
PROTEIN REQUIREMENTS OF INFANTS

3. THE NUTRITION OF PREMATURE INFANTS*
BY

W. F. YOUNG, M.D., D.C.H., P. POYNER-WALL, M.B., B.S., D.C.H.,
H. C. HUMPHREYS, M.B., B.Chir., D.C.H., E. FINCH, M.Sc.,

and 1. BROADBENT, M.A.
From the Children's Hospital and Department of Paediatrics and Child Health,

University of Birmingham
(RECEIVED FOR PUBLICATION, AUGUST 18, 1949)

During the first year of life the mortality rate is
higher for prematurely born infants than for those
born at term. In a recent study by Crosse and
Hallum (1947) it was found that even after the first
month of life, the mortality was 47 per 1,000
premature live births (twice as high as for full-term
infants), infection being the main cause of death.
There are no statistics for the morbidity rate, but
this must also be high. Premature infants are
known to become anaemic (Parsons and Hawksley,
1933; Mackay, 1935; Blackfan, Diamond, and
Leister, 1944), and it seems probable that this and
other effects of nutritional deficiency may con-
tribute to the high death rate from infection. It is
important therefore to supply premature babies
with their full requirements for optimum nutrition
and to continue to do this for some months after
their discharge from hospital.

Nitrogen and Protein Retention in the Foetus and
Full-term Infant

Knowledge of growth and nitrogen retention in
the foetus during the later weeks of gestation may
be used to outline a pattern of the needs of the
premature baby. One of the most serious handicaps
of premature birth is the low content of protein and
of minerals in the body. Premature infants born
after the twenty-eighth week are sometimes viable,
but most of those who survive are born after the
thirty-second week of gestation and then weigh about
1,500 g. The development of the foetus of this age
and weight whose gestation is continued to term.
compared with that of the full-term infant during
the first month of life is shown in Table 1. During
the ninth and tenth lunar months the foetus gains
about 690 g. and 1,000 g. respectively of which

* Part of a report prepared for the Medical Research Council's
Committee on the Protein Requirements of Infants.
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100 g. and 155 g. are protein (Macy and Hunscher,
1934; Huggett, 1946). On a basis of bodyweight
this is about 2-0 g./kg./day, whereas the full-term
infant during the first month of life retains
1I0 g./kg./day of protein (Beach, Bernstein, and
Macy, 1941), and as it grows older the amount
falls to about 0 75 g./kg./day (Daniels and Hejinian,
1929; Jeans and Stearns, 1933; Nelson, 1930;
Albanese, 1947). If the premature infant is to
follow the pattern of growth which it would have
achieved in utero, it must continue to retain as large
amounts of protein as would have been laid down
if gestation had been continued to term.

Utilization of Protein by Premature and Full-term
Infants

Gordon, Levine, Wheatley, and Marples (1937)
found that premature infants fed on human milk
(or 'humanized ' cow's milk mixtures) utilized
about 70% of protein, retaining an average of
0-245 g. of nitrogen which is equivalent to about
1-5 g. protein/kg./day and represents a highly
efficient use of the food. Full-term infants fed on
similar diets retain less nitrogen, their utilization
of protein being of the order of 50% which is
equivalent to about 1 g./kg./day (Beach et al.,
1941). By raising the quantity of cows' milk-
and hence the protein-given to full-term infants,
Nelson (1930) found that increased amounts of
nitrogen were stored and that the babies gained
more weight, but the maximum retention of protein
was only about 1*3 g./kg./day and not nearly as
great as that which is laid down by premature babies
on high protein diets. Thus nitrogen balance
studies in premature infants aged 6-60 days (Gordon
et al., 1937) showed that more nitrogen was retained
as the protein intake was increased from about
2'8 to 5 g./kg./day, and, with the larger amounts,
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ARCHIVES OF DISEASE IN CHILDHOOD

TABLE 1
A. GAiN IN WEIGHT AND PROTEIN RETENTION OF FoErus IN LAST Two MONTHS OF GESTATION AND INFANT IN FUIST
MONTH AFTER BIRTH AT TERM. B. PRoTEiN REQuRtEmENTs OF PREMATURE AND FULL-TERM INFANTS BASED ON

TiEORETcAL' NEEDS AND UTILzATION OF PROTEIN

Foetus in Utero Full-Term Infant

Ninth Lunar Tenth Lunar First Month of
Month Month Life

A. g. g. g.
per month 690 1,000 750

Gain in Weight (g.) per day 25 36 27
perkg.bodyweight 13-5 13-2 7-1

per day

per month 100 155 110
Retention of Protein per day 3-6 5 5 3 9

per kg. bodyweight 2-0 2-1 1 0
per day

B. Premature Infant Full-Term Infant
per day 7-2- 11 0- 11 0

Protein required by Infants per kg. bodyweight 4-0 4-0- about 2 0
per day

Term
Gestational Age in Weeks 32 36 40

the average retention was 0 352 g. nitrogen, which
is equivalent to about 2-2 g. protein,'kg. 'day,
i.e. about 50% utilization. It therefore seems
probable that the diet of premature infants should
contain at least 4 g. of protein /kg. 'day in order to
allow retention of about 2-0 g. t'kg., day during the
period corresponding to the thirty-second to
fortieth weeks of gestation (see Table 1). Levine
and Gordon (1942) have used 6-0 g. 'kg. /day and
it may be advantageous to give these large amounts
to provide for a specific need for individual amino
acids. Human milk and modified cow's milk
formulae with a protein content based on that of
human milk may not supply enough protein. Thus
150-180 ml., the usual volume to be well tolerated
by premature infants, contain only 3-25-2-7 g. of
protein (assuming that the protein content of human
milkislI5g. 0.

Relatio between Diet and Weight Gain. Gordon
and his co-workers have continued their studies of
the nutrition of premature infants by comparing
the weight gained by premature infants receiving
diets which differed in composition but were of
equal caloric value (Gordon, Levine, and McNamara
1947). Table 2 gives the composition of the three
feeds which were used and the average weight gained
by babies in two weight groups between the seventh
and the twenty-eighth day of life. The difference in
the amount of weight which was gained on the
three feeds is significant for the smaller but not for

the larger infants. Thus the 31 smaller babies
receiving a high protein, low fat intake (half-
skimmed milk mixture) gained an average of
17- 3 g./kg./day and this gain is of similar magnitude
to that achieved by the foetus in utero during the
eighth lunar month. The 14 infants in the same
weight group receiving a moderately high intake of
fat and protein (evaporated cow's milk mixture),
gained an average of 14-9 g./kg./day, while the
four receiving human milk (low protein and high
fat) gained an average of 11 -7 g. 'kg.,' day. In
contrast the average rate of gain by the larger infants
was similar for the three series receiving the different
diets, and was approximately the same as that
of the foetus during the ninth lunar month (Table 1).
The rate at which weight was gained by both the
smaller and the larger infants on all three diets,
however, was high as judged by some textbook
standards. This was probably due to the mainten-
ance of a uniform caloric intake (120 cals./kg./day)
which was achieved by giving feeds by gavage to
infants who could not suck. The good progress
of the smaller infants who were given the half-
skimned milk mixture led Gordon and his colleague
to give it to a group of 11 very small infants, whose
birthweights lay below 1,000 g. Their average gain
between the seventh and twenty-eighth daiy of life
was 17-6 g. 'kg. 'day and it is probable from the
data in the report that they reached an average of
2,350 g. (a gain of 1,400 g.) by the end of nine weeks.
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PROTEIN REQUIREMENTS OF INFANTS 3
TABLE 2

RESPONSE TO DIFFERENT DIETS IN STUDY OF NUTRMON OF PREMATURE INFANTS (GoRDON et al., 1947)

Intake/Kg./Day Average Weight Gain (G./Kg./Day)

Type of Food Fluid Cals. Protein Fat Carbo- Birth weight Birth weight
(ml.) (g.) (g.) hydrate (1,022 g.-1,621 g.) (1,622 g.-1,996 g.)

