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THE PROTFIN REQUIREMENTS OF CHII DRF\ FROM
O\E TO TF\ YEARS Ol AGE*

By Genevieve Stearns,} hathenne J Newman,t J B Mchanley,t
and P C Jeans§
Department of Pediatrics Cllege of Medicine State Unisersity ef oo Lo City loxa

The studies reported here are a part of a 25-year {nvestigation undertaken
with the eficient aid of our nunsing staff and of asyistants and graduate stu
dents in our laboratory  The ongmal study was designed 1o cover the period
of growth and to determme the nutritional requirements at cach age in re
lation to and as affected by the precedmg period of growth and its nutntion
This discussion concerns the protein requirements of children aged 1 to 10

rears.

’ With but 2 exceptions, our subjects under 2 years of age were children of
students or staff or kad been in our study ward since infancy A few 2 year-olds
were staff children, other than these, the subjects were loaned to us by eor
phanages. Bovs predominate heavily 1n the group because bovs predominated
in the orphanage populations. The orphanage children were within average
mnge for weight and height  but somewhat below the mean for Town City
children,! a privileged group Their general status could be listed as lower
mddle class, All children were housed 1n a separate ward with its own play

ground  The nurmng stafl was chosen pnmarily because of ability 1n handhing
infants and children with “motherly love and patience’  School and recrea

tronal facilities were provided and a serious attempt was made to duplicate
the dauly bfe and activities of a healthy Amencan child as far as possible

Children from the orphanages were housed for a month or more before
studies were begun both to accustom them to their new surroundings and to
adjust them to & higher protein diet than the average orphanage offered.

Pertods of quantitative study for young children were only of 3-day dura
tion, but were numerous studies of infants had shown that physical restraint
for longer than 3 days at & time decreases effiaency of utihzmtion of food.
Because of short periods of study the constancy of collection 15 less accumate
m these children and 13 compensated for by a larger number of studies

Older children were usually studied for 2 or 3 consecutive 5-day periods
10 to 15 days after a change in dietary regimen

The studies were begun 1n 1930 and were carried on as opportunity offered
Each age was studied 1n at least 2 nonconsecutive series, o that inadvertent

i regmmen would not color the results The data reported here
mclude 458 studies of 51 chuldren 1 to 4 years of age and 481 studies of 67

The work reported In this paper was carried out largrl during the of o
s i b ¥ Gy et T e gl b
f
the expenses of the data for publication 4. for & graat

t Present t of Orthopedic Sargery  College of Medidne, State Uni-
veniklz'olImm,Imth
Ibmmm:-ddn- Department of Home Economics, Comnell University Ithsea, N )
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children 4 to 11 years of age. Emphass has been placed

oud . p! on children under
ag)é‘mrzgoi fc::w of the pauaty of data in the hiteratare for ths fmportant

IGURE w8 the mean calonc intake for the children

blocks indicate the 3-year mean values given in the 1953 Rcco.utnl.;hacgiedT:le
lowances.! It appears that the children s mean calonc intake matched the
Recommended Allowances very closely, although each childs calonc intake
was guided largely by his own sppetite. FIGURE 2 shows the mean protein
intake, both a8 estimated from tables’ and as calenlated from nitrogen analyses.
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The 2 methods of estumation agree well The mean protein intake of our
subjects was well above that presently recommended by the National Research
Council, Washington, D C  Although protein intales were graded no
child was knowingly put under the stress of a protein intake expected to be
below maintenance requirement  On the other hand, no attempt was made
to increase the proteln intake above levels that the child would willingly
ingest from common foods. The data cover the practical range of protein
intake comman to American children

FiouxE 3 shows the mean proten intake as a percentage of total calonc
intake. The range vaned from 16 per cent for 1 and 2 year-olds to 13 per
cent for 10-year-old boys, all sharply above Recommended Allowances.

The requirement of a child for any given nutrient may be defined as the
intake that will permit the rate of growth and development normal for the
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child s age. Unfortunately, no conscnsus cxists as to the exact rate of growth
conndered normal  This mte is defined here as the mean growth of children
not restricted in the intake of nny exsential nutrient and protected against
adverse influences of environment The protein requirement at any age
will depend on the resultant of the rate of growth and the mtrogen content of
each tissue at that age  These resultants are not necessanly reflected in the
rate of growth of the body as a whole  The well known slowing of growth in
both height and weight that begins dunng the latter part of the first year and
continues at a progressively slower rate to 4 or 5 vears of age is not accom
panied by stowed growth of each tissue  Similarly, the steady growth through
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intake calculated from nitrogen it niie t protein

mud-childhood may not be accompanied by constant rate of growth of each
smgle tissue.

The pattern of bodily growth changes conspicuously during the perdod of
slowing growth. The rate of growth 1n length of the extremuties is greater
than that of the trunk. Such phymcal changes as thesc must be translated
mto terms of tissue growth to determine the child s requirement for each
nutrnrent.

The largest mngle tasme of the body 1s the skeletal mosculature.  According
to Scammon s anatomical studies ¢ skeletal muscle composes 25 per cent of
the body weight at burth and throughout infancy By or before 12 years of
age the quantity of skeletal musculature has increased to its adult proportion,
that 18 to about 45 per cent of body weight ¢ Thus, at some time dunng or
perhapa throughout early and mid-childhood the musculature must grow at a
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rate far more rapid than that of the rest of the body for its total quantity to
wncrease at nearly twice the rate of increase in total weight

The rate of growth of other tissues 1s more difficult to measure. It 18 known
however that considerable skeletal musculature can be sacnificed dunng peniods
of protemn deprivation to prevent loss of protein from more important tissues.
It can be assumed, therefore, that the protein requirements of other body
tissues have been met if the skeletal musculature 13 well mamntained, The
rate of growth of the skeletal musculature will thus be the dominating factor
n determining the protetn requirement of children
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Fietax 3 Protdn Intake as percentage of total caloric Intake compmred with Recom-
mended \atritional \llosances.?

U rinary Creatinine

Incrensing knowledge of the mfluence of the liver and the kidney in the
manufacture and excretson of creatinine has overshadowed the fact that in
the normal person the amount of creatinine excreted in 24 hours stfll is an
excellent measure of quantity of skeletal musculature.® It also has been shown
that despite the high creatine excretion of infants their 24-hour unnany
creatinine per kilogram of body weight remains constant throughout the first
year of Ife ¢ Also the quantity of musculature of the infant measured by
quantity of unnary crestinine per Lilogram s conmstent with the relative
proportion of muscle to bods weight 1n infancy  as ob<erved by Scammon
{rom anatomical studtes.

It seems lughly prolable that «hildren over one ytar of age will show the
rame charadteristus as infants mamely that each age of childhood will have a
charactenstic range of quannity of muwulature varving with the body build
of a gven subjet  This charactenstic value of urinary creatinme per kilo-
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gram daily for each age is chosen as representing the mean quantity of <heletal
musculature normal for the age  The protein intake permitting the quantity
of muscle charactenstic for any age is consklered the proten requirement for
that age
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Frovze 4 Mean ceatinipe Lilogram for boys of each apge group studied  The fine
Tioes t m:;;:d dn'i.ﬂlourt;or the given age. This figure indicates relative growth of
the ﬁrmmmh(m in refation to total body growth.

Tame 1
Mrax Dany Umnixary CrEAToAXE FER KiLooRaM or Bopy Wogur
A Sex ember ol Mean aratioloe per | g1 ) 1 deviation
1 MF 83 135 31
2 MF 109 163 62
3 MF 105 17 4 25
4 M 72 183 10
5 M [ 209 212
6 M k2 209 20
7 M 65 223 21
8 M 43 9 10
9 M 41 217 19
10 M 67 210 21

In FIGURE 4 and TABLE 1 the mean 24-hour creatinine excretion per kilo-
gram of body weight 18 shown for boys from 6 months to 11 years of age  The
figure indicates the relative changes in proportion of skeletal muscle to total
body weight, for the age mnge considered.

The excretion of creatimne during somewhat more than the first half of the
second year 1s mmintained at the same rate as that of the group of infants
given undiluted cow’s milk, same of whom also were included 1n this study
Dunng the latter part of the second year the excretion nses with almost star
tlmg abruptness, The mean excretion has wmcreased over the infancy value
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by about one third at the time of the third birthday  This remarkable in-
crease in relative quantity of muscle occurs duning the period of most marked
slowing of growth 1n body weight and height  The growth of muscle accounts
for about half the total weight gam for the year  The rate of increase slows
somewhat after the third or fourth year, although the skeletal musculature
continues to grow at a greater rate than the body as a whole until the child
13 about 9 years old when diet permitting the ‘adult proportion of muscle
to total body weight 13 reached.  Girls at 10 years the youngest age for which
we have sufBowent data, already have achieved approximately their adult
proportion of musculature, which 13 somewhat lower than that observed for
boys.
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1f the protein intake does not permit muscular growth at the mte shown
the child does the best he can with the protein provided him A protein
intake above thote used here docs not increase the quantity of muscula
ture significantly  The exact age at which increased rate of growth of muscle
and the rate at 'hknh It pron.}ee;l‘x n the young chad vary considerably
blect to sabject. e creatinine excretion of many of our oun
m:’ﬁ‘md for penods of from 6 10 M months that of a fen, LA
e again aftera lapse of 2 or 3 years  The rate of increase 1n per
Tt creatinine exeretion s illustrated for the different children in FICURF
Y o mort of the subjects only the curve shoming the rate of increase 1s
S o e actual manimum range of values for the separate studies 19 shown
for the youngest child who came to us definitely undermuscled
29 qrddd 1 werght and increased his quantity of musulature v
'hmdghh Thlmf w‘__‘m‘m of values noted from study ‘ta study in this child
El:;(nld the only obrenved vamation in €ONSancy  among infangs

and very youns children
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The slope of the lines of creatinne increase per kilogram of weight for each
of the several children shows that, when protein intake Is ample, both the age
at which the skeletal musculature begins to grow more rapidly than the total
body growth, and the rate of increase in muscle growth vasy with the fndividual
child  Each child studied exhibited this merease in mte of growth of muscle
before 24 months of age  Some of the children appeared to have & period of
very rapid muscular growth that slowed as sharply as it began, others showed
a slower rise that continued for a longer penod It is certain, however, that
the penod from 18 montbs to 3 years and, perhaps to 4 years of age is the
period wheremn growth of the skeletal musculature is most raprd 1n relation
to total body growth.

It 1 perfectly natural that growth of musculature should proceed in this
manner  The child learns to walk at about 1 year of nge By 18 months of
age be spends many of his waking hours on his feet  Vuscles of the back,
buttocks, and legs must strengthen greatly  The stimulus to growth is pro-
vided, if food permits it As his legs grow in length and his center of gravity
1s progressively farther from the floor, more muscle must be developed to
maintain posture and permit activity It 1s well that this penod of increased
rate of growth of muscle be completed before the penod of rapid arcumpuberal
growth begins, The child will then need all of the protein he can retamn for
body growth without the additional burden of incompleted musculature,

If the peniod of slow body growth is the penod of most rapid growth of
muscle tissue, 1t seems obvious that protem requirement will be high dunng
this age mnge—probably as high as dunng infancy It will be relatively
high throughout the entire perfod wherein muscle growth is more rapid than
total growth  The actual requirement at any age will vary with the rate of
growth of muscle and with the child s efictency of utihration of his intake.

Nitrogen was well absorbed at every age studied. The mean fecal nitrogen
remamned almost constant at about 11 per cent of the intake throughout the en-
tire age range reported here.  The nitrogen absorbed, but not retained, 1s ex
creted in the urine,

The vanous levels of protein intake were ohtained largely through adjust
ment of the milk intake substituting nonprotemn calones for milk, as is com
monly done in families.

The retention of mitrogen with increaming intake 18 shown on a per-kilogram
bams for children 1 to 4 years of age 1n FIGURE 6 and m TABLE 2. For comperi-
son, mean retention values are shown for infants given a similar range of intake.
Mexn retentions for 1 2 and 3-year-olds are shown by separate symbals,
averaged for each 50 mg of increase in mtake of nitrogen. No sigmficant
difference 1n retention for any given ntake can be noted among the children
of these 3 ages. The line of mean retention is drawn through the means for
all data for each 25-mg increase in intake. Standard deviation from the mean
18 shown 1n TABLE 2

FIcURE 6 shows that the retention of mtrogen by children s some
what smaller and less steady than that of the infants pﬁngxnwnble intakes.
ItllsoIhownthatmuchﬂdrenremnvuyhtﬂeufulmvnitmgenmmke,
but the retention nises rather sharply between 400 and 500 mg nitrogen mtake
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relation to per kg
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(2.5 to 3 gm of protein) per kg, then apparently reaches a plateau, only to
show n sccond nse when the intake 1s increased above 650 mg (40 gm of
proten) It is emphasuzed that these data refer to intakes attained volun
tarily by children mven dietary regimens conmisting of common {oods normally
eaten by these age groups. The intake of proten foods was not forced nor
was the diet  stuffed * by the addition of speaial proteins.  Few of the children
consumed amounts of protein over 4.5 gm /kg /day

N\early 80 per cent of the data lie between intakes of 450 and 650 mg of
nitrogen (275 to 4 gm of protein) per hg body weight  The mean retention
for this entire group approximates 110 mg /kg with a range of (approxmately)
70 to 150 mg /kg These retentions of nitrogen were adequate to permit
growth of the skeletal musculature to the levels shown in riGUrRE 4 An
ntake of 3 gm. of protein per kg 15 considered the minimum permitting a
satisfactory retention of mtrogen for children 1 10 4 years of age.  An intake
over 3.5 gm /Lg is no longer economical An intake between 30 and 3.5

CHUDRIK 4 1| YIARS

£ L] 555 & ﬁ)ﬂw“
Ly T X L3 T ponm
Horogen Inioee g /by /Doy
MOSTUMS 4 A D IZ T EI AT DD T
Frouzr 7 Retention of nitrogen per kilogram daily In relation to increasing per kilogram
intale dlhfmdlﬂdrm(lnll)mdmﬁmnmmdwkdﬁcrmﬁ:uﬁ) aveng-
ivg all retention data for each 25 mg. of Increase in intake of nltrogen.

gm /kg., or approximately 1.5 gm /Ib., seems & safe allowance for children
1 to 4 years of age.

The curve of mean per kilogram nitrogen retention of 4-year-olds grven
uncreamng amounts of protemn differed sgnificantly from that of children under
thatage  Children 4 through 10 years of age showed no significant differences
1 mean quantity of retention for a given nitrogen intake Therefore the
data for all children 4 through 10 years have been combined, and the mean
retention per kg daly 18 shown in relation to per kg mtrogen
mtake in FIGURE 7 TABLE 3 separates the data mto 2 groups, children 4 to
7and 7 to 11 years, respectively  The last column shows the data for the
combined groups.

Except for one group of 24 studies of S-year-olds, whose mean nitrogen
mntake was 309 mg /kg., data for the 4~ to 7 year-old children e predominantly
between 475 and 600 mg of mtrogen per kg of body weight  The mitrogen
wtake of children 7 to 11 years of age 18 distributed more evenly about 80 per
cent 18 between 325 and 525 mg /kg., with the total range of 225 to 661 mg /
kg  With ncreamng protemn mtale, mitrogen retention of the 4- to 11 year
oldchﬂd:mmdcdtoinmscs\cpw\x,udsd&hato{tbeyoungugm\q).

-
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All showed some evidence of resisting loss of mtrogen at low intakes, thoogh
the data are msufficrent to be conclusive 1n ether group. The retention of the
older group leveled off at 46 mg of mtrogen per kg of body weight between
intske of 300 and 400 mg of utrogen per kg of body weight (about 2 to 2.5
gm of protein) With Increasing mtake of nitrogen, retention rose steadily,
but at 2 slower rate than that observed 1n the young children The second
retention platean at 100 mg. of mtrogen per kg was achieved at mtakes

Four te T-yrur-okd Seren- 10 11-yur-olds Four to {1 year-olds
Jatake ruage

Ko, 1 b 3 No. 1 R Mo 1 } 3 sD
200-249 2 |25 3 2 (27| -1 4 | w6| 15 20
250-299 6 |26 | 2| 10 |23 23] 16 {270 23| R
300-324 33 | 309 40 6 |30 6) 3 |30] 52| 28
315349 6 [0 S4{ 16 {39 2l 22 [ M| 33 ( A
350-374 31363 | 42| 15 | 3657 33) 18 | 363 | 31| 26
375-399 s |39 | 68| 47 | 385 | 37 ( 352 | 387 | S3 | 2
400424 7 |s6f 72| 24 [410] S3| 31 | 413 62| 41
425-H9 o | 41| 6| 37 [437| 67| 46 | 439 | 65| 3
450474 6 |40 | 71| 23 [ 4683 | 67| 29 | 462 47
475499 25 | 487 | &3 26 [ 433 | i3 | sS4 | 488 | 78 38
500-52¢ 26 | 51S| 90| 10 [ sos 105 | 36 (12| o8| ¥
515-519 15 {837 ( 73 ¢ 14 | s37 w4 20 | 837 ( &9 | 3
S50-514 30 | 358 | m 8 | 554|119 | 38 | S5 | 104 | 41
375-500 20 (S85 | 116 9 | s&8 {108 29 f 387 | 12| 35
600-649 19 | 619 | 105 | 10 | 620 | 101 | 20 { 620 ( 103 | 27
650-699 6 o3 101 | 1 (o661 | 148] 7 |62 |13 17
700~ 1| 7115 | 130 1| 15| 13

Totals m ] 259 481
Symbolt “o = mumber of studics 1 = Intake R w retention and SD = standard
of retention.

above 525 mg /kg (3.5 gm. of protein per kg) or about the same intale
level as was necessany to provide 100-mg retention for the young children

When the retention curves for the 2 groups are compared, the chief dufferences
observed are the increased retention of the older group as compared with the
younger at intakes below 400 mg of nitrogen per kg of body weisht and their
relatively slower rate of nse as intake increased over 400 mg /kg this made
establishment of a precise reqmrement more difficult

The relative rate of growth of musculature for children 4 to 10 years old
still is greater than rate of growth of the body as a whole although the difference
in rates diminishes as the child approaches 9 years  On the other hand annual
rate of bods growth s somewhat more raprd after 5 years s that total growth
of musculature s still rapnd  In addition these are the kindergarten and early
schoo! yvears, dunng which the common contagions are prevalent and the
child develops his immunities.  Bed rest alone lowers the retention of mitrogen
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and loss may be heavy dunng a febrile iness. Such loss of protein tissue is
regained far more slowly than it is lost  Return to prior weight may not be
synonymous with return to previous quantity of protein tissue. Agaln, it
appears wise to keep the requirement generous

Each 100-mg. nse in intake from 300 to 600 mg/kg includes about one
third of the total data The mean retention of those given 300 to 400 mg
was 46 mg./kg  One half of the chiklren retamned less, and one sixth retained
less than 16 mg /hg  These less eficient children in this age range may suffer
if the intake fs limited to 2 to 2.5 gm /kg

It is known that the orphanage diets provided protein in the amount of
about 2 to 2.5 gm /kg /day  The children came to us with poor musculature,
Those under 7 years mamntamned excellent musculature with dietary protein
of 3 gm./kg The children given 3 gm of protein per kg of body weight
(slightly less than 500 mg of nitrogen per kg ) retained an average of about 80
mg /kg /day Two thirds of the group retmined more than 45 mg /kg A
proten intake of 3 gm /kg is easily achieved. Three glasses of milk, needed
also for its calclum one serving of meat of a size for the child s age, and 1 egg
daly together with the cereals and other vegetable protens customarily
caten, will provide 3 gm /kg for the younger children and 2.5 gm./kg for
the 9- and 10-year-olds. If the older children have the common after-school
lunch of & glass of milk and a peanut-butter sandwich in addition to therr 3
meals, their protein mtake will rench 3 gm /hg /day

An intake above 3.25 gm./kg /day 1s uneconomical for this age range  An
mtakeof 3gm of protein per kg for the 4- to 7 year-olds, decreasing grmdually
as the child grows older but keeping well above 2.5 gm./kg /day will permit
mantenance of growth of muscle and allow sufficient proten for recovery
from such exigencies as febrile and other fllnesses common to children. The
children studied have shown no evidence that protein Intake levels of 3 gm./kg
or more have any deletenous effect.  \We see no objection to mamtenance of 3
gm. of protein per kg /day for the active school child. It s insurance against
deletenous influences, and permits him to endure the stress of rapld arcum
puberal growth without any added stress of nutritional defiaency As pro-
tein foods are carmiers of 5o many of the other nutnents essential for good health,
generous use of protemn 13 the cheapest nutntional insurance we can buy for
children  Our evidence indicates overwhelmingly that such & diet Is highly

Summary

The skeletal musculature grows far more mpidly than the body as a whole
from the age of 18 months to 9 years, or later if protein intake 13 insufficient
to permit achievement of adult proportion of muscle to body weight by that
1ge  Growth of muscle 18 most rapid duning the preschool years, when weight
gan 18 slow but type of body growth 1s changing and the extremities are
growing more rapidly than the trunk. Dunng those early years it appears
advisable for the child to recetve daily 3 to 3.5 gm. of protem per kg of body
weght such an allowance permits good growth of musculature

As the child grows older 1f good nutntion has been maintamed the differences
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in rate of muscle growth compared to rute of total body growth become less.
Protemn allowances decrensing gradually from 3 gm./kg., but remaining above
25 gm /kg will permit achievement of adult proportion of skeletal muscula
ture to total body weight by or before 10 years of age

The years from 4 to 10 are those wherein incidence of febnle illness Is highest
50 protein allowance must be large enough not only for normal growth, bat
also to permut rapid recovery of muscle and other tissue inevatably lost dunng
illness. A generous allowance permits better growth and mamntenance of
body tissue, and more adequate defenses against illness.  Children so mawn-
tained exhibit abundant health
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PROTFIN MNFFDS OF CHILDREN A PREIIMINARY REPORT
OF STUDIES O1 INDIVIDUAL DITFFRENCES®

Byll C Stuart, B S Burke R B Reed and 1 Valadan
The Department of Maternal and Child Health Ilarvard School of Pubtlic Healtk Bostow Mazs

Children differ widely among themselves at any age in all aspects of health,
growth, development, and adaptation  Many of these vanables are known
to affect protein as well as other nutnitional needs, but little is known about the
extent to which these factors do so, age by age indiadually or collectively
Levine! has reviewed the princiyml {actors on which a child s necds depend

1t 13 difficult to individuaize the application of recommended allowances
The problem of recognizing these children whose protein needs are high or
low becnuse of basic attributes, or those who temporarily have such needs for
special reasons, is difficult because frequent measurement of such needs in the
laboratory 1s impracticable and because the early signs of unmet needs are
nonspecific  Accurate chinical observation or measurement of those features
of growth and development that are known to influence protein needs is like-
wise difficult

This paper deals with 2 hmited aspect of 2 project that has been in progress
at the Department of Maternal and Child Health over the past 26 years under
the title of “Longitudinal Studies of Child Health and Development ? In
this project, individual children have been fallowed peniodically t in o mults-
discaplinary manner from birth to 18 years of age incduding hmited studies of
the mothers dunng the pregnancies and, thereafter, of the families and en
vironments. Two hundred and thirty two children were followed from birth
to 6 or more yenrs, 134 of these being followed to 18 years  The staff 15 now
mvolved with the analyns of the extensive data in hand and in prepanng both
monodisciplinary and moltidisaiplinary reports of the findings. Pnmary
emphasis 13 being placed on the recognition of individual difference throughout
entire childhoods, in patterns of growth and development on the one hand and
1n dietary intakes, illness expenences, and environmental circumstances on
the other as well as upon ilentifying interrelationshups between these data

This paper constitutes 2 preliminary report on one small aspect of the
rescarch described, and 1t does so pnmarily from the standpoints of explonng
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methodologies for evaluating longitudinal data and for studying interrelation-
ships. It s concerned specifically with identifying relationshups between
size and growth progress and dietary intakes of calones and of total protemn.
These relationships are studied 1o individual cases in respect both to continuing
charactenstics and to recognizable deviations at particular penods.  The data
selected for these purposes from the records 1n hand are

(1) Durect measurements of body weight throughout, of length to 5 yeans,
and of heght thereafter

(2) Measurements of breadth of subcutaneous tissue and of muscle at the
widest breadth of the calf as obtamed from anteroposterfor roentgenogmms.
FIGURE 1 shows an anteropostenior roentgenogram of the leg with lines ind-
cating the standard locations for obtalmng the measurements of length of
tibia, breadth of bones, breadth of muscle including bone shadows, and breadth
of the 2 widths of overlying skin and subcutaneous tissues.?

(3) Assessments of skeletal age according to the method of T W Todd
usng roentgenograms of the hand and based on the norms published by
Greulich and Pylet*

(4) Recorded age of maximum growth and of meparche in girls.

(5) Evaluations of usual daily intakes of calories and of total protein during
each interval between examunations.

In subsequent reports 1t is planned to utilize additional data n search of
other attributes that may be associated with charactenstic differences in pro-
tein needs. These may include other body measurements and photographs
to permit further consideration of the influence of body build, more detailed
considerntion of increments of growth calculations of volumetric proportions
of different tissue components, histones of illnesses, hemoglobin values, and
selected 1tems from pedintnic, orthopedic, or dental examinations. Work 1s in
progress along several of these lines.

Dietary Huslorres and Their Assessments®

Detailed histonies of customary food intakes of each child enrolled in this
study covenng each interval between examinations, were taken by one of
the authors or by a specially trained nutntionist under her supervision  These
hustories provide quantitative estimates of average daily consumption of each
category of food amounts being reported in terms of common houschold
measures They were taken from the mother during the early yearsand, there
after directly from the school chdd or adolescent. Similar histones were
taken at trumester intervals from the mother during the pregnancy concerned
Information was obtamed, both on wntten forms brought to the clinic and by
detailed questioning at interviews, at which a double approach was used to
provide a check for inconmstencies.

These bistones have been assessed for each child covering each age interval
a3 to amounts of calories protein by pnncipal sources and 1ndividual minerals
and vitamins, It is now possible therefore to recognize differences between

Thesc asscyuments were made Ty T I"le co-author of the atlas wed for siandards of
relerencr ¢ to whom the autbors are
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children in over-all patterns of intakes throughout childhood as well as in
consistencies or unusual shifts {n intakes at speaial age peneds 1n individual
cases.  Plans are bang made for further analyres of these records of food

protein intakes in respect to amounts of protan from vanous sources having
quahitative dufferences.
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The estimation of food intakes from dictary histories is subject to numerous
errors, the most important of which 1s the accuracy of the reportng The
brief statement of the method adopted 1n this research indicates some of the
precautions that have been taken to assure reasonable accurcy  Two of the
authors have made tests of the relability of the method adopted ¢ Satisfactory
consistency 1n reporting has been found i companng histories given 1n suc
cessne years by the same person It 1s recogmized that mother’s histones
may be conmstently incorrect, but 1t has also been found that the report of
intakes correlates with changes in growth progress.

It 15 appreciated that dietary mtakes no matter how accurately they may
be reported and calculated, do not establish actual needs.  Inadequate intakes
may be reflected 1n nonspecific clinical signs as well as slowed growth and lack
of saft tissues, but these effects may not be recognized and, if recogmuzed, they
are still not speafic. Excessive consumption of proteln assoctated with ade
quate calonc intake from other sources may contribute to increasing obesity
It appears, however that from the careful study of mdividual chuldren over
long peniods noting the ups and downs of growth and the levels of food intakes,
indications may be obtained as to the probable extent to which intakes do or
do not reflect actual needs, and hmited inferences may be drmwn.

Case Studies

Data denved from studies of 2 bovs followed from birth to 18 years are
presented m this preliminary report by means of charts. On the one hand,
these data relate to physical growth and development and on the other to
dietary intakes they are plotted agminst selected standards of reference de
scribed 1n the presentation of the first case  An attempt 18 made to 1dentify
for each child his charactenstic patterns of progress by noting the consmstency
with which he expresses his basic constitutional attributes and to distinguish
deviations or iuregulanties suggestive of some factors interfering with expected
progress  The fact cannot be overlooked however that conautently inap-
propnate progress may result from continuing nutritional fault or fll health
Compansons of protein intakes by age with growth by age will be the principal
focus of attention The effects of illness experiences on these relationships
are to be explored In a later report

Case o 49  F1GUrF 2 shows a compoasite chart on which the measurements
at all ages of weight length to 6 years, height from 6 years, breadth of sub-
cutancous tissuc and breadth of muscle are plotted against percentile distri
butions and on which age of maximum growth Is recorded  The norms for
weight and length to 6 vears were denved from the research being described
those for weight and height after 6 years are taken from norms provaded by
Meredith? The norms for the 2 breadths were also based on the present
studies.?  Skeletal age in the hand is plotted against chranological age assessed
in the manner described

The bov whoee growth curves are shown in ricUrr 2 was above average in
length and weight at birth (weight 8344 s length 516 cm)  He grew
in height steadily remaming between the tifticth and seventy fifth percentiles
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to 12years  His rate of gain n haght then accelerated o that he was at the
ninetieth percentile by 13 and near the minety -seventhat 15 and 16 and then
tapered off to the ninctreth by 18 vears.  The weight chart for this hoy shows
considerably more shift in position over the years than did the chart for height.
His weight fell somewhat behind duning the first 2 vears then was more steady

but reached a low at the twenty fifth percentile at 612 years and remasned
well behind height at all ages ta 10 years  From that polat it chmbed steadily
in the range, reaching the mineticth percentile by 14 years approximating the
same position as height at that time  Between 15 and 16 years the boy be
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Frooorr 2. Composite chart for Case \o. 49

came definitely overweight, but he thinned thereafter under voluntary dieting
This boy’s adolescent acceleration, with early termination of growth in height
and weight comnaded with a moderate advancement in skeletal development.
His skeletal age fell behind to about 6 months of retardation at 5 years, then
rosc to near average at 7 ycars remained near average to 13 and chimbed
thereafter to about 1 year of advancement at 16 years

The measurements of skin and subcutaneous tissue as plotted in FiGURE 2
reflect the major fluctuations in weight being approxumately at the nmetieth
percentile at 1 year near the tenth from 2 to 8 chmbing to the ninetieth at 15
and well above 1t by 16 The measurements of muscle breadth, plotted simi
lardy indicate that except in the first 2 years, this boy always had relat,
large muscles 1n the leg being at about the runetieth percentile from 5 to“
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and well above it from 14 to 16 years. The Iatter increase in muscle breadth,
in association with manifest obesity, may have been due 1n part to infiltration
of muscle with fat.

Summanzing the findings 1n ¥10URE 2 this boy was long and heavy at birth,
moderately tall and relatively thin 1n late mfancy and childhood and then
became relatively taller and progressively more heavy throughout adolescence
up to 16 years. From photographs and clinlcal observations 1t was apparent
that much of the change 1n his measurements reflected the development of &
more stocky or mesomorphic build. However he did have a large component
of endomorphy in his buld at 18 years and he became definitely obese for 2
short penod centering around 16 years. None of this boy’s linesses appear
to have been of sufficient seventy or duration to suggest appreciable influence
on his progress, In respect to his habits of physical activity, he appears to
have been rather inactive dunng the early years and, for a boy of his build
and excellent muscular development, he had surpnsingly little interest in
active sports dunng his second decade. It scems proper to conclude that
duning much of adolescence he was unusually inactive

One might anticipate that an individual such as the boy described would
heave had relatively large protein needs at all ages because of his larpe size
but more so during adolescence because of more rapld growth particularly of
muscle tissue. One also might expect his needs for calones to be somewhat
high  As to his actual intake of calories, one might suspect that they had
been moderate and possibly low at times between 2 and 8 years Increasng
progressively thereafter and becoming excessive between 14 and 16 years

The dietary records indicate that the mother s diet throughout pregnancy
was good to excellent her protein intake averaged 73 gm. but at times calories
were excesive,

Fioure 3 shows a preliminary distribution of calones and of protein from
ages 1 through 6 years for the boys followed in this resenrch The most
striking feature of these distributions 1s the wide range of vanability at all
ages. In each instance some boys consumed more at 2 years than others at 6
and at every age some took twice as much as others 1t Is also of Interest
that in each distribution the range increases with advancing age with the
exception of a range siightly wider between 1 and 2 years than between 2 and
3years This figure shows that the calonc intake of the Loy under considera
tion rose apidly dunng the period from 1 to 6 years, starting below the fiftieth
percentile and nsing above the ninety-scventh  The boy s protein intake
started above the fiftieth and rose to the ninety seventh percentile dunng the
same penod

Ficoxe 4 shows the calorie and protemn intakes of this boy by years of age
from 1 to 18 plotted against the recommended allowances of the N\ational

Research Council Washington D C  The line for the latter is drawn through
the allawances plotted at the midpoints of the age penods to which they apply
It shows that his estimated intakes of both calones and protein were nearly
double the allowances at 8 years and remained extremely high throughout
The peaksof intales from 14 and 16 vears coincided with his greatest growth
and peniod of obesity  The findings therefore follow in general the expected
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pattern of change, but intakes at all ages were much higher than expected,
espeaally duning the preschool and early schoal years when welght gain was
laggn,

gg’[‘}ube) and his mother were both extremely cooperative in giving informa
tion and took their responsibility toward the study seriously Mo scheduled
examination between his birth and 18 years was missed  Therefore, it 18 hard
to conclude that the histones of his cating practices were greatly and con-

CALORIC AND PROTEIN INTAKE

Cose No 49 from Harvard School of Public Health study
of child heolth and development

CALORIES PROTEIN
CAL k3 oL
noot
2400
200
2000
1800~
221 od
1400~
1200+
IOOOL
800
0o}
E 1 [ B N | [ B 1 1 ) ] 1 1 ]
t 2 3 4 E 3 1 2 3 4 Ll L3
AQGE N YEARS AGE IN YEARS

Fiooxt 3  Calore and protein intake for Casc No 49 plotted against percentlle distr
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sustently exaggerated. It appears that hus tolerance for calones and protein
was relatively high for his age, for intales were high even when he was rather
thin 1n the early achool years, It seems necessary to conclude that either he
was able to consume over long periods far more calonies and protem than he
needed mthout getting fat or that he needed more of both than the recom
mended allowances of the National Research Council would have prowvided
on an age basis. This would still apply even if full corrections were made on
the bams of lus height age or akeletal age. The case provides an example of

indvidual vanation 1 food patterns constantly high throughout childhood,
associated with somewhat mmilady unosual natterns of erowth



Gatonie anp Protein Intane sy Yean or Aae Reateo

vo NRG Stascancs rom Bors Cast N
o o
**T @ MRG STANDARD ] ™Te wacstanpano ,
O TOTAL CALORIES "I O TOTAL PROTIM i
ved -
v us .E'q__
)
- L
A,

9
/

7
%

- g
AST W YIAR3

ASE W YEARS

Fiooxe 4  Calotle and protein Intake for Case No 49 plotted against National Research

He T Wi v o T - 14 > 8= S rrr c A H
Me t 1e At Tre Te hod s Ascom Yea s
Pe or 1ne Noa o0 Bo 3oy "{ z
Yo o Crne o 00m Ax b i/'“
Cuen 178 L ke
== L ‘
, !
3 T3 ig#le
L : Iil / i i
U 7 i
- 1.
] - 1
1 ——
4 // 7 4 e o v o
T2 JT P
] SR 1§ R scace-caniy i
¢ A e, ]
s 441
5 _‘::ﬂé'}k .Q\{:_ I ket
~ 4 N
.;'j‘r_,__l i 2NN E - AW
- B e ==y ARNE

Frier § Compuaite chart for Case No 178

£6



Stuart o/ ol Indinidual Differences 1in Protein Need 877

Case Vo 178 The boy whose composite chart 1s shown in F1cURF § con
trasts strkingly with the previous case in almost all the attributes portray ed
Dbut the chiel difference 18 in respect to size  He was vers consistently at or
below the third percentile for weight and subcutancous tissues from 1 to 14
years, and between the third and tenth for height from 514 to 14 years, His
musde breadth was near the tenth from 2 years on The only substantial
exceptions to his being small were that at birth he weighed 8 pounds and was

CALORIC AND PROTEIN INTAKE

Case No 178 from Harvard School of Public Heolth study
of child heclth and development
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Fscore 6 Calorle and cn intake for Case No 178 ted agalnst percen
tributions for the gromp aged from 1 to 6 years. ot e di-

19 4 cm. 1n length, but the latter measurement was near the averge through
the first 6 months. Also both height and weight chimbed moderately 1n
percentile position between 14 and 18 years

The histortes of the mother’s prenatal diet were mted fai’ n proten
The baby was very slow n reguning birth weight and the problem of feed
ing him was conmdered difficult throughout the first year He continued
to be finkky about eating and to refuse many foods until hus ninth year
his appetite was usually considered poor orat best “fair  Tonsillar infec
tions led to a recommendation for a tonsillectomy at 3 years that was not
carred out until nearly 7 years.  The whole peniod from 3t012 years wascharac
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tenzed by recurrent respimtory infections, some of which were severe 1n char
acter

Figure 6 shows that this boy’s intakes of calones and protem from 1t0 6
years were very low 1n relation to the percentile distributions for the group
under study Although his calones did nse from the tenth to the fiftreth
percentile between 1 and 5 years, protemn itake never reached the tenth dunng
these years, FIGume 7, however shows that his calones were never above
the levels recommended by the National Research Council except from 3 to 5
years and, at times, they fell considerably below them His protem intakes,
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however were much more stnkingly below these allowances at all ages to 14
years being particularly low in respect to his own earlier and later intakes
from 5 to 12 years. Therealter they rose stead:ly to above the standard after
14 yenrs.

Between the ages of 9 and 10 years this boy according to his mother began
to mandest an improved appetite and at 14 years he was reported as enjoy ing
his meals and cating much more than formerly

Ttus case appears to represent a consistently small child with weak potential
for growth  These features would Jead to the expectancy of low calone and
protemn needs and his intakes were generally low  During the years of his
particularly low protemn ntakes his skeletal development was delayed and
measurements of weight and soft trssues likemse fell behind



Stuart ¢f @l Individunl Differences in Protein Need 879

Summary

The problems Involved mn estimating the long term protein intakes of
individual children and the possible relationships of these to the children s
pattemns of grawth and development and to their particular needs have been
consrdered

Opportumities now avatlable to the authors to view total cluldhoods in
respect to growth and natrition have heen described bricfly  Studies of two
boys have been presented, using data obtained periodically over 18 years in
each case. These data were acquired chiefly by a pediatrican and a nutn
tiorust and were evaluated by a statstiaan  The data shown relate to each
child s growth and devclopment, on the onc hand, and to his intakes of calores
and protein on the other as well as to possible relationships between these
vamables. Certain methodologies have been described for use in evaluating
longmtudinal data that have been found to assist in the recognition of dufferences
between children and smmilanties or differences from age to age for the same
child in levels of intakes of protein and calones and of patterns of growth and
development

In initial case studies it has been found that selected children tend to have
charactenstically high moderate or low intakes of both protein and calones,
sometimes being very consistent in this over long segments of childhood. One
of the cases discussed was able to consume levels of calones and of protein
far above recommended allowances, while remaining relatively inactive and
mantaming fow weight for height, excellent health and a steadily high level
of progress in growth This boy becume obese only for a short period late
m adolescence durning which his formerly high levels of intakes were greatly
increased.

In contrast, the second boy was always small and he continually consumed
small intakes of both calones and protein  Both of these intakes were very
low in comparison with the group from this study and protein was particularly
low 1n respect to National Research Counal allowances The latter applies
chiefly to the ages 6 to 12 years. Progress mn skeletal development became
slowed during this peniod. There were numerous clinical indications that his
bealth was only farr during these years and he manifested generally lowered
resistance to infections.

There do appear to be recogmuzable relationships in the cases presented
between over-ail patterns of growth and chamctenstics of aalorie and protein
mtakes. No mferences can be drawn as to the significance of demonstrable
deviations 1n progress assocated with changes in levels of protem intake
until the entire series has been studied. However intrigumg fluctuations
occurnng concurrently m growth and food intake suggest that further studies
along these lines are demimble,

Individual differences i the characteristic levels of calonie and proten
intakes appear to be wider than had been anticipated to the extent that rec
ommended allowances often bear only remote relationships to the customary
intakes of selected mndividuals

This paper is not concerned with basic protemn needs of ulations of
children by age or otherwise. Ihenuthunhgveumdd.lcmryi:t)npkn
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as a part of the broad study of human vanability in childhood They b
pointed out only the wide discrepancies between individusl intakes and
ommended allowances. They have not been interested i the cntiqu
recommended allowances for average children.

These findings suggest that 1t may be more appropnate to consder
adequacy of an older child s intakes 1n terms of his previous customary k
of intakes while enjoying good health or in terms of his progress In growth, 1
1n relation to standard allowances.
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PROTEFIN REQUIREMENTS OF ADOI ESCENTS

By] A Johnston
Henry Ford Hospital Detreit Mick

The problem of the optimal 1ntake of protein in the human subject 1n
volves considerations other than the musfaction of the growth requirement
Longevity, maximum total cffiaency repreduction, and development of
offspnng were included as cntena by Slonaker! 1n his study of the rat, but
there would be difficult of attainment in any longitudinal human study ~ How
ever, his findings are of interest  With calones constant 5 dufferent levels of
protemn intake were used 103 142 18.2 22.2, and 26.3 percentages of total
calortes. The cnitena of optimal growth, highest fertility lowest mortality
of offspnng and length of life were all best satisfied on the second level of
ntake, 14.2 per cent of calories.  Spontaneous activity was optimal between
14 2 per cent and 18.2 per cent.  These objectives are difficult to attain in
any longitudinal study of the human In the past 30 years studies of the
relation of the protein intake to resistance to infection have yielded sufficrent
information to constitute another critenion of optimal” in any consideration
of proten intake A senies of studies by Cannon® led to the conclusion that
“both the acqusition and preservation of the antibody mechantsm require the
dietary presence of an adequate supply of proteins of good biolomcal qualty
in order to make available the building stones essential for globulin synthesis.”
Our own studies along this line have involved 2 disense states tuberculoms®
and rheumatic fever ¢

In followmg for more than 20 years a group of 932 tuberculin renctors
removed from contact a sigmficant number of instances of the adult form of
the disease was noted first in the adolescent group It was possible to demon-
strate good correlation between the development of these lesions, their course
when once developed, and the nitrogen metabolism  Evidence of previous
depletron not appreciated when estimates of nutntion were based on weight,
but nferred from abnormally high nitrogen retentions on adequate intakes
with flat or dechning weight curves was noted repeatedly The typical
metabolic picture of recovery from depletion was a high mitrogen storage with
a plateau m weight curve following which mtrogen storage fell to the expected
plane and was paralleled by normal weight gun  Negative nitrogen balances
from any cause were associated with spread of the disease process regression
of the palmonary lesion was associated with normal or high retentions Ex
amples of these studies are reproduced 1n Figoees 1 and 2.

In a series of studies on children with theumatic fever good correlation could
be established between the nutntional state, with particular reference to protein
reserves, and the ultimate outcome of the disease.  Sumular findings are reported
by Coburn and Moore *

The approaches to & study of the protemn requrement m the human have
been the survey of intake method and the balance technique The former
has the obvious defect of measuring intake rather than utilization but 1t has

881
Ve
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found that the mitrogen content exceeded the mtake calculated from
water and Bryant tables® by 1175 per cent  Dietary surveys based
alculations rather than on direct analyms would be subject to th
Whether the actual reteatian noted on intakes of 15 per cent of the
a3 protem are unreahstically lugh, the fact remains that with lower
we found actually negative balances too often to have any sense of :
with lesser intales, The discrepancy between weight actually gair
that predicted from nitrogen storage 1n the tuberculous adolescent 13
understood as & phenomenan of the reconstitution of depleted nitroger
Even in the norma) adolescent, however, the exchange of fat and w
protein in the mpdly changing structure of this age period may .
for part of 1t. We Iack data on the composition of tissue at this age
that would make valid the conventional prediction.

As a background to a consideration of the specizl problem of the ado
I propose to review some basic principles of the general problem of the
requirement denved from balance studies on 27 children’ on whom the
of observation aversged 10 months. These incuded 7 boys aged 1t
years and 6 months and 5 girls aged 10 to 12 years and 5 months.

Although hospitalized for the study these were normal children who
othermse have been n foster homes. They attended school daily a
outdoor exercise  The critena used for the adequacy of their intehes w
expected gain in bewght and weight, (2) satisfaction of appetste (3) n
retention, and (4) a normal basal metabolism  The caloric intake was
until appetite was satisfied, and then the percentage of calores deriver
protein was vaned from 10 to 25 per cent.  Conmderation of protein n
ment Is inseparable from total caloric intake thus exphins our recorc
protem as percentage calories rather than as grams per umit of weight
pomnt is well made by Catheart® and by Powers.!

Adjustment to a suboptimal intale of calories and protein 13 regularly
by a fall 1n basal metabolism '* This, together with fts imphcation:
long since pownted out by Benedict ' Thus, while 1t is known that a »
on lower intakes of protein may come into nitrogen equilibnum at &
plane, some thought must be given to the pnice paid for doing this at
Jevels of basal metabolism (riGuRe 3)  In the girl cessation of menses
of the side effects. Inabflity to cope wath Infectlon is an additional ¢
quence  This was our reason for including as one critenon of optimal ¢
mal basal metabohsm

Attempts to effect an increase in metabolsm above normal with exce
amounts of protein were unsuccessful I these studies there was a sugge
of an instinctive regulation of intake in that amounts of protemn in exce
20 per cent of the caloric intake were commonly refused  When taken
frequently resulted i a syndrome of pallor and nausea A third finding
the d ration of the ph of the “physwologral ceting  fc
trogen excessive amounts of nitrogen heing re—excreted 1n the unne

The generaluzation from this study was that the cnitena in question
regularly satisied only with a protemn wntake providing 15 per cent ol
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otherwise adequate calonc intake the remaining calones deriving 35 per cent
from fat and 50 per cent from carbohydrate

Conswderation of the odolescent s requirement requires a brief review of
the metabolic and growth charactenstics pecubar to this penod  The adoles-
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 the in the basal metabollsm rate from —20 to +3 Boothby In this study

were not continuons each bar ts & 3-da; balances
the & of the con Tepresents & y balance, aod the cross-Imtched blocks xhaw

cent peniod will be conmdered here as embracing the beginmn,
appearunce of secondary sex characters and termm:tli:g with Lhegc:ﬂut-gl:
of skeletal growth Common usage makes puberty’ synonymous with the
appearance of the first menstrual peniod in the girl a point developmentall
corresponding to this i the boy 18 the time of appearance of the Ip!:nnntonn)
which 18 believed ta comaide with the development of curly pubic harr ~ Chron
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ologic age as & pownt of reference 1n this age group has little usefulness, The
tchjevementofmbertyhuamngeofaboutGyunmbothuxu,mdﬂr
metabolic changes that characterize the penod correlate with phymolasc
rather than chronologic age. The pattern of growth in girls 18 well brought
out by Shuttleworth® m the plotting of height mcrements of gurls menstruatmg
first 2t 8 duifferent chronologic ages (FIGURE 4)
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Fiouax 4 Gmlhh]wtdm{n?ldoktﬂ)ct This chart from Shatthew orth®
cat the fact that the growth patterns of girls muturing at ages from 10 to 17 are dmllar onl
when plotted In terms of age. Shown are the annml fncrements in
beixht of 8 groups of girls who attained menarche at different ages-  The curves are

#0 that the points lolbemtm:tbalmmonmbenu:]\r!;u&nlgn

c 10 growth ooc nin the nverage
growth from age 8 years to ago 17 years gLG) and two mm the average growth from
17 decrierative phase of growth following the men
asche é reflected in & diminishing abifit m"xir)uln nitrogen.  (Reprinted with the permivdon

A prepuberal rise and 2 pestpubern] fall in basal metabolism have been
noted by some investigators, and my associates and I have noted it regulary
in determinations done every 6 days. In cross-section studies and with
determinations at long intervals, the averaging process obscures this as will
be noted 1n the obsenations of Shock.®

With ntake constant the percentage of nitrogen retained nees during
the accelerative phase of growth that precedes puberty and falls dunng the
decelerative phase (FIGURL 5)

The magmtude of the fall in retention noted at puberty would seem dispro-
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ionate to the changing rate of growth, and 1t suggests a morc positive
E:-rlnonnl miluence. In 6 girls, theadmimistration of estrogens cxcrted such a
depressing mfluence on the retention of both nitrogen and alaum® It is

Weight

™ (+4)

Basal Cals

-1%)

Henarche

Nitrogen Balance

L

yfh-ﬁiib:'lauﬂtsnxsaaaﬁra

Frouxe 5 Metabollam et y The basal metabolic rate Is flactuant in this well-
trained mubject, the mnge of calodes being 200 There {3 a tendency to Tates
tely before memarche and to lower rutes thereafter The mtes are ted on

The sarrounding the menarche s marked by a f1l in
retention, although intake remins constant. With smonts lower than 15 per cent
tendency actoally resnlts m pegathve belances.

probable that postive balances will occur with amounts lower than this dunng
the accelerative phase of growth when the tendency to retan mitrogen m
enhanced it 15 dunng the period of decelerative growth that we feel that
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amounts lower than this will result in negative balances. That ths my
be a major factor conditioning the development of the remnfection type of
tuberculoss 13, we feel, imphat in the data  In 5 boys to whom testosterone

GROWTH AND RETENTION AT PUBERTY

T l \\
A menagcheatas [ . —_

E - va3 JONS _
W 5§~ \
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'[ ogen dmjﬁ/n Semlsy
The

Frtre 6 Data on 8 pormal gire, means are close o those of a larger growp
studied over shorter periods by $sng, flodgen and Wing ®  Caloric {ntale ranging from
1900 10 2400 calories, mas 15 per cent phospharus, 35 per cont fluorine amd 50 per cont carlon

was given the well-establshed increase in nitrogen was noted but there was
a reciprocal fal) in calaum

Fictgt 6 and Tuir 1 show data on 8 normal irls in the premenarcheal
and postmenarcheal penods whose intakes of protein constituted 15 per cent

P ]
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of the total calories!  Vcan retention nises in the xo-called MG year® to 26
gm of mtrogen and 465 mg of caldum and declines by the thind postmenar
cheal year to a mean of 14 gm of nitrogen and 155 mg of calctum per day ¥

Six 18-day balances on 3 boys and 3 grls with epiphyseolysis arc recorded
n TABLE 2, ‘These balances arc included here as examples of & condition
imited to the year of maumum growth and occurnng charactenstically in

Taser 1
van Percent
betere R Diet [\ N
oo | A | N | e | Bl | B | ke [T x e
frotetn
1 134 -H‘i 516 | 157 1241 | 2200 | 148 | 168 | 341 |21 30
2 13-2 {=3/12) 526 | 157 1395 | 2200 | 142 | 161 | 313 |19 50
3 1 +1-41¢[ 339 151 1H9 | 2400 | 149§ 155 | 140 875
4 10-7 300 157 2200 | 129 ) 136 { 148 907
3 5-3 N9 1122 ) 1900 ) 120 ) 158 ) 116 T 25
6 11-1 §=1/12 [ M4 5 160 00 ) 141 160|471 | D0
11-7 |+2/12( 435 160 1306 | 2200 | 142 | 161 | 257 11610
7 11-6 |—6/12 527 158 1304 | 1900 | 125 | 1651 202 | 12 60
12 0 500 158 1223 | 1900 | 125 [ 165 112 700
8 91 [—2/12 | 364 1187 | 1900 | 124 | 164 | 269 | 1680
93 [+1/12 | 389 137 1201 1900 | 124 | 164 | 157 98
Tasre 2
Errrmryszovysis
Xitrogen Calcka
¢ | W Food Paml
Ae | ToE | g | S caln
Totake | Betamce | fotike | Batawca | GHRO)
Boys
4 61 133 2400 15 10 163 1311 -0 014
13 58 78 2200 12 16 268 1161 +0 113 1119
Gh‘i: 68 146 2400 14 84 3In 1399 [ 400386 | 1688
13 62 104 2200 13 82 oo 1210 [ 40175 1350
1134 58 87 1900 12 74 076 1266 [ —003 | 1317
11 60 923 00 14 58 188 +0 063 | 1390

the overweight child or 1n one whase growth in height has been abnarmally
rajd It was shown that the abnormally low calerum balances could be ren
dered pontive with the addition of vitamin D% In 4 of the 6 children the
retentions of mitrogen were lower than 1n our normal children on ntakes of
protemn equal to 15 per cent of the calories, suggesting that even this figure
may be margmal 1n instances of very rapid growth

Excellent reviews of the terature on the adolescent requirement are avail
ebie m the papers of Wait and Roberts” and of Weng Hodgen, and Wing 2
Therr findings and those of others are summanzed in TaBte 3 It will be

Yeur of marimum growth.
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noted that the percentage calones from protein found 1n recent dietary surveys,
s well ag those recommended by National Research Coundl are lower than
the percentage we muggest, although our figure s in agreement with that
recommended by Wang Hodgen, and Wing, by Holt and Fales® and by
Camerer!* and Tigerstedt.® The retentions noted 1n the balance studes of

Tanre 3
Hte12yan 11515 yamns 16w 13 yan
Refereace r‘h:-\-_-.l- Percent.] Lh!.t;d»
Dict calarles Diet ealarles | 8% | Dict cadories
pr:xceh peotetn m
Natlonal Research Coundll
(1953)
Bops 2500 12 3200 106 00 101
Gids 2300 121 2500 128 2400 123
Canada (1954)
Boyl 2333 101 2940 122 3450 69
2510 100 2500 18 2388 LR
mmsmd Pilcher (N Y.,
2557 133 365¢ 120 3375 116
Werkt, n1s 123 145 127 1976 130
W oods (Id.lbe 1955)“
2088 140
Eppd‘h Sl J 3145 135
t,
Swanson (Igwa, 1954)
Boys 2553 13 3419 119
Glrls 2381 128 2514 19 25821 17
Odland, Page, snd Guild
{mmn, 19551
3150 139
Gﬁ 3030 87
Holt and Fales (1921)%
Hoys 2525 145 332 44 I 128
14 children 3 children 3 children
Girls 2523 128 3258 52 3087 143
8 children 4 children 2 children
Wait and Roberts (1933)7
gfﬁ: 124 128
Wang, Hodgen sod Wing
(1936)%
rls nm 16 6
Camerer™ } 17 tage
P oot hee S years throgh Fonth | -1 i
Tigerstedt™ showed lﬁ,rrtmu;cuhtbnpm(d.n In avernges Lelow
duriog adokescence In girls.
Averages )
Roys j owe 13w fnel o s
Girls 2393 e | 26549 134 | M4 126
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Aang Hodgen, and Wingarecssentially the same as thow noted 1n our normal
children

Conclusions

Our data suggest that the optimal intake of protein for the adolescent should
constitute 15 per cent of an adequate calonc intake It is suggested that the
recommendations of the National Rescarch Counal for this age group be
revised upward It 18 urged that one criterfon of optimal  be the relation
of a nutnent to infection
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Discossiov

PavL GyOroy (Unirersity of Peansyframa Medical School, Philodelphna Pa)
From a worldwide viewpont, the question of protemn requirement 15 of pana
mount importance, as shown later mn this monograph 1n connection with
the first public health problem in the world kwashiorkor or protein malnutntion.

