supplement of
approximately 1 gm of nitrogen and also,
that when this amount of nitrogen was
supplied by a biologically complete protein
the nutritive value of our basal diet was
significantly improved.

On the other hand, when glycine was
fed (trial 4), the over-all effect was found
statistically non-significant (table 3).
Neither the nitrogen balance nor the per-
centage of nitrogen stored were modified
when compared with the values obtained
with the unsupﬁlemented basal diet. These
results show that the improvement in ni-
trogen balance and nitrogen storage ob-
served with the different supplements stud-
ied was not due just to an Increased nitro-
gen intake, but to the quality of the pro-
tein added as a supplement to the basal
diet; in other words, to the essential amino
acids present in these proteins and to their
availability.

Effect on nitrogen balance of a supplement
of rice and beans

The effect of adding as a supplement to
the standard basal diet, an amount of rice
and beans mixture equivalent to 1 gm of
nitrogen, in order to raise the intake of this
element to a comparable level with the
other trials, was investigated in trial 5.
The rice and beans mixture used contained

8Fleisclimann type 2019.



56 JOSE A.

both ingredients in the same proportion
as they are present in the basal diet.

The improvement in nitrogen retention
is evident from the results presented in
table 2. The subjects used in this trial
and in trial 1, where the unsupﬁlemented
diet was used, were the same. The average
nitrogen balance obtained in trial 1, —0.16
+0.10 gm per day was shifted to +0.62
+0.14 gm, indicating a significant im-
provement in nitrogen assimilation (table
3).
The effect of this relatively small
amount of extra rice and beans on the ni-
trogen metabolism of the subjects was
very similar to that of a supplement of
15 gm of torula yeast. In part, this
strengthens the results of previous experi-
ments with the rat, indicating a limitation
in the content of the amino acid methio-
nine in both these supplements (Axtmayer,
47, Goyco and Asenjo, 48b; Asenjo and
Goyco, 54).

Combined effect on nitrogen balance of a
supplement of rice-beans and
methionine

As a final corroboration, in humans, of
this last observation the effect of the com-
bined addition of rice and beans with
11 gm per day of DL-methionine, on the
same group of subjects, was studied in
trial 9.

The average nitrogen balance value aob-
tained, +0.99 + 0.16, was considerably
higher than that in trial 5, +0.62 + 0.14;
similar effects were observed in the per-
centage of nitrogen lost (table 2).

The effect of the addition of this amount
of DL-methionine together with the rice
and beans mixture was very similar to
that obtained when this amino acid was
added together with the supplement of
torula yeast in trials 6 and 11. In both
cases the improvement in the nutritive
value of the basal diet was evidenced by a
significantly higher nitrogen retention
table 3). These results strongly point to
the fact that our basal diet as compounded
for these studies is very limited in meth-
ionine. The correction of this low level of
methionine in the basal diet produced a
marked improvement in its protein value.
When this was done jointly with the addi-
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tion of torula yeast as a supplement, the
lack of some B complex vitamins in the
basal diet (Goyco and Asenjo, 48c) was
also corrected.

SUMMARY

The results of nitrogen metabolism stud-
ies performed on young male adult Puerto
Ricans consuming a diet typical of low
income groups are presented. This diet
was supplemented with different nitrog-
enous products.

1 The subjects on the unsupplemented
basal diet (4.61 gm of nitrogen per day)
maintained nitrogen equilibrium.

2. Supplementation with torula yeast
improved nitrogen retention to a small but
significant degree. Torula yeast plus pL-
methionine induced a greater retention.
Brewers’ yeast in an equivalent amount
produced a lower nitrogen storage.

3. Skimmed milk as a supplement pro-
duced the strongest nitrogen retention,
while the non-essential amino acid, gly-
cine, was without effect on the nitrogen
balance.

4. Supplementation with an extra
amount of rice and beans mixture, alone
or together with DL-methionine, induced
a significant improvement in nitrogen re-
tention very similar to that obtained with
torula yeast.

The significant improvement in nitro-
gen balance whenever DL-methionine was
included as a supplement indicates that
the protein of the basal diet used has as
its principal limiting factor, a low content
of available methionine.
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Amino Acid Balance and Imbalance
Il. DIETARY LEVEL OF PROTEIN AND LYSINE REQUIREMENT

S. M. MUNAVER2 ana A. E. HARPER
Department of Biochemistry, University of Wisconsin, Madison

There is evidence that the requirement
for the most limiting amino acid in a diet
rises as the dietary level of protein is in-
creased. Thus the requirement of the
growing chick for arginine (Almquist and
Merritt, '50), tryptophan (Griminger et
al., 56), lysine (Grau, '48) and methionine
plus cystine (Grau and Kamei, ’50); of the
weanling pig for isoleucine (Becker et al.,
'57), and lysine (Brinegar et al., 50); and
of the growing rat for tryptophan (Sal-
mon, ’54) have been reported to rise as
the level of a protein deficient in these
amino acids is increased in the diet. It
should be noted, however, that in very few
of the studies on this subject has a true
increase in amino acid requirement been
observed. In most experiments there were
two limiting factors, protein generally and
one amino acid in particular, so that re-
sponses to increasing increments of the
amino acid were observed until protein
generally became limiting. Then, when
the protein level was increased and pro-
tein generally was no longer limiting, fur-
ther responses to supplements of the lim-
iting amino acid were obtained. Such stud-
ies, which are merely demonstrations of
the law of limiting factors, do not provide
evidence that amino acid requirements in-
crease if the dietary level of protein is
raised but only that the extent of utiliza-
tion of one amino acid is limited if the
diet is deficient in another. Elimination
of such results from consideration leaves
relatively few instances in which amino
acid requirements have been shown to in-
crease with increasing levels of protein
in the diet and one case (Bressani and
Mertz, ’58) in which no such effect was
observed.

It has been suggested (Allison, ’55) that
the increased requirement for the most
limiting amino acid is a reflection of an

58

increased rate of anabolism, an explana-
tion that would apply to experiments in-
volving two limiting factors; that higher
protein intakes might alter the propor-
tions of protein, fat and moisture in the
tissues (Mitchell, 44), and that the high-
er requirement may result from an in-
creased rate of amino acid catabolism
(Salmon, '54).

The similarity of the conditions used in
studying the influence of the dietary level
of protein on amino acid requirements to
the conditions under which amino acid
imbalances are observed, and observations
that the requirement for the most limiting
amino acid (expressed as a percentage of
the diet) may be increased in both cases,
suggest that the two conditions have a
common basis (Harper, ’58). The work
reported in this paper was undetraken to
examine this aspect of the problem using
wheat gluten, which is deficient in lysine,
as a dietary protein for the rat. The in-
fluence of the dietary level of wheat gluten
on the deposition of fat in the tissues and
on protein digestibility have also been ex-
amined.

EXPERIMENTAL

Three-week old male weanling rats of
the Holtzman strain weighing between
40 and 50 gm were kept for three days in
individual raised-bottom cages, and fed on
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a diet containing wheat gluten,38% ; min-
eral mixture, 5% ; corn oil 5% ; adequate
guantities of vitamins and dextrin to make
100%. They were weighed daily, and
those rats which showed satisfactory
weight gain during the first three days
were separated into similar groups of 5
rats each and were fed on the experi-
mental diets ad libitum. They were
weighed on alternate days. All experi-
ments were terminated after two weeks
and food consumption for this period was
recorded. The temperature of the room
was maintained at about 24°C. Food con-
tainers were stored in the refrigerator.

Composition of the diets. The diet con-
taining 10% of wheat gluten had the fol-
lowing percentage composition: wheat
gluten 10%; mineral mixture, (Harper,
’59) 5% ; corn oil, 4.5% ; fat-soluble vita-
min mixture in corn oil, 0.5% ; water-
soluble vitamin mixture in sucrose,
0.25% ; choline chloride, 0.15% ; and dex-
trin to make up 100%. Higher levels of
wheat gluten and supplements of L-lysine
monohydrochloride were added at the ex-
pense of dextrin. The fat-soluble vitamin
solution provided per 100 gm of diet: a-
tocopherol, 10.0 mg; vitamin A, 400 Il.U.
and vitamin D, 200 1.U. The water-soluble
vitamin mixture provided in milligrams
per 100 gm of diet: thiamineHC1, 0.5;
riboflavin, 0.5; nicotinic acid, 2.5; calcium
pantothenate, 2.0; pyridoxine-HCI, 0.25;
vitamin K (menadione), 0.05; biotin, 0.01;
folic acid, 0.02; vitamin Bi2 0.002; inosi-
tol 10.0; and ascorbic acid, 5.0. Ascorbic
acid was included in the diet to minimize
the destruction of thiamine (Kandutscli
and Baumann, ’53).

With higher levels of wheat gluten in
the diet, the levels of water-soluble vitamin
mixture and choline chloride were in-
creased at the expense of dextrin to pro-
vide double the usual level of vitamins
with 30% wheat gluten; 4-fold with 40
to 47% ; 6-fold with 50 to 60% and 8-fold
in diets containing more than 60% of
wheat gluten. For the diet containing 88%
of wheat gluten a water-soluble vitamin
mixture containing 4 times the usual
guantities per 0.25 gm was prepared and
0.5 gm of this mixture was added per 100
gm of diet.

Digestibility determinations. Nitrogen

in the diet was determined by the micro-
Kjeldahl method using mercuric oxide as
the catalyst, and total nitrogen consumed
during the two-week experimental period
was calculated. Feces were collected on
papers kept underneath the cages, and
the 14-day collection was pooled, dried
and powdered. An aliquot was used for
micro-Kjeldahl nitrogen estimation, and
the total amount of nitrogen excreted in
the feces was calculated. From these val-
ues the apparent digestibility was calcu-
lated using the relationship
Digestibility =
Nitrogen consumed —fecal nitrogen excreted
Nitrogen consumed
X 100

This was not corrected for endogenous ni-
trogen.

Carcass analyses. The rats were stunned
by a blow on the head and bled to death by
cutting the jugular vein. The gastroin-
testinal tract was removed and the car-
casses were stored at —4°C until the time
of analysis. Each frozen carcass was
ground to a homogeneous paste in a minc-
ing machine, and 10 gm of the paste was
dried at 100°C for 24 hours in a tared
aluminum dish. The dry residue was ex-
tracted with ether in a Goldfisch continu-
ous extractor for 24 hours. The fat-ex-
tracted residue was dried and ground in a
small Wiley mill and an aliquot was ana-
lyzed for nitrogen by the micro-Kjeldahl
method.

RESULTS

The initial experiments consisted of
feeding trials using diets containing vari-
ous levels of wheat gluren, unsupple-

mented and supplemented to contain 1%
of L-lysine. A diet containing 30% of
wheat gluten provides the accepted mini-
mum requirements of the rat (Rose, ’37)
for all of the indispensable amino acids
except lysine (Block and Weiss, '56) but,
to meet the lysine requirement, the diet
must contain 60% of wheat gluten. It
was therefore possible, using suitable addi-
tions of L-lysine monohydrochloride, to
prepare diets containing from 30 to 60%
of wheat gluten but only 1% of lysine.
Weight gains of rats fed diets contain-
ing different levels of wheat gluten, with-

3 Nutritional
Ohio.

Biochemicals Corp:,
Nitrogen content, 13.7%.

Cleveland,
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Fig. 1 Weight gains of rats fed on diets con-
taining various levels of wheat gluten. O --—---- Oj
unsupplemented wheat gluten; O ----------- e, sup-
plemented to contain 1% of L-lysine.

out a supplement of lysine, are represented
by the broken line in figure 1. The rate of
gain increased stepwise with each in-
crease in the dietary level of wheat gluten
from 10 to 70% and, even with 88% of
wheat gluten in the diet, there was no
depression of the growth rate. The solid
line in figure 1represents the weight gains
of rats fed diets containing different levels
of wheat gluten supplemented in each case
to contain 1% of lysine. The weight
gained in two weeks reached a maximum
when the diet contained 30% of wheat
gluten but, as the level of wheat gluten
was increased above this, the growth rate
fell off. The weight gain of the group
fed the diet containing 50% of wheat

gluten was significantly lower (P < 0.05)
than that of the group fed the diet con-
taining 30 % of wheat gluten.

This suggested that the level of lysine
needed in the diet to support maximum
growth increased as the level of wheat
gluten was raised, so the effect of lysine
supplementation was studied in greater
detail. Diets with levels of wheat gluten
of 30, 47, 53 and 60%, which contained
0.5, 0.8, 0.9 and 1% of lysine, respectively,
were selected and the effects of supple-
menting each of these with three levels of
lysine were determined. The results are
summarized in table 1. From this table
it is seen that for maximum weight gain,
83 gm in two weeks, the lysine require-

ment was between 0.8 and 0.9% of the
diet when the wheat gluten level was
30%. Diets containing 0.9% of lysine

did not support this rate of gain when the
wheat gluten level was increased to 53% .
The dietary level of lysine required for
maximum growth increased as the wheat
gluten level was raised and was about
1.2% when the diet contained 60% of
wheat gluten.

The crude digestibility of the protein in
diets containing from 30 to 70% of wheat
gluten was determined and the results are
presented in table 2. It is clear that the
digestibility was uninfluenced by the diet-
ary level of protein.

Analyses for the moisture, fat and pro-
tein content of the carcasses of the rats fed
on diets containing different levels of

TABLE 1

Weight gains of rats fed on diets containing different levels of wheat gluten and
graded levels of lysine

Average weight gain in two weeks + S. E,1

Lysin
i dliet 30% Wheat 47% Wheat 53% Wheat 60% Wheat
gluten gluten gluten gluten

% gm gm gm gm

0.50 30+ 14

0.75 69 + 6.2

0.80 78+ 14 52+ 1.2

0.90 83 + 3.7 73+ 59 56 + 1.5

0.95 72+ 4.1

1.00 66 £ 3.7 65 + 3.6

1.05 8l + 28 76 + 3.7

1.10 70+ 14

1.15 87 £ 1.6 80+ 1.6

1.20

1.25 83 + 4.8

1Standard error of the mean for 5 animals.
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TABLE 2

Crude digestibility of protein with different levels
of wheat gluten in the diet

igestibili
Wh?r‘?t d%ltjten Crudeidlg%.tibl ity

% %

30 935+ 04 (4)

47 93.9 +.0.3 (5)

53 949 + 0.5 (4)

60 958 + 1.0 (4)

70 946+ 0.7 (4)
1S.E. = standard error of the mean for the

number of animals indicated within parentheses.

wheat gluten were done and the results are
given in table 3. With the exception of the
group fed the diet containing 47% of
wheat gluten, which supported a weight
gain of only 52 gm in two weeks, the
dietary level of protein did notinfluence the
moisture or the fat content appreciably.
The protein content of the carcass tended
to increase and the fat content to decrease
slightly as the dietary level of protein was
raised.

While this work was in progress, it
became apparent from other observations
in the laboratory (Nath, Harper and El-
vehjem, ’59) that, although only traces
(less than 1% ) of fat could be extracted
from wheat gluten with ether, an appreci-
able amount of material could be ex-
tracted with ri-butanol. A maximum yield
of 12.7% of lipid-like material was ob-
tained by extracting wheat gluten with n-
butanol for 48 hours in a continuous ex-
tractor, and the major portion (about
65% ) of this extracted material was ether
soluble.

Lipid, present to this extent in wheat
gluten, would cause an increase of 6.4
Cal./IOO gm of diet for every increase of
10% in the level of wheat gluten. This is
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a relatively small increase but as the ly-
sine requirement of the growing rat, ex-
pressed as a percentage of the diet, in-
creases with an increase in the caloric
value of the diet (Rosenberg and Culick,
’55), and as a large increase in the dietary
level of protein could increase the caloric
content of the diet significantly, the ex-
periment summarized in table 1 was re-
peated using diets made isocaloric, by the
addition of corn oil, with that containing
60% of wheat gluten. The results are
presented in table 4, from which it can be
seen that, even when the diets were iso-
caloric, the rates of gain of rats fed diets
containing a particular level of lysine fell
off as the dietary level of protein was in-
creased. It is evident, however, that the
amount of lysine required to support max-
imal growth with the lower levels of wheat
gluten was somewhat higher than was ob-
served previously, indicating that the ef-
fect of wheat gluten level on the lysine
requirement observed in the previous ex-
perimen: (table 1) was partly a result of
the higher calorie content of diets con-
taining high levels of wheat gluten, and
only partly a result of the increase in the
dietary level of protein.

The similarity of the eEect of higher
levels of protein on the lysine requirement
to the effect of amino acid imbalance is
brought out by the results of the last ex-
periment in which diets containing a mix-
ture of 30% of wheat gluten and 30%
of zein supplemented with graded levels
of L-lysine monohydrochloride were used.
The results are summarized in table 5.
It is apparent from this table that, while
a level of 0.9% of L-lysine in the diet
containing only 30% of wheat gluten sup-
ported a weight gain of 80 gm in two

TABLE 3
Carcass analyses of -?-ats fed cn diets containing different levels of wheat gluten

Wheat gluten Moisture

% % + S.E.i

30 + 0.5 L-lysine HC1 68.7 £ 0.4
47 66.7 + 0.5

60 68.4 + 0.1

70 68.6 £ 0.2

80 68.8 £ 0.5

88 68.8 £ 0.4

1Standard error of the mean for 5 animals.

