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CHAPTER I
INTRODUCT ION

No dietary allowance for magnesium has been reccommsnded although
this mineral has long been recogniszed as indispensadble to man. 8ince
magnesium {s widely distributed in food, it is generally believed that
ingestion of foods furnishing caleiun at the recommonded level should
assure an ample supply of magnssiua. An average magnesiwa intake of
the population of the United States with the exeeption of very young
children appraximgtes 300~350 milligrams (harsafter referred to as ag)
deily. This amount of magnesium pernits ealy emall retentions of the
ninsral and is considered the approximate requirement of both childrea
and adults.

As part of a socperative study of metabolio patterns in pre-
adolesoent ¢hildren, magnesium balances of 35 girls were estimated in
the Futrition Lederatery at The University of Temnessee., Diets fur-
niding 17 to 80 grams (hereafter referred to as g) protein dally
supplied 121 to 250 mg of msgnesium. Both mitrogen and magnesium
balanees were positive for all subjects; moreover, children fed the
low-protein, low-asgnesium diet stared as much magnesium as did those
redeiving tuice as much o0f the minmaral from the hAigh-protein dist,

The results suggested that either the magmesim reqireasnt of ohildren
was not as great as had deen previcously supposed or the level of pro-
tein in the diet influenced the absorptian and retention of the
mineral,
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The purpose of the work reported in this paper was to study the
influence of level of dietary pretein upon utilisation of magnesium,
The experiments consisted of a series of mstsbolic balansce studies in
vwhich young adults were fed diets containing different, relatively
low levels of protein and constant amounts of magnesiua and other
nutrients. FResults will provide imformation eonseraing the influense
of distary protein upon magnesium astadolisa in the adult and serve
as a basis for plamning a future similar study with preadolescent
children,



CHAPTER II
REVIEW OF LITERATURE

¥o tuman distary allowanse for magnesiuam has been recoimended
slthomgh this ainsral has long been recognised as indispenmssdle to man.
Stearns (1950) and Sherman (1952) poimted out that, since magnesiua is
widely distridbuted in foods, imgestion of foods fwrnishing caloium ab
the recommended level should assure an smple supply of magnesiuwm. Duck-
worth and Warnoek (19k2), 1n a review of all reperted studies on mag-
nesium metabolism in men to that date, and Masy (1942) in growth studies
found that children on generally gooed dists had magmesium intakes between
300 and 350 mg datly and retainsd only small quantities of the mimeral.
These findings are the basis for the assugption that approximately 300
ng magnesiva daily represent the prodbadle remiresent for this age
group. When Widdowson and MeCance (195h) studied the effects of flour
with different rates of extraction upon the grovth and ainsrsl metabolism
of children in Gerwmny, they found that, although children ¢onsuming
white bread were receiving about 300 mg magnesiwm daily and those eating
the wholemeal bread were getting sppraximtely 800 mg, their retentions
of the nineral were the same and almost identicel with the megnesium re-
tentions in 1le and 12-year-old children cbserved by Macy (1942).

. Sohofield and Morrell (1960), participating in a southern seoper-
ative project devoted to the deteraingtion of metabolic patteras in pre-
adoleseent girls, studied magnesiwm retention in these girls fed diets
supplying varyiag levels of protein., MNagnesium intales varied aleng with

3
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the protein, so that girls receiving the smallest quantity of nitrogen
were also irgesting tim least amount of magnssium, Although ths oon-
trolled diets were carefully planned to supply at recommsnded lsvels
all nutrisnts, exoept pretein, for wiich there are sllowanses, low ia-
takes of nitrogen were accompanied by decreased quantities of sertain
Bevitanins and treace mimsrals which are associated with protein and
negresiva in foed sources and for which requiremsntis are not estadlished,
Under these conditions ohildren receiving as little as 0.1 mg nitrogea
per kilograa body weight and 121 ng magnesium daily were in positive
nitrogen balante and were retaining eseentially the same smount of
magnesiun as were those on the diets supplying 0.39 to 0.46 mg nitro-
gon per kilegram body weight and up to 250 mg magnesium per day. The
decreased excretion of magnesium and certain trace minsrals in the feoes
was respansible for the insreassd percentage retemtion by children re-
ceiving restricted diets. Results of this study raise the question
whather children have a lower magnesiuva requirement than previocusly
supposed or whether the iacreased retention 1s an indicstion of iater-
relationships among nutrientsa.

In 1942 Duckworth and Warnock, teking the mean of the estimates
of mgnesiwm requirwmsnt for heslthy adult males determined by Brull
(1936) as appreximately 200 mg per day and by Tibdets amd Aub (1937)
as being 300 mg daily, tentatively set ths recommended intake for men
at 250 mg daily and that of women at a 10 per cent lower level. Thesse
suggestions for magnesium requirement would sesa to indicate that the
Ams ricen diet, which was estimated by Sherman (1952) to contain, on



the average, 350 mg magnesium per day, is adequate in this mineral,

Metadolic experiments conducted in other parts of the world where
the distary pattera is different from that of Britain and America pro-
duoced results on magnssium utilisation which did not agree with the
tentative requiressnts for the mineral propesed by Duckworth and Ware
noek (1942). DBesu and Melaker (1540) in India studied magnesium
metabolisa in three adult females who came from poor village families.
The experimental diet was similar 40 the customary high-~ceresl diet ef
the subjects. These investigators, basing their eonclusien upon the
average of 20 metabolic experimmnts on the three female subdjeots, set
the mean magnesivm requiremsnt for an adult at 429 mg datly. KNormal
Chinese edults of both sexes were studied in order to measure calsium,
phospharws, nitregen and magnesimm metabelisa on varying levels of
intake (Chm ot al., 1941). No sex differences im the patiern of magne-
sium mstadolism was found. Although no attempt was made o0 correlate
magnesiua retention with nitrogen intake, the authors belisved that
megative nitrogen balanse caused by a low intaks of protein had some
relatienship %0 the megative magnesium balances whiex ocourred on an
intake of 342 mg. These authors concluded that magnssium equilibrium
ecould not be maintained on a datly intake of leas than 300 =g.

More recent atudies condusted for the purpese of detarmining
the datly magnesium needs of the adult female have agreed no more
¢1080ly in their results tham have the sarlier experimsnts. lLeiehsen-
ring ot al. (1951) studied magnesivm metsbolism in college womsn when
they wore maintained on a diet restricted in caleium and pbosphorus but
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supplying 261 mg magnesium along with 50 g protein and adequate amcunts
of other nutrientas. This level of magnesium intake appeared to the
authors to represent the appruximate nmeed of the sudbjects sincs they
exhidited both positive and negative balmees with a mean retention of
11,6<2.9 ng datly,

Moyer ot al. (1955) investigated the response of eollege women
t0 a standardised diet developed to serve as a basal diet suitable for
a veriety of muman nutrition studies. In this particular study the diet
was plamned to be adequate in every respect during the first helf of
She experiment; during the last 20 days of observation the fat content
was redused for half of the subjects in order to determins the effect
of a low=fat diet upon the metabolic pattern of the various nutrients.
The mean daily nitrogen intake for all s jects for the entire study
was 10.99 g, with 27 per cent derived from animal sources. About 69
per cent of the protein was supplied by gluten snd cake flours served
in the form of yeast rolls, cookies and cobblers. The calculated mag-
nesium level was 220 mg, the amcunt suggested dy Duckwerth and Wernoek
(19k2) as the dally nesd of adult females. Upen analywis, however,
the average dafly intake supplied by the diet was only 182 mg. On
this intaks of magneaium, 5 of the 6 sudbjects were in definitely nega-
tive balance. Decrsasing the fat comtent of the diet from 76 to 2} g
daily did not appear to alter magnesium metsbolisa in any way.

Leverton ot al. (1961), using the same standardised diet adjusted
to supply daily 1l g nitrogea fiwnished primartily from yeast rolls made
with gluten flour and supplemented with Gasein, studied magnesiua
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metadbolisa in 30 yoang wosen on different dietary levels of the mimeral,
Nagnesium intake was altered by varyimg the amount of magnesium gluso-
nate incorparated imto the rolls. Exsretion and retention of magnesiwm
increased siguificantly as intaks inareased, but only 22 per cent of the
variation in excrstion oould be related $o varistion in {make, On the
other hand, Lk per ceat of the varistion in retention could be related
%0 level of intake., Pesitive magnesium balance was not attained on im-
takes lower than 274 to 282 mg daily, at which level the mean retentioa
was 7 mg with 6 out of the 16 subjeste {n slightly negative balanee.
With a conswmption of 320 mg daily all subjests were in pesitive mag-
nesium balance with an sversge reteation of 28 mg. On the lower imtakss
of 173 to 191 mg and 233 to 252 mg, the mean balantes were -33 and ~12
ng, respecstively. From this experiment the authors coneluded that no
less than 280 mg magnesium daily was suffisient for equilibriwmm in
sdult females and that posaidbly an intale of 320 mg was necessary.

Caleiwm, phosphores and magnesium balances of young eollege
women consuming self-selscted dists were reperted by Scoular et al.
(1957). Bighty-six students ranging in age from 17 to 27 years partied-
pated in this experimat, and detemination of their mirsral dalmmoes
was based upon one S-day metsbolic balance period. Ths subjedts were
divided into two groups: group 1 vas made up of girls ranging in sge
from 16 te 20 years; and group 2 consisted of those over 20 years of
age. The tetal daily intake of magnesium provided Ly these self-
selected dists ranged from 160 to 2550 mg in each group. For all sub-
Jockz negative balances were more freQuasnt when the magnesiva intake
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ranged from 160 to 300 mg daily, while the grester pertion of the posi-
tive balances eppeasred when the average magnesium content of the diet
was 950 mg and 1020 mg for groupe 1 and 2, respectively. In geaeral,
more negative halances oocurred smong the taller girls of each group
than among those below aversgs height., Froam this study it would appear
that a magnesium intske varying from 950 te 1020 mg might be recomsended
for young college wvomsn. Because calcium and phosphorus intekes, as
woll as magnesium, were high on these self-selected dists, it might de
assumed that the amount of other mutrients ingested was above average
also., The apparent requiremsnt of approximately 1000 =g magnesium
daily in these young women, in sontrast to the mucsh lower estimated
needs of subjests on regulated diehs, may indisate an interrelation-
ship smong nuirisnte., On the other hand, if eash megnesium balance
represented only one peried of short duratien, prodably no interprets-
tion is justified.

