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VARIATICNS 1IN THZ CALCIUHi MxTAHOLIGS!N
OF PREGCHOCL CHILDRER

du n

Little is known concerning the calcium requirement of
chiidren. Investigators first estimated this requirement
by proportionally reducing suggested standards for adults,
whioh had been obtained through dietary and balance
studies. The values thus obtained did not indicate the
increased need fpr calcium during the growth period and
were therefore inadequate. Later, through dietary studies
on ohildren, investigators determined the calcium needs
for the growing ohild more accurately., This type of re-
search measured the amount of calcium which children con-
sumed but did not determine the amount actually needed for
optimum storage. To obtain this information, it was
necegsary to conduot quantitative metabolism studies. Al-
though several of such studies have been made they do not
give a complete picture of the child's metabolic processes.

This investigation is an attempt to give additional
information on this problem through making a study of the
daily variations in the calcium metabolism of two normal
preschool children. It includes a study of their reactions
on medium and high protein diets,
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Review of Literature

Sherman and Hawley (8) conducted a series of calcium
metabolism studies, in order to determine the rate of cal=
cium storage in normal children of different ages; the
quantity of calcium required for optimum storage; and the
most valuable sources of the calcium. Twelve children from
three to thirteen years of age served zs subjects for per=-
1ods consisting of one preliminary day plus two or three
collection periods of three days each.

In order to measure the rate of storage, the investi-
gators gave the children a fairly constant diet containing
750 grams of milk. The food consumed contained sbout one
gram of calcium per day. The retentions varied from 0.15
to 0.62 gram of calcium, the amount increasing as the age
and the size of the child increased. Table I shows that
the children of preschool age, on the basis of body weight,
received 0.53 gram and stored 0.010 gram of calcium per
kilogram per day.

To find the guantity of calcium requir-d for optimum
storage, the calcium intake of three of the children was
varied by adding 250, 500, 750, 1070 and 1500 grams of
milk to a fixed diet. The data for the two preschool
children are shown in Table I. The amount retained varied
from 0.008 to 0.014 gram of calcium per kilogram of body

welght., The differences between the rmounts stored on the
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500, 750 or 1000 greams of milk were negligible.

To determine whether children could utilize the cal-
cium in the form of vegetables as efficiently as the cal-
cium of milk, the daily allowance of 750 grame of milk was
‘reduced to 375 grams and enough vegetebles were adcded to
yield an equivalent amount of calcium. The retention on
this diet was 0.006 gram per kilogrzm, as compared with
0.011 gram per kilogram on the former diet. The authors
state that this difference in the retentions indicated
that the czlcium of milk is somewhat better utilized than
that of vegetables. On the basis of all these retention
figures they conclude that one quart of milk per day should
be given to each child.

Wang and her assooliates (10) conducted caloium metab-
olism studies on ten normal children and fifty undernour—
ished children between four and thirteen years of age.

The ohildren received a weighed diet during a three day
preliminary and a three day experimental period. On the
basis of body weight, the calcium intakes of the preschool
children (Table 1) ranged from 0.061 to 0.082 gram per
kilogram and the retentions varied from 0.006 to 0.019
gram, On the whole, the intzkes and retentions were higher
than those observed by Sherman zand Hawley (8). The calcium
absorption and retention, however, showed wide individual
varlations émong both normal and undernourished children.

In 1930, Wang and her associates (11) compiled the
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data on 18 children obtained during their study of under=-
nourished children, in order to show the minimum czlcium
requirement. The calcium intakes varied from 0,009 to
0.103 gram of calcium per kilogram of body weight per day,
and on the same basis the retentions ranged from 0.003 to
0.018 gram. In every case 2 celcium int-rke above 0.0278
gram per kilo of body welght resulted in a positive balance
and below that figure the balznce wes negative. This diff-
erence may have been due to the difference in the source
of calcium, since the milk consumed varied from 130 to 1400
grams per day. The authors concluded from their results
that the minimum and not the optimum calcium requirements
for a growing child weighing 20 kilograms and living on a
mixed diet would be 0,46 gram of calcium per day.
, Willard and Blunt (12) made a study on the comparative
influence of eveporated and comuiercially pasteurized milk
on the calcium metabolism of three normal children, three,
four and eight years of age. The method of procedure was
the same as that used by %ang and her associates (10) (11).
The children received a sirple, adequate diet which was
varied by the addition of 810 grams of pasteurized milk or
.an eguivalent amount of irradisted milk. As shown in
Table I, the caloium intzkes of the children of preschool
age ranged from O.064 to 0,070 gram per kilogram of body
weight and they retained from 0.009 to 0.013 gram per