Since the age classes beyond the first year of hife already have been discussed,
I propose to fill a gap by returning to a conmderntion of the newborn and the
first twelve months of life.

The newborn and the young infant present the sumplest problem m proten
requirement.  From the teleologicnl point of view which 1 still conssder better
1n this connection than any scientific approach, 1t 18 my confirmed optnton that
human mulk 1s fke food for the human mfant and that accordingly the amount
required to cover the calonc requirements as determined by the classic workers
in the field Rubner and Heubner (Czerny and Keller') must also cover the
protein requirement. The protein requirement n the infant therefore
should be and will be about 16 gm /kg I refer of course, to the protan m
human mill. I donot think we can state the protein requirement categorically
without indicating just what kind of food we are discussing not oaly the pro-
tein the nature of the protein and the biological value of the protein but the
protewn 1n 1ts context with the food as such  When we speak of human milk
we know the relation of calories, which 1s about 6 to 8 per cent. e know
the nature of the fat and the nature of the carbohydrate both of which probably
are very important in determining the protein requirements

During the last two years two international conferences have dealt with
the problem of protein requirement one n Pnnceton N J.,? and a second in
Rome Italy? The volume resulting from the latter conference leads to
practical conclusions. The authors of that report have selected rightly or
wrongly a so-called reference protein based on paper work and have computed
the proper amino acid pattern which perhaps should apply to all age classes.
I must admit 1n this connection that I do not like to improve on nature
Furthermore I do not like a reference pattern that cannot be used In practice
as standard  In the past reference standards have been used widely in the
vitamin field Be that as it may the proposed ideal reference proten is
almost identia] with the protein in human milk

In the previously mentioned report of the Food and Agnculture Organization
of the United \ations (FAO) on protein requirements, a curve appears giving
the figures for protein requirements over all age penods.  Based on the hy
pothetica! rea! reference protein the protein requirement of Infants 1s stated
to be about 2.25 gm  During the first two years these figures drop to much
tower levels (1 to 1.5 gm) and with a slight elevation duning adolescence
they reach the level of 0 4 gm foradults  Compared with the figures presented)
carhier in this monograph the amounts recommended by the FAQ are much
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lower which Is fortunate as we are consklering a woerldwide problem  If
the FAO figures arc correct, then the proten requirement for the world need
not be ncreased, as woukd be the case of we take the figures of Steamns for
example

The ratho of calones to proten is one of the mest Important problems,
as emphasized elsewhere In this monograph by investigators of the kwashiorkor
problem, and we cannot speak about protein needs without taking calonies
Into consideration It is better not to speak of the amount of protein per
kilogram dafly but to express it as the percentage of the alonc intake

Furthermore as I have already mentioned the carbohydrates are definitely
mmportant factors that influence protein needs or protem utilzation In
milk for mstance, lactose in studres that are now completed 1n our chnic
has proved far better in protein utilization by infants than have other carbo-
hydrates, such as dextnimaltose Similar cbservations are denved from
studies on ammals. 1 repeat that, in discussing protein requirements, plain
figures of grams per Lilogmam will not suffice  We must take into consud
eration the biological value as such of the protein in the food

I w1sh to make another pomnt about the amino acld pattern  Thus pattern
is at present a very fashionable concept and people expect good results with
a good amino acld pattern I wonder whether a few years hence we shall
not modify this concept. We already know for instance, that Scnmshaw
el al.} by introducing supplements of amino acd to the so-called reference
pattern, did not observe any improved results i the f{eeding expenments
Also as reported recently, Gortner® has not been able to Improve on the
utilimtion of pure zem by adding any combination of amuino add to it This
leads us to a final remark namely to the concept of Mellander,” who considers
(the evidence, for the time being is not quite clear<ut) that perhaps not only
the amino acd pattern but the peptide pattern after digestion must be
connidered  Some peptides might be absorbed and utilized as such, as key
stones m the synthesis of proten.

As stated before, a protein food should be conmdered in 1its totality and
not from the standpoint of 1ts anuno acid pattern alone.
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NATHAN TALBOT (Mossackusetls Gemeral Hospulal  Boslon Mass) TIn
conndening the subject of protein nutnition 1t 18 of interest to make some simple
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calculations. For instance, we know that an average middlesized chid
weighing 30 kg gans approximately 3 kg /year It may be assumed in xc
cordance with average adult body compesttion that approximately (0 per
cent of this gam, or 21 kg 15 made up of protoplasm  About 75 per cent of
the protoplasm 18 water, and another 25 per cent 13 protein, In other words,
the 30-kg child ordinaniy gains about 21 X 0.25, or 0.5 kg of protem per
year This 18 the equivalent of 14 gm. of protemn/child/day, or 0> gm./kg
of body weight/dsy Added to the minimum maintenance figure of 03
g /kg mentioned by Gybdrgy the result is the interestingly low valoe of
0.35 gm /kg /day It 1s, of course, appreciated that this figure provides no
leewey for ineffiency of utilization or for the fact that some protetns are
ncomplete.

Some perspective concerming the efficency of protein utilimtron by the
healthy, well-fed human may be had by considering the infant during the
first 6 months of life, at which peniod he is growing faster than at any other
tume 1n life Ordiparily the child approximately doubles his birth welght
during this interval  In doing so he is increasng his body protein at the mte
of about 1 gm./kg of body weight/day If we add to this amount 0.3 gm.
for maintenance we obtamn a minimum need value of 1.3 gm./kg./day I
he derives all of hus nutrition from his mother’s milk, his average daily protan
intake will amount to about 2 gm./kg /day, 2 value that 1 less than twice
the maintenance-plus-growth nesds calculated sbove, It seems unlikely
that the buman race could have survived ail the ngors of the evolutionary
past if this had been an mnadequate protein allowance.

A factor of conmderable importance i the foregoing connections 13 calonc
balance  As pointed out by Talbot ¢f al,! ncreasng the caloric Intake from
nadequate (1000 cal./m.%/day ) to edequate levels (1600 to 1800 cal./m.%/d2))
while the child constantly received 2 gm. of protein/kg./day caused the nitrogen
balance of this 16-kg hypocalonc dwarf to change from a level of approximately
zero to a level of +1.5 gm./day  Doubling the protem intake while calonies
were maintained at the same level farled to cause o sustained increase in
the mitrogen balance

These observations would appear to have a possible beanng on the first
three papers presented in this monograph Unless I am mistaken 1n the
studies reported therein the tendency wus to increase the total caloric Intake
and the protein intake simultaneously  If this were so one wonders whether
the differenices in nitrogen balance that were attributed to difierences In protein
intake might not have been due in large part to changes in calonc balance

Finally it mught be well to recollect that the use of animal instead of veg
etable-frnt nutnents greatly increases the costs of feeding expressed in terms
of acres of land and man hours of farm labor  While this fact may be of httle
moment to pcople who can afford and can readily obtain whatever they desire
it is of the greatest importance to people whose sunvival and health depend
upon the wise and most economscal utilization of every resource  Accord
ingly I should Like to jorn CyOBrgy tn expressing the hope that there will be
further discussions of the true basic protein requirements of human indivaduale
of vanous ages
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Haroro D Ly~ent (Eranstille, Indiana) My concern here is with protein
nutnition from the viewpoint of the private practitioner

Hypoproleinosis

A few years ago the author and his co-worker, W D Smively, Jr, called
attention to the prevalence of poor nutntlon in the United States in an article
on hypoproteinous of childhood! A group of symptoms common among
children was described for the first time as a syndrome due to a low-protein
deet.

Symptoms  Brefly reviewed, this syndrome embraces a group of symptoms
heard commonly m the office practice of peditncians. Starting with,
"\ly child won t eat,” or “He 1s not gaining weight’ the list continues with
such gastrointestinal symptoms as vomiting dizirhea, and consbpation It
includes peevishness, pallor frequent infections, and dental carles, sometimes
rampant,

These symptoms are consistently associated with a charactenstic dietary
history The diet s predominantly lquid, conssing largely of bevermges
of all sorts, including juices and milk, the latter supplying an abundance of
minerals, The vitamun supplement is usually more than sufficent The
solid foods are almost exclusively of the sweet varlety The solid protemn
foods are slighted

Analyms shows that such a diet despite generous quantities of mill pro-
vides less than 15 per cent of its total calones from protein  This is o low
protein diet, and 1t does not support good nutrition It should be ponted
out that these dicts are inadequate only in protemn, and that the syndrome
produced is not complicated by other dietary deficences, as 13 the case n
malnutntion o other parts of the world

Unfortunately there are no laboratory tests to aid in the dmgnowss of a
mild or even a moderate degree of protemn defiaency

Treatment, Gratifying relief from this syndrome is obtauned when the level
of protan calones is increased and maintained above 15 per cent. Tt will
be shown Iater however that this relief 18 not accomphished ensily

I this condition 18 8o prevalent, why 1s 1t not recogmzed and treated or
prevented?

Unspectacular and unrecogmzed. The majonty of practiang phymcians
have no deep mterest in nutntion and for good reasons. Aledical schools
n the United States, mith one or two exceptions, do not have full fledged
departments of notntion  Most of us have had no formal traming in ths
really basic subject, which 18 50 important to cluld health and to preventive

medicme. We are thoroughly instructed about the conquest of disenses
by means of drugs and/or surgery However we have had to learn about
health and about nutrition and about the individual we are treating by practical
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expenience alone. The medical practitioner busy with the more financally
rewarding struggle with diseases, has httle time to educate himself in matten
of nutntion.

Furthermore parents do not, as 8 rule, assocate therr children s poor bealth
with poor dret o they seldom consult the doctor about nutnitionat problems
after the mfant feeding peiod  On the rare occasions when they do so, the
parents are likely to present the child to the physican with a single complamt
and ask for a speafic cure, such as a tonic to make him eat or some medicme
iti)]x;l:fmborcls. Often they get the advice that the child will outgrow whatever

The svmptoms of faulty nutntion are so unspectacular that they are looked
upon as normal 1solated episodes 1n the child s development  \o doubt thu
15 the cluef reason why heretofore these symptoms have not been conndered
as a relsted group with a smgle cause.

However even when the relationship between svmptoms and poor dret
13 recognized, the cure for hvpoproteinosis may be difficult because 1t cannot
be effected by the sumple advice to give the child more protein jt takes more
than advice. The effective treatment of the child requires a revision of the
feeding behavior of the mother and family  Parents must be taught how to
persuade therr child to take more protein  This requires the changing of
adult attitudes and beliefs about foods This 13 & task for the phvsican
that 13 time~consuming as well as unremunenative

Obviously 2 disease that 1s seldom recognized and 1s troublesome to treat
produces Dhttle incentive for an investigative crusade

Causes of Low-Protein Feeding

In many parts of the world the reason for the child s failure to get enough
protein s simple—protein foods are not avajlable. This o true only toa
lumited extent in the United States, where there are complicating psvchological
forces that often mterfere with the child s best mterests.  The feeding of the
children gets entangled sn the social and emotionatl life of the whole family

Parents must live with child feeding day 10 and day out year after vear
It 15 hard to sustain interest 1n any such profonged task Furthermore
parents are not prepared to deal with a problem that has so much to do with
therr own behavior

One might ask what effect does family life have on the child s protemn intake?
The answer 13 of course & great dea)l  Here is what the clinxcnan sees

Dunng the first year a larpe gam of approuimately 151b provides the infant
with an eager willingness to take food

By the begnning of the second year the chikd s mpid rate of growth has
moderated and 1t soon reaches 1ts low point  The sudden deflection 1n rate
of prowth has a profound influence on the appetite  Along wath a physiological
disinterest tn food the child s development 1n other directions begins to have
disturbing, effects on his behavior  He s becoming a human being and as
such he becomes assertive and opimonated about all things especnlly about
foods
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The mother s instincts and cmotions do not permit an easy adjustment to
this turn of events. The close association between feeding her child and loving
1m sometimes prevents any adjustment at all

Dunng the first year the mother could give what the doctor prescribed in
neasured amounts that were large enough to satisfy her urge to feed the child

Now suddenly this new element, the human element, makes it difficult to
‘eed certain foods in any amount However, o good mother gets food into
aer child,” so0 she mves lum what she can, whenever she can

Beverages, including milk and juices can be poured in fairly easlly  Feed
ing the solid protein foods requires the child s cooperation he must chew them
Also protein foods are not sweet and tempting therefore they do not fit
wnta the feeding routine with case  On the other hand desserts and sweet,
palatable between-meal snacks readily win the child s approval in this inter
personal enterpnise  Such s diet obviously 13 long on carbohyxdrate and short
on protein  This is the dict of a multitude of Amencan children

It 1s 2 duconcerting fact that parents do not know about protein and do
not realize its importance for their children The term is seldom heard in
the language of child feeding protein 1s thought of only in connection with
pet animals and hivestock. However, parents all know about calclum for
their children and, although a child s feeding behavior may be obstructive

the mother at least gets his mill (with {tg calcdum) Into him  This often 1s
a hollow victory

ik

This 1 a good place in which to point cut how a misguided enthumasm for
milk contributes to the problem of gnang the toddler and preschool child
enough protem

No one can deny milL its place as a source of important nutrients for man
kind. When used with restraint or to make cheese, 1t 1s & valuable food for
children.  However 1ts almost fanatic use as a beverage has added more
complications than benefits to child nutntion

The slogan  one quart of milk daily’ m taken hiterally to mean that this
emoant should be given to all children, regardless of age or capacity  There
B llmillong te:]-m clinical evidence to sustain this dictum.

t is not clear what diseases or symptoms the prolonged use of Iz
tities of calaum rich milk will prevent, but ctrtamlyg:tdo[lcn pm?ngmﬁ-?;
child s getting enough proten It 1s almost impassible for the toddler and
preachool child to have a satisfactory feeding progrm when his milk intake
exceeds one pint daily

Under home conditions, the child who takes large quantities of milk develops
an urenstible appetite for demserts and sweets.  He seldom likes the protein

foods,
The Three Meal Ronitne

Another obstacle in prowding the child with enough protein is the Amencan

tradition of the three-meal routine. Throughout his span of devel
ment thechﬂduntcrmpurpoauwiththumdmon.lmg develop-
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The preschool child does not need three large meals daily, ard he wi
not take them, usually he will not ezt more than two fairdy good mesk. 0
course, he cannot be expected to eat one good meal if each sacceeding oot
spoiled with between meal snacls of beverages or sweets.

The small child in our avilization is not allowed to expenence ooe of e
basic pleasures that of getting hungry enough to enjoy the protemn foods b
needs for good health

Mothers should be taught that hunger is not a thing to be dreaded, bu
something to encourage

This 18 the bass for a few smple rules the physician can suggest to parent
that will help them provide a progmm for the child s best interest withou
martyrdom for the rest of the family

The penod from 1 to 6 in a chuld s Iife is & crucmal ttme physically psy
chologically, and nutntionally Thus 1s the time when s rate of growth anc
his appetite are at Jow ebb  Strangely enough, according to Brock * and t
Stearns’ paper elsewhero in this monograph the cluld seems to need the larges
amount of protein per 100 calones during this period. Unfortunately, how
ever, under conditions of our civlization Ius proteln intake 13 then likely t
be lowest.

The Older Chld and the Adolescent

Many forces contribute to supplying the older child with a subminima
amount of proteln calones. Here agnin, the child s interests clash with th
traditional Amencan three meal routine, but in a different way than wher
he was younger Now three meals do not provide enough food

The older child needs extra food between meals—especially after achoo
and at bedtime. These snacks should be considered extra meals—informa
ones to be sure but nevertheless important to the ravenously hungry schoo
child The same amount of care 15 needed in the selection of these snach
items as in the selection of foods at mealtime This consideration Is rarely
given  Fallure to provide good foods, that 15 these that contain proteins
at snack time nulbfies the most carefully laid plans for a good diet

The snack foods usually consist of such inapproprate fterns as canc
leftover desserts crackers cookies, potato chips, and popcorn foods that tas
good that are put up in attractive packages that requre po refngemti
or preparation  These carbohydrate foods make up a dusturbing proporth
of the older child s diet As the arbohydmtes increase the protein foo
are correspondingly shighted. The resultant low-protemn diet is consumed
a time when rapid body growth is literally begging for the butlding blocl
of protein—at a time when the defense mechanism against infections neel
to be reinforced with proten

Conclusion

The complexities of our socety rather than economics have conspire
to make 1t difficult for the chid to obtain enough protein  Pressures on th
protetn kevel of the child s diet recur regulardy throughout his many yem
of growth and development.
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Feeding the child, which 1s a long task n reahty becomesan uphill sty
to provide him with enough protein

Good child nutntion In our civiization requires the development of
enhightened philosophy of nutntion in order to apply the raence of nutnt
Thus will require the combined effarts of the biochemist, the chinician, and
peychiatnst,
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Jacx Metcorr (Mickael Reese Hosprtel Chicago, 1l)  The difficu
with evaleating growth as a measure of protein requirement are I th
quite obvious, as Genevieve Stearns has indicated  With growth, the m
vanable component added to the body is water which accounts for 60 t
per cent of total body mass,  Duning the first year of Iife there is an abw
increase of body water of about threefold to fourfold, but there is a rel:
decrease of water referable to body solids. Werght change 18 the resul
of these factors, The protewn requirement with growth particularly du
the first year of hfe, diminishes relative to increasing mass and surface ¢

Inan investigation by James Gamble a decreasing rate of weight gan
mtrogen retention 1s noted duning the first 9 months of hife! This wo
based upon studies of apposition of body mass determined by direct analys
body compomtion at several ages made by Camerer over 50 years a

The problems presented by balance measurements or creatinine excr
as indices of changing body mass are difficult to resolve. Creatinine e
twon is dependent upon the rate of methylation of methyl glycosar
an hepatic function, and upon the mte of renal excretion of creatinine
clearance increases wath increnming age dunng the first year of life, ren
of creatinme becomes proportionately greater  This 15 somewhat indepen
of body mass, but 1t does bear a better relationship to body surface, -
the young nfant 18 more of a sphere than he 15 an elongated cylinder 1n
trast to the older youngster or adult. Balance studres are complicate
the fact that if they cover too Jong a perrod some kind of systematic
attends them. For example, if one were to add up all of the salt that ks
to be retained or apparently retained dunng the course of balance mea
ments gver & pertod of several years, as Gamble has polnted ont the body »

look very much like Lot s wafe. 1f on the other hand short periods of ba
of 3 to 5 days are carned out at repeated intervals, 1t is probably nof
to extrapolate these over a year’s penod of time particularly when th
rapud change i tissue composition, Balance measurements, as we k
also are plagued by extensve skan losses, including skin losses of nitr

At low intakes the skin losses comprse relativel t
o P vely greater proportions o
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For example in 2 young nfant whose intake was hmited to ana
glucose equivalent to that commonly used to provide calones durmg ;“;&'.3
parenteral flnd therapy, the ratio of loss of potessrum to nitrogen was found to
by hughly vanable, aithough theoretically It should have been consistently
atabout 30 At the beginming of the fasting penod the loas of potassom was
considerably 1n excess of the loss of mitrogen and with cessation of fastmg the
grin of potassium was In excess of that of nitrogen. There appeared to be
& progressive decline 1n the K/N ratios, as derived from the balance measure-
ments dunng fasting  In contrast dunng control peniods the K/N ratos var
ied from 3 to 6 1 different penods, but were faidy consustent in each penod.
Since other components of protoplasm may vary independently of mtrogen,
and ance nitrogen retention may reprexsnt growth of such bodily compe-
nents as hair bone, muscle organs, and skin, 1n varymng degrees, ths measure
of growth 1s not completely satisfactory  Nitrogen balances are often in &1
cess of apperent amounts of actual protoplasm formed as Talbot hag indicated.
e References
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J RosweLy Garracoer (The Adolescent Umi The Childrems Hosprial
Boston, Meass) There are three general aspects of Joseph A Johnstons
excellent paper upon which I shall comment briefly The first has to do
wmth what at tines scems to be the preoccupation of both the physidan
and the public with greater than average weight the second with a faflure
to remember one 8 patient s needs for total development and a tendency in-
stead to focus upon some abnormality and the last with the importance
of determuning the effect of any recommendation upon healthfulness and
effectiveness 1n adult life, mther than upon these matters in childhood or 1n
adolescence alone. Omes belef regarding the protein jntake desirable for
adolescents relates to each of these

To take the first of these points our comsiderable interest in those whom we
believe to be overweight  In our clinic 1t is common to find that an adolescent
who has been referred to us for treatment of excess weight is already taking
in fewer calories and much less protemn than his thinner friend  Our concern
with these young people has been threefold first to determune how much of
their greater than average weight 19 in reality excess fat sccond 1o determine
to what extent exerase and acthitics are factors and finally to be sure that
thelr protein intakes are hept at levels which n the face of lower calones
will adequately supply their needs. The routine recommendation of calone
reduction without concomitant consideration of an adolescent s protein needs
may result n a leas than optimal diet

A girl recently seen in our chinic ilustrates this pownt &t 16 years, her heght
was 69 inches and her weight 190 pounds.  She had been told that she must
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Jose at least 50 I , and a 1000cal diet had been suggested o inquiny had
been made into her degree of activity, which was unusually great, nor had an
etimate been made of her degree of fatneas, which was quite low  An effort
to help her to accept hemelf, the physician s avoidance of appeanng disatisfied
with her, and some increase in pm‘(elnl?nd calonies ?uuld scem more appro-
nate for this very large, very active but not very fat young person
P Itisfair to m;?hnt :\Rocr;c of us know and that most of us arc confused about,
the optimal protem intake for the adolescent  Recently in a prehminary
study of 20 boys, one half of whom were quite fat, we were struck by the fact
that the nonobese group took i from 3300 to 5500 calonies, whereas the
intakes of therr fat fnends were from 2600 to 3500 calories and that the protemn
intake of the former mnged from 120 to 190 gm s against 30 to 140 gm.
for the obese bovs. The f{ree-choice protein intake of the thinner boys may
have been unnecessarily high  One wonders 1f the adolescent should not have
more protein than 1s often recommended in diets given those who are considered
overweight. It would certainly seem wise always to remember that 1t may
have been erroneously assumed that an overmeight adolescent is consuming
an adequate amount of protein.

My second comment, that at times we focus upon an abnormality and ignore
the needs and charactensties of our patients and thelr age group, develops
from my first point. Adolescence 18 not only a time of rapid physical growth
1t 13 also normally a time of very strenuous activity activaty that is relent
lemly pursued in efforts to gain the recognition and applause of the adolescent’s
amociates. To do things strenuously s normal for them, moderation 18 un
usual

For us to neglect to foster activity to forget its demands and 1ts significance
or to ignore the implications of inactivity In the adolescent and to focus our
attention on the fatness or thinness 1s to forget what sort of a person our ad
olescent 15, By and large when one 13 dealing with an adolescent it would
seem better in the face of obesity for instance, to concentrate on seeing that
activity 1s high and that protein intake 1s reasonable rather than to think
predominantly of decreasing calories,

Finally another remark upon one of the pomnts that Johnston has made
n determining the optimal levels of protein intake for adolescents, we need
to think of more than freedom from iliness, of more than what seems to be
adequate for body growth  If we are to be sure of the validity of our opinions
regarding therr protein requirements, we should Lknow how these adolescents
develop aver a penod of several years—in short, what sort of adults they
become. My chuef dissatisfaction s with those whose very positive opinions
regarding such matters as optimal proten intake for adolescents are based
upon their observations of these young people at a single point of time or over a
very himited number of years. Basically our efforts to help the adolescent
thould be to help him or her to become a better adult. To know whether this
or that 18 good for hum, we need to follow his health status and hus intellectual
status into adult life. Certainly we are interested 1n more than what seems
to produce, or to occur in, & healthy adolescent Ve really want to know what
1t 18 that 18 most likely to produce an effechive and healthy adult.



THE ASSESSMENT OF PROTEIN NUTRITION IN AGED MAN

By Donald M Watkm
V irition and M elaboliom Service A atiomal Concer Tnstitule, and Ger
Heart Institnte, Publ Heath Servies, Bestedde” 114, end the i
City Hu'@kﬁmm, .

Many studies of protem nutrition i aged human subjects have been cor
hned to dietary surveys, clinical appraisals collections of data on total serm
protewns and hemoglobin, and studies of mtrogen balance These evaluatio
have led to confusing and often conflicting opinions on the protem peeds ¢
old people. For emmple, Kounts, Hoflstatter and Ackermann! interpre
data from balance studies in old men to indicate an average mnmum re
quirement of 07 gm/kg./day They recommend as a safe allowance, ¢
view of much higher mimmum requirements among some of their subjects
an intake of 14 gm./kg /day In contrast, Schulze? from his own studic
of nitrogen balance and metabolic rate m elderly healthy volunteers and
comprehenstve review of the literature, concludes that, if anything, the minl
mum requirement for old subjects is actually less than for young
fnLm:k of agreement among diferent workers may be attributed to fou

ctors

First, agewise changes per unit of time are small.  An exmmple is the smal
change with age n total body water measured by antipyrine  The aversg
values in 93 subjects studled by Shock Watkin, and Yiengst? fell from 34.
I i the third and fourth-decade groups to 29 7! in the ninth-decade group
a decrease of less than 100 ml /year

Second intenndividual differences among subjects are large  An exsmph
of this 13 presented 1n FIGURE 1 where ane 78-year-old subject has an antipyra
space comparable to several found 1n the 35- to 40-year-old range The agt
regression fitted to the pownts by the method of least squares is statistically
significant, but only because of the large number of subjects involved. Ir
view of this great intenindnndual varmtion 1t is obvious that no valbd con-
clusions could be drawn from a smalier series. Marked variability among
aged subjects 1s not unexpected when the infinite vanations of their medical
nutntlonal, socml, and economlic backgrounds are borne 1n mind

Third, the intraindividual biological varhability of any parameter under
study may be appreciable Ths problem with respect to serum beis lipo-
protemns and total cholesterol has been discussed by Watkin Lawry Mann,
and Halperint FiGURE 2 shows the wide fluctuations observed in a single
78veat-old subject from this study  The authors constructed a table showing
that single determimations were highly unrelable in esumating average values
of beta lipoproten levels.  As maay 23 21 determinations may be needed ina
single individual to obtain with reasonable accuracy an average value rep-
resentative of the true level Otber studies showing the existence of long
term trends 10 balance study data* further emphasire the importance of
intraindivdual vamability in interpreting any expermment in the aged

Fimally experimental conditions differ from study to study among lab-
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oratories ard even withm the same laborat Tempora), economre,
chnical factors may dictate short studies of nol’.i-ymxtcd nuggﬂb;r' of purlmct::.d'
Long control penods essential to establsh inter and intrmndrvidual vam
bility,’ are often omutted Even under dexl conditions, unwitting prejudice
may creep mnto an experimental design It is not impossible through the
bussed selection of expermental conditions to come to lZ:.:;Lme conchusion
In two studies conducted at different tunes in the same laboratory and eves
withm the same individual

In view of the difficulty m quantitating exactly the vanocas parameters
the aged 1t 18 not surpriung that the majonty of authors have concluded that
differences 1 protein requirements between healthy young and healihy o
mdividuals are efther nopexmstent or too small to be of peactical fmport m
the United States today ¥ #¢  Adherence to standard recommendations oo
protein allowance such a3 those of the Natlanal Research Counal® {1 gm./kg/
day) seems entirely justified 1 view of available Information

Despute this compromise solution dictated by lack of detatied knowledge
there 135 no lack of academic mterest 1n seeking mformation that is more Intel-
lectually satisfying Broader applcations of conventional methods and the
mtroduction of advanced technological procedures now ensble dinfal in
vestigators to examine with more preasion subthke differences in proten nutrk
tion that may exust between young and old

An excellent example of the new approach is the attention now being focused
on the amino scd compasition as well as the gross amount of dietary protem.
Mertz of al ™ showed by determunation of the amino ackd compontion of seff
selected diets that older women who ingested acceptable amounts of protein
nitrogen were in negative nitrogen balance because of a lhmited intske of
methionine.  Tuttle ¢ o 2 found that men over 50 fed quantities of L-ammo
aads sufficent to mamtain mitrogen balance in young adults and containing
mitrogen In excess of that which the older men needed for equilibrium on ¢
regular diet, were consustently 1n negatrve nitrogen balance  These invest:
gators infer from their data that old men bave & quantitatheely increased re-
quirement for one or more amino acids. In considening these experiments it
must be recalled that inrvestigations of amino acxd mixtures differ markedly
from studies with whole protemns. Vore calories are required. The tuming of
admimsiration of the mixture 11 ctiucal, The source of nonessential nitrogen
has a marked effect on the fimal talance. Further studies n aged man of
mistures of mdnvidual L-amino scids are needed to demonstrate the dimensions
of this problem,

A vecond example of a new approach is the attention focused in recent years
on studkes of total body composition  Shock Watkin 2nd Yiengst® have
studied the relation of total body water measured with antipyrine to bam)
metabolic rate and oxygen consumptlon, as indicated 1 ricoee 3 Th
find that total body water per square meter of body surface decreases wit
age that basal metabolic rate expressed as calorwes per square meter of body
surface also decreases with age but that basal metabolic rate expressed as mi
oxygen consumed per liter of antipyrine space does not decrease with age
In other words, there is no decrease with age 1n oxygen consumption per unit
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of metabolnng tssue  There is no change in the quahty of the protoplasm
with age but only m the amount of it In view of these findings, it may be
appropriate to suggest that protemn requirements are related directly to proto-
plasmic mass and only indirectly to basal calones per unit of surface arca

A third approach has been the investigation of tissue composition  Yiengst
Barrows, and Shock '* studying differences In composition between muscle
of 12 and 24-month-okd rats, cbserved a significant increase fn extracellular
space but a decrease with age in intracellular water, potassium, phosphorus
and nitrogen  These changes were not associated with changes in nitrogen/
phosphorus, potassium/mitrogen, or potassium/phosphorus ratios and they
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therefore suggested a loss or atrophy of cells and therr replacement by extracel-
luler flud.  Similar changes, 1f also observed in man would previde support
for the conclusions resulting from studies of total body composition. The
role of protein nutrition in the prevention of this apparent cellular loss or
atrophy with advanang age has yet to be investigated

A foarth approach to the evaluation of protemn putrition in the aged has
been the electrophoretc examination of serom proteins m young and old men
Karel, Wilder and Beber'* have reviewed the studses of Rafsky ef ol ¥ and have
peesented their own findings in 21 clderly and 9 young subjects. The mean
values from thes study appear i TABLE 1 A decrease in total protem and
lburmin and elevations 1o all the globulm components is obvious. A possible
role of 1madequate distary protein m Producing the differences between young
tnd old s suggested by the studies of Watkin o of ™ m which the gradual
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elevation of total serum proteins and albumin was obsarved in old men foroed
to consume over 100 gm. of protewn daily after exsting for years on a pre-
sumably adequate mstitutional dlet. Subtle changes i proten synthers
m the liver offer an alternatrve explanation

A fifth approach is the nse of the complete or total-balance study technkque.
Balance atudses including an evaluation of potassium alaum, phosphens,
sodium, and calories enable the investigator to assess changes in body compas-
tion with a precinion impossible through the use of mitrogen balance akoe.
Watkin ¢ ol used the balance technique to evaluate the relatrve roles of
protem, calorses, and androgen adminstration m the nutntion of 8 elderly men.
Extending over a 5-month period, this study conslsted of a high dsetary protem
phase (106 gm /day) followed by a low protemn phase (52 gm./day) Each
phase was dvided into a control period & period during which each subject

Tasee 1

Avizaor VArom Oxranno rrox tar ELECTROPEDRETIC PATTERNS OF Sravm Promns
v 21 Erorery Prasos awp 9 Youws Apuim

Per cent of totel protels Onms
Young T Aged Yousg Aged
Total proteln 100 100 688 6108
Albumin/globulln ratlo — — 144 088
Albumin 5 14 46 07 411 280
Globuling 40 86 593 277 3
Alpha 1 504 630 035 [}
Alpla 2 1004 12 69 071 o
Beta 13 43 7 093 105
Gamma 1 268 355 018 0
Gamma total 12 4 16 17 oM 107

* Adapted from Karel, \Wilder and Beber 4

received 25 mg of stanolone, an androgenic sterold, daily and a follow up
period. In each phase, one half of the patwnts received a dier of 1800
calonies, and the remainder a diet of 2600 calorres  Data obtained from 2
typlaal subject are presented graphically in ricozes 4 and 5 The average
balance data from the entire expeniment are presented w1 TABLE 2 An cxam-
fnation of the mitrogen data shows the marked effect of dietary protein level
when the 2 control periods are compared. The data niso show pgreater mitro-
gen retention n response to hormone administration on a high than on a low
protein intake as well as a distinct nitrogen-retaiping effect of the hormone
itself

The balance data have been subjected to an analysis of variance to assess
the importance of calories a3 well as protein on the elements under study ~ The
results of thws analysis appear in TApLF 3 They suggest that the difference
between the calonic kevels studied (800 cal /day) has no influence on the nitrogen
balaoee under the conditions of this expenment  The effect of dictary proten
level however was highly sigmficant  There was no Influence of alotie-
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protein witeraction  Individual vanation was sigmficant for mitrogen, that is,
differences among individuals were greater than period to-peniod differences
within mdivduals.  Individual by-proten interaction was without influence
on nitrogen balance

To asscss the role of dietary protein level on the metabolic responsc to hor
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proten and bormone therapy in the thud column. A significant effect of
therapy on mitrogen balance a1 bath levels of protemn wtake Is shown

the ¢ values 1n tbe first column. The sigmficant effect of dretary profem
onmuogmbahmushownbytwhu{nlhemndm!umu The

+ of any sigruficant hormone-protem interaction 15 shown in the third column,
From these studies 1t s apparent that s high-proteln diet 2 greater sifmules
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to mtrogen retention in the aged than either added calonies or an androgenx
hormone  Although the retention of mtrogen during androgen admmrstrabon
was slightly higher on the high- than on the low-protem dret 1t hns not been
possible to demonstrate & statistically sgnificant hormone-protein interacton.

In another series of complete balance studies, Watkm and Stemfeld® b
exammed the effect of calorc hyperalimentation by fat emulsion admmistered
mtravencusly m patients of vanous ages with and without malignant dscax.
Durmg the control phases, elderly subjects with malignancies were m pegatrt
calone balance despite positive balances of mtrogen {TABLE 5), potassiam, ind

Tamr 3
Trr LEvris or Swsirrcasce or TEE Ixrioexcr or Caromms Prorery Citost NI

c E
N{E|P|la|x x| PG
Calories n|n|05| 05| n|nfn n
Protein 001) 001) 001} n | 001) 001] 01| n
Cllodul:(ypmtd.n 6:5 6‘1 n| n (;]5 & n | n
n n 1l n n
Individual by proten n{n|ln| o |[n|2 n n
n=P>2
Tamr 4

VALUZS ror 1" Owrancn rrow A Coxrarssox or Parreeanizxy (C) Awp TanoaX!
(E) Prarons, A Cowranson or Hion awp Low Rronoes axp rrox
TRE Drrexaction or Protenx axp Homwoxe

{ Cverm E High verses Jow Pretein verm et
Nitrogen ~3 568 8 188 ~0331
Potassium ~2106 5@ ~o o
~201 2 804 ~o 581
0 362 0474 036

Sl

phosphorus. A 900-cal. daily ntravenous supplement resulted 1n more PO
tve nitrogen balance but no change 1n the negative calone babace I8
other words, the patients were expending calories, largely from fat whie
gainng nutrogen  Therr caloric expenditure Increased in proportson 1o GAR™*
wntake leaving them in negative calone balance desplte caloric bypershment3
tion. A change in body composition characterized by a wasting of fat
retention of nitfogen can be inferred from the data  This study demonstrates
the worth of examining muluple parameters n evaluating the probka
protein nutrition in sged man

A sixth eample of a new approach 1o the study of protewn nutrition the
aged I8 the use of sotopiaally labeled protemns in the investigation of prote™h
absorption and its synthesis and degradation 1n man. Chinn, Lavick
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adults. The assessment of proten nutrition 1 the aged 18 difficukt becme
of the small magmtude of change per unit of age the large varability both
among indriduals and within an indrvidual and the differences in expene
mental design and execution For the moment avaflable evidence mpbe
that an adequately balanced diet containing 1 gm. of protemn per kg o
the requurements of the healthy aged Indrvidual problems, bowever, cll fr
speaal solutions tailored to the conditions at hand  Soctoeconomic factos
and the presence of disease have far more practical mfluence than age pere®
determining the status of protein nutntion m the aged Despite owr hek d
precise mformation on the interrelations of age and protemn nutntion m MR
broader application of conventional methods and the mtroduction of recenth
evolved techmques several examples of which have been ated, offer new hop
for more satsfactory answers to the academic problem.
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Discuzsion

Marcarer A Onison (State Unisersily of Iowa College of Mediane, Towa
Cily Iowa) Donakd Watkin has emphasized the vanmability found in nutn-
tional measurements of the aged both between indrviduals and in one indrvidual
from time to tme  Such vanation is not surprising since the aged present
s wide a range of nutritional status as does any other age group moareover,
years of living have established habits of eating and physlological response
that may be difficult to modify m any short experiment  Older people may
achieve a mtisfactory intake of nutrients in many ways. Ina county home n
Micluzan housing many Scandinavians, potatoes contributed 15 to 20 per
cent of the protein, and the resdents were vigorous for their ages.

My colleagues and T have studied about 300 women many of them for yenrs
Of these 28 have been studied many times using the balance experiment and
the technique of observing the self selected diet and then varying the protein
intake over & wide mnge.  One group of subjects was in mitrogen equilibrium
on intakes of 0.8 to 09 gm /kg of protein  Additional protein caused reten
tion only brefly less protein resulted in loss of mtrogen unless calories were
mcreased.  However these active women of 60 to 80 years found less protein
and more than 1800 to 2100 calones unpalatable they also found that such a
dietary formula required special preparation which made lwving m a family
BIup a burden  Thus, although 0.8 to 09 gm of protein per kilogram of
werght may not have been a physiological mimmum for this group of healthy,
tpng women it represented a practical mmmmum.

The rest of the women of this senies required more protein to maintan
equilibrium  usually more than 1 gm /kg of weight and they retained protein
when an extra amount was offered  In some cases retentians continued for
months.  Examination of the women themselves revealed that the firat group
were normal 1 weight, vigorous and had few complaints of minor ill health
Dietary histories suggested that they had always eaten moderately but well
The second group tended to be overweight and leys vigorous and had many
mmor complaunts. Their dietary histones suggested wuregular meals and
little likmg for the protective foods such as milh froits and vegetables.

Many older individuals have learned to control the outward expresmon of
emotions, but this does not preclude a physiological response. One well
poned 65-year-old woman who worked regularly as & janitress had been 1n

-
L,
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nitrogen equilibrum for months on a daily intake of 1800 calones and 1 gm.
of proten per kilogram Durmg 5 days she lost 20 grams of nitrogen after
that her son had been injured m battle but she did not change ber

food intake or show outward mgns of stress. Dunng the following week she
retained an equal amount of mtrogen. This cycle of loss and retention was
repeated 2 months later under strular arcumstances A vigorous 80-yearoid
became a shuffling old woman 1n 6 months after she gave up her Large bome
and the care of several roomers to live 1n a small apartment adfoining ber
daughter’s home although the arrangement had been made with her ful
cooperation. The physiological responses of the aged are varied but obsena
tions made over long pertods can provide some understanding of the range d
variation and some of the reasons for varation, the importance of which may
then be evaluated

Freprwic D Zexan (The Homs for Aged and Infirm Hebrews New }ork
M T') Donald Watkm s excellent exposition of modern viewpotnts and methods
in studyng the protem needs of elderly men and women has caused my
thoughts to turn back to the spring of 1914, when I was completing my first
year as a student at the College of Phymcians and Surgeons of Columbn
Universty New York, N Y In the biochemustry laboratory I came to know
Paul Howe then an assstant professor i the department. The combinatwa
of Howe 8 honeyed words and my own wnnocence led to my becoming Involved
1 a study of proten metabolsm during and following fasting in which 1
served both as a member of the team of investigators and as the subject.
Ny fast lasted for 7 days, preceded by a period on a standard duet, followed
by 4 days on a glucose-fat diet, and again by 4 days more of a standard det.
I do not propose to describe all the details which are still vivid in my mind
I state merely that on the basis of these exhaustrve and painful researches ve
were able to present 3 papers at the December 1914 meeting of the Federated
Bological Socreties 1n St. Lows, Alo

When Frednck J Stare asked me to discuss this particular presentation
he could hardly have realized that he was evoking fond memories of my fint
wientific lave  In the years that {ollowed 1 became red w tem of
patbological anatomy and of chnical medicine particularly as related to the
problems of old age  This personal background makes me appreciate all te
more keenly Watkins emphasis on Interindvidual and traindrvidual df
ferences and on the differing expermental conditions m varous labostones
1 have emphasized elsewhere the difficulties in studying modifications
physiological response 1n the aging organism  In setting up our plans of pro-
cedure we must study each individual with care to avoid including any with
diseases that might alter the basic responses. \e must exercise caution in
utilinng old people classificd only according to chronological age Ve muwst
not be deluded by apparent or outward health since older people show a great
contrast between dngnosable pathological lesions 1n ther bodles and thed
actual funcional capaaty 7 1 like to describe the picture of discase fn the
aged as charactenzed by multipliaty chromcity and duplicity

This fllustrates very well the pomnts that Donald Watkin and Margaret
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Ohlson have cmph:mm‘\ n this fld  The problem of working with the older
int

hether one wudying \he standpo { physiolofy
patbologde cly plex of Aifficult pature in com uh
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in tyPe of studics
tbe anxcty & u res ot by the

drscomiort of g {or hours with & catheter in the pladder In old patrents

the unpleasant effects of expenment? ‘rroct'durcn are nggmvatcd by the



THE TREATMENT AND PREVENTION OF KWASHIORKOR
IN FRENCH WEST AFRICA

By Jean Sénécal
Schod of Medicing Dakar Freach Wesd Africa

INTRODUCTION

In underdeveloped nations protemn defickency constitutes one of the maost
serious problems and has wide economic and social repercussions. Protem
deficiency is especially serious during growth and in children its worst effect
18 found in the guise of kwashiorkor which ordinanly develops In the weeks
following weaning

In addition to the well-known and easily recogmzable forms of the disense
there exist numerous other il-defined forms that can lead for example to
malfunction of the pancreas or hiver and lay the foundstion for more senious
complaints 1n the future.

In adults and 1n children alile, Iack of sufficlent protemn brings about lowered
resistance a phenomenon very common in Africa

Treatment of advanced kwashiorkor by a high proten diet gives excellent
results, and the death rate from this disease, which was formerly 80 per ceat,
18 now 20 per cent However on returnmng home from hospital, the chid
again becomes exposed to the defiaent and unbalanced diet that onginalh
caused malnutniion and it 13 not unusual one or two months later to find the
child suffering from o more scvere case of the disease than when he was first
bospitalized.

Therefore the renl treatment of Lwashiorkor and of protein defimency must
be preventive and must be based on the two following essentmls on one hand,
the education of the population, mothers in particular and on the other hand,
the production of protemn nutrients of good biological value and at & prxe
commensurate with the standard of living

1 shall begin by describing the treatment of the pure forms of kwashsorkor
this will enable me more easily to present the preventive treatment undertakes

either wath local products such as peanuts and fish flour or with isolated amine
aads

TrEATMENT OF FrANK KW ASITORKOR

The treatment of kwashrorhor 18 now well establshed Many writes
have shown that a diet rich in proteins gives a favornble result  Skim milk
sometimes enriched by the addition of casein has been used most frequently
However 1n a very interesting study Dean' has obtained excellent results by
using soy beans

Benehting from enrher studies of the problem ** ® and basing our work 08
personal experience in the treatment of 350 children suffering from kwashiof
kor and huspntalized under our care over a perfod of 4 years, my assocites and
I have devel sped u method of trentment that seems to us to be effectrve.

Iam concerned here nly with cases of typreat kwashorkor that fs kwashior

916
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kot accompamed by clinfcal biological, and histologienl symptoms that are
now well known  Most common nmong these symptoms arc ctlema, lesions
of the skin amd of the mucous membranes, changes in the halr, hypoprotein
emn (less than 6 gm per cent) the lowering of the amylasc level and fatty
degeneratlon of the liver at biopsy

These typical forms themecles duffer in seventy one chikd will arrive in
such cntical condition as to die within the next few hours, while another ob-
viously w1l not be go severely aflfected

In any case, treatment must not be delayed because deterioration may
proceed rapedly  Children diagnowed  suspected kwashiorhor ™ contrelled
through consultatron and not {ollowing the prescribed diet, can return 10 days
or 2 weeks later looking the very picture of advanced malnutntion

Chorce of Proletns

Milkk and even vegetable protein can give good results. Some workers
earch milk with casein in order to increase the protein level

However, us the exocrine cells of the pancreas may have suffered early and
weriows damage it seems better to use protein hydrolyzates that quickly make
available to the body a greater quantity of amino acids and allow a functional
recovery of the enzymatic system with much less delay

In furtherance of thisalm we used o protein hydrolyzate prepared by a milk
chocolate manufacturer  This conssts of an aad hydrolyzate and an enzyme
hydrolyzate of cnseln and lactalbumin and thus contains a mixture of amina
acds lIll balanced proportion  An analyms of this prepamtion 1s shown in
TABLE

The results achieved fully met our expectations With this product ad
munntered omlly we obtained more rapid results than with milk alone and,
even more markedly than with vegetable protein

Thus picture emerges both from studies made by members of our own organ:-
@tion and from the analyss of results obtaned by other workers,

The high cost of the protemn hydrolyzate 13 justified and compensated for
by the reduction m term of hospitalization that results from its use,

In addition, we have pointed out the urgent need in certain cases, for rapid
treatroent and even though we have not yet obtained enough results to estumate
the action of hydrolymtes adminustered intmvenousty we do not hesitate to
Eve mfumons of plasma in very senous cases for the immediate purpose of
peeventing collapse and of re-establishing blood volume.

Dosage

0{‘}; first we used hydrolyzates 1n almost pure solution and avoided the use
13 and carbohydrates which according to some workers may prolong

Imtally therefore we admnistered 50 to 70
gm of proten m & very un-
balanced diet. The results were rapd the strikingly quick disappearance of
m‘i m 3 or 4 days and of skin lesions m 10 days, coupled with the resnlts
bhdltmmnlmdhmolog{cnl tests, offered proof of favorable progress.
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However, toward the fifth day, a certamn number of patrents exhibited «
particular syndrome and children who were recovering and begmnmg to lesd
themselves suddenly fell into deep coma, with neither convulsions nor netirolog
cal symptoms, and dred. Serum analysis showed a significant fall in blood
glucose level that appears to us to be the cause of the trouble, This can be
compared with hypoglycem found m fatal forms of Lwashiotkor and i
mdicates the necesmity for careful control of carbohydrate metabolism

On realinng this necesmty, from the very begmnung of treatment we ave
a diet much ncher n carbohydrate one made up of a mixture of partly skimmed

TanLe 1
Axarysrs or ProTErY HYDROLYZATE PREPARATION
Hydrolysste
IngreSieats Prr cmt
Nitrogen total 120 Cotresponding to about &8 per
Amlno pl (Van Slyke) 70 o
trogen (Van
25 Nu, 09 per cent C1, 03 per
cent
Water 50
100 gra = 360 cal.
Amine Actd Content
“Essential amine dds Per ceat *™oocmentle!™ amiso ackds Per cent
1 Tryptophan 06 9 Glydlne 35
ngyoifhnlne 25 10 Alanine 60
3. \aline 60 11 Serine 50
4 Leudne 90 12. Cystine 03
5 Isolendne 47 13 Tyrosne 12
6. Threonine 40 14. Apartic 45
7 Methlonine 25 15 Glutamic acdkd 130
8 Lyxinc 758 16 Proline 90
17 Histidine 16
18 Arginine 26

mill and protein hydrolyzate TABLE 2 shows the average results obtamned
from 20 roughly comparable children

Even with this carbohydmte-enriched diet aalorie Intake at first remams
below normal  However it quickly nses to normal for the age of the chiid,
and 1s not long 1n greatly surpassing it reaching 140 to 150 cal /hg./day

At this stage in addition to recenving milk enriched with protein hydroly
zate the chikl also follows a normal dietary routine that includes meat of
fish vepetables fruit and cheese

The protetn level 1s hugh between 8 and 10 or even 12 gm /hg /day and
is well tolerated provided the aver-all calone intake fs corresporlingly i
creased It 1s noteworthy that no digestive troubles develop On the coo-
trary, the mmital darrhea ceases and the appetite reappears. It seems likely
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through the nose, and a mixture of skimmed rulk and hydrolyzte is gradually
administered  The tube can be left in place for a day or two and this pro-
cedure 15 less injurious than if the tube 1s reinserted every three hours. We
rmust not forget that we are dealing with weakened children and that nursing
care s made easter for a small staff if the tube is left in place

After 24 10 48 hours the child begins to eat voluntarily , forced feeding is then
no longer necessary  Feeding is carnied on by the bottle and then meals
are added, thus permutting an mcrease 1n total intahe  After the twelfth
day the child humsclf can regulate his intake which thus becomes more ir
regular, although still in excess of the average for the child s age group

Discussion of the Level of Profernt Diet

These high levels of protein intake contradict the normally accepted ideas
of pedmtricans concerning the level of protein tolerance

The question arises, however, as to whether or not these dosages are neces-
sary Is 1t possible to obtam wentinl results with smaller dosage? In
addition, 13 there not a danger in prescribing a diet so rich m protems?

