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A STANDARDIZED DIET FOR
METABOLIC STUDIES . ..

lts development and application’

By Friepa L. Mever, MyrTiE L. Broww, Harrrer J. Wricet, and Minicant
L. Harsaway, Human Nuirition Research Branch, Agricultural Research Service

SUMMARY

To meet the needs for o uniform basal diet to be used in studying
humean nutritiopal requirements, utilization of various nutrients, or
interrelationship of nutrients, s standardized diet was developed by
the Human Nuirition Researck Branch of the Agricultural Research
Service. The diet is composed of a core group of foods, which remains
constant and supplies amounts of most nutrients at restricted or
deficiency levels, and complements I and II, which provide sources
of nutrients to bring the ntakes of all nuirients to reference levels
during equalization periods and for alteration in level of single nutri-
ents doring experimental periods. It is believed to be applicable to
the study of most nutrients, except protei~ and amino acids.

The diet was tested in the spring of 1 . and was well accepted by
a group of six University of Maryland ,men students, aged 19 to
23 years, during a 40-day metabelic study. Wide variation was
found among these subjects in their metabolic response to the levels
of intake in the standardized diet. Changing the fat content of the
diet from 76 gm. {34 percent of the total calories) to 24 gm. (il
percent of the calories) for & subjects during the last 20 days had no
apparent effect on nitrogen, calcium, magnesium, and phosphorus
retention, on thismine and riboflavin excretion, on fecal lipid excre-
tion, or on the proportion of fecal lipid as fatty acids, neutral fat,
or unsaponifinble material.

NEED FOR A STANDARDIZED DIET

Diets used for the study of nutritional requirements are ususlly
designed to be adequate in sll dietery essentizls except the nuirient
under study. Such diefs are seldom applicable to the study of more
than one nutrient at a time. Even when the same nutrient is under
study, basal diets and procedures vary from laboratory to laboratory.
There are differences, for example, in {ypes of ceresl products, pro-
portions and kinds of fruits and vegetables, use of accessories such
as condiments, flavorings, and soft drinks, and method of chenging
the level of intake through the use of synthetic supplements and the
introduction or substitution of foods. Such varistions meake it difficult
to compare results from one lzboratory with those from another, or
to study the interrelationship of nutrients.

As part of the research reported here, a standardized diet was
developed, which is believed to be applicable to the study of the
requirements znd utilization of a large number of nutrients. It was

t Submitied for publication February 23, 1955,
1
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planned so that, in general, levels of nutrients other than those under
study could be mainteined practically unchanged under various
experimental conditions.

The diet, as presented, was used in a study to test its acceptability
by young women subjects, to obtain information on the range of their
metabolic response to the levels of nutrients selected, and to test the
application of the diet to & study of the possible effect of change in
the fat level on the metabolism of selected minerais and water soluble
vitamins. Modifications primarily in caloric intakes would, of course,
be needed if the subjects were young men or were chosen from other
age groups.

Before this standardized diet was planned 2 review was made of the
more recent metabolic studies for each nuirient, with special atten-
tion to the diets used, probable deficicney levels, and levels which
appear o provide ‘“‘adequate’” intakes. The data from the literature
which were used as a basis for the selection of the levels of nutrients
for the diet are presented in section IV,

SECTION 1—VHE DIET, ITS NUTRITIVE VALUE AND
APPLICATION

PLAN OF THE DIET

To devise a single diet to be applicable to the study of every nutrient
known at present would require an entirely synthetic diet to which
there would be obvious objections. A diet made up of a combination
of foods and synthetic and purified produets has therefore been
planned to provide palatablc and “normal’” meals and tc be apph-
cable to the study of many nutrients, (Sce Possible Applications of
the Diet, p. 9.) In the discussion of this diet, the term “restricted”
is used to describe levels which have been used {or deficiency phases
in metabolic studies, and ‘“‘reference” level for intakes sclected as
reasonable levels for equalization periods, from which deviations can
be made for experimental purposes, These reference levels probably
meet ordinary physiological needs, although the margin of safety
may be considerably greater for some than for others. It seemed
advisable to use only moderate levels for all nutrienis, since there is
evidence that excesses of some nufrients will alter the metabolism
of others.

The dieb consists of three parts—the core, and complements I and
I1. 'T'he core, made up of natural and refined foods, forms a nucleus
for the meals and provides most nuirients at levels sufficiently re-
stricted to permit this portion of the diet to remain vnchanged for
deficiency phases. Complement I, composed of refined foods, and
complemens II, composed of mineral salts and synthetic or purified
vitamins, provide additional sources of nutsients for refercnce levels,
and also provide & rclatively simple means of adjusting the level of
any single nuirient for experimental purposes. Levels of protein, fab,
and earbohydrate can be controlled by incressing or decreasing the
amounts of selected foods in complement I, and levels of minerals and
vitamins by changing the amounts in complement IL.

Tree Core—The choice of foods {or the core was necessarily
limited in order to keep this portion of the dict censtant and low
enough in nutritive value to be used uneliered in the restricted, or
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deficiency, phase of metabolic studies for most nutrients. The follow-
ing fruits and vegetables were selected because of their low vitamin
content and general accepiability: Apples, pears, peaches, green
beans, celery, lettuce, anG dehydrated potatoes. Cereals were all
unenriched. Smell amounts of beef, haddock, evaporated milk, and
a specially prepared tomato puree were included to provide palatable
and reasonably normal menu patterns. Foods such as vitamin
C-rich fruits and vegetables, carrots with their variable carotene con-
tent, beets with their high pigment content, and corn products be-
cause of their relation to niacin metabolism, were omitted.

ComrreMenT 1.—Foods in complement I were selected to provide
additional sources of food energy and protein with a minimum increase
in the vitamin and minera! content of the diet, so that alterations in the
proportions of carbohydrate, fat, and protein could be made, The
following focds were chosen for this purpose: Cake flour, gluten flour,
vitamin-free casein, gelatin, sugar, low-vitamin jellies, eand fat.
These foods were used primarily in the preparation of baked products
or gas spreads. Through the proportioned use of cake and gluten
flour in the rolls, the protein content was about twice as high and the
mineral and vitamin content approximately the same as would have
beer obtained through the use of ouly unenriched all-purpose flour,
Casein and gelatin were used as additional sources of protein.

CowmpLeMeNT 11.—In order to control the levels of individual min-
erals and vitamins in the diet it was necessary to provide them in as
simple forms as possible and, therefore, additional amounts needed for
reference levels were supplied in synthetic or purified forms. TProb-
lems encountered in the selection of specific chemical forms for min-
erals are discussed in section III under Methods of Administering
Vitamins and Mineral Salts (p. 60).

NUTRITIVE -VALUE OF THE DIET

An outline covering the estimated nutritive value of the standardized
diet as planned for adults, presenting distribution of nutrients in the
core and complements I and IT, is shown in fable 1. The essential
nuirients have been divided inte three groups. Group A& includes the
nutrients given in most tables of food composition and used in calcu-
lating diets. Group B includes minerals ond group €, vitaming,
about which much less is known both as te amounis present in foods
and as to humean requirements. For the purpose of discussion the
amountis of foods in complement T have been adjusted to add approxi-
mately 1,450 calories and 40 gm. protein to the amounts in the core
{to give a total of 2,000 calories and 60 gm. protein).

Grour A Nurrienes.—The approximate amounis of calelum (200
mg.), phosphorus (600 mg.), thismine (0.3 mg.), riboflavin (0.5 mg.},
and ascorbic acid (10 mg.) in the core and complement I are in the
range used by most laboratories for the deficieney phase in metabolic
studies and can therefore be used for restricted levels. The 6 mg. iron
is generally considered low {or women, but may be sufficient {or men,
The vitamin A value (about 1,000 I. U.) is considered low but is
higher (han that used for depletion to deficiency levels in vitamin A
studies. The 7 mg. niacin, however, is probably sufficient for the
reference tevel in the presence of the protein used.
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TapLE 1.—EBstimated nuiritive value of the standardized dict as planned

lsotf;){: Tatak

Nautrient ' and unft Comple-| G, 4 | Comple-| Refer-
meni L2 comple- | ment IT :_"_ff’,

ment I

GROUP A
Food energy__. — calorics.. 2, (00
Protein e cenolETRMS__ 28 0 1]
Iae, . _ -do.... it
Carbobydmates. ... .. _______.dlo. .
Calejum,___ -.milligrams,
Phasphoerus, 1 SO
Iron
Yitamin A veluo
Thinmine
Riboflavig B P [ M
Winein o,
Ascorbic acid

Caopper. milligrams, .
i?rdine..__. P T S
hf:;;rannm

Potassiurm §

Cdo__.

Chierine milligrams.
Caohalamin (B2} micropming .,
Folie aeid

PR { I T
milligrams. .

! Qroup A natrients are Lhose ineloded in most tables of nutrillve vaiue; group B mifperals and group C
vilamins are Lhose about which much less is known botly as Lo amaunis frresent in foods and buman renoire-
ments,

¥ Amount of foods in complement T adjusted to give a tolnl of npproximate)y 2,000 calories sod 60 gra.
protein.

1 Vitamin A value in complements T and T depends an nmount and forms of fat used.

§ Potassium and sediutn values siown for the core and comrpiement | are tie estieated pmounts for the
foods ordy und do net include the miner conteni of Lo sodium ehilorkic nnd baking powder ufed In recipes,

As a reference lovel for protein an intake of 60 gm. may be liberal,
but it seemed important to sssure nitrogen equilibrium when other
nutrients were to be studied. The corc foods supply about 20 gm.
and complement I foods about 40 gm. The complement T sources of
protein were planned to provide some easily replaceable protein, so
that a constant level of protein intake could be maintained when the
diet was used for studies of the physiological utiliszation of foods
containing falr amounts of protein. The fat was planned to consti-
tute about 35 percent of the calories, o conservative estimate of the
amount in usual American diets. Carbohydrate levels were roughly
50 percent of the total calories.  Chiefly on the basis of dala from the
University of linois, an intake of 700 mg. calcium was sclected for
the reference Ievel. The level of 1 gm. for phosphorus is about one
and onc-half times the calcium level. The level of iron, 10 mg.,
scemed necessary o assure the veplacement of menstrus! losses for
mosh women.

Although vitamin A and earvolene are stored in the body, o reference
level of 4,000 I. U. was planned in order that low vitamin A would not
be a factor affecting melabolism of other nutrients. The thiamine
reference level of 0.8 mg. was seleeted as intermediate between 0.6
and 1.0 mg., two levels referred to as adequale, depending on the
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criteria used. Tor riboflavin an intake of 1.0 mg. was chosen, since
this amount seems adequate to prevent clinical signs of deficiency and
to maintain work performance, although it may not be sufficient to
maintain tissue saturation. TUntil the relationship betweza thiamine
and riboflavin requirement and caloric intake is more clearly estab-
lished, it seemed unnecessary to plan for variatlion in intake with the
caloric value of the diet, On the basis of work by Goldsmith and
associates (66) * the 7 mg. niacin and ealculated 0.33 gm. tryptophan
in the core and complement I scemed sufficient for use as & reforence
level. For ascorbic acid, 60 mg. was selected as the reference level
on the basis of blood sludies, This amount will usually give values
between 0.5 and 0.7 mg. per 100 ml, of whole blood, plasma, or serum
and will maintain while cell ascorbic aeid values of 20 to 25 mg. per
100 ml.

Grovr B Nurriexts—Nutrienis in group B include essentia
minerals for which very few data on human requirements are avail-
able. Since the amounls of most of these minerals in the core and
complement I are below those found in the usual diel, somne additional
amounts were provided in complement 11, although no provision was
made for additional copper, iodine, manganese, or zine. The refer-
ence level of 220 mg. magnesium, based on intakes that have been
found to give equilibrium, was used so thal a deficient inlake of
magnesium would not hecome a Hmiting {actor in caleium and phos-
phorus studies.  The reference Jevel of 2.1 gm. potassium is near the
lower level found in the usual American diet.  In most studios, the
sodium intake will not be controlled, since salt intake is not considered
to allect the metabolism of nutrients other than polassium. If it is
desirable to eontrol the sodinm intake, it should be noted that the
levels of zoditn chloride suggested for nse in tho tecipes (see seet. 111D
will provide about 2,1 gm, move of sodium or a total sodivm inlake of
2.4 gm, This quantity is satislactory as a relerence Tovel,

Grove U Nerriexts-—~QOur knowledge of the quantitative human
requirements of Group C vitamins is st very limited.  Cheling
requirement is related to other sonrees of available methyl groups;
cobalamin {Bu) and folie ackl noeds are related to coeh other and to
aseorbie aeid; reports of patothenie aeid deficieney in limmans have
not been found, but the usual diet contains more than is found in the
core and complement | pyridoxine metabolism is related to tryptlo-
phan and niacin metabolism and 38 Importanl in various enzyme
systems; and opinions differ as to the need of vitamin D for adults.
Consequently reference levels were selected rather arbitrarily and
they can easily be altered as new information is secured.

Mean Parrerxs axv Nvmimive Vanes oF Fooos.—The foods in
the core in 3 meal patlerns and their content of food encrgy and 11
nutments in amounts suggested for the diet arve given in table 2.
Botl the choiee of {oods and the size of servings in the core wore kept
unchanged (exeept as indieated for studies of vitamin A, p. 12).
The foods in eomplement 1 ean be adjusted for different nutrient
levels.  Amountsasshown in iable 2 are adjusted to add approximaloely
1,450 ealories and 40 gm. protein.  The items i complement 1 ore
listed separately for nse with core foods to meal patterns 1 and 3 and

* Ralie nuwebers in pareniheses refer (o Literature Cited, p, 71,

A DURNT—55 2
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TasLr 2.—Meal patierns and nufritive value 1 of foods * in the standardized diet
i

Vita- Reduced

Carbo- . Phios-
onergy Protein | TFat hydrate OCaleium phorus Iron Txlmrllu‘: nsgg{‘ll)iu

Quan-
Ttorn tity | Yood
served

reich

CORE FOODS . : Inter-
Meal paltern 1t Milli- | Milll- | Milli- | national | Milti- | Milli- Milli-
Breakfnst: Calories Grams grams grams grams wiits grams grams
Applesauce, cannerl 100 72 3 0.1 5 0.4 30 0. 005 0.000
Farina, unenriched (dry welght).___ 74 .2 . 4 20 .2 0 012 . 004
Evaporated milk 34 . 2.0 ., [if] 49 [ Trace 100 .012 J122
Lunch?
Rice, precooked (dry welght) 05 5 Trace 3 19 0| Trace | ‘Trace
Tomato puree...... - 30 .2 3 10 327 024 .03
Lettueo. . o.oneeaois 3 Trace 4 ] 108 010 . 005
Pears and juice, canned .. .. 08 ) 3 k 7 Trace 007 .

Dinner:
Beel (raw welght). o oo inniini, 82 3 L7 0 . 036
Potato, precooked and drled (dry welgh 80 A V2 A 52 10 002
Green beans, frozer, (cooked weight)... : 45 .2 24 450 L0388

Total 5 6.7 108. B . 1,026 Pt

Meal pnttern 2

Breakfusts
Applessuce, conned . ...
Rice Krisples, unenriched
Evnporated mlik

Lanch:
Spaghetif (dry weight)
Tomato pureo..,.

Dinner;
Beef (raw welght)
Potato, precooked and dried (dry welght). .
Celery, frozen (thawed welght). _..___.__ .
Penches and juice, canned 4.l oeevooranas.

B 171 S .

—
Q
»
Loy
g
!
=
z
=
=
3]

“33
d
@«
=
=
]
e
@]
=
w
2!
=
=
Q
g
H
(=}
=]
=




Moeal pattern 3:
Breakfast:
Arplcsnuco, canned
Cheerios, unenriched..
Evaporated milk...... R et mm
Lunch:
Rlice, precooked (dry welght)
TOMALO PUTCL+rwamn e mmam
Lotlueo. . .ooconiiineinae
Penrs and julce, eanned
Dinner:
Haddock, frozen fillet (raw welght)... ..
Potato, precooked and dried (dry welght)..
Green, beans, frozen. (cooked welght),__.J..

28~

—
SIINE0 G2 b

£

—
=
E=4

COMPLEMENT'I FOODS-

For meal patterns 1 and 3;
Rolls, 3.2 percont casein (welghed as dough).... 42
Fat.. 308

19

Jelly, grape 76

Qelatin,_.._, O PO aien 7

Cookies (weighed ns dough) 203

e
=121

Rosohn

—_

o

Totaliue e iinnoen Moama o e mmn——n 1,435

For meal pattern 2;
II}olls, 8.2 percent caseln (welghed as dough) ... 642
Fat

a
(=21}

]Sul;l;aru.l.g“.. ....... .
Jelly, quinee. . ..o ..
Gelatin...........000" O,
Dough for cobbler (peach).
Cookies (weighed as dough)

Total

—

-
B Srcoonn
w|oe

161.3 73

! Values for protein, calelum, phosphorus, thiamine, tibotlavin, and ascorbic acld 1 No analyses made,
are from laboratory analyses of the lot of foods used in & preliminary study; values 4 Used ag cobbler.
for othier nutrlents are calculnted primarily from U. S, Dept. Agr. Handb. No. 8 (184). ¢ Depends on type of fat ised.
’tScitﬁces of spectal foods and procedures for preparatlon of the foods are given in
sect. TII,
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TaBLE 8.—Nutritive values ! of 100-gm. portions of foods in complement I

Reduced
Vitamin ascorble

A value acid

Phos-

Food Carbo-
Protein phorus

onergy hydrate Iron

Calelam

i Interng- .
Milli- i tional Milli- Milli-
Dough for rotls:? . Calories | Grams CGrams grams wnits grams grams
Np easein. ... ; 257 11.9 22 3) 0.9 4
3.2 poreent casein ... 14,4 3 22 . 3) . e (%)
5.8 pereent casein S__ 16.4 . 3 23 . 3; 4
7.3 pereent casein $ 2 17.6 3 . 23 . 3
Tat. - 4 0 0 4 0 )
Sugar. b 0
Jelly, grapea - ciceaeanna- e hem ke s Sl ma b aman 10
10
0

(=]

Jelly, quinee
Gelatin ;
Dough for cobbler (peach)2.
Dough for cookies 2

Cake flour......

0

[¢)

g
16
66

33

0 i
Semmw—,
SN0

1 Values for protein, ealeium, phosphorus, thinmine, riboflavin, and ascorbic acid 3 Depends on type of fat used.

are froin Jaboratory anulyses of the lot of foods.used in a preliminacy study; values for 4 No analyscs made.

other nutrients are ealeulnted primarily from ‘U. 8. Dept. Age, Handb, No, 8 (184). & Caseln content refers to grams of caseln per 100 gm. dough,
2 Values obtalned. from nutritive value of ingredients and weight of dough before

weighing individual portions (seo p. 59),
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those in pattern 2 in order to show that only slight changes in any
nutrient result from the substitution of quince jelly for grape jelly
and of & biscuit dough (in cobbler) for two cookies,

The nutritive values of 100-gm. portions of foods in complement I
are given in table 3 in order to provide a basis for alterations in level
of nufrients. The date indicate, for example, what changes will
- oceur in other nutrients when food energy or protein levels are changed.
The analyzed values for nitrogen, calcium, phosphorus, thiamine,
niboflavin, and ascorbic acid shown in tables 2 and 3 were obtained
from thelot of foods used during & preliminary test period (see secs, IT).