(g.)

Half-skimmed milk with added
carbohydrate .. .. 150 120 6 0 2 2 19-4 17-3 (31 infants) 14-2 (36 infants)

Evaporated cows' milk .. 150 120 4-8 55 12 9 14 9 (14 infants) 13 7 (25 infants)

Human milk .. .. .. 180 120 2 2 6-7 12-9 117 (4 infants) 12-7 (12 infants)

The rate of gain was therefore equal to that of the
foetus during the later weeks of gestation.
Few paediatricians expect progress of the order

which has just been described from very small
premature infants during the early weeks of life.
Hess and Lundeen (1941), for instance, consider that
a daily weight gain of 5 to 10 g. is adequate for
infants weighing less than 1,500 g. and believe that
' minimal feedings ' are rewarded by good ultimate
results. The premature infants under their care
usually receive only 80 and never more than
100 calories/kg./day until they are one month old.
The food is a mixture of three parts human milk
and one part buttermilk in amounts which supply
only 2-3 g. protein-kg./day, but water is given to
raise the fluid intake to 160 ml./kg./day. Jorpes,
Magnusson, and Wretlind (1946), using human milk
alone in amounts to supply 100 cals./kg./day for
feeding premature infants, also found that their
patients gained weight slowly. Recently, these
authors have supplemented human milk with a

preparation of hydrolysed casein (' aminosol '), and
infants receiving this diet have gained weight much
more rapidly. Hydrolysed casein was found to be
more effective than raw casein when the supplement
given was 2-5 g./kg./day. Jorpes et al. (1946) now
use human milk supplemented with ' aminosol ' and
glucose (2 S5 g./kg./day of each) and have recorded
that when this diet, in amounts to provide
120 cals./kg./day, was given to seven infants whose
average birth weight was 1,354 g., an average gain
of 654 g. was achieved during the first month of life.
This compares well with the 510 and 690 g. gained
by the foetus in utero during the eighth and ninth
lunar months. A group of nine infants with an

average birthweight of 1,962 g. gained 561 g.,
which does not compare so well with the 840 g. laid
down by the foetus in utero during the later part of
the ninth and early part of the tenth lunar months.
Nevertheless, the weight gained by both groups of

infants was nearly twice as great as that gained by
the babies of similar birth weights who were given
human milk alone in quantities to supply 100 cals./
kg./day. Since it has been shown that premature
infants receiving adequate diets will gain weight at
a similar rate to the foetus in utero at corresponding
weeks of gestation, it seems evident that this rate
should be used as the standard in assessing the
progress of these babies.
Our investigation was part of a trial which was

planned by a committee appointed by the Medical
Research Council. At the time when Magnusson
(1944 and 1945) and Jorpes et al. (1946) reported
the value of 'aminosol' for feeding premature
infants were published, British preparations of
hydrolysed casein had recently become available.
It seemed rational to use predigested protein to
supplement the protein intake of premature babies
since, first, they have low gastric acidity (Miller,
1941) and the enzymic activity in the stomach,
pancreas, and possibly the bowel is underdeveloped
(Werner, 1948), and secondly they tend to vomit
and to aspirate after feeding. Protein digests are
composed of a mixture of polypeptides and
amino acids which is freely soluble and can be
absorbed by the alimentary tract without much
digestive activity, and no curd is formed in the
stomach. The present trial of hydrolysed casein
was begun before the paper by Gordon et al. (1947)
showing the value of half-skimmed milk mixtures
for feeding young premature babies had been
published, although Levine and Gordon (1942) had
presented a preliminary report. The relative merits
of predigested and whole milk protein have ylt to
be fully investigated.

Present Investigation
Grouping. All infants admitted to hospital were

examined on the third day of life in order to assess
their general condition, and any infant whose

4
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ARCHIVES OF DISEASE IN CHILDHOOD

condition was very poor or who had a congenital
malformation was omitted from the investigation.
The remainder were grouped according to their
birth weight into the half-pound weight groups which
are shown in Table 3.

TABLE 3
GROUPING OF PREMATURE INFANTS ACCORDING TO

BIRTH WEIGHT

Group Birth Weight (lb. oz. and g.)

G.
I Under 3 0 Under 1,361
2 From 3 0 to 3 71 1,361 - 1,580
3 ,, 3 8 ,, 3 153 1,587 - 1,807
4 ,, 440 ,, 4 71 1,814 - 2,034
5 ,, 4 8 ,, 4 153 2,041 - 2,261

Feeds. In planning the investigation it was
arranged that the diets which were already being
used should be continued as a basis for the feeds to
be given. An amount of casein hydrolysate to raise
the protein concentration by about 2 g./100 ml. was
to be added to the milk feeds of alternate infants,
while control cases were to be given similar milk
feeds which contained a 2% sugar supplement
instead of the hydrolysate. Thus both groups were
to receive diets of equal caloric value.
The composition of the milk feeds which were

used at the beginning (Period I) of our investigation
is shown in Tables 4 and 5. After the investigation
had been in progress for nine months (January to
October, 1946), it became apparent that the infants

were not gaining as much weight during the first
month of life as had been gained by infants who had
been given the optimum diet used by Jorpes et al.
(1946). The caloric intake of the babies in our
series was lower during the first weeks of life, and
this was thought to explain their lower weight gains.

It was therefore decided to use feeds of higher
caloric value by giving both the casein hydrolysate
and the sugar supplement together in the milk
mixtures which were being used. The composition
of these feeds, which were used in the later part of
our investigation (Period H), is shown in Tables 4
and 5 (see over). Evaporated and dried milk ofknown
percentage composition was used, the same brands*
being given to the infants throughout the investiga-
tion. Human milk was obtained locally and was
not analysed. Two preparations of casein hydro-
lysate were supplied for the investigation, one by
Ashe Laboratories Ltd. and the other by Genatosan
Ltd. They contained similar amounts of protein
but there were differences in the mineral composition
(see Table 6), the most important being the lower

* 'Regal brand (Wilts United Dairies) full cream and half crearn
(Special), Cow and Gate.'

