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Abstract

Infants are born equipped to ingest nutrients, but because
of the transitions in the mode of feeding in the first years
(from “tube” feeding in utero to eating table foods with the
family), they have to learn how, what and how much to eat.
Eating behavior established during early years may follow
throughout childhood; therefore, it is fundamental to under-
stand the most important drivers of the early development
of eating behavior. Beyond the first flavor discoveries during
the gestational and lactation periods (through the infant’s
exposure to flavors from foods of the mother’s diet), the
most important phases for learning food preferences and
appetite control may be the beginning of complementary
feeding (CF). Infants discover the sensory (texture, taste and
flavor) and nutritional properties (energy density) of foods
that will ultimately compose their adult diet. This brief re-
view shows that several feeding practices influence the de-
velopment of eating behavior: breastfeeding; repeating the
presentation of a food, even if it seems initially disliked; in-
troducing a variety of different foods rapidly in the CF pro-
cess; offering foods in an appropriate way to make their sen-
sory characteristics appealing to infants. More research is

needed to understand in a combined way the effectiveness
and long-term effect of these practices to promote healthy

eating behaviors. ©2017 5. Karger AG, Basel

Introduction

Eating is essential for survival, and human infants are
born equipped to ensure proper food ingestion. However,
learning to eat has to occur quickly, in particular because
the mode of feeding evolves dramatically during the first
thousand days of life, from “tube” feeding through the
cord in utero, through oral feeding with milk after birth,
complementary feeding (CF) around mid-course of the
first year [1], until eating family foods by the end of the
first year. After this period, neophobia/fussiness starts
peaking and introduction of new foods becomes more
difficult [2, 3]. Moreover, longitudinal studies showed
that eating behavior established by the end of the first
thousand days period is predictive of eating behavior up
to early adulthood [4-7]. Additionally, feeding practices
in the first year are likely to determine the nutritional sta-
tus, with likely long-term consequences on weight status
[8,9]. Altogether, during a short time frame, infants have
to learn how, what and how much to eat, and these learn-
ing processes are likely to influence the eating behavior
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and weight status on the short and long terms. For these
reasons, it is important to examine more closely the de-
termining factors of the early development of eating be-
havior. This paper presents the learning processes that
take place during the first 2 years of life, focusing mainly
on the early development of hedonic aspect of eating
(food likes and dislikes), and to a lesser extent on the mo-
tivational aspect of eating (food intake). Despite their im-
portance, it will not cover the psychosocial aspects of eat-
ing, such as the dynamic interrelationships between pa-
rental feeding behavior and children’s eating behavior.
Very few food likes are inborn, except the enjoyment of
the sweet taste: food preferences are learned, essentially
during the first years of life [6]. The taste and olfactory sys-
tems are functional at birth, but taste preference continue
to evolve over the course of the first year, with the notable
increase in salty taste preference between 3 and 6 months
[10], probably as a result of dietary experience [11]. Olfac-
tory preferences are not marked at birth [12] but may be
influenced by prenatal exposure to food flavors in the am-
niotic fluid [13], coming from the maternal diet, although
the extent of this phenomenon is currently debated [14].
Over the course of the first 2 years, infants start to show
rejection behavior towards odors judged unpleasant by
adults [15]. During this period, oral abilities strongly
evolve, with increased autonomous movements of the
tongue, lips and jaws in a first stage, and with their in-
creased coordinated movements in a second stage, which
ultimately enables the transition from sucking to munch-
ing to chewing that is necessary to make CF possible [16].