POSSIBLE APPLICATIONS OF THE DIET

Equarizatiox Periovs—In any metabolic study the previous
dietary intake of the subjects may be reflected in their metabolic re-
sponse to the experimental diet. In planning the standardized diet,
the reference levels were selected for nse in preliminary or equaliza-
tiou periods, regavdiess of type of study to be made, to determine the
metabolic response of the subjects to these levels and to help over-
come the effects of the self-chosen diet immediately prior to the ex-
periment. The length of time needed for subjects to come to equilib-
rium ¢m these reference levels will vary with the particular nuirient
under study and the previous diet of the individual but probably will
be at least 10 days and frequently longer. The nutritive value of
the diet for the equalization periods is summarized 1n table 4, type A.

RequirEMENT STUnIss.—VWhen reguirement for & specific nu-
trient is studied under controlled dietary conditions, the nutrient is
often given at a markedly restricted level and subsequently graded
amounts are added to the diet. 'The extent of restriction depends on
the cobjectives and conditions of the experiment. The amount of
calcium, phosphorus, iron (for women), thiamine, riboflavin, and
ascorbic scid in the foods of the core and complement I generally
correspond to the restricted levels commonly used. The standardized
diet should therefore be useful in studying the requirement of these
nuftrients by omitting or altering the level of the respective nutrient in
complement IT (see table 4, type B).

For the study of amino acid and protein requiraments, basal diets
usuaily contain as little as 0.4 gm. nitrogen (22, 23, 77, 158, 154),
whereas the core foods alone contain about 3 gm. Thus the stand-
ardized diet is not applicable to the study of requirements for these
nutrients.

The diet might be applicable to the study of fat and fatty scid
requirements, M a fat-free dict were not required (25). In & recent
study reported by Hansen and Wiese (70), the blood levels of dienoie,
tetraenoice, and hexaenoic acids were found o be significantiy less in
malnourished infants and childeon than in & group of well-nourished
children previously studied (186) who were recciving about 3 percent
of the total calorics as lincleic acid. The foods in the core have
& caleulated linoleic acid content of only about 0.1 gm. (8.04 percent
of the 2,000 caloric diet). By controlling the sype of fat in comple-
ment I, for example, by the use of coconut oil, butterfat, or cottonseed
oil—reported to contain no lincleic acid, and roughly 4 percent and
50 percent of linoleic acid, respeclively (46)—lLlhe requirement for
this essential fatby acid probably could be studied,




TaBLE 4.—Adaplation of the slandardized diet for different types of studies

Phos- i Vlilga;& Redug?d
¢ on | m ascorble
photus valde acid

Type of study and diet Food | pjoin | gy | Carbo- Calclum
energy hydrate

Inter-
Milli- | national i illi i Millj-
A. Equilization period: ¢ | Calories grams units 1
Core (average values for a 5-day period).... 550 20.3 ] 142 303 4.3 1,025
,Complement I
Rolls (3.2 percent casein) 642 . , - 1.2 (O]
Fat. - 45.0 0 0 0 )
Sugar 0 3 ]
Jelly, grape. . 0 3 1 .1
Cookies 3 4.5 . 21
Gelatin,___. . . 0 0

Subtotal. , , 78.5 . ; 571 O
Comglement TI. ' i 40| ®
Total.._. 1,985 N 78 260 9.7 4, 000 . 784

0
@
0

B. Requirement studies Core and complement I as under A above. For complernent IT omit or alter the nutrient under

C. Interrelationship studles (e. g., effect of low
protein):

Core . 3 L 1,025 .318

Complement I

Rolls (no casein) . 5. 40, . (1

Fat 20 7 - ® 0

Cookles, frosted ) X . : (2

(150 eookies, 48 fmsting)

Gelatin
Subtotal._ 5 B 3 3 3 )
Complement II & 1 ®

Total..

FEALTADIYDV A0 "IdEd 'S "Q ‘9711 NILETING TVIINHOIEL OI




D. Umlé,atmn studles (e. g,; riboflavin in milk):
ore,
Coniplement T (with milk) !
Milk.
Rolls (no-¢asein) . cvocoweioowmiiionan
Fut -

6.9 11.2

Compiement 113 B - 1160 ¢ 180 4.0 “) . 400 e 50.0

L V017 S ML S AU RO AR 2, 000 63.0 78 262 15 982 10.2 4,000 803 805 6.9 61.2

! Values for meal Putternsl and 3. s Appropriate substitutions need to bo inade in the complement II pottion of the
2 Values for coinplemeént I depend on amotint furnished by fat used. diet for the minerals and vitamins In groups 1I and 11T (table 1).

3 From dicaleium phosphate.

3 $ From dicaleium phosphate and potassium dthydrogen phosphate,
4 Valués for complement I wiil be varied to maintain a constant daily Intake,
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Diets used for the study of vitamin A requirements have contained
only around 100 L. U, (20, 1738), whereas the vitamin A value of the
foods in the core of this diet 1s about 1,000 I. U.—100 I. U. from
vitamin A in milk and 900 I. 7. from carotenoids in other core foods.
The diet can be adapted for vitamin A studies by omitting the tomato
puree and substituting skim milk for evaporated milk, wax beans for
green beans, bleached lettuce for regular lettuce, and a second serving
of apples for the peaches used in the cobbler. These alterations bring
the vitamin A value down fo about 100 I. U. Although the altered
diet does not offer the variety and palatahility found in diels commonly
used for vitamin A studies, which include foods such as pork products
and citrus fruits, such adaptations would permit the control and study
of other nutrients simultanecusly with vitamin A.

The diet as set up is not applicable to the study of niacin require-
ment. The calculated niacin content of the foods in the standardized
diet is approximately 7 mg.—5 mg. in the core and 2 mg. in comple-
ment I.  These values have been confirmed by analvsis of composites
containing the core focds and of individual foods in complement I
The calculated tryptophan content of the beef, milk, and rolls (without
casein) is 0.26 gin,, or approximately the minimum requircment
(0. 25 gm.) tentatively suggested for this amino acid for men by Rose
(153). The niacin and tryptophan content of the standardized diet
cen be lowered to about 6 mg. and 0.22 gm., respectively, by sub-
stituting cornbread for the wheat rolls and maintlaining the protein
level with gelatin instead of the gluten flour. These levels are not
so low ns the intake of 4.7 me. niacin and 190 mg. tryptophan reperted
by Goldsmith and coworkers (66) as necessary to produce deficiency
symptoms, but might be sulficiently restricted for study of physio-
logical utilization ol niacin from foods.

On the basis of information available, the amounts of other minerals
and the more recently recognized B vitamins found in the core and
complement I appear to be sufliciently restricted, so that the require-
ment for the nutrients can be studied by controlling the amounts of
the corresponding nmuirient in complement IT.

IxrEnRnELATIONSHIP STUDIES.—Thelevel of single nutrientsin a diet
has been reported to afiect the exerelion and metabolism of other
nutrients {60, 67, 1837). In siudyving simple or multiple inter-
relationships among nutrients, therefore, it is desirable to alter the
level of each nuirient independently with as Jitile change as possible
in the general composition of the diet. The greatest part of fat,
carbohydrate, and protein in the slandardized diet is found in comple-
ment I. By supplyving these nuirients from rather highly purified
sources, the intakes can easly he altered with only minor changes
in other nutrients such as minerals and vitamins. For example, the
core contains only about G gm. fat, so that by changing the kinds or
lewels of fal in complement 1 its possible effeel on the requirement of
various other nutrients can be studied. Chenges i the level of
fat will, of course, require changes in carbohydrale to make the two
diets Isocaloric. Or, as anoiher example, the level of protein in
complement I can be lowered from aboul 40 gm. (see table 4, type A)
to about 16.5 gm. (table 4, Lype C) by omitting the gelelin and using
100 gm. of “no-casein’” rolls instead of 250 gin. of 3.2-pereent casein
rolls, This change in rolls will also lower the nutritive value of
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complement I primarily in food energy value, but this can be com-
pensated for by adjustments in complements T and II as indicated
ir. table 4, type C. The toial protein in the diet can therefore be
lowered from 60 Lo 37 gm., with & minimum of change in the amounts
of other nutrients.

The effect of deficient or excessive amounts of selected minerals
and vitamins on the utilization of other nutrienis can readily be
studied by altering the amount of the mineral salts or purified vita-
mins in complement I,

Urrinrzarion Srupies,~—The diet ean be used to study the utilization
of nutrients from feods by substituting ihe test food for comparable
amounts of sclected nutrients in complements I and IT and regulating
the amounts of othier nutrients so that insolar as possible the nutritive
content of the diet will be unchanged. For example, fo study the
utilization of riboflavin from milk, the addition of 300 gm. milic to
comoplement I would replace the 0.5 mg. riboflavin in complement IT.
This smount of milk would also contribute an appreeiable amount of
other nuirients. To maintain as nearly constant an intalie as possible,
adjustments in complements I and I illustrated in table 4, type D
would need to be made. Compensations would also be made where
possible for the lesser known vitamins and minerals. Foods may
contain ollier nutrients, at present unknown, but by this plan, mtales of
most of the recognized nutricits could be controlled.

SECTION 1I--METABOLIC RESPONSE TO THE
STANDARDIZED DIET AND TO A LOW-FAT INTYAKE

PRELIMINARY TEST OF THE DIET

Before the main study was made, & 10-day test wns carried out to
evaluate the acceptability of the diet.  Three stall members served as
subjects.  As a result of this est, several changes were made which
have been ineluded in the diet as presented in section 1. Complement:
I eriginolly contained ege while, used {for meringues and angel food
cake.  Sinee egg white provided more riboflavin than was anticipated,
itwas repleeed by 2 gm. gelatin and additional cale flour (o supply an
equivalent amount of nitrogen.  Although these proleins are of poarer
gualiiy than those in ecxg white, the calvulated amounts of essentiul
amine acids Iin the diel sU meet requirements as suggested for men by
Rose (153).  Maearoni, used on alternate days for lunch, was replaced
by spaghetti, sinee i was more aceeplable with the limited amount
of temato puree used for flavering,  The recipe Tor tomalo purce was
modified to elude a greater proprrtion of enion and celery (o improve
the flavor.  Although suggested combimations of foods and recipes as
used in the original diet had been tried and tested for palatability by
a small untrained group before this preliminary test period, reactions
to flavor and {exture of some foods proved less satislactory when [ull
servings were eaten repeatedly,

Collections of foods and exereta during this preliminary test pro-
vided an opportunily for cheeking general eollection procedures and
adapting analytical methods to the equipment available. The
Tearmine’ used al the beginning of this test was exereted n the urine
and therefore was unsatisloctory as a feces marker. Carmine, alum
lake No. 1239, from Nalional Analine Division of Allied Chemical &

345282°—55—3
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Dye Corp., was found satisfactory, Experiences during the 10-day
test In preparation of the meals, in collection and preservation of
the samples, and in evaloation of the Qiet and of the analytical pro-
cedures proved invaluable as g preparation for carrying out the
metabolic study rveported here.

GENERAL PLAN OF THE STUDY

The dict as deseribed in section I was used in a 40-day metabolic
study in the spring of 1952 by the Human Nutrition Branch of the
Agricultural Research Service, in cooperation with the Maryland
Agricultural Experiment Station and the College of Home Economics
of the Universily of Marviand. This stud ¥ was undertaken to
evalnate the acceptability of the diet by a group not associated with
its planning, {o obtain information on the meiaboelic response to the
levels of nutrients in the dict seleeted as reforonce levels, and to tess
the use of the dict for a study of the effect of differences i fab intake
on utilization of othier nutrients.

The 6 subjects, sclected from 15 volunicers, were home cconomics
students of the University of Maryland; 3 were juniors, 2 wore sopho-
morces, and 1 was a special student,  All were considered to be in good
health by the examining physician. Age, weight, beight, and calen-
lated body surface of these subjeets are shown in tablo 5. The range
in age was from 19 {o 23 yems; in beight, from 157.7 1o 173.7 em.; In
weight, [rom 47.2 (o 74.7 kg, ; and in calculated body surface, from 1.51
to 1.89 square melors,  According 6 Davenport’s table of weight for
height and age (42), subjects B, E, and I were wilhin 10 percent of the
expected weight; A was 18 percent, and D, 20 pereent underweight;
and C, 18 percent overweight, Subjects A and D were sisters,

TanLE 5.— Physical mcasurenents o subjccts
7

Subject Ape r Wedphit ! l Telght ! st::?:i':"

; -— —_——
i . * Cradi- Syuare

© Years  Kilograms | wmelers melers
14 At L I

| !
: 47 R
A ol N
o i

)

L3

* Mean af welgbls for eatire sty taken o U heginnine, middle, nnd ond of cach perlud,  {Soe foblo 6
for Lrygxia.}
T Calenlated from the fortile of Brebos tnd Uatols CRp WLl Ry 088 5 0 o, 071 0 TLLGH

A furnished house within walking distance of the Univorsity was
rented in order to provide pleasant Iving quarters and adequale
facilities for preparing and serving meals and for colleotion and tem-
porary storage of metabolic samples.  Preparation and serving of
the meals and supervision of the collection of samples were carried out
by four professional members of our staff, Two members were
present at ench meal and one was on duty al all timoes.

The experiment was divided info cight S-day periods.  During the
first 4 periods, all § subjects were given the amounts of fat and carbo-
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hydrate provided in the standardized diet; during the second 4 periods,
8 of the subjects were maintained on the same intake to serve as con-
trols, and the other 3 were placed on a lower fat—higher carbohydrate
intake. No preliminary period was used and noe attempt was made to
saturate body stores with vitamins and minerals, since it was of in-
terest to follow the metabolic response of these subjects to intakes of
the various nutrients in the standardized diet when they changed
directly from their customary nutrient intakes and diet patterns.
Test doses of thiamine, riboflavin, and ascorbic acid were given the
last day of the experiment.

The foods in the core as listed in table 2 were used throughout the
study. Since 5-day periods were desired, meal patterns 1 and 2
were repeated. The foods in complement I were served in essentially
the same amounts as shown in table 2. Minor adjustments in sugar
and jelly intake were made to take care of individual calerie require-
ments as indicated by weight changes. Procodures for the prepara-
tion of the diet and recipes for baked products are given in section IT1,
pages 56 to 60. Vitamins and mincral salts in complement IT were
administered as described in section 1II, pages 60 and 61. Distilled
water and sodium chloride were allowed ad libitum, but the amounis
taken by each subject were recorded. A mixture of sodium chloride
and sodium bicarbonate was used as a dentiifien.

The following plan was used to vary the fatlevel in the diet. During
the firs{ 4 periods when all subjects were maintained on the same in-
take, the estimated 78 gm. fat in the diet were from the following
sources: Approximately 6 gm. fat from foods in the core, 22 gm.
hydrogenated fat (10 in cooking, 12 in the rolls), and 30 gm. butterfat
(15 in cooldies, or cooky and cobbler, and 35 as table fat). During the
last 20 days the 50 gm. butterfnt were removed from (he dict for sub-
jects D, E, and ¥, and the estimated 28 gm. fat remaining in the dict
were from the following sources: Approximately 6 gm. fat from foods
in the core and 22 gm. hydrogenated fat (10 in"cooking, 6 in the rolls,
and 6 in cookies, or cooky and cobbler). The food energy content of
the 50 gm. butterfat was replaced with isocaleric amounts of sugar
and jelly. Iach subject was allowed to choose the proportion of
sugar (partly as fondant) and of jelly that she preferred. On the
basis of the cstimatied 2,000 calories and intakes of 78 and 28 gm. fat,
the fat would contribute about 35 and 13 pereent of the total calories.
Analyzed intekes of fal averaged 76 and 24 gm., so that the fat cal-
ories averaged nearer 34 and 11 pereent. The higher of these two
intakes is 1n the range found in average diets of nonobese women
(11} and the lower intake in dicts generally considered to be low in
fat (2, 7).

Procedures for the colleciion and preservation of samples of foods
in the core and complement I, and of blood, urine, and feces are given
on page 01, section 111,

Thiamine, riboflavin, nitrogen, caleium, magnesium, and phos-
phorus analyses were cnrried out on food, urine, and feces samples;
Tat analyses on foods and feces samples; ascorbic acid on foods, urine,
and blood samples; and creatinine on urine samples. Methods for
analyses are given in section 111, page 62,
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RESULTS AND DISCUSSION

General Response to the Diet

The diet was well accepted by the 6 subjects during the 40-day
study. Several days were required to adjust to the large proportion
of ccreal products and several of the subjecis were not accustomed
to using as much as 35 gm. table fat, but adjustments to these dietary
changes were readily made.

The effect of the diet on intestinal motility was difficult Lo evaluate,
because it varied among the subjects. Litile or no eflcet was noted
for subjects B, C, and F. It took longer for the carmine Lo appear
in the stools for subject A toward the end of the study than during
the first weeks. With time, molility also became slower for subjects
D and E, but both subjects stated that it was not unusual for them
to have intervols of several days between eliminations. These
sIubj ects were given agar in periods 7 and §, but elimination was still
slonw,

The food-energy intake and the average body weight for the 6
subjects for ench peried are given in table 6. Subject C, the tallest
and heaviest subject in the group, had the highest inerease in food
energy intalke during the study (from 2,015 to 2,51¢ calories in the
first 20 days), yet lost a trtal of 3.0 kg. of which 1.2 kg. was lost
during the last 20 days on 2,510 calories. ‘The othcrs varied less than
0.5 kg. on intakes of 1,865 to 2,055 calories during this same period.

Creatinine Excrefion

The daily creatlinine excretion values are shown in figure 1. Mean
values with standard deviations for 5-day perieds and for the 40-day
study are shown in table 7. Crealinine delerminalions were carried
out on both halves of the uring samples (see seet. ITI, p. 62) to check
the accuracy of separation, hut only tolal values are reported. The
results indicated that subjecis A, DD, E and ¥ divided all urine samples
satisfactorily and made complete eqlleclions throughout the 40-day
study. Subject B apparentlylost part of twosamples.  Subject O ad-
mitledlylost & number of samples oward the end of the study, includ-
ing those following the fest dose, and made unsatislactory division of
many samples. Daily variations in creatinine exerction for (s
subjeet were large and {rom easual remarks it was apporent that she
did not apprecinte the importance of accurately terminating 24-hour
collections.  Therclore, samples for the last period were disearded
and winary vilamin wvalues are reporied only by 5-day periods.
Coefticiants of variation * within 5-day periods for the other' 5 subjecls
were 5 pereent or less, exeepl for subject A 1n period 4, B in period 5,
ang D in period 8, and in these esses the coeflicients did not exceed
i0 percent. Coellicienis of variallon for period means were all
within 5 pereent, including those for subject €. Daily variations in
creatinine excretions for these subjecls woere nol related Lo the
menstrual eycle (Ggure 1).

