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Sensory properties of some foods may be of importance to energy consumption and thus the development and maintenance of childhood obesity. This study compares selected food related qualities in
overweight and normal weight children. Ninety-two participants were included; 55 were overweight
with a mean age of 11.6 years (range 6e18 years) and a mean BMI z-score of 2.71 (range 1.29e4.60). The
37 normal weight children had a mean age of 13.0 years (range 6e19 years) and a mean BMI z-score of
0.16 (range 1.71 to 1.24). All children completed a half-hour long meal test consisting of alternation
between consumption of foods and answering of questionnaires. Compared to the normal weight, the
overweight children displayed lower self-reported intake paces (c2(2) ¼ 6.3, p ¼ 0.04), higher changes in
liking for mozzarella (F(1,63) ¼ 9.55, p ¼ 0.003) and pretzels (F(1,87) ¼ 5.27, p ¼ 0.024), and declines in
wanting for something fat, of which the normal weight children displayed an increase (F(1,83) ¼ 4,10,
p ¼ 0.046). No differences were found for sensory-speciﬁc satiety, wanting for the main food yoghurt,
hunger, or satiety. In conclusion, overweight children did not differ from normal weight children in terms
of sensory-speciﬁc satiety, hunger, or satiety. However, overweight children had lower intake paces and
appeared to differ from normal weight children regarding foods with a fatty taste.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
During the last decade, the prevalence of overweight and obese
children and adolescents generally appear to have reached a
plateau in Western countries; however, increases in the degree of
obesity has recently been documented in the US, and taken
together a large number of children are affected with obesity
(Ogden, Carroll, Kit, & Flegal, 2014; Olds et al., 2011; Schmidt
Morgen et al., 2013; Skinner, Perrin, & Skelton, 2016). Apart from
the enormous health economic consequences related to obesity on
a societal level, the consequences on an individual level are severe
as well (Anis et al., 2010; Colagiuri et al., 2008). In children, obesity
may induce the development of metabolic complications such as
hypertension, dyslipidemia, prediabetes, and hepatic steatosis, as
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well as severe psychosocial complications, which e.g. are primarily
due to stigmatization and body dissatisfaction (Neef, Weise, &
Adler, 2013).
The etiology of childhood obesity constitutes a highly complex
interplay between several factors and may to some extent involve
an unfavorable diet and or eating patterns. Multiple factors inﬂuence food consumption where an important factor is external
eating, which describes how easily one is tempted to eat due to
external stimuli such as the smell and sight of foods (van Strien,
Frijters, Bergers, & Defares, 1986). In the experiment reported in
this paper, we investigated whether external eating, intake pace,
sensory speciﬁc satiety, wanting, transfer effects and induced food
desires differ between obese and normal weight children. Sensory
speciﬁc satiety (SSS) is deﬁned as a decline in pleasantness of a food
during its consumption (E. T. Rolls & Rolls, 1997). Therefore, SSS is a
mechanism that guides people to eat a varied diet, and imbalances
in SSS could lead to inappropriate eating behavior. Furthermore,
the decline in pleasantness simultaneously occurs for other foods,
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which share sensory properties with the eaten food. For example,
stimulation with a sweet and crunchy biscuit will not only give rise
to SSS for the biscuit, but also to other related food items, which
either taste sweet and/or are crunchy (Guinard & Brun, 1998). This
phenomenon is called a transfer effect (Grifﬁoen-Roose, Finlayson,
Mars, Blundell, & de Graaf, 2010; B. J. Rolls, Van Duijvenvoorde, &
Rolls, 1984). However, this has not been tested in children and in
general, only very few studies have approached an investigation of
SSS and transfer effects and their possible contribution to obesity in
children (Brondel et al., 2007; Olsen, Ritz, Hartvig, & Møller, 2011).
Concurrently with SSS, a decline in wanting for a food is often
observed during consumption (Berridge & Robinson, 2003;
Berridge, 1996; Finlayson & Dalton, 2012; Havermans, 2011, 2012;
Møller, 2015). High(er) wanting (and induced desires) will produce larger food intake, increasing the risk of becoming obese.
Wanting is often quantiﬁed by measuring how much effort participants are willing to apply to obtain a certain food, but since it
was not possible to use such a procedure in the present experiment,
we used the same method as (Olsen et al., 2011), who asked participants to report wanting by means of a visual analog scale.
Previous studies have shown associations between weight
changes and intake pace in adults (Andrade, Greene, & Melanson,
2008; Otsuka et al., 2006; Tanihara et al., 2011). For an example,
Otsuka et al. concluded that their results “among middle-aged men
and women suggest that eating fast would lead to obesity”, while
Andrade et al. concluded that their “data suggest that eating slowly
may help to maximize satiation and reduce energy intake within
meals”(Otsuka et al., 2006; Tanihara et al., 2011). Thus, as intake
pace may act as a contributing factor to or against obesity, this
variable was examined as well.
The objective of the present study was to examine sensory
speciﬁc satiety, wanting, external eating, intake pace, hunger,
satiety, and transfer effects comparing normal weight and overweight children. We hypothesized that overweight children display
reduced SSS compared to normal weight children, and that overweight children express higher wanting for foods, less decrease in
hunger, and less increase in satiety while eating, as well as a higher
intake pace. Furthermore, we hypothesized that overweight children score higher on an external eating questionnaire and thereby
display a higher degree of temptation towards foods.
2. Materials and methods
2.1. Participants
The study was based on 93 participants from the Danish
Childhood Obesity Biobank. Forty seven of the participants were
overweight/obese and recruited at enrolment at The Children's
Obesity Clinic, which offers a multidisciplinary pediatric obesity
treatment program (Holm et al., 2011). The other half was recruited
as normal weight controls from elementary schools in the same
region in Denmark. For both overweight and control participants,
anthropometric measurements including height measured to the
nearest 1 mm using a wall mounted stadiometer, and weight
measured to the nearest 0.1 kg using a Tanita Digital Medical Scale