kilogram, The amounts retained varied with the calcium
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TABLE 1
~JLn( OF STUDIES ON CALCIUM METABOLISH OF PRESCHOOL CHILDREN % & Lk
24 hourg
= Shildren Intake Qutput Retention Ca 2 P
Total fexCent
Age (NoJ Total| Per |leces|Urine|Total| Per|Totall Per pf Ine In-| Reten-
Investigator Kilg L N e Eilo take
|(yrs) (gm) @m)m#(gm) (gm) (em5 (gm) | (gm)|(em)| (gm)| (gm)
Shermen-Hawley| 3-5| 3| 0,883 0,053 0,69]0,02 0,71/ 0,042/ 0,17(0,010/19,%|0,&:1/1,2:1 |Mixed diet, 750 em milk
T&‘%er&.‘fﬂ 4-5| 2| 0,386/ 0,02d 0,23 0,02/ 0,250,013 0,1410,008|36,3 (0,631 0,831 | Fixed d 250
4-5| 2| 0,677 0,034 0,42/0,02| 0,44 0,023| 0,24)0,013|35.5|0,731/0.9:1 | Fized d 00 gm m 3
4-5| 21 0,932/ 0,048 0,66 0,03 0,690,036/ 0.2410,013]|25.80,8:1|0.8:1 | 4 0 m |
4=51 2| 1,207 0,063 0,90 0,04 0,94 0,049/ 0,28 (0,014 |23,211,1:1/1.1:1 |Fixed diet, 1000 em milk
B Yo | 2 | 22| 0,089 1,431 0,03 1,460,076/ 0,27 |0,009(15,711,1:2/1,1:1 |F d 00 gm m
Series 1II]| U-h| 2| 0,666/ 0,033 0,51/0,02 0,53|0,026/0,1%|0,007121,0 Fixed diet, 500 egm milk, potato :
Yyoi;| 2 L@;gg,p_gj 0.92|0,02| 0,940,046 0,09 [0.004| &,7 Fixed diet, 500 gm milk, vegs _ [
Series IV 6 | 1!0,9510.054 0,730,02| 0,75 0,043/0,2010,01121,0/0,9:1| 1:1 |Fixed diet, 750 gm milk s
6 | 10,894 0,051 0,76/0,03/0,80/0,046/0,11 10,006/12,%11.13113,7:1 |Fixed 4 k, ve
Yang (11)(1930) 5 | 1| 0,318 0.019 0.25/0.09|0,34/0,020|0,02 | N d %
511 31.4530,082 1,140,15/1,29/0,072/0,16 (0,009 11,3 | 2:110,7:1 d @ t
% 11 10,523 0,041 0,280,02| 0,%0| 0,024/ 0,22 10,017 |42,2 |0,8:1 0,431 | Normsl child
4 1 110.666/0,049 0,40/0,02/0,42|0,0%110,25 |0,018 (37,3 [0,7:1 0. 431 hild
Hang (10)(3928) 5 |1 131.450/0,082 1,14/0,2111.35|0,0%80,11 l0,006| 7.4 Vigorous normal
5.1 210.,9440,067/0,74/0,070,8110,057/0,1%4 |0,010 |14 .8 I wel Y
e 5.44110,970/0,061 0,72/0,06/0,7810,049/0,18 10,012 19,0 5-10 per cent underweight
45| 2 | 0,775 0.06)1#&,“5_1__9_,_9_2 0,5%0.,04210,24 10,019 [31.0 ent erwe
E_uﬁg:}ao()al 3=51 4 11.49 10,084 0,60/0,06/0,66/0,04110,82 10,048 |55,0 | 133101.2:1 | v v v
St 3=5. % | 1.36 0,080 0,69/0,04/0,7310,045|0,63 |0,039 |46.0 [0.8:1 1:1 |Oatmesl, ultraviolet light
¥ ier -(-%gx;g 3=% . 2 13,12 10,070 0,90/0,0210,920,58 10.22 10,013 138.5| 1:1l0.9:1 Jmmmhw
: L= 2 | 1,04 10,064 0,8810,0210,9010,55 10.3410.000133.0] 1:11 143 Fixed diet, £10 em milk
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intake and were higher than those given by Sherman and
- Hawley (8).

Burton (2) conducted a study to determine the influ=-
ence of cereazls upon the calcium retention in four n°?§§£ﬂ~f
boys from three to five years of age. The children reo-
eived a fixed dlet to which was adde: either refined wheat
or oatmeai. The procedure wzs the same gs that used by Wang
and her co;workers (10) (11), and only one day was allowed
between the change in diets., 8ince the children had been
receiving sun lamp treatments these.were continued during
the experimental period. The calcium intakes varied from
0,080 to 0.084 gram per kilogram of body weight snd the
. retention ranged from 0.039 to 0.0U8 gram. These retentions
were considerably higher than those reported by other inves-
tigators possibly due, either to the hi,'h intzkes or to the
influence of the ultraviolet light. Wang and her essociates
(11) found that the oalcium retention varied dirgctly with
" the calcium intzke, A number of other investigators have
shown that vitamin D may be a controliing fzctor in mineral
metabolism whether administered as ultraviolet light, cod=-
liver oil or trradiated food or ergosterol. In Burton's
study the intakes and retentions of calcium were less in
the oatmeal period then in the wheat period. Calculated
fi.ures showed that the residues of the two diets were
practically neutral., According to Blunt and Cowan (1),

present day investigators believe that a neutral diet is
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the most satisf:otory for the storage of calcium and that
diets with an alkaline recsidue give better retention than
those with an acid residue,

Recently Stearns.(9) reported a study on the signif-
icenoe of the retention ratio of celcium and phosphorus in
children, 6he stated thet a ratio of two parts of calcium
to one of phosphorus would indicate & more rapid growth of
bone than of the soft tissues and that ratios above this
would signify a previous cstarvetion of caicium. A ratio of
less than 1 to 1 would indicste that the mzjor growth was
in the soft tissues and i1f long continued would reeult in a
deficiency in the bone growth, ©She confirmed the statement
made by Sherman and Hawley (&) that more calcium is stored
by very young children than by children of school age.

sherman (7), however, stzted in his latest edition of
*The Chemistry of Food and Nutrition,® that if optimum
amounts are retained the ratios will care for themselves.
Therefore, with the mormal devclopment of the child the
optimum ratio will be constantly chenging.

