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Four groups of premature infants, each comprising 20 members, 
have been studied for a month. Each group contained babies of the same 
birth weight and intrauterine development. The total amount of calories 
supplied with the food was the same for all groups, and the amount of protein 
contained therein varied from group to group (2.5, 4.1, 6.1 and 6.4 g/kg, 
respectively). It was found that any food richer in protein than breast milk 
(with 4.1 g/kg) ensured the most satisfactory rate of growth and reduced 
the degree of physiological hypoproteinaemia. Supply of protein considerably 
in excess of daily 4 g/kg not only failed to have a better effect but the in­
gestion of excessive amounts of protein (above 6 g/kg) produced phenomena 
to show that a supply of this magnitude is unnecessary and may even be 
harmful. (Impairment of nitrogen retention and the efficiency of protein 
utilization; elevation of the blood NPN level; decrease of urinary urea-N 
and increase of ammonia-N ; increase of urinary acidity and increased uri­
nary output of alpha-amino-N.) Ingestion of protein at the rate of 
4 g/kg/day is recommended for premature infants.

Physiological, pathophysiological 
and biochemical results produce 
changes in the principles governing the 
diet of infants. Absorption and the 
optim um  requirement of the p a ra ­
m ount foodstuffs are frequently aris­
ing problems in this respect. There is 
nowadays an upsurge of interest con­
cerning an increase in the protein 
supply of both m ature and im m ature 
babies and the present investigations 
were designed to  determine the 
am ount of protein required by p re ­
m atures and to ascertain the effect 
of proteins exceeding the physiologi­
cally necessary amount.

M a t e r i a l  a n d  M e t h o d

Groups consisting of 20 one-month-old 
premature babies were studied. Each group 
contained infants of equal birth weight 
and intrauterine development. The diet 
of all groups (breast milk, cow’s milk, 
cow’s milk formula) was so composed as 
to ensure a uniform intake of 130 calories 
per day. The protein content of the food, 
systematically determined by Kjeldahl’s 
method, amounted to 2.5, 4.1, 6.1 and 
6.4 g/kg per day, respectively, in the four 
groups. The period of observation lasted 
4 weeks, and we determined every week 
the nitrogen equilibrium, the amount 
of alpha-amino-N, ammonia-N and NPN  
in the serum as also the titrat- 
able acidity of urine, the amount and
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composition of serum proteins, further 
the degree of protein utilization [8, 11, 
12, 14, 29].

R e s u l t s

Fig. 1 illustrates the  am ount of N 
introduced with the food and  excreted 
w ith  the  urine and th e  faeces. The 
values represent, for each group sep­
arately , the average of results ob­
ta ined  from four consecutive weekly 
measurements. I t  can be seen that,

while increasing intake of N  had no 
effect on its excretion through the 
bowels, its u rinary  ou tpu t was in­
creased, a phenomenon which shows 
th a t  the am ount of protein supplied 
w ith the  food was completely absorb­
ed. If, however, the am ount of ab­
sorbed protein exceeded a certain 
lim it, it  was not completely assimila­
ted  so th a t  much nitrogen was elimi­
na ted  w ith the urine.

Fig. 2 shows the retention of N  as 
percentage of the  proteins supplied.
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F i g . 1. Daily amount of nitrogen (shaded columns) ingested with food containing 2.5, 
4.1, 6.1 and 6.4 g protein per kg body weight (I—IV); amount of N excreted with faeces 

(black columns) and urine (white columns)

prof.g/kg

F i g . 2. D egree o f  n it ro g e n  re te n tio n  (ra tio  b e tw een  w h ite  an d  sh ad ed  circles) and  a c tu a l 
in co rp o ra tio n  o f p ro te in  p e r  k g  o f  b o d y  w eigh t (sh ad ed  colum ns) in  th e  fu n c tio n  o f d a ily

p ro te in  su p p ly
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As can be seen, more than  80% was 
retained if the ingested protein 
am ounted to  2.5 or 4.1 g/kg, whereas 
retention was hardly more than 60%  
after the  ingestion of more than 6 g/kg. 
Retention after the ingestion of, for 
example, 6.1 g/kg was practically the  
same (3.62 g/kg) as after th a t of 4.1 
g/kg (3.34 g/kg). The fact th a t the 
excess is excreted w ith the urine 
raises the  question as to  how far the 
kidney is capable of satisfying the 
increased requirem ent. Fluctuations 
of the N PN  level were studied to  
this end.

