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Abstract 
Background: Taste sensitivity has been reported to influence 
children’s eating behaviour and contribute to their food preferences 
and intake. This study aimed to investigate the associations between 
taste sensitivity and eating behaviour in preadolescents. 
Methods: Children’s taste sensitivity was measured by detection 
threshold with five different concentration levels of sweetness 
(sucrose), sourness (citric acid), saltiness (sodium chloride), bitterness 
(caffeine, quinine), and umami (monosodium glutamate). In addition, 
the Child Eating Behaviour Questionnaire (CEBQ), the Food Propensity 
Questionnaire (FPQ), and the children’s body weight and height were 
completed by the parents. Children conducted the sensory evaluation 
test at schools while parents completed the questionnaires online. 
Results: A total of 69 child-parent dyads participated. Taste sensitivity 
was significantly associated with eating behaviour in food 
responsiveness, emotional overeating, and desire to drink. Children 
who were less sensitive to caffeine bitterness (higher detection 
threshold) had higher food responsiveness scores, while those who 
were less sensitive to sweetness and caffeine bitterness had higher 
emotional overeating scores. In addition, children who were less 
sensitive to sourness and bitterness of both caffeine and quinine 
demonstrated to have higher scores in desire to drink. There was no 
association between taste sensitivity and FPQ, but significant 
differences were observed across children’s body mass index (BMI) 
regarding their FPQ of dairy food items, indicating higher 
consumption of low-fat milk in the overweight/obese compared to the 
normal-weight subjects. There was no significant difference in taste 
sensitivity according to BMI. Children’s eating behaviour differed 
across BMI, demonstrating a positive association between BMI and 
food approach, and a negative association between BMI and food 
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avoidance. 
Conclusions: This study contributes to the preliminary understanding 
of the relationships between taste sensitivity and eating behaviour in 
preadolescents which could be used to develop effective strategies to 
promote healthy eating practices in children by considering their taste 
sensitivity.
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Introduction
Taste significantly influences children’s food preference, choice, 
and intake (Boesveldt et al., 2018; De Cosmi et al., 2017;  
Nguyen et al., 2015). Previous studies reported that children  
aged 11–13 years have different intensity perceptions of basic  
tastes (Ervina et al., 2020; Overberg et al., 2012) which  
demonstrate individual differences in taste sensitivity among  
preadolescents. Individual differences for sweetness sensitivity  
based on detection threshold were observed in 7-14-year-old  
children (Joseph et al., 2016). Moreover, children aged  
9–11 years also have different sensitivity thresholds to bitter-
ness (Hartvig et al., 2014). Other basic tastes such as saltiness,  
sourness, and umami have been reported to be perceived  
differently in terms of their intensity perception by preado-
lescent subjects (Kildegaard et al., 2011; Kim & Lee, 2009;  
Liem, 2017; Overberg et al., 2012).

The individual differences in taste sensitivity could influ-
ence food preferences, people with low sensitivity to sweetness  
and fattiness have been reported to prefer a higher intensity 
of these tastes in their foods to meet their optimum liking (Cox  
et al., 2016; Papantoni et al., 2021). In addition, low sensitiv-
ity to a basic taste could be related to body weight (Donaldson  
et al., 2009; Overberg et al., 2012). For example, children 
with low sensitivity to sweet taste will seek a higher intensity  
of sweetness (more sugar) which can result in a higher calo-
rie intake and a possible increase in body weight (Cox et al.,  
2016; Donaldson et al., 2009; Papantoni et al., 2021).  
Moreover, obese children have been reported to have a lower 
sensitivity to sweet taste compared to normal-weight children  
(Overberg et al., 2012). On the other hand, subjects with high 
sensitivity to bitterness prefer food with a low concentra-
tion of this taste (Bell & Tepper, 2006; Hartvig et al., 2014),  
thus hindering them to consume bitter dominant foods such 
as vegetables (Oellingrath et al., 2013). This could contribute  
to the insufficiency of vegetable consumption in children.  
Norwegian children aged eight and 13 years were reported to 
have a vegetable intake below the recommended level (Hansen  
et al., 2016). Moreover, 11-year-old children were shown to 
have high preferences for sugary, salty, and fatty foods (Ervina  
et al., 2020), which are characterized as high caloric and 
poorly nutritious foods (Liem & Russell, 2019). These pref-
erences for certain foods in children could be related to their  
taste sensitivity and eating behaviour.

Children’s taste sensitivity has been reported to be associated 
with their eating behaviour. A study by Farrow & Coulthard  
(2012) suggested that five-year-old children with higher taste 
sensitivity were more susceptible to being selective eaters  
compared to children with low taste sensitivity. Moreover,  
sensitivity to sweetness and bitterness measured by detection  
threshold in 8-9-year-old children was demonstrated to be  
correlated with their food preferences and lifestyle (Rodrigues  
et al., 2020). The individual differences in perceiving taste 
at a genetic level were reported to be associated with eating  
behaviour (Chamoun et al., 2018; Hughes & Frazier-Wood,  
2016). The genetic variation in the sweet taste receptor, T1R2, 
has been reported to be associated with sugar consumption,  

and positively correlated with the risk of dental caries. On the 
other hand, the bitter taste receptor, T2R38 has been shown to 
influence children’s eating behaviour with regards to prefer-
ence and intake of vegetables (Chamoun et al., 2018), suggesting 
that children with low bitterness sensitivity have a higher  
preference for and intake of vegetables (Keller et al., 2002;  
Shen et al., 2016; Tepper, 2008).

Taste sensitivity may also be related to food exposure. A study 
by Vennerød et al. (2017) showed that pre-school children 
aged 4–5 years who were more sensitive to sweetness were 
also less frequently exposed to sweet foods. In children aged  
12–13 years a more frequent consumption of fast food was  
associated with decreasing sensitivity to saltiness and, as a 
consequence, their preference for saltier beansprout soups 
increased (Kim & Lee, 2009). A recent study by Mohd Nor et al.  
(2021) demonstrated that exposure to bitter vegetables in chil-
dren aged 3–5 years was able to increase liking and intake  
of these bitter vegetables that were initially disliked. Expo-
sure to different flavours and tastes during early childhood  
is associated with children’s food acceptability and eating 
behaviour when they grow older (Nicklaus, 2016). Frequent  
exposures to certain basic tastes have been reviewed to be asso-
ciated with increased hedonic and intensity perceptions, and 
this could directly influence taste satiation (Li et al., 2020).  
A study by Kershaw & Mattes (2018) indicated that taste expo-
sure was more crucial than sensory sensitivity in determin-
ing food preferences and eating behaviour. Further, children  
aged 4–5 years who were not sensitive to 6-n-propylthiouracil  
(PROP) bitterness (non-tasters) had a higher acceptance of  
cheese and full-fat milk compared to sensitive subjects (tast-
ers) (Keller et al., 2002). Dairy products constitute one of 
the main structures in Norwegian children’s diet at age 9 to  
13 years (Hansen et al., 2016). This food category provides a 
diverse range of essential nutrients that are highly important 
for children’s growth and development (Givens, 2020). There-
fore, it is of interest to investigate the influence of children’s  
taste sensitivity on their exposure to dairy foods.

