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Summary. This study aimed to investigate whether plate color affects dietary intake in young people with mild
intellectual disabilities. The experiment employed a within-subjects, repeated-measures design. A portion of
fried rice (400 g) was presented on a white plate, red plate, or blue plate. Twenty subjects (12 male, 8 female;
aged 15-21 years) took part. Although the amount served was always the same, most of the subjects (80%)
estimated that the amount of fried rice on a white plate was more than the amount in a regular rice bowl. In
contrast, 50% or 40% of the subjects perceived the amount of fried rice on the red or blue plate, respectively,
to be more than the amount in a regular rice bowl. Plate color did not have a significant effect on the amount
consumed. There were no significant differences in satiety and hunger ratings across conditions for 2 hours
after each test meal. Young people with intellectual disabilities, who are less influenced by the environment
as a result of their cognitive deficits, may be forced to rely more on internal factors than on external factors.
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Introduction

The mechanism controlling eating behavior is very
complex and involves a number of factors (1). Recently,
the importance of visual signal as one of the external fac-
tors regulating dietary intake has been revealed (2, 3). The
visual signal arising from cognitive cue may affect neural
mechanisms in the brain. The visual signal may stimu-
late, but also contribute to, satiety (2). Specifically, it has
been shown that visual signal relating to color influences
dietary intake (4, 5). Color may help to attract attention,
convey messages, and create feelings (6). Such effects of
color have been demonstrated to influence emotional
responses and eating behavior (7, 8). This suggests that
modifying plate color, while not directly related to the
food itself, can also influence dietary intake (9, 10).

Intellectual disability (ID), also known as general
learning disability or mental retardation, is a general-
ized neurodevelopmental disorder characterized by
significantly impaired intellectual adaptive functioning.

Clinically, ID is a subtype of cognitive deficit, which
subtype of cogniterm to describe any characteristic that
acts as a barrier to the cognition process (11-13). People
with ID may be forced to rely more on internal factors
than external factors as a result of their cognitive deficits
when making judgments. In the context of eating, inter-
nal factors, such as gastric distension and release of intes-
tinal peptides, may lead them to eat the amount of food
needed to achieve comfortable satiety (2). This study was
carried out to investigate whether the external factor of

plate color affects dietary intake in people with ID.
Materials and methods
Subjects

Young people with mild ID were recruited from
a special school in South Korea. All subjects were
diagnosed with mild ID (i.e., a performance 1Q of
55-75) and had no other disabilities. Potential subjects
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were interviewed to determine that they were in good
health, were not currently following a weight-loss diet
or trying to gain weight, were not using medication
known to affect dietary intake or appetite, had no food
allergies or food restrictions that would affect dietary
intake, and regularly ate 3 meals per day. Potential sub-
jects completed the following questionnaires: Eating
Attitudes Test (EAT-40) (14), which detects symp-
toms of an eating disorder; Zung Self-Rating Depres-
sion Scale (Zung Questionnaire) (15), which is an
indicator of depression; and color blindness test (16).
Potential subjects were excluded if they scored = 30 on
the EAT-40, = 40 on the Zung Questionnaire or color
blind who cannot distinguish between colors.

Procedures

The experiment employed a within-subjects,
repeated-measures design. Subjects visited the labora-
tory on 3 different days, separated by at least 1 week
and were served a test meal on different colored plate
on each visit. Subjects were asked to keep their even-
ing meals and activity levels as similar as possible
on the days before each test day, and to refrain from

White plate

Red plate

Blue plate

consuming any food or energy-containing beverages
for 3 hours before the experiment. At the start of each
test meal, subjects were seated in individual cubicles.
They were not allowed to read or work during the meal.

For each meal, a portion of fried rice was presented
on a white plate, red plate, or blue plate, as shown in
Figure 1. Plates used in this study were all of the same
material, shape, and size (porcelain, rounded, and 28
cm in diameter). All conditions for each test meal,
except for plate color, were also the same. The amount
of fried rice served (400 g) was determined to be a gen-
erous portion for one person in Korea. Each portion
contained 165.0 kcal, 29.5 ¢ of total carbohydrates, 0.5
g of sugar, 3.0 g of protein, 3.5 g of total fat, 1.2 g of
saturated fat, 5.0 mg of cholesterol, and 305.0 mg of
sodium per 100 g. Subjects were instructed to consume
as much of it as they would like, to the point of com-
fortable satiation. They were allowed to request addi-
tional fried rice. During each test meal, investigators
counted the number of spoonfuls taken and the number
of chews per spoonful during each meal. The exact clock
times at meal initiation and completion were recorded.
The amount of the meal consumed was calculated by
weighing the plate before and after the meal. After

