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• A STANDARDIZED DIET FOR 
METABOLIC STUDIES •.. 

I!s development and applic'ation 1 

:By FruEDA L. MEYER, MYRTLE L. BROWN, HARRIET J. WRIGHT, and MILICENT 

L. HATHAWAY, Human Nutrition Research Branch, Agricultural Research Service 

SUMMARY 
To meet the needs for a uniform basal diet to be used in studying 

human nutritional requirements, utilization of various nutrients, or 
interrelationship of nutrients, a standardized diet was developed by 
the Human Nutrition Research Branch of the Agricultural Research 
Service. The diet is compos2(1 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 intakes of all nutrients to l'eference levels 
during equalization periods and for alteration in level of single nutri
ents during experimental periods. It is believed to be applicable to 
the study of most nutrients, except prote;'" and amino acids. 

• 
The diet was tested in the spring of 1 . and was well accepted by 

a group of six University of Maryland Jmen students, aged 19 to 
23 years, during a 40-day metabolic 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. (11 
percent of the calories) for 3 subjects during the last 20 days had no 
apparent effect on nitrogen, calcium, magnesium, and phosphorus 
retention, on thiamine and riboflavin excretion, on fecal lipid excre
tion, or on the proportion of fecal lipid as fatty acids, neutral fat, 
or unsaponifiable material. 

NEED FOR A STANDARDIZED DIET 
Diets used for the study of nutritional requirements are usually 

designed to be adequate mall dietary essentials except the nutrient 
under study. Such diets are seldom applicable to the study of more 
than one nutripnt at a time. Even when the same nutrient is under 
study, basal diets and procedures vary from laboratory to laboratory. 
There are cliiferences, for example, in types of cereal products, pro
portions and kinds of fruits and vegetables, use of accessories such 
as condiments, flavorings, and soft ill'inks, and method of changing 
the level of intake through the use of synthetic supplements and the 
introduction or substitution. of foods. Such variations make it difficult 
to compare results from one laborat01'y "with those from another, or 
to study the interrelationship of nutrients. 

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

1 Submitted 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 maintained 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 a 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 int&.kes would, of course, 
be needed if the subjects were young men or were chosen from other 
age groups. 

Before this standardized diet was planned a review was made of the 
more recent metabolic studies for each nutrient, with special atten
tion to the diets used, probable deficiency levels, and levels which 
appear to 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 1-1"HE 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 products has therefore been 
planned to provide palatable and "normal" meals a,nd to be appli- • 
cable to the study of many nutrients. (See 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 for deficiency phases 
in metabolic studies, and "reference" level for intakes selected as 
reasonable levels for equalization periods, from which dcviations 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 nutrients, since there is 
evidence that excesscs of some nutrients will alter the metabolism 
of others. 

The diet consists of three parts-the core, and complements I and 
II. The core, made up of natUl'al and refined foods, forms a nucleus 
for the meals and provides most nutrients at levels sufficiently re
stricted to permit this portion of the diet to remain unchanged for 
deficiency phases. Complement I, composed of refined foods, and 
complement II, composed of mineral salts and synthetic 01' purified 
vitamins, provide additional som'ces of nutrients for reference levels, 
and also provide a relatively simple means of adjusting the level of 
any single nutrient for e}'''perinlcntal purposes. Levels of protein, fat, 
and carbohydrate can be C'ontrolled by increasing or decreasing the 
amount" of selectC'd foods in complement I, and levels of minerals and 
vitamins by changing the amounts in complement II. 

THE CORE.-The choi.ce of foods for· the core was necessarily • 
limited in order to keep this portion of the diet constant; and low 
enough in nutritive value to be used unaltered 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 acceptability: Apples, pears, peaches, green 
beans, celery, lettuce, and. dehydrated potatoes. Cereals were all 
unenriched. Small 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-nch 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. 

COMPLEMENT I.-Foods in complement I were selected to provide 
additional sources of food energy and protein with a minimum increase 
in the vitamin and mineral content of the diet, so that alterations in the 
proportions of carbohydrate, fat, and protein could be made. The 
following foods were chosen for this purpose: Cake flour, gluten flour, 
vitamin-free casein, gelatin, sugar, low-vitamin jellies, and fat. 
These foods were used primarily in the preparation of baked products 
or as 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 
been obtained through the use of only unenriched all-purpose flour. 
Casein and gelatin were used as additional sources of protein. 

• 
COMPLEMENT II.-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. Prob
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. (0). 

NUTRITIVE ·VALUE OF THE DIET 

An outline covering the estimated nutritive value of the standardized 
diet as planned fDr adults, presenting distrihution of nutrients in the 
core and complements I and II, is shown in table 1. The essential 
nutrients have been divided into three groups. Group A includes the 
nutrients given in most tables of food composition and used in calcu
lating diets. Group B includes minerals anti group C, vitamins, 
about which much less is known both as to amounts present in foods 
and as to human requirrments. For {j)e pm'pose of discussion the 
amounts of foods in complement I have been adjusted t,o 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). 

• 

GROUP A N U'£RIEN'l's.-The approximate amounts of calcium (200 
mg.), phosphorus (600 mg.), thiamine (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 deficiency phase in metabolic 
studies and can therefore be used for restricted levels. The 6 mg. iron 
is generally considered low for women, but> may be suffieicnt for m~n. 
The vitamin A value (about 1,000 I. U.) is considered low but is 
higher than that used for depletion to defieieney levels in vitamin A 
studies. The 7 mg. ninein, however, is probably sufficient for the 
reference level in the presence of the protein used. 
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TABLE I.-Estimated nutritive value of the standardized diet as planned 

Sub
T~t.al:total:Comple Comple· Rptcr·Nutrient I and unit Core Core+ •ment I' ment II ·.Ieecomple '* ",,'Jment! > 2 

---------------------------_._-
GROl'P A 

550 1,450 2,000 0 2,000
20 40 60 0 flO~~~~i~;~~~=~~~~~~~~~_~_~~:_~~~_~:_~~~_~_~~~~_:~~~~:= 10 70 80 0 80 

]00 150 250 0 2.50g~r~~tz~_t~:_-======:===:====:===:=::::mili!i:;~ns:: 150 50 200 500 700Phosphorus_____________________________ ..____ do___ _ 
Iron___________________________________________do ___ _ 300 300 600 400 1,000 

4 2 6 4 10Vitamin A value _______________ InternaUonal Unlts__ 1,000 ('l '1,000 '3,000 4,000Thiamine_______________________________ __miJJi~rams 0.15 0.15 0.3 0.5 0.8 
0.3 0.2 0.5 0.5 1.0 

Ascorbic: acid _________________________________do ___ _m~ge,~~~~:==::==:::::::=:::=:::==:=_::::=::::~g:::= 5 7 0 7 
10 10 50 60 

GRO'('P R Copper_________________________________ mill igra ms __ 
Iodine________________________________________ do___ _ 0.6 0.2 0.8 a 0.8 
Magnesium___________________________________ do___ _ 0.090 0.015 0.105 a 0.105 

DO 30 120 100Manganese____________________________________do ___ _ 220 
] I 2 a 2 

Sodium , ____________________________________ .do ___ _ 
Potassium ,___________________________________ do __ ._ 

900 200 I, JOO 1,000 2,100 
Zinc__________________________________________ do___ _ 300 trace 300 2,100 2,400 

3 1 4 0 4 

GROUP CChlorinc________________________________ miJIigrnms.. ]20 80 200 100 300Cobalamin (13,,' ______________________ ~micrograms-- 1 1 4 5Folic:acid_____________________________________ do____ 25 25 50 50 100Pantothenic acid________________________ mllligrnms._ 2 1 3 1 4Pyridoxinc___________________________________ .do. __ • 0.3 trace 0.3 0.5 0.8Vitamin D____________________ Jntcrnatlonnl "(Tnlts__ • __ -. ______________ • _________ _ 400 400 

1 Group A nutrients are tbosc included in most tahles of nutritive value; group B minerals and group C 
TItamins are tbose about which much I~ss is known both as to amounts present in foods and humnn requirc- • 
ments. 

'Amount of foods in complement I adiustcd to give a total of approximately 2,000 calories and 60 gm.
protein • 

• Vitamin A value in complements J and n depends on amount and forms of fut uscd. 
, Potassium and sodium vnlues shown for til(' core !lnd complement 1 nrc til(' estimated amounts for the 

foods only and donot include the minernl content ofthe sodium chlorlcle nnd buldng powger used in recipes. 

As a reference level for protein an intake of 60 gm. may be liberal, 
but it seemed important to assure nitrogen equilibrium when other 
nutrients wel'C t.o be studied. Th(' core foods supply about 20 gm. 
and complement I foods about 40 gill. Th(' complement I sources of 
protein were planned t.o provide some easily replaceable protein, so 
that a constallt level of prot,ein intake could be maintained whC'n the 
diet WfiS used for studies of the physiological u tiliza(,ion of foods 
containing fair amounts of protC'in. The fat was planned to consti
tute nbout 35 percent of thl' calories, a conservative cstimateof the 
amount in usual American diets. Carbohydrate levels were roughly 
50 percenL of the total calories. ChiC'fly on the basis of dato from the 
University of Illinois, an int.ake of 700 mg. calcium was sdectcd for 
the reference level. The leyol of 1 gm. for phosphorus is about one 
and one-half times the calcium level. The leyei of iron, 10 mg., 
seemed nccessary Lo assure Lhe l'epliLcement of menstrullllosses for 
most women. 

AJtbough vitamin A and carotene are stored in the body, a reference 
level of 4,0001. U. was planned in order that low vitamin A would not 
be a faet.or afl'eeting metabolism of other nuLriC'nLs.. The thiamine • 
reference level of 0.8 mg. was sekclC'd as intC'rfllc'dia,le, between 0.6 
find 1.0 mg., two levels referred Lo as adequflLe, depending 011 the 
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• 
criteria used. For riboflavin an intake of 1.0 mg. was chosen, since 
this amount seems adequate to preyent clinical signs of deficiency and 
to maintain work performance, although it may not be sufficient to 
maintain tissue saturation. Until the relationship between thiamine 
and riboflaTIn requirement and caloric intake is more clearly estab
lished, it seemed unnecessUlT to plan for variation in intake with the 
caloric value of the diet. On the basis of work by Goldsmith and 
associates (66) 2 the 7 mg. niacin and ('akulated 0.:3:3 gm. tryptophan 
in the core and complement I seemed sufficient for usc as a reference 
leve1. For ascorbic acid, 60 mg. was selected as the reference level 
on the basis of blood studies. This amount will usually give values 
between 0.5 m.d 0.7 mg. pC'r 100 m1. of whole blood, plasma, or serum 
and will maintain white cell ascorbic aeid values of 20 to 25 mg. per 
100 m1. 

• 

GROL"P B KL"TRlEXTS.-XutriC'l1ts in group B include essentia 
minerals for ,yhich very few' data on human requirements are avail
able. SincC' the amounts of most of these minerals in tJl(' core and 
compll:>ment I al'(~ bC'low those found in the usual diet, some addiLional 
amounts were providC'd in complC'l11en t II, although no pro"ision was 
made for additional copper, iodine, manganese, or zinc. The refer
ence l('ypl of 220 mg. magn('sinl11, based on intakC's that ba\Te been 
found to give C'quilibl'iul11, was uspd so that a deficient intake of 
magnesium would not b('C'om(' a limiting factor in calcium and phos
phot'lls stndi('s. Th(' rdp1"PllCe lpn'l of 2.1 gl1l. potnssium is near the 
}owel' }('\"(') found in tll(' usual American diet. rn most st ueli('s, tbe 
sodium intake will not be controlled. SillC'l' salt intak(' is not C'onsidered 
to aff('et the metaholiBI1l of nutripnts oth(,1" tlwn potassium. If it is 
dl'sirahh\ to cOlltrol the Bodi11l11 intnke, it should be noted tbat tbe 
l('n}s of sodium chloride' sUP:P:ps(l'([ for usc in tile' 1('cipl'S (s('C' seet. III) 
will provide ahout 2.1 p:m. mOl"(' of sodium or a totnJ sodium intake of 
2.4 gm. This quantity is sntisrnetory ns a r('[('["('I](,(, }1'\'('1. 

GRorp C Xl·THlC:XTS.-Our kllO\rlpdgp of the qUlllltilnliYe human 
requin'l11Pllts of GI'onp C Yitnmins is still 'I('r)' 1i111it('<1. Choline 
rpquirpJ11Prlt is 1'P1nl<'l1 to otlw1' 50I11'(,(,S of lwuihlhh' nwthyl groups; 
cobalamin (Bl~) and folic neid IlPpds nrC' rt,jul{'d to ('tlch OtbpT and to 
nscorbic a('id; n'ports of pnntnthplli(' n('id d('ficiPlley in lnunn.ns have 
not heen found, but [lIp nsnnl dipt contains mort' thflll is fOlllld in the 
('ore and complpnlpnt 1; p.\Tidoxin(' llwlnbolism is r('1at('d to trypto
phan and niacin Jl]ptnbolislll nll(l is important ill yarious ellzyme 
s)'stpms; and opinions diirl'r !IS to the 11('('<1 of yit:unin D fOI" adults. 
ConsC'quN}t}y rdpl'PIl('P h'vl'is W('I"(' s('lpd('d rathp1" arbitrarily and 
thc'" can ('asih- he nlleJ"('d as Ill'\\' inforlllil tioll is S('clU·pd. 

• 

~lK<\L PATj:ETC\S AXD .:\l"'rnnl\-g \-AJXI~ OF Fool)::-;.-Thc foods in 
the COI"C ill :1 me'l11 pallel"ll::'l and thpir eontpnt of food p)wrgy and 11 
Tlutl"ients in nmotllllR slIgp:psl<'d for tIH' diet al'p gin'n ill table 2. 
Bot:~ Ill(' choir'!' of foods nlld tlrC' 5izp .of Rel"Yings in tIlt' ('ore ,,-pre k('pt 
llllehangC'd (('xcppt ll::'l indicated [01" SllHlips of yitamin A, p. 12). 
TIre> foods in (,OI1l p}PIlH'1l t 1 Cilll 1)(' ndju;-;t I'd fOl' difJ't'I"('l1t l1ulricn t 
h'n'ls. Amoullts as showlt ill tnbl!' ~ nrp lIdj nz't{'d to ncld nppmxilllat{'Jy 
] ,450 (,Hlorips :lnd 40 gIll. jll"olpin. TIlt' i[C'lllS in ('Olllpll'Il1('I1L I nl"e 
listed s<,pnl'utply 101" uSC' \\'illt ('on' fooels ill llH'nl {lntterJIs 1 and 3 aDd 

2 huli(' I!llmlwrs ill l>!trl'lltht's(''; refer to Literature Cited, Jl. 7l. 
3·JG282 C1 -fifi--2 

http:lnunn.ns
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TABLE 2.-J.-feal patterns and nutritive value I of foods 2 in the standardized diet ~ 

Qunn. Vltn· ReducedFood Thin· RlboItem tlty Protein Fnt Cnrbo· Ic 1'1 I Phos· Iron mIn A Nlaeln IMeorbloenergy hydrnte n c urn ph ortis mIne fluvlnserved vulue uold
--------------------1----·----·_--,---_·_--_·_--,---,----.----.----.---.----.--- I
COllE SO ODe 
Menl pllttern I: 

Drenkfllst:
Applesnuce, cnnnerL ••.____ •___ •__ •_______ 
Fnrlnll, unenrlchcll (dry welght) __ •___._•. 
E mpornt.ed mllk___ •__ •••_., __ ... __•_'_' __ ' 

Gram& 
100 
20 
25 

Calor/e. 
72 
74 
34 

Gram. 
0.1 
2.2 
1.7 

Gram.I 
0.1 
.2 

2.0 

Gram.• 
19.7 
15.5 
2.5 

.M/Ili·
gram! 

1 
4 

61 

Mill/· 
gram& 

5 
20 
40 

lIfill/·
orum& 

0.4 
.? 

']~rllco 

Inler· 
national 

IW/ts 
30 
0 

100 

M/Il/· IM/ll/·
oram& gram&

0.000 O.O{}O 
.012 .004 
.012 .122 

M//lI· Mill/·
gram! gram.
Traco 0.6 

0.2 f:lTruco 

~ 
OJ 

LWlCh: 
Hlce. precooked (dry weight) •• _. ______ ._._ 
'l'olllnlo puree_ •• , ._._. ____....______ ••____ 
I ..cttllCO" .' _ ~ ~ ~ ~ .. ___ ...... ___ ._. ___________ .. ___ 
Penrs nnt! Juice. c.~nned. _.__• ____ ._••• _._ 

2.~ 
30 
20 

1{)(J 

05 
30 
3 

08 

2.0 
.5 
.2 
.2 

']~rllco 
2.2 

'rrncc 
.1 

20.8 
2.3 
.Ii 

IS.4 

10 
10 
4 
7 

.2 

.1 
• .1 
.2 

0 
327 
108 

'rruco 

'l'rnco 
.024 
.010 
.007 

'rrnco 
.013 
• ()(J5 
.000 

Trnco 
.2 

Trnco 
.1 

(I) 

E3.0 
.5 

2.2 
DInner:

Jlel'! (raw welght). __ ••• _._ ••__ •____ ._ •• ___ 
I'omto pre cooke !I lind dried (dry weIght,) •• 
Grccn i)CU11s. frozel" (cooked weight) ••••••• 

45 
25 

1l)(J 

82 
89 
:1.5 

10.3 
2.4 
1.3 

1.7 
.2 
.2 

() 

20.• 5 
7. i 

8 
5 

47 

110 
.52 
24 

1,3 
1.0 
1.1 

0 
10 

450 

.0:10 

.002 

.038 

.078 

.021 

.081 

2 . .1 
1,1 
.0 

0 
1.8 
3.2 

~ 
.... .... 

'l'otlll .•••______ ' _ •__ •____ ••_•• __ ' __ •___., ~ 

.. 582 2().0 U.7 108.0 144 300 4. ti 1,025 .1·111 .342 4.a 11.3 0>*~-~~~~-

=1----.=.=.==,=.==,=,=,=:= 
MOIII pnttern 2: 

llreakfnst: f1
A pplesnuce. CIInned. _ ••________________ •__ 100 72 .1 .1 10,7 1 5 .4 

38 I .005 .009 Tmco .6
Hlco Krlsplos. unenrlched __ ._.____ •_______ 1.5 59 1.1 .1 1:1.2 3 17 .3 .003 .010 .1 (I) rn
E\'npornled mllk___•_______••••___ •_______ 25 34 1.7 2.0 2.5 (jol 49 Trnce 100 .012 .122 Truce (')

LWICh: t::1 
SplIglwlll (dry welght) ______• ___•• _____._. 25 04 3.1 .:1 19. I [, 311 .·1 O. .020 .004 .5 (') I?j 

'1'omnto pureo ••••_••••.••••••••••••_•••••• 30 30 .0 2.2 2.:1 4 10 .J 327 .024 .013 .2 3.0 
Lettuce. _ ' ••••• ,...................... __., 20 3 .2 'l'rnee ,0 4 4 .1 108 .010 .005 Trneo .5 ~ 

DInner; 
Heef (rnw welghtl ....................... __ 45 82 10.3 1.7 0 8 110 1.3 0 .036 .078 2,1 0 o 
Potnto. precooked nnd dried (dry weight) .. 2.~ 89 2.-1 .2 20.5 5 52 1.0 10 .()(J2 .021 1.1 1.8 "j 
Celery. rrozen (thnwed welght) ••••_....... 00 11 .4 .1 2.2 32 14 .3 0 • o IIi .017 .2 2.5 
Penches lind Julce, CIInned •__••••••.••••••• II)(J 68 .4 .1 18.2 I 11 .4 450 .005 .015 .7 2,7 

! 
15 
::0'fotlll ••••..•••••••.__•••••••_•••.•••••••• ......... , M~! 20.21 0.8. 98.31 1271 308! 4.31 1.025, .13:1' .29,I! 4.9, 11.1 .... 


I?j 



• • • 
1oft'nl pnttenl 3: 

Brenkfns!:AI,plcsnuco, cnnned. ______________________ 100 721 .1 .1 19. 7 1 5 .4 30 .005 .009 Trnce .6C I~crlos, uncnrlched ____________________ ._ III 39 1,4 .7 6.8 19 39 .4 o .009 .011 	 .1 (a)Evapornted milk ______________ .-__________ 25 34 1.7 2.0 2.5 (\4 40 Trnce 100 .012 .122 Trnce (I)
Lunch: 

Rice, prccooked (dry wclght). __ ._. ____ •• _. 2.'i 115 2.0 'rrnce 2O.S 19 .2 o Trnce Trace Trace (3)
']'olllalo puree_ •••••••••.•••• __________ ._._ 30 30 ,5 2.2 2.3 10 .1 327 .024 .013 	 .2 3.0 
Lettuce .. _•• _•••••• _•.••_•••___•••.••_•••• 20 3 ,2 'l'ruCQ .11 4 .1 108 .010 .005 Tmco .5 >Pcnrs and Juice, cllnned .• __ ••_•• _______.. _ 100 68 .2 .1 18.4 7 .2 Traco .007 .009 .1 2.2 

Dlruwr: Ul 
Huddock, frozcn fillct (rnw welght)._ •••••_ 50 39 0.4 I 'rrnce 0 I 181 00 .3 - ___ .____ .023 .048 1.2 (.) 
Potnto, precooked nnd dried (dry weight).. 2.1 80 2.4 . .2 20.5 5 52 1. 0 10 .002 .021 1.1 1. 8 
Grcen beuns, frozon (cooked welght). __ •••• 100 :1.1 1. 31 ,2 7.7 47 24 1.1 450 .038 .081 .6 3.2 

Tota!... ___ •••_._ •••• ______ •• ___•____ •• __ == ----w1---m:2 ~ ---w:a-r--uml-;W --3-.8-1,025 ~~ --a.a----u.a I
cO~lrLElIENTlrOODs ==,=.==.=.==.===== t; 

H 
t<l 

For meul pnttems 1 nnd 3: t>:l 
Rolls, 3.2 perccnt cnsch! (weighed ns dough)_•• 2.'i(] n42 an.o 12.5 04. :; 5.1 255 1.2 (I~ .132 .165 2.1 t;
Fnt_..____________ ._..______.. _••• __ .••_....... 
 i')45 398 (.) 45.0 0 0 0 0 (I (') (3) 0 3)
Sugnr•• _••• _______________ •___ ••• _••""""" il 10 (.) 0 5.0 (3) (3) 0 0 (3) (3) 0 (3) t; 

30 711 • J 0 19.5 2 1 .1 0 .004 .006 .1 .1 t;;j'!:l'~lKiI~~'~~~:~::= ~~:::~::::::::::::::::::::::::: 2 7 1.6 0 0 9 1 0 0 0 0 0 (3) fo:3Cookies (weighed ns dough) __ ••••••••• ___ ••___ 7[1 293 2.-1 14.6 aO.5 -I 25 .1 (Il .010 .005 .1 (3)------	 ------------------ "'l'l'otlll .............. _•• , .......__..____ •__ ._•• 1,43., -----:;Q.\I---n:o 158.5--7-01----:?S2 1.4 (') .146 .176 2.3 
 0.1 o 
= = ='.-==== 	 p:j

For menl pn!.lern 2: 
Rolls, 3.2 percent casein (weighed as dough) ... 2.'iO r,42 36.0 12.5 04.5 55 255 1.2 (') .132 • 16.~ 2.1 (3) 
.Fnt ....................._..................... 45 398 (3) 45.0 0 0 0 0 (') (3) (3l 0 (3)
Sugar ....... _.............__ .....__ •• ____ ._. __ 5 !O (3) 0 S.U (3) (3) 0 0 (3) (3 0 (3) 

30 76 .1 0 19. [) 3 2 .1 0 .001 .001 .1 .3'!:l'(!IKh~~.I~!.C~.:::: ::::::::::::::::::::::::::::: 2 7 1.11 0 0 9 1 0 0 0 0 (3) iDough for cobbler (pench},.__ •__________• _____ 2.5 5 	 ------:2· o6., 08 4.8 la.2 27 .1 .010 .006
Cookies (weighed as dough) ___________ •_______ 	 ('l (3l

2.'i 215 .S 10.0 29.1 1 8 Trnce (' .003 .002 Truco (3 !:::
TotnL_____________________________________.I________.! 1,455 	 a41.0 	 72.3 16\.3 73 293 1.4 ('l .146 .174 2.4 0.3 

Ul 
fo:3

I Vnlues for proteIn, calcIum, phosphorus, thlnmlne. ribollflvln, and nscorblc acid I No nnalyses made. 
nre from Inborn tory nnnlyscs of the lot or foods uscd In B prellmlnllry study; values • Used ns cobbler. 
ror otber nutrIents nrc cllicuillted prImnrlly from U. S. Dept. Agr. Hnndb. No.8 (l8.1l. I Depends on type or rat used. 

l Sources or specllli foods and procedures for preparation of the foods are gIven In ~ 
scct. Ill. rJl 

'-l 
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TARLE 3.-Nutritive values I of tOO-um. portions of foods in complement I OO,i 

Food Food IP I 1Ft I cllrbo'l C I I Phos- I Vltnmln I Thln- I Rlbo- I NI IReduced t-3 
energy ~__n__ hydrnto -.::. phorus ~ A vnlue ~ flnvln ~ns~~r~lc ~. 

