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The Protein Requirement of Infants at the Age of about One Year *

by H. CHAN and J. C. WATERLOW, Medical Research Council, Tropical Metabolism Research Unit,
University of the West Indies, Jamaica

The aim of the work summarized in the present
note was to obtain more accurate information than
is at present available about the protein needs of
infants at the age of about 1 year, which is the time
when kwashiorkor most commonly develops.
The first objective was to determine the main-

tenance requirement for nitrogen. The subjects
studied were infants who had recovered from mal-
nutrition. The trials were not begun until the babies
were well on the way to recovery, although in most
cases they were still below the normal weight for
their height.
The criteria used were the classical ones of nitro-

gen balance and weight gain. The diets supplied
120 kcal per day. The sole source of protein was
dried skimmed milk, whose NPU standardized,
measured on the rat, was found to be 85.
The maintenance requirement was measured by

feeding to different children isocaloric diets providing
progressively smaller amounts of protein, from
200 mg N down to 100 mg N per kg per day. The
retention plotted against intake fell on a straight line.
The minimum intake needed to secure N balance
was approximately 100 mg N per kg per day. This
figure is somewhat higher than that obtained previ-
ously by extrapolation from much higher levels of
intake. The coefficient of variation between indi-
vidual subjects in the present series was 11 %. Thus
an intake of 120 mg N, corresponding to 0.75 g
protein per kg per day, should cover the main-
tenance requirements in the great majority of
children. At this low level of intake the children lost
weight at the rate of 2 g per kg per day. However,
this refers only to the short period of the balance
measurement (8-10 days), when children tend to lose
weight because of being restrained. It was not
considered justifiable to keep them longer on this
low protein intake.

Next, an attempt was made to find the minimum
requirement for normal growth. Eleven children
who had recovered from malnutrition were fed for
three weeks on a diet providing 210 mg N to 280

* A full account of the work summarized here will be
published in the British Journal of Nutrition.

mg N per kg per day. During the middle week N
balance was measured. The trial was not begun
until the infants had reached the normal weight for
their height, although they were still a little under
the normal height for their age by North American
standards; In other words, some degree of stunting of
growth persisted as a result of chronic malnutrition.

Seven of the children received less than 240 mg N
per kg per day. The average results in this group,
expressed per kg body-weight per day, were as
follows: N intake, 218 mg; N retained, 83 mg;
weight gain, 3.10 g. The utilization, corrected for
maintenance-i.e., the NPU operative-was 85 %.
This is identical with the figure obtained for NPU
in the rat. The average N content of the tissue
gained was 2.84 g per 100 g, suggesting that no
excess of fat was being laid down. The rate of weight
gain was rather higher than the normal rate at this
age, which may be taken as about 2 g per kg per day.
It may be that " catch-up " growth was occurring,
because these children, although apparently normal,
were still a little stunted as a result of previous mal-
nutrition. With higher intakes they are capable of
even higher rates of growth.

It seems, therefore, that normal growth can be
achieved on an intake of about 200 mg N, corre-
sponding to 1.25 g protein, per kg per day. This is
identical with the figure given in the report of the
Joint FAO/WHO Expert Group on Protein Require-
ments a for the requirement of infants at 9-12 months,
based on the observed intake of breast-fed babies
growing normally. The requirement calculated on
theoretical grounds is given as 0.93 g per kg per day,
in terms of reference protein (100% utilized). If this
is corrected for an NPU of 85, the resulting figure
is 1.1 g per kg per day. Our results therefore confirm
the tentative recommendations of the Joint FAO/
WHO Expert Group.
Some experiments were also done to find out how

much protein is lost from the body when the child
is transferred from a high to a low intake. This is
relevant to the problem of protein requirements,

a Joint FAO/WHO Expert Group on Protein Require-
ments (1965) Wld Hlth Org. techn. Rep. Ser., 301.
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since it might be maintained that at the minimum
levels of intake the children were abnormal, because
they would have lost a large amount of " labile "
protein. It was also expected on general grounds
that during the adaptation from a high to a low
intake the malnourished child would show a greater
economy of nitrogen than the well-nourished.

