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Abstract
Aim—To evaluate the energy require-
ments of breast fed infants.
Methods—The study was conducted in 17
healthy exclusively breast fed infants of
normal birth weight (mean (SD) 3332
(280) g). Energy expenditure by the doubly
labelled water method and milk intake by
the dose to infant method were measured
at 34 (4) days. A dose of 0.2 g/kg deuterium
oxide (99.8%) and 2.0 g/kg 10% 18O labelled
water was given to the infants, and urine
samples were collected for seven consecu-
tive days after dosing.
Results—The mean (SD) weight of the
infants during the period of evaluation
was 4617 (343) g and weight gain 34.0 (7.5)
g/day. Daily milk intake was 728 (101) g
and its metabolisable energy content 2.71
kJ/g. The energy expenditure of the infants
was 1205 (312) kJ/day and energy required
for growth was 607 (130) kJ/day. When
combined this produced an energy re-
quirement of 391 kJ/kg/day for these
infants.
Conclusion—These data agree with those
from other studies in the United Kingdom
and the United States and suggest that
adequate growth can be achieved with
19.4% less energy than recommended by
FAO/WHO/UNU.
(Arch Dis Child Fetal Neonatal Ed 2000;83:F120–F123)
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Current nutritional guidelines for the energy
requirements of children are based on observa-
tions of energy intake,1 but it is generally
accepted that measurements of energy ex-
penditure should be used.2 Most observations
of energy expenditure have been reported for
bottle fed infants, and few studies have been
conducted in breast fed infants.3 Moreover,
even fewer studies have been conducted in
developing countries where other factors can
influence the energy expenditure pattern and
growth—for example, a study in Mexico in
which energy expenditure in infants was higher
than in infants in the United States. The
authors speculated that this was caused by
adverse environmental conditions.4 The
present study was conducted in Santiago de
Chile, where environmental pollution is one of
the highest in Latin America.5

Energy expenditure can be measured by the
doubly labelled water method, which allows
energy expenditure of infants to be studied
without interfering with their normal pattern of
feeding, and the volume of breast milk
consumed has been measured by the isotopic
technique.6–8 Thus, by combining the doubly

labelled water method for energy expenditure
and the deuterium dilution technique for the
measurement of breast milk volume, it is possi-
ble to calculate the metabolisable energy in
milk consumed by exclusively breast fed
infants, if the energy cost of growth is allowed
for (metabolisable energy intake = total energy
expenditure + cost of growth).

The objective of this study was to estimate
energy expenditure (hence energy require-
ments) and milk intake in 1 month old
exclusively breast fed infants by using isotopic
methods, to compare them, and by allowing for
the energy cost of growth, to calculate the
energy density of the milk.

Subjects and methods
The study was carried out on 17 free living
infants of low socioeconomic status in the
south east of Santiago, Chile. The criteria for
their selection were: age 1 month at the begin-
ning of the study; birth weight more than 2900
g; exclusively breast fed; no congenital patholo-
gies; and an APGAR score of 9 at five minutes.
When the mothers had been informed about
the experimental protocol and had agreed to
follow it, they were asked to give written
consent. The nutritional review board of the
Institute of Nutrition and Food Technology
and the ethical committee of the Sotero Del
Rio Hospital approved the study. Table 1 gives
the characteristics of the 17 infants studied.

When the infants were 1 month old, a nutri-
tionist and a nurse visited their homes and,
after confirming that the infants were exclu-
sively breast fed, asked the mother to collect a
sample of the infant’s urine (spot sample).
Infant’s weight, height, tricipital skinfold, and
arm and head circumferences, and mother’s
weight were recorded. Infants were weighed
again at the end of the seven day measurement
period. A record was kept of the small amounts
of extra fluids ingested by the infant during the
follow up visits for the sampling collection.

The day after baseline samples had been col-
lected, a doubly labelled water dose (0.2 g/kg
deuterium oxide (99.9%) and 2.0 g/kg 10%
H2

18O) was given to the baby to assess milk
intake, body composition, and energy expendi-
ture. For seven consecutive days after this dose,
a nurse visited the house every other day to
supervise the mother’s collection of the daily

Table 1 General data of infants

Sex ratio (M/F) 9/8
Birth weight (g) 3332 (280)
Birth height (cm) 50.2 (1.4)
Age at evaluation (days) 34 (4)
Weight at evaluation (g) 4509 (401)
Height at evaluation (cm) 54.3 (1.6)
Weight gain (g/day) 34.0 (7.5)
Breast milk intake (g/day) 728 (101)

Values are mean (SD).
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urine spot sample and the recording of the time
of collection. The procedure was conducted
according to the multipoint protocol described
by Coward,9 and, to ensure linearity of the
data, the first and last samples were collected
by the nurse herself, who also checked on extra
fluid intake and the infant’s health.

