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ABSTRACT
Effective strategies are needed to increase vegetable intake in accordancewith health
recommendations. Previous research has shown that increasing the variety of foods
leads to increased consumption, yet this strategy has not been investigated for pro-
moting vegetable intake. This crossover study, conducted in 2008 and 2009, tested
whether filling half the plate with a variety of vegetables influences vegetable con-
sumption and meal energy intake. Once a week for 4 weeks, a meal of pasta and
cooked vegetables was consumed ad libitum by 66 adults (34 women, 32 men). The
meals were varied in the type of vegetables offered: at three meals 600 g of a single
vegetable was served (broccoli, carrots, or snap peas) and at one meal 200 g of each
of the three vegetables was served side by side. Data were analyzed using a mixed
linear model with repeated measures. In this study, serving a variety of vegetables
increased vegetable intake at the meal (P�0.0001). Subjects ate more vegetables
when served the variety than when served any single type; the mean increase was
48�6 g, or more than one-half serving. This increase remained significant when
intake of the variety of vegetables was compared with the preferred vegetable of
each participant (mean 25�8 g; P�0.002). Vegetable intake was not significantly
related to energy intake at the meal. The results of this study demonstrate that
increasing the variety of low-energy-dense vegetables served at a meal can be used
as a strategy to increase vegetable intake.
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T
HE US DEPARTMENT OF AGRICULTURE’S MYPLATE
emphasizes the importance of filling half the platewith
vegetables and fruit.1 Research has demonstrated that
increasing the portion size of a vegetable served on a

plate leads to increased vegetable intake.2 It is possible, how-
ever, that serving a large amount of a single type of vegetable
may limit intakebecauseof thedevelopmentof sensory-specific
satiety. This problem might be alleviated by serving several
different vegetables because increasing the variety of avail-
able foods with different sensory properties can encourage
continued consumption and increase intake.3 The goal of
the present study was to determine whether, when filling
half the plate with vegetables, offering a variety of vegeta-
bles affects intake.
It is well documented that offering a variety of high-en-

ergy-dense foods at a meal, whether over successive
courses or at the same time, increases food and energy in-
take.4-8 During a meal, the pleasantness of the sensory
properties decreases more for foods already eaten than for
those not eaten; this phenomenon is called sensory-specific
satiety.9 When a variety of foods is served, switching from
an eaten food to another still-palatable food delays the ter-
mination of the meal, and this is associated with increased
food intake. Although the development of sensory-specific
satiety occurs for foods low in energy density, the effects of

variety on intake of low-energy-dense foods have not been
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well investigated.10,11 It is important to determinewhether
the variety effect could be used strategically to increase
intake of healthy, low-energy-dense foods such as vegeta-
bles.
In the present study, the effect of filling half the plate

with a variety of three vegetables was compared to that of
filling half the plate with each of the vegetables separately.
By serving the vegetables individually, intake of the variety
of vegetables could be compared to intake of the preferred
vegetable. This enabled us to test whether any increased
consumption associated with variety occurred because
consumers were always able to eat their favorite vegetable,
in comparison to a single vegetable that may not have been
the favorite. The hypothesis was that serving a variety of
vegetables would increase consumption of vegetables at
the meal and that the effect would be present even when
compared to the most preferred vegetable. A secondary hy-
pothesis was that the increased intake of vegetables would
decrease intake of the other more energy-dense food
served at the meal and would be associated with a decrease
in energy intake at the meal.

METHODS
Study Design
This study used a crossover design with repeated measures

within subjects; thus, participants served as their own con-
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trols. Once a week for 4 weeks, subjects consumed a lunch-
time meal ad libitum in the laboratory. Lunch consisted of
600 g of pasta with sauce and 600 g of cooked vegetables,
arranged so that each food filled half the plate. On different
occasions, the type of vegetables served at the meal was
varied: at three meals, one of three single types of vegeta-
ble was served and at one meal, 200 g of each of the three
vegetables was served side by side. The order of experi-
mental conditions was counterbalanced across subjects us-
ing a Latin square.
The vegetables tested in the experiment were broccoli

florets (energy density 0.54 kcal/g), baby carrots (0.33 kcal/
g), and snap peas (0.69 kcal/g). To increase the difference in
the sensory properties of the vegetables, and because cru-
ciferous vegetables may be considered bitter by some peo-
ple, the broccoli was flavored with 1.1 g of light butter
(Land O’Lakes Inc) and 0.6 g of butter flavoring (Alberto-
Culver Co) per 100 g. The carrots and snap peas were un-
seasoned. When the vegetables were served individually,
the broccoli, carrots, and snap peas provided 324 kcal, 198
kcal, and 414 kcal, respectively. When served as a variety,
the vegetables provided 312 kcal. The pasta dish was made
with creamy tomato sauce (Campbell Soup Co, Interna-
tional Gourmet Specialties Co) and parmesan cheese (Kraft
Foods Inc). The energy density of the pasta was 1.57 kcal/g
and 942 kcal was served in each condition. The energy con-
tent of the foods was assessed by bomb calorimetry (Model
1261, Parr Instrument Co).
On each test day a standard breakfast was consumed ad

libitum to ensure a consistent level of hunger before each
test meal. Subjects returned to the laboratory for lunch at
least 3 hours after breakfast. Subjects were instructed to
not eat or drink anything except water between breakfast
and lunch; compliance with this instructionwasmonitored
by a questionnaire completed before lunch. Lunch was ac-
companied by 1 L of cold water as a beverage.

