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Abstract: Although it is well evident that a healthy diet rich in fruit and vegetables could prevent
a number of major chronic diseases, national and international guidelines concerning their intake
are not being reached by a large percentage of the population, including children. Thus, it is of
interest to investigate how the consumption of this food group by children could be increased. The
aim of this study was to examine the impact of serving style on the consumption of a raw snack
vegetable (daikon) and the influence of its exposure on liking and intake of the vegetable. A group
of 185 children 3–5 years old participated in the study. Two kindergartens served as intervention
groups, while the third was assigned to be the control group of the study (n = 50). The intervention
groups were repeatedly exposed to one of three different serving styles of daikon: sticks (n = 42),
triangles (n = 46) or grated (n = 47), and they were all visited 7 times during the exposure period, on
the same frequency (twice per week). Familiarity and liking of the target vegetable, daikon, and six
other vegetables (cucumber, celery, celeriac, broccoli, cauliflower and beetroot) were measured at
baseline, post-intervention and two follow up sessions (3- and 6-month) to investigate the likelihood
of generalisation effects. Intake of daikon was measured at all control sessions and exposures.
Moreover, children were asked to rank their favourite serving style of daikon and beetroot, among
triangle, stick and grated, towards understanding the influence of shape on the efficacy of the
exposure. The results revealed significant changes between liking and intake of daikon for the groups
of triangles and sticks and the control group (p < 0.05). The group that received grated daikon did
not show significant differences in liking and at intake levels during the exposures but performed
well in the long-term. Throughout the exposure period, intake levels followed an overall increasing
pattern, with all the groups to demonstrate a decrease of their intake at the last session, which was
not found significant for the triangle group. Mere exposure was efficient towards increasing liking
and intake of the novel vegetable with all the shapes to deliver positive results, but based on this
study no particular serving style can be recommended.
Keywords: repeated exposure; children; vegetables; taste; preferences; shape
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1. Introduction
It is evident that high intake of fruit and vegetables is correlated with a lower possibility of the development of a non-communicable disease [1–4]. Fruits and vegetables
carry a combination of different nutrients, such as vitamin C and other antioxidants, dietary fibre and phytochemicals, which seemingly particularly promote health, and their
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systematic consumption is negatively correlated with risk factors of cardiovascular disease
and some types of cancer [5]. Nordic Nutrition Recommendations 2012 [6] suggest that
dietary patterns high in vegetables, fruits, nuts, legumes, fish, vegetable oil and low-fat
dairy products (such as Mediterranean-like diets) are associated with a decreased risk of
chronic diseases and the prevention of weight gain. The proposed amount for children
4–10 years old is 300–500 g of fruit and vegetables every day, with half of this quantity
to be covered from vegetables [6,7]. In Denmark, the consumption of this food group by
children is not meeting the recommendations; a daily average of only 84 g of vegetables
and 157 of fruits are consumed by 11-year-olds [8].
It has been pointed out that adults preserve eating habits and food preferences acquainted in childhood [9–13] and thus it is important to make changes in young children’s
eating habits in order to obtain and maintain a healthy lifestyle throughout the stages of
life. Taking the above into account, there is still a need for techniques able to enhance fruit
and especially vegetable intake by children.
Children’s acceptance and intake of vegetables is strongly affected by their preference [14–20], which is defined as choice of one food item over another [21]. Other
determinants include liking, accessibility, availability, convenience, appearance and texture
of the food stimuli [19,22], as well as peer influence and modelling [23,24].
Vegetables are not much preferred by the majority of children [25] as most of them
are bitter and have low energy content. This can be explained as human’s innate food
preferences are based on sweet and salty flavours and are affected by neophobia and by
an association with the whole meal experience [21]. It is a well-known fact that most food
preferences are learned, thus it is obvious that they can be changed [21,26]. The contact
of the foetus with the amniotic fluid, as well as early eating experiences after birth, seem
to affect the formation of eating habits in childhood [27–29]. According to Soldateli et al.,
preschool children who were breastfed for 12 months or longer showed significantly higher
vegetable consumption [30], in line with the findings of Kheir et al. [31]. Research findings
show that young children are an easier target for such a procedure in order to achieve
healthier food choices [32,33]. According to Harris and Mason [34], the acceptance of new
tastes is possible to be learned also later in life, as long as there is motivation.
There are several theories explaining the way we obtain preference to foods and the
possibility of changing them. Food preferences are able to form and changed through experience, which involves several procedures. Experience is the main quality through which
we form food preferences, while conditioning is a process that contributes to changing them.
The latter is about the acquisition of relations between a food’s sensory characteristics and
the physiological or hedonic outcome of consuming it. Conditioning is branched in three
categories: flavour-nutrient learning, flavour-flavour learning and exposure [21,35,36]. Exposure is a condition getting the stimulus approachable to an individual’s perception [35].
Change in food preference by this mechanism is possible; via exposure or repeated tasting
of an initially disliked food, this can be eventually liked or even preferred among others [21,37–41] with the optimum number of exposures to differ between children’s age
groups [38]. Repeated exposure to a food may improve familiarity, another important
factor which seems to contribute to the forming of food preferences [38] and suppress food
neophobia [42–44].
Availability is an important aspect shaping the consumption of fruit and vegetables [14,17], while it can also be a driver for the acceptance of a novel food [45]. Krølner
et al. [46] showed that fruit and vegetables are not adequately available outside the home
in many countries. The term of accessibility defines if foods are available in an arrangement that make their consumption easy [17]. Several studies have showed that increased
accessibility can improve intake of fruit and vegetables by children [14,16,17,46,47].
An additional factor affecting children’s preferences is the comfort of obtaining, preparing, transporting and/or eating of food, which can be described as convenience. It is related
with less healthy products, as it was found that fruit and vegetables are considered by
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children as inconvenient even if they are liked, because of the time necessary for their
preparation [46].
Texture seems to be also important [48] as young children often exclude foods due to
their texture if it is difficult to handle in the mouth [22,49]. It has been shown that children
prefer fresh, raw vegetables over cooked as they are more crispy, crunchy and juicy [46,49],
while this seems to depend also on cultural parameters [50].
Food neophobia has been described as the rejection of food on sight [51], a fact that
indicates that appearance plays an important role in food acceptance. According to Brown
and Harris [52], this can be explained because of the innately forming of conclusions
about a food’s safety according to its looks. Food in general triggers humans visually
first, stimulating the cephalic phase responses [53], with the visual appearance—including
size, colour and shape—to potentially urge expectations concerning the other sensory
characteristics of the stimuli [54,55]. Therefore, altering this attribute may boost acceptance
and consumption of unfamiliar foods, which is of high importance as food neophobia
is connected with poor quality of diet and adverse changes of health-related biomarkers
and risk factors that are linked to non-communicable diseases [56]. It has been shown
that children give more attention to visual appearance in foods than adults [57] and it
is quite interesting that Hill et al. [58], as well as Zeinstra et al. [19], showed in their
studies that appearance is more important for disliking vegetables particularly for younger
children than for older ones. This is completed by the fact that the stage of neophobia
peaks between the 2nd and the 6th year of the child [51,59–62]. Colour, size and shape are
the major appearance attributes. Harris highlights that “small and seemingly irrelevant”
details may be definitive for the acceptance or rejection of the food [48]. Maratos and
Staples [63] found that the visual aspect of food plays a crucial role for children in trying
novel foods, especially when they are neophobic, as vision seems to be neophobia’s first
principal domain. For Dovey et al. [64], appearance of food was perceived as the most
important predictor for 5–10-year-olds’ consumption of a novel fruit. This is in line with
Dazeley et al. [65] and Coulthard et al. [66], who suggest that improving visual appearance
has the potential to increase liking and acceptance.
Although it might be apparent that the visual cues of vegetables can be easily modified
by cutting them in different shapes, there is a need for more literature on this matter.
Bönnhoff et al. [67], proposed that cutting and serving fruit and vegetables ready-to-eat is
able to increase the intake in 7–10-year-old children by enhancing accessibility. Another
study which examined several factors of visual appearance and serving style of raw snack
vegetables in correlation with their liking, found out that children 9–12 years old were
affected by serving style, as they preferred more cut over uncut vegetables, especially
those cut in special shapes [68]. Kranz et al. [69] indicated that children-friendly shaped
fruit and vegetable snacks were perceived as being more “fun” than the regular-shaped
ones and were more likely to be selected. These results are in agreement with the pilot
study of Chung and Fong [70], who discovered that a combined approach of repeated
exposure along with alterations in the appearance of initially disliked vegetables can
improve 7–10 year-old children’s inclination to try.
It had been also discussed in research the fact that people are affected by their eating
companions on the quality and the quantity of the food consumed [21,71], as well as
by the eating attitudes of the familial environment, something that is especially true for
children [28,72–74].
It is important to highlight that culture and tradition play an important role towards
familiarisation and acceptance of foods, as they affect the attributes that determine rejection.
In the cross-cultural study of Sandvik et al., it was demonstrated that drivers of liking
of a high-fibre biscuit were more or less the same in terms of taste, but quite variable
concerning texture, and especially crunchiness, which was found as a “must-have” for
Swedish children [50]. Similarly, the study of Estay et al. found significant differences in
the hedonic score of 6 common vegetables (broccoli, corn, cucumber, mushrooms, potatoes
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and sweet peas) between children from China, Chile and the US, with Chinese children to
show overall higher acceptance [75].
Aim of the Study
This study aimed to examine the impact of serving style on consumption of a novel
snack vegetable among 3–5-year-old children by use of repeated exposures. The study was
part of a larger study [76], which moreover investigated the effect of exposure frequency to
the consumption of a novel vegetable, sharing some experimental parts and groups.
2. Materials and Methods
2.1. Study Design
A total of three kindergartens with eight groups and 212 children participated. Two
kindergartens served as intervention kindergartens and the groups were randomly assigned to the various shapes. All experimental groups conducted a baseline and a postintervention test, which measured familiarity, liking and preferences of the target vegetable and
six other vegetable stimuli (cucumber, celery, celeriac, cauliflower, broccoli and beetroot) as
well as the intake of the target vegetable stimulus. The post-test was completed approximately one week after the last exposure in the intervention kindergartens and six weeks
after the pre-test in the control kindergarten. Three- and six-month follow-ups, similar to
the post-test, also took place. The details of the different visits to the kindergartens are
given in Table 1.
Table 1. Overview of the content of the different visit types.
Test

Vegetable

All

Individual testing

Familiarity and liking:
Broccoli, Cauliflower,
Celeriac, Daikon
(round), Beetroot
(round)Ranking:
Daikon and Beetroot
grated, triangle and stick

All

Intake (200 g)