Understanding the relationship between taste sensitivity and 
eating behaviour in preadolescent children will contribute  
to developing an appropriate strategy to promote healthy  
eating behaviour for this age group. This is important because  
preadolescence is a critical period for the development of 
lifelong eating habits (Gibson et al., 2012) but at the same  
time, children in this age group have also been reported to 
be selective eaters (Houldcroft et al., 2014) and they may 
have a risk of developing childhood obesity (Boesveldt et al.,  
2018; Leonie et al., 2018). Good eating practices that have 
been built and developed in preadolescence can be sustained 
until adolescence and may be persistent until adulthood  
(Nicklaus, 2016). Therefore, it is important to shape eating 
behaviour towards healthy food preferences at this age. To  
achieve this, it is important to investigate the mechanisms 
and determinants of child eating behaviour including the 
physiological aspects such as taste sensitivity. According to  
Nicklaus (2020), to date, comprehensive studies regarding  
eating and drinking habits of preadolescent children in relation  
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to their taste sensitivity perceptions are still limited, which 
suggests the need for more research to be conducted within  
this field.

The main objective of this study was to investigate the asso-
ciation between children’s basic taste sensitivity and their eating  
behaviour. In addition, the association between basic taste  
sensitivity and food propensity was investigated, with par-
ticular emphasis on dairy foods. The study used two bitter  
compounds, caffeine and quinine, since it has been shown 
that preadolescent subjects have different sensitivity percep-
tions for different bitter taste compounds (Ervina et al., 2020;  
Meyerhof et al., 2010). Moreover, the relationships between 
taste sensitivity, eating behaviour, and children’s body mass  
index (BMI) were also explored.

Methods
Ethics statement
This study has been granted approval from the Norwegian 
Center for Research Data (NSD) No. 715734 for the data  
collection, the use of data for research and publication, and 
data management (including data processing and storage). The 
study is also followed the Declaration of Helsinki, while data  
protection has followed the General Data Protection Regulation  
(GDPR). A signed informed consent (written) from both the 
children and parents was required to participate in the study. 
In addition, the children’s verbal consent was obtained at  
the beginning of the sensory testing. The consent was both for 
participation and the use of data for research and publication  
purposes.

Participants
A total of 69 children (mean age 10.9 ± 0.2 years, 46.5% boys) 
and their parents (one parent per child) participated in the 
study. They were recruited from the 6th grade in two primary  
schools located in Ski, Nordre Follo region, in Norway. The 
schools were selected because of their location (13 km away)  
from the research institute (Nofima, Ås), aiming to minimize 
the possibility of the involvement of the parents who worked in  
the institute and knew the project. The recruitment of the 
participants and data collection were conducted between  
August-November 2019. Originally, all the 6th grade cohort 
from the two schools (118 children) were invited to the study, 

wherein 11 did not return the consent form, one returned  
the form but did not complete the test, and 37 children  
completed the test, but their parents did not complete the ques-
tionnaire. The children performed the basic taste sensitivity  
test at schools while parents completed the questionnaire 
regarding their child’s eating behaviour and food propensity 
online. The participating classes received a common reward 
for their participation in the study, however, all the children  
and parents’ participation were voluntary.

Children’s basic taste sensitivity measurement
The children’s taste sensitivity was measured by detection 
threshold. They were instructed to evaluate five different con-
centration levels of sucrose (sweet), citric acid (sour), sodium  
chloride (salty), monosodium glutamate (umami), caffeine  
(bitter) and quinine (bitter) dissolved in water (Table 1). The 
concentration of the basic taste stimulus was adapted from 
a study by Knof et al. (2011) and Ahrens (2015) that was  
previously used to measure taste sensitivity of more than 1800 
participants aged 6–9 years. All the taste compounds were 
food grade and purchased from Merck Kga, Germany. The  
samples were prepared two days before the evaluation at 
the sensory laboratory in Nofima, Ås. The taste compounds 
were dissolved in tap water, placed in a disposable cup, and  
served to the children at around 10 ml each. Each taste com-
pound was distinguished by different symbols, cloud (sucrose),  
moon (citric acid), flower (sodium chloride), sun (caffeine), 
star (quinine), and leaf (umami), while the different concen-
trations were marked by numbers from 1 (representing the  
lowest concentration level) to 5 (the highest concentration 
level). The children did not receive any information regarding  
the symbols, and they did not know that each series of five 
cups actually carried the same taste compound, or that  
the cup numbers corresponded to increasing concentra-
tions. They were only informed that they would taste samples  
in five series of five cups marked with symbols, that differ-
ent tastes could be present in any of the cups, and that the  
numbers on the cups indicated the order in which they should  
taste the samples for each series.

The children evaluated the samples in a staircase order for 
each series of the taste compound, starting with the lowest  
concentration (level 1) to the highest concentration (level 5).  

Table 1. Concentration level of taste compounds for detection threshold.

Taste Taste compound Level 1 (g/l) Level 2 (g/l) Level 3 (g/l) Level 4 (g/l) Level 5 (g/l)

Sweet Sucrose 3.0 6.0 9.0 12.0 16.0

Sour Citric acid 0.05 0.1 0.16 0.2 0.25

Salty Sodium chloride 0.2 0.4 0.8 1.2 1.6

Umami Monosodium glutamate 0.1 0.3 0.6 1.2 1.5

Bitter Caffeine 0.05 0.1 0.15 0.2 0.27

Bitter Quinine 0.0014 0.0017 0.0023 0.0038 0.006
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The children were asked “what is the taste inside this cup?” 
and they had to compare the sample (inside the cup) with water  
as a reference. They had seven options to choose from to 
describe the taste of each cup: “water”, “sweet”, “sour”, “salty”,  
“bitter”, “umami”, in addition to the option of “I don’t know”.  
For any symbol series and cup, the children were free to 
choose among these seven available options according to  
their perceptions. Thus, they could use the same option as 
many times as they wanted without limitations. It was techni-
cally possible to re-taste the previous cups of the same series  
(same taste compound, same symbol) but they could not  
re-taste samples from the previous series (different symbol). 
To ensure this practice, children were instructed to  
discard all the cups from their table after each series, so they  
could not interfere with the previous tasted series.

The detection threshold was obtained as the level where they 
could start to differentiate the sample from water (Webb  
et al., 2015), i.e. choose other options than “water”. Note that 
the level in which the children either chose the options of  
“I don’t know” or wrongly answered the actual taste qual-
ity was also recorded as their detection threshold, as we expect 
they perceived the sample to be different from water. The  
taste series were evaluated in a randomized balanced order 
across children. The randomization was generated by the soft-
ware (EyeQuestion, version 5.0.7.7, Elst, The Netherlands).  
The same software was also used to record the children’s 
responses in an online setup using a tablet. Alternatively, a free  
online platform such as SurveyMonkey, SurveySparrow or 
Google Forms could also be used. However, a limitation would  
be that the randomization procedure that could not be gener-
ated by these alternative platforms. The children always received 
a reminder on their screen to rinse their mouth with water  
and to eat crackers to clean their palate between tastings 
of each cup. The sensory evaluation was conducted in a  
game-like approach called “the taste detective” (Ervina et al.  
(2020). The application of this game-like concept aimed to 
increase the participation and completion rate of the children  
and to create a fun and engaging test activity (Jilani et al.,  
2019; Laureati et al., 2015).

Questionnaires to children’s parents
The parents were provided a link to an online questionnaire  
(EyeQuestions, version 5.0.7.7, Elst, The Netherlands) that 
was sent to their email addresses. The online questionnaire  
consisted of three parts. The first part asked for information 
regarding the family profiles such as the parent’s education  
level, the person in charge of preparing meals at home (mother, 
father, mother and father, others, buy/take-away), frequency  
of eating together with the family at each mealtime (breakfast, 
lunch, dinner, and evening meal), and frequency of the chil-
dren having snacks or sweets per week. These responses were 
recorded in a frequency score option of 1= “never/rarely”,  
2= “1–3 times per week”, 3= “4–6 times per week”, and  
4= “everyday”. In addition, parents reported the weight (in 
kg) and height (in cm) of their child, which was then used to  
calculate the child’s BMI. The second part of the question-
naire consisted of the Child Eating Behaviour Questionnaire  

(CEBQ), while the Food Propensity Questionnaire (FPQ) 
was completed in the third part. It required approximately  
30–35 minutes for the parents to complete the questionnaires.

