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ABSTRACT
Background: The energy content of foods is primarily determined
by the Atwater factors, which may not be accurate for certain food
groups. Nuts are a food group for which substantial evidence sug-
gests that the Atwater factors may be poorly predictive.
Objective: A study was conducted to determine the energy value of
almonds in the human diet and to compare the measured energy
value with the value calculated from the Atwater factors.
Design: Eighteen healthy adults consumed a controlled diet or an
almond-containing diet for 18 d. Three treatments were adminis-
tered to subjects in a crossover design, and diets contained 1 of 3
almond doses: 0, 42, or 84 g/d. During the final 9 d of the treatment
period, volunteers collected all urine and feces, and samples of
diets, feces, and urine were analyzed for macronutrient and energy
contents. The metabolizable energy content of the almonds was
determined.
Results: The energy content of almonds in the human diet was
found to be 4.6 6 0.8 kcal/g, which is equivalent to 129 kcal/28-g
serving. This is significantly less than the energy density of 6.0–6.1
kcal/g as determined by the Atwater factors, which is equivalent to
an energy content of 168–170 kcal/serving. The Atwater factors,
when applied to almonds, resulted in a 32% overestimation of their
measured energy content.
Conclusion: This study provides evidence for the inaccuracies of
the Atwater factors for certain applications and provides a rigorous
method for determining empirically the energy value of individual
foods within the context of a mixed diet. This trial was registered
at clinicaltrials.gov as NCT01007188. Am J Clin Nutr 2012;96:
296–301.

INTRODUCTION

The system for determining the energy value of foods was
founded .100 y ago by Atwater et al (1) at the USDA Agri-
cultural Experiment Station in Storrs, CT. More than 100 y later,
the Atwater general factors are still widely applied to foods to
estimate energy content. During this past century, there have
been few, if any, studies reporting on the energy value of a whole
food within a mixed diet that could confirm the accuracy of
Atwater’s coefficients.

In 1955 Merrill and Watt published a report to update the
energy content of macronutrients according to the class of food in
which they were found, and this report was further updated in
1973 (2). Merrill and Watt took into consideration that com-
pounds in a given class of macronutrient can differ in heats of
combustion and that macronutrients as found in different foods

can differ in digestibility. They proposed a series of energy values
for macronutrients as found in different food sources, and these
were termed the Atwater specific factors. Their proposed co-
efficients of digestibility for protein ranged widely, from 20% to
97%, and for carbohydrate from 32% to 98%. The proposed
heats of combustion for protein (minus 1.25 kcal lost as urea)
ranged from 3.75 to 4.55 kcal/g, and heats of combustion for
carbohydrate ranged from 2.45 to 4.20 kcal/g. In contrast, the
ranges of estimated values for coefficients of digestibility and
heats of combustion for fat were much narrower, at 90–95% and
9.3–9.5 kcal/g, respectively. Moreover, the majority of foods
were assigned a coefficient of fat digestibility of 90% and a heat
of fat combustion of 9.3 kcal/g, which suggests that there is little
variation in the energy available in a gram of fat, regardless of
food source. Nuts are among the many food groups assigned
a coefficient of fat digestibility of 90% and a heat of fat com-
bustion of 9.3 kcal/g based, in part, on the work of Jaffa (3).
However, much evidence has surfaced that suggests that the
digestibility of fat from whole nuts (and peanuts, which are
actually legumes) may be much lower than that for other food
sources (4–6).

The results of studies that showmore fat in feces and less fat in
plasma after the consumption of nuts cast doubt on the appli-
cability of the Atwater factors for evaluating the energy value of
nuts. Moreover, a prominent recommendation of the Food and
Agriculture Organization Technical Workshop of Food Energy
was to recognize differences in fat digestibility and to modify
energy values accordingly (7). Therefore, we conducted a feeding
study in which almonds, a popular nut worldwide (8, 9), were
administered to healthy adults; feces and urine were collected to
empirically determine the energy value of almonds as a repre-
sentative food from a group for which the Atwater factors may
predict an energy value that is incorrect. Most important, we
present an experimental paradigm that can be used to determine
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