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Background: Research findings on the appetite-enhancing effect of the color red and
the appetite-reducing effect of blue have been inconsistent. The present study used
a placebo approach and investigated whether verbal suggestions can enhance color-
appetite effects.

Method: A total of 448 women participated in two experiments. They viewed images
with differently colored sweet foods (original color, blue, red, colorless (black-and-white);
experiment 1; n = 217) or sweet foods on blue, red, white, and gray backgrounds;
experiment 2; n = 231). Before viewing the images, half of the participants received
information about the effects of red and blue food color on appetite (color suggestion).
The other half received no suggestion. For each of the experiments, the reported
propensity to eat (food wanting) was compared between the conditions.

Results: All colored food items were associated with a lower propensity to eat
compared to the food items in the original color. The color suggestion (compared to
no suggestion) additionally decreased the propensity to eat blue and black-and-white
food items. Colored backgrounds did not influence food wanting.

Conclusion: This study demonstrated that red and blue coloring of visual food cues did
not have the predicted effects on food wanting. However, the combination of specific
food colors with specific color suggestions might be useful to change the willingness to
eat sweet products.

Keywords: food coloring, colored backgrounds, blue, red, verbal suggestions, placebo, food wanting

INTRODUCTION

Color signals the edibility and the nutritional value of food (Spence, 2015). The food color red
is very common in nature and is typical for ripe fruits and fresh meat. In contrast, there aren’t
many naturally occurring blue-hued foods, and sometimes ‘blue’ even indicates non-edibility (e.g.,
mold). Therefore, it is not surprising that the color red is considered appetizing, whereas blue acts
as an appetite suppressant (for reviews see Spence et al., 2010; Zellner, 2013; Wadhera and Capaldi-
Phillips, 2014; Spence, 2015).

Based on these observations, the adding of coloring to food and drink has a long history in the
food industry. However, research on the effects of red/blue food coloring on the wanting and liking
of food has produced heterogeneous results. In some of the studies the predicted effects occurred
(e.g., increased appetite for red-colored food: e.g., Foroni et al., 2016, decreased appetite for blue-
colored food; e.g., Cho et al., 2015; Suzuki et al., 2017), but not in other studies (e.g., Gifford et al.,
1987; Frank et al., 1989, Chan and Kane-Martinelli, 1997; Alley and Alley, 1998).
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Discrepant findings also characterize the research on the
influence of color context (e.g., color of dishware) on food
wanting, liking, and consumption (e.g., Tomita et al., 2007;
Genschow et al., 2012, Piqueras-Fiszman et al., 2012; for a
review see Spence, 2018). For example, some studies have
shown that red plates/cups increase appetite and food/drink
consumption (Piqueras-Fiszman and Spence, 2012), whereas
other investigations even reported the opposite effect (e.g.,
Genschow et al., 2012).

The color of food not only provides information about
the edibility but also about the palatability of food (Spence,
2015). The evaluation of the hedonic reward from food is
highly susceptible to suggestion (Shankar et al., 2010). Placebo
research has shown that the desire to eat specific food items
can be influenced by verbal suggestions (e.g., Crum et al., 2011;
Hoffmann et al., 2018; Potthoff et al, 2019). For example,
participants consumed less in a test session when they were
reminded of their last meal (Higgs, 2002), when the food was
labeled ‘healthy’ (Provencher and Jacob, 2016) or ‘high-caloric’
(Crum et al,, 2011). In a study by Schienle et al. (2020), a placebo
(inert treatment of the tongue) was able to alter taste sensations
and the affective ratings for food pictures. Pictures of spoiled food
(with black/blue mold) were rated as less disgusting in the placebo
condition (compared to the condition without placebo). Thus,
the wanting and liking of food (cues) can be shaped by inducing
expectations through verbal suggestions.

The aim of the present study was twofold. First, we attempted
to replicate the effects of red/blue food coloring and red/blue
backgrounds on food wanting (i.e., the propensity to eat). A large
sample (n = 448) was examined to overcome problems of
previous studies on food-color effects with small sample sizes.
Second, we attempted to enhance the color-appetite effects by
using verbal suggestions. The participants viewed images with
colored food items (original color, blue, red, black-and-white)
or food items on colored backgrounds (white, blue, red, gray).
Before viewing the pictures, half of the participants received the
information that red color increases appetite, and blue color
acts as an appetite suppressant (color suggestion); the other half
received no suggestion. Ratings for food wanting (the propensity
to eat the depicted food item) were compared between the
conditions in each of the experiments.

MATERIALS AND METHODS

Participants

A total of 448 females aged between 18 and 35 vyears
(M = 22.54 years; SD = 3.36) participated in two experiments
(experiment 1: n = 217; experiment 2: n = 231). The participants
had a mean body mass index (BMI) of M = 21.74 (SD = 2.92).
The reported hunger level at the time of testing was M = 3.04
(SD = 2.26; 1 = not hungry; 9 = very hungry), and the average
time since the last meal was M = 3.30 h (SD = 3.53). We only
tested females because of reported sex differences concerning
self-reports for appetite and food preferences (e.g., Blechert et al.,
2014; Gregersen et al., 2011, Bédard et al.,, 2015). Participants

Experiment 1 (colored food)

Original Red Blue Black-and-white

& ® ® @

Experiment 2 (colored background)
‘White Red Blue

FIGURE 1 | Examples of food images in the two experiments.

were recruited via announcements at the university campus; the
majority were students (91%).