Daikon, round

Exposure twice a week

Sticks

Seven exposures (100 g)

Daikon, in sticks

Exposure twice a week

Triangle

Seven exposures (100 g)

Daikon, in triangles

Exposure twice a week

Grated

Seven exposures (100 g)

Daikon, grated

All

Intake (200 g)

Daikon, round

All

Individual testing

Familiarity and liking:
Broccoli, Cauliflower,
Celeriac, Daikon
(round), Beetroot
(round)Ranking:
Daikon and Beetroot
grated, triangle and stick

All

Intake (200 g)

Daikon, round

All

Individual testing

Familiarity and liking:
Broccoli, Cauliflower,
Celeriac, Daikon
(round), Beetroot
(round)Ranking:
Daikon and Beetroot
grated, triangle and stick

All

Intake (200 g)

Daikon, round

Individual testing

Familiarity and liking:
Broccoli, Cauliflower,
Celeriac, Daikon
(round), Beetroot
(round)Ranking:
Daikon and Beetroot
grated, triangle and stick

Type of Visit

Pre-test/baseline
measurement

Post-test

3-month follow-up

6-month follow-up

Groups

All

The three groups from each of the two intervention kindergartens were randomly
assigned to a shape type: daikon cut in sticks, triangles or grated, and during the exposure
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sessions, children were invited to eat as much or as little as they wanted. All groups
received a vegetable serving of 100 g. This procedure was repeated for seven exposure
visits, scheduled twice per week, only for the three intervention groups. This exposure
frequency to the vegetable was the same for all serving styles. The outcomes measured
before and after the intervention were for liking and intake of the target stimulus (daikon)
by recording the vegetable intake in g.
The control kindergarten was also divided in two groups, which did not undergo
any exposures but were just visited at baseline, post intervention, with a 3- and 6-month
follow up.
2.2. Recruitment and Participants
Local kindergartens in Copenhagen were invited to participate. The parents provided
written, informed consent, and it was voluntary for the children to participate. After a
review of the study protocol by the Danish National Committee on Biomedical Research
Ethics, it was concluded that a formal ethical approval was not required (ref. H-2-2011FSP9). A gift certificate worth DKK 50 (EUR ~7) to a popular Danish toy store was used to
incentivise parents to return the questionnaire.
2.3. Stimuli
Seven different vegetables were used for the measurement of familiarity and liking
at baseline, post intervention and the follow-ups: daikon, cucumber, celery, broccoli,
cauliflower, celeriac and beetroot. Only daikon and beetroot were examined as far as
different shapes and texture were concerned. Daikon was chosen to be the target stimuli,
cut in three different shapes: sticks, triangles and grated. This vegetable was selected as
it was considered a non-familiar and less-liked vegetable [77], but also because it can be
easily cut into different shapes. Moreover, it was rated “medium-liked” in the small pilot
study that took place, thus it would be easy to measure the potential increase in liking of
this vegetable after the intervention. The target vegetable was served as an afternoon snack
in the day-care institution of the children, where the study took place.
Four other vegetables (broccoli, cauliflower, celeriac and beetroot) were chosen as
reference vegetables, because they share at least one stimulus component with daikon.
Daikon (also termed Chinese radish) is a member of Brassicaceae family, the cabbage
family [78]. It has in common several aroma compounds with broccoli and cauliflower,
which are in the same family [79]. Cauliflower, celeriac and daikon have comparable white
colour, while beetroot and daikon have mutual shapes that they can take (sticks, triangle
and grated). Beetroot and celeriac are members of two different families that are not related
to the cabbage family [80]. The above shared characteristics were used for generalisation
effects testing; to investigate if an increase in the liking of daikon could affect liking of the
others, similar to it, vegetables.
Cucumber and celery were chosen as “dummy” vegetables to help children get used
to the testing procedure and the 3-point smiley scale. This selection was made considering
cucumber as a liked and familiar vegetable and celery as an unfamiliar and disliked one [68].
Both vegetables were served as pieces of 5 cm length, in a style supposed to be familiar
with children.
All the vegetables in this study were served raw, as it is proposed in previous research
that Danish children are familiar with this style of serving vegetables at breakfast, lunch
and in between meals [81,82]. The daikon used for the pre- and post-test to measure intake
was served in round slices of a diameter approximately 4.5 cm, while the same vegetable
used for the exposure days was cut into sticks (7 cm length), triangles (4.5–5 cm length)
or grated depending on the intervention group. These stimuli are categorised as fresh-cut
produce; a term to describe the vegetables or fruit that have been altered by trimming,
peeling or cutting, remaining in a fresh state and offering a high nutrition. Changes in
quality, colour, texture, flavour and nutritional value are a natural consequence when
cutting the fresh vegetable in different shapes, with grated daikon being the most sensitive
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form to those changes as well as the most probable to undergo a faster microbial spoilage
and contamination, leading to a decreased shelf life, due to the higher surface area [83].
2.4. Measurement of Outcomes
To measure liking and preference, a 3-point facial hedonic scale labelled with the
descriptors “like”, “ok” and “dislike” was used for this study, as recommended for use
with 3-year-old children [84] and used in previous research [85–89]. Familiarity was
measured by asking each child on whether or not they had tasted the specific vegetable
before.
2.5. Pilot Study
A small pilot study was conducted approximately one month before the kindergarten
intervention in order to test the suitability of the selected stimuli as well as the duration of
the testing procedure. A group of 16 children participated at the age of 3–5 years. The pilot
study verified the usage of daikon as a target vegetable, as it was rated with a mean liking
of 2.1 (medium-liked), and the chosen shapes were found to be appropriate for use in the
intervention groups.
2.6. Intervention Study
All vegetables were delivered by K.C. Frugt and stored at 5 ◦ C. The different shapes
were already processed (sliced, as sticks, as triangles and grated) but they were additionally
slightly modified in order to achieve a perfectly round shape, while they were checked for
brown colouring. The pre- and the post intervention test were operated in the morning—
between 9.00 and 11.00—thus some samples were prepared the previous day, while the
exposure visits took place in the afternoon and the samples were prepared the same
morning. A quiet area of the kindergarten was chosen in order to provide a familiar and
comfortable environment for the children during the tasting sessions.
2.6.1. Test Sessions
Test sessions were separated into two parts: individual testing and assessment of
intake. The individual testing took place on a one-to-one basis with one child per assistant.
Children were instructed on how to use the scale as well as to just taste the vegetable and
not eat it all during the tasting procedure. Familiarity was tested by asking the children if
they had tasted the vegetable in question before. When liking was measured, the assistants
encouraged the children to taste a piece of the vegetable and to indicate their liking by
pointing to a smiley face on the scale. The same procedure was repeated for all seven
vegetables, with the use of water as a palate cleanser in between of each sample. The
dummy vegetables (cucumber and celery) were presented first, while beetroot and daikon
were always served last. The order of the other reference vegetables was randomised by
the assistants and noted down on the questionnaire.
The children were served a slice of each of the seven vegetables towards evaluating
liking, and then their preference was measured for the three different shapes of beetroot
and daikon. The three different shapes (triangle, grated or sticks) of beetroot or daikon,
according to the random order of serving, were presented to the child on a plate, requesting
to taste all three styles and select the one he/she liked the best. After the selected one
was removed by the assistant from the plate, the child was asked to rate the remaining
two styles without allowing any ties. This procedure was completed for the remaining
vegetable (daikon or beetroot). Water was used as a palate cleanser in between the different
stimuli. In case of refusal of a child to taste a vegetable, there was tried to rank the three
styles only by appearance, without forcing the child to try.
Intake was measured in the control sessions by weighting the individual amount of
vegetable left for every child using a precision scale (Sartorius Gram TE15025, Sartorius AG,
Göttingen, Germany). Children were invited to eat as much, or as little, as they wanted,
and they could also be served with another 100 g of the vegetable if they wanted.
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2.6.2. Exposure Sessions
The six intervention kindergarten teams were visited seven times during the intervention. Children received a small plastic beaker with daikon in sticks, triangles or grated,
according to each intervention group. The grated daikon was served along with a childsized fork, and headspace in serving beakers were refreshed to minimize smell. During the
exposure days, children received 100 g of the vegetable but not the possibility of a second
serving, unlike the control sessions where the maximum intake would be 200 g. Those
visits were completed in the afternoon and children were served the vegetable as their
afternoon snack at around 14.30.
2.6.3. Control Group
Children in the control group completed the four tests and were thus visited eight
times in total. Measurement of liking, familiarity and preference was achieved with the
same process described earlier and measurement of the intake of daikon was completed
some days after the pre-test. Daikon was served in slices. Intake of the target vegetable
was measured again six weeks later, and the post-test was conducted after a few days.
2.7. Questionnaire
A questionnaire was given to all parents of the children in the three kindergartens
with questions related to the child participating in the study, parent’s socioeconomic status,
height, weight and fruit and vegetable intake. Besides demographics, the questionnaire
included questions on the child’s fruit and vegetable intake, the familiarity and liking of
the stimuli used in the study and the general availability of this food group at home. Some
questions by the Comprehensive Feeding Practices Questionnaire (CFPQ) were included,
concerning dietary rules and feeding practices [90], as well as the Children’s Eating Behaviour Questionnaire (CEBQ) to cover child’s eating behaviour [91]. In addition to those,
six questions assessing food neophobia were included (adapted version of Pliner [92]), as
well as some questions about accessibility and serving style and one question on child’s
textural preferences. The questionnaire is available from the authors upon request.
2.8. Sensory Profiling Method
The vegetables used in the study were sensory described with the application of a
Quantitative Descriptive Analysis method (QDA) modified from the ordinary by giving the
panel a predetermined set of attributes. The aim of this method was to obtain an accurate
sensory description of the vegetables and clearly distinguish how those vegetables differ.
Two preliminary tastings of the vegetables took place, and it was decided to apply
sensory descriptive analysis on 9 of 13 in total samples that were served in the kindergarten,
excluding cucumber, celeriac, beetroot stick and triangle. The samples were prepared the
same way with the ones for the kindergarten intervention. An amount of 100 g of each
vegetable was served, same with the kindergarten intervention. The samples were stored
at 4 ◦ C and one hour prior to the serving they were taken out of the refrigerator. According
to Lawless and Heymann [93], consensus within the panel and reproducibility for each
panellist are better controlled when the samples are in triplicates, and thus it was decided to
do the same for this study. The samples were coded with random three-digit numbers [94]
and each replicate had a different code [95]. A 15 cm line scale with indented anchors was
used for rating the samples. This procedure was completed for all the samples on three
consecutive days in order to minimise sensory fatigue. Unsalted crackers and tempered
water (40 ◦ C) followed by cold water were chosen for the palate cleansing, as daikon’s
pungent taste can be difficult to eject.
The panel underwent a training of two 30-min sessions each on two consecutive days.
The first training session included the presentation of all nine samples and 21 attributes to
describe them, the meaning of each was explained to the panel. Next, the panel had to get
familiar with the samples by looking at them, smelling and tasting them. The third part of
this session concerned the description of grated and triangles of daikon, served in 100 g,
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using all attributes. During the second training session, the members of the panel received
a modified score sheet with seven attributes that, according to the first session, found out
to be the most difficult ones to score. The panel was asked to score grated daikon, broccoli
and daikon sticks concerning texture. In the final evaluation, all nine samples were served
together with an instruction sheet, score sheets, crackers, 40 ◦ C tempered water, cold water,
pen, napkin, fork and spittoon.
2.9. Data Analysis
The data were analysed using the open-source software RStudio (Version 1.2.5019 ©
2009–2019 RStudio, Inc, Boston, MA, USA), while Microsoft Excel (Version 16.26 (20091400)
© 2020 Microsoft Corporation, Redmond, WA, USA) was used to structure the data, calculate the Standard Deviation (SD) and Standard Error of the Mean (SEM) and prepare the
plots. For the children of the exposure groups, an exclusion criterion was implemented; a
child was excluded from the data analysis if he/she has participated in less than four of
the seven exposure sessions.
The correlation between liking of daikon and other vegetables with the different
serving styles was analysed using the R packages nlme [96] and multcomp [97]. nlme was
used to run the linear mixed model (lme function) and multcomp to calculate the difference
of the differences between and within the intervention and control groups for each session
(glht function). The model used included fixed and random factors and an interaction
term for serving style and timing. The fixed factors were baseline daikon liking, baseline
familiarity to daikon, age and gender, and the random factors were the participants’ ID
number, group and institution. The model was used without any reductions.
The intake of daikon during the control sessions (pre-test, post-test, 3-month follow
up and 6-month follow up) was associated to the various serving shapes using the same R
packages mentioned above, nlme and multcomp. The linear mixed model was run using
the function lmer, while glht function was used to calculate the difference of the differences
and extract the p-values. This model was used without reduction in the analysis, and
it contained both fixed and random factors, as well as an interaction term for serving
style and timing. The fixed factors were baseline daikon liking, baseline familiarity to