Interna-
Milli- Milll· Mmi· tional Mllli· Milli- MIllI- Mlll!-

Dough for rolls: , Calories Gram., Grams Gram8 urum..., grams gram." units gram8 grams gramsNo cnsellL __ -_ •_____________________________ 257 11. 9 5.0 40.3 22 82 0.6 0.054 0.065 0.9r) gli8 ~ 3.2 porcent cnseln , __________________________ 257 14.4 5.0 37.8 22 102 .5 ') .053 .060 .9 ,I) 
5.S percont cnscin 5________ ...... ___ .. __________ .. 250 16.4 5.0 35.7 23 118 .5 .052 .065 .8
7.3 percent C3SQin ,__________________________ :l :l255 17.6 5.0 3·1.4 23 128 .5 .053 .0115 .8 

Sugur________________________________ ...._______ 884 0 100 a (.) 0 (') 0 ~') 0 ~Flit _______________ •___________.._____ •_________ . 
aS5 0 0 90.5 (.) ('l(I 0 ~:l I) 0 ~:lJl'lly, gmpe _____________ •• _____ •__ ...___________ 2':)2 .2 0 G5.0 7 .3 10 .015 .020 .2 0.5 ~ 
252 .2 () (j5.0 0 Il .:1 10 .002 .002 .2 1.0

~c~l~tl~~:~~:=====:==::::::=:::::::::::::::::::: 335 81.6 .1 0 405 42 0 0 0 0 0 (IlDough for cohulcr (llcuch)' _______ •______ •_______ 
('l 

~ :l31 3.S 15.4 44.7 7 42 .2 .016 .009 .3
Dough for cookIes ,_ .._. __________ •______________ (3 .007 .2aUl a.2 10.3 52.7 6 33 .2 .013 ....Cnku flour _____.._________________ .________..___ !:):;114 8.7 .8 70.4 16 9·1 .5 0 .036 .020 .6 I) ....aluten Ilour _____________________ •_______ •_______ 3M 40.1 2.0 43.0 611 109 1.1 0 .144 .000 1.11 to:)Cnseln__________________________________________ :l340 80.9 0 0 33 713 0 0 .007 .018 Traco C> 

1 Values for protein, cnlchl1n, phosphOrus! thlumlne, rlhoUuvln, lind IIseorhlc ucld 3 Depends on type of fut used. ~ 
nrc from lnborntory nnulyses of tho lot of fOOl s IIsed In t1 prellmlnnry study; vnlues for • No annlyses made. 
other nutrients lire culculnted prlmnrlly from U. S. Dept. Agr, ilundb. No.8 (184). , Cnsuirl con tout refers to grams of casein per 100 gm. dough. !1l 

, Vulues obtnlned from nlltl'ltlvo vulllo of Ingredients nnd weight of dough hefore 
weighing indlvldunl portions (sell p. 59). t::1 

~ 
~ 

I 
~ 
l:l:l 

l':J 
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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 a 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 nutrients. The data indicate, for example, what changes will 

. occur in other nutrients when food energy or protein levels are changed. 
The analyzed values for nitrogen, calcium, phosphorus, thiamine, 
riboflavin, and ascorbic acid shown in tables 2 and 3 were obtained 
from the lot of foods used during a preliminary test period (see sect. II). 

POSSIBLE APPLICATIONS OF THE DIET 

EQUALIZATION PERIODs.-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 use in preliminary or equaliza
tiOll periods, regardless 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
perinient. The length of timP needed for subjects to come to equilib
rium (1). these reference levels will vary with the particular nutrient 
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 in table 4, type A. 

• 
REQUIREMENT STUDIEs.-When requirement for a 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. '1'he extent of restriction depends on 
the objectives and conditions of the experiment. The amount of 
calcium, phosphorus, iron (for women), thiamine, riboflavin, and 
ascorbic acid 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 
nutrients by omitting or altering the level of the respective nutrient in 
complement II (see table 4, type B). 

For the study of amino acid and protein requiraments, basal diets 
usually contain as little as 0.4 gill. nitrogen (22, 23, 77, 153, 154), 
whel'eas the core foods alone contain about 3 gm. Thus the stand
ardized diet is not applicable to the study of requirements for these 
nutl'ients. 

• 

The diet might be applicable to the study of fat and fatty acid 
requirements, if a fat-free diet were not required (25). In a recent 
study reported by Hansen and 'Wiese (70), the blood levels of dienoic, 
tetraenoic, and he.xaenoic acids were found to be significantly less in 
malnourished infants and children than in a group of well-nourished 
children previously studied (186) who were receiving about 3 percent 
of the total calories as linoleic acid. The foods in the core have 
a calculated linoleic acid content of only about 0.1 gm. (0.04 percent 
of the 2,000 calorie diet). By controlling the ~ype of fat in comple
ment I, for example, by the usc of coconut oil, butterfat, or cottonseed 
oil-reported to contain no linoleic acid, and roughly 4 percent and 
50 percent of linoleic acid, respectively (46)-the requirement for 
this essential fatty acid probably could be studied. 



• • • 

TABLE 4.-Adaptation of the standardized diet Jor different types of studies 	 I-' 
o 

Quan	 Vita, Reduced 
Type 01 study and diet tity Food Fat I Phos· Iron min A Th!a Ribo	 Jo3Protein Carbo- ICalcium photus 	 Niacin Iascorbicenergy hydmte 	 mine flavinserved 	 value acid 

.----.----.----.----.----.----.----.----.----.----.----.---- ;
Inter· 

Mill/- national Mill/- Mill/- ....
Mi/li· 	IMill/·

A. 	EquUlzation period: Gram3 Calories Grams Grams Grams Grams Grams grams units grams grams grams grams
Core (average values Cor a 5-day perlod) ____ 550 20.3 6.5 102 142 303 4.3 1,025 0.138 0.318 4.3 11.2 ~ Complement I I

• 	 Rolls (3.2 percent caseln) _______________ 250 642 36.0 12.5 94.5 55 255 1.2 (') .132 .165 2.1 
Sugar _________ ..__________..___________ 45 398 45.0 0 0 0 0 (2) o _________ --------- 0 ~Fat. ___________________________________ 

5 19 0 5.0 --------- --------- 0 	 0Jelly, grape__ ..________________________ 30 76 .1 0 19.5 2 1 .1 0 .004 .006 .1 I .1 ~ Cookles_________.._______ ....__________ 75 293 2.-:C 14.5 39.5 4 25 .1 (2) .010 .005 .1 t=Joclatin ___ ..___________________ ..____ .. 2 7 1.6 0 0 9 1 0 0 0 0 0 

Sub10 tal __________ ..________..________.._ 
--------- 1,985 60.4 78.5 260.5 ! 212 585 5.7 (') .284 .494 ~ 

Complement IL_______________________________ .... 
1500 '388 4.0 (I) .500 .500 	 ....-----~~~-I :~:: 

Total. __________________________________ -' ________ .1 1,985 	 t<l 
60.4 78 260 712 973 9.7 4,000 .784 .9N 6.6 61.3 0> 

D. Requirement studles______.._____________..__ __ Core and complement I as under A above. For complement II omit or alter the nutrient under stndy ;:l 

C. 	Interrelatloruhlp studies (e. g., etIeet oC low rn 
protein):Core _________.._______________.._______ .... _______ __ 	 t::j550 20.3 6.5 102 142 303 4.31 1,025 .138 .318 4.3 I 11.2 

Complement I I 	 t=J 
Rolls (no caseln) ..___________________.. 100 	 "d257 11.9 5.0 40. 3 22 82 .6 ('l .054 .065 .9Fat.______ _____________________________ 20 
Sugar__ ________________________________ 20 ('l ------- ..- --------- :-3Ig ====::=:: ____ ~~~_ ----2ii~ii- :==:::=:= ===:::=:: :==:====:1 0Jelly______ _________________ ____________ 30 76 .1 _________ 19.5 2 1 .1 ----~iiii:j- =====:==f======:0 .006 .1 .1 o
Cookies, Crosted .. ______________________ 198 	 .3 ____ .____ I:j852 4.8 45.2 110.7 9 49 .3 (') .019 .010 

(150 cookies, 48 frosting) 

I 
>

su::~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -------~- ---~~~;~- ----;;~~- ----;~~;- ---~~~~- -----;;~- -----~~~- -----~~~- ---~:;--- ----~~:~- ----~~~~- -----~~~r---~::~ 
Complement II ,_______________________________ _________ _________ _________ _________ _________ '530 1565 5.0 (I) .570 .600 1. () I 50.0 

TotaL__________________________________ _________ 1,989 37.1 77 292 705 1,000 10.3 4,000 .785 .999 6.61 61. 3 q 

~ 



• • • 
D. Utmrotlon studies (e. g., r!boflavln !n milk):Coro_______________________________________________ _ 

550 20.3 6.5 ]02 142 303 4.3 1, 02.~ ,138 .318 4.3 1 11.2 
Complement I (with mllkl I

Mllk______________________________ _____ 300 204 10.5 II. 7 14.7 354 279 .3 480 .12 .51 .3 
l~olJs (no case!nl_______________________ 250 642 20.8 12.5 101.0 55 205 1.5 ('l .135 .162 2.2Fat.________ ________________ __________ _ 3;) 20;) 33.0 --.-_ .. --- . .----- .. -- --_.. - ... -,.- -- ... ------ ('l ---------
Jolly__ ____ ________________________ _____ 0 19 --------- --------- o ========= =====:===1::======= 
Cookles_ _______ ____ __ ___ ___ _____ ___ ___ _ 75 -----292-'-'---i:j-,- ---i4~5-,----3ii~5-,-.---- -4"------25-'------~ i-,---(ij---,----~oiii-,- ---~OOS-,------:i-' === ===: == > 
Sugar__________________________________ 5 5.0 _____ • __ . _._. __ •____• __ •..• 

Gelatln_______________ .________________ 0 

I 
U2 

Subtotal. ____ •________ •________________•• 1_________ 1 2, 000 63.0 78.2 262.2 555 812 6.2 (.) .403 .005 6.0 11.2 

Complement II • . ____________________________ ._1 _________ 1_________ 1_________ 1_________ 1________ _ , 180 4.0 (I) .400 50.0'160 
'1'otl11.___________________________________1_________ I 2,000 63.0 78 262 715 002 10.2 4,000 .803 .005 6.0 61.2 

t:J 

I Values for meal patterns 1 and 3. I Appropriate substitutions need to bo made hi the complement II portion of the ~ 
l':J, Values for complement r depend on aInount furnished by fnt IIMd. diet for the minerals and vltnmlns In groups II nnd III (tublo 1). 
t:J 

i Values for complement II will be vnrled to mnlntnlua cOllstnnt dlllly Intnke, 
, From dlcalclum phosphate. • .From d!calc!um phosphnte and potasslulll dlhydrogen phosphntr. 

~ 
1-3 
>oj 
o::c 

~ 
o 
~ 

~ 
l;;l 
Ol 
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Diets used for the study of vitamin A requirements have contained 
only.around 100 I. U. (20, 173), whereas the vitamin A value of the • 
foods in the core of this diet is about 1,000 1. U.-100 1. U. from 
vitamin A in milk and 900 1. U. 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 to about 100 T. U. Although the altered 
diet does not offer the variety and palatabilit~y found in diets commonly 
used for vitamin A studies, which include foods such as pork products 
and citrus fruits, such adaptations ,,-ould permit the control and study 
of other nutrients simultaneouslv with vitamin A. 

The diet as set up is not appiicable to the study of niacin require
ment. The calculated niacin content of the foods in the standardized 
diet is appro)..imately 7 mg.-5 mg. inthe core and 2 mg. in comple
ment 1. These values have been confu'med b~\T analysis of composites 
containing the core foods and of inclividual foods in complement 1. 
The calculated tryptophan content of the l)('.ef, milk, and rolls (without 
casein) is 0.26 gm., or apPl'oximatrly the minimllll requirement 
(0. 25 gm.) tentatively suggrsted for this amino acid for men by Rose 
(153). The niadn and tr)~tophan content of the standardized eliet 
can be lowered to about 6 mg. and 0.22 gm., respectively, by sub
stituting cornbread for the wheat rolls and maintaining the protein 
level with gelatin instead of the gluh'n flour. These levels are not 
so low as the intake of 4.7 mg. niacin and 190 mg. tryptophan reported 
by Goldsmith and co,,-orkers (66) a,s necessary to produce deficiency • 
symptoms, but might be sufEcientl)T )'estricted for study of physio
logical utilization of niacin from foods. 

On lile basis of information aYailable, the amounts of other minerals 
and the more recently recognized B vitamins found in the core a.nd 
complement I appear- to be 'sufHriently' restricted, so that the Tequir'e
ment for the nutrients can be studied by controlling the amounts of 
the eorresponcling nutrient in complem0nt II. 

TNTERRELATIONSIIIP Sn.TDms.-Th(·IC:'Yel of single nutrients in a eliet 
has been reported to affect the excn'tion and metabolism of other 
nutrients (60, 67, 137). In studying simple or multiple inter-
relationships among nutrients, thC:'1'eforC:', it is ([('simble> to alter the 
level of each nutrient inclepC:'ncle>ntly \\-ith as EWe change as possible 
in the general composition of the diet. The grea.{(·st part of fat, 
carbohydrate, and prot0in in LllC:' standardized diet is found in comple
ment 1. By supplying tIlesC:' lluiri('nis from rather highly pW'ifie>d 
sources, the intakes eu,n C:'usily br u1L0r('(1 with only minor changt's 
in other nutrients SUdl as minerals and yiLamil1s. For example, the 
core contains only about G gm. fu.t, so that byehanging thpkincls or 
levels of fat in cOl11plem(,llt I its possibl(' effeC'l 011 the 1't'quirement of 
various other nutrit'nls cml be studiC:'cl. Changes in the }e>vel of 
fat will, of ('OW'st', ]'t'quire chaJ.1ges in carbohyclratC:' to make the two 
diets isocaloric. Or, as anolhrr example, the leYd of protein in 
complement I can br lowered from about 40 gill. (sro table 4, type A) 
to about 16.5 gIll. (table 4, LYP0 C) by omittillg the grlatin and using • 
100 gm. of Clno-casein" rolls instead of 250 gill. of 3.2-pt'rcent 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 b~y adjustments in complements I and II as indicated 
in tahle 4, type C. The totnl protein in the diet can therefore be 
lowered from 60 to 37 gm., with a 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 nutrients can readily be 
studie.d by altering the amount of the mineral salts or pmified vita
mins in complement II. 

l.hILIzATION STl~DIEs.-The diet cnil be used to stuely the utilization 
of nutrients from foods by suhstituting the test food for comparable 
amounts of seleeteclnutrients in complements I and II and regulatjng 
the amounts of ol.ller nutrients so tllat illsofnr fLS possihle the nutritivE) 
content of the diet will be unchanged. For example, I.o study the 
utilization of riboflavin from milk, the addition of 300 gm. milk to 
complement I wouln Teplace the 0.5 mg. riboflavin in complement II. 
This i,.lllOunt of milk would also cOlltrj).lUte an appreciable amount of 
other nutrients. To maintain as nenrly constant an intake as possible, 
adj llstmcnts in complements I and II illustrated in table 4, type D 
·would need to be mude. Compensations ·would also he made where 
possible for the Irsse1" known yitamins and minerals. Foods may 
contain other nutrients, ut present unlmown, but hy this plan, intakes of 
most of the Teeognizcd nutri'.'uts could be controlled. 

SECTION II-METABOLIC RESPONSE TO THE 
STANDARDIZED DIET AND TO A lOW-FAT IN1'AKE 
PRELIMINARY TEST OF THE DIET 

Before the main study wus made, a la-clay test wns curried out to 
(,YHluute the acceptn,hility of the diet. Tlu'ee sinH membrrs sened as 
suhjC.'ets. As a n'suH of this trst, seYt'l'Ul e1lung<'s were made ·whieh 
hl1,ye 1>ren inrluclrd in the diet HS prrs('lli.rd ill se('1ion 1. Complemrut 
I origiJutll)' contuilll'd l'gg whilp, tlsc'(l for Illpringues nnd nngrl food 
cuke. Si11('e rgg whitp l)J'oyidpd mOl"l' rihoflnxin thall wus anii(:ipntecl, 
it \\'HS rephH'('(l by 2 gm. gt'lntin filld lHlditional eake flollr to supply n.n 
equintlNli amount oJ nitr0trPll. ilJthough tbt's(' prokins are oJ poorer 
quality tlliln tho:;(' in <'gg white, ille ('uleulaic'(l umOllIlls 01' essential 
nmillo il(·ids in [ll(' di('l still lllPpt l'('qllu'rlllents as sugges1ed for men hy 
Host' (1531. ::\[!l('tu'md, lIS('<1 on nltc'rnaie days for luu('h, WtlS l'('plu.ced 
by spaghetti, f;iu('(' it WHS more a{,(,l'ptahl0- with 1hr limited aJllount 
of iomntopu.J"('r lI;,;pd for flHyoring. The' r('('ip(' 1'01" tt)llln(o puree was 
modirircl to indll{le It grt'atp]" proportion of onion nnd ('dery (0 lmproyc 
the flavor. Although suggc'stt'(l eombina (ions of foods and l'rcipes as 
used in tIl(' Mig-inll 1 eli('( had hN'1l tried nnd tesica for paJu.ln hility by 
it smalluntmiJH'd group l)('fo1"e this prt'jiminol'Y test pt'riod, reactions 
to flavor and tt'X(UI'P oj' SOlll(' foods pl'oy('d l('ss satisfactory when full 
s(,l'yings wrro ('ntcn repent('dly. 

('ollc('iiollS of foods and {'xcreta during this preliminary tcst pro
Yidod nn oppor( unity for ('Il('ckulg g{,Jlc'l"ll.l ('ollcC'tion pro('cdmcsnnd 
fl,c1apting lUwlytielll methods to thc equipment tlxailable. The 
trCllnnulc" used at. tbe hC'giJuling of this test was eXC'l'r(ed in Lhe urine 
lWeI therefore WflS u])satisfaeLory as a fr('('s marker. CarmiuC', fl.lum 
lake No. 12:~9, from National Auftlinc Diyil:;iolt of Allied Chemicn.l & 

http:prrs('lli.rd
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Dye Corp., was found satisfactory. EJ.."periences during the 10-day 
test in preparation of the meals, in collection and preservation of 
the samples, and in evaluation of the diet and of the analytical pro
cedures proved invaluable as a preparation for canying out the 
metabolic study reported here. 
GENERAL PLAN OF THE STUDY 

The diet as described in section I was used in n 40-day metnbolic 
study in the spring of 1952 by the Human Nutrition Bruneh of the 
AgricuJtuml Research S('ryj('e, in cooperation with the l\fnrylnnd 
Af:,rricultural Experimcnt Station and the College of Home Economics 
of the Univcrsity of l\farybnd. This stud.y was undertaken to 
evaluate the acceptability of the diet by a group not associated with 
its planning, to obtain information 011 the metabolic response to the 
levels of nutI'icnts in the diet sclected as 1'c1'eren('o levels, and to test 
the use of the diet for a study of the eHect of diffcrences in fat intake 
on utilization of otller nutrieilts. 

The G subjects, seleeted from 15 volunteers, were Jlome economies 
stUdents of the Unin;>rsit:Y of l\'farylaud; 3 were juniors, 2 wrre sopbo
mores, and 1 was 11 special studput. All were considered to he in good 
health by the examining ph~-sieiall. Age, ,Yeight, hpight, nnd calcu
lated body surJace of t1lpse suhjects nre ShO'Yll in tahle 5. The l'illlge 
in nge was from]9 to 23 ypars; in height, from 157.7 to 173.7 em.; in 
weight, from 47.2 to 74.7 kg.; and ill cn1eula,tecl hoclysud'acp, from 1.51 
to 1.89 square mpters. According to Davenport's table of weight for 
height nncl age (42), suhjects B, E, and F \\"erc \\-itilin ] 0 pr]"cent of tbe 
e:\.-pected weight; A was 18 pel'crut, and D; 20 percent underwcigbt; 
and C, 18 pel'cent oVPl'wright. Subjects A and D were sisters. 

TABLE 5.-Physical measurcments oj subjects 

Subjrrt I "\gP IWpight' I Trrlght Isl~?1~&, 
----------------- ---'----,-_,_I__~ 

. I I ' I f Cf:71Ii~ Square 
r reCLr."!' : 1{ilo.]ra.lIM meters meters

A·-----·----·....···-·-- .. ··_.... ~ ___ ·_ .._· .... ___ ." .._... i 19' .'i0.1 lifl.S I.M 

E~:~:~~:::_:--~~-! ~ ~l 1~1 i~ 

, J\fcnn of wrights (or rntin' study (ak"n at th,' hrginnlu!!, middh', nllll pm] of pnrll pl'rllld. (fire tubl" G for tn'uds,) 
'Caleulllted from till' forJllulu of llubois urld DuboIs (.'il); Wl. kg. Q,'" X lit. em, 0.'" X 71.84 

A furnished house within wnlking distance of the Uniycrsit}T was 
rented in order to pl"o\'ic1r p1c'asant li\-ing quarters il,nd adequale 
facjljties for pr('paring und :,wrving m.ra]s and for .eolledion an(~ tem
porary storage of ))1Plabohc sampks. PrppfiJ'atJoll nne! selTlllg of 
the meals and supervision of tIl(' collection of samples were earricd ou t 
by four professional Dlrlllliers of Ollr stafr. Two membrIs were 
present nt eneh meal nnt! Olle was Oil duly at all time's. 

The exprrimc'llt. was dividl'd into eight 5-dny p('riods. During tbe 
first 4 pcriods, all G subjeets We1"(, giVL'U Uw amounts of fat and carbo

• 


• 


• 
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• 
hydrate provided in the standardized diet; during the second 4 periods, 
3 of the subjects w('re 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 no 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 wben tbey changed 
directly from their customary nutriE'nt intakes and diet patterns. 
Test doses of thiaminE', riboflavin, and ascorbic acid were given the 
last day of the experiment. 

The foods in tbe core as listed in table 2 were used throughout the 
study. Since 5-day periods were desired, meal patterns 1 and 2 
were repeated. Tbe 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 inclindual calorie require
ments as indicated by \\"('ight, changes. ProcedlU"es for the prepara
tion of tbe dirt and rE'cipes for baked produets are given in section III, 
pages 56 to 60. Vitamins and minrral sults in complement II were 
administered as described in section III, pagrs 60 D,ud 61. Distilled 
water and sodium chloride were allO\nd ad libitum, but the amounts 
taken by each subject WE're recordl'd. A mi.-..;:tme of sodium chloride 
and sodium bicarbonate I,as usrd as a dentriiief'. 

• 
Tbe following plan was used to vary tbe fat leyel in tbe diet. During 

the in-st 4 periods \\~ben all subjects were main';ained on the same in
take, the estimated 78 gm. fat in thl~ dirt 'w('te from the follo\'{ing 
sources: Appro)..imatC'ly 6 gm. fat from foods ill the core, 22 gm. 
hydJ·ogenated fat (10 in cooking, 12 in the rolls),uncl50 gm. buttrrfat 
(15 in cookies, or cooky and cobbler, and 35 as table fat). DlU"ing the 
last 20 days the 50 gm. buttE'rfat were removed from tbe diet for sub
jects D, E, and F, and tbe estimated 28 gm. fat 1"E'maining in the diet 
were from tbe follo\\ing sourCE'S: ApproximatPly 6 gm. fat from foods 
in the core and 22 gm. hydrog('natecl fat (10 in cooking, 6 in the rolls, 
and 6 in cookiE'S, or cooky and cobbler). ThE' food energy content of 
the 50 gm. butterfat was replaced with isocaloric amounts of sugar 
and jE'lly. Each subject was allowed to choose tbe proportion of 
sugar (partly as fondant) and of jelly tbat she preferred. On the 
basis of the estimat('cl2,OOO ('aloriC's and intakes of 78 and 28 gm. fat, 
tbe fat would contribute' about 35 ancl13 percC'nt of the total calories. 
Analyzed intakE'S of fat aVNag('d 76 and 24 gm., so that the fat cal
ories averaged nea1"E'I" 34 and ] 1 percent. The higher of these two 
intakes is in the rangC' found in average cU('ts of nonobese women 
(11) and tbe lower intakC' in eliets geuern.lly considered to be low in 
fat (2, 7'/;"). 

Procedures for tIlE' col10('tion and presermtion of samples of foods 
in the core and compl('ment I, and of blood, urin(', and feces arc given 
on page 61, section III. 

• 
Thiamine, ribo£lavill, nitrogen, calcium, magnesium, and phos

phorus analysE'S were cfUTl('d out 011 food, urine, and feces samples; 
fat analyses Oll foods and feces samples; ascoJ'bic acid on foods, mint', 
and blood snmplps; and c1"('atiniue all urill(' samples. :Metbods for 
analyses are given in s('ction III, page 62. 
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ftESULTS AND DISCUSSION 

General Response to the Diet 

The diet wus well accepted by the 6 subjects elUTing the 40-day • 
study. Several days were l'equired to adjust to the large proportion 
of cereul products and several of the subjects 'were not accustomed 
to using as much as 35 gm. table fat, but adjustments to these dietary 
changes were l'eaclily mudc. 

The effect of the diet on intestinal motility was difficult to eva]uat.e, 
because it varied among the subjccts. Little or no cII('C't was noted 
for subjects B, C, and F. It took longer for the carmine to appear 
in the stools for subject A toward tbe end of the study thun during 
the first weeks. With time, motility also became slower for subjects 
D and E, but both subjects stated that it was not unusual for them 
to have intervals of several days between eliminations. These 
subjects were given agar in periods 7 and 8, but elimination was still 
slow. 

The food-energy intake and the aV('I'[\.ge body ·weight for the 6 
subjects for euch period are given in table G. Subject 0, the tn.11est 
and heaviest subject in the group, had the highest increuse in food 
energy intake dUTing the study (from 2,015 to 2,510 calories in the 
first 20 days), yet lost a trtal of 3.0 kg. of which 1.2 kg. wus lost 
during the last 20 days on 2,510 calories. The othGTS varied less than 
0.5 kg. on intakes of 1,865 to 2,055 calories during this same period. 

Creatinine Excretion 

The daily creatinine excretion values o,re shown in figurC' ]. }'1ean 
values with stundurd deviations for 5-dn,y lwriocis and for thC' 40-day •
study are shown in to,blc 7. Creutininc deLermiuutions ,,'C'1'e carried 
out on both halves of the urine samples (seC' sC'ct. III, p. 62) to check 
the accuracy of sepamtion, but only total values m'e reported. The 
rC'sults iudicl1,tC'cl that subjects A, D, E and F cljyiclecl all Ul'ine samples 
satisfactorily anel made eompletc col1C'eLions throughout the 40-day 
study. Subjcct B appn]"Pl1t1y lost part of two sampks. Subject 0 ad
miueclly lost a numl)('l" of sl1,mples toward the end of the study, ineJud
fig those follov,ring the test dose, and mo,de unsatisfac{or:r division of 
many samples. Daily variations in crenlinine excretion for this 
subject were lo.rge find from ('usnnl11'l11urks it ,\"as nppo,rcnt (hut she 
did not upprC'cial(' tIl(' importancc of ac('urnlely tcrmiul1,ling 24-hou1' 
collections. 'rherdore, sl1,l1l})les for the last period were disco.l·ded 
and lU'inary viLa.miu vuItH"s arc rt'portC'd only by 5-dl1,y periods. 
Coefficicnts of variation a within 5-dl1,yperiods for the other 5 subjects 
were 5 percent 01' less, ('xC'",])t for subject. A in period 4, B in p(,I'iod 5, 
a,nd D in period 8, UU(t in Lll('sC cases the cot'fficit'llis cud 110t ('xccecl 
10 percent. CoefJicicnts of vuriation for period men.ns w('r(' all 
wiLhiu 5 perccnt, inducling those for subject C. Daily variations in 
creatinine excretions for tht'se subjects wcre not l'c1at('d to the 
menstrual cyde (figme 1). 