In the course of treatment, the blood urea level rises continuously and
increases from 10 or 15 mg to 35 to 40 mg per cent. It has been known
to incrense even beyond these levels and, 1n a few cases, has reached 80 and
even 100mg  Dean'? observed the same phenomenon and, without modifymg
the diet, found that the level returned to normal after a few days.  In view of
these high levels, we considered it necessary to reduce protein intake and
after some days, the urea level subsided  This increase 1n blood urea level 1
not accompanied by any deleterious side effects and appears to be the result
of a nitrogen metabolism operating at full force

At the conference on nutntion held in Panceton N J,, 1n 1955 ¥ Platt pointed
out the danger of suddenly admimstering a high-protein diet to amimals form
erly deperved of sufficent protein since this might bning about renal lemons.

Mensurement of mtrogen intake and excretion has shed lght on certain
pomts. The results obtained are set forth in TABLE 3  They already have
been published 4 and I shall touch only the principal pomts.

The nitrogen balance was always positive except in the case of one child
who proved impomsible to feed and therefore died. The ratio of unnary
nitrogen to fecal mitrogen is greater than one We can conclude from ths
that mtestinal absorpton s good From this we deduce that these quick
cesults are obtained by using protem hydrolyzates that do not at first neces-
ntate mtensive action 1n the atrophied exocrine cells of the pancreas,

Nitrogen balance remains strongly positive for several weeks, and nitrogen
retention reaches 50 to 60 per cent by the fiftieth day (patient D Oum) 1t
would seem, therefore that a high-protein diet 1s beneficial

The best levels of mitrogen retentwon are obtamed when the components
of the diet—carbohydrates, fats, and proteins—reach a certam belance A
heavy relative intake of protemn 18 tolerated only provided total caloric mtake
18 increased

Thuemmmbealmkbetmpemmgcmtmunndnimudthr
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ratio of protein calones to total calories and, particularly m the No 2 bahanery
(reached from the eighth to the eighteenth day), the percentage of retention
diminishes proportionately with the increase in ratio

Nitrogen retention does not, therefore depend solely on the quantity of
protemn ingested, but 18 also influenced by the ratio of protein calores to total
calones, and 1t seems to be optimal when this ratio reaches 25 per cent.

Measurement of the tyrosine inder and of creatmme and creatme i the
urine showed that there were no biological symptoms of intolerance to nitrogen.

Consequently, treatment by means of a high-protein diet does not appear
to overstrain hver function and it would seem useful to prolong the det
since mitrogen retention remains high  This procedure does not scem to be
dangerous.

Supplementary Trealmen!

The addition of vitamins, particularly vitamin By, to a high-protem det
has been recommended However treatment by means of isolated vitamms
or groups of vitamins in no way elleviates the condition In particalar the
addition of vitamin B; and B; does not affect cheilitis, whereas a high-prot¢m
diet causes 1t to disappear within a few days The same 13 true of nhds,
which has no effect on the skin disorders.

The addition of vitamins does not appear to enbance the action of 2 bigh-
protemn diet which, with the addition of hydrolyzates, is particularly rapd
The sxme 1s true of hormones, particularly androgens, which are
becnuse of their anabolic action on protemns.

Antibiotics are frequently prescribed to control mfection that has olte
charactenized the onset of kwashiotkor or that is assocuted with it. On the
other hand, anuparamtic agents are not used until after several days of treat
ment, when the general condition of the child is improved—except i @®
where serious paramtic diseases, such as certam forms of amebrus and malany
are jeopardizng the childs hfe More recently, potassium has been added
to Increase the over-all benefit of this trentment.

Analyses of blood potasstum levels in patients at the time of their admi=not
often give low figures—less than 2 mEq  Avemge figures obtamned from 5
patients are shown in TABLE 4

In similar fashion analyses of urine conducted in connectson with nitroges
balance tests have allowed us to evalunte the chmination of clectrolytes at
the onset of kwashiorkor and at the time of the re-establishment of
nitrogen level (TABLE 5)

At admission, there exmts a feeble hypotonn in the extracellular fwd
but as soon as the edema disappears, tonkaty becomes normal once agalt
However sodwum level remains slightly below normal and the eliminatio?
of sodlum in the unne 15 not great There 13 even a deaded preponderanct
of chlonde jon over sodium fon  The serum potasslum level is low at first
and Increases as the result of the addition of potassium during trestment.
In certain cases, however potassrum docs not seem to be retmped and the
serum potassium level increases hardly at all whereas the potassium level it
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has reduced the death rate to 20 per cent. This resdual mortality rat
due erther to the admission to the hospital of patients who die within a
hours or to infection the role of which m aggravating malnutntion we b

» ] 1 On odalasion

2. After 12 doys of treatment
3. After 1 mo. of trectoment
4. Core

Albumin =1

Fiourx 4 Varlation in serum protein level during trestment of kwashworhor (gram
thowend) Symbols 1 on admission 2, aflter 12 days of treatmment 3 after 1 moo
treatment 4 cure.

Tamzx 6
Toe Rist of SExuM PRoTEDN WiTit TREATMENT
Nursber of enalyses Avenge [t iaioncm and s sise |
At admision 8 428 26 6:
After 510 12 days of treat 61 602 32 T4
ment 6 (1953) 508
24 (1954 6 14
20 1955; 708
After § month of treatment| 53 704 86 6!

We have purposcly indicated the Sgures of 1953 1951 and 1938 after |

iped in
of treatment.  Acrording to my Lnterpretation theso data demonstrate the progress »¢
m-dnlnourmclbodullmtmmhcrp

already noted  These infections following their own course may cause d
in spite of the use of antibzotics.

However the prognosis for these children remains uncertain It
nevertheless seemn that there is no direct relationship between fatty deger
tion of the fiver and fibrosis which develops 8o often 1n somewhat ofder chik

Thus the immedute rather than the distant future of these chikiren sh
cause us concern relapse 1 particularly to be avorded  On returning
the child 18 exposed once again to the poor habuts and ignorance of its pan
and it 1s then that preventive treatment becomes important
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However, 1n tnals conducted by Holemans, Lambrechts and Martin® it was
found that for every 40 gm. of skhim milk recerved daily by the mother the
child receives only 08 gm of supplementary proteins

In addiion even if the quantity of milk were to be increased, 1t remaing
true that this excellent food 18 by itself nsufficient to assure normal growth
after the age of 6 months.

It would appear therefore, that the efforts of the PAIT* should tend rather
toward supplementing the child s food than adding to the diet of the mother

Moreover at weaning a powmt that must be reached sooner or hater the
problem becomes even more acute This 15 the most dangerous time of al
for the child, since he 1s then deprived of his mother s milk without having
learned to replace it by an adult type diet that has been introduced progres-
sively The cluld then lives for several months in & state of balance or of
shight deficiency ~ After several months he may adapt lumself to the situation,
and slow or hmited growth may resume On the other hand, if a parasinal
or infectious condition gamns a hold at this time, the balance 18 immedately
disrupted and kwashiorkor makes 1ts appearance. In 1956 more than on
half of our Lwashiorkor patients were cluldren between the ages of 18 and 2
roonths who had just had mensles.

The preventive treatment of kwashiorkor must take two considerations into
account the education of the people especally of the mothers, in good feedmg
habits, and supplementation of the local basc diet with a product that will
supply the missing amino nads.

Education 1n Good Feeding Habils

I do not propose to devote much space to this subject in this report A
whole program of education has been set up in Dakar that 13 concerned p-
marily with the tramning of personnel, without whom no program can be put mto
effect  Various tests conducted by the Food and Agnculture Orpanusaton
(FAO) of the United Natlons in French West Africa have made possible the
formulation of a procedure that con be applied at all levels where PMI has
any influence 1n the hospital, in the chnic, in PV centers, 1n the home, and
in the school  The use of photographs and of locally drawn posters helps 8

the education of the population. Radio broadcasts in the native language ar¢
also used

Introduction of Local Producls inlo the Dict

Supplementing the local basic diet with a product that will supply the missing
amuino ackls can he achieved erther empincally by introducing local products
mnto the diet  this procedure 1 shall consider first ~or by the addition of amuno
aculs both singly and in groups  This latter procedure does not lend iteetf
canly to scientitic evaluation and thus far we are able to present only incot
clusn ¢ results

The problem of prndding a sufficiently high protein intake for the entu®

Trotection Maternell 1 T nt] Mother and Chikd Health Service)
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nehtly chums the attention of government  The authoritees of
mh:: ui !t)tk}hg the most readily attainable solution of this problem

Mtk supplementation hardly possible ns a long term solution A locat
milk industry would require years before it could become established, and it
would be hampered by poor pasture land, animal discase, and difficulties of
transpottation and harvesting

Dny milk has proved its effectiveness in trrls carmed out by the Unied
\ations International Childrens Emergency Fund (UNICFF) It ls how
ever too expensive to be used widely by the natve population except when it
s provided free of charge by such an mternational organimtion Con-
sequently, most countnies are trying to develop the rusing of livestock, the
formation of a fishing industry, ot the cultivation of selected cereals or vege
tables.

In French West Alnen mullet or sorghum form the basic diet, with com
as o secondary foodstufl  However, the use of locally grown or wmported
nce 18 beginning to spread

Apart from these basic cereals, two protem sources exwst that have not thus
far been exploited.  The first of these 13 peanut press cbe, a by product of
ol producton, which 18 avajlble in large quantnies  Peanuat production in
French West Afnicn in 1948 was 870000 metnc tons, and in 1956 and 1927
Senegal alone produced 600000 metne fons. Peanut press ke s rich in
protein (it has an average protein content of 50 per cent) and until now 1t
has been exported to France or to other foreign countries for use as cattle
food. The press cale that remmna after extraction wath chemical solvents
can be dangerous rendual trace quantites of solvent render 1t cartno-
genwe. We must therefore rely on press ake from which the ofl has been
extracted by means of pressure and under conditions 1n which the heat used
has been carefully controlled to avod the destructvon of ymne,

Smuple processiog of the press cale (remaval of the husk roasting, and
seving) gives & product suitable for human consumption contaming e (han
2 per cent cellulose and 5 per cent fat. A commussion of the FAO has estab-
lished productaon standards, and the tests that we have conducted in French
West Afnca over the past four years have been made with this standard product.

The second most important dietary protem supplement 1s fish, A connder
able fishing mdustry already exasts in coastal areas. The Afruian does the
fish and eats 1t when the season 13 no longer suitable for fishing  Small quann
ties of this dned fish are exported nto the mterdor but this food product s
preserved and transported under very poor condtions.

The development of this sourte of proten s very attrmetive, since 1t n
supplement the dwet more effectively wath the emential amino acds than aan
vegetable protein.  Fush 18 most convenently used 1o the form of fish fiour,
which 13 already in industrial production In several areas of Afnea, mduding
Mmmfs&% gNégncEF bas recently advanced funds for the
construction of a pllot scheduled to uction
b 1957 ? begn production 1 Sep-

of the past four years we have used fish flowr nced on &
the Fiaheries Service of the Government G(:ne‘:l)dof anch‘?:t“:kbv

-
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In trmls conducted with children we have been able to ascertam which van-
1eties prove the most acceptable and what the tolerance level 15 The ltter
is greatly in excess of effective dosage.

For the past three years, we have used fish flour mired with millet and
peanuts. These two products add greatly to the protein content of the
diet—50 per cent in the case of peanuts and 70 to 80 per cent 1n the case of
fish flour However, these proteins are not of equal value,

TaBLE 7 presents the amuno acld compoemtion of mullet (the basie food &
our region of Africa), of pennut press cake, and of fish (possible supplementary
foodstuffs) and, for purposes of comparmon, eggs (recommended by Mitchell
and Block) and mill (recommended by the Conference on Nutrition beld m
Princeton N J., m 19552)

As the protein content varies according to the product, 1t 18 helpful 1 al-

Tasix 7
Coxransoxn or Awnro Acn CoxTrar
{Calculated on 100 gm. protein)

Peasut® ' Mt J Flch® }c....m' Ea®
Arglnine 993 470 827 35 64
m 16 125 07 14
21 210 263 24 21
Imodencine 30 430 6 00 66 80
Lencine 70 17 40 917 18 91
L 30 2 60 972 81 72
Methionine 115 2 60 263 22 41
P! 52 490 445 46 63
195 4% 518 it 49
Tryptophan 095 230 081 14 1%
e 44 200 15 61 43
Valine 80 568 6 5 73

culations to have the use of the listing shown In TABLE 8 which gives vatues for
the amino acids in 100 gm of product.

In companng the amino acld content of a product with that of egg it
possible to express the difference percentagewise and in particular, to deter
mine the percentage deficiency of a limiting factor  Thus, the protem valoe
13 mversely proportional to the percentage deficiency of the limiting factor

The percentage of amine aclds found in millet and peanuts compared w1
those found 1n egg protein is shown in TABLE 9 Lymne forms the cluef defi-
clency in millet and cystine and soleucine are secondary Hmuting factors-
On the other hand mulet & rich in leuane and tryptophan.

Methwonine 1 the chief hmiting factor m peanuts, but four other amin
acds are deficdent 1o more than 50 per cent  In order, they are 1soleucne
lysine threonine and cystine.

The purpose of supplementation is to lessen deficency In mixtures con-
talnmg two proteins of differing amino acld composition each tends to com-
pensate for the defiaency of the other and the whole becomes of greater value
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Aillet supplements methionine defiaency in peanuts, and peanuts contain
a little more lysine than does millet Theoretically, however, peanuts do
not appear to be a good supplement for millet.

However, we must not forget that peanut press cake contains 50 per cent
protein and, in additon some B vitammns. On the other hand, the phos-
phorus calcium ratio 18 not good as shown in TABLE 10

Tasx 8
CourArisox of Axrxo Acn CoxText
(Calculated for 100 gm. of product)

Frasa >Miiet, Cow
1m;.n'§htlrmw e | 3% i | 1t

Arginine 497 0 470 57 01 0 832

m 0 30 0125 0 024 0 312

105 0 210 el o0 0173

Isclencine 15 043 420 o1 104

Leucine 350 174 649 0 413 119

L 150 0126 6 80 0283 0 936

G, |4 )R | ) sl 0l
e 9

i R IR ARt

T 1 0 195

Tyrosine 120 020 178 on7 0 58%

Yaline 40 0 568 458 0949
TanLx 9

Tat Pracoxtack of AMixo Actns Form o Mrirxr axp o Praxours Coxranrn 1o
Trost Fouxp x EG6 ProTetx®

MTDet {Pewnistam) Pumts
Argpmine -6
[ —4 -
e £ S
Isolencine —46 —63
LLm:!ne +50
Z‘m —64 58
etblontne -1 ot
Phenyhlanine -
Threonine o s
I:ﬂﬁf’“’l‘n +54
v -n

It 13 of benefit, however to combine fish with millet or with pearuts. Thus
produces a protem-nch food with well-balanced ammo acds, and the defh
aency of the most hrmting factor although varymg with the kind of fish, does
ot exceed SO per cent. In additson, the Limiting factors are different from
thate of cerenly Thus the lysime content 18 very ugh—greater m fact, than
that n eggs.  On the other hand the tryptophan level 13 low but fortunately
this s compensated for by the millet. The level of methiomme comtent,
slthoughmpumtnthatmmﬂl,kmmdmhlylm\hmthaﬂnegg\.
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It 13 on the bass of these facts that we have undertaken work with the
Afncan child  The first results of this work were announced at the nutntoe
conference held 1n Luanda, Angola, in 1956 2

In the study of the supplementation of the diet of mfants, three factors
must be defined (1) the acceptability and the immediate tolerance of the
digestrve system, (2) tolerance m the face of prolonged administration, 1nd
(3) the effectiveness of the product 1n supplementing the conventional diet.

Although these tests can be conducted with healthy children in schools,
camps, orphanages, and nursenes and the effect of the diet can be measured
by growth and although the tests are most valuable in subjects of ths ag,
we unfortunately have no nursery for small children, which makes testng
impossible. In the hospital service it 1s possible to enforce stnct coatro,
but only at the cost of increasing the length of stay of the chikdren who art
recovenng or of hospitalinng healthy children which 1s not recommended

TasLg 10
VITAMIxs 1§ ug reR 100 ou
Vitamios Thlamive Ribodatle Kinc
Peanat press cake? 08 012 16
Millet 033 015 21
Mntrears
[N r Ca/P re
I
TI'eanut press cake (per 100 gm.)7 013 08 016 0 0038
Millet (per 100 gm ashy® 100 21 8 00

We have thus preferred to conduct tests wath children recelving a deficien!
diet on the theory that a product capable of rectifying deficiencies can prevent
them and also becnuse 1t is easter and quicker to estimate the effectivenct
of treatment by measunng the rate of disappearance of pathalogic symptos?
than by measunng the mte of growth of the child

We have thercfore given children with inciplent kwashjorkor 8 supplementary
diet and we have carefully followed their weight curves cobserved any clnlax
symptoms, measured protein level in the blood and have sometimes observed
fatty degeneration of the liver by biopsy  These children were often suffernt
from an mfectious or parasitic disease that requred treatment Weight
cunves were distorted by the disappearance of edema and many observaton
proved usckess since the children did not follow the diet regularly

Nevertheless 4 kinds of supplementaton were studied mimultancously in 4
groups of chukiren at PMI chinis.  The firm group was given millet alone
This was a contrs group in which the hildren were given supplementary
calones but no a lditinal proteins. The fourth group was abso a control and
received the same upplementary calonies but with the addition In thrs as
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of 165 gm of muk protein Group 2 recoised millet plus peanut press
cake, and Group 3 received millet plus peanut press cake and fish

Taste {1
TraL Sorrtevexten Diers
Grams Trotets Calorbes
Gmun::l: millet elome © n 198 2
s — 20
Total [A] I 208 2
2. milld plus wl press cake
Gmamd r:nnt']?.mukn -tgza 883 13;2
Suga t
’;‘Sflpum) 60 883 2717
G 3 millet pins peanst press cake plus
and peanut pres cake 45176 3121 171 61
Fuh (7 cen! 42 365 15 33
{7 per e 10 04 40 16
Total [ 11 & 227 10
G 4 shim wilk
r;ig&pcrder 46 16 56 165 6
Sugar 10 40
Total 56 16 36 205 6
Tamr 12
Cowrostrox or Duorrerext Doers Usep ar e PMI CexTem
(Dally ration In grama)
Grown 3
Gromp1 | OP 2 | At I paa Grop 4 Theorwtiaal
e oo VI e | SR | G
Proteln 4N 883 11 86 16 56
Crline 0% | om | o® | ol
0 1 1126
Pm.eua 010 019 0127 042
Isoleucine 020 053 070 121 063
Levane 082 [o.2Y 094 17 090
L 012 0125 05 14 4125
Methionine 012 016 024 0 51 170
Phenylalanine [ k] 045 0 58 [N Q85
TTh:m-n]ne gﬁ gzﬁ 845 376 1 &
ryptophan 1 16 24 087
Tyrosine on 0 30 097 0 30
Vahne 027 062 082 113 161
Glytine 0 0 266

Leucine altered in 1956 to figure suggested by Autret.™

The compontion of the different diets tried 1 shown 1n TABLES 11 and 12
and the first results are shown 1n TABLE 13

Since the expenment was not completed a statistical estimate could not
be made. It would seem, however that mullet peanut and millet pesnut

| p——



934 Annals New York Academy of Scences

fish mixtures are defimtely supenor to millet alane, which s m accor
with theory We found, however that good results were cbtained
cases fed on millet alone.

The results obtained with skim milk were rather surpnuing and th
m weight was less than that obtamed wath the muxtures.

The quahty of the milk 15 not entical, and the only other factor th

Tamr 13
Coxrazarnr Acrox ar Dormuext Drers

A Lacrmoe ln weigh
Camber | ATamcr | Avare h"m‘" -
e | welett | Gy ey el |1
A llet aleme
Failures 16 | 232 |8294| 156 4
wmar | | BI[R|H| B
e, 206 |9
) (—575 5/4)
Total and average 26 | n 859! 181 150
Mdlet and peanss press cake
Failures 29 | 213 [7543| 205 0
Good (without ederna) 4 | ns jri0] M1 20
Good {with edema) 67 | 112 [8396) 269 552
(—~710/33)
Total and average 142 | 213 [so19]| 279 | 39
A et and pramnd press cake and
SAonr
Fallures 10 | 218 [g128]| 210 0
Good ?rll_hout edema) 8 | 28 [7606]| 282 ( UX
Good (with edema) 3 | 26 [8996| 257 (ﬁ/m
Total and sverage 51 221 (8618 252 527
SHwm midk
Fallures 5 158 (7216 214 0
Good %::&m edema) 06 188 |8 % g 3 gfg
Good cdema 1 7
) n 9 —38m
Total and avennge 21 | 199 |8602| 246 | 350
These nepative quantities indicate inftial Josses in In grams per individ
the n bﬂoo?chlldrru indicated. Xh:;,{cbﬂd.rmnch ered an average tempord

ol
of $75.5 gm due to redoction of cdema at the beginning of treatment.

)
ferentiated this group from the others was that of age (the children in Gt
were younget than those in the 3 other groups)

The mther surpnsing results obtained with thrs group also may be 1
utable in part to the small number of cases that we were able to follow
their discharge  This, as T pownted out earber makes interpretation dif

In addition to these tents, we should take note of tnals conducted

mixtures conssting of cereals, vegetables skim milk and fish
At the moment we are testing the effectiveness of cookwes made of £
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Therapentic Diet 1n the Treatment of Kwashiorkor

It 18 easy to calculate the amino aad content of the standard therapeuti
et that brings about n rapud cure of kwashiorhor TABLE 15 grves figure
for the gixth day of a dict of skim mulk plus hydrolyzate These figures ar
much 1n excess of known requirements It will be noted that lysine an
1solencine nre present in great excess over theoretienl requirements,

TaBLE 15 should allow us to regulate the diet and brng it more into accor
with theoretical requirements The exmting proportions of different amin
acuds should be respected and we hope to treat kwashiorkor by the additon ¢
amino acds in these proportions

TanLx 14
AMT¥0 AcDs 10 PrAwuTS®
Farasdo &

Amlso Ackls ORKaser®| Jordmy Toiapess Bandoots® j wo—
Ampnine + 13 995 10 4 4.3
Cystine + 14 16 19 ?
Il’llﬂdme ? 212 21 57 107
Isokeucine + 41 30 ? 207
Leucine ? 71 70 ? s
L + 3s 30 60 174
Methionioe + 08 115 0s %
Then) hlanine + 49 52 46 1%
Trrptogsan H 38 | 0% A
e 009 13
Tyroxdne + 29 44 ? 190
\aline + 46 80 7 1.3
Troline + 50 ? 358
Serine + T ? 18
Glutamic add + 183 ? 817
Aspartic ack ? 130 ? 5P
Glydne + ? 56 26 ?

Percentages based on 16 gm of nitrogen.

Chromalography of Blood and Urine

By means of serum chromatography we have tned to determine the vardt
o1 1n amino aad levels that develop durmg Lwashiorhor  We used pape
chromatography and followed the techmique developed by Lisaitzky Césin
and \nssonet ® A

A correlation was always found between the intenmty and the number ¢
spots on the one hand and the leve! of amino acds in the blood on the otbal
The disadvantages of thu technique are well known and 1t is not possible ¢
distinguish all the amino acids present  Tryptophan 1 destroyed by th
initral ackd hydrolysis methionine is partally ovuidized and it Is dufficult t
distinguish the sulfur aming ackds

Taking these disadvantages into account and comparing results obtawed B
the treatment of kwashwrkor patients (TapLr 16)  with those obtawed ©
controls or given i the literature it would seem that & certsin number ¢
amino acuds are present i blood serum including leucine wvaline alanioe
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Therapentic Died 1n the Trealment of Kwashkiorkor

1t 1s easy to aalculate the amino ackd content of the standard thenpenx
diet that brings about a rupid cure of kwashtorkor TaBLE 15 gives figurs
for the sixth dav of a diet of skum milk plus hydrolyzate These figures z
much 1n excess of known requrements It will be noted that lysme and
1soleucine are present 1o great excess over theoretical requirements.

TABLE 15 should allow us to regulate the diet and brng 1t more mto aceerd
with theoretical requirements The existing proportions of different amm
acds should be respected, and swe hope to treat kwashiorkor by the adhnd
amino acuds in these proportions.

Tamix 14
Asmwo Acps 0 PEaxums*
‘rrrando &
Amfso Ackds OKKadeaw| Boens Fjém&)- Paodoatz® | —
I

Arginine + 13 995 104 4.3
Cystine + 14 16 19 ?
Hutldine ? 21 21 57 1a
Troleucine + 41 30 ? 2q
? 71 70 ? 38
Lymune + 35 30 60 1
Methionine + 08 118 05 o
Pbenylalanine + 49 52 46 13
+ 28 108 16 13
Tryptophsn H 08 095 18 791

Ty + 29 34 ? 1
Vafine + 46 (X 37 .8
Proline + 50 ? 388
Senne + ? ? 10
Glatamic ackd + 183 ? sy
Aspartic add ? 130 ? 5¥
ranc + ? 56 26 ?

Percentages based on 16 gm. of nitrogen.

Chromalograpky of Blood and Urine

By means of serum chromatography we have tned to determine the v
tions 1 amino acud levels that develop dunng kwashiorkor  Tte used ot
chromatography and followed the technlque developed by Lussitsky CE%%
and Massonet ® 3 o

A correlation was always found between the intensity and the numbet
spots on the one hand and the level of amino acids in the blood on ‘h‘uwa
The disadvantages of this technique are well known and it s not ;‘
disunguish all the ammo acds present  Tryptophan is destroyed by !
il acd hvdrolysis methionine 15 partially ovdized, and it 13 dificalt
distingulsh the sulfur ammno acids i

Taking these disadvantages into account and comparing results wum
the treatment of Lwashiorkor patients (TABLE 16) , with those obta
contruls or given 1n the lterature 1t would seem that a certmn num
amumo acids are present in blood serum including leucine, valne,
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Ve have not compared the nmino aad content of the urine with the resalty
obtamed by chromatography However, chromatograms of the blood and
urine of 7 children suffering from kwashiorkor appear to follow a similar pattern,

In pattents suffermg from a definite form of kwashrorkor 1t would seem that,
at first, the spots are more numerous and more intense than 13 the case with
controls Alamne glyane and serine appear to be constantly present m
the urme, and leucine, valine prolne tyrosine, and threonme are frequently
found Lysine, aspartic acd, and phenylalanine are not found when thh
technique 13 used  Tryptophan and methionine are broken down and prob
ably account for & certain number of {ll-defined spots

Condusion  Paper chromatography 1s not a sufficlently relable test for
the absence of or the reduction in quantity of a given amino acid, At the most,
all one can say is that the amultancous presence in the blood or in unne ofa
certan number of amino acids indicates that kwashiorkor cannot be related
to their absence. Column chromatography would give more precise and
useful results.

Thus, neither dietary mnvestigation nor chromatographic research 1s able to
give us precise information about the amino acid deficiencles related to kwashe
othor The practical results of supplementing the basic diet with sevenl
ammo acids should now be tried.  All the evidence mdicates that the Limtieg
factor is lymne It 18 therefore chiefly this ammo acid that we used.

Study of the Direct Supplementation of Basic Diet by Amino Aclds

The addition of amino acds to the basic diet was carried out 1n the following
manner for testing purposes  Children of approximately the same age (seven!
weeks after weaning) who showed unmistakable smgns of kwashwrkor were
hospitalized and mamtained on an unbalanced bamc diet consisting essentaly
of millet potatoes and preserves This diet gave a sufficiently high intake o
calories (900 to 1000)

Furst stedy  To 3 children a preparation consisting of the following com-
ponents was administered

Tryptophan

Vethionine

Lysine

Sodwum biarbonate

Sucrose 1

Dutilled water (as needed) 300
which nmounts 10 10 gm of DL amino acd administered in 2 lots of 150 gm o
the solution  This 15 admunstered by bottle or if the child refuses the bottk,
force feeding by tube 1 substituted. This, however was not found to b¢2
good procedure since the mixture of the 3 amino acids has an unpleamnt tastt,
and force feeding often resulted nvomiting  This technuque has the additiosa!
duadvantage that it calls for o too-abrupt administration of the ammno a
whereas 1t would be better to spread this over the whole day

Second stidy  In expeniments aarried out wath 4 children we gave bt ya®
in 4 doses of 1 gm each, daily mixed this time 1n broth or purée  This ¥
well accepted and tolemted It 13 diffcult to evaluste the results obeertd

O WA Gy
CoUvo o






Annals New York Academy of Sciences

(sioow g pe¥ 5 1Y 3upiwd) go1igy O6%D) JO U g Awnory

el AOMLTY STIOD
L

o

»
-ty

peeg
"

L ]

- L
s @ am
L 3] L1 ” L e K
e MR T ]

——v—p— e a

2 ia: [ l!rﬂﬂﬂg
;!'-p:xf

i

o boce- |

Tl i

il

(e DwTrree s SvPymes bmo3  wpzemTe ‘Beqoeng
A_, ] ok oauomvan—_ 1w e vingy
4 3 x 7 oxsR
A AR A ] / ) L
. S L R T o
T 7 N M P3 WHx K h I Lol
T T ] oo
u [ 1Y
LU T T T R
By oab's 10l A& - gL N om g1 183y I R 01 95 ‘9N #0900
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result either from bed rest or from the more varied diet  In the otber cases,
the results were more pronounced, and we had to discontinue tests quite
early beaawse of the detenoration of the general conditon  In the last ase,
especually, the impression we recerved was that our treatment caused an
sggrvation of the dusease
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We resumed these tests later but limited ourselves to the addition of lysine
alone to the basic diet  We chose 4 patients with medrum hwashiorkor for
these tests, and I summanze our results as follows

Case 57,137 (ricure 9) Blood protein level 425, presence of steatosis.

cs 57137 W Ight on sdmd  lem: 10 7 kg
Pattere M.F Ag 119 ma, H Lght: 00 cm
DL LYSINE: 1 g 4 thmes dally
Btk £t LT e
4y T T A9
N 3 - =
SN T S il
3 N ‘} N
[ Smp Sy ——te - -t-F - 4‘-—- -4 4
3 A /}\ Lz Loty
bt g J _\/,’W \:_’r Y
397 _i/ _."(_, o e + =1
peys maed [1]2]3]4]5|06]7|8]9 |1 n|0f13|%|15|1s| 18 2
atlen of diarrhe Ritaopharyngitls

o 425 8 50 52 ¢ 53
Tre 20 5 5 20 5
——
9BmEq
1---;:-—-L< w 3 %) =0
{ 47 s 6 58 4
Blosd snger 135 o m s 95
aindl
A3gm. s
Kl s <
phareals (w2 55 9
p 55 7
¥ 13 s
Lbver
Wopey  Dlsseminsted temtesls Redwetion
- temteels

Frovex 9 Hmdof&xﬂm(pdmtm.}‘.,lgrdwnmﬂn)
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Slow Increase in blood protein level interrupted on the fifteenth day by »-
fection  Almost entire regression of steatosis by the twenty first day

Case 57 138 (¥icure 10) Blood protemn level 44, considerable steatoss.
On application of the treatment, diarrhea ceased edems disappeared (a de-
crease of 1000 gm 1n 1 weeh), and the weight curve rose shightly  The attitode

Cos 7133 rumiem MM ¥ Lo eu sdml slow 0.7 ke
Age 14 me Halght 78 cmi
—
DL LYKINE 1 gm. 4 et dally
Bashe diet - 1 008 meriess maioe rite phmse  hread prrierres
“ 3130 T |
g 00| L] N Lt | ]
vl
oy 150 A =
Mt
Sy oab] p h, ), L\, b
o -
oy ) I I
ours m wet | [T 1EI3]S1 Y81 71615117 Bl O] 7| B R[F[ 9] 7

oy i
o, W e M,
IR A T T potpbietaigleors
Cr smtlem of Larrhe
roir 44 7 52 5 s0 59
Lee 20 20 L) 20 kel %
hd
pur- (- R "
v 43 T “ a
Bieed ragm | 03 (8 03 3 " ™
(e 10gm.
‘J-u 4%
it RN
) s
T
M e ok

Tworee 10 Record of Case 57138 {patlent N M., aged 14 months)

of the child improved  Blood protein rose from 4 4 to 5.8 on the twentyirs
day of treatment and steatos:s regressed considerably

Casz 57216 {MiGurr 11) The diel brought about loss of weight of 1 M
300 gm n 7 days. Concurrent pulmonarv infection was observed B
blood protemn level ro<e from 4 6 through 5 2 to 5.6 by the tenth day Steatosit
:11:} marked on admission was stll apparent in lessening degree on the tenth

]

Case 57 119 (rerwrr 12)  Rwashiorkor with widespread stentoss. The
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blood protemn level was 40 After 3 davs of dict and hospitaliztion the
weight fell by 1350 gm and the blood protein level rose from 4 0 to 52, Alter
4 days on lyssie the blood proten Yevel remained at 47 The child was then

Core 87 216 Pabwsts ML, Agw 19 ma, Huighs 24 oat. v.‘.u,u\j
TR LYSME § g 4 homes dusly
Bere dret = 1,000 colartent A,
sige malre priwHat, B LeTve
ol h
Mg t \A
CVLLLN
P gz
NV P
I \’ A
Lt = =
1738 Y
O eli|2]aelsls]rlelolo
LYY
Chmend
ot (bl Mogrn tas of adene
| S
D L 2 ss
e 0 » n
sty
Ll bt [y
(311 u
'-_-,‘-D‘B L)
AnTphom,
R
b o8
13
l.—®
Lom [Wdemered tvaens Yoo wtril marked

Frovrz 11 Recard of Case 57,216 (patient M L., nged 19 months)

tsn;mbackbvr.bchmxly and the blood proten level 5 days after relense was
These results seem to show that the addr

 well tolerated leads to a defimte mnptm’e:u':'\\t?f p:oi ;Ipz;lle}:lm il

the level of blood protein and causes regresmon of steatosis, lhhm

results are obtamned rather slowly On the other bund, we should note tha

in Case 57 119 (ncure 12) hoypitalimtion and bed rest more than deet, whid:tn

was parinily refused brought about conuderable reduction in edema,



946 Annals New York Academy of Sciences
These tests should be continued with varying quantities of lymoe, and the

diet should be supplemented with other amino acids.

oot diwt = 1 000 elorras suller
L]

e 57119 Webght ow onbms piva. 4 ks
Pot et KO, Ags 20 me  Hewhty 77 omy
T"’":'w DL LYSINE | g 4 t mes daly

Smeire 1 petatess, brosd, proservy

8

7730
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T250—

2y et

Dey on duet 1[2)3]|4]s]|s|7(8

Wondud & ot

Ed
o A A Teken bock by fomsly

oree of kuaohrockor
Chal o Prokssderhs  Profuse diathe

o bmprevemant
Yory mauhed edoms Roduction in sdema
Abmermel

Adyasn: Mo in genarel comiitien

Blead prov 1o 2 0 4
Ures n k-1
Oimiq

Toasgrom Ll o« KX
3 Lo

12
Liver beapey lM-—o—l teston

|

Fiotxe 12 Record of Case 57 119 (patkent N D, aged 20 months)

Co~cLusioN

This report has presented results obtained in the treatment of kwashiork
at Dakar French West Africa without mentioning the very interesting ¥%
carned on 1n other countries, especially on amino acids, by Holt* in New Yo

aod Brock and Hansen® 1a South Afda

In curative treatment protein hydrolyzates appear to give quicker
than does whole protein and 1t is necessary to add potassium to !
The prolongation of n lugh protein diet scems to be benefichl am

danger

resal-
he dict
1 without

In preventive treatment a mixture of good biological value is obtained whe
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the basic component, millet is supplemented with peanut press cahe and fish
flour

The addition of amino acds, singly or In groups, seems to show that lysine
has a lmuted effect.

We think that for the present the amino acid metabolsm 18 too httle known
to epable us to determme the speafic defidency involved in hwashiorkor
The attainment of knowledge in thrs connection will be the objective of workers
1n the future  On the other hand we are of the opinwon that use of the mixed
det (that s, of carefully prepared mixtures of local products low 1n price) is
very effective and can produce results within a short period  Expeniments
with those products, since they are more difficult with human subjects than
w1th animals, will bring about improvement mn the nutrition of the peoples of
the undendeveloped areas of the world.

Acknowledgments

I thank all those who bave helped us in our work, especmlly L. Aubry and
H. Dupin, assustants on the Peditric Board A Raoult, head of the Office de
Recherche de 'Almentation et de 1a Nutrition Afncaines, and G Pille, head
of the bwchemical laboratory of Le Dantec Hospita), Dakar, French West
Aina

References
1 Deax R F A, 1952 The treatment of kwashlockor with milk and yrgetsble
ltdmﬂdz%lggdLJZWIh pre-
Brocx, 7 F Progress in kwashiork: 3rd Int Congr Nutrit. Amster
T Nethotinds 5114 il i R
5Bm,JF,]Il)géﬂénnlr'FTEl}‘lsml;ghmm,J%ADAmtka
teln matnutrition
%) pro distary therupeutic
4 Drax R F A 1956 Advances In treatment of kwashlorkor  Bull World Health
5 F %ﬂn }Q‘S)‘ acldes amin Colloque adides
RONTALY, Les é ¢t le kwushlorker
anmmdés, Sﬁlltrhn;. s e

6 Howmex J D & Vv Joexpisox 1956 Electrolyte and nitrogen metabolism
kwasldockor 8. African J Lab and Chn, Med. 2 3:;6331 -

7 Trouwrsox, BI. D 1955. Sources of protein for the peeven tmen|
Yowashdockor F..Alrhnlted.{qﬂ(l) 457—:;8. ton o rea Ll

& MarwgTrrricey CEE: Lo MEwr, Lr Nouxrmsox £T Lx JEUXE EXTANT D ATRIQUE.  1956.
de In 24me Conférence Interafricaing CJCTA Ni Gambi
Colonial Office. Lo Englend. { ) o ia Natrioen, “

9 AuUmAWIAC, L. Sexopa, P Viauar P Cowse & L. Carveor 1954 Langlo-
paT vole sousclavidre, | rudol flectrol 35 105-106.
10 J.,H.h ] Lr Parvost & R. Davor 1956, Interst de la vole
«t injections in

clavidre enfan méd.

1 pi & E A et
1953 Is Protem tritlon.

i s Prote urh of a conference fn
12. Trowzir, H.C,J N P Davizs &R F A Draw IE?L&gmmhhrkmlﬂo Amold.
13 Howmaw Provend REQuIEMEsTs axp Taxm Furrnrsoer rs PracTicr, 1

credings of & conference In Princeton N J “d;i:t&Scl:L Hrhml,ﬁn:;&nd.h
lLSﬂxtuL,‘gmGl.ﬂPnJ.z,H,Dmnl C. Savzxer & T Omrrran. 1956, Fiude des bitans

wxotés Bull méd. A. O F 1:175-179
15 Stadcar, J., A. Raovrr G Prux, B Durie & C. Saymse. 1955, Traltement dea




948 Anpals New Yorl. Academy of Sciences

malnntritions protidiques cbes Tadreain Lo probkme de 1 alimentation
ulre. mrnécl méd. France et Unlon Frang Su-uboum 17319 la

16.[‘1.5;1‘“:l 1957 Le contrée du tral hi hab de blocher
(importance des f.ctcun ﬂtc?.mlyﬂqu:l) Oﬂ’ Rcr_hrrche Allment_ o Nt
ricaines. Dakar French West Afl

17 Sixtuu..J &L.Atmu 195«1 Etode dex malnutritions friestes chez Penfant ainc

essals dalimes
mmmp}e.m% & Rapport de h‘& Conférence CC'P A Luanda. 23 Ma
rtugal
18 Fu.s:rn F A Moxcumrr & R Drsax, 1956 JToternatonall m-mEmkdcvlﬁ
hen. Bth Intcm. Couxr Pediat. Copenhagen, Denmark, E‘hﬂ)ﬂlm R
19 Fu.mrl:l, E“’ whcal, G Mua&H Hapiem 1957
du Centre in(cnnlhm.l de 1 Enfance  To be
20 Hormuary K, A Lavmrrcets & H. Maxrmn lg;l ude quaBtative et qmantitaint
du lait des femmes indigdnes du Kmp (Caﬁgo Belge) Rev méd u}tﬁ.mlm
ood composil

21 Foop AXD AGRICULTURE ORGANIZATI thon tal et
and vitaming, FAO Nm.dthm StudI:l. No 11113
22, Apeiax ] & C. Savemsr. 195¢  Plintes almentaires de 'Oust Africaln, 3. OF
Recherche Aliment et Nutrit, Afrfeaines. Dgkar French West Afrlcl.
23 Deas C.P,P W Ny &H.L.‘L‘mu. 1948, Amino-acids In f.huyr"mh
11 Fiiberks Research B Progr 197

Repts. Padific Coast Stas. No.

(Fru Voeding 1953 16(3) 295;

24 Jacquor R. Is Cours de Nutrion Afarseille, 195§ FAO 1In

25 Brock, R ] & D Bormo. 1951 Amino-Acid Compositions of Proteins und Fack
2pded 1501 Thomas. m

26. Foop AXp Acamacuitume Omaawimanon U N 1954 Foodcocrpiﬁw”u“
Minerals and vitaming, FAO Mutrition Studies. No 113 30

27 F:;n.umo R. R Jacquor & P Mumat 1954 RéaEisations noavelles et a

ZB.AnuAHI &C.SAvun_ 19. Plantes llemldmdel‘OuenMrknhl + 8

ccherche Aliment et Nutnt, Africaines. Dakar, French W et Afra &

29 Sgxteas, I, H Durme tL.Amr 1956, Notemlcm‘plol decﬂﬁ&mu Tait
dani lon infantfle 4 Dakar Rapport de la

CT. 1 Atca, Lisbom, Portu,
30 Brocx, R.J & D Boruxe 1953  Voeding. 10(3)
31 Arsaxpsr, A A 1950, Pmtdn and Amino Ackd Requitements of Memmals A3

demic
32, Lssmixy 5., G ChAnor.ri R Massover 1954 Une technl lim'pkd
des ddulmmﬁﬁbmdullq\ﬂde- des extraits bi nueguv‘}ndekmmﬁ’
ﬁ‘u;_ Bull woc. chim hiol 34 5) o
a3 sm@u.,iac mz,nlm&}{]}m E!ndechmmlmpﬂa';lm
s or (pote préliminaire) Bull. A
M Moo W C,D I Fowrr, P M1 \Orrcm E.S Su_v.\&E.L.lloL'r Jr L
Observations on in b A y repart)
Trop. Pediat 1(1): 141-147
35 Acreer M 1956, /s Cours de Pédiatrie Sochale Dakar Frmch\\m:\hkt
36, e J’D L-.E.E.lloﬂ: &] F Brocx 1956 Amino acids and knashiortst
37 Kabry 6 K Qu-l.uuUre analyis of dried busked peanuts from Nigern o™

k) Hcmn H Rl.'\'l.:l' or \mrnOV Rrseazcit 1953 14(5) 68

39 Barpoctx \ 1930  Syr la compaltion des proteines de tourteau durachide ¢t ¢
palmate Ol(-gh\eul 4 241-232. Senert

40 Be son F 19‘%“}0\:\;])1}: of & sample of pesnut press cake flour from

comm
41 Duarrm, T M wu Traltement d 3 Ann. k. 1
oo a1 1 ement dictétique du kwashlorkor

ArPryorx

Case 58 103 (ricoxr 6) Patlent M S 18 mont 958 Ly, 7S em.
o amtied Jamany 18 195 (o month afer s it St gencrs] edem:






Annals New York Academy of Saences

930
The level of protein in the blood did not lmprove and even fell a Kttle, as follm.
Dats Yincal proich.
Boneys 4
February 8 65
February 11 LX)
mldghicumfdl,mdthummwudnngmdmm Tt should be poted that ¢
that time the child showed considerable Inflammation of the nasopharynx accampmty
teethlng.
tion of the mizture of the 3 schected amino ackds ws staed.

L Rk e it d e
t
n.nd c stan et (m u.midpmt hydm}yn D) o) 'd;bt on ot o

Am E;id tmt.beno
Bl p-m!:lnlevelrme7,00paumt(}‘cbm:y20) 715 (February 27)

A fourth e boretic analysis Indicated the following
Percrnt GCa /izt

Albumin 38 e

P . g 60

ar 140 100

8 16 5 120

278 19

AJG = 05

T
February 27  Third liver biopsy !hecdhuftbeﬁvumeuﬂlmnhtchﬂﬁi

] Felgr;:wg;to February 29 The chikl's condition fmproved dally and the 3elgit
rom to

The child was released o February 290 and was ermined spaln 2 cmmluﬁﬂﬂ.’z L
16 At Lhaldmeh:ml.ulgoodmteofnutrhlon. Tbohloodpmldnlcvd“l

Case 56 443 (noune Tatlent ND P 28 months.
Typical kwashiork: ndhn—bu." ificant edersa Jows of pigment on the frce ad P

Halr -.ulzklhln, and pulled out ensily
Cheilitls, smooth t. e tendency to collapse.
Blood protedn level g.ﬁ urea 10 mg.

Llectrophoretic analyxls
Pur
Albomin as
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Freering poin!
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For the e e B e sl dlet. For the 4 folovlng &7
(b hIA s pei 10 b A mixture consisting of tryptophan methieal>®
Iy‘inc Thnclnld was fordbly fcg od (it
Id tolernted the firsy 2 force feedings udl tut vomlted on the second &
(hn. \\:uun rermained satlonary and the general condition decllned.
Blood protein lovel 38 wem 200 mp.
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Q 112 mEq, M (lﬂm}';q K,38mEq

lawer (60
After thls 4-da Lrhlsrlht:hﬂdmgmbnckmthemndarddld Flve days later the
lthI’l.l 2 mg and the hodmnrkvﬂ‘ulmnm

Homever Infectlons thons devedoped  There titls of hoth ears, diarrhea
~nd sbacess of the kg Leukocytes rose to 39,300 and In splie of the use of antibiotics
chlomphenicol and n) and plasma’ transfusions, the chlld died 16 days after
he start of standard treatment. The autopsy confirmed the [rresence of leslons [n'the ear

were also of infecthon and congestion of the liver
Tho pancress was very unusisl and showed alternating areas of normal tirwue and very
ct nflamed drrbotle tissue

%lﬂﬂ- After poo-rly tolerating the infection of amino aclds, this typleal kwashlorkor
tient died later of anclllary infection.

Care 56 435 (ncuxx 8) Patkent K. M 31 months, 80cm., 8.5k

Five montha after this child was recov {rom measles and was suffering from
ﬂlrrhcl.,cdemlquhe fect and face loms of tation in the ares of the groln
‘mlr sparee, feded and pulked out eesily There was no cheiliths, and the toague was pormal.

Bloodpm(dnln 41 uwea 10mg.
mg

lmdlmyh.te 75 unlts
Freezing point depresabon, corrected —0.57
CLllS NI,HZ
ed cells, 2,830 000
Liver blopsy mndd.mblywidcquud
“The chlld was bospitalized, put under tion, and given a dict consisting of cereals
alone for 3 days. h%’nwulp: anC() . @ o

Fnrtbnntﬁdlyi.lmktumof lm!nolddsmlddcdtoxh:nmebnﬂcmuld:!.
Mtdmlcd caused vomi!
oo this diet blood protein, 4 75perc:nl A/G 039

Electrophoretic analysls

1
f

Albumin
L2

-

oy
8
T

‘Blood wagar ieved, 55 mg,
On the fifth day the child’s condition was lndhhru:han
The standard diet (skfm rallk plos proteln bydrolyeate was then e apathetic

fourth day of treatment blood sugar 80 urea 15
On fifth day of treatment blood proteln level, mfgs e

Electrophoretic analysis

angon 1
tOthitaa g
-

- X 1-% 9=
OOtatata

Albumin

n
a:

-

°

oo
Duona
oo

54
=)

I
T
On the tenth day blood protela 7.3 blood
wigar 120 blood
g-;tti:devmmd‘, ver mo{_t;“t!_h amylase 210 units.
cighteenth day blood protein kevel, 74 ures, 45 mg.
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Electrophoretic analysis

Por comt G, ey
Albami 130 us
o " 75 5
a 1ns X}
[ 135 10
5 95

Reactsoms normal gnod appetite. Welght rose by 1 15 kg and skin leslons dhppemd
On day 33 blood proteln level, 8 1 per cent ures, 35 mg
Tbed:lld:huv_btnm}uxdfrmnhoq:iu] Examued one month later and found toker

a;udk-mbezl
Typlaal kwashiorkor Imoflaghtutbnﬂmeof}mimhthﬂ
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'RINCIPLES OF TREATMENT AND PREVENTION OF SEVERE
PROTEIN MALNUTRITION IN CHILDREN (K\WASHIORKOR)*

3y \Mowués Bfhar Fernando Viteri, Ricardo Bressmani, Guillermo Arroyave,
Robert L Squibb,t and Nevin § Scrimshaw
Institnie of A uirition of Central Americs and Panama (IMCAP) t Guatemals Cily
Gualemala C A

It 13 now generally recognized that Lwashiorkor is the result of a severe
eficiency of dietary proten at an age when the ess.ntial amuno acds are
equired in relatively large quantities for growth  In most children developing
washiorkor the protein intakhe 15 defiaent, not only 1n quantlity, bat also in
uality Thus, the diets that are responsible for the syndrame usually contam
rotemn that due to its low biological value, 18 poorly utilized

If protein defictency occurs in children who are receiving an adequate of
ven excessive quantity of calones, as has been reported in Jamaica® the
esulting clinienl picture is that of classic kwashiorkor This form s chame
erized by edema, lesions of the skin hair changes, apathy, anorena enlurged
atty hiver and low serum protein. These children nlso have abundant sub-
utancous fat and recover rapidly wath a high protein diet when they loos
heir edema there 1s no wasting evident

In the majority of the regsons of the world n which kwashlorkor 1s found,
owever children after weaming receive diets that are deficient not only fn
wotein but also in calorles. The climical picture differs from that of clasnc
washiorkor In that the children often show a considerable degree of thssue
vasting and the response to treatment is much slower They are charac
erized by a reduction in statural growth and m weight, marked dimmution of
ven absence of subcutaneous fat and a much greater degree of muscubr
msting the hver although it shows fatty change is usually not increased in
ize  Since these children have a marasmuc appearance when their edema i
ost Yo form of malnutrition 15 spoken of as marasmic kwashiorkor

The diets of children developing kwashiorkor are not only low In protem,
»ut are also deficlent 1n other essential nutrients, particularly in the marsmk
orm of the dmease For this reason and also because their absorptien 13
educed? * & defickency of fat-soluble vatamins is a particularly common
iccompamment of kwashiorkor* Signs suggestive of B-complex vitamin
ind iron deficencles are also frequently found assoclated #7 Due largely 10

t No.
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variations in the customany diet, the relative importance of these various
vitamin and mineral deficrencres that complicate the chnieal appearance vary
greatly

Our concept of the vatous types of kmashiorkor and their relationship to
marasmus is presented graphienlly (FIGURE 1) This chart shows & continuous
range of types between marasmus, which I due basscally 1o 2 severe ladh of
food but with 1 normal protem to-calore ratw, and kwashworker, which Is
banally produced by & deficlency of protein combined with almost any other

NORMAL

A L ot e i s e sy of e v et e frepey
t mtemity of the the with
which the signs lymplmw:hmrmn At the right the ocourrence of the
are portrayed.  In between are all com-
two extremes. The term simdreme phoricarencid de ls fnfoncia
1 ojority of the ammmmufmmwmm

y cays are and

Eztﬁniedbe;}ndhxmuehmthm b)p%mhhu?&emm:
tral Amcrkon und Panarsa (VCAP) Gaatemals Ciiy Geatemaha, € AL

degres of caloric miske The body of the pyramid indscates the degree of
sevenity which 1 also & continuous transition from the well-nourished child

Vanous types.

