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Abstract
Pre-portioned entrées are commonly consumed to help control portion size and limit energy
intake. The influence of entrée characteristics on energy intake, however, has not been well
studied. We determined how the effects of energy content and energy density (ED, kcal/g) of pre-
portioned entrées combine to influence daily energy intake. In a crossover design, 68 non-dieting
adults (28 men and 40 women) were provided with breakfast, lunch, and dinner on one day a week
for four weeks. Each meal included a compulsory, manipulated pre-portioned entrée followed by a
variety of unmanipulated discretionary foods that were consumed ad libitum. Across conditions,
the entrées were varied in both energy content and ED between a standard level (100%) and a
reduced level (64%). Results showed that in men, decreases in the energy content and ED of pre-
portioned entrées acted independently and added together to reduce daily energy intake (both
P<0.01). Simultaneously decreasing the energy content and ED reduced total energy intake in men
by 16% (445±47 kcal/d; P <0.0001). In women, the entrée factors also had independent effects on
energy intake at breakfast and lunch, but at dinner and for the entire day the effects depended on
the interaction of the two factors (P <0.01). Simultaneously decreasing the energy content and ED
reduced daily energy intake in women by 14% (289±35 kcal/d; P<0.0001). Both the energy
content and ED of pre-portioned entrées affect daily energy intake and could influence the
effectiveness of such foods for weight management.

INTRODUCTION
Effective strategies are needed to help individuals manage their food intake in an
environment filled with large portions of energy-dense foods. One strategy shown to be
useful in moderating energy intake and managing body weight is the consumption of pre-
portioned foods, such as liquid meal replacements and solid pre-portioned entrées (1–9).
Although most research has investigated liquid meal replacements, several studies examined
the consumption of solid pre-portioned entrées over multiple weeks and showed that
participants achieved greater weight loss using the entrées than with self-selected diets (6–
9). These studies, however, provided little data on how the characteristics of pre-portioned
entrées influence satiety and energy intake. For example, if pre-portioned entrées are too
restricted in energy content, they may not provide a satisfying portion of food; as a result,
individuals may remain hungry and more likely to consume excessive energy from the wide
assortment of foods that are readily available. The present study investigated how changes in
the energy content and energy density (ED) of pre-portioned entrées influence satiety and
energy intake over a day.
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One approach for investigating the effects of pre-portioned entrées is to provide manipulated
compulsory entrées followed by a variety of discretionary foods that allow compensation for
differences in satiety (10). Most research using this type of preloading paradigm has tested
foods that are typically eaten as a first course. Several studies have found that the energy
content of a preload such as yogurt or soup influences satiety and energy intake at the
following test meal (11–13). Other research has shown that satiety is also affected by the ED
of preloads of soup or salad (14–16). For example, consumption of a large, low-ED salad
reduced test meal energy intake compared to an equicaloric salad higher in ED and smaller
in portion size (16). A few preloading studies have tested foods that are typically consumed
as the main dish of a meal. In one study, manipulated entrées were served at three meals per
day and additional discretionary foods were offered; it was found that daily energy intake
was influenced by varying the ED, but not the fat content, of the equicaloric entrées (17).
More information is needed about how entrées can be modified strategically to reduce
energy intake at meals.

The objective of the present study was to use pre-portioned entrées in a preloading design to
examine the effects of two food characteristics known to affect satiety: energy content and
ED. We hypothesized that reductions in the energy content and ED of the entrées would act
independently and add together to reduce daily energy intake. Changing the energy content
and ED of foods leads to differences in portion size because these three food characteristics
are directly related. In order to control the effects of portion size, in two of the experimental
conditions entrée portions were matched while both energy content and ED were
manipulated. We predicted that simultaneously reducing the energy content and ED of
entrées with the same portion size would decrease energy intake over the day.

METHODS AND PROCEDURES
Study design

This experiment used a crossover design with repeated measures within subjects. One day a
week for four weeks, participants were provided with all of their foods and beverages for
breakfast, lunch, and dinner meals. Across test days, the entrée at each meal was varied in
both energy content and ED between a standard level (100%) and a reduced level (64% of
the standard). Following consumption of the compulsory entrée, a variety of unmanipulated
discretionary foods was served for ad libitum consumption. For both the compulsory entrées
and discretionary foods, women were served 70% of the amounts served to men. The order
of experimental conditions was counterbalanced across the subjects.

