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A STUDY OF THFE PROTEIR LEQJILENFETS

OF

NORIIAL FoULt YIPAR OLD CHILDREW

Introduction:

In the field of metabolism studies through dietary

experiments upon hunan beings, considerzble work has
been done with edult suhbjects znd some witli infants,
but very little with individuals of the early growth
period or pre-school age. Standards nave been set up
showing the optimum proportions of protein, czloriecs,
and minerals for wncdulte, then these values huve beecn
reduced propnortionzately and a2llowances mace to meet
the needs of younger people.

The object of this study was to determine the

level on which norazl four year old children maintained

the most efficient nitrogen retention,



Review of Literature:

A study of the literature chows thzt cdifferent
methods have been used.(l) The earliest investigators
considered the needs of two children equivalent to the
needs of one adult. In 1866, Atwzter (1) proposed a
scale with the adult male as the standard, and cal-
culated the needs of the other individu=ls in propor-
tion. Engel, a Saxcn stctisticizn, rine yesrs later
took en infent during the first yeur of szgec as the
unit, and calculrted on the baegis of height-weight
statistics th«t an incrcece of one-ternth over the de-
mands for the first year ves needed for each =dditional
year., The plan, however, was not extensively accerted.
Atweter used the energy stindards of Voit znu inter-
polated an assumed vaelue for children of two to six
yeers, errsnring his teble in terns of o nmon's need.

A review of the litersture shows thrt little
theroughly contrelled rececrch was done before the
latter part of the ninetcentl: century. lost of the

arly work waos done in Germeny, and wes of ¢ purely
clinical type. The conclucions were not werranted by
either the number of children stucdiec or the concditions

zn; of the suhjects were

Y

under which thecy lived. &



e

abtnormel, Vzrictions =zre grect in normcl cuilcdren,

but ere grezter in «lnormel., Therefore meny micleeding
deductions vere made, dPut the; were ucsed teccuse they
were the only ones zvail:i:ble., Among the Germrn euthors
whoece conclusions we find much cuoted in s»nite of their
inaccuracies are Hasse, Herbst, lluller, Uflenznn,
Cemercer, Pagsincky and Ctarling. These investigetors
stucied the cmloric recuirement of children es vell

as the protein, yet many of the subjects under ob-
servation proved to be under-fed. In their cummzary of
caloric schedules proposed by various authors, Holt
and Fales (£) show by compuricon the great varictions

enong data that have previously bcen eaccepted as stunc3d

erds. This summary is as follows:
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lost in the excreta. The basal req
ere the ones determined by Benedict
latter studied & large number of ch

furrished most of the data on which

bolism curves are based (3).

hat, in calculating
ildrenrn, the component
These &re:
end the food velues
virements used by then
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highest per kilograan of htody weight at 9 months and
steadily felling from then to adult life. The excreta
loss is about 10 per cent for 2ll a2ges after infancy.
The growth requirement is greatest when growth is mocst
active, or during the first year and adolescence. It
is nearly uniform from four to ten yecrs. Activity is
the only factor that varies widely with the individual,
the other three being nearly uniform for children of
the same weight under similar conditions. Holt and
Fales give as the total caloric requirement of child-
ren: 100 calories per kilogrem at 1 year (9.5 kilograms).
For boys, this falls to 80 calories per kilogram at
6 years (22 kilograms) and remzins constant to 15
years., The activity increase is met by basal reduc-
tion. After 50 kilograms are reached, the energy
value is reduced to the adult standard of 48 calories
per kilogram. For girls, the requirement falls to 76
celories per kilogram at 6 years (20 kilograms) and
continues to fall until 10 years, At thais age it rises,
and remains at 80 calories per kilogram until growth
is complete; when it fulls to the adult standard of
48 calories per kilogram.

Various dietary scules and standerds hove been

used to measure the nutritive needs of the members of



the family. Edith Hawley reviews these in her develop-
ment of the scale used by the U. S. LCepartment of Agri-
culture. (1) Her description of the scales of Atwater
and Engel has already been reviewed. From 1886 to 1915,
the increase in nutrition studies gave new light on
metabolic needs. In view of tals, anu keceause of thae
inconsistent use of dietary scaules for the resuirements
of the various members of the fauily, Sherman felt it
necessary to study the energy recuirements of children
and express them in calories instend of the percent-ge
of a man's need. In his introduction to Gillett's

study (4), he says, "In our opinion, the food require-
ment for eech menmber of the family should be determined
on his own merits rather then in tcrmns of the man's
requirement.” Thais was the first real step towards
attention to the child's individual needs, and as a
resnlt of it, Gillett (4) brou-ht together all the
dietary studies and metatolism experiments that con-
tained data on the energy recuircaeuts of healthy child-
ren. On the evidence of 564 studies, she made the

following table of standardss
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| Under 2 __ __ 990 - 1209 } 990 - 1290 )
2 - 3 1000 - 1700 ‘ 980 - 1230 |
2 -4 1100 - 1490 L 1060 - 1360 |
.
|4 -5 | 1200 - 1500 1140 - 1440
5 -6 1700 - 1690 ! 120 - 1520
11 - 12 2100 - 2400 1759 - 2050
[ 12 - 13 2200 - 2799 .| _ 1853 - 2150
| 16 - 17 | 2800 - 4000 __ | 2250 - 1600

The energy allowances for children of 3 - 5 years
may be summarized in the following table. (Thic is
the specific zge period of the present study and is

therefore used in this tabtle).