3 Stanciarci cl('\"ialion expr('ssecl ns percent of Lhe menno 

http:aV('I'[\.ge
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TABLE 6.-Body weight I and calculated food energy intake of the subjects during the study 

Subject A Subj~ci n Subject 0 Subject D SubJ.ct E Subject F 

5·day period 

W . Ii'elg 1 Foodem'rgy I \"1' I Food,~_I"_I eIlrrgy 'I t"rig 1 Fooden('l'g~' "I •',elg I. l'oodcOl'rgy I '\' I I t, e g 1 I Foo(lenergy I 'V 1·1 t, e g 1 I Foodenergy ~ 

rI1 

L ...... ___ ....._____•..• 
2.~~~ ... _... _~ ..._~ .... _.. "' .... .. 
:1. ""'" .••• , .......... .
.1. ••• __ .. __ • __ •• _•• __ •• __ 
5. __ .•. __ ... __ ••• __ .... " 
G. __ ............ ____..... 
i. ~_ .... ~ .. __ .. _.... _.. ,,_._ ...... _~ 
S'"... _ 

J,i/oorams 
50.0 
50.2 
·w.n 
·10. '; 
50.1 
50.2 
50.3 
50. I 

Calories 
2,015 
2,016 
2.015 
2.015 
2,015 
2.015 
2.015 
2,(]15 

](llogTa1llS 
50.7 
50.8 
50.:1 
50.0 
50.0 
58.0 
58.8 
58.5 

Calories 
2.015 
1,005 
1,020 
1,1120 
1,020 
1,020 
1,020 
l,U20 

](i!ogra1TlS 
7G.5 
7!J.1 
/.1.0
7.J.:! 
nr. 
7·1.1 
7:1.8 
73.5 

Caloric., 
2,015 
2,:115 
2,311i 
2, :100 
2,510 
2,510 
2,510 
2,510 

KilogTCI11lS
47. () 
·17.0 
47.0 
-to. 0 
·17.1 
47. ·1 
47.4 
47.6 

Calories 
2,016 
2.015 
2,015 
2,015 
2,OM 
2,055 
2.055 
2,055 

Ki!oYTfl71l s 
5U.O 
55.S 
5G,l 
51i.3 
51i.8 
57.1 
57.2 
57.0 

Calories 
2,015 
2,015 
2,015 
1,095 
2,035 
1,025 
I,B05 
1,86.1 

](ilourams
[,g. 7 
58.7 
58.6 
58.7 
50.0 
59.1 
59.0 
59.1 

Calorie& 
2,015 
2,015 
2.015 
2,015 
2,055 
2,055 
2,055 
2,055 

~ 
t) 

~ 
S 
IS 
t<:I 
t) 

1 lIfNlll ofwclghts for cntlre study tuken ul thl) bcginnlng, milldlc, nnd end 01 cllch period. 
2 .!·dny lJerlud. 

t) 

t:;J 
1-3 

TABLE 7.-CREA'l'INJNE: Avrragc daily cxcrei-£on values 
;:l 
t:d 

5·clay perlOlL 

Subject A Subject U_I~ 

Stllmll1rd . Bt!ll1d!lnt,~~l d("'I!lllOll l\f~lIn dc,'lntion 
. St!lmlnrd 

",[eun d"\'hilioll 

SuhJect a SubJcct D 

Btnndnnl 
Menn Idc\'I!ltlon 

Subject .E 

:Mean Sl.nndnrd 
dovlatlon 

Subject F 

Menn Standard 
dcvIation 

5 
~ 

I 

I ........................ 
2. 
3..................... __ . 
4.......... __............ 
;L . *~ ____ .. _ ..... _ ..... ~ .... _* ~ __ .. ... 
n.....................__• 
7........................ 
8" .................... . 
1Ilrnn (8 pcrlods). ....... 
Meun (40 dn)'s) •• __..... 

Grallis 
1.0i 
1.10 
I. (J5 
I. 11 
1.15 
1.13 
1.011 
1.10 
1.10 
1.10 

Grams 
0.0·1 
.05 
.04 
.11 
.()2 
.05 
.03 
.03 
.03 
.06 

Grums 
1.03 
1.07 

, 1.05 
1.05 
1.0·1 
1.0·1 
.99 

1.04 
1. 04 
1. 04 

Gmllls 
0.03 
.02 
.O~ 
.05 
.07 
.02 
.OS 
.04 
.02 
.04 

Gralll.~ 
('l 

(') 

I. 31 
1. 23 
1.18 
1.14 
1.19 
I. 20 

1. 21 
1.21 

arums 
·· .. · .. 0:07· 

.00 

. ]II 

.18 

.16 

.20 

'''''''':iJo' 
.17 

Ora1llS 
1.02 
1.06 
1.01 
I. 03 
1. 05 
1. 03 
J. 07 
J. 08 
1.04 
1.05 

Grams 
0.02 
.03 
.04 
.01 
.02 
.03 
.04 
.09 
.03 
.0·1 

Gram., 
I. 02 
J. 01 

.117 
1.00 
1,02 
1.03 
1.00 
1.02 
I. 01 
1.01 

Orams 
o.oa 
.04 
.04 
.01 
.03 
.01 
.02 
.02 
.02 
.03 

Orams 
1. 14 
1.12 
1.09 
I,ll 
1.13 
1.15 
1.14 
1.13 
1.13 
1.13 

Oram., 
0.03 
.!I:I 
,04 
.02 
.04 
.02 
.01 
.02 
,02 
.03 

o 

~ 
rI1 

§ 
t:;J 
rI1 

, On~ sample lost belore ereatlntne WIlS analyzed. 
'3·day perIod; \'alues for 2 days Indicated lncomplete collection. 
• Collections k'Rown to be lncolllplcte. ~ 

""-J 
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CONTROL GROUP 

Gran:; 8 c •1.60 

1.40 

1.20 

1.00 

.80 

-Daily 

-5- Day Average -
* Beoinning of Menstrual Period 


t !:i'eginning of Low-Fat Diet 

1\ J 
lJ , 

r-

LOW - FAT GROUP •
r-------------~ r--------------~ 

o E F 

J.20 t 

1.00 

.80 

* 
2 6 8 2 4 6.a 

Periods 
FWURE I.-CREATININE: Daily urinary excretions. • 
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The creatinine and creatinine nitrogen coefficients (milligrnms pre


• formed creatinine or creatinine nitrogen 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, and muscular creatinine is given in the monograph on creatine 
and creatinine by Hunter (83). 

TABLE S.-Average creatinine and creatinine nitrogen coefficients 

Creatinine co- Crentininenitro· Creatinine co· Creatinine nitro
efficient based gen coefficient efficient based gen coefficient 

on- based on- 0:1- based on-
Subject Subject 

Actual Ideal .-\etunl Ideal Actual Ideal Actual Ideal 
weigbt weight {weight w~ight weight weight weight weight 

-----1·----'-----1------11--------
Milli· Milli· "nlli· ,\{Illi· MilIi· ~\{illi· Milli· Afilli· 

A._____________. gram.' uram3 grams ",am., . D _______________ grams grams orams grams 
22 18 S.l 6.6 22 18 8.2 6.7B ________..____ • 18 19 0.5 18 Ji 6.6 6.4C______ ___ ._._.• 19 6.9 19 7.116 6.0 

i.1 I~::::::::::::::: 19 6.9 

Nitrogen Metabolism 

• 

The data on nitrogen balance are summarized in table 9. The mean 
daily nitrogen intake for all subjects for the entire study was 10.99 gm., 
equivalent to 64.8 gm. protein.4 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 rolls, 0.49 gm. from cookies and cobbler, and 0.30 gm. from 
gelatin). .Approximately 27 percent of the nitrogen (3.02 gm.) was 
obtained from animal protein other than gelatin (1.57 gm. from beef 
or haddock, 0.27 gm. from mm:, and 1.18 gm. from casein). This was 
distributed in the meals as follows: 0.51 gm. ill the breakfast, 0.47 gm. 
in the lunch, and 2.04 gm. in the dinner. The nitrogcn content of the 
rolls was higher than planned beeause of a marked variation in two 
lots of gluten flour. The lot used during the study contained 7.69 
percent of nitrogen compared with 6.41 perccnt found in the lot used 
in the preliminary test. This resulted in an additiollal 5 gm. protein 
from the rolls. 

Urinary nitrogen and nitrogen retcntion values indicated that sub
ject C J)ad been accustomed to a somewhat higher und the other five 
subjects to a slightly lower protein intake that than of the stundard
ized diet. Excretions for all subjects except subject C were stabilized 
after the sccond 5-day period. 

Fecal nitrogen ran~~cd from an average of 0.39 gm. for subject E to 
1.06 gm. for subject lJ. Wide ranges in fecal nitrogen among subjects 
on a constant intake hayc also beenl'eported by Johnston and1fcMillan 
(86) and Toscalli and Whedon (180). 

Replacing 50 gm. fat with isoealoric fllllOlUltS of carbohydrate 
apparently did not affect the nitrogen retention. As shown in table 9, 
l'etentioll values for the 3 subjects in thc low-fat group receiving 
approximately 24 gm. fu,t during the last 4 periods of the study were 
not consistently different from those found during their control periods 

• or from those of the 3 subjects in the control group receiving 76 gm. 
fat throughout the stuely. 

4 Protein conversion factor uscd was 5.90. 
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TA.BLE 9.-NITROGEN: Average daily intake, excretion and retention values 

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

Excretion 
Group, subject, diet, and period ,Reten· •Intake 

tion
Urine Feces 

CONTROL GROUP 
Subject A: 


Control diet: 
 Gram.Period L ..._.._____. _________ . __ . ____ . __..____.._. __ ._ Gram. Gram. Gram. 
2.________ ••_________ .••________ ••_____ • ________ • 11.08 8.83 1.17 1.08

11.03 8.78 .703..._._____ ._.••______ ••_._ ••_____ • _______._._._. 	 1. 55
11.07 9.14 .91 1.02._--.--._---------.----_..------------_.-----._.. 10.85 8.89 1.81 1.15 

5.__ • _______________ • ___ •.__________ . _____ . ___ • 
6.____. _______. _________•.._ • __ . ____ •_______._. ]0.85 9.95 1.81 .09 
7.______. __ • __• __ . _____..___ ._••__ •__ • ______• __ • ]0.88 9.17 .80 .91 
8._________. ___ • ____•..._ • ___•___ .•________..____ 10.72 9.27 .83 .62

10.54 9.51Subject B: .69 .34 

Control dict: 


Period L ••___ . _________ • ___••____ •__• __ ..___ •____ ••. _._ II. OS 
2._._._._______ ••__•___ ._.___ •__ ._._._••____ ••_.. 1 I. 03 7.94 .90 2.24 
3••_____• ___• -.----___.._____••___ • __ • ____ • _.•_. 11. 07 S.60 1. 15 1. 2B 
4._.___. ___ ••____.._._____._.____ • ___ • __ . ___ ._.. 10.85 10.1I 1.09 -.13 

9.93 .99 -.07 
5•••_________ • _____._.•••.••.._._._••____ ••••.__ • 10.85 
6__••___ • _____ • ____• ______.•________ ..._.__ •••• 10.88 9.08 .96 .81 

9,3fl 1.16 .36L .-.--..---.-.---...__. __ . _________ .._______ ... 10.72 

8..••_._ ••_.•_. __ • __••_.____ •••._••___ ._.____ • __ . 10.54 
 B.93 .94 .85 

Subject C: 	 B.94 1.23 .37 

Control diet: 


Period 1.••_. __ ._.______• ____ ••___• _____ •____ ._.___ •___ • I I. 08 
2..•_••___ •_______ . __._.________..___ ._.___ ._._.. 11. 03 .0910.35 .64 
3..•_.___..____ • _____._._____________ . _____ •. _... 11.07 10.60 1.66 -.23 
4 ______ • ____••______ •________ • __ ••_______ •__ .___ 10.85 10.92 I .66 -.51 

9.88 1.04 -.07 
5•.•__ • ____ . _____ . ----___ ._._._••_______ • __ • __ ._. 10.85 
6._._ '-'---'---.__ •• __ •• _._ •.•_._______ ._._._.•__ 10.88 .84 1.038.98 	

•8.84 .50 1.54 
8._._ ._.____ • ___ .. ____ .• __. ______ ..__ ._.________________ •• 9.35 .75 . 62 

(') 

LOW·FAT Gnoep 

i -~--- ------------ -__________________ .. __________ .. 10. 72 

Subject D: 

Control diet: 


Period 1__________••__ . ___ . ___________• __ ..___________ •• 

~ 1l.08 8.11 .52 
 2.45 

11.03 9.34 .44 1.253::::::::::::::::::::::::::::~::::::::::::::::::: II. 07 0.33 

Low·fat diet: .80 


4 •• _. _____________ •____ • ___ ._.____ • __ ._••_.__ ._•• 	 .68 1.06 
10.85 9.30 .75 


Period 5 .._________•______ . __________ •__ ..___________•• 

6._._.___________________ ._.___ . ___ •__ .__ •____ •__ 11.20 9.65 1.02 .53 
7_.__ • __ • _________ •_____ •______ • ________________ • 11.20 0.56 .63 1.01
B ••• ____ ___________• _________ •__________________ • 11.20 9.4B .39 1.33 

Subject E; .3911.20 10.17 .64 

Control diet: 
Period 1 _________________________________________ • ___ •• 

2_._.__________________ •___ . __________________ •. 11.08 8.10 .93 2.05 
3._____ . ________________________________________ . ll.03 9.70 .50 .83
4••_____________________ • _______________________ • II. 07 9.52 .27 1. 2B 

10.B5 9.68 .54 .63Low·fat diet: Period 5. ____________________________________________.• _ 
6.___ • ___________________ •____ •____ • ____________ • ll.20 9.41 1.33 l. 46
7•• ____ •_________________ •____ .___ _ ____________ • ll.20 9.52 1.33 1. 35B__ •______________ •____ •________________________ _ 11. 20 9.91 .25 1.04 

Subjcct F: .4711.20 10.09 .64 

Control diet: 
Period L .._._____ __________________________________ .• 

2 •• ____________________• ________________________ • 1l.0S 7.58 1.07 2.43
3___________________________________________ •••_. 11.03 S.79 1.00 1.24

11.07 8.89 1.04 1.14
Low·Cat die1:-·-------------------·-----------·-----·--·-.. 10.85 8.83 .88 1.14Period 5. _________________ . _______________ •____________ _ 


6_____________________________ ••________________ . 11. 20 9.66 .75 
 . i9
7__•_______________________ ._.__ •________.,.__ ••. J1.20 9.93 . iO .57B._._. ___________. _________ ••• _._....._•••• _____ ' 11.20 8.98 1.19 1,03

11.20 9.15 .85 1.20 

I Average for 2 periods; separation brtwrrn "rriods not satisfactory.
'Creatinine values indicated Incomplete collection. (Sec P. 10.) • 
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A STA.."N"DARDIZED DIET FOR :METABOLIC STUDIES 

Protein metabolism in man has been reported to be affected ad
versely when almost all the carbohydrate in the diet vms 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 a diet deficient 
in protein and food energy (181). 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 gm. fat. 

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

Dailv lolal 1 
Pa JIluare 

meta of1;odv 
ror/act 

p" kilouram 
of~odV 
weivht 

Subject:A._________________________ 
B _______________ •___• ______ 
C _._ •..••.•••_•••.•_••__• __
P.- ........_._.....____. ___ 

GTam. 
0.69 
.37 
.78 
.85 

GT(1.m3 

0.44 
.23 
.41 
.00 

}'fillilJTam& 
14 

6 
]0 
18 

:E._...............__•••••_. 
F .••••._•• _._ ••.••.__ •••••• 

1.04 
.98 

.05 

.58 
18 
17 

?-Iean .•.•_•.•••••••••••.•.• .78 .48 14 

I Periods 4 to .. for subject C, a to S for other 5 subjects. 

The mean total retention value of 0.78 gm. for these subjects is 
('omparable with the value of 0.72 gm. reported by Jolmston and 
)':[c)':[illan (86) for 6 women aged 20 to 31 years during their first 
4-week study on a diet containing 10.72 gm. nitrogen. The mean 
retention value of 0.48 gm./m.2 is also similar to Johnston and 
)'·Ic:~:[illan's value of 0.47 gm./m.2 A. mean retention value of 0.37 
gm-fm.2 was reported by Bricker and associates (23) for a group of 
women aged 19 to 30 years during a IO-week period on an intake of 
onl:y- 5.08 gm. nitrogen. ~fitchell (126) found a small positive nitrogen 
halance during a long-time study in men aged 18 to 31, even after 
corrE'c:tion for dermal Joss, which he considered to be required for 
growth of hair rtnd nails. 

Yariation in ayerage 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 ayerage diLily intake of fat during the control 

periods was 76 gm. (34 percent of the calories) and during the low-Jut 
periods 24 gm. (11 percent oHhe calories). The amounts 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 
analysis was about 2 gm. lower than had been estimated. 

Lipid excretion values for each subject 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 fat from 70 to 24 gm. was indicated also by analysis of variance. 
Fat balance yalues and digestibility coefficients were not calculated, 
since there ',',-as no significant change in fecal lipids with tho cbange 
in intake. )'Iean eX(']"rtion ynlues for the 6 subjef'ts during the study 
awraged 2.02 gm., with a standard de'dation of 0.64. 

345282"--55----4 
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TABLE lO.-LIPIDS: Average daily fecal excretion and partition value;; 

[Control diet, 76 gm. fat; low-fat diet, 24 gm.J •Excretion 

Group, subject, diet, and period 
Daily Fatty Neutral UnsapOni·
total acids fat liable 

CONTROL GROUP 
Subject A: 

Control diet: Grams P<Tctnt PercentPeriod L._______ • ______________________________________ Percent 

2________________________ ______________________ _ 2.47 39 19 42


~ 

L 73 40 ]6 44
3____ • ____• ______________• _________ _. ___________ _ 
4_______________________________________________ _ 2.37 41 14 45 


J 1.72 42 ]5 44 

5 ______________________________________________ __ 


11.726 ___________________ ."._______________________ • __ 42 15 44 

7._____________.. ______________________ .. _________ _ 1.79 40 14 46 

8___________________________________________• __ 1.f,s 38 14 48 


1.73 42 18 40

Subject B: 

Control diet: Period 1 ____________________________________ 00 


2 __ • ___....____________________________________ __ 1.65 36 25 39 

3___________________________________________...__ 1.94 33 15 5Z 

4________________________________________ ..____ _ 2.17 36 20 44 


2.22 36 20 44 

5__ .. ___________________________________________ _ 

6._____________________ ..__________..___________ _ 1. 70 40 16 44 


2.35 32 ' 22 46 

_ --- .._-------- ... -..------ 208; -------.._________________________ ------ --- .._ ______________ ---------_ .._ 1. 96 36 44 


2.65 33 25 43
Subject C: 
Control diet: Period L __________________ •• ______________________ • ___ _ 

2 _______________________________________________ • 3.10 63 J2 25 

'3.38 54 13 33
3. ________ •____ • _________ • ______ . __ • __ • _________ _ 
13.38 54 13
4..____________• ___________________________ • ___ _ 33 


4.21 46 14 41 

5___________________....________________________ • 

6.._________________________- __________________ . 3.03 42 16 42 


2.16 43 18

~i __________________ .. ___________________________ _ 40 


8__....______ • __ • ____ • _______• __________ ._._____ _ 
 3.56 47 15 37 

(') 
 •---------- -------_. 

LOW-F.AT GROep
Subject D:. 

Control diet: Period 1___ ••__ ....__ ...._____________________________• 

2_ ...__ ., _______ •_____ ..______ •_______________.. 
 1.37 43 26 ' 31 

3..___________• _________________________________ _ 1. 55 49 14 37 


1. 64 52 12 36
4_.________________ ••• ______ ..._______ ._.___ • __ __ 
1.80 44 15 41


LOl'·fat diet: Period 5.._____ •••• ___ • _________________________....___ • 

6.._. ___.._.._" ________________________________ _ 
 .91 41 20 40 


1.76 44 18 38
7___ •• __ ••__ .••_____ • ______ • ______ •••___________ _ 
1.46 50 16 34
B_. ______ •___ c..____• __ . ____•.• _.__•___ ...._____ • 2.. 47 50 17 32


Subjec;.E:
Control dipt: 

Period 1.__•••___• __ • ______ •.. ______• __ ......._.____ • __ • 
 2.70 44 20 36
2 •• ___ • __• _.........._. _..._._ •• ____..._. __ " _._. 
 1.05 37 17 46
3..._...______ • __________ • ____....._.__ ...___ •• _. .SO 40 21 39
4. __'_ .~__• ________...__ • _. " ___ " __ ......__ •__ • 1.56 40 17 42

Lo,,·fat diet:

Period 5 .• _ •. __ ._...____..____..._•••_.........___ .•_•. 
 '1.22 44 15 41
G..__ ...._......._. _________ • ___..._..._....____ • 

j ].22 44 15 41
7.___ ......_______ ..____... _. ___ "'_'" ",,_,_,,_ .SO 38 29 33
8.._...__ ..____......._.........__________• _____ . 
 2.-11 35 15 50


Subject F: 
Control diet: :reriod 1 ____ •___......______________•__ ••____________ ••• 2.52 41 23 35
2______ .. .._ .. _ ____ ... ____ ..... ______________ ~ ... .0< ______~_ .. 

1.S9 43 16 41
3___•. _..._.....__ .. __ ....__ ....___....._____.... 1.(17 45 16 39
-1. ____________ ••__ .•••___...___...._.,_.._..._. _. 1.54 41 15 44

I..ol'·fat dict: 

:reriod 5. ______ ...... __._..__ ........____ ...__ •__ ....__ . 
 1.48 37 22 41 

~.....--.--..----.--....-.---......-.- ...-..-.-.. 1.. 42 36 28 36 

,------ ---_ .. -------..... ~ ..... ~ ...... -.. ,.,. -- ....... ----- ------- 1. 98 32 21 46
8.._ .• ___ • __ ....__ •• ___ .... _____ ........... _•.•. 
 1.44 35 24 40 


1 A..crage for 2 periods; separation between Jleriods not sutisfuctory.
: Not tlDulyzed. • 
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• CONTROL GROUP 
Gramr"i-s-----A--.I B 

4.0 

3.5 

3.0 

~ Unsaponified Material 

[:·:;:1 Neutral Fat 

§II Fatty Acids 

J Beginning of Low-Fat Diet 

2.5 

2.0 

1.5 

~ 

:;:; :.:, ..;.: 
t% 

.:.

~ 
~ 
~ 

~ :::. 
~ ····I~ 
~ I~ 
::. Ig

I~ 

10 

0.5_ 

• 0 

LOW-FAT GROUP 

2.5 

0 E F 

2.0 

1.5 

1.0 

0.5 

0 
2 4 6 8 2 4 6 8 2 4 6 8 

Periods

• FIGURE 2.-LIPIDS: Average daily fecal excretions by periods. 
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Reports in the literature on the effect of fat level in the diet on the 
iecal lipids are controversial. Annegers, Boutwell, and Ivy (3), for 
example, using from 60 to 150 gm. hydrogenated fat or lard in addition 
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 
greater 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 subjects), reported increase~ in 
fecal lipids with rJgher intakes. . 

The average daily values for fecal lipids with amounts excreted as 
iatty acids, neutral fat, and unsaponifiable material are shown in 
figure 2, and are given as percentages of the total in table 10. Total 
iatty acids and unsaponifiable 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 analyses had resulted 
in some hydrolysis. 

Calcium, Phosphorus, and Magnesium Metabolism 
CALCIUM.-The calcium intake, urinary and fecal excretion, and 

retention values for each subject are shown in table 11. 'rhe mean 
daily calcium intake during the study was 725 mg. An average of 
144 mg. was obtained 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 subjects received from 1 to 4 mg. per 
day from jelly; subject E, 6 mg. from ugar in peI'lod 7 and 18 mg. in 
period 8; and subject D, 6 mg. from agar ill period 8. 

Since the greater proportion of the calcium is usually excreted in 
the feces and unsutisfactory sepamtion of feces between periods is 
often a source of error, evaluution of culcium metubolism datu by 
single periods is difficult. However, since retention values for most 
of the subjncts for period 1 were markedly different from those for 
succeeding periods, it has been considered as an adjustment period 
and vulues for period 1 were omitted in ull avemges. An udjustment 
period of 4 duys to u week is usually considered udequute if the intuke 
is not mdically different from the subject's nsuul intuke (102,172,87, 
21). Nieolaysen und cOW01:ke1'S (134,) huve found mat'ked differences 
among subjects in tbe length of time needed to adupt to intukes of 
half the original vulue. 