Child Eating Behaviour Questionnaire (CEBQ). The CEBQ 
was borrowed from a study by Wardle et al. (2001) and includes 
35 statements categorized into eight different dimensions  
to measure children’s eating behaviour. The dimensions con-
sist of food responsiveness (five items), enjoyment of food  
(four items), emotional overeating (four items), desire to drink 
(three items), satiety responsiveness (five items), slowness in  
eating (four items), emotional undereating (four items), and 
food fussiness (six items). The eight domains of the CEBQ 
assessed two global response patterns to foods known as “food  
approach” (includes food responsiveness, emotional overeat-
ing, enjoyment of food, desire to drink) and “food avoidance” 
(satiety responsiveness, slowness in eating, emotional undereat-
ing, food fussiness) (Vandeweghe et al., 2016). The complete 
explanation of each dimension in CEBQ has been previously  
reviewed (Freitas et al., 2018).

The parent’s responses to the CEBQ were recorded in a five-
point agreement scale ranging from 1= “completely disagree”,  
2= “disagree”, 3= “neither agree nor disagree”, 4= “agree”, and  
5= “completely agree” (Wardle et al., 2001). The questionnaire 
was translated from English to Norwegian, then back-translated  
for validation and adjustments by the research team and  
colleagues at the department, in Nofima, Ås. The CEBQ has 
good reliability and validity to evaluate eating behaviour in  
children aged 5–6 years (Quah et al., 2019), 5–12 years  
(Njardvik et al., 2018), and 7–12 years (Tay et al., 2016). More-
over, the CEBQ has been applied in different countries (Santos  
et al., 2011; Sleddens et al., 2008; Tay et al., 2016), and the 
results indicated that CEBQ is a good instrument to evaluate  
eating behaviour in children (Freitas et al., 2018).

The Food Propensity Questionnaire (FPQ). The FPQ was 
completed by the parents and aims to measure how often  
the children ate the selected food items. The questionnaire  
consisted of nine different food categories involving 81 selected 
food items such as 1) starchy foods (bread, pasta, rice, and  
potatoes), 2) spreads, toppings, and sandwich fillings, 3) breakfast 
cereals, 4) dairy products, 5) meat, fish, seafoods, soups,  
6) vegetables, 7) fruits and berries, 8) desserts, cake, snacks, 
and sweets, and 9) drinks. The dairy products consisted of  
14 items: brown whey cheese, semi-hard cheese, spreadable 
cheese, parmesan, butter, whole milk, low-fat milk, skimmed 
milk, fermented milk, chocolate/strawberry-flavoured milk,  
plain yogurt, fruit yogurt, ice cream, and dairy pudding. The  
focus is brought on the dairy category in the present study 
because a previous study reported a significant contribution 
of dairy foods in Norwegian children’s daily intake (Hansen  
et al., 2016). The FPQ questionnaire was adapted from a  
previous Norwegian dietary survey by Totland et al. (2012).  
The food items were then further categorized according to their 
basic taste profiles into sweet, sour, salty, bitter, and umami 
foods. The categorization follows a study by Martin et al.  
(2014) who developed a food taste database of nearly 600  
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food items based on a SpectrumTM-like profiling approach by 
trained panellists. The parent’s responses regarding how often 
their child eats these selections of foods were recorded in a  
six-point scale of eating frequency ranging from 1= “never/
rarely”, 2= “1–3 times per month”, 3= “1–3 times per week”,  
4= “4–6 times per week”, 5= “daily”, and 6= “more than once 
a day”. The list of food items was presented and evaluated  
in a random order within categories across parents.

Data analysis
The children’s BMI was calculated from the weight (kg) and 
height (cm) reported by the parents. The classification for the 
weight status into obesity, overweight, normal, and underweight  
groups followed the BMI/age chart standard for school-age  
children based on WHO (2007). In the present paper, the clas-
sification of children according to their weight status will be 
divided into two groups; the normal weight group consisted  
of underweight and normal BMI, whereas the overweight and 
obese subjects were merged into an overweight/obese group.  
Parent’s education, responsible person for preparing meals  
at home, frequency of eating together in the family, and fre-
quency of eating snacks or sweets of the children were analysed  
descriptively.

The association between taste sensitivity and eating behav-
iour was investigated using linear regression with the CEBQ 
score as the response variable and detection threshold of the six  
different taste compounds employed as the explanatory vari-
ables. The models were computed for each CEBQ domain and  
each taste compound separately (eight CEBQ domains and  
six taste compounds).

The FPQ score of eating frequency for each food item was con-
verted into Daily Frequency Equivalence (DFE) following a  
study by Laureati et al. (2020). The score was computed by 
converting the eating frequency scale proportionally into  
one equivalence a day (the score of DFE= 1, meaning that 
the food item was consumed daily). The DFE score for eat-
ing frequency in the present study became as follows: DFE 0 = 
never/rarely, 0.07 = 1–3 times/month, 0.25 = 1–3 times/week,  
1 = daily, 2 = more than once a day. The relationship between 
taste sensitivity and food propensity was analysed using a  
mixed model ANOVA with FPQ score (DFE) as a response  
variable. The detection threshold level and different taste qual-
ity of sweet, sour, salty, bitter-caffeine, and umami were 
employed as explanatory variables. In this model, the interaction  
between the detection threshold and taste quality was included 
and children was involved as random effect. The restricted  
maximum likelihood (REML) method was applied for fitting  
the model. To further investigate the effect of FPQ per food  
taste (i.e., sweet foods, sour foods, salty foods, etc.), five linear 
regression models were computed with taste detection thresh-
old as explanatory variable and FPQ scores per food as response 
variables. The detection threshold of caffeine was chosen  
to represent the bitterness sensitivity as this compound has more 
commonly been used in taste sensitivity and dietary studies 
than quinine (Ahrens, 2015; James et al., 1997; Puputti et al.,  
2019; Rodrigues et al., 2020). Moreover, caffeine is used as 

the standard for measuring the bitterness sensitivity according  
to the international standardisation organization, ISO (2011).

The association between FPQ for dairy products and taste sen-
sitivity was also evaluated using mixed model ANOVA. The  
FPQ score was employed as response variable while the detec-
tion threshold, dairy food items, and BMI were involved as  
explanatory variables. The models were computed sepa-
rately for each basic taste and children nested within BMI was  
involved as a random effect. The significant differences across 
different BMI status (normal/underweight vs. overweight/
obese) for each dairy food item was further computed using  
student t-test.

The association between taste sensitivity and BMI was inves-
tigated using linear regression models. The models were com-
puted separately for each taste compound (sweet, sour, salty,  
bitter-caffeine, bitter-quinine, umami) as explanatory varia-
bles, BMI score was employed as a response variable, and gen-
der as a control variable. Principal component analysis (PCA)  
was applied to map the associations between CEBQ, taste  
detection threshold, and BMI. The PCA was computed with 
children as rows and CEBQ (per domain) as columns, BMI  
and detection threshold were involved as supplementary vari-
ables. The significant differences between BMI groups of each 
eating behaviour domain were computed using a student t-test.  
All data were analysed using the XLSTAT Sensory version  
2020.3.1 (Addinsoft, Paris, France).