(WB-100 MA, Tanita Corp., Tokyo, Japan) were obtained by clinical
and research staff respectively, and body mass index (BMI) adjusted
for age and gender, BMI z-scores, were calculated in order to
determine the degree of obesity (Nysom, Mølgaard, Hutchings, &
Michaelsen, 2001). Furthermore, self-reported data on all participants' ethnicity were collected from the Danish Childhood Obesity
Biobank. Pubertal stages, i.e. Tanner Stages, were determined by a
trained pediatrician in the overweight participants whereas it was
picture pattern recognized and thus self-reported by the control
participants in accordance with the Tanner Stage developmental
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illustrations (Marshall & Tanner, 1969, 1970). The social class was
deﬁned according to the parents' occupation where social class 1
represents the highest social class, in which people are selfemployed or possesses a high education degree, and social class 5
represents the lowest social class, in which people are unemployed.
Inclusion criteria were that participants should be aged between
6 and 21 years and have a record of anthropometric measurements.
Exclusion criteria were pregnancy, having a severe cold, or reduced
sense of smell.
Informed oral and written consent was obtained from all participants and their parents, and the study was carried out in
accordance with The Code of Ethics of the World Medical Association (The Declaration of Helsinki), approved by the Ethics Committee of Region Zealand, Denmark (protocol no. SJ-104), and by
the Danish Data Protection Agency.
2.2. Design and questionnaires
The test was conducted in groups of two to four, and participants who were not able to read or write were allowed to be
accompanied by a parent. Multiple participants completed the
experiment though not simultaneously thereby preventing comparisons of ratings. At ﬁrst, the participants were introduced to the
study and told that the aim of the study was not to be revealed until
after the test, but that it concerned foods and their taste properties.
Afterwards, participants ﬁlled out the ﬁrst questionnaire concerning background variables, that is gender, age, height, weight,
pregnancy status, smoking, severe cold, or reduced sense of smell.
Furthermore, in the same questionnaire, they reported their presumed general intake pace on a scale from 1 to 3 where 1 was fast, 2
was normal, and 3 was slow. Since only a few studies have been
performed in children, there is no valid approach concerning the
intake pace variable. Therefore, we aimed at the second best i.e. an
approach validated in adults. Thereafter, participants ﬁlled out the
second questionnaire: The External Eating questionnaire, which
consisted of ten questions translated concisely into Danish (by a
native speaker of Danish) (van Strien et al., 1986). The third questionnaire (two pages) evaluated participants’ baseline values for
hunger, satiety, and wanting for something sweet, salty, spicy,
bitter, fat, and sour on 150 mm Visual Analog Scales (VAS) from “not
at all”(0) to “extremely”(150) (Flint, Raben, Blundell, & Astrup,
2000; Olsen, Ritz, Kramer, & Møller, 2012; Olsen et al., 2011). The
questions were: “How hungry do you feel right now?”, “How full do
you feel right now?”, and “How much do you want something [sweet/
salty/spicy/bitter/fat/sour] right now?”.
Following the completion of the baseline questionnaire, participants were asked to consume six transfer effect foods and one
target stimulus, one at a time, in a completely random order, and
score liking and wanting for each food on 150 mm VAS in a fourth
questionnaire. The questions were: “How much do you like the food,
you have just eaten?” and “How much do you want to eat a portion
more of the food?”. Therefore, fourteen questions were asked in total
concerning transfer effect foods and the target stimulus. The
amount of each transfer effect food, approximately half a tablespoon, was large enough for a full taste experience, though not
large enough to inﬂuence satiation considerably. Typically,
approximately 30 s went by in between the test foods in order to
clear both the food and the mouth. The seven foods were yoghurt
(target stimulus), tonic water, mozzarella, apple with lemon,
grapes, pretzels, and dark chocolate (please refer to the section,
“Test foods”, for more speciﬁc details on amounts and energy content). In case of a participant refusing to consume a transfer effect
food or being allergic, the food was skipped. Participants were then
asked to consume 60 g of the test stimulus, the yoghurt, and
evaluate their hunger, satiety, liking, and wanting for the yoghurt
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on 150 mm VAS in the ﬁfth questionnaire. Hereafter, participants
were offered a second voluntary portion of 60 g of yoghurt followed
by completion of an additional ﬁfth questionnaire. Since the overweight participants were restricted to act according to the dietary
advices practiced within the Children's Obesity Clinic's Treatment
protocol, the maximum amount of yoghurt was set at 120 g (Holm
et al., 2011). The controls were offered a maximum of 300 g (5
portions). When participants were feeling full, did not want more of
the yoghurt, or were not allowed to eat more yoghurt (in consideration to caloric intake), they ﬁlled out a sixth questionnaire
quantifying their wanting for foods, either sweet, salty, spicy, bitter,
fat, and sour, on 150 mm VASs thereby providing the end values.
Lastly, participants repeated the consumption of the six transfer
effect foods and the target stimulus and completed a seventh
questionnaire regarding liking and wanting similar to questionnaire four. The experimental design is shown in Fig. 1.
2.3. Test foods
The study tested seven different foods, chosen by their sensory
properties. The main food, the yoghurt (“Yoggi®”, Arla Foods,
Denmark, a pear and banana tasting yoghurt), was chosen as test
stimulus, since it has been used to examine SSS in children (and
adults) previously (Olsen et al., 2011). Each food's sensory properties were determined as mean values of ﬁve young adults' evaluations of the food's saltiness, sourness, sweetness, fattiness,
fruitiness, bitterness, and spiciness on a 150 mm VAS. Mean values
below 30 were discarded, because we were interested in determining the main sensory properties of the foods. This selection of
values gave the test food to have similar sensory properties as
found in Olsen et al. in 2011 (Olsen et al., 2011). Since the test was
conducted in the morning, and the foods should be perceived as
relevant at breakfast, no test foods were spicy. The transfer effect
foods were chosen in order to secure different taste properties