The mean calcium intl'.ke, urinury and fecal excretion, und retention 
values with standurd deviutions for periods 2 to 4 and periods 5 to 8 are 
shown in tuble 12. Subjects in the low-fut group retuined less calcium 
during tbe low-fat periods 5 to 8 than during the control peI'iods 2 to 4. 
However, retention values for subjects A und B in the control group 
were also less during periods 5 to 8 than during periods 2 to 4. Analy
sis of variance indicated that differences in retention between periods 
2 to 4 and periods 5 to 8 foL' the 6 Sll bjects weL'e not signiiicfmt, and that 
cnJcium retention for the 3 subjects in the low-fat gl'oap was not 
influenced significantly by lowering the fat content of the diet from 
76 to 24 gm. for 20 duys. 
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A STANDARDIZED DIET FOR METABOLIC STUDIES 

TABLE H.-CALCIUM: Average daily intake, excretion and retention values 

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

Excretion 
Group, subject, diet, and period Intake Reten

tion 
Urine Feces 

CONTROL GROUP 
Subject A: Milli- Milli- Milli- Milli-

Control diet: grams gram. grams gram.Period 1._._.________• __ •• ___ ._._________• ____._._.___ 
2_________ ._._______._..._. __. ___ • ______________ 736 169 667 -100 
3_________________ •____________________________._ 733 132 383 .218 

720 128 545 47 
728 ]81 1458 80 

0__________________________ • ___________________ _ 
6_____________________________________________ • __ 729 154 1458 117 
7 ______________________________________________ • 742 190 490 62 
8_______________________________________________ _ 734 ]63 468 103 

4_______________________________________________ _ 

718 147 436 135
SubjectB:

Control diet: 
Period L_______________________________________________ 736 170 45·1 1032____ _____ ____ __________________________ _________ 733 

158 531 44 
4~________________________________________ _____ ~ 727 
3________________________________________________ 719 

151 604 -36 
227 552 -52 

5___________ __ _____ ___ ____ ______________________ _ 728 
191 506 31 
229 625 -113¥:::::::::::::::::::::::::::::::::::::::::::::::::: ·~i~ 522193 18 
203 608 -94 

8________________________________________ •______ • 717 

Subject C: 
Control diet: Period 1._______________________________________________ 736 

134 464 138 
3___________________________________ •••• ________ • 725 174 '552 12 
L _________________________________________ . ____ _ 730 

2_______________________• ___________ • ___ . _______ • 738 

190 1552 -17 
189 783 -242 

5______________________________________________ ._ i31 
192 608 -69 

7_______________________________________________ • 736 21J 387 146 
8 __..._____ • _________________________________________ • ____ • ~ w 

6.___ • _________• _________________________ .____ __ _ 744 

218 536 -18 
(2) 

LOW-FAT GROUP 
SubjcctD:

Control diet: Period 1 _______________________________________________ _ 
2~ ~ 

733 
i3G 182 484 70 

3 _______________________________________________ _ 223 404 106 
4_______________________________________________ _ 720 228 524 -32 

728 244 483 1 
Low-rat diet: Period 5 _____________________________________________ • 

6___ • •• ••• _••• • • •••• 

6_______________________________________________ • 
7_______________________________________________ _ 
8_______________________________________________ _ 

72G 
725 
725 
731 

260 
284 
293 
2GJ 

588 
516 
446 
594 

-122 
-75 
-14 

-124 
SubjectE:

Control diet: Period L _____________________________________________ _ 

3. 
~ 

_____________________________________________ _ 
2 ___.. ...... _________________ ... ___ .. ________________ ,",_'" 

4_________________________________________ •_____ • 

Low-rat diet: Period 5 __•. ___ ._ • ___ ._.______ ._••__._ ._ •••_____ •••_••• _ 
6,,__ ._••._•••••____ ••••__ •________ •_________ •__ _ 
7____ ••• __ • ___ ••___••_.______ ••___•••_.___ • _____ _
8__________________•____________________________ _ 

736 
733 
720 
728 

726 
725 
731 
i43 

176 
166 
li2 
211 

235 
300 
215 
200 

596 
365 
200 
514 

1357 
1357 

243 
645 

-36 
202 
288 

3 

134 
68 

273 
-102 

Subject F: 
Control diet: Period 1_.______________ •______________________________ _ 

2__ .. ____________________________________________ _ 
3 _____ • ____ •••______________ • ____• _______._.___ •• 
4._.__••___ •••___• _____ • ___._••__ • ____• __•.•____ _ 

iaO 
733 
720 
i28 

]89 
181 
158 
150 

681 
515 
606 
506 

-134 
37 

-44 
63 

Low-rut diet: Period 5 __ .. _______________ ... _____________ ... ___ ... _w _______ _~ 726 212 463 51 __ ____ ____ .,_____ ______ ____ __ 726 211 443 72 
726 100 603 -166 
726 204 470 43~=:::::::::::::::::::::::::::::::::::::::::::::::I 

1 Average r(lr2 periods; separation between periods not sntisfuctorr • 
• Creatinine valuesindicuted illcompletocollcctioll. (Seep. 16). 
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TABLE 12.-CALCrUM: lIfean intake, excretion, and retention values for control and 
low-fat periods 

[Control diet, 76 gIll Cat; low-Cat diet, 24 gm_] •
Excretion 

Retention 
Urine FecesIntake,Group, subJeet, .Bud periods Diet mean 1--,---11---,---1---,----

Stand- Stand- Stand
l\fean ard de- Mean ard de- J\fean arr de-

Ylation yjation viltlon 

CONTROL GROUP 
.Milli- .Mi/li- MRli- .Mi/li- .Milli- Milli- .Mi/li

Subject.A: gram8 gram8 gram8 grams gram. flTam& gram.Perlods 2-4___________________ ControL 727 147 30 462 Sl 11S S95-S____________________ ___do_____ 
731 164 19 463 22 104 31 

Subject 1l: Periods 2-4____________________ ___do_____ 

5-S____________________ ___do__•__ 
 723 179 42 562 3S -15 51 

740 204 IS 565 60 -39 74 
Subject C:Periods 2-4__________________ •__do.____

5-7 ____________________ ___do___ iSl ]84 9 629 133 -S2 139 
737 207 ]3 510 113 20 112 

LOW-FAT GROUP 

Subject D:Periods 2-4__________________ ControL 727 232 11 4.0 61 25 72 
Low-fat. 727 275 17 536 70 -S4 52 

Subject E: 

5-S___________________ 

Periods 2-4 ____________________ ControL 727 183 :/,j 380 12S 164 146 
Low-Cat. i31 23S 1,4 400 172 93 156 

Subject F: 

5-S____________________ 

Perlods 2-4._____________ •_____ 

5-S ___________ . ________ 
 ControL 727 166 13 542 55 19 56 

Lo,,-·Cnt_ 726 206 6 520 0 1111171 

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 values for incljyidual 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 
,\Tas not significant at the 5-percent lewl. The F valne of 3.99, how
ever, approach9d 4.21 n~cessary for such significfl,Dce. 

In 2 short-tunc stuclies on women (62, 114,) and 1 on men (6) 
changes in the lev'el of fa.t were reported to have no effect on calcium 
retention. Basu and X n.th (10) reported a short-tinle study on 4 men 
in which 4 of 5 fats tested fn,yoreu absorption and retention of calcium 
and phosphorus. Steggerc1a and Mit,chell (172) concluded from a 
long-time study on 13 men that the fat leyel used in t.he study had 
no influence on cakitilll metabolism, The sourc'e of ca1cium in all 
these studies was from foolls. Levels of fat mnged from 5 to 105 
gIll. (lard) in the Mallon stud:y (114) to as high as 200 gm: (butt.er
fat and olive oil) in the study reported by Aub and flssociates (6), 
In these studies, the food enet'g)T (when reported) was kept constant 
primarily through substi tu tion of sucrose for fl1.t. That the type of 
carbohydrate in the diet might be an in£lul'l1eing fn,ctor in calcium 
retention was indicated by the study of Mills and associates (125), 
who reported that the substitution of 36 ':rm. lacLose for an equivalent 
amount of sucrose increased the percentage of calcimn .retained by 
children. In the present study the diet WflS kept isocaloric clming 
the low-fat periods through the use of increased amounts of jelly and • 
sugar. 
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The mean daily calcium retention values for the 6 subjects were as 
follows: 

Per kilo· 
gram of Per cen-

Daily body ti11leter 
total I wduht of hdght 

Milli· Milli· Milli
grams grams uram8Subject:A._._____• _______________ • ______ 

110 2.20 0.64B ._. _____ • _________ • ___________ _C.________ ____________________ -29 -.49 -.IS 
-32 -.43 -.lSD • _____ . _______________________ • 
-37 -.7S -.22E ________________________ ._____ _ 
123 2.18 . i5 

1\'1eao____• __ . _____ •_____________ 
F _ •• ___ .•________ . _____________ _ 

8 .13 .05 
24 .47 .14 

I Periods 2 to 7 for subject C, 2 to 8 for otber 5 subjects. 

These mean retention values were not related to the subjects' 
weight, height, age (19 to 23 years), or previous 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 ,,,-ith Leitch's conclusion, but stl.',ted that 
"other factors are so much more potent in causing variation in cal
cium metabolism as to completely obscure the effect of variable body 
size." 

~fean urinary calcium values among our subjects ranged from 156 
to 256 mg., and fecal T"alues from 392 to 570 mg. Leichsenring and 
associates (102) reported mean urinary calcium values of ] 8 and 232 
mg. for 2 of their subjeets .and a corresponding difi'erence in calcium 
balance. In the present study subjects A and D (sisters), who showed 
the lowest and highest mean urinary calciulll Yalues, had correspond
ing retention values of 110 and -:n mg. In the other 4 subjeets mean 
urinary calcium T"alues ranged only from 189 to 214 mg. and difi'erences 
in retention 'were clue to varia.tions in fecal yalues. 

Retention values for these 6 subjeels (-37 to 123mg.) are in the gen
eral range reported by the Illinois group (24, 169, 170) and also those 
reported by Patton and Sutton in Ohio (144·). Drake and associates 
(4./1) .and Johnston and assoeiates (87) fou.nel somewhat larger negative 
balances among their subjects l"C'("C'jying intakes oYC'l' 800 mg. than 
those l"('ported in thC' Illinois and Ohio studies on intakes ranging from 
725 to 754 mg., or iu Lhe prC'sent experiment on au average intake of 
725 mg. 

PHOSPTIOR"C"s.-The phosphorus illtakC', minary and fecal ('xcretion, 
and retention values for pa('h subject arC' show11 in table 13. The mean 
daily phosphorus intakC' during the study was 942 mg. An aye rage of 
271 mg. was obtained from foods in the core, 283 mg. from complement 
I (255 mg. from rolls, 28 mg. from eookies and cobbler) and 388 mg. 
as dicalcium phosphate from complemC'nt II. In addition, the sub
jects received from 3 to 13 mg. from jell.V. 

The first period was apparently ll('eded for adjustment. Retention 
values were difJerent from those for su('eecding periods for at least 
tiu'ec of tbe subjeets (A, B, and D). Values fO!' period 1 were there
fore omitted from all averages . 



28 TECENICAL BULLETIN 1126, U. S. DEPT. OF AGRICULTURE 

TABLE l3.-PHOSPHORUS: Average daily intake, excretion, and retention values 

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

Excretion I 
 •Group, subject, diet, and period Intake 

CONTROL (lROUP
Subject A: J..filli·

Control diet: gramsPeriod 1 ______________________________________________ _ 
2~~ ____________________________________________ _ 945 

3. _______________________________________________ 95.1 

4____• __________________________________________• 946 


953 

5.___________________• _________________________ _ 

6_______________________ •_______________________ • 940 

7__ ..___________________________________________ • 
 938 

8...____________________________________________ _ 
 931 


gq..81
SubjectB:
Control diet: Perlod,I _____________________________________________ ••• 