daikon, age and gender, and the random factors were participants’ ID number, group and
institution. The average intake of daikon during the seven exposure sessions was analysed
similarly.
The ranking data were analysed using the same R packages and functions, following
the assumption that the data is continuous in order to perform the parametric tests. This
was according to the central limit theorem (CLT), which suggests that when we have a
population with a mean µ and standard deviation σ, and the samples taken are sufficiently
large, the distribution of the sample means will have a more or less normal distribution [98].
The initial model included as fixed factors age and gender, and it was reduced as these
factors were not shown to be significant.
p-values were taken from RStudio from the outputs of glht function.
Sensory Profiling Data
The sensory profiling data were obtained from the scales using a ruler by hand and
were inputted in Excel for the structure and the calculation of means and the Standard
Error of the Mean (SEM). The open-source PanelCheck (version 1.4.0) software was used to
analyse the performance of the panel, while the sensory data was analysed by Principal
Component Analysis (PCA) using The Unscrambler X 10.2 (Camo Analytics, Oslo, Norway).
Two- and three-way ANOVAS were used for the panel performance, to cover the replicate
effect. All data was full cross-validated, standardised and mean-centred.
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3. Results
3.1. Participant Characteristics
3. Results
A total of 27 of the 212 children who took part in the study were excluded from the
3.1. Participant Characteristics
analysis as they were present in less than four exposures, yielding 185 children for the data
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3.2.1. Control Group
Liking for daikon increased from baseline to post intervention from 2.0 ± 0.2 to
2.5 ± 0.2, although this increase was not statistically significant. A drop was observed at
the 3-month follow up (2.3 ± 0.2), but the liking rose at 6-months reaching its highest for
the control group (2.7 ± 0.1), a value that is significantly elevated compared to baseline
(p ≤ 0.05).
3.2.2. Intervention Groups
For the group that received grated daikon, no statistically significant changes were
found, although liking increased from 2.0 ± 0.2 of baseline to 2.5 ± 0.1 at 6 months. The
children that were served with daikon cut in triangles improved their liking significantly
from baseline to the 6-month follow up (from 2.0 ± 0.2 to 2.8 ± 0.1, p ≤ 0.05). The liking
score of this group at 6 months was the highest liking value recorded in this study. Sticks
were shown to be a shape that enhanced the liking of daikon from earlier on, expressing
significant changes between baseline and all the following control sessions. It should be
noted here that the initial liking of daikon for this group was the lowest among the children,
equal to 1.8 ± 0.2. This increased to 2.6 ± 0.1 post intervention (p = 0.004), dropped
slightly to 2.3 ± 0.1 at 3 months (p = 0.02) and elevated again to reach 2.6 ± 0.1 at 6 months
(p ≤ 0.01).
In all groups, including control, the liking score was ameliorated at 6-month follow
up, with the group that received daikon cut in triangles had the highest liking value while
the children that received daikon cut in sticks followed a more systematic pattern of liking
increase. It is interesting to observe that while liking was increasing for all groups from
baseline to the post-test, for the majority of the groups (control, grated and stick) the liking
at the 3-month follow up dropped before elevating again at 6 months, although these drops
were not found statistically significant. For the triangle group we observed that the liking
at the 6-month point remained stable, indicating that this shape might be promising for a
more concrete and steady improvement of liking of the vegetable.
3.3. Intake
Intake levels at the control sessions are illustrated in Figure 2. The results from the
statistical model investigating the impact of the exposure on different serving styles to
intake of daikon showed that the latter increased overall from baseline to 6-month follow
up significantly for all the groups. The intake rise fluctuated from 70–100 g with the lowest
value to represent the control group and the highest the group of sticks.
3.3.1. Control Group
The children in the control group had the lowest initial intake of daikon, equal to
13 ± 3 g, which elevated to 35 ± 7 g at post-test, a change that was found significant
(p ≤ 0.05). The intake of daikon continued to rise for the control group to 54 ± 8 at
3 months (p ≤ 0.001) and 85 ± 11 at 6 months (p ≤ 0.001). The control group followed a
steady, increasing trend even though it received infrequently small quantities of daikon.
3.3.2. Exposure Groups
For the group that received grated daikon, intake increased from 30 ± 3 g at baseline
to 61 ± 5 g at post intervention. Intake decreased at 3-month follow up (54 ± 5 g) but
reached its highest level at 6-month follow up (110 ± 6 g). The differences between baseline
intake and post intervention (p ≤ 0.01), 3-month follow up (p ≤ 0.05) and 6-month follow
up (p ≤ 0.001), as well as the difference between post intervention and 6-month follow up
(p ≤ 0.001) were found statistically significant for this group.
The children that received daikon cut in triangles elevated the baseline intake from
26 ± 6 g to 69 ± 8 g post intervention and then 73 ± 10 g at 3 months and finally 110 ± 12 g
at 6 months, with the change between post-test and 6-month follow up found to be
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For the groups that were exposed to grated and cut in sticks daikon, it was observed
that similarly to the liking scores, there was a slight drop of intake at 3-month follow up
before the value elevated again at 6-months. This decline was significant only for the
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Figure 3 illustrates the intake levels of daikon as recorded throughout the exposure
period, for the different serving styles. Overall, one can observe that all three groups
show an increasing trend in intake, while they all show two timepoints that intake drops,
in different exposure session for each group. The highest intake was obtained by the
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group that was served daikon in sticks and it is equal to 80 ± 6 g. This intake was rec‐
orded at the 6th exposure session, right before it dropped to 57 ± 7 g at the 7th exposure.
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session, while the triangle continues to increase. The group that received daikon in sticks
achieved overall higher levels of daikon intake throughout the whole intervention, except
for the last exposure.
For the group with grated daikon, the intake on the 1st exposure session was found
significantly different with the ones at the 3rd (p ≤ 0.01), the 4th (p ≤ 0.001), the 5th
(p ≤ 0.01) and the 6th exposure session (p ≤ 0.001). Similarly, significantly different were
found the changes between the intake at the 2nd exposure and the ones at the 3rd (p ≤ 0.05),
4th (p ≤ 0.001), 5th (p ≤ 0.05) and 6th (p ≤ 0.001) exposure session. The overall drop of
intake between the 4th and the 7th exposure session was found significant (p ≤ 0.001), as
well as the decrease of daikon intake between the 6th and the 7th exposure (p ≤ 0.001). It is
important to note here that the intake between the final exposure session was not found
significantly higher than the one at the first exposure session for this group. Moreover, it is
worth highlighting that while the initial intake for the triangle and stick group was more
or less at the same level (45 ± 6 g and 41 ± 6 g, respectively), the initial mean intake for
the children that received grated daikon was quite lower at the 1st exposure (27 ± 6 g),
although the differences between them were not found statistically significant.
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The children who received daikon cut in the shape of a triangle during the intervention
showed a significant overall change of intake during the intervention period, with daikon
intake of the 7th exposure to be significantly higher than the initial exposure (p ≤ 0.001).
Moreover, the intake of the first exposure was found significantly lower only than the ones
of the 5th (p ≤ 0.05) and the 6th session (p ≤ 0.001), due to the large drop that took place
at the 2nd exposure, which was found to be significant (p ≤ 0.05). The consumption of
daikon for this group rose continuously from the 2nd to the 6th session, with the changes
between the 2nd and the 4th (p ≤ 0.001), and the 4th and the 6th (p ≤ 0.05) to be significant.
The group that was exposed to daikon cut in sticks demonstrated different kinetics of
intake levels during the exposures. Overall, the last exposure’s intake level was significantly
higher than the initial exposure (p ≤ 0.01), although intake underwent a large decline from
the 6th to the 7th exposure (p ≤ 0.01). The intake of the 1st session was found significantly
lower compared to the intake of the 4th (p ≤ 0.01), 5th (p ≤ 0.01), 6th (p ≤ 0.001) and 7th
(p ≤ 0.01) exposure.
3.4.1. Exposures 1–4
Benchmarking on the 4th exposure where it was observed that for the stick and grated
groups, intake was continuously rising from the 1st to the 4th session. The triangle group
showed a drop at the 2nd exposure, which was significant (p = 0.014), but followed a steady
increase later on.
3.4.2. Exposures 4–7
Except for the triangle group that from the 2nd until the 6th exposure sessions followed
a steady increasing pattern, the other two groups changed their intake kinetics after the
4th session. For the grated daikon group, intake dropped at the 5th session to return at
rather the same levels and dropped again at the 7th session to reach the lowest intake of the
three for this exposure visit. The group that received daikon sticks demonstrated a peak at
the 6th exposure, before dropping at the last one. It is important to note that all groups
underwent a drop of a different degree at the 7th exposure, compared with the intake that
was recorded on the 6th. This drop was smaller for the triangle group, followed by a larger
drop for the grated group (p ≤ 0.001) and an even larger for the group that received sticks
(p = 0.002). This decrease was not significant for the triangle group.
3.5. Ranking
Figure 4 shows the mean ranking ± SEM of the three serving styles of daikon, as
evaluated by all the children that took part in the study. For the ranking data the scaling
is inversed compared to liking scores, as children were ranking as 1 their most preferred
serving style, 2 their second preferred serving style and 3 their least preferred serving style.
The bar plot shows that triangle was the favourite shape of the children, followed by sticks
and then grated daikon. This result is independent of the intervention, as it was measured
at baseline level.
Figure 5 illustrates the ranking scores ± SEM for the different shape styles of daikon,
as evaluated by the respective control groups on the four control sessions. The ranking of
grated daikon is depicted as rated by the exposure group of grated daikon, the ranking of
triangle daikon by the children that were exposed to triangles and the ranking of sticks from
the children receiving daikon in sticks throughout the exposure sessions. Data analysis did
not show any significant differences on the ranking of specific shapes within the exposure
groups across the four control sessions. As it is seen in Figure 5, ranking of the particular
serving styles does not follow a clear escalating pattern for any of the three shapes.
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Figure 5 illustrates the ranking scores ± SEM for the different shape styles of daikon,
as evaluated by the respective control groups on the four control sessions. The ranking of
grated daikon is depicted as rated by the exposure group of grated daikon, the ranking of
triangle daikon by the children that were exposed to triangles and the ranking of sticks
from the children receiving daikon in sticks throughout the exposure sessions. Data
analysis did not show any significant differences on the ranking of specific shapes within
the exposure groups across the four control sessions. As it is seen in Figure 5, ranking of
the particular serving styles does not follow a clear escalating pattern for any of the three
shapes.
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Figure 6 shows the respective ranking information for beetroot serving styles, as
rated by the groups that received daikon in the corresponding format during exposures.
Similarly to daikon, no significant changes were found in the preference of a particular
serving style among the children whom were repeatedly exposed to it. As clearly shown
15 of 26
in Figure 6, there is not a clear development of increasing nor decreasing preference to‐
wards the exposed shapes.
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3.6. Generalisation Effect
Daikon is a member of the cabbage family (Brassicaceae), as are broccoli and cauliflower.
Beetroot and celeriac were used also to study the possibility of a generalisation effect of the
daikon exposures due to different shared components with daikon.
Cucumber and celery were used as dummy vegetables in order to test the 3-point
smiley hedonic scale. Cucumber is a generally liked vegetable, and we can notice that
its liking score almost reaches 3, while celery is a generally unfamiliar vegetable, a fact
demonstrated also by its liking score in this study, which remains below 2, as shown
in Figure 7a–f, which illustrates the liking scores for the dummy (cucumber and celery)
and reference (celeriac, broccoli, cauliflower and beetroot) vegetables as reported in the
control sessions. Cauliflower was found to be significantly less liked at 6-month follow
up (1.8 ± 0.2) compared to baseline (2.2 ± 0.2, p ≤ 0.05) and post intervention (2.0 ± 0.2,
p ≤ 0.05) for the group that was exposed to daikon cut in triangles.
Celery showed a significant decrease in liking from baseline (1.9 ± 0.2) to post intervention (1.5 ± 0.1 p ≤ 0.05) and from baseline to the 6-month follow up (1.5 ± 0.1 p ≤ 0.05)
for the group that received grated daikon. This might just have to do with the fact that
celery is a rather disliked vegetable, as it was used mainly to train children for the study
and does not share common characteristics with daikon.
Broccoli was significantly less liked at 6-month follow up compared to baseline
(p ≤ 0.05) from the children who received grated daikon. As broccoli was served as florets
for the control sessions, there is not a common ground on colour or shape for this result
to be explained by a generalisation effect, considering that it just appeared on the grated
daikon group.
Liking of celeriac elevated significantly for the children that received daikon in triangles and in sticks. For the former, liking at 6 months was found remarkably increased
compared to post intervention (p ≤ 0.05), while for the latter liking at 6 months was significantly higher than baseline liking (p ≤ 0.05). Celeriac shares with daikon the same
colour, which can be considered “pale” or “bland” and not that “fun” for children to like.
This tendency is not though systematic throughout the study; hence such a transfer effect
cannot be concluded here.
The liking of beetroot demonstrated several significant differences. For the group that
was served grated daikon, the liking between post intervention and the 6-month follow
up increased significantly, from 2.4 ± 0.1 to 2.7 ± 0.1 (p ≤ 0.05). Similarly, for the triangle
group, the differences between baseline liking and post intervention (p ≤ 0.05), 3-month

