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Abstract

This chapter describes the development of eating and drinking in typically
developing children up to the end of school age. Together with physiological
and cognitive development, children’s eating behavior undergoes major evolu-
tions. During the early period when eating is essential to sustain growth, children
eat easily and at the onset of complementary feeding discover the foods of their
future diet which are marked by distinct tastes, flavors, and textures from the milk
they had received before. Then they undergo a period when they may become
picky and/or neophobic, which may last until school age. For this reason, eating
and drinking will first be described in infancy, before the onset of food neophobia
(from birth to 2-3 years), during the preschool years (from 2-3 years to 6 years),
and right after this period, in school-aged children (from 7 years until 11 years).
The mysteries of (pre)adolescent eating and drinking will not be covered in this
chapter. Then, within each section, the following aspects will be covered: sensory
capacities, likes and dislikes, attitudes and thinking, and role of the environment,
including the family environment.
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Introduction

How to cover such a complex topic as eating in childhood in one chapter? It is a
challenge, because eating and drinking in childhood are nearly as complex as in
adulthood, if not more, given the developmental aspect specific to childhood! Infants
are born with sucking abilities and within a year from birth will transition from their
mother’s breast to the family table. What a journey through eating and drinking!
First, concerning childhood, it may be relevant to refer to “drinking and eating”
rather than to “eating and drinking,” because children start their journey through the
consumption of foods and drinks by first consuming a unique liquid substance,
(breast) milk. It is only by about the first half of the first year that foods other than
milk start being consumed. This corresponds to the recommendation of the World
Health Organization regarding the ideal age for introduction to complementary foods
(WHO World Health Organization 2003). This recommendation is universal because
according to the WHO, human milk is the most adapted food for all newborns, but
this is all the more true in parts of the world where access to potable water (which is
needed for the preparation of infant formula as a substitute for breast milk) is not
granted. However, because some women have working activities outside the house-
holds in many countries, a transition to other foods than breast milk may be
necessary before the age of 6 months, which may have led pediatric societies
throughout the world to suggest the introduction to complementary foods as of the
age of 4 months (as observed for the European Society for Paediatric Gastroenter-
ology, Hepatology, and Nutrition (Fewtrell et al. 2017), the Chinese Ministry of
Health, and the Japanese Ministry of Health (in (Inoue and Binns 2014)), to name a
few examples). The WHO recommendation is related to the protective effect of
breastfeeding against infections and, as suggested more recently, to the positive (but
unwanted) association between the initiation of complementary feeding before
4 months and the development of overweight and obesity (English et al. 2019).
Introduction of complementary foods about the first half of the first year is also
related to the developing feeding skills of the infant, which strongly evolve during
the course of the first year (Fewtrell et al. 2017; Nicklaus et al. 2015). When the oral
cavity increases in size, when lips and the tongue are able to retain food in the mouth,
when coordinated lateral then rotatory movements of the jaws are developing, only
then is the infant able to process foods other than liquids in the mouth (Nicklaus et al.
2015). These tremendous developmental features happen in a relatively short period,
which constitute a “window of opportunity” to learn about food (Nicklaus 2016b).
Therefore, during childhood, “eating and drinking” first mean drinking and progres-
sively mean eating at the family table where children will ultimately eat like their
parents, if they are provided with the opportunity to learn about “adult” foods.
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“Eating and drinking” in childhood must also be considered in relation to the
various functions of eating and drinking. In childhood as later during adulthood,
“drinking and eating” first serve the primary function of covering nutritional needs
for maintaining body functions, with the specific nutritional need to cover healthy
growth. Second, “drinking and eating” deliver pleasure, through the presence of the
mother (importance of her physical contact as shown in skin-to-skin practice, of her
body warmth, of her voice, her smell, etc.) (Schaal 1988), through the positive
reinforcement related to the cessation of the painful feelings related to hunger, to the
satisfaction related to satiation and the ingestion of calories, and through the
pleasurable sensory properties of foods that are either immediately pleasant to the
child or learned through experience with foods. Third, “drinking and eating” con-
tribute to socialization; and for children it is essential to learn to eat like their
siblings, in order to develop social competencies that will enable their integration
to social activities encompassing eating, such as schooling. Finally, because drinking
and eating are so embedded into our daily lives, they also contribute to define one’s
identity, and the food choices that we make daily carry important symbolic values
toward others. This is true also in children, and many of children’s reactions to
parental feeding strategies can also be interpreted in relation to defining their own
identity.