Results
Family eating habits and children’s BMI distribution
Most of the parents who participated in this study have a uni-
versity degree (at least Bachelor’s) as their highest level of 
education (79%). Mothers were most frequently responsible  
for cooking at home (55%), while fathers alone accounted 
for only 10%. Shared meal responsibility (mother and father) 
applied in 33% of the homes. Most of the children ate dinner  
together with their parents almost every day (93%), quite often 
for breakfast (46%) but less often for lunch (10%). In addi-
tion, more than 90% of the parents gave their child snacks  
or sweets 1–3 times per week.

Based on the computed BMI, most of the children were catego-
rized to have a normal weight status (68%, n=46, 47% boys), 
followed by overweight (28%, n=19, 50% boys), obese (4%,  
n=3, 33% boys), and one child was categorized as under-
weight (1%, n=1). The gender distribution was quite balanced  
across the BMI groups.

Children’s taste sensitivity and eating behaviour
The children’s taste detection threshold was positively asso-
ciated with some aspects of their eating behaviour, the effect  
size was, however, small with regression coefficients in the 
range 0.19 to 0.39 (Figure 1). A significant and positive asso-
ciation was found between food responsiveness and threshold  
for bitter caffeine (p=0.04). Children who were less sensi-
tive (higher detection threshold), to caffeine bitterness had a 
higher food responsiveness score which indicates that these  
subjects tend to overeat. In addition, children less sensitive 
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Figure 1. The associations between children’s taste sensitivity and eating behaviour for emotional overeating (a, b), food responsiveness 
(c), and desire to drink (d, e, f) (DT= detection threshold).
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to sweetness (p=0.02) and caffeine bitterness (p=0.04), also 
have a significantly higher score for emotional overeating.  
Significant and positive associations were also found in sour-
ness (p=0.04), bitterness of caffeine (p<0.01) and quinine 
(p=0.03) towards the desire to drink, demonstrating that chil-
dren who were less sensitive to these tastes have a higher  
score for desire to drink.

Relationships between eating behaviour (CEBQ), food 
propensity (FPQ), and weight status (BMI)
The Cronbach’s alpha of CEBQ showed a good internal con-
sistency for both food approach and food avoidance (Cron-
bach’s alpha = 0.84 and 0.75, respectively) and each of the 
CEBQ domains also showed a good internal consistency (all  
Cronbach’s alpha ≥ 0.75) except for food fussiness and desire 
to drink (0.63 and 0.66, respectively). The PCA analysis 
showed that food responsiveness, emotional overeating, desire  
to drink, and enjoyment of food were positively associ-
ated with the children’s BMI (Figure 2). In contrast, satiety 
responsiveness, slowness in eating, and food fussiness were  
associated with lower BMI on factor 1. The student t-test 
comparing the two groups (normal and overweight/obese) 
for each eating behaviour domain demonstrated a signifi-
cantly higher score (p≤0.05) for overweight/obese children in  

emotional overeating and food responsiveness. Moreover, nor-
mal weight subjects have a significantly higher score (p≤0.05)  
in satiety responsiveness and slowness in eating compared to 
the overweight/obese subjects. The PCA biplot (Figure 2) also  
displays positive associations between BMI and detection  
thresholds, where the detection thresholds were included  
as supplementary variables.

Based on linear regression, our results did not show a signifi-
cant influence of taste sensitivity on children’s BMI. Neither 
could we detect any significant effect of children’s basic taste  
sensitivity on FPQ score in general, showing that taste sen-
sitivity threshold did not relate to frequency consumption of  
certain foods. However, when the BMI variable was involved 
in the model, there were significant differences in the FPQ for 
the selected dairy products between the normal weight and  
overweight/obese children. These differences were signifi-
cant for semi-hard cheese (p=0.08), fermented milk (p=0.02),  
skimmed milk (p=0.03), and chocolate/strawberry flavoured 
milk (p≤0.01), showing that normal weight subjects frequently  
consumed these dairy food items compared to overweight/obese  
(Figure 3). Moreover, there was a tendency for the over-
weight/obese group to consume more low-fat milk (0.5–1.8%  
fat) compared to the normal weight group (p=0.1).

Figure 2. PCA biplot of CEBQ, detection thresholds, and BMI (DT=detection threshold; PCA = principal component analysis; CEBQ = Child 
Eating Behaviour Questionnaire; BMI = body mass index).
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Discussion
Children’s BMI
According to the Norwegian Institute of Public Health (2018), 
the prevalence for overweight and obesity in nine-year-old  
children was recorded to be 18% and 3%, respectively, where 
girls have a slightly higher prevalence of overweight (19%). 
These numbers corroborate a previous study by Juliusson et al.  
(2010) who calculated the overweight and obesity preva-
lence with more than 6000 Norwegian school children from  
2–19 years old. Their research highlighted a higher preva-
lence of overweight and/or obesity in children aged 6–11 years  
(17%) than in younger children aged 2–5 years (12.7%) and the 
risk was increased with lower parental education. Our results 
showed a higher number for overweight (28%) compared  
to the literature. This could be due to erroneous data from  
parents since the BMI data were not collected by direct anthro-
pometry measurement and could also be an artefact of our  
small sample size or reflect regional differences. Despite the 
increase in prevalence of obesity in Europe, Norway was 
able to keep the obesity rate lower compared to other Euro-
pean countries. A recent study comparing obesity prevalence in  
Europe in primary school children demonstrated that over-
weight, obesity, and severe obesity prevalence vary greatly 
across Europe with the highest value recorded in southern 
Europe (Greece and Spain, total prevalence 42–47%), while 
countries in northern Europe have lower prevalence (Norway,  
Sweden, 23–25%) (Spinelli et al., 2019).

Associations between children’s basic taste sensitivity 
and eating behaviour
The results showed that children who were less sensitive to caf-
feine bitterness have a higher food responsiveness score. Bitter  
taste is commonly associated with food aversion (Reed &  
Knaapila, 2010; Reed et al., 2006) and this taste acts as a “barrier”  

for humans not to ingest poisonous foods (Mennella &  
Bobowski, 2015) since bitter taste is biologically linked with 
poisonous substances (Reed & Knaapila, 2010). The higher 
food responsiveness score reflects a higher appetite and an  
increased desire to eat (French et al., 2012). The association 
between low sensitivity to bitterness and higher food respon-
siveness could be explained by the loosening “barrier” of bit-
ter taste that may be triggering children to eat more food types, 
and therefore more food in general. A study by Goldstein et al.  
(2007) also provides a similar result to our study, showing 
that nine-year-old children who were less sensitive to bitter-
ness of PROP had a higher daily energy intake compared to 
children who were sensitive to bitterness. This result shows an 
association between bitterness sensitivity and food intake that  
could correspond to food responsiveness in CEBQ.