TABLF 6
COSMPARISON OF MINERAL CONTENT OF -ASHE

'GENATOSAN' CAsEiN HYDROLYSATE
.AND

Casein Hydrolysate

' Ashe ' ' Genatosan
(mg. log. (mg. IOg.
hydrolysate) hydrolysate)

Totalcalcium (Ca.) 17-34 134
,, sodium (Na.) 12-23 15
,, potassium (K.) Trace 40
,, chlorine (Cl.) 11-40 24
, phosphorus (P.) 1-34 72

calcium content of the Ashe product. Fortunately,
the change from 'Ashe' to 'Genatosan' hydrolysate
was made at a time when the plan of the Birmingham
investigation was being altered, and therefore the
results could easily be separated. The ' Ashe '
hydrolysate was used throughout the first period
except for a week or two at the end when the supplies
were exhausted, while ' Genatosan ' was used
throughout the second period.
PriuoD I. The plan was to give alternate infants

in each weight group the protein supplemented feeds
and the control feeds (Tables 4 and 5). A 5O%
glucose solution was to be given during the first
48 to 72 hours of life until milk feeds were begun.
The infants were then to be given the control feeds
until their daily fluid intake had reached 120 ml. kg.
(2 oz. lb.), aiming to give this volume by the end
of the first week. After this, the protein-supple-
mented feed was to be introduced for those infants
who had been scheduled to receive it. The feeds
were to be graded through the Stages 1 and 2 shown
in Table 5, and the stronger Stage 3 feeds (Table 4)
were usually to be given between the second and
third week of life, depending upon the size and
condition of the infant. Most of the smaller infants
received the milk mixtures during the early weeks
of life according to the plan. A few of the bigger
(over 4 lb.) infants were fed from the breast, and
many of them were given the full-cream dried milk
mixture (1 in 16) from the start so that as soon as
they were considered fit they could be sent home
on an easily prepared diet. The percentage com-
position of this dried milk mixture is similar to that
of the evaporated milk control feed. All the babies
were given the dried milk mixture before their
discharge from hospital, and the strength was
subsequently increased from I in 16 to 1 in 12.

PERIOD II. The plan was to give all the infants
the high protein and high calorie diets as soon as
milk feeds were introduced on the second or third
day of life and to grade the feeds through Stages 1
and 2 (Table 5) to full-strength (Table 4). It was
decided to omit many of the infants who weighed
over 4 lb. at birth from this part of the investigation
so that a more detailed study of the smaller
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36 ARCHIVES OF DISEASE IN CHILDHOOD
TABLE 5

THE CbmposrnoN oF THE EvAPORATED AN HumAN MnILK MDcruRst (STAGES I AN 2)

Cals./Oz. Percentage Composition Calories and Protein (g.)
of Feeds: supplied by

Stages 1 and 2 120-180 ml./kg.
(2-3 oz./lb.) per day

P. F. C.
rx -Stage 2 Feeds

Diets Stage Stage Stage Stage
1 2 1 2 1 2 1 2 Calories Protein

LZ wc°Evaporated 8 14-5 1-9 3-4 0-8 1-3 3-4 6-7 62-93 4-1-6-1
c U Y Y milk mixtures

O fi Y ° Human
9- oo ')milk mixtures 12 17 1-7 3-2 1-3 2-8 5-5 6-7 73-100 3-8-5-7

F z Evaporated
milk mixtures 9 14-5 0-8 1-2 0-8 1-3 5-7 9-0 62-93 1-4-2-2

. C
0 Human

O milk mixtures 10 15 0-8 1-1 2-0 3-0 3-8 6-6 64-96 1-3-2-0

'an Evaporated>O milk mixtures 10-5 17 2-0 3-6 0-8 1-3 5-7 9-0 73-109 4-3-6-5

C Human
1'5 milk mixtures 17 21 1-9 3-6 1-6 2-5 6-9 9-1 90-135 4-3-6-5
as

el

premature babies could be made. With the excep-
tion of three who were breastfed, the infants all
received the higher calorie and high protein diets.
Some of those weighing over 4 lb. at birth were
given the half-skimmed milk mixture from the start,
but its percentage composition was similar to that
of the evaporated milk mixture containing casein
hydrolysate. All the babies were given the dried
milknmixture before their discharge from hospitaL
They were usually changed on to a full-cream dried
milk mixture as soon as they weighed 8 lb.

Vitamin and Iron S The infants in
hospital were given vitamin and iron supplements
as follows:

Vitamins
Ascorbic acid 50-100 mg. daily from three days

of age.
'Tab. benerva co.' Aneurin 1 mg.

- Riboflavine I mg.
Nicotinic acid amide 15 mg.

i--1 tab. daily from three days of age.
A and D concentrates, ' adexolin ' or ' radio-

stoleum '
12,000 I.U. vit. A daily from two weeks of age.

Iron
Mist. ferrous sulph. containing ferrous sulph.

(crystalline) 5 gr. to 1 dr., small doses daily from
six weeks of age, increasing to 1 dr. (Period I).

Mist fern et anumon. cit. containing fern et
ammon. cit. 5 gr. to 1 dr., small doses daily from
two weeks of age increasing to 1 dr. (Period II).

After discharge from hospital, orange juice was
gradually substituted for the ascorbic acid, and
codliver oil for the fat-soluble vitamin concentrate.

Records and Follow-u Care. Full clinical records
were kept of the progress of the infants throughout
their stay in hospital, and these were continued at
special follow-up clinics. Return visits at two-
weekly intervals until three months, monthly until
six months, and then at nine months and one year
of age, were requested. Unfortunately attendances
were often irregular. The patients were weighed
twice weekly while in hospital and subsequently at
the follow-up clinics. Advice about diet and about
vitamin and iron supplements was given at the
return visits, and the infants were usually allowed
to start on a mixed diet at four to six months of age.
Samples of blood for serum protein and haemo-

globin estimations were usually taken from the
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PROTEIN REQUIREMENTS OF INFANTS
infants in the ward at two-weekly intervals during
the first part, and at weekly intervals during the
second part of the investigation. Further samples
were obtained at the follow-up clinic. Satisfactory
samples were not always secured and therefore the
number of results from individual infants has varied.
Methods of Analysis. Haemoglobin was estimated

in the Evelyn photoelectric colorimeter against a
standard curve based on Van Slyke's oxygen capacity
determination using the commonly accepted value
of 1I34 ml. of oxygen/g. Hb. (100%=13 8 g.
haemoglobin/100 ml.). The serum protein and
non-protein nitrogen levels were estimated by
micro-Kjeldahl digestion followed by direct nessleri-
zation as described by Hickmans (1948). Broadbent
and Finch (data to be published) have compared the
average results for' serum protein concentrations
obtained by this method with those obtained by a
titration method and have found that they are lower
by about 0 25 g. protein/100 ml. serum.