? Standard deviation expressed ns percent of the mean,
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TABLE 6.—DBody weight ! and caleulated food energy intake of the subjects during the study

Sday period

Subject A

Subject B

Subject O

Subject D

Subject E

Subject F

Food

Weight energy

YFood

Weight energy

Food

Welght cnergy

Food

Weight energy

Food

Weight eneigy

Food

Welght | oot

Kilograms | Calories
50,0 2,015
50.2 2,005
46,9
40.7
50.1.
50.2
50,3
50, 1

Calories
2,015
1,095

“Kilogra ms

50.8
59.3
50.0
5.0
58,9
58.8
58.5

Culories
2,015
2,815
2,315
2,390
2,510
2,510
2,510
2,510

Kilograms

Kilograms Culories
47.0
47.0
47,0
46.9
47.1
47,4
47,4
47,6 |

Calories
2,015
2,015
2,015
1,095
2,035
1,925
1,865
1,865

Kilogranis
56.0

56.8
&6, 1
56..8
50,8
&7, 1
57.2
57,0

Kilograms
58.7

58,7
58,6
58.7
50,0
89,1
50.0
50.1

Calories

2,015
2,015
2,015
2,015
2,055
2, 055
2,055
2,056

L Mean of weights for entire study taken-at the beginning, middle,

2.4duy period,

and end of each period.

TapLE 7.—CReATININE: Average daily excretion values

S-day period

Subject A

Subject B

Subject Q )

Subjeet D

Subject B

Bubject F

Standard

Mean deviation

Standard

Mean | Govintion

Standard

Mean devintion

Standard:

Menan | Geviation

Standard

Mean | qavintion

Standard

Mean deviation

S T

. Sf orio
0 days)

Grams

Grams
EO7 0. 0

Grums
1. 03

107
21,05
1.05
L0
L4
, 00
IN(T)
1,04
104

Grams
003

Gr(::)ms Grams
L3 0.07
1.23 .09
118 18
1.14 18
1.19 i}
1.20 .20

O] [
1.21 .06

121 17

Grams Grams
1.02

0.02

Grams
1.02

Grams
0.03
12 .03
09 4
1
3

Grams
1,14

1.
1
1,
i
1.
L
1.
1,
L

1 One sample lost before ereatinine was analyzed.
#3-day period; values for 2 days indiented incomplete collectlon;
1 Collections krown to be incomplete,
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CONTROL GROUP

Groms A l I B c
.60 — —
_ — Daily
N == 5-Day Average .
% Beginning of Menstrual Period
190 } eginning of Low-Fat Diet ]
120 — I 1
100 [— !
.80 —
N1s) * L1 H * L 1 - * 1 N L 1 '
LOW-FAT GROUP
M E F

1.20 -]
1 i ‘h@vﬁ'w 1
1.00 %W -
B8O —
60 R il S T S T Y B2 [ . ¢
4 6 8 2 & 6 8 2 48
Periods

Frgure 1.—Creatisinn;  Daily urinary excretiona.
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The creatinine and creatinine nitrogen coefficients (milligrams pre-
formed creatinine or creatinine nifrogen per kilogram body weight)
for the six subjects are shown in table 8. A detailed discussion of
possible relationship of creatinine excretion to body weight, muscular
mass, end museular creatinine is given in the monograph on creatine
and creatinine by Hunter (83).

TaBLE 8, —Average creatinine and creafinine nifrogen coefiicients

x

Crestinine eg- | Crentining aitro- Creatining co- {Creatining nitro-

elficient based | gen coelicient cilicieni based | pen cocfficient
on— based on— on— hased on—

Subject Subject

Actual] Idcal | Actusi| Idesl Actual | Tdeal | Actuel | Idesl
welght | weight | weight | weight weight | weight | welehl | welghe

MEN- | AR D AR L AN SFHN- | AfE-  MRN- | M-

grams | groms prawms | grams | grams { grams

f.1 6.6, 18 52 6.7
6.5 BE 17 6.6

6.0 B 18 L1

Mitrogen Metabolism

The date on nitrogen balance are summarized in table 9. The mean
daily nitrogen intake for all subjects for the entire study was 10.9% gm.,
equivalent to §4.8 gm. protein® An average of 3.11 gm, was obtained
from foods in the core and 7.88 gm. from foods in complement I (7.09
gm. from rolis, 0.49 gm. from cockies and cobbler, and 0.30 gm. from
gelatin). Approximately 27 percent of the nitrogen (3.02 gm.) was
obtemed from animal protein ether than gelatin (1.57 gm. from beef
or haddock, 0.27 gm. {rom milk, and 1.18 gm. from casemn). This was
distribuied in the meals as follows: 0.51 gm. in the breakfast, 0.47 gm.
in the lunch, and 2.04 gm. in the dinner. The nitrogen content of the
rolls was higher than planned because of 8 marked variation in (wo
lots of gluten fiour. The lot vsed during the study contained 7.69
percent of nilrogen compared with 6.41 percent found in the lot used
in the preliminary test. This resulied in an additional 5 gm. protein
from the rolls.

Urinary nitrogen and nitrogen relention values indicated that sub-
ject C had been accustomed to a somewhat higher and the other five
subjects to a slightly lower protemn intake that than of the standard-
ized diet. TExcretions for all subjecls excepl subject C were stabilized
after the second 5-day period.

Fecal nitrogen ranged from an average of 0.39 gm. for subject B to
1.06 gm. for subject B. Wide ranges in [ecal nitrogen among subjects
on gconstant intakehave also been reported by Jobnsten and MeMillan
{86} and Toscani and Whedon {183},

Replacing 50 gm. fat with isocaloric amounts of carbohydrate
apparently did not aiffect the nitrogen retention. As shown in table 9,
retention values for the 3 subjects in the low-fal group receiving
approximately 24 pm, fal during the last 4 periods of the study were
not consistently different from those found during their conirol periods
or from those of the 3 subjects in the conlrol group receiving 76 gm.
fat throunghout the study.

¥ Protein conversion factor used was 5.90.
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TapLeE 9.—NITROGEN: Avergge daily intake, excretion and relention values
[Contrel dict, 76 gm. fat; low-fat diet, 24 gm.]

Excretion
Oroup, subject, diet, and period

Crine Foces

CONTROL GROUF
BSubject A:

Croms
117
i)

LB
1.81

Eubject B:
Caontrol diet:
Period 1.,

2

Bubjeet C:
Control dipt;

LOW-FAT GROTF
Bnblect D:
Control diet:
Period 1
]

3
4
Low-int dipt:

B

Bz

Fomo
b

o

Bubject E:
Coatrol diot:
Period é.

3

q
Low-fat diet:
Period 5.....

[

W

a;;aa

b 6

= ino

Subjeet F:
Control diet;

4.
Low-fat, diet:
Period 5.
E
.

! Averare for 2 periods; separation between periods not solisfactory.
3 Creatinine values indicated ineomplele colleetion, {See p. 16.)
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TProtein metabolism in man hes heen reported to be affected ad-
versely when almost all the carbobydrate in the diet v7as replaced by
fat (165, p. 199) and favorably when fat or carbohydrate was super-
imposed on a diet already adequate in protein and food energy (39),
or when a fat emulsion was used as a supplement to & diet deficient
in protein and food energy (157). In the present study, in which the
protein and food energy intake were adequate, no effect on protein
metabolism was found as a result of the change from 250 gm. carbo-
hydrate and 76 gm. fat to 360 gm. carbohydrate and 24 em. fat.

The mean daily nitrogen retention values for the 6 subjects for
periods after equilibrivm was reached were as follows:

Per sguare Per Eilogram
Daily tolel V meter of body of hody

sirfoce weight
Subjest: Crams Groms Aiiligrams

A e 440 04 14

B. a7 | &

o LT .41 1]

o 5 .56 15
104 . B3 18

.18 .88 17

.18 S48 14

1 Perlods 4 1o 7 for subjest C, 3 to 8 for otber 5 subjects.

The mean total retention value of 0.78 gm. for these subjects is
pomparable with the value of 0.72 gm. reported by Johnstorn and
AMeMillan (86) for 6§ women aged 20 to 31 years during their first
d4-week study on a diet confaming 10.72 gm. nitrozen. The mean
retention value of 048 gm./m? is also similar to Johnston and
MeMlillan’s value of 047 gm./m,> A mean retention value of 0.37
gm./m.* was reported by Bricker and associates (23) for a group of
women aged 1¢ to 30 years during a 10-week period on an intake of
only 5.08 gm. nitrogen, Mlitehell (726) found a small positive nitrogen
balance during a long-time study in men aged 18 to 31, even after
correction for dermal Joss, which he considered to be required for
growth of hair snd nails.

Variation in average nitrogen retention values of from 0.37 to 1.04
gm. for the subjects in this study cannot be explained on the basis of
age, weight, or surface area,

Dietary Fat and Fecal Lipids

As analyzed, the average daily intake of fat during the control
periods was 76 gm. {34 percent of the calories) and during the low-{at
periods 24 gm. (11 percent of the calories). Theamounts of hydrogen-
ated fat and butterfat used in the diet were discussed under the plan
of the metabolism study (p. 15). The total amount of fat found by
annlysis was about 2 gm. lower than had been estimated.

Lipid excretion values for each subjeet are shown in table 10. The
values during the low-fat periods were similar to those found for the
same subjects during the control periods. That fecal lipid for the
three subjects in the low-fat group was not affected by the change in
dietary {nt from 76 to 24 gm. was indicated also by analysis of variance.
Fat balance values and digestibility coefficients were not calculated,
since there was no significant change in fecal lipids with tho change
m intake. Mean exeretion values for the 6 subjects during the study
averzged 2.02 gm., with a standard deviation of 0.64.

243255°— 55—
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TapLE 10.—Lirins: Average doily fecal exeretion and parfilion values
[Control dlet, 76 gm. faf; low-Tat diet, 24 gm.]

Exgretion
Group, subjert, diet, and perfod .
Daily Fatty | Neutrpl |Unsanoni-
total acids fat finbrie
CONTROL GROUF
Subfect A:
Control diet: Grams | Pereend | Pereent | Pereent
L5 S 247 39 14 43
b 1.73 40 16 44
SRR 2.a7 (33 14 15
4 11,72 42 15 44
5 - 1172 42 14 44
i) crrmm——— L7 40 14 46
F e - 1.68 38 14 48
B e 1.73 42 18 40
Subject B:
Control diet:

Period 1o e 1.65 36 28 39
2... 184 33 i3 a2
e 217 a0 20 44
4. 2.0z 36 20 41
I . J.r0 40 10 44
B e e mam e amma e en 2,35 32 ‘20 48
S, 1. 94 36 b 44

.................. 03 33 25 43
Subject C:
Control diet:

Poriod 1 - e 4.10 £3 iz a5

2 13.38 5 13! 33

13,338 54 13 33

+.2[ 44 41 41

5 - 3.02 42 16 [ 42

B e 216 43 15 | 40
T 3. 85 47 5 | a

3 e rmmre—amm— e {7 e o e

LOW-FAT GROCP )
Subject I):
Control diet:

Pariotl J e e ——————— 157 43 26 al
2 R 1, 5% 40 14 a7
3 . . 1. 654 52 iz a5

................................................. L3 44 15 41
Low-fal diet:

BT 1l 4] 20 40
L - 1.76 44 18 48
[ P 1,46 50 16 M

—— 247 5 7 3z
Subjeci E:
Caontrol dirts

Toriod 1., - mmrmmmamasas 2.0 44 20 36
2 1.045 37 3T 46
3 LB 40 2i i’}
A eimmcammecamme e odme e dcmmeaeeo PR 1. 56 40 17 42

Low-fal tliel:

FPeriod 5. . ty,02 44 15 41
1] - V1.2 44 i5 41
P meee —mmmmen .86 a8 29 a2
B 2.41 35 15

Subject F:
Contrei ¢et:

Toriod 1 2,52 41 23 35
2nennn I 1.EY 4 16 41
3 107 45 ib i}
L T L 41 15 44

Low-fat diet:

Period 5.0 148 37 22 4L
[ 112 36 23 2N
Famcemmmmmas 1.u8 42 21 4t
et et e em e rm e n 14l 49 24 44

! Averuge for 2 periods; seporation Detween periods not soilsfoctory.
4 Mot annlyzed.
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CONTROL GROUP

23

I
Grams

4.0
35
3.0

2.5

Al | B
7] Unsaponified Materigl
Neufra! Fat

BB Fatty Acids
J. Beginning of Low-Fat Diet

; Not Analyzed

LOW-FAT GROUP

D E

2 4

Periods
Fioure 2.—Lirips:  Average daily fecal excretions by perioda,
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Reports in the literature on the effect of fat level in the diet on the
fecal lipids are controversinl., Annegers, Boutwell, and Ivy (8), for
example, uging from 60 to 150 gm. hydrogenated fat or lard in sddition
to the fat In the basal foods, reported that differences in fecal lipids
due to individual variations in fat excretion can be expected to be
grester than differences due to the level or type of fat in the diet;
Wollaeger, Comfort, and Osterberg (191), using diets containing 100
or 200 gm. fat (but not with the same subjecis), reported increases in
fecal lipids with higher intalkes. .

The average daily values for fecal lipids with amounts excreted as
fatty acids, neutrai fat, and uunsaponifizble material are shown in
figure 2, and are given as percentages of the total in table 10. Total
fatty acids and uosaponifiable material were about equally distributed
and together constituted about 80 to 85 percent of the total output;
only about 15 to 20 percent of the output was in the form of neutral
fat. The samples were not analyzed for soaps, as the glacial acetic
acid used to preserve the samples for vitamin anslyses had resulted
in some hydrolysis.

Calcivm, Phosphorus, and Magnesium mefabolism

Carvcrom—The calcium intake, urinary asnd fecal excretion, and
relention values for each subject are shown in table 11. The mean
daily calclum intake during the study was 725 mg. An average of
144 mg. was obteined from foods in the core, 81 mg. from foods in
complement I (64 mg. from rolls, 7 mg. from cookies and cobbler, and
10 mg. from gelatin), and 500 mg. as dicalcium phosphate from com-
plement II. In addition, all subjcets received from 1 to 4 mg. per
day from jelly; subject E, 6 mg. from agar in period 7 and 18 mg. in
period §; and subject D, 6 mg. from agar in period 8.

Since the greater proportion of the caleium is usually excreted in
the feces and unsatislactory separation of feces betwecn periods is
often a source of error, evaluation of calcium metabolism date by
single periods is difficult. However, since retention values for most
of the subjects for period 1 were markedly different from those for
suceceding periods, it has been considered as an adjustment period
and values for period 1 were omitted in all averages. An adjustment
period of 4 days to a week is usnally considered adequate if the intake
13 not radically different {rom the subject's usual intake (102, 172, 87,
21). Nicolaysen and coworkers (134) bave found marked differences
among subjects in the length of time nceded to adapt to intakes of
half the original value.

The mean caleium intake, urinary and fecal excretion, and retention
values with standard deviations for periods 2 fio 4 and periods 5 to 8 are
shown in table 12. Subjects in the low-fat group retained less calcium
during the low-fat periods 5 to 8 than during the control periods 2 to 4.
However, retention values for subjeets A and B in the control group
were elso less during periods 5 to 8 than during periods 2 to 4. Analy-
sis of variance indicated that differences in retention hetween periods
2 to 4 and periods 5 to 8 for the 6 subjects were not significant, and that
calcium retention for the 3 subjects in the low-fat croup was not
influenced siguificantly by lowering the fat content of the diet from
76 to 24 gm. {or 20 days.
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Tanre 11.—Cavcrom: Average daily infake, exeretion and retention values
{Contrel dfet, ¥6 gm. fot; low-fat Qiet, 24 gm.]

Excretion

Gronp, stbieet, diet, aod porlod Intske
Urine Feces

LONTROL GROTP

Sub{gct?: Yiet Adiii- M- itk
ontrol diet: groms amy mE
Pariod 1 736 g 169 gre

2 T3 132

T 128
181

Bubject B:
Contrel dlet:
Perind 1

LOW-FAT GROUP

Subjeet D:
Controi diet:
Periog 1
a

3

4
Lyw-fat diet:
Poriad 2

7
8

Bubject B!
Control diet:
Peried 'l’

2

4.
Low-fal diet:
Periot Seeee—oen

Coatrol dict:
Porimd 1
o

3

4

Law-ful dici:
Period b

&

1 A verago for 2 periods; separation Dot ween periads not satisfactory.
* Crestinine vatues Indicated Incompiete colicetion,  (Spe p, 16).
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TasLE 12—Carciunm: Mean intake, excretion, and relention values for control and
low-fat periods

{Controt dlet, 76 gm fat; low-fat dlet, B gm.]

Esxcretlon

Retention

Intake, Urine Feees

Group, subject, and peripds mgan

Stand- Stand- Stand-
Mean | ard de-| Meon |ard de- ard de-
viatlon viation vition

CONTROL GROOP e,

MM | M- | M ) ARN- | M-

Bubject A grams | grams | grams | prams | grams
Periods 2-4__ oo ooecoee e Control. an 452 81 1i8 -]

58 -.da + 10 463 2 104 3
Gublect B:

Periads 2-4 ..do 42 562 38 —15 5t
5-8 do 18 B65 G0 —38 74
Subject C:

Perlods 24 .-da 9 625 133 —82
£-7 do 510 20

LOW-FAT GROTP

Bubject I:

Porlods 24 oomiiammenmeenan .| Qontrol,
5B e wm e eea ) LOW-fRE_
Subject B:

Periods 24 Control.
5B

Low-fat_

Subleet F:
Periods 2-4._. .| Contral.
8. Low-Iat,

The mean urinary calcium values for the subjects in both groups
were higher in periods 5 to 8 than in periods 2 to 4, but no consistent
increase was shown in valuws for individual periods (see table 11).
Analysis of variance indicated that the increase in urinary calcium
values for the subjects in the low-fat group during the low-fat periods
was not significant at the 5-peveent level. The ¥ valae of 3.99, how-
ever, approached 4.21 necessary for such significance,

In 2 short-time studics on women (62, 114) and 1 on men (6)
changes in the level of fat weve reported to have no effect on calcium
retention. Basu and Nath (10) reported a shorl-time study on 4 men
in which 4 of 5 fals tested favored absorption and retention of caleinm
and phosphorus. Steggerda and Mitchell (172) concinded from a
Iong-time study on 13 men that the fai level used in the study had
no influence on caleium metabolism. The source of caleium in all
these studies was from foods. Levels of fat ranged from 5 to 105
em. {lard) in the Mallon study (114) to as high as 200 gm. (butter-
fat and olive oll) in the study reported by Aub and associates (6).
In these studics, the food energy (when reported) was kepl constant
primarily through substitution of sucrose for {at. 'That Lhe type of
carbohydrate in the diet might be an influencing factor in calcium
retention was indicated by the study of Mills and associates (125),
who reported that the substitution of 36 »m, lactose for an equivalent
amount of sucrosc increased Lhe percentage of calcium retained by
children. In the present study the diet was kept isocaloric during
the low-fat periods through the use of increased amounts of jelly and
Sugar.
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The mear daily calclum retention values for the 6 subjects were 2s
follows:
Per Lito-
gram of Per cen-
Daily hody timeler
fofel t weight  of height

M- M- Milli-

Subject: grans fras gramy
A 110 2,20 0.64
-28 -.49 - 18

—32 —, 43 -—. 18

—37 —. 78 —.22

»2 2,18 .75

B -3 .85

24 .47 L4

! Periods 2 to 7 for subicot G, 2 to 8 for other 3 subjects.

