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Carbohydrate derived energy and gross energy
absorption in preterm infants fed human milk or
formula
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SUMMARY Significant production of breath hydrogen has been shown in premature infants,
suggesting limited intestinal capacity for digestion of carbohydrate. To evaluate net absorption of
carbohydrate 24 three day balance studies were carried out in seven preterm infants fed
pasteurised banked human milk and in 17 preterm infants fed a formula containing 75% lactose
and 25% glucose polymers. Because carbohydrate reaching the colon may be converted to
organic acids by bacterial flora, carbohydrate net absorption was determined by quantitating the
faecal excretion of energy derived from carbohydrate. The carbohydrate derived energy content
of milk and stools was calculated as the difference between the measured gross energy and the
sum of energy related to nitrogen and fat. Faecal loss of carbohydrate derived energy was lower
in the group fed formula (1.9 (SD 1-2) kcallkg/day) than in the group fed human milk (4.0 (SD
1-8) kcallkg/day). Net absorption of carbohydrate derived energy was 97-0 (SD 1-9)% as opposed
to 92*6 (SD 3-9)%, respectively. Within each group there was no significant relation between
carbohydrate energy absorption and fat, nitrogen, or gross energy absorption. Thus, although
less complete with human milk than with formula, apparent absorption of energy derived from
carbohydrate seemed quite satisfactory in these preterm infants.

Development of intestinal lactase activity occurs late
in gestation.1 According to some studies, virtually
all premature infants would be expected to have
lactose malabsorption.2 3
Carbohydrate absorption in neonates has been

estimated by various methods, but these methods
often have limitations. Oral tolerance tests4 require
a lot of blood samples and are often unreliable.
Measurement of breath hydrogen2 3 is a sensitive
but non-quantitative method of evaluating carbohy-
drate malabsorption. Determination of lactose assi-
milation by using stable, isotopically labelled
molecules5 requires sophisticated and expensive
equipment. Balance studies with measurements of
faecal excretion of carbohydrate68 do not necess-
arily provide accurate information of intestinal
digestibility as carbohydrate reaching the colon may
be converted by bacterial enzymatic actions to lactic
acid and short chain fatty acids.

In 1982 Kien et al developed a method for
assessing carbohydrate absorption by measuring
gross energy, nitrogen, and fat content of intake and

stools.9 Using this method, we evaluated gross
energy and carbohydrate derived energy absorption
in preterm infants fed human milk or a preterm
formula.

Patients and methods

Twenty four three day balance studies were carried
out in 24 preterm boys (Table 1). All infants were

Table 1 Infant data according to feeding group. Values are
mean (SD)

Feeding group

Human Preterm
milk formula

No of infants 7 17
At birth:

Gestational age (wks) 31 (1) 30) (2)
Weight (g) 1451 (115) 1326 (240))

At balance study:
Postnatal age (days) 25 (9) 36 (15)
Weight (g) 1787 (246) 1948 (358)
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appropriate for gestational age. All were fed orally.
At the time of the balance studies, all infants were
passing normal stools and were growing at a steady
rate. Informed parental consent was obtained.
The balance studies were carried out in seven

infants fed pasteurised banked human milk and in 17
infants fed a preterm formula (Pregallia, Gallia,
France) containing per dl: protein 1*9 g (whey:
casein 60:40), fat 3-36 g (40% medium chain tri-
glycerides), and carbohydrate 9-6 g (75% lactose
and 25% maltodextrin). Separate collections of
stools and urine were performed with a metabolic
bed as previously described.'() Whenever defecation
occurred the stool was immediately frozen. Total
nitrogen was determined in both milk and faeces by
the micro-kjeldahl technique and fat by a gravimetric
method that gives complete recovery of long chain
and medium chain triglycerides.1' Gross energy was
determined on lyophilised aliquots of milk and stools
using a ballistic bomb calorimeter (Gallenkamp,
London, England) as reported elsewhere. 12 The
heat of combustion of various nutrients determined
in our laboratory was protein 6-15 kcal/g, long chain
triglycerides 9-61 kcal/g, and medium chain tri-
glycerides 8*51 kcal/g.12 The carbohydrate derived
energy content of milk and stools was calculated as
the difference between the measured gross energy
and the sum of calculated gross energy related to
nitrogen and fat content. The coefficients of net
absorption of nitrogen, fat, carbohydrate derived
energy, and gross energy were calcuated as:

(intake-fecal excretion)/intake.
The significance of the difference between two
arithmetic means was evaluated by Student's t test.