In order to describe the main features of eating and drinking in childhood, this
chapter is organized in different sections related to the main stages related to eating
in this particular age range. One important dimension to account for regarding eating
in children is the development of a phase during which children exhibit strong
neophobic reactions (i.e., reluctance to eat and try new foods) and may come to
reject foods that were previously eaten. This phase generally starts by the end of the
second year, when marked signs of food neophobia/fussiness/pickiness become the
norm (and may concern at least three children out of four), and fades away by about
8 years of age (Dovey et al. 2008; Nicklaus and Monnery-Patris 2018; Rioux in
press; Taylor et al. 2015). For this reason, eating and drinking will first be described
in infancy, before the onset of food neophobia (from birth to 2-3 years), during the
preschool years (from 2—3 years to 6 years), and right after this period, in school-
aged children (from 7 years until 11 years). The mysteries of (pre)adolescent eating
and drinking will not be covered in this chapter. Then, within each section, several
aspects related to eating will be described. First, sensory capacities will be exposed,
because at an early stage in life, sensory-motor inputs play a particularly important
role in determining food choice decision-making. Then, likes and dislikes will be
explained, which develop in relation to dietary experience. Third, attitudes and
thinking abilities will be described, since cognitive abilities strongly evolve across
childhood. Finally the role of the environment in shaping eating and drinking will be
explained, focusing in particular on the role of the social environment (including
family environment), which changes drastically across development.

This chapter focuses on the development of eating behavior of typically develop-
ing children and does not cover the potential specific needs of children with atypical
development, whether it stems from physiological or psychological impairment.
Furthermore, most of the studies used to document this chapter were conducted in
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Western Europe or in the USA. While one may reasonably assume that these pieces of
evidence relate to fundamental learning mechanisms, in relation to physiological and
psychosocial factors, it may be questioned whether the phenomena described in this
chapter hold true in all parts of the world. More specifically, many factors that
strongly relate to the development of eating and drinking are so variable across the
globe (food availability (in relation to climate variations), cooking habits, culture and
prejudices about infant and child feeding, socioeconomic development, parental
feeding practices, parental feeding and parenting style, exposure to food commercial,
etc.) that their independent or combined influences on all aspects of children’s
development of eating and drinking are not known with precision. Whenever possi-
ble, examples from non-Western countries will be exposed.

Infancy: Drinking and Eating before the Onset of Food
Neophobia: The Golden Age

Sensory abilities. Infants are born with the capacity to taste and smell drinks and
foods (Lipchock et al. 2011). While it is difficult, if not impossible, to compare
infants and adults sensitivities to tastes and smells in line with strong differences in
applicable methods, several studies indicate that infants display finely tuned abilities
to differentiate flavors of foods and drinks, which can be inferred from their
preferences. For instance, they can distinguish the smell of milk from that of
water, the smell of breast milk from that of formula milk, and the smell of their
mother’s milk from the smell of another lactating woman (Marlier et al. 1998). They
can also demonstrate a preference for an odor that was experienced in utero, which
also reveals the transnatal continuity in terms of food flavor learning (Schaal 2005).
They can differentiate and prefer the odor of vanilla compared to the odor of butyric
acid (Soussignan et al. 1997). Concerning taste perceptions, newborns are able to
display a variety of facial expressions and behavioral responses when they are
exposed to the different primary tastes (sweet, salty, sour, bitter, and umami)
(Lipchock et al. 2011). Later in development during infancy, infants still show
contrasted preferences across the primary tastes, but preference for all tastes do not
evolve in the same way: for instance, the preference for salty taste increases sharply
during the first year (Schwartz et al. 2017). Regarding manipulation of food textures,
infants are born with very limited oral skills that only enable sucking during the first
months (Nicklaus et al. 2015). However, they can develop control over sucking
during the first months and can refrain from drinking a formula milk that they do not
like, as was shown in the case of hydrolyzed protein formula (generally prescribed in
case of allergy to cow milk proteins). Such formulas have a strong flavor (bitter, sour,
in relation to the hydrolysis of the formula into smaller peptides), which children
start rejecting around the age of 3.5 months (Trabulsi and Mennella 2012). Their
abilities to develop more sophisticated oral control over food gradually evolve
during the first years of life, but it is only when final denture is in place that chewing
efficiency of children reaches adult maturity (Nicklaus et al. 2015). This happens
during preadolescence.
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Food likes and dislikes. In relation with these finely tuned and developing sensory
abilities, infants exhibit a marked development in terms of food likes and dislikes.
From birth on, their preferences are strongly dependent upon their food and flavor
experience (Nicklaus 2016a; Schaal 2016; Trabulsi and Mennella 2012). This may
be interpreted as an adaptation mechanism to enable the chemosensory guidance
toward foods that are safe to eat within a given environment. This conclusion may
appear as very broad, but several pieces of evidence can support it. At birth,
preference for an odor can be guided by prenatal exposure to the same odor present
in a food consumed by mother: this was shown concerning the consumption of food
containing the anise flavor (Schaal et al. 2000). At the start of complementary
feeding, children’s preference for food flavor can be related to prior learning, during
pregnancy as shown regarding exposure to carrot flavor (Mennella et al. 2001) or to
green vegetable flavor (Wagner et al. 2019) or to prior learning during lactation as
shown regarding exposure to carrot flavor (Mennella et al. 2001), to caraway flavor
(Hausner et al. 2010; Wagner et al. 2019), or to green vegetable flavor (Wagner et al.
2019). The exposure to the flavor of garlic during pregnancy was even shown to
influence children’s preference for garlic flavor in a potato gratin up to adolescence
(Hepper et al. 2013). The exposure to vanilla flavor in the context of milk feeding
was shown to influence adult’s preference for vanilla flavor in a ketchup (Haller et al.
1999), revealing the long-term influence of such an early sensory imprinting on food
preference. Epidemiological studies also point to the association between
breastfeeding and further acceptance of fruit and vegetables (Burnier et al. 2011;
de Lauzon-Guillain et al. 2013; Skinner et al. 2002).