These mean relention values were not related to the subjects’
weight, height, age (19 to 23 years), or previcus calcium intakes on
their usual diets {obtained by dietary history)., Leitch (103) from
her review of available data concluded that there was no correlation
between calcium requirement and body weight. Steggerda and
Mitchell (171) disagreed with Leitch's conclusion, but steted that
“other factors are so much more potent in causing variation in cal-
cium metabolism as to completely obscure the eflect of variable body
size.”

Mean urinary calcium values among our subjects ranged from 156
to 256 mg., and fecal values from 392 to 570 mg. Leichsenring and
associabes (102) reported mean urinary calcium values of 18 and 232
mg. for 2 of their subjects and a corresponding difference in calcium
balance. In the present study subjeets A and D (sisters), who showed
the lowest and highest mean urinary caleiwm values, had correspond-
ing retention values of 110 and —37 mg. In the other 4 subjects mean
urinary caleium values ranged ondy from 189 to 214 mg. and differences
i retention were due to variations in fecal valucs.

Retention values for these 6 subjects (—37 10 123 mg.) are in the gen-
eral range reported by the Ilinois group (24, 169, 170) and also thiose
u\poﬂed by Patton and Sutton in Ohio (744). Drake and associates
{409y and Johnston and associates (87) found somewhal larger neggilve
balances among their subjects recciving intakes over 800 mg. than
those reported 1 the Tlinois apd Ohio studies on intakes ranging fromn
725 to 754 mg,, or in ihe present experiment on an average intake of
725 mg.

Prosernorts.—The phosphorus intalke, urinary and feeal excretion,
and retention values for each subjeel are shown in fable 13. The mean
daily phosphorus intake during the study was 942 mg.  An average of
271 mg. was oblained from {oods in the core, 283 mg. from complement
I (255 mg. from rolls, 28 mg. {rom cookics and cobbler) and 388 mg.
as dicaleium phosphate {rom complement II. In addition, the sub-
jects received from 3 to 13 mg. from jelly.

The first peried was apparently needed for adjustment. Retention
values were different {rom those lor suecceding periods for at least
three of the subjecis (A, B, and D}.  Values for period 1 were there-
fore omitted from all averages.
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TapLE 13.—PHoSFHORUS: Average daily infake, excretion, and refention values
{Control dlel, 76 gre. fa%; low-fat dlet, 24 gm.]

Excretion

Group, subject, diet, and neriod
Trine Feces

CONTROL CROTE

Bubfect A Refilli- il AL
Control dist: prams
Perigd 1____.__ Ha

2, 953

846
953

il
038
31

Bublect R:
Cuantrel diet:
Perlod 1

7

Bubject C:
Control diet:

Bubject D:
Control disf:
Perlod §
2

3.
1.
Low-nt dies:

Perlod §oo oo
G

4

Low-fal dlpl:
Perlnd 5

5]

Bubject F:
Control det:
Porlod 1.,
2

L BV
Low-fot dlpt:
Perlud 5
.
7.

B i

) Average for 2 {mr!mls: separation helween perlods not sutisfactory,
£ Crentinlog vaiues Indicaled Ineamptete colleetion.  {Sce p. 16).
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The mean phosphorus intake, urin and fecal excretion, and
retention values with standard deviation for periods 2 o 4 and periods
5 to 8 are shown in table 14.

TaBLE 14 —PuospHoRUS: Mean iniake, excretion, end retention walues for eonfrol
and {ow-fal periods

[Contro! diet, 76 g, fut; low-fak diet, 24 gm,)

Erxeretion
Retention
. Urine Feges
Group, subject, and perlods Diet Iﬂfg&c’ _
Stand- Stund- Stand-
Mean {ard do-| Mean |ard de- | Aean | ord de-
viation viatian vistlon
CORTROL GROUP
Subjeect A: RIUN- | AFRH- | AFE- | M- LA | ARSI
Perlods: grems | grame | grame | grems | proms | prawy | grams
A e amcmaec. | Control. @il 5m 2 306 5 144 i)
5B aan doe... Le 1 ol a0 44 13 &2 el
Sobject B
PForiods:
a4 B4 471 ! 456 18 19 ki)
-8 B4 H08 21 402 56 —36 68
Subjeet C;
Perlods:
o PR e 859 608 44 4581 124 —130 B3
L Y (RO | IS B4 477 25 403 8 1] 73
LOV-FAT GROTP
Subject I3:
Perjods:
24 i Control. 48 571 o 344 40 33 68
Low-fat. %] 552 47 493 &4 i 106
JF Cantrgl - ;& &7 53 303 a2 128 144
. Low-fat * B33 ) Ho 21 302 134 102 113
Subjeer F H ; I
Perlods: i 1 I
2—-1._______-.---_-__-_‘_...: Contral.} A 516 42 10) 39 N 40
- R, { Luw-fnt_] 54 i 573 45 345 =] 33 G5

Analysis of variance indicated that differences in retention between
periods 2 1o 4 and periods 5 to 8 for the 0 subjects were not significant
and that phosphorus retentions for the 3 subjects in the low-fat group
were not influenced by lowering the fat content of the diet from 76
to 24 gm. for 20 days. Mean urinary phosphorus values for periods
5 to 8 were slightly higher for the 3 subjects in {he low-fat group
and for 2 of the subjects in the control group during periods 5 to 8
than during perieds 2 to 4, bul these differences were not significant
and were not related to the change in the fat level of the dict.

The mean daily phosphorus retention values for the 6 subjects
were as follows:

FPer Lifo-  Per centi-
Daily total V' grawm of weter af
body welght  heipht

Subleats Afiltigrams Afittigrams Mltigroms
A e imaan 102 M 0, 6
B . - 12 -, —.08
c . - -3 —. 44 —~. 18
13 - 2 AU a1
I — 113 2,00 L9
- 41 L5 .18
Mean,..... L P b1 . Ly .20

ITerlods 2 Lo 7 for subject C, 2 to B for other § subjeots,
345282°—556——3
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The mean retention of 34 mg. is higher than the mean of —27 mg.
reported by Kunerth and Pittman (99] for 3 subjects recoiving intakes,
over g 45-day period, similar to those in the present study. However,
their individual retention values of —27, —59, and 45 are compar-
able to the retention values of —12, —33, and +2 found for three of
the subjects in the present study. An intalke of 800 mg. was reported
to be adequate for o group of subjects studied at Minnesota and Ohio,
(102), but a later study carried out in the same laboratories (145)
Indicated that an intake of 800 mg. was marginal.

Variation in retention among the subjects of the present study of
—33 to 113 mg. was not related to weight, height, or age (19 to 23
years). Mean urinary phosphorus valucs ranged from 493 to 577 mg,
and feeal phosphorus from 303 to 459 mg. The 2 subjects gxereting
approximately 300 mg. through the fecos retained about 100 mg.,
and the 2 showing fecal values of approximately 450 mg. lost small
amounts of phosphorus. TUrinary phosphorus values of about 3540
mg. were found for 4 subjects, including those showing the highest
and lowest retentions.

MaceyesIoM.—The magnesium intake, urinary and fecal excretion,
and retention values for each subject arc shown in table 15. The
mean daily magnesium intake during the study was 182 mg. An
average of 65 mg. was obtained from foods in the core and 117 mg.
from complements T and II. The rolls contained 114 mg. (which
included the 100 mg. magnesium incorporated as magnesium glucon-
ate} and the cookies and cobbler contained 3 mg. The caleulated
mtake, primarily from Sherman’s table (765, 5. 682) of mineral ele-
ments in foods, was about 90 mg. from foods in the core and 135 mg.
from complements I and II, so that the actual intake was 43 mg. less
than was expected.  With the low intake of 182 mg. it Is not surprising
that 5 of the § subjects were in negative magnesium balance.

As with calcium and phosphorus, the subjects evidently peeded
period 1 for adjustment {o the new inlake, as retention values for at
least three of the subjects, B, C, and D, were less negative than those
for succeeding periods.  Mean intake, exeretion, and retention values
wilh standard deviations for periods 2 to 4 and 5 to 8 arc shown in
table 16. The values during the low-fat periods were similar to (hose
found during the control periods. That magnesium retentions [or
the 3 subjects in the low-fat group were not affected by the change in
the fat level from 76 to 24 mg. wus also indicated by apalysis of
variance.
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TavLe 15—MaeNEsium: Average daily fntake, excrefion, end rolention values
{Conirol diet, 76 gm. fat; low-fat dist, %4 gm.)

Exereiion
Graup, subject, diet, and period Iniake

; Trine Feees

COXTROL GROTE
Bubject A: M- M- M-
Contrel dlet: grams grams
Period 1 187 150
a 154 83
152 i 116
178 i

Buohjert D:
Conlrol dint:
Peried 1

Subject O
Control dist:
Teried ,l,

SZus

-] =y
[ SRl =]

- SR

LOW-FAT LROUP
Bubject T3
Cuntrol diek:
Poeriofd 1o
7

L
Ligw-fat diet:
Period 5.
0. .

Bulsteel B
Conirol dlel:
Trerdwl },. .-

4

...,
Low-rat dlegs

Bubirct F:
Control dint:
Period o,

.

Tow-fat, dlet:
Trordotd B e,

' Avarage for 2 perieds: separntlon belwoeen periods not sntlsfctory.
? Creatiniuno velues lndlealed neompdete collection,  (See p. o).
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TapLe 16.—MacresroM: Mean intake, excretion, and releniion values for control
and low-fot periods

[Control diet, 76 gm. fat; low-fat diet, 24 gm.]

% Excretion
l ; Retention
Trline I Feces
Group, subject, and perods Diet 'Iﬁg::ne'; E _
“Stand- | ! stand-  Stand-
Mean crrd f.iv-j Mean ‘ard de-: Mean | ard de-
| viation ! rlation | viation
' I 1 :
|
COXTROL GROUP .
Bobject A: MG A | AT |OAGHE- | AGHE. O AR [ ASIN-
i g ima ] proms | gramy  groms | prams  grams | prame
[T 9% 7 90 15. —~16 il
179 | 103 4 «) 1] -—14 G
181 3 3 156 ¥ —48 7
i T2 3] 160 17 —53 15
181 ki 8 152 23 —48 25
152 T 4 113 24 —8 37
LOW-FAT GRQTF
Subjeet D:
Perxods
b TR, Contral © 151 102 3 165 il —2F 12
[y T ~ Low-fat.' 1583 108 3 171 9 46 22
Subjeet T: ; ;
I’cnods 1 :
........................ * Contrpl - 151 108 6 69 o 3 a7
5—-5 ........................ . Low-fat . 183 un i ] ar -2 35
Subject F: ; E
Peripds: : :
-2 T IORRUR O /11 1 V1 151 121 T Bh 14 —20 13
i - SR . Low-Int : 153 114 2 &7 ‘251 —18 =

The mean daily magnesium retention values for the subjects were
as follows;

Per kilo-
pram af  Percenii-
Datly Gady weler of
tolal ) weipht Acipht
Subijeel: Afitigrems  Mfiftigrams  Milligroms
A ~15 b 30 ~0.(9
B. il | —. K -3
C —ag —.3r —. 16
1 —38 -k -3
E.. 0 a ¢}
F . -—21 —. 36 - 12
Aleg -G =, 45 —. 10

1 Periods 2 to 7 for subject C, 2 to § for other 5 subjects.

Again, as with ealcium and phosphorus, the magnesium retention
values were not related to the weight or the hewht of the subjects.

Lemhsemmg and associates (1 01) reported a mean daily magnesium
retention of 11.6 + 2.9 mg. for 9 women on an average intake of 261
mg. MeCance and Widdowson (118) found small ru'lvnlions of 3 to
16 mg. for 3 of 6 subjects on average intalkes of 229 (o 317 mg. The
single negative retention (—20 mg.} was on an average intake of 243
mg. Tibbetts and Aub (177} reported that on intakes of 300 mg.
medical students regularly showed magnesium retentions.

Leichsenring and associates (701) and Tibbetis and Aub {(I77) re-
ported that about 40 pereent of the magnesium was excreted in the
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urine and 60 percent in the feces, In the present study subjects B
and C excreted 30 to 40 percent of the total output through the urine,
while subjects B and F excreted about 60 percent by this route.

Leichsenring and associates (101) reporied a mean urinary magne-
sium value of 96.2 + 3.2 mg. and & mean fecal vahue of 153.5 4 3.8
mg. In the present study, on an intake about 80 mg. lower, the mean
urinary value of 97 mg. (72 to 117 mg.) is similar to their figure, but
the mean fecal value of 110 mg. (73 to 158 mg.) is consideraiﬁy lower.
The lowest and highest fecal exceretion values were associated with
the highest and lowest retention valucs, respectively.

Cavcium-Pros rmorus-MagyEsron INTERRELATIONSEIP—The
mean calcium, phosphorus, and magnesium retention values were as
follows:

Calcinm ! Phosphorus U Maghesium !

Sulsjset: Miltigrams  Milligroms Milligramy
AL 114 102 —13
B_ — —12 il
N -3z -3 -
Ir. -3 o -8
i 133 13 9
¥ H KDY -1a1

1 Periods 2 10 7 for suijrel &, 2 10 S for othor 5 subleets.

Subject E had the highest retention of these three minerals, subject
A the next highest, and subject F the third highest. TFor subjects B,
C, and D the retentions were mostly negative, and their order of
retentions of the minerals varied. Caleium and phosphorus relentions,
in general, tended to fuctuate in the same direction f{rom period to
peried but not in the same magnitude or proportion. For example,
during period 2, subject & retained 218 mg. caleium and 223 mg.
phosphorus (ratio 1:1) and iu period 3 corresponding values were 47
and 92 mg. {ratio 1:2).

From & study carried out on subjects in Minnesota and Ohio 102)
it was concluded that the amount of phosphorus in the dict appeared
to be of considerahle importance in determining the calcium utiliza-
tion in adull subjects. Two levels of caleium {300 and 1,500 mg.)
and (wo of phosphorus (900 and 1,400 mg.) were used. From 2 lafor
study {145) in which three levels of caleium and of phosphorus were
used, giving caleium-phosphorus ratios in the diet of 1: 0.50 Lo i:3.10,
it was concluded that utilization of bolh minerals was more closely
related to the Jevels of intake than to the ratios of caleium Lo phos-
phorus. In the present study the dietary calclom-phosphorus ratio
was 1:1.3,

Variations in the retention of ilhese three minerals among thesc
subjects were highly significant and were not related (o their age,
weight, or height.  There was also no relation helween variation in
mi‘::lemi retention and variation in fecal lipids, cither tolal or as fatty
acids,

Thiomine Metabolism

The average daily intake of thiamine during the study was 789 ug.
Of this amount, 156 pg. came from foods in the core, 141 pg. from foods
in complesent 1 (132 ue. from the rolls and ¢ ug. from {he coolkies and
cobbler), and 492 gu. from thiamine hydrachloride in complement IT.
An additional 3 to § pg. was obtained from 1eliy.
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As shown in table 17 and figure 3, neither urinary nor fecal thiamine
excretion appeared to be influenced by substituting approximately
110 gm. carbohydrate for 50 gm. butterfat during periods 5 to 8
for the 3 subjects in the low-fat group. Subject D in this group
excreted less thiamine in the wine guring low-fat periods 3 to 8 than
during the control periods. This change was probably not related
to the change in the diet, as excrelion values for the other 2 subjecis
in this group were in the same raage as during their control periods.
Furthermore, subject C on the control diet throughout the study
showed an even more marked drop in urinsry thicmine in perieds 5 to
7 than did subject D. Variations in fecal thinmine, {ree or combined,
were 1ot related to the change in carbohydrate-fat level,

Reports in the Lterature on the cffect of the dietary Ievel of fat and
carbohydrate on the thismine excretion are not in agreement. Cahill
(29), for example, reported no change.  Reinhold and coworkers (161)
reported that urinary thinmine excretion was decreased in 5 of 6
subjects, but differences in free or total thiamine in the feces were not
significant when the carbohydrate-{at ratio in the diet was increased.
These studies were both carried out over short periods and so may
well have been affected by adjustment of the subjects to the new
levels of intake.

The daily urinary thiamine values for 5 subjects and 5-day averages
for 6 subjects arc given in figure 4 and table 18.  With the exception
of subject B, these subjects had apparently heen accustomed to an
intake higher than the 0.79 mg. in the standardized diet, as values for
the preliminary day (106 to 194 gg.) were higher than those for
succeeding days. Stabilization time on the 0.79-mg. intake spparently
ranged from 0 days for subject E to at least 35 days for subjects C and
D. Keys and associates (95) reported that 24-hour excrelion vahies
for thizmine became constant in less than a month in 2 groups of
subjccts receiving average intakes of 0.61 and 1.61 mg. In a later
report from the Uinnesota laboratory by Mickelsen and coworkers
(123), they concluded from statistical analysis of their data that about
& weeks were required for thiamine and pyramin urinary excretion
values to come Lo equilibrium when the intske was increased {from 1
to 2 mg.

Thegmean urinary thiamine values for the subjecis in pericds 7
and 8 (at which time all subjects appeared slabilized) ranged from
38 to 89 pg., with a group average of 67 yg.  Data from Keys' group
(98} showed & value of aboul 58 ug. for 4 subjecls after s period of
6 weeks on an infake of 6.69 me. {0.23 mg, per 1,000 calories), and
was considered adequate. (Critena of adequacy are reported on
page 66, sect. 1V} As discussed by Mickelsen and associates (122),
the wide differences in individual response Lo a given intake make it
difficult Lo establish an arbilrary urinory excretion value ss o cri-
terion of adequacy. In the present study, afler a period of 35 to 40
days, 2 subjecls showed cxcrelion values of approximately 90 ug.;
3 subjects, of approximalely 60 pg.; and 1 subject, of only about 40
pg.  The first 2 subjects showed the lowest and highest values on the
preliminary day of (e study. These varnations in their response to
thie same Jevel of intake cannot be expiained on the basis of differences
in weight (actual or ideal), surface aren, or fecal thiamine excretions.




A STANDARDIZED DIET FOR METABOLIC STUDIES 35

TABLE 17 —THIAMINE: Average daily czcretions on average intakes of 788 micro-
grams

[Contrel diat, 76 zm. fat: low-fat diet, 24 gm.]

Excretion

Group, subleet, diet, and perlod Feces

Free

CONTROL GROUP
Suhbipct A: Micrg- Aficro-
Control diet:

grems grame Pereent | Percent

Perfod 1.. 123 T04 40
o5 542 16 34

80 BO7 57 43

66 1616 | 3z 68

59 4 32 o8
a3 b 44 56
45 il
59
Subject B:
Control diet:
Perlod é P

78
16
81

Subject
Control dlet;
Pariod é

B el

LOW-FAT GROUP
Snbleet D
Control diet;

4.
Low-{pt diet:
Pertod &

Subject B:
Control diet:
Perlod 1.
2

3.

4
Low-fat diet:

Subjeet Fi
Contrel diet:
Perlod é

1 Average for 2 pueriods; sepamtion hetwern periods not satisfaciory,
T Creatinine values kxtenied incornplete collection, (See . 10.)
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Micrograms
1200 |-

1600 |-
1400 |-

1000 -

o

O

o)

0
000
lele) o
600 B

00
200

Pericds
Ficure 3.—THIaMiNE: Average daily exeretions by periods on average intakes of
789 micrograms,
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TapLs 18.—THIAMINE: Daily urinary excrelions on average intakes of 789 micro-

grams
{Control diet, 76 gm. fal; low-fat digt, 24 g}

Contral group

Low-fat group !