945 

q

3::::::::::::::::::::::::::::::::::::::::::::::: 953 

4_______________________________________________ • 943 


950 

5__________________________ • ___________________ • 946 

6 _••________________________ • ___________________ • 935 


Subject C: ~::--::::::::::::::::::::::::::::::::::=:::::::::I ~~ 

ConlIg;lgJeL______________________________________ •__ .._. ! 945 


~~~~~~~~~::~:~;~:~;;~:~~:~~~;:~~;~~=.!
I
..__ ~.I 
, 

LOW-FAT GltOt'p
Subject D: 

Control diet: 
Period L .....___ • _______.._. ___ ••• ____________________ • , 948 


IJ.l8t ::::::=::::::::::::=::::::::::::::::::::::::::I 1148 


948 

Lo\\pr:~gJe~:_._____________ ••________ .._-_._ ._. _______ .... _j' 
 954 


~"-----" ---------- --. ---------..-----.----... _. 952 ; 

8:'::::::::::::::::::::::::::::::::::::::::::::::1 
952: 


Subject E: 
Control diet: :: ]'Period L ...__ ....__ ._..__ ._....__ . __ .••________ •.••__ .. 

2.. ~ ___ .... ______ ~ ____ ... .._ ..... ~ .. _____ .. ___ • ___ .. .., ___ ~_ 
3 ••••• ___ ............ ____ ..... _•• ____ .,,_. ___ .._ 

4 •• __ • __ • _. _" •••_._._ ..........._____ • _________ _ 
 :t:~9-18 I 


Low-!at diet: 
Period 5, •••• __ ••• _•• ____ • __• __ •••••____ •• ______ • ______ _ 954 I 


~ .•. -_ .... ~ -~ ... _. _... ------ ~--- ~ .... ~ ~- ....... --"' ....... - .. - .... -_.1- 953 I 

, • ~ ~ ............. _ .... " ... - ~ .. '+ .. _ ..................... -- .. __ .. - ,",.". _ ... - .... .. g5.~ ,

8_, ' •• __ • ______..._••__ .. ___ ........_...... _...
0' Uf>3 I 


Subject F: 
Control diet: 

Period 1, ..__ • __ • ____ .....__ ..__•••__ ................... 
 ,.·IS II 

2 "............................. ,. ........_..... _ 
 9-18 1
a.............._..._........._.................. _ 

4 " ••••_............_.......................... . :t:~! 


Low·!at diet: 
Period 5..___....__ ._. ___ ..............._. __ .._...... __ 


G,_ .._._ ........__ •••___ .......______ .....__ •• 

7___....... _...................___.............. ' 

8.._ ......................... , ....... ,....... , 


------------,--."-~-~--,,, 

MilZi- lofilli- frfiUi
grams grams Dram" 

514 423 8 

482 248 223 

494 300 92 

526 J 309 118 


560 J 309 80 

554 301 83 

526 317 88 

618 2Si 23 


382 382 181 

450 1 440 63 

470 471 2 

501 458 -9 


522 429 -5 

530 532 -127 

489 406 33 

491 479 -45 


536 292 117 

,.18 1408 -83 

628 1408 -80 

5571 
 626 -226 

472 ~ 490 -9 

504 1 297 141 

454 421 60


<') -------..... --------...  • 
4·18 ; 	 317 ]83 


301 107
g;2 I 
 381 -27 

578 ! 350 20 


642 ; 	 420 -.106 
55, ! 35 

5:12 98 

598 470 -116 


1 
~~I 

526 1 419 3 

506 ! 140
302
 
470 212 206
1
574 ! 	 390 -22 

55,5 l 1269 130 

53[; i I ~Ui9 148 

570 184 1 lOa 

528 487 -02 


472 434 42 

liGi 367 20 

5()7 444 -3 

479 394 75 


551 336 67 

580 285 81l 

529 484 -fig 

633 2SG 35 


J .A vcmgc !or 2 perIods; sellurutioll bel Ween periods not sutlsfnrlOry. 
: CrenUnln() vulues Indicated incoUlplete ('Oilcctlon. (!lee p.IO). • 
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The mean phosphorus intake, urinary and fecal excretion, and 
retention values wjth standard deviation for periods 2 to 4 and periods 
5 to 8 are shown in table 14. 

TA1ILE 14.-PHOSPHORUS: jl,Ican intake, excretion, and retention values for control 
and low-fat pc-riods 

[Control diet, 76 gm. rat; low·rat diet, 24 gm.J 

Excretion 
Retention 

Urine Fct'CsIntake,Group, subject, and periods Diet mean 1----;----\----:----1----;---
Stnnd· Stand· Stund· 


Menn ard de· l'.Ieau ard de· l\fean nrd de· 

vlation ,'Iation ylution 


-----------·1--- -------------,-----
CONTROL GROUP 

Subject A: Milli- Milli· Milli· ]'nlU· Milli· J\fiUi· 'Milli· 
PerlDds: grams grams (!Tams grams gra1lls grams grams

2-4.__•••••_.__• __________ • ControL 951 501 23 306 56 144 69 

Subiect ~-----...----•••---••••-. -•.dO"·'·r 
 936 5ft4 30 304 ]3 68 30 


Periods: 
2-4 _________• __••••_••••••••••do, •..• 049 474 456 16 ]9 
 39

5-8.___ •____••_••__••••••••••.do.•.•• 934 50S 462 56 -36 68
~~ I
Subject C: 

Periods: 
2-4•••••••_••_••••••••••••••••do, •.• _ 959 GOS 44 i 481 126 -130 83
5-7____ ~ _~ ~_ .... _~ ______ ~ .. _..... .. _..do ..... _ 944 477 25 403 08 U4 75 


LOW·FAT GROUP 

Subject D: 

,Periods: 


948 571 344 33 68
~j:====:=:::=:=::::::::::! £~~~r~~: 053 582 39:1 -22 106 

Subiect E: 
 I I


Periods: 

941' 51; 303 f 92 128 144
~j=::=:=:==:::=::::==:::::: i~~·~~~L j 953 549 130 ]02 113 


Subket F: ,"

Periods:

2-4 ____ •• _._._ •••_•••••••• '1 Con.troLI ::~ ,i 39 31 40 

5-8___••••••••••••••.••••• Low.caL 348 94 33 ft5


I 


Analysis of yariance indicated that cliIferences in retention between 

periods 2 to 4 and periods 5 to S for the 6 subjects were not significant 

and that phosphorus retentions for the 3 subjects in the low-fat group 

were not influenced by lowering the fat cont,ellt of the diet from 76 

to 24 gm. for 20 days. £.:feau urinary phosphorus values for periods 

5 to 8 were slightly higher for the 3 subjects in the low-fat group 

and for 2 of the subjects in the control group during periods 5 to 8 

than during periods 2 to 4, but these differences were not. significant 

and were not r('Iatecl to the change in the filt level of the diet. 


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

Per kiLo- Per eelllf· 
Daily 10101 I gram of meier of 


body l('eight hduht 


BubNet: ,Milligrams J\Iilligrams "\filligrum • 
•0\ ..••••____._._••••••••___ 102 2.(H 0.60 
Il ............._••••. _••. _ -12 -.20 -.OS 

C_" ....."............... -3a -.4·1 -.10 

J) __ ....................._. 2 .04 .01 

Iii, •••••.• ,_ • ., __ ••.•.. _.... lla 2.00 .(\9 
T~\ 31 ,,53 .18 

:fvi(;a~,~:::::::'··'···"·-· :J.I .00 .20 


c PerJods 2 to 7 [or subjee~ C', 2 to 8 Cor other fi 5ubi('cts. 

345282°--55----5 
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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 receiving intakes, • 
over a 45-day period, similar to those in the present study. However, 
their individual retention values of -27, -59, and +5 are compar
able to the retention values of -12, -33, and +2 found for three of 
the subjects in the present study. .An intake of 800 mg. wa'l reported 
to be adequate for a group of subjects studied atldinnesota 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, 01' age (19 to 23 
years). ]\.i(ean urinar.Y phosphorus values ranged from 493 to 577 mg. 
and fecal phosphorus from 303 to 459 mg. The 2 subjects excreting 
appro:Aimately 300 mg. through the feces retained about 100 mg., 
and the 2 showing fecal values of approximately 450 mg. lost small 
amounts of phosphorus. Urinary phosphorus values of about 540 
mg. were found for 4 subjects, including those showing the highest 
and lowest retentions. 

]\.i(AGNESIUIIL-The magnesium intalm, urinary and fecal excretion, 
and retention values for each subject are shown in table 15. The 
mean daily magnesium intake dUTing the study was 182 mg. An 
average of 65 mg. was oMained from foods in the core and 117 mg. 
from complements I 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 calculated 
intake, primarily from Sherman's table (165, p. 682) of mineral e1e- • 
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 e:A-pected. With the low intake of 182 mg. it is not surprising 
that 5 of the 6 subjects were in negatiye magnesium balance. 

As with calcimn and phosphorus, the subjects e,rjdenlly needed 
pel'iod 1 for adjustment to the new intake, as retention yalues for at 
least three of the subjects, B, C, and D, were less negative than those 
for succeeding lwriods. l-.Iean intake, excretion, and retention values 
with standard cle,rjations for periods 2 Lo 4 and 5 to 8 are shown in 
table 16. The yalues during the low-fat periods were sinlilar to those 
found dUTing the control periods. That magnesium retentions for 
the 3 subjects jn the low-fat group were not. affected by the change in 
the faL level from 76 to 24. mg. was also indicated by analysis of 
variance. 

• 
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TABLE 15.-J\fAGNESIU1.r: Average da£ly 7:ntake, excretion, and retention values 

[Oontrol diet, iG gm. Cat; lo\\··Cut diet, .24 gm.] 

Excretion 
Reten·Group, subject, dIet, nnd period Intnke tlon 

UrIne Feces 
,------------

COXTROL GROUP 
Subject .A.: 	 !.filli· Milli· .Milli· J.IUli· 

Oont.rol diet: 	 grams grams gram., grams
Period 1..•..•.••••.•••_•..•.•_•••_••_•••___•_________ • lSi 86 150 -49 


2. _••••__•• , •••, ••••_••••••••••• _••_. __ ••_._•••• 184 90 SS 6 

3•••••••••••••••••••••••••••••.••.__.••••_._•••• 182 104 116 -38 

4., •••••••••_••••_•••_•••.•••••••••••.••_••_•••• liS 100 -16
' 91 


5. _•••••.•.••••••••__._............_.....",•••• ISS 99 , 94 -]0 

6•••••• _••••••••_••••••••••••••••••••••••••••••• ]86 102 94 -10

7____... _._ ........... _________ .,. ¥_ .... __ .... ___ .. ___ • __
.. _ _ liS 103 S9 -14 
S••.•••••_••••••_•.•_••_..........._.••••••••_•• lOS lOS S2 -2"2 

Subject D: 
Control diet: 

Period 	L .••••••••••••••••••••••••_.................... 187 46 115 2G 

2 •••••••• , •••••••••••, •••••••••••••• _•••• ••••••• 184 iO 1.17 -43 

3............................._._••••_...... •••• 182 76 1G2 -56 

4•.•••••••••••___ ••• "'_"_••••••••••_••_....... 1i8 i3 149 -44 


5........._...•.•.••.•••.•••••.•••....••__.•..._ ISS 70 144 -31 

6.... .•.•....•. .•...••...•...•..•.•.•.•.•••....• 186 is 1S4 -i6 

i. .............................................. liS i5 154 -51 

8•.•••• , •••••••••••••••""""" •• , •••••••••••, 168 64. 158 -54 


Subject 0: 
Control dlct: 

Period L.............................................. 187 no 97 30 

2_ .. ,. ~ ........... ........ ........... _,., .... _.. _.... _... ~_ .. __ ~ "' .. ~,,~ ___ .. __ ]S; 72 '139 -27

3............................................... lS2 54 '139 -41

4........................................... ... liS . 75 178 -75 


5............................................... 18a I SO j 133 -30 

i8 86
t::::::::::::::::::::::::::::::::::::::::::::: m1 72 ! 121 

22 

-15 

8.................................., ....._...... """ •••, (I) 

LOW"-FAT IJltorr 
SubjoctD:

('ontrol dirt: 
Period 	1. ••••.••.""'" ....... ••• •................... 18i 68 105 14 


2~ ... ~ ........ ~ ... ~_'" _...... _...... ....... .. ..... _........... ___ ......._..... _.. lS4 ]00 . Ui -13 

:1........................................... . lS2 100 ! I1S -31i 

4.............................................. . IrS 103 -31
100 fI,o\\'·lnt diet:

J'('riou 	 [) ~".~ ... __ .... __.._..__ ..... ~ .. _..... ~~ .... _...... ______ .... __ ~_ .. .. 183 110 131 
 -58 
6 ............................................. . lS3 110 1J4 -41 
, ~ ~ ...... ~ ~ ..... _ ................. ,., .. ~ ..... * .......... ~ --_ ..... • -"'~ ~ ....... .. IB3 j(~1 117 -18 

8.•••• _•••••••""'" ...._......." ............. ISS j 109 141 -07 


Subject 1':: 

('outrol alrt.: 


.Period 1. ............................................. . lSi! 84 112 -0 

.) 1S·1 lOS 67 9
3::.: ::.:::::::::::::::::::::::::::::::::::::::: HH 51
182 27 

4............................................... 178 115 \JO -27 


LO\l'·Cnt dIN: 

' 62
l'crlod 	5............................................... lR3 117 4 


6.................................. __ ........... 183 103 '62 18 

7••• '" •••••••••••••• , ••••.••• ____......__•••_•. lR3 109 47 27 

8._•••••__ ................ __ .................... ISS III 129 ~57 


Subjrct F: 
Control dIet: 

Period 	1..................."""'" ................... 187 100 194 -17 

2•••.•• , • __.................................... . 184 129 81 -26 

3••• _••" ••••••••••• __•••••••••••••••••••••••••• 182 119 101 -38 

4..........._.................._................ 178 lI6 75 -13 


Low,ClIl ill"t: 

l'rrlod 5.............................................__ ISS 112 71 0 


6••• , ••__ •••••••••••••••••••••_•••.••••••____••• ISS 117 76 -10 

7 ... ~ .. ~ .. ,, ___ .._.. ~ ......_....'""_ ............ _........... ___ ... __ ... _.. ____ _ 18a III 124 -52 

8. __ ........................................... . 183 116 76 -9 


, .A.vemg!l Cor 2 periods: s~PI'mt ton hrf,wcrn periods not snIL,Cnctory. 

I Crentinlne vuluus IndiClltcd Incornolclc collection. (Sec p. 16). 
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TABLE 16.-MAGNESrm.r: lIfean 1'ntake, excretion, and retention values for control 
and low-fat periods 

[Control di~t. 76 gIn. Cat; low-Cat di~t, 24 gIn.]

-----------;----,----------_._----,.-----
I . Excr~t!on I 
. R~tcntionI'Intake I Lrlne I F~ccs IGroup,subject, and periods Diet·· , '___,--__ 

mean t.lOtand- IStand- ' 
I 

' Stand-I:Mean lard de- I Mean • nrd dl" !lfean 1nrd de
,lation I j"latlon Ivialion 

1

CO!'.'TROLGROt'P -,-' ,--,'-1-,1-1 

Subiect._~: 1.filli- l}.fiUi- .Villi- Milli· Mi/u.· MiUi- Mil/i-
Perlods: fJ una grams grams grams grams (Trams gramsI 

2-4___ • ____________...._... Cvntrol. lSI,' 98 I 7 99 15, -16 22 
5-8______________________ •• _. dO •• __1 179 103 4 90 6 i -14 6 

sub~~~;i:__________________________do..___ . 181 73 3 156 7 1 -48 7 
5-8___________________________do_____ 179 72 6 160 17 -53 IS 

Subiect C: 
Periods:

2-4 _____ • _____••___________ •__do ___ ._ lSI 77 6 152 23 -48 2.'; 
&-7_____• _____________________do_____ 182 77 4 113 24 -8 27 

LOW-Til GROlJP 

Subjcct D: 
Periods:2-4_____________________ I._.1 Control 181 102 3 106 11 -27 125-8_______________________ . 

LoW-fat.: 183 lOS 3 121 19 -46 22 
Subject E: ! 

Periods: !'2-4 _.______________ ._. __ . _. Control lSI I J09 6 69 3 27 
5-8_____________ •------ -- •. , LOW-Cat.: UO 6 -2 38183 t 75 

Subjcct F: . ~l
Periods: ! I2-4 ____ •_______ •_______ ._. Control J·51 I I'll 7 56 14! 26 13 

5-8____________ . --- .----. -. i Low-Cut , 183 114 3 87 25 -18- 1 23
1 

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

Pcr kilo, 
gram Of Per centi

DailJ/ body meter of 
lolal l l£eight height 

Subi~ct: J,lilligralru ::-'filJiflTam. ~lilliflTam&A. ____ . _________________________.__ -15 
-0.30 -o.mB .. ________ .•. ____ • ________ . ____ .__ -!il -.S6 -.03

C __ .• _____... _____ ...... ____ •.• _.. -2S -.37 -.W 
D ___ ....... __ .................. _.. -38 -.SO -.23 

E .. __ ........... __ ................. 0 o o 

F.. . ..... __ .................... __ -21 -.35 -.12 

Mean. ___ ••• __ ......_.. ____ .______ -20 -.45 -.10 

I Periods 2 to 7 Ior subject C, 2 to 8 Cor other 5 subjects. 

Again, as with calcium and phosphorus, the Dlagnesium retention 
values were not I"('lni('d to th(,\n'ight 01' the height of th(' subj('cts. 

Leichsenring and associntes (101) reporteel a mean dnily magnesium 
retention of 11.6 ± 2.9 mg. for 9 \\'0111('11 on an aV('l'flge iniak(' of 261 
mg. '.McCance and ,\Yiddowson (118) fOllud smulll'('tpntions of 3 to 
16 mg. for 5 of 6 subj('(,ts on average intn,kes of 229 to 317 mg. The 
single negative ret('lltion (-26 mg.) ,,-ns Oll nn a\~('rage intnke of 243 
mg. Tibbetts and Aul> (17'7) reported that on intakes of 300 mg. 
medical students regularly showed TIlngnesium retentions. 

Leichsenring and associates (101) and Tibbl'tts nnd Aub (177) re
ported that about 40 percent 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 E and F excreted about 60 percent b:y this route. 

Leichsenring and associates (101) reported a mean urinary magne
sium value of 96.2 ± 3.2 mg. and a mean fecal value of 153.5 ± 3.8 
mg. In the present study, on un intake about 80 mg. lower, the mean 
urinary value of 97 mg. (72 to 117 mg.) is sinlilar to their figure, but 
the mean fecal value of 110 mg. (73 to 158 mg.) is considerably lower. 
The lowest and highest fecal execretion values were associated with 
the highest and lowest retention values, respectiY('ly. 

OALCIUM-PHO['"T)HORUS-),L-\GXESnrM b;'TERRELATIONSHIP.-The 
mean calcium, phosphorus, and magnesium retention yal ues were as 
follows: 

Calcium' Pho.phoru. 1 ;"\raglledam 1 
SllhjPct: AIilligral118 ~\Iil/igralM .\Iilliuram.A ___ • ________________ _ 

n _____________________ _ lIO 102 -15
-2<J -12 -51 

J) --- ---- ______ -32 -33(' -_.. ______ -•----'------.• ___ _ -23 
K. _________________ _ --37 2 -38 

123 113 o 
p - -- --- --- -- ----. 8 31 -21 

, Periods 2 to 7 Ior suhjp~t C o 2 tr. S for other 5 5uhjpcts. 

Subject E hud thc highest rett'ntion of these three minerals, subject 
A the next higbest, ano suhje'ct 1" the' third higl1l'st. For subjects B, 
0, and D the ret<mtiolls were mostl}- negati\Te, and their order of 
retentions of the minerals yuried. Calcium and phosphorus reten tions, 
in general, tended to fluctuate in the same direction from period to 
period but not in the same magnitude' or proportion. For example, 
during period 2, subject A retained 218 mg. calcium and 223 mg. 
phosphorus (ratio] : 1) find in period 3 corresponding yalues were 47 
and 112 mg. (ratio 1: 2). 

From a study caLTi(>cl out on suhj('C'(s in ~fjllnesotu, and Ohio (102) 
it '"as ('onclud('d that tb(' amount of phosphorus in the diet fippeared 
to b(' of considprable importance in df!e'rInining the calcium utiliza
tion in adult subjects. Two le'YC'Is of calcium (:300 and 1,500 mg.) 
and two of phosphorus (900 and] ,400 mg.) were used. From a later 
study (145) in which three 11:'\-('ls of ea}eium find of phosphorus were 
used, gi\-ing eakium-phosphorlls ratios in the diet of 1: 0.50 to 1: 3.10, 
it was coneIud('d that utilization of both minerals was more closely 
rt'latecl to the leYe'Is of inlak(' than to the ratios of ('alcium to phos
phorus. In the present study the dietary calcium-phosphorus ratio 
was 1:1.3. 

Variations in the' retention of th('sc three mine'rals among these 
Sllbj ecls were highly signifi('an t !lnd were not rPln ted Lo their age, 
weight, or height. There was also no relation between \Tariatioll ill 
mineral retention and variation in fecallipios, eitber LoLal or as fatty
acids. 

Thiamine Metabolism 

The averag(' dail.Y in tah of thiamine during the sludy was 789 J.Lg. 
Of this amount, 15G p.g. came from foods in the core, 141 J.Lg. from foods 
ill ('ompJc.ment 10:32 Jlg. from the rolls !lnd 9 Jlg. from the' cookies and 
cobbJ('r), and 492 Jlg. from lhiamiJl(, h~·dro('hloride in complement II. 
An additional :3 to 9 Jlg. was obtained from jelly. 
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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-fo,t group. Subject D in this group 
excreted less thiamine in the urine during low-fat periods 5 to 8 than 
during the control periods. This change was probably not related 
to the change in the diet, as excretion values for the other 2 subjects 
in this group were in the same range as during their con trol periods. 
Furthermore, subject 0 011 the control diet throughout the study 
showed an eyen more marked drop in urinary thi::mine in periods 5 to 
7 than did subject D. Variations in fecal thiamine, free or combined, 
were not related to the change in carbohydrate-fat leyel. 

Reports in the literature on the effect of the dietary level of fat and 
carbohydrate on the thiamine excretion are not in agreement. Cahill 
(2.9), for example, reported no change. Reinhold and coworkers (101) 
reported that urinary thiamine excretion was decreased in 5 of 6 
subjects, but differences in free or total tbiamine in the feces were not 
significant when the carbohydrate-fat ratio in the diet was increased. 
These studies 1wre both carried out over short periods and so may 
well haye been affected by adjustment of the subjects to the new 
leyels of intake. 

The daily urinary thiamine values for 5 subjects and 5-clay ayerages 
for 6 subjects are giwn in figure 4 and table 18. ,Yith the exception 
of subject E, these subjects had apparpntl}· been accustomed to an 
intake higher than the 0.79 mg. in the standardized diet, as values for 
the preliminary day (106 to ] 94 p.g.) were higher than those for 
succeeding days. Stabilization time on the O. 79-mg. intake apparently 
ranged from 0 days for subject E to at least 35 days for subjects 0 and 
D. Keys anel associates (95) reported that 24-hollr excretion values 
for thiamine became constant in less t.han a month in 2 grolIpS of 
subjects receivillO' aYel"age int.akes of 0.61 and 1.61 mg. In a later 
report from the 'Krinnesota laboratory by ~lickelspn and coworkers 
(123), they concluded from statistical analysis of their data that about 
6 weeks were required for thiamine and pyramin urinary excretion 
yalues to come to equilibrium when the intake was increased from 1 
to 2 mg. 

The mean urinary thiamine values for the subjects in periods 7 
and 8 (at which Lime aU subjects appeared stabilized) mnged from 
38 to 89 p.g., with a group ayerage of 67 ).tg. Data from Keys' group 
(93) showed a yalue of about 50 p.g. for 4 subjects after a period of 
6 weeks on an intake of 0.69 mg. (0.23 mg. per 1,000 calories), and 
was considered adequate. (Criteria of adequary arc reported on 
page 66, sect. IV.) As discussed by Mickelsen 11l1d associates (122), 
the wide differences in inelividual response to a givrn intake make it 
difficult to establish an arbitrary urinary excretion yalue as a cri
terion of adequacy. In the present study, after a period of 35 to 40 
days, 2 subjects sho,,'('(1 excrrtion yalue;:; of a])proximatcly 90 p.g.; 
3 subjects, of ap])l'oximatcly 60 p.g.; and 1 sulJject, of only about 40 
p.g. The first 2 subjects showed the lowest ancl high(>sL values 011 the 
preliminary day of the study. Thesr "Ilriations in thrir response to 
the same Jevcl of intftke cannot, be exp~ainrd on the ba.qis of diffel"rn('Ps 
in weight (actual 01' ideal), :mrfnce area, or fecal thiamine excretions. 
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A STANDARDIZED DIET FOR :METABOLIC STUDIES 


TABLE 17.-THIAlIINE: Average daily excretioTls on average intakes of 789 micro

grams 

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

Excretion 

FecesGroup, subject, diet, and period 
Urtue 

Total Free I Combtued 
--------------------1------------

COXTROL GROUP 
Subject A: :Jficro l\/icro-

Control diet: _______________________________________________ _ "rams Percent PercentgramsPeriod 1 

2. ___ • ______________________.,__________________ _ 123 704 40 60 

3 ___________________ • ______________ • __________• __ ~g i 549 46 04 

4_______________________________________________ _ 697 57 43 


00 , 616 i 32 68 

5_______________________________________________ _ 

6_______________________________________________ _ 
 59 , 6161 32 68 

7_________________________________________ • ____ _ 58 355 r 44 56 

8________ • ______________________________________ _ 60 5731 46 04 


6S 533 41 59 

Subject B: 


Control diet:
Period 	L .._____________________________________________ Sg

2 ____ ____________ ______________________ _________ i6 1 22 78 


24 76 

4________________________________________ ._ ___ ___ !i9 

3. _______ • ______ • ____________________________ .__ _ 62 ~~ 497 I 19 81 


453 17 sa 

5_ _______________________________________________ Gi I 


490 i ]5 85 

521 ' 28 72
L=====::===::::===:::::::::::::::::::::::::::: g; I 	 85
308 1 ]5


Subject C: 8__________________________________ ._____________ 59 I 
 597 15 85 


Control diet: 	 I 1
Period L ______________________________________________ • ]35 ; 228\ 58 42

2 ~ __ w_ .. ____ .. _~ .. ___ ~ .. ___ .... _________ .. _________ .. +_.. 13(J I 
'500 ' 63 37
3 ________ • ________________________ . ____ •. _. __ __ H] 

I -00 I 63 37
4 •• __ •____ • ______________ •___________________ • __ 13S 
50 50 


1 

632 ! 

Ssol 

56 44 

429 " 
 44 56 

536 47 53


(,)!:~:~~~~~~~~~~~~~~~~:~~~~~~~~~~;~~~~~~~~~~~~~~~~~ ----__ ~~~_I ---------- ----------

LOW-FAT GROCP 
Subject D: 

ContrQI diet:Period 1 . ________________ • __________________________ .._ 4? 50 ro2. _. ____ • ___ • ______________ • __ • __ • _. _. __________ . 
3.. ___ •• __ • ___________ • ________ ••• _•.• __________ _ 3t'l 1 50 41 


523 47 53
4_____ • __________ •_________ • __ •••••• _____ • _. ___ ._ .575 1. 44 56 

Low·fat diet:Period 5. ,,_. _________ • _____________________________ ••• _ 

371 ! 40 60
6. _. __ •••• _. ___ • _______________ •_______ •_._. __ •__ 5f>{) , 04 46

i ~ .. __ .... _w'"" .. __ .. _____ ._.. ______ .. _______ .... _.. ___ ........ _.. 
 303 69 31
8._____..____________________ .,____________ . ____ _ 

7!i4 88 12 

Subject E: 


Control diet:
Period L ..____ ._._•••__________ . ________ • _____________ _ 9] OW 39 61 

2__ ..................... _.......... ____ .. __ "_.. __ .. _.,. ___ .. "'_4' __..... __ .. ~ 98 343 48 52

3_ ... _.....____ • _. ______ •• _. __ .._. __ • ____ .._. _••• 95 192 60 40 


9] 385 57 43 

LOll'-(at diet: 


4••• ___ • _____________ , __ • _____ • ___________ •_____ • 

Period 5 _. __ • _. __ ._ • ___ • _. __ • _• __• _______ • _______ • ___ ••• 91 t :!O2 63 37
6_ .'___ • _______ •• _____________ • _' ____ •• _••• _•___ _ i8 , :!O2 63 37
7..._. _______• _________________ ••_•••• _..._. _•••• 86 150 f,.j 36

8...- ___ ._--. _________ -----._---______________ •__ 90 4:!O 63 37 


Subject F: 

ControlPerioddiet:1. ____________________________• ______ • ________ • __ 


03 610 80 11
2.• _____ ._ ••_. ________ •• __ • _•••• _•• _. ___ • ___ ••__ _ 46 614 46 04
3.••__ • _. ________ •__________ ._. __ •• __ ...___ •___ ._ 46 650 47 53
4 .__ •______________ ..... __ • ____ • ____ •_________ ••• 
42 571 04 4!i 


Lo,,--fat dlct:
PerIod 5,. ________ •___________________________ ._. ____ •__ 
36 5f,(i !i4 36
6___ •••• ____ •__ •• __ " ____ •______ • ____ ._•_____ " __ :H 510 f>5 ;j5 

8.( ~ ..-..... ----- ..... --- ... --,.,'"' .. -- .... _---- ... -- .....- ....----- ... -_ _ .. 38 87.3 58 42 

37 588 48 52 


, .A '-erng(', (or 2 periods; 8('jl3mtIOn hrtwcNI periods nOt 5utls(nrtory. 

, Creatinine vlllues In!llc'lletllncompletc collection. (St'" p. J6.) 
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CONTROL GROUP 

Mi~Og~r-a~m~s---------A~1 8 ~-----------C~ • 

~ Fecal-Combined 

":::·1 Fecai - Free 

l88S'urinary 

~ Beginning of Low-Fat Oiet 

800 

•LOW-FAT GROUP ,..-------..... 
0 E F 

1000 

~ 

1800 
~ ~ 
.'l. ~ 

600 [,: ~ ~ 
v/.: ~':. ~ ~ :::~ 

400 I:':': ~ 
v/.: ,". 

::.~ 

200 :::: 
.. I:" 

,. 


0 

2 4 6 8 2 4 6 8 2 4 6 8 

Periods 
FIGURE 3.-THIAMINE: Average daily excretions by periods on average intakes of • 

789 micrograms. 
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A STANDARDIZED DIET FOR METABOLIC STUDIES 

TABLE 18.-THIAIIIINE: Daily urinary excretions on average intakes of 789 micro
grams 


[Control diet, 76 gm. cat; low-Cat diet, 24 gIn.] 


Control group Low-Cat group 1 

Period and date Subject Subject Subject Subject Subject Subject
ABC' D E F------------1--------- ---------

Micro- Micro ],1icro Micro1\licro Micro
Preliminary day: grams grams grams grams grams grams

April 15, 1952_________________________ 185 168 194 172 106 III 

Period 1:April 16 _______________________________ 157 99 134 92 8717______________________________ _ 129 78 ---------- 108 83 6618 ______________________________ _ 128 83 ---------- 113 96 6119 ______________________________ _ 106 91 ---------- 106 93 5520 ______________________________ _ 
96 94 ---------- 105 93 48 

A verage ___________________________ _ 123 89 135 113 91 63 

Period 2: ------
_<\.pril 21._____________________________ _ U6 94 131 109 4422______________________________ _ 94 94 96 98 4623 ______________________________ _ 88 69 96 95 4624 ______________________________ _ 91 60 111 91 4425 _____________________________ -. 99 63 108 96 48 

A vcrage ___________________________ _ 98 76 139 108 98 46 

Period 3: ====== April 26 ______________________________ _ 87 (3) 88 87 4627_______________________________ (3) _________ _i5 02 09 4928 ._____________________________ _ 60 _________ _77 06 100 4420 ______________________________ _ 59 _________ _
79 92 92 4230______________________________ _ 66 _________ _84 84 90 47 

A verage ___________________________ _ 80 62 141 90 95 46 
Period 4: ====== ""fay L ______________________________ _ 70 72 93 03 422 _______________________________ _ C<) 94 86 453 ________________________________ «) 60 _________ _65 86 102 414_______________________________ _ 70 _________ _67 84 96 41

5______ - - _______ - __________ - -- --- 75 _________ _61 95 78 42 
A verage ___________________________ _ 

66 60 138 90 91 42 

Period 5: ====== May 6______________________________ _ 50 70 85 98 407______________________________ _ 78 _________ _52 74 91 31 
60 70 100 35 

8______________________________ _ 71 _________ _ 
9______________________________ _ 68 _________ _

57 86 01 3110______________________________ _ 48 _________ _75 68 77 44 
A "erage___________________________ _ 

59 67 101 77 91 36 

Period 6:l.\fay 11 ______________________________ _ 
62 .59 68 68 3712 _______________________________ 

13_____________________________.__ 54 61 66 69 32 
14 ______________________________ _ 57 60 76 80 34 
15 ____________ -_ - _________ - _____ _ 60 72 71 87 31 

57 66 81 86 37 

A verage ___________________________ _ 58 .G4 95 72 78 34 

Period 7:l.\fay 16 ______________________________ _ 62 61 68 81 3517_______________________________ 
59 01 70 74 3518___________ --_____ - ______ - - - --  59 64 62 101 5310_______________________________ 

20____________________________ c __ 62 59 56 81 33 
60 72 68 01 35 

Average___________________________ _ ------------------ 
60 63 89 65 86 38 

= 
Period 8:May 21. _____________________________ _ 

22______________________________ _ 75 61 ---------- 60 05 41 
23 ______________________________ _ 58 ------ ... --65 61 09 38 

63 53 57 87 3624 ______________________________ _ ---- .. ----
iO 64 65 79 34 

.l~vcrage __ ... _________________ -______ _ 68 59 C<) 61 00 37 

I Control diet, periods I to 4; lOW-Cat diet, periods.5 to 8. 
'Preliminary dny April 17, only nliquots for each period were analyzed• 
• Creatinine ynlues indicated incomplete collection . 
• Sample lost in storage before analysis. 

845282·-55--6 
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CONTROL GROUP 
.--------,

Micr09ramsj. A B c • 
Daily Samples 
Not AnalYl~d-Daily 


-5-Day Average 

160 ~ Beginning of Low - Fat Diet 

120 

80 .... -
'ii. 
E 
0 
Co> 
.s

40 
.!! 
Q. 

E 
0 

•
II) 

0 

LOW-FAT GROUP 

0 E F 

120 

80 

40 

4 6 8 2 4 6 8 2 4 6 8 
Periods 

2 

FIGURE 4.-TRIAML'<E: Daily urinary excrctions all average intakes of 789 micro- •. 
grams. . , 
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'. Mickelsen's group (122) also found no satisfactory eA1l1anation for 
the wide differences in excretion values among their subjects. 

On the last day of the study a l-hour fasting sample of mine was 
collected. Thiamine values foruhe 6 subjects ranged only from 1 to 
3 J.l.g. These values are lower than the values of 5 to 8 J,tg. reported 
by Oldham and associates (136), but the methods of analyses in these 
2 studies were different. Coryell and associates (36) have shown that 
fasting values vary from day to day. Papageorge and Lewis (14.8) 
suggested that 4 J,tg. may be the critical l-hom fasting value, based 
on the assumption that 24-hour values shoulcl exceed 100 Ilg. Holt 
(78) considered that a deficiency clid not eAist unless the fasting value 
was zero. 

After the collection of the fasting mine sample, test doses of 1 mg. 
thiamine, 1 mg. riboflavin, and 400 mg. ascorbic acid were given with 
breakfast. Urine was collected separately for the first 4 homs 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-hom excretion values cannot be compared directly with 
those in the literature because of differences in plans of the studies. 
Oldham's g-roup (136), in reporting test dose returns, subtracted a 
4-hour basal minary excretion vahle. It seems of interest, however, 
that in the present study from 1 to 7 percent of the I-mg. test close 
(plus the 0.2 mg. in the breakfast) was excreted within 4 homs, while 
Oldham repOl'tecl a range of 1 to 8 percent retmn in 5 subjects who 
have been receiving an intake of 0.74 mg. for a period of 45 days. 
Williams and co, yorkers (189) administered their I-mg. test close sub
cutaneously and concluded that a return of 50 J,tg. or less in 4 homs 
was indicative of severe deficiency. 

The percentage of the test dose e.\:cretecl during the 24 homs in 
general followed the percentage excreted dming the last period of the· 
study. Subject E, who excreted about 11 percent of the 0.79 mg. 
intake elming period 8, excreted 16 percent of the test close; 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 pel'Cellt of the clietary intake, ex
creted only 4 percent of the test dose. The 5 subjects excreted about 
twice as much thiamine in the 24 homs uftel' the I-mg. test dose as 
during periodS (table 19). This indicates that on the 0.79 mg. intake 
the body stores were not depleted. 

TABLE 19.-THIA,\UNE: Urinary ext;T(!tioJ1s in response to a l-milligram oral tcst 
dose 

------~-----~--'--'-,---~--,-~----------

Elrrerlon uCtpc 4-day I DItIe;:. : Propor.r~sr (iOSt,
Subject jl\"crage , ~nce ill ,ion of 

----------excretion excretion test dose 
. . 1<' dup to d

4 hour.; 2ft hour:; 2~ hours prnOf , [PSt Ilo,p excrete 

------------------------- -----, --- 
.'>fiero· ! .'.[jero- ••nero- t .Viero .\Iicra· 

A _________________________________________ ' flTarM gram$ UTlLm.! " gram.' grum.! Per~ent 
34 un 13:> 6S 6, 

• 

B._.._. _____ . ___ ._._•• ___ ••.____ •__ •• _._._ 
c________________.__ ._..________ .________ _ 1~ i\.! 100 ;39 41

38 I',D ______ .,.__ .• '_. _________ •_____ .• ___ •____ : a.t !J.I -'-_I2S- - .... -f)j. 
E",____ • _........- ......... __ ........... - ______ _.. _..... ~ ... ____ ... __ 1 so 1,3 20.3 00 
F - ..------ ---- --- -- - - ----- _______________ i Ill, 70 8S 37 

, Sample was Incomplete. 
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RilaoflavinMefalMt!ism 
The average riboflavin intake during the study was 972 }.tg. An 

average of 292 }.tg. was obtained from foods in the core, 167 }.tg. from. 
foods in complement I (158 }.tg.from the Tolls and 9 }.tg. from the cooIdes 
and cobbler), .and 513 }.tg. as purified riboflavin from complement II. 
Jelly contributed an additional 2 to 5 }.tg. 

The avera.ge daily urine and fecall'iboflavin values for each 5-day 
period are shown in table 20 and figure 5. No appa,l'ent effect on 
urinal'Y riboflavin was found when approximately llO gm. carbohy
cITate (largely sucrose) were substituted for 50 gm. butterfat 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 \\Tere similar to those for subjects in tbe control 
group. Fecal riboflavin values for the two groups also showed no 
consistent change. It is conceivu ble that fecal riboflu, Yin excretion 
might have been affected had a different carbohydrate been used to 
replace the fat calories. It bas been demonstrated in rats that more 
riboflavin is synthesized on diets containing dextrin, cornstarch, and 
lact.ose 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 (tiet, the values for all 6 subjects will be discussed 
together. The daily urinury riboflavin values for 5 subjects and 5-day 
averages for 6 subjects are given in table 21 and figure 6. Apparently 
the subjects were accustomed to more libenll intakes of riboflavin 
than the 0.97 mg. used in this stuely. The urinary riboflavin values for • 
the preliminary day ranged from 396 to 970 }.tg. and decreased within 
the fu·st period to average values of 171 to 407 }.tg. A plateau was 
evidently rearIlt'd for 5 of the subjects in 1.5 days, since values in 
succeeding periods fluctuated both above and below those of per.iod 3. 
The average values for subject C, whose trend was consistently down
ward, inclicate that she required from 20 to 25 clays for stabilization. 

Because of fluctuations in urinarv riboflavin excretion and clifl'er
ences among subjects, a standard stabilization period is diificult to 
define. Hatha\\-ay and Lobb (71) found that their subjects were 
stabilized at the end of 15 days, and Dayis and coworker·s (44) after 
..10 days. Keys and associates (94) reported that about 6 weeks were 
'required to stabilize the urinary ribofiaYin excretion of his male 
subjects. Horwitt's group (79) conduded that 11 "-eeks \\-ere required 
for the stabilization of their male subjects on an intake of 0.85 mg., 
but they also reported that on a 0.55 mg. inta.ke the average excretion 
of the group dropped within 7 days to a value which persisted for 
many months. 

The mean excretion yalues for sllbje.cts A, D, and E were in the 
general range reported by other mlthors for subj ects on similar intakes 
given for 40 days (71, 91" 187), but nlues for subjects B, C, and F 
were somewhat lower. Urinary riboflavin yalues WE're not. related to 
the amounts of riboflo,vin excreted in the feces. Sllbjeets A and D, 
who excreted similar amounts of l·iboflayin in the. urine, had ayera~e 
values in the feces of 866 to 1,365 }.tg. and 183 to 558 }.tg., respectively • 
(table 20). 

http:avera.ge
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• 
TABLE 20.---,RIBOFLAVIN: Average daily excretions on average intakes of 972 micro

grams 
[Control diet, 76 gm. fat; 10\".-fat diet, 24 gm.] 

Excretion 

Group, subject, diet, and period Fece 
Urine 

------------------------1----~~ICOmbined 
AIiero- ""\-fiero
grams grams Percent Percent 

CONTROL GROUP 

Subject A: 

Control diet: 
Period 1 ___ • _•________________________________________ _ 

407 1,365 00 10 
" 274 992 82 18i::::::::::::::::::::::::::::::::::::::::::::::: 1,236 83184 

158 11,184 90 10 
5 ___ ._ • ___________ . ____ • ________ ._. _•• ___ ••___ ._ 
6___________ • ______ •• _____ • _________________ • __ _ 

40 _______ •______________________________ •______ _ 	 17 

227 11,184 00 10 
7_ • _____________ •• __ • ______________ •___________ _ 100 1,265 77 23 
8___ •____ •____ • ___ •__________________________ •__ 83 17162 1,160

IN 866 98 2
SubjectB:


Con trol diet: 
Period 1_____________ • ________________________________ _ 
210 668 86 142__ .., ___ .., __________________ .. _________________ .. __ .. 164 829 
113 711 82 18 

3_. ____ •••_________________ •____________ • _____ •• 	 85 15 
4__ ••__________ ._._._____ • __ • _______ •• ___ ••• ___ _ 

130 728 80 20 
5. ________________. ____ •____ •_____________ •____ _ 

120 655 89 11 
129 806 91 9 

6. ________ • ____________________________ ' _______ _ 
7____ .. _______ .. ______.. __________________________ _ 

• 
100 680 83 17 
79 769 89 11 

8_________ ••.• ____ ••• ___ • _____ •________________ • 

Subject C; 2 

LOW-FAT GROUP 
Subject D: 

Control di~t:
Period 1. _. ___ . __ ._ ._.••_._ .• , _' __ ' .. __ • '" _.. __ • ______ _ 287 302 89 11 

o 229 183 77 233::::::::::::::-:::::::::::::::::::::::::::::::: 154 363 75 25 
145 429 83 17

Lo\\i:~~Jet ~ ~~~~~~~~~~~~~~~~~:~::::::::: ::~:::::~::: ::::] 173 305 S9 11 
lia 558 73 27 
178 207 82 18 
142 416 85 15

Subject E: ~==================== ::=== ::::::::==::::::::::::Ii 

Con¥~~i~e~;•. _. _. _. ____ •••___ •• _•• _•••••••_. _._. ____ ._••••1 
 361 648 80 14o 	 ,

--.., -- ~ .. ~ .. -.. ~ -'" ------- -------- ---------- ..- -----"'-1 219 351 82 18
3.••••. - •••• _._ ••• _•••__ • _. _•••••_•• ,_ .•___ •• - •• 1 136 137 88 12 

183 337 65 35Low·fnt dl~t:·· - ..,. - .-...•.• '-" -.----.-. --- .•-.•---- -"-"1 
Period 5. _••••••• _.. _......._._ ..•__ ._ ••.•_._.__ ._._. __ : 108 1145 78 22 

~. --............_..--'-'" -.-- ._._._----_.._. --.; 85 1145 78 22 

( -- -- ... - '"'.., -- .. --- ----- .. -..... -- ... --- .--- ..- .. -- - .. _-- .. --_: 100 110 87 138. ____ ••• _•.•• _. ____..... __ ••• _. ______ ._. ____ .. _i 121 3GO 70 30 

Subject F: i 
Control dl~t: ! 

171 • 012 77 23
Period ~:::::: :::::::::::::::::::::::::::::::::::::::::! 109 866 i7 23 

102 009 70 30t::::::::::::::::::::::::::::::::::::::::::::::I 86 871 64 36 
Lowr!:;lgje~:_____ ._ •••• _•___ •____ •••__ •___ •__________ •_. -•• 1 92 	 606 91 9 

664 87 13 
93 01 

8....-----.- •• _••• "'-•. _.- •• -- •• -.----. -. --.-.--i 70 ,: 731 75 25 
~:::::::::::::::::::::::::::::::::::::::::::::::1 102 

, 936 0 

• 
I A\'~rag~ tor 2 ",~rlods; sermration between Periods not satj"fnctory.

, Values omitted bccuuse of unsatisfactory fecal analyses. 




42 TECIThJ:CAL BULLETIN 1126, U. S. DEPT. OF AGRICULTURE 

CONTROL GROUP 
A B c •1600 
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400 
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-
II) 

II) -
a. 
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0 

c:: 

~ 
a. 
E 
c 
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-
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1000 

800 
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8 2 4 6 8 

FlGtntE 5.-RmOFLAYIN: Av('rap;(' daily ('xrrrtions by periods on average intakes • 
of 972 micrograms. 
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TABLE 21.-RIBOFLAVIN: Daily urinary excretions on average intakes of 972 
micrograms 

[Control dict, 76 gill. fat; low·fat diet, 24 gill. 

Control group Low·fnt j(roup I 

Period and date Subject Subject SUhjert) "uhirct Suhjrct Subject
A B ('.! D E F----------------1·--------___i____________I 

====r====i,===l=== 

)fiero :Micro :Mirr.o· lIficro· "'ficro "'{icro· 
grams grams grums grams grams grams 

Preliminary day, April 15, 1952•..•..•.... 706 396 474 970 40li 

Period 1: 
April 16............................... 40S 240 342 398 228 


17.............................. 426 174 284 370 200 

18............................. · 318 196 308 478 166 

19............................... 45S HiO 314 318 125 

20.............................. 334 1. 278 188 2·12 134
----____1________,________ 

Average.................. 407 I 210 I 228 I 287 I 361 IiI 
Period 2: =:=1==1== 

April 2L.............................. 254 ! 218 256 I 236 110 
22............................... 264 168 270 248 130 

23............................... 230 136 ...... 238 232 92 

24............................... 316 160 .... 1641 180 98 

25.............................. 306 138 210 200 117 


Average................. i 274 , ]fi4 f Jsn ' 229 i 219 i ]09 
Period 3: i------------.----,--------

April 26............................ 231j (3) .1 124 144 142 

27.............................. 15(} (3) 10·1 152 112 


~L=:::::=::::=::::::::::::::· J~2 199 i J1g Wg ~~I 
30.............................. 156 148 . I 102 166 128 


Average...................---1-8'-1 '---1-13-·-----;72:-W,~---w2 


Period 4; 1===:=1== 
May L ............................. ·• 148 i 112 : " 

1
. 156, ('J 84 

2............. _............. _.... ('l I 110 ".'1 152 i 138 i6 
13..............._........._..... 120 'I" 148 ...• . 140 I 250 98 


4........_••••• __ ......... _..... 172 158 
1

... ". .. 1;;8 178 104 

5............... _.... _....... ·· 1110 114., 118 I lOG 69 


Average.......""""". --;s,-----;O;---go-j--;:j5i----ui3 ---8-0 


PeriK1a~ 6 	 2:lO ' 102 ! , " 17J !' 120 74 
• 	7:: :~~:::::::::::::::::::::: ... ' 211 88 ' 102 141 82 

8.............-............... 2531 l:JO ," JOS I 107 125
9_. ........................ ... 2li1 101 .. ...... 201\ J02 00 


10......, ..... , ................. lSI ('l • ...... 158 , i2 8S 


Average............... ,: 227 1~1---f\g-I---1731-----um-----;i2

'=i=:=i===Pcriod 6: 

}'vlay ll.......... _... ., ........ , Ji3 104 I 1-14 83 ] 03
J2.............. , ....... .. 

II" 


13....................... . . ~ ill: ill ~ ~ 

14_....................... . 218 la9 , 224 88 117 

J5........................ . 274 163 ,.. 126" 88 


1---I-go-I--m!---r.5-rni---;;S--r02Average... __ .... "... 
1=;=,=='==Period 7: 

:r-.:ray 16. . .................. ' l~ 1~ 1~ n 115ill 	 m _ ~17......................... . ~I 


18........................... . 1\14 125 f~-~~:' ~ .. ~ 175 114 i4 

19." ....................... , .. . 15-1 HI j ......... , 142 117 qs

20... , __ ._", .......... _........ , 14G 94 i-- --..... 176 146 102 


Average•. _. __.......... .. 1"2 1 )00 l 62 liS : 1QO : 93 
Period 8; j t

:r-.rllY 21 ........ _........_....._..... " 8.:1: _, li4 05
.IMl 117
22_. __ ~, ,. __ ... 4"~""""'''~'' _... _~ .. _. IS9 gl; '. 125 138 i2 
2:i ... ~",,,,,. _~ ~ _.. _,. ... __ ~ _~ ~ ~ 179 ~I\ I". , 13a 130 (19
24.......... .. 	 192 62 ._,. Ja6 9S 72 


."vcrago.... 174 ,9 (') ]42 121 70I-,---- 
.' ('ontrol diet, periods J to 4; low·fut dh,[, IlPriods 5 1.0 R 

, PrcIlmlunry day April 17, only ali(\UOLS (or !'lIe" IIl,riOiI W('fl'llllulyzod. 

3 C'n'lltluillll vulu~sJndlClIINI hWllIup I'l~ coIlN'lion. 

• Humple lost in stomg!' 1)(,(01'" unulysis. 
• Sample uOLuuulrzcd. 
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CONTROL GROUP 
Micro~rams. B c • 
400 

300 

200 

100 

400 

300 

200 

100 

2 4 

- Daily 

- 5- Day Average 

t Beginning of Low-Fat Diet 
Daily Samples 

Nat Analyzed 

...... 
Q. 

E 
o 

.: 
u 

.!! 
Q. 

E 
o 

Ul 

LOW- FAT GROUP 
o E F • 

6 8 2 4 6 8 2 4 .6 8 
Periods 

FIGUED G.-RIBOFLAVIN: Daily urinary excretions on average inta.kes of 972 
micrograms" • 
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The I-hour fasting 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 111Lg. found for these subjects are similar to 
those of 6 to 8 ILg. reported by Hathaway and Lobb (71) and 8 to 
13 ILg. reported by Davis and associates (#) 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 giyen in table 22. 
Subjects A, D, and E, who excreted over 100 ILg. during period 8, 
excreted from 22 to 29 percent of the test dose in 24 hours, while 
subjects Band F, who excreted less than 100 ILg. during period 8, 
excreted only 17 and 10 percent of the test dose. 

Urinary riboflavin values after a test dose are difficult to compare 
with those in the literature because of differences in the size of the 
test dose and the methods of administration (132). It seems of 
interest, however, that the lowest 4-hour excretion value of III ILg. 
for subject B is eonsiderably higher than the average yalues of 81 and 
57 ILg. 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 ribofla\rll. The average 24-hour test dose 
return of 16 percent in our subjects is also somewhat higher than the 
average of .9 percent reported by Keys and coworkers (94), but their 
subjects had been maintained on a diet containing about 1 mg. for 80 
days at the time of the first test dose. 

• T.ABLE .22.-RIBOFLAYIN: Urz'nary excrci£ons in response to a 1-milligram oral test 
dose 

Excretion nfter tcst dose t 4-dny : Pn~~e~ Propor-
I m-ertlge' ..' tlon of 

Subject 	 , Iexcr~tion.· excrellOn tcst dose ' "od 8' du~ to . t d4 hours I 20 hours I 24 hours I pcn I' test dose excrc c 
----___________________1______1,1______: i ' 

I .Vicro- ! .'fiero- I "'fiero- l\fiero-! Miero- -- 
........ ____ -____ •. _...... _......... __ .. _____ , OTa~f2 I OTa'~81 I ora'~~3 UTa7~~4 I ura71~f9 PeTcen~2 
g:::::::::::::::::::::::::--::::::::::::: m (1/34 

L.____~~5_1._.___ 79_ ••• __ .~~~- ._••____=~ 
D. _____________ ..... __ .. __ • __ .. ______ "1 244 1861 430 142 288 29 
E. ___________ .... __ . __________ •.. __ . _______ 221 125. 346 121 225 22 

}'---•.•------ ..... -- .. _.••. "-.---." .• -----,j 120 48 I 173 1 69 104 10 

1 Snmple wnsln~,omplctc. 

The fact that nearly twice as much riboflavin was excreted by all 5 
subjects in the presrnt study when a I-mg. test dose was added to the 
0.97 mg. of the diet indicates that on the 0.97-mg. intake body stores 
were not depleted. 

AscorlMc Acid Metabolism 

• 
The average reduced ascorbic acid intake during the study was 57 

mg. An average of 7 mg. was obtflined from foods in the core and 50 
mg. as crystalline ascorbiC' acid from complement II. Jelly in com
plement I contributed at most 0.3 mg. 

'1'he daily values for urinfl.ry l'rduced ascorbic arid for 5 of the 
subject.s are shown In tablr 2:3 and, figure 7. ThistabJr flJSO shows the 
5-day averages for the 0 subjects. The values for the subjects in the 

http:urinfl.ry
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TAIlLE 23.-REDUCED ASCORBIC ACID: Daily urinary excretions on average intakes 
of 57 milligrams 

Subject Subject Subject Subject Subject SubjectPeriod and date A B 01 D E F •--------------1----------------------- 
"'filii· "'filii· J.filli. J.filli· Milli· Milli· 
grams gramll grams grams gra11ll! gram8

Preliminary day. April 15, 1952 ........... 12 6 7 6 75 
Period 1: 

AprllI6.••••_•.__.......__............ ]5 9 13 as 6 

17••••___•••••_._._••.•__..•••• , • 20 12 12 27 8 

]8..........................._... 16 12 16 24 5 

]9....._._....._--_........._•••. 18 13 13 23 6

20..._..._._____ .••_••__._......, 14 14 ]0 20 4 

Average..._._...._._____..._•••••.. -n~ 9 26 ----6]31 
Pcrl~;A2L. .........-.-.......-......... 11 171.......... 12 15 
 8 

fa::::::::::::::::::::::::::::::: g 19 I:::::::::: ]g g 1~ 
~L::::::::::::::::::::=::=:::: ~~ ~g 1::=::::::: g 1~ Ig 

Average.........._...______........ 1Z 15l 10 11 12 9 


Perlod3: ----------------- 
.>\.prIl26..._............_...._........ _ 14 <'l 8 15 g


27............................... 13 (') ]] 10 11 

28.................._............ 11 14 11 12 10 

29.........._.................... 10]5 11 10 10 

30....._.._....._.•_._••_...._... 12 15 10 11 10 

Averagc_____ •__•___ •____ . ___. _____ . 12 ! 15 i 8 10 I 12 10 

PerlK¥a~ L ___._.__ ••_.•_______ ••••• _•• __ . 10 ' 14 !.."."._... 121' 10 8 
2 __...._.._..._.._.__._.......... 14 13" 13 12 10«. __ • 

3._••••••.•.•.•_••••_............ 12 14 L __ ., .. _.. 20 ; 11 9 

4._•••••••••••••.••_............. 10 16 I. .. ,...... 16, Il 9 • 

5................_............... ]0 15 i, ...... '. 12 f 10 9 


Average•.••...••••.•_•••_._........ 11 I 14 I 8 1~_: 11 9 


perj~fa;: 6•.•_............................1----'---14-'==---J-l ---9- ----]0
10

t:~::~~::~~~~:~::::::::: I 11 , I!I:: ;1 'I II 

Average•••_•••••.•••_.•••_......... ---1-1i-u, i---S-I---1-1;---9 ---1-0 


Period 6: ==j==I=== 
May 11.............................. 13 14 ! ..... 221 8 S 

12. ............................. 10 14 10 8 S 

13 _" ...................... " • 12 13:. 16 8 10 

B .............. __ .............. 13 14 I lU 9 10 

15.. ............................ 14 13 I 13 8 10 


perlo;\~ernge................... -........l ~.i- 14 : 8 151 8 9 


Muy16................_............ ·. 11 13 i"........ 21 6 9 


iL::::::::::::::::::::::':::::, ~~ t~ ):'::.:::: l~ ~ l8 

~:::::::::::::::::::::::::::::.j g g!, li ~ 19 


A \"Cfngc ••••••••••••__.............. ~i~i----u ------W:-S ~ 


PerlRYn~2L. __ . __ ... _..... _...... _...... l~l='-:-L-..... 121' 8 9 
22.... _. __ ....... _.............. 13 13' 16 10 10 
23. '._ .• __ ............ _.. 13: 1-1 t _ 141 9 10 

24, ..................... 14 i 12: 15 I 8 I 10 


:--, --~---------,---

Avcrag~ .. __ 13 I 13 (') I 14 I !l I 10 


1Preliminary clay. Aprll 17; :Iv~rag(' V:l]llr~ (or mel! ]JCrioli. (See p. ]6.)

, OreatInine values lut]lcaWu htcomplrW COllection. 
 • 
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CONTROL GROUP . 
Milligrams B C• A I 

-Doily 
_ 5-Day Average 

Only Average 
Values Valid 

30 


20 


10 


, , t o 2 4 8 2. 4 6 8
2 4 6 8 

Periods 

• 
FIGURE 7.-RED1:CED ASCOIHllC ACID: Daily urinury cxcrctions on aycragc 

intakcs 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 
t.he 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. .Daily values for subject D varied as much as 12 mg. 

Dodds, Price, and MacLeod (.~8), 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 11 mg.) 
found in period 3 for our 6 subjects. I·laines f:nd coworkers (69), 
using the titration method, reported excretion values of 17 to 22 mg. 
during the sL\:th week of their study for 4 subjects receiving an intake 
of 53 mg. This range is higher than the 9 to 14 mg. found in the pres
ent study during the sL\:th week. 

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. 

TABLE 24.-REDt'"CED ASCORBIC ACID: Crinary excretions in response to a 400
milligram oral test dose 

Excretion 4-dny IDitTcr~nce IP oportion 
Subject 24 hours uvernge In ~xrrctlon, ortest dose 

nfter test excr~tl()n, I due to test: excreted 
dose pt'rlOd 8 1 dose 1____ 

! 1 ; i 
i J..\Iicr09ram3~ J.\JicTograw.s l Aficrogram&i Perctnt 