Subjects for the Investigation. During the period
September, 1945, to October, 1947, 203 premature
infants admitted to the City of Birmingham
Premature Infant Unit (the Sorrento) or to the
Birmingham Children's Hospital were included in
the investigation. Fifty-five were omitted from the
final analysis of the results for the following reasons:

General condition had deteriorated between
the third and seventh day

Infections contracted during the investigation
Not been kept on the diet (usually to hasten

discharge from hospital)

16
27

12

The remaining 148 infants received the following
diets:
PERIOD I
HIGH PROTEIN (H.P.) DETS
Evaporated milk mixtures containing 'Ashe'

casein hydrolysate 28
Human milk mixtures containing 'Ashe'

casein hydrolysate .. .. .. .. 1

Low PROTEIN (L.P.) DIETs
Evaporated milk mixture control feed .. 32
Full-cream dried milk (1 in 16) mixture .. 17

PERIODS I AND II
Human milk (alone or complemented with

control feed) .. .. .. .. .. 17
PERIOD II

HIGHER CALORIE AND HIGH PROTEIN (H.C.P.) DIETS
Evaporated milk mixture containing 'Gen-

atosan' casein hydrolysate .. .. .. 39
Human milk mixture containing 'Genatosan'

casein hydrolysate .. .. 11
Half-cream dried milk (1 in 8) mixture .. 3

Fourteen of the infants who received the high
protein and low protein diets at the beginning of
the first period were given considerably lower intakes
of calories than the others, because the more dilute
evaporated milk mixtures (Stages 1 and 2) were
continued for a longer time. The results from this
small series of infants receiving lower calorie diets
have therefore been assessed separately. They will

be referred to as the preliminary series observed
during the first period.

Results
The effect of the diets shown in Tables 4 and 5

has been assessed by comparing the average weekly
gain in weight and the serum protein and haemo-
globin levels of the infants receiving them. The
progress of the infants in each of the five weight
groups has been considered separately. Twenty-six
of the 148 infants have been excluded from this
analysis because in some groups the number of
infants receiving the same diets was too small to
average. For instance, Group I included only ten
babies, and therefore each of the diets was given to
a few infants only. The average weight curves and
the serum protein levels of the infants in Groups 2-5
seemed to show that the progress and nutrition of
the smaller babies was more affected by diet than
was that of the bigger infants. The individual
weight curves of all the babies in Groups 1 and 2
have therefore been studied in detail.
Average Intake of Food. Table 7 shows the

average amounts of food ingested by the infants in
Groups 2-5 whose weekly weight gains have been
included in the construction of the average weight
curves. In estimating the intake of food by each
infant allowances have not been made for the
slight inevitable losses due to small amounts
clinging to the bottles and teats or spilt on the bed
linen. These have been estimated to be of the
order of 5% (Gordon et al., 1940). If an infant
vomited, however, an estimate of the amount was
made and deducted from the intake for the day.
It can be seen that an intake of 120 calories/kg./day
was usually reached by the third week of life for
the infants observed in the second part of the
investigation, but not until the fourth week for
those in the first part. The intake of calories was
also higher during the second week of life for those
in the second period. It is apparent that the average
intakes of the infants observed in both periods later
reached a somewhat higher level than would have
been expected from the feeding schedules shown in
Table 4. This was chiefly due to the fact that
larger volumes of food than 3 oz./lb./day was given
to many of the infants because they seemed hungry
and were able to tolerate more food.

Gain in Weight. A curve representing the gain
in weight of the foetus during the last three months
of gestation has been drawn using the figures for
the weight of the foetus at different ages given by
Huggett (1946). This curve has been made the
basis of comparison for the weight curves of
premature infants at corresponding weeks of
gestation. Other authors (Streeter, 1920; Crosse,
1945; Anderson, 1946) have presented different
figures for the weight of the foetus and if the average
of the available data had been used, the curve would
have been slightly higher but of similar shape to the
one which is shown in the diagrams.
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PROTEIN REQ UIREMENTS OF INFANTS
Average Weight Curves. The average weight

curves of the infants in Groups 2-5, who received
the diets in the amounts recorded in Table 7, are
shown in Fig. 1.
GROUPS 3-5 (BIRTH WEIGHT 31-5 lb.). The

average curves for the larger infants will be described
first, since they appear to be similar to each other
for all the diets which were used (Fig. Ib, lc, ld).
After an initial loss of weight during the first week
and slow gains during the second and third weeks,
the weekly rate increased, becoming equal to the
amount which is gained by the foetus in utero.
This is well shown by the slope of the weight curves
which is parallel to that of the ' standard ' growth
curve. It may be concluded therefore that the diets
used in both parts of this investigation provided
sufficient food to enable the bigger infants to grow
at the ' normal ' rate for their age of gestation.
GROUP 2 (BIRTH WEIGHT 3-31 lb.). In contrast,

the average weight curves of the smaller infants
(Fig. la) appear to have varied according to the
diets which they were receiving. Thus the infants
who were receiving higher intakes of calories in
diets containing 'Genatosan' casein hydrolysate
(H.C.P.) during the second part of the investigation,
gained more weight between the ages of four and
eight weeks than did those receiving either the high
protein diet containing 'Ashe' casein hydrolysate
(H.P.) or the low protein control diets (L.P.) during
the first part of the investigation. Since their weight
curve is parallel to the standard, it is evident that
the faster rate of gain achieved by the infants in the
second period of the investigation resembles that
of the foetus in utero and that of all the bigger
infants (Figs. lb, lc, and ld). The slower rate of
gain by the infants in the first period may therefore
be regarded as unsatisfactory and probably due to
insufficient food.

Individual Weight Curves. Since the smaller
(Group 2) infants showed differences in weight gain
which might be attributed to the diets which they
were receiving (a finding which is in keeping with
the observations made by Jorpes et al. (1946) and
by Gordon et al. (1947)), the gain in weight of the
individual babies in this weight group and in
Group 1 have been studied and their weight curves
are shown in Figs. 2 and 3. Figs. 2a, 2b, 2c show
the individual, and Fig. 2d the average (repeated
from Fig. la) weight curves of the infants in Group 2.
Again, it can be seen that weight was gained more
uniformly and often at a higher rate by the infants
who were receiving the higher calorie and high
protein (H.C.P.) diet of the second period (Fig. 2c)
than by those who were receiving either of the diets
(high protein or low protein control) of the first
period (Figs. 2a and 2b respectively). Thus the
average weight curves (Fig. 2d) are representative
of the progress of most of the individuals.
For comparison, the curves of the six infants in

this weight group who received the lower calorie
intakes (three high and three low protein control

diets) of the preliminary series have been graphed
and they are shown as dotted lines in Figs. 2a and 2b.
Table 8 shows the average daily intakes of these
six babies during the early weeks of life, and they
are seen to be much lower than the intakes (Table 7)

TABLE 8
AVERAGE INTAKES OF SIX INFANTS IN GROUP 2 ON Low

CALORIE (STAGE 2) FEEDS

Week

2
3
4
5
6
7

High PrOtein Diet
(3 Infants)

Ce

'- 0

34 0-7 0-9
81 3-7 4-7
103 6-1 8 5
86 6-2 9-6
89 6-7 10-8

103 7.4 12-9
112 4.4 8-2

Low Protein Diet
(3 Infants)

Ce
Ce

Ce e

e0o 0
Ce

0
C_ 0

. H

34 0 6 0-8
58 1*6 2-0
89 1*7 2-6
90 2-2 3-0
87 2-2 3 2
90 2-2 3.5
98 2-3 339

of the other infants in Group 2. The weight curves
of the infants who were receiving the lower calorie
and high protein intakes are seen to lie within the
same range as those of the infants who received a
higher intake of calories during the first period
(Fig. 2a), but the infants who were receiving the
lower calorie and low protein intakes are seen to
have gained at a slower rate (Fig. 2b). The low
protein control diet used for the preliminary series
in the first period supplied an average of only
90 calories and 2-2 g. protein/kg./day by the sixth
week (Table 8), so that the slow progress of the
babies who were receiving it is easily explained. It
is interesting to note that those on a low calorie but
higher protein intake were able to gain more
rapidly.
GROUP 1 (BIRTH WEIGHT LESS THAN 3 0 lb.). A

relationship between diet and weight gain is also
apparent from the progress of the ten smaller
(Group 1) infants. The group consisted of four
infants with birth weights between 2 and 21 lb., all
of whom were observed in the first period, and of
six infants with birth weights between 2j and 3 lb.,
one of whom was observed during the first, and
five in the second period. The weight curves are
shown in Figs. 3a and 3b. It can be seen at once
from Fig. 3a that none of the infants under 2 lb. 8 oz.
gained weight at the standard rate during the early
weeks of life. Yet in the series of Gordon et al.

