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A B S T R A C T

The average intake of fruits across the world is lower than recommended. This lower intake of fruit is surprising as fruit is a typically liked food, and a higher liking is
generally associated with a higher intake. The question then arises as to why do levels of fruit intake remain lower than recommended. This study investigated
dynamic changes in hedonic and emotional responses to a fresh fruit salad consisting of pineapple, strawberries and blueberries. In a within-subjects design, 45
participants (aged 26.7 ± 4.6 years) randomly consumed three portion sizes of food (i.e. small, regular and large) across three sessions. The foods were divided into a
first and last section of consumption. Before and after consumption, hunger and liking were measured. Throughout consumption, emotional responses were measured
with Temporal Dominance of Emotions (TDE). Results showed that liking increased from before consumption till after consumption for all portions. The emotional
profiles (TDE) of small, regular, and the first section of the large portion were dominated by happy and relaxed. However, the emotional profile for the last section of
the large portion size, also showed negative emotions to become dominant, i.e. bored. These results show that large portions of fresh fruit salad may be less enjoyed by
consumers as compared to eating a small or regular portion. This implies that consuming smaller portions of fruit on several occasions across the day, may serve the
goal of meeting the recommended daily fruit intake better than eating a large portion of fruit in a single occasion. These findings contribute to a better understanding
of how consumers perceive and respond to changes in portion size, and allow to address the effectiveness of portion size strategies for consumer health and wellbeing.

1. Introduction
The average fruit intake across the world is below recommended
levels (Willett et al., 2019). For example, in the Netherlands, results
from the 2012–2016 Food Consumption Survey indicate that adults
between 19 and 79 years old consume about 123 g of fruit per day
(Schuurman, Beukers, & van Rossum, 2020), whereas the recommended
intake is to eat a minimum of 200 g per day (Kromhout, Spaaij, de
Goede, & Weggemans, 2016). These figures are similar for all parts of
the world (Willett et al., 2019). According to the WHO, in 2017, the
inadequate intake of fruit and vegetable was associated with about 3.9
million deaths worldwide (WHO, 2019). The low intake level of fruit is
surprising as fruit is generally liked (Hill, Wardle, & Cooke, 2009), and a
higher liking is generally associated with a higher intake (de Graaf et al.,
2005). The question then arises as to why do levels of fruit intake remain
lower than recommended.
One potential explanation as to why people do not meet the rec
ommended intake of fruit is the belief that eating fruit is boring (Mc
Morrow, Ludbrook, Macdiarmid, & Olajide, 2017). In addition, as
various studies have shown that fruit has a high satiating efficiency
(Martens, Lemmens, Born, & Westerterp-Plantenga, 2012), fruit intake

might be associated by a fast onset of sensory specific satiety limiting ad
libitum consumption (Rolls, Rolls, Rowe, & Sweeney, 1981). In a previ
ous study with small, regular and large portion sizes of high-energydense foods, we showed that the emotion profile during eating
changed from positive (happy, satisfied) to negative (bored) when par
ticipants consumed a large portion compared to a small and regular
portion (Salazar Cobo, Jager, de Wijk, de Graaf, & Zandstra, 2022). We
were interested to determine whether the emotion profile for eating fruit
would also change from positive to negative with realistic portion sizes
equivalent to small (60 g), regular (150 g), and slightly higher than
recommended, labelled here as large (250 g).
This study aimed to assess the changes in emotional responses during
eating small, regular and large portion sizes of fresh fruit salad con
taining three different fruits. In this experiment, we reproduced the
methodology used in a previous study with high energy dense foods
(Salazar Cobo et al., 2022), where we measured participants’ emotion
dynamics using the Temporal Dominance of Emotions (TDE) method
during food consumption (Jager et al., 2014). We hypothesized that the
small and regular portion size consumption would evoke only positive
emotions, whereas eating the large portion size would also elicit nega
tive emotions.
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2. Materials and methods

4 ◦ C in the refrigerator of the Human Nutrition Research Unit at
Wageningen University. We cleaned, chopped and mixed the fruits on
each testing day and served each sample in disposable transparent
plastic cups at room temperature (approx. 18 ◦ C).