These studles show the tendencies in calcium sbsorption
and retention but are not conclusive because of the small
number of children studied, The results of different inves-
tigators are not entirely co:parzsble on account of the great
number of variables, Some of the children studied were not
physically normal, nor were their previous environmental

conditions comparable in all respects. The diets used also
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varied to a great extent snd some of them were plenned to
study the comparative vzlues of different foods, The pre-
liminary periods were rnot more than three days in length
and the experimentsl periods varied from three to nine 4 ys.
In some studies the time between different diets was not
more than one dcy. Investigetors assumed that the body
reached equilibrium during the short preliminary periods
and that the experimental periods which followed were in-
dicative of the metebolic orocess occurring in the child
at all times. With these fzcts in mind, the pl=n of this
experiment wes to continue a test period for & long period
of time 2nd note the ordincry fluctustions which might oc-

cur in calcium metzbolisn,

Rlen of Study

The general purpose of this entire investigation was
to study the daily variations in the met-bolism of two nor-
mal, preschool boys, who were fed a fixed diet for an exten-
ded period of time. The experiment consisted of three parts,
& 15 day preliminary period, a 30 day period when the child=-
ren received a constant diet containing three grams of pro-
tein per kilogram of body weight and a 15 day period when
the diet contained four grams of protein per kilogram. This
paper is only a portion of the entire investigation and re-
ports the dzta on the caslcium metzbolism of the children

during the last six days of the medium protein level and
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the first nine days of the high protein level, There ;ere
several reasons for conducting this portion of the invese
tigation; first, to determine the daily variations in the
calcium absorption and retention; sccond, %o find the dif=-
ference in the metaboliss on the two levels of protein;
third, to discover whether each child re-ched equilibrium
in the nine days following the chenge in diet; fourth, to
study the retention ratio of calcium to phosphorus; =nd
f£1fth, to oompare the variztions in the reactions of the
two children,

The children D.A, and #.¥, came from an institution
for orphan childéren where they had received exceptionally
good care, They hzd followed a regular duily routine of
eating, sleep and play. Their diet consisted of practiocally
three-fourths cuart of milk, one egr, two ~r three vegeta-
bles, two fruits, mest, ceresl, bre:d and enough of other
foods to make a totsl of 1600 to 1700 calories per day.
Aorording to estimatbus, this diet contained 55 to 65
grams of protein and espproximately 1 gram each of calcium
and phosphorus, Physical znd medicsl examination of the
children in December, 1931, showed that thcy were, appar=-
ently, in - good physical condition. Table II shows that
D.A., aged four years and nine months, farled from the
Woodbury, Height-Teight-Age tables--2.81 per ent a2ccording
to weight, and #2.08 per cent according to height. W.W.,
who was four years and seven months 0ld varied ~0.60 from
the same table according to weight, and #0.56 per cent
according to height,
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TABLE 11
A COKPARISCN OF THE HCICHT ARD

FEIGHT OF THE D WIT# THE WOODBURY TABLES

Hedght W t
Woodbury's Woodbury's
| o LaNAaTC ! ‘ =Ltandara
Ob- Vari- Ob=
Served Normadl ation | served | Normally *)¢




A 1] -

During the experiment the boys lived in the spartment
in the Home Fconomics building where they were under con-
stant supervision, The children observed good health habits;
such as regular mezls, sufficient sleep, both inside and out-
door exercise, fresh air and recsul-r toilet habits, They
had their morning plsy period out of doors with the nursery
school children, Imrediately after lunch they slept from
one to two hours and when posesible played out of doors for
the remainder of the afternoon,

Both of the diets which the children received were sd-
equate in 2ll dietary essentials as shown by Table 11I. The
amounts in the table are for D.A., 8ince W.W. weighed one
and one-tenth times as much, he received one-tenth more
food than 1s recorded, The food each day was identical but
the prepcsration of it varied in order that the diet would
not seem so monotonous. The caloric vaslues were the szme on
the two diets 1494 for D.A. and 1643 for W.%. The vitamin
content was adequate s shown by the smount of fruits, veg-
etables, milk and cod liver oil given dally. As recommended
by Sherman and Hawley (8), the calcium as well =s the phos=
phorus content of the diet approximated one gram, ZKEveryday
the children received weilghed portions of distilled water
for drinking,.

The subjects ate all of the welghed food. Suoch pre=-
czutions as wiping the plete with a small pliece of bread,
rinsing a cup of milk or orange juice with distilled water
insured complete intske of the food, Weighing, cooking and



TABLE III

Orange juice| 180| 64.8 0.0522 | 0,0288 11,1
‘Bee aw 45| 52,2110 0,0059 | 0,1084| 5,2

Fg (fg ) 45| 66,6| 6,0/ 0,0297 | 0,0810( 5,
stra n:67 -
90| 113.,4% | 0.5/ 0,014 | 0,0279|1

90| &s.,2| 0,3 0.,0054% | 0,0099 3,1

?g%tugg ay 2.2 | 0,2| 0,0060 | 0,0059 1,0
strained)

1.8

Del

72| 29,5| 0.8 0,040% | 0,0
rained) -

9] 18,9 1.1/ 0,0099 | 0,0234
cozkod) 181138, 0.20,0087
Potato 63| 72.8| 1.4 0,0145 | 0,0372 4,0
Sugar 72,0 ,
Bread 72 1173.5| 7.0| 0.0360 | 0,1260| 5,3

* Allowance for D.A, W.,W. received 1,1 times this amount,

# Figures from tables, Sherman, Chemistry of Food and
Nutrition. (7)
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TABLE IV
COMPOSITION OF HIGH PROTEIN DIET*