Preferences for foods at the onset of complementary feeding can be modulated by
milk feeding experience, in relation to the milk composition independently from the
maternal food consumption, in the context of breast milk (Schwartz et al. 2013) or
formula feeding (Beauchamp and Mennella 2011). After the initiation of comple-
mentary feeding (introduction of foods other than milk to the child’s diet), children
can process foods which have a soft texture (like infant cereals or purees foods) but
are still limited in their ability to process hard/chewy foods (Demonteil et al. 2019),
but in terms of flavors, they tend to accept a wide variety of foods (Lange et al.
2013). Notably, the liking of a food (judged from parental reports) can differ as a
function of food taste, and infants may like more foods that have a saltier taste
(Schwartz et al. 2011), in relation with the development of salt taste preference
(Schwartz et al. 2017). This is not a good news because the consumption of sodium
is advised against at this stage of life, in relation to kidney immature functioning.

The beginning of complementary feeding itself is fundamental period for children
for learning about foods. Many experiments conducted during this period show that
repeated exposures help children to like a variety of foods (Sullivan and Birch 1994),
even foods they did not like right away (Maier et al. 2007). The diversity or variety of
foods fed during this period is also strongly supporting the development of likes for
unknown foods. Studies in this area showed that the introduction of three different
types of vegetables (or fruits) at the very beginning of complementary feeding instead
of one type only is associated with a higher acceptance of a new food right after
this period (Gerrish and Mennella 2001; Maier et al. 2008; Mallan et al. 2016;
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Mennella et al. 2008), which demonstrated lasting effects on intake of familiar or
novel vegetables up until the age of 6 years (Maier-Néth et al. 2016). The effect of the
introduction of a variety of foods on the development of food preference may depend
on the age of children: a study conducted in the UK showed an effect of the
introduction to a variety of vegetables on acceptance of a new vegetable in infants
introduced to complementary foods after 6 months, but not before 6 months
(Coulthard et al. 2014). A study conducted in three cultural contexts (the UK, Greece,
and Portugal) where feeding practices are different (high vegetable variety at the
beginning of complementary feeding in Portugal but low in Greece and the UK)
showed that the effect of an imposed pattern of vegetable variety introduction has
more effect on children’s acceptance of a new vegetable in countries where parents
were not culturally inclined to provide a high variety of vegetables (e.g., in the UK
and Greece) than in a country where an introduction of a high variety of vegetables is
the norm (e.g., in Portugal) (Fildes et al. 2015).

Having a look about the first complementary foods that are fed around the world
is useful to understand how early feeding practices relate to cultural eating habits, as
represented in Fig. 1. The types of foods fed in a given culture are generally related
to the food availability in this country, to the existence of core foods in the diet (e.g.,
tortilla in Mexico, legumes and nuts in India, tuber and roots in Egypt). Some
regularities can also be observed, like the use of local or commercial cereals or
grains and the introduction of vegetal products, like fruit, vegetable, roots, and tuber,
while the diet is still rich in milk.