I t  is evident from Table I  th a t, if 
the am ount of ingested protein ex­
ceeds 6 g/kg, the level of N PN  is 
significantly higher than  after a lesser 
protein supply: the concentration of

N P N  reaches and even exceeds 40 
m g/100 ml. Considering th a t  urea- 
N  is mainly responsible for the in­
crease in the concentration of NPN 
in cases of this nature, i t  is obvious 
th a t  the  quota of urea-N in th e  total 
protein  content of the urine becomes 
less if  the ingested food is rich in 
pro tein  and that, a t the sam e tim e, the 
u rinary  output of am m onia-N  is in­
creased (Table II), a  phenomenon 
usual in cases with acidosis. An in­
creased titratab le acidity o f the  urine 
poin ts likewise to  the presence of 
compensated metabolic acidosis, the 
possibility of which, in cases o f exces­
sive protein supply, has been stated  
also by  other authors [21, 22].

The values for alpha-am ino-N  are 
represented in Table I I I .  The given

T a b l e  I
Correlation between NPN and protein content of the food

Protein uptake, 
g/kg 2.5 4.1 6.1 6.4

NPN mg% 21.8±4.7 25.2±5.3 39.4±5.1 42.6±6.4

p <0.1 <0.001 <0.5

T a b l e  II

Effect of protein loading on the urinary output of urea-N and ammonia-N, 
further on the titratable acidity of urine

Amount of supplied 
protein, 

g/kg

Urea nitrogen Ammonia nitrogen
Titratable acidity 

mEq/dayexcreted with urine

Total N% mg/kg/day Total N% mg/kg/day

2.5 81 31 10 4 12.3
4.1 86 58 8 6 19.7
6.1 78 255 14 46 32.5
6.4 74 258 15 52 29.8
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T a b le  I I I

Effect of increasing protein ingestion on 
the serum and blood alpha-amino-N level

Alpha-amino-nitrogen
Protein ingested, 

g/kg In the serum, In the urine
mg/100 ml Total N% mg/kg/day

2.5 6.1 5.3 2
4.1 6.3 4.5 3
6.1 7.9 6.0 18
6.4 7.8 7.4 25

am ounts of protein left th e  serum 
alpha-am ino-nitrogen practically  un­
changed, whereas in cases of loading 
the excreted  to ta l nitrogen was in­
creased. The increased excretion of 
a few essential ammo acids is visible 
in a chrom atogram.

I t  seems to  follow from th e  fore­
going th a t  a  supply of protein exceed­
ing 6 g/kg puts the protein m etab­

olism of prem ature babies o u t of 
gear. One is therefore tem pted  to  
ask if  it  is necessary to supply this 
much or even more protein. In form a­
tion in th is  respect is provided by  the 
weight gain per 1 g of protein in tro ­
duced w ith  the  food.

Foodstuffs richer in proteins than  
m other’s m ilk enhance the gain in 
body w eight (Table IV). This effect 
is, however, significant only if  the 
supply of protein amounts to  4.1 
g/kg, whereas more than  this am ount 
does no t essentially increase the  ra te  
of weight gain. This is evidently con­
nected w ith  the  fact that, as has been 
noted, th e  value of N-retention is 
optim al if  the  amount of protein  
taken up  w ith  the food is 4.1 g/kg. 
In troduction  of more protein p ro ­
duces no fu rther effect because the 
rate  o f assimilation decreases w ith 
each additional g of protein (Table V).

Ta ble  IV

Daily gain in weight in the function of ingested protein

Protein ingested, 
g/kg 2.5 4.1 6.1 6.4

Weight gain, 15 .7± 3 .8 17.3±4.2 17 .5± 3 .9 17.8±4.6
g/day

p >  0.01 p > 0.8 p >  0.7

Ta ble  V

Daily gain in weight per 1 g of protein 
(effect of utilization of protein)

Protein ingested, g/kg 2.5 4.1 6.1 6.4

Utilization of protein
body weight/g protein/day 3.2 2.1 1.4 1.4
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T a b l e  VI

Practically equal retention of nitrogen, NPN level and assimilation of protein 
after the consumption of equal volumes of breast milk and cow’s milk

Food Ingestion of N 
mg/kg

N-retention, 
per cent

NPN, 
mg/100 ml

Effect of protein 
utilization, 

body weight/g 
protein/day

Breast milk 400 84.75 21.8±4.7 3.2
Diluted cow’s milk 480 81.30 23.2±5.1 2.6

A decrease of protein utilization 
m ight be due to  differences in the 
quality of the various foodstuffs. I t  
is, however, clear from Table VI tha t 
the values for N-retention, N PN  and 
assimilated protein are much the 
same, whether the babies ingest 
approxim ately equal amounts of- 
breast milk or cow’s milk. The quan­
tity  and not the quality of ingested 
proteins is therefore responsible for 
the observed difference.

N either do conditions regarding 
the level of serum proteins justify 
the introduction of protein exceed­
ing about 4 g/kg. This am ount re­

duces the  physiological hypoprotein- 
aemia of prem atures to  an ex ten t 
which cannot be improved by  any 
am ount o f additional protein (Fig- 3).