-
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ARCHIVES OF DISEASE IN CHILDHOOD

0 1 2 3 4 5 6 0 1 2 3 4 5 6

POSTNATAL AGE I N WEEKS POSTNATAL AGE I N WEEKS
FiG. 1.-In each of the weight groups 2,3, 4 and 5 (la, lb, lc and ld rveptivl), the a weight curves of

of infants who recived the different diets axe shown for comparison with each other and ih the curve
of the foetus at the same a of ystatin

LPE = high protein
LPE = low protein control Period I.
L.PD. = loprotein control f
L.P.H. = low protin. Periods I and H.
H.C P. higher cal and high protein (Period II)
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PROTEIN REQUIREMENTS OF INFANTS

PERIOD I
DIET, high protein (evaporated milk) -o
DIET, hiqh protein-low calorie

(preliminary series) ---o

(a) ,.i

PERIOD II
DIET, higher calorie and

high protein -a

PERIOD I
G. DIET, low protein control -o

12001 DIET, low protein-low calorie
(preliminary series) - --o

800] (b)

(c)

-0 IN HOSPITAL
0-a AFTER DISCHARGE

WEEKS

POSTNATAL AGE N WEEKS
FIG. 2.-The individual (2a, 2b, 2c) and the average (2d) weight curves of the infants in Group 2 have been

arranged according to the diets which they received. The individual curves of infants receiving the low calorie
diets of the preliminary series have been graphed for comparison in 2a and 2b, but they have been omitted in
computing the average curves (2d).
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ARCHIVES OF DISEASE IN CHILDHOOD

(1947) nine infants with similar birthweights who
were fed on the half-skimme milk mixture were
able to do so, and their average weights at four and
nine weeks of age have been graphed for comparison.
The diets given to the smaller infants in Group 1

(birth weight 2 lb. 0 oz. to 2 lb. 7j oz.) in our
investigation were as follows: one baby received
human milk, one baby received human milk with
the addition of ' Ashe ' casein hydrolysate, and two
were fed on the lower calorie, low protein control
diets of the preliminary series in the first period.
None of the infants received as high an intake of
calories during the second week as the subjects
investigated by Gordon et al., and only A.H. had an
intake which reached 120 cals./ kg./'day at four
weeks of age. This baby also had a higher protein
intake than the others, a fact which will be referred
to again when the serum protein levels are being
discussed.
The bigger infants in Group I (birth weight 2 lb.

8oz. to 2 lb. 153 oz.)all received the higher calorie and
high protein of the second period, with the exception
of Baby G. who was given the low protein control
diet of the first period. The weight curves depicted
in Fig. 3b show that this baby gained weight much
more slowly than the rest, while the weight curves

of the five infants who were observed in the second
period are seen to be parallel with the standard
curve from the second week of life onwards. It is
of interest to note that two of these infants were
receiving the evaporated milk, and three the human
milk feeds (both of which contained ' Genatosan '
casein hydrolysate), and that the rate of gain was
similar whichever feed was being used. The two
diets appear therefore to have been of equal value
in promoting gain in weight, but this should not
be taken to imply that human milk is without
advantages for premature infants.

It seems evident from the present study of the
progress of premature infants that the growth of the
smaller, but not that of the bigger infants, was
affected by the diets which were given. The larger
babies were probably able to obtain sufficient food
by 'demand' soon after birth and, because they
were at a more advanced stage of development
than the smaller ones, any minor deficiencies which
may have been present in their diets did not cause
retardation of their rate of growth. It is unfortunate
that no babies weighing between 2 and 2' lb. at
birth were observed during the second period of the
investigation and that therefore weight curves of
very small infants receiving our 'optimum' higher

GROUP I
(of birthweight 2.0-2-7)'4)

(a)

o IN HOSPITAL
-o AFTER DISCHARGE

40 WEEKS

0 2 4 6

a

2

GROUP I
(of birthweight 2-8-2-5I)

(b) X

) L.P.E.

30)5 AGE OF GESTATION 40 WEEKS

POSTNATAL AGE I N WEEKS
FIG. 3.-The infants in Group 1 have been sub-divided into two weight groups. The weight curves of individual

infants receiving the different diets may be compared with each other and with the weight-curve of the foetus
at the same age of gestation. The average weights of a group of nine infants in the same weight group who
were observed by Gordon et al. (1947) are shown by the points marked ®N.Y. in 3a.
H.P.H. = high protein (Period I).
L.P.H. = low protein control (Periods I and II).
L.P.E. (L.C.) = low protein-low calorie (preliminary series. Period I).
H.C.P. (E. and H.) = higher calorie and high protein (Period II).
L.P.E. = low protein control (Period I).

i
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PROTEIN REQUIREMENTS OF INFANTS

calorie and high protein diet are not available for
comparison with the progress made by the series
of small premature infants (Gordon et al., 1947).
Serum Protein Levels. The serum protein levels

of the infants observed in the second period have
been analysed first, since these infants all received
the same diet and samples of blood were obtained
from them at more frequent intervals than from
those observed during the first period of the
investigation. The average results of this later
period have then been used as standards with which
to compare the levels obtained in the earlier period.
Figs. 4, 5, and 6 show the scatter and the averages
for the total serum protein, albumin, and globulin
levels respectively, of infants weighing between 3 and
5 lb. at birth who were observed during the second
period. A comparison of the average levels of the
infants in these three weight groups with those of
full-term infants (Poyner-Wall and Finch, data to
be published) at similar ages after birth is shown in
Figs. 4d, 5d, and 6d. The scatter diagrams show
that the range and distribution of the total serum
protein levels are similar in all three weight groups
of premature infants (Figs. 4a, 4b, 4c). The average
levels are therefore approximately thesamefromweek
to week (Fig. 4d). Thus there is no apparent relation-
ship between maturity (judged by birth weight) and
the serum protein levels. Rimington and Bickford
(1947) have shown that the serum protein levels in
cord blood tend to increase with 'gestational' age
and it seemed probable that the levels of premature
infants would also be found to vary with their
maturity at birth. The range for the birth weights
of the infants in the present investigation may not
have been wide enough for this relationship to be
shown. Differences in birth weight between 3 and
4i lb. represent only four weeks of 'gestational '
age, and the estimation of age by birth weight can
only be made approximately to within three weeks
(Streeter, 1920). If results from a larger number of
infants weighing less than 3 and more than 5 lb.
at birth had been available for analysis a relationship
between the serum protein levels and maturity at
birth might have been apparent.