Emotional overeating in CEBQ represents an increase in 
food intake as a response to negative emotions such as anxi-
ety, anger, and boredom (Freitas et al., 2018). Our results show  
that children who were less sensitive to sweetness and bit-
terness of caffeine have a higher emotional overeating score. 
This could increase their food intake when they experience  
negative emotions. Comfort foods such as sweet and fatty 
foods have been reported to be typically consumed in the pres-
ence of negative emotions (Jacques et al., 2019; Michels  
et al., 2012; Pilska & Nesterowicz, 2016; van Strien et al., 
2013). Negative emotions can modulate desire to eat (Macht,  
2008) and subjects with emotional eating attitudes have learned 
to cope with their negative feelings by eating comfort foods 
as a way to find satisfaction (Adam & Epel, 2007; Macht,  
2008; Michels et al., 2012). Michels et al. (2012) also conclude 
that eating triggered by negative emotions in children aged  
5–12 years was positively correlated with their sweet food  
consumption. In addition, Ashi et al. (2017) reported that  

Figure 3. The food frequency consumption (FPQ) of dairy food items according to children’s BMI (NO=normal weight children; OV/
OB=overweight/obese children; FPQ = Food Propensity Questionnaire; BMI = body mass index), *p≤0.1, **p≤0.05 based on mean value on 
student t-test.
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children aged 13–15 years who were less sensitive to sweetness  
had a significantly higher intake for sweet foods. These find-
ings could support the association between sweet taste sen-
sitivity and emotional overeating behaviour found in our  
study. Further, several studies have suggested that low sensitiv-
ity to bitterness could increase children’s food intake (Goldstein  
et al., 2007; Keller & Adise, 2016; Tepper et al., 2011). Pre-
vious studies also report that food intake in children could 
be modulated by negative emotions (Hill et al., 2018; Macht, 
2008; Michels et al., 2012). This could explain the relation-
ships found between sensitivity to bitterness and emotional  
overeating in this study.

Our results also show that taste sensitivity for sourness and  
bitterness (both caffeine and quinine) were significantly associ-
ated with desire to drink. The CEBQ domain for desire to drink 
aimed to identify children’s desire for drinking, in particular  
for sweetened beverages, and this domain has previously been 
associated with food approach (Freitas et al., 2018; Quah  
et al., 2019; Sweetman et al., 2008; Vandeweghe et al., 2016;  
Wardle et al., 2001). Our result corroborates with a previ-
ous study by Mennella et al. (2005), which demonstrated that  
5-10-year-old children who were not sensitive to PROP bit-
terness had heightened preferences for sweet beverages and 
soft drinks, and preferred more sugar added in their cereals and  
beverages. Interestingly, the sourness perception and thirst 
regulation occurred via the same acid-sensing receptor cell, 
which is called polycystic kidney disease 2-like 1 (PKD2L1)  
(Bichet, 2018; Gravina et al., 2013). A study by Zocchi et al.  
(2017) also revealed that mice without PKD2L1 showed a 
total loss in water and acid responses, indicating that this 
receptor plays an important role in both water and sourness  
perceptions. This suggests that the activation in the recep-
tor cell PKD2L1 due to sourness perception could modulate 
desire to drink. The involvement of the same receptor in the 
molecular mechanism of perception could be a potential under-
lying reason for the significant relationship found between  
sourness sensitivity and desire to drink in this study.

Caffeine and quinine sensitivities and eating behaviour
In our study, children’s food responsiveness and emotional 
overeating were associated with sensitivity to caffeine bitterness  
but not to quinine bitterness. Preadolescent children demon-
strated individual differences in the perception of different  
bitter compounds such as caffeine and quinine, as was reported 
in a previous paper using data from the same participants  
(Ervina et al., 2020). The different bitter taste compounds 
have different bitterness profiles, and they elicit various inten-
sity perceptions of bitterness (Kamerud & Delwiche, 2007;  
Yokomukai et al., 1993). Compared to the other four basic 
tastes, bitter taste has the largest number and greatest variety 
of compounds, with more than 25 bitterness receptors respon-
sible for bitter taste perceptions in humans (Meyerhof et al.,  
2010; Roura et al., 2015). Caffeine and quinine may not  
activate the same bitterness receptors, and this could result in 
differences in bitterness perception (Kamerud & Delwiche,  
2007). Moreover, these two bitter compounds are not found  
in the same foods, which may also explain the different  

relationships between bitterness in quinine and caffeine and  
eating behaviour in children.

Eating behaviour is influenced by many factors (DeCosta  
et al., 2017; Scaglioni et al., 2018) such as parental feeding prac-
tices, family environments, parents’ education and economic 
condition, the obesogenic environment, and media exposure.  
Our results indicate that taste sensitivity also modulates eating 
behaviour in preadolescents.

Relationship between basic taste sensitivity and FPQ
According to our results, no significant associations were found 
between taste detection threshold and FPQ score for any of 
the five taste modalities. Further analyses did not show any  
systematic relationships between detection thresholds and 
food propensity for a given taste (i.e., between sweet threshold 
and sweet foods, salty threshold with salty foods, etc.). These 
results indicate that basic taste sensitivity did not systematically 
relate to the eating frequency of foods with the same dominant  
basic taste.

Parents of preadolescents still act as the primary food provid-
ers at home and have control over their child’s eating practices  
(Houldcroft et al., 2016). Moreover, preadolescents have been 
characterized as curious and autonomous eaters, but their 
drinking and eating habits are still framed by their parental  
food practices (Nicklaus, 2020). The children’s eating fre-
quency recorded by FPQ may not, however, capture what is  
children’s “actual” consumption but rather indicate what is 
“served” to them by their parents. FQP filled in by parents will, 
for instance, not reflect food that is consumed without paren-
tal supervision (i.e., eating outside home). In the USA, as  
many as 35% of children in early adolescence have been 
reported to eat outside home, with a big contribution of fast food  
(Reicks et al., 2015). The FQP may therefore have low preci-
sion when it comes to revealing possible relations between 
food frequency and taste sensitivity. Differences between  
reports by parents and children could be of interest for  
follow-up studies. Further studies on relations between taste 
sensitivity and food propensity should both involve a more  
complete FPQ, as well as a larger number of subjects.

Association between dairy food propensity and 
children’s BMI
There were significant differences in the frequency consump-
tion of dairy foods across different BMIs. The differences  
were significant in fermented milk, skimmed milk, and  
flavoured milk (chocolate/strawberry milk). Low-fat milk is the  
only dairy food that was consumed more frequently by the  
overweight/obese group, while the other dairy foods (semi-hard  
cheese, fermented milk, skimmed milk, and flavoured milk) 
were consumed more frequently by normal-weight children or 
consumed in nearly equal frequency between the groups (for  
example butter and cheese spread).

The Norwegian legislation (2015) classifies pasteurized milk 
into three categories according to fat content; full fat milk  
(≥ 3.5% fat), low-fat milk (0.5–1.8% fat), and skimmed milk  
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(< 0.5% fat). The Norwegian Directorate of Health (2016)  
recommends low-fat milk for regular consumption. Milk is a 
standard lunch drink in Norway, and it is therefore also rec-
ommended that schools in Norway only serve drinking milk  
with ≤ 0.7% fat content (low-fat). This could explain the higher 
consumption of low-fat milk compared to whole milk or  
skimmed milk in our results. Moreover, the higher consump-
tion of low-fat milk in the overweight/obese group probably 
appears because parents choose dairy milk products with lower 
fat content when they realize their child is overweight/obese,  
especially as almost 80% of the parents in this study had  
a high education level (bachelor’s degree or higher). This could 
also be the reason for the lower cheese and flavoured milk  
consumption in overweight/obese children since these prod-
ucts have a high fat or sugar content. Parental education level 
has been reported to be positively associated with diet quality  
of children aged 10–11 years (Cribb et al., 2011; van Ansem 
et al., 2014). These diets are characterized by a lower intake  
in sugar and fat (Fernandez-Alvira et al., 2013). Moreover,  
in the obesogenic environment, control and monitoring of  
children’s food environment and intake by parents were essential  
to reduce children’s weight status to be close to normal 
weight (Gahagan, 2012). In addition, a recent systematic and  
meta-analysis review by Vanderhout et al. (2020) suggested 
that higher consumption of whole milk is associated with low 
adiposity in childhood, which could be related to the results  
found in our study.