Participants
Participants were recruited from the Pennsylvania State
University and the local community through notices in
newspapers and university newsletters. Subjects were eli-
gible for participation if they regularly ate breakfast, lunch,
and dinner, had a measured body mass index of 17.5 to 40,
were not dieting, did not smoke, were not an athlete in
training, were not pregnant or breastfeeding, were not us-
ing medications known to affect appetite or food intake,
had no allergies to study foods, and reported liking and a
willingness to eat study foods. Exclusion criteria were a
score more than 40 on the Zung Self-Rating Scale,12 which
evaluates symptoms of depression, or a score more than 20
on the Eating Attitudes Test,13 which assesses indicators of
disordered eating. Subjects provided written informed
consent and were financially compensated for their partic-
ipation. The study protocol was approved by the Office for
Research Protections of The Pennsylvania State University.
Sixty-nine subjects were enrolled in the study, which

was conducted in 2008 and 2009. Data from three subjects
were excluded because of highly variable vegetable intakes
that had undue influence on the results according to the
procedure of Littell and colleagues.14 The restricted maxi-

mum likelihood distance (a measure of overall influence) in

1212 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
the mixed linear model was more than 2.3 for these sub-
jects. (By excluding these influential subjects, the magni-
tude of the outcomes was reduced slightly, but the conclu-
sions of the study were unchanged). Thus, 66 subjects were
included in the analysis. The 32 men had a mean age of
27.4�1.2 years (range 20 to 45 years) and a mean body
mass index of 25.5�0.6 (range 20.7 to 35.4); the 34 women
had amean age of 26.5�1.3 years (range 20 to 45 years) and
a mean body mass index of 23.3�0.6 (range 17.8 to 32.4).

Outcome Assessments
All foods and beverages were weighed before and after
meals. Energy intake was calculated using data from food
manufacturers and a standard nutrient composition data-
base.15

Upon arrival for lunch, subjects rated their hunger, full-
ness, thirst, nausea, and prospective consumption (how
much they thought they could eat) using 100-mm visual
analog scales.16 Three minutes later, subjects consumed
samples of the three vegetables and the pasta and rated the
pleasantness of taste using visual analog scales. After rating
the samples, lunch was served. Three minutes after lunch
was completed, subjects again rated their hunger, fullness,
thirst, nausea, and prospective consumption. After the last
lunch meal, subjects completed a brief discharge question-
naire in which they ranked the three vegetables from their
most preferred to their least preferred.

Data Analysis
Data were analyzed by a mixed linear model with repeated
measures. The fixed effects in the model were the experi-
mental condition (three single vegetables or a variety of all
three), subject sex, and study week; subjects were treated
as a random effect. The primary outcomes for the study
were vegetable intake (g) as well as food (g) and energy
intake (kcal) for the entire meal. Secondary outcomes were
subjects’ ratings of food characteristics and hunger and sa-
tiety. To determine whether the effects of variety on intake
were affected by any limitation in the amount of vegetable
that was served, participants who consumed more than
95% of any portion of vegetables were identified. The out-
comes of vegetable intake and meal energy intake were
analyzed both with and without these participants. Results
are reported as mean�standard error of the mean (SEM)
and were considered significant at P�0.05. All statistical
analyses were done using SAS software (version 9.2, 2008,
SAS Institute Inc, Cary, NC).

RESULTS AND DISCUSSION
Vegetable intake was significantly affected by the variety
and type of vegetable served (P�0.0001; Figure). Filling
half the plate with three different vegetables increased
vegetable intake in both men and women compared to
serving any of the vegetables individually (P�0.045); the
average increase was 48�6 g, or more than one-half serv-
ing. The effect of variety on intake remained significant
(P�0.002) when the variety of vegetables was compared to
the preferred vegetable for each participant (41 preferred
broccoli, 14 peas, and 11 carrots). Compared to the pre-

ferred vegetable, the mean increase in consumption was
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25�8 g or approximately one third of a serving. This was
the first study to test the effect of variety on intake of veg-
etables in adults. The results extend previous research4-