25 10| 0.5100!
1k (skim 425 | 157.3 | 14.5] 0.5185| 0,4080 1.1
uncocked
Farina _ 18 | 64 2,0| 0,0038| 0,0225| 1.7
orange juicel 200 | 72,0 0,0580 | 0,032 12,4
Best (ra) | 90 |20k 120.2| 00071 0.2260 108
T — 90 |133.2 |22,0| 0.059%| 0,1620 | 9.9
Imes 90 [113.% | 0.5/ 0,0144| 0,0279 | 14,6
90 | #8.2| 0.3] 0,005%| 0,0099 3.1
japtmge | 14| 2.2 0.2| 0.00601 0,005 1.0
I 70 | 28.7 | 0.8 0,0392] 0 7.6
Tomatoes 100 | 21.0 | 1.2/ 0.0110]| 0,0260 5.5
utter _20 |153.8 | 0.2/ 0,0030| 0,0040
50 | 57,0 | 1.2| 0,0115/ 0,0295 3.2
Sugar 10 | 40,0
Bread &.#J_JLM

* Allowance for D.,A. W.W, received 1,1 times this amount,

# Figures from table, Sherman, Chemistry of Food and
Nutrition. (7)
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serving the food in the same container prevented any loss
which would occur if food was transferred, The food was
either mixed, ground or seived before it was served to be
sure that the children received a fair sample.

To simplify the procedure the food for three days plus
that necessary for analysis was prepsred at one time and the
allowance for each day weighed and stored in the ice box.
Exact samples of each of these foods were combined into a
diet and two such diets were saved for analysis. These sam=
ples were dried on a steam bath and them placed in an eleo-
tric oven at 60 degrees centigrade until the weights were
constant. After that they were ground and stored in glass
bottles.

The feces were collected in one day periods which were
marked off alternately with cermine and charcoal. The feces
for each day were dried end stored in the szme manner &s the
food.

The urine was ocollected in 24 hour samples. The creat—
inine values varied between the two periods, but were fair-
ly constant from day to day. These results indicated that
there had been little loss in the colleotion of the samples.
For the mineral analysis 200 cubic centimeters of the fresh
urine were mecsured into beakers and dried on a steam bath,

Calcium was determined by the Kramer and lowland meth-
od (6). A preliminary testing showed that the method was
satisfactory.(Table V). Results on a known solution of



TA3SLE V

TESTS OF THZ ACCURACY CF THE LITHCD CN
FOCD SAMNPLES

KNCWN SCLUTICNS ARD PRTVICUSLY A

NALYZZD

132>

p———

Number of Ca
Ceter= Ca Recov=
=§_gzL_e_§ Sarmple minationg| Ca | Recovered]| ered
{gms) (gums) (%)
p Ca0 _10 0,0765 0,0788 99.1
CaCox 5 0,2830 0,2780 98,2
2 Food 6 0,0508 | 0,0802 98.8
, 7 0,0538 0.0531 98.7
— 3 JFood and Ca0l 3 0,405 | 0,406 | 99,8
2 Qalié& 25;222 99,2

e T

—————
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calcium shows averages of 99.1 and 98.2 per cent recovery.
Determinations of the calcium in a food previously analyged
checked within two per cent. When a known solution of cale
cium was added to the food sample, the recovery of calciunm
wzs 99.8 and 99.2 per cent.

Welghed amounts of the food gnd the feces were dryed
ashed in a muffle furnace at a dull red hezt. The ash wus
taken up with 1:4 Hol, eveporated to dryness in order to
dehydrate any silica present, agsin taken up with l:4 Hol
and made up to volure,

The dried semples of urine were esshed by adding five
to ten cubic centimeters of concentrated nitric acid,
digested on a steam bath and then ashing in a muffle furnace
at a dull red heat., Owing to the small amounts of calcium
found in the urine, H/lOO KinO4 was used for titrating ine
stead of the N/20 Mnou used in the znalysis of the food

end feoces,

Dlscugsion of Results

Table VI gives the results of the calcium analysis of
the food on the two protein levels and the values as cal-
culated from Sherman's tzbles (7). It will be noted that
the calculated velues are from 6,1 to 10.3 per cent higher
than those found by analysis, possibly due to the method
of preparation of the foods or to the variations in the

composition of foods, There was, however, only a slight



TABLE VI
COHPARISON OF CALCULATED

* Intakes for D.A, W.W. received 1.1 times these amounts.



-183 -
variation between the values found during the different per-
iods. The calcium ingested on the high protein diet was
1.184 grems, 6.2 gram higher than that on the medium protein
level, due without doubt to the higher amount of milk in the
former diet,

The actual quantities of calcium consumed and utilized
daily by the children on the medium protein diet, as deter-
mined by enalysis are given in Table VII. The variations
in the intakes throughout the experiment were due to impur-
1ties of the carmine and charcoal which were used in marke-
ing off the feces, On the respective days when they were
used for marking, the children received 0.007 gram of cal-
cium from carmine and 0.289 gram from charcoal im addition
to the calcium in their food., Therefore, both children
recelved varled intckes,