Relationships between children’s basic taste sensitivity, 
BMI, and eating behaviour
Our results did not show a significant association between 
taste sensitivity and BMI in preadolescents. However, previous  
studies suggest that overweight and obese children have a 
lower taste sensitivity (Cox et al., 2016; Overberg et al., 2012;  
Papantoni et al., 2021; Rodrigues et al., 2020). The reason 
we could not find a relationship between taste sensitivity and  
BMI could be due to our small data set and the unbalanced 
number of children between the BMI groups (70% normal 
weight and 30% overweight/obese). However, Cox et al. (2016)  
reported that the relationship between taste sensitivity and 
weight in children is still debatable and requires more evi-
dence. A recent study investigating taste sensitivity and BMI in  
children aged 7–12 years found no significant differences for 
sweetness and bitterness sensitivity between the normal-weight  
and overweight groups (Lim et al., 2021). A similar result 
was also reported by Alexy et al. (2011) in a study involv-
ing a large sample set of 574 children and adolescents aged  
10–17 years. Their study concluded that there was no sig-
nificant difference in basic taste sensitivity across different  
BMIs. Factors other than taste sensitivity such as food prefer-
ences, parental feeding practices, genetic factors, obesogenic 
environment, and family social economic status have been 
reported to play significant roles in the determination of chil-
dren’s BMI (Donaldson et al., 2009; Leonie et al., 2018; Lytle,  
2009; Scaglioni et al., 2018; Woo Baidal et al., 2016).

Correlations were found between children’s BMI and their  
eating behaviour based on the PCA mapping. The results indicated  

that the food approach domains such as food responsive-
ness, emotional overeating, desire to drink, and enjoyment  
of foods were positively associated with children’s BMI, while 
food avoidance such as satiety responsiveness, slowness in 
eating, and food fussiness were negatively correlated with  
children’s BMI. The differences between the BMI groups were 
confirmed with student t-tests. Our results corroborate previ-
ous studies that used the same CEBQ instrument (Sanchez  
et al., 2016; Santos et al., 2011; Viana et al., 2008; Webber  
et al., 2009). These results are also in agreement with several 
other previous studies (French et al., 2012; Santos et al., 2011;  
Tay et al., 2016; Webber et al., 2009). Eating behaviour 
of food approach in CEBQ has previously been associated 
with increased BMI in children (Braet & Van Strien, 1997;  
Vandeweghe et al., 2016).

The PCA mapping also demonstrated that a higher detection 
threshold (lower taste sensitivity), may relate to a higher BMI, 
and this might be associated with the food-approach domain 
of CEBQ. Children’s BMI has been reported to differ accord-
ing to their taste sensitivity (Cox et al., 2016; Overberg et al.,  
2012; Papantoni et al., 2021) and children’s eating behav-
iour in the food approach domain was also strongly corre-
lated with higher BMI (Freitas et al., 2018; French et al., 2012;  
Quah et al., 2019; Sanchez et al., 2016). This indicates that 
taste sensitivity could mediate the complex interplay between  
eating behaviour and BMI in preadolescent children.

Study limitations
Our study involved a limited number of participants and an 
unbalanced number of children for each BMI group, as a 
result of recruitment of whole school classes. We recommend 
involving more participants and to have a balanced number  
between normal and overweight/obese subjects for future  
studies. One possibility could be by involving hospitals or 
healthcare centres that are dealing with obesity treatment in 
children. Moreover, the children’s BMI was determined by a  
parent-reported questionnaire of body weight and height. An 
actual anthropometric measurement of children’s weight and 
height is recommended for more precise data (Linchey et al.,  
2019).

There was a possibility of cross-modal correspondence effect 
in our study between taste and visual stimuli because we were  
using different symbols to label different taste compounds 
of the samples. For example, the use of a “cloud” symbol to 
represent sweet taste could influence children’s perception 
due to this cross-modal effect. Spence (2011) reported that  
cross-modal correspondence between different sensory modali-
ties such as between visual and taste stimuli could influence 
taste perception. A previous study also reports a significant asso-
ciation between certain symbols and specific taste of cheeses, 
suggesting a moderate effect of cross-modal correspondence  
in sensory perceptions (Spence et al., 2013).

Conclusion
This study aimed to investigate the association between taste 
sensitivity and eating behaviour in preadolescents. The results  
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indicate a positive association between higher detection thresh-
old (lower sensitivity) and higher scores in the food approach 
domain of CEBQ. There was no influence of children’s  
taste sensitivity on their food propensity. However, children 
differed according to their BMI for the propensity of dairy 
foods. Further, our results confirmed a positive relationship  
between children’s BMI and food approach, and a nega-
tive relationship between BMI and food avoidance. To our  
current knowledge, this is the first study to investigate the 
association between taste sensitivity and eating behaviour in  
11-year-old children with all basic tastes (sweetness, sourness,  
saltiness, bitterness, umami) and with two bitter taste com-
pounds of caffeine and quinine employed in the study. This 
study contributes to understanding the association between 
taste sensitivity and eating behaviour of preadolescent chil-
dren by considering their taste sensitivity. The results could be 
used as preliminary findings to design future studies involving a  
larger number of participants as well as other cultures.

Data availability
Underlying data
Zenodo: Taste sensitivity and eating behaviour of preadolescent 
children - extended data. https://doi.org/10.5281/zenodo.5468625 
(Ervina, 2021).

This project contains the following underlying data within the  
file ‘Extended data taste sensitivity and eating behaviour (2).xlsx’:

-    Complete data (consisted of children’s and parents’  
responses, including the taste detection threshold data,  
parents’ education, children’s BMI, CEBQ and FPQ)

-    CEBQ data (consisted of parents’ responses for each  
domain of CEBQ)

Extended data
Zenodo: Taste sensitivity and eating behaviour of preadolescent 
children - extended data. https://doi.org/10.5281/zenodo.5468625 
(Ervina, 2021).

This project contains the following extended data within the  
file ‘Extended data taste sensitivity and eating behaviour (2).xlsx’:

-    CEBQ_Quest (CEBQ questionnaire in English and  
Norwegian)

-    FPQ_Quest (FPQ questionnaire in English)

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).
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Melania Melis   
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The study described in the manuscript titled Basic taste sensitivity, eating behaviour, and propensity 
of dairy foods of preadolescent children: How are they related? is well designed and well written. 
However, there are some points that need to be carefully elucidated before publication. Specific 
recommendations and questions are detailed below. 
 
Title:

Since the authors investigate the relationships between taste sensitivity, eating behaviour, 
and children’s body mass index, I would suggest this information in the title.

○

Abstract:
Please add more information about the number of subjects recruited and the range of age 
in the methods section.

○

Methods: 
 
Participants section:

Please add the range of age. The number of participants is quite small, the authors should 
indicate this as a limitation. However, did the authors conduct the power statistic to 
determine the sample size?

○

Children’s basic taste sensitivity measurement:
The authors must explain why they chose to determine the detection threshold instead of 
the recognition threshold. The detection threshold is defined as the solution at which the 
subjects clearly indicated it as different from water but did not necessarily recognize the 
type of stimulus. The recognition threshold is defined as the solution at which the subjects 
clearly identified the type of stimulus, that is, the taste. 
 

○

The authors stated: “rinse their mouth with water and to eat crackers to clean their palate 
between tastings of each cup.” Why did the authors choose this procedure? Eating the 
crackers could make a bias in the experimental procedure. In addition, please specify the 
time of interstimulus interval.