~~~~~~~~~~~~~~:~~~~::~~~~::~:~~~:~:~~~:~~~:~~~~~~~~~} (I)!: L......:~:t_.______~
(I) :: ; 

E._•••••••••••. __ •. _.• _•• _.._....................._•••1 191 91 182/ 46 
}.___...........___ ..................................... 123 9 114 28 


J Sample was incomplete. 

Three of the subjects, A, D, and E, were near tissue saturation, if 
50 perceu.t excretion of the test dose is used as the criterion of satu
ration (174). Subject F excreted 28 percent and subject B only 3 
percent. There is no apparent explanation for the low test dose re
turn by subject B. Urinllry excretion values durillg the study for 
this subject wcre consistently higher Lhan those for subject E, who 
excreted 46 percent of the test dose. Only one study (69) has been 
found in which a, test dose was administered after controlled int,akes 
had been given for us long as G weeks. IVhen the 4 subjects of that 
study were on tbe 53-mg. intake, they excreted 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 between the 
results of these two studies is greater than would be expected merely 
on the basis of variation in analytical method used or in subject re
sponse to a test dose. 

Blood ascorbic acid values for our study were made on serum by 
the method of Bessey and associates (15) for total ascorbic acid. 
Davey, Wu, and Storvick (43) 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 in plasma. 

Serum ascorbic acid values for our subjects are shown in table 25. 
Subject E, ,vith the highest initial ascorbic acid excretion valuo 
(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 prelinlinary da,y. The otber 4 subjects, with 
initial excretion values of 3 to 7 mg., showed serum values of approxi
mately 0.5 mg. Values for 3 of the subjects with low initial values 
increased to over 1.0 mg. per 100 ml. by the end of the study, but in 
subject 0 the value increased to only 0.7 mg. 

TABLE 25.-ToTAL ASCORBIC ACID: ilfilligrams per 100 milliliters of serum on the 
the first day of each period 

• 
Day of sampling ISubj~ct Subject: Subj~ct l Subject : Subject , Subject 

! A , B : C : DiE i F 

1.1 0.5 0,4 , 0.4 1.4 I 0.4 
1.1 .5 .4 .6 L1 .6 
1.3 .7 .5 i .8 1.2 ! .9 
1,2 .7 

; 
.5 I 1.1 I 1.3 I 1.0 

1.5 : .9 .7 ! 1.4 1.5 1.4IJ
1.4 1.3 I .9 j 1.3 ; 1.4 1.4::~"i!!ijl:::ll:;l~~::~~l:~:~j~;~:1 1.4 1.1 .6 1.1 1..2 1~4 
1.7 i 1.3 I .6 1 1.3 I 1.4 1.3 , 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-week sLudy 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 subjects receiving a prison 
diet supplemented with 50 mg. ascorbic. acid. Johnstone and associ
ates (89) reported an average plasma reduced ascorbic acid value of 

• 

0.75 mg. per 100 ml., with a standard deviation oi 0.30 mg. for 22 
subjects maintained on an average intake of 62.5 mg. (found in the 
Oanadian Air Force diet) for a period of 6 to 8 months. Haines and 
coworkers (69) reported plasma reduced ascorbiC' acid values of only 
about 0.5 mg. per 100 illl. during the si..\:th week of their study on 4 
subjects recei,-cjng an intake of 53 mg. In the present study serum 
total ascorbic acid values at tlle beginning of the sixth week were 
1.3 mg. per 100 m1., with a standard deviation of 0.19 mg. These 
variations in rcc;ults cannot be explained entirely by differences III 

methods of anaJysis (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 us('cl dUTing th(' metabolic study is sum
marized in table 26. Values for food energy, fat, carbohydrate, and 
vitamin A in compl('ments I and II are for the mlls, cookies (or cooky 
and cobbler), and table fat used during the control periods. (Jelly 
and sugar w('re added to adjust for individual food energy require
ments and amounts we1'e increased during the low-fat periods, see 
p. 15). The protein content of tbe diet was higher than planned 
because of variabl(' llitrog('n cont('nt of the glui(,l1 flour. The 14 gm. 
fat in the core includes 10 gm. hydrogenated fn,t which was used for 
COOkillg. ~fagll('sium nllue for compl('ment I includes the 100 mg. 
from magnesium gluconat(', sinc(' it was incorporated in the rolls. 
Potassium values in complement II include the amount from baking 
powder as well as from potassium gluconate, and sodium values 
include the amounts from baking powder and sodium chloride used 
in cooki~g and baking. The iron results are not reported because of 
an error m the laboratory. 

TABLE 26.-Nutritive value of the standardized diet as used in control periods during 
the metabolic sludy 

I : Complelllent~ ! I' 
Nutrienland nnit i Cnre '. .: Total I Source of ynlues J 

1__!_T_I_l~I_1__,--------- ;, I ,---- 
(",ROr-PA 

Food energy.•. _..... _•. ""'" . calories 550, 1,3i'q J.... --. J,92~' ('nJrul~tion (184).

Protein ..•••••.• , ....... __ •..••.. , ~mlll'. I\J i 41> [__ .... __ Go, AnalYSIS. 

Fut .. ____• __ •.•••. __ ........... . .. !It). 14 02 ;.. __ •••. ill j Do. 

Carbohydrate __•....•••••____ •. . do.. 100 lr.Q •. , ......! 250 Calculation (184). 

CalciullI. ,.' -- .• -- --... -- llIi11i~ullls.. 144 ~I I' 500 i'25 Analysis.

Phosphorus., ., , ,]u .. 271 i 2~3 SS8 ,9.12 Do. 

\'Hamin Avulue .Interu:tliollall·nit,.. l,nOO I 1.500 1,500 I ·1,000 Calculation (184).

Thiamlne. __ ... __ mkrolml!ns.. 156 [ 141 492 i 7HH i AJlnj;'Fis. 

Riboflavin .. ____ ........ ____ • . do... 292 16i 513 9i2! Do. 

Niur;ill••••... , ____ •________ ... lllilJi~ums.. 5 2 7 : Analrsis (ureliminllry


period). . 
Ascorbic acId (rednc~di __ .. __ .• __ ..... do.... 7 50 57 Analysis. 

(;norp n 
Copper••••••••••. __ ." __ . __ miilijtfams.• 0.6 0.2 20.8 Estimation (76,165). 

rodjn~..•..•.•••• __ ••••..... __ ... du ..• 0.090 0,015 0.105 Estlmntlon (I). 

M!lgncsium••••••.•••.•..••.•••.. ' .. d'l .' 65 ' 117 182 Analysis.

l\[nllgnncse.••••••••••.• ' ........... __ d,L. .. 1.1 0.7 1.8 Estimation (76. /65). 

PotassIum........................... do .•.• 007 196 1,2:$2 2.335 Estimation (I8).

Radium................. , •.. __ ••••••.. do, .•• 289 Ii 2,047 2,5.;3 Do. 

Zinc...................................do ..•• 3.3 O. 9 4.2 Estlmutlon (56, 176, 178). 


GRor·p C 
Cblorine.••.•••• __ • ,,' milligrams.. 120 80 100 300 Estirnu lion (55).
CobalaIllin (Un). _....•mlcrograms.. 1 4 5 Estimation (8~. 108). 
FoJicucitl """'" .. .do __ •• 25 25 50 100 ,Analysis (preliminary

I period). 
J'anloUwnlc acid .mllligrarns 2 1 1 4 : Estimution (91).
Pyridoxine __ . __ ., __ . __ rio. 0.3' trace 0.5 0,8,' Do.
Vitamin D. -- ......... fntcrtlaliollllI ('nlts __ 

j
__ '., .•. t. 400 400 


1 CnlrulaUons based on U. S. nep~. Agr. Handbook S (184); und estlmnUons based on datu Crom sources 
US Inrl!C<.lI(·d. 

~ AJl!llyses oC several m('ul composUcs nnd rolls indIcated that th(> totnl copper intake WfiS about 6 mg. 
TIl('C(' WI~q;1 smull amowlt oC <'opper In the dIstilled water LLsed Cor ('ooking und makIng the composites but 
this did not llCCOllnt fur tll!' dHT"n'ncl' between ,'StlUl:llt·rj nnrl ,ll11!1YZNl Vlllucs. 

'lIlCllldcs tbe 100 mg. magllt'slunl frolll complemont 1I (lllHgUl'silllll glueotl"tc in tho rolls). 

• 


• 


• 



• 


• 


• 


A STAt.~DARDIZED DIET FOR METABOLIC STUDIES 51 

Metabolic Response 

Tn,bIe 27 presents a summary 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. 11ean urinary excre
tion for thiamine was 67 J.Lg., for riboflavin 116 Mg., and for ascorbic 
acid 11 mg. on intakes of 795 Mg. thiamine, 976 J.Lg. riboflavin, and 
57 mg. ascorbic acid. 

As seen by comparison of individual 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 Tesponses was not Telated 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 subjects who excreted large amounts 
thTough the feces. The apparent better absorption of nitrogen and 
minerals by subject E cannot be explained on the basis 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 
voluntary constipation nor diarrhea influenced fecal calcium excretio,n 
in two normal subjects. 

Further work is obviously needed on factors that cause individual 
variation in response to identical intakes. Hormones, particularly 
parathormone, are recognized as influencing calcium metabolism. 
Estrone therapy has been found to depress calcium retention in normal 
girls at the age of puberty (88), but 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 fOT individual 
variation in calcium metabolism and perhaps for metabolism of other 
nutrien ts. 
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TAnI.Fl 27.-Respo71sc (afler slabilizati01l) of subjects to tlte slandard'izecl diet 
~Crl'lIt· f1:o.ininnWeight 	 'J'hiomilll', periods 7-8 Ribolluvin, periods U-8 Ascorbic acid, periods 5-8perious 
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$ussested Reference Levels for Future Studies 

The 60 gm. protein, 700 mg. calcium, 1 gm. phosphorus, and 220 
mg. magnesium, as planned for the standardized diet, should be satis
fadory as reieTence levels at least for young women. As a group, the 
subjects retained small amounts of calcium and phosphorus and none 
of them 3howed consistently negative balances of these two minerals 
dUTing the study. Although balancrs on 182 mg. magnesium were 
consistently nrgative f01' 4 of the 6 subjects, and grnerally for a filth 
subject, it is coueeinlble tbat the mean negative balance of 26 mg. 
would be wiped out if the intakE'S of magnesium were incrNlscd by 40 
mg. to the total of about 220 mg. as planned. An intake of 250 mg. 
might be testrcl 'with our diet, since 2GO mg. gan' positin balances on 
IJeicbsenring's diet (101), and thE' suggestion of 220 mg. had no strong
basis (52). 