Period and date Subject | Subjeet | Subject
A B a

Subject
13

Subject
E

Bubject
¥

Micra- Micrg- Miera-
Praliminary day: grams
April 15, 1937, 1

Miero-
grams
02

Mfiera-
grams
i

Miero-
grama
ii1

Period 1t

134

82
33
95
93
63

9

Period 3:
April 25..
27

ANVOTLge

TPoriod 4:

Average

Teriod §5:
M,

Average. ..

Perlod 7:

Avernge

Perlod 8:

+ Control Qlet, periads 1 to 4; low-fad diet, preriods 5 to 8.

! Preliminary day April 17, only allquels for eoeli period were noalyzed,
* Creatinine voiues indicoled incomplelo colloction.

1 Bareple Jost in storege befors anpiysis.

345282°—65—=8
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CONTROL GROUP
A 8 c ®

200 — -
Doily Samples
B Not Analyz:id A

Micrograms

—Daily
w=5-Day Average
160 - i Beginning of Low-Fat Dist I

20

80

T

Sample Ilncomplets |

LOW-FAT GROUP

D E F

120

80

40 — -
0 | I T S S I | PEN W SN N N N g T I W W S W |
2 4 & 8 2 4 [ 8 2 4 [+ 8
Pericds
Freven 4, —THraNs: Deaily urinary exceretions on average infakes of 789 micro- . '

Erains.
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Mickelsen’s group (122} also found no satisfactory explanation for
the wide differences in excretion values among their subjects.

On the last day of the study a 1-hour fasting sample of urine was
collected. Thiamine values for she 6 subjects ranged only from 1 to
3 ug. These values are lower than the values of 3 to 8§ gg. reported
by Oldham and associates (186), but the methods of analyses in these
2 studies were different. Coryell and associates (86) have shown that
fasting values vary from day to day. Papageorge and Lewis (14%)
suggested that 4 ug. may be the critieal 1-hour fasting value, based
on the assumption that 24-hour values should exceed 100 ug. Holt
(78) considered that & deficiency did not exist unless the fasting value
was %ero.

After the collection of the fasling urine sample, test doses of 1 mg.
thizmine, 1 mg. riboflavin, and 400 mg. ascorbic acid were given with
breakiast. Urine was collected separately for the first 4 howrs and
for the next 20 hours after the test doses.

The results of thiamine analyses of these samples are shown in table
19. The 4-hour excretion velues cannot be compared directly with
those in the literature because of differences in plans of the studies.
Oldham’s group (136}, in reporting test dose returns, subtracted s
4-hour basal urinary excretion value. Tt seemns of interest, however,
that in the present study from 1 to 7 percent of the 1-mg. test dose
(plus the 0.2 mg. in the breakfast) was excreted within 4 hours, while
Oldham reported & range of 1 to 8 percent vetwmn in 3 subjects who
have been receiving an intake of 0.74 mg. for a period of 45 davs.
Williams and coworkers (189) administered their 1-mg. test dose sub-
cutaneously and concluded that a return of 50 pg. or less in 4 hours
was indicative of severe deficiency.

The percentage of the test dose excreied during the 24 hows in
general followed the percentage excreted during the last period of the -
study. Subject E, who excreted about 11 percent of the §.79 mg.
intake during period 8, excreted 16 percent of the test dose; subjects
A, D, and F excreted 9, 8, and 5 percent, respectively, of the intake
in period 8§, and 7, 7, and 5 percent, respectively, of the test dose.
Subject B, however, who excreted 8 percent of the dielary intake, ex-
creted only 4 percent of the test dose. The 5 subjects excroted about
twice as much thipmine in the 24 hours after the 1-mg. test dose as
during period 8 (table 19). This indicates that on the 0.79 mg. intake
the body stores were not depleted.

Tante 19.—~TurarxiNe: Urinary exerelions fn response o o I-milligram oral test

dose
Esrro_tlril:t_ _u_fm sday | Diffes- . Propor-
TRAE Aese everoge © o 2ee il Cyian of
Stibject =% exeretion
exerotion, {est dose

. due o
4hours  Mbours 2 hours Perfed & Wi dpep  OFCTEIRD

. <hHere- " Micro- - Miers- t Miero-  Micrn-
grams primy Frizeey gmms:; prams Fereant
& ~

A : £ Wi 133 &7 7
19 R4 102 M 41 4
s L, s o mmaae e e e mmmean
3 % % 81 6 7
£0 . 133 253 % 153 16
1§ 0 S8 37 51 3

t Sampls was lncomplete,
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Ribofiavin Metabelism

The average riboflavin inteke during the study was 972 pg. An
average of 292 ug. was obtained from foods in the core, 167 xg. from
foods In complement I {158 ug. from the rolls and 9 ug. from the coolkies
and cobbler), and 513 ug. as purified riboflavin from complement IT.
Jelly contributed an additional 2 to 5 pg.

The average daily urine and fecal riboflavin values for each 5-day
period are shown in table 20 and figure 5. No apparent effect on
urinary riboflavin wss found when approximately 110 gm. carbohy-
drate (Iargely sucrose) were substituted for 50 gm. butteriat for the
3 subjects In the low-fat group during periods 5 to 8. Fluctuations in
urinary riboflavin excretion during the last 20 days for the subjects
in the low-fat group were similar to those for subjects in the control
group. Pecal riboflavin values for the two groups also showed no
consistent change. It is conceivable that feeal riboflavin excretion
might have been affected had a different carbobydrate been used to
repiace the fat calories. It bas been demonstrated in rats that more
riboflavin is synthesized ov diets containing dextrin, cornstarch, and
lactose than on diets in which sucrose is used as the source of carbo-
hydrate (115).

Since riboflavin excretion values apparently were not influenced by
the change in the diet, the values for all 6 subjects will be discussed
together. The daily urinary riboflavin values for 5 subjecls and 5-day
averages for 6 subjects are given in table 21 and figure 6. Apparently
the subjects were accustomed to more liberal intakes of riboflavin
than the 0.97 mg. vsed in this study. The urinary riboflavin values for
the preliminary day ranged from 396 to 970 xg. and decreased within
the first period to average values of 171 {o 407 ug. A plateau was
evidently reacked for 5 of the subjects in J5 days, since values in
succeeding periods fluctuated both above and below those of period 3.
The average values for subject C, whose trend was consistently down-
ward, indicate that she required from 20 to 25 days for stabilization.

Beeavse of Auctuations 1 urinary riboflavin excretion and differ-
ences among subjects, a standard stabilization period is difficult to
define. Hathaway apd Lobb (71) {ound that their subjects were
stabilized at the end of 15 days, and Davis and eoworkers (44) after
10 days. Keys and associates (94) reported that about § weeks were
vequired to stabilize the urinary riboflavin excretion of his male
subjects. Horwitt’s group (79) concluded that 11 weeks were required
for the stabilization of their male subjects on an intake of .85 mg.,
but they also reported that on a 0.55 mg. intake the average excretion
of the group dropped within 7 days to a value which persisted for
many months,

The mean excrction values for subjects A, DD, and T were in the
general range reported by other authors for subjects on similar intakes
given for 40 days (71, 94, 187), but values for subjects B, €, and ¥
were sownewhat lower. Urinary riboflavin values were not related to
the amounts of riboflavin excreled in the feces. Subjects A and D,
who excreted similar amounts of riboflavin in the urine, had average
valugs in Lhe feces of 8G6 to 1,365 pg. and 183 io 558 pg., respectiveTy
(table 20).
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TanLe 20—R1soFLavIN: Average daily excrefions on average inlakes of 972 micro-
grams

{Control diet, 75 pm. fuk; low-fat diet, 24 gm.]

Excretion

Qroup, subject, dict, and poried Face

Free |Combined

Percent | Pereent
CONTROL GRODE

Subjeet A:
Control dlet:
Perlod laaa. oo 7 i, 365
“ B2

i, 230
11,184

11,184
1, 265
1, IGG

806

Subject B:
Control dict:
Period 1 GBS
fiat]
il
728

635
800
680
68

Suobject ;2

LOW-FAT GROUP
Bubject D
Control dist:
Perlod 1 ............................... P,

L JR
Low-fut dint:
Peried g.._................--...A_.‘_“_._.,_.__.,.,,

Subject E:
Conitrol diet:

..
Low-{nt dle: !
Period g ..... e e e ——————- :

B i m——aaes

Bubject F;
Conirgl dlet:
Period ;

S s i
Low-Int diet:
Perlod g

I Avorage for 2 perlods; sepuration Detween prriods not satisfiaetory,
* Vilues omitted becsuse of unsutlsinelory fecal analyscs.
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Micrograms GONTROL G ROU P
A B

1600 :_:{
e (A Fecal - Combined
1400 7 Fecal-Free
1200 @ Urinary
F } Beginning of Low-Fat Diet

1000 £

800 k-

X I8N 7. 2277 %8 77, O Feces Not
600 o [ 0% 0 At 0 Jo Analyzed

400

1
A0S

( Sample Incomplete

L)

L N Y - MEMEENE
oeTs% 0, MEPEIEM

200

Ly
L)
)

S
R

6 8 2 4
Periods

Figrre 5.—RisorLsvin: Average daily exeretions by periods on average intakes
of 972 micrograms.
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TagLr 21 —Risornavin: Daily urinary excrelions on average intakes of 972
micrograms

[Control diet, ¥0 gm. [at; low-{ut diet, 2¢ gm.

Control group 1 FLow-izt proup !
Period and date Subfect | Snbjeet | Subjret | Sunfeet | Sohijeet | Subject
A ki ¢ { D E F
AHero- fiflero- Aficro- MAlicro- Aficre- Aficro-
Frams prams Hras frutnes frams granty
Preliminary day, Anril 15, 1952..... ... .. W6 Bl 44 oG 404 414
Period 1;
ApPril 16. 408 40l 342 198 228
17, 196 17 |- 264 370 200
18, 318 196 1. 108 178 166
16_ 458 149 |- 314 318 125
1 I 234 LR 158 242 134
ACIBED. e amrmmmmmnrnn- 107 | 21p ang 287 361 171
Period 2; ;
254 2 238 119
204 ) 270 248 130
230 228 232 a2
315 164 150 98
a5 . Ll 405 216 40 1y
AT CTOEE e caer e nes 274 1654 | 85 229 21 | 00
Perfod &:
April 26 24 ] 124 144 142
156 ™ 1M 152 112
10 g2 140 100 74
any 100 142 g 56
155 148 162 166 128
184 13 372 154 195 02
Period 4: ! v
Moy 1 ME | L I O 84
2 IO 152 138 6
o 140 250 98
17 N B 178 104
g 118 166 g9
B m : 145 1573 &6
i i H
o 162 ! N i 170 74
21} 55 1062 141 52
353 130 | 168 Wy 125
agp ! i i 102 ™M
st | g NI 1R | 73 85
a7 | 120 ! 60 3 173 ¢ 168 ! 62
Teriad 6: i ;
May 1. 173 104 144 53 303
12 73 15 . 178 i EEES
2 122 195 a8 LGS
218 149 . 234 55 17
274 BT N T 196 77 88
166 100 ! 65 i7a i i 103
37 175 77 115
T 222 £ 86
I 175 14 74
154 ; 142 117 2]
146 16 146 102
152 i a2 178 1935 93
146 | 83 - 174 17 65
189 RS 125 148 72
179 P 133 150 o
PO P 1 el 136 o5 72
ATOrage.......... 174 wlo® 142 11 7

1 Control diet, peclods 1 ta 4; low-fut e, perieds 5108
? Prefimbnney doy Al 17, only sligizors for cach pertod were noalyzod,
3 Creatinine vadues td leteed Inenmipilele calipetion.

¢ Sgmide lost o storape Defore anolysis,
+ Sy nob staiyeed.
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CONTROL GROUP

Micro%wms, A B
500 K

— Doily
= 5-Day Avergge

" Beginning of Low-Fat [iet Daily Sempies

Not Analyzed

Periods

Figure 6. —Rinoriaves; Daily urinary exerolicns on averoge intskes of 972
micrograms, .
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The 1-hour {asting urine sample collected on the last day of the study
was analyzed for riboflavin content as well as for thiamine content.
Riboflavin values of 5 to 11ug. found for these subjects are similar to
those of 6 to 8 ug. reported by Hathaway and Lobb (71) and 8 to
13 pg. reported by Davis and associates (44) on intakes of approxi-
mately 1 mg.

Results of the analyses of the 4-hour and 20-hour urine samples
collected after the test dose of 1 mg. riboflavin are given in table 22.
Subjects A, D, and E, who excreted over 100 pg. during period 8,
excreted from 22 to 20 percent of the test dose in 24 hours, while
subjects B and F, who excreted less than 100 ug. during period §,
excreted only 17 and 10 percent of the test dose.

Urinary nboflavin values after a test dose arc difficult to compare
with these in the lterature because of differences in the size of the
test dose and the methods of administration (78%2). It seems of
interest, however, that the lowest 4-hour excretion value of 111 gg.
for subject B is considerably higher than the average values of 81 and
57 ug. reported by Horwitt and associates (79) for 2 groups of male
subjects given 1 mg. intravenously after maintenance for 13 weeks
on an intake of 1.1 mg. of riboflavin. The average 24-hour test dose
return of 16 percent in our subjects is also somewhat higher than the
average of ¢ percent reported by Keys and coworkers (94), but their
subjects had been maintained on & diet containing sbout 1 mg. for 80
days at the time of the first test dose.

TirLe 22.—RiporLaviN: Urinery excrelions in response fo @ I-milligram oral test
dose

I

Excretion alter test dose I[ 4-day - - | Propar-
avorage ' LR tlon of

Subjeet lexeretlpn, EXECUOD | o d0se

. due o
[ test dose excreled

i period B

4 hours 1 20 hours ' 24 honrs
: : 1

i ; |
Aficro- l Aigrg- ¥ Aficro- b Afiere- l Micro-
grams frums . groms prewts 1 grems Fereenl
2 8 303 17 a1q

345 | B 168

T

"'&fm'I'“""iié’i"""ﬁé&'

34 | 121
1 J L]

225

14

I Sample wes Invownplete.

The fact that nearly twice as much riboflavin was excereted by all §
subjects in the present study when a 1-mg. test dose was added to the
0.97 mg. of the diet indicates that on the 0.97-mg. intake hody stores
were nob depleted.

Ascorbic Acid Metabolism

The sverage reduced ascorbic acid intake during the study was 57
mg. An average ol 7 mg, was obtained from foods in the core and 50
mg. as crystalline ascorbic acid from complement IL.  Jelly in com-
plement I contributed at most 0.3 mg.

The daily values for urinary reduced ascorbic acid for 5 of the

subjects are shown in table 23 and figure 7. This table also shows the
S-day averages for the G subjects.  The values for the subjects in the
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TazrLe 23.—REDUCED AscorBIC Ac1b: Daily wrinary excrelions on average infakes
of 87 milligrams

- Subject | Bobjest | Subleet | Subject | Subject | Subject
Period and date Aj B ci D i T

Midt- AT Afithi- Afiln- Mitii. M-
grams grovs

FPrelimlnery day, April 15, 1852 T G

Period 1:

Averape

Tericd 2:
April 21
2

Averuge

Perlod 3:
April gﬁ
'

Averare

Perlod 4:
M

Averope

Period 5:

PN
- PR

B e

AT PTG . e

Terlod 7:
Moy 10, e
) ..
18_..
18,
.

R 1

Perled &
May2l........
a2

Avernge. ... ...

! Prelimbitary dag, April 17 averiee values for vach pertod.  (See pn 16)
7 Creatiniue values tedisaged ineowplete eolleet o,
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Milligrams A B c
50 |- —
| — Duoily -
== 5+Doy Averoge
B Only Averoge _|
40 vaoives WVaolid
30— —
20 o
‘5
: -
-,ﬁ T :
b=
(3]
£
[{s o f-'l »
=%
E
o
B o
0 { Py 11 WO I I IR SO N | | N TR N U N
LOW-FAT GROUP
h] E e
30 = —
20 — -
10 W
o I} [ I N T | I N I Y N | "I P I Y N |
2 4 [ a8 2 4 € 8 2 4 & 8
Perieds
Figure 7.—Reprcen Ascormie Acmn: Daily urinary excrelions oo average

intakes of 57 milligrams.
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2 groups are not separated for presentation, since, as was expected, no
change occurred with the difference in carbohydrate-fat ratio in the
diet. Values for the preliminary day ranged from 4 to 75 mg. At
the end of 10 days, when excretion values appeared to be stabilized
for all subjects except subject E, average values ranged from 9 to 15
mg. Subject E, who showed the highest initial value of 75 mg.,
apparently required from 20 to 25 days to stabilize at a level of about
9 mg. An apparent stabilization value of 12 mg. was reached within
10 days for this subject and was maintained for the next 2 periods,
but after 20 days a new plateau of 8 to 9 mg. was reached and main-
tained for the rest of the study. After stabilization, daily fluctuations
in ascorbic acid excretions in 4 of the 5 subjects were within 1 to 3
mg. JDaily values for subject D varied as much as 12 mg.

Dodds, %‘rice, and MacLeod (48), using a colorimetric method of
analysis similar to the one used in the present study, reported an
average reduced ascorbic acid excretion of 10.8 mg. on the 11th and
12th days for 24 subjects receiving an average intake of 57 mg. This
is comparable to the 5-day averages of 8 to 15 mg. (mean i1 mg.)
found in period 3 for our 6 subjects. Haines and coworkers (69),
using the titration method, reported excretion values of 17 to 22 mg.
during the sixth weck of their study for 4 subjects receiving an intake
of 53 mg. This range is higher than the 9 to 14 mg. found 1n the pres-
ent study during the sixth weck.

On the last day of our study a 400-mg. test dose of reduced ascorbic
acid was given with the breakfast in addition to the 50 mg. given at
this time as part of the diet. The excretion values during the next 24
hours for 5 of the subjects are given in table 24. Samples taken after
the test dose for subject C were incomplete.

TarLE 24.—REprceDp Ascomrmic Acip: L'rinary excrelions in response lo g 400-
milligram oral test dose

Excretion 1day Ditforence I
Subjeet 24 hipurs average | ineserelon :{?&?2}‘?52
! afigr Lost | exereibon, | due to test . % S50 L0
dose perivd 8 dase

! ! ; i
CAficrogramy Aficrograms Microgrems,  Percent
. 16l | 18, 148 § 7

14 4

T2 D™
1
114

1 Snmnple was fncompleis.

Three of the subjects, A, D, and E, were near tissue saturation, if
50 percent excretion of the lest dose is used as the eriterion of satu-~
ration (I74). Subject F excreted 28 percent and subject B only 3
percent. There is no apparent explanation for the low test dose ve-
turn by subject B. Utrinary excretion values during the study for
this subject were consistently higher than those for subject E, who
excreled 46 percent of the tesl dose. Ounly one study (69) has been
found in which 2 (est dose was administered alter contrelied intakes
bad been given for as long as G weeks. When the 4 subjcets of that
study were on the 53-mg. intake, they excreled only from 18 to 28 mg.
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after the 400 mg. test dose, or only from 1 to 11 mg. more than their
average excretions for the sixth week. This difference hetween the
results of these two studies is greater than would be expected merely
on the basis of variation in analyticel method used or in subject re-
sponse to a test dese,

Bloed ascorbic acid values for our study were made on serum by
the method of Bessey and associates {(15) for lotsl sseorbic acid.
Davey, Wu, and Storvick (48) found that total ascorbic acid values
were significantly higher than reduced ascorbic acid values in both
serum and plasma, and that both were significantly higher in serum
than 1n plasma.

