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Abstract

Background Industrialization has led to more varied and attractive high-calorie foods. Health problems such as obesity and
diabetes are partially attributed to eating-related self-regulation difficulties that may be caused by increasingly frequent cues
for highly palatable foods. Research studies aim at understanding the factors underlying responses to food cues. This has led
to the development of food stimuli databases. However, they present some limitations.

Objectives This study aimed at providing a controlled set of pictures, including 40 food pictures with high- and low-calorie
stimuli, matched with 40 non-food pictures. The second objective was to provide a ready-to-use database with normative
data regarding responses and associations between demographic, anthropometric and eating-related characteristics, and
picture ratings.

Participants A sample of 264 participants rated the total set of pictures.

Measures Attractiveness, arousal and palatability were assessed for each picture, as well as participant’s current type of diet,
BMI, hunger levels and eating behaviors (uncontrolled and emotional eating).

Results Image characteristics (shape, colors, luminance) were comparable between food and matched non-food pictures.
Positive correlations were found between hunger levels and attractiveness, arousal and palatability of food. Uncontrolled
and emotional eating was positively correlated with high-calorie food palatability, and uncontrolled eating was positively
correlated with high-calorie food attractiveness. Participants who did not report any specific diet rated high-calorie foods
as more attractive and arousing, whereas vegan and vegetarian participants assessed low-calorie foods as more attractive
and palatable.

Conclusion The Food-Cal controlled set of picture database can be considered as a useful tool for experimental research.
Level of evidence Level V, cross-sectional descriptive study.

Keywords Picture database - High-calorie foods - Low-calorie foods - Controlled food pictures - Eating behaviors

This article is part of topical collection on Food and Addiction.
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Introduction

Industrialization has led to more varied and attractive
high-calorie foods. Researchers partially attribute ris-
ing rates of obesity, diabetes and cholesterol problems
to eating-related self-regulation difficulties that may be
caused by these increasingly frequent cues for highly
palatable foods (e.g., [29]). Research also suggests that
access to highly palatable foods—when combined with
past hedonic deprivation such as restrictive behaviors
and/or stressful events—may lead to increased activation
of the dopaminergic seeking system, which can increase
overeating, emotional eating or binging (e.g., [5, 18, 36]).
In response to these increasing health problems, public
policies have turned these concerns into a priority [34],
and researchers in the fields of physiology, psychology or
cognitive neurosciences increased the number of studies
related to the factors underlying responses to high-calorie
food. In experimental investigations, the visual process-
ing of food appraisal has become a reference [16, 27, 32,
38]. Research studies have even shown a causal relation-
ship between attentional training with food pictures (e.g.,
increasing attentional bias towards healthy foods or Go/
no-go task training in order to increase impulse inhibition
towards palatable foods; [23, 43]) and future eating behav-
iors (healthy eating or ability to reduce food intake during
dieting). Indeed it has been shown that food pictures elicit
brain responses that are similar to those elicited by real
food and that responses towards non-food pictures are dis-
tinct from responses towards food pictures. For instance,
in a normal-weight sample, food pictures yielded higher
orbitofrontal cortex and insula activation in comparison
to non-food pictures [24, 33, 44]. At a neural level, sev-
eral studies also showed distinct processing in response
to high- and low-calorie food images [13, 24, 37]. For
instance, high-calorie stimuli yielded extensive activation
of the medial and dorsolateral prefrontal cortex, thalamus
and hypothalamus, whereas low-calorie stimuli yielded
significant activation of medial orbitofrontal and primary
gustatory cortex. At a psychological level, high-calorie
pictures were perceived as more palatable and involved
higher levels of desire to eat than low-calorie stimuli [21].
It is, therefore, possible to measure and to develop specific
responses towards food cues via food pictures. However,
individual differences should be taken into account as
they can affect brain responses [4]. For example, the type
of diet can alter neural and behavioral responses to food
images [19], in particular in vegetarians and vegans [39].