Although urinary thiamine and riboflavin ('xc1'rtion values were 
low, exeretioll of these yitamins was about doublpci aftpr an oral test 
dose of 1 mg., an indication that the tissues WPH' not ckplrt('d. There
fore, intakes of approximately 0.7 mg. thiamine and 1 mg. riboflavin 
appear satisfactolT for ]"rfel'('Jlce l('vC'Is. 

Changps in tllC' rl'fC'rence lev(\l arc sl.lggrsted for som(' of the other 
nutrients. In l'('-evaluating tll(\ vitamin A and D intakrs of 4.000 a.ncl 
400 I. U., l'C'spectivrly. th<+ s('('mpd high ill ]"rliltion to lrn'ls of othrr 
nutrients. 1nta1\:(\s of 3.0001. Co and 300 1. r. of vitamin A and D, 
respectively, would scrm sufficic'nt to keep thcm 1rom being limiting 
factors whrn othet' llutrient;:; ar(' b(\ing studipcl. 

The rrclucrd ascorbic aciel intakr of GO mg. appears higher than c1e
sirable as a rpfrreJlcr lev('l for m(\taholism studjps. rrinflJT pxere
tions after a trst dos(' ShOW0d that from 28 10 45 prr('('nt of a ·400-mg. 
test dose was excrrtNl by 4 of 5 subjrC'ts. S(\rum ]r\"('ls for thr group 
averag('d o\'"rr 1 mg. pC'r ] 00 ml. at th(, end oJ the' stud,,'. Probably a 
l'rferrnce level of 40 or 50 mg. ascorbic acid might hC' trsted for Hris 
diet to se(' whet11r1' it \Villmllilltain a s(\rum ley('] of 0.4 to O.G mg. per 
100 ml. and a whitC' cr1l knl of 14 mg. per] 00 ml. or abo\"(' (113,168). 
This would be more in lil1(' with refen'rJcr lC'n']s st']('ctrd for other 
nutrients, and is still 10 mg. ahoye:' tile 30 mg. intake considered 
satisfactory by Canadian and British workers (8,14.7). 

SECTION III-PROCEDURES FOR THE METABOLIC STUDY 
PREPARATION OF THE DIET 

Most of the foods in th" standardizpd diet (tahlp 2) can be ohtaim'd 
from Lhe OP(,[l mnrk(\l. Tll(' sIwcial food::: and (hC' ]('SS common 
mineral salls used in this study W(,I'P ohtaitwd from !llt\ following
sow'crs: 5 

Casein (ICJ.,ah('o" yi(arniu-freC') , ThrDordC'll Co., Kew¥ork, N. Y. 
Cereals (1.1 nPtlriclwd): 

Ch(,('t·jos Ilnd Fnrina. 0(\111'1'01 )'li1ls,~ljmJ('apoJis. Minn.; 
RleC' l{rispips, Th" T\.pllogg ('0., Da( tIP ('J'(\pk, ~Ii('h. 

Potato (FI'(,Jldl'~ JJl~(flJlt}. R. T. Fn'llC'h Co., 1\O('\I('s('r, N. Y. 
RiC'(' (?-.fitlu(p), GpnpJ'nl Foods Corp., Nt'w York, N. Y. 
11a,gl1('sium gIU('OIln(p !1nd potassium glueonal<\, Cba,s. Pfizer &; 

Co., Nt'w Yo!'k, N. )'. 
-cn:-.':"":i\\:-·('-n-=U-o-n-of foorIs or 1lI1LJlI[f[1rtllrnrs dOC's nnt iJllply jndor~Ntl('nt by the De
partment of Agriculture or diserimilll1tioll l1P;lLill~l olher products. 

• 


• 


• 
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• 
.Ail foods, except lettuce, were obtained in single lots in amounts 

sufficient for the study. 

Preparation of Foods .Before 1he Study 

BEEF.-.Ail visible fat was removed from hottom round steak. 
After being ground and mi.\:ed 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 e:\.-periment, so that, 
if necessary, sen-ring size could he adjusted to the desired protein level. 

CELERY.-The stalks were cleaned, cut into }~-inch pieces, and mixed 
for uniform sampling. Quart lots were blanched for 2 minutes, im
mediately cooled in ice water, packed in freezer jars, and stored at 
-20°C. 

COOKIES, TOMATO PUREE, ROLLs.-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 

• 

POTA'l'0.-800 ml. disWlpd water containing 1 teaspoon salt (5 gm.) 
was heated to boiling. After being removed from the heat, 300 gm. 
dry potato was stirred in quickly- and mixed until smooth. ·When 
cooled, 83-gm. portions, equivalent to approximately 25 gm. dry 
potaLo, were weighpd, shaped into cal\:es, placeel in casseroles with 10 
gm. melted hydrogpnated fat and the raw beP{ (or fish), and heaLed in 
an oven at 375° F. for 20 minutes. l\leaL and potato were tw'ned after 
10 minutes. 

BEEF AND FrsH.-Aftrr being thawed at room Lcmperatm'e, 45 gm. 
beef was shaped into cakes and plaC'rd in the cassrrole with the potato. 
The fish was cu t in small pieers for uniform sampling and 50 gm. 
placed in casseroles. . 

CELEUy.-60 gm. thawed, drained crkry was w('ighrc1 direcLly in 
pyrex cups, covrred, and hpated in an ovrIl at :375° F. for 10 minutes. 

GUEEN BEANs.-"Four 10-oz. packag('s of frozen beans were added 
to 480 ml. boiling distilled watt'r conLaining 1 tNlspoon suIt (5 gm.). 
The blocks wert' separated with a fork to bastt'n thawing, and after the 
water was again brought to boiling, OlP pun was ('ov('l'rd and the bt'ans 
cooked for 5 minutes. AfLer being drained and allowed to cool for 
5 minutes, 100-gm. portions were weighed in pyrex cups. They were 
covered and heated in an oven at 375° F. for 10 minutes, 

FAUINA.-20-gm. portions of farina were eookecl individually in 
glass casseroles containing 200 mL boiling distilled waLeI' and 3 meas
ures of salt (porcelain spoon used as m('aslu'e, :~ measures=l gram). 

RICE.-25-gm. portions of riee, 2 Jl1('asUres of salt (approximately 

• 

0.7 gm,), and 65 ml. distill('d walt'r \\'1.'1'(' hl'ated Lo boiling in individual 
casseroles. They were thl'n rC'mon'ci from tll(, hNlt, eover('d, and 
allowed to stand 10 lllinuLt's. Thirty grams of tomato puree ·was t,hen 
weighed directly in to Lit(' casserol(' and mix('(] wi th the riee; Llle cas
ser'ole was then covered and healed ill the oven aL 350° F. for ] 5 
minutes. 

Sl'AGHl~'l'~'I.-150 mI. diRtillrd waL('l' and 2 lllt'usureR of salt (uppl'oxi
mat,ely 0.7 gm.) were hrated Lo boijing inindiyicll.lul casseroles. 
Twenty-five grns. spaghetti was added tint! ('ooked at low heat until 
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just tender. After being removed from the heat, the water was poured 
off and when cool 30 gms. tomato puree was weighed directly into the 
casserole, mi..xed with the spaghetti, and the casserole covered and 
heated at 3500 F. in the oven for 15 minutes. 

PEACH OOBBLER.-Individunl portions of peach cobbler were pre
pared on the day of use (see recipe, p. 59). 

TOMATO PUREE.-The day's supply of tomato puree was thawed at 
room temperature, then warmed to melt the fat particles; then it was 
mi..xed and individual portions were weighed. 

ROLLs.-The rolls were removed from the freezer 15 minutes before 
mealtime and beated in an oven at 3500 F. for 15 minutes. 

OooKIEs.-The frozen cookies were thawed at room temperature
(reheating was not neces~ary). 

GELATIN.-Weighed portions of gelatin were sprinkled over apple
sauce. 

Recipes 

BAKING POWDER. (Yi0Id: Appro:-"-1maLely 900 gm.) 
Ingredients: Gra71l$ 

Potassium hitartrate_ , -------------- ______ .0. ____ 562.5 
SodiuIll bicarbonate_.____ ._ .... __________ ._ •. ____ 250.0 
Cornstarch_ - - - - _. . - -- _ . _•• ______ . ___ '.. _____ • 87. 5 

.Mix in a ball mill for 1 hour for thorough mixing of ingredients. 
OOOKIES. (Yield: AIJproximately :3,000 gm. dough.) 

Control Low·jal
Ingredients: G,am,~ GramsWaslled butter fat ____________________________ _ 595 _____ _ 

Hydrogenated faL • _____ • __________ .:. __________ _ 
185 

7RO 940 
l,on5 1,315Baking powder (see reeipe) ____ • ________________ _~~i~rII;u~= ===== ======~======================= 60 75SaIL _________. _______ .. ____________________ ._ 

15 15VI'ater________ • ___ • _. _______ • _ _ ___ _ _ _ _ _____ _ 
470 580Vanilla 1_____________________________________ _ 

30 30 
1 Pure vanilla eJ..-tract should be used if pyridoxine metabolism is to be studied 

(159): 

1. Oream fat, salt, sugar, and vanilla in miwr at medium speed. 
2. Sift cake flour and baking powder togcther Lh1'ee times. 
3. Add sifted ingl'edien ts to creamed mixt lI1'e al tel'l1ately with 

water. Dough is of a soft, firm consistency. 
4. Refrigerate dough. 
5. Take out small lots of dough find weigh indiYiclual cookies (25 

gm.) directly on squares of aluminum foil. Plaee on baking sheets. 
(The use of foil for baking eliminates stieking.) 

6. Bake at 375 0 J? for 15 minutes. 
7. 0001, wrap individual cookies in wax papeJ', and seal withScokh 

tape. Place number of cookies n('eded 1)('1' day in irC'czer bags, and 
store at -20 0 O. 

FONDAN'l'. 	 (Yield: Approximatdy 480 g!'ams.) 

Ingredients:
Sugar________________________________________ _ 	GTI1111S 

500\Vater. ____________ .• _______________________ • __ 
2'JOPotassiulIl bitartrate_________________________ ...

Vanilla _______________________________________ _ O. (j 

• 


• 


• 

3. 2 (1 lsp.) 
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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. coyer, attach thermometer, and continue boiling stead
ily. Wipe oft' any sugar crystals that may appear on the sides of the 
pan with a piece of wet cheesecloth. llemove pan from the heat as 
soon as the sirup has reached 238 0 F., tal;:e out the thermometer, and 
add vanilla. 

4. POUT the sirup onto a cold platter. To avoid the introduction 
of sugar crystals do not serape the last bit from the pan. Cool until 
the mi....ture feds only slightly warm to t.he. touch. 

5. Scrape the fondant froll1 the t'dge of the platter toward the center 
with a wooden spoon or wide spatula. Work ,,-ith the spoon until the 
mixtuTe becomes white and ereanw, then knead with thp hands until 
smooth and free from lumps. Place in a tightly covered glass jar, 
and weigh out desired amounts as needed. 

PEACH OOBBLER. (Yield: Appro:ximately 330 gm. dough for con
trol cobbler; 300 gm. dough for low-fnt cobbler.) 

ContrQI Low·!at 
Ingredients: Grams Grams 

\ra~hed butter faL .. ____________ .. ________ _ 50Hydrogenated faL_ ._ .. _____ .... ___________ _RlIgar_______________________ . ____________ _ 20 
30 30 

• 
Cake flonr ____ . __ •.. ___ .. _. _.. ___ .. ____ . ___ _ ]50 ]50
Buking powrlC'r (~t'(' recipl?). ________ • _______ _ 10 ]0Halt. _____________________________________ _ 

3 3DigtiIll?d water _______ ... _________________ _ 90 90 
Peaches (from core·'. 

1. Crram fat and sugar. 
2. Sift cake' flolli', baking powdt'r, nnd i'all toge'the'r llU'l'e' times. 
3. Add siftpcl ingl·pdirnts to c!'('um('(] mixturE' alternately with 

\YaiC'!'. Dough SllOUlcl hC' light and soft hut nol stieky. 
4. \Ieigh rOO gm. p0uclu'R in eassC'l'o]e; w('igh G5 gnl. dough clil'('ctly 

into cass('l'olC', RprC'uding it OWl' the' top of tbe peaches as it is ,\-eighed. 
5. Bake at 425 0 F .. for 35 minutes. 

ROLLS. (Yield: App1'oxinlU.tp]y 5,900 gm. dough for cOllt1'011'oils; 
5,750 gm. dough for lo\\-fnt roils.) 

Control LOlc·!at 
Ingrer1il?ntg: Grams GramsCake flour___________________________ _ 1,675 1, 675G1IIll?D flonl'_________________________ _ ],420 1,420Distilled water______________________ ._ 1,800 1,800 

305 :305 
190 190~~~~~[~::====:========= ==== ====== ==== =Fat (hydrogenated). • _________ • _•. _•• __ 200 laO 

lIIiL1!;lle:-;iulll glllconaLe [!lIp; {CoHII(7)1·2JJ~Ol_ 42.6 42.0 
Potassium 1!;lnconatl' (}\(hH nO,) ••• _•• _ la,. S la7. S
Fl'rrie chloride (FcClG'(iJ:I 0)___________ _

2 .5560 .5tiGOSodiulll chloridc ______________________ • ,A 70 
~·east_______________________________ _ 120 120 

• 1. Sift the t\Yo flours together fOlll' tinlPs. 
2. 1fensu1'e out tolal watt'I'. (To keep yit'lcl and therefo1'(' com