Serum ascorbic acid values for our subjects are shown in table 25.
Subject E, with the highest initial ascorbic acid excretion value
(75 mg.), showed the highest initial serum ascorbic acid value, 1.4 mg.
per 100 ml. Subject A, who had an initial serum value of 1.1 mg.,
excreted 12 mg. on the preliminary day. The other 4 subjects, with
initial excretion values of 3 to 7 mg., showed serum values of approxi-
mately 0.5 mg. Values for 3 of ihe subjects with low initial values
increased to over 1.0 mg. per 100 ml. by the end of the study, but in
subject C the value increased to only 0.7 mg.

Tamne 25.—ToTaL Ascorbic Acto: AMilligrams per 100 miilililers of serum on the
the first day of each peried

[ D e e ) .

Da¥ of sampling E Sul_;fm Sulﬁicct ) Sulécet : Su‘:I:-;ecL i Sutﬂect _ Sut;jeu.
L H . H

11 0.5 0.4 0.4 Ll 0.4

11 B 4 .6 L1 ¥

13" 7 La - L2, .9

17 ¥ N 11t 1.3 1.0

1.5° .9 it 1.4, Lst 1.4

1.4 1.3 -8, 1.3 L4 14

1.4 1.1 6! 11 L2 1A

L7 1.3'| ‘o[ 1.3 L4 L3
1 .

¢
i

Dodds and Macleod {(47) reported an average plasma reduced as-
corbic acid value of 0.72 mg. per 100 ml,, with a standard deviation
of 0.21 mg. for the last 3 days of a 2-weck study for 24 subjects re-
ceiving an intake of 57 mg. There appear to be only three studies in
which ascorbic acid values in plasma or serum were followed for longer
periods on intakes similar to the present study, and in two of them
the intake was not rigidly controlled., Kyhos and coworkers (100)
reported plasma reduced ascorbic acid values of 0.7 to 1.0 mg. per
100 ml. during the summer months for 45 subjecls receiving a prison
diet supplemented with 50 mg. ascorbic acid. Johnstone and asseci-
ates (89) reported an average plasma reduced ascorbie acid value of
0.75 mg. per 100 ml., with a standard deviation of 0.30 mg. for 22
subjecls maintained on an average intake of 62.5 mg. (found in Lhe
Canadian Air Force diet) for a period of 6 to § months, Haines and
coworkers (69) reported plasma reduced ascorbic acid values of only
about 0.5 mg. per 100 ml. during the sixith week of their study on 4
subjects receiving an intoke of 53 mg. In the present study serum
total ascorbic acid values at the beginning of the sixth week were
1.3 mg. per 100 ml., with a standard deviation of 0.19 mg, Thesa
variations in resulls cannot be explained entirely by differences in
methods of analysis (43).
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RESUME OF THE NUTRITIVE VALUE OF AND THE METABOLIC
RESPONSE TO THE STANDARDIZED DIET

The Nutritive Value of the Standardized Diet

The standardized diet used during the metabolic study is sum-
marized in table 26, Values for food energy, fat, carbohydrate, and
vitamin A in complements I and IT are for the volls, cookies (or cooky
and cobbler}, and table {at used during the control periods. (Jelly
and sugar were added to adjust for individual food energy require-
ments and amounis were increased during the low-fat periods, see
p. 15). The protein content of the diet was higher than planned
because of varmble nitrogen econtent of the glulen flour, The 14 gm,
fat in the core includes 10 gm. hydrogenated [at which was used for
cooking. Magnesium value for complement I includes the 100 meg.
from magnesium gluconate, sinee it was incorporated in the rolls.
Potassium values in complement IT include the amount from baking
powder as well as Irom potassium gluconate, and sodium values
include the amounts from baking powder and sodium chloride used
in cooking and baking. The iron results are nol reported hecause of
an error in the laboratory.

TABLE 26— Nufritive value of the standardized diet as used in controf periods during
the mctabolic study

o Complewent-— !
Nutrient and unit Cure :—"_‘j"“_“__! Total : Rauree of values !

GROCP 4 ' ' '
Food enerpy.... ... o ... . culurles A . ! - Colewlation (J84).
Prowein .. ... Prums 4o A5 Analysis,

Far ... ... R do . 1 ; . 1o,
Carbmhydrale. ... T | T - ETl . N . Caleulstion {184).
Coleinm . . . ceeeno. miliErAmE. i 5 i . Analysis.
Phasphoras.. ..., .. . g ; 358 2. Dao.

Vitamin A vilue . . Internstions? [nits. COLE l; 4, i Calentailon (184).
Thinmine. .. . ... . .. MiCTNEGNS. | I 41 o2 “SH A nalyEis.

HRibeliavin.. . e e e .odo o k ! Lo,

Nigeltevwao. oo oo milligrams. 5 2 cAnalysis  {(preliminary
! perindl,

Azcorbieaeid freduendt . L. do.... § . Annlysis.

G R

COPPON wamascmnne o - e

Indine. ...

Alngnesinm_ e el - rrmame- v Analysis.

hInneErngse . . X T .80 Estimailon {76, f65).
.. 5 3 t Fstimation (18).

... milllgrams__ 5 N 2g.8 ! Eslimation {6, 165).
e \ : . . 5, Estlinantion (f).
LA i

Q.
Esthmallon (38, 176, I78).

GROre ¢
Chlorine.coo...._._ .. ... milllgrams. . ' Eatimation (55).
Cobalumin (B, .. . ... _mlerosrams.. % Esiimotion (34, 708).
Fellened .. ... .. .. _....... ... de ... = Annlysls  (prellutinary
perlnd).
Panlplhenieacld . . . .. . milligroms . . Estimnnilon (37).
Fyridoxine . .._... . ... dn . L Q. g Da.
¥itamin 1) ... _Interpatbonal Undis. Do 0 )

[

'If‘:lllmﬂuliions baged on U. 8. Dept. Agr Noandbook § (782); and estimaikons based on dala from SOUrCes
as [ndieated.

#analyses of severn] moeal eosmpnsiles unid ralls indleated Qiat the toal eapper fntake was about & mg.
There wid o small amount of eopper In the distillod water used for eonk g and makinyg the composites but
ks chid noL wecannt for Uie diilorence hetween estmated and analyzed valies.

1 Ineludes the I00ng. magnesiun from eomplemenst L (mognestiom pluconate in the rolis).
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Metabolic Response

Table 27 presents a sunumary of the response of the six subjects
to the levels of intake in the standardized diet after periods allowed
for stabilization for each nutrient. Since a change in the fat level of
the diet had no appreciable effect on the metabolism of nutrients
studied, the values for the subjects in the control and low-fat groups
have been combined to derive means. Mean retention values of 0.78
gm. nitrogen, 24 mg. calcium, 34 mg. phosphorus, and —26 mg. mag-
nesium were found on intakes of 10.97 gm. nitrogen, 728 mg. calcium,
948 mg. phosphorus, and 182 mg. magnesium. Mean urinary excre-
tion for thiamine was 67 ug., for riboflavin 116 ug., and for ascorbic
acid 11 mg. on intakes of 795 pg. thiamine, 976 pg. riboflavin, and
57 mg. ascorbic acid.

As seen by comparison of individua! values and confirmed by
standard deviations of the means, wide variation was found in the
response of the six subjects. Greater variation (in proportion to
amount present) was usually found in excretion by way of the feces
than by way of the urine. (Greatest variation was found in retentions.
The variation in individual responses was not related to height, weight
{actual or ideal), age, or amount of urinary creatinine.

Total excretion values in terms of percent of the intake for nitrogen
and minerals are shown in figure 8, and urinary excretion in percent of
the intake for the three vitamins in figure 9. Subject E showed the
highest retention of nitrogen, calcium, phosphorus, and magnesium
and excreted the smallest amount of these elements through the feces.
This subject also excreted the least thiamine and riboflavin through the
feces (table 27), but her urinary thiamine and riboflavin values were
not different from those of subjeets who exereted large amounts
throngh the feces. The apparent better absorption of nifrogen and
minerals by subject E cannot be explained on the hasis of slow intes-
tinal motility, as the time required for carmine to appear was about
the same for subjects D and E but subject D showed a small negative
calcium retention. Aub and coworkers (6) reported that neither
voluntery constipation nor digrthea influenced fecal caleium excretion
in two normal subjects.

Further work is chviously needed on factors that cause individual
variation in response lo identical intakes. Hormones, particularly
parathormone, are recognized as influencing calcium metabolism.
Estrone therapy has been found to depress ealelum retention in normal
girls at the age of puberty (88), hut to restore positive calcium bal-
ances in women with postmenopausal osteoporosis (149). With im-
proved methods suggested in the literature for the determination of
hormone excretion in the urine, information can perhaps be obtained
on calcium-hormone relationship as an explanation for individual
variation in calecium metabolism and perhaps for metabolism of other
nutriests.
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TABLE 27.—Response (afler stabilizalion) of subjects to the standardized diet

Crent-
Weight niul;lil(l)?ls Thiamine, periods 7-8 Riboflavin, periods 0-8 Ascorbic acid; perinds 5-8

Bubject Height Excretion Excrotion

Urinary Urinary
Actual [ Ideal exere- | Intake Foees Intake TFeces oxere- S%lr%olg

tion Urlne tion

Tatal | Free Total | Freo

Milli-
: grams
Centi- | Kilp- | Kilo- Micro-=| Miero- | Micro- Miero- | Micro- | Xicro- Milli- | Milli- | per 100
meters ) grams | grams | Years | Grams | grams | grams | grams {Percent| yrams | grams | grams |Percent| grams | grams | milliliters
1708 o1 621 19 1.1 04 553 44 074 175 1,087 85 5% 12
v &4 24 1.04 081 452 972 103 752 14 1
(L] 20 1.4 89 686 4 477 04 2 8 0.7
8,4 21 105 i) 534 977 164 494 14 .
a8.1 23 1.0 a3 288 077 15 211
6. 8 20 113 7 38 730 077 88 744
S 1S ) D FVUUI 1,00 7 67 524 970 118 640
Standard deviaiiot.. ... ... S ISV PR B N 4 19 147 2 44 345

P Ve

" Fat
Periods 1-4 | Periods 5-8

Nltrogen, period 3-8 Caleium, periods 2-8 Phosphorus, periods 2-8 Magnesium, perfods 2-8

Sulject Exeretion ‘ : Exeretion Exeretion Bxeretion Peeal Focal
Intake Reten- 1 ke - Reten-iy, ke Reten-ipy) pagg Reten-r,¢niel exere- [Tntake] oxere-

tion i tion tion tion tiot tion
) Urine | Feees Urine | F -aes Urine | Ieces

:
Urine ; Frees

M- | Milli- | A= D M- M- M- M- | M- 3 M- LA | M- | M-
Grams | Grams [Grams.i grams . grams  grams ; grams | gramg } grams | grams grams | grams | grams | gramy [Grams}|Grams |Grams (Grams

9.321 0,81 0. 69 72 li} 403 04 3 537 £ 2 180 0 194 —~15 6§ 2.07 76 1.73
9,:30 lij .37 T a4 ) 040 493 459 180 158 | —5t 2,00
9. 20 78 : ) &7 2 91 542 442 30 182 133 —28 6| 3.62
9..58 .85 a8 951 577 372 2 182 114 ~38 1, 59
9,069 f .04 g 392 3 951 535 303 182 ] 73 0 7 1. 53
9,24 . .08 2 520 051 549 371 182 8] —21 1.98

9. 40 .78 504 048 539 375 181 110 | —20 2.1
0.18 X 0.24 68 i} 27 60 1 32 18 0.72

@YNITAOTEOY J0 'I4Ed 'S *A ‘9511 NIIATING TVOINHOEL HC

t Period 8§ omitied. in all averages; nitrogen values for perfods 4.1o 7 only. 2 Nol analyzed.
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Sussested Reference Levels for Future Studies

The 60 gm. protein, 700 mg. calcium, 1 gm. phosphorus, and 220
Ing. magnesium, as planned for the standardized diet, should be satis-
factory as reference levels at least for young women. Asa group, the
subjects relained small amounts of calcium and phosphorus and none
of them showed consistently negative balances of these iwo minerals
during the study.  Although balances on 182 mg. magnesivm were
consistently negative for 4 of the 6 subjects, and generally for a fifth
subject, 1t is conceivable that the mean negative balance of 26 mg.
would be wiped out if the intakes of magaesium were increased by 40
mg. {o the total of about 220 mg. as planned.  An intake of 250 mg.
might be tested with our diet, sinee 260 mg. gave positive balances on
Leichsenring’s diet (01), and the suggestion of 220 mg. had no strong
basis (52).

Although urinary thiamine and ribeflavin exeretion values were
low, excretion of these vitamins was about doubled after an oral tes
dose of 1 mg., an indication (hat the tissues were not depleted. There-
fore, inlakes of approximately 0.7 mg. thiamine and 1 my. riboflavin
appear satislaclory for reference levels.

Changes in the reference level are suggested for some of the other
putrients. In re-evaluating the vitamin A and D intakes of 4.000 and
400 1. U, respectively. they seemed high in relation to levels of other
nulrients.  Intakes of 2,000 L. U". and 360 1. U. of vilamin A and D,
respectively, would scem sufficient (o keep them irom being limiling
{actors when other matrients are being studied.

The reduced ascorbic acid inlake of 80 mg. appears higher than de-
sirable as a reference levol for metabolism studies. Urinary excere-
tions afler o test dose showed that from 28 1o 45 pereent of s, 400-mg.
test dosc was excreted by 4 of 3 subjects. Serum Jevels for the group
averaged over 1 mg. per 100 ml. at the end of the study.  Probably a
reference level of 40 or 50 mg. ascorbic acid might be tested for (his
diet to see whether it will maintain a serum level of 0.4 (0 0.6 mg. per
100 ml. and a white cell level of 14 mg. per 100 ml. or above (118, 168},
This would be more in line with reference levels seleeiod for other
nutrients, and is still 10 mg. above the 30 mg. inlake considered
satisfactory by Canadian and British workers (8, 147).

SECTION HIi—PROCEDURES FOR THE METABOLIC STUDY
PREPARATION OF THE DIET

Most of the foods in the standardized diet (1able 2) can bo obinined
from the open market. The special foods and (he less common
mineral salts used in this study were oblained from the following
sources: 8

Casein (“Labeo” vitamin-free), The Borden Co., New York, N. Y.
Cereals {unenriched):
Cheerios and Farina, General Mills, Minneapolis, Ming.;
Rice Krispies, The Kellog Co., Baitle Creek, Michh.
Polate (Frenchts Tostant), BT, Freneh Co., Rochester, N, Y.
Rice (Minutey, Genera! Foods Corp,, New York, N. Y.
Magnesium ghiconnte and potassivm gluconate, Chas. Plizer &
Co., New York, N. Y.
"% Montion of foods or manufaelurers doos aot imply indorsement by the De-
partinent of Agricullure or diseriniination agabust other produets.
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All foods, except lettuce, were obtained in single lots in amounts
sufficient for the study.

Preparction of Foods Before the Study

Berr~—All visible fat was removed from bottom round stesk.
After being ground and mixed for uniform sampling, the meat was
packaged in freezer bags in amounts needed for each day and stored
at —20° C. Since beef is the chief source of protein in the core, the
nitrogen content was determined previous to the experiment, so that,
if necessary, serving size could be adjusted to the desired protein level,

CeLzry. —The slalls were cleaned, cut into ¥-inch pieeces, and mixed
for uniform sampling. Quart lots were blanched for 2 minuics, im-
mcdigtgly cooled in ice water, packed in freezer jars, and stored ab
—20°C.

Cooxies, Tomaro Pures, Rors.—These foods were prepared in
advance as described under Recipes (p. 58) in quantities needed for
the entire study.

Preparation of Foods for the Meals

Porar0.—800 ml. distilled water containing 1 teaspoon salt (5 gm.)
was heated to boiling. After being removed from the heat, 300 gm.
dry potalo was stirred in quickly and mixed until smooth. When
cooled, 83-gm. portions, equivalent to approximately 25 gm. dry
polato, were weighed, shaped into cakes, placed in casseroles with 10
gm. melted hydrogenated {at and the raw beef (or fish), and heated in
an oven al 375° I', for 20 minutes. Meal and potato were turned after
10 minukes.

Brrr axp Frsu-—After being thawed al room Lemperature, 45 gm.
beef was shaped into cakes and placed in the casserole with the potato.
The fish was cut in small pieces lor uniform sampling and 50 gm.
placed in casseroles, '

CeLery.—60 gm. thawed, drained celery was weighed directly in
pyrex cups, covered, and healed in an oven al 375° F. for 10 minutes.

Gruex Beans.—[our 10-0z. packages of [rozen Deans were added
to 480 ml. boiling distilled water conlaining 1 teaspoon salt (5 gm.).
The blocks were separated with a fork to hasten thawing, and after the
watber was again brought to boiling, the pan was covered and the beans
cocked for & minutes. After being drained and allowed to cool for
5 minutes, 100-gm. portions were weighed in pyrex cups. They were
covered and healed in an oven at 375° I, for 10 minutes.

Fantva.—20-gm. portions of [arina were cooked individually in
glass casseroles containing 200 ml. boiling distilled water and 3 meas-
ures of salt (porcelain spoon uscd as mensure, 3 measures=1 gram).

Rice~—25-gm. portions of rice, 2 measures of salt (approximately
0.7 gm.), and 65 ml, distilled water were hieated to boiling in individual
cesseroles.  They were then removed from the heat, covered, and
allowed Lo stand 10 minutes. Thirly grams of tomalo purce was then
weighed directly into the casserole and mixed with the rice: the cas-
serole wag then covercd and heated in the oven at 350° ¥, for 15
minubes.

Spacuerrr—150 ml. distilled water and 2 measures of salt (approxi-
mately 0.7 gm.) were heated to boiling in individual casscroles.
Twenty-ive gms. spaghetl was added and cooked at low heal until
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just tender. After being removed from the heat, the water was poured
off and when cool 30 gms. tomato purce was welghed directly into the
casserole, mixed with the spaghetti, and the casserole covered and
heated at 350° F. in the oven for 15 minutes.

Peacr Coserer—Individual portions of peach cobbler were pre-
pared on the day of use (see recipe, p. 59).

Tomiro PurEe.—The day’s supply of tomato purce was thawed at
room temperature, then warmed to melt the fat particles; then it was
mixed and individual portions were weighed.

Rorrs,—The rolls were removed from the freezer 15 minutes before
mealtime and heated in an oven at 350° F. for 15 miputes,

Coorizs.—The frozen cookies were thawed at room temperalure
(reheating was nob necessary).

GeraTin—Weighed portions of gelatin were sprinkled over apple-
SAUCE.