Results

Milk volume and fat intake were similar in both
groups, but gross energy and nitrogen intakes were
significantly higher in the preterm infants fed
formula (Table 2). Carbohydrate derived energy
intake averaged 54-4 kcal/kg/day in the group fed
human milk and 63-7 kcal/kg/day in the group fed
formula. In both groups this represented 46% of
gross energy intake. The faecal excretions and
coefficients of net absorption of gross energy,
nitrogen, fat, and carbohydrate derived energy are
shown in Table 3. Faecal excretions of gross energy,
fat, and carbohydrate derived energy were roughly
twice as high in the preterm infants fed pasteurised
banked human milk as in those fed formula.
Gross energy absorption averaged 92*6% in the

group fed formula as opposed to 85-5% in the group
fed human milk. Net absorption of nitrogen, fat,
and carbohydrate derived energy was also signifi-

Table 2 Intake data according to feeding group. Values
are mean (SD)

Feeding group

Human Preterm
milk formula

Milk volume (mUkg/d) 174 (14) 166 (12)
Gross energy (kcal/kg/d) 119-6 (10-2) 136-9 (7-4)'
Total nitrogen:

(mg/kg/d) 403 (33) 510 (27)'
(kcaVkg/d) 15-5 (1-3) 19-6 (1-0)'

Fat:
(g/kg/d) 5-17 (0-70) 5-58 (0-31)
(kcaVkg/d) 49-7 (6.7) 53-6 (3-0)

Carbohydrate derived energy
(kcaUkg/d) 54-4 (6-0) 63-7 (4-5)'

*p<O-OS compared with the group fed human milk.

Table 3 Faecal excretion data according to feeding group.
Values are mean (SD)

Feeding group

Human Preterm
milk formula

Gross energy:
(kcaVkg/d) 17-3 (5-6) 10-1 (3-3)'
(% of absorption) 85-5 (4-9) 92-6 (2-4)'

Nitrogen:
(mg/kg/d) 64 (20) 50 (16)
(kcaVkg/d) 2-5 (1-0) 1-9 (1-0)
(% of absorption) 84-1 (4-5) 90-2 (2-9)'

Fat:
(g/kg/d) 1-12 (0-50) 0-65 (0-27)'
(kcaVkg/d) 10-8 (4-8) 6-2 (2-6)'
(% of absorption) 78-3 (10-0) 88-4 (4-9)'

Carbohydrate derived energy:
(kcaVkg/d) 4-0 (1-8) 1-9 (1-2)'
(% of absorption) 92-6 (3-9) 97-0 (1-9)'

*p<0-05 compared with the group fed human milk.

cantly higher in the group fed formula than in the
group fed human milk, these being 90-2, 88-4, and
97-0% as opposed to 84-1, 78 3, and 92-6%,
respectively. Within each group, there was no
significant relation between carbohydrate derived
energy absorption and nitrogen absorption, fat
absorption, gestational age, or postnatal age.

Discussion

The aim of this study was to quantitate net
absorption of gross energy and carbohydrate de-
rived energy in preterm infants fed human milk or a
preterm formula.

In the group fed banked human milk the mean
(SD) coefficient of gross energy absorption (86
(5)%) was similar to that reported (87 (5)%) by
Whyte et al in very low birthweight infants fed their
own mother's milk'3 but higher than that found (76
(16)%) by Brooke et al in preterm infants fed
pasteurised human milk. 14 In the latter study,
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however, faecal excretion of fat was almost twice as
high as in our study or in Whyte's study. In the
group fed the preterm formula gross energy absorp-
tion (93 (SD 2)%) was slightly higher than that
reported (90 (SD 3)%) by Whyte et al13 or by
Valman et al'5 (87 (SD 5)%) in preterm infants fed
formula. Fat absorption was also slightly higher in
our infants (88 (SD 5)%), however, than in Whyte's
(85 (SD 5)%) or Valman's study (83 ,SD 5)%). As
in the study of Brooke and Wood,' we found a
highly significant positive relation between faecal
loss of gross energy and faecal excretion of fat (Fig.
1). The good fat absorption in our infants fed
formula is probably due to the use of medium chain
triglycerides as part of fat, whereas the poor fat
absorption observed in some preterm infants fed
banked human milk can be explained by the
inactivation of lipase (stimulated by bile salt) by
pasteurisation.17 We found that protein net absorp-
tion was significantly lower in the group fed human
milk than in the group fed formula. This might be
due to the presence of poorly degraded immunoglo-
bulins in human milk.'
We calculated that net absorption of carbohydrate