This dagram 1 not merely theoretical mnce the cases encountered under
field conditions show every concervable vamtson in sgos and sympioms as
represented w the diagram It should be emphaszed, however, that when
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the extreme of partial or complete starvation is reached (marasmus) the
signs of spedific protein deficiency are no more manifest than are those of other
speaific nutrients all of which are, of course grossly deficient

Although many cases gmdually develop Lwashiorhor due to the inadequacy
of the diet slone in most cases other factors operate as contributory or pre
clpitating causes® These help to determine the relatively small number of
children who will develop the clinical syndrome 1n a population in which the
majority are fed on inadequate diets  Among these factors, acute and chronx
infections are important In Central Americs, at Jeast, the most common
of the infections that serve to precipitate hwashiorhor Is diarrhea of mfection
ongimn  Other infections that are likely to act mmilarly are malana and the
contagious diseases of childhood — Socioeconomic factors such as the desth
of a parent abandonment or loss of work by the head of the family are also
{requently nvolved

We have recently observed a child who developed diarrhea while on repeated
metabolic balance trials with milk feeding  With moderate diarrhea of short
duration this child showed a markedly reduced absorption of nitrogen and 2
negative balance*  Drarrhen not only hmits the absorption of nitrogen but
also considerably increases its excretion so that the net retentlon drops. The
mituation is made even worse by the common and unfortunate practxe of
withdrawing solid food from the child who develops diarrhea and substitutiog
starch gruels  Educational efforts should be aumed, not only at the correct
of diets gmven to children with diarthea but also at avoiding the dangerns
practice of using laxatives or purgatives in the treatment.

Principles of Dieiary Treatment

There 15 no doubt that the administration of & diet rich in protemns of hugh
nutritive value s an eflective trentment of hwashiorhor® The majority of
authors recommend the use of either half-shim or shm milk particularly
hecause of the proportlonately high content of protemn of such food. Some
consider also that the lower fat content as compared with that of whole mik
1 beneficral because the capaaty of the smck child to digest fat Is senously
impaired  However Gémex obtained equally satisfactory results using whole
milk # and Dean has recently recommended the addtion of 30 to 50 gm o
{at to dreta for the treatment of kwashiorkor ' The concluston that 2
amount of fat in the diet 13 not harmful 1s strongly supported by the work d
Holt in children with duarrhea from other causes.?®  Although both our ov?
studies'® and those of Gomez” demonstrate that fat is poorly absorbed derins
the first few days of treatment the amount abmarbed Is propartional to the
quantity of fat ingested and the child soon recovers most of his ability 1o us
dietary fat

The profound anorexia that 1 characteristic of chikdren with kwashtorhof
and the reduced activity of the digestive enxymes™ ™ make It necessary 10
begin treatment with relatnely small amounts of protemn generally in the
range of 2 gm kg The prompt revovery of enzyme acthvity™ amd returning
appetite make 1t § ~ ible 1o increase ths mprdly to values in the range o
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5gm /k at the end of the first week or during the second  This intake can
later be increased still further in onler to correct the protein depletion as
rapdly as possible  \itrogen Lalance studics indrcate clearly that within a
bread range mitrogen retention in Lwashiorkor docs increase with a rising
intake although the percentage of nitrogen retained out of the total absorbed
will drop of course as the protein intahe increases™ 2 or as nitrogen stores are
gradually repleted 1

It s very important that the caloric intahe be sufficently high to avord
the use of protein by the body to supply energy and as mentioned previously
thy is the rationale behind the use of added fat in therapeutic diets.!*  There
have been reports of the poor tolerance of sugars, espeaally sucrose and lac
tose™ M and for this reason, the use of bananas as a calorie source has been
sugpested  There 13 no objection to the use of bananas, since they are well
tolerated and are an excellent calorie source. The reports of intolemnce to
sugars are based, however, only on clinfcal observations and need further study
As soon as appetite and tolermnce permit the chid should be given frut
uices, green and vellow vegetables, meat epgs and other foods necessary to
gve the balanced diet required for complete recovery

¥ tiamn and Mneral Supplements

With an inita] d:et of milk alone there occurs a prompt recovery from all of
the signs and symptoms of kwashiorhor, including these that might be attrib-
uted to a lack of vitamins of the B complex. It 1s not only unnecessary to
use therapeutic vitamin preparations the use of such preparations may actually
be harmful In the expenence of Vagalhaes Carvalho® for example the
adminstration of high doses of vitamin B complex increases the mortality
from kwashorkor a phenomenon that Frontali™ explains as due to the greater
demand for labfle methyl groups for the transformation of micotinic add nto
trigonellm.  The greater defidency of methyl groups may in turn aggravate
the liver damage.

There 15 no demonstrated benefit from the use of either folic acid or vitamin
By smee the anemia, although frequently macrocytic, responds satrsfactorily
to milk alone, unless there exists a marked wron defiaency*  Despite the fact
that the serum levels of vitamun C tend to be low at least m Central Amencan
e the deficcency does not reach the point where cbvious dmical mgns
are observed and 1t 18 a sumple matter to add frmt juce and other natural
ascorbic acid sources to the duet

We do consmder justifiable, however the addition of moderate doses of
vitamm A from the begmning of treatment especally when half-slim or skim
milk sused  Partially defatted mulk does not correct the deficiency of vitamin
A, which has been amply confirmed by studies of the vitamin A content of
blood serum and liver tissue,? and which may even be 0 severe as to cause
ocular lesons.

The majonity of children show only & mild anemm, which 15 usually narmo-
cytic or shightly macrocytic in chamacter Even in uncomplicated cases,
however there 18 2 tendency for the serum wwon values to be low and for micro.
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cytosss to develop with dietary treatment unless supplementary iron i grven.
Accordingly the relatively early addsition of wron to help fill depleted iron
stores 18 recommended

Other Therapetihic Procedures

(1) Blood transfusions In general, blood transfusions have no advantages
over proper diet thempy alone  Although blood transfusions for the treatment
of kwashiorkor were introduced many years ago™ and are still used and recom-
mended today,® our own experience demonstrates that they are rarely neces-
sary It is still desrable to employ them however m the occaslonal very
severe case where the child 13 1n imminent danger of death due to collapse and
shock and 1n cases with very severe anemin

(2) Plasma and proian kydrolyrates The parenteral administration of
plasma or proprietary protemn hydrolyzates, which has often been reco
to combat the hypoproteinernia of Lwashiorkor, does not appear to be justified.
There 13 abundant evidence from the protein balance studies of Gémes™ and
Holemans and Lambrechts,® as well as from our own unpublished woik, that
protein given omlly Is suffiaently absorbed and well retmined even at the
beginning of treatment.

(3) Antibiolics and chemotherapy 1In geneml, we favor the routine use of
an antibiotic such as penlallin dunng the first 8 to 10 days of hospitalization,
since secondary wnfections are very freq Bronchot fa 13 partlen-
larly common and may be asymptomatic and therefore not recognized chnr
cally This complication is found at autopsy to be a frequent cause of death
dunng the early days of hospitalization® ®  \When & secondary mfection
can be definitely dignosed, 1t 1s important that the treatment be nitated
promptly to avo the stress which may interfere snth or even prevent recovery
Simularly malarfa and amebiasis should be treated as soon as diagnosed

Intestinal paramtism due to helmmths ordinarily should not be treated
until recovery is well advanced. The child with the kiashiorkor syndrome
is not well able to tolerate the type of treatment required for parasite eradic
tion end the presence of intestinal helmunths does not appear to interfere
sigmificantly with recovery

(4) Electrolvie solutions  Either in the immediate history of the chukd of
dunng the first few days of hospitalimtion, diarrhea 15 an almost constant
feature of the syndrome and vomiting s frequent. Dehydration therefore
18 often severe even in the presence of edema  This accentuates electrolyte
imbalance  Potassium deficency is likely to be particularly severe mnce it
is aggravated by both the diarthea and vomiting as well as by the protem
deficiency &4

Failure to correct electrolyte disturixinces [s now believed to be the most
frequent cause of death dunng the first 48 to 72 hours of hospitalumtion ®
aml their correction should be one of the first therapeutic measures taken
In cases that are only moderntely severe the oml administration of appropraate
ckectrolvte solutions mives pood results but in severe cases it is necesarny to
resort to parenteral sdmimistraton The problem of electrolyte theraph
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has recerved particular attention in the work of Gémez ¢f al @ and 15 discussed
in mare detall by Gémez clsewhere in this monograph ®

(5) Enzymes and hpoiropic substances While it 1s true that there 1s a
marked deficrency in the action of duodenal enzymes at the time of admission
they recover very mpidly with the itlation of dictary treatment, as shown
by Vé&ghelyi™ and confirmed hy our own observations on the prompt return
o the child s ability 10 absorb both the mitrogen and fat in either milk or
vegetable mixtures,  The uee of special enzyme preparations appears, therefore,
to be unnecessary

The same can be sid for the varous preparations with hipotropic activity
that have been used because of the frequency and severity of fatty infiltration
of the liver* ¥ this disorder is promptly and completely corrected by the
feeding of proten of high biological value

Response to 1mino Aad Mixiures

It would be helpful to know whether kwashiorker 1s produced primarily
by an over all deficiency of protein or whether 1t 1s associated with imbalances
in mndividual amino acids such as occur when the small amount of protein that
the child receives 1 derrved largely from a single food of vegetable origin (as
3 the case of Central American children developing kwashiorkor on a pre-
dominantly corn diet) The fact that occaslonal cases are encountered in
which the child has recetved its protein from mother’s milk although in grossly
inadequate quantities, suggests that it 1s not amino acid imbalance per se.

An important contribution made by the South African group™ ® has shown
that & dear<cut improvement of all of the major signs of kwashiorkor can be
brought about by vitamin-free casein or a muxture of synthetic ammo acads.
The improvement occurs not only 1n the anorenin spathy cutaneous lesions,
and edema, but also in serum protein, and results in what they dengnate as a
ntfactory “mitiation of cure

Our own expenience with amino acid muxtures® is hmited to & sngle mdivid
ual to whom a muxture of 18 synthetic amino acids mmilar to that used by
Hansen ef ol ™ was given for & period of 18 days. Thes treatment resulted in
the ‘initiation of cure” as defined by these workers, that 1s, the edems and
skin lemons began to disappear relatrvely soon and serum protein mereased.
The child remained apathetic and anorenc, however and there was not the
mme degree of recovery n serum amylase and in the pseudocholinesternse

observed 1n cases treated with either milk™ or a vegetable protein
mixture.® As will be seen I TABLE 1 there was a decrense in the serum levels
of all of the vitamins except vitamm A which apparently was mobilized from
thesue stores.

It does not mrvaldate the concept that kwashiorkor 15 due to protem defi
©Qeucy to emphamze that no experimental treatment that fails to provide the
Decessary vitamins can be expected to be successful formaret_hmardnuvﬂy

* This work I3 being carrded out 1 collaboration with Eugens E H from the M.
Shup & Dohme Rescarch Laboratorics, Phiadeiphis, Fa. who prepand the soray soh
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short inftial period Al that we know of nutrition in general and of vitarin
metabolism 1n particular indicates that under these circumstances vitamm
deficences, of not hmiting mtially, will become 50 later as a result of inadequate
take espenally when body stores are depleted as in the case of Lwashworkor
For this reason, the objection that the results obtained with synthetic amino
ncad mixtures are limited only to an 1ntmtion of cure’ 13 meaningless.

The results show that protein admimstration must be the central pont of
any rational therapy even though approprate amounts of all other nutrents
should obviously be given for best therapeutic results  They also lend added
emphaws to the admimstration of vitamins 1 ‘physiological rather than
socalled ‘therapeutic doses. As these studies are continued more informa
tion of fundamental value 1 gurding therapy will undoubtedly be obtalned

Tasiz 1
Broop CONSTITUENTS AT ApMissiox wimn Kwasmroxkox axp Forwomiwa 18 Dus
TreaTMEXT WTTH SYNTHETIC AMnNO Acips (14-3Mowm-O1p Boy)

Alter After

Ter 100wl S| Pes 100 md ks ey

thenpy therapy

Total protedn (gm) 412 $ 73| Vitamin A (sx) 64 [2t0
B la BC({; 88 | 18 Cuotene()?.) 10| 30

Free By (v ()] 00 | Vitamin E (mg.) 004 o2

Total B (xg.) 161 ( 1 25| Chollnesterase (U)t 021 048
B:In RBC {xg) 246 |17 2 | Amylase (N 6 0

wdd {mg ) 022 | 0 10 | Alk. phosphatase (mbI/1/
hr§ s85) 370

All determinations In seram except red blood cell thizxmine and riboflavin
Actually “paeudocbolinesterase  mensured In Michel units.
Smith Roe units.

Dietary Measures for the Pretentton of Awasktorkor

(1) Use of cow s mulk  There 15 no doubt that the consumption of adequate
quantites of cow’s milk following weaning will prevent hwashforkor Un
fortunately there are a number of factors that hmit the consumption of cow’s
milk 1n areas where the hwashiorkor syndrome occurs. These factors are
panapally the madequate production and high cost of itk The nsulficent
production of milk 15 often due 1o poor animal management nutritions! def
ciencies in the rations, poor control of ectoparasites and endoparasites, and
wnadequate facilities for the conservation and distribution of feedstuffs and of
milk  In many regions these factors can be corrected and milk production
greatly ncreased  but only through major long term national efforts amd!
considerable expente  In other regions the agricultural limilations mmy be
such that the production of sufficient milk cannot be antiapated  Further
more under the arcumstances of most underdeveloped areas the permanent
targe-scale timportation of mith 1s ikely to be economically mpracticable and
undearable

The high cost of mill prevents its sufficient use by low income families In
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areas where kwashrorhor 18 endemic  The problem of safe hamdhing Including
storage and distribution in both the dairy and the home 1s another major
obstruction 1o the use of fresh fluld milh  The use of powdered mulk has a
number of practical advantages, and efforts that have been made to set up
milkdrying plants i underdeveloped areas, wherever justified by potential
milk production are to be commended

It must also be recopnized that in many regions there are cultural objections
to the use of animal milk @ Often such milk 13 unfamliar to the people  This
difficulty 13 more camly overcome than an acquired fear of milk a phenomenon
based on unfavomble expenience with contaminated adulterated and poorly
preserved milk that has been responsible for producing diarrhea Al of these
considerations suggest that especully in the near future, complete reliance
annot be placed on milk as a practieal means of preventing kwashiorkor in
most regions of the world 1n which it 18 a senous problem, despite the fact
that, from a nutnitional point of view milk is sdeal

(2) Use of amimal prolein The extenmve use of such other sources of
ammal protewn as meat and eggs also um olves the serious problems of insufficrent
production high cest, and prejudice against their use for feeding small children.
It has been suggested that fish especially in the form of industnal preparations
of fish flour or similar products can be of great value in infant feeding  While
such products can undoubtedly contribute to the solution of the problem 1n
& number of areas not all countries have sufficient fish to male industrml
development practicable.  Fish flours would also encounter the same resistance
observed to the introduction of any new food, especmlly one that 18 radically
different from that commonly consumed in the region

(3) Use of plant protern  In view of the difficulty of solving the problem
of protein malnutntion by the {ncrensed production and use of ammal products
alone, the consmderation of plant sources of protem becomes imperative. The
excellent monograph by Dean on Plant Profetns 1 Child Feeding® has stimu
lated active work on the problem 1n a number of regions, and recently the
specialized agencies of the United Nations concerned wath nutntion, WHO
FAO and UNICEF * have cooperated in promoting these developments

The major difficulty n the use of vegetable proteins 1s the relatively poor
buological value of proteins from mngle plant sources There are also the
potential problems of an excess of crude fiber low digestibility and the pres-
ence of tomc or mterfering substances There 15 the further possibility that
Processing can Introduce tonaty or lower nuthitive value. There are times
when processing will be beneficial, particularly in making certamn of the essential
aming ecyds more available but the conditions must be controlled

Despite all of these problems, an increased use of local protems of vegetable
ofigin appears to be the mest promising means of preventing protem malnu
tntion 1n many areas of the world at least under the conditions that now pre
vail  Information as to the amino acid content and digestibility of vegetable
pratein sources, although very mcomplete 13 still suffieent to enable suitable

World Health Food and Agricntture and the Unl
1 Om:dg-dm and Organlration, ted Nations
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combinations to be planned for chemical and microbiological anatyms and for
animal trials of their biological value. More precise information about amme
acd requirements would help, however m combining vegetable proteins to
give mistures whose net protewn value 1s relatively good. Such vegetabl
protein combmations have the advantage not only of belng relatrvely cheap,
but also of fitting the habitual diet patterns of young children m the mjority
of regions 1 which kwashiorkor 1s a problem

It would be desirable to devise a product that could be prepared in the home
from local raw materals. This 18 scarcely practicable, since special knowledge
and skill are required to combine vegetable proteins m the right proportions,
and since many of the cheapest and best protein sources cannot be used durectly
for food without special processing We beleve, therefore, that vegetable
protein mixtures designed for the prevention of kwashiorkor must be mant
factured from low-cost ingredients within the agricultural resources of each
region.

In planning vegetable protein muixtures, it 18 necessary to take Into coasider
ation the following 8 factors (1) the amino aad content of the indrvidual in-
gredients and the final product, (2) the possible presence of todc or interfermg
factors, (3) the need for obtamning exact specifications for each of the compo-
nents, (4) the necessity of avouling processes that damage the quahty of the
protein, (5) the desirability of usmg products of ocal ongn, (6) the hct
that the final product must be mexpensive and easily preserved (7) the re
quirement that 1t may be casily prepared m the home 2s an infant food by
mothers of low income famulies and (8) the demand that 1t must not run
counter to existing dictary habits and prejudices.

Even after all of these requisites seem to be met, the product should pot b
recommended for commeranl production and mass consumption untll the 4
following biological trials have been carned out (1) the testing of the product
for tomaity in at least 2 specres of ammals, (2) the demonstratson of the bio-
logical value of its protein by ammal growth studies, (3) the testing of s
acceptabilty and effectiveness 1n children under careful observation and 4
field trials completed 1n selected communities or small population groups.

Although the primary objective 13 to provide & supplementary soarce of
proten of good quahity 1t 1s demrable that a vegetable protein mixture coi-
tan, also adequate quantities of the vitamins and minerals that are likely to
be lacking in the usunl et INCAP has attempted to follow these prmcipks
and procedures in developing vegetable mixtures for the prevention of pro-
tein malnutntion n infants and young children in Centrnl Amersa The
work has resulted 10 a mixture that soon wall be ready for field trmls. It co®
tains

Compooents
Drred corn masa
Sesame meal
Cottonseed press cake
Torula yeast
Kikuyu leaf meal

um\augi
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The specrfications for cach of these Ingredients have been recently published #
Masa 18 the dough prepared from lime-treaterd comn that is usually made into
flat cales and cooked to make tortillas. It 1s the basic food of the rural and
poor urban populations of Mexico and Central America and Is dried and pow
dered to form one half of the mixture  The sesame and cottonsced press cahe,
which may bLoth be produced locally in conmderable quantities and at low cost
as a by -product of ofl extraction are rich in protein of relatvely good quality,
and therr amino acids help to complement these of com

Fresh young kikuyu grass 1s dried to produce a meal that provides the major

g AHIND ACTD per g NITROGIN
o 270 340 480

° " 640 &30
T T T T T 1
1soLEuCIne
LEUCINE
LYSINE
KETHIONINE
+CYSTINE
PHERTLALANINT
+TYROSINE ]
THREONINT
PROVISIONAL PROTEM
TRYPTORHAN VEGETABLE NOXTURE Ntg
vaLlne
1 [} 1 1 1 1 ]
o [ 2 3 4 B8 ] T
PROPORTION RELATIVE TO TRYPTOPHAM
INCAP-t95T

Famnee 2. Amine sdd pattern of provisional proteln and INCAP Vegetable Niajure
No & (R]gmdnctdbypumlﬁmdtbelmﬂlutuolNumumu{CmmAm:ﬂmlnd
Panama (INCAP) Guatcmala City Guatemals, C.A.

source of vitamin A actvity in the muxture. It 1s important that this or a
similar dehydrated leaf meal be added to provide provitamun A, since vitamin
A deficency 18 a serious problem mn Central Amenca particularly m the pre-
school child. The torula yeast furnmhes an inexpensve natural source of
additonal maan riboflavin and thiamine.

ned@mmwhmm:MOnddpattemofthemlmmmnwpwdjto
that of the reference protemn proposed by the FAO Commuttee on Protein
Requrements® 18 shown 1n FIGURE 2. It will be seen that the muxture con
umandqmt:qmnmdmmdmcmﬂalmmouddnpugmmof
mitrogen  Small deficcencies by calculation of tryptophan, methionine, tymne,
and valine are present The magnitude of these deficences will vary some
what with the particular corn used 4 #  The satisfactory degree to which the
mixture would supply the estimated requirements for major vitaming  °
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mmnerals,® if 1t were fed as the prinapal food and sole source of protem, s
shown m TaBLE 2 The muxture does not supply vitamin C mnce, in the
countries of Central Amenica this vitamun 15 abundant in frurts and frot
Juices that are available and can be given easily to the young child

The muxture has thus far been fed to children only 1n the form of an aide,
a purée or adessert. The alole 15 prepared by cookmg the mixture in a double
boiler with enough water to male a thin gruel and 1s flavored with sazar  The
purée 18 prepered in the same wany, except that less water s added, aod mit
and olcomarganne are used for flavonng  The dessert Is essentially the porte
flavored with sugar and vanilla and served cold It s obvlous that the mm
ture may be prepared and served 1 many other ways, and a precooked form
18 envisaged

Tests 1 ammals have shown that thrs muxture 13 of good proten quality
for rats, and for baby chicks when the added requirement for lymne 1 met.”
To date 11 children have recerved this mixture  Among these 181 who was fed

Tanre 2
Axouxts or Major Nuremnrs Surpiop BY INCAP Vrcrrasis Mixromr No. 3
CoxraRzp wiTH REQUIREMENTS
Pro- | VI 'nu.-{:n» ot
L:.hhzun,nh“im vh,“_f"l::':
m [ ng | me | o
Recommended 1140 |40t [t 20 (06|10 ST| 7 13
150 gm. Veg. Mix No. 8 750 {38 [117¢j21|09|126 60 |!

INCAP 3 recommendations for children 1 to 3 years old. % e
1 Thus fignre bs now belleved to bo more than double the amount required when the prot
is of high cal vabue.®
1 Vitamin A activity cakulated from carotene content.

the mixture for 2 period of 100 days as the sole source of protemn and 4 otbers
who have recerved it from the time of their admission wth moderate-to-scver®
Lwnshiorhor  The results have been umformly good and no complicato
have been encountered Furthermore the intake and output of nitroge?
was measured in 5 children recerving their dietary proteln entirely from the
vegetable mixture for 5 days The results were then compared with smilar
peniods immeduately before or after in which the child recerved thcnnwam“;‘:
of protein from milh  The average absorption of the milk protemn was
per cent and that of the vegetable protein 73 per cent  The averagt retee-
tion of the total mtrogen fed was 17 per cent m each case a clear irﬂkl‘::
that the child was utilinng the protein of the vegetable muvture as effect
as that of milk

Imino dcid Supplementation
Now that the ndustrial production of certain of the essential amino aodd
ot low cost s pracixable the possibility of improying the utilizmtion of "L:F;
table protemns by their supplementation with sy nthetic amma acids has pa
drscussed ¥ ¢ In theory such a measure could be of great value both
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the prevention of hwashiorhor and for the improvement of diets that are pro-
tein deficient because of the poor quality of their protein  In most under
developed areas i which protein deficiency Is a problem the amount of pro-
tein consumed by schoo! children and adults woukl be muafactory ¥f only its
huological value were higher  In rome populations of the Cuatemalan gh
tands the diet contains as much as 75 gm of protemn primarily from corn and
still 15 deficrent in trvptophan and methionine, there s also a marked 1m-
balance among the essential amino acids.  Thus amino acid supplementation
if proved mfe and eflective, should be considered serrously

Unfortunately there 18 not yet sufficrient knowledge either of the availability
of amino acuds 1n most veretable foods or of the optimum proportions for hu
man nutntion, 1o be sure of the nght amounts toadd  The work of Elvehjem®
has clearly shown that small excesses of the essential amino aclds have & harm
ful rather than beneficial effect on protein utihzation and we have recently
found that a small excess of methionine added to hme-treated corn consumed
as tortillas decreases rather than Increases mitrogen retention ® It is obvious
that much more study 1s required before amino acd supplementation can be
recommended as a practical preventive measure

\siriion Fducation for Prevention

Although economic factors and the unavailability of proteln-nich foods are
the basic reasons for the accurrence of kwashiorkor 1gnorance and food preju-
dices also play an important role  For this reason nutrition education con-
stitutes & vital part of amy program for its prevention

Central Amencan parents are slow to g e supplementary foods to children
dunng lactation, and breast milk may be the only food received by the child
until it 1 weaned Prolonged lactation 18, of course, very advantageous under
the conditions prevailing 1n most regaons where kwashiorkor 1s common, but
supplementary food must be given well before the end of the first year The
fear of supplementary foods appears to be based largely on the frequency with
which they are associated with diarrhea in young children such dmarrhea is
always attributed to the food 1tself and not to poor hygene

At the time of weaming these prejudices persst or are even accentuated
instead of grving the weaned infant special foods, a selection s made among
those recerved by the rest of the family which tends to eliminate foods nchest
n proten  For example black beans, which are customanly consumed by
the adults and which are a relatively good source of protein, are not grven to
the young child but he receives mstead some of the water m which the beans
have been cooked  Even when meat 1 available to the famuly 1t 13 not con
sidered » sutable food for the young child who 1s given mstead only the broth

An even worse mituation occurs when the food intake of the child 13 drastically
reduced because of dlarrhea  In this event solid foods and mulk, 1if the child
18 recerving any are withdrawn, and thin cereal gruels (afoles) or prepartions
of starch are given instead.  In some of the countres the use of barley or rce
OT sugar water 1 customary and a severe nutritional defiaency rapudly de
velops. These poor feeding practices for children wath dinrrhea are found
notonlyutnﬂma]mdcconum:ckve]s,butmc\mcnmgedbym
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physiaans. A purgative 1s commonly given to children with duarrhea on the
mistaken theory that 1t will kelp get nd of the worms that are believed to be
responsible  All of these factors can be combated by nutrition education.

An excellent example of this has been the success of the wnstructions gren
to the mothers who come to take their children home after hosptal treatment
for kwashiorkor The majority of these children remain in good mutritweal
condition as noted on subsequent follow up vismts, even though there have
been no obvious changes in the socloeconomic conditions of the family

Enmironmenial Sanvation for Disease Control

Infectious episodes are frequent precursors af the development of kwashiorkor
and have been 1dentified as precipitating or contributing causes. In this coe-
nection spectal mention should agaln be made of infectrous diarrhea, both
because of 1ts primary effect on mitrogen absorption and retention end becaue
of the errors that are made 1o 1ts treatment  Recent INCAP studies camed
out 1n 2 towns m the Guatemalan highlands showed that an average of 35
per cent of children under 5 years of age have chnical durrhen at any give
tune  Since the inadence of Skigells 1n these populations varies from 15 to
155 per cent} 1t Is probable that shigelioms 1 responsible for a sgmificant
proportion of these cases. Amebiasis, malaria measles, whooping congh, and
vanous other communicable diseases have a similar effect.

It is dlear therefore, that efforts directed toward umproving environmental
sanitation and controlling communicable dseases should conmderably reduct
the number of children developing hwashiarker, even though they will pet
climinate the chronic malnutrition present in most of the chlldren in rural od
poor urban groups m the so-called underdeveloped areas.

Summary

Severe protemz malnutrition occurs 1n any combnation of protein and calork
deficlency, ranging from the adequate calonc intale of classic kwashiorkor 10
the severe deprivation of both protein and calories that results in marasm®
Furthermore, under actual field conditions, protein malnutntion occurs @
bined with the deficiency of various other nutrients. Rational dietary trest
ment must take these variables into consideration together with the b
cal and pathological alterations that occur 1n a child with kwashlorkor
correction of the electrolyte tmbalance accentuated by diarrhea is imperatn'™
but the generally satisfactory nature of the response to dietary ther2py
makes unnecessary the resort to blood or plasma transfusions, intravenous o
oral protein hydrolyzates, enzyme preparations, and the therapentlc us¢
vitamuns, On the other hand the frequency of Infectlon and the
reslstance of the child male desrable the almost routine use of .mfb%ol-bﬂ'
Intestinal parasites although frequently present should not be treated =it
after the child has recovered

While the use of milk continues to be an ideal basis for therapy and prer™
tion properly constituted vegetable protein muxtures are almost equally efiec
tive for treatment andd are the most promsing means of prevention for w1
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areas of the workl  VMuch more work {s required 1o determine the possible
value and practicability of the amino acid supplementation of vegetable foods
1 areas in which amimal protein 1s 1n short supply

Since duarrheal discase is widely prevalent in areas in which Lwashiorhor is
endemic and contributes to the development of severe proteln malnutnition,
improved environmental samtation should reduce the number of cases of
kwashiorkor A major factor in the effective prevention of kwashiorkor will
always be nutntlon education directed toward improved feeding practices
for the weaned nfant and the young child
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PREVENTION AND TREATMENT OI' CHRONIC SEVERE
INFANTIF MALNUTRITION (RWASHIORKOR)*

By Fedenco Gomez, Rafael Ramos-Calv &n, Joaquin Cravioto
and Silvestre Frenh
Groxp for Rescarch em Infantile Malaniriion [lespital Infamtil Mexice D F Mexice

Introduction

Vanously known as Shiln Gachaki (Japan) Mchinfhrachaden (Germany),
Kwashiwothor (Ghana), Sindrome Plunicarencal Infantil (Central Ameria),
and Protein Mainutrition (World Health Organumtion),! chronic severe mal
nutntion Is the mhentance of children living chiefly in technially underde
veloped countries A number of factors—soclal, economic, snitary, and
educational—contribute to its high incdence.  The cumulative effect of the
negative action of each of these factors bears on millions of indhviduals through
out the world, and the prevention and treatment of the disease have thus be-
come & world responsibility

Judged at the individual level this process is the result of the internction of
a poor deet eaten 1n amounts that fall well below the minimal requirements.

A bref description of the clinical record of a severely malnourished child
may be helpful in trying to support some of our xeas in regard to prevention
and treatment A typical dietary history reads as follows

The mother’s diet during pregnancy 18 10 no way improved over her usual
one  Asaresit the healthy’ newborn 1s shorter and hghter than normal * #
For the first 3 or 4 months, breast feeding 1s more or less adequate, as judged
by the weight and height increments of the infant  Thereafter, although the
avenge contents of protein and fat are not too different whether the mlk
comes from a malnourished or a normal mother the quantity of mill diminshes
m the former? ¢ Even though 1t is true that children continue to suck at the
breast until they are 18 to 36 months old studies by Platt’ have shown that
at least n Gambia, the average amount obtained 13 only about one ounce per
hour 50 that breast starvation”® would be a better term for thrs than breast
feeding  Weaning 1 wstituted abruptly generaily because of a new preg
nancy  The child is then fed gruels made with staples snch as corn, nee or
millet and sweetened with cane sugar  The baby 18 soon affected with bouts
of diarrhes, primarily attributed to poor sanitary conditions. These attacks
gradually increase m seventy contamunated food 1 the vehicle for these -
fections. During the attacks of diarrhea the dietary mtake becomes even
more deficlent mmce, as & rule, only corn-meal porrdge or rice 1n water with
sdded salt or cane sugar 1 given to the child  The poor samitary conditions,
which have permsted for generations, are partully responsible for the family’s
fear of grving other foodstufls, such as milk 1n many communities,

Duet surveys conducted in Mexico Jamawe Central Amenca Chile Cey'on,
ﬂndsevcmlpa:uquanhnvtahmthntthedmucomumcdbydﬂldm
E T'rn 'mlzdrtpartui In this paper wus supported, in part, by Mead Johmson & Company
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n all of these places have a striking amularity not oely in thew nutntiosal
value, but also in the foodstuffs actually eaten proten foodstafls of animl
origin are practically never ingested

Conmdenng that the latter foodstuffs, besides being rich mn protem, are
among those containing the largest amount of fat, 1t may be saxd that weare
denling with a diet that 1s poor 1n calorses, fats, and proteins, high in carboby
drates and containing insufficient amounts of vitamms and mineral An
estimate of the dictary value In 733 children admitted into our hospatal be
cause of chrome severe malnutnition gave the data, calculated as percentages
of the munimal requirements for their age, set out in TABLE 1

Regardless of the magmtude of the calone intake, the ratio of nonpeoten
to protein calories 18 always very high.

Tho Infant s diet after weaning 1s not very different from that of the adulty
but reports from Brock? in Africa and our own observations 1n Bexico agree
that 1t 1s the recently weaned infant who recerves the least food  As mentioned,
due to the traditional assocation of food intake with ensung diarrhes, bs

Tanrx 1
Mraw ReELaTIVE AOUNTS OF Drrrary Essxwriars INorsten
BY MEICAW MALNCURDHEED CATLDREN

Calorles 40-50%4 Iron 50-80%
Proteln 20-60%] Vitamin A Low
Fat 10-30%] Thiumive Apparently suficest

te 60855 Ribofavin Low
Caldnm 10409 Nicotinlc ecid Low
Phosphoros zo-soq Ascorble add Low

diet conssts as 2 rule, of the watered-down local form of carbohydrate ghea
In mcreamng quantitfes as he grows older

As mentioned befare the chuef sources of nutrients in our case are co®
(Zes maws) and beans (Phaseolus sulgars), wheat is used in small amouats
The amuno acd contents of these foods have been determmed by Craviott:
Maseu and Guzmén® When corn meal and beans are muxed s proportioet
of 4 5 as they are when commonly eaten by Mexican adults, the amipo acd
content of the mixture is surprimngly good  TABLE 2 shows the co
values found in our laboratory as compared to those present in mmilar amounts
of cow s milk protein and to the amuno acid requirements of growing infants 83
@wen by Holt.?

From TABLE 21t may be sten that—except as regards lysine—comn and bean
protem when combined in the proportions aited yreld anuno acids in amounts
equal to or greater than those provided by a sumilar weight of mik pm“’;"
When this mixture was grven to rats as their only source of protein the weig l:
gAn per gram of protein consumed was only 093 = 0037 as compared wit
a £2In of 184 & 0.04 when 22 per cent of the total protein was provided bY
milk protein® o

Since these foods are almost the only ones available for a great majonts b

§  the poor population in Mexico we considered 1t 1mportant to determme !
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absomption and retention of nitrogen by our malnounshed patents, especially
since previous observations have shown that some children can be started on
their cure when fed large amounts of corn and beans as their only diet

Ficuers 1 and 2 preeent the results obtained when nitrogen Intake was
correlated with nitrogen absorption or mitrogen retention on a diet of corn and
beans, as compared to values obtained on a similar group of patients fed cow's
mik. Graphs show that bath absorption and retention from corn mea! and
beans, besides being quite vanable from child to child are low as compared
with the alsorption and retention from milk

From this 1t may be concluded that the only food available for the actually
or potentially malnourished population of Vexico 13 poor in quality and quan-
uty

TasLr 2
Mrax DAILY INTAXE OF EasexTiAL Awnxo Acips
(Protedn intake—36 7 gm. body welght—10 kg.)

Praxs + corn M Requiresents
Tryptopban 036 0.37 030
\3& 255 171
Threonine 191 120 0 60
I!_Icthiuuin: 064 g;sé 865
189 9%
EEEID: 106 092
Lencine 587 285
=, 12 ¥ '
e 16

Arginine 177 038

Whnlemﬂk£4m]. 083

Bean purée - ym. taw beans,

Comn meal 24\05

Prerenlion

The problem of the prevention of malnutntion 18 twafold better food must
be provided, and 1t must be eaten  In other words, The not only have to
take the horse to the water but we also must make him dnnk it. *

Space does not permut discusson of methods for mncreamng food production
c;for educatmg people to consume better foods, but these three pomts should

(1) The provision of water and power to open new lands for cultrvation s &
Tequrement so universally accepted as to deserve no further comment.
(Z)Theehminamnofpumundcropdmm:houldrmveiuﬂmnmdnn
tion,

(3) Methods of cultivation must be changed gradually from the very primitive
ones atill in use in many commumdtes to fully mechamzed agnculture. For
example only partial improvement in cultrvation technique has more than
quadrupled the y1eld of groundnuts in an Afncan village 2

Changes in types of food produced are very difficult to accomplmh m areas
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where the agncultum! economy has been fixed by traditron and where mdred-
uals possessing very hmuted holdings of land after much trial and error have

come close to what they beheve to be the most reasonable utilization of ther
soil

& 8

g

N ABSORPTION(mg/ kg day)

g & 8

o
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N INTAKE (mg/ kg/ doy)
Frovre 1 Correlation between nlt fntak of fori In chrooi
i rogen intake and nitrogen abeorpt
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h‘l;;"'j,.f Corr latmn between natrogen mtake and nitrogen retention In chronic severe
nut
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If one cannat influence the type of crop cultivated, the introduction of
genetic vanetes of higher and better nutrnent content has already given good
results wath corn

Since the mam hmiting factors determining the amount of food available to
a community are production, traneporiation and storage, it may be questioned
whether it 18 wire to increase production of food if it 13 of low biological value
The result of such a policy might mean only larger amounts of poor food
However the probkem has more important implications if one considers that,
In order to pet more work done a better calorle intake 13 necessary It has
been stated that people Inving in technically undendeveloped countries are
spparenth lazy  However if their physical efliciency 1 calculated 1n relation
to therr calone intake, it is evrdent that these people could not possibly survive
1f more work were demanded from them  If more food 13 made available to a
community whatever its lnological value this may enable the performance
of more work, thus breaking the vicious chain of inadequate food supply —low
enerpy intake—hmuation of physia! effort—inadequate food supply ad in-
fmrtum,  After more food has become available the next step may be to try
to provide protems of high brological value M

Unfortunately as regards Infants and children the problem must be viewed
from & different angle. Becnuse of the growth demands of the young human
a fully batanced diet 1 required without any delay or interruption  Protein
foodstuffs of amimal ongin are here the imiting factor since as already stated,
aside from supplying good proteins, they are rich in fats amd therefore in
alores.  1f ammal foodstuffs are wanting a substitute must be found. The
genenal tendency has been to find a local food of high biological value to sup-
plement the deficient diet  However as emphasized repeatedly {t is practically
mpossible to change feeding habits once they are established the supplemen-
tary food should therefore meet at least three requirements

(1) Supplementary food must be pleasing not only to the child, but to all
members of the family as well It has been ponted out before that the diets
of the children are not different from those of the adults, which means that
food rejected by the parents is of no avail to the child It does not matter
how perfect a food may be from the nutritional standpoint if 1t 1s not going to
be accepted  The paramount importance of this point has been nsted upon
by Dean,® who holds that 1t 1s worthwhile to spare no efforts to make sure
the food 13 pleasng before gomg further and perhaps setting up a large proc
emmg plant

(2) Once accepted  the supplementary food must be cheap 30 that 1t may be
accemible

(3) The supplementary food must be a nch source of ammal protein.

Chemical analyses of local foods and their by-products are accordingly
pecessary I the pomsibility of the use of local foods 13 indicated by such analy
¥3, & complete amsay must be conducted. Gydrgy has recently summarized
‘l;he miimal conditrons for such an assay Any new preparation destined for

uman consamption should be pretested in infants and older children and 1
adulty, Asmys on animals should precede those i human beings. The
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assays should include study of ‘shelf hie,’ spoilage on storage, effects of tem-
perature and humdity, etc.”™

With these ideas in mind, we have set up field studies, selecting 2 companable
villages and conducting 2 complete survey in them in order to have a tnw
line as regards the economuc, social educational, sanitary, and notritonl
status of both communities  Later one of the villages is to be provaded vk
a supplement of fish meal and aiter 6, 12, and 24 months, new surveys wil
tell us about the acceptance or refusal of this supplement the causes in tiber
case, and the eventual benefit obtamed from 1t

Similar studies are being made 1 other countries. Foodstuffs that have
been or are being tried 1n varous parts of the world are soybeans, Brazil mts,
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sunflower seeds, peanuts cottonseed and linsced  Partial results seem e
couraging and further reports are awnited eagerly

Another way of improving the nutntional value of & deficient diet B
supplement 1t not with other foodstuffs, but with those special nutrients that
are consdered to be limiting factors, So far 1t has been shown that vi
B;1 does not appreciably influence the growth rate of children when used 833
supplement 1 In severe cases of infantile malnutrition we could not obser®
any significant influence on the rate of recovery when the children were at the
rame time recerving a fully balanced dret

The addition of hmiung amino ackis has given good results i anyesls
Thus encouraged we tested a diet of corn meal and Leans m which
analyses showed that lysine and posibly tryptophan were the lmitisé
amino acids  Results obtained by the addition of these ackls to this dret 3%

} shownin ruvkis Sand 4 As shown addition of the supplement in 4 ad
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was followed iy an increased percentage of nitrogen atmorption and retention
These prehimmary reeults preented with the object of demonstrating a po-
tentnhty, have encouriged us to proceed into a more detalled invesugation
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Once a good food s available, the problem of using 1t becomes ane of educa
Gon  How can we make people eat these foods or supplements? Our idea
Y23 been to encourage the finding of items that can be mixed with the normal
et mthout affecting its orypnal taste since, as previously mentioned, 1t 13
Practically impossible to change eating habita. Thus, we have been able to
¥ean children on a special mixture with the consequence that by the time our
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supplies of 1t became exhausted the children refused to accept cow s mil.
The question of education toward a new food or a suppkment 1, of coure,
only a small part of any program tending toward prevention of malmtrwe

Trowell' and Dean'* have covered this aspect of the problem in an excelient
manner Three of their points may be emphasized here

(1) In areas where malnutrition 1s prevalent everyone should learn to recog-
nize the disease especually all adults caring for children.

(2) Recogmition of mainutntion at an early stage 1= obviously a matter d
extreme importance, Simce there 1 no method that really can assess the
state of nutntion research mn thrs direction should be given paority

(3) Mothers and educators should be specnlly taught the very particelir
needs of children, and emphasis should be placed on the fact that children must
be given absolute prionty on food consumption
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If special care is taken in improving personal and famulial sanitary fmdj“
tiops, there is a large group at least 1n Mexico that will be benefited. e
demonstration area both experimental and educatronal, scems indispenst
wherever malnutrition prevails

One should not forget that diet s not the only factor in human malnutnUIJ"‘
Infections mamly gastromntestinal due to poor sanutar) conditions and fault?y
dietary habits and prejudices, may be more important 1n some places than L)
itsell  Thus, n chronic severe malnutnition as well as 1 any other Cﬂf"h";'
In which many dufferent factors internct an evaluation of all factors invelv
should be made first in order to identify those limiting nutrition so that ®
preventive campaign may be planned  In the last analyms, the limiting factee
in many places of the world may be of a cultural and soctoeconomic nater®
rather than specitically dietary

Trealmen!

In spite of tncreaning, knowledge as regards preventrve measures, mf’"hf;
y rhromic severe malnutnnon 1 stll o great scourge among children in the #
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world, mortahity varying between 20 and 60 per cent 1 the majonity of tech
mxally underdeveloped countries  Prognosis has proved to be dependent
chiefly upon severity of malnutnton as judged from weight deficit and upon
certain complicating, features of the diseate cepecially those of an infectious
or metabolic nature  Vortality duc to water and clectrolyte disturbances
related to acute diarrheal cpusades or to respiratory nfections chiefly bron
chopneumonia is greater during the first 48-hours spent by patients 1n a hos-
pital and its incidence 15 generally not aflected by the use of recommended
therapeutic measures.”  According to the presence or absense of acute com-
phaations, treatment of chronic eevere malnutntion will conform to different
theraples. In the first casc management obviously compnises 2 chief steps
(1) an attempt to sve the lifc of the child during the most critial early period
of hospitalization and (2) if this 1s successful initiation of the necessary meas-
ures tending to restore nutritional equilibrium

The first of these steps, which s properly an acute emergency and not the
treatment of malnutntion per s s mentioned here beause of the frequent
octurrence of failure inattempting it—a result probably related toan inadequate
knowledge of homeostatic mechanisms 1n malnourished organisms In a
child who has suffered from malnutntion since the early days of his life evalua
ton and trentment cannot possibly be made according to concepts derrved
from observations made on well nourished organisms  An accurate knowledge
of features of the complications of malnutrition as In the particular case of
water and mineral metabolsm may eventually be obtamed from study of
tissue composition and renal function

From the dinral standpoint, water and clectrolyte disturbances m s mal-
nourshed child are commonly charactenzed by these five symptoms (1)
spathy (2) lack of thirst (3) polyuna, hyposthenurm, and isosthenura (4)
coexsstence of clinical features of dehydration and edema, and (5) lack of usual
wgns of systemic or local infection

Brochemical investigations in these same subjects have shown (1) relative
mcrense of extracellular fluid volume (2) extmeellular hypotomcity (3) intra
cellular overhydration (4) decrense of intracellular potasstum comcentration
Dot necesmarily revealed by hypokalemm and (5) intracellular water and so-
dum shifts upon decline of patient.

Studies of renal function have demonstrated (1) decrease wn glomerular
filration mate and renal plasma flow (2) high dearance of csmotically free
water and (3) decreased sodium and phosphate excretion

Treatment of the acutely ill child, suffermg prnmarily from chronic severe
malnutntion, necessarily must take mto account many of the climcal and bio-
chemical paradoxes apparent from this summary  Thus, the use of a hy
botonic solution would probably be contramndicated in an already hypotomc
subject. On the other hand ~while treatment with hypertonrc solutions
would seem logical their use may be potentially dangerous because of uncon
troliable water shifts within the organmm. At present, therefore the most
adequate repair solution seema to be one having & similar esmolanty with the
patent s own blood plasma and supplying the pecessary potassium and calaum
wis. At any rate the extremely delicate balance upon which survival of an
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supplies of it became exhausted the children refused to accept cow's mk.
The question of education toward a new food or a supplement 1, of coone,
only a small part of any program tending toward prevention of malnutriice.

Trowell® and Dean'* have covered this aspect of the problem in an excelent
manner Three of therr ponts may be emphamzed here

(1) In areas where malnutntion is prevalent, everyone shoald lesrn to recog-
nuze the disease especially all adults caring for children.

(2) Recogmtion of melnutmtion at an carly stage 18 obviously ¢ matter o
extreme importance  Since there 1s no method that really can asen the
state of nutntion, research in this direction should be given prority

(3) Mothers and educators should be specally taught the very parteelr
needs of children, and emphasis should be placed on the fact that children mat
be gven absolute prionty on food consumption
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If spectal care s taken mn improving personal and familal sanitary coof-
tions, there 13 a large group at least i Menco that will be benefited: A
demonstration aren both experimental and educational scems ind
wherever malnutnition prevails

One should not forget that diet 13 not the only factor in human maloutrioe
Infections, mainly gastrointestinal due to poor samtary conditions and faclty
dietary habuts and prejudices, may be rore important i some places that ot
uself ~ Thus, in chronic severe malnutrition as well as in any other cund“":;
in which many different factors interact, an evaluation of all factors imvo®
shoukd be made first in order to Identify those limiting nutntion so that?
preventive compaign may be planned  In the last analyss, the Lmiting facto®
in rmany places of the world may be of a cultural and socoeconomic M
rather than speaifically dretary

Trealment

In spite of increasing knowledge as regards preventive measures, W’nhﬁ
} <hronk severe malnutriion s still a great scourge among children 11 the ¥



Goméz ¢f al  Chronic Severe Infantile Malnutntion 977

workd, mortalty varying Letween 20 and 60 per cent in the majority of tech
mxally underdeveloped countries  Prognoss has proved 1o be dependent
chiefly upon seventy of malnutrition as judged from weight deficit and upon
certain complicating features of the discase especally thowe of an infectious
or metabolic nature  Mortality due to water and clectrolyte disturbances
related 1o acute durrheal epiades or 10 respiratory infections, chiefly bron
chopneumonia Is greater during the first 48-hours spent by patients in a hos-
pital and its nadence 18 genernlly not affected by the use of recommended
therapeutic measures.? According to the presence or absense of acute com-
plicatrons, treatment of chronic severe malnutntion will conform to different
therapies.  In the first casc management obviously comprises 2 chief steps
(1) an attempt to save the hife of the child during the most enitical early peniod
of hospitahization and (2) if this 1s successful inftiation of the necessary meas-
ures tending to restore nutritional equilibrum

The first of thesc steps, which is properly an acute emergency and not the
treatment of malnutrition per se is mentioned here because of the frequent
occurrence of faflure in attempting 1t—a result probably related toan madequate
knowledge of homeostatle mechanisms in malnourshed orgamsma. In a
child who has suffered from malnutntion since the early days of his life evalua
tion and treaiment cannot possibly be made according to concepts derived
from observations made on well-nourished organisms.  An accurate knowledge
of features of the complications of malnutntion as in the particular case of
water and mineral metabolism may eventually be obtained from atudy of
tissue composition and renal function.

From the chinical standpoint water and electroly te disturbances n & mal
nounshed child are commonly characterized by these five symptoms (1)
apatiy  (2) ek of thist (3) polyura, hyposthenum, and 1sosthenuria (4)
coenstence of clinieal features of dehydration and edemn and (5) lack of usual
gns of systemic or local infection.

Biochemical investigations 1n these same subjects have shown (1) relative
merease of extracellular fluid volume (2) extracellnlar hypotonraty (3) mtra
celtular overhydration, (4) decrease of ntracellular potassum concentration
Dot necesmnly reveaked by hypokalemm and (5) intracellular water and so-
dum shifts upon dedine of patient.

Studies of renal function have demonstrated (1) decrense 1n glomerular
filtratron rate and renal plasma flow (2) high clearance of osmotically free
water and (3) decreased sodium and phosphate excretion

Treatment of the acutely ill child, suffering primarily from chromc severe
malnutnition necessarily must take inte account many of the clinical and bio-
chemical paradoxes apparent from this summary Thus the use of a hy
Ppotonic solution would probably be contramdicated in an already hypotomic
wibject  On the other hand, while treatment with hypertonic solutions
would scem logieal their use may be potentilly dangerous because of uncon-
trollable water shifts mithin the organsm At present, therefore the most
adequate repair solution seems to be one having a similar oamolanty with the
Patient s own blood plasma and supplying the necessary potasarum and alcum
wns. At any rate the extremely delicate bealance upon which survival of an
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undernourished dehydrated child depends precludes the recommendation of a
universal good for-everything solution. Perhaps more than anywhere ehe in
mediane these individual cases require indrvidual attention. The same may
be true in the treatment of mfection per se, if occurring 1n a malnourished mb-
Ject.

Treatment of malnutrition 18 etiologic 1t consmsts of supplying food. Oa
group has summanzed the treatment of chronic malnutrition by saying that
it conmsts of & ‘ normal diet, to be consumed freely rich in calories and pro-
teins of high biologic value, palatable, of easy mgestion and digesnon™ v
tamin supplements have thus far been found unnecessary 1*

Thus, children who have survived the infectious accident or the acute ek
trolyte disturbance, or those who have been spared these situations, are grea
initially a liquld diet, preferably whole milk with 10 per cent comn syrup added
Ingested ad libitum, such a diet does not provide, at first, more than 35 al/ky
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of nctual welght, or 20 cal /kg of 1deal weight Nevertheless, such & Jo¥
calorie and protein Intake 18 sufficent, during the first week, to achieve & po&
tive balance This fact must be taken into account in order to avold te
common error of branding such a child as anoremc.’ G bt
quickly, the patient is capable of ingesting larger amounts of food and, mi
in 15 days, be is already recetving 100 or mare calorics per kilogram of 8
body weight. By this stage the intake of foods other than milk, mamly
puréed meat and vegetables, already has begun

A small number of children show actual anorexis, which is extremely dificult
to fight. In such cases, feedng by a slow and continuous gavage through
polyethylene tube has been suecessfully accomplished Only rarely bas ¥
become necessary to employ this resource for more than 5 days.