Recipes
Baxing Powper. (Yield: Approximately 900 gm.)
Ingredients: firaums
Potassium bitartrate 562. 5
e Cmmaa-o.. 250,00
. §7.5
Mix in a ball mill for 1 hour for thorough mixing of ingredients,
Cooxizs. (Yield: Approximalely 3,000 gm. dough.)

i Comtral  Lme-fot
Jugredients: Grams  Gramgs
Washed butter fal 295

1 Pure vanilla extract should be used i pyridoxine metabolism is to be studied
(158):

1. Cream f{af, salt, sugar, and vanilla in mixer at medium speed.

2. 5ift cake flour and baking powder together three times.

3. Add sifted ingredients to ercamed mixture alternately wilh
water. Dough is of a soft, firm consistency.

4. Refrigerate dough.

5. Take out small lots of dough and weigh individual cookies (25
gm.) directly on squares of aluminum [oil. ~ Place on baking sheets.
(The use of foil for baking eliminales sticking.)

6. Bake at 375° F. for 15 minutes.

7. Cool, wrap individual cookics in wax paper, and seal with Scotch
tape. Place number of cookies needed per day in freezer bags, and
store at —20° C.

Fownpane. (Yield: Approximately 480 grams.)

Ingredients: Grumis
Bugar. e e 500
W aler e 240

Potassium bilartrate 0.6
Vanilla 320 isp)
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1. Combine sugar, water, and potassium bitartrate in saucepan and
stir over low heat until sugar is dissolved.

2. Remove spoon and boil the mixture, covered, for about 3 min-
utes so that the steam may dissolve the crystals of sugar that collect
on the sides of the pan.

3. Remove cover, attach thermometer, and contioune boiling stead-
ily. Wipe off any sugar crystals that may appear on the sides of the
pan with o piece of wet cheesecloth., Remove pan from the heat as
soon as the sirup has reached 238° ¥, take out the thermometer, and
add vanilla.

4, Pour the sirup onto a cold platter. To avoid the introduction
of sugar crystals do not scrape Lhe last bit from the pan.  Cool until
the mixture feels only slightly warm to the louch.

5. Scrape the fondant from the edge of the platter towsard the center
with a wooden spoon or wide spatula.  Work with the spoon until the
mixture becomes white and ereamy, then knead with the hands until
smooth and free from lumps. Place in a tightly covered glass jar,
and weigh out desired amounts as needed.

Peacr Consier. (Yield: Approximalely 330 gm. dough for con-
trol cobbler; 300 gm. dough for low-{at cobbler.)

. Conirgl Low-fal

Ingredients: Grams Gramg
Washed butterfat______ . oo 14 B,
Iiydrogennted fal. oo ioLoioL S a4
Sugar_ ... 30 30
Cake flovr___ .. .. .o ..- e - 130 150
Baking powder {sce recipel 10 10
Solt . e 3 3
Distilled water. oo oo 90 20

Peaches {{rom corel.

1. Cream fat and sugar.

2. Sift ceke fHour, baking powder, and salt together three times,

3. Add sifted ingredients to creamed mixture alternately with
waler,  Dough should be light and soft bul nol sticky.

4. Weigh 100 gm. peaches in casserole; weigh 85 gm, dough directly
into casserole, spreading i over the Lop of the peaches as it 15 weighed.

5. Bake at 425° I for 35 minules.

Rowrs. {Yield: Approximaiely 5,900 gm. dough for control rolls;
5,750 gm. dougl Tor low-fal rolls.)

. Controt FLarc-fat
Ingredients: Grams Gramy
{ake Aowr o o .. 1,675 1, G735
(Harien flovr. . 1,420 1,420
Distitled waber . o e o 1, 800 1, 800
U o oo e 305 405
L T U 180 100
Fal thvdrogenatedY . .. __._..___ 260 130
Magnesium gluconaie PMg (CoH104Y-21.0] 42. 6 42. 6
Polassium glueonate (OO0, .o o. - 137. 8 137. 8
Ferric chloritde (FeCup0H.00 L ___ . 3566 . 55606
Sodivan ehloride_ oo . _ 70 70
Y enst e o e 120 120

1. Sift the two flours together four times.

2. Measure out total water. (To keep vield and therefove com-
position constant from Iot {o lot, guantity of water for each bateh
musk be keptl the same.)
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3. Blend sugar and casein.

‘4. Melt fat in saucepan after saving about 10 gm, for greasing bowl
and dough.

5. Dissolve salts in about 800 ml, water,

6. Add sugar mixture and melted fat to dissolved salts. Mix well.

7. Disselve yeast in about 150 ml. lukewarm water and add to ebove
mixture.

8. Transfer mixture {o a 30-quart mixing bowl (use rubber spatula
for all transfers) and mix at low speed with paddle attachment {dough
hoole was not satisfaciory for this type of dough),

9. Add part of the flour. Start mixing ai low speed. Add the rest
of the flour and water aliernately. Total process takes 20 minutes,
whick amounts to approximately 15 minutes for mixing. Dough when
finished will be smootb, satiny, and elastic, and will not stiek to bowl.

10, Remove dough {o large greased bowl. TForm into smooth ball.
Brush on all sides with [at. Cover and leave in refrigerator overnight.

11. Next morning remove bowl from refrigerator and set in pan of
warm water for 2 minutes. Divide dough into small portions, punch
down, and leave covered on bread board until dough comes to room
temperature,

12. Weigh 50-gm. portions, shape into rolls, place on lightly greased
pan, and put in proofing oven set al 28° to 30° C.

13. Let rise until increased 2 1o 244 times in volume (about 2 hours),

14, Bsake at 400° F. for 12 minuics.

15. Cool, put quantity needed per meal in freczer bags, and store
at —20° ¢,

Tosaro pTrEE.  (Yield: Approximately 7,000 gm.)

Ingredients:
Towaloes (eanned)
Celery tops
Celery sialks___. .
Onions__.. ...
Fat thydrogenatad}
{ake flour

Sugar

1. Heat tomatoces, celery tops, celery stalks, and onions together
slowly for about 40 minutes.

2. Sirain,

3. Melt fat; blend in flour, salt, and sugar.

4. Add part of the strained juice, stirring until thick. Add remain-
ing juice and bring to a boil.

5. Pour amounts necded per day in freezer jars and store at, —20° C.

METHODS OF ADMINISTERING VITAMINS AND MINERAL SALTS

Virasans—~Thiamine, riboflavin, niacin, pyridoxine, and choline
are reported to he stable in acid solutions (745).  Pantothenie acid,
Tolic acid, and cobalamin (vilamin By), however, are unstable al low
pI ranges (17, 152, 157), A solution of caleium pantothenste und
folic acid made up in sterile waler and stored in the relvigerator was
checked in our laborateries and found o De stable for at least 2
months. Facilities were not available to cheek the stability of
cobalamin,
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For the metabolic study a 0.02 N acetic acid solution was prepared,
which contained 0.5 mg. each of thiamine, riboflavin, and pyridoxine,
and 100 mg. choline chloride per 15 ml. ; 5 ml. was given at éach meal.
A water solution was also prepared, which contained 1.09 me. calclum
paniothenate (equivalent to 1 mg. pantothenic acid), 30 pg. folic acid,
and 4 ug. cobalamin per 3 ml.; 1 ml. was given at each meal.

The ascorbic acid (50 mg.) was weighed directly into No. 3 capsules
and given with the breakfast.

The vitamin A concenirate as purchased contained 50,000 I. U.
per gm. and the vitamin D concentrate contained 10,600 I. U, per gm.
A mixture in cottonseced oil was prepared, 3 drops (90 mg.} of which
contained 1,500 I. U, vitamin A and 400 1. U. vitamin D). This
vitamin mixture was then measured into No. 5 capsules with &
polyethylene dropper, designed for prescription use. The total vita-
min A end carctene intake was estimated to be 4,000 I. U.—1,000 1. U.
from foods in the core, 1,500 I. UL from the 50 gm. buiterfat, and
1,500 I. U. from the vitamin A concentrate. In order to maintain a
similar intake during the last 20 days, the vitamin A concentrate was
incereased to 3,000 1. U. for the 3 subjects receiving ne butterfat. The
capsule conlaining the vitamin A and D concentrates was given with
the morning meal,

AMiNgraL Sants—Some of the minerals—iron, magnesium, and
potassium—were incorporated in the hread. In the selection of min-
eral salts, both palatability and availability were considered. Blum-
berg and Arnold (19}, whoe carried out a study on rats on ihe availa-
bility of iron in emriched bread, found both fexrrous sulfate and forric
chloride available. Although ferrous salts may be belter utilizod
by the human (129), both ferrous sulfate and ferrous chloride have
a slyplic taste, which is readily recognized when either is incorporated
in the bread.  Ferrie chloride has no effect on the flavor and was there-
fore used as the von supplenent.  Potassium in the form of gluconate
is betler tolerated than the chloride (18). Magnesium gluconate
was selected, becanse il is easily dissolved in water and affeels neither
the {flavor nor the texture of the baked product. These salts were
added in such amounts that the intake of rolls per day contained
5 mg. won, 0.10 gm. magnesium, and 1.0 gm. potassium.

Celcivm diphosphate was administered by capsule.  The salt is
not veadily solible in water and if incorporated in hread may not
be eveniy enough distributed for a caleium-balance study. The salt
was accuralely weighed for the 5-day period for rach subject as
suggested by Kempster and associales (92) and then transferred in
equal amounis (o 10 capsule , size 00. One capsule was given at
breakfast and the other at lunch. Caleium and phosphorus intakes
per day from the salt were 0.500 nnd 0.388 gm., respectively.

By use of (hese procedures for adminisiering the vitamins and
mineral salts, preperaiion was possible prior to the study.

COLLECTION AND PRESERVATION OF SAMPLES

It was planned to carry out analyses Tor reduced aseorbie acid,
thinmine, riboflavin, minerals, and nitrogen on the samples collected
during the metaiolic shwdy.  Sinee the sume preservative is not satis-
factory for all these determinations, the following procedures were
used:
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Foopns—For ascorbic acid analyses, samples of single foods at
serving time were weighed directly inte & Waring Blendor, an equal
weight of 2-perceni oxalic acid was added {5}, the contents were well
blended, and analyses carried out the same day. At least twe snmples
of each ascorbic acid-containing {ood were coliected and analvzed
during the study. Composites of core foods from the breakfast,
lunch, and dinner were prepared on 25 days during the study for
thiamine, ribofiavin, nitrogen, and mineral ansalyses. These com-
posites were prepared by a procedure essentially as described by
Horwitt and associntes (81), the composite being brought to weight
rather than volume. Slurries of the 12 lots of rolls, 3 lots of cookies,
and 6 of the 24 batches of cobbler dough were prepared with glacial
acetic acid to give a finnl concentration ¢f 1 percent.  Samples were
stored at —20° C.

Urine~—~The subjects divided each urine sample into 2 equal parts,
using graduated eylinders, and poured the samples into brown boltles,
ong of which contained 100 ml. 10-percent oxalie neid for sscorbic
acid annlyses, the olher 20 ml. glacial aecetic aeid for all other analyses,
These samples were stored in a vefvigerator. At the end of ench 24-
hour period, the samples were brought to the laboratory, measured,
and brought {o a volume of I liter. Ascorbie acid analyses were
carried out within 24 hours; samples preserved with glacial acetic
acid were stored at —20° C.

Feces.—Samples of feces were collected in 1-quart ¢lass storage
jars placed in the [rame of an ordinary strainer, which was attached
to (he underside of a {olet seat.  Samples were kept under refrigera-
tion until taken to the laboratory, where cach specimen was weighed,
transferred to a freezer jar, preserved with 10 pereent by weight of
glacial acetic acid, and stored at —20° . Carmine {approximately
300 mg. in & Na. 00 capsuley was given before breaklast at the begin-
ning of each pernod.  The semples for each 3-dax peried were pooled,
mixed in & Waring Bleador, and brought to a known weight by the
addition of dis{illed water. A portion of this sampic was taken for
thiiamine, riboilavin, and faf analvses, and an acid digest of the
remainder prepared for other analyses.

Brooop.--Fasting blood samples for ascorbie aeid analyses were
taken by the finger-tip teehnigue preceding the diet and at the begin-
ning of cach 5-day period.  Sera were separated, trichloracetic acid
filtrates prepared unmediately according to the procedure outlined by
Bessey, Lowry, and Broek (15}, and the filirates stored at —20° C.

ANALYTICAL METHODS

Foovs—Thiamine and riheflavin snalvses of the foods were made
on the wet samples.  (ther analyses were made on air-dried samples
which were ground in a Wiley null with & 28-mesh scereen.  An acid
digest was prepared for the jetlies, sinee they eould not be dried and
ground snlisfaetorily.  Nitrogen was determived by the Kjeldahl-
Crunating-Arnold method (4), using mercurie oxide as a eslalyst and
distiliing the ammonia into borie acid 17/6); fat, by the direet ether
extraciion method 0); ealeitm, by the method of Tngols and Muorray
(84); magnesium, by the method of Qrange and Rhein (740); and
phosphorus, by an aduplation of the Fiske and Subbarow method
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(68). The dry ashing procedure was used {or caleium and magnesium
end wet ash for phosphorus. The wet ash used for phosphorus was
not satisfactory for magnesium analyses,

Chemical procedures were used for thiamine and riboflavin analyses
and were essentially those described in Methaods of Yitamin Assay (9).
The sulfuric acid extracts used for both thiamine and riboflavin were
incubated overnight with takadiastase at 38° €. TFor removal of
fluorescent subsiances which interfere in the riboflavin analyses, an
aliquot was treated with 2 ml. 4-percent potassium permanganate for
1 minute and excess potassium permanganate removed with a minimal
amount of 3-percent hydrogen peroxide; lhiowever, adsorption and
elution were omitted (768). The increment technique was used for
flourometric readings and ealeulations. Reduced ascorbic acid was
determined by the xylene extraclion method essentially as described
by Gyorgy and Rubin (68). Analyses {or reduclones were carried outb
on the cooked peaches, potaloes, and jellies by the formaldchyde
method {(68).

UriNg axp reces—Reduced ascorbic acid in urine was delermined
daily by the Bessey method (£4). Creatinine was determined on both
fractions of each daily urine sample by the Jaffé reaction as described
by Clark and Thompson (33). Nitrogen, ealcium, magnesium, and
phosphorus were determined on 53-day urine aliquots and feces samples
by the methods listed for foods,

Analyses of fecal Tipids were carried ount essentially as deseribed by
Kamer and associates (90). Total fatty acids and neutral fai were
determined as described, exeept {hat the petrolenm ether extract was
washed several times with distilled water to remove the acetic acid
used (o preserve (he samples for ribollavin and tliamine analyses. Tt
was not feasible to iry to adapt the method to the determinntion of
soaps, as (he addition of acetic aeld to the samples had resulted in
their hydrolysis.  Unsaponifiable matter was determined by treating
the ether-extract residue with aleohol and petroleum ether and drying
the extracl to a constant weight,

An aliquot of the fecal samples wos ex(racted with 0.1 N sulfurie
acid for analysis for Iree thiamine and ribollavin and » second aliquot
exiracled and incubated with takadiastase for determination of total
thiamine and riboflavin. Daily urine samples and both fecal extraets
were analyzed {or thismine by the methed of Mickelsen, Condifl, and
Keys (124). For the ribollavin enalyses the permanganatle treatment
and extraction procedure suggested by Najjar (781) were used, Lo-
gether with the internal standard and series of shorl successive ex-
posures to sunlight for ealeulation of the unknown sample as suggested
by Slater and Morell (168). The extracled samples were placed
directly under a ;. E. sunlamp at a distance of 26 cm. and fluoro-
melric readings taken inttially and after 3, 5, and 15 minuies of
exposure.

Broop.—Only the ascorbic acid content of the serum was delor-
mined. The method of Lowry, Lopez, and Bessey (712) as modified
by Bessey, Lowry, and Brock (15) was used for these analyses,

A Farrand ffuorophotometer was used for the flugremetiric analyses
and a Beckman spectrophotometer for all colorimetric analyses.
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SECTION IV—BRIEF REVIEW OF LITERATURE ON HUMAN
REQUIREMENTS OF ESSENTIAL NUTRIENTS FOR ADULTS

Recent studies on the requirements of human adults for essential
nutrienis were reviewed prior o planning the amounts to be included
in the stapndardized diet. Studies published since plans for the dieg
were completed have also been examined and pertinent ones are
included in this bhulletin.

PRCTEINS

Bricker and associates (22, 23), using women as subjects, replaced
isocsloric amounts of a basic diet very low in nitrogen with single
foods or food combinations in studies of nitrogen balance. In their
1945 study, protein needs for nitrogen equilibrium varied from 34 to
59 gm., depeading upon the protein source (3% gm. average from
mixed foods), In their 1948 study, using a diet containing 70 per-
cent of ceresl protein, the protein needs were [rom 27 fo 42 gm.
{average 32 gm.). Hegsted and assoclates (74) considered from 25
to 30 gm. protein as sufficient to maintaip mtrogen balance for women
(the enleulated value being based on o surlace area of 1.66 sq. meters),
while Obhlson and coworkers (135) considered 45 gm. as necessary
{based on a mean weight of 60 kg.).

MINERALS

Carvcroy.—Intakes of 300 mg. or less of ecalcium per day have
resulied in negalive balances for subjects in the United States {21,
24, 102, 162, 169, 170, 171). However, instances of adaptation of
the hwman body to low caleium regimes have been reported by various
worlcers in olher arcas (9, 73, 183, 142, 148).

An intake of 530 me. caleium per day was estimaled as the mainte-
nance requirement for women by Leitch (108} from an analysis of
data [rom the literoture prior to 1837, bul she considered that some
addilional allowance “for health” should be made. She found no
correlation belween the requuement for calcium balance and hody
weight.  Mitehell and Curzon (127) concluded from available dats
that anly 30 pereent of the dietary calcium is utilized, and considered
an intake of 9.75 mg. per kilogram necessary for equilibrium. Steg-
gerda and Mitehell (F71) reported a mean requirement for equilibrium
by 43 subjeets, studied at the University ol lllincis, of 653 mg. or 8.99
mg. per kilogram but with coefficients of variation of 22.5 and 23.1
pereent, respeclively, They stated that although they believed
caleium requirement was related to size, othor Tactors (not listed)
were much more potent in causing variation in calcium metabolism.
Refoerence to Lhe origing) data on these 43 subjeets (24, 141, 170, 171)
revesled that individusl subjects had requirements for cquilibrium
ranging from 222 (o 1,018 mg. per day.

Prosrroncs.~ Few studies have been reported on the phosphorus
roquirements of adulis.  Sherman (164) suggested o minimum require-
ment of 4.88 gm. per day for a 70 ke individual.  lLeverton ond
Marsh (106 concladed from (helr balanee studies on self-chiosen diets
that a value of 6.6 gm. or less resulted in negative balances, thal 1.03
gm. was the minimum requirement for equilibvium, and that 1.43
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gm. was an optimal allowance. No more recent publications on
phosphorus requirements of normal adults have been located.