Fig. 4d shows that the average serum protein
levels for all three groups of premature infants were
significantly lower than those of full-term infants
during the first ten weeks of life. This difference
was due to both the albumin and globulin fractions
being low. Thus it can be seen from Figs. 5 and 6
that the range and distribution (Figs. 5 and 6 a, b, c)
and the average (Fig. 5 and 6d) for both the albumin
and globulin levels of the premature infants in all
three weight groups were similar to each other, but
that they were all lower than those of the full-term
infants in Poyner-Wall and Finch's series. The
globulin levels were relatively lower as a percentage
of the full-term infants' levels than the albumin
levels. These low levels confirm the observations
made by Darrow and Cary (1933) and by Rapoport,
Rubin, and Chaffee (1943). Other previous
observers (Utheim, 1920; Bridge, Cohen, and

McNair Scott, 1941; Hickmans, Finch, and Tonks,
1943) have found that the serum protein levels of
premature infants are lower than those of full-term
infants in the early weeks of life, but few details
regarding the weight at birth and none about the
diet of the infants are given in their reports. The
premature infants who were the subjects in this part
of our investigation were all receiving the high
protein and relatively high calorie diet of the second
period and therefore their low serum protein levels
(compared with those of full-term infants) are
unlikely to have been due to malnutrition. It has
been noted that any infant who had a low level at
two weeks of age usually maintained a low level for
several weeks. Low serum protein levels have been
found also in a proportion of infants born at term
(Trevorrow et al., 1941; Poyner-Wall and Finch,
data to be published) and it seems probable that
they are due to a poor ability for generating plasma
protein. Premature infants tend to have a poor
response, but at three months of age their average
serum protein levels are similar to those of full-term
infants.

Fig. 7 shows the scatter of the total serum protein
levels of the infants observed in the first period of
this investigation compared with the average levels
of those observed in the second period. The levels
of the bigger infants (birth weight over 31 lb.) shown
in Figs. 7c and 7d will be described first (cf. weight
curves in Fig. 1). The range and distribution of
these serum protein levels is seen to be approximately
the same for infants who were given the high protein
and the low protein control diets, and the scatter
lies equally above and below the average levels of
the infants receiving the higher calorie and high
protein diets of the second period. The levels of
the infants who were breast-fed lay within the same
range, but these have not been charted in order to
simplify the diagrams. The albumin and globulin
levels, estimated on the same samples as were used
for total serum protein, were also found to be similar
to those of the infants on the optimum diet. The
findings show that the serum protein levels of the
infants in these weight groups were unaffected by
the differences in the diets used in the first and
second periods of our investigation.

Figs. 7a and 7b show the levels of the infants in
Group 2 (birth weight 3-31 lb.), those recorded in
Fig. 7b belonging to infants in the preliminary series
who received lower calorie intakes (cf. weight curves
in Fig. 2). Again a contrast with the findings from
the bigger babies is shown, for the serum protein
levels of the smaller (Group 2) babies appear to vary
with the diets which were being given. Thus it can
be seen in Fig. 7a that the levels of the infants
receiving the high protein diet, tend to be higher
than those of babies on the low protein control
diets, and that many of the low levels are far below
the average for the infants receiving the higher
calorie and high protein diets of the second period.
Fig. 7b shows that the serum protein levels of the
infants who were receiving the lower calorie feeds
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GROUP 2
(10 1INFANTS of birthweight 3 0-3-73 lb)
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GROUP 3
(18 INFANTS of birthweight 3-8-3-6544 lb)
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x
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0 2 4 6 8 10 12

COMPARISON OF AVERAGE LEVELS
OF PREMATURE AND FULL- TERM

IN FANTS

!GF

(d) GROUP 2
t GROUP 4&5

ROUP~FULL-T- GROUP 3
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GROUP 3

4-0-

o-o AVERAGE ._- FPULL-TERM

uo PREMATURE

30-

2 4 6 8 10 12 0 2 4 ; 8 0O 12

AGE IN WEEKS
FIG. 4.-Aa, 4b, and 4c show the individual and the average total serum protein levels of the infants in the weight

groups 2, 3, and 4+ 5 respectively. The average levels for these groups are also shown in 4d for comparson
with each other and with the average levels for full-term infants. The optimum diet was the higher calorie and
high protein diet of Period n.
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PROTEIN REQ UIREMENTS OF INFANTS

GROUP 2a
(10 N FANTS of birthweight 3 0 -3-74 lb.)

(a)
5*0*
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X

tx

AGE IN WEEKS

FIG. 5.-Sa, Sb, and 5c show the individual and the average albumin levels of the infants in the weight groups 2,
3, and 4+5 respectively. The average levels for these groups are also shown in 5d for comparison with each
other and with the average levels for full-term infants. The optimum diet was the higher calorie and high
protein diet of Period II.
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ARCHIVES OF DISEASE IN CHILDHOOD

of the preliminary period (whether high or low in
protein) were nearly all below the average levels
of the second period. This finding suggests that
both the low calorie diets were deficient, and that
hypoproteinaemia, probably due to undernutrition,
had occurred despite the relatively high protein
intake of the infants receiving the low calorie high
protein diet. It is interesting to note, however, that
the weight curves of these infants were higher than
those of the infants receiving the low protein diet
(see Figs. 2a and 2b). The albumin and globulin
levels estimated on the same samples as were used
for total serum protein show that the low total
levels, which have just been described for some of
the infants in Group 2 who were observed during
the first period, were usually due to the albumin
fractions being low. This finding lends support to
the view that the hypoproteinaemia of these cases
was due to nutritional deficiency. The results
obtained from the few infants weighing less than
3 lb. at birth (Group 1) are in agreement. Thus all
three infants in Group 1 (birth weight 3-3j lb.) who
received the low protein diets had much lower serum
protein levels during the early weeks of life than
A.H., who received human milk with added casein
hydrolysate (Ashe), and the one infant in Group 1
(birth weight 2-23 lb.) on the low protein control
diet, had lower levels than the five on the higher
calorie and high protein diet. Moreover, the average
levels of these five infants, and A.H's levels, were
as high as the average levels of the bigger babies
and therefore may be regarded as indicating a good
nutritional status.
Haemoglobin Levels. The haemoglobin levels

of the premature infants observed in this investiga-
tion were analysed in the same way as their weight
curves and serum protein levels, i.e. according to
birth weight and to the diets which they received.
The results show that the range and distribution
of the haemoglobin levels of the infants in Groups

2-5 (excluding the infants in the preliminary series
of the first period) were alike for the series of infants
receiving each of the three diets shown in Table 7.
Since the levels appear to have been unaffected by
diet, they have all been averaged together in each
weight group and the findings are shown in Table 9.
It can be seen that the average levels of the infants
were alike in the four groups of babies whose
birth weights ranged between 3 and 5 lb. All the
levels of the infants in these weight groups have
therefore been averaged together and the results
are also shown in Table 9. A previous study of the
haemoglobin levels of premature infants according
to weight at birth has been made by Mackay (1935)
and she also obtained similar levels in each weight
group. Furthermore the curve described by the
average levels of all the infants in Groups 2-5, is
like the one recorded by Mackay for the haemoglobin
levels of premature infants whose birth weights lay
between 3 and 5 lb. Mackay used the Haldane
method for estimating haemoglobin, the levels being
matched against a standard by direct vision. In
discussing her results she notes that the levels of the
infants in her series were higher than those recorded
by other observers and suggests that the incidence
of anaemia in premature babies may partly depend
upon the diets which they receive.