Samples were stored in refrigerators or kept
in a cold place in the house, and all urine sam-
ples were frozen thereafter at −20°C until
analysis.

CALCULATION OF MILK VOLUME

Breast milk volume was measured by the dose
to infant method described by Coward et al10

and validated by others.11–13 Water turnover was
used to calculate volume of milk consumed as
follows: total water intake = water output +
water stored

Water output can be calculated as the prod-
uct of total body water in the infant (Vb) multi-
plied by the constant rate of disappearance of
the deuterium from the body (kd), and this
product corrected for isotopic fractionation
(0.99). Baby’s water volume, Vb, was evaluated
by the weighed average of dilution volumes
determined by H2

18O (No) and 2H2O (Nd):
Vb = 0.5(No/1.01 + Nd/1.04).

The factors 1.01 and 1.04 correspond to the
correction for overestimation of body water as
the result of sequestration of both 18O and deu-
terium in labile molecule sites. In addition,
total water intake of the infant is also equal to
the sum of water contained in milk plus
additional non-milk water. Non-milk water can
arise from both extra fluids given by the mother
(water, juices, eventually formula) and non-
oral water (environmental water influx). The
daily records of the mother gave non-milk
water intake during the period of evaluation,
and environmental water influx was controlled
for by multiplying total water intake by a
correction factor of 0.937.14 This correction
factor took into consideration the fact that
humidity and temperature factors in Santiago
are those of a Mediterranean climate rather
than a tropical country. Finally, milk volume
was assessed, assuming a proportion of 96% of
water after complete reduction of its solids.15

CALCULATION OF ENERGY EXPENDITURE

The method used to evaluate energy expendi-
ture is similar to that used by others16 17 and has
been successfully validated in preterm infants18

and infants after surgery,19 showing that energy
expenditure from doubly labelled water does
not diVer from that measured by respiratory
gas exchange. The multipoint method (seven
days in this case) was used, halving the errors of
the determination.9

Basically, when administering a doubly
labelled water tracer (with 18O and deuterium),
deuterium is lost in water, and 18O is lost in
water and CO2. The deuterium rate constant
(Kd) represents water turnover rate, and the 18O
rate constant (Ko) represents turnover of water
plus CO2. The rate of CO2 production can be
derived from the diVerence between the two
rates, and energy expenditure is then calculated
from CO2 production, using standard calorim-

etry equations, which involve an estimate of the
mean respiratory quotient, over the entire
period of measurement.

The principal assumptions involved in the
calculation are related to: (a) proportion of
water fractionated, (b) the fractionation factors
that arise from the isotopic content in vapour/
liquid phases for both isotopes, and (c) the
conversion of the calculated rate of CO2

production into energy equivalent. The first
factor depends mainly on the environmental
conditions under which the measurement is
performed and insensible water losses (respira-
tory and transepidermal). In relation to the
proportion of water fractionated, a value of
0.15 was used, and to convert CO2 production
rate into energy, a value of 0.85 was assumed
for respiratory quotient. Standard errors of the
measurement for each estimate were calculated
as suggested by Coward et al .20

Analysis of the enrichment on deuterium
and 18O was performed at the Laboratory of
Stable Isotopes of the Chilean Commission of
Nuclear Energy. The samples were analysed in
a Finnigan Mat 261 (18O) and Micromass
602C (deuterium) isotope mass spectrometer
(VG Isotopes Ltd, Cheshire, UK). Standards
used were calibrated against the Vienna Stand-
ard Mean Ocean Water (V-SMOW), issued by
the Laboratory of Standards (IAEA, Vienna,
Austria) of the International Atomic Energy
Agency.

Results
Table 1 shows the general data for the infants.
It can be seen that they have normal birth
weight and height, and their mean growth in
weight and height in the first month followed
the 50th percentile (National Center for
Health Statistics). A mean (SD) weight gain of
34.0 (7.5) g/day corresponds to a milk intake of
728 (101) g/day, which was suYcient to
provide for normal growth during this first
month of life.