Altogether, this period appears as fundamental for learning about food likes.
Beyond the repeated exposure mechanism for learning (or mere exposure), forms
of Pavlovian conditioning may also modify children’s behavior toward foods (as far
as intake or liking are concerned). Preference for an unknown flavor (the conditioned
stimulus) may be conditioned by a liked flavor (the unconditioned stimulus, e.g., the
sweet taste) in the case of flavor-flavor learning or by the presence of nutrients (the
unconditioned stimulus being calories) in the case of flavor-nutrient learning. This
has been studied in infants, but the actual contributions of these mechanisms are still
controversial (Yeomans 2012). Flavor-flavor learning (with sugar as the uncondi-
tioned stimulus) does not produce significant effect on learning to like a new
vegetable, but the association of the flavor of a food to calories from lipids may in
fact be associated with conditioned satiation (Caton et al. 2014; Remy et al. 2013),
revealing the importance of energy density in conditioning food intake. More studies
are needed to better understand learning mechanisms for a range of foods with a
range of flavor additions, or of energy densities, in order to understand which flavor
intensity and which energy density would be associated with the highest increase in
liking an intake, especially for foods which are not liked right away by children such
as vegetables.

Attitudes and thinking. Although children are mostly in a preverbal stage during
this early period before the onset of food neophobia, they start developing represen-
tations about foods, either related to whether foods are edible or not (Fallon et al.
1984) or whether foods “smell good or bad” (Wagner et al. 2013). By the beginning
of the second year of life, when infants watch people eating different foods, they
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expect agreement in food likes, revealing a social agreement model, in which infants
expect a generalization of food preferences among people eating the same foods,
especially if they share the same language (Liberman et al. 2016).

Role of the environment. The previous observation drives to underline the power
of the social environment in the shaping of children’s eating behavior (Savage et al.
2007). The younger the children, the less autonomous they are in terms of drinking
and eating; meaning, they need to receive social support to drink and eat properly.
This is strongly shaping what and how much children eat (Shutts et al. 2013). For
instance, research has shown that infants aged between 7 and 14 weeks drink more
formula in the presence of social interactions, revealing the power of social rein-
forcement at a very early stage (Lumeng et al. 2007). The mechanisms behind social
eating are multiple: when infants are old enough, eating together enables sharing the
same foods, which provides an opportunity for the repeated exposures learning
mechanism to take place. Moreover, this provides a context for visual imitation.
Eating together is also accompanied by conversations at the meal table, which may
have the power to define likes and dislikes even at a very early stage of food
discoveries (Wiggins 2019). Altogether, social eating in early childhood is a context
for “emotional pervasion”: language may help develop knowledge and social norms
about what is ““good for children” to eat which could sustain the pleasure from eating
specific foods related to their sensory properties (i.e., children’s perceptions of
whether the food is “good to them” to eat). During this very early stage in life (as
also later in life!), pleasure from eating is partly constructed by interactions with
others and socially produced (Marty et al. 2018a).

The Preschool Age: A Neophobic Phase, Source of Family
Tensions

Sensory capacities and cognitive development. At around the end of the second year
of life, children start demonstrating strong neophobic reactions, when presented with
unknown foods (Dovey et al. 2008; Nicklaus and Monnery-Patris 2018; Taylor et al.
2015). They may also demonstrate rejection reactions when offered foods they
previously ate without problem. This type of neophobic behavior is a source of
questioning for parents and researchers alike. Very often, this neophobic tempera-
ment is associated with a low consumption of fruit and vegetables. Some researchers
suggested that this type of eating behavior could be related to a specific sensitivity to
flavors, as measured by a psychometric scale evaluating “sensory sensitivity” through
parental report in children aged 2—5 years old (Coulthard and Blissett 2009). Further

<
Y

Fig. 1 (continued) 2007 2007), Ethiopia (Central Statistical Agency [Ethiopia] and ICF Interna-
tional 2012), Egypt (Ministry of Health and Population [Egypt] et al. 2015), Nigeria (Ogunlesi et al.
2014), Brazil (Oliveira et al. 2014), Mexico (Gonzalez de Cossio et al. 2013; Pantoja-Mendoza et al.
2014))
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work helped to refine this observation based on children’s behavioral observations
while tasting or smelling actual food tastants or odorants, showing that a higher
reactivity to food smells but not to food tastes was associated with a higher neophobia
score (Monnery-Patris et al. 2015). Beyond this sensory-based interpretation of the
development of neophobic behavior in children, other aspects of cognitive develop-
ment could account for this evolution. It has been proposed that neophobic behaviors
could be adaptive to prevent the child from ingesting noxious foods once the child
becomes autonomous and mobile enough to reach for foods (or objects) from the
environment, without the supervision of parents or caregivers (Nicklaus and
Monnery-Patris 2018). Cognitively speaking, food neophobia also seems to parallel
the development of categorization abilities in children (Lafraire et al. 2016). The use
ofthe “no” frequently associated with neophobic reactions (or rejection of some food
items) can also be interpreted in relation to the emerging awareness by children of
their distinction from their parents (especially their mother). They are learning during
this phase to manipulate a new power, which has strong consequences on their social
environment.