Fat Protein
% + SE.i % (N X6.25)
11.0 + 0.8 15.64 + 0.3
136 + 0.6 1521 + 0.3
103 + 05 16.50 = 0.5
10.7 £ 05 16.21 £ 0.1
101 + 0.6 17.65 + 0.3
9.7 £ 0.7 18.21 + 0.6
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weeks, replacing 30% of the dextrin in
the diet with zein resulted in a significant-
ly (P<0.01) lower weight gain of only
66 gm in two weeks. Additional L-lysine
was needed in the high protein diet to
give maximal weight gain.

The effect of the level of wheat gluten
in the diet on the amount of lysine re-

HARPER

quired for maximum growth is shown in
table 6. These values were obtained using
isocaloric diets containing about 12.5%
of fat. As the wheat gluten content of the
diets was increased from 30 to 53%, the
lysine requirement for maximum gain in-
creased from 1.0 to about 1.2% of the
diet. The food consumption fell slightly as

TABLE 4

Weight gain of rats fed on diets containing different levels of wheat gluten
and graded levels of lysine

(All diets made isocaloric by the addition of com oil)

Average weight gain in two weeks + S.E.1

it SO o AT aneat 53% Wheat 60% Wheat
3,8% corn oil 1.6% corn ol 0.9% com oil gluten

% gm gm gm gin
0.50 25+ 15

0.80 62 + 3.8 40 = 2.6

0.90 73+ 35 50 + 4.6

0.95 64 + 3.0

1.00 83+ 31 65 + 3.6
1.05 71+ 45 70 £ 3.3

1.10 79 £ 3.0 70+ 14
1.15 76 £ 3.4 80 + 1.6
1.20 79+ 35

1.25 83 + 4.8

1Standard error of the mean for 5 animals.
TABLE 5

Weight gain of rats fed on diets containing a mixture of wheat gluten and zein
and supplemented with L-lysine

Diet composition

Wheat gluten Zein L-Lysine-HCI
% % %
30 - 0.5
30 30 0.5
30 30 0.8

Weight gain
Total lysine S
% gm/2 weeks
0.90 80+ 3
0.90 66 = 4
1.15 78 £ 2

1Standard error of the man for 10 animals.
Differences between groups 1 and 2 and between groups 2 and 3 are highly significant

(PCO.01

TABLE 6

Effect of level of wheat gluten on amount of lysine required for maximum
grorvth in two weeks

Diet, composition

. Food intake i i inei
Wheat gluten Total lysine Weight gain Lysine intake
% % gm/2 ink. gim/2 é"lk gm/2 auh,
30 0.9 140 73+ 3 13
30 1.0 140 83 + 3 1.4
47 1.05 134 71+ 4 14
47 11 136 79 % 2 15
53 1.05 134 70 £ 3 14
53 1.15 138 76+ 3 1.6
53 1.20 133 79+ 2 1.6

1Standard error of the mean.
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the protein content of the diet was raised
but the amount of lysine required during
two weeks for maximum growth increased
from 1.4 to 1.6 gm.

DISCUSSION

From table 1 it is seen that the lysine
requirement of the rat for maximum
growth increased from 0.9% of a diet con-
taining 30% of wheat gluten to about
1.2% of a diet containing 60% of wheat
gluten. The increase in the caloric con-
tent of the diet containing 60% of wheat
gluten, due to the lipid material present
in the gluten, was responsible for an in-
crease of 0.1% in the lysine requirement
(compare tables 1 and 4). Nevertheless,
an additional 0.15 to 0.2% of lysine be-
yond this had to be provided in the diet
containing 60% of wheat gluten to ensure
maximum growth. That this additional
requirement is not attributable to a de-
crease in the digestibility of the wheat
gluten is apparent from table 2. Also,
since the percentages of moisture and fat
in the carcass were but slightly affected by
the dietary level of protein (table 3), it is
improbable that, with higher levels of
wheat gluten in the diet, the amino acids
are diverted toward fat synthesis, thus
making the limiting amino acid still more
limiting.

The need for additional lysine to pre-
vent a fall in the growth rate when the
level of wheat gluten is increased in these
diets resembles the effect of an amino
acid imbalance. When the level of wheat
gluten in a diet is increased to 60% in
order to provide 1% of lysine in the diet,
the accepted minimum requirement of the
growing rat for this amino acid (Rose,
37), the levels of all cf the other indis-
pensable amino acids in the diet are much
above the requirements. This is the type of
condition which results in amino acid im-
balance and growth retardation (Harper,
’58; Salmon, ’58). The experiment sum-
marized in table 5 indicates this relation-
ship more clearly. When 30% of zein
is substituted for dextrin in a diet con-
taining 30% of wheat gluten supple-
mented with 0.5% of L-lysine monohydro-
chloride, the levels of most of the essen-
tial amino acids are well above the ac-
cepted minimum requirements for the

growing rat, and, although lysine remains
at the near optimum level cf 0.9% , growth
is retarded.

The growth-retarding effect of the ex-
cess of amino acids from either wheat
gluten or zein is prevented by the addition
of lysine. The prevention of growth re-
tardation by a supplement of the most
limiting amino acid is characteristic of
amino acid imbalances (Harper, ’58).

Bressani and Mertz (’58) reported that
the lysine requirement of the rat did not
increase when the corn gluten content of
their diets was raised from 16 to 40%.
They determined the significance of the
differences statistically, a procedure which
may not detect true differences in re-
sponses that follow the law of diminishing
returns (Almaquist, ’54). The results they
present show that as the protein content
of a diet containing 0.8% of lysine was
increased from 16 to 40% , the gain in 28
days fell from 126 to 106 gm and that,
although maximum gain was observed
with between 0.8 and 0.9% of lysine in a
diet containing 16% of protein, between
1.0 and 1.2% of lysine was required for
maximum gain with 40% of protein in
the diet. As an increment of 0.2% of
lysine may cause a growth response of
from 4C to 50 gm in the lower range of
lysine levels whereas a similar increment
may cause a growth response of only 10
to 15 gm or even less as the requirement
for lysine is approached, it is apparent
that small but important differences may
not be detected by direct statistical treat-
ment of such results.

On the basis of the observations re-
ported i:i this paper, it is concluded that
wheat gluten, due to its very low level of
lysine (Block and Weiss, '56), is so severe-
ly unbalanced that the lysine it contains
is not completely utilized. Certainly it is
not possible to ensure maximum growth
in a growing rat by merely increasing the
level of wheat gluten sufficiently to pro-
vide 0.9% of lysine in the diet. However,
as was observed in a previous study (Har-
per, ’59), if the level of the limiting amino
acid is increased sufficiently to exceed the
requirement slightly, either through in-
creasing the level of protein (e.g., 80% of
wheat gluten) or by supplementation with
the most limiting amino acid, a consider-
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able excess of amino acids in the diet can
be tolerated. In fact, this protein, with a
biological value of only 40, will support
maximum growth if the level in the diet
is increased sufficiently to provide about
1.2% of lysine.

The presence of an appreciable amount
(12.7% ) of lipid material in wheat gluten
is an important factor which has not re-
ceived much attention in nutrition studies.
The presence of lipid which is released by
7>-butanol may be a feature common to
many purified vegetable proteins. Drack-
ett protein extracted with n-butanol for
24 hours yielded 6.7% of lipid material.
The lipid content of wheat gluten is ap-
parently sufficiently great to cause an in-
crease In the requirement for lysine, when
this protein is fed at high levels. The ef-
fect of the lipid in wheat gluten on the
lysine requirement observed in this study
is comparable to that reported by Rosen-
berg and Culick (’55) when they increased
the calorie content of the diet of rats by

adding fat.
SUMMARY

Evidence has been obtained suggesting
that wheat gluten is so poorly balanced
in amino acids that the lysine requirement
of the rat for maximum growth is in-
creased when this protein is the sole source
of lysine in the diet. An analogy has been
drawn between this effect and those ob-
served as a result of amino acid imbal-
ances.

Little change in the moisture and fat
content but increased deposition of pro-
tein occurred in the carcasses of rats fed
on diets containing higher levels of wheat
gluten.

The digestibility of the proteins in wheat
gluten was about 95% and this was un-
affected by the level of wheat gluten in
the diet over the range of 30 to 70%.
An effect of the appreciable amount of
?id in wheat gluten on the requirement

the growing rat for lysine has been
emonstrated.
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Considerable attention has been devoted
zo the nutritional value of proteins and to
die amino acid deficiencies which limit
their use in foods, but comparatively little
is known about the variation in the avail-
ability of each of the amino acids in these
proteins, or how processing may affect
their availability.

From comparisons of the amino acid
contents of the food eaten and the feces
produced, Kuiken and Lyman (’48) and
Kuiken $’52) have estimated the avail-
ability of amino acids in some protein
sources. Two disadvantages of this method
are: (1) that the action of the intestinal
microflora on the food, while not specif-
ically known, may be significant (Schwei-
gert and Guthneck, 54; Nasset et al., ’55),
and (2) that the diet itself may influence
the secretion of protein-rich materials into
the intestinal tract, thus increasing the
apparent undigested residue (Lyman, 57).

In another method, widely used, the
growth rate obtained on a diet low in an
essential amino acid is compared with the
growth rate obtained on a similar diet
to which a known amount of the test

rotein is added. By supplementin? the
asal diet with several levels of the limit-
ing amino acid, a response curve can be
established, and the amount of amino acid
in the test protein estimated. Grau and
Almaquist ('45), using a diet based on raw
soybeans to determine the biological avail-
ability of methionine, concluded that most
of the methionine in feedsiuffs was avail-
able. However, Schweigert and Guthneck
('54), using a rat diet based on oxidized
casein, found the availability of methio-
nine to vary from 44 to 79% of the total,
when the total amount was estimated by
microbiological assay. Using an oxidized
casein diet, Schweigert (’48) reported that
the percentage of available tryptophan

J. Nutrition, 60: ’59

varied from 20 to 65% for chicks. For
weanling rats, Lushbough et al. (’57) and
Gupta and Elvehjem (’57) found varia-
tions from 73 to 132% for a number of
foodstuffs. Their diets were based on mix-
tures of casein and oxidized casein, or
casein, gelatin, and zein.

Diets in which the amino acids were
furnished by sesame seed cil meal or by
purified amino acids have both been used
to investigate the availability of lysine
(Schweigert and Guthneck, '53; Guthneck
et al.,, B3). Sesame seed oil meal is a
protein source of high quality except for
its low lysine content. They found that
49 to 98% of the total lysine in various
foodstuffs was utilized for growth by the
protein-depleted rat. Kratzer and Green
(’57) used a diet based on sesame seed
Protein to investigate the availability of
ysine in several blood meals. They found
percentages of availability varying from
64 to 85% for chicks and from 49 to 76%
for turkey poults. Gupta and co-workers
(58) used a diet based on wheat gluten
to investigate the availability of lysine to
the rat. They found variations in avail-
ability ranging from 75 to 100% .

The availability of isoleucine in a num-
ber of proteins fed to weanling rats has
been reported by Deshpande et al. (’57)
to range from 30% for zein to almost
100% for several other proteins. Addi-
tions to a diet based on blood meal were
used in this study.

In the chick assay method we have
developed, the amount of an essential
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amino acid in a protein source of unknown
value is estimated by using a diet con-
taining crystalline forms of all the essen-
tial amino acids (except the one being
assayed) at levels higher than the require-
ments of the chick, and adding the un-
known protein as the only source of this
one amino acid. The performance of this
diet is then compared with that of two
other diets: one, the negative control, is
a diet containing all essential amino acids
except for the one being estimated; the
other, the positive control, contains all the
essential amino acids at levels higher than
the requirements of the chick, and in ad-
dition contains a protein source. This
source is usually the test protein, but it
may be one of similar quality, fed at the
same protein level as is used in the test
diet. The value of the method depends in
part on obtaining essentiall?/ normal
growth when the test protein plus a com-
plete amino acid mixture is fed. The
method also depends on a knowledge of the
approximate requirement for each essen-
tial amino acid. By using this informa-
tion, the amount of available amino acid
in the different test diets can be evaluated
by plotting, on the growth-response curve
for the amino acid, the experimentally
determined growth rates. An example of
such a ﬁlot IS given in figure 1, where ly-
sine is the amino acid being assayed. Thus
a straight line between the negative con-
trol (zero available amino acid) and Fosi-
tive control (full requirement of available

Fig. 1 Results of lysine availability analyses
(experiment 5).

amino acid) serves as the basis for calcu-
lation of the amount of available amino
acid in the test material. This method as-
sumes a linear growth response to added
increments of amino acid through the
major part of the scale. It has been found
that most of the essential amino acids do
give an approximately linear response
from the zero level to levels slightly lower
than the requirement.

Disadvantages of the method include
the expense of the diets, the necessity
for the use of an assumed value for the
requirement, and possible confusing in-
teractions among amino acids and other
materials present in the test food. These
are considered later (see below).

EXPERIMENTAL METHOD

Sexed White Leghorn chicks used in
these trials were raised for 11 days in
electrically heated battery brooders on a
commercial type chick starter mash, after
which they were segregated on a basis of
weight and sex into groups of 4 and placed
in small cages in a room maintained at
85°F. Neither extremely large nor very
small birds were used. After one or two
more days on the starter mash, the chicks
were placed on the experimental diets.
Feed and water were supplied ad libitum,
the chicks were weighed daily during the
6-day trial and were given 12 hours of
light per day. All diets were duplicated.
Growth rates were calculated by dividing
the average gain per day per chick by the
average of the initial and final body
weights and multiplying the results by 100
to give per cent gain per day.

Diets included a mixture of amino acids
which contributed the following to the
final diets: DL-a-alanine, 0.4%; L-argi-
nine-HCI, 1.3% ; DL-aspartic acid, 0.4% ;
L-cystine, 0.5%; L-glutamic acid, 2.0%;
glycine, 1.4% ;L-histidine-HCI, 0.4% ; du-
isoleucine or L-isoleucine with D-alloisoleu-
cine, 1.2% ; L-leucine, 1.4% or DL-leucine,
2.0% ; L-lysine-HCI, 1.3% or DL-lysine-
HC1, 2.6% ; DL-methionine, 0.4% ; di-
phenylalanine, 0.8%; DL-serine, 0.2% ;
DL-threonine, 1.0% ; DL-tryptophan, 0.4% ;
L-tyrosine. 0.8%; and DL-valine. 1.5%.
When an essential amino acid was being
studied, it was omitted from the mixture
and replaced with L-glutamic acid. All
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amino acid sources were checked for pos-
sible toxic impurities, and some, notably
leucine, were recrystallized before use.
The various foods were incorporated in
the diet at levels that furnished 5, 6, or
10% of crude protein in the diet; the
10% level was used in most of the work
reported here. This variation in level was
necessary to provide less than the amino
acid requirement, that is, to stay within
the assay range. When a protein level
lower than 100 was used, sufficient .-
glutamic acid was included to bring the
total protein equivalent to about 25%.
Vitamin and mineral mixtures were in-
cluded to provide the following levels in
the diet: thiamine-HC1, 0.001%-; ribo-
flavin, 0.001%; pyridoxineHCI, C.001% ;
niacin, 0.0Q6%>; calcium d-pantothenate,
0.003%; folic acid, 0.001%; biotin,
0.00001% ; dry vitamin A concentrate (ac-
tivity 10.000 units/gram), 0.1%; dry
vitamin D concentrate (activity 1500 IC
units/gram), 0.1%; dry vitamin E con-
centrate (20,000 units/Ib.), 0.1% ; vitamin
B2 concentrate (0.1% trituration m man-
nitol), 0.0022% ; choline chloride (25% ),
0.2%; iodized salt, 0.5%:; MnSO.rthO,
0.03% ; diphenyl - paraphenylendiamine

(DPPD), 0.02% ; ferric citrate, 0.074% ;
cobaltous acetate-4H2, 0.0002%; CuS04
0.005%: ZnS047HD, 0.0063%.; MgSCV
7HD, 0.6% ; KC1, 0.6% ; AIAS04yi8H D,
0.1% ; CaC03 1.92% ; NaZiO4-9HD, 0.2%
and CaHP04 3.3%. The diets contained
5% of crude soybean oil and sufficient glu-
cose (Cerelose) to make a total of 100% .
The negative control contained additional
L-glutarr.ic acid instead of the protein
tested. The positive control was one of
the test diets to which an adequate level
of the essential amino acid was added;
thus it contained the protein under test
and a full complement of crystalline es-
sential amino acids.

Analyses for crude protein (N X6.25g
in the tested protein sources (see table 1
were made by the California State Feed
Laboratogy. Analyses for total content of
the tested amino acids were made by the
Wisconsin Alumni Research Foundation
by microbiological methods of Henderson
and Snell (’48) following acid or alkaline
hydrolysis.

Description of fish meal samples

_ Sources of the protein materials includ-
ing the fish meals employed in this work

TABLE 1
Vrotein meals used

; C
i sole protein
Protein supplement protein soﬁrcel
Go

Fishmeal GF-20 76.0 6.7
Fishmeal GE-8 48.6 2.7
Fishmeal GG1-365 62.4 5.8
Fishmeal GF 600 59.3 6.1
Fishmeal GG3-3A85 56.7 4.2
Fishmeal EBGH-2 59.6 6.6
Fishmeal GE 22 67.5 3.8
Fishmeal GF 627 57.9 nil
Sesame seed oil meal 43.7 3.0
Corn gluten meal 47.7 1.2
Cottonseed meal no. 346 42.0 4.8
Cottonseed meal no. 440 41,0 4.2
Raw soy flakes 51.1 3.9
Isolated soy protein 84.5 4.1
Soybean oil meal 48.5 6.7
Meat and bone meal 56.2 4.0
Dried cottage cheese 79.9 4.0
Casein 85.0 -

Dried brewers’ yeast 45.6 4.8

rude Value as a

Comments

Herring meal

Tuna meal2

Menhaden meal

Menhaden meal

Menhaden meal

Rosefish meal

Peruvian fish meal (herring?)