compared to the main test stimuli, the yoghurt. Information concerning the foods are given in Table 1.
All statistical analyses were conducted in SAS version 9.3, and
the signiﬁcance level was set at 0.05. All tests were two-sided.
Changes in all examined variables were calculated by subtracting
baseline values from end values. Both paired and unpaired t-tests
were used.
T-tests were conducted for normal weight and overweight
participants separately examining changes in hunger and satiety
taking into account the different maximum number of offered
portions; the analyses were performed on the changes from baseline to after second portion. Furthermore, intake pace was examined using a c2-test whereas external eating was examined using a
t-test.
Finally, changes in liking, changes in wanting, changes in liking
and wanting for the six transfer effect foods and the target stimulus,
and changes in wanting for the six different taste properties were
examined using ANOVA with time(before/after), overweight status
(yes/no) and the interaction between time and overweight. If the
interaction was non-signiﬁcant the signiﬁcant main effects were
reported. Values for changes in liking and wanting were based on
all participants who voluntarily stopped eating. Normality was only
assumed when a visual inspection of probability plots did not
reveal clear deviation from the normal distribution.
3. Results
3.1. The participants
Of the 93 tested participants, 92 met the inclusion criteria. The
93th participant was excluded due to missing data. Since the control participants included overweight children (N ¼ 9) and had a
larger variation in BMI z-scores, participants with a BMI above the
90th percentile (BMI z-score  1.28) were allocated to the