Three weeks after admission under such a liberal self-demand  regonc™
the patrent 13 ingesting 200 to 250 al /kg of body weight through & varied
diet.  From the foods mgested by & group of 373 children we calculated
{ollowing average values of the nutnents

Treatment may be considered successful when the patlents show

(1) Quick improvement in appetite and interest in food
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(2) Progressive weight inaement A considerable proportion of children
show gains from 50 to 100 pm dally dunng recoveny, this scems incredible to
thote not famihar with the discace

(3) Dmappearance of edema  With no therapeutic measure other than
diet and rest m bed, it Is frequent to see edema, which has been aalculated to
represent from 10 to 25 per cent of actual body weight disappear in a matter
of 10 10 15 days. Because of the severe depletion of clectrolyte shown by
these patients, we are afraud to use other agents to attan a more rapid mobile
ntion of edema as such measures generally produce further depletion of so-
dum and potassium  Tn a few cases, edema in these patients becomes worse
due to congestive heart failure apparently also of nutntional origin~ Treat
ment n these cases olniously must incude measures intended to prevent
detenioration and fallure  In these cases, success is not achieved with thinmine

(4) Clinlal cure of skin lesions. Regardless of the treatment employed
‘pellagrous ' skin will peel off 1n a matter of 10 to 20 days, leaving a new skin
with more or less normal charactenstics.

(5) Normaluzation of serum alburmn levels. While total protemn concentra
tions in blood serum will become normal 1n about 20 = § days, albumin levels
are a much more precise index of improvement, they do not turn normal before
45 2= 15 dayx. This development occurs together with a further increase of
mma globulins, which must have been already high on admission of the
Pateent to the hospital

(6) Clear mgns of well-beng It 15 & well-known fact that the return of
appetite and gmiles 1n o sick subject are sighs of good prognesis. Later on,
other manifestations of a normal social behavior and of neuromuscular reha
bilitaticn appear

In a few cases, usually mn infected children anemua is so scvere even if ut
belongs to the typical normocytic, normochromic type that measures such as
Packed red cell transfusion seem indicated However according to our ex
Perence, even totals of 3 milhon red cells per cu. mm. or 7 gm. hemoglobin
Ppet cent do not require transfusions, Rather an adequate diagnoss and early
treatment of an exating infection seem to be more mmportant. In this type
of pabent, even the presense of megaloblastic anemia does not generally es-
tablsh indication for any treatment other than dietary Eventually, hy

anemias m recovenng children may require the use of irom, if one
cannot be sure that they will continue receiving an adequate diet at home for
1 sufficaent period of time

If treatment 13 conducted mith success, the anatomucal, functional, and bio-
chemucal lesions dimppear gradually following a reverse order from that In
which they onginally appeared.

Ande from the total or partal regresswon of lesions due to malnutntion, a
*enes of clmucal and biochermical alterations appear durmg the 2 month period
after the beginning of treatment. These symptoms have been described
collectively under the name of nutritonal recovery syndrome® The chief
climeal mgns appear 15 to 45 days after treatment has been mitmted and lass
for aboat one month. They may be obsarved m all forms of advanced mal-
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nutrition and are comadent with the healing of skin and mucosal lewors
They are

(1) Progressive hepatomegaly, which is charactenzed histologically by the
disappearance of steatoms, if fatty degeneration has previously ensted.

(2) Potbelly, mith asates and superficial venous petwork on abdomen and
chest.

(3) Hypertnichoas, predominant on the forehead, cheeks, shoulder, and thiis.

(4) “ Moon face *” comparable to that of Cushing’s syndrome, and tele

(5) Progresmvely mcreasing hypergammaglobulinemia,

(6) Progressively abnormal thymol turbldity, which parallels the evolutin
of gamma-globulin levels.

(7) Increase n blood volume, with simultaneous transitory decreas d
hematocrit and hemoglobin concentration, followed immediately by rebede-
cytoms. These findings occur simultaneously with the appearance of potbelly
and asctes

(8) In 33 per cent of the cases, eosinophilia, not related to allergy or panasts.

(9) About 100 days after the beginning of treatment, long bones show ¢
zone of subepiphyseal condensation dearly deltmuted from the osteoporox
metaphyses. At the same time caloum inorganic phosphate and
phosphatase concentrations in blood are abnormally high

These manifestations of the nutritional recovery syndrome may all appeif
1n & sngle case, or only some of them may be present stmultapeously T
have been considered the result of accelerated growth and development 21
previously nongrowng subject, with varying Increments for each different
organ, and their pathogeness 1s at present under active study
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Discussion

PauL GrOrey (Untversity of Pennsylrama School of Medicine, Philadelphia
Pa) The excellent presentations of the preceding three essayists have delved
mio a rich storc of observations and have acquainted us with the mther
remarkable progress achieved durmng the last few years in the newer knowledge
on the pathogenesis, prevention and treatment of kwashiorkor

1 propase to touch upon a few points only  First the “pyramid” of Béhar
wnd Seimshaw {s an extremely helpful concept. It should be emphasized
however that marasmus may develop without the intermediate atage of pre
kwashiorkor or Lwashiorkor In total caloric starvation or undernutrition
*1tha food such as milk we have no prekwashiorkor  We have prekwashiorkor
or kwashworkor only when the ratlo of calories to proten is renlly disturbed
[ refer not only to the quantity of protein but also to the quahity of protemn
which 18 usually a factor

The calorie protein ratio has been mentioned once 1n the papers under dis-
cumon  Its formulation is an extremely difficult problem  In calonc and
protein starvation (I am now spealing of milk protein) there 1s also protein
depletion and no growth However we have no fatty hiver no hypoproteine
mun, and no reduction 1n intestinal enzymes. According to the teachings of
clasc physiology increase of the nonmitrogenous calores should unprove
proten retention.  In practice, however we see here the slow and progresmive
trnntion to kwashworkor

In studses not completed that T have carried out i collaboration mth D D
Kornfeld, rats on a soybean protem diet responded to increase of nonmitrog
nous calories with improved mitrogen retention but at the same time they
developed fatty liver then arrthoms as if the mitrogen—in accordance wath
our contention—did not go to the liver the nitrogen content of which was
found to be unchanged, but to other tissues, probably to the muscle. We do
not know where the break occurs but 1t must occur

Then we have what we call as I still prefer to name it kwashiorkor or pre
kwashiorkor— an entity that I like to maintamn

As regards treatment I have been very much impressed by the excellent
revults that Jean Sénécal has obtamed with protemn hydrolyzate milk protemn

,
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hydrolyzate, as I understand 1t However, these results still reound m
the state of affairs & few years ago In the treatment of lrver disexse.

Dietary liver disease 1s constdered a manifestation of peotein defide
and my assocates end 1 have recommended far 1ts treatment diets hig
protemn., However, we have often encountered difficulty, especully m e
acute hepatits or 1n decompensated liver Protem hydrolymtes, 9
gm /kg from the start, may lead to trouble. I feel it necessary to uit
word of warning, especally when I see the tables and the results of Béar
Gémes, who proceed very very cautiously and slowly These worken |
only 1.3 gm./kg at first, Increamng this amount progresarvely to 2, 3
later, more, and they achieved good results. Then we come to an miern
new concept, & really new discovery made by G6mex, namely the reco
syndrome This 18 8 new concept. I have never heard of 1t before. It
not been described previously msofar as I know and it 13 an emazng syndn
However, I thmk that we are dealing here with the same et of symp
that we observed In our war prisoners who returned from Japan and devel
similar endocrine troubles after refeeding I think there the refeeding
very fast. These men were very hungry, they ate fast, and they deve)
these endocrine disturbances

I should like to prevent the recovery syndrome. I should like to tad
cluldren not to eat too much food to be a little more satisfied with kest

With regard to treatment and prevention of kwashiorkor, I think the e
especially of INCAP are extremely mpressive and having had the prré
of watching them more or less since the start of these studies, I congnl
Senmshaw Béhar and their group on the excellent results they obtamed.

Finally a word of thanks to Gémez, who comes fram Menco & count
very old and admirsble culture In a very diplomatic and tactful mann
has spoken of tackmically underdeveloped countries I am grateful to hir
teaching us that we should not speak mmply of underdeveloped coun
We should speak, wnstead of “techmically underdeveloped countries.

H E SAURERLICH (Depariment of Amsmal Husbandry and N utrihon, Al
Polyteckme Instusmle Asuburn Ala) My comments are not co din
with kwashiarkor as observed in humans, but rather wath an expero
condition, produced m rats, that resembles the disease I refer to the cood
a3 cxperumental nutritional edema  Thus edems 18 produced readily by fe¢
rats diets low in protemn, methiomne, choline, folacin and vitamun B:
Generahized edema with a 100 per cent incldence can be produced m i
10 to 12 weeks. The liver of the edematous rat 1s fatty and arrbotic
degree of arrhosis is variable since it is related to the diet used, tho 880
ammals, snd the time of onset of the edeme  Damage to the pancreas 1
beart 15 usually noted  Addition to the diet of protem choline, meth¥
betawne or folacin and vitamm B,y will prevent the development of edem?

Analyses of the blood and lrver demonstrate changes similar to those &%
for kwashiorkor Enzyme and nuclelc acld concentrations of the Jrees
nltered markedly  The blood pressure of animals on the edema inducme!
falls and, at the omet of edema, may fall to very low levels. Tb¢ &
electrophoresis patterns of the edematous rats are quite different from !
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of the control animals.  The alpha; globulinfraction is reduced or absent in the
edematous rat The beta and gamma globulins often increase, particularly
when severe arthosis occurs The albumin falls, but more slowly than does
thealphar-globuhin  However, invers acute edema the serum albumin may be
reduced to very low levels,

Rats with edema have been treated successfully with diets contaning high
levels of protein choline and vitamin Bis and folacin  However, several
weeks of feeding were required before the serum and blood pressure returned
to normal  Supplements of choline alone required a long perrod of time for
recovery  Even the hemoglobin level returned to normal slowly

Although the supplements of choline, methionine and folacin and vitamin
By prevent the occurrence of edema completely normal Livers are not observed
for instance fatty lrvers occur  To prevent this infiltration of fat, other
amuno acids or higher levels of complete proteins must be administered  Par
tial d[:lncnnu of amino acrds other than methionine have not produced edema
routinely

The expenmental edema appears to be assocated with methiomine and
methy | groups, as in chohne or indirectly in vitamin Bjs and folaon. The
condition may be associated, n turn with impaired liver function or insufficent
methionme for the formation of plasma protewns. Secondanly dietary protemn
and other amno acids would be atsociated with the condition,

There appears to be a similanity in the changes that occur in the animal with
experimental edema and these seen 1n the human patient with kwashiorkor
Thus, 1t would be of interest to know if the condition that occurs in humans
coald be prevented by dietary supplements of methiomine choline and folaan
and vitamin By,  Supplements of lymmne, tryptophan and threonine also
might be mcluded smnce these amno acids have some protective effect in the
edema studies and axd In the prevention of the mfiltration of fat into the liver
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Jacw Mexcorr (Mickad Reese Hospital Chicago Ill) 1 propose to comment
On two or three 1tems mentioned 1n the very mteresting and excellent papers
bresented thus far and then to amplify some of the observations reported by
Gémez. 1t was my prvilege to have the opportumity of working with him
and hus group a few years ago

Lymne 1 ane of the ammo acds conswdered mportant 1o relation to the
development of the syndrome of Lwashiorkor It 18 of interest that, po-
tassum-deficent rats, lysine appears to be one of the amino acids that 1s
thought to substitute for potassium 1 the cells, or at lenst to contribute
cationic equivakence since lyxme s a drvalent cationic ammo aad  Thrs seems
somewhat incompatible with the concept of smmultaneous potassum and lysine
deficency  Stnilarly e number of years ago 1t was thought that protem
deficiency produced deficency 1n gamma globulin and, hence a reduced

-
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resistance to infection  Children with kwashiorkor tolerate mfection poody
have many nfections, and yet tend to have h; Ax
other point that scems of interest, as my colleagues who deal with protem
malnutntion have pomnted out to me, 13 that 1n some areas the incldence of the
edematous phase 1s partially seasonal In those countries where there 5a
rainy season there 1 & greater preponderance of the edematous form of the
dusease at that time. The dry season tends to be assocated with the ks
edematous form of the disease. It 15 conceivable that foods available damy
the mmy mtervals differ from those eaten 1n the dry season.

T should like to describe some features of this syndrome that were observed
durmng the first 48 hours of hospitalization  \y colleagues and I were coe-
cerned mith this period becanse m many instances death was attributable to
extensmve derangement of the flurd balance. This derangement did not respond
to the well-known and effectively nsed types of electrolyte therapy It seemed
of interest therefore, to explore the nature of this process.

Charactenstically the muscle compostion of children wath profousd ma
nutnition was found to be of two genernl types the malnourished chilira
tended to have either an increased extracellular phase or a decreased exincet
lular phase in muscle. However whether these pateents had an increased @
2 decreased extracellular phase, an increase m intercellular phase was noted
‘The hypotomaty noted by Gémez seems to be very striking 1 the Intract
Tular phase as far as potassium and sodium concentrations, at least, are &
cerned  The discrepancy between the sum of Na + K, making alowax®
for magnesum suggests that an ntracellular defect of phosphorus 1
mght exist The relationship of potassium to noncollagenous nitroge ¥
altered mn the malnounshed children yrrespectrve of whether they had deiy
dration or edema. The reduction 1n K/N ratio was not due to 2 redeco®
n the potasstum content of the muscle 1t appeared to be due to an Increast
in the noncollagenous mitrogen content of the muscle This probub*yﬂa‘;i
a cannibalizmg of the matenal derved from muscle masses that had
appeared previously From a child who ultimately died we had an opp%
tumty to obtam two muscle biopsy samples one at the tune of ldmm';‘.u
days before death and, by chance another one 32 hours befare death o
charactenstic feature appeared to be a shift 1n muscle water with a decres®
extracelluler water and an increase of intracellular water There ¥
a markedly increased concentration of sodrum within the cell that was ¢
assocated with any change of potasslum content 1n the cell that is, an il
mulation of water and sodum without an sssocated defiat in P"“mﬁ
The opposite phenomenon also was observed A child was admitted ¥t
severe malnutmtion this patsent had a contracted extracellular phaseand &
panded intracellular phase in muscle  With recovery overa 25-day period thert
was a return toward normal composttion of the musde A decrease o
centration of sodium within the cell from 33 to 12 mM per liter of intracelfalaf
water was obser ed

Renal functions 1n relation to malnutrition were studied prinapally by
G Gordillo  Malnounshed children have marked reduction In renal fusctio®
1n relation to surface area that 15, about one half the normal glomerular filt’
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tion rate and renal plasma flow W\ e had an opportunity to observe one par
ticular child while his condition deteriorated somewhat following an epsode of
durrhea and dehydration  This patient showed a striking fall in total renal
plasma flow and also in glomerular filtration rate  As GOmez has mentioned,
the hypotonicity of these children is associnted with an increased excretion
of dilute unne even in the presence of severe dehydration

We have attempted to draw a tentative hypothesls of the development of
these blochermeal leslons  \We vasualize the protein and calone insufficency
leading to physiclogic changes, associated with chnical features of poor weight
gam or weight loss. Duarrhea or infection lead to changes 1n extracellular and
mtracellular fluids that are superrmposed on those caused by protem and
alarlc depletion  \et intake of water exceeds that of solute causing hypoto-
miaty  With hypotonicity, edema occurs and 1 associated with imitial cellutar
adjustment in tomaity and increased cell volume.  Continued dmrrhea causes
dehydration fluid and salt loss is supenmposed upon an alrendy increased
mtracellular water  The renal adjustments allow the child to undergo either
compensation or decompensation ( athrepsia') If decompensation occurs,
the child may still have some degree of edema or dehydmtion but he will
be in a state of limited physwological flexibility ~ Thus, any event such as in
fection or diarrhen may cause death rapidly ~ With compensation, the child
becomes marasmic The marasmic child actually seems quite resistant tosudden
clectrolyte stresses, possibly because of the reconstitution of surviving cells as
a result of effective uptake of endogenously released materials from previously
destroyed cells.

NEVIN § Scrrusitaw (Pan American Sanilary Bureau Regional Office for the
Americas of the W orld Health Organt.ation and Instiule of \uirihon of Cen
tral Amertca and Panama [INCAP] Guatemala C A) In 1955 the Warld
Health Organimtion (WHO) and the Food and Agniculiure Organization
(FAO) of the United Nations sponsored jomntly with the Josuh VMacy Jr
Foundatton of New Yotk N Y o conference on Human Protein Require
ments and Therr Fulfillment 1n Practice, beld at Princeton N J., n which
persons working nctively with Lwashiorkor in ten different countries m three
contments were brought together! As the discusmons proceeded, it be-
@me strikmgly apparent that all of these partiapants were discussing es-
seotally the same syndrome, despite mmor differences in the ages at which
onset of the disease occurred and the nature of assocated secondary deficencies
In these pages we note the mmilanty 1 the approach of workers from three
different countnes and two continents to the prevention and treatment of
kwashiorkor

Not only 18 kwashiorhor basically the same climcal syndrome the warld
over but also the epudemiological factors are more or less the same Two
features stand out (1) kwashiorkor occurs most commonly soon after weanmg
when the diet substituted for mother’s milk 13 deficdent m protein of good
quahity and (2) the problem 1s complicated by strem factors in the environment,
Particalarly the frequency of infectious disease However the number of
children with kwashiorkor 1s merely an mdex of the prevalence of protein
malnatntion 1n almest the entme preschool-age population m some areas.
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Furthermore, protein malnutrition n this age group 1s & reflectson, not caly of
poor feeding practices, but also of a chromc shortage of protein-nich foods m
the area,

The management-consultant firm of Klein and Saks, Washington, D C, b
recently completed a study in Guatemala 1n cooperation with INCAP that
illustrates the defiat between food production and nutnitional needs chamcter
istic of underdeveloped areas in general  In ¥IGURE 1 the estumated requue-
ment for each food group was based on the minimum amounts necemary for
en adequate diet. For purposes of the calculation, as little change as po-
sible, conmstent with nutritional adequacy, was made in present urban and
rural dietary patterns Meaxmum use was made of corn, beans, and other
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basic foods now consumed 1 large quantitites, so that the amounts of ano!
products listed as required fall far short of United States stendards. It
highly sgruficant that the only food group available in an adequate amoant,
even on this minimum bams was that of refined carbohydrates, prin
sugar  Over 160 per cent of the desirable amount of this source of “@Pt”,
celories in the diet was produced, Only 68 per cent of the mnlmum  needed
amount of cereals was produced, however and less than S0 per cent of ol
other food groupa Of course some of the deficlt is made up by imporit
but these imported foods are frequently not available to the lower et
groups. It 13 easy to understand why protemn defickency fs so widespread-
As has been pomted out, the prevention of kwashiorkor will require major
changes in the way young children m underdeveloped areas are fed. o
{ chuldren investigated by us because of admusion to the hospital with kwashit
Lor none had recerved meat, cheese or fish 3 had received an occasonal €%
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and 9 had received cow s milk, but usually only in token quantities ghenina
ditute solutlon®  All but one had recaved the thin cereal gruels known as
efoles, and moxt of them had received coffee but 8 of them had not even been
gven tortillas and beans the staple solid food of the adult diets It is obv1ous
that extensive education will be required, as well as an inexpensive supply of
suitable protem tich food or foods

These discusaons have revealed tome depree of confusion regarding the
relationship between marasmus and  classic” hwashlorkor, especally since
all three of the papers under discussion have dealt pnmanly with the treat
ment and prevention of that combination of calonie and protein deficiency
referred to as marasmic kwashiorhor  As Béhar showed in a schematic rep-
resentation of the different types of malnutntion in the form of a pyramid
{ricoRE 1 In his paper) certain characteristics are assoaated with the chronic
starvation of marnsmus and others are associated with the proten defiaeng
m the presence of adequate colories that is responsible for classic kwashiorkor
As seen 1n most remons of the world however kwashiorlor 18 complcated,
to a greater or leszer degree by a chronic deficiency of calories, and is char
acterized by o marked tissue wasting and loss of subcutaneous fat not found
m the so-called classic” kwashiorkor  As one moves m the spectrum close
to the deficency of all nutnents that charactenzes marasmus the signs of
kwashiorkor become less pronounced

There 13 evidence that certain of the biochemical changes that are char
acteristic of kwashiorhor do not occur 1 marasmus, and certamnly neither
fatty Iver nor edema occur n the latter GySrgy 1n his comments, emphasized
the importance of distingusshing between the two condition, and the pyramid
used by Béhar to portray infant malnutrition does this clearly and graphically
However it Is also necessary to recognize that the majority of cases studied
and treated by Sénécal Béhar and Gémez are neither at one extreme nor
the other but fall somewhere between them

While the base of the pyrmmid represents the cimeally recognized cases
of marasmus, marsmic kwashiorkor and kwashiorkor the bulk of 1t 18 com-
posed of & continuous mnge from & well nourished condition to severe mal-
nutntion  The farther from normal the more clearly the characterstcs of
malnutrnition become evident, and the more readuly it 1s posaible to distingursh
between marasmus and Lwashiorkor

Gérmez speaks of third-degree malnutntion, by which he means a weight
of 40 per cent or more below the normal weight for well-nourished Memcan
children  The pyramud used by Béhar also could be visualired as drided
transversely mto 3 scgments (1) that pearest the apex to nclude first degree
malnatntion (10 to 25 per cent underweight) (2) the middle second-degree
malnutntion (25 to 40 per cent underweight) end (3) that nearest the base,
third-degree malnutrition. This would demonstrate the concept that T
bebeve to be correct namely that the term third-degree malnutntion, as
used by Gémez includes marasmus and marmamc kwashorkor as well as
theoretically st least, any other nutritional cause of severe weight boss, Usy-
ally malnutnbon without edema is marasmus, although it
may alss include an occamonal case of kwashiorkor 1 which the edema has
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already disappeared In Mexico and Central America, third-degree mat
nutrition with edema 1s almost always marasmic kwashiorkor  Because Littie
weight loss 18 nvolved clasme kwashiorkor ordmanly would not be coverd
by the term third-degree malnutrition I believe that this explanatim rec
oncles the terminology of the principel contributors to this portion of tim
monograph
Sénécal Béhar and Gémez have all emphasized the importance of findig
weys of using vegetable as well as animal protem for the prevention of mak
nutrigon and all have presented data that showed substantml progres @
this result. Workers m nutntion m the Umted States are bemg
increamngly called upon for asmgnment as foreign consultants. It 1 .mportent
to recognize this and to teach students to seek all possible solutions to the
problem of protemn malnutntion including maxmum utihzation of vegetabe
protemn sources, rather than to expect that North Amenican producton wd
comsumption levels of anmmal protein can be applied resonably to all areas
The evidence presented in these pages on mitrogen balance studies m chikdre
to the effect that the mitrogen retention with a suitable vegetable muxture 5
ementially the same as that wath milk has particular mgnficance Tha b
long been discussed as a theoretical possibility and 1t 1s encouragmg fo %<
that the concept of complementary vegetable protem combmations 1 bexg
applied successfully to the solution of the major problem of mproving profen
nutrinon and, as & corollary preventing kwashiarkor The coatributa®
deserve commendation for their practical accomplishments as well 8 the
saent.fic excellence of thewr work.
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CLRTAIN BIOCHEMICAT FINDINGS IN MAN IN
RELATION TO DIFT*

By A R F Walker

laman Bischemistry Research U mit Sexth Africam Coxmeil for Sclemtife and Industrial Research
aud Sexth Africam Imitttnic fo Medical Rescarch Jokanmesburg
Umion of Senth Vfrica

This paper deals pnmanly with oleervations made on the South Afncan
Rantu, upon whom with a number of assoclate workers, I have been carrying
out vanous investigations over the last ten years  The local Bantu differ
from the white population in numerous ways n diet biochemstry , hematology
physiology, and pathology  In some respects these people arc the objects of
our sympathy in others they are most certainly the objects of our envy
In tome countnes there would scem to be a limited cholce of problems in
buman nutntion to nvesuigate but in South Africn it 18 a question, rather
of which fasanating problem one should attack first  In the course of my
work 1 have touched upon many fields, any one of which could well engage
the attention of severn! workers for many years 1 have endeavored to nves-
tgate some problems intensively Thaye merely scratched the surface of others.
Although the Unton of South Africa 18 about one sixth of the area of the Umited
States, its white population 1s about one fourth of that of New York N Y
Us total population 13 less than one tenth of that of the United States  Hawing
2 Bantu population Inang on one s doorstep o to speak causes one to realize
that i South Afrca the fields of research are npe for harvest and that the
laborers are far too few

Det

The Bantu of South Afnien number about 914 million accordingly they
greatly ontnumber the white population of about 3 mullion. In addition,
there are about 1 mullion Eurnfricans and one half milbon Amatics. Of the
Bantu roughly one third dwell in Native Reserve areas, sbout one third
work on farms owned by white people, and the remainder are urbanized
working in government and mumiapal departments i industry end as
domestic servants  These people therefore may be observed in vanous stages
of dietary tranmtion from the primitive living off the land to the urban house
b"ymﬂi\lmmglhrgdyEumpcanwcddre& The Bantu diet, spealing
generally includes a large amount of cereals which supply 50 to 90 per cent
of the total caloties in the food consumed. Such cereals, usually whole-ground
or lightly milled comprise malze (corn) ‘kaffir com (Sorghum ruigare)
indwheat. The maize and kaffir corn products are eaten not only asavanety
of porndges, but as fermented foods (such as marewy lambaloss and kaffr
beer) These foods, bemg traditional are widely consumed often m large
volume  Thus particular charactermtic will be referred to agam  The wheat,

This
and paper s publshed with the permission of the South Afrloan Coundil for Sclentlfic
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already disappeared. In Alexico and Central Amenca, third-degree ml
nutrition with edema 1s almost always mamsmic kwashiorkor  Becane fittke
weight loss 18 1nvolved classic kwashiorkor ordinarily would not be covered
by the term third-degree malnutnition I believe that this explanation rec
onclles the termmology of the principal contributors to thms portwon o ths
monograph

Sénécal, Béhar, and Gémez have all emphasized the impartance of finding
ways of using vegetable as well as animal protemn for the prevention of mak
nutrition, and all have presented data that showed substantul progres ®
achieving this result. Workers 1n nutntion i the United States are beng
mcreasingly called upon for as foreign c Itants. Tt s mportant
to recognize this and to teach students to seek all possible solutions to the
problem of protein malnutnition including manmum utihzation of vegetab
protein sources, rather than to expect that North American prodnction 1
comsumption levels of ammal protein can be applied reasonably to all aress

The evidence presented 1n these pages on nitrogen balance studies m childre
to the effect that the nitrogen retention with a suitable vegetable muriure #
essentially the same as that with milk has particular mgnificance This ks
long been discussed as a theoretical possibility and 1t is encouraging to &
that the concept of complementary vegetable protein combinations 3 bend
applied successfully to the solution of the major problem of mproving prote
natriton and as a corollary, preventmg kwashlorkor The contribatan?
deserve commendation for their practical accomplishments as well a3 the
sclent.fic excellence of their work.
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The Bantu of South Afnica number about 91y mulon  accordingly they
greathy outnumber the white population of about 3 milhon  In addition
there are about 1 milhon 1 urafricans and one lalf milllon Astavee  Of the
Bantu rouphly onc third dwell in Natne Reserve arcas about one third
*ork on farms owned by white people and the remainder are urbanized
working 1n government and municpal departments in industry and os
domestic senvants These people therefore may be obsen ed in various stages
of dietary transison from the primituve living off the land 10 the urban house

consuming & largely Furopeanized diet  The Bantu diet speaking
genenally includes a large amount of cercals which supply 50 to 90 per cent
of the total calories in the food consumed  Such cereals usually whole-ground
or hightly milled compree mauze (corn)  kaflir corn” (Sorghum rulgare)
and wheat  The mawze and kaflir corn products are eaten not only asavariety
of porndges, but as fermented foods (such as maraen lambalaza and Laffir
beer)  These foods being traditional are widely comsumed often m large
volume This particular characteristic will be referred to again.  The wheat
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of course, 15 consumed as bread (about one half white and one balf whae
grain bread), 1ts consumption 18 becoming increasmgly popular néar and b
the large centers of population perhaps principally because it 182 food m-
meduately ready for consumption. A further occasionally important item o
diet consusts of dufferent types of legumes  Of vegetables consumed, the mare
common ones particularly in rural areas are the pumplan, sweet potatocs
(Ipomoea batafas) and various greens The amount of eggs meat, fish, and
dairy produce eaten also sugar 1s usually much less than among the white
population  Briefly and very generally the diet of these people, according
to accepted standards, although usually adequate in calones and gross peotes,
fs low 1n animal protemn and fat, high m carbohydrate and crude fiber highm
certamn mineral salts and vitamms, for example phosphorus mon vitamm A,
and thiamine but low 1n others, for instance calaum nboflavin, and viemin D

This pattern of diet 18 common, 1n fact, qualitatively it 18 the pattern coo-
sumed by the greater part of the earth s population The same pattem o
diet was common among our forefathers a century or 80 ago MOTCOVEL
adoption of such a regimen frequently 1s forced upon many countries for himted
periods by wartime restrictions.

What are the likely effects of the hfelong consumption of such a duet? What
are likely to be the biochemical and pathological sugmata of 2 defioency o
perhaps of an excess, of nutrients? Those who have parhapated in discussions
on the examination and revimon of recommended allowances will know df tbe
heart searching that arises when we ask ourselves How much do we rally
know sbout human needs of nutrients? Often one resds phrases such £
‘minimum phywological requirements,  marginal and optimal mtake
and safety margms  surely such expressions bear witness to the meomplete
ness of our present knowledge of the subject oreover those of us who
are white and live alongmde a nonwhite population such as the South Afrman
Bantu must confess to the exasperation we often experience on co
whether these people are or are not short of thus or that nutrient ]m'ﬂc“hﬂ’
when as often occurs, the relevant deficency stigmata are not apparent.

I now ate a fow examples of nutritional situations and therr ramificator®
confronting those of us in South Africa who are mterested 1 the broad pxtar®
of the diet in biochemstry and in the clinical state and pathology of the Bast®
The examples to be described, which bear on protemn, fat calcium ron oadit,
and vitamin C 1n some imstances call for a revsion of current thought oo 4%t
and certain diseases 1n others, they indicate a need for the mmﬂm"""d
recommended allowances of nutrients swhile other examples touch on pbe
nomena deemed to be abnormal or even pathologlcal but which nevcrlhebz

would seem to be the normal response af healthy persons to the patter®
diet consumed.

Proletn
The first pomnt to be emphamzed s that in contrast to many other Afrian

populations, the diet of the South African Bantu older child and adult B
charactenzed nether by deficency of gross protein nor of specific amino &
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of growth between exclusively breast fed Bantu and white infants up to sx
months, indeed, Welbourn,' also Kark (personal communication), mambai
that for this period Bantu babies (among whom self-demand feeding 1 the ruke}
grow perhaps more rapidly than do white babwes. Quantitatively (at Jeast fo
the first six months) and quahtatively, therefore, Bantu breast milk must be
regarded as satisfactory  Chemucally mean values for the main constitnents
in Bantu bresst milk compere very favorably with those of white mothen’
milk * 2 Inadentally Bantu breast milk has a higher mean protein coo-
centration, namely, 1.35 gm. per cent, than the figure of 1 06 gm. per cent grven
by Macy® for mothers’ milk m the United States and 1 19 gm. per cent gven
by Kon and Mawson" far the milk of mothers 1n Great Britain. Concerning
the amino acd compostion of the protein, determinations have been made
only with regard to methionine and tryptophan, the mean concentrztond
of both have been fornd by us to be close to those reported for the milk o
white mothers.!*

It is only fair to point out that among African populations elscwhert,"h’;
diet 13 lackmg 1n seversl respects, Iactation proceeds less sansfactorlly
Nevertheless, it should be emphamzed that there are many instances where s
mensure of breast fecding occastonally to a surprising degree, has been camed
out despite consumption of 2 poor dret, as, for example, during World ar Il
at Leningrad during the siege 1n starving Holland m 1944, 1n the Japeoe
Prisoner of War camps, and even st Belsen Concentration Camp m Ger
many &t B

1n view of this excellent performance by the Bantu mother how 1 she ber
self affected? First, in regard to the magnitude of the drawn sustained by
her dunng e mx months period she yields about 16 kg (35 1b ) of total pclids
Her own body contains about 18 kg (40 Ib ) total solids. On this particuiar
basls, therefore during the period mentioned, she gives almest the equivelest
of herself 1n gross nutrients. If ahe does not eat enough to compenate for
this drain, she must lose weight, unless the percentage composition of bt
body alters. However she does not seem to Jose weight, mdeed our o¥@
information suggests that the weight for herght ratio of such women s po¥
sibly greater than that of white lactating women o vetennary parhan,
the successful lactation described 1 not, therefore, @ case of * milking the B
off the cow's back  Therefore there can be no doubt that, broadly speski™
the lactating Bantu mother obtains her gross needs of nutrients.

But what of disease—eclampsia, for example? Evidence indscates th!
Bantu women suffer less than white from this condition. Hipsley™
that & broad correlation obtains between crude fiber intake and eclampsia—
the greater the fiber Intake, the less the madence of eclampsa  The Bant®
diet s certanly high in crude fiber "

Other comparisons have been made. In Johannesburg in 1941 Heyo®
asusted by Shippel compered 5059 white women with 1433 Bantu wom<™
These wnvestigators reparted that the behavior of the Bantu mothers ¥4
superior 1n all respects.  Of the Bantu mothers, 0.56 per cent required operath®
delivery as agamnst 524 per cent among the white mothers. The matersal
mortality of the former was lower The inadence of stillbirth n the Tiantt
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widespread and that, although thms damage is not usually recognizable hustolog-
ically it is demonstrable by biochemcal tests and is undoubtedly cavsd
primanly by malnutrition. Such damage is believed to predspose the lver to
the action of factors that precipitate liver disease 1n adult life  For the bal
Bantu, it seems probeble that such factors mclude abnormal fron deposition
(mderosi#), hepatotoxic viruses and possibly, tome drugs There appan
to be no adequate evidence that the nutritional factors that so readily mduce
hepatic damage 1n amall amimals (diets tnfer alia low 1 protein) are re
sponsible for the liver lesions noted 1n Bantu older children and adulty

Gynecomasita

This abnormahty enlargement of the male breast like lrver duesse, B
believed or suspected by many to be an expression directly oc indirectly d
chronic protemn malnutntion® ® ¥  Certanly, gynecomastia m commod
among the Bantu of Southern Africa but, for the reason previously ated, oo
is not happy over the suggested etiology

In Johannesburg at Baragwanath Non European Hospital (1500 bes)
Higginson and Simpson are nvestigating the madence of the condition in &
series of consecutive post mortems. Thus far among 200 adults, they bave
foundadlnctetemmcxmedngmdcpthm2perccmembm
At the Witwatersrand Native Labour Assocstion Hospital also n Johan-
nesburg about 1000 young Bantu workers (18 to 40 years) from vara
regions in Central and Southern Africa pass through weekly for medical camr
nation prior to service on the Gold Mines  The ncidence of slight or modents
gynecomastia among them 18 not known, but observations indicate that an
avernge of about one subject per week (0 1 per cent) I8 known to suflet from
rery marked gynecomastia, that 18, having breasts of sbout 10 to 15 @
dameter Such breasts are wdutnguishable 1n appearance and text®
from those of young nulliparous women Slnce gynecomasta of this LT
and severlty does not appear to have been previously reported our findog
will be described 1n some detail

Twenty-one subjects have now been studied by my colleagues and mysett
All subjects appeared in good mutritional condition no evidence of !
dietary privation could be ehated There was no bias regarding rege®
ongin that 1, gynecomastm did not appear to occur preferentially in byt
from countries 1n Central Africa where the nutntional mituation 1s less favort
than in South Afnca  Evidence indicated that the gynecomastia d
usually at the ime of or withun 2 few years after puberty Some subjects
had been affected for as long as ten years. The enlargement was
bilateral nontender and there was no exudate  These fentures are in contnst
to those observed in the gynecomastia reported to occur occasionally dm:g
recovery from malnutntion and undernutntion for example amorg ot
States servicemen rehabilitated from Japanese P O W camps  Amont
affected persons, Rlatskin and his co-morkers™ found the mass to be &
(1 to 2 cm dixmeter) and tender and sometimes 1t was possible to expre®
fluld Two features have been noted about a proportion of the Bantu sab-
jects thus far examined which provided one is able to establish them st
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development of gynecomastia in later life such development not bemg pre
vented by adequacy of habitual protemn intake  The nature of the precputat
g factors 8 not known although B J P Becker, here at the Institute. kn
suggested that the estrogemic and other propertles of the numerous herbal
and other pharmacological preparations used by these people ment senovs »-
vestigation

It must be re-emphamzed that, In maling these and previous comments,
adults and perhaps older children are 1n mind and nof thevery young  Inderd,
1t will be appreciated that if only there were 2 more mtrsfactory food htske
at weanmg tume and nmedtely thereafter, there might well be 1 loser
merdence of liver disease and of other diseases later in Ife  However, he mere
provimon of milk or milk-substitute foods at wesning time will be insufioat,
what will also be required 1s education in prepaning these foods for coasump-
tion. In Johannesburg we have found that even when nounshog infant fool
are purchased, they are almost mvariably made up in far too dilute s form
by Bantu mothers.®

Fat

The fat intake of the South African Bantu 1s low a rough average of about
40 gm per diem 1 consumed providing about 15 per cent of the total a
oneal? More than half of the fat 15 ‘hidden being contaimed mﬂ:
lightly milled mawze products also n legumes Il'efcrtotlnmelsii'ﬂf'-"ﬁd
the fat metabolism picture of these people (1) the low scrum cholest
levels and the low madence of severe atheroscierons (2) the clevated sn®
cholesterol levels that arc a feature of obese Bantu women and (3) the b
excretion of fecal fat an the ‘high remdue ’ diet of these people.

Low fai ntake serum cholesterol comcentration ond alkerosclerssts Do
mgnificant difference has been found m mean cholesterol levels of newbat
Bantu and white infants® In later hfe however serum cholesterd ©
of the Bantu are lower and the age trend of mcrease alight m compa™e?
corresponding data on white subjects® Collaborative current studs3 ﬂt:
that beta lipoprotein cholesterol concentrations are low 88 ar¢ slso the .
tracentrifuge flotation values Investigation has revealed that sever “lﬁ
eroscleross in the aorta and m coronary vessels 1s rare, and that thdf’w
rate from coronary heart discase among adult Bantu hospital Wﬂhl"d
in Johannesburg 15 about a tenth of that in corresponding United State
Danish hospital populations® A comprebensive study of the
compasition of total gorta from Bantu and white subjects, in 2ge group et
20 to 80+ years, has confirmed the far lesser degree of quantitative &
omatous change in the Bantu® The difference in death rates from et
heart discase 1n the two racual groups is much greater than the diff
1 extent of atheroma. In other words some Bantu do get moderately 10
atherosclerosis yet such lesions, for reasons not yet clear very seldom k2
occlusion  Incidentally evidence suggests that among the local Bastt
there 18 no sex bias esther of vascular leslons or of death rates from corouat?
heart disease

Tt has been pointed out elsewhere™  that the low fat Intake of the B2
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Qe nr sty o not characternts of the Banto whn an the past were
pemarily & pastoral prpalatin Homever thete 1 one feature that might
e reevant 10 the comceptirn A Mann and his ealleagues and that concerns
the merphiatihy hugh depree of Fotor fitnes Thue u ing the Harvard step
fat en provim of srmenhat prorh n mrihed Bantu chool children de Ricke
@ el™ found that %0 gt cont were in crcellent of supenor physics! condition
i contra t 10 abemt & per cent of 640 chil tren in a private schoal in the Lnited
Sttes smilarly rated as quotad In de Riche of of  Similar oleervations
mncdudmg other addional tests have been peported by Mornean o ol ™ on
0t mine workers More reventhy Rlgppers and bt co-workers 1n an
wpubliched study compared adult Bantu with corresponding white long
lerm prisoners on siep test performance amd found the Banta to be vinually
Imexhagaible A further study of great interest in this regard s that of
Gopalan and Ramanathan™  These workers compared fat Intake serum
cholesterol levels, exeraee and inadence of coronary heart disease among
#roups of Indian adults namely officers and other ranks of the Indian De
fence Force  The fat Intake about 90 to 120 mg per diem of the officers was
omposed of hydrogenated vegetable fat and ammal fat (2 1) of the other
ranks chiefly resame ml (30 per cent linoleic acid)  In the former group
cholesterol levels ro<e from 154 mg per cent (20 to 29 years) to 201 mg per
cent (40 to 49 years) 1n the other ranks there was no nse the mean value
about 145 mg per cent  The latter group in contrast to the former
Y33 accustomed to habitual strenusus physical exertion  The inadence of
cotonary artery discase among the officer class was 23 times that among the
g‘bﬂ ranks. Tt might be added that the Jevel of physical fitness of United
d:‘u recruits in World \War 11 was very disappointing®  There can be little
bt that actity and physical fitness are implicated in the etiology of the
diease under discussion although to what extent the feature described has a
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development of gynecomastia m later life such development not bemg pre
vented by adequacy of habitual protein intake The nature of the preapitat
ing factora is not known although B J P Becker here at the Jnstitate. hu
suggested that the estrogenic and other properties of the numerous berbal
and other pharmacological preparations used by these people ment senows b-
vestigation

It must be re-emphasized that, in making these and previous comments,
adults and perhaps older chuldren are m mind, and nof the very young  Indeed,
1t will be appreciated that if only there were a more satisfactory food miske
at weaning time and mmediately thereafter there might well be 2 Joxer
merdence of liver discase and of other discases later 1n life. However, the mere
provision of milk or milk-substitute foods at weaning time wall be insufboent
what will also be required 15 education 1n preparing these foods for consmp-
tion  In Johannesburg we have found that even when nourishing infant foob
are purchased they arc almost nvanably made up m far too difute a fom
by Bantu mothers.®

Fai

The fat intake of the South African Bantu 1s low, a rough average dﬂ’;
40 gm per dsem 18 consumed, providing about 15 per cent of the totr]
oncal? More than half of the fat 1s ‘ hidden” belng contained I d;
hightly milled maize products, also m legumes. I refer to three upﬂf“ud
the fat metabolism picture of these people (1) the low serum cholest
levels and the low incidence of severe atheroscleroas (2) the elevated sef
cholesterol levels that are a feature of obese Bantu women and (3) the ket
excretion of fecal fat on the ‘high resdue’ diet of these people o

Low fat inlake serwm cholesterol comcemiration and atkerosderesis
significant difference has been found 1 mean cholesterol levels of pexbat
Bantu and white infants® In Iater life however, serum cholesterol
af the Bantu arc Jower and the age trend of mcrease slight in compar™” ©
corresponding data on white subjects ™ Collaborative current studict ‘hf"‘}_
that beta lipoprotein cholesterol concentratons are low as are also "h‘nh_
tracentnfuge flotation values. Investigation has revealed that severt b/
etoscleroais 1 the norta and 1n coronary vessels is rare and that the &2
rate from coronary heart disease among adult Bantu hospital popu! o
1o Johannesburg is about a tenth of that In correspondizg Umited SIS0
Danish hospital populations™ A comprehensive study of the chem
composition of total aorta from Bantu and white subjects in age grovP frem
20 to 80+ years has confirmed the far lesser degree of quanttative ®
omatous change in the Bantu® The difference 1n death rates from
heart disease 10 the two racal groups 18 much greater than the dfferee<t
in extent of atheroma  In other words, some Bantu do get moderately
atheroscleroais, yet such lestons, for reasons not yet clear very seidom ‘.
occlusion  Inadentally  evadence suggests that among the local Bar
there is no sex bias either of vascular lestons or of death rates from
heart disease ®

It has been pomted out elsewhere™ @ that the low fat intake of the BE°
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wlnt one characten e of thar diet jut ac a km anadence of the more
senous complration of severe atheroclerous v but one fevure of ther
diease pattern 1t wimkd tetcfore seem unwite 1o draw cateporiayl con
duurmt ac 1o the eatent of the relati mship involved s better at present
sumphy 10 tevopnwre that the Bantu bving on a dict that 1k 1nter alia low an
fat very seldom die from comonan diveree
However 1 now mention a nondictany factor (this T am afrand i not a
brochemical matter) of pren ible ctinlogical importance  In a recent paper
Mann Nichol and Slare ™ i commenting on the low values found for beta
Fpoprotem and chalesterul fevels in the <cra of Nipertans supgest that a larpe
musle maw or & larpe muwle capenditure mas well be the effective agent
and that thie and not the dict 18 the tmportant clement 1n preventing hy
petlipemia and perhape atherosclerraas In the South Afncan Bantu, the
emstence of a larpe musele mass large that 14 as compared wath that in the
shite population—nould scem questionable both from anthropometrical
and from post mortem obeenvations A large musde cxpenditure among
these people with the posuble exception of Bantu mine workers and o few
other froupt 1« hardly in accord with evervilay obeervations  Obviously
thls statement docs not mean that these people are lan but rather that
acessve activity is not characteristic of the Hantu who in the past were
prmarily a pastoral population However there 18 one feature that might
be relevant to the conception of Mann and his colleagues, and that concerns
the nexplicably high deree of motor fitness  Thus using the Harvard step
&3t on groups of somewhat poorly nourished Bantu school children le Riche
d el found that 50 per cent were 1n excellent or superior phymical condition,
In contrast to about 5 per cent of 600 children in a private school m the United
States mmilarly rated as quoted by le Riche ¢ al Similar observations
fncluding other additional tests have been reported by Morrson ¢f o/ ™ on
Bantu mine workers More recently Kloppers and his co-workers m an
unpublished study compared adult Bantu with corresponding white long
\¢m prisoners on step test performance and found the Bantu to be virtually
mexhaustible A further study of great interest in this regard is that of
Gopalan and Ramanathan ™ These workers compared fat intale serum
cholesterol Jevels, exercse and neidence of coronary heart disease Among
#70ups of Indian adults, namely officers and other ranks of the Indian De
fence Force  ‘The fat intake about 90 to 120 mg per diem of the officers was
composed of hydrogenated vegetable fat and ammal fat (2 1) of the other
Rnks chiefly sesame ofl (40 per cent hnoleic acd) In the former group
cholesterol levels rose from 154 mg per cent (20 to 29 years) to 201 mg per
ent (40 10 49 years) in the other ranks there was no nse the mean value
sbout 145 mg per cent  The latter group n contrast to the former
*23 accustomed to habitual strenuous physical exertion  The madence of
Cofonary artery disease among the officer class was 23 times that among the
other manky. Ty might be added that the level of physical fitness of United
States recrunts in World War IT was very disappointmg ®  There can be Jittle
donbt that activity and phyucal fitness are impheated mn the etiolegy of the
disease under discussion although to what extent the feature described has a
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bearmg on the relative freedom of the Bantu and other mmilar popalitue
from atheroscleroms awaits ivestigatian.

Elrvated serum cholesterol concenirations 1n obese Baniy women Ay alresdy
stated, the diet of the Bantu seldom 1s deficent m energy value, cases of severe
undernutnition being very rarely encountered. In this section, the pomt d
mterest that I wish to emphamze 1s that, whereas obemty 15 almost nonersimt
m Bantn males 1t 18 very common 1 Bantu young women who maregwer
have mgnificantly elevated serum cholesterol values, the causes of both e
unknown. Thus, among 50 nonpregnant, nonlactating Bantu women, 20 to
30 years old all 20 per cent or more overweight when judged by Wesen
tables the mean serum cholesterol value was 224 mg per cent. This vake
18 much higher than the figure of 175 mg per cent found for a like number o
nonpregnant, nonlactating nonobess Bantu women of the sume age grom
The foregoing would seem to be an accentuated example of the tendency
obemty and slightly raised serum cholesterol values noted by Keys # £*
among the women of the poorer groups mvestigated m Badnd, Span It
the case of the Bantu obese women, accordmg to unpublshed chservaoms
by Higgnson, post mortem examination of the blood veasels does not reves!
atheromatous lemons any greater mn frequency or extent than those presest
1n nonobese Bantu women  Here, then, is a problem of mterest, a partion d
Bantu women who develop obemty and significantly elevated serum cholesterd
levels the latter feature however 1s not mdicatrve of mcreased atherasd
rosis,

High excreiions of fecal fol om o high randse’ diet  Accordmg to obeern
tions on Bantu and white subjects I made some tune ago on a diet contamet
a modicum of white bread the amount vadryfecm!u:crumgP“d"'dm’lb':“1
20 to 25 gm. When brown bread 1s substituted for white, the figure 310
about 30 to 35 gm. When the amount of brown bread eaten 13 mcreased t#
about 1 Ib per diem, the yield of dry feces mcreases to about 40 to 50 g2
With & higher consumption of coarse cereal products, such as quite mm%
occurs with Bantu at least in rural areas, the figure occasinally exoesds by
gm dry feces per diem  Enormous stoals of this type were aso poted 17
McCance and Widdowson® m therr Erpersmental Sindy of Ratiomef ¥
therr brown bread consumption was about 3 Ib per diem and were e A
in later studes by these workers when umng other high cereal diets.
companymg this huge 1.ncr=a.wematoolwexght.thehmeufpﬂmﬂs”‘fma R
mhrfug}ﬁ:;;d:?ﬁm tract may be reduced to a third of mﬂuﬁm&“‘
white ietary  Taken ether the changes descrl »
mhm““ahmeﬂdmtﬁomziofl ‘low’ to one of very rh’ghrwdmd
may entail as much as a fifteenfold mcrease in rapidity per umt ol
fecal materml traversmg the bowel  The relevant changes m mtestimal DI
flora m biochemistry and metabolism and various other ramifications =t
to have evoked very little interest 1n this perticular field of nutntonsl %
The specia! feature to which T draw attention 18 the excessively high €
of fecal fat voided under these crrcumstances. In certam studses af 3€C
and his co-workers® 9 myglving the feeding of very high cereal diets to h“mln;',
the amounts of fat vouled reached 22 gm. per diem giving an appareat
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sorpton of S4 per oent on the high wheat dhet and 68 per cent on the high
atsdet  In two Bantu prwonees whom 1 otrenved for 21 davs and who
were inpesting about 26 gm fat the fead fat vinded was found to average
about 13 gm per drem givang an Appatent alrorption figure of 50 per cent ¢
Tn the everydday dict of white populations a percentage fat alworption figure
Jess 1han %0 per cent u ually is reganded a< pathological Y et the phenomenon
deserited cannot be reganted as of pathalogical signtficance for the extraor

dmarv hieh excretions of fecal fat are surely the normal response evohed
1 pormal people by the con umption of a diet very tigh in whole gram or
lightly milled cereal praducts McCance of ol @ incline to the view that
much of such feal fat 1c composed of undigestedd fat Fleewhere ® 1 have
stepested that most of such feenl fat 1< of endogenous engin T believe that
u paraliels the condderalily increased amount of fecal nitrogen
voded on hugh rendue™ drets such nitrogen as McCance of of @ @ % main

am, bemg mainly if not entirehs of metabalic ongin and not merely un

dipested prolein mitrogen  Urbanized Hanu sulstituting much maize by
shite bread do wof voud such large amounts of fecal fat The precise beanng
of habatwally large amounts of fat 1n the stools on the total body ipid mcture
snotknown  Nor ia it known whether the phenomenon described has any
beanng en the tardy development of atherosclerons in these people

Calctum

Bt 13 widely believed that calaum absorption and bone calafication in man
ire controlled by theavailable radiation by the amountsof vitamn D calaum,
and phytate phosphorus ingested and by the claum-phosphorus ratio
Asalrrady indicated the high cereal dret of the Bantu 1s low in ingested vitamin
D wth many local population groups the intake 1 virtually nil  The diet
B 2lso Jow in calaum—the average intake being about 250 to 400 mg per

has & very adverse calaum phosphorus mtlo It is certawly

bigh m phytate phosphotus, the intake vanying (dependent on the extraction

fte of the cereal) but ranging roughly from 1000 to 1500 mg per diem

ore, according to current views the diet of these people 13 poor 1n calafy

Ing capadity Certainly there 1s plenty of sunlight an average of 8 hours

Per diem in the Transvaal but some authontres such as Hess, consider thata
Plzu}'nted skin prejudices the production of vitamin D from radiation

With thus background one would surely expect the sugmata of calaum de

to be apparent among these le In fact in no respect do the

Soath’Afncan Ranty appenr fo be wmg specifically on account of their

sl low intake of caldum

The skeleton contains 9.5 per cent of the total body calaum In my
boratory studies on fifth nbs from Bantu and white subjects have revealed
% mgmficant difference between mean percentage composition values for
mfants and for aduits.® Determmations of bone denuty of vertebral bodies
(muncral maqer per unit volume) have revealed as with bone compomition
L wider range of values than 18 usually thought to exst but no significant
difference between mean data for both racest Furthermore samples of
vertebral body with marrow removed by refluxing with aqueous ethylene
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diamine, when observed under the dissecting microscope with regard to meh, ‘
regulanity, and trabeculae, showed slight, although not invamble differan
between bodies from both races. No bone examined could be regarded » ‘
atrophic, and all observations were in harmony with respective minenl denstr
data

Osteoporosis is not & feature of South Afncan Bantu children or adufs.