M:}; Bov.‘;- o Glrj:s_ ------ = l
QQLLkilQLdav [Tot~1 crlldayica llklloldlx_i_pﬁl_iiabfg 5
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Camerer _ 78 - 84 - 75 - 70 :::___-_J
Ufelmann 73 - 68 ——= —-——= -—-- !
|

Steffen _ _ 105 - 114 | ——= —— —= i
Holt & Fales 88 - 82 1135 - 1330 82 - 72 1150 - lESQ_j
Gillett 83 - 17 1159 - 155QT 79 - 73 11320 1ggq_J
Lusk 90 - 77 145 - 1650 | - 1490 - 1650 !
Rose 90 - 80 _— L 90 - 80 _— j
twater === _;gag_:_;425! - 12:5 - 1475 i







The totzl protein recuirement during the growth
period depends unon the character of the protein and
the total caloric intake.

In estimating a child's protein recuirement, two
edually important factors must be considered; first,
tissue maintenance; and second, growth,

Sherman (5) states that, on the basis of adult
needs, a child's requirement for maintenance is about
1 to 1.5 grams per kilogram per day, from either animal
or vegetable source. In addition to this, growth re-
quirements must be met. his should be done largely
with animal protein. It is difficult to estimz2te the
amount required.

Little wor: has been reported on the protein need
and the effect of protein u»non the growth of children.
Osborne and ilendel's (6) experiments on rats and the
work of Newburgn and his associztes (7) on rats and
ratbits indicate that growth is affected by the kind
and znount of protein., One of the best ways to deter-
mine the protein need of normal children is through a
metabolism studiy, whereby the nitrogen balance will
indicate the efficiency with which the body 1is using
its prétein suoply.

There is little scientific dazta on the composition



of the diet of children over one year of age. Lucy
Gillett (4) summarizes studies made from 146 cases of
18 authors whose work was large observational, and
includes the values of protein intake as indicated by

various autnors up to 1917.

Age (years)le; cases?Total proteiﬂTProtefﬂﬁthagg:zt
- v pmsiday av, @ngélo
2 - &5 __51 53 3.3
6 - 9 44 67 2.6
10 - 13 33 73 2.0
14 - 17 18 94 2,2 N

The total range in all of the cases over one year, as
studied by iiss Gillett, was from 1.37 to 4.86 gms. of
protein per kilogram of body weight.

Camerer (8), in 1896, recommended over 4 grams of
protein per kilogrem of body weight for the first yeaer,
3 to 4 grams per kilogram up to 8 yecars of age, then
over 2 grams per kilogram until 14 years, and 1.7 grams
per kilogram at the end of the growth period.

J. P, Parsons, in his report on the nitrogen meta-
bolism of children (9), gives a2 comprehensive survey
of the work on protein recuirements dcne by foreign
workers since 1900, Several of his comments are inter-

esting.



- 10 -

Siegert, 1916 (9), showed tuzt nursing children
require one gram of protein per kilogram of body weight
prer day, while children of three to six years require
three to four grams per kilogram per day.

Mulier (9) made a metabolism study of ZZ children
in an orphan asylum. This was done during the cool
part of the year, using from 5§ to 7 preliminary days
with the ordinary ciet znd 6 days with the special
diet. He found the average of protein cezlories to be
13.8 per cent of the total. The average nitrogen in-
take was 0,55 grams per kilogram or alout 3.4 grams per
day. The deily nitrogen output wes ebout 3.18 grams,
Holt and Fales (8) criticize this work because much of
it was done on underwelight, undernourished children.

Schlossman and Murschhauser, in 1910, (9) worked
on a study of the oxygen exchange of individuals of
various ages. They decided that the difference between
the metabolism of children ana adults is due to the
added growth needs of children.

A study of food and protein requirements of three
children was made by Stargardter in 1912. (9) His
results are not of great value, hovever, because he
varied the caloric intaxe from day to day.

Ruotsalainen (9), in 1921, made a study of protein

renuirements, keeping the total caloric value constant
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from day to day and varying only one type of food. On
a diet with sufficient basal protein intake, he added
isodynamic quantities of fat, protein and carbohydrate.
He found a nitrogen talance maintained on two to three
grams of protein per kilogrum per day. The nitrogen
retention was greatest when protein was added to the
constant diet. He found that the nitrogen retention
seemed to be the expression of an uactual protein addi-
tion. Ilore recent workers have found a greater nitrogen
retention when carbohydrate is added to the diet.
Practical use is made of this fact im feeding during
disease where there is a toxic destruction of protein.
Gephart (10), in 1917, made an observational
dietary study in a more reliable way than much of the
work reviewed by Parsons. He studied the diet of 250
boys through adolescence at St. Paul's boarding school,
Concord, N, H. He found the protein intzke very high.
The daily average was 160 grams or 2.6 to 3.8 grams of
protein per kilogram of body weight. His children were
beyond pre-school age, however, and were very active.
Holt and Fales (8), in 1921, collected the food
consumption data for more than 100 health normal
children from 1 to 16 yecrs of age and found that their
figures agreed rather well with the average for the

various age groups. The urinary excretion was 4 to 6
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grams of nitrogen per day for all ecges. This figure

is higher than was found bty either iluller or EKubner.