Fig. 1. The experimental design. Steps consisting of questionnaires are grey. White steps represent steps of food consumption. Arrows state that a step was repeated.
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Table 1
The consumed amount and energy content of the six transfer effect foods and the target stimulus.
Food

Information

Amount

Energy content

Yoghurt (test stimulus)
Tonic water
Mozzarella
Apple with lemon
Grapes
Pretzels
Dark chocolate (70%)

“Yoggi®”, Arla Foods, Denmark
“Indian Tonic Water”, Schweppes
€serei Saputo, Germany
“Mozzarella”, Spezialit€
aten-Ka
Sort: Golden Delicious
Sort: Superior S
“Snack Sticks (Blister)”, Pauly, Germany
€rnsted, Germany
“Ecuador dark 70%”, Bjo

One
One
One
One
One
One
One

340 KJ per 100 g
159 KJ per 100 mL
1038 KJ per 100 g

a
b

teaspoon
sip
piece (6 g)a
piece (3 g)a
(5 g)
(<1 g)
piece 2.5 gb

1590 KJ per 100 g
2375 KJ per 100 g

At approximately the size of one cubic centimeter.
(100 g were divided into 40 pieces)Data analyses.

overweight group whereas participants with BMI z-score below
1.28 were allocated to the normal weight group. For speciﬁc details
on the two groups, please refer to Table 2. The total number of
participants corresponding to the individual variable may vary due
to missing data.
In terms of the exclusion criteria, one participant was a smoker,
and 14 reported to have a minor cold, which did not prevent them
from smelling or tasting properly. This is why none were excluded
for these reasons. Furthermore, the normal weight participants
were signiﬁcantly older and in higher pubertal stages than the
overweight participants, while the overweight participants came
from lower social classes (Table 2).
3.2. The meal test
Six foods were chosen based on their taste properties and used
to examine transfer effects. The mean values of the taste properties
of the six foods and the target stimulus are given in Table 3.
3.3. Hunger, satiety, intake pace, and external eating
The paired t-tests revealed declines in hunger for both overweight from on average 93 mme7 mm (p  0.001, T(54) ¼ 7.3)
and normal weight children from 87 mm to 17 mm (p  0.001,
T(35) ¼ 6.3, data not shown), but no signiﬁcant effect was found
for satiety (overweight from 33 mm to 29 mm and normal weight
36 mme43 mm). Furthermore, analyses adjusted for ethnicity,
social class, gender, age, having a minor cold, and Tanner Stage
showed that participants reporting having a minor cold displayed
larger decreases in hunger, and boys had smaller increases in
satiety (data now shown).
The c2-and unpaired t-test revealed signiﬁcantly lower selfreported intake paces in the overweight group, 48% reported
slow eating compared to 22% in the normal weight group
(c2(2) ¼ 6.3, p ¼ 0.04, N ¼ 90) and an on average 0.34 higher
external eating scores (conﬁdence interval (0.10; 0.59) t(90) ¼ 2.8,
p ¼ 0.007, N ¼ 92) among overweight participants. However, in an