Subjects
Men and women aged 20 to 45 years were recruited for the study through advertisements in
newspapers, flyers, and campus electronic newsletters. Potential subjects were interviewed
by telephone to determine whether they met the initial study criteria, including that they
regularly ate three meals per day, did not smoke, did not have any food allergies or
restrictions, were not athletes in training, were not dieting, were not taking medications that
would affect appetite, and were willing to consume the foods served in the test meals.

Potential subjects who met the initial study criteria came to the laboratory to have their
height and weight measured (model 707; Seca Corp., Hanover, MD, USA) and to rate the
taste of food samples, including the entrées that were served in the study. The following
questionnaires were completed: a demographic and health questionnaire; the Zung Self-
Rating Scale (18), which evaluates symptoms of depression; the Eating Attitudes Test (19),
which assesses indicators of disordered eating; and the Eating Inventory (20), which
measures dietary restraint, disinhibition, and tendency toward hunger. Exclusion criteria
included a taste rating for any entrée sample ≤ 30 mm on a 100-mm scale; a score ≥ 40 on
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the Zung scale; or a score ≥ 20 on the Eating Attitudes Test. Subjects were also excluded if
they reported known health problems or had not maintained their weight within 4.5 kg (10
lb) during the 6 months before the start of the study.

The sample size for the experiment was estimated using data from previous one-day studies
in the laboratory. The minimum difference in daily energy intake assumed to be clinically
significant was 300 kcal for men and 200 kcal for women. A power analysis estimated that a
sample size of 19 men and 26 women was needed to detect this difference in daily energy
intake with >80% power using a two-sided test with a significance level of 0.05.

Subjects were told the purpose of the study was to monitor eating behaviors at different
meals. Subjects provided signed consent and were financially compensated for their
participation. A total of 31 men and 42 women were enrolled in the study. Three men and
one woman were excluded from the study for noncompliance with the study protocol. The
data of one additional woman was excluded for having undue influence on the outcomes
according to the procedure of Littell, et al (21). Thus, a total of 28 men and 40 women
completed the study (Table 1). All aspects of the study were approved by The Pennsylvania
State University Office for Research Protections.

Foods and Meals
On each test day, participants were served breakfast, lunch, and dinner meals that included a
compulsory manipulated entrée and a variety of unmanipulated discretionary foods that were
consumed ad libitum. Across experimental conditions, the compulsory entrées were varied
in both energy content and ED between a standard level and a reduced level. In addition, the
reductions in energy content and ED were chosen so that each standard entrée was matched
in portion size (weight) to the entrée of reduced energy content and reduced ED (Table 2).
The entrées were selected because they could be covertly manipulated in ED and matched
for palatability; the discretionary foods served at the test meal were commonly consumed
items that were not varied in energy content or ED (Table 3).

The standard-energy versions of the compulsory entrées were designed to provide
approximately 50–60% of daily energy intake, based on nationally representative data (23);
thus, women received 70% of the amount that was provided to men. The reduced-energy
entrées provided ~64% of the energy in the standard entrées; the reduction was
accomplished by providing a smaller portion of food. Across the entire test day, the
difference in compulsory energy intake from the standard-energy and reduced-energy
entrées was 567 kcal for men and 403 kcal for women. Total energy content from the
compulsory entrées was distributed to provide approximately 27% of the compulsory energy
at breakfast, and 36.5% of the compulsory energy at both lunch and dinner. For the
discretionary foods, which were not varied in energy content and were consumed ad libitum,
the amounts served to women were 70% of those served to men.

The ED of the standard entrées was 1.6 kcal/g, similar to that of commercially available
portion-controlled entrées intended for non-dieters. The ED of the reduced entrées was 1.0
kcal/g, or ~64% of the standard ED; the reduction was accomplished by increasing the
amount of vegetables or fruit. This ED is similar to that of commercially available portion-
controlled entrées marketed for weight management. The ingredients in the entrées were
adjusted to maintain approximately 15% of energy as protein, 30% of energy as fat, and
55% of energy as carbohydrate (Table 4). Thus, the reduction in ED was accomplished by
increasing the water content of the entrées while maintaining the macronutrient content.