The computed pairwise comparisons (t-tests) did not show
statistically significant differences between the participants
assigned to the two conditions (suggestion vs. no-suggestion) in
each of the two experiments concerning BMI, hunger level, and
time since last meal (all p > 0.19; for means (M) and standard
deviations (SD) see Supplementary Table 1).

Stimuli and Design

The stimulus material for experiment 1 consisted of 12 images of
sweet foods (e.g., chocolate chip cookie, cupcake, and cream cake)
taken from the Food Pics Database (Blechert et al., 2014) and
non-copyrighted sources from the internet. We selected images
of sweet food because these stimuli receive on average neutral
to positive ratings for food wanting (Blechert et al., 2014). Thus,
changes in reported food wanting can be induced, including both
an increase and a decrease.

For each of the 12 original pictures, three additional versions
with the food items colored in blue, red, and black-and-white
(colorless) were created (see Figure 1), resulting in a total of
48 food images. The black-and-white images served as a control
condition that was characterized by the absence of blue and
red color. The original images were considered the reference or
baseline condition (reflecting individual preferences concerning
a food item). The images had a resolution of either 600 x 450
pixels or 350 x 500 pixels. Luminance scores for blue and red
color were equivalent (160 lm).

In Experiment 2, the same 12 food images were used as in
experiment 1 (in original color). Four different versions were
created with a white, red, blue, and gray (black-and-white)
background (see Figure 1). In both experiments, the same red
and blue coloring was used.

Procedure

The images of experiment 1 and experiment 2 were presented via
two independent online surveys (LimeSurvey GmbH, Hamburg).
To avoid boredom and habituation because of the repeated
presentation of the same food images in different color versions,
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FIGURE 2 | Means and standard errors of difference scores for food wanting in experiment 1 and experiment 2 across the different conditions.

Experiment 1: “Difference score_red” = wanting of red-colored food items minus food in original color; “Difference score_blue” = wanting of blue-colored food minus
food in original color; “Difference score_b-w” = wanting of black-and-white colored food minus food items in original color; Experiment 2: “Difference

score_red” = wanting of food on red background minus white background; “Difference score_blue” = wanting of food on blue background minus white background;

Experiment 1 (n=217)
3
o 2
3
3}
gat
2 o 7
i, W[ . 5
;
<
_2 L ¥ J L ¥ J
L X 4
" E3
-3
§ 5|5 §|38 3
= 8 -] gl = -]
" " " w w L]
g B| 8 B8 B
-y = S 2 = 2
" w " [ " "
o o o
a -]
Difference Difference Difference
score_red score_blue score_b-w
“Difference score_gray” = wanting of food on grey background minus white background; Asterisks (*) indicate p < 0.05.
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each participant was presented with a random selection of 12
pictures (three images in blue, red, black-and-white (gray), and
original color). The pictures were displayed in randomized order
and the participants rated their food wanting (“How much would
you like to eat this food right now?”) on a 7-point Likert scale
(1 = not at all; 7 = very much) for each picture.

In both experiments, the participants were randomly assigned
to one of two experimental conditions. In the color suggestion
condition, the participants were provided with information about
the appetizing effect of the color red and the appetite-suppressant
effect of blue. Participants of the no suggestion condition received
no color information.

The study was approved by the ethics committee of the
University and was performed following the Declaration of
Helsinki. All participants gave written informed consent.

Statistical Analysis

To adjust for individual differences in food wanting for the
original items (M = 3.87; SD = 1.56; range = 1-7), we
computed difference scores. To do this, we first calculated
mean scores for each color condition based on the three
ratings for wanting of each participant. Then, difference
scores (between the conditions) were calculated (Experiment
1: Difference score_red: wanting for red-colored food minus
wanting for food in the original color, Difference score_blue:
blue minus original, Difference score_black-and-white: black-
and-white minus original; Experiment 2: Difference score_red:
wanting for food on red background minus wanting for food

on white background, Difference score _blue: blue minus white,
Difference score_gray: gray minus white).

For each of the two experiments, a 3 x 2 analysis of
variance (ANOVAs) was performed to test the effects of COLOR
(Difference score_red, Difference score _blue, Difference score
_black-and-white/grey) and CONDITION (color suggestion, no-
suggestion) on the propensity to eat. After controlling for hunger
level, BMI, and hours since the last meal in additionally computed
analyses of covariance (ANCOVA), the results did not change.
Therefore, we report the ANOVA findings.

Effect sizes are expressed by partial eta squared (part.n?).
If violations of sphericity occurred, Greenhouse-Geisser
corrections were used. Significant effects were followed up by
Bonferroni-adjusted pairwise comparisons. The analyses were
conducted with SPSS version 26 (IBM Corp, 2019).