m

The average total protein intske during the second yeer

¥

was 44 grams; in the sixta and cevernth year, 60 grans;
in the twelfth year, 80 grams; in the fourteenth to
sixteenth years, 120 grams; and at eighteen years, 115
grams, The protein intale of children under 6 years
averaged over % grams per kilorram. For older child-
ren, the average was 2 grams per kilogram. This indi-
cates a reduction with age. Thece children received
about two thirds otf their protein frocm animal sources
and one third frca vegetable sources.

Fleming »nd Hutchinson (11), in 1924, found the
normsl absorption ol nitrogen to be 80 - 95 per cent of
the intake.

From 1926 to 1922, Chi Che ¥2ng and her associztes
(12) mnade a series of studies on the metzholicn of
undernouriched children. They used normzl children
as controls, Their resualts indicate that the per cent
of absorovtion of nitrogen is about the same in toth
normal and underweignt children (22 - 22 per cent).

The nitrogen retention, however, increases with the
degree of undernutrition, ©Dr. Wang hns also found that

high protein diets do not apprear to have any harmful



effects on childrer. She found thut the nitrogen re-
tention for 21l children 1is directly procvortioned to
the nitrogen intake.

Otner investigators who have differed in the per
cent allowance of protein for adults or children are
(12):

Voit, Playfair and Gautier - 18 per cent of
total fuel value (high)

Atwater - 15 per cent of totul fuel vezlue

Landworthy - 1% per cent of totzl fuel value

Chittenden - 8.5 per cent of total fuel value
edvocctes low protein intake

BEenedict - liberal allowance

ileltzer - allow for storage of protein as a

factor of safety.

The dietary stancerus of the prst tend to incicate
a libersl int~ke of protein.

Sherman (1%) claims thot it is inadviszble to use
es & standard the lecast amount to which the hody can
edjust itself, lut rather to rerard 2s the normal re-

quirement an emount whicli will enable the hody to

litrium, Lut clco come such
’

}ie

o
e

maintain not only its eq:
reserve store of protein as we are accunstomed to

CATTY »
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Parsons, in 1939 (9), studied protein maintcnance
levels for the pre-school child,‘finding 2 nitrogen
balance poseible on 1.1 grams of protein per kilogran
of body weight.

An allowance of one grzm of protein drilv ner

& v P

[

kilogram of body weight, or 50 per cent zbove the pre-
sent estimzte of actual re uircments ceems a reasonable
standard to use as a general guide for zdults.

Little cen be said with confidence regardinc the
optimum anount of protein for children after the nursing
period (12). Vell pl=nined dietaries generally cont=in
12 to 15 per cent of the totesl energy in the form of
protein cealories. During the »ncricd of renid growth,
much of the protein of the food is used to synthesize
hody protein. The amount of protein needed to produce
one gr-m of hod; protein varies with the amino acid
content of the fcod. Therefore, the specific aniino
acids supplied are of great importunce.

Hoobler, B. R. (9), in 1915, found thct infents
utilize their protein most etficiently whea the calories
from this source represent 10 per cent of tne total
caloric intake, Shermun plazced this figure a2t 9 per
cent to meet the needs of an adult.

To allow for vurying conditions and for individu=l

preferences, as well 28 to provide a liberul margin of
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safety, it is custonazry to concicder from 10 to 1§ per
cent of the tot=l calories in the form of protein
calories. lary Swartz Rose (14) says that it is ap-

rarent that an 2llowance of 15 per cent of the totasl

calories in the fora of protein calories gives the

(¢

growing child at 211 =ges a suroslus of 0,75 to 1.23
grams of protein per kilogrsm of hody welght ztove the
probable reaquirement. Any intermedizte value should
be adenuate when the proteins azre of good aquality a=nd

the diet as a vhole meet 211 other nutritive re unire-

ments.



Procedure:

The purnose of this estuay wuzs to determine the
level on whiech normual four yezr old children mainteined
the most erfficient nitrogen reteztion, Three csenar=te
rerieds viere nlunned, with about six or eight weeks
time elapsing between them. It wns exvected thzt the
optinum level would Le betwveen 2 and 4 grumns of vro-

<

tein per kilogrom of hod;” weight. During the firest

period, therefore, £ grans per kilocram were taken es
the lower level., The intermediate level during the
seconéd period vas on the huslie of 2 grans per kxilogrum,
and on the third period, 4 grans per kilorrsn formed
the hizher level,

e
o

A guantitetive meotakolicn study involves the

O]

plarninz of a diet adenuate for exnerimental purrnocscs,
the feedinc of this diet to the subject for a given
preparatorr period, followed by a perioc of collection
of urine arncd fecuel singlec. Then, by = chemnlcal analy-
sis of an sccurntely mcasured sznnle of the food intuke
as well as annlysis of the excrets, the amount uced by
the hody for metatolic purpnoses muy be deternined,