Some databases of food pictures have been developed:
Foodcast Research Image Database (FRIDa; [11]); Food-
pics [4], Full4Health (FAH; [8]) and the Open Library of
Affective Foods (OLAF; [30]). They offer a wide range of
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food pictures categorized into subcategories (vegetables,
meat, natural food, artificial food, rotten food...). How-
ever, they present some methodological limitations.

A first limitation concerns the pictures’ caloric content.
Although a number of studies referred to the caloric content
[20, 25], the methodology used to distinguish high- versus
low-calorie food pictures was unclear in the published data-
bases. As in other studies based on food pictures ([14, 31,
35, 37]), most of these databases included non-food objects
(except F4H), but none matched the food pictures with non-
food pictures while controlling for their visual characteris-
tics. Therefore, different potential confounders such as pic-
tures’ perceptual characteristics (shape of the main object,
dominant colors, global luminance) may drive the responses
toward food vs. non-food pictures and affect attractiveness
and arousal judgments. Furthermore, the choice to create a
large set of pictures is interesting (N =883 pictures in Food-
pics; N=877 in FRIDa; N=370 in F4H; N=132 in OLAF),
but leads to certain validation problems. For instance, dur-
ing the rating phase, each participant cannot reliably evalu-
ate every picture given the size of the database. Therefore,
in these studies, each participant only rated a randomized
subset of pictures. Hence, each image was rated by a rela-
tively small sample of participants (in Food-pics: M =48.8,
SD=22.9; in FRIDa: M=18.86, SD =.96; in F4H: high-
calorie M =72, SD =13, low-calorie M=77, SD=10). In
sum, previous databases did not match food with non-food
pictures and only had a small number of participants rate
each picture.

Past research has shown that high- and low-calorie foods
generate different brain activations and behaviors (e.g., [13,
24]). We, therefore, developed two categories of food pic-
tures: high- and low-calorie pictures. We also added matched
non-food pictures in order to control for the effects of pic-
ture characteristics other than the content, for example color
or luminance. As suggested by Knebel and colleagues [26]
for controlled image databases, we also controlled for pic-
ture features in order to make sure that the observed effects
would follow from the parameter of interest (category of
picture) rather than from low-level physical features such
as luminance or color. Indeed, these low-level features may
affect attractiveness and perception of object characteris-
tics. For example, in a study researchers showed that pic-
ture luminance affected the perception of food freshness and
hence behaviors towards these foods can differ according
to perceived freshness [1]. In another study, researchers
showed the impact of color on consumption [15].

The main objective of the current study was to develop
a complementary controlled database with a smaller set of
pictures, but well controlled in terms of perceptual equiva-
lence between high-, low-calorie and non-food control
stimuli, attractiveness, arousal and palatability, all rated by
all the participants. The second objective was to provide
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researchers with a ready-to-use database with normative
data regarding responses and associations between demo-
graphic (age, gender), anthropometric (Body Mass Index)
and eating-related characteristics (hunger, type of diet, eat-
ing behaviors), and picture ratings.

The Food-Cal database includes 80 stimuli composed of
40 pictures of food with high- and low-calorie content (HC
vs. LC) and 40 matched non-food pictures.

Methods
Stimuli

Images were edited following the procedures later detailed
in the data analysis sub-section. The database comprises
80 pictures divided into two categories: food (40 images)
and matched non-food-pictures (40 images). Food items
are subdivided into high-calorie foods (e.g., rolled meat
sausage, churros; 20 images) and low-calorie foods (e.g.,
tomato, apple; 20 images) with 10 pictures depicting sweet
(e.g., candies or kiwi fruit) and savory (e.g., French fries
or green beans) food in each subcategory. Food images
could include single (e.g., one hot-dog, one kiwi fruit) or
several items (e.g., two slices of melon), as well as mixed
dishes (e.g., vegetarian fried Asian-dish with beans, carrot
and broccoli). A nutritionist-dietician assessed the caloric
content of each food picture to validate the defined catego-
ries (high-calorie=HC vs. low-calorie =LC). Forty neutral
(non-food) pictures were matched to each of the 40 food pic-
tures based on the following criteria: global shape, range of
colors, luminance and resolution of the pictures. All images
were selected from a commercial database available on the
Internet and can be freely sent by the first author: http://franc
ais.istockphoto.com/.