Broccoli was significantly less liked at 6‐month follow up compared to baseline (p ≤ 0.05)
from the children who received grated daikon. As broccoli was served as florets for the con‐
trol sessions, there is not a common ground on colour or shape for this result to be explained
by a generalisation effect, considering that it just appeared on the grated daikon group.
Liking of celeriac elevated significantly for the children that received daikon in tri‐
16 of 26
angles and in sticks. For the former, liking at 6 months was found remarkably increased
compared to post intervention (p ≤ 0.05), while for the latter liking at 6 months was sig‐
nificantly higher than baseline liking (p ≤ 0.05). Celeriac shares with daikon the same
colour,
which
be and
considered
“pale”
or “bland”
not were
that “fun”
for childrensignificant.
to like.
follow up
(p ≤can
0.01)
6-month
follow
up (p ≤and
0.01),
all statistically
This
tendency
is
not
though
systematic
throughout
the
study;
hence
such
a
transfer
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Lastly, liking for beetroot increased significantly also for children that were served
daikon
cannot
be
concluded
here.
in sticks, from baseline to 3-month follow up (p ≤ 0.05).
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exposure to beetroot contributed to an improvement of its liking. It is worthwhile to note
at this point that beetroot is generally characterised as a sweeter vegetable, as shown also
in the sensory profiling analysis, hence it might be innately more acceptable to children.
3.7. Sensory Profiling
The two taste attributes of salt and umami were excluded from the data, and shown
not to be significant on a 3-way ANOVA. The 19 attributes that remained were all included
Foods 2021, 10, x FOR PEER REVIEW in the following analysis as they were found to have a significant effect. The 18
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Figure 9 shows a bi-plot of PC1 and PC3. The 13% of the variance that is explained by
PC3 mainly concerns the crunchiness in texture and the overall odour intensity. Broccoli
is characterised as crunchy and it is distinguished from celeriac, which is described by a
pungent and intense odour. Pungency, cabbage and overall intensity remain to be attributes
of cauliflower and grated daikon, while beetroots continue to be on the sweet side. Grated
beetroot is characterised more by overall odour intensity, which is observed also for grated
daikon, while round beetroot is considered crunchier.
The results from sensory profiling revealed a difference between the grated Daikon
compared to the stick, round and triangle. The grated format was found to be more similar
to cabbage, with a more intense odour and pungent flavour and aftertaste than the other
three formats that were perceived similar and characterised more as sweet, crunchy and
moist. Grated daikon was considered to have a bitter and sour taste and be less sweet than
round daikon and had more common flavour components with cauliflower than the other
three styles, while they were described differently in terms of texture. The pungency of
Figure 9. Bi‐plot of all samples, PC1 and PC3. Above celeriac are found the attributes F‐Overall and
grated daikon was found similar to celeriac, which has also a very intense odour. Celeriac

O‐Pungent, while below celeriac are clustered the following: F‐Pungent, AT‐Overall, AT‐Bitter,
AT‐Pungent, O‐Cabbage, T‐Sour, T‐Bitter and CX‐Overall. Abbreviations of samples: BRG: Beet‐
root grated, BRR: Beetroot round, BC: Broccoli, CF: Cauliflower, CE: Celeriac, DAG: Daikon grated,
DAR, Daikon round, DAS, Daikon stick, DAT, Daikon triangle. Abbreviations of attributes: O:
Odour, A: Appearance, TX: Texture, T: Basic Taste, F: Flavour, AT: Aftertaste, CX: Complexity.

