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Response of Premature Infants to Human Milk 
and T wo Types of Cow ' s Milk Formulae 

J U L I U S B . F A M I L U S I , A . K O F I F O M U F O D A N D A S U Q U O U . A N T I A 

Department of Paediatrics, University College Hospital, Ibadan, Nigeria 

{Received 22 December 1971; accepted 23 February 1972) 

Summary. The response of thirty-four premature infants to human breast milk 
and two types of cow's milk formulae has been investigated. The three milk 
formulae were well tolerated. There was no significant difference among the babies 
in the bulk, frequency and consistency of their stools. The average daily weight 
gain among infants fed on a 'humanized' cow's milk formula (S-26) closely paral-
leled that of another group of infants fed on human breast milk. The average daily 
weight gain among infants fed on a non-humanized cow's milk (Lactogen) was 
generally satisfactory although lower than that obtained from the other two groups 
of infants. It is concluded that human breast milk or a cow's milk formula with 
composition similar to human milk contains the optimal contents of nutrients neces-
sary for the rapid growth of premature infants. 

Resume. La formule, repondant a 34 cas d'allaitation d'enfants prematures, en 
deux types de lait de vache, a etc trouvee. 

Les trois formules de lait etaient acceptables. II n'y avait pas de difference sig-
nificative, frequemment et constamment, entre les enfants dans le ventre, et ceux 
de la couveuse. 

Le poids convenable, quotidiennement obtenu parmi les enfants nourris a F'hu-
manised' formule de lait de vache (S-26) est sensiblement le meme que celui (d'un 
groupe) d'enfants nourris au lait maternel. 

Le poids convenable quotidiennement obtenu par des enfants nourris au lait de 
vache artificie! (Lactogen) etait generalement satisfaisant bien que, au-dessous, du 
poids obtenu dans les deux autres groupes. 

II est conclure que le lait maternel ou le lait de vache formule a partir d 'une 
composition similaire au lait maternel contient des Elements nutritifs optimum 
necessaire pour une rapide croissance d'enfants prematures. 

A decline in breast feeding has been reported from several developing countries: Uganda 
(Welbourn, 1958), Kenya (Bell, 1955), Trinidad (JcllifiTe, Symmonds & Jclliffe, 1960), and 

Corrcspondcncc: Dr J. B. Familusi, Department of Paediatrics, University College Hospital, Ibadan, 
Nigeria. 
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42 Julius B. FamHusi, A. Koji Fomufod and Asuquo U. Antia 
Nigeria (Adcniyi-Joncs, 1955; Wcnn-Van Dcr Mey, 1969). Because of the prevailing poor 
standard of sanitation, and low level of mate rna l education, the substituted practice of bottle 
feeding has often resulted in increased morb id i ty and mortality from bacterial contamina-
tion of the bottle feeds (Welbourn , 1958; Wenn-Van Der Mcy, 1969). Ideally, breast 
feeding should therefore be the advisable me thod of infant rearing in developing countries. 
There are, however, circumstances when artificial feeding of infants is strongly indicated. 
Such circumstances include severe illness o r death of the mother, diseased maternal breast, 
abnormalit ies of the mouth and palate in the infant , and extreme feebleness or prematur i ty 
of the infant. 

In developing countries, p rematur i ty is c o m m o n and in our experience this condi t ion is 
the commonest indication for artificial feeding. These infants are poor suckers, a n d conse-
quently the mother 's milk supply tends to dry up because of inadequate s t imulat ion. Pro-
longed hospitalization and therefore separa t ion f rom their mothers is c o m m o n with pre-
mature infants; in such a si tuat ion financial and transport difficulties tend to limit the 
frequency of visit to hospital by mothe r s to supply expressed breast milk (EBM) for use by 
the babies. Wet nurses arc somet imes avai lable , but supply f rom this source is usually 
limited and human milk banks are beyond the financial and organizat ional capaci ty of 
most centres in developing countr ies . In practice, therefore, paediatricians in developing 
countries often resort to artificial milk prepara t ions , for feeding premature infants under 
their care. The purpose of the present s tudy was to compare the response of p r e m a t u r e 
Nigerian infants to human breast milk a n d two types of cow's milk formulae . T o the best 
of our knowledge, there has been no previous report of such a study in p rematu re Af r i can 
infants. 