In a within-subjects study design, participants were asked to
randomly consume a small, regular and large portion of a fresh fruit
salad across three sessions. Arousal, feelings of hunger and liking were
measured before and after consumption. During consumption, we
measured dynamic changes in emotional responses using Temporal
Dominance of Emotions (TDE). Overall satisfaction was measured at the
end of consumption of each product.

2.2.1. Portion sizes
The food samples varied in portion size: 1) small (60 ± 1 g), 2)
regular (150 ± 1 g), and 3) large (250 ± 1 g) (Fig. 1). These portion sizes
were based on two criteria: 1) realistic portion sizes equivalent to
“small” (60 g), average amount consumed, labelled here as “regular”
(150 g) and a slightly higher amount than recommended intake labelled
here as “large” (250 g); and 2) the results from a pilot test with 20 adult
participants (40% female, 60% male; not participating in the main
experiment) who ate the product and assessed the amount of product for
each portion size. In the pilot test, 65% of participants perceived 60 g to
be a small portion, 55% of participants found that 150 g was an adequate
amount, and we used this amount as regular portion size. Finally, 80% of
participants perceived 250 g to be a large portion.

2.1. Participants
In total, 61 self-reported healthy participants were recruited through
social media (Facebook and Instagram) from a student population at
Wageningen University and Research. After screening, 45 potential
subject (30 women and 15 men) met the inclusion criteria and
completed the study. Their mean age and BMI were 26.7 ± 4.6 years and
21.5 ± 1.9 kg/m2, respectively. Participants were excluded from this
study if they were following an energy-restricted diet, had a weight
change of >5 kg during the last year, lacked appetite, had diabetes or
any eating disorder (self-reported), had any taste and smell impairments
(self-reported), were hypersensitive or allergic to food products in the
experiment or scored high and above the cut-off point on the restrained
eating scale according to the Dutch Eating Behaviour Questionnaire
(score: men > 2.90; women > 3.32). In addition, during recruitment, all
participants had to like the tested fruits pineapple, strawberries and
blueberries (scoring ≥ 4 on a 7-point scale) and had to consume fresh
fruit at least once per week. Ethical approval was granted by the Social
Sciences Ethics Committee of Wageningen University in February 2020.
Participants received €30.00 for their participation in this study.
The study’s data collection was affected by the worldwide COVID-19
pandemic in 2020, resulting in a lockdown period in the Netherlands
starting in March 2020. As a result, some participants did not complete
their test sessions, and their data were not included in this study. After
lockdown, we continued the data collection with participants who were
able to continue and recruited new participants until we completed the
required sample size (n = 45).

2.2.2. Section of consumption
All samples were divided into first and last section of consumption,
and two horizontal lines were drawn on the surface of each cup to
indicate these sections (Fig. 1). Each section weighed approximately 25
± 1 g for the small portion size and 30 ± 1 g for the regular and large
portion sizes. The reasons for focusing on a first and last section of
consumption were: 1) performing the TDE task during consumption of
larger portions can be tedious and participants may lose focus, and 2) it
was expected that the first and last sections of consumption would be the
parts where dynamics within the emotional responses are most explicit.
2.3. Emotion attribute selection
In this study, we used the same list of emotion attributes from our
previous study (Salazar Cobo et al., 2022) (i.e., angry, bored, disgusted,
guilty, happy, peace, relaxed, sad, and surprised). Prior to each test session
we provided participants with this list of attributes and a written and
verbal explanation to standardize the emotion terms used in this study
(see Salazar Cobo et al., 2022).