position ('onsiant. from lot to lot, quantity of wuter for eaeh btltch 
must be kept.. the same.) 
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3. Blend sugar and casein. 
4. Melt fat in saucepan after saving about 10 gm. for greasing bowl 
~~~ . 

5. Dissolve salts in about 800 ml. w·ater. 
6. Add sugar mi.'i:ture and melted fat to dissolved salts. Mix well. 
7. Dissolve yeast in about 150 ml.lukewarm water and add to above 

mi.\.-ture. 
8. Transfer mi)..'iure to a 30-quart mi.\.-ing bowl (use rubber spatula 

for all transfers) and mi.'i: at low speed with paddle attachment (dough 
hook was not satisfactory for this type of dough). 

9. Add part of the Bour. Start mixing at low speed. Add the rest 
of the flour and water alternately. Total process takes 20 minutes, 
which amolmts to approximately 15 minutes for mixing. Dough when 
finished will be smooth, saLiny, and elastic, and willllot stiek to bowl. 

10. Remove dough to large greased bowl. Form into smooth ball. 
Brush on all sides with fa,t, Cover and leave in refrigerator overnight. 

11. Next morning remove bo\\'l from refrigerator and set in pan of 
warm water for 2 minutes. Divide dough into slllall 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 proofmg oven set at 28 0 to 300 C. 

13. Let rise untilincreased 2 to 2~ times in volume (about 2 hours). 
14. Bake at 400 0 F. for 12 minutes. 
15. Cool, put quantity l1('eded per meal in freezer bags, and store 

at -20 0 C. 
TOl\IATO PUREE. (Yield: Approximately 7,000 gm.) • 

Ingredients: Grama
Tomatoes (canned) ____ • , __ • ______ • ________________ .-- 12,250Celery tops _____ ... ___ . __ •• _________ .... ___ • ____ • ____ _ 500
Celery stalks_____ •• ______ ._ .. _______________ • _____ _ 3,000
Onions__ ..... " . ____ •.• _•. _._ •• _________ ... _____ • __ ],500Fat Ulydrogenated) _______ ... ____ . ___ • ________ .•.• __ _ 450 

270
Cake flour ________________________________ . _________ _ 
Salt __________________________________ . __ ....• ______ _ 
Sugar_________________________ .. ___________________ _ 45 

70 

1. H('at tomatoes, ('('Iery tops, ceIerj~ stalks, and onlons together 
slowly for about 40 minuies. 

2. }';train. 
3. Idclt fat; blend ill flour, sali) anel sugar. 
4. Add part of the strail1('d juiee, stirring until thick. Add remain.

ing juke and bring to a boil. 
5. Pour amounts ne('dNt per clay in freezer jars and store at -20 0 C. 

METHODS OF ADMINISTERING VITAMINS AND MINERAL SALTS 

Vl'l'AlIIIXs.-Thiamine, riboflaYin, niacin, pyridoxine, and choline 
arc reported to he stable in acid solutions (155). Pantothenic acid, 
folic aeid, and cobalamin (vitamin J3d, however, are unstable at low 
pH ranges (17, 152, 157). A solution of calcium pantothenatc and 
folic aeld mude tip ill sterile wal('l' (l,nd stored in the rcfl'igC'J'ator Wl1S 
checked in our luhol'alol'ies and found to be stable for Itt. least 2 • 
months. Fll,cjJjties werc noL a;railu.ble t.o check. the stll,bility 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, anel pyridoxine, 
and 100 mg. choline chloride per 15 ml.; 5 ml. was given at each meal. 
A water solution was also prepared, which contained 1.09 mg. calcium 
pantothenate (equivalent to 1 mg. pantothenic aciel), 50 J,Lg. folic acid, 
and 4 J,Lg. cobalamin per 3 ml.; 1 mI. was given at each meal. 

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

The vitamin A concentrate as purchased contained 50,000 1. U. 
per gm. and the vitamin D concentrate contained 10,000 r. U. per gm. 
A mi....ture in cottonseed oil was prepared, 3 drops (90 mg.) of which 
contained 1,500 I. l!. vitamin .A and 400 1. l!. vitamin D. This 
vitamin mi....ture was then measured into K o. 5 capsules with a 
polyethylene dropper, designed for prescription use. The total vita
minA and carotene intake was estimated to he 4,000 1. U.-l ,000 1. U. 
from foods in the core, 1,500 r. r. from the 50 gm. butterfat, and 
1,500 1. U. from the Yitmnin A concentrate. In order to maintain a 
similar intake during the last 20 days, the "dtamin A concentrate ,ms 
increased to 3,000 r. U. for the 3 subjects receiving no butterfat. The 
capsule containing the vitamin A and D concentrates was given with 
the morning mea1. 

• 
}.IINERAL SALTs.-Somc of the minerals-iron, magneSitUll, and 

potassium-were incorpora.tl.'cl in thl.' hrl.'acl. In the s('l('rtion of min
eral salts, both palatability und asailahility were considered. Blum
b('rg and l\rnold (J.9l, who curried out u study on ruts on the uyu.ila
bility of il·on in ('lU"idlPd brrud, found both ferrous sulfatr and frrric 
chloride u,ailabk. Although fr!TOllS Sltlts DULY he better utilized 
by thr human (129), bothfplTOllS suUa,tc a.nd f'rrrous cblvride ha\'e 
a styptic Last!.', whi('h is readily rrcognizrd wlwn ritJwr is incorpomtrd 
in the brcad. Frrric ehloridc has no rfJ('et on t 11(' f1ayor and ,\"as LhE'1"E'
fore us!.'d ItS thl.' iron sllppl!.'..!nE'llt. Potassiulll in th!.' form of gluconatc 
is beltr!" toll.'ratl.'d than thr chlorid0 (1S'). ,Magnrsium gluconate 
was s('letted, h!.'canse it is easily dissolyrd in \nH('r and aJI!.'cis neither 
the flavor nor tIlr trxtw·c of the haked produet. 'rhrse salts were 
added in SUdl 1L11l0unts tbat the intnke of rolls prr clay contained 
5 mg. iron, 0.10 ~11l. Jllagnrsillm, and 1.0 gIll. potassium. 

Calci um diphosphlttr was administerl.'d by cll.psulr. The salt is 
not readily sollll>l(' in water and if incorpor!1tl.'d in /)rr!1d mlty not 
be evcnly enough dist!"ibu(!.'d for a calcium-halance study. The salt 
was acclU"ntrly' \\·righrd for the 5-day period for cnell subject as 
suggc-stC'd. hy Krmpstrr nnd associatc's (92) and then lraIlsferred in 
equal amounts to 10 ca,psule , size 00. Onc ciLpsulr was given at 
breakfasL and tItr olhrl" at lunch. C'a.lciul1l nlld phosphorllS intakes 
per day from (h(' salt wr1"(1 0.,100 and 0.388 gm., rcspr('[iwly. 

By usc of (}wsr pr<)C'l'dlu·rs for n.dministrring (hn ,"illtlllins and 
mincl'llt salts, prcpn.ration was possible prior to the study. 

COLLECTION AND PRESERVATION OF SAMPLES 

• 
It "was planned to carry out analysrs for r('duccd ascorbic aciel, 

thiltmiIW, dbofi::1Yin, milll.'I"!lls, and nitrogen 011 tllr sn.mpll.'s ('ollccLed 
elming the nwlal)()lic· sllldy. Since' tht' Rt1111C prps(·l"Yn.liyc is not sn.iis
-factor)T for ail til('se dctt'l'1lWHLtions, the IoJlC)\\"jllg procedures were 
used: 



62 TECHNICAL BULLETIN 1126, U. S. DEPT. OF AGRICULTURE 

FOODs.-For ascorbic acid ana.lyses, samples of single foods at 
serying time \n~re "weighed directly into a Waring Blendor, an equal 
weight of 2-percent oxalic. ficid ,vas added (5), tlle contents were weU 
blended, and analyses carried out tbe snmr day. At least, hyo samples 
of each ascorbic acid-containing food werr collrc/ed and analyzed 
during the study. Composites of core foods from the breakfast, 
lunch, and dinner were prepared OIl 25 days during tbe study for 
thiamine, riboflavin, nitrogen, and mineral analyses. These com
posites were prepared by n, procedure essrnliall)~ as drscribed by 
Horwitt and associates (81), the composite being brought to weight 
rather thnn volume. Slurries of tbe 12 lots of rolls, 5 lots of cookies, 
and 6 of the 24 batches of cobbler dough were prepared with glacial 
acetic acid to give a final concentration of 1 percent. Snmples were 
stored at, -200 C. 

tTRINE.-Tbe subj(>cts diyided each urine sample into 2 equal parts, 
using graduated cylindt'rs, and pOllrrd thr sampl('s into hrown baltIrs, 
one of which contailwd 100 m1. 10-p('l'ecut oxalic ncid for ascorbic 
acid analysrs, the otlwr 20 illl. glacial neL'lic acid for all othrl' analyses. 
These samples were stored in a rrfrigrrn.tor. At th" pnd of pacb 24
hour period, the samph's we1"r brought to th(> lahOl'lltOI'Y, m('asllred, 
and brougbt to a volume of 1 litrl'. Ascorbic acid n.nalysps were 
carriN! out, within 24 hours; samplps pn'S('ITPd with glaeinl acetic 
acid w(']"r stored at -200 C. ~ 

FECEs,-Samples of fpces w('r(' collectrd in l-qual't glass storage 
jars plac('d in th(\ framp of an ordinary straiupr, which was at l:1Cb('cl 
to th(' und('rsid(' of a {oil(·t spat. Sampl('s w(,l'r krpt 1l11de>r J"('fJ'igem
tion until ([tkel) to tIl(' Inhorn.tory, ",hc1"(> ('Hell sppcinwll \\"US wC'ighecl, 
Iral1sf(,l'l'rd to a frepzl'l' jar, pn':wn"N] with 10 p('!"('ent h)· wpi-!;ht of 
glacial aeptle aeid, am] ;:;tor{'(] at -200 C. Carminp (il!JproxiI~lat('ly 
300 mg. ina ;\0.00 cn,psul('l WU" giv('n l)('f01'(> ]m'akfnst at ill(' b(·gin
ning of paeh prriod, 'I'll(' s!l.lllph·s for ('twh 5-dn.)-})('}"iod \\"('1'(' po()l('d, 
mix('d in a "-n,ring Blrll(lor, and hrought to a knowll WI·jght, by the 
addition of clistillpc1 wat!'!". A po!"tion of (his snmpi(' WHS tak(,ll for 
thiamin(', rihoflnsin, and fltl analysps, and nn acid digpst of the 
l'l'ml1indpI" pr('pnl'pd for otlwr ll.l1a.lysps. 

BJ.O()D,-·~Fnsting blood snmpl{'s for as('ol'bic n.eid annlys('s \nrc 
lakpn hy til(' iingPl'-tip t ('C'hniqllc T)l'('('('(ling th(' di(,t and at the hpgin
ning of ('o,el! 5-do,y JH'l'iod, Sprn, \\'('1'(' sppa!"atpd, t1'.iehlonlcr(ic- acid 
J1ltratrs PJ'(\IliU'C'd imm('diiLtl'ly a('('ording to th(' pro(,pdUl'e outlil1('d by 
Bess('y, Lowry, itnd BW('1\: (16), and l11(' £illrat('s stored at -200 C. 

ANALYTICAL METHODS 

FOODs.-Thinminp nnd rihoflnyin r.nnlvses of th(' foods wrre made 
on the w('t l'lnmpl('s, Otlwl' allalYl'l(,R 1\'('r-e lllnd(' on nir-dri('d samples 
whicb WP1'(, ground in ii, ,Yi1PY mill with a 20-111('511 R('(,(,(·11. An n.('id 
dig<'st was IH·ppurrcl for til(' j(-llips, sin('(' thc'y rould not ])(' dri('d nnd 
ground suti~fn("t{)ri1y. Xi(wg(,Il WUR (jpl<'rmim'd hy lllP Kjelduhl
Gunning-Arnold Il1('(liod (4i. llsing JnPl'('urie oxidp ns n. cn[n.lysl and 
diRlilling (1)(' HlllIllOnil"l into hori(' 1teid 111ff); fnt, hy th(' (lirrct ('thC'l" 
('xlradiol1 lllPthod (4); !'nl<'iUlll, hy till' mpthod of Jllgols und 1Illrray 
(84); rnnglH'sitlI1l, hy [hI' Hll'th()(i of Orung(' nnd Iflll'in (140); nnd 
phospbonts, hy un lu]uptn tion of the }'i5k(' nud Sllbbal'ow method 

• 

• 

• 
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(58). The dry ashing procerlure was used for calcium and magnesium 


• and wet ash for phosphorus. The wet ash used for phosphorus was 
not satisfactory for magnesium analyses. 

Chemical procedures were used for thiamine anel riboflavin analyses 
and were essentially those described in Methods of Vitamin Assay (5). 
The sulfuric acid extracts used for both thiamine and riboflavin were 
incubated overnight with takac1iastase at 38° C. For removal of 
fluorescent substances which interfere in the riboflavin analyses, an 
aliquot was treated w:ith 2 ml. 4-percent potassium permangan11te for 
1 minute and excess potassium permanganate remo,'ed with a minimal 
amount of 3-percent hydrogen peroxide; ho\\-ever, adsorption and 
elution were omitted (158). rrhe incremmt technique was us('cl for 
flouromet1'ic readings and calculations. Reduced ascorbic aciel was 
determined by tlle xylene extraction method essentially as des('ribecl 
by Gyorgy mid Rubin (68). Analyses for reductones \\';:'1'(' calTied out 
on the cooked peaches, potatoes, and jellies by tbe formaldehyde 
method (68). 

LRINE AND FEcEs.-Reduc('d ascorbic acid in urine was drt('rmined 
dailjT by the Bess('y method (14). CrE'atinine was determined on both 
fractions of eacb daily mine sumpl(' by the Jafre reflction as descrjbE'd 
by Clark and Thompson (83). ~itrogen, calcium, magnesium, and 
phosphorus w(']'e (1c'j('rmuwd on 5-day urine aliquols and frc('s samples 
by the methods listrd for foods. 

• 
Analysrs of fecullipids \\"rr(' carrietl out essentially as cIrl'cril)rd by 

Kamer and associatrs (90). Total fatty acids and u('u/Tal fat "'erc 
dpt£'1'mined as dl'S(Tihed j px('('pt that the ])('t1'01('um pth(>r pxtract was 
washrd s(>wral Liml's ,dth di5tillpd watE'r to rN110W the UC'l'tiC' acid 
u5r<1 to pr('sprv(> lllp ;::umples for rihoflrwin and thiaminl' analyst'S. It 
was not £en5ihll' to try to adupt thp Ilw(hod to thl' dt'(prmination of 
soaps, us the nddition of u(,(,ti(' aeid to the samp!l's had l"l'su1tpd in 
tllPir hydrolysis. rnsaponifinhll' mfl UPI' \\'as dptprminl'd hy t('('uting 
thr ether-cxtrlH't rpsidut> with nl{'ohol and petroleum ('t1\(>r and drying 
thr ('xtract to a ('onstant wright. 

An nliquot of (lip fpeni snmples WfI.S (>xtl'fl0t('d with 0.1 X sulfllrie 
acid for analysis for f1'('(' thiamine and l'iboihlyjn and a s('('ond n.liquot. 
extracted and incubatNl with talmdiastast> for drt(>l'minntiOl1 of totnl 
thiumin(' and rihoiluvin. Daily UrilW samph's and hoth f('ral ('xtrnC'ts 
were analyzed for thiumiu(' hy the method of ~[i('k('lsen, Condi(l', and 
Krys (124·). 1'01' the riho[Ju,·jn al1ulysps the p('l'manganatr [r('fl tmPllt 
and rxtradion pl'Ocrdurc sugp:E'stt'd by Xajjar (181) w(>rc used, [0
gethrr wi th the inlrrIluJ sLllndal'd and s('ries of short succc'ssivc ex
posures to sunlight for calculation of thE' unknown sample as slIgg('sted 
hy Slater and ~lor('U (J06). Thr exfTarLed sample's were pluc('d 
dirrctly under a G. J~. sunlamp at a distance of 2U cm. and I1uoro
metric readings taken initially and after 3, 5, und 15 minutes of 
exposure. 

BLOOD.-Only the as('orhic acid contrnt of the srrUIll was clctpr
minrd. The mpt.hod of LO\\T'y, Lopez, and Bessry (112) us modified 
by Bessey, Lowry, and Brock (15) \\'as IIs(>(1 for thesl' analyses. 

• A FUl'rnnd fluo['ophotoBlPt('r WflB lls('d for tIl(' fiuoroIl1£'tric analyses 
und u Be('kmun sppclropJJotomC'[C'r for all ('olorimelric aJlalyses. 
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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 
nutrients were reviewed prior to planning the amounts to be included 
in the standardized diet. Studies published since plans for the diet 
were completed have also been examined and pertinent ones are 
included in this bulletin. 

PROTEINS 

Bricker and associates (22, 23), using women as subjects, replaced 
isocaloric amounts o[ 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., depeuding upon tbe protein source (39 gm. average from 
mix:ed foods). In their 1949 study, using a diet containing 70 per
ceut of cereal protein, the protein needs were from 27 to 42 gm. 
(average 32 gm.). Hegstecl and associates (74) considered from 25 
to 30 gm. protein as sufficiC'nt to maintl1in nitrogen balance [or women 
(the calculated value being based on a surface area of 1.66 sq. meters), 
while Ohlson I1nd coworkers (13/5) considered 45 gm. as necessary 
(based on a mean weight of 60 kg.). 

MINERALS 

CALcIlJ1L-IntakC's of 300 mg. or less of calcium per da,y have 
resulted in negative balances for SUbjl'ctS in the Gnited States (21, 
24, 102, 162, 169 .. 170. 171). HoweVC'r, instances of adaptation of 
the human body to low calcium regimrs have been reported by various 
workers in othC'r areas (9. 7S, 133, 142, 148). 

An intake of 550 mg. calcium pel' day was C'slimated as the mainte
nrrTlce requirement for women hy Leileh (103) from rrn analysis of 
dala from the litl'ralurl' prior to 1937, buL bhe considC'l'ed that some 
addi tionaI allowance "for health" should bC' made, She found no 
cOl'J'C'lation belW(lC'11 the requirement foJ' crrlcium balance and body 
\wigh t. 11itchrll rrnd Curzon (127) cone\lldNl from avuilable data 
that only 30 pC'r('rnt of thC' di(ltary caleium is utilized, and eonsidered 
an intake of 9.75 mg. per kilogram necC'ssaJ'.r for equilibrium. Steg
gerda and1Jilchell (171) reporlC'd a mC'rrl1 l'C'quirement for equilibrium 
by 43 suhjrets, studi(l(l at the rniversity of Illinois, of 653 mg. or 9.99 
mg. per kilogram but wilh coC'fficients of variation of 22.5 rrm\ 23.1 
pereene, respreliyC'ly. They stated that altbough tlwy believed 
calcium l'equil'C'mC'nt was relrrtC'C\ to size, otl,nr raetors (not listed) 
were much morl' potPflt in eausing variation in caleium metabolism. 
RefC'renee to tlH' original drrtrr on t1wsp 43 subjects (24. 141, 170,171) 
revealed that illdividuni sllbjt'C'ts hn.d requirements for equilibrium 
ranging from 222 10 1 ,DIS mg. per day. 

PH()SPHoHrB.~F('w sludies han l)('C'Jl l'C'porled on the phosphorus 
TPquirl'mC'llt:;; of adults. Shel'man (164) sugg('stl'(l a minimum rC'quiJ'e
n)('lIt of O,SR gm. PPl' c1rr,V fOl' a iO kg. illdiyidual. Level'lon and 
:r.fa.J'sh (1{)U) (,Ol}('\llc\ed fro111 thpir balrrnc{' slndi('s on :;;C'I1'-('hosl'l) diets 
that a. valli!' of (Ui ~m, or )l'FS l'Psu](C'd in nl'gatiy(' baiftn('('s, Llla.t 1.03 
gm. was tlH' minirnwn l'NjJliJ'('111C'lll £01' C'qllilii>riunl, and Umt 1.43 

• 


• 

• 
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• 
gm. was an optimal allowance. No more recent publications on 
phosphorus requirements of normal adults have been located. 

lRoN.--8tudies 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 86 percent. Moore and 
Dubach (128) 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 
~ormal 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 associates (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. 

• 
COPPER.-Leverton and Binkley (105) 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 retained. 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 hunlan 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 deficiency in adults. 

IODINE.-Curtis and Feltman (38) in their review on iodine require
ment concluded that the optimum intake was about 200 }J.g. per day. 
Studies reviewed in their report, however, indicated that intakes of 
50 to 70 }J.g. were sufficient to maintain equilibrium. 

MAGNEsIUl\L-Duck\\yorth 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 (118) 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 a,verage 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 two. 

• 
11ANGANEsE.-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 almost entirely via the feces. 
Hodges and Peterson (76) calculated that a normal diet contains 
only about 2.5 mg. Dc (45) concluded from a balance study on 
Indian adults that the requirement was 2.7 mg. 
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POTAssIUM.-The usual potassium intake has been estimated at 2 
to 4 gm. (1;1). Reimer and coworkers (150) in a study of potassium 
metabolism reporteel that a normal adult male did not attain balance 
on an intake of 0.7 gm. over a 12-day period. 

SODIUM.-The average sodium chloride intake amounts to about 
8 to 15 gm. per day (41). Butler and Talbot (28) suggested 6 gm. 
sodium chloride as a maintenance allowance. This is equivalent to 
2.4 gm. sodium. 

ZINc.-The zinc content of a normal diet has been estimated to be 
from 12 to 20 mg. (130). McCance and Widdowson (119) found that 
their subjects were in equilibrium on an average intake of about 5 mg.. 
zinc and that higher intakes merely increasecl fecal excretion. 

VITAMINS 

VJTA1>rIN A.-Vitamin A and its precursOTS present a complexity of 
problems. Difl'erences in availability of vitamin A in various caniers 
(7, 107) and of carotenoids fTom difl'erent foods (20, 82) and difl'er
ences in vitamin A storage among sllbjects at the beginning of the 
experiment (82) are examples of these problems. Hume and Krebs 
(82) canied out the most comprehensive study to date on the human 
requirement of vitamin A and presented a good review of the liter
atme with their report. Using blood values of vitamin A and caro
tene and dark adaptation as criteria, the~y found that 1,300 I. U. 
preformed A or 1,500 I. U. (J-carotene daily was a minimLUn protective 
dose, and suggested 2,5001. U. preformed A and 3,000 1. U. (J-carotene 
as an estimate of the requirement to cover individual variations and 
leave a margin of safety. If carotenoids were from carrots, 12,000 
1. U. were needed, if from spinach or cabbage, 7,5001. U., or if (J-caro
tene in fat, 4,000 L U. If a single value is wanted for carotenoids in 
foods, they suggested three times the amount of preformed vitamin A, 
or 7,500 1. U. An intake of 5,000 I. u., with apprmdmately two
thirds from carotenoids, has been reeommended as a dietary goal by 
the National Research Council, the British Medical Council, and the 
Canadian Council on Nutrition (147). 

THIAMINE.-Recommended levels of intake for thiamine are usually 
made in terms of milligrams per 1,000 calories, although the evidence 
for such a relationship is not satisfactory (93). For this review, 
intakes of thiamine per 1,000 calories were converted to total intakes 
per day (using the average caloric intakes reported in the studies), 
so that values coulel be compared on the basis or total intake. 

Difl'erent criteria have been used by various research workers for 
the evaluation of thiamine requirements. An intake of around 0.20' 
to 0.30 mg. has been considered deficient regardless of criteria used 
(40,53,81,136,189). Holt (78), using absence of thia.mine in l-hour 
fasting urine samples as a criterion of deficiency, considered an intake 
of 0.47 mg. as adequate. However, intakes of 0.40 mg. were consider
ed deficient by Horwitt and associates (81), 0.45 mg. by Williams and 
associates (188), and 0.53 mg. by Foltz, Barborlm, and Ivy (59), 
when cliniCftl observ[I,tions were used as -part of their evaluation. 
Oldham, Davis, and Roberts (136), using tissue saturation and blood 
levels as criteria, fonnd that intakes up to 0.74 mg. \\'e1'e inadequate, 
while Keys and coworkers (93), using clinical tests, pyschomotOJ?' 
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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 adequate. 

.An intake of 0.65 mg. thiamine was found by Elsom and associates 
(53) to be sufficient to 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 only about 50 J.Lg. 
'were excreted on these intDkes, they would be considered inadequate 
by the criterion of Williams and associates (189) that urinary thiamine 
excretions of less than 100 ± 10 J.Lg. indicate thiamine deficiency. 
Intakes of about 1 mg. \\'ere recommended by Williams and associates 
(188) and Foltz and associates (59) on the basis of subjective symp
toms; by :Melnick (121), Williams and associates (189), and Oldham 
and associates (136) chiefly on the basis of returns from test closes; 
and by Hathaway and Strom (72) on the basis of urinary excretions. 
In the recent report b~r Louhi and associates (109), intakes of 1 mg. 
thiamine per day for 14 to 31 days were considered adequat.e for their 
S subjects on the basis of 100 J.Lg. urinary excretions, but borderline 
for 2 of them using 13 percent excretion of tl1e intakes, or 150 J.Lg. 
thiamine per gram creatinine as the criterion. For most of the 
subjects 0.6 mg. per da,y was inadequate by ali 3 criteria. 

Little information is available on blood thiamine values. Burch 
and associates (27) reported values of 3.4±0.1l J.Lg. per 100 mI. of 
whole blood in frank and suspected beriberi, 3.7±0.12 in doubtful 
cases, and 4.0±0.IS in nonsymptomatic subjects in 1945; 4.2±O.13 
in doubtful cases and 4.3±0.09 in non symptomatic subjects in 1950 
in surveys in Baiaan, Philippines. Values for Burch's own blood 
averaged about 6 J.Lg. per 100 ml. Dube and associates (50) reported 
ranges of 2.S to 4.6 J.Lg. on approximately 600 J.Lg. intakes, and of 3.3 
to 5.4 J.Lg. on 1,000 J.Lg. intakes. Differences between va1ues on the 2 
levels for individuals were significant for only 1 of the 3 groups of 
subjects studied. After 15 days on the 600 J.Lg. intake, changes in 
values 1 hour after test doses of 5 mg. varied from -0,2 to +1.0 J.Lg. 
per 100 mI. For the same subjeets after 30 days on freely chosen 
diets, corresponding changes after the test doses varied from 0.3 to 
1.0 J.Lg. Lowry (110) in a review of earlier data based on other methods 
gave the following blood thiamine values as normal: O.S J.Lg. per 100 
ml. plasma, S J.Lg. for reel celis, and 70 J.Lg. for white cells. 

RmoFLAvIN.-As with thiamine, recommended intakes of ribo
flavin are often given in terms of milligrams per 1,000 calories, although 
there seems to be no evidence to support such a relationship. For 
this discussion iIlLakes have been converted to total milligrams per 
day on the basis of average calOlic intakes reported for subjects of 
each study. 

Values used for the defieiency or l'estl'ict.ed phase of metabolic st.udies 
ranged from 0.013 to 0.35 mg. per 1,000 calodes, 01' 0.05 to 0.70 mg. 
per day. The value of 0.35 mg. per 1,000 calories, or a total of ap
proximately 0.7 mg., was considered deficient only beeause ofdccreasecl 
excretion (187). Levels of 0.5 to 0.6 mg. per day, administered over 
periods of 3 to 10 months, producecllesions considered clue to riboflavin 
deficiency (80, 163). 

Williams and associates (187) found that an intake of 1 mg. ribo
flavin was sufficient to maintain normal physiological and neurological 
reactions and that tissue sLores 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 minimum needs, • 
but not for tissue saturation. Keys and associates reported that in
takes of 0.29 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 bflsis of clinical e~mmination, work performance tests, 
psychomotor tests, and urinary excretion values. Hathaway and 
Lobb (71) also found 1 mg. intake adequate on the basis of urinary 
excretion values. Honvitt and flsso;;iates (79) consiuered that for 
riboflavin storage their subjects required bet,,-een 1.1 and 1.6 mg., 
since the riboflavin excretions increased fomfold at the higher level. 
Intermediate levels ,yere not studied. They reported that healing of 
lesions was retarded when excretions were less than 50 fJ.g. per day. 
Their data showed that on intakes of 0.85 mg. per day excretions were 
maintained at 76±38 fJ.g. for a period of over 2 years, and on intakes 
of 0.75 mg. excretions reached a plateau of 73±5fJ.g. in 10 to 12 weeks. 
The length of time the subjects were maintained on these levels varied 
widely among these e)..-periments, 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 (F~1N)-of 0.3 to 1.3 fJ.g. (average, 
0.8) pereelli';, flavin-adenine-dinueleotide (FAD) of 1.8 to 3.0 fJ.g. (aver
age, 2.4) percent and t.otal riboBm-in of 2.6 to 3.7 fJ.g. (averflge, 3.2) 
percent; total riboflavin -values for white cells find platelets of 227 to 
293 fJ.g. (avcTflge, 252) percent and for Ted cells of 18.0 to 26.2 fJ.g. 
(average, 22.4) percent. Su varna kich, :Mann, and State (175), • 
using the same methods, reported mean serum -values of 0.S4±0.71 .. 
fJ.g. percent fOT free riboflavin+F~1N, 2.32±0.42 fJ.g. pereent for 
FAD, and 3.16±0.87 fJ.g. pereent for total riboBavin for 141 we11
nourished healthy subjerts. Wu, Warren, !Lnd Storvick (192) reported 
serum values for 29 normal adults as fo11o,vs: Free riboflavin+F.MN, 
0.10 to 3.87 fJ.g. (!LV'emge, 1.01) percent; FAD, 0.66 to 5.11 fJ.g. (a-ver
age, l.89) percent, and totall.58 to 5.67 fJ.g. (!Lvcrage, 2.89) percent. 
Lowry (110) eoneluded th!Lt the concentration of free riboB!Lvin is so 
low that it is difficult to measure with precision, thn.t the totalribo
fl!Lvin in serum is probably of little -v!LIue since it is largely FAD whieh 
appea:rs to fluctu!Lte to n. ronsidemble extent without relation to ribo
fill.vin intn.ke (167), b llt th n.t analysis of red cells may prove of rea,} 
value sinee the concentration of fl!Lvin is bigher in the red cells than 
in serum !Lne! is c1ecr('ased in deficieney. 

NIACIN.-Althougb the importance of niacin in the diet wn.s recog
nized in 1937, early attempts to determine the hllmn.n requirement for 
it were complicated until 1945 by lack of recognition of its important 
relationship to tr.yptophan (98). The recognition .o[ the 6-pyridone of 
N'-methvlnicotinumicle as !l metabolite of niacin and its isolat.ion from 
mine (96) hus further facilitated meaSlU'emen L of niacin needs. 

In recent studies by Goldsmith !Lnci associ!Lt.es (65, 66) s)~ptoms of 
niacin deficiency Wer(' found in subjects receiving !L eorn diet contain
ing approximately 200 mg. tryptoph!Ln !Lnd 4.7 mg. niacin for periods 
of 3 or 4 months. When ,yhen.t was substituted for corn, tbereby • 
increasing the tryptopban to 250 mg. and tbe niacin to 6 mg., no signs 
of deficiency were found in subjects after 3 months. These authors 
consider that 40 mg. tryptophan is equivalent to !Lbout 1 mg. niacin. 

http:associ!Lt.es
http:totall.58
http:riboflavin+F.MN
http:3.16�0.87
http:2.32�0.42
http:0.S4�0.71
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Tests in their laboratory (156) on the excretion of N'-methylnicotina
mide and 6-pyridone of N'-meth:v1nicotinamide resulted in much more 
marked increases in excretions of the pyridone than of the N'-methyl
nicotinamide itself on administration of test doses. On small test 
doses of 10 or 25 mg. the excretion of both metabolites was lower for 
pell!lQ:ins than for normal subjects. On 50-mg. trst closes excretions 
of N':-methylnicotinamide \yere about the same for both groups, al
though differences were still found in p}Tidone excretions. 

ASCOR13IC ACID.-In most American studips on ascorbic acid needs, 
basic diets containing from 7 to 20 mg. han~ been used (12, 48, 69, 
168, 174, 179). A study' by Crandon and coworkers (37) of experi
mental scm-vy in which the diet \ms devoid of ascorbic acid is the 
except.ion. 

In a study at Sheffield, England (8), a basic diet containing only 1 
mg. ascorbic acid was used for a total of 17 months. Supplements of 
10 mg., 50 mg., and 70 mg. for at least. 6 ,\'eeks resulted in average 
fasting plasma yalurs of Jess than 0.1 mg., 0.3 mg., and 0.6 mg. per 
100 ml. and wl~ite cell valups of 2.7 mg., 8.6 mg., and 16.6 mg. per 
100 ml., respectn-d)'. 

Dodds, Price, and ::.racLeod (48) illustrated that blood plasma values 
may show a carryoYE'r effect of pre,-ious intake, stilJ e"ident at the 
end of 12 days. Data from Hainrs and associates (09) showed that 
starting from satmation leyels, plasma vlliuC's for their subjects on 
to-mg, intahs reachpd a plat<~I_u of 0.5 to 0.9 mg. per 100 mI. by the 
third week, but on 3:3- to 5:3-mg. intakes the plasma "alucs continued 
to eirop slightly (roughly 0.1 m~. pC'1' \\'eek) through the fifth or eyen 
the sLx:th week to leyels of 0.2 to 0.4 and 0.4 to O.G mg., respcctively. 

Lowry and co\\'orkers (111) consiclE'rpd thn t tll(' wbi {(' c('ll content of 
ascorbic acid was a betll'r mNlsure of total hody ascorbic acid than 
serum or plasma content. 'iYith an incrC'asC' in serum concC'ntrations 
from 0.5 to 2.2 mg. PC'1' 100 m1. tliP whitt' c('J) eOJlcentrations incrC'asC'd 
from ahout 25 to 2g mg. to :~4 mg. per 100 mI., but wilh serum valuC's 
below 0.4 mg, tbe white cell Yahll's fell as Jow as 8 to ] 2 mg. Similar 
relations.hips have been reported from ollier labomtorirs (8, 168, 190), 

CHOLINE.-The human rC'quirement of choline bas beC'1l estimated 
from work on animals to bl' less than 500 mg. (54). 1\0 reports haye 
been found in which the amount required by humans has been rsti
mated c1ireclly. Thl' intake on an aYC'rnge mix('(l diet ranges from 
about 250 to GOO mg. (16). 

VITAlI!IN B12 (COBALAl\!IN).-Chow (32) estimated that the daily 
oral intake of Bt2 in what he considered an adequate dirt ranged from 
2 to ,5 p.g. Conley and associat('s (35) stated that no instance of recog
nized nutritional Bl2 deficiency had been l'llcout1ipl'ed at Johns Hopkins 
hospilal except in perniciolls anemia. ThC'y found (haL in ll'lCompJi
cated perniciolls anemia 45 p.g. Bl2 b.,' injC'ction eyery 6 weeks, equiva
lent to about 1 p.g. pel' day, was satisfaC'tolT 

FOLIC .A.CID.-From comparativ(' studies OIl monkrys, chickens, and 
tm-keys, with caloric intake used as a basis Jor couversion, the human 
requirement for Jolic acid has been estimated as 0.1 to 0.2 mg. per 
day (54). 

PA'N'rOTHl~NIC Acm.-·Pantolhrnic acid is widely distributed in 
foods, and se\'C'ml studiC's have 1)(1('11 rnadc' on urillflr.'· C'xerC'tion of the 
vitamin (146, 161). I:I.Q\vcvel', Krehl (97) commented thaL no clear
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cut evidence has been found to sbow that ill health in man is occasioned 
by lack of pan tothenic acid in the diet. Sarett and associates (160) 
estimated the probable content of pantotbenic acid in.Am.erican diets 
as 3 to 18 mg. from analysis of restamant foods and computation of 
values for possible meals consisting of various combinaLms of these 
foods. Elvehjem (54-) suggE'sted from "'ork on animals that the 
human requirement cannot be above 5 mg. 

PYRIDOXINE.-E:\'~E'riments 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-). ViI tN' and associates (182) 
recently demonstrated a series of clinical signs of pyridoxine deficiency 
in 34 of 50 subjects by feeding them the antimetabolite desoxy
pyridoxine. Symptoms of deficiE'ncy were found on intakes of 0.5 
mg. of pyridoxine but not on 5 mg. Although they used no inter
mediate levels of intake, they estimated the requirement to be 2 to 
3 mg. 

PARA-AMINOBENZOIC ACID.-This compound may act indirectly 
by stimulating the production of unlmO\V11 fae;tors through intestinal 
synthesis, but there is no evidence that it must be supplied preformed 
in the human diet (54-). 

BroTIN.-Opp(,l (138) sho'wed that biotin excreted in mine of human 
subjects often exceeded the amount in the diet, and total excretion was 
often three to SLX times the intake. This work was confirmed by 
Gardner and associates (63,64-). In a later study Oppel (139) showed 
that avidin (in raw egg white) could dfectiveiy block urinary biotin 
excretion, but the large closes of sulia dr'ugs were required to inhibit 
intestinal synthesis. He also showed that biotin by rectum increased 
the urinary output, which indicates that biotin s:rnthesized by in
testinal flora is absorbed. 

INOSI'l'oL.-No definite synlptoms of inositol deficiency have been 
produced in man (185). 

VITAMIN D.-No rpports haye been found giving evidencp. of dietary 
needs for vitamin D in normal adults. McKay and coworkers (120) 
reported that the daily addition of 500 I. U. vitamin D as viosterol 
had no apparent effect on the retention of calcium. Nicolaysen, 
Eeg-Larsen, and :Malm (134) considered it advisable to give adults 
at least 2001. U. vitamin D per day. They based their recommenda
tion on their finding that in older ra,ts which had suffe.red substantial 
loss of calcium fmm the skeleton, vitamin D increased markedly the 
calcium absorption when they were put on a better diet. . 

VITAMIN E.-No evidence of dietary needs of vitamIn E for normal 
adults has been found. Filet' and coworkers (5':') found that monkeys 
(M~acaca -rhesus) on vitamin E-deficient low-fat diets for over 2 years 
showed no symptoms of deficicnc)T other than low plasma tocopherol 
(0.18 vs. 0.58 mg./100 ml. in controls) and slight changE'S in (,11e R 
and T waves in (,lectrocardiograms and pnpUlloC'ardiograms. 

VrrAMIN K.-Statements that vi Lamiu K is cLislribu ted widely in 
nature are included in reviews on th(' vitamins but quanlitative data 
are scarce. Aeeording to ,Varner (183) intestinal synthesis apparE'ntiy 
accounts for sufficient amounLs to meet the needs of normal adults . 
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• 


• 
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