One liter of water was served with the discretionary foods at each meal in addition to the
choice of coffee or tea with breakfast. To allow measurement of water intake, bottled water
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was provided for consumption outside of the laboratory between meals and could be
consumed as desired up to one hour before each meal. All foods and beverages were
weighed before and after meals and the amount consumed was recorded to the nearest 0.1 g.
Energy and macronutrient intakes were calculated using information from food
manufacturers and a standard nutrient database (24).

Procedures
Subjects were instructed to keep their food intake and activity level consistent on the day
before each test day, and keep a record of this information to encourage compliance. They
were also instructed to refrain from consuming alcohol within 24 hours of the test day and to
refrain from eating after 10 pm the evening before each test day. During test days, subjects
were instructed to consume only those foods and beverages provided by the researchers until
after the dinner meal. On test days, subjects came to the laboratory at scheduled meal times
and were seated in individual cubicles. Lunch was served at least 3 hours after breakfast, and
dinner was served at least 4 hours after lunch.

Before each meal, participants completed a brief questionnaire asking whether they had felt
ill, taken any medications, or consumed any foods or beverages not provided by the
researchers since the last meal. After completing the questionnaire, participants were
provided with the entrée portion of the meal and instructed to consume all of the entrée
within 15 minutes. Two minutes later, the discretionary foods were served and subjects were
instructed to consume as much or as little as desired. After the final meal of the study,
subjects completed a discharge questionnaire to report their ideas about the purpose of the
study and any differences they noticed between sessions.

Ratings of hunger, satiety, and food characteristics
Subjects used visual analog scales (25) to rate their hunger, fullness, thirst, and nausea
immediately before each test meal, before receiving the discretionary foods, and after the
meal. The characteristics of the entrées were also assessed using visual analog scales.
Subjects were instructed to first rate the appearance of the entrée and then take a bite and
answer the remaining questions about pleasantness of taste, pleasantness of texture, and
calorie content.

Data analysis
Data were analyzed using a mixed linear model with repeated measures (SAS System for
Windows, version 9.1, SAS Institute, Inc., Cary, NC, USA). The fixed effects in the model
were entrée energy content and ED. Planned comparisons were also performed between the
two conditions in which the entrées were matched for portion size. Because men and women
were provided with different amounts of food, their data were analyzed separately. The
primary outcomes for the study were discretionary food and energy intakes over the day (all
three meals combined) and total food and energy intakes over the day (entrées plus
discretionary foods). Secondary outcomes were food and energy intakes at each meal,
dietary ED at each meal and over the day, and participant ratings of hunger, satiety, and food
characteristics. The calculation of dietary ED was determined using foods only; beverages
were not included (26). Summary measures of hunger and fullness for the day were
calculated from the area under the curve of the ratings across time using the trapezoid
formula (27). Subject characteristics were investigated as covariates in the main statistical
model. Daily energy expenditure of participants was estimated from sex, age, height, weight,
and activity level (22). Results are reported as mean ± standard error and were considered
significant at P < 0.05.
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RESULTS
Energy intake

Effects of entrée energy content—In men, reductions in entrée energy content had a
significant effect on energy intake for the entire day, independent of reductions in ED
(Figure 1). Decreasing the energy content of the compulsory entrées resulted in a significant
decrease in daily energy intake of 311 ± 37 kcal or 12% (P < 0.002; Table 5). Energy intake
from discretionary foods increased by 256 ± 37 kcal after men consumed the reduced-energy
entrées rather than the standard-energy entrées (P < 0.003). This increase in discretionary
energy intake, however, was insufficient to fully compensate for the 567 kcal reduction in
energy content from the entrées. Analysis of each meal showed that in men, the effect of
energy content on discretionary and total energy intake was significant at breakfast, lunch,
and dinner (P < 0.05).

In women, reducing the energy content of entrées resulted in significant increases in
discretionary energy intake and reductions in daily energy intake, but the magnitude of these
changes depended on the level of entrée ED (P < 0.03; Figure 2). Decreasing the energy
content of the standard-ED entrées reduced mean daily intake by 239 ± 30 kcal or 12%, and
decreasing the energy content of the reduced-ED entrées reduced daily intake by 127 ± 39
kcal or 7% (Table 5). Analysis of each meal showed that in women, the effect of energy
content on discretionary and total energy intake was independent of ED at breakfast and
lunch (P < 0.001). At dinner, however, the effects of entrée energy content and ED
interacted to affect discretionary and total energy intake (P < 0.003).