Figure 1. Picture of different-colored plates with and without fried rice
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completing every condition, we asked the subjects how
they perceived the amount of fried rice on each color
plate to compare with the same amount of fried rice in a
regular rice bowl. The study was approved by the Ethi-
cal Committee for Human Experimentation of Jeonju
University (jjIRB-170417-HR-2017-0510). Written

informed consent was obtained from the subjects.
Visual analogue scale ratings for satiety and hunger

Subjective satiety and hunger were measured using
a 100 mm visual analogue scale (VAS). This scale was
anchored by the descriptors “not at all” and “extremely.”
While young people with mild ID can provide self-
reports, there is evidence that they are less accurate
in localizing their mood and slower to acknowledge it
(17,18). Subjects were therefore selected such that they
could report themselves satiety and hunger using a VAS
before and after a meal. Subjects completed the VAS 4
times on each test day: immediately before and after
the test meal, and hourly for 2 hours after the meal.
And subjects were also presented with 10 g samples of
fried rice, which were rated using a VAS for palatability
(pleasantness of appearance, odor, taste, and texture).

Statistical analysis

All statistical analyses were performed using SPSS
Statistics 23 (IBM Co., NY, USA). Data were analyzed
using a repeated measures ANOVA with Bonferroni-
adjusted pairwise comparisons. The results are reported
below in the form mean + standard error of the mean. Dif-
ferences in means were considered significant at p<0.05.

Results

Twenty subjects (12 male, 8 female) were selected
for participation, and all completed the study. Subjects
ranged in age between 15 and 21 years old (mean 17.8
years). They had an average height and weight of 163.3
cm (males, 168.9 c¢m; females, 155.1 cm) and 64.5 kg
(males, 71.4 kg; females, 54.1 kg), respectively. Sub-
jects’ characteristics are shown in Table 1. Palatability
ratings revealed no significant differences among the
test meals (data not shown).

Subjects’ perception of the amounts of food on

different-colored plates is shown in Table 2. Although

Table 1. Subjects’ characteristics

! Subjects Total (n=20)
tem
Male (N=12) | Female (N=8)
ce (om0 17.8+03
seur 17.7:04 | 181:05
. 163.3 £ 2.6
Height (cm)
168934 | 1551:16
Weicht (ke) 64.5 £ 4.2
t
cens 71457 | 541:41
238+ 1.2
BMI (kg/m?)
247:15 |  226:18
o o 19.4 £ 2.4
t
o mE TS 198:34 | 187:33
28.6 2.3
% Body fat (%)
258:2.7 | 329:37
L ean body mase (ko) 45.1:2.6
can pody s S 51.6:30 | 35.5:16

Values are means + standard error of the mean. BMI; body

weight (kg)/[height (m)]?

Table 2. Perception of amount on different-colored plates in
young people with mild intellectual disabilities

Plate color | Perception of amount N (%)
White plate More than tbe amount 16 (80)
in a regular rice bowl
Less than the amount 165)
in a regular rice bowl 20 (100)
Same as the amount in
a regular rice bowl 3(15)
Red plate More than tbe amount 10 (50)
in a regular rice bowl
Less than the amount
. . 1(5)
in a regular rice bowl 20 (100)
Same as tbe amount in 9 (45)
a regular rice bowl
Blue plate More than tbe amount $ (40)
in a regular rice bowl
Less than the- amount 2 (10)
in a regular rice bowl 20 (100)
Same as the amount in
a regular rice bowl 10 (50)
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all meals contained the same amount of food, most of
the subjects (80%) estimated that the fried rice portion
served on a white plate was larger than the amount of
fried rice in a regular rice bowl. On the other hand, 50%
or 40% of the subjects perceived the fried rice portions
served on red plate or blue plate, respectively, to be larger
than the amount of fried rice in a regular rice bowl.
Figure 2 shows the amount consumed, eating
time, number of spoonfuls taken, and number of chews
per spoonful for test meals served on different-colored
plates. Plate color did not have a significant effect on
the amount of fried rice consumed by young people
with mild ID (Figure 2-A): there was no significant
difference in the average amount consumed from
a white plate (469.8 ¢), red plate (430.2 g), or blue
plate (430.4 g), p>0.05. Regardless of plate color, sub-
jects took similar amount of time to eat the test meals
(Figure 2-B): there was no significant difference in
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the average amount of time spent eating from a white
plate (10.5 minutes), red plate (11.7 minutes), or blue
plate (10.0 minutes), >0.05. Furthermore, the number
of spoonfuls taken and number of chews per spoonful
did not differ significantly by plate color, p>0.05 (Fig-
ure 2-C and D). Figure 3 presents the VAS results on
subjective satiety and hunger ratings before and after
the test meals served on different-colored plates. The
initial ratings of satiety and hunger did not differ for
different-colored plates, and similarly there were no
significant differences in satiety and hunger ratings by
plate color for 2 hours after eating the test meal.

