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Nutrition science has a convention to report metabolizable energy instead of gross
energy. Metabolizable energy at 4 kilocalories per gram for protein and carbohydrate,
9 kcal per gram for fat (kilojoules: 17 and 37, respectively) represents the food energy
available for metabolism. However, this convention to use metabolizable energy has not
been uniformly applied to human milk. Human milk is often reported as gross energy,
which is about 5-10% higher than metabolizable energy. To obtain accurate human milk
energy estimates, milk samples need to contain the same proportion of high fat hind milk
that an infant obtains.
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INTRODUCTION

There are discrepancies in the reports of human milK’s energy content. While many textbooks and
commercial handouts report specific numerical energy (calorie or joule) values for human milk,
there are two main reasons to have low confidence in these numbers. These reasons include the lack
of consensus regarding how milk energy should be quantified and reported as well as the difficulty
to obtain representative samples of human milk as it is consumed by infants.

METABOLIZABLE ENERGY

An important source of error in the estimation of human milk energy is the difference between
gross and metabolizable energy. Gross energy is the quantity of combustible energy contained in a
food, as measured using a bomb calorimeter. Gross energy values over-estimate the energy available
to the infant for metabolism. A common assumption for human milk has been that gross energy
values are the correct values (1). However, the convention in nutrition science is to report all foods’
energy content as metabolizable energy (2) instead of gross energy.

HUMAN MILK IS DIFFICULT TO SAMPLE

Human milk is likely the most difficult food to measure and quantify. It is almost impossible to
replicate breastmilk samples as it continually changes in fat and energy content, over a feeding,
over each day over time beginning after birth. It is important to sample milk to replicate the
changing composition as an infant feeds numerous times a day (3, 4). Those trying to obtain
representative samples of human milk require not only 24-h sampling but also the same degree of
breast emptying that an infant achieves and samples throughout each feed. To accurately estimate
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TABLE 1 | Reasons to report the metabolizable energy content of human milk.

The convention in nutrition science is to report metabolizable energy of foods
The use of metabolizable energy will align infant metabolism and energy
requirements with their diet

It is clinically important to accurately quantify infant energy intake to ensure that
infant energy needs are met

The use of metabolizable energy for human milk would avoid a systematic
overestimation over the energy content of human milk

the energy content, it is important to obtain the same proportions
of lower fat fore milk and high fat hind milk as an infant
would extract.

REASONS TO USE METABOLIZABLE
ENERGY OF HUMAN MILK

There are four reasons to report the metabolizable energy
content of human milk instead of the gross energy content
(Table 1). First, the convention in nutrition science is to
report metabolizable energy because it represents the food
energy available for metabolism (2), including for infants.
Second, the use of metabolizable energy will align infant
metabolism and energy requirements with their diet, providing
superior agreement in human milk studies that examine infant
metabolism and infant energy requirements (5).

Third, it is clinically important to accurately quantify infant
energy intake. Metabolizable energy is used to report the energy
content of other foods routinely consumed by infants including
complementary foods and infant formula, as well as human
milk fortifiers and modulars that are used clinically. Given that
human milk is considered a nutrition gold standard for infants in
their first months of life (making it a widely recommended and
frequently used food) it is important to accurately understand the
metabolizable energy content of human milk. Fourth, in clinical
settings when gross energy values are used with over-estimated
human milk energy intakes, clinicians may not optimize energy
intakes if they believe energy needs are met. The use of
metabolizable energy for human milk would avoid a systematic
overestimation error between the energy content of human milk.
A systematic error is one that affects results consistently in the
same direction.

HOW ARE METABOLIZABLE ENERGY
VALUES FOR HUMAN MILK OBTAINED?

There are two methods to obtain metabolizable energy values
for human milk. Metabolizable energy can be estimated by
multiplying each energy containing macronutrient by their
Atwater factor or by lowering gross energy values by agreed
upon values. Gross energy estimates could be reduced to estimate
metabolizable energy, based on the milk composition.

