
15 g boric acid and coolers with ice. Volunteers were instructed to
store all urine on ice until delivery to the center each morning, at
which time they were provided with new collection containers.
Urine was weighed, and subsamples were divided into aliquots
and stored at 280!C until analyses were performed. The weight
of the voided urine was calculated as the difference between the
full container weight and the empty container weight.

For diet analysis, a complete set of foods was collected for the
full 7-d rotation. Foods were mixed, then prepared for chemical
analysis by homogenization in a blender with ice and water
before being freeze dried.

Chemical analyses

Combustible energy contents of diets, feces, and urine were
determined by adiabatic bomb calorimetry (Parr Instrument
Company). Protein contents of diets, feces, and urine were
calculated from nitrogen content (6.25 g protein/g nitrogen), as
determined by the Dumas method (Leco Corporation). Fat
contents of diets and feces were analyzed by petroleum ether
extraction (Soxtec; Foss). Total dietary fiber was determined by
using the Association of Official Analytical Chemists method
991.43 (Foss). Ash was determined by combustion in a muffle
furnace. Total carbohydrate in samples of diet and feces (dry matter
basis) was calculated by the difference from measured values for
fat, protein, and ash. All analyses were performed in duplicate, and
the mean of these values was used for statistical analyses.

Calculations

For each study volunteer, the ME value of almonds was
calculated from the gross energy (GE) and theME of the different
diets, as follows:
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where GEI is the GE intake for a given diet or food item (kJ/d),
MEI is the ME intake for a given diet (kJ/d), and D almond intake
is the difference between the almond intake with the 2 diets
(which was equivalent to the mass of almond incorporated into
the almond-containing diet) (10). ME intake is equal to the
difference between GE intake and fecal energy and urinary en-
ergy output [MEI = GEI – (fecal energy + urinary energy)].

Nutrient and energy digestibilities were calculated as follows:
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Statistical analysis

ME, digestibility, and data for fecal wet weight, fecal dry
weight, number of bowel movements, and chemical composition
of the diet and excretawere analyzedwith amixed-model ANOVA
with repeated measures by using the volunteer as the random
term (SAS version 9; SAS Institute Inc). The statistical model
included terms for treatment and period and an interaction term
for volunteer · treatment. A 2-tailed paired Student’s t test was
used to determine whether the measured energy density of al-
monds was different from the calculated energy density by use
of Atwater factors.

RESULTS

Ten men and 8 women were enrolled and completed the study
protocol. The study population had the following characteristics
(mean 6 SEM): aged 56.0 6 8.6 y (range: 32–67 y), body
weight of 79.5 6 14.5 kg (range: 54–105 kg), and BMI (in
kg/m2) of 27.4 6 4.2 (range: 20–34). Data from all observations
from all volunteers (n = 36 observations) were included in sta-
tistical analyses.

The number of bowel movements per day was not different
between the different dietary treatments, but fecal composition
was affected by almond intake (Table 2). Both fecal wet weight
and dry weight increased with almond consumption, as did fecal
fat, carbohydrate, fiber, protein, and energy (P , 0.0001). The
amount of total dietary fiber and protein did not increase be-
tween the 42- and 84-g/d doses of almonds.

The digestibility of macronutrients and energy from the diet as
a whole was significantly affected by the addition of almonds to
the diet (Table 3). The fat digestibility of the total diet decreased
by nearly 5% when 42 g almonds were incorporated into the
daily diet and by nearly 10% when 84 g almonds were in-
corporated into the diet daily (P , 0.0001). Carbohydrate, fiber,
and protein digestibility decreased between the control diet and
the diet containing 84 g/d (P , 0.0001). Total carbohydrate
digestibility of the 42-g/d diet decreased compared with the
control diet and was intermediate to the 84-g/d diet. However,
fiber and protein digestibilities were not different between the 2
almond-containing treatments. Energy digestibility of the diet as
a whole decreased by ;3% with the incorporation of 42 g
almonds into the daily diet and by 5% with the incorporation of
84 g almonds into the daily diet.

The energy content of almonds in the human diet was mea-
sured twice for each subject. The mean (6SD) measured energy
density of the first measure was 4.6 6 0.7 kcal/g (n = 18), and
the mean of the second measure was 4.6 6 1.0 kcal/g (n = 18).
The mean values of the replicated measures for each subject
were not different (P & 0.8). The mean intraindividual CV was
6%. The mean measured energy density for the consumption of
almonds at 42 g/d was 4.7 6 0.7 kcal/g, and the mean energy
density at 84 g/d was 4.3 6 1.0 kcal/g. There was no dose effect
on energy density (P & 0.2). The overall mean energy density
was 4.6 6 0.8 kcal/g or 129 kcal for a 28-g serving (the typical
serving size).

TABLE 1
Composition of base diet and almonds (dry weight)1

Base diet (without almonds) Almonds

Protein, N · 6.25 (g/100 g) 18.9 24.8
Fat (g/100 g) 13.6 53.8
Total carbohydrate (g/100 g) 64.1 18.3
Total dietary fiber (g/100 g) 8.5 10.2
Ash (g/100 g) 3.4 3.1
Energy, gross (kcal/100 g) 491 711

1 All values are means of chemical analyses based on n = 6 participants.
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