I% will also be noted that there were large daily
variations in the total calcium output, These variations
were not due to fluotuations in the calcium of the urine
sinoce the czlcium thus excreted was quite constant., The
values for D.,A. varied within 0,008 gram and those for W.W.
within 0.015 gram, The total amount excreted in the feces
was greater than that in the urine and veried from 0,726 to
1.193 grame for D.A, and from 1.034 %o 1,276 grems for W,¥.
These variations in total output might be due to the var-
ied intzke or to the unavoidable experimental errors in the

collection of the dsily feces s:mples,
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TiZLE VII
S L L IO P OT T
Cutput Retention Absorption
Percent+ Percert-
Sub=- apge of oge of
JdectilaylIntokd Fecegl Urinel Total] Totall Intoke] Totall Intake
poa 1 | 6553y §%5%e] 0% 1530 500 -0.047
_______2____1,_2_;3 0.849] 0,03 0,971] 0.342] 26,8 | o.uon| 33,3
3 o.gg:j 0,834 0,082 0,917/ 0,074 7,5 | 0.153] 15.4
4 | 3.279 1,108] 0,077 0,004 7.4 | 0.172] 13.h4
5 10,994 0,726[ 0,081] 0,807/ 0.191] 19.1 | 0.271] 27.2
- 16 11,279 1,19310,082| 1,275/ 0,004 0,3 | 0,086| 6,7
2;;’- 1.1349 0,958 0,082| 1,080/ 0,095 8.4 | 0,177] 15,6
Hawal 2 12,069 2,26200,032] 1,194,105 =0,07
2 | 1,034
3
4
5
6
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These fluctuations would of course glve wide variations
in the daily amount absorbed and retained. On some days the
children apparently absorbed no calcium and on other days
as much as one-third of their intzke., The differences be-
tween the high and low values for absorption were as much
as 0.5 gram of caloium, The retention values were slightly
lower than the absorption values, those for D.A., ranging
from a negztive result of 0.132 to a positive result of
0.341 or 26.8 per cent of the calcium intake, The retention
for W.W, ranged from -0,198 gram to #£0,304 gram, the latter
being 22 per cent of his intake.

When average figures were considered on the basis of
grams of caloium per day, D.A. had an' intzke of 1.135 grams
and absorbed 0,177 grem of which he retained 0,095 gram, a
percentage absorption of 15.6 and a percentage retention
of 8.4, The values for D.A, were quite similiar to those
for a five year old vigorous, normal child studied by “ang
and her associates (10). W.W. who received 1.234 grams of
calcium per day absorbed only 0,089 gram of which he re-
tained 0.057 gram a percentage absorption and retention of
7.2 and 4,6, respectively.

The tow children showed slight variation in the amount
of calcium utiliged., W.7W. absorbed and retsined only about
half as much calcium as D.A. These differences were prob-
ably individual differences which might have due to the
differences in the acid-base condition of the intestine.
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According to Hawk and Bergeim (4),Athe acidity of the
intestinal contents is irportant for the absorption of the
relatively insoluble szlts of calcium. Nevertheless their
might have been other differences in their metzboliec pro-
cesses, such as parathyroid activity, or differences in
the physical condition, 8Since D.A, was taller for his
weight than %.W, (Table IV), his bony structure might have
been developing, at that time, more repidly than that of
W.¥. Perhaps both children would have stored more caloium
if the experiment had been conducted in the season of the
year when there was more sunshine,

Table VIII gives the daily calcium balances of the
children on the high protein diet. The intake of D.A. av~
eraged 1,347 gram of calcium on this diet in comparison
~with 1.135 gram on the medium protein diet. That of W.W,
was 1.466 gram in place of 1.234 on the first diet. The
daily intake varied again due to the ¢armine and charcoal
used to mark the feces.

There was as much day by dey variation on thie diet in
all the calcium figures as there was on the medium protein
diet. The percentage of the intake exoreted, as shown in
Table 1IX, was grezter on the high than on the lower pro#ein
diet. The excretion was from 96.5 to 97.3 percent of the
intake on the high protein diet, while i% was from 91.6 to

95.3 per cent on the medium protein diet.

The calcium retention and absorption on the high pro-
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CAILY CALCIt R Lrvios O TR IION POOTNIT LT
Out: Rctention Lbgeorption
Percents Ferceante
Sub-! . .. ‘ R a.ge"oi rot- age’og
Dafdl 11 1,179 1.072/0.10 Qo2 0,103 &.8
2 1 1,457 1,362 63 9,007 0.099 6.5
3] 1,179 1,128 227-0,048 0,0471 4,0
4 | 1,497 1,022/0,201/1,1273 ¢,374 25.0_ | 0,475 31,7
5 mﬁ.&m&& 621 9,405 =0,316
6 | 1,408 1,150(0,102] 1,253 0,246 16,4 | 0,348 23,2
7 1 2.163 1.2%0!0,1000 21,250 0,224 4.6 | 0,31W 21,5
g 2 0,102 1,244 €©,05% 0.0 3,7
9 | 1.4567 1,24110,212(1.253 0,211 7.6 | 0,223 7.6
e 47 1,129 03 09 0,047 3.8 Q148 11,0
| 1.733) Dek50| . _ =044
0,024 0.615] 39,1 | 0,650 11,3
16,276 =0,243
| 0.126] 7.8 | 0,101 ~,0
2276 0,061 4,6 | 0,093 7.0
0,247] 15,3 | 0,290 17.9
| 0,031 1,360 0.222| 14,0 | 0,252 15,9
9,298 =0,26
i 0,137] 8,7 | 0,175 11.1
DeC231 . 207 _ | 0,075 5.1




023—

TABLE IX

PFRCENTAGE OF THFE CALCIUM INTAKE FXCKATID
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tein diet (Table VIII) again shows irregular daily vzriations.
On only one d=y did D.A. appear to absordb no caleium, on the
other days he absorbed from 3,7 to 31.7 per cent of his in-
take. On five days he apparently re-excreted more calcium
than he absorbed, since the retention figures were negztive
on those days. Three of these days immediately followed
the change in diet, This might have been due to the fact
that on the medium protein diet the body had obtained equi-
1ibrium and on the chenged diet the body was attempting to
adjust its processes., Fowever, the fourth day was nezr the
end of the period. There were four days when D.A, did re-
tain ozlojum, the amount varying from 7.6 to 25.0 per cent
of his intake.