One or more of the food constitucentec mey te varied in

cdeternined, In

1]

amount or ocuality, and the resalts thu

generel this was the plan followed in this study. The



usguIaysy <+

SR CER

539734 vuz 3T0Y s
CELCHED'§
133T1TH #
ce Cox | 0v ST 009T* | 08 <-1v |c'02]|o¥ G5 | ' ‘4
SNEET S 09:Tx T
€9 €7 2% ST veg T4
ev=2.Y sy 1 o) | 08% |TP=0F% [0*LT |OU G [TITD AY
9°34 L 95 8°LC ST LLST« | 08|81 IV [C°6T|ow ¢7F *d [
9. LS g2 ST 96G T« | 08 ¢y |6°sT[ow ¢S | *1 °d
6°8v 9°24
2°24 | (souazu S1-C1+ A4 AL
3°99 Zx | 9jUThL) ST V9ST# | ¥6% |TF-CF |2 9T |ow g% | Aog*ay
i g=aX| S T-1T¥%| ST-CTY [89z2T avX | 64/
(8xfudy) [(#xJwdg) |(Fxffudzg) [S9TI0T®RD T%30] *51
Y31y ‘PO 407 12303 $| ATTnq | a84 ‘uy "3y
urajoxd SOTICTRY) *1H ‘M 943y *Tqng
J SpaI8puBiS DUB S3UGLOILDOY DPOOL 2 o

17



- 18 -

caloric intcite remtined constznt througshout tne series
of studies st the value best suited to each chila ac-
cording to accepted standards. The protein intnke was
varied in esach study, first on an estimzted low level,
supposed to bhe just ehbove maintenance, then on the ex-
pected normal level, arnd 1lu<tly, on & high levcl,
Totle Noeo I summarizes these rcouirenents and variations
for the children studied. From the data secured fromn
the snelysis of the food and excretz, the optimun
intake for nitrogen baleance &nd zdeauate metobolism was
determined.

The difficulties met in such a study =re great,
end explain to a certain degree the absence of exten-

sive deta. Care is necesesry to prevent contamination

(0]

of samples. In order to kecen the child's daily routine
just as normz2l as possikle during the study, the
2ttention of =t lrcast one person is conctently recuired
to ke sure food h«ebits are pronerly observed and no
excrets loct,

The suljects for this exoveriment were three
normal, hezlthy, active, nursery school children, two
boys and one girl., Their nges, weignte, and heights

are given in Teble II. The children spent esch cay

9}

accordins to usual schednile in the nurcery school,

wvhere the s»nlendid cooperation of the instructor and
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her aesistants macde it possible for the children to
follow their usuzl life. Eoually splendid cooperation
was obtained from the mothers of the children who took
charge of collection of <amples over nirht,

The generazl health of the suhjects durine the
exnerimental periods was satisfrcter;., The prevalence
of colds durins the early nert of the fir=st gnd second
stuies interfered somevhat. The chilaren were urged
to drink #11 the water they coula in order to prevent
concstivation whicn occurred to some extent Jduring the
second verioa, but not seriously eanough to interfere
with the comnletion of the metsboli=n study. Special
precautions vere taken to prevent this before the sukbt-
jects begen the high-protein diet. Since constipation
seemed to be g0 easily caused, each child was given a
small amount of m . neral oil on the first and second
days of the preliminzry period. The children were
also kept out of doors in the fresh air and sunlight
as mueh as possible. The meals were prepared and
served in & separate room at the college. The menu
end calculzted value of the diet (Rose Handbook of
Dietetics) are given in Tzbles III and IV,

A three day's preliminary period on eesch lcvel
was followed by & three day collection period. During

the lest three daysy; duplicate samples of the deily



T-*le ITT
Dail; ienus_ _ _ L
Exp. I Exp. 11 I Exp. II1
Approx.?gw.?rgjkp‘Adnrox.Sgn.PrQJk_JA crox.4fgm,Protkg.
! =
Preakfast brange juice Orange jaice YOr:*.n;"e juice
Farina Crcan of Vhent Creen of Vheot
Cre:m Crcan Crecm
Sugar sugur Sugor
Buttered torst Buttered to: =t Buttered ton-=t
Milk Milk Milk
i
10:30 A.M, |Orange jmice Orange juice Orurce juice

Thickened temsto

Tomato juice

tButtered carrots

in
Preparation

Iced tom-to juice]
instead of snup.
Ice cream or
boiled custerd in
stezd ot baked

cuctard,
Peaches in custa

insteszd of plzin

Id

& tuttered carroté& & buttered pota

toes. Tomato &
sninach soun,
Ice creanm

-+ Scrambled eggs

with tomato
sauce.