In spite of the relatively large magpesium reguirement indicated
by the studies reviswed, Fitsgerald and Feurman (1956) were unsble to
produce a magmesium deficienay in two men who were maintained for 20
days or lenger on a dist comtaining enly 13.h4 mg magnesium datly. Dur-
ing the entire 20-day period Swbjeot A excreted 823 ag, or an aversge
of k1.1 mg per day, with approximtely LS per cent of the mineral ape
pearing in the feoces. In Sibjest B the magnesium excretion was grester
becsuse he was fed a cationic exchangs resin which removed much of the
nineral from the digestive trast. After the first L days of adjustment
to the lov-magnesium diet, urinary losses dropped o appruximstaly 12 mg



daily, in agreement with the finding of MeCance and Widdowson (1939)
that the kidneys are exceedingly sensitive to variations in levels of
the aineral in serum. The latter gave intrasvencus doses of magnesiwm
to subjects in positive magnesium balance and found that the dose was
alnost complstely excreted in the urine. When a dose was given orally,
most of the magnesium appeared irn the feces with the wrinary magnesium
reflasting only the extent of sbsorption of the sxcess mimsral.

The magnesium conserving mschanisms in young female subjects
recsiving a 1liquid diet low in protein and caloium and eontaining no
more than 1.5 mg magnesiua deily have been studied recently (Barnes
ot al., 1958). Renal conmservation prevented maximum losses in excess
of 18 mg per day, and fecal excretion was negligible afber a transi.
tion peried. The quantity of magnesium loet in the feces was motadbly
less than the amount of the mineral which would naormally be carried
by the digestive juises to the lumen of the bowel. The asuthors sug-
gested that the magnesivm requiremsnt of adults may be ocomsideradly
less than the usual estimste if the magnesium Conserving mechanisas
cbserved over a 10-day peried in sudjests receirving a low-caleium,
low=pretein diet are permanent.

Information on the effect of different levels of intake upon
mnagnesiua absorption and excretion in humsn adults was ebtained dy
Orahan ot al. (1960) through the use of Mgl. The subjests were fed
diets eontaining three lsvels of magnesium. After adjustment to each
particular level of imtake, they were given crally a test dese of Mgil.
On a diet furnishing 23 mg magnesium and 16.1 g protein deily, the
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subjects absorbed, on the average, 75.06 pez cent of the ingested iso-
tope. When a mormal diet furnishing 2L ag magnesium and 74.2 g protein
was copsumed the subjeots absorded oaly hli.3 per cemt of the sdministered
isotope, and, follewing supplesentation of the normal diet to provide
85 g protein and 572 mg magnesium datly, sbsorption of MglC was de-
pressed te 2).7 per cent. To determine whethsr the extent of shsorption
was due to the load of magneaimm presemted to the intestinal musosa or
$o the need of the bedy for tiw mineral, two subjests were maintained
on the normal diet for 8 days and then were given a breakfast of dif-
ferent magnesium cortent aleng with the test dose of la”. Ons subject
received breakfast from the low-magnesium diet while the other was fed
from the supplamsnted dist. The perventage absorption of the isotope
indicated that abserption is not impartamtly affected by depletiocn or
repletion of the Lody magnesium but is influemced by the load presented
to the intestinal musecss, since the pattern of esbsorption was almost
identiocal to that obtained when the swbjeots were maintained on the
high- or low-magnesium dist. The fact that each dist varied not only
in its magnesium content but also in the amcunt of pretein raises the
qusstion of the possidle effect of the level of prutein on percentage
sbsorption., Children suffering with kwashiorkor have besn found te
absord a higher percenmtage of a comtant magnesium inteke when main-
tained upon a low=protein diet than when receiving a high-protein diet
(Linder et al., 1963). In all subjests studied by Orahem et al. (1960)
the rate of absorption had reached a steady lsvel at two to thres hours
and continued more or less constant for the next 4 to 6 hours. This
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period of time correspends fairly well with that meeded for the meal
to traverse the small intestine and suggests not only slow adsorption
of the mireral but also a mare or less uniform absoerption aleng the
length of the small intestine.

The trenspert of magnssium across the imtestinal wall of the rat
was found $hrough in vitro studies to be significanily correlated with
the consentratien of the mimsral being cironlated through the intestinal
lunen (Ross, 1962). The relationship between transpert and concentra-
tien, however, was not linsar. The absence of a linear relationship
suggested that the adsorption of magnesium was not a purely passive
process but was aschisved either through an astive trensport systeam or
by means of fasilitated diffusion of magnssium,

Studies with experimsntal animals have indicated that a relation-
ship exists between ths level of protein in the diet and the amount of
magnesiua required by the snimal. Coldy and Frye (1951) found that the
severity of magnssium deficiency in young rats on a low-magnesiua diet
was increased by changing the casein content of the rations from 25 to
SO per cent. Amino acid supplementation of a 24 per cent casein dist
caused weight loss in gainea pigs unless extra potassium and magnsaiwm
salts were added to the rations (Heinicke et al., 1956). Inereasing
the casein content of the diet from 2 to 30 per cent made emino acid
supplementation even mare harmful, Addition of either potassium
acotate or magnesium axide immediately reversed weight losses, but
only through the inclusion of both salts was a satisfactory rate of
gain maintained,
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Menaker (1954) studied the effect on weight gain of different
protein levels in magnesium-suffisient and deficient diets fed to adult
femsle rats whose weights had been redused 20 $o0 25 per cent by starva-
tion, Casein was present in the amount of 7, 9 or 14 per cent of the
diet. Little difference was found between gains of the rats on
nagnesivm-su fficient and deficient diets at the 7 per cent protein
level becsuss, presuasbly, the amount of protein was the limiting
factor. At the 9 per cent level, however, the difference detuesn
veight gain of the rats receiving the complste mineral suppleasat and
those on the magnesium-deficient supplement was significent, and the
greatest difference was observed at the 1k per cent level of protein.
With the complete mirsral supplement, on the 1h per cent casein dist
gaine were mare than double thoss at the 7 per cent level., When mag-
nssium vas omitted at both levels of protein intake, bowever, the rats
on the 7 per cent easein ration gainsd more than twice as much as those
fed the highest level of pretein.

The influense of the dietary level of protein on magnesium re-
quiremsnt vas studied by Punce et al. (1953) 4n both chicks and rats.
Three groups of chicks were fed either 12, 2 or 36 per cent casein
diets with a magnesium content of 100 parts per million (hersafter
referred to as ppm), while each of tires other groups reseived one of
the sane levels of protein with 600 ppm magnesium. In ths rat experi-
ment the animals were divided at weaning into 6 groups, three being fed
a 12 per cent and the othars a 36 per cent casein diet. At each pro-
tein level one group of rets received magmesium at 100, 200 or 600 ppm
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of the diset, In both schicks and rats reduction of distary magnesiua to
100 ppm resulted in a severely restricted weight gain in the groups fed
the higher levels of protein but was without effect in the 12 per cent
protein group. Rats consuming 100 ppm magnesium and the 36 per cent
protein ration had a significantly lower serum protein than did those
receiving the sams amount of magnesium but only 12 psr cent casein.
Moreover, the rats on the lowsr proteia intake and the two lower levels
of magnesium excreted signiffemily more free amino acids in the urine
than did those receiving the same mmount of protein but the highest
level of magmesium, Bunoe and his associstes concluded that growth,
appearance and rate of morbidity of the various groups together with
the imoreased emeretion of certain amino acids and decreased levels of
serunr protein in rats on reduced magnesium intake, supgport the belief
that magnesium reguirement of both shicks and young rats is direetly
related to the level of dietary protein.

Magnssium absorptien was studied in hwman adults maintained on
a diet in which the protsin was supplied largely by vegetsbles and whole-
moal bread (MoCance ot al., 1942). Baily protein and magnesium intakes
were 45 to 70 g and LOO to 600 mg, respestively. When 100 g of several
different protein supplements were added, magnesiua absorption was in-
creased from 32 to Ll per cent of ths intake. In growing rats, however,
an increase in the casein content of rations from 8 to 16 per cent had
1ittle effect upon magnesium sbserption although the accelerated growth
rate of animals fed the 16 per cent protein diet probably inaressed
their magnesiua requirement (Toothill, 1963).
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Head and Rook (1955) suggested that hypomagnesaemia in cows
grasing on nev pasture {n the spring months might be caused by the in~
ability of the animals to absord properly the marginsl amounts of mag-
nesiun provided by the pastures because of the high nitrogen eontent of
the young grass. Later Rook and Campling (1962) found that within any
group of herbages the lowsst "availadility” of megnesium to cows ocourred
in the grasses cut at an early stege of growth and the highest in those
cut at the mature stage. Supplementation of herbage with protein-riech
04l cake also decreased the svallshbility of dietary magnesiwm to ths
ruminsnt.

Lanbs fed a purified ration simulating the high-protein, high-
potassiwm composition of wheat pesture charasteristic of “wheat pasture
poisoning® excreted significantly more magnesium in the feces and re-
tained less of the mimeral than did the controls (Fontemot gt al., 1960).
The investigaters concluded that the high-protein or the high-potassius
content of the ratien either interfered with magnesium sbsorption or
promoted reexcretion of this iom into tho gut.

