
The energy value of almonds as currently found on nutrient
labels is based on the Atwater general factors, which are 4 kcal/g
for protein, 9 kcal/g for fat, and 4 kcal/g for carbohydrate
(equivalent to 17, 37, and 17 kJ/g for protein, fat, and carbo-
hydrate, respectively). On the basis of the measured macronu-
trient composition of the almonds used in this study, a serving of
almonds (28 g) composed of 7 g protein, 15 g fat, and 5 g
carbohydrate would contain 181 kcal/serving. The US Code of
Federal Regulations allows insoluble fiber to be subtracted from
total carbohydrate for calculation of energy content; in this case,
on the basis of the chemical composition of the almonds used in
this study, the energy content of a 28-g serving would be 170 kcal
(711 kJ), which is equivalent to an energy density of 6.1 kcal/g
(25.4 kJ/g).

The energy value of almonds as currently found in the USDA
National Nutrient Database for Standard Reference (14) is based
on the Atwater specific factors for the energy contained in fat,
protein, and carbohydrate in nuts, which are 3.47 kcal/g for
protein, 8.37 kcal/g for fat, and 4.07 kcal/g for carbohydrate (2)
and equivalent to 14.5, 35.0, and 17.0 kJ/g, respectively. By using
these factors, the energy contained in a serving of the almonds
used in this study would be 168 kcal (703 kJ), giving an energy
density of 6.0 kcal/g (25.1 kJ/g).

The measured energy density of almonds was determined in
the present study to be 4.6 kcal/g (19.2 kJ/g). This value is
substantially less than the values of 6.0 and 6.1 kcal/g as cal-
culated by the Atwater specific factors and the Atwater general
factors, respectively. The empirically measured energy content of
one 28-g serving of almonds is therefore 129 kcal, instead of 168–
170 kcal as estimated by the Atwater factors, which overestimate
the energy content of almonds by 32%. This notable decrease in
energy content per serving is a stimulus that could potentially
influence food choices (15, 16). It is not known whether the
observed discrepancy measured in whole almonds would be con-
sistent for other forms of almonds such as almond butter or slivered
or sliced almonds. On the basis of thework of Levine, it is likely that
the energy value of almond butter would not be as low as that of the
whole almonds that participants consumed in this study. Globally,
whole almonds are consumed in far greater proportion than are other
forms.

When an 84-g serving of almonds was incorporated into the
diet daily, the energy digestibility of the diet as a whole decreased
by;5%. Therefore, for individuals with energy intakes between
2000 and 3000 kcal/d, incorporation of 84 g almonds into the
diet daily in exchange for highly digestible foods would result in
a reduction of available energy of 100–150 kcal/d. With a weight-
reduction diet, this deficit could result in more than a pound of
weight loss per month. Nuts and peanuts, being relatively energy
dense and high-fat foods, may be expected to contribute to weight
gain. However, both epidemiologic studies and intervention studies
have suggested otherwise (17–24). These studies show that
despite incorporation of nuts into the diet, there were no in-
creases in body weight or fatness. Furthermore, Wien et al (25)
observed additional weight loss when almonds were in-
corporated into a weight-loss diet in place of carbohydrate-rich
foods.

When applied to mixed diets, Atwater factors consistently
overestimate theME content of the diet. In a study to compare the
Atwater-determined energy value of a mixed diet consumed by
older adults to the measured energy value, it was found that the

Atwater factors overestimated theME of the food by 26% (26). In
another study, the Atwater factors overestimated the energy
content of a low-fat, high-fiber diet by up to 11% (27). These
results are in accord with others that show inaccuracies of the
Atwater calculation (28–30).

In conclusion, by measuring the actual energy content of al-
monds within the context of a mixed diet, we have shown that the
Atwater approach for calculating their energy content produce
inaccurate results, in part attributable to lower digestibility of nut
macronutrients than that suggested by Atwater and Merrill and
Watt. We have also presented a method by which the energy value
of a single food can be measured in the context of a mixed diet.
This method is a significant improvement over past methodology
that required volunteers to consume a single food exclusively for
an extended period of time to determine its ME value. These
results also cast doubt on the ability of the Atwater factors to
predict the energy value of other nuts, thus suggesting possible
widespread inaccuracies in food labels. The study presented here
provides rigorous evidence for the problems with certain ap-
plications of the Atwater factors and provides a means for de-
termining the actual energy value of individual foods within the
context of a mixed diet.
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