The standard entrées provided a mean of 56 ± 1% of the estimated daily energy
requirements for men and 50 ± 1% of the daily requirements for women; these proportions
were similar to the intended range of 50 to 60% in the study design. When discretionary
energy intake was included, men met 100 ± 3% of their daily energy requirements in the
standard condition and women met 95 ± 3% of their requirements.

Effects of entrée energy density—In men, decreases in entrée ED resulted in a
significant effect on daily energy intake, independent of decreases in entrée energy content
(Figure 1). Reducing the ED of entrées led to a significant reduction in energy intake from
discretionary foods (P < 0.005) and over the day (P < 0.01) of 150 ± 26 kcal, or 5% (Table
5). Analysis of each meal showed that in men, the effect of entrée ED on discretionary and
total energy intake was significant at lunch and dinner (P < 0.03). In women, decreasing the
ED of the entrées led to different effects depending on the energy content of the entrées
(Figure 2). In the entrées with standard energy content, decreasing the ED had significant
effects on discretionary and daily energy intake (P < 0.002); the reduction in daily intake
was 162 kcal ± 34 or 8% (Table 5). In the entrées with reduced energy content, however,
decreasing the ED had no significant effect on discretionary or daily energy intake (P =
0.59); the 50 ± 33 kcal difference in daily intake was not statistically significant.

Combined effects of entrée energy content and energy density—Comparing the
entrées of equal portion size allowed evaluation of the combined effects of energy content
and ED (Figures 1 and 2). In both men and women, this comparison showed that
simultaneously decreasing entrée energy content and ED resulted in a significant reduction
in daily energy intake. In men, the reduction in daily energy intake was 445 ± 47 kcal, or
about 16% (P < 0.0001), and in women, the reduction was 289 ± 35 kcal, or about 14% (P <
0.0001).
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Food intake
Daily food intake (weight) varied with the portion size of the compulsory entrées, which was
determined by the combination of their energy content and ED (P < 0.001; Table 5); the
pattern of effects was the same for men and women. Participants consumed the greatest
daily amount of food when served the largest entrées (standard energy content, reduced ED),
and the least amount of food when served the smallest entrées (reduced energy content,
standard ED). Daily food intake was not significantly different when participants consumed
the entrées of equal portion size. Similarly, the amount of time it took participants to
consume the entrées was greatest when served the largest entrées, and least when served the
smallest entrées (P < 0.0001; data not shown).

Energy density
The overall ED of the discretionary foods consumed at each test meal was not significantly
affected by the variations in the compulsory entrées. Thus, dietary ED for the entire day was
determined by the combination of entrée energy content and ED (P < 0.02; Table 5). Dietary
ED was highest when participants consumed the entrées of standard ED, followed by the
entrée of reduced energy content and reduced ED, and lowest when participants consumed
the entrée of standard energy content and reduced ED.

Ratings of hunger, fullness, and food characteristics
The factors of entrée energy content and ED independently influenced ratings of hunger, as
assessed by the summary measure of the area under the curve of ratings across the day. In
both men and women, there was a significant effect of entrée energy content on daily hunger
(P < 0.02), indicating increased hunger when the entrées were of reduced energy content
(373 ± 11 in men; 374 ± 8 in women) rather than standard energy content (338 ± 10 in men;
349 ± 8 in women). In addition, in women there was an independent effect of entrée ED (P <
0.04), indicating decreased hunger when the entrées were reduced in ED and thus larger in
portion size (349 ± 10) rather than of standard ED (373 ± 8).