A power analysis with G*Power 3.1.9.2 Faul et al. (2007)
indicated that a sample size of n = 192 would be necessary to
detect an effect size of part.n2 = 0.03 (i.e., small effect) with
a probability of 1-f = 0.80, a = 0.05 for the interaction effect
COLOR x CONDITION.

RESULTS

Experiment 1 (Colored Food)

The ANOVA revealed significant effects for COLOR [F(2,
430) = 8.74, p < 0.001, part.n? = 0.039], COLOR x CONDITION
[F(2, 430) = 6.34, p = 0.002, part.n* = 0.029] and CONDITION
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[F(1, 215) = 6.41, p = 0.012, partm?® = 0.029]. Compared
to original color, the coloring (red, blue, black-and-white) of
the food items reduced the propensity to eat significantly (all
p <0.001). The reduction in food wanting was larger for blue and
black-and-white food in the suggestion condition than in the no-
suggestion condition (all p < 0.047; see Figure 2). The ratings for
red food did not differ between the suggestion and no-suggestion
condition (p = 0.653).

In the suggestion condition, the reduction in the propensity to
eat blue and black-and-white food was greater compared to red
food (all p < 0.001). Blue and black-and-white food did not differ
from each other (p > 0.99). In the no-suggestion condition, food
wanting did not differ between the color conditions (all p > 0.072;
Figure 2).

Experiment 2 (Colored Backgrounds)

The ANOVA revealed no statistically significant results for
COLOR [F(1.93, 442.36) = 0.204, p = 0.816, part.n? = 0.001],
CONDITION [F(1, 229) = 0.261, p = 0.610, part.n* = 0.001], and
the interaction COLOR x CONDITION [F(1.93, 442.36) = 1.079,
p = 0.339, part.m? = 0.005; Figure 2]. Food wanting did not
differ between food items with white backgrounds and food with
colored backgrounds (red, blue, gray; all p > 0.243).

DISCUSSION

This study examined the effects of red/blue coloring of visual food
cues and verbal color suggestions on reported food wanting. It
was shown that both blue and red coloring of the depicted food
items had an appetite-reducing effect. Thus, ‘red’ and ‘blue’ did
not have the predicted opposite effects on the propensity to eat
but were always considered negative. For example, compared to
the original brown chocolate chip cookie, all color variants (red,
blue, black-and-white) were experienced as less appetizing. In
the no-suggestion condition, the appetite-reducing effect of ‘blue’
and ‘red’ did not differ from each other. This effect very likely is
a result of ‘color expectancy deviations’. We all have concepts of
how specific food items should look like. If a ‘color expectancy
violation’ occurs, this induces reductions in food wanting. In a
classic study by Wheately (1973), participants were presented
with a dinner consisting of a blue steak, red peas, and green
French fries. The dinner started under dim lighting to hide the
food’s true color. When the lighting was returned to normal,
the ‘inappropriate’ food coloring elicited appetite reduction and
even nausea in some of the participants. In a recent study by
Suzuki et al. (2017), blue soup decreased reported appetite and
palatability compared to soup with typical colors (white, yellow).

In the present investigation, the ‘blue effect’ on reported food
wanting was enhanced by the verbal suggestion of this color as
an appetite suppressant. Additionally, we observed an appetite-
reducing effect of black-and-white coloring in the suggestion
condition. An explanation might be that achromatic/black-and-
white is more likely perceived as belonging to the blue color
spectrum (e.g., Weiss et al., 2017) and that toxic or spoiled food
is often blue, black, or purple. The ‘red suggestion’ did not affect

food wanting because an appetite increase was suggested, while
the participants experienced a reduction.

No influence of color on food wanting was observed in
experiment 2 although our large sample size was associated with
sufficient power to detect even small effects. Previous studies have
reported effects of different color contexts, such as table cloths,
plates, cups, and ambient illumination on appetite and taste
ratings (for a review see Spence, 2018). A possible explanation
for the absence of the color-background effect in the present
experiment can be derived from the findings by Schifferstein
et al. (2016). The authors presented five differently colored
vegetables (tomato, carrot, yellow bell pepper, cucumber, and
eggplant) against one of four different backgrounds (either light
or dark orange or light or dark blue). The participants rated the
attractiveness of the vegetables. The main result of this study
was that each food item had its optimal background color. For
example, a light orange made the cucumber most attractive, while
light blue was optimal for the eggplant. Thus, different food items
seem to be associated with different appetizing contexts.

The following limitations of the current study need to be
addressed. In the present study, female participants (mainly
university students) were presented with images depicting sweet
foods. Thus, our results cannot be generalized to other samples
and food types. Moreover, the coloring of images vs. real food
items might have different effects. Therefore, in a future study, the
consumption of colored food items (e.g., amount of food eaten in
a test meal) should be assessed. The present study only relied on
self-reports for the propensity to eat the depicted food items.

CONCLUSION

In conclusion, this study identified conditions under which color
suggestions can influence food wanting. Future research now
needs to find optimal combinations of food coloring and color
suggestions for specific food items to alter the propensity to eat
in the intended direction.
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