Role of Mode of Milk Feeding

Maternal choice in term of milk feeding mode (breast
vs. bottle) may be associated with a differential accep-
tance of foods at later ages. The nutritional composition
of breast milk varies across lactation [17]; and concur-
rently breast milk flavor composition may vary from one
feeding episode to another, in relation to maternal diet
quality [18]. The flavors (tastes and aromatic properties)
of formula may also differ according to their types (regu-
lar, anti-allergic [i.e., with hydrolyzed protein], anti-diar-
rheic, fermented [19]). Infants breastfed for a longer du-
ration accepted more a umami-tasting solution at
6 months, maybe as a result of exposure to the higher
glutamate content of breast milk than formula [20]. Con-
sumption of formulas with hydrolyzed-protein, which
are more bitter, results in different taste preferences at
later ages, up to 5 years [21, 22]. Having been breastfed
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results in a high acceptance of a new food at the onset of
CF [23-25], or within 1 month [26]; but not if acceptance
of new foods is averaged over the first 2 months post-CF
[27]. This positive effect of breastfeeding on food accep-
tance at the onset of CF may be associated with the more
varied flavor variety in breast milk, linked to the transfer
of flavor compounds in breast milk [23, 26]. However,
even a short dietary experience (2 weeks) is sufficient to
even the difference in new food acceptance between
breastfed and bottle fed infants [26], so the positive effect
of breastfeeding on complementary food acceptance may
be limited to the very beginning of CF.

Effect of Sensory Properties of Foods on Their
Acceptance along the CF Process

Beyond the first flavor discoveries during the gesta-
tional and lactation periods, the most important phase for
learning food preferences and appetite control may be
CF. Infants discover the sensory (texture, taste and flavor)
and nutritional properties (energy density) of foods that
will ultimately compose their adult diet. It has been sug-
gested that the period from 4 to 6 months of age is a fa-
vorable window for the introduction of foods with new
flavors, while the period from 6 to 10 months is a favor-
able window for the introduction of complementary
foods with more complex textures [28]. Due to limited
oral skills at the onset of CF, texture is one of the sensory
properties that requires the most adaptation to enable the
infant to process and swallow the food [16]. About a quar-
ter of infants experience difficulties with pieces in foods
[29], but such difficulties should not drive parents to de-
lay introduction of more solid textures, since delaying in-
troduction to lumpy foods beyond 10 months is associ-
ated with texture acceptance problems at later ages [30].

An observational study was conducted in France to
evaluate the effect of flavor on complementary food ac-
ceptance, with the OPALINE cohort (Observatory of
food preferences in infants and children): it showed that
infants who were fed vegetables around 5 months rather
than around 6 months accepted better these vegetables
[27]. Within this cohort, a comprehensive examination of
acceptance of food between the onset of CF and 15 months
showed that most food categories were well accepted dur-
ing this period (average acceptance rate of any food was
88%), with a slightly lower acceptance of vegetables and
fruits than of other food categories [27]. So during the
period of the first discoveries of foods, most food items
are easily accepted by healthy infants.
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Nevertheless, taste may influence acceptance of new
foods at the beginning of CF. A detailed examination of
the taste of complementary foods offered between 5 and
7 months to infants of the OPALINE cohort and of their
acceptance showed that reactions to new vegetables were
more positive if the vegetable was salted or contained a
salty ingredient than if it was bitter [31]. Of course, this
should be interpreted with caution because sodium is not
recommended for infants. More experimental data are
needed to evaluate the influence of taste properties on
complementary food acceptance, in particular for taste
qualities that may be associated with high acceptance,
such as the sweet taste. An examination of the exposure
to sweet taste in OPALINE infants showed that it increas-
es from 3-6 until 10-12 months [32]. This increase in
sweet food consumption may only be driven by maternal
cooking habits or attitudes, or this may be reinforced
(consciously or not) by the caregiver’s observation of in-
fant satisfaction while eating sweet foods [10, 31]. Further
studies should help disentangle these aspects, because of
strong concerns related to sugar consumption, even at an
early age [33].

Role of Dietary Exposures: Repeated Exposure and
Dietary Variety

Being exposed repeatedly to a food is the primary fac-
tor that determines its acceptance [25]. Exposing repeat-
edly an infant to a food, even foods identified by the
mother to be disliked (such as vegetables for instance),
strongly enhance its acceptance [34]. Modification of
foods may alter this learning process, for instance modi-
fication of its flavor or of its energy density. In infants at
the onset of CF, repeated exposures were as effective to
enhance the intake of a new vegetable (artichoke in this
case) as associating this vegetable with a liked flavor (the
sweet taste); whereas associating it with a higher energy
content (by adding oil) did not increase its intake, prob-
ably through learned satiation [35]. This suggests that af-
ter having been repeatedly exposed to a food, infants
learn to recognize and like its sensory properties, to as-
sociate its sensory properties to its energy density, and to
use the energy-density information mediated by sensory
properties to modulate the eaten amount of food, at least
to some extent. The replication of this study with older
infants (up to 38 months) showed that the effects of the
learning mechanisms were the same in all age groups
[36], but also that the vegetable intake was lower in tod-
dlers than in infants [37]. Altogether, this suggests that at