derived energy averaged 92-6% with human milk
and 97% with formula (Fig. 2). There are few
published data concerning carbohydrate absorption
in neonates. In term infants aged 2 weeks Southgate
and Barrett found a net absorption of carbohydrate
that averaged 96*9% with breast milk and 99-9%
with cow's milk preparation.6 In very low birth-
weight infants fed human milk or formula Atkinson
et al found coefficients of lactose absorption of
about 99% during the first weeks of life.8 Carbohy-
drate balance studies are, however, notoriously
difficult to interpret. In both studies carbohydrate in
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Fig. 2 Coefficients of net absorption of nitrogen, fat,
carbohydrate derived energy, and gross energy in preterm
infants fed banked human milk (0) or a preterm
formula (@).

stools was measured by determination of lactose and
reducing substances only. This method does not
permit total quantitation of faecal loss of energy
derived from carbohydrate because carbohydrate
malabsorbed in the small intestine can be converted
by colonic flora into short chain organic acids, which
are not completely absorbed.'9 In our study the
intake and faecal excretion of carbohydrate was
calculated from the total energy content less the sum
of energy related to measured nitrogen and fat
contents. This technique of assessing net absorption
of carbohydrate derived energy has the theoretical
advantage of taking into account faecal excretion of
carbohydrate as well as by products resulting from

0

Fig. 1 Relation between faecal fat and
faecal energy in three day stool collections
from 24 preterm infants fed
banked human milk (Q) or a preterm
formula (@).
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bacterial degradation of malabsorbed carbohydrate.
There are, however, some reservations about this
method. Despite the use of freezing, short chain
organic acids, which are volatile at acid pH, may
have been lost in the process of collection or
processing. The assumption that stool fat was
present only as long chain triglycerides seems
acceptable according to the pattern of newborn
faecal lipids.2t But the assumption that stool nit-
rogen was present as protein or amino acids only
may result in slightly underestimating carbohydrate
derived energy as some of the stool nitrogen was
presumably also present as urea and ammonia.9 The
calculation of apparent carbohydrate absorption
may also be influenced by the faecal excretion of
mucus, which is a potentially non-dietary source of
stool carbohydrate. Net absorption of carbohydrate
derived energy was lower in the group fed human
milk than in the group fed formula. This might result
from quantitative and qualitative differences in
colonic bacteria. Another explanation might be the
presence of numerous poorly absorbed oligosac-
charides in human milk-2-4 g/dl in colostrum and
1-2 g/dl in mature milk.21 The mean coefficient of
carbohydrate derived energy absorption in the
group fed formula containing 75% lactose and 25%
glucose polymer was similar to that observed by
Kien et al in four premature infants fed a formula
containing 50% lactose and 50% glucose polymer.9

In summary, this study shows that there are
differences between net absorption of macronut-
rients in premature infants fed human milk and
preterm formula, resulting in a significantly higher
faecal loss of energy with pasteurised human milk.
The analysis of production of breath hydrogen by
premature infants up to at least 50 days of age has
suggested that greater than 66% of dietary lactose
may reach the colon.2 Formulas have been de-
veloped, therefore, that contain decreased lactose
concentration with carbohydrate energy sup-
plemented with glucose polymer. Our study indi-
cates that overall, in terms of energy, net absorption
of carbohydrate is quite satisfactory from either
source. Our data, however, give an estimation of
'apparent' as opposed to 'true' absorption of car-
bohydrate. In the absence of data on serum glucose
concentrations, breath hydrogen, or excretion of
labelled carbon dioxide it is impossible to determine
whether absorption occurred in the small bowel
through membranous digestion or in the colon by
resorption of short chain organic acids produced by
the microflora. This salvage pathway may be impor-
tant in view of raised excretion of breath hydrogen
by infants fed lactose or glucose polymer.22
Dr M De Curtis was supported by a fellowship from the Nestle
Nutrition Foundation.
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