! Lettuce

juicr (liver Spirach puree Spinach
extract) yBaked custerd dilk
Eeked custard 1Milk Peaches
Varietions |Creamed potztoces Creamed carrots Tomato eauce with

mect loaf.
Creamed carrots.
vege-
tatle and plain
checese sandwiches
Soinach sandwiches

“
a3

it Ice cream

Cod liver oil Cod liver oil Cod liver oil
L - - JR— - - - —_——————
Lunch Lettuce sandwich {Lettuce sandwich Potato%potwto brred
Buttered potztoes{Buttered potctoes,ilezt with meot |
Scrambled egg Scranmhled egg locf '
Milk Hilk Tom-to juice l
Peaches Peaches Lettuce & cottrge |
cheese condvich |
Milk
Beked custard
3 P. M. Milk Milk Milk
Peanut batter
sancwich !
1 \
j
Supper Cre~med carrots Buttered carrots ;Scranbled egg

[
!




diet were kept for zn=lysis. Pure fot &nd pure car-
bohydrate were eliminzted frcm the cample for cnalycis.
These analysis portions were dried in the oven zt a
low temperature, ground and pulverized and reserved
for chemical annlyeis.

The zddition of liver extrsct to the low protein

diet Ptrought the very low irer value up to tuie re nired

amount. Spinach wse uced for this puroose on the

}de

medium and hicher protein level dietzr

ecg

, cince lecs

en extrz vegetable

jon

supplementery iron wes nceded an
was of added value. Since the filtered butter, cod
liver oii, fuger, and corn starch were concicdered »Hure
fat and czrbohydrate, furnisains only cclories, they
were not included irn the cemple to he uced for analysic,

The content of the low =#nd medium protein diets was

HH

changed very little excert in the amounts of the

protein-rich foods, ktut ceveral changes vere muade in
the high proteisn diet. One half the milk used con-
sisted of skimmed nilk and the other hnlf whole milk

"1

in order to ¥kecwy the fat content 2t its norncl level
of tnirty-five oer cent of the total czlorics. Lexn
beef, finely ground, cottzge cheese, and peenut bntter
vvere ndded to raise the protein value. In the first

Gietsry, @ whole grain cerexl, Relsdsons, was used be-

caunse it would aid meterielly in increccing the iron



content. It was found, howvever, that tne br=n

digested and appeured in the feces,

sarticles werce not
interfering considersbly with analysis. Crean of
Whest was used, therefore, in the medium and high
protein dietaries. The «dditicnel protein nceded to
meet individunl recouirements %tove the basal allowance
was in the form of egg white. Additional celories
vere mnde up with sugar.

The urine snd feccen vere collected senrrately.

A d=

ly record wcs kept of the volume, specific gravity,

o
(=

scidity, (by the Folin method) and creatinine, (by the
Folin micro chemical method) content of the urine. The
creatinine value incdiceted the accurscy in collecting
24 hour scrnles (15). The daily samoles were then com-
bined, and furtaer annlyses were made on the three day
portion, The nitrcien content of the urine was deter-
nined by the Folin-Tennis micro Kjeldahl method and

the amount of protein crlcalcted. The feces were

1

marked for collection by chercozl, given to the sub-
jects in capsule form on the moruirng vhen the col-

lection period tegon and the evening when it closed.
The feces were washed into a flsek with 10 per cent

H?SO4 and gently Toiled in this solution until com-

pletely dicintegreted. This solution was made up to

(&



volume and zlicuot nortizns used for cdetecrnining

m

rnitrogen according to the stunanrd Kjclcdehl metnod.
The celoric value of the food was deternined by

the oxycalorimeter (1€).



Dr, Amy Daniels and her assccizte workers (17)
have mzde studies on the relstion of the rate of
growth of infants to ciet, One of her conclusions is
that the accepted standards of growth for infants zare
too low. 1In Table II the weight of ezch child used in
thie experiment has been comd>ared with the accepted
standards of the Besldwin-Wood Tshles (18) and the
Holt and Fales tables (19). The variztions from the
normel weights according to age ranges from 11,9 to
18.5 per cent zbove thece standards, indicating that
these children are auite overweight according to their
ages, When the weirhts ere compared with the heights,
the range for the boys is 1.5% to 5.9 per cent and for
the girl , E. J. is 16.2 per cent above the accevnted
value, E. J., howevcr, was about average height, and
was very solidly built. She was a very active child,
but not of a nervous temperament. B. L. was & tall,
elender, rzpicdly growing koy. He was ver; ective with
a great deal of nervous energy. J. B. was chuiby,
fairly solidly bLailt chilcd, very deliberate in «ll of
his actions. 411 three of the children were of average
heicht or tezller, therefore these figures coincide with

Dr. Daniels results with younger children.