2.2. Products

2.4. Procedure

This study tested fresh fruit salad (a mix of chopped pineapple,
strawberries and blueberries) presented in a convenient way to partic
ipants (i.e. fresh fruit, peeled, chopped and mixed). We chose a mixture
of fruits to avoid fast onset of sensory specific satiety (Rolls et at., 1981).
Products were purchased from local supermarkets in Wageningen, the
Netherlands, the day before each test session, and we stored the fruits at

We collected data in two phases: 1) February - March 2020 before the
COVID-19 pandemic, and 2) July - August 2020 after the strictest
lockdown measures were released in The Netherlands.
The three sensory sessions were scheduled with at least 48 h between
each session for each participant. Participants were asked to drink only

Fig. 1. Portion sizes of small, regular and large fruit salad, with horizontal lines representing the first and last section of consumption for each portion.
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water and refrain from eating for at least 2 h before each test session.
When participants arrived at the facility, we welcomed them and took
them to the sensory booths. In the sensory booths, participants followed
the instructions on the screen and completed questionnaires about their
arousal, state of hunger and expected liking of the food before con
sumption. Participants then received the food and completed the test for
TDE during the first and last sections of consumption. Finally, partici
pants rated liking, state of hunger, arousal and overall satisfaction after
consumption.

differences and interactions between portion sizes and time for arousal,
subjective feelings of hunger, and liking. Our model included portion
size (small, regular and large) and time (before and after consumption)
as fixed factors and participants as random factors. Pairwise compari
sons were performed on the significance of the linear mixed model
ANOVA. For overall satisfaction, we used a similar linear mixed model
except for the fixed factor “time”, as overall satisfaction was measured
only once after consumption.
2.6.2. Temporal dominance of emotions (TDE)
TDE data was analysed by using TimeSens® Software (version
1.1.601.0, ChemoSens, Dijon, France). The band-plots represent the
sequence and duration of significant dominant attributes as “timebands” without taking into account dominance rates at a given time
point (Galmarini, Visalli, & Schlich, 2017). In this study, the band-plots
were computed per sections of consumption (first and last) for each
portion size (Fig. 2). The band-plots were visually inspected to identify
differences and similarities in the dominance sequences between sec
tions of consumption and portion sizes. Mean values (±SD) for domi
nance duration of the emotions were calculated for each section of
consumption and portion size. Linear mixed model ANOVA was per
formed to test for significant differences between sections of consump
tion, portion sizes and their interactions for the dominance durations of
emotions. This model included: section of consumption (first and last),
and portion size (small, regular and large) as fixed factors, and partici
pants as random factors. Upon significance of the linear mixed model
ANOVA, pairwise comparisons with Bonferroni correction were per
formed to identify the direction of the significant pairs of the levels of
these models.

2.5. Measures
2.5.1. Arousal, feelings of hunger, liking and overall satisfaction
Participants rated levels of arousal before and after consumption
with a 9-point Self-Assessment Manikin (SAM) scale (Bradley & Lang,
1994). This scale had end anchors “excited” and “calm” and asked the
question: “How are you feeling right now from excited to calm?”.
Subjective feelings of hunger were assessed with a 100-mm visual
analogue scale (VAS) anchored from “Not hungry at all” to “Extremely
hungry”. Similarly, liking was assessed before (expected liking) and
after consumption with a 100-mm VAS anchored from “Not liked at all”
to “Extremely liked”. Finally, overall satisfaction was assessed at the end
of consumption of each sample with a 100-mm VAS visual analogue
scale anchored from “Not satisfied at all” to “Extremely Satisfied”.
2.5.2. Temporal dominance of emotions (TDE)
This study assessed Temporal Dominance of Emotions (TDE) by
using TimeSens® software (version 1.1.601.0, ChemoSens, Dijon,
France). Ten emotion attributes were presented on the screen. The order
of the attributes was randomised across participants. However, we kept
the order of attributes constant for each participant across TDE for all
three samples. When participants put the first amount of food into their
mouth, they clicked the “start” (t = 0) button on their screens. This
activated the time recording for consumption of the product’s first
section. Simultaneously, participants were asked to select the emotion
that they perceived as dominant, that is, the attribute that most caught
their attention (Jager et al., 2014); the recording of that attribute started
from when it was selected and remained selected until a new dominant
attribute was selected. Participants could select as many attributes as
they felt necessary, including the same emotion several times, or never
select a certain emotion if they found it irrelevant. When the first section
mark on the product was reached (first line on the plastic cup (Fig. 1)),
participants clicked on “stop”. This action stopped the time recording,
but participants continued to eat the product freely until they reached
the last line on the plastic cup. At that moment, participants had to click
the “start” button again to activate time recording for the last section of
the product and again selected the dominant emotions as they did during
consumption of the first section. After they had finished eating, and
when the perception of any emotion as dominant ended, participants
had to click the “stop” button to stop the time recording.