Concerning fractures, medical officers at hospitals attached to the God
Mines (which employ about ane third of one mullion short term Bantn iboren)
aver that the Bantu are not more Luble to fracture therr lmbs than are vt
men under the same stress  These observers also maintain that, accompary
ing the more rapid callus formation 1n these people, a Bantu with ¢ fractered
leg when 1t 1 healed can stand on 1t much earlier than a white person it
the same type of injury These beliefs are only impressions, of cor, et
they do suggest that the Bantu skeleton, even 1f 1t contains, on s helght bt
less {otal caldum compered to that of the white man, 3 not more
to physical stress or trauma.

Regarding chinical rickets this disease 13 commeon fn crowded orbin ares
in South Africa, just as 1t 1s under correspondmg conditions at Thadan £
Nigena,® Calcutta and Bombay 1n India ¥ and elsewhere. But the iz
s often observed in breast-fed babies mgesting adequate caloum. Mor®
once the urban Bantu child has freedom of movement and need not be kPt
largely indoors (that 1s, after about two years of age), rickets s pot m:ﬂ‘:
tume when the ealcium intake of the chuld 15 at 1ts lowest throughout e
rurs! areas, however where much less clothing is worn and where there 3%
avercrowding obvious chinical nickets 13 seldom seen although the ‘hnfc
of the diet at least i regard to mgested calcrum and vitamn D 8 much
same 1n both urban and rural areas.® This rarity of severe nckets
when advantage 1 taken of available radiation 18 in agreement with repor®
from other observers in rural areas indeed certain pedatriaans of repatt
llmoudmyhamgmummufobvmnckemmmmlamiﬂlhew
and sertropies.® ¥ No case of osteomalacia has been reported 1n 2 Bastt
woman pregnant or nonpregnant

Genenally spesking the teeth of the Bantu particularly the rurd B‘*‘;
arc good  In one recent study carried out on children, about 90 per ceat
found virtually free from cares the reverse ratio s belleved to obtt=
local white children® On the other hand urbanization with !
changes in food habits (increased consumption of such foods as white e
and sugar) shows a deteriorating mtuation thereby conformng to & F*
of experience common throughout the world. ekt

Rensons have been given elsewhere for considering that the rela M
between calaum mtake and the rate of attainment of heght o of d:k
height at matunty s not proved.¥ In any case studies by Kark with
Riche* indicate that the heights of Bantu children compare fuvorub‘):_xw
those of prewar Central School chuldren of the same age group n Great Bm
Voreover Bantu mine workers on an average are only an inch or %0
than were Britrsh and Amencan recruats in World War ITY n

Serum calaum values," spealung generally are about 10 per cent kess
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be Rantu than in white pojulation groupn Fxamination of the information
n ths subject supeests that such values merely reflect a low habitual intake
o the element and are not indicative of fow calaum stores

Terhaps the key to the jucture 11 afforded by the results of calaum batance
bervavont aartied nut on Hantu prisaners oomsuming their high cereal,
ox calum diet 1 found percentage alieorptions (apparent absorptions)
abe higher and utinary excretions of calawm lower than among white peaple
0 2 moch higher akwm mtake  The comlination of theee two processes
xrmits calaum equilibnum to be attamed despnte the low alaum intakes
agesied  Onher comparable studes demonstrating satisfactory adaptation
o low aalaum intaket have been cnumerated and diccuseed by Mitchell
In addittan there 1x the mare recent study of Hegsted of of ¢

The question of the vulnerable  pregnant and lactating woman comes to
Geforeagain Pt to comeeption bady calaum of women may be regarded
I approsimating roughly 800 to M0 gm  The caloum content of the new
bomn miant B about 25 to Wigm  The Ja<s of calawm sustaned by the mother
when lactating for 6 months i« about 35 10 40 gm  making a total loss of
akrum of about 6110 50 gm  that1s about 7 to 8 per cent of clcium reserves.
The actual pereentage ot of course is much smaller beanng in mind that
throughout the pregnancy and lactation period the mother is certainly absorb-
Ing some calaum from her diet \ow a lactaung cow can lose as much as
2 pet cent of i 1otal supply of calaaum without giving nise to deleterious
effects or without tenously interfening wath milk production - Therefore,
o the bass of the information gaven the loss of calaum sustained in preg
tamcy and thereafier cannot be regarded as of semous importance  The
wdditional allowances of calaum usually recommended during pregnancy and
betation perhaps can be regarded as an insurance policy although the precise
nsks imolved are not altogether clear

These data strongly indicate that the South African Bantu do not suffer
specifically on account of their low calcium intake  Furthermore, the informa
ton grven by implication casts doubt on the importance still attached to the
aleged deletenous effects of phytate-phospharus and adverse calcium-phos-
Phorus ratio tn human nuirstion  The clinical and pathological 1mportance
of both these factors, particularly the former 1s open to considernble doubt ©

It may well he argued 1t 1s conceded that what has been suggested may be
vald for troprcal and semitropical populations, but what of populations less
favored by radiation? With regard to rickets this argument may be met by
aung the studues of Findley and Ferguson® on children in Glasgow Scotland,
and of Rustung® on children in Norway where the chief controlling factor
" found to be not the diet consumed but the regulanty with which the
child was taken outdoors. Reasons for doubting whether a low calaum intake
bas any merious relevance to the development of nickets 1n humans have al
ready bee “

Signs of & more realistic approach to the whole subject of caldum require
ents and calerum defictency stigmata are given by McLester and Darhy &
50 Goldsmith % who refer to the lack of methods that permut detection of
Potential degrees of calaum defioency an observation difficult to harmonize
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with the view often expressed in the past that calaum lack 18 a widdy
alent condition 1 the Umted States. More recently, Hegsted o ol® b
averred that calaum deficency does not occur in adult men I go still far
and ruse the question What 1s the evidence for any syndrome in man sh
to arise specifically from calaum defiqency? Coaversely what syndr
1 man has been shown to be remedied by calcdum supplementaton o
Surely, to recommend luxus allowances of & dietary constituent to pec
against unspeaified stigmata 1s a highly questionable procedure.

fron

The Bantu of South Afnica are charactenized by an extremely high
intake, often ten times or more the allowances of iron usually recommen
A population whose major source of calories is lightly mulled cereal prod
normally ingests 1ron in excess of the recommended allowances.  In pebit
surveys on the locel Bantu calculated mean daly intakes range from |
37 mg!¥ These people however, derve additions! amounts of wron |
two extranesus sources (1) dust and other such substances, and (2)
derived from the utensils 1n which they prepare their food  The contribe
from the first of these sources 13 highly varble, depending on the degrt
care exeressed I food storage, but 1t may reach one third of the caled
intake. The amount of adventious mron derrved from the second w0
is far more conwderable the prinaple of the phenomenca itself havmg!
referred to in papera published by vanous overses worken® The !
utenail used by the Bantu 18 the heavy iron tnpod %affir pot” (3L ap
weight 4.5 kg 101 13kg) Such vesscls are to be found in atmost ©
kreal in Southern Africa, over one million being sold annually Iroa ke
cana (181 4 gal ) aro also used, especially in urban areas Moreover m¥
scele cooking for Banta workers (by industnal undertakings, for e
large iron vessels (100-1 capacity) are also employed In the
whole mailze maize and ‘kaffir com porndges, beans vegetables, stef
greens, experimental observations, also determunations in such foods
cooked by the Bantu themselves reveal an uptake of iron as great &8
contaned in the parent foodstuffa™ Traditional foods of the Bante, 138
earler in this paper indude fermented ceresl preparations. Thes
stulls, of L 2 to 3 naturlly take up much iron (as much as 10 times &
the raw food) from the preparation vessels. Bricfly our determunations
shown that the iron mtake of the South Afncan Bantu often 1(!;3‘
per diem and, occamonally reaches and even exceeds 200 mg pef
cannot be (00 strongly emphasieed that 1t 1 fron vessels plus the part®
diet of the Bantu that permut the mgestion of this excessively high won &6
fron pots used in the dietary context of most Western populations
g1ve nise to a very high iron intake  Most of the adventitious ron umuz
in character and therefore readily avalable for absorption, What the
of such high iron mtakes, which approximate the nvoluntary ”
several Blaud s pills daily? n

Nearly two generations ago German workers such as Queckenstadt
the impression that wath iron intakes much greater than thos pres?
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everviday dicty, excenave fron was retained, cven by subjects not in need of
won This gmpres son received substantial confirmation from iron balance
expenimente armed out many vears later and, despate the fources of error
latent 1n such studies thes show unequinocally that an abnormally high iron
miake 1¢ almot invariably accompamed Iy excesuve abrorption # ™ Less
than 10 years age Dubach ¢f of 7 atudied the alrorption of radiwoiren by 10
rocmal subjects, tntal fron intakes being maintained at about 60 to 70 mg
per dem The data gaven suggest that 9 of the 10 subjects alsorbed a por
ton of rron that was not utilized 1n hemoglobin formation this portion averag
mg 7 per cent of the tron intake  Unrequired 1ron was therefore packed

mto the body at the level of yron intake veed  Now the only serous avenue
of iron loxs from the body ts by hemorrhage  Brefly then with iron intakes
habanally high a«with the Rantu of Southern Africa it would seem Incvatable
that occasonal abnormal atrorption and retention results with intermittent
mnn and slow accumulation or  overload of the element occurring in

\

Abnormal fron depoation or sderosis fs certainly  widesprend
the Bantu™ ¥ In Johannesburg about two thirds of adults over 40 years
eramined at necropsy are affected in Durban according to Wainwright,” the
figure is bigher  The depasiton in spleen Liver and vertebral body marrow
an and often docs reach «cveral grams per cent  The extent of the siderosis
docs not appear 1o be related 1o the cuse of death the condition appeanng
1o be equally common 1 persons dying in hospital or from trauma ™ In
dustribution, the spleen 13 moat affected, then the hver smaller concentrations
e found m the kidney Lut enly traces n the pancreas, thyrod heart and
blood vessels (sortn) The distribution thus differs very markedly from that
in idwopathic hemochromatosis particularly 1n relation to the pancreas, which,
m bemochromatosts, is the organ suffering the greatest mcrease n 1ron con
ceatration that 1s, a mean of 100 times more than normal ®  Furthermore,
diabetes {s very uncommon in Bantu sideross (this is not the case n hemo-
chromatosis) and although cuthous 13 present 1 one quarter of severely
siderotic Iivers, the association is far {rom bemng invariable*®

As would be expected the high iron intake and the sderosis influence certain
blood values. There is now a good deal of data some published ¥ B # more
mpublithed mdicating that 1ron deficency anemia among these people is

common than among any other nonwhite population upon which data
Bave been reported This relationshup 15 understandable, snce Rath and
Finch% have shown that body iron excess cannot co-exst with wron deficency
emia. n this respect Higgnson* at Barngwanath Non Enropean Hospital,
Jobannesburg 1n a series of 1500 post mortems and 500 liver biopsies extend-
h’gu"ﬂﬂnhn7ymn,hunotcdonlyunemaa.nccmwh;chxidcroxmm
Present in a patjent suffering from hypochromic anemia, but whose response
to 1ron unfortunately was not hnown  Informatian obtamned from this hosp-
2L, alto from the chief non European hospital in Durban both relating to
$tudies still in progress, indicates that inadences of primary iron deficency
a>emua in Bantu adults are less than 0.2 per cent of admissions. This very
kow fncidence stands out 1n startliog contrast to & recent study on hospital
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patients reported from India, ¥ 1n which 63 per cent bad a bemoglobm lnd
of less than 6 gm per cent, and 92 per cent a MCHC less than 32 per cent.
Indeed, iron defiaency anemia would seem to be less common m hospriafimd
Bantu men and women than 1n numerous nonhospitalired groups of ke
subjects, for example, 1n 2 recent study on 4421 British Roysl Ar Foree
recruits,® anemia, chiefly of the iron deficency type (93 per cent), was proat
n 12 per cent of subjects {cntena Hb < 12 gm per cent MCHC < 3)

Concerning the effect on another component, namely on serum wron, vahoey
are frequently elevated 1n both hospital and nonhospitalized Bantu popalates,
values occasionally exceeding those reported 1n hemochromatosis and trst-
fusional sideross® There are, however & number of anomahes in the serm
wron picture of these people that require elucidation. In one collabonatrre
study ¥ serum iron has been determined 1n adult subjects who have had firer
biopsy undertaken for diagnostic purposes we have found that excesme
hemomderin, when present in the biopsy sample, was assocated with clenited
serum 1on. The actual level of the latter however did not correlate nts-
factonly with the intensity of the mderosis. Further work on this problem B
proceedin,

The pnfnnry cause of the siderosis, one has no doubt, is the habitually bk
iron intake The madence, age and sex affected, the morind amat "
distribution of the element, and other charncteristics are such a3 might
predicted to anse from habitual iron “overload.  Obviously the 2
deposition 10 1ndividuals 18 highly variable Not only are there wellkon?
mdnndual differences m biological response but differences obtain m
to food preparation, dietary habits, and consumption levels there are
such factors as blood destruction n malana and slght hematuris in b
Whether the particular pattern of the Bantu diet or malnutrition of
nutrition play any significent role 1s not yet known.

Finally concerning the pathogenicity of sideroms, in expenmentally md““wd
mderosis in anunals the production of pathological sequelae would mthe
be almost uniformly negative (dats summanzed by Higgmnson & ol ™) A
beginning of the century authontative physicians, such as Osler™ ¥ert ﬁ
phatic that the fact that prolonged won therapy (extending mmeﬂmﬂhitc
years) was not attended by ill effects. While that may well be vald for»
populations 1t would scem unjustifiable to assume that the sideross i
Bantu likewise 1 innocuous A Irver damaged st weaning tme coucﬂ“h’
is more senattive to sults than ome not mumilardy Injured  Earler & !
PAPET attention was drawn to the age trend correlation of sderoais aod P
portal fibrosis 1n Bantu adults The extent of the information 2
this association does not permit one to dogmatize but whereas fomtﬂymﬁ
did not regard siderosis per se as pathological now one 1s less sure and L
further work will be required to determine whether siderosts does of does 0
promote hepatic disense

Aracin

Goldsmith and his co-workers® M)uphdwn,
prepared wheat and mauxe (
} containing equal, although relatively small amounts of macin and trypt
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doand 1 me pet diem repechivels, when fod to humans only the maize
diets produced pellagra Among the South Mrean Bante we have encoun
tered anather type of abnormality impowed Iy & predominantly maeze dict
ahereln Rantu mothers an a high maize dret have 2 mean breast malk nacin
concentration («0ru gm per cont) alwut half that of Bantu mothers on a
Emtopeanired dict (190 u gm ) Loth dicts having an approximately equal
pizan content ¥ Whether the almarmality 1 due to the fact that a large
feaportion of the mgeded nacdn i leund  or to supression of ntestinal
biosynthesic of the vitamin ar to other cnuwe 14 not known  As far as we
are aware there are no stigmata attached to this diminihed intake of niacin
by Bantu babrer 10 any case the u uval two thirds cow s-mifk mixtures which
have been weed succe< fully for many generatons by white pojrulations con
um lets nuom than that found in the breast milk of Bantu mothers. A
further point of nterest §s that althouph Bantu mothers on a diet high in
marze meestedd only abwut half the amount of tryptophan present in the diet
o Bantu mothers consuming a Furopeanzed diet no significant difference
¥ found m the mean tnptophan cancentrations in the breast mik from
both Bantu groupe

Vatamin €

Early maneer work on s ttamin ¢ requirements was undertaken in Johannes-
barg by Tox ™ who drew attention to the very tmall amounts of the vitamin
Rt could prevent scurvy In Bantu mine workers. Foxs observations re
cerved confirmation frem later comprehensinve studies undertaken on white
wbjects® ¥ That scurvy certainly does occur among Bantu adults was
adequately reported by Fox,” and two recent South Afncan studies ™ have

to our mformation on the subject  But the remarkable finding to which
one denires to call attention is the extreme ranty of infantile scurvy in Bantu
miants (4 cases in Johannesburg non European hospitals in 5 years) weaned
onto cereal “paps ™ despite the fact that the amount of the vitamin ingested
olien is virtually ml  The inexplicable fact s that we have nevertheless
found usually satisfactary levels of vitamin C in the plasma of such subjects 7
mareover other local workers for example Smut and Pretonus at Pretona
(persona) communication) have noted appreciable amounts in the plasma of
Infants suffering from Lwashiorkor One is confident that large numbers of
local Bantu infants recenve less than one mulligram of the vitamin per diem
et therr plasma levels are consistent with an ingestion of several milligrams
et diem. It has accordingly been postulated that under the special cond!
Uons of pap intahe by these Bantu babies, the possibility that there iy an
endogenons production of vitamin C cannot be excluded  Clearly the phenom
00n occurs only 1n specific dietary contexts Singh » for example has reported
the occurrence of severe scurvy in Indian infants fed heated cow s milk

Commeni

Perhaps T should apologue for the fact that much of the information T have
BIVeD refers to aspecta other than those of dwet and biochemutry as stated fn
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the title of this paper However, if I had done otherwse, some of the leeons
that T am hoping will be learned would have had reduced force.

Tt will be apparent that one of the main points before me 1 to emphasue the
caution required before considering whether a diet is deficent m certam re
spects mmply because habitual intakes are much lower than the vsml oBox
ences recommended. Abeence, or at least the apparent absence, of relevant
chinical and pathological stigmata 1n people accustomed to ‘defiaent” =
takes cannot but pomt to the strong probability that the particular recon
mended mtakes are too high Calaum would seem to be an outstandig
example in ths field. But the situation regardmg anmal protew clb for
re-examination, as do the needs of pregnancy and lactation

A further lesson to be learned concerns the biochemucal picture (in blod,
stools, urine, and breast milk) when it differs 10 Bantu and white sabyrit
The lesson, which local workers have thrust upon them, Hkewrse concerms
the caution needed before consdering that thus or that ‘abnarmality” b e
Bantu 1s pathological, when often the ‘abnormality” is the normal respoos
healthy persons elicited by the type of diet consumed Lack of care m t8
respect would lead one to regard the enviably low blood lipid levels of thet
people as pathological, whereas precisly the reverse would seem to be (e
case,

Perhaps the greatest need 1n this whole subject 18 to elucsdate the exteatd
the relationship between pattern of dlet consumed of metabolism unpesd
and of pathalogy accruing  In the South African Bantu, the contert
among other things, of a high rate of mortality and morbdity m thea‘;{
young and of a high medence of Iiver pathology in later Ife. On the
hand however the context permits, suier alig, of & low madence of
diseases that, when taken together, mctahightolloimnruﬂtymdw
bidity from Westarn populations, notably appendians, peptic uleer dhbd‘;
cholelithusis, atherosclerous, and certain types of cancer Those of o ¥
are privileged to work 1n South Afnca (although fecling the drawbacks ¢
tached to isolation) conmder that the best contribution we can make to medharl
saence is to find aut all we can about the diet biochemistry metabols®, B
pathology of 1s people m the hope that uscful leads of etuological vale *F
mately may be found, especially In regard to the Western ‘killers,
dusease and cancer
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CALORIES AND PROTVIN SUTRITION

Ity famen I8 Alhaon
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The prmany impsitiance of food enety (o the mamtenance and growth of
he lnang svrtem bas fomg been reognizad an the catds dava of the develop-
2nt of the sarenor of hutntion the may i empha 1 was centered upon calones
Jata have been and atill are bang obtamed to demonstrate that the energy
ortent aof the dict 3¢ a chtieal factor in controfling food intake and that
thin phvnalomical hmits ammals tend to At to atisfy energy require
rate!? Conerpuenthy «alone intake 1 a agmificant consideration 1 the
oy of cvery branch of nutntion but a proper balance between energy and
"{:‘E‘ﬂ metaboliem 1< particulath important to the welfare of the individ
1
The bady drans upen protoin reerves to correct any deficiency in calories
' the metabohic ool for encry ™7 Comersely food cnergy conserves
A nitrogen B and there 15 evadence for an optimum level for ealone
hle to heep an cfficient halance between fat stores and lean body mass,
bese optima vany with the age and physological state of the ammal  Tor
ample 2 weanling jrupjy requires approuimately 200 cal and 1 gm of
trogen/day, L of body weight for growth and maintenance  This require
<t drops 10 0.5 gm of nitrogen and 125 calones at 10 weeks of age and
= gradually declines 10 02 gm of mtrogen day kg of body weight and 80

‘day/kg for mantenance dunng adulthood 1

Caloric Intake and \1trogen Excretion

Much could be wntten 1o emphasize the importance of the effect of calones
on protein utilization hut to do this would be to repeat an excellent recent
V1% of this subject by Munro™ The following discussion Is restricted
stead 1o a considerntion of a limited amount of data selected to {llustrate
me of the genernl interrelationships between energy intake and mitrogen
tention in the body of the ammal  The data plotted 1n FIGURE 1 for exam

%, llustrate the mcreased cxcretion of nitrogen that 1s assocated with a
duction in food energy m dogs fed a constant amount of casem mitrogen
32gm /day /m * body surface area)  Rosenthal and Allson'® demonstrated
at the rise 1n urmnan, mtrogen excretion that accompanied a reduction 1n
loties was the result of an sncrease 0 the excretion of urea  The Line dotted
rough the points 1n ricure 1 18 not intended to describe accurately the
1t course of the relationship between calones and mtrogen excretion, but it
s suggest the tendency to adapt to restnction within a himited ange of
lorlc intakes. Vaximum nitrogen retention may not be an ideal measure of
t opumum number of calories, mnce the highest energy intakes wth myn,

m excretion of urea mitrogen can produce obemity A linear relationsinp
tween grams of glucose fed to rats and the mtrogen balance produced over a
irday period was presented by Thomson and Munro™ Thepe reanlts
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also emphamze the influence of food energy upon the mtrogen conten
body of an ammal

Caloric Infake and Body Compasifion

The effect of varying food energy on the livers of rats fed a constar
mtrogen {ntake over a period of thirty six days 1s Tlustrated in F16
The energy intake was varied by altenng the carbohydrate content o
fat diet. The senes of white bars 1 the lower part of this figure re

o
I

IS
o

NITROGEN EXCRETION gmfay/m?

w
ol-T
-

2000 4000

CALORIES, /DAY /M

Fiouxr 1 Ava-geu:hnryaaﬁhudnltmgmln!dcpfcd-mmtuud
m!i&l g%/dly/m.'bodynu{.ambnl different calorlc Intakes (data i

reduction 1n the wesght of the liver, total protein and lipkd associt
restriction in calomes.  With protem 1n the diet, therefore, reduction I
resulted in a smaller liver but not in a relative change m comps
expressed 1n terms of protem and lipid content of the tissae  Thebr
kudney and other organs of the body were also reduced n size and
protem in these ammals when they were fed a constant casain nitroge
but reduced calones, These results can be interpreted to mean the
presence of adequate dietary protein the rate of growth of these Ux
function primarily of calonc intake, an interpretation that will be
later when data on rates of repletion of protemn reserves 1 adults are co!

, The senes of bars with slanted hnes in the uppcrpartofnGUIE“

» correspondmg values for liver weight protan and lipsd in rats fed the
1
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free diet for thirtyaix dave Thee data demonstrate that hver protein 13
foduced but feeentially imlepen ent of the calone intahe in rats fed a pro-
ter free diet over this dang pend The hver fatl honever increazed with
the calonc mtake w1 that the ratio letween a1 and Gssue protein was raiwed
oarkedly In fording a relativels high calone intake

LIVER wg! PROTEIN  LIPID
5

i,
1

74 43 18 74 43 8 74 43 18
CALORIES/DAY/RAT

dm”’“" 2 The componibon of the fiver In rats fed & constant casein intake (250
k /eat/day) for 3 days, bt with d:ml smounts of calories (tbe white bars) ::g
o od & proteln free dict with varked caorlc intakes (the Lars with shanted lnes) {date
and Allronn)

GRAMS

N
T

These data supgest that protein in the diet cven with markedly restricted
intake, may conserve some body mitrogen  Such a possibility is {llus-
tated by the data in YIGURE 38

Calorle Intake and \uirogen Retention

The correlayians between caloric intake and unnary mtrogen excretion and
"*en calonic intake and nitrogen balanee in dogs fed different amounts of
B} Proteln are recorded in rigurr 31 The tnangles summanze data ob-
f2med whie feeding approximately 25 per cent of the daily requirement of
under the experimental conditsons used  The rectangles record data
’:ﬂdng from feeding 50 per cent of the calories, while the arcles describe
d“"' oblamed when the energy intake was adequate. The slope of the line
"L through the cirdes 13 called the mtrogen balance index,® which 18 a
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measure of the nutritive value of the protem and 1s a function of the amount
of pitrogen retained in the body the greater the slope, the higher the nutntive
value The slope of this line 1s unity, & fact that can be interpreted to mean
that all of the egg protem nitrogen was retained for anabolism. The index
of the egg nitrogen was still unity in antmals fed the diet that contamed anly
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ea, while feeding 50 per cent and the triangles, while feading 25 per cent of the nor
uf?dcmgnmm&ﬂmﬁh;’uﬂhnm:an%umﬁvml$m
¢ from to t of normal adding carbohydrates to
Lhmhnﬂﬁmdndm&nwbmthemaghuhmmau’dwm
lard to the dict (data from Alkson, Anderson and Seeley )
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50 per cent of the calories normally requred  Even at 25 per cent of the
normal caloric requirement, the index was still unaltered at low nitrogen
intakes of less than 2 gm./day/m * body surface area but it decreased pdly
as the mitrogen intake was rmsed further Similardy Cox Ellingson and
Mueller® presented dats that pomnted to some proten anabolmm under re
stricted enery intakes.

A reduction in mitrogen retention in the presence of markedly restricted
caloric intakes has been reported in animals and 1 man under many €T
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mental conditiony? ¥ 19 1 resylts that illustrate the ponaple of a fimtng
enerpy level for the utilization of protain by the body  An adaptive process,
hawever 18 revealed i the dog by coatinued feeding of a restricted calonc
mtake that resutted n a graduat decrease in the excretion of urea nitrogen and
a lowenng of requirements for calones! ¥ For example, an animal with
initfally full protein reserves was in negative nftrogen balance because of 2
restncied energy intake, with s concomitant high excretton of urea nitrogen,
but continued {eeding of the restricted calones resulted in 2 dnft toward ni
trogen equilibnum  1f the restnction was matked however, the {2t and labile
protemn reerves were so severely depleted that tissue catabolism eventually
increased again, leadmg ultimately to irreversible damage  Dogs with full
prolein reserves were shown to adapt 1o markedly restnicted calonc intakes
over long penods while those wath restricted resenves drifted more rapidly
into the stage of critical lows of bady mtrogen '

The arcles with the bar in rIGuRE 3 record the effect of adding carbohy
drate to increase the caloric intake from 25 to 50 per cent of normat  The
circles with the cross bars {lustrate a similar response while the caloric intake
1sincreased wath lard  These data can be interpeeted to mean that the mitro-
gen-consering effects of carbohydrate and fat calones are equivalest  The
data m the literature indicate that this equivalence {s generally chserved 1
mixed diets when the conservation 15 measured over sufficiently long periods of
time  VMunro and Wikramanayake™ have catled this a nonspeafic effect of
calories upan nitrogen retention™  These authors, however, have pointed
out that their data together with those of others, demonstmte a gpeafic
effect of carbohydrate upon protein utflzation not observed with lipds  This
speafic effect 18 revealed by {ecdmpg carbohydmte simultaneously with the
protein, o process that results in optumum retention of dietary mitrogen  Stud
tes involving human subyects by Cuthbertson and Munro® those involving
ammals by Cuthbertson McCutcheon and Munro® by Munro,® by Geger
Bancroft and Hagerty ¥ by Bancroft Geiger and Hagerty ™ by Lathe and
Petens "' by Thomson and Munro ** and by others all demonstrate the improve
ment of nitrogen retention by feeding carbohydmte and protein mmultanecusly
Recently Munro® has assoclated this speafic effect of carbohvdmte upon
mtrogen retention with the secretion of insulin evoked as a response to in
coming carbohydmate. To quote Munro  After giving aarbobydrate, amine
acids sre preferentiatly deposited in muscle and this causes a reduction
therr level in the blood  The amino acid supply to other tisues 1 thus cur
tuled with two consequences  First, urea production by the Lver is reduced
%0 that & {all 1n urinary nitrogen output occurs, and secondly the tissues other
than muscle have & reduced supply of armino ncids for protein synthess. This
latter is reflected in the slightly reduced protemn content of the liver ™  Thus,
tra unmedsate responses to distary carbohy drate were chaerved one involving
utllization of amino acids absorbed after & meal and the other the ammo acids
liberated from the tissues dunng fasting (endogenous) To quote further
“Each appears to be the result of msulin alied forth 1n raaponse to the in-
coming carbohydrate, Evidence has been presented which strongly suggests
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st the mte of this action s confined to muscle, where it would appear that
eptide or peptides accumulate temporanly under the action of inwhn @
ee also Geger and Pinsky )#

Calorles from fat do not appear to have such specific effects upon ut

| protein, although an unusual mtrogen-spanng effect of lipid has t

ribed by Swanson and Clark® These authors reported that a high
spressed the excretion of nitrogen and prolonged the survival penod
in-depleted rats fed a restricted calonc intake. Calloway and §

und that restniction in calories in normal rats resulted m a negative 1

alance that was independent of the fat content of the diet.  Smmularly,

121" reported that vanation in the fat content of the diet did not &
trogen balance indexes of casem fed to normal dogs. The specfic ¢
wrbahydrate, however, was shown by Thomson and Munro™ to be

hen fat was substituted for the sugar in a mixed protein diet fed to iz

Caloric Intake and Rate of Filling of Protein Reserves

It is obvious, from a consideration of these data correlatmg the ¢
»od energy upon protein utilization, that many comphested pathw
wvolved 1n the phenomenon of the nitrogen spanng action of calor
sneral, however, the net effects of food energy upon mitrogen balance
lustrated and summanzed by the data presented in riooRe 4% To
1esc dats, dogs were depleted in protewn reserves by feeding them a -
ee ciet for 28 days The diet contained 80 cal /day/kg of body
calonc intake required by the normal dog fed & mixed diet and hivin,
iboratory conditions. Dogs fed this calonc intake in the protein-fi
ere depleted markedly 1n protein reserves, but they developed fat stc
Aty tissues.

The open circles in the lower part of FIGURE 4 record average data o
hile feeding 0.6 gm. casein mitrogen/day/kg of body weght n a d
vining 80 cal./day/kg of body weaght to 4 of these protein-depleted dog
lope of the dashed line drawn through the arcles may be takenasa 1t
{ the rate of repletion of protein reserves to establish mtrogen equll
he hine indicates that the dogs came near mitrogen equilbnum wi
ays. The area under the line is a measure of the amount of nitroger
o the body to attan this condition of equilibnom. The calculated 1
etention was approxumately 3.2 gm./kg of body weight, which s I
loes not represent the capacity of the body to build up reserves  Co!
ceding of 06 gm of casein nitrogen/day/kg would probably incre
eserves slowly by maintaining a alight but vanable pesitive balanc
he tissue protesns had been developed to & higher level  Increasing the
atrogen to 1 1 gm./dsy /kg., but keeping the energy intake at 80 cal./c
f body weight resulted i data fllustrated by the black circles and the
Ine. Increasing the mitrogen intske therefore, rised the oitrogen |
onsiderably so that a new condition of equilibdum was approache
nuch hugher protem reserves. Approximately 10 gm of mtrogen/kg ©
stimated to be retained if the feeding penod were extended to estab
rogen equilibrium.  The slope of the hne however drawn through th
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circles 18 the mame as the broken line describing the data gbtained while feeding
06 gm casein mtrogen/day/kg  Thus it could be stated that the rate of
filling of the protemn rescrves was the kame at bath nitrogen intakes, cven though
the final uptake of nitrogen was approximatefy three times greater in animals
fed the 11 gm than in those fed the 0.6 gm casein nltrogen/day/kg  The
arcles with vertical bars record data obtained while feeding 11 gm casemn
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Fiooax 4 The effect of feeding different amoants of casedn altrogen heat
at various caloric {ntakes on the nitrogen batance of proted; “:m %’:‘:
are average data olinined on groups of dogy 4 te a groap (data from Allsm™)

mitrogen/day/kg of body weight, but with an increased aaloric intake aver-
aging 14 cal,day/kg  The slope of the line drawn through these curcles is
greater than the otber two and mitrogen equilibnum was approached in 23
days, at which tune approxmately 10 gm of nitrogen/kg. of body weight had
been added 1o the protein reserves of the ammal  The mate of filling of the
veserves, therefore was increased by raisng the calaric intske elthough the
amount of mtrogen retained at equilibnum was mostly independent of the
aborits These data emphanze the importance of calonies m controlling the
mrte of filling of the proteln reserves of the ammal and they also demonstrate
the increased retention associated with a nse in dietary protemn intake, The
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rate of filing of the reserves, however 13 also a function of the pattern of drctary
anuno acids as well a3 the calonic intake, a correlation that 18 lustrated by the
data 1n the upper part of ¥iGUze 4

The open circles 1 the upper part of FIGURE 4 record average data obtained
while feeding apprommately 06 gm wheat gluten nitrogen/day/kg of body
weight in a dret contmimng 80 cal /day/kg of body weght to 4 of the protein-
depleted amumals, The slope of this line 18 much less than that describing
mmilar dats obtained while ingesting casein nitrogen  The circles with vertreat
bars describe data resulting from feeding 1 1 gm. of wheat gluten nitrogen/day/
kg 10 s diet averaging 140 cal /day/kg Agmin the slope of this line 15 much
less than the one deacribmg mimilar data obtained while feeding 11 gm. casen
mtrogen/day/kg at this same caloric mtake Indeed, the slope describing
wheat gluten data 1 smilar to the one resulting from feeding 1 1 gm of casem
mtrogen/day/kg but at a Jower calonic ntake of 80 calones/dav/kg Wheat
gluten 1s pnmarily deficient 1 lysme so thatadding this amino acid mereased
the rate of filling of the protein reserves to be equivalent to the rate established
for casein  The circles with cross bars, for example, {llustrate data obtamned
while feeding 1 1 gm. of the supplemented wheat gluten nitrogen/day /kg s
diet contaiming 140 calories/day/kg body weight. These data resulting
from feeding wheat gluten or casein at various caloric and/or mitrogen intakes
to depleted dogs could be interpreted to mean that the rate of fillng of the
protein reserves is prnmarily a function of calonc mtake and nutntive value of
the protein. The amount of repletion on the other hand, was markedly
influenced by the magmtude of nitrogen intake, Thus the filing of the
protein reserves must be described in terrns of three dimensions namely (1)
the nutritive value of the dietary protein (2) the mtrogen intale and (3) the
caloric mtake

One of the most dramatic illustrations of the importance of balance between
these 3 dimensions was developed during an experment in which groups of
puppies were fed the same diet, except that one group received egg proten,
another group casein and a third wheat gluten 1n the dlet. Dunng the fast
groming penod the puppies fed egg protein gained 0.5 gm. mtrogen/gm nitro-
gen intake, those fed casein gained 043 gm nitrogen and those fed wheat
gluten gained only 0 18 gm. mitrogen/gm nitrogen intake  All dogs, however
guned essentially the same body weight per gram of nitrogen ingested The
animals fed egg protan were lean and active while those fed wheat gluten
were obese and inactive thereby exhibiting an inefficient balance between
fat stores and lean body mass.?*

Summary

Dats are presented to {llustrate some of the interrelationships existing
between caloric intake and mitrogen retention 1n ammaly. Evidence 1s given
that the body dips into protein reserves to correct a defictency in calones m
the metabolic energy pool and conversely that food energy conserves body
nitrogen It i3 suggested that there is an optimum energy intake to establish
an efficient balance between fat stores and lean body mass and that these
optima vary with the sge and physological state of the arumal  The inmtual

»
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re«ponse 1o a reduced calone intake 15 an inereased excretion of urea nitrogen
but without altenng the nitrogen balance index of the dictary protein Marked
redoction in enen intake honever, decreaces the retention of dictany nitrogen,
results which emphasire the pnnaple of himiting energy level for protein
utilizatien  The data indicite that the bads adapts within physological
lrmits 10 calonc restnetion Dogs with full reeenes can resist o marked
lowening of enery intake over & longer period of time than those with low
rescrves  The mite of repletion of depleted protein reserves in dogs is shown
te be a function of calonc intake and of the nutritive value of the protein
Under certain expenmental conditions the rate of repletion is a function of
calonc intake and the amount of repletion is a function of nitrogen intake
Thus, the filling of protemn reserves must be described in three dimensions
namely, (1) the nutntive value of the dictary protein (2) the nitrogen intake,
and (3) the claric intake  The importance of a balance among these three
dimensions 15 fllustrated by feeding epg protein casen and wheat gluten to
puppes.  The puppres fed egg protein were lean and active with full protein
reserves. Thowe fed wheat gluten becime obese with reduced lean body
mass,
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rate of ilhng of the reserves, however,i“.l.;o.hmctmnoftheputtu-nofd.mury
amno acxds as well as the calonc intake, & correlation that s llustrated by the
data 1n the upper part of FIGURE 4

The open circles in the upper part of FIGURE 4 record average data obtamed
while feeding approxmmately 06 gm. wheat gluten mtrogen/day/kg of body
weight in a diet contmming 80 enl./day/kg of body weight to 4 of the proten-
depleted anumals. The slope of this lme 1s much less than that describmg
similar date obtained while ingesting casein nutrogen  The arcles with vertical
bars describe data resulting from feeding 1 1 gm of wheat gluten nutrogen/day/
kg in a diet averaging 140 cal./day/kg  Again, the alope of this line 15 much
less than the one describing similar data obtained while feeding 1 1 gm. casem
nitrogen/day/kg at this same calonc mntake Indeed, the alope describmg
wheat gluten data 1s sunilar to the one resulting from feeding 11 gm of casen
nitrogen/day/kg but at a lower caloric mtake of 80 calones/day/kg  VWheat
gluten 1s prmanly deficient 1n lymne so that adding this amino acid mcreased
the rate of filling of the protein reserves to be equivalent to the rate established
for casein  The circles with croas bars, for example illustrate data cbtamed
while feeding 1 1 gm. of the supplemented wheat gluten nitrogen/dsy/kg. m s
diet contanng 140 calories/day/kg body weight. These dats, resulting
from feeding wheat gluten or casein at vanous caloriec and/or nitrogen intskes
to depleted dogs, could be mterpreted to mean that the rate of fillmg of the
protein reserves 13 pnmarly a function of calonc intake and nutritive value of
the protein. The amount of repletion, on the other hand, was markedly
influenced by the magmitude of mtrogen intake. Thus the fillmg of the
protein reserves must be described 1n terms of three dimensions, namely (1)
the nutnitive value of the dietary protein, (2) the nitrogen ntake, and (3) the
calonc intake ®

One of the most dramatic illustrations of the importance of balsnce between
these 3 dimensions was developed during an expenment m which groups of
puppies were fed the same diet, except that one group recerved egg protess,
another group casem, and & third whest gluten in the diet  Dunng the fast
growing period the puppres fed egg protein ganed 0.5 gm. nitrogen/gm M-
gen ntake those fed casen ganed 043 gm. mitrogen and those fed wheat
gluten gained only 0 18 gm mitrogen/gm mitrogen intake  All dogs, howeve?
gained essentully the same body weight per gram of mtrogen ingested. The
animals fed egg protein were lean and active while those fed wheat gluted
were obese and mactive thereby exhibiting an mefficent balance betweet
fat stores and lean body mass.!®

Summary

Data arc presented to illustrate some of the wnterrelationships eTRIE
between caloric intake and nitrogen retention m ammals  Evidence 5 8"‘:
that the body dips into protein reserves to correct a deficiency In Cl}‘m;d
the metabolic energy pool and conversely that food energy comerved y
nitrogen It 18 suggested that there is an optmum energy wtake to clllum‘
an cfficzent balance between fat stores and lean body mas, md_;hh'e’)ﬂdﬂ

optima vary with the age and physiological state of the animal
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responte ta a redaond aalor intake s« an increared excretion of urea nitrogen
but aithout altenng the mitrogen balince index of the dictary jrotein Mark.erd
reduction in energy intake however, dexreaces the retention of dietary nitrogen,
results whinh emphasire the prndple of hmiung energy leved for protemn
otthation  The data indicate that the by adapts within physologica!
lumts to calone restriction Dogs wath full reeenves can reast 0 marked
lomerng of enery intake over a lonper perixl of time than those sith Jow
rererves, The rate of repletion of depletart peatein reserves i dogs 1s shown
to be 8 function of calonc infahe amd af the nutntive value of the protein
Under certain expenmental candstions the rate of repletion s & function of
aloric intake and the amount of repletion 15 a function of nitrogen intake
Thuy, the filling of proten resenves must be decribed in three dimenssons,
ramely (1) the nutntive value of the dietary proten (2) the nitrogen Intale,
and (3) the calone intake  The importance of a balance among these three
diumensions 1 {llustrated by fecring egg proten casein and wheat gluten to
pappies. The papples fed epg proten were lean and active, with full protan
resenves. Thore fod wheat gluten became obese with reduced Jean body
mass
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Wriiat AsBott (Westan Reserte Usitersity Cleveland Oko) The effect
of calone intake on proten requirements g uulmti;nﬂx: not only lufvE)c'
nteresting lem, but also one of great importance e recovery
slck and m]i;lmr:d patient My colleagues and I bave followed the work of
Allison and his associates certamly their contributions have been a great
stumulas to those of us who must deal with the sick and traumatized patient
1t has been largely through hs efforts and those of Stare and other wdg
dealing with basc or fundamental problems i the field of notntion that
dmicaan has become aware of the need for an adequa:;dorlc intake 1n cok-

tion with protemn ff good utilization is to be expect
jtmt.}:nu'l rcol:mlj‘yr:j dextrose and normal saline solutions have constituted U:;
only available parenteral fnds employed 1n the treatment of surgical patien

arho are unsble to eat because of a fistula or chatruction of the gastroint
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tract because of pentonitis or following an injury  About eighteen years ago
protem hyilroly zates that could be pven intmvenously became available and
subeequently, further improvements have been made ®o that such hydroly
atesare now well tolerated A better understanding of the need of potasstum
and other inorganic clements was then reiched and, more recently, the pro-
vison of suppatting calonies by intravennus admunistration of a fat emulsion
has been made fea ible largely through the contributions of Stare and his
aswocates Many of the metabolic studies that have been done in the past
on the fick or injured patient were imited pnmanly because such individuals
often recerved diets that were wholly inadequate  One of the problems that
has interested us has been that of differentiating the effect of these inadequate
diets and the biochemical changes they produce from alterations that have
resalied tolely from infection njury, or anesthema  We have also hoped
to determine whether there was anyv benefical effect in providing a well
rounded calonc, mineral vitamin, and nitrogen intake during the acute phase
of an illness or following an injury  For the past fifteen years we have been
engaged 1n such studies, and we now feel that 1t is no longer necessary to
argue whether the loss of weight and nitrogen wasting following injury or
infection can be prevented or minimized but whether it is desirable to do s0

Certainly the mapnitude of these nutntional deficits Is greatly increased In
the patient who for onc reason or another cannot take food. It has also
been quite apparent from our studies and from the contributions of others
that even the normal individual wall losc conslderable weight and develop a
sinable nitrogen deficat if he is given intravenous feedings or iquid diets similar
to those commonly employed 1n many hospitals today It 1s thus apparent
that often the metabolic alterntions following operation and anesthesia are
pamarily due to a reduction of appetite and the effects of intestinal leus or
an interference with the normal gastrointestinal function so that adequate
oral nutntional intakes cannot be provided  Our studies indicate that about
two thirds to three quarters of the so-called metabolic response to injury’
is In reality comparable to that exhibited by the normal person who s put on a
restnicted calon, clectrolyte and protein intake

Our group has conducted expenments with dogs durng the past few years
in an attempt to learn whether the additional calones provided by the intra
venons adounistration of a fat I have improved the utflization of
ingested nitrogen  These studies were carmned out after the dogs had been
accustomed to metabolic cages and had been adjusted to a diet of approx
mately 70 cal /kg of body weight per day and when thewr weights had remamned
constant for a period of at least several weeka, At this point it was believed
that they had reached & fairly constant nutntional state, and the studies were
begun. Each period was entered on a chart and represented a four-day study
The mitrogen output of all excreta (urine and stool) was determuned. The
averege daily intake for the four-day period was plotted upward from the
zero ot base Iine and the entire nitrogen output plotted downward from the
top of the intake column. The ares 1n black sbove the zero or base hne
represented a positive nitrogen balance, and any portion of the column ex
tendmg below the zero line in red ndicated a negative nitrogen balance
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Discussron

WiLLiat ABBoTT (IWeslern Raserve Uniwersity, Cleveland, Okw) The effect
of aalonc ntake on protemn requirements and urﬂuxuandt: not only aofvtg
interesting problem, but giso one of great jmportance 1n the recovery
sick and injured patient My colleagues and I have followed the work of
Allison and his associates certainly their contributions have been & pﬂtt
stimulus to those of us who must deal with the sick and traumsnized patn
It has been largely through hs efforts and these of Stare and other wud&;‘
dealing with basic or fundamental problems in the field of nutrition that
imcisn has become aware of the need for an adequate calonc intake i co
function with protein if atilmtion 1 to be expected.

Untilumcmt‘ll;o dextrfa?dmd normal saline solutions hn;: uoudu;)t::l‘;b;
anly avulable parenteral finds employed m the treatment surgreal
thmumbIetocnt bcauxofuﬁ:tuhﬂrobﬂtrucﬁmo[tbcgzumlmﬂﬂm]
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tract because of pentonitis, or following an Injury  About eighteen years ago
protein hydroly zates that could be given intmvenously became available and,
subequently  further improvements have been made so that such hydroly
atesare now well tolerated A better understanding of the need of potassium
and other inorgamic clements was then reached and, mote recently, the pro-
viston of supporting calorics by antravennus administration of a fat emulsion
has been made feasible largely thmough the contributions of Stare and his
asoclates. VManv of the metabolic studies that have been done in the past
on the sick or injured patient were imited pnmarily because such individuals
often recenved diets that were wholly fnadequate  One of the problems that
has intercsted us has been that of differentiating the effect of these inadequate
dsets and the biochemical changes they produce from alterntions that have
resulted solely from infection injury, or anesthesa  We have also hoped
to determine whether there was any beneficlal effect in providing a well-
rounded calone mineral, vitamin, and nitrogen intake dunng the acute phase
of an fllness or following an injury  For the past fifteen years we have been
enpaged m such studics, and we now feel that it is no longer necessary to
argue whether the loss of weight and mitrogen wasting following injury or
infection can be prevented or mimmized, but whether it is desirable to do so
Certainly the magnitude of these nutritional deficits is greatly incrensed in
the patent who, for one reason or another cannot take food It has also
been quite apparent from our studies and from the contributions of others
that even the normal individual will lose considerable weight and develop a
nzable mitrogen defidt if he s given intravenous feedings or liquid diets similar
to those commonly employed 1n many hospitals today It is thus apparent
that often the metalolic alterations following operation and anesthesia are
primarily due to a reduction of appetite and the effects of intestinal fleus or
an interference with the normal gastromtestinal function so that adequate
onal nutnitional intakes cannot be provided  Our studies indicate that about
t¥o thirds to three quarters of the so-called metabolic response to injury
1 in reality comparable to that exhibited by the normal person who 18 put on a
resincted calonc, electrolyte and proten intake
Our group has conducted experiments with dogs during the past few years
In an attempt to learn whether the additional calories provided by the mtm
venous administration of a fat emulsion have improved the utihmtion of
ingested nitrogen  These studies were carried out after the dogs had been
dccustomed to metabolic cages and had been adjusted to a diet of appron
mately 70 cal./kg. of body weight per day and when thelr weights had remained
constant for a pertod of at least several weeks. At this point it was beheved
that they had reached a fairly constant nutritional state and the studies were
Each period was entered on a chart and represented a four-day study
The nitrogen output of all excreta (unne and stool) was determmned The
wverage dafly intale for the four-day penod was plotted upward from the
10 or hase Line and the entire mtrogen output plotted downward from the
top of the intake column. The area m black above the zero or base Line
Tepresented a positive nitrogen balance, and any portion of the column ex
tending helow the zero line 1n red indicated a negative mtrogen balance.
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WLt Aneort (Westan Reserve Uminersuty, Clevdland Ohso) The effet
of calonic intake on protem requrements and uu’hmmnl: not only .dmjthe
nteresting problem, but also one of great importance m the recovery
nck and fojured patient. Aly collesgues and 1 have followed the wotkn{
Allison and his associates certminly theur contributions have been & gre:!L
stumulus to those of us who must deal with the sick and traumatieed patien
It has been largely through his efforts and LhmcoISu.remdothcrmﬁE’
dealing mith bauc or fundamental problems in the field of putrition that the
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unction with protein if utilizatron 1s to be expect;

! Until raceng;o dcxtnfxud Dormal saline solitions hn:; cmuc!iml::il;h;
only available parenteral flunds employed in the treatment of sargy
whgmumble to eat becauss of  fstule or cbetroction of the gustrotntestinal
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tract beaause of petitonitie or following an injury  About cighteen years ago
protein hvilroly zates that could be given intravenously became available and,
subsequently, further improvements have been made so that such hydroly
atesare now well tolerated A hetter understanding of the need of potassium
and other norganic elements was then reched and, more recently, the pro-
vision of supporting calories ba intravenous ad ration of a fat emulsi
bas been made feasible largely through the contributions of Stare and his
aswodates. Mam of the metabohic studies that have been done in the past
on the mick or injured patient were imited pnimanly Lecause such individuals
often received diets that mere wholly inadequate  One of the problems that
has mterested us has been that of differentiating the effect of these inadequate
drets and the blochemical changes they produce from alterations that have
resulted solely from infection injury, or anesthesia  We have also hoped
1o determine whether there was any benefical effect in providing a well-
rounded aaloric, mineral vitamuin and mitrogen intake dunng the acute phase
of an illness or following an injury  For the past fifteen years we have been
engaged in such studies and we now feel that 1t Is no longer necessary to
argue whether the lows of weight and mitrogen wasting following Injury or
infection can be prevented or mimimized but whether it 1s desirable to do so

Certainly the magmtude of these nutntional deficits 1s greatly increased in
the patient who for one reason or another cannot take food It has also
been quite apparent from our studies and from the contributions of others
that even the normal individual wll lose considerable weight and develop a
sizable nitrogen deficit if he 1s grven intravenous feedings or liquid diets samilar
to those commonly employed 1n many hospitals today It is thus apparent
that often the metabolic alterations following operation and anesthesia are
pamarfly due to a reduction of appetite and the effects of intestinal ileus or
an interference with the normal gastrointestinal function so that adequate
oral nutntional intakes cannot be provided  Our studies indicate that about
txo thirds to three quarters of the so-called metabolic response to injury”
is in reality comparable 1o that exhibited by the normal person who is put on a.
resincted caloric, electrolyte and protein intake.