J.B. A Bk



Therefore, since these children were atove the
normal weight and height for their rge group, the deily
allowance of protein and celorics wes increased accord-
ingly. The vari=ztions thus mece are shown in Table I.
Thet the children were growing rapidly is shown in
the differences in their heights and weights at the
first period and at the last,

A typical, adequate, daily diet was selected for
each experiment contcining amounts to meet the needs
of the lowest individual protein level and caloric
requirement. Throughout the three experiments, the
energy intake was keot at approximately 80 calories
per kilogrem (2). The children were increasing in
weight, therefore the totzl caioeies increased from
experiment to experiment, but the proportion was kept
constant, The &nalysis sample is referred to in
section (1) of Table IV as the minimum individual need,
end section (2) of the came table gives the ‘additicns
to this basal menu which were used to raise the caloric
inteke to the mirninmum amount needed by any one of the
children, If these additions did not meet the reounire-
ments, further additions of carbohydroste or protein
were made 25 shown in section (3) of Table IV,

It was a bit flifficult for the children to eat

all of the food given them, esnecizlly =t the evening
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meal, for the zmounts did seen larger than those to
which they were accustomed., ilany wvays were devicsed to
mezke the meals interesting and full of fun, Small
tables, cheirs, and some of the diches were brought

to the apartment fron the nursery school. A colored
0il cloth cover was used on the tabtle, acding btoth
attractiveness and ease of recovering any spilledpert-
icles. The spirit of competition was great. Fven
though E. J. was a girl, she "wasn't going to let a
pair of boys beat her getting done". When indivicdueal
preferences were learned, zttempts were made to meet
them, For examnle, Jo P. much preferred his svinach
combined with the tomato juice and served in a cun to
be drunk as é bouillon, whereas B. L, ate his much
more willingly if it were served on his plzte as =
separate vegetzble, and his tomzto iuice sweetened and
served in his orznge julce cup. ULifferent colored

glass cuovs were borrowed froan the nursery school,

e
e
(O]

but it was a delightful trect if one might drink

D

milk from a measuring cun. Ice cream, of cource, was

-

3

A

a constznt reaquest and delicht. Any meal was a "party"

if "pink" ice crean were the dessert. If some snecizl



Ne]

o

naughtiness arose, onec of the cihildren vas moved to
another tzkle to ect zlone, btut when ceonvercation wes
interecting, a mezl wvould go cuite ragicdly. A story
or account of come exciting edventurc told by one of
the adults who ate with the children would often mean
that the children were finished eating before they
rzalized it. They did not seem to tire esreciclly of
eating the same type of food day ufter day, and only
once did J. B, ask if "maybe by tomorrcw won't we hove
all the tomatoes eaten up". The best of tutle manners
could not te emphasized, but one mother told us, after
the experiments were finished, tha«t her only objection
to what we had tuught her son was thot he still in-
ceisted on scraping the flowers off the dishes.

After the food for e:zch dietery was analyzed, the
totzl intuke for eacn chila was computed, and the cal-
cnlcrted and analysis values were compared., This com-
parison is shown in Table V., 4An#lysie proved the cal-
culated values to vary consideratly from the levels
plarrned for them. For ex=mnle, the totsnl daily protein
content of the diet for J. B. in the first pericd wsas,
according to the analysis figures, three grems over
the daily protein zccording to the calculated figures.
During the second and tuird periods, nowever, the

analysis figure was five grams chort of the anount
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Tsble VI

Comparison of C=alculrted

ard Analveig Firsuresg
=__T£ __‘:r‘..-..‘_ — ...“F._-.f__I:‘_ ——— 7

Exp. Gns.Prot, | Cnlories

Sonp——p— — Pt g |

I carleidnel, lerlc,|Anel]
=S e

t
L.y 38 |41,5 (1585 (1647

J.B. 38 41,5 '1601

]
1
}
E.J.% 40 |44.8 LL605fL 651

g :

B.L,.57.4152.2 {1605 |1822

; |
B, i57,4]52.2 l1s0s 1522

E.J.hﬁ0.0 60.8 11820 11575

BeL.||82,4[78,8 [|11651  1€68S

JoB,:80.6175,4 ;31623 ;166

F.J,(85.,5|84.,4 I'1723 1167




plarned by calculation from Rose's (22) Handbcok. Dr.
Viang (12) revorts this eegme situstion during a study on
high and low protein levels. She says, "this varistion
was due partly to the discrepancy between the publish-
ed figures and the actual nitrogen content of the food
as analyzed, and partly to the fact that some of tre
children refused to eat all of the amount plsnned". 1In
this case, however, it may be ssid with confidence

thet each child ate all of the amount planned for him.
A possible explanation of the varietion is indicated in
the analysis figures on egg white. Egg white was the
only food in the diet to be analyzed separately for
protein, It was dore because it was used to supple-
ment the basal or minimum individual needs (Table IV)
in the case of E. J. and B. L. According to thre
analysis, the protein contert of the egg white was
0.10694, 0.,10430, 0,10778 gm. per gram of material.
Rose gives the protein content as 0.,1%30 gm. per gran
of material, On the first experiment, there were only
15 grems of egg wnite used, while on the second and
third experiments, 30 grams and 40 grams respectively
were required. By comparing the two values of egg
white, the second and third periods would be lower

proportionately in protein than the first, thus giving



a2 possible explanation for the dvop in the last two
periods. Varietions in the &analyzed and calculzated
figures may have occurred in other foods of the diet
as well as the egg white.