The recently published data of 0'Dell and Steel (Hathaway, 1962)
showed that adult wmen ¢culd matmtain magnesiwmm equilibirum on a diet
supplying daily 248 mg of magnesium and § g nitrogen provided primarily
by arino aoids in the FAO pattern. On the other hand, when Leverten
ot al. (1961) estimted the required magnesiwm intake fer adult women
to be 280 to 320 mg per day, the diet supplied 11 g nmitrogen furnished
primerily by gluten and casein. These results seem to indicate that
nagnesivm requiremsnt masy be influsnced by the level of nitrogen amd
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the amino acid pattern of the diet,

The research reviewed strongly suggests that the oriticsl factor
in magnesium metadolism is the sbsorption of the minersl from the die-
gostive tract, Evidence is presanted that absorpiion of magnesium is
influented by the amount of proteim in the diet. Studies suggest also
that the level and quality of dietary protein are related to magnesium
requirenents of hunsns es well as experimental animals.



CRAPTER II1
PROCEDURE

Magnssium metabolism in the human adult and its possible inter-
relationship with that of protein was studied in three metabolic balance
experiments. These studies were conducted within a two=year period
(February 196)-Bovesder 1962), and each consisted of a4 preliminary in-
terval followed by S balance pericds of 6 days. The effects of § dif-
ferent diets upen magnesium and protein metadolism were investigated,
With the exception of small supplements of "vitamin-free® casein, which
were employed in Studiss II and III, only natural foods were inecluded
in the diets.

The subjestas were 12 graduate students and one instrustor who
were working in the areas of foods or nutrition in the College of Homs
Beonomics at The University of Tennsssse. Two of the studemts took part
in all three metabolic studies, while two others participated in two ex-
parimsnts, Ages of the 13 subjects ranged from 21 through 41 years,

All were reported in norsal hwalth by the University physician before
and following each stedy. Deseriptive information on subjeots appears
in Tables I, II and III, pages 2k, 25 and 26.

In the first balance study S young women were maintained on a
controlled dietary regimen similar to the most restricted dist fed the
presdolesssnt girls who were subjests of the southern cooperative pro-
Jeot, PFood intake fumished appraximstely 20 g protein and 100 mg mag-
nesiun. Recommended allawances of othsr nutrients were previded by the

15
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inclusion ¢f a supplement containing primary calcium phosphate, ferrous
sulfats, niacin, rideflevin, thiemine and vitemin D, A sixth subject,
a young man, received 1,5 times the amount of all foods fed the women
with a corresponding decresse in the quantity of supplement.

On the basis of a tuo-veek dint recerd kept by each subject prier
%0 the axpariment, the controlled diet of the women was planned to fur-
nish 1800 Calories (saloulated; Watt and Merrill, 1950) and that of the
nan, 2700 Calories daily. Additionmal calories necessary to maintain
weight were supplied by sugar in beverages and by a fondant made from
sucrose, corn syrup and artifieial flavering. Subjests were weighed
routinely every fourth day befors breskfast, and adjustments in sugar
and fondent intake were mede in an attempt to keep weight oanstant.
Coffee prepared with deminsralised water and the water itself were per-
nitted ad libitum with the intake of each subjest being recorded.

Only female subjsots, 5 in numder, participated in Study II.
The protein and magnesium content of the food used in this experiment
vwas essentially the sams as that in Study I, but menus were changed
to provide foods more appealing to adults and to increase the daily
. calories to appraximmtely 2000. One daily addition which inareased
the variety of calorie sources was a 10 ounce ¢oca~gela. If more than
2000 Calories were necessary to maintain the weight of the sudbjests,
these were provided, as in the previous study, in the fom of sugar and
the special fondant. Because of its magnesium content, coffee was
linited to 5 cups daily, but demineralized water was permitted ad libitum
with the intake of each subject being recorded.
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Beginning with day L of the second metabolic peried, 5 g purified
"vitemin~free" casein per subjest per day were sdded to the diet, thus
incressing the individual protein intakes to appreximately 25 g+ Be-
cause nitrogen balances still were no better than those in Study I,
on day 1 of the third metabolic period, 50 g chopped cooked egg white
were aleo included in the diet per subjest per day, bringing the 2h-houwr
calculated protein intake up to 30 g, Addition of easein and egg white
to the diet changed the ratio of animal to plant protein from 1:2 to 1:l.
With the inclusion of a vitamin and mimral supplemsnt, as described
for 3%dy I, the dist provided recomended intakes of other mutrients.
The daily magnssiuvam content of the diet, including that from eoffee,
coca~cola and the mineral-vitamin supplement, amounted to approxiastely
183 mg per persen.

In Study 11X, completed in Novesmber 1962, 8 femals graduste stu-
dents participated. In order to be at least partially sdjusted to a
restricted nitrogen intake at the onset of the experiment, the subjects
agreesd to reduce their pretein consumption in self-chosen dists to
epproximtaly 50 g daily for two weeks just prier to the begimning date
of the study. Diet records kept by the subjects indisated an average
calculated protein consumption for the ll~day period ef Lk to k9 g
daily. Because the experimental plan was to meintain ons group of sube
Jeots on a basal diet supplying 35 g protein while the other group re-
ceived a supplemented dist eontaining 50 g dally, a 6~day preliminary
period was employed rather than the J-day ons used in the other two
studies when subjests were fed the same level eof protein. During this
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{nterval all subjests received a diet calculated to supply 42 g protein
daily. The protein was supplied by the basal diet supplemented with
3.8 g "vitanin-free” casein and 38 g echopped cooked egg white. In this
manner all subjects should have deen in essentially the same state of
protein nutrition at the beginning of the first experimental peried.
Individual protein and sagpesium balantes for this preliminary peried
eppear in Tadle XX ¢n the Appendix,

At the initiation of the experiment the § young women were ren-
donly assigned, k to each of the two diets designated as Diet A and
Dist B. Diet A was the basal diet planmed to furnish 35 g protein
{17.5 g of animal and 17.5 of plant origin) and, including ceffee,
coca-cola and mineral supplement, 183 mg magnesiva delly. The foods
in the diet wore similar to those served in Study II exeept that bM
of turimy, lean fish and smsll inareases in ground round of bLeef, t0-
gother with small amounts of skim milk and dry cettage cheese were used
%0 provide the additional animal protein and t0 replass the casein and
ogg white used in the suppleasnted diet of Stody II. Small incresses
in servings of vegetadbles gave ths additicnal plant pretein. The level
of dietary fat was the sams as in Study II and adjustmests in quantities
of the different fats were made in an atteapt to avoid alteration in the
1ipid composition of the diet. As in previous studies demineralised
wster was allowed ad 1libitum, and sugar in coffes, aleng with the spesial
fondant, furnished extra caloriess as needed. Supplemsnts containing vita~
min D, primary calcium phosphate, ferous sulfate and riboflavin brought
the intake of all nutrients excspt protein up to their recommended levels.
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Diet B was the same as Dist A exoept for its supplemsntation with
7«5 & "vitamin-free" casein and 75 g chepped eooked egg white daily,
The calculsted protein content was 50 g, 65 per cent of which was of
animal erigin, The supplemented diet nescessarily eontained more mag-
nesium, but it was planmmed that doth groups of subjests would ingest
the sane amount of mimsral through regulation of coffes censumption,

The eaxperissnta)l precedures were the same in all stwiies,
Natural foods including dry cereals, doughnuts, bread, oream soups,
ground round ef beef, turkey breast, halidut, cottage ehesse, skia
milk, green beans, asparegus, byresteli, aquash, onions, sadbbage,
carrots, tomate, lettuce, a variety of fruits and julces, jelly, mar-
garine and mayommaise along with certain spescislly prepared desserts
and cookiss made up the basal dist of the subjeets. Twrkey bresst,
halsbut and cottage cheese, however, sppeared enly in Study IIX. The
selection of the foods employed in the diets was based upon their nu~
tritive and ¢aloric values with special attention focused upon their
nagneniun, fat and protein content. Varisty in vegetadles vas limited
because of the relatively large amcunts of nagnesiwm found in most of
them. These carefully selested foods were incorporated intoc a eet of
6 daily memus, which were served in the same sequenve during each
metedolic periocd. Caloulated nutritive valuss and menus ef Diet A
enpleyed in Study III are recorded in Tables IXIII and XXIV in the
Appendix. In erder that the eating habits of the subjeets might remain
as nearly norsal as possidle, suitable snaske were provided each day in
addition to three regular meals. The subjeots ate all their meals in
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the metabolic unit of the Nutrition Departaent where the foods were
sarefully prepared, scourstely weighsd and served by nutrition staff
memders and graduate students working under supervision. Apprepriate
amounts of primary calcium phosphate axd ferrcus sulfate were weighed
out and mixed in qQuantity. In an attempt to promote better absorption
of the minersl swplemsnt, as much of the miieral mix as possidble was
introduced inte the foods dwring preparation. The remainder of the
daily individual reqairemsnt for the supplement was weighed out, trane-
ferred to 6 capsules and packaged for esch subjest. Two capsules vere
ingested with each meal. A sclution of vitamin B supplemsnt was pre~
pared axd aliquots for the day were pipetted into the breakfast fruit
juios. Vitamin D was supplied in a solutien,” aliquots of which were
pipetted into the breakfast cream mix.