The results from sensory profiling revealed a difference between the grated Daikon
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Figure 8. Bi‐plot of all samples PC1 and PC2. Abbreviations of samples: BRG: Beetroot grated, BRR:
Beetroot round, BC: Broccoli, CF: Cauliflower, CE: Celeriac, DAG: Daikon grated, DAR, Daikon
round,
DAS, Daikon
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to be more comparable to grated daikon and round beetroot closer to round daikon.
4. Discussion
4.1. Age and Gender
For this study, the impact of serving style on liking, preference and intake of daikon
was independent of age and gender. Both factors were included as fixed factors in the
models run for intake and liking but they were not statistically significant. The model run
for the ranking data was reduced to a simpler one, as the fixed factors of age and gender
were not found significant. This is in line with previous studies [37,75,99].
4.2. Ranking of Different Shapes
The initial ranking of the different styles of daikon showed triangles to be the most
preferred shape for the children that took part in the study, with sticks to come second and
grated last. This is in line with the study of Olsen et al. [68], which suggested a preference
for vegetables cut in special shapes. Moreover, the above is in agreement with the sensory
profiling results, that showed a more intense flavour and pungency for grated daikon,
while a triangle was perceived sweeter and crunchier, qualities that are generally preferred
by children.
Although daikon shares sensory characteristics with known vegetables, it is not part
of a typical Danish diet and thus is considered as novel, particularly for children [45]. As
discussed in the article of Guiné et al., consumers link traditional foods with habits, such
as products they consume frequently and that are integrated in their daily lives, while they
associate them to a specific sensory profile [100]. Nacef et al. demonstrated that consumers
that are familiar to a food rely on parameters such as aroma, taste and texture for their food
choice, while unfamiliar consumers tend to base their choice on appearance cues [101].
Therefore, it makes sense for children to express a preference for the special shapes when it
comes to a novel vegetable.
Nevertheless, the comparison results from the ranking data did not find any significant
differences over preference of a specific serving style on behalf of the groups that received
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the respective styles across the duration of the study. This indicates that while exposure
itself can increase the acceptance of a novel vegetable, the exposure on a particular serving
style of the vegetable does not limit the acceptance of the vegetable overall.
4.3. Serving Style Effect
In this study it is not clear which particular shape should be preferred towards increasing the acceptance and intake of a novel vegetable, as all shapes were found to be effective
in the long-term, with triangles and sticks performing faster and rather better during the
intervention. Children who received triangles increased their overall intake steadily after
the 2nd exposure session, while children who received sticks were demonstrating a clear
increasing trend until the last exposure session, undergoing a drop that could be attributed
to the boredom effect, as it was observed in a different extent in all the exposure groups.
This decrease was found to be statistically significant for the groups of sticks (p = 0.002)
and grated daikon (p ≤ 0.001), but not significant for the triangle group. This can be
explained by the fact that triangles are a “fun” shape compared to the grated vegetable.
The group that received sticks performed rather similarly to the triangle one, increasing
remarkably liking from a low value to post intervention, reaching the highest intake levels
at 6 months, and achieving the highest intake among all exposures and all groups, at the
6th exposure session. A reason could be that sticks are a shape that might be more familiar
to children, thus it might be easier for them to try the novel vegetable in the first place in
that format. It has been showed that familiar foods are usually more liked than unfamiliar
ones [101] as familiarity reflects the security in terms of what is the served food, reducing
anxiety and hesitation towards it [102]. Therefore, it could be hypothesised than when an
unknown vegetable, such as daikon, is served in a familiar shape this would result in a
higher acceptance and liking level. Nevertheless, for the group that received sticks, both
liking and intake were relatively low at baseline, while this serving style was the second
preferred at the same time point.
It is interesting to mention that sticks and triangle-shaped daikon have more in
common in terms of texture, as well as the fact they can be consumed using the hands,
unlike grated daikon that requires a fork. Therefore, this could be another potential
driver for children to prefer and consume more of the former shapes. This could be
elaborated by the findings of van Eck, who studied the effect of different carrot shapes
in eating behaviour, indicating that cutting the vegetable increases the surface area and
consequently the mastication effort and eating rate. This might negatively affect vegetable
intake compared to serving carrot in larger pieces, which were consumed with more ease
and higher eating rates [103]. This is in line with Liem and Russell, who served diced and
whole carrots to primary school children and observed a 75% increase of intake in the case
of the whole vegetable. In the same logic, the findings of Goh et al. suggest serving a
larger unit rather than diced vegetables towards increasing their consumption [104]. It is
important to mention that the children that participated in these two studies were older
than the ones in the present one, which could affect the chewing ability of larger particles
as well as the preference in shape [105]. Moreover, carrot is a familiar and rather liked
vegetable which gives it an advantage in intake levels. It would be interesting to perform
similar studies for unfamiliar stimuli, like daikon.
4.4. Exposure Effect
Liking and intake for daikon were increased significantly for all groups after the seven
exposure sessions, including the control group that received just small quantities of the
vegetable in the control sessions. Mere exposure strategy was shown to be effective in this
study, in line with a variety of previous intervention studies [39,40,106–117]. Consequently,
it seems that even small quantities and a scarce exposure frequency was sufficient to
improve children’s acceptance and consumption of daikon, while the exposure to the
vegetable twice per week was found effective for every serving style. In this study, it was
found that a minimum number of four exposures were adequate to influence positively the
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liking of daikon by children. This finding is not exactly in line with Birch and Sullivan [118],
and Cooke [38], who suggested an exposure to the vegetable 8–15 times or 5–15 times,
respectively in order to be efficient [38,118]. It is worthwhile to mention here that the
potential effect of the serving size of the vegetable during the exposure, as in this study
the children received a whole 100 g serving, compared to other studies where the quantity
of the stimuli was smaller [37,39,40,99,119,120]. This is in line with van Kleef et al., who
found that children ate 54% more cucumber when the vegetable was served in a large
portion, compared to a smaller one [121]. It would be interesting to investigate such an
effect of the serving size on mere exposure efficiency in a future study.
Due to the low response rate of the questionnaire this study could not connect the
liking results with the levels of food neophobia of the sample, although we would expect
neophobic children to resist in accepting and liking daikon. According to the study of
Tuorila et al., food neophobia and unfamiliar sensory properties are potential drivers for a
consumer to reject an ethnic food, while it may be accepted if it is widely available [45].
This is in line with the results of our study, as repeated exposure increased the availability
of the vegetable.
4.5. Limitations
One of the limitations of this study concerns the control group, which was not a
“blank” control group but was exposed to small quantities of grated daikon during the
control visits. It is obvious that in such an intervention study to an unfamiliar vegetable
the control group cannot be exclusively not exposed to the stimuli, as this is needed for the
required measurements. Nevertheless, this limitation revealed that even a minimum of a
few, scarce exposures to small quantities of daikon can deliver a favourable outcome in
children’s intake and liking.
A second limitation of the study was that the maximum intake level during the control
visits (200 g) was different compared to the exposure visits (100 g), a fact that potentially
complexes the comparison of the amounts of daikon consumed. The children who ate more
than one portion of daikon might have caused an increase on the average intake at control
visits without this to represent the whole sample. Therefore, it is suggested to account for
this issue in future studies.
5. Conclusions
The result of this study on whether there is a preferable serving style of a novel
stimulus for a more efficient exposure intervention it is not clear. All serving styles were
effective at increasing liking and intake of daikon, with the triangles and sticks possibly
being slightly superior. The repeated exposure strategy was proven successful with results
that remained in the long-term. Intake underwent a decline towards the end of the exposure
intervention for all serving styles, but less for triangles. It was demonstrated overall that
exposure to a specific shape does not necessarily improve the liking and preference for the
specific shape of the same or similar vegetables, although repeated exposure itself generally
increased the liking and intake for the vegetable as a whole.
6. Implications
The acceptance of a novel food depends on different parameters in terms of behaviour
and attitude, that include preference, choice and consumption, as well as a willingness to
eat foods and the desired consumption frequency [122].
The aim of this study was to explore the effect of the serving style on the consumption
of a novel vegetable. It was demonstrated that the shape of the served vegetable does not
significantly influence the preference and intake on behalf of 3–5-year-old children. The
effect of repeated exposure was depicted in this study as, independently of the serving
style, children consumed and liked the vegetable they were exposed to more. This is an
important point for every-day practice, encouraging parents and caregivers to repeatedly
present unfamiliar vegetables.
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The fact that intake and liking of daikon improved after repeated exposures to every
serving style, in practice means that parents and caregivers do not necessarily need to
present vegetables cut in a particular shape nor at the same format every time, providing
them with flexibility. It seems that even a few infrequent exposures could provide with
a benefit with the vegetable being served in every format, with the more “fun” shapes to
potentially bring a faster result.
We acknowledge that the above suggestion could be highly influenced by the familial
environment. Holley et al. investigated the strategies used by the caregivers towards
presenting vegetables to the children, categorising them in active/behavioural methods,
passive methods and food manipulations [123]. The same article demonstrated that the
caregiver’s personal preferences for vegetables affect whether their children are exposed
to specific stimuli, which is in line with other studies [124,125]. Children who are fussier
with vegetables have usually been reoffered vegetables less times [125], while it is more
likely for mothers who consume more vegetables themselves to reoffer these vegetables
to their children because they are concerned, among others, of the food waste related to
the rejection of the vegetable [124]. This parameter might be enhanced when the parent is
called to cut the vegetable in a specific shape, which could potentially increase waste. It is
therefore important for parents and caregivers to keep in mind that as repeated exposure
has been demonstrated to be a successful strategy by a previous study [126] and the present
study, waste would not be a long-term issue. Moreover, the results of the present study
show that every serving style can deliver a positive result, a fact that could reduce parental
hesitation to reoffer an unfamiliar vegetable in terms of waste too. It is important to
mention that according to Kähkönen et al., it is important to take into account the family
influence as a whole. The authors found that the eating habits of the fathers may decrease
the preference for fruit and vegetables of their children as they tend to exert a more relaxed
eating attitude. This result was shown to be more prominent for strong-tasting vegetables,
which are usually the hardest in terms of acceptance [72].
Therefore, it seems that repeated exposure of a vegetable in any serving style is
effective and it could have greater results with the appropriate support and paradigm
exerted by the family members of the children, as they act as role-models for the children.
Author Contributions: Conceptualization, P.M., H.H. and A.O.; methodology, P.M., H.H. and A.O.;
formal analysis, K.K. and C.R.; investigation, D.S.A. and R.A.; resources, P.M., H.H. and A.O.; data
curation, D.S.A., R.A., H.H. and A.O.; writing—original draft preparation, K.K.; writing—review
and editing, all authors; visualization, K.K.; supervision, A.O.; project administration, P.M., H.H. and
A.O.; funding acquisition, P.M. All authors have read and agreed to the published version of the
manuscript.
Funding: The study received funding from the European Community’s Seventh Framework Programme (FP7/2007–2013) by the Grant Agreement No. FP7-245012-HabEat. The research also
received funding from the Nordea-fonden by the project “Taste for Life”.
Institutional Review Board Statement: After a review of the study protocol by the Danish National
Committee on Biomedical Research Ethics, it was concluded that a formal ethical approval was not
required (ref. H-2-2011-FSP9).
Informed Consent Statement: Informed consent was obtained from the parents of all children that
participated in the study.
Data Availability Statement: Data is not available for sharing.
Acknowledgments: Louise Grønhøj Hørbye Jensen and Ellen Hyldgaard Tørsleff are kindly acknowledged for being responsible for the sensory profiling.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

Maynard, M.; Gunnell, D.; Emmett, P.; Frankel, S.; Davey Smith, G. Fruit, Vegetables, and Antioxidants in Childhood and Risk of
Adult Cancer: The Boyd Orr Cohort. J. Epidemiol. Commun. Health 2003, 57, 218–225. [CrossRef] [PubMed]

Foods 2021, 10, 909

2.

3.
4.
5.

6.
7.
8.

9.
10.

11.
12.
13.
14.
15.