analysis adjusted for ethnicity, social class, gender, age, having a
minor cold, and Tanner Stage, this tendency became insigniﬁcant
for the external eating scores (data not shown).
3.4. The ANOVA tests
The ANOVA tests revealed a decline in liking (F(1,90) ¼ 12.52,
p < 0.001, N ¼ 92), but the SSS was independent of the degree of
overweight (F(1,90) ¼ 0.02, p ¼ 0.90, N ¼ 92). In analyses adjusted
for ethnicity, social class, gender, age, having a minor cold, and
Tanner Stage, participants of Danish origin revealed a reduced SSS
compared to participants of another origin than Danish (data not
shown). As with SSS, declines in wanting were observed
(F(1,90) ¼ 52.05, p  0.001, N ¼ 92), and these were independent of
degree of overweight (F(1,90) ¼ 3.16, p ¼ 0.08, N ¼ 92). These results are depicted in Fig. 2 and Fig. 3 respectively.
Footnote: ANOVA analyses with overweight and start/end and
the interaction was performed on the six transfer effect foods or the
target stimulus. For the yoghurt, mozzarella, apple, tonic, and
chocolate, no signiﬁcant interaction was found, but for the grapes
and the pretzels, the change over time was signiﬁcantly different in
the normal weight and the overweight groups. However, for the
yoghurt, the liking declined signiﬁcantly. Furthermore, liking for
the mozzarella increased signiﬁcantly. For the apple, tonic, and
chocolate no signiﬁcant effects where found.
Footnote: ANOVA analyses with overweight and start/end and
the interaction was performed on the six transfer effect foods or the
target stimulus. For all seven foods, no signiﬁcant interactions were
found. However, concerning the yoghurt and the grapes, wanting
declined signiﬁcantly. In addition, wanting for the mozzarella
increased signiﬁcantly. For the apple, tonic, chocolate, and pretzels,
no signiﬁcant effects were found.
In terms of the six transfer effect foods and the target stimulus,
signiﬁcant declines were observed in liking (F(1,83) ¼ 20.86,
p  0.001, N ¼ 86) and wanting (F(1,85) ¼ 47.55, p  0.001, N ¼ 86)
for the yoghurt for both normal weight and overweight participants. For the mozzarella, both groups displayed an increase in

Table 2
Baseline characteristics of normal weight and overweight participants.

N
N girls
Mean ages (y)
Range
Mean BMI z-score
Range
N Caucasian Danish
N other ethnic origin
N social class
Median social class
Median Tanner Stage

Normal weight

Overweight

All

37
25
12.97
6e19
0.16
1.71e1.24
32
5
35
1
4

55
31
11.55
6e18
2.71
1.29e4.60
44
11
50
3
2

92
56
12.12
6e19
1.68
1.71e4.60
76
16
85
3
2

P-value

Test statistic

<0.05

t(90) ¼ 2.0
(unpaired)

<0.0001
0.01

c2(4) ¼ 32
c2(4) ¼ 13
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Table 3
The taste properties of the six transfer effect foods and the target stimulus. Values above 30 are marked with grey as these properties characterize the foods.

Pretzel
Apple with lemon
Chocolate (70%)
Tonic water
Grapes
Mozzarella
Yoghurt

Sweet

Salty

Sour

Bitter

Fat

Fruity

11
56
62
26
98
10
85

104 mm
e
6 mm
5 mm
2 mm
14 mm
5 mm

6 mm
72 mm
29 mm
38 mm
11 mm
3 mm
z34 mm

6 mm
15 mm
53 mm
116 mm
9 mm
e
z3 mm

40 mm
e
48 mm
e
e
83 mm
z78 mm

e
136 mm
7 mm
56 mm
142 mm
e
z84 mm

mm
mm
mm
mm
mm
mm
mm

Fig. 2. Baseline and end values including SEMs concerning liking for normalweight and overweight children, respectively.