ATWATER FACTORS

Atwater and colleagues over 100 years ago conducted detailed
experiments of numerous foods to quantify the metabolizable
energy content of foods. Their work was endorsed and reinforced
in 1973 by the American Department of Agriculture (6). The
Atwater factors have since been endorsed by the Food and
Agriculture Organization (2) and numerous countries (7-9).
The Food and Agriculture Organization recommends using
metabolizable energy to report the energy content of foods
since nutrient requirement estimates are based on actual energy
expenditure estimates (2). The Atwater figures representing
metabolizable energy have become the convention for reporting
food energy for foods in food composition tables, with one
exception, and that is human milk. The primary reason for a
lack of convention for human milk energy quantification is likely
primarily because this issue is not well-known and to date no
decision has been made by milk researchers.

Scientists and dietitians are familiar with the Atwater factors
that represent the energy content of foods, that is 4 kilocalories
(kcal) per gram for protein and carbohydrate and 9 kcal per gram
for fat (kilojoules: 17 and 37, respectively). Perhaps not widely
known is that these Atwater factors represent metabolizable
energy values. In contrast, the gross energy factor of 5.65 for
protein may not be as well-known. The difference between gross
and metabolizable energy is the energy that is not bioavailable
for metabolism. There are three reasons some food energy
is not bioavailable; since not all nutrients are fully digestible
(e.g., dietary fiber), absorption of the energy nutrients is not
100% and some urinary energy excretion is obligatory. Of the
macronutrients, protein has the greatest difference between gross
and metabolizable energy, equal to a 30% difference between 5.65
and 4.0 kcal/gram (10). The reason that protein has the greatest
difference between gross energy and metabolizable energy is
that there is an energetic cost to excrete nitrogen released
during protein turnover and catabolism, which is excreted
after conversion to urea. The differences between gross and
metabolizable energy for fat and carbohydrate are mainly related
to imperfect absorption, so are ~2%, which is considerably
smaller than they are for protein (10).

The Food and Agriculture Organization recommends using
2 kcal/gram for the energy content of fermentable fiber (2),
which is likely applicable to human milk oligosaccharides as
they are not readily digestible by infants and some of them are
fermented in an infant’s intestine. At an average of 1.8 g/100 mL,
oligosaccharides make up about 22% of the carbohydrates in
human milk (1). Using the Food and Agriculture Organization
recommended 2 kcal/gram for the energy content of fermentable
fiber human milk oligosaccharides likely contribute about 7
kcal/100 mL. When lactose is measured and oligosaccharides are
ignored, human milk energy will be underestimated by the energy
of the oligosaccharides.

Human milk protein and energy would be over-estimated if
nitrogen is measured instead of actual protein and then assumed
to represent protein (10).

While the differences between gross and metabolizable energy
likely create important differences in human milk estimates, the
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values for both quantities of energy have not been thoroughly
studied. One example of a study that quantified both gross and
metabolizable energy was the work by Thomas et al. (11). They
quantified energy of human milk of 20 mothers of preterm
infants between 14 and 18 days postpartum at 71 kcal/100 mL
gross energy and at 6-8% less (66 kcal/100 mL) metabolizable
energy (11).

Reilly et al. proposed reducing gross energy estimates to
93% for estimates of metabolizable energy on the basis of
Southgate and Barrett’s 1960’s work on human milk metabolism
(12) and metabolism of adult mixed diets (5). This value may
be the conversion value that is needed, or the conversion
value might need to be variable as the composition of
human milk changes in the first lactation weeks (1). More
work is needed, including a systematic review of existing
data to establish conversion factors between gross energy and
metabolizable energy. Considering Reilly’s et al. proposal of
93% (5) and the study that reported both (11), gross energy
estimates likely overestimate human milk's energy content
by 5-10%.
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While it might be tempting to think that metabolizable energy
values of human milk should be adjusted for postnatal age and
infant ability to absorb nutrients, there is no convention in
nutrition science to alter food energy estimates based on variable
absorption by clinical condition or dependent on some other
variable such as age (10).

CONCLUSIONS

To improve understanding of human milk energy composition
there is a need for systematic reviews to summarize the reported
data, that is establish the differences between the metabolizable
vs. gross energy values. There is also a need for the establishment
of conventions for the use of metabolizable energy and for the use
of superior milk sampling methods.
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