16.
17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

22 of 26

Hung, H.-C.; Joshipura, K.J.; Jiang, R.; Hu, F.B.; Hunter, D.; Smith-Warner, S.A.; Colditz, G.A.; Rosner, B.; Spiegelman, D.; Willett,
W.C. Fruit and Vegetable Intake and Risk of Major Chronic Disease. JNCI J. Natl. Cancer Inst. 2004, 96, 1577–1584. [CrossRef]
[PubMed]
WHO/FAO. Fruit and Vegetables for Health Initiative; World Health Organisation: Geneva, Switzerland, 2017.
Yip, C.S.C.; Chan, W.; Fielding, R. The Associations of Fruit and Vegetable Intakes with Burden of Diseases: A Systematic Review
of Meta-Analyses. J. Acad. Nutr. Diet. 2019, 119, 464–481. [CrossRef] [PubMed]
Hartley, L.; Igbinedion, E.; Holmes, J.; Flowers, N.; Thorogood, M.; Clarke, A.; Stranges, S.; Hooper, L.; Rees, K. Increased
Consumption of Fruit and Vegetables for the Primary Prevention of Cardiovascular Diseases. Cochrane Database Syst. Rev. 2013,
2013, 1–48. [CrossRef] [PubMed]
Norden. Nordic Nutrition Recommendations 2012: Integrating Nutrition and Physical Activity, 5th ed.; Nordisk Ministerråd: Copenhagen, Denmark, 2014.
Fødevarestyrelsen. De Officielle Kostråd—Godt for Sundhed og Klima. Available online: https://altomkost.dk/raad-oganbefalinger/de-officielle-kostraad-godt-for-sundhed-og-klima/ (accessed on 20 January 2021).
Yngve, A.; Wolf, A.; Poortvliet, E.; Elmadfa, I.; Brug, J.; Ehrenblad, B.; Franchini, B.; Haraldsdóttir, J.; Krølner, R.; Maes, L.; et al.
Fruit and Vegetable Intake in a Sample of 11-Year-Old Children in 9 European Countries: The Pro Children Cross-Sectional
Survey. Ann. Nutr. Metab. 2005, 49, 236–245. [CrossRef] [PubMed]
Mikkilä, V.; Räsänen, L.; Raitakari, O.T.; Pietinen, P.; Viikari, J. Consistent Dietary Patterns Identified from Childhood to
Adulthood: The Cardiovascular Risk in Young Finns Study. Br. J. Nutr. 2005, 93, 923–931. [CrossRef] [PubMed]
Movassagh, E.Z.; Baxter-Jones, A.D.G.; Kontulainen, S.; Whiting, S.J.; Vatanparast, H. Tracking Dietary Patterns over 20 Years
from Childhood through Adolescence into Young Adulthood: The Saskatchewan Pediatric Bone Mineral Accrual Study. Nutrients
2017, 9, 990. [CrossRef] [PubMed]
Nicklaus, S.; Boggio, V.; Chabanet, C.; Issanchou, S. A Prospective Study of Food Preferences in Childhood. Food Qual. Prefer.
2004, 15, 805–818. [CrossRef]
Resnicow, K.; Smith, M.; Baranowski, T.; Baranaowski, J.; Vaughan, R.; Davis, M. 2-Year Tracking of Children’s Fruit and Vegetable
Intake. J. Am. Diet. Assoc. 1998, 98, 785–789. [CrossRef]
Singer, M.R.; Moore, L.L.; Garrahie, E.J.; Ellison, R.C. The Tracking of Nutrient Intake in Young Children: The Framingham
Children’s Study. Am. J. Public Health 1995, 85, 1673–1677. [CrossRef]
Blanchette, L.; Brug, J. Determinants of Fruit and Vegetable Consumption among 6-12-Year-Old Children and Effective Interventions to Increase Consumption. J. Hum. Nutr. Diet. 2005, 18, 431–443. [CrossRef]
Reinaerts, E.B.M.; de Nooijer, J.M.; Candel, M.J.J.M.; de Vries, N.K. Explaining School Children’s Fruit and Vegetable Consumption:
The Contributions of Availability, Accessibility, Exposure, Parental Consumption and Habit in Addition to Psychosocial Factors.
Appetite 2007, 48, 248–258. [CrossRef]
Bere, E.; Klepp, K.-I. Changes in Accessibility and Preferences Predict Children’s Future Fruit and Vegetable Intake. Int. J. Behav.
Nutr. Phys. Act. 2005, 2, 15. [CrossRef] [PubMed]
Cullen, K.W.; Baranowski, T.; Owens, E.; Marsh, T.; Rittenberry, L.; de Moor, C. Availability, Accessibility, and Preferences for
Fruit, 100% Fruit Juice, and Vegetables Influence Children’s Dietary Behavior. Heal. Educ. Behav. 2003, 30, 615–626. [CrossRef]
Rasmussen, M.; Krølner, R.; Klepp, K.-I.; Lytle, L.; Brug, J.; Bere, E.; Due, P. Determinants of Fruit and Vegetable Consumption
among Children and Adolescents: A Review of the Literature. Part I: Quantitative Studies. Int. J. Behav. Nutr. Phys. Act. 2006, 3,
22. [CrossRef] [PubMed]
Zeinstra, G.G.; Koelen, M.A.; Kok, F.J.; de Graaf, C. Cognitive Development and Children’s Perceptions of Fruit and Vegetables; a
Qualitative Study. Int. J. Behav. Nutr. Phys. Act. 2007, 4, 30. [CrossRef] [PubMed]
Wardle, J. Parental Influences on Children’s Diets. Proc. Nutr. Soc. 1995, 54, 747–758. [CrossRef] [PubMed]
Birch, L.L. Development of Food Preferences. Annu. Rev. Nutr. 1999, 19, 41–62. [CrossRef] [PubMed]
Szczesniak, A.S. Texture Is a Sensory Property. Food Qual. Prefer. 2002, 13, 215–225. [CrossRef]
Hendy, H.M.; Raudenbush, B. Effectiveness of Teacher Modeling to Encourage Food Acceptance in Preschool Children. Appetite
2000, 34, 61–76. [CrossRef] [PubMed]
Birch, L.L. Effects of Peer Models’ Food Choices and Eating Behaviors on Preschoolers’ Food Preferences. Child Dev. 1980, 51,
489–496. [CrossRef]
Cooke, L.J.; Wardle, J. Age and Gender Differences in Children’s Food Preferences. Br. J. Nutr. 2005, 93, 741–746. [CrossRef]
[PubMed]
Ventura, A.K.; Worobey, J. Early Influences on the Development of Food Preferences. Curr. Biol. 2013, 23, R401–R408. [CrossRef]
[PubMed]
Gibson, E.L.; Cooke, L. Understanding Food Fussiness and Its Implications for Food Choice, Health, Weight and Interventions in
Young Children: The Impact of Professor Jane Wardle. Curr. Obes. Rep. 2017, 6, 46–56. [CrossRef] [PubMed]
Beckerman, J.P.; Alike, Q.; Lovin, E.; Tamez, M.; Mattei, J. The Development and Public Health Implications of Food Preferences
in Children. Front. Nutr. 2017, 4, 66. [CrossRef] [PubMed]
Mennella, J.A.; Reiter, A.R.; Daniels, L.M. Vegetable and Fruit Acceptance during Infancy: Impact of Ontogeny, Genetics, and
Earlyexperiences. Adv. Nutr. 2016, 7, 211S–219S. [CrossRef] [PubMed]

Foods 2021, 10, 909

30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.

42.
43.
44.
45.
46.

47.

48.
49.
50.

51.
52.
53.
54.
55.
56.

57.

23 of 26

Soldateli, B.; Vigo, A.; Giugliani, E.R.J. Effect of Pattern and Duration of Breastfeeding on the Consumption of Fruits and
Vegetables among Preschool Children. PLoS ONE 2016, 11, e0148357. [CrossRef]
Kheir, F.; Feeley, N.; Maximova, K.; Drapeau, V.; Henderson, M.; Van Hulst, A. Breastfeeding Duration in Infancy and Dietary
Intake in Childhood and Adolescence. Appetite 2021, 158, 104999. [CrossRef]
Birch, L.L.; Fisher, J.O. Development of Eating Behaviors Among Children and Adolescents. Pediatrics 1998, 101, 539–549.
Caton, S.J.; Blundell, P.; Ahern, S.M.; Nekitsing, C.; Olsen, A.; Møller, P.; Hausner, H.; Remy, E.; Nicklaus, S.; Chabanet, C.;
et al. Learning to Eat Vegetables in Early Life: The Role of Timing, Age and Individual Eating Traits. PLoS ONE 2014, 9, e97609.
[CrossRef]
Harris, G.; Mason, S. Are There Sensitive Periods for Food Acceptance in Infancy? Curr. Nutr. Rep. 2017, 6, 190–196. [CrossRef]
[PubMed]
Zajonc, R. Attitudinal Effects of Mere Exposure. J. Pers. Soc. Psychol. 1968, 9, 1–27. [CrossRef]
Capaldi, E.D. Why We Eat what We Eat: The Psychology of Eating, 1st ed.; American Psychological Association: Washington, DC,
USA, 1996.
Wardle, J.; Cooke, L.J.; Gibson, E.L.; Sapochnik, M.; Sheiham, A.; Lawson, M. Increasing Children’s Acceptance of Vegetables; a
Randomized Trial of Parent-Led Exposure. Appetite 2003, 40, 155–162. [CrossRef]
Cooke, L. The Importance of Exposure for Healthy Eating in Childhood: A Review. J. Hum. Nutr. Diet. 2007, 20, 294–301.
[CrossRef]
Lakkakula, A.; Geaghan, J.; Zanovec, M.; Pierce, S.; Tuuri, G. Repeated Taste Exposure Increases Liking for Vegetables by
Low-Income Elementary School Children. Appetite 2010, 55, 226–231. [CrossRef] [PubMed]
Anzman-Frasca, S.; Savage, J.S.; Marini, M.E.; Fisher, J.O.; Birch, L.L. Repeated Exposure and Associative Conditioning Promote
Preschool Children’s Liking of Vegetables. Appetite 2012, 58, 543–553. [CrossRef] [PubMed]
Zeinstra, G.G.; Vrijhof, M.; Kremer, S. Is Repeated Exposure the Holy Grail for Increasing Children’s Vegetable Intake? Lessons
Learned from a Dutch Childcare Intervention Using Various Vegetable Preparations. Appetite 2018, 121, 316–325. [CrossRef]
[PubMed]
Birch, L.L.; Marlin, D.W. I Don’t like It; I Never Tried It: Effects of Exposure on Two-Year-Old Children’s Food Preferences.
Appetite 1982, 3, 353–360. [CrossRef]
Pliner, P.; Pelchat, M.; Grabski, M. Reduction of Neophobia in Humans by Exposure to Novel Foods. Appetite 1993, 20, 111–123.
[CrossRef] [PubMed]
Williams, K.E.; Paul, C.; Pizzo, B.; Riegel, K. Practice Does Make Perfect. A Longitudinal Look at Repeated Taste Exposure.
Appetite 2008, 51, 739–742. [CrossRef]
Tuorila, H.; Hartmann, C. Consumer Responses to Novel and Unfamiliar Foods. Curr. Opin. Food Sci. 2020, 33, 1–8. [CrossRef]
Krølner, R.; Rasmussen, M.; Brug, J.; Klepp, K.-I.; Wind, M.; Due, P. Determinants of Fruit and Vegetable Consumption among
Children and Adolescents: A Review of the Literature. Part II: Qualitative Studies. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 112.
[CrossRef] [PubMed]
Sandvik, C.; de Bourdeaudhuij, I.; Due, P.; Brug, J.; Wind, M.; Bere, E.; Pérez-Rodrigo, C.; Wolf, A.; Elmadfa, I.; Thórsdóttir, I.;
et al. Personal, Social and Environmental Factors Regarding Fruit and Vegetable Intake among Schoolchildren in Nine European
Countries. Ann. Nutr. Metab. 2005, 49, 255–266. [CrossRef] [PubMed]
Harris, G. Neophobia at 20 Months: A Visual Categorization Problem? In Food Neophobia: Behavioral and Biological Influences;
Elsevier: Amsterdam, The Netherlands, 2018; pp. 193–217.
Zeinstra, G.G.; Koelen, M.A.; Kok, F.J.; de Graaf, C. The Influence of Preparation Method on Children’s Liking for Vegetables.
Food Qual. Prefer. 2010, 21, 906–914. [CrossRef]
Sandvik, P.; Laureati, M.; Jilani, H.; Methven, L.; Sandell, M.; Hörmann-Wallner, M.; da Quinta, N.; Zeinstra, G.G.; Almli, V.L.
Yuck, This Biscuit Looks Lumpy! Neophobic Levels and Cultural Differences Drive Children’s Check-All-That-Apply (CATA)
Descriptions and Preferences for High-Fibre Biscuits. Foods 2020, 10, 21. [CrossRef]
Cooke, L.; Wardle, J.; Gibson, E.L. Relationship between Parental Report of Food Neophobia and Everyday Food Consumption in
2-6-Year-Old Children. Appetite 2003, 41, 205–206. [CrossRef]
Brown, S.D.; Harris, G. A Theoretical Proposal for a Perceptually Driven, Food-Based Disgust That Can Influence Food Acceptance
During Early Childhood. Int. J. Child Heal. Nutr. 2012, 1, 1–10. [CrossRef]
Smeets, P.A.M.; Erkner, A.; de Graaf, C. Cephalic Phase Responses and Appetite. Nutr. Rev. 2010, 68, 643–655. [CrossRef]
[PubMed]
Kringelbach, M.L.; Stein, A.; van Hartevelt, T.J. The Functional Human Neuroanatomy of Food Pleasure Cycles. Physiol. Behav.
2012, 106, 307–316. [CrossRef]
Spence, C.; Piqueras-Fiszman, B.; Blumenthal, H. The Perfect Meal: The Multisensory Science of Food and Dining; EBL-Schweitzer;
Wiley-Blackwell: Hoboken, NJ, USA, 2014.
Sarin, H.V.; Taba, N.; Fischer, K.; Esko, T.; Kanerva, N.; Moilanen, L.; Saltevo, J.; Joensuu, A.; Borodulin, K.; Männistö, S.;
et al. Food Neophobia Associates with Poorer Dietary Quality, Metabolic Risk Factors, and Increased Disease Outcome Risk in
Population-Based Cohorts in a Metabolomics Study. Am. J. Clin. Nutr. 2019, 110, 233–245. [CrossRef] [PubMed]
Moskowitz, H. Food Concepts and Products: Just-in-Time Development; Food and Nutrition Press: Trumbull, CT, USA, 1994; Volume
502.