Iron.—Studies on iron metabolism have demonstrated that iron
losses from the body are primarily through blood losses rather than
via the gastrointestinal tract or kidneys (117). Frenchman and
Johnston (61) concluded that for women the iron requirement is
primarily to replace that lost in the menses. They calculated that
iron retentions needed for this purpose varied from 0.08 to 2.6 mg.
daily, but that a retention of 0.71 mg. would be sufficient for 62 percent
of the women studied, and 1.21 mg, for 8 percent. Moore and
Dubach (728) found in studies with radioactive iron, that with rare
exceptions less than 10 percent of food iron was absorbed, that iron-
deficient subjects did not absorb food iron more efficiently than
normal ones, and that ascorbic acid enhanced the assimilation of food
iron.

An iron intake of 3.5 mg, was found by Leverton (104) to be in-
sufficient to maintain equilibrium for 3 women, but 6.5 mg. was
sufficient. Considering the need to replace menstrual losses, Johnston
and assoctates {85) found intakes of 7 mg. borderline as to needs for
their 5 subjects, but 10.4 mg. was ample. Only these 2 levels were
used.

Corper~—Leverton and Binkley (705} studied the copper metab-
olism of 65 subjects on self-chosen diets over short periods of 7 days
and of 4 subjects on a constant diet for 75 to 140 days. Analysis of
their data indicated that as the intake of copper was increased, 50
to 98 percent of the added copper was reteined. They suggested an
allowance of 2.0 to 2.5 mg. per day. De (45) confirmed 2 mg. as a
minimum requirement. Cartwright (30} in a review on copper metab-
olism in human adults reported that on intakes of less than 2 mg.,
negative balances developed, but that there is no record in the liter-
ature of true copper deficieney in adults.

IopivE~—Curtis and Fertman (38} in their review on iodine require-
ment concluded that the optimum intake was about 200 ug. per day.
Studics reviewed in their report, however, indicated that intakes of
50 to 70 pg. were sufficient to maintain equilibrium.

Maenpsioa—Duckworth and Warnock (52) from a review of the
literature suggested a magnesium value of 220 mg. for women and
250 mg. for men. McCance and Widdowson (718) found that 5 of 6
subjects whose intakes ranged from 229 to 317 mg. per day were in
balance for a period of 14 days. Leichsenring and associates {(101)
found average retentions of 1 to 39 mg. among 9 women subjects
on intakes of 258 to 294 mg. per day over a 6-week period, but no
lower intakes were used. The differences in retention were not associ-
ated with differences in calcium intake, phosphorus intake, or a
combination of the {wo.

Mareavese.—Kehoe and associates (91) reported that the mean
daily intake of manganese in one normal adult was 4.28 + 3.38 mg.
and that the output was practically equivalent to the intake over a
period of 28 days. Excretion was slmost entirely via the feces.
Hodges and Peterson (?6) calculated that a normal diet coniains
only about 2.5 mg. De (45) concluded from a balance study on
Indian adults that the requirement was 2.7 mg.
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Porassioa.—The usual potassium intake has been estimated at 2
to 4 gm. (47). Reimer and coworkers (150} in a study of potassium
metabolism reported that o normal adult male did not sttain balance
on an intake of 0.7 gm. over a 12-day period.

Soprum.—The average sodium chloride intake amounts to shout
8 to 15 gm. per day {(41). Butler and Talbot (28) suggested 6 gm.
sodium chloride as o maintenance ollowance. This is equivalent to
2.4 gm. sodium.

Zaxwe—The zine content of & normal diet has been estimated to be
from 12 $o 20 mg. (130). McCance and Widdowson (119) found that
their subjects were in equilibrium on an average intalke of about 5 mg.
zince and that higher intakes merely increassed fecal excretion.

VITAMINS

Vyranaw A —Vitamin A and its precursors prezent a complexity of
problems. Differences in availability of vitamm A in various carviers
(7, 107} and of carotencids from different foods (20, §2) and differ-
ences in vitamin A storage amoung subjects at the beginning of the
experiment (82) are examples of these problems. Hume and Krebs
(82) carried out the most comprehensive study to date on the human
regirement of vitamia A and presented a good review of the liter-
ature with their report. Using blood values of vitamin A and caro-
tene and dark adapiation as criteria, they found that 1,360 I. T.
preformed A or 1,500 1, U. g-carotene daily was & minimam protective
dose, and suggested 2,500 1. U. preformed A and 3,000 1. U. 8-carotene
as an estimate of the reguirement to cover individual variations and
leave o margin of safety. If carotenoids were from carrots, 12,000
I. U. were needed, if from spinach or cabbage, 7,500 1. U, or if 8-caro-
tene in fat, 4,000 1. U. If a single value is wanted for carotenoids in
foods, they suggested three times the amount of preformed vitamin A,
or 7,506 1. U. An intake of 5,000 1. U,, with approximately two-
thirds from carotenoids, has been recommended as & dietary goal by
the National Research Council, the British Medical Council, and the
Canadian Council on Nutrition (147},

TriamNE—Recommended levels of intake for thiamine are ususlly
made in terms of milligrams per 1,000 crlories, although the evidence
for such o relabionship is not satisfactory (93). For this review,
intakes of thiamine per 1,000 calories were converted to total intakes
per day {using the sverage cnloric intalkes reported in the studies),
so bthat values could be compared on the basis of total intake.

Different criteria have been used by various research workers for
the evaluation of thiamine requirements. An ingake of around 0.2¢
to 0.30 mg. bas been considered deficient regardiess of criterin used
(40, 63, 81, 136, 159}, Holt (78), using nbscence of thizmine in I-hour
{fasting urine samples as a critevion of deficiency, considered an intake
of 0.47 mg. as adequate. However, intakes of 0.40 mg. were consider-
ed deficient by Florwitt and associates (81), 0.45 mg. by Williams and
associntes (188}, and 0.53 my. by Foliz, Barborka, and Ivy (59),
when clinice] ohservations were used as part of their cvalustion.
Oldham, Davis, and Roberts (136), using tissue saturation and blood
levels as criteria, Tound Lhat intakes up to 0.74 mg. were inadecuate,
while eys and coworkers (93), using clinical lests, pyschomotor
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tests, and blood pyruvate levels for evaluation, found that intakes
of 0.69 mg. (0.23 mg. per 1,000 calories) were adeqguate.

An inlake of 0.65 mg. thiamine was found by Elsom and associntes
(53) to be sullicient o prevent clinical symptoms of deficiency. In-
takes of 0.63 mg. were considered adequate by Daum and associates
(40) chiefly on the basis of “fitness” tests. Since ouly about 50 e,
were excreted on these intakes, they would be considered inadequate
by the criterion of Williams and associates (189) that urinary thiamine
excretions of less than 100410 g, indicate thiamine deficiency.
Intakes of about T mg. werc recommended by Williams and associates
{188) and Foltz and associntes (59) on the basis of subjective SYmp-
toms; by Melnick {127), Williams and associates (189), and Oldham
and associates (186) chicfly on the basis of reiurns from test doses ;
and by Hathawsy and Strom (72) on the basis of urinary excretions.
In the recent report by Louhi and associates (109), intakes of 1 mg.
thiamine per day for 14 to 31 days were considered adequate for their
8 subjects on the basis of 100 pg. urinary excretions, but borderline
for 2 of them using 13 percent excretion of the intakes, or 150 pe.
thianmine per gram creatinine as the criterion. For most of the
subjects 0.8 mg. per day was inadequate by all 3 criteria.

Lattle information is available on blood thiamine values. Burch
and associates (27) reporied values of 3.4£0.11 wg. per 100 ml, of
whole blood in frank and suspected beriberi, 3.740.12 in doubtful
cases, and 4.04:0.18 in nonsymptomatic subjects in 1948; 4.240.13
in doubtinl cases and 4.3+0.09 in nonsymptomatic subjects in 1950
in surveys in Batsan, Philippines. Values for Burch’s own blood
averaged sbout 6 pg. per 100 ml. Dubé and associates (50) reported
ranges ol 2.8 to 4.6 pg. ou approximately 600 ug. inlakes, and of 3.3
50 5.4 ug. on 1,000 pe. intakes. Differences between values on the 2
levels for individuals were significant for only 1 of the 3 groups of
subjects studied. After 15 days on the 600 ug. intake, changes in
values 1 hour after test doses of 5 mg. varied from —0.2 to -1 1.0 pe.
per 100 ml. For the same subjects after 30 days on freely chosen
diets, corresponding changes after the tost doses varied from 0.3 to
1.0 pg. Lowry (710) in areview of earlier data based on other methods
gave the following blood thismine values as normal: 0.8 ag. per 100
mi, plasma, 8 ug. for red cells, and 70 gg. for white cells.

Rinrorpavin.—As with thiamine, recomumended intakes of ribo-
favin are often given in terms of milligrams per 1,000 calories, although
there seems Lo be no cvidence to support such a relationship. For
tus discussion intakes have been converted to total milligrams per
day on the basis of average caloric intakes reported for subjects of
each study,

Values used for the deficiency or restricted pliase of metabolic studies
ranged from 0.013 to 0.35 mg. per 1,000 calories, or 0.05 to 0.70 mg.
per day. The valuc of 0.35 mg. per 1,000 calories, or a total of ap-
proximately 0.7 mg., was considered deficient only beeause of decreased
excretion (187). Levels of 0.5 (o 0.6 mg. per day, administered over
periods of 3 to 10 months, produced lesious cousidered due to riboflavin
deficicney (80, 183).

Williams and associates (18?) found that an intake of 1 mg. ribo-
flavin was sufficient to maintain normal physiolegical and neurological
resctions and thal tissue stores were depleted only slightly, This same
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level of intake was found by Davis and coworkers (44) by test dose
returns and saturation tests, to be sufficient to supply mmnimum needs,
bui not for tissue saturation. Keys and associates reported thet in-
takes of 0.20 mg. per 1,000 calories (95) and 0.31 mg, per 1,000 cal-
ories {94}, equivalent to about 1 mg. for their subjects, appeared
adequate on the basis of clinical examination, work performance tests,
psychomotor tests, and urinary excretion values. Hathawsy and
Lobb (71) also found 1 mg. intake adequate on the basis of urinary
excretion values. Horwitt and associates (79) considered that for
riboflavin storage their subjects required between 1.1 and 1.6 mg.,
since the riboflavin excretions increased fourfold at the highcr level.
Intermediate levels were not studied. They reported that hesling of
lesions was retarded when excretions were less than 50 ug. per day.
Their data showed that on intakes of 0.85 mg. per day excretions were
maintained at 76438 pg. for a period of over 2 years, and on intakes
of 0.75 mg. excretions reached a platezu of 73+ 5ug. in 10 to 12 weeks.
Thelength of time the subjects were maintsined on these levels varied
widely among these experiments, but none was shorter than 45 days.

Few data are available on blood riboflavin values. Burch, Bessey,
and Lowry (26) reported normal serum values for free riboflavin—plus
traces of flavin-mono-nucleotide (FMN)—of 0.3 to 1.3 ug. (aversge,
0.8) percens, flavin-adenine-dinucleotide (FAD) of 1.8 to 3.0 ug. (aver-
age, 2.4) percent and total riboflavin of 2.6 to 3.7 pg. (aversge, 3.2)
percent; total riboflavin values for white cells and platelets of 227 to
293 pg. (average, 252) percent and for red cells of 18.0 to 26.2 pg.
(average, 22.4) percent. Suvarnskich, Manpn, and State (175},
using the same methods, reported mean serum values of 0.8440.71
ug. percent for free riboflavin+FMN, 2324042 g, percent for
FAD, and 2.1640.87 pg. percent for total riboflavin for 141 well-
nourished healthy subjecls.  ¥Wu, Warren, and Storvick {192) reported
serum values for 29 normal adulls as follows: Free riboflavin+FNIN,
0.10 to 3.87 pg. (average, 1.01) pereent; FAD, 0.66 to 5.11 pg. (aver-
age, 1.89) percent, and total 1.58 to 5.67 pg. (average, 2.89) percent.
Lowry {(110) concluded thaf the voncentralion of free riboflavin is so
tow that it is difficult to measure with precision, that the total ribo-
flavin in serum is probably of little value since it is largely TAD which
appears to fluctuate to o considerable extent without relation to ribo-
favin intake (167), but that analysis of red cells may prove of real
value since the concenfration of flavin is lugher in the red cells than
in serum and is deercased in deficiency.

Nyacow—Although the importance of miacin in the diet was recog-
nized in 1837, early attempts to determine the human requirement for
it were complicaled until 1945 by lack of recognition of its important
relationship to tryptophan (88}, The recognition of the G-pyridone of
N’-methylnicotinamide as a metabolite of niacin and its isolation from
urine (96} has {urther facilitated mensurement of niacin needs.

In recent studies by Goldsinith and associates (65, 66) symptoms of
niacin deficiency were found in subjeels receiving a corn dict contain-
ing approximately 200 mg. tryptophan and 4.7 mg. niacin for periods
of 8 or 4 months. When wheat was substituted for corn, thereby
increasing Lhe tryptophan to 250 mg. and Lhe nizcin to 6 mg., no signs
of deficiency were found in subjects after 3 months. These authors
consider that 40 mg. tryptophan is equivalent to about I mg. niacin.
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Tests in their laboratory (156) ou the excretion of N’-methyvinicotina-
mide and 6-pyridone of N'-methvinicotinamide resulted in much more
marked increases in excretions of the pyridone than of the N'-methyl-
nicotinamide itsell on administration of lest doses. On small sest
doses of 10 or 25 mg. the excretion of both metabolites was lower for
pellagrins thao for normal subjects. On 30-mg. test doses excretions
of N’'-melbylnicotinamide were about the same for both groups, al-
though differences were still found in pvridone excretions.

Ascornic acip.—In most Ameriean studics on ascorbic acid needs,
basic diets containing from 7 to 20 mg. have been used (12, 48, 69,
168, 174, 179). A study by Crandon and coworkers (37) of experi-
mental scurvy in which the dict was develd of ascorbic scid is the
exceplion.

In a study at Sheffield, England {8), a basic dict containing only 1
mg. ascorbic acid was used [or o total of 17 months. Supplements of
10 mg., 50 mg., and 70 mg. for at least 6 wecks resulted in average
fasting plasma values of less than 0.1 mg., 0.3 mg., and 0.6 mg. per
100 ml. and white cell values of 2.7 mg., 8.6 mg., and 16.6 mg. per
100 ml., respectively,

Dodds, Price, and MacLeod (48) illustrated that blood plasms values
may show a carrvover eflect of previous intako, still evident at the
end of 12 days. Dala from Haines and associates (69) showed that
starting from saturation levels, plasma values for their subjecls on
70-mg. intakes reached a platera of 0.5 Lo 0.9 me. per 100 ml. by the
third weel, but on 33- to 533-mg. intakes the plasma valees continued
to drop slightly {roughly 0.1 mg. per week) through the fifth or even
the sixth week tolevelsof 0.2 to 0.4 and 0.4 to 0.6 mg., respectively.

Lowry and coworkers (1711} considered that the white eell content of
ascorbic acid was a better measure of total hody ascorbic acid thaa
serum or plasma contenl.  With an inerease in serum concentrations
from 0.5 to 2.2 mg. per 100 ml, the white ecll concentrations increased
from about 25 to 28 mg. (o 34 me. per 100 mi., but with serum values
below 0.4 mg. the white cell values Tell as low as 8 to 12 mg. Similar
relationships have been reported from othier laboratorics (8, 168, 190).

Cuorixg—The human requirement of choline has heen estimated
from work on animals to be less than 500 me, {54). No reports have
been found in which the amount required by humans has been esti-
mated dircetly. The infake on an average mixed diet ranges from
about 250 {o 600 mg. {16).

VitamiN B {Copavayiny—Chow (52) estimated that the deily
oral intake of By 1n what be considered an adequate diet vanged from
2 to 5 pg. Conley and associates (35 stated that no instance of recog-
nized nutritional By deficiency had been encountered at Johns Hopkins
hospital except in pernicious anemia. They found that in uacompli-
cated pernicious anemia 45 pg. Bis by injection every 6 weeks, eguiva-
lent to aboul 1 ug. per day, was salisfactory.

Fourc Acio.—JFrom comparative studies on monkeys, chickens, and
turkeys, with caloric intake used as a basis for conversion, the human
requirement for folic acid has been estimaled as 0.1 to 0.2 mg, per
day (64).

Panrornenic Acro.—Panlolhenic acid is widely distributed in
foods, and several studies have been made on urinary cxeretion of the
vitamin {746, 161). However, Krehl (97) commented thal no clear-
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cut evidence has been found {o show that 3] health in man is occasioned
by lack of pantothenie acid in the diet. Sarett and associates (160)
estimated the probable content of pantothonic acid in American diets
as 3 to 18 mg. from analysis of restaurant foods and computation of
velues for possible meals consisting of various combinat.ons of these
foods. ZElvehjem (54) suggesied {frem work on animals that the
human requirement cannot be above 5 mg,

Pyripoxive.—Experimenis on animals indicate that the human
requirement for pyridoxine may be about the same as that for thia-
mine; namely, about 1.5 mg. a day (54). Vilter and associates (752)
recently demonstrated a series of clinical signs of pyridoxine deficiency
in 34 of 50 subjects by feeding them the antimetabolite desoxy-
pyridoxine. Symptoms of deficiency were [ound on intakes of 0.5
mg. of pyridoxine but not on 5 mg. Although they used no inter-
mediate levels of inteke, they estimated the requirement to be 2 to
3 mg.

PJ%RA:&MINOBENZDIC Acrp.—This compound may act indirectly
by stimulating the production of unknown factors through intestinal
synthesis, but there is no evidence that it must be supplied preformed
in the human diet (54).

Brorin.—Oppel (138) showed that bietin exereted in urine of human
subjects often exceeded the amount in the diet, and total excretion was
aften three to six times the intake. This work was confirmed by
Gardner and assoclates (83, 64). In alater study Oppel (739) showed
that avidin (in raw egg white) could effectively Llock urinary biotin
excrefion, but the large doses of sulfa drugs were required to inhibit
intestinal synthesis. He also showed that biotin by rectum incrensed
the urinary output, which indicates that biotin synthesized by in-
testinal flora is absorbed.

IxosiroL.—No definite symptoms of inositol deficiency have been
produced in man (183).

Vieamiy D.—No reports have been found giving evidence of dietary
nceds for vitamin D in normal adults. Mckhay and coworiers (120)
reported that the daily addition of 500 1. U. vitamin D as viosterol
had no apparent effect on the retention of ealcium. Nicolaysen,
Eeg-Larsen, and Malm (134) considered it advisable to give adulls
at least 200 1. U, vitamin D per day. They based their recommenda-
tion on thelr {inding that in older rats which had suffered substantial
loss of calcium from the skeleton, vitamin D increased markedly the
calcium absorption when they were pul on o betger diet. _

Vitamin E~—No evidence of dietary needs of vitamin E for normal
adults has been found.  Filer and cowarkers (87) found thet monkeys
(Macaca rhesus) on vitamin I-deficient low-fat diets for over 2 years
showed no symploms of defieieney other than low plasma tocopherol
(0.18 vs. 0.58 mg /100 ml. in controls) and slight changes in the R
and T waves in clectrocardiograms and pneumocardiograms,

Vrramiy K. —Stalements that vitamin K is distributed widely in
nature are included in reviews on the vitamins but quantilative data
arescarce.  According to Warner (183) inlestinal synthesis apparently
accounts for sufficient amounis to meet the needs of normal adults.
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