At each serving peried one-half portioms of all foods and bever-
sges (with the exeeption of water, eoffes, coca-cola and margarine) were
composited md frosen following the evening meal eath day. At the end
of each 6-dny period, collections were thawed, homogenized in a stain-
less steel dlendor, and made into psriod composites. Semples of eash
pound of margarins used durimg th® entire study were pooled for ssparate
analysis. Aliquots of the specially prepared coffee were colleoted,
concentrated and frosen for peried 1. Concenmtrates from each susceed-
ing period were added to give a pooled composite. An identical proee-
dure was followed for eoca-cola. Aliquots of 2h-hour urine samples were

*bristel, Winthrop Leboratories, New York 18, N. Y.
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frosen with the daily addition of succesding ssmples to furnish a 6~day
period composite. In Studies I and II feces were marked by ingestion
of carmins by capsuls defore breakfast on the first day of each period.
Buring metabolic study III the carmine was takea on the last day of
each period following the evening msal. The change in time at which
carmine was talsn was mede in order to facilitate period separstion of
fetes, Semples were frosen as collected, thawed for separstion and
homogenised in a stainless steel blendor for preparation of a period
esomposite. Menses were collested on standard tampons (and in some
instances, on Kotex) and frosem for swbsequent analysis.

Portions of the peried camposites of food, fedes and uring were
frosen and stored for future snalysis. Appropriate smmples of these
camposites along with the pooled coffee axd ceca-¢cla concentrates were
dry ashed in duplicate at 550° C for 2k hours for amalywis. The tampens
and Kotex comtaining menses, as well as an appropriate number of tampons
end Kotexz froa the same lots to serve as blanks, were similarly ashed.

Aliquots of solutions of the ash froa food, coca-cola and coffee,
faces, urine and menses were analysed for magnesium by a modification
(Thomss, 1956, and Andreve, 1960) of the colarvmstric method of Young
and 6411 (1951). The reprodusidility amd scourasy of this msthod is
11lustrated by data presemted {n Table IXV im the Appendix,

Nitrogen was deternined on portions of all pericd and pooled
ecomposites (except menses) by the macro Kjeldahl method.



CHAPTER IV
RESULTS

The subjects, with one exeception, remained in exeellent health
and followed their ordinary scsdemic schedule througheut all experi-
nents, One subjeot on Dist A of Study III wes foreed to drup out of
the experiment during the final metadolise period becauss of a gestro-
intestina) upset. Hemoglodin levels were not influeneed by the low~
protein diets; changes eppearing were no greater than varistions noted
under normal circumstenses. Hemoglodin valuwes together with calorie
intakes, weight ehanges, and deseriptive information about subjects
are found in Tedles I, XI, and IIL.

During metabolic 8tudy I when the diet provided appraximately
1726 Calories and 3.19% g nitrogen from food sources’ daily, the sub-
Jeots complained of hunger often and had difficlty maintaining their
initial weight despite the large quantities of fondant Gonsumed daily.
All sudbjects had an overall megative nitrogen balands, the mean being
<0.837.431. Average balance data for all subjects are presented in
Table IV and individual period balances in Tabls XVIII, Appendix. These
data indicate that while the greater loss of nitrogen for all subjeets
appeared in the urine, magnesium excretion was larger in the feces for
everyons with the exeeption of MAH.

'lim from coffee and coca-cola was assumed 0 be unavail-
able and was not ineluded in food nitrogen.

23
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During the preliminary imterval and the first peried of Study II,
the subjects received approximately the sanme -om of protein as had
those on the previcw experiment, but the energy comtet of the diet
was increased from an average of 1726 Calories per day %o 1975, It
was hoped that the higher energy content of the dist, further incressed
as in Study I by fondant, would prevent weight losses in individual
subjests md permit them to approash nitrogen equilibrium., After it
became apparent, through anslysis of urine and feocal smmples as well
as by observation of weight 1osses, that ths subjests were still in
negative emergy and nitrogen balange, 5 g “vitamin-free" casein were
added to the dist on day § of the second metadolic peried., This addi-
tion accounted for ths variation in pretein intaks during periods 1 and
2 of Study II (Table ¥). Although the increase in protein nitrogen
vas mall and nitrogen balance did not impruve, there was an imgprove-
ment in magnesium balanoes resulting primarily from an inareased abe
sorption of the minmeral. Magnesium intake remsined at appraximiely
the same level as in 8Study I.

Nitrogen losses in ti» wrinse indicsted that a further ineresss of
dietary protein was necessary to establish nitrogen equilidbrium in these
b Jects; therefore, at the begimning of period ), 50 g chopped eooked
egg white were added to the daily regimmn. With an aversge daily nitro-
gen intake of 487k g from feod, equally divided between animal and
vegatadle sources, nitrogen balance improved from a mesn of ~1.4962.521
to -0,1102,319 (Tables V and VI). In the latter case the exeretion
exceeded inmtake by about 2 per cent and was within a range sometimes
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n
said to represent equilidrium (Leverton st al., 1956). Magnesium
intake was unsvoidably increased by appraximately 16 mg when protein
sources were added, but setention of the mineral isproved in exscess
of the smount added. MNagnesium balance changed from =£0,0°6.8 mg to
7.226,5 ng as a result of increased sbserptien and decreased urinary
loss of the nimeral. Individual nitrogem and mignesium balamses for
all psriods may be found in Table XIX, Appendix.

In Stedy III L subjeots received basal Diet A and Lk were fed
supplemented Diet B. A preliminary anslysis of the nitrogen and mag-
nesium content of foods in the amounts t0 be used in the experiment
indicated that Dist A eontained 5.600 g nitrogen and 142.8 mg magns-
sium per day while in Dist B the conmtent of the two matrients was
74630 g and 160.8 mg, respestively. Using the figures for magnesium
obtained from analysis of the ooffee served during Study II (10.6 mg
per 142 milliliter cup), 1t eppesared that by the addition of 3.5 oups
of coffee to Dist A and 2.0 cups to Diet B the magnesium intake on eash
diet would de appraximstely 180 mg per person per day. This amount
was almost identical with the mesan intake of magnesium during periods
3, b and § of Btudy II.

Unferiunately, when aliquots of the food actually consumed by
the sd Jeots during eash period were amalysed, Dist A was found Vo
supply, on the average, 154.9 mg magnesium daily while the content of
Diet B averaged 179.8 mg. The mean nitrogen content for the two diets,
however, was very close %0 the velus determined prior to the begiming

of the exparimmmt. The 12 mg discruepancy betwesn the magnesium content
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of Diet A and that of the representative composite anslysed in advance
could not be fully explained, but ons pessidble explanation might be
the use of chicken breast in the representative composite rather than
the turkey bresast which the sudbjeots actually received during the ex-
poriment. The additional slight inarease in magnssium content of Diet
B might have been due to a difference in the minsral contained in the
eggs and lot of casein used during the experiment from that of the eggs
and easein analysed prier to the initiation of the study.

A filter was used in preparation of the percolated coffee during
Study IlI in oxder to eliminate some 0of the sediment which had proved
objestionable to the subjests on previcus studies. Presumsbly de-
creasing the amount of sedimentation also decreased the magmesium oon-
tent of the coffes because analysis of that served during Study III
showed a magnesium comtent of 8.6 mg per cup in comtrast to 10.6 per
ocup found in coffee served 4in Study II.

An intake of 3.5 sups of coffee by all subjects fed Diet A, with
the exoeption of SH, and only 2.0 cups per day by those reeeiving Diet
B brought the average magnesium content of the two diets to 18L.727.6
and 196.029.2 ng, respestively (Tsbles VII and VIII). Subjeet 8i, re-
ceiving Diet A, was overstimulataed by coffee; therefore, her intake
was limited to 2,0 cups daily. This reductien in the coffee consumption
of ane subjeet accounts for the standard error of magnesium inteke on the
basal diet. Individual dalance data for all periods appear in Tebles
XX and IXI, Appendix. In order to ksep the weights of subjeets at their
initial values, it was necessary to dearease the food intake of one
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subjest on each of the twe diets at the begimning of period 2., The
foods removed aleng with their caleris, magnesium and nitregea oon-
tent are listed in Table IX. The necessity for calerie redustion wae
unexzpested since the diets furnished epgroximtely 2100 Caleries, and
since in the previous stwdy, individual intakms of 2100 and 2300
Calories were not sufficient to prevenmt weight losses in soms of the
sudjscts. The only explanation for a desreased caloris requiremsnt
seemed t0 be the inerease in distary protein.

Because the desrease in foods supplisd by Diest A reduted the mag~
nesiun intake of subject FG to only 166 mg per day, her balance data
vwere not included in the mean values ealculated for this study. The
variation 4n the intake of magnesiua by subjest CE, who was reseiving
Diet B, ascounts for the standard error of the mean magnesium intake
on the supplemanted dist. Since the magnesium intake of this sudbjeot
- (approximately 180 ng daily) remainsd closs to that of subjects on Diet
4, or balance data were included in the mean values. Subjeots SH,

PM and MR, who were fed Dist 4, had an average magnesiuam intabe of
184.727.6 mg, and Sheir excretion of the mineral was never more \uan

3 per cent above intake; slightly negative balanees ocowrred in only

6 out of the 1l individual balanoe pericds (Teble XXI, Appendix). ¥G,
who was not inoluded in the overall mean bessuse of her low magnesium
intake begiming with the second metaboliec period, did go into negative
magnesiua balanse on an intake of 166 mg daily. She was, however, in
strongly pesitive magnesium balanse during the first peried when her
intake vas 189 mg. On Diet B, which supplied 196.039.2 ng magnesiun,
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1
slightly negative balances occurred in three out of the 20 individual
balance periods, but negative balances was never found in the same sub-
Jest more than once (Tedle IXII, Appendix). MNean balanses for all
subjests receiving as much as 176 mg magnesium daily were positive.

Menses collected from sudbjests participating in ths three Dalanse
ezperimonts were analyeed for their magnesium ocatent, Data reported
in Table X show that magnesium 108808 in the menses were emall as was
expected becanse of the low magnesium consentration im dloed. The
higher mean excretion by subjects in Study III probably was not related
to the slightly increased magnesium intake bescanse sudbject ES lost more
nagnesium in Study II than in Study III, and subject SH excreted almoet
twics as much in Study I1I although ber megnesium intake was the same
in the two studies. Purthermmre, the msthod of eolleotion and corres-
tien for the mimeral in Xotex and Tampons was subjest to consideradle
error. Neverthsless, results indicate that magnesium loases in menses
are too small to nmatarially influence magnesiva requiresamds.