Early Development of Eating Behavior

the onset of CF, infants have a high ability to learn to like
new foods, including vegetables, an ability that is not ex-
tinguished when infants grow into toddlerhood. How-
ever, when infants grow older, they may learn to make
choices among a more complex offering with potentially
several dishes within a meal which may not drive them
to high consumption of some food categories such as
vegetables. However, when vegetables are offered at the
beginning of a meal, they are highly consumed by tod-
dlers [38].

The previous section describes the effect of repeated
offerings of a specific food on the increase of its accep-
tance. Furthermore, it has been shown by experimental
studies that repeated offerings of a variety of different
food items at the onset of CF may also enhance the ac-
ceptance of unfamiliar foods. Six-month old infants bet-
ter accepted carrot (a new food to them) if they had been
previously fed either carrot (repeated offering effect) or a
variety of vegetables different from carrot, than if they
had been fed potato, a bland food [39]. This effect of re-
peated offering of a variety of foods is potentiated by a
previous breastfeeding experience, which is likely to ex-
pose the infant to a variety of flavors, as described previ-
ously [24]; and it is more pronounced if infants are intro-
duced to complementary foods after 5.5 months than be-
fore [40]. The effect of repeated offering of a variety of
foods is especially important if offered foods vary from
1 day to the next [24], or even within a meal [41]. Impor-
tantly, it has been recently shown that the benefit of in-
troducing a variety of vegetables at the onset of CF main-
tains at least up to the age of 6 years [42]. This mechanism
which enhances the acceptance of new food at an age
when learning is facilitated may appear easy to apply at a
large scale. However, the effect of exposure to a variety of
foods is more pronounced in countries where a low vari-
ety of foods are offered to infants than in countries where
a high variety of foods are fed from the beginning of CF
[43].

A study interestingly evaluated the effect of a com-
bined learning strategy on the acceptance of unfamiliar
foods (vegetables), by manipulating flavor exposure,
through a progressive introduction of flavor variety in the
infant diet, first in milk, then in cereals [44]. Immediate-
ly after the intervention (but not after 6 or 18 months),
infants who received a variety of flavors in milk then in
rice cereals liked and ate the target foods more than in-
fants with regular care. This underlines that these mecha-
nisms, when applied in practice, can foster the consump-
tion of some food categories which intake must be pro-
moted, such as vegetables.
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Individual Differences in Learning to Eat

The previous sections mainly described how food
preferences and eating behavior are shaped through ex-
perience; however, average observations often hide im-
portant inter-individual differences in learning how to
eat. Such differences may be related to different genetic
background, which will not be covered here for the sake
of space. Individual differences in eating behavior may
also have very early origins: for instance, it was shown
that eating behavior at the age of 2 years differed in term-
born and pre-term born children [45]; in particular, it was
shown that infants born with low birth weight have a low-
er motivation to eat than regular birth weight infants.

Temperamental differences in eating behavior (what-
ever their etiology) were shown to be associated with dif-
ferent learning patterns: for instance in learning trials,
higher fussiness in infants and toddlers was associated with
lower increase in vegetable intake [37], and lower inhibi-
tory control in harsh caregiving condition was associated
with lower increase in vegetable intake than higher inhibi-
tory control in gentle caregiving condition [46]. Moreover,
infants with a different taste or olfactory sensitivity may
also react differently to vegetables: some infants are more
prone to accept foods (in particular vegetables) with a
sweet, sour or savory taste [31]; some infants who are high-
ly reactive to food odors may show higher dislike for these
foods [47, 48]. The high reactivity toward odors, not tastes,
was shown to be associated with a higher food neophobia
at 24 months of age [49], underlying the interrelationship
between the infant’s sensitivity to flavor compounds in
foods and his/her eating behavior, in particular at an age

References

when autonomy develops and children have acquired
enough mobility to make their own food choices. It was in-
deed observed that between the ages of 2 and 3 years, when
children are offered to the possibility of making their own
food choices for lunch, the variety of their choices decreas-
es,evenif the offered foods are familiar [50], suggesting that
by this age, children have learned to recognize foods and
make choice decisions according to their preferences.