D iscussion

Our results are in agreement w ith 
the clinical and experimental ob­
servations th a t the amount of protein 
which prem ature babies receive with 
breast milk is insufficient [7, 9, 13, 
17, 30]. More protein has to  be pro­
vided in order to achieve optim um  
growth. I t  would, however, be erro-

g p ro te in /100 g

F i g . 3. With a daily protein supply of 2.5 g/kg the total serum proteins show a pronounced 
decrease during 4 weeks (I). Food containing 4.1, 6.1 and 0.4 g/kg protein (II— IV) 
considerably reduces the degree of physiological hypoproteinaemia (horizontal marks 
of the white columns). Total amounts of protein at the outset are indicated in respect 
of each group by shaded columns, those at the end of the observation period by white

columns
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neous to  underrate the  value of 
b reast milk. Mother’s milk has a 
com position similar to  th a t  of plasma 
pro tein  owing to  which it shows the 
best ra te  of absorption and utiliza­
tion, and  promotes moreover immuno­
logical ripening. Breast-fed infants 
are b e tte r  provided w ith certain 
specific antibodies th an  bottle-fed 
babies [5, 10], and also their physio­
logical hypogammaglobulinaemia is 
less pronounced [6]. Clinical observa­
tions, too, point to  a be tter imm unity 
of in fan ts kept on m other’s milk. I t  
has been found by numerous authors 
[15, 16, 20, 24, 25, 31] th a t  the 
gastro intestinal trac t of infants does 
n o t absorb the immune proteins of 
the  m other’s milk in a native form. 
The supposition is therefore justified 
th a t  th e  amino acids whose propor­
tion  is optim al in cases of breast 
feeding promote the synthesis of 
im m une globulins. One should more­
over bear in mind th a t  the IgA con­
te n t  of the  breast milk ensures en­
hanced imm unity for the  babies’ in­
te s tin a l tra c t [1, 3, 4]. M other’s milk 
is still th e  best food in m any respects, 
a lthough — to achieve b e tte r growth
— prem atures require a  surplus 
am ount of protein.

W e have found th a t  foodstuffs — 
if equal as regards caloric value bu t 
d ifferent as regards protein contents
— have different biological effects. 
F ood  containing about 4 g/kg body 
w eight of protein seems to be 
ideal: i t  ensures adequate nitrogen 
reten tion , a better growth than  breast 
m ilk alone and m itigates the  physio­
logical hypoproteinaemia of the new­

born. The level of NPN is norm al and 
neither the urinary ou tpu t o f urea-N, 
alpha-am ino-N and am m onia-N  nor 
the  titra tab le  acidity of the urine point 
to  increased renal activity.

The am ount of protein supplied is 
sometimes much in excess of th a t 
regarded by us as optim al [19, 28]. 
Considerably more protein th an  about 
4 g/kg does not essentially increase 
the  value of nitrogen reten tion  or the 
progress of growth; the efficiency of 
pro tein  utilization is diminished, and 
the  degree of physiological hypo­
proteinaem ia remains unchanged, 
while the  elimination of the  waste 
products of unnecessarily introduced 
protein  means a stress for the  kidneys. 
N ot only the high N PN  value b u t 
also the  changed composition of pro­
tein  eliminated with the urine points 
to  th e  impairment of excretion. N or­
m ally, urea-N accounts for some 85 to 
90%  of the excreted protein ; this 
percentage gradually diminishes and 
th e  u rinary  output of amm onia-N as 
well as the acidity of th e  urine in­
crease in cases of excessive protein 
supply. Acidification of the  urine in­
dicates a disturbance of protein  m etab­
olism and creates m oreover condi­
tions favourable for various infections.

In  creased urinary excretion of alpha- 
amino-N in cases of protein loading 
is especially worthy of no te  because, 
according to  several authors [2, 23, 
26, 27], the amount of protein  in the 
food does not essentially influence 
the  degree of aminoaciduria, provided 
the  renal apparatus is fully developed. 
The renal tubules of prem atures are, 
however, immature, the reason why
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some investigators [18, 23] observed 
the  highest degree of amino-N ex­
cretion in prem atures, even w ithout 
a  preceding excessive supply of p ro­
tein. I f  the “physiological” hyper­
aminoaciduria of biologically imm a­
tu re  individuals is due to inadequate 
tubular activity, it  is natural th a t 
loading will further aggravate tu b u ­
lar insufficiency and increase the 
urinary output o f alpha-amino-N.

I t  follows from  the foregoing th a t 
daily 4 g/kg of protein ensure the best 
conditions for growth, development 
and immunological ripening of p re­
m ature babies, and th a t the in tro­
duction of protein amounting to  or 
exceeding 6 g/kg is unnecessary and 
may even be harmful.
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