Foods 2021, 10, 909

58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

24 of 26

Hill, L.; Casswell, S.; Maskill, C.; Jones, S.; Wyllie, A. Fruit and Vegetables as Adolescent Food Choices in New Zealand. Health
Promot. Int. 1998, 13, 55–65. [CrossRef]
Addessi, E.; Galloway, A.T.; Visalberghi, E.; Birch, L.L. Specific Social Influences on the Acceptance of Novel Foods in 2-5-Year-Old
Children. Appetite 2005, 45, 264–271. [CrossRef] [PubMed]
Cashdan, E. A Sensitive Period for Learning about Food. Hum. Nat. 1994, 5, 279–291. [CrossRef] [PubMed]
Harper, L.V.; Sanders, K.M. The Effect of Adults’ Eating on Young Children’s Acceptance of Unfamiliar Foods. J. Exp. Child
Psychol. 1975, 20, 206–214. [CrossRef]
Lafraire, J.; Rioux, C.; Giboreau, A.; Picard, D. Food Rejections in Children: Cognitive and Social/Environmental Factors Involved
in Food Neophobia and Picky/Fussy Eating Behavior. Appetite 2016, 96, 347–357. [CrossRef]
Maratos, F.A.; Staples, P. Attentional Biases towards Familiar and Unfamiliar Foods in Children. The Role of Food Neophobia.
Appetite 2015, 91, 220–225. [CrossRef] [PubMed]
Dovey, T.M.; Aldridge, V.K.; Dignan, W.; Staples, P.A.; Gibson, E.L.; Halford, J.C.G. Developmental Differences in Sensory
Decision Making Involved in Deciding to Try a Novel Fruit. Br. J. Health Psychol. 2012, 17, 258–272. [CrossRef] [PubMed]
Dazeley, P.; Houston-Price, C.; Hill, C. Should Healthy Eating Programmes Incorporate Interaction with Foods in Different
Sensory Modalities? A Review of the Evidence. Br. J. Nutr. 2012, 108, 769–777. [CrossRef] [PubMed]
Coulthard, H.; Palfreyman, Z.; Morizet, D. Sensory Evaluation of a Novel Vegetable in School Age Children. Appetite 2016, 100,
64–69. [CrossRef]
Bönnhoff, N.; Eissing, G.; Baumann, T.; Kuss, S. Steigerung Des Obst- Und Gemüseverzehrs Bei Grundschulkindern. ErnährungsUmschau 2002, 49, 340–343.
Olsen, A.; Ritz, C.; Kramer, L.; Møller, P. Serving Styles of Raw Snack Vegetables. What Do Children Want? Appetite 2012, 59,
556–562. [CrossRef] [PubMed]
Kranz, S.; Baker, S.; Mccabe, S.; Swithers, S.; Payne, C. Children’s Perceptions of Child-Friendly Shaped Fruit and Vegetable
Snacks: Are They Seen as More Fun and Appealing? BAOJ Nutr. 2015, 1, 006. [CrossRef]
Chung, L.M.Y.; Fong, S.S.M. Appearance Alteration of Fruits and Vegetables to Increase Their Appeal to and Consumption by
School-Age Children: A Pilot Study. Heal. Psychol. Open 2018, 5, 2055102918802679. [CrossRef] [PubMed]
Salvy, S.-J.; Vartanian, L.R.; Coelho, J.S.; Jarrin, D.; Pliner, P.P. The Role of Familiarity on Modeling of Eating and Food Consumption
in Children. Appetite 2008, 50, 514–518. [CrossRef] [PubMed]
Kähkönen, K.; Sandell, M.; Rönkä, A.; Hujo, M.; Nuutinen, O. Children’s Fruit and Vegetable Preferences Are Associated with
Their Mothers’ and Fathers’ Preferences. Foods 2021, 10, 261. [CrossRef] [PubMed]
Guerrero, A.D.; Chu, L.; Franke, T.; Kuo, A.A. Father Involvement in Feeding Interactions with Their Young Children. Am. J.
Health Behav. 2016, 40, 221–230. [CrossRef] [PubMed]
Cooke, L. Genetic and Environmental Influences on Food Neophobia. In Food Neophobia: Behavioral and Biological Influences;
Elsevier: Amsterdam, The Netherlands, 2018; pp. 237–254.
Estay, K.; Pan, S.; Zhong, F.; Capitaine, C.; Guinard, J.X. A Cross-Cultural Analysis of Children’s Vegetable Preferences. Appetite
2019, 142, 104346. [CrossRef] [PubMed]
Karagiannaki, K.; Ritz, C.; Jensen, L.G.H.; Tørsleff, E.H.; Møller, P.; Hausner, H.; Olsen, A. Optimizing repeated exposure:
Determining optimal exposure frequency for introducing a novel vegetable among children. Foods 2021, (in press).
Olsen, A.; Ritz, C.; Kraaij, L.W.; Møller, P. Children’s Liking and Intake of Vegetables: A School-Based Intervention Study. Food
Qual. Prefer. 2012, 23, 90–98. [CrossRef]
Saxholt, E.; Christensen, A.T.; Møller, A.; Hartkopp, H.B.; Hess Ygil, K.; Hels, O.H. Fødevarerdatabanken Version 7.01; Afdeling for
Ernæring, Fødevareinstituttet DTU: Søborg, Denmark, 2009.
Christensen, L.P.; Edelenbos, M.; Kreutzmann, S. Fruits and Vegetables of Moderate Climate. In Flavours Fragrances; Springer:
Berlin/Handeberg, Germany, 2007; pp. 169–172.
McGee, H. A Survey of Common Vegetables. In McGee on Food and Cooking, an Encyclopedia of Kitchen Science, History and Culture;
Hodder and Stoughton: London, UK, 2004; pp. 309–310, 320–324, 328.
Fagt, S.; Christensen, T.; Groth, M.V.; Biltoft-Jensen, A.; Matthiessen, J.; Trolle, E. Børn Og Unges Måltidsvaner 2000–2004; Afdeling
for Ernæring, Fødevareinstituttet DTU: Søborg, Denmark, 2007.
Hoppe, C.; Biltoft-Jensen, A.P.; Trolle, E.; Tetens, I. Beskrivelse Af 8- Til 10-Årige Og 12- Til 14-Årige Børns Kost—Med Fokus På Indtag
i Skole Og Fritidsordning; Fødevareinstituttet DTU: Søborg, Denmark, 2009.
Rico, D.; Martín-Diana, A.B.; Barat, J.M.; Barry-Ryan, C. Extending and Measuring the Quality of Fresh-Cut Fruit and Vegetables:
A Review. Trends Food Sci. Technol. 2007, 18, 373–386. [CrossRef]
Popper, R.; Kroll, J.J. Consumer Testing of Food Products Using Children. In Developing Children’s Food Products; Elsevier:
Amsterdam, The Netherlands, 2011; pp. 163–187.
Poelman, A.A.M.; Delahunty, C.M. The Effect of Preparation Method and Typicality of Colour on Children’s Acceptance for
Vegetables. Food Qual. Prefer. 2011, 22, 355–364. [CrossRef]
Rollins, B.Y.; Loken, E.; Birch, L.L. Stability and Change in Snack Food Likes and Dislikes from 5 to 11 Years. Appetite 2010, 55,
371–373. [CrossRef] [PubMed]
Maxwell, A.E.; Castillo, L.; Arce, A.A.; De Anda, T.; Martins, D.; McCarthy, W.J. Eating Veggies Is Fun! An Implementation Pilot
Study in Partnership With a YMCA in South Los Angeles. Prev. Chronic Dis. 2018, 15, E132. [CrossRef]

Foods 2021, 10, 909

88.
89.
90.
91.
92.
93.
94.
95.