Participants

Participants were recruited for the validation experiment via
an advertisement posted on a social network website with a
link towards the study which was accessible for response for
1 week. Participants who took part in the study during that
week were volunteers. No gratification was given to partici-
pants. In total, 269 participants completed the online study.

Procedure

The experiment was carried out in accordance with The
Code of Ethics of the World Medical Association (Declara-
tion of Helsinki) for experiments involving humans. First,
participants gave their informed consent to take part in this
study. In order to validate the database, participants com-
pleted the survey online using Qualtrics. The survey was

divided into three main parts comprising the assessment of
eating habits, the evaluation of the pictures’ attractiveness,
arousal and palatability and the Three-Factor Eating Ques-
tionnaire (TFEQ-R21; [6]). The completion of the survey
lasted approximately 30 min.

Measures
Eating habits and hunger levels

The first part of the survey comprised four questions devel-
oped for the purpose of this study assessing participants’
hunger and eating habits:

(a) «How hungry are you right now?», rated from (1) «not
at all» to (7) «extremely» (Likertscale).

(b) «When was your last meal/snack?», rated from (1) «less
than 1 h» to (3) «more than 3 h» (nominal scale).

(c) «It was»: a snack; breakfast; lunch; afternoon tea; din-
ner (nominal scale).

(d) «Are you following a diet in which you are not allowed
to eat one of these products?»: animal products; meat;
pork only; sugar products; fat products (nominal scale).
In this article, we use the term “dieters” when refer-
ring to those who selected one of these categories. This
means that the “dieters” are those who exclude certain
categories of food. It does not refer to dieting under
medical prescription. We refer to vegetarians when they
exclude meat from their diet, and we refer to “vegans”
when they exclude any animal products (e.g., eggs,
cheese...).

Picture rating

In this part, participants were asked to rate the 80 pictures
based on the three dimensions described below. The images
were randomly displayed and stayed on the screen until the
participants gave their responses. The responses were given
by selecting the chosen rating with the mouse. The following
responses were studied in order to assess useful food-related
picture effects [2]:

(a) Attractiveness. This dimension assessed how an item
appears to be attractive. Only the extremes were
labelled: (1) «Not attractive at all» and (7) «very attrac-
tive» (Likert scale in seven points).

(b) Arousal. Five symbolic characters depicting different
degrees of arousal were displayed. Participants had
to choose among the five characters from «quiet» to
«excited».

(c) Palatability (only for food pictures). The statement was:
«How much would you like to eat what is depicted on
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the photograph?», rated from (1) «not at all» to (7)
«extremely» (Likert scale in seven points).

Eating behaviors

Participants completed the Three-Factor Eating Question-
naire-Revised, composed of 21 items (TFEQ-R21; [6];
French version by [9]). This questionnaire includes three
dimensions: (a) cognitive restraint (six items; e.g., «I don’t
eat some foods because they make me fat»), (b) uncontrolled
eating (nine items; e.g., «sometimes, when I start eating, I
just can’t seem to stop») and (c) emotional eating (six items;
e.g., «<When I feel sad, I often eat too much»). According to
these authors [6], cognitive restraint (CR) refers to a delib-
erate restriction of food intake aiming at controlling body
weight or increasing weight loss. Uncontrolled eating (UE)
refers to the tendency to eat more than needed due to a loss
of control over intake. Emotional eating (EE) refers to over-
eating triggered by dysphoric mood. Internal-consistency
coefficients (Cronbach’s a) for each of the three scales were
satisfactory (CR: .82; UE: .93; EE: .85). We calculated the
mean scores for each subscale which can range from 1 to
4. This questionnaire aimed at assessing the relationship
between food image ratings and eating behaviors.