Fig. 3. Baseline and end values including SEMs concerning wanting for normalweight and overweight children, respectively.

liking (F(1,45) ¼ 5.52, p ¼ 0.023, N ¼ 55) and wanting
(F(1,48) ¼ 7.83, p ¼ 0.007, N ¼ 56), and the overweight participants
had a signiﬁcantly larger liking (F(1,63) ¼ 9.55, p ¼ 0.003, N ¼ 55).
Both groups revealed a decrease in wanting for grapes
(F(1,87) ¼ 4.90, p ¼ 0.03, N ¼ 89), which only the overweight
participants revealed in terms of liking (test for interaction,

F(1,84) ¼ 4.53, p ¼ 0.036, N ¼ 89). The analysis adjusted for
ethnicity, social class, gender, age, having a minor cold, and Tanner
Stage revealed that this decline in liking for grapes for overweight
children increased with age (data not shown). For pretzels, both
groups displayed an increase in liking, which was signiﬁcantly
larger for overweight participants (test for interaction,
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F(1,87) ¼ 5.27, p ¼ 0.024, N ¼ 90), however nothing signiﬁcant was
found when examining wanting for pretzels. In addition, the
ANOVA tests displayed no signiﬁcant results regarding liking and
wanting for apple with lemon, tonic water, and chocolate, neither
interactions between time and weight group nor any of these two
groupings as main effects.
Lastly, changes in wanting for the six different taste properties
were examined (see Fig. 4). Normal weight participants displayed
higher wanting for sour foods compared to overweight participants
(F(1,89) ¼ 10.63, p ¼ 0.002, N ¼ 87). Furthermore, normal weight
participants displayed an increase in wanting for something fat,
while overweight children displayed a decrease (test for interaction, F(1,83) ¼ 4.10, p ¼ 0.046, N ¼ 87). Finally, no signiﬁcant differences were found, neither comparing before/after or OW/NW
when examining wanting for something sweet, salty, bitter, or
spicy.
4. Discussion
The present study aimed to investigate differences in SSS between normal weight and overweight children. However, no such
differences were found. This is in agreement with a few other
studies (Brondel et al., 2007; Snoek, Huntjens, Van Gemert, De
Graaf, & Weenen, 2004). Brondel et al. included 144 participants
(age range 7e62 years), and found that overweight and lean participants have similar hedonic control of food intake. This was also
the case in Snoek et al., who examined differences in SSS for high fat
foods in 21 obese and 23 normal weight Dutch women (age range
36e58 years).
However, Epstein et al. found that 10 obese women experienced
signiﬁcantly slower declines in salivation when presented with
palatable food cues compared to 10 normal weight women, which
suggests that it is more difﬁcult for obese women than for normal
weight women to resist palatable foods (Epstein, Paluch, &
Coleman, 1996). It is important to note that these studies primarily are based on smaller adult populations, which may explain the
different results since differences in SSS between normal weight
and overweight participants may be small and therefore require
larger study samples in order to detect such differences. Similarly,
age may inﬂuence SSS, which makes the comparisons between
children and adults difﬁcult. An effect of age was found by Olsen
et al. who demonstrated that children and adults experience