The veriations for W.¥. were similiar, since on three
days he apparently absorbed end retained no calcium ., Two
of these three days wefe nezr the beginning of the high
protein period. The percentage absorbed varied from 7 to
41,3 per cent and the amount retained from 4.6 to 39.1 per
oent of his int:ke. These daily fluctuations were somewhat
greater than those on the medium protein diet.

%¥hen all of the data for the high protein diet were
considered both children were storing cczlcium., D.A., absorb=
ed 11 per cent of his intake and of this amount retained 3.5
per cnt, #hile V.W. absorbed only 5.1 per cent and retained
2,7 per cent. This amounts to a daily retemtion of 0,047

and 0.039 gram of calcium, respectively. As in the previous
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diet W.W. did not store quite as mich calcium as did LC.A,
Both children, however, failed to store aes much calcium on
the high protein es they did on the medium protein diet.
Analysis of this dzta staticstically ehowed that this diff-
erence was not significant.

From the results of Vang and her co-workers (11), one
would expect better retention on the high protein diet
because the calcium intcke was increased, Nevertheless, the
380 single balznces of children reviewed by Craig indicated,
that the quantity of calcium did not consistently follow the
intake, results similar to those found in this experiment.

Calculated values for the acid-base residues of the two
diets (Tables III and IV) show that the medium protein diet
left a slightly more alkaline residue than did the high
protein diet. This might have influenced the retentions on
the diets as Blunt and Cowan (1) state that most investiga-
tors find better assimilation of minerals on diets leaving
an alkaline residue than on those leaving an acid residue.
The difference, however, of 6.2 cubic centimeters of §/10
excess bese on the medium protein diet was probably not
enough to influence the retentions greztly.

Table X records the data on the calcium balances of the
two children on the medium protein diet per kilogram of
body weight., As was previously noted in the data per 24
hours (Table VI),there were daily variations in both caloium
intake and output. The intske for D.A. per kilogram, vsried
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TABLE X
DAILY CALCIUM BALANCES ON THE

MEDIUM PROTEIN DIET CALCULATED PER KILOGRAM OF BODY WEIGHT

Qutput
Sub- Reten- | Absorp-
degt | Day | Welght Intake Foces el tion. tlon
gnm gn gn
Deho | 1 05! =0,008 |-0,003
2 0,073 {0,049 0,005/0,054! 0,019 [0,02%
0,057 10,048l 0,005/0,053| 0,004 | 0,009

0.074 |0, 064 0,004|0,068| 0,006 | 0,010

0,057 [0.066| 0.002 |0,068|-0.011 |-0,009
0.072 0,067/ 0.001 |0.068| 0.004 | 0,005

Yoo o
2 0,072 10,054 0,002 |0,056| 0,016 | 0,018
3
N
5
5

0.072 0.058|0.002 |0,060| 0,012 | 0,014

Aver-
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from 0,057 to 0,074 gram and that for %W.¥., from 0.057 to
0.072 gram. The urinary excretion was practically constsnt
0.005 gram for D.A. and 0,002 gram for W.W. The grams ex-
creted through the feces varied greatly. VWhen both child-
ren iere considered, however, in 7 dﬁt of the 12 days the
feces as well as the total output followed the variation in
the intake. Since the daily output was not constant the
absorption and retention varied greatlj in boih children.
On the basis of kilograms of body weight the absorption val-
ues varied for D.A, from a negative value of 0.003 to a
positive figure of 0,015 gram and the retention values
ranged from -Q.008 té 0.019., On the other hand W.W, had
two days in which the absorption was negative but on the
other four days he absorbed values for calcium up to 0,018
gram and retained up to 0,016 gram per kilogram of body
weight, |

Considering the aversge values on the basis of kilograms
of body weight D.A. shows-absorption and retention of 0.010
and 0.005 gram, respectively, The results for D.A. are
again comparable to those of the same normal child, who, as
reported by Wang.and her co-workers (10), retained 0.006
gram of calcium per kilogram of body weight. On this basis
D.A., also had a slightly better storage and absorption of
calcium than W.W,, who absorbed only 0,005 gram and retained
0.003 gram, In her survey of the calcium and phosphorus of

children, Craig (3) found that 43 per cent of all cases
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stored from -0,001 to 0,009 gram per kilogram of body weight.
The average figures for both children were within this range.

On this same basis the data in Table XI shows the daily
balances of the children on the high protein diet. The same
daily variations were again prevalent., The intzkes for both
children varied from 0,068 to 0,086 gram per kilogrsm of
body weight. The urinary output was again constant ; 0,006
gram for D.A, and 0,002 grem for W.W, The excoretion of the
czlcium in the feces did not increase and decrease with the
variation in the intake as consistently as they did on the
medium protein diet, The total output varied for D.A. from
0.065 to 0.093 and for W.W. from 0.05} to 0.0§% gran per
kilogram. The variations between the highest and lowest
absorption and retention values were 0.045 grzm for D.A.
and 0,057 grzm for W.W,.