At the end of the survey, participants completed demo-
graphic and anthropometric information: age, gender, height,
weight, occupation and educational level.

Data analyses

To provide future users a clear and normative food database,
we performed the following analyses:

(a) Image characteristics Original photographs were of
different sizes. We used MatLab R2009b (The Math-
works, Inc. Natick, USA) to crop, rotate and resize all
images to a final size of 500 x 500 pixels (e.g., Fig. 1).
Images were converted from RGB to CIE 1976 L*a*b*
space. Dimensions of the L*a*b* space include L for
lightness and a and b for the color-opponent dimen-
sions (red/green, blue/yellow). Values for lightness
can range from O to 100. Values for the color-opponent
dimensions can range from — 128 to 127 with green and
yellow having negative values. In CIE L*a*b* space
a white screen has a value (100, 0, 0). As shown in
Fig. 1, images could include background and shadows.
Because pixels contribute to lightness when the image
is shown on a screen, we estimated lightness over the
entire image. However, because background pixels
were not informative when estimating chromatic con-
tent of food or non-food images, we estimated a and b
values after removing the background pixels.
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Sweet (high-calorie)

Fig.1 Sample images from the two food picture categories (HC/LC)
with their matched neutral object photos

To control perceptual equivalence between food and
neutral (non-food) items we used the structural similar-
ity index (SSIM) defined by Wang et al. [45]. Unlike
average estimates of image characteristics, the SSIM
compares the luminance, contrast and structural char-
acteristics of two images on a pixel-wise basis. It is
amongst the best choices to evaluate how close two
images are. Two identical images have a SSIM of 1.
For example, the churros and wood plank shown in
Fig. 1 have SSIM values of .96, .77 and .83 for their
luminance, contrast and structural components, respec-
tively. They are thus considered as being very simi-
lar concerning these characteristics. Table 1 gives the
mean values for the position in L*a*b* space as well as
SSIM measures for our four groups of food items and
their matched non-food image.

(b) Correlational analyses (Pearson’s correlation tests)
were performed to assess the relations between demo-
graphic, anthropometric, eating-related and behavio-
ral characteristics (age, BMI, hunger level and eating
behaviors) and the attractiveness, arousal and palatabil-
ity of each image category. Bonferroni correction was
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Table 1 Image characteristics descriptive statistics: means and standard deviations of image characteristics (L*a*b*) and similarity index (SSIM)

SSIM

Non-food

Food

Taste

Caloric group

Contrast Structure

Luminance

77(12)
77 (14)

88 (.07) 73 (13)
91 (.05)

92 (.06)
93 (.03)

34.6 (4.79)
29.05 (23.19)
24.66 (18.07)

15.09 (23.06)
4.93 (20.36)
20.85 (20.76)

75.25 (9.34)
83.35 (7.58)
76.91 (12.6)

13.89 (21.92) 39.72 (11.67)

72.71 (10.6)
84.01 (9.34)

Savory

Low calorie

T3 (17)

38.65 (18.66)
37.43 (9.23)

8.62 (15.97)
16.37 (9.43)
11.01 (5.77)

Sweet

81D
75 (.15)

76 (.15)

80.97 (10.77)
82.66 (8.63)

Savory

High calorie

69 (.13)

82.36 (11.01) 8.52 (10.21) 5.93 (24.09)

19.74 (13.95)

Sweet

L: lightness; a * b: color channels; SSIM: structural similarity index

used to control for multiple correlation testing. Cor-
relations were thus considered significant for a p value
<.008.

(c) Analyses of variance were performed in order to ana-
lyze the impact on picture ratings of the variables
included in the study in order to give information for
future studies on the variables that need to be con-
trolled.

— Picture ratings The effects of the pictures’ categories
on the different dimensions (attractiveness, arousal,
palatability) were assessed by means of three sepa-
rate analyses of variance (ANOVA). Each ANOVA
included two within-subject factors: the image type
(food vs. non-food) and the caloric content (HC vs.
LO).