S U B J E C T S A N D M E T H O D S 

i 'm study -iv earned out on p r e m a t u r e babies admitted to the Special C a r e Baby Unit 
RU) ol m; Uni\erMt) College Hospi ta l , Ibadan, Nigeria. The period of the s tudy was 

T Min April 10 September 1970. The unit a d m i t s premature infants with birth weights most ly 
bclovv 4 lb (1-8 kg). On admission in fan ts were randomly allocated to three d i f fe rent milk 
formulae. A (human breast milk). B (Lactogen—Nest le ) and C (S-26—Wyeth). I n f a n t s w ho 
had repeated apnoeic or cyanotic a t t acks dur ing the first 6 days of life, o r required oxygen 
therapy for more than a few hours on o r a f te r the sixth day of life, or became ser iously ill 
from whatever cause during the period were excluded from analysis. 

Formula B has been in wide use for many years. Formula C was recently in t roduced in to 
the Nigerian market. The manufac tu re r s of this milk formula claim that when the milk 
powder is reconstituted a percentage compos i t ion similar to that of human milk is o b t a i n e d . 
Undiluted breast milk was obta ined f rom lactating mothers a t tending the Univers i ty 
College Hospital. The commercial f o r m u l a e were reconstituted according to the m a n u -
facturers ' directions. 

The approximate composit ion of the three types of milk arc as shown in Table I. Feed ing 
and nursing care of the infants were under t aken by the same nursery stall', all of w h o m had 
had between 3 and 5 years' experience in the unit. Infants were offered their respective milk 
preparation, first at 12-18 hr of age, a n d thereaf te r at 2 -3 hourly intervals, depend ing on the 
size of the baby. Infants who were t o o feeble to suck f rom the breast or bott le were fed 
through a nasogastric tube and the quan t i ty of feed ranged from 3 to 41 oz/ lb (85-128 ml / 
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Response of premature infants to different milk 43 
kg) body weight/day. Those infants who were strong enough to suck were fed cut libitum 
each infant being offered the largest amount of feed it was able to accept. 

Each infant was weighed on alternate days throughout the period of study. In addition, a 
record was kept of the number , size, consistency and colour of stools, regurgitation of 
feeds and excoriation of the buttocks. Daily clinical assessment of each infant was carried 
out by one of us (J.B.F.). 

The following investigations were done on the sixth day of life, and thereafter at 3 weekly 
intervals until the infant was discharged: 

(1) Total serum proteins and fractions (albumin and globulins) by the Biuret method 
(Gornall, Bardawill & David, 1949). 

(2) Serum cholesterol, by the digitonin-precipitation method (Ferro & Ham, I960). 
(3) Serum calcium by the method of Trinder (1960). 
(4) Serum inorganic phosphorus by the method of Gomori (1942). 
(5) Serum transferr in by the antibody-incorporated agar-plate method of Mancini et al. 

(1964). The immunopla tes were obtained f rom Hyland Laboratories, Los Angeles, Cali-
fornia. 

(6) Packed cell volume (PCV) was determined with the aid of a portable centrifuge as 
described by Dacie & Lewis (1968). 