3. Results
3.1. Arousal, feelings of hunger, liking and overall satisfaction
Table 1 shows the mean scores (±SD) for arousal, feelings of hunger,
(expected) liking and overall satisfaction. Arousal scored higher before
consumption compared to after consumption for all three portion sizes
(F(1, 220) = 6.0, p = 0.01). For feelings of hunger, participants reported
to feel less hungry after eating than before eating the food irrespective of
the portion size (F(1, 220) = 33.4, p < 0.001). Liking ratings were higher
after consumption than expected liking ratings before consumption in
all three portion sizes (F(1, 220) = 13.5, p < 0.001). Furthermore, after
consumption participants marginally liked more the regular than the
small portion (F(2, 132) = 3.1, p = 0.05), whereas they equally liked the
regular and large portions (F(2, 132) = 3.1, p = 0.37), and similarly, the
small and large portions were equally liked after consumption (F(2,
132) = 3.1, p = 1.00). Finally, the main effects of portion size were not
significant for arousal (F(2, 220) = 0.2, p = 0.83), feelings of hunger (F
(2, 220) = 0.7, p = 0.51), and overall satisfaction (F(2, 220) = 1.6, p =
0.20). Also, the interaction effects size × time were not significant for
arousal (F(2, 220) = 0.2, p = 0.85), feelings of hunger (F(2, 220) = 2.1, p
= 0.13), and liking (F(2, 220) = 2.5, p = 0.08).

2.6. Data analysis
Statistical analyses were performed with SPSS (version 25, IBM Corp,
New York, USA) and RStudio (R version 4.0.2, RStudio Team, 2020,
Boston, USA). A statistical significance level of p < 0.05 was selected for
all data analyses.

3.2. Temporal dominance of emotions
The emotion band-plots (Fig. 2) show a distinction in the dynamics of
emotion profiles between the first and last section of consumption for
the three portion sizes of food. The first sections of consumption of all
three portion sizes are characterized by a dominance of positive emo
tions happy and relaxed. In addition, feelings of peace were dominant
during short periods of the first section of consumption, occurring at the
beginning and almost at end for the regular portion, and at the middle
for the large portion. The dominance of happy decreased in the last
section of consumption for all three portions. For the last section of the
large portion size, bored becomes relevant into the emotional profile.
The results as visualized in Fig. 2 are congruent with the results from

2.6.1. Arousal, feeling of hunger, liking and overall satisfaction
First, scores for arousal were reversed. As a result, the scores ranged
from 1 = calm to 9 = excited. For each portion size, mean scores and
standard deviations (SD) were calculated for arousal, feelings of hunger
and liking before (as expected liking) and after consumption. For overall
satisfaction, the mean scores and standard deviations (SD) were calcu
lated after consumption of the food.
We used linear mixed ANOVA models to test for significant
3
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Fig. 2. Band-plots of the sequence of dominant emotions for consuming a fruit salad in small, regular and large portion sizes. Coloured rectangles represent the
dominant emotions and are stacked at each moment, displaying multiple dominances (without taking into account dominance rates) at a given time point. Rep
resented emotions are significant at p < 0.05. The list below the band-plot shows the ten emotions that could potentially be rated as dominant.