Food likes and dislikes. Studies conducted right at the beginning of the neophobic
period show that by 2 or 3 years of age, children have established firms likes and
dislikes (Nicklaus et al. 2005b) and start making less varied food choices despite the
increase in their absolute nutritional needs probably in relation to their likes and
dislikes (Nicklaus et al. 2005¢), and their patterns of likes/dislikes are quite stable
throughout childhood and adolescence (Nicklaus et al. 2004, 2005a). For instance,
these studies show that the children who chose vegetables most frequently at
2-3 years were also those who consumed a higher variety of vegetables up to the
age of 22 years. Thus, most likes and dislikes could be formed at an early stage
during childhood and could be relatively stable through childhood. This does not
preclude learning at all ages during childhood, as shown in many studies with older
children, or even adults. Given the high plasticity of the affective system controlling
the food system, food preferences may also find their origin in early dietary expo-
sure. For instance, preschool-aged children may prefer more sour beverages if they
had been exposed to a specific formula milk with distinct taste properties, such as
extensively hydrolyzed cow milk protein formula, which may taste bitter or sour
(Mennella and Beauchamp 2002). Thus, variations in flavor preferences during the
preschool period may find their origin in early dietary exposures during the first
years of life.

The immediate consequence of food neophobia is the fact that food or beverage
likes and dislikes during this period are strongly influenced by the degree of
familiarity of the child with the food or beverage. Repeated exposures may help
overcome neophobic reactions, if foods are actually tasted and not only visually
exposed to children (Birch et al. 1987), but the effect of repeated exposures seems to
attenuate as children grow in age (Caton et al. 2014). In this study, repeated
exposures to a new vegetable (artichoke) were associated with a high food con-
sumption and to a high increase in consumption after exposure in children in their
first year, but these effects were attenuated in children in their second or third year.
This suggests a lower flexibility in terms of learning to like a new food as children
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grow into preschool age. Because of repeated exposures which still appear as a
robust mechanism for learning, children learn to like the specific features of a food
they are exposed to. For instance, children who had been exposed to salty or sweet
tofu learn to prefer the version they had been exposed to, but not the other versions
(Sullivan and Birch 1990). Although the repeated exposure mechanism is theoreti-
cally well described, reviews on its effects show small effect sizes when looking at
the evolution of specific food acceptance, such as vegetables (Appleton et al. 2018).
Other strategies to enhance children’s vegetable acceptance, such as parental edu-
cation, are not more successful (Hodder et al. 2018).

Attitudes and thinking. During the preschool stage, children start developing an
abstract reasoning about foods (Michela and Contento 1986; Roedder 1999); exec-
utive functions develop, as well as brand representations (McAlister and Cornwell
2010). The emergence of more developed mental representations about foods may
also be associated with side effects: for instance, children learn to associate “good for
health” with “bad taste,” for instance, when they are asked to eat vegetables, which
taste bad to them, because “they are good for them.” This may create unwanted
expectations in such a way that a given product (a sweet beverage, in this study)
labeled as “good for health” is less liked by children than when it has no label
(Wardle and Huon 2000). Similarly, foods that are said by caregivers to “make you
strong” are less eaten than foods with no label (Maimaran and Fishbach 2014).
Would such unwanted expectations about the relationship between “good for you”
and “bad taste” be observed in non-Western cultures? This is, to the best of our
knowledge, not documented; but it is likely that any type of contradiction between
information provided related to a food and individual preference is likely to produce
a decrease in liking, as shown also in adults. So at this early stage in life, it appears
clearly that health-oriented arguments are not a good strategy to encourage the
consumption of a given food. Indeed in many studies, applying such strategies in
the family context to encourage the consumption of foods is generally associated
with a lower willingness to taste such foods, but in such studies it is difficult to tear
apart cause and consequences. It may very well be that parents use more bribing
strategies to make children taste a food when they know that their child has
previously shown rejection reactions to this food and/or when they consider that
this food has a specific nutritional interest (e.g., vegetable). But if these foods with
specific interest are also foods which generally taste bad to children (e.g., vegetable),
the application to bribing strategies may be critical in generating negative expecta-
tions about the food, resulting in a negative spiral likely to create (unwanted)
educational tensions at the family table.