96.
97.
98.
99.
100.
101.

102.
103.
104.
105.
106.
107.

108.

109.
110.

111.
112.

113.

114.
115.

25 of 26

Holley, C.E.; Haycraft, E.; Farrow, C. ‘Why Don’t You Try It Again?’ A Comparison of Parent Led, Home Based Interventions
Aimed at Increasing Children’s Consumption of a Disliked Vegetable. Appetite 2015, 87, 215–222. [CrossRef] [PubMed]
Zeinstra, G.G.; Renes, R.J.; Koelen, M.A.; Kok, F.J.; de Graaf, C. Offering Choice and Its Effect on Dutch Children’s Liking and
Consumption of Vegetables: A Randomized Controlled Trial. Am. J. Clin. Nutr. 2010, 91, 349–356. [CrossRef] [PubMed]
Musher-Eizenman, D.; Holub, S. Comprehensive Feeding Practices Questionnaire: Validation of a New Measure of Parental
Feeding Practices. J. Pediatr. Psychol. 2007, 32, 960–972. [CrossRef] [PubMed]
Wardle, J.; Guthrie, C.A.; Sanderson, S.; Rapoport, L. Development of the Children’s Eating Behaviour Questionnaire. J. Child
Psychol. Psychiatry 2001, 42, 963–970. [CrossRef] [PubMed]
Pliner, P. Development of Measures of Food Neophobia in Children. Appetite 1994, 23, 147–163. [CrossRef] [PubMed]
Lawless, H.T.; Heymann, H. Sensory Evaluation of Food Principles and Practices, 2nd ed.; Springer: New York, NY, USA, 2010.
Meilgaard, M.C.; Civille, G.V.; Carr, B.T. Sensory Evaluation Techniques, 4th ed.; CRC Press: Boca Raton, FL, USA, 2006.
Kemp, S.E.; Holywood, T.; Hort, J. Sensory Evaluation: A Practical Handbook; Wiley-Blackwell: Hoboken, NJ, USA, 2011; Available
online: https://www.wiley.com/en-us/Sensory+Evaluation%3A+A+Practical+Handbook-p-9781405162104 (accessed on 15
September 2020).
Jose, P.; Bates, D.; DebRoy, S.; Sarkar, D.; R Core Team. Linear and Nonlinear Mixed Effects Models; R Core Team: Vienna, Austria,
2018.
Hothorn, T.; Bretz, F.; Westfall, P. Simultaneous Inference in General Parametric Models. Biom. J. 2008, 50, 346–363. [CrossRef]
[PubMed]
Kwak, S.G.; Kim, J.H. Central Limit Theorem: The Cornerstone of Modern Statistics. Korean J. Anesthesiol. 2017, 70, 144–156.
[CrossRef]
Wardle, J.; Herrera, M.-L.; Cooke, L.; Gibson, E.L. Modifying Children’s Food Preferences: The Effects of Exposure and Reward
on Acceptance of an Unfamiliar Vegetable. Eur. J. Clin. Nutr. 2003, 57, 341–348. [CrossRef] [PubMed]
Guiné, R.P.F.; Florença, S.G.; Barroca, M.J.; Anjos, O. The Duality of Innovation and Food Development versus Purely Traditional
Foods. Trends Food Sci. Technol. 2021, 109, 16–24. [CrossRef]
Nacef, M.; Lelièvre-Desmas, M.; Symoneaux, R.; Jombart, L.; Flahaut, C.; Chollet, S. Consumers’ Expectation and Liking for
Cheese: Can Familiarity Effects Resulting from Regional Differences Be Highlighted within a Country? Food Qual. Prefer. 2019, 72,
188–197. [CrossRef]
Aldridge, V.; Dovey, T.M.; Halford, J.C.G. The Role of Familiarity in Dietary Development. Dev. Rev. 2009, 29, 32–44. [CrossRef]
Van Eck, A.; Wijne, C.; Fogliano, V.; Stieger, M.; Scholten, E. Shape up! How Shape, Size and Addition of Condiments Influence
Eating Behavior towards Vegetables. Food Funct. 2019, 10, 5739–5751. [CrossRef] [PubMed]
Goh, J.; Russell, C.; Liem, D. An Investigation of Sensory Specific Satiety and Food Size When Children Consume a Whole or
Diced Vegetable. Foods 2017, 6, 55. [CrossRef] [PubMed]
Liem, D.G.; Russell, C.G. Supersize Me. Serving Carrots Whole versus Diced Influences Children’s Consumption. Food Qual.
Prefer. 2019, 74, 30–37. [CrossRef]
Ahern, S.M.; Caton, S.J.; Blundell-Birtill, P.; Hetherington, M.M. The Effects of Repeated Exposure and Variety on Vegetable
Intake in Pre-School Children. Appetite 2019, 132, 37–43. [CrossRef] [PubMed]
Houston-Price, C.; Owen, L.H.; Kennedy, O.B.; Hill, C. Parents’ Experiences of Introducing Toddlers to Fruits and Vegetables
through Repeated Exposure, with and without Prior Visual Familiarization to Foods: Evidence from Daily Diaries. Food Qual.
Prefer. 2019, 71, 291–300. [CrossRef]
Mohd Nor, N.D.; Houston-Price, C.; Harvey, K.; Methven, L. The Effects of Taste Sensitivity and Repeated Taste Exposure on
Children’s Intake and Liking of Turnip (Brassica Rapa Subsp. Rapa); a Bitter Brassica Vegetable. Appetite 2021, 157, 104991.
[CrossRef]
Nederkoorn, C.; Theiβen, J.; Tummers, M.; Roefs, A. Taste the Feeling or Feel the Tasting: Tactile Exposure to Food Texture
Promotes Food Acceptance. Appetite 2018, 120, 297–301. [CrossRef]
Nekitsing, C.; Blundell-Birtill, P.; Cockroft, J.E.; Hetherington, M.M. Taste Exposure Increases Intake and Nutrition Education
Increases Willingness to Try an Unfamiliar Vegetable in Preschool Children: A Cluster Randomized Trial. J. Acad. Nutr. Diet. 2019,
119, 2004–2013. [CrossRef] [PubMed]
Ahern, S.M.; Caton, S.J.; Blundell, P.; Hetherington, M.M. The Root of the Problem: Increasing Root Vegetable Intake in Preschool
Children by Repeated Exposure and Flavour Flavour Learning. Appetite 2014, 80, 154–160. [CrossRef]
Bouhlal, S.; Issanchou, S.; Chabanet, C.; Nicklaus, S. ‘Just a Pinch of Salt’. An Experimental Comparison of the Effect of
Repeated Exposure and Flavor-Flavor Learning with Salt or Spice on Vegetable Acceptance in Toddlers. Appetite 2014, 83, 209–217.
[CrossRef] [PubMed]
Caton, S.J.; Ahern, S.M.; Remy, E.; Nicklaus, S.; Blundell, P.; Hetherington, M.M. Repetition Counts: Repeated Exposure Increases
Intake of a Novel Vegetable in UK Pre-School Children Compared to Flavour–Flavour and Flavour–Nutrient Learning. Br. J. Nutr.
2013, 109, 2089–2097. [CrossRef] [PubMed]
De Wild, V.; de Graaf, C.; Jager, G. Efficacy of Repeated Exposure and Flavour–Flavour Learning as Mechanisms to Increase
Preschooler’s Vegetable Intake and Acceptance. Pediatr. Obes. 2015, 10, 205–212. [CrossRef] [PubMed]
De Wild, V.W.T.; de Graaf, C.; Jager, G. Effectiveness of Flavour Nutrient Learning and Mere Exposure as Mechanisms to Increase
Toddler’s Intake and Preference for Green Vegetables. Appetite 2013, 64, 89–96. [CrossRef] [PubMed]

Foods 2021, 10, 909

26 of 26

116. De Wild, V.W.T.; de Graaf, C.; Jager, G. Use of Different Vegetable Products to Increase Preschool-Aged Children’s Preference for
and Intake of a Target Vegetable: A Randomized Controlled Trial. J. Acad. Nutr. Diet. 2017, 117, 859–866. [CrossRef] [PubMed]
117. Hausner, H.; Olsen, A.; Møller, P. Mere Exposure and Flavour-Flavour Learning Increase 2-3year-Old Children’s Acceptance of a
Novel Vegetable. Appetite 2012, 58, 1152–1159. [CrossRef] [PubMed]
118. Birch, L.L.; Sullivan, S.A. Measuring Children’s Food Preferences. J. Sch. Health 1991, 61, 212–214. [CrossRef] [PubMed]
119. Cooke, L.J.; Chambers, L.C.; Añez, E.V.; Croker, H.A.; Boniface, D.; Yeomans, M.R.; Wardle, J. Eating for Pleasure or Profit: The
Effect of Incentives on Children’s Enjoyment of Vegetables. Psychol. Sci. 2011, 22, 190–196. [CrossRef] [PubMed]
120. Capaldi-Phillips, E.D.; Wadhera, D. Associative Conditioning Can Increase Liking for and Consumption of Brussels Sprouts in
Children Aged 3 to 5 Years. J. Acad. Nutr. Diet. 2014, 114, 1236–1241. [CrossRef] [PubMed]
121. Van Kleef, E.; Bruggers, I.; De Vet, E. Encouraging Vegetable Intake as a Snack among Children: The Influence of Portion and Unit
Size. Public Health Nutr. 2015, 18, 2736–2741. [CrossRef] [PubMed]
122. Guiné, R.P.F.; Florença, S.G.; Barroca, M.J.; Anjos, O. The Link between the Consumer and the Innovations in Food Product
Development. Foods 2020, 9, 1317. [CrossRef]
123. Holley, C.E.; Farrow, C.; Haycraft, E. Investigating Offering of Vegetables by Caregivers of Preschool Age Children. Child. Care.
Health Dev. 2017, 43, 240–249. [CrossRef] [PubMed]
124. Holley, C.E.; Farrow, C.; Haycraft, E. If at First You Don’t Succeed: Assessing Influences Associated with Mothers’ Reoffering of
Vegetables to Preschool Age Children. Appetite 2018, 123, 249–255. [CrossRef] [PubMed]
125. Holley, C.E.; Haycraft, E.; Farrow, C. Predicting Children’s Fussiness with Vegetables: The Role of Feeding Practices. Matern.
Child Nutr. 2018, 14, e12442. [CrossRef]
126. Holley, C.E.; Farrow, C.; Haycraft, E. A Systematic Review of Methods for Increasing Vegetable Consumption in Early Childhood.
Curr. Nutr. Rep. 2017, 6, 157–170. [CrossRef] [PubMed]