Tuna meal laboratory processed—scorched
Screw pressed

Commercial meal

Commercial meal prepress solvent
Commercial meal screw pressed
Hexane extracted without heat
Commercial product3

Commercial meal

Commercial meal

Laboratory processed

Commercial, acid washed in laboratory
Commercial meal

> Method of Grau and Williams (’55). Values given as % gain/day.
2This particular meal was made from bone, skin, and adhering flesh. Very little muscle

protein present.
3Drackett C-I.
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are listed in table 1. All fish meals except
samples GF600 and GF627 were commer-
cial meals, manufactured by the usual wet
process employing flame-type driers.

The experimental meals were prepared
in pilot plant equipment of the Seattle
Fishery Technological Laboratory, U. S
Bureau of Commercial Fisheries. The ex-
perimental menhaden meal (GF600) was
prepared by the wet process and dried in
a small scale experimental steam-jacketed
drier at about 230°F. The experimental
tuna meal was prepared from the whole
waste minus viscera. It also was prepared
by the wet process and dried in the experi-
mental small-scale drum flame-type drier
described by McKee and Karrick (’56).
This meal was deliberately burned by dry-
ing for three hours at a temperature of
395°F. The resulting meal was dark brown
containing many charred particles. Com-
mercial meals probably are never quite so
badly charred as this experimental meal
although occasionally overheating results
in meals containing many charred par-
ticles.

RESULTS

Lysine. The first amino acid that we
studied was lysine, both because it is so
important in applied nutrition, and be-
cause its availability to the animal has
been shown to be affected by processing
and storage conditions (Lea et al., '58).
The results of several lysine availability
trials, presented in table 2, are based on
the assumption that the lysine requirement
is 0.9% of the diet. The results of a
typical experiment are shown in figure 1

Fish meals GF-20 and EBGH-2, which
previous studies had shown to be of high
quality, ranked highest in available lysine
in each experiment. A fish meal scorched
deliberately under laboratory conditions
(GF 627) contained the lowest amount of
available lysine. Of the other proteins
tested, sesame seed oil meal, soybean oil
meal, and the meat and bone meal showed
the smallest differences between available
and total lysine.3 The lysine of the two
samples of cottonseed meal appeared to be
only partially available, probably because
part of the lysine had reacted with gossy-
pol during the manufacture of the meal.4

Arginine. Arginine, which is a dietary
essential for the chick, was studied by the

E. OUSTERHOUT, C. R. GRAU AND B. D. LUNDHOLM

same method as that used for lysine with
an assumed requirement of 0.9% of the
diet. The availability of arginine, i.e., the
ratio of available arginine to total argi-
nine, was much more variable than that
of any of the other amino acids studied
(see table 2). For example, fish meal
GF-20, which was an excellent source of
all amino acids needed for normal growth
(see table 1), appeared to contain only
3.0% available arginine in the Erotein,
compared with a total of 5.7%. The argi-
nine requirement is estimated to be satis-
fied by a protein containing 4.5% avail-
able arginine, if the protein is fed at 20%
of the diet, therefore this availability es-
timate appears to be lower than indicated
by data from other feeding experiments.
This discrepancy cannot now be resolved,
and at least some of the meals contain
more available arginine than given in
table 2.

The scorched fish meal protein (GF 627)
contained 3.8% total arginine, but no
available arginine was detectable by this
method. As was previously mentioned,
this meal also had the lowest total lysine;
however, some lysine remained available
despite scorching.

The wide variation in the percentage of
arginine available to the chick explains
the existing uncertainty concerning the
ar%inine requirement of the chick. Pub-
lished requirements fall between 1.1 and
1.9% of total arginine in the diet. Our
experiments with amino acid mixtures
indicate a requirement of approximately
0.9% of available arginine for the grow-
ing chick.

Methionine and. cystine. Awvailability
figures were determined for methionine
alone and also for methionine plus cystine
because of their combined importance as
components of proteins. Results of the
analyses are shown in table 2. The re-

3Estimates of total amino acid content based
on microbiological assay are subject to errors
similar to those present in a chick assay pro-
cedure; the use of the term “total” for such
figures is a convenience.

40ther studies with these samples and with
other cottonseed meals containing high levels
of bound gossypol also indicated that lysine had
reacted with gossypol, thus rendering both com-
pounds unavailable to the animal. (See also
Baliga and Lyman, ’57).
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qguirement assumed for methionine was
0.3% of the ration.5 For the combined
analysis of methionine plus cystine, in
which both are omitted from the basal ami-
no acid mixture, the requirement was as-
sumed to be 0.8%. The combined figure
IS subject to less variation and is more use-
ful than the figure for methionine alone.
Again in these analyses, :he high quality
fish meal (GF-20) contained moie avail-
able methionine, and methionine plus cys-
tine, than the lower quality fish meal
(GG1-365), even though it contained a
lower total amount. In contrast to argi-
nine part of the sulfur-containing amino
acids were available in the scorched fish
meal (GF 627).

Tryptophan. In the analysis fcr avail-
able tryptophan, it was found that the
levels of this amino acid in most feedstuff's
are such that use of the test material at
the 5% crude protein level gave the best
results. From the data given in sable 2,
it appears that except in those meals se-
verely damaged by heat, practically all of
the tryptophan is available to the chick.

Valine. When the method was used for
a valine assay, growth data and availabil-
ity figures were much lower than had been
expected. Other work (Benton et al., ’56)
has indicated that some complex inter-
relationships exist between the die:ary lev-
els of valine, leucine and isoleucine in
their effects on growth. We believe that
imbalances among those amino acids ac-
count for the observed discrepancies. At
present, this analysis is not suitable for
valine, leucine or isoleucine, but it is
hoped that further study may reve al ways
of estimating these also.

Other amino acids. The availability of a
number of other essential amino acids was
also studied and these data are also pre-
sented in table 2. For the phenylalanine
analysis, sufficient protein supplement was
added to J)rovide 5% of crude protein; for
the histidine analysis, 6% of crude pro-
tein; and for the threonine analysis, 10%
of crude protein. The phenylalanine anal-
ysis could probably be improved if the
combined availability of phenylalanine and
tyrosine is used as the basis for assay.

Glycine is needed by the chick only for
maximum growth, and its omission from
the diet did not cause weight loss as did

the omission of other essential amino
acids. Thus, only relatively small differ-
ences were found between the negative
control (without glycine) and the positive
control (with glycine). At present this
method Is unsatisfactory for a glycine
assay.
DISCUSSION

It has been recognized for many years
that protein quality should preferably be
expressed in terms of the essential amino
acids which the protein source furnishes
to the diet, rather than in more general
terms. Data for the total amino acid con-
tent of proteins often fail to reveal dif-
ferences that are demonstrated by animal
experiments. Some of these discrepancies
can be explained by the presence of non-
protein growth inhibitors (Lepkovsky,
’55); others, however, clearly indicate var-
iations among proteins as sources of in-
dividual amino acids. In other words,
variations in the availability of the indi-
vidual essential amino acids to the animal
may explain discrepancies in the apparent
quality of proteins, especially of those
which have undergone extensive process-
ing. Most of the methods used greviously
to determine amino acid availability (see
Literature Cited, below), require a basal
diet containing a feedstuff already natur-
ally low in the amino acid being assayed,
or one treated to make the amino acid
unavailable. To this basal diet the test
material is added and the growth response
observed is compared with that obtained
when graded levels of the pure amino
acid are added to the same basal ration.
Such a method, however, leaves unknown
the availability of the amino acids in the
basal ration. The unbalanced basal pro-
tein may affect the growth of the animal
in many ways; for example, poor growth
may result from the action of growth-de-
pressing factors formed in the preparation
of the basal protein, or at the other ex-
treme, growth-promoting factors present
in the test material may stimulate growth.
Because the additions of :est materials

5 The published requirement for methionine of
0.45% (Almquist, '52) is based upon work us-
ing proteins of doubtful availability. Our recent
work using amino acid mixtures indicates that
the requirement is close to that suggested by
Klain et al. (’58).
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are often made at the expense of the
energy source, thereby raising the protein
level, the amino acid requirement may al-
so be increased (Grau, 48). Thus differ-
ences in the performance of the diets may
not be attributable solely to variation in
the amino acid under study. The method
presented here avoids most of the diffi-
culties mentioned and yields data which
help to explain observed variations in pro-
teins subjected to processing or source
variation.

It is true that for this method a chick
requirement figure must be assumed for
each amino acid tested. If too high a re-
guirement is assumed, the available amnio
acid content of the protein will be unduly
high; however, the relative availability of
an amino acid in a series of proteins tested
will not be affected. Thus, the necessity
for this assumption does not seriously af-
fect the usefulness of this method.

Interactions among dietary ingredients
present the major problem in the use of
the method. The complex and little known
interrelationships of valine, leucine, and
isoleucine (Benton et al, ’56) prevent
their assay by this method. The Interac-
tions of gossypol and the lysine of cotton-
seed meal are more pronounced in the
test diets than in more commonly used ra-
tions where a similar effect I1s known
(Baliga and Lyman, ’57). An unexplained
interaction between the arginine of some
proteins and other dietary ingredients is
also more pronounced in the test diets
than in other diets. These interactions
become apparent when amino acid avail-
ability data given by this method do not
a?ree with data furnished by other types
of feeding trials. Such discrepancies pro-
vide promising leads in the study of the
interactions occurring in practical diets.

SUMMARY

A new chick assay method is proposed
for the estimation of essential amino acids
available to the animal from various pro-
tein sources. The material to be tested is
fed as a supplement to a diet replete with
crystalline forms of all essential amino
acids except the one being studied; thus
the source supplies this one as well as
non-essential amino acid needs. The
growth response to this diet, compared

with that for the same diet plus the miss-
ing amino acid, allows estimation of the
amino acids furnished by the protein
source. The method has been used suc-
cessfully for lysine, methionine and cys-
tine, tryptophan, phenylalanine, histidine,
and threonine. It has been less successful
for arginine, and unsatisfactory for gly-
cine, isoleucine, leucine, and valine. Re-
sults of tests with 19 protein sources are
given for a number of amino acids, with
special emphasis on fish meals of variable
and known histories.
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Studies on the Ability of Sorbitol and Various Sugars to
Enable Chicks and Rats to Survive Dietary
Deficiencies of Single Vitaminst

F. D. WHARTON, JR., J. C. FRITZ ana L. J. CLASSEN

Nutrition Research Laboratory, Dome’s Laboratories, Incorporated,
Chicago 32, Illinois

Morgan and Yadkin %’57) reported that
the inclusion of 20% of sorbitol in a diet
deficient in all the B comEIex vitamins en-
abled rats to live and make nearly normal
growth. This surprising effect was at-
tributed to promotion of intestinal synthe-
sis of B comJ)Iex vitamins by sorbitol. The
present study was initiated to determine
If sorbitol has a similar effect on the need
of chicks for certain B complex vitamins
and to determine the effect of varying the
sugar component of the diet on the devel-
opment of avitaminosis. Rat studies using
some of the chick diets were conducted
concurrently with the chick trials.

EXPERIMENTAL

The basal diet (table 1) used in all ex-
periments was a modification of the 35%
soybeanyroteinz diet of Machlin and Gor-
don (’57). AIll components of the diet,
except sorbitol or sugar and the three pre-
mixes, were mixed in sufficient quantities
to last for the duration of each experiment.
This mixture and appropriate quantities of
sugar or sorbitol and the pre-mixes were
used to mix complete feeds weekly. All
feed remaining in the feeders at the end
of each week was discarded. Pre-mix C
(table 1) was stored under refrigeration.
The carrier for all pre-mixes was glucose
and in making deficient diets glucose re-
placed the appropriate pre-mix.

Straight-run day-old chicks were used in
the first and 6-week old chicks in the sec-
ond chick experiment. Conventional, elec-
trically heated starting batteries or metal
developing batteries, equiﬁped with raised
wire floors housed the chicks. Duplicate
lots of 20 chicks were used in experiment
gn5e4and replicated lots of 10 in experiment

74

TABLE 1
Composition of diet

Ingredient Quantity
Ibs.
Sorbitol or sugar 20.00
Soybean proteinl 35.00
Corn oil 16.00
Glycine 1.00
Vitamin Pre-mix A2 10.00
Vitamin Pre-mix B3or glucose 5.00
Vitamin Pre-mix C4or glucose 5.00
Solkafloc 1.00
Minerals5 5.34
Glucose 0.80
DL-Methionine 0.59
mg
Inositol 500.0
Vitamin B,2 0.6
Biotin 6.0
Menadione 54.0
Pyridoxine 195.0
Folic acid 37.0
Riboflavin 195.0
Ca pantothenate 630.0
Niacin 1.8
Total 99.63 Ibs. +

1Drackett Assay Protein C-I.

2Ascorbic acid 10 gm, BHT 5.675 gm, vitamin
E 500 I.U., vitamin D3 12,000 I.C.U., vitamin A
300,000 I.U.

3Contained choline chloride 60 gm.

4Contained thiamine 80 mg.

5Glista (’51).

The Spra%ue-Dawley strain weanling
rats used In these experiments were housed
in conventional rat cages equipped with
raised wire floors. Water and food were
supplied ad libitum in both rat and chick
studies. Individual animals were weighed
at the beginning of each experiment and,

Received for publication March 19, 1959.

1Presented in part at the 47th Annual Meeting
of the Poultry Science Association, August 1958
(Wharton et al., ’58).

2Drackett Assay Protein C-l.

J. Nutrition, 69: '59
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with some exceptions, at the end of each
week on test.

The basal diet was calculated to contain
39.7 jig of thiamine and 0.332 mg of
choline chloride Ber ound. To those diets
not intended to be deficient in choline or
thiamine, these vitamins were added at
levels of 600 and 0.8 mg per pound of feed
respectively.

RESULTS

It was decided to study the effect of
sorbitol, glucose, fructose and sucrose on
growth and survival of chicks and rats de-
prived of thiamine or choline. Glucose is
the sugar normally used in purified diets
in our laboratory. Fructose was selected
because sorbitol has been reported to fol-
low the pathway of fructose metabolism
(Seeberg et al., '55). Sucrose was chosen
because it is composed of glucose and
fructose, the two monosaccharides under
investigation. Also, it has been suggested
that sucrose does not stimulate, and in-
deed may retard, the development of in-
testinal micro flora. The sorbitol and
sugars were added at a level of 20% of the
total diet, replacing glucose.

Experiment 1. Neither sorbitol nor the
sugars eliminated the need for dietary thi-
amine in chicks (table 2). In the absence
of added thiamine, deficiency symptoms
and almost a complete lack of growth were
apparent by the 7th day. No chick sur-
vived 13 days of age. Growth was retarded
in the absence of added dietary choline
and a majority of the birds developed pero-

TABLE 2

Effect of sorbitol, sucrose, fructose and glucose
on thiamine deficiency in the chick

Experiment 1
Gain/week in grams

Treatmentl 1 5 AVg&?gFngys
Control2 49.9 64.4

Control 49.9 54.6

Glucose 3.1 —

Glucose 7.0 — 7X0 > 7'87
Sorbitol 0.0 —

Sorbitol 1.9 — 7A5 > 7-°°
Sucrose 0.9 —

Sucrose 2.1 — 7X0 > 6'75
Fructose 1.6 — 40
Fructose -0.3 — é&é > 1.02

1Twenty chicks started in each lot.
2All diets, except the control, were deficient
in thiamine.

TABLE 3
Effect of diet on choline deficiency
Experiment 1

. AV. 4 wk. Av. score % .
Treatment gain2 Rerolis perotic
Control 287.9 0 0
Glucose 251.1 2.1 80
Sorbitol 256.2 2.3 74
Sucrose 239.5 2.0 75
Fructose 273.1 2.6 80

1AIll diets, except the control, deficient in
choline.

2Average of replicated lots of 20 chicks each.
3Perosis scored: 1= slight in one leg, 6=
severe in both legs.

sis (table 3). There was no mortality
attributable to diet in the control and
choline-ceficient lots.

Experiment 1-A. The control and thia-
mine-deficient diets containing sorbitol or
glucose were fed to lots of three male rats.
After 6 weeks on these diets the animals
receiving the thiamine-deficient glucose
diet were changed to the control diet and
the rats on the control diet to the thiamine-
deficient fructose diet. The effect of this
dietary regimen on body weight is shown
in figure 1 The rats fed the thiamine-
deficient sorbitol diet gained at essentially
a normal rate throughout the 8-week test.
Rats receiving the thiamine-deficient fglu-
cose diet made normal gains for the first
two weeks but lost weight after the third
week. These animals recovered rapidly
when given the control diet. Rats fed the
control ration made normal gains. How-
ever, when changed to the thiamine-defi-
cient fructose diet rate of gain decreased
during the first week with loss of body
weight occurring the second week.