Bnergy, nitrogen and magnesium contents of all the diets employed
ia the balance studies are sumarised in Teble XX, and the data cbtained
with the use of the 5§ different diets in three suscessive exparimsnis
are summarised in Table III, FYor the purpese of statistical analysis,
it has been assumd that the sudbjects partieipating in the axpurimmnts,
although emall in mmder, repressnt a random sample from a populatien
with a normal distribution.

Since three subjects, GMB, SH and B8, participated in Studies I
and II, their balance data were analysed statistically to determine’



TABLE X

IMDIVIDUAL MAGMESIUM LOSSES IN MENSES

(kvg per Manstrual Peried)

¢ ] 2.90 oMB 1.52 7o 2.16
AC 1.0 B8E negligidle 4 k463
MAH negligible S§ 2.k M T.50
S 2,1) M 2.20 MR 17.k0
BS 2.6 ES 3.56 CE S.17
MN 3.69
ES 2.7
PT 8,77

L)
deviation 2.222.63 2.43-.85 6,504 .95
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7
(1) whether there were any signifisant differentes among the nitrogen
and magnesium balanees obtained on the three diets which were employed
during the two studies and (2) whether thers was any interastion among
periods. Analysis of variance of these data is givem in Table IIII,
A signifieant differense (P £ .01) was observed in nitrogen balance
when the subjeocts received the diet suppiying 30 g preteia rather than
the one containing 20 g. The difference in nitrogen balance obtained
with the feeding of diets varying in calorie conmtent and ths termimal
addition of § g casein was not significant, Magneeium balance improved
significantly (P £ .01) with the feeding of the diet designated as High-
Nitrogen (30 g protein), but there was aleo a significant inarease
(P ( +025) in magnesium balance when the diet differing only in its
higher calorie content and the terminal addition of 5 g casein was fed.
Addition of the 5 g easein during the last three days of period 2
(Ssudy II) had no apparent effect npon nitrogen retemtion, and imter-
action among periods was not evident in amalysis of varianee. In the
study of magnesium retention, however, an interaction among periods was
present and perhaps ¢ould be explained by the addition of the small
amount of essein in the seeond period of the Low-Nitrogen, High-Caloris
diet (Periods 1 and 2, Study II).

Nitrogen and magnssium balanes data for all subjests were analysed
statistically for differences which might de rresent as a result of the
variance in composition of Diets A and B employed throughout Stedy III
and the diet fed during periods 3, k and 5 of Study II. Anmalysis of
variance of these data s recorded in Tebls XIV. Using Duncan's



TABE IIII

ARALYSIS OF VARIANCE OF NITROGEN AND MAGNESIUM BALANCES KR SUBJECTS
QMB, SH AND ES ON THREE DIETS RMPLOYED NN STUDIES I ARD II

variance add me M5c M
Blocks 2 35 175.76
Diets™

LN-1C vs LE-EC 1 19 221 (7 g = 7.70) 1,991.52 T.72" (P oq = 5.98)

LXK v HN b 301, 2208‘* (’.01 - 21.2?) 11;935.10 “oaﬂ(’.ms < 10022)
Periods x Dieta 7 33 145 849.60 329" (F_gag = 310)
Blocks x Diets B 36 1.8 :

’ ( } Pooled
Errer 1k <02 18 (258.26) error
ar ( ) term

p———- T e e e e e e e e e e e e e f e e e > A4

'Dtﬁmﬂmmmm; LN-LC represents diet of Study I; LE-HC represents diet of
periods 1 and 2 of Study Il; LN represents dist of Staudy I and that used during pericds 1 and 2 of
Study II; HN represemts the diet of perieds 3, h, S of Study II.

bdfdmtudcm of freedom,

%mtcm square or variansce.

‘l’ is the variance ratio and indicates siguificamse or lack of it.
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TABLE XIV

AMALYSIS OF VARIANCE OF NITROGEN AND MAGNESIUM BALANCE
FOR STUDY IX (PERIGDS 3, Lk, S)
AND STUDY III (DIETS A AND B)

Dists 2 17.46 12.32™ 12,403.98 9.1™*
(7 goge10e12) (7, 5 =8.02)
Individeals/
dists ® 142 1,317.83

842 denctes degress of freedoa.

‘o-. degree of freedom was lost betause of missing data oslou-
lation on one subject for one period.

‘m represents msan square or variance.

‘l is the varianee ratio and indicates signifieanee or lack of it.
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Multiple Range Test (Steel and Torrie, 1960, p. 11k) to make comparisons
among treatmsnt means, the differences shovn %o exist by the F test
were as follows! :

Nitrogen Dalansce
(P <,00)" Diet B  Diet A Stedy II (periods 3, k, 5)

Magnesiun Balance
(P<.01) Dist B Dist A Study II (periods 3, h, 5)

(P ¢C.08) Diet®  Dist A Stwdy II (perieds ), L, 5)
Anslysis of varisnce using the split-plot design was performed on

the nitrogen and magnesium data for sudjeets fed Dist A and Dist B %o
determire whether there were period interactions present. These data
shov that, although the differences in nitrogen and magnesiua reten-
tions were signifisant (P <{.05) in the subjeots fed these two diets,
no significant interactions among periods were present. Analysis of
varianee of these data is presented in Table IV. These results can be
interpreted to msan that the subjeots had adjusted to a loweprotein,
low-magnesium diet by the end of the preliminary peried.

In an sffort %o minimise the effect of the small excess of magne-
sium in Diet B over that in Diet A and %o determine the cause of the
incressed magnesiua retention on the supplsmented dist, urinary and
fecal magnesium exeretion expressed as pereentage of intake were studied.
Mean urinary magnesium was 42.1 and kS.k per cent of the intake while

Aw two treatments underseored by the same line are not sig-
nificantly different from each othsr but are significantly different
from those not undersecored by the same line.



TABLE XV

ANALYSIS OF VARIANCE OF NITROGEN AMD MAGNESIUM BALANCE
FOR DIETS A AND B (STUDY III)

Dists 1 2k 8.82°(P (e6.60)  3,208.78  7.96°(F oge6.82)

Diet k13.10

Perdods & 26 1™ 522.90 1.98™
Porieds x

Diets h a2 lk?JO

84f denctes degrees of freedom.

‘M degree of freedom was lost betause of missing data calsu-
lation on one subjest for one period.

%xs represents mean square or variance
% 13 the varianse ratio and indleates significance or lack of it.
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the fecsl excretion averaged 55.) and L2.5 per cent for Diets A and B,
respectively. Analysis of variance is found in Table XVI.

These data indicate that there was no difference in urinary mag-
nesium excretion of the sudbjests maintained on the two dists, but a
differense, although not significant, existed in fecal magnesium. The
lack of significance night be explained by the sample sise. Ths re-
sults of this anslysis of vasriance can be imtertwreted to suggest that
increased magnesiua sheorption as well as a slightly larger intake of
magnesiua is responsible for the significant increass (P £ .05) in meg-
nesiun retention in subjeste fed Diet B over thoss receiving Dist A.

Estimates of the linsar relationshiip between nitrogen and magne-
sium balance and betwesn percentage apparunt nitrogen and magnesium
sbsorption were obtained by the standard produst moment method (Steel
and Terrie, 1950, p. 183) using the following formula:

P 4
i

T e
X,y
\24- 27
L _ i

xy = the independent variate (nitrogen balance; nitrogen absorptien)

wheret
y = the dependent variate (magnssium balance; magnesium absorptien)
Txyy ~ the estimate of the linear association of trait %, and trait y

2:2 « the sum of squares of deviations froa mean of trait %,

Zy’ = the sum 0f squares of deviations from mean of trait y
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TABLE IVI

ANALYSIS OF VARIANCE OF URINARY AKD FBCAL MAGNESIUM
BXCRETIONS FOR DIE?S A AMD B (STUDY III)

84¢ denctes degress of freedom.

'a- degree of freedom was lost beocause of missing data caleu-
lation on one subjest forone period.

xs represents mean square or variance.

‘r is the vartiance retio and indicates significanse or lask
of i,
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2811 = the sum of the produsts of devistions from means of
traits 2 and y

r:g = the estimate of per cent veriation of trait y due to vari-
ation in trait x,

The linear relationship betueen nitrogen dbalance and magnesivm
balance and between per cent apparent abserption of nitrogen and magne-
sium are given in Tabls IVII, Froa these data it can be observed that
independencs existed between nitrogen and magnesium balance fn all swbe
jeots except in those fed Diet A during Study III. On this dist the
subjects were only slightly on the positive side of nitrogen equilidrium
while on the other diets the subjeots were either in negative balance
or in definitely positive balange.

Nitrogen absorption affected magnesium absorption significantly
1in subjects fed Dist B during Study III, and the dependence of magnesivm
absomtian upon nitrogen absorption was evidensed also in the subjeots
receiving both diets employed in Study II. Very little impertance, how-
ever, can be plaged upon the results obtained during the firet two periods
of 8tudy Il since thers were fewer observations availadls for statistical
anslysis and the diet cemposition was changed comsidersbly during period 2.