TABLE I . A p p r o x i m a t e composi t ion of the various milks used in the 
study 

Human Lactogenf S-26t 
milk* 

Protein (g/100 ml) 1-6 2-4 1-5 
Fat (g/100 ml) 5-9 3-5 3-6 
C a r b o h y d r a t e s (lactose) 

(g/100 ml) 7-2 7-6 7-2 
Phosphorus (mg/100 ml) 9-5 39* 33 
Calcium (mg/100 ml) 20-5 541 42 
Iron (mg/100 ml) 0-2J 0-75 0-8 
Total mineral (mg/100 ml) 235J 840 250 

* Data obtained from Nigerian women (Bassir, 1956). 
t Data given by the manufacturers. 
t Unavailable data from sources * and f above. These were 

obtained from human breast milk (Nigerian women) and from the 
two artificial milk formulae by H. MeFarlane, Chemical Pathology 
Laboratory, U C H , Ibadan. 

Infants who developed jaundice were fully investigated to determine possible aetiological 
factors, and serial est imation of serum bilirubin was also carried out to determine the 
course of the jaundice. Infants with unconjugated bilirubin ranging between 18 and 20 nig/ 
100 ml received exchange blood t ransfus ion. An infant was discharged when its weight 
reached between 41 and 5 lb (2-2-27 kg). 
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44 Julius B. Familusi, A. Kofi Fomufod and Asuquo U. Antia 
R E S U L T S 

During the 6-month period of the study, 110 infants were admitted into the unit ; thirty-four 
(sixteen male and eighteen female) of these satisfied the criteria for analysis. Of the thirty-
four infants, twelve were on Formula A, twelve on Formula B and ten on Formula C. 

All the three milk formulae were well tolerated. There was no significant difference in the 
bulk, frequency and consistency of stools. Simple redness of the but tocks or excoriation 
occurred in most of the infants dur ing the first week or two of life when they were in incu-

TAIILE 2. Mean birth weight of premature infants receiving three 
different milk formulae 

Milk formula 

A B C 

Mean birth weight in 
pounds (kg in paren-
thesis) 3-38 (1-53) 3-63 (1-65) 3-71(1-68) 
SD ±0-33 ± 0 - 4 0 ± 0 - 3 2 
SE ± 0 1 0 ± 0 1 2 ± 0 1 0 
No. of infants 12 12 10 

TABLE 3. Differences between the mean daily weight gain 

Milk formula 

A B C 

Mean daily weight gain (g) 23-58 19-39 24-49 
S D ±3-91 ±3 -94 ± 2 - 5 7 
Number of infants 12 12 10 

Pair under test t value df / ' value 

A vs B 2-61 22 0-025 > / '> 0 01 
A vs C 0-65 20 P> 0-5 
B vs C 3-65 20 0 005 >y»> o-ooi 

bators. No particular milk formula was associated with excoriation of the but tocks in any 
significant frequency. During the first 12 days of life, there was an initial loss of weight in all 
the babies irrespective of the milk formula . Thereaf ter weight gain proceeded steadily in the 
three groups. 

Table 2 summarizes the mean birth weight of the infants. There was no significant 
difference between the mean birth weight in the three groups. The average daily weight gain 
for each infant was obtained by dividing the difference between the birth weight and the 
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46 Julius /i. Familusi, A. Kofi Fomufod and Asuquo U. Antia 
weight on discharge by the total number of days spent in hospital. The means of the average 
daily weight gain per infant on Formulae A and C were comparable (Table 3), while the 
mean for infants on Formula B was significantly lower (Fig. I). 

The laboratory values in the three dilferent groups at 6 days, 3 weeks and 6 weeks of age 
respectively are summarized in Table 4. There was no statistically significant difference 
between the groups in respect of the total serum protein, serum albumin, globulin, trans-
ferrin, calcium and inorganic phosphorus . There was, however, a gradual increase in the 
serum transferrin value in all the groups throughout the study. There was no difference in 
the serum cholesterol values during the first 3 weeks of life, but at 6 weeks of age, scrum 
cholesterol values in babies on Formula 13 were significantly higher ( ^ < 0 05) than in those 
on Formulae A and C. The cholesterol values fell in all groups at 6 weeks, although the fall 
was not significant. There was also a significantly lower PCV (/ 'cO-05) at 6 days and 3 weeks 
of age among infants who received Formula C than among those who received Formulae A 
and B. However, at 6 weeks of age, no further significant difference existed in the PCV in 
the three groups. 