Conclusion

This brief review shows how eating behavior develops
during the first years of life, as a result of modifiable feed-
ing practices. This shows the importance of the CF period
for the development of eating behaviors that can be main-
tained throughout childhood. Several feeding practices
influence the development of eating behavior: breastfeed-
ing; repeating the presentation of a food several times,
even if it appears to be initially disliked; introducing a
variety of different foods rapidly in the CF process; offer-
ing foods in an appropriate way to make their sensory
characteristics appealing to infants. For some aspects,
more research is needed to understand in a combined way
the effectiveness and long-term effect of these practices to
promote healthy eating behaviors.

Disclosure Statement

The author has no conflicts of interest to disclose related to the
preparation of this article.

Agostoni C, Decsi T, Fewtrell M, Goulet O,
Kolacek S, Koletzko B, Michaelsen KF, More-
no L, Puntis J, Rigo ], Shamir R, Szajewska H,
Turck D, van Goudoever J: Complementary
feeding: a commentary by the ESPGHAN
committee on nutrition. J Pediatr Gastroen-
terol Nutr 2008;46:99-110.

Dovey TM, Staples PA, Gibson EL, Halford
JC: Food neophobia and ‘picky/fussy’ eating in
children: a review. Appetite 2008;50:181-193.
Nicklaus S: Development of food variety in
children. Appetite 2009;52:253-255.
Nicklaus S, Boggio V, Chabanet C, Issanchou
S: A prospective study of food preferences in
childhood. Food Qual Pref 2004;15:805-818.
Nicklaus S, Boggio V, Chabanet C, Issanchou
S: A prospective study of food variety seeking
in childhood, adolescence and early adult life.
Appetite 2005;44:289-297.

Schwartz C, Scholtens PA, Lalanne A, Weenen
H, Nicklaus S: Development of healthy eating
habits early in life. Review of recent evidence
and selected guidelines. Appetite 2011;57:
796-807.

Nicklaus S, Remy E: Early origins of overeat-
ing: tracking between early food habits and
later eating patterns. Curr Obes Rep 2013;2:
179-184.

Burdette HL, Whitaker RC, Hall WC, Daniels
SR: Breastfeeding, introduction of comple-
mentary foods, and adiposity at 5 y of age. Am
] Clin Nutr 2006;83:550-558.

Moorcroft KE, Marshall JL, McCormick FM:
Association between timing of introducing
solid foods and obesity in infancy and child-
hood: a systematic review. Matern Child Nutr
2011;7:3-26.

Ann Nutr Metab

DOI: 10.1159/000465532

10

11

12

13

Schwartz C, Chabanet C, Szleper E, Feyen V,
Issanchou S, Nicklaus S: Infant acceptance of
primary tastes and fat emulsion: developmen-
tal changes and links with maternal and infant
characteristics. Chemical Senses, in revision.

Stein L], Cowart BJ, Beauchamp GK: The de-
velopment of salty taste acceptance is related
to dietary experience in human infants: a pro-
spective study. Am J Clin Nutr 2012;95:123—
129.

Soussignan R, Schaal B, Marlier L, Jiang T: Fa-
cial and autonomic responses to biological
and artificial olfactory stimuli in human neo-
nates: re-examining early hedonic discrimi-
nation of odors. Physiol Behav 1997;62:745—
758.

Schaal B, Marlier L, Soussignan R: Human
foetuses learn odours from their pregnant
mother’s diet. Chem Senses 2000;25:729-737.

Nicklaus



14

15

16

17

18

19

20

21

22

23

24

25

26

Nicklaus S: Relationships between early flavor
exposure, and food acceptability and neopho-
bia; in Etiévant P, Guichard E, Salles C, Voil-
ley A (eds): Flavor: From Food to Behaviors,
Wellbeing and Health (460 p). Cambridge
(England), Elsevier Ltd., 2016, vol WPF 299,
pp 293-311.