Role of the environment including parental feeding practices. As suggested
above, another important consequence of the emergence of a peak of neophobic
reactions in children is the feeding strategies adopted by parents to encourage their
children to eat the rejected foods. Because neophobic reactions are often observed in
reaction to the presentation of foods such as vegetables and fruit, and because most
parents are aware of the health values and of the importance of consumption of such
foods to maintain a healthy status, often the strategies employed by parents are
applied to the same types of foods (Savage et al. 2007). (Of note, this observation
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cannot be generalized across the full socioeconomic gradient, since some research
studies have clearly shown that in families with a lower socioeconomic status, the
foods preferentially fed to children are unhealthy, indulgent foods that are perceived
to be the only affordable option by parents (Fielding-Singh and Wang 2017).)
Research has long shown that such strategies, such as coercion, bribing, or forcing,
can have counterproductive effect by generating a negative context around eating,
which acts as an unconditioned stimulus to condition rejection of the food (Savage et
al. 2007). In some circumstances, rewarding the consumption of a target food with a
small, nonfood reward could have a positive effect (Cooke et al. 2011). However, it
is now considered that repeated exposures alone, without reward, should be the best
way to promote the development of liking for a given food, even if its effects are of
small amplitude (Appleton et al. 2018; Hodder et al. 2018). On the contrary, parents
may also wish to restrict access for foods which are either specifically liked by
children or considered “unhealthy.” In this case again, the application of restriction
may increase the desire to eat the “forbidden” food (Fisher and Birch 1999; Jansen et
al. 2008).

During the preschool period, children start attending daycare, or preschool,
depending on each country’s schooling organization. This creates the condition for
socialization effects to take place, and research indeed shows that social modeling
has a strong effect on willingness to taste unknown foods. For instance, children are
more willing to taste unfamiliar foods if adults are also eating the food (Addessi et al.
2005; Harper and Sanders 1975), if peers declare that they like the food (Greenhalgh
et al. 2009; Hendy 2002), and if peers may even be more influential than adults
(Frazier et al. 2012; Hendy and Raudenbush 2000). Research also showed the
influence of the presence of other children on the level of food consumption:
preschool children ate more pizza in groups of nine than in groups of three individ-
uals (Lumeng and Hillman 2007). At this age children become sensitive to portion
size, meaning that they eat more when larger food portions are presented to them
(Reale et al. 2019).

School Age: A Curious, Autonomous Eater Still Framed by
Parental Practices

When approaching school age, reasoning and reading abilities increase which
facilitate the conduct of studies with children; hence many studies have focused on
this age range.

Sensory capacities. While it becomes easier to study sensory perceptions as
children grow older (Nicklaus 2015), the most relevant knowledge related to devel-
opment of sensory aspects of eating relates to sensory preferences in children, not to
perceptions. Studies show that children aged 6—12 years old find sweeter variants of
beverages less sweet than teenagers or adults but prefer them (Zandstra and de Graaf
1998) and that preadolescents have a more marked preference for very sweet
solutions than adults (Desor et al. 1975). When the kids were followed up to early
adulthood, their preferred level of sweet taste was lower than when they were
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preteens, revealing a change in affective tone for very sweet products (Desor and
Beauchamp 1987). Rejection of bitterness of common substances (urea, caffeine,
tetralone) is observed in school-age children and is indeed applied in practice by the
addition of bitter substances (tetralone or Bitrex©) to home care products to deter
their consumption by children (Mennella et al. 2003). The taste of a food may
influence how much children can like it. For instance, children can get to like a
sweet orangeade after eight exposures, but not a sour orangeade (Liem and de Graaf
2004). Sensitivity to bitterness may strongly influence liking for bitter foods:
children who are more sensitive to PROP or 6-n-propylthiouracyl more frequently
refuse vegetables, which may taste bitter, than nonsensitive children. This was
confirmed for spinach (Turnbull and Matisoo-Smith 2002) and broccoli (Keller et
al. 2002), but the association is not systematically observed (Anliker et al. 1991).
Similarly, children who like sourness (boys, in that study) may also like sour fruits
more than children who don’t like sourness (Liem et al. 2006). Saltiness may also
influence how much children like and consume foods but has a minor influence
compared to level of hunger, which is the n°1 factor to explain level of food intake
(Bouhlal et al. 2013).