Formuice 

4 0 

20 

A B c 

X 
xx X x * X 
* X i 

X 

I X 
- n I X 

X X 
XX 

X X 
X 

I K.. I. Weight gain in groups of premature Nigerian infants fed various types of milk. Indi-
vidual values and mean shown. Average daily weight gain calculated as in text. 

D I S C U S S I O N 

The ideal food for premature infants remains a controversial issue. Advocates of cow's 
milk formulae maintain that human milk is not ideal for the rapidly growing premature 
infant because of its low protein and mineral salt and the high fat content. Gordon , Levine 
& McNamara (1947) obtained a significantly better weight gain in premature infants fed on 
evaporated and skimmed milk formulae than in those on human breast milk; they also 
stressed that partially skimmed cow's milk was particularly indicated for the smaller 
premature infants. Similarly, Mackay & Levin (1953) have observed a better mean weight 
gain in premature infants receiving half or more of their total calorie intake in the form of 
sweetened half-cream milk from birth. In contrast, Crosse et a/. (1954) compared the per-
formance of premature infants fed human milk with that of those fed other milk prepara-

i 
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Response of premature infants to different milk 47 
tions and obtained the best all round results with human milk as judged by rate of weight 
gain, serum protein, haemoglobin level, mortality and infection rates. Similar findings to 
those of Crosse have been reported by others (Ford, 1949; Lelong & Rossier, 1951). 

Our findings of better weight gains in infants fed human milk and a cow's milk formula 
with similar composi t ion to human milk are in agreement with the findings of Crosse and 
others. The findings would suggest that human milk and cow's milk Formulae C contain 
optimal nutrients necessary for the growth of the premature human infant. The better 
weight gains with Formulae A and C are unlikely to be due to fluid retention since these 
formulae contain less total mineral content and fluid-retaining potential than Formula R. 
The favourable weight gain would seem to be due partly to the relatively high content of 
lactalbumin with a high rat io of essential amino acids. The lipid contents of Formulae A 
and B are probably also contr ibutory . Al though premature infants in general tolerate fat 
poorly, Gordon & M c N a m a r a (1941) have shown that the fat content of human milk is 
more easily utilized than that of cow's milk. Fur thermore, linoleic acid which is present in 
higher quantities in h u m a n than in cow's milk has been shown to possess growth-promoting 
ability (Hansen et at., 1962). 

In most feeding studies, total serum protein and albumin levels have been used as reliable 
indices of nutri t ional adequacy. Al though normal concentration of serum albumin may not 
reflect normal nutr i t ion, abnormal ly low concentration strongly implies inadequate nutri-
tional status ( F o m o n , 1967). The level of protein and albumin in the present study is com-
parable to that obtained by Fomon . There was no significant difference in the total serum 
protein and albumin between the groups of infants studied. Low serum transferrin (sidero-
philin) has been shown to be associated with protein-calorie malnutri t ion in children 
(Antia, McFarlane, & Soothill , 1968; McFar lane et al., 1969). In the present study serum 
transferrin was comparab le a m o n g the three groups of infants. Therefore, according to these 
parameters, Formula B does not appea r to be nutritionally inadequate for premature 
infants, although its g rowth-p romot ing ability is less than that of Formulae A and C. 

Recently the association between serum cholesterol and atherosclerosis has been the 
subject of considerable interest. In the present study, the serum cholesterol was significantly 
higher at 6 weeks of age ( ^ < 0 - 0 5 ) a m o n g infants receiving Formula B than among those 
who received Formulae A and C. This finding is in agreement with that of Fomon & Bartels 
(I960) and may be explained by a higher composit ion of butter fat in Formula B. These 
authors have also shown that essential fatty acids present in human milk tend to reduce 
blood cholesterol levels. Serum cholesterol in the average Nigerian adult of low socio-
economic status is lower than in the Caucasian (Edozien, 1965) and the incidence of pa tho-
logical atherosclerosis is low in Nigerian adults (Williams, 1969). Prolonged breast feeding 
in childhood and low intake of cow's milk may explain these observations. 