491

different types of SSS (Olsen et al., 2011). Therefore, future studies
should examine changes in SSS during different periods of life, e.g.
puberty and/or in longitudinal weight change studies. Furthermore,
longitudinal tracking of wanting (motivation), external eating
scores, and intake pace concurrent with changes in BMI z-score
may reveal if any of these are causal determinants of obesity or
result from obesity. In addition, it is noticeable that only few
transfer effects were observed for both normal weight and overweight children, which is partly in agreement with the results of
Olsen et al., who found both similarities and differences between
children and adults (Olsen et al., 2011).
We found no differences for satiety and hunger between overweight and normal weight children. This was not anticipated since
Mack et al. found that obese children and adults (ages 9e17 years,
60 obese and 27 normal weight) need 20% more volume of water
until onset of satiety compared to normal weight participants
(Mack et al., 2014). Therefore, we expected overweight children to
display less satiation and more hunger when eating the same
amounts of food as normal weight children. However, this tendency
might have been observed, if we had incorporated larger portions
as used in other studies (Olsen et al., 2011). Furthermore, the
overweight children had slower intake paces concordant with
other studies, but the overweight children did not show signiﬁcantly larger external eating scores as the literature suggests
(Andrade et al., 2008; Braet & Van Strien, 1997; Castellanos et al.,
2009; Otsuka et al., 2006; Tanihara et al., 2011).
An interesting ﬁnding was that both overweight and normal
weight children displayed an increase in liking for pretzels, which
are salty and fat, and that this increase was signiﬁcantly larger for
overweight children. Likewise, this was observed for liking for the
fat mozzarella. Furthermore, both groups revealed an increase in
wanting for the mozzarella. Contrary, normal weight children displayed an increase in wanting for something fat while overweight
children displayed a decrease. This suggests that there are differences in the way children respond to fat-tasting foods, which may
depend on the degree of overweight.
During the execution of the measurements and interpretation of
the results, we identiﬁed some limitations of the study design. The
idea was that the children should consume the test stimuli (the
yoghurt) to satiety though with a maximum consumption of 300 g.
In order to avoid being in conﬂict with the Children's Obesity
Clinic's Treatment protocol, the overweight children were only

Fig. 4. Baseline and end values including SEMs concerning wanting for something sweet, salty, spicy, bitter, fat, and sour for normalweight and overweight children, respectively.
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offered a maximum of 120 g, which is a limitation in the study
design. On the other hand, recruiting children at entry to childhood
obesity treatment may be advantageous since they have clinically
been evaluated as obese individuals, and thus are recruited without
a selection bias, which is anticipated to include genuine differences
in potentially altered eating patterns.
Moving children from the normal weight group to the overweight group based on their degree of overweight most likely has
an effect on the results and is considered a drawback. The justiﬁcation for moving the children from the normal to the obese group
was that overweight children in the normal weight group would
bias the results due to the assumption, that the study examined a
biological difference induced by the degree of overweight. However, we do recognize that the amount of food ingested has physiological consequences on satiety through the degree of ﬁlling of
the stomach. Furthermore, a number of children were accompanied
by a parent, which may have inﬂuenced the answers. An example of
this is the self-report of the intake pace, e.g., a child from a fasteating family would report a normal intake pace even though being a fast-eater. However, this method has previously been used
though not in children (Otsuka et al., 2006; Tanihara et al., 2011).
Furthermore, missing data occurred during the study. This
mainly happened because the investigator did not check the quality
of the answers during the study due to time limitations.
Though a number of limitations have been identiﬁed the general
study design and the large number of children completing the
study strengthen the results. Prior to the study, all children
completed similar tests, and the study was performed at the same
time of the day in similar environments. As an example, the investigators wore the same clothes (not white coats), independently
of location, in order to prevent an uncomfortable situation for
especially the overweight children. Furthermore, all investigators
were instructed to use the same phrases during introduction of the
study and guided the children in case of misunderstandings.
Questions were made easily understandable, and only one questionnaire was presented at a time. Additionally, all procedures have
been used in previously published studies and the study included
many aspects of eating-related qualities (Andrade et al., 2008;
Olsen et al., 2011; van Strien et al., 1986). For example, without
the external eating-variable, one might have concluded that
wanting alone is one of the most important items contributing to
the development of childhood obesity.
5. Conclusions
In conclusion, both normal weight and overweight children
displayed SSS and declines in wanting during consumption of the
target stimulus (yoghurt), but no differences in these quantities
were found between the two groups. Increases in liking for
mozzarella and pretzels were observed in both groups, and the
overweight children displayed the highest increases. Furthermore,
normal weight children displayed an increase in wanting for
something fat, while overweight children displayed a decrease.
Lastly, overweight children displayed slower self-reported intake
paces. To summarize, the ﬁndings of the present study suggest that
overweight and normal weight children to some extent display
perceptual differences during eating, especially in quantities
related to fat-tasting foods.
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