Table 2 gives data on body composition in
the infants. The percentage body water in rela-
tion to weight is 64.9, consistent with other
studies and lower than values suggested by
Fomon et al.21 The percentage body fat and rate
of weight gain (34.0 (7.5) g/day) are in line with
changes in the reference child21 during the first
month of life.

Table 3 shows the measured daily energy
expenditure: 1205 (312) kJ. The energy stored

Table 2 Body composition of infants

Average weight (g) 4617 (343)
Total body water (g) 2997 (341)
Total body water percentage 64.9 (5.2)
Body fat content (%) 17.7 (6.4)
Fat deposition (g/day) 14.1 (3.6)
Lean body mass deposition (g/day) 19.6 (4.5)
Protein deposition (g/day) 1.96 (0.5)

Values are mean (SD).

Table 3 Energy requirements of infants

Energy expenditure (kJ/day) 1205 (312)
Energy stored (kJ/day) 607 (130)
Total energy required (kJ/day) 1812 (351)
Energy requirements (kJ/kg/day) 391 (60)

Values are mean (SD).
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in new tissue was calculated using values of
38.7 kJ/g fat and 23.6 kJ/g protein22, giving a
total of energy stored of 607 (130) kJ/day. Daily
energy requirements were obtained by adding
together daily energy expenditure plus energy
stored (1812 (351) kJ/day). Total energy
requirement was 391 (60) kJ/kg/day at 1 month
of age.

Energy supplied by milk (728 g) was
converted into metabolisable energy content
assuming that 92% of milk is used in growth.
This was compared with the amount of energy
needed by infants at this age, which gave an
energy content of milk of 2.71 kJ/g (0.65 kcal/
g).

In table 4, the present results are compared
with the energy requirements found for similar
infants in the United Kingdom and United
States, with the same type of measurements.

Discussion
Stable isotopes have proved extremely useful
for field studies on breast milk intake and body
composition.8 15 It is also possible to measure
energy expenditure in infants. The evaluation
of energy metabolism in free living unrestricted
infants is of particular importance for setting
future energy recommendations and to study
the eVect of diet on energy metabolism, energy
balance, and growth.23 Establishing energy
requirements by the doubly labelled water
method for energy expenditure and calculating
the energy needed for adequate growth (me-
tabolisable energy) are of particular relevance
in breast fed infants.

The advantages of the doubly labelled water
method are the non-invasive character of the
measurements, the relative ease with which it
can be applied to infants in field conditions,
and the possibility of combining this type of
evaluation with others, such as anthropometry,
milk intake, and body composition, providing
valuable information on energy balance and
growth. The main disadvantages are the high
cost of the isotopes, in particular 18O, and the
complexity of the laboratory measurements,
which require a mass spectrometer and trained
personnel.

To our knowledge, this is the first energy
expenditure study carried out in 1 month old
infants in Latin America. Previous studies were
conducted in protein malnourished 3–18
month old children in an inpatient metabolic
ward in Lima, Peru24, the above mentioned
study in 4 and 6 month old Mexican infants,4

and also similar studies carried out in
Gambia.25

The infants in this study were comparable
with those in previous studies in the United
Kingdom7 13 and United States16 with respect to
birth weight, healthy nutritional status at the
time of evaluation, breast feeding status, and
adequate rate of growth. In this study, daily
total energy expenditure in infants is in close
agreement with previous results in 1 month old
infants from developed countries, as shown in
table 4.

Estimates of energy requirement have been
based on energy intake,1 and the recommenda-
tions for this age group are 485 kJ/kg/day. The
energy requirements determined for these
Chilean infants (391 kJ/kg/day) are 19.4%
lower than the FAO/WHO/UNU recommen-
dations, which is also in agreement with
incoming results from diVerent groups of
researchers, suggesting that adequate growth
may be sustained on a smaller supply of energy
than recommended at present. In this study, it
is also clear that milk intake is suYcient to pro-
vide the necessary energy for normal growth
during the first month of life. This fact is
relevant for many developing countries, stress-
ing the necessity to continue to promote exclu-
sive breast feeding during the first months of
life. For many developing countries, and most
developed countries, where obesity is an
important public health and nutrition problem,
it is also important to establish the real energy
requirements in order to avoid excess intake,
and thereby prevent obesity and chronic
diseases from early childhood.
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