The averages of the daily celcium balances on the high
protein diet ghowed that even though D.A, and W.W. absorbed,
respectively, 0,008 and 0.004 grams per kilogram, they both
retained 0,002 grams of thie amount. For D.A. the differ-
ence in the retention on the two diets was 0,003 grams,
while for W.W, the difference wazs not significant being only
0.001 grams, On the medium protein diet the per cent of
absorbed calcium whioh was retained was 50 for D.A. and 60
for #.,W. On the high protein diet, however, these same
percentages were reduced to 25 for D.A, and 50 for W.W. This
indicates that possibly D.A. was slightly more effective by
the change in the diet., The difference in the reactions of
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TABLE XI
CAILY CALCIUL BALANCES ON TEE

ALCULATZED P-R KILOGRA!" OF BCDY WWIGHT
— === ———

utput
Sub- Reten- |Absorp=-
Ent Dey |Weight| Intzke eg|Urine| Total] tion tion
.| 1 | 17% | 0%5ks|o%ke|0TB06| 008a| 05000 | 0°606
2 0,084 10,078/0,006/0,084% 0,000 | 0,006
3 0,068 |0,065|0.005([0,070{ -0,002 | 0,003
b 0,086 10,059/0,006/ 0,065 0,021 | 0,027
5 0.070 /0,088 0,005| 0.093| =0,023 |=0,018
6 Q.osg_p_._g_sg_g,_@_s__o_.gzg_g.m_ 0,020
1 Q-Q&’HD.-.Q_Q@_Q_..QQQ.Q._O.‘L&_Q_.QL? 0,012
g Q&&Mﬁi&&@.&&l&r_-__L-o 003 | 0,003
e 9 0.084 10,07110,006(0,077{ 0,007 | 0,013
2ge 0.06910,006/0,075 0,002 | 0,008
¥4, 1 1 139,0 | 0,06810,09110,002/0,093]|=0,02% 1-0,023
2 Q,083%10,049|0,002/0,051| 0,032 | 0,034
3 0,068 0.002|0,083|=0,015 |-0,013
4 0,08510,072]0,002(0,079] 0,006 | 0,008
5 0,070 |0,065]0,002|/0,067{ 0,003 | 0,005
6 0,085 | 0,00210,072] 0,013 | 0.015
y 4 0,08310,070{0,002]0,072| 0.011 | 0.013
- 8 0,068 (0,08210,062|0,084/-0,016 |-0,01k4
e 9 0.083/0,07410,002]/0,076[ 0.007 | 0,009
age 0,07710,07310,00210,075! 0,002 | 0.004
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the two children might be due to the fact that they were
storing their optimum amount of calcium on the medium pro-
tein diet and that adjustment to the new diet occurred at
different rates.

8ince calculations for caloric values are often made
on the basis of the body's surface area, the present data
caloulated on that basis would show if there was any cor-
relation between utilization of caleium and surface area.
(Tables XII and XIII). The calculations indicated the szme
daily variations in all figures as were found for total
calecium and calcium per kilogram,

Tables XIV and XV give the daily ceslcium to phosphorus
(5) inteke and retention ratios on the medium and high pro-
tein diets. There were wide veriations in these ratios,
'For both children the intzke ratios vary from 0.8:1 to 1:1.
8ince there were many days on which there was no retention,
and when there was a retention the ratios varied so widely,
only the average ratios could be oonsidered. The Ca:iP re-
tention ratios of L.A. were 1:1 on the medium protein and
0.711 on the high protein diet. According to Stearms (9),
the 1:1 ratlo would be indiocative of very good growth both
in bone and soft tissue, While the ratio of 0,7:1 would
signify that the major growth was in the soft tissues,
This might explain why D.A. did4 not store as much calcium
during the high protein period,

The average retention ratios for #.W. on the medium

and high protein diets were 0.5:1 and 0.4:1, Stearns (9)
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TABLE XII
DAILY CALCIUM BALANCES ON THE MEDIUM

PROTEIN DIET CALOULATED PER SQUAHRE METER OF BODY SURFACE
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TABLE XIII
DAILY CALCIUM BALANCES ON THE HIGH

ROTEIN BIET CALCULATED PiR SQUARE LETHR OF BODY SURFACE

Ssurfaoce

|Feges

Qutput

Urine

Reten=
tion

F Ef

)

1,892

)
n
O

haa 05105
0,141(2,033
10,132[1:699
1.420/0,340]

=

1,634 =0,001

(gm)

-0.010

n

=0,066

o

0.519
62

4296

)

0,435

2052 12.33%

9)
=0,081

0,154

~0.633

0,061
0:309

0,140)1.806] 0,065| 0,205

-0,581

0,046[1,262
0.04412,0

o rn ORI . NI OO Fo i Wl [N W

0,047

1.748
2,058

0,042

0,042 2,789

0,0l4 12,202

0,052 (1,901,

| 0,809

————




TABLE XIV
DAILY INTAKE AND RETENTION RATIOS

OF CALCIUN TO PHOSPHORUS ON THE MEDIUM PROTEIN DIET

Intake RQMF___
Subject| Day P QazP p_ | gcasp
gm (em (gm) | (gm)

Reboe | 1 10.991| 1.249 | 0.8:1 |=0,132}|0.029
1.272)| 1,380 | 0.9:1 | 0,341 10,191 ) 0,8:1
0,991 1.250 | 0.8:1 | 0,074 10,1271 0,631
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TABLE XV

DAILY INTAKE AND RITENTIOH RATIOS
OF CALCIUM TO PHOSPHORUS O TR HICH FROTEIN CIET

Intoke Retentich

Subiecy Dy P gaip B __| Caip

Daby ﬁ B ;( gm.u Z)Q 0,8:1 :égnga ex)