That a relationship existed between the two variates (aitrogen
and magnssiun absorption) during periods 3, 4, and § in sub jeots partici-
pating in Study II and in the sudbjects fed Diet B during Study III is
of particular interest since it was to these diets that the protein of

ex¢ellent Qquality had been added.
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TABLE XVII

RELATIONSHIP BETWEEN NITROGEN AND MAGNESIUM BALANCE
AND BEIWEEN NITROGEN AND MAGNESIUM APPARENT
ABSORPTION ON ALL EXPERIMENTAL DIETS

Bluce _ igparems sbescpiisn

Study and diet a7 ”"1’ Tay . r:",
Study I N3] 20.5% «n 7.3%
Study II

Periods 1 and 2 163 2.7% 790 62.4%

Periods 3, b, 5 2 11.78 <750 $6.2%
Study III

Diet A 787 a.9% 410 15.8%

Diet B 12k 1.3% 918 8l 38

represents the estimte of the linsar association between
nitregen magnssium balance and between nitrogen and magnesium
sbsorption.

b?‘g denctes the est imate of per cent variation of magnesium
balance due to variation in nitrogen balanes and of magnesiwmm abserp-
tion dus to variation in nitrogen absorptien.
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DISCUSSION

Whenever metabolic balance studies hsve besn used in an effort
to determine requiremsnts for some particmlar nubrient, the praotice
has been to supply in the diet all nwrients exzeept the one under in-
vestigation in reconmsnded amourts. Such a procedure more than likely
masks any mitrient imterrelationships in metsbolism which may exist.
It was only bcccu\u no dietary allowance of magnesium has been recom-
mended (Natiomal ‘Am.ly of Sciences, 1958) that the mineral mix supple-
menting the low-protein diet fed preadolestent girls did not contain mag-
nesium (Schofield and Morrell, 1960). This cirsumstance was responsible
for the demonstration that when distary msgnesium as well as protein
was decreamed, retention of the mineral was independent of intake.

Preadolescent children were in pesitive nitrogsn balance on diete
supplying 17 to 22 g protein daily. Although a daily intake of 35 g
protein had been reparted minimal for nitrogen equilibrium in adults
(Hegsted ot al., 1946), the possibility aould not de ignored that the
relative amounts of several nutrients in the restricted diet of the
children might have influsnced utilisation of nitrogen as well as
mninerale., Consoquently, the diet used in the first experiment of the
adult series was almost identical with the low-protein diet of the
children except for the addition of coffee.

Fatlure of the adults to achisve nitrogen equilibrium on a daily
intake of 3,124 g was in agreement with the work of Hegsted et al. (19L6)

50
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who found that 2.k12.0k g nitrogen per square meter (hereafter referred
to as l’) of body surface was nedessary for squilibrium in adults when
ons-third of the nitrogen was supplied by meat. The moan surface area
of the 5 young women participating in the first experiment was 1.6) al
and that of the male subjest, 2,18 %, Average aitregen intaks of the
S women was 1.91 g per l‘. while that of the man was 2.15 g per l’.

The one subjeot whose nitrogen balanse appreached equilibrium had a
surface area of 1l.49 at as compared with the mean of 1.63 n’; there~
fore, her protein intake more mearly agreed with the requirement pro-
posed by Hegsted et sl. (1940) than did that of the cther female sub-
Jects. Tie children studied by Schofield and Marrell (1960), beeause
of their mmaller body sise, were receiving on the average 3.k5 g nitre-
gen per l‘ on the low-protein diet, whish is substantially mcre than
vwas being supplied the adults in the present etudy. Decause children,
howsver, require nitrogen not only for tissue repair dut also for dbedy
growth, their ability to store nitrogen when the majority of the adults
were unable to approsch equilidbrium may be an indication ef better
nutrient utilisation by the grouing organisa.

Since weight loss and prolonged negative nitregez balance are
sccompanisd by tissue breakdown with loss of many cumponsnts likely to
occur, the negative magnesium balance observed in sll subjeets during
the first experimeat was not unszxpeeted. If it can be assumad that the
strongly negative nitrogen baslance caused primrily by extensive urinary
losses of nitrogen was indicative of breakdown of body tissue and that

loss of magnesium was assoolated with this breakdoun, then exoretion of
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magnesium in the urire might be expected to be high. Actually, however,
urinary losses were oaly alightly higher than those of sudjects in
© Study IT who reached magnesium equilibriwm, Instead of sppsaring in
the urine, maximum losses of magnesium, except in ore smabjest, oecwrred
in the feces. This faot is difficult to reconcile with the usual concept
of tissue breakdown. The erigim of magnesium in the gastro-intestinal
tract, however, cannot be trased entirely to food ingested since a fair
amount of the minsral reachss the small intestine by means of the diges-
tive juioces. Possidly when prodein intake is too low to allow for
nitrogen squilibrimm, sbsorption of magnesivm regerdless of source is
adversely affected in some uneaxplained marmer. Speculation regarding
a possible cause for the inoreased fecal losses of magnesium when nega~
tive aitrogen balance exists leads %o a considerstion of the breskdown
of protein stores as well as that of body tissus. Protein stares are
gomsrally assumed to be in the form e!" ensymes which can be ecasily
hydrolysed te supply the amino acids nstessary for maintensnse of essen-
tial body tissues when protein intake falls belov. requirement. Sinee
megnedium fons are known to be mesessary for activation of various
ensymes and, therefure, are closely associated uith these organic cata-
1ysts (MacInmtyre, 1963), 1% is conceiveble that as these ensymes are
broken down to supply the required amino acids, the scoampanying mag-
nesium i{s secreted in some manner into the digestive tract and is loet
in the feces due to poor absorption. Since so little is koown about
transport of the amino acids and magnesiwa across the intestinal wall,
it 1s possibls that the transport mechanisms could be the same for both
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nutrients. If such a hypothesis were trus, lack of optimal econditions
for amino acid transpeort could prevent magnesium sbsorptism because
fecal nitrogen remsins fairly constant regerdless of level of protein
intake.

Data for the first two perieds of the second experiment indicated
that subjects could not reach nitregen equllidrium by an increase in
calories and the addition of 5 g casein to the origiml diet. On an
almost fdemtical mean intake of magnesium, houever, the balance improved
signiftsantly (P ( ,025) and seemed partislly related te the addition
of casein to the dist during the sesond period, since a significmt
period imtersstion (P ¢ .05) was present when asgnasiva balance was
compared in thres subjests who participated in the first experiment and
both sections of the second study. When mean balanses for easch period
were studied, it appeared likely that the peried interaction was due to
marisd decrease in magnesium losses for whieh inoressed apparent absorp-
tion during period 2 of the second study was responsible. The averasge
epparent adsorption ispreved from 28 to 38 per cent vhile wrinary excre-
tion remained close to 50 per cent of the intake. No period intersctions
at any time were observed for nitrogen dalanse nor for magnesium balance
during the studies of the last experimsnt.

Incruasing the daily pretein content of the diet from 20 to 30 g
by the addition of casein and coaked egg white changed the propartion
of nitrogen fwnished by animal sowces from one-third to one-half, When
the subjects were fed this dist, magnesium balance as well as nitrogen
balance improved significantly (P < .01) although the mean kngnutn4
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intakes i{ncressed by only 17 mg daily. Despite the fast that nitrogen
balance was still slightly negative with a mean of ~0.110, the average
apparent magnssiua sbeorptien improved from 38 to L6 per cent while
ths mean urinary emcretion of the Sen dropped from 51 %o L2 per cent
of the imtake., On an average daily magnesium intake of 179 mg, k of
the 5 sidjects achieved an overall positive magnesium balance with a
mean of 7.2 mg. &H, the sudjeot who was in negative balance, was sctu-
ally receiving only 162 mg magnesium in comparisen with 183 mg for the
others (Tadble ¥I, p. 30).

Meyer ot al. (1955) found that § of 6 subjeots receiving 182 mg
magnesium were in nsgative balance on a dist furnishing 65 g protein.
The average apparent magnesium abserption smounted to LO per ceat with
the mean wrinary excretion at 52 per cent of the intake. The highest
and lowest retentions of the nineral in these subjeots were associated
with ths highest and lowest fecal smeretions. The young women studied
by Leverton et al. (1961) received magnesiuam intakes of 173 to 320 ng
from diets furnishing protein at a constant level of appraximtbely 70 g
datly. All subjeots were in negative magnesium balance on an intake of
173-18) mg, and balance did not becomes pesitive for all swbjsets until
the level reached 320 mg daily. As the distary megnesium was increased,
fecal losses also increaged although the parcemtage loss dedreased,
When the imtake was elevated from 277 te 320 mg, however, the fecal
magnesiun remained the same. At this particular protein and magnesiua
level, apparent absorption of the mimeral was significently isproved and
urinary excretion rose adruptly. Poesitive balance in all subjects
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accompanied by a rise in the urinary exeretion of zmagnesium suggests
that absorption of the mireral was greater than the need., Ressults of
magnesizm metsbolisn experiments seem to indicate thet the relative
amounts of magnesimm and protein fod as well as the level of the mineral
1teelf affect magnesiua sbsorptiom,

In 8tudy III all subjects were fod eppreximately the same amount
of magnesium daily, but protein was supplied at two different levels.
To ingure nitrogen equilibrium the low-protein diet, designated as
Diet A, was planned to furnish appreximstely 35 g protein daily with
oqual amounts contributed by animal and vegetadble scurces., With a
calorie _contont olose to that of the diet employwd in the sesond experi-
ment and a protein incresse of 5 g, all swbjeets achieved positive
nitrogen balance with a mean of 0,148 as compared with <0.110 for the
last three periods of the previocus study. The differsmce in nitrogen
balance was not signifioant, however, The magnesium content of the
diet was only slightly higher than that in pericds 3, k, 5 of Study II
and retentions were the same, +8.) and 7.2 mg, respectively.