In the determination of the czaloric content of
the diet by means of the oxycalorimeter, no difficul-
ties were met iIn the analysis of the mixed sample of
food., When the dried egg white representing the
supplementary protein was run, however, it proved to
be impossible to obtain complete burning of the sample.
Even when 0,5 gram of egg white was mixed with 2 grams
of sugar, the mixture charred rather than burned,

This was due, it seems, to the excess of nitrogen gas
formed when the high nitrogen material began to burn,
Nitrogen gas does not support combustion and prevented
the complete burning of the sample. Since the use of
a smaller amount of egg white would allow for so great
a percentage error, it seemed advisable, in order to
obtzin complete analysis results for the caloric value
of the diets in which supplementary ecg white had been
used, to calculate the calories from protein and fat
determinations. The protein value of the egg white ucsed
in the three respective periods had varied so greatly
from the figures given by Rose that it was advisable

to do fat Aanslysis of the samples, tecause in most



foods that cunt-in L-vw
protein runs lovwier the

v2s fouind

wnite usead

civese, Th

found to he 0,271, 0.086,

to

G

(3]

3

i

ho

¢

la true,

not hove

nercentpgo~

comnared with

)
%

o
o

osce!

¢ amnnante of
fed tends 0
£lthouich the
e Ricn oo f

of f4t in tne

ficure of 0.4

¢nd 0,065 recyect

D

craobtein, vhen the
rian hicher, This=
crrleos of acop
content o~ FEose
erns its mere
ively, @s
er cent, This

velue made the caloric vselue of epy white to Le 0,474,

0.424,

pective periods, oc

of

The shortage of nrotein and

and B. L.

would c«ccount in rta2rt for the

ha

the nitrogen

VII

the beco
LT ~ <

vperiod,

had nad tr

the

prelinin~sry pcri-a w

collection rerioda,

showed

coliection periond

the thira

inning of the firct experinent,

18

d

and VIII,

&
v

Bt

si~ne¢

experinent, n

0.510 caloriec

C

Qoer

olcds

and 0.,4%8 calorics

cecmpnred

during

gron,

for the turee

r

pcr gron £5-—
with Roerle coloric v lne
the fzet th -t J. B.
the first aud cecond periocc

belance that thery neve

the end of the three day urelimin:

of

-

13 e

L.

qor s

as

he

-
=3

™

nececys

svwever,

and J.

Durinc tuhe second
flie vith constin~tionn ¢

prelimin~ry perioa beogon.

secined
severe col”

durinc tile

B, had r

ez erimen
o
iAn en

.
Tl

cecnhna

P
[0

thrre of

shown in T«

2ther

t, however,

d cold

em~ during

exreriaeat,

Fal

clich

just

tre

irrsg:l-r continuity in

tles

t colds

tut they mere

—
e L.
tefore

the

Eat cnringe the

E.
of the
Durinr

subircts



0O 71| G80°0] 68°1 |69°G [|[22G 0] 19° LT onqwmﬁmwmwnummqﬂmqmwmeﬂwmmmwumwqo« SuTT Zeae| 4
T°TT 990°0] ¥2°T |00 'V ||18G°0| 84°01| 81 2%|29'C |99'82L68°0] 90 31| 8L 92 mm w 2*02|°a°p
26 71| 360°0, 88°T |39'C [|223°0] 84 OL| L1'22|10°C (9L 62|S19°0]09 31| 08" 4% om M §*02|°1
6Lz 01 SteL(vuy) o(80 814 ya/0%/0ad 6uU8 ¥ °II1l oozawWMIMWPnuNL
0,91 240°0| LG'T |2L°7 ||998°0] 28°Z | 67°G8|0L°C | 6L 6L1657 0|07 6 |12 62 Ve 71|
80 L | 700'0| 60°0 [ 92°0 ||8Lv°0| 2.2°8 r ¢ (LT 12227 °0[92°8 | 80°Ge mquiquﬂ,.m.
28°9 | L80°0| L3°0 |3L T ||[SZS°0[ 6L°Z fmmqmﬂ;wqw.o 80°83 mm w g7 02 T°d
(89°C 31J o51ch{euy) 0180 544 ¥ | wﬂ@lﬁ%ﬁilnnwnrllfuuuL
50731l 25070 80°T | 9372 |[762°0]60°0 | 92° 061|662 4 A smmqﬂm:mW4m L703| L'
57 71| 080°0] 96°0 | 68°2 1| 162°0| 69°8 [S0°LT|9L°2 0/79°9 |26°61 mmuw §°61 ume
G*L [ 920°0/0S°0 [IS°T ||[8T¢ O #L°9 |Tv-8L| 12 2 79°9 [26°61 mm w 6T T g
9 73 I9 pg| 14 ¢N q 3L1I4 o : =
exey| 1y yz| au yz|au zuf37/usdl /- u ‘w3 [/*u3 Iy ,y3|Iu 2L
ut 33 /w3 /u3 /u3 1230] proa IB30]L{seoeg \ /w3 *3x
UoT3us}ey Ind3ng N 83Ul "N o3V | "3M (rqus

IIA 914%]

g I

- mmmkﬁmm WWWQhWHz ,



. . . .
.
. . . .
. - . . .
.
'
. - . .
. . . .
- .
. . . . :
. Y . - . .
.
. . . .
.
. . - .
' f .
- . . .
. . - . B -
. . . .
. 1
. .. . .
- ) . .
.
-
B - . -
- . . .
. . . .