Gur group has conducted experiments with dogs dunng thie past few years
in an attempt to learn whether the additional calones provided by the intra
venous ad ration of a fat Ision have improved the utilization of
ingested mitrogen  These studies were carrled out after the dogs had been
accustomed to metabolic cages and had been adjusted to a dret of appron
mately 70 cal /Lg of body weight per day and when their weights had remained
constant for a peniod of at least several weeks. At this pomt it was beleved
that they had reached a fairly constant nutntional state and the studies were
begun. Each period was entered on & chart and represented a four-day study
The nitrogen output of all excreta (urine and stool) was determined. T1
average daily intake for the four-day period was plotted upward from tl
zeTo or base ine and the entire nitrogen outpat plotted downward from t]
top of the intake column The area in black above the zero or base Iu
represented a pomtive mitrogen balance, and any porton of the column e
tending below the zero line in red 1ndicated a negative mtrogen balance
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£ During dtbe middle fourday pertod of these studses the fat was rer
rom the diet and & comparable amount of a 15 per cent fat emulsir
gven intravenousty every day  There was & positive nitrogen balance «
each of the expermmental penods equal to or greater than that seen dury
control pentod that preceded or followed 1t. In some instances there wa
a shight gan of weight dunng the expenments! periods and, insofar 23 we
determine from these studies the four healthy dogs utilized the intraves
admumstered fat emulaion at Jeast as well fora source of calones ass comp
amonnt of fat taken orally Two additronal dogs were used for e
expenments, except that dunng the middle peniods the entire aral die
wnithdrawn and the animals were grven z 5 per cent protemn hydrolyzate, 1
cent fructose sofution and a 15 per cent fat emulsion intravencusty 1 am
comparable to that consumed during the control periods by the ingest:
oral diets, It can be seen that these anunals did almost gs well durn
periods they received all nutnents intravenously as they did in the o
periods when their intake was consumed omalty During the time tha
futravenous ahmentstion was being provided, these dogs showed nit
equilibnum or & slightly positive nitrogen balance,

We have also studied thirty male patients dunng the past five years. 7
patients all had a gustric operation far uleer of the ducdenum or aoo
Prior to operation these patients were conmdered to be relatively he
wndividuals. They had not bad any recent vonuting or bleeding 0
nsofer gs it was postible to determine, they were alt brought to the open
room in as pear & comparsble nutritional state as was feasible. There
vanations 1o their ages and phymcal stature that obviously could po
avoided  These patients were studied after bemng started on a diet for s
dayn prior to the operation. This group of 14 patients received oaly &
10 per cent hexose (dextrose or fructose) solution  These solutions prov
approamately 500 to 1200 calones daily and contained no nitrogen.  On
average, these patients showed deficits of approximately 58 gm. of mitro
and therr defiaits mnged between 50 and 70 gm. of mitrogen over tus
peniod.  Although thewr weight loss vaned somewhat from one indrvidw
another there was apprommately 1 b to 13¢ 1b of weght last pet
The patients who were given s comparable sugar intake but addinon
cewved approxmately 0.2 gm of mtrogen daily per kilogram of body we
showed a 30 ta 40 gm mtrogen defictt over a comperable 5-day postopert
period with an average deficat of about 35 gm of mirogen forthe 3 &
Ther weight loas was almost haif that exhibited by the group of plLkM:j;
receaved only a hexose sohution for the 5 days. The thuird group of P“dﬂ
rectived & comparable or slightly greater mitrogen wntake but, | ad )
to the sugar and protein, they were given a fat emulsion, 30 that their
Intske was ncreased from the 1200 to 1700 cal receved by th‘cdm
group to & pommt between 2000 and 3000 cal per day mp"’&d i
mately 35 cal /kg of body weight per day Tt s evdent that the gl
and pitrogen defirts were greatly munimzed  Thus tatter group P“S_(
uther lost or gained only 1 or 2 pounds of weight and showed ap average
cumulative postoperative nitrogen defidit of 8 gm
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Balance studies of same of this group of 30 patients demonstrate the fact
that the patients who recelved about 02 gm of nitregen per day and 150 to
W0 gm of carbohydrate lost letween ) and 40 gm of mtrogen dunng the
Sday penod  This defiait and the lots of weight could alw be minimized by
grvang an anabolic hormone Depo-Testosterane proplonate or Depo-Norteston
ate By giving one infection of 250 mg of this hormone reveral days prior to
operation it was noted that the nitropen dehcit and weight loss could be reduced
by approximately 30 per cent

Studics of two women who alo underwent a subtotal gastrectomy empha
sze the fact that the magmitude of the metabolic response of the female 1s
about one half that exhilated by the male undergoing a similar operative stress
It 13 belreved that this vanation is due partially to the greater amount of fat
and lesser amount of muscle 1n women and to a romewhat different endocrine

Two other cares alto undernent a subtotal gastrectomy A man who was
gven 3000 ml of a 10 per cent dextroee solution daih showed a 61 gm nitro-
gen defiat over the first 5 days after s operation and a 6-kg weight loss.
The other matient who undernent o comparable operation and was given
adequate amounts of protein sugar and fat intravenously showed na loss of
weight, and his nitrogen deficit was almast mi bLeing approimately 3 gm over
the first S postoperative days

1believe it 13 also worth emphasizing that many of these patients who had
had & subtotal gastrectomy could not eat adequately dunng the postoperative
period 80 that frequently studies reported 1n the past that failed to show a
prevention or numimiang of the weight loss and mitrogen wasting were in
reality a reflection of the mahility to provide an adequate calonic intake I
emphasize the fact that although the patient his relatives, or the nurse may
all tell us that the patient is having a well rounded diet our studies indicate
that often when we have an opportunity of making an accurate mnvestigation,
the amount of food actually consumed usually proves to be much less than that
ordered by the physician and considerably less than the amount the patient
fecls he is having  In other words the physican must determine how much
of the dret that he has ordered is actually being consumed before he can con
clede that the Jots of weight and general debilitatron that result following an
operation or injury are due to the trnuma per se mther than to nadequate
nutntional intake It has also been frequently stated that proten fats, and
other nutrients are not utilized 1n proper fashion following an mmjury  How
€ver most of the studies done do not support this view and the evidence
avallable seems to indicate that there is probably & normal utiliztion of proten
and other nutnents but that, under certain arcumstances, an acceleration of
the rate of utilimtion or turmover may occur

In summary 1 emphasize again that much remsns to be learned in the
field of nutrition as it relates to the care of the sich and mjured patient. Cur
studies indicate that persons who are undergoing a major operation or who
bave experienced severe trauma should be given appromimately 0.3 gm of
nitrogen and 40 cal /kg of body weight per day W omen may often do well
on somewhat lesser amounts  Lattle 18 known concerming the specific indrvidual
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amino acid requirements for the wjured or ill patient, but undoub
studies wil clarfy this problems and others © tedly fotare

We now believe that many of the alterations reported to occur f o
injury have been, 1n reality, prumanly the result of starvation. Om it
1s often not advisable to feed njured and desperately ill patients farcibly, but
it also ahould be remembered that starvation regumens likewse have no plece
in the modern trestment of the aick and Injured patient, We certainly agree
with Allison that it 13 important to support  good protemn fntale with an
adequate amount of calones

T B VAN Irarrre (Harvord Umiversily School of Public Heslth, Basten
Mass) 1t 18 not uncomman for phymcans to encounter patients who are
unable to consume enough food to remain 1n calore and nitrogen equilibrmm.
When this occurs, a decision must be made s to what combination of nutrients
will be gptimal under the carcumstances.

In attempting to decide what to feed such patients (whether this 1s to be
accomplished by mouth stomach tube or parenterally) the phymcan most
draw upon basmc information about calore-nitrogen relationships such as that
obtrined by Alhson and hus colleagues m expenmental anmmals, Indeed, we
aro grateful that work of such quality is avaglable to us for were we farced to
rely on studies done on human subjects, we ahould certaunly feel far less secure
m enunciating certain pninaples of supportive nutnitional care.

This 18 partly because most nutritional experiments on man are too bnef
and, as we sce from the figures illustrating the paper under discussion, we aan-
not interpret any one phase of & nutritional expeniment without reference to the
other phases, befare and after

As & result of such studies we are beginnung to be aware aof certain important
factors that must be conmdered when we attempt to make the best nutritions)

‘compromise posaible.

In general, the objective of supportive nutrtion 1s to build up or maintart
protein stores, or to {ze their loss, depending on the clmreal situation.
Toward the sttainment of this end the three dimenmons discussed by Allson
are of importance namely the qualty of the ingested protein, the level of the
pitrogen mtake, and the level of the calorie intake. In sddrhron to thex
dimentions there are seversl others that deserve mention  For example, stady
aof the role of carbohydrate should be grven a high prionty

In the nondepleted experimental subject, # number of nvestigators have
shown that 50 to 100 gm of carbohydmte admimstered 1n the absence of
other nutrfents, will forestall ketoms effectively and will diminish miroges
and associated electrolyte loases by almost ane half  Obviously carbohydrate
does ot accomplish these results by vartue of its ability to supply calories:
It would scem that this quantsty of carbohydrate fs enough to replenish the
axaloacetate lost by attntion 1n the Krebs cyde and to provide some of the

ucose peeded by the nervous system
glIn the abmab? of small quantities of carbobydrate from outside m“:‘
particularly when liver glycogen stores are exhausted, an excessive mte
gluconeogenests from protewmn occurs, leading m turm 1o 2 marked mtroged

defiaat
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Thut carbohyrlrate spares protein in two ways (1) as an essential nutnient
weeded for what Petens! has called  operative” metabolism—ns a part of the
‘machinery ' of metaboli m, and (2) as a fucl  When carbohy drate and fat
ire conudered ar fuele they are interchangeable, as Allison has pointed out,
ut for operative purpo<es thitis not the case

The rame %0 gm of cathohvdrate that afford protection against ketosis and
xcesave mitrogen lows provide only 200 cal This amount may be one tenth
f the calone needs of the patient  Much of the remainder can be met by
Inwmg upon the fat depmts  However, there is always some pratein broken
Jow to provade caloricr and in the absence of an adequate intake of calories
ind protein some degree of mitrogen defiat 1s bound to occur

In nutntional mituations in which one must compromise on quantity, how
an this deficit be hept at a mummum?  Allicon has provided us with some
Jues, and Calloway and Spector? have reviewed the nutntional hterature on
thes subject wath interesting results

1 propate to mentian reveral of their conclusions, conceding that weare ina
ontroversial arca When the adult male 1s deprived of all food, the mitrogen
Jefiat early 1n stanation is about 12 gm,day  When the calone intake 1s
alsed {rom 0 1o 700 from nonprotein sources it is possible to reduce this
Ifiat to about 7 gm /day  According to Calloway and Spector, a subse
Jeent increase of calone intake up to levels of 2800 calories seems to be without
urther advantage in the spanng of body protein.  When not more than 400
10 600 cal. are supplied from nanprotein sources there eeems to be no advantage
n administering protein  However it 13 important to decide whether 1n
parenteral nutntion one should or should not administer amino acdds when
he calone intake is limited 1o 500 cal  Nevertheless, according to Calloway
ind Spector and others proten ingested under such arcumstances 1s largely

a3 an energy source. If the level of nooprotemn calories 15 rased to
%00 cal /day according to Calloway and Spector any excess over 3 gm. of
altrogen per day 1s virtually of no further advantage. Whether these data
tre precisely accurate or not is not too pertinent at this time, since many more
studies must be done on patients at varous stages of repletion and depletion
before we can be sure of the effect of a changing nutritional status upon these
relationships. However we must discover what we can about this subject,
becairse without appropriate information we cannot rationally plan a program
of compromse feeding  We should like to know whether 1t makes sense to
rdminister amino acid preparations to a patient whose calone intake Is only
GO0 or less,

Plough and his associates? have summanzed the relationshup between calories
and nitrogen by pointing out that the magnitude of the protein-spanng effect
of added calories increases with an increase in the level of dietary proten
I believe this relationship 1 also illustrated in Allison s studies. However
Sich & rule may not hold if the calorie intake itsclf 18 severely restnicted,
dcrording to the work done on rats by Vitale and his assocates m our depart
ment, there are tome suggestions that, at a submaintenance calorie intake,
Protein feeding can be detrimental.

1f we grant that these general principles about calaries and nitrogen 1n de-
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pleted and nandepleted individuals bave some validity there are still seven
conmderations that need further explanation. For example, fatty tissoe u
supposed to contain 1 1 per cent mtrogen. Does this mean that when x calone
ia stored as fat, 1.8 mg of mitrogen also must be stored? If this 1 the case
{and Plough &f al have suggested that 1t may be) how sre we to mterpret the
positive nitrogen balances assocuted with very high enlorie intakes when fat
is being laid down? Actually although fatty tissue contains some protem, it
seems unlikely that the triglycende stored m the fat cells has to carry mith it
rutrogen 1 the game proportion

The topic of pomtive calorie balance leads us paturally to a consderation of
surfert feeding I 1t desrable to maintain mtrogen stores at ther physalogi
manmum, or cen we have too much of 2 good thing? We need to learn more
about the desmirable proportion of stored fat to stored mirogen 1In this regard,
can we equate the consequences of surfeit feeding with optimal health? As
Aliison has ponted out, we cannot do so It would seem that mare work
must be done to correlate nutmtron with functional capacty We need to
know whether the rapid repletion of protein stores obtainable by feedmg of 2
high-calorte diet has clinical ment and we also need to Lnow whether {ncreased
storage of protein 1n the body has chnical value.

I should like to summarize what I have said by repeatmg my convictoo
that the clinician needs sound nutritional principles to gurde hum in hus planning
of nutnitional supportive care  Studies such as those of Allson sre vefy
useful in helping to provide a retional basus for such pnnaples.  Neverthelest,
the physician still must determune the extent to which & discernible clinreal
advantage accompanies increased rates of protemn repletion, or 2 degree of
protein storage larger than usual,
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BALANCE AND IMBALANCE O AMINO ACIDS

Be A b Harper
Departrent of Biocd wmi trx U mizersity of 1§ fsconsin Madison W is

Recognition of the importance of the proportions of individual amino acids
in dietary pmtains can be traced to the clasuc investigations of Willcock and
Hopking' and of (Oh\borme and \lendel? about fifty years age  These proneer
studies which gave nse to the concept of diepen<able and indispensable amino
aade, indicated] clearly that the nutritive value of a protein was related to jts
amuno ack) compaation  Thewe obtervations led to extensive investigations
by many nutntionsets culminating m 1935 in the {solation of threenine by
McCov Mever and Rowe? This dhecovenn  together wath the previously
accumulated knowledge made it possible to estimate quantitatively the amino
10d requirements of several speaies and as methods of determiming the amino
2ad cemposition of protens were improved to relate differences in the nutntve
value of proteins to differences in their content of indispensable amno acids ¢ 4
These developments paved the way for detailed studes of interrelationships
among amino acids and between amino ackls and other dietary components,
thus leading to an awareness of the importance of amino acd balance and 1m-~
balance in nutntion

Amino Acrd Balance and Imbalance

The multitude of studies on amino acid requirements and defidencies and
on the effects of amino acid supplementation have made it clear that n order
to support optimum growth, a dret must provide each indispensable amine
2ad m the quantity i which 1t is required by the animal ¢ 7 Although re
quitements vary with the age and condition of the animal? * and may be
affected by a number of other factors,” 1t s possible, for a given set of corditions,
to alrulate o mtio representing the relative requirements of the mdividual
mdispensable amino acids. * Ratios of the requirements calculated from
biological assays have been shown to correlate fairly well with those estimated
from earcass analyres® 1

An uea of the nutritional adequacy of a protein can be obtaned from a
tompanison of the rato representing the relative proportions of the indispen
sable amino acids in a proteln with that representing the relattve ammo acaid
Tequrements of the animal Difficulty 1s encountered in satisfying the re-
quirements of the amumal if the ratio of amino acxds 1n a protein deviates
tppreciably from the ratio of the requirements. The unmatisfactory rate of
&owth of amimals consuming nutritionally unbalanced proteins 1s frequently
attributed to an amino acid imbalance  Apart from the fact that it 18 necessary
o provide amino acids in certain definite proportions 1n order to meet the

dual amino acrd requirements, our knowledge of the limita wathin which
the balance of amino acids 1n different diets may be vaned without leading ta
i effects 13 himited and 15 undoubtedly influenced by many factors. Certainly,
growth 1 suboptimal when one or more ammo ackds are provided at levels
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below the requirement. However, this suboptimal growth 13 not &
as & rule, to the amino acad balance pe:[:,pbut togmt.he fact m:ﬁ?‘;‘e{h‘:
specifically deficient 10 an essential component, just as the poor growth of an
aumal rectiving & diet low m thimmine 15 not directly attributable to poor
vitamin balance, but to & thinmine deficiency  There are, m contrast, cases
10 srhuch 1t can bo demonstrated that 2 change in the proportions of the smma
acids in & diet, quite apart from the direct creation of 2 deficency can canse
g&dvﬁrﬁc effect on growth or some other metabolic process. Thus the we
¢ term imbalance as & synonym for defia a5 18 not 1nfrequen
can be misleading i 1y dos
At this polnt I propose to stress the difference between the two prefires
“un and “un ' “Un’ carnes merely the meaning of negation ar not, and the
term ‘anbalanced,” meaning ‘not balanced,” is useful for describing proteiny
that are low 1 one or more essential amino acids or that are generally pootly
balanced from a nutritional viewpoint. ‘This would be 1n accord with the
dictionary definition. Diets containing unbalanced proteins give me to the
development of amino aad deficencies. On the other band the tem m-
balance will not be found in the average dictiopary, and it usually cames 2
specific medical connotation when so lsted  However since the prefix *im”
can be used to connote ‘intensive negative force,” the term would be a stronger
term then urbalanced,’ and it would imply a more severe canditran or even
a somewhat different type of condition. There s, thereiore, a good case
for reserving the term ‘umbalance for situations 1n which an advense effect,
more severe than the origlnal defictency results fram an alterstwn n ammo
acid balance per se, one that can be prevented by correcting the belance.
Since any slteration in the amino scid compostion of & diet, other than
a proportional change in all the amino acids alters the amino acid balanct
of the diet, 1t 18 ot surpriung that adverss effects resulting from additions of
smino ncids to diets under a vanety of conditions have been attributed to the
creetion of ammo acd imbalances. Growth retardations observed whed
ammals have mgested excessive amounts of certsin ndrvidual amino s0ds
have been attributed to amino acud imbalances the greatly reduced weight
gaios of animals recetving vitamin-deficient diets to which large amounts of
indindual amuno aads bave been added have recerved the same atiribution
\ncreases 1n the seventy of certam vitemin deficiences following 2o improse
ment 1o the nutritive vatue of the dietary protemn have been cited as exam
of effects of such imbalance the same thing has been said of growth retardstions
resulting from the addifion of vanous amounts of amino acrds or nutritosally
unbalanced proteins to diets that are prumarily deficent in an ammo IU‘:;“i
the term has also been used as ndicated earlier synonymously with amino

acxd deficien

A short mz?c';go 1t appeared plausible to classfy all of the deleterious Cﬁ"’;‘;
of dictary additions of amno acids under the general heading of aroino »
imbalance ! However as information has accumulated 1t bas bfc‘&';
wereemngly difficult to justify this procedure, ®* and it now u);g:tf: It
there are at least 2 or posaibly 3 dstinct types of such advers o the
s accardingly necessary before going further to propese 2 defination
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term  amino acid imbalance™ in the hope that, if the definition s not gen
crally acceptad at will at keast serve ax 1 hasis for diccucaon

T supgest that the term amino acd imbalance be used to deecribe thoe
cases in which the addition of a relatively amal) amount (what might be calted
a supplemental amount) of an imdispensalle amino acid, or of 8 mixture of
such amino acide or of an unbalanced proten to a dict that is low in one or
more amina aculs cauees a retanlation of growth or rome other adverse cffect
that can be prevented by the concomitant addition of small quantities of the
lmting amino acide to the diet The cntical points are that the diet must
contain a marginal amount of at least one indispensable amino acd and that
the effect of the imbalance can be prevented by a amall supplement of the most
Lmitng amino acids in the diet  In eeeence this would be the creation of a
more gevere amino aad deficrency through an alteration in the amino acd
balance

If this definition 1s aceepied 1t then becomes necessary to distinguish be-
tween imbalances and other adverse effects of amino acid additions.

Amino Aad Texicily

Detnmental effects that result from the sgestion of excessive quantities
of vitamins are attributed to vitamin tovicitics, so 1t would appear logical
to atiribute the detrimental effects that result from the ingestion of excessne
Guantitites of indiwidual amino acids to amina acd toxiaities  Although many
ammo acids become toxic under some conditions ' it 1a unlikely that the levels
required for such effects to become evadent would ordinarily be encountered.
The results fisted in TapLr 1 lustrate growth retardations that have been
observed with excessive quantities of some aminoacids  The diet used in these
€Iperiments was a complete punfied diet that supported a good rate of growth
when the protein level was adequate. Young rats were used in the expen
ments, which were of 2 to 3 weeks duration It is evident even from these
{ew eamples that the toxic levels of the vanous amuno acids differ greatly

In tome cases these toxic effects have been reversed while in others various
atlempts to overcome the toxicity have been unsuccessful  The toxic effects
oda dietary excess of methlonine can be counteracted by increasing the intake
of arpinine and glyane” or by providing glycocyarmne! in the diet, as illus-
trated in TABLE 2 These compounds might almost be considered a8 antidotes
for methionine posonung  The severe effects of an excess of leucine tn animals
fedona low-protein diet can be prevented by the inclusion of more oleucine!®
o fsoleuane and vnhine!? in the diet, as shown in TABLES 3 and 4 This growth
retardation appears 1o be the result of an amino acd antagopsm It 18 not
Prevented by a mixture of the most imiting amino acids 1n the diet, but only

the structurally mmilar soleuane and vahne. Wretlind® has recently
that the utilization of p-valine 13 similarly prevented by an excess of
b-leucine

There 13 no evidence of a common basis for dietary amino aad tancties.
Exch appears to be different, and it seems probable as Russell Taylor and
Hogan® have suggested that these effects are iwherent properties of the

/
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mdividual aming acid molecules or their breakdown products.  The tonaty
mzy be more severe when 1t 13 supenmposed on an amino aaid defictency  Alw,
there are differences in the effects of the b and L omers* 2 B The inuted
evidence availzble suggests that excesuve quantities of smino acds are kesy
toxc if the diet contains an adequate supply of all armuno acsds?*  For example,
the growth of rats recerving levels of casein as high as 60 per cent 1s not appre-
cubly retarded yet a diet with this level of casemn would contam aboat 19
per cent of methionine 4.5 per cent of iyane, 5 4 per cent of leucioe 3.5 per cent

Taper 1
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of tyrosine, and high levels of all amino acuds except tryptophan snd C}'ﬂiﬂf‘
In general dretary ammo acid toxicities have not been studred mcLbod'Jﬂl‘Ydd‘ o
and observations on their effects on the concentration of free amuno &

the blood have not been uminating ™ ™

Amago Acid Viamar Reationships

The effect of an excess of an 2nuno acd or amino acids 1n c’:umﬂ;g‘f
severe vitamn deficiency might be conudered as & specul ca:cd ‘dxu
tomaty Such effects have been demonstrated i amymals § bc::mplh\td
aent 10 macin, pyridoxine or vitamin Brs ' all of which have
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inamimoacxd metaloham  An cxample s given in Tamts 5 Fxcept when the
levele weed have been such that a true tovicity has been supenmposed on the
mitial effct these ean be reverred by providing an adequate amount of the
msaing vitamin - Tlie growth retardation in such caces is evidently the result
of an increrce i the rate of catabali m of the particular vitamin This s
further suggestad by the ob<ention that an increace in the level of & nu
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Banal + 3 per cent 1 keucine + 1 2 per cent b1 holeucine + 1.2 per
cent oL valine 153 4213

Easentlal amino acids focladed 0 1 per eent i tryptopban, 0.3 per ccnt DL methionlne,
054 per cent Ldyaine and 07 per cent pL threonioe

tntionally well-balanced protein can increase the seventy of certan vitamin
aencies.?

The creation of & more severs vitamin defiaency by improving the dietary
Protein and increaming growth as has been shown 1n choline deficency
certainly demonstrates the importance of nutritional nterrelationshups, but 1t
annot be considered as an effect of ammo acd mmbalance  This case 18
complicated by the role of methiomne in the biosyntheais of choline  Never

1t 13 analogous to the masking of & B-vitamin deficency by feeding
A0 amino acd-deficent diet which retards growth to such an extent that the
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vitamin deficiency does not become evident until the dietary protemn 1 im.
proved  In nather case i the vitamm 18 provided, can any adverse effect
from the amino acid or protein supplement be demonstrated.

Amino Acd Imbalgnce
To return to the subject of ammo acrd 1mbalance as defined earlier the
first exaraple that falls within the bt of the above defimtson fs the growth
retardation observed by Krehl, Sarma, and Elvehjem® upon adding gelatin to

Tams §
Errect or Excess Mxnoowine ox TeE Growrn oF Rars RECITVING YARIoUs Lavazs or
Pyzmoxmx (DT ConTams 18 Prx Coorr or CasEmy 4xp SUxoSE)®
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Der cant

o o 6

0 N 78 121

04 17 8% 131

10 5 25 114

25 —_ 3 59
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A
t of rats recern suboptimal amounts of tryptophan and nlacn
mgwth remrd.vzil;i was xl;ductd when an amount of threomne rqumil;
to that contained in 6 per cent of gelatn was mcluded in the le‘w-grom
(9 per cent casem) diet supplemented with cystine or metthnhm:.d“d“m
addition of either mzan or tryptophan prevented the grow pheyer
The reversal by niaan was apparently due to its ability to spare trypt o
Salmon® and Sauberlich and Salmon® were able to induce & gro nme o
that could be prevented anly by the addition of uypto}m jms
shown in TABLE 6 tlustrate some of these observations. No Wmc, s
be mduced unless the diet was supplemented wth qiunc;»;hmcthmim O eioe
making tryptophan hmting for growth  In this case the a e e wthamt
Gepressed the grawth rate below that obtalned with 9 per cent
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any supplement  Thue, the addition of threonine which was not hmiting
for growth, to a dict defiaent primanhy in tryptophan produced a growth
retardation readily cortected by supplving the kmiting amimo aaid, namely,
tnptophan Henderron hnepge aml Zimmerman® have demonstrated
that similar imbalances can be produced with supplements of Iysine and valine
when these aming acids are the second most miting amino aclds for growth

In studies on Liver fat depoation utilizing a mmlar diet contalming niacin
and chohne it wae olnerved that although tryptophan may be limiting for
growth  thronnine 11 hmiting for the control of hver fat depostion®

Tamr 7
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In this case as shown in anLe 7 the addition of methionine to the 9 per cent
@sein dret caused fatty infilteation of the liver apparently by creating a more
severe defictency of threonine® This could be very largely prevented by
2dding threonine together with methionime
A number of examples of growth retardations that appear to have a mmilar
baws have been observed The addition of lysine to a low proten diet con
taining egg albumin caused a growth depression in rats that was largely pre
vented by a supplement of histidine (TABLE 8) * In a study on amino acd
Supplementation of rye flour Sure¥ found that the addition of threonine or
threonine and lysine which were not limiting for growth caused a reduction
in the rate of growth. Gessert and Phillips,® working with dogs, demonstrated
involving lymne and methionine when these two amino acxds were
tbout equally imiting for growth A sumilar effect of Iysine has been cbserved
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1 rats fed on diets contawung soybean protans? and m pigs fed on com-
cottonseed meal* or corn-soybean meal diets® 4 Pecora and Hundley* and
ourselves, ¥ during studies on the deposition of Iiver fat observed that vanous
combinations of amuo acids will produce amino acid imbalances that cause
2 depresmon of the growth mte of rats mamtained on nce diets (TABLE 9)
Ruchardson, Blaylock and Lyman i expenments with chicks fed on a
peanut-meal diet deficient pnmanly in tymne, observed that the additwn of
methionine caused a growth retardation that was prevented by & amall supple-
ment of lysine. An imbalance mvolving valne and tryptophan was en-
countered by Lewns, Elvehpem and Hart™ in studies with chicks.

These examples and doubtless others that a thorough review of the Literatore
on amno acld supplementation would bring to light, fit the pattern described
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earher that #s the seventy of an amno acid defidlency may be Increesed by
providing 1n the diet & supplementary amount of an amino acd or a mufx
of ammo acds other than that which lunits growth  In the ongmal cn;t]hcr
of the niadin-tryptophan threonine 1mbalance® 1t was observed that
threonine or a proten such as gelatin, which was deficient in tryptophas,
could induce the imbalance  Sauberlich® has reported a series of o
produced by adding to a dict deficent in a particular amino acld & quan!

10) Under
of o protem that was also defigent in that amno acd (TABLE
such l:ciondmom it appears that an imbalance can be Mtﬁ;ﬁt:?r{c
There 13 considernble similanty between this procedure and t e s
nce studies mentioned earlier #* ¢ 1n which a more severe m

le amino acds
ding & muxture of all but one of the mn o
i’;d&(;ﬁgl:g u%wﬂit}y in expeniments with rats receiving a low level aiIf:]bdﬂ}\‘lm
we have observed a somewhat more mmp&e;d:]tunnu;llnngw 11{} e
tetn some BLX AMUNO A are eq‘\ll-‘ ]
Cﬂmﬂm-nms ?m{:;uﬂm of them wll produce imbalances that are prevent
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Terard an Lxplanation of tmina (cd Imbalances

Althaugh certain faith general entena can be used to charactenze an amino
ack rmbalance mnce the final test of any raentiie hypotheas 1« that it should
netmit the prediction of analogoud events, the charctenzation cannot be
conadered complete until amino acid imbalances can be created regulardy
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by satisfying those criteria  In some cascs, & supplement of only 005 to 03
T cent of the secand most imiting amino acd in the diet 13 sufficient to
fetard growth  However 1t is common knowledge that the growth of animals
Mntained on diets that provide nadequate quantities of certam ammo
acids 11 ot regularly retarded when o small supplement of amine aclds other
than the most Iimiting one 15 added 1o such diets A more severe change in
the amino acid balance such as that obtained by incrensing the levels of all
o most of the amino acids except the most miting one leads much more
fegubarly to o depresaion of the growth mte In such cases 1t seems quite
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i rats fed on diets containing soybean proteins® and fn pigs fed on corn-
cottonseed meal* or con-soybean meal diets.* 4 Pecorn and Huodley* and
ourselves,” during atudies on the deposition of liver fat observed that vanous
combinations of amino acids will produce ammo and imbalances that cause
 depression of the growth rate of mts mamtamed on nce dists (raBiE 9)
Richardson, Blaylock, and Lyman, in expeniments with chicks fed on s
peanut meal diet deficent primarily 1o lymne, observed that the addition of
methiomine caused a growth retardation that was prevented by a small supple
ment of lymne An Imbalance involving valine and tryptophan was en-
countered by Lews Elvehjem, and Hart® in studies with chicks,

These examples and doubtless others that & thorough review of the literature
on amino acid supplementation would bring to Light fit the pattern described

Tarix ¢
Errxcr or Awmwo Aco SurPreuMxNTs ow GrowTn ANp Lrvea Far Drrosmion
or Rams Fxp ow Ricx Dmrs

THet
Lhec fat,
hr‘-\;:gkh' vtr'ctli
per cent Emsentin] amino ackds
— 85 39
g’l’ — 20 40
i - g | e
to 3%, casein
g equal to cascin minus 812 11
leudae or cine oc his-
87 Jeudne,” Holencine, and histh 248 150

* Equivalent to amount In 3 per cent of casein,

earlier that 1s the seventy of an amino acid deficency may be lumxdmlz
providing 1n the diet a supplementary amount of an amuno aad or & mix o
of amino acids other than that which hmits growth  In the ongmnulnunmm
of the macn tryptophan-threonine mmbalance® # 1t was observed : ;lhan
threonine or a protemn such as gelatin, which was deficient 1 tryptol il
could induce the imbalance Sauberlich® has reported 2 mncac;)é lmblh‘ poetys
produced by adding to a diet defiaent m a particular amino & 10 s
of a proten that was also deficent in that amino aad (nn: o
such conditions it appears that an imbalance can be Mtthatmmhwcd pird
There Is considerable smilanty between this procedure and e v
nce studies mentioned earlier ¥ ¢ m which a more mblimumim e
induced by adding & mixture of all but one of the indispenst lecvcl oo
to thediet Recently, 1o expenments with rats receiving a low T I dets
we have ohserved n somewhat more complex situation (TABLE Ry
contaiming this proten, some mx amwo acds are ﬂlmo!-t‘h‘tq\l‘ﬂ-lt m}prt\'tﬂifd
and various combinations of them w ill produce imbalances

only when all six of them are provided.
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by sati fying these crtens I some canes, a supplement of only 005 t0 0.3
Pt cent of the rexond most imiting amino ackl in the diet is sufficient to
retard growth  However ot 15 common knowledge that the growth of amimals
mamtained on diets that provide madequate quantities of certain amino
2cuds 13 not regularly retarded when a small supplement of amino acids ather

n the mont imiting one 15 added to such diets A more severe change in
the amino acud lalance wuch as that abiamed by ncreasing the levels of all
or most of the amino acids except the most hmiting one leads much more
regularly to a depression of the growth rate  In such cases it seems quite
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of Al ed the armno a 1o e diet eroept one the ame peceture that
wed 1o orrate imtadanom iy bet improlal e that thew obenatinns are
earpes of amtolamees in Dete that agmeach adequan When the Jevel
of Letan pr ten nopmath e ar taae efferts may be antiapated

IUn commm e ractioe g9 Bal 1at ny caprtimonts Lo aypplement dicta with
ar a7 a0 ban ot 3t tnarge ne pronth an b tke benefi 0a] effects of judicioue
armasadup temeta matewe e gnaeml Tehas been duning the coune
ol s epenmente Dmaer tbat moat of the caamples of aminn aalam
talancr have been e urtered frguenthy bsoana lvettenee Supplemmntation
 pearmath basd 07 cal wlatym of the prreentage of detidt of the vanous
e penalle amino o 13 an Y foen thina rough o dea of 11 ¢ wquence in which
the aemina aied leorne Biritieg o obtanad  Inoat least three indances
we have o' venved that the aaleulated sequence i distinetly different feam that
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obiamned from gromth cxpenments and i the case of tice for example only
the lea t imiting and the mo«t himiting amino acids occupied the same pon
tion by beth methods @ Inaccuracies in the analytical values for amino acids
inexactness in the estimations of amino aad requirements and a lack of m
formation concerning the avaitability of amino acids from protelns can all
lead to such errors Untll reliable values for all of these are available the
possibility of unwittingly creating an amino acid imbalance remains.

Most of the eamples of anmno acid imbalance discusted here have been
observed 1n rats.  However since similar results have been obtained in ex
penments with mice ¢ chicks* @ dogs,® and pigs ¢ ¢ 1t seems likely that
all animals are susceptible to such effects.  Although no clear-cut cases of
amino acid imbalance 1n man have been reported  Holt™ has cited an emmple
m which an amino ackd supplement caused a growth depression in a human
infant and Hundley ef a! ¥ working with adult humans, have performed some
experiments 1n which they obtained some evidence for an imbalance and noted
considerable individual vanation in the response to amino acld supplements.
It would thus seem important to investigate thoroughly the significance of
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amino acid balance and imbalance m nutrition m order to provide 2 sound bass
for decisons regarding amino aad supplementation of foods and fesds,

On the brighter aide, we may entertmn the posaibility that the creation of
amino actd imbalances or tomicitres will find a therapeutic use in the treatment
of virus or neoplastic discases ¥
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Dmscussion

J B AvrmoN (Rudgers Usirersity, Nan Brussesck, N J ) Harper bas grven
us a definitton for amino #aid 1mbalance and & working hypothess for the
study of the mmbalance that is very helpful, indeed. His excellent paper will
be very valusble In the correction of certain misund COILTTIING
the concept of inbalance at the same time, 1t should stumnlate research to-
ward & better understanding of this concept

T am pertrcularly pleased to note the laat sentence mn his paper ‘On the
brighter mde, the posibility may be entertained that the creation of amino
acd imbalances or toxiaties may find & therapeutic use in the treatment of
virus or neoplastic dissases.’  The toxicity of large excesses of methlonine 8
mentioned, a tonaty that m counteracted under certain expenmental cond-
tions by increasing the mtake of arginme and glyane or by providing gly
cocyamine. We believe that this relatronship between methiomne and giytine
or glycocyamine at toxic levels reveals an important mnterrelationship that
normally exists and that it may have therapeutic uses under stress condstions.
For example a dog depleted 1n protein reserves, when fed 0.2 gm. of casein
nitrogen/day/kg of body weight, was repleted very slowly at thi low proteln
intake, After 28 days of repletion the plasma albunun was still Jow asm
the depleted state  Supplementing the casean diet mth a small bat optimum
smount of methfontne increased the mete of formation of plasxma albumin.
Adding glycine with the methionine improved the synthesis of albumm slightly
but supplementing with an equal mixture of methionwe and glycocyamine
resulted 1n g marked nse 1n plasms albumin even above normal values. A
eimuar ree 1 serum aldolase was observed to accompeny supplementation
with 2 misture of methionine and glycocyamme.  This, & mired
of this kind added to the casemn dict had & speafic effect upon the syntheus of
plaxms elbumin in an ammal still markedly depleted 1o other protein reserves.

Another example of the therapeutic use of this type of supplementation
was observed In tumor-bearing tats. A transplanted sarcoma was weed for
these atudies this sarcoma grew and depleted the anymal almost independently
of the diet The sarcoma developed most rapidly in rats fed & 12 per cent
csan diet deficient in methionine for optimum growth of the normal tissues.
Supplementing the diet mth methionine improved the growth of the normal
tsues o the presence of the tumor thereby decreasing the depleting effect
of the tumeor upon the tissues.  Supplementing with methionine plus E‘Vd“”’;
still better methionine plus glycocyammne resulted in maxmmup growth
tb:mrmalumainthcprmnceoimetumormdmdepadbklchcm:
therapeutic approach with the ethylenimines that was othersue tropossibl
It should be emph d that these resp !owpp)mmu&oﬂd:dmuﬁ"
dletbyupmpumlxtmofmethiuninemdglymcyummemuhsm Y
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under thee conditions of <trese where the aimal {s depleted in proten re
et

To return to Hatper & enncept of amino acid imbilances as it might be ap-
plied 10 the problem of supplementation ene approach would be to establish
a teference pattern of Iimiting es«ential amino acids A dietary protein that
sapplicd k=« than the hmitimg amnunts of one o1 mote evential amino acds
in the rederence pattern mauld have a reduce] nutntne value which would be
miproverd by supplementation s that the hmuting amino acids would approach
the reference i, To prevent an imbalance homever, the supplementation
would have to be done by increaung the mast deficient esential amino add

H E. Swenrmiten (Depariment of Ammal Husbandry and Nutrition  tla
bama Paly erhnie Imstitute Ambsrn, 112) For rome time our laboratory has
been engagn] in studict on amino aad balance imbalance and interrelation
spe In genera) our findings would corroborate Harmper s preeentation
Althoogh w e reenpnure the e of amino aaid imbalance set forth by Harper,
1 our mvesti;ations we consder amino aad halance and imbalances on a
Lroader gcale

Ample evidence has been pre<entedd to demonstrate the occurrence of amino
1 imbalances.  The occurrence of such imbalances may be quite complex
ind, at times, not readily understandable  From our cxpenence we feel
that imbalances of probably most of the e<eential amino acrds can be produced
eapenmentally  In fact with certain dictary conditions  relationships to
the nonescential ' amino ackls may be demonstrated  Imbalances may
be produced by u<e of natural or modifiesd protains or with individual amino
adde The seventy of certain imbalances can be altered to the point of
death while other imbalances may manifest themeelves in effects ather than
growth depression  In certain instances the only apparent effect is in enzyme
concentrations or 1n the accumulation of liver fat  Such effects have been
observed for methionine and other amino acids and this appears to be a
general phenomenon aswciated with an intake of excess calories with relation
to the protemn level in the diet

Vanous factors may influence the balance and imbalance of amino 2cds in
the diet  Such factors nclude the type of carbohydrate or the level of fat
employed in the diet  Several vitamun interrelationships may also influence
aminoacid balances.) ?  Forinstance macn may spare tryptophan pyridoxine
my spare methionine and vitamin Bis and folacin may reduce the requirement
for methionine ~ Antfblotica may demonstrate a spanng effect on certain amino
1ods. Amino acid balance may be influenced also by trypsin wnhibitors,
treatment of the proteins, and pepsin preparations. Vlost of these factors
iu'mf E.Lm an eflect only 1n borderline conditions of amimo acld suffcency

e diet
In addution, it should be semvembered that although analyses may sndicate
te amounts of amino acids [n a diet, the avnilability or rates of release

of the amino acids may have a bearing on the final resulty obtamed. Such
observations have been noted, for example in studies on comn proteins.t

The growth depression observed from the feeding of excess amounts of single
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Discussion

J B A1L1=oN (Rutgers Usirersily New Brunswrck, N J) Harper hna given
us a definitfon for amuno acd imbalance and a working hypothess for the
study of the imbalance that 18 very helpful, indeed. His excellent paper will
be very valuable in the correction of certain misunderstandings concerming
the concept of Imbalance, at the same tume, it should stunulate research to-
ward 8 better understanding of this concept

I am particularly pleased to note the last sentence i huis paper ‘On the
bnighter mde, the possihility may be entertained that the crestion of amino
scid mbalances or toxicaties may find & therapeutic use in the treatment of
virus or neoplastic diseases.” The toxiaty of large excesses of methfonme 1
mentioned, & toxicity that s counteracted under certain expenmental condi-
tious by incressing the mtake of arpune and glyane or by providing gy
cocyamine. We beheve that this relationship between methiwonmne and glycme
or glycocyamune at toxic levels reveals an important interrelationship that
normally exists and that it may have therapeutic uses under stress conditions.
For example, & dog depleted In protemn reserves, when fed 0.2 gm. of caseln
nitrogen/day/kg of body weight, was repieted very slowly at this low protein
mtake. After 28 days of repletion the plasma albumn was still low as in
the depleted state,  Supplementing the casein diet with & srmall but optimum
smount of methionine mcreased the rate of formaton of plaxme aibumin,
Adding glycne with the methionine improved the synthess of albumin shghtly
but supplementing with an equal muxture of methionine and glycocyamist
resulted 1n & marked mse in plasma albumin even above normal values. A
umilar nss m serum aldolase was observed to sccompeny supplementatiod
with & muxture of methionine and glycocyarne, Thas, 2 muxed
of this kind added to the casein diet had & specific effect npon the syntbesia of
plasms albumin in an animal still markedly depleted n other protein reserves.

Another example of the therapeutic use of this type of supplementation
was observed mn tumor-beanng rata. A trapsplanted sarcoma was used for
these studies this sarcoms grew and depleted the animsa) almost independently
of the diet. The sarcoma developed most rapidly 1n rats fed a 12 per cent
asen diet deficient in methinme for optimum growth of the pormal tissues
Supplementing the diet with methjonne improved the gromth of the ““tﬂ.mm
tssues in the presence of the tumor thereby decreasing the depleting or
of the tumor upon the tissues, Supplementmg with methionine plus glycine o
still better methionine plus glycocyemue, resulted 1 maxmum growth
the normal tissues m the presence of the tumor and mldeP‘T‘uﬂﬂeiﬂ:dlcm
therapeutic approach with the ethylenimunes that was othermse dw“‘mbk'
1t should be emphaszed that these resp to supplementation 'aw

du:tby-pmpcrm.lxtureofx::cthﬁ:mh:reamigl3,'cc.cy-u:n.u'ten'enil’tf‘"Sd
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under these conditions of stress where the animal is depleted in protemn re-
serves.

To return to Harper s concept of amino acad 1mbalances as it might be ap-
plied to the problem of supplementation one approach would be to establish
a reference pattern of limiting ezsential amino acads. A dietary proten that
supplied less than the imiting amounts of one or more essential amino acids
m the reference pattern would have a reduced nutntive value, which would be
mgproved by supplementation so that the lirnmiting armno acids would approach
the reference raties.  To prevent an imbalance, however, the supplementation
would have to be done by increasing the most deficient essential amino aad.

H. E Sauserucn (Department of Amimal Husbandry and Nutrition, Ala
bama Polviechmie Institute Awburn, Ala) For some time our laboratory has
been engaged 1n studies on amino acid balance, imbalance, and interrelation
ships. In geneml, our findings would corroborate Harper's presentation.
Although we recogmize the type of amino acid imbalance set forth by Harper
m our investigations we consider amino acad balance and imbalances on &
broader scale

Ample cvidence has been presented to demonstrate the occurrence of amino
aad imbalances. The occurrence of such imbalances may be quite complex
and, at times, not readily understandable. From our expenence we feel
that imbalances of probably moat of the essential amino acds can be produced
erperimentally In fact with certan dietary conditions, relationships to
the “nonessential” amino nclds mny be demonstrated. Imbalances may
be produced by use of natural or modified protewns or with indmdual amino
1ods. The seventy of certamn imbalances can be altered to the pomt of
death, while other imbalances may mamfest themselves in effects other than
growth depression  In certain mnstances the only apparent effect 1s m ensyme
concentrations or in the accumulation of liver fat  Such effects have been
observed for methionine and other amino acids, and this appears to be a
general phenomenon associated with an intake of excess calories mth relation
to the protein level 1n the diet.

Vanous factors may mfluence the balance and imbalance of ammo acids n
the diet. Such factors mdlude the type of carbohydrate or the level of fat
employed 1n the diet.  Several vitamin interrelationships may also influence
uming aad balances.**  For instance, niacin may spare tryptophan pyndoxine
may spare methionine and vitamm B,s and folaan may reduce the requirement
for methionine.  Antibiotics may demonstrate a spaning effect on certan ammo
tads. Amino acd balance may be mfluenced also by trypan mhibitors,
treatment of the protemns, and pepsn preparations Mlost of these factors
mzrt an effect only 1n borderline conditions of amino aad sufficlency

L
In addition, 1t should be remembered that, although analyses may indicate
te amounts of amino acids 1n a diet, the availability or rates of relense
of the amino acids may have a bearing on the final results obtained. Such
observations have besn noted, for example, 1n studies on corn proteins.*
The growth depression observed from the feeding of cxcess amounts of single
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amino aads in the diet usually has been consudered a toxic mandfestatsan,
However from systematic studies on the 0~ and L forms of ammo aady,
we feel that the effects of feeding excess amino acids often may represent an
imbalance candition  The growth depression 13 & peculianity of each ammo
acd, and 1s related to the diet employed. Although the feeding of excessve
amounts of ammo acids 1 not a natural condition, such studies may indicate
which amuno acids are suspect under practical canditions,

The cause of the depression in growth observed when many of the smino
acids are fed in excess 1 not entirely clear  Although food intake 15 depressed
with certain amino acids, this does not always occur  For example excess
leucine may depress growth marledly, but mithout any apperent reduction
m food consumption The depression does not appear to be necessarily as-
socted with free amino acids in the diet since certmin amino acids fed in
excess produce no effect. Similarly, amino acid diets with no protein added
may be fed to weanhing rats and will permit a growth mate of over 40 gm. per
week, comparable to growth obtained with intact protem diets. Likewise,
diets containing 80 or 90 per cent of protein may be fed to rats with no resultant
depresmon 1n growth yet these same diets will contain amino acds greatly
1 excess of those fed 1n the tomaty studies.

When the protein level in the diet 18 increased the growth depression caused
by the excess ammo acid mmy be reversed However there are differences
in the effectiveness of the protemn employed In general the addition of &
specific amimo aad will not reverse the growth depression

What is the basic canse of the upbalance phenomenon? In the case of
amino acd imbalance studies, the basal diet may actually contan sufficent
amounts of the amino scxd under study to permit normal growth. Yet, when
additional amino acids or certain protemns are added to the diet, that amount
of ammo acid 18 no longer sufficlent  Why? What becomes of it?  Although
losses 1n the unne occur these losses do not appear to explamn completely the
cause of the imbalance?!

In the case of the tryptophan imbalance the plasma level of tryptophag was
depressed ! In methioutse imbalances, hittle depression in the plasma Jevel
of methionine occurred?! However in all imbalances studied the raho of
the amino aczd under mvestigation 1s altered with respect to the other amuno
acds  The balance of amno sads i the plasma evailable for proteln synthesis
may be of high importance  When this balance is altered passage of amino
acids mto the cells or enxymatic synthems and equulibrrum may be upset.

Simular effects may ocqur when cxcess amine acuds are fed m the diet  Uss
allythcaminoncnifcdmucwoccunimeinh.lghummmumthc[iamﬂ
Moreover the level of the other free plmn:imu.moxfnuh::mds mlygcd' e
Again, this represents alterations in the ratl the amino a
for protein synthems. When increased protein bevels are fed i the P"Wm
of the excess mngle-fed amino acid the levels of the free plasma amino
are brought into & more norroal balance

Faor th most part studses on amino acd imbalances have not bern m::d‘;d
to the conditions of practical nutntron  Thus far 1t has been necesary v
accentuated conditions to study and demonstrate that 1mbalances may
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or be created  Such conditions may rarely or never exist under conditions of
practical feeding  However, much milder and more subtle conditions may
be noted as we loak for them and gain additional knowledge of protemn nutn
tion  Ewidence of such conditions already exists in practical poultry feeding
As we increase the usc of synthetic amino acid supplements and broaden the
use and vanety of proteins, particularly plant proteins, we may anticipate a
greater need to study the balance of the available amino acids in the diet and
therr relationship to other interacting components.
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ENRICHMENT OF FOODS WITH PROTEIN

By James M Hundley
Feod and Agriceisre Orgenisation United N atioms

Iniroduction

The purposss of this paper are thresfold (1) to deacribe a progrmm of re-
gearch and development being organized jomtly by FAO WHO and UNICEF*
Lbathuthemmo:fmaaumgthepmducuonandmnmnnpﬁnnc[hlghpmtm
foods in underdeveloped areas, (2) to discuss a few of the principles that are
of 1mportance in enriching foods with protemn, and (3) to mention some of the
practical problems involved in increasng the consumption of high protein
foods. The focus of this discussion will be on protem malnutrition In tech-
nically underdeveloped areas It 13 not intended to infer that there are o
problems of protein nutrition 1n advanced countries such as the United States.
Previous papers i this symposrum have covered this aspect.  However, many
studies conducted over the past few years have made 1t abundantly clear that
protem malnutrition is & major and still largely unsolved problem in most
underdeveloped countries. Indeed, 1t scems that protem malnutntion b the
most important single nutritional deficency 1n the world today

The FAO-WHO UNICEF Program

There are many types of nutritional deficiency to be found in various parts
of the world. However the most serious of these is protem malnutntren It
would be superfluous to review the voluminpus evidence that documents the
exustence, prevalence and gravity of proten malnutntion m many aress.
However, & few simple statistics may help to pomnt p the magnitude of the
problem  TaBLE 1 lists mortahty statisbcs from well-developed countries
as compared to a few randomly selected underdeveloped areas. The figures
represent a companson of death rates for all ages and for the selected age
groups 0 to 1 and 1 through 4 years. It will be noted that the over-all death
rate 15 higher in underdeveloped aress. Infapt mortality up to 1 year 1 abo
strikingly higher in such countries. Percentagewise however the difference
in mortahty in the 1 through-4 age group 1 tremendous, and this represents
the ages at which protenn malnutnition 18 the grestest bamrd Obvigusly
many factors 1o addition to malnutrition are responsible for theae striking
differences.  However competent observers belteve that nutritional deficencies
are a large factor not only as such but as a predisposmg mfluence n other
promunent causes of death manly infectious discases "

Increased production and consumption of milk have been a keystooe of the
approach of internationsl agencics, as well a3 many national and Jocal groups,
in efforts to combat protein malnutntion There 13 no doubt that milk 15 a0
effective preventive and therapeutic agent However it bas become dear

WHO (ke W oridHatth
O b o T T the Usnicd Mo Tniematioa) Chrens Fass

gency Fund
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that resources 1n addition to milk are necessary  There ere many countries
where milk cannot be produced, or where there s little hope in the immediate
future of producing 1t in sufficient quantities  In some places, there are strong
loal beliefs that cow’s milk is not a suitable food for infants and young chil

dren.  Inadequacies in transport and storage facilities, not to mention econom-
i3, further Limit the range of practicnl usefulness of mulk In many areas of
grat need  VMany of UNICEF’s programs of milk distribution are dependent
on wurphus dried milk from the United States a source that cannot be counted
on to be avmilable indefinitely  Consequently efforts have been directed
toward finding additional resources of high protein foods that might be useful.
Seven critera have been evalved to select food products that might help to
meet this need, namely (1) they must be already available locally or be capable
of local production, (2) they must be within the economic means of the par

Tanee 1
Coxraxrsox 07 DEATIL RATES 1 Vamious CouxTRIEs

Death rates,/1000
Couxtry Year

Allages - -
AcstraFie 1953 91 235 16
Ezgland-Walas 1953 11 4 s 12
Sweden 1953 917 191 11
Bradll 1950 130 94 1 16 2
Costa Rlca 1950 122 11 0 155
1947 s 208 4 o7
Satvador 1950 s 106 4 249
Mezco 1950 16 2 138 0 78
Thalland 1917 134 538 171

Reproduced from the Dewmegraphic Yearbook United Nations (1955)

Seular population group either to produce or to buy (3) they must be easily
transportable and have a long storage hfe without refrigeration under conditions
of heat and humsdity (4) they must be completely free of any toxic or other
deletennous influence (5) they must have characterstics of taste odor or
plysical properties that will make them acceptable food products (6) they
must have such nutritional values as to be effective protemn supplement and
(7) they must be products not already being utilized maximally as human food
On the basis of these criterta mix foods bave been selected for study In
therr approxuumate, probable order of potentmal usefulness, these are (1) fish
flour (2) soy products (3) peanut flour (4) sesame flour (5) cottonseed flour
and (6) coconut proten  Alany others could be added to this hat, but have
been ehimmnated for the tume bemg either because their nutntional properties
tre not well known, because the amount of the aw matenal is too small on a
world bashs, or because they cannot be produced economucally m the geographue
2reas of prmary interest
nmmnnumbercfmsomfurspecnlmtamthxmd:uftbenbwepmd—
Uty Fresh fish are available in many of the underdeveloped areas, and avul-
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able statistics indscate that the production of fresh fish could be expanded very
substantmlly However, lack of transport and refrigernted storage prevents
wider distribution and use of this vahuable protem food The usual methods
of preservation such as canning or freening are too expenuve far the groups of
greatest nutritions! vulnerability  Smoking and drying offer some possibilitses,
but fish so processed do not have a long storage Life under troprcal conditions.
Recently several processes have been developed by which erther fresh fish, o
dehydrated fish meal, can be defatted deodornred, and finished as an almost
tasteless, odarless, neatly white flour  The deodorization step can be omitted
for groups that prefer o fishy taste m their foods These fish flours retam the
high brological value of the starting mater;al they are very stable in stomage
and they can be mncorporated into bread into other cereal products, or into
soups or stews with excellent acceptability of the resultant food ! Since these
flours contain 70 to 80 per cent protein relatrvely small amounts are needed to
supplement children s dsets. It 13 esimated that fish flour can be produced
for as Iittle as 12 to 13 cents/lb  On this bams a supplement of 10 gm per day
(about 8 gm of anumal protein) would cost only about one fourth of one cent
per day per child.