— Influence of diet The effects of the type of diet
(absence of diet, fat-free, sugar-free, pork-free,
vegan or vegetarian) on attractiveness, arousal and
palatability ratings were assessed through additional
ANOVAs including the diet type as between-subject
factor (i.e., Diet X Type X Caloric content).

The normality of the distributions and the homogene-
ity of the variances were tested before the analyses using
Kolmogorov—Smirnov and Lilliefors, and Bartlett’s tests,
respectively.

Results
Sample characteristics

A total of 269 native French speakers completed the survey
(86.62% female). One participant was excluded because the
age was inferior to 18 and we did not have parental informed
consent. Two other participants were excluded on the basis
of their age because they were outside the age range with
more than 2 standard deviations above the mean age of 24.2.
The age range for the subsequent statistical analyses was,
therefore, 18—50 years. Two other participants were excluded
as they were outside the Body Mass Index (BMI =kg/m?)
range with more than 2 standard deviations above the mean
BMI of 23.01. The final sample thus included 264 partici-
pants. Table 2 shows the demographic characteristics and
eating behavior information of the sample.

Correlational analyses
Hunger was positively correlated with attractiveness
(r=.207, p=.001), arousal (r=.238, p<.001) and pal-

atability (r=.308, p <.001) of the food pictures. When
hungry, participants also rated the LC-pictures as more
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Table 2 Demographic,

. . Frequency (%) Mean (sd) Median Min Max
anthropometric and eating-
related characteristics Age 23.88 (6.00) ) 17 48
Professional category
Students 73.86
Managers and higher intellectual 15.53
occupations
Elementary occupations 4.55
Technicians 3.03
Unemployed 227
Agricultural workers .38
Craft and related trades workers .38
Level of education
High school 7.20
Ist or 2nd year higher education 30.30
Bachelor 36.74
Masters, doctorate 25.76
BMI 22.81 (3.95) 21.80 15.24 36.73
TFEQ scores
Cognitive restraint 2.96 (.66) 3.00 1 4
Emotional eating 2.40 (.88) 2.33 1 4
Uncontrolled eating 2.70 (.62) 2.67 1.22 4
Hunger level (1 to 7) 3.03 (1.73) 3 1 7
Last meal (h)
<1 28.41
1-2 25.76
>2 45.83
Last meal type (N=196)*
Snack 7.20
Breakfast 21.97
Lunch 18.18
Afternoon tea 2.65
Dinner 22.35
Type of diet
Vegetarian 7.95
Vegan 2.27
Pork-free 3.79
Sugar-free 16.67
Fat-free 21.97

*Missing data for the first 70 participants due to a technical problem

palatable (r=.170, p=.006). There were also marginal
negative correlations between age and HC-picture attrac-
tiveness (r=—.118, p=.056), and palatability (r=—.120,
p=.052) (Table 3).

The emotional eating subscale score was positively
correlated with HC-picture palatability ratings (r=.199,
p=.001). The scores on the uncontrolled eating sub-
scale correlated positively with HC-picture attractiveness
(r=.175, p=.004), arousal (r=.150, p=.015), and palat-
ability (r=.278, p <.001) (Table 3).
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Picture rating

The results of the three separate analyses of variance
(ANOVAs) for attractiveness, arousal and palatability
scores including the type of stimuli (food vs. non-food)
and the caloric content (HC vs. LC) are shown in Table 4.
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Table 3 Correlations between demographic, anthropometric, eating-related variables and eating behaviors, and picture ratings according to

image type (food vs. neutral) and caloric content (HC vs. LC)