aa

PItUD Uo®d I0J 90U

Ggo*0[68°T 69°S % 223°0 ﬁmewﬂguxmmqwm 809°0| OS°CT|6% Ov| IIL
gL0°0 | 4S°T 3LV 99%°0 | ¢8°Z 67 22 || 63%7°0| Ov'6 |1c g2 11
350°0(80°T 92°¢ ¥62°0| 60°9 92°8T || 9%¢°0| ZT°Z |33 12 i R B <
990°0 [ ve'T 00°'7 Hnmﬁmmeu.OH 81°3% || 46G°0| 90°3T|ot 9¢l] III
%00°0 | 60°0 92°0 BIv 0| La'8 | @8'#a| osev°0| 92°8 |80°Sa|| II
0S0°0 | 96°0 68°¢ T62°0! 89°9 ¥9°9 |a6°61)] I | *d°r
~260°0 ] 88°1 29°g g3G°0 | 34°0T ST9°0[ 09°2T|08 L8]] III
L20°0 | 48°0 LT SLS°0| 64°2Z 9g°¢e || 30%°0| 92°8 t80°G2 11
920°0] 05°0 T8°T gIg°0| v1°9 Tv ST|| vves 0| v9°9 |e6°6T|| I | *1°d
WA NAN BENE NS
uctTjuejey juding °N 8e3UL °N [|poTIad| *lqng
| -

IITIA 319®1

Bleg UOJOJIFIN JO AJruwung




- 37 -

were in excellent cordition. E. J. had been in good
health during all of the experimental periods.

It was expected that, if the cazloric intake were
adequate, the nitrogen retention would be in direct
proportion to the nitrogen intake (12). This proved
true in the case of E. J., but witn B. L., and J. B.,
the second period does not show a consistent increase
over the first in the amount of nitrogen retained.
Parsons (9) states that it is doubtful if a neg-tive
balance always means ticssue destruction. He found
that one of his subhjects went into a negative balance
during the time she had an infection of the upper
respiratory tract. During the acute phase of such an
infection, & patient is more or less toxic. Consider-
able water may be bound in the tissues. Protéin, un-
like carbohydrate and fat, recuir-s. ample "free"
water for comvnlete metzboliesm, If the free water is
not availeble, the re-zuired protein canrnot be utilized
and the stored nitrogen may be snilled. Thus a
negztive bzlance may serve as a proctective mechanism,
just as refuset of food by a patient may be a protective
mechanism. The situation ic different from a chronic
condition where the paticnt becomes accustomed to
functioning on lecs free water, DuBois (Z) discussed

this point from a somevhet different angle thesn Pcreons,
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4 - 12 years of cge. The relstion of Lher findings to
those of the present stady is eren in the following
teble., The results cited zre thoce of 2 child whom

Dr, Wwang places in her norm:zl, vircorous class, It is

Child || N.Intake |W.Outout | Retention "Cal.Tntuke |

Jg(um!kk) “(*m}kol (gmlikecl24nr) P keleod hrzi

q1Low JHigh|lLow 'Pl h Low T1514_% Iat~Jelng |&;gh
I I o b ’
.____ ‘Al‘..Ah
[}

l h
97L.¢9 t 527 ozs'.oes
to

'
Al

.5
to " to 2
Ltwli, .mibtxftf 052 l.o92 Ba.aru.of 1

interesting to note, however, that this child at & years

of age is 2 kilograns less in weight then the children
of 4 to 5§ yezrs used in this ctudy.

Children of the pre-school z2ge are facing « long
neriod of re»id growth, and need as much reserve
nitrogen as pos<ible to make the process efficient
and successfal, Results of tnis stuady confirm the
view of Dr, Vang (12) that protein diets as high as
the ones used do not zapreur to hive any nharnful effects
on children vhen the criterisa uced are zppearances,
benhavior, and relation between intake and output, for
the children seened in taie best condition Toth mentally

and vhysically during the lacst period when the diet con-



tained the largest amount of protein. It would seen
logical therefore to recommend a higher level of
protein intuzke for children of pre-school age, rather

than & lover level,



Summsry and Conclusioncs

1.

The accepted standards of growta for children of

the pre-school uge sre tuvo low,

Nitrogen retention varies in direct proportion to

the nitrogen intake wihen the cnlories ore adequcte,

An indication of 2 lower nitrogen retention on a
higher protein lcvel may be due to the discrepancy
between the calculested values according to pub-
lished figures and the actual analyzed vzlues of
the diet. This variation is also found in the

caloric content of the diet.

A condition interfering with general mct=tolic
processes, such as a cold, will affect the nitrogen

retention, tending to reduce it.

As high a2 level of protein as 4 grams per kilogrzm
of body weight per day does not aopear to have any
harmfnl effects on rapidly growines children of

4 - 5 years of age.

From 2 - 4 grams of protein per kilogrsm of body
weight are to be recommended for children of the

pre-school age rather than lower levels.



7. At lecast 80 calories per kilograon of hody weight
per day sre to be recommended for zctive, normal

children of 4 - § years of zge.
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