○

Data analysis:
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The authors stated that “The classification for the weight status into obesity, overweight, 
normal, and underweight groups followed the BMI/age chart standard for school-age 
children based on WHO (2007)”.  I would suggest including more detail about this 
classification, did the authors classify into groups based on percentiles of the charts or the 
z-scores? It is also known that the classification is different for girls and boys, did the 
authors consider this factor for classification? Please add. 
 

○

The authors stated that “gender distribution was quite balanced across the BMI groups.” I 
would suggest performing a chi-square to test any differences in BMI/gender groups.

○

FPQ:
Since in Figure 3 the authors perform the analyses by using the FPQ score, the authors must 
include in the methods how the FPQ score was determined.

○

Results:
The authors must include one table with the principal characteristic of the panel (total 
number of subjects, n of female and male, n of normal/underweight and overweight/obese, 
age and so on). 
 

○

The background of Figure 1 must be changed; light symbols are not clearly visible. In order 
to point out these symbols the background must be white, please modify. 
 

○

Please specify what the legend count means. Is it the number of subjects with the same 
values? 
 

○

The authors stated that Figure 3 showed “The food frequency consumption (FPQ) of dairy 
food items according to children’s BMI (NO=normal weight children; 
OV/OB=overweight/obese children). Please be more precise, this figure showed “The food 
frequency consumption (FPQ) of dairy food items according to subjects classified as NO and 
OV/OB".

○

Discussion:
The authors start the discussion with the children’s BMI even if this is not the main object of 
the manuscript. I would suggest start describing the results from the main purpose of the 
manuscript.

○

 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and does the work have academic merit?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes
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Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Chemosensory perception; Individual differences; PROP tasting; Taste and 
olfaction genes; Taste modulation; Electrophysiological recordings from human tongue; Taste and 
olfaction and health.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.
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The links between taste perception and eating behavior are worthy of investigation in particular in 
pre-adolescent since there is not much data on this age range. However, the paper presents a 
number of weaknesses. 
The first and main point is that the objectives are not very clear. In the title, BMI is not mentioned 
while the authors look at the links between sensitivity for the different tastes and between BMI 
and the different dimensions of eating behavior. In the title, only daily foods are mentioned while 
in the paper frequency of consumption was evaluated and calculated for all food categories, even 
if there was a focus on dairy products. The rationale for focusing on dairy products is not obvious: 
why is it particularly interesting to examine the links between taste sensitivity and frequency of 
consumption of dairy foods because these foods have a significant contribution to Norwegian 
children’s daily intake? It could be interesting to examine the links between taste sensitivity and 
frequency of consumption of foods i) for which there is a quite large inter-individual variation of 
consumption, and ii) for foods which are either too much consumed such as sweet foods or not 
enough consumed such as vegetables. So, I suggest the authors to clarify and simplify their 
objectives. One option would be to focus on the links between taste perception and eating 
behavior while taking into account the BMI even if the size of your sample and the proportion of 
obese preadolescents is quite limited as you mentioned in your discussion. 
The second point is that the description of the statistical analysis is not clear and I think that the 
methods that are used are not necessarily the most appropriate (see detailed comments below). 
 
Abstract:
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The added value of the present work is not clear when reading the part on the background. 
Is the key point that in the present study you focus on pre-adolescents? 
 

○

In line with my main general comment, there are different results that are presented and 
do not correspond to the aim presented in the background sub-paragraph. 
 

○

The mean and/or age range of the children are not indicated in the abstract. 
 

○

“while those who were less sensitive to sweetness and caffeine bitterness”: One can 
understand that you refer to individuals less sensitive to these two tastes (same comment 
for the discussion). Moreover, “while” is not really appropriate.

○

 
Introduction:

The introduction should be strongly revised. 
 

○

The first paragraph indicates that within a group of children or preadolescents there is 
some variability in sensitivity for different taste compounds. First, this is true for adults as 
well as for elderly individuals. Moreover, looking at the variability is not the focus of your 
study. The first paragraph should immediately introduce your main objective. 
 

○

The second paragraph refers to the links between food sensitivity and consumption of 
different foods categories but the studies that are reported are sweet foods and bitter 
foods. This does not appear to correspond to your main objective (the one presented in the 
abstract) and dairy products are not mentioned. 
 

○

The third paragraph mixes different points. Moreover, eating behavior should be defined. In 
the sentence “The individual differences in perceiving taste at a genetic level were reported 
to be associated with eating behaviour (Chamoun et al., 2018; Hughes & Frazier-Wood, 
2016).” it is not clear to what “eating behavior” refers to. In fact, the two papers refer to very 
different dimensions and not the eating behavior dimensions considered in your present 
study. Moreover, since you did not look at genetic differences, it is not necessary to 
introduce such a point in your introduction because it generates false expectations in 
readers. This could be done in the discussion. 
 

○

The fourth paragraph also mixes different points, and also presents questions: effect of 
exposure to foods with a specific taste on the modification of sensitivity to this taste, or on 
the change in liking for these foods and/or the taste of these foods), effect on the sensitivity 
to 6-n-propylthiouracil and acceptance of different dairy foods. Moreover, sometimes 
exposure refers to the frequency of consumption, and papers that are reported have 
examined the links between sensitivity and frequency of consumption (as in the second 
paragraph); so, these papers present cross-sectional studies. Other papers report 
longitudinal studies. Finally, here you introduced the interest of focusing on dairy products 
but this is not very convincing since you did not indicate that some preadolescents have an 
insufficient consumption of dairy foods. Moreover, dairy foods are a very large category of 
foods presenting very different tastes.

○

 
Methods:

You invited to the study all the 6th grade cohort from the two schools, i.e.118 children and ○
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finally you had data for 69 children and parents. This is a quite small sample but you 
present this point as a limitation. However, one can wonder how you have determined the 
size of the sample. Did you conduct a power analysis? If not this suggestion must be given 
in your discussion. 
 
You wrote that “The schools were selected because of their location (13 km away) from the 
research institute (Nofima, Ås), aiming to minimize the possibility of the involvement of the 
parents who worked in the institute and knew the project”: it is strange because 13km is not 
very far away. 
 

○

The rationale for using two different bitter compounds, and more specifically caffeine and 
quinine, must be given. 
 

○

One can wonder why you did not give the preadolescents any information regarding the 
symbols and why you used symbols with individuals in this age range. Moreover, even if the 
participants did not receive any information about the symbols, they could guess that each 
series corresponds to a given taste. 
 

○

You must clarify how you determine the threshold: it is not clear if it was the lowest 
concentration where participants differentiate the sample from water or the lowest 
concentration with no more answers ‘water’ at higher concentrations. 
 

○

I do not understand why you justify using EyeQuestion. I am also surprised to read that 
SurveyMonkey is free. 
 

○

The part on the translation of the CEBQ should be presented before presenting the scale. 
 

○

FPQ:
You should give the reference of the original questionnaire. 
 

○

You indicate the total number of items (81) but you should indicate the number of food 
items for each of the nine categories. 
 

○

If you maintain to present data on the consumption of dairy products, the justification of 
this focus must be presented in the introduction before the objectives and not here. Here 
you should explain in which way you focus on dairy products: it is not clear if it was at the 
level of the questionnaire with including a more large number of dairy products than in the 
original questionnaire, or at the level of data analysis (in such a case, this must be 
presented in the section ‘Data analysis’. 
 