The summary measure of fullness was dependent on the interaction between entrée energy
content and ED. In both men and women, daily fullness was significantly greater when the
entrées were of standard energy content and reduced ED (i.e., largest portion) than when the
entrées were of reduced energy content at either ED (P < 0.04). In addition, in women daily
fullness in this condition was also greater than in the standard condition (P < 0.01). Ratings
of thirst and nausea did not differ significantly by the experimental factors at any time point
or over the day for either men or women (data not shown). Ratings of pleasantness of
appearance, taste, and texture of the manipulated entrées did not differ significantly across
conditions for men or women (data not shown). Mean ratings of pleasantness of taste for the
breakfast, lunch, and dinner entrées, respectively, were 68 ± 2, 65 ± 2, and 69 ± 2 in men
and 78 ± 1, 72 ± 1, and 70 ± 1 in women. For ratings of calorie content of the entrées, there
was a significant effect of entrée energy content in both men and women for the lunch entrée
and only in women for the dinner entrée. Men and women rated the calorie content higher in
the standard-energy lunch entrées (57 ± 2 in men; 59 ± 2 in women) than the reduced-energy
versions (51 ± 2 in men; 55 ± 2 in women; P < 0.03). Women rated the standard-energy
entrées at dinner higher in calories (61 ± 2) than the reduced-energy entrées (58 ± 2; P <
0.05).

Subject characteristics
Analysis of covariance demonstrated that the relation between the experimental factors of
entrée energy content and ED and the outcome of daily energy intake was not significantly
affected by participant age, height, weight, or body mass index. The outcomes were also not
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significantly affected by scores for dietary restraint, disinhibition, or hunger in women, nor
by scores for dietary restraint and disinhibition in men. In men, the score for tendency
toward hunger (20) significantly affected the relation between the experimental factors and
the outcome of total energy intake over the day (P < 0.01). Daily energy intake increased
with increasing score for tendency toward hunger only when the entrées smallest in portion
size were consumed (P = 0.006).

Discharge questionnaire
Comments from the discharge questionnaire reported that 60 of 68 participants (88%)
noticed that the manipulated entrées varied in the amount of food. Twenty-one participants
(31%) noticed that the amount of vegetables in the entrées was different. When asked about
the purpose of the study, 11 participants (16%) reported that the purpose was to determine
how variations in the portion size or volume of entrées affected intake of other foods. No
participants accurately discerned the purpose of the study was to determine the effect of
varying the energy content and ED of entrées on energy intake.

DISCUSSION
Consumption of pre-portioned entrées has been shown to be a beneficial strategy for weight
loss, but little is known about how the characteristics of entrées, including energy content
and ED, influence satiety. The purpose of this study was to investigate the effects of these
characteristics of pre-portioned entrées on satiety and daily energy intake when a variety of
discretionary foods was available. It was found that in non-dieting men and women,
reducing both the energy content and ED of compulsory entrées led to decreases in daily
energy intake even when various other foods could be consumed ad libitum. In addition,
ratings of hunger and fullness were affected by the energy content and the ED of the entrées.
These findings extend previous work showing the importance of energy content and ED in
determining satiety, as well as demonstrating the utility of pre-portioned entrées in
moderating energy intake and reducing consumption of discretionary foods. The results of
this study suggest that both the energy content and ED of pre-portioned entrées affect daily
energy intake and could influence the effectiveness of such foods for weight management.

Although reducing the energy content of the entrées led to an increase in consumption of
discretionary foods, the compensatory response was incomplete, resulting in a decrease in
daily energy intake. Furthermore, the 36% reduction in entrée energy content had a greater
effect on daily energy intake than did the similar reduction in ED. These findings suggest
that reductions in energy content (achieved by decreasing portion size) may be more
beneficial in controlling intake than decreases in ED (achieved by maintaining energy
content and increasing portion size). However, if entrées provide so little energy that they
leave the consumer hungry, their effectiveness in reducing daily energy intake may be
compromised by greater consumption of discretionary foods (11–13). In the present study,
the decreased energy intake that resulted from reducing entrée energy content was
accompanied by a significant increase in ratings of hunger across the day. Outside the lab,
such increased hunger could translate into greater intake of tempting, high-ED foods; this
would limit the effectiveness of reductions in energy content that are achieved simply by
reducing the amount of entrée served.