Seven children were tested twice, first when mal-
nourished and again after recovery. Four other
children were tested in the initial state only. N ba-
lance was measured on an intake of 34 g protein
per kg per day. The child was then fed at the main-
tenance level of 0.8 g per kg per day, and the
N balance measured until the urinary output had
become stable. This occurred much more quickly

than in the adult-in two to three days, compared
with five to eight days in the adult.
The average total N loss during the adaptation

period was 190 mg per kg in the malnourished
children, and 228 mg per kg after recovery. The
difference is insignificant. Again the loss is much
less than in the adult. It has been computed that the
adult during adaptation may lose 3 %-5 % of total
body N, i.e., 900-1500 mg per kg. This has been
described as a loss of " labile " protein. The infant
loses less than 1 %, which can hardly be considered
of any importance. It is therefore concluded that
feeding protein at the minimum level needed for
growth will not lead to a significant depletion of
" labile " protein or of body protein " reserves ".



Transliteration
from Cyrillic characters

The "International System for the Trans-
literation of Cyrillic Characters ", set out in
Recommendation ISO/R9-1954 (E) of the Inter-
national Organization for Standardization, is
normally used in the Bulletin of the World Health
Organization for personal names, titles of publi-
cations, etc. However, papers accepted for
publication may contain names transliterated
differently, and if the original Cyrillic spelling is
not recognizable inconsistencies may occur.

For convenience the transliteration from
Russian according to ISO/R9 is given below:

Translitteration
des Caracteres cyrilliques

Le < Systeme international pour la translitte-
ration des caracteres cyrilliques )) presente dans
la Recommandation ISO/R9-1954 (F) de l'Orga-
nisation internationale de Normalisation est
generalement utilise dans le Bulletin de l'Organi-
sation mondiale de la Sante pour les noms de
personnes, les titres de publications, etc. Cepen-
dant des articles acceptes pour publication
peuvent contenir des noms translitteres diffe-
remment et si l'orthographe cyrillique originale
n'est pas reconnaissable un manque d'unifor-
mite peut s'ensuivre.
A toutes fins utiles, la translitteration du russe

selon la recommandation ISO/R9 est indiquee
cl-apres:

Trans- Trans-
Cyilc literation Cyilc literationCyili from Cyilc from

character Russian Examples and remarks character Russian Examples and remarks
Caractere Trans- Exemples et observations Caractire Trans- Exemples et observations
cyrillique litt6ration cyrillique litt6ration

du russe du russe

A, a a Axrpec = Adres Y, y u YTPO = Utro
B, 6 b Ba6a = Baba | 1,I | f | H3HKa = Fizika

B, B V Bbi = Vy X, x h XHMw4eCKKH = Himiceskij
r, r g rnaBa = Glava LI, it c LIeHTpanbHbJH = Central'nyj

ronoBa = Golova q q c 'Lacbl = easy
ll, R d 1a=Da LU, m s WlKonia = Skola

E, e 0e) t e (e) EuLe = Esce |I, u. | c LLeKca = keka
31, w z )ypHan = Zurnal (medial, "or" In modern Russian, where
3, 3 z 3Meaa = Zvezda medial) "ou" sometimes replaces medial -b,

transliteration is still .
, ui HI 'b, 'b En russe moderne, oui le ' rem-

U-blU-, -OU place quelquefois le 'b medial, la-big, _H t -OH=-Yi,* -ij, -oi translitteration reste .
C,K k I{aK = Kak ' (final) (Not

J1, ni 1I Jl1o6HTb Ljubit' trans-literated.
M, M m My>K = Muz Non trans-
H, H n HHAKHHi - Niznij litt6r6.)
0, 0 o O6necTrBo = Obkestvo bl, bl y Ebull Byl
fn, n p IFlepBblfi Pervyj b, b 'orl 'ou' MaAeHbKHfl = Malen'kij
P,P r Pbi6a Ryba 3, a e 3ro = Eto
C, c s CecTpa = Sestra 10, 10 ju IOKHblrI = Juznyj
T, T t ToBapHuAt = Tovarisc | 51, ja hLiO = Jajco
' Cyrillic e to be transliterated by e only when the diacritical appears in the original. Le e cyrillique ne doit Atre translitt6r6par e que lorsque la diacritique apparatt dans l'original.