A number of national and commercial groups are now attempting to develop
and exploit fish flour With respect to the international agencies, FAQ has
encournged and stimulated the development of suitable processes to produce
this substance  UNICEF has entered mto an agreement with the government
of Chile to install & fish flour plant 1n that country and 1t s expected that this
plant will be 1n operation about September 1957 Frh flour produced by the

to be used m Chile has an excellent biological value, has been found
completely safe and has excellent acceptability ! In Alorocco a process o
being developed to produce fish flour under commercial auspices. It s est-
mated that sufficient flour can be produced to supplement the dret af 250 000
school children without interfermg with the normal commercial uses of fish
for edible purposes.? In South Africa where a fish flour for human consump-
on has been under development for some time, 1t is estunated that 300 000
tons of fish can be drverted anpually from anmal to human use when the pro-
gram s fully developed *  Many other countries are also attempting to Increase
the consumption of fish and fish products.

Soybean products are of unique interest since properly prepared soy prod-
ucts have a biologrcal value closer to that of anmal protems than any other
commonly used vegetable protem. Furthermore among the various products
to be studied, only soy has been prepared as an acceptable liquid food for i-
fants. TABLE 2 from the work of Bricker Mtchell and Kinsman,! fllustrates
the high bwological value of say It will be seen that soy flour 13 almost equr
alent to mull as judged by 1ts ability to support mtrogen balance in yodr®
women  The value of say mn supplementing white wheat flour 1 akso shown
These data apply to adults who have a lower requurement for protein and amino
scds than infants or chidren However soy milk has been known for
many years as a food that s capable of sustaning mtufactory growth in 10
fants and young children  Although there are still some uncertainties as 1\:
how completely satisfactory soy milk 1 for normal young infants, presch
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evidence certainly indicates that it has o biologicaal value unique among the
common vegetable proteins. Soy milks are produced commerdially in the
Untted States and several other countries  UNICEF, 1n cooperation with
FAO have been nssisting for some time 1 mstalling a soy milk plant in Indo-
nesa  This plant, it 18 expected, will have begun operations i May or June
of 1957 and its product will supplement the very hmited loal production of
cow’s milk and that which now must be imported

TAsLe 2
Proterx Rrquimedrext rox Youxo Woures
Grams required
Proteia per da bov €5 ke, mabject
Mk 400
White fiour [
Soy floar 433
—mwhite flour} 50 4
3red foodst 160
nced by permission from Bricker Mitchell, and Kingman?
I eon per cent soy flour 2w 36 per cent of nitrogen.
Incloded exx, beel soy whest biscult, vegetables, and fruit (about 55 per cent
animal proteln)
TAmLr 3
Woun Propremoxt or Ouerxps x 1981
Metric tows
Total oilsecds} 51 600 000
19 500 000
Cottonseed 13 700 000
Peanuts 10 600 000
Coconut (copra) 2 850 000
1 800 000
Patm kernels 1 000 Q0O

ﬁ?ﬂdm {rom tbe Stafistical Yearbook Umited Nations (1955)
exclude the Unlon of Soviet Socalst lhca.

Ilndu soybesns, cottonsecd, sesame, mpeseed, linseed, peanats, and stnflower seeds.

Peanuts, sesame cottonseed and coconut are of particular interest since
ordmarﬂythzympmmdiorthurc{llndthepmtemnnhprusmku,
by products of the oil production, are used mamly for animal feed or for fer
fhizer  If 1t 13 economuc to use these matenals as arumal feed or fertilizers it
certainly should be economic to use them as human food if carefally controfled
processing would produce, in fact a food smtable for human consumption
TapLE 3 indicates the very large volume of these press cakes produced annually
Hevmnpomonofthupmducucncmﬂdbcdmd(ohummuse,nmb—
stantml contribution mught be made

However relatively httle is known about these peess-cake proteins as human
food, although 1n one form or another most of them have been used m human
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dietanes to some extent There 1 a large amount of literature op the putr
uwaiwhuofthcseprm—mlcpmmﬂsudemrmmedbychmmlmbm
and snimal studies.  Unfortunately many of the data are difficult to mterpret,
since these protems are known to suffer nutritional damage if excemsive heat
is used in procesing, and the precise conditions of production are usually not
stated  Moreover there 15 the ever present difficulty of translating anmal
experiments to man,

These and many other factors made 1t clear that & considersble amount of
research and development would be necessary to evaluate fully the usefoines
of these high protein foods as supplements to various types of human dets.
Fortunately a grant of funds from the Rockefeller Foundation, New York
N Y has made 1t possible to start the necessary research, and funds are avail-
able from UNICEF to procure the food products needed. With thes re-
sources & coordinated plan of research and testing is being developed by FAQ,
WHO, and UNICEF which 1t 13 hoped, will Jead to the increased utilizatwon
of these high-protein foods m areas where peeded. 1t should be stated that,
even though this program has & world wide target, there are no fllusions that
1t will alleviate all exsting protein malnutrition It 1s simply one approach
that may make some contribution to an extenstve and difficult problem

Principles

In deslgning this coordinated plan of research several prmeples that seem
worthy of mention bave

(1) Any food product to be studied must be well identified and reproducible.
It must be produced by a process the complete details of which are known.
Thus it 13 hoped that facts accumulated about a product can develop into 8
systematic body of knowledge that can be interpreted and extrapolated to
aasiat In solving local problems in many different areas of the world without
repetition of all of the experimental and developmental work. If the product
is standardueed, and if successive batches have essentually the same composition
and nutntional characterstica, the accumulated basic knowledge about the
product should permit application to & variety of problerns.

(2)'1'}-epmd“ctmmtbepmduccdbymopmpmthatmmmcrdlﬂ!
feasible and that can be duphcated in upderdeveloped areas. Obviously it 13
of Little value to study a product produced by an elegant laboratory method
that could not be used m underdeveloped aress, nor 1s 1t of much value to
study & food produced by a ‘secret process that could not be used freely 1
the areas of need

(3) The food must be charactenized s to chemical compontion and biclogical
value, and it must be shown to be completely safe prior to testing 10 humad
subjects. Studies of biological value and safety should be conducted In 1;:
than one species of animals except where similar products have alresdy
relatively well studied m these respects. make

(4) The food must have sach a protein and amino acd content a8 to i
a usefal protein supplement to onc or more types of ‘poar” diets m
developed areas
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(5) This content must be confirmed by actual tests in human subjects. A
considerable body of knowledge 18 accumulating on the protein and amino
1dd requirements of various age groups, from which 1t may be possible to pre
dict the value of protein supplements, but there 1s at this moment no substitute
for the direct test  Parentheticnlly, it might be noted that FAQ will publish
shortly & summary of available knowledge on predicting protein requirements
on the bams of the ammo acid requirements of man and the emino acid com
position of the foods in question

(6) The product should offer special possibilities as a practical supplkement
for infants, preschool children and mothers, since these are the most vulnerable

groups.

(7) The product should be shown to have good storage properties under
simple conditions for as long as one year

The initial objective of the program Is to locate at least one source for each
type of high protein product and to produce a batch under carefully defined
conditions, following the principles enumerated above  Thus batch would be
carefully studied as to composition, biological value and safety in ammal
studees, and blological value n man  As soon as the true nutritional value
and smfety of the food wms known assuming 1its stisfactory values, then it
would be made available as widely as possible to research groups in under
developed arcas and elsewhere for study as to its ability to prevent or cure
protein malnutrition when used as a supplement to various types of local diets.
In many instances 1t may be desirable to use combinations of these foods as
supplements, depending on local crcumstances and the nutnitional values of
the foods. Should these mitial studies indicate the usefulness of & given prod
uct or products, additional gquantities of essentually the same material could
be procured with & reasonable amsurance that 1t would have the same properties
e the original batch

As data and experence accumulate with these foods it should be possible
increasmgly to predict the solution to other loeal problems of proten mal-
nutrition, always subject, however to the practical problems of food habits
and preferences

The next objective might be to establish a facility in the country concerned
to manufacture the product for local consumption, a procedure In which
UNICEF is interested and s umquely able to assist. The program has al-
ready reached this stage with two of the products, namely fish flour and rway
mifk  The success of these two projects will undoubtedly determine whether
smilar projects will be started elsewhere,

While the 1nitial approach 1s belng built around single, standardized repro-
duacible products, this, of course does not rule out the h,tcr inclusion of prod
ucts with improved blological values or with special physical or physiological
propertics deaigned to meet special needs  However, knowledge nccunulated
m the initial studies should speed materially the practical use of these newer
products. Indeed it seems quite likely that the best protein supplements may
prove to be not single protein foods but combinations of foods The ability
of proteins to supplement one another is well known
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With some of the food products it may not be poagible injtull to procure a
product with the deswed specifications. This has been true {mh coconut.
However FAQ has received information very recently that & process knowm as
the Hiller process 18 being used in the Philippmes to produce a 20 per cenf pro-
tewn matenal that 1 employed to enrch bread and other cereal products. The
protein content of coconut press cake 18 much lower than that of the other
press cakes, and relanvely large amounts would be required as a protem sup-
plement, even for children  To the best of my knowledge, & practical process
to concentrate the protemn has not yet been developed  Some dufficultres are
also being espenenced with sesame  For a number of reasons 1t 15 denrable
to use dehulled sesame sced to produce a low fat semme fiour A practuaal
commercial method to remove the ol from dehulled sesame seed has not yet
been found A considerable amount of technological and developmental
study may be required to produce products with optimal values as hunmn food

Certain technological difficulties inhibit the use of some of the other products,
but these problems do not scem to be insuperable  They center chiefly about
the difficuity of producing = press cake with & fat content sufficrently low to
give good starage stability without using so much heat that the proten »
damaged This 18 a particolar problem 1n using screw or hydraulic presses,
which are the usual types of equipment already existing in many underde
veloped areas.  For economic and other reasons, the first objectrve m cof-
mercinl practice s to get the maumum oil yield  To accomphsh this, rather
high cooking temperatures may be used and these may damage the protem 1n
the press cake.

This m very brief smplified outhne 1s the plan a8 it now exists There
are however some other principles and problems encountered m protein
supplementation that deserve comment

Ideslly advantage should be taken of the voluminous data on the feeding
of various types of proteins and protem concentrates to animals as & short cul
to correctmg mnadequate human dietaries. However as mentoned eatdier
thera are many difficulties and pitfalls 1n this procesa  For example, the first
hmiting amino acid for many proteins 10 snimals 1s methionme  In man its
raate aften enather amino acid lysine ¢ In apimal natrition, the nutntiosal
improvement of soybeans by moderate heating has been known for many years.
In man however there 1s very little information from which to determme the
amount of heat necexsary maxmmally to smprove the protemn value of 30y pro-
ten. In growing animals the lipiting smmo acids 1n nce seem to be lysine
and threonme both to about an equal degree ¢ Yet m adult man [ysme Ixﬂl"
to be the only limiting amino acd and even then only 1 certain subjects.
In growing animals the difference in biological value between white whest
fiour and milk 1 very atriking  In adult human sublects the difference %
relatrvely small, as shown 1n TABLE 2 Most animal expenments are &
to produce a ration on which the greatest amount of lean tissue can be pﬂ:
duced at the least cost m dictary protem  This may be a denmble objectiv
1n human protem supplementation as well but it s hardly practrcable S"m;
human beings inevitably vary 1n what they select to eat, or what they m‘li'a]ly
fed by their parents and since young children and adults ofton et emen
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the same food, It 18 necessary to design human diets with @ consdlerably greater
margin of mfety than 1s needed wath growing pigs or chickens, for example
On the other hand the protein and amino acld requirements of growing ane
mals and man do correlate faurly well7 Certainly many lessons and leads can
be denved from animal studies but as emphasized carleer there is no substitute
for the direct test in man
Another point 1n companng experence animal feeding and human feeding
arnes from the fact that most animal mtions are developed by substituling a
porton of the protein with another protein that may gwve a higher proten
efficiency and thus permit a lower or less expensive level of protemn in the diet
In deta for humans, on the other hand, we usually must be content, from the
practical standpoint with trying to add more protein to what they may already
be recewving from ther customary diet  This bnngs up a very important
question 1 working with protein supplements i protem-poor diets  If the
imtal protein intake is low and poor 1 quality can protemn adequacy be
achieved if enough of almaest any protein material is added or must the smino
acd pattern be balanced to reach protein adequacy? There 1s much evidence
on thiy point 1 animal experiments suggesting that, if the protemn supplement
13 very unbalanced 1n amino acids then more harm than good may come from
the supplement  On the other hand 1f the protemn 1s only moderately defiaent
0 a few essentml ammo acxds, then protein adequacy generally can be achieved
by smimply increasing the intake of protein  In man there 1s relatively httle
mformation on this point and there 1 probably no certam categarical answer
We know that mirogen equilibrium can be attamed n adults with lyane-de-
fizent white wheat flour if the protein intake 1s increased suffiently (TanLE 2)
We know that peanut flour which 1s defiaent 1n both methionine and lysme
can promote mtrogen retention 1n adults if encugh 1s used although about 2.2
times as much peanut protein 18 needed 13 for anmal protein  We know that
mnfants can retain mtrogen and grow rather satisfactorily on soy milk which
n relatively deficent 1n methionine  However soy milk provides a consider
ably higher ratio of protein to calories than human milk, and this may com
pensate for the relative msufficrency of amino acds
1 wish to offer some evidence that, under certamn arcumstances, mtrogen
retention may be promoted 1n adults sumply by wncrenmng the supply of non
essential amuno acids, even with diets very low 1 protein entirely from vege
table sources. The subject whese data are shown 1n FIGURE 1 was a normal
young man subssting on a diet adequate i calortes (47 cal /hg of body weight)
and other nutnents except for protein, which was supplied at a level of only
26 gm perday  Of the protemn, 70 per cent came from rice (250 gm. per day)
and 30 pet cent from frmt. There was no anmal protemn 1n the diet except
about one half gm. which came from butter ar marganne, Each of the vertical
bars correspondmg to one metabolic penod consmsted of 6 dayy, so that the
entire expenmental penod depicted in this figure lasted aboat 234 months.
The figure 13 a comventional plot of \ balance m which the shaded bars sbove
the zero line represent negative balance and the open areas below the zero line
represent positive balance It will be noted that this subject went into marked
negative balance mitmlly, came 1nto mild positive balance with certain amino
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very dearly by the work of Rose? and of many others. However, it was a
surpase that a subject submisting on only 26 gm of protein jrom vegetable
sources would respond simply to additional nonessential nitrogen.  An analysts
of the diet as shown 1n TABLE 4 suggests the reason for this.  The nice fruit
deet supphed more than Rose s mnimum'® of all the essenual amine acids
except methionine and cystine and possibly lysine. The figures shown In the
first column are calculated for total amino acd content of the diet and should
be reduced perhaps 10 to 15 per cent to allow for digestibility, which would
make lymne borderhine in amount However, since individual subjects show
& conswlerable varation in their requirement for individual essential amino
adids, it scems quite possible that this subject was recelving sufficient amounts
of all the essentials and therefore had need only for additional nitrogen so that
the essentials could be spared for their wrreplaceable function

Tanrx 4
Aurxo Ao Rrqumxmwrxrs 6f Max Vexsus Ricx Fromr Drems
Subject WAL
Row s
Amino atid 250 g vice dlat®
(o) Mjaboorm (gra) Sata (gn)
L 090 080 160
h epetin 058 13 2%
tthlonine
I + D} o ?zg 22
Phenyhtanine (4 tyrosine; 261 1 22
Lencine ¢ ) 211 110 22
1126 070 140
Vafine 1353 080 16

These calkculations were made from standard literature valoes for rice and, foe the re-
mainder of the diet N amdng acld compotition simflar to vegetable leaf protems is asumed.

I do not wuh to generalize from these very lumted observations except to
this extent.  If, m a diet a3 low 10 proteimn as the one used m these experiments,
the predominant need 18 simply for more available nitrogen, essential or non-
emential, 1t would seem to follow that almost any” protein, well balanced or
not, would asust m attaming adequate protem nutntion Obviously, the
situation with mfants and young children might be quite different because of
therr lugher requrement for protewn and ammo acids. Additional experunental
evidence on this pomt 18 badly needed Not only may the age group make an
important difference, but the previgus nutntional history of the mdividoals
may also be » cnbica! factor  Subjects who have been depleted of proten
are known to retam protein avidly if grven the opportumity and might react
quite differently from subjects with o previcusly adequate protem intake.
A second pomt 1 that onc cannot consder the possible effectiveness of the
protemn supplement without considenng the adequacy of the rest of the dset.
Obwrgusly htdcw'ou}dbcgnm:dxftbepmmndﬁamcymunmctedmly
to precipitate beriber, pellagra or some other deficiency through the mcreased
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aad supplements (which are not the pomnt of this presentation) gnd then
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Frouer 1 Metabolic periods are 6 days each. The data ere plotted as avcrago 34-2r
valur for each perlod Pﬂ‘lod.llmedlﬁto”(notlbo'n)wmann.mnhnl&Slm'?;
tdn diet. N intake is plotted from the xero line to the bottom of the shaded aren
bottom shaded ares is stool N, Lhctopnh‘dtdlmhm-lm&N Shaded arss above the
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Jly highly significant shift into positive balance A similar observation was
ade 1n 2 second subject  Under the conditions of our experiments, just a3
«¢at a response from nonessential amino acids was obtained as from a mixture
t the 8 essential amuno acids which supplied an equal amount of nitrogen
b1s work 1 described more fully elsewhere.

It 1, of course not new that only a small portzon of man’s need for nitroen
st be supplied in the form of essential amino scds. Thus has been shown
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very clearly by the work of Rose® and of many others. However, 1t was a
gurprse that o subject sbssting on only 26 gm of protein from vegeiable
soutces would respond sumply to additional noneysentinl mtrogen  An analyns
of the diet as shown in TABLE 4 suggests the reason for this  The nce-frmt
diet supplied more than Rose s mimmum' of all the essential ammo acids
except methionune and cystine and possibly lysme. The figures shown 1n the
first column are calculated for total amuno acid content of the diet and should
be reduced perhaps 10 to 15 per cent to allow for digestibility, which would
make lymne borderline 1n amount. However smce mdvidual subjects show
1 consderable vanation m their requrement for mdrvidual essential ammo
acids, it seems quite possible that this subject was receiving sufficient amounts
of il the essentials and therefore had need only for additional nitrogen so that
the essentials could be spared for their replaceable function.

Tanrr 4
Aurno Acp Requmersmars of Max Versus Rice Frorr Doers
Sabject WAL
Rose's
Antso 1l 250 p o dlett
(e} Miminers (g} Sale (g2}
L 0% 0 8 160
- TE I
Mecthlonine (+ 98 0
ST 5| ok | i
61
w(+ 21 110 22
Isolcucine 126 070 140
Valine 133 080 160

These calculations were made from standard Hterature values for rioa and, for the re-
mainder of the diet N aming acdd composition simflar to vegetable leaf proteins s assnmed.

1 do not wish to generalize from these very limited observations except to
this extent. If m a ditt as low m protein as the one used 1n these experiments,
the predominant need m umply for more available mitrogen, essential or non
essential, 1t would seem to fallow that almost any’ protein, well balanced or
not would assst m attamung adequate protefn nutntion. Obviously the
situaton with infants and young children might be quite different because of
their hgher requirement for protein and amino acrds.  Additional expenimental
evidence on thus pomnt is badly needed. Not only may the age group make an
woportant difference but the previoss nutritional hstory of the mdividuals
may also be a cnucal factor  Subjects who have been depleted of protein
are known to retain protemn avidly 1f grven the opportumty and mught react
quite differently from subjects with 2 previoosly adequate protein intake,
A second point 13 that one cannot consider the possible effectrveness of the
protem supplement without considening the adequacy of the rest of the diet.
Obviously hittle would be gained 1f the protein deficency were corrected only
to preapitate beriberi, pellagra or some other defictency through the increased
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growth and metabolism permitted by the protem  Nor 15 it effirent to
protein supplement to & dict i some other deficency such as calories, vita
or minerals limits the effectiveness of the proten supplement. It o e
show 1n animal experiments that the diet must be sdequate in all e
nutrients if 2 protem supplement 15 to exert its full effect. A simple exa
1s shown 11 TABLE 51 With the growing rat & wiute wheat flour dief
improved not at all by a supplement of vitamins. It was improved o
lttle by 2 good proteln supplement. However vitamms and the pr
supplement together gave a marked growth response  All of these diets
supplemented with minernls so that protein and vitamins were the only |
g factors.

A third point concerns the criteris to be followed in determinmg the «
tiveness of proten supplements A number of techmques are ava
nitrogen balance in adults, growth in school-age children the preveation

TaBLE §
Growrnt or RAm o¥ Wrrat Flouz DTy wrorH VITAMDr
AxD Prorey SvrrLnaeers

Grwwth,
Diet Sepplanent gy 5
White Whest Flour - 17 + 0
White Wheat Flour Vitamins 16 = 0
White Wheet Fhour Six per cent dry skiom milk 42 &+ 0.
White Wheat Flour W:’.Rim-i-épucmtdrylkim 1m3 = ©

The rats were weanling National Inxtitutes of Health strain black rats.  The
dod was four weeks. Each group contsined ten ety An adequate minerel
added to all dicts. The wheat flour contained 16 per cont N The vitaming added
nlacin thiamine, and ribofluvin in amounts to simulate commercial enrichment.

cure of protemn mafutntion, nitrogen baltnce n young children growth
nutrogen balance or other measurements in infants are the most comm
used Each of these has certain virtues and hmitations, advantages and
sdvantages.  All bave prtfally.

Growth messurements 1 school age children who recerve their supplen
through school or other institutional feeding is & very common approac
the problem  In theary this is sunple snce the experiment can be done (

captrve  group and with lerge numbers of children  In practice the appee
has been diappointing There are examples in the bterature where

technique has demonstrated benefit from a particular scheme of feed
On the other hand the scientific Iterature and the unpublished notebook
many mvestigators are replete with examples of negatrve or incondu:
results. This has been true even 1 underdeveloped areas where pro
atnutrition 1s prevalent and there has been every reason to expect & Incd
able benefit from the supplement used # There ase probably many £Xpa
tions for thess faflures. Certamnly malautrition exists n school-age chid
and certainly 1t can be corrected  However 1t may be that children suffa
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from maloutnition are so thinly scattered among children whose growth
cannot be improved that the techmque 1s not sufficently sensitive to detect
an effect.  Or, as seems quite possible to this observer, by the tume children
reach school age many of them have their growth pattern fized, and only a
few are capable of responding to improved protem nutntion  Certainly
insofar as protem malnutrition s concerned we know that this 1s first and
foremost 2 problem of the preschool age child. Older children may suffer
from madequate protewn nutntion, but surely not to the extent of the younger
chidd. In ammals it can be shown that restriction of growth through diet
madequacy dunng the early growth period leaves & permanent mark  When
such anuraly are goven adequate food later o their growth period they respond
with ncreased growth, but never catch up with their htter mates who recerved
2 contouously adequate diet.® Data of ths kind n children might do much
to clear up some of the uncertauntres 1n growth experiments in children.

Among other techmques, nitrogen balance n adults has been widely used,
and 1t certminly provides usefnl information. However, as others have dis-
cusaed thoroughly one cannot equate nitrogen balance and adequate protewn
nutntion™  Furthermore, nitrogen balance m adults does not necessanly
indicate what may happen 1n infants and children who are the pnmary targets
of proten supplements in underdeveloped areas  Nitrogen balance m young
children 1s & valusble technique, but 1t 13 notonously difficult since 1t requires
1 degree of voluntary cooperation that 13 hardly expected from children of
this g

In Ece-ccm years studies on the cure of kwashiorkor and prekwashiorkor bave
been developed to the pomt where this seems one of the most straightforward
and valuable techniques for evaluating proten supplements  Certamnly, 1f &
protein supplement has the ability to cure advanced protem deficency, it
sctms a reasonable assumption that it would prevent at.  There s the oppor
tumty to study the protem not only dunng the 1mtiation of cure but during
the maintenance of cure as well This approach also offers the opportunity
to study the supplementary value of a protem directly 1n the population
involved rather than in the remote recesses of some academic matrtution.

Growth studies 1n young infants on formula diets also offer many advantages.
While there are certain h mn consderntions that requre careful
consederation, such studies are relatively quick and inexpensive. They
yield prease information on the hmits to the nutritiomal value of proteins.
Since 1fancy 1s the time of the highest need for protein and amino ackds these
studies also constitute one of the most severe tests to which & protein mav be

put  Unfortunately there are only a few centers where such studies are under-
taken

Praciical ispecis

The problem of selecting and testing a protemn supplement is simple compared
to that of getting the protein into established use 1 a population. Two

basic techniques of proten ennchment are available mnvoluntary and velun
an
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What mght be defined as fnvoluntary enrichment 1s commonly
the United States and other countries. Themrhﬁmcntofhml;‘:l&?ddr!;
milk solids is a wellknown example This techoique is effective only where
there is a well-developed commerc) dustribution of a staple food that is #
suftable vehucle for the proten  The recipients of the protemn supplement
genenally are unaware of its presence even though 1t 18 50 stated on the lbel,
and even though there may be much propaganda trying to promote the peoduct
on the bass of the enrichment. Nevertheless the techruque s effectrve snee
it can be ndopted, promoted, and subsidured If necessary to get the protem
into people.  School or other institutianal feeding fs another common technique
of mvoluntary ennichment.

Two aspects of mvoluntary enrichment are commonly overlooked by nutn-
tiomsta, One s that & protem supplement may be demrable and may find use
because of the physical propertles it may impart to the product. Tho » the
primary reason that dry skim milk 13 80 widely used m white bread in the
United States, even though the nutntionist would like to believe otherwise.
It imparts & consstency and texture that the customer likes. Another example
s cottonseed flour—one of the products that 18 being studied n the FAQ-
WHO-UNICEF program  Insafar as this observer ta aware, the only comntry
m the world where cottonseed 15 widely nsed as a human food 1s In the United
States, where it is probably needed the least Again thss protein sapplement
has found an establihed use becsuse of the color and physical properties it
1mparts to certam products—not for nutntional reasons  The second aspect
of ennichment, one often overlooked 13 the problem of formulation  Lysne
and methionine are often the shortest ammo acids n these protemn supplements,
and both are rather senmtive to destruction by heat under certain cweum-
stances. Therr concentration m the protem may be further redueed by
cookimg bakimg, ar other forms of heat, especially m the presence of free sugar
Accardingly, 1t 18 bot sufficient to know that a protein supplement has the
requaite nutnitional values, one must also know that Jt retams these nutritiona!
values in the product of which it becomes an ingredient.

The second technique of proteln enrichment 1 volmtary enrichment.
Thus is far mare difficult than involuntary enrchment The problem 1 not
insurmountable, but the solution may take many forms. Advantage must be
taken of local food preferences, habits, and developed tastes and atttudes
sbout food Ideally the product nught be produced and consumed mumply
because the people liked it. Practically thus seldom happens, and it never
happens quickly  Patient, persistent propagands and promotion, often aided
by economic subsidy may be necessary until people acqurre a taate and dt'\f‘*z
o demand for the food. Smce the complete development of thes technique
ennchment fnvades the fields of agriculture extensfon, gerdemng hore cconom-
s, soclology economics, and other esoteric subjects about which this observer
Lnows little, the discuswion will be terminated at this point
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Neve S Sceomseaw (Pan Amertcan Sanuary Bureas, Reponal Office for
the Amenicas of the World Health Organsation and Instifule of Muirtion of
Cendral Amenica and Panama (INCAP) Guatemala C A) Protein malnutn
t10n 18 now recognized as & major problem for most of the world s so-called
underdeveloped arens, which embrace a large part of the earth s surface and
its population WHO FAO, and UNICEF are all actively trymg within
the lrmts of therr resources, to do something defimte and helpful about this
problem. James 3 Hundley has very ably reviewed the principal protem
rch foods that might be made available m suficent quantity to be of practical
value  He has also ontlined some of the problems of standardization, bwloglcal
testing and commeraal production that make the evaluatnon of these sources
relatrvely slow and pamstaking and that require well-trained personnel and
Iaboratory fadilities not ordinarily available in the areas where specal proten
supplements are mast needed. The help of the above mentioned specalized
agencies of the United Natlons and the grant from the Rockefeller Foundation
ﬂanﬁomlRtmchCoundltofuﬂbcrthumkmmvmgwmgem

1 also call attention to the prmciples that Hundley has clearly presented
and that must be followed in developing supplementary foods for large-scale
feeding to huroan populations. These prinaples are essentully those elab-
omted by the Conference on Human Protemn Requirements and Their Fulfill
ment in Practice beld in Princeton, N T, in June 1955 and sponsored by the Food
and Agncalture Organization, the World Haalth Orgamzation, and the Josah

Macy Jr Foundation! and later rephmased by the WHO Protem Adwsany

Commuttee and accepted by the three mtermational organizations concerned

with the problem WHO FAO apd UNICEF The prinaples in question

Ve 1o ensure an orderly and techmcally sound procedure for developing the

proposed protem nch supplements and 1o protect both the intermational
orgamizations and the people of the socalled underdeveloped areas from
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madequately teated products.  They should be adhered to by all aspuring to
contribute to the solution of the world problem of protein malnutntion,
Hundley mentioned the varmbility of plant products, a factor that plagres
al! of us who are trymng to standardizs and fest vegetable protein mixtures.
A vegeiable muxture such as that elready presented by Béhar,? which contains
S0 per cent com, may vary not only i the total amount of protein supphed
by the corn, but also 10 the Amounts and proportions of the essential ammeo
acuds contamed 1n this protew. This is shown graphically m F1oUREs 1 and 2.
Brochemically speaking corn 18 a highly vanable food, varieties grown withn
the same town in Guatemala may vary from 7 to 12 per cent protem and the
protemn of the latter vanety may also be greatly superior to that of the former?
A few years ago we bad no sausfactory way of determuning from aralytical
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figures which combination of higher and lower values for the vanous essentul
amino acids represented the better net prote valse  The concept of 8 reler
ence amuo acid pattern proposed by the Committee on Protein Requirements
of FAO! and discussed by Alltson® has been tremendously useful although st 8
admttedly still & first apprommation, conclusions drewn from st ahould b;
confirmed by biwologreal tnals. Plotting varwetres of corn as in rmmm
makes 1t possible to estimate the relative mportance of the several essenl
ammo acid deficiencies, as well 23 to compare two varieties of markedty d.ferent
tota) protemn content In thus case, the higher protein corn has a lower m
because 1t 15 lower 1n tryptophan, but the total smount of mirogen reid
fed should also be higher
pqrtl\?wxn; shows some recent rg;'n'ulls of very consderable interest T;"‘:
brothers, 5 and 8 years old recovenng from kwashrorkor were gnen o
INCAP Vegetable Mixture 8 described by Béhar not as the sole mhfcmt
protem but as 70 and 60 per cent, respectrvely of the total proten ¢
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of the protein was furnished by corn and beans as ordinanly consumed After
1 5-day peniod dunng which mtrogen balance was determined, the protein of
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of the vegetable mixture was replaced by that of mulk and the nitrogen balance
study repeated  In both children the amount of mitrogen absorbed wher
mulk was a major protein source was greater but the total retamed was less
The diet with the vegetable muixture resulted i the retention of 50 per cent
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more nitrogen m ane child and 63 per cent in the otber than when milk was

grven

Of course theae studies must be repented on additsonal children, but 1t appears
that38pe.rcr.utafpmtdnimmmmcmd12pe.rccntoa‘pmtﬂnfmmcotmn-
seed menl very favorably altered the total value of the protem m & diet m
which nearly all of the rest of the protein came from corn and black beans.
Perhaps the value of supplementing predominantly vegetable diets, the proten
content of which 13 low in biological value with other vegetable proteins has
been underestimated

Whether ar not there 13 a place for supplementation with synthetic amiso
acds can be determined only by further studies. However Gémez' hes
presented very nteresting data ahowing that nitrogen retention in children
13 improved when tryptophan and lysine are added to = bean-and tortil
diet.  As Gydrgy pomnted out 1n his earlier comments, we have recently reported

Tamr 1
Nrrrooxw Baramce Cowrarons or Mxep Dreny

(rm./x, l e mu-x’xm..ﬂ‘ foid

Dict with Alix. 8 47 12 68 25 1%
* Diet with AMilk 46 130 76 17 126

Diet with Mix. 8 44 106 5 18 1
;Diet with Milk 39 104 73 12 15

* 17 kg male,

1186 male,

Reproduced by permiesion of INCAP

that the addition of methiomne m the amount apparently called for by the
referenice amino acxd pattern resulted in a decrease rather than an mcreast,
m the nitrogen retention of young children on & corn dret aiready supplemrented
with tryptophan and lysine? Nevertheless, the addition of these two emino
acids, n the propartions suggested by compansan with the reference pattern,
had previomly resalted 1n a very significant increase in mtrogen retentlon, 18
in the cases presented by Gémez.  Our results not only confirm the point made
by Harper m hus talk® and by Gy6rgy in his comments, that amino acid supple-
mentation may result in imbalences that do harm they also show that whben
such imbalances are avoided striking increases 1 mitrogen retention can be
achieved. Whether this 1s a feastble method of improving the quality ufdﬂ;
1n which the protein 18 of low biological vatue remains to be establhed 1;_00
dear however, that we should try to learn as much as possible about :1‘11 o
acd imbealances by studying the effects of k)g;:t:wd combinations and of ¢
addition of synthetle amino acids to human

The pmtﬁt}ut can be obtained from fresh green leaves is an mtcruﬂuzi
potential source of protem of good brological value for human nulnm
that has not been mentroned 1o this monograph and it is one that gooi
some day assume grest importance Lesf protein is known to have &
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ymino acid balance and with favorable light, sofl, and water conditions,
he yrelds per acre can be enormous. The mmple extraction method and the
figures presented by N W Pine of England ment serious consieration * 1*

While 1t 1s not clear which speaific proposals will, in the long run, prove
most practical for the solution of the problem of protein malnutntion mn so-
alled underdeveloped areas, a concerted attack with strong international
rpport is being made on the problem. It 18 evident fram the papers and
discussions In this publication that substantial progress 1s being made, and that
the next few years will be exating ones for persons Interested m this feld
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J B Arusovw (Rufgers Unirersity New Brunswick N J) 1 propose to
discuss some results of a study undertaken cooperatively by the Bureau of
Bralogical Research at Rutgers University and a group of laboratorres. These
results, I believe will supplement Hundley’s very excellent paper

The investigators conducting this invesugation selected the following protein
sources for study whole egg egg albummn beef @sein peanut flour and
wheat gluten They determined the amino aad pattern mn each and the
nutntive values when fed to the mouse, rat, dog and man. The data obtained
emphasized the importance of an adequate daily nitrogen intake to the welfare
of the indrvidual and furthermore, established the fact that the efficeency of
utilization of that intake was 2 function of the pattern of the dictary amino
acids. If for emmple, 04 gm protein/day/kg of body weight 1s required
for mamntenance in adult man then that requirement could be met by feeding
approumately 04 gm of egg protein/day/Ag  If on the other hand 04 gm
of wheat gluten was fed, only 0 16 gm. would be contributmg to tissue synthests,
the remamder bemg ondized 1n energy pathways. Appronmately 1 gm of
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wheat gluten/day/kg of body weight would be needed for manterance of
mitrogen equilibnum  ‘The data obtaned however indicate that if the buo-
logical value 18 low 1t 13 better to improve the pattern of amino acsds by supple-
mentatton with other dietary proteins than smply to wcrease the intake to
meet the requirements for ementml ammo acds Improvement through
supplementation 1s particularly important for growth

Indeed, the requirements for easential anune acds probably are relatively
qute low  Feeding sufficent egg protein to meet the requrement foc mun-
tenance supplies at least twice the mmmum requrement for amno acds
determuned through experiments involving feeding of these acads. It may be
possible to reduce the amount of egg protem below so-called nmintenance re-
quirements if some form of nonessential nitrogen is added to supply the def
{art 1m nitrogen.

It might even be aaid that the primary need 15 for nitrogen, with a pattem
of exsential amino acrds that will permit maxmum utilization—that, in general,
the lmiting factor is the pattern and not the quantity of essental amino aods
mn the diet A reference pattern for evaluating dietary proteins has been
sought for some time The pattern of essential amino acids represented by
egg proteins is often used for reference because af the hugh brological value of
these protens. It is beheved, however thet the reference could be developed
from vanous studses of minimum requirements for amino acids, that egg protem
might posseas some of the emsentral amino acids m more or less excess.  Unng
such a “luxury’ excess might overemphamze some esseatial amino acid defi-
ciencies 1 other protem sources. Whether thus is true or not, the develop-
ment of the reference pattern through experiments with muxtures of essential
amino acids would give an expenmental background to the pattern  The
Commuttes on Protein Requirements of the Food and Agriculture Organinttion
of the Umted Nations, therefore studsed all the available data on pununom
requirements for essential armuo acds for muntenance and for growth  Tho
study resulted mn the following reference pattern, wiuch Scrmshas bas also
described 1n his excelient paper  This pattern m expressed as mg amino aced
per gm of rutrogen 1solenaine, 270 leucine, 306 lysne, 270 phenylalanme
180 tyrosine 180 sulfur ammo acid total 270 methiorune 144 threonine,
180 trvptophan, 90 and valine 270 This reference which mll appesr i2
the report of the committee should ot be taken either as final or 1deal It
may vary with physiological state age and species, but 1t represents s first
step in the determupation of mmimum requirements for the estimate of muir-
tive value of dretary proteins



ECONOMIC ASPECTS OF AMINO ACID SUPPLEMENTATION

ByN W Flodin
Hectrockemicals Depariment E. 1 du Pent d¢ Nemenrs & Co., Inc., Wilmingion Dd

1 propose to make a few comments regarding the umpact of economucs on
the question of supplementing foods with amuno acids. Economics has a
drect beanng on the various aspects of ammo aad imbalance discussed by
Harper und also on the possible use of amino acids 1n alleviating the protem
nutniton problems described by Hundley and by other contributors to these

pages.

First, there 13 the possibilty mentioned by Harper that amino aad supple
mentation may, under some arcumstances, precipitate a vitamin defiaency
state It most be recoguzed at the outset that any vitamins and minerals
that may be needed can today be supphed to the diet at relatrvely munor cost.
Any program of ammo ackd supplementation should therefore have as a

accompamment the provision of those vitamins and minerals known
to be present in margnal quantity

Next, we must consder the economic probabilities of multiple amino acd
suppkmentation that s, the addition of several essentmal amino aads at one
time. 1 we must supplement a ton of food with 3 or 4 Ib of the first hmiting
ammo acxd, 2 b of the next kmting 11b each of the third and fourth imting
ammo acd, and %0 on we shall armive at an economic impasse.  The final cost
per ton of supplemented food will be impossibly high. In practice we shall
probably be forced to confine ammo acd supplementation to meeting only
the pnmary lmitmg defiaency or m some cases, where 2 ammno acds are
almost equally short to meeting the firat and second hmiting defiaencies.

Now to what extent do we snpplement to meet the first, or the first and
second hmiting deficencies? Economics tells us we must use the very lenst
amount of supplement that will do a mtisfactory job  As Rosenberg! ? and
\addelP® have recently pomnted out the way to determine this amount is to

titrate  the growth response or mitrogen retention against successrve small
additions of amino acxd A range of supplementation levels 15 explored with a
number of expenmental groups, and the supplement level 1s vared by very small
increments, frequently to be measured in terms of hundredths, rather than
tenths, of one per cent of the diet. If the response to the first hmiting amino
acid is plotted agamst the loganthm of the percentage of that ammo aad in

the diet according to the general method described by Almquist,t* the
response reaches a platenu at the point where the first limting amino acd has
come into balance with the second limiting amino acad (riGure 1) Further
additions of the first imiting amino aad will now have no further effect until,
at excessive fevels, they may produce a growth depression due to amno acd
imbalance  Obviously economics dictates that no more be used than will
bring the response close to the plateau level

If the attempt 1s made to remedy the second hmiting deficiency then the
levels of both the first and second lmitmg amino aads must be increased to a

1061






Flodin Economic Aspects of Supplementation

of fish protemn to our hypothetical diet, we shali balance 7 to 8 gm
proten, making a total of 14 to 16 gm of balanced “fish wheat” pr
leaving 42 to 43 gm. of unbalanced wheat proten  The unbalana
of the protem will have a nutntional value equivalent to 21 to 2!
asem. In all, the total “balanced protem equivalent’ of the dt
35510 37 gm  The added cost of 10 gm of fish four conteimmg
per cent protein, at 12 to 13 cents per pound  will be 0.264 to 0.286

How much added L lysine monohydrochlonde would 1t take to
balanced protem value of 50 gm of wheat protewn from 25 gm to
gm.? I we add enough lysine to balance 21 gm. of the 50, then,
unbalanced protem rematnuing (29 gm.) will be nutritionally equivale
gm. of balanced protein, we shall have a total ‘balanced proten e
of 355 gm. Sumlarly, if enough lymne 1 added to balance 24 gr
maming 26 gm. of unbalanced protein wall contribute the nutntional
of 13 gm. of balanced protem, and we obtam a total ‘balanced prott
lent” of 37 gm. At the generally recommended fortification level ¢
cent Llymne monahvdrochloride by weight of 12 per cent protem fl
by animal experiments, doubles the protein value of the flour, we
0437 gm to balance 21 gm. of wheat protein and 0.50 gm to balas
Equatmg these quantities of supplement to the cost of 10 gm. of
we armve at an equivalent cost for I-lyune monohydrochlonde a ¢t
$2.40 to $300/Tb It does not scem too visionary to expect the p
poach at least the upper end of this range, grven a market large
bring about the full economies of mass production.

These calcnlations have been camed out with much more prec
our knowledge warrants. They are presented merely to indicnats
cost of amino ackd fortificanon, at least in the case of lywne, Is pot
the range of very low-cost proten addiives  Nor 1a 1t intended
that ammo acd fortification should be regarded as competitive w
of protein supplements.  Ideally the solution to protemn deficency
will involve the greatest prachicable ute of available proteny 3o
amng acld fortfication to develop manmum biologreal value, ¢
bear in mind however that, in view of the great difficultses involve
oping acceptabie protein concentrates, amino aod fortifcation con!
cams bring about an improvement in the nutritional status of protes
populations far more speedily than any other means we can now for
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pomt where they are m balance with the thrrd limuting amino acd, as well as
with each other  This is obviously a much more complicated problem

It is apparent that the stringencies of economics will operate to help acheve
the end results deaired by Harper and others who are concerned shout the
possibility of producing fmbalances by adding amino acids.

My final application of econamics to ammo acid supplementation i prampted
by Hundley’s description of an odorless fish flour contaming 70 to 80 per cent
protein, that can be purchesed i bulk 1o some places for 12 to 13 cents per
pound This 15 a phenomenally low price for high-quality protein. In
comparison nonfat dry milk contmimng 36 per cent protein, costs sboat 15
cents per pound in carload lots 1 the Unjted States. Low-cost fish flour
therefore provides us with a rather entical yardstick agamst which to measure
the potential long term price of fymne.
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It 5 not strictly proper to measure a complete protem sganst a sngle amino
acid, as the one mcreases the total smount of protem m the dict, while the
other merely chenges the amino acid balance However s comparison 1
possible if one remembers that in the long run the body can use for 1ts nutritoa
only units of balanced protem, the remainder of the dietary protem bﬁ
wasted. Hundley has told us that 10 gm. of fish flour can be added ton “
at a cost of roughly one fourth of one cent per day Thhadds?toﬂgm-d
fish protews. Let us assume that the additlon s to & dnetpmvidlngwsm-m
protein entirely from wheat, The biological value of wheat protein b gﬂ;ﬂ
accepted to be about one half that of meat or milk protein, 00 thltt.h:xd e
would have & nutritional value equivalent to about 25 gm. of & balll ﬁi’;‘
tem such as casein  There 13 evidence from human studses,” ¥ as weil 28 o
the ammal studica described by Allson in these pages, that wbe;;pmt
supplemented with lysine has a protemn value sumllar to that of casel ) and

Ammal feeding studres indicate that a muxture of equal parts mlmmw
wheat protein also hasabout thesame biological valueas casein IM_/“‘:Q g
that ths observation applies to humans as weil  Then, if we rdd
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A third point I pote 18 the importance of the amino acd pattern  Protem
requirements may be high or low, depending on vaniables such as those we have
just discussed, but whatever they are, 1t scems always desirable to meet the
requirements, nsofar as possible, with protein of high biological value, that 1s
one having an amino acd pattern that permits efficient utihzation of protem
Iy the body The animal proteins are of this type, and 1t appears possible to
ugynthemze” such protens by supplementmg low-quality vegetable protems
with certain amino acds, provided we avoid the addition of wasteful excesses

A fourth thing of nterest 13 the emphasis that & number of the contributors,
for example Talbot Allison, and Abbott place on the importance of considerng
caloties m relation to the protemn requrement.  One could almest say that 1t
s mpossible to talk about protein requirement without saying something m
the seme breath about the calories available

A fifth point that interests me 13 Walker’s descniption of the remarkable
pature of the Bantu people also his mention of a problem frequently en
countered 1n technically underdeveloped areas the tendency of the mother
to make the mfant feeding mixtures too dilute I remember a year
ago visting one or two prumtive lecahties, not far from Dakar where milk
powder was heng distributed. The young men m charge of this distribution
said they found 1t difficult to persuade the mothers to use enough of this powder
The women used only enough to make a chalky looking mixture and that s
what they gave to ther children. If only they would have made 1t more
concentrated! It seems to me that 1n the United States most of us behave n

just the opposite way

A sixth pomnt, made 1n Hundley's paper and referred to briefly 1n previous
discussions, is the possibility of overcoming protem deficencies 1 vanous
parts of the world by using vegetable protens and mixtures of vegetable
protemns with fish flour vanous types of beans, peanut flour, 2and milk, as well
a8 the possibility of increamng the proten quahty of the staple food of vanous
areas by the use of arystalline smino acds.  The addition of fish flour vege

table mixtures, and dried slim milk to the native diet however creates prob-
lems of education technical ‘knmow how  adequate production, and distribu-
tion

T think many of us whose primary interest is research m nutntion are apt
to overlook the fact that the findings of research are not enough. Some
means of communication must be found to transmit to peaple 1n vanous parts
of the world including those m the United States, an understanding of the
principles and the importance of good nutrition,

About a year ago n Lagos, Nigena, T visnited a laboratory of physiology
where W S'S. Ladell was carrymg out mitrogen-balance studies on 10 or 12 in
dniduals. Ladell was addmg peanut flour m various proportions to gari, the
natve doh of Nigerla which s fermented casmavn Ordmarily this 'd;sh
makes up 90 per cent of the natvedset  Ladell showed that by mtroducing 10
Dl;lis per cent peanut flour to this diet he could produce a positive nutrogen

nce.  He found he could introduce as much as 4> per cent 1n the fermented
assava and still have a product perfectly acceptable to his 12 subjects
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It 1s mteresting that no one m these pages has asked the question What
are the absolate protein needs of children? The opiions of contributors who
have the task pnmarily of taking care of sick children and keepimg well children
well have differed from those of people who are primanly thearsts and exper-
mentehss. 1 think we can sy, generally that the experimentslists are of
the opmson that a modest amount of protern is fine for all practical purposes.
On the other hand, those whose pnmary job 15 dealing with the patient and
with the parent tend to believe that a generous amount of proten fs a desmable
thing In the dlet of children in the United States.

Behind some of these differences of opinion s the old question of mummun
and optimum intakes. For almost any nutnent we might mention there 8
most likely a mmmum intake necessary for hfe, an optimum intake compatible
with excellent health and, finally an excesuve level of mtake that 1 infuras.
1t 18 comparatively easy to define the mummum mteke and the Jevel that will
cause ;njury It 18 usually very difficult to define an optimum intake, howeves
because we are not so clear on what constitutes optimum health or how to
measure 1t

I believe one of the unportant thungs in this monograph s the presentation
by Stearns and Johnston of same cnitera for optimum protein nutntioe 12
children and adolescents. Few parents i tlus country would dispute the
desxeability of giving thelr youngaters sufficent protemn to assure them of good
musculature 1 order to help them maintam good posture, to help provide
them with & normal childish exuberance and energy, and to help them resist
tuberculoms and rheumatic fever On the other hand, 11 many parts of the
world the question of optimum protemn nutritton is academic while the 1mpor
tant problem m stmply to meet the muumum that Is, to get enough proteis
or protemn of sufficiently high quality mto these children to heep them alve
In the more technically developed countrres it will be possible to am at opti-
mum nutnent intakes, but for much of the workd we shall probably bave to bt
content if we can achreve mmmums.

Tbcwcondthmgdmtcmntomeutheemphnmphctdbymdlb‘
contributors on indrvidual varmbility  In this cannection I ate the two caxcs
presented 1 Stuart s paper one child at the top of the percentiles and the
second child at the bottom of the percentiles. Stuart stressed the high degree
of variability among individuals observed by his group

e should note here also that the previous dsetary history and stresics 1o
which the child has been exposed can cause large varfations in protem 'fq"";,
ments Thus the mtakes of 6 to 8 gm. or more of protem per kilogram
body weight consumed by kwashiorkor patients during recovery are ”?‘Hm
bigh for these unfortunate children, but mught be dearly excessive for chiklred
whase protein reserves had not been so depleted
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