Wagner S, Issanchou S, Chabanet C, Marlier
L, Schaal B, Monnery-Patris S: Infants’ he-
donic responsiveness to food odours: a longi-
tudinal study during and after weaning (8, 12
and 22 months). Flavour 2013;2:19.

Nicklaus S, Demonteil L, Tournier C: Modify-
ing the texture of foods for infants and young
children; in Chen J, Rosenthal A (eds): Modi-
fying Food Texture Volume 2: Sensory Analy-
sis, Consumer Requirements and Preferenc-
es. London, Woodhead, in press, vol 2.

Grote V, Verduci E, Scaglioni S, Vecchi F,
Contarini G, Giovannini M, Koletzko B,
Agostoni C; European Childhood Obesity
Project: Breast milk composition and infant
nutrient intakes during the first 12 months of
life. Eur J Clin Nutr 2016;70:250-256.
Mennella JA: Mother’s milk: a medium for
early flavor experiences. ] Hum Lact 1995;11:
39-45.

Schwartz C, Chabanet C, Boggio V, Lange C,
Issanchou S, Nicklaus S: [To which tastes are
infants exposed during the first year of life?]
Arch Pediatr 2010;17:1026-1034.

Schwartz C, Chabanet C, Laval C, Issanchou
S, Nicklaus S: Breast-feeding duration: influ-
ence on taste acceptance over the first year of
life. Br ] Nutr 2013;109:1154-1161.
Mennella JA, Beauchamp GK: Flavor experi-
ences during formula feeding are related to
preferences during childhood. Early Hum
Dev 2002;68:71-82.

Liem DG, Mennella JA: Sweet and sour pref-
erences during childhood: role of early
experiences. Dev Psychobiol 2002;41:388-
395.

Mennella JA, Jagnow CP, Beauchamp GK:
Prenatal and postnatal flavor learning by hu-
man infants. Pediatrics 2001;107:E88.

Maier AS, Chabanet C, Schaal B, Leathwood
PD, Issanchou SN: Breastfeeding and experi-
ence with variety early in weaning increase in-
fants’ acceptance of new foods for up to two
months. Clin Nutr 2008;27:849-857.
Sullivan SA, Birch LL: Infant dietary experi-
ence and acceptance of solid foods. Pediatrics
1994;93:271-277.

Hausner H, Nicklaus S, Issanchou S, Mol-
gaard C, Moller P: Breastfeeding facilitates ac-
ceptance of a novel dietary flavour com-
pound. Clin Nutr 2010;29:141-148.

Early Development of Eating Behavior

27

28

29

30

31

32

33

34

35

36

37

38

Lange C, Visalli M, Jacob S, Chabanet C,
Schlich P, Nicklaus S: Maternal feeding prac-
tices during the first year and their impact on
infants’ acceptance of complementary food.
Food Qual Pref 2013;29:89-98.

Harris G: Development of taste and food pref-
erences in children. Curr Opin Clin Nutr
Metab Care 2008;11:315-319.

Coulthard H, Harris G: Early food refusal: the
role of maternal mood. J Reprod Infant Psy-
chol 2003;21:335-345.

Northstone K, Emmett P, Nethersole F; AL-
SPAC Study Team. Avon Longitudinal Study
of Pregnancy and Childhood: The effect of age
of introduction to lumpy solids on foods eat-
en and reported feeding difficulties at 6 and
15 months. ] Hum Nutr Diet 2001;14:43-54.
Schwartz C, Chabanet C, Lange C, Issanchou
S, Nicklaus S: The role of taste in food accep-
tance at the beginning of complementary
feeding. Physiol Behav 2011;104:646-652.
Yuan WL, Lange C, Schwartz C, Martin C,
Chabanet C, de Lauzon-Guillain B, Nicklaus
S: Infant dietary exposures to sweetness and
fattiness increase during the first year of life
and are associated with feeding practices. J
Nutr 2016;146:2334-2342.

World Health Organization: Guideline: Sug-
ars Intake for Adults and Children, 2015.
Maier A, Chabanet C, Schaal B, Issanchou S,
Leathwood P: Effects of repeated exposure on
acceptance of initially disliked vegetables in
7-month old infants. Food Qual Pref 2007;18:
1023-1032.