Fecal samples from rats receiving the
control, thiamine-deficient sorbitol and thi-
amine-deficient fructose diets were collec-
ted over a period of 5 days in the follow-
ing manner: all feces voided over night
were discarded at 8 oclock the next morn-
ing. Feces were collected at 10, 12, 2 and
4 during the day. Upon collection the
fecal pellets were macerated in ethanol and
refrigerated. The thiamine and riboflavin
content of the feces were determined us-
ing the USP XV (’55) thiochrome and
AOAC €’55) microbiological methods re-
spective %/ The feces samples of the con-
trol, sorbitol and fructose lots contained,
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Fig. 1 The effect of sorbitol or sugars on
growth of rats deprived of thiamine. ©, control,
complete glucose diet; thiamine-deficient suc-
rose diet; O, thiamine-deficient sorbitol diet; X,
thiamine-deficient fructose diet.

respectively, 15.6, 4.63, and 3.04 pg of
thiamine per gram (dry basis). Riboflavin
on the same basis was 70.4, 19.3 and 11.6
g per gram.

Experiment F-54. Replicated lots of 6-
week-old chicks were fed diets with all of
the carbohydrate contributed by glucose or
with 20% of sorbitol or fructose replacing
an equivalent quantity of glucose. All diets
were fed with and without thiamine sup-
plementation and the deficient diets with
and without procaine penicillin at a level
of 2 mg per pound of feed.

At the end of two weeks, one chick in
each deficient group was given thiamine
orally by syringe and plastic tubing into
the crop, on alternate days, at a level of
30 /xg per dose. The experiment was ter-
minated at the end of 21 days.

Symptoms of thiamine avitaminosis
were observed in chicks on the control diet
after about 10 days on test. The thiamine
pre-mix used in this series had been made
about 4 months previous to the initiation

C, FRITZ AND L. J.
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of this experiment and stored in a closed
container at room temperature. Appar-
ently, thiamine was not stable under these
conditions. Immediately upon noticing de-
ficiency signs, all control diets were mixed
anew with a fresh supply of thiamine. And
in_addition, thiamine was added to the
drinking water for three days. This de-
ficiency in the control diets accounts for
the ﬁoor gains made by the control birds
in the first two weeks on test (table 4,
cerelose, fructose and sorbitol controls).

Regardless of dietary treatment only 6
out of 60 birds receiving a vitamin Bi-de-
ficient diet survived the three-week test.
Death in all instances appeared due to thi-
amine deficiency. The presence of peni-
cillin in the ration did not appreciably in-
crease livability, although weight losses of
survivors were less when penicillin was
included in the ration (table 5). Also,
gains of birds given thiamine orally were
slightly greater when the diet contained
penicillin.  Penicillin had no appreciable
effect on survival time. In the absence of
added thiamine, all survivors lost weight
(table 4). The presence of 20% of either
sorbitol or fructose in the diet significantly
reduced gains of birds fed complete diets
P < 1%). These results show that nei-
ther sorbitol nor fructose eliminated the
need for dietary thiamine in the chick 6
weeks of age, and that this lack of effect
was not influenced appreciably by the pres-
ence of penicillin in the diet.

Experiments F-59 A, C, D. The thia-
mine-deficient sorbitol diet, with and with-
out penicillin, and the glucose control ra-
tion used in experiment F-59 were fed to
lots of three male weanling rats weighing
between 45 and 53 gm at the beginning
of the test. All animals on the deficient
diet lost Wei%ht during the first, and did
not survive the second, week. There was
no mortality amon? the controls which
gained weight (table 6). Death of the
animals on the deficient diet was attrib-
uted to a sharp decrease in temperature
in the unheated room in which the ani-
mals were housed. Although no record of
room temperature was kept the daily low
recorded at a weather bureau station 15
miles from the laboratory ranged from 30
to 49°F. during the first 6 days the experi-
ment was in progress.



DIET AND VITA

The effect of a cool environment was
explored in two experiments, employing
three male weanling rats on each of the
diets used in experiment F-59 A In ex-
periment F-59 D (table 6) none of the rats
on deficient diets survived the first week.
Room temperature was maintained at 40
to 50°F. during this time. The rats in ex-
periment F-59 C were allowed two weeks
In awarm room (75° F.) to adjust to their
diets and then placed In the cool room.
As shown in table 6 all the animals sur-
vived. The presence of penicillin in the
diet appeared to reduce slightly the shock
of this change in ambient temperature.
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Experiment F-59 B. In this experiment
three male rats were fed each of the fol-
lowing diets used in experiment F-59: glu-
cose control and thiamine-deficient sorbi-
tol diet with and without penicillin. In
addition two female rats were fed each of
the two sorbitol diets. These animals were
maintained in a heated room for 6 weeks
and then moved to a cool room for an ad-
ditional 5 to 7 weeks. As will be noted in
figure 2, the presence of penicillin in the
thiamine-deficient sorbitol diet did not im-
prove the growth rate of male rats. And
the growth rate of rats on the thiamine-de-
ficient sorbitol diet was less than that of

TABLE 4

Effect of penicillin on growth of chicks fed thiamine-deficient diets containing
sorbitol, glucose, sucrose and fructose

Experiment F-54

A Av. change frisminitiai wt. Av. days

Treatment Penicillin 2 weeks 3 weeks t0 dea}/h
gm gm
Controll
Glucose no 135.2(19y- 432.3(19)2 12.0
Sorbitol no 72.3(18) 270.9(18) 23
Fructose no 52.6(19) 259.0(19) 3
Thiamine-deficient

Glucose no - 30.3(8) - 211.1(1) 16.3
Glucose no - 96.1(7) 192.0(5) 13.8
Sorbitol no -49.3(7) - 12.8(1) 138
Sorbitol no - 79.4(8) 83.6(4) 14.6
Fructose no - 90.0(7) - (03 16.2
Fructose no - 88.1(9) 179.1(6 14.7
Glucose yes - 85.9(9) 32.0(1) 16.4
Glucose yes - 64.1(9) 226.3(6) 14.7
Sorbitol yes - 72.0(7) - 139.2(2) 15.0
Sorbitol yes - 97.9(8) 101.6(8) 14.0
Fructose yes - 65.3(9) - 38.3(1) 16.1
Fructose yes - 7.7(6) 220.7(6) 13.0

Groups whose weight change is shown in
on experiment.

1Average of replicated lots of 10 chicks ea

3 Survivors within parentheses.

30ne unaccountably missing.

italic received thiamine orally after two weeks

ch, other treatments single lots of 10 chicks.

TABLE 5
Summary of effect of penicillin on thiamine deficiency in the chick
Experiment F-54

Treatment

Thiamine-deficient diets
Wi ithout penicillin
W ith penicillin
W ithout penicillin + thiamine orally
W ith penicillin + thiamine orally

INumber of survivors/initial number.

Av. change from initial wt. AV, da}ﬁ,
2 weeks 3 weeks to dea
gm gm
- 72.246/601 - 111.9 2/30 15.4
- 65.447/60 -48.5 4/30 15.8
- lo7.5 15/24 14.9
_ 182.8 19/23 13.9



78 F.

the rats on the control diet. Penicillin ap-
peared to improve the growth rate of fe-
males although the results were incon-
clusive because of the small number of
animals used.

Moving these animals to a cool room
had little effect on the characteristic of
growth of the control rats and caused a
decrease in growth rate of three weeks dur-
ation in the male rats fed the thiamine-
deficient sorbitol diet without penicillin.
The cool environment appeared to have no
effect on the male rats fed the thiamine-de-

Fig. 2 Effect of presence or absence of pen-
icillin on growth of rats fed a thiamine-deficient
diet containing penicillin; 1, complete glucose
diet; 2, thiamine-deficient sorbitol diet, no pen-
icillin; 3, thiamine-deficient sorbitol diet with
penicillin (three male rats on each of the fore-
going treatments); 4, thiamine-deficient sorbitol
diet, no penicillin; 5, thiamine-deficient sorbitol
diet with penicillin (two female rats in each of
treatments 4 and 5).

D. WHARTON, JR., J. C.

FRITZ AND L. J. CLASSEN

ficient sorbitol diet with penicillin until the
third week, when gains were drastically re-
duced. In both instances the rats recovered
and continued growth in a manner not un-
like that of the period prior to this decline.
Female rats appeared to be affected dur-
ing the third week in the cool room. They
recovered to continue normal gains (lower
two curves fig. 2).

DISCUSSION

The evidence is quite conclusive that
sorbitol at a level of 20% in the diet does
not render chicks independent of a dietary
need for either thiamine or choline. This
is true whether the birds used are day-old
chicks, without an established intestinal
flora, or 6-week old birds, presumably with
an established intestinal flora. The pres-
ence of ]penicillin at a level of 2 mg per
pound of feed did not influence the lack of
response to sorbitol. Equally lacking in
effect were fructose and sucrose, replacing
glucose, in a vitamin-deficient diet for
chicks.

Rats were able to make near normal
gains on thiamine-deficient diets contain-
ing 20% sorbitol, provided they were main-
tained in an adequately heated room dur-
ing the first two weeks on such a dietary
regimen. There was no apparent benefit
from the addition of penicillin to the thi-
amine-deficient sorbitol diet for rats. This
is somewhat at variance with the work of
Jones and Baumann (’58) who found a
sgpplementary action of penicillin on the
effectiveness of sorbitol In enabling rats
to overcome a thiamine-deficient diet. Un-

TABLE 6
Effect of environment on resironse of rats to a thiamine-deficient diet containing sorbitol

Experiment F59A> Experiment F-59D2  Experiment F-59C3

Treatment

1
wieek
gm
Control 18.5
Thiamine-deficient (Sorbitol) - 40

Thiamine-deficient(Sorbitol)

+ penicillin - 63

Av. weight change

Av. weight change  Av. weight change

9 .
ok Istweek 8 Wl
gm gm gm gm gm
36.0 20.0 26 27 15
(9.3)° (3.5) 3 20 17
(10.3) (3.0) 18 27 12

1Low temperatures at official weather station 15 miles from laboratory 30, 38, 40, 49, 41,
60, 59, 57, 43 and 36°F. for first 10 days of test.

2Temperature in room at 8 a.m.

50, 50, 48, 42 and 40°F. first 5 days of test.

3Animals on diets two weeks prior to being placed in a cool room with range in tempera-

ture at 8 a.m . of 40 to 50°F.

4Average number of days to death within parentheses.
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der our conditions, rats receiving thiamine-
deficient diets containing sorbitol contin-
ued to grow at a rate similar to that of
the control animals over a 13-week period.
The data of Jones and Baumann showed
that after three weeks sorbitol ceased to
promote growth on the deficient diet in the
absence of penicillin. Differences in diet
may account for this. The diet used in our
experiment contained 16% of corn ail,
whereas the diet employed by Jones and
Morgan contained 4%. Morgan and Yud-
kin ('57) used a diet containing 30% of
casein and 15% of arachis oil which, al-
though considerably higher in protein, was
similar to our diet in regard to Calories
contributed by fat. Also, the diet used by
Jones and Baumann contained penicillin
at a much higher level than ours, 22.7 mg
per pound vs. 2.

That penicillin increases the thiamine
available to the rat was shown by Mameesh
and Johnson (’58). In their studies, using
CHlabeled thiamine, the presence of 50 mg
of penicillin per kilogram of diet promoted
increased microbial synthesis of physio-
logically available thiamine. No growth
data were reported so that no direct com-
p%rlison with our divergent result is pos-
sible.

The sorbitol-fed rats had much less ribo-
flavin per gram of dry feces than the con-
trol rats, although both groups grew at a
comparable rate. Also, the fructose-fed rats
had a fecal riboflavin content only slightl
less than that of the sorbitol-fed rats, al-
though at the time of sampling the fruc-
tose-fed animals were losing weight. The
thiamine content of feces from the sor-
bitol- and fructose-fed rats was similar and
considerably less than for the control ani-
mals. These findings were surprising in
view of the hypothesis that sorbitol medi-
ates its effect through stimulation of in-
testinal synthesis. Since total fecal excre-
tion was not determined there exists the
Bossmility that both the fructose and sor-

itol animals excreted more fecal matter
than the control animals. However, this
would suggest a similarity in mode of ac-
tion which the growth data do not support.
Since the diets of all three groups con-
tained the same quantity of riboflavin, on
a per unit weight basis, it is somewhat
surprising that both the fructose and sor-

bitol groups excreted considerably less rib-
oflavin than the control. The lower ribo-
flavin excretion by the fructose animals
might be explained on the basis of reduced
food intake, since they were losing weight
at the time the feces were collected. How-
ever, the sorbitol animals were gaining
weight and should have been consumin

feed in a manner similar to the contro
animals. The significance of this differ-
ence in vitamin excretion pattern is, at
the moment, obscure.

The inability of weanling rats to sur-
vive when placed in a cool room concomit-
tant with feeding the thiamine-deficient
sorbitol diet invites speculation. We have
observed, as was reported by Morgan and
Yudkin (’57), that a 6- to i0-day growth
lag occurs when rats are fed diets con-
taining sorbitol. It has been suggested that
during this period the microflora is under-
going a change and adjustment. This
pre-supposes that the population is chang-
ing from one providing little thiamine to
the host animal to a microbial population
supplying enough thiamine to meet body
needs. Since the requirement for thiamine
increases as environmental temperature is
reduced (Kline et al., ’45), one might
postulate that the reduced temperature
caused a greater demand for thiamine
than was available from the yet unestab-
lished microbial population, causing death
to the animal due to acute thiamine avi-
taminosis.

Hill (’47) reported that internal control
of body temperature in white rats was not
achieved until 18 days of age, and that
development of this control is rapid from
18 to 30 days of age. The rats which did
not survive on a sorbitol thiamine-deficient
diet in our studies were between 18 and 30
days of age, the Feriod when temperature
regulation control should have been devel-
oping rapidly. Our data show that those
rats which might be expected to have an es-
tablished sorbitol-type of intestinal micro-
flora, or a developed temperature control
mechanism, could adjust to a cold environ-
ment when restricted to a thiamine-de-
ficient diet containing sorbitol.

SUMMARY

The need of the chick for a dietary
source of choline and thiamine was not
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eliminated by the substitution of 20% of
sorbitol, sucrose or fructose for glucose in
a purified chick diet deficient in these vita-
mins. This lack of influence was not af-
fected by the presence or absence of pen-
icillin in the diet and was observed in both
chicks started on test at one day and at 6
weeks of age.

Rats fed a diet deficient in thiamine and
raised in a warm environment grew in a
normal manner when 20% of sorbitol was
included in the diet. Substitution of fruc-
tose or sucrose for sorbitol resulted in a
diminution in weight gains within one or
two weeks and weight losses thereafter.

Weanling rats fed a thiamine-deficient
diet containing sorbitol in a cool environ-
ment were unable to survive a two-week
period. Feeding the vitamin Bi-deficient
sorbitol diet for two weeks prior to ex-
posure in the cool room enabled rats to live
and after an adjustment period to con-
tinue a normal growth rate.

Fecal excretion of riboflavin and thia-
mine by rats receiving thiamine-deficient
diets containing sorbitol or fructose was
not aB reciably different and was con-
siderably lower than excretion of these
vitamins by animals receiving the vitamin
Bi-supplemented control diet containing
only glucose as the carbohydrate.

D. WHARTON, JR., J. C.

FRITZ AND L. J. CLASSEN
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It has been reported that some antibi-
otics stimulate the growth of rats fed diets
limiting in certain B vitamins (Lih and
Baumann, 51; Sauberlich, 52; Braude et
al.,, ’53; Guggenheim et al., 53; Johnson
et al., '53). Although the mechanism by
which the autibiotic effects this “sparing”
action was not fully understood, it was
generally agreed that the antibiotic in-
creased the amount of the limiting vita-
min available to the rat. Mameesh and
Johnson (58), using carbon-14-labeled
thiamine, showed that penicillin increased
the amount of thiamine contributed by in-
testinal microbial synthesis and calculated
its amount. Support of this finding has
been reported recently by Wostmann et al.
(’9), who found that penicillin did not
“spare” thiamine in germ-free rats.

In view of the report by Barnes et al.
(’57) that the rat normally consumes and
recycles a large portion of its feces, it
became important, as a continuation of the
studies on the mechanism of the growth-
promoting action of antibiotics, tc deter-
mine whether the rat obtains the products
of intestinal microbial synthesis cn their
first passage through the intestinal tract
or by coprophagy. It is the ]purpose of this
report to evaluate the role of coprophagy in
the pantothenate and thiamine “sparing”
action of oxytetracycline and penicillin,
respectively, In the rat.

METHODS

Two studies, each consisting of two ex-
eriments, were conducted, using wean-
ing male albino rats of the Sprague-Daw-
ley strain. The rats were housed individu-
ally in wire-bottom cages in a temperature-
controlled laboratory. Food and water
were provided ad libitum. Individual data

J, Nutrition, 09: '59

on daily food consumption were kept, and
the animals were weighed at weekly in-
tervals.