Likes and dislikes. The influence of hunger on food choices leads to considering
the importance of energy density in driving children food preferences and energy
intake control. It was indeed shown, in sweet-flavored beverages which were caloric
or not (based on use of sucrose or sucralose, a nonnutritive sweetener), that energy
density seems to condition more stable flavor preferences than sweetness alone
(Remy et al. 2014). Furthermore, this study shows that energy density is not detected
on the short term after consumption (i.e., within 1 hour post consumption of a new
beverage) but is learned through repeated exposures. This suggests the importance of
providing foods with a constant flavor-energy density association, in order to
facilitate appropriate food intake control in children and adaptive flavor preference
learning. However, it is very likely that by school age, children have already
developed their main food repertoire and developed marked food likes and dislikes
which may strongly influence their food choices. They have extensive knowledge
about meal structure, type of foods likely to be offered at a given meal (Birch et al.
1984). This implicit knowledge can guide children in making choices to optimize
liking level through a competitive range of foods which may vary in terms of
healthiness (Marty et al. 2018Db).

Attitudes and thinking. As underlined previously, cognitive abilities evolve
strongly with age, and this has been especially studied in the context of understand-
ing the effect of cognitive cues on food decision-making, for instance, in the context
of food advertisement and marketing (Story and French 2004). Credence cues as
those used in (food) advertisement are likely to influence choice behavior. Before the
age of 7/8 years, children tend to view ads as entertaining and informative, which
makes them very vulnerable to ads (McAlister and Cornwell 2010; Michela and
Contento 1986; Roedder 1999). After this age, children begin to understand the
persuasive intent of ads but can still be persuaded by the emotive message of ads.
Credence cues from representations and expectations, which are likely to modulate
experiences pleasure (Fernqvist and Ekelund 2014). In children as in adults, brands
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have a positive effect on liking, which may be modulated by socioeconomic status
(Sosa and Hough 2006). Thus, the presence of licensed characters has a positive
effect on liking, as revealed also in preschool children (Roberto et al. 2010). The use
of such characters may be more influential than the application of cognitive infor-
mation about nutritional content to alter children’s evaluations of foods, which may
be effective in health-concerned children only (Engell et al. 1998).

The emergence of mental representations about foods makes it possible to
consider the manipulation of these representations to modify food choices, if one
admits the connection between intentions and actions. In other words, it may be
possible to orientate children’s food choices by making choice option more or less
salient in children’s mind, by manipulating cues in the environment that are likely to
“prime” mental representation of these foods (Chambaron et al. 2015; Gaillet et al.
2013). Following on this idea, one study attempted to prime mental representations
of healthy versus unhealthy foods in children by using olfactory primes (respec-
tively, a pear odor to prime “healthy foods” and a pound cake odor to prime
“unhealthy foods™) and evaluated whether the presence of these olfactory primes
would be associated with different choices for healthy versus unhealthy foods and
whether the effect of the olfactory primes on food choices would be different in
children with or without overweight (Marty et al. 2017a). In children with obesity,
the fruity odor increased the likelihood of a fruit to be chosen compared to the no-
odor condition, while the fatty-sweet odor had no effect on food choice. In children
without obesity, both the fruity and the fatty-sweet odors decreased the likelihood to
choose a fruit compared to the no-odor condition. The different patterns of results
obtained in both groups of children suggest differences in the mental representations
activated by non-attentively perceived olfactory cues based on weight status. This
suggests important differences in attitudes toward eating associated with weight
status, which were either pre-existing the development of overweight or resulting
from the overweight status. Thus, the development of obesity with age is not only
associated with physiological and psychological adverse effects but also to modifi-
cations of mental representation of foods which are likely to alter food choices in
everyday situation.