Remy E, Issanchou S, Chabanet C, Nicklaus S:
Repeated exposure of infants at complemen-
tary feeding to a vegetable puree increases ac-
ceptance as effectively as flavor-flavor learn-
ing and more effectively than flavor-nutrient
learning. ] Nutr 2013;143:1194-1200.

Caton §J, Ahern SM, Remy E, Nicklaus S,
Blundell P, Hetherington MM: Repetition
counts: repeated exposure increases intake of
a novel vegetable in UK pre-school children
compared to flavour-flavour and flavour-nu-
trient learning. Br J Nutr 2013;109:2089-
2097.

Caton SJ, Blundell P, Ahern SM, Nekitsing C,
Olsen A, Moller P, Hausner H, Remy E, Nick-
laus S, Chabanet C, Issanchou S, Hethering-
ton MM: Learning to eat vegetables in early
life: the role of timing, age and individual eat-
ing traits. PLoS One 2014;9:e97609.

Bouhlal S, Issanchou S, Chabanet C, Nicklaus
S: ‘Just a pinch of salt’. An experimental com-
parison of the effect of repeated exposure and
flavor-flavor learning with salt or spice on
vegetable acceptance in toddlers. Appetite
2014;83:209-217.

39

40

41

42

43

44

45

46

47

48

49

50

Gerrish CJ, Mennella JA: Flavor variety en-
hances food acceptance in formula-fed in-
fants. Am J Clin Nutr 2001;73:1080-1085.
Coulthard H, Harris G, Fogel A: Exposure to
vegetable variety in infants weaned at differ-
ent ages. Appetite 2014;78:89-94.

Mennella JA, Nicklaus S, Jagolino AL, Your-
shaw LM: Variety is the spice of life: strategies
for promoting fruit and vegetable acceptance
during infancy. Physiol Behav 2008;94:29-38.
Maier-Noth A, Schaal B, Leathwood P, Issan-
chou S: The lasting influences of early food-
related variety experience: a longitudinal
study of vegetable acceptance from 5 months
to 6 years in two populations. PLoS One 2016;
11:e0151356.

Fildes A, Lopes C, Moreira P, Moschonis G,
Oliveira A, Mavrogianni C, Manios Y, Beeken
R, Wardle ], Cooke L: An exploratory trial of
parental advice for increasing vegetable ac-
ceptance in infancy. Br ] Nutr 2015;114:328-
336.

Hetherington MM, Schwartz C, Madrelle J,
Croden F, Nekitsing C, Vereijken CM,
Weenen H: A step-by-step introduction to
vegetables at the beginning of complementary
feeding. The effects of early and repeated ex-
posure. Appetite 2015;84:280-290.

Migraine A, Nicklaus S, Parnet P, Lange C,
Monnery-Patris S, Des Robert C, Darmaun D,
Flamant C, Amarger V, Roze JC: Effect of pre-
term birth and birth weight on eating behav-
iorat2yofage. AmJ Clin Nutr 2013;97:1270-
1277.

Rigal N, Rubio B, Monnery-Patris S: Is harsh
caregiving effective in toddlers with low in-
hibitory control? An experimental study in
the food domain. Infant Behav Dev 2016;43:
5-12.

Wagner S, Issanchou S, Chabanet C, Lange C,
Schaal B, Monnery-Patris S: Liking the odour,
liking the food. Toddlers’ liking of strongly
flavoured foods correlates with liking of their
odour. Appetite 2014;81:60-66.

Coulthard H, Blissett J: Fruit and vegetable
consumption in children and their mothers.
Moderating effects of child sensory sensitivi-
ty. Appetite 2009;52:410-415.
Monnery-Patris S, Wagner S, Rigal N,
Schwartz C, Chabanet C, Issanchou S, Nick-
laus S: Smell differential reactivity, but not
taste differential reactivity, is related to food
neophobia in toddlers. Appetite 2015;95:303-
309.

Nicklaus S, Chabanet C, Boggio V, Issanchou
S: Food choices at lunch during the third year
of life: increase in energy intake but decrease
in variety. Acta Paediatr 2005;94:1023-1029.

Ann Nutr Metab
DOI: 10.1159/000465532

Downloaded by

195.22