Phosphorus content is higher in cow's milk than in human milk and because of this, the 
use of cow's milk may produce hyperphosphataemia . Git t leman & Pincus (1951) and 
Gardner (1952), have considered this to be the most impor tant factor in the genesis of neo-
natal tetany. The hyperphosphataemia induced by ingestion of cow's milk may be associated 
with hypocalcaemia (Oppe & Redstone, 1968). In contrast to these facts Von Sydow (1946) 
has shown that radiological signs of rickets are more frequent in premature infants on 
human milk than in those on cow's milk. In the present study, there was no statistically 
significant difference in the levels of calcium and phosphorus in the infants on the various 
wilk formulae. 
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48 Julius B. Famihtsi, A. Kofi Fomufod and Asuquo U. Antia 
It is of interest t h a t a t a g e 6 clays a n d 3 weeks the haematocrit among infants receiving 

Formula C was s ignif icant ly l o w e r t h a n a m o n g infan ts on Formulae A and B. The difference 
in the iron con ten t o f t he t h r e e m i l k f o r m u l a e is unlikely to account for this observation 
since exogenous iron has been s h o w n t o h a v e little influence on early anaemia of prematuri ty 
(Wolff & G o o d f e l l o w , 1955). H a e m o l y t i c j a u n d i c e occurred in five of the infants who re-
ceived F o r m u l a C a n d in t h r e e e a c h of t h o s e fed on Formulae A and B and this is possibly 
the cause of the low P C V in t h e b a b i e s o n F o r m u l a C. In three of the infants on Formula C 
and one each of those o n F o r m u l a e A a n d B, t he j aundice was due to ABO incompatibility. 
In the two o ther j a u n d i c e d i n f a n t s o n F o r m u l a B and one of those on Formula C, the 
j aund ice was associa ted w i th g I u c o s e - 6 - p h o s p h a t e dehydrogenase (G6PD) deficiency. In 
three instances (one i n f a n t o n F o r m u l a C a n d two others on Formula A) no associated 
aetiological f ac to r (bes ides p r e m a t u r i t y ) w a s found . Exchange blood t ransfusion was 
necessary in two in fan t s , n a m e l y , o n e in g r o u p B with G 6 P D deficiency, and ano ther in 
g roup C with A B O i n c o m p a t i b i l i t y . N e o n a t a l j a u n d i c e in association with the above stated 
factors is extremely c o m m o n a m o n g N i g e r i a n babies and it would appear that the type of 
milk fo rmula was unre la t ed t o t h e c a s e s o f j a u n d i c e in the present study. However, fur ther 
study on this p rob lem is i n d i c a t e d in v i e w o f the recently reported association of neonatal 
jaundice with h u m a n mi lk ( A r i a s et al.y 1963; N e w m a n & Gross, 1963). 

The response of p r e m a t u r e i n f a n t s o n F o r m u l a C closely parallels that of the infants fed 
human breast milk. T h e r e s e e m s t o b e n o d o u b t tha t this similarity is due to the quanti tat ive 
and quali tat ive s imilar i ty in t h e c o m p o s i t i o n of these two types of milk. O u r results would 
suppor t the conc lus ions o f p r e v i o u s w o r k e r s t h a t h u m a n milk contains the opt imal contents 
of nutr ients required fo r t he g r o w t h o f p r e m a t u r e h u m a n infants. In the absence of adequate 
milk however, it would a p p e a r t h a t t h e bes t subs t i t u t e is a cow's milk formula which approxi-
mates 5's fr»uch as poss ible t o h u m a n m i l k . 
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