Pantothenic acid vs. oxytetracycline.
The diet was composed of the following in-
gredients:  sucrose, 72.6; “vitamin-free”
casein,218.0; mineral mixture 446 (Schen-
del and Johnson, ’54), 4.0; choline dry
mixture (25% choline), 0.4% . To 1kg of
this diet the following vitamins, premixed
with 10 gm of cerelose, were added: ni-
cotinic acid, 100 mg; riboflavin, 16 mg;
thiamine HCI, 40 mg; pyridoxine HCI, 6
mg; folic acid, 4 mg; biotin, 0.6 mg; vita-
min B2, 50 yg; vitamin A 20,000 I.U.,
vitamin D, 2000 I.U.; a-tocopherol, 120
mg; and 2-methyl-I,4-naphthoquinone, 1.0
mg. Calcium pantothenate was mixed into
the diet at two levels, ie., 1.0 mg per
kilogram of diet 1pantothenate-|im|ting)
and 20 mg per kilogram of diet (panto-
thenate-adequate). To the diets of rats
receiving the antibiotic, 100 mg of o>3ft -
tracycline per kilogram of diet were added.
Six rats were used per group in experiment
1 and 5 per group in experiment 2. Both
experiments were terminated at 5 weeks.

The method of Barnes et al. (57) of
preventing and estimating coprophagy by
the use of tail cups was used. No tail cups
were placed on rats in groups in which
coprophagy was allowed.

Thiamine vs. penicillin. The composi-
tion of the diet was the same as used in
the first study, with the exception that 40
mg of calcium pantothenate replaced the
thiamine in the vitamin premix. To avoid
losses due to storage of the diet, the thi-

Received for publication March 5, 1959.
1This study was aided by a grant-in-aid from

Chas. Pfizer and Co., Terre Haute, Indiana.
2Labco.
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amine was administered by pipetting an
aqueous solution of thiamine hydrochlor-
ide containing 1% of g(l}/cerol onto the
daily feed (Kandutsch and Baumann, ’53;
Waibel, Bird and Baumann, 54; Mameesh
et al., '56). The vitamin was added at two
levels, i.e., 0.5 per gram of diet (thi-
amine-limiting) and 10 fig per gram of
diet (thiamine-adequate). The concentra-
tions of the thiamine solutions were such
that 0.5 ml per gram of diet gave the de-
sired level. The solutions were prepared
fresh each week and, along with all diets
used in the two studies, were kept in the
cold. To the diet of rats receiving the anti-
biotic, 50 mg of crystallin sodium penicil-
lin G were added per kilogram of diet.

In experiment 3, 4 rats were used per
group, whereas 5 rats were used per group
In experiment 4. All rats were on experi-
ment 4 weeks.

In this study also, coprophagy was pre-
vented by the use of tail cups. However, in
this study all rats had tail cups and copro-
phagy was allowed in certain groups by
offering to each, on a free-choice basis, his
own weighed feces which had been col-
lected in the tail cup on the previous day.
The weight of feces consumed, expressed
as a percentage of the feces excreted, was
taken as the percentage of coprophagy.

RESULTS

Table 1 gives the results from the ex-
periments on pantothenic acid and oxy-
tetracycline. Experiments 1and 2 are seen
to be in substantial agreement. Oxytetra-
cycline stimulated the growth of rats fed
the pantothenate-limiting diet, but was

MAMEESH AND OTHERS

without effect when the vitamin was ade-

uately supplied. The stimulating effect of
the antibiotic in rats fed the diet low in
pantothenic acid was observed whether
coprophagy was allowed or prevented. Sta-
tistical analysis of the data from these ex-
periments revealed that coprophagy pre-
vention significantly depressed growth, in-
dependent of other treatments. This ef-
fect was probably due to the physical stress
of the collection cups on the rats.

When coprophagy was measured ac-
cording to the method of Barnes et al.
(’57), 1t was found that the rats fed the
pantothenate-limiting and adequate diets
consumed about 39 and 35% of their fe-
ces, respectively. When these diets were
supplemented with oxytetracycline, copro-
phagy was approximately 87% on the lim-
iting, and 50% on the adequate diet.

Table 2 gives the results from the ex-
periments on thiamine and penicillin.
Again the two experiments (3 and 4) were
in substantial agreement. It can be noted,
however, that pencillin alleviated thiamine
deficiency only when coprophagy was al-
lowed, but not when it was prevented.
Since tail cups were placed on all the rats
in this series of experiments, the growth
increment of the coprophagic rats, com-
pared to the non-coprophagic rats fed the
thiamine-limiting diet, could not be attri-
buted to the relief of the physical stress
from the tail cups, but rather reflects the
ability of the rats fed the unsupplemented
diet to obtain thiamine by consuming their
feces. In these experiments, coprophagy
was approximately the same in all groups,
the rats consuming between 75 and 85%
of their daily fecal output.

TABLE 1

The effect of coprophagy prevention and oxytetracycline supplementation of the diet on
gains at 5 rveeks of rats fed diets limiting and adequate in pantothenic acidl

Coprophagy allowed

Control

1 Mg calcium pantothenate/gm diet

Experiment i
Experiment 2

69 + 9.1
63 + 8.2

20 My calcium pantothenate/gm diet

206 = 7.0
210 £ 123

Experiment 1
Experiment 2

Coprophagy prevented
Antibiotic Control Antibiotic
87 + 5.9 55+ 5.3 90 + 7.9
78 + 6.1 44 + 7.4 62 + 7.8
220 + 5.8 207 £ 9.3 187 >7.4
199 + 6.2 164 £ 5.3 166 + 5.7

1All figures are average gains in grams * standard error of the mean.
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TABLE 2

The effect of coprophagy prevention and penicillin supplementation of the diet on gains
at 4 weeks of rats fed diets limiting and adequate in thiaminel

Coprophagy allowed Coprophagy prevented
Control Antibiotic Control Antibiotic
0.5 fig thiamine-HCl/gm diet
Experiment 3 46 + 8.4 60 £ 2.5 24 £ 4.2 20+ 2.2
Experiment 4 39+ 2.2 69 + 6.4 19+ 4.3 23+ 19
10 g thiamine-HCIl/gm diet
Experiment 3 142 + 4.8 132 + 6.2
Experiment 4 113 + 3.8 105 + 8.1 125 + 6.4 136 £ 9.3

1AIll figures are average gains in grams * standard error of the mean.

DISCUSSION

The results in table 1 show that oxy-
tetracycline exerted a sparing effect on
pantothenic acid-deficient rats both in the
presence and the absence of coprophagy.
In terms of the mechanism of this effect,
the data indicate that the microbially syn-
thesized pantothenate was absorbed di-
rectly from the intestinal tract during its
first passage through. It could not be
known, however, whether oxytetracycline
acted by increasing the production of the
vitamin by the intestinal microflora or by
improving the absorption of the pantothen-
ate thus produced. However, reasoning by
analogy with thiamine where increased in-
testinal synthesis was proved (Mameesh
et al., 58), it would appear that panto-
thenic acid is probably also mace at an
increased rate by the microflora, and that
in the case of pantothenic acid it is prob-
ably extra-cellular (with respect to the bac-
teria) and thus absorbable.

In the experiments with thiamine and
penicillin (table 2), penicillin did not stim-
ulate the growth of rats fed a diet limiting
in thiamine when coprophagy was pre-
vented, while the usual growth-stimulating
effect was obtained when the rats were
given access to their feces. It has been re-
ported by Mameesh and Johnson (’58),
and later confirmed by Wostmann et al.
(59), that Penicillin increases the amount
of microbially s¥nthesized thiamine avail-
able to the rat. These reports did not show
whether the effect of the antibiotic was to
increase the production or the absorption
of the extra microbially synthesized thia-
mine. The results in table 2 indicate that

this thiamine synthesized by the intestinal
microflora was not absorbed to any appre-
ciable extent on its first passage through
the intestines and that the animals had to
obtain this thiamine by coprophagy. These
results may indicate that the bacteriall
synthesized thiamine is intra-cellular wit
respect to the bacteria.

From these results it appears that anti-
biotics stimulate growth In animals fed
diets limiting in certain B-vitamins by in-
creasing the production of these vitamins
by the intestinal microflora. Some of the
vitamins produced under such conditions
are available and absorbed directly, e.g.,
pantothenic acid, while others are not
available for absorption and must be ob-
tained by coprophagy, e.g., thiamine.

SUMMARY

Oxytetracycline (100 mg/kg diet) allev-
iated pantothenic acid deficiency In nor-
mal as well as non-coprophagic rats, while
penicillin (50 mg/kg diet) improved
growth in rats fed a thiamine-limiting diet
only when coprophagy was allowed, but
not when it was prevented. Obviously, the
production, rather than the absorption, of
thiamine synthesized by the intestinal mi-
croflora was stimulated by penicillin; the
thiamine thus produced was not available
to the rat except by means of coprophagy.
Under similar conditions, pantothenic acid
was absorbed on its first passage through
the intestinal tract.
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The amount of riboflavin excreted in the
urine has been reported as being influenced
inversely by the quantity of prctein in-
gested. Thus, Oldham et al. (47) found
that women consuming a diet containing
18 gm of nitrogen excreted less urinary
riboflavin than when the food provided
approximately 5 ?m of nitrogen. The same
report reviewed further evidence for this
inverse relationship between dietary ni-
trogen and urinary riboflavin as shown by
studies on humans and other animals. Pol-
lack and Bookman §|’51) reported high
levels of urinary riboflavin when hospital
patients were in negative nitrogen balance.
These authors state: *“evidence is pre-
sented that nutritionally normal individu-
als will usually retain more than 50 per-
cent of the ingested riboflavin when in
nitrogen equilibrium, and less than 50 per
cent when in negative balance.” Bro-Ras-
mussen (’58) has presented a critical re-
view of the above-mentioned papers and
others concerning the interdependence of
riboflavin and nitrogen.

In the study herein reported previous
findings are extended in that data are
given on urinary riboflavin excretion of
human subjects maintained on a nearly ni-
trogen-free diet as well as a below-equilib-
rium level of nitrogen, a near-equilibrium
level, and a diet of ample nitrogen. The
two highest intakes closely simulated the
quantities studied by Oldham et al. (47).
Riboflavin intake was maintained constant
throughout the 4 nitrogen variations, so
that variable riboflavin intake was not a
complicating factor in interpretation of the
findings. It was possible, therefore, to test
within the same subject the sensitivity of
the nitrogen-riboflavin relationship over a
range of 4 levels of nitrogen intake.

J. Nutrition-, 69: '59

EXPERIMENTAL PROCEDURE

Subjects

Seven healthy men served as subjects in
each of two studies—the first in April
and May, 1955, and the second, a repeat
of the first, in February and March of the
following year. One subject (RI) partici-
pated in both groups, and was counted
twice in figuring the total of 14 subjects
for both years. The men were 22 to 27
years of age, and at the beginning of the
studies weighed between 56.1 and 80.6 kg
(table 1). The subjects lived together in
a house maintained by the University, and
carried out their customary activities as
students. A medical examination given
both at the beginning and at the end of
the controlled study, was the basis of their
selection as participants, and served as a
check on the adequacy of the dietary
regime.

Experimental design

Each experimental study was divided
into 4 consecutive parts of 12-, 10-, 10-
and 10-days’ duration during which the
diets were designed to supply zero (as
nearly as possible), 2, 4 and 17 gm of
nitrogen, respectively, and 1.6 mg of ribo-
flavin throughout all periods. The intake
of the vitamin was identical for all sub-
jects and was not individually adjusted
to body weight or to protein intake. The
1.6 mg was considered a generous intake
by the authors as it was the allowance
recommended by the National Research%

Received for publication March 20, 1959.
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Apartment 1, Ithaca, New York.

2Present address: 128 South Nineteenth Street,
Philadelphia 3, Pennsylvania.
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TABLE 1
Age, height, initial weight and average weight per period (of both studies) for 14 subjects

Subject Age Height \Evnelitg;%lt
yr. cm kg

1955

TC 25 185.4 80.6
AC 25 181.6 80.5
DF 24 195.6 79.3
NG 22 177.8 70.9
RI 24 175.3 68.0
MT 27 172.7 66.9
Jo 23 171.4 56.1
1956

HG 22 182.9 77.9
SD 24 174.0 75.6
ED 24 180.3 74.8
OR 23 193.0 73.2
DCF 25 177.8 67.8
RI 25 175.3 67.4
TF 23 179.1 64.9

1Average for only 6 days.
Council (53) for men weighing 65 kg.

However, had the recommended proced-
ure (NRC, 53) been used of determining
the riboflavin intake by multiplying the
grams of protein by the factor 0.025, 2.8
mg instead of 1.6 mg of riboflavin would
have been given during the periods of high-
est nitrogen intake.

The last period (17.5 gm of nitrogen)
was extended to 15 days in the second
study in order to give some indication as
to whether equilibrium in the vitamin ex-
cretion had been reached within 10 days,
or whether the amounts excreted would
continue to increase as was suggested by
the trend in the first study.

In future references, the periods in the
two studies will be designated as periods
| to IV and 12 to V-2 for the studies in
1955 and 1956, respectively. In view of
the similarity of the mean values for ni-
trogen and riboflavin excretion in each of
the two studies, all data might have been
combined into means representing the 14
cases and thus treated as one study. The
authors believe, however, that by showing
the agreement between the two separate
studies, the validity of the findings is
strengthened.

Dietary regime

The nitrogen-free diet used in periods |
and 1-2 was, of necessity, very plain. It

Average weight per period

| I Il v

kg kg kg kg

80.8 80.6 80.9 81.3

80.4 80.2 79.8 79.6

78.1 17.2 76.9 77.0

69.8 68.9 68.4 68.5*

67.4 67.0 66.9 66.21

66.5 66.2 66.2 66.5

55.6 54.9 55.2 55.4

1-2 -2 11-2 1Vv-2 V-2
77.3 77.0 77.2 76.9 77.8
74.2 73.7 74.0 74.4 75.2
73.4 72.5 72.3 72.8 73.8
72.7 72.2 72.2 72.8 74.0
66.8 66.7 67.2 67.5 68.7
67.1 66.5 66.5 66.2 67.4
64.5 64.1 64.1 64.5 64.8

consisted of cornstarch cookies, lemon

juice, washed butter fat and sugar (table
2). Foods added to this basic menu dur-
ing the last three periods were applesauce,
oatmeal, lettuce, French dressing, potato,
lean ground round of beef and 20%
cream. White bread was added during the
second and third periods. In succeeding
periods, the cornstarch cookies were dis-
continued, whole milk, casein bread and
preserves were added to furnish the addi-
tional protein and to maintain the calor-
ies constant.

The cornstarch cookies were based on
the formula used by Bricker et al. (49),
with small increases in sucrose, butter fat,
lemon juice and baking powder which
made the cookies more palatable. Daily
vitamin supplements were divided equally
between noon and evening meals. Details
concerning other daily supplements are
also itemized in table 2. When the corn-
starch cookies, and thus the salt mix. were
omitted, calcium carbonate was supplied
by capsule. The iron intake was lower dur-
ing these periods than in the first three,
but, even so, it remained above the recom-
mended allowance for that nutrient. For
all nutrients listed in the table, the com-
bined intake from food and supplements
met the National Research Council’s re-
commended allowances (53). Food nu-
trients were calculated according to Rowes
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TABLE 2
Daily foods and vitamin and mineral supplementation

l. 12
m
Foods g
Cornstarch cookies 350
Lemon juice SO ml
Applesauce
Oatmeal, raw wt.
Lettuce
French dressing
Potato
Beef, raw wt.
Cream, 20%
Bread, white
Bread, casein
Preserves
Milk
Washed butter fatl 21-61
Sugarl 175-350
Supplementation

Ascorbic acid 50
CaCo3 -
Capantothenate 120
Niacinamide 16.0
Pyridoxine *HC1 20
Salt mix2 yes
Thiamine HC1 16
Vitamin A3 (1.U.) 5010
Vitamin D3(1.U.) 1030

Period
1, 11-2 1, -2 IV, IV-2, V-2
gm gm gm
350 350 e
80 ml 80 ml ml
100 100 180
8 16 40
30 30 60
20 ml 20 ml 40 ml
n 21 100
9 1 300
51 10% 50
73 145 -
- - 150
- - 150
- - 183
10716 5-49 33-87
90-322 37-274 46-260
50 50 50
; ; 1643
115 ii.i 5.9
14.5 12.4 -
20 16 1.7
yes ves -
1.4 1.3 08
5000 5000 5000
1000 1000 1000

1Butter fat and sugar were individually adjusted to furnish calculated caloric intake.

Fat supplied one-third of daily calories.

2Prepared according to Rose (’50) and included in cornstarch cookies.
3Vitamins A and D supplied by 5 drops of Natola, Parke-Davis.

and Church (’46), Bradley (42) and Tay-
lor and MaclLeod (’48).

In order to maintain the body weight of
the subjects, the amounts of butter fat
and sugar included in the diet were in-
dividually adjusted. The amount of fat
was so regulated throughout the study that
it supplied 33% of the daily intake of
calories. The caloric intake for each sub-
ject was determined initially by allowing
45 Cal./kg of body weight. In the case of
some individuals, especially in the second
study, it became necessary to raise the
caloric intake to 48, 50 and even 53 Cal./k
in _order to maintain weight. Individua
daily caloric intakes for both studies and
all subjects thus ranged from a minimum
of 2500 for JO to a maximum of 3975
for SD.