Attractiveness Arousal Palatability
LC HC Neutral LC  Neutral HC LC HC Neutral LC  Neutral HC LC HC
Hunger (N=265) r=.070 r=.207* r=.013 r=.041 r=.137"  r=.238*% r=-.030 r=.009 r=.170% r=.308*
p=.257 p=.001 p=.833 p=.506 p=.026 p=.000 p=.626 p=.884 p=.006 p=.000
Age (N=265) r=.058 r=-.118 r=.134"  r=.154" r=.034  r=-.093 r=.140"* r=.132" r=.088 r=-.120
p=.351 p=.056 p=.030 p=.012 p=.580 p=.131 p=.023 p=.032 p=.153  p=.052
BMI (N=258) r=—.072 r=-.006 r=-.017 r=-.006 r=-.007 r=.004 r=.044 r=.001 r=.009 r=.057
p=.251 p=.923 p=.790 p=.922 p=2916 p=.943 p=.482 p=.990 p=.881 p=.359
CR (N=264) r=.012 r=-.032 r=.028 r=.019 r=.074 r=.049 r=.066 r=.047 r=.1277  r=.015
p=.845 p=.600 p=.653 p=.765 p=.234 p=432 p=.282 p=.452 p=.039 p=.809
EE (N=264) r=-.045 r=.022 r=-.002 r=.028 r=—.024 r=.045 r=-.056 r=—.046 r=.036 r=.199%
p=471 p=721 p=.975 p=.652 p=.703 p=.465 p=.364 p=.454 p=.559 p=.001
UE (N=264) r=-—.048 r=.175 r=-.043 r=.006 r=—.024 r=.150Y r=—.100 r=-.079 r=-.013 r=.278%
p=433 p=.004 p=.489 p=.919 p=.695 p=.015 p=.105 p=.200 p=.834  p=.000

AT: attractiveness; AR: arousal; PA: palatability; CR: cognitive restraint; EE: emotional eating; UE: uncontrolled eating

*Significant correlations (corrected for multiple comparisons; p <.008)

*Correlations marginally significant (p <.05)

Table 4 Descriptive statistics of picture rating as a function of image
type (food vs. neutral), caloric content (HC vs. LC) for the whole
sample and the subgroups according to the diet (no diet vs. fat-free/
sugar-free dieters vs. vegetarians/vegans)

HC Neutral HC LC Neutral LC
Whole-sample (N=264)
Attractiveness 4.08 (1.16) 2.50 (.86)  3.95(1.03) 2.92(.92)
Arousal 252 (.81) 1.86(.61) 2.26(72) 1.86(.61)
Palatability 3.97(1.30) NA 4.00(1.21) NA
No diet (N=170)
Attractiveness  4.16 (1.11) 2.52(.85) 3.93 (1.01) 2.94(91)
Arousal 253 (.81) 1.73(.58) 2.23(.68) 1.84(.60)
Palatability 4.06 (1.28) NA 394(1.21) NA
Dieters (fat/sugar-free) (N=69)
Attractiveness  4.07 (1.17) 2.48 (90) 3.98 (1.04) 2.89 (.96)
Arousal 2.60(.80) 1.83(.62) 2.40(.74) 1.95(64)
Palatability 3.98(1.26) NA 4.14(1.18) NA
Vegan/vegetarian (N=25)
Attractiveness  3.54 (1.30) 2.48 (.87) 3.98 (1.21) 2.90 (.89)
Arousal 217 (73) 1.69 (.62) 2.14(.88) 1.77(.63)
Palatability 3.31(1.36) NA 4.04(1.34) NA

NA: not applicable

Attractiveness

The ANOVA showed a significant main effect of picture type
on the attractiveness for food compared to non-food-items
(F(1, 263)=562.43, p<.001, n§.68). Planned comparison
showed that HC-pictures were not considered as more attrac-
tive than LC-pictures (F(1, 263)=3.80, p=.052).