○

Categorizing the food items according to the basic taste profiles is a very interesting idea 
for looking at the link with sensitivity to the different tastes. It is not clear how you perform 
this classification because 3 classes of foods (out of the 6 classes defined by Martin et al.) 
were not characterized by a dominant taste but by several tastes. Moreover, the food taste 
database was developed on French foods; thus some foods of your FPQ questionnaire could 
be missing in the French food database and even if the foods were present, a Norwegian 
food item could have a different taste profile than the corresponding French food item. 
Thus, you must explain more clearly how you categorize the food items and, in the 

○
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limitations, you must indicate that some differences could exist between the taste profile of 
the Norwegian foods and the French foods. 
 

Data analysis:
BMI: you mention BMI/age chart standard, but you should indicate that these charts are 
also different for girls and boys. Moreover, in the analyses it is not always clear if you used 
only the classification into 2 groups (i.e., normal/underweight and overweight/obese) based 
on percentiles of the charts or the BMI. In fact, you should use z-BMI and not BMI. 
 

○

For the association between taste sensitivity and the score for the different domains of the 
CEBQ, it would be important to check if there were no influent points and more globally if 
the conditions for using linear regression are respected. To answer this question, you 
conducted 48 different tests; so, a correction for multiple tests would be appropriate. 
 

○

Relationship between taste sensitivity and food propensity: the description of the ANOVA is 
not clear at all. Why detection threshold and taste as explanatory variables and not each 
taste threshold as an explanatory variable (so 5 explanatory variables). Moreover, in this 
analysis which FPQ scores did you use as a dependent variable: FPQ for each of the 81 food 
items? For each of the 9 food categories? Please, clarify. 
 

○

“To further investigate the effect of FPQ per food taste (i.e., sweet foods, sour foods, salty 
foods, etc.), five linear regression models were computed with taste detection threshold as 
explanatory variable and FPQ scores per food as response variables.”: this part also needs 
clarification. Do you mean that each food item was classified in a given taste category? Or 
did you calculate a score for all sweet (sour, …) foods? In both cases, how do define a food 
item as sweet (sour, …)? 
 

○

Association between FPQ for dairy products and taste sensitivity: I do not understand why 
dairy food items are explanatory variables since the FPQ score is calculated over the dairy 
products group. Moreover, the dairy food products is quite heterogeneous. In fact, plain 
yogurt is mainly sour, flavoured yogurt is mainly sweet, cheeses are mainly salty and some 
cheeses are also bitter. So, I do not understand the rationale of your analysis. Finally, why 
did you include BMI (category?, BMI value? BMI z-score?) in this analysis and not in the other 
analyses, in particular in those related to FPQ scores? 
 

○

Association between taste sensitivity and using linear regression models: firstly, this point 
was not mentioned in your objectives. Secondly, here you should use the z-BMI score and 
since these scores took into account the gender, it would not be necessary to include 
gender as a control variable and in this case, you could calculate correlations; so without 
making any assumption on the causality. 
 

○

PCA: this must be presented in the paragraph related on the analyses of CEBQ scores. 
Again, here z-BMI score must be used (not BMI). 
 

○

Student t-tests for comparing the BMI groups on each eating behaviour domain and for the 
consumption of each dairy food item: as for the linear regressions, one can wonder if the 
conditions of application of parametric tests are respected; non-parametric tests could be 
more appropriate.

○
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Results:

“The gender distribution was quite balanced across the BMI groups.”: a chi-square test 
should be conducted. 
 

○

Results concerning the Cronbach’s alpha must be given before the part (or at the beginning) 
on children’s taste sensitivity and eating behavior. 
 

○

“The PCA biplot (Figure 2) also displays positive associations between BMI and detection 
thresholds, where the detection thresholds were included as supplementary variables.”: this 
does not seem to be the case for umami. 
 

○

“FPQ score in general”: I do not understand what is this score.○

 
Discussion:

Since BMI is not mentioned as a main objective, it is strange that the discussion starts by 
BMI. Moreover, the data on other countries should not be part of the discussion of your 
paper. 
 

○

On the contrary, you could comment the values obtained on the different domains of CEBQ 
compared to previous published data. 
 

○

It seems that the following sentence “Previous studies also report that food intake in 
children could be modulated by negative emotions (Hill et al., 2018; Macht, 2008; Michels et 
al., 2012).” Is redundant with the beginning of this paragraph. 
 

○

“Further, several studies have suggested that low sensitivity to bitterness could increase 
children’s food intake (Goldstein et al., 2007; Keller & Adise, 2016; Tepper et al., 2011).”: Here 
you could develop the proposed underlying mechanisms. 
 

○

“Our results also show that taste sensitivity for sourness and bitterness (both caffeine and 
quinine) were significantly associated with desire to drink”: please, indicate the direction of 
the association. 
 

○

“Preadolescent children demonstrated individual differences in the perception of different 
bitter compounds such as caffeine and quinine, as was reported in a previous paper using 
data from the same participants (Ervina et al., 2020)”: do your present data confirm this 
previous result? 
 

○

“The different bitter taste compounds have different bitterness profiles, and they elicit 
various intensity perceptions of bitterness”: Please, be indicate what the authors mean by 
“bitterness profiles”. Moreover, I am not sure that referring to differences of intensity is 
relevant here since you chose concentrations allowing you to determine detection 
thresholds. 
 

○

“Caffeine and quinine may not activate the same bitterness receptors”: based on the data 
published by Meyerhof et al., you could be more precise. 
 

○
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“Moreover, these two bitter compounds are not found in the same foods”: please, add a 
reference. Moreover, this part does not refer anymore to the domains of CEBQ but more a 
possible links between bitterness sensitivity and the frequency of consumption of specific 
foods. 
 

○

“Eating behaviour is influenced by many factors…”: this part would be more appropriate in a 
conclusion than here. 
 

○

“According to our results, no significant associations were found between taste detection 
threshold and FPQ score for any of the five taste modalities”: again, it is not clear to which 
FPQ score you refer. 
 

○

“In the USA, as many as 35% of children in early adolescence have been reported to eat 
outside home, with a big contribution of fast food (Reicks et al., 2015)”: do you have such 
data concerning Norway? 
 

○

“Correlations were found between children’s BMI and their eating behaviour based on the 
PCA mapping”: I have understood that the PCA was used to illustrate the links but then you 
performed t-tests to compare the different groups of preadolescents according to their 
weight status. 
 

○

“The PCA mapping also demonstrated that a higher detection threshold (lower taste 
sensitivity), may relate to a higher BMI”: here, it seems that you refer to a general taste 
sensitivity which is a point not presented in the results. 
 

○

Study limitations: you must add that you have collected cross-sectional data and thus for 
some results, in particular those related to the consumption of some food items, you could 
not conclude if the difference of consumption induced overweight/obesity or if 
overweight/obesity induced a modification of the food offered to the preadolescents.

○

 
Conclusion:

Here you refer to food approach: one can wonder if it could be interesting to calculate a 
score for food approach. Based on the PCA, it seems that the four domains related to food 
approach are quite well correlated but, before calculating a score for food approach, you 
should check that it is relevant. 
 

○

Other comments:
Even if the term “propensity” has been used by the authors who developed the 
questionnaire, this term could be misinterpreted, and thus it would be better to speak 
about the frequency of consumption. 
 

○

In all your text, it will be better to refer to preadolescents instead of children when you refer 
to your own study. 
 

○

You should say “included” instead of “involved” when you refer to a variable added in a 
model. 
 

○

Figure 1: the dots in the lightest grey are not well visible. ○
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Figure 3: here you also conducted multiple tests. So, you should not mention and comment 
p values above 0.05 and below or equal to 0.10.

○

 
Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and does the work have academic merit?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Sensory perception, eating behaviour. I have some knowledge in statistics and 
I made a number of comments on the statistical analyses. However, the comments from a 
specialist could be useful.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.
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