Laboratory Procedures

Twenty-four-hour urine samples were
collected in brown bottles containing 60

ml of glacial acetic acid. After adjustin
to volume, a portion of the total daily col-
lection was taken for immediate deter-
mination of riboflavin. Two other portions
were held under refrigeration until anal-
yzed for nitrogen and creatinine. These
three assays were made daily in both
studies, excegt that during the first 5 days
of periods 1-2, 11-2 and I1I-2 only nitrogen
and creatinine were determined. The de-
cision to omit the riboflavin analyses was
made on the assumption that the excretion
attern of this material had been estab-
ished during the first study. Thus, since
the values were to be omitted from the
means for the periods, the analyses were
not deemed justifiable. Creatinine deter-
minations were a means of indicating com-
plete urinary collections.

Feces marked with ferric oxide were
combined into 4-day pools for periods |
and 1-2, and into 5-dav pools for the re-
mainder of the study. Nitrogen determi-



88 JANICE M. SMITH AND OTHERS

TABLE 3
Mean daily intake of riboflavin and nitrogen (analyzed values)

Period Days
Food
mg
1955
| 12 0.03
1 10 0.23
11 10 0.40
v 10 1.17
1956
1-2 12 0.03
11-2 10 0.22
-2 10 0.41
V-2 10 1.14
V-2 5 1.14

Daily intake
Riboflavin i
Nitrogen
Supplement Total
mg mg gm
1.50 1.53 0.2
1.36 1.59 2.5
1.24 1.64 4.4
0.45 1.62 17.2
1.57 1.60 0.2
1.45 1.67 2.4
1.23 1.64 4.6
0.43 1.57 17.5
0.43 1.57 17.5

nations only were made on the fecal ma-
terial.

As foods were prepared for the subjects,
an additional serving was set aside for
laboratory analyses. Food pools corres-
ponded to those mentioned above for the
feces. For the pools, the foods were thor-
oughly mixed in a Waring Blendor. Prior
to determination of riboflavin in the foods,
clarase and papain were added to aliquots
which were then incubated at 37°C for
16 to 18 hours.

The fluorometric procedure as described
by Burch et al. (48) was used for all
riboflavin assays and the Kjeldahl method
for nitrogen determinations. Analytical
values for riboflavin and nitrogen content
of the diets during the 9 periods of the two
studies are summarized in table 3. All
further references to intake of these nu-
trients are based on analyzed rather than
calculated values.

With the few exceptions noted in table
4, urinary nitrogen and riboflavin, and
fecal nitrogen values, are means of data
collected during the last 5 days of each
period. This selection was made on the
assumption that the first 5 days should
be discarded as exhibiting adjustment to
the different levels of dietary protein and
that excretions during the last part were
more representative of the effect of the
dietary level in question.

RESULTS

In summary of the nitrogen metabolism
data (tables 4 and 5), all subjects were

in negative balance during the first two
periods, in near equilibrium during the
third period, and in positive balance during
the 4th. By the end of the 4th period, how-
ever, the total of accumulated negative
balances was still greater for each sub-
ject than the total of the positive nitrogen
alances. The possible adequacy of the
various nitrogen intakes for all subjects
during each of the studies can be assessed
from the nitrogen balance data. From
these mean data it is apparent that, ex-
cept for subjects TF and DCF an intake
somewhat above 4 gm of nitrogen was re-
quired for equilibrium. The individual ni-
trogen requirements can be calculated
from these data by extrapolation but such
information is not the subject of this paper.

During nitrogen-free periods | and 1-2,
subject averages of urinary riboflavin
spread from 557 to 997 jig per day. The
means of 742 and 723 [g for the two stud-
ies result in an overall mean of 732 /A for
both years. This mean was more than 200
/lg higher than comparable ones during
the next two levels of dietary nitrogen, and
almost 500 "g greater than the means of
periods IV and IV-2. For each study the
lowest daily excretion values of the vita-
min for individual subjects occurred be-
tween the second and the 5th days of the
4th period (see figs. 1 and 2 for mean
daily values). Three of the 14 subjects
reached a low of 105 /.g but only for one
day. The mean excretion values of 217
and 277 jig during periods IV and V-2,
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respectively, are low in comparison with
values reported by other laboratories for
studies in which comparable intakes of
riboflavin were used. Thus, Keys et al.
(’44) reported that 4 men consuming 1.3
mg of riboflavin daily excreted an average
of 308 pg (range of 213 to 422). Brewer
et al. (46) found that 9 college women
on a daily intake of 1.6 mg of riboflavin
excreted about 320 pg (range of 170 to
440) whereas Horwitt et al. (48) reported
an excretion of 434 + 185 pg for 39 per-
sons ingesting approximately 1.6 mg of
the vitamin for 100 days. Oldham et al.
("A7) reported immediately-occurring low
values of 73, 76, and 97 pg for urinary
riboflavin as three subjects changed from
a low to a high intake of nitrogen when
daily riboflavin intake was slightly more
than 1 mg.

Visual examination of figures 1 and 2
suggests that significant differences in uri-
nary levels of riboflavin might be expected

89

between the first period and each succeed-
ing one as well as between the 4th and the
two preceding periods. When the “t” test
was used to take into account the day to
day individual variation, the statistical
findings (table 6) c?ave support to these
observations. The difference between the
second and third periods was significant
in less than half of the cases.

The design of the first and second stud-
ies was identical up through the 4th period
of high nitrogen intake. Period V-2 is
peculiar to the second study only, hence,
the data collected during those 5 days were
summarized in table 5 apart from the first
4 periods.

Each subject was in positive nitrogen
balance each day of period V-2. The total
of the positive nitrogen balances for the
entire 5 periods exceeded the sum of the
negative balances for only two of the sub-

jects as evidenced by the data on nitrogen

deficit in table 5. According to this cri-

TABLE 4
Subject meansl for riboflavin ?xcretion and nitrogen balance during eight periods

Urinary rib-hUvin

Subject Period
| 1l 11 \Y
1955 R9 R9 RE U9
TC 608 362 421 174
AC 997 438 569 248
DF 757 473 471 250
NG 750 460 415 1622
RI 77 494 269 1382
MT 588 429 329 168
JO 717 581i 597 246
Mean 742 462 439 217
sD + 1347 + 67.1 + 1139 + 423
12 11-2 -2 1V-2

1956

SD 668 560 427 239
SD 660 550 483 320
ED 557 462 391 178
OR 781 530 513 344
DCF 728 487 421 193
RI 803 546 49b 280
TF 867 548 470 383
Mean 723 526 456 277
SD + 1041 + 371 +46.2 + 773

1Means are for last 5 days in each period except

Nitrogen balance

Per'od
| 1l 11 \4
gm gm gm gm
—2.767 -0.898 -0.126 +2.992
-3.177 -1.214 —0.54C +0.044
-3.067 -1.390 -0.816  +1.025
-3.416 -1.510 -0.821 +4.2642
-2.468 -0.857 -0.013 +4.9262
-2.805 —0.9383 -0.172 +3.060
-2.329 —0.7193 -0.448 +2.621
-2.866  -1.075 -0.420  £1.948
+0.3862 +0.2978 +0.3288 +1.3469
12 11-2 11-2 V-2
-2.992 -1.251 -0.043 +3.521
-3.293  —1.595 -0.299  +3.557
-3.574 -1.670 -0.628 +4.472
—2,613 -0.949 -0.229 +4.477
-3.059 -1.216 +0.019  +3.899
-2.759 -1.471 -0.052 +2.887
-2.635 -0.901 +0.559 +3.450
-2.990 -1.293 -0.096 +3.752
+0.3559 +0.3013 +0.3626 +0.5768

IV, in which only days 6 to 9 were used,

as a load dose was given on day 10. Data for V-2 appear in table 5.
2Mean of days 1 to 5 only as subjects did not complete the period; values were not in-

cluded in the period mean.

3Mean of days 7 to 10 only as collection bottles were accidently mixed on day 6.
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TABLE 5

Riboflavin excretion, nitrogen balance and deficit for seven subjects
during periods IV-2 and V-2

Urinary riboflavin

Subject V-2 V-2

D D D

P S (0 Ry

39 39 9
HG 172 239 247
SD 226 320 366
ED 136 178 149
OR 274 344 373
DCF 147 193 234
RI 213 280 285
TF 254 383 408
Mean 203 277 295
SD + 53.0 + 77.3 + 925

Nitrogen balance

V-2 V-2 Nitrogen
b b Davs deficitl
B 6-10 1%
gm gm gm
+5.272 +3.521 +4.563 -11.156
+5.498 +3.557 +3.451 -29.678
+6.426 +4.472 +4.765 -34.445
+5.470 +4.477 +3.943 - 0.492
+4.833 +3.899 -4-3.611 + 0.974
+4.734 +2.887 +3.197 - 8.814
+6.364 +3.450 +3.545 + 1.484
+5.514 +3.752 +3.868
+0.6692 +0.5768 +0.5899

1 Figures obtained by totaling daily nitrogen balances of entire study.

TABLE 6

Significance according to “t”

Period comparisonl

TC AC

1955
1-11 **2
H—HI
I11-1V (days 1-5)
I11-1V (days 6-9)
IV (days I-5)-1V (days 6-9)

Hk

HG

1956

[-2-11-2

1-2-111-2

111-2-1V-2 (days 1-5)
11-2-1V-2

IV-2 (days I-5)-1V-2
1-2-V-2

IV-2 (days [-5)-V -2

*K

* *

*k

1 Unless specified, calculations were based on days 6 to

7 to 10 were used for JO and MT.
2Code: — not significant.

* significant, 0.05 level,

test of period differences in urinary riboflavin excretion

Subject
DF NG RI MT JO
* % * %k * ** * *
* % **x
*x 3\: J{ * % o
inc.3 inc.3 :: **
— inc.3 inc.3 —
ED OR DCF RI TF
* % * %k * %
: * %
* % ;;/ * %k WA :\—
* %k * *k * %
A4 * % *x

Hk Hk

* * H*k

Hk *k

10 except in period 11, only days

“ highly significant, 0.01 level.

3Incomplete collection as subject did not finish period IV.

replaced

tenon, 5 of the men had not full%/_ lace
ier in the

the nitrogen losses incurred ear
study.

During the 5 additional days on the in-
take of 17.5 gm of nitrogen (period V-2),
6 of the 7 subjects were still excreting ribo-
flavin in amounts that were significantly
less than those found during the third
Berioo_l on 4.6 gm nitrogen (table 6),

ut since excretion during the 5 days of
period V-2 had shown a significant in-
crease over that of days 1 to 5 of period
IV-2, one cannot help wondering whether

with further time on the same diet the uri-
nary riboflavin excretion might not have
risen to considerably higher levels.

DISCUSSION

In considering the results of the study
as a whole (figs. 1 and 2), two areas stand
out prominently —the extremelg high ri-
boflavin excretion values at the beginning
of the study, and the abrupt drop in uri-
nary riboflavin occurring simultaneously
with the administration of 17 gm of ni-
trogen.
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The design of the study does not per-
mit conclusive evidence concerning rea-
sons for the exceptionally large amounts of
riboflavin excreted during the first few
days of nitrogen-free consum(j)tion. Ahigh
riboflavin content in pre-study diets is un-
doubtedIK a partial explanation. Records
kept by the subjects in 1956 of self-selected
diets for the two days immediately preced-
in& the study, showed that the average in-
take of the vitamin was 2.6 mg with a
minimum of 1.2 mg (DCF) and a maxi-

mum of 4.8 mg SRI). The calculated in-
take of protein also was high, averaging
110 gm (60 to 150 gm). Thus, when the
subjects started the low-nitrogen diet there
was a sudden marked reduction in protein
intake which may have accounted in part
for the elevated riboflavin values. A com-
parable situation with regard to change
In protein level exists between the third
and 4th periods; in the latter, however, the
sequence was reversed in that the low-
nitrogen diet preceded the high intake. In

GRAPH 3-JiJ RIBOFLAVIN

Fig. 1 Daily urinary riboflavin and nitrogen excretion values, average + SD for 7 subjects
—1955 study. Data are not plotted for the first day of period Il as initiation of daylight sav-

ing time cut this to 23 hours.

Fig. 2 Daily urinary riboflavin and nitrogen excretion values, average + SD for 7 subjects
—1956 study. As explained in the text, urinary riboflavin was not assayed during the initial

days of periods 1-2 to Il1-2.
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this instance, as the dietary nitrogen was
increased, the urinary excretion of ribo-
flavin decreased immediately. Oldham et
al. (’47) reported increases in urinary ri-
boflavin of 380, 169 and 163 ~g in three
subjects 24 hours after nitrogen intake had
dropped from 17.7 to 20.1 gm to 4.8 to 5.2
gm. In a review of nitrogen storage in the
adult animal, Kosterlitz and Campbell
(’45) stated that upon going from a nor-
mal protein diet to a protein-free diet,
there was an immediate rapid loss of liver
cytoplasm, and thus, of nitrogen. Accord-
ing to Sarett and Perlzweig ('43) and Old-
ham et al. (47), in periods of negative
balance, high levels of urinary riboflavin
may be due to a release of the vitamin
stored in conjunction with nitrogen as well
as the inability of the liver to store dietary
riboflavin without a sufficient amount of
nitrogen.

The immediacy and extent of the de-
crease in urinary riboflavin resulting after
a change from low nitrogen ﬁ4.5 gm) to
high nitrogen (17.5) can be illustrated by
the fact that the mean daily riboflavin for
all subjects in 1955 was 447 + 136.6 g on
the last day of the third period and 220 +
77.6 on the first day of the 4th period.
Similar values for 1956 were 413 + 42.8
and 248 + 83.5, respectively. These mean
daily riboflavin values decreased to a min-
imum of 151 + 431 and 172 + 545 on
the third day of the 4th period for the 1955
and 1956 studies, respectively.

In considering negative nitrogen bal-
ances and a return to more positive bal-
ances in relation to the amount of ribo-
flavin excreted in the urine. Pollack and
Bookman (’51) discussed labile and stable
proteins. Thus, according to their con-
cept, labile proteins, which include the
flavoproteins, increase or decrease rapidly
as the body shifts from a negative to a
positive nitrogen balance or from a posi-
tive to a negative balance, respectively.
The amount of riboflavin stored in con-
ipncti_on with these proteins would then
ikewise change rapidly.

Acceptance of and evidence recorded
in the literature of labile and stable divi-
sion of proteins does not appear to be as

recise and positive as presented by Pol-
ack and Bookman. Some investigators
have questioned any qualitative differences
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in protein movement (Luck, ’36). How-
ever, Pollack and Bookman’s interpreta-
tion neatly fits the data of the present
study and other published data reviewed in
this paper.

It is possible, then, according to this
theory that, while the subjects in the stud-
ies herein being reported were in high
negative balance, labile proteins were
being used in counteracting the lack of
dietary protein; thus, riboflavin was re-
leased. It is not known at what time in
the study labile protein reserves were ex-
hausted (if they were), but it is possible
that by the second and third periods only
stable protein reserves remained to be
used from which there would be little or
no release of riboflavin. The riboflavin
excretion was found to be somewhat con-
stant during these two periods. In the 4th
period, as shown by the positive nitrogen
balances, protein reserves were being re-
plenished. As the labile portion filled rap-
idly, riboflavin, therefore, was simulta-
neously incorporated within the body.

The sequence found within the periods
on 17 gm of dietary nitrogen can also be
explained according to Pollack and Book-
man (’51). Immediately with the offerin
of 17 gm of nitrogen In the 4th period,
the riboflavin decreased in the urine and
the subjects reached their highest positive
nitrogen balances. As the period pro-
gressed, the urinary riboflavin increased
slowly and the nitrogen balances tended
toward equilibrium. By the end of the
studies, however, only two subjects had
overcome nitrogen deficits; that is. the
sum total of positive balances equaled or
exceeded the totaled negative balances for
the entire study. Pollack and Bookman
(’51) reported that “labile reserves can be
replenished long before the stable proteins
are replaced. Thus it is possible to have a
high riboflavin retention during one phase
of positive nitrogen balance and a normal
or poor riboflavin retention in the subse-
quent periods of positive nitrogen bal-
ance.”

Oldham et al. (’47), in their study on
three young women, fed two different lev-
els of protein (4.76 to 5.85 gm of nitrogen
and 17.68 to 20.14 gm of nitrogen) over
three 10-day periods, beginning and end-
ing with the lower level of nitrogen. The
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intake of riboflavin was 859 to 1060 ijig
and 1237 to 1519 jig on the low and the
high levels of nitrogen, respectively. They
concluded that “an inverse relationship ex-
ists between urinary riboflavin excretions
and nitrogen balances.” The relationship
found in the studies herein reported was
very similar to that of the above-mentioned
paper and was found to apply with 22 days
on two lower levels of nitrogen intake as
well as when the highest intake was con-
tinued for 5 days.

As the present study did not give suffi-
cient data to allow the authors to conclude
as to specific mechanisms involved in
the nitrogen-riboflavin relationship, the in-
vestigators can only suggest possible solu-
tions. In addition to the effect of proposed
labile and stable proteins, there is the
possibility that differences in the ratio of
synthetic to natural sources of riboflavin

uring the 4 periods may have had some
role in affecting the observed relationship
between urinary protein and riboflavin.
Thus, as is shown in table 3, almost all of
the riboflavin of the nitrogen-free diet was
in synthetic form whereas during the peri-
od of high nitrogen, the greatest portion
of riboflavin was in natural foodstuff's.
Everson et al. (48, '52) found the syn-
thetic form of the vitamin much more
available to the body than the riboflavin in
some natural foods, as evidenced by im-
proved retention of synthetic forms, di-
gestibility being the main factor. In the
present studies, the quantity of urinary
riboflavin decreased as more of the dietary
riboflavin was given in natural foods. In
spite of these data the change of riboflavin,
from synthetic to natural as the study pro-
gressed, was not considered by the authors
to be an important factor in observed
changes in urinary riboflavin.