Arousal

The ANOVA showed a significant main effect of picture
type on higher arousal rating for food compared to non-
food-pictures (F(1, 263)=282.67, p <.001, n[f .52). The
ANOVA also showed a significant main effect of caloric
content: HC-pictures were rated as more arousing than
LC-pictures (F(1, 263)=11.95, p <.001, nz .04). There
was a significant interaction between picture type and cal-
orie content (F(1, 263)=84.26, p<.001, 11; .24). Planned
comparisons showed that HC-pictures were rated as more
arousing than LC-pictures (F(1, 263)=45.58, p <.001).

Palatability

The ANOVA did not show any significant effect of caloric
content. HC and LC-pictures did not differ significantly in
terms of palatability (F(1, 263)=.157, p>.05).

Influence of type of diet

The term “diet” in this study refers to the exclusion of
certain foods such as meat or sugar. This variable aimed at
controlling for the effect of food exclusion on picture rat-
ings. The results of the three separate ANOVAs performed
on each measure with diet (no diet vs. dieters vs. vegetar-
ians), Type (food vs. matched non-food) and Caloric con-
tent (HC vs. LC) as predicted factors are shown in Table 4.
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Attractiveness

The ANOVA showed a significant interaction between
caloric content and diet (F(2,261)=3.99, p < .05, n§= .03).
There was also a significant interaction between picture
type and calorie content (F(1, 261)=15.53, p<.001,
112= .06). Finally, results showed a significant interaction
effect between picture type, caloric content and diet (F(2,
261)=3.91, p<.05, n{%z .03). All the other interactions
were not significant. Planned comparisons showed that par-
ticipants not following a specific diet rated HC-pictures as
more attractive than LC-pictures (F(1,261)=8.07, p<.01).
Vegetarian and vegan participants rated LC-pictures as more
attractive than HC-pictures (F(1, 261)=4.66, p <.05). There
was no significant difference regarding palatability among
the dieters (F(1, 261)=.50, p>.05).

Arousal

The ANOVA showed a significant interaction between pic-
ture type and caloric content (F(1, 261)=29.51, p<.001,
11;: .10), and a marginal interaction between picture type,
caloric content and diet (F(2, 261)=2.62, p=.075, nj: .02).
Post-hoc tests showed that participants who were not fol-
lowing a specific diet rated HC-pictures as more arousing
than LC-pictures (p <.001). In contrast, the vegetarians and
vegans were not more aroused by HC than by LC food pic-
tures (p >.09).

Palatability

ANOVA showed a significant effect of caloric content (F(1,
261)=5.82, p<.05). There was a significant interaction
between caloric content and diet (F(2, 261)=5.17, p< .01,
’1,%= .04). Planned comparisons showed that HC and LC-
pictures did not differ significantly in terms of palatability
among dieters (F(1,261)=.99, p>.05) and participants who
were not following a specific diet (F(1, 261)=1.48, p>.05).
In contrast, vegetarians and vegans rated LC-pictures as
more palatable than HC-pictures (F(1,261)=8.03, p<.01).

Discussion

This study presents the development of a controlled food
picture database including 80 food and non-food pictures
matched in terms of shape, colors and size. Food pictures
comprise high- and low-calorie food stimuli. Previous data-
bases offered a wide range of pictures, but without matched
controls on these dimensions. Therefore, our main goal was
to provide a controlled database. The secondary aim was
to analyze the impact of demographic, anthropometric and
eating-related variables on picture ratings of attractiveness,
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arousal and palatability, in order to give information on the
variables that need to be controlled for in future studies. We
also included analyses of individual differences in demo-
graphic, anthropometric and eating-related variables, as well
as image characteristics.