a large portion of fresh fruit salad (approx. 120 kcal) lead to equivalent
feelings of boredom compared to large portions of ice cream (approx.
385 kcal) or pizza (approx. 765 kcal) in our previous study. Hence, when
looking at calorie to calorie, people got bored sooner with fruit than with
ice cream or pizza. In addition, with ice-cream and pizza, also guilt and
disgust came up during the last section of consumption of the large
portion sizes, which may be related to the notion that subjects realized
that they were overeating.
For a long time, governments and public health nutritionists have
implemented several strategies to increase fruit intake among the pop
ulation. However, not all implemented strategies have been effective
(Hendren & Logomarsino, 2017; Wolfenden et al., 2021). For example,
school interventions increased the availability of fruit showed a mar
ginal increase in fruit intake (Langford et al., 2014). Furthermore,
nutrition education strategies were initially effective, but these effects
were not sustained over time (Champion et al., 2019). Finally, parents
education strategies have not been effective in increasing fruit intake as
well (Hodder, O’Brien, Tzelepis, Wyse, & Wolfenden, 2020). A strategy
of interest and relevance could be to further integrate multisensory cues
in foods to stimulate our senses of vision, olfaction, taste, mouthfeel, and
even hearing (e.g. crispiness). It might be worthwhile to study options to
slow down the onset of sensory specific satiation during fruit con
sumption by mixing it with other foods, e.g. in a salad or meal with nonfruit/sweet ingredients (Kral, Kabay, Roe, & Rolls, 2009). In addition,
the current findings emphasise the need for a multidisciplinary approach
to increase sensory complexity of food products which is associated with
reduced sensory specific satiety (Weijzen, Zandstra, Alfieri, & de Graaf,
2008), in which not only nutritionists and food technologists can play a
role but, for example, also food designers.

Table 1
Mean scores (±SD) of arousal, hunger, liking and overall satisfaction before and
after consumption for small (60 g), regular (150 g) and large (250 g) portions of
fruit salad.
Before consumption

After consumption

Mean (±SD)
Arousal
9-point scale (1
– 9)
Feelings of
hunger
100-point scale
Liking
100-point scale
Overall
satisfaction
100-point scale

Mean (±SD)

Small

Regular

Large

Small

Regular

Large

3.9
(1.7)

4.0
(1.9)

4.0
(1.7)

3.5
(1.9)

3.4
(1.9)

3.6
(2.0)

51
(25)

52 (20)

54
(25)

43
(27)

40 (22)

35
(22)

68
(18)

69 (20)

72
(19)

72
(18)
60
(20)

81 (17)

76
(17)
70
(11)

70 (11)

the linear mixed model ANOVA analysis on the duration of the domi
nance ratings. A significant main effect of section (first vs. last) was
found for: happy (F(1, 204) = 16.9, p < 0.001), relaxed (F(1,210) = 9.27,
p = 0.003) and bored ((F(1, 209) = 13.1, p < 0.001). Accordingly, we
used post-hoc pairwise comparison (Bonferroni corrected with p <
0.003) to identify the significant pairs of the levels of these models. The
results showed that the mean durations of the dominance of happy and
relaxed were longer in the first sections compared to the last section of
consumption regardless of the portion size (p < 0.01). The mean
dominance duration of bored was longer in the last section compared to
the first section of consumption of the large portion size (p < 0.001).

5. Conclusions

4. Discussion

In conclusion, fruit is a highly liked food, but it gets boring when
eaten in larger portions. One strategy to increase fruit consumption to
meet the daily recommendation of fruit may be to change the way of
eating and serve smaller portions across several occasions throughout
the day.

This study showed that a fresh fruit salad is a highly liked food, but
when served as a large portion participants get bored with it, a portion of
250 g which is just above the recommended fruit intake of 200 g/day.
This was not the case for the small and regular portions of fruit where no
negative emotions became dominant. Our results were in line with our
hypothesis that the emotional profiles of small and regular portion sizes
would be dominated by positive emotions while for the large portion
also negative emotions would appear as dominant in the profile. Also, as
expected, arousal and feelings of hunger decreased after consumption of
fruit for the three portion sizes.
Similar changes in the temporal dominance of emotions (TDE) were
found in our previous study with high energy-dense foods (i.e. ice cream,
and pizza) (Salazar Cobo, et al., 2022). In this study, the consumption of
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