Discussion

The present study investigated whether or not
plate color would exert a significant influence on the
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Figure 2. Amount consumed (A), eating time (B), number of spoonfuls taken (C) and number of
chews per spoonful (D) of test meal on different-colored plates in young people with mild intel-
lectual disabilities. Values are means + standard error of the mean.



Progress in Nutrition 2021; Vol. 23, N. 1: €2021023

(&) —r— Wi dane
—v— PRed plste
—— Buephie

B

Saliety rate (rrm)

&

o

Bafone misal Bler e 1hr Zhr

M3l time

.
(E) S S
—p— Fedplaie
=0t —— Biue plae
—_
E
E
@ S0
b
T
=]
s f
I /
wl /
o . . . .
Bafong miad Al e ik Fdy
Me=l tre

Figure 3. Satiety (A) and hunger (B) ratings of test meal on different-colored plates in young peo-
ple with mild intellectual disabilities. Values are means * standard error of the mean.

amount of food perceived and consumed by young
people with mild ID. In situations where consumption
occurs on a more habitual level and therefore outside
focused attention, consumption behavior is more sus-
ceptible to situational cues than to conscious intentions
(19, 20). Because of the susceptibility to situational
cues in situations where eating occurs incidentally,
situational cues that trigger a stop reaction may be
highly beneficial in order to avoid overconsumption
(21). Plate design that makes use of visual illusion is
one of the external factors that may independently
affect perceived food quantity and subsequent dietary
intake (22, 23). Research by van Ittersum and Wansink
(24) illustrated that this type of visual illusion influ-
enced serving behavior when there was a color contrast
between the food and plate. People served themselves
more food when the food and plate had similar color-
ing (low color-contrast condition). Conversely, people
served themselves less food when the food and plate
were different colors (high color-contrast condition).
The present study extends previous research on
how visual illusion applies to food on a plate. We
hypothesized that the effects of this type of visual illu-
sion would apply to the plate color surrounding food.
To test this hypothesis, we collected data on the per-
ceived amounts of food served on the different-colored
plates used in the study. We hypothesized that a white
plate would cause a fixed amount of white food to
appear larger than would a red plate or blue plate of

the same size. Most of the subjects (80%) estimated
that the amount of food on a white plate was more
than the amount in a regular rice bowl, while 50 or
40% of the subjects perceived that the same amount
of food served on a red plate or blue plate, respectively,
was more than the amount in a regular rice bowl.

In accordance with research by Weintraub and
Cooper (25), we expected subjects in the low color-
contrast condition (fried rice served on a white plate)
to overeat more than those in the high color-contrast
conditions (fried rice served on a red or blue plate).
The rationale for this is that differences in color con-
trast between the food and the plate influence the
extent to which a visual illusion takes effect (24, 25).
In the present study, although young people with ID
perceived different amounts of food according to plate
color, they consumed a similar amount of food over a
similar period of time in each condition, regardless of
plate color. Young people with ID, who are less influ-
enced by the environment as a result of their cognitive
deficits, may be forced to rely more on internal fac-
tors than on external factors. Behavioral observations
of subjects’ responses to plate color did not support
the hypothesis that visual cues associated with per-
ceived food quantity alter dietary intake. The results
of this study revealed that plate color did not affect
the amount consumed, eating time, number of spoon-
fuls taken, or number of chews per spoonful in young

people with mild ID.
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In conclusion, in contrast to typically develop-
ing young people, young people with mild ID seem
largely unaffected by changes in plate color in a labora-
tory setting. This study was the first trial to investigate
the effects of an external factor on food consumption
in young people with mild ID. Future trials based on
the food environment of young people with mild ID
must be conducted in order to determine how the food
environment might be manipulated for effective health
and weight management interventions. Additional
research is needed to evaluate the extent to which per-
ceptual factors relating to external factors exert their
effects on young people with mild ID.
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