The study was carried out on a sample of 264 French
participants. Regarding image type, food pictures were rated
as more attractive and arousing than non-food pictures. This
implies that the matched non-food items can effectively be
used as neutral control stimuli in comparison with food
items. In line with previous studies [13, 24], participants also
rated high-calorie food pictures as more arousing and attrac-
tive compared to low-calorie pictures which corroborates
findings showing that high- and low-calorie food stimuli
activate different neural areas (e.g., [40]). However, in this
study, no difference was shown in measures of palatability
between high- and low-calorie food pictures, even if there
were differences in attractiveness ratings. This result may
come from the fact that attractiveness is more associated
with the desire to eat and palatability with the likability of
the foods presented on the photographs. This result differs
from a recent study [21] showing that HC-pictures were
perceived as more palatable than LC-pictures. This differ-
ence could be explained by a confounding factor: level of
hunger. The more the participants are hungry, the more they
are attracted and find HC-pictures palatable [17]. It has been
shown that hunger increases brain response to the sight of
food pictures in reward areas [42]. In our study, most partici-
pants were not very hungry (M=3.01,SD=1.730onalto7
scale). This may have influenced the results on palatability.
The more the participants were hungry the more they rated
HC-pictures as attractive, arousing and palatable. Hunger
also correlated with LC-pictures in terms of palatability.
As for age, the older the participants were, the lower they
rated attractiveness and palatability of HC-pictures. As in
other picture database studies, the BMI did not affect picture
ratings of attractiveness or palatability [4, 11]. The results
also showed that emotional eating was positively correlated
with HC-picture palatability and that uncontrolled eating
was associated with HC-pictures’ attractiveness and arousal.
These results are in line with previous studies showing that
when individuals feel stressed they tend to eat more high-
calorie food [12, 41], and participants who tend to eat when
they feel aversive emotions are also those who are the most
impulsive towards food stimuli, particularly high-calorie
foods [28].

Regarding the influence of diet on picture ratings, par-
ticipants without any specific diet rated HC-pictures as
more attractive and arousing. This effect may be due to
the positive association between HC-food and positive
sensations as shown in previous studies on human brain
response to HC-foods (e.g., [24]). Baillene [3] highlighted
that HC-food stimuli activate the corticostriatolimbic
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reward circuits and impact affect and arousal. However,
as we have seen above, individual differences, such as diet
choices can affect neural responses to foods [4]. Previ-
ous studies showed that vegetarians, in both implicit and
explicit measures, had more positive attitudes toward veg-
etables than towards meat [22]. Similarly, in the current
study, vegan/vegetarian participants rated LC-pictures
as more attractive and palatable. In the present database,
most of the high-calorie items were sugar, fatty and meat
foods while low-calorie food was represented by vegeta-
bles or fruits. Therefore, the results here presented are in
line not only with past research studies on vegan/vegetar-
ian participants, but also reflect the over-representation
of vegetables in the low-calorie category and meat in the
high-calorie category in the present database that seems
to discriminate the effect of diet.

Some limitations must be underlined. First, the cor-
relations were significant but weak. Second, our study
was carried out on a relatively small sample (N =264),
although the number of participants rating all the pictures
was higher than in past research studies. Third, age range
was only 18-50 years (M =24.20, SD =6.69). Therefore,
the current study does not present any information on
younger or older populations. Fourth, the sample came
from the general population. A complementary study
would be needed to assess the specificities of clinical pop-
ulation ratings of these pictures. Fifth, the female portion
of the sample was particularly high (86.62%). This vari-
able needs to be taken into account because some studies
report more craving and restrained eating in women [7,
10]. This is also important for future studies which could
involve clinical populations (such as those with eating dis-
orders which could influence the characteristics of pictures
used). Furthermore, the use of a French population is a
factor that needs to be taken into account if future studies
are carried out in various cultural settings. Another limita-
tion refers to the categories of dieting. In the current study,
we only assessed the exclusion of certain types of food
(meat, sugar...), but we did not assess participants with
specifically prescribed diets.

To conclude, even though there are certain limitations
to this study, the database developed appears to be a useful
tool for future research studies in the field of eating behav-
iors. It may allow researchers to select a small, controlled
and ready-to-use database for experimental research in this
domain. It will also enable to study food perception in com-
parison with matched non-food items. The total image set is
freely available by sending your request to the first author.
We provide normative data on image characteristics as well
as individual differences in demographic anthropometric
and eating-related variables that researchers may take into
account when analyzing their own data.
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