8,10,11 by demonstrating that variety can be used strategi-
cally to promote intake of healthy, low-energy-dense
foods.
Although increased variety generally leads to an increase

in the weight of food eaten, the effect on energy intake is
more variable because it also depends on the energy den-
sity of the foods. In the present study, all of the vegetables
were low in energy density, but the carrots were the low-
est. As a result, energy intake from vegetables was signifi-
cantly lower when carrots were served alone than at the
othermeals (Table; P�0.0001). Themajor source of calories
at the meal, however, was the more energy-dense main
dish that filled the other half of the plate. Energy intake
from the pasta and, thus, the entire meal, did not differ
across conditions in women; in men it varied across condi-
tions but was not related to vegetable consumption (Table).
In addition, no significant differences were found across
conditions in participant ratings of hunger and fullness ei-
ther before (65.6�1.1 mm and 22.2�1.3 mm, respectively)
or after the meal (8.3�0.7 mm and 85.3�0.9 mm, respec-
tively), nor did ratings of thirst, nausea, or prospective con-
sumption differ by condition at either time point. Thus,
although vegetable intake increased in the variety condi-
tion, this did not lead to increased energy intake at the
meal. On the other hand, the amount of extra vegetables did
not displace intake of themore energy-densemain dish and
reduce meal energy intake. This finding is consistent with a
previous study, which found that adding extra vegetables
to a meal to fill half the plate increased vegetable consump-

Figure. Mean (�standard error of the mean) vegetable intakes
of 66 women and men in a crossover study that tested the
effect of filling half the plate with a variety of vegetables at
lunch. Means with different letters are significantly different
(P�0.045).
tion by approximately 60 g but had no significant effect on
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meal energy intake.2 It is likely that in the present study,
the additional amount of vegetables consumed in the vari-
ety condition (approximately 50 g) was insufficient to dis-
place a substantial amount of the main dish. Previous re-
search suggests that relatively large amounts of vegetables
(at least 150 g) are required to reduce intake of other pal-
atable food at a meal.17

The inclusion of foods from only one food category, such
as vegetables, is likely to limit the effect of variety on in-
take, which depends on the consumer’s perception of dif-
ferences between the foods.3,18 This perception can be af-
fected by the degree of difference in the sensory properties
of the foods, which influences the development of sensory-
specific satiety.4-6,9,11 The vegetables tested in this study
varied naturally in shape, color, taste, and texture, and
were further distinguished by adding flavoring to the broc-
coli. All the vegetables were well liked, but the taste of the
broccoli (72�1 mm) was rated higher than that of the snap
peas and carrots (62�1 mm for both; P�0.0001); this dif-
ference was reflected in greater intake of broccoli
(P�0.0007; Figure). Adding flavoring or sauces can enhance
both the palatability of vegetables and the effect of variety,
promoting greater consumption.6 It is important, however,
to ensure that such additions do not greatly increase the
energy density of vegetables, which could lead to increased
energy intake.
Intake at a meal is also dependent on the amount of food

served; it has been shown that vegetable intake at a meal is
positively related to the portion offered.2 In the present
study, the total amount of vegetables served at the meal
was kept the same to allow the examination of the variety
effect without confounding by changes in portion size. This
design, however, introduced a possible limitation to the
study: there was a smaller portion of each type of vegetable
in the variety condition than when it was served individu-
ally. Thus, the effect of variety could be restricted if an
insufficient amount of the most preferred vegetable was
available. In the present study, intake remained signifi-
cantly greater for the variety than for the preferred vegeta-
ble after excluding the eight participants who consumed all
of any type of vegetable in the variety condition (23�7 g;
P�0.002). The portions of vegetables served, however,
were generous, and it is important when using variety to
enhance vegetable intake to ensure that adequate amounts
of preferred vegetables are offered.
To ensure that the meal provided adequate amounts of

food for both men and women, and that intake was not
limited by inadequate portions, the amounts of vegetables
and pasta served in this study were larger than many indi-
viduals would serve at home. Thus, the findings of this
study may be most applicable to settings such as restau-
rants, where larger portions are typically served. However,
it is possible that serving a variety of vegetables in a meal at
home would have the same effect, especially if the person
preparing and serving the meals served a variety of vegeta-
bles that were well liked by family members. Additional
research in various settings is needed to test the effects of
increasing the variety of vegetables that are liked to differ-

ent degrees. Furthermore, the influence of serving a variety
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of vegetables in the presence of other side dishes and ca-
loric beverages, as in a typical meal, requires investigation.

CONCLUSIONS
This study shows that increasing the variety of healthy low-
energy-dense vegetables at a meal can be used strategically
to increase their intake. Filling half the plate with a variety
of vegetables led to greater consumption than serving a
single type of vegetable, even the most preferred one. Al-
though the effect on vegetable intakewas significant, it was
not large enough to displace intake of the more energy-
dense main dish and reduce meal energy intake. This study
and those conducted previously indicate that offering a va-
riety of well-liked options with different sensory proper-
ties will lead to increased intake. In addition to other meal-
based strategies, such as increasing the portion size of
vegetables and adding chopped or purÊed vegetables to
mixed dishes,2,19,20 serving a variety of vegetables that are
liked provides an effective way to promote vegetable in-
take.
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