SUMMARY AND CONCLUSIONS

During the spring seasons of 1955 and
1956, 14 healthy male subjects, 22 to 27
years of age, were maintained on diets
containing approximately zero, 2.5, 4.5,
and 17 gm of nitrogen during consecutive
periods of 12, 10, 10 and 10 to 15 days,
respectively. Riboflavin intake was held
constant at 1.6 mg. Urinary riboflavin
and urinary and fecal nitrogen were de-
termined.

As the nitrogen balance became more
positive, and as dietary and urinary nitro-
gen increased throughout the study, the
urinary riboflavin decreased. For exam-
ple, in 1956, the average nitrogen bal-
ances for 7 subjects were —2.990 +
0.3559; -1.293 + 0.3013; -0.096 =+
0.3626; +3.752 + 0.5768; and 3.868 +
0.5899 gm for the first through the 5th
periods, respectively. The riboflavin ex-
cretion values (in micrograms) for com-
parable periods were 723 + 104.1; 526 +
37.1; 459 + 46.2; 277 + 77.3; and 295 +
92.5. The data on the relationship between
urinary riboflavin and nitrogen were inter-
preted on the basis of labile and stable pro-
tein reserves with the assumption that the
flavoprcteins may be part of the labile
rather than stable protein.

Unusually large amounts of riboflavin
(mean value, 1186 + 341.3 ixf) excreted
in the urine during the first three days of
the study may have been influenced by
pre-study diets and severe changes in ni-
trogen intake.

This study again stresses the point that,
in attempting to set a requirement for ribo-
flavin on the basis of urinary riboflavin ex-
cretion, the intake of protein and the ni-
trogen balance must be considered in the
experimental plan and in the conclusions
drawn.
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Proceedings of the Twenty-third Annual Meeting of the

American Institute of Nutrition

Convention Hall, Atlantic City, New Jersey

April 13-17, 1959

COUNCIL MEETINGS

Council meetings were held at the Tray-
more Hotel, Atlantic City, on Saturday
evening, April 11, Sunday morning and
evening, April 12, Monday morning, April
13, and at various times throughout the
week. Formal actions of the Council re-
ported at the Societ%/ business meetings
are included in the following minutes.

SCIENTIFIC SESSIONS

There were a total of 151 scientific
papers submitted by members (26 more
than previous year). A total of 16 of these
were transferred to the programs of other
Societies and 26 transferred to intersociety
sessions. With the 12 papers received by
transfer from other Societies, a nutrition
program of 12 half-day sessions was ar-
ranged. In addition, three half-day sym-
posia were scheduled with invited speakers.
These included a symposium arranged by
Dr. Olaf Mickelsen on “Effects of High
Calcium Intakes” (cosponsored by the
Metabolism and Nutrition Study Section,
National Institutes of Health), one ar-
ranged by Dr. W. H. Sebrell, Jr. and Dr.
A E. Schaefer on “Nutritional Appraisal
—Haiti, Alaska, and Ethiopia,” and the
principal symposium on “Protein Require-
ment and its Assessment in Man,” a panel
discussion arranged and moderated by
Dr. Paul Gyor%/. All scientific sessions
were well attended with the various sym-
posia drawing up to 600 persons.

In addition, 76 abstracts from various
Societies, including the American Institute
of Nutrition, were divided into 7 intersoci-
ety sessions on “Atherosclerosis” under
the direction and sponsorship of the Nutri-
tion Society. These sessions were well at-
tended.

BUSINESS MEETINGS

Dr. W. J. Darby, President, presided at
the two business meetings held on April

J. Nutrition, 69: '59

14 and 16 in Room E. Approximately 140
members were present on Tuesday and 100
members on Thursday. The following
items were acted upon:

.  Minutes of 1958

The minutes of the 1958 meeting, as
published in The Journal of Nutrition, 66:
139, September, 1958, were approved.

II. Election

The Secretary transmitted the sealed
ballots to the Tellers’ Committee, Dr. C. D.
Tolle and Dr. Elsa O. Keiles. At the sec-
ond business meeting, the Committee re-
ported election results on 313 ballots as
follows:

Effective July 1, 1959:
President: D. Wayne Woo-ley
President-Elect: Floyd S. Daft
Treasurer: J. B. Allison
Councilor: Wendell H. Griffith

Effective May 1, 1959:
Associate Editors (4-year term):
Douglas V. Frost
Alfred E. Harper
Olaf Mickelsen

(See list of all officers on page 102).

IIl. Constitutional Amendments

By over two-thirds of all votes cast, the
following constitutional amendments were
adopted (please refer to the September
issue of Federation Proceedings, Vol. 17,
814, 1958 for the former wording of the
Constitution and Bylaws):

A Eligibility for Membership: By vote
of 263 for to 11 against Article 1, Section
1 as changed, now reads:

Section 1. Eligibility for membership. Any
person who has conducted and published meritor-
ius original investigations in some phase of nu-
trition and who is presently professionally active
in the field of nutrition shall be eligible for
membership in the Society.
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B. Honorary Members. By vote of 268

for to 6 against, a new section of Article 1
now states:

Section 6. Honorary members. Distinguished in-
dividuals of any country who are not members
of the American Institute of Nutrition and who
have contributed to the advance of the science of
nutrition shall be eligible for proposal as Hon-
orary Members of the Society. Proposals for
Honorary Members shall be made by at least two
members of the Society to the Secretary in writ-
ing 6 weeks before the annual meeting with state-
ments of their qualifications. The Council may,
from the candidates so proposed, make nomina-
tions to the Society at the spring meeting. A
two-thirds majority of the ballots cast shall elect.
Honorary Members shall pay no membership fees
but shall be eligible to subscribe to the official
journal(s) at member’s rates. They may attend
the business sessions of the Institute but without
voting privileges.

(Note: The complete Constitution of
the Society is printed each year in the
_Septe)mber issue of Federation Proceed-
ings.’

IV.  Membership Status

The Secretary reported that as of April 1,
1959, there were 450 active members and
53 retired members, or a total of 503 mem-
bers in the American Institute of Nutrition.
This is a net increase of 50 members since
last year. There were no resignations.

Members present at the meeting stood
for a moment of silence in memory of the
following 3 members who passed away
since the last meeting:

William H. Adolph, September 23, 1958

Elmer M. Nelson, December 24, 1958
Eugene F. DuBois, February 12, 1959

Appropriate resolutions which had been
received relative to the deceased members
were approved and copies are on file in the
Secretary’s office. Resolutions received for
Dr. DuBois and Dr. Nelson, past presidents
of the Society, are given below:

RESOLVED, That the American Institute of
Nutrition, assembled at Atlantic City, New Jer-
sey, in its Annual Meeting, April 14, 1959, place
in its minutes for permanent record this state-
ment of deep regret and sorrow at the passing
of the distinguished scientist, Eugene F. DuBois,
and further

RESOLVED, That high tribute be paid to Dr.
DuBois for his outstanding scientific accomplish-
ments in the science of nutritional physiology,
particularly those of defining the metabolic con-
sequences of a variety of diseases, the caloric de-
mands of hypermetabolic states, and the mech-
anisms of heat loss and heat conservation under
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normal conditions and in fever. Dr. DuBois was
particularly fond of the American Institute of
Nutrition which he helped to found as President
of the Organizing Group in 1928-1930. He was
President of the present American Institute of
Nutrition in 1935. He served the Institute as a
Member of the Editorial Board of the Journal of
Nutrition for a number of years and as a Counci-
lor in 1933, the first year of the present organ-
ization. In 1958 Dr. DuBois was selected in the
first group of Fellows of the American Institute
of Nutrition in honor of his distinguished career
in the science of nutrition. He was held in great
esteem and respect by all of his associates in this
Society and elsewhere.

RESOLVED, That the American Institute of
Nutrition, assembled at Atlantic City, New Jer-
sey, in its Annual Meeting, April 14, 1959, place
in its minutes for permanent record this state-
ment of deep regret and sorrow at the passing of
past president EImer M. Nelson, and further

RESOLVED, That high tribute be paid to Dr.
Nelson for his outstanding scientific accomplish-
ments in nutrition science, for his many valu-
able contributions to the literature on food and
nutrition, for his long and effective career as a
representative of the Food and Drug Administra-
tion in connection with enforcement problems in
the field of nutrition, for his able assistance in
the establishment of international standards for
vitamins, for his devoted service to the American
Institute of Nutrition as Treasurer for the period
1945 to 1948, as President in 1948, and as a
member of the Editorial Board for two terms, and
for the great respect and high esteem accorded
to him by all of his associates in this Society and
elsewhere.

V.  New Members

The Council received 79 nominations for
membership. The following 76 candidates
were approved by members at the business
meeting and have accepted membership in
the Society.

NEW MEMBERS* — 1959

Clemens J. Ackerman

Edward H. Ahrens, Jr.

Jay O. Anderson
James T. Baldini
Lewis A. Barness
Marvin C. Bell
Charles H. Best
Anne M. Briscoe
Helen B. Brown
Edward C. Bubl
John J. Burns
Charles W. Carlson
Helen E. Clark
Nicholas F. Colovos
Robert L. Cowan
Carl D. Douglass
Harold H. Draper

Hardy M. Edwards, Jr.

Thomas M. Ferguson
Lloyd J. Filer

Nestor W. Flodin
Richard H. Follis, Jr.
Martin Forbes
Robert S. Goodhart
Paul Grimmger
Wesley A. Hardison
John F. Herndon, Sr.
David C. Herting
Eldon G. Hill

Wi illiam G. Hoekstra
Hartley W. Howard
Eugene E. Howe
Jeng M. Hsu

Lucille S. Hurley
Norman L. Jacobson
Wi illiam H. James
Leo S. Jensen

Elton L. Johnson
Kendall W. King
Merton P. Lamden



Stanley M. Levenson
Hellen M. Linkswiler
Richard L. Lyman
Jose Mendez

Alvin L. Moxon
Frank R. Mraz
Harold S. Olcott
Theodore C. Panos
Herbert E. Parker
Henry S. Perdue
Charlie F. Peterson
Clyde E. Poling
Oscar W. Portman
Martha Potgieter
Isidor S. Ravdin
Elwood F. Reber

J. Thomas Reid
Jonathan E. Rhoads
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Dan A. Richert
Thomas R. Riggs
Catharine S. Rose
Morris H. Ross
Robert E. Shank
Damon C. Shelton
Thomas R. Sisson
Leon SweR
Samuel B. Tove
Paul E. Waibel
Sholon O. Waife
William M. Wallace
Richard G. Warner
Paul H. Weswig
Ferdinand Wharton
Mary Ann Williams
Harold Yacowicz
Norman Zamcheck

*For institutional affiliations and addresses of
new members, see the September issue of Feder-
ation Proceedings.

The Secretary announced that new mem-
bership nomination forms may be obtained
from the Secretary’s office any time after
August 1. Many eligible nutritionists still
exist who are not members of the Society.
It is every members’ duty to nominate such
persons In the event they know of them.

VI.  Treasurer’s Report

The report of Treasurer J. B. Brown from
April 1, 1958, to April 1, 1959, as sum-
marized below, was read and approved.

Balance brought forward

Receipts
455 subscriptions to Journal of Nutrition <

The Auditing Committee, Mary Brown
Patton and Fred A Hitchcock, submitted
a report that the Treasurer’s account has
been found in good order. Their report was
approved.

Dues of $2.00 for the coming year were
approved (no change from the preceding
year). A special assessment of $2.00 per
year until 1960 for the International Con-
gress on Nutrition was approved in 1958.

A motion was passed thanking Dr.
Brown for the very efficient services he has
given as Treasurer over the past 3 years.

VII. Editor’s Report
Journal of Nutrition
The Editor, Dr. George R. Cowgill, sub-

mitted an annual report for 1958, a sum-
mary of which follows:

Volumes of Journal of Nutrition, 1957 64, 65, 67
Pages published 1862
Papers published 150
Papers submitted 201

Papers rejected 34
Pages per paper 12.4
Supplements —
Bibliographies (P. C. Jeans, H. J.

Deuel, Jr., and H. A. Mattill) 3

Dr. Cowgill, who retires as Editor on
July 1, 1959, after serving since 1939, paid

461 Assessments for Fifth International Congress

on Nutrition @ $2.00

Grants and Contributions to Fifth International

Congress on Nutrition
460 Institute dues
Interest on bond
Nutrition Dinner — 1958 ...
460 Federation assessments

Expenditures
Wistar Institute
Federation Office
Secretary's Office ...
Treasurer’s Office
Fifth International Congress
Career Leaflet printing
Deficit in Biochemistry and NutritionSmoker
Bank charges

Balance on hand April 8, 1959
Bond (U. S. Savings)

Total Balance

onNutritionFund ......ccooeviiieeicn

............................................................ $ 1,455.43
$6.50 .o $2,892.50
....................................... 922.00
....................................... 6,997.00
919.85
13.80
62.97
1,840.00 $13,648.12
$15,103.55
....................................... 2,892.50
...... 1,840.00
...... 354.95
............... 115.00
7,919.00
............... 42.00
...... 37.50
....................................... '35  $13,201.30
....................................... 1,902.25
....................................... 500.00
............................................. S 2,402.25
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personal tribute to the many members of
the Society who have served, or are now
serving, on the Editorial Board. (Sixty-six
Society members have served on the Edi-
torial Board while Dr. Cowgill was Editor).
Dr. Cowgill also gave tribute to his editor-
ial assistant, Dr. Rebecca B. Hubbell.

The report of the Editor was approved
and the following resolution honoring Dr.
Cowgill was unanimously accepted:

“The American Institute of Nutrition wishes to
express its great appreciation to Dr. George R.
Cowgill, Editor of The Journal of Nutrition for
the past 20 years. The members of the Society
are indebted to Dr. Cowgill for his great con-
tributions throughout these 20 years during which
he has edited 49 volumes of the Journal. His
patience, meticulous care, kindly guidance, and
scholarly leadership have been a major influence
within our Society. For these, and more, we are
deeply grateful.”

A motion was also unanimously ap-
proved expressing the Society’s sincere ap-
preciation to Dr. Rebecca Hubbell for her
excellent services as editorial assistant.

VIIl. Selection of New Editor

The election by the Editorial Board of
Dr. Richard H. Barnes, Dean of the Cornell
University Graduate School of Nutrition,
Ithaca, New York, as the new Editor of The
Journal of Nutrition, beginning July 1,
1959, was announced by Dr. H. A Schnei-
der, temporary Chairman of the Board. A
meeting of the Editorial Board, with Dr.
Barnes, is scheduled for June 19.

IX. Reports of Committees
and Representatives

A. Ad Hoc Committee on Journal of
Nutrition: D. M. Hegsted, Chairman; R.
W. Engel, O. L. Kline, M. O. Lee, C. V.
Moore, B. L. Oser, E. E. Snell, and Char-
lotte M. Young.

This Committee presented its report at
the Council meeting on November 1, 1958,
at which time its work was completed.

In summary, their report made the fol-
lowing recommendations:

1. That the format of the Journal should be
improved.

2. That the American Institute of Nutrition
recover ownership of the Journal of Nutrition and
publish it as its official Journal.

3. That profits from the Journal should be

used for the support and improvement of the
Journal.
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4. That the greatest improvement which can
be made in the Journal at this time would be the
prompt appearance of the monthly issues.

5. That the office of the Editor be satisfactor-
ily financed and that he be provided adequate as-
sistance.

6. The aim of the Journal should be to pub-
lish papers from anywhere in the world which
contribute fundamental information in the broad
area of nutrition, including nutritional biochem-
istry and the basic aspects of clinical nutrition.

7. That a new and smaller committee be
formed to carry on negotiations with the Wistar
Institute and to establish future publishing poli-
cies.

This interim report was unanimously ap-
proved at a special meeting of the Council
on November 1, 1958, with special thanks
to Dr. Hegsted and his Committee for the
excellent work they have done in a short
time.

On the basis of this report, a new ad hoc
Committee on Publication Policies was
formed in November to negotiate with the
Wistar Institute (see next item).

B. Ad Hoc Committee on Publication
Policies: W. J. Darby, Chairman; P. Gy-
orgy, O. L. Kline, M. O. Lee, and G. M.
Briggs (ex officio).

Dr. Darby reported that it became clear
at the onset that The Wistar Institute was
desirous of keeping The Journal of Nutri-
tion and building up the Wistar press.
Therefore, negotiations were started in
November to follow the recommendations
of Dr. Hegsted’s Committee as much as
possible. As a result of these negotiations
an agreement with The Wistar Institute
has been signed. In summary, it has been
agreed that for a two-year trial period, be-
glnnm% July 1, 1959, The Wistar Insti-
tute will:

1. Provide a new format for the Journal be-
ginning September, 1959. This will provide op-
portunity for approximately one-third increase in
the numbers of papers published and space for
reports, symposia, book reviews, etc., if desired.

2. Publish all issues and supplements within
three months from the time manuscripts are re-
ceived by the printer (on a “best efforts” basis).
Similarly, for short material not requiring re-
turn of proof for revision, there would be a 6-
weeks publication time.