1,457 1 1,601 | 0,9:1 |=-0,007 ! 0.058

1 1,470 10,8:1 [-0,048 | 0,032

bo7| 1.709 [0,9:1 | 0.37%| 0,156 | 2,431
| 1.7

1.216 | 1.579 g8:1 |-0.405 | =0.069
M97 | 1,709 11| 0,246 | 0,242 |
1,463 | 1,610 |0,9:1 0,214 | 0,227 | 1.7:1

era'_i 1.466 | 1,733 0,831 0,039 | 0,103
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stetes that if long continued such ratios would result in a
deficiency of bone growth., As was previously stated Shere
man (7) says that with the norral develogment of the child
the optimal ratios will be constently changing. Since ¥.%.
appeared to be developing normslly, this low retention ratio
might have been optimum for him. At thie perticular tire
his soft tissues might have been developing faster than his
bony structura. If this was the caee, he needad to retain
more phosphorus then galciun,

The difference in the reteation ratios of the two
children again might indicate that a change in diet slightly
effected the metabolie processe3 of D.A. more than that of
Vel

The follewing table, number XVI, sumnarizes the average
calojum retention and abgorption values for 24 hours =nd per
kilogrem of body weight of both cnildren on each level of
protein,

There is a2 difference betwcen the amount of calcium
retained on the two levels of protein in twenty four hours
of 0.033 gram, but calculated on the basis of body weight
the difference is only 0,002 gram « cer%teinly not a signif=-
icant figure. The results on. the sbasorption of calcium are
practically the same 0,022 and 0,002 gram. The experiments
indicate that the calecium utilization of these two boys did
not vary when the smount of protein in the diet was chenged
from 3 to 4 groms per kilogrem of body wéight per day.
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p 7
ABLE XVI

-
0.003
0,005
0,002
—0.004




The general purpose of thics investigation was to study
the actuzl daily variations which might occur in the czal-
cium metabollsm of two normal preschool children on differ-
eat diets.

1, The daily =iounts of calclum absorbed and retairned by
the children veried greatly, rossibly due to the daily Vale
iations in the int:kes or to the difficulty of collecting
daily fecal sarrles.

2. On the medium protein diet L.A, and W,7, stored daily
0.095 and 0.057 gram of czlciumr, respectively., Cn the bssis
of per kilogram of body weight these same values were C,.CO5
gram for D.A. and 0.0C3 gram for %®,V,

3. Both children failed to store as much calcium on the
high protein diet as they did on the medium protein diet.
Statistical trestment of this data, however, showed that
this difference wae not significint. On the higher protein
level D.A. 2and 7.7, retained 0.C47 gram and 0,039 granm,
respeotively. In grams per kilogram of tody weight, both
children retsined 0.002 gram.

Y, There vas & slight difference in the reactions of the
two children, since D.A. stored more calecium than %.W. on
the medium protaia diet, The differenc2 in the smounts
retained on the high protein diet was practically negligible.

5. The average retention ratios of Ca:P for D.A, and 7.V,
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on the medium protein diet were 1:1 and 0.5:1, respectively.
On the high protein diet these ratios were slightly lower
and were 0,7:1 for D.A. and O.4:1 for W.¥.



i raph

(1) Blunt and Cowan, *Ultraviolet Light and Vitamin D in
Nutrition", University of Chicago Press, (1930),
pp. 150-164, ,

(2) Bﬁrton, H. B., "The Influence of Cereals Upon the Re-
tention of Calcium and Phosphorus in Children and
Adults.* J, Biol, Chem., 85, 405 (1930).

(3) Craig, L. P., "An Analysis of the Literature Pertaining
4o Caloium and Phosphorus Metabolism in Children.*
Unpublighed Theglg, University of Chicago, 1931.

(4) EHawk and Bergeim, "Practical Physiologiocal Chemistry?
Maple Press Oompany, 1927, p. 286, Ninth Edition,

(5) Kilpatriok, A., "Variations in Phosphorus letabolism

of Preschool Children.* Unpublighed Theses,

Michigan State Qollege, 1932.
(6) Kramer and Howland, "The Quantitative Estimation of

Calcium, Magnesium, Phosphate and Carbonate in
the Bone." J, Biol, Chem., 68, 711 (1926).

(7) sherman, H. C., "The Chemistry of Food and Nutrition."
Macmillan Company, (1932), pp. 284 and 55,
Fourth Edition.

(8) Sherman H, C., and Hawley, E., "Calcium and Phosphorus
Metabolism in Childhood,* J, Biol. Chem,, 53,
375 (1922).

(9) 8tearns, G. "The Significance of the Retention Ratio
of Ca:P in Infants and in Children.* Am, Jour.

Dis, Child., 43, 749 (193%1).



(10)

(11)

(12)

(13)

-2 -

Wang, C. C., Kaucher, M., Frank, l, "Metabolism of
Undernourished Children,” Am, Jour. Dis. Child.,
35, 856 (1928),

Wang, C. C., Kern, R,, Kaucher, M., "Minimum Require-
ments of Calcium and Phosphorus in Children,*
Am, Jour, Dig, Child., 39, 768 (1930).

Willard, A. C., Blunt, K., "Comparison of Evaporated
¥1ilk with Pasteurized Nilk as a Source of Cal-
cium, Phosphorus and Nitrogem. J, Blol., Chem.,
75, 251 (1927).

Woodbury, Height-iWeight-Age Tables, Supplement to
Issue of Mother and Child. . (July), 1923,
American Child Health Assoclation,






ROOM USE ONLY







[ 4

w

2

z

=)

w

—

o S
et —— — ]

i