Attitudes toward eating can also evolve because of the development of individual
relationships with foods and eating (independently from weight status). Affective
attitudes toward foods develop in parallel to cognitive attitudes and could be
influential in determining food choices. For instance, children’s attitudes were
defined as nutritionally oriented versus hedonically oriented and evaluated with a
direct task or an indirect task (Monnery-Patris et al. 2016). With development, the
direct task (food categorization) showed a significant increase in nutrition-driven
categorizations with school level, but the indirect task showed an increase in
hedonically oriented attitudes, in relation to the children learning culinary scripts
in his/her environment. This reveals that with development, children increase their
nutrition knowledge (and are able to report so accordingly) but when asked less
directly also reveal an increasing dominance of affective-based relationship to food.
To note, a complementary study looking at food choices and their associations with
affective or cognitive attitudes showed that children with high nutritionally oriented
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attitudes (whether they were studied directly or indirectly) made a lower number of
healthy food choices when they were offered the possibility to choose among snack
foods of differing healthiness values (Marty et al. 2017c). This observation that
nutritionally oriented attitudes were not associated with a higher choice of healthy
foods may suggest that on the contrary, hedonically orientated attitudes could help
children make healthy food choices when healthy versus unhealthy choices are
equally likely or in other words that pleasure of eating could be favorable to healthier
choices in some circumstances.

This method to study attitudes also revealed differences among children
according to weight status (Marty et al. 2017b). There was no difference in nutri-
tionally oriented attitudes with the indirect task, but with the direct task, children
with overweight or obesity revealed more nutritionally oriented attitudes than
normal-weight children. This could be related to the tentative management of their
overweight by their caregivers, which could drive them to declare more attention
toward the nutritional aspect of eating.

Role of the environment. These few examples illustrate how children’s represen-
tation about foods can be modified with development, in relation to the immersion in
the social milieu in which children live. As noted by P. Fielding-Singh, “whereas
low-SES parents use food to buffer against deprivation, high-SES parents provision
foods to fulfill classed values around health and parenting” (Fielding-Singh 2017).
Children incorporate social norms about which foods are relevant to eat in which
situation, and they can adjust the food choices they make to various social situations
(Marty et al. 2018b). Clearly, even at this early age, food choice decisions increase in
complexity as they can be influenced by pleasure, interactions with parents, sibling,
social norms, marketing messages, etc. (Lapierre et al. 2017). Mapping the role of
the environment in this context becomes more difficult because it becomes almost as
complex as in adults. In children as in adults, the environment in which choices are
made can influence food choice. This aspect of the choice environment was explored
to evaluate the effect of nudging strategies on food choices. Nudges (e.g., “any
aspect of the choice architecture that alters people’s behavior in a predictable way (1)
without forbidding any options or (2) significantly changing their economic incen-
tives” Thaler & Sunstein 2008, in (Cadario and Chandon 2019)) intend to make
foods more or less salient, in order to facilitate or hinder food choice. Nudges applied
to encourage healthy eating have proven as successful to increase healthy food
choices in children as in adults (Cadario and Chandon 2019). However, modification
of the food offer is not always sufficient to promote healthy eating. Providing more
choice between different types of vegetables to children was seen as a means to
increase their consumption and liking, because this could increase self-efficacy and
feelings of autonomy (Zeinstra et al. 2010). However, in this study, the provision of
more choice options was appreciated by children but did not result in an increase in
vegetable liking or consumption.

Other nudging studies prime the social norms around the food consumption in
order to encourage healthy eating. One study, for instance, delivered information to
children suggesting that other children had eaten a large amount of carrots, no
carrots, or control information (Sharps and Robinson 2015). Children ate more
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carrots when they believed that other children had eaten a large amount of carrots,
compared to all other conditions. This example shows that perceived social norms
can influence healthy eating in children. This is not always pushing children toward
healthier food choices. For instance, when children are asked to choose foods for a
birthday party among a selection of healthy versus unhealthy foods, they are much
more likely to choose unhealthy options than when make food choice for a nutrition
class (Marty et al. 2018b)!

During school age, children are given more and more autonomy regarding food
purchasing, and their buying strategy develop (Hartmann et al. 2017). They buy the
brand they like rather than the brands they know, and they become price-sensitive.
This may open ways to encourage healthy eating by applying price increase for
energy-dense, unhealthy foods. However, the long-term consequences of such
strategies on mental representations of healthy versus unhealthy foods are unknown.
Clearly, more research is needed to understand the effect of the environment
(including social media) on twenty-first century’s children’s eating and drinking
behavior and the conditions under which healthy and sustainable food choices are
made.

Conclusions

In conclusion, drinking and eating in childhood bear a special significance consid-
ering that eating behavior is learned and that most of this learning process takes place
during the early years, forming enduring memories, for the best or for the worst.
Thus, early drinking and eating experience may program both food preferences and
the health status of the adult. However, in relation to the importance of sensory
inputs for children, and of pleasure from eating, childhood is also a period when
pleasure plays a prominent role in orienting food choices. When growing into school
age, children’s food choices can be modulated by attitudes and social norms and
start to recompose because of the internalization of social norms related to eating
and drinking.
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