One approach that might help control intake of additional foods is to provide entrées that are
reduced in ED and provide a satisfying portion. We found that reducing the ED of pre-
portioned entrées, thus increasing their portion size, led to a decrease in consumption of
discretionary foods as well as a reduction in energy intake over the day. These results
confirm several preloading studies showing that reducing the ED of equicaloric preloads
results in an increase in fullness ratings (14,15,28) and a decrease in both consumption of
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other foods and energy intake at a meal (14–17,28). Multiple experimental studies have also
shown that when an entrée is consumed ad libitum, reducing the ED by increasing the
proportion of fruits or vegetables decreases meal energy intake (29–32). In the present study,
reducing the ED of the compulsory entrées led to the consumption of a greater weight of
food over the day and higher ratings of fullness. Furthermore, fullness ratings were greatest
after consumption of the entrées largest in portion size (those with standard energy and
reduced ED), suggesting that portion size was important in influencing fullness. It is likely
that the decrease in energy intake from consuming entrées reduced in ED was due to
enhanced satiety from eating a greater amount of food; thus, individuals felt fuller while
consuming less energy over the day.

Comparing entrées that were matched in weight allowed the combined effects of energy
content and ED to be separated from those related to portion size. Simultaneously reducing
both the energy content and ED of the pre-portioned entrées, while maintaining the portion
size, resulted in a decrease in daily energy intake of 16% in men and 14% in women.
Previous research has shown that when portion size is held constant, reductions in the
energy content and ED of preloads enhance satiety and decrease subsequent energy intake.
One study found that meal energy intake was decreased by consuming a salad preload that
was reduced in energy and ED but matched in portion size (16). Another investigation
showed that consuming a compulsory breakfast and mid-morning snack that were reduced in
ED but provided the same amount of food led to reductions in daily energy intake (33).
Similarly, participants in the current study did not fully compensate for the reduction in
entrée energy content when portion size was matched, even when given the opportunity to
consume a variety of discretionary foods. Thus, reductions in ED may be beneficial in
maintaining portion size and enhancing satiety when pre-portioned entrées are decreased in
energy content.

Men and women had some differences in their response to the manipulation of entrée
characteristics. In men, there were independent effects of entrée energy and ED on energy
intake at individual meals and over the day, whereas in women there were independent
effects of entrée energy at breakfast and lunch but an interaction of energy and ED at dinner
and over the day. These differences may be attributable to the smaller magnitude of the
changes in energy content and portion size of the women’s entrées across the experimental
conditions, since women received 70% of the amount of the compulsory entrées served to
the men. Another reason for the difference may be the level of dietary restraint, which was
significantly higher in women than men. An analysis of covariance, however, suggested that
the restraint score did not have a significant influence on the relationship between the
experimental conditions and daily energy intake. These findings suggest that further
investigation is needed to determine how variations in the properties of foods may influence
satiety and energy intake differently in men and women.

The results of this study indicate that modifying the characteristics of pre-portioned entrées
led to decreased energy intake in non-dieting individuals even when a variety of other foods
was available. Individuals who use pre-portioned entrées for the purpose of weight loss may
respond differently to alterations in the characteristics of such foods. Dieters may experience
even greater reductions in energy intake since they have an increased focus on limiting their
intake of additional foods. To investigate this possibility, studies are needed in which
individuals who are motivated to lose weight are provided with pre-portioned entrées that
vary in energy content and ED. It also should be determined whether the findings from this
one-day study would persist over a longer period. For long-term success at weight loss, it
may be critical to consume foods that provide adequate energy and satisfying portions, thus
avoiding feelings of hunger during caloric restriction. Previous research suggests that the
effects of reductions in dietary ED on energy intake can be sustained over time. Two clinical
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trials found that following diets with larger reductions in ED resulted in greater weight loss
after one year (34–35). Analyses from another trial of lifestyle modification to reduce
hypertension showed that individuals with the greatest reductions in dietary ED had the
largest decreases in body weight (36). Future studies are needed to investigate how
modifying the characteristics of pre-portioned entrées affects long-term energy intake and
weight management.