Like the serum protein levels, the haemoglobin
levels of the infants in Groups 1 and 2 who were
given poor diets tended to be low. Thus three of
the four infants in Group 1 who were given low
protein diets were found to have haemoglobin
levels of 60% at some time between the fourth and
tenth week of life, whereas the levels of the six babies
in the same weight group who were given high
protein diets all remained above 65%. Similarly,
three of the six infants in Group 2 who received
the low calorie diets of the preliminary series, had
levels of 60% or lower, but among 21 in this weight
group who received the higher intakes of the first

TABLE 9
TiE AVE.AGE HAEMOGLOSN LEvELs

wEs 2 3 4 5 6 7 8 9 10 11 12

.5
Z
.

Z
.

Z
5
Z

.
Z TZ

.
Z T.W .T Z

C C ~~0 I.-. 0t- 0 0 '. . 0 '~0 0 ;. 0
E 0 5E 0E EE E 0E 0E E

z =z =z = z z z z z z = z z
Group 2 140 11 120 8 111 17 93 8 86 14 75 4 72 18 78 1 71 8 73 1 77 13
Birth weight 3 0-3 7 lb.

Group 3 .131 22 120 18 106 28 87 10 80 22 79 8 76 12 70 8 74 12 76 6 77 19
Birth weight 3-8-3 15! lb.

Group 4 . 126 22 117 11 103 24 83 3 77 13 95 5 72 14 75 4 73 6 84 4 72 10
Birth weight 40-4 7j lb.

Group 5 134 15 128 5 111 5 82 8 83 3 88 6 67 3 79 4 81 3 83 5
Birth weight 48-4-415! lb.

Groups 2-5 .132 70 120 42 106 74 89 21 81 57 83 20 75 44 71 16 73 30 79 14 76 47

S i 15 414 ±19 -' 21 ±12 -12 -12 ±10 ±8 '-10 111Standard Deviation
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PROTEIN REQ UIREMENTS OF INFANTS
period and the optimum diet of the second period,
19 maintained levels over 65% and only one baby's
level fell to 60% and one other to 62%. It seems
evident that nutritional deficiency increases the
incidence of low levels amongst babies with birth
weights below 31 lb. Accordingly haemoglobin
levels which fall below 65% during the first three
months of life should probably be regarded as a
sign of anaemia in premature infants, and the cause
should be sought. Although a relationship between
defects in the diet and low serum protein and
haemoglobin levels has been found in our investiga-
tion, a much larger series of infants in the lower

weight groups must be examined in order to
establish the validity of these observations.

Non-Protein Nitrogen Levels. The samples of
serum used for the estimation of protein were
analysed for non-protein as well as for total
nitrogen, and a comparison has been made between
the non-protein nitrogen levels of the infants
receiving the different diets which were used in the
investigation. Only the levels of the infants in
Groups 2, 3, and 4 who were between the ages of
one and four weeks have been included. The levels
from the babies in the three weight groups have been
averaged together for each of the diets and Table 10

GROUP 2
(IO INFANTS of birthweight
x

3 0 -3 7/4 Ib)
G1OOML. GROUyP 3

- - r A Ys|\50

(a)
x

xw ~~~~~~~~~X
x x x x

I x x x X
XQX XX

x b v x
XX / XX X C XW X

X X X
Kx x

XX X X
X

2 0

1.0

0-a AVERAGE

2 4 6 8 lb 12

GROUP 4&5
(20 INFANTS of birthweight 4.0-4i5,4 lbb)

(C)

x

x x~~~~~~~~~~~~K x
X x x x X

X Xx X
x x x x

X X k x x)xx xx x X xX
x x x x
xX x x x xx xx

X x x
x

3-0

2-0

1@0

o-o AVERAGE

2 4 6 8 10 12

AGE IN WEEKS

kid INI-ANI ot birthweight ib-5I1r4 lb.)

(b)
x

X X X X XX
X X XXX X X

X XX X
X XXX X X X X

X KX ~X XX KXXX
XX XXX XX XX

X/ XXX X X Xa x x x
xx xx x

x~~~ ~~~~~~~xx x

x~~~~~~
x K x x

K

o-o AVERAGE

0 2 4 6 8 10 12

COMPARISON OF AVERAGE
LEVELS OF PREMATURE AND
FULL-TERM N FANTS

(d)

3ROUP 2 R_ROUP 4&5
3ROUP GRGROUP 3
4&5 o GROUP 2

5ROUP/ V
3

*- FULL-TERM
o-o PREMATURE

4 6 10 12

FIG. 6.-6a, 6b, and 6c show the individual and the average globulin levels of the infants in the weight groups 2, 3,
and 4+5 respectively. The average levels for these groups are also shown in 6d for comparison with each
other and with the average levels for full-term infants. The optimum diet was the higher calorie and high
protein diet of Period II.
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ARCHIVES OF DISEASE IN CHILDHOOD
TABLE 10

NON-PROTEIN NITROGEN LEVELS

No. of Average Level Range
Levels Diet (mg., 100 ml.) (mg.,1100 ml.)

29 High protein
of first period 39 11-57

44 Low protein
control of first
period 28 16-57

66 Higher calorie,
high protein of
second period 27 11-41

shows the results. It can be seen that the average
non-protein nitrogen level of the infants receiving
the higher calorie, high protein diet of the second
period was similar to that of the babies receiving
the low protein control feed of the first period, but
that it was lower than that of the babies on the high
protein feed of the first period. This finding
suggests that there may have been a protein-sparing
effect from the higher calorie diet of the second
period. Such an effect would have enabled the
infants to utilize a greater amount of the protein in
the diet of the second period than could be utilized
from the equally high protein diet of the first period.

Discusson
The present investigation has yielded valuable

information concerning the nutrition of premature
infants. In agreement with previous investigators
it has been found that these babies, after an initial
loss of weight, may be expected to gain weight at
the same rate as the foetus in utero, provided that
they are given adequate diets. If, however, their
diets are inadequate they may gain at a slower rate.
Nutritional deficiency should therefore be suspected
in babies who gain weight slowly
The results of this investigation do not allow a

definition of the optimum diet for premature infants
to be made. The average weight curves and the
serum protein and haemoglobin levels of the infants
observed in the second period seem to show,
however, that their nutritional requirements were
being met by the diets which they were receiving.
The signs of under-nutrition, i.e. slower gain in
weight and relative hypoproteinaemia and anaemia,
which occurred in some of the infants of low birth-
weight (i.e. below 31 lb.) observed in the first period,
suggest that they were receiving diets which were
insufficient. These diets were low in calories and/or
protein compared with the theoretical requirements
of premature infants. Although not apparent from
the methods which have been used for assessing

their progress, lesser degrees of under-nutrition may
have occurred also in some of the bigger premature
infants, who were given similar diets, but for shorter
periods. In this connexion attention is drawn to the
fact that gain in weight is not a direct index of
' normal ' growth, and that the percentage com-
position of the body with regard to water, minerals,
protein, and fat may not be the same in under-
nourished babies as it is in the well nourished foetus
or young infant.
The slower rate at which weight was gained by

the smaller (Group 2) infants who received the high
protein diet of the first period compared with the
progress of those who received the same protein
but higher calorie intakes in the second period
(Fig. la), must not be attributed without question
to the difference in their intake of calories. It may
have been due to the quality of the preparation
('Ashe ') of casein hydrolysate which was used,
e.g. its low calcium content might have reduced its
growth-promoting properties. It should be noted
that the serum protein levels of the infants who were
receiving it were within the ' standard ' range set
by the results obtained from babies observed in the
second period of the investigation. If knowledge
were available concerning the relative biological
efficiencv of the two preparations of casein hydro-
lysate it might help us to interpret our results.