The 50 g protein level of Diet B was reucshed throwgh the eddition
of 7.5 g purified casein and 75 g cooked egg white %o the basal Diet A.
The aubjects fed Dist B attained a positive nitrogen balanse of 0.706 =g
which was signifiemntly grester (P < .01) than that of subjects receiving
Dist A, With an average magnesiwmm imtake of 196 mg, the sudjests on
Dist P bad a mean magnesium balanoce of +23.9 mg vhich was significamtly
greater (P { ,05) than that of those on the alternate dist. There was
no difference betwesn the percentage of magnssium intake excreted in
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the urine of the two groups of subjects, the average being L2 and 45 per
cent for Diets A and B, respestively. There was a difference, however,
Detwesn the mean apparent sdsarption by the subjects fed Dists A and B
although this difference was not significant, prodadly dus to the
saaple sise. The mesn apparent absorption for subjects reseiving Diet
A was only 45 per cent as oampared with 58 per cent for those fed Diet
B. Although the subjects receiving Dist B ingested slightly more mag-
nesium, the smount exereted in the feces was less. These results indi-
cate that increased magnesium retention in subjects receiving Dist B
vas dus t0 increased absorption as well as %0 a slightly larger intalm
of the minersl. Leverton ¢t al. (1961) also found that magnestwm in-
take and excretion are related; but the level of ths mineral cennot de
used %o prediet its exsretion.

S8ince work with experimsntal animals has indicated that a high
protein intake increasss the need for magnesium (Bunee et al., 1963;
Colby and Frye, 1951; Heinicke et sl., 1956; Menaker, 195k) and perhaps
decreanes the absorption of the minsral from the gastro-imtestinal
tract (Fontenot ot al., 1960; Heed and Rook, 1955; Rook snd Campling,
1962), magnesium sbsorption by subjeots on Diet B might have deen ex-
pected to decrease, pezhaps resilting in a negative magnesiuam balanse.
On the other hand, MeCance et al. (1942) found that insreasing the
protein intake of adult subjects by addition of various supplemants
brogght edout a significant improvessest in megnesium adbserption. They
prefaced their repert with the statement that phytin solubility had
been found t0 be increased in solutions eombaining alpha amino acide
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and suggested that caloium and mgnesium absorption might be facilitated
thereby. The authers presumsbly eonsidered their experimsatal diet high
in phytate and, censequently, high in unsvailable magnesium. This
assunption seems justified decauss, altheugh ths amcunts were not speei-
fied, the diet contaimed bread of 92 per cent extragtion in obviously
sansidersbls quantities, the regimen censisting chiefly of a fixed ration
of milk aleng with dbread, petatoes, and vegetables in amounts sufficient
to supply LS %o 70 g protein daily. The relationsiip between iaproved
magnesiua sbsorption and protein imtale in the presemt atudy eould not
have been related to a high phytate level in the diets employed since
only mfined breads and cereals were used and not in large Quantitiss.

Bscause magrssium content of muscle eells is relatively high due
0o its impartant role as an setivating lon in many ensymic reastions,
particularly in those involvimg transphospharylation (Fruton and Simmonds,
1958), it seems an attractive possidility that magneeium adsorption is
enhanced when the smino acids in the amall intestine are im the ratio
best suited for protein syntiwsis. Allison and Wannsmacher (1963) have
found in experimental snimals that not only is musele increase greatest
when egg protein is fed but aleo that amino seids frea this source are
best for the acesleration of RNA and preotein symthesis in the liver.
Noreever, eogg albumin has been shown t0 have amine acids ia such a ratio
and concentration that it is ths protein most rapidly abserded. The
observation that young women, although in slightly negative nitregen
balance on a }O g protein dist, ome~third of wrich was comtributed by
ogg white and casein, could attain positive msgnesium balanse on only
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182 mg daily and that there was a positive correlation of .75 between
apparent nitrogen and magnesium absorptieon during this second experi-~
mert strengthens the posaidility that magnesium absorption is affected
by the amino acid pattera. An even highar correlation of .92 was ob-
served between apparent nitrogen and magnssium absorption in subjects
fed Diet B in the last experiment. Assuming that the stated hypothesis
of an interrelationship between the amino acid psttern and magnesium
utilisation is Srus, the hAigher comsentratisom of egg white and casein
in addidion to 35 g protein, one-half of which was from animal soureces,
would account for this higher correlation. If pretein of exsellent
quality, because of its repidity of sbsorption, improves magnssimm
uptake and utilisatien by virtue of accelerated muscle and ensyme syn-
thesis, then the quality of the protein in Diet B could have masked the
depressing influsnts of a M gher pretein level upon magnesium absorp-
tien, an effest observed in experimmmial animsls (Fentenot et al., 1960}
Head and Rook, 19553 Rook and Cempling, 1962) and suggested by the re-
sults of the studies with presdelsscent children (Sehofield and Merrell,
1960). It is also possidle, of course, that better absorption of mag-
‘nesium occurs within a certain range of nitregen intake and that 50 g
protein falls within this range. lLeichsearing st al. (1951), however,
found that on an intake of S0 g proteim their sudjeets required 261 mg
magnesiun daily for a slightly positive mean balance of 11.6 mg. This
anount of magnesium is considersdbly more than the 196 mg which were
sufficient for an average balance of +23.9 mg attained by the subjects
fed Diet B during the third study.



59

In a study of the influsnge of predein imtake upon magnesium re-
Quirement of the rat, Menmaker (195L) found that although starved adult
fenales fed a 1 per sent casein diet comtaining adequate magnesium
gained more than those on a 9 per cent level of pretein, when the mag-
nesium was removed frem the ratiosns, the rats reeeiving only 9 per cent
casein gained approximately k times as much as those on ths higher pro-
tein inmtake, The author consluded that a high protein intake sust in-
creacs ths magnesiun requiremmnt for some purpcse other than the forma-
tion of part of the strusture of new tissue; othervise, at least as mush
weight would have been gained on a 1l per cent protein diet as on ths 9
per cont. In viev of this study and others in which symptoms of magne-
siun deficiensy occurred much more rapidly when diets were not only low
in megrmsium but also high in protein (Bwnse, et al., 1963; Heinicke et
al., 1956; Coldby and Frye, 1951), the possibility is suggssted that &
high amino acid lsvel in the blood causes the magnesium pools to release
part of their mirmsrsl etaores, an apprecisdle amount of which is secreted
into the digestive tract and lost through the feces. Aikawa ot al.
(1959), using l&”. have shoun that an exshangeadle magnesium pool exists
in the bone and the skeletal museles of humans as well as in commeotive
tissue, skin, and soft tissues of the sddaminal eavity. Experimsnts
with groving rats on magnesivm deficient diets (Duskwerth st al., 1940;
Duckworth and Godden, 1941) and the stufy of magnesium deficienmey in
man (FStagerald and Fourmen, 1956) give evidense that megnesium deposits
in the bone are the most labile and the ones which make the fon avail-
able to sther sites in the body during time of moed. Magnesium is
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necessary for astivation of ensymes imvolved in the formation of urea,
in synthesis of glyeogen and fat, and in release of energy froa saino
acids as well as being essential for tissus gynthesis. The increased
need for ensymes %0 Gatalyse the cxidation end conversion of exeess
anino asids in the blood stremm, a result of high protein imtake,
eould possidly cause the labile magnesium pool to relsase quantities
of the mimersl for astivation of existing ensymes and synthesis of
other catalys$s in which magnesium forms an integral part.

If a high amino acid level in ths blood does cause the magne-
oium peol Sr pools t0 release guantities of the ion, a large part of
which is secreted into the intestinal tract in the digestive Juiess
and lest in the feoces if conditions are unfavorsble for resdsorption,
then this could explain the need for increased magnesium intake when
the lsvel of protein is high. That higher intake doss ineresse the
amount of magnesium sbsorbed has been shown by Ross (1962) with in
vitro studies on rats. He demonstrated a highly significant eorre-
lation between magnesium transperted across the intestinal wall and
the concentration of the circulating magnesium although the rela-~
tionship 1s not linear. Graham et al, (1960) have illustrated in
studies on humang, through the use of ltu. this sams insreaged, non-
1inear sbsorption of the aineral with higher intakes.

No significant correlation betueen magnesium and nitrogen balance
was observed ezoept in the subjests fed Dist A in the third experimsnt.
In these young women who had a mean nitrogen balanse of +0.148 on the



a
35 g protein intake, the correlation between nitrogen and magnesium
balances was 0.79. In other words, at this level of protesn intaks,
62 per comt of the varistion in magnesiwa balansce eould be related to
the variation in nitrogen balenes. This assoceiation between variatioan
in nitrogen and magnesiua dalances might indicate that the level of pro-
tein which 1s just adequate to produce nitroges equilidrium is the
smowt of protein which promotes the most effisient utilisetion of mag-
nesium, If this interpretation for the cause of eorrelation detween
magnesiwm and nitrogen balmnees for subjeots fed Diat A 1s sorrest,
then results of these experimnts suggest that the adequasy of very
low magnssium intakes for preadelescent girls fed low-protein dists
sould be explained by the relative amounts of magnesium and protein
ingested (Schofield and Morrell, 1960). Thirty-five grams of protein
furnished by a normal mixsd diet may represent the level at which not
only mitrogen but also magnesium can be most effisiently utilised by
human adults.

The results from the last two experiments suggest that magne-
siua metabolism in the adult msy be affeeted by the quality and the
quantity of protein in the diet. Whatever the cause of the improved
mgnosiun retention in subjests fed a diet restristed in pretein, the
data obtained from these presant experimsnts meke it clear that a popu~
lation ocansuming protein in meurts jJust sufficient 4o assure equili-
briua doess not requivre as much magnesium for pesitive balance as do
pecpls regularly ingesting a high-protein dist. Simes it appears evie
dent that the need for magnesium does vary with tie level of proteia
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in the diet, fortification of diets with protein-rich suppleaents, a
popular practice at the present time, probably increases the smount of
magnesiun ngeded for positive balange in children and adults bHeyond

the quantitiss previocusly estimsted by means of belance studies employ-
ing controlled diets. It is possitle that the work of Scoular et al.
(1957) with young college women on. self-selscted diets gives evidense
of this imcreased need.