In conclusion, reductions in both the energy content and ED of pre-portioned entrées added
together to decrease daily energy intake. Adding fruit and vegetables to decrease the ED of
entrées allowed the portion size to be maintained while energy content was reduced, which
contributed to enhanced satiety. The findings from this study suggest that in an environment
that regularly exposes individuals to a variety of palatable high-ED foods, consuming pre-
portioned entrées that are lower in ED can decrease discretionary energy intake. Since pre-
portioned entrées are often used for weight management, more systematic exploration of the
attributes of these foods is needed. It is crucial to provide consumers with a variety of
options of pre-portioned entrées that are effective in enhancing satiety and moderating
energy intake.
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Figure 1.
Mean (± SEM) energy intake for 28 men who were served compulsory entrées that were
varied in energy content (E) and energy density (ED), followed by a variety of discretionary
foods. The effects of the experimental factors on daily energy intake were independent and
significant (both P < 0.003). Reducing both the energy content and ED of the entrées
resulted in a 445 kcal decrease in daily energy intake (P < 0.0001).
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Figure 2.
Mean (± SEM) energy intake for 40 women who were served compulsory entrées that were
varied in energy content (E) and energy density (ED), followed by a variety of discretionary
foods. The experimental factors interacted to affect daily energy intake; different letters
represent means that are significantly different (P < 0.03). Reducing both the energy content
and ED of the entrées resulted in a 289 kcal decrease in daily energy intake (P < 0.0001).
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Table 1

Characteristics of study participants

Characteristic Men (n = 28) Women (n = 40)

Mean ± SEM Range Mean ± SEM Range

Age (y) 26.8 ± 1.1 20–41 27.6 ± 1.1 20–43

Height (m) 1.77 ± 0.01 1.7–1.9 1.65 ± 0.01a 1.5–1.8

Weight (kg) 77.9 ± 2.0 62–107 63.5 ± 1.5a 49–91

BMI (kg/m2) 24.9 ± 0.6 20–33 23.3 ± 0.6a 19–38

Energy requirement (kcal/d)1 2831 ± 38 2464–3164 2196 ± 24a 1847–2546

Dietary restraint score2 6.3 ± 0.6 1–13 8.3 ± 0.7a 1–16

Disinhibition score2 4.2 ± 0.4 0–9 4.5 ± 0.4 1–11

Hunger score2 4.7 ± 0.6 0–12 4.4 ± 0.5 0–13

1
Estimated from sex, age, height, weight, and activity level (22).

2
Scores from the Eating Inventory (20).

a
Mean for women is significantly different from mean for men (P < 0.0001).
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Table 2

Total energy content, weight, and energy density of compulsory entrées served in the experimental conditions

Energy density condition

Energy content condition

Men (n = 28) Women (n = 40)

Standard Reduced Standard Reduced

Standard

 Entrée energy (kcal/d) 1570 1000 1100 700

 Entrée weight (g/d) 980 615 690 430

 Entrée energy density (kcal/g) 1.6 1.6 1.6 1.6

Reduced

 Entrée energy (kcal/d) 1570 1000 1100 700

 Entrée weight (g/d) 1570 980 1100 690

 Entrée energy density (kcal/g) 1.0 1.0 1.0 1.0

Numbers are rounded to the nearest 10 kcal and 10 grams. Bolded numbers represent the entrées matched in weight (portion size).
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Table 3

Unmanipulated discretionary foods served at each meal

Men (n = 28) Women (n = 40)

Energy (kcal) Weight (g) Energy (kcal) Weight (g)

Breakfast

 Mandarin oranges1 202 349 141 244

 Plain bagels2 353 143 247 100

 Condiments (cream cheese3, butter4, jelly5) 622 220 622 220

Lunch

 Buttered broccoli4,6 200 243 140 170

 Rice pilaf7 314 221 220 155

 Grapes 224 324 157 227

 Chocolate chip cookies8 416 86 290 60

Dinner

 Salad with sliced tomatoes 22 127 17 98

 Assorted dressings9 760 258 760 258

 Croutons10 86 20 60 14

 Crackers8 345 71 243 50

 Cubed cheese8 344 86 240 60

 Peaches1 130 323 91 226

 Pound cake2 316 80 221 56

1
Independent Marketing Alliance, Houston, TX, USA

2
Sara Lee Corporation, Downers Grove, IL, USA

3
Kraft Foods North America, Inc., Glenview, IL, USA

4
Land O’Lakes Inc, Arden Hills, MN, USA

5
J.M. Smucker Company, Orrville, OH, USA

6
Birds Eye Foods, Inc., Rochester, NY, USA

7
MARS Food US, LLC, Carson, CA, USA

8
Kraft Foods Global, Inc., Northfield, IL, USA

9
T. Marzetti Company, Columbus, OH, USA

10
Pepperidge Farm, Inc., Norwalk, CT, USA
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