3. Pay the expenses for editorial costs and
supplies for the Secretary’s office, up to $9,000 per
year (formerly, the amount paid was approxi-
mately $2,400 plus $500 for stationary supplies or
a total of $2,900).

4. Provide promotional services at an esti-
mated amount of $1,000 per year.
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5. Supply relevant financial information con-
cerning costs of the Journal.

6. Welcome suggestions from the editorial
board or American Institute of Nutrition mem-
bers as to the development of the Journal.

~ For the two-year trial period, the Amer-
ican Institute of Nutrition has agreed to:

1. Continue to provide editorial management
of the Journal of Nutrition.

2. Take a more sympathetic attitude toward
an advertising policy which would increase reve-
nues from this source. Disagreements as to suit-
ability of proposed advertising copy would be
settled by a Joint Committee of AIN and Wistar.

3. Continue the present policy of requiring all
active members to subscribe to the Journal.

4. Increase annual subscription rates for mem-
bers from $6.50 to $8.50.

5. Establish a joint policy committee of the
Editorial Board and the Council of AIN for the
two-year period.

At the end of the two-year trial period,
a reappraisal of the relationship will be un-
dertaken and at that time if either party
is dissatisfied, the possibility of transfer of
the ownership of the Journal to American
Institute of Nutrition will be discussed.
Also, at that time, each party will be free to
dissolve its relationship with the other if it
so chooses. ) )

It was also understood that if, during
the contract period, Wistar does net meet
its cash commitments, the society is auto-
matically released from this agreement.

This report was unanimously approved
by the Council and by the Society mem-
bership present at the meetin

C Public Information
W. Engel, Chairman; A E. Schaefer, L
Voris, and G. M. Briggs (ex officio).

Dr. Engel reported that two meetings of
the Committee were held during the year
and that the following actions were taken:

1. Career leaflet. Two thousand additional
copies of the leaflet “Career Opportunities in Nu-
trition” were printed in answer to many requests.
Some suggestions for revising this leaflet have
been received and are under study. The Com-
mittee is seeking advice of the Council on the
advisability of printing and mailing the leaflet
to the approximately 60,000 high schools in the
United States and on the advisability of includ-
ing the addresses of other societies, such as the
American Dietetic Association, on the back of the
leaflet as a possible source of additional informa-
tion. No action taken on this point.

2. The Committee has prepared a mimeo-
graphed list of sources of good educational ma-
terial in nutrition from reliable Boards, Associ-

ations, Foundations, etc. in response to a number
of inquiries for such material.

gbmmittee: R.
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3. The Committee made arrangements with
Mr. William Rubin of the National Vitamin
Foundation to assist in giving more effective news
coverage of the American Institute of Nutrition
program at the Federation Meetings this year.
Several press conferences are planned as well as
a press briefing on Sunday night, April 12.

4. On the advice of the Council, the Com-
mittee has recommended that the Federation
Office obtain a full-time public relations person.

The report was approved.

D. Representative to various National
Research Council Boards and Divisions:
N. R. Ellis.

Mr. Ellis’s complete report as approved is
on file. A number of meetings were at-
tended during the year in connection with
these duties. Various special requests were
handled, including nominations, sugges-
tions for program items, and other advice.
Mr. Ellis, as American Institute of Nutri-
tion representative, has accepted appoint-
ment as a member of the Governing Board
of the Agricultural Research Institute
(sponsored by the Agricultural Board, a
unit of the Division of Biology and Agri-
culture).

A large number of publications in the
area of nutrition are available from the Na-
tional Research Council-National Academy
of Science of interest to Society members.
Lists of such publications are available on
request from the Academy and include the
1958 revision of ‘Recommended Dietary
Allowances,” and booklets on *“Food Pack-
aging Materials,” “Commercial Sources of
Animals for Research,” and “Recommenda-
tions on Undergraduate Curricula in the
Biological Sciences.”

E. U. S. National Committee—IUNS:
Paul Gyorgy, Chairman; R. W. Engel, Sec-
retary.

The first official meeting of this Com-
mittee was held in Washington on October
30, 1958. Plans are being completed for
the affiliation of the ITUNS with appropriate
international organizations in order to most
effectively carry out its purposes, particu-
larly the International Council of Scientific
Unions—ICSU. The purposes of the Com-
mittee and its Constitution were published
in the September 1958 Journal of Nutrition.

F. Fellows Committee. Dr. Jukes,
Chairman, recommended that the present
system of electing Fellows be continued.
He urged that individual members send
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in nominations of Fellows to the new
Chairman.

G.  Organizing Committee of the Fifth
International Congress on Nutrition, Sep-
tember 1-7, 1960, Washington, D. C. Dr.
Gyorg%/, Chairman, reported that good pro-
gress has been made on plans for the Con-
gress. Several meetings of the entire Com-
mittee and a number of subcommittee
meetings have been held this past year.
The continued need for funds and other
sources of support was stressed by Dr.
Gyorgy. (Full information on the Con-
gress and on travel awards may be ob-
tained from Dr. M. O. Lee, Federation
Office, 9650 Wisconsin Avenue, Washing-
ton 14, D. C.)

X Actions of Federation Board

AIN representatives are R. R. Williams,
W. J. Darby, and D. W. Woolley.

The complete record of actions of the
Federation Board will be published in the
Federation Proceedings. The following
items approved by the Board, will be of
interest to AIN members:

A. Appointed Dr. Philip Handler to appear as
a representative of the Federation before a Senate
Committee in support of the National Institutes
of Health’s budget for research and training in
the biological sciences.

B. Recommended that the registration fee at
the next Federation be increased to $10.00. (The
next meeting will be held in Chicago, April 11-15,
1960.)

C. Announced that the size of Federation
Proceedings will be increased to svz" X 11"

D. Approved a change in the Constitution and
Bylaws of the Federation so that Advisory Com-
mittee members from each Federated Society
shall he appointed for a three year term. (In
conformity with this rule, the AIN Council has
recommended that in the future the President-
Elect elected in 1959, 1962, 1965, etc. be desig-
nated as our representative to the Advisory Board
for a three year term.)

E. Recommended that $6,000 be spent to
establish a Federation public information pro-
gram on a professional level, its activity to be
centered around the Annual Meeting.

F.  Announced that the Advisory Committee
had recommended that the Federation offer finan-
cial assistance and publication services to AIN
in recovering the Journal of Nutrition.

G. Accepted National Associate membership
of the Federation in the Council of International
Organizations in the Medical Sciences (CIOMS).

H. Approved the refunding of $1.00 of the
registration fee to each Society for each member
registered (in proportion to the number of mem-
bers registered from each Society thus allowing
for dual membership).

INSTITUTE OF NUTRITION

Xl.  Report of Council Actions

Dr. Darby reported several other actions
of the AIN Council of interest to the mem-
bership, as follows:

A. The Council recommended the formation
of an ad hoc Committee on Journal of Nutrition
Management composed of representatives from
the Council and the Editorial Board to:

1. Within the Society, plan the appropriate
structure of relationship between the Editor, the
Council, and the Editorial Board and suggest
constitutional changes as necessary.

2. To evaluate the trial agreement with the
Wi istar Institute regarding the Journal of Nutri-
tion.

3. To study all other aspects of Journal man-
agement and ownership during the next two
years.

B. The Council recommended the formation
of an AIN committee to screen scientific abstracts
submitted to the Fifth International Congress on
Nutrition. This Committee will screen all non-
invited papers from the U. S. and abroad.

C. The Council enthusiastically thanked the
National Vitamin Foundation and Mr. William
Rubin for their excellent help in publicity work
in connection with the Nutrition Program of the
1959 Annual Meeting.

D. The following three names were nominated
by the Council for three year terms on the Na-
tional Committee of IUNS:

Gladys Emerson
J. M. Hundley
A. E. Schaefer

E. In conformity with past regulations, the
Council reconfirmed the right of the Program
Committee, chaired by the Secretary, to select
only those abstracts submitted for the annual
meeting which contribute to the highest possible
quality program.

F. In response to suggestions from members
regarding the AIN balloting procedure, the Coun-
cil recommended that three names be placed on
the ballot for position of Councilor in the future.
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members of the Society, particularly Dr.
Darby, Dr. Kline, Dr. Engel, and Council
members who have been called on to do
special tasks have been most cooperative.

ANNIVERSARY BANQUET
AND PRESENTATION OF FELLOWS
AND AWARDS

The annual banquet was held on April
15 at the Traymore Hotel with 325 mem-
bers and guests in attendance. Dr. W. J.
Darby, as Toastmaster, introduced the
special guests and awardees.

Fellow certificates were presented to the
1958 awardees as follows:

1958 Fellows

Thorne M. Carpenter Elmer V. McCcllum*
George R. Cowgill* Harold H. Mitchell
Eugene F. DuBois** John R. Murlin
Ernest B. Forbes Harry Steenbock
Casimir Funk R. R. Williams

“Present to receive certificate
*"Deceased

Dr. T. H. Jukes, Chairman, Committee
on Fellows, presented certificates of Fellow
to the following persons selected in 1959
who have had distinguished careers in
nutrition:

Agnes Fay Morgan

“Tireless research worker; inspirer of young wo-
men in the search for scientific knowledge. For
her discoveries that show the relation of nutri-
tional deficiencies to abnormal physiology, and
for her outstanding investigations of the nutri-
tional qualities of foods.”

Wittiam C. Rose

“Distinguished teacher of biochemistry. For his
discovery of threonine and for his studies of the
requirement of laboratory animals and man for
amino acids. The modern concept of the role of
proteins in nutrition is based on his research.”

Albert G. Hogan

“Pioneer of the newer knowledge of nutrition.
For his discoveries of vitamin deficiencies in ani-
mals and for his studies with purified diets that
have illuminated the broad concept of nutrition."

The 1959 Borden Award of $1,C00 and
a gold medal was presented to Dr. Harry
Steenbock (in absentia). “For long and
continued Investigation in the field of
mineral metabolism, the relation of ultra-
violet light to anti-rachitic activity, and
the physiological chemistry of Vitamin A
and Vitamin D.”
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The 1959 Osborne-Mendel Award of
$1,000 and a scroll was presented to Dr.
Grace A Goldsmith with the following ci-

Agnes Fay Morgan

William C. Rose



Albert G. Hogan

tation: “For her contributions in the field
of macrocytic anemias (especially studies
on the specific roles of folic acid and vita-
min Bis) and the clarification of the inter-
relationship of tryptophan and niacin in
human nutrition and in the field of protein
malnutrition.”

Dr. Goldsmith responded with a few in-
teresting remarks of acknowledgment and
thanks.

A special highlight of the banquet was
in special recognition of Dr. George R
Cowgill, retiring Editor of The Journal of
Nutrition. An attractive gift in apprecia-
tion of his valuable services was presented
to Dr. Cowgill from all present and past
members of the Editorial Board who have
served under his editorship over the past
20 years.

This same group also presented a check
to Dr. Rebecca B. Hubbell as a token of
appreciation of her past services as assist-
ant to Dr. Cowgill.

After the banquet, the joint Biochem-
istry-Nutrition Smoker was held at the
Hotel Ambassador with approximately
1,000 present. The very efficient work of
Dr. R. E. Olson in making the Smoker a
success is gratefully acknowledged.

AMERICAN INSTITUTE OF NUTRITION

Dr. George R. Cowgill

OFFICERS AND COMMITTEES — AMERICAN
INSTITUTE OF NUTRITION
July 1, 1959 — June 30, 1960
Council

President: D. W. Woolley, Rockefeller Institute
for Medical Research, New York, New York

President-Elect: F. S. Daft, NIJAMD, National In-
stitutes of Health, Bethesda, Maryland

Past-President: W. J. Darby, Vanderbilt Univer-
sity School of Medicine, Nashville, Tennessee

Secretary: G. M. Briggs, National Institutes of
Health, Bethesda, Maryland (1960)

Treasurer: J. B. Allison, Rutgers, the State Uni-
versity, New Brunswick, New Jersey (1962)

Councilors: Paul Gybrgy (1960), J. H. Roe
(1961), W. H. Griffith (1962)

Committees

Nominating Committee: Gladys Emerson (Chair-
man), H. H. Williams, C. A. Baumann, R. W.
Engel, and J. M. Hundley

Committee on Nomenclature (joint with Ameri-
can Society of Biological Chemists): O. L.
Kline (1961), P. L. White (1960)

Nominating Committee — Borden Award: C. A
Baumann (Chairman) (1960), G. V. Mann
(1961), and E. E. Snell (1962)

Nominating Committee—Osborne-Mendel Award:

D. M. Hegsted (Chairman) (1960), J. S. Di

ning (1961), and Grace A. Goldsmith (1962)

Fellows Committee: Cosmo Mackenzie (Chair-
man) (1960), Paul Gyorgy (1960), W. D. Sal-
mon (1961), Karl Folkers (1961), and E. W.
McHenry (1962)
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Public Information Committee: R. W. Engel
(Chairman) (1960), L. Voris (1960), A. E.
Schaefer (1960), and G. M. Briggs (Ex officio)
(1960)

Committee on Membership (ad hoc): A. E. Harper
(Chairman), W. J. Darby, Gladys Emerson, P.
Gyorgy, D. M. Hegsted, A. E. Schaefer, and
L. D. Wright

Committee on Journal of Nutrition Management
(ad hoc): W. J, Darby (Chairman), F. S. Daft,
O. L, Kline, and H. A. Schneider

Tellers Committee: H. R. Bird (Chairman)
(1960), M. K. Horwitt (1960)

Auditing Committee: M. W. Taylor (Chairman)
(1960), W. H. Ott (1960)

U. S. National Committee — IUNS

Paul Gyorgy (Chairman) (1961), W. H. Sebrell,
Jr., (Vice Chairman) (1961), L. Vcris (1960),
M. O. Lee (1960), R. W. Engel (Secretary)
(1960) , E. L. Severinghaus (1961), Gladys
Emerson (1962), J. M. Hundley (1962), and
A. E. Schaefer (1962)

Also, ex officio (voting) members are D. W.
Woolley (1960), Grace Goldsmith, C. G. King
(1961) ; and ex officio (non-voting) members
are H. B. Steinbach, R. K. Cannan, W. W. At-
wood. Jr., and E. V. McCollum

Representatives to other organizations

Federation Board: W. J. Darby (1960), D. W.
Woolley (1961), and F. S. Daft (1962)

Federation Advisory Committee: F. S. Daft
(1963)

National Research Council Boards and Divisions:
N. R. Ellis (1960)

American Association for the Advancement of
Science Council: P. L. Day (Section N —Medi-
cal) (1961); E. L. Severinghaus (Section C —
Chemistry) (1960)

Food and Agriculture Organization: J. M. Hund-
ley (1960)

Editorial Board of Federation Proceedings and

Federation Secretaries Committee: G. M.
Briggs (1960)

Officers and Committees of the Fifth International

Congress on Nutrition, September 1—7, 1960,

Washington, D. C. (Organized by American

Institute of Nutrition and U. S. National Com-

mittee of IUNS) E. V. McCollum, Honorary

President, C. G. King, President

Organizing Committee:

Paul Gyorgy, Chairman

M. O. Lee, General Secretary

W. H. Sebrell, Jr., Chairman of Program Com-
mittee

E. L. Severinghaus, Chairman of Finance and
Budget Committee

F. S. Daft, Chairman of Hospitality Committee
(and Co-Chairman of Finance and Budget
Committee)

W. J. Darby, Chairman of Lectureships and
Travel Assistance Committee

Hazel Stiebeling, Chairman of Publications
Committee

LeRoy Voris, Chairman of Public Information
Committee

G. M. Briggs, Recording Secretary

Other Members: C. H. Best, C. A. Elvehjem,
Gladys Emerson, R. W. Engel, Grace Gold-
smith, F. Gomez-S, J. M. Hundley, L. A
Maynard, L. B. Pett, H. E. Robinson, F. J.
Stare, R. R. Williams

Editorial Board — Journal of Nutrition: R. H.

Barnes, Editor (1964), C. P. Berg (1960),
C. G. Mackenzie (1960), H. R. Bird (1960),
R. W. Engel (1961), P. L. Harris (1961), H. A
Schneider (1961), O. L. Kline (1962), E. S.
Nasset (1962), H. Pollack (1962), D. V. Frost
(1963), A. E. Harper (1963), and O. Mickelsen
(1963)

Respectfully submitted,
George M. Briggs, Secretary
American Institute of Nutrition



INVITATIONS FOR NOMINATIONS
FOR 1960 AMERICAN INSTITUTE OF NUTRITION
AWARDS AND FELLOWS

Nominations are now being invited for the
1960 A. I. N. awards and fellowships.

Nominations for the 1960 Borden Award in
Nutrition must be submitted by December 1,
1959, to Dr. C. A. Baumann, Department of Bio-
chemistry, University of Wisconsin, Madison.

Nominations for the 1960 Osborne and Men-
del Award are due also by December 1, 1959,
and should be sent to Dr. D. M. Hegsted, Harvard
School of Public Health, One Shattuck Street,
Boston, Massachusetts.

The deadline for receipt of nominations for
A. . N. Fellows is January 1,1960. These should
be sent to Dr. Cosmo G. Mackenzie, University
of Colorado School of Medicine, Denver,
Colorado.

Full details of the rules for these awards
and lists of former recipients are given in the
August 1959 issue of The lournal of Nutrition.
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