Becanse it {s spparent that the adeguacy of megnesium intake
influences the metabolism of experimental animsls (Anstall et al., 19593
Krehl and Barberisk, 1958; Hellerstein et al., 1960; Makamura et sl.,
1960; Tapley, 1955; Vitale ot al., 1957a and 1957b) and since it is
suggested that this mingral may have a similar effect in the human
body, careful consideration needs to be given to any cirocmmstance
which might charnge the quantity of the mineral necessary for optimal
physiclogisal conditions,



CHAPTER VI
SUMMARY

The influence of level eof distary protein on utilisation of
nagnesium in restricted diets vwas investigated in three metadolis
balance expsrimemts., Subjests were 12 young women and one yvung man;
two subjedts participated in all of the experiments and two others
took part in two of the studies. The astudiss consiasted of a short pre-
liminary adjustment pericd followed by S mstaboliec balsnce pericds of
6 days each. Dists were plamned t0 supply protein at several low
levels and magnesium in restricted mounts which were as nsarly oon-
stant as possidble. Other nutrients were provided to meet recommended
allowances through the use of mimeral and vitamin supplements. With
the exception of small supplements of “vitsmin-free® casein, dists
vwere composed of natural foods ealy.

Study I: Subjects were maintained on a diet sapplying on the
average, 1726 Caleries, 20 g protein (one-third from
animal souwrces) and 166 mg magnesiuwa daily, With
these intakes all subjects were in streungly negative
nitrogen and magnesium balmees, the overall means
being «0.8372.431 g and ~h2.L316.7 mg, reapectively.

Study IIs Subjects received essentially the same diet as in
Study I exscept that the food supplied an average of
1975 Caleries. When weight loss and excessive
urinary exeretion of nitrogen by all the young women
63
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indicated that the subjects were in negative nitrogen
balance, 5 g “"vitemin-fres" cssein and 50 g Cooked
egg vhite were added %o the basal diet. The spple-
ment raised the protein and magnesium levels to 30 ¢
and 178 ng, respectively, wvhile the caloris intake re-
matned close to 2000 daily. When pretein, ope-half
of which was of animal erigin, and magnesium were
ingested at these lovels, nitregen balance approsched
equilidrinm with a mean of «0,110%,319 g while magne-
siua balance became positive, the mesn being 7.236.5 mg.

Study III: Subjests were divided into two groupsj one group re-~
ceived a basal diet supplying 3L g pretein (one~half
from animal sources), 185 mg magnesium and 2000 Calories
daily, while the other was fed the same dasal diet sup-
plemented with “vitamin-fres" casein and cooked egg
white. The suppleomemted diet, incressed only slightly
in calorie content, supplisd approximately 50 g protein
snd 196 mg magmeeimm daily. Subjests in both groupe
athieved positive nitrogen and magnesium balances. The
group fed the basal diet had an overall mitreogen dalance
of 0.148%.13h g with a magnesium balance of 8.3°5.0.

The group receiving the supplemented diet achisved
more positive balances of 0.706.32h g and 23.9%9.3 ng.
The fast that 185 mg magnesium daily was adequate for small stor-
age in sdults fed diets restristed im nitrogen, in contrast to numerous
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seports in the literature that appraximately 300 mg 13 nesessary for
equildriun in subjests receiving revoimmsnded allowances of protein,
strongly suggests that magnesium utilisation is altered by the level
of distary protein, Evidence is also presented which suggests that
the Gualisy of protsin ingested is an influensing factor in magnesium
absorption and retention.
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TARLE IVIII

INDIVIDUAL BALANCE DATA FCR STUDY I

1 3.492 3,960 0.927 «1.395 1674 100.9 2,2 =15.7
2 3.4k8 3.625 0.9hh «1.121 1.7 Tk 106,6 = 6.3
E 30% 30% 09,35 ~0.929 178.1 93.5 1&3-2 -58.6_
3.497 3.160 0.972 ~0.635 176.3 106.5 128,3 -58.5

S 3.410 3.h01 0.853 =0, 84k 1572 87.4 125,7 =55,
Mean 471 0529 0.926 ‘OQ”S & 0 § 9.2 °5100
and s d ‘}'. ‘2'02” 2.& ‘0288 gﬂ ‘:iok - .9 "“02

Subject ROB"

1 5 .105 6-585 lom -2 .715 22? 01 16201 139.5 -15.0
2 5 om hom 101’1 «0.011 2&90& 139 08 9.1 *10.5
3 $.176 h.83% 1,368 «1.026 237.3 153.0 122,.3 -38.0
h Sona ) 5035‘& 1.&23 ‘10693 22706 156.2 u’o’ ,°”05
5 5110 5.l 1.283  -1.557 2224  159.9  105.7 =h3.2
Mean 5016’ S.h1é 1.299 ’10553 i 232.9 152,2 116,9 '”oz
end s d 2,042 :. :, 2739 20,7 9.3 218.7 30,3




TABLE XIVIII (comtinued)
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TARLE XIX

INDIVIDUAL BALAKCE DATA FOR STUDY II
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TABIE XXX

INDIVILUAL BALANCE DATA FOR STUIY III (DIET A)
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TABLE XXII (continued)
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“Intais incluies amcumt cbtained fram coffee, coca-cola and supplements as well as that

from food,
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TARLE XXIII

PERIOD MENUS FOR DIET A--STUDY III

Breakfast

Lettuoce

Broiled Peard
Orape Juice

Breakfast

Orange and Orspe Juiee Miz":
Rice Krispies

Brown Suger

Doughnut

Margarine

Crean Mix®

sesel b

[
»n
o

180

20
32

120

Lunch

Foed

Tomato Sowp

Baiwd Yurkey
lettuce

Mgyonnaise
Canned Apricets

Celery lm'

Bread

Margarine

Cottage Cheese mux*
Lettusce

Cannsd Peashes
Gingerdread®
Pinsapple
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TABLE XXIII (contimusd)

v N

Ground Beef Pattie (raw wt) 20 Coce~cola 300

Mashed Potatoest 8s Graham Cracker 7
Canned Asparagus 100
Isttuce 50
Pruit Buuhg 20
Margarins 10
Stewed Prunss 60
with Julee 10
Coffee Cremm kS

Day 3
Breakfast Lunch

Orange and Pinsapple Celery Sowp" 150

Juice Mix® 120 Bresd ko

Cornflakes 13 Margarine 10

Brown Sugar 20 Cottags Cheese nx* 20

Doughrut 3 Tomato 40

Margarine 10 Lettuee a 5

Cream Mix® 120 Broiled Peash 92

Dinner Snacks

Qround Beef Pattie (raw wt) S3 Cosa-cela 300

Maghed Potatoes® 8s Potato Chips 20

Broccoll ] Molasses Cookies 60
Margarine 5
Cimnamon Applounu 55
Lettuce— S0
Fruit Droutu 20

Banana Sherdet® 100




Dimer

Besf-rice Casserols”™
Squash
Onions
Margerine
Bread
Slaw®
Canned Pears
uith Juioce a
Granderry Mousse

Broakfast

Orange and Pinsapple
Juice Mix®

Rice Krispies

Brown Sugar

Doughnut

Margarine

Cream Mixé

TABIE XXIII (centinued)

120
28
20

Coca~gols
Grahan Crackers

Jelly

Tomato 8enp‘

Lettuce
Hayonnaise
Carned Peathes

8s

A
150
15
40
L?
65
1
50
90
10
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TABLE XIXIII (eontinwed)

Dinner Snacke
- Food . - Food " =
Ground Beef Pattle (raw wt) S5 Coca~cola 300
Mashed Potatoest 129 Grahan Crackers 1)
Green Beans ] Jelly 20
Margarine g Molasses Cookies 30
Lettuce S0
Fruit mm 20
Rhubarb and Amu 100
Day 6
Breakfast Lunch
Orarge and Pinsapple Asparagus Sowp" 150
Juice Mixa 120 Margarine 15
Comflekes 1) Bread L0
Brown Suger 20 Tomato 60
Doughnut 32 Lettace 1%
Margarine 10 Mayonnaise " l&
Cresm Nixt 120 Cherry Crisp
Coffes Cream hS
Dinner Snecks
Baked Hal ibut L8 Coca-cola 300
Noodles with Sauce® 80 Potato Chips 20
Carmed Asparagus 100 Applasanuce Cookies®
Margerive S
Lettuce 50
Mgyoonaise a 10
Pineapple Tapieea 150
Whipped Cremm?® 20

—————

&1mse foods were prepared ty recipes developed for Studies I, II
and III,



TABLE XXIV

MUTRIENT CCHNTENT OF DIET A

Daily Daily Dally
mm‘ I ¢ I“D-'l & -1 5 &2:.. “.‘.'Zi’ J;"n
Calories 2118 zasx 2039 2093 2020 | 2080 2067 - 2067
Protein (g) 3.8 3h.® 3.2 351 3k 3he8 3k.9 - 349
rat (g) 102.0 106.2 1094 97.8 92,5 105k 102.0 - 102,0
Carbohydrate (g) 297.2 27.2 258.5 2829 275.7 239.8 m - n
Calcium (mg) ksk.o 577 578 ks SSk LkS so S8 1006
Phosphorus (mg) 64 820 84s 770 97 Th8 ™ 869 1660
Iron (mg) T8 92 87 Tk 90 15 8.2 1.8 10,0
Vitemin A (I.8.) k993 S8k1 5595 k936 k06  S651 5237 - s237
Thismine (mg) 128 0.75 180 0.69 1.36 0,76 1l = 11
Riboflavin (mg) 112 0.96 160 0,76 1.26 0,77 1.1 Ok 15
Nlacin (mg) 05 9.5 8.0 136 10.2 1.0 107 - 10.7
Ascordic Acid (ag) 86 78 97 80 78 8 8 - 8

Viteain D (1,U.) 420 k20

io
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