Casein hydrolysate has been found to be well
tolerated by premature infants and it is therefore
a valuable form of nitrogenous food with which to
augment their protein intake. The effects of the
diets used in our investigation and of those used
by Gordon et al. (1947) may suggest that prepara-
tions of predigested protein, such as casein hydro-
lysate, have no advantage over the protein in
half-skimmed milk mixtures. The alimentary
tolerance of premature infants for whole milk
protein might break down, however, if the con-
ditions for nursing them were unlike those at the
New York Hospital. There, the temperature and
humidity in the premature infant units are accurately
controlled and therefore the baby's intake of total
fluid can be safely restricted to 150 ml. or less/kg./
day. Also, enough, skilled nurses are available to
give feeds by gavage at three-hourly intervals
throughout the 24 hours. The amount of curd in
the half-skimmed milk might not be so well tolerated
if two-hourly feeds were being used, or if water
were being given between feeds at times when the
stomach was still partly filled.

It has been suggested that the low excretory
function of the kidneys in premature infants restricts
the amount of protein and minerals which they can
tolerate. The studies of Gordon et al. (1947) seem
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FIG. 7.-The total serum protein levels of the infants receiving the different diets of the first period may be

compared with the average levels of the infants receiving the optimum higher calorie and high protein diets of
the second period. The infants have been grouped according to their weight at birth as in the previous
diagrams, but the levels of the infants in Group 2 who received the low calorie diets of the preliminary series
have been recorded separately (Fig. 7b). The levels of the infants in the first period have been recorded for
those receiving the high protein diets and for those receiving the low protein control diets, while the average
levels of the infants receiving the optimum diet of the second period have been recorded 0-0.
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ARCHIVES OF DISEASE IN CHILDHOOD
to show that the excretory load from a diet contain-
ing twice as much protein as would be obtained
from human milk lies well within the capacity of
their kidneys. The range for the non-protein
nitrogen levels of the infants in this investigation
who were receiving 6-0 g. or more of protein/kg./
day provide further evidence that this amount is
not excessive.
Some paediatricians are sceptical about rapid

early progress in premature infants and maintain
that it is due to ' pushing ' food; they believe that
a slow gain in the early weeks should be regarded
as satisfactory. According to our observations,
infants who gain slowly may suffer from some degree
of undernutrition at six to twelve weeks of age.

Under such circumstances it would seem advisable
to give high amounts of protein and minerals in
order to make up for previous deficiencies.

Detailed information obtained from the follow-up
care and observation of infants during the first year
of life has not been presented in this paper. The

later progress of the infants who weighed less than
21 lb. at birth is of particular interest, however, in
connexion with the findings relating to their early
development The four infants in this group, each
of whom had gained weight very slowly during the
first three months of life (Fig. 2a), all made very

rapid progress at some period before reaching
nine months of age, so that their weights then
ranged between 14 lb. 12 oz. and 16 lb. 0 oz.

This finding is somewhat surprising in the light of
observations which have been made on the nutrition
of youmg animals (Wallace, 1944; 1946). The
degree of undernutrition which had occure in
these infants during their early weeks of life was

evidently not severe enough to have restricted their
development (as judged by weight gain) at laterages.
Furthermore, clinical examination failed to show
that these babies had been reduced to the plane of
nutrition, described by McMeekan and Hammond
(1940) in sheep, which causes permanent changes
in the proportions of the body. The consequences

of their undernutrition appear therefore to have
been short-lived. Nevertheless, the premature infant
who is undernourished must be at a disadvantage
while this condition persists, the chief danger, as in
all states of debility, being infection.
Although the serum protein levels of the pre-

mature infants receiving our optimum higher calorie
and high protein diet were low compared with
those of full-term infants, these levels are regarded
as being 'physiological ' for the early weeks of life.
Both the albumin and the globulin levels were low,
but the globulin values were relatively lower than
the albumin. It would be intresting to study the

gamma globulin fraction, and, if low levels were
found, they might be related to the high death rate
from infection amongst the prematurely born.
The present investigation has yielded observations

which lead to tentative conclusions only, but an
opportunity to continue these studies is not
imnediately available. It is hoped that they may
provide a useful basis for further work and that
they will stimulate a more complete investigation
of the nutrition of small premature infants.

Two hundred and three premature infants were
the subjects of an investigation which was planned
in the first place as a trial of casein hydrolysate.
Two preparations were used and were found to be
well tolerated.
The relationship between the diet and the

nutrition of the infants was studied by recording
their gain in weight and by estimating their serum
protein and haemoglobin levels during the early
weeks of life.

Tlhe average rate of gain in weight (from the
third week after birth) by premature infants receiving
adequate diets has been found to be the same as
that of the foetus in utero, and consequently it is
proposed that this rate should be regarded as a
'standard' and slower gains as a sign of under-
nutrition. The average rate of gain in weight by
the bigger infants (birth weight over 3' lb.), did not
vary with the diets which were used in this investiga-
tion and was equal to the ' standard.' In contrast,
some of the smaller infants (birth weights under
3j lb.), failed to gain at the ' standard ' rate. They
were receiving lower intakes of calories and/or
protein than those of similar birth weight who
gained at the ' standard ' rate.
The average serum protein levels of the premature

infants receiving the optimum diet of the second
part of the investigation were found to be lower
than those of full-term infants. This difference was
due to both lower albumin and lower globulin
fractions. Some of the infants with birth weights
below 3j lb. who failed to gain weight at the
'standard' rate, showed even lower serum protein
levels at four to eight weeks of age. These babies
were receiving the poor diets to which reference has
already been made. Low albumin levels were found
in these cases which suggests that under-nutrition
was the cause of the hypoproteinaemia.

Severe anaemia was rarely found to be present in
the premature infants who were observed in this
investigation. Levels below 60% were confined to
the groups of infants of low birth weight, who
received the relatively poor diets.
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PROTEIN REQUIREMENTS OF INFANTS 51
Special attention to the nutritional requirements

of infants who weigh less than 31 lb. at birth is
clearly indicated. Premature infants, including
those of low birth weight, are able to assimilate diets
containing at least 120 calories and 6-0 g. protein/
kg./day during the early weeks of life. The
minimum requirements of food for premature
infants cannot be estimated from the knowledge
which is at present available. They should therefore
be given diets which contain enough protein and
minerals to exceed their needs, so that a good